HIGH-PERFORMANCE ELECTROACTIVE POLYMER TRANSDUCERS
FIELD OF THE INVENTION [0001] The present invention relates generally to
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mechanical energy and vice versa. More patrticularly, the present invention

relates to frame and web configurations for pre-strained polymer actuators

and transducers. BACKGREUNPIOGYZE ANTRERGAENYS variety of devices

used today rely on actuators of one sort or another to convert electrical
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operate by converting mechanical action into electrical energj/. Employed to
e
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arsiensd té’nﬂstlaaﬂgﬂl%@@f- Likewise, when the structure is employed to

convert physical stimulus such as vibration or pressure into an electrical

signal for measurement purposes, it may be referred to as a transducer. Yet,
the term "transducer" may be usggtxegteligaty refer to any of the devices.
By any name, a new class of components employing electroactive polymers
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selection and use of advanced electroactive polymer technology based
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service requirements, environmental impact, etc. Electroactive Polymer
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other available technologies. In many applications, EP TM technology
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actuator, EPAMTM technology operates by application of a voltage across
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oppositely-charged members attract each other producing pressure upon the
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[0003] Especially for actuator and generator applications, a number of design
considerations favor the selection and use of advanced electroactive polymer
technology based transducers. These considerations include potential force, power
density, power conversion/consumption, size, weight, cost, response time, duty cycle,
service requirements, environmental impact, etc. Electroactive Polymer Atrtificial
Muscle (EPAM ™) technology developed by SRI International and licensee Artificial
Muscle, Inc., excels in each of these categories 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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pulls the electrodes together, causing the dielectric polymer film to become
thinner (the z-axis component shrinks) as it expands in the planar directions
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Iemgihagae soctpeastien of the spring offers axial pre-strain. Voltage applied causes
the film to squeeze down in thickness and relax lengthwise, allowing the spring
(hence, the entire device) to expand. By forming electrodes to create two or more
individually addressed sections around the circumference, electrically activating one
such section causes the roll extend and the entire structure to bend away from that
side.

[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.
2



aforementioned "spring rolls") can be arranged in "push-pull" configurations.
2 Switching voltage from one actuator to another shifts the position of the
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[0012] More complex actuators can also be constructed. "Inch-worm" and rotary

output type devices provide examples. Further description and details regarding the
above-referenced devices as well as others may be found in the following patents
and/or patent application publications:

. Pat. No. 6,812,624 Electroactive polymers

. Pat. No. 6,809,462 Electroactive polymer sensors

. Pat. No. 6,806,621 Electroactive polymer rotary motors

. Pat. No. 6,781 ,284 Electroactive polymer transducers and actuators
. Pat. No. 6,768,246 Biologically powered electroactive polymer generators
. Pat. No. 6,707,236 Non-contact electroactive polymer electrodes

. Pat. No. 6,664,718 Monolithic electroactive polymers

. Pat. No. 6,628,040 Electroactive polymer thermal electric generators
. Pat. No. 6,586,859 Electroactive polymer animated devices

. Pat. No. 6,583,533 Electroactive polymer electrodes

. Pat. No. 6,545,384 Electroactive polymer devices

. Pat. No. 6,543, 110 Electroactive polymer fabrication

. Pat. No. 6,376,971 Electroactive polymer electrodes

. Pat. No. 6,343,129 Elastomeric dielectric polymer film sonic actuator
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U.S. Pat. No. 6,628,040 Electroactive polymer thermal electric generators
U.S. Pat. No. 6,586,859 Electroactive polymer animated devices U.S. Pat.
No. 2668338 EleicRotletivel gsthoaeralgsdigarssU.S. Pat. No. 6,545,384
ElectroadidaspoBsElcdavsetvé/golymabrilo. 6,543, 110 Electroactive
polyrae0faaBasmn Elb&r&tiNop blaniefaristhuteraciive polyaterselectrodes
U.S. 25040821 563743RG R & lelsictraeidt viehetyriggpelymer film sonic actuator 3
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polyrae0 2080 8:3HES POSRY0SBi4 M Eclexgyoeititien @lgoecmatvegietiroacsiend
electpadytngr gwhiceer devices 20020122561 Elastomeric dielectric polymer
film ORGtAZE61 231606 ddmttiopciye @olimeoaitraatadtdevices
200120260650vie0 ditctretetiveqmiiyenpolgmerstéddevitdsese publications is
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and features as may be used in connection with or in combination with the aspects of
present invention set forth herein.

[0013] While the devices described above provide highly functional examples of
EPAM™ technology transducers, 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 driven/driving 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™ transducer 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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[0013] While the devices described above provide highly functional examples
of EPAMTM technology transducers, there continues to be an interest in
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configurations for in-plane and/or out-of- ut/output. Still .othe
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as well as com douhle-frustum desi qyires no. itional reI
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ondichtlensigesifimmnpiesitianiselasetyana preload, and another for actuation. Another
camera application uses the complex frame in which a frustum-type actuator controls
lens position and one or more planar actuator sections control zoom.

[0018] Other potential applications of the subject transducers include valves, or valve
control components, speaker diaphragms, multi-axis position sensors/joysticks,
vibrators, haptic or force feedback control devices, multi-axis actuators, etc.

[0019] A "frustum” is technically the portion of a geometric solid that lies between two
parallel planes A frustum is often 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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frustum-type actuator. Again, either a single or double-frustum design may be
employed. A double frustum approach may be desirable from the perspective
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Naturally, frystum-type actuators according to the invention may be in the
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space-constrained. Further variation of the subject "frustum" transducers is
contemplated in that the top and/or bottom of the form(i)élneed not be flat or

planer, nor must t%'gg&ﬁéﬁmﬁ-g%@ﬁéﬂé%%ﬁ ,Nfﬁg "frustum”
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volume that is truncated or capped at an end. Often this end is the one
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devigagdeserie J8a%msIdNyeR BY AhecIpagifio ﬁéateam%réﬁscribed herein or
by others. Yet, all of the devices incorporate a diaphragm in their design.
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THE DRAWINGS [0022] The figures illustrate exemplary aspects of the

inverRlBRAD ANsSiGRLFOSTIgHEEHOR; A and 1 B show opposite sides of an
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connected for planar actuation;

FIGS. 6A and 6B are assembly and perspective views, respectively, of
the transducer in FIGS. 4A and 4B setup in an alternate, frustum
configuration for out-of-plane actuation;

FIGS. 7A-7C diagrammatically illustrate the geometry and operation of
frustum-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 frame
construction;

FIG. 10 is a sectional perspective view of a parallel-stacked type of

frustum transducer;



FIG. 3 is an assembly view of an EPAMTM planar actuator; FIGS. 4A and 4B
are assembly and perspective views, respectively, of a planar transducer

configigationiFaGideis ectishvitsw o itia gleviesp tib hEESuthHtahib
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frusti? [)%tboﬁctuators; FIG. 8 is a top view of a multi-phase
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shapfd .g(xctur?qt’oF1 % FIG. 9B is a side view the same basic actuator with an
alterhAt2 WENE fliction; FIG. 10 is a sectional perspective view of a

paraliCstadkectppespbdtivetvivw ansoiect s frintisbint egl aisigle-sectiom view
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transdd guf-; . 12 is a side-section view of an alternate, inverted frustum
transel@et Scisrdig@iatentiFtGidw of a sesighndiasesisioive frigstuof a coll
spring-biased single frustum transducer; FIG. 14 is a perspective view of a
leaf i?nwsga-ﬁf;%ed single frustum transducer; FIG. 15 is a perspective view of
a welgld-bigseh pegbp éetstamicaos tlustun-tEd 6 i sduerspaotorddaevinof
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Y VA SRS RS k1 244 By
views of various alternative configurations for the system in FIG. 17;
FIG. 19A is a sectional perspective view of a camera lens assembly
employing an frustum actuator for control focus, and FIG. 19B is an
assembly view of camera components with the system 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;
FIG. 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;



employing an frustum actuator for control focus, and FIG. 19B is an
assembly view of camera components with the system shown in FIG. 19A,;
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with mg o[?umga)tcljrilapc ragm, aﬁ/'é%, .. 36 is a perspective assembly view showing
another pimp a em%y ’

FIG. 37 is a perspective view of a vibrator element;

FIG. 38 is a sectional perspective view of a haptic feedback controller;

and

FIG. 39 is a perspective view on a 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™ |ayer 10. The layer

comprises dielectric polymer sandwiched between elastic thin film electrodes. FIG 1A
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incorporating check valves; FIG. 37 is a perspective view of a vibrator
element; FIG. 38 is a sectional perspective view of a haptic feedback
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pmt@ntmimi|thélrsgﬁemaeTFf@ewmt@epr@fwum@st&mwtmwrartgeadbm 2to 10 or
ble a ects the resent invention. TRANSDUCE 0024] EIGS.
R o HeE UKol Al R AL B R IOV ShiEgpo that ground
etmnpdeesadseiactng anlymposettiviced Hepeeviddastaximorfisatestiodes case,
ws the side of the la att rned with "hot" ele ngl
i A SRR IRV AL A STaR B WLaro QA A e
[0026] S|de WMy@md@pWﬁﬂl&gi@VﬁMMmmbse@rmmm alﬂatrmjethl@fcamreemta;d be used
i to aS| B%Ieﬁlead 16 40(1 é%}sshpwnl FIG 2, E’g' le fllm Ia ers 10,a truction
QERIFSHE RATRIEX LR s"é‘?&vﬁ[H?mr §é‘£‘e ’Ar%‘r%%gf’oﬁ uctio
kimalwndnahe RAVHMdajretv it alreaeddgetagetiosty 2Ramicedaoui@tnta a secondary or
ound layer 1 in o I|f|est e force |al of the system,
oSAL R setfod aa ANEER HRD RS Sac a1 IRRE s foined to
pmmuedjammdlameda(llea,raa\afeherdjmblerfamlalyers ae ﬁhmvgmboddedatmgmber etc.)
are faé L&an épg\sed surf es to provide maxj mu safet

fr%m% layér or gf/:grrs m rov eétle\l/rél'y SE' e erre ‘EZPRII\H@“ 30
réﬁmemﬂ}e/\frmmmmwgbrgummw Batéhal mueembnatﬂaahhmbtdhbe film via

me may, be y nstru OmR. ex transduc gml m.
ﬁ]vv[eesn%%l)eﬁs Fﬁggﬂs%uct%%n %%a\;\(/én Ig! Lamg ? %reﬁlﬁr; vidual car Ir£|:dg & spacer.
[0027] sectidosszRuate sedevan: tooasEcotethaccordiogytdraite forattagd.id\apiied to either

HS’BF@ISQQOH@SWE%?ﬁf%mgﬁgﬁnﬁ% oa}{gdg Foegr]ig side, that side expands, while
the other relaxes its preload and contracts. Other modes of actuation are referenced
to above.

[0028] A first device according to the present invention can be similarly configured and
operated. FIGS. 4A and 4B provide assembly and perspective view of a transducer 40
according to the present invention that can alternatively be configured for planar
actuation (as the device is in FIG. 3) and out-of-plane actuation. As with the device
described in reference to the previous figures, frames 20 carry layers 10/10' with
ground electrodes facing outward.

[0029] Again, individual cartridge sections 22 are stacked with a secondary frame 24
and spacer 28 therebetween, with the spacer providing an interface for an input/output
rod 30 received by the frame. However, spacer 28 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.
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[0030]

[0031]

[0032]

[0033]

[0034]

provided a combined (i.e., attached with fasteners as shown, bonded
together, etc.) frame structure 26. A spacer 28 provides an interface for an

inputkmt@utamdafmrfweh@déwd@,eﬁr@m sheavga aisie biebeiBdiddrarspiacehich A

is attac Eﬁ/gr‘ﬁ he film V|a com mgnt tmounts 34 bonded to rcIE é)g? h
a{p{é% I QRH RIS PRYSSEdEA NS LR ARHNY d8\FRLDREEARY Tor
rrm@mngd@ria@s@,av@ﬂfgm] Ixmieélé@\mtt@trme of electrodes 12 or 14

B ltage t d ds th |
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boaly amneamwfel&;bemplﬁggumtm alanameamua@pmﬁaalﬂyas#maee i fr @ps 42

f% out-of-plane aﬂfgr%tm As with the e describ d in r%ggnce it
af SﬁPé{F%%zonaﬁ?eén cPa(ﬂ VLS Bo(lﬁﬁw"eg BlIRG 2fetdfdygdprosite or
afﬂamgmutwaeohrﬁaﬂi’&] Hgamimtdeamastmtm sectimnpl@Zaaristadtiath, one of
with aseco fram 24 and s r 28 th rebetween, with the spacer .. .
R S0 B M s 5y RRAUCEHLGY Po Aot oy Wi e iher sice is
attomey &, reﬂmceﬁsa(&wlratthmmﬂgasewhesdemb cliteshedricea s s tamividy

ical mIerface ortion offers

-sh
O UL S GeoLghm B IO G e R SLCah e O erally
pdeperelitidae foaaria%mﬁ dtowapas a complete unit. 9 [0030] As for actuation

of th E shows a ram in which B sides of

the oY ol e R AL, e R R eEmen
cohoay&daiopy aanGsix:mrelaatpajtadtaaiers[(iomﬂldfetn|a amrmhélmhtwe dimensional
o P R AN OB R SR DS SR QPO Bt

MPRsducer BF oUtHEBIASE ST 2laxig input/ou
cdmlsahtemm‘eca deaiosd I-ﬂoewiaasdameﬂ(irass@hbuerﬁamemplsgde ﬂmkr:kecated

od ame 24'. B lo such a fra b itting s W
A B e RERIRS SR e Ao ARG e Al by
c&ppn@gdbpdepe(or mnambrofrtmmammer Whoerusdethertsaorsdheecdprd2 alters

Rl RS o015 BRI TR 503058 e a i

apply age w |Ie rS|de Is al owed 0 relax
Idadreuewthﬁatbemhmﬂbam Iommde s aumhile coarabshapthaintieatddby

dgkﬂé%ﬁimed%fﬁ?ésg’ tvﬂfngmg??o%r%%.cﬁ%\j\?e%ﬂwyn capped or altered to form a
more rigid top structure, the form is truncated as indicated in solid lines 64 in FIG. 7A.

So-modifying the structure fundamentally alters its performance. For one, it
distributes stress that would otherwise concentrate at the center of structure 66
around a periphery 68 of the body instead. In order to effect this force distribution, the
cap is affixed to the EPAM™ l|ayers. An adhesive bond may be employed.
Alternatively, the constituent pieces may be bonded using any viable technique 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



perpendicular to a face of the cap. [0032] FIGS. 7A-7C diagrammatically
illustrate the manner in which these concave/convex or frustum shaped

capttntaesdizngiasy i@far@maﬁﬁemmm@m@sjpmwmi@rﬂﬁaywwm the
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?ﬁ %ﬁentallg .alters |t? gpmliformance. For one, it distributes stress that would

sH QRO NE 'e center of structure 66 around a periphery 68 of
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cdpe(amseendbpg:ofnﬁmmmg/mrfg%mame veriting ativtieasosistitue it ﬁl@ﬁs 4A/4B

hanicall dorc ed together. Fu -
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subsiahrmughlsbmqamarof thermal, mechanical or chemical technlques -
such svulcan 0 rall sectlonw
o3l 5o RS R A e Rie 8 SRR IG 8 Rl SoREE R surface, the
aaaphed E)RM/kﬂamlpméheldaBm of Bﬁﬁ@bﬂfteetmmwmpem%mbemem@ﬁ thde angle
e SRR N FEANTM ayers mavrans Cleat i, Si2e B dis6 oot 85
square elc. empo guiorthe cap WIT be Iarger an \%er stress/ orce
depgptieatiboréhppiektvi Wdhxmtgmfmmmaleuwmﬂﬂmo(ab@uhamde@mes When

vBRIAceded eanes ypreasurEdiRIeA damss pic s SIUNELIMRRNANCE IR pianar
ce Volu he aggregate volume or Space t he tranSaucer oc pies
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AR AT 0 Rl AENELAT B SRR ARBINARCH FA SR LI aon

serve as an ac comp £HVa e seat, etc. Ina given s
sfeadijamithsthe more rigid or substantially cap section formed or set in place,

[0037] ‘F’)"he’éuﬁ e '\é%%"dt’ﬂ%t&h?ﬁ MR B8 LRGSR SHRELS AR ANEF R pe of the

culart
present invention as well as double-sided structures. For preload, single sided

devices employ any of a spring interfacing with the cap (e.g., a coil, a constant force
or roll spring, leaf spring, etc.), air or fluid pressure, magnetic attraction, a weight (so
that gravity provides preload to the system), or a combination of any of these means
or others.

[0038] In double-sided frustum transducers, one side typically provides preload to the
other. Still, such devices may include additional bias features/members. FIG. 7B
illustrates the basic "double-frustum" architecture 70. 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 27. The interface section often

comprises one or more rigid or semi-rigid cap element(s) 42. However, by adhering
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cap (as seen by comparing the EPAM/frame configurations as shown in
FIGS. 4A/4B and 6A/6B), it produces the truncated form. Otherwise the
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ame range plus between  about 15 rees. imum a esm e
ST A RE A MR s oe L A e o R ISR Al sTiore.
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| uble-sided structures. For preloa ingle sided devices emplo
3 VAN T TR i SRR R AT TN DAV R
pepitiny (ehbapring setid)limdr ior it pfasikaBe, A8 pticiticat@avbighbuble-

h%“:'ag tgatggravgg) provides preload to the system), or a combination of any of
%% NS S0t others. [0038] In double-sided frustum transducers, one side

[0040] typicHlyryamidesaitecsidd @ 4126 ashero\bidds foiteld vitsttomay lintitadeo one side of
ad iti|onal. iasrégz\atlure%m mbers rI]:IG. 7B i%lustrat StPfhba iC. .
N R IRYFIHQl R LRI 2298, NG BOB AN RPIdSSS oFé’%XﬁFrmam@ﬂ?Q{
comprssidastiEpANTd tdpranidle pec ol ddibagrsatashtpudnaeoas beldPAM™
to ethia huncaler tensiop 8'0P Fln i fe face section 27. The interface sectf'on t
Mg D e e Sl Tl I SRS A Rge 0 SaRREI S T i o serve
ab\aagiremagpt 1otnectayarmotitre gpohbratidogetheriat tiectevica facce, rdgenerative

comb{'ned region of material, alone, offers a relatively stiffer or less flexible

g 8‘%@6ion in the most basic manner to offer a stable interface portion of the

[0041] transdudber[0p886haloveeratiocdostitzriedy teesdactdedingtorthiegrsedeotinvention
R U B e U A e R e
EdAMIM reartadg eheduginfgemtiod siitbkibresu&2 a840A63 indéeaddtigasitrdéssable
2 i S0 LR GO POt S RO e s pRgtion
the e dithenis wilcbxpiRd 2 ke atlyl R )sirgicdie 2 ddoljlidonislie-angle. Such a multi-
phase device can provide multi-directional tilt as well as translation depending on the
manner of control. When configured for sensing, input from a rod or other fastener or
attachment to the cap causing angular deflection can be measured by way of material
capacitance change.

[0042] The EPAM™ section shown in FIG. 8 is round. FIG. 9A provides an assembly
view of a round-frustum transducer 100. The body frame member 24 employed is
solid, resembling that used in the combination or convertible type actuator shown in
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".

[0043] FIG. 10 shows another construction variation in which the transducer

comprises multiple cartridge layers 22 on each side of a double-frustum device 100.
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headed arrow 80. [0040] If only one active side 74/76 is provided, forced
motion is limited to one side of neutral position 82. In which case, the

Iﬁmvm@gi/hécaagagfatmegm@aea brasnasrtahnéEdyPt@gmmMTM isa‘ala&t'ichrmlwnafetwmaa sed
oa 1as entione above) or aterial that is connecte
o s AT N e
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nmsabbremnltxyémelnwmasmtengmmﬁf@cum@m pesitieaswitthveyyrayrof

material ca acr[ance change. [0042] The EPAMTM section shown in FIG. 8
ARG 38 58\%%%%5 an assembly view of a round-frustum transducer

[0045] 100. Al Hddy taide meniban2dveshpoyed & spllmnasmtmlmgmtausmgmnent
ec mb natipn or,.convertible,t ctua hown in, FIGS. 4
o RS T e R e e P e R W2 A 38 ¥ tne cap
pmneaqoro(wmmghn‘emwca‘mphmﬂnulfephwdﬂnim&hwWwﬁha Eds@s@s) rAay be
atern?tlv cons ru i?ﬁnhfor an az ator |ss v¥$ in F G 9B. Here, th

SHSHohhTc. Fame & ?e%?& sPugdra! e oyl Even

tfﬁ(:?gkl@rshﬂmahtbtfwd:anahngmmasmtmwm wkilefnthehraadddmhaft may be

ATl caridgs ayers 02 n sach Sids ALAaNDI AR ough the
EPeD U9 TGS caps A{E e ga ge8 or spag:ﬁe f geLfH 9

captenambdaetutied increidsedsitheciibss nutdtiple fyaicalgaotiong ﬁﬂangpment. Other
likewise he stack one another aII that each cartridge 22

on. 044
a5 ey”SFn%ﬁé:? rc‘;gﬁnpoun EB’AWEA 83378}5 J\A—_l%er one or both approaches -
[0046] togethis: .- 1Rdy beseleseytonoigwrehaa mmmﬂmjtrwmdnmr di2besotigecation, in

R B L BB el Pl hoprer, e
two acocaioey v Shcititatchotisel a2timtortowards @acpevtien Vbefiwatiiond or bias on
the EPAM™ layers to force the film into shape is maintained by a shim or spacer 124
between caps 42. As shown, the space comprises an annular body. The caps may
too include an opening in this variation of the invention as well as others. Note also
that the inward-facing variation of the invention in FIG. 12 does not require an
intermediate frame member 24 between individual cartridge sections 22. Indeed, the
EPAM™ |ayers on each side of the device can contact one another. Thus, in
situations where mounting space is limited, this variation of the invention may offer
benefits. Further uses of this 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
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Regarding such control, any type of feedback approach such as a Pl or PID
controller may be employed in such a system to control actuator position
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contact one another. Thus, in_situations yhere mounting space is limited, . ,
e g ST Ay R SR R oo sices.
S Tigl&tion are also discussed below. Other biasing approaches for
fooso] TUSIARLIRS ACLpors sre, hawever. Tt desered J00Ad Snesificall, ElGnpiies
13 provides a sectional perspective view of a coil' Spring- biased single
Fi@stiérpranddacetra8edttereeraroplspt B1Q) ih32hicte @ osecbies tofdaustap - Ype
and a baffle wall. 134 associated with the frame (or part of the. frame itsglf), .
e Rt e R S ARG, At s more,
aleafwarahtptiR) td bidsdsutie majpgredioceos 4 2(nHevser s€bendafidprihphsse

R SRR (el 2 MBS SR ST ARHE S8R e 0
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' ay be biased by a simple weight 152 attached to
E T,

ormedinteg cap(s) 42. Though the
[0050] Instead of a center stage 120, a simple spacer may be employed between the

outer transducers 100 for basic stroke amplification purposes. To further increase
stroke, then, another such stack may be set on the first, etc. To offer another stage of
actuation, another inward-facing transducer may be employed, etc. Yet another
variation contemplates pairing an inward facing transducer with an outward facing
transducer in actuator sensor pairs. Naturally, other combinations are within the
scope of the present invention.

[0051] Another highly flexible problem-solving or experimental 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
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device is shown tilted up for the sake of viewing, it will typically be run flat so
that the pull of gravity on the weight symmetrical biases the transducer along

isaaa@mf i§d [Qﬁééﬂ@aﬁ@d %r;aﬁm akayvgtoit. thldbbemp%mtéiwkaayyang@hﬁnt 174 as
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employed betweep the, guter transducers 100 for basic sfroke amplification
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shrotieedirsoaic. 19 offee emadthranstagemoaehi@ion) 4natBeDN e dSaaiyg-Couple
tfransducer. may be employed, etc.. Yet an rvarigtion cantemplates.

e B AL Ol T SR B EE intecrated to
ddvmmeresﬁ'r!eoui@zi_ibs, Naheeélﬁ.oumms_com mnat@manma\ythimm psovige dhe voltage

s[5 BieagLdByeRon. A0S Anether il fexiole problem-solving or
experimental’approach offered by the present invention is illustrated in
[0054] conn8diiableitoWEE siipplyereodulEsoftigrahlesexipickaderi: B iHiglvVadtage Corp.

hewn th ffers-transducers of various types..FIGS. 18A - 1 ide .
Bl B SR s i e Y R SR s v v it
NETuisith a cosiponpanvsiasiépplyacmdcbateliiplageshdwamy EEGe 18%, ®fstemced

e BB R BN L T R SR ey
sm@mmrmmm.mmmjeommmk arrangement 176 as shown in
[0055] FIG. I;Fé:ﬁy %‘iﬁ"é%é%%r?eqﬁ@éﬁ%’e\% lens assembly 226. Instead of a leaf spring,

however, this design employs a double-frustum type actuator 100 in which the preload
side of the device 228 may not be EPAM™ film, but simply an elastomeric web.
Should side/layer 228 comprise EPAM™ material, however, it may most
advantageously employed for sensing position by capacitance change.

[0056] In another variation of the invention, FIG. 21A shows a camera lens assembly
210 employing an actuator combination 212 to control 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
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operate as a diaphragm pump. Such a pump is described in further detalil
below. As for system 170, suffice it to say, here, that the subject architecture
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[0060] emplbyedses sdreiadghaositeombyecaysitatalecspalsangenj0bé Jdesireatheprovide an

igtign of the invention. FIG..21A shows a camera |ens assembly 2 ,
B AR e i St SO BRI [FRVR 6 THibse e operating

raéxgydefdre tevideviE€dBcIRBAsanda2PB siagpalspeative aidiapistammnacanaadrernative

14 according to,th ent invention. In ﬁdition the device.includes a
Pl Sy I B N e QLR e S B BS0 T B B actuators
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[0061] transtbeermfnérioTatbitdhnessdroatoraara camnotcted@initepesais thatadfobd by
tl"?é g}ﬁﬁwgggﬁow%w&?&%t%? I‘glrééc.)%%\qﬁb showing stages of the
transducer stack actuation. The progressive motion is achieve by connection of
successive output bars 238 (partially hidden) to frame sections 20 with the final output
bar 340 and attached rod 30 left to float or, rather, to drive zoom components.

[0062] The present invention further comprises a number of flow control means.
These means include valves, mixers and pumps.

[0063] FIG. 24A is an assembly view of a valve mechanism. Valve 240 comprises the
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
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EPAMTM film stretched over or upon a common frame element 218. Such
functionality is offered by the two-lens arrangement shown. Zoom is
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rather, 1o drive zoom ¢omponents. | The'presentinvéntion tarther
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mixer d . 10063] FIG. 24Ads an assembly view of a valye
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compared to a typical EPAM™ diaphragm transducer, cap 42 offers a new level of
robustness to the system.

[0069] FIGS. 29A and 29B illustrate a variable "cracking pressure" check valve 294.
The EPAM™ material of actuator 296 is stretched so that cap seats at the distal end of
valve stem 244 with some pressure. When voltage is applied to the material, it
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 valve needle, etc.) and 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;
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16 blocking the operative fitting 244 in an "normally closed" configuration in a
neutral film (powered or unpowered) condition. In FIG. 24C, the valve is
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the other valves described herein. [0067] FIG. 27
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[0074] apphbdtmthemeﬁuoﬂmdamgéﬂ)@UmmM@aﬁeown in FIG. 32 employs passive check
valves 324, 326. It differs from the devices, however, in that it embodies an integrated
double chamber 342, 344 or double-acting pump. Again, the actuator may be a one-
phase or two-phase type transducer.

[0075] FIG. 33 shows a one chamber pump 350. Of course it could be reconfigured
into a two-chamber design as in pump 340 in FIG. 32. Of interest, however, is that the
check valves employed in this device are not passive, but rather EPAM™ valves 352,
354 similar to or as described above in connection with FIG. 28. Naturally, 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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the housing is configured to replace a vapor canister purge valve used in
internal combustion engine applications. FIG. 30A shows the valve in a
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[0079] FIG. 36 shows yet another example of a pump 410. Here, check valves 412 are
formed in a side plate assembly 414 of a pump housing. Such a design offers a
modular and compact approach for applying the basic transducer architecture in a
pump application. Furthermore, this design offers potential for a smaller "footprint" as
compared the design in FIG. 35. While a second side plate 416 may simply be
provided to complete the assembly two check-valve type plates may instead be used
to provide a double-acting pump similar in concept to that shown in FIG. 32.

[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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[0076] In essence, FIG. 33 offers one illustration of the assembly of various
fluid flow subcomponents to create an integrated EPAMTM controlled device
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! p@glﬁ%éﬂﬁﬁg design offers a modular and compact approach for applying

cer architecture in a pump application. Furthermore, this
[0083] desidhegifediasstontizd foordigoralien” tmigutied fas tiee raphjextt thenddsicgrsn various
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employ mask fixtures (not shown) to accurately locate masks for patterning electrodes
for batch construction. Furthermore, it is useful to employ assembly fixtures (not
shown) to accurately locates multiple parts for batch construction. Other details
regarding manufacture may be appreciated in connection with the above-referenced
patents and publication as well as generally know or appreciated by those with skill in
the art.

METHODS

[0084] 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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to provide a double-acting pump similar in concept to that shown in FIG. 32.
[0080] Regarding other potential applications of the subject technology, FIG.
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VARRIRFIRLDY those with skill in

[0088] As for other details of the present invention, materials and alternate related

configurations may be employed as within the level of those with skill in the relevant
art. The same may hold true with respect to method-based aspects of the invention in
terms of additional acts as commonly or logically employed. In addition, though the
invention has been described in reference to several examples, optionally
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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the art. METHODS [0084] Methods associated with the subject devices are
contemplated in which those methods are carried out with EPAMTM
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[0090] The breadth of the present invention is not to be limited by the examples
provided. That being said, | claim:
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terms of additional acts as commonly or logically employed. In addition,
though the invention has been described in reference to several examples,
optionally incorporating various fegupgdsige invention is not to be limited to
that which is_described or indicated as contemplated with respect to each
varét IGPtRRTHIEHEEN. Various changes may be made to the invention
desqiibpdancegyizatents (whether recited herein or not included for the
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o1 TR LG, TP U A PR A BRSO R ST RG whereir
a spiag aticishdeshebsdstmmydrarseteidsithcaatolaimaddndepesgshidnenr in
combination with any one or more of the features described herein.
Reference to a singular item, includes the possibility that there are plural of
2. theHardetroopuisient! Mrerepetikcadyias tegsion hereprized B dbbstantially rigid
appended claims, the singular forms "a," "an," "said," and "the" include plural
"referents unless the specifically stated otherwise. In other words, use of the
articles allow for "at least one" of the subject item in the description above as
well as the.claims below. It is further noted that the claims may, be drafted to .
3. e e AT S AP S elrnte IaAle b igean a coi
springs antecedent basis for use of such exclusive terminology as "solely," "only"
and the like in connection with the recitation of claim elements, or use of a
"negative" limitation. Without the use of such exclusive terminology, the term
4. "commidmgtenahelailmrhsvehatkbail tefopting inicssiotheé lryradditi@nalastomer
mate?ig%%rt]to' irrgﬁ ective of whether a given number of elements are
enumera{e%, in the claim, or the addition of a feature could be regarded as
transforming the nature of an element set forth in the claims. For example,
addj fasiener or s, camplex surface geometry or another feature to a
5 e S O A AR R WAl B S S
reading on accused structure. Stated otherwise, unless specifically defined
o. el allieahnicaland sgisnilic frms aseein &tk fo.hg dlen as broad
a commonly understood ‘'meaning as possible while maintaining claim validity.
[0090] The breadth of the present invention is not to be limited by the

7. exafﬂ@%%\,l?({gvd?j%%iHj.hﬁt\ﬁﬁg}%iﬁaﬂﬁe Ic%lﬁ{FQi ?ezgion has an interior open section.

cap

8. The device of claim 1, wherein device is adapted to operate as a sensor.
9. The device of claim 1, wherein device is adapted to operate as an actuator.
10. The device of claim 1, comprising at least two diaphragms wherein each of the at

least two elastomeric material sections are stretched into frustum shapes.

11. The device of claim 10, wherein one diaphragm biases another diaphragm.

12. The device of claim 10, wherein the frustum sections face opposite one another.
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13.

14.

15.

CLAIMS 1. A device comprising: an open frame; and electroactive elastomer
material secured within the frame and a region central to the elastomer
maiiabeticd doammdianwagreinites einshercesttad e diateioolwasdicaiteanother.
then the elastomer material and wherein a spring stretches the elastomer
material to a concave or convex shape. 2. The device of claim 1, wherein the
cenral hrylive edvRiisesn whiestantinbyceaidacaiyidnd becdgyinreaftolgethds.
wherein the spring is selected from a leaf spring and a coil spring. 4. The

device of claim 1, wherein the spring biases the electroactive elastomer
makh@bevicef platsind 1T b desiicehef alastorhenbeneie tiae chaphrisgandimglity of
a frustum structure. 6. The device of claim 1, wherein the central region is

inde%'ﬂgﬁ%ﬁlgt@fj .relsr%(aéﬁgéo&sclaim 1, wherein the central region has an

16.

17.

18.

19.

interior open section. 8. The device of claim 1, wherein device is adapted to

opeyate as a sensor. 9. The deyice of claim 1, wherein device is adapted.to , .

op TP Comer 09 el waleclelrsieed diaphsagmg aprarding o claim 1
diaphragms wherein each of the at least two elastomeric material sections
are-stretched in flrustu Shﬁ es. ]Hl1 Theﬁ%f\éigﬁ of claim 10, wherein in : :
diaphradft iiasasESner o 55?55 © PRI IR AP NIZAT GORMRSLG] In series.
the frustum sections face opposite one another. 23 13. The device of claim
10,-wherein the frustum, sections face towards pne another. 14. The devic

o S R i B e P i it D e A s o eGiEn parale.
of claim 1, wherein the elastomeric material comprises a plurality of

AT ST T AN RO o

directvbe rand thectterkeol tilkepbf dgenst ackanh diztieahm s éaiess ih8a M oppbesiieedotction.

claim 16, wherein the stacked diaphragms are connected in parallel. 19. The
device of claim 16, wherein a portion of the stacked diaphragms faces in one
direction and another portion of the stacked diaphragms faces in an opposite
direction. 24
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