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Sandwich-type Multi-degree-of-freedom Spherical Ultrasonic Motor (2nd Report)
—Examination of Some Shapes of Contact Surface—
Bo Lu, Manabu Aoyagi(Muroran Inst. of Tech.),
Takehiro Takano(Tohoku. Inst of Tech.), Hideki Tamura(Yamagata Univ.)

The purpose of this research is to increase the torque performance of sandwich-type multi-degree-of-freedom
(MDOF) spherical ultrasonic motor(SUSM) by a torque composition. In this report, three kinds of SUSM with
different contact surface are manufactured as a trial, the performances among three motors are drawn a comparison,
and the actual contact area of spherical contact surface between the stator vibrator and the spherical rotor is studied in
experiments. As a result, it was confirmed that the spherical contact surface is an important factor which results in the
achievement of high torque, and that by whittling away the non-effective contact surfaces, motor obtained the stablest

working performance.
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Fig.1 Assembly and componentiparts of SUSM in sandwich structure.
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Fig.2 Cross section drawing of spherical contact surface stator.
Table |. Comparison of the maximum torques and the voltage.

MDOF-USM type Present Former
Max torque X(Y) | 58.04(80) 93.3(120)
[mNm] (Vp-p) z 84.5(140) 67.8(220)
Torque/Mass | X(Y) | 0.703 (0.741) | 0.057(0.338)
[Nm/kg]
(Available stator) | Z | 1.023 (1.078) | 0.041 (0.245)
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Fig.3 Cross section drawing of conical contact surface stator.
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Xs 1 X(Y) axis by spherical contact surface
Zs : Z axis by spherical contact surface

80 | Xc : X(Y) axis by conical contact surface
Zc : Z axis by conical contact surface
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Fig.4 Max.torque and applied voltage between motors with spherical
contact surface and conical one.
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Fig.5 The construction of the stator with only partial contact surface.

100

Xs : X(Y) axis by spherical contact surface
Zs : Z axis by spherical contact surface
Xp 1 X(Y) axis by only partial spherical
contact surface ™ un
Zp : Z axis by only partial spherical nu L]
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Fig.6 Max.torque and applied voltage between motors with all and
partial spherical contact surface.
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Fig.7 Comparison of max.torque among the three kinds of motor
with different contact surface.
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(a) The abrasion of spherical contact surface.

Rotation around
Z-axis
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Fig. 8 The actual contact area of spherical contact surface.
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