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Multi-DOF Piezoelectric Driving System
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As a mechanical system has become having large number of DOFs, the number of actuators used for the

system has been increasing. In order to integrate the compact system, a multi-DOF actuator might

become a key technology. Accordingly, there have been developed multi-DOF actuators including

multi-DOF piezoelectric actuators. The piezoelectric actuators potentially have great features for

multi-DOF direct-drive actuation, such as high torque at low speed, high stationary torque, and quick

response etc. In this paper, there introduce several multi-DOF piezoelectric actuators.
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Table 1: Multi-DOF piezoelectric driving sys-

tems
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Fig. 1: Spherical actuator [1]
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Fig. 2: Driving principle of SIDM |[2]

Fig. 3: Micro SIDM [2]
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Spherical rotor

Ring-type stator
(a) Two-DOF type  (b) Three-DOF type

Fig. 4: Multi degree of freedom spherical ultra-

sonic motor [3]

Spherical ultrasonic motor

Fig. 5: Artificial arm with spherical ultrasonic
motor [4]
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Fig. 6: Ring type stator with dual axies drive [5]

[5]

Fig. 8: Ultrasonic actuator with multi-degree of
freedom [6]
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Fig. 9: Dummy head system [7]
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Fig. 12: Multi-degree-of-freedom ultrasonic mo-

tor using multi-mode ring-form vibrator [10]
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Fig. 13: Bar-type multi-DOF ultrasonic motor
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Fig. 14:
multi-DOF ultrasonic motor
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(a) Conceptual figure

(b) Prototype

Fig. 15: Prototype of multi-DOF forceps
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Fig. 16: Plate-type multi-DOF ultrasonic motor
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Fig. 17: Self-oscillation driving circuit

(a) Mode 1 (b) Mode 2 (c) Mode 3

Fig. 18: Vibration mode of stator
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(a) Stator

(b) Stator arrange  (c) Prototype

Fig. 19: Muti-DOF ultrasonic motor with sin-
gle-phase-driving
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Fig. 20: Combination of vibration modes
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