O ASo19t & Mzty AFM0lE

4 3 0 9 &

LM &

A Frof| o] Ef (actuactor) & AF LR E 7|AH
29 of|4=](displacement/force) 2 g F Q)
T ¥|&7](transducer) 2 FAE 4= 9}, A
ole19] HAle AF LAY HAte FAlg 47
¥ & g, ol Qzte] ojudt 48 st
o I 58 w7 A%l ETE ARSI
o232 oW AEE AA T8 rlE Aol
WAL 53] A A EF 2 FEEANN)
FAAE dd¥d 1459 A5 olE 7 B
P =

FHT A Ak w4e CAD, CAM, FA,
CIMo 2 A4 a%e AF32 sl glov, o
7}E 24 A (mechatronics) 2t &) A4 71 AR}
7)% (electronics)& 714 7] (mechanics)d} &
BEAZoZN 4% Alx"le] A3 FUnE
Y F AT JUAE d& F & Aotk o] &
$ste] Qg Ax 2271 dFdolEHolw, A
dlolgY Ad=E 18 19 Yehdch

HB8(3R)
(H. 8%)

oy
(8, =5, B9

(Fig. 1) Concept of actuator

(698)

FFRAN L, QoL

1. 71414 AsollolE

71E At Qe AFdolH e F7]U(air
pressure)©]i} §-¢t(oil pressure) 5-& Wol A&
St 9o, o5 Hae EAL W W} =

A 3% $E4 WY ALEE Ay 3929
Hebd A Fhdl Bo] AHde dFrdfolHd

H, I8 2(a)e #5449 ¥YE27)T(dispk
acement reduction mechanism of oil pressure
type) & UEd 202, §¢ Addey 49 2
718 BREoEA WY E£xE AE Al 4t

93, o]= W9 =77} 3w S . a9 2
()= AF7)18 AT W9 & 7]72H, U4}
o471 7 (screw positioning mech-anism)dl| ¢J3}
o AQohE 4 olBNR % glovl, FUEE

_ oil
Output %/ //— Input
a) Oil presure cylinder
B —— Servo motor
o= Screw POy P
A Py -~ A
mE AN — [

A

b) Servo Motor

(Fig. 2) Structure of the conventional actuators
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(E 1) Displacement characteristics of conventional actuators.
Drive Source Name Displacement | Displacement | Generative Response
Range Accuracy Force Speed
) Air pressure motor Rotation — Skgm 10sec
Air Pressure - - -
Air pressure cylinder 100mm 100xm 107%kg/mm? 10sec
Oil press Oil pressure motor Rotation — 10kgm 1sec
il pressure -
P Oil pressure cylinder 1000mm 104m 10kg/mm? 1sec
AC servo motor Rotation - 3kgm 100msec
DC servo motor Rotation — 20kgm 10msec
.. Step motor 1000mm 10um 30kg 100msec
Electricity - -
Voice coil motor 1mm 0.1um 30kg 1msec
PIEZOELECTRIC ' N
. . 1
ACTUATOR 0.Imm 0.01um 3kg/mm 0.1msec
Uake] Add 2#glch o]# g 7)A4] HFEdo] electric ceramics)$} A A2} A(electros-

He e A¥) 2@z 2 1A
A dFdolHe hE AF7F IFHD i} £ 1

& TEY(drive source)d] wWE WY WY
(displacement range), e AT
(displacement accuracy), ¥ (generative

force), 94 %= (response speed) & YER

Aol

E 144 RBe upeh o] g GFdolH

(piezoelectric actuator)e =7)7F wi$- 21 H

SREEE SR CE EL T ER

s HEe g 5 9ok

I M2t Ysrollo]E

&%

7144 AollolEd vls] A4 ol
9 ZHE ®ld veigled, 3 dFdoHe

A% 2712 g F don, AHg Age2e A

= Bt S
a3 394 B upe} 2ol Alete] dFdol

trictive ceramics)S HFdolEd] AMstn 9

o.

Electronic component
material

wauodwioo [eonreyIo

Sensor material

Optical ceramics

Bio ceramics

(Fig. 3) Ceramic actuator in advanced ceramics.

Iv. &8 Ml2i9jAel ¥ uid 2

(ceramic actuator)® A=} M 2h A (electronics
ceramics)9t 72 M2t A(structural ceramics)
o 7% 299 23 oo AEEL Y, F
3 Azt Algtgx FoAe A A2k 2(piezo-

(699)

A AFAOEE AZelr) skl AeHE
A AetE Ame) B8 4% 5 el
£t 2A7} A48 A9 Aol A A
Hadd 2A=E @de) wAE 719 (micro



84

19984 7TH BT LA H2548 HTH

scopic origins of piezoelectric strains)o] 3t
olZ2o 2 AA H&= W (field induced strain),
7] o] wwl(rigid-ion model), Z 1:'Eé('shell
model), 71€} &8 744 mde] it} £3] ZAHA
Ao +9 sAd o
panying the ferroelectric domain rotation)&
o] &-35td ¥ (displacement)E 47 H+& Al
dFdolHE tFEel AA fE ¥y mdo] 3
£8d. 2”4s A5AA AzElad oA 9
Hoq AA 174x BS A (domain reori-
entation)d] W& 72 MY (strain) AHE U
Bl Aol

W (straln  accom-

(y E=0 2} E=Ec

/ )
z | | \ :;’)E’ B \E (3) E=Emn
43 / '_‘_\"“' % ‘__7- :

? ) E=0 ) E=Ec Ef ’ \g!
Pee [/ K771 @ Ay
N < iy v
f AN

(Fig. 4) Schematic explanation of the strain
change in a ferroelectric ceramic associ-
ated with the polarization reorientation

A
=
Sk
oz
A ot 2Tzt 29
(coercive field)o)A] %(deformatlon) & Hi
7} gy, ol& +4 (polarization reversal)
o] Ztzke] 1Rl(grain)ol|A A|Fo] B Ao|t.

298] A7 E. o] oA ARA = 1649 (3)
7 o] E=Enud ®71A B33 €rh

Eu F2oME @18 £ &
(reversible polarizations)& 2% wbd3sia 91,
ZAAE E oA FE s aHA 2R H &
A}(piezoelectric behavior)2 vehdt},

FAZ ZaE 7k ARAAMe 2H49(2)%

27) A EA a949(1)F o) ol 3
22 x2lg AHe nss]2 st A4
soz A3 AztshA W, B2 weka
A9 azle ﬂn"ﬂ‘_ 42 (shrink)
FHA Ec

olz

o
°
o

rE i ok

- yu%
\_—\L“‘IB

)= X
U]

(700)

O

2 Ae dagd Ha, AV 027 2
7AW (strain) & G2EA 248 Hed,
o] 1¥49(4)d vehdth HF AHEN 19
49](5)9] E=0dME Z7] e} 2ARL, 2E
5 e ATz FHol Y& Bolth. U 1
F3 AAE 71 HYE 59 wdd mE A
g xe] Wy st Aata A7 2 Es
A 2 Aot

ole] Z£ulste] A4 WH(longitudinal expan-
strain)el  ojg AP FF WY
(transverse contraction strain)9] H]¢l ¥ o}4:H]
(poissons ratio) o FZEAFIO|EY ¢t Azt
B e o 0359 ¢8 2t

=9

sion

V. Hi2tef dFollolElE 2t xi=E

Algte] dFololgo] AMREHE Hd AMREE
ABO; 7-%2& 7zt sl2BAdlo|Edoeln, ABO,
o Azdle 23 AP0l & L& ARA
A}(paraelectric)ol Al Aol el 2%
(Curie temperature) olglojAE wZ=Au)g
735 A2 (ferroelectric) 728 7] wo]t}. A
e Asgs A4 % H¥E(fild-induced strain)
olA #7A (coercive field)e] gholl wet F5at
Aol H3jt},

2, 3AA EJt 10V/ecmBct 2 3$9 AR
hard piezoelectrics®} &3, E7F 1~ 10KV /cm
o] A% AMEE soft plezoelectricseti F

rr =

At X rir

q 539

.
Hard ¢4d4= §2 d9d 24 48
g e

ge ehAR slad Ae ugel 2]
W1, soft ¢AAE Avist AA 3
A v 2 Sl*ﬂlﬂ*]é Bl
ol 16V/emol 3t o9 e 2
BEE A9 Zﬂi(electrostrictor)a} t}.
A4 AFdolBl g AR Aol (7

)7} t2d), hard ¢AA Y Fa &=

olAo|1, A ABE AR e Fu &%

=

ml

Cu

£

2 ¢

o)
T
=
=)
X
\__

o flr

AL
kil

l
e
250°

L=%
=
2.
e .
C
T E
=
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o, soft 4AAE 150~250CY Fag &2
Zt3 9ot

Azt dFoolHd AMgEHE ¥d ARZE
Pb(Zr,Ti)Os(PZT), PbTiOu (PT), (Pb, La)
(Zr,Ti)Oy(PLZT), PZT-based 34874 So| 9]
=4

VL Al2ie YszoflolE{2] 7| =

A Azte Az ves dFdolHe 1d
5ollA] Hi= wje} o] A3¥ (multilayer), Hio]E:
2 (bimorph) $02 E#3it} ojn multilayerd
dFoolE & gk Alete] sheetE TA/MY A%F
A713L 1 Ae] Ajole] AFE REE FRE H
o] Q&d, AH¥ozE low driving voltage
(100V), quick response speed(10 wsec), high
force(100kgf) high electro-
mechanical coupling factor 5o|t}.

123 bimorph¥& F4 ©AAY 2749 &A
AZelasl 435l i F2E A, $om
9] #tigt bending displacement’} AL,
response’} %iL(1 msec), generative force7} 2
th(100gf). &3] multilayere} bimorphd] £7t &
A& Yellle Ae2E “moonie” HFrolofEf 7}

i,

generative =

(Fig. 5) Typical designs for ceramic actuator
multilayer, moonie and bimorphe.

(701)

VIL FLiet tiF 2ollolE]

dA Ageaz e dFdolgdA e ¥
ZEZA77] Y8t Agoz ok Ao
“moonie” | o]Efo]t}. Tl (moonie) %ol
o]E}= multilayer®} bimorph HFd|o|E o] F7t
EANS 7IX = multilayer 2T o] & H$(100
um)E YJER) 3, bimorphRth= o] & response
(100 msec) £=24 AW £ generative force
(10kgf)E viepdTh

Moonied] F-RE= 18 69 Ueh]E= ule} 7o)
PZTA S A Agtgx Al 2 BYe] 25
endcap& FEFAA Foz2H o] F& A=7io] A
gl xe] Fuge] WE oAy 53 BEe
2 $EIHEE ZFE WA= A wEn 9
e dth & GAAT du®t dno] FFolH

2018k W9 (axial displacement)d] 7|34 €
t}.

0] 2

=

————— — . —— — —
- —

/ -~ E'dcﬂp
CL L
yers B s POToA
N

e . — - — — — — —— ——

(Fig. 6) Structure of a moonie actuator.

8- moonie Yol o]E]e] F4 endcap TZ&
Ad mgoz AEA HEst HE Fo| 4
(cymbal) dFdolElds] o]& ¥ 74 Yerd
ole} & cymbal HFooEAN WHE
moonied]| H]3t] 28] 2 FUIeHA HH, T4 HY
T #gdiAEd, olgy WY g ™8 -

!
o}

Bonding [
Bondi

SIS
I

(Fig. 7) Structure of a cymbal actuator.
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- 37

L]

S

':' 25 4

i =

[-RTE
10 "ﬂ,f" e
LR ? f

-8 -& -4 -1 o 2 4 L] [

Pasition from the Center of End Cap \mm)

(Fig. 8) Displacemect evolution in moonie and
cymbal actuator.

Urehd ok
VI o8 AHi2te] ezofiolEe] S8 2o}

FA 3 A gFdolHE deviced] tste
driving voltage®] #33, voltaged] 9J3A F=
B+ strain®] 44 g2} 34 £2 YEF I

o, o|& I¢ 99 Jepdth
Diplocement o g Method | - . * Nome Materiol
Used Bios Field
N . Suvo Dnoloceww E|s:lvosb~chve
Servo Drive £  Tromsducer PMN bc "
Rigid o ; .....;"'_En_E f o
o
Displacemeq £lg Phehed .
40N
OOl Orive .73 Pulse Drive Motor Sot Piezoelectric
. e Materich
o ok (PZhbosech
! Swon x £
£
. Sinusoidol Freld
Resonating Displacemen — “ Uhrosonic Motor Hard Piszoelectric
Alernating Drive Materiah
o
¢ QVL‘M ~ p Eiectnc Fnld £

(Fig. 9) Classificaticn of piezoelectric and electro
-strictive actuators.

3l straino| ¢171E de fieldE wet §12 )
gow HEHE rigid displacement deviceo],
T2 3h)e alternating straine] 7]A& A=
g4l A ac fieldd] 3l 75+ resonating
displacement deviceo|t}. AAd] HGFHE AL

(702)

1Y 99} 2ol mA E2 U, position-
detection signal® %3} feedbacke] &3 A|o]
%+ servo displacement transducer(positioner)
9}, dot matrix printerd] -5+ ©$# on-off
switching mode=. %3} 5]‘:‘
o} A #)3E = AL ultrasonic motor F¢1
), o]A& A7t Al AF Heske Aol ok
I, QA9 drive frequency?] ZFd] o&=d}.
8 289 23719 %R Ay 422A 87
288 AEE k" A4 (piezoelectric
coefflcient)7} ol]iL heat generationg FHAs}
3171 34 loss®}  high
mechanial quality factorZ zt+ hard A9
el A g3ttt

& Al aE AMgEe TteE i%-l}
719 B8 Aj5= B A3 2% Ao
T =RAA A AEsia gl

o} & HolM A Aetel dFd o7 AA

pulse drive motoro|

low dielectric

S8 JAY & 7HsE FokE W U
2.
(1) Servo displacement transducer g

=0}

High precision interferometric dilatometer,
Deformable mirrors, Microscope stages

Precision linear motion guide mechanism,
Cutting error correction mechanism
Qil-pressure  servo valves, VCR head
tracking actuators

Vibration suppression systems

=]
=

(2) Pulse drive motor 22 2o}
Swing CCD image sensor, Inchworm devices,
Dot-matrix printer heads

Ink-jet printers, Piezoelectric relays

o d

(3) Ultrasonic motor 28 Eot
Autofocus mechanism of cameras, Watch,
Card-forwarding device

Paper sheet-forwarding device, Positioning



i

mechanisms, Window blind control
Coordinate plotter, Workpiece stopper

(4) 7|E}
Ultrasonic surgery knife, Piezoelectric fan/
pump, Plezoelectric transformer

IX. A2t fsrollolE{] s sigia}

FA Alte A5E AHste] =T Al o
FoolEE 42, 75 R FHAM B A7
7h Ao} o3 glon, 4= A FESG F

Az FAE F 2o vepd

#AM He vto} o] nzoM Y At F2
TAL B AT 74 dFA AdER glon

=03 A7) A Al oFroolE] i

dFdolele 7] 30cm olde] Hlwd thy

HZo)o]E] & A}8-3 active vibration controld)
F2 xHo] w3l Slh

qee F2 Qe 7]?3"“/\1 A Yol o)E &}
289 AE7E g o3 9o, precision

positioner°ﬂ #ad

& "'°]¢9Jr cm ©]3te] %
3 A7 o]EQl compact motor 59 $& &
°]E°ﬂ ERE 71 Awslz o & & HR
o8N ALE L Y R&D & WFE 2H[A A8
<l Aol

FHAA pEste AL vad YEY F
size2A e BEE S8 Hopd disld AT 0}
I = 10cm o3t A= A7|E ZHe d7d
o]Efo]t}.

olg|3 ¢ Aty HFofolg Fopo i A
F7F FHlM e uf - g Ago|r, oFel|A
o AT e 25 o] W FE AlF] HY T

(E 2) Summery of ceramic actuator developments comparing US, Japan and Europe

US Japan Europe
Military-oriented Mass-consumer Lab-equipment
target
product product product
Mini-motor
) Vibration Mini-motor Positioner
catego .. o
gory suppressor Positioner Vibration
supperssor

application
field

Space structure
Military vehicle

Office equipment
Camera

Precision machine
Automobile

Lab stage/stepper
Airplane
Automobile
Hydraulic system

major
manufacturer

Itek Opt. Systems
Burleigh
AlliedSignal

Hitachi Metal
Mitsui-Sekka
Canon

Seiko Instruments

actuator size Up-sizing Down-sizing Intermediate size
b
(30cm) (lem) (10cm)
Tokin Corp. .
AVX/Kyocera NC]; én orp Philips
Morgan Matroc Siemens

Hoechst CeramTec
Ferroperm
Physik Instrumente

(703)



88

19984 7TH T e £ 25% TR

(Fig. 10) The ratio of piezoelectric actuators re-
lated patents with respect to the techni-
calcontent disclosed during (a)1972-
1984 and (b)1988-1990

38.10(a)2 &AM Ad 1972-1984 Ape]
o /09 5087) 5319 4 HFA e 7
92 @Foln, I¥ 10(b)e YN Ad

1988-1990d Ajolol F/)A 5507 B39 <A
AzalolHe] 2 Aol WS ekl Zolo.

Xd &

ol dell Al AHE wio} Zo| ¢ A dFd
olH9 ¢4 Holx oz AR FA 7|vd 4
gl A2 Adolez JFUdAz A7t FdH
oo} & Zloz Aztdr). Tt Algte gFdoly
o AY3as Y e MEHer € EAHeE
reliability®} durability® & & 9t} o] & 938ld
= heat geaeration 59 A7 A% N EA <}
deviced] lifetime Z7} 4] ¥ drive/control 7]
o] dgEojol & Ao, on] A& o|&
$)3 high power piezoeleciric ceramic material
of T¥ Ao F3far 9l

2
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