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[ Abstract ]JThis study focuses on gear-driven unidirectional rotary dampers to elucidate the deep coupling mechanisms between gear

meshing dynamics and nonlinear dynamic behaviors. Integrating theoretical modeling, multiphysics simulations, and

experimental validation, we systematically analyze dynamic torque generation, vibration responses, and energy

dissipation mechanisms. Key findings include the impact of gear geometric parameters, damping medium rheological

properties, and operational variables on system stability, while revealing the nonlinear interaction mechanisms between

meshing clearance and tooth surface friction. By establishing a parameter optimization-based dynamic control

framework and validating through case studies, this research provides robust theoretical foundations for precision design

of high-performance dampers, advancing electromechanical motion control technology toward enhanced stability and

accuracy.

[ Key words ] gear transmission; unidirectional rotary damper; dynamic characteristics; torque transmission; energy dissipation;

vibration attenuation
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