SPECI FI'CATI ON  WEARABLE HUMAN MOTI ON APPLI CATOR TECHNI CAL FI ELD [ 0001] The
present invention is directed to a wearable human notion applicator, and
nore particularly to a human notion assisting or inducing device utilizing
an el ectro-active elastic actuator. BACKGROUND ART [0002] Human notion
applicator is proposed in Japanese Patent Early Publication No. 2002-48053
which utilizes a nenory shape alloy which deforns in response to heat
generated by application of el ectr SPELIFIGATIONr giving a stretching or
contracting force to thereby assist a notion intended by a human body.
However, due to a limtation to the anbunt of the displacenent and a
response spBEtAQABRE HUMAN MEOTION APRRKCATORY, the prior art notion
applicator is found insufficient inthat it is not conpletely in match

wi th an actual need of assisting or inducing the human notion. DI SCLOSURE

OF THE | NVERECEIWIOXOBIE e above insufficiency has been reduced in the

present i nv&a@i j)n whi ch rFr'OVi des an i régoved human noti on applicator which

assures a gqoPOll The reese idneentioans siecitd t @ warraherugrognolian a part of a

human body. agfiRatélIBRA s ﬁ’éhié‘@l@ﬁﬁ@-ta%urhﬂn .&W@Q@ﬁﬁg%bﬁﬁ iy esent
adap e

i nvention includes a support pted to Itted on part of° the human
body. The s@gyier utilizing @ncelegiroiastive elasiicelabeaton- acti ve el astic actuator in

a force-tragﬁ\%ﬁ@gmdbgiﬁ%i on to the part of the human body. The el astic
actuat or includes a lel'ectric core and a pair of electrodes on opposite

of the cor ¢000R] ridumian mgtian apiplivatog iGropokedae Japanese Pasent Ty el astic
actuator h . | enat,h ically.deforns in the | engthw se direction
to exert a‘ﬁg@@&ﬁgﬁ%o%%@% Wi’*%ﬁ%%mmm&%«?@ww {8nt as the
dri vi ng DC defotragin rexparesas hebit gendritbd &9tpiplidhon oheldtdss carb op! t age

source for providi n% he driving DC voltage and a controller which applies
the drivi nng'B&Q\ﬂﬂf Geing ok epRiramingdoeresto theremeassiska inotian inensied bher eby
generating it BEHyTO AR dIIHGE RS Ifikidn o the AifiodiPbiRE L0 the human
part. Accordingly, the elastic actuator can give quicC .
displacement and a response speed given to the memory shape alloy, the
prior art motion applicator is found insufficient in that it is not completely in

match with an actual need of assisting or inducing the human motion.

DISCLLOSURE OF THE INVENTION

-[0003] The above insufficiency has been reduced in the present invention
which provides an improved human motion applicator which assures a quick
and sufficient amount of displacement given to a part of a human body. The
human motion applicator in accordance with the present invention includes a
support adapted to be fitted on the part of the human body. The support
carries at least one electro-active elastic actuator in a force-transmitting
relation to the part of the human body. The elastic actuator includes a
dielectric core and a pair of electrodes on opposite of the core for receiving a
driving DC voltage thereacross. The elastic actuator has a length and
elastically deforms in the lengthwise direction to exert a stretching force to the
human part to a greater extent as the driving DC voltage increases. The
applicator also includes a DC voitage source for providing the driving DC
voltage and a controller which applies the driving DC voltage of varying levels

to the elastic ac_:tua’tor, thereby generating a varying motion-inducing force to
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and sufficient amount of deformation to the part of the human body, giving
consi stent and snooth notion sufficient for assisting or inducing the
notion as intended by the human. [0004] Preferably, the support is nade of
a flexible material and is adapted to be fitted around the part, giving a
tubul ar configuration surrounding the part. The actuator is secured to the
flexi ble support so as to deformelastically together with the support.
Thus, the foecppyeddedibetuman partacAocatrdinghytheelasticcasasatouicay dgivansiokt t ed

to the part . n .t hout bei substantially ipterfered with
t he support .aﬂ%i5;53@@:"g&%g@gﬁj%c%fépﬁﬂmb&e&%rP@‘EOﬁhel %\ldmﬂéméﬂ’nﬁ{vi'% sensor
whi ch sensesocasistant iapd sphosthembtiomButhialant ber AgsistiLotndubingtheefioformaki on
signal indicg tl(ge of a ,quantity of the notion. In response to the notion

signal, the %_?%PV@PG hg'ﬁ}ﬂﬂ-es the driving DC voltage of a level specific
to the noti pnes]9Pebie?abgStheQSuptiovss sy 8f QQIng)I%rﬁ%tﬁﬁéﬁaﬁ& rseé"@éeﬁr}eﬁ%

assisting or inpeding thée notion. [0006] Instea e notion sensor, the

appl i cat or Rayitled argungplee part Biving sitgnaar genfiguratien whirmonngdingetheteart.a
random si gn plal Y VAR V. ' I my. In
response tg oﬂ] é’ﬂ: ﬁ.é&?\tgglns}sgelzc%frggﬁ?(?{rﬂéeh%’)gﬁ%r%@p@ﬁéﬁ%&ﬁ)g@éﬁ(ﬂgﬁ] glﬁﬁggﬁﬁa%/or t he
dri \d/i nmg DC tugaﬂagefmh'rﬂwsupﬂmms Tlaml,dhb)fomecger:]érated aili'ltheamtu@lboh cagXsrts the
rando varyi e to a i cat qr I C onpel, e. human to
gener atg a %%%F%éi‘ﬁ@ﬁ&@%ﬂ' eﬁﬂ@&@? BF@ ‘ﬁrt%i %BH&EE\[@'OU% Bﬁ'i“ﬁi ng or
rehabi |i t at sirstaapaly intdrfere Aty ihe suppopt.ef erred version, the applicator
I ncl udes a [%ip[q%it J]_Bn sensor which senses a direction of a notion being

n

made at the grappigaler &y prriered de indyde A naptierRenseN WaCheensesite
di:rection ofnotiBA dfFhé PlimaHFaR befl ek %gﬁ%é(g&é%tﬁﬁl Qﬂflﬁloifxdﬁ:ative

motion-assisting node and a notion-trainin given to e controller.
I n the noti®ha 888Nkl ofghavaetion. hdngespoerse tor thesmpliop sigrialethecontiodler

di O . 2 s . g . ¢
the el ast; s ol B, Ofadd b M spBRb 39t ndliontiBhal ke 81 g ™
made. | n toiwernbe fercetofaiuitably stoetegth fhreassistingbt mpédingdisparnstiore to t he

chrecton, SB[ Besdot i ohter s ot R RS nahBrBhat e ™
made. Wth gighal genarageiiich geneeatappl ragabar sighal eicdtivei cfake gieiverf Deel y as
a human rmt\i/ocf&gaesx?ailrfnlnignr%ngig\r/rilﬁe In response to the random signal, the controller

applies to the actuator the driving DC voltage which varies randomly such that

the actuator exerts the randomiy varying force to the applicator, which compels

the human to generate a counterforce and therefore provides a muscle

training or rehabilitation capability.

[0007] In a preferred version, the applicator includes a direction sensor which

senses a direction of a motion being made at the human part to provide a

direction signal indicative of the direction of the motion, and a selector which

activates one of a motion-assisting mode and a motion-training mode given to

the controlier. In the motion-assisting mode, the controller is responsive to

the direction signal for giving the driving DC voltage of a level that deforms the

elastic actuator in a direction of assisting the human motion being made. In

the motion-training mode, the controller is responsive to the direction signal for '

giving the driving DC voltage of a level that deforms the elastic actuator in a

direction of opposing the human motion being made. With this arrangement,

the applicator can be utilized selectively as a human motion assisting device
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-2 or a human notion training device. [0008] In order to nmake the
applicator well adapted for assisting a joint notion of the human body,
the applicator includes the support which is configured to be fitted
around a joint of the human body, and includes a notion sensor which
senses a direction and a quantity of the notion being nade around the
joint to provide a notion signal indicative of the direction and the
quantity of ot Adwuman orotiohrtraipimgaliedcd.o t he notion signal, the controller

applies the vol t eof a Jeyel theeastlc ctuator in
PP rect 1 ol LB Rlanie A Rl fhisB wilbatatel ot AEwEHAG B booes " For
successful | moa@sllcﬁtthé%uhﬁhm b&dytth bﬁ@éhto? hﬁ;ltﬁdetSUp?Jolﬁﬁﬂﬁldﬂs have a

t ubul ar confi uratlon haw%?aa | engt hwi se axis when fitted around the

joint, and €ifgureddo be;fitt rtOhfedea ipintiof the humast Body, anddpetudesa mption
opposit e endnsdifwiiib sieHBus A'difleRBA'dncAR uangwltﬁe%&m effff haggne at the

front side and the other at the rear SI oi nt esponse to the
motion Si gnalroundﬁbe jeintte pravide sanelierssignal mrdlqaﬁlereejfabe idiregtionandrthand

applies the ve sane

elogst i C act@g%@}tpi%ﬁ ﬂiém/r@%f P@ﬁr%%&r%%gl gfll %ﬂé’ﬁ%g@gﬁg?ﬁ% C@Btr %endl ng the

j oi nt. Thi sap@eEmihgudrivisg DC vmtmjesbbmevel\ﬁdbfnrtmggm ghistic dotiator imai on and
assures a snppot.h an %} | e tion . assist r% 0010] Further, the
control | er FHESCHRR %o‘?ﬁﬁ'%p e QQEHBHQ“@QQtCﬁ Ii“?lg” botion signal for

sel ecting omogj Fbesetasishfllyatisiting thegoint aittlan, fite 5OSHE & nideR @ri ving DC

vol t age of hi gh | evel expandi ng the sane el astic actuator and at the
same tine a%‘f%@ﬁ@b't”@fﬁﬁ@f%{r%?” pyiNg 2 lengtwiseraxis when Misthamungdheage  of
a lowleveljg g@%hhf% é{qa rd?%é‘@! e%&ko@aﬁa@m 1&5’1 g5sbsiid 88ad he
bendi ng or un en e two resultin es generate a
force coupmfethartubutatrtsuappmaimut tha‘ lamgthwnae@mm@qecmrthe rfmnt@tde pooihd The

P2 e on st AP B8 YRR AR, CHiRporkaRo it HIGER S0kl REV°L002.
i s shaped icurdraller setdcs onemnf ittgeiekistiomctutongnd appligs tivéreto the driving lXC
rctuator s WHEAOSHA Y RRRRTBANGE saFErHraGe SPBRR PRt NERRl so axi .
The two assisting the bending or unbending the joint. This technique is in consistent
with the actuator joint motion and assures a smooth and comfortable motion
assistance.
[0010] Further, the controller may be configured to be responsive to the
motion signal for selecting one of the elastic actuators and applying thereto
the driving DC voltage of a high level expanding the same elastic actuator and
) at the same time applying to the other elastic actuator the driving DC voltage
of a low level contracting it from an expanded condition for assisting the
bending or unbending of the joint. The two resulting forces generate a force
couple around the joint to facilitate the joint motion.
[00t1] The applicator of the present invention can be also utilized for
reducing a distortion about a torso of the human body. For this purpose, the
support is shaped into a tubular configuration having a lengthwise axis to be
fitted around the torso. The support carries a pair of the elastic actuators
each shaped into a band extending around the lengthwise axis. The two
actuators or bands extend at different angles with respect to the lengthwise

axis to cross with each other. A motion sensing means is included in the
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actuators or bands extend at different angles with respect to the

| engthwi se axis to cross wth each other. A nption sensing neans is
included in the -3 applicator to sense anobunts of strains of the torso
respectively about the |Iengthwi se axis and a horizontal axis perpendicul ar
to the lengthwi se axis, and provides a strain signal indicative of the
anopunts of ‘the strains. In response to the strain signal, the controller
gi ves to t happlicaden to sensedroountsesfaisiny of fhettheso specticelp@boot theges of

varying | ey a ln a
di r)éct ?on O@I"P"@"gé%g‘ t‘%rgd rjr—go%?togﬁ%f%?%éé'% ?I]g CH?areiag%]l&I}%@%#e é’iﬁ’p‘ﬁﬂ@at or
;aqg : ppe? Wi pﬂmvid&l amtr?m[slgﬂa]mdmamhe of oind amlduats ?fsthenﬂ&fuas I eh néacsﬁ)nsé ude a
abl e stori a urali rograns, respecti ve assi gn i.fferent
avel s of -t Rang e ganl sBe BoERIEr Sves BT ittt achigork Toretver e, A
program sel @ﬁ\hﬁ? DG vbm&%égi@ﬂvarwdﬂ%vépml dreiak Rfelfagtléﬁhﬁﬁéfo%em@felaétl&e
prograns for deform he actuator in accordance with the sel ected

program Theatuaiaa '%Epﬂ"e@ﬁﬂﬁrﬂféﬁﬂu‘ﬂégéhgialT}DLtf&'i pf)ﬂ‘@cﬁff&linl ndi vi dual s of

di fferent @‘éﬁﬁLe Fat fh%”é’éﬂ]%atdr%ﬁéﬁ?%tﬁ S rhGdF Lo G tH@%ﬁﬁoé{efgéw' zed by

at | east on each " 'c |electr|c core
cyl i nder anpreféreea te tichuties tatmlesmosagl argnaditt oivrogramstraespeotiveli or and

interior su t he nder . . Thus act r _can be qgi.ven, al ong
its length ég%ﬁlgﬁgrcﬁfﬁggngfe&gg fetrt? ”V'%P&Iﬂ% a\&@ﬁ l@%x Pbdes can
be given a ﬂh@rrgen@rﬁ)ecAfpr@g@m taretoy |Ehnclu@§aoﬁﬁmetapmfcat@et@ Qﬁ@dtlcﬂr@@'ﬁ t he

dielectric core, ther |ncreaS|ngthe el ectro-activ for of def or m ng
t he act uat ed?feﬁ&lm%go dafgtrRing the actuater iRAcCTEales M‘E@ ¢Rer ef or e

assuring effiogr@ft MPYS! ther apiflicatdrecat B @akily Eaul@?éc?to fhfdﬁiﬂﬁalﬁ‘ﬂf'cﬁﬁérém i nder
may be filled with the interior electrode in order to mnimze the

di amet er ofMuRelefstiangthsr ef erabl y, the outer el ectrode is surrounded by a

dilel ectr i ¢ POTSE PTnEWTdE ot} Hid) bl Yooty i B8EEOML ek bscn di el oot T

sheat h may rma si or ma [ 0014]
I n order tocd:mpo@ed bétmwlemctmc cm&dﬂfam11¢wmhmwoand3thmeiectmdeﬂr of the

par o DB bl R GBS, AR ot A0 Shp RHE: L e °
el astic def'ﬂnmmbhélabwat@l mbb@@émafdrigats lehgth dipsefeesmese tirectiort e el astic
actuator Ordéfgremgjugn whlf‘e the electrodes can be given a large specific surface with
respect to a cross section of the dielectric core, thereby increasing the
electro-active force of deforming the actuator along its length with a minimum
DC voltage, and therefore assuring efficient power drive. The dielectric core
of the hollow cylinder may be filled with the interior electrode in order to
minimize the diameter of the fiber.  Preferably, the outer electrode is
surrounded by a dielectric sheath. Further, a plurality of the fibers with the
dielectric sheath may be packed together to form a single deformable module.
[0014] In order to bring the actuator itself well adapted to the contour of the
part of the human body, at least one strand of the fiber is woven into a knitted
structure showing its own resiliency that is additive to the elastic deformability
given to the fiber. In this connection, the elastic actuator or the fiber can be
knitted into a cylindrical configuration so as to be fitted around the part of the
human body. The knitted fiber of the cylindrical configuration may fit
intimately on the flexible support of the analogous cylindrical configuration or

‘may define itself a major part of the support.



knitted into a cylindrical configuration so as to be fitted around the part
of the human body. The knitted fiber of the cylindrical configuration may
fit intimately on the flexible support of the anal ogous cylindrical
configuration or may define itself a mpjor part of the support. -4 [0015]
The fiber maybe coiled to define the elastic actuator of a cylindrical
configuration to be fitted around the part of the human body. [0016]

Further, thpoalsasThe fibel wedphe tBiled i Hufite thecBiktt aetuHi6r 6104 eylirtridag form
of a resilient sheet havi r%?rw% front surface and a rear surface which are

coated resPUHIUaII9N if PR oyt the part otdled hgmaneo@.ect rodes has a
plurality ofgotl] eELRhEr, RRE BldticCdLtGLBr %ﬁbl‘iﬁ t?g (ﬁéﬂ@&ﬁf& EREh 1 1okt D

each other and are electri cg{'ﬁi‘ y Inter ecte ave the sane potential.
Wth this aftaneghenttsheat havisigea frootistdace bad saeear surfase svhich ireceated

flexibility I . resiJ.i 0 i il heet ,

t hereby qgi v{éﬁgefgﬁr\ﬁéig\ygwgsg?th@%t ogf%eéf%oqqug%qé&gﬁ%% g%["tﬁﬂﬁ% of

Al tfer nati \éeﬂqxibleepﬂdso\lfvhtdhml are! @anc”sﬂid_dén isfpasétﬁrd&dﬁdmmﬂth&afcbr%eg aa]glare_ o
perforate ving.a.pluralit oi ro _naking,.the, el ectrode flexible.
o018 1 of Betieasf ifershriodied o ke e, Sae hueRialc o VIKE Riis arispaeient
actuator, {Hecelaclodé eantRIMREedo! RIVERRCIEM ity 3o BONERthS YesHierthe
meshed nenbrane el ectrodes are stacked alternately with a plurality of the

di el ectri c e¥pagatar of the,resiientsheebrherbyrdvingii@pfovachiasiiency[todne] \wen
the actuat O\vab@&ﬂ ed of the resilient dielectric sheet coated on
opposite surtaces thereof respectively with the electrodes in the form of
t he pl ural [001&ki Blternsdivelyo each of thes bledtraded isashmpachia thetfaemaf acan be

human. body. PoTarEle fEVRE PRI VAT s bR SHEEEHERCBRr [ 0020y

Further, th@0d8} ult ondecao irtcrease thensitamgth aftiee émopresested bynthenactugiort | cul ar
el et ro- act MPAUHOE Garher d1an iye Hbpiits PLTaLY 4 fee MediedymaEyaieage. | n
thi s mannereletiredés hrmnbeickeanidavaech Wriehailents, 6 theddibReud colebidmt i on in
whi ch the actuator deforns predom nantly upon receiving the driving DC

vol t age, t HBrBBJorR of the pesilientaeWifangy force mainly al ong the intended
[0019] When the actuator is composed of the resilient dielectric sheet coated

on opposite surfaces thereof respectively with the electrodes in the form of the
plural flexible pads or the meshed membrane, the actuator can be shaped into
a cylindrical configuration so as to surround the part of the human body,
thereby facilitating the assembly of the applicator.

[0020] Further, the actuator can be mechanically pre-compressed in one
particular direction tc produce a mechanical spring force which is additive to
the electro-active force generated by application of the driving DC voltage. in
this manner, the actuator can have a preference direction of deformation in
which the actuator deforms predominantly upon feceiving the driving DC
voltage, thereby exerting the resulting force mainly along the intended
direction to the part of the human body.  For this purpose, the electrodes on
opposite surfaces of the dielectric core can be pre-compressed to give the
mechanical spring force.

[0021] These and still other objects and advantageous features of the
present invention will become more apparent from the following description of

the embodiments when taken in conjunction with the attached drawings.
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direction to the part of the human body. For this purpose, the el ectrodes
on opposite surfaces of the dielectric core can be pre-conpressed to give
the mechanical spring force. [0021] These and still other objects and
advant ageous features of the present invention will becone nore apparent
fromthe follow ng description of the enbodi ments when taken in
conjunction with the attached drawi ngs. -5 BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a perspective view of a wearable human notion applicator

in accorda i fl e ' t e present invention; FIG 2 is
a perspecti gé?gwgﬁgéﬁéﬁ%@uﬁmﬁ@ﬂb’égt ic actuator enployed in the
above appli PALOf is & biapedfivafbwiBf A vieAEBleldh&h InotidiBpplidaist inat | ng the
operation of the above aBpI icator; FIG 4 is a block diagram of an

=]

el ectric cipecardapee with abtsl enbmdimest of themresent inyeatigniock di agram
illustratin L) | e | +4iFl GS. 6
and 7 are of Ko DelReclp ity Pl b et Apa ot Bol g eiRiden B

appl i cat or ; thel @bovee applicaber, specti ve vi ew of the above applicator; FIGS. 9A

do9 [ | ively ill cat | I
ot o0 ape FERSIAN A A BERRR A lohel AR B AP HTEL.
i nvention; &bslicatér;is a perspective view of a wearable human notion

applicator | accordance with third enpodi npnt of the present invention;
FIG 11 is EIGdhemblackdiagiant ohan Blactie elisibel e SapNeRPBISAIR | | zed i n the

above appl i gfd & js £bfdek dﬁ%g:%ﬂﬁﬂm&%traﬂﬁg gqgeaﬁé&wcdﬁtﬁdv WizadW§ tieBbsvduman

motion applicator in accofdance wt ourth enbodi nent of the present
i nvention; #@PRHcald;is a bl ock di agram showing an electric circuitry of the

oo earoy LS acfl S Bk SRS RS LA R o PR Be R Lo
applicator; '
FIG. 8 is a perspective view of the above applicator;
FIGS. 9A and 9B are schematic views respectively illustrating a wearable
human motion applicator in accordance with a second embodiment of the
present invention; .
FIG. 10 is a perspective view of a wearable human motion applicator in
accordance with a third embodiment of the present invention;
FIG. 11 is a schematic view of a like actuator which can be utilized in the
above applicator;
FIGS. 12 and 13 are schematic view of a wearable human motion applicator in
accordance with a fourth embodiment of the present invention;
FIG: 14 is a block diagram showing an electric circuitry of the above applicator;
FIG. 15 is a perspective view of a wearable human motion applicator in
accordance with a fifth embodiment of the present invention;
FIG.16 is a perspective view of an actuator utilized in the above applicator;
FIG. 17 is sectional view of the above actuator shown with an insulation
sheath being removed,;
FIGS. 18 and 19 are schematic views respectively illustrating a packed
assembly of the actuator which may be utilized in the above applicator;
FIGS. 20A and 20B are schematic views respectively illustrating an actuator of
knitted structure which can be utilized in the applicator of the present
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FIG 16 is a perspective view of an actuator utilized in the above _
applicator; FIG 17 is sectional view of the above actuator shown with an
i nsul ation sheath being renmoved; FIGS. 18 and 19 are schematic views

respectively illustrating a packed assenbly of the actuator which may be
utilized in the above applicator; FIGS. 20A and 20B are schematic views
respectively illustrating an actuator of knitted structure which can be

utilized ininventiml i cator of the present -6- invention; Fl GS 21A and

21B are sch spect veI iLlustratin, n act uat or

oyl i ndr i cal BRG] BRRE SshtTalienews tesheqtHehAEaticoAn Setuater of
present i nugfibdiocsl sklucturd hicdar 8 mﬂaeaqmﬁ@taf)ﬁnaatswafmsm%bh yely
illustrati nq a coiled actuator which can be utilized in the applicator of

t he present Wt”l!on FIG 23 is a plan view of an actuator with a

plurality C’fFIGI QZA@n% Mﬁré"@él‘kﬂnﬁ viels r‘éts'pebﬁ\?%y Rust3Ein Q—Péél or of the

present invention; IS a schenatic Vview rat g an el ectric
circuitry oﬁ@uﬁoawhm@ﬂn be plitzed B the @wmhmrmﬁtbewrewmﬁnmntmid i ptic

I d h 26A and
565 ar o per icrs de e JE POATREf ety Wi SRR Gy BERETbE nads WhiprCan
cylindrical beatflizgdiimthoapplicattr cithelqgresent mzedtr?nln the ?ppl | ca]E ortﬁf t he

tra a 1Tur er
etuator wi o288  seiPmate iR fibheniamn cBiiamicuiy bl founies
appl i cator GGt 2% iae8RBMalID VW 0P BN eil&it@ e!@@trbée WY éé’ﬁﬁb'lﬁéowo%‘fe%f

anot her actuator wth a meshed el ectro whi ch can be utilized'in the
appl i cator 8t thenaboyeaeiatqrhvent ion; FIG 29 is a plan view illustrating

o RS OAR el o888 oM Mo ELfy afides BRGRRA TN
utilized i natgydindpealiasafigurationtwikichroasdre utilimexhin the;applidafelr @6th® prefsentd 31
Bis a SChefm/tein?ion ew of an actuator with a pre-conpressed

FIGS. 27A and 27B are view illustrating a further actuator with a perforated

electrode which can be utifized in the applicator of the present invention;

FIG. 28 is a perspective view of another actuator with a meshed electrode

which can be utilized in the applicator of the present invention;

FIG. 29 is a plan view illustrating the meshed electrode of the above

applicator;

FIG. 30 is a perspective view of a still further actuator of a laminated structure

which can be utilized in the applicator of the present invention; and

FIGS. 31Aand 31B is a schematic view of an actuator with a pre-compressed

electrode that can be incorporated in the above actuator.

DETAILED EXPLANATION OF THE EMBODIMENTS
[0022] Referring now to FIG. 1, there is shown a wearable human motion
applicator in accordance with a first embodiment of the present invention.
The applicator inciudes a flexible support 10 carrying a pair of electro-active
elastic actuators 50, and a controller 30 carried on a user, for example,
attached to clothing of the user or placed in a pocket of the clothing. The
flexible support 10 includes a main body 11 of a stretchable fabric adapted to
be fitted around a part such as a knee joint of the human body and includes
~F-



el ectrode that can be incorporated in the above actuator. DETAILED
EXPLANATI ON OF THE EMBODI MENTS [0022] Referring nowto FIG 1, there is
shown a wearabl e human notion applicator in accordance with a first

enbodi nent of the present invention. The applicator includes a flexible
support 10 carrying a pair of electro-active elastic actuators 50, and a
controller 30 carried on a user, for exanple, attached to clothing of the
user or pl afastenersa 2pfoc tightlp holdiveg theoshppet 10eound the phr. sTheankinlo

i ncl udes a I,n . bod 1.of .a .stretchable fabric adapted to, fitted
round 5 oaPoe 18R b4 1By b Dpeee of datate ds st inFladk e
fasteners lactuatortSmit dendrallfknevh 6 therIStosthctvesdlgnmich @ichaHibr an@$s Mi N
body 11 may be fabricated into a sl eeve or bandage as shown in FIG 8. The

act uat or 50CPREPGERE PAR dielRABIRCUS TTheadeafiaroelapiastenepplymarsuchaiat or and
oryi 1 6 aar e MENGHEF USIKSNG, aiq TS, O nelof ARHITr. SRR AORGRLT" °°

acrylic elastoner an | cone, apar o
opposi te ssuifagessoithetdese c oAes shawrsindwWi@. i2n thd &tugtortdteobitieyatesenb0 of t he

Gl cotrodes. SaboapentS RORRATE Mol 3 Bldhigaf FreARAEES Satet: oac

Sg. i ﬁ for gpﬁl()abacgd in atthickneds Gigédfim ﬁﬂ ta.el@r;md. aTIF)é @ﬁédmtdﬁilerm | fcfriglie_ﬁaif _

I C 'S | Sper se 1N r coal e on the surface.o ] polLyner an IS glven
f1 exibili tyafTHX?S‘E? |°6\Rﬁ§?P"b'P'§§{‘ 2Rd gyRrenioNs metal diiter Hé"'%bisy%la?f%@ﬁdﬁ or

recei vi ng acslitbdidiotheGurRldeasiehd pofffiet 48d ié?bﬁéh_rﬂ%ﬁﬁlit?% félhﬁua%ﬁ_téléétﬁ:; >0

is conpressed in the thickness direction to "resiliently expand int

l ength and defarmation of theorelyaera s receivinthadriving Dl etagsureroas éhe
attracted tQupidqea68, Md'Suatthed i&.'h%rﬂﬁe%@é@ ﬁgﬁ}é t%f)ék%%%g. ectibfGo aCt uat or
50 returns to original dinensions, i.e., contracts by resiliency inherent
to the pol yiesHienttiexpaodiin thef lenigifs ast awidibcdidedtonsess anesidt pf hadtheé onal to

he B Vol 1aBBrodRY e KUl Rl S0t BT R ReiDoJuBRLEL RE B
vol tage. | nthefaciuaton5eakiurns to beigiandimehsionsd.6. scomtrddtg byadstliencyary the
D L 29 BBl o A58 B3t She bR o Bia o0t bt oo no b
actuat or 5(repoftichil tothd DE Vélidife. aThushth& bRt B0 B8n RPENd to a
greater extent as the DC voltage increases and therefore contracts with
decreasing DC voltage. In this connection, the controller 30 is configured to
vary the DG voltage applied across the electrodes 50.
[0023] As shown in FIGS. 3A and 3B, the support 10 is fitted around the knee
joint with the one actuator 50 on front of the joint and the other on the rear
thereof in order to generate a force of assisting the bending or unbending of
the joint. For this purpose, the applicator includes a sensor 20 which is
disposed inside of the support 10 to come into contact with the skin around the
joint for sensing the mation of the joint being made. The sensor 20 may be a
strain gauge, myoelectric sensor, or pressure sensor, and monitors an instant
force exerted by a thigh muscle to give an output indicative of the monitored
result. As shown in FIG. 4, the controller 30 includes a motion analyzer 31
which analyzes an output from the sensor 20 fo determine the instant amount
of the measured force as well as the direction of the force, i.e., whether the
knee is bending or unbending. That is, the motion analyzer 31 is cooperative

with the sensor 20 to define a motion sensor which provides a motion signal
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thereof in order to generate a force of assisting the bending or unbendi ng
of the joint. For this purpose, the applicator includes a sensor 20 which
is disposed inside of the support 10 to come into contact with the skin
around the joint for sensing the notion of the joint being nade. The
sensor 20 may be a strain gauge, nyoelectric sensor, or pressure sensor,
and nonitors an instant force exerted by a thigh nuscle to give an out put
i ndi cative dfdicatévenafrthe @nealintraesidirectian Gﬂtbwmd)tmeréingﬁnaﬁb@tm@!mm ber 30

i ncludes a potijon _anal yzer. 31 which_ana s an .output fromth ensor 20
to deterni ng%f hgmiaﬁ‘& t pgmntroélprgﬁés ﬁéaﬁQH@Bt %%E%%Vw'?g §§S t he
direction ofvoltii@e horoze thé efsctroetd® bt &fé%ctﬁﬂt@?féﬁ%é}@é}@hﬁ éPfaéﬁ‘élﬁﬁ?i ng.
That is, ?(?1'815‘. ('é%ﬂ anal yzer 31 is cooperative t he sensor 20

define a mo %'I‘Ch/\ﬁlRfﬁPBFtb\ﬂaé&aﬁd wptessihan hmpctual huymaraiare® of t he
aount_anc Qe Pyl ndi 5 HBIRETIGEGRL 14 Do 1 il g

body. The controller 30 I's configured to give the varying
across the epwerivdiderad for individeals utiecsontmiley30ds enuippeshwilt i pawery  f or ce

AF) whi ch f HF
by b const i aRsunich 3es sl eoRitabt ehFury KB PRMRaldic” poner
is differ enrel&’mmns hdﬁweMbwohimeooM efrthd hunsare érce i) wiridha eargever

table 32 mhlch | ur I|t fp ectivel deflm

different Vau 3 Fousinshoree (ABhi tAPERDTaLIRIECHY 3318 MeHERD fib iR ( HF)
and a targebonw@um@dt@rsétéa mbﬁﬁe%ob?ﬁrﬁ§fér"}ﬁbVIdﬁ'@'ﬂ‘i@feﬁf@bﬁﬁéiﬁétcﬂFthQ’P’ s
I ncluded in the, ntroller 30 to select one of rografs for providing

the target @%?'ﬁtén% orep withyegped to, ihe BiapEowRd hum@gafﬂepq The Irdscoma®ehuman
f HE dianrg
orce (HF). wih tﬁé%@f ogi%u"ﬂ1 2 Hé?uﬁﬁbﬁﬁ& ?Qs;&:{r&%‘ﬂ@%\éﬁa; &Qﬂe souﬂna?g% so as

responds to give contr varl
to vary t heV@rrf&lblBrﬁ-'gC mm@e sag@eb‘.zﬁ /g asdppiargthe driving QGtVMilagle being f eedback

e, besc oAl g ARt 8 B A ngbler GRS iR B et tefa O
assi sting fﬁmmv@@rﬁpb@eﬂérm sliovwy ih FGaS | taaegulatethéd driving Dexattage. t he
o o s TS kP A e Bu IS RBLARt S IS e
human f or ceexaditly taBdctiig RphaRicrte QHIFPLUAs BONETEFIGL 7 V@hh ddifoAasisateti ng
force (AF) both varies within one cycle of a wal king step. The vari abl e
vol t age the synchronous relation between’'the thigh muscle force representative of the

human force (HF) and the actuator output representative of the assisting force

(AF) both varies within one cycle of a walking step. The variable DC voltage

source 38 is accommodated within a controller housing 40 together with the

switch 36, and is connected to the actuators 50 by way of a cable 41 and a

detachable adapter 42 at one end of the support. Electrical connection from

the adapter 42 to the actuators 50 are made through electrically conductive

threads or the like flexible wires.

[0024] The motion signal is also fed to a direction selector 35 where the

direction of the monitored human force is acknowledged to determine which

one of the actuators 50 is enabled to expand by application of the DC voltage

defined by the selected program. That is, when the sensor output increases

as a result of that the knee is bending from the position of FIG. 3A to that of

FIG. 3B, the direction selector 35 activates a switch 36 to energize the

actuator 50 on the front of the knee, and to deenergize the rear actuator,

thereby expanding the front actuator in a direction of assisting the knee
-9_ '



source 38 is accommodated wthin a controller housing 40 together with the .
switch 36, and is connected to the actuators 50 by way of a cable 41 and a
det achabl e adapter 42 at one end of the support. Electrical connection from
the adapter 42 to the actuators 50 are nade through electrically conductive
threads or the like flexible wres. [0024] The notion signal is also fed to
a direction selector 35 where the direction of the nonitored human force
i s acknow ebgedingo Wiileron tree oihiec handneheh theseasbuatipus déBraasesriabl ed to

db licati f the | t defi ned t.h | ect
T s wnEeToreRce to SiE piberpn i dhe khe! T AleABRATRR 3Bhe knce | s
bendi ng fr ogetiageddd swikeh 86 tEleggr $e tige tetatad@liator 56 antPio d86ndlglzetthieon

selector 35 activates a switch 0 energi ze the actuator 50 on the front

of the kneefroniptuaton88n#igjeb¥ expandiagrthgdeanaeipatornfaepssipting figdi ng t he

front actuafQs ﬂd?n@n%to‘?xcuon of assisting the knee -9- | bending. While on
t he ot her handpf wh the 'sensor output decreases in correspondence to the

unbendi ng of0025E knadgitiohdo dssisting dhre gpenhtooption Ahe applicatares thégresdnich 36

to energize_t rear, actuator._ 50 and t een i ront. ae tor 50,
t her ebygex pﬁwggﬂtﬁ"?%c %‘? uﬁ@ﬁf&"o&%%ﬁhg@ Sﬁ‘%%‘ﬁﬂé?ﬁ%ﬁe B&@%V%Qﬁ}% on.
[0025] I n aftdtd bpposingaks ihsimargmionien) oiFat thintpupposd, the zpptrotiet 80 if t he
present enbodi ment can be utilized to strengt e]p t he th(l h, muscl & by
Gener at i ng PRSramBleskiogRiYides MtoTRRHRIHLMASK OFSENEFRI e RSISTnghe

controll er @fcd and R PBHBAMRANHE rﬁé@aif&egaqerraﬁh@m@éébéééhg%m@d@nﬁor .
generating the assisting forcé and a notion-ttaining node for generating

t he opposi nifciugiess made seleetprdédonselpaing ene&f dhe swodas: Whepetheg one of

the nodes. r‘ﬁ%ﬁ?n&l%‘?ning‘?ﬁé)&é‘ié %é\leﬂie'agtﬁ@ﬂﬁe@ﬁoég%véﬁ{o?chs 588 ifiahesiddte
sel ector 35.acts I n af opposiie sense to e above notion-assisting node,
i .e., to acsénsmtte thamboivethotiomeseaistiogsndde,d.alj tocactivete ohelsdile ng t he j oi nt

of the cont rauplors fEadfiston St BRBAL NGB HERAEIBR L S8R or celect ing
the nodes amghdriting gt vice,veasawel | as a display 46 for the
[0026] On the front of the controller housing 40, there are provided buttons
44 for selecting the modes and the programs, as well as a display 46 for the
selected mode and the program.
[0027] itis noted that when bending or unbending the joint, one of the
actuators is caused to expand while the other actuator is caused to contract
from the expanded condition, thereby developing a force couple about the joint
and therefore enhancing the performance of the applicator. However, itis
equally possible to use only one actuator on the front side of the joint for
expanding it in order to assist bending the joint since the human is required
more power when bending the joint than unbending it.
{0028] Further, although it is preferred to dispose the actuator 50 on the inner
surface of the support 10 for direct force-transmitting contact with the part of
the human body, the actuator 50 may be incorporated in the support 10 or
even outer surface of the support, provided that it keeps a force-transmitting
relation to the part of the human body through the support.
[0029] As shown in FIG. 8, the support 10 may be provided with two sensors
20 spaced along the length of the support and are utilized to give an average.

of the monitored results or to obtain reliable human motion data.
' -10-



sel ected node and the program [0027] It is noted that when bendi ng or
unbendi ng the joint, one of the actuators is caused to expand while the

ot her actuator is caused to contract fromthe expanded condition, thereby
devel oping a force couple about the joint and therefore enhancing the
performance of the applicator. However, it is equally possible to use only
one actuator on the front side of the joint for expanding it in order to

assi st bendfoo30f hEi(BSl BA HideR shbw dnséedmd gmbediheatiof ther FrepemMEhvaIiin
bendi ng t he "‘ 5 nbendi n& ?3028% Further, although it is
preferred tBJ‘H %:E?& C%@Fd%ﬁ' desshefieiple suppert indhedara obe glave d08nor t
10 for direg afs@rs%gte{rﬂﬂémré.hmwtr@ﬁﬁ trg&f:dm tEgcPhbebt thboldigan body,

the actuator 50 may "be Incorporated I'n the support 10 or even outer
surface of pWicéﬁqapaﬂlﬂe pphﬁ@ﬂdéqurmdes resm@@pgela with beo ppRasingactugiors

relation tosbRe. AREbodordie HTRINBPCHC! NG BnbE o BBAC ANy EQHodYy SO

in FIG 8, ort sensors al ong
the. | ength paraﬂlbbasnmppdhe I:hatﬂ)(aweltage bouee Smagt(ybeammgﬁedge of the

oA and 0B <HBIWEneBLshdoE AEBtHHEG B HOtRS SR BIaRUeT Ry 43 BRBH O RERARGRE  ho

appl i cat or ﬂ redeTheh@hbt sriBtupesaR® opkrdtibnsheefigemicl t@ trgdsaver theAirst or
assisting an or training the finger nption. Each finger of the glove is

provi ded onermﬁe et aHG%'Hé@Xn%?‘H&eme@Sé&WS%WW\W RTRVided gpHvRge of
actuators |0§,l'gq§, psct uators on either side of the hand are electrically
connected in araII across the |like DC voltage source so as to be

energi zed KO/t E!ﬁo&slyowaua t@&dearrabwgﬁetrﬂﬁ@f the nww&mmtioag&mw to bend
05 hoceof Ahighel 85T 8auc s Gh SBHIVASHIRSORS MRREACAD SR BB oo

to those of Sensor
provi ded onc;dmyidnal wirso Bbppgﬁ daos Wrmgmcbaro[tlﬁdaaltqrs&bﬁthdﬁummchj t h| rd

enbodi nment e hr% pr esent vent I_Whi ch i. e dg i r? to rlgduce Igjl tortion
about a spi PR PRA LdRIeMAEITS @df @it 6" upport
10B Wrappeokwamndt@rsmﬁrhwh éﬁéesﬁmmnhﬂﬂdndér BeidnairiPcisciinfrentdlly 1 s made
froma flexible naterial and carrlesagalr of _like actuators 50B which

are shaped #PRY Blengihwiseands ALIG § A% eregsing with each other on back of
the support. Also carried on the support 10B are four sensors 20B which are

provided respectively at portions corresponding to the opposite ends of each
actuator 508 so as to obtain amounts of strains of the torso respectively about
the lengthwise axis as well as about a horizontal axis perpendicular to the
lengthwise axis. The output of the sensors 20B are proceséed by a like
motion analyzer as utilized in the embodiment of FIG. 4 to give a strain signai
) indicative of the amounts of the strains. A like controller is included in this
embodiment to give the driving DC voltage of varying level in response to the
strain signal so as to elastically deform one or two of the actuators in a
direction of reducing the amounis of the strains, i.e., the distortion of the torso.
[0032] FIG. 11 shows another actuator 50C of a laminated structure which
may be utilized in the applicator of the present invention. The actuator 50C
includes a plurality of sheet-like elastic dielectric cores 51C and a plurality of
flat flexible electrodes 60C which are stacked alternately. Every alternate
electrodes 60C are connected to the same electrical potential such that all the
dielectric cores receive the same voltage difference to deform uniformly.

[0033] FiIGS. 12 to 14 show a fourth embodiment of the present invention
—11-



about a |l engthw se axis of the support and crossing with each other on back
of the support. Also carried on the support 1108 are four sensors 20B

whi ch are provided respectively at portions corresponding to the opposite
ends of each actuator 50B so as to obtain anounts of strains of the torso
respectively about the |engthwi se axis as well as about a horizontal axis
perpendi cular to the |engthwi se axis. The output of the sensors 20B are
processed bwhicH iskiesigredd wngise @l massagiag actibn 1ed lowet mbesftbdi enanof FI G

4 to gi in signal _Lndicati f th ts of t trains.. Alik
Contr ol 1 or - PESH BERRS o PTG SunboR SATEES abund FelghBETo rage
of varying h@jebnt 8 cafiSPaNEfRs bMbodemest, rtw% _@uﬁ;b?mqbnsgarﬁ&(sjtep,siﬂb@élhgﬁbl y

deformone or two of the actuators in_a direction of reducing the anmounts
of the straffisater 30D of gdubgist epriigvation forangdpg ghe inteienangpgierior shows

anot her act iygko o Rbiiel A MORLle SRS WHEApUERAAGal Bopred 1 the

appl i cat or e present [nvention. e actuator udes a plurality
of sheet - | | Rxpaidssini « ratlial divzation uponeecBiihgite increasirg driyingfDCiuddiage

el cot rodes. SUCoSIES etz e Tl LA TF LG VPRGR HooBkiel “IhER BIE, o1

the di el ectade toaepeal geeerating hadyeahmasiy) & pgessing facengplied tdeholidwer
FIGS. 1 odj nent of the present

uni formy. ﬁogg] é};) 14 show a fourth e

invention 130 WRE Eman _E’rﬁ&ﬂ‘”‘t‘%adm‘ﬁs%g'ﬁgﬁgﬁm &% on to a | over
linmb of theﬁd@@ﬁ?“Fppﬂﬁé’puﬂﬂ%e{ﬂféé&ﬂ?otﬁar@@ld&lhﬁjés@%rﬁlorﬁ jt 10D fitted
around the lower linb adjacent a calf. In this enbodi ment, the support 10D
carries a syeRgratenIBN whichgenenates soandemzsignawhich iofed Hieugh én formed on
the interio | SSRAS W ' ' t r odes.
The tubul ar&g?{@aef)gtrmgﬂggé V%%%E{\ sﬁ%ﬁf a radwé]\é?%l?f?%%ﬁﬁgysﬁ%{gggrggg%%i ng the

i ncreasi ng providentpeBiTiving 04 voltags oka stiiablel levertodessupndieddotthecadualort he

O VoLt eoe Sa5TENRR PRI b ion Bl | RS IR ¢l onn S
nmassagi ng aadjustori49® ehich ¢AE24]th&oenultiplier 470 poadjust ke vel obtHeer 30D
which s {CBoEATBLUGR WDagar BFOLI WponesSa0 D8 ABETorARR G B wher e ¢ he
signal is p5REEABEMDOIMBAONIIZES thE ralidomh g JepkraBe 39D far sandaalye | evel
to be supplied to the actuator ) ] .

varying the strength of the force being applied to the human body, it is equally

possible to apply a definite pattern of the varying DC voltage or to

intermittently apply the constant DC voltage in order to repeat expanding and

contracting the tubuiar actuator 50D for massaging the lower fimb.

J0035] It is noted that the above controller 30D can be utilized in the previous

embodiments, instead of the controller 30 shown in FIG. 4, such that the

actuator generates a randomly varying force that is applied to bend or unbend

the joint, inducing the counter-action by the human body for a training or

rehabilitation purpose.

[0036] FIGS. 15 to 17 show a fifth embodiment of the present invention which

is identical to the first embodiment except for use of actuators S0E each in the

form of a fiber having a dielectric core 51E made of an elastomeric polymer

into a hollow cylinder. The electrodes 60E, each formed by a mixture of

carbon black and a precious metal filter, are dispersed in or coated on the

interior and exterior surfaces of the hollow cylinder and are given flexibility

sufficient to follow the elastic deformation of the hollow cylinder. Thus, the
12 :



50D fromthe DC vol tage source 38D. The controller 30D includes an

adj ustor 49D which causes the nultiplier 47D to adjust the |level of the
resulting DC voltage for varying the nmassagi ng strength. Although the
present enbodi nent utilizes the random signal generator 39D for randomy
varying the strength of the force being applied to the human body, it is
equally possible to apply a definite pattern of the varying DC voltage or

to i g_t er m ag@atdnﬁw%yaﬁdﬁaagtﬁag@{m tﬁEletﬁdt?ﬂ@@ dgrtl)a?meih ﬂr@pb_ﬂmatbt htheI
expanding a contractin e ubul ar act.u or or S n e ower
linmb. [0035 evef of & rieff g 5%‘!0'%‘49@ Reipganpird tae e t@@@%‘i‘ﬁ-b?b@%@&ed in
the previ 0Uéctu%&ﬂ?@@dﬁaﬁﬁesarréﬁﬁécﬁiﬁdar?hrﬁagga ¢ rQddupéd 89 aShseridlofa fike 4

such that the actuator generates a rand varying force that 1s applied
to bend or litdardsleevr1Pbiima fofoediiansmyitiing relation to theepadwfihe bedyhuhbe body

‘ traini e g .
(1 empoaraafrs Sty A bt cef BHheazE in pAfHR Wi Son Sl abfo B, T
ﬁnbpdi manél _ @iO:e(fita_lg‘eosou:se %EEmcmrgatta?eoﬁﬂﬁldemt\rm irrad:dmd?lhoe mikm_far:iottimﬁrl I

avi ng a ai ectric, core mmaae or _ an el as nerL.c poLyner,.. | .0.,a Nnhol Il ow
eyl i nder. - TiETGR cenr S toravBlan Aor ABath SouMTerR 20 A Wizl gack and
a precious figtambdddiment. an@rdésteairesttitie outdraatefodds 6OE framtegr i or and

exterior surfaces of the hollow cylinder and are given flexibilit
Sufficient URIPGIachaleCkicabPaRIGGIONAKIE) ARENYHOBMANKEARN %\ﬁf@tyf@qtmfé 608 hus,

the -12- agt el ' [ i lf ection in
proportion %oﬁﬁh@”ﬁ%g\%fégfé'?ﬁgeé‘?%ﬁgb%}é voln%ggseég%%gwé p s?gj t he
el ect rodes BbFiorhef thetmsippodctiatartbe Sameafunciion asgpiainedwith refgreneg are

secured to r i V, i
force-tr ans{?ﬁ {hte ﬁ%t (rg[g]gg? {'%‘?lmt ohﬁ1rieet %@?‘%ﬁé‘? BJ[ ﬁ% @Do%sla% tq%g?, tggtouué%r s 50E are
el ectri cal | glectodeds givenra agabpetifivisutfacaclitiotdspechlr @ssodshsectlod ofdheage

source 38E to,sinultaneously.deform,n accordance wt out pu froma
cont o lor AGStI R S ES 1 it Insh e R PR ollel kol e | T he
first enbodhsm@Btor fbneficial pb@eP HAVE Gt Aeniakhem Rivesr reed@entdt. from an

undesired electrical connection with an environnment, each outer el ectrode

60E is surfbberehythyillysiiiedambodimant shawsabe asiialgr of adwellgvesiiElted

the actuator may be formed into a solid structure in which the center bore is
filled entirely with the inside electrode 60E. This is advantageous for
reducing a diameter of the fiber actuator.

[0037] As shown in FIGS. 18 and 19, the fiber actuators 50E may be packed
together to form a single actuator module which is secured 1o the support in
order to give an enhanced force to the part of the human body.

3 [0038] Alternatively, as shown in FIGS. 20A and 20B, the singie fiber actuator
50E may be woven into a knitted structure having its own resiliency that is
additive to the elastic deformability given to the fiber actuator. Since the
knitted structure itself gives a preference direction of deformation, the
electro-active deformation of the fiber actuator can be successfully guided
along the preference direction so as to effectively and efficiently deform the
actuator of knitted structure in the intended direction from the unenergized
condition of FIG. 20A to the energized condition of FIG. 20B. Thus knitted
actuator can be formed into a plan sheet secured to the support or into a
sleeve surrounding a part of the human body. When formed into the plan

sheet, the actuator can be well utilized in the above-mentioned embodiments
-13-



interiorly of the support 10E for the sane function as explained with
reference to the first enbodinment. In the structure of the fiber actuator,
the outer electrode is given a large specific surface with respect to a
cross section of the dielectric core so as to increase the electro-active
force of deformng the actuator for efficient power drive with a m ninmum
power requirenent. Although the illustrated enbodi nent shows the actuator
of a hol | owshowhdt RI@S. 11 89 aaﬁdJaODrWﬂmnMmfedr{mfﬂthiermee\ae,smleiacbtsatoucture

in which th ter b fill t the inside el ectrode 60E.
Thi o i o adyEAR BBdR Uhired e HEORNUL SN BIFIGhdS: | BB SeVat or - L0037
As shown i naEﬂu@ﬁar deh @é\@eé&edttbethéltb@utaagﬁwér@bs eVl u'FﬁXe@@o ﬂﬂﬁkadna or

together to forma single actuator nmodule i s secured t he support
in order tBogiofeofdhesapaadedin Hielaties case terStUPQPrttCFﬂé" harﬁ#@wsm/s MPBO38]

Al Ler nat | velor o @nfROHE e SShuaffornd s hFHhaIgbBall DS AEhAp

SOE may be woven | ted struc ts own tesi |ency that is
addi ti ve t oFHGe2EA awhien the faotuadbr SOEyS gnitted into a bleevieadfrwizich ubaroeterSi nce

he kni f f d ,
the el ot r BoRRTHS CSrtioatds pdfhdRaiRaPidher PRt dhe BRbed e dbndfIddt i 1
gui ded al oegds heectiftbeoa® hdive et lh@ﬂaa%@d@mbmtejfféaétﬁoldéﬁmmadcﬁfdlmr@g ently

deformthe actuator. of knitted structure in t nt e d direction from
t he unener g?%@“ggﬂﬁ'&?[ Pen u&pnﬂq@g pa) e Lo By @i‘%ggéc%%i tion of FIG

20B.  Thus kddegd Fuphbh 3lsQ¥hdviirPPId. T Ghé Rber Actiafdt ﬁE@hn%ﬁ%ﬁl%@i to the

support or |nto a sl eeve surrounding a part of the human body. Wen forned
into the pl o astydisdricalishapetfonsurogadingdhaart Qtttheumman Rogdie When

e o EU L B rdBees WM B3 clpedudhp i diodhen
enbodi ment abimator expeh@inglip. th@ lwircahderentiabdirectioor, asashdven geEl{ie@LB.0 t he
n the 1 att SRetaiSle. Tih B0l poftelory B¢ Bl Ml aun B rifef e BLRIEE ! he
sl eeve actuapor to the part of the human body. As shown in FIG 21A, when
ovar ds. a | IRHOT uETRS! 28 eROcH Bhalt 3 cetcB S0ber GG T ess
different from those disclosed in the above but can be equally utilized in the
applicator of the present invention. The actuator 50F is composed of a flat
dielectric core 51F made of an elastomeric polymer and a plurality of flexible
pads 61 disposed on opposite surfaces of the core 51F. The pads 150 on
each surface of the core are joined to have the same electrical potential and
define an electrode 60F. The pads 61 are circular and arranged in an array
N s0 as to be evenly spaced along a length and width of the dielectric core.
Upon being supplied with the driving DC voltage across the electrodes, the
actuator 50F is caused to firstly expand substantially equally in the fength and
width direction with attendant deformation of the flexible pads 61. In order to
give a preference direction of the deformation, for example, in the lengthwise
direction, each pad 61 may be configured into an ellipse having its major axis
aligned in the length of the actuator 50F, as shown in FIG. 25.
{0041] FIG. 26A show another actuator 50G which is shaped into a cylindrical
configuration having a diameter smaller towards the axial center than at the
axial ends. The actuator 50G includes a dielectric core 51G made of an

elastomeric polymer and shaped into the cylinder. An array of flexible pads
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ends, the actuator can have an increased anmount of elastic deformation

al ong the longitudinal axis upon being energized, as shown in FIG 21 B

[ 0039] Further, as shown in FIG 22A, the fiber actuator 50E can be coiled
into a cylindrical shape for surrounding the part of the human body. When
energi zed, the cylinder increases its dianeter as a consequence of the
fiber actuator expanding in the circunferential direction, as shown in

FIG 22B. Em@r@mp@suté&@n@wﬁﬁ tﬁéwah@faﬁ@@x&é@|ob%wa@bsldfz|¢élcyrhdé?6to
enbodi mrent of FIG [ 0040] FIGS. 23 and 24 show an actuat or” 50F of

confi gurat i Sﬁfﬂmﬂlﬂwe*%tmdﬁ 8nis ﬁmﬁﬂeﬁdg'é" trfgeennecte FiGne3 apd?é. but can

be equal | I W? |

act ugt or éogh%esc'y ﬁ@%ﬁdodgegﬁ%}tc”ag?# thies gbrﬁ%‘gﬁ]lﬁ{g% re 1'@%2&%%]? ag%?

el ast oner i cdiettarewith @ attepidﬁf‘éldlefqrnm‘tioﬁl af theflexibbepeds B1diasmEiewd ion

opposite s of the

core are ) of 1B, UnshdSyifid Detdees i R Sosd & FR o AR B o

gl ect ro:je 60écrebbes.palise @lizlnaairﬁcaalalcmdtcarrsmd?a@rmeabgadfmlnedrtoamrmheqmras to
e evenly s the dielectric co on

bei ng subp! Beekddy Pibedar f fapaledly Sheleh haondls Gitunioetocabbe Ratk

act uat or 50[60423 C Rié$esH bf)uémg&héme%n@aéd§Léa&thaéltebﬁbbé! 60HAldyhé n the
length and widith direction with attendant deformation of thé flexible pads

61. | n ordePererated {xhave parasranelvaids 62t ad shewntnd | dePEAnaeiaso tieor
exanpl e, | “ﬂﬁf@ﬁ éu?fﬂzﬁlérﬂ"ﬂe%&nng ih §i7d |e{?{§;¢h% %lP?ﬂmﬁcﬂmW%&%pccﬂ%é%iﬂd nt o

an ellipse having I1ts ma I“gne t he act uat or
50F, as shoWhe iastuaita: uSJBg tms)pmﬁoratej emwleewraﬂmeremda@lfm dreIG(CI{B:V\hl ch

i 3 shaped i C |l e
t owar ds the I a t I ncl udes
2° O G e Hpaf oG M b8 e R A N R to A TR Elrialls
a dielectri eqmllyeaékﬁomda FIG. avB, #l mshon®e ite tHeotsiving DO/ottagedaskingit o t he
cylinder. of flexjble -14 61 are deposited on each of the
interior anﬂ @!&ﬁ%?séﬁﬁ Plﬁcé@ gﬁ cylinder to define the el ectrode 60G
as is expl agmaé] WIS 28 @h@@éﬁsﬁcﬁm '5' s%etﬁﬁe%ﬂjeﬂﬁr SOJ%vﬁid h'pdid gl

actuator 50G thus fabricated wl Rands argely he axial direction
with an attelegindesensh sefingd Wfa es ﬁﬁéﬂ?'ﬂ?béﬂf}ﬁd%hlﬁh may bengiliged in tha G

268, upon bghngf8e53hE $Hes@NInFORIIAC tthPSctlBforEo4isbrifoddd bAgR
elastomeric polymer sheet forming the dielectric core 51J and the etectrodes
60J of the meshed membrane on opposite surfaces of the core. The
electrode 60J of the meshed membrane 60J is formed by a plurality of
conductor lines intersecting with each other, as best shown in FIG. 29 to be
given flexibility sufficient to follow the elastic deformation of the polymer or the

3 dielectric core 51J. Thus, the whole actuator 50J is permitted to expand and
contract smoothly to a large extent upon being applied or removal of the
driving DC voltage. It is noted in this connection that the actuator with the
meshed membrane electrodes may be shaped into any other suitable
configuration, for example, into the cylindrical configuration.  Further, more
than two meshed membrane electrodes 60J may be stacked alternately with a
corresponding number of the dielectric cores 51J to form an actuator of a
laminated structure capable of generating great stretching and contracting

'force, as shown in FIG. 30.
[0044] FIG. 31A shows a further applicator 50K with a pre-compressed

electrode 60K on either side of the dielectric core 51K, which may be utilized
-15-



decreases. The cylindrical actuator 50G can be best utilized to wap the
part of the body in order to repeatedly stretch the whole circunference of
the part. [0042] Instead of using the flexible pads, each el ectrode 60H
may be perforated to have an array of voids 62, as shown in FIG 27A, so
as to be given sufficient flexibility in the length as well as width
direction of the actuator. The actuator using thus perforated el ectrodes
on either s:rﬂhequ[:ﬂibatadioéltlee:présenfm@rmonanThbsme@anamds fiadietdfia i n t he

| engt h and w dth dlrectl bstantlal ¥m in FIG 27B, in
response t of? QﬁV?OWHﬁ Fl% W@%JSQBBQ| '36%%%@3 AL ectrodes
60H. [0043] aeﬁbfﬁﬁwsa%n@i@@eaaeahﬁé\rw; m@aﬁdpdéltlé%agwtﬁhélrer’@s]omw(ﬂﬂe%‘lﬁilr of
el ectrodes each defined by a meshed nmbr ane may be utilized in the

appl i cat or 8% being ennapw@ssedin & length direction.uat Busdbe |3§T%%W‘de'bﬁ t he

| ast f
Gl ect rodes PEIFENES fEEbn T HANER 11t SpRTipldd MAGR, Core.
The el ect rmltﬁ@lmethalmeahemln@fmmm threeelgofroiactiverforak ggnerapddiframi ty of

conduct or e ersecting with.ea ther, as hest s i IG 29 to
be g1 ven 11BABIECHES SE5 utth BiaehiS i AYRBIRC JelEBk N BIRT on of the
pol ymer or aswtiringi £1geransowstiaf thé dotalbeformiation whade adtticiatioatd@Pds i s
permtted tog ex angggnd contract snoothly to a large extent upon being
applied or ¥ a dr|V|ng DC voltage. It is noted in this

connection (opak] t Rehdald'eé Abted tHat the indMatatcBRIFES AtiIGIar herfiewithry be
shaped into any other suitable configuration, for exanple, into the

cyl i ndri cal regsd iqtheacomirol afihe meplicater andthe strugkireos He agiiaiersan be
eliectrodes r of
heCel o oo SR Kol BRI Sthseht SiobTiehbnlioft ard plicraRAha oo
capabl e of tpermreaenhnigveneaen. stretching and contracting force, as shown in
FIG 30. [0044] FIG 31A shows a further applicator 50K with a
pre-conpressed electrode 60K on either side of the dielectric core 51 K,
which may be utilized -15- in the applicator of the present invention.
The el ectrode is nade of a conductive wire shaped in a nechanical spring
and is secured at its

—
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| engt hwi se ends respectively to the opposite |ongitudinal ends of the core
51 K as being conpressed in the length direction. Thus, the actuator is
given a preference direction of deformation in which it is spring-biased,
adding a resulting mechanical spring force to the electro-active force
generatedcﬂ#ﬂwﬁtthe dielectric core upon receiving the driving DC voltage
and therefore assuring a |large amount of the total deformation made at the
actuator, as shown in FIG 31 B. [0045] It should be noted that the

i ndi vi dualy f%gﬁ@ﬁi@ﬁiﬁﬁgﬁpﬁ{ Qﬂcwom?'a{rp?%ﬁﬁbto t he control of the

appl i cator and the ructure o actuat e suitably conbined to
present nodificgtd i Atedhé balfiRdd Bigart Ha oAk ?(de;t he present

invention. -16 CLAIMS: 1. A wearabl e hunan notion applicator conprising: a

support adapt edat tedst drid ettt@ractiveaelastit wcthatoRtapady byasaitieaidpahéh a
el ectro-active elastic actuator carried by said support in a

f or ce- t r afereetitansgnittiviganslation © said pagaofithethunt@n bodgn body, said el astic
actuator including a dielectric core and a pair of electrodes on opposite
of said c&Al elasticeastiuatorgineleding; agdiplectis cage ankrefainst electredas o ic

havi | h d el asti [.1.y. di i he | hwi )
G oot i onOARASTE A sERCce oL récaliing & diding PG biteuhetracpse. ad eistine
h bod { 5 A i vi-ng i NG _a DC
Dot age o hohudh RS SlenGitt S eRRyBaN LHEAMifg iPthe RrbRiisk MEERSR ncl,
appl i es sg@ieefbre \dxasting aValdtalifgabrotator 8 pAaY 8F thd Bun®f Body 854 Greater

actuator, thereby generating a varying notion-inducing force to b applied
to sai d pexfenthstgadd driving DOpitage $herpasegener at or which generates a random

signal indicative of the driving DC voltage varying randomy, said
control | er appl il{g vobiagaisaurdesfor iptovidingatand drikimgdDCwoitggBC vol t age whi ch
varies randomy in accordance with the randomsignal. 2. The wearabl e human
moti on appl i cat BreQ¥rallet Wiieh Rmlies| saich driving &€ Yoltaged ot ¥pping levelsdge of
a flexibl gaigaélgrs{ig lac‘%‘l?ac{o'r,sthggea}ﬁ} Sceinér%tilﬂg efz'vtatrg%cri}g motion-inducing force to be
applied to said part of the human body,
a signal generator which generates a random signal indicative of the
driving DC voltage varying randomly,
said controller applying to said elastic actuator the driving DC voltage

which varies randomly in accordance with the random signal.

2. The wearable human motion applicator as set forth in claim 1, wherein

said support is made of a flexible material and is adapted to be fitted
around said part of the human body to give a tubular configuration surrounding
said part,

said actuator being secured to said support so as to deform elastically

together with said support.

3. Awearable human motion applicator comprising:
a support adapted to be fitted on a part of a human body;
at least one electro-active elastic actuator carried by said support in a

force-transmitting relation to said part of the human body,
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around said part of the human body to give a tubular configuration
surrounding .said part, said actuator being secured to said support so as
to deformelastically together with said support. 3. A wearabl e human
notion applicator, conprising: a support adapted to be fitted on a part of a
human bod§aidaglasiigsactyatoreineiding  tdiglecicasore anet @apatr eheleddss aid -
support in a forge-transmitting.relati.on to_said t of the human body,
POl S PaParispl S RiIaHE recky oy e Br ok el osrRomt. S8 Hest

el ectrode qgiqﬁﬁ' Sl : L Vi LV e

t her eacr oécsﬂ(,a%goa{i el %tgﬁ ?@étha%ia‘d%%gpgﬂ%%%ﬁgﬁh%?\d;ﬁ?aigﬂé{h&’ggtdﬁggﬁﬁé%ﬂg
expandi NGttieefdie BRI stfetehing Forc@noASid SAIELEHRY RuER! bodif G aSireaidini ng
force to said part of The human body to a dreater extent as sai riving
DC vol tagextiencag@a&sdriﬁn@@(y@bttag@imﬂggg@S,f or providing said driving DC

vol tage; a controller which applies said driving DC vol tage of varying

| evel s to sai dadlayvltagasoumedor prawdiagysaie deviag DG wwltageyi ng
notion-inducing force to be applied to said part of the human body, said
support of a tuBulatradlshivijel Anpdaseaid Lndng D witagei of ¥aing levgladoed to

fi . h | , ' ) I
D o Aot a8 Dot BURERRE R Pb ARl Sa FEHEER, ouna
sai d leng%;ﬁﬁ“e%etoa%%iaipaw\&tﬁg'h%n?%lﬂ%ﬁg actuators extending at different
angles w respec W S€ a

0 said’leng Xis to cross with each other, said

applicator incl i i ‘Senss ' ; tizai ns
pp SHIH "L IPH OF aenEbigr rﬁg@gﬁi&h h§§®‘?§n@% 2 andtis

of said torso respectively about said W se axls as as a
hori zont ahdapted todepittetl ardumd 4 torsaiofl the hohiaw ISedyaxi s, and provides a
strain signal indicative of the anpbunts of the strains, said controller,

in response to tya daid relasticiagtuatprsyibeing tseamed e satid csupptrtisnok ®ach
respectively the driving DC voltages of varying |evel in order to )
el ast i cal $HARRSk te aaband| exdending careangr saidy lenddhwiset aYis, dwor salde Elagtiche

amount s Oaflctuators extending at different angles with respect to said lengthwise axis to

cross with each other,

said applicator including motion sensing means which senses amounts of
strains of said torso respectively about said lengthwise axis as well as a
horizontal axis perpendicular to said lengthwise axis, and provides a strain signal
indicative of the amounts of the strains,

said controller, in response to said strain signal, gives to said elastic
‘actuators respectively the driving DC voltages of varying level in order to
elastically deform said elastic actuators in a direction of reducing the amounts of

the strain.

4. The wearable human motion applicator as set forth in claim 3, further
including:
a motion sensor which senses a motion of said part of the human body
and provides a motion signal indicative of a quantity of the motion being made,
said controller, in response to said motion signal, applying said driving

DC voltage of a level specific to said motion signal.
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the strain. 4. The wearabl e human noti on applicator as set forth in claim
3, further including: a notion sensor which senses a notion of said part
of the human body and provides a notion signal indicative of a quantity of
t he notion beln made, said controller, in response to said notion signal,
appl yi ng Said 'H?r iwgargblechypiamgaotien aanrévatorsa%osertl torthy iR aflainmod. Hithargnal .
-18 5. The Iqﬁrable human notion applicator as set forth in claim3,

further a direction sensor which senses a direction of a notion

o - e éad|Fédﬁaﬁtsén%oPrvﬁ%bﬁesﬁs@braeEI'iriergm?iogrhalﬂcitfbﬁjl' 68tk 4

direction of the notion, said I'On-as I'ng” node

and a not sgid-gdretdprEide™® Wrechich dighdll ilicaRR @I‘tthé%r@éﬂ@n@'ﬂﬁ‘@ nfotfn, t hat
said controller, in response to said direction signal, gives sal d'driving

DC vol t age of ashidvedntidiat pitetidings asmbtionelsaisting raotegairal ai motioditratgingon of
assisting the notion being nade by the human body, and said
ot i on- t r &losien gaitbanetibeiasgidinghmptatbedag duclo thatadidicontroller ép cesponse tosai d

di rection S|gnal gi ves sald driving DC voltage of_ a |level that deforns
said el aSRi0cisRqtion: Hignak oives ﬁe@t dawnafDGp\f%f@gﬁgofta.ée‘fﬁitthahdaéqrﬁ@ s@ifle by

Lot vat oae e Honidblin BieeoRtof Skl hiE miniencdnS Toaie v 1 flmen ode,

sel ectivelyy dy ndlhe wearabl e human notion appli cator as set forth in claim
3, whereln saild controller includes a table storing a plurality of prograns

respectively asgiigthotbrltrbirfingModevelng Slicth A sdid ¥bAGoIRT, WP Hdsidhsk ot he
sensed quantity of the notion, said controller also inducing a program

sel ect or sdidadirentioacsignain givals saldddrnpng)g](arm)ltbge sfed devel rthat defbraisasdidc
actuator in accordance with the selected program 7. The wearabl e human

mot i on applestiaestuater isea dikectinniof eppasing the ntionhkeisgrmadaiby thealsyman
act uat or an)Pr' ses at | east one fiber each conposed of said
said applicator further including a selector which activates one of said

motion-assisting mode and said motion-training mode, selectively.

6. The wearable human motion applicator as set forth in claim 3, wherein

said controller includes a table storing a plurality of programs
respectively assigning different levels of said driving DC voltage to the sensed
quantity of the motion, |

said controller also inducing a program selector which selects one of said
programs for deforming said elastic actuator in accordance with the selected
program.
7. The wearable human motion applicator as set forth in claim 1 or 3, wherein

said elastic actuator comprises at least one fiber each composed of said
dielectric core of a hollow cylinder and said electrodes disposed respectively on

the outer and inner surfaces of the hollow cylinder.

8. The wearable human motion applicator as set forth in claim 7, wherein
said dielectric core of the hollow cylinder is filled with one of said

electrode to give a solid structure to said fiber.
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dielectric core of a hollow cylinder and said el ectrodes di sposed
respectively on the outer and inner surfaces of the hollow cylinder. 8.
The wear abl e human notion applicator as set forth in claim7, wherein said
dielectric core of the hollow cylinder is filled with one_of said

el ect r ode%t o TPV aklg: hyman mpeliqn arplicalen as seierth inaioy 7Twhe@ar abl e
human notion appljcator as set forth in.claim7, wherein a dielectric
sheat h surroundgdégj?ﬁmglSgketailz‘)&é"@hmpﬁesachj?gerd@gﬁf% SPULE] ee?é%q'?lic
core. 10. ikl t,\fl\@]%@ol e human notion applicator as set forth in claim7,
wherein a plurality of said fibers are packed together. 11. A wearable
human notion applicator conprising: a support adapted to be fitted on a
part of a human body; at |east one electro-active elastic actuator carried
by said stppoThe wearablediierah hastion applivatsredssetiorthdntaith Pawherdint he human
body, said elastic actuator including a dielectric core and a pair of

el ectrodes on appuslity®fshidtiberscanegaakedrtegether.ng a drivi ng DC vol t age

t hereacross, said elastic actuator having a length and elastically
expanding in the lengthwi se direction and therefore exerting a stretching

f t id t of the h body. t t, tent a id drivi

DCC):r \Sgl tggiﬁ: r@&%&'@@? rﬂ"%ﬁn %Qﬁ%%péw?ggcéié Eﬁﬁﬁé'\/i gixngnsaiaz 3?: Vi ngrgl \Islcng
I ; . ! . or : :

ngte?gei oa (s:glnzié gi"é@éﬁt\gegﬁéua or% ﬁﬁﬁé?@%%@ﬁé%'ﬁa@ V ?3e/i (rjlg varying

mot i on- i nduci ngatf REEE ohe dectraRRtivekihstic akfliatér tafled Bf JuidaupReryin At
| east one strand of fiber is woven to make said elastic actuator into a

knitted sforestranemiting nglativa towaid pait lof éne futaatbody, addi tive to the el astic
deformability given to said fiber. 12. The wearabl e human notion applicator
as set fosaid elaste acator inbluding a siglecisicasorec andt aapair ofs elgottoded onto a
cylindrical configuration, 13. The wearabl e hunan notion applicator as set

forth in %F_P%ﬁsr‘rtﬁ_lois thePEH for reggiving) %gfi}"BQJ%@l)’&’@tég%'f'er_@sﬂcmﬁ?ﬁ iséiﬂ_ elastic

confi ur A aRk a5l IR a8ty SHBRAa e lehinthaP BlebibidaR
therefore exerting a stretching force to said part of the human body to a greater
extent as said driving DC voltage increases,

a DC voltage source for providing said driving DC voltage;

a controller which applies said driving DC voltage of varying levels to
said elastic actuator, thereby generating a varying motion-inducing force to be
applied to said part of the human body,

at least one strand of fiber is woven to make said elastic actuator
into a knitted structure having its own resiliency that is additive to the elastic

deformability given to said fiber.

12. The wearable human motion applicator as set forth in claim 11, wherein

said elastic actuator is knitted into a cylindrical configuration.

13. The wearable human motion applicator as set forth in claim 12, wherein

said elastic actuator of cylindrical configuration fits intimately on said
support which is shaped into an analogous cylindrical configuration and is made
flexible.
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flexible. -20 14. The wearabl e human notion applicator as set forth in
claim12, wherein said elastic actuator of cylindrical configuration
defines a major part of said support to be fitted around the part of the
human body. 15. The wearabl e human notion applicator as set forth in claim
7, wher ei 4sail@ierwernable humandnotion applieatos as gebfarth incclatre dat whessina

Forth in ol ai m $86; S8t graiP S AVANGNGa: FaTALE SR AHRES ohFePIOH BRBCR! |
core 11 ¢ B QB 1ol RN EAng BIEGhn I O Bue Bl surf ace and a rear

surface I'ch e coa respecti W th” sal rodes, each of said
el ectrodes conprising a plurality of flexible pads which are deposited in
spaced relation with each other and are electrically interconnected to

have the danmeThetwadradle hdrhanThetiveapplitatohdgeat fartH prclaipplyi adlepsinas set
forth in claiml or 3, wherein said elastic actuator has said dielectric

core in the forsaaidf fbberess |¢eletd tohdefinbagaing elastionactsatdract andybndarar
surface which are forned respectively wth said electrodes, - each of said
el ect-r ode§ORiggtiaRaped in the formof a perforated menbrane having a
plurality of voids for making the electrode flexible. 18. The wearable
human notion application as set forth in claiml1l or 3, wherein said

of " resi NPont neni@iraBithiBhmpich BBica(Et 54 88 firk BREM AN Yol g i the

form of ghershed nmenbrane having a plurality of voids for making the
electrodes } flexible, said electrodes and said dielectric cores being

| ami nat ed al t er gaitieblstic -atinator Has $hiel Wil ecdrennthepforn ofRPrégidnton as
set forth in claim16, wherein said elastic actuator is shaped into a
cyl i ndri caheefohd@vingrafiont ssiwfage and a rear surface which are coated respectively
with said electrodes,
each of said electrodes comprising a plurality of flexible pads which are
deposited in spaced relation with each other and are electrically interconnected

to have the same potential.

17. The wearable human motion applicator as set forth in claim 1 or 3, wherein
said elastic actuator has said dielectric core in the form of a resilient

sheet having a front surface and a rear surface which are formed respectively

with said electrodes,

each of said electrodes being shaped in the form of a perforated membrane

having a plurality of voids for making the electrode flexible.

18. The wearable human motion application as set forth in claim 1 or 3, wherein

said elastic actuator has a plurality of said dielectric cores each in the
form of a resilient sheet, and a plurality of said electrodes each being in the form
of a meshed membrane having a plurality of voids for making the electrodes
flexible,

said electrodes and said dielectric cores being laminated alternately.

-21-



surround the part of the human body. 20. The wearabl e human notion
application as set forth in claim1l7, wherein said elastic actuator is
shaped into a cylindrical configuration so as to surround the part of the
human body. 21. A wearabl e human notion applicator conprisi ng: a support
adapt ed t d%e lherwearable Qumanmetion apgheatiasuas seblorihciastialgndOewherain- act i ve

o sai d part of SPHeCRSHGAHLRGT 15 STHPERBHT & QitkEsl cPREGUATRD o8 ©
dielectri %uﬁ‘ghﬁd%‘@p Q@gﬁ?wunﬁrﬁ%a des on opposite of said core for

receiving a driving age eredcross, said elastic actuator having a
| ength and el astically expanding in the |l engthwi se direction and therefore
exerting a stretching force to said part of the human body to a greater

ext ent as28ai TherweamagldRumantragton appiesiin afis@Gondl ihagsins U/ whefeir
providing said driving DC voltage; a controller which applies said driving
DC vol t age of vaawl elgstieasitgatoo is sdhiaged| inky iaccyiruizadb confitianadibn speasriat i ng
a varying notion-inducinq force to be applied to said part of the human
body, ~whefdirauad the paeafitae hsmag BedY.s mechanical |y pre-conpressed in one
particular direction to produce a nechanical spring force which is
additive to the electro-active force generated by the application of said

o109, D21V 08k Tl 5069 S BICUBE OB PP cator s et forth
give said nmechariuppbrisRidpied t@bESittedsh a part of a human body;

at least one electro-active elastic actuator carried by said support in a
force-transmitting refation to said part of the human body,
said elastic actuator including a dielectric core and a pair of electrodes on
opposite of said core for receiving a driving DC voltage thereacross, said elastic
actuator having a length and elastically expanding in the lengthwise direction and
therefore exerting a stretching force to said part of the human body to a greater
extent as said driving DC voltage increases,

| a DC voltage source for providing said driving DC vbltage;

a controller which applies said driving DC voltage of varying levels to
said elastic actuator, thereby generating a varying motion-inducing force to be
applied to said part of the human body,
wherein

said elastic actuator is mechanically pre-compressed in one particular

direction to produce a mechanical spring force which is additive to the

electro-active force generated by the application of said driving DC volitage.
22. The wearable human motion applicator as set forth in claim 21, wherein

said electrodes are mechanically pre-compressed to give said

mechanical spring force.
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