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Research on efficiency and performance optimization of mechanical transmission systems
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[ Abstract] Mechanical transmission system is the core component of industrial equipment, transportation and
energy equipment, and its efficiency and performance directly affect the energy consumption, reliability and service
life of the whole equipment. In recent years, with the improvement of energy saving and environmental protection
requirements and the development of high-end equipment, traditional mechanical transmission systems face new
challenges in efficiency, vibration suppression and dynamic stability. This paper focuses on the efficiency and
performance optimization of mechanical transmission system. Combining theoretical analysis, numerical simulation
and experimental verification, a set of multi-objective optimization methods is proposed to improve the
comprehensive performance of transmission system. In the aspect of efficiency optimization, based on tribology
theory and gear mesh dynamics, the transmission loss model is established, and the influence of gear parameters
(such as modulus, pressure angle, tooth profile modification) on mechanical efficiency is analyzed. In the aspect of
dynamic performance optimization, multi-body dynamics simulation method is used to study the vibration
characteristics of the transmission system, and vibration suppression strategies based on damping adjustment and
load balancing are proposed to effectively reduce noise and impact. In the experiment part, a mechanical transmission
test bench is built, and the accuracy of the theoretical model is verified by comparing the efficiency, temperature rise
and vibration data before and after optimization. The results show that the mechanical efficiency of the optimized

transmission system is increased by 15%~20%, the vibration amplitude is reduced by more than 30%, and the
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transmission system shows better stability under high load conditions. The innovation of this study lies in: (1) A

multi-objective optimization method integrating tribology and dynamics characteristics is proposed;(2) The

applicability of the optimization scheme under complex working conditions is verified by experiments. The research

results can provide theoretical basis and technical support for transmission system design in electric vehicles, wind

power generation, engineering machinery and other fields, and have significant engineering application value.

[ Keywords] Mechanical transmission system; Efficiency optimization; Dynamic performance; Gear mesh;

Vibration suppression; Multi-objective optimization
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