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ABSTRACT

This paper proposes a new modeling scheme to describe the hysteresis and the dynamic characteristics of
piezoelectric actuators in the inchworm and develops a control algorithm for the precision motion control.
From the analysis of piezoelectric actuator behaviors, the hysteresis can be described by the functions of a
maximum input voltage. The dynamic characteristics are also identified by the frequency domain modeling
technique based on the experimental data. For the motion control, the hysteresis behavior is compensated by
the inverse hysteresis model. The dynamic stiffness of an inchworm is generally low compared to its driving
condition, so mechanical vibration may degenerate the motion accuracy of the inchworm. Therefore, the
sliding mode control and the Kalman filter are developed for the precision motion control of the inch-warm.
To demonstrate the effectiveness of the proposed modeling schemes and control algorithm, experiment

validations are performed.
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Fig. 1 The design of the inchworm (using sumitomo
metal, PSA-15C, specification listed in Table 1)
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Fig. 2 Schematic of the experiment

Table 1The Specification of piezoelectric actuator (from
sumitomo metals LTD. manual)

MODEL 15C Unit
Capacitance 900+20% C(nF)
Insulation Resistance >ix10° Ro(€2)
Max. Driving Field 150 Eo(V)
Effective Displacement 20+2 Xo(um)
Xo/Eo 0.16 _ (pm/V)
Material SPEM-5D
Response time 20psec
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Fig. 3 Hysteresis behavior; (a) input voltage and

measured output displacement, (b) measured
hysteresis loop
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Fig. 4 The Curve fitting of coefficients
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Fig. 5 Flow chart for hysteresis loop modeling
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