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Design and FEM Analysis of Utrasonic Linear Motor
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Abstract

This paper deals with a flat type ultrasonic motor, which uses a longitudinal-bending multi mode
vibrator of rectangular form. A linear ultrasonic motor was designed by combination of the first
longitudinal and eighth bending mode, and the motor consisted of a straight alluminum alloy bar
bonded with piezoelectric ceramic elements as a driving element. The geometrical dimensions of the
rectangular aluminum vibrator were determined by Euler-Bernoulli theory

ANSYS was used to analyze the resonance frequency and the displacement of the stator vibrator.
The resonance frequency of the motor provides the elliptical motion. and ANSYS was used to analyze
elliptical motion and elliptical trajectory of stator vibrator when thickness of piezoelectric ceramics
was varied respectively 0.763, 1.526, 2.289{mm] and width of stator vibrator was varied respectively 16,
12, 8, 4[mm].

When thickness of piezoelectric ceramics was decreased, the displacement of the stator vibrator was
increased. And when width of stator vibrator was decreased, the displacement of the stator vibrator

was increased.
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Fig. 1 (a) Eighth bending vibration mode.
(b) First longitudinal vibration mode.

22 DHX MH

12 Z%H 83 ZJNFTE o]8doq 253
ol AE71 HAA nHstdek & Alghe
ARERY 715gd 27l nA EFVAFE
9 FRAFLE HE FYP T v)Ee|E
(Euler-Bernoulli theory)& ©]83tx, 3ATY
3 Aedyge 9FE FASFACE] nF FAF
rzo FA F3&e ot Tl xIE 3
g EEHANAA =Y & Aokl FHY F
A&

e [E .
Fon= azV3EY o
fLI:(%)V % (2)

lﬂH-\ri

a,.z(-z’%l—)n (1)

oltt, &, E,p,l, t& 77 B@A4AY 9E, UE,
o), FAE oudrt

fu=fps 3
27NN GAAE HAsAk 7M1 FL A

€ dg F A% w2 4 (DF 28 4 )
Hyggozs 4 (98 78 & Utk

2 o

2
_ t
I—WZ 3 (4)

A (WRRE gAY Holg 74 a8 FIF
B4E 248 £ ok A AR AFARE ¢
AN A M (electric wires)e] H& wjEd F
AFHG47 dAREE uAd £ HLF
th[5] 99 YoM dAF dFrE BH4AY 2
JXXYXZ)E 100 X 11526 X Z{mmleld. &
AN Y FAe ¢Fuw S4AYG sUY F
Az slo nAAFRY ()& FZ 16 12, §,
4mm]2 3 AAHANFAY Fo ¥std e W
%L Has HHE F3 HYslgoen, xg
A FA9 wWale wE WHH BT
S gotry] 93 nAHANEAY EL Jmm]E 3
A, FAE 7 2289, 1526, 0.763[mm]= ®H
FAA §3aL A4S syt

3. vt 24 4
31 24780 A7 244
HAe HE FIasd4 T2aPd ANSYS
g o] g5tk e 2L 13 AFTAA
AAE 7] wEe] nAAFAT] Ao xdo]
HA

1L AREAA.

Table 1. Material Property.
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Fig. 2. Distribution of Y axis direction
displacement of stator vibrator.
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Fig. 3. Displacement of the same node.
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Table 2. Displacement of the same node by
width of the stator vibrator.

(29 : m]
oA F | Ux A | Uy AqE9F
16[mm)] 0.3830E-07 0.1245E-06
12[mm] 0.4222E-07 0.1800E-06
8[mm] 0.6058E-07 0.2925E-06
4[mm]) 0.1182E-06 0.6641E-06
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Fig. 4 Size of piezoelectric ceramic.

- 730 -



33 etmMatolel Sael wstol opE Hel
4

gHA FAd we HHAAS ANA
WS vlastgh S4AY FAE 1526mm]
2 1AA7D gRAARe) FAE B4AY F
79 154, 1w, 05¥1¢1 2.289[mm)], 1.526[mml,
0763[mml2 WAFIY & wmERN AAF
& s4san. A w4Ae e
Ammlz stel, FAAHN) FA e AAF
& E 3 yenigc gaAsEe $A% £
9 A% Aol Fash

k1 3. gAMLY FA wE dHAMY
Y.

Table 3. Displacement of the same node by
thickness of the piezoelectric ceramics.

GAMeE e FA UX ¥z | UY d9%F
2.289[mm] 0.2217E-06 0.2434E-05
1.526[mm] 0.2702E-06 0.2694E-05
0.763[mm] 0.4004E-06 0.1615E-04
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