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Abstract: To overcome the limitation of existing piezoelectric motors in simultaneously achieving high-
speed motion and high-resolution positioning, a cross-scale longitudinal-shearing hybrid vibration piezo-
electric motor was designed. Dual-mode operation in quasi-static and resonant states was implemented to
satisfy the combined requirements of speed and precision in precision-drive applications. The stator inte-
grates a longitudinal vibration transducer driven by the piezoelectric dy; effect and a sandwiched shear trans-
ducer driven by the d,; effect. Elliptical motion at the driving foot is generated by orthogonal vibrations at
identical frequencies. Key parameters were optimized via finite-element simulation (COMSOL). For qua-

si-static operation, the primary hinge stiffness was set to 16. 66 N/pm to improve displacement output effi-
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ciency; for resonant operation, structural parameters were tuned to achieve modal degeneration of the lon-

gitudinal (7 829. 6 Hz) and bending (7 860.7 Hz) vibrations. The experiments showed that under quasi-

static excitation (800 Hz, preload 0. 38 N), a minimum displacement resolution of 39 nm and a maximum

speed of 0. 95 mm/s were achieved. Under resonant excitation (6 780 Hz, 30° phase difference), a maxi-

mum no-load speed of 125. 33 mm/s and a peak load capacity of 0. 45 N were obtained. The proposed mo-

tor outperforms conventional single-mode piezoelectric motors in both speed (125. 33 mm/s) and resolu-

tion (39 nm) , effectively mitigating the intrinsic trade-off between high speed and high precision and pro-

viding a practical solution for cross-scale precision positioning drives.

Key words: piezoelectric motor; longitudinal-shearing mode; cross-scale driving; piezoelectric ceramics;

quasi-static
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Fig.1 Structure and dimensions of stator
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Fig.2 Schematic diagram of stator drive
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Tab.1 Stator material parameters
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Fig.5 Timing sequence of two-phase driving voltage sig-

nals and variation of stator vibration within a cycle
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Tab.3 Performance comparison of different motors
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