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Abstract: A self-sensing method was utilized to acquire the finger displacement and gripping force of a
piezoelectric micro-gripper without micro-displacement and micro-force sensors. As the surface of pie-
zoelectric ceramic wafer will generate free charges when it deforms under the external voltage and ex-
ternal force, a self-sensing method based on integral charges was proposed for sensing the finger dis-
placement and gripping force. According to Jan G. Smits's piezoelectric cantilever bending deforma-
tion theory, the self-sensing formulas of the finger displacement and gripping force were derived,
namely, the free charges on the surface of the piezoelectric ceramic wafer were used to represent the
finger displacement and gripping force. Then an integral circuit was designed to acquire the surface

free charges. The balance condition of self-sensing circuit was derived, which was that the product of
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the equivalent capacitance and leakage resistance of the piezoelectric crystals should be equal to that of
the integrating capacitor and balancing resistor. Self-sensing experimental results indicate that the
maximum error of modified self-sensing displacement is 0. 78 um for the finger displacement of 31. 59
pm. The maximum error of modified sell-sensing gripping {orce is 0. 24 mN for the gripping force of
35.91 mN. Those experimental results show that the proposed self-sensing method is effective to de-
tect the finger displacement and the gripping force.

Key words: piezoelectric micro-gripper; finger displacement; gripping force; self-sensing; integral
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Fig. 2 Principle schematic of micro-gripper
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Tab. 2 Parameters of wafer and substrate
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Fig. 3 Self-sensing circuit of micro-gripper
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Tab. 3 Characteristics of driver
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Tab. 4 Characteristics of sensor
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Fig. 5 Balance adjustment of self-sensing circuit
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