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im XA E Study on Optimum Design for Noncontact Ultrasonic Motor and Performance
Improvement by Drive System Utilizing Standing Wave Vibrations

The ultrasonic devices utilizing the acoustic streaming caused by the intense ultrasonic
waves in a fluid resolve several problems in contact actuators, such as performance
deterioration by abrasion and the generation of grating noise and scraped dust. The noncontact
ultrasonic motors, whose rotor located above the flexural vibrating stator, are rotated by the
acoustic streaming induced in the gap between the stator and the rotor, promise long-life,
high-speed, and small motors because they do not use the friction force. However, the research
for improving the performance of a noncontact ultrasonic motor has not been performed in
detail.

In this study, the optimum design for high speed rotation of the noncontact ultrasonic
motor with a flexurally vibrating disk was investigated by the experiment and the equivalent
circuit analysis which took account of the viscosity of air, the correlation between the vibration
and the sound pressure, and the acoustic leak. The viscosity of the air and the acoustic leak to
the outside of the air gap strongly affect at the narrower gap than 50 um and at the wider gap
than 100 um, respectively. The rotor diameter, the gap distance, and the combination with the
vibration mode and the sound pressure mode for the high speed rotation were clarified. The
higher revolution speed than 2500 rpm was obtained at the driving voltage of 14.5 V.

Moreover, to improve the performance, a new noncontact ultrasonic motor driven by two
flexural standing wave vibration disks was proposed. In the motor with the drive system
utilizing the standing wave vibrations, the disk rotor sandwiched between two pairs of an air
gap and a disk stator was rotated without making contact with stators by the standing wave
vibrations of the stators whose temporal phase and spatial position differed. In this motor, the
revolution speed of 2000 rpm was obtained in the wide range of the gap distance from about
0.5 to 1.2 mm at the very low driving voltage of about 3 V. The 1.3 times revolution speed, 1.8
times torque, and 2 times efficiency compared with the traveling wave vibration type motor
were achieved.
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