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Development of an Arrayed-type Multi-Degree-of-Freedom Ultrasonic Motor based on Selection

of Reciprocating Vibration Modes
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Abstract[] This paper presents a novel type of multi-degree-of-freedom (MDOF) ultrasonic motor. Many types of
ultrasonic motor have been developed before now. But, most of these have complex structure and is hard to

miniaturize, because its vibrator is driven by dual phases and these frequencies must correspond to each other

completely. However, a single vibrator driven by a single phase cannot generate MDOF movement. Hence,

we propose a MDOF ultrasonic motor with plural vibrators driven by a single phase. Each vibrator has three
patterns of vibration modes that can be changed by adjusting the frequencies. The spherical rotor is driven by
the total force generated by plural vibrators, and its rotational direction is decided by combination of
vibration modes. We decided the form of the vibrators through FEM analysis and confirmed that the

spherical rotor was driven on three axes by experiment. Then, we measured the driving characteristics of this

motor.

Key Words multi-degree-of -freedom, Piezoelectric actuator, Ultrasonic motor.
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Fig.1 Structure of MDOF ultrasonic motor
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Fig.2 Natural vibration modes Fig.7 Driving characteristics
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(a) Vibrator (b) Layout (c) Overall view

Fig.6 Manufactured motor
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