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Displacement Characteristics of the Square-frame Ultrasonic Motor
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Abstract: A novel design of a simple square-frame USM (ultrasonic motor) was proposed. The stator of
the motor consists of a square-frame shape elastic body and four rectangular plate ceramics. The four
ceramics were attached to inner surfaces of the square frame elastic body. The same phase voltages
were applied to the ceramics on horizontal surfaces, and 90 degree phase difference voltage were applied
to the ceramics on vertical surfaces. To find a model that generates elliptical motion at outside of the
stator, the finite element analysis program ATILA was used. The analyzed results were compared to the
experimental results. As result, the model EL10EH3ET0.5CL4 which generates the maximum elliptical
displacement was chosen by analyzing the resonance mode according to changes in frequency.
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Fig. 2. Cross-section of the square-frame stator.
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Table 1. Matenial charactenstics of the stator.

Size of ELjmm]  ET[mm] EH[mm] CL{mm]
the stator 10 0.5 3 4-6
Material characteristics
g . Poisson’s
SUS303 Density Young's module :
8,080fkg/m’]  19.3[10"°N/m°] 0.31
PZT4 Dessity QO SR
7,070[kg/m’] 1,500 0.32
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Fig. 3. Principle of the elliptical motion at the four
contact point.
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Fig. 4. Block diagram of finite element analysis by
ATILA.
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Table 2. Analyzed models depending on changed
ceramics length.

Model EL[mm] ET[mm] EH[mm] CL[mm]
EL10ET0.5EH3CL4 10 05 3 4
EL10ETQ.5EH3CLS 10 05 3 5
EL10ET05EH3CL6 10 05 3 6
EL10ET0.5EH3CL7 10 05 3 7
EL10ET05EH3CLS 10 0.5 3 8
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Fig. 5. Impedance curve depending on changed ceramics
length.
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Fig. 6. Displacement magnitude resonance

frequency.
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Fig. 7. Displacement characteristics depending on the
nearby resonance frequency.
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Fig. 8. Elliptical displacement depending on the changed
ceramics length.
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Fig. 9. Fabricated stator and ultrasonic motor.
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Fig. 10. Ultrasonic motor experiment system.
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Fig. 11. Speed characteristics depending on changed
angle of the rotor.
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Fig. 12. Speed and torque characteristics of the motor
depending on the frequency.
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Fig. 13. Speed and torque characteristics of the motor
depending on the applied voltage.
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