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Modeling of dynamic nonlinear multi-field coupling
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Abstract: To improve the precision of a Giant Magnetostrictive Actuator (GMA) used in a precision
machining field and to describe its complex hysteresis behavior under dynamic and quasi-static
conditions, a GMA with an accurate displacement output was designed. By consideration of both the
eddy current losses and hysteresis, a dynamic nonlinear model with multi-field coupling effects was
also established. Relationships among energy loss, hysteresis and frequency and other working
performance were studied. Firstly, the GMA was designed through the modular method. Then, based
on the thermodynamic theory and energy conservation law, a nonlinear multi-field coupling
constitutive model for giant magnetostrictive materials was established. Finally, a nonlinear multi-
field coupling dynamic model for the GMA was proposed through analyzing the coupling process

between the nonlinear constitutive behaviors of materials and the dynamic behavior of system
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structure. The effects of energy loss and pretightening force on the system characteristics were
analyzed. The experiment results show that pretightening force improves the output characteristic of
GMA and there is an optimal preloaded state. The model predicts the displacement accurately and the
average relative error is about 4. 5%. The hysteresis behavior is attributed to the energy losses
generated in the irreversible motion process of domain. With the increase of frequency, the abnormal
and eddy current energy losses and hysteresis increase. The eddy current effect can not be ignored
when precision GMA is under a high frequency. The model describes the complex hysteresis behaviors
of the GMA under dynamic and quasi-static conditions accurately. As the material’s constitutive
coupling and structure’s dynamic behavior coupling are considered, the precision of the GMA is
improved greatly.

Key words: Giant Magnetostrictive Actuator(GMA) ; nonlinear multi field coupling model; hysteresis

behavior; eddy curren loss
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