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Linear Compensation of Piezoactuator’s Hysteresis
(1st Report, Strain Feedback and Self-Sensing Control Methods)

Zhongwei JIANG, Seiji CHONAN,
Takashi YAMAMOTO and Yoshiaki FUDA

This paper presents a study on the linear compensation of nonlinear hysteretic piezoelectric
ceramic actuators. Both the feedback control using the strain guage output and the self-sensing
control technique are investigated. In the strain feedback control, the strain on the surface of the
actuator is measured directly by using the strain gauge and the output is fed back to the input voltage
to decrease the actuator hysteresis. In the self-sensing control, the voltage generated by the
piezoelectric effect of the actuator is detected by a bridge circuit and then used as a feedback signal
to compensate for the nonlinearity of the actuator. The experimental results show that the self-
sensing feedback control is more efficient to reduce the hysteresis of the actuator. Further, the self-
sensing compensator is more simple and needs no additional external sensing devices.
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Fig.1  Tip displacement versus output voltage of
strain gauge on bimorph-type piezoelectric
actuator.
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Fig.2  Circuit diagram of strain gauge feedback
control.
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Fig.3  Variation of tip displacement versus input
voltage (open-loop drive).
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Fig4  Variation of tip displacement versus input
voltage {closed-loop drive with H = 4).
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Fig.5  Variation of tip displacement versus input
voltage (closed-loop drive with H = 10).
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Fig.6 Displacement time response of Fig. 5.
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Fig.7  Variation of tip displacement versus input
voltage (500 cycles of open loop drive).
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Fig.8  Variation of tip displacement versus input
voltage (500 cycles of closed-loop drive with
H = 4 and LPF(f,=19.4Hz)).
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Fig.9  Variation of tip displacement versus input

voltage (500 cycles of closed-loop drive with
H = 10 and LPF(f.=19.4Hz)).
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Fig.10 Variation of tip displacement versus input

voltage (500 cycles of closed loop drive with

H = 20 and LPF(f,=19.4Hz)).
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Fig.11 Electric model of nonlinear piezoactuator.
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Fig.13 Block diagram of Fig.12
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Fig.14  Variation of tip displacement versus input voltage with self-sensing feedback control.
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Fig.15 Variation of tip displacement versus input voltage for a change of excitation fre-
quency (self-sensing feedback control with H = 100).
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Fig.16 Variations of tip displacement versus input voltage (500 cycles of self-sensing feedback control).
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