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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 ELIOEH3ETO0.5CL4 which generates the maximum elliptical
displacement was chosen by analyzing the resonance mode according to changes in frequency.

Keywords: Elliptical motion, FEA (finite element analysis), ATILA, Inner surface

733

"M
o«
N
N
N
N
ﬁt]
1o,
B
1,
N
T
=)
~
>,

-
off
o
i
(o
=
o2l

g
f

N
N

Y
koo
i

o
-

i
e
> H

)
2

o
o |r
=
fr
re
hul rl.(
He T
=2
>
s
PI
v}
O,
Lot
ROAY
ot
o 1 N d

2 o e
jabad
o
=
=)
32

1 O
©
S
N
L

o X
o

o i ol
X |o ¢
2
i)
N
of{
ox,
>,
)
ftlo
ay)
A
o

A
z

>
>
)

P
oo
=)
oy
v
2
rJ
o
re
-
N
N
2]
o
1
ol
2
i,
=)
td
2 i ot
(o

fo P

ol ¥ o do
o
§ 2
:('&

(o]

o
fru
B
2

Ho
o
ko
= 1_).
oy ot
= 1%
oL |6 g
fru
I
g, J

>

ok

oo
ol

Lo
I,

%

l

18 g H
o,
ofo
ol
rr
td
v}
o
°
B

[Vo

>0

1:&{[
)
it
N
r

ro,
ic)
fru

she] 2

An)

N

N

g

2

S

> o
2

L

i,

Hﬂ}mmlo

o & 1x
ol
on

ol
e
o

o, b it
= P dlo

fu o

_"_l,
fgom
=z

-

>,

ki)
L o

I
=2
rd X i o

mlﬂm
mmﬂ
rO 2L o mx P

of
-/

IRV}

a. Corresponding author; tgpark@changwon.ac.kr

[l
i)
rr
N
(i
Lo
)
)
)
b
i)
SR 2 o R 209 2 N i L oo >
. [0
N

= b
H1 b

El
o

o
i
%’
1%
iR
i
to
&
&
2
SE
N o
1
&
K-

o @ 1o m o



734 J. KIEEME, Vol. 24, No. 9, pp. 733-738, September 2011: J.-W. Kim et al.

21 = ¥ g
2.1.1 Square-Frame =

Piezoelectric
ceramic

Elastic Length

(E.L) Elastic Body

astic Thickness

Fig. 1. Structure of the square-frame ultrasonic motor.
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Table 1. Material characteristics of the stator.

Size of E.L[mm] E.T[mm] E.H[mm] C.L[mm]
the stator 10 0.5 3 4-6
Material characteristics
S - , . Poisson's
SUS303 ensity oung's module ration
8,080[kg/m’]  19.3[10"°N/m*] 0.31
Demsi Poisson's
PZT4 ensity Qm o
7,070[kg/m’] 1,500 0.32

2.1.2 Ef2iuig| Wl 2a|
T T Polarization direction

I
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Y
L,X B/ » »
C 7t0 D t1 | 12 t3

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
EL10ET0.5EH3CLS 10 0.5 3 5
EL10ET0.5EH3CL6 10 0.5 3 6
EL10ET0.5EH3CL7 10 05 3 7
EL10ET0.5EH3CL8 10 05 3 8

—— CL4_25.7kH]
184
154
E 124
c
E
34
04

T T T T T T T
250 255 260 265 2ZF0 275 280
Frequenzy (kHz )

Fig. 5. Impedance curve depending on changed ceramics
length.
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Fig. 6. Displacement magnitude at the resonance
frequency.
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Fig. 7. Displacement characteristics depending on the

nearby resonance frequency. o
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Fig. 8. Elliptical displacement depending on the changed 1
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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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