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Modeling and H-infinity robust control for
giant magnetostrictive actuators with rate-dependent hysteresis
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(1. School of Automation Science and Electrical Engineering, Beihang University, Beijing 100191, China;
2. Department of Electrical and Computer Engineering, Louisiana State University, Baton Rouge LA 70803, USA)

Abstract: The rate-dependent hysteresis in giant magnetostrictive materials is a major impediment to the application
of such material in actuators. In this paper, a Hammerstein-like model based on the least-squares support vector machines
(LS-SVM) is proposed to model the rate-dependent hysteresis system. We show that it is possible to construct a unique
dynamic model in a given frequency range for a rate-dependent hysteresis system using the sinusoidal scanning signals as
the training set of signals for the linear dynamic subsystem of the Hammerstein-like model, which guarantees an outstanding
generalization ability of frequency. Subsequently, a robust controller based on the Hammerstein-like model is implemented
to a magnetostrictive smart structure for real-time precise trajectory tracking. Simulations and experiments on a giant
magnetostrictive actuator (GMA) verify both the effectiveness and the practicality of the proposed modeling and control
methods.

Key words: giant magnetostrictive actuator; rate-dependent hysteresis; Hammerstein-like model; least-squares support
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Table 1 Modeling errors

$i%/Hz  RMSE/um  RE
1 0.4692  0.0236
5 0.4816  0.0278
10 0.4533  0.0269
20 0.4800  0.0287
30 0.5044  0.0303
40 0.5471  0.0335
50 0.5651  0.0357
60 0.5939  0.0408
70 1.0315  0.0554
80 0.7087  0.0463
90 13635  0.0736
100 13056  0.0774
10/20/40 1.5642  0.0819
50/60/70/80  1.6895  0.0876
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Table 2 Tracking control errors

ME{E/um  Hi%/MHz  RMSE/um RE
15 1 02777  0.0262
15 5 0.2684  0.0253
15 10 0.2883  0.0272
15 20 0.3320 0.0313
15 30 0.3874  0.0365
15 40 0.4333  0.0409
15 50 0.5801  0.0547
15 60 0.7432  0.0701
15 70 1.0187  0.0926
15 80 1.0429  0.0996
15 90 1.0346  0.0975
15 100 0.9889  0.0932
15 10/20/40 03233 0.0528
15 30/60/100 0.7629  0.1046
15 15/35/55/75  0.5385 0.1015
15 20/40/60/80/100  0.6697 0.1120
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