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Optimal Design of Thin Type Ultrasonic Motor
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Abstract

In this study, novel structured thin ultrasonic rotary motor has been proposed. Ultrasonic motors are
based on an elliptical motion on the surface of elastic body. Thin brass plate was used as a cross
shaped vibrator and eight ceramic plates were attached on upper side and bottom side of the brass
plate. From the thin stator, elliptical displacements of the four contact tips were obtained. To find the
optimal size of the stator, motions of the motors were simulated using ATILA by changing length,
width and thickness of the ceramics. The stators had commonly three resonance peaks and contact tips
of the stator moved on tangential or normal trajectories at these resonance peaks. The maximum
displacements at the resonance peaks were compared. As results, maximum displacements of the
contact tips were obtained at the length of 16 mm, width of 6 mm and thickness of 0.4 mm. Changes
of the resonance frequencies were inversely proportional to the length of ceramic and proportional to
the width of ceramic. The motor was fabricated by using the designed stator. And, the characteristics
of the motor were compared with the simulated results. When the motor was fabricated with these
results, speed fo 935 rpm was obtained by input voltage of 25 Vrms at 935 kHz.

Key Words : Thin ultrasonic motor, Piezo actuator, Elliptical motion, FEM, ATILA

1M 2 L QeH1-4],

. i E 47de Ude Yo zetenE 47

2$TREE QWAL A7) Rl v sho] slsnorm ol S0, 2H6) et S0 H

= - OF 3 RUSI S| = oLl

AgAFolxn, 27} 7\}?_}?5}“] afol Hu A DEE zoksle] uEs vl gou mARe T
= o e o - = o

o w eaf 98 T AL, HRE VAN o Agwe wasmz TR zelnd @4

o] go] 7be3dtth. HE3F AR wmol=2E WAAY
A gom HA) iOlZSO!l FEgS A Feoh
& 93 FEHER % AAEAE AY
i Qlo] MxEo AlF ] 483 gon $H&
7b wg- mE FHE o]&3te] oHE, uAME
HAatgke] o Rgk 7]7]e] RE]ZA FEo] &
E4S AYa glo] 1 §8 Foke 3 wth
2o 1 E=9 283 RERA Fhdg EAA

Qar, AEAE 7HFs 7 olde dHE AY
91213}[510] olgld vHS HeEr] st

oM e 2AdN A& £ Ue
Tﬂﬂﬂ oFe el M2 B Yy xgu
EEE Astch faiey TaaRsg o &
ato] st AMetee] Aol E FA WEE WS
2 39 HH MAZE stha, HFH AAY Ale]

"ﬁilﬂﬂ\i

B o oft Hi

. AL =9 289wElE P AMsn S4UYL F

o 3L} 7 olaQogol % =0 Al B

14 F&71A ol 8229 8754 E AASH sho] sole EANLOT BE =ML ol
(g ’“°JAI /\PE'E 9)

a. Corresponding Author : ssjeong@changwon.ac.kr L _

’s# Xt : 2007. 10. 4 2. 9td x3uRE9 Fx ¢ g
At AIAF 2 2008. 1. 21

m' fetz - 2008. 3. 17 I 1AM e 9y 20 ZEY fFxRe £

335



J. of KIEEME(in Korean), Vol. 21, No. 4, April 2008.

ek @ 7bAGS RoFd a9 1(a)9 2ol
ELR 2 I ] *113}‘1‘.% AT} ofAHA Zh
7—? 3 Hel2A, B39y A7 singhet
42} ag l(b) ()8 #o] Q17tstd @i
, C, D Zt dl A Aol &x4Q et
Qe FEolth. 1Y 244 ¥=}°l
HEHol ¢AHo2 ZHA HE3d
AHee deE o] &3, sin#o cosHE HHY
& ASole AN upATH49].

(o3 mio =
4>

(c) 348 ¢ A7 g(oped)

a2 1. 9y xguHy Fx P BIVY
Fig. 1. Structure and polarization of thin type
ultrasonic motor.
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Fig. 2. Change of displacements at one cycle.
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Fig. 3. Change of the frequency of maximum
displacement depending on the length.
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Fig. 4. Change of the frequency of maximum
displacement depending on the width.
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Table 1. Material properties of stators.
I Elasticity | Poisson’'s | Density
(E) ratio (o) (p)
Aluminum | 71E" 0.34 2780
Brass 92E" 0.33 8270
Steel 21.0E" 0.28 7800
SUS 115E" 031 8080
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Fig. 6. Change of the frequency of maximum
displacement depending on the material

properties.
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Fig. 7. Fabrication of ultrasonic motor.
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Fig. 8. Measuring devices of ultrasonic motor.
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