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SOEET— FOEE A2
RGCERHT L FiZENAF—%
B TR S oM EahA TR =
h, O—F3ERTSEAET S,

BT — 4 MiEE

A7 — YRETFOHHER) 2 R D R
OADTF: 2 &A%Y, e
CHEERETE L a),(b) 2R H

WiE B-RD - WtE=-F0HERE

Piezo-ceramicsiC-213) Piezo-ceramios {C-213)
for %&—n:-g

il

or L=
ickness |, Smspiece) ir'.}:nf!sﬁ. 1. 5mm/piers)

x\ /
(=
lay Ti-mode
Drive
sesten Poling direction l‘l
— Direction of torsional .
dizplarement 5 =
L:-moe
Drive
e b}

@410 AF—YEHTFOEB LTI v 44D
Ac

MEERATRAERENIE 1 RERT — 2 [=36.03kHz|, 9 2 XiEH T — &
f=36.03kHz] TEVIIEHE L T izdt, REMRIEF A4 3471kHz] » 28.69kHz] T
hol. BREERAETIE, EFAEMELTALDI, FLPH L7 FEEELTIIR
L, 2L BERNR AN IS LA EREELELR L, o  ERETF I v 2 A0
AHMR L4, BEETOERREVKE Y, E-FErllE LOERTE 4117 T,

& BT T e ) - S N SR R SR L]
5p= 4,71 {kHz} ; ’rl
E }E.,IJ': ] r| Praw -
Eq.l 'E-:iﬂmsh‘“'-. ol
3
£ :
= 2
E2 =
=
=<
1= Admizines
gt voliage=1 .0V} b
nllll'lllllllll='9'u
il 30 40
Frequency (kHz)
(a) #HEiEED

L]
5
= b
£ e
g I 2
87 o
= =
E* B
™ 1
- Inpon wnitages=| (W) 7
n 1 1 1 ] [ i i i ] 1 B =] -9
0 ElH A )
Frequency {kHz)
(b) % b =

F 411 AT FI»FrAHoliEME (R 7—FHE

23
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f=23~30[kHz] DI\ EEFH TRIER L 727, BRE)EIRE f=24.9kHz]. AHBE V=350[V,_,|(F
E-FEBI2), MET] 5.84[kef] THRD REF2EIE AR L. ZOK, &K MVZ 0.77kef:
cm]. FAEEEEE 74[r.p.m]. BKEIE 4.6[%)] 15372, BWREOFIEITE VB ISR KRR
PEro/EEZ LS,

5 I 80 T l T T | T I T 5
2 S ]
B 41+ = B S..a . P ~®— 4
< ~ 60 - ~~.h " o
N b % |l B
=z e e
At - [ & T3 o
b 3 - >
; g, 40 S
0 «n . =
& 2T L 2.2
= H Q
~— .9 w =
2 S 20 0
g"l - | 7 Frequency : 24.9(kHz) -1 =
— g L " Input voltage : 350(Vp.p)
] - Pressing force : 5.84(kgf) 3
&~ :
0 L 0 |.. | - | PR B l 1 l [ B
0 0.2 0.4 0.6 08

Torque (kgf Em)

X 4.12 BFEFEEOHTEER

4.3.3 Type B OFEE

X 4.70 Type B DB L o TRIEL -8B W E— ¥ 2 X 4.134.1412" T, LIEEE %
ML &, $HRE) LR D EHOLBERBEEL IS LTV, BEER 12mm. B S
49mm L/NEITH B, IREVTIIATR & FARIC 2 DO FEIREMEE (A7 VAR @
BICEBETS I v 7 AR BRARALHBRIZEZ o TWA, FROIIELVFEF Y P EOEED
FIonTED, POEERHNTEALTHBEL TV,

Rotor Stator
AL A
r N\ ~
Slider PZT Resonant Vibrator
Spring \ 1 [—]/ gBOlt
LHE H /H |
- h gl
| L _H __H |
Bearing q \ A /w Shaft
Gear Pin Nt
12 | 30
< < 49 >
l‘ >

B4 4.13 BHFEE— 5 OEE

a4
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Poling direction

[NAN_N
1 AN n

1]

—@ N
/ Electrode plate \

PZT for T2-mode PZT for L1-mode
4.14 BEEE-YDEE X 4.15 FEEII v 7 ADERE

HERE C R VIRSBAEE LT I v 7 AR M 415K T & ) B A I AT ICRA—mEI2E
RTEBL, EBEL7Iv 7 AOEZABEPHBROBERE— 7 I TERBET A L9
KIRLTWD, 7. HRBOIREZBELRDIDIITEEIC, HEHAEELI I v
A% LT 5, CORBTIIFEBOELELEE2 2 L THIRE L E D IRBI O R
FRE2EEIEDLIENTE L, RETHEATIIHRIRE LRV IRBOXIERERIZER
F1, 55.73 kHz, 57.96 kHz THE D7 2.23kHz TH o720 TD L) RIEH T, X 4.16
AT &) RAWTRESE LNz, HHEB LR VIREIFHEAEE LT I v 7 ANOHINE
% 30Vrms. {7487 100° DEREIFRMA T, &K MV 2 250gf- cm. EHEATEERE 250rpm. 5
KENEK 35%D BFEFENHR LNz,

500 ——7T—TT1TTTT T T T 50 5 =05
— - —®— Revolution Speed . . .
= L. —0— Efficiency : i i 4
& 400 -_. Power LOSS .....................-............................._-.I 40 —- 4_ —~ _.: 0'4
- [ —*— Output g 23 1 =
S 300 =30 _ 43 « 03 %
¥ " - C>)~. . 8 -
) ] - ) -
. 5 1 2 A =
Ci B N o i -1 ' Q—t
8 200 |- 205 42 5402 =
= R i € {4 3 1 O
— = - m e [«
o - 4 . A A
> 100 |- Jiwo J1 7 o
& o s ] ] ]
Frequency : 57.75 kHz: 1 . .
0 RN I S R SR B B 1 i i
0 100 200 300

Torque (gf Em)
4.16 AN

%)
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4.4 KOFOHE—EY - BFEET—2

%‘Z&‘E“—y%’?7§‘ll“7ii%@@ﬁ®%ﬁﬁ‘ﬁ)\ P2 Rotor
NDEMNVY  BEEET-FEROEZENGV, O—FI|5ET
¥ b2 idR (41) CEEXSNS S, OREABERE-FD Q
BMVZEZIEIPRICRINE r2RELSTHFEDNEZL LN S, (”—-7"\/

(5% A2 BH)
T = uNr (4.1)

2%, 1 DRENERS -V DEENERESTHILLE,
EE*KELTHILTHD, FIBRNBRDOIITLRER b 4.17 EEHEFE
VI RBE LN TELPERRIEEEORENAERMEL &L MV ORRK

b, BERBHFLEDE—FZTOLOORENHEL 2o T %, LAL. ZOED
BERT— ¥ CERPITORBYER LBA20ZOBTF ML Z LI THFEMICERT, #f
BOEHL DD, COBMY - BEEE—F L LTEFH-RVESHFIABHIELT
WBEEZLNS, AETIE, rEKE L LAER 10[cm] ORKOFBERE-FI00T
BR5,

Stator

4.4.1 1B
RELTEE—FDRAT— FEHF LR 4.181IR T AT — ¥ IREIFII4HME 100[mm?]). KW
Electrode
Reverce Screw 5 Q Plate

a0

;. Bolt Piezo-ceramics for Piezo-ceramics for
Duralumin - c¥5¢)  Torsional Vib. Longitadimal Vib,  ©orvord Screw

c): Poling Directionw
4.18 KOFERT — ¥ REF

Z30mm?] DHEBETHY (BL. BROL) ZAMANV P EFERALTWLOT, &
v 3 v 7 ADOKEE 60mme] THB). EERICH2H WIS HIINETRY H L2 =T
TWh, BEORLVMNEDS VY anNVBRICRoTWAER, FADRIPFELRTIZR
TWBEENELR L, THERLV P EHEDIRICETIv IR aTVIvyTay 7D
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ARB CLOT, KOEBRE LD ORETH L, 2212, HOFIFsBE oy 2
BHE L 2WE ) IZERHEEZ L TRV P 2AEBESETHEOMNFITITnDE, FELS I v 72 AL
RO, BERIFERAL TR, BEHFOH A JRBESICHRTEIKREL LT L
PER L TR (4.2) WRT LAY —OHEREAVTHRE LY,

2
(Rayleigh’s correction) fin = fin { 1- (m;?d) } (4.2)

CIT, fLidMBEERE TR 5N/ n ROBREIRIRE L. n 13XB. o2 Poisson’s H.
dRERE, IIEBTORSTH S, LA o T, 1 ROBHREO HERBHEHIIR (4.3) &

K ]
1 [E d
fu=5 ;%—C%)} (4.3)

T, BBV I7RTHE, —FH. —ROFEVEHICBEA LTI, ERICEDLSFR (4.4)
DRBEBRERIUTIZE 5,
1 /G
Jr = 52\/; (4.4)

IT.GUERALYEBERTH D, K (4.3),44) T VELEESOR (d/L) LB
(frr/fr1) OBMRIIK @5 DL H itk B,

Befe -G ()] “

ORIV 27NV VOMBERERALTEE LSRR, M4190 kS ko7, AN E

1 2 3
d/L
fr1 : 1st resonance frequency of longitudinal vib.
fr1 : 1st resonance frequency of torsional vib.
d . Diameter of stator vib.
L : Length of stator vib.

Material : Duralumin.

E 4.19 HEEFOERLEX T AREBREROBEEZ
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D d/L=2.0~25 T 2 DO EIEE WML i+ 2 = & BOPb, T, FBES Iy
71m%ﬁéhfm&mﬁ‘:@iﬁ&ﬁ@%&%iTX%—7ﬁﬁ?%%ﬁb\ﬁ@?
WEELREFROLIE d/L=1.92 ¥ L7, [ 4.20. ER A3 ZDRAT — ¥ IRE)F 4 5
LTERLABERE—ST, U—% 7Y 27 Lvs M AT IR E% RO &
JIHEHE L7z O— 5 IIEBEBH (PPSE & 24[mm]) PEEORIFSNTEY, WAL
CEBES 2 720 1SV B4 % 18 1[em] 12 7= b 0.1mm] IFEEL LT3, BEEITH —
KT 25 I (#4000 K 1F 3um) THFEE L T2 2, RE DT L2 30(nm) BETH 2, X
%—&@i%HW%@%D&L%\??7%K+vb@ﬁbﬁﬁ6:kﬁﬁ01wéo

Rotor Stator

! ) \
Nut Spring Duralumin Shaft
Bearin
d 71— Frictional
Material

4.20 ROFEBEKEE - ¥ OBER

ER 43 LA KkORBEEE— ¥
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4.4.2 RXT7—2IREIFDMEEE

AMELRBIFOBESERSMAREHEE T 43 #-KIVERBTOELABRS
43137 ANIZ1.0[Vrms|, By FEMARD MEBRERDOBEE

 EBTH B, TORR, HRBERIL 4.2(kHz]

RERVIEEOF AP LRI ZDOELD, E

Ly —Mode T;— Mode

Q 114 97

DFOUREBHIYRCRCILHGDE & ¢ npy 1678 20.2
ORI, EEORSVEREFREMEIEE Y, [mS 4.488 17.82
ThY, E, EHTFRICHESCAOETHS R () 223 °0.1
Lo, WRGEESIRELL ConeT LR 2840
 BBLEZILNL, 5 110.05 35.14
B421(a),(b) LARERETEITI LR K. (%) 9.6 16.9

¥RT. MEVFOMNFEFERE L T, EEES

EOWTEAT L7z, ROBBIRAOZETOLFEICEL 2%, SHEHIIREEHIE L, %
EAMONE L NBTIRSENHEOEMSASERON D, Lizdto T, EEHFHICE VERE
TO—- S EHSYIDREETHLZ D505,

(a) HEIRED (b) & 1 #x&h
(4 4.21 EREFREICLZERHE— FOBTEE

'\ HARBEROBEEE— S DEBETS L RRETHE L-HREARSE -7 F3y

IV ABEE T, RAORBRARBEELL TV, BEEEEHZ 0 EbE hho
Lo U— 5 A EET 2 #H % HFOKENTEL TV 5, 18.5~25(kHz] TU— ¥ DHEEHE
bh7ze Thbb, HHEBOREESNE L ) LB CEERD SR 1 ES O K ILE 5
BIVEL LR L BEEE TBET 5. CORTRIFNEOBVEESIZE Y ESHORK
FERAMILD 22[kHz]) Th o7z T72, HEHRE. EVIEHORXIESTOHREIZ. L2, %)
REDED, BRLELAECLCHEHIIRETH -7,

99



FA4E F-ED - BRRE- 5 OSSR S

. [L-Mode] Input Voltage 280[Vp-p]
l T 1 T I L L] L] ) 1
ge 1 2
3 ., 2
£ 1" 3
\ 2 , | Admitiance |® : Motor Operation Point] B E
3 : Rotor Revolving H
0 L 1 1 L 1 1 1 1 1 30
15 20 25
Frequency (kHz)
(a)
10 [T-Mode] Input Voltage : 200(Vp-p)
L ¥ L 1] T T 1] .L 90
@ 8 :
g H
g 6 o2
5 4 / L ¥ ?60 2
§ ,L Admittance uf’ | . £
0 L L 1 Il - 1 R|°tor Rlevgllt;lon 1 1 ; 30
15 20 25
Frequency (kHz)
(b)
X 4.22 F4200EEREOANT FIv & v 5%
4.4.3 BEEE—2ORFESN
BEEE—-YOREFELrX L [N S B s B S S 6
42T MELIRE L ! .
BONBEMHIILI. TOBR. 2[00,
HIE 100(kef]. ERENAEIMES 220 £ ol 4
o -
[kHz|. BREHEELIARZE 90[deg]. g °-~-..,b
ANTES 20 (W] (W, =5 [W]. : 4r "o, i
Wr=15[W) ixBvT, B% S | ,
MV 27 26.7 [kef-cm]. BEZH=R S, L Input
. P ™ L-Mode : 5(W)
47 (%) Tho7ze FIZZDEE T-Mode : 15(W) .
MesE 7 5 B f=22.0(kHz)
DERETH > 720 Pressing : 100(kgf)
0 R TS N T R TN S i T I 0
0 10 20 30

Torque (kgf Em)
X 4.23 B
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4.5 HMEERK - WIHFBEBS ET— 4

AT =V IRB T ORI — 8 2 O L A HHEDBEEE— 7 2R 2 2 L 4T
é\it\mﬁﬁkﬁbﬁ%@%—FwﬁﬁKib\D—&%Wﬁﬂﬁﬁﬁéﬁézkﬁ
T&5, %@%b\%ﬁ%&’?%k%ﬂ@ﬁﬁbﬁﬁ%«wm%ﬁT‘T%% X5
H=FW1OOHBEIZHART, FEE MV 7 DA IEN L2 N TE, ﬁﬁ%wab
0—%DOFE ﬁwﬁﬂ L OHERBIE—F - Sy — AR 2B,

4.5.1 TE—XIEE

AELIBERT— 5 OBEE N 4.24, BEAAUIFT, A5 — VBT 5108 2 KiE
BRI RIRE 2GR T 5 2 ENTED, ENFNOEHE— F4TEB7T5EMC
BETELERBELI IV 7 AOREL LT3, $72, 207 — Y EBIT120— ¥ 27
MBSMANLTHET 2HWEL Lo TV R, 2000 —F 3T LTVE 70, T4 0

Piezo-ceramics
Spring L-mode T-mode L-nzode Spacer

Nut
N
R - ::‘:'::::::::::.:::::: E' - 1S
i\- 7 N
Shaft Resistive Rotor
Radial Bearing Material(PPS) )\Stator
13 !5 4 13.5J4! 135 |4 5! 13

75

11

X 4.24 WHHBEOBEEE— 4

ER 4.4 M EBEOBEERET— ¥ DEE
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TENERETSILTHANI— S OEEK*RABEICHET S, BHEICIIAT—¥
BCEEM L LTPPS 2B 0T T2, ZOBEEKE— ¥ IIFIRET — FOMERENK
PRESETHEAT L0, RETOBICIE, M425257F & 5 IR IEBIE R 7 — ¥ iEE)
FIIDALEL, HEEBNIT -5 2 EDLEKICELS L LTEE LS

REE— FOMALDEIIR 4.25(a),(b) D 2BV IZLEL bW, AN (a) . £4°
Yx 7 P EOEEON 2 TIREE — F (RNFRITL2-Mode) £ AF— ¥ HDOARIZLEL
AR 1 KRB OMAEHLETH ). FRF (b) iIZF 20— FEE THEL 28 2 KIEHE—
FERT =S BMDEY 3TIRBE— FEHAEDLELDTH S, FIZZD200ELE
CDRIIDVWTRE LT,

L2’-MODE L2-MODE

|

T1-MODE T3-MODE

o T = = [

(a) L2’-T1 modes. (b) L2-T3 modes.
B 4.25 RE)E— F/8y—>

4.5.2 O—2FFEHEHIRBEROZ{L

R 4.26120— % & (Ig) #° 13mm OBOT— ¥ FESH (Fc) & HIEREROELE T,
HEDERIERICE— Y 2 BMES R B LB T TITo7e 70y PAOKE X, #£EL X
RADRKEES (HBEAPOREJETOTFIVv IV ADOKER) #ERTEL. FiE
DRFEDIRFVDOPDLIIILTVE, HRELTH 2 X (L2) LED 1 X (T1) ¥E
VILBEENIZL o TEET B edbh ol #2 K (L2) RD 3K (T3) REEHOH
Mo THEBRICER L, BET22 Lidhhol, L2ZE— FRFEHONSWFTIZL
ARVAD LK, BEEAOLERIESTLARVAPKEL ZoTW3, ZThik, FEH
PRELSTAILILL o TE— Y LBICHHREIDE LTI BEE LS, BT EIC
ROIBERTHD, BRVBEHIEEN L > THLERTEBFEHOKE VT TIIIFIZ—
Bl oTWVD, COFERID, L2E—FET1 E— FOEBITETH o7, T3E—F
LL2E—F2ERTAHER. 200FE-F2BILEESEILENHAL-D, U—4E
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a4 lops Voluge 200{ppi
p 1y ] MR S Y T SR O T T OO T N T 1 n L5 5 4

o ] F] [ m ] s I ]
Pressing Fores (kgf) Fresslmg Fores {kgh

426 O— ¥ FHEH - HEEAEEOEE 427 O—¥FEH - HIERESOTE
(O=—# £ 13mm) (T—# 8 Smm)

: legmr Vaalage ?-'tl."-'rp-il
i i i i i 'l i B

¥Emm L, FRONEETo#FELH4TTT. FEAOMSVHERT 2 o
DE-FUEEEMIELTEY, T— 0Bt RETE,

4.5.3 BFHEH

O—F B 13mm TL2YE~ F: T1 £ FERBLABOE—- ¥ ORIISHESE 428
KART. FIED 1.90kef]. FERIEER 26.3 [kHz|. AR 2.3 [W] (L2:0.3[W], TL-2.0[W])
BCTRELDE 17.0 (%), |A P2 274 [gfom| OB LN, £/, FHOD—
FRETEMALREE, REHE S8 (%], BA L2 175 [gfom] OIFEE S R,

I_--uu e T T T I N

”;':l‘m u-m o H (] h-m“”
B 4.28 RAMFFE (lp=13mm, Fe=1.9[kef], 4.29 AFWFE (lz=8mm, Fc=4.3ksf],
L2-T1 £— F) L2-T3 £ F)
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[2E—-F&T3E- FZERALLBEORMFEL R 4.20107 T, FED 4.3 [kef]. BE
BE%E 65.8(kHz]. ANIES 5.2(W](L2:0.2[W], T3:5.00W]) 128\ TREFHE 12.2[%). B
K M2 320[gf-cm] DEEABZ O NIz T2 FEOU—F RHMER LB EIE. BESE
6.5 (%], A PV 189.2 [gf-cm] B3R SNz, BT, FES# 8.3 [kef] T TR L4 %
H4.3012RF 6 22000 — ¥ DEKHEEEIARE TH 07270, 1000 — ¥ 735 pEHEE L
EHEOFRDAIIDNTRLTH B, BENEWEE 67.4 kHz]. ASEH 8.0[W](T3:4.3[W],
L2:3.7[W]) BT, REZhE 11.03 (%], &K MV 7 638[gf-cm] 2857z, HREFFIIHT
LTBRZEFEL 2D, REE— FPREL VDL, EFELL 22000 — 5 ORFER
EXEonhh ozt EXLND,

400 p—ep—— —r—r——— — 15
L Filled Mark : Single Rotor
-~
g N ]
q.300 P R A -
& A ~oR
| I d
2200}
-} 4
) n
-} =15 =
% wf
“ I Input : 8.0(W)
- f = 67.4 (kHz)
N 1 2 1 s 1 N 1 . 1 " | N 1 N 0
0 200 400 800
Torque (gf Bmn)

X 4.30 S#FFME (1z=8mm, Fc=8.3kgf], L2-T3 € — F)

4.6 &5

EENERL-RIFB LEVEFHOESGHLELFFAAL-BEEET— ¥ OF®EO—FIIZD
WTHBRTZ, TRODBEHEE—FORME - RFL VFHIIOVWTUTOL I 22 L 25H
LI o7,

1. RVIRET L HEREITF 2 BEICER L. TR o2 #EAhEH I LIZE > TRV IEST
B EHEET 5EE O0mm OBFEE— AR TE, &AMV Y 14.0kgf cm, &
B EER 83rpm. BREIE 13.1%DFEIE S N2,

2. A7 — Y IREITFEATHRG L RV EEOHIBBR B A FESILL LI O-5 0
FEADPHERORZEICEHENH Y, REEEHIIT 5,

64



EL4E BH-EREY - BRRE— 7 0REFSE

CEBET I v AREEITFOMAMICEE L/ - BV FEHAVWTETEE -4
PR THIENTE L, MYLIZEZTH Y, ERE 12mm THRK bV 7 250gf- cm.
EA T MEL 250rpm. XEXNFEN 35%D BRESF LI,

. KOO\ F TlI. B2 FESHIES T, RBFREOEEI E TSk v
H, O—FOEMEE2HAGY) Y FRICTE R Y, BHAEIIIERFLETH S,

MBS THD., 22000 2EAMICEHEIEL I EVTES,

L= FEHZE o THIEFERIEILTIAL., BHEEFL YV RELEEZZITR TV,
(BEEOTROIVNEIWESIIEVESORIFEFEE DL TILT 2 HEE I LTl
2\3g)

AT SEBTFOmME,S, HNEHEFEBICEROIBTIEPTERETH S, T2, 20
ou—¥%FBETAIETHEAEH2EIL S,

| REEAEEOBIERESBITTH ). MEORRIRIE L BBRE—F $T 1
BT 2.

AETCRELL-BEEE-YOETREO—H%2F4412F LD 5,

4.4 FMERBERE-FORNEH—58

BE—% |ER|ES| AB | BRKMVZ | EANONEH | B0 | B8R
mm | mm | Watt kgf-cm rpm %
BeSFER o s | a0 14.0 83 13.1 A
FHR
(BATIE) 40 | 114 110 36.8 65.8 6.8 A
BAHEEER | 20 | 80 | 3~45 0.77 74 4.6 R
12 | 49 |0.6~0.9 0.25 250 35 RA
AHOEE 100 | 52 25 26.7 6.5 4.7 A
A - RERE 10 | 75 |2.3~8.0| 0.22~0.64 400~300 12~17 RA
SImEEE 20 | 57 2.2 2.8 55 30 A
R:#ESAEE A XKEREESE RA: Kk - KBEAOH
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Oo—%)

NE—=F 2 6 FMOEENDOVT VD72, CaWREVEFEEINDZZETHL, T/,
My —ANBENFELER2EME R T, K519 5.170BEEE — ¥ OBEHHED
KAMEL FMEB ETOHEEREERT. BC—HLTWAI LM bhs, ZOBELIH
WEBE R 521N T . BV TFONIIEE rr & VDK ELBRIFMbo TV Z L35
Bho HIT. Ry L D RyohVhE W/, BRI b Y 5L, 72, Cadih
SV P LEIEATMOENRBEIRKEN LAbh s,

X 5.2012 5.18DBE R E — ¥ DAFIFHEOENME & SMER E CatEEL 7T, O
HAEDAYTF4T YR CsDEBDVRFHIEIIREN, BFEOBKICEV AN BB
PREVROND, THILCsHTRE L, 2o, BHEEESEERERI ) EVELICE
Eho O—FRAT-FIEEBLHOVDIACRONIBEETH D07, Ok EET 2
LRFTFEOEIMEL S EEOHBROEI B —HT LI b h 2, ZOBLIHT
ERERSSIIRT. L L. Ruyod® By llHARTREVD /0T — DB BEE TS
SN, REZHAZMOBELV L2hhsb,

50+ 300 —T—T—T——7—T—r—T—T—r—]— ® 107 T 15
- X Plot : Measured 1 1 %K Plot : Measured |
3.L [ /q Line : Simulated o E Line : Simulated |
= & o 30 ~ ; E - o~
A1 Zm} 18 v--zso— H10 8
st g 1 7 &2 | { =
18 [ ] sl 1 ]
° 1 a 02 B8 42 /7 >
& » - P; . s 3 &0 Pin 1 2
S04+ = s . 2 g 4t o / - 2
&1 & ] g 5 | + g
£ | S0 ] § 5 1% —— 1 &
= = =9 = P + - o
<4 1 = c 20 .
wtz | - 2 o f=39.5 kHz ° n
S ] | |/ V=120V, 9
s 4 V=120V 1
o 0 A YP‘P | I ) 1 ' | 0 0}_ 0 Lt 1|= L LRP L TEE . VI 0
0 5 10 0 05 1 1.5
Torque (kgf Em) Torque (kgf Em
B 5.19 K 5.17T0OREFREOHEM L& 5.20 K 5.18DRFHIEDHEME & 5t
HiE =4



%52 H517TOBFHE— 5 OFMEIER

# 5.3 M 5.180BFKE— ¥ OEMEEE

£ 5% BERE— S OSMER

i ER

Cs |10 x107%® [rad/Nm] Cs 1.23x10™*  [rad/Nm]
Cpr | 7.76x107%  [rad/Nm] Cpr | 4.29x107¢  [rad/Nm]
mr | 5.27x107% |kg-m?] mr | 3.89x107¢ [kg-m?|
Tmr | 1.08x10°2 [Nms/rad] Tmr | 1.70x1073 [Nms/rad]
Ry | 897x1072 [Nms/rad] Ry | 5.79x1072 [Nms/rad]
Rao | 6.26x1072  [Nms/rad] Ry | 16.09x1072  [Nms/rad]
Ry | 3.47x10"2 [Nms/rad] Ry 1.58x1072 [Nms/rad]

b) B (Qn/Qr) oXtT B EEEE — ¥ OEMEBER LR EHFOPROELL

B 5211 ERE & AR CRE L BERE— 5 2BV T, MEROREN DL S
BOU— 5 EAHEEEE L X7 — 5 OR ) EDHEEEOTLONEERETH D, 22T
HENENOR ) ERORIEES L T - FEN—FICLTWA, ShEY, O—FE
25— ¥ QEE DT LORT RIS b0 . EER (Qp/Qr) DK & VIE CERAH
AE,

1.0 40
T F 1., §
Q — 30
s [ 1*E
c i ] .
= 1 <
2 05F 4120 &
:3 -

z } ] 2
= 41 <
3 B Jd10 B
(=] Q.
7] B 7 =
- 5=

0.0 0

0 100 200

Applied Electric Field E; (Vy,¢/mm)

B 5.21 U— ¥ EEEE LR IREARREL (Qr/Qr) ERHREIATETD (PL)

AP DS AB,CIIBITABHEIFEORHIE L ) ROBHFRE— 5 OEMEBER LK
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B SR ETgE—y04HEmes

hiEROEF T 5AITT. BEDHTEET 3 » 7 A~OHMEROMMI - TEME
PhERBEAF—FOBRMLPS L REIEdbdE, T, Ruyp?® Ryli BT
BlhoTw{izthiz, ANIIHRL(A7—HPEREABE LD, EViEHODHEA L
RT2Ztb¥bida,

F54 BEET—FOSFEBREE RV EHOHE

A B C
Cg | 644 642 687 x10° [rad/Nm|
G | 171 171 171 x10% [rad/Nm]
mr 975 975 687 x107% [kgm®] |
T 612 612 612 x107* [Nms/rad
R 433 350 3.76 [Nms, rad]
| Rug 1.22 0.352 0.165 [Nms, rad]
Ry 0.142 0.116 0.133 [Nms,'rad]
No-load Revolution Speed 170 205 225 {r.p.m)
Maximum Torque 258 254 32 (kgf-cm)
Maximum Eficiency | 5016 5092 60.16 (%)
Calculated (Torsional Vib.)

EEdrs, BREE—SORAEFEICEFERL{FREL. TOERLVAF—-70R
HOWFH 0D, MELHEFENTETSHL,



¥R BEET-— Y OLEOE

55 T— FEERT—420ZMEARETE *OEHEG

EfTIRE— FEEEOEFHT - OSEEERM L LT, Ed 2 xETEHERLE— FH
Bow FRHEFEEE—FiI0wTH~<3, EAkBERATERLHEL. - FEERIL
HETEMEIMHTE I FILZIENTES, ZITH, BETOEEESETET -
FOSEMERS, T FEERIZGS{BLLICBATEZZ I Eel~E,

5.5.1 BEEET—+2BURENE

EGOEEOHE L L IBREE—F 2 E 522100, ABOE N IEXT S 2o0Bl
SE#E— ¥ (Mode 1, Mode 2) #BEMB /2 RUEEL S 2, LEREORFEIZELS
EFE Lo THAMSFEREL, MET2000—F2AEI 4L LOTHLY, RED
FomEE AT I LIzt oTHAOALEEE 2 EBEFI v FA (BTt

D 53w s A (B M C-201) 1, MHBEBHOBBOLDIITN HESEOLO® 4HEA
TBHEROLICREL: (A2 TREENBREFECEARTRTED O L 2 FEEA
LTvANEBTHEAHEICERAEL ), ARCER? ¥ V2 ERHFIE 00 RE
FEMZ LY, I TRTAIFAGEEEL-EEL I v 2ATEAEE— A 2R
ER4A I kiitoTEBENTEHE LTI, ZIOBESER, —RIZTFFar—
FiREARAEN - FROEEET I v ¥ A0S SR kysdT ks EFEREIZLS
Wi, kR EL-EHEFSEDFEL Y L BESEVRCLELhE L THE.

ESS i, AF—rERFOSHERLEEE = 55 5990 % F — ¥
(10Vpp) THIE L6 O THE. Mode 1, Mode 2 sem— nemRB RO HEE
ELBBEREFALL I RRETHEI LN DDE:  (q gypy)

B 5.24(a),(b) 2. Bl 2 KIEREHEROR T —F

EHFORET- FENNERRTHZ. EHE (a) __RVb

RATF— P EMTORFHMMEELE . (b) 5 Model | Mode2
Bt FAPAFELT VA, IREREEOEY) | 521.8 | 476.1
ERLTEY, AHEE100[Vpp] TRELA, = | fo  [kHz] | 33.20 | 3290

helh., EHTFEREEL, EFSMcEfG 2% | Yoo [mS] ) 2040 2272
EE— FAREEA TSI LAhis, 4, | [ || 40.02 | 44.02
BEOERA e Edthhd, o2, 8 | mH | 1223 | 1014
=50 A rEEONEERETHL. BF Ly (O [oF] | 0187 | 0.231
145[kgf-cm], BEDHEITE% EdoTwad, 22 |Gy [pF] | 4047 | 4004
Iz, BIERAHNEAEHEIZAW]| —ZEL LTHT=2%e | Km 0.215 | 0.240
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58 BEEE— ¥ O%MNK

Spring for Motor %ﬁﬁﬁg{or

Pre-Pressing Support Point /—

43
$20

s
I
I
!
|
|
Thru_S t | %/ —_ Y

v

+

Bearing
Rotor Rotor
(a) BEHEET— 5 DS
F Py
Stainless =~ Mode 1 Mode 2 .
Steel Block LN P PPS Disk
- /__J\Jode 1
2
R tl ————— Mode 2
=" s
Piezo-Ceramics ¢ ilZ
20 | 20

(b) 25— ¥ ERBFOME

X 5.22 JEM 2 REERHEEE— FRHOy FRBEKE— ¥ OEE

(] 5.23 AEEBEE—- Y DEERE
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¢ um]

Displacement [

o
L

FOE BEERET-/OSMER

l ' ) b r v ¥ ¥ l 10 "_l LI LI 11711
— Input voltage:100{Vpp] -
N Frequency:32.7{kHz] - i T
i Center i — L i
- Input . E B /"’ b
- 2o . -
: 1 ° l'
T 1T/
W s C@ § /'
. /ﬁ" 4 |/ - (a)
| E g a b)
| .35 R 1 N | . -lou_Lllll 1110
-20 0 20 -0.5 0 0.5
Location [mm] Displacement[m]
(a) Displacement of side face (b) Displacement of end face

X 5.24 27— Y IREIF O/ HIREIE T

'—.1 | 1 i I I I i LI 2aY I I i 1 i
A -

E'.IOOO— o ] 15
E LTS = . 1] 8§
3 DO & 1,5
7] B — 10 B
2 L % i o
& 1 5
g 50— Qa 1 B
= i s E
E Input Power:4[W] 7
E B Pressing Force:2.0[kgf] ]
i 0 TR N NN N NN AN SN RN R RN N N 0

0 0.5 1 1.5

Torque [kgf - cm]
5.25 B4
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£ 58 BIEEE— 5 O%SMER

55.2 RMEE—20EEREBRUER
AF—aEEF & O— 4 & DEMBY

AT — ZIREITFIIE 5.26(a) DL H ICMEDEZ 2o TO—F LEMLTBD, A7—
Fro—FREOHEEERIC L D EEESIIR 5.26(b) IZRT X IO LEMEL DO
HERE 2o TWA LEEIND, AT — FREFIZ 2 ODFEM 2 XIEE) Mode 1. Mode 2
R ENENWRVIIRRT 5 L. AT — S iREFimid Mode 112Xk o TR 5.26(b) D @, @G-
Mode 212& 2T (@, @D ArFIVEMERE 25, Lo T, AT—YEHFEEEDE
BX¥5 L9512 Mode 1. Mode 2 %R L7354, FOWE L2 BET 5 H 5 EME L.
BT Q. @ 0. @QUEHPZERN. BENICARINDLEEILND, flX
&, EAE QIIBME QL @QTECAIDERN Lo THEREN-BEMETHL LEX
bhd, ZOLHICEMEOSE L0525, ERNICBHELTS 1 o0BEME, ¥
bbb MLy ORET HEFIEE 5.26(0) KBV TERE ©. @, 0. @LBEELTK
NS Z KB, Lo T, AF—ZEBTFOFNFROBEIZ4ABTONDEEHN
REMEARETE, AT BEBFORE NI EIFNFROBERETOREIN 2O
AR L7bDER B,

<> Mode 1
©)
=3 o A
~~Elastic
Mode 2 Deformation
z >
—_—
® F. j@
Actual

Point-contalt ®  Contact
T~ oint-contac

Assumed y
(a) (b)
M 5.26 O0—% L A7F— ¥ DEMOBKETF

RI, COBFREE—SIDOREIMNIEZRBOLIBICAT—FiRETFLO— ¥ L OEME
MZEMELZEZ 2LENH S, L L. ZOEMORBIIHE HZENICEN - 2872
CELIITRET R HBAY, BRI RLERL DL, FI T, AHETIIZOBETRE— 5 OF
B2 X DERMELL. ERN IV IRED 297). LA o T, ST TREMEICOVTO
FLWZRIITHLRVY, HEMOREY SEMICBEIRR TEXLILIIT S, Tib
., K5.26(b) DFNFINOFEEME O @ @ @ EKFOREFHESNED 4
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¥ 58 @E%ET— ¥ O%HER

COFREATHET L, LT, FRhOEMACEE LT BT —YO#{E2 =2
LizowTEZ L,

Mg s AL

AT—FERETFEEOCEMNS O, @O onwTHEAL, BT T Ly cEsH
=5 R CIREE 2 iRl Mode 1. Mode 2 MEMEIZE N, A7 — VEHTFRE OB
M SV TERENOEANHIIEL u, u, #BRE, 2T, Bl w0, 220
Thou, = upsinut, uy = wgooswt &5 L P{EMML d. z BT u,, upii+hFh
B 5.28(a),(b) i TMML LS., ZOLEAT—FEHTHATNSE BN TWIH

5.27T A7 —FEBTOoEoms

EEEALDLE. F Fpld TN EFNEN vy, u iCHFT AL 2 5, B 5.28(c) RO %M
AT=5HRUBTFRERS @, @, @, QIEET AR LTwa, TTOERET
ONRT—FGHTLE, ERET—E0ONAT—FELTEZ 3 E, DEoEES
DEIRFOMELETLALOMESNTED, 4. EMHAD. @LENS 0. @
RN CEMRE - 25, A7 — FERTY Mode 1. Mode 2 12 £ 0 Eh o B0 HE
CEHERDEST LGS, TAFAOEREZES2ICTETL S S HOHESE < L S o
irtd. o—FOEESAIE., FOHORMOAHILoTRESRE, LEPFaT, X
HAEEFEE—FIZ2nTR, O=-FRAF—FEBHTFOEER) HH A HFEOEE > &
LI EHbhd,
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5B BERE—¥O%SMER

/u21=u201 cos(wh) =k, U 3=Uygy Sin(l) =<F,

o
~,

() @ @

e 2n

5.28 ALK OBIE LU — (a) BEEARMOEN (b) IERFEOLEN (¢) FiERSETO
BENT —

Elliptic motion =~ Uz _ .
Rotation of displacements

at the end face of stator

E 5.29 A7 —FiREhF+ EOE S OFENES)
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£S5E BEEKE— 5 OEMERE

5.3 X7 — 2 IRE)FOFMEIFRETT

—REIC. EET L O — 5 OEEIESMNAOSHENR LN LTELONE, LALE
¥o, E—FOEMEZBEIT - ZELRTWVWIDETAEIC, BRICBARALIIIZEMTEA
F- R TFREOHEDOAN T -5 LEMLTWADDERELTWS, S5, X
5.27,5.28(c) IZR T & D IR T — S IRETF O ENENOWRE IZJE H#RE) (Mode 1 - Mode 2)
LB 47RO MV I REEAEZ, FMET—VORE M7 2 AT — Y EBFOTMEE
' CEH B ID MV I READBME LTER S, i£o T, VEDD MV RESIIBWT,
AT P EHTFOU— 5 R LD BER, ERERONIbAIUZRIEE— 5 OBA PV
PEEREL DI LHNTETH S, JITik, 1 DOBBAICBVWIERLD 288 - B8
FROHE, AT — S EBTOEMERETRICL > THET B,

| ERHEORHEHNICIEIELEECEARA L EITE— A Y FEREL TS, Z
NoAERE L THEET A L TRBEN L2, NLIEHERETRTE. HEBEZ
HobT I EHTELILD, REBEET—F T, EBHFOTERLS M7 2O HL
TWADT, WEIFIREIZOWTEZNIT I v,

NEA h;

o /N

e

Az

Z_ =
(a)
Nzl
r———ﬂwxﬂk—ww <
moa T 3 In
F., é TM
Z
. = = -rN'2:1 ‘
No= _12(2-1) Np= 03—02(2=1)
=92(2=0) =52(2=0)
(b)

X 5.30 KERMEHF O%MbIEK
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w58 BERE- 5 OFMER

27— ¥ IREF OFEMEIBERRICEL > T, £TH5.30(a) ISRTAERHER TN
%25, BHERORLBL )TN A LHMBETEESINTVEET S, 27— Y iEE)
FOEMBIIBITIENEETMULBETH D, Z=0 TEARN F,2ElMEn 5 &
X, ALBEDOROIEANN Fy BIFE— 2V b M, 2FE L. FO8D S @ P17
NImPICid, CAWH F. BITE— X2 N MPEET S, E5ICZ0%H4E. BiFE—
AV M\l z 8w (BRFEAMA) ICE220WENE, FL3Z0mE+EETS L
Fz = —My/rTHBo O R MWEIMENDB & Mpld P RTO Fu MeNT A
THIEILRB, Lo T, O—F LOEMEEZ 2EA40ESTFOHS +SMEIHRT
FHRTHEE530(b) £%5b, TIT. Zgld HHBEARICBIT 2 EHESOEEBRH TS
B, BEWIC, 27— BEHTFOERRRE L EET L. A7 — F EBTFOEME
BERIEIN 531 THEUTHIEMNTEL, 22, Ryororld T — 9D —{5%% H

. . R
' 1: N2:1 7, T“MOTOR

o Py . Al ,m_l Uma ‘L ______
mq Crm Tm1 ‘Fj\le__., :
3¢ N23€1 & L

VvV J A]_V 2 |
Ra | Ca | Mode 1 | T I:
N1 »:I
I B
b
b
L

Rd2

Phase
Shifter

Stator

 —

H 5.31 X7 — YiREHFOEMEIK

e LISEMEFTE—FOATLLIEATEY, TEEY LB, CliAEMIc L Yyo—
INEMNTHEIELIEAEMI L TISAT UV ATHD, ZZTE. IFO M REKP
WKEB L72BE. MV I BEIIFESTAH5HKSIE Mode 112X 58 AR F,y & Mode 2 12
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W BEFREET—YyOSEEE

LEEFHAON Fpt 2 d, Lizd=T, 0o IBF R L2 85 LavnT
BETAIEELE,
T, DEE AL A, A7 EETOHER M, . SHEEiEE R [ 28T

A=A = A= \/_ ‘ = (5.12)

i = Tl = Tm2 —..41 {5-13‘1

TROENE, I, ERAEADSLROIZEHTEL (HEASERE, BEEke—
FORROBFSEAT - Y EBHT HEAOLE QRF A ¥—¥2o 2 b LTORLE
ANH) 1ihd, o7, ZOMFRAENEELZ  Ch e SERETRESIINES R
DTRLEIEIEED, SOOI LPs, ANERAEHET2HFEN k& T2 210
o TUDE, HSINOKRBEBOFBIFRIL r T2 S = (el (] - my, o
TEVEHEEZESH 2V THRISERET) 0L I TRTFENELOEL L, T0bY, #HE
Gl k2

ko= 1+ (wmf/rm)?

2
\‘H(:;t?) {1— :’:) } (5.14)
2
~(9{- ()

S ST w g ENETRAT - YRR FOXEREY, BFET - SOERNENTHD,
FAT= S EET IR SN S EH 2 iEH Mode 1. Mode 2 HRABHE 2TV 3
DTHEREH A=Ay rn st = e THY, fo =k r s LTRES, B850, &
BhEoH, WATEROR P IZ20WT Fy Fo ORIRE (R E,, FaldE 5.3 0%

EEEA 66 &b (5.15), (5.16) %3,

" 1 1 2

Fﬂ_.i - F:I:A]F i EFmﬂ[] |:5-15:]
wJﬁﬁT m“* (5.16)
Fivy

554 E—Z0HNBEELENT—{EZRAOEE
(1) YD REAY

BUFIZ, R P L2 AR 2 To SR id~2, B0 Eamsi-+2r. &
FET-FOBFRIE R2TRENE, ZO8S, E 5319 Phase Shifter (=L Fu, Fup
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5 E BEEE—¥ O%RMEK

BEHERDEOFABINIZOD LT D, TbDL

F, = F, sinwt
(5.17)

F,, = Fysinwt

Thbd LT 5,

ZIZT, Foup Xt thu—4 L 27— 2R FRIOTIE, BEEHET DL, BE
MY OREDIT, BIE 4L BERRICTE D, DED, X532 ITTHEEE ML f#R (K
H) ORIEYE RO D Z L TH D, FEFEY M ISR TEIN D,
M, = L{—F,i(cost; + cosby) + pFc(% — 61 + 65 — 05)

+pF(cosd; — cosby + cosfs)}

AETRAT — Z REFHEREICE 8 DOBAREEZL TV D, T/4bb, K532, R
(5.18) M ORO LN HIFHEIFE by O 8F L LTofE SM, 23, ARIEBTHET— % 0 AMHE
DNV ERD,

(5.18)

T r=rf; ; sin(wt)
My

p(Fe+Fsin(wn)r

.
------------------------------------------------------------------------------------

'ﬂFCr _:...............................:..‘,:..

H 5.32 X 5310%MEIKIC L 28 MLV OREOET

£, IREITFUROENMEE 1), U 1 IHIET— FEMK (K 5.24) (RENTIRE.
BEMORIEMENPDORD T, AAT —ZIREF TIX, AJ] 100[Vpp] TEFMENMM EHE
0.377[pm] BFHMEMEIE 0.494[um] ZHTNWL DT, T—F OFFENERKE f,[Hz]. A
FERE V[Vop] & L TR HEH LT,
2V

ul:27rm1=27rﬁiv’2’x0377x10-6><ﬂE (5.19)
. e 2V
Ups = 27 fatlzs = 27 f4V/2 % 0.494 x 10 X o5 (5.20)
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EiRE HEET-FyOFMHEE

2, BHTORMER rl= Ty = Tme)s T4
BAOREICEHENS (#56) MHETERALL.
b E, ERFROFEERE Mode 1 2 Mode 2

56 ASNIFTAF—FE
BT OFmERER (100[Vpp A

ECREAELRLTVADT, EAPLENTY

Rro iR LE, LoT, ENLER(512).  F, Vib.
(5.13) IofE A Lakeor, ERIEHMICE 2 EEN Q 306.6
ik =335 kL iz, X (5.15). (5.16) 1= 5 Fp  [kHz] | 33.58
EHREMAL, 1 20EMAIIBT2ES. E8F Yo [mS] | 3.603
AohE,, Fy 2%k, F(518) 2L THEHED + R [} | 2775
V7 M=0.181kgf-cm| 287, LAA%oT, R L [mH]| 4034
EHEE—FORED Frid, 8 x M=1.45kef C [oF] | 0.5%
em) %W, ERMELE—FL ARV cERALSR Cy; [nF] | 5.659
HERERSTIIRT., Kon 0.313

(2) E— 4 OEHBHEOSE

BiET— ¥ ORDH RS EREET
TAIEIZLD, BffETFRET—-FOHNS
BEFE TRTL, ZOUTHOBMESE
PR R O# AL 5.23B TR L 72, [€5.33 T /fm
CE-FHOSOMESHERE R, T.08 g
E-FORKELY, T i8R, #ELA —
FEOHAONLY, wilo—F oM. R 533 EHEEROREET— 40
REFEE-FyHABORBERIGELT i E

Vid, Ry TERFOEEFL,OEH@IZL hE

0. RERWIThPEILIZLE, LdoT, HE33NEETELI S =40
Wy, E¥Edwi

Lm =

s 2 [Tm T TM}TM "
=R 100 (%] (5.21)
w= TL;DE [rad 5] (5.22)

L& ST, By RREAHNNT-THL, WAL, Ry=0 [Nm- s/rad] = LT, #
NECO— 7 OBEAFTEHELE fu T2 LEBPOEREERERIE T, - wp O
T—% By M TEZ L2028, Ty wy HEAFEER D — ) —SHEN L &5
FTELELUIETANT—Thd, Tibh, ChHAT—rERTFOU—S~EEEh 3
AT=Thd, G5, O—-FiInd SIS R, 2 AMT AL O0—s~DA P71

a7



FEiE BEET— OSSO

% 5.T B2 FiE—yOWET— 4

Input Voliage 3 v 130 Vop]
Driving Frequency  f; 34.6 [kHz]
Preload Fe 20 [kef]
Frictional Coefficient p 0.18 '
Stator Radius r 0.01 {m]
Stator Length | 005  |m]
Mass of the Stator Vibrator M, | 0109  [kg]
Zq2(2=0) 1.28355
€0Zgy z-1)| Reference'¥) -185.997
Ny 1.00000
TNy 1.44508
Force Factor A 0405  [N/V]
Equivalent Resistance r, 45.52  [kg/q|

- iilqui\falent Resistance 15253 [kg/s]
Stator Displacement 1.39 [ m]
Stator Uisplaa::ement iy 1.28 [4 m)
Stator Velocity 1 0.301 m /3|
Statar Velocity i 0.393 ‘m/s]
Fy 6.684  [N]
F 2230 [N
fy 0.108 [rad]
by T+0.0779  [rad]
B, r+0.580  [rad]
W, 0181  [kgfcm]
B x M, 1.45 [kﬁcml_

a8



B BRET- YOS HEEEE

To-w=Te/(Ry+Ry) E%N. T, 0ELLETRTIR CERFALTRITIE
L, REMFEFTEE—FOL I CER2EE- VAR O LS IZAT— FHEE
Fio—#DERIGEHE, A7 -FEHT~OADELHRIO-FIIHTLRMARN R,
LERYERFETLREEE L TwE, Thbs, ZOLF RS2 F—-FEHTF
REAT—FBELLEEE, LENMaT, 27— ¥ EBHTFHe0—F~li—gE0si7 — 554
RIhDLEILNE, £2T, AR LMD —O@lHE, AT-FLO-
FEGAT v FICEhERERAZ L ohd, HEDL A AT DR EREFEEE
E—-YORAEECLI VB L#ER, EOEHII25, £F. FEETEKE-FOH
NEEE S5 onTO— FEEREBEAZHEEIZL D T XTE L, Bl (1450 283
1 EMBE (5.23) =84,

O— & e w=13.13 - 92.28T,,[rad 5|
O-— ¥ EAMMERF : wp = 13.13[rad/s] (5.23)
= 125.4[r.p.m.]

0 — & WE D REER Ryl

Ry = Tn/fuy

5.24
- 145 f"f;‘ll; D01 _ 1083 x 10-2|Nms/rad] =

EREERD, EoT, FEMFEFRT-FOHERIAL LD,

(1.45 % 9.81 % 0,01 — T} Tt
L 2% 1.083 % 10
Bl Mot Rl oPEMTHE, BhoFEEiEs (5.21). (5.22)
CLEARHETHE, T4, BHNMATRAN P 0.725(= 1.45/2)[kef - cm] @ = R
WL 11.68[R) LoTwd, @I, HRMANERERTIZL D, HEEROM
HFETIEHERLBLVHL L, MECETFET—FOREOBMTLLLALIE
MTEL, AF—FEDFIE0—-FI2EDL T — Pouid

¢ 100[%] (5.25)

Poout = T W = 1.45 % 0.01 » 13.13 = 1.B68[W] (5.26)

Tahd, o2, BAADAT— B, =4W| @@ 120 0Micas s h, Bhe /24
AT = ERFORMIEMTERERIIEYDDS, T, O—FHIPLBIRX
PRT =214 % T g =046TW| TH N, TOLED-F LAF-SEBHTHOR ) 27
ol 3/4x T, g = 1401[W] D2 v FRELE LTS, FREBEFRE—F O
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— i I I 1 ] | 1 LI 2 aN I 1 1 1 1 +
i e B ]
E"100(5_ AAAA a v
S oo st 2= 1§
e - bt
g i RO O —10 p»
[~ 3 - (%)
@ % ]l g
g S0 /& 2\ 1 B
g = { Calculated N 5 E
E 3 ,.-A Input power:4[W] 7 =
g - Pressing force:2.0[kgf] ]
- 0 T ST T W N S TR R R S R 1 0
0 0.5 1 1.5
Torque [kgf - cm]
X 5.34 85

R A7 — FIEBTORMEy, & O— 5 MAHOME, & 29 TERT B LRRL 55,

T .

ne = —'—"IT“-’Q x 100 = 46.7(%)
Py (5.27
e _Tm.wOXIOO )

ATF—FEREGFPOATBAD 46.7[%] O —F BB IR TWBHE T b2 5, LLE,
O— % BB SEMEKER L BERET— 7 OB AT, S AEEBTTE £ — 7 BRE)
BOBRTFFHLE o7,

(3) A—ZIEHEEh B /T —DRRY

g2, M531FDEEPIZEB LTAT—YREGFOBME T —BRELLNS
TEERTODTH D, BEXHBEIZEE N M(x Fyy) BB, A7 7RG TFO
S HEOEMAEEN =4, /r) BEDERERS L kb, TDLE F,ykf 13K 5.35a),(b)
WRT EIICAMEE o TV B, TIIAT—YIREF L LRBESN BRI/ VT — Pl
BEHRE-FOBENV Y M, A7 — 7 HEBTFROSEE) KXo TRES N, XRT
bbb ENB (H5.35(c))o

.

PS = Mt ° 6 (5.28)

L7250 T, BEET— 7 OEFRERICBIT2IRETFORET 2 8H V7 — 2B/ 07 —
Ps OEEFH L 25, [5.35(c) ICOWTERHMETRS L. TAHLOM%E LY (K (5.29)).
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=rF,; sinwt
T ~ MT
HMEAF sinwfr
uFor
6

-uFar
(@)
(b)

Py

T 2n i wt

©
5.35 A7 —XOFEMEBEZ D LI LEBERE—XOBERE (K L7 AR
(a) BEEES) L BEIREN 7 OBRRFRAE R L7 (b) JEEESE) Mode 1 & Mode 2 DOIEENEE DEF
% ((UHZE/2) (¢) AT — ¥ DBERIFRAE T —
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BRI % L B L (5.30) & BB,

Ps = rF,00{r + 6, — 6, — 1(sin28; — sin26,)}
+prby [2F¢(cos 6; + cos B, — cos 65)

. (5.29)
+'2'F22{7T — 260, — 26, + 26,
+sin 26; + sin 26, — sin 263}]
Poous = =P 5.30
Pogu= P (5:30

T, HIfiOESEMER (K5.33) BV IBSEE— Yy PEEHORETH B,
O— S HITIIHFIER Ry IS o THR/RR MV S T, O— ¥ BEHEEERE vy £ T 587 —
T -wo DB ENS, L72doT

(v

Psout = Tn - wp (5.31)

PHYULDZEIZE D, UTICKRBEEBETRE— S II2o00nT O — ¥ \DEENRT —DRE
DEREY EROBRIZE Y KBRS L,

3. RBREBEEET— STV TERENNT = Poou 2 KDL I2KD 72, AF— Y iEE)
FinEEd 33X (5.19) LVEHL-D0E2FH L. Thbb, A7—7EESHFOHHEK
BIEF 0D 2 OWE R e, = 0.301fm/s] & L7ze 72, R (5.20) 2FHT 212720, BEL
EERIRST ISR L BEEER L, BEMICR (5.30) 12X ) Ps OREBIFHE LD,
FD8FEE LT Popr = 3.66(W] 215720 RIZ, EBWEEROT — ¥ OHEE T — T, -w
I3EBRME T,, = 1.45x9.81 x 0.01[Nm], wy = 125.4 x 27 /60[rad/s| & ¥ T;,-wy = 1.558[W] &
%0 o T, RREREREDOH2HEBRED LD L Bo7:0 TOLHIZLTI—FIIND
EENT =2 REPTIIHEDPRBOLBIEDMETH LI b0 b, 2B, LERORRK
NEREIX, AT — YIRS TFREEORAEICFOHHEHROL DL FERA L7720 ThH s L
EXOND, Thbb, EROBEFEET— YBERORT — 7RG TFHREESDINIE, R
BROMEIHLET20DLEbND, 22T, BBV /8T =3 Psgw = Tin - wo = 1.558]W]
LB &) AT — VIREIFRER Y, 13 0.128[m/s) TH b, fito T, BEWKE— 7 BREHE:
DA T — & IRE)F DA 13 £ D B HIREFEOERE 0.301[m/s] & < 5XTH 1/2 12 ERE
L7z DL LTHETAHIELDTES,

56 5

FRE- S OFMEABRREL. KRIIEBEZ2HAA UTIUEXETHEONLFERE
D5,
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8k A.1 fREBBIEIC & 5 IREYRAT

- KAL3THHEREI 2RI L 5L, TOEHFRERNIEMNL v, NE FETHER (A1) D
It s, ‘

Pu  p ,
T p = 0
(A1)
&*F p ,
2 TEt =0

RALD)Z2EREGE (2=0:F=F, v=v, z=1:F=F, v=v) ¥fRALTHE
&, THERTRTHER (AL DL IR B,

1) jzosin (<
Fl COos (z ) JRoSin (z ) F2

1 jz—t sin (‘:cj-l) cos (%l) V2
BL, E: YV I7E p: BE, czm, A: BET, 2z = pAc
MEOEMEERTAATHIIEERE WHTER WRkObhd, EBOEREHTFOH
B, ERaBEEICEOrOT Oy 2IZ5EIL, ThANERENLDOLEZ S, &
NIEBOBAIEF > M, v-0 L LTV VEEZ QAU VAL G, WER A 2 FE_
REE— 2> b [pREET 5. 0%, c=1/G/p, 2=pclpkzbo

(A.1.2)

il

b. #fwixi

A L1DER T —EEICE S,
. . Sec.1  Sec.2 Sec.n-1
BA14D L) B L BHFMES U E— () ) )

FUADL DPEFRENT LIRS
BLARTIENTED, LIH2T, g2 o ..

-

~ F3 'U? ) Fn-x,’vn-l Fn,’l)n
FHOAWMFATINE Ky, Ko, Ko v1 Sec. 1 Ve s Seac.Z v3 v Sec.n-1 vn
ETAhHE —
- ARABcERezalE:
) ‘'K K, | ) -
(%! Un
4 8llF 1 A.1.4 BAEMEHREF L EXREEOHEHR
= "l (A13)
C D Up

DEHIIHBATHI TR T Z LD TE, REFEEDOEEREIKRE L, EwmdrLDATA
Y=YV R i ld, BRONF,=0&55HL
_R_B

Zin o = 5 (A14)
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8% A1 EREHIEIC X 2 IREHBT

LY, 2 =0 L RDBODPMEENIZED SN IEFEHE 25,

c. BSiER

RIE A120D & 5 %F)V D Langevin BRE) F 42 £ 2 5, A, C OBF IR % 24
BAYEREIISHL, MECTHECEM, hEHo, —F, BORSIIRME L AETETED
CREERVERLNDT, BOWHS TIIEEBBEIEFIER L TWEEEIONE, 2F 1,
B ALSDE)IIZRENS, Ko, Ky ZEBROMENS 2D, FR M) v 7 AOBEESED
BRI ATHB, A—B, B-C DERTIHREREREIZE L {, ISHIEAE L AEO
HOHIZ > TWA,

A B C
(41 vlll 'Ué Vg
Ot ——O————;C))—I A[ B[ O ; 7’:
Fl 'T‘ C' D ’T‘F2
C ol R =), T = A |45
C D 1 Vg C D
A" B
Fl”T c" D" TF2”
o— —o—— o — o
A

E A.1.5 EFIHEES

-AI

P B|[r
o= 2, (A.1.5)
v, C' D ||
J L
FII. AII BI/ FII
[ ;ll = " i 12[ (A 1 ’ 6)
Ul ¢’ D vh

INLE ZNTA—FIERL, R=F+F, v,=v/=v, B=F+F, v,=ul=v, ®

EHOTIC
rl _ [E F
F, Fj Fy
|z z]lu] [z 2z
75 7y | | v z 7
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g Al ERMEREC L 5 R
(Z,+25 Z+23
Zo+ 28 Zp+ 2%

Ly
N
L
b
CHERIND, ChEARMTEMNIREL, A, C LftmERT L, (A1) iR

EFROEERNEY RO ONE, It EizThiT, (ALY THET 2 HER BN
hRETESZ LIRS,

Z4 Zp

ALlT
2 2, (A.1.7)

d. ZUFHORDH

EEOSOEMIZA (A19), (AL8) MRS (F0) = F, u(d) =u) ERATE=
ElRLoTRDEZLNTES,

du

Fiz) = -AE- = jkAE{ae ™= - b}, (A.18)
ulz) = ae™ ™ 4 pe't= (F: = f) : {A.1.9)
F(z) = Fcoskzs +wzgu, sinkr, (A.1.10)

u(r) = —ﬂ-smkm + 1 cos kx, (A.1.11)

Wi
Flz) COBNT  wxpsinne F,
= : (A.1.12)
wig

ReofA YE-¥rain@aEtrEio L s,
1EED 7O v ¥ sec.] OFRAFA(A112) T
RENDETDL2FEOTO v 2 gec? 12
2V TRAMENSE F0) = F(I,), uil) =
uili} {l : secl MEE) ELTH (AL9),
(A18) #RiTITLv, ZOB, ESHER: B A16 EHFIHENEL LA
2Tl HEEEEE R ER RS i8R

“EL Y EFEHEENFRAVWA I Ec L,
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18R A1 {ZERENE L L S IRERE

e. EEHHETH

AlED S I IEARIIGHTIRLIFACEGHEV T LECEFo5E, AL,
HN FEHT Va2 RESHT TR, BrEHENPASTVLIF VI,
OESTOHRERTSENII—2OH KA LEHEERE ROV ENR I, $EE
B, FiY - MEILIRER A O, FERINEEECNE 2 KET— 40 F [OETH
EE2ND, Thbb, FAFRHA(ALLZ), (A1), (AL DEICLTHROLR

e T

Iﬂt - A]"‘A: 1 [.I".'nl.].a}
_ EBA + B Ay

E, = & T o, (A.1.14)
= G[IP1+G;]IPQ

G = SRS (A.1.15)

LEETOINRICEETLIEL v,

f. Mason D &EffiElEE & OHESHE

iz, BAL1OL I LFHL MBSO T o x B (Y EHTOESEFITLE
HI-BEETELL:, TEDL, FOEESHBOERTTI LEALTOL YIRS, ZHic
Mason DM MATI LA ALEE 22, 22T, 2, ZEhFheB7oy & 1,
3ETOF 2OEBEL AL YE—FATHE, ERHTOoMENEROREIZEE
Bb)DLEICERTE, Y, =D LEWRiBTHA,
. :
S = —f5g* 1 ” 1
Jzptan{f/2) + 2 jzptan(8/2) 4 =,
— UmmmWﬂ+mU%mMWﬂ+%} g
5!.111'."3' 2z tan{#/2) + 5 + 3

T o EEEFIv23 1 51 4

(A.1.16)

bl | Jl r T
— T I ——
F'T Ki ! Ko | K3 Tﬁ
e | | —
Fi=0 | Fa=()

[E A.1.7 Langevin 3 E¥-F-OFEREE
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8% A1 (ZERBEIC & B IREVRAT

jZOtan—(g— ot wl -j 2o
¢ JEotang sin(wl/c)

[~ [ } I } ©
| SN— | S|
¢:1 'Cd
-Cu l l
H |
ZI@ / $ I—IO @ZT Ca
. _ 20 Cq «’
sin({wl/c) Y
=, O T
A
Zall

(a) (b)
A.1.8 Mason DA & DHEEYE

T/, RERARAFEEwW. (Y, =0) b2 5 I Lt bBSBRESREE L. DR (A11T) »
LERDBIENTE S,

1
kvn - m
2 __ 32
= &E;L (A.1.17)
g. K=DMM+ ER
BEHFORIZIEI—FEI—RIZEoTWAEES f.fﬁ
bbb, IC RFORBIEAENIMER (71 Fs g2
F—UEIIOWTIE, RIHERS XD 2EERE
BETAIENTED, WE, B ALIDE S IC \ o
MEED ¢ OB TRAICELT B A — 0
VIZOWTER B, AERIZ, ENIERRPA VY H A.1.9 *k—ViRET
— U ZABESEIHEINSG, WERE Alz) &
ThE, A—OEBHFERNIRROL ) I2%
5o
#¢ . Olog A(z) 0¢ _ 189 (A118)

Or? dr Or ot

FLAVWONBIIAR-F U Tyl - R—VDOBEIT Alz) = A1e 22 TH Y, R (A.1.18)
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38k A1 (EERBEEEIC X HIREVERAT
WAL, BLERKD LI 2% 5,

] 1 [ a ol ) k. a1 ]
jal (cos Bl + 3 sin ﬂl) € (jAlpc 3 sin ﬁl) e F

— (A.1.19)

T2, B=VEE—02, k=w/c, a=1/(21)In(A;/Ay), TH2. D4 HTERDER
*HALIOERBAD 1 KEICERATIE, BHPEEONEZ LIRS,
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T8k A.2  HREFEEREFNE

MA2UIRT L)%, 2BOEEBLTF IV I A% z
2 ONERBHEM 7Ty 7 THLIKEFFD Langevin Motal % =
. 4
ROFIREF LR Y RE T OER L IREFHEORR

Piezo-ceramics

|29V T Mason DEMMEEE 2 AV TEET 5%,
DEFEEFIZ ETHHOBEL T 5. TBRAR. EF o
FHIE S FERRICHERE T5, BERE— FOFKE, ;RE
FHREPSEFOH IR B Z L h D, RETONHE
YEELTRBTOESTEZS L. HEHERD Metal
BEBHOLrELbEELT I v 7 AR FIAL

TV 78, Mason DEMERIZE A.2.2,(a) 0k B A.2.1 Langevin iRE) €7V
SIIETIENTEDL, MBED Z,3EBLIIVv I/ ALERBMAFTO Y 7 OBERM LA
72, EBEEG 7Oy 2 OBWA S E—F U ATH D, mF O, 0% HNsEER VD
ZOEBIZK A2.2,(b) DL IEFRTE S,
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1
{

jzotan—czoi
’U\
0 dl / h Uz
—— } L__—>¢

A
]Zocot _—

Cd 1 A
S Taa G 1| EI
Fy -j.______.._. 20 d
sin{wl/v) CdI vV

(a) (b)
M A.2.2 Mason DEHEIR* A\ -%8H (REHTE5)

Qq

INRLORKET, FERRFNFROBERICEI o TUTD L) 12k 5,

7') I8

2sin 6
e

, (A.2.1)
bo: EBET I v 7 AOEEHASEAE

62 1 sin00
zg = puJy=+4/pChn- ( ) CE + 5}35 (§+ 10, 9A.2.2)

11

Zm = jZtan (v—w—lm) = j\/ PmG - g (7‘3 - r‘f) tan (vilm) (A.2.3)
mT mT

2 — T
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8% A.2 RETFE L IRBFH

1

@ = §=- AV A24
i’é—z + —72zpcot (%’) + Zm ( )
1
Yo = jwCd+ — 5 (A.2.5)
o (%) {-—]zo cot ( ) +zm}
2 _ .2
Ccd = egf(ili) (A.2.6)
HEPRED
e
A = —l:ﬁ (r% - 'rf) (A.2.7)

2
2 = pvS=1/pCB = (3 - ), CB=cCg (1 + 65353%) (A.2.8)

Zn = tha.n( ): iV/PmE T 7 (r2 - r?) tan (vizm) (A.2.9)

5 = e )+zmAV (A.2.10)
1
Yin = jwCd A2.
O e (@) o) e
Ccd = EQM (A.2.12)

BETFORETEZLNTELRRDN (M) FEETE— FHAZILL 2 ERE L
IR B=AVERD, ERID, RETFORS LEHEEA LI S¥FI1. BEES n it
RILSEBOZEHEIIR A210 LS IIBLT A2 b b,

F A2.1 ﬁib%@ & L IREp

RO IREY | MRS

3

BEMVS
BEN
y:ipr ¥
HREJ R
AV FE R B
ANTFIvF R
AB. AT —

n
—_— n

1/n —

—t

R 8 8 8 K8 8 8
l
—

3 38

SHED, ERERESTHEREM ZBERDOIFICHALTARE L 2525, HE
ABRERERIIREBAT 2, ZOZLhs, ERHFEORSVEBEEET -7 IEE - 5 1
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8% A2 BEHTE L iRE)IEM

V7 OREREIR B LA DR Db, —F. SEBORENIEED 2 FIHAT 270,
FILBETI, ROBBIORE M L2 ICHATIS < Rz o REEI 2 5 = & 55
Bo EDID. RYRBORLE M V7 2ERIBERT 5720, REBOBHEE K X ¢
TRD. DREAIKE 25 L BN S ¢ 3 LEX S 3,
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1% A.3  FMEMFE

O— ¥ L AF— I3 FETEML, O—F I FEAEATI VI 25ET 5. OV
PEETARICEME MV ¥ RAET I EMBMEELZR L LENTHL, RDLIH I
L LD, MASINL I BAF— YR VIBEFOREE T & DEME 2E 2 5,
IOEMEICEFEAL O CIHEMIC L o TEETALBNISMbE EEZ B, TX

A.3.1 Contact surface of an ultrasonic motor.

bbb, EEFRHES feT5L, HARS=n®-) P THEH0 50, BUEELEZD
DOWE (ES) pld. p=f/Ski b, Th2EHERSTHERN (A3 DLk DB,
Torque = LuprdS

- /0 " /b *(upr)rdrdd

2mpf 33
= 39 (a® —b°)

= ufr (A.3.1)

I SRR EFERARELNT, KX (A32) DL IIERSND,

2(a® - b%)
3(a? — b?)

foT. BIZIZ. a=2[cm], b=15fcm] D& & r, = 1.76[cm] &% %0

(A.3.2)

T =
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fT4% A4 [EHE & HEARRRR O RMR

O—% s AF— Y BOEED LEMBRICOWTEET Fe

Bo U—FHFEHFc TAT—FIZKALIO L HITHL {}
FFeHTnd, COBROT—% kAT — ¥ OFMEMY.
Fe & 25 — 7 OMAROREN FLh b 5% B & Ha Rotor

%o

U— ¥ 3AF— 5 OMBE S FLICL-oTHEEL, K {}
A42,(a)IZRT LIS, HERER G (E+AL) DD (T +m/w— Séﬁor
At) T TEMTAUBETELIMELL TS, EMETORE
BEhiFstd9bL X A.4.1 JTDOERE

Fs = Fc+Fy, (A.4.1)

b, O, FIES Fe LIEEND
B Fs 4 L o TV A ERET
20, DFN, AF—FIEFHFc DT
O— %L TWh, AT —FDRET
LRSI R FL = fuk L72E, 6005
ty THfl L T 2 DT EHE s \k
TOLHIIIKE S,

Contacting are i
& a Rotor location

Displacement
S

B A.4.2 BN LB

Fs — T/ (F, + Fe)d (A.4.2)
1 T +t-At
= — [ —L coswt + Fct] (A.4.3)
T w t+At
= % {2f, coswt coswAt + Fe(r — 2wAt)} (A.4.4)
Fc=FsTHRMt=0&75L
2wAtFc = 2F; coswAt — Fer (A.4.5)
EREMEZAETHLDLTL
b =wAt =1 — WAt .. wt= T _2¢c (A.4.6)
X (A4.5) £ (A46) &1 .
Jo _T77F
Fc sin% (A47)
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Ebo LoT, EXRIDVUEL ShbEMMAY. 5 Fe & LB LU Fe & Fs #k®
BIENTE, HA4IDE) 2BRIIR D, TRI D, ANSVEMACEMIESI2I1ZT
EALIDSREEINICKRERAT - I RENRVELTL NGNS,

10°

f—
S
[38)

Fs/FC, fL/FC
S,

fum—y
S
o

Contact duration ¢¢

A43 EMEEEEEBNBL R T -5 OREHDOBEE
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DE* A.5 Flexural-Shear mode SF O H{&H

5.5 BiIZB~RE 2 REARMRE— FRHD Y FREIBERE-/ TR, TR E—-FE
BEIIv /A2 LUEMRE IR L T3, AXTHOE— yEEORBIE Ik
ZONRBILETH D, £ZT. OB FOHREOEREOEN 21757, Z0OK
REUTIIHRRSB,

Jf-— Poling Direction
By | LA 1

—> |_— Piezo-Ceramics

L+t

X A.5.1 Flexural-vibrator driven by Shear mode Piezo-electric ceramics.

K A51EBERAT—SREFOEMERETNTHS, IPFOEELTIvZ XA, Bl
z FE (1 5) ICBEREMT B L yBE (3 FAm) CTRD), ERICEHESZRHIESE 5,
LA o T, ZRBRARDTET; . ERBSIE D, THY., EEFERIEIARTSH 59,

Dl = 61555 + 5'131E1

(A5.1)
Ts = £S5 — eisEn
ZZ T,
Sy=2u %1 _g
5= 0 o = o1 (A.5.2)
w = —Z%:
THEH, EXAEROEMIIOVWTRMBENHBEATHS2L T2 u,=0. Thbb
_ 3’(1.3

TEERAOND, R(AS1)I2divD =32 =0 2 BRALTEELIIVvZ X AIIoW

11 s l]
Dy =eg /l . Seda -+ &5, / Eydz (A.5.4)
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f$$% A.5 FLEXURAL-SHEAR MODE &K D H4&%%

INEBC L Dy I
e Vv
D) = %{Usam) — uay} + 61517 (A.5.5)

TIT, BNLRBREM. BB EEREN Y EN TN D, 4 Dy 55

Dppa = 25 {uz,4¢) — usgy}
v

t
BEPIRRTH b b S b,

= Soe1s3{usg+e) — Uagy) }

(A.5.6)
Dyy = €5,

¢ - (A.5.7)
= Soels%a{:(xz) - ':‘(Xl)}

Us@) = teaSx), X = §
EELTIv s ABICELTIRA ESBAANRIIIR D DT e BBF —ers & LTEEBT
5 EENERE Qp i
Qme = So(—e15)3{usa,—¢) — vaqy)}
= —Soe1s¥2 {Z(x21) — E(x1)}

Eb. EUBEHEDHEM Qnid

(A.5.8)

EhBo TIT, BB L2 EHONRE. BHROBMEE S ZhEN A, dyxer) &
+3e

I, = Atigx-y) (A.5.10)
EhHobaIh '
dQm _ , Us(x=1)
= A (A.5.11)
THENSH, ThERESLT
@m = Augx=1) = AugZ(x=1) (A.5.12)

Thbb, BRONBRBARRA L 25

A =—Q9m

U3 (X =1)
— Qméﬁm&

©03=(x=1) _ _ _ (A.5.13)
_ Soelslc(xz “Exy—{Ex2n—-Zxn}

t Zr=1

= Spersd S Sum

08153 = = 3o
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8% A.5 FLEXURAL-SHEAR MODE ER O H&%

3
4 Poling Direction
1

_..-_A._.._é._, R I % /

>

ll = 21 !
=50
(a)Stator vibrator (b)Piezo-ceramics

B A.5.2 RIEEESHFOTE

# A.5.1 Some data on the proto type motor shown in & A.5.2.

t 2 x10-3 [m]
So | 20106 x10™*  [m?]
e1s 15.2 [C/m?]
Xa = b/l 0.46
Xy = lo/! 0.38
Sxen | -1.28355
Sxz | -0.372646
Exzy | -0.971445

RIEERAT =S FERFIIOVTHRE A2 KD 2, MASAKRAT — FIEETF 4 5 O
CEBELT Iv 7 ADTHEER L, RASIRIHREOERIZHE T 2 BELYET L/ 3
DTHb, FHENTVIEELTFIv 7 AETE53I v 7 % (B) HEDC-201 TH
V. e EBISAHOMBEBRE,ISFIHEL T2, HEK AL

A =2.0106 X 107 X 15.2 X 5oy x =03T26-(0071445) (A.5.14)

= —0.7128653[N/V]

%58, ZOHE, RREBRAT— S EHTFROCANIES. BELEORE 25410
THbo FmXBESEPOR (5.12) ICL 2HEMELLIC L 2TRMHEE 2 842 L. R
RE)OBHER L VMRV IEE (K 5.5) TIIRIEMHE A = 0.769[N/V], BHiEA = 0.713[N/V]
THY, BRELVILDPDYL, ThbE, ZOBELEOHREN+HIIEETE 2,
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A AWK O E HE L

A.6.1 ERZEETHROERK I 1:4 z v
o—> | e
$5EIIBRA LY — ¥ L ABROE J_ —

BIEZOWTH LA BN5, X (A6.]1) DESR E F
BELROBKAPLHACLRENSHE | | O
@%ﬁ§{,ﬁﬁj€éﬂéo Yd=ijd

{ Fro=-AE+z (A61) B A61 EELBRFOSEER (7

I'= YaE+ Av K3y apR)

ST, ANRBL BBV E—F U X, YHBIT FI vy R TH D, ZoRITR

(A62) DX IZEHTE B,

(7 -

AT+ 2'v
Zyl — Ay

(A6.2)

PR, A =AYy 2 =2+ A2)Y,, Zy=1/Y;Thb, ZORLY. K A6.2,(a) DA~
E— ¥ AR OEMERIELN D, SR, HAG61EZHA62,(b)DEIIEHLT
ROIAERIC—ET 2, SMEKE L TR A6.2,(c) I2dRT 512 « BERESEREED

ML 22 B TH 5,

\.

%éié CT

(c)

B A6.2 EEERTOZEMEAR (/1 ¥—¥ Y ABR)
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145 A6 1V E¥—¥ 2V ABROEMEE

A.6.2 Mason OEMEIRROER

(A) CEEE DS +_‘2£ Electrode
(a) —ERIRE i

5 A.6.30 & 5 2EEEFRAM L EMFED lﬂ Vibration
—~HTAHMEVEELT I v 7 AEORHES ¥ | Direction
DBE. M ACADEMEBHHSON TV 5, t H
TIZT. zg = pubt. Cy = efbt/l. k = w/v, l , -)|:———_>y
¢ = essbt/l = e33Cu/efy = h3sCaTH U\ o N 7 s .

. . : S .sREc . , Piezoelectric

TE\ v: Eg\ w.ﬁﬂulig\ 533.%E§JE&\ 633-J:_E '/ A -~ Ceram10
ERNEHETHE, 22T, MA61((b) TF 1.7 Polarization
T LRRIERHO G L U-CORREE Polarizat

T L—FICBERZ B LT, MA64IT -
ABSDEHIZEETEX B,

BT

g sin(z£l/v) ﬁ% Cdl iV

B A.6.4 Mason DEMHEE (HxHED A.6.5 [ ABIDEERTOAL -5
5e) A TS ]

(b) Wik 3 — bDIBSE

(i) (a) £ DERFE:
BRmFAYmEEKED Y a— b 2F ), MmEHDEE. HA65IIBITHERmDHLRA
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A6 1 -7 ABROLEEERK

ATERTIA 2 €= 5> R Zggld,
Zss = —— 4 joz, (12 2t (k1/2) A63
ss—ij’d Jezg W7o an (--)

kb, Thid, HA6ADLRDODTLRABERTH B, 22T,

ad 1
tanz =) (A.6.4)
=i {en-1)-11 L -
THVYA L, HAB6DEMEBKIESL NS,
21 2__|?
l'ﬂl ""_u—z:{(Zn-l)::}“"
o—] ] UE }_---—[ Uf }_
Ca — ‘——llzo
Sv
o .
B A.6.6 AJjf ¥ E—¥ > AOSMAR (HMET:HH)
(ii) BEDE— FITEE L ABEDAHTI L E—4
> 2 DEMERL: 2
n ROFIHFE— FIZOWTEE L, nkADE— S oy
wC,

FIHETET 7 0FDL =¥ 2i3+4h 5 ol 1:2%
WET B2, BA6TOBHEMERIES . © (f%érﬁ_jk_
o—

8v

A6.2,(a) L VROERE 2, Thbb, Kl
BHS GEH) REEEICL VLRV,

E A.6.7 HEE— FOLMEK
(c) FwEHH. HREOBEE T % £ 7 158 DS ME X

BRBTORBIY 2 — b TROLEROAPEEBORE (F = 0). M A652E
A68,(a) k2B, 2731,

A

Z, = 5o tan (20) (A.6.5)
— 1

Zy=—" (A.6.6)

y—szOtw(%)
THb, ZIT,

cotz =+ > 1 (A.6.7)
z n=1 )

S (3- 52
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