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Sandwich-type Multi-degree-of-freedom Spherical Ultrasonic Motor (1st Report)
—Examination of Combination Composition of Three Kinds of Vibrational Mode—
Bo Lu, Manabu Aoyagi(Muroran Inst. of Tech.),

Takehiro Takano(Tohoku. Inst of Tech.), Hideki Tamura(Yamagata Univ.)

A sandwich-type multi-degree-of-freedom(MDOF) spherical ultrasonic motor is newly proposed. The motor
consists of a spherical rotor which is held between two stator vibrators. The stator vibrator excites three kinds of
vibration modes, and the spherical rotor can rotate on three axes. The contact surface between the spherical rotor and
the stator vibrators forms the spherical surface. An experiment of making a large torque by a torque composition of
two stators was carried out. Moreover, the displacement magnification mechanism, which was used in the former
model, to rotate the spherical rotor on the Z axis is no longer necessary, so that the freedom degree of the

configuration design has been improved.

This paper describes the construction and the operating principle of the MDOF ultrasonic motor, analysis results
about the stator vibrator using a finite element method and some measurement results from the trial manufacture.
This motor has torques larger than those of former MDOF motor. The miniaturization of the MDOF motor and

increase of torque were successfully realized.
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Fig.1 Construction of the stator. Fig.2 Arrangement of electrodes
(material:SUS304) of piezoelectric ceramics ring.
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Fig.3 Operating principle of MDOF ultrasonic motor.
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Table.1 comparison of the maximum torques and the voltage.

MDOF-USM type Present Former
Dlameter of stator 390 672
vibrator [mm]
Diameter of spherical 20.0 254
rotor [mm]

Max torque: X(Y)-axis [MNm] 58.04 93.30
(applied voltage[Vp-p]) (80) (120)
Max torque: Z-axisfmNm] 84.5 67.8
(applied voltage[Vp-p]) (140) (220)
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Fig. 5 Max torques around X(Y)-axis to applied voltage Vr.
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Fig. 6 Max torques around X(Y)-axis to applied voltage Vaga:.
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Fig. 7 Max torques around X(')-axis to applied voltage.
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