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Hysteresis Modeling and Control of Lump-Mass Actuated by Nitinol Springs
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Abstract

Nitinol is a shape memory alloy made of nickel and titanium. It can be deformed by changing its
temperature. Because of this interesting property, it has drawn attentions for being used as actuators for
motion control. However, nitinol owns hysteresis behavior which affects control accuracy. This research
develops a mechanical system to study the hysteresis behavior of the nitinol. The system consists of a
mass, two nitinol springs, a displacement sensor, and a control unit. The springs are used as the
actuators to push/pull the mass to any desired position. The action of the springs corresponds to the heat
producing by the electric current feeding into the spring. There are two control loops in the system. The

inner loop controls the temperature of the nitinol springs, whereas the outer one is for position control of
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the mass. Experimental results of the temperature control show that the temperature can be accurately
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controlled and that the mass is move corresponding to the change of the temperature. When considering

the temperature as the input and the position of the mass as the output, the hysteresis behavior can be
clearly noted. To model this hysteresis behavior, the Bouc-Wen model is used in this research. Regarding
to the position control, experimental results demonstrate that the nitinol can be used as the actuators for

positioning the mass. However, the control accuracy is not satisfactory because of the hysteresis effect.

Keywords: Nitinol, hysteresis, temperature control, position control, Bouc-Wen model
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