08 JUN 2006 -1 SPECI FI CATI ON ELECTROACTI VE PCLYMER ACTUATOR AND DI APHRAGM
PUVP USI NG THE SAME BACKGROUND OF THE INVENTION s 1. Field of the

| nvention The present invention relates to an el ectroactive q%OMZ 5
actuator, which is preferably used for devices such as smal1*
di aphragm punps, and a di aphragm punp using the actuator. 2. Disclosure of
the Prior Art 10 In the past, for devices such as small-sized di aphragm
“punps, it has been proposed to use a | am nate conposed of a sheet of an
el ectroactive polynmer nmaterial ch as silicaon rubber and an acrylic
~ material, and a pair of electro §F4(:4ﬂ9§1f1<91ﬂed on both surfaces of the

: sheet. Wien a volta%e Is applied between the el ectrode |ayers, a

def or mati on of EREUlEWALTE \HappEndMER AERUAAAIR AANDBMAPHRAGM he

t hi ckness (vert'ﬁﬁjél%[‘g%I | of the lam nate decreases, and the
di mension in th% i &?f(gltﬂﬁls n of the lamnate increases. This
phenonmenon is known as el ectroactive effect. For exanple, Japanese Patent

"Early Publication [kokaiBAKKGREYIND €32 FEIKIINMIGEEON di aphr agm punp usi ng

the el ectroactive gffect. . .That is, 20 as shown in FIG 11, this diaphragm
punp c%rrpiigbeid %ﬁ%ﬁﬂ?ﬁeﬁt@%avi ng a concave 7P for providing a punp chamber
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forrfed pnabétahiﬁepﬁ/lfm@un’ip uh'm,gtthier&mhéer. nmenber by a physical vapor
gleggflrt)ldggl @giggérfggﬁyeelgrliglglﬁrwen a voltage is applied between the
10 In the past, for devices such as small-sized diaphragm pumps, it has
been proposed to use a laminate composed of a sheet of an electroactive
polymer material such as silicon rubber and an acrylic material, and a pair of
electrode layers formed on both surfaces of the sheet. When a voltage is
applied between the electrode layers, a deformation of the laminate happens
15 such that a dimension in the thickness (vertical) direction of the laminate
| 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. lThat is,
20  as shown in FIG. 11, this diaph_ragm 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 & thin-
sheet member 12P of an electroactive polymer material, and a pair df
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




dimension in the thickness direction of the diaphragm| OP decreases and the
di mension in the horizontal direction thereof increases. This brings a 08
JUN 2006 -2 volune change of the punp chanber that is a qu&aﬁgﬁ Pﬁgnded
by the <concave 7P and the di aphragm 10P. On the ot her hand

applied voltage is renmoved, the di aphragm 10P recovers its original shape.
Therefore, according to this vol ume change of the punp chanber, it is 5
possible to suck a fluid such as air into the punp chanber through t he
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operation. Therefore, it still has plenty of roomfor inprovenent fromthe
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Thus, it is said thgﬁhese probl~ens ar caus of prrqlelveg?{l ng the actual

use of t heleténidedayesuthP athis pangsing lopstatésh darﬁbhlialgfmt@&lrrp usi ng the
el ectroactive effect. 20 SUVMMARY OF THE | NVENTION I n view of the above
probl ens, a conE@Wewst, ihthqeassenk usingdhis laminatet WP ps dhe déaphragm, it is

o e OaC e RETED, RSl Ol MELER, | B oS, e, conglt ] L, o by 1
effect. 23pdhiod. s  ThBEBFECH RAF hhY D18 IR AR fb?tl?ﬁpr%%ﬁ{én%eéom the
viewpoint of providing a stable and reliable pumping operation. In addition,
since the diaphragm is formed by the laminate 10P inciuding the single thin-
sheet member 12P of the electroactive polymer material, there are problems
15 - that a deformation force of the diaphragm is relatively small, and a
deformation speed thereof is relatively slow. These may lead to reductions
in 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 lthe-capability of
improving response speed and operation -reliability of a device using
clectroactive effect. |
25 That is, the electroactive polymer actuator comprises:
a laminate including a tubular member of an electroactive polymei‘
material, a first electrode formed on an inner peripheral surface of tfle 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




a lam nate including a tubular nmenber of an el ectroactive pol yner

material, a first electrode fornmed on an i nner peripheral surface of the
tubular nenber, and a second el ectrode forned on an outer p hﬁ@%bgé
surface of 'the tubular nenber; and 30 a vol tage appl yi ng un pl yi ng
a voltage between the first and 08 JUN2006 -3 second el ectrodes to cause
a deformation in the lamnate. In addition, it is preferred that the

| am nate of the el ectroactive polyner actuator further includes: a second
tubul ar nmenber of an el ectroactive polynmer material, which 5 is placed
around t h&txedorlgcispdes toearuseue defarmationeinoliedanynatepher al  surface of the

tubul ar menber js conpected to an. inner, peripheral surface of the second
t ubul ar nenber bjrwa(f@djﬁo’ﬂhét S&cBrdcHicdcthalqthe daminatenpf dthe slesteietivgr ned

on an out 51}91%11’ f&ﬁﬁﬁ!t fﬁ%‘::??x? .lﬁﬁeé-he second tubul ar nenber; 10 wherein
Ee appl yi ng it )

the volta means u applies the voltage(s) between the first
and second el eci kedesd aibulRetiMaABe; BE spesRRH M%é ' i cause
the deformation in the | am nate. (I:J/bregver,' to ac ig\t;[eﬂ?ﬁl‘rat e%ﬁlgpﬁpq?%it\?gd
response sppkdedmdoopdtix second electbideisughahat the eleet peripheryd seifeerafact i ve
ef fect, ar}?th r concern of the 15 present invention Is to provide an

el ect r oactis BIOAL msmbern Fagnneastedh i snnignea peeiphacal surficeeef tie sgaoadnat el y

pl aci ng a ity, of .rin nber s f an.electroactive polynmer materi al
havi ng  di F‘?A_etﬂéﬁb}e&x%%@éﬂgb %ecpﬂ”fi]regp?tt‘?df%&fmii ng el ectrodes having
different di affeh%ﬁdsé{%trbﬁétfoﬁ%p A ahutkt ggri g@fﬁ?%?fa'c% FOFd sQned

bet ween i nner and outer peripheral surfaces B jacen 0'rrng

el ectr odesybiadnemiodit age appl yi ng means for applying a voltage(s) between

odd- numbered ring el ectrodes and even-nunbered ring el ectrodes in the case
of 10 wherein the voltage applying means unit applies the voltage(s)

between the first and second electrodes and between the second and third
electrodes to cause the deformation in the laminate.

Moreover, to achieve further improved response speed and operation
reliability of the device using electroactive cffect, another concern of the

15  present invention is to provide an electroactive polymer actuator comprising:

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 the ring
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 1s, this actuator comprises:

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




counting the ring electrodes in order froman innernost ring el ectrode of
the lamnate, to thereby cause a deformation in the |amnate. 25 A further
concern of the present invention is to provide an electroacbééﬁNeB ymer
actuator characterized by a uni que arrangenment of | am nates described
bel ow, which includes the capability afsifrproving response speed and
operation reliability of a device using electroactive effect. That is,
this actuator conprises: 30 a plurality of |am nates each having a
triangul ar, prism shape, . each of Q8 JUN 2006 -4 the |am nates including a
pair of oPhsb ladinacs iachiiBE c& task it pleciodpieand menblectroapiive polymer

al ternate ced.i-n a directiaqn,of .a vertical,.line extending froma
vertex of %%‘%&ngﬁhééh Wi iaite&na&g]ryer%@pcg rifta e difecinn toifi anygrtigal E‘Pf’sm to
a base of L ggh & ' i I l.e: i 5
eout ar polindii 8h B vrie: bR (PRER Rl 9 A BN AR R, Pl Bufr

posi ti onegrism td ebagecoNtiiey tding@el e BimatéBeR@! M9MMAd Bt #hBle &g each
of the lamnates is spaced froman adjacent |amnate by a required

di st ante; regidan polirgansd raieryisughtbahshd vertappifithagriangtd iagesivieneden t he
el ect rodeﬁé‘ggaceﬁ frfgm each of her t he el ectroactive polyner materij al

by
with 10 LAy Plea cpnisr qlhihe polysanakpattern; padeanshcal the lanaieréasnst i on
in the |ap : t he present invention is to provide an
el ectr oac?ﬁ%/éyf %gwgnlgﬁaﬁg%%e&g?%ﬁ{%gﬁ%& Eerqoui@&e@?ta&cgp?’?gl structure forned
by wi nding an gl ea@gabed lipat cri,be : OW, | LN t
capability of 15 i rrprtcg)v-i r?gﬁpéggoﬁg%ﬁ%peﬂgg gﬁgﬁ}é‘g rgwlgrf]tafggl ?gﬁ{;ﬁ%}t ya%f a
devi ce uskhgtraslesctpaoed tiram efchecther Byathel slectrbadtiae pohtraer aon@fialsesth t he

spiral structure formed by winding a lam nate including an elongated sheet
of an'®l eEeshSakttoy82pl| 9idhe nhameinatas, t@ paerebpf cdusese deforswdiond inethect r ode
| ayers fo'iﬂﬁ%a?@. opposite surfaces of the elongated sheet, and an
Another concern of the present invention is to provide an electroactive
polymer actuator characterized by a spiral structure formed by winding an
elongated laminate described below, which _includes the capability of
15  improving response speed and operation reliability of a device using
electroactive effect. 'Thaj is, this actuator comprises:
the spiral structure formed by winding a laminate including an
clongated sheet of an electroactive polymer material, a pair of first and second
~electrode layers formed on opposite surfaces 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




20 insulation | ayer fornmed on one of the electrode | ayers; and a voltage

appl ying neans for applying a voltage between the electrode |ayers to

cause a deformation in the spiral structure. In addition, as & ﬁ@bbgularly
rmati o . o8y

preferred application of the electroactive polynmer actuator, e ‘present

I nvention provides a diaphragm punp 2% conprising the el ectroactive

pol ymer actuator of any one of the above nentioned el ectroactive pol yner

actuators as a diaphragmdrive nmeans, and a thin sheet of a flexible

material as,a di aphragm .,.on a surface of, which the [|am nate of the
el ect roacEErM/Br%JS}”%Hé?”q‘é%@%‘ﬁF OE§LWYEI§HJ.H-These and still other objects
and advantages of th ' | Ry pparent fromthe
foll owi ng detai l des??ﬁ?%*‘wﬁgﬂlg\%n i(r)r\#}i‘; b}gﬁwgg% -5 and
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FIGS. 1A and | B are perspecti've and cross-sectional views of an
el ect r oacpolyencrpadtyater aacordingro acfist dnigodiment foif the peedeadinmenitionf; t he
present invention; 2A and 2B are cross-sectional views illustrating

5 FI GS. : ,
a def or maflGh- @A epd 2B aretqroassedisond) viewrs Hbistatiog @ slefermaliem of thel t age
is applied, FIGS,. 3A and 3B are schemgtic cross-sectional .views of a
di aphr ag n?dlﬁﬁﬁﬂacﬂg? ﬂ?ﬁ?¥rﬁ8r _ai‘:ft“&ﬁ?fo?%usgac‘;‘éf.lefhw&i@gﬁéé &PBﬁB@T spective and
Cross-secpygRal A/ 'aﬁ}ﬂ’séﬁgé}%" Qefhict Or !s%%%ﬁbﬁaﬂz{e‘b&f‘é by dfa{b%r& fChiApct ! ve
pol ynmer actuator; 'S a perspective view of a |lam nate of the
el ect r oactibing thelachiitor;act uator according to a first nodification of the
first embodi ment; FIGS. 6A and 6B are perspective and cross-sectional views
showi ng aHIG8l ethr andc#Bcare mfrspemtivel @ndr osussiseetipnhly mewacshawong af Fl G
5, is FIG. 7.is a gers %ctive view of a lam nate of the electroactive
© pol ynk? electric circuit of the electroactive polymer actuator;
FIG. 5 is a perspective view of a laminate of the electroactive polymer
actuator according to a first modification of the first embodiment;
FIGS. 6A and 6B are perspective and cross-sectional views showing an
electric circuit of the electroactive polymer actuator of FIG. 5;
15  FIG. 7 is a perspective view of a laminate of the electroactive polymer
actuator according to a second modification of the first embodiment;
FIG. 8 is a plan view of a ring member of the laminate of FIG. 7
FIG. 9 is a perspective view of a laminate of an electroactive polymer actuator
according to a second embodiment of the present invention;
20 FIG. 10 i3 a perspective view of a laminate of an electroactive polymer
actuator according to a third embodiment of the present invention;
FIGS. 11A to 11C are schematic views showing operations of a bimorph-type
diaphragm drive unit using a pair of the eleciroactive polymer actuators of the
present invention; and |
25 - FIG. 12 is a cross-sectional view of a conventional diaphragm pump.
DETAIL DESCRIPTION OF THE PREFERRED EMBODIMENT
~ Preferred embodiments of the present invention are explained in detail
referring to the attached drawings. However, these embodiments do not
limit the scope of the present invention.

30  <FIRST EMBODIMENT>




actuator according to a second nodification of the first enbodinent; FIG 8
Is a plan view of a ring nenber of the lamnate of FIG 7 FIG 9 is a

perspective view of a |lam nate of an el ectroactive pol yner ag& Eﬁgo)_ro
according to a second enbodi mnent of the present invention; 2 ?8 is a

perspective view of a |lamnate of an el@ctroactive polymer actuator
according to a third enbodi nent of the present invention; FIGS 11A to 11C
are schematic views show ng operations of a binorph-type diaphragmdrive

nit ing a pair of the rpacti ol r actyators of the r esent
i entTond 2 PoAL Bown T TR, PRYAY TeD il FcudRellie oty BsR ehathg

di aph : PTI : D d
| aphr agratpu s BN BESOR. RION, OF JEF [BREFEERED GAREDLMVENT, i ler r e

enbodi ment s the present I nvention are expla errrng to
the attachieerndtely piinglofiyefo siRASEneTRRIhPEAT $10Q NG halinp diffeRenicope
~of the present invention. 30 <FI RST EMBCDI MENT> 08 JUN 2006 -~ 6 As shown
in FIGS. diametdrsBf aancletwotcives piobempphyateriabstictatosilidon tisbdri arsd an
enbodi ment has a di sk-shaped lamnate 5, which is fornmed by alternately

pl aci Ny f AFIHic patsrialy apd farshdoiseventhuring electredasnbl & 27 drasring daffgranter s of

| ect ' I i al h i]i .and 5 rvli
on et ect R B8 YIRS Agthedt Dbl GBS uan R SR
di anet er sph&tR/neANSERYEL S iBgEf &1l SHAB iplféi‘&lh spirakBe §f "&gl‘eﬂ?éi'ﬁ?efiﬁ I'S
PoOsSI ti oned between i nner an out er peri eral surraces o a JJaCEI'lt r Igng

el ect r odeslectrodeb G IAATIG.heApuhemaimératigfs iedlahges a Flegit1bl thin Rhoetsheat as a
di aphragm_ which is attached to a bottom surface of the lam nate 5. 10 For

exanpl e, fiwphragey whinl ishteehedito 2 bottam erfabe af tlexldanyinats fi ng a
conductive | ayegr, on _an inner peripheral surface of the fir ring.nmenber
11, 3ahd the seEBﬁ&XF‘%e’eﬁ@cﬁF% @&??%W‘%efgﬁﬁﬁi%ﬂbwff‘ﬂ’ﬁiéﬁ ng a

conduct i Vesndyctive layer on an inner peripheral surface of the first ring member 11,

and the second ring electrode 22 can be obtained by forming a conductive
layer on an outer peripheral surface of the first ring member 11. To form the
conductive layer, for example, it is preferred to use a physical vapor
15 deposition such as sputtering. Then, the second ring member 12 is pliaced
around the second electrode 22 such that the outer peripheral surface of the
first ring member 11 is connected to an inner peripheral surface of the secoﬁd
tubular member 12 through the second ring electrode 22. In addition, the
third ring electrode 23 can be obtained by forming a conductive layer on an
20  outer peripheral surface of the second ring member 12B. The remaining ring
electrodes (24-27) and the remaining ring members (13-16) are placed
according to the same manner to obtain the laminate 5. In this embodiineﬁt,
- the first ring electrode 21 is positioned between a cchter cylinder solid 40 and
the first ring member 11. |

25 As shown in FIG. 1B, the electroactive polymer actuator has a voltage
applying unit for applying a voltage between odd-numbered ring electrodes
and even-numbered ring electrodes in the case of counting the number of the

ring electrodes from an innermost ring electrode (i.e., first ring electrode 21) |
of the laminate 5, to thereby cause a deformation in the laminate. 5. In this

30 emb_odi_ment, the first, third, fifth and seventh ring electrodes (21, 23, 25, 27)




| ayer on an outer peripheral surface of the first ring nenber 11. To form
the conductive layer, for exanple, it is preferred to use a physical vapor

i s deposition such as sputtering. Then, the second ring nmenb Jgﬁgmgsplach
around the second el ectrode 22 such that the outer peripheral surface of
the first ring menber 11 is connected-ta an inner peripheral surface of
the second tubular nenber 12 through the second ring electrode 22. In
addition, the third ring electrode 23 can be obtained by formng a
conductive layer on_an 20 outer peripheral surface of the second ring

nmenber 128¢ qhrnGctefhinithg neeadve gote of ade€ powep Bypplyd3 @ hand dhasetangl.ri ng
menbers (13-16) are placed, according.to.the sane manper to obtain the

"o nar e ottt b BB BEg fodesy(ad. ey %ﬁ%?%o@?eéé?(ﬁl HRIESROFIVERQIEi oned
bet ween a | hd fir | 1. 25..As
ahown 1 n- B B B BB ERbRErsaC, H0u0E 1k dfe el p2RiolRRGl H gucorr

appl yi ng pwitchhdedapRippl{ thevyRhERBBHPEINBRRe MicktryEler ed ring el ectrodes
and even-nunbered ring el ectrodes in the case of counting the nunber of the
ring e$ectrodesltd thoelectioncvepslymengcielatmt indag the ebové istratturengrhen

el ectrode 21) _OL the lamnate 5, to thereby cause a deformation in the
| ami nat e. B SYichriZ issBrant s, dedeiormation; efsthe laminate § heppean gueedeait h

' | : 23, .25, 27 8 JUN 20 -7 d
oot ve. S B Rog AR R rafial Ofadion il a Tenffie  BPRRE Afe B
ring el ecyiRdgsiohZ %:l'l?e‘laxi%@)di?é;(]:?io‘ﬁoé?ﬁ?g% ‘?%Eh%lté hfcRASed IRV E inOfTd .he DC

power supply 30. In G 1B, the nune esignates’an on-off  swtch

used to apply Wieenvtid hgenbet Seemduined oalthetflade thh khedtht thb €rxibRCt i ve
pol ynmer actuator having the above structure, when the switch 32 is turned

on, ~alélef Shimatlicsh 4oran be beahbidhe dsforappséorns fenetoftthatlamihatedasshewonini n t he

ot B PR BV B B R bt 6 ™

lam nate JrigniPUiRE AN sh&®al LEXHE, R NI Fl“h%?@l%&e,ld'bytlf%%eg\l.iﬁéiﬁ@ switch
.operaﬁon;the diaphragm of the flexible thin sheet 4 can be periodically
deformed. ' ,

35 As an example, in FIGS. 3A and 3B, a diaphragm pump using the
clectroactive polymer actuator. of the present invention is explained. This
diaphragm pump has a casing 1 having a concave 7 for providing a pump
chamber in its top surface and intake and exhaust passages (2, 3) connecting
to the concave, and the thin sheet 4 of a flexible material for covering the

20 concave as a diaphragm. The laminate 5 of the electroactive polymer
abtuator is mounted on a surface of the thin sheet that is opposed to the
surface facing the concave 7. When the thin sheet 4 is'nnade of a metal
material, the laminate is connected fo the thin sheet ‘through a required

~ insulation layer (not shoWn). The numerals 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,




10 thin sheet 4 can be bent by the deformation force of the |am nate, as
shown in FIG 2A Then, when the switch 32 is turned off, the lam nate 5
recovers its original shape, as shown in FIG 2B. Therefore SQMN?&gati ng
this swtch operation, the diaphragmof the flexible thin sgeet can be
periodically deforned. is As an examulg,-in FIGS. 3A and 3B, a di aphragm
punp using the electroactive polyner actuator of the present invention is
expl ai ned. This diaphragm punp has a casing 1 having a concave 7 for
providing a punp  chanber in its top surface and intake and exhaust
passages ®shayndanikst 3Bgsotthat the Eund: somesantd the puhipnclsdmber throfigh
flexible teri.al for cqvering the-20 concave as a diaphragm The |am nate
5 of the HI{aReSS0&dol ymer actuator is nounted on a surface of the

hi h h ' : faci h .. , h
thin sheet 4 s EEaRRRESE e AupVE LabhiaBif ol PEe GreBOMEMEnfine B o the
thin sheepoidibRU@NpRVIG Y Fiale splgﬁ e b éka'tit%ﬁ%t &%EMMES%J&% rals

50 and 52 designate one-way 2 alves built in the 1ntake and exhaust

passages (That 3y, sitfuen the valivapéional aglpttreactive tpéymet uattwator tinesdi mplar agm 4
is bent by, the deformation of the lamnate 5 to decrease an_internal
vol ume of diaphirpgsip a lapansiercompossooha isingte chegamener indithe elgairanctiveh as

air is ex ted from. the pur h er, t.hrou t he exhaust passagge,3.
Then “whohCIREERI A 45T Barbgt SREBRUeuRka Toniot d RatesuwREiaratme

act uat or ot Si¢Qk | B4 . ] ' 3B,
so t hat tEg@%’Iﬁilé blgg’rrléggi(ﬁ%ﬁfgaphz@gg%ngﬁ%%@%ggﬂg%ﬁ?%@?%a @%glgsage
2. Accor dipagingtdperationcaslidapdribginabov®. of{dvevdl @sehé prescetinoentibh, i S

possible to provide a stable punping operation at an inproved response
speedl0 ssmegtthpdaminaieeS hhwingotireetticontilic atraogemant pf ehpplurakity af rimet or

gls:(szi rgzcﬁ%ggrgr&g{ﬂe glel:&%gt?\tzg p%?ynlggrs ?ndatggialaisstils% Iales t?l%e&%pﬂfa%bn? rdr?\;e the
means, it is possible to provide a controlled diaphragm motion at a high
response speed. |
In addition, expansion and contraction forces of the laminate 5 are
15 equal to a sum of the expansion and contraction forces of the respective ring
members (11-16). Therefore, the actuator of this embodiment can provide a
more powerful pumping action than the conventional actuator using only the
single sheet member of the electroactive polymer material as the diaphragm.
Moreover, there is ahother advantage - that a deformation amount of the
20 diaphragm can be controlled with accuracy in response to a Ihagnitude of the
voltage applied to the actuator. |
In the actuator of the present invention, the number of the ring
members of the electroactive polymer material is not limited. However,
when using the actuator as the diaphragm drive means for the diaphragm
25  pump, it is r_ecommended 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




polymer material and a pair of electrode |layers forned on both surfaces of
the sheet nenber, it is difficult to obtain a constant di aphragm notion
during the punping operation, as described above. However, 08 JUN2@fiesent
i nvention, to since the lamnate 5 having the concentric arrangenent of the
plurality of ring mnmenbers of the elect Fodctive pol ynmer 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

contracti dhe pocsees infeitien bamibRahan Rt Sred ﬁ‘i’é‘?&llé\?ir@ ﬁ‘}ré@ngg&e'r tsiifrfk_aw) _

expansion and contraction forces of the respective rin

Ther ef or e plerditsicelidubulaof mehitere ndfothoreiscteaktiveopb Bend H{m&ﬁap(ﬁ%[ﬁ%|
punpi ng a%%#én t hgn the conventional actuator using only the single Sheet

nenber of reliteEtapeiers \ido gl phwnalivit of itubulas electrdidaphiagng divbereaver ,
there i s ag advan e hat, a def ornpat,ion amuynt of the 20 di aphragm
can be 'co?t?%PFeg% %\A%t ﬁH%gEWkEWIPﬁe‘?e@p&%@nt & sohfgRyiinder @dWhélﬂWE/)Ilg t age
appl i ed t quini@oast : a t f resent, invention, .th
nunber of the r ?ﬁgdéﬁrﬁgﬁ rledr 23 }E) E’t h?agﬁe%trh%a%ut%%@p%lgp fdps r‘fﬁ{lg’rei Q&ai”%ecﬁot

linited. ing avko i ' : ' f
imited. Mowrering aeendusiing ﬁlﬂﬁoﬁ%@a%l%r %ﬁd{lcﬂeinﬁ'eﬁ?é?]@%%}@r%]}’rf%ﬁgﬁs or

the di aphragm 25 punp, it is recommended to select t e ring
menber s with@itasRectivengiagomeshears 10ith cusechf avEVihendthed APRO GpRatiiagmance
wth, reli bililgl%/. .yi\heg. t{uﬁg ntégb,er of the ring menbers is nore than 10,
there is a BRsdny falidifdinder hodyristqe (esliged} n & ditestisigperpendinailie & ze
devi ces. it e : cti® oSt t he act uat or y. increase. 30
As an exa'rlr%I g?gltl h%l?%atﬁélpng eg%t?iﬂrhae déﬁq(égtfarﬂ)eélgﬁngﬂwﬁ%ﬁ%}‘é?g a?e@é{rs ®fiabg JUN
2006 18 téegthr esgotordiyeRbi B GRthbE iH[e [ end, Bt hod.
First, a plurality of t%bul ar rrenber*sﬁg%ppﬁ%tlg{eeg? %gé{éﬁl\j}léplﬁl&%m%me

mat eri al Wawlaginade foettentledirameties pobndenaguutct! dftthe HrebduhaEn@dgct r odes

having differ enby the way, as shown in FIG. 1A, the first to sixth rin
, LA, ing members (11-
- 16) of the electroactive polymer actuator of this embodiment have 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,
23, 27) connected to the positive polé and the even-numbered ring eléctrodes
(22, 24, 26) connected to the ne gative pole of the DC power supply according
to the following manner. : |
That is, a magnitude of voltage (V1) applied between the first and
20 seco_nld 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 magpitude of voltage (V3) applied to the third and fourth ring electrodes (23,
24) spaced by the thifd 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.



di aneters are alternately placed to obtain a solid cylinder body having s
numer ous concentric |ayers. Each of the tubular el ectrodes can be obtained’
by forming a conductive filmon the outer and/or inner periplREJAN 2006f ace
of the respective ring nenbers with use of a PVD nethod such as
sputtering., Then, the solid cylinder ¥ody is cut (or sliced) in a
direction perpendicular to its axial direction to obtain a disk-shaped
lam nate having a desired axial 10 length. According to this nethod, it is

possibl e to ff sl daidribatPaBbaet i el Bd BFIHIPLOI MELGE L ORELVS

pol ymer actuator of the present invention. i

| A, the fbetweern thiexoddrnngbersbaisg (dlbck6ieof andehe! e¢biRGhhEdPBInkTEr
actuator of this enbodi mrent have a sane wall thickness. In this casé, it

i s pref er PEgtisiea sl thedapiinatg it is prefeired dodotm dseleotiiagasultyhs skawnVa,
Uhe post L DTN A ARERE! evatiS Beticinshiaprolagits tifoctds 60 arziormmyl
ol o g ChoeAt clSHRts! SE 0RO Ee  mbtiier Bl M0 EleHSas! 230 788 e o et ne
first andsuffdcsedong limael %tdrﬂd%d{%lins%@tifr?g@g&f 35;)15 3, fd3. géz)géﬁe

menber 11 is snmaller than the nagnitude of vo applié

second andotmhed @nréxppsed| axtsratide ¢@RnuHerspaindclyirodes $EEOM3! 25 ng7yrenber
12. Siml arl% ‘1 he %Qr}ietyde of voltage (V2) applied between the second
and t hi r d OPihBottemetidefeef theslaminptaspaced by the second ring menber 12 is
smal ler than th Lhude ol tage,.(V3) applLieg.to.t third and
fourth ring el egﬂthr%gdg}q?%ﬁy c?ﬁﬁlrs\élﬁé)@ggcg%i%;éergi{hdq‘?ﬂi ﬁ%y %’i)ﬂ@@rﬁ’l@e‘hhe
magni f tidesnofhet ls@pReet oV fhe Y i the Ling, &l rodes
are determ ned gﬁpcﬁ that an eex%ggllgeﬁgﬁs gﬁgiﬁn@ gF lr%gﬁlﬁoﬂ%eaﬁr%ﬁ F(g%@(%ﬁ;eof _

each of thayers fg.giefdpissépmratedofbanth @Jdga/ceﬁﬂliﬁrlst EendidiveOfaykP e 3d) »p@ent
ring marrb%r. As . a result, it is 30 possible to achieve a uniformel origati on
in the axi®¥lthe Mselatipn dayemes.garfidat eAs GBredUN, 2008 of i first conductive

layers (71-74) is connected to the exposed end of the odd-numbered ring
electrode_s (21, 23, 25, 27) on the top surface of the laminate 5. On the other
15 hand, a single second conductive layer 80 is formed on the entire bottom
surface of the laminate 5 such that the exposed ends of the even-numbered
ring electrodes (22, 24, 26) are clectrically conhected to each other by the
second conductive layer. The second conductive layer 80 is used as an earth
o 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




As described above, in the case of applying the different voltages between
t he odd-nunbered ring el ectrodes and the even-nunbered ring el ectrodes of
the lamnate,” it is preferred to forman electric circuit, a98shdbeD06i n
FIGS. 4A and 4B. That is, first insulation |layers (62, 64, 66) are formed 5
on exposed ends of the even-nunbered Fﬂﬂg'électrodes (22, 24, 26) on a top
surface of the lamnate 5, and second insulation |ayers (61, 63, 65, 67)
are fornmed on exposed ends of the odd-nunbered ring el ectrodes (21, 23,

25, 27) owoltagbas applisdifersecnfiihd badlam 1 | o St
conductive I_a)%ers ?gll 72, 73, 74) ggr%@ggﬁgdnﬂ?%{b&tl?% g‘lftcg%qefszﬁer é)ctféleof t he
| ani nat e POstitie polatamshidle ofen-hembierat riogrdectodes cdmpets (Cite neghlivel S

separ at ed f?omg?ﬂl @(%acent. first conductive layer (e.g., 73) by the
i nsul at i oRFYEr] B gPowstsupply 30 axpanséeit Amsfunt e the rxial corestion ofe

| ayers (71;44).d §..connect to.the,exposed end of the odd-nunbered ring

el ect rodeéaglglo,f % P@g, ﬁ]f%%e& 1§ ﬁélb?gﬁ‘%éﬁﬂf equalde thag ofathenadiacent omgt he
other &s hadiflbe@ SKARG ¢ 0 clg&q iyve 8Q..] orned on t.he.entire
bottom surfacz of the F%ﬁnﬁngﬁ g s% tzbh%‘%tﬁf\éﬁgé aeg%@g% %@ﬁgaﬁ?ntlﬁethe
even- nunbexed dirdatipred Btier lagdaale22, 24, 26) are electrically connected to

each other by the second conductive |ayer. The second conductive |ayer 80
is used as an edYken appbringoths. constamiphyltage betgedn ek \waldtagabetod ring2, V3,

b he, fi 0 ,gonductive | - d th h el d
30, a.pl urleoi 2B oR) dohpe S NomDS TR Bedem @, 24) of the
Al ternat i yghy i LLEui b d. ln thi , it

of Vol t agee eine 53 3t arad ] th Tofgpt YsstBF ol R Shofld cB one
of theoel aadr@iact Mietrie! yiobr idAldiRhdlayehs (01,563 285 HPOHREY dHf ExSsRla! ned

As a first nodification, as shown in Is” preferre

| ani nat e 648 [ thp autd-vucibeved polgyetectradey 2 0r23,25)0sMmadop i fAdeas f R |
thicknessis gTa% T2, T3, T4) (l)f_first to fourth ring nenbers (11, 12, 13,
14)  sati 4914HE txhareonshinsulationryerg o, 64htare fosmedm oxposedhindsnass of

each of  the even-numbered ting 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
cqnnc;cted to each other by the ﬁrst-conrductive layer. Similarly, a second
conductive lajrer 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
condu_ctive 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 (2_1-25) 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-deforrhation
of the laminate happens such that the dimension in the radial direction of the
laminate decreases, and the di_mension- in the axial direction of the laminate

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




30 the first to sixth ring menbers is determ ned such that when a constant
08 JUN 2006 -11 voltage is applied between the odd-nunbered ring

- el ectrodes connected to the positive pole and the even- nunbh@BaIN 20(6

el ectrodes connected to the negative pole of the DC power supply 30, an
expansi on anount in the axial directi eA2of- each of the ring menbers is
substantially equal to that of the adjacent ring s nmenber. As a result, it
is possible to achieve a uniformelongation in the axial direction of the

el ect t odes Rz RN Athib A '?q%%?@haaﬁh%&ﬁﬁﬁgﬁ%ﬂ“@%ﬁf i S s SR g‘%)“op )
the |am tigé ¢arhindté. | InRIRECHREs [ feﬂflfgat | gﬁ l}(?al((:%lig&g%‘l agg)\es Q]r

FIGS. 6A 10 and 6B. That is, first iInsu aers

formed onRXpbshallaremdse of gltelaeerctﬂdn ﬂhﬁbﬁh?htfdn”ﬁ Bk aedd rdest liandRate2) ON
atop surfg)%g of the  |lam nate, and second insulation |ayers (62, 64) are

formed onS %’s@& léﬁuﬁa@f&&h@nte‘aéﬁhmmﬂwﬁtbanrngrseheﬁ‘i(} ddes (22, 24) on a
bottomjsurface B | am a]ta (ﬁ_ a first conductive layer 70 is
formed’on the e ?lald Ity 483 fhird medi t%lqnamaam@n@egmf thh@teﬁth@lﬁmsed
ds of t 2 24 f
ends o Eb%lﬁ’ﬂ@f‘a@%@xr ﬁﬁ E?@ﬁ)rn’?écfﬁ{ ngfﬁr él E]ﬁ:rd @S}taﬁg&s éttﬁce ©

the lam hate are electri c connec
oBtr ahd

- conduct i vecheeyrerkes 9thba kg meﬁﬁfe@é“ére eonduEhk Vi e“@% pon the
entire bottom surface of the lam nate 5 20 such thlzll;lt%xta%e exposegfen S

the odd- n@iibe eing inembelredt posiioned het@8en AB)acear gingl dettidddl. | v connect ed
30 ?icﬂoﬁ%ﬁ%@‘ﬁém&ﬁﬁﬁdﬁcﬁgﬁcéhées'eiﬁﬁ& conduct | ve | ayers' (70, 80}
roush Uhe o ofF e 8, 82, RSP RE B R  B
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plurality of laminates 5A each having a triangular prism shape. Each of the
laminates 5A 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 'ar_ranged 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 5A 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




outer circle . Wien a voltage is applied to this lamnate 5, a
deformation of the | am nate happens such that the dinension in the radi al
direction of the |am nate decreases, and the dinension in t~B8JYN 2006
direction of the lamnate 30 increases. In this case, a contraction anpunt
in the radial direction at the 08 JUN-2806- - 12 side R2 of the lamnate is
| arger than the contraction anmount at the side RI of the lamnate. In

ot her words, an elongation in an axial direction at the side R2 of the

| am nate | TN t.h | ongation at .the side RI of the |lamnate, so
that the [EoBEEan g‘s]cafgle‘?%t‘,%ageémghévﬁf%ﬁtqﬂ\%c%?cf%g@%rﬁ (1B, 22B)sformed
addi ti on, oashathtshifadciodiths el ' I - el e ctive

pol ymer act uat or mayebe f%ér: Eg;d-lé%ge%lgfrln égﬁaerpﬁilp?ﬁ%ubpﬁ%?r (g%%ﬁnﬁfc?é@nsuch
that cenths csasodd lnpasa@2B.ngTHeBRLatRIE 1£R3S60BC Broviril! HREN HCFT and
the each ,of the ring nenbers is positioned between adjacent ring ‘
el ect r odebeteegncNrrlentsode Nevers (20BA228) dnrihe spithGtr@ctueg el ectroactive

pol yner actuat on:{hacco din Eo. the second enbodi ment of the present

i nvention has an4t PS{’@'@ AtSOchas,a nliges! applysie pak fatanplsingachlteae ng a

~triangul a ! the |am,nates S5A.includes _a pluraljt

el ect ?ode? e%%%’?gﬁggtorﬁgg(%?%et Ot et de Ppﬁllgr}gléﬁplmﬁisgﬁcﬁ%@ sB)
alternate ithe &o i i i endj foroma
Vertex P of HEreE e SoRupeHl Bt ng iU TayctsrdhE ZBPORNI T <1,

to a basesBustureid.ta daphragm 4B tbthshairbodio®sital AR MEBcanHe bAR as

| am nates.i s 8. Thofﬁ@'ﬁm nates 5A are arranged as a whole in an oct agonal
pattern SULHF E95t0 st egyb quligrent as $hqmm8wethearmss in BH@d10n the

e it s 5a 1 <P o ritS B BB hls o by Rormly ne dianbenamce o
10l tage bet ween the- o ont Fodee SR B HHF" b, hiEhe RIS 0§ BEOWE 2° °
def or mat i elecitroactive| poliynatre actiyited 08lthang@YekY invention is mounted on one
surface of the diaphragm 4, was introduced. However, as shown in FIGS.
11A to 11C, a bimorph-type diaphragm drive unit, which is characterized in
15  that a pair of laminates 5 of the electroactive polymer actuators of the present
invention are mounted on both surfaces of a diaphragm 4, may bc used. In
this case, by applying a voltage only to the laminate 5 of the 'upper actuator,
the diaphragm 4 can be bent, as shown in FIG. 11A. In addition, by
applying a voltage only to the laminate 5 of the lower actuator, the diaphragm
20 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.




applying the voltages to all of the |am nates, a diaphragm 4A attached to
the 25 arrangenent of the | am nates 5A can be bent as in the case of the
first enbodinent, as shown by the arrows in FIG 9. <TH RD EREUN 2009T> As
shown in FIG 10, an el ectroactive polynmer actuator of the third

embodi nent has a spiral structure 5B faérfmed by winding a | aninate including
30 an el ongated sheet 10B of an el ectroactive polyner material such as '
silicon 08 JUN 2006 - 13 rubber and an acrylic material, a pair of

el ect r ode Whyterscl4@i & i22B) forned on both surfaces of the el ongated
sheet, and an insulation |ayer 60B formed on the electrode |ayer 22B. The
i nsul ation | ayer 60B prevents short circuit between the el ectrode |ayers
(21B, 22B), in the spiral structure. 5 This actuator also has a voltage

appl yi ng unin ¢lsetraapliye pglumenpetgeor tenpesimgt he el ectrode |ayers to cause
a deformation in fhe spiral. structure 5B. By applying the voltage between
the el ectrode | & I 3?012@1115 aopubylar mmﬁcr od't ¢y eleqteomBiveapalyaperr agm

4B attach i can be bept as in the cas f the
firot ombart oaab PORR B SHE Wbt oR AniRer BenphamsT Syefar of RalCBmuear ot
to third emhmbénentsscond Wlbo@ hig PR I i i |
characteri zed iﬁha?oa si ngl gﬂ?aﬁyﬁggg&gpj@f %tﬂt;@g Héllllé@fflllrdgascﬁa\\é’g %@Féﬁfiﬁr
actuator &#bulae messenn i nseunidonubslaromrisskronfons chidtiacavel pbRener

- di aphragm 4, wa i?ltroduced. However, as shown in FIGS. 11Ato 11 C a

bi nor ph-t %eﬂ?‘gpw Sgmitimloeed) sreundusatth speonth @lenitedd sach ithai she kattem pai r
of | am nat.es | et r.qactive pol yner, actuator,s of the present

i nventi onbgflgﬁﬁ%gn%@gac%ngﬁaqlﬁatgb}l}lﬁc‘g?“ﬁ’@réS §raperiadiosn mnereripheral | n
this ecaseguic@ri 34i I lnat e 5 0 PRES

actuat or, Su_t hg di aprlllri%Jr%ﬁogactggggdéolggmbfegéé@%@n%ﬁﬁngqﬂoéd Eilf%]rgflﬁ’ gﬁ‘éﬁ“\i on,
by appl yithigd elecirodgdonmby dro ahheutkaFepipherdl Sirfideot QRN s@Sindet®ulad he
i's

di aphragm 20 4 can be bent, as shown in FIG | 1C Therefore, th
bi nor ph-t %gnber; and
voltage applying means for applying a voltage between said first and
second electrodes to cause a deformation in said laminate,
15 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, and ecach of said tubular member

and said sec_ond tubular member is formed in a hollow cylinder shape having a

center of its outer circle displaced from the center of its inner circle.

20

2. The electroactive polymer actuator as set forth in claim 1, 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
25  axial direction of said tubular member and éai_d second tubular member is
obtained when said voltage applying means applies a same voltage betWeen

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

30 3. The electroactive polymer actuator as set forth in claim 1, wherein said




di aphragm drive unit can provide an increased range of the diaphragm
notion. 08 JUN 2006 - 14 What is clainmed is: 1. An electroactive polyner
actuator conprising: a lamnate including a tubular nenber of8ayN 2006

el ectroactive polymer 5 nmaterial, a first electrode forned on an inner
peripheral surface of said tubular menber; a second el ectrode formed on an
outer peripheral surface of said tubular nenber, a second tubul ar nenber
of an el ectroactive polynmer material, which is placed around said second

el ectr ode efewtivddiive gyl Chatdifdll RO cBH" Efgi%fesﬁ%‘?%t?%ﬁsﬁﬁiﬂgm e;ris

connected to an inner peripheral 10 surface o

t hrough sailicaEcorbeelandtaraaylientdagridihi rd el ectrode fornmed on an outer
peri pheral surface of said second tubular nenber; and voltage applying
means for applying a voltage between said first and second electr.odes to
cause a deformation in said |am nate, 15 wherein said voltage applying.
nmeans applies the voltage(s) between said first and second el ectrodes and

bet weep saj.@ﬁ@g&%a?ﬂggwlfl&gg:@ﬁ}a&r@ﬁg@pt.o. cause the deformation in said

| ami nat e, and each o T3 sai d second tubul ar nenber

is formed.in a BoldnoMiaty lihoWRing hapehllay !Iﬂgr'nggr g)gn%@r Jétrcngc?iv%ugglé/rﬁéﬂ’ cle ‘

di splaced fromthe center of its inner cir electr tTve

pol yner adnaigtiel, mbirstetletwodd formed anmnlinneheesbhe] Watface Ofiseknagsuigf said
tubul ar nenber is det ergi ned tq be greater than the wall thickness of said
second t ulR§EPChedbcond cleppde fonmedr am elromgter perippemaheuficaxoflsaid

obt o me PRsRE. et 2 VRN RBS St R b Sl BE TR poBevaeen
Sectrodes TS0 5 Tha of darvab arp TR AR KeEthd M SRR Bl e er i
1, wher ei pesigheral 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; and |
15 voltage applying means for applying a voltage between said first and
second electrodes to cause a deformation‘in said laminate,
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, said tubular member and said
20 second tubular member have a same wall thickness, and 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 direction of said tubular member and
said second tubular member. |
25

5. The electroactive polymer actuator as set forth in claim 4, wherein said
tubular member and said second tubular member are of hollow cylinder

shapes having different diameters, which are concentrically arranged to obtain -

30 said laminate.




08 JUN 2006 - 15 electroactive polynmer material is selected fromthe group
consisting of silicone rubber and an acrylic material. 5 4. An

el ectroactive polyner actuator conprising: a |aminate includ0BgUN 2006ul ar
menber of an electroactive polyner material, a first electrode fornmed on
an inner peripheral surface of said tubil ar nenber, a second el ectrode
formed on an outer peripheral surface of said tubular nenber, a second .

t ubul ar nenber of an el ectroactive polyner 10 material, which is placed
around sai d second el ectrode such that the outer peripheral surface of
said tubul ar nenber is connected to an inner peripheral surface of said
second tubul ar nenber through said second electrode, and a third el ectrode
formed on an outer peripheral surface of said second tubular nenber; and

15 vol t agé. &Pt ylewromaive Holynaaphyivatoray @kt I9RKDRE VREM 32 \Xﬂlérb{n%aﬁﬂd
second el g&rodes to cause a deformation in said | am nate, ereln sald

" vol tage aptRSironstiveams! Pt i wetarial ol schewéd ) fioat veben growp dednsistingnef
second el ﬁgﬁrodes nd bet ween said second and third el ectrodes to cause

the defor ?Qﬂ?ﬁqb CL PR d andexlle materidls ubul ar nenber and said 20 second

t ubul ar nenber have a sane wall thickness, and said voltage applying neans
applies the voltage between said first and second el ectrodes, which is
smal l er than the voltage applied between said second and third el ectrodes
to obtain a uniformelongation in the axial direction of said tubular
menber and- Amelbctmactivetpebyinar aoknber codpriSinglhe el ectroactive pol yner
actuator as set f q in cIa|n14 wherein sa|§ t ubul ar nenber and said
second tubul ar ﬁeﬁﬁé# ity @f lﬁmmt%w@yhamatsmgmr ipatisinm ghaipé, f erchnof

di- amet gr s, Y60 4i8s G8R ﬁled“ [ C?)lag of 13088 Jes angbeﬁnalerl]ectroactlsv%l gollye}nrrérnat €

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

15 in the‘ vicinity of a center of said polygonal pattern, and each of said laminates
is spaced from an adjacent laminate by a required distance; and

a voltage applying means for applying a voltage between said

electrodes spaced from each other by said electroactive polymer material with

respect to each of said laminates, to thereby cause a deformation in said

20 laminate.

8. 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
diaphragm, on a surface of which said laminates arranged in said polygonal

25 pattern of the electroactive polymer actuator are mounted.

9. The electroactive polymer actuator as set forth in claim 7, wherein said

electroactive polymer material is selected from the group consisting of

30  silicone rubber and an acrylic material.




08 JUN 2006 - 16 6. The electroactive polyner actuator as set forth in
claim4, wherein said electroactive polyner material is selected fromthe
group consisting of 5 silicone rubber and an acrylic materi &8 .JUN 2006

el ectroactive polymer actuator conprising: a plurality of |am nates each
having a triangul ar prism shape, each-df’ -1o said | am nates including a
pair of electrodes and an el ectroactive polynmer nenber, which are
alternately placed in a direction of a vertical line extending froma
vertex of a triangle that is a general surface of said triangular prismto
a base of said triangle, said | am nates being arranged as a whole in a

pol ygonal pattern such that the vertex of said triangle is positioned 15 in
the vicinity of a center of said polygonal pattern, and each of said

| am nat es 10i-§§1?é’cl"é@lgmrmnnarcoanipmiagt | am nate by a required distance; and

a vol tage applying jreans for applying a voltage between said electrodes
spaced from eachl ot fEFORGIEG N@lEmEE achator venyuisingra hambratalinoluding raespect
; t ause a d ion_ in said 20

i i h b f
to each oy @ Igrghgpb?%n %%ctgg%ﬁ'%pﬁ _r{l%m@tegr&:a r\t;beclygﬂ mgsk uat or

am nate. 8. A ragm pu

i orial e G o) annragn b e P SR ook R ARk sRao B IS 1

material as a . diaphragm on a surface o sai

sai d pol ydormed @b apaotter paiphdrel ehefats QACidiy quBalar"Rendfel UahQr (ﬂ%r'ﬁe
nounted. 9. The el ectroactive polyner actuator as set forth in cYal 7,

wher ei n s&PBIYIBR e @588 Dy capRllyymer 2 muoka gl bitsvesal aaidedfifst oamd hee@imlp
consi stin .Silicone, rubber. and an, acrylic material. 08 JUN 2006 - 17
10. A di a%hér%fetlrgorr@fé %Jﬁpcagsﬁﬁrq%t?’ﬁ@?{lﬁﬂ 1gsgid &é@@lﬂwé‘nﬁol ymer actuat or
conpriising a | agl fhah &HRE! 0194 "GeBible material as a diaphragm, on a surface of

which said laminate of the electroactive polymer actuator is mounted.

11. The diaphragm pump as set forth in claim 10, wherein said electroactive

15 polymer material is selected from the group consisting of silicone rubber and

an acrylic material.

12. The diaphragm pump as set forth in claim 10, wherein said laminate
20 further includes: |
a second tubular member of an cl'ectfoa_ctive polymer material, which
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

257 a third electrode formed on an outer peripheral surface of said second
tubular member;

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.

30



5 tubul ar nenber of an el ectroactive polyner material, a first el ectrode
formed on an i nner peripheral surface of said tubular nenber, and a second
el ectrode forned on an outer peripheral surface of said tub@BaltUNz0fber
and voltage applying neans for applying a voltage between said first and
second electrodes to cause a deformatiléh in said laninate; and 10 a thin
sheet of a flexible material as a di aphragm on a surface of which said

| am nate of the el ectroactive polynmer actuator is nmounted. 11. The

di aphragm punp as set forth in claim 10, wherein said electroactive 15
pol ymer material is selected fromthe group consisting of silicone rubber

and  an adBylTke rrhaphtz%m ;fl pThe sHtaRRERGN BUIR 39 S@h%lfﬁ%té%h ihdhm 10,

wherein said Iam nat e urther includes: a second tu er of an
el ect r oacfs@ ?J‘bmﬁilréaldwmcemda:ububdm mbmbies apt a€ &d1lanoeyleh deti h §@§ﬁadm

el ectrode sﬁc tﬁt the out er peripheral surface of said tubular er is
connect ed 45 Hoeteter Whidy ale eqndeatcaly eradged te ohthin shid himnmné)er
through said second el ectrode; and 25 a third el ectrode fornmed on an outer
peri pheral surface of said second tubular nmenber; wherein said voltage
appl yi ng nmeans applies the voltage(s) between said first and second

el ectrodes and between said second and third el ectrodes to cause the

defor mat i dA. ilhesdiphtagmatep a8GedBorth/in 2096 ‘121$vhe1=§1n d k!\galfj’tlﬁ ﬁ@:%”@)ipu”p
as set for%@eFurbAﬁl aim 12, wherein said tubul ar nber an sal second

t ubul ar 8t MRETRBET a4y dejernnined @hhpegeamuthgn itlef Watleticlhageser s,
arran ed to obtain said lamnate. 5 14. The

whi ch |
di :aghr Zgasgﬁ%ggéﬁggﬁ q‘%?rt Hn?lﬁ‘ Ehaisth At ghaptorm, clengation drnés aial

10  direction of said tubular member and said second tubular member is obtamed

when said voltage applying means applies a same voltage between said first

and second electrodes and between said second and third electrodes.

15. A diaphragm pump comprising:

15 an electreactive polymer actuator comprising a spiral structure formed
by winding a laminate including an elongated 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 voltage applying means for applying a

20 voltage between said electrode layers to cause a deformation in said spiral
structure; and

a thin sheet of a flexible material as a diaphragm, on a surface of

which said spiral structure of the electroactive polymer actuator is mounted.

.25

16. The diaphragm pump as set forth in claim 15, wherein said electroactive

polymer material is selected from the group consisting of silicone rubber and

an acrylic material.
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said tubular nmenber is determned to be greater than the wall thickness of
sai d second tubul ar nenber, so that a uniformelongation in the axial io0o
direction of said tubular nmenber and said second tubul ar nmenf8UN2@% ai ned
when said vol tage applying neans applies a sane voltage between said first
and second el ectrodes and between sai d Isecond and third el ectrodes. 15. A
di aphragm punp conprising: is an el ectroactive polynmer actuator conprising
a spiral structure formed by winding a |lamnate including an el ongated

sheet of a”-@@ﬁlﬂh9§§rhi]pﬁ.grﬁp%%|n¥ & terial, a pair of first and second

nge .
el ectrode | ayers forne opposit € surfaces of said el ongated sheet, and

an insul ation | a;xeelef:troaelrﬂve)rpol?ﬂl%roicth%rsc%rﬂpﬁkﬁg éol‘aﬁlihﬁ’ééef&’m@:{‘%g

vol t age apﬁlgyl ng nmeans for applying a 20 vol tage between said el ectrode

| ayers toddgtracly placongrea ipbwrality salf dingpimreatberstofugi wiestramntive pblymaheet

of a flexi blte .rrgﬁigri al g@ a diéia;phragm on a surface of which said spiral

st ruct ur e "SHCTRE haymg difeseny 1pmeisrs rangk o plueality sofingt ddetradest Bavifige

di aphr agmgpgag. : r [ | ai;m 15,. wherein said electroactive

pol yner gt eri éﬁ %illéﬁtseg rgélti‘gﬁ tﬁ?ﬁﬁ"\“‘tl‘h@é?%n%@ﬁ%‘pg?’isﬂé Rﬂ‘SI%‘i’lFt?qC:%‘?iféWe@bber
and an adfiydr gndrehred pleripB@rSs e 208P 4d; Ardi aphragmip
conprising : annel ect rga(r:1 i vléegpsol yrreer% ggtaﬁiﬁc%}n ir?)n&ﬂ%tﬁ:?&g, %gﬂiﬁé;{?aegef or med

by al ter RRPBIIREplnaginsg far phpphlingy a0fvoliae(SyEBRAKSeP 0@ nBhtsirE@aGiiey e
pol ymer rr?é%é_rl | having different dianmeters and a plurality of ring
el ectrode§ \‘R‘%ﬁ MR Yeenembegedrageslscades htite @aevfajfounsiaigtaid ngg

nmb [ [ { { [ d out eri ph I f f
) acent F1dcs O SudE! TR obi Pitssmobing edlsriatr of raidplminats, o

vol t age( sih&rebyeansOddetuati6d ih'sA% laminate; and.

a thin sheet of a flexible material as a diaphragm, on a surface of

which said laminate of the electroactive polymer actuator is mounted.

is 18. The diaphragm pump as set forth in claim 17, wherein the number of said

ring members is within a range of 3 to 10.

19. A diaphragm pump comprising :

20 a pair of electroactive polymer actuators, each of the electroactive
polymer actuators comprising 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 aﬁ‘d

25 outer peripheral surfaces of adjacent ring electrodes, and 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 Iarhinatc; and.

30 - a thin sheet of a flexible material as a diaphragm, on opposite surfaces




el ectrodes and even-nunbered ring el ectrodes in the case of counting said
ring electrodes in order froman innernost ring electrode of said

| aminate, to io thereby cause a deformation in said | ani nat & JYNR20GS t hin
sheet of a flexible material as a diaphragm on a surface of which said

| aninate of the el ectroactive polymer-&% tator is nounted. is 18. The

di aphragm punp as set forth in claim17, wherein the nunber of said ring
menbers is within a range of 3 to 10. 19. A di aphragm punp conprising : 20
a pair of oflvddthaaglih I r f e el ectroactive

pol ymer actuators corr?/)tfeiS ??r%érg[eicgﬁagg%g p?’&@%ﬁlgﬁﬁlaﬁljtgey%ﬁ%wge lacing a
plurality of ring nmenbers of an el ectroactive polynmer material having

di fferent giﬁneaﬁrs and a plurality of ring- el ectrodes having different

di anet er s 28udictdiapheagsn pmp as det fogh rie rdbains 10s wiesein heatihBeMeE Baidnner
and 25 ou}ﬁ%%ﬁFri heral .surfaces of, adjacent ring el ectrodes, and voltage
appl yi ng i S&bﬂﬁgPﬂd‘%ﬂ@@ﬂﬁéﬁ@(%g-betmeen odd- nunbered ring

. electrgdes and even-nunbered ring electrodes in the case of counting said
ring electrodes in order froman innernost ring electrode of said

| am nate, to thereby cause a deformation in said lamnate; and. 30 a thin
sheet of a flexible material as a diaphragm on opposite surfaces 08 JUN
2006 - 20 of which am nates of the electroactive polyner actuators are
nount ed. 20. The di aphragm punp as set forth in claim19, wherein the
nunber of said ring nenbers is wthin a range of 3 to 1.0. 5 '




