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Precision servo control of GMA based on compounding
feedforward compensation

GONG Da-cheng, LU Fu-zai, XIANG Zhan-qin, TANG Zhi-feng
(Modern Manu facture Engineering Institute, Zhejiang University, Hangzhou 310027, China)

Abstract: A Giant Magnetostrictive Actuator(GMA) driven mechanism for piston noncircular pin hole
boring is presented. In order to attain desired radial displacement of the boring bar accurately, a com-
pounding feedforward compensation method is proposed. The classical Preisach model for the hystere-
sis of GMA is introduced briefly, and a novel iterative compensation algorithm is proposed to avoid
calculating Preisach converse model directly. Then the implement procedure of the iterative algorithm
is discussed and the block diagram is given. A good linearization between the input current of GMA
and its hysteresis output is found, the effect of the algorithm is valided by experiment. A repetitive
control compensator is designed to improve the control performance of the GMA further., and then a
compounding feedforward compensation method is presented based on the two compensators. Experi-
ment results show that, at the case of open loop control, the iterative compensation algorithm can re-
duce the hysteresis nonlinearization of GMA from —15.7% ~+411.8% to —4.6%~+5.2%, and the

PID control based on compounding feedforward compensation can reduce the tracking error of GMA to
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1 pm. These conclusions indicate that the iterative compensation algorithm is effective, it can avoid

calculating the Preisach converse model directly and the PID control based on compounding feedfor-

ward compensation can improve the control performance of GMA further.

Key words: GMA; iterative compensation; feedforward compensation; repetitive control compensa-

tor; PID control
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Fig. 1 Illustration of noncircular cutting structure

and tracking trajectory
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Fig. 3 Block diagram of iterative compensation algorithm
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