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1. Main Research Results  

For ultrasonic motors using lead-free piezoelectric ceramics, a new design was proposed to enhance the motor 

torque, and the relation between motor performance and material properties was elucidated. A lead-free 

tube-type ultrasonic motor with a small radius has also been developed. These motors were operated by the 

shear-mode of piezoelectric elements. A method to accurately measure the displacement of shear-mode 

vibration was developed by utilizing laser Doppler interferometer. A micropump operated by a lead-free 

piezoelectric ceramics has been developed for the use of the insulin injection in the body of diabetes. 
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