HI GH PERFORMANCE ELECTROACTI VE POLYMER TRANSDUCERS
FI ELD OF THE | NVENTI ON [ 0001] The present invention
w0 edoatiex73ieneral |y to el ectroactive pol yner PCT/US2006/010120
constructions that convert electrical energy to
HIGHIRERRORMARCH BYEQTROACTIVE M.YME'RE‘TRNNSDMCE'RS/,
the present invention relates to frane and web
configurations for pre-strained pol yner actuators and
transducers. M%:W remendous variety of
devi ces used today re#y%ﬁ@g%#uﬁ?grs of one sort or
[0001] ahetplnesentonmmrrelaéeegenereﬂy te etaogy)actwerpollymermhstrucnons

that coﬁgeer{t %{ﬁj:tr;lr n re%%hgm{gf h%ﬁhg el\;eé‘lfeggy gn ﬁ/gc%,e\?%ga;ﬁwgr%tpsdrticularly,
the pre@éﬁﬁh@éhﬁ’éh PRl AB RS afB el CortThyLP IR fot Bﬂe-stralned polymer
nmechani cal action into electrical energy. Enployed t

actuatqya apddrangsiiears.cal energy in this fashion, the same
type of actuator nay be referred to as a generator.
Li kewi se, when the structure is enployed to convert

physi cal stimul us BACKGROUNE ation or pressure into
n el ecérlcal si g for measurenent purposes, it nma

[0002] gérqr‘@fa Qlé?j"?r(')et& Slet’ logh 4866 dpdayialy opastyatprs of one S8t or
another ;6 ?ﬁ@%%{eg’terg&%‘f E@@WS%&&%&Q re'n%?gw yTh@%%fua%’rsa N/e life” to

y nane, a new cliass of conpon
these proplcigi pattiepdbemoacndhion. pGopversslyc martyqommrfg@ﬂrambn o

applicaiiﬁb\s/ Z)Qtﬁgeetgt fgg{ﬁ}éq?{gzmekﬁggi%l %E%ﬁ)%c.i %a&g@b%r%r%at (Employed
to harvé@ﬁﬁle@ﬁéﬁfbbpéﬁer@?gﬁ thi h&slﬁcﬁ* Qﬁé 'sﬁmeaiyéelb‘i%cﬁfat@cdmav%ed

el ectroacti ve po mer tech no Ogg based transducers.
referreqie s acogprerataratlitgwise nhein éhegslresitrais gnployed o renvert

physiof SRk SHBNRE IASGH 3t BULORe WD EhWlectibatog

response t1rne service re Irenents,
measumfmenmurpntsei; it maqd:te reéém:ed Ei as trtrssdiucer. Poéty e term

C Muscl e P t echno devel oped by
“anSdQRPr lflﬂ%‘llé dﬁ%ﬁ&lge&\%‘ %kgf‘zsfe*@ At ‘Péf‘ggydﬁ\“qv@ﬁsc g any “ame a
new clé@qﬁ ﬁc&ﬁﬁ&hé”ltprén%‘ﬁ@ felé&iﬁﬁa%tl@@bﬁgf?ﬁé 'hedea& rgfr?%;utr@d to

er avallable tec | ogl es app i catl
servetEé’ﬂa/[unt)tloeshnol ogy offers an i deal repl acement for

ooo3]  BeBERRl i Adiuath 80T oBbeRr ShuRanba T afifiber ot desian
consideRRARAE fAForaRe aeldbtibAlandE¥Mft 48vaheel R AbacaPs palyaserdy

application of a voltage across two thin elastic film
technolagychassdetsanasiyerss. e d Nigpe saneidgsationsdnelude potentigd faraey power
. ] e 0,1
densnt))é/\rpgg{e? gé@@%é%@%@é z}ha%gihé Bodt res?% se time, duty cycle,
serviceergjuireheaits, mmﬂbmm@t@lnmut @tmptﬁietﬂn@aqmbﬁm;?mer Artificial

t her ebet ween. The sur u the electro
Muscla (RJeANCY) teoRnelody CRHEIARSE! BePRI IBaRER! #19 ansee Articial
Muscld§58 "§x&§lé W&5ch of these categones relative to other available
technologies. In many applications, EPAM™ technology offers an ideal replacement

for piezoelectric, shape-memory alloy (SMA) and electromagnetic devices such as
motors and solenoids.

[0004] As an actuator, EPAM™ technology operates by application of a voltage across
two thin elastic film electrodes separated by an elastic dielectric polymer. When a
voltage difference is applied to the electrodes, the oppositely-charged members
attract each other producing pressure upon the polymer therebetween. The pressure
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(the z-axis conponent shrinks) as it expands in the
pl anar directions (the x and y axes of the pol yner

WO pdogiigr2ow) . Anot her factor drives the thinni NBCEIS2006/010120
expansi on of the polymer film The |ike (sane) charge

pulls thé élét:ﬂr@d!émgéma%a@ﬁﬁ@ tied artdctrid bbm@rq?%rtecﬂﬁc%\‘és@ﬁmer
he conductive particles enbedded within the filmto

(the Z-%béprfmeeah%*ﬂwéﬁs) SRphenayistinéhe plaser directions Ghex anedy axes
of the ;S’dlﬁllnéﬁllrrh Grbt a&ﬁ@lﬂeﬁ c?fS'Pcfmféthﬁb #L'ﬂgg\aiﬁ ?@aﬁéf of the

e- Shl ti'n tec
polymerélere\Z'aederr(@ame‘)alinarge dfstnt&med; atiotssHawheeidstia itIaSeIilerode

cousestff e Al b AR T Tl anoter

expandm@m@pélaaf@ Blécﬁ‘éﬁéé%ﬁd' diEleefR: atBcheaiymeBihe' S,

transducers/sensors, punps, and generators. Actuators
{0005] Wsingdhisoishapeshiftiag lechpalogy shuiisiat Museles InGds developing a

i AT SRS A FAROA A A Gy S g,
consurh@@@xﬁ]j ehedtrdriics appldigiohs, Ounnt besduotafeiieeastes imBhiidRer

of fundanent turnkey" type devices can be used as
actuatqyy; Matays, %%i@l@eﬁ{w@wrac@urenﬁsandqge@%ramés Adtuaipreoare

enablel My tH8\YcH8S d‘?‘éH& a%o%‘p@%r ré’lror§ 5ﬁﬁ§ﬁﬁééﬂégég§re%aﬁa%d by

pre-strain the eCtrIC poly
virtue afichenging qamazmtama pper physical defpnnatem ohthednetesial.r i c

o PR R BB LB e AT
device£b&h B UBedad @Wd?@%Blcﬁzl% ko f’é;ﬂé@e @S?Eﬁﬁé valizes] ®HRlofthe

t hese actuators ring Roll" type |Tnear actuators

devicespERIR VSR FUBP B owframﬁ afgucvtageeﬁoSpr@fst@mz\mQ dielenitie polymer. It

v oo B 488 bl 63l BRK A0 mIS SR ALGBSEbl e mer

therebys effexireg inhsropesiehit for. coRverdion petrfedrelespichnNgnd widthiahical
i [ renti.al- pre-strain on the EPAMtm

radi al or circuy,
energydemé'@w'%atmrilgfeﬂﬁﬂag ton of the spring offers
j« I
oo SHsenideatee Sy NARAIE ARG dER el b7
wrappnag layersigf ERANMTY magar(m amnmd a Itneheaitspnagdél’\hecEPAwM material is

connedTH TS FaRmltoysTa d ik SBEE G SHraP SRR 6 postton. T%e body of
P

e sorl LRSS ERIBRU S 18 NaPEiS 0 TR QAR wnie

lengthveise compresgion loéttie spnyg 6ifexm dxisdl tpreistiain. [ WOk&de Bppldachgauses

the filny AHLEEgF oMU AN EPARNE Y ek PaTeea PR nGHGe Spring
(henceStHe @fife Hevite) 88 8kp @ﬁ% ktfé‘tgﬁn 28R de’%0 Jr@?te%'\grtlﬂ?)re

mat erial shrinks in ness nd growth in
individagiily agidoesded sedtiongtaroand te arm:mﬂe@cm‘ eid&nd:rd@raahaahteg; one

such R 5Beb u TR AU A LA S BN o

side. conpl ete actuator packages such as the

[0008] Bending beam actuators are formed by affixing one or more layers of stretched
EPAM™ material along the surface of a beam. As voltage is applied, the EPAM™
material shrinks in thickness and growth in length. The growth in length along one
side of the beam causes the beam to bend away from the activated layer(s).

[0009] Pairs of dielectric elastomer films (or complete actuator packages such as the

aforementioned “spring rolls”) can be arranged in “push-pull” configurations.
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aforenmentioned "spring rolls") can be arranged in

"push-pull"™ configurations.Switching voltage from one
w@eioeaoxr3 t o anot her shifts the position of theCT/US2006/010120

assenbly back and forth. Activating opposite sides of

Swutchhfgwcﬂ@agba‘mn@madﬂhﬁoaﬁ@ anbiher shisdh@positioA Wf 'ti@é assembly
oconflgure the actuators act |ike the

back aﬁﬁ 6%@*.1 ng‘CBY%fw Siei $ides ofhthesystenn mk%dheraﬂsembly rigid at a
neutralrﬁbﬁﬁﬂeﬁé Soffi ﬁr@@ gté’?&'.@fd% aPRiRE 4 %SQ@@ oy falnd triceps

structure co rns m secti ons se
musclefsrthat contrel meovemennhs ef dipg bsimram anon.i Yheatiodr the risti-puihstructure
tructure n be used as the bi asi

an n
comprigEHd peférs el R fe & et FPod oLoE5 of e SppasBeIBring rols
etc, on@'F:'JB/SI\/Iﬂ’“‘/I sﬁﬁt&‘ﬂuﬁ@éaﬁ *tlﬁé&ﬁbé%s@ﬂeas%erﬂ?éé?né mB&Cior W{Hér and

a closed |linkage or spring-hinge frame structure
vice vessa.i nkage frame is enpl oyed, a biasing sprl ng Wil |

h fil
ooto) ARBHR R BR I B o e B Rl bt Trkage
or springfiigel framBisasiciiGe. Vihémy IMREEe frapid Iscé}hbl%s}e@f a %@élﬁ%@prmg

wi il "alter the franme or |inkage configuration, there

will genarally beminplpredicpensicain theGRAMBEEIM. ed. spiiagdihge structure

may inf AR A WIS ol 7 b ShRAROa g
alter thedftarae oF lmx@gmb@m%r r&tidh, aRefebly previdingUuhBeHe EHYMEHI Ritput
y

up/ down) directly a spring, by aninternediate rod
desireqhy pl unger set between a spring and EPAMtn), by

oo DR A bR BB AR Y e g

rigid framen Kelovat diapRraRfh beRIdtONétdihpls @36 bisRRUr (6L, ipdBhedtimBut or
wr j nkl i ng., Di aphragm actuators can

Up/dovm) gﬁﬁﬁﬂggv &l IR, hmmgtetrﬁ@w%aurpwr elunger gstbelvaampspring

st PR SUSREREAE oo ISR A AR B30 Bpom v

move m yim@ddeutlcﬂﬁsf thediaslaper amptiese dﬁﬂlwhf@i/trﬁﬂﬁﬁsswdnﬂ@cﬂﬁﬂ rather
ﬁal l.s regardi t he above-referenced devices as well

than sigpply,wrgk! me'aQE?agm Petyaiorsean Qﬂspﬁ\ﬁﬁﬂgltﬁﬁ@éﬁﬁg'r@ﬁbﬁm
su1tab|@?6retf§e é‘sp g@ter&dglﬁ@aléégst S? 6,812, 624

ectroac pol yme 462 El ectroactive pol ymer
[0012] done @Dmp$e>89ﬁu612>13 Ebbcismbe tconstrpates méincheve@nny’ arad motary

output Bl e i woYER SRS, SRR PrsHIRBNGA LR el taaarig the

above-RTEFREALRIVRICRIAY e a?:Qﬁh&%Gm% Bedanhd@ i thel eRoWRGldikhts
pol ymer el ectrodes 664, 718 nolithic electroacCtive

and/or B@t%@ﬂﬁ"@tmﬂﬂf@a@@%t roactive pol ymer thermal
8,'89@624@%%985%\% Eolymers

6,809,462 Electroactive polymer sensors

6,806,621 Electroactive polymer rotary motors

6,781,284 Electroactive polymer transducers and actuators
6,768,246 Biologically powered electroactive polymer generators
6,707,236 Non-contact electroactive polymer electrodes
6,664,718 Monolithic electroactive polymers

6,628,040 Electroactive polymer thermal electric generators
6,586,859 Electroactive polymer animated devices
6,583,533 Electroactive polymer electrodes

6,545,384 Electroactive polymer devices

6,543,110 Electroactive polymer fabrication

6,376,971 Electroactive polymer electrodes

6,343,129 Elastomeric dielectric polymer film sonic actuator
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6, 586, 859 El ectroactive polynmer ani mated devi ces

6, 583, 533 El ectroacti ve pol yner el ectrodes 6, 545, 384
webk@etonarti ve pol yner devices 6,543, 110 El ece@€DHS1004/€10120

pol ymer fabrication 6,376,971 El ectroactive pol yner

204021067 E@owelbaﬁo&tﬁ@%@h bfs di el ectric pol ymer

PO040BB02B Blekiah&ive 1 Roll ed el ectroactive
@@6)4/62?3”2680?/0@@9@6&&%/% @?EEF Rfﬁédldc%t ?gnéﬁer ors,

? ctlve ?‘FLS
s e

Eﬁ Pagtye PAYRELABYSSES MTdReYIRg & Fc{/e poI ymer
4005014198, Elgsiypagfive Ralymendevioes isantiedingdhsd flow
%@D 178d\Ner-sontact elpstroactivengolymer ¢lgdtwde20030141787

Qﬂﬁ?t%@t Mebteristayactleateoqmiivg pelyretesysteries

oltest eletbbactvegdatgemact i ve pol ymer systens
iBotrbactivel milymearitamempadrymer s 20020185937
@20 1758598 Fiechehstier pdi@gharf Yotast @0&:h3ﬂ8%9§75598
FO G0 175554 VY £ridtb $iBhedLoBENo &t EPhITREPEFstERR201 75594

t t

atie E:gﬁggggggf@ggﬁs ﬁsVo”fsp"ex:ﬁ::zaosgzmg
S e g@f@?&yép RSB S5
0020, | t di el ect

it s%‘%%aagmca S i Bstzaggf. v
oo EHeckeacive Rlymenaninmpied s Vvigssol i t hi ¢

P& 02&31&5 M@npmhme@,tr%we@rolxm@@e publ i c_ati ons is

Each of ﬂ%@%ﬁﬂ]ﬁkﬁﬁonﬁ?&%@o@}ﬂrdté nr%fértegy i'ft Sﬁﬁreﬂpfor the

rpose of providing
purposeleif ardwld lagabankgg)unddmm/w fugthtee dlatm|l regyrchmgi uhdatlyung$edmology
connect | o onbi nat j. o

and oS ARy Do BUHeCHoR MG 1o SOmEanatior i fhe aspects of

presen{ ﬂQéﬁﬂmN\Bé{fgrﬂqh—ﬁéreﬁwl ces descrl bed above provi de
functi onal exa | es of EPA t echnol ogy

[0013] Whaiﬁﬁ acd@wmeStde@pabe@ Py psovide b@ unetienalsaxamples of
EPAM’g‘%egh cﬁ'o&;g transgucers there continues to be an interest in developing more

efficient EPAM™ transducers. The gains in efficiency offered by transducers
according to the present invention may come in terms of preloading improvement,
interface with driVeh/dfiving components, output, manufacturability, etc. Those with
skill in the art will appreciate the applicable advantages.

SUMMARY OF THE INVENTION

[0014] The present invention offers a number of EPAM™ {ransducer designs to
augment the line of “turn-key” tools offered by the assignee hereof (Artificial Muscle,
Inc.). The designs all share the requirement of a frame or fixture element used in
preloading the elastomeric film electrodes and dielectric polymer in a desired
configuration.

[0015) Certain of the embodiments include push-pull subassemblies. Aspects of the
invention may incorporate a complex frame structure to marry different types of
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efficient EPAMtn) transducers. The gains in

efficiency offered by transducers according to the
w@e@sao273 nventi on may cone in ternms of prel 0aPCTyS2006/010120

i nprovenent, interface with driven/driving conponents,

actuatorst piotherasgeut tofitiedinviehtion ficfudeEPafie WiBtwks Withi dliternative
push- pgﬂ art, wll_appreciate the applicabl e advant ages.

W@ﬁf@rﬁmrmpfma}d/%@utp@fa@ane mputémtﬁndn Still
other éa%’lcefer%rfeszoﬁhﬁ‘i'ﬁ%&{n ié)‘i’lf %‘é@te‘:ﬁ?@?ﬂ?&&ﬁ éjer ergr?'éguﬁha@d/or easily

manufa@gr@waduamr@mmqmm fim maaregmd clrastubmshapeddiaptesirgns

h fixture
et G AP RBTIASoF b LTS et s, e cop ey
be a sEllEgikE OslasulANEr Qﬂh@hﬁﬁbrdo%sf?ebﬂéﬂe rTHe”craza n@%gide%da stable interface

confi guratl on. [0015] Certain of
betwee?m@pmn@ frsistysas angd{s fese madhesicahprsieadedelentant such as a

s AL GRG0 RG0S 5e eSS0 BN TkblablhEd e

transdutudsa dgtiuedneson i ncludes franme structures with
tern tive, push-pull actuator configurations for

[0016] epligAbPn dtiiorey PWrAnd henmuw mmpwe asingle-fiststien
actuaté\%&é I&E fPLEQIéW&UHO? Beg@@hu? gﬁe%:fo‘?% d& rf?l.?stl!ﬁhn@ap

more robust An easl 'y Ureq
providas a gtahle ssrfaccﬂ aghirst ndgelr o, méclumtlcmﬂysﬂnaselab giraptor@gB8uch a

sructf 4B ot S Bl BT B i Aoy Bahiehtumatesion

reqwre%ﬂ’fblét@dltl@ﬁalqiréﬁia‘@ SRUrEONFLUFHEE, ﬁq‘nag he db"i‘ﬁ AredV édasa
stapl e interface between opposi ng rustu and/ or for

doubleagiivgrhnealn paditionduse ef twmactusinss arangedin sates affers the

potentiali] dfl b SRGE.THAAGY IBTbeRES ARIARA! AE5 USmants e
contenipﬂ@fbﬂ]ln(m@p_ﬁasémtamnintloatasonell s for a punp. The punp

use a,sin Ie rustum actuator or a doubl e-frustum
[0017] Aebtner applicas ffPhat%@Effaﬂrﬂrw legs posion,igsnanipulated by a

frustunibypd é’&ﬁaﬁ)rsﬁé@%ﬁ e?ﬁ.‘éfr %%‘?nﬁ@%‘r Wk Kéhl‘rﬁﬁu design may be

nechani cal | las the structure. uch a s ruc ure ’can
employss. hdieubler fyustubuappr@achmhay be desingitzle tfrond the perspective of using
oubl e- frustu desi n requires dditio I re_oad
one of §8t SiEs ot Fosti SEhSla R PreBae! Sud Ghots e aRUSESE Another
camerdlapplicatidntises tﬁé"ﬂ@)mdléx Aefe lh%ch%ffrlPJtu#n\l\t‘?pé%\tcHﬁétBF éontrols
arranged in series offers the potential to double t

lens pagitiaskand epgér mweg@an@satauat@aseﬁtlmmm#mom are

i1 SR PSRRI B ANAI AR Bl 09D vae

controlpxmmpormmts Sspmlkepdla@h%brhy rauliraigd positivA Schsbisgbpsticks,
hergg%q? %fe or doubl e-frustum desi gn nay be

V'bratoa\%!aay% riocg G GRIThORYIS PO BHItinax)s Betupsarss aist e

[0019] ﬁ\g'gﬁtbfdgﬁ lggﬁél?iﬁgél% i gsr erﬁoag?a g’égn{gtn% Sluf’ ﬁﬁ?ieg% etween two
parallebplanes Aofiustanoishaften regarded as the basal part of a cone or pyramid
formed by cutting off the top by a plane, typically, parallel to the base. Naturally,
frustum-type actuators according to the invention may be in the form of a truncated
cone, thereby having a circular cross-section, or may employ a variety of cross-
sectional configurations

[0020] Depending on their application, desirable alternative cross-sectional geometries

include triangular, square, pentagonal, hexagonal, etc. Often, symmetrically shaped
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[0021]

[0022]

canmera application uses the conplex frame in which a
frustumtype actuator controls |lens position and one

wo@roonoR7pl anar actuator sections control zoonPCT/08208¢/010120
O her potential applications of the subject

membérsanili ectasirablcirotiethe PerSectiVe of abKSistdt hitbrial performance.
onents, speaker di aphr agms mul ti-axis position

HOW@V@&@&W j ‘?R}@E‘Q dl@§tanﬂ%afaqrcﬂt er shanesdnay prefecketterdapaciven
oopicABALBipg isss B SR UPARER, £ LABERM O o
subjec;’tﬁMs&mhtraanr@a mﬁammaiepam dtehe mpﬁam/oAbbt‘tum ofithe
form(s ) Jedth il b e HIgnEh nor Fraairev b Ppilehy A prastgeneral sense,
the "frustith® shape eRdId)ddeih the dr@@erﬁ%%nnhlﬁtn‘#é)%é)fegarded as a body of
frustumtype actuators according to the I nvention may

volumesihat is irurcated o sapped atio #ndd Qierethis Rad ibthehane hgviag the
smallercéll'émgtérr 5r8§ ségﬁ(%ﬁéirblrg?.r may enpl oy a variety of

d5eec?i Gnar Scon I gurations [0020] Dependi ng on

ﬂ'he ivariepp dieviets desciies niabbe daléebpaie ¥pecific actuators described
Cr0ss- sect a fot‘%rre(} ri,es include tri angul ar, square,
herein gERY QYR eaélag g1deviges ineprpsrate s diaphragrain ;helr design.

Advan%péeﬁggﬁggeé&u%k Eap%lngeo%vr @Phig F\lra%% E@oﬂgrﬁﬁ%c%éﬁ’lg thereby

consi stent mater per or nah However
integratibg timey subasseantyigisar or ot her shapes may prove better
for a given application - especially those that are
space-constrai ned. Further variation of the subject

" rust uUnBRIERIMEBCRIFTICN OMTREPDRAGUINGSt hat the top
and/ or bottom of the form(s) need not be flat or

phadiguresniustipistexemplaryeagnacty okthe inventiono Sof theserfigures:

PR TR AR o shE SRR RAME i he T hat i s
FrG'QQQtaﬂdaé%%nﬂﬁPP%Qv 8f aREFeMhv (b estabki S end is the

one having the smaller diameter Or cross-sectional
BH@&. is [pb0&EENie viesr obars ERAN Begladasactubormay be

Lven b e specifiec actuators, described herein o
Bley fRemt A58 BESembly S Paispretis Vivus, mepactvaly. of a
Elaﬁﬂhfréﬁgdudér%ﬁﬁgu%@%hgn Advant ageously, the
actuator cap and device di aphragm are one in the sane,

tHebdpy tpptveegm af aﬁgetdwuc@ubfé'@emﬁ ard 4BRHeaAcally

W NGS [ 0022] The figures
%%@%k&é%%*&" pects of the invention. O
Fles eAfarmJ(BB%re Ebgﬁmbg andlpdBpebeve GBRRSHdspettitaly, of

an EPA 2 1s an asserrbly vi ew of an

o ceabe?/Ciq 4iand=&setupsingn altereats, Jrustusw of an
gﬁ%&%orﬁcﬁ%ﬁ o‘rf“ﬁé@ Q&uaﬁ;rﬁs 4A and 4B are assenbly

rspective views, respectively, of a planar
FIGn 3 ALtE ldlatgnalﬁmmtrcmﬂly dihustrateGHe geometrppndioperafforpott he
1@IeV| ce hn FA 4A and 4B electrically
rustum-shaped actuators;
FIG 8 is a top view of a multi-phase frustum-shaped actuator;
FIG 9A is an assembly view of another frustum shaped actuator, and
FIG 9B is a side view the same basic actuator with an alternate fame
construction;
FIG 10 is a sectional perspective view of a parallel-stacked type of

frustum transducer;



connected for planar actuation; FIGs 6A and 6B are
assenbly and perspective views, respectively, of the

wo e@ngezcer in FI Gs 4A and 4B setup in an al t ePCEHUS2006/010120
frustum configuration for out-of-plane actuation; FIGs

IS 7Cisl aaidersvrtiorodbhyshowing bhasiohBPo@patstigfy and

operation of frustum shaped actuators; FIG8 is a top
ragement wilh & ftustuddype Gansdvediaped actuator: FI G 9A

. : ) . ¢ _

E 1258 SRS e or P ahald, HiVelR TR, (ransducer

cutfigarationyi th an alternate fane construction; FIG 10

i sectiopnal perspective view of a parallel-stacked
153,33 3 arseGLonal ReTSPRGI B Ao Pl briRadiaRed siBofe n
frigunshamédistern optional output shaft arrangenment with
a frustumtype transducer; FIG 12 is a side-section

Wi A ds aqerspedivaatiew of aleafspaingrbissedrsingimbdsicvier
' ation; FIG 13 is a sectional perspective view
t%?@'%%?’l spring-biased single frustumtransducer; FIG

HIKE 115 isapsrspestive wiew oew vadight-biaséd Spigle frubivas ed
sing|le frustumtransducer; FIG 15 is a perspective
ARYUSELa wei ght - bi ased single frustum transducer; FIG

o 18 (£ qREaRative (ol P ISl IR el REI RRBIREL
sergsrfopstroke anyilifieatidn;a reconfi gur abl e expl oratory
ffering. t d ‘ [ t , d FI Gs
S TS SRR S o b P00
SesHriPraRdd WRss bPYaidl §pes ednd PIGE $8A/A 8T hfe é@ééﬁ'wiﬁlya

sectional perspective view of a canera | ens assenbly
\daWE @f ivagous afteinstivencapfigwagens &r thesysiem froklés 17and

i ' f i th
TG40 e ee Ro YRSt e o R e AT R R
@apkyad an érustiewactusdorcfanreoatrolefosus saehBIG 18B1$ ayi ng

S0 DSt Qhmera SbmponshisWith the-Systam Shown in FIG
19A;

FIG 20 is a sectional perspective view of a camera lens assembly
employing another type of frustum actuator for focus control;

FIG 21A is a sectional perspective view of another camera lens
assembly employing an actuator combination to control each of zoom
and focus, and FIG 21B is an assembly view of camera components
with the system shown in FIG 21A;

FIGs 22A and 22B are perspective views showing an alternative means
of controlling zoom, and FIGs 23A-23C are perspective views showing
progressive stages of actuation of the transducer arrangement in FIGs
22A and 22B;

FIGs 24A is an assembly view of a valve mechanism; FIGs 24B and 24C
are side-sectional views of the valve in FIG 24A illustrating valve
actuation;

FIGs 25 — 27 are side-sectional views of different valve configurations;



FIG2 1A is a sectional perspective view of another
canera | ens assenbly enpl oyi ng an actuat or conbi nati on

wa 2006002rDl each of zoom and focus, and FI G 2 REI/US20861010120
assenbly view of canera conponents with the system

ShE\E8 isra $iS 2bipnal \Gew2?A prads@eBneasuiicii eGinsdéeer
Vi evvs.shg)vxﬂbn%gan al ternative means of controlling
AEEAAINEhtP BEABVeROB3C are perspective vi ews showi ng

iy iget fui i o gf n -
FIOTSPSE S A85n 63 S0y £BF S ETFSE8 o
astspeastiye vieywwobtheastnedtvre stesiraim BIG 26AGs 24B and 24C

i~de-s ional .views. of the valve i.n FIG 24A _ .
i SpRaRT SOb A side: ¥ichign iefisial aginling yalye-set within
ahch?_pﬁeéﬁérp@péciﬁbﬁ\&asmb; different valve
con urations; FIG 28 I's a side-sectional view of a

EﬂfégéﬂAearrﬂaaéﬁram@ﬁpti@m@lrmmivawiﬁwsjswmg \tetriations of

[ [ : ; ' j j.onal view of an
gcrﬁfls%d@ﬁgﬁ'&%@ﬁ{d%%@g%%@ﬁg&&r spective view of
Fh@s Strarct 83 are bevtivriah pBispe2five vieWsssiiwing dthetGRirap e
si de-sect | oPaI. v% evxﬁ| ogﬁgn inline valve set within an
YRPRHANS SHRIYNE THFUNHBPS 3RjUatel%s 31A and 3 1B are
FRS 194958 pSIRPEBRF kR, off BVt Vb BEARYI SRk fa
first punp enploying frustumtype actuators,; 32
anpladnaveriges of theavalpes spe ptimps ilstiated lmboveg ot her

ari at | . | ovi f . FI G
SRS S Rre RN B A e Rh o BBl WP it o
Ftsgrated ohecky valgey forntsin@oniUitivawigstna Ly dfphragm:;

ustrated above; FIG 35 is a perspective assenbly

|l

bi%@%ﬁ@mwgpacwsrﬁm@v NipWBhowingtanpitheuppasisembly

Eﬁ:@’@%afiﬂé'&ﬁgcfk(}aﬁlggj unction with the punp di aphragm
'S

a perspective assenbly view showi ng anot her
plE37ds sepdrspecitoviparafta vigratbreelkmestyves; FIG 37 is a

ective view of a vibrator elenent; FIG 38 is a
B 3R05 a ScruibbaleeropEeliediPior 2 Hely tserbadih Sentoler
gRratroller; and FIG 39 is a perspective view on a

s&gaker system enpl oying a plurality of frustum and/or
HHaB9ds far peyspeactiveavieduarea speaker system employing a plurality

of frustum and/or double-frustum transducers.

Variation of the invention from that shown in the figures is contemplated.

DETAILED DESCRIPTION OF THE INVENTION

[0023) Various exemplary embodiments of the invention are described below. A
number of actuator/transducer embodiments are first described. Next, systems
optionally incorporating such devices are described. Finally, manufacturing
techniques and applicable methods of use and kits are described, followed by
discussion of contemplated variations. Reference is made to these examples in a
non-limiting sense. They are provided to illustrate more broadly applicable aspects of
the present invention.
TRANSDUCERS

[0024] FIGs 1A and 1B show opposite sides of an EPAM™ layer 10. The layer
comprises dielectric polymer sandwiched between elastic thin film electrodes. FIG 1A

8




[0025]

[0026]

[0027]

[0028]

[0029]

Variation of the invention fromthat shown in the
figures is contenpl ated. DETAI LED DESCRI PTI ON OF THE
WO MWENTR2ON [ 0023] Vari ous exenpl ary enbodi nent BCD1S100€010120
i nvention are described bel ow. A nunber of
shows thed siaé of g RPerpatsrneanoith "t sleatredésd Ntandersr EBBH electrode

. Next, systens optionally incorporating such devices _
is conngeleddedtiend . el dPIshowsethararposite ﬁ@get fdaverglR patierned with
a comnfBP1dBaRCeBEIH8 S sUoriRE AN A bhBIARSadBSCT | Ded,

ol I'Owed by di scussi on or contenpFated variations.

Aethownde FIG Jrmadtiple fillmelagemsxbhpiteestackechand held im & strgtched
They are provided to il|ustrate nore broadl

state Wﬁﬁ@fﬁ% PRSIt t & nimberrfipdivigal ERGMAtlayers 10 are’
I hew: it.6:eSi
achantRERERed Wt £ Cmoldn 5 07 B PBO S 6 v

potentiali afltee systenp ol hepunteendiilayjess steeked anaetaamgei foomi2 to 10 or
more. Geiailich Wi DR Heslied g Sty Suseen DURRE 9hla) RIS that ground
electrog‘%féﬁe{ fRemd sncexprreeshiiged tberevidé mﬁiﬁuﬁ%é@%lrﬁ A case,

osite side of layer 10 patterned with a conmmon
the EPAYYlayer os llayers otky ddlectviely beagfarceditasas GPAMBARHIIMS.

W e SRR s af tasial BenbigRln 4 hodle: gl Be used
to consBiuBE8 Toriblextransifier PhedtMisth ARG FEMINIS Bhe lsa¥Rcdnéfuction

are advant ageous|y stacked to forma conpound | ayer
known irptie ambi higre dndivsiuid cadridgresedions Forrerigcared o atpecondary or

boay frgEyiifior 28, DU, ParielFidinfh fiEtil FRfad B el ffifined to

providegina eymbirnadniher, atfacheyavith featdrieas agrshowa, bbrdéd totpthar, @tc.)

reme SA5EATE A0 SFERS B e 5 ha e ST BEM o1 Yo
. {4 faLr ‘ YE y 281
receivelit AL o Ul R b2, ThePAREL D atiaciel to th8ilvia
compleimentary mbanfsrbondgd treouslachped the kRAMEY filan watimthe spacer.
ransducer , nechanism FI G 3 sho e.such . . .
Fo ARt & ey oM s e Caran BB G 3 iaog s applied to either
i r i r i
one of BRIbUEE 12 TR 11 o 2B Y SRl Biorieide JRGPARIAeRNds, while
the othentadaxesdisapreldachard gentiactsar@thpomedestof agtuationeareaeferenced
to ab conbined (i.e., attached with fasteners as shown,
© @O%5onded together, etc.) frame structure 26. A spacer 28
Ryt digceracddrtimgf tdaBe pésat invpribh @ahibd sirig&onfigured and
recei ved by the frane though gui de hol e 32. The spacer
operateds BlGsdA&nd 4B Previgde assemilycaiithPeiseactive vignief & tragnsducer 40

accord @%&ggﬁe E)%%lﬁul.\%gﬁ%ﬂ tﬁgfcégg éggrhg?ivélk L é@ntﬁg {JFe%)efor planar

actua evice tonstru
actuatiag ¢as thengevice sl i ARG Joandiget-ofsplapg lactidhtion. g With tioedevice

.Oof electrodes 12 or 14. By applyin oltage to ane. .
descritgd ISEraRca{odBeaupYious Moy, oS 31 Refr feyer JO/TQ with
groundi| ét?@djesa%@inﬁoéﬁt{/v%?&.s- O her nodes of actuation are

re e

erenc
Again, individual cartridge sections 22 are stacked with a secondary frame 24

and spacer 26 therebetween, with the spacer providing an interface for an input/output
rod 28 received by the frame. However, spacer 26 in this configuration is to be
attached to a substantially square-shaped cap 42 elements. A more symmetrical
interface portion offers advantages as will be explained below. FIG 4B shows the

assembled device. Here frame 26 is shown as a complete unit.
9



[0030]

[0031]

[0032]

[0033]

[0034]

to above. [0028] A first device according to the

present invention can be simlarly configured and
wopwsateds Fl G 4A and 4B provi de assenbly andPCT/US2006/010120

per spective view of a transducer 40 according to the

Asefeeabtuanue iof thendéviee, Fi@n5 shbasnrabasie bh‘c@f—‘d%@i’émgﬁ Weflch A
(as the device is in FIG3) and

pl.anar. act uation
and B giles B i GHakaa piterRa TRIANKE (6 SroNNdBGR AR aNSLRDIh
g2k frames 20 carry
moverﬁé;'gé);?srsquiagoﬁ%aﬁb@a}ﬁ%ﬁ%@%’? té Fgmc?gs faci ng outward.

[Yeazg]anﬁqjmmatmmmnﬂg@mﬁom dd shchgeE BANTY mr%&ﬂﬂﬁges can be
st acke secondary. frame 24 and spacer 26
used 13 hiLise alsarsduger ROPRIELIgh UT o b SPGBkl MRt Ee FIGS 6A

and GBflﬂﬁst%‘te' diRHtd Qé’\'hEé't He‘i’éi traRsd G 5@93%519%53{ é‘lq:g)loy a thicker

However, spacer this configuration’is
body framen2fe By @l‘r@kzyutgssm’ft a &nanye sndayensittingespacsp, when caps 42

mTEtI‘IC terface_port of fers
are seqliEHT She ARG 1RV IBULEF Berbl' Bheals rdifts 58 PadhneSbRosite or
away flfdm o&ewmﬂh@d 'Ftﬁad:t@late tHer ttardgaricer &5 siripRITRMRisARoflon, one of
npl ete unit.[0030] As for actuation of the device,

the Cormaéeﬁr%wm'%e%ﬁsewa@ﬂed dytarnlvige yaitage whulle khenothat sile is
allowedtdRSia®! SLBA 4 C‘Z}h{) ‘ﬂ#c{qre%ees t‘i‘u%"lfép‘?ﬁ of Shé‘t dﬂ{ %u@edcrggsmg

cause back an novenen
that of theaaiherr & tita simplest foaaerthe[B68d1 phf&iu,cedrls génerally perpendicular
alternative configuration, the same EPAMtm | ayer
toafaC@aQtft§1 can be used to produce a transducer adapted

Fm-‘.s ?J‘\W@%é@jréﬁ%é’tfcaﬁy ‘“ﬂ?ﬂsﬁa{é‘mét maHh&Min: ﬁbﬁl&%ﬁ% and

B illustrate such a devi ce. retrans ucer

concavgm‘lv@uprﬁﬂ@tmh@ped actiatersrfupotign frr asinified tByp dimensional

ol SR P AEE 1, HEA ) R DS el e

conicaldegquaneds ensiaick eteMirerbdeivadifitm GPROS] frémGhe &Y a tfiudEated
one another. To actuate the transducer for sinple

form 6Grisxioyidest byomodifyiagsisting diapliage eelustaieosfigeratioss by

c:appmgI | o\l}g?éar%tt@ 'éf't ﬁﬁ f@eV\MBrl Sn&éﬁeﬂ% Eﬁrthﬁ'% Jl? alters

to re Ion I NCreases e' de

the shametheaEfPAMTBI’aydn/lléyErsiGOV’E{Hded tdket 1Afthé bﬁambkﬂ?vhefé]a point
I npl est case, the notion produced is gener
load St‘i?é?'ﬁb?ﬂiecfﬂ'math Bimyweyldeassuniea comisal pb@m a$|ngsca7¢3 by

dasheodilr?&r 5 ?ﬁéﬂg\ﬁlérjtb ) mHah wdler rWH cY\’PI’ 8'? R orm a

concave/ convex stu ap ed'ac URCTIoNn iR
more rlgleiQpFBtrLthlmd? thmfordmrre iincatEd amuim!llcatﬁl (E §’de lilessd4 it EKS 7A.
on of the tran er frustu

h
SRaPR RS i SriCtutd Bindama Ao s 35 PenarBANGe o fgg one, it
dlstrlbuﬁéQQirQQé)tf%t Ndu%‘bfﬂ%%’e%r@ehfréf@é’tttﬁg PP FQtiuture 66

provi d 6yrmdlf Ing existin ragm act uat or
around@nen@luerat &@fﬁhb)bodapmtagdt lhaeotdm t()@rffebbill’msai@'ce)ﬂlsttmmltlon the

cap is kAT ERAR sy o S Bnd Bbaite P
Alternalibély?t?ﬂi%rﬁstmﬁé?ftfblébelé%ay be bonded using any viable techmque such
as thermal bonding, friction welding, ultrasonic welding, or the constituent pieces may
be mechanically locked or clamped together. Furthermore, the capping structure may
comprise a portion of the film that is made substantially more rigid through some sort
of thermal, mechanical or chemical techniques — such as vulcanizing.

Generally; the cap section will be sized to produce a perimeter of sufficient

length to adequately distribute stress applied to the material. The ratio of size of the
10



| oad stretches the film the filmwould assune a
coni cal shape (as indicated by dashed |ines define a
W@ pdoangerar top 62). However, when capped or aP@EUSIH04/@10120
forma nore rigid top structure, the formis truncated
cap to @fe Hidiatat i e ]
P e O A e Ly nay P22 Clarly, the
size of sligq, sanar etc.rrRmMployed forthdicaprwib bedargernesier hlgiter\strebd/force

aoplcAipierHeBIERURALS ind BEuSERS Obs ShoBbieith oSBacse
cones, girésairetdiased aomesdest rls REfUrtRY lmESdﬁﬁ@e tcﬁre@fufcé%rh@ the
t he Mtm |ayers. n adhesi ve

agaregats KA bl gepRacy Y the trariRslieteatUni B EESaTHYT Jr agiveorarsaunt of pre-
stretchl‘lé'tﬁ‘g EBMv ¥k ?s t? Hﬁé%e i m% rggwg'ﬁ;&e cpﬂgﬁragm Setuator, the

iction wel trasonl c

cap or dmprkiragmem el@ln@ﬁimamyelbe Feeanaciveatdvipbasiaduéti as a valve
ed together. Furthernore, the capping structure

seat, eﬁ:awng&%ﬁ’? ¥t8Mortion of the filmthat is made

(0035)  PHPPhiSTnoRe HYioR Uil £aB 48CIGP RENRAY o S0t it RIcEhen
EPAMRYuheteariat hogsed 09 HfraGerie s’aétche]gtlﬂﬂ efc]?&mtlsa qislrpéhdﬂbulbr fethe
si zed, to produce, a i neter of sufficient |en

cap (2SS SOPRATG B HAUTTAISS COpBHTatons S IsBoNN IBrHIe. 4B
f Qf

and 6 érg) néta%rbﬁgle%sg ﬁ%ﬁu@%&%ﬁ?@?l a;ﬂ/%érrgﬁsn%fylﬁ\r}@ﬁﬁf\/l fllﬁﬂgmams

substantielyflator@ilarrsc, square, etc. enployed for the cap

oss]  Rebipgpte HE 7A, ﬂﬁ%h%hgraﬁrztof@?ﬁ%féf@?e{n‘i% g Botmmrege, the
attachécPEPR'MW AATEH seReeDy/ 1 PIof éf?ué}b Lﬁﬁé'%%a & )fhésangle

further 1nportance to re uce vo é agg egat

o the BFMMﬁmsosretsnaﬂﬁart et dotieatedunay ralﬁgélbet&iedmwlaﬁd dbout 85
n anmount of prestretch to the EPAMtn) | ayers.
degreeguﬁ

&rtypically itwil rangastram akgu 38ite Rladieesr Whane
voltage® |§|% %rlleg s%ptﬂégﬁ@ EBARHS ﬁ%&gé@% c%ﬁ{prgsgid %H% %Vt%\&s th its planar

as a va
dlmensﬁmﬁ ﬂfﬁssdh%gé]se%h@ ah§e per é’ocﬁlt@lhéI saneSMIﬂgbeI'&é Bbiween
psectlonformad or set in place, tm
about 51ﬁﬁ‘éﬂ Paiedisase Qminum angles may berdatetainer rbaéedlque@pml@atlon

ndicular to the cap (as seen by conparing the
spemﬂc%ﬁfg@ﬁframe configurations as shown  in FIGs 4A/ 4B and

[0037] Swg@)sndedtfrwudunmsctdaeré anengigtindné ebhteniplaRIVéctpet dfehe
l\/é ns%glqitantlallyflat or pl anar.
presen%@g 10 éﬁW PHbIersislethstrygtures: Heoropglos, ginglensidgda

st gt P LR SV 4, S Ko

or roll spmmgalayf speng hetcBPaANor Myidi presstreamagnetic radiraction, mamaght (so

that ord Y ETRB REABR o A5 S0Sle P S B 1A S dese means
or otheflegr ees. When voltage is applied so that the EPAMtm

material is conpressed and grows in its planar
[0638] b deutiesided frusiyes iigpsducess anedside dyrically proxisiestorelead to the

other. SRMCsJAGSiBLYAFhYEEE additional bias features/members. FIGs 7B
illustrates the basic "double-frustum" architecture 701. Here, opposing layers of
EPAM™ material or one side of EPAM™ film and one side of basic elastic polymer are
held together under tension along an interface section 72. The interface section often
comprises one or more rigid or semi-rigid cap element(s) 42. However, by adhering

11



[0039]

[0040]

[0041]

[0042]

[0043]

about 5 and 15 degrees. Optinmum angl es may be

determ ned based on application specifications. [0037]
w®emghe2233 ded frustum transducers are w thin tPEr/US2006/010120

contenpl at ed scope of the present invention as well as

two Iayms loff mespdlgmertta)gsthar abthefrdntepfaek Oméfccfmlﬁlﬂéé ré%@ﬁfbf material,
ces e y spring interfacin
alone, (939 SRr 3'3?‘9%13’&8%??[05 rﬁ@gﬂﬂlﬁ CaR FRAi0R N F"@ Moshpasig manner to
offer alstable $MetBee pBfon ofﬁ‘i rtré?’fsdﬁlsé‘r‘ d pressure, magnetic
attraction, a weight that gravity provides prel oad
tHoweaver Wssﬁwtedoth%dmfmtum mraoédaw cn:ferat&sa sheaws in FIG

8] In d
78. Wik Uit S T gL i DU With dEFRforces, releasing
stored Slastic, erigirdiie mag snm/m BAH WemhPREiK ﬂh%wgh Riras and stroke.
f eat ur es/ menbers illustrates basi c

Such acligis ndigated @Mdaélhéﬁﬂ'tn@dﬂ @ 7By 1lf bothefllm felqggastsm@mprlse
A 4 I oSSR L B B B Do

positiohqgietuae by satid linken siaeh oaIFa:@g 7TAnand7BY haaRiisgetiddible-
he m%&rface section often conprises one or nore

headeJ@gow seni-rigid cap elenment(s) 42. However, by
W S 00 2408 LB BB RBIOER AL 6 e o
neutrabpdstion 82r &1 whichetgses tthé hen-aotivé sixle 6f tlamdelve:ecmlay simply

th t b t ff
comprish BAicb TR FOR e heITalnan (EE MeNtonad Rk opEPAM™
matené;qga% |§:€%hﬁ€ctehr$e€@|§§|lygtr]c£ ée—%iﬁ'fe 3@q§%lépgﬁléﬁ&eéner %Igﬁr?é serve
as a generatar dx escaved npmtldrsowwnbtatlbasspdton tiee deekears langgshemde

| astic energy in the bias side 74 and doi ng work
yhrough force and stroke. Such action is indicated by

garhedo n%)ﬂldlfél lvﬁn&ll&n d#-trdrisdbesrd ddcorairg $oaig Eré‘s‘é"ﬁP fr‘lv‘éﬁtlon

_ EPA Im then the actuator can nove i n/ out
lnC'udaﬁmrQMwwf@r mMulangle/axissensiay pestuation. (Félﬁ:)&ﬁhbwssanblr@llar

co ! O8rAeaE oo 1 ke B 83, 05 HAEb Sy agaessabie

zones 64bﬁz§sé§ \Whewi stefigufed 86 enraRbi0r, iby diffétiehad! @&td@’éeappllcatlon
i de of neutral p03|t|on 82. In which case,

the seqt@nsawtl E¥pard gdiffesentineausing eap ﬁa;toé,nltrqn gn e@giﬁ i Sech a multi-

phase 9%@%& an%@éﬁ%ﬂ“ﬁg "W%eﬁ’ﬂgﬂtﬂ % | 2 Ctgaﬁﬁi%foﬁégéno on the

mannee bécontralal\Wieh coafigeeddbasgesing, inppiforhanasl gtnd)th_e@fadt@er or
serve as a generator to re over notion or vibration _
attachmgni fo t i cAReaNsiIEaNgyia5d ?%g‘é'ﬁercani ReemeasHead by wayef mpaterial
capaciﬁﬁbb%bn?@ﬁ' onal variation for transducers according
e present invention includes provision for
FFbEtEEP/aM@W sectiorssisams imblG8 iscowat.i BIG ORI gkolidesamsassembly

PAM t tridge 90 t th
view of g P lrustUmhrogRg 3rcioentie £ogy RermbeIAgs 24 employed is

solid, resembling that used in the combination or convertible type actuator shown in

capaci

FIGs 4A-6B above. However, the device shown in FIG 9A is a dedicated diaphragm
type actuator (though it may employ a multi-phase structure shown in FIG 8.) An
alternative construction for such an actuator is shown in Fig. 9B. Here, the monolithic
frame element 24 is replaced by simple frame spacers 24".

FIG. 10 shows another construction variation in which the transducer

comprises multiple cartridge layers 22 on each side of a double-frustum device 100.
12



zones or phases. Wen configured as an actuator, by
differential voltage application, the sections wll

wexpanaek2di f ferently causing cap 42 to tilt on BCT/EHAYDE010120
Such a multi phase device can provide

Indlwdmmldapsoﬁz St gaaRd ér dthclasd wRlethets Tld &dtndthb@ate the increased
pendi ng_on the manner of control. \Wen configured

thlckneﬁ& Mydiple frgma spAlions Anmay fikawise ke ﬁf@ﬁk%\slp@ﬂ @neginother.

onsd) BELAR IR NachdokR9E32 ARG B RAAL BhRE o
Either ¢8R botRapfbAbkdsn- t@mherm nsd\oME ehiplby<d lhﬁrda@értﬂe output

provi des view of ‘a round-frustum

nbl
potent'alr%mga@@@méewc%ﬂ ﬁ%%%nﬁm leasteae catridgpragiaber i the of
the staél@ k}érﬁjeltﬁftsﬁ@bf Pétnldidds YEfE deﬂn&e‘) %é{’@ s%%fd(s@? S%Flsmg as

vertl ype act uat or shown ove
opposetdotmemﬁuamm@ faeilitate ectivavactuatdi @rﬁml bs opechtionocatrifidation.

Regardig BICE REbESE BpBias o etk Aphioach SfoRARa FLAHRI pentroller

may bé@r‘?\%ldyé@tlh @0ch @& systsih tar&oa&buaéteétdrZoo@ﬁ@wwltmvgﬂqu%ﬁB
Here, 'the nonolithic frane el enent I's replacéd

accuragy ApHOT PFeFBioBpacer s 24". [0043] FIG 10 shows anot her

o0 BRI S AU A M oAl PSR e
with a msiougﬂyﬁeftra{mduoﬁrd?w c'téhﬂéwe_tli_lbbs‘sed ualzdcsrta@meclr%m ef the cap
r 0 acconmpda
pieces Pida adiesns chrouisclanitel preEhamaACowBLL | T bossasay be
separa’cé 5@\%&1@ ﬁaéﬁé}f{éﬁ UcEz%a‘H?n%)g&‘Zm ‘B%W@Fme& %éé@ﬁﬁr@\r/}#th Even

eac cartri oy conpoun
thoughlaaylete;nabthreem ahengemenbls dhomn, eptaroaldhesaded shpft may be

cmployBRY, ST BR bALBe @t AR e SN SRS b Bloh the
cap(s) éﬁdi tsébdl@@ areEesr dide Wit Phutshe aS’(S/QFélél j(aﬂnnat bR8hg&MBNET Other
h sides of the device) may be setup for sensing as

fastene@m@@aaeef@ra@mma e IItQﬁSﬂd@ asiwelt e active actuator

ool BRI, UOBBEA GBS AT Ay A28 B,

which uﬁ’ét@admftemmlbﬁng rtw dmacan@btwetd:remfmr@amﬁmheﬁhé@nother the .
control .actuator pesition with very high_accur

two congayeHTU L SestigRs 1%6@@? tqwasds £ack athar dEha BElpah oy biss on
the EPAI\‘/ﬁWIéL}%r?@o RREE ‘?ﬁ‘@ in?t8 %&1859%” £ éﬁ'ﬁrégggé”sh%%? sﬁacer 124

e trans ucer ed bosses

betweeai ¢dpar 42 Ae shbwhhthecsaga eamaprumsoam danalambadg. dhe caps may
nnection for nechanjcal The bo'?ses

{00 InCIGPBHILPRETENG TV vt il nE NGB ES 4ol 5 ote also
that thc:.f mg-fé&hﬁ%ﬁbtléﬁﬁf i | hbent‘t:é’r?i?l lfl@‘l@ kogs n'o’i‘?éadd?@ an

hread arrangenent 1s s external threaded shaft
lntermechqtetfeammnwbdr 2&betwesn mdnadugai reanridgeasectons 22e |ladeed the

epaw ) B G 5L R e B R SRl P O
sﬁuatno@%%@(‘!‘ﬁﬁ&gﬂﬁ Scdl iBHARRY, tAE VARAMGTHf PR IRREARISMAY Bffer
benefits. Further uses of thls device configuration are also discussed below. Other
biasing approaches for frustum-type actuators are, however, first described.

[0047] Specifically, FIG 13 provides a sectional perspective view of a coil spring-
biased single frustum transducer 130. Here, a coil spring 132 interposed between cap
42 and a baffle wall 134 associated with the frame (or part of the frame itself) biases

the EPAM™ structure. In the transducer 140 shown in FIG 14, a leaf spring 142"
13



[0048]

[0049]

[0050]

[0051]

[0046] FIG 12 is a side-section view of an alternate
transducer 120 configuration, in which instead of

weapbogi2ny two concave structures faci ng away PCDDSN€010120
anot her, the two concave/frustum sections 122 face

biasesttbeeagpoetiamh obb Iﬁmnsdifdsa Tt leaflsPringistshoh hﬂ@ched to a boss

144 by bl SR 5P aees PRI USeT beiaan DB Edcn a9t sbowns on the
other sidE¥O¥fithel dtp. S’Pﬁ@%nBQEPfHeSI‘ééf are %IBHH B0y 48 Th aﬁﬁ@%r

may too include an opening In I's variation o
transdwa&remqanmiea@O\/wﬁtustraisd byHFéGs15 et EPAMSY fllahay be blased by a

e L SHR L e b She Beio
device b@&h‘w?\ﬁﬁ tilteeli ng fé‘r'%e §é!(é bf \ﬂS\‘r‘wr@e ﬂt\ﬁlﬂ @%)ew ly BEAGEAat ddhat the

tm layers on each can contact
pull of gravity est therweightisymmetridal biasesribe \Ma@sdummw@g B—parse

t f t t
BBk AL e oL Bl ik S P T PGl ler o

the sub}eet tedresal udiess osis BE Vaeikato skt Begivén applihtidPPIOABALXhBALtve list

um e actuators are, however, first described.
'nC'quSogw?uf@ﬁ%%Sf teneN Phconpedliameaansiasssciatedwith dhacap (be it a

t
treadfELRRE oty AN, Sha a8, oD LIRSS PR L O
(magniheteramgle apditdction ea: fdilrh |t@pd\wlllcoh§4a@§/ﬁ©cpcﬂ?@@tl‘mﬁé1 etc.);
frame (or part the frane itself) biases t

t he
film th'@ﬁm&z ﬁft'\é% Y cm-@ct'VﬁriaWé DHENRSEGE STl USRS o' f'l'anI G
cartnd#«fsa gt Cerof%‘?‘{ga's@? WBéraéfen%\Mée‘ @&"Wdtdlﬁélgﬁtdg device sides.

spring is ovvn atta
SYSTEN®ss 144 by a bolt 146 or a spacer captured between

BAG KT bk o5 BB o ool
FIG 16lgtofidet Refrahsdned examprX 60 hiewhR & hLiswsker 8t fdstimn F}Jp%
15 the EPAMtm film may be biased by a sinple weight

transducsy subuaied0ase stadket ik geries tyrsdoke arhpl!fh:atloap Véhatdg more,

on PN BRI 5 SRR 1 B

througtp attbcmﬁegt wvitd frame 201eViiieghé he this Merﬁb@ﬁ@&‘stélﬁ@ due fo
nsduc al on%%a Z-axis. [0048] Based on the above,

.

its intenal SRRH Hefrre aaﬂvehmp%saomeh%frame is4nebila torRroyide

second%gél&lt &ttoglkeuntsducers can be varied to suit a given
app

I catlon non- exhaustive list includes: the
hstead of aseeotarrstage t20resimpe spaaersmaystmoempb@ednldehmeen the
pacer,

outer 8688 o ek AL A B o e it Hroase
stroke, tH@g A dtHEr s@ESRcR mal & séi @ﬂ‘theeﬁl%t )etcf rl'b'BfFéf%other stage of
(S|I|cone acrylic, polyurethane,

actuatiom; @Mbggmv\@fﬂﬁa@ng §ranﬁ@nce=gdflay be|qyplpyed thnb é(ret@nother

varlatldn%@témg%gg\?laérg{g o ﬂa?rarféé g gggpgﬁi@#h gé \??jé\&gr%sfacmg

transdugdent érs acﬁ:\é’ﬁd’ﬂ@s{o@@é% Nayurafly tdthe s obnbitiatibheass withlrsthe
ed.in nore conplex assenblies. FIG 16

e}
scope B%@lﬂf%e 'P%%'Pf‘é‘ﬁhcer exanpl e 160 i n which a number of
ARBHe RigMP Flexible problem-solving or experimentational approach offered

by the present invention is illustrated in connection with FIG 17. Here a reconfigurable

exploratory system 170 is shown that offers transducers of various types. FIGs 18A —

18C provide assembly views of various alternative configurations for the system in

FIG 17. With a component stack arrangement 172 as shown in FIG 18A, system 170
14



transducer subunits 100 are stacked in series for

stroke anplification. What is nore, an inward facing
walowbhe22f3 ust um transducers 120 offers a seconPCDUSI04/010120

phase through attachnent to its frane 20. Wile the

is adaptel ghéeroé dsha plamaraetuatsr. Wb laecotbigorientistack atrahgdthent 174
‘ﬁgac?l{gref erenced above), the position of its frame is
as showg i3 LG 1188y sysiede 1@ évadarted e seiteprs astiaphirgam agtgaton] With
f . i e
= compbREhE AR A BEAIEH SRR L TRLS BRI dRiadibra o

operatesas aldiaphrpbont pueipi dSughua poswpsis descfibed hrefurthec detailbelow. As
Str , then. .another such stack ma et on the
for systBi, 3(5 e 45 BaY drere en e SenigE Yphiedtie RBAS tSeirto
tremen@d@$ fgxibilipar d- f aci ng transducer nmay be enpl oyed, etc.
et another variation contenplates pairing an i nward

Y
[0052] sz 190 rrevidsa@cdewgfamother applieatips empinying theseresent i n

. e \ TSIt

mienidi 1 A Bagis Bt By Bty AL L RTING Bl oo

actuatoAri8@Rterconhtrghfocu| &ticbdap @rdibplezgaobiibhegtramisducer 184 is open in

the shapRRa 1168 IO [BRSBEaNS LT TECTPhHaFRL ATGUEiN 188. A
et spfi Fo8 4 SRS ILEARLEWRN BIORBLIRY 15 KR KA P FhN"

ers transducers of various types.
[0053] A8 €hpwa\in Gk rdbtympleted carmeranassemblyl wilimebtde et least a

shroud &3 ol d? « FiEioel FrainediBoteits) 4945 D ToehiCharge; Coule
Devicem%t??]rﬁﬁbé RbfuradHRe SEciohieS 198 The|PLFOHAES ﬁﬁégﬁé F{t}eq__rla’éed to

' _a conponent stack arrangenent 174 as s
drive thesmytire gevioe, orithe elegtiapice 9nthpase 208 ragy siraplsphevidenthe voltage

actuator. Wth [ofo) t, stack, arrangenent 176 as
step-ups . ontrolFPaUYe forsﬁgﬁfm%aa?a%apt ed to operate as
[0054] %ui%m@%mseb/@- Téaei@saonom e HRREIE PRE O MigiVolt8§e Corp.

_detail bel ow or system 170, suffice it to say, _
(Californis) &, k hat Girhedelatgnddtica Edeatranicsudrc. |(Rless Y pekg Gefriesd/ V units.

el SRS oS00 548, P Ap Lo At

power supgdiasimay békenploged aotlenigiin theacadsry embeaiméstsebil any
180 errPI oyi n% a frustumtype actuator 182 to control
systemsigeqrporatily g subieditiapifeeRSof the transducer 184 is

i . . _
00ss)  PRI0 Ry IREFeSher EhESsbahol) 98, [P ARA spring
howeverpthisidedigh ersplysadiuble-tmstuen type dctuborid@dsnmgictothe preload
, i ag t.he EPAMt il 053 shown in Fl G 19B,
side of SheJpube 228arey Hosbe ERAY T, Hul ol B Sipsiogheris ieb.

' 0 h A off ) 194,
should FRSY e R 28 Qe Rpr e AN  idiBtial RATRVERTRRRETOR o ane
advantﬁg@mlslpﬁhqﬁo@sforEbasiebepmsni@nibyscalmacitbacé nhaggatb ed g 0

rive the entire device, or ctroni cs on boar

0056 IBcRnalagT GIRIoR ShD IMETRG, G5 EARSTOMSR GAMETR IS A SblY
210 emiptéing 8A dctiatoP ofrBMdtioM2 12CloUdnio!l each of zoom and focus. As
before, the device includes a focus stage driven by a diaphragm actuator 214
according to the present invention. In addition, the device includes a zoom stage set
of planar actuators 216. Generally focus adjustment requires between 0.1 and 2.0
mm movement; zoom often requires 5 to 10 times that amount of stroke.

[0057] Accordingly, zoom is handled by a different type of actuator. In FIG 21A, zoom

function is actuated by a pair of planar-type transducers 216 located across from one
15



[ 0054] Suitable power supply nodules for such use
i ncl ude EMCO Hi gh Voltage Corp. (California) Q E, F,
w@2ovoded233 and Pico El ectronics, Inc. (New Yor khC1BE£106010120
V V units. Naturally, a custom power supply could be
anoth@n@fotmﬁiesﬂ in thatyeaxhsef, the pdanaa fardeadiapitragavactustgrsldre Sormed by

yed not only in the canmera enbodi nents
EPAMET Yind sy S er Re HP RO eI MmO Earas seinent 2o useFenctionality
s oﬁef%]heﬁhﬁ R SRR ¥rou 2 i (€S ARRRIR g he

I nst'ead of a l|eaf spring owever esign e
distanee betvwgan bnsé@@mn@teaséaﬁw aBudk mMé@Ementvdfilels 2P@ relative to lens

of t deV| ce 8 rra not e EP t
186 |s%c§hﬁ?1%ﬂmecf5¥[ﬁm)s§? I\‘{(de?? ayer
[0058] 228oiebIHes- G ﬁé’ﬁ\'&(éﬂ’@rs @ﬁ)ﬁ{érfﬁp’tloﬁ %&Sﬁfmg 'td tHEaMVEPﬁtSn that

advant ageousl y enpl oyed for sensing position
may be #pated heey @ﬁenaetanpemremwlamamenw ang aflnednnm‘g is mequired,

orund UG8 8%an B oV RSB B i o
shownoft aismm cmnﬁiemplahsd thst rbaitipledfacédhof demmemﬁéﬂﬁa&aﬁ carry

sta rive i aphragm act uat or 214
diaphraGRAIHETS BONRS! Matarach alomhaboR, Sl Tudhet fen-ortagonal
frameggym@qylrﬁgy BE@FnHoyOPM St age set of planar actuators

. Geénerally focus adjustment requires between 0.1
[0059] Keayardiog vameraapplicationsoof thtpeaserdqmwemmnsthe)afb@emen‘esned

systenfg'@%n gg‘%ﬂ%}ée 8)&1{%’#‘18? qum%%szﬂlﬁ & O[}ge'ygg Iey ;pq{% eylgrli fﬂltable for

use in zompaktiigitapsr ¢l SHedrieasRrems, atdai r of planar-type
transducers 216 | ocated across from oneanot her.

[0060] .lmﬁe%%,whﬁge th%@ isHere avaiahle ppasririt maay bl desiretia provide an

AF ar, filmstretched
EPAMEPEAHABECE Tl STRER o ikt P IS Msfesse R oneyating
range ofthefdestice] BYGs ﬁEAta\h@I Zméreﬂbér@,ﬁG@F@\heW@%m ‘éﬁ‘dlt%rnatlve

acconpl i shed varying the di stance between | ens

planar |Céﬂ1$f9 systenn 2RO i whiiha telescanic agaogement 232 of @Iartan@ctuators

s provf 2 o RGO 3. el 82 SOSIRRGfh ARF BT Sooms

positionpeisandieatedrlti aigowe 2|3i2&and12®4]treensedtlvety may be appl i ed
fin

i ci rcunst.ance e ul k novenent and
ost) I RnR IRSEER i agiialare Al CaBneciod o anessteds sharified by
th I &P [ORPA \[ [
@ o Py M0 £ 8 2aATRIC R S ofthe
transdyeeqfdaciagctatioy. dheprearpssiyetroatia is adhiewe loy cohpection of

succe AEHBHRLEHEL LS (R M5B MBS B0 B ot o

bar 34@apdiatzEiched so@ 3016 te floatot, ratheend idgive ZobBf components.
ﬂlorementl oned. systens can be nade extrenely conpact.
eﬁewntt'm@ntwwaﬁ cempHPES ad\ymbas of fiowr Confeolimeans.

These FUERGhcHUB VaRlosO ifdislafigfigpsaer as, etc. [0060] In

cases ere I'S nore avaP ‘abl e space, it may be
[0063] HHsi2dédistan gssenilaly view of a valve mechanism. Valve 240 comprises the

[0062]

elements the make up a double-frustum type actuator 100 as discussed above.
Namely, valve comprises EPAM™ film stretched within frame members, and secured
by cap(s). In addition, valve 240 includes a cover 242 with fittings 244, 246 received
therein.

[0064] FIGs 24B and 24C are side-sectional views of the valve in FIG 24A illustrating

valve actuation. In FIG 24B the valve is closed. Cap/caps 42 serve as a diaphragm
16



EPAM tm zoom focus engine suitable for |onger zoom

travel to increase the operating range of the device.
WO-L@s/1@228 and 22B are perspective views show nBCHIS2006/010120

alternative planar canmera system 230 in which a

blocklrtgetlhesmrmratlvaflttlagga%MantanZ'&Z)rméllyD theaad" ashfitiiraf @n irSa neutral film
rovided for controlli zoom_ These figures show

(Powerge BT HIRORICAESPRINR 0 ﬂ@gﬁ@p Ehesvaige isepenachy pptuating the
transd@ééﬁb’%r%%aﬁiﬁzaﬁﬁ%e dn%%ﬂ@ﬁb‘f‘éﬁlo%r gﬁé'ﬂ}ov? REW ARSI 41

whi ch the tors are connecte opera e 1S
chamber 260ffordedyithiretherdeviaged sect i on VI EeWs provi ded by

3C sh f th d
ooes) ENG S SR 085 B R BTG v 3o, The
device tiffererilp h Biat UEEERII NCIRIVAVE R e%%t Op2ris tp%\hded in order
hi dden) to frame sections 20 W|tht e final

to Oﬁe%af@)‘”%draﬁ'gﬁétf@atrpbd 30 left to float or, rat her to

006 {167 899 SBIGAD ok A95F 71 FHGTHRlgd 2LERLL st

lines (it shewnyam fuidradnudenicative svithntoxdiffereat fluiflygssodré@6 &ot
f a val ve nechani

L e e
The pdéﬂkbm SFthEWShHTRPABE PSS WA v?ﬁll & ) b@%ﬁﬁﬁ arrow

% val ve conpfi ses EPA stretc
278 dl(ﬂa'@ﬁiet ﬁmmem@onmﬁ@agb@luffa;enbﬂow aplesto. ertar tedéxiisdittings.

Naturayg tH% éeé&ﬁg%@f ﬂ&? [r%ﬂ%?ﬁv apPE%dz Egr%élgﬁl%ll\ltf%'(yn Stgédbrécedmg

devnce%sdﬁaymé btherldescevsd Rérdime val ve in FI G 24A
|IIustrat| ng valve actuation. In FIG 24B the valve is

[0067] ElGLLshawspar dpting yalyed@d. ayh sr@tlmﬁrpa@\rmluwalwﬁg endoy an
imperf@%ﬁr-{ Bidpha rhtéhbﬁﬁra%%ZBQ all?ﬂ?ls %9§%mélé(de°§ Ar&%hh hokﬁalzeSé) In

guratioh | neut r red or
this manmed; ﬂluldns able t6Ip@s24Gm bhe sidd wkthesdemicenethbyother through

tings 382D bR S8 G Lo i A e s oy

or into #rPoberme fith gg.the device. [0065] FIG 25 shows
anotger one- sqgg%d doubl e- f rust um di aphragm val ve 260.

[0068] e 28d9iaceideisertional yigw of a préssura neassiremient trdheducen290

sccordfig ANETRNER? St Rks I e Gu A et P o8l ey
correlafibi itd @h¥AgeSintddbacitahed céuééd PYStrétchiry ﬁe%ﬁﬂwh @t Qs
lines (not shown) in fluid conmunication wth

compatgid fooa dpical ERANGAdiapbragradransducah cap 2 ders afmew levgs of
74, 6 are connected to a common outlet |ine (not
rObUSt%er?évm)%% F SI tion of the cap/diaphragm 42 which may

[0069] wcsy 208 arrcngammtrate él%hbs|ea‘t:fawr?gb&e§saﬁeatcﬁéck N8Ive 294.
TheEg ortlon of each different flow able to enter the

" nigterialaj actudoni2@ Isystratoihed sle\ﬂnatecapagem abthe distal end of
vatve Sl AR R ASE S WABK bl o AP BRE e
contracts in thickness, and extends in the direction of arrow 298, thus reducing the

preload at the valve interface. When so-relaxed, fluid at a relatively lower pressure is
able to escape past cap 42 (or an valve needle, etc.) exit through fitting 246.

[0070} FIGs 30A and 30B offer views of inline valve configuration 300 in which the
frustum-type valve 302 is set within an application-specific housing 304. In this case,
the housing is configured to replace a vapor canister purge valve used in internal

combustion engine applications. FIG 30A shows the valve in a closed configuration;
17



[0067] FIG 27 shows an in-line valve 280. Were there
previ ous val ves enploy an inperforate di aphragm

waele@phe2agim 282 in this case includes through hpCEESR86010120
In this manner, fluid is able to pass fromone side of

FIG 30Bhshodevihesydiee trhen eper cohfigrEabn f Theivagie %&ﬁ)rnﬁﬂ? closed and

wher e di aphragm 282 nodul ates the anount of flow ab
open upen yakageppplicatipndotthe Effditt file The valvg ua@ade§ acmar 306

intearafesuff ol of FodfadfCide 205 atdl S rnpBLE Rl turtm
design Fbrbids i esi 8pang B O1i¢ BMpioyedantesinglsitied slesr@d by
correlation to char'(}?es i n capacitance caused by

[0071] /s\s @t ethehgreleatiopagl th Slﬂt?lﬁ‘ﬁﬁ syaterns Auialet of RIMpp ARl

i {

st B RPN A YRR T 5 Ol R i tresgyre o
used tog@herateisacuire. ¥ahe staliteresanay kerfd tp thes pump”badies: kr
integra@@gﬂ@ﬁhggﬁ% EPAMtm material of actuator 296 is

t cap seats at the distal end of valve

[0072] ﬁr@é,mZAﬂaﬁu 318 SABW VIriaEeNs 8f a iRapurp BQG%ridsszm @'m;ﬂ&ymg

to the material, it contracts in thickness,

double éms@rméypﬂ achugtens Wi | brchodeviee sampyses magleegﬂwlmj 322

diaphraghff °The BpAME i OU¥GraPelion B e PetpIRL SPeRiStupsphase

actuati®®ab disduséed @ovalin ¥ahectidaamitietheeldriouseaddblé HugHR
fitting 246. [0070] FIGs 30A and 30B offer views of

transdyaer idesians vEhepunpdieludenn peofinasalvecthecke/alves 324, 326 in
which tRUGREH b RFaifbieRe=2t ke Byl Uk ha segaresee
alternahmly Idp@nssandouflmmd/al\msrami@dﬁy appapatt. cani st er

oo B el i RS R demtlomblectnek B VIS vaR miCaBt g danciudes a
dlaphré"g(?ﬂf\&egl%i?d irC&adi ‘Kh%e %e%é‘b‘/@a& Wh?epdr(b@”V\%qles’c}BO prowdes an

conf 1 guration. valve'is IIy cl osed
overall ipproviedl cheyebeipail rberfane (e 1 bee HreAld lesd sﬂsd:eptlemm elast|c

I | ud 306 d h
cetorm gt oo P BSOSl SRl Rest, sicoupen e
EPAMT@Q‘ﬂhﬂ&éclpés Eipfoyed |ﬁ%é Bfé%dd%@p@rihg VatiafoR! oyed ina
si ngl e- si ded de3|gn for other applications

[0074] biketthe psevipues tewiges amma 3|40rslbv@wrbm D2 empdoys passive check

valves g? géé a taq(if;q;rgxf g dgylg 1OV evga? Uttba{ &e(ljlbgaxégs;%@'mqegrated
double\6h@wbar 348, Ba45ridetble- Q&ln@?fp’urhﬁ fAdait, ahé RetePmMRYBees one-
or int egrat ed therein/therewt [0072] FIG 3 1A and

phase gr p-phaee e tenehieebf a first punp 320 and 320"
[0075] Fl@'B%yéH?ﬂvsdQ Rk Hahhr 33”@4 50 a@f"&%&lggeslt %Qﬁtd I%‘Fébonfigured

I'Ce conprises a sin anber di a

into a theclﬁ?ﬁtbért dgsigie b at punperd ok 1Eag2 be)fsnel'emstf kmswswerrglsethat the
t wo- phase act uati on- as di scussed above

check VYR STIRBYaH IHPISHE R PIBUROLRASSIVe. DHLERIR EPANEHuabies 352,
354 stT%'fr 185 a5 4&&5%88 0BG HESnAe RN with FREZB! eatthfif < other

EPAM™ valve configurations may be utilized (e.g., the arrangement shown in FIGs
24A—24C).

[0076}) In essence, FIG 33 offers one illustration of the assembly of various fluid flow
subcomponents to create an integrated EPAM™ controlled device offering numerous
advantages over known systems. FIG 34 illustrates how the subject devices may be

combined with themselves or other devices according to the present invention to offer
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whi ch novenent of a nmenbrane 328 urged by fluid
(including gas) pressure alternatively opens and

w@lbwsae2the val ves as readily apparent. [0073]PEUDmg2006/010120
320" in FIG3 1B is identical to that in FIG 3 1A

a systeex ok pvei hesatéet uiilitg) udmwﬁnl@teaﬂhﬂaaﬁrndmblsy&@n Iseo 2s illustrated
ddition to the cap/di aphragm 42 portion. Wl

in FIG gﬂ SOMRESes BYBPa1q0, f'ﬁwrm@l ¥RNAIS0 am/pr arptréssuﬁe sensor
290. '\gﬁ?&“ étm%'né Qg?tF m M}{Fﬁ Blpe F'lé?"u'% ?ra?adrg%”?te perhaps
as indigatetl hyaarsaws 368e r@mbetenhabagphbhtmn bﬁeucEEPAM%m)n fnéynbe in

o S S % el oD St e
suppothfa@&uﬁjmélﬂbéSséﬁS ?zlé’r%lﬁlpe@t'ﬁe)’ appRsatidAd ansl stdrh cogﬂguratlons

differs fromthe devices, however, in that It enb
are pO%ﬁnblerﬁSe\gelat Geneally spediing prTRicharsbarsonay detdannectsicio

Uk one
series s8R A0L YRR S Ao PBIRRE n pae
mcreasce‘wrhpmgpumun%mn frag of pampistmap Uikdwise, l‘rﬁcmﬁllmrlﬁ@smg a
hanber. design as in punp 340 in FIG 32.

comblq@pgéﬁmﬁﬁgﬁ,@%@w Wis that the check val ves enpl oyed
[0077] Sﬂll Hﬁh%rdéélﬂtéiﬁ FHS il Fflo@%ﬁhé@horp%%tur@tshﬁ%y EEQ\‘*/%bngged into the

val ves 352, ar to or as describe
design@tﬁmﬂeechuator\niself AIG IZBprovidasran eyamplenafra REMNA 400 in which flow

conduﬁgrziogﬁ Coniﬂgqg{ggi\,vﬁc{ﬁ dg?@bsiwﬁdrlcelzﬁgAl\(ﬂfehbg%ﬁot FIET] stretches to
form eé%?rﬁ@f’r}gné erFs'tlﬁnﬁﬁJeraft@t; ?laggﬁ?ql’h 's@%ﬁc%r% 60381 pdrhi 1s of check

asse of vari ous ow subconponent's crea
valves 404i rﬁlafgir 40@ arepiiaghed tOCfd)BtfﬂmI areijar@amelnadddfagalmg valve seats

408 oy M TriSh BERRTIRY U@ v PRl e Solioraa 8 scsughen they

lift off thiéif Beatae R HigEs 206QHE @’ondé& *t@ﬂﬁa IRt Ul 619 ehbh Sl of the film.
gpesent invention to offera system of even greater

BHeh Arsfruciireds highdy advantageourifiam the reyspestivesy using the
same ffhln't?%‘elrﬁﬁ%%%\y‘é e b bt ERUARE Ty 8in k@%\ﬁigs%ﬁf%’tm further, by

contro or a pressur Senso

offsettiidpthe whivg strsiotLine do ﬂ}@klelm ofithé traaselceribedyy\WHieiovaril BGucture is
rrows 362

minimiggPOBIERERS) s Prndabion riy BeiERoied pLiariA nappheatins where

“thinnefi dddigits Qe d&didP! 1ing the fill level of a bladder or
reservoir (not shown) as a |unmbar support in an

[0079] Bl Shsthiows yajanotiGyrexanmlg of atiuenp 4001 iHare checlavalves 412 are

formed 3Lk 4tk e Rlbr AL 8 R FEhBusin: sifth 4 03B ferd e

moduldrdessep Peteiprdgch firelpplydid feeskit ﬂaﬁ§ﬂ@¢é‘r§hrcﬁifecture ina
connected_in parallel to increase FQN bl@dl vol une.
2

pump appligtien. BU%@TW@ this desigsoffese pp g wa&@rﬁ‘@oc&prmt” as

h
compafRIA31PH 451 (MBS rttial MU BAM il o
provideuetoi cureplete thd asgembbihéwdebegavalvettinee p(‘ateamay mts&eldfbe used

I f whi ch fl ow
to provndle a gouglreoa)\/ét%gspuan%es)l(n{%ll r |rel c(c))ncept tormat showr? in FIG 32.

[0078]

[0080] Regarding other potential applications of the subject technology, FIG 37 shows
a vibrator type device 370. In a double-frustum actuator configuration, reciprocal
movement of a mass 372 is transmitted to a larger device housing connected to the
transducer frame 26.
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[0081]

[0082]

[0083]

[0084]

conduits 402 are integrated in the device structure.
EPAMtnm) 10/10" filmstretches to formeach of the

w0 pastion2r3 r uncat ed di aphragm sections 60 and pepCT/US2986/010120
of check valves 404. Discs 406 are attached to the
Whethendr aoka masiscsldmené aprosidedab \eneeabis@8oh bor e
ensi.on.in i lm Fluid ogﬁpthrou h the centers

anotheg gt fﬂmmﬁg@nﬁmerd? Waiip FdE-38Tor prieanticegdback
controté}e38U. e Thrnsegrolier k2§ Hd é@an@ﬂso@n@ggb.cé fh ¥ og%?ck" 382

film [0078] Such a Structure Is vant
that transomits vibratiengseeratoe faftagie oy f@ﬂo;e feaaﬂmadh tora userd dhiamether

v B0 NG BRI RRBEDSE U B 9Bl SRR e o

capacntdrmesclmgefuﬁdiredéfbﬂﬁaﬁbw%r atlledy sehée op¥ighal bs@rtrhéﬁﬁoﬁia%on in
mnimzed in thickness. This formfactor may

the US%&P%@ ¢ontead means. apyeh e%vmwwdﬁ@vetaﬂmﬁ@mcns rangmg from

game g@iﬁ%‘? %oﬁ%t%aﬂi‘gﬁ#%%gﬁ\gﬁ ﬁ%eaq]surﬁ'ege ﬁh@ﬂ&ﬁc@ﬁ%&zﬁﬁyﬁe to

facnltafmﬂqmﬁmsnrgaerw de plate assenbly 414 of a punp housing.
PUtahOE( Sndflstiatn s varehan shinsderessohivecicl B which a speaker

systen'pgw |§lp|@vld“e@tth9f‘em5w¢sr@blmélﬁy of frustuhe ahahr Qifofugfesﬁustum

ential for a small footprint”™ as conpare
tfansdmﬁ P92 B9 2VB5A "w\¢¢t@r"adrs/@¢ SR8 is Bd@"ps‘af@bﬂm byg larger

I i
i 2 2088 BUL N By SR el ATAPRRY Bt
|mproved dxammlrmaace iof hepfrostusi gedmetry NbetaNaret andsindA (oSN high
0080 Regar di ng ot her potenti al

freque%%&n@gi S8 HRe Biasjuset!- tlden fandis drivarcathighmsmerand
still offd Q!l@ﬁto\heig}ﬁ% ﬁ' éHBF‘méK@ %al@er%%‘éghge éﬁmsgﬁ?@t&%oﬂs

conf T gur at’i on; eC| Focal “Rovement
are reqwr&dsma MttwcabelacﬂrmnggnehkespmdnsuWhnaj is emorecthedotvoprofile of

th a8 kAl S AST H VDT St 15 e ofer
uncomprsthized o@ﬁbhéﬂﬁ&ﬂyﬁ & tHhgudigphiget - transducer is shown
In FIG 38 for a haptic feedback controller 380. The

MANUFAGHYRE)| | er nmay be a game consol e device W|th a"joy

t f
REGelee28r bBorhbUBARE oA T80 IBEL il s varcus
manufaciufiag te&ﬂn,nlqdw areyivantagebuslyt@rnpriet 0 %é&lﬁcbll JAhrRsfeful to
tranls(glé? ﬁ%ﬂ (ﬁai\hat b% virtue of capacitance change
employ mas ) 4 pecyrgtali fasate maskgiar patierning electrodes
for baté@ﬁbrﬁ’é’chﬁ&lbﬁn Féﬁwfeﬁﬁol@q is! YKl t@'épﬁéﬁg‘%? s Hﬁfy‘ﬁx’w%’s‘:(ﬁot

a devi ce woul ave applicatlons
ShOWﬂb@w@QﬂL@a‘t@W@Cﬂ%tmolhpteopmls)ﬁurcuxamgw eonsm@daon zﬁ)thegdét)alls

e NN AN 5 S

patentP&RE pOblicaioRdd WEll &S g@we%l|ya<wak§5pr%\éﬁt&ﬁfb§990ééwnh skill in
provi ded that enploys a plurality of frustum and

the art.doubl e- f rust um transducers 392, 394, 396. A tvveeter
MeTholEi ver 392 is smallest, followed by a [arger

Methods associated with the subject devices are contemplated in which those
methods are carried out with EPAM™ actuators. The methods may be performed
using the subject devices or by other means. The methods may all comprise the act
of providing a suitable transducer device. Such provision may be performed by the
end user. In other words, the ‘providing” (e.g., a pump) merely requires the end user
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"md-range" driver 394 and finally by a |arge "woofer"
driver 396. By virtue of the inproved performance of

W0 b@6fle2233 um geonetry, both large and smal | (| POT/ESZH06/010120
hi gh frequency tuned) speaker can be produced. They

obtaincaecdss, appmhapohtlgrm suebwgy, aativhtef pberlip & otherwise act to
rf ormance ?’@eaker because no hefty

prowdﬁé@%é?%wg? 98Y'|g§ “g subiestBathed. i n typi cal
Kits el ectromagnetic speakers. Wat is nore, the |ow
profile of the transducers |end thenselves to
[0085] \?@'flaélqﬂ@ﬁf a&pe§b@%ﬂb§rmwﬁlqmencl@ges s ihgringaarof dica‘nbmat:on of

ool RAAE OB Ry L A b g M ABH bsssemoea

by a teobhetare tbriaperatirgy ssdjiesttudtions FEUGSS, ste.var i ous
ufact urj n% t echni ques_ are advant ageousl y enpl oyed.
@E@ mavclapw gny numbereefiiranssusais ascardion toithe present
ot
oA EAONS) pbRBSes Shiod QAR SngRts, oy A s

mcludlng ghetharical ropletsctrica @nbhgctbrsgtpmm suppilies lmenTheGubject kits
cat.es .mul t

| for b
may @5 THSAHE wisteR b sl be PEle et fiees anbrirassemtiny
[0087] InestARRIORS IcT e By BRIPIREE R AblLbstidis aRPVEes : §6&f &gﬁ&é’nc ete.

patents and publication as well as general
As SUGQpH?%mSHUéHOmﬁ/ﬂlaMck@epr\ﬁﬁer\t iskhe kits mStawpadfage iNESiHOBShe labeling
o the £l MK cPESABRALRE M by 1. SRRk 85 i

or submackagiagwetm Inastherémbadintdrets ntﬁtehﬁ@iﬁudmms kee pRédeHt iR thn
t he S%gﬁ ect devices or ot her neans.

The
electrofis ORI 5EIF PissAN PO swiabib coBPUTGeRdablg storage medium,
eg. CWRW' @iskét?é‘sé%‘Qﬁ Xg@@fﬁe?%mb%ﬂ?ﬁﬁﬁm@\fﬁé gef&am%trk&gtlons are not

perfor med user
present o the kit rbgit n(ear@ for abtainipy tmee rrtsltryuctlemmfroesa rdraotsburce, e.g.

i ol 0 4 20 SRR S rsd5 M gncuces

web addrass siHete dy i Bubtiorid\CarbbBivRE e dTBASRH frokd Wﬁldi‘l()tﬂ§5ﬂlstructlons
Yet anot her aspect of the invention includes kit

can beH%RW'H@aﬁﬂ‘} Avwihihe instrustioasthisovedas fari Qinéamrr@t@ennstructuons
|srecogﬂ§18 uﬁégg”gg& i n packaged conbi nation or assenbled
&chni G an- For operating use, instructions for
VAHAﬂQﬁ§ etc. [0086] A kit may include any nunber of
ransdycer rding to the 'present invention.

00881 BRfOT Al et it et InvmOGRCmeLerialy and @ fainate felated
configurbBOSS HER/ 1Se BRpIdYRUNE \Pﬁﬁlhatné &el EP"f tHd<RAkith %ﬁi'{ in the re)l/evant

connectors, power supp he subj ec
art. The samemeaybeldirua wish respeat mazmejhedmasedsepettstdiehe |nvent|on in

kR TN MY T N

inventioh dskibdenaddscribed in reference to several examples, optionally

[0086]

incorporating various features, the invention is not to be limited to that which is
described or indicated as contemplated with respect to each variation of the invention.
Various changes may be made to the invention described and equivalents (whether
recited herein or not included for the sake of some brevity) may be substituted without
departing from the true spirit and scope of the invention. Any number of the individual
parts or subassemblies shown may be integrated in their design. Such changes or
others may be undertaken or guided by the principles of design for assembly.
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[0089]

[0090]

As such, the instructions may be present in the kits

as a package insert, in the |abeling of the container
wo@Roobhe22k3 t or components thereof (i.e., assocP@r/Es2006/010120

wi th the packagi ng or sub-packaging) etc. In other

Al itiisreohtemplaiedi that amcbpdisal #&tupy 65@RtindéntAR variations
el ectronic storage data file present on a suitable

descnb@g,ﬁgay s&d fertih pRd slaimegdndergndantly, of in aomipasjion with any one

or moréJI b?h?et feBiturth ‘Eies&:(bé’c?hel%weﬁe?émﬂ?%'F@Ets?ngctjgﬁté?ﬁt M@'upes the
nstructions are not present ut nea

possnblbﬂytthahthege ahe pILmaltm‘dbe same iterospaesento Morespecifically, as used

herein &4t i RPN o i Sobldadhs BT i S e’

includet $18rd] RSferaifts iuPRsssGREe sbéc?fbﬁgﬁgta?édjé%nﬂlfs@mlﬁ“wfé} Wwhs, use of
instructi ons can be downl oa

the articlgstaligwt fos nat leastionemehthe sdbjesbitem i the degcription above as well

L N e

optionatretemesat. sAsmchalthuersnattammhadeHWd s;am@bsmﬁecfmenbbasm for
of those vvlth skill i

enpl oyed .as within the |ev in
use of Sy SKIBTHR HSHNINOIOTH So< e HvaPG Ehek nGAkRiiD KOBeGRn with the
recitatio? gfrﬁfahﬂqﬂ@rﬁéﬁé B8PA§EbFa® ﬁe@&?\/ﬁ"’ r‘iﬁﬁt’é‘h n WﬂhchﬁrtH@ ug{a of such
addi tional acts as comonly” or oglca y enpl oyed
exclusiwel témioalogy hibedarm heompmemgi’ onthieaclaibeeshalleallom foedhé mclusion

C sevel al o tiona
of any P Aoyt s HroshretE B i neia o B iy ptictemgpts are
enumetRel thatlRE, drathe Ralitithi ¢ffa fe%t@%%‘ddld)ﬁé r@?aﬂd@@'é‘sﬁt ed
as_ cont enpl ated with respect to each variation of
transformipgrihe diaturgnfian eleaieat getfamiyn He alatnes.t bor example, addmg a

0 r r, .
fastenqr B Boss BRI PBCe TSR, S EhEr HhEs G s g s
presentealyinitbe sidisisi shall et vwﬁihiothb disipratermrfgorh reading ent ?mﬁed
spiLjt and scope of the ipvenption. nurmber of the
structuid blated SIS ubless iDasBab fedhedh B i) tgenical and
smentuﬂd“t"e%rsél}s%ﬁ Hé?'th?rbrto g%fjcj géh aStbad H08RfoR lg fdtoolBY
be undertaken or the principles of design
meanirigoas pessibiel whl[a)m@mmmir@claum validityont enpl at ed t hat any
[ ur .nventiyve va | descri ed
75 orER b of B bfesny M Ral R bt inlcd BY tof ERffmpl
pwovMe@Dﬁbhéﬁﬁdl saidt hciamy: one or nore of the features
descri bed herein. Reference to a singular item
i ncludes the possibility that there are plural of the
sane itens present. Mre specifically, as used herein
and in the appended clainms, the singular fornms "a,"
"an," "said," and "the" include plural referents
unl ess the specifically stated otherw se. In other
words, use of the articles allow for "at |east one" of
the subject itemin the description above as well as
the clains below It is further noted that the clains
may be drafted to exclude any optional elenent. As
such, this statenent is intended to serve as
ant ecedent basis for use of such exclusive termn nol ogy
as "solely,” "only" and the like in connection with
t he
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recitation of claimelenents, or use of a "negative"
[imtation. Wthout the use of such exclusive
WO e0ailerdgy, the term "conprising” in the cl aPemusivaé/10120

all ow for the inclusion of any additional elenent -
Irrespective of whether aCgAWd8 nunber of elenents are
enunerated in the claim or the addition of a feature
coul d be regarded as transform ng the nature of an

1. e'Rﬁ%ﬁctﬁﬁtctif/é’rpbﬂ/n'ilertt%s‘%j'u@é%omﬁﬂéing?(a”pl e, adding a
fastener or boss,” conpl ex surface gedonetry or another
f eai open figree aot gignteapetivepolymaranatediai,n t he cl ai ms

= Pheeel? IRl M Rul s B MR FabRaR 4 g ds €83 Ron to
formaediapacadm! whereinlal cdrgeinpogiah fnbe SiERnaghiis |6 MBXible than

. used herein are to be given as broad a commonly
adjagentdpaiesi@l meani ng as possi bl e while maintaining claim

S oS e RO

being said, | claimCLAIMS 1. An el ectroactive pol yner
transducer, conpri sing: an open, fr and el ectroacti ve
2. TR AR SR G A whteth B b A B BrTS e saaaupehape.

by the frame in a stretched condition to forma

di aphragm wherein a central portion of the di aphragm
3. i sThegansdusemefclaines, Wogreiethe cancave shapatieadiustum shape.

application of voltage to the device noves the

di aphragm 2. The transducer of claim1l1l, wherein in
4. thehditrapbdagsn dfaiaim 4 Zonsavhessapeapdattadhedttbanes disphiragm

of claim 2, wherein the concave shape is a frustum
formgiap dessAflexibigcentrahReti®dr of claim 1, 2 or 3, wherein

a cap attached to the diaphragmforns the |ess

flexi ble central portion. 5. The transducer of claim4
5. , Thetrmneduter ¢efrdaisddoeheriein the taanadhtcer issanl achataragnd the cap
. d d to nove,.in.,.a djrection that |ncreases an
s b i mots TR entietsn e Tabieans S0 sreaR 50 of the
conddvarsigpeer of claimb5, wherein the cap is planar and

the transducer is adapted to nove the cap in a

direction perpendicular to a face of the cap. 7 . The

tr f j , e : ' [ .
6. o o1 1B f Blelfh 5, vRFER o G326 i BlHRF 2P RE Y3RSaucer is
adapted®s move the @psin Sdirddton gapeddicatared adheé of the cap.

wherein the transducer is adapted to operate as a

sensor or an actuator. 9. The transducer of claim1,

7. COFREtShBHuELr diEdSim I ISR i Ge e BbRIpHSQEDhE\R a speaker, a

pump, a valve, a vibrator, a camera or a lens.

8. The transducer of claim 1, wherein the transducer is adapted to operate as a

sensor or an actuator.

9. The transducer of claim 1, comprising at least two sections of electroactive

polymer material.

10.  The transducer of claim 9, wherein the sections of polymer material are
configured in concave shapes facing away from one another.
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pol ymer material. 10. The transducer of claim9,
wherein the sections of polynmer nmaterial are

w@ombilgered i n concave shapes facing away fronP@NES2006/010120
anot her.11. The transducer of claim9, wherein the
sections of polynmer material are configured in concave

shapes facing toward one anot her. rans
1. ofl h@ﬁ@ﬁﬂﬁdgcemfs@lam%w@egeetth%ﬁgctaﬁn Rﬂi\@?’ (?" |are

conﬂ@%%dj#%ﬁ@ﬁ\}é %ﬁéﬁfeg ta%ﬁn thay {ara_ i&ﬁetefrf@ﬂ?éwcer of claim

erej sec mer material are
substantially parallel to each ot her. 14. The

12, pgERaReloRE PR BT A heSED B B B AR AL AR are

subs@ndafly fidd attached to the spacer.

13. The transducer of claim 12, wherein the sections of polymer material are

substantially parallel to each other.

14.  The transducer of claim 13, further comprising a spacer positioned between

the sections of polymer material and a rod attached to the spacer.
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