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Fabrication of Ultrasonic Motors of Wind-Mill Type
using Piezoelectric Ceramics and its Characteristics

AgR, ol8E, PS5

(Seung-Han Ji, Duck-Chool Lee, Jin-Soo Kim)
Abstract

A miniaturized wind-mill type ultrasonic motor which has diameter in 12.7 mm and thickness in 2.0 mm
using PMN-PZT piezoelectric ceramics was fabricated.
The wind-mill type ultrasonic motors has only three components . a stator element consists of a
PMN-PZT piezoelectric disk poled uniformly normal to the plate and of two wind-mill shape slotted
metal endcaps, a rotor whose end is hollowed out so that its periphery fits with the shape of the stator,
and a bearing to guide the rotor. A Finite Element Analysis was carried out to obtain the endcaps
behavior under a radial displacement change of piezoelectric disk, and to optimize the structure of the
number of slots. Increasing the applied voltage, the revolution speed of ultrasonic motors was
increased. The maximum speed of 700 rpm and the maximum torque of 0.22 mN-m of the wind-mill
type ultrasonic motors were obtained.
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Fig.1. Fundamental concept of ultrasonic motors
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Tabie 1. Dielectric and piezoelectric properties of
(0.125PMN-0.435PT~0.44PZ ceramics used
ultrasonic motor fabrication

" Properties [ constant |

i density (g/cm”) I 771
dielectric constant } 570
dielectric loss (%) | 082
plezoelectric coeff., dw (pC/N) 222
voltage coetf., gy (10 °Vm/N) 44
Remanent Polarization, Pr( u C/cm®) 19.18
Coercive Field, Ec (kV/cm) 9.63
EM coupling Factor, kp (%) 9.1
Mechanical quality Facter. Qm 886
Cune temp ()
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Fig. 2 Fabrication of ultrasonic motors of wind-
mail type using piezoelectric ceramics and
brass endcaps
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wind-mill type

of ¥y x&9 dAF71e ¥ A3} FEA 5
HE dusy o g o AH FHe HF
brass endcaps’t E@H oz HiHo Qv AR
(stator)ell, & L7 u& Ag FE7|(high
speed power amplifier)E £3l AW Txo F
! A FR4E AUStE bAA A7 AgFger %
a3 285 A5V EAYSFHAA &9 2AFE TAdch o] o FAAY Fdo] A

) i
PIITTTTIY 77 ST T .
b oweight

Fig. 3 Experimental setup for measuring of ultra- #5o gt F M 43l brass endcapse A 2 45
sonic motors characteristics o o U 9iREa gleng A AW

891



JF2 A= longitudinal® torsional ¥ 2 E Ao
Bt A o o] longitudinal® torsional )7}
ME S AT A Aetgse iR
% endcaps® WY FHolM By $Fo) T4
1=

%3, endcaps ¥l # AR rotor) 7}t HEE o
222, IAAQ endcapsd =<d AEH A
Atololl vhatel 43 &g WEo MR} FHueE
< 3 He Aotk o] W GAAs AW A%

[«3}

to dle

@ wol brass endcaps®] % ®WizE A o
32 &8 4 (Finite

SRR

Element

(o

1 Ae
i A
ST

Fig. 5 Metal endcaps behavior when piezoelectric

" ceramics vibrates to radial mode of

top view

o .
ok

&892

yd A g ol8e

-3 SRVl {E=S Py 1=
T o il =

AY 285

Analysis)& & d#HE 1% 50 YEldY @ o
412 ABAQUS verb4E o183l endcaps® Z%

Wk xjgte] BigtE 2 Aoy, aFol 2x4Y Y
3abelel Brp oof AE3 FEA7F =olop & HAog
4 zhgk}

¥ 59 M3 wAMYE gEsa
2 A& el FEstd $wy
-9k ol 2&ut AMFol HAY W endcaps
o FAd et GAHAC @l Mg
defel dejz HEobP o84, endcapsel HFH
G 3l dAy) vbaEe os| dMe 4

oy c):)‘{ et )

SHEEE=

Ui elE

O o on K

]

3
Zé‘

o] 8.0
AT 2

UnrH o g

S glelo
Mool A

! 3 HEY 2w9 el
Holl disteds ofe) s Fokel A

o FEZF o] vk add, 349
4719 rxeh Aol aheli 1H4% 5
getgiAnt 1S dueh vMiAY S o
stolts mob o Ed 259 dFel sl B8
stibin AzpsbEEl, 1 ol E 1Y 69 ¥R Y
s A dystaa g

Y Blale 2920 AM ddA AzE sty

it
& 43 of
11}
L=

ol s

iz

8.8 O MR [ A TA I AES TR R P2
10.00 K MAL ST 7 19}

. 10000 “deg rHast ; :
4 S TR IR RS B s

I e : .
I oo

i i

, 11 Shah R

1 |
! i
o | —
[ B ¥ i Tl
‘\,\, e { . ! e s
S | e e

B &
3.500 ms
140 0 deg

T IOr
4y
>

RSNV Chy

T
i
e M

{h)
& 4F7e dF 2
Akl 2z ()32 A =
Vibration mode characteristics of (alpiezo-

1% 6. 54 (a) ¢A
Fig. 6

electric ceramics (b)stator



= FA7hA uh- PMN-PZT A Agalze 74
F 2E 228 vEd et Ygydx BMvle
ARgetel A ALY AE5Y F Fase
15175 a2 Yetton Fz EA THE FFaiA
Yeb AR, I8 6(b)el A HE ups} o] b A
gt2 2o endcaps® HAAZ ¥ AT AW 2
%9 ¥ FHFE 145925 kHzE 3 6@ %
Al X B4 FHAE % d2A Jedes o 5
Ak ol “ed AYF zFwo] OM 278 o
49 ME g JF RE FHEAN 289 I
Fog yeue Aelgtn A=, o] 2Ed W
AT 289 AFY AAYUE FHol AFel
"osittn gzhg

oh-g2l, C. Peclat 59" Aol 93w, g9y ¥
Hz 7 A S48 Mg 2e 289 A%79
BEolME 13942 FEA W¥eg I% 2:=g
A& slgen, B $e dFY HLAHE
A A8k ot

tge B Afea AAe T8 2Ly AE7
o ArhHgte) W FR3 Hd 54 139 7
L}E}k‘it} PMN-PZT ¢AA 9 24 127 molH,
o] B &% AFr|e) 7t AHghol FESFE F
2 ALz E vEAHon F7stn US5E € F
k. A7k Aol 40 Vp,dw 290 rpm F =7
HAA R, 100V, 89 250 AF7)e sHFe o
700 rpme} H At}

800 — e — T

Revolution speed (RPM)
8

m ...... -
200 | ]
100 | ;
o 1 i 1 i i
0 20 40 6 & 100 120

Appiied voltage  (V p-p)

a8 7. 259 HAE7IY A7 Al e HA
4

Fig. 7 Revolution characteristics as a function of
applied voltage of the ultrasonic motors

Aim

a9 88 Yold H¥H 23 ALdL AHgatel
@& Eas HALE S4olth o Wel A%t A

A7| AR 2834 Vol 10, No. 9, November 1997,

¢ a9 79 EH FHE wEoEZ 100V,,E
o AW mxe A Fo45 JAYa g5 2
Fol FAHEE g, 2gold Ry ule} o)
&34 A5719 FAre EaE wniy dAd
& ¢ F don, HALI 160 pmUd HU E
2022 mN-m& ¥4€ F AU

oj s #o] ¥ JAFeME PMN-PZT Azt
¢} brass endcaps& AM&3te] Nze 2de FA4Y
2534 dE7E AARslE 39 AW EHE ¢
otEgteon aAFole Hg AAE 2&3 EF
Wt E 19 59 77t olFo et & Holg
Azkgiet, 53] Metel dAAe F4 endeapsd
Ha 271 2 2AAY slot £ A7) S Bt
% FF A7y HEY Ao}

Revolution speed (RPM)

oo 88 EBEEESB

1. L 1. A

.00 0.05 0.10 0.15 0.20 0.25
Torque (mN-m)
a8 8 2g3% HF57Y EAd 3d 54
Fig. 8 Revolution characteristics as a function of
torque of the ultrasonic motors

4.4 E

£ dAFdMHE MnOt HE7td 0.125PMN-
0.435PT-044PZ A 2te 2 GHME o) &8l F2¥
2895 AEJE AFSHG o x&H% HAFU=
¢ 2tad FxE A3 £ AdeH, AA
127 ms ¢AA S brass endcapsE AHE3td &4
8 A% g 2L AEL AT
1, o g METrsE 151 kHz ¥4 ALE
528 olg3ld 229 AFEL AP eH, FEA
g B39 endcaps? §3 HEHE dotR YT
2.
A X

AL rz‘.

283 AF7)d 7H Aol FHEFF I
AH&EE UM
A7t

[l

].
3
IR

70T

_L

Agtel 100V, ¥ W 259 dE7lY

ok 700 rpmel HAT

\dl



4. 100V, 9] AL <I7te dejol A 3 Az
Mo Eas whHlE BAZ Hew, gAgvt
160 rpmY 9 Hd E3E 022 mN-m7t AT
ol4re]l AE Al ol Aze 2de 48 %
o3 AF7Ie B2 wHAUYE | gt 2 A )
of st e AL AFHolol & YAz Yzt
o}

r,

dlo

=
=]

>~

.}
1

L 3

&
1. H. V. Barth, "Ultrasonic driven motor”. IBM
Technical Disclosure Bulletin, Vol. 16, No. 7.
p.2263, 1973
T. Sashida, "A vprototype ultrasonic
principles and experimental investigations”,
Applied Physics, 51, pp.713-720, 1982
A. Kumada, "A piezoelectric motor”, Jpn. J.
Appl. Phys., 24, Suppl.24-2, pp.739-741, 1985
Takano,
charac
91, pp

2.

motor

3.
Y. Tomikawa, T. Ogasawara, T.
"Ultrasonic  motors  constructions,’
teristics/ applications”,
163-178. 1989
K. Uchino, K. Kato, M.
Motors
Piezoelectric
pp.331-334, 1988
T. Sashida, T. Kenjo,
ultrasonic motors,
pp.17-24, 1993
P79, "HEY AR FH WF N
EE o83 239 REY 54" Hd7ists
274, 438, 8%, pp.1293-1299, 1994
AdA 9, dd 239 ZE9 Ay
A ¥ A 1993
ol¥& ¢, "Li-B; HFRE H 2EAE ol
253 Y BT e ol A4
S8l @ A", AN =FA, 429, 435,
pp.39-46, 1993
Kim, Kenji Uchino, "Effect
sintering temperature on piezoelectric proper
ties in 0.125PMN-0.435PT-0.44PZ ceramics for
applications”, 19th ICAT
Smart Actuator Symposium, State College PA,
USA, Oct. 7, 1996
11. A. Dogan, K. Uchino et al, "High displacement

Ferroelectrics,

Tohda, "Ultrasonic
Multilayered
&7.

Linear using a

actuator”, Ferraelectrics,

6. An

Clarendon press,

introduction  to
Oxford,

T
o

5} 7]

8} 7 X

10.  Jin-Soo of

ultrasonic motor

N i
T

=]

v deelag o Rd A 255

ceramic metal composite actuators moonie”,
Ferroelectrics, vol.156, pp.1-6, 1994

17 . Peclat et al, "Single phase piezoelectric
motor with sensorless position detection”, 5th
int'l  Conf. on New Actuators, Bremen,

(sermany, pp.221-224, 1996.6

A5

1969 89 2204, 1991 A} Boh #
Eea £9. 103 5 Ao A1F
g3 2D 84 Asd e A

N gea Ay

s

2 g

A5
1960 99 644, 1986 29 olidigu
By A7 FE 29 1989 29 Jad

ety drlEsh £Q9(4H 19924 8
g s ey dvlEgn FEH
19%6 191997 19
vania State University® MRLY Visiting

scholar. B Szt ZlEu g ful

Wt

Pennsyl

EE

19395 19 2244 19639 24 Usidig
Ry A71Een 29 1664 24 %
gedl AvlEstd HA00. 19769 9
9 op uzotda 4738 FUE
wh 1981 891982 7Y dE e}
He ABeE HEis 1996d 1912
8 oaads a2 1097 A4 AskAs @oge

il &) 2
ey

NG



