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Fig. 1 Transmission chain and main components of the precision
cycloidal reducer
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Fig.2 Schematic diagram of the 11-DOF planar bending-torsion

coupled dynamic model
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Fig.3 Schematic diagram of dynamic deformation of the input-

stage gear pair
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Fig. 12 Effects of involute gear error and cycloidal gear-pin error

on the output dynamic transmission error
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the input shaft angular acceleration fluctuation
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Electromechanically coupled dynamic modeling and analysis of a precision
cycloidal reducer based on the small-vibration coordinate method

DU Wenwen WEI Zuoxin ZHANG Yinghui HE Weidong
(School of Mechanical Engineering, Dalian Jiaotong University, Dalian 116028, China)

Abstract: [Objective] To reveal the coupled vibration mechanism of a precision cycloidal reducer under the combined
effects of error excitations and motor input, and to provide a theoretical basis for error control and coordinated optimization of
electromechanical parameters. [Methods] Firstly, a standard three-crank double-cycloid precision cycloidal reducer was
investigated. Based on the small-vibration coordinate method and Lagrange equations, an 11-degree-of-freedom planar bending-
torsional coupled dynamic model incorporating the input shaft, crankshafts, cycloidal gears, and output carrier was established.
The incremental relation among servo-motor voltage, current, and electromagnetic torque were further introduced to formulate
an electromechanical coupled dynamic model. Then, time-varying meshing of the input-stage gear pair, two-dimensional elastic
support of the eccentric bearings, and unilateral contact of the cycloid-pin tooth pairs were considered to investigate the effects
of error excitations, load fluctuations, and motor parameters on the dynamic responses. [Results] Torsional vibration at the input
side is converted into planar vibration of the cycloidal gears through the crankshafts and eccentric bearings and is subsequently
transmitted to the output carrier through eccentric-support reaction forces, forming a coupled transmission path of input torsion-
cycloidal-gear planar motion-output torsion. The input-stage gear error mainly affects the torsional responses of the input shaft
and crankshafts, and its influence gradually attenuates toward the output side, whereas the cycloid-pin tooth error directly
changes the multi-tooth contact state and instantaneous load distribution and therefore has a greater influence on the output
dynamic transmission error. Compared with the baseline condition, increases in the input-stage gear error, cycloid-pin tooth
error, and load fluctuation increase the peak-to-peak output dynamic transmission error by 12.37%, 30.55%, and 7.96%,
respectively. Input-shaft speed fluctuations and current disturbances form a bidirectional electromechanical coupling through
back electromotive force and electromagnetic torque. Increasing mechanical damping effectively suppresses input-side vibration,
whereas reducing winding inductance intensifies current ripple.

Key words: Precision cycloidal reducer; Bending-torsional coupling; Electromechanical coupling; Small-vibration

coordinate method; Dynamic modeling (%%t:. )



