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Abstract :

Keywords :

The gear meshing unit, serving as the core driving mechanism within the equipment, fundamentally
constrains the overall performance, output rate, and reliable operation level of the entire device through
its transmission accuracy, operational stability, energy conversion ratio, and service life. In traditional
mechanical systems, transmission structures composed of conventional gears, belts, and chains
are prone to significant power loss, noticeable vibration and noise, low transmission accuracy, rapid
wear and aging, and poor load adaptability during long—term operation. These issues can easily lead
to equipment failures, transmission failures, and production accuracy deviations, making it difficult
to meet the high—precision, high—efficiency, high—stability, and long-life operational requirements
of modern high—end equipment. In view of the shortcomings of traditional mechanical transmission
systems during operation, this article takes general mechanical systems as the research object,
systematically analyzes their structural characteristics and existing defects, and combines mechanical
dynamics theory and structural optimization design theory to formulate a systematic optimization and
transformation plan from four dimensions: structural parameter optimization, transmission component
upgrading, lubrication system transformation, and vibration and noise reduction design. Through a
combination of dynamic simulation and engineering measurements, core performance indicators such
as transmission efficiency, vibration characteristics, noise level, load stability, and component wear
rate of the system before and after optimization are compared and analyzed. After the implementation
of the optimization plan, the energy loss generated by mechanical transmission and the vibration and
noise during operation are controlled. The accuracy of the transmission link and the power transfer
efficiency have been significantly improved. The durability cycle of transmission components has been
extended. The overall operational stability and reliability of the equipment have been substantially
enhanced. The process of improving the performance of the transmission system requires theoretical
principles and practical methods as support.

mechanical transmission system; structural transformation; parameter optimization; dynamic
characteristics; performance analysis; reliability
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