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Driving Mechanism of a Travelling Wave Ultrasonic Motor
— Effect of the Liner Inertial Force—

Tomoaki Nakayama, Takafumi Ohnishi,
Kiyotaka Yamashita and Kohro Takatsuka

Theoretical investigations are conducted on the complex dynamic contact behavior
between a stator and a liner which sticks to the surface of a rotor of an ultrasonic
motor. In the previous study, we proposed a numerical technique using the Finite
Element Method on the basis of incremental theory to examine the nonlinear contact
behavior for a non-rotating rotor. In this paper, we proposed the expanded numerical
technique for a rotating rotor to analyze the complex dynamic contact behavior.
Moreover, we estimate the order of the liner inertial force of the ultrasonic motor.

Keywords: Contact Problem, Vibration of Continuous System, Ultrasonic Motor, Finite Element Method

1. IFC&HIC
FW e — 21T, BEEAALBSEE LT 7 Faz—2TH Y, g, K

vz, GREFNAV 7, BREREOENT-FEBEAT T 7 Faxz—F2 L L THEAZED T
. oL, BEEEES 2 OKMANE, KX —FE8R2lo/lmbALTEY, b
DYBIIMEERDAT—X (REHT) tu—% (HETF) FTHICMOVNTONEZTA T —0
S OBHANMIE L 2> TS, ZOHA D= X LDOEAD-D, ZNETHEL OFR?
~ORBENTERER, ZTORT—F LI F—OEMEEL, KEFDICHA S THARL.
FEHOIL, BEARENERE, B0, FEMOMTA L LT D, ZOAT—%, T4 —[H
OISR A 7 = K % BRI O — R 7R FETH L O T EmO 2 EA LA R
FEICE DM FEEZHBE L. 618, ZOFEZHWEEEE— % OBl 8) o g %2
1TV, BRSO i KBRS R BN R R I RIS TS & iz L@,

* AR TR * ok B TR S M B

— 138 —



HATWAEE W E— 5 OB A h = X5 - T4 F—OWMI OPH -

LnL72Rs s, ZOMBATICITHEETH L 74 T —0BEENITZEE S TWewn. £ 2 TR
T, BERRDICLVERT L7 T —0BEEANEE T — % ORBREICRETREL
BT OB E LT, WoMmeEN T 2 ARERIEIEEN L BB T 555 L OCEECH
THEMENDORE SITHOWTHRE L.

2. ETREBEERE—FDOEREAN=XL
HEWE— X DIRE) - ThHAT —HFHE
Wi, B1ICRT LSS, AASES A e _ 10.°
MR 1/4AEETNE 2HMOEEET I v -
JABOF T ENTEY, Zb 2D
EEYT I v 7 AR /4 RS TH
I R 0D i JE e AR A AT D
L, AT —ZOHNLHEICIEKX 2 12T
&K#%iﬁé.g@@ﬁﬁzi,xv~
ZHNrm OME G mEEE x &35 8 A
(1) DEHITRDLTZLENTES. Fig.1 The bottom of a stator

20.0°

Y. = acos(kx — wt) (1)

TIT, ak, 0B L, FRERAT — & ORNLEICHEAT B EITIE O RIR, 1R T 27/ A
A WE), MIEHRS IO THS. ERE 2R T 01k, A7 — & P OB x il &
BRYMBIETHY, O<<1ThHBHID, ZF— % PNE EOLED M (x,Y) 1251 % hrEic Bl
7 ERE LD (o, f) IR Q) BLORG) THRbT LN TE 5.

Fig.2 Configuration of stator upper surface
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Fig.3 Elliptic motion of stator upper surface
3. SAFT—DERIDZE
ﬁﬁ%ﬁ,%%%ﬁ%%bk,ﬁ@%%%wi5%ﬁﬁ%~ﬁ®ﬁmﬁﬁéﬁﬂﬂ?5%ﬁf
277 LN, FAF—DOEENEBE LEGAEORBERLNITLIIEEHMELTED,
:®?4T~®xﬁﬁﬁﬁﬁﬂﬁiﬁyﬁﬁgﬁﬁﬂiﬁﬁ®i9ﬁ%béhé.

F =am (6)

E=am )
22T, a, a, BEOmE, ThENxGIIEE, yHNEESLCHEETHS. £,
xﬁﬁki()\yﬁﬁ@ﬂﬂ HEFARBDBLORG) 2 THOTHZLICED, KADIHITRDH
n5.

— 140 —



HEATHIEGE T T — 5 OBRBY A = X5 — 54 F— O\ DR -

h
a =d=——ako sin(kx — wt) (8)

x

a,=f =-aw’ cos(kx - wt) 9)

IR L7c X D ICARMZE T, ARERIEICI2ENWEMEE ORI Y0 77 A0JEEZ B &
LTWh. LER-T, ZOMFFar o LR/, 47 —oMEGREIES T 2 ke E
LB L, BEFEOEEm OB RA~DIRY 517 HIEIZHOWT, K4IZxRT, #HAC3EFIZ &
VT 5.

1 o0 =ABEHRIZILIODOEH SNFMEL,
ZDOFERIIIHER % 350 LIEEDIR
DT BNS ET D, Limnto CTHiAC3IC

BT LOEBIT6MEERDI0, HiMC3ITHR
DAFBNBERE, 1OOZMBEEXROE T -
BX1/3%X6 L7225, 2O LnbARAICE _— M A
0 BN ERIZSALER 2 MY OHE,
D MABEROERTH D, £, B | & T
EUCSs 7 Y OMBOM AT SONTH, BT /;7f“ ater ﬁﬁxr

LEFBIIIMMERDID, RO ZITHND
BEEI=AFPERIEI LT 5. Fig.4 Relations of a panel point and the element

I TAMIZEO AR E LTV LRI 7 m 7
TALTHE, AT —=ZIZETHEELT, RiEa=2um, JES h =42mm, ¥ r=30mm, IKEHK
Ben=9 IREBE f=40kHz & LTVD. L7 > T, AR K 0T 0=27f=87x10"rad/s TH 1,
WREBkIZk=2r/A=27rn/2zr=n/r=9/30[mm] =03mm™"' &7 5.

F, 20T T T ADTA T — O RREEIL, xTMES L 2 1K (L =A=2rr/n=
27x30[mm] =20.94[mm]), yHHEESL #7147 —EE (L =4=02mm]) &L TWV5H. 2O
RRE AKX SR T LI, xHmBI Wy Hn, TRZEN210% 0T B L N4ESEL, &
£l R E3 10558 T 2 840 O MU A TEHIRIC/EI L TR Y, 1 >OMNAREE x THKE S Ax %
Ax =20.94[mm]/210=99.71[ um] ~100[um], y S A& & Ay Z Ay =0.2[mm]/4=50 [um] & L TV 5.

INbDEEZRG) BLURO)ITRAT D L, FEROBEAMEE (a,),, 8 L 0(G,) 0 F £

T (@) ey = 7-959%10"[m /™13 LT (@), =1.263x10°[m/s* ] L3R D B D
EMABEBOE R mIZ OV T, KDL ICERDbT LN TE 5.

max

m=p Ax Ay t (10)

— 141 —



HEATHIEGE T T — 5 OBRBY A = X5 — 54 F— O\ DR -

A=20.94 mm

T e [
B 1<
G A

2 aml

1 2 Y210 211

Ny
>

1054 1055
A

A

0.2 mm

Fig.5 Dimensions and element division of a liner
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