; €3e55~406FTRZ2 *159159* *(@00002* - 1SPECI FI CATI ON ELECTROACTI VE PCLYMER
ACTUATCGR AND DI APHRAGM PUMP USI NG THE SAME BACKGROUND OF THE m QHW’@
d

Field on The present invention relates to an el

polyrre nmmmmmmmmﬂnmhl ch is preferably used for devices such as sn

di aphragm RY @Ri and a di aphragm punp using the actuator. 2. Di sc! 3'§?Jre of
the Prior Ar o In the past, for devicgs such as snall-sized di aphragm

punps, it has been proposed to us onposed of a sheet of an
el ectroactive polynmer materi al u§ﬂ§5ﬁﬁﬂiﬁﬁigﬁ$rubber and an acrylic
material, and a pair of electrode |layers forned on both surfaces of t he

sheet. \Wen a v ERGERCGAEIHVEROBSMEBALHA ATEWR dile Dy

deformati on of t ~5 such that a dinmension |n the

t hi ckness (vertiwfﬁs:fgg}rgﬁoggﬁﬁe | am nat e decreases, and the di nension
in the horizontal direction of the |amnate increas Thi s phenonenon is

known as el ectroactive eﬁ%@KGR@Uﬁ%Qﬁ EHE]HﬂXrE&'EI@gt ent Early

Publicatio K 01263486 di scl oses a di aphragm punp using the
el ectr%actﬂ\}[e‘egcrf)thel\l&ﬁfﬁ&ql% 20 as shown in FIG 11, this di aphragm punp

conprises a casifygs n 7P Tor ok Ql‘ﬂa in
its top surface and |n e ar?gug)%hgﬂ\éfespgbssagi g?@?ﬁ’dg@h@%ﬁo a%gﬁggﬁ{a m
10P for cowRidhnis pmmmwm, famhdedicepsueprasl OMallssioéd alihpiniagai umps,
structure, which is fornmed with a thin sheet nenber 12P of an el ectroactive
pol yner reanst ¢ giaphragmappmiprusing 2he erbi@teode | ayers 11P formed on both

surfaces g he th|n er by a physical vapor deposition such as
sputteri ngi HoSHLg & ang’r}(g Bplied between the el ectrode | ayers 11P, a

di th f B dth
| mensjon i n gnhor | éonf 1o '?rFée's%cﬂ stQﬁl ?l ﬁ&@&%ﬂﬁ%ﬂ&g{;ﬂ i €

dlnen5|on inth |rect|on t ereof 1 ncreas ngs a

- 2vol une_chengpropodade topune &hianbiantd Reinposed spacehsatr 0ﬂwndetbclmoat:tiee
concave 7P and the di aphragm 10P. On the other hand, when the applied

vol tage i spolymurenatariad sgic ma@wmmbb@t@nér@ aeryligrmetenial, sndgepair of
Iher Lo REE0H Aphoabhe 55 B, SHRNEE: Al BUSyRA, SURIRE vebhete®
IS St e, UL £ kil LT IR L gl
the elgct rade tigstes sdikddsiomiia i Rn e (wdriienl )cditebon epe diedaminate
decreases, and the dimension in the horizontal direction of the laminate
increases. This phenomenon is known as electroactive effect.
For example, Japanese Patent Early Publication [kokai] No. 2001-
263486 discloses a diaphragm pump using the electroactive effect. That is,
20 as shown in FIG. 11, this diaphragm pump comprises a casing 1P having a
concave 7P for providing a pump chamber in its top surface and intake and
exhaust passages (2P, 3P), and a diaphragm 10P for covering this concave.
The diaphragm 10P is of a laminate structure, which is formed with a thin-
sheet member 12P of an electroactive polymer material, and a pair of
25 electrode layers 11P formed on both surfaces of the thin-sheet member by a
physical vapor deposition such as sputtering.
When a voltage is applied between the electrode layers 11P, a

dimension in the thickness direction of the diaphragm 10P decreases and the

dimension in the horizontal direction thereof increases. This brings a



However, in the case of using this |amnate 10P as the diaphragm it is 1o
difficult to control the deformati on of the di aphragm during the punping
operation. Therefore, it still has plenty of roomfor inprovenent fromthe
vi ewpoi nt of providing a stable and reliable punping operation. In
addition, since the diaphragmis fornmed by the |am nate 10P including the
singl e thinsheet menber 12P of the el ectroactive polynmer material, there
are proble ~5 that a deformation force o he di aphragm.is relatively
armt P Cand aluger shangs o LBecaRerbdibes that 3 Seipie Srotns FnfBead
to reductions..i ﬂ@ﬂ spopse i AHNP.
Thus, it is sgyg‘?%gﬁut gigggﬁ% eggﬁgre g%hggggo rg%%&@ﬁ?ﬁﬁgwgigggkgga

use of theyslemieces seaibvas,t ke sagdghrﬁ'%medlw APEEREFS PHIRP dt$Eingl t Biape.
el ectroactive effect. 20 SUMVARY T | N\VENTION | n view of "the above
probl ens, Bharefiere; naafording o ethist voluventdhange sof dhpr puinge chandicectit dact i ve

pol ymer_actuat.or, which includes the capahility of inproyving response speed
Bnd opér atReSIRIE] ook § JTtd SHCha aig 1t R shamber raveh e tnieker oy
is, the el j t.wat qr . i Ses. ' [ ' a
tubul ar b obr Padtdn Be bl MRS P bR b 8 R b e bR
formed on 3P | Wienppeyingher RF su,rtﬁ%@ql@fmgme reftiizbar fregIORry babdeén saeond
el ectrode formed on an outer peripheral surface of the tubdlar nenber; and
30 a vol t agjecappé Yayays AR, thorpuapping operatioal dangee bepteaesh the first and

-3 second el ectrodes to cause a deformation in the |lamnate, | n addition,
it is preferred Hawevehdn thgicase of ssing thislaminag dOR as Hin Jiaphragmyiiisr

furthey, inelpdes: . a second,t ulular nber. of an el ectrqgactiv | virer
mcer 1 R cOBRATCHL AT 8L Bl A he B 08h heh BB o
per i pher al oithfiBfe OfhdrBforel LA HRTBRAY ICRAETLE dnfiRRoPEmeRN Fom the

peri pheral 'surface of the second tubutar nenber through the second

el ect r ode; viempaant bf peoaldécg acdeble amdectlmblapumping gperatpdrer aln additéms of

t he second tubul ar nenber; 10 wherein_ the vol tage applying neans unit
appl i es t henggthegbaphmamieformed by the lapinatecHIR inclading dee singde Kbineen

h d hird el he def i i he | am .
(0 eCOM Y b RS SRS S, Bl b b TR
reliabjd i tyhaef ot RerslGYdiesh URIRE 8Fef eQﬁﬁbhx}‘a el {eGelathRY N8RatiONGRA N 4 Of

the 15 present invention Is to provi an el éctroactive polymer actuator

conpr i si ngdefermationaspeeidotireecobis edlhgivelat slow.pl Theswy naayplaadato redurdtionsng
menbers of an el ectroactive polynmer material having different dianeters and
a pluralitip exhaust amount and response speed of the diaphragm pump. Thus, it is
said that these problems are causes of preventing the actual use of the devices
such as the small-sized diaphragm pump using the electroactive effect.
20 SUMMARY OF THE INVENTION
In view of the above problems, a concern of the present invention is to
provide an electroactive polymer actuator, which includes the capability of
improving response speed and operation reliability of a device using
electroactive effect.
25 That is, the electroactive polymer actuator comprises:
a laminate including a tubular member of an electroactive polymer
material, a first electrode formed on an inner peripheral surface of the tubular
member, and a second electrode formed on an outer peripheral surface of the

tubular member; and

30 a voltage applying unit for applying a voltage between the first and



of ring el ectrodes having different dianmeters such that each of the ring
menbers is positioned between inner and outer peripheral surfaces of

adj acent 20 ring electrodes; and a voltage applying neans for applying a
vol t ages) between oddnunbered ring el ectrodes and even-nunbered ring

el ectrodes in the case of counting the ring electrodes in order from an

i nnernost ring el ectrode of the | ani nat®- to t hereby cause a deformation in
the lamn 45 r e he .pr .Jnyention is to provide
an electrggngééﬂ§3i§%%r d%ﬁ%ggbéggﬁé¥%kgé@ﬂggagﬁ§h§¥unique arrangenent of
l'am nat es descrifpeqdagion. ik Chrdfbrbddafatt iR (aR@Rite! bY G elBUtDHCHTe
response speed and operation reliability of a device using el ectroactive

ef fect. Thatlynser ddtistoadurthepindodes:i ses: 30 a plurality of |am nates each
having a triangul ar prjism shape, each of -4t he | am pates including a pair
of el ectrodes artiSe¢rnsl Behulanmembenof phetleispadive palyeneamatetiale wizich| y

[ angre hatbEE b GheEings il GBowptf RuS AR PR Bpt B Se e ¥ e
triangle, utgmﬁetu*b%'l&“ﬁfgﬁ?oé?ei's %@%Fﬁégﬂﬁfjaﬁ‘%nﬁ%f"?g}ighéﬁl %u?fa&%?dﬁf’ 1;'%{? fRloygonal

pattern s that t vertex o triang osi tione e vicinity

of a cent etubafart menfier\thensdh that deond decredshandf the | ami nates is spaced
from an adjacent | am nate by a required distance; and a vol tage applying
neans for applyi mghlad\ﬁdc@ta@«ie Betmeed wnt #i csitercperdploeral sueiage fafoiheesrspnet her
by the eleg r?activ olymer material with to respect to each of the

| am nat es,wtb”l‘rh Eﬁifgcause a deformation in the |am nate. Another concern

of the,present i TN0]7 RIS oyd.dqe: r ti ROl r or
char ac%ogri zed by‘maﬁgg%%lr a és‘tlgr)l(tﬁe(l: ur%ﬂ@g}%ﬁ l%gﬁ%m ‘E‘S‘?néﬂ@r@% %ﬁgavtoze}%gégg nat e
descri bed betwaen Vi dirst nadusiasnidhelecagdes | ddd/ betwéen ithprsecond 4meé phhde
speed and operation reliability of a device using electroactive effect.

That is, teélestradesise @au&%ﬂmd@ésmatlna isghe daminatact ure formed by winding a
| am nat e i ncl udi%an el ongathgd S eeE1 of an el ectroactive po erial,

I t
apair of first MRICOETond BBEYS UanFLyBPEOYe FewoBse sppediand Seeieleds of
the el O”Qafeqpab?ﬁﬁ%f A9 a8Pi e ubik: IePéc'n%ch@)éeéf%ffe&E %tﬁ& Whicdin bWFcthe

vol { or " app ) tage

el ectrode layers;” and a age applying means ylng a vo

bet weers t hpreskacinvege onagadproeidoas eletrdatayspolpnet ActuatosPbmptising:
structure. In addition, as a particularl éhpreferred apgl i cation of the
a

el ectroactive poi\aminatetigamed by dtepnasebnplacingrat pbmalityoof déxg methbetsr agm
el ectroacti ve, tuatqr of. an ne .of the

Bbove nent PhA & GEcATFoR S VB S angireial datin dhEecsat Fametshy dpfich RoeiFeans,
o IAPENARE SePolke TR TBRA, i dboaUPdfly ek Shacend
members is positioned between inner and outer peripheral surfaces of adjacent

20 ring electrodes; and

a voltage applying means for applying a voltage(s) between odd-
numbered ring electrodes and even-numbered ring electrodes in the case of
counting the ring electrodes in order from an innermost ring electrode of the
laminate, to thereby cause a deformation in the laminate.

25 A further concern of the present invention is to provide an
electroactive polymer actuator characterized by a unique arrangement of
laminates described below, which includes the capability of improving
response speed and operation reliability of a device using electroactive effect.
That is, this actuator comprises:

30 a plurality of laminates each having a triangular prism shape, each of



These and still other objects and advantages of the present invention 30

w il becone apparent fromthe follow ng detail description of the invention
-Sand preferred enbodi ments of the invention. BRI EF EXPLANATI ON OF THE
DRAWNGS FIGS. | A and 1B are perspective and cross-sectional views of an

el ectroactive polymer actuator according to a first enbodi nent of the
present invention; 5 FIGS. 2A and 2B are cross-sectional views illustrating

e et T Sl ShSRARFECL s, BB S HEPTRE yigoeoe
di -aphragm gu e‘ﬂs!\ﬂﬂicthhearéphﬂ%%"cilg': Fred*in?29 afRcAbR. REM ﬁp%ﬁ g g

cross-sectional Vviews show ng 'ectric circurt of the electroactive

pol yner acdtah@ing frbfa avdriexdoPLiERREl that Vi &\Weabra suaficeadfetheftriaf@ular
el ectroactive polynmer actuator according to a first nodification of the

first enbogliismnto; a FBiaSs.ofctheatmihngle athe laerisptest baiogardangessas sewhpbmil avi ews
showi ng an electric ci rgui t of t&%ev el ectroacti vg BOl %/,mer actuat.or of FIG
5. 15 P Greguar polygosskpatteen spehythat the wehiew ol tBe tfigaely Ecppyioneddn

pol ymer ac QF. . r di i ficati fit fi . .

poL Yot Bl RiniP £ el S/ nR TG R GR, bRE HntdPH Fiipates s o
7 FIG 9 iHReBFtSRCAT hiRc¥hEMnIhate bRl fRgufre@ldifanet 4id oactive pol ymer
actuat or according to a second enbodiment of the present invention; 20 FIG

10 i s a perspecta veoltagev applyitgmeane ¢6r ampplyarg r @avbdltage pbeywemn athieuat or
according to a third enbqdi nent of the present invention; FIGS. 11 A'to 1 |
C are schedlgeiredes spacedh G gashrther bydhefelectpparivenpelypeetamagatialgivithr i ve
unit usjng_ a ir of the ect.roactive po r.actuator f _the presgnt
vent thn re3pBaL g0 pred ' DsHEE JSHEAEY AR IRSHERy HoliR o deDmplitel G cibe

di aphr agm giaipatPETAI L DESCRI PTI ON OF THE PREFERRED EMBODI MENT Preferred
enbodi nents of the present invention are explained in detail referring to
the attached dradnotgser ddmoereof thd pseseatriodintint 5 tdoproeidd amieledthmactbepe of

the present jnvention. 30 <FI RST EMBODI MENT> -6As shown in FIGS, | A and
1B, an el eR@lyseest powapey gharactrizes: by dfspirgd srudure fpgaedent wiading an

Sixtn 1 no IRRiee Gamipatéclihatibey oy enbiof ohRiEoss Qo ABebliFo A0 ve

pol yme{y ”afrﬁgf(ﬁuin UeBs st 'sh@@d‘ AN@PBpe AR YehaBRltY 15t RISVt » using

first to seventh ring el ectrodes 21 to 27 having different dianeters in a

concent ri celeatroactive kffect halThaadd) this ddieator compridesr s i s positi oned between
i nner and outer &eri pheral surfaces of adjacent ring electrodes. In FIG
| A, the numeral UWedspirghasteuctare | formsde ohiwWingingt aadammingte pHrcdgdingasinch i s

ot achedBRalid SR BisPlohyt PR Bre ASCRP PR ind S e,
peri pheral cRidtlodeela9brd BSrrhéd Tn bppSsifEIBAacdsl of the elongated sheet, and an
20 insulation layer formed on one of the electrode layers; and
a voltage applying means for applying a voltage between the electrode
layers to cause a deformation in the spiral structure.
In addition, as a particularly preferred application of the electroactive
polymer actuator, the present invention provides a diaphragm pump
25 comprising the electroactive polymer actuator of any one of the above-
mentioned electroactive polymer actuators as a diaphragm drive means, and a
thin sheet of a flexible material as a diaphragm, on a surface of which the
laminate of the electroactive polymer actuator is mounted.
These and still other objects and advantages of the present invention

30 will become apparent from the following detail description of the invention



and the second ring el ectrode 22 can be obtained by form ng a conductive

| ayer on an outer peripheral surface of the first ring nenber 11. To form
the conductive | ayer, for exanple, it is preferred to use a physical vapor
15 deposition such as sputtering. Then, the second ring nenber 12 is placed
around the second el ectrode 22 such that the outer peripheral surface of
the first ring nenber 11 is connected t@_an inner peripheral surface of the

second tubul ar nber 12 t.hroygh e.second ring electrode 22. In addition,
the third %ﬁ@regggggreéﬂl%o%?ﬁgOﬂéﬁ%b‘fvaqrﬁ]é’d"by form ng a conductive |ayer
on an 20 outer periph JRAWEIGSr 12B. The

remai ning ring el ectr;ﬁﬁ??%ﬁg@%rﬁ%&ﬁ?ﬁ%@?ﬁ?ﬁﬁ}ﬂ%ﬁ“ ng §enbers (13-16)
are pl acedFEgSor didigl 1B dregpesspectivenart ciodsakteonal viewsaof adietectrodcnivehi s

enbodi ment, the first ring electrode 21 is positioned between a center
cyl i nder spolytheracinator hecotding toiarﬁrsmnﬁmdlmnt 25 the peesenh inverkia®; 1B, the

cortnog bokanS e AR sttt vsds SRBUSUBA lsberdts SRRy S °
el ectr odesellegtrbQaig‘?gg%}a{aﬁé%@%&g{:aﬁg& meg VB’ta ﬁ%ggﬁgﬁa’l ectrodes from

an innernoSt ring e _ first ring ele ) of the lamnate
5, to therelyScausand IBfaenheMaticnclo’s-seatibAdlt Sicws b at Blaphdfe@ pment,
the first, third, fifth and seventh ring electrodes (21, 23, 25, 27) are
connect ed wsinglihe astiatosie pol e of a DC power supply 30, and the second,

A R TR T A o e
on- of fmsvm &%g“géﬁg’%%ﬁ Og{é%é/etl%érip%a\@i\;eggcﬁﬁgﬁgv&%tgﬁose el ectrodes. 5 In the

el ectroactiv _ avin e above Structure, when the switch
3_2 I's tur n_FIG.OFS, ig @'ﬁi&ﬁﬁ@dth@_v@éwt be 4 damigdte of haBPeRrsetro4etive gﬁély&ﬁ&
dinmension in the radial direction of the | am nate decreqses, and t he

di mensi on actuater amcoading toex firstrmodifidati dnaod thet farst eorbeaipentas shown i n

FIG 1 A the lamnate 5 is mounted on the flexible.thin sheet 4, the
flexible t%mggi Anaed &ﬁcaw PETRESEIVEy AR cCIPSFSLREPNYIN VISWE eShWinge an

amnate. g ROMCIN o G, HebndiSihe MOSOEHEE BRET. s, urned oT, the

| am nate 5 recovers Its Origina 2B. Therefore, by
repeating FhGs ﬁ%t&g)&ﬁﬁé@tld@%e\b%f(ﬂ dphinae of theeefeJc%abﬁeetgmnséreet 4
can be periodically deforned. 15 As an exanple, in FIGS. 3A and 3B, a
di aphr agm peimptarsiacgrding tel & se¢qomacmiodédipasionref thecfitsdtesmbadimdig; pr esent
invention | s expl ai ned. ,Thi s, di.aphragm pu has a casi 1, having a concave
7 for provir:gqiné I%Iapﬁ}% VAR Ryeh Tipg mﬁ@bpgaﬁm Taealn@f fGale and exhaust
passages ( 3) : I . e

}3¥G. b 1?%}2}5&%&@&% 91&{‘@1(; 832&%‘(& S él@%tré?g{gﬁ gggm%}géﬁuﬁtor

flexible materi a overl ng 0 coOncave aS a am nate
5 of the ehesdrdfactd ¥QecbOhY BRIbRIGIeAt BF thé pradent Rl edfion; surface of the thin
sheet that is opposed to the surface facing the concave 7. Wen the thin

sheet 20 i sFhadd (bfis aa merspeatitee viaw , of he ldmimatat ef ian chehmactset polymeert hi n
sheet through a required insglga iorl)(ol ayer (rt]ot shown), The, nunerals 50 and
52 desi gnaBEUgHY.agrProme e g tirg gmbodiment of the preseahinveptionst passages (2,

3). Wen a t pl.i.e e u PR P r I s1bant by
t he defor rrgr(?ghqg?‘ t é?Fa#enath tgﬂlftt{%ov%ecsr%{aog’gm%&?er{g {elrgﬁgloi%g? lfj}nrr&é[%gf Fs{bnee
punp chambgiaphRggmh@ite hﬂitﬁls@1§ 3 paif Of theklcttidaetide Yo Pmas adtuatbss &X{RuUSt ed
fromthe punp chanber through the exhaust passage 3. en, when the applied

30 vol t agepiesentimweadiorn; laadl ami nate 5 of the actuator recovers its original

shape, _g. as.showmn in FIG 3B, so that the fluid conmes into the punp
chanbe#d t h%gqgtlnztlﬁ@ Gregsmectional adew-o %EEBY?fitF@’#dhﬁmaﬁﬁbPBnm-aphr agm punp

of the present j i R i j ng
operation at anb r%mgjﬁQ&%ﬁ%@@@gﬁiﬁ%ﬁﬁ"ﬁm‘gﬁfﬁﬁﬁwﬂﬁﬁﬁment. onal
el ectroactive pobyfRFreAAHBLAMAREDS RS pReSHARMY&UTON Ard BRPRAKE FPEBEIET Of
a single sheet nenber of the electroactive polyner material and a pair of
el ectrode refgeringftor tieel aitadhethdsawingses dbéweher, sthest ermmbbdiments de not
difficult to obtain a constant di aphragm notion during the punping

oper at i on, liggit $he seonreal Hopresenblid@ationi n t he present invention,

30 <FIRST EMBODIMENT>



1o since the lamnate 5 having the concentric arrangenent of the plurality
of ' ring nenbers of the electroactive polyner material is used as the

di aphragm drive neans, it is possible to provide a controlled di aphragm
notion at a high response speed. In addition, expansion and contraction
forces of the lamnate 5 are 15 equal to a sum of the expansion and
contraction forces of the respective ring nenbers (11-16). Therefore, the

actuat or of this, enbodi nen n pyovide_a nore powerful punping action than
the conventi onal*&éRQ%oM Eﬁ& 9 %W‘dt ﬁg’ anngjeetropelive P@Eﬁb‘g‘gr @gtlﬁgr of

el ect r oact ye I [ S o gl apihn e r [ ot her
advant age tpﬁagp%[ é%r%@énﬁ%n%ugﬁgg?ﬁ%@ i%ﬂgg%gﬁéh%ﬁiggni%??glﬁtarg | ed
Wi th accurgenhfely eslaense firdt atorramhtﬁﬂg flenites VPl tagd 6appVigd diffefdif
actuator. In the actuator of the present invention, the nunber of the ring
menber s ofdiahetersect anadedtveagivieypelymert maitetiali suakoas isilndanedubbdswendean when

using the actyator as the djaphragmdyive ans for,  the_di aphragm25 punp,
it is Pecdfif¥ Héﬁatteélaése?%gjlf%@ pevRsdh e eleetiadsy %Fﬂ)@gsh%‘?&%hn%é“‘r“énge

of 3 to 10, ieve t hj i.ng r ' reliabilit Mhen
t he nunberd%ﬁ]et? ?ﬁ% ?IIY na_g c%glﬁﬁbfrigc ﬁ’;é%%ﬁﬁea{)cﬁafrt\&&[gg Q@ﬁe&ettﬁ% r?‘%??’%ﬂ%%% lﬁe
size of the,RGbHEd ObetiweehOniéd andl oBfd |pedipherdle¥iff@des |dF adfdden®nringhe
production cost of the actuator may increase. 30 As an exanple, the

| am nat e oflettreded.ecin #dGt i Mo, fiod nomreralc 4 uddsognatés a flgxikibahpr skesttas a

i nvention can be manufactured by the following nmethod. First, a plurality

of tubul ardigehtagm, whi¢hts atadeddaca bodoposyrfage %ﬁ@liaﬁlm%ﬁ‘ving di fferent

di anmeters and a pluralit tubul ar el ectr,odgs haying differe di ameters
o6l Dor nat ol y sEsmble. e AR e FlerEbyR Hoert 5P rhinaC By dorHi Bue
concent ri CediMRiSe ﬁ%f‘ o ah hﬁn&UBH}igheﬁ‘a'l ek fREEST ARN PG HHE%@%&YII,
formng a conductive filmon the outer and/or inner peripheral surface of
t he respecdrnd ¢he isegome meg eledttddei2R cdn dePobraisdddy Soarmhingsa squrtduetiveg.
Then, the solid cylinder body is cut (or sliced) in a _direction

per pendi cule¥er o8 4 quigkipgripherd surtacetef bistlinsh ringgmsbsidded Taforathe

havi ng a desifyed. axi;al to.l ength. Acc?rdi n 0 t its nmet hod, , i t. if possi bl e
to effici ech(fl}({}"c Vﬁufl%‘?rﬂrgort ap}thd et SFONE %R rBatt Pbgsﬁ% yYﬁPror

act uat 0, ; tad YaTel h i G- ; e
first %{) s‘lﬂ?{(ﬁﬁrl %?@nﬁe? E&(Q%ﬂiﬁ%) Eiglfehf ﬁgé\g’?égg??oac %%ﬁlgce) yl%e}é %:atctggt or
of this enhodndethe sexond sleorrodal12 shicle khetsthe bouterlhpeipiasal sutfacs airthker r ed
to apply a_plurality of different 15 voltages (V1, V2, V3, V4) between the
odd- nunber Beptiming mbraber bljds copnected tozm inpey pesipheraledirase: ofethsossiconde
pol e and the even- nunbered,rin ectrodes.(22, 24, .2 connected to,the
Pegat|ve puRuTdt HemBRe Aep g hEAeEBHT TG 16 G 00E 2ot | BAHG Tith i
That is, aRPR V, a%)(gj i by

second ri ?ltg el gi&tgtlg%gg&? g?j gg)ﬁ li‘epg{%ted yb? ﬁ%&ﬁliﬁg? f?ﬁgu%rﬁil?}%ﬂm??n
smal | e20 t hountet Iperiphegraltsutfacef ofvibletsegond Yit)g armberdl 2B. t Atheseaeaidimneinghi r d

ring el ectrodes (22 23% spaced by the second ring nenber 12. Sim|arly,
the magni t elgetrefes ol24xdd) (and thsprremainagwsdg tnembesord3ahé) tarer aladedy

el ectrodes_(22,.23 aced by the second ring nenmber. 12 is.snaller than the
5 rmont ¢ c<sli|q ESSite Mani Go6Ram M BTta sy foubin SRbqgiment

el ectrodes t s 1% ki i gh&s ﬁu% 1 of

t he respectthl(e\zlizrsv(?)rﬁ%\gléé?izl‘(jtlglglb|yed41 g%%l&}gggdtldﬁg‘g F%g e[né%‘f,cr)g}-es r;rggmdg?%?lﬁi ned
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| ayer (e.g., 73) by the insulation |ayer (e.g., 64). As a result, each of
the first conductive layers (71-74) is connected to the exposed end of the
odd- nunbered ring el ectrodes (21, 23, 25, 27) on the top surface of the
laminate 5. On the other 15 hand, a single second conductive layer 80 is
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surface of the lamnate 5 such that the exposed ends of the even-nunbered
ring el ectrodes (22, 24, 26) are electrically connected to each other by

t he second conductive |layer. The second conductive |layer 80 is used as an
earth electrode. To apply the required voltages (V 1, V2, V3, V4) between
the first 20 conductive layers (71 -74) and the earth el ectrode 80, a
plurality of DC power sources (not showp) can be used. Alternatively, a
Schenkel circuit may, be used. |In thjs ca a plurality, of vpltages can be
obt ai ned HYC£OBNREIE WBoliér NEGAINEPOKeR 3 DERTVERE RN M anhths Seq9mhct i ve
pol ynmer a 0, . Li L t 42l £ expl al i .
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i's bent, amsaluion byydrhgatr sloown).n Fh& nuimerals 50 and 52 designate one-way

25  valves built in the intake and exhaust passages (2, 3).

When a voltage is applied to the actuator, the diaphragm 4 is bent by

the deformation of the laminate 5 to decrease an internal volume of the pump

chamber, as shown in FIG. 3A, so that a fluid such as air is exhausted from

the pump chamber through the exhaust passage 3. Then, when the applied

30 voltage is removed, the laminate 5 of the actuator recovers its original shape,



5 1n addition, as a third nodification, ring nenbers of the el ectroactive
pol ymer actuator may be formed in simlar elliptic rings, and placed such
that center axes of those ring nenbers are consistent with each other and
the each of the ring nenbers is positioned between adjacent ring

el ectrodes. <SECOND EMBODI MENT> to As shown in FIG 9, an el ectroactive
pol ymer actuator according to the secong_enbodi ment of the present

t h t I I t I t A each .h
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a base S of the triangle. In this enbodi nent he number of the |am nates
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| am nat e. By~ sinultaneously applying the voltages to all of the | am nates,
a di aphr agrhe¢Anzrhbehatlid diffical2® abuaange}metamfdlalbieragmnmicas dbsingahebe
bent as in the case of the first, enbodi nent, as shown by the arrows,in FIG
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22B. The insulation | ayer 60B prevents short circuit between the el ectrode
| ayers (2118SPons®) speedhe spiral structure. 5 This actuator also has a
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di aphragm 4B attached to the Spiral structure 5B can be bent ‘as in t

of the firmendtrdvodl bek€), dbherkfove, biye hbmator ofvchis rntbddinikdht ch) provide aabove
first to third enmbodi nents, a uni m)rph type di aghragm drive unit, which is
char act er | B9ge iDPviar&el pURIDARE @ctighi thandhs nventosa @@W@Htrtilﬁﬁégpmlynﬂ?ﬁ
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| aninates 5 of thé electroactive pol ynmer actuators of the present I|nvention

ar e no2nt ediaphramhvanubé goagrobliedawithaguivnagy i respynbe tosethaghitudbicf these,

by applying a voltage only to the lamnate 5 of the upper actuator, the

di aphr agm ¥oléage bﬁplb%dﬁo tls%a@tmm in FIG 11 A In addition, by 2o applying
a voltage only t

ate.5,o0f the | d 4
be bent, as sho H °H U CefTﬂ’%r ‘E)Sree@tolt‘mﬁreg lrjrm“ﬁhh’[lwgrdbggﬂ?a rﬂ]gd”c\allg
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clainmed is: -
when using the actuator as the diaphragm drive means for the diaphragm

25 pump, it is recommended to select the number of the ring members within a
range of 3 to 10 to achieve the high pumping performance with reliability.
When the number of the ring members is more than 10, there is a case that the
size of the actuator is too big for small-size devices. In addition, the
production cost of the actuator may increase.

30 As an example, the laminate of the electroactive polymer actuator of



1. An el ectroactive polyner actuator conprising: a lamnate including a

t ubul ar nenber of an el ectroactive polynmer 5 material, a first el ectrode
formed on an inner peripheral surface of said tubular nenber, and a second
el ectrode fornmed on an outer peripheral surface of said tubular nmenber; and
a voltage applying neans for applying a voltage between said first and
second el ectrodes to cause a deformatiqQg_in said lamnate. to 2. The

el ectroactjve pol yner actuator, as set. forth in cl.ajm1, wherein i

s nat e U ERESCTHEVSRAGR Cand Brarorassred bidnbdplifiine BrbeH odarilve

pol ymer [1ak,, ' 5.1 C ' I t hat
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i nner peridifffreht HametdsOoindad Plagdagdof Ubuddr BRIRIdeshhavigly safférgrcond
el ectrode; and a third electrode fornmed on an outer peripheral surface of
sai d secontiamebedsanrareatbenately plaeedi to sebitdiny ol tsadiel aypindengbodwnnkawdpgl i es
the vol tages) between said first ﬁ% segond lgtlylﬁg”ge??es nd bef ween sai.d
second Sand RSP IEGIe JaY & Sc alsach Ak it HaE plictiades fap bambiaingd 25
3. The el |V I tor. a t_f ' ' i said
t ubul ar rre%ggﬁgﬁtg gadl%gld}sﬁgglgﬁgﬁtrﬂugotﬂ L}}e ﬁ%ﬁearmgélteﬂg#&h%rﬁ%ﬁv?réw%ég Og hapes
havi ng di ftﬁq@r@@ge@im r?%erﬁ’ﬁéﬁhw@ﬂﬁuﬁ@!&ﬁ‘%WD%bﬂlcﬂf kaowed $putedtimd.n
said | am nate. 30 -1547 The el ectroactive polynmer actuator as set forth

i n cl ai m ZThevethei solehchlindersbodly isibut éor steoddgrinamdirseiion pecpenticulasltar
menber is fornmed in a hollow cylinder shape having a center of its outer
circle disits asdl dirsstippetocobtaip srdiskshpped lapiipaiechawing a desired axial

10 length. According to this method, it is possible to efficiently manufacture
the laminate for the electroactive polymer actuator of the present invention.
By the way, as shown in FIG. 1A, the first to sixth ring members (11-
16) of the electroactive polymer actuator of this embodiment has a same wall
thickness. In this case, it is preferred to apply a plurality of different
15  voltages (V1, V2, V3, V4) between the odd-numbered ring electrodes (21, 23,
25, 27) connected to the positive pole and the even-numbered ring electrodes
(22, 24, 26) connected to the negative pole of the DC power supply according
to the following manner.
That is, a magnitude of voltage (V1) applied between the first and
20 second ring electrodes (21, 22) spaced by the first ring member 11 is smaller
than the magnitude of voltage (V2) applied to the second and third ring
electrodes (22, 23) spaced by the second ring member 12. Similarly, the
magnitude of voltage (V2) applied between the second and third ring
electrodes (22, 23) spaced by the second ring member 12 is smaller than the
25 magnitude of voltage (V3) applied to the third and fourth ring electrodes (23,
24) spaced by the third ring member 13. The magnitudes of the respective
voltages applied between the ring electrodes are determined such that an
expansion amount in the axial direction of each of the ring members is
substantially equal to that of the adjacent ring member. As a result, it is

30 possible to achieve a uniform elongation in the axial direction of the laminate.



5. The el ectroactive polyner actuator as set forth in claim2, wherein a
wal | thickness of said tubular nenber is determned to be greater than the
wal I thickness of said second tubular nmenber, so that a uniform el ongation
in the 1o axial direction of said tubular nmenber and said second tubul ar
menber is obtained when said vol tage appl yi ng neans applies a sane voltage
between said first and second el ectrodegsgand between said second and third

el ectrodes. 15 6, T t tiye I r . th.q | ai m
olecirodes. 15 s miBsfbEl R0 ° ROISHTE o EbURIRE e SRFHAE \hitdbeg! o
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between said first and second el ectrodes, which is snaller than the voltage
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el ongation in the axial 20 direction of said tubular nenber and said second
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plurality of |am nates e having a.triangul ar pri.sm shape, ch of 25
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member, Whi\ePacdf 6f tht qamthaleysPhal AcbRd Anshatichi RRCR (F1V63! Sale7h! die
extending froma vertex of a triangle that 1s a general surface of “said
tri angul arfoprieginon expobadsends of ahel oddiangberedsrng dlectroddse@ 1@ @Sar27anged
as a whole in _a polygonal pattern_ such that the vertex of said triangle is
posi t i onedos 8 haitamesuyfage wiftthe daminatent er of sai d pol ygonal pattern, and

each of said | ampates +.16I ced,from an adj ] nat e a
required d; stanc ,elbr?dpglrmi%f Qgéﬁgﬁlﬁ?%%lvﬁe@w% Lﬁg&plﬁn@gﬁaﬂ\?ﬁ%!%g
bet weepy sajdl (fl qohr Qfigscs BRARE Fahﬁ%ﬁea%hsﬁlﬁgt‘iqtbé’a&ﬁb@' thb Gt O&fiduitive
pol ynmer materi al th respect to each of sal am nates, to thereby cause a
def or mat i olayets &agd R)lisrsepatated Frommrehdacenafititwondoakyiveriaget (@gQr73)

conpri si ng}is a spiral structure fornmed by winding a |an nate I ncluding an
el ongat ed Bhdhe insulatiosl kyer dag.i 94) poAserrepelteeach of thgafirst gorrducsiveand

d electrod f d it f f i,d el ted
Sheet . and Pt K21 bn cPAJEHeR olonEhe SHPBNES i AL (O ASTBERPIAG. Tkger s.
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Iayers to cause a on’iIn sal spiral structure. dra agm
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di aphragm dri ve nmeans, and a thin sheet of a flexible material as a

di aphr agm swiface ofithedeminatghf ctuchathat thei exposedfendseoke ke evendarimeensd| yrer
ring electrodes (22, 24, 26) are electrically connected to each other by the

second conductive layer. The second conductive layer 80 is used as an earth
electrode. To apply the required voltages (V1, V2, V3, V4) between the first

20 conductive layers (71 -74) and the earth electrode 80, a plurality of DC power
sources (not shown) can be used. Alternatively, a Schenkel circuit may be
used. In this case, a plurality of voltages can be obtained by a single power
source.

Next, modifications of the electroactive polymer actuator of this

25 embodiment are explained.

As a first modification, as shown in FIG. 5, it is preferred that a
laminate of the electroactive polymer actuator is formed such that wall
thicknesses (T1, T2, T3, T4) of first to fourth ring members (11, 12, 13, 14)
satisfy the condition of T1>T2> T3>T4. That is, the wall thickness of each of

30 the first to sixth ring members is determined such that when a constant



20 actuator is nmounted. 10. A diaphragm punp conprising the el ectroactive
pol ynmer' actuator of claim7 as a diaphragmdrive neans, and a thin sheet of
a flexible material as a 25 diaphragm on a surface of which said | am nates
arranged in said polygonal pattern of the el ectroactive polymer actuator
are mounted. 11. A di aphragm punp conprising the el ectroactive pol yner
actuator of claim30 8 as a diaphragm drjijve neans, and a thin sheet of a

flexible material as. a -17di aphragm on a, surface of which said spiral
struct ur e \Oagsasanpisddeiese Be adipumbessd sme dlefpades donsectsd tafhe

el ectroactj ve,. i , | .am I .nately
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di fferent "dianeters such that "each of said ring nmenbers is positioned
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said ring el rodes i rder.froman i nnernost ring el ectrode of said

| am nat e, %Eﬁm?g%nggﬁg%i’%n% rmation in said lamnate. 15 13. A

di aphragm punp oWmRhi $H19iddeh&lcBRki ARG PRéWERN, el HadGlurRbereatifip12 as
a di aphragm drive rrea%bsﬂ,]ggné]d a tChi n asheetﬁ%fe a flexible mat euri ael: as 12};

di aphr agmelectradss (2 Bc23,025 mimd ithes aveninumbatd ridg eheteldest(2@alu) \of thel ymer

20 actuator is nounted. 14. A di aphragm punp conprising a pair _of the
el ect r oactlptEnpisl §ritr isaprafexred tof farmniam aleclic sirghidpas sheway ivdIGSarA and
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ends of the odd-numbered ring electrodes (21, 23, 25) on a top surface of the
laminate, and second insulation layers (62, 64) are formed on exposed ends of
the even-numbered ring electrodes (22, 24) on a bottom surface of the
laminate 5.

15 Then, a first conductive layer 70 is formed on the entire top surface of
the laminate 5 such that the exposed ends of the even-numbered ring
electrodes (22, 24) on the top surface of the laminate are electrically
connected to each other by the first conductive layer. Similarly, a second
conductive layer 80 is formed on the entire bottom surface of the laminate 5

20 such that the exposed ends of the odd-numbered ring electrodes (21, 23, 25)
are electrically connected to each other by the second conductive layer.
Finally, the DC power supply 30 is connected between the first and second
conductive layers (70, 80) through the on-off switch 32.

As a second modification, as shown in FIGS. 7 and 8, each of the first

25 to fifth ring members (21-25) may be formed in a cylinder hollow shape such
that a center P2 of the inner circle C2 is displaced from the center P1 of the
outer circle C1. When a voltage is applied to this laminate 5, a deformation
of the laminate happens such that the dimension in the radial direction of the
laminate decreases, and the dimension in the axial direction of the laminate

30 increases. In this case, a contraction amount in the radial direction at the



15. The el ectroactive polynmer actuator as set forth in claim 12, wherein
the 30 nunber of said ring nenbers is within a range of 3 to 10.
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plurality of laminates SA each having a triangular prism shape. Each of the

laminates SA includes a plurality electrodes 20A and electroactive polymer
materials 10A, which are alternately placed in a direction of a vertical line
15 extending from a vertex P of a triangle that is a general surface of the
triangular prism to a base S of the triangle. In this embodiment, the number
of the laminates is 8.
Those laminates SA are arranged as a whole in an octagonal pattern
such that the vertex P of the triangle is positioned in the vicinity of a center of
20 the octagonal pattern, and each of the laminates SA is spaced from an adjacent
laminate by a required distance d. This actuator also has a voltage applying
unit (not shown) for applying a voltage between the electrodes 20A of each of
the laminates to cause a deformation in the laminate. By simultaneously
applying the voltages to all of the laminates, a diaphragm 4A attached to the
25 arrangement of the laminates SA can be bent as in the case of the first
embodiment, as shown by the arrows in FIG. 9.
<THIRD EMBODIMENT>
As shown in FIG. 10, an electroactive polymer actuator of the third
embodiment has a spiral structure 5B formed by winding a laminate including

30 an elongated sheet 10B of an electroactive polymer material such as silicon
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structure SB, a diaphragm 4B attached to the spiral structure SB can be bent as

in the case of the first embodiment, as shown by the arrows in FIG. 10.
10
In the above first to third embodiments, a unimorph type diaphragm
drive unit, which is characterized in that a single laminate 5 of the
electroactive polymer actuator of the present invention is mounted on one
surface of the diaphragm 4, was introduced. However, as shown in FIGS.
15 11A to 11C, a bimorph-type diaphragm drive unit, which is characterized in
that a pair of laminates S of the electroactive polymer actuators of the present
invention are mounted on both surfaces of a diaphragm 4, may be used. In
this case, by applying a voltage only to the laminate S of the upper actuator,
the diaphragm 4 can be bent, as shown in FIG. 11A. In addition, by
20 applying a voltage only to the laminate § of the lower actuator, the diaphragm
4 can be bent, as shown in FIG. 11C. Therefore, this bimorph-type

diaphragm drive unit can provide an increased range of the diaphragm motion.
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second electrodes to cause a deformation in said laminate.

10

2. The electroactive polymer actuator as set forth in claim 1, wherein said
laminate further includes:
a second tubular member of an electroactive polymer material, which
15 is placed around said second electrode such that the outer peripheral surface
of said tubular member is connected to an inner peripheral surface of said
second tubular member through said second electrode; and
a third electrode formed on an outer peripheral surface of said second
tubular member;
20 wherein said voltage applying means applies the voltage(s) between
said first and second electrodes and between said second and third electrodes

to cause the deformation in said laminate.

25 3. The electroactive polymer actuator as set forth in claim 2, wherein said
tubular member and said second tubular member are of hollow cylinder
shapes having different diameters, which are concentrically arranged to obtain

said laminate.

30
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5. The electroactive polymer actuator as set forth in claim 2, wherein a wall

thickness of said tubular member is determined to be greater than the wall
thickness of said second tubular member, so that a uniform elongation in the
10 axial direction of said tubular member and said second tubular member is
obtained when said voltage applying means applies a same voltage between

said first and second electrodes and between said second and third electrodes.

15 6. The electroactive polymer actuator as set forth in claim 2, wherein said
tubular member and said second tubular member have a same wall thickness,
and wherein said voltage applying means applies the voltage between said
first and second electrodes, which is smaller than the voltage applied between
said second and third electrodes to obtain a uniform elongation in the axial

20 direction of said tubular member and said second tubular member.

7. An electroactive polymer actuator comprising:
a plurality of laminates each having a triangular prism shape, each of
25 said laminates including a pair of electrodes and an electroactive polymer
member, which are alternately placed in a direction of a vertical line
extending from a vertex of a triangle that is a general surface of said
triangular prism to a base of said triangle, said laminates being arranged as a
whole in a polygonal pattern such that the vertex of said triangle is positioned

30 in the vicinity of a center of said polygonal pattern, and each of said laminates
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8. An electroactive polymer actuator comprising:
a spiral structure formed by winding a laminate including an elongated
10 sheet of an electroactive polymer material, a pair of first and second electrode
layers formed on opposite surfaces of said elongated sheet, and an insulation
layer formed on one of the said electrode layers; and
a voltage applying means for applying a voltage between said
electrode layers to cause a deformation in said spiral structure.

15

9. A diaphragm pump comprising the electroactive polymer actuator of claim
1 as a diaphragm drive means, and a thin sheet of a flexible material as a
diaphragm, on a surface of which said laminate of the electroactive polymer

20 actuator is mounted.

10. A diaphragm pump comprising the electroactive polymer actuator of claim
7 as a diaphragm drive means, and a thin sheet of a flexible material as a
25 diaphragm, on a surface of which said laminates arranged in said polygonal

pattern of the electroactive polymer actuator are mounted.

11. A diaphragm pump comprising the electroactive polymer actuator of claim

30 8 as a diaphragm drive means, and a thin sheet of a flexible material as a
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5 12. An electroactive polymer actuator comprises:

a laminate formed by alternately placing a plurality of ring members
of an electroactive polymer material having different diameters and a plurality
of ring electrodes having different diameters such that each of said ring
members is positioned between inner and outer peripheral surfaces of adjacent

10 ring electrodes; and

a voltage applying means for applying a voltage(s) between odd-
numbered ring electrodes and even-numbered ring electrodes in the case of
counting said ring electrodes in order from an innermost ring electrode of said
laminate, to thereby cause a deformation in said laminate.

15

13. A diaphragm pump comprising the electroactive polymer actuator of claim
12 as a diaphragm drive means, and a thin sheet of a flexible material as a
diaphragm, on a surface of which said laminate of the electroactive polymer

20 actuator is mounted.

14. A diaphragm pump comprising a pair of the electroactive polymer actuator
of claim 12 as a diaphragm drive means, and a thin sheet of a flexible material
25 as a diaphragm, on opposite surfaces of which laminates of the electroactive

polymer actuators are mounted.

15. The electroactive polymer actuator as set forth in claim 12, wherein the

30 number of said ring members is within a range of 3 to 10.



