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The Vibration Characteristic Analysis by Mode Variation of Ring Type Ultrasonic
Motor

FERE - AEE -EEBE”
(Shin-Yong Yoon - Soo-Hyun Baek - Hyun-1l Kim)

Abstract - This paper suggested the vibration characteristic improvement by variation mode of ring type ultrasonic
motor. Design for the piezoelectric ceramic and elastic body of stator were calculated by the finite element method(FEM)
that consider the resonance frequency, vibration mode and coupling efficiency etc. Through the result of vibration
analysis from 6 order mode to 8 mode, the 7 order mode was gained very an excellent results that it was the coupling
efficient, minimum power loss and bending vibration value. Here over 7 order mode, this paper was acquired that an
output current for input voltage was very a large increased results. The result of vibration calculation, from thickness
05[mm] to 2[mm], knew the fact that the vibration displacement at 0.5[mm] is an high value too. From such result, this
paper was manufactured the ultrasonic motor of outer diameter 50[mm], inter 22[mm] having the about 43.86[kHz]
resonance frequency. We have gated that a simulation result is 42.2[kHz] and an experiment result is 43.86[kHz]. The
propriety of this paper was established though comparison. investigation of simulation and experiment result.

Key Words : Ring type ultrasonic motor, Variation mode, Piezoelectric ceramic, Elastic body, Resonance frequency.
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-18 [mml] 129.8 155.8 181.7 2077 233.7
~25 [mml] 459.1 550.9 642.7 7345 826.3

AFS5 220HANA AR EA 10mme)
g2 z24% WE vebd Aotk ol

o
x5l sl 19 169 19 179 W5

2Y =802 Ry w

i
e}
o
Jim

i
:cé
4

Trans. KIEE. Vol. 53B, No. 5, MAY, 2004

3 AR A 05[mmlel A$E FA Ummlel meiA U5
Wt U% F2 ¢ 5 Ay

6500
6000 -
SS00 -
5000
4S00 +
4000 +
3s00
3000 4
2500
2000 4
1500
1000
500

o4
<500

»

eisl{m]10E-6

T T v T T T T T T T T )
=30 -20 -10 o 10 20 30

22l [mm]

a8 17, fixlof we

Fig. 17. Displacement characteristics to position

EEEYY

¥ 5. e xigtof chsk XSS

Table 5. Vibration Displacement for input voltage

o A % 100[V] | 120[V] | 140[ V]| 160[V] | 180[V]
25 [mm] | 3422 | 4107 | 4791 | 5475 | 6160
18 [mm] | 1014 | 1217 | 1420 | 1623 | 1826
11 [mm] | 359.7 | 431.7 | 5036 | 5756 | 6475

0 [mm] 0 0 0 0 0

-11 [mm] | 359.7 | 431.7 | 5036 | 5756 | 6475
-18 [mm] | 1014 | 1217 | 1420 | 1623 | 1826
=25 [mm] | 3422 | 4107 | 4791 | 5475 | 6160
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mlelth B A7 E AF A7k 283 Tt FA

0.5[mm], 100[V1! 19.76[um}E A ARk

T 6. Hetat M2t} Faof whe =[cHb e
Table 6. Maximum distance according to voltage and
ceramics thickness
A 0.5[mm] 1.0lmm] 2.0[mm]
ZRly ' ) '
100[V] 19.76 14.46 13.24
120[V] 2371 17.36 15.89
140[V1 2767 20.25 186
160[V] 31.62 23.14 21.18
180[V] 35.57 26.04 23.83
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Table 7. Resonance frequency to variable thickness
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54
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