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" PCT/ US98/ 03111 METHOD AND APPARATUS FOR ASSEMBLI NG LENS-FORM NG DEVI CE
BACKGROUND OF THE | NVENTION 5 Field of -the Invention The present -i.nvention
conpri ses an apparatus and nethod for |ens-dasting and a gasket therefor.
The: present invention al so enconpasses a nethod for curing the casted |ens
and ‘an apparatus and nethod for separating the cured | ens fromthe nolds
used to 10 formthe | ens. Background Art d asses or spectacles nust .
‘correspond to a persQRETHoBARDUPPEATOR FOR ANSIMBLAG LENSLFORMRRS BEVICS | |
nmor phol ogi cal and psychol ogi cal characteristics. The ophthal mc l.enses 15
for glasses are nmade of a transparent material, usually glass or plastic,
and are of a size and shape to produce desired effects, nanmely, focusing
the 1ight for the person's eye to see clearly. The | enses use a EEE

wel | - defined geonetrical confBACKGROUND OF THEINVENTION: 20 their
optical properties. The shape of each lens is characterized by three -
attributes:5(1) the curvature of its two surfaces; (2) the thickness at its
center and edggs, @E&F(Bb its diameter. The two surfaces -of a.lens can use
vari ous georet¥ieMd iTBUeH9Mns, incl uding the fol I owi ng shapes:

spherical ; cylindri¢gd preb&it ifventib Btnpdses AR laparhts dad medld foPldrﬁ%hétinfaiihﬁa
progr.essive. For’ exarr_p?e, the surface of ‘a Iens can have a constant 25 _
~radi us al ong i gasketi thérefornThe presentdnvdnsion alse epcomhpasses smethoddor cwalg thekastéd

is known. as a spherjcal surface. The spherical lens surface nmrrors th
shape of a porlﬁpbﬁlq)?n'@@{ﬂﬁ'éﬁ"‘l%‘dirﬁetgﬂ‘iigﬁSﬁl’qm?&gﬁh&icﬁlféli. : 0@%3%15@*‘}585%5
of curvat ugg. 'fﬁ%tﬁé’ibﬁgi cal surface nay be either convex or concave.’ WO
08/ 36868 - T . N - o B
PCT/ US98/ 03111 -2- Alternatively, the surface of the lens can have two
axes, each having a different _ ' S :
: . Background Art | _ | _
~ Glasses or spectacles must correspond to a person’s prescription as well as to
the persoﬁ’s morphological and psy¢hologica1 characteristics. 'I‘he ophthalmic lenses
15  for glé,ssgs are made of a transparent mate_rial, usually glass or plastic, and are of a size
and shape to produce desired effects,'naﬁmly, focusing the light for the person’s eye to

see clearly.

The lenses use a well-d_eﬁﬁed geomenical configuration which determines the = .
20 their optical properties. The shape of each lens is characterized by three atﬁibutes: ¢))
the cusénire of its two surfaces; (2) the thickness at its center and edges; and_-(3) its
diamétér. The two surfaces ofa lehs can use various georheu'ic ,conﬁg_urations,. |
including .th'e'following shapes: spﬁerical;' cylindrical; toric; plano; aspheric (usually
-~ elliptical); and progressive. For example, the surface of a lens can have a constant
25  radius along 1ts different axes so that the surface is symmetrical, which is knownasa |
. sphérical surface. The spherit:al_ lens surfac_e' mirrors the shape of a portion of a sphere
in which all meridians have the éame. radius of curvature. The spherical surface may be

either convex or concave.



radi us of curvature, so that the surface of the lens is asy 3nA”=
astlgnatlc WG 98536 % s- an exanple of such an asymmetri cal surface ang
characterized by its two principal neridians having a di fferent radlus'of
curvature fromeach other. The 5 neridian _Qaving the greatest radius of
curvature is called the - "axis," and the otﬁ meri di an having the smaller
radius is called the "perpendicul ar axis. Astlgnatlc | ens surfaces
predom nantly include a cyIindricaI surface -and a toric surface. A plano

rface and aspheri rf.ace ‘are of ot her | ens su es us
AR P G ARSI U L C A LA
along the axi spfhas eeufva&fr@'sw:m abl of theYals it Esrynﬁ'nmﬁnc%lﬂ_ﬁﬂf?sﬁgm%ﬁ&a' ght ,

and the perpen |cular axi's 'has a ra curva same as

the circul ar rsgfaosisein example oftbach ad hn;emamﬂrmfaee and is eBaractetizel by itovd S
shaped to conplenentarily receive a cylinder gn the surface and a convex
surface resentiprEasipal mesidianshaying th#ﬁ%fémd’ﬁ %‘ﬁ@ﬁc"&"’éwq fiomeach gtheneTheor i ¢

surface resgm « e inner
tube of a. tsler e&@ﬁ%&?ﬁam% %g{t%ﬁcig |s SI ‘r'ﬁeggc%lged%%ﬂ%* %%‘?%@‘F face,
but the |ongi tiyeridiah havihg tidsnyaier tadaisacaltdd the tpepeddicilstiskisas AsApmatic lens
cylindrical surface. The perpendi cul ar _axis or neridian on the toric _
surface has a susf@ f:esSpredmmmﬂgx inchidg gwylindricabsurfaeg and doniasiirfase.oA plane axi s.

Convex by havi IR eEheRLfeRReie pRs sl M mel I Sohacd hrfRgac A

p

alternatively, may be concave by having the shape of the inner surface of a -

torus: An astigmatic surface i's used for a person wth an.ocul ar :
‘astigmatish in \AhlE(brtEchhmblcelcﬂmfeee,lﬂsemnmmd nmidlanaslmgdhe)dxmhmmm

ori entation-of_the Ion ated cornea varies from
person to per SBffYS Pg %@r‘ a?fﬁ@‘ ﬁ“la&?@sﬁ?sﬂ%“d’égrees
anot her at t hlduwat&e%ﬁ%ls tﬁ@gaﬁ@aithe Gir@ilai@Hive o@'at;&Eﬁs&?t TRAS, e%ﬁémn The
axis of the surface of the lens nust be oriented to" a nwth
orientation ofcylindriedl smfacedsl saped toconyplembntarilyreesive seylmdewm &&/ stiff@éBand a .
PCT/ Usos/ 0311 1convex surface resembles the exterior surface of such a cylinder. .
15
The toric surface resembles. t_he lateral surface of 2 torus, e.g., shaped as the
inner tube of a tire. Thus, a torus surface is similar to a cylindrical' su1_'face, but the
lengimd_inal axis curves instead of being straight as for a cylindrical surface. The
~ perpendicular axis or meridian on the toric surface has a radius of curvature smaller
20 - than the radius of the axis. As with a spherical and a cylindrical surface, a toric
~ surfaces can be convex by having the shape of the exterior surface of a torus or,

alternatively, may be ceneave by having the shepe of the inner surface of a torus.

An astigmatic surface is used fora person with an ocular astigmatism, in which
25  the cornea is elliptical instead of round. The orientation of the elongated portion of an
~ astigmatic cornea varies from person to ﬁefson | For example, one person may have an
axis at ﬁve degrees another at thlrty degrees, and another atyeta different orientation.
The axis of the surface of the lens must be oriented to ahgn with the orientation of the
o elongated portion of the cornea.
30



- 3- Differeg; &%ﬁ gurfaces can be used in “conbi nat i on. O t enpcTiusos/ozamt
surface of qens I's spherical and the back surface is spherical,
cylindrical, or toric. The front surface can alternatively be a pI ano
surface. The opti mum conbi nation of surfaceg-in a lens is determned by the
opti cal properties, the proposed use, and the appearance of the 5 lens. In
addition to shape, thickness is also an inportant characteristic of a |lens.
The glass or plastic used to formthe lens is a factor in establishing the
thickness. Many Ie ffé?gﬁ%&rsﬁf@ég%aﬁﬁg'ﬁké& RTohdbiRAPAY Tfted tHetﬁ?oﬂtlsﬁi‘fﬁce ofa
wei ght, density, ractlve I ndex | mpact resistance. Exanples of

pl astics used Jefy ls|spliﬁ'§1:‘31 amthe backmirfage issphercal ydylindri¢al, arttericoFhe fiont

re5|n which is better known by its trad mar Pl exi ert .
" Per spex" [ err ]Syll‘faﬁ@lc%t’aﬂtﬁ'%ﬁt!"ﬂyyfgﬂ 351216110 511% °ng’n°ql%g té‘l??fmciﬁna
CR39. CR39 is ,the. I Iy

all lens 15 ty‘ﬁ@ss %Eﬁ%ﬁb?ql%g m ¢ ogﬁ’n%é tﬂéﬁfhghgéha%e #ﬂhﬂﬁ@ %:pe 9 I'S a
petrol eum deripgd i ve of the polyester group, a famly of polynerisable

thernosetting resins. In production, a nonomer is first obtained from CR39.
The nmononer, which |s alinpid liquid with the viscosity of glycerine oil,

mono! .
et et o 8 B AR b GRS LS g T
contained in fh&' dfwfas‘aefub&% febmwaeﬁﬁsq&sraaaﬂuﬁes%ﬁm {1 kckabes. VRS RAS

Is in the vol nononer is cured to forma hardened polyneric lens
t aki ng t he shauodaynﬁretmaierfndmi;ﬂasﬁhbeagnmef itsdlight weight, depsity reiralive indexg and

form the cbr cEwpashEsERRGs BeTRROLHEBERTHS! b PHE Bpane Snap bt o
required, but fifnSladRGEsif U@%&ﬁ seéetef 1hd6n b ftt BHESnARIPIERLNMor OPeisPer™®)

accuracy of th ens surfaces are a precise reproduction of
the inner nol darsliddndiatiyl glcolarachangtey whichds alsd énewn 2a€BS%ar e prepared with
extreme precision.and, after manufacture, are heat toughened to mnthstand
the strain of the 30 pol yneri zation process.

CR39 is the most popular lens material used today, in part, because all lens

15 types used in ‘ophthalmic optics can be made from it. CR39isa petroleum derivative of . -
‘the polyester group, a family of polymensable thermosetting resins. In productlon,
monomer is first obtained from CR39 The monomer, which is a 11mp1d liquid with the
viscosity of glycerine oil, remains in a liquid state in cold storage, but hardens after
* séveral months at room teniperéture. To form a lens, the'liquid._monomer is placed and
20 contained in a volume defined by two niolds and a gésket. Once the monomer is in the
volume, the monomer 1s cured to form a hérden_ed. polymeric lens takmg the shape of
the molds. | | ' ' B

| The giass molds used to form polymeric lenses are important in CR39 lens
25 manufacturing. Not only do the niol_ds fdrm the correct 'shape.to the lens according to
the optical characteristics réquifed, but the surface qualities of the finished lens depends -
| on the accuracy of the molds since the lens surfaces are a precise reproductiop of the -
inner mold surfaces. Accordingly, the mold surfaces are prepared with extreme |
precision and, after manufacﬁlife, are heat toughened to withstand the strain of the |
30 polymerization process. o
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' -4- An add: a&%ﬁﬂﬁ%nt nol d, whi ch forms a blfocal or trlfocaﬁajgg?%g#?fo

the | ens, can also be used in formng | enses. The add power nold includes a
segnent curve, which is a concave depression cut into the concave half of
the nold, to formthe add power segnment.on the front. surface of the |ens.
Thi s segnment curve produces a convex 5 surface for the distance portion,
together with a steeper convex surface for t he readi ng add power segnent. -

fwo moi'ds and 5 gasRBradRpomst PRt PeKs wtigh THBSA ifpEA L SLOER AOTu aeS
the prior art i) o goek e iARSmiAPNRLES ﬂle%a@s rﬁo@ﬁbﬁﬁe@g@%ﬁmgeﬁB and

two ends that ea conpl enent ar y receives a respective no T ent

T-gaskets G ar whichduizkcencave depressioteutiintg thovencaveind £6f the amild co fanhthe-adds ket
G sets a predeterm ned axi al’ separatlon het ween nolds M That is, one

T- gas kefj G Sﬁtsowwesema%omap dront surfage of the lens: fhis mgqsenbﬁuraegmdalmam
Accordingly® rantieaat e ABRAEE pSidAteblet il dieeBTontck pRRHE for Bl Gaging,

anot her for a a&]b@p&segmeﬁﬁwer for a 4 lens, etc. One skilled in the art
will also appreciate that formng an astigmatic surface in a T-gasket G
requires that the ends of the gasket have the same shape as the inner

face 20 of th F '
Cori o surface t hon TBROaRH meoristo b Griohid HbSe, Sbiadhd uite Ssshe adne”
convex desi gn f MAFdRIaNE al gaskedd forid 4dehIONE sﬁcﬁﬂkin%ossﬁi%@ﬁorginflflgr Pflﬁe pnor art

T-gaskets G nust exist for each | ens power using that nold shape. .
Two . manuf ad0ur gasiets apckryasasil-gasketsdG; which havep bore B mdswendsﬂmeach

I t t f ed | t he di t
ol yirer i at i oncpRReBSaRT ey Hissoecty® A Voo itk ThE5% F@?%wéw'evﬁﬁﬁto
‘the nold cavi tﬁ)rfnq'a}* é FB%rléﬁ%&'B%céﬂsE BadkP1 Q&ret(}-g% OReddt

p03|t|onsthetop o be a ned wth the T-gasket” so t t excess
nmononer is squmamﬂiombbtvmedrmlds M.lb’Hlaess, Bfie ngaskntéﬂsetsTﬁne nwﬂdsjfmthdedpanlad by

the two pol  Shed 1l g5 A1 e BRK el LI

another T—gasket G used to form a lower
15 power lens. Accordingly, manufacturers must maintain separate T-gaskets for a +2

lens, another for a -3 lens, another for a -4 lens, etc.

One skilled in the art will also appreciate that forming an astigmatic surface in a
T-gasket G requires‘ that the ends of the gesket have the same shape as the inner surface
20 of'the mold M. For example, if the rear mold M forms a concave toric surface, then
~ one end of the T-gasket G must have a cemplementary convex design to receive the '
mold M without leaking. And, different T-gaskets G must exist fof eech lens power
using that mold shape. B

25 Two manufactunng processes are used in makmg the lenses: direct
. polymerization and polymenzatlon of a semi-finished lens. For the direct
polymerization process, the top mold is removed and a nozzle directed into the mold
cavity to fill the volume with monomer. The operator then positions the top mold to be
aligned with the T-gasket so that'excese monomer is squeezed eut and air bubbles |

30 removed. The volume defined By the two polished molds and the gaéket forms the
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.PCT/USQS/OSfX? gﬁape of the |l ens when cured. The drawbacks of this prior
art systeminclude the handking, resulting ness, and wasted nononer. Al so,
sone bubbles can still remain in the volune,swhich can ruin the forned

| ens. Additionally, this process is |abor intensive and, accordingly, often
perfornmed in countries with an inexpensive |abor pool. 5 To cure the '
mononmer after the top nold is secured on the T-gasket, the filled gasket
assenblies are [ ' B4l Prd 44 ~JE ) | Xt een
hours to. under E;lc?)épg o??két@%% ﬁg?%lggn%e’rp%% %agkg§l§2ﬂ¥§gtn%g?g3%g%q§ﬂga€??'r ect
degree of pol yhmidling] fesultinginess, ant wasted myoriomeru Alsay spme dbablles sarcstitbteatadnlin

t he- gasket assenbly is 10 _renoye %pd t he is renpved from between the

) lens is r
nol ds. The | enthesv which gan run the farme n‘éaﬁh?& 1bn, this pracsss 1 re a
few finishing actians, iS { a.!"{'b?ﬁ.u' in 0GRS o el lm
casting st.ress?%%a@d&%%éﬁ@%@%%rﬁ na e@?é‘}]ses%ivg% ﬁ’&ﬁ%‘bﬁé\i}?‘g%?rep&’%
and | ens power checking with a focinmeter. Once the lens is finished, it is -
packed for shipping to a retail 'vendor.or nmounted in (gl asses for a

co'ns(-:I uner. 15 The ‘sedJormurgthsaenomesaftonthe tommiolshis secuzed amther§-gpskeb dhe QH@' |

' | .a " n ... Unlike.the. di | ' ..0n.

Sem Tens hae BGh a0k AP RPsan s aBe paFintd A Ghert P Ui B bifben BB, >
process'is congy ﬁ‘éﬁ%o d Btitrolled Srfstdatiife dyRldthBCprobidlet fRRTohectRR g8 €d i nto

gl asses with few shing actions, the“sem .I'ens 20 only has a single
fini.shed surf apelyhmrizatioryAfientbisdengthy curingproesss éedmpleted shergaskghassambly is

finished after the |ens been cured. The sem | enses.. accordingl e
e st d0es FmevePRrES e S aPrates from et e B TR o e g e
surface is fachj Wl ki : imbaeBoraf Gisledps wimmims by
a noldis usuamrgaraﬁ% ﬁ)h%g o@%%}%?ﬁsgg?mggar {eﬁ?ﬁ%ﬁ?%@@&wﬁéﬁojfﬁgdd power.
25 The unfi ni shrakatibg¢o elimmatecoustingstress, vismalichdcks tueliminate lensesyhichapight al

| at he or generator _in the same way.as. gl a | ense but ot,her abrasi are -

used. Thegpol yREYS @efg@;,@nflzmme ghss ‘gﬁh eg?iﬁn%ﬁa é@Fe ﬁ%‘?ge?%%é f’?’fﬁ&‘\é&?,‘éls- |

generated by A QuaGRfHibhineld WroliPRndor HmbHid in'fRised et A ibikr. ¢d by the
Ponsan__g soFte_

rel ative posit
' 15 :

The second process, polYmerization of a semi-finished lens, producés' a lens
known as a “semi.” Unlike the direct polymerization léns, a semi lens has a': concave,
unfinished side that is surfaced after the curing process is completed. Thus, instead of
. forming the lens to be mdunted into glasses with few ﬁmshmg actions, the semii lens -
20 only has a single finished surface fbrmed by amold and the other surféce is |
rﬁechanically finished éft’er the lens has been cured. .The semi lenses, accordingly, are
niade in stages, in which one sﬁrfa’ce is finished by a mold and the other surface is
| .m'achine finished after cunng The surface of the lens formed by a mold is usually the -
front spherical surface, with or without add power. - S '
' The unfinished side of a semi lens is usually surfaced using a special lathe or - -
generator in the same way as glass lenses, but other abrasives are used. The 'polymeric
lens is moﬁnted on a circular .holder and the surface generated by a diamond grinding
‘wheel. The curvatures are controlled by the relative positions and angles of the
30 diamond wheel] in relation to the lens. This suffa_ce is then smoothed and finally -



30 diamond wheel in relation to the lens. This surface is th ;

and final |.yW°9W98§§/ 36868 . | o %ﬁ@%ﬁﬂj
PCT/ US98/ 03111 -6- polished with the appropriately-faced tool. Metal tools
are used to smooth and polish, each surfacegconfiguration having its own .
tool. A great nunber of tools are, therefore, required to enable a conplete
range of |enses to be surfaced. Sem -finished | enses are generally put i.nto
st ock and machi ned when needed, e.g., a custoner with a specific 5 -

Dol yrmer | zat | orPOBHE PO e AIPrBRERY R ange et Bris A% biside Smop th Ao,
lenses with-a yphuftallcdnflghfifibh GMinP 8Bt t4HIESE gRAVRIhBEr Jf 85016 SreC AHRRFbreD e

made by direct polynerization because the differénce in 10 thicknhess
bet ween t he certeireditudertable schpplete fangeof lanses torbesuefadal Fendtfinisheddensesiarecan

break. the glass nolds wi.th the T-gasket not her reason for makjng a.sem
lens is becausmalfwmnﬁr&ﬁémﬁem%ﬁ ned 8@5@ Rerdef 2o ws@vrs?&weéﬁgsa?@ﬁg,
which is not c g#ga . production. For 15 exanple, a prescription
may requi rega @Hegr |n\r§)ﬁé;é§ér|%gﬂ\%§§nsgn the front surface and an astigmatic back
surface set at one of many different orientations. That is, the add power

portion nmust be oriented so that the flat top is horizontal, but the
orientation of the Semi lensesiase usedantead\of by diregtpalyraerzagion densdop, vy ipewerfl

the cornea diffe o) ' i | lﬁ%i e a _
appr eci at es, -nﬁﬂ%e%b%‘{éﬁpr%gﬁ%aﬁciﬂ%%gggﬁ‘g%?@ggrg@p%?ilﬁ Q‘é‘%’p@&&?" and a
gi ven asti gmat pewdrfidlersses tamot 6é madd b dieest polynttizatiorobscaudédrts diffepehcetinon of
an infinite variation of |enses is unfeasi gl e and, accordingly, retail

suppli ers U@uathicknesshetues the senter and the edges phitheilens areate lasge srassesdhatisanace

I medi atel y before.,sal,e. 2 . » SUMVARY COF THE | NVENTI ON
The present iﬁvgﬂk%rglﬁf@@gwghme“ﬁ%&vant ages of the prior art and '

‘revol utionizes the lens-formng process. Specifical ly, the present
i nvention enconpasses a gasket that can be used to formall powers and
geonetric shapes of Another reason for making a semi lens is because of the numerous lenses

‘required for different consumers, which is not conducive for mass prbduction. For
15 example, a prescription may require a certain add power on the front surface and an
astigmatic back surface set at one of many different orientations. That is, the add power
portion must be oriented so that the flat top is horizontal, but the orientation of the | |
astigmatic surface varies as the eloﬁgated portion of the cornea differs from per_sbn to
person. As one skilled in the art appre_ciates,- numerous penﬁutations exist for a specific - _
20 add power and a given astigmatic back surface at different orientations. Mass |
_ prodixctio’n of an infinite van'atidn of lenses is unfeasible and, accordingly, retail
suppliers usually purchase a semi lens énd machine the astigmatic surface immediately
- before sale. ' |

25 ) _ SUMMARY OF THE INVENTION

" The present invention overcomes the disadvantages of the prior art and
revolutionizes the lens-forming process. Specifically, the present invention
| encompasses a gasket that can be used to form all powers and geometric shapes of

30 Ienses, unlike the prior art ngasket which is limited to forming one specific lens. The



30 |I|enses, _unli he prior art T-gasket which is limted to fuSegyas19ne
speci fic |=eﬂé99df‘4r§f§‘é WO 98/ 36868 | . PCHUS O | |
PCT/ US98/ 03111 -7 - present invention also includes an apparatus and net hod
for formng | ens using automation processesy.Moreover, the present

i nvention includes a nethod for curing the forned lens in a fraction of the
time as the prior art processes require. Furthernore, the present invention.
i ncl udes an apparatus and nethod for separating the cured lens 5 fromthe

mol ds .used for_forpi ' Sefnidt asent

i nvention is dgg#)e&g]é@%gg&gﬁlg?ﬁ{e&}ut %%%@%%@ﬁe@ﬁ%t mé'%nggﬁﬁ?he rear
mol d ar e’ movabjutorflatidioprodesses. Moreover, thrrpreseit inventidn inoindes a trivthadofor surirg
axially novable within the bore relative to the other nold to.a desired

axi al 10 sepaheformeddens macadsienaéthe time anhepsior e prROGSESes Feduire; frurtpRFmore,

The gasket of b EsPRUBRHCR BHIRS o6 AphiARE R s B RSPl OB
various nol gs ?ﬁi_tﬁgnﬂdsfﬁegmrfgﬁﬁihggﬁg shipifis thededder i cal or astigmatic) to-

make the desired |l ens surface. Since a single gasket is used to form
multiple powers of the |lenses and different |ens surfaces, the gasket of

the present- 15 ‘invention js.referred to.as.a,"universal gasket.
Addi tionally. as thﬁg%géﬂﬁ?_ © PiFSTr AUgmLion i desiibe ,s°f1?a’i’é°g"?‘isf8?tb8ﬁ°£f‘l’6§§f%tet
posi tions and gl iS4 He R 'nibld 3e AovBly &i8pGvediwitiin itdBoeD AVISHEBAS ofthE ndiem

because the volunme of nonomer shrinks "approximately ten to fifteen percent
when it is curiedxiall§y m&iabbewithin thobate reletive to the athieo mold/toasdesired axialr - gasket ,

this shrinkage creates_ internal stress ih the. lens so fhat,annealing is
somet i nes. 1qusepario dissaice bateen themglds, Bach pf the differedt desiced grinl seppration
reduces stressgs ' £'§‘ep§ ¥ten : _ ifvesiti

nononer vol urre(%stﬁ?%'{ensiéso h% qﬁga%éurl ngt@ilgﬁggg%gﬁnnre%él)%a%&f‘og @%Hs a?ﬁ 1.%mt %%ed_
for lenses madgnlilietthe Thgasketsles acxkpts varipusemelds havingrdi fferant sBEfadésdi.e.a sphienigal

met hod of the present invention engonpasses, posj.tioning at |east qne_.of the
two nol ds bot horastigmagahio pakethe éﬁragﬁipsrsgrfa&f- NG $IR ?«ﬁaﬁ‘éﬁ? 1535eg ¢ formh ot

a multiple powers of the lenses and different lens surfaces, the gasket of the present

15 invention is referred to as a “uniVersal gasket.”

Additionally, as those skilled in the art are aware, the prior art T;gasket
positions and holds the inol&s ataset separation, which presents a problem because the -
volume of monomer shrinks appr'okimately ten to fifteen pércent when it is cured.

20 Since the molds remain stationary using the T-gasket, this shrinkage creates internal
stresses in the lens so thét anneahng is someﬁmes required. In contrast, the gasket of -
the present invention reduces stresses by_allow'ing_ some axial movement of the molds

~ - as the monomer volume shrinks-during curing. Thus, annealing is usué_lly not need for _
lenses made with the gasket Of the presé}nt invention. -
25 | | . :
- The éasting method of the present invention encompasses positioniﬁg at least -
one of the two molds both lll'otationally and axially relative to the other mold so that a
lens of the correct thickness and power can be formed therebetween. That is, rather -
than relying on the gasket design for setting _thé dimensions of the lens, the present

- 30 invention uses automation technology, including state-of-the-art motion control devices



lens of the_correct thickness and power can be formed therebe _
is, rat 'heri'mﬁw?@ﬁ%/i ng on the gasket .design for setting the g&n@r%g?@);r%? of
the lens, the present 30 invention uses autonmation technol ogy, including
state-of -the-art notion control devices _¥0. 98/ 36868 :

PCT/ US98/ 03111 -8- havi ng exacting tol erances, to position the nolds within
t.he gasket at the. appropriate axial separation distance from each other.. '

The present invention also includes automated technology for rotating the
nol ds rel ative_to each.other to the pr.oper orientation, e.qg.,.the toric
back surf ace. nifPs Sapoe PGt 8 BaRBR e Rolek Hifte R eaidlat o BatpPiiate.
The desired | efga]l i eaéll Sthkt. "Dhe f18seRPiRERtiod AkQidchfje¥ ol UMe
defined by the two nolds and the boré of the glggket. The0 nmononer |es_

i nj ected by a awenibteditechhelagy &fr rptating the molds relatiredo eactt athehie theptoper and
spilling the excess, off en 10, the rear I'd is positioned gnto_ the
gasket. The fi9HSHRfioRe ¢80 e 1oBE DAG W{aﬁ% §éﬂftatqdrf9§ﬁﬁ’m¢ﬂ§i ¢4 withiths,
reduces theSqU%ﬂtl;-(;vyrof_ mononmer wasted and decreases the chances of air
bubbl es bei'ng Tor rrecf-'l nto the lens. Lens manufacturing is nore econonic and
efficient using the present invention 15 because the quantity of lens nold

equi pnment necessary for lens manufacturing s significantly reduced, as
wel | as drastical | yThedessed lens is then formed; by dnjepiing the negnomes 1nfa the yelpme

reviously inv ' ' : r n or d
5Si 'ng theypr es(gérﬁ] %R&E‘a{%@%ﬁg%ﬁﬁe@\%%@g%@g %&8#‘%@5 §?ﬁ“%°t$ﬁ§§%
qual ity -of thendgaRihstesi 6f pousifg thesbhciaer ififo the gakketdd palihg BRredcesicoff wash a
sem is lower than that produced directly by a glass nold. As one skilled
in the ar_t1@p‘ﬁh@§¢ﬁm¢1@%m®ﬁ@ﬁﬂm@ms¥fé-f filling methasiusgd adth the prrseity

expendi ng a trenendous nunber of hours cutt i rindi a olishing the
ol et 0 rake EREHORSgRAHRRY BuchOlte pRsleh of ondioeh P ald BectCases el S (¢
by a gener at orchaB¥es! o¥als Bubbles BEAE fSinid intdthd s Pr esent i nventi on,
therefore, allows custom producti-on of any axis _

| ‘Lens manufacturing is more economic and efﬁcient_usihg the present invention
15 because the quantity of lens mold equipment necessary for lens manufa(;mring is
significantly reduced, as well-a_é drastically reducing—if not eliminating—use of the

hand-labor previously involfred in forming the lenses.

o - Furthermore, lenses produced'using the present invention are improved over the
20 prior art. The quality of the machined finished surface of a cut and polished lens from a
semi is lower than that produced directly by a g_la_ss mold. As one skilled in the art

appreciates, craftsmen form the froﬁt and rear g]ass molds by expe_n_diﬁg a tremendous
number of hours cutting, grinding, and polis_hirig the molds to make them as perfect as
possible, whereas often a lens surface cixt by é. generator may lack this precision.
25 N -
. The present invention, therefore, allows custom production'.of any axis
* orientation lens instantaneoﬁsiy using a single uﬁiversal gasket design for a particular
prescription. Unlike the prior art systems, no further lens cutting or lens generation is

- required. That is, once a lens is cured using the present invention, it is a finished



ori ent at i on weps36sast ant aneousl y using a single universal gasPSI/EROIALf or
a particular prescription. Unlike the prior art systens,” no further lens
cutting or lens generation is required. That is, once a lens is cured using
the present invention, it is a finished A0 98/ 36868

PCT/ US98/ 03111 9 product, unlike the sem -finished lens in the prior art.
The present invention, accordlngly I's quicker and cheaper than the prior
art techniques. The present invention also significantly reduces the tine
required to cuprednétouslikeithe semi-finishednlonein the prioy alttha‘hppresentawen@am ng can

t ake fourteen hour nore din he Ie desi ~The present

i nventi on has %F"BFanglﬁ'e’ﬁ %‘F%g‘gfq\ﬁﬁ’%ﬁg@s&spgﬂ}' Eﬂl & of tﬁe uni ver sal
gasket of the present. invention. In fact, lenses can be cured in about one
m nute. 10 Still another. aspect of the present invention is a

net hod and appar at uThé presestiavantionglsbisignificantly reduwes therintdrequirédito, cure the

conprising directing a fluid,_ such as, carbon, di oxi e{qas., t the interface
of the | ensSan@moBpmermHAgnotedabgye, th %ﬂ%ﬁrq%magtcewgp rOTRRLS: t he -

ol -1 e~ 1ol cSA0ENh H01GR Bden] YA pRSER iSHGEh 1EAHSA staﬁgmfcggg;wm to

contract.. The orm ng I ens ass no

di fferent coef {jablesiitisusd of the wiibrsehgasketiof thesresond thventivd. flarfact) ledbes can be
contraction rate. This differential contraction assists in breaking.the
bond bet ween t éured in abmw ope mimde.nvl . ds and the respective surface of . the
lens. This aspect of the present invention is an inprovenent over the prior
art techni ques, which usually require physically pulling the conponents
apart. 20 Jpe- pr eseRtlianythef hspectifithy Srebd Sfifention ke MBMEd dbd Gparathe farat ch
the specific prescription. The speed wth which a | ens can: be -
made- egar dl.es ssaphrating themreqbbme rfroanﬂnesmlds@emnammesﬂn&e fluid, sugh Ases@rbon

d th th t ') t
CoTRal T s i A0 aaS ot 3he ineartion i ey arh gl TY < Vhich 1 BiRhaRae" ©
stocked |ens. M%me B{f"oﬁ'—?éi{s-xﬁﬁﬂ‘éhﬁd%nbﬁ whdh 430dt Bebecrirbd (dAfises the

prescription is for .
. components to contract. The polymer forming the lens and the glass molds have

15 different coefﬁments of thermal expansmn_ causing a differential contraction rate. This
differential contraction assists in breaking the bond between the surface of the molds
and the respective surface of the lens. This aspect of the present invention is an

. 1mprovement over the pnor art techniques, wh1ch usually requlre phys1cally pulling the o
components apart '

20 - _ _ o

The present invention allows lenses to be made qﬁickly 10 mmiatch the _spec"iﬁ'c
prescﬁptioh The speed with which a lens can“i)e made——regardless of the lens power
and surface shapes—1s vastly. reduced compared with the pnor art. For example, prior

“art systems allow merchants to sell lens in about one hour, but only ifthelensisa
25 standard stocked lens. That is, one-hour service is not available if the prescnptxon is for
| a toric lens with add power. In this situation, the prior art requn'es that the merchant
use a semi with add power on the ﬁ'ont surface and cut the back strface of the lens into
the desired toric prescnptlon with a generator. As one skilled in the art appreciates, use
of a generator is time intensive and, accordingly, an excepuon t__o the one?hour policy.

30 The present invention, in comparison, allows the formation and curing of a lens in less



atoric lens with add power. In this situation, the prior artpcrAsidbh t hat
' thé_nerchaﬁvoagﬁﬁﬁssenf w th add power on the front gurface'ghd_cuPﬁ?ﬁé

back surface of the lens into the desired toric prescripti:on with a
generator. As one skilled in the art appregpates, use of a generator is
time intensive and, accordingly, an exception to the one-hour policy. 30
The present invention, in conparison, allows the formation and curing of a
l ens in |ess WD 98/ 36868 ' : '

PCT/ US98/ 0311} -10- than thifiy.ninutes, which i faster t 3l 6 |
produce a |i ngbaéégﬁwa‘ﬁ’ﬁuﬁ’ v&xcﬁg%&gr%r%%l&rs P??Pﬁ?gilﬁtﬁh[aﬁgn@?r?gh%ngéfor m
ot her |enses %&Hﬁ% B thard D tREERIBEm oMes Nrksey froM eANEr , provides an
opportunity for the doctors to 5 mnake the:lenses which they prescribe in
their offices-with only a short waiting period for the patient. Gven the

speed that the present invention nmakes | enses,and the short curing t|ne,
this option is prud@fProseRIYenbQy; RMEwOver, BIYHS 4R 089055‘?‘8‘{}?*[&%&"8%& tq op"
shopping fqr t TE08 [ EUESin L CREHCEHIy B NGt ditRdpSeriod
exarri'natioﬁ, ﬁ?‘?%ﬁdﬁ%?ﬁ#@t@%ﬁt es ar%afggi&g with gl asges That =wer e
made to mat chféhfe ?ﬁ@ﬁﬁ.f Girtenahie §fded thad thet presenk mventidri makesBesEs ambheRhort| ON

OF THE FI GURES OF THE DRAWNGS Fig. 1 is a cross-sectjional view qof a prjor
art T-gasket . cufingtige, thi§ aptignag m@mﬁéﬁqm 8PRpingsssipndpoint By prp &e?neﬁ?tgft’ he

present inventjon.. Fj 3. S- pnal.: vi b Ot

gasket of 't heSfb(?pé’é%{og itthe\/%aﬁl?{l%cﬁﬁ{og%?' Zﬁg%/vstgg rt%eéigé#%rgﬁgggig? %ﬁ\%’ 15% 4
i's an expl odegp&itqBstysainuitesaad lesvewithfglisses thnl wiereamadieao gmsdbethe prescaiptianh -t he
front nold defines an annular ring circunscribing its edge. Fig. 5is a

per spect i U@ vifrom thfe expungstioBent i nventi on showi ng an assenbly 25 station,.
robotic arm and filling stations. Fig. 6 is a‘top plan view of the -
assenbly station disposed outside the hood. - o ' -

' .BRIEF DESCRIPTION OF THE FIGURES OF THE DRAWINGS

Fig. 1 is a cross-sectional view ofa prior art T -gasket.

15

Fig.. 2 is a cross-sectional view of a step gasket of the present invention.
Fig. 3 is a cross-sectional view of a straight—walied ga_sket of the present
invention that shows ports in the gasket.

20 |
' Fig. 4 is an exploded cross-sectional view of the molds and a gasket, in which

the front mold defines an annular ring cjrgumséribing its edgé.

Fig.Sisa perspectiVe view of the present invention showing an assembly

25 station, ‘robotic arm, and filling stations.
Fig. 6 is a top plan view of the assembly station disposed outsidé the hood.

Fig. 7 is a side cross-sectional view of the assembly station with the piston up.

30



Fig. 7 is.aysd ss-sectional view of the assenbly stati onpgtridsos/osaia
pi ston -up.’ @%W%/ 36868 o ' . '

PCT/ US98/ 03111 - 11- Fig. 8 is a side cross-sectional viewof Fig. 7,7in

- whicch the piston is down and al so show ng tfe- canera. Fig. 9 is a
perspective view of ‘a radial clanp used with the present invention. 5 Fig.
10 is a side view of a robotic armused in conjunction with the present -
invention. Fig. 11 is a top plan view of the system show ng the robotic arm

moved to one 10 flf.\ilgl 9?%&%135 R;?s-é&fii RAGR O FRTYT, o \Which bR d\StoFlrlérHMKhd‘g

up the gasket and ra rom-t. e assenbly Station ar SO noving to -
anot her fllllrmscssmmgtheﬁaglera]i is afront viewof the filling station. 15
Fig. 13 is a side cross-sectional view of the filling station taken al ong

line 13-13 in Flg 12 when the lens-form ng assenbly first arrives. Fig 14

s aside cross: Sec o5l KLGUAbe Yok 86 diTc AR oA plddel yertiiginon

t he f||||ng starts € needles are 1 ns e gas and
the linear @ctuator 20 has noved the rear nold to the correct axi aI:--
separation di stance fromthe front nol d. Fig. 15 is a simplified
cross-sectional vi efignd0 is asifg view oftrohetic armupsed iwporjuneting with thepressnt ur e
the I ens forned at the assenbly and filling stations. 25 - Fig."16 is .
a perspective ¥ If’r'l’é1 separating device, partially in schematic, of the
present invention used to separate the nolds fromthe cured Iens Fig.

is a cross-sectional view of the assenbly fixture that shows the gasket

al i gned to receive Figellmtop@lquwwfﬁhassybwneshomngfhembohcarmmovedto one

10 ﬁllmg station and, in phantom, the robotic arm picking up the gasket and radial clamp

from the assembly station and aiso moving to another filling station.
.Fig. 12 is a front vie_w of the' filling station.

15 : F1g 13 is a side cross-sectlonal view of the filling station taken along line 13—13

in F1g 12 when the lens-formmg assembly first arrives.

Fig 14 is a side cross-seétionéi view of the filling station shown in Fig 13 when
the fillmg starts, in which the needles are inserted into the gasket and the linear actuator

20 has moved the rear mold to the correct axial separation chstance from the front mold.

Fig. 151 isa snnphﬂed cross-sectlonal view partlally in schematlc ofa UV curmg

' dev1ce to cure the lens formed at the assembly and filling stations.

_. 25 Fig. 16 is a perspective of the separating device, partially in schemﬁc, of the

* present invention used to separate the molds from the cured lens.

- Fig. 17A is a cross-sectional viéw of the assembly fixture that shows the gasket
aligned to receive the rear mold into its bore. '

30



_ V\D 98/ 36868 ﬁ,ﬁ

- 12- Fig. WVOP348@ cross-sectional view of Fig. 17A, in whi e rear
mold is.inserted into the gasket using the assenbly stati on. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON 5 The present_ gnvent ion. is nore particularly
described in the follow ng exanples that ar&intended as illustrative only
si nce nunerous nodifications and variations therein.wl| be apparent to.
‘those skilled in the art. As used in the specification and in the clains,

"a" can nmean one or ependi on the_co ich it

10" The preferred eﬁ*ﬂohﬁb‘rﬁgfpi&m&f’ﬁﬁé’é‘WB Vﬁ éﬂé?&%@éeﬁrdn‘f'lﬂés mse‘ged
figures, in V\/m | ke parts throughout the figures.
O\/gERVI EWReferlFl e%g?g{iﬁgﬁo @Hl 9%@ % !tohe presentgl nvention d

conprises a nethod of 15 Ilens casting and a gasket therefor. The present
I nvention al so enconpasses _a nethod for curing the casted |lens_and an

apparatus and nethod for REFAAREDHBESERIFTION OF EHE BNYENTIONponent s used
for casting.the | ens. THE GASKET OF THE PRESENT | NVENTI.ON 20 The gasket 20 .
of the pres%nt i nvention can be used to formlenses of varying power,

unli ke prior art gaﬁ@&ﬁséﬂﬁvehﬁ&visﬁﬁoﬁ pattidubirBrdesetiteiddn theofollowidy é)ﬁn'qiles
variant to be fornmed thereby. Referring to Figs. 2 and 3, the gasket 20 of

the present i mhememtem@ﬂﬂustmwemlyzmcemm@mﬂlﬁw@nﬁmwon& body

t the { t d .22 .to th d.e
Do oL el b e e Wi B IR g s
surface 26 andpdeidifies R Bpirar Bnétil ABH, Bepdhdindph n b Qungdkt i whiASkitusdd)

between its opposed ends 22, 24. The bore 30 forms an interior surface 32
that circusecrTheprefdred mtgxdtmmtnsmowﬂe@nbedrmﬂlhefeg@skm thg(ﬁgures in which like

numbers indicate like parts throughout the ﬁgures '

OVERVIEW
- Referring generally to Figs. 2-17B, the preS'ent invention comprises a method of
15 iens— casting’and a gasket therefor. The present invention also encompasses a method
for curing the casted lens and an apparatus and method for separating'thé cured lens

from the components used for casting the lens.

THE GASKET OF THE PRESENT INVENTION

20 . | |

_ | . The gasket 20 of the presént invention can be used to form lenses Qf varying
power, unlike prior art gaskets that require a different désign for each .lens variant to be
formed thereby. Referring to Flgs 2 and 3, the gasket 20 of the present invention has a

- first end 22, an opposed second end 24 a body portion joining the ﬁrst end 22 to the

25 secondend24,anda longltudmal, or axially, extendmg. axis L. The gasket 20 has an
outer surface 26 and defines a bore 30 extending axially through the gasket 20 between

its oppos_ed ends 22, 24. The bore 30 forms an interior surface 32 that circumscribes

the longitudinal axis L of the gasket 20.



WD 98/ 36868 36 - PCT/ US98/ 03111 - 13 - Thepomsss/esuttf ace
26 of the- gg@?esf % S preferably circular or annul ar (as shown in
perspective in Fig. 9), so that the preferred enbodi ment of the gasket 20 :
is essentially tubular. A'though ot her shagd8s can be used (e.g., an

el liptical cross-section, a polygonal cross-section, or other non-circular
shape), the circular cross-sectional 5 enbodinent is preferred for its-
~acceptance in the art, rranuf acturi n'g consi derations, and ease of
aufomation. The bOT ﬁefﬂ?ﬁ'ﬁf@t‘éré%ﬁék@aﬁﬁ&'annﬂﬁf@séﬁo@ﬂd
a rear nold 50there|n As est sownln Fig. 4, the front nold 40 has a
forward surf agepéspective iDFigop)es tit ﬂmcpre&ue&amodmemmﬂmrgasmaMsessenuany :
ci rcunscri bi ng- |t The edge 46 is of S to be ¢onpl errentarll recel ved
within at | eadubularpdithaygh gther F?@PE%F@a% g(f Ba a0 eflpticalfrossesesti

interior surfac 2 seal
- therebetween. E’g fhal rosts%% 5?8&%?@@%@%@@%6@ a{"‘%lolrn\%gér( ace 52,
an opposed aghbpiinidt S ﬁéferﬁﬁd‘oﬂtsf dcTeSiAned inahemE, hitufactiting G'(hmderaﬁoﬁﬁ, and
sized to be conplenmentarily received within at |east a portion of the bore
30 so that theaseofiaigomatibnt he i nterior ‘surface 32 of the gasket 20 also
forma substantially |eak- proof seal therebetvveen Si nce the preferred
‘enbodi ment of the gasket 20 is circular in cross-section as shown in Fig.
9, 20 the nolds 4grhe§{6r@3%ﬁhelgla9ke@29r@$e§essbthwﬁaﬁtnaaamﬁaaafedmmm
When the front nold 40 and the rear | d 50 are both disposed within the
bore 30 of thehe;emkeﬂtstﬁ@tsimvrshn\ﬁng |4nthefg@tmoldr46h3satfmvacd>mfm4r2oanof

conponents is calle ens-farm 10, .a_len Qi B e,
or & lens 1 stopagseeiaa& sigace 44, ahd s CHg3 1 RACREIAB . i R B VB
surface 44 of y e?ﬂén Srediwithih GE 168K QA é@sﬁhégofefwézﬁmaﬁaée 46 50
and the |nter| or ls’%ﬂ act&ggql%éfé tehe gasket 20 p\?hﬂfen t he nol ds 40, 50 a‘ri%14

di sposed wi t hiand tieingaiok strff@. 32 kifbe gaskeﬂOefo:mla(Mbsrennalylaalepmogw& in a
spaced-apart relationship within the bore 30 so that a volune is forned

~ therebet ween. WPE"‘WS?IHWE referred to as the cavity 31, preferably has
appropriate - 3 _ _

15 The rear mold 50 likeWis'e hasa forward surface 52,an opp_osed back surface
54 and a rim 56 .circumscribinglit ' The rim 56 is sized to be compiementarily received -
within at least a portion of the bore 30 so that the rim 56 and the interior surface 32 of-
| .the gasket 20 also form a substantially leak-proof seal therebetween Since the .
preferred embodiment of the gasket 20 is circular in cross-section as shown in Fig. 9,
20 fhe molds 40, 50 preferably are also circular and have 2 diameter. When the front mold
| 40 and the rear mol& 50 are both'di'sposed within the bore 30 of the gasket 20 as shown
- in Figs. 2 and 3, the combination of components is called a lens-formmg assembly 10,2

lens-forming structure or a lens eastmg cell

25 o A volume is formed defined by the back surface 44 of the front mold 40, the
| forward surface 52 of the rear mold 50 and the interior surface 32 of the gasket 20 when
‘the molds 40, 50 are disposed v_vi_thin .the. gasket 20. That is, the molds 40, 50 are placed
ina spaced-apart relationship within the bore 30 so that a volume is formed

therebetween. This vo.lume.,- i‘eferred to as the cavity 31, preferably has appropriate



WD 98/ 36868 D PR HSABROR11L
- 14- di meEnsWENe8/3686% or m a desired | ens when a | ens-forning flllgj\(;'cfcle S 24
injected into the cavity 31 and cured therein. The cavity 31 is al so shown

in phantomin Fig. 4. The lens-formng fluig,is preferably a nononer. The
preferred nononmer is 5 manufactured byP.P. G |ocated at Monroeville,
Ceorgia, and sold under the tradenane CR 424. As one skilled in the art.
will appreciate, other lens-formng fluids knowmn in the art can be used

with the present invention. The present inyentdon also,includ \ f-of
i nj ecting the HEKBHERS M@B‘ntQ"FgSIi& 1%%?% . ‘TJ?'H%"‘E @%ngggﬁe:ﬁjﬁlggt % ans
| ncludes an | 0 Letd Aol ARAE. THOLA/Ry'3 186 WA il PhaiRing inpigan] bel ow. The
present inventTon al'so conprises a freans for. providing fluid comrunication

bet ween the outer surface 26 of the gasket 20 and the bore 30. The
preferred providing means includes .a vent needle, whi¢ch c nicates wth

0 |
the bore 30, thus aFhelmsdorming fuidispieierably aRoRne diepretertrd MOROmETiS y 31

and 15 outgside t out r ' AGEhLT 4, Nj ' P ehd R

and axi al ve’i‘?&ﬂ‘lékea%?“e[dﬁgé' %l%’?%ﬁgégg\%ﬁfﬁgﬁ#’o%&%%ldggﬁ 21 rear H%%?d' '
50 is axially grvupal easwreikillddis tharewdDappeedidte athérdensiformidpefluido knownim
desired one of a plurality of axial 'separation distances 20 between the

nmol ds. The vol themart candiefused with the)presesnt InveRiien. separati on di st ance and,
accordingly, the dinensions of the lens formed within the cavity. 31 are
~also different for each axial separation distance. As discussed in nore

detail below, the firhtpRGersliffdnfibn alsolimttuddsasheins foniajRblingthésponomnerdnfouhe
subsystem (or a controller such as a conputer or mcroprocessor), robotic

-arm and | i B@ar cavity Bt SFle meferred injectinganesans inchies an étieqtion needle, whichig| d 50
exactly at a predeterm ned sjtion | ative.to t.he fraont nold ' he
bore 30. Si nced’lsﬂéf's‘%é&ndﬂﬁﬁ ‘g’?f“t-%ﬁ’%diﬁg B’Eeé?ﬁrl%‘fep%lﬂ%?&?tm{?gﬁ?%na ég?#sr 8{'
devi ces havi ng, Mﬁ%gﬂﬁ QnEh@RERDN Yeliect iRt biitér Qirfac26 be e dakkét 20h@d the
pr esent inventfon produces i s inproved over prior art systens. WO
98/ 36868 bore 30. The preferred providing means includes a vent needle, whiglcepemeioatss 11

| with the bore 30, thus allowing fluid communication between air in the cavity 31 and

15 outside the outer surface 26 to facilitate injecting the monomer and axial movement of - -

the molds 40, 50.

The front mold 40 or the rear mold 50 is axially movable within the bore 30
relative to the other mold to a desired one of a plurality of axial separation distances
20 betw.een the molds. - The volume is differént for éach axial separation distance and,
accordingly, the dimensions of the lens formed within the cavit9:31 are also different
for each axial separation distance. ‘As discusséd in more detail below, the filling station
of the present invention uses a computer subsystem (61' a controller such as a computer
or microprocessor), robotic arm and linear actuators or servo motors to position the rear _
25 mold 50 exactly ata predetermined position relative to the front mold 40 in the bore 30.
Since the automation includes state-of-the-art motion control devices having exacting '
tolerances, the quality of the l_ehs that the present invention produces is improved over

pridr art systems.
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- 15 - Refegyd syhesés F1 9. 2, the bore 30 of the gasket 20 for mBCE/USHIEI1L

di ameter adjacent the first end 22 thereof that decreases along a portion
of the Iength of the bore 30. The first dianeter is of.a size to _
conpl enentarily receive the edge 46 of the-I¥ont nold 40. The bore 30 al so
forns a constant second di aneter adjacent the second end 24 of the 5 _
gasket 20 that extends along a portion of the length of the bore 30, in-
whi ch the second diameter is .of a size to conplenmentarily receive the.rim

56. of the rear nol dRERmidY lo/RARS, theore S0tf die Sdkepd0sformya fifst didnisterdmijaefD
between the first dianmeter and the second dianmeter. The transition section -
34 conpri ses atheifirsteent 23tthqreafthataiecreasrsclongn partion of thetlengih ofitherbase 30.ndhey
40 at a fixed, _known locatjion wthin,the bore 30. The . trapsSilki -St. S
formed in the fifst er é%?#%@ée optpleTRENtgRly| XEpeTsR) tedgﬁggf’t%gm%@d ? ﬁ'e
first diamet erT?ﬂQoﬁe'?@ a2 BRs & oMt Secohll Aidm QB adjateslt the skéond!end28!of the
received along the interior surface 32 of the gasket 20 until it engages
the step 3650f gisker 20 thasdxtémis akmgta portiGa of the pength ofithetbord 30, timwhich the serond 4
of the front mold 40 _adjacent the edge .46 is.15 sha gd to"corTrBI ntarily.
engage t he tr adigmetesps el §izolR @ml@n?rmwe%wbams of thegsar. seal
therewith. That is, the transition section 34 has an angul ar geonetry and
the front nold 40 has a correspondi ng angul ar edge 46 that conplenentarily
mates with a portiop tensitiod seétivisi4 éxdsts sithin thie bdde 3@bétoveen thefirst diminetehand
substantially prevents | eakage of the nonomer di sposed i.n the cavity 31:

The angl e of ~t the seeandgdiamnetsr. sEha fransitinn segiomid Q@nplaswaamw&rfwﬁerﬁ@%é’%o-

the interi surf 3.1 _ _ fr ' i ak :
bngl e o1 enPar oGt fsn piod 47 LY pREHiEEWRIodRbE oifict e bofO0. T frhdbition
‘section 34 andgkb 86 eiRmeS irdthe ifteribr SuitfaceBl of ¢ gasketaDtae thedtmaotedeyofiiae first

other mating shapes so that a | eak-proof seal exists therebetween, 25
In this enbodi diantetertahd thesseconbiigmster The fiont mpldAdisislidably sregived alangdhe 5

~portion of the, bore 30.fo cengnt At the desir: et -
di stance from _’c’ﬁ?‘q’rrsB’F%c%:iﬁ %&6 ga%f %@ufl%l 1§?1§%§8{]§g isfeé 3? i %@%@@%&?‘% sgtion

transition secgjoR mftiorB6EMEBEcK Sife al oF ROt nidle 40radfueait thowdgeidéas i s

designed to be used with automati on technology, the second dianeter, is

constant alléngshaped tmcemplemestarilyengage thsftranhidion seation34etfoRme A stpsantially leak-
Ej[ :2; élr ng 3»? hgfq%gta%a? ﬂ}ﬂ%%w@gd?éa ex_sﬁl_‘laec t?fglﬂjsit?orﬁdsegéonoﬁ L&eangﬁ%hfa} gg&'netgl1 fnd the
- front mold 40 has a corresponding angular edge 46 that complementarily mates witha

- portion of the transition sectioh'34 to form a seal which substantially prevents leakage ~
6f the monomer disposed in the cavity 31.- The angle of the transition section 34 can be
20 aright angle. relative to the interilbr surface 32 to a twenty degree or more offset from
the nght angle orientation, preferably at a ten degree offset. The transition section 34
and the edge 46 of the front mold 40 can ali:éf;aﬁvely have other mating shapés so that
a leak-proof seal exists thei'ebetween. |

25 In this embodiment,.the rear fnold 50 .is axiélly rﬁ_ovable along at least a portion .
of the bore 30 for placemeiit at the desired axial separation distance from the front mold -
.40, WMch is stationarily disposed in the transition section 34. Because the gasket 20 of
| the present invention is designed to be used with automation technology, the second
diameter is constant along the interior surface 32 of the bore 30 between the transition

30 section 34 and the second end 24 of the gasket 20. The di_ameter-bf the rear mold 50 is
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- 16- substaﬁﬂ?%QQQWQ:he sane as-the second di aneter so that the rear nol'd 50
can be i.nserted into the bore 30 and axially slid therealong to the desired
- axi al separation distance fromthe front n lkd 40. As -di-scussed above, when
the front nold 40 and rear nold 50 are both di sposed within the bore 30 of
t he gasket 20, the cavity 31 defined by the molds 5 40, 50 and the
interior surface 32 of the gasket 20 can hold a fluid, such as the liquid

TODOMET 0 b e o A W DA TRL Rl B 59 e e,
remai n const agg tof thO Bore!¥® dnid'akiall ?%ﬁd@ierédl&am&h@aemwaﬂm débardtivnatislaedrdrhien

abruptly expand to form an axially-extending gap adjacent the transition
section. The ghefrost mblda401|ms3dus¢msedabo&qmph®rthentﬁant mpld 4G andzeat moldhareof
the front nold therein., This.,e | oc front, nol |nto
posi tion adj a&%‘hs efl pathin g’fiz? %(EEF'&)‘FI %ﬁ?é’ltge er"%%g Xt‘h’nﬂf’
axially insert L Bt 78 AR ibid £Luildn g4 dbe'
stationarily ﬁgsggltf‘ gﬁﬂg eBB{érgﬁatcaP%gg 1? ééjzacent t he tPa%&s?P?Fon lfgtlon
Anot her enbOdlm[dmeir]‘withmtﬂezGMg]t i nvention shown in Fig. 3 conprises a
gasket 20 without a transition section or a step. Instead, the first

di aneter and the second diameter are. the sanme so that the bore 30 has a
const ant di aneter L - I ' |y
posi tioni ng of thear%'cez‘an‘jrJdril a{lﬁrégg%leiggs%ggét {r#sglt{aﬁglﬁﬁggc‘lftlfggr?% Cﬁ%IE&%hM’qﬁp

enbodi nent, t Fgsf digibtefof mewrm&amimnsm fiorh Cheafisst emi/aibnhy gisket inooingd
within this strai ght-wal | ed gasket. As one skilled in_the arf wl|

appr eci at e]0 oriewassl apddhen &Mshe@@n@t%@mmaﬂmmm gﬂi’eaddﬁq%‘rthﬁml dis
d |1y i thi b
e et bR bR 8 B P B ARl RS E Mg of

ei ther sinult atﬁ@ﬁ*éﬁi mommaﬁenﬂlmeemaémmeﬁeﬁmuaﬂy ke @16 ﬁomﬁdsldciﬁd@q;rosm’she
preferred enbodi nent of the gasket 20 al so has key notch 28 adjacent its

second end 24 adaacemtstm cranwaozgwn@m Phatiis; VMﬁbQ:ffpyt mpldgs agially insgrteq inta the

f -h t d
gasket Cenbod o4t sERLEL « B bOR e B R R %ﬁ%@%ﬁ%&@gﬁet
i's that a psrelddjsRemithé trﬁﬁmﬁ&?ﬁct;ﬂ&l' d

Another embodiment of the present invention shown .in Fig. 3 comprises a
~ gasket 20 without a transition section or a step. Instead, the first diameter and the
second diameter are the same so that the bore 30 has a constant di_ametef along its entire
20 length. Thus, similar to the slidably pbsitioﬁing of the rear mold 50 in the transition
section gasket embodiment, the front mold 40 and/or rear mold 50 are movably
positioned-within this stralght-walled gasket. As one skilled in the art will apprecxate,
one mold can remain at a set position while the other mold is moved axially within the
bore 30, similar to the transition section émbodiment. Alternatively, both molds 40, 50 -
25 .canbe independéntly moved, either Sirnultaneously or at different times, relative to each
other. The preferred emBodimeﬁt of the gaSket 20 alsohasa kéy notch 28 adjacent its

second end 24 to ensure the gasket 20 is correctly aligned in the lens forming process..

In comparing the transition section and straight-walled gasket embodiments, the

30 disadvantage of the transition section gasket is that a small amouﬁt of the liquid



WO 98/ 36868 WO 98/36868 | | | o E@H/ﬂﬁ@lﬂéﬂi&lll
17 nmononer’ can seep into and spread bet ween t he tranS|t|on section 34 and

the frort nold 40, although not substéantially |eaking past the front nold
40. Thus, the cured | ens-when renoved fromthe gasket 20 may not:  be "cl ean”
along its outer periphery and thus requires post-cure machining to renove
the lens material that |eaked into the 5 juncture of the front nold 40 and
the transition section 34. Al so, sone -nononmer may be left in the bore 30

adj acent the tH3nsmbrd & 26 iﬂt&mﬁﬂprea&wwemh tHAfsifibe 38dn 30Gnb SRORBEL mold
‘bef ore the gasket 20 can be reuse Thus, additional tine and expense may -

be requi red 't odd, elthelghmttsubﬂmuallyﬁe&mgpashthgefsmemmd'rhmthmedjse of
machi ni ng the cured,l ens eanj ng. .t he 0 gnd fr.ont nold 40

R g et fg?re?l a&kﬂg’@wﬁ ¢ i) glpgg e gputeipeeiphery

I'if f th

ife, of the gﬁg@f, izﬂ gggasfe ute'r gfb&ﬁ%%ﬁﬂﬂﬁhﬂ?&%ﬂ&bﬁé&ﬁﬁt@ e

shortened by t eon. The transition section gas

enbodi nent , 5 hguasare oﬁthefnonpineld 4(bambthe mnommwmeédﬁswkmhmmmdye :
front nold 40 is at, a known _pqosition and_the rear_npold 50 is axially noved

relative to tHegleftiindee bass 3P adiscen thmanfatsansgah%?wwls@mua&bwe@eéltaaﬁce
15 Alth h
oo mond! | DRnRVER B0 e 3058 60RP 8 o Ohadsfpal b B B Sy be

long term bec anegeirad totregsextd Fhavitidrodection gsélcemnbﬂdlmb@wacammhinﬁnghﬁ
front nold and gasket. Thus, the straight-walled enbodi nrent may have .a

| onger usef ul qmcbleneendéef@lmm@tb&@skﬂtﬂean@fnqmmgki%zfoamss Axzgtherof t he

kets 20, 0f th th I t
one. -and obf 1 ePgpd AP LK! BEgRp B or . BEfy ARG paBg s e
‘gasket 20 bet VeaiitidnSeOlidiE34 iy baeatiAfy B shorehad ¢ 1*; eT 'e"f%nné'dl‘ﬁle%aht's
38, 39 are in fluid communication with the bore specifically 25 the

cavity 31 for Bt toansitinorsectien gaskat meddamalmmwvet,h& siimpdertto me¢ ih axOgutoinated

gasket 20, Eacioi0y becaust 196 BP0t SRILACH oF  aws odlish pil R FerRoly e aelly

‘therein so t haholdiPre#i9€ 16 tat fiké positich to the desired axial separation distance. "
s i o , _

Although the alitomatieﬂ is more complicated for the sﬁ'aight-walled |
e'mbodi'ment,”u'sing this gasket may nevertheless be less expensive in the long term
because of the substantial reduction of cleaning costs to the front mold-end gasket. - =
Thus, the straight-walled embodiment may have a longer useful life. | |

| Referring again to both Figs. 2 and 3, each of the gaske;ce 20 of the present
‘invention preferably further compnses atleast one and optimally two, ports 38, 39
formed in the body portlon of the gasket 20 between its outer surface 26 and interior
. surface 32. The ports 38, 39 are in fluid commumcatmn with the bore 30, specifically
25  the cavity 31 formed between the back surfa'ee 44 of the front mold 40, the forward
surface 52 of the rear mold 50 and the interior surface 32 of the gasket 20. Each port
38, 39 is adapted to receive a perti_on'of a needle therein so that the needle is m fluid
. communication with the cavity 31 without being inserted into the'bor.e_ 30 itself. The
injection needle is placed in fluid commun_icétion with 6ne port (the injeetion port 38)

30 and the vent needle is in fluid communication with the other port (the vent port 39).



comuni cation with the cavity 31 w thout being inserted into pheyu86¢31130

i tsel f. TheWM98&689%n needl e is placed in fluid communication Wth one port
(the . injection port 38) 30 and the vent needle is in fluid comunication
with the other port (the vent port 39). _,W0D 98/36868 . _

PCT/ US98/ 03111 -18- That is, one port 38 is used to add nononer into the
cavity 31 and the other port 39 is used to vent air within the cavity 31
when di spl aced by the incom ng nononer. The vent port 39 al so provides

fluid comnuni ogt on pet 4250, ks L e N, daskalo 42 AN 1 S RN Bbu'Bs
other to enter 8§6§6§9&g¥:§;ﬁ%ﬂﬁ%ﬁtﬁpw&h%pmeaBytﬁ@ihe&hﬂ@xa&dhemeon :

of the nolds Aﬁf _ t he” needl es penetrate the gasket 20 into a
respective porvenBpordd9ialsodprokidesdiuic normmunication hetweep antsidedhe gasken20 and the

| ongi tudi hal axis L of the gasket 20, as_opposed.to eeper angl e.
This smal | angiawitplpeplew afr daﬂpiagﬁ%hﬁxwli"ﬁ?qw %@rﬁ@%@?,ﬁbm@vg?&%ﬁ

m ni m zes the chances, t A ' : : e -
Tol ds. 40, 5. 6 Dgueya oxi BE VoS uebARHIERLNE RHIChRAT G R Biola)
.l ongi tudinal ay, 50L PeeTerablig thgakbkdies péhetrbiel the Basket 2ntpa ogspedtive porte3§H a9 irsa
38,39 are advantageous when the cavity 31 is relati veléﬁsmal e

I .g., t
back surface Adiresfion sebstansially peralielo thedlopgitydingl gxis I, of thg gaskst %r%%QHP*’f‘Hg%
52 of the 15 rear nold 50. .0 this. situatifg,. il ' o
neegl e iﬁto tr?é%%%g%@ Su Q%ﬂhgﬂéé’éﬁg&gﬁ&b&yf %ﬁ?ﬁ%@ﬂ?ﬁ@é@g@&*ﬁ@g of

the two nol ds rfxﬂmms UG AnsQNbAGhe GPEf theRREA chald contianmpafahemplisf4d; 50.0f
a nold or dirsplace one nold so that the lens is not the correct_dinmension

or | eakagel®ccdowevdrethetsteepersmgiesan be perpendicelar fo-the langitudingl axjs Lagd the

It is al'so contenplated sinply having a hole (not shown) through the.gasket
20.to vent thegaéﬂgt% ﬁ“ﬁf@“&gﬂﬁlﬂrwm hat is, .the cavity 31 communicates
directly with the outside air instead of through the port 39 and needl e.
Anot her - aspect of the gasket 20 of the present invention is the gasket

“material. 25 In thEhepeedf, 3§ apy advantagebus miwaitheeavitys 1de rglatiysiiesmall, e.g.,
characteristic_is that .th ke teri,al. is chem . call | bl ]
t he | ens-forni %?’P@Eﬁ‘ﬂchﬁiﬁ\%g% é?#?‘m?‘ﬁ f‘ﬁbs very ebsE1S e Hrofa TR 53 oHid!
: 15 rear mold 50. In this situation, inserting the tip of the needle into the bore 30 could
contact one or both of the surfaces 44, 52 of the two molds 40, 50. Such contact could

potentially damage one surface of a mold or displace one mold so that the lens is not thg

correct dimension or leakage occurs when the monomer is injected into the cavity. -

20 It is also contemplated s’imPly having a hole (not shown) through the gasket 20
to vent the air in the cavity. That is, the cavity 31 communicates directly with the

outside air instead of through the port 39 and needle.

Another aspect of the gasket 20 of the present invention is the gasket material.
25 In the presently preferred embodiment, a desirable characteristic is that the gasket
ﬁaterial is chemically compatible with the lens-forming fluid to avoid i‘nhibiting
polymerization of the ﬂﬁid.. The gasket material should not include free-radical
ihhibitdrs, such as “UV?” stabilizers and antioxidants. A UV stabilizet can leabh into
the monomer because the monomer acts almost like a solvent to draw such an additive

| 30 outofthe gaskét material and to mix locally into the monomer, causing the edges of the



pol.yneri zatw ﬁi §ie fluid. The gasket material shoul d not i rCira$9s/ 03111
free-radi cal Ibitors, such as "UV' stabilizers and antioxidants. A W
stabilizer can | each into the nonomer because the nonomer acts al nost 1ike
a solvent to draw such an additive 30 .out 0f94he gasket material and to m x
|l ocally into the nononer, causing the edges of the WO 98/ 36868 -
PCT/ US98/ 03111 19 lens remain slightly wet after curing. The wetness car be -
a probl’em because it potentially results in the nonomer adhering to the

gasket 20 and jepd AnaARsligHily witiagibr Guefiig mv@éte@seemwebmwemwmam |
‘increases operating expenseés. Accord| ngly a desired gasket is a polyneric -

el ast omer  conypuitertiallywesulits iptheaaonomene ginitbhgasket 2(hand molds 403 H0,iwhieh s

nononer durlng the cyrin ocess Sti.l | anot her.. as ect of,the
material it Hamites Qlenity SRR GPye Bt mcrpps %eemﬂge PR A S RERE fsired
bet ween 40 an%@fe uéa%pes Qs Ediericd ﬂ%%ﬂi %ﬁém@ﬁt\ﬂhbﬁ“mﬂﬁ%t -

- long-termsta Ities: | e present preferr o I ment, a suitable

gasket mmat e§i abhibit 1é6s mbhemenhirmgtthe curingypoceshaSti enmempmfm gask]aﬁ a
styrene-et hyl ene- propyl ene (butyl ene | ock copol yner, sold by Shell O
" Conpany[ err] - onategakis deat lﬁ*&@a@m’@ﬁéﬂ%‘ {‘)PBEWPIH 2 durrmetes byegm A0 @n@ HQ.

ol o™ e R AE L T Hhecl anphafttul ra%. A out 43 to

.62, a specific gravity of about 0.9g/cc; a tensile nodulus-at 300% 15

el ongation ranging fromabout 355 to 470, tensile strength at break of
_about 680 to 1000 antheameeﬂstmferedlembgdmmaamfeblemskqtmamalmnot her

Co e % 6 ABRR B S SRR Kk ATONCRL TNt EReR RS EE |
material. In f(eﬁfyleﬂelyeldéﬁebﬁ@simglametbyreﬁeﬁromboﬁ@anwwﬂdﬁe@nctresws osudhhe

speci fi ¢ mononmer “conmpound used to formthe lens. That is certain

gasket materi edubha;mdudewtbbmaokﬂunder thedradgmames WNAEEED@@ZHQMWM uimﬂ &m
different type o ket h “anot her n ri
cont enpl at ed ﬁ@f é"’g tb m’% r?’Bes[g\yEbbege ﬁ?v&?hﬁlo ?M&%e%s
acetate, or a fHhxlpoht A:ht%rszoﬁ ebific Padiy afaudﬁve@tgydana @nSife ROAHKRE ab300%
i ncl udes a neans-for sealing the gasket
15 - elongation ranging from about 355 to 470 tensile strength at break of about 680 to
1000 psi, and a tear strength of about 113 to 127. Another contemplated gasket
R - material includes a PVC fonnulatlon The gasket matenal of the present invention,
however, is not limited toa single matenal In fact, the desired gasket material can very
depending on the specific monomer compound used to_form the lens. Thatis. a eertam
20 gasket material may be preferred with a particular lens-forming fluid and different type
of gaeket mat_erial with another lens material. Other contemplated materials include

elastomeric PVC, silicon, ethylene_i_rinyl acetate, or a mixture thereof.

The present invention also preferably includes a means for sealing the gasket 20 |
25  after the vent needle 232 or mjectlon needle 252 has been removed from the gasket 20.
~ Preferably, the sealing means comprises the gasket 20 being formed of PVC, silicon,
| KRATON®G, ethylene vinyl acetate or a mixture thereof. That is, the gasket material is
' self-sealing so that the compound prevents leakage after the needles have been

removed.
30



. 25 after the vent needle 232 or injection needle 252 has beg;l.lzr ' ;ﬁlfrom
t he gasket WO.9886%Ber abl y, the seal i ng nmeans conprises the gas é(?@% ei ng

formed of PVC, silicon, KRATONJerr]G ethylene vinyl acetate or a mxture

thereof. That is, the gasket material is sghf-sealing so that the conpound .

prevents | eakage after the needl es have be€nh renoved. 30 WO 98/ 36868

PCT/ US98/ 03111 -20- Other sealing nmeans contenpl ated include, for exanpl e,

t he needl e hol e being physically plugged when the needle is renoved.

gasket o prevent  (URESGRTEERS pRERBUFLAGH ST B r 0O BRiegt Fils poineC”
undesirable b Wit dhd "Q‘Ir'é(l.ﬁé' NA A fivelyD BelseRMhghedns dali©
‘needl e ext endgﬁgﬁéﬁpq%?é%éﬁe gag%éeﬂti&gglan p*égc?slm ng | iyﬁi teat i ongs)&lwi th
constant Ly repbmpiisiheheedle edhainiag i the daskdtitoprevenitleakage &f thie ifluadhthetefrom,
enbodi ment of the . sealing neans is curing th noner that |leaksg into the

needl e hol e bput thisenabediment is ypdesirable beeayise HgthF dlng JiArstions; "4 PoHIgR O

exit hold qf th dle t LF gt an@ t ead
o1 the  nonaneiod apsafirihaltgr 82 ertE2p s e oS Sl bt Kty ©°
heat appl i ed t&,14difg fhasieadle 30thelfilkiag statioh. aStilbamahdreaibpdivnait of tie sesling e

hole. Referring again to Fig. 4, an alternative enbodi nent of the mplds is
shown. The fr arsansiisiauring thewsonomenthat leaksiinteghgneedie kalaby.foperagnie. "éﬂgl’-‘: 46

-adj acent the back,surface 44. The: ular,rin 0 _incr.e . r in the
cavity 31 adj SKRf0E W@?‘PBP%?? ""ocegtsr}g? Rt pold pt e’f“%ee ertgg'?@?rlg#gﬁg% &ﬁ%thués} '
al 1 ow ng bett %ﬁriﬁ%meaé.qﬁétééarbMé Roh&feriarthénadle Rde solidifyiny dsithe téalingf a
needle if the needle is inserted substantially perpendicular to the

| ongi t udi Ngl audass,lheaffépplied sathe igaskeb 20 iself eant Hisrmabiveky sealdhe negdis hale r enpved
during processing after curing is conpleted. As one skilled in the art wll
appreci ate, an annular ring can alternatively or additionally be included

ot Eﬁs f o var ﬂl SUr "i0Ering aghin30 Figh BPar ARImATNebnitddinléft oM EREEEANBBRBARATUS
- - " The front mold 40 has an annular ring 60 circumscribing the edge 46 adjacent the back
surface 44. The annular ring 60 increases the area in the cavity 31 adjac'ent the forward
15 surface 52 of the rear moid 50, thus allowing better communication with the ports 38,
39 or with the tip of a needle if the needle is inserted substantially perpendicular to the
longitudinal axis L. The resulﬁhg bulge in the formed lens will be removed during -
processing after 'cﬁriﬁg is completed. . As one skilled in the art will appreciate, an.
. annular ring can altemaﬁvely or additionally be included on the forward surface 52 of

20 the rear mold 50.

THE METHOD AND APPARATUS OF LENS CASTING
As an overview, the lens-fohning assembly 10 is first processed at an assembly

station 110 and then at a filling station 200, which are shown generally in Fig. 5 and -

- 25 collectively referenced as 100. A frarhg 104 supports the stations 110, 200. In the

| preferred embodiment, the molds 40, 50 are rotationally aligned relative to each other
and placed within the bore 30 of the gésket 20 at the assembly station 110. At the
filling stétion 200, the molds 40, 50 are axially moved within the bore 30 to be spaced
apart from each other the desired axial separation distance (e.g., the appropriate

| 30 separation to prodaée-a lens of a désired thickness). The lenséforming_ﬂuid is also



As- an- over.Vigeyog/sdags | ens-form ng assenbly 10 is first processedTRissoslll
assenbly station 110 and then at a filling station 200, .which are shown
generalI'y in Fig. 5 and 25 «collectively referenced as 100. A frane 104
supports the stations 110, 200. In the pref2tred enbodi nent, the nolds 40,
50 are rotationally aligned relative to each other and placed within the
bore 30 of the gasket 20 at the assenmbly station 110. At the filling
station 200, the nolds 40, 50. are axially noved within the bore 30 to _be
spaced apart fmnpareioatlih@fillipg station 206 inite dhedvidy 316Bahed bétieth BeaWoinbRls 40,

t he-appropriate- 30 separation to produce a | ens of a desired thickness).
The | ens-f ormi $Qaid tiedores3®| The methodof gie3gesnt invention is discussed based on using
PCT/ US98/ 03111 -21- ..njected at, the filJling stati 00 into t cavity 31
formed bet weenthf ﬁ'@‘n’?’\%l‘ feften g&sfett' S’é‘bﬁﬂ’@eﬂt&s l?BP%“g&’ %hqga}@ﬁ%agl%gfgqm

present invention is discussed based on using the transition section gasket -

enbodi ment, as opposed to the straight-walled gasket. 5 .= A The
Assenbly Station Referri The Assentbdy Siatisn 5- 8, the assenbly station 110

conprises a neans for _supporting, the gasket so .that the nolds 40, 50 are
insertabl e into t heRpfrangnow g, gési%@?;ﬁs Y station 10 comprisesaymenns forn ce

~positioning co H Ltl QR 5<bq! -2 A _
nol d/ gasket poﬂpﬁﬁgﬁrﬂgﬁgég%teﬁﬁ%?@h (g&éc?(gnp p%)gl%s %ig)lﬁ?n; (E:%?t?oer?s’?OThESO,
The col l'ets argsambR KtibnoN 03préfetibly Bas2hiweipobitishingbllats 0 adrontimotd pdsitiodin

drive cylinder 116, such as a pneumatic or an electric cylinder, noves t e

sl i ding pl ate collet 32Qmgearmoldigasket positipaingeoletl A0 ard & glapwpasitioningeplieh

ebly POt an. o the | oading nositlon. Wi oh is "t he
e e of e L4 TR ArEER R A8 g2 R B AR LS e’
the assenbly p&indePIN6; 30 as dpricuthatié or b elebiridcyliddet, mSvddthe Wlidihp PlAtO§12

‘periphery of tHe hood 102._ The hood 102, which is preferably forned of
gl ass or see- tdlongthe rpilsit14 betwaen s loading pesitionand an@ssembly positien.f In the depding

station 200 and. a.robqti,c. afm 16 lich j.s discu d hel o t.o,ensure that
the oper ator | Bogids Stbtis AhE R PP siding pleES TEE B fisne puSieB g T,
hood t102 :CS al 5QipheRFof PhocPl(2landCRAL SRERbIPRIticH¥HOWASH Fik. ¥, Helatet1Ng is
operator from . _ .

P : 15  within the periphery of the hood 102. S - : :

- The hood 102, which is preferabl_y formed of glass or se_e;t_hrough plastic, acts as |
a barrier and covers the filling station 200 and a robotic arm 160 (which is discﬁssed_
below) to eﬁsure that the operator is protected frdm interfering with.thé components.
20  The hood 102 is also used for safety considerations, sﬁch as to.prqltect the operator from

. being inadvertently contacted by the robotic arm.

In the preferred embodiment, the front molds 40 are stored at one Storage station
* (not shown) located near the assembly station 110. The gaskets 20 are stored at another
‘25 location, which is also pbéitioned near the assembly station 110, or at the Sam_e storage
station as the front molds 40.' The gaskets 20 preferably each have one rear mold 50
disposed in their respective bb_res_ 3 0_. As discussed in more detail below, the rear molds
50 are preferably placed in the bore 30 of é, res;iective_gaské’t 20 after completion of the |
curing process and after the cured lens is separ'aited from the two inolds 40, 50. As one

30 - skilled in the art will appreciate, the gasket 20 and molds 40, 50 can be stored in '-



,be| ng i.nadvertently contacted by the robotic arm In the pref
-~ enbodi nent:, %/?nt ‘ol ds 40 are stored at one storage statl:j‘(?)'fnl6 nstljotsl"
shown) Iocat ed near the assenbly station 110. The gaskets. .20 are stored at
another 25 | ocation, which is also posMui?ed near the assenbly station
110, or at the sane storage. station as the Tront nolds 40. The gaskets 20
preferably each have one rear nold 50 disposed in their respective bores
30. ‘As discussed in nore -detail beI ow, the rear nolds 50 are preferably

placed in the pore 30 aof. a.respective .qa r | etj on of -

curing process‘g&mn%ﬁ‘t"e INZHADS 480 °|n@z9l§ ié%i’eaﬁa %%?‘f%‘ﬁ? INPHE ds 40,
| 23 s one 80 coidtiohte, the fobmBld 40 isgosBP I 6 galit 20 Bifd SR NA'mAld SV WordR! ds
PCT/ US98/ 031135epa?&2te1y, d;rbbthrmoltis 40,0 dispiosedand storgd withine therborks 3@ 6f ﬂﬁ(gaakatl _
gaskets 20 all stored as separate components, the front nold 40 disposed in
t he gasket 20 28nd the rear mold 50 stored separately; or both nolds 40, 50

di sposed and stored within the bore 30 of the gasket 20. 5 To start the
process inthe preferred enbodi nent, the operator enters the parameters of

the lens to be forrrmistﬁﬁtmaprot:éseupmewfeﬁédanbodtﬁiendtﬁegopeehiomas)me nto the-
conput er subsystem (not shown) such as a keyboard. The conputer

subsyst em alh s paravasterses the lenwiorbe gun@@tgarfhap@swpmndn@lnémg@dd mWe@dﬁM%r
T
Componen s | n ERUSesPRr poh iRl BEf be B2 € kpReRl e rfb P gso

preferably a lﬁ&tfdéﬁ@ﬁ@ﬁﬁfy%&&naﬂﬂﬁﬁﬂdtdimtdﬁﬁ@om ufdr £ TR RSFem
determ nes the appropriate front and rear nolds 40, 50 to be used to form

" the desireld | en&nauﬁnbttshewabmdttepowenﬁmmompnnw inghepreders imventignpwch -
I ndi cating the orrect Q_use. d 40 is usually spheri cal
and the rear %ngtge%%ﬁgsi%ltsggefeﬁtﬁy m&cjﬂa@oalersqtgeec or

cylindrical. The front nold 40 can al so-be adapted to form bifocals or
trifocals for the add power. |In one enbodi nent of the present invention,
th e conputer su bsy sAkgoritlinsgpuised én a computer program determines the appropriate front and

rear molds 40, 50 to be used to form the desired lens and the computer subsystem then -
15 provides an output indicating the correct molds to _use.. The front mold 40 is usually .
- spherical and the rear mold 50 is sph‘eﬁcal or astigmatic, e.g., toric or cylindrical. The
front mold 40 can also be adapted.to_ fonﬁ bifocals or trifocals for the add power.

In one embodiment of the present invention, the computer subsystem displays -

. 20 onits momtor the output indicating the appropriate molds to use. Another embodiment
additionally illuminates _a light (not shown) at the storage stations above the specific
location where the appropriate molds are stored. The indicating lights assist the

- operator in locating the appropriéte molds to reduce the chance of the operator
inadvertently picking an incorrect mold to make the lens. |
25 |
| One means for transfernng the components of the lens-formmg structure 10to -
| the sliding plate 112 of the assembly station 110 i is the operator physically moving the .
components. The present mven_tl_on can also use an automated means (not shown) for. -
moving the components of the lens-forming structure 10 to the plate 112 of the

30 assembly station 110. In the atitometed system, the computer subsystem directs an



-

on its t he out put i ndi catl ng the appro rlate rml dch/usmnl
Anot her er‘rba'@ryﬁbg 68addl tionally illum nates a FPghlto (not shown) at the
storage-stations above the specific location where the appropriate nolds
are stored. The indicating |ights assist tR8-operator in |locating the
appropriate nolds to .reduce the chance of the operator inadvertently

pi cking an incorrect nold to make the Il ens. 25 One neans for transferring
t he conponents of the lens-faormng structure 10 to the sliding plate |12 of
the assenbly éfe@ﬁbﬁ@aliyl%du%llkﬂﬁnﬁl?ﬁ‘dt%h%ﬂbyﬁrﬁﬁ!r e AppYopiiatd ﬁh@ld‘s s0@nd s.
The present invention can al so use an autonmated neans (not shown) for

novi ng t he coopegaskes2®fo tha platehk2 éfitherassymbly statmm £10.00nee thamaldn4@ S0mmdof -

;Egssgt e?nsfj?rmg)l@q fé&%xl'eotpqnéémggl AL ﬁ%ntg ‘i%shges a?onnép g?ar.lls114to
30, 50 and_onbiegaRERly % B R ncihe éffﬂﬁtﬁ%%??sﬁ‘é%@ﬂ@f%??ﬁﬁél?ﬁ "once

the nol ds 40, 50 and gasket 20 are transferred to the plate 112, then t he

plate 112 slides along the rails 114 to_ the assenbly p03|t|on Wlthl n the
~ periphery of the habegﬁmrzm%mqlmn&a@l%dgpﬁf&w assembly statignd 1ihpgan

|
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shown), and the’like. The front nold posjtioni can have a
| i ght (not shtherljke dherfiorsateld pgsmomag callqbtrl&etcan@ame ] bghﬁ @pbﬂ:wna to indicate

[l et 4
ol o1 s pdd ¢ B8RO M isditosed G ek HHER S ATBRERER B e ftbless frold O
spheri cal frOeﬁnﬁfﬁhﬁ’g&%11@9&1tqﬂé1dw€%ﬁmnear¢nltﬁeaalaheo. 'pl acing it on the

front nol.d positioning collet 120 wever, orientation is 15 inportant
‘for a front nold adapted to _form an add power -lens or an asynmmetrical nold.

The rotational orien_tati_on of a spherical front mold 40 does not present an issue
when placing it on the frbnt mold positioning collet 120. Howevcr, orientation is |
15 important for a front mold adapted to form an add power lens or an asymmetrical mold.
In the preferred embodiment, the front mold positioning'l'collet 120 is marked witha -
series of parallel marking lines (not shown). The operator ahgns the line forming the
top portion of the flat top so that it is aligned with or parallel to the marking lines.
-Thus, a front mold having add pow_er can be placed at one of two positions, which are
20 offset 180° from each other and both parallel to the marking lines. For progressive add
power front molds in which no discernable markings exist on the front mold or
asymmetrical front molds, the mold can be etched or scribed with a line to use for
alignment. An electronic eye (not shown) or the like can be used to verify proper
. positioning' before allowing the process to continue. Alternatively, the automated
25 embodiment using an imaging systein can propetly orient the front mold on the front

~mold positioning collet 120.

- One reason for pr.bperly orienting the add power is so that its flat top portion is
- oriented vertically during filling the cavity 31 with the lens-forming fluid to prevent air |
30 bubbles from being trapped. Bubbles are more likély to remain in the cavity 31 if, for |



In the preferred enbodinent, the front nold positioning coll 2&hql :
mar ked wi thWQ 886888s of parallel marking lines (not shown). %}%ﬁg%grog!t%r
aligns the line formng the top portion-of the flat top so that it is -
aligned with or parallel to the marking lipgs. Thus, a front nold having

- add power can be placed at one of two positions, which are 20 offset
180[err] from each other and both parallel to the marking lines. For
progressive add power front nolds in which no discernable markings exist on

‘the front nold or asymmetrical front. mold h .d ¢

o beq i 1 SxRmp(E: 15 et korr i hotif it te ot FRlifle gﬁg@niﬁ Fif gﬁ%‘?ﬂ‘i"m&r -
the like can HiGn¥IRI40DE JRERE padRivinkd SdlatRe tbﬁﬁ%t%ﬂéﬁmolm to
process to coﬁtﬁiﬂoAﬁernativﬂgl Y, tphe- automat ed 25 enbodi ment using-an

i magi ng syst ergns@s tht dpeaddyposver ésvortebidy driented ow ke formedhlens.r ont -nol d
positioning collet 120. One reason for properly orienting the add power is
so that its flat top portion is oriented vertically during filling the
cavity 31 with the - G fi L ; ' alstPha l#}&]aﬁ $f £nd1&d N9
trapped. Bubbl es ar’th%%?rg%?%gﬁ?ﬁé:ghgg%tEQIGX)E{T%%@%%I tySB |f,§%‘or WO
98/-36868 124 or recessed vents that direct ionized air from an ionized air supplgThoiSBBWOE111
-24- exanple, the flat top is horizon d durinpg fillin

| ' .

Adfli tional |y, towaidsthe bpek susfece Maf@ﬁ%%Maﬁﬁg 191754 i psunes @ﬂgé‘gﬁt@r‘%ned _
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col et 120 prefekétD0ywhlchdchias asidibbusked bdlywof air hol es 124 or recessed

vents that direct ionized air froman ionized air supply (not shown) toward
the back slfface 44 of the front nold 40. The ionized air ensures that dust

~and other inpuriti are_ reppved bef.ore the.f.rant ool i i ' :
- the bore 30 of ;hgestf‘%ﬁ?ﬁ mgg?gﬁﬁqtgﬂs1§g@&%§832t 1§:ash@g§§g§é8%+p}v?/w I%P%]ée&ﬁ’%gr
- ol d/ gasket pqgighhstit the s6QIdRhd 23Qf HRSzask 20MRéresn| MAAEK islthperkBaf thd gpslet200
support the second end 24 of the gasket 20 thereon, which i's the end of the

gasket 20 cl osdetest o théwear meld Fbiispwed sithimthedon 3G As Pt the frentmolddl, he 1

~the front mol dop%?aito}, pn('a alternatively an automated system, places the gasket 20 with the rear mold

15 50 therein on the collet 130. Other means (not shown) for suppdrting the gasket 20 and

rear mold 50 include separate collets for each component, vacuum collets, grippers, or

the like.

As discussed above, the .rear mold 50 is preferably placed into the bore 30 of the
20 gasket 20 before placing the rear mold 50 at the storage station. It is important to have
the rear mold 50 at a predetermined orientation within the bore 30 of the gasket 20.
The front and rear molds 40, 50 do not initially need to be in a correct relativé_
orientation to each other, but instead at known positions from which one mold can later
be rotated to align correctly with the othef mold.
s _ | B ) .
| The fotational position of the gasket 20 when placed at the assembly station 110
is important so that the rear mold 50 will be at a known rotational orientation on the
rear mold/gasket positioning collet 130. Also, the position of the gasket 20 is important
"because it may have ports 38,- 39 formed therein into which the inj ectiop needle and

30 ‘vent needle are inserted. Accofdingly, as shown in Figs. 2 and 3, the preferred



oper at or, ".oky@bdssgsesit i vel y an automated system places the gaPealuspeoditih
the rear nold 15 50 therein on the collet 130. Qher neans (not shown) for’
supporti'ng the gasket 20 and rear nold 50 include separate collets for each
conponent, vacuumcollets, grippers, or the23+ke. As di scussed above, the
rear nmold 50 is preferably placed into the bore 30 of the 20 gasket 20
before placing the rear nold 50 at the storage station. It.is inportant to
have the rear nold 50 at a predeterm ned orientation within the bore 30 of
the gasket 20.enfbedifneanéf the gasker20 hasl diceydibiclbIB adjacent its sicond khd 24eedthien be
ina correct relative orientation to each other, but instead at known

posi ti ons fronmedrisdh eosuse ths gasket20)iscarrectly aligned enjthesuppartiip 432+ bxens, wit h

ihe sscenbly. mbodimen e kephSen AR BEHs Pkt PRSI HielBE B BE0C 0,
known rotati onglerRick @idank (17 sRéwh) Blodkldhe 18Rk & K flocBRTrdm eohtihisg | Féx '

130. Also, the position of the gasket 20 is inportant because it may have

ports 38, 39 fexampde,tthesliding plateol Wb witlnat meovierfran thedoadpesitien torilie 3gsembint
Do 05 sabes | poston uatl 1 ntaibek medRs R 8o by thé Gaske 266l piopersRpBionsd
.-25 - enbodi ne f ' : 0 ; ' tonl $6%

end 24 or ot he&%gﬁgﬂﬁgﬁgggﬂgﬁgggﬁgﬁﬂgg @géﬁlgﬁﬁgﬁglﬁ%tﬁ% on '? ﬁg'
support |i p 13@sudl indicatictyyinedi asevarning lightw theyssemblytst2idndfl Otdre messhgs oPthei s
not properly aligned, then an interlock neans (not shown) bl ocks the |ens
formng procesmonitenRfibe FORDRALSUbAYHE®. exanpl e, the sliding plate 112 will
not nove fromthe | oad position to the assenbly position until the _
interlock heans is satisfied by the gasket 20 being properly positioned on-
t'he rear nol d/ gaskefTheassembbitaibncl0l atdo dodbbristh & meahefor udertingpthe froannmid40
provide a visual indication, such as war nin%%Ql I ght at the assenbly station

110 or a messaigto e bore30phibe gaskst Z:Qsﬁﬁhiéb rablyds d spyahlgarmg Other

contemplated embodiments of the front mold inserting means (not shbwn) include the

operator manually moving. and inserting the front mold 40 and use of slides,

15 pneumatics, linear motors, gantry robots, and the like. |

The movable arm used in the prefen'ed embodimerit_ picks up the front mold 40
~ disposed on the front mold positioning collet 120 and axially pushes the front mold 40

into the bore 30 of the gasket 20 through its first end 22 until the back surface 54 of the

20 front mold 40 contacts the insert step 36 of the transition section 34. As discussed
-above in the gasket descriptidn, the transitioﬁ sectidn 34is ﬁsed for positioning the
front mold 40 at a fixed, known location and forms a substantially leak-proof seal
between the froﬁt mold 40 _and the step 36. Once the front mold 40 is properly
positioned within the bore 30 of the gaSkét 20, the movable arm disengages from the

25 inserted mold and is moved to an _oﬁt-of-the—way posiﬁon or, alternatively, remains

~ engaged to the front mbld 40 to support the gasket 20 on the rear mold/ gasket

positioning collet 130. E '

In the preferred emboditﬁent, the movable arm is a robotic arm 160 shown in

30 Figs. 5 and 10 Kiving a pneumatic gripper 162 that deté,chably engages.the forward



"The assenbly station 110 al so conprises a nmeans for inserting ' '
nol d 40 i nt &?ﬁ?—@“ﬁﬁ?e 30 of the gasket 20, which preferably i g&gﬁﬁé@g‘gfle
~arm O her contenpl ated enbodi nents of the front nold inserting nmeans (not
shown). include the operator nmanually novi r_l%qnd inserting the front 'nold 40
and use of slides, 15 pneumatics, linear Mtors, gantry robots, and the

| i ke. The novable armused in the preferred enbodinent picks up the front
mol d 40 di sposed on the front nold positioning collet 120 and axially

hes the front, no|d 40 i.nto the, bore 30 qf the ket 20_through it
PS0ES e 20 itnge 42t e aphCmpliian LS exhmplh of B SpStraror b sotaumtisdY

~the insert. st ﬁoai%wifrﬂmémsmm? Eie@&oﬁ%%ﬁ&é&&@#gd%}g%i ‘%wmewm A the

gasket description, e transition section _ positioning the
front nol d 40 Thie camiputee subsystemditeotsaind @ontzold operation of thehebgtittaral 160. The
| eak- proof seal between the fropnt, nold 40 and the step 36, Once the front

ol dbl40 is p (rj 5@@‘1%"{5‘0@0@%@8" quﬁntlh@rqﬁb?@nﬂ@e’bqha lﬁ&er@awg%thﬂm t he
Ut - of -t he-nayOFBURY SibeviBtH b Bafdl molah St diBdboRB 360V 0, |2 £

~nold 40 to support the gasket 20 on the rear nol d/ gasket positioning coll et
130. In the preferred enbodi nent, the novable armis a robotic arm 160

shown in 30 Figs. A bestshowmakigd Oathsrhodsnef the rgbetimarm 1@bistdisposetbwithinghe v

~engages forward. . \WD.98/.36 L L _
PCT Uso8) 0311 periphery Of I RE8A192,, A puider 64 compes g bosy ot fpPatis pre 60 to

- robotic arm 1§Q upperca@hyWhidhak tonmeRi byin@Ibdvw 1504d the Bbeiinl €67.] T SitdubificC

~under the tradename " Mbvenast er RV-M27" The conput er subsystem ditects and
control s dfer gripper k2 is henneotsdito theforeansd 67 piitherrobetid arml6fl at@Owristyl 681 Jhe

o tontr o T as RS s bl ek SRR gRe S b At FuRRT o' G gOREE: o
body of the r@hqlid vak#ieal fift bySm&exRD® 8Fih¢ishbilBer 152, BBHWAIEE! ¥ndhe Wit 1696f

102. A shoul der 164 connects the body of the robotic arm 160 to its upper
arm - whi ch i s tleorobet t & ovrisy taoh plake 1R, kgsteddetwrenfand canmacigizo thépnquoetioat i ¢
- gripper 162 and Wﬁst 168 of the robot, lﬁrovides full rotational movement for the
15 pneumatic gripper 162. The robotic arm 160 offers five degrees of freedom, not
including the hénd, and a large position memory and is drive_:n by DC servo motors (not

~ shown) and contains internally-routed pneumatic lines (not shown).

A contemplated embodiment of the i)resent invention_eﬁtéils the robotic arm
20 160 orienting the front mold 40t0a desired orientation when moving the front inold 40
" into the bore 3.0 of the gasket 20, regardless of its initial orientation when placed on the
front mold positioning collet 120. That is, the robotic arm 160 twists the front mold 40
as necessary to position it properly within the bore 30 at a predetermined orientation
relativé to the gasket 20. The f_ronf mold 40, however, would ﬂe'ed to be marked by a .
25 means detectable by the robotic arm 160 so that the robotic arm 160 has a reference
| point. ' '
The assembly station 110 also preferably includes-a meaﬁs for inserting the rear
: rhold 50 into the bore 30 of the gasket 20.. ‘The rear mold inserﬁhg means, whichisa -

30 part of the rear mold/gasket positioning collet 130, also preferably further comprises a B



10 gri pperwbasssssconnected to the forearm 167 of -t he roboti RCHPRSIBBIat a
wrist 168. The robotic arm'160 has a full range of notion due to hor.izontal
rotation at the pivot at the base and vertical lift by mnovenent of the .
shoul der 164, el bow 166, and the wrist 1682%f the robot. A wist tool plate
169, | ocated between and connected to the pneunatic gripper 162 and wi st
168 of .the robot, provides full rotational novenent for the 15 pneunatic
-gripper 162. The robotic arm-160 offers five degrees of freedom not -
i mcl udi ng t hemeamsifor semiovdng thegearmpmelidtSi0dronrtiobore 30 df ite ghsket@0. (Thubhe ecaro
notors (not shown) and contains internally-routed pne tic_lines (not
~shown). A cori@ %@&saﬁ&aap%bﬂtgaﬁeﬁﬁl&%ﬁ%@@h?q miR e %ﬁlhﬁlafr%nqwhe
robotic arm 2 ' L Okt t nmold 40 to a desired orientation
when novi ng t%gr#%@%?éhﬂ@ﬁ%%nﬁﬁf%&%ﬁg bore 30 of the gasket 20, regardless
of its initial orientation when placed on the front nold positioning collet

120. That is, the robotic arm 160 tw sts the front nold.40 as necessary to
position i§ proper The vgar mold inserting meagy preferablycomprisens mevable pistatal3bn

relative to th Kk 20.. . The front ol 0. ho , woul d need. t o.pbe :
mar ked by & ZAEpiRH deifEpa SFegt B poriil ot B oo SR S0ad ol BaskueReS Hhb o i ¢
arm 160 has asjEfetidvadRe Rat Mold S0HRoRMIBEBE30fthd SixkétlED & nSerPihe rSiraho It
i ncludes a:neans for inserting the rear nold 50 into the bore 30 of the

gasket 20. Th0 theegin.nate | if caflyctherecan syoldrisettingsneans Coparisescd molisuppeut

nol d/ gasket - pasj tj.oni | l.et .1 - al so,preferahly further conprlses, a
VO 98/9 36868 pgla{'e fB%hadggteﬁ % detachagpy‘ engage tHe back sur?ac% 54 of the reagszo adk111

- 27- meangof OpehATRYiMedS tieiabldMbpborPhlatd £38, FnSARE tinbld duBodBRkE! 20

Thus,. the rear nold 1 nserting neans can both insert the rear Oi1nto
t he bore 30 afihe mewable nidié suppert plate d 36 dorf the reanimiddd 60 tiheirdumseriBéd bpthe '

The rear nold inserfip ns preferably conprises a.novabl e piston 134
adapted to d&%ﬁ&ﬁ}&%f@%ﬁ%ﬂ%@#@@l 50, e.g., its back
surface 54, and renove the rear nold 50 fromthe bore 30 of the gasket 20

or insert the rear nold 50 therein. Mre specifically, the rear nold
i nserting means coifhe ngdd supportipiats dp@isrthovable between an insert position shown in Fig.

‘15 = 7, in which the mold support plate 136 is substantially at the same height as the support
| lip 132, and a retracted position. In the retracted position shown in Fig. 8, the mold
 support plate 136 is moved, or retracted, into a support frame 138, which comprises a
| plurality of upstanding suppbi't rods 139 extending between the support lip 132 and a
. cylinder 'moun'ting plate 140. The mold support plate 136 is disposed adjacent the |
20 cylinder mounting plate 140 when fully in the retrabted position. A portion of a “T"-
~ shaped piston 134, which moves within a cylinder 142, is fixedly attached to the mold
support plate 136. Although other dnwngmeaﬁs (suchas an electrical solenoid) can be
used, the “T”-shaped piston 134is preferably pneumatically controlled and moves in
: responée, to a positive air pressure applied to a cylinder 142 through an appiopriate air
25 oport. That is,. the piston 134 is moved upWardly within the cylinder 142 .in_response to
" pressurized air applied through & first poﬁ 144 and downwardly in response to'
- pressurized air applied through a second port 146. The mold support plate 136
correspondingly moves with the é.ttached piston 134.



plate 136 adapted to detachably engage the back surface 54 of %’Elﬁﬁ% alrml d
50 and a 1OWORR436868 connected to the nold support plate 136, ¥ 1g t he
nol d. support pl.ate. The novable nold support plate 136 for the rear nold 50
I's circunscribed by the support lip 132 of jthe rear nol d/ gasket positioning
- collet 130. The nold support plate 136 is rfmBvabl e between an insert
position shown in Fig. 15 7, in which the nold support plate 136 is
substantially at the sane hei ght as the support I|p 132, and a retracted

£ RIS TE Gt TN AR T
lurality of d t lio .
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di sposed adj aﬁ;‘ﬁﬁhh /U vaBuurk yboits 148, wHieH rk REnibctddeto h4RAciin Sotrut (not showie
retracted position” A portion of a shaped piston 134, which noves within a

cylinder 142, arelotateé it ;heamld@hmbrtpiatCHQG nsthe penld sunnertplated 36 As attbeigh
_other driving.ne I I ]

T shaped %y d8%A peoiionoths verarn By MR SeRtRe i B a b B en |
response o ag é’galscics\iﬁ‘af’éﬂ ﬁ%?&&i—%ﬁ@@b'b?%ﬁ@atﬁn%ﬂh&%ﬁué%ukmQHSh an

appropri ate air I's, the piSton 134 is noved upwardly within
the cyl'i nder Jséaloﬂformpsmwmqqmﬂbmdrsepadt%the reappiqldeﬂo frionowifhingb¢ beret30

port 144 and downwardly. in res sur IJ.ed Ll
second port 1Xenfae HPPap ?gﬁ YL OWH*f‘@Eﬁ?#?&Fﬂﬁg}f 2@1 ﬁﬂ ’?‘H ®the
-attached pi st ) élld\%q 1s¥®|&8&§@¥§§1105e 30bya?jt1v§,tlo of a vacuum source and

PCT/ US98/ 0311 e rear et 20 are | oaded onto the
rear nol d/ gpskehcyresit ioveinent afthé edar fdl] suppertpéate IMtodthﬁmeuactedcpoanmt Thie

nold s ort plate 136. A pl it f t ch .
Connectad 1o Qea?raé@araogw%efr?fg{mwaﬁﬁ 2SS Esd OO AP SRR
plate 136. W Séa%g% ‘lsﬁié%e BJnﬂ] X ifovife ﬁfeﬁ&ﬁ&ldwﬁ%ﬁ{me%nthﬁm

t he vacuum por com‘rum ca te a suction force on th

. back surface %smfonidgazo[leﬂIZ(mﬂdannﬁgllt a&bugtathlecﬁnstahdaﬂe)f\thﬂ:gashcts’&ﬂur ce The
suction force is sufficient to pull and separate t he rear m)ld 50 from
within the bore 30

15 - The present invention also comprises a means for rotating the gasket support

means relative to the longitudinal axis L of the gasket 20. An astigmatic mold surface
has different radii in different axes. As one skilled in the art will appreciate, the
orientaticn of the rear mold 50 relative to the front mold 40 is Critical, particularly for a
front mold.designed to form a mul.ti'-foc'al lens having add power. Thus, adjustment of =
20 the rotational position of the rear mold 50 relative to the front mold 40 may be required,
| which can occur when the rear mold 5.0 is in the retracted poeiﬁon usiﬁg a rotating

- means.

The rotating means encompasses the computer subsystem directing one of the
25 support lip 132 .o'r the mcld support plate 136 to rotate or twist the gasket 20 or the rear
‘mold 50, respectively, a desired nuraber of degrees, if necessary. Pfess_urizcd air then
moves the piston 134 and the ﬁiold _suppcrt plate 136 back to the insert positicn so that
the rear mold 50 is reinserted into the bore 30 of the gasket 20 at the orientationto
which it has rotated. Thus, the rear mold 50 will be at a desired rotational orientation .

30 relative to the front mold 40 when'r'einserte_d, which provides the proper orientation of ~



when the .rrogg)%ggyt plate 136 is noved toward the retract edpopaisbs/enii
That 'is, the redr nold 50 is pulled out of the bore 30 by activation of a.
vacuum source and 10 concurrent novenent of the rear nold support plate
136 to the retracted position. The rear ma29 .50 is retracted fromthe
gasket 20 in the preferred enbodi nent approximately the sane tine as the
robotic arm 160 i.s noving the front nold 40 fromthe front nold positioning
collet 120 and inserting it through the first end 22 of the gasket 20, 15
The present i A0 AleS0m Rﬂ‘[U R b fdil FeRdd to
support rreansq%ie a#@é%@%o tSe ofr?gfﬁts’ﬁg?nal ai?@liagfﬁlﬁg&sgﬁsﬁﬁzo. An
astigmatic noletafeithé sgsporciép 13X dmek conhectedgasket2(arfd fromtmoldd@sinstéad of rotating
skilled in the art w |l ap;l)reci.ate,,the orien % on of the rear nold 50
relative to t ifee molshsuppert® %@11”@11‘&1@118]@%‘?”5&5& éul arly for afront nold
designed to forma nmulti-focal |ens having add power. Thus, adjustnent of
20 the rotational position of the rear nold 50 relative to the front nold
40 may be requir ed, ThePredent Avetivhidlsopreferdbly fiirétfr comipfisésQ mearisfot Getermining
retracted position using a rotating means. The rotating nmeans enconpasses

the conputer suseleptedatimension of thyg reat mald SPrspecifically therheight pf theregnmeldedGip) ¢
| t | at 36t t LSt the [ c 1 ' ,

oohact i very. Thequered shbngBient it B grasatiiion cpetiics iint BRmiTF bty b |

then noves theyREslios dfifle rﬁr'glﬂtdﬁxglg O hSdSHRER Epeciticd BlekaRef Fetiich & faftfy | nsert

position so that the rear Is reinserted into the bore 30 of 'the
‘gasket 20 at tdoeuratei beoswseiod thet grindirig-techniquesuisedtofosn therfront molde Hesievenol d
50 will be at a desired rqtational orjentatian 0 r.el.atiye.to the.f.ront
mol d 40 whith sefhapremaige lﬁﬁﬁ%s@ﬁmﬁﬂ‘}\fgﬁ% f?ﬂé“@ﬁé@e?“@?‘?‘é’h}’ X‘B‘i lgfn"eBFe’ th”%ss’
- 98/ 36868 height when the mold is horizontally disposed. That is, the heighiQFéd/8RSbdek1 11
-29- an astign"%thlel F%"é‘?“n“iﬁ‘ﬁ°1§lds?%ﬁ’z§nfv -t%potsﬁe- fr%rﬁ rr%lec}g40. It is
present |y prefsarfacsl54 of thetredrendld 50 saithedop of the faBeard surfacerfiZeafitbe repnmald 500
and front nold 40 instead of rotatjng th | d. s ort plate 136. holding -
the rear nol d used tosmake the saﬂ’ﬁ@'ﬂ?r@%@%tcap gﬁ@%&’%%% ﬁ&@?%ﬁ%ﬁ&% Rer
conprises a f R GnEbigRBRvARAE it RRmffPhe BHstnd),
speci ficall ynﬁﬁéﬁﬁeﬁgﬁgﬁ%ﬁﬁﬁe reg?eéﬁg+(§8§5% G _ 2 ' ) © .
15 in fact, can be greater than five hundredths (0.05) of a millimeter, which is the

)

minimum tolerance needed to ensure the desired accuracy to form the lens in the

preferred embodiment. ‘Thus, the present invention uses a determining means.

To determine the height of the rear mold 50, the determining means in one
20 embodiment comprises a means for optically receiving an image of at least a portion of
the profile of the rear mold 50 when in the retractgd position, a means fof_digitizing the
image of the rear mold 50,'a'nd a means for creé.ting information from the digitized
image of the rear mold 50, such as information about the height or thickness of the rear
mold 50. The creaﬁng_ means generates a.signal that is communicated to the computer

© 25 subsystem and stored in its memory subsystem.

, A camera. 149, the preferred 'opi:_ically receiving means, is positioned to view the
rear mold 50 when the mold support plate 136 is moved to the retracted position. The
'CCD or similar camera 149 records the image of the rear mold 50, which the digitizing

_ 30 means and creating means use to determine the height of the rear mold 50. The camera



The preferred enbodj nent of the present invention operates on em se .
‘that the di PRI of the front nold are held within specifiggﬂﬁ]ﬁ%ﬁ;ﬁes
~which is fairly accurate because of the grinding techniques used to form.
the front nold. However, 10 such a preni S‘? is less accurate for the rear
nold 50, particularly for its center thick gss-_, or height when the nold is
hori zontal |y disposed. That is, the height fromthe back surface 54 of the
rear nold 50 to the top of the forward surface 52 of the rear nold 50 used

to nake the sane type of lens can be slightly different anong.the differgnt
- rear nol ds. Tﬂgstcépégﬁﬁ’ééga@ﬁﬁﬂﬁo FLFUGBEHG IrjSg 2 @%&‘56‘%%’?“6%@5&%@&30
formng the. |- :d : be greater than five hundredths
(0.05) of a miﬁ‘?ll-e% ggé§%§|ﬂgﬁél?é§qrﬁg&&m mum t ol erance needed to ensure the

desired accuracy to formthe ens in the preferred enbodi nent. Thus, the
present inventi-on uses_a determ ning nmeans. To determ ne the height of the

rear mol d 50, the dthedigitiginggneans san b2 Famegmabher{nl sheswp), WHiRk1s alse kaowRans

for optically recejyi an | f ] ¥ ' . i.l e of

“the roar ol o %8 SRR ot OE BBl Bhodbnlal o Bt SekiE iRt T

i mage of the rggital eRnEra0 repliict the BRAGScAnttra afid frhnB@ribben) asBinadle incafséer, -
digi.ti zed i nage of the rear nold 50, such as_information about the: height
or thickness @hdtbelikeaFhaereatingoneans and thedigitiginguneans ganes mteszalasdheseme
that is communi cated to the conputer 25 subsystemand stored in its nmenory
subsystem A E8FPPEeNtAg  the preferred optically receiving neans, is
positioned to view the rear nold 50 when the nold support plate 136 is

nmoved to the retracted position. The CCD or si.milar- camera 149 records the
i mage of tHe rear rolstllmdpthahémbodientsthgimelds A9, Hcanbsapmemeasuredrandtmaried

gg?ggsgge to deher H"ar”&dteQﬁat?Sﬂ;&%%ts%e'}n%‘aesu?eexﬁéntsr?%ﬁe gg&agp&a%%%[ﬁggy%’v?li -
-30- 149 can 3)i5igh BigRald M oottt Shibsydf tﬁﬂﬁ’é&iﬁuehéibxzs o&ﬁ@téa:i‘ﬁldl&r Eg bbfore

ensure that the image of the rear ndld 50 is received properly.
di gi tizi ng neplacingihelrearanéldHiontpy thb bear njoldigaskedpositioning cdlldt 430 The basode5

as a_capture boapd ot her, pont oel e S0t BN & Ohrdhlies LS bl 116
' 15 so that the bar code image transfers onto the cured lens, which assists in tracking the B
lens. The bar code would then be replaced on the mold face before being used to make -
another lens. The bar code tranéferred to the lens would be positioned at a location that
would be cut away when used in g_la_ssés. Also, the back surface 54 of the fear' mold 50
itself can be etched with an indication that corresponds to the iriformation in the bar

20 code to be reprinted onto the forward surface 52.

Since in this embodiment the computer 'subsystem does not know in advance _

which of a plurality of rear miolds 50 is used for a given lens power, the computer

" subsystem would be required to store and use an enormous lookup table incorporating

25 the different characteristics of every spéciﬁc mold. If the system uses, for example, a

_ thc_nisé.nd molds, it may be simpler to view each rear mold 50 with the camera 149 or
- acquire the information from a bar code. Thus, the height of the rear mold 50 is .

 ascertained in this embodiment for the féspé.t:ﬁve rear mold 50 and the ascertained
* height is used later to calculate the desired axial separation distance between molds 40, .
30 50 to obtain a lens having the correst thickness. That is, the ascertained height of the |



di gi tal. camaye dsBede8P! ace the anal og canera and frame grabber,per/essnabile
‘linear sensor, and the like. The creating neans and the digitizing nmeans
‘can be inhtegral as the same conponent.: 10 _ In still another .

enbodi nent, the nolds 40, 50 can be preneas3ited and marked with a bar code-
that represents the neasurenents. The operator scans the bar code, which
signal s the conputer subsystemwith the dinensions of the rear npld 50
before placing the rear nold 50 onto the rear nol d/ gasket positioning

col- et 130. TheaP@bldSOR wedidxaldulae it distahdehatthoARIEA0] sDageatisligmovede
forward surface 52 of the rear nold 50) 15 so that the bar ‘code | mage
transfers ont owithia thebexs 300fshe gasket2Oassi sts in tracking the | ens. The bar
code woul d then be replaced on the nold face before being used to nake

anot her |l ens. The bar code transferred to the lens would be positioned at a

| ocation that woul d Bftitiiihg A8 obdds. Ghé

surface 54 of the rgar nol d 50 |tse n besgit]c &v?ﬁlﬁégbnre%dﬁgﬁtgtlon that
cor r espondss t odispsed aﬂﬁcem&hmcmd d:meMgazbet 2@paheoppms¢rhtorhqmg msarﬂedmtao t he
forward surface_ 52. Singce .in this enbodinent .t he conputer t.em do '
not know in adwehlatedApgired @rmisemw.qlw ERRngHELavEY 3; sW js fgrvofume

gi ven 'l ens po d use
an enor nous l‘(’)f)ékme&pg ie .??é’g pgpg%ﬁ?& ggg\@?’nlg QFﬁc@Wﬁ&:ﬁg%a@tgé% Ics of.
. every SpeCIflC&Bﬁh@bthhtthbhmmﬂdé%ymeatedfmtomwmﬁm As dssotibedth Mbteldetail t
nmay be srrrpl er to view each rear nold 50 with the canera 149 or acquire the

information frisiew, thafillsagmation00 preferablie ingindes p megas fargxiatlyiraowog the rear

ascertaineg,in_ t -
scertar nefoticebi & BLER 20 A Gl ERRRR! {ofBralB6 sl 00 Bl rolg
di stance bet we)) Thisgthedtial 86parfifon!distitietetween tRE frohtarid gar MB1ARGHD] SO s not
thi'ckness. That is, the ascertained height of the WO 98/ 36868

PCT/ US98/ 0311 limpdrtant atihe asspmblyctationdd@d t o cal cul ate the di stance that the
nol ds 40, 50 are axially noved within the bore 30 of the gasket 20.

_Con_ti-nui ng with the assenbly process, the rear nold 50 is reinserted to be

In one alternative embodiment, however, it is contemplated to insert the rear

15 mold 50 into the bore 30 to the desired axial separation distance from the front mold 40
using the rear mold inserting means. Although not required, using a needle or other
means to vent the ce,vity 31 during the adjustment in this alternative embodiment would

* be desirable to ensure that the molds 40, 50 are not _misatligned relative to the iriterior
surface 32 of the bore 30 when moving toward each other. .
20 | . _ . . :
The last collet of the assembly station 110 is the clamp positioning collet 150.
A means for securing the molds 40, 50 within the bore 30 is stored on the clamp
positioning collet 150. The clamp positioning collet 150 has a circular indention
therein sized to receive the gasket 20 The securing means for the lens-forming
25 assembly 10 can, optionally, be added at this location. The securing means can be used
to hold each mold stationary relative to each othér within thé bore 30 of the gasket 20.
'I‘hlts, after the molds 40, 50 are axially moved to be separated from each other the
desired distance at the filling station 200 the securing means firmly holds the molds 40,

5 0 so that their relative positions do not change Accordingly, the securing means in




5 di sposed adi ﬁﬁﬁ% the second end 24 of gasket 20, -as opposeﬁbi,gs;mg,i\g
|nserted to a ca cusi ated desired axial separation distance. Venting the -

caV|ty 31, which is the vol une formed. by the two nolds 40, 50 and bore 30,
is not necessary because of the short dist3nce that the rear nold 50 is
~inserted into the bore 30. As described in nore detail below, the filling
station 200 preferably includes a neans for axially noving the rear 10
mold 50 within the bore 30 to the desired axial separation distance from
the front nol ' S dﬁgé’l e
and rear nol d@ei)gefe%%ﬂj?nslb%%itﬁl e?ir(rig?rl Pgnt ataﬁ%dﬁﬂgeggﬁﬁ’%ﬁ?e? ati on éflfgt 2‘{:ﬁrt%ne
alternative eﬂmﬂlpmjubmrﬂgmmﬁeerioanﬂﬁﬁytxght&md:ﬂtaheaﬂllmgstamarwm he rear 15
nmold 50 into the bore 30 to the desired axial separation distance fromthe
front nold 40 using the rear nold inserting nmeans. Although not required,

"using a needle or o % iU ont 3F i Webiéh nt

in this alternati vgggﬁﬁbnc%%aﬁgt uﬁgf‘%}eagem ré’g%he%'?o eﬁsurgﬂﬁgtﬁq% Eﬁcﬁrr%l ds
40, 50 ar esnogjampIahitkateshin@intthe/sosition dfehé iokdsi40; 56 by lcircemdRibifg adde bor e

30 when novi ng toward each other. 20 The |ast collet of the assenbly

station 110 mghtemngamqs theeuter wifang 26 of tbétgaalgv@20ATheafP§eerdrra§@éalﬁm915@he

nol ds 40, 50 wit S on et
150. The cl an]ba r}é 3558?4)%?3’&@???‘&% CI % T%%r?gie%nmi%n" [nu?de:igénl{ o
sized to fEC%fés'sewfewmam@noﬁhe 170 RGvakER S efistite thapthk Sis1dS 40,50 25
assenbly 10 can, optionally, be added at this lTocation. The securing neans

_ g an be us ?d L mtwhb.ng&;hcin relative pnsa:tqncanelrtz enlanlafj theeseals thai the gﬂshérﬁ()i/ﬁom withhe
30 t 40
o S oo g "BeSamten D (W 3ies Yot Blcriona (PR IR o spseh A P otk 1B 50 °
200, the Secuﬁéég%of'gﬁeﬁl& ia'ibid (B!, d fehtomOIl f5in4Re st8f giket élﬁﬁodlﬂ%hﬂ) from O

rel ati ve positions not change Accordi ngly,the securl ng neans in
98/ 36868 shdlng toward the other mold as the monomer contracts dunng curf@T, /AISSIRr03111

-32 - the preferred enfodi spesed arqund the out sur 26 of
e gaskat "bombaniads o Berpdabanp 52 SEBSCH 8t LG el BHEREC TSR
the Tilling sfahkRm<Qther protrusion, for the robotic arm 160 or operator to grasp when

15 handling the lens-formmg assembly 10.

!'E

When aligning the comﬁon_en_ts at the assembly station 110, the robotic arm 160
moves the gasket 20 with the twd molds 40, 50 in its bore 30 from the rear mold/gask.et
positioning collet 130 to the clémp positioning collet 150. The robbtic arm 160 also

20 twists the gasket 20, if necessary, before inserting the lens-forming assembly 10 into the
- radial clamp 152 at the clamp posiﬁoning collet 150. If, for example, the gasket 20 is
twisted when the rear mold 50 is in the retracted position, then the robotic arm 160

rotates the gasket 20 while moving it to the clamp -positionjng cdl_let 150 so that the
gasket 20 is in tﬁe predetermined orientation. This rotation occurs so that the ports 38,

25 39 of the gasket 20 are at the correct location for inserting the injection needle 252 and

| vent needle 232 at the filling station 200 and the flat top will be oriente_d'_substantially

upright when .position_ed at the filling station 200 to prevént .cat.chi_ng bubbles. Ifthe flat
top is not properly oriented, it has .a tendency to trap air bubbles along its edge because
of the high-energy area éxisting from the surface tension at its edge.

30.



Referring 't owbisg36%88 t he preferred enbodi ment of the securi ng MEEUSISSIH
radial 5 clanp 152 that nmaintains the position of the nolds 40, 50 by

ci rcunmscri bi ng and :ti ghtening about™the outer surface 26 of the gasket 20.
The preferred radial clanp 152 has a belt ‘p%”r'tion 156 and a cam | ock 158
used to tighten the belt. The tightened belt presses the body portion of
the gasket 20 inwardly to ensure that the nolds 40, 50 do not change therr
relative position and to enhance the seals that the gasket 20 forms with 10
the nol ds 40, 50. Hhlseythe radideldmp 32 candinclude eplurhlitytnd apertimes (Y showh) t he

nol ds 40, 50 does not prec|ude a nold .g.,.1he reat nol [ ‘he step
gasket " enbodi rfbﬂie}hr?‘i%'}%WLﬂgr?Qe 2oy gﬁﬁ’g‘ mtﬁggew&ye&oqd}égwﬁgas et
contracts duri r.10,: Qlaes Eﬁﬁ chiaft arfdl '

it can al so p%i@%@%&%@ﬁe m%%?i%&@@?ﬁ%gﬁaéfet e carfalngrtﬁg?ﬁ%t?%em%b%
protrusion, fGhsdried throagh tie dhdnapeure’sodlnat battotiecdies @32 5252 duvammificateawitd i ng
the | ens-forming assenbly 10. Wen aligni ng the conponents at the assenbly
station 1105 trespectiveports 3§, 30 pEthegasket 20ne gasket 20 with the two nol ds 40,
50 in its bore 30 fromthe rear nol d/ gasket positioning collet 130 to the
clanp positioning collet 150. The robotic arm 160 also. 20 tw sts the :
gasket 20, if necesgahliternBEVdérfbddiment dfitbe pitgerdteivention dooonctuseBBesaribg i nto

the radial clanp 152 at the clanp positioning collet 150. If, for exanple,
the gasket 20 meanswiThegdskehdowener, slald he thiclsw and thermelds sheuld £i¢ tighter wi

osition, then, the robotic ar 60 rotates, the gasket 20.whi]Je npving,it to
!to heI c: anp posithf ggﬁkﬁbtocqg\:s‘n&no?g%(ag%o?%.efm %Bﬁ‘gﬁé © %g‘?cgn'ﬁe#‘? R sently less

predet er mi {ipd QLiSNE Bhdedbn (RO stofnBiedlproébs@Gsed S SO that the ports 38, 25
39 of the gasket 20 are at the correct location for inserting the injection-

needl e 252 and vent needle 232 at the filling station 200 and the flat top
wi il be oriented ssgstan ja b upri.ght when positioned at. the filling
station 200 to prevent c@@%ﬁkﬁéﬁiﬁﬁéﬁes. If the flat top is not properly
oriented, it has a ARBORAGHI he Bt 50 2bIRE 40, S, ARA tHerAdiBAERmR G2 48 fhedf
t-he high-energy area existing fromthe surface tension at 1ts edge. 30

WD 98/ 36868  assembly station 110, the robotic arm 160 transfers the formed lens as&¥Hbly$e fe03111
33 _ :

15 filling station 200, which is shown in Fig. 11. The robotic arm 160 operating at the
assembly station 110 is shpwn in phantom. Also the robotic arm moving to another _.

filling station 200 is also shown in phantom.

Now referring to Figs. 12-14, the filling station 200 preferably comprises a
20 nieans for supporﬁng the lens-_fdiming siructure 10 and a means for axially moving the
rear mold 50 relative to the front mold 40 to a desired one of a pIurélity of axial
separation distances between the molds 40, 50 (e.g., the rear mold 50 is moved in the
step gasket embodiment). The front mold 40 could éltemativelj? be moved if the
straight-walled gasket was used instead of the step gasket. |
25 | | o | o
The filling station 200 has an upﬁght supporf platé 210 Suppbrting a top bracket
212 and a bottom bracket 214. The t_op bracket 212 supports the vent assembly 230 a_n‘d _
.the bottom bracket 214 supports the fill aé's.embly 250. '



.Al'so, the.rag Lanp 152 caninclude a plurality of apertur wn)
therethrougﬁ?b?ﬁgekﬁch one aperture aligns with a respective ggfgﬁgggﬁgg'of
t he gasket 20. The injection needle 252 is inserted:.through one aperture
and the vent needle 232 is inserted throughg4the other aperture so that both
needl es 232, 252 comunicate with 5 respective ports 38, 39 of .the gasket
20. An alternative enbodi nent of the present invention does not use a
securing nmeans. The gasket, however, should be thicker and the nolds shoul d

fit tighter within4he . aQGHHdS: | rhaative
enbodi nent. i s _preseirvllﬁ ?@2@@&@3@%@@@%@@@@%@ ﬁe autatlz)é;iléif‘%dﬁ g%?g?t% o
used. B.  Thg dndladaped & eridage thefheld tabe stidwithth the ®orecilk eA lifar aenlatir 2202,

50, and the radial clanp 152 at the assenbly station 110, the rqbotic arm
160 transfers arlservogroter whish genssaseannoutput; isdlispgsed on the haseqfihe

Station 110 | Sndeta bl Sier Gt ERPO R bich S R GBL 1ed g HSeCaRR A
filling stadiQRezl%or MecHatftal{e¥dpling the Fikal Bttudioy 22 B{cathé pidtbnt 2207 kfkeifickfly b4

the filling station 200 preferably Conprises a 20 neans” for supporting the
| ens-fornm ng <oupler 024, tidslated the ontputof the linear adthaton22 intp wovementrofithé pisHn

e oy ot o8 rilon oSy Rk e 355 30 BBl i e o e
moved in the tQ@%ﬁﬁyﬁa@@g%@M@'%iﬁf-@%:oﬁﬁgltﬂeg%:g@iﬁ?oﬁéfoﬁéﬁ%iVe|y

be noved if t straig et was used inste the step gasket.
25 The filli ngpushed along #ebona30 efthe gaskeh20 angPigr 14 phawsethe tPlimdrimabpistan 26

- top bracket 212 and a bottom br t 214. The top bracket 212 su ports,theﬂ
vent assernHly by amshed hepearmmpld Eﬁ&mrﬁ %gogam@ér‘{ossottﬁaé tﬁ? 5?811@ SEpAsRYon
PCT) Usos) 0311 94 its erekptvst and thearity 31 iyhe deyited dimensiqn Blpotio o

cylindrical pigheamal@Powavisuged to operate the linear actuator 222.

In one embodiment, the piston 220 pushes the rear mold 50 further into the b_ore

15 30 toward the front mold 40, as bpposed to pulling the rear mold 50. That is, the
éeparaﬁon between the front mold 40 and rear mold 50 when assembled at the assembly
staﬁon 110 is such that pushing is the 6n1y action that the piston 220 performs on the
rear mold 50 to form the lens. However, a vacuum line (not shown), which is’ |
connected to a vacuum source (not shown), can extend thfough the piston 220 so thata -

20  vacuum or suction can be exerted on the back surface 54 of the rear mold 50 to p_ush 01;

| pull the rear mold 50. The Vacuum line can also ensure that thé pisfon 220 securely
‘engages the rear mold 50 as the pistoﬁ 220 pushes the rear mold 50 so that the mold
does not ﬁlt,’vﬂrﬁibh would cause the lens to be improperly formed or the inj ected
monomer to leak past the rear mold 50. - '

25 _ _ _ _

_ The filling station 200 also coniprises a means for providing fluid | _
communication between the bore"30 intermediate the front and rear- molds 40, 50, or the
cavity 31, and outside the oﬁt_er suffa,é.e 26 of the gasket 20. Ad&itionally, the filling
station 200 comprises a means for injectil_ig.a des’ired amount of a l'ens—fo'mﬁng fluid -

30 into the cavity 31. The providing means is also known as the vent assembly 230 and



"an end. adaptveggg,gﬁggggage the nold to be slid within the bore %T/ﬁsgsmgﬁqr
actuator 222, or servo notor, which generates an output,. is disposed on the

base of the frame and incl udes a ball screw (not shown) upon which a slide
(not shown) traverses or rides. A 5 neans {3&- mechanically coupling the

| i near actuator 222 to the piston 220, specifically a coupler 224, _
transl ates the out put of. the linear.actuator 222 into novenent .of the"

pi ston 220. The piston 220 axially noves the rear nold 50 -di sposed within

the bore 30 Ofthéthg&ﬁ shfdand & Kt ds\Be Fifl dsinbly 250, THE Jerft Assemlily 236 afld Gt
the rear nold 50 before it is pushed along the bore 30 of the gasket 20 and

Fi g. 14 shows aséembly 250dre staictypaliyt and qpeeativnallysimiilag pushed the rear nold 50
toward the front nold 40 so that the desired separation distance exists '
therebetween and the cavity 31 is the desired dinmension. Electric or

pneumati c power ‘i s -{,&e&?& ‘hﬁfp W t a&?ﬁl

enbodi nent, the piston 8%@? sﬁ)t rrgégé‘ﬁ%?tﬁfegg@gg t%gt%a‘?%t?o d 3gragd15
30 toward t51€ af tipperid 288, evhich isadapted teathetratethiouizin g pbitionrafdhe gaslkdtﬂD THeidg
I's, the separation between the front .mold 40 and.rear pmold 5

assenbl ed at tend 2369f xﬁﬂtp@ﬁdl%mﬂfenﬂ%%wn%@ %m#ywem&%mj -
action that th ar nold 50 to formthe | ens.
However, a va@ﬁﬂﬁﬁflﬁ‘% g&% \%E"ré% |é§lconnect ed to a vacuum source
(‘not shovvn) can extend thr ough the pi ston 220 so that a 20 vacuum or

suction can be exerted on the back surface 54 of the rear mold 50 to push
or pull the rear noTht Botassambld30alsa ¢oreprises a messs frshifing ﬂmveph@eqdﬂeZ%

220 d 50 th
R L U R SR R T N S R e

i mproper |y fO&H@H @hd 286 of theSehBiskeARIBIHES iff AuideBlnP@idation villete cﬁvxltﬁ".’oﬁgnd 25
The filling statlon 200 al so conprises a means for providing fluid

conmuni cati on lbéla/mqnd pesitian shos® inFig riFe thedipeend 23 6fis spaced apart Gom the[gasket

40, 50, or the  cavi n ide the o surface 26 of the et 20.
AddT L onal |y, 208 e 30t tifingapeess apntrebly s & plSuate MR AT AT
desired amou ntdrﬂrfes 8s piStor A4, whikh b i3 Qontabé \911:& Q%o%%t‘ } Blycie346. TAQyringe '
providing means is. also Known as the vent assenb
- 15 support block 242 holds the vent needle 232 and is ﬁxedly attached to the coupler block
246. Thus, the syringe support block 242 and vent needle 232 move in response to the
syringe piston 244. A protective cover (not shown) optionally shields the tlp of the vent

needle 232 when the vent needle 232 is in the second posmon

20 The injection means, or fill assembly 250, includes an injection needle 252 -
having a insertion end 254 that pénetrates through a portion of the gasket 20 to be in
fluid communication with the cavity 31, a receiving end 256 adapted to be in fluid
communication with a supply of the lens-forming fluid, end a passage (not shdwn) |
extending therebetween. The passage allows the lens-forming fluid to tra.vérse fromthe

- 25 receiving end 256, through the passage, out of the insertion end 254 and itlto the cavity |
- 31 '

The fill assembly also includés a means for conveying the injection needle 252
between an insert position shown in Fig. 14, in which the insertion end 254 of the

.. 30 injection needle 252 is in fluid communication with the cavity 31,and a withdrawn
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-35- the i:njR¥HFS%eans i s known as the fill assembly 250. T%@?E%ﬁﬁ

assenbl'y 230 and fill assembly 250 are structurally and operationally .
simlar. The vent assenbly 230 conprises a,yent needl e 232 that has a base
end 234 and 5 a tip end 236, which is ada;#’ed to penetrate through a
portion of the gasket 20. The tip end 236 of the vent needle 232 is in ,
fluid conmuni cation with the base end 234 to aIIowa fluid, such as air, to

fl ow t her ebet ween. The vent asserrbl 30 al s ri ses a nea
shifting the \mﬂtuoneéﬁﬂ@m‘ﬂnﬁ ?hoammr ig 'g%’?etmﬁ‘ﬁ“% ‘gig‘L@o“Hﬂced

t In th f
Dent  neodl o 2:gpardtam e ke 28 THE Sl the hbhas b d @ alspfiof Sinkii 15 e i
second positi gfs éﬁ’&%somnahaes dneuntatic tydAd66,36syirings ﬁﬁﬂﬁ@pahbujlémlbéme

gasket 20 and its bore 30. The shlftlgﬁg nmeans pre erabg/ IS a pneumatic
cyl i nder 240 tz@;an&ammgsuppqm@eclpz oﬂh@m;nctlmneepdltpg 2 i copnecied tog filh o

coupl er block 24 y ort bloc ol d n e
232 and is ¥i @&3‘5’/“ Q%qtaﬁw& 315“341@ f(’)’ﬁ jeapo Wﬁ%fi‘%hg“e T%%&g?t% 3 °§§Fﬁeﬁ‘§{
support bl ock s%gap 2%ﬁie€ds%§@uﬁameuﬁjeém 152 Wheh fthé Re@drawn
pi ston 244. A pro CtIV cov not shown optlonal |y shields the tip of

the vent needlgbsitiba. when the vent needl e 232 is in the second position. 20
The injection nmeans, or fill assenbly 250,  includes an injection needl e 252
having a insertion end 254 that penetrates through a portion of the gasket
20 to be in fluid &8 Yes the |G Foithidg s&eufdLD to
adapted to be in flui cgwggqﬂa%%s&m&?ﬁ a dg{%nﬁyeso%e % oensgfsorm ng
fluid, andi@ pae St taidn 200cmd)positibasidionghe hgxpeﬂmg\mmms of e ﬁihngag&onﬂO@ws

t he | f fl dtot f t he 25 th

Lhe paveage Ghi ot peed! g%%?;g;g{i%eé%ﬁl%?ﬁt&?qungcﬁﬁg dle B2 s ammarepd )

assenbly al so i &lggsa% Qic &990{@’%99&1&% FaQhk eﬁsg%%%ee%a%ﬁ&zo
| ONn snown

bet ween an i nse I N I ch t e insertion end 254

of the 30 inj 'ﬁfé%féﬂﬂnéaﬂdtfez o allews anrfd escsbecbmmlm cavity3ii soithdt whea anewndlg:

31, and a withdrawn
: is slid relative to the other mold by the plston 220 of the axial moving means,

Ny

15 atmospheric pressure exists therebetween.

The computer subsystem mafké in its coordinate system where the front mold
40 is located, which is adjacent the step 36 in the gasket 20. The cylindrical piston 220,
| which is attached to the linear actuator 222, slides the rear mold 50 to obtain thé correct
20. thickness of the desired lens to be formed. As discusséd above, the computer
- subsystem has ascertained the actual height of the rear mold 50 f_rom the image .
' re'corde_& by the camera 149 at the assembly station 110, from bar code data, or from
other means. Thus, the computer subsystem directs the rear mold 50 to be pushed
. .toward the front mold 40 a predetermined distance to form a lens having the desired
25 thickness, in vs}hich the computer subsystem uses the height of the specific rear mold 50
ascertained earlier in the process. If desired for increased précision,.the computer
_.subsystem can adjust the axial separation distance to account for shrinkage
" ‘(approximately ten to fifteen percent by volume) that will occur when the monomer is

. cured. After axially moving the rear mold 50, thé f_'roht and rear molds-40, 50 are at the
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--36- position. In the wthdrawn position shown in Fig. 13, the insertion-
end 254 is spaced apart fromthe gasket 20. The conveying neans of the fill
assenbly, simlar to the vent assenbly 236,37i-ncl udes a-pneumatic cylinder
260, a syringe piston 262, a coupler block 264, and a syringe support bl ock
266.- The injection needle 252 is connected to a fill 5 conduit (not shown)
in fluid communi cation with a.fill line. A protective cover (not shown)

al so. opti onal loyrreétirelationilRichiapion telative toreacis bihenambadisepa?dted foanedch difier at

W t hdrawn position. The robotic arm 160, as di scussed above, noves the

| ens-form ng $he desirgdexipbdistane® the filling station 200 and positions it on
t he supporting neans of the filling station 200. The vent needle 232 is
moved to the first position, in which the needle 232 is inserted into the
gasket 20 to Comnrli‘eade%t%islihﬂﬁ%r&%ydfs!nj@éﬁﬂg'ﬁe%iﬁ-fﬁﬁﬁihﬁ&ﬁlmfnahiwy,@ﬂéket
20. The vent needle 232 thus allows air to escape fromthe cavity 31 so

t hat when  dne ligmidimosomkr, dnto dheacavity 3¢ o Thi yent nesdler?32 dlregdyt ¢aanmpmicates #ath of
t he axi al noving neans, 1 t nospheric pressure exists ther tween. Th
conput ér subsyRE @WW&%F&?@&W@W@%F%Q&“&?@[@W 8 BEH eﬁggr‘ﬁ mﬁ?ﬁtedhﬂg’ -
is |l ocated, ' | ' Mo i 1 ' t it 1 cal
pi ston 220, %%ﬁthlhxzp %ﬁ%géﬁ{eﬁg %Esmﬁﬁaﬁggwgﬁagg?@&%ﬂ%&??ﬂ?‘s‘% séﬁa{?ear
mol d 50 to obtsappliddtaranghnbeinjéttion heedik i into thetdavityidsi Thelptesast invenition

formed. As di scussed above, the ut er. subsystem has asgertai neq the: |
actual hei ght allpwsgEfegtive vensing as%%mrﬁfﬁhﬁecw%&é, F%G-Bﬁ‘iféeg §g¢ sep@ation gt the1 49
at the assle(\ﬁbl o] r ' t:her ans. Thus,
the conputer g%’i%@é2%}5#1@81{%4@1%&%&&%8%%%@%@3 elgﬁ.c%e\ggrd'the

front nold 40 a predeterm ned distance to forma lens having the desired 25
t hi ckness, in which the computer subsystem uses the height of the specific

rear nold 50 ascer tAs shaymingigel3iand dActhe gasket 30 iy posgionpd athrthe injectionposy

o account 1 o *HRSLEOY AR PORPRERD § by sl BbleE l B0G B BP06 P )
that wi Il occuhontned i§ fifedi@iiatPthe cavif3 Eate eﬁfeb@sfeljﬂgisﬁlabéd ddwenged. Mowenr,

mold 50, the front and rear nolds 40, 50 are at t
.~ 15 the fill or injection rate used is slow enough so that no bubbles form.

The filling station 200 includes a means for detecting a level of the monomer
added by the injecting means. The detecting rrigans preferably comprises a means, in
fluid communication with the veht needle 232, for creating a sub-atmospheric pressure

20 in either llocally'in the tip end 236 of the needle 232 or in the cavity 31 and a means,
also in fluid communication with the vent needle 232, for sensing présSure in the
volume. The vent needle 232 is _cbnnected to a vacuum source (not shown) by a first
line 248 that draws air through a .venf in the needle 232 about one-half an inch from the - |
tip end 236, thereby lowering the pressure in the tip end 236 or the cavity 31 toa

25 pressure less than atmosph_eric, eg. ,_pi.lllifxg a slight vacuum. - For éase 6f illuétrﬁtion,
the first line 248 is shown closer to the base end 234 of the neédle 232 than in the
preférred desigh. A second' line (not shown), which senses the vacuum, is connected to

a vacuum sensor (not shown).
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-37- correct rotational orientation relative to each other ‘an

separated from each other at the desired axial distance. The next step in
the process is injecting the |lens-form ng-B8ui d, nanely,. the 5 -l'iquid
mononer, into the cavity 31. The vent needle 232 already comunicates with
t he caV|ty 31, preferably at its highest point, and the injection needle.
252 is-inserted into the other ports 38 to be in communication with the
cavity 31. The Wn%&ntlﬁlidﬁ@m&ﬂméﬂmwbmmghn hed feacles thoventaectile2252 -
into the cavity 31. The present invention allows effective venting and '
filling of -t hevitekislpcaed atrtbehighess position imthesapisy Al the vasuumriensay defactiihe and

the rear nolds 40, R0 and the ,quantity of np to he i

e o O et Inrranga e A bt BARH Hipd s B somEk By an

di sposed bel o “ﬁr}g fafeathednfig’oh as

t he nononer |\sﬁn|[l{r:(1ﬁ:gcte Intoﬁlﬁfﬁgﬁ%ﬂﬁ%&%ﬁ%?ﬁgckﬁg %adlespl actg{:l and
vent ed. Hovgeveahondkber waseedfis b fewo microgranis, e.g., Mammuraqmedm/ﬁlbwallso t hat

no bubbles form The filling stﬁlgl on 200 includes a t E r detectln a__‘

|l evel of the rROFEPRP @8&6@15934 GORJRBEFOTh %’Eﬁﬂ%mefﬁf‘f%s ¢ PROT HESH
preferably co of ;%@ fluid conmmuni cation with the vent needle
232,. for creag?rlél’gdse%ssu - m%sp ric pressure 20 in either locally in the
tip end 236 of the needle 232 or in the cavity 31 and a neans, also in
fluird conmmunication w th the vent needle 232, for sensing pressure in the

vol ume. The vent neEhf eacpum ysed eanhecsdightly below afmosphers presswre( AolOvEH BIRSFIBY
f t | t '
Snehat 1 ol Aol BkesBhA Rl phRbAARp B Bl Bk IS HIROAI RN

tip end 236 orsehéiR, fict\th hisisBin fhe LD Tht ¢ $fthe vhQfsn exias imtherayines] tat mag. |
pulling a slight vacuum For_ease of illustration, the first |line 248 is

'shown cl oser t henefigiakduring fillnmby furthes redusing dhodmnen of formingubbles; e ed R
- design. A secq % ltlggeesa% ﬁ%&é}ﬁ’%t odtibdrd 85 Petitig S ca‘(zﬂg}‘s“f% afnfospRlyeect ed to

a vacuum sens

15 - Asone sk:lled in the art will appreclate, other sensors can be used to detect
when the gasket 20 is filled with monomer such as an electronic eye (not shown), other

optic sensors (not shown), and the like.

An alternative merhod of performing the ﬁlhng process is for the computer
20 subsystem to calculate the volume of monomer to inject into the cavity 31 and stop
filling the cavity 31 once the calculated volume has been added. Accordingly, the use
- of sensors in this alternative ﬁlling mefhod Is optional. lt is also contemplated that the
predetermined amount of monomer to be injected before the molds 40, 50 are axially
moved toward each other so that the cavity 31 w1ll be completely filled when the molds
25 40, 50 are at the desired axial separation d1stance

- The location at which the vent and 'injec':tion needles 232, 252 enters the gasket
20 can vary. In the preferred embodiment, the'needles 232 252 move axially through a
portion of the gasket 20 until the respectwe t1p is in fluid commumcatmn Wlth a port

30 38, 39 The port is also in fluid communication with the cavity 31. This de31gn is
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-38 - Wen the l'iquid nmononer fi IIs t he cavity 31 and reaches t he vent '
‘needl e 232, which is |ocated at the highest position in the cavity 31, the
vacuum sensor detects the pressure increasd89-e.g., the vacuum | owers, which

triggers the conputer subsystemto turn off the nononmer fill. As one-
skilled in the art will appreciate, the quantity of 5 nononmer wasted is a
few m'crogram; e.g., that anpbunt required to fill the small portion of the

needl e 232. | prefofdate avilterhdtive/saiadRhentas Woith the iiiPediivieticedles 25,9525 i S
orders of magnitude |arger: The vacuum used can be sli htI bel ow

at nospheric prteyerse dirongh tegasigt 38 permendigular & theoutess s9i thatcthe bip of the
primary purpose

Besi ot b 1 ho Sepfle phyScHlEHe aep ettt 3, e B "'ﬂsl%@mfnife%cﬂat

may be benefi ghalqor g in g&tﬁm hEédeZﬁWcMahE@{:rob%@ﬁs'aﬂ@mﬁﬂ@é‘&ﬁb Bt N9
bubbl es, the advantages are not significant conpared to venting t cavity

31 to at no$phehefrontmold 40 andiearumelds0idré exially s¢pasated by a/smlallalmaxmelwhen
ot her sensors can, be .used to  detegt vvhe ﬁi’é e%ﬁet Olsépllled Wi th
monomer,  such fABNIRE adpPWRVEHHil %nsef\i.s‘( ﬁé’t‘og Wi‘% % wadpdig.fhean

shown), and t%‘éx}ﬁééf?orﬁﬁ?zﬁi §e§6ﬂﬁ&ﬂgﬁta%é hod of performng the fi Il ng
t

process is for e conpute subsystemto cal cul ate the vol une of
mononer to inject into the cavity 31 and stop f||||ng the cavity 31 -once
t he cal cul ated volune has been added. Accordi ngﬁlg t-he use of sensors™in

‘this alternative fiAfterromaletingshe flling; theneedles S3l1asethen reteaetadandihe hat

bre axiar 1) mesakrt 20T L TRE BiRhe bibank prOREHAGY B8 LR 0P iR W 0
conpl etely fi lsbfithg N fablia] Elaingdl 52 of thit(sectih@inear! cah ikendRsti gheéhedX sekbiring the

separation distance. The |ocation . at which the vent and injection needles

232, 252 ent er malie4@Mkinrtheobore 3R ay theydesired distangs Fomyaach othenods eeaskilled in

Feepect i ve.ti 51 wTRR ppbleRilel el M lndp 12 bl ofibralifef B Bhicgla Yy
s al'so in T il GRS gositiohs thelrbs Mol S0t He cotfécflod@fdriftldtive to the

15  front mold 40 and before the monomer is inj jected.

The present invention can use multiple filling stations 200 and assembly stations
110. -For example, one embodiment uses two assembly stations and two filling stations
operati_hg simultaneously. A single robotic arm assembles one Iens-fofnﬁng assembly
20 while another lens-forming assembly is injected With monomer at the ﬁlh’ng station.
~ The robotic. arm then transfers the newly assexhbled lens-forming structure to the other
filling station foi' filling, removeé_the lens-forming assembly into .which monomer was
injected, and then assembles the next lens-forming assembly. The 'p_rocess would
continue to repeat. Another contexhpl_ate_d embodiment has four stations and two
25 robotic arms, in which one robotic 'arr'n is used for assembling and loading lens-forming
| assemblies onto the filling stations and anofher for unloading the filling stations. As
one skilled in the art will appreciate, other .'variations in the number of robotic: arms and

filling stations can be used.
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PCT/ US98/ 031‘1’?9§/§58-6§pref erred to an alternative enbodi nent in P\%’%ﬁ‘?s‘tﬂ%leu
respective needles 232, 252 traverse through the gasket 20 perpendicular to
the outer surface 26 so that the tip of thegneedl e physically enters into
the cavity 31. Inserting a portion of either the vent needle 232 or the

I njection needle 252 can cause problens in this alternative enbodinent if 5
the front nold 40 and rear nold 50 are axially separated by a snall

di stance when form ng a | ow power akﬁ)having-the annul ar ..
ring 60 shown in Fig. 4 can be useggggglghéﬁipgmgspdration di stance. After
conpl eting the fillTHOrobbtiearne 860 fnoYe2 thedb-fobRirighmsenitsly10dhjectedwdtt he 10
gasket 20 is sealed by the sealing neans, preferably by the material of the
gasket self- seendmey from the flbing stafipn 20 ambdeliversibtostag Gpematpr oE anthetan t hen

be tight ened, ] he .ol ds 40, 50 | bore 30 af. ired
i st ance. 1 romABHREHAE Rt A e Sid mptemp, T cRERE mEthdt of f pithieiffenion
radial clanp Ipgycauhod Egﬁé‘ﬁhhé‘rﬁéﬁ'to*aﬁ utkBHSIBNET Ve Light fol 8 desiied tifi®)wWiiich

means positions the rear 'd 50 at the correct locatiron relative to the 15
front nold 40 issignifiechnilyldsh thansimoprior aits Thej(E¥ dight exposursrigtheronly stopimthen can
use multiple fil]ing statjons 0.and .assenbly stations 110 . ex | e,
one enbodi rrentPrﬁé€§gFW§°é§%@ﬁb@e’§iaﬂY‘?lbr@eéﬁ@/qug ?mqnﬂﬁle’éfoaﬁierolfét’atgg
oper.ating si S) ks y - POEFEnNg
aBsembl y 20 T e e R e D B e TR o
at the fillindstsatomi) hedfing steposalidifieatia mbromernta fafne the Hahdenae pblymesicdens ifd -
lens-formng structure to the other filling station for filling, renoves

t he Iens-fU?rriW@%@é’tﬁ?ﬁVﬁ“ﬁﬁt‘B W €¥tPonomer was i nj ected, and then.
assenbl es the next |ens-formng assenbly. The process would continue to
repeat. Another contenpl ated enbodi nent has four stations and two 25 .
robotic arms, in WTkhdesired expustietinns to the NS Hghtliobetaear tidrity (R 3ecdndsdhdig
| ens-form ng .assenblies onto the filling stations_and another faor unloading

Cthe filling stthriydA8) mintesseose prefesably hetrren Hhirty (30) seqnse abd swe (D)aniwtes,
variations in b 5¢, (W BRHAraBly deRb Gref VR (#6)bebdrlds 2BE ofit Ad £RArEAE) AfutiCd-

15 The exposing step occurs by placing the monomer between a plurality of UV light

sources, preferably one adjacent to each end of the gasket 20 so that the UV light passes _
through the glass molds to the monomer into the cavity 31. The intensity of the UV |
light sources 312 is preferably about 1.2-1.3 x 10 watts per square centimeter at a
- wavelength of 350 nanometers.. | |
20 |
The process of exposing the lens-forming assembly 10 can be automated by, for |

example, using the curing station 300 in Fig. 15. The operator connects the handle -
membe_r 154 of the clamp 152 toa movable cylinder rod 3 10, which moves the 'clamp o
152 and lens-forming assembly 10 upwardly. At the top poéiﬁo_n, the two molds 40, 50

25  are each exposed to a UV light source 312 so that the UV light passes therethrough to
interact with the monomer. The cbmputc'r subsystem or other automated or manual
means energizes the UV light sources 3 12 for a desired period,'_aft_er which time the
movable cylinder rod 310 lowers so that the operator can remove the clamp 152 and |
lens-forming assembly 10. |

- 30
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-40 - THE ‘CURI NG METHOD The robotic arm 160 renoves the |ens- form ng
assenbly 10 injected with mononer fromthe filling station 200.and delivers
it to the operator or another autonated sydtlemfor curing the nmonomer . The
curing nethod of the present invention 5 "involves exposing the nononer to
an ultraviolet ("UV') light for a desired time, which is significantly |less
than the prior art. The WV light exposure:is the only stepin the preferred
enbodi ment. Al t er naThy ehting mbthot of Xizqsredtat inventi@iieuickes 14dY coirpléx, ahd'hore
mononmer is then heated for a predetermned time, such as in an |nfra red
("IR") oven. "ﬁﬁﬁclgmtdbmdthemm Y Propessss bmaum 111i the unique gaskshdesigy The euringe.

har dened poly c,l ens ot SUffICI re t . _The
osi red. expos dieihed pepistely,£oren B8 mpormes S Fiabes B Sftets®s e Sited o
thirty (30) msa $he SREE 16ns & GFA A YGR ubdd dsing $richarER666ess. Fitksteso
(2) mnutes, nost preferably et ween forty- flve 45) seconds and one
and a hal f 11ai:éﬂ)somdmetkbecamiethé"t@ruuﬂd%lsl;destaiqmg)thelbnm 30/ofithe gaskgt 26e
mononer between a pluralit h sour ces, refeg;blggone adj cent to

each end of t sk aonop 801%’;9( pRreFimately tendtof Rroepivhgn,Qured.

rsTgL?(S:e;OSELgel rsaiﬁ]%r erggfhgpﬁé ﬁltquééfkié%[co-ﬁ?% tlelﬁyrrfﬁﬁ %pog&gtﬂggggﬁaé i bt -

centimeter atsaemayﬁbﬁngﬁhnm@eBSO nanoneters. 20 The process of exposing
the lens-formng assenbly 10 can be automated by, for exanple, using the
curing station 300in Fig. 15. The operator connects the handl e nenber 154
of the clanp 152 to a movabl e cylinder rod 310, which noves the clanp.152
and | ens-form ng assenbly 10 upwardly.” At the top position, the two nolds
40, 50 25 are each exposed to a WV |ight source 312 so that the UV |ight
passes therethrough to interact with the nononer. The conputer subsystem or
- ot-her- autonat ed or nmnual neans energi zes the U light sources 312 for a
desired period, after which time the novable cylinder rod 310 | owers so
that the operator can renove the clanp 152 and | ens-form'ng assenbly 10. 30
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PCT/ US98/ 03Wﬂ98’32§§68 The curing method ‘of the present invent |%%Tmsgséoalnclker
1 ess conpl ex, and more efficient than the prior art processes because at

t he uni que gasket design. The curing nethod,conpletely cures the nononer
and reduces the stresses in the cured nononér so that the cured lens is
stronger than a lens cured using prior art processes. Stresses 5 are also
reduced because the rear nold 50 slldes along t he bore 30 of the gasket 20

when t'he nmononer vol une 'g
when cured. The nolds in ; O+
stationary, regardl ess of the stresses fron1shr|nkage _ MD 98/ 36868

PCT/ US98/ 03111 - 42- THE SEPARATI NG APPARATUS AND METHOD After the 1iquid
nonomer has been cuifeat the liquid adondimket hak been suredsthe selidifipd texss eniist be sepakated

gasket 20 and nolds 40, 5 I n he gasket 20 js flexible, the two nold
2.5 50 and mm@@s@aﬁmiﬁ@iﬁhﬁebémmme%sﬂm@ 39 GoOIB A, pe

Toree. ap, S0 SRRl BhaPAdR kil e IR iy HEMRIR or BRAAR OG0

created by thehesrabfadClRampersiiofeniiede Bloviever, keasa € HIldsC40, 50 froh the lens is
surfaces. The present invention, thus, also includes an apparat us and

nethod for se pmramfﬁgult hecam aigfrong bosd is ereated b thecsrace tensien beevesn thelens

~Referring now t t.he tin evic t he .nresent
Tventi on conipd sestesineinalt e TR oG ot B et Se RS Prparmtitn
for dlrectlngaﬁdiﬂemdaiaﬂg@aaauagﬁﬁdﬁamuoasoﬁe&&heﬁé\my%nhé@leh@ns or nold.
As one skilled-in the art will "appreciate, the lens and m)ld have a

di ff erent 10oefficient of thernal expanS|on because
' Referring now to Fig. 16, the separating device 400 of the present invention
comprises a means for supporting the lens aﬁd molds and a means for directing a fluid
‘ontoa pqrﬁon of at least one of the lens or mold. As one skilled in the art will -
aﬁpreciate; the lens and mold have a different coefficient of thermal exp'ansioh because -
15 they are formed of different materials. Tﬁé fluid, preferably a gas, has a temperature
‘which is lower than the temperature of both the mold and the lens, which have recently
~ been removed from the heat source, i.e., the UV light or the IR oven. The temperature
of the gas is'.usually less than ambient temperature and the temperature of the lens and
~‘mold is greater than ambient. ' |
.20
Examples of gases that can be used include precsurize& air, ox_ygen,- nitrogen,
and, most preferably, carboﬁ dioxide (“CO,”). The gas, directed by the directing
means, cools the warmer mold-lens—meid sandwich 410 causing the glass molds and
~ cured monomer to contract. Since the coefficients of thermal expansion are different
25 for the glass and polymer lens being cooled, a differential shrinkage rate exists for the
two materials. This dlfferent contractlon rate assists in breaking the surface bond
between the molds 40, 50 and the respective surfaces of the lens. As one skilled in the
art will appreciate, the greater the temperature differential between the gas and the
mold-lcns-mold sandwich 410, the more rapid the cooling and the more _effedt_ively the

30 lens is separated from the molds 40, 50.



15 they arqyuogsgydsof different materials. The fluid, preferagyussesa:
has a tenperature which is | ower than the tenperature of. both the nold and
the lens, which have recently been renoved fromthe heat source,.i.e., the
W light or the IR oven. The tenperature-of43he gas is usually less than
anbi ent - tenperature and the tenperature of the lens and nold is greater
t han anbi ent. 20 Exanpl es of gases that can be used include pressurized -
air, oxygen;, nitrogen, and, npst preferably, carbon dioxide.("CJerr]").
The gas, directed thé{i]E?ec%h Hdah SoriBIRs a roRale 41D EnNE MR 2 Fappty ABTIAR d
sandw ch 410 causing the glass nolds and. cured nononmer to contract. Since
the coeffi ci engas abé prdssuragreaterthansitmospheeic girésseree (Tthe 26zzle ¢ 2 bheanindet st 1 il
pol yner | ens being cooled, a differenti shrinkage rate exists for the two
ot or Lol 5. ThiBiaRpRERENatio T EE SGRPLY 318 Oheikss 85 An prdstal A dhatpects Aieace.
bond ‘bet ween t 4 e, ' S5m
one skilled i_n&? ﬁ%w%@?h ?MEFF %%?rgg%(}lgi ?’e@?ﬁiﬁ%?ﬁt&éﬁé{fﬂ%ﬁ?ﬁpﬁ:ﬁ%&re - of® :
differenti & h&gs seexaniple, @ab nexde 4 cantiavelanisternal diagrts \of appréiinatéliyehreer e
rapid the cooling and the nore effectively.the 30 l|lens is separated from
t he . nol ds 40, (@dmillimepgss dmit sesivees to approximately three tenths (0.3) of a millimeter at the -

PCT/ US98/ 03111 _-A3,:, The.directi ' Nl ses: zl e .412 cqnnect,ed
to a supply 41@‘%?4{%e_§%° angq._ﬁgf ‘gr%es %}éﬁg@tégﬁfﬁ%@ﬁ&%ﬁb%&ﬂ%sgqﬂ?@%re
The nozzl e 412el@sitya THeHiRkbtidoltheard dncoinfaszedbisidzale 410, Mokdipreht@alfiypRbY 418
of the gas and an outlet 416 that directs the gas toward the lens and the
nol d, speci f i cwzElescandirhest prefereblydounyozzles whishsarg sachodisposed approxintatelsievery

Phres (3) T RRaFoRd BRaieD iTkGodR Rl S el ATAR, 18k FOReRE'SD. 5)or o

mllineter at doydmbhiehitd i nSeabs 41200221 e 412 allows the fluid exiting

therefromto increase to a high velocity. The directing neans enconpasses
one nozzle 412, nore preferably two nozzles, and nost preferably four
nozzl es which are each di sposed approxi.nmately. every 10 90 aroung the, edges
of the nol d-1ens-no g:gne&in_gﬁnq?fgI_gorpp@es]?ga%ﬁgg@j%ﬁlsposedmem & 20 having ah
upper surface 422 adapted to support the lens and mold thereon and an opposite lower

15 surface 424. The preferred supporting means also has an axis of rotation R. The
present invention further comprises a means for moving a selected one of the
supporting means or the nozzles 412 of the directing means_relativé to the other. As

" one skilled in the art will apprecié.te, the nozzles 412 can rotate relative to the mold-
‘lens-mold sandwich 410, the noizl_es 412 and the sandwich 410 can rotate opposite
20 dire_ctioﬁs, or both the nozzles 412 and the'. sandwich 410 can rotate the same direction
at different speeds so that relative motion exists therebetween. It is also contemplated

that no relative motion exists between the direéting means and the supporting means.

In the preferred embodiment, however, the supporting means rotates about its
25 axis of rotation R while the ﬁozzles 412 remain stationary so that the mold-lens-mold
‘sandwich 410 spins relative to the nozzles 412. The means for rotaﬁng the member 420
preferably comprises a motor 430 generating a rotational output and a segment 432
hé.ving opposed ends. One e_lnd of the segfnént 432 is connected to the motor 430 and
the other end of the segment is connected to. a portion of the lower surface 424 of the
30 meinber 420 so that the output of the motor 430 rotates the inember 420 about its axis



enbodi nment. ' ()th§ Qur nozzles 412 The. supporting neans corrprlﬁ_eguggsmm
. hori zont aI'Iw gﬁosed menber 420 having an upper surface 422 adapted to

support -the lens and nold thereon and an opposite |ower 15 surface 424.
The preferred supporting neans also has. anggxis of rotatlon R The present
invention further conprises a nmeans for noving a sel ected one of the"
supporting means or the nozzles 412 of the directing nmeans relative to the
other.  As one skilled in the art will appreciate, the nozzles 412 can

rotate relatiy
t he sandw ch Rfﬂ)t‘%é h*?o@{’g‘%‘!gg‘{g?.c?%%g‘a’g‘% El%c#gm}; ppi?&??at he’ noétg%gs
412 and the sapgns Riowhl th theart! ot ate the same direction at different speeds

" so that relative notion exists therebetween. It is also contenplated that
no relative notion exists -between the directing nmeans and the .supporting

s 1o e b o R R g R 6 SRR YBREE SO BB O o
that the n?o?g%s?’ J%a%ﬁ'@r@ﬂﬂ’ﬂ t felkivioBe HBEAhd2ERs 1402 bBEARO aZIcRS oftd 2. The

nmeans for 0 preferably conprises a notor 430 o
generating a mﬂaml«imflonembmle 4b213hwl¢bgdm¢ﬂted4£2hmmwrfageoﬁﬂw§e@@m e

of 't he soqmen BAIRGeT SHIACEUHAISE Gf 6 RHREISLY BhETsodbht Eipeh edS 4TE AR 3o
member 420 s &8&%&% g?éﬂé%ﬁ’&ﬁméﬁt oh % é@%@ bf the %Jl@-ﬁéﬂsﬁﬁofd%n&@féﬁeﬂo‘l@ Gogtbout

Its axis
PCT/ US98/ 0311 the rhéterialsf Tlheh'ahﬁmmBanSIhecomnmﬁoﬂ,aﬁeataTelﬁvpsp'mnhxg rbsytion

erertt o M Reivestghs s bt i ARG Y Biuneiig
di sposed at at@%ﬁﬁg%@%)fﬁ%'l%tmﬁ%%%ﬁs%x%tg@ gc}ﬁlggggg aﬁﬁsﬂ&@sﬂ}eﬁﬁlgﬁ? at

| east one outl one nozzle shou Iréected at the’interface

of the |ens angeflRavitlgaicenitlersdiGlof thegezzlé éE?stan‘ovbhEvempailhugiﬂ of pprhximately .
That is, each nozzle 412 directs the- 9as to a different hei ht -Qn tqnﬁ dges
of the nol d- | one milliraeteraranprerdepending Tactess suqhas gas ¥rlogty 1 dﬁ

means, i n conjynch i isth&Atmedithd bl 418! 0P bA1'419"nd the mold—lens—mold
15 sandwich 410.

When high-velé)éity carbon didxide, the preferred gas, is directed ﬁ_b_m the.
nozzle 412 at the interface of the lens aﬁd’ one of the molds 40, 50, some of the gas
molecﬁles reach the interface therebetween. It is believed that some of the carbon

20 dioxide turns into “dry ice” when reaching the lens-mold-lens sandwich 410 and
| expands after penetrating a space existing between the lens and one mold. The
‘expansion forces the adjacent lens and mold aw.ay from each other, assisting in breaking
- the proximity contact of the corhponents. The penetrating carbon dioxide additionally
cools the lens and mold at their interface to accelerate the differential shrinkage
.25 therebemeen.. And, the more separation that occurs, the deeper the carbon dioxide can
_penetrate to continue the expansion and the cooling. This apparatus and method of the
present invention can cause the mold and lens to separate without any external physical

.of mechanical shear stresses placed on the components.



10 bet WEErWOI98/36858 d- Iens 7ol d sandwi ch 410 and the nozzl es M’Uﬁsf”éyt'l ng
the gas at the interface of the lens and the nold i's assisted since the gas
expands and spreads .out after |eaving the outlet 416 of the nozzle 412 to
cover a vertical height of approximately od48-nillineter or nore, depending
factors such as gas velocity, nozzle design, and the separation distance,
bet ween the outlet 416 of the nozzle 412 and the nol d-1ens-nold 15

sandwi ch 410. When hi gh-vel ocity carbon di oxide, the preferred gas, -is
ditected fromthe I’Iﬂneyresenﬂinvaitimhhoneudaa@ksombmplnises emsansfor physicallyt he

nol ds 40, 50, sone of the cul e ach t erface .t herebet ween.
It is believeheRding a POFHOnA giaatﬁ}?gociegr e@ﬁ?}' aglqkﬁ; ﬁéepwf%"fed@?ey&%

when reachlng i ng
2 space oxi ot g effigaR iRl aﬁﬂé%%@eﬁ%f’@ﬁﬂ%%ﬁﬁz%%g?%n BabEAEhbY
adj acent | ensphaydg mbﬁtaaﬂﬁgsﬁrfawaméu fot deeichalsly ehgdgdentoseparaty sortom of thedens,
proximty contact of t he conponents. The penetrat]ng carbon di oxide

addi ti onal 5y endhmeans foraneviag theAvgaging ntemers nekafﬂérp ee@htqsh%r@eéh@rtbe e the

differential shrinkage t her.ebet vvee And
“occurs, the d&¥B nfer@ngaﬁp.%ﬁurgq 8?(?‘3’@ eﬁselio&ep ’tggfg %g‘ﬁﬁg%'gﬁ%é%aée
expansi on and f&ﬁ?ed%%‘ll"cgetu-@hﬁrﬁﬂﬁﬁfﬁédl or 8ther pattchPthaPhrevirfts BS5a80 between
i nvention can cause the nold and | ens to separate w thout any ‘external

physi cal or rrﬁtdmgagmgmemheraadmw@thﬁiem on the conponent s. WO

98/ 36868 . PCT/ US98/ 03111 -45
- The present |nvent|on however, can al so conprises a neans for physically
“bending a gorti on efednShg § ficatl Atfiries b MRedt GRE altiatb IBH dhnerkB oRIcbbfifts £
bendi ng means conprises. at east engagi ng nenbers (not” shown), each

engagi ng nmenb meahafomemnmaﬂﬁcouphgg sacH limpar actoqibeth dne respeciivedrigagiwggage a
Tebers T ol ot PARIRS, EHCHSERPT 9#?31%5% it o s POk s
i s R i e it 1
engagi ng ne nb%hgﬁg‘iﬁg irembetl smleeiestﬂmaﬂdbnagamst the plastic of the lens to deform it away
15 from the glass mold, thereby causmg slight physical deformation to break the surface
_ tension bond therebetween. The opposed edge of the lens can be placed against either a
stationary engaging member or another engaging member coupled to a separate
- actuator, in which the two actuators move their respective engagmg members toward
| each other. It is less desired to deform physmally the lens as compared to using the cool

20 gas to separate the components.

Still anotﬁer means to sep'erate. th'e'_le_ns from the mold is the opei'ator
'lsubmerging the components into soapy water. This alternative allows shnlﬂtaneously
cleaning and separating the lens and molds. : |
25 R | N
After the .mold's 40, 50 have been separated from the cured lens, the molds 40,
- 50 and gasket 20 can be reused or discarded. If the components are to be reused, the
operator places the rear mold 50 into the b_ore_30 of the gasket 20 ata predetermined

rotational orientation relative to the gasket 20. The operator can use an assembly



10 - _.Ttwﬂggéédggogeans conprises at |east one actuator whigeh %}ﬁ‘:{l?{ es

an out put, - a mechani cal |y coupling each |inear actuator one
respective engagi ng nenber, and a nmeans for energizing the actuator. The
out put- of "the actuator translates into novejent of the coupled engaging
menber. Thus, the contacting surface of- the engagi ng nenber squeezes

i nwardly against the plastic of the lens to deformit away 15 fromthe.
gl ass nol d, thereby causing slight physical deformation to break the

surface tenst opy R, WREEDS UGN | RS SO RREEE 95 0h b B pli i s0
mermber coupl ediptPthd bORPHY ﬁ&o@%&ewv%hygﬂggghﬁglﬁggf%@dﬁm s nove

~their respective engagi ng nenbers to _ ess desired to
deform physically the lens as conpared to using the cool 20 gas to

separate the conpongnts. .Still-another neans to separate_the. lens fromthe
nmold is the operat oﬁ%&‘iﬁkﬁ?@?‘?& Hﬁefiegﬁﬁ%mfgemtﬁeréwd@%wawm%ﬁe

al t-ernati vegal : S : | g LN,

ol ds. 25 A0 ¢ ottt TROREAEHE I F RPRIORG A raRRA I Mind 5. LERE SBE

t he nol.ds 40, mOldandf thegkskict 20regaitedextemsireadeaninglorimg bdetldarhiged)ibe gasket 20
conponents are tQ be reused, the operator_ places the rear nold 50 into the
bore 30 of theis@issrised and latergronnddebererysled- rot ati onal orientation relative
to the gasket 20. The operator can use an assenbly =~ WD 98/ 36868 -

PCT/ US98/ 03111 -46- fixture 500, which is shown in . Figs. 17A and 17B, to
aid in inserting ththeeaembly fiki@ 500thas h BentbOpation 580 addpted odusport he

physically handling of the rear nold 50. The gasket 20 can be used again to _'

rr?kehanot hE@ IWOP@IV@¢§1]¢ﬁi®WfM@Bt@91%5? %lﬁmnndm@ep?g@r\mr?mﬁ ofife
' 2 ; | : ]
Cheker 35 Kos AR atuBNERRhOSitt £ hAe ke lohs . Rpudl Bt ong, |,

di scarded and ¢ 2 ofthe giket 20. UEhis g elfiter pdrion 536 BB Yhd ferf MbRI SWAhdBS 2

center portion 510 adapted to support _
: gasket 20 is pushed downwardly against the spring-loaded receiver 512 so that the rear

mold 50 is accepted into the bore 30 of the gasket 20.
15 .

The rear mold 50 is marked, for example, b;l a line etched on the surface that
does not contact the monomer whén forming the lens, e.g., the babk surface 54. The
operator aligns the reaf mold 50 at a desired rotational orientation relative to the
aligning apparatus. The rotational orientation of a toric back lens relative to the gasket -

20 20 must Ee at a known position for orienting at the assembly station 110. The operator
then positions the gasket 20 above the assembly fixture 500 and rotationally orients a
- marking on the gasket 20 tobein régiStry with'ihe etched line on the rear mold 50. In
the preferred embodiment, the .gasket 20 will only be accepted by the-assémbly fixture -
500 when the gasket 20 is at a desired rotational orientation, thus helping to ensure that
25 B thé gasket 20 and the rear mqld 50 are at the desired rotational orientat_ion relative to
 each other. The key notch 28 can be used to-ensure that the gasket 20 is properly |
aligned with the spring loaded receiver 512. F ig. 17A shows the_éomponents properly -
© aligned. | o -



10 horrzont @‘L(w,% gg back side of the rear nold 50. Surroundi ngclifsegBstaer
portion 510 % e assenbly fixture 500 is a spring-|oaded receiver 512 -
adapt ed 'to engage the second end 24 of the gasket 20. Thus, the center
porti-on 510 holds the rear nold 50 and the ﬂﬁsket 20 is pushed downwardly -
agai nst the spring-loaded receiver 512 so that the rear nold 50 is accepted
into the bore 30 of the gasket 20. 15 The rear nold 50 is marked, for
exanple, by a line etched on the surface that does not contact the rmnorrer

e o 09 Lne, ) OB 1 oy B RSB HRE G PR O VB Ry bR
appar at us. Thess@hlyifxiat 5006 fiad tHedBarthoRl 309 kéceRRaKvilIBRS po ?&&iéﬁﬁebﬁret he

gasket. 20 20 nust be at a known position for orienting at "the assenb
station 110. T{: When ﬂtempemtqmstotpushdommgbs khn g@ﬁetélﬂanev&stgmssﬁabl y

fixture 500 and .rotati.on ori,ents a. klng th 20to beln
registry wit h SPHBgé?rEﬁ@H‘? ‘%’é’eﬁ)ﬂletrﬁgm ﬁﬁ gﬁ?”ﬁi‘%

enbodi nment , gﬁ'é@él G@l{hﬁ{jthg %41_?) 500
when t he gasket % 'S gt&p% Leigtler Xr otational orren °on, T hus #héﬁggng to

ensure that 220 iskswpgedbytheibcavet 512ewhichicanmt be s6mprasat ﬁ:i’dher dHisd re@fimold

rotational ori ent ation relative to each other. The key notch 28 can be used -

to ensure that 50 pecorRing s 13@@@“&9(5%?‘?‘9%@?3%%4@@% spring | oaded
receiver 512. Fig. 17A shovvs t he corrponents properly ali.gned. WO

98/ 36868 . PCT/ US98/ 03111

-47 - Fig. 17B shovglthdiigh thél@m@nwsmroﬂmé;reaﬂﬁmﬂsa hethiieglk ®ore’$D RUWE vaLSHLY
on the assenbly fixture 500 so that the- rear nmold 50 is received within a

portion of1Qh gessem@brdmﬂwn@hdwéreasw@abﬁhpsearmidéﬁlﬁicmsmmlw the

Pre bore a0, WRSRERE e e dlficader 0658, BREnd 5F B VaRIS SBRTR RNy

di stance wi t hidiffeleat SseratoR0 THOMGTOWS tBé o éi@n&e@ﬁ@éﬁ?éaeﬂﬁnﬁéxﬁbﬁ R the

receiver 512, which cannot be conpressed further e rear nold 50,
accordingly, mmmpéa; eusuringdhattike 1ear moBbSQis net insentedigpodhswithipghe bore 30 to

‘hinder operation of the mold support plate 136 moving the rear mold 50 to the retracted
15 posmon at the assembly station 110. As one skﬂled in the art will appreciate, this
process can be automated so that a robotic arm or the like performs the process of
| placing the rear mold 50 in the bore 30 of the gasket 20 at a known rotational

orientation.

20 From a handling perspective, it is also easier to store the rear mold 50 in the
gasket 20. Since the surface 44, 52 of .the mold used to form the lens is an active
“surface, éontaminanté, such as ihose ona persdn’s fmgelfs,' can ruin‘it. But touching the
other sui'fac_e 42, 54 of the mold 40; 50, Which is not used to form the shape of thc'lens, '
. is not a problem. For the rear mold 50, the forward surface 52, which is ori‘ented to face
- 25 the interior of the gasket 20, is the active surface and the back surface 54, which is |
- ha_.ndled, does not present a problem. It is easier to place the rear mold 50 in the bore 30
- 80 that the active side is protectgd by the gaéket 20 and handle the front mold 40 by the
forward surface 42, e. 2., the robotic arm 160 contacts the forward surface 52.



Al t hough the axi al position of the rear nold 50 within the b [-Fale]
critical,: 1WO98RE868ssenbly devi ce neverthel ess ensures that %}%@%&%ﬂgﬁgl d
50 is consistently positioned the same distance each time, instead of t.he
“variations occurring anong di fferent operat gr s. This inproves the operation
of the present invention by, for exanple, -8fsur | ng that the rear nold 50 is
not inserted too far within the bore 30 to hinder operation of the nold.
support plate 136 noving the rear nold 50 to the retracted 15 position at
the assenbly station 110. As-one skilled in the art wll appreciate; ‘this

‘process can be aut oRss frontsnoldiibtand thegasketirean moldi20; AR theniase movedtnthet he

-of pl i .th ld 50 in t th k 20
rovn ot st | o ASPTORrRarEat s e the asberttlg sloR 178 s Forin Feafmilenses, The | ¢
al S0 _casi er { Gosiulofor Bear1A!pIERHs theQorhoriel oi35k6ing Belt STRS FrohoRIIG, ace

44, 52 of the I'd Used to formthe lens.is an active surface,
cont am.nant s, whichhcanse stared i carrips isplacesd dn enperelt anddhe gasket/rear mgld 20, 50

touchi ng the other surface 42, 54 of the d-4Q, .50, ‘whi LS, not .JMsed to-
formthe s ﬁap@népoﬁhﬁ’é{’?lé ensprs detoet é‘%ﬁlﬂﬁ E‘Tr@ﬁllﬁ re?&ﬁdtth"ee%%ﬁgﬁbélﬂa@glyt he
forward surfa I i | £ j '

gasker 20, 1 s sy f e o Rl APb o bR ARR R, Ardfr BB by B chliBt e,
does: not presbslt tienplades ¢ie coniipanente asthercotrectstasge lobationsarthatthelprodessrofitiee
bore 30 so that the actjve side is protected by the gasket 20 and handl e
the front nol gresentipventionican Bgrepeateds ace 42, e.g., the robotic arm 160
contacts the forward surface 52. . WO 98/ 36868 . - _ S

PCT/ US98/ 03111 -48 - The front nold 40 and the gasket/rear nold 20, 50 then
are noved 1ipo t he apyltugh dicprodent Agentivncimsbesad désbfibedbwithbdfereatato specifit0O to -
form additional |enses. The operator, for exanple, places the_conponents on

a mv ij ng bel t .dsziwf eestain psbedinents thersef, idnnefdntepdecsthat sich details Fhguld be
Bensor s det ocroupisd PP ATBAE o S0nd R s ¥mth kgl T4TD B chfont

necessary, Stq&ytdieiﬂmmﬁmth&{cc@ﬁpaﬂyﬁgg@@ihisye bel t.  Anot her operator at

the end of the belt then places the conponents at the correct storage
| ocation so that the process of the S '




present i nvghgly an be r epeat ed 100 - Although the presenjusssesnti on
has been described with reference to speC|f|c details of. certain

enbodi ments thereof, it is not intended that such details should be

regar ded as Ilmtatlons upon the scope of _t¢93_|nvent|on except as and to

the extent that they are included in the acconpanying cl mﬁ“
08/ 36868 MU A

-49 - What is claimed is: 1. . An apparat us for assenbling % [‘end-fdrning
structure, th Wediinfed'BYi N9 a front nold, a rear nold, and a gasket
havi ng opposed ends, an outer surface and a Iongltudlnal axi s and defining -
an axially extendlng bore, conprising: a. nmeans for supporting the
gasket so that at |east one of the front nold or the rear nold are

i nsertabl e inth theAa@pBar@mf@(ﬂsse@hngammsmpxﬁngwmli d

into the bore Qf t he rear. no into

the bore of t '&é%(ag’?g%éﬁém&& andaég%gﬁ?\%.ﬁﬁg&;ﬁ%??a?m&% ﬁﬁ%ﬁ‘i’ﬁ?ﬁ? aPﬁ(? bore

?L the gasket jgngitldirdladiseneg definin %nfakﬁﬂlsl eXRindin®bdrél @ofipiiking®! d rel ative to
e other nold to a desired one of a plurality of axi al separati on

di stances between tée noingans fr suppofting the gasket sesthef atdeast one of thidront moldier .
rear mold insertin ns fur co i se ns for renoving the rear -
nold fromthe ?gaﬁa 'é?{f’gf lgﬁ’tggé tﬁ?"?ﬁ nol d i nserting neans can
bot h i nsert the rqu ”D'th%ﬁriﬂ&&tﬁ@&ﬁeﬁ&ﬁhﬁ@lﬁqm%th@ﬁo{e%&h fled rom

wi thin the bore. 3. The "apparatus of Claim 2, further co é?t{lsm hg nmeans
for rotating a sel ect ed mnmsdbrhisa'tlggsﬂkﬂateasmpmmo thea:nsemﬁthegaslqeeandrml d

inserting neans relative to t eIo i tudi na) s of wher ei-n

t he rot a?i ng rmeans $-ot at B&AHAT B F’@Hm@n‘@ﬂ?ﬁl %@rsaiﬂ&gg@ﬁ r?&‘WEé?ﬁs
: h

or tne rear n%gﬁbﬁf@%homt @élré? u\Ier}Stﬂa&EembﬁtbQ%&l%@ é;@ﬁi?l rality

renoves the rear - ore of the gasket so that t
a different rmfmlablqiarmothMOesheWeenthehmolrdsar mol d i nserting neans
reinserts the.rear nold into ]

2. The apparatus of Claim 1, wherein the rear mold inserting meéns further
co_niprisés means for remeving the rear mold from the bore of the gasket so that the rear
mold inserting means can both insert the rear mold into the bore and remove the rear

mold from within the bore.

3. The apparatus of Cléim 2, further comprising means for rotating a selected one
of the gasket support means or the rear mold inserting means relative to the longitudinal
axis of the gasket, wherein the rotating means rotates the selected one of the gasket
supporting means or the rear mold inserting means after the rear mold inserting ineans '
removes the rear mold from the bore of the gasket so that the gasket is at a different
rotational orientation when the rear mold insertiﬁg means reinserts the rear mold into
the bore.

4, The apparatus of Claim 2, wherein the rear mold inserting means comprises:
a. a mold support plate adapted to detachably engage a portion of the rear

“ mold when the gasket is disposed on the gasket support means; and



the ‘bore. 4. The apparatus of d ai'm 2, wherein the rear L psert ] ng -
means corrprwwsﬁf’s a nold support -plate adapted to det'a%‘g}‘lygﬁ%ygle a
portion.of the rear nold when the gasket is disposed.on the gasket support

_ ?C?’?E;Sgg?gSlllV\g %8/ nggﬁs, connected to tHE 1ol d suppullllll)mmuluumu “Hvi ng
- the nold support plate between an insert position, in which the "molsd *

support plate is adjacent a portion of the gasket support neans, and a
retracted position, in which the nold suppgrt plate is_.spaced gpart :from
the gasket support RreansMe3ps, CONDELE ta‘b%‘ﬁl"gqq%“&?or@ﬁ enfor mqving ﬁ?@rm‘)l-d
conprising ne : A : _ ol £ 1 or
the rear nol d%?égéx?ﬂa%ﬁ&ngvgﬁgm?lgﬁ %J'E ﬁ%@dq){?%ﬁ o%%ﬁ%?@%nﬁg ?%%dj%lﬁeg{‘é
gasket, wher eiportidreof the gaskey suppartangans,zind s refractedpesitiar irowhichfthe hold sgpett
supporting nmeans or the rear nold inserting neans after the rear nold

i nserting nearPateeninpeed apnst frammthe gasketspBPATE MSakbr e of the gasket so that
the gasket is at a different rotational -orientation when the rear nold

i hserting nmeans reinserts the rear nold into the bore. 6. The appar at us
of Caim4, fuytherTkoOiipatabis & ClEians, fuftherdRbfriding Meand flotfing@ iedRiddnen
of the rear nold. 7. The apparatus of Claim6, wherein the deterninin
neans conpri s thegasket supper nieans enghe tear mold msetting moeans relatingdo ghe loogited

o of e e bR B i b L R0
creating inf orsgg?&gaﬁhséaﬁs bhe déa8 nid1d ffdetiBAReadl altBetht S i} Shsetityl HEHNI 9

i nformati on . ab ei ght of the rear nold, wherein the creating rmeans:
gener ates a sirgmavesthatearmiold fionethe borerofdhée gasketSso that thie gaskppisabe diffeséntCl ai m -

1, wheréin the I al, movin ans conprises: a. a piston_ adapted .o -
det ac hab: y end? Xl‘)ﬁalﬁ’re\éta["gﬂ%ﬁﬁ re%hfﬁgsq@ygjglegweﬁiqs g %&9 mt§

di sposed wi thige héye, bore of the gasket;

b.

- 6. The apparatus of Claim 4, further comprising means for determining a sel_écted
~ dimension of the rear mold. - ' '
7. The apparatﬁs of Claim 6, wherein the determining means comprises: -
a. means for optically receiving an image of least a portion of the profile of

the rear mold when in the retracted position;

b. means for digitizing the imagé of 'th.e rear mold; and |

c. °  means for creating information from the chgltlzed image of the rear
mold, including information about a height of the rear mold, wherein the creating -

means generates a signal containing the information.

8. The apparatus of Claim 1','-wheréin the axial moving means .compris_eé;
a é.piston adaptéd to detachably engage a selected on.e of the two molds
when the molds are'disposed'within'thﬁ bore of the gasket; |
'b.  anactuator which generates an o.utput;. |
c. means for mecha.mcally coupling the actuator to a pbrtion of the piston

. so that the output of the actuator translates into movement of the piston; and



b. - an .acto¥smesehi ch generates an. output: c. neans for :HGE‘MHW&:ﬁMy
coupling the actuator to a portion of the pi'ston so that the output of the

actuator translates into novenent of the piston; and VWO 98736868

PCT/ US98/ 03111 -51 - d. means for energiZing the act_ua

apparatus of Claim1, further conprising neans for securi glli“ﬁ 'H‘Img@m”"l
wi thin.the bore at the desired separation distance fromea

The apparatus of Claim9, wherein the securing means conprises a radial
clamp. 11. The apghar atmeamsffof?brmrgxzﬂ:gthbecteamrthe front nold inserting

means is a robotic arm adapted to detachably engage a portion of the front
nol d, insert the. front nmold into the bore of the gasket at a predeterm ned

axi al posi ti oty andey b dliarnaaas, i1 ARNEREhBSEE Slald ADLedRb wdRias T

appar at us of er conprising nea providing

communi cati on \bﬁhi‘ﬁ&ﬂélbéﬂaat ﬂiétdéslrai)s"ef)ﬁ@ﬁo@ﬁtstdiﬁe @oakeichatkrt he bore :
internediate the front and rear nolds to facilitate axial movenent of the

nmol ds rel ative to.each other within the bore of the: gasket 13. The

~appar at us of wher ej ans conpr S. a. . avent
oedl o havi ng 19 bas L smiAGis dF Giifn & Skirele e TR0 GROIRS L8R n il A
portron of the gasket to communi cate with the bore thereof, wherein the tip

end is in fluid communi cation with the base end to aIIowfIU|d flow,
t her ebet ween; Hnd bThe appasaiussofiClaing hj Whénain ﬂnh&ontemoldwsemegmera mbbtic st -

t whi ch th f th t -
D ke Hbiad 18 B S mgh S Bropa e Sabimbid, beit e BSAERD G 3o
spaced apart fgof g&sﬁt-,tﬁla rédzerméamrpeehon%dmeﬂtee@a @rl%tryﬁteof

Clai.m 1, whereln the gaskKet support neans further conprises nea
|nd| cati ng prapmrtedlﬁcgﬂnmid of the gasket supported thereby

12. The apperatus of Claim 1‘, further compn'sih'g means for provic_ling fluid
communication between the outer surface of the gasket and the bore intermediate the
front and rear molds to facili_tste axial movement of the molds relative to each other -

within the bore of the gasket.

13.  The apparatus of Claim 12, wherein the providing means compriSes
_ a. a vent needle havmg a base end and a tip end adapted to penefrate
through a portion of the gasket to commumcate with the bore thereof, wherein the tip
end is in fluid communication w1th the base end to allow fluid flow therebetween; and
b. . means for shifting the vent needle between a first position, in which the
tip end of the vent needle is in'fluid ‘commtmication with the bore of the gasket, and a
~ second position, in which fhe"t.ip end is spaced apart from the gasket and the bore

 thereof.

14, The apparatus of Clalm 1, wherem the gasket support means further compnses
means for indicating proper ahgnment of the gasket supported thereby



WO 98/ 3686 - - o
PCT/ US98/ Ogvf?lgaggsss 15. The apparatus of Claiml, WWPmmsgwa3lll
~nmeans for injecting a lens-formng fluid into the bore Hh t he ill’saket

intermediate the front and rear nolds. -16. -52 - The appar lu E m ﬂ!l
wherein the injecting nmeans conprises: a. an injecti

i nsertion end that penetrates through a portion of the gasket to
comunicate with the bore thereof internediate the front and rear nolds;, a
recei vi ng end dapt I n. Wt of "t'he -
| ens-form ng UI di%ngﬁgagggggﬁﬁﬂ%ouéﬁgﬁﬂmﬁf F%d@]egtﬁtgg %lm‘f‘?%?lﬂgng
fluid to travﬂmbmtammuoreomegasmnﬁteﬁﬂdtawea%nt&m&&Sﬁ@% and out of the
i nsertion end to communi cate wth the bore; ) nmeans for conveying

the injection needle-between an insert p03|t|on |n whi ch the insertion end
of the injectihpn-n e i ui ation.with the bore of the
gasket, and all% t h?j’g\ﬂﬁ %rg ?"Fm’tdlrfwrﬂgu énJeﬂ%t&’PF@‘i CORWIISES: spaced
~apart fromthe gasket a%ﬁlﬁe&l&%%dreftﬁb defti exﬁ“thﬁﬁﬂ& ﬂ{r{}ﬁ
assenbling a | ens-formng structure t he satlgluct?}% avi t1lﬁlro %?d a
rear nol d, anpomiogadites gaskvntngommmmtb wﬂlﬂﬂneelmte metemf@témchdimé ttﬁ-xﬂrmtaﬂd

defining an- axially,extendi.n he ends thereof, conprising: a.
neans for supf)egffnr‘]?( f‘ﬁﬁceb‘ﬂgg é)g%p{eﬁéib B & Buidfommunieationseith a pupply ﬁfﬁlet he -

bore ther eof ; |ds-fi 1,08 al P&k ethPSioh, of the
pasket o O 1o formi AR, bRl o PSS Mol el Y alBRs e ISR i 16
~gasket; and dtraverssrfremsthé caceivinigdndrtbraugh thd passdge ahdl oul ¢fithé indeitidalendtbs Of

t he gasket a selected ong qof the front nold, the rear nold, or the gasket
so that the tGEuRYREate Wiheiboss2pdd within the bore of the gasket: are at

one of a pluralityynof s [ tive to.eac
ot her. 18. An apBar at Eﬁ‘ﬁ%r gé@%ﬁ%t}q%ﬂ Q'lrg&l['tg;ﬁ;}} e? {ljlre %@t}veegtaﬁ&seﬁrpgmq%em
structure havwhg;hethé insattionend of dlerlﬁpctmﬁ)h&dle’:llih ﬂuﬂaﬁhﬁﬁmﬂdﬂoﬁlvﬁﬂ: £ bore

aX|aII extend r conprisin
y % t?:g gaﬁ( t, and arrvelthdrawr? posmon in which the insertion end is spaced apart from

the gasket and the bore thereof.

17. An apparatus for assernbling' a lens-forming structure, the structure having a
front mold, a rear mold, and a gasket having opposed ends and a longitudinal axis and --

defining an axially extending bore between the ends thereof, comprising'

_ a. means for supportmg the gasket so that both molds are insertable into
the bore thereof; |
b. means for inserting the front mold into the bore of the gasket; _
c. means for inserting the rear mold into the bore of the gasket; and

d. means for rotatmg relatlve to the longitudinal axis of the gasket a
selected one of the front mold, the rear mold or the gasket so that the two molds, when
| inserted within the bore of the gasket; are at one of a plurality of selected rotational

orientations relative to each other.

18. - An apparatus for assemblmg a lens-formmg structure, the structure havmg a

A e e

~ front mold, a rear mold, and a gasket defining an ax1a11y extendmg bore compnsmg
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PCT/ US98/ 03111 - 53 - a. a gasket support to supporJt——t—rJre--l—eIlQ formng
. structure; b. a robotic arm adapted. to detachably en e a portion of

the front. nold and insert the front nold int3-the bore §"T um"mnﬂm' d

C. a nmovabl e piston adapted to detachably engage a m

-mold and insert the rear nold into the bore of the gasket ‘Whéref'n &t 1east
one of the robotic armor the piston axially noves the respective engaged
front nmold or rear mpld \dgdsketsujspmbmrsapptbrtﬂteelemaﬁimﬁngmm,e to the ot her
nold t-0 a desired one of a Iuralrt of axral Flzparatron posrt%qc;

~ which the separati o di stagebetl B%b ﬁns%sam?r%orb ﬁ§'°§

is different for,eac I A et hod of
assenbling a I%@WSE&E%%%&‘?’OI?%@&@ e str ur éh%avr ng a front nold, a
rear ol d, and a gagket hambibl@piRaada dmda@cmutyeéngsguipcmoamttmear

| ongi t udi naI axi s and defining.an axial ﬁgextendl ng bore, ngrl si ng:

supporting t he mpié ked insert thenear meldrints the borepf.the gasket, whereinat lgastone of the

i nsertabl e |ntothe bore hereo ertr ere nto th

bore of the ga§‘R1§t caémor ﬁé‘aﬁ)’ﬁéﬂ?‘ﬁﬁﬁ Vﬁfmf@gf H.ortlﬁgrmgld

gasket; and d. | QlegiRad st

one of the front no gadéiré(o e¥éﬂgreﬂn%aéﬁrt2%%gﬁ?gfﬁtﬁg ot her eéfas?

- _desired one of amapkapaedumposilhoasgrmlwhmdheaepamnmmésmnnadmt\b@mhemdldmnrthe ds..
20. ‘The method of Claim 19, further c rjisin bef or.e the.axi al noving

step, the stepbopsof the gaskef isditforant fofea ?Fi)‘l“galfSPB?ﬁaF‘Pfep%ﬁ"@l -of the

gasket; b. rotating about the |ongitudinal axis of the gasket a selected

one of the rear nold or the gasket relative to the other; and c.

reinserting thaorearA metlsbd oftasseinttdingarienss fortniveg sticeure, rtherbtrmmterlmmngraﬁrom

are at a sel eCtn(laoqd r;) ;,Ee%; ;n%?da lanc(1) ; Ig(aasnkteta v?rrxlg [)S;Lo%gcll \ér?dst an g&t%p s arég and a

longitudinal axis and defining an axially extending bore, compnsmg |

a. supportmg the gasket so that the front mold and the rear mold are .
insertable into the bore thereof;, y .

b. inserting the rear mold into the bore of the gasket;

c. placing the front mold into the bore of the gasket; and

d. axially moving within the be_r_e of the gasketa sel.ected: one of the front
mold or the rear mold relative to the other mold to a desired one of 2 pluraiity of axial

separation distances between the molds.

20.  The method of Claitn 19, further compi‘ising, before the axial moving step, the
steps of: A | |
a. removmg the rear mold from the bore of the gasket;
b rotating about the longltudmal axis of the gasket a selected one of the
. .rear mold or the gasket relatlve to the other; and
c. remsertmg the rear mold into the bore so that the front and rear molds

are at a selected rotational orientatibn relative to each other.
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54 21. Tﬁﬁoﬂﬂ?%ﬂ of Clal m 20, further conprising, after tﬁe res%%l%ng :

step, the step of determining a height of the rear nold. 22: The nmethod
of Caim 21, wherein the deternining step_ gpnpri ses:

receiving an image of the rear nold to generate an out pLI I"in lnnﬂl ,!"M
transferring the output to a controller; and c. . cal cula leng it

of the rear nold fromthe optically recei ved i mage. 23. The net hod of

G aim 20, vvh

Suppor ¢ pl at 62 ﬁdj 1B et a1 20 AR colPhsiBaefon B Rk A o DR of

mol d support gﬁ.ﬁn{}g %ﬁ bedOne@t achabl y engage a - portion of the rear |
repositio

nol d; and b. Ing the nold support plate to a retracted
~position. 24.° The pethod of Claim 20, further conprising the step of

providing fluid conmuni catj bet he outer surface of the gasket .and
the bore intet?edi dhe metho 9 ﬁﬁ"i‘q@é‘? (gegelpgnmgé]:qpqogm;lsg% al m)vement.

of the nolds relative t

| ens-formng struc?’ure %Pﬁ@ﬁﬁ}tr%e;\?ﬁﬁ ﬁmilﬁeng %ég'ginhtowrrto , a rear tﬁoﬁ d, and
~a gasket having Opbosedh@ﬂd’érrhn@dh@oﬁtpmgbwnﬂallemm¢ and defining an
axi al Iy extendi ng bore therehetween, conprising " supporting the
gasket so that the¢f roncalssiatinghe height of I?ml@lé%@m%éﬁlaﬂiﬁchsd%e
bore thereof; b.. placing the front nold into the bore of the gasket; c.
rotating about the longitudinal axis of the gasket a selected one of the

rear nold or phe gTRKeietiAVofTaih20,fWinkéinnkd tntbvimosesicomprises: bor e t her eof
relative to the other; and d. inserting.the rear nold into the bore of

the gasket so that athe pesitioninga m@ésumtﬁaf&@élaaﬁntéh%@n%ﬂtba gagkehadiacent
or .ent ati on. ' eartezllrvnexoltd the 30 r‘1d ﬁ;glp%?t ﬁ%tg% fﬁgtaggpigg ' detachably engage aportlon of

the rear mold; and

b. repositioning the mold support plate to a retracted pos'ition..

24.  The method of Claim 20, further comprising the step of providing fluid
' communication between the outer surface of the gasket and the bore intermediate the

front and rear molds to facilitate axial movement of the molds relative to each other. .

25. A method of assembling a lens-forming Su'ucture, the structure having a front
mold, a rear mold, and a gasket héviﬁg'opposgd ends and a longitudinal axis and
deﬁning an axially extendiﬁg bore therebetween, comprising: |
a. supportihg the gasket so that the front mold and the rear mold are
insertable into the bore thereof; | |
b. | placing the front mold into the bore of the gasket
c. rotating about the longltudmal axis of the gasket a selected one of the
‘rear mold or the gasket having the-front mold d1sposed in the bore thereof relative to the
~ other; and _ ” |
| d. msertmg the rear mold into the bore of the gasket so that the front and

- rear molds are at a selected rotatlonal onentatlon relative to each other w1thm the borc L
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-55 - 26. An apparatus for formng a lens usi ng a structure havi ng a
front nold, a rear nold, and a gasket ~“havi ng opposed ends and defining an

axi al ly extendi ng bore in which the front -&3d rear nol ds
W thin the bore and spaced apart from each other therei n”mmrmn mmm, "I
means for supporting the structure; b. means for axially frown

the bore of the gasket a selected one of the front nold or the rear m)ld
relative to the other nold to a desired one of a plurality of axial

separation di stances between the nolds; c. means for providing fluid
.communi cation betmeen the outer surface of the gasket and the bore

e ate e 7oL 07 SRS 0, | MR ™
amount of - a | gfsy %ﬁfﬂ%&k&ﬂ%g‘dﬁ@séd%d@%&d@ﬁmﬁéﬁn mszﬂeﬁaﬁgrﬁefaﬁte the

front and rear he dpparatus of C aim 26, erein the axial
noving neans cxigh theefsontand rearqusgrodlspdmdthnn(bheb@'agnd spaced epart fronneachf
the noel ds when the mold is d%é)osed wi thin the bore of the gasket; b. an
actuat or whi clQtifEkergineCOBPISRE Ut ; ¢. -  neans for mechanical [y coupling
~the actuator to the pist f the actuator transl| ates

i nto novenent of tﬁae pi s Qa:ﬁ%f%@ho&ﬂ%t%%%ns or. energi zing the actuator.
28.  The appar at usp,of Glnaanmfaﬁamiﬂymbemgmﬂpnﬂmme ofthegaticet aselewedluge bﬂe
nolds within the bore at the desired separation distance from each qthe

29.  The appahefrost meldgrihereapmoldrelative to fie atheryneldgo adssited nemiiagy

" L’?:'(Ij'} 3|39 g} 83 11Pf axl\QPsep%rast%%ecﬁstances between the molds;

" ¢..  ‘means for providing fluid communication between the outer surface of
the gasket and the bore intermediate the front and rear molds to facilitate axial
movement of the molds relatlve to each other; and

d. . means for mjectmg a desired amount of a lens-formmg ﬂuld into the

bore of the gasket intermediate the front and rear molds.

27. The apparatus of Claim 26, wherem the axial moving means compnses

a. a piston adapted to engage a selected one of the molds when the mold is’
disposed within the bore of the gasket _
- b. an actuator which generates an output _
c. means for mechanically couphng the actuator o the plston so that the

output of the actuator translates into movement of the piston; and

d. means for energizing the actuator.

28.  The apparatus of Claim 26 further compnsmg means for secunng the molds

wzthm the bore at the desired separatlon distance from each other.

29. The appafatus of Clain:t 28, wherein the securing means comprises a radial

- clamp.



-56 - w% aratus of Cl aim26, wherein the providing f@ﬁﬁ@sﬂgll]
conpri ses . a vent needl e having a base end and-a—LLD_MMO
penetrate through a portiaon of the gasket to comunicate with the bore

t hereof, wherein the tip end is in fluid cos*gmnlcatlon \ﬂ m

allow fiuid flow therebetween; and b. means for shi f, my' mnm”mgm e
between a first position, in Wmch the tip end of the vént ‘neédl ® is i
fluid communication with the bore of the gasket, and a second position, in

- which the tip . gnd i m.th sket.and the bore.thereof. 31.
The appar at us 0 @%%%%%ﬁ%@%et qﬁ°ﬂ‘é’éﬁ%§“$’6“ﬁ”%‘t°é‘&’tsﬁa a level

of the |ens-form ngfl uiglyédiinesdl€HaRig b Basd éﬂd%ﬂ'aﬂﬁ;éﬂﬂad& 1l % pbritirayed| une

formed in the structure. 32. The apparatus of Claim 31, vvhereln t he

det ect i ng neartbranghpmiostien of:ithe gaskmetarogmmmcatqm«jthdm«zmmmwﬁ)whcmmmehm
vent needle, for, .cre t|n a sub-. at nps ric S n of the
vent needl o, - if i Rid i afication WIRRE DR s AR G AOpHBeishieR NG,
- for sensing pressurg in ﬁm@é‘ns‘f@f%hlﬁﬁg%@veﬁt‘ﬁ%&ﬁé Betias Q@E&ﬁ%@ﬁmﬁfﬁ%ﬂﬁxcﬂﬁfy's
detects a pressure Increase when thé volume Is f|IIe ens-form ng
fluid so that ﬁ;hmd afitbe ventmieedje is inifhiid comumnivatieswithithe bdre of ithe @skietoﬁnd:he
vent needle. The. ap ar tyus of C ajm 26, wherein_ the nmeans
conprises: a. secor(xgpqs H equilgqslqgcegapﬁrggqom@ﬁggﬂ@tpwgf et rates
through a por t4 gn, pf the gasket to communicate with the bore thereof
~internedi ate the ?ront ‘and rear nolds, a receiving end adapted to be in
fluid communication with a supply of the lens-forming fluid, and a passage

therethrough that allows the |lens-formng fluid to traverse fromthe
recei vi ng- end tlnr outhe snparaTSAf{daim Y TBrihersomprising maeans if‘@'rﬁeé‘?ﬁngé level of the

conmuni cat e E&Sf/o%nﬁoﬂ\ﬁd u‘;ﬁggced by WR ﬂﬁfcﬁﬁé ﬁl%ans into the volume formed in the

PCT/ US98/ 0311
structure.

32. . The apparatus of Claim 31, wherein the detecting means comprises: -
a. means, in fluid communication with the vent needle, for creating a sub- |
atmospheric pressure in a portion of the vent needle; and
b. means, in fluid communication with the vent needle, for sensing -
- pressure in the vent needle, wherein the pressure sensor means detects a i:ressﬁre
increase when the volume is filled with the lens-forming fluid so that the lens-forming

~ fluid communicates with the tip end of the vent needle.

33. . The apparatus of Claim 26 wherein the injecting méans comprise§

a, an mjectlon needle havmg a insertion end that penetrates through a
portion of the gasket to commumcate with the bore thereof intermediate the front and
rear molds, a receiving end adapted to be in fluid communication with a supply of the
lens-forming fluid, and a pas_s'age' therethrough that allows the lens-forming fluid to
travers€ from the receiving end't'hrough the passage and out of the insertiotl extd to

communicate with the bore; and



b. _rfean-swb@wsssmveyi ng the injection needl e between an i nSRET/UBWLSLHon

in which the insertion end of the injection needle is in——f—l—eu-d\

comruni cation with the bore of the-gasket, and a wt hdra%n rosi tion,

In
which the insertion end is spaced apart frdh-the gasket y’,m
t hereof . 34. An apparatus for formng a | ens, conprisi clmﬂmgm,#"#’r
supporting a lens-forming structure, the structure having a gasket®defi m ng
.an axially extending bore, a.front nold, and a rear nold in which the.front
mol d and the rear ol d aneamdifsameeying te injection hesdle betorespae et positioh,riam
each other therein; b.  means _for axjially nmoving within the bore of the
gasket a sel edthich Bdnsertiemend ofdhe injestign seedlp is d gemmunication with the bpare

other nold to desi y-ed ope | urad ity .of. i al separation dista s
bet een the. nf i expket st wlhauh nd ok e R ioag iR R inPase dariiatm
the outer surigegasRét 0aeheBeletherastd { he bore internediate the front and
rear nolds to facCilitate axial novenent of the nolds relative to each

ot her; and d. means for injecting a desired amount of a |ens-forning

fluid into the bore of the sket .intermediate.the front .and rear nolds.
'35. .An appa'sﬁtUS%?pm%riWﬁng : SUPPATRE st ructure, the structure

having a front nmold, ar oy Sl %‘1&51%%1{(}%1@ ORROSEHEL ﬁ]&q, a
| ongi tudi nal axi s and de ?élnisng,%ﬁpam gl 'y extendi ng E%?’gl,? -co_rrpn?riggll%‘r,}g. a.
means for suppgasketdefining aharinlly extendigg borey e fronemodd)dnd a rear matdrin which dwvi ng
a selected one of the front nold.or {he rear_ ool d when the | ds are :
di sposed wi t hifwntﬁpl.(ga% e%rﬁﬁgéé&éﬁw @F@%ﬁbﬂ‘.’er%%.%“%&%%&d% he
sel ect.ed ”Dl-doh%ri‘l%éilaﬁi red one of a plurality of axial positions in which -
t he separation distancé between the nolds in the bore of the gasket is .
different for eachblesi rracam{ordxigityamoviap within ihe Hodé 36tHE Fasket a selected one of
PCT/ US98/ 03111 58 - ' ) . .
o the front mold or the rear mold relative to the other mold to a desired one of a plurality

of axial separation distances between the molds; _ |

_ c. means for providing fluid communication between the outer surface of -

the gasket and the bore intermediate the front and rear molds to facilitate axial

‘movement of the molds relative to each other; and o

d. means for injecting a desired amount of a lens-forming fluid into the

bore of the gasket intermediate the front and rear molds.

35. - An apparatus for assembling a lens-forming structure, the étrﬁcture-having a
front mold, a rear mold, and a gasket having opposed ends and a lorigitudinal axis and
deﬁning an axially extending bore, éomprising: '

a. means for supporting the lens-forming structure; and

b. means for moving a selected one of the front mold or the rear mold when

' thé molds are disposed within the bore of the gasket, wherein the moving means moves

the selected mold to a desired one of a plurality of axial positions in which the |
separation distance between the molds m the bore of the gasket is different for each

desired axial position.



36.. An'ag&ﬁ?%h§% for assenmbling.a lens-forming structure, theGdopisiiure.
having a fromt 8,-a rear nold, and a gasket having opposed ends and . a
| ongi tudi nal axis and defining an axially ext.endi ng bore, conmprisinmg—=:

a support for the l.ens-formng stru"c't.ur'e;'_ts.g_- a pisto '
detachably engage a sel ected one of the-front nold or tqmgmj!"HEMHﬂl
the nolds are disposed within the bore of the gasket; c. = callL I
whi ch generates an out put; a mechanical link for coupling the

. . d i _ e . r -
CPan ot ess il movAR e RN BiRg B bR b Ok s BRELITREL

detachably enggfiethdl® relPmaldiaed 4 Sakker v Gppdke éidsand QflonpitudinaP R4k khdNS -

in which the separation distance between the ‘nolds in the bore of the
gasket is di ffdefining ancaxiadlycixtendingbede, sompirisingsi t i on; and e. means for
energi zi ng the actuator of. forrn't;‘\%.a | ens-form ng

a

.37, Aatgei ho
structure, the. strdet ur e FRPPTSOLhe fensfomping STUCHEE, . 1yl d, and a gasket

havi ng opposed end an | AR a8 n | Hel OF SGhal
bore, conprising: 29' iﬂgﬁg@?iaﬁ?t%%ﬁ ear.a%gléggééﬁo%?abofe&?%he gglglgét; '

b.. pl aci ng théreeaf nodd wienh theimoélds afealisposed withintthe haelofthe gaskiets .
I nj.ecting a desired anmount - of a lens-formng fluid into the bore of the
* gasket internedi at €t he rashHiatorwhich genesieyd GHPY t he nol ds have been

of the axi i 1y movitig w1 RErEiPiar o hor it ihe aptbhobBla SABA P UAGiLHE 5 °F

front, nol d or thétehé e@putct the acthatbi translates il Mbvenentof thetpiston,deldreiadhopistonf
a plurality of axial separation distances between the nolds. 39. The

met hod of O aimeds thefesachahlyiengaged meldyo adipsirag ane aplwality of @il posifiens in
injecting step.,. . 8 L . , . ,
PCT/ US98/ 03111 A" 3RSt fancs berapm fos mold fm the ore e easket i iffesat, o
providing fl uifgr each desired axial position; and : '

e. - means for energizing the actuator.

37. A method of forming a lens-forming structure,_the structure having a front mold,
a rear mold, and a gasket having opposed ends, an outer surface and defining an axially -
extending bore, comprising: ' ' X

a. inserting the rear mold into the bore of the gasket;

b. placing the front mold into the bore of the gasketi and -

c.  injecting a desired amount of a lens-forming fluid into the bore of the

| gasket intermediate the front and rear molds after the molds have been inserted therein.

38.  The method of Claim 37, further comprising the step of the axially moving -
within the bore of the gasket a selected one of the front mold or the rear mold relative to
the other mold to a desired one of a plurality of axial separation distances between the

mol_ds.

39, The method of Claim 38, wherein the axially moving step occurs before the

injecting step.



communi catlwodsakmen the outer surface of the gasket and th@%ﬂﬂﬁ”’“ﬂn
|nterrred| ate the front and rear nol ds to faC|I|tate thW
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40.  The method of Claim 37, further comprising the step of providing ﬂmd .
communication between the outer Surface_ of the gasket and the bore intermediate the

' front and rear molds to facilitate the injecting step.



