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Fabrication of Plate-Type Linear Ultrasonic Motor

J.S. Lee, S.H. Jung®. K.W. Lee, K.J. Lim., Y.W. Kim** T.B. Im**
Chungbuk Nat'l Univ.. *Daewon Tec.College. **KETI

Abstract - We designed and fabricated
plate-type linear ultrasonic motor. It wused
multi-vibration mode, 1st Longitudinal and 4th
Bending mode. To analyze vibration mode and
find maximum displacement point, we
simulated using FEM(Finite Element Method).
The plate-type linear ultrasonic motor was
fabricated by the simulation results. Also, to
confirm application to card-forwarding device,
frequency and load characteristics were
measured. Its resonance f{requency was 49.6
kHz, and its maximum speed was about 0.6m/s
when no load. Also. its maximum efficiency was
1.2 % and in that time. speed and torque was
0.3 m/s and 0.7 mNm, respectively.

=

A At g o] &3 b tiulelxe] R ¥}y
¥atA d7H 3 Uk 2 HEAU 4=2A 2S5 2F
ok geg g dgirigel A, 58, 24%
Hel ZASoe A 2H vl 2L 3FE R
gl 8 Axslz dd. o BHE AFHEY AL/
DEA, Axbote] digt &) glm, ) x| o
< Azl W) FLPAA A A1),

2&3 ¥HE H.V. Barth7} #zz Agsgdxn
1980l S. Sashida? H71¥ &% Rl o
vlekA el WHS o|FaA Hoid 2 F, ohgd He
o 287 TEZL BHEHT 2 AEAY FHze 4
83, 949¥, 48y 5o U, §FI), d#de 1 3
Bt 232z sle] vl Wl CANONAbel sis
2 A/F& dulelxz A 3. d48td £ ool

olg} o] A F7A Y &3 BEd g A7 A
o] slAYe] Fgslo] Fasgdct weld, NYLEE
2487 3le futolxdlx HAY 229 RHE ol &F
224 o 7z oy Bisin wEy A% A%
ol #AE Jelm k2],

2 AFcM e Fl=d$ 4 tupolaRe S48 B
o2 B33 48 229 YEHE AFysiact =@, &
84 Zgawel ATILAE ol &dd 1 1EEHNE
simulation3tg i A4 AZ§¢ HHY xS TE9
Fa B, ¥3E5AHE n@3H

1. M

.= B

R

2% 1. 4d AgAe g4

a3 1944 GaAe B4 44 X 10 mXx0.5 m
oty a1y} o] YFAE 4¥Foz BN £
3, adde 22722 48mx 10mX¥ 2.6mE
st ojgt 22 e ¢A JEAE ATILAE &
gl AEHAL Ptk 2 ZHAE I8 290 JER)
Ach,

AAVAVACAVAVAVAY) S ;/J’_\A’.—i\—,

§ ¢ AVATATATA' \‘\'\!\/ Y
Faa A TAVAVAVAVAY AVA VAN \VAVAYAY
D ATATAYE IO v v Y

2% 2. ATILAE °[ &% I FAY

44 AFEAe 28 13 go] edis gAA=Z
F4o] A gRAAE FAYZeE EIAAG. ]9
2 GAAG SAAE FaA od HASA €
k. o] &R AFA 907 AR Y AEA
AEE QArteid a9 29 Zol HaAWE ¥ 7l
3 ERT AN £& . e s €
old] we}, EAAle FINEL A €} =23, ¢
AA e Zo)ids FZ.PF o SAR F
% . g A4E EEA gl ofe) Feol B dFelA M
A g4H AEAde Ll(Longitudinal mode) s}
B4(Bending mode)7} AT }(3]). HBY MF

23 BHE L1-B4 AEREE ol 2dd B4 E

~ 1534 -



del) BdEES 97174 8. 29 3 4F R
FAY WAFE MAF2 JeEd ool

34 394 B4 AFR=E ¥ § £ UG, =,
A7t P 2 AL Fol 2 UXd 238 4Age
2 BHY H¥ 239 ZHY A& &Y 5 Y
o ojg o] §F 22YE o8¢ AFHY T2
BY ATILAZ A4S P& F A2 43 A%
AE AFact.

‘ 1SOval

28 3. 4H AFAe wgew

22 otd Mo M=

259 ZBEY SARES 4A A5HE Ay
AHA gAAE PZTAY Aetd-g o &sigct ¢4
A9 B4 simulationS vlgo 2 st e WA
28 AFHATG, T, BIFHEL 43780 zZhz}t v
W7t S ot 4% BREL 280 REH 3
£E21E& A9 feedback®oE TEUT. e &

€ FAERE ol&FnE 4R I FAZy
FR TEEY a3y, g A5Ae gRgdd ¢
3 2 BT delng FELAL g8 2AF
o4 FuisiErt "estd 9ch4). o o feedback
Sol ¥eg dArt =@, Sddze 2HAGgARL
AMgslE s 1 BHe BaEd 93 AELAL H
422 7] A& dAnlAl U= 1mZ dobeth.
olg} o] Azty LAM} @A dwHoew &
o ZH AALHE FHAQD AEAE o) Ll BL
oA A 2A1ZHESH FAsH (5]

BRE MY 230 FHE DiFA 289 2E 9
X R etREoR yEezg odgE Yo
A Eo. M EAZE DEASFAE dUF 0T AR
sted] 1 d%e obEAS tans o 2AA 4=
% a2 F Awe A% FL Aoz gyR
PPS(Polyphenelen Suffide)& Ab2stgth(6). ot
FA Hi HAe ATILAC 28 ZAsETG. =
&, 259 B 7EA 44X JEAY 3FL 98

I nodal line® VLR mFHAT,

A8 49 289 ZEHE Yvbded 2g9 EHY
BRI R 907 HAAE JiRle 240l AV A
o8 FEET. 2% 4% BBY AP 29 2HY P
TS A BEzold. #Hud &9 wyy 3% ¢
A%&3 BEXE 2% 39 vEYT. 907 s
7 A3 (sind)3 BAtcosA e 24TEE 93
Universal Source(HP 3245A)94 90° 94x& 2z
E A58 $AAA Power Amplifier(NF 4015)¢4
A4 FEHED. =3 oy 2 AFE AH =2

B olgst FFSIHTh. Universal Source® olf
slo] Fatde] WE YYAFE 24 FAFHSFE

Z3 A

Universal
Source

XA 2
BY vvvE kit
Power
Amp. [
Current
Probe
OSC.

a9 4. 2% 2HY FRESE

o} BEY FH] 2&%
g3tk dubdor ¢A A FAFoEre dHd
& ojdeiolAiel g 3 - HFAYe R AHAS M
FgsA "ot 28y, 4d drd 2&9% REH
2L gAEL A A 2 FEAA e 5o

olgA nAASAM GH Atels FERA HE 2
TAFdrs A5sA d({7]. B dFNN Aed
PZ-PT-PMSAIel HAtzgel b Mztye ¢duds
ojdetelA 2 5752 AT HAE R 1 2939
o & 1o € F UKl AAAsGA Y FH T
£ 38.1 kHzelUT}.

£ 1. 5782 #Y

B F b 38.1 kHz
R 642812 2
C 649,785 pF
Cs 6.61444 mF
L 272638 mH

1
]
]
4

ac
—
2

AN ey 05
T _Hm/a/ / \ \ ;
-Eu 340
" / \ \ <
§ ; / n’\ \ o7
8’0 9’°/ - \\ \ 2
; / LY \ 2
8 o oo / \u v
:::v———v—"'“'/ h v

80
T T T T T T T
4 € 8 B0 81 6+ 8 85 D W
Fraquency, (et}

1y 5. Fagpd BE AFG &=

a8 5e ARE 4d AFAE 80 VE FESEA
A4S A7E 3T Aaeint. Fa50t S48



gel AF= F7Hcist 49.6 kHzAA € 93 g e
WAtk oA FFEAG 80 VE W A JFAe
FAFHeLE 49.6 kHz2 Foldsivte AL 9ud
o 2, 1 9o ALKEEE 0.6 m/selA

Velocity, [m/s)

3% 6. 90 wE &xo W3

a9 6e TR e Be %o WHE Hol
1 Slg. of Wel 7% Fu4E 49.6 kHzolth, 9
o] Zrlatel wal & Ao MRz FrEAT.
79 W(80 Vyp)dl M9l £E& 0.6 m/solATh

Iy

242 731 &4

—v—ehiciency

AN )
\ \\

/ —D—elocit

\
Y ¥,
03+ y \ 06
v J

024

01 “\ 02

g

00 > 00

00 02 04 06 08 10 12 14 16
Load, [mhie]

Velocity, [m/s]
[%] ‘Aousioya

a8 7. W) GE HEA S5

a3 7 Rl e £x9 ¥3E Rolm Y. g
HAYL 80 Vol FHEE 49.6 kHzolUrh #3517}
Z743o) wiel £x71 #Aidle FIELE Holm 9
. TR £ A9 0.6 m/soldn =T HUYE
€2 ¢ 12%A=olY. ALY W Ee3e
0.7 mNmel92 £E+ 0.3 m/soldo.

3.4 g
B dFdMe Fl=d4E dufolaze] 28& 53
o2 71&9 229 REHYE 2 ¥yt 9 #Hud
linear 223 REE AlFetn 1 Fo5 EA, 13

£4¢ ZEUT. o] ¥8Y 250 THE FUFE
=9 ZXIUFTREE 0| &F 257 EHEA Fdd A
ot FAHE ol g3t H2ay, IF, 453 =H
gtz Adolstct. AL A As @4A7 23A
g olF3 2 A EE AAs o YR o)d &

43 Pgoluz sEe] WALFE ol FoWY) AY F
Aelo) 2 &0 TEo v of WY AY 5o
ZHE ojg3td way ¥, At shesit.
234 EALS AEd A Ay AN FAFHS
38.1 kHzQdl 28] 2442 Hsid A AFA
T3 g aAFAANN FFHE 2 FAFHSF
49.6 kHz=Z 433 ¥ssA gt ndFdeA
9] FRFHFe] 3L A FEA s2E AFKE
Z23¢o2A Jtgditt. FAFHF ZAAAM 80 VE2
TE39L o 1 TR AdEEE 0.6 m/selATH
=3, A9y AF 289 TH HRALES 1.2 %
FAxolglon 71 o EfdAE 0.7 mNmolZ &£x¢
0.3 m/s°luct.
E AN Az Huy Ay 285 RHE ol &
o dAY FF=RF dutolaz2g $8o] 75T Ao
2 e

or ww rie

& 3 & 8]

{1) Junhui Hu, Kentaro Nakamura and
Sadauki Ueha, “Optimum Operation Conditions
of an Ultrasonic Motor Driving Fluid Directly,
JJAP, Vol. 35, pp. 3289-3294, 1996.

(2} S. Ueha, Y. Tomikawa, M. Kurosawa and
N. Nakamura, “Introduction to Ultrasonic
motor”, OXFORD, 1993.

(3) S. Ueha, Y. Tomikawa; M. Kurosawa and
N. Nakamura, “Ultrasonic Motors - Theory and
Applications”, OXFORD, 1993.

(4] Zhigang Yang, Katsuyoshi Susuki and
Guangming Cheng, “Ultrasonic Motor Using a
Plate Vibrator with Projections”, B A2 &%
#, Vol, 62, pp. 1996 - 2000, 1953.

(5) Yoshiro Tomikawa, Takashi Nishitsuka,
Toshiharu Ogasawara and Takehiro Takano, "A
Paper or Card Forwarding Device Using a
Flat-Type Ultrasonic Motor”,

(6) Robert W. Messler, Jr.,
Advanced Materials”, pp. 553, 1993

“Joining of

(7) Katsuyoshi Suzuki, Tatsuichi Hiromoto and
Tadashi Kosawada, “Ultrsonic Motor using a
plate Vibrator with Displacement Amplification
Mechanism”, JJAP, Vol. 28, No. 6, 1993.

— 1536 —



