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Digital Piezoelectric Stack Actuators: Principle, Modeling and Control
LING Jie” ZHANG Yunzhi CHEN Long ZHU Yuchuan
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Abstract: Based on the new discrete configuration and the principle of digital drive, the dynamic
and static output characteristics of a digital piezoelectric stack actuator (DPEA) were studied under
different digital coding modes. Secondly the internal mechanism of hysteresis reduction under digital
drive, was explored, and described the hysteresis, creep and dynamics characteristics of the DPEA
were combined with nonlinear dynamic mathematical modeling. Finally, digital on/off time control
was proposed to eliminate the remaining hysteresis and further improve the positioning accuracy. Ex-
perimental results show that compared to traditional piezoelectric stacks, the hysteresis of DPEA is
reduced by more than 66%. The proposed modeling method yields a root mean square error of less
than 0.3889 pm within 10 Hz. The proposed digital on/off time control may effectively eliminate the

residual hysteresis of the DPEA within 10 Hz.
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Fig.1 Structure and working principle of DPEA
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Fig.2 Signal switching logic distribution of DPEA
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Fig.3 Experimental platform and the signal flow
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Fig.4 Comparison of combination numbers of
equivalent/binary coding under different
displacement levels
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Fig.6 Dynamic characteristics of the DPEA under
two encoding methods
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Fig.9 Hysteresis characteristics of single layer

piezoelectric with different driving signals
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Fig.11 Identification of the nonlinear dynamic model
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Fig.12 Verification of the dynamic model of DPEA
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