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Driving Circuit for Multi-degree of Freedom Ultrasonic Motor Using in-plane

Deformation of PZT Elements
ZHANG Ming-hui, LI Man-tian, SUN Li-ning
(Robotics Institute, Harbin Institute of Technology, Harbin 150080, Heilongjiang Province, China)

ABSTRACT: A new multi-degree of freedom ultrasonic motor
(MDOF USM) using in-plane deformation of lead zirconate
titanate (PZT) elements was introduced. The rotation around Z
axis was generated by combining both in-plane bending
vibration modes; whereas the rotation around X or Y axis was
generated by combining the longitudinal vibration mode and
one of the above bending vibration modes. A driving circuit
based on direct digital synthesizer (DDS) theory was designed.
The DDS array synthesized in field-programmable gate array
(FPGA) part was employed to generate four routes sinusoidal
actuating signals and high voltage power operational amplifiers
were applied to amplify them. The amplitude and frequency of
each output signal, and the phase between two of output signals
can be adjusted independently. The driving circuit was tested by
experiments on the prototype motor and results show the circuit
is feasible.

KEY WORDS: ultrasonic motor; multi-degree of freedom;
in-plane deformation; driving circuit
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drawings of its stator
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Fig. 2 Vibrating modes of stator
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Fig. 5 Output waveforms of driving circuit
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