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 readilyll€eR employed in the mass-production of contact lenses. [0003]To begin, the

polymerization casting,of 4Rl SYIREICAbAEIRS YA AP Coniact enses, 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§£ﬁ¢ﬁ[‘;‘ﬂ§[ﬁﬁ{fﬁe that causes a radially outward displacement of the polymerizable liquid. By

maintaini tation rate, the centrifugal force caused by the rotation will cause the
polymerizable ligli@Qbladopt segernatalhdecoroate slaps. l@nebabapolyprdrzalbid htfaiddtas attained
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posure to actinic fadiation (i.e. ultraviolet light) so as to produce a solid polymeric contact lens.
[0004] Thenopehtorylthasethiaca lspiasdastirg protesd isntypicalyp chatacteitzéd 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 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 elements as lenticulating curves, toric
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.



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 elements as lenticulating curves, toric 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 Iiq[ﬂﬂﬁi]lizedﬂmtttmppﬁa@asﬁﬁ@pmﬁa&isdyb@llgurfaeeinfvtllrddbrmis polymerization
reaction can g?ntlg 1na tqern I fact t;irSlSJCh thr Etlé)ornactlnlc adlaHlon 1(a(gorultra\ﬁolet light),
and is therettore mos common onne% lon with & sy ?}1 ergoes a'free Tadical
polymerlzahmsurémctl@nswymﬁ&tty}thbfwayatécﬂsqwm imodudie &mtﬂmmmardmr migtavgyof monomers
based on acrylic thacrylic acid, alon ial palymeriz tlon initiator.
pre-polymerized ﬁt{gm’(jlals ;’Iﬁl&P as Is% {/lé%%%vhgecfi ?erlgllsnnt”l%ayg(% soag u};lgp%lioc Sisnl%t gBllﬁacYa]stlng
system. [0@&7T wmlmmmmmm@ifmgmmmgcro&wm curimgatHecpal povdrization process,
the moldsla 95} ntlaél%éa}p %ﬂ?l&% arg Q’\l,alﬁlé? %q at | asi,ll(plet all ng) an mertO%as aima phere of, for
example, nltrogen or argon. The use of an exteﬁt ? al’trigger for the po ymerlzatlon *allows for the
polymerizablenticfind toi tittasystene thuilibridergshapéremdeticolt atitymperientotreactset diypatyHerization,
and also tg,a '%};&Q}S f%?’}}’cft?@éga &Qﬁ 3 1% (gﬁ& &é SdPﬁlﬁn%ﬁl%is Iedl 41 g pelymerizable liquid
to diffuse away om the po ymerizable liqui uring the actu mass pro uctlon of contact
lenses, th@mumam aoioldd asnvhighar fagegedim a@mmnsf@tlonlmmw@mcabmaw,qmnﬁguratlon The
carousel giangementisdaiiRsempieyand fulley e iEsnre ie f3RRlas,of (igmolds. I
requires t at eac e individua y rotated on its own sepa ate vertical axis. It is reported that the
carousel arsimgepysiensuffers from the disadvantages of requiring excess inert gas to eliminate the
inhibiting effect of en (yotgg a(mh éeﬁll %mlg%@g&g)& (lg)ﬂglqgg?t H%Mﬁh %tlon reaction.
The use of excess mert gas during the polymerization oft nomeric eactant causes the
entrainmepelyfraoasme phiechss foremufldapodpahantrezsblisdatpié ntadmpotiiosdandierspolymerization of
the monomer L, 1 SHIHRHANGABIFHS-HdP RAIGH B RMBSA! 1ilZed By dhe system.

Further information is set
external 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. It is
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 Centrifugally Casting Thin Edged Corneal Contact Lenses, U.S. Patent



forth in Method of Centrifugally 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. [0009]In 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 iNatSh@Es)ihéSextErna Mdiamete n(Dicth © mddidLi InCkdsessoMsytd, grofaglatantinterference fit.

More pref%riaala/ '&he&o\%@ﬁlg tugoe can c:ﬁrﬁtariGn nrilgj es.9L %@{Iﬁallrtfee% ures so as to facilitate a multiple
point contadt wﬁﬁ thé individual mol s.tF is latter arrangement allows 10F the molds to rotate with the

rotatable tube, a@0@%b to &llohe fartivel passageaofinen igasthidigpdhenotattble tilechand past the
individual mold[s. S&Jitableﬁ[{ior.art esig(%ns for theargtatablg tubed’;}lr osed in [{evice nd- Method
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iscl
for Centriftigally Casting Aritles, US Patent No. 4.517-138 1o a@%ﬁsg& ings et al. (fled’May 2,
1983) (issthedwWayalpdykdigh p{ rereindfiieirt13s Palidnt/hifd OtoiDrestypidad prionastimrantgement for
the proo‘”"f“%‘ QlIRNSSR %ﬁnﬁ iﬁiﬁgﬁ%‘é‘ﬁg? }Q%%gt‘@*ﬁ '%fghgaé SSAE; N IgsI)ymonomer
dosed molds are fe , one by one,7into eytop of a rotdtable tube comprising two zones, a conditioning
zone and aapoiymelizatiolymeneatiypichlly chetatdteilietlbendoneinsfagiued|ity bhtdvsed molds, so

ube conal s A e e,
[0011]By ﬂmiswiﬁ_@armsipﬂaﬁmambéﬁommﬂam%@¢mmhmebe ¢ew@n®tmﬁ@ggﬂpmith individu_al
mrrangeme T e e B S eue shape
before enttinyatiengeipent illatisrfadhe mvihds éirrplolyrmettizationtatacoabnitiard dlsthisadloangement,
while allowingifor, 106, SOBFQHSSHHRA A GRTSGHIERSEBe TS AW BRURIR TRHE 01 ds.
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.



[0012]Predominant 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. [0013]Typically this line clearance is achieved by adding mold blanks (for instance
empty molds, or ih2lrical Ptedshintathmoog dfetea sotatabletubennmpiac€ aittive Idosadiraolds, and
continuing the spinni rocess until all the product is ejected from the polymerizatjon zone. Once the
reauired R S g e SR ARAE, Do mccec
one by onpanto thegofatablertiloe]anithffieesdididsblamiksl being ejsctd DfrdmptteesliottdfDof the
polymerizafign zeng W & the blanks haye been cleaied. ThiRins.clearane natyaly can take some
time, and esgen]ﬁéh?/ répreséanfs a period of reduced pro uctivi y F Big'ﬁshe proB ems offine clearance
are compoumded ke nloridde hsewiark prechufiaciuired ToriSHdhses saeondeKid, corsactehemss who
B RSP AR A Ao, ATl CAUSER PIRIISIAN i N pgpry of he
optics of the eye to focus aypomt object nto a s grp ocused image on the retina. This may be due to
an irreguldykd tonicrogpssatyéofither cbanga telendd Atiskhea tordeighs ratayioival spevkelrdrege would be
with spherl%lgpamaer gyer 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 p0OBEmMs ifansaipodais/livecktappeg e icheveddarpdSinguivkl anksatiuring
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Chooting ol T L R e e
ejected ordeintrothideduad sostamdagdipaspranendipredesgenal dbribepthéuinhes dhesteshfiencibarance time

will be requifich RO R DE-RIOBIRIN QT UNG HEANGE B RE TAQYGH L TieTAIRING Rrogess

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



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 sbadact peffivientMbéar grsing loliggyvidie lipelyhedrnngéior c i ice] Hiowexdrbén order to
utilize uItra%gi(?lllerg@itiation in spin casting, the rotatable tubes are limited to being constructed from a
material trar%]sparént to the passage of ultraviolet light. Further, the material used in the construction of
the rotatable tubd80héist notinepsubjeot tof thee dédetenicusiefiestsaiverbibtigeghinhiragiptetessposure
which may cause, for example, .discoloration o chanical radation. For this reaso ost
rotatable tH &vd TR et ot g oAb SRRt
terms of UVithalismissibilityn thee spieratibe. rbstraistible atble itotothopreskertthe dsoerhte and straight
inner bore {01 i (olds,AOCDYSL SBID Aoundts R eical USRI cuoubho
polymerlza% e IQUI% and minimal vibration Bw%ln the system.ulro acl}neve these o%jectlves utilizing a
glass rotatdbie ithegis i wnithbapdts TdivallpriyesrZittly, iglagsaishby espdutiveoto mettrate machining.
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otherwise imprecise. 19]Secondly, the glass r e tube m e mounted accurately into
bearings artikictpreeidtlsattarhaséhiseitupestingpicedbsshislisheebierced dyirgriesditione, @pkr onto either
end of the e, Qe the fuhe BR RRERIRIOHIR W IBRS"S, N be;gRay be mounted into the
bearings. 'Cl'tﬁgs%qeae%n s must also ble prO\I/il)c]%d v%h a meaﬁs@grstgﬁus%rllg the rotatable tube so that the
axis of rotation is[8Qh¢tly alblegyevercencedénéooftihecinheavivars iidlativelimipateayingotir).

[0020]FLriac i BRAGHETR R ARG URIRI GG CRINAP G SHPARGH 19 MO, Ihsle stresses

such that the bearing mountings sho ot exert undue compressive force, or any excess shear

forces whifé aldiastief Hahtodtunthés, phe chadrsatisadsia digeendadeentighepeiathbledribes and typically

necessitalgs, oo 0L RS AOMDENEAMHSIDROLE AP B TAGIHIOG: 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.



[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 @9} to msummwmmﬁmmwwmmmnmcgmmm ar® due to the

inability to malntaln fficiently rigid connec etwe H nd the.bearin mountlngs
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embodimehg, mmahbaraesdohspimnecassingienses tomprikirndoagchatabietlibe oftbaotatable tube
defining a % udlpal c w%ewherelq?e longitudinal cavity is configured to receive molds. According
to one exem ry embodiment, the rotatable tube is made of a stable non-glass material such as
metal. [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.



[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 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 confidivBd ARpartially cure a polymerizable liquid contained in at least one mold; and at least

one second curirﬁgﬁjice, Wg secan Ocurin devi ?beer}l é;longi uerlg%toafrigt%lg ortheir?légsr%ﬁ]()f the
polymerizable liquidc ntainéd in the mold. %ﬁgﬁi%or ing {o y€et Another exempﬁ ry em §diment, a
system folapies castingia gensytetbiprisheg thehotsitge afesdebtatablddupendispbsadtyithin the housing,
at least onvghs?ti%ftﬁe%in%gﬁl @antevq bestvgee. the gous%i:crlg and t@% first roéixtabLe tulé)e, and a drive
system for ro?aﬁflng e fifst rotatable %be. ferF Eé BTION OF THE DrRAWINGS [0028]The
accomparsangelayvengsodlustreteheapousbderibod immatls of thet qbvie oipled desuaibadl secbinsand are a
part of the Dy ification. 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
[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 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.



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.
[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.

[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.

[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.

[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.



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

the present exeni{(#2]systEip. A08 methods-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.

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



[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 according to an
embodiment of the present exemplary system and method. [0043]Fig. 11A is a schematic view of a
rotatable tabeximohldingrelplladlityaofeast 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

[0053] 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) is 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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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 and method. [0047]Fig. 13 is a block diagram of a
contact lethy foanufgcheringldystenyag cbPOngntbtlancyhniabdiah et of1tH® pre sé ntsexgdmpiery fystem and
method. [00481Fip. 1Ahis a cross-sectional view of a rotafable tube includin molg .
matetial) stich as in"anTnjection 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
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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. Refeesrace ¢hythe fspemidlicfaﬁnmlilﬁétantemamnﬂﬂmem éS‘aepeueaﬂq:iteﬂannsirﬁﬂah&an@mage means
that a partlcu I featur tur oy c te |st| (? |b in.c ctio h th diment or
example is mg Ude mt%:fal Z dimen ﬁs&i o ﬁéa({%ssaﬂfrllgoc\ftl r(?o%?nents The
various msﬂawtesrcrhmabiym@lm oﬁaexmmdeMMnmmphfaswmmpuermmmme

specificaliof e NOLARCRSRATY A LIRS0 P FRED S AT ROSIaRRL

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
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, etc.

[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 tube (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.

12



[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
interpretedoreaaiypés Ermlapiclgchhprgrﬂom@bard@tdiaMeamdmb'elidzsdﬁﬂgmlaexd to@elstinsely control the
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engagement apertures
(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 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, etc.

[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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(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) mayatesg dinctopeoiravit izerstapdoetad b @he bobtorspevodlc (hO@)aksrehédre v tiEbEmidediment, the
engagemeigi)]@aesrgjrestg SO)Pclaft e remaining molds (100) may provide for diffusion of an inert gas
throughout t fotatable tube and between individual molds (100) as will be discussed in more detall
below. [0057]Turfgdiow tbheigsotPusiods3(4BiY). & ibarorasblseabio(r)Wienddsha wmals (00 paccording
to another gxe ry embodiment of the present exemplary system and method, and Fig. 3.is a
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the presertsxbenpsiaty system and method. The mold (100) may be placed inside a rotatable tube
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in the interfia%b ARG qUABsy anmmﬁ.@ﬂ@@mmqw%.éﬂﬂ%n@xbﬁp@m ohd@mbodiment, the
interface ring, (4101 192Y4p8) Cafh 2 pRIBAGASEHWNICH 1REH A% Y AdS (E2Rke/ B ANRINGY.

embodiment, the interface ring (410) may be formed as’a single piece, and the voids (420) may be

removed from thé0d@élfacelfingqdeopmpertimegt. terimy)didhigg] et@0; 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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[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 tube (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
protrusion&®30)Iivagrbe aban{o3hapeaybéarnond-ardexaimpielaas teipioted(00) Fig .béwrerbidkder
between tf&e1 vnoidz% égi&@nd (é){)%té%%io%sre(@ﬂqef%g} a srenmlilci[cula% IiQSe ﬁg ever, any shape that
creates a SUTCIEN y close-titting inter ace between the fotatable tube { ngand the interface ring
(410) is within thé0968pe of Avequdseni enemxslaplsystapdndemetho dothabkxab(40@) waig and
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depicted i-£1% SoBfR VIR AROTMRELRIAMIEAID U IEITRGRING (410) by any manner as s

known in the art. For example, in one embodiment, The interface Ting (410) may be cast as a single

piece which defil@96Ghk vc_)iiﬂbe(ll@@)abiﬁéﬁmﬁé@@mmdmﬂit}&tmﬁalﬁemmwmyﬁﬁy% formed as
a single pigce, And MENIFS (443 BN e FEOKEAL M R e RS ACH IHRALBL P Eyiljng, boring,

etching, etc.
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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[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 along the interior of the rotatable
tube (400) with respect to the z-axis of the rotatable tube (400) as depicted in Fig. 5. [0064]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 @dpmmadéof sresahpid, @diclepictbd imdrigl Hothdd3ondachehaiabn titerval deied 2B0and
protrusions (430) form. a semicircular. line., However, any shape that creates a sufficiently close-fitting
ertace LSt oatn T D A o e R G R D e
present eXéftplaryydystend aoidsmatkedstBdr ekaraplewhendiccandprdirosianithiofiiat sormssan angular
line between the rotatable t 400) and the interface ring, (410) may, also be used. [0065]Further, any
number of B A R o i e ntertace
ring (410) beor @ik dEigadidepintsgpuPuoidlangoaprotrusid beait6 M chatvefleatyyradianber of void
and protrusiqn pairs be used..In yet an exemplary embodi O@e voids (420) may be
formed in tngrﬁiﬁg%%ﬁ%‘%50(4%‘%51}155%%1ﬁé0§t§%?3 S %%ss ?ﬂ%gg%%%f){te%g r?ﬁ e (5% the interface ri ng
(410). [@O68TN aimther dmbodimbeithé pobldsiiEgion, re80idRigf 212pdymeryzbklediainéd within the

rotatable b 400) YA AYAHRRSY2N5BbIINES: J0HF SR RAALIRRITAGHY ks splained in

further detal
perfectly curing a particular contact lens.

[0071] Figs. 7A-11B illustrate rotatable tubes (400) including apertures
according to several embodiments of the present exemplary system and method. In these
exemplary embodiments, at least one aperture is provided within the curing zone (Fig. 6,
610) to allow passage of actinic radiation. As discussed above, a photo-initiated
composition (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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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 (610). The drive zone (620) may be at one end of the
rotatable tube (400), or between the curing zone (610) and one or more of the bearing mounting zones
(600). [0068]According to one exemplary embodiment, the rotatable tube (400) may be constructed
from a rigigerciesdiyenorymitiie; spateriakilith a priécisionamtarmadbaren{63@)iafioe intextralthore (630) of

the rotatable tuhe (400) may provide for a minimal disparity in mold-tq-bore fit with a number of
omeiosa Hb R B e T R & RS
synchronizkedmoldtidhigf théOtoils. ig0Q), ibede Fig. 12(R00 atithe same angular speed as that of the

rotatable tube (4?@% ile r@?inéaérggg)gc 1(%)artllcce\%r‘i)vcit é)fr %pa%amgﬁ)éﬁlfa%o%,i#ﬁ%aggg. 2, 200)

contained within the curing zén with respect to the Tongitudi XIS'0 atable tube (400).
This thereblpefi¢civeiycanstr 635 the:prodicg om af enplodalignod St pretdoat veraglanymgstécal spun cast

identical artigles, when,a photo-initiated cgmposition (e.d...a photochemically palymerizable or
photo-crosflgllan]ﬁlgg?édgo/r%nsp%%%}6%56%6[}1?3 'etgl2 Within mo (S:igo |geri9,lsi%§]§i§c& fxg%%;éf ()esil;)%bgzd to actinic
radiation (elgmentisaviadetpgHiyalQoa@fikehigtatabho;ttie 24000 meaytaanzbrdihintthe netaxeinplary

bodi ' iet terials. le, th t tube (400) b
made of coa B G s B e ctone
PEEK), or othepétitabittdgld @bhgitiaen) ageBial. thendtetgtiteetubeaidM)e ndbede4GO b
made o q?ﬁg & J&ag fgegkla t%ﬁeﬁ%&l RIRRRRRLTY AN @i%%mﬁ?g"v?the
rotatable%ﬁ% 24 (§§H maglﬁle macﬁ% of a s??ffimenﬁy stron%] materia tﬂgﬁ‘g ab e%o Jé&l:%lgqstanagto’rsional
f plisbetdahd g thtalsiectbisd (ZO0OWhermthaing aebientabth¢400)iblrotehe d8Ghe Vigi
stsbutes g, a0l (120,01F10, TR A0 AREA O L BURHS AR f e

da S h 19 ]Ac%é)itlona% [ g%?

rotatable tube discussed herein. [0070 , according to one exemplary em ment, the
internal bdamgitudinal 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 transmission 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).

[0074] 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. Fig. 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
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(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 (600) made of metal and polishing the internal
bore (630) such that the internal bore (630) becomes sufficiently smooth to reflect radiant energy. For
example, the rotatable tube (600) may be made of stainless steel, wherein, when the internal bore
(630) of the stainless steel rotatable tube (600) is polished or otherwise made sufficiently smooth, the
internal borhi®30} refldcty theianndteblergypeR 00 ingyaficxtartvalidor el 63 Ojhthatrefl estdaadigint energy
may allow for actinic radiation.that enters the rotatable tybe {600) t uniformly initiate the
photocheriTel b oo e e e B b B AL PR B e e 1
100; Fig. 2heeapwbtheutst£98b)e dube (GO thesimbie(parfécll Uripgla Jiticutaraconsact lens.
[0071]Figs. 7A-11B illustrate rotatable tubes (400) including,apertur cordipg tg.several
emboctim S S S e A T S SR B RO TN 8 s, a feast
one apertusteggeprgy/debewdttim gubacaperguzen® [Pign 6hé Loyt Blioheg@66a9€ Iakaclifienddidtion. As
discussed above. a to-initiated co ition (i.€, h icall lymerizahle o
photo-crosfgﬁ% IPé%Yéd%ggr\rpaosslft]t;@% eggxgﬁ%ﬁ {/%l[:%t%r?qrénggg 9.1, Hdm )é%g%acf%}prﬁsglf %Bycured via
exposure fo@aatinig aadidimentan @ntees int¢hrodghtheagpeit(¥es) The epatdneesdvithinae curing zone
(Fig. 6, 6193@&5&9& \%Rﬁrﬁiésr.f%%?%’%i%a material transparent to actinic radiation. [0072]First, Fig. 7A

Iew 0 ta e

is a schematic view of a ro e tube (700) including an aperture (710) according to an embodiment
of the present exHpMry sysgeri{and arslivonatithaembiodintetabtst k. AAXDmstisbsgarotatable tube

700 taini j I i ' | Th
ongtuding) ) e B A B e Wicn o
the Iongitlﬂiﬁansmﬁ(mmfi@cdQW%@S@&W@C@@@@@W@%@NWM@M@WFélﬁie-of the
rotatable t&'gﬁ‘(g‘?gﬁieﬁﬂ% R BRBR h?gg%%éﬁle%%‘@fd?ﬂl%}ﬁsfgh%tﬁpcﬁa%@‘?}geoa)oﬁf)ﬂg' iﬁ&.As IS

illustrated in Fig. 7B, the rotatable tube has been rotated a quarter of a turn in orderto better
illustrate tH€AomgitlOhalGlstes7a phurhey lohgiteid imapsiot(@1O byl fosriadimtthmeunitable tube

(700) by dyilli ' iNgoYi i ing, . i to this and
other em b@é%n%ﬁ%ﬁ%%%gg%ﬁfﬁﬁgwﬁ ﬁ%?e%ga%: t%ﬁ grg{l/gggépﬁ 991 W(W A

in the surface area of the rotatable

tube with asbffiiiiaenly laegersategnrigetomgbayramsisact (Haldbway deffiviter araastdf actinic

radiation g ghlek RS i, CorRasina s RTISEUYG RIRRRHE A f1p RelKEERaRIauid contained
within the molds (Fig. 1, 100; Fig. 2, 200) inside the rotatable tube. [0073]Fig. 8A is a schematic view

of a rotatafsiataiie (&)L Néisings &0 provide a sufficient amount of actinic radiation to permeate
throughout the rotatable tube (1010).

[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 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,
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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 longitudinal slot (810)
being equal in length, and extending the length of the mold-containing portion of the rotatable tube
(800). Fig. 8B is a cross-sectional view of the rotatable tube of 8A better illustrating the plurality of

longitudindllsiorsnéB110) didreferdinlyy sk tengituohfizusiotsn810) shoulthb ewirequalevfdi®), @ind equally

disposed about the rotatab e (800) sq as to provide a consistent and unjform.transmission of
actinic rad%é?ié%%%%lﬂ%@rﬁ’t%ggpg ﬁéea?gfga?ggl‘g fl e‘i%ﬁ%. %cts%ﬁfffé?g#t @Jl]n%oghti @??riftl Fr%’e%?gfy material
(820) maycalsaibed|efithetvheantti@lomygfitu din80 5| dis {810 ls thastieperolvitie spdffisienniaydional strength
throughout the rotatable (800). In other wards, the torsional, strength of the rotgtahle tube (800)
provides 101 A o e e e N, e g S S R R e rotatabe
tube (800 xatttuzesaan@nahe ularmdpeedf dkcthetaotdtatulectubke(800)nuwhiteambintesningdibe concentricity
of the molde i 1,100, 5y 2, 2000 WIARAAKE 7% 13 e anailinel s, gf by folptable tube
(800). [00 ﬁﬁ urning now to |g.n§ ; a schematic view of a rotatable tube % S)lnc cﬁhg’a plurality of
rectangulak08p &2 (9) 0p slecvrd iwgho dheammbogl et fthelresent exempidioyrsyatermand method
S Dustatefubi9o7 B A e eaRien A KNG IRERIG bR ALEIR. 40, TP staggering of the
rectangular apertures @fﬁt roughout the rotatable tube S?may provi e%orasufficiently robust
rotatable thba¢20B) thatismshsuigeettthtorsionaludisgortions! Fgrthertabispehdemtespéndepehdent of
the potentj ' ' |0 1e,y0tat ), Avibrati lished in
i the Lo B0 B M O A e
loss of frictithe-b¥aveen el thiodaen(Pigans, of Ot clrftR)ianduble dn et tresiingf tivey hetateble tube
(900), or t i . Flg. otate non-concentrically with respect to the
Iongitudinrg?agg?il%yfgtehref%%%%ﬂ%:¢%biy %%%gf%%ﬁoé%%%%{g of the rectangular apertures (910) in the
rotatable tube (9000 FigsFeAladdioB eresy-protidelfoicay sufficieritiyn sty nadesablsiéuirdoef (900). This
may be a i Tol's Gl i ' rial

gﬁgggﬁﬁ%ﬁ ?MB’{RM‘%'I&%] éﬂ@ﬁ‘@'?%ﬁ@%@%&%ﬁ%@%@%&@?@ 13 (B ARAlSR

addresse ve in connection w Igs. 8 Fig. 10A Is a schematic view of a rotatable
tube (1oo®bl¢rmmmg@mm@ﬁwxsfqmmmr_é@i(m@tim,)l"a'gcd;?@rig i@@ﬁsmmméiﬂvopfhe
present exeRlRY sHFer ARAIEOs £ OB A sioBRARRHONFINISH b G plalable tube (1010)
of Fig. 10A. Similar to the previously addréssed embodiments, the rotatable tube (1000) of Figs. 10A
and 10B inpriteseaprarding & airenihpdipent rdsha 1oy piek ansudfiisrtamoishmstiinterdediary

material (340} pravidpddameandne sireuan ARERIESHI AR JAHHS EMReAIMGN! (i0& ReiFentage of

intermediary material (1020) may be further increased while still maintaining a sufficient amount of

circular apieuieesiid otley teesubllscun bhdiretatatihe anssty1e10)46. d4 18)grevide widatfielatdamount of
actinic radiglign @ ReTREAIR LMRYEDOLLIHE, g6 RIe TR JdOHY). IRQHRIFIRLHLALS Asripmpatic view

of a rotatable tube (1100) including a plurality of diamond-shaped apertures (1110) according to

another efI888in &R opftHee yrataistaxepdprantsyxe tanen drave the dnieigah h@adathessssidetional view
of the rotatghle. tuled 1 N-BiFtihldiddRRetigpilustrating 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 ape Z%](1115@19661}5;9}@%édhaﬁéﬁn1t%’éh?if@f%éh‘é 610§ 1608 abEiesrd81amb) depicted in
Figs.11A apg 118 arepbagensial Q{ﬁmgﬁg Sh@RBular aptARfeA (TIPS \Rinth A e HiigRAH 10, 810,

910, 1010, 1110)'may be any variety of shapes, such as, for example, longitudinal slots, short slots, or

circles as Hhashistearssh thehapeiaable BESIMERE.: PHeiageididsapeiiorgald 191 mayorolude 19Pmay

further inclfigreiedsa3ABY: WaelemarAnY O RRARN AT A ARS EREARTTHECS (710, 810,
’ rotatable tube (1000), and a larger radius (1220A) located on the inner surface of the

rotatable tube (1000).
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1110) may be disposed in a staggered configuration throughout the curing zone (610) of the rotatable
tube (1100) so as to allow even curing of the molds (Fig. 1, 100; Fig. 2, 200) contained within the
rotatable tube (1100). In general, the shape of the apertures may be symmetric in both the horizontal
and vertical directions, and placed so that no side of the aperture lies in the x-y plane of the rotatable
tube. The apertures may be designed to facilitate an even and homogenous distribution of actinic
radiation to the molds (Fig. 1, 100; Fig. 2, 200) contained within the curing zone (610). The use of
non-uniform aperture shapes or boundaries of shapes may also be effectively used to ensure that UV
homogeneity ocd@@8tHroughmud dHe, entifig.ddBglromeaotieauiotdidbile) tbeigyréspentivé I3 individual
mold (Fig. 1, 100: Fig. 2,.200) placement within the curing zone of t atable tube. Various
welI-knowﬁn%e%n%r%%é%ﬁc%g%lgaﬁ}%gm nos%é r%%“%%f‘%%‘?na er%%/e %gggvt@%&ﬁéﬁzﬁé the aperture
(910) shapegsaimg Bouthidness [00F8}pigtabRAubea(tid63-sAotiodalidiahvaptaypeortion®frtlag rotatable
tube of Fig. 1.0A and includin lurality of tapered apertures, accordi e diment of the
oresent et B R B T o of he
rotatable ttiseoofeFigurfiala elnticlitBainicletibg @ Phatingd of tapered af2(id exteddinghio an
embodimelpl}l grf th‘? Rresent, e}x%rﬁgig%ggjﬁ% .nd method. As illustrated i_n Figs. 12A and 12B, as well
as throughout the various embodiments discussed above, and other possible embodiments, the
apertures (1010, [0080) may bewiddmpaaumsethednSigleadforn e rdiat isiepetver¢d 000 0L 1009 than the

tside. In,of ( f i ime from th

imemal b A A BT Ao 15 o,

the rotatable0wibe. A.0BY) ofsFigdl 20Rdaad theBhislyBenprovidedtvithcavplandlity obbisdiii: dpertures

(1010) wit (ﬁ‘)-dﬁi%rﬁ%ﬁ’}“ﬁ%%% thickne s &f ﬁmé‘%ﬁ%@%ﬁ%%%é )1 £ ngidie! RRgtture (1010)
Ifferent ra s(1

may include to il; namely a smaller radiu 15A) located on'the outer surface of the
rotatable thésn (000 hanshehlarnyaraagios (1 2E02)ttscaiddgsrofim inmerigabiadisioitfrorothtable tube

(1000). TopeRISiIaRY 170, 2Bl AR MHRAI0L LIRS AP IRY e proviced

with a plurality of dlamon ped apertures (1110) wit equaling the thickness of the
rotatable tthser¢ttddy. (nbeindividags! efppotymec(izabl) lmaid imely tradvio Hifferelds sEigs lofl@imond

shapes; ”@ge’% l@tﬁﬁfﬁ {drdRBldaRteth AR IR LIS ,e: ﬁ%@?ﬁﬂ?c%ﬂ%ﬁ%%ﬁ%&%geﬁoo)’ and a

larger size (1220B) located ofi the inner surface of the rotata (1000 providing a
tapered cdhfigodariohavthingisacipamanabq to1a! pato)raiseeipe dipasta oaetabla obmelPPovide
greater illumjpation of the contained molds (Fig. 1, 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). Futff$2lit had b éandsuay fivratpslichoanaerdagehrsntorhiyaresspigebisolymerizable

liquid fromthe malgs iyt dOBe FiuleAAPhSRIGM YA PRIV CORIRTIORIE éﬂ@fg}ﬁema' walls of
the rotatable tube. Spillagé of polymerizablé liquid may lead to the molds (Fig. 1, 100; Fig. 2, 200)

becoming Biferedyiatidyrbetaabhe dpec(aoocitheody, esefehelmey Bloakigied Gomevaidd diche curing
cycle whep,thege r&@@é%aﬁ@oﬁ&ﬁ%%‘ﬁ%?ﬁ‘?ﬁﬁ%%?}?l?r B&%&%@w& HO%hternal bore of the

rotatable tube a hydrophobizing surface treatment. The hydrophobizing surface treatment
may include, for example, a suitable silane coupling 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. Additionally, other

configurations have been contemplated, according to the teachings of the present
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[0082]Any tendency for spilt monomer to adhere to the internal 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, P If E, 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 coupling 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 oixtepbiatapietubead [BOBBNVhite trempésentexengplaonsysibodinanbeknrdesapibed as
including 3,ubf, igy]ng, v aumber.ef symmelrical arfieas i e Mn-aRsparent maferial. any
combination o non-sym%efrlca oririces may also Be tised. K& itionalk , other configurations have
been contbmplagedoausortitgitodiiedchridsast dhe prespmtexentiplasipsystermdome mathoad. For
example, ﬂ}lc or.géﬂ%%%&ge enabg(girrréent, the rotatable tube (1000) may include a semi circular metal
section with Tull 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]Eig.C1(§ni[ d Eé%gwgggtr%% r?f agontact lens manufacturing system (1300) acco_rding toan
embodlmem‘oir?rewrgs@m‘emﬂéryysy?rem and method. The system (1300) may include a housing
(1305) to house 1¥98dtatablegulbei§40gnckhkagousinfatGaBY ey beuhdarieticallyysealed so as to
prevent c ination, f teri u ' 5 e hermetically sealed
o that an o P B hibing
effects of apviospHefd)aoryyenctivlérghiesipglyhiehiytitibpupedbessiatablenoleis(@0ig. 1THOO0; Fig. 2, 200)

and po'yml%iéﬂ?%?fi%ﬁ&ﬂrﬁ%% ﬁ%@%ﬁ@ﬁ&i‘k%@aﬂﬁr&%&g% %98%}{%%%5%% %*ﬁ%%t%ﬁgr example,
nitrogen or argof. The use of an external turing means stich as actinic radiation as an external trigger
for the pol{mertzatiorribeugledheitinhélanaeniidatmusphertyprentiaesd tyathva imert atsnmephere allows

for the polmefizaRd aidd At asauilodaaare Woger RAIABRAOLRMepitation of
polymerization. The use of an’inert gas within the system further provides for sufficient time for any
oxygen presepiphithnotkig encldroredies oRlethami et gobyasesiz Abtenioldid(toditud® aliay 2r8f9the

polymeriz iquid. | ] r 0US| ) j 400) may
include a %1%{:1 bg%‘l?%‘ﬁg\?%? nlggéﬁrﬁé%r?na@ﬁﬁé@?e%véﬁ?ﬁ t%?ey %ﬁ’ﬁég %@gé{)gﬁﬁ‘?ﬁ%{fbﬁ ‘tube (400).
The inert donmesphele Witkigether kegmind (©308 oirriy el shpligesdnforuehampiénksy providing a

number of,| _ﬁ‘ﬁBﬁr£§_&PI%lz?éﬁﬁ‘&ﬁﬁ?géﬁféi’llﬂéep@igﬂiéﬂﬂﬁﬁﬁ SRRFELTIKGRD Jhefofatable tube (400)

and the interior housing wall, or at'a plurality of points, arranged, either radially or longitudinally about
the housirjiiweirarie oy aYidadthe hadsereoiopehegaaling fhethneebmediAabholiging (@308) Thus, an

inert gas mjay g}iB}{Qﬁ%géﬁr?dﬁ}%Bﬁé&%ﬁ&%‘Eﬂ@ e ARAFERRINRER RGP EARDIR J476,(400) and

the interior wall
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 atmosphere 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, either radially or longitudinally about the housing in order to 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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the housing (1305), or at a plurality of points, arranged either radially or longitudinally about the
housing (1305). [0086]The inert gas introduced into the housing (1305) will be free to diffuse through
the apertures within the curing zone (610) of the rotatable tube (400). In one embodiment, the molds
(Fig. 1, 100; Fig. 2, 200) contained within the rotatable tube (400) may contain castellations, cutaways,
engagement apertures (Fig. 1, 130), or any number of other apertures in the cylindrical sidewall to
allow the passage of gas into the mold column, as mentioned above. In another embodiment, the
molds (Fig. 1, 100; Fig. 2, 200) should be affixed to the cylindrical side wall of the rotatable tube (400)
via a plurality lefusadgal 1S506kesr (@ 10) | wsldisolipsedsabovegdh eslattowing lther Iomgitudinallpassage of
inert gas ta (())Hgﬁltl}leogspllunw3gq%$olds (Fig. 1, 100; Fig. 2, 200). [0087]At the same time, the use of
excess inert gas gurlng the polymerization of the polymerizable liquid may cause the entrainment of
monomer in the f8af vapidrs iand the sutskgeed ntdepobiticman(dAdSpehliterizationdffibe monomer
on the surppunding objects. In particular, the mono vapgrs ma ' nd/or polymerized
R TR R M A
from eitheemhddofthne, tbtavadlids e (400D nTay. Be A¥htcohetngd witwn¢by oftgablegnbsg4ieans.
Generally, there m e ided a number of inert gas egress perts (1 for allowing a vplume of
ner gas ()AL o B B e e BRI L0 R ¥ e e
of plugs, intheahmsiftapivdhesylpidngelrsidetealinonbBosx 8mpiasagnuib grimetot finenblhs egress from

the rotatab) 4000). trict ing: f plugs (1315a) at t d/
pottom of 1L s S A 00 oL el S e B 85, 1308 B 2B oving
for gas egsbsslihtiheltired joxtepoditidnda théeounihgfzbneq@ld]e Tiee Giils Y1:84 Bh)ratidy &e cylindrical

in sh Of | | tside. di t (Ei , . Fi . F , |
(13158 i B A o Pt P g ot e Pluos
embodimehtoggls tbgreduifront theltbilgtHe I8tatbigle2tM9€X400) may be controlled with a flap valve, or

an iris valve, Whilﬁ egr%tsﬂflréoggntllgqigl%gta{g ﬁqg‘%fb‘ﬁ( g&@t{%ﬁ%&tggg‘g%g%g E%ggglgﬁ%h%a plunger

rod used to load molds (Fig. 1, 100; Fig. 2, 200) into the rotata walls of the
hermetically deately meugide(ligos) meaycheserihd ewfanypenacd adninsnenchibsdimenyatieeswalls of the

Rl T R oy T

(1305) magbjects. 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 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). In a
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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be made of a rigid material such as metal. The use of a precision-formed metal housing provides for a
secure and accurate stand-alone spin tube housing. The use of such a housing and spin tube
combination facilitates the quick change over of spin tubes for maintenance without requiring
re-alignment of the spin tubes upon reinstallation. The walls of the housing (1305) may further include
windows for the transmission of actinic radiation to the system. The window may be coated with an
anti-reflection material in order to minimize radiation losses via surface reflections within the housing
(1305). In another exemplary embodiment, specific anti-reflection coatings may be used to optimize
the transmissibiegfl pamicotar walelgagthd ofaddidtian whide (Eguding)thdigadshigsiom dfiothers. Drive
System for tact Le nufacturing System [0090]The rotatable tube (400) may be provided with
a means f{)???g%%aﬁlﬁa@wc&h rotation accurately about the longitudinal axis while minimizing any
movement off ax{9088]s alldvingathedcbatatencticednivialamthtonnd (hadmohdsy (Fégnddel@D; Fig. 2, 200)
contained within the rotatable tube (400) about the lepgitudinal axis. Lhis be achieved by any
means koo S e o R R ogement
means (1320 puchdasg for theampdedubeaninfsamou medhonrthe theayisignmibontgigtzogkss600) of the
rotatable t\l{]%ﬁls(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]Thd 8% zonk BROYaNexchw Bisposbddantin, tattenllend be thersotatdi3@Siubey(400), and
be logat jor to,the housi 3 ' : [ ithin the dri
may be loSRUALXII9LIR N5 NN US0. SING SSMURO mabepefRsinn the drive

zone (620) In order to rcdtate the rotat n one exemplary embodiment, t erive system
(1340) maprinefieddoa dseasuiied aoupledstandmisiee ticmbdio hoissiaghdire osd el shiber Preferably, the

drive pulley may, ba%!fi " ARRIRLIATDR QR '_ﬁ&}é?ec é’o%ggg%’i{gngS’é‘%WCtEd from a

high-density materia as to increase the moment of inertia of tite rotat e assembly, thus
providing foramarsemifhontanguiany etodign o0 2] thanpthértexemppiagmstbadimeithethe drive
pulley may, pa pipyided with cirsymiarentiahmadoriz. 504518 Meoneficaly coupls e grive pulley with
a second )gﬁvgn p}lﬂ?ey, %{&% ghowgiglng %@mg%ﬁan%aleseparation O%Eﬁe rotatfalb1e tuge%lo ) and the
drive motordByitmisontleasisithe rbhatabidoube{00)coatedaidokmentfrailegignibasgiondtinduced by the

drive motQs, {QA33HM¥REANMRIHHNRLAM% SIRRUIPARLBAY RIS RICREUN 91 365 N

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.

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).
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rotatable tube (400) may be driven directly. In this embodiment, the drive zone (620) is 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 currd@0®d kachldwildil83)ns (@2Widedy dedispniedlbt bhe thettbial ehdfelthransdabler (1345),
thus allowjng f ighly accurate angular rotatiop. Sources tinjc Radiation f tact Lens

Ve fact s B A B e R S e
provided Vbithpeomdahw ifibinl hndnatingp tied G tentsdef the obitatdis edtiabbdlQOE WA actinimeadiation.
The meansg_of illumination, may.be held within. th Ing.(1305), or external to the housing (1305),
and can cosm A R A T e 8 S R B Cver e
length of thie@pemuicontaicing curely dove. (Bld}bthethotditnileutlibe (490 [0G@EjGenerally, there
may be praiekARITRELAL B GIRrRon SR wEr SO LA REEIG Atk aiaton
Examples of actinic radiation sources‘? ’mayr%eyu L arrays, fluorescent tuie lamps, or
mercury disetvarge deay psinoressitdimenmsmivbiene the eldiiicotatipiiontsossessb($3B0Y are located in

the interior of the housi 3 ini iation may be directly provided to the polymerizable
liquid cont&%‘é@%ﬁf ﬁ%‘%ed?ﬁﬁﬁg}ﬁ%c%@%éigg%%o; Fig. 2, 200) located within the rotatable tube
(400)_. [OOQGIHD@ﬂflbo_dim@nmhﬁhexeqm@lacﬁmb@dianbMEEQQQE%@@rb@mﬂFO _the
housing (]@fﬂ?)ci}c nﬂ%i’je%[ﬁgl %é"ﬁ@t&‘?g {0eduds 'ﬁ‘&f&%ﬂ%ﬁ?@@%&%ﬁﬂé}? RFHNIGLAGIton such
as quartz or borosilicate glass windows. In one exemplary embodiment, the windows may be
anti-reflectionezopuddyintiorsieH eavmnihei recchdimtdrstpssapviafshefacietebiiettion@ 00 andther exemplary

svrg\?;gw‘eﬁllvwﬁ%&?%;}%fﬁ%'ﬁ%&g.@, ?H@Pﬁ%ﬂ‘l‘@%ﬂ@ U8B I PN DESRIRNFEIQNGfsparticular
gths of radiatiort while re ucing the transmission of others.
induced by the drive motor.

[0093] In yet another exemplary embodiment, and as depicted in Fig. 13, the
rotatable tube (400) may be driven directly. In this embodiment, the drive zone (620) is
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
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[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 bghdlﬁrwsbngr(hﬂbﬁaiim@mnmnaﬁmmalaﬁhymmmimmrf prothdgresentcsysiiemntaisaptedeeed that
both rotatlonal | %n ?}haxgsz a0 e\{ll a}el :'aSOIr ltllr%nczélrr1 X tlmgl%d durin gq Hi% 8{ Hlng process.
Further, the rotatna% 5(5} ousmg 5%1 rPg rive may Tonstrudte % ?n éu?ar fashion
so as to alllotm:ﬁblesaby fé@l)acement and maintenance. [0099]In another exemplary embodiment, the

arrangement of er of.rotatab tubes 4%0) \%lg}d%@ sin % 9 hgusmlg({la 18§)s<')su gssible.
Arranging a number o rotata%}e ? fﬂ%& withih a housmgL%f g(ffam Itates a greater fevel of

productivityl $fthdat panhmwannwanyamhlnﬁemhplmatémenwa@c(m@h WeltdandwdOanthgtandard
means of Rbnt%\wgﬁﬁ cm artnltot% m‘?g %‘F f%%%% Eﬁp@g artSofI}Ihgmq)v%r??lleB[oductlon

process. Retention of ofds in unng |s 2 Cross-sectional view of a
rotatable twﬂaerme)ammudm@tmommwnu@tﬁﬁﬁbams laca@rbmgh@latmm lod kot oh gHe esent

| t T F | [
zone (g B Brdy ! @%‘?ﬁw g g 00y
be construbtendivghiet m@ldﬂéﬁ@oh $6(ad'ie. Bradiiedoantédtarfdianbe Imtamﬂieth@bm(’f’é}o\)vall of the
rotatable tube WBQ Qc?'ﬂéﬂ E’@ﬁ&?gh‘!'%%‘f el ?L%?% %%@@ﬁ%"?%%%)aﬁg\&ternal

[00101]Alternative Fig. 1, 1 0; Fig may Id in pla
to the housmg (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.
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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, 100994 0ldidg thetheolels: (Ridpry chtithdrge2, ROG) mitiemtne alaingnzione{610). In one
embodimen malds (Fig. 1,.100; Fig. 2, 20Q) may in a number of engagement apertures or
qas difos Aines (e i A o S RS S RE) oy
engage thefmuidsb{Figbts (W) Fighi) 200hang 860 tbidi tatesdsgifigerlle ey Higodic®hyin both the
honzontal SRR LA PEIONE LD MY RGN (e Tl G 400 F19- 2000 may
remain in a fixed position with respect to the rotatable tube ( . In yet another embodiment, the
engagemeantaperfunes (Fig. spadiB@)ambyait lyastimgemobhencetaptisre degpafl 40 Q) esorctralat the
engagement gg&rt%refsogéisg. 1; 130) are not open at the bottom of the molds (Fig. 1, 100; Fig. 2, 200).
This may ﬁe?p 10 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 molg{ FGi -y 959 . oﬁlﬁlﬁﬂgoal% '>(<) Q position within the rotatable tube (400). [00102] In
another e ) ' etention dogs (1400) at the lower end of the rotatable
tube (400) so as [80lide Esddt ifor thestastataid] (Figy Df 200taFiglexube (¥ ibirowledidgnto the

otatable yos (400} TR, QUK VM AR T 00T 2o 2RO mestapilly encae

with the rotatable tube (4 e remaining engagement apertures (Fig. 1; 1 ay be used to allow
for diffusioneshierhs TheonghbsuFise IrotBtatte tdb20)00) vrhe lixddwednntiberumibg rofienbigs (Fig. 1, 100;
Fig. 2, 20 [ The nglds ]Eg@ - Fi introgu Hdinj ly, or as a
stacked C?Itlj(r)%r]? %?r%%i%’ In yetqigrjiot é)?l em oﬁﬁ%ﬁf%@é&%%lﬁ% %@f%m%?ﬁ s%%g@ﬁ% means for
hol_ding théawolter(rigd of sad Fiﬁn&p&@)mi@hi@ EPI@(blﬂf_ir?gl 'zmﬁefe(@o; 61 méhdnafmm_ waié (40_0).
This can pipi 1o a6 AvaRLAdARYS fu IR BORAPGESRmS AadisimplGivas el asgimplicity in the
manufacturing, use and maintenance of the contact lens manufacturing system (Fig. 13, 1300).
Exemplarpleperation [00104] In one preferred mode of operation, inert gas is passed into the

housing (1005) vy IGLARNRFiac AR 4310) Thaanolds (Fisod 199351 08 dosed with

a polymerizable liquid, are then introduced into the s%étlonary rotatable tube’ (400) through the lower

end usinglav_@mmwmmquiﬁ%mm é.nh?éﬁ i@mb@l@i@@@indﬁvm&@/(&ééa@@dﬁéd?eMn. The
pusher roq Jifts the molds PagLIne isteatian 409 Figbie aﬁ&%ﬁﬂﬁiﬁtﬂé‘e&lr\é’dmﬂ{ e Je lowest

mold in the stack of molds then sits on the retention dogs (Fig. 13, 1300). The drive mechanism for

the rotatatﬂ[léfl@bés(iﬂ@? @pﬂlm;m@b."ihe?ml@@& 80@9@i§i@,@@@9)§ﬁhﬁhimﬁé§d@ﬁ%ﬁd the rotatable
tube MOO)n't?rﬁB@Poﬁ;’%‘?‘é%aneﬁ Redelaped 266 £ AT IS SR %&mﬁﬁﬂf’é [ﬁE?SsEEF&Jed by the

rotation of the rotatable tube (400) acts upon the polymerizable liquid, pushing it out towards the edges
of the moldirig eBonypasigee of 9o wpkkcthimold @y Fig. 20808)1dn an2pmjartipdiretsieiblekube (400) is
rotated at Hs prestEIRING d BRE RIS deﬁrﬂpﬁ@irtgﬁﬁl&q&uﬁ%mo%gre@@msyHaﬁﬁ)ép()@duced by the

combination of factors such as speed of rotation, surface tension of the polymerizable liquid, and
acceleratiGRrgs tdgavingy oy eelensEisiumibriceri s hape. the friensomtdage(édthie rerelds (Fig. 1,
100; Fig- Z,490) mWHNnaied O &Foim radiation diHsh tliatng disaalea afizatips.and rymation of the
solid article. At com@s)letlon of the curing process, the actinic radiation is extinguished and the rotation

of the rotaka®|e tdbe) gtoihiesdtelsiies theHadedHigdidkokibigL 21 800 Ry thin sy waRegtAeRebe removed
by raising fhgopusiehseshspdipiahing hsigueskmolasolfrgs. 3, 260) fig, AcRRR)Siamtaedep of the

rotatable tube (400) for collection. ' _ .
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
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[00105] 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 moldssoashiot phovidedartfinert atfto $phete28bowenthe palymesifiablepiguidntivith respasing the
deleterioug,cflects hRyAen PR . 1R108L Ihe design of rolaiable b desgirbel herein,
particularly when coupled to %n uter casing provides for an easﬁy%n erchangea fe, e%hanlcally
robust appatatus joiulhe sspinurastiegaé motatidmz (1 0 methithabjbetsngagenas caprectde (Bes, which
requires very hitle or no maintenance.in use..Multi-Stage Curing. . ] Eig. 15 is,a flow chart of a
st a S I TR 08 ot R IR o
After curinohqaxiaire thingolitthd ol ehzEige2i i), thehmdids otrgbihenbbd48l08he'ds upwards using
the pusher rod.into ecorgﬁj I i Vi laced. on top of the rotatable tube 40(2 : rnatively,
the molds e B g L P e B e
further cure teeweokraerizable ficuith d0Atdined vlithinthefmelddmsithem secbmdaeyreutiidedebice may be
any device(\%ﬁgitionally employed. For example, the secondary curing device may be a traditional
glass tube. [00108] Turning now in more detail to Fig. 15, in one embodiment, the molds
containing the pd{9182table hgaitemaytvelimgodtoad toatheerptavadid tatset{a00pas(déeaiibed above

(Step 211 ial cur I ia [nati ini |ation takes place
it he T 8 R e e s
article (StdpQ@ i) 2TRed¢torsdacedrdingto nhlistabte tuprar 0 bBaisaentytthe itiahtroskllinking of the
lens may bg. perfqrined: withi r [ . of the I [00109]
During thglﬁrllgieg’gt(gag’e%% thged(éﬁ?&g}g tégﬁgﬁi@%@ggﬁ%@r tlﬁs%n%%%? g%&%%ﬁgqgﬁgeintroduction of
imperfectiotydmihe angdacaart trerasedtifiteleh s 30orsidrsusesio nd aw oo wbifismodfigesmold or

di . : i idic
Sanaing ERAIALIREMGR PAY ARSI ASE NG IR0 BIEHR (nashbide o L

Consequently, according to one exemplary embodiment, a lens is partially forme

zone (_Fig.lQ%lO) of the rotatable tube (400) to a deg_ree _vvhe_re the shape of the contact I_ens is
established and giajilgy Theriens, and ens matshcppbInation ishamiiasiecerhi aiiatliopal dlass
tube or another less controlled environment for finaf curing. That is, according to this exemplary
embodime#ta iﬁaﬁi@érqgila@mq%m@éds/iBnaxmm@@thgrmnmdilaf:@tmhﬁ pisher, 1@ lepld IBayitRiNg rotated,
Iuminated accrass RHRRIM NRABIER!d:enoment il (iaiARIE b (4038 fgyont herein.

Specifically, the tighter tolerances of the present exemplary rotatable tube (400) along with' the other
features irdfidengtasihlintwlee wABPlimiteid ean rrgvedel bardanigdade Bdaprioigaetictianive, result in
an initial for GhRARNS IRt RUYaE ARRRNAIRASring. 1O TAOLREIRIAGHIO Fig. 15, with
the shape and surface area of the lens established, the partially formed lens may be transferred from
the rotatatsientatid ompiy adetoadaresurlfg- thbe $88ps 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
polymeriz&tiémpRiythABeraH@hother exemplary embodiment, the second stage curing of the partially
formed lens may gggujn ars\iiRGFQRtPHRA IRk R Which Jnex finalize therLiipgsafghe lens via

either actinic radiation, heat, or both. Once an initial amount of cross-linking has occurred via actinic

radiation WP e ibeagap idlginoradbigié. garidiy o swliidagehs! Boiyie 2h38Butisreht structural
stability to|oeres AfRGIe I RRtIE Y HnRliErIgd Ry otatiomIntRgAeRPRIFL RIS gﬂ@%or through
ur

introduction to the above-mentioned tunnel oven or other curing device. [00111] er, through

the emplojfifiettohtiowposed BuserbahauRrStadls Spldy Proids, ifteodused auliviialppbduce a

fully cu redaé‘@ﬁ'&:ﬁéﬁ%@ﬁﬁiﬂnifiﬁéﬁﬁyh@%ﬁqﬁtsﬂﬂ@ ﬂﬁﬁlﬁsrﬁgé{ifﬁg IQeﬂﬁGi@HMg%Ft'ﬁ an artigigyyvithin the
rotatable tube (400) ma%/ take only a short amount of time. Thl’Ol}JﬂiQ simple division of resources, the

time requiféd to PraduEBdIshERE doteaet malf divibedidinkae itethearsiatiatRurfieéRiye 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 an 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. An apparatus for spin casting lenses, comprising: a rotatable member, the
rotatable member defining a longitudinal cavity; wherein the longitudinal cavity is configured to receive
a plurality of contact lens molds; wherein the rotatable member is at least partially made of an
opaque material; and wherein the rotatable member has at least one portion configured to permit the
transmission of actinic radiation to the longitudinal cavity; and wherein the rotatable member is
configured to withstand torsional forces to the rotatable member when rotated. 2. The apparatus of
claim 1, wherein the rotatable member is made of a metal. 3. The apparatus of claim 1, wherein the at
least one dogidkigohfiglized)toliherdnivthedchmsisnisiothofractinhieradhatibiy.cormpiises ah ap@rture

defined b#ﬁ@%’?é@%ﬁ‘ lﬂlegrg’egb%?rls then turned on, and the rotatable tube (400) is then rotated at a
predetermined speed. In this state, the centrifugal force created by the rotation of the
rotatable tube (400) acts upon the polymerizable liquid, pushing it out towards the edges of
the molding cavity (Fig. 1, 120) of each mold (Fig. 1, 100; Fig. 2, 200). The rotatable tube
(400) is rotated at this predetermined speed for a period of time to allow the concave
surface (produced by the combination of factors such as speed of rotation, surface tension
of the polymerizable liquid, and acceleration due to gravity) to reach its equilibrium shape.
At this point, the column of molds (Fig. 1, 100; Fig. 2, 200) is illuminated by actinic
radiation thus initiating its polymerization and formation of the solid article. At
completion of the curing process, the actinic radiation is extinguished and the rotation of
the rotatable tube (400) is stopped. The cured molds (Fig. 1, 100; Fig. 2, 200) can then be
removed by raising the pusher rod and pushing the cured molds (Fig. 1, 100; Fig. 2, 200)
from the top of the rotatable tube (400) for collection.

[00105] 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 deleterious effects of oxygen inhibition.

[00106] The design of rotatable tube described herein, particularly when coupled
to an outer casing provides for an easily interchangeable, mechanically robust apparatus
for the spin casting of rotationally symmetric objects such as contact lenses, which requires

very little or no maintenance in use.
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4. The apparatus of claim 3, wherein the aperture is symmetric in both the horizontal and vertical
directions and positioned on the rotatable member such that no side of the aperture lies in the x-y
plane of the rotatable member. 5. The apparatus of claim 3, wherein the aperture is asymmetric. 6.
The apparatus of claim 3, wherein the aperture is of a shape selected from the group consisting of a
diamond, a circle, a square, a rectangle, and an oval. 7. The apparatus of claim 3, wherein the
aperture tapers from an internal bore to the outside surface of the rotatable member. 8. The
apparatus of claim 7, wherein the aperture is configured to diffract actinic radiation entering the
rotatable vartib8ragd . Girmapparatus of claim 2, wherein an internal bore of the rotatable member
defined by the lopgiiggipal eavitysis. configured orelietaginic Ao A TheARARTgiuS of clam
9, further comprising a reflective coating disposed on the

embodiment of the present exemplary system and method. After curing or partial curing

of the polymerizable liquid, the molds may then be pushed upwards using the pusher rod
into 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] Turning 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
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internal bore of the rotatable member. 11. The apparatus of claim 10, wherein the reflective coating is
made from a material selected from the group consisting of silver and nickel. 12. The apparatus of
claim 1, further comprising a first bearing mounting zone formed on a first end of the rotatable member
and a second bearing mounting zone formed on a second end of the rotatable member;  wherein
the first bearing mounting zone and the second bearing mounting zone are each constructed of a
non-brittle opaque material. 13. The apparatus of claim 2, wherein the rotatable member is made of
stainless steel. 14. The apparatus of claim 13, wherein the internal bore of the rotatable member is
polished slichttidabimedintedmah boreansfldetaptadi okagidiiodr VES rednl ajppar atusfdospinfehsting lenses,

Comprisingi]éns with minimal surface aberrations.

[00110] Returning now to Fig. 15, with the shape and surface area of the lens
established, the partially formed lens may be transferred from the rotatable tube (400) to a
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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a rotatable tube, wherein the rotatable tube defines a longitudinal cavity; wherein the longitudinal
cavity is configured to receive a plurality of lens molds; wherein the rotatable tube is at least partially
made of an opaque material; and wherein the rotatable member has at least one portion defining an
aperture in the rotatable tube. 16. The apparatus of claim 15, wherein the aperture is shaped to
permit the transmission of actinic radiation into the longitudinal cavity of the rotatable tube. 17. The
apparatus of claim 15, wherein the rotatable tube is made of a metal. 18. The apparatus of claim 15,
wherein the aperture is symmetric in both the horizontal and vertical directions and positioned on the
rotatable tMBdAUdN (PhAMMEIAdSf the aperture lies in the x-y plane of the rotatable tube. 19. The
apparatus of claim 15, wherein the aperture is asymmetric. 20. The apparatus of claim 15, wherein
the aperture is of a shape selected from the group consisting of a diamond, a circle, a square, a
rectangle, land ar\ovglpa?dind e apparatiisgdectamceBpihiemin the aperture tapers from an internal
bore to the OUtSIdaergt%{f% & rggrtn eerrotthet(%glgtg%gefnember defining a longitudinal cavity;
wherein the longitudinal cavity is configured to receive a plurality of contact lens
molds;
wherein the rotatable member is at least partially made of an opaque material; and
wherein the rotatable member has at least one portion configured to permit the
transmission of actinic radiation to the longitudinal cavity; and
wherein the rotatable member is configured to withstand torsional forces to the

rotatable member when rotated.
2. The apparatus of claim 1, wherein the rotatable member is made of a metal.

3. The apparatus of claim 1, wherein the at least one portion configured to permit the

transmission of actinic radiation comprises an aperture defined by the rotatable member.
4. The apparatus of claim 3, wherein the aperture is symmetric in both the horizontal
and vertical directions and positioned on the rotatable member such that no side of the
aperture lies in the x-y plane of the rotatable member.

5. The apparatus of claim 3, wherein the aperture is asymmetric.

6. The apparatus of claim 3, wherein the aperture is of a shape selected from the

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

7. The apparatus of claim 3, wherein the aperture tapers from an internal bore to the

outside surface of the rotatable member.
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22. The apparatus of claim 21, wherein the aperture is configured to diffract actinic radiation entering
the rotatable tube. 23. The apparatus of claim 15, wherein an internal bore of the rotatable tube
defined by the longitudinal cavity is configured to reflect actinic radiation. 24. The apparatus of claim
23, further comprising a reflective coating disposed on the internal bore of the rotatable tube. 25. The
apparatus of claim 24, wherein the reflective coating is made from a material selected from the group
consisting of silver and nickel. 26. The apparatus of claim 15, further comprising a first bearing
mounting zone formed on a first end of the rotatable tube and a second bearing mounting zone formed
on a secold endHidhepatatabié dalbe; 7, wivehendinetiygefirst heaoimgemod noidi zacteanddhe second

bearing mo i:g'%q]zone.are eacl'%a%)br]rgtruct%d of a non-brittle opaque material. 27. The apparatus of

: t th : : : :
claim 25, wheren the intemal bore of the rotatable tube is polished such that the internal bore reflects

actinic radiation. 28. A system for spin casting an optical lens, comprising: a housing;
9. The apparatus of claim 2, wherein an internal bore of the rotatable member defined

by the longitudinal cavity is configured to reflect actinic radiation.

10. The apparatus of claim 9, further comprising a reflective coating disposed on the

internal bore of the rotatable member.

11. The apparatus of claim 10, wherein the reflective coating is made from a material

selected from the group consisting of silver and nickel.

12. The apparatus of claim 1, further comprising a first bearing mounting zone formed
on a first end of the rotatable member and a second bearing mounting zone formed on a
second end of the rotatable member;

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

each constructed of a non-brittle opaque material.
13. The apparatus of claim 2, wherein the rotatable member is made of stainless steel.

14.  The apparatus of claim 13, wherein the internal bore of the rotatable member is

polished such that the internal bore reflects actinic radiation.

15. An apparatus for spin casting lenses, comprising:
a rotatable tube, wherein the rotatable tube defines a longitudinal cavity;
wherein the longitudinal cavity is configured to receive a plurality of lens molds;
wherein the rotatable tube is at least partially made of an opaque material; and
wherein the rotatable member has at least one portion defining an aperture in the

rotatable tube.
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a plurality of rotatable members disposed within the housing; at least one set of bearings mounted
between the housing and each of the plurality of rotatable members; and a drive system for rotating
the plurality of rotatable members; wherein the housing is hermetically sealed around the plurality
of rotatable members; wherein each of the plurality of rotatable members is at least partially made
of an opaque material and defines a longitudinal cavity configured to receive a plurality of contact lens
molds. 29. A system for spin casting an optical 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; wherein the housing is
hermetlcali% .Sea'?ﬂeaéﬁf)’a’}%g%f Igﬁi%)t%jap)vlﬁetrlépnethe aperture is shaped to permit the

transmission of actinic radiation into the longitudinal cavity of the rotatable tube.

17.  The apparatus of claim 15, wherein the rotatable tube is made of a metal.

18. The apparatus of claim 15, wherein the aperture is symmetric in both the horizontal
and vertical directions and positioned on the rotatable tube such that no side of the aperture
lies in the x-y plane of the rotatable tube.

19. The apparatus of claim 15, wherein the aperture is asymmetric.

20.  The apparatus of claim 15, wherein the aperture is of a shape selected from the

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

21.  The apparatus of claim 15, wherein the aperture tapers from an internal bore to the

outside surface of the rotatable tube.

22. The apparatus of claim 21, wherein the aperture is configured to diffract actinic

radiation entering the rotatable tube.

23.  The apparatus of claim 15, wherein an internal bore of the rotatable tube defined by

the longitudinal cavity is configured to reflect actinic radiation.

24, The apparatus of claim 23, further comprising a reflective coating disposed on the

internal bore of the rotatable tube.

25. The apparatus of claim 24, wherein the reflective coating is made from a material

selected from the group consisting of silver and nickel.
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wherein the rotatable tube is at least partially made of an opaque material and defines a longitudinal
cavity configured to receive a plurality of contact lens molds; and wherein the rotatable tube
includes at least one portion configured to permit the transmission of actinic radiation to the
longitudinal cavity. 30. The system of claim 29, wherein the walls of the housing are made of a
transparent material. 31. The system of claim 30, wherein the transparent material is glass. 32. The
system of claim 29, wherein the walls of the housing are made of a metal. 33. The system of claim 32,
wherein the walls of the housing further comprise windows. 34. The system of claim 33, further
comprising an anti-reflection material disposed on the interior side of the windows. 35. The system of

claim 29, wherein.the first rotatable .tube is removably coupled to the housing and the at least one set
e it fel s e sl i s e ten bl Tl it
rotatable tlibenisl condifuvechtbop dntiatiyacinle arpohmierizabie bgaichgombainet inoat IEastednsmold

inserted intq the Hrsltlé%t gl%tta aelb?nl()jethe second rotatable tube is configured to finalize the curing of

a Sec ;
the polymerlza%lfe ﬁqw contained in the mold.
wherein the first bearing mounting zone and the second bearing mounting zone are

each constructed of a non-brittle opaque material.

27.  The apparatus of claim 25, wherein the internal bore of the rotatable tube is

polished such that the internal bore reflects actinic radiation.

28. A system for spin casting an optical lens, comprising:

a housing;

a plurality of rotatable members disposed within the housing;

at least one set of bearings mounted between the housing and each of the plurality
of rotatable members; and

a drive system for rotating the plurality of rotatable members;

wherein the housing is hermetically sealed around the plurality of rotatable
members;

wherein each of the plurality of rotatable members is at least partially made of an
opaque material and defines a longitudinal cavity configured to receive a plurality of

contact lens molds.

29. A system for spin casting an optical 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;

wherein the housing is hermetically sealed around the first rotatable tube;
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37. The system of claim 29, wherein the drive system comprises a motor coupled to the first rotatable
tube. 38. The system of claim 29, wherein the drive system comprises: at least one magnet
circumferentially arranged around a portion of the first rotatable tube; at least one drive coil
circumferentially arranged around a portion of the magnet; and a motor electrically coupled to the drive
coil. 39. The system of claim 38, further comprising a Hall Effect transducer electromagnetically
coupled to the drive coil and configured to determine the angular velocity of the first rotatable tube. 40.
The system of claim 29, further comprising a source of actinic radiation disposed in the housing. 41.
The system of clavhedin eereatatiie wbanserofcastipidirdianiate isfasopagecselaeted fioin the group

consisting P Y fGRnA MR ES MRSIBMRy 208 & T eI FISERGIER MR Pimolds; and
wherein the rotatable tube includes at least one portion configured to permit the

transmission of actinic radiation to the longitudinal cavity.

30. The system of claim 29, wherein the walls of the housing are made of a transparent
material.

31. The system of claim 30, wherein the transparent material is glass.

32. The system of claim 29, wherein the walls of the housing are made of a metal.

33.  The system of claim 32, wherein the walls of the housing further comprise
windows.

34. The system of claim 33, further comprising an anti-reflection material disposed on

the interior side of the windows.

35. The system of claim 29, wherein the first rotatable tube is removably coupled to the

housing and the at least one set of bearings.

36. The system of claim 29, further comprising a second rotatable tube, wherein the
first rotatable tube is configured to partially cure a polymerizable liquid contained in at
least one mold inserted into the first rotatable tube, and the second rotatable tube is

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

37. The system of claim 29, wherein the drive system comprises a motor coupled to the

first rotatable tube.
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42. The system of claim 40, wherein the source of actinic radiation is disposed within the housing. 43.
The system of claim 40, wherein the source of actinic radiation is disposed exterior to the housing.

38. The system of claim 29, wherein the drive system comprises:

at least one magnet circumferentially arranged around a portion of the first
rotatable tube;

at least one drive coil circumferentially arranged around a portion of the magnet;
and

a motor electrically coupled to the drive coil.

39. The system of claim 38, further comprising a Hall Effect transducer
electromagnetically coupled to the drive coil and configured to determine the angular

velocity of the first rotatable tube.

40. The system of claim 29, further comprising a source of actinic radiation disposed in
the housing.
41]. The system of claim 40, wherein the source of actinic radiation is a source selected

from the group consisting of a UV LED, a fluorescent tube lamp, and a mercury discharge

lamp.

42. The system of claim 40, wherein the source of actinic radiation is disposed within
the housing.

43. The system of claim 40, wherein the source of actinic radiation is disposed exterior

to the housing.
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