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High Precision Control Method of Lightweight Spatial Scanning
Drive Mechanism Based on Ultrasonic Motor

XUE Jiuming, WANG Shiming, LI Yongguo
(College of Engineering, Shanghai Ocean University, Shanghai 201306, China)

Abstract: In order to realize the lightweight of the spatial scanning drive mechanism in the high-resolution satel-
lite payload, a scanning drive mechanism is designed with the ultrasonic motor as the driving component. The
weight is only 15% of the conventional drive scheme combining the step motor with the harmonic reducer. A drive
control system of the scanning drive mechanism is built. The equipment is used to test the high precision pointing
control method of the scanning drive mechanism with the help of the 21-bit absolute photoelectric encoder as the po-
sition feedback sensor. By comparing the efficiency of PID control, fuzzy control and neural network PID control al-
gorithm, the ultrasonic motor temperature detection is taken as the forward feedback control on-line regulation con-
trol parameter considering the nonlinearity and time-variation of ultrasonic motor and hence a novel expert rule PID
controller is proposed. The experimental results show that when the scanning drive mechanism is pointing at 20°,
the steady-state pointing accuracy is better than 2", and the speed stability of the scanning drive mechanism is better
than +1% at 3. 3 r/min, which meet the requirement of satellite payload for high precision and high stability control
of the scanning drive system mechanism.
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