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A Multi-Degree-of-Freedom Ultrasonic Motor Using Plural Single-Phase-Drive-Type Vibrators

O%F H)IMER (BXPD)

1E - FiEREE] (B

1E PRWHERS GRTR)

Kayo OTOKAWA, Graduate School of Keio University, y12456 @educ.cc.keio.ac.jp
Kenjiro TAKEMURA, Tokyo Institute of Technology

Takashi MAENO, Keio University

This paper presents a novel type of a multi-degree-of-freedom ultrasonic motor using plural
single-phase-drive-type ultrasonic vibrators. A single-phase-drive-type ultrasonic motor is known as easy to
miniaturize. On the other hand, it is also known as hard to reverse the vibration direction. Therefore, we proposed to
use plural single-phase-drive-type vibrators each one has four patterns of vibration directions. By combing these
directions of each vibrator, we can obtain multiple movements of a movable object. At first, we proposed the principles
of this motor. Next, we selected vibration modes and designed the size of a vibrator as 10 x7.5 x0.9 mm® using a finite
element analysis. Finally, we measured frequency, vibration, and driving characteristics of the vibrators. The maximum
thrust was about 3.14 N and the maximum torque was about 6 mN -m.
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Fig. 1 Principles of a single-phase-drive-type vibrator
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Fig. 2 Schematic diagram of an actuator

[No.05-4] Proceedings of the 2005 JSME Conference on Robotics and Mechatronics, Kobe, Japan, June 9-11, 2005
2A1-S-080(1)



f ] — -
n =

(a) Mode (2,0), 67kHz  (b) Mode (0, 3), 108 kHz
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(c) Mode (3,0), 176kHz (d) Mode (0, 4), 187 kHz
Fig. 3 Patterns of vibration modes (Top view)

Table 1 Thickness combination of PZT and stainless-steel

tpzr [mm] t sys [mm]
0.3 0.3, 04, 0.5, 06
0.4 04, 05
0.5 0.4

Protrusion (0.7 X 0.7 X 0.8 mm)

10 mm 0.9 mm

Stainless-steel

PZT
7.5 mm

Fig. 4 Measurements of the vibrator

(a) Vibrator

(b) Comparison with one-yen coin

Fig. 5 Manufactured motor
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Fig. 6 Linear speed-thrust characteristics
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Fig. 7 Rotational speed-torque characteristics
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