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Abstract: Hysteresis nonlinearities in the entire working range of piezoelectric ceramic actuators often
result in reduced system accuracy, oscillations, and system instability. For a periodic sinusoidal input
signal, a hysteresis modeling method based on a fractional-order operator was proposed herein. First,
based on the analysis of piezoelectric and fractional-order operator characteristics, a fractional-order
operator involving a simple structure and few parameters was used to describe the hysteresis charac-
teristics of piezoelectric ceramics. Subsequently, a piezoelectric actuated micro-displacement positio-

ning experimental platform based on dSpace was built. Finally, a fractional-order-operator-based hys-
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teresis modeling method was applied to the piezoelectric actuated micro-displacement positioning plat-

form to identify the hysteretic nonlinear characteristics of piezoelectric ceramics. The experimental re-

sults show that the Fractional-Order hysteresis Model (FOM) is superior to the traditional Prandtl-
Ishlinskii Model (PIM) and the Enhanced Prandtl-Ishlinskii model (EPIM). In the low-frequency
range, the precision of the FOM is slightly higher than that of the PIM and EPIM models; however,

in the high-frequency range, the precision of the FOM model is significantly higher than that of the
PIM and EPIM models. When the input frequency is 100 Hz, the accuracy of the proposed FOM is
69. 84% and 68. 88% higher than that of the PIM and EPIM models on the root mean square error, re-

spectively.

Key words: piezoelectric ceramic actuator; hysteresis; fractional order; parameter identification
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Fig. 1 Fractional order hysteresis model characteristics
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