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A Study on the Resonance and Vibration Velocity Characteristics
in Single-Phase Ultrasonic Motor

(Man-Ju Park*, Jin-Soo Kim*)

Abstract

In this study, the windmill type ultrasonic motor was fabricated, and then resonant frequency and
vibration velocity characteristics of the stator were measured. 0.05PMN-0.95PZT composition was mixed
with 0.7 wt% MnQO, for the piezoelectric vibrator. Brass metal was pressed with umbrella-type using
metal mold, and 4 kinds of slot were processed with different thickness. Among sixteen stators, the res-
onant frequency on vibration velocity was decreased remarkably in stator with the highest resonant point,
but the resonant frequency on vibration velocity was not changed at the lowest resonant point in the
stator. Vibration velocity increases with increasing applied voltage and with decreasing the thickness of
the elastic body. As the applied voltage was changed from 30V, to 100V,,,., the maximum value of
vibration velocity at 90V, was 2.0[m/s].
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Material properties of 0.05PMN-
0.95PZT piezoelectric ceramics for
fabricating of the ultrasonic motor
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Table 1.

. cons-
property unit cant
Dielectric constants(eT33/¢,) 1500
Curie temperature(T,) T 325
Resonant frequency(f,) o 192
Dissipation factor(tand) % 0.2
EM coupling coefficient(k,) % 62.8
EM coupling coefficient (ky,) % 36.5
Mechanical quality factor(Qy) 820
Elastic compliance(s,® at E=0) | [m/N]- 10" | 13.15
Piezoelectric coefficient(dy) [pC/N] 138
Voltage coefficient(gy) [Vvm/N] - 10°] 13.0
Capacitance(C) W 1032
Resistance(R) Q 2.5
Sintering temperature(T) T 1200
E 2.%%9 A8 54
Table 2. Material properties of brass
property constant
Component 70Cu - 30Zn
Density [g/ar’] 8.8
Young' s modulus[N/m] 11.0x10"
Poisson’s ratio 0.35
Thermal dilatation ratio{ppm/] 15
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Fig. 2. Fabricated ultrasonic motor of
windmill type
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Table 3. A specification of fabricated stator
of windmill type ultrasonic motor

Conditions Value
Driving frequency 1] 73.6
Driving voltage[Vmax] 100
Rated vibration velocity [m/s] 2.0
Stator weight(g] 1.33
Resistance of stator[ 2] 2.53
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Fig. 4. Change of temperature in stator
with applied voltage
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Fig. 6. Effect of applied voltage on the
vibration velocity of stator at vari-
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