TITLE Systems and Methods for the Production of Contact Lenses BACKGROUND [0001]In recent
decades, contact lenses have become a preferential alternative to other eyesight correction methods.
Due to their increased popularity, it has become mandatory that contact lenses be manufactured on a
large scale in order to meet consumer demand. Further, these lenses are required to be precision
manufactured with low tolerances in order to provide a suitable and effective corrective lens.
[0002]Spin casting has been utilized as a method of producing contact lenses. However, traditional
spin casting methods are disadvantageous for several reasons as will be discussed below, and have
not readily been employed in the mass-production of contact lenses. [0003]To begin, the
polymerizZgiifinicasting of axially symmetrical articles, such as contact lenses, may be performed by
using a spin casti rocess. In this process, a cantro uantity of a polymerizable liquid is placed
into an open mo?&f&v%%ﬁrﬁgiﬁ%%orésta?éaﬁ St?zrﬂ%ilfsl%ﬁlg: P%)%csrgf%s%tational speed sufficient to
produce a centrifugal force that causes a radially outward displacement of the polymerizable liquid. By
maintaini%i\ﬁggtlﬁjotation rate, the centrifugal force caused by the rotation will cause the
polymerizable TiquidTo adopt a generally concave shape. Once the polymerizable liquid has attained
an equilibrium st ] polyimesizatiderasdahedicfaid kaschbartidetmanioy anyfaeitabl el temative such as heat
or exposyoRACiRlERUAR G mulRMCISLIh P ASARICHER RSP ItkROWmSHE contact lens.

100041The ogen mold used in a spin castln? process is typically Characterized
mandatory that contact lenses be manufactured on a large scale in order to meet consumer

demand. Further, these lenses are required to be precision manufactured with low
tolerances in order to provide a suitable and effective corrective lens.

[0002] Spin casting has been utilized as a method of producing contact lenses.
However, traditional spin casting methods are disadvantageous for several reasons as will
-be discussed below, and have not readily been employed in the masé—production of contact

lenses.

[0003] To begin, the polymerization casting of axially symmetrical articles,
such as contact lenses, may be performed by using a spin casting process. In this process, a
controlled quantity of a polymerizable liquid is placed into an open mold, which is then

 rotated about its vertical axis at a rotational speed sufficient to produce a centrifugal force
that causes a radially outward displacement of the polymerizable liquid. By maintaining a
controlled rotation rate, the centrifugal force caused by the rotation will cause the
polymerizable liquid to adopt a generally concave shape. Once the polymerizable liquid
has attained an equilibrium shape, polymerization of the liquid can be effected by any
suitable means, such as heat or exposure to actinic radiation (i.e. ultraviolet light) so as to
produce a solid polymeric contact lens.

[0004] The open mold used in a spin casting process is typically characterized
by an outer cylindrical wall and a mold comprising an exposed concave molding cavity.
The shape of the molding cavity will typically define the shape of the front surface of the
finished contact lens, and may contain such desired g:lements as lenticulating curves, toric
curves, non-spherical curves and other such featuresl or shapes aiméd at interacting with the

eye, its optical processes, or eyelids in a predetermined manner.




by an outer cylindrical wall and a mold comprising an exposed concave molding cavity. The shape of
the molding cavity will typically define the shape of the front surface of the fmished contact lens, and
may contain such desired elements as lenticulating curves, tone curves, non-spherical curves and
other such features or shapes aimed at interacting with the eye, its optical processes, or eyelids in a
predetermined manner. [0005]The shape factor of the posterior or back surface of the lens is
determined predominantly by the angular speed of rotation, as well as other factors such as the
surface tension of the polymerizable liquid, and the acceleration due to gravity. [0006]The
polymerizable liquid utilized in the spin casting process is typically one in which the polymerization

reaction can be {jgggred Baexiemaliastar pusuas Beslar aeinic spdiatign (ie. ultraviolet light),

and is therefore most commonli/ utilized in connection with a system that undergoes a free radical

polymeriz8isHniase pserlomigrainy by dae apalansesmsliahentriion aorehieobrmitktore Bk homers
based oneryli¢0 MRIRAGY i3 HnMARLWIIY &idread asial-palmerization iilisgr. However,

pre-polymerized materials such as solvent-based materials may. also be applied in a spin casting

system. [0007]TH4Bhd thd hrmpRimGEARBttd S HIbesA & the DT AT SRES D RREA S ion process,
the moldsoaathpalyehetiz bledietidtaye raitiainacthaldgastiniisdy citanifactgasatmasphere of, for

le, nit .Th f t | trj for th I ization all for th
polymeriZAote TG it it LT A AP s 1Sl SABP o NG SHgeR Bt polymerization,
and also toatlesidinvatfos aycoxyige mpfagent svithinrdlie ahpldyoretissbbvedactithe gotyiradiyzable liquid

to diffuse guay. ftorm. e PalTaLEaRle g, (R00RIRUING e actyalmass,pragligfion of contact
lenses, the individual molds can be arranged in a carousel or In a vertical stack configuration. The

carouse! arrdrgeriientis, ritnercidiplese atia oitky taeyeainith iniipoct iahvevsizest the molds. It
requires that each maldbe.diyidually iated.on ﬁﬁt@%ﬁfs?ﬁﬁaﬁﬂg ﬂ@%@?ﬁk&)ﬂ?a 5 (eRgsied that the

carousel arrangement suffers from the disadvantages of requiring excess inert gas to eliminate the
inhibiting Bff&ERof oxygen (in the ambient environment) present during the polymerization reaction.

The use of excepgift 9ap,AHANSHS RRbIRE ARl RhLIG PRORMEKE e asHaicauses the

entrainment of monomer in the form of vapors and the subsequent deposition and/or polymerization of

the moncRYSYIBF S S ABGAtHY OBRIgE R imsaRIblrdiawd g s Gir &3y the system.
Further infaimayian s sesdrab imMeihad of GanitingalbhtasineThbbEdure (souteal Contact Lenses,
u-s. Pateg);[temal trigger for the polymerization allows for the polymerizable liquid to attain its
equilibrium shape under rotation prior to the onset of polymerization, and also to allow
time for any oxygen present within the mold or dissolved in the polymerizable liquid to
diffuse away from the polymerizable liquid.
[0008] During the actual mass production of contact lenses, the individual
molds can be arranged in a carousel or in a vertical stack configuration. The carousel
. arrangement is rather complex and quite large with respect to the size of the molds. It
requires that each mold be individually rotated on its own separate vertical axis. Itis
reported that the carousel arrangement suffers from the disadvantages of requiring excess
inert gas to eliminate the inhibiting effect of oxygen (in the ambient environment) present
during the polymerization reaction. The use of excess inert gas during the polymerization
of the monomeric reactants causes the entrainment of monomer in the form of vapors and
the subsequent deposition and/or polymerization of the monomer on the surrounding

objects, and, in particular, the equipment utilized by the system. Further information is set

forth in Method of Centrifigally Casting Thin Edged Corneal Contact Lenses, U.S. Patent




No. 3,660,545 to Otto Wichterle (filed Oct. 24, 1963) (issued May 2, 1972), the full disclosure of which
is incorporated herein by reference in its entirety. 100091In the vertical stack arrangement a rotatable
polymerization tube having an internal, generally circular, cross-sectional geometry is adapted to
receive, at one end of the tube, a plurality of generally circular molds which become seated to one
another in the tube, each mold containing the polymerizable liquid reactants in their individual mold
cavities. The polymerization tube, or rotatable tube, can be manufactured so that its internal diameter
generally matches the external diameter of the individual molds so as to provide an interference fit.
More preferably, the rotatable tube can contain ridges or similar features so as to facilitate a multiple

point contgst wibothesndlwidyaraelds. (finid @&E?Q@W@QFH&@&E of Qbﬂ??, pe!Rs; to rotate with the
rotatable tube, and also to allow for the passage of inert gas through the rotatable tube and past the

individualHisloRre i sbishdrertrosdihcrsithe refiemskiubcattdsciosed in Device and Method
for Centrifugally (0eiNg Arigies,ddiz 4P ekt dNandeienil3RHta DRV knRawminas@ietaliled May 2,

1983) (issued May 14, 1985) (hereinafter "138 Patent"). [001010ne typical prior art arrgngement for
ihe proou TS S LB LA TS B AL GO0y e T HE TS S GHR fonomer

dosed malsistalse, teplupaie byfepecinle thedbp abRiscthiablectohe cermylisingduwmzrnasite conditioning
one and a polymerization zone. Typically the rptatable, tube cqntains a plurality of dpsed molds, so
z 14 f}léc I‘é%?&l con alnﬁglfﬁglhﬁﬁnrﬁgfégfe Elquld #:actargs 1Attt %&\élé(l:}éldﬂilr?fds

that the r&latab e tube Is essentially S. As’each new mold 1s'intro 0 the rotatable
tube conditiotiryy Zbreodyfutiyztiedwhe]disejtdied fhentindbottonichilwel poljwatetization zone.

001118y, isInSARR. PeaumRer ot mAs RO piaiable (DG ISR SoRslgnt, ith ndividua

molds progressing s roug e conditioning zone, and then the polymerization zone. This
arrangemay slfowsntrsipenen diiz bt iefalaralitii theactriaid ptvb aera s orsabe idpriLem siveitds cus shape

before enjering the ROlyRENAAINAARSINASIEL R NAHZAUANMANAS INlated;Thig.Arrangement,
- while allowing for the continuous curing of contact lenses, is not without its issues.

arrangement allows for the molds to rotate with the rotatable tube, and also to allow for the

passage of inert gas through the rotatable tube and past the individual molds. Suitable prior

art designs for the rotatable tube are disclosed in Device and Method for Centrifugally

Casting Articles, US Patent No. 4,517,138 to David L. Rawlings et al. (filed May 2, 1983)

(issued May 14, 1985) (hereinafter ““138 Patent™).

[0010] One typical prior art arrangement for the production of lenses by spin
casting is that taught by the ‘138 Patent. In this design, monomer dosed molds are fed, one
by one, into the top of a rotatable tube comprising two zones, a conditioning zone and a
polymerization zone. Typically the rotatable tube contains a plurality of dosed molds, so
that the rotatable tube is essentially full of molds. As each new mold is introduced into the

~ rotatable tube conditioning zone, a fully cured mold is ejected from the bottom of the |
polymerization zone.

[0011] By this means, the number of molds within the rotatable tube remains
constant, with individual molds progressing slowly through first the conditioning zone, and
then the polymerization zone. This arrangement allows the polymerizable liquid within
each mold to attain its equilibrium meniscus shape before entering the polymerization zone,
wherein polymerization may be initiated. This arrangement, while allowing for the

continuous curing of contact lenses, is not without its issues.




[00121Predominant among these issues is line clearance. Contact lenses are produced with a range
of differing parameters, most notably the sphere power. A typical power range for a contact lens
offered for sale will be at least +4.00 diopters to -8.00 diopters, in 0.25 diopter steps, which represents
49 individual designs, or stock keeping units (SKU). In order to switch production from one SKU to a
second SKU, it is necessary to clear all partially and fully polymerized product from the rotatable tube,
since to change SKU it is necessary to either change the mold design and/or the rotational speed of
the rotatable tube. 100131 Typically this line clearance is achieved by adding mold blanks (for instance
empty molds, or cylindrical plugs) into the top of the rotatable tube in place of the dosed molds, and

continuing the spijfg PrecegsiAlhelkibgRIRAU iR SisHRdJmne RANMaZaignRzone. Once the

required changes to effect the change of SKU have been completed, dosed molds can again be added
one by orid9As A& it atEmeenbdiingnasirBIdARe BelrRy elbe risTH RIS bOtiSRICF the

polymerizgiinerzane: woiih all ihelankibrvehean ceamt [his lingolarinesadatw@lly can take some
time, and (?ssentia,lly :geé)resents a period of reduced grodu_cg(xity. 00141The &&orglems of line

clearance R T3P SIS BN SRS IS ERTSR N ArifaChir el PO e s B ArE BB to correct
those whahavSHvpplicatdieieciwialieprasiigmatitim AstighlatsmseaviseSllrier wisienaaye to the
inability of the optics of.the e focus a point object into a sharp fqcused image on.the retina. This
may be dg%c%aépﬁj irF&| [ﬂ@?g‘?{ &oéfqel%gg\l/s‘gﬂ??ézg# H{égélgﬁ‘?éo ﬁeeﬁos% %lﬁ[%%gebt%r?é eentso, %‘%‘/lﬁlecal power
range woSkK b & witlesplenctp eitlenscheeyd e nanded Hi0adibptehs totaB@@ldioptdrd, the 0.25 diopter
steps, Witpogglg%s&%egylinder power offered in at least 6 axes, representing 294 individual SKU's.

100151Line clearance presents further problems if a temporary line stoppage is necessary. Should a
manufacturing pH@kBkter deviaay bietite sleamper g pdinevierddy agdon tddbilaike (ust be cleared

prior 1o tr?ﬁﬁ?&%@&ﬂ%{}guﬁﬂﬁg%?%dggﬁ iéﬁ{%iﬁ%rﬁagft GMOHAUSHRWMEY SR AGIAlRS that molds

can only be ejected of reintroducéd at a standard part rate. The larger or longer the line, the longer
clearancedgfsg Witldse aedyepmiinuing the spinning process until all the product is gjected from the

polymerization zone. Once the required changes to effect the change of SKU have been
completed, dosed molds can again be added one by one into the rotatable tube, with the
mold blanks being ejected from the bottom of the polymerization zone until all the blanks
have been cleared. This line clearance naturally can take some time, and essentially
represents a period of reduced productivity.

[0014] The problems of line clearance are compounded when toric lenses are
manufactured. Toric lenses are used to correct those who have an optical defect called
astigmatism. Astigmatism causes blurred vision due to the inability of the optics of the eye
to focus a point object into a sharp focused image on the retina. This may be due to an
irregular or toric curvature of the cornea or lens. With a toric lens, a typical power range
would be with sphere powers over the range +4.00 diopters to -8.00 diopters, in 0.25
diopter steps, with at least 1 cylinder power offered in at least 6 axes, representing 294
individual SKU’s,

[0015] Line clearance presents further problems if a temporary line stoppage is
necessary. Should a manufacturing parameter deviation create a temporary line
interruption, the full line must be cleared prior to trouble shooting or restarting. The very

- nature of a continuous flow system dictates that molds can only be ejected or reintroduced



[0016]The problems of line clearance can be removed if the spinning process is run as a batch or semi
batch process. In this process, the rotatable tube is initially filled with dosed molds in one operation.
The rotatable tube is then rotated at the desired rotation speed in order to allow the polymerization
mixture contained within each mold to attain its equilibrium shape. Then polymerization is initiated by
exposure to a preferred means of radiation. Ultraviolet polymerization is strongly preferred in batch
processing as it allows almost instantaneous switching from zero exposure to full exposure, whereas a
thermal initiation would require both heat-up and cool-down periods. The overall lens production cycle
in a batch spin casting process will therefore require less time, and, consequently, be more efficient

whe_n USi%#é%&i@ﬁ{%ﬁ@M@?Wi@fkeﬂ%ﬁﬂé@ﬂﬁ&%&ﬂﬁﬂ%& M@E&b@fﬁﬂ%‘lﬂﬁ@iaﬁon in spin
casting, the rotatable tubes are limited to being constructed from a material transparent to the passage
of ultravidiEtHigHt. Further, the material used in the construction of the rotatable tubes must not be

subject to the dejigiesipus dffegisBitprolmardiravielelexpasiisesd hicheBsvGapseodetaxample,
discoloration or mechanical degradation. For this reason, most ro tabl%e tubes.a&%gﬁ?ge from glass.
[0018]WHI GBI AT SABICE A RIS Yol LS RGP C A FOU RIS RS oF R Bk BhSsibilty, the spin
tube mustatsaldedilel de athepresendan Boctratebbnlisirgigivhi prterch areHo déhrahaldgiamd must spin
around its_ own .verth:al axiﬁ Wi inimal ru f polymerizable liquid and migi O%Wibr?tion within

m .out of po
the systeﬁ?e?%lgﬁlée\géotﬁeg‘g 0 e]géxllggrbzt#llz(fﬁél%xg 5%%0%%?5 I‘gltu%lee%:}rllo SWithout 1ts 1c%allenges.
Firstly, glagsilibrioticsrgaciVedo mdguaieatachsmitipi¢d bydeptewe tompedfciverhntisennner bore of the
rotatable .a hat i . d of Forming
Precsion B B S 2 s v, 22
1941) (isé\l_@asJémﬁtMm@ms)swmbimcfc@g@m%mwm ﬁaﬂ;h@_f@@mmmﬂg,rwdl thesmstoduce a tube
having an iangicRQy8 HRALGRRIAIRE TRWSQ R Ae s piRsisand L AP ReRNdbm IR glass rotatable

~ tube must be mounted accurately into bearln%s at the top and bottom of the tube. Typically this is

achieved B{Pi§rndiRaid e cativecditResse N 1btherefuip sciedensditnpanh s pesaAsiviakY with tapers,

the tube mayLepRINALNGIBaRERINS JihRLeakiags must also be provided with a means for
adjusting the rotatable tube so that the axis of rotation is exactly along the centerline of the inner bore

(i.e. to eliminate M butHeosiHerer dheblipmulinyigleuiiiendsmite it B cannot be

exposed rotatable tubes are limited to being constructed from a material transparent to the passage of
& ultraviolet light. Further, the material used in the construction of the rotatable tubes must
not be subject to the deleterious effects of prolonged ultraviolet exposure which may cause,
for example, discoloration or mechanical degradation. For this reason, most rotatable tubes
are made from glass.

[0018] While glass is an efficient material for use in spin casting in terms of UV
transmissibility, the spin tube must also be able to both present an accurate and straight
inner bore for the molds and must spin around its own vertical axis with minimal run out of
polymerizable liquid and minimal vibration within the system. To achieve these objectives
utilizing a glass rotatable tube is not without its challenges. Firstly, glass is not conducive
to accurate machining. In order to accurately form the inner bore of the rotatable tube, a
hot blank glass rod must be drawn onto a metal former. See, e.g., Method of Forming
Precision Bore Glass Tubing, U.S. Patent No. 2,458,934 to Everett Samuel James (filed
Nov. 22, 1941) (issued Jan. 11, 1949). This process is tedious and time consuming, and

may produce a tube having an inner bore that contains flaws or is otherwise imprecise.



to high tensile stresses such that the bearing mountings should not exert undue compressive force, or
any excess shear forces while adjusting run-out. This precludes the use of pre - loaded high-speed
bearings and typically necessitates frequent tube alignment adjustments during manufacturing.
[0021]Still further, glass tubes are susceptible to variational influences and may exhibit some lack of
continuity from the top to the bottom of the tube during the spinning process. A certain amount of
transient flexure may adversely affect the accuracy of individual lenses being spun within the tube.

Potential inhomogeneity within the glass itself may also contribute to varying and disparate amounts of

ultraviolet light reaching the mold parts within the tube. If this were to occur through the vertical axis of

the tube, certaingo@ly pPartswithin the Whe RaxaeeivR myanabiaisvel atddMtagdiation with possible
deleterious effects. ;gOZZ]FinaIIy, when utilizing the prior art glas%_tubes in a spin casting system, the

glass tubB5%LE AbRR{98 At ietIhs thsnst Yirkeadly (s AtiBru G ethYREeS b BPE due to the
inability temabMain aduifiaienity rigiscesnnatiiandeteecantiglans tihesatd thechaayibg mountings.

Vibrations within,a system utilizin ass. tube m erate.g product that lacks sufficient precision
(0.0 2 CoMBIEN R T CRBR A0 DRI S0 PCRs Qoh SIS Rl T B apparatus
‘a systemtlanchiatabétindsk o6 thastreprad wdingatontaciiansesd ang tpinadnsting tfaboirermdmes the

above-m p(tai‘%%% r]halirllg%ga of _porlilg,c art systems. SUMMARY [0024]According to one exemplary

embodiment, an apparatus for spin casting
[0020] Further, since glass is susceptible to brittle failure, it cannot be exposed

to high tensile stresses such that the bearing mountings should not exert undue compressive
force, or any excess shear forces while adjusting run-out. This precludes the use of pre -
loaded high-speed bearings and typically necessitates frequent tube alignment adjustments
during manufacturing.

[0021] Still further, glass tubes are susceptible to variational influences and may
exhibit some lack of continuity from the top to the bottom of the tube during the spinning
process. A certain amount of transient flexure may adversely affect the accuracy of

" individual lenses being spun within the tube. Potential inhomogeneity within the glass
itself may also contribute to varying and disparate amounts of ultraviolet light reaching the
mold parts within the tube. If this were to occur through the vertical axis of the tube,

- certain mold parts within the tube may receive a variable level of UV radiation with
possible deleterious effects.
' [0022] Finally, when utilizing the prior art glass tubes in a spin casting system,
the glass tubes are subject to undesirable vibrations. These vibrations in the glass tube are
due to the inability to maintain a sufficiently rigid connection between the glass tube and
the bearing mountings. Vibrations within a system utilizing a glass tube may generate a

~ product that lacks sufficient precision (e.g. a contact lens with undesirable imperfections or
defects).

[0023]  What is needed is an apparatus, a system, and a method of mass-
producing contact lenses via spin casting that overcomes the above-mentioned failings of

prior art systems.



lenses comprising a rotatable tube, the rotatable tube defining a longitudinal cavity, wherein the
longitudinal cavity is configured to receive molds. According to one exemplary embodiment, the
rotatable tube is made of a stable non-glass material such as metal. [0025]According to another
exemplary embodiment, a method of centrifugally casting a lens comprising providing a first rotatable
tube, introducing at least one mold into the internal bore of the first rotatable tube, the mold containing
a polymerizable liquid, partially curing the polymerizable liquid in the first rotatable tube, removing the
mold from the first rotatable tube, providing at least one second curing device, introducing the mold
into the second curing device, and completing the curing of the polymerizable liquid in the second
curing devigg19Qa81According to yet another exemplary embodiment, a system for spin casting a lens

comprising a first rotatable tube, the first rotatable tube being configured to partially cure a
polymerizable lid8f#HontaihePIAIBg leLacss Ry shbostinaci: ehaPparitiieLFRig ShsliRe, the second

curing deyigeebeingpernfion et finalizethbesidpe afvbadivnensaaiadianidsantaineeein the mold.
[0027]According to yet another exemplary embodiment, a system for spin casting a lens, comprising a
housing, i Méﬂﬁbﬁ&mmgﬁagéar AR , f“rSEEEP%ﬁ%Oé’&%‘FH&’gﬂP{gs mounted

between @hebthatising ard-deadilstnotaiablaltubi: anslandive sy stamrier sefhisgithe first rotatable tube.
SR PESCRIIAN O THE REAIGS 0Ol YR v
embodimenisrgre merekynpxamplesddohgle fict liotitdbie sdepentbiheickaitisast one mold into
the internal bore of the first rotatable tube, the mold containing a polymerizable liquid,
partially curing the polymerizable liquid in the first rotatable tube, removing the mold from
the first rotatable tube, providing at least one second curing device, introducing the mold
into the second curing device, and completing the curing of the polymerizable liquid in the
second curing device.
[0026] According to yet another exemplary embodiment, a system for spin
casting a lens comprising a first rotatable tube, the first rotatable tube being configured to
partially cure a polymerizable liquid contained in at least one mold; and at least one second
curing device, the second curing device being configured to finalize the curing of the
polymerizable liquid contained in the mold.
[0027] According to yet another exemplary embodiment, a system for spin
casting a lens, comprising a housing, a first rotatable tube disposed within the housing, at
least one set of bearings mounted between the housing and the first rotatable tube, and a

drive system for rotating the first rotatable tube.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The accompanying drawings illustrate various embodiments of the

principles described herein and are a part of the specification. The illustrated embodiments
are merely examples and do not limit the scope of the claims.
[0029] Fig. 1 is a cross-sectional view of a mold according to an embodiment of

the present exemplary system and method.



[0029]Fig. 1 is a cross-sectional view of a mold according to an embodiment of the present exemplary
system and method. [0030]Fig. 2 is a cross-sectional view of a mold according to another
embodiment of the present exemplary system and method. [0031]Fig. 3 is a schematic view of the
mold of Fig. 2 according to an embodiment of the present exemplary system and method. [0032]Fig. 4
is a cross sectional top view of the mold of Fig. 1 in removable engagement with-a-rotatable-tub-e
according to an emb-odiment of the present-exemplary system and method.

[0030] Fig. 2 is a cross-sectional view of a mold according to another
embodiment of the present exemplary system and method.

[0031] Fig. 3 is a schematic view of the mold of Fig. 2 according to an
embodiment of the present exemplary system and method.

[0032] Fig. 4 is a cross sectional top view of the mold of Fig. 1 in removable

engagement with a rotatable tube according to an embodiment of the present exemplary
system and method.

10033] Fig. 5 is a cross sectional top view of the mold of Fig. 2 in removable
engagement with a rotatable tube according to an embodiment of the present exemplary
'system and method.

[0034] Fig. 6 is a schematic view of a rotatable tube according to an
embodiment of the present exemplary system and method.

[0035] Fig. 7A is a schematic view of a rotatable tube including an aperture
according to an embodiment of the present exemplary system and method.

[0036] Fig. 7B is a cross-sectional view of the rotatable tube of Fig. TA
according to an embodiment of the present exemplary system and method.

[0037] Fig. 8A is a schematic view of a rotatable tube including a plurality of

- apertures according to an embodiment of the present exemplary system and method.

[0038] Fig. 8B is a cross-sectional view of the rotatable tube of Fig. 8A

- according to an embodiment of the present exemplary system and method.

[0039] Fig. 9A is a schematic view of a rotatable tube including a plurality of
rectangular apertures according to an embodiment of the present exemplary system and
method.

[0040] Fig. 9B is a cross-sectional view of the rotatable tube of Fig. 9A
according to an embodiment of the present exemplary system and method.

[0041] Fig. 10A is a schematic view of a rotatable tube including a plurality of

circular apertures according to an embodiment of the present exemplary system and

method.



[0033]Fig. 5 is a cross sectional top view of the mold of Fig. 2 in removable engagement with a
rotatable tube according to an embodiment of the present exemplary system and method. [0034]Fig. 6
is a schematic view of a rotatable tube according to an embodiment of the present exemplary system
and method. [0035]Fig. 7A is a schematic view of a rotatable tube including an aperture according to
an embodiment of the present exemplary system and method. [0036]Fig. 7B is a cross-sectional
view of the rotatable tube of Fig. 7A according to an embodiment of the present exemplary system and
method. [0037]Fig. 8A is a schematic view of a rotatable tube including a plurality of apertures
according to an embodiment of the present exemplary system and method.

[0042] Fig. 10B is a cross-sectional view of the rotatable tube of Fig. 10A
according to an embodiment of the present exemplary system and method.

[0043] Fig. 11A is a schematic view of a rotatable tube including a plurality of
diamond-shaped apertures according to an embodiment of the present exemplary system
and method.

[0044] Fig. 11B is a cross-sectional view of the rotatable tube of Fig. 11A
according to an embodiment of the present exemplary system and method.

[6045} Fig. 12A is a cross-sectional view of a portion of the rotatable tube of
Fig. 10A and 10B including a plurality of tapered apertures according to an embodiment of
the present exemplary system and method.

[0046] Fig. 12B is a cross-sectional view of a portion of the rotatable tube of
Fig. 11A and 11B including a plurality of tapered apertures according to an embodiment of
the present exemplary system and method.

[0047] Fig. 13 is a block diagram of a contact lens manufacturing system
according to an embodiment of the present exemplary system and method.

[0048] Fig. 14 is a cross-sectional view of a rotatable tube including mold
retention means according to an embodiment of the present exemplary system and method.

[0049] Fig. 15 is a flow chart of a multi-stage curing process according to an
embodiment of the present exemplary system and method.

[0050} Throughout the drawings, identical reference numbers designate similar,

but not necessarily identical, elements.

DETAILED DESCRIPTION
| [0051] In the following description, for purposes of explanation, numerous
specific details are set forth in order to provide a thorough understanding of the present
systems and methods. It will be apparent, however, to one skilled in the art that the present
. systems and methods may be practiced without these specific details. Reference in the
specification to “an embodiment,” “an example” or similar language means that a particular

feature, structure, or characteristic described in connection with the embodiment or



[0038]Fig. 8B is a cross-sectional view of the rotatable tube of Fig. 8A according to an embodiment of
the present exemplary system and method. [0039]Fig. 9A is a schematic view of a rotatable tube
including a plurality of rectangular apertures according to an embodiment of the present exemplary
system and method. [0040]Fig. 9B is a cross-sectional view of the rotatable tube of Fig. 9A according
to an embodiment of the present exemplary system and method. [0041]Fig. 10A is a schematic
view of a rotatable tube including a plurality of circular apertures according to an embodiment of the
present exemplary system and method. [0042]Fig. 10B is a cross-sectional view of the rotatable tube
of Fig. 10A

example is included in at least that one embodiment, but not necessarily in other
embodiments. The various instances of the phrase “in one embodiment” or similar phrases

- in various places in the specification are not necessarily all referring to the same
embodiment.,

[0052] The present exemplary system and methods are configured for the spin
casting symmetrical or asymmetrical articles. More specifically, the present exemplary
systems and methods are configured for the production of contact lenses including a
rotatable tube adapted for accommodating a plurality of molds within the rotatable tube,
wherein the rotatable tube may be constructed from a substantially opaque material
containing apertures or sections of non-opaque material configured to selectively allow the
passage of actinic radiation to facilitate the polymerization or photochemical cross-linking
of material dispersed in the molds. As used in the present specification, the term “aperture”
shall be interpreted broadly as including any portion of a rotatable member configured to

selectively control the amount of light admitted within the member.

Molds

[6053] Fig. 1 is a cross-sectional view of a mold (100) according to an
embodiment of the present exemplary system and method. The mold (100) may include a
cylindrical sidewall (110), to which a molding cavity (120) is internally connected. The
concave surface of the molding cavity (120) serves to mold the convex surface of the article
being molded (e.g. the convex or outer surface of a contact lens).

[0054] The molding cavity (120) ts connected to the cylindrical wall (110) of
the mold (100). The connection between the molding cavity (120) and the cylindrical wall
(110) may be any means of connection such that the relative position between molding
cavity (120) and the cylindrical wall (110) cannot change during a specified length of time
or throughout a predetermined operation. In one exemplary embodiment, the connection
between the molding cavity (120) and the cylindrical wall (110) may be made by welding
the molding cavity (120) to the cylindrical wall (110). In another embodiment, the

-connection between the molding cavity (120) and the cylindrical wall (110) may be made
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according to an embodiment of the present exemplary system and method. [0043]Fig. 11Ais a
schematic view of a rotatable tube including a plurality of diamond-shaped apertures according to an
embodiment of the present exemplary system and method. [0044]Fig. 11B is a cross-sectional view of
the rotatable tube of Fig. 11A according to an embodiment of the present exemplary system and
method. [0045]Fig. 12A is a cross-sectional view of a portion of the rotatable tube of Fig. 10A and 10B
including a plurality of tapered apertures according to an embodiment of the present exemplary system
and method. [0046]Fig. 12B is a cross-sectional view of a portion of the rotatable tube of Fig. 11A and
11B including a plurality of tapered apertures according to an embodiment of the present exemplary

system ang methed HOMMIG L3ils A blgekdingamatiaconiact Iensumnanviagivingcsystem
material, such as in an injection molding process. In yet another embodiment, the molding
“cavity (120) and the cylindrical wall (110) may be removably coupled. For example,
mechanical means for removably connecting the molding cavity (120) to the cylindrical
wall (110) may be provided.
[0055] The mold (100) may further include a number of engagement apertures
(130). The mold (100) may be introduced as a stacked column of molds in a rotatable tube,
as will be discussed in more detail below. When entering the rotatable tube, the mold (100)
may be secured with respect to the horizontal axis of the rotatable tube via the engagement
apertures (130). For example, mechanical means may be provided to engage the
engagement apertures (130). In one exemplary embodiment, the engagement apertures
(130) may be used to secure a number of molds (100) introduced into the rotatable tube.
[0056] In yet another embodiment, the engagement apertures (130) may be used
to secure only the bottom mold (100). In this embodiment, the remaining molds (100) may
rest on top of, and be supported by, the bottom mold (100). Further, in this embodiment,
the engagement apertures (130) of the remaining molds (100) may provide for diffusion of
an inert gas throughout the rotatable tube and between individual molds (100} as will be
discussed in more detail below.
[0057] Turning now to Figs. 2 and 3; Fig. 2 is a cross-sectional view of a mold
(200) according to another exemplary embodiment of the present exemplary system and
‘method, and Fig. 3 is a schematic view of the mold (200) of Fig. 2 according to an
exemplary embodiment of the present exemplary system and method. In the embodiment
of Figs. 2 and 3, the connection between the molding cavity {120} and the cylindrical wall
(110) may be made by a number of radial spokes (210). As is shown in Fig. 3, three radial
spokes (210) connect the molding cavity (120) and cylindrical wall (110). However, any
number of radial spokes (210) may be utilized. Further, as shown in Figs. 2 and 3, the
radial spokes (210}, molding cavity (120), and the cylindrical wall (110) may be formed
from a single piece of material, such as in a single injection molding process. However, the

radial spokes (210), molding cavity (120), and the cylindrical wall (110) may alternatively
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according to an embodiment of the present exemplary system and method. [0048]Fig. 14 is a
cross-sectional view of a rotatable tube including mold retention means according to an embodiment of
the present exemplary system and method. [0049]Fig. 15 is a flow chart of a multi-stage curing
process according to an embodiment of the present exemplary system and method. [0050]Throughout
the drawings, identical reference numbers designate similar, but not necessarily identical, elements.
DETAILED DESCRIPTION [0051]In the following description, for purposes of explanation, numerous
specific details are set forth in order to provide a thorough understanding of the present systems and
methods. It will be apparent, however, to one skilled in the art that the present systems and methods

may be piacicad MU iRG SR SRAGTIAIRRIS sBalareBrmIh D erpaelicRlian iging e Rpodiment,” "an
example” or similar language means that a particular feature, structure, or characteristic described in
Connecticﬁ”lMH‘Itﬁéb@r?ﬂBH?ﬁ@hWﬁ}l (110} of the embodiment of Figs. 2 and 3 may be removably

coupled. For example, mechanical means for removably connecting the molding cavity

(120) to the cylindrical wall (110) may be provided.

Interface between the Molds and the Rotatable Tube

[0058] Fig. 4 is a cross sectional top view of the mold (100) of Fig. 1 in
removable engagement with a rotatable tube (400) according to an embodiment of the
present exemplary system and method. The mold (100) may be placed inside a rotatable
tube (400) as will be discussed in more detail below. In order to ensure that the mold (100)
remains secure inside the rotatable tube (400), the mold (100) may further include an
interface ring (410) for retaining the mold (100) and the rotatable tube (400) in symmetrical
rotation. The interface ring (410) may include a number of voids (420) that run
longitudinally, or, in other words, parailel with respect to the z-axis of the mold (100) and
rotatable tube (400) as depicted in Fig. 4. The voids (420) may be formed in the interface
ring (410) by any manner as is known in the art. For example, in one embodiment, the
interface ring (410) may be cast as a single piece which defines the voids (420). In another
embodiment, the interface ring (410) may be formed as a single piece, and the voids (420)
may be removed from the interface ring (410} by drilling, boring, etching, ctc.

[0059] Further, the rotatable tube (400) may include a number of protrusions
{430) on the interior wall of the rotatable tube (400). The protrusions (430) may run
longitudinally along the interior of the rotatable fube (400), or, in other words, parallel with
respect to the z-axis of the rotatable tube (400) as depicted in Fig. 4.

[0060] The protrusions (430) of the rotatable tube (400) and the voids (420) of
the interface ring (410) may form an interference fit, and may be held in place by frictional
forces. The interference fit may be such that when the rotatable tube (400) is rotated, the
interface ring (410), and, thus, the mold (100) remains in symmetrical rotation with the
rotatable tube (400). The voids (420} and protrusions (430) may be of any shape or form.
For example, as depicted in Fig. 4, the border between the voids (420) and protrusions
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example is included in at least that one embodiment, but not necessarily in other embodiments. The
various instances of the phrase "in one embodiment" or similar phrases in various places in the
specification are not necessarily all referring to the same embodiment. [0052]The present exemplary
system and methods are configured for the spin casting symmetrical or asymmetrical articles. More
specifically, the present exemplary systems and methods are configured for the production of contact
lenses including a rotatable tube adapted for accommodating a plurality of molds within the rotatable
tube, wherein the rotatable tube may be constructed from a substantially opague material containing
apertures or sections of non-opaque material configured to selectively allow the passage of actinic

radiation {g fgeitiate.the-Rolunerization Araketashemisaliciossainking el matgriabd din the
molds. Ast_(%se% in the present specification thegl?gm “aperture” shall be interpreted broadly as

including HRSFRGRIAVERE Htdnibrdln e 40D srgdhedisEee sineld 1 it sIiHe DastaRedHiight
admitted wiginetes: mesmpREyMaki9R53IHd] . SiassisecionAliianehamalei(#09) according to

an embodjment of the present exemplary system and method. The mqld (100) include a
cyIindricaig%’é\ﬁﬁl?‘(ﬁ'ilﬁf,liﬂe\}@ﬁ%‘?eél mSI’fﬂ%aE ?ﬁ%@?} t@ﬁf&ﬁ?%ﬁﬁﬁ'é’&égfaﬁléag tave surface

of the molsingeeOihe (hgidraarestiolavlehs donvexmuildoatef aiaritlp heiminsalded (e.g. the
convex or outer surface of a contact lens). [0054]The moldi avity (120) is connected to the
cylincricaf KAITYETB5 T8 b0 KSR A DAl P g It A the
cylindricaitalbti @erdesirbe iapytnyead saf dervtbetimodgds vitian the dlative position between molding

cavity (120) and[glf?%in ical wall é/l%L?I)rlggrno \t,oclgan %r%w%l%ﬁ%sa%q%eg%eﬁg{geﬁf time or
ete mbodi c

throughout a pre ine op%rfaatlll n. In one exemplary e ent, onnection between the
molding destise¢n 20y miatable tyimchioahndith¢linoy fecsrivg (Aade ByvvatimieiHagnbiipigteavity (120) to
the cylindigal wall (11.0).dnane et embedimenk, he.soanaciion Raweanha meiding,city (120)
and the cylindrical wall (110) may be made -
used. In yet another embodiment, the voids (420) may be formed in the rotatable tube
(400), and the protrusions (430) may be formed on the interface ring (410).
[0062] Fig. 5 is a cross sectional top view of the mold (200) of Fig. 2 in
removable engagement with a rotatable tube (400) according to an embodiment of the
present exemplary system and method. Similar to the mold (100) of Fig. 4, the mold (200)
 of Fig. 5 may be placed inside a rotatable tube (400) as will be discussed in more detail
| below. In order to ensure that the mold (200) remains secure inside the rotatable tube
(400), the mold (200) may further include an interface ring (410) for retaining the mold
(200) and the rotatable tube (400} in symmetrical rotation. The interface ring (410) may
include a number of voids (420) that run longitudinally with respect to the z-axis of the
mold (200) and rotatable tube (400) as depicted in Fig. 5. The voids (420) may be formed
in the interface ring (410) by any manner as is known in the art. For example, in one
embodiment, the interface ring (410) may be cast as a singIe piece which defines the voids
(420). In another embodiment, the interface ring (410) may be formed as a single piece,
and the voids (420) may be removed from the interface ring (410) by drilling, boring,
etching, etc.
N [0063] The rotatable tube (400) may include a number of protrusions (430) on
the interior wall of the rotatable tube (400). The protrusions (430} may run longitudinally
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by forming the molding cavity (120) and the cylindrical wall (110) out of a single piece of material, such
as in an injection molding process. In yet another embodiment, the molding cavity (120) and the
cylindrical wall (110) may be removably coupled. For example, mechanical means for removably
connecting the molding cavity (120) to the cylindrical wall (110) may be provided. [0055]The mold
(100) may further include a number of engagement apertures (130). The mold (100) may be
introduced as a stacked column of molds in a rotatable tube, as will be discussed in more detail below.
When entering the rotatable tube, the mold (100) may be secured with respect to the horizontal axis of
the rotatable tube via the engagement apertures (130). For example, mechanical means may be

provided tg 96ntBERRPRAIEMENLAPRIBY@BA 3%h 18,008 SXREPIAR 6MROiMERI. tig£ngagement

apertures (130) may be used to secure a number of molds (100) introduced into the rotatable tube.
[0056]In yéPahatpistabdliert, the engagement apertures (130) may be used to secure only the

bottom mold (10dnythis embesireRh e IS BRIRIRGMBIAS (LORIIMRKES AR kA fopee be

supported by, the bottom mold (100). Further, in this embodiment, the engagement, apertures (130) of

the remaiffifigTERES POy By IR6IRER fOrBIRTSIERFe faf iRy RS fGUGRSRSRY HotHEHe tbe and
between ifgdasuaheiates a6y asndl be diseussechin mhenredelsld adlewodas fAfduea)ngenow to Figs. 2
and 3; Fig. 2 is a cross-sectional view of a 00) accarding to another exemplary embodiment of
e presol ETEA AR ) B a o Bt AP 105 AT S T (200, of Fig. 2
accordingrttatablexebail®) e Mibodinde i 20 )t hedpresenicexdditianagyrtefrman dhapethothrin. the
embodiment of Figs. 2 and 3, the cannection between the moldin ity (120) and the cylindrical wall
(110) moy ey SO aE R M B IO R AR IO ) okes
(210) conffedy thermrotdingicaiy {820 Ham oylinuyi chinvahatict0dids owelisic aty dlosaiistiog radial
spokes (210).Fay ili I Jape lal spakes Jpolding
cavity (1%(1)1;? and t%%%%#]ﬁ?cﬁ%v%ﬁﬁf%% ﬁ{@y%@fﬁ%@ rgrgrgiéi?ggllteﬁg%%e of mat%r%% %@Jch asina
single injébtiovepspldmretess el wed Bicting rduiae spoRiss 4 ¥ 00) antoriigieavingiihed, and the

cylindricafyall Chifh mayvialieraaieindedormed ioniffergrhmatatials And @3eapajalelements.
Further, the molding cavity (120) and the cylindrical wall (110) of the embodiment of Figs. 2 and 3 may

be removgﬁﬂﬁ%upled. For example, mechanical means for removably connecting the molding cavity
(120) to the cylindoesy walk(}d) may ReBERIEesid and protrusion pairs may be formed

between the rotatable tube (400) and the interface ring (410). For example, Fig. 4 depicts
four void and protrusion pairs. However, any number of void and protrusion pairs may be
used. In yet another exemplary embodiment, the voids (420) may be formed in the
rotatable tube (400), and the protrusions (430) may be formed on the interface ring (410).
[0066] In another embodiment, the molds (Fig. 1, 100; Fig. 2, 200) may be
retained within the rotatable tube (400) via an active mechanical means. This exemplary

embodiment will be explained in further detail below.

Rotatable Tube
[0067] Fig. 6 is a schematic view of a rotatable tube (400) according to an

~ exemplary embodiment of the present exemplary system and method. The exemplary
rotatable tube (400) may, according to one exemplary embodiment, include four zones: two
bearing mounting zones (600), a curing zone (610), and at least one drive zone (620).

Preferably the bearing mounting zones (600) are dispersed on either side of the curing zone
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Interface between the Molds and the Rotatable Tube [0058]Fig. 4 is a cross sectional top view of the |
mold (100) of Fig. 1 in removable engagement with a rotatable tube (400) according to an embodiment |
of the present exemplary system and method. The mold (100) may be placed inside a rotatable tube

(400) as will be discussed in more detail below. In order to ensure that the mold (100) remains secure
inside the rotatable tube (400), the mold (100) may further include an interface ring (410) for retaining

the mold (100) and the rotatable tube (400) in symmetrical rotation. The interface ring (410) may

include a number of voids (420) that run longitudinally, or, in other words, parallel with respect to the

z-axis of the mold (100) and rotatable tube (400) as depicted in Fig. 4. The voids (420) may be formed

in the inte@aee Mg iR, BXARY VAN SH&BUSE BING A E A@INIOr DAPER FAROdIment, the

interface ring (410) may be cast as a single piece which defines the voids {(420). In another

embodimEWLhERfEPHDS gD RTSY HOTSHE B A8 ARG 69BREdEhd the voids (420) may be

removed from thgogtgrface sngdits ) BRI POLRGBRIGHAY 1IRlGotataRAREIF Ut ahathe rotatable
tube (400) may include a numper. of protrusion%%%) on.the interior wall of the rotatable tube (400).

The protrOSIEHESASE HaP AHHshrinam-IdHg te itk B ARE T StaRBIEmIBYF00), or, in other
Drotrusions (430 of the tatabls e (400) and e voids (420) of ine neiage G (410) may form
protrusion 0) of t tatable. tub nd the voi the interface rjn may form
B itorie R L RS B DI T A0 B9 AT 1T B B el P en iy bo such that
when the st thblehittveatdR0) fishrotaterab [thmbet@ifar eatines (4o @ndsdhostitreofiblengdBB) remains in
symmetrical ratatign with tatable tube (4Q0). The voids.(420) and. protrusio 30),may be of
ny shapd i O o e O e e S B B B v
protrusiomsaifd@0inpthe eovemicinctiaf Hremeldwvigr, lahQG hape2t RA0E reatemed suifficietitty close-fitting
interface | . I ce [ IS, withirsEqe pe of the
present eglg?np( Ig%g;f;s{t@r?ﬁgeﬁgﬁsé%?%o@%%ﬁ%%f%g%o%E%ﬂ%ﬁ?%%ﬁrﬂihgﬁ%rms an angular
line betwdeahesideatasle cnbe¢a o) maduriomésabaality ¢4 sopmetyicabeorseyuseairode important

contol crsps ki ARUAUDE AF RN R TNRIDIARS USSR Bl gRects and

maintaining a controllable spin variant that is consistent with bo e desired input speed and the

other moBRI¥WAtHiRPIR @t BBetqeoesmkable cumrgosiivbeoataiprd sidinawiischinard Way be formed

Fig. 2, 200) is exposed to actinic radiation (e.g. ultraviolet light).

[0069] The rotatable tube (400) may, according to one exemplary embodiment,
be fabricated from a variety of materials. For example, the rotatable tube (400) may be
made of ceramic, carbon fiber, Polytetrafluoroethylene (PTFE or Teflon),
Polyetheretherketone (PEEK), or any other suitable rigid engineering material. Further, the
rotatable tube (400) may be made from metals such as, for example, stainless steel, brass,
titanium, or aluminum. Generally, the rotatable tube (400) may be made of a sufficiently
strong material that is able to withstand torsional forces applied to the rotatable tube (400)
when the rotatable tube (400) is rotated. The various attributes of the rotatable tube (400)
of Fig. 6 may also apply to other various embodiments of the rotatable tube discussed
herein.

[0070]  Additionally, according to one exemplary embodiment, the internal bore
(630) of the rotatable tube (600) may be reflective. The reflective property of the internal
bore (630) may be achieved by applying a reflective coating such as, for example, silver to
the internal bore (630). In another exemplary embodiment, the reflective property of the

- internal bore (630) of the rotatable tube (600) may be formed by providing a rotatable tube
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between the rotatable tube (400) and the interface ring (410). For example, Fig. 4 depicts four void and
protrusion pairs. However, any number of void and protrusion pairs may be used. In yet another
embodiment, the voids (420) may be formed in the rotatable tube (400), and the protrusions (430) may
be formed on the interface ring (410). [0062]Fig. 5 is a cross sectional top view of the mold (200) of
Fig. 2 in removable engagement with a rotatable tube (400) according to an embodiment of the
present exemplary system and method. Similar to the mold (100) of Fig. 4, the mold (200) of Fig. 5
may be placed inside a rotatable tube (400) as will be discussed in more detail below. In order to
ensure that the mold (200) remains secure inside the rotatable tube (400), the mold (200) may further

nclude aniigtage B 61 MOKIRIITA. DRI bR00 O RSB HR 4Oy ymmetical

rotation. The interface ring (410) may include a number of voids (420) that run longitudinally with

respect tPRseBea S BFEE YOI P00 et srdian eneiBy (Bousasnaipitie ity 8% he voids (420)

- may be fq@nepine INHRTICSEHINELS HOLDW RV WMARS iR SR (IVPE thokexassple, in one
embodiment, the interface ring (410) may, be cast as a single piece which defines the vi)ids (420). In

another eSO AR R RUTA PR A 18 RS 1At e HE Wi iR St 4 HESHE v oids (420)
may be respev@d (Tepibs tatkifacading (AR diycilling:rhdringe ¢ishjnbatata1d006a]Ehe rotatable tube
(400) may include a number of protrusions (430) on the interjor wall of rotatable tube (400). The
protrusion‘c“g1 ?I@OTP%%T%F nﬁﬁ‘?ﬁﬁﬁﬂ@%ﬁﬂ?ﬁ%@ﬁﬁ%&%‘p ?t% er%é’aetzgéﬁg)tb r@?%O) with respect to
the z-axisuaififrentgtiaisbte tubgh(MOMeascdepittaciiziign 5edO006A$T Hee projnusioadlEA3)idf the rotatable
tube (400) and the vaids (420) of the interface ¥ing, ( form ei erf cg. fit, may be held
in place b%/oﬁ?%ltlllgr?a‘ﬁ’ %r%ﬁe #?g mbﬁr%ériérllcag’efft{ﬁ%y aﬂ,@%ﬁg&a&ﬁgn{%é @c:ta ia%lgtu 51e%(400) is
rotated, thyerifswyameinag pat@ulanchttaosletiee mold (100) remains in symmetrical rotation with the

rotatable tube (41%%),11:115 E@%Zf%gpl)@ﬂﬂ‘&%l*%%%%gﬁ%ﬂg‘ym’%w%% aneQr form. For example,

as depicted in Fig. 4 etween the vol protrusions (430) form a semicircular

line. Howaseading tersaperthambeskiesnts efifheipisisne lsanntanosienoans peathedn hthesRatable tube
(400) and & INtefAaRH e AL M TR LISRERPR PEHRLRN G361 ai@mﬁl?gm@ﬁﬁrg. gnhd method. For

example, a void and protrusion pair that forms an angular line between the rotatable fube (400) and
the interf}apleropasragadasivissadiatins sis hirssahpheumBatsivBiiiaig protrusion pairs may

be forme@omposition (i.e., a photochemically polymerizable or photo-crosslinkable composition)
contained within molds (Fig. 1, 100; Fig. 2, 200) may be cured via exposure to actinic
radiation that enters in through the apertures. The apertures within the curing zone (Fig. 6,
610) may be open, or filled with a material transparent to actinic radiation.

[0072] First, Fig. 7A is a schematic view of a rotatable tube (700) including an
aperture (710) according to an embodiment of the present exemplary system and method.
The embodiment of Fig. 7A comprises a rotatable tube (700) containing a single aperture,
wherein the aperture comprises a longitudinal slot (710). The longitudinal slot (710)
extends the length of the curing zone (610), and is of uniform width. The width of the
longitudinal slot (710) may occupy a distance of 0.05 to 49% of the outer circumference of
the rotatable tube (700). Fig. 7B is a cross-sectional view of the rotatable tube (700) of Fig.
7A. As is illustrated in Fig. 7B, the rotatable tube (700) has been rotated a quarter of a turn
in order to better illustrate the longitudinal slot (710). The longitudinal slot (710) may be
formed in the rotatable tube (700) by drilling, boring, etching, wire cutting, casting, or any
other method. With regard to this and other embodiments of the rotatable tube, it is
necessary to provide in the surface area of the rotatable tube with a sufficiently large
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between the rotatable tube (400) and the interface ring (410). For example, Fig. 4 depicts four void and
protrusion pairs. However, any number of void and protrusion pairs may be used. In yet another
exemplary embodiment, the voids (420) may be formed in the rotatable tube (400), and the protrusions
(430) may be formed on the interface ring (410). [0066]In another embodiment, the molds (Fig. 1,
100; Fig. 2, 200) may be retained within the rotatable tube (400) via an active mechanical means. This
exemplary embodiment will be explained in further detail below. Rotatable Tube [0067]Fig. 6 is a
schematic view of a rotatable tube (400) according to an exemplary embodiment of the present

~ exemplary system and method. The exemplary rotatable tube (400) may, according to one exemplary

embodim i f X ' ing.zon - ] , and at least
one drivesz%tﬁéeﬁﬁé%ﬁf %@?gg{% %tﬁigbpe%%%%r%%%ng zoneiﬁé%%%gﬁé%%p%zgg%%pﬁer side of the

curing zofebehny imteasinigdhgsite¢Bropraayupeoatishectyiacaiahic gatdisrntaled 208)0or between the
curing zogg, (GLR3PE: ONG &, PRIS CFdbFikGacing rexsiagusenes (600). [0068]According to one

exemplary embodiment, the rotatable tube (400) may be constructed from a rigid, ideally non-brittle,

material with a pt3lon ittt Borefoapstiv e & &6 84t GPthédediagia wbe (400) may

s A eyl e i ontvmiamt o L
such that the rotation of the rotatable tube causes syncnroni rotation of t molas (rFIg.

1, 100: FigPSmsfdartid! Sstrtedinbig SheReARH SF fﬂ‘ér%?ﬁlt%ﬁ[ﬁl'g ?Ezlfggu(%ﬁj%ﬁffg aintaining the
concentrielgneitbeandolpsciirigid nid0s Figs. 2, 200) Kgnaes) wibiiindderdthimghzeoatElO) with respect

to the lon @ud' axis of the rqtatable %ube 400),, This therehy effectively,ensures the production of a
plurality oal ?r%n@e}ﬁgﬁ%?ua?sﬂ?r% metrica Osglﬁ%e%sasfth%ré‘ﬁ?ijcgf 8% %%?rﬁ%g%{%np%&%%l a%%%ecomposition

(e.g., a pli6toghéthicaitytpalymesigililp dn PhotdAcrbssimiable toben(8O8itinnluden tapectWithin molds

(Fig- 1, 100; fidamnr I TSP 00 2 ARG IAAAIGE (8 ) WLRY ekl Hingtn, and
extending the length of the mold-containing portion of the rotatable tube (800). Fig. 8Bisa

~ cross-sectional view of the rotatable tube of 8A better illustrating the plurality of

longitudinal slots (810). Preferably, the longitudinal slots (810) should be of equal width,
and equally disposed about the rotatable tube (800} so as to provide a consistent and
uniform fransmission of actinic radiation to the interior of the rotatable tube (800). A
sufficient amount of intermediary material (820) may also be left between the longitudinal
slots (810) so as to provide sufficient torsional strength throughout the rotatable tube (800).
In other words, the torsional strength of the rotatable tube (800) provides for synchronized
rotation of the molds (Fig. 1, 100; Fig. 2, 200) contained within the rotatable tube (800) at
the same angular speed as the rotatable tube (800), while maintaining the concentricity of
the molds (Fig. 1, 100; Fig. 2, 200) with regard to the to the longitudinal axis of the
rotatable tube (800).

' [06074] Turning now to Fig. 9A, a schematic view of a rotatable tube (900)
including a plurality of rectangular apertures (910) according to an embodiment of the
present exemplary system and method is illustrated. Flg 9B is a cross-sectional view of the
rotatable tube of Fig. 9A. The staggering of the rectangular apertures (910) throughout the
rotatable tube (900) may provide for a sufficiently robust rotatable tube (900} that is not
subject to torsional distortions. Further, dependent or independent of the potential torsional
distortion of the rotatable tube (900), a vibrational mode may be established in which the
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[0069]The rotatable tube (400) may, according to one exemplary embodiment, be fabricated from a
variety of materials. For example, the rotatable tube (400) may be made of ceramic, carbon fiber,
Polytetrafluoroethylene (PTFE or Teflon), Polyetheretherketone (PEEK), or any other suitable rigid
engineering material. Further, the rotatable tube (400) may be made from metals such as, for example,
stainless steel, brass, titanium, or aluminum. Generally, the rotatable tube (400) may be made of a
sufficiently strong material that is able to withstand torsional forces applied to the rotatable tube (400)
when the rotatable tube (400) is rotated. The various attributes of the rotatable tube (400) of Fig. 6
may also apply to other various embodiments of the rotatable tube discussed herein.

[0070]Adqjtipnaliyh AEGAULINGIBLRB RYEIPILY SMRRHIN s it RisnALBALG(A3Raf the rotatable
tube (600) may be reflective. The reflective property of the internal bore (630) ma’y be achieved by

applying a¥sidiiss epbemsautl aelts Eiganhple0shie 2d the pthvinpsravedse) thé another
exemplaryamhaciasRruohe SeRRG M R aRGHYI 8 gpf‘g.iﬁ!qrﬁlii,'Iﬁing,@@@)thrHﬂﬁéﬁEﬁiab'e tube (600)

may be formed by providing a rotatable tube (600) made of metal and polishing the internal bore (630)

) > (6 .
such that (RESHREHAAPLEHE i bisciimbseginahmisaldbtr s abie e iRt ehltgy. For example,
the rotatakig;tubiad 60 rayhgunads-alaiaiiEDs sthekomieieinbyerothe Fismeal badeB30) of the
stainless steel rota l%gatub 600) is ol'shedtlgrl% otherwj ém esuffi%entlg smaoth, the internal bore
(630) ren &R PARVATR 18 ISHEIAR S TR B (0b) i PGB ATARY IRBY may allow for
actinic raghatiodinbatsefiieisnthenoiatalb e tirhe dBOOiaeriar On0jfaralky initdatestidephetachemical
polymerization reacgvc%fb%!}éheggo%mgﬂzable liquid contained within the molds (Fig. 1, 100; Fig. 2, 200)

of the roté:%ﬁg:%h%le ; thiis mMore perfectly curing a particular contact lens. 100711Figs. 7A-11B
illustrate rotatabl@@¥@®les (400) IAélusingsapeativresactordingtblsaverfl @Hbodinbngsiof the present

exemplary gystem And.- Meraod.y . 1e 8205 5EIRRTY R AR AL EAR R ARSI IS, provided
gsz ( é,) 3t aﬁ%ﬁ (f g% %%’ve, a

within the curing zone (Fig. 6, 610 w passage of actinic radiation. A cusseda

photo-initiaencenposition (Fee, HOPrstermsmicelignsbiiave Al disleotripetaks dEelidkeblgcomposition)
contained; withig; el o(Fig p ot AR dfes QP2 ARG AT Btk ViR £M0SH5E EPO@@?BW diation that

enters in through the apertures. The apertures within the curi%zone (Fi%f‘ 6, 610) may be open, or

filled with & fhateridRraskislerenplyrdliiné siendticmeoore L) pigh rAusigieBhaRMANE Kew of a
rotatable tHREAIAR) REAUHAD fO0BPBFIIALT B D:R6R I IRA0 R e ofith@ipresent exemplary

- system and method. The embodiment of Fig. 7A comprises a rotatable tube (700) containing a single

aperture, HRSIEA e hp oS SR ek adHEmHTERs 0 PEPL T e TeiFtUmErsSh FE0) extends
the lengthy@ii theieutingezone {6a) -andhis of ariloimpadibesThe wjdik afdhsiangisdinslkslot (710) may

ooy & el DRI e S eple e 00, Lo 18100
_(700_) ha&hmmnatﬁbaﬁeﬁba Quarter of a turn in order to better illustrate the_ Iongitu_dinal slo_t (710_). The
cuting, casting, VR ot P riaaee ATTHEDSIAEt th BBl bR Bbe rotatable tube.
it is necesgdamlity pf diddend-Hiwsut faeetarsd Of ihearotathina duHnethdttemisutfiommtly thege

present exemplary system and method. Fig. 11B is a cross-sectional view of the rotatable

tube (1110) of Fig. 11 A better illustrating the'diamond—shaped apertures (1110). Inthe

embodiment of Figs.11A and 11B, the rotatable tube (1100) comprises a curing zone (610)

containing a plurality of apertures (1110) disposed about the curing zone (610). The

apertures (1110) depicted in Figs.11A and 11B are of a general diamond shape.

| [0077} However, the apertures (710, 810, 910, 1010, 1110) may be any variety

of shapes, such as, for example, longitudinal slots, short slots, or circles as illustrated in the

above embodiments. The apertures (710, 810, 910, 1010, 1110) may further include ovals,

diamonds, triangles, or any combination of shapes. The apertures (710, 810, 910, 1010,

18



percentage of aperture space to allow a sufficient amount of actinic radiation to enter the tube, thus
increasing the effective exposure of the polymerizable liquid contained within the molds (Fig. 1, 100;
Fig. 2,200) inside the rotatable tube. 100731Fig. 8A is a schematic view of a rotatable tube (800)
including a plurality of apertures (810) according to an embodiment of the present exemplary system
and method. As illustrated in Fig. 8A, one means for increasing the effective exposure of elements,
and specifically molds (Fig. 1, 100; Fig. 2, 200) contained within the rotatable tube (800), to actinic
radiation is to increase the number of apertures within the curing zone (610) of the rotatable tube
(800). In Fig. 8A, the rotatable tube (800) includes a plurality of longitudinal slots (810), with each

longituding| st (81.0) heln el RIENALR ARdEXRDAng aIsRaib alihe SBpkhsaiaining portion of

the rotatable tube (800)?5!5—%. 8B is a Cross-sectional view of the rotatable tube of 8A better illustrating
the pluralitgt@eide gHhedihblGlstsad ooyl oy ensmpying efiSivguatin & glots (BA0)ighdul®e of equal width,
and eqy%\ﬂﬂﬁ?ﬂ&ﬁ%ﬁﬁ% EB%{QI@&@J@GH%)(SQPQ&IQE %Ha@i?&ﬂg%ﬁﬁ@%fﬁ{ﬁ% #R¢ paiform
transmission of actinic radiation to the interior of the rotatable tube (800). A sufficient amount of
intermedid¥yPRsiiesidl pepimbgrinved endn plsredreaiers Rt RirRalsIBiE48105'66 A'hS provide
sufficient igkstanalisiengtikthrprabeiibectats RS BIDEL G IR Othey Walesgthe torsional strength
- of the rotatable tube (800) provides for synchronijzed rotation of the molds (Fig. 1, 100; Fig. 2,200)
contained! HhiH%AB YEER: REB6D) %ma%%gt%ﬁamgrf’s%@é%g %%%8?3?48}51&10(; (800), while
maintainirn@aheigon ety iciiytah tesdalo e righdg 26K 6i)2, RA)swithnagandftentheéadhe longitudinal
axis of the rotatable tube (800). 100741 Turning now to Fig. 9A, a schematic view of a rotatable tube
(900) inc g, 2o R AT e s B R B B R present
exemplargsystetrangtionetiochisdlastreg edné-iff. tBBrisagableo sshseictivpat tiwewiohdradothtable tube of

Fig. 9A. The,staggeyi f.the re lar apertures (910) througho e le fube (900) may
~ provide fol}lglasgﬁ%efh%%ér)’o ll%sé fgt@{i\%lf% ﬁ%%ﬁ(%@r{%? f:slur}gggggfeﬁ%etlg)%%@agl%}Bs%brtions. Further,
dependenY andnsiesdridentofitrmpofentishiolsidivatidis torior of taeomblbiiied900), a vibrational

mode ma}ﬁﬁiﬁﬁ'fé?ﬂéiﬁB&M&_M@ﬁH&SeM&%ﬁH&&Q@tab'e tube (9000 may flex outwards. This

vibrational mode may result in a loss of friction between the molds (Fiﬁg. 1, 100; Fig. 2,200) and the

inner wall of the FfiZ8hble Kie DAy acresayeationatécm olosredon of thy rigtableigbs &F rotate

non-concegyr i%ﬂYaﬁﬂWdﬁ%ﬂﬁﬁH{ﬁé'ﬁ%ﬂ%ﬁ@Qﬂ%&é@ Hﬁé&&@%ﬁ%@%@&%o&%@eﬁiwge“ng of
the rectariﬁular apertures (910) in the rotatable tube (900) of Fi]%]sa. 9A and 9B may provide for a

sufficientliPERREFFoEeamE Ty sEstonondrmeihady Habrdsniiashed sy srevidirgiaial Merat amount of

intermedianyopfiatesipihOr)asl @ e Ssidras sach ahavia Misenaastiopwitkigstpérand 8B. [00751Fig.
- 10A is a schematic view of a rotatable tube (1000) including a plurality of cir%l%lar a%ergkjées (1010)
i

according® RS A SrABHREHe SRR PRATaTRt S A AEGsr L emP LR YRR aLElg SRS
cross-seciinrahigemw i ghel potatabiBlbe (1I1EQ) afdughd A Sinritastenibediievin Uity adeiessed

embodiments, the éo table tl#ge %}%O%lgf Itzlg,&l 10A and ]6% 6nﬁrlc‘t1ﬂ§8 a pHJer%J}% o{o%g:rﬁlsar apertures
(1010) wit? Y SUARECHIL RSN S F TS HE A Sy T RS FL020) provided B etvd s the @rCular apertures
(1010). Inttkimsddbedineot; tthdepebedntige I000tErmatiarytridie fiab(i@20pmtg yHeaparthes increased
while still intainj ufficient amqunt of circular. apertures.(1010) throughout the rotatable tube
. 1208
(1010 <ol L B e e R R bl
“tube (1019)face of the rotatable tube (1000, 1100).
[0079] Specifically, in Fig. 12A, the rotatable tube (1000) of Figs. 10A and 10B

may be provided with a plurality of circular apertures (1010} with a depth equaling the

thickness of the rotatable tube (1000). An individual aperture (1010) may include two

different radii; namely a smaller radius (1215A) located on the outer surface of the rotatable

tube (1000), and a larger radius (1220A) located on the inner surface of the rotatable tube
(1000). | | |
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[0076]Fig. 11A is a schematic view of a rotatable tube (1100) including a plurality of diamond-shaped
apertures (1110) according to another embodiment of the present exemplary system and method. Fig.
11B is a cross-sectional view of the rotatable tube (1110) of Fig. 11A better illustrating the
diamond-shaped apertures (1110). In the embodiment of Figs.11A and 11B, the rotatable tube (1100)
comprises a curing zone (610) containing a plurality of apertures (1110) disposed about the curing
zone (610). The apertures (1110) depicted in Figs.11A and 1113 are of a general diamond shape.
[0077] However, the apertures (710, 810, 910, 1010, 1110) may be any variety of shapes, such as, for
example, longitudinal slots, short slots, or circles as illustrated in the above embodiments. The

apertures (710, 10, éﬁﬁ@ﬂﬁ%&ﬂga&@rmﬁﬁwtﬁn\{@ odBIPELS: fianglas. g any
combination of shapes. The apertures (710, 810, 910, 1010, 1laérir)1fy_ e disposed in a staggered
00

configuratisty ti8Rytdes W arlng o (baoyest shapest apspie b Shspdsstbeaisiinéven curing
of the molgs {fiiginbsd QP ifido:aBROL GO PRI withinithernt@iahiedibe 61 A arnesal, the shape

of the apertures may be Eymmetrlc in both the horizontal and vertical directions, and placed so that no
1.

side of thaiEisEst PR elidipmreond shinre BRIMLYBEIANR i 1 #hePperalrd mily BeBesigned to
facilitate aorexernamd harkage ames tiatijbution lafaetinie (axliabyntathromoldsntfcigsulfate0; Fig. 2,
200) contajned withig the %tﬂng ione (610). The use of non-uniform aperture shapes or boundaries of
shapes iy H48HAUEHFHAR LY ed to ensure that UV homogeneity occurs throughout the entire

curing zone of tjeogthtabiBtybeviidiespegieddontlpicuainmattli(Hig: dpeiOoesRinN 1D, 2000)placement
within the_curing.zone table tube, Various.well-known means of.optical clarification such as
Ty e T e e e T e
cross-sectithhdligien2603 povidhasfrtdecotat bl aref BitzohOatdwetivios thectuolidgy Bigldsality of
tapered apettyres ding to.a Im f lakys ang, method.
amiany 0 7 B B P 115

including bﬁp‘ﬁﬁ@hﬁ tfatapehan: apengrasticeidighing soilacermbenlivmenzabithbgyiddern dhkemplary system
and methods fgfsiraigs! L 9Sd3ARRE HoRuariiAlias duenahautienaraLs amkediments

discussed above, and other possible’embodiments, the apertures (1010, 1110) may be wider towards
the insidelst pfetpbladabre wpdaootralyooyiable deislmigded s wolfad Fige lap8RUYéEs (1010,

1110) of theyayigus fMBAdIERAR TR SERMERRBiUerfehpara g omisidgsyHagR of the
rotatable tube (1000, 1100). [0079]Specifically, in Fig. 12A, the rotatable tube (1000#)? Figs. 10A and

10B may B¥! SiobRietiRa RS e Israred Ra s ses tikedet e e 2 RIS HBG (HIMY the thickness of

the rotatapjegybe (1000). An individual aperture (1010) may include two different radii; namely a

smaller radius (1215A) located on the outer surface of the rgtatable tube (1000), and a larger radius
(1220A) Iocatedlﬁﬁslﬂe inﬁ%?%[ﬁ‘fgﬁlécgfff‘ﬁéﬂittaﬂﬁ?énﬂﬁg #e6) the PricFhal b O e

rotatable tube may also be reduced by providing the rotatable tube with a lower energy
surface (typically below 30 Dyne/cm), either by careful choice of material from which the
rotatable tube is made of (i.e. PEEK, PTFE, etc.), or by applying to the internal bore of the
rotatable tube a hydrophobizing surface treatment. The hydrophobizing surface treatment
may include, for example, a suitable silane cbupling agent (i.e., octadecyltrimethoxysilane,
dimethyl dichlorosilane, etc.). In another embodiment, a hydrophobizing surface may be
achieved by plasma polymerization of hydrocarbons such as methane onto the surfaces of
the rotatable tube.

[0083] While the present exemplary system has been described as including a
tube having ay number of symmetrical orifices in the non-transparent material, any
combination of non-symmetrical orifices may also be used. Additipnally, other

configurations have been contemplated, according to the teachings of the present exemplary
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[0080]Similarly, in Fig. 12B, the rotatable tube (1010) of Figs. 11A and 11B may be provided with a
plurality of diamond shaped apertures (1110) with a depth equaling the thickness of the rotatable tube
(1100). An individual aperture (1110) may include two different sizes of diamond shapes; namely a
smaller size (1215B) located on the outer surface of the rotatable tube (1100), and a larger size
(1220B) located on the inner surface of the rotatable tube (1000). [0081]By providing a tapered
configuration within the apertures (1010, 1110), the apertures (1010, 1110) may provide greater
illumination of the contained molds (Fig. I, 100; Fig. 2, 200), as well as reduce the physical area of
contact between the molds (Fig. 1, 100; Fig. 2, 200) and the internal bore of the rotatable tube (1000,
1100). F n?g [ f gﬁg}% u 5 it ' I jzable liquid
rom the BT (L F ) o el of he
rotatable meinsivillegecstipaigularinaoleticind widy idhoetatisectmizist (Brbrmeonmigi 200)
becoming,aghered i,the, folpiaRieHe 1008 1400 anck rewaingPlackRESSaL the end of the curing
cycle when the curéd parts are ejected from the rotatable tube (1000, 1100). [0082]Any tendency for
spilt mon&HIBeaY RS ESnternal bore of the rotatable tube may also be reduced by providing
the rotatable tube with a lower energy surface (typically below 30 Dyne/cm), either by careful choice of
material from which the rotatable tube is made of (i.e. PEEK, PTFE, etc.), or by applying to the internal
bore of tHeGYAs g surface treatment. The hydrophobizing surface treatment

- may include, forjessample, Fsuitablesiardiagpling aganid Raoetateayliimethaisiese)dimethyl
-dichlorosilane, .etc.). In angther embadiment, a hydrophobizing surface achieved by plasma
potymer AT IR S B ENE GROTRE CLFAAES SR ot iatis tibe. [C0aaWie
the presefi3ége mpjairysyiste hiohsia e Hasdrimed the ratiubinguad (@edhaVinghaysiug(had of
symmetrical_grifices in.the non-transparent material, any comhination of nan-symmetrical orifices may
also be ugleag(.)b,&cﬁ&%%%ﬂ y,yoiﬁaekr: C(Sj(r)]?ilauor ions. i%{)vng been con 8%8&%&%@&%&%;&%@teachings of
the presethedwamipia(305) may be hermetically sealed so that an inert gas may be introduced to the

system. As discussed above, to avoid the inhibiting effects of atmospheric oxygen during

the polymerization process, the molds (Fig. 1, 100; Fig. 2, 200) and polymerizable liquid
are maintained in an inert gas rich, oxygen free atmosphere of, for example, nitrogen or
argon. The use of an external curing means such as actinic radiation as an external trigger
for the polymerization coupled with the anaerobic atmosphere provided by the inert
atmosphere allows for the polymerizable Hquid to attain its equilibrium shape under
rotation prior to the initiation of polymerization. The use of an inert gas within the system
further provides for sufficient time for any oxygen present within the mold or dissolved in
the polymerizable liquid to diffuse away from the polymerizable liquid. _
[0085] Therefore, the housing (1305) surrounding the rotatable tube (400) may
include a means of providing an inert atmoéphere within the housing (1305) and rotatable
tube (400). The inert atmosphere within the housing (1305) may be accomplished, for
example, by providing a number of inlet ports (1310) at either a single point into the space
between the rotatable tube (400) and the interior housing wall, or at a plurality of points,
arranged, cither radially or longitudinally about the housing in order o allow the passage of
inert gas into the interior of the housing {1305). Thus, an inert gas may be introduced at

either a single point in the space between the rotatable tube (400) and the interior wall of
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- system and method. For example, according to one embodiment, the rotatable tube (1000) may
include a semi circular metal section with full metal sections at the bearing mounts while incorporating
at least one transparent or translucent window medium that circumvents an "aperture". Contact Lens
Manufacturing System [0084]Fig. 13 is a block diagram of a contact lens manufacturing system (1300)
according to an embodiment of the present exemplary system and method. The system (1300) may
include a housing (1305) to house the rotatable tube (400). The housing (1305) may be hermetically
sealed so as to prevent contamination from entering the area. Further, the housing (1305) may be
hermetically sealed so that an inert gas may be introduced to the system. As discussed above, to

avoid the jnhjbitj f i ' j e molds (Fig. 1,
100; Fig. %H%lg%%ﬂagr%qgg mqé’r%ﬁzgﬁ%%"gﬁ mafﬁgﬁggﬂgggxgé%@%%&%%%%l ree atmosphere
- of, for exappitthsifrogenedd #§bn. The use of an external curing means such as actinic radiation as an
external trigger Ty POMREHZALION FaLRIGLW ﬁﬁ&'ﬂﬁe%ﬂﬁmgﬁmﬁﬁ%@&r Ryigady the inert

atmosphere allows for the polymerizable liquid to attain its equilibrium shape under rotation prior to the

~ initiation dhySuRIHIBS2RGER T HA BT AR Neere MR O B Sptbls HREHEP DY otARES for sufficient time

for any OW%H%ﬁE%MBiHstmgPPHM; gigsolveshinthepelywekizahiertitiud toneiffussoaway from the
polymerizable liquid. [0085]Therefore, the housing (1305) surrou_ndinqé?)g rotatable tgé%e %400) may
~ include a RREATROGIHFBRARHAL B FEAP A OSHREFIRARFTE R dhsing (3059 A FOYAEEH R tube (400).

The inert ainapsphareyithie tigihausingdds8dlontybenageemplisheds farnakample.colupnaviding a

number of inlet ports (1310) at either a single point jnto t ace between atable tube (400)

and the irﬁ%ﬂiﬁ’?’ﬁ%‘&&q ‘b‘v’Sﬂ?8?8?@‘?&8’?%9?6&68&%Pé?&%%?ggé%ﬁéi éﬁleé%ntai}%@l%ogﬁ%%any about
- _the housiaﬁikedndehmﬁlhmmm@mwsa@@ﬂhmmimbah@ﬂ)teiﬂarrdﬁthﬁ:hoﬂﬁid@l(ilﬂﬂ@}. Thus, an
the inoridP LA B Rt (L0 Al & et A Sa Ao s G RRn T (00 ond
longitudinadlymbetinthklhGlging IQQOEI’E.[E,(%E])The inert gas intrbduced into the housing (1305) will be

re to ifuse e e APRANGS.IINIGE QP NS GI0LL BB LB NO. In one

embodiment, the molds (Fig. 1, 1 00) contained within the rotatable tube (400) may contain

castellatioishe nedwagzaine tigeit artygsestifes qRIginmaB of, mereman indbe fomb ffaiapértures in the
cylindrical sifgwalbie allowdie.qas5208/8f m&%@%ﬁ%a@%emasﬂmmmﬁge- In another
S

embodiment, the molds (Fig.'1, 100; Fig. 2, 2 hould be affixed to the cylindrical side wall of the
rotatable RRSEO0MRALI TSI ARIPERPARAEY SRRIRAB RO enasirt taden pABReiERd<CRIBRing the

longituding|Rpseace:of-nesl 3RS SHeHON 308)ColBeLRlE G ds (higt 2aslOBnFith KowdRY)-
'(1005) from either end of the rotatable tube (400) may be controlled via a variety of gas

egress means. Generally, there may be provided a number of inert gas egress ports (1315)
for allowing a volume of inert gas to escape the housing (1305). For example, inert gas
egress may be effectuated by the use of plugs, iris valves, flap valves, plungers, etc. In one
exemplary embodiment, inert gas egress from the rotatable tube (4000) may be restricted by
placing a number of plugs (1315a) at the top and/or bottom of the rotatable tube (400)
containing a column of molds (Fig. 1, 100; Fig. 2, 200), but allowing for gas egress in the
area juxtaposition to the curing zone (610). The plugs (1315a) may be cylindrical in shape
and of identical outside diameter as the molds (Fig. 1, 100; Fig. 2, 200). Further, the plugs
(1315a) may be the same height as an individual mold (Fig. 1, 100; Fig. 2, 200). Ina
second embodiment, gas egress from the top of the rotatable tube (400} may be controlled

with a flap valve, or an iris valve, while gas egress from the bottom may be controlled by
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[0087]At the same time, the use of excess inert gas during the polymerization of the polymerizable
liquid may cause the entrainment of monomer in the form of vapors and the subsequent deposition
and/or polymerization of the monomer on the surrounding objects. In particular, the monomer vapors
may be deposited and/or polymerized on the equipment utilized by the system (1300). The egress of
the inert gas from the housing (1005) from either end of the rotatable tube (400) may be controlled via
a variety of gas egress means. Generally, there may be provided a number of inert gas egress ports
(1315) for allowing a volume of inert gas to escape the housing (1305). For example, inert gas egress
may be effectuated by the use of plugs, iris valves, flap valves, plungers, etc. In one exemplary
embodimepinfEfiaaEAIHS BRRLEFIPIRIANP BIGA0RMaY Roresiisteddymipsipg a number of
plugs (1315a) at the top and/or bottom of the rotatable tube (400) containing a column of molds (Fig. 1,
100; Fig. wteeble Blbedfi8ling for gas egress in the area juxtaposition to the curing zone (610). The
plugs (13152) mandg cylindecaiin shareantelidentiodheuisiag diansipnasdhgamadadyig. 1, 100;
Fig. 2, 200). Further, the plugs (1315a) may be the same height as an individual mold (Fig. 1, 100; Fig.

2, 200). INF'EERbNY ERSHRRRHME LU Lof Bt hrstep (Pihe rersibiadfyd gle) iy be

controllechygtidenfiapradpnetacivisofakvienivwhiti-gias rofless/fem the dttasshaywglcontrolled by
!f%) hearotatable tube
ar?érrnnaﬁerial. In one

suitable placem f.a plynger rod used to load malds (Fig. 1, 100;_Eig.. 2, 200)
(400). [0055]The WAHL o e RE LIy Saa R RRSHY (e ta R P RUSE
embodimbaintile walls gl thatbdalsingh (@306l ahbasmafie ptglss-thusgdrovidingeinghe introduction

of actinic radiation o (he. system lnrough e dlass WS nf00PIRanaey Gxpplary
e_mbodimgn(ilt e walfs 6t the ousing %é Simay%é’ maé’e ofa n&'d material such as metal. The use

ofa precihiumifrgmlddsphetabhmﬁgqﬁmvfd@iwcatbequ@mmeﬁﬂdnd@@rfersmn tube
housing. ThE-HEEALUSANRYSINA AN R Whe cAT BineURRRalisieR R Aliek fange over o

spin tubes for maintenance without requirifig re-alignme In tubes upon reinstallation. The

walls of threzHeabihg 088y M) Turhe fimdleiashide ooy iter thaisenssisnoard@igi¢adiation to the
system. ThaWipfeimayhecopied i@ hapidelscionmatesial p prdgsdamininnize radiation

losses via surface reflections within the housing (1305). In another exemplary embodiment, specific
anti-refle e do auAYBIRsTIp BrtigadasisoptriEBan e ertignicighnhisdierune (WARRteHyths of radiation
while redygingdhs: apsryissienahethesseRiveniysiemiar CantasthapsdaniiaepingSystem

[0090]The rotatable tube (400) may be provided with a means for facilitating o
the transmission of particular wavelengths of radiation while reducing the transmission of

- others.

Drive System for Contact Lens Manufacturing System

[0090] The rotatable tube (400) may be provided with a means for facilitating
smooth rotation accurately about the longitudinal axis while minimizing any movement off
axis, thus allowing the accurate concentric rotation of the molds (Fig. 1, 100; Fig. 2, 200)
contained within the rotatable tube (400) about the longitudinal axis. This may be achieved
by any means known in the art. For example, smooth longitudinal rotation may be
achieved by engagement means (1320) such as, for example, bearings mounted on the
bearing mounting zones (600) of the rotatable tube (400). Preferably, the engagement
means {1320) engage the rotatable tube (400) through a wall of the housing (1305) so as to
fully enclose the curing zone (610) of the rotatable tube (400).

[0091] The drive zone (620) may be disposed at the bottom end of the rotatable
tube (400), and may be located exterior to the housing (1305). A drive system (1340) may
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smooth rotation accurately about the longitudinal axis while minimizing any movement off axis, thus
allowing the accurate concentric rotation of the molds (Fig. 1, 100; Fig. 2, 200) contained within the
rotatable tube (400) about the longitudinal axis. This may be achieved by any-means known in the art.
For example, smooth longitudinal rotation may be achieved by engagement means (1320) such as, for
example, bearings mounted on the bearing mounting zones (600) of the rotatable tube (400).
Preferably, the engagement means (1320) engage the rotatable tube (400) through a wall of the
housing (1305) so as to fully enclose the curing zone (610) of the rotatable tube (400). [0091]The drive
zone (620) may be disposed at the bottom end of the rotatable tube (400), and may be located exterior

~ to the ho S Sie a i r ng,(8g0) in order to
rotate the%ro até%) )’B@l?ﬂg%% n %%gné ?)I[nryc}y g%%(gd& mgr?ﬁ e‘[\#)v%%égzu%t\ggm&?liog r%ay include a
drive pulleyzopipedmrbatieksttriterdous syeandh AP bmbe inghivis. Ftatsrawiiey thrupledd pailey may be

arger n ARMEEHINANAS WAIARIS R OB ROk IV DR AUSIINS R FO0 adlly density material

S0 as to increase the moment of inertia of the rotatab e tube assembly, thus providing for a more

uniform aftingietdigaithe 100921 ubp 6HHE) sRdmamnby éﬂ%@'ﬂ%ﬁ@ﬁf‘%é Hgbedsutity Bk provided

with circugfesential magnris.Saas i0:magnshigriboersnlethe Adveny!iauyid adssandadriven pulley,
thus allowing the_ mechanical separatlon of the rotatable tube (400) and the drive motor. By this

means, tHEFGHEANETGBEYADYT B be isolated from any vibrations induced by the drive motor.

[0093]In yet anofheyxxemplansgiereadimeit aﬂdrﬁﬁlﬂﬁﬂlmmagﬂﬂ@ it betptabigetbe (400) may
be driven drre%y In this e bodiment, the drive zone, (62 %WE Wlth |rcu ferentlal arrangement
of permart@it FSYR TSP SR E S RO R ERE % Ve\P& S R&ES S able tube

(400) sucﬂra&mﬁﬂﬂﬁﬁffaetdﬂanﬁdgrd&rI(ihaﬁﬁjlc’ﬂhﬁalbimﬂtﬁffeﬂ]hmﬂubbrt(rbe45()(detmnhmes the power
dissipated, to the driv tem (134 sen rent rovi aloada smg the device's
b S R S

applied vo age X se SOP VO permanen maﬂ)angurrouncfed by a circular
arrangemedunofdriy éhe aits ¢18380Y. Direct current may be provided to each drive coil (1330)

sequentially, thu{%&; |d|n%1%%rg§&i%§sfgé%e§|#ggﬁ %%f;me %%%{%dtnl oyrjsr%of current to

each colil (1330)is prov ctronica Effect frans 1345), thus aIIowrng for a

highly accotaieblarigbtrfoianer bs duirsaglobabtinie &aiﬁathﬂﬁlmﬁl@dhm@mt%n@w%@aétu ring System

fitted with a circumferential arrangement of permanent magnets (1325), and a means of
assessing the angular velocity of the rotatable tube (400) such as a Hall Effect transducer
(1345). The Hall Effect transducer (1345) determines the power dissipated to the drive
system (1340) by sensing the current provided to a load and using the device's applied
voltage as a sensor voltage. The permanent magnets (1325) may be surrounded by a
circular arrangement of drive coils (1330). Direct current may be provided to each drive
coil (1330) sequentially, thus providing a brushless direct current motor. The timing of the
provision of current to each coil (1330) is provided electronically by the Hall Effect
transducer (1345), thus allowing for a highly accurate angular rotation.

Sources of Actinic Radiation for Contact Lens Manufacturing System
[0094] The housing (1305) surrounding the rotatable tube (400) may be

provided with a means for illuminating the contents of the rotatable tube (400) with actinic
radiation. The means of illumination may be held within the housing (1305), or external to

the housing (1305), and can comprise any means of providing actinic radiation at a desired

24



[0094]The housing (1305) surrounding the rotatable tube (400) may be provided with a means for
illuminating the contents of the rotatable tube (400) with actinic radiation. The means of illumination
may be held within the housing (1305), or extemal to the housing (1305), and can comprise any
means of providing actinic radiation at a desired wavelength uniformly over the length of the
aperture-containing curing zone (610) of the rotatable tube (400). [0095]Generally, there may be
provided a number of actinic radiation sources (1350) for producing actinic radiation. Examples of
actinic radiation sources (1350) may be UV LED arrays, fluorescent tube lamps, or mercury discharge
lamps. In embodiments where the actinic radiation sources (1350) are located in the interior of the

housing (1305), the actinic radjati ay be directly provided to.the pol i liquid contained
it the A B R I BB 6

[0096]In gmb@blm@hts(ﬂmére the actinic radiation sources (1350) are extc_arr_lal to the housing (1305),
the housing (13q5)48py inglytle Meansdonipesavsmizpion.alac tpicradiatensuehas guartz or

borosilicate glass windows. In one exemplary embodiment, the windows may be anti-reflection coated

in order té mhipzPTednanerRibsie adiatisafdoenatecabpding sxbmbep suitiidhy ¥hhBddiment,
specific apll (AfleEion FARIAYSHIBMP RIS BAR ORIIRLZSHH QITARSHRIBRIGR. OfPaHickigidgyavelengths of

radiation while reducing the transmission of others. [009 Ing;llet_ angther exemplary embaodiment,

various cOthBIRSIRMIBICEGiaten SrEcradiation HedrsHed il deariAr s arsipa it €2kh other to
alter or amgngd st eusMaPeEiesfithalasiaiidsrnteinghadetatadletiedelsanrdtifius change

the polymerization conditigns within the rotatable tube (400). The use of the vari combinations of
radiation T Hﬂé‘ﬁéﬁ"ﬁﬂjgfs%ﬁ‘.%y‘béo HEtEett @ﬂ?ﬂa&%}a@m@%ﬁ?& ?FB@?Z%%?%%@ e used judiciously
- at desired times [(i098jghout: debodinisastutiag Heeessic radiation sources (1350) are external

to the housing (1305), the housing (1305) may include means for the transmission of actinic

radiation such as quartz or borosilicate glass windows. In one exemplary embodiment, the
windows may be anti-reflection coated in order to minimize radiation losses via surface
reflections. In another exemplary embodiment, specific anti reflection coatings may be
used to optimize the transmission of particular wavelengths of radiation while reducing the
transmission of others.

[0097} In yet another exemplary embodiment, various combinations of radiation
and radiation filters may be used in conjunction with each other to alter or amend various
properties of the radiation entering the rotatable tube (400), and thus change the
polymerization conditions within the rotatable tube (400). The use of the various
combinations of radiation and radiation filters may be effected throughout the entire
process or may be used judiciously at desired times throughout the manufacturing process.

[0098] In an exemplary embodiment, the use of high mass materials may be

“used to facilitate a structurally robust housing (1305) and robust rotating members that are
less affected by drive born vibrations or rotational fluctuations. In the present system, it is
preferred that both rotational stability (in all axes) and vibrational isolation are optimized
during the spinning process. Further, the rotatable tube (400), housing (1005), and drive
may be constructed in a modular fashion so as to allow for easy replacement and

maintenance.

25




[0098]In an exemplary embodiment, the use of high mass materials may be used to facilitate a
structurally robust housing (1305) and robust rotating members that are less affected by drive born
vibrations or rotational fluctuations. In the present system, it is preferred that both rotational stability (in
all axes) and vibrational isolation are optimized during the spinning process. Further, the rotatable tube
(400), housing (1005), and drive may be constructed in a modular fashion so as to allow for easy
replacement and maintenance. [0099]in another exemplary embodiment, the arrangement of a
number of rotatable tubes (400) within a single rigid housing (1305) is possible. Arranging a number of
rotatable tubes (400) within a housing (1305) facilitates a greater level of productivity without

sacrificing accurm%ithi%g%%%é%%&%gmm ‘?”ﬂ@%@&‘&ﬁﬁfﬂ%&rﬁﬁ@@@? of inter tube

spacing and par ng can be_ ) 5S¢ part of the overall production process. Retention of
Molds in #sta@hlérighzs (00) widonecimly riiddavsies §13061iErassible- o ¥BEMRER BHUIRET(400)

including groldFSSeIHRRTAM) S AGER HHIRASAAN RIBPALIMaR of dRaBreseiNbeyRRaRlaRIgystem and
method. The molds (Fig. 1, 100; Fig. 2,_200)Bmﬂa§)£/i be held withinthe curing zone (Fig. 6, 610) by a
I

variety of YibauE s Hisag msymmerithine#bradalabis. teba 6190k g Vsl Jawrm ap b ructed of such
a dimensigaa$Q asie-Praskighandniarierencaifiioniih thehpeipwalioftherd oRtabisdiine (400), and

may be held in place by frictional forces, as discussed above. [00101]Alternatively the molds (Fig.
1, 100; FiB8us60) BiaSFHe held in place by an active mechanical means. In one embodiment, the
molds (Fig. 1, 100; Fig. 2, 200) may be introduced into the lower end of the rotatable tube (400) in the

direction ?{f ?err w flf i !gsina aeusheggod. The molds (Fig. 1, 100; Fig. 2, 200) may be pushed past
a numbe Fed Eht 3 ). These retention dogs (1400) are disposed so as to
allow passage oftddjholdEigFigt ik, al00ssFiget2na0Oein afauptamids dive ¢i00) inohwingeraotdold (Fig. 1,
100; Fig. 2,.200) is clear of the retention dogs (1400), a number of springs. (140 &)vide
sufficient]fgt%%?)g cause Ceofr(eﬁtl%g?o%n (S%SO%IR%%%%%}PT‘]: rSSFé%%ifi/m v%g%gét]\?v egﬁggﬁg%y orm a seat on
which theTlastintdsdBitgd mofd Firig2.12000 ondide heRkDO)tbits e auringl divng (Fégnfol6it0)rtiy 21, 100; Fig. 2,
200) withigy e, g Aoy GRU0. AR ARUIBRRL Hhe NS (i 2Lod0fnbie: 200) may include
a number of engagement apertures or gas diffusion aperturés (Fig. 1; 730) which may be provided so

that the refntioatebabsuEheo)imesengags theebies arigterergmeriywithibojusa ¥ak e the molds
(Fig. 1, 100; Rl 2Rk ipue9tneher vonial andaeriisaidifeslianrctnis Maxfpgumibat the molds
(F1g. 1. 100: Fg; & B30 MR emmatively the oids (hig. 1 100 Fig. 3. 300) may be held in place

by an active mechanical means. In one embodiment, the molds (Fig. 1, 100; Fig. 2, 200)

may be introduced into the lower end of the rotatable tube (400) in the direction of arrow

(1410) using a pusher rod. The molds (Fig. 1, 100; Fig. 2, 200) may be pushed past a

number of pre-loaded retention dogs (1400). These retention dogs (1400) are disposed so

as to allow passage of the molds (Fig. 1, 100; Fig. 2, 200) in an upwards direction, but once

a mold (Fig. 1, 100; Fig. 2, 200) is clear of the retention dogs (1400}, a number of springs

(1405) may provide sufficient force to cause the retention dogs (1400) to move radially

inwards, where they form a seat on which the last introduced mold (Fig. 1, 100; Fig. 2, 200)

sits, thus holding the molds (Fig. 1, 100; Fig. 2, 200) within the curing zone (610). In one

embodiment, the molds (Fig. 1, 100; Fig. 2, 200) may include a number of engagement

apertures or gas diffusion apertures (Fig. 1; 130) which may be provided so that the

retention dogs (1400) may engage the molds (Fig. 1, 100; Fig. 2, 200) and secure the molds

(Fig. 1, 100; Fig. 2, 200) in both the horizontal and vertical directions. This may ensure

that the molds (Fig. 1, 100; Fig. 2, 200) may remain in a fixed position with respect to the
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rotatable tube (400). In yet another embodiment, the engagement apertures (Fig. 1; 130) may fully
surround the retention dogs (1400) such that the engagement apertures (Fig. 1; 130) are not open at
the bottom of the molds (Fig. 1, 100; Fig. 2, 200). This may help to further secure the molds (Fig. 1,
100; Fig. 2, 200) within the rotatable tube (400). As mentioned above, the rotatable tube (400) may
include a number of retention dogs (1400) to secure every mold (Fig. 1, 100; Fig. 2, 200) in a fixed
position within the rotatable tube (400). [00102] In another embodiment, there may be provided
retention dogs (1400) at the lower end of the rotatable tube (400) so as to provide a seat for the last
mold (Fig. 1, 100; Fig. 2, 200) introduced into the rotatable tube (400). Thus, only the bottom mold

Fig. 1, 100; Fi 00)will icall it T ini
engngem A B e e o0 e rotatable
tube (400andietoresnnkdsheunibeionf dngids 4@y suchiibet tigempazenent appo1edFThd molds (Fig. 1,
100; Fig. 23800) mﬁw&@ﬂﬁ%s&gmwgqﬁﬂyds%wgﬁ 2 stckegd ook afmaldsHayes another

embodiment, the pusher rod itself may serve as the means for oIdinq the molds (Fig. 1, 100; Fig. 2,

200) withifvEheTceang Ssneqbisdlisr thd 98idtenie 200k vabe) therataiakpiybe @PB dvantageous in
terms of mﬁﬁgﬁémscﬁ@%mgimea@wﬁ@g %{ﬂ%ﬁhﬁ%&’d@éhﬁrﬂ%ﬂ pfacturing ase anghapaintenance of

the contact lens manufacturing system (Fig. 1 00). Exemplary operation a£g00104 In one
preferred it SrEEERrAIA 8rt1gégq’sFﬁ%s%e?;9%t‘6‘ RO RSHEM 06%Y R A ARYAR S i ports (Fig.
13, 1310)¢4bog molds (Fig. 1, 100; Fig. 2, 200), dosed with a polymerizable liquid, are then introduced

into the stationar able tube_(400) through the lower end usi usher rod. oJds are either
introduced indivi@fﬁﬁ?ior AQI RS G RBIIATR Y eé"p‘agﬁgF %a‘ﬂﬁgd;rw%errﬁ6?8sd8%%(]%%6}]§t€ention dogs
(Fig. 13, 1ROB)vancnd tifehewitlacisle rubElgdoysestsmopdonidhe statfoofimblssiihkh(Bits bn the retention
dogs (Fig, 13,,1300), The drive mechanism for the rota tube (Fig, 4,400: Fig. 7 - Fig. 8, 800;
Fig. 9, 906&% %ﬁ%r? Tl%g](% %rr? , ‘611%%? %"Eé’t%‘f%ﬁl{é%b%%&g%ﬁs tﬁé%s(’rg zgﬁle%ea Oeft oﬁgég%lé?%ﬁied speed.
In this state ! fife Beniffhviloacleaied lyyetize goteitio thof dheatdtataivi¢4lihe TBOFHetsingon the
polymerizable ligui Ing jtoutt | Vi [ each mold
(Fig. 1, 1%&5%%&%%%%dr%%at%&%%%%%%%?ﬁ%@%ﬁ gl?i!#éﬂp%gge%eyrgr%gi r?go%%%%%%r a period
of time torafablhtibo (MeR)nd abeetprogusetbby ahaeldmBiizatioh s fetcks280bh as speed of

rotation, surface (N ofHERANMTEIZRDIRYkE ANGSHEletiaRAEDEIRUINAG lgach s
equilibrium shape. At this point, the column of molds (Fig. 1, 100; Fig. 2,200) is illuminated by actinic

- radiation #sussiaRk&dsg Hep e meldsatnydfadtenamba , SBR @R IR ESY B the curing

process, tharciRin fadiatingis exingushetkand tae reiationof hemR@pkletpbed4ad)issstopped.
The cured molds (Fig. 1, 100; Fig. 2, 200) can then be removed by raising the pusher rod and pushing
the curedth?dﬂéteglﬁ.t‘f?el@@p?:i T3S SHOPIEF1ARS A BHARECHSHRABIR T M ETH68) R ction.

simplicity as well as simplicity in the manufacturing, use and maintenance of the contact

lens manufacturing system (Fig. 13, 1300).

Exemplary operation

[00104] In one preferred mode of operation, inert gas is passed into the housing
(1005) via the gas inlet ports (Fig. 13, 1310). The molds (Fig. 1, 100; Fig. 2, 200), dosed
with a polymerizable liquid, are then introduced into the stationary rotatable tube (400)
through the lower end using a pusher rod. The molds are either introduced individually or
as a stacked column. The pusher rod lifts the molds past the retention dogs (Fig. 13, 1300)
and is then withdrawn. The lowest mold in the stack of molds then sits on the retention
‘dogs (Fig. 13, 1300). The drive mechanism for the rotatable tube (Fig. 4, 400; Fig. 7, 700;
Fig. 8, 800; Fig. 9, 900) is then turned on, and the rotatable tube (400) is then rotated at a -
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1001051 While the use of metal rotatable tubes has been proposed for the spin casting of contact
lenses (See, for example, the '138 Patent), it is apparent that such tubes would preclude the use of
ultraviolet light (or other similar radiation) to initiate polymerization. However, by adopting the simple
expedient of placing apertures into the walls of the rotatable tube, it has proved possible to produce
robust equipment for the manufacture of high quality contact lenses. The shape and disposition of the
apertures is selected to optimize light transmission into the tube, while maintaining a physically robust
structural form. The apertures also allow for rapid and homogenous gas exchange from the contact
lens molds so as to provide an inert atmosphere above the polymerizable liquid, thus reducing the
deteterious gffecihRLogae IRIR:. mAMAR1ThaesioR.aotRaBia P dRocribed herein
particularty when coupled to an outer casing providés for an easlly ihterchangeable, mechanically

robust appetesabls fobeHd ¥pinctnaperthé polationizplsyinmdttesbbladtoduen asltBietadessfdes, which
requires o/t OR MAFENANSE)BAsen MUll-§130¢, Goiings. 2, RP1G7L fidiabRiguseflow chart of

a muIti-stage curing procéss according to an embodiment of the present exemplary system and

method. ARBY)GSAPGIES pektiapecHfieBmeb pes iR GhImHe AR S)TFEE be pushed

upwards %ﬁi@&;&f@rﬁﬂﬁé&f FOhLR ALIRAGHIS! YaekinSudR cHRiACTd AR Qfrthecretaialle tube (400).
Alternatively, the molds may be offloaded man,uall%, or by a robot arm. The secor_ldar% curing device

t ( ]
may then ¢ f‘h‘?é?%ﬂ?@%%%kﬂﬂ%fﬁﬂl@cﬁa‘&ﬁt FOCERYERA TREADS SRR e curing
device mayt g Avidenieedraditionaiianmioyed 06oFigxamp, itia setondtby setiiig device may be a
traditional glass tube. . . [001Q8] Turning now in more detail to Fig. 15, in gne gmbodiment, the molds
containiGE BB SR R 2 O ST D P L A ) S e e above
(Step 21100 iiNexiigzgackiaks ihingeohih eatbatsopabyertnyidsdninbfiendiytiaot ovfi thradiatidrictakes place
within the rota tube (400), thereby initiating its, polymerizati nd partial formation of the solid
article (St‘éu[(l))) 3&@@5 ]‘?’ﬁglé?%(ﬁr:r é&%“ﬁéﬁﬁd’?é%@%@érﬁ%%n%b% |210§F115% ne%%ﬁ%? %‘Fg@gﬁinking of the
lens may tésperfberpeshevithihatnbposhing tonen@Egné ds (Bigol tH8Qotazablé Wb&qu0dy: top ¢H0109]
During th%@%ﬂ%@gﬁﬁ}g?ﬁ@cﬁgfigglg&%ﬁ lens, the polymer is most susceptible to the introduction of

the surface o ]

imperfections in f the resulting lens. Vibrations resulting in movement of the mold or
standing waves, [Hi8Al protihiks Brsorsesicaciebreipiableriubrs feaaderaieivarishiostirgia.

Consequelin Acpariag: 1R06 ke I eIBGHITPRH ians ieiRapialbaiarmeditbinhe curing
zone (Fig. 6, 6I0) of the rotatable tube (400)to a dﬁ%%ree where the shape of the contact lens is

establishagalthpseahide theasrnd W virlst ey @5 RiBR A as Bl eBaheréHdd o a traditional glass
tube or angikaidessicantRiips envoprs e finaltudrgedbatispReas dRatodhisexamplary

embodiment, in order to assure that vibrations and run-out are minimized, the lens is initially rotated,

illuminatet2Lhaldhsso e ibté Saniiied BeRMIAIOceARtR SIS BRI B {68 as taught herein.
Specificaliyathi:tighier oisianers ebiiacprasent exenssuhataiabiatiohe(¢aGpatangsvsth the other
features including, but in no way limited to, reduced ryn-out.and de-coupled magnetic drive, result in
o it O GRS T R ot IS P TS o ROR AT R0 g, 15, with
the shapeswinchaulfacs afte apthenendesiiblishedaphe g tiedhy ferimed:tens: chaygoditrandierred from
the rotatable tube (400) to a secondary,curing tube (Steps 2130 and 2140), where the partially formed
s may BT B EE T8O THE ST SRS ARy B BB S rary curing
tube via ahysnahrsin dhadielgidowninefigotsaf byt tohiiiatochemical or thermal induced
polymerization.. r, inlanather e [ odiment..the sec r partially
odi0s" "Pril Srrols aé%’e%%% ?%scﬁbédtfferé& %}ﬁﬁaﬁzﬂe@t éH%&IS‘iggt

formed lens may occur in a'sul g%%/ncon ro tunnel oven which m e curin he lens via
either actinieradiatiorsibeatovidbothr @nweinimtichanpeoiie, oheroygditly nephsisppeiatisdWia actinic
radiation withi t %), th rti -lj q%ag&c icient structural
- stability tg%ée e]i%%a#%%tgﬁ}gtr& g?w%rﬁe y naf%?t%ét%%xgg%g%gr% %‘#%&é%ﬂg%@f%@f g?r?r?g tube or through
introductiariolifite abovapistigimeditifel oven or other curing device.  [00111] Further, through
the employment of the above- described multi-stage curing process, the time required to produce a
fully cured article may be significantly reduced. The time required to partially cure an article within the
rotatable tube (400) may take only a short amount of time. Through simple division of resources, the
time requyggdSRERdoGE;& finished article may divided between the first partial curing stage using the
rotatable tube (400) and the second fully curing stage using the secondary curing tube. Still further,
multiple secondary curing tubes may be provided to allow even more articles partially cured within the
rotatable tube (400) to be fully cured in the multiple secondary curing tubes.
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[00112] The preceding description has been presented only to illustrate and describe embodiments
and examples of the principles described. This description is not intended to be exhaustive or to limit
these principles to any precise form disclosed. Many modifications and variations are possible in light
of the above teaching. WHAT IS CLAIMED IS: 1. A system for spin casting a lens comprising: a
first rotatable tube, the first rotatable tube being configured to partially cure a polymerizable liquid
contained in at least one mold; and at least one second curing device, the second curing device
being configured to finalize the curing of the polymerizable liquid contained in the mold. 2. The system
of claim 1, further comprising rotating the first rotatable tube such that the polymerizable liquid
contained within Id Y e prising
exposing the polﬁr@e%fablﬁgaﬁjﬁ%oggﬁn%% ig%%altﬁg‘%ﬁ%‘%%%%% C zﬁ%élpf{ %gtﬁog%%‘omprising
transfer nvadmsifoene afdbineresenastanfrony tystarsendtanetbhel tubbca suring odnarHal IR into the
second CyfinReAGHIGeae ROESSHEM AR de Beiaindhe analel e ansgsselaeipmdsom the

group consisting of a pusher rod, a robotic device, and manual transfer. )
a secondary curing device placed on top of the rotatable tube (400). Alternatively, the

molds may be offloaded manually, or by a robot arm. The secondary curing device may
then further cure the polymerizable liquid contained within the molds. The secondary
curing device may be any device traditionally employed. For example, the secondary
curing device may be a traditional glass tube.

[00108] Tuming now in more detail to Fig. 15, in one embodiment, the molds
containing the polymerizable liquid may be introduced to the rotatable tube (400) as
described above (Step 2110). Next, a partial curing of the lens polymer via illumination by
actinic radiation takes place within the rotatable tube (400), thereby initiating its
polymerization and partial formation of the solid article (Step 2120). Therefore, according
to this exemplary embodiment, the initial cross-linking of the lens may be performed within
the curing zone (Fig. 6, 610) of the rotatable tube (400).

[00109] During the initial stages of the curing of the lens, the polymer is most
'susceptible to the introduction of imperfections in the surface of the resulting lens.

- Vibrations resulting in movement of the mold or standing waves, which produce poor
optics, occur when the lens material is most fluidic. Consequently, according to one
exemplary embodiment, a lens is partially formed within the curing zone (Fig. 6, 610) of
the rotatable tube (400) to a degree where the shape of the contact lens is established and
stable. The lens and lens mold combination is then transferred to a traditional glass tube or
another less controlled environment for final curing. That is, according to this exemplary
embodiment, in order to assure that vibrations and run-out are minimized, the lens is

- initially rotated, illuminated, and cross-linked in the controlled environment of the rotatable
tube (400) as taught herein. Specifically, the tighter tolerances of the present exemplary
rotatable tube (400) along with the other features including, but in no way limited to,
reduced run-out and de-coupled magnetic drive, result in an initial form of the lens with

minimal surface aberrations.
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6. The system of claim 1, wherein the first rotatable tube has at least one portion defining at least one
aperture wherein the aperture is configured to permit the transmission of actinic radiation. 7. The
system of claim 6, wherein the aperture is any shape. 8. The system of claim 6, wherein the aperture
is symmetric in both the horizontal and vertical directions and positioned on the first rotatable tube
such that no side of the aperture lies in the x-y plane of the first rotatable tube. 9. The system of claim
6, wherein the aperture tapers from the internal bore to the outside surface of the first rotatable tube.
10. The system of claim 6, wherein the aperture is asymmetric. 11. The system of claim 6, wherein
the aperture is of a shape selected from the group consisting of a diamond, a circle, a square, a

rectangle, and ag)ei/ﬁhr Si%}g;[g%gﬁé%gwtgf}%gili%,%m%emé%eaﬁgg[ﬁ%gé%g%fli%g(fglgo diffract actinic

radiation entering the tube. 1 e system of claim 1, wherein the first rotatable tube is

made of avteblited. thatesitinlly formed Ssasaravdfecimierrohi@eairthp sofizsbletafbidOdide & made of a
metal. secondary curing tube (Steps 2130 and 2140), where the partially formed lens may be fully

cured (Step 2150). The curing of the lens may be concluded in the secondary curing tube

via any means including, but in no way limited to, photochemical or thermal induced
polymerization.. Further, in another exemplary embodiment, the second stage curing of the

- partially formed lens may occur in a suitably controlled tunnel oven which may finalize the
curing of the lens via either actinic radiation, heat, or both. Once an initial amount of cross-
linking has occurred via actinic radiation within the rotatable tube (400), the partially cross-
linked lens polymer has sufficient structural stability to be less affected or entirely
unaffected by rotation in the secondary curing tube or through introduction to the above-
mentioned tunnel oven or other curing device.

[00111] Further, through the employment of the above- described multi-stage
curing process, the time required to produce a fully cured article may be significantly
reduced. The time required to partially cure an article within the rotatable tube (400) may
take only a short amount of time. Through simple division of resources, the time required
to produce a finished article may.divided between the first partial curing stage using the
rotatable tube (400) and the second fully curing stage using the secondary curing tube. Still
further, multiple secondary curing tubes may be provided to allow even more articles
partially cured within the rotatable tube (400) to be fully cured in the multiple secondary
‘curing tubes,

[00112] The preceding description has been presented only to illustrate and
describe embodiments and examples of the principles described. This description is not
intended to be exhaustive or to limit these principles to any precise form disclosed. Many

modifications and variations are possible in light of the above teaching.
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15. The system of claim 1, wherein the second curing device is a second rotatable tube. 16. The
system of claim 15, wherein the second rotatable tube is made of a material transparent to actinic
radiation. 17. The system of claim 15, wherein the second rotatable tube is made of an opaque
material. 18. The system of claim 15, wherein the second rotatable tube is made of a metal. 19. The
system of claim 15, wherein the second rotatable tube is configured to cure the polymerizable liquid
via heat. 20. The system of claim 16, wherein the second rotatable tube is made of a glass. 21. The
system of claim 1, wherein the second curing device is an oven. 22. The system of claim 21, wherein

the oven isEBAAGLPLld INEDAR: polymerizable liquid via heat. 23. The system of claim 21, wherein
the oven is configured to cure the polymerizable liquid via actinic radiation.

1. A system for spin casting a lens comprising:

a first rotatable tube, the first rotatable tube being configured to partially cure a
polymerizable liquid contained in at least one mold; and

at least one second curing device, the second curing device being configured to

finalize the curing of the polymerizable liquid contained in the mold.

2. The system of claim 1, further comprising rotating the first rotatable tube such that

the polymerizable liquid contained within the mold forms a concave shape.

3. The system of claim 2, further comprising exposing the polymerizable liquid to

actinic radiation.

4. The system of claim 1, further comprising transfer means for removing the mold

from the first rotatable tube and introducing the mold into the second curing device.

5. The system of claim 4, wherein the transfer means is selected from the group

consisting of a pusher rod, a robotic device, and manual transfer.

6. The system of claim 1, wherein the first rotatable tube has at least one portion
defining at least one aperture wherein the aperture is configured to permit the transmission
of actinic radiation.

7. The system of claim 6, wherein the aperture is any shape.

8. The system of claim 6, wherein the aperture is symmetric in both the horizontal

and vertical directions and positioned on the first rotatable tube such that no side of the

aperture lies in the x-y plane of the first rotatable tube.

31



24. The system of claim 21, wherein the oven is configured to cure the polymerizable liquid via heat
and actinic radiation. 25. The system of claim 14, wherein the internal bore of the first rotatable tube is
configured to reflect actinic radiation. 26. The system of claim 25, wherein a reflective coating is
disposed on the internal bore of the first rotatable tube. 27. The system of claim 26, wherein the
reflective coating is made from a material selected from the group consisting of silver and nickel. 28.
The system of claim 25, wherein the first rotatable tube further comprises a first bearing mounting
zone formed on a first end of the first rotatable tube and a second bearing mounting zone formed on a

second end of thd figstyrbeatatielaipe, Whaigp (Bmapratiire tHeasiFg M BINIHRI O HersHe R second

bearing mgaynpting LeReA5e BashEonsiimriadf a non-brittle opaque material. 29.The system of claim
14, wherein the first rotatable tube is made of stainless steal. 30. The system of claim 29, wherein the

internal bore of the first rotatable tube is polished such that the internal bore reflects actinic radiation.
31. A methed of capiti{uaal]y, EaRiRGsa eGP MPHIMIre is asymmetric.

11. The system of claim 6, wherein the aperture is of a shape selected from the group

consisting of a diamond, a circle, a square, a rectangle, and an oval.

12. The system of claim 9, wherein the aperture is configured to diffract actinic

radiation entering the first rotatable tube.

13. The system of claim 1, wherein the first rotatable tube is made of an opaque
material.

14. The system of claim 1, wherein the first rotatable tube is made of a metal.

15. The system of claim 1, wherein the second curing device is a second rotatable
tube.

16. The system of claim 15, wherein the second rotatable tube is made of a material

transparent to actinic radiation.

17. The system of claim 15, wherein the second rotatable tube is made of an opaque
material.

18. The system of claim 15, wherein the second rotatable tube is made of a metal.

19. The system of claim 15, wherein the second rotatable tube is configured to cure the

polymerizable liquid via heat.
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providing a first rotatable tube; introducing at least one mold into the internal bore of the first
rotatable tube, the mold containing a polymerizable liquid; partially curing the polymerizable liquid in
the first rotatable tube; removing the mold from the first rotatable tube; providing at least one second
curing device; introducing the mold into the second curing device; and completing the curing of the
polymerizable liquid in the second curing device. 32. The method of claim 31, further comprising
rotating the first rotatable tube such that the polymerizable liquid contained within the mold forms a
concave shape. 33. The method of claim 32, further comprising exposing the polymerizable liquid to
actinic radition. Bee stitermefdaor Qarhgeinhe sioree SEpaldf Heeiswagant :edtdsfrom the first
rotatable tube and introducing the mold into the second curing device is performed via transferring

means selected from the group consisting of a pusher rod, a robotic device, and manual transfer.
The system of claim 1, wherein the second curing device is an oven.

22. The system of claim 21, wherein the oven is configured to cure the polymerizable

liquid via heat.

23. The system of claim 21, wherein the oven is configured to cure the polymerizable

liquid via actinic radiation.

24. The system of claim 21, wherein the oven is configured to cure the polymerizable

liquid via heat and actinic radiation.

25. The system of claim 14, wherein the internal bore of the first rotatable tube is

configured to reflect actinic radiation.

26. The system of claim 25, wherein a reflective coating is disposed on the internal

bore of the first rotatable tube.

27. The system of claim 26, wherein the reflective coating is made from a material

selected from the group consisting of silver and nickel.

28. The system of claim 25, wherein the first rotatable tube further comprises a first
bearing mounting zone formed on a first end of the first rotatable tube and a second
bearing mounting zone formed on a second end of the first rotatable tube;

wherein the first bearing mounting zone and the second bearing mounting zone are

each constructed of a non-brittle opaque material.

29. The system of claim 14, wherein the first rotatable tube is made of stainless steal.
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35. The method of claim 31, wherein the first rotatable tube is made of an opaque material. 36.The
method of claim 31, wherein the first rotatable tube is made of a metal. 37. The method of claim 31,
wherein the second curing device is a second rotatable tube. 38. The method of claim 37, wherein the
second rotatable tube is made of a material transparent to actinic radiation. 39. The method of claim
37, wherein the second rotatable tube is made of an opaque material. 40. The method of claim 37,
wherein the second rotatable tube is made of a metal. 41. The method of claim 37, wherein the

second rotatable tube is con&gured to cure the polymerizable liquid via heat. 42. The method of claim
38, whereid®the sébesysiomatibimneisheian alplas] brze PhéhadidggtalsitBliswherein the

second cuppGHEYIGR ISR A¥ERternal bore reflects actinic radiation.

31. A method of centrifugally casting a lens comprising:

providing a first rotatable tube;

introducing at least one mold into the internal bore of the first rotatable tube, the
mold containing a polymerizable liquid;

partially curing the polymerizable liquid in the first rotatable tube;

removing the mold from the first rotatable tube;

providing at least one second curing device;

introducing the mold into the second curing device; and

completing the curing of the polymerizable liquid in the second curing device.

32. The method of claim 31, further comprising rotating the first rotatable tube such

that the polymerizable liquid contained within the mold forms a concave shape.

33. The method of claim 32, further comprising exposing the polymerizable liquid to

actinic radiation.

34.  The method of claim 31, wherein the steps of removing the mold from the first
rotatable tube and introducing the mold into the second curing device is performed via
transferring means selected from the group consisting of a pusher rod, a robotic device,

and manual transfer.

35. The method of claim 31, wherein the first rotatable tube is made of an opaque
material.
36. The method of claim 31, wherein the first rotatable tube is made of a metal.
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44. The method of claim 43, wherein the oven is configured to cure the polymerizable liquid via heat.
45. The method of claim 43, wherein the oven is configured to cure the polymerizable liquid via actinic
radiation. 46. The method of claim 43, wherein the oven is configured to cure the polymerizable liquid
via heat and actinic radiation. 47. The method of claim 36, wherein the internal bore of the first
rotatable tube is configured to reflect actinic radiation. 48. The method of claim 47, wherein a
reflective coating is disposed on the internal bore of the first rotatable tube. 49. The method of claim
48, wherein the reflective coating is made from a material selected from the group consisting of silver
and nickel350. ThBerreathod of elaim 3h witsereithmecrpadrotsiibiie tigsd fartseprbraiidds a first
bearing mgyting zone formed on a first end of the first rotatable tube and a second bearing mounting
zone formed on a second end of the first rotatable tube; wherein the first bearing mounting zone
and the second bearing mounting zone are each constructed of a non-brittle opaque material. 51. The

method of paim 3 Whateim sherfinst $otaiableiiune isdnafR Rl RINIRRS SRSl of a material

transparent to actinic radiation.

39.  The method of claim 37, wherein the second rotatable tube is made of an opaque
material.

40. The method of claim 37, wherein the second rotatable tube is made of a metal.
41. The method of claim 37, wherein the second rotatable tube is configured to cure

the polymerizable liquid via heat.

42. The method of claim 38, wherein the second rotatable tube is made of a glass.
43. The method of claim 31, wherein the second curing device is an oven.
44. The method of claim 43, wherein the oven is configured to cure the polymerizable

liquid via heat.

45. The method of claim 43, wherein the oven is configured to cure the polymerizable

liquid via actinic radiation.

46. The method of claim 43, wherein the oven is configured to cure the polymerizable

liquid via heat and actinic radiation.

47. The method of claim 36, wherein the internal bore of the first rotatable tube is

configured to reflect actinic radiation.
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52. The method of claim 51, wherein the internal bore of the first rotatable tube is polished such that
the internal bore reflects actinic radiation. 53. The method of claim 31, wherein the first rotatable tube
has at least one portion defining at least one aperture wherein the aperture is configured to permit the
transmission of actinic radiation. 54. The method of claim 53, wherein the aperture is symmetric in
both the horizontal and vertical directions and positioned on the first rotatable tube such that no side of
the aperture lies in the x-y plane of the first rotatable tube. 55. The method of claim 53, wherein the

aperture tg{)ers from the internal bore to the outside surface of the first rotatable tube. 56.The method
of claim 538wherdittthsthperl rdaiencklmihrsgie a stleqthe sraghetiipHianes Invltevefitale aperture is

of a shapepsglagtad R e sRupRONsIsting of a diamond, a circle, a square, a rectangle, and an
oval. 58. The method of claim 55, wherein the aperture is configured to diffract actinic radiation

entering the first rotatable tube.
49. The method of claim 48, wherein the reflective coating is made from a material

selected from the group consisting of silver and nickel.

50. The method of claim 31, wherein the first rotatable tube further comprises a first
bearing mounting zone formed on a first end of the first rotatable tube and a second
bearing mounting zone formed on a second end of the first rotatable tube;

wherein the first bearing mounting zone and the second bearing mounting zone are

each constructed of a non-brittle opaque material.
51. The method of claim 36, wherein the first rotatable tube is made of stainless steel.

52. The method of claim 51, wherein the internal bore of the first rotatable tube is

polished such that the internal bore reflects actinic radiation.

53. The method of claim 31, wherein the first rotatable tube has at least one portion
defining at least one aperture wherein the aperture is configured to permit the transmission
of actinic radiation.

54. The method of claim 53, wherein the aperture is symmetric in both the horizontal
and vertical directions and positioned on the first rotatable tube such that no side of the

aperture lies in the x-y plane of the first rotatable tube.

55. The method of claim 53, wherein the aperture tapers from the internal bore to the

outside surface of the first rotatable tube.

56. The method of claim 53, wherein the aperture is asymmetric.
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57. The method of claim 53, wherein the aperture is of a shape selected from the group

consisting of a diamond, a circle, a square, a rectangle, and an oval.

58. The method of claim 55, wherein the aperture is configured to diffract actinic

radiation entering the first rotatable tube.
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