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Study on Driving Circuit of Ultrasonic Motor With LLCC Resonant Technique
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ABSTRACT: High driving voltage is required for ultrasonic
motors, so the driving circuit needs a transformer to boost
voltage. Since the ultrasonic motor (USM) is a nonlinear
capacitive load, a matching circuit is needed to keep the output
voltage and the phase shift constant. Based on the switching
circuit with push-pull topology, it was analyzed that the
switching loss under inductive load is less than that under

capacitive load, which will increase its efficiency and reliability.

A novel LLCC resonant network was proposed and its
parameters were given. Theoretical analysis and simulation
were presented, which demonstrated that the output voltage and
the phase shift of the resonant network can be decoupled from
driving conditions, and the load characteristics can be changed
from capacitive to inductive. This novel driver has been applied
to the TRUM-60 type ultrasonic motor, and the experimental
results have verified the effectiveness of the proposed circuit.

KEY WORDS: ultrasonic motor (USM); driver; push-pull;
LLCC; resonance
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Fig. 1 Transformation of USM equivalent circuit
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Fig. 2 Push-pull driving circuit for USM (single phase)
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Tab.1 Parameters for USM and resonant network
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Fig. 4 Main waveform of circuit with
capacitive characteristic load
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Fig. 5 Main waveform of circuit with
inductive characteristic load
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Tab. 2 Output voltage vs. frequency
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Fig. 10 Output voltages vs. input voltage with
LLCC resonance
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Fig. 11 Efficiency of the driver
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