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Dynamic Characteristic Analysis of Motor-helical Rack and
Pinion Coupled Feed System of CNC Machines

WANG Hao, LONG Xinhua , DU Jianan

( The State Key Laboratory of Mechanical System and Vibration,
Shanghai Jiaotong University, Shanghai 200240, China )

Abstract : The dynamic error of feed system is one of the main factors that affect the manufacturing accuracy of CNC
machines. For the feed system composed of the helical rack and pinion in the large mirror milling machine, this paper em-
ployed the potential energy method and slicing-integrating method to obtain the time-varying meshing stiffness of the helical
rack and pinion. Then, taking the time-varying meshing stiffness and the meshing error induced internal excitation into ac-
count, the dynamic model of the helical rack and pinion was constructed. For the motor with vector control, the double
closed-loop control model of AC synchronous servo motor was built. Combining the dynamic model of the helical rack and
pinon with the control model of the servo motor, the electromechanical coupling system was set up. Through Simulink simu-
lation and experimental study, the influence of meshing error and dynamic characteristics of the motor on dynamic transmis-
sion error of the feed system was analyzed. Results indicate that the error of rack and pinion is the main error source of the
feed system. The above work may provide a reference for the design of high dynamic precision feed systems.

Key words : vibration and wave; helical rack and pinion; AC synchronous servo motor; electromechanical coupling sys-
tem; dynamic characteristics
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