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Vibration Analysis of a Horizontal Two-Link Direct-Drive Robot in Consid-
eration of Bearing Elasticity and Torque Ripple of Motors

Hiroyuki KOJIMA, Hideharu KUWANA,
Yoshikazu HIKITA, and Hirotaka MIZUNO

In a direct-drive robot, motors are directly coupled to the links without reduction gears, and
high-grade control performance can be achieved. However, transient vibrations may frequently be
generated owing to little friction and torque ripple of motors. In this report, the transient vibration
characteristics of a horizontal two-link direct-drive robot are investigated theoretically. In the
analysis, the torque characteristics are modeled in consideration of the torque ripple and the torque
saturation characteristics of direct-drive motors, and the nonlinear state equation of the direct-drive
robot is derived in consideration of the bearing elasticity of motors. Numerical simulation is carried
out, and the effects of the torque ripple, the torque saturation characteristics and the bearing
elasticity of direct-drive motors on the transient vibration characteristics of the direct-drive robot

are demonstrated.
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