WD 2011/ 047311PCT/ US2010/ 052910 1 HI NGE MECHANI SM FOR A FLUI D FI LLED
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applicati owoqbﬁmm]pri ority to U S. Provisional Patent pgfapls26@los®00
No. 61/251,819, filed Cctober 15, 2009, which is incorporated herein

by reference in its entirety. BACKGROUND Fi el d [0002] Enbodi nents of
the present invention relate to fluid-filled lenses and in particular
to variable fluid-filled | enses. Background Art [0003]Basic fluid

| enses have ' : ; [ [ t.
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recent exanples may be found in "Dynam cally Reconfigurable Fluid
Core Fluid dadding Lens in a Mcrofluidic Channel" by Tang et al.,
Lab Chip, 2008, vol. 8, p. 395, and in WPO publication

W2008/ 063442, each of which is incorporated herein by reference in

its entirety. These i ' i h\ected towards
phot oni cs, digital p@g(ﬁéé gﬁghg‘gﬁgﬁ;@gﬁ%o#@;?g%gjﬁ@%% ectronics.
[0004] Fluid I enses have al so been proposed for ophthalmc
applications (see, e.g., .US. . . . .
[0001] This application claims priority to U.S. Provisional Patent Application No.
61/251,819, filed October 15, 2009, which is incorporated herein by reference in its

entirety.
BACKGROUND

Field

[0002] Embodiments of the present invention relate to fluid-filled lenses and in particular

to variable fluid-filled lenses.
Background Art

{0003] Basic fluid lenses have been known since about 1958, as described in U.S. Pat.
No. 2,836,101, incorporated herein by reference in its entirety. More recent examples
may be found in “Dynamically Reconfigurable Fluid Core Fluid Cladding Lens in a
Microfluidic Channel” by Tang et al., Lab Chip, 2008, vol. 8, p. 395, and in WIPO
publication WO2008/063442, each of which is incorporated herein by reference in its
entirety. These applications of fluid lenses are directed towards photonics, digital phone
and camera technology and microelectronics.

[0004] Fluid lenses have also been proposed for ophthalmic applications (see, €.g., U.S.
Patent No. 7,085,065, which is incorporated herein by reference in its entirety). In all
cases, the advantages of fluid lenses, such as a wide dynamic range, ability to provide
adaptive correction, robustness, and low cost have to be balanced against limitations in
aperture size, possibility of leakage, and consistency in performance. The '065 patent, for

example, has disclosed several improvements and embodiments directed towards



Patent No. 7,085,065, which is incorporated herein by reference in
its entirety). In all cases, the advantages of fluid | enses, such as

a wde dynmamimivange, ability to provide adaptive corr eati/g8e10/052910
robust ness, and | ow cost have to be ba)anced against limtations in
aperture size, possibility of |eakage, and consistency in
performance. The '065 patent, for exanple, has disclosed several |

i npr ovenent sficitveerbriinmehefthel finiddn ¢ fuphviensls bewged in ophthalmic applications,
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limted to thesfefnbein i€ eftivetyl. BowbeddustmdNo in i 1dhis@0Bs bedn effecied by

i ncorporated by reference in its entirety). Power. adjustnent .in fluid
| enses has Beeringraddisiond] T i 2leps ??dltéd%'l? ethcgﬁafpttlpgdpaﬁ?aﬁlpa Oguﬁé?@w
cavity, by %ﬁi&é,%@&& LG in ARSI RE 1P crtst AR PbImeF Rt nSiftiro AREODYS a
utilizing swelling forces in a cross-linked pol yner "upon introduction
of a swel | i nyehgenterd gath aasvajeit er . BRI EF SUVMARY [ 0005] I n an

enbodi ment, a hinge for a fluid-filled | ens assenbly includes a base
having a first end configured to connect to a tenple armof the |ens
assenbly and a second end confi G2REH# SIBMEDIEcCt to a frane of the

| ens assenbly, wherein the base includes a gap that is shaped to
allow for tubing to pass fromthe first end to the second end of the

base. Ijpogy) enbodi geahbodikentf 4 hisbe RRd fRid-final lo@sasdniuly itbesiesa basaiedng
surface conf%gured to_engage a surface of the tenple arm
Hi

|
enbodi nent , afie anf ceufisw S cemieat ridemple apn et Badeare bt AL e dead
fllex around cgmﬁq.\tfu@& fo%BTJ?Q& & Lhanhdsr tﬁ%%ﬁ?asséﬁﬂ?%ﬁ&eiﬁ@l@é HRE includes a gap

enbodi nment , rd-filled lens assenbly conpfises: a tenple arma
reservoir ditsgdsshdpad to ilow ireulbiog & pags framftheiiast crgl to thei sgednd| and @1 the fase.

di sposed within the.fr : hi onnect i i.r
fluid-filled P2 ﬁ@?“ﬁﬁ&‘ﬁg&‘ﬁiéﬁ%éng?{%% B3 lﬁ%&%ﬁté‘tl?"ég#%ﬁ gﬁr\eﬁ%ﬁ]"%{r‘%‘l&%&e‘?he
frame. The hipge aisaghdeddshatehakenfhatn ageabgimperithiae firss ashsgpent! ¢nds af thew
for tubing to pass Eron1a first end to. a secg d .end of the base.

[ 0007] Fur t herseneRniarddo lpeaoypda rotatiol el edBis of t he present

i nventirgfgeias welhh 2AShdh@nisddimetus Qlui’d”-'ﬂll&p%hﬁhés_@ﬂbgf cdrigtiseard Quple arm;a
enbodi ments of the present invention, are described in detail bel ow

wi th referenesnoy disposed sithpatgi ysaganilings: a fluid-filled lens disposed within the
frame; tubing connecting the reservoir to the fluid-filled lens; and a hinge attached to the
temple arm and to the frame. The hinge includes a base having a gap that is shaped to
allow for tubing to pass from a first end to a second end of the base.
[0007] Further embodiments, features, and advantages of the present invention, as well as
the structure and operation of the various embodiments of the present invention, are

described in detail below with reference to the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0008] The accompanying drawings, which are incorporated herein and form a part of the
specification, illustrate the present invention and, together with the description, further
serve to explain the principles of the invention and to enable a person skilled in the

pertinent art to make and use the invention.



BRI EF DESCRI PTI ON OF THE DRAW NGS/ FI GURES [ 0008] The acconpanyi ng
drawi ngs, which are incorporated herein and forma part of the

speci fi catwonpivtaust rat e the present invention and, tcgatusesionsoin
the description, further serve to explain the principles of the

i nvention and to enable a person skilled in the pertinent art to make
and use the invention. W) 2011/047311PCT/ USZOlO/ 052910 -

[0009] FP@911 i | | FE@r hillosiraespencapedive view ol ot OQWlf‘élFrB%%lﬂBﬁtacBlﬁtoé
cal i per act yat. qlbh;\ssenbl y. [0010]FIG 2 illustrates an expl oded
perspective View-of an enbodi ment of a caliper actuator assenbly.
[0011] Fo@0]13 i | | B8E. r?a:ﬂlaﬁraesfmresploé@tpetﬂpeatvep@w of anaswdishdng gf aeeliper
enbodi.nent of a te ejfychasm S subassenbly. [0012]FIG 4 illustrates
a second setac‘HFtOE?Sg%Eb or assenbling an enbodi ment of a tenple
chassi gogubassenpi@.3 illustrates a first set of steps for assembling an embodiment of a temple

chassis subassembly.

[0012] FIG. 4 illustrates a second set of steps for assembling an embodiment of a temple

chassis subassembly.

[0013] FIG. 5 illustrates a set of steps for assembling a temple subassembly, according to

an embodiment.

[0014] FIG. 6 illustrates a first set of steps for assembling a frame assembly, according to

an embodiment.

[0015] FIG. 7 illustrates a second set of steps for assembling a frame assembly, according

to an embodiment.

[0016] FIG. 8 illustrates a completed frame assembly, according to an embodiment.

[0017] FIG. 9 illustrates a spring connected to a temple arm, according to an
embodiment.

[0018] FIG. 10 illustrates a spring connected to a temple arm, according to an
embodiment.

[0019] FIG. 11 shows a hinge, according to an embodiment.

[0020] FIG. 12 shows a hinge, according to an embodiment,

[0021] FIG. 13 shows a view of a leaf spring hinge embodiment.

[0022] FIG. 14 shows further views of a leaf spring hinge embodiment.

[0023] FIG. 15 shows further views of a leaf spring hinge embodiment.

[0024] FIG. 16 shows a further view of a leaf spring hinge enbodiment.

[0025] FIG. 17 illustrates an exploded view of a leaf spring hinge embodiment,

[0026] FIG. 18 shows a view of a sheet metal spring hinge, according to an embodiment.

[0027] FIG. 19 shows further views of a sheet metal spring hinge, according to an
embodiment.

[0028] FIG. 20 shows further views of a sheet metal spring hinge, according to an

embodiment.



[0013]FIG 5 illustrates a set of steps for assenbling a tenple
subassenbl y, according to an embodinment. [0014]FIG 6 illustrates a
first set vo®wEBiior assenbling a frane assenbly, accPCTU$IGI0K052%0
enbodi mrent. [0015]FIG 7 illustrates aggsecond set of steps for
assenbling a frame assenbly, according to an enbodinent. [0016]FIG 8
illustrates a conpleted frame assenbly, according to an enbqdi ment.

[ 0017] FNELO19 i | | FidEr2k Bows as‘wheﬁglewf?/@é&s@%@% SRIREHPEG AEHOFRING to an
accordi ng tQ,an ﬂgﬂ?di ment. [0018]FIG 10 illustrates a spring
connected to a fierrp ‘e arm according to an enbodi nent [0019]FIG 11
shows f0h30ige, aFdGrail ifigsttatesan eeplodeli viewof a floOPOLE] @ringhings gmbodiment.

hi : di nmbodi. r . . ' :
loat spBRg i naS GrEnuENe AT b52sF B 1 UReRe T P e R o
| eaf spring yaarngnbodi nent .

DETAILED DESCRIPTION

[0032] Although specific configurations and arrangements are discussed, it should be
understood that this is done for illustrative purposes only. A person skilled in the
pertinent art will recognize that other configurations and arrangements can be used
without departing from the spirit and scope of the present invention. It will be apparent to
a person skilled in the pertinent art that this invention can also be employed in a variety of
other applications.

[0033] It is noted that references in the specification to "one embodiment," "an
embodiment,” "an example embodiment," etc., indicate that the embodiment described
can include a particular feature, structure, or characteristic, but every embodiment may
not necessarily include the particular feature, structure, or characteristic. Moreover, such
phrases do not necessarily refer to the same embodiment. Further, when a particular
feature, structure, or characteristic is described in connection with an embodiment, it
would be within the knowledge of one skilled in the art to affect such feature, structure or
characteristic in connection with other embodiments whether or not explicitly described.

[0034] Fluid lenses have important advantages over conventional means of vision
correction, such as rigid lenses and contact lenses. First, fluid lenses are easily adjustable.
Thus an individual who requires an additional positive power correction to view near
objects can be fitted with a fluid lens of base power matching the distance prescription.
The user can then adjust the fluid lens to obtain additional positive power correction as
needed to view objects at intermediate and other distances.

[0035] Second, fluid lenses can be adjusted continuously over a desired power range by
the wearer. As a result, the wearer can adjust the power to precisely match the refractive
error for a particular object distance in a particular light environment. Thus, fluid lenses

allow adjustment of power to compensate for alteration of the natural depth of focus of



[0023] FIG 15 shows further views of a |eaf spring hinge enbodi nent.
[0024] FIG 16 shows a further view of a |eaf spring hinge enbodi nment.
[0025] FI Gwibaoi4isstirates an expl oded view of a |eaf spamIg2610/082910
enbodi ment. [0026] FIG 18 shows a view of a sheet metal spring hinge,
according to an enbodi nent. [0027]FIG 19 shows further views of a
sheet nmetal spring hinge, according to an enbodi nent. [0028]FI G 20
shows furt helre ayedlas deffends sinthe twemrst ' PURib Bie gV GG én tuatéwemqnl_;mt e gppbient
enbodi nent . . ﬁﬁequll 047311PCT/ US2010/ 052910 - 4 - [0029]FIG 21
shows a fur 58 Few of a sheet netal spring hinge, according to an
enbodi meods] [ 003@hirl Githdidehi J0/20stisian,eehicncoeepiondetd aniimagoleseuisinedt]

reral Spring Hingt, SToloen [00GII LG £ DN AL Bl ol ot
of vision, the human retina is capable of finer image resolution. It is known that a healthy
human retina is capable of resolving 20 seconds of arc (1/300 degree). Corrective
eyeglasses designed to enable a patient to achieve this superior level of vision have a
resolution of about 0.10D or better. This resolution can be achieved with continuously
adjustable fluid lens elements.

[0037] In an embodiment of a fluid filled lens in a pair of eyeglasses, the optical power of
the fluid fifled lens may be adjusted by moving an actuator attached to a reservoir located
in a temple arm of the eyeglass frame. The reservoir is attached to the fluid filled lens via
a connecting tube. Moving the actuator a first way compresses the reservoir and pushes
fluid into the fluid lens. Moving the actuator a second way allows the reservoir to expand
and pull fluid from the fluid lens. The compression and expansion of the reservoir
changes the optical power of the fluid filled lens. In an embodiment, one or more fluid
lenses may be provided, each with its own actuation system, so that a lens for each eye
may be adjusted independently. This feature allow wearers, such as anisometropic
patients, to correct any refractive error in each eye separately, so as to achieve appropriate
correction in both eyes, which can result in better binocular vision and binocular
summation.  Further description and additional embodiments of the reservoir are
described in U.S. Appl. No. 12/904,736.

[0038] In such fluid filled lens designs, the fluid must pass from the reservoir located in
the temple arm of the eyeglasses through a hinge located at the juncture between the
temple arm and the lens frame located on the front of the eyeglasses. Because the hinge
is subject to repeated bending, the connecting tube may prematurely fail if made of a
weak material. Further, if the connecting tube is bent beyond a certain level, the fluid
pressure in the lens may be affected. Accordingly, a fluid filled lens assembly according
to an embodiment of the present invention provides ample space within the temple and
end piece for the connecting tube to bend without kinking. In addition, according to an
embodiment, the entire hinge mechanism may be located within the volume of the temple

arm and frame.



enbodi nent. DETAI LED DESCRI PTI ON [ 0032] Al t hough specific
configurations and arrangenents are discussed, it should be
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result, the wearer can adjust the power to precisely match the )
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130, which moves slider block 255, which in turn compresses a relatively stiff metal
plate, such as compression arm 270, that is in contact with a first side surface 265 of
reservoir 150. A second side surface (not shown) of reservoir 150 is placed against inner
wall 285 of temple chassis 120, a portion of temple cover 110, or any other suitable
surface. Slider 140 presses against compression arm 270, which compresses reservoir
150 in a controllable manner. In an embodiment, the length of the lateral movement of
wheel 130 is proportional to the magnitude of compression of the compression arm, and
is proportional to the magnitude of compression of the reservoir. Further description and
additional embodiments of the actuator are described in U.S. Appl. No. 12/904,720.
[0041} In an embodiment, wheel 130 has a knurled edge in order to provide secure
contact with the finger of the user as well more precise control over the translation of
wheel 130.
[0042] Lens module 200 is connected via outlet port 245 to a connecting tube (not

shown), which is connected to reservoir 150. Lens module 200 may further include a



[ 0036] Third, although 20/20 vision, which corresponds to an inage
resolution of 1 mnute of arc (1/60 degree) is generally acknow edged
to represewban/@awaept able quality of vision, the humarearais2ed/05210
capabl e of finer inmage resolution. It.4s known that a healthy human
retina is capable of resolving 20 seconds of arc (1/300 degree).
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further incl28eemdrcempressiehass?®). Lhgse RaFeale asspyvlegdiptod tegple chassis | n an
enbodi nent g netubbiisial dos ek ingio!
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130 or by translating the wheel along a slot. Additional nethods of
appl yi ng conpressing force are al so descri bed herein. The conpression
of reservoir 150 may be effected either by conpressing reservoir 150
in a vertical or horizontal direction against a ceiling or inner wall
of tenple chassis 120, as described in detail below [0040]FIG 2



[ 0042] Lens nodul e 200 is connected via outlet port 245 to a
connecting tube (not shown), which is connected to reservoir 150.
Lens nodul wo200/i883a1f urt her include a WO PCT/US2010/052910
2011/ 047311PCT/ US2010/ 052910 - 7 - flexible back surface provided by,
for exanple, a flexible nmenbrane (not shown) stretched flat over the
edge of rigid optical lens. To change the optical power of fluid
filled | ens Ams¢fablg 200, the menbrane may be inflated through the
addition of a fluid in conmunication with reservoir 150. [0043] The
connecting tube delivers fluid fromlens nodule 200 to reservoir 150
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60 degrees. In an enbodinment, it is capable of being bent by an angle

of no I[88%]t han FEGdeiustsaiesd sehelatcrsiiphasseablingriermple sbrsernthih 500, |a9<=°ifd§ﬂg
durable to 'y Qg%{'n% le Olfab§ % g'f 1351e cihggs 4ldﬂ'a§§gﬁb8'l mkargéﬁ)d ﬁ’ﬁ(grear

i
spring 230 are encﬂosegz( ﬁ?ﬁu A% Covered area between inner bl ock
and out er blstat k3240 terhplagevdrl 1d6k I\Z@(ﬂ,templemsszsas@aﬁemh]aft‘@(mslsSh@i@éd?ﬂﬂ@n

al l ow t he connc be.t.o asst rough nge bl.o

Srbodi mant < amsie Gared a1 R RE R TR e PR fabider $5KgD 9bs
9-22. Calipeg ?&s iR @ asa s efithlyy 1O GdséibleUgBinwhagie J:8€brh!31(1:| IE'Urt}hbﬁae is
by axl e 280, der 140, slider block, 255, spacer bIo k.290,

conpr essi on Tegommended tiabyhensaapringieaplediary whassrmby 4 ? %Feénpiff‘l%oﬁf o,
subassenbl y t?%g?%f 8o %o? bbebni lﬁﬁﬁleﬁyoeﬁ?@ereﬁ"fﬁng”é?’ﬁoclgﬂ'ﬁpﬁﬂd &h{p'lepc@@5 110 or

i ncludes a f | e surface upon which wheel 130 may nove.
enmbodi nent , tehplekch®s3is svhwysenblad®. | n ot her enbodi ments it may

oS0, sk uSRRGPL T Sl R0 ErREL Ry @btng
il lustrate ambdetinght sBepgisnihgrwitsBERH, imgn @mbedived!, meradhesiven stadngs gue, is
applied to the inside edge of frame 610. Next, spring 230 is placed against hinge block
250. In an embodiment, frame 610 is then pulled over lens module 200 so that upper
portion 620 and lower portion 630 of frame 610 are coupled with lens module 200. An
adhesive, such as glue, may be used to bond lens module 200 to frame 610. One of skill
in the art will recognize that, in another embodiment, lens module 200 may be added to
frame 610 after assembly of frame assembly 600 is complete. The frame assembly
continues with FIG. 7, which shows a second set of steps for assembling an embodiment
of frame assembly 600. In an embodiment, screws 235 are inserted into respective screw
holes 710 in frame 610 into hinge block 250. FIG. 7 shows the frame assembled with

spring 230, showing the addition of cover 720 to seal off the hinge mechanism and



chassi s subassenbly. Beginning with FIG 3, spacer block 290 is
pl aced onto tenple chassis 120. Next, spacer block 290 is welded onto
t enpl e chaweizs11bdial ong edges 310 and 320. Next, hi ngediwekodsBio s

pl aced onto tenple chassis 120. Next,_ dinge block 250 is wel ded onto
tenpl e chassis 120 al ong edges 330 and 340. The tenple chassis
subassenbly continues with FIG 4, which illustrates a second set of

steps for apsentt imepsand weattrod sratamindnts enpinacetingsisbe S4Rbdd8 sape yhovppin
A backing ( 0 may _be r f t i Sfent
Feservol T 18805 Rogur By brtp BTNl shalu R Re ks PRy T B Eiifodthen,
Conpr essi on agenfradOassanblp @00 p @sanblal) hdequpiacinte bhbeke©0 anyCelnp pesdeaYe
arm 270 is then wel ded onto spacer bl ock 290. [0046]FIG 5
i|lustrates!'@°¥8t of steps for assenbling tenple subassenbly 500,

accor dirpggio an efdoglimRhtes thhpleted tRhs 533@11’61? doenptiadiabagspls chassis 120,
subassenbly 400 are slid into rear slot 530 of tenple cover 110.

Next, tenpl dragleddQiand bupmodeaBlY. 400 is rotated within tenple cover
110 untph,cht ShapsS 4 - 7 t i _
subass 4%19;]/ 5 E@dféﬂ&h& %g&gmellltts 6§h@§§%§ﬁ%§d%ﬁu Rt 2 bl8Fbed. FIG. 9

ed.
95 ositroned as far as possi ble within
t enpl e coveillusfrftes Burtibediment of 8 sprgimemde detised inwfiame spemblingl0. n an

tenpl e chassi ubassenbl y. 400 i.nto t e cover 11 :

not becone 6]“??8%‘8’(‘]’%8?%% %ﬁnﬁl@gesbﬁno?g@%bo %Cﬁh ! nglrlr%}%e()dtggglg? ‘éq%d%?s[my
t enpl ef chas sﬁ@u%r&)madfa hwa@ao.whaﬂtl@ﬂpﬁ £ 9%_9 Yothted, umtl 20 aridas siptagaifist a
steps for asse ing a_frame assenbly, _accordi ng to.an enmhodi nent .
Begi r ni ng wiStRl ppak 9. Fpige of %ﬁﬁ&ﬁ?ﬁ?@hﬂ?ﬂ%Cféefﬁg§thé,en§f@§Rh“§§5§%Sﬁ%Whe“

is applied tQ.}0&HhnshHeaRdgenefoolr &MRo0d GrorNeehi 98Dr | MemBR0ain® 900 then
pl aced agai nst” hi nge bl ock 250. In an enbodinment, frame 610 is then

pul | ed over atasiesatenehd wi@eDiosviben &ildadppemiped PewieR0AdHE FOREIC0 may be
porti on 630 olviddi AP pfbalefpfO Ufth oMbl bENS: TBEIULE A9ingdssembly, the
S gIBe, may to bon

adhesi ve, sHch'a e use ens nodul e 200 to frane
610. One of csigickiing thbé (et sirotvnis routed tograhziee ¢enter pf hing@®iak thepugh gap 950.

enbodi | ens dul e, 200 be added to.frane after e
of f raﬁ&gﬂsenbl ;f(rgog(g isgo‘ﬁ%ﬁg%?re?m%mﬁta%a8@518%3%;8 1385(1'?15 n'g%g Wi f%ne
FIG 7, whi glesBONG002 BE&AMboIREe®f spELENE10 RBra Assanihl Kiggeamat uses a folded
enbodi ment of frame assenbly 600. In an enbodi men crews 235 are

§

| t,.
i nserted i nskee Bspbam JE0emEqyidotnsae farge. Ang | &iPe WoitH 1§ HegFshicrgrs module
bl ock 250. : .ot I iold ; ' &hew 1180.
the addi i of a1 B e B e
2011/ 047311 PEF fle8ae 04520 ocOus prmenkyrwithie edsnd i.andbleded gheet metal arm
cont am nant onnecting tube 540.. T Q I
mmy be. raped? il PAPRE Fst By e Sp i Lis T RGP M Routh Bl g Bl &
af ter frame spsgendloythfgh igap d96@nllddughaseiny di0eo tis rafertesl talHemirds & dshest
any glue or adhesive to culrFli . 0048L,§LG 8.il ustr.atﬁé (gon?éet eag
frame assentrsRl6HOS e R4S glfl([i-ti‘?parr& recagnize)5ef spyipg R1GH8Y bR e gbany
nodul e 200. {L9A2]Addh tioaRadtal 8 RQHXE LS sofisiiel RECHaIRE BESvesh HlexiBity bl
described. FIG 9 illustrates an enbodi nent of a spring that may be

used in framgidiysesdsdforspong 1Al Gie ogpistsdi nent, spring 910 incl udes an

end 92 ditio ' i sl 21 19878H fioured t
surfac Qoﬁﬂen teﬁgq}'eﬁaﬁﬁq‘%%&%%teg{bggi?ﬁgn%ipddggéler%1 e'slfﬁlgg agai r115t agure °
smal | peak 9&8te afemingd eotatoremds 820 Withomspettex angnpe ean &t staymed Ae higgy 100

t hat rel eases when t l.e arm 900 causes 20 to e from K.
930 Tonp! o THE® SOUNE HEHOIARE Arneea 2ina o 4P coes BRY ReprPuraaRE oee
unf ol ded poghihBmp AarRbtshepn)?60 may be provided to prevent tenple
arm 900 fromflexing too far. i

r ring, assenbly, the cgnnecting tube
(not sHE is r&lfded SﬁlﬁWéa@cﬁhftrW@lb@g‘me@F ?ﬁffhiﬂg%b?@ogibﬂg%%ggwﬂggﬁufed to
950 [ 0050ko e Grouhf l@@g&gg@aﬁ@_@ S TPRAC! TR M AL 2 BRE Ll AL HIFRY 156

used in franme asse n an e Iment, 'spring 1010 is a sheet




rotate around rotation axis A-A° with respect to a tenple arm (not
shown). As hinge 1100 rotates around rotation axis A-A', cantilever
tab 1110 ewgeagesoawdith a correspondi ng ridge on the tenpeEres20ofsstio
shown). [0052] FIG 12 shows anot her enfadi nent of a hinge 1200. Hinge
1200 is configured to rotate around rotation axis B-B' with respect

to a tenple arm (not shown). As hinge 1200 WO L
2011/ 047311 PCR8rond resgycxs BR) cantilsyerttals L 2h0cuaases ol d eoreghqnging ridge

B-B', cantilegy e s with a corresponding ridge on the
tenple arm (%’3%%%@\?%%@%%%6& 13-16 show views of a |eaf spring
hi nge f[oosa]jdi f f erke@s. pPiSpRewi viess odcc deadispgng dimge fompodiffeemt pefspedtiaes,
present inventiqn. %0054 FlLG 1% I | lustrates an expl oded view of a
| eaf spring aﬁ?%@@gé embedipend s B’Srpa‘?se%tdﬂ\’)eﬂjﬁ?%g to an enmbodi ment of

the prgsgsnf; i nvenyGon QRS il Gploded-vddw Davicaf piibg Bfnga abbeect bradimard,
spring hinge fromdifferent perspectives, according to an enbodi nment

of the presdntoriitgéntn enbodingsef e@reseyt Yligkr at es an expl oded vi ew
of 2 Shesisjmetal H8L1RY 150 AR el AR EhinBER O G iRtedt peRPectives
according to an embodiment of the present invention.
[0056] FIG. 22 illustrates an exploded view of a sheet metal spring hinge above a
breadboard, according to an embodiment of the present invention.
[0057] FIG. 23 shows several views of an assembled embodiment of a pair of eyeglasses
from different perspectives that includes a spring in accordance with an embodiment of

the present invention.
Materials

[0058] The pieces of the various actuator assemblies described herein, for example, but
not limited to, the temple cover, temple chassis, wheel, slider, spring, screws, inner block,
outer block, axle, compression arm, spacer block, etc, may be manufactured through any
suitable process, such as metal injection molding (MIM), cast, machining, plastic
injection molding, and the like. The choice of materials may be further informed by the
requirements of, for example and without limitation, mechanical properties, temperature
sensitivity, optical properties such as dispersion, moldability properties, or any other
factor apparent to a person having ordinary skill in the art.

[0659] The fluid used in the fluid lens may be a colorless flnid; however, other
embodiments include fluid that is tinted, depending on the application, such as if the
intended application is for sunglasses. One example of fluid that may be used is
manufactured by Dow Corning of Midland, MI, under the name "diffusion pump oil,"
which is also generally referred to as "stlicone oil."

[0060] The fluid lens may include a rigid optical lens made of glass, plastic, or any other

suitable material. Other suitable materials include, for example and without limitation,



[ 0057] FIG 23 shows several views of an assenbl ed enbodi nent of a
pair of eyeglasses fromdifferent perspectives that includes a spring
i n accor dawoeowyortsian enbodi nent of the present invent irar/ushabesioal s
[ 0058] The pieces of the various actuatprt assenblies described herein,
for exanple, but not Iimted to, the tenple cover, tenple chassi S,
wheel , slider, spring, screws, inner block, outer block,

conpr essi on Digthylgkypelctizally] @r’ffkona@t @EW@eP%@Eﬁ%@ tf%ﬁt]éftﬂ’rﬁflﬁ% E’Wérﬁf‘d a

sui table pr w%%{ (MM, cast,

machi ni ng, g?gﬁgtagfﬁﬁ?ﬁ% dﬁﬁ}l {i'énlga?ﬁéﬂgl e e The choi ce of

mat er i a0& 1y beThelrﬂtui‘tblrens n'rfacyrmelddtby mhebramqmad@néntfb%xm‘le tfanspaés(é,n‘mf@r
and without .limt |on chani cal. prope rrie

sensi ti vi ty,mB?fPﬁe?: it %gr?uic N ch spdzyét?lgﬁr:{plemﬁé C}ealf gnd clastic
properties, polyoRfiys,Of dﬂ@?c[ﬁ@lﬁﬂ@ﬁcsa@b@éﬁaﬁis polyastgsr p@imnhaﬁsl agl paslgimramm;ﬁs

skilllntheart 0059ThefIU|d dln e fluid l.ens
col orl ess fPC‘Ul"éfamﬁ{?v\EQ}Eme Eﬁeﬁ‘*eﬁ ]i“?f’eH’Lc %}%OH’@EI‘FIF H"nalﬁ]?i? %Ihgs such

tinted, dep%@%ﬁg rﬁéhu?at&ﬁ.lr&pgé INERLARor §HRt3xI\ﬁ5 Othert mﬁ%%ﬁﬂﬁe for use as

application is for sunglasses. One exanple of fluid at may be used
i s manuf act urekring mmr@@r nmigdeof fom axemde Md withoat lﬂzﬁ@atwanepolysulfones

"di ffusion

"silicone ogf. reﬁﬁﬁ%@]p%}%{g\frw 019%@ i nc giagartér’l gll}h-l?%%t% Fggflo?lgfr%s
made of gl aasd aljphatsd bmlicp:rhcqmyyedtei‘ner suitable material. O her

2011/ OURSEL o) BB £OTSEIBABYE T B¢ Bist Ao CBF JE OB e BoRie e
(DEG|— BAC)t Qg:lly\(l kh%wup&iv@grpeb ledEiM\fﬂuTh cﬁif”dllé) aléd)lhﬁmfall eibdEy m?lexuﬁﬁa
conpl ex rade nane e fl ui ens may inc

renbr ane made 3 Cuh festentsetuaks BASRL) Bay & SO hoAt) o0 et DR,
D 25t F CheARLE At ha ik ol 8 bfiorc ear and el astic

pol yol ef | ns, atics yet hers pol yesters, polyimdes
and” pol[§a6set hanehe femplm«awpmy bp@hyvmltw}ala sbepee anthiney ibdendde [ofplastic, metal,

| udi | |
:fo Alli Iopg SX%TI%IHH ((:&Itlﬁ ér%gatf\ﬁy nr%zﬁ%nagu' t a%&? fou! %%gmbegg tQQQ%%%#EP% eagg 0?::1

i nclude, f OnlgM@t enageidl WChI"EGUfOﬂdXH]'InIDEt elndrwltmmt Vistidafi@n ésgh impact resistant
t hi our et hanegs, hal a

53: );Clrjnreretshgp leafa;%qp S GBA Tl LU T A b Hhe T By e egﬁ%mfr H tgmple cover
may be made entirely or partly of a transparent matenal.

[0064] The reservoir may be made of Polyvinyledene Difluoride, such as Heat-shrink
VITON®, supplied by DuPont Performance Elastomers LLC of Wilmington, DE,
DERAY- KYF 190 manufactured by DSG-CANUSA of Meckenheim, Germany
(flexible), RW-175 manufactured by Tyco Electronics Corp. of Berwyn, PA (formerly
Raychem Corp.) (semirigid), or any other suitable material.

10065] The screws used in the frame assembly may include, for example and without
limitation, Visottica 07V120037017 shoulder screws produced by Visottica Industrie
S.P.A. of Susegana, Italy. Other suitable ’types of screws or other attachment means, such
as rivets, may be used.

[0066] Although various embodiments of the present invention have been described
above, it should be understood that they have been presented by way of example only,
and not limitation. It will be apparent to persons skilled in the relevant art that varicus

changes in form and detail can be made therein without departing from the spirit and



[ 0062] The connecting tube nmay be nade of one or nore materials such

as TYGON (polyvinyl chloride), PVDF (Polyvinyledene fluoride), and

nat ural ruBleeni1l/EgLexanpl e, PVDF (such as heat - shrunk Fd®ENHS201005P¢0OF)
may be suitable based on its durabili.tjg,. perneability, and resistance
to crinping. In addition [0063] The tenple cover nmay be any suitable
shape, and may be made of plastic, nmetal, or any other suitable
material . | e Eribomvawi. The %ﬁfﬁaéth@@@énwnesofﬁﬁ%reﬁm anvenin hergret
material sugll Agitedf 24)@@&' a%o%‘@es\%lfaé?ioé’kre gla@' Elﬁfaé&i‘l‘ﬁentg”%lﬂ slhdiil&ﬁl% defined
resi st ant plastlcs rial, alumnum titanium or the like. In an
enbodi nent , mbantaemcﬂ@ccwwhmfailowmgmms mthﬁebfynmier}ﬁ@art |y of a

transp mat er, 0064 The

Y058 o bl TR (16 Bl AR RS s s e o
DuPont Per f anameneek Bliffisd aeths pubke géneVMIyn‘amgéspEcla]BEﬂw%RAt{sts KMEm&;&@ and
manuf act ured by DSG CANUSA of Meckephei m many (flexible RW 175
nmanuf act ur ed” %?g‘n?%%mélhééftr“gfﬂ ¥e lll%f“"%%}’ﬁ T %ﬂal(tF’%?sdé‘)ﬁ@ase‘ﬂogY: to

Raychem Cor Rielenhi@ rqlﬁdkg)!’ Hom @rcu?d?)l/y sPetion Uhé abhee AR @bdeddo of QQ%];HHT'@I
screws used in the frane asse i nclude, for exanple and

Wit hout | i midisgtosens, of\tlnes@m!w@no?l}\l/@mgm18711%@911#&&0 e iaylng poi@begrope
by Visotti Car HE%‘ésteﬁh ventibn & f\‘ segana [taly. Ot her suitable

types of scréws ‘or ot er "attachne means, such as rivets, may be
used. [0066] Al t hough vari ous enbodlnents of the present invention
have been descri bed above, it should be understood that they have
been presented by way of exanple only, and not limtation. It wll be
apparent to persons skilled in the relevant art that various changes
in formand detail can be made therein w thout departing fromthe
spirit and WD 2011/047311PCT/ US2010/ 052910 - 12 -



scope of the invention. Thus, the breadth and scope of the present

i nvention should not be Ilimted by any of the above-descri bed

exenpl ary enbodi nents, but should be defined only in accordance with
the follow ng clains and their equival emt’$.- [0067] Further, the

pur pose of the foregoing Abstract is to enable the U S. Patent and
Trademar k OWieghmimnd the public generally, and especially the
scientists, engineers and practitioners in the art who are not

faniliar with patentygee ke9atuid- ‘ﬁ'il@&}]éﬁrs a&%fn%gﬁ Sencﬂ%ﬁfg m ne

qui ckly froma cursory |nspect|on t he natur t he

techni cal disclos f .the tlon The str 0 |nten

Lo be I miting ad e Anung & Ra on B etpatiie & ot o e g RsSfpbh and
- 13 - W claim 1. A hinge for a fluid-filled Iens assenbly, t he

hi nge corrprlasﬁeﬁ‘@“dend for copngefing taaiasee of the kegs agsg@bB6r connecting to a
tenple armof the |lens assenbly and a second end for connecting to a
frame of the | enswlxssientd hgse includes\watpapehat is Smpbhigeallonch adegompagsipg fluid to
that is shaped to allow a tube for passing fluid to pass fromthe

first end tgabhomarofift enditodhe tdte@ndas®of the base, Wherein the gap has a
size that allows the tube to bend without kinking when the tenple arm

i's rotated bet V"e%@ﬂl gl@fgalpolﬁ)% %i}%‘t#ﬁpalmsctﬂ Eﬁ)% tb SR @fltﬁ&ﬁplélﬁkm%when the

substantial ly perpe rane an cl osed p05| tion |

which the t armls anti al |

wher i n ' he BR8E 4 Fu%fs%ﬁaep%ea%aa apbp PRifion fpubia B fegwéaa%s sybstantially
rounded surface en the, terrpl armis rotat

he tenple arm
first predetpémﬁnﬁ@a ag eyt e et ég%eé ROSItIORAN @eréqhgty (R ﬁéﬂ%%@stmaﬂy

that resists further rotation of the tenple arm and wherein
t he peaked sardligtte thefigmgabl e of rel easing the spring energy in the
hinge to accelerate the tenple armwhen the tenple armis rotated a
second predet er mwiegdeidi tht arse ibeydezdatjeakdd sstfader expebler off peghging a rounded
di st ance. 2. The hinge of claim1, further conprising a hard

stop to prewgfthed Of @k 't&ﬂglb%ﬁ%&@i tﬁ@'té?ﬁple arm is rotated ﬁ‘ﬂ?kt&ﬁ@dé(t&fnu@ed distance
fluid-filled | ens asse t he hi nge conpri sing: a base having

a first end
ol oo SR Sy P S S g SR
wherein the peaked surface is capable of releasing the spring energy in the hinge

to accelerate the temple arm when the temple arm is rotated a second predetermined

distance beyond the first predetermined distance.

2. The hinge of claim 1, further comprising a hard stop to prevent rotation beyond

a point.

3. A hinge for a fluid-filled lens assembly, the hinge comprising:
a base having a first end for connecting to a temple arm of the lens assembly and

a second end for connecting to a frame of the lens assembly,



- 14 - wherein the base includes a gap that is shaped to all ow
a tube for passing fluid to pass fromthe first end to the second end
of the base, and wherein the first and second ends of the base
are capable of flexing around a rotation i s of the hinge between an
open position in which the tenple armis substantially perpendicul ar

to the frame and wh&tiasRdb4eshdli®RA 2l g%p\mdtciilsﬁab@i toedIRMEa ﬁfﬁ@fbﬁ?assmg fluid to
substantially parallel to the frane. The hinge of claim3

wher ei n t he HasEohiEL HAPS, L&Eé@l%ﬂﬁﬁ’et?@S‘fjthEBaJeaﬂdT' tate bending

around the rotation axis o he hinge of claim

ot ation beyond & porAe He G4 BEORE B O it Br b LS hpyme crownd o

conprising: a tenple ar reservoir di sposed within the hou5|n%
fluid-filledolatifg W%ﬁégtha Ripgenbatwesa an é?ﬁﬁﬁ Pesitigpeint yihigha &1 e @ is
connecting the reservoir to the fluid-filled lens; and a hinge

i ncl udi ng a sbbgentiadlyiperpeadicilas to @n&amacédsedqpo‘siﬁenﬁmmhi@ the tengnielazn is
second end connected to the frane, wherein the base includes a

gap that is sabampethily@asdiconw theframbe tube to pass fromthe first end
to the second end of the base, wherein the gap has a size that
all ows the tube to bend w thout kinking when the tenple armis
rot at ed between an open position in which the tenple armis

substantially 4. The hinge of claim 3, wherein the base includes a U-shaped bend to facilitate

bending around the rotation axis of the hinge.

5. The hinge of claim 3, wherein the hinge further comprises a hard stop to

prevent rotation beyond a point,

6. A fluid-filled lens assembly comprising:

a temple arm;

a reservoir disposed within the housing;

a fluid-filled lens disposed within the frame;

a tube for passing fluid connecting the reservoir to the fluid-filled lens; and

a hinge including a base having a first end connected to the temple arm and a
second end connected to the frame,

wherein the base includes a gap that is shaped to allow for the tube to pass from
the first end to the second end of the base,

wherein the gap has a size that allows the tube to bend without kinking when the

temple arm is rotated between an open position in which the temple arm is substantially



- 15 - perpendicular to the frame and a cl osed position in which the
tenple armis substantially parallel to the frame, and wherein
the first and second ends of the base are capable of flexing around a
rotation axis of the hinge between an opdd -position in which the
tenple armis substantially perpendicular to the frame and a closed

posi tion in pajealictiRetd QB athedinda doged Poki®ioh idlvhichRBE Rl afn® it SuBstantially
frame. 7. The hinge of claim7, wherein the base includes a

U- shaped be t g qpendi ng around the rotation axis of the
hi nge. rquglgl E?atﬁé hrhlﬁ?geﬁgf claim6, wherein the hinge further

conprises a hard r ot a _po

The hi nge of ol aitin e P o bl Y Y BT Sorilaf Sing figund 2
all ow the tube to bend w t hout kinking vvhen the tenple armis rotated
bet ween an &p@HOPEXIS Phrihe fings bpfwerd aneAPeie PRFEHPN snsBshathe empje arm is
perpendi cular to the frame and a closed position in which the tenple
arm i s substsabstardially ppreadicehr togh¢ framferaard®. closed positid in Whiehhhegepdd arm is
claiml1, wherein the fluid-filled | ens assenbly is an eyegl ass

assenbly.  substantibfly pdfaflelnbiigefrghe.cl ai m 10, wherein the eyegl ass
assenbly includes a tenple arm and wherein the hinge is disposed at

| east partially within the tenple arm - 16- 12. The hinge of
claim 3, vvherei n t he fluid- fi IIed | ens assenbly is an eyegl ass

assenbl y. e hin ai.m 3 rei.n e

i ncludes a terrpl fnﬁﬁ]hl% Cvﬂ%‘r élwr‘ll-le{%g ﬂﬁe ﬁﬁsg m%ucgﬁl sg% g%P ésbelnﬁ%?? Cilftate
partlallyvmthlnthete |l e arm 14. The fluid-filled | ens
assenbl y of EPQPW@UHM&@FWOPﬁé’sfolfﬁlecf“?gq led lens assenbly is an

eyegl ass assenbl y. 15. The hinge of claim 14, wherein the

eyegl ass assenbly includes a tenple arm

8. The hinge of claim 6, wherein the hinge further comprises a hard stop to

prevent rotation beyond a point.

9. The hinge of claim 3, wherein the wherein the gap provides space to allow the
tube to bend without kinking when the temple arm is rotated between an open position in
which the temple arm is substantially perpendicular to the frame and a closed position in

which the temple arm is substantially parallel to the frame.

10. The hinge of claim 1, wherein the fluid-filled lens assembly is an eyeglass

assembly.

11. The hinge of claim 10, wherein the eyeglass assembly includes a temple arm,
and

wherein the hinge is disposed at least partially within the temple arm.



and wherein the hinge is disposed at least partially within the
tenple arm
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12. The hinge of claim 3, wherein the fluid-filled lens assembly is an eyeglass

assembly.

13. The hinge of claim 3, wherein the eyeglass assembly includes a temple arm,
and

wherein the hinge is disposed at least partially within the temple arm.

14. The fluid-filled lens assembly of claim 6, wherein the fluid-filled lens

assembly is an eyeglass assembly,

15. The hinge of claim 14, wherein the eyeglass assembly includes a temple arm,
and

wherein the hinge is disposed at least partially within the temple arm.



