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Contact Lenses BACKGROUND 100011 In recent decades,
contact |enses have becone a preferential alternative
to other eyesight correction nmethods. Due to their
i ncreased popularity, it has become nandatory that
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has attained an equilibrium shape, polymerization of the liquid can be effected by any
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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 featuresl or shapes aiméd at interacting with the

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




eye, its optical processes, or eyelids in a
predeterm ned manner. 1 [0005] The shape factor of the
posterior or back surface of the lens is determ ned
predom nantly by the angul ar speed of rotation, as
wel|l as other factors such as the surface tension of
the polynerizable |liquid, and the acceleration due to
gravity. [0006] The polynerizable liquid utilized in
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requires that each mold be individually rotated on its own separate vertical axis. Itis
reported that the carousel arrangement suffers from the disadvantages of requiring excess
inert gas to eliminate the inhibiting effect of oxygen (in the ambient environment) present
during the polymerization reaction. The use of excess inert gas during the polymerization
of the monomeric reactants causes the entrainment of monomer in the form of vapors and
the subsequent deposition and/or polymerization of the monomer on the surrounding

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

forth in Method of Centrifigally Casting Thin Edged Corneal Contact Lenses, U.S. Patent
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[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.
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rotatable tube remains constant, w th individual
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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
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rotatabl e tubes are made from gliass.
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.



[0018] Wiile glass is an efficient material for use in
spin casting in ternms of UWW transmssibility, the
spin tube nust also be able to both present an
accurate and straight inner bore for the nolds and
must spin around its own vertical axis wth m ninal
run out of polynerizable liquid and mnimal vibration
within the system To achi eve these objectives
utilizing a glass rotatable tube is not without its
chal l enges. Firstly, glass is not conducive to
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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.



nold parts within the tube. If this were to occur
through the vertical axis of the tube, certain nold
parts within the tube nay receive a variable | evel 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
subj ect to undesirable vibrations. These vibrations in
the glass tube are due to the inability to maintain a
sufficiently rigid connection between the gl ass tube
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first rotatable tube being conflq)red
casting a lens, comprising a housmg, a first rotatable tibe dlsposed 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.



partially cure a polynerizable Iiquid contained in at
| east one nold; and at | east one second curing

devi ce, the second curing device being configured to
finalize the curing of the polynerizable liquid
contained in the nold. [0027] According to yet another
exenpl ary enbodi nent, a systemfor spin casting a

| ens, conprising a housing, a first rotatable tube

di sposed within the housing, at |east one set of
beari ngs nounted between the housing and the first

r d0@30hbl eFipubs,a aosd-sactionin] ¥iew 9 8 eild f@ording @atanothet he

tat abI e t e. Rl EF TI ON OF THE
emmoéﬁWWé 8ﬁﬁ&w5%W§5 awings illustrate

vaoeays eﬁgoﬂisraedah&nﬁfc VidVe of e initld Bf Big. 2esefdilew an
herein and are a part of the specification. The

emborlimend of the pEFsenitssemplam systeprand miathady exanpl es and do
n 6052 m tFlF h@m%‘:c‘?&% sQJtlfohgﬁﬁ%]v%W thd %Ql%gt}f F"i_'é q m TerhSvaBle

cross SECt onal view o according t

engamwnbarotathblemm Predeglot elrembdxhnf;misgf?.lu@pmmdexemplary
svste [0030] Fig. 2 is a cross-sectional view of a
Y lﬁﬁP nbgggrdlng to another enbodinent of the present

e60R3] ar YFigySiseoréiR Gedihilath vieQthe bl ofFid. 9 iA removable
schematjc view of the npld of Fig. 2 according to an

engagssBHY ik A fotafpble fgbescearding t%%ﬁ%b%&l@egwtﬂmrsmt FrsRdy

Syﬁmhggggk?ﬁhg 4 is a cross sectional top view of the
- .1 in renovabl e engagenent w tha rotatable

t l[ﬂﬂﬁ%c C olflg4 (hiy atsohematisvivod bhemitatatile tibe acagding to an

RLese nt and net.ho 0033] Fig. 5is a
embof SRR pesfhuft gty St 4 of Fig. 2 in
I §0OBSRD| eFig Ty &geBahatitd ibw af b edtatblalnebelibél8diag 6o hstirtige
to an enbodj nent of the Present exenpl ary Xsten1and
according g0 embgsimpntyf the preseat greaplaiaysten ghdfcho
' r ghdepb! eﬁlg B30 e e Ak Cvigd of ﬁmjr@ﬁja'th@gf tipe7A

present exénplary system and neth
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

rhethod.



[0035] Fig. 7Ais a schematic view of a rotatable tube
i ncluding an aperture according to an enbodi nent of
the present exenplary system and net hod. [0036] Fig.
7B is a cross-sectional view of the rotatable tube of
Fig. 7A according to an enbodi nent of the present
exenpl ary system and nethod. [0037] Fig. 8Ais a
schematic view of a rotatable tube including a
plurality of apertures according to an enbodi nent of
the present exenplary systemand nethod. [0038] Fig.
8RB0 a cFigsEIBEBatdr@asatctiohelwviel of the rdstatahleahibeeoﬁﬁi@el Oaxf

Fig. 8A ordl o an enbodi nent of resent
accorfiphin th PG BES Al oG St erm gl meabie S

SqO®MRt | Crigl VK Rfa sBhdRdtRNAR) 8f 4 HRaBID Gl GhdMeHiRe a plurality of

plurality of rectangular apertures according to an

diamenghihapereaperteres asrerdin o crebedinng ol ths peeserthegpmplary system
d. [0040] Fig. 9B is a cross-sectional view of

the rotatable tube of Fig. 9A according to an

erfdil] menfigof 1B ise cprseseciionebaerp bhthy rstymbbrtulamf Hetliaéd.

0041] Fig.,10A | ascherrat| vi e rot at abl e
accorfiggdd i iRt S hraert grepitery Pt andmb@hEL o
aqc@rsqil ngFlgolmls%rﬂB&HﬁlsH&{Hnapﬁe\b Bea Pb@i@ﬁ B t@&emgﬂtube of
em and  nethod. 8 [0042] Fig
Fig. 1@%@@ 19Bdn¢lading apfusqlity of tapered ap%rfua%ﬁ %C?f%’é tean pngodiment of
the pre¥ent lgg@gst&gaﬁl efpqdi ment of the present

exenpl a temand nethod. [0043] Fig. 11Ais a
sdOeht | cF igi h?AB iofa ceoss-sedtoabl veew ube pontioh oﬂﬂngoiatable tube of

Fis. g B nShoing BT 0 B ERE A AR €5nRio Ghnobdindof

theprﬁ&lnh@ﬂam]{lzﬁgéﬂs]terﬁla@d metlBdi S a cross-sectional view of
the rotatable tube of Fig. 11A according. to an

: e mentigok3 i ﬁ@l%ﬂ‘é’é@ﬁm &ka ﬁ%‘%%@?@é%‘é‘ﬁé‘g FBYFB.
a portion
sccorifiBfpin BhbE I el AP Bt St MFBRAT PP Lal ng
a [QM&I al i ¥ig. dfis aaprssﬁ@bt@pdrmw eBa mtai@bld fubg induding mold

retentrlﬁgt IH%EI&[S accor(?mg tot aqleen[ilbo%ﬁggﬁt of ’%%’B?es%ﬁé’ exe fa?yrr]sﬁpegn and method.

and

_ [6049] 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 axt that the present
. systems and methods may be practiced without these specific details. Reference in the
specification to “an embodiment,” “an example” or similar language means that a particular

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



[0046] Fig. 12B is a cross-sectional view of a portion

of the rotatable tube of Fig. 11 A and 11B including

a plurality of tapered apertures according to an

enbodi nent of the present exenplary system and

met hod. [0047] Fig. 13 is a block diagram of a contact

| ens manuf acturing system according to an enbodi nent

of the present exenplary system and net hod. [0048]

Fig. 14 is a cross-sectional view of a rotatable tube

including nold retention nmeans according to an
cxamplehioichEed incft 1dabishyiroas embodimnp batrnot smssarﬂminobthmt hod.

049 15.is a fI art_.of a i -st,age,_curin
embolfigial s e gertss 4V g 8 e ofbrditseq SCSARIAr bitdbes
in varfiR Hkcad it tBY §icBificatitth A8 h&QRcesbRHH Al refbriae 96 Metsakbe
drawi ngs, identical reference nunbers designate
embodimgnf.ar . but not necessarily identical, elenents.

gﬁ Cr # £D ﬁg%;&eﬁuxg}l EZQQ gls} 1;1{ exptﬁ&hg&g Arg% ed for the spin

ption,” for purpose anat i on, nerous
castingpgminfetricatlet axymmetnical gréitie$.oMioke spacificalby, theqarpﬁeowxempbiry

t hor pu nderst ndi th es st ens
systerya R MR LS, B ot R Bhtac RS TR LR 0
rotataibré: thibadapled thtaiccdhiRo@itRS Qplurably D @itidsanithi Tl d Yotfableyibe,
practiced w thout these specific details. Reference

Wherff“h ﬂxer{etataébéabq PeRbe WSE%cte%ﬁoerﬁb%mtﬂ%}ﬂly opacit realeial| e
contais?lt'h} $ g&]&{rngﬁ of ?e@ﬂﬁtgs%g éltﬁg-r aqu Eﬁ%er?al E&Lﬁ%&é& l%rseleét‘?sﬂﬂlﬁ)w the

, or c escr I n connect’i on
passagé ofactihie radiiton trdatlitete the polpmplizating of pmtcuuilemlqahcms—hnkmg
| east. t hat. .o nment.,. nat, nec n .
of el bR R IaRPES AREip Y BER BER0G tof g “apertur
shall BOineSgretct bready STHOGMAE By partion bMa toddtatd hikg®dSr configured to
various places in the s C|f|cat|on are not
selecth\@bé%%lgpﬁw agyopntyQflight 4#!5&%‘%% themgmbelhodi nent .
[ 0052] The present exenplary system and net hods are
configured for the spin casting symetrical or
Moldasymmetrical articles. Mre specifically, the present

e d for t he
TR e o R R SRS B AT (001, bR e
emboﬂi_lﬁbﬁt actap pedert @kerﬁplﬁ@mj?ﬂéﬂ;tanﬂ Gnethdal, arhalmctla (100) iy dsclude a
cylin(i/\rqctzmsﬁevgarl]le(l E(SJ)t, taot gl?ilch amo tI)(%ng cavity (120) is internally connected. The

concave surface of the molding cavity (120) serves to mold the convex surface of the article

being molded (e.g. the convex or outer surface of a contact lens).

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

-connection between the molding cavity (120) and the cylindrical wall (110) may be made
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wherein the rotatable tube may be constructed froma
substantially opaque material containing apertures or
sections of non-opaque nmaterial configured to
selectively allow the passage of actinic radiation to
facilitate the polynerization or photochem ca
cross-linking of material dispersed in the nolds. As
used in the present specification, the term"aperture"
shal |l be interpreted broadly as including any portion

of a rotatable nenber configured to selectively

- by fonming tiel méldmgaawiingl 20f ardi thhityladricdl tvedl (M @)liunof ahﬂ'ngle piece of

e S B byt il BERAGHL g
cavitP{196Pid (B 8VTHAAEM wanll ﬁ@'ﬂ‘ d@fﬂa%’oly I&\gﬂé&) | ¥ebr Eld2bble,

may 1 ncl ude lindrical sidewall to which a

mechﬁlﬁpfﬂ@f@n%g’ilr‘ffyo‘(aﬁmnp@tlp& thermelding Cé‘dﬁh@ 89)3*@ thergdindrical
WMJQDQﬁﬂXfBé {acg of the nolding cavity (120) serves to
t"he

onvex surface of the article being nolded
(40@p5]t h eThﬂmvlelx 1411 npaytferthsundladeen wimtzer oﬁntggtmd:ré @apgriures

L (T R SO WE N v

as will 88 ﬁ@eﬁsiséuhnbﬁ@feaeﬁﬂtbblawmmmtaﬁtg{ thy rc(tétaﬂé tubatkht Awld (1 00)
cylindrical wall may be any nmeans of connection

may ke geppredh withrespegtde ﬁxem@zw%l.amsaf theotatadie wBe Hiaihe engagement

» ertc aﬁg’@‘ﬁ i ng ’sp‘g%a% ed%ngt b\g?h‘(hl&r?e!i]tg)grrlgﬁgw

engagemeouapedutes 41 30 e bhedreremempldryopebalirnent, the angngementeppiteresy

nbaqdi ' he .nmol.d '
o AR R B OREhg  R A A
Wﬁfﬂﬂﬁ@ g ltnf}%t SRt Bbe@ichY tHloa@hgdntent AiRerttydsi( MRY)) n@B1be used

I n anot her _enbodi nent, the connecti

to seoaéet Qﬂé‘éﬂ"ethﬁ’g‘)%%iflrﬁbooé al this qubsdjmepidhe mrenaiing el 40 5d4§0) may

| |
rest oiﬁv%\}:{ (%f§/ ngcfit)zeoiﬁﬁ ot tlﬁgﬁl‘é b%lg(r)lrgl%frll(glg "(m\?g g Fﬁttﬂ?e nf?l st t@ﬂb?dlglent

the e@agﬁgn@t ppeteesd(f 30)rﬁtt1mnemla1mmhidaél OQ) H&tﬁ pmﬂléecfonr diftusion of

an o S e ARG R A 8 e
discus¥sy bemberdmalddow.oupl ed. For exanpl e, nmechani cal

nmeans for_repovably _conpnecting the nol din vVity
(19571t o Tweingyowa Figsat andydy g(zllf@)cr‘?ﬁé?e @nglr‘aw gégmold

(200) h@&é&hﬁg@ SndiRlr dx Dy 16l BB MeipAGkMAReRpRHTBRRfenPind

engagefrent apertures
‘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 alteratively

11



(130). The nold (100) maybe introduced as a stacked |
colum of nolds in a rotatable tube, as wll be |
di scussed in nore detail below Wen entering the
rotatable tube, the nold (100) rmay be secured with
respect to the horizontal axis of the rotatable tube
via the engagenent apertures (130). For exanpl e,
nmechani cal neans maybe provi ded to engage the
engagenent apertures (130). In one exenplary
enbodi nent, the engagenent apertures (130) may be
be fonmtfrdm diféeent ma&:riawma tas &dparand elesméite OFurttiek, rtbﬂmomg dqakvivy
In yet nother enb i ment

t bl 056
(1204 t%‘«’rgyﬁa Waligﬁl.ﬂa 8 (‘Ji‘%‘)m%?f £ 0080 SBD B gRavbly
coupled! Forlk8@mpBRt ﬁl@éﬁagﬁ%pmééﬁ @3r remBvatl &rﬁ@&ﬁ%‘ tH@ﬂl‘bldlﬁé@VIty

remai ni y rest on top o
(120) 30 frscminstias) wakk (0 Oboby bpIroRded( 100)  Furt her i n thi s
enbodi nent, the engagenent apertures (130) of t he
remai ni ng nDIds (100) may provide for diffusion of an
Interfaceeetwepmshé Nobdsqind diie R dtetabletTababl e t ube and betvveen

i ndi vidual, npl ds (100). as w |} b dis d

008381 e iecists ot visaio s EPELIO0 o e Toh
removibls engagénéﬁt iR SSoBRGld tﬁﬁ@ﬁw@i) £00”lingdo AR lefhbodidlA) of the

accordi ng to anot her exenplary enbodi nent of the

presepfrexs@plarysostent andymefhed. eTheaﬁ@ld (h%@m begharedingides: motatable
tube @g&g%%ﬂl%eﬁi EWssOd i l‘:ﬂ&‘g@{aﬂ b(eﬁ)gp)lﬁ%frdé: 't(gensareacﬁQtQﬁ?anﬁi (100)

exe ary e i ment of 't resent exe
remaigy sd¢cera iaside tlleirbtatdblcltubd (H@O)eﬂteonbldélﬁ()) mofy fhtlgs 1ncmcbrmd

incertgigaing i SPT it e mig Do) Gud s zo ARG dobiian Hitioal

rotatiéR 0T 1R infePRkeind @10) maPcliflc 9hRWMbet 6F Woids (430) thitr@e
radi al spokes (210) connect the nolding cavity élZO

longitydimallys|orig ofhenwords pargile] wyith regprehita the zaxgs offheBiol 6100} and

rotataiﬁﬁ:q:klﬁéggﬁgg 8&;}&% Egaxr g‘geV db | éF@ZmaF%fig%}ﬂfedl esi_gtgf’fgce
ring (4 H)ibyyang mywr eamjkndmel mylha ardrli*‘c:ralxampllej in(obg @ynbm;mat the
R TN SN TN

embo&iRHe Shd ﬁﬂ&ﬁace ﬂ”ﬂé IDEmE?W: Fotmled 29} singRGidddand the voids (420)
cyllndrlcal 1 (110Q) alternatlvely 11 be forned

may h'crrélﬁpm ﬁr@nébﬁm &5 1ig &11 h‘av ddlling horigg ccteiingrsift s.
B B s i o R L S e
(430) op ritpeviatsipr walh uﬁﬂmdotaﬁb}e tebeaf@0e , Thegobtamsianal(4 30p amy rior
longltuglngl\fy zkﬂng gr(ictn'l ofthe ro?atémcla glbg %4()60?\/(;1't ih other words, parallel with
respect to the z-axis of the rotatable tube (400) as depicted in Fig. 4.
[0060] The protrusions (430) of the rotatable tube (400) and the voids (420) of

the interface ring (410) may form an interference fit, and may be held in place by frictional
forces. The interference fit may be such that when the rotatable tube (400) is rotated, the
interface ring (410), and, thus, the mold (100) remains in symmetrical rotation with the
rotatable tube (400). The voids (420) and protrusions (430) may be of any shape or form.
For example, as depicted in Fig. 4, the border between the voids (420) and protrusions
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(120) to the cylindrical wall (110) may be provi ded.
Interface between the Mdl ds and the Rotatable Tube
[0058] Fig. 4 is a cross sectional top view of the
nold (100) of Fig. 1 in renovable engagenent with a
rotat abl e tube (400) according to an enbodi nent of the
present exenplary system and nmet hod. The nold (100)
may be placed inside a rotatable tube (400) as wll
be di scussed in nore detail below In order to ensure
that the nold (100) remains secure inside the

(430y fotmt atrhieirtulbelined Qmwevem enyrsagic (HhOGpatoey sffficiehiéyr close-fitting

. | ud t f [ t
interti gl s 0F GA0h 264 v b 1h T et cgpeof
the pfe@ér@%ﬂc&ﬁblaﬁ@?stérﬁtaﬁcﬂ frRERd! FBPexiafubib, aRBIM dnﬂ@rétﬂ%mﬁh palr that
unber of voids (420) that run | ongﬁt udi nal |y,

- fOHn?oW“l% Habetpyapethe egtatable frbeddpend fhs inteface g (é” %)rmay also
4
L

circumfidrentfabom out 'aspgct@ mmamyailang anmntr(élabb$pmszaldam\matiimarts'stent
r. e rrbodl the .interface
with Bith he i Y g PSR RE ISR EMp S chr def 1 nes
t eo ?l dsFrth2f)any hﬂm&ﬂQifhz@[d arﬁrﬂwﬁismrﬁaus the bleﬂbleﬁd‘dace
rin may be forned as a sin %lece and _t

betweggit rocaaaéxbg tubg A0 and @ﬁﬂﬂ@zﬂa@ﬁ%( At Semple Fra r’}gieplcts

g,
four &o‘}&- Q%d e@%trg{;lbﬂ f?agl;}atH v t u @{rﬁlggr 39 wr'r(ggta?crll ]ca% Q%gi%g pﬁlas may be
used. ofn yet atothes |embsdm(e48 @)e anidst (420)i mayelrd formevhin| thefotathizde tube

r ot abI t.ube The pr ot r.usi o (430) y run
@00} SiEhE BistsiPRs oSPRYy b Bl 8 b BRRed A AR Y 1

t yoes2{ 400¥ig. ®fs,a drﬂss@;bé'tﬁihamg Sew cﬁah@inbﬁi (200)tdf Fig.@sipect

to the z-axis of the rotatable tube (400) as delc}&d

remoy3pleprgagement aalG| rotblgibe (99 wgrdelzgaf@)an&mbp gnent 0
preseflpéx@fn? sysHRE g(§10@ ngimhﬁ? 1/@k g1d Ql@)@) oftfig. 4, ti'ﬁ‘e mold (200)

I nte ace ring may forman interference fit ,
of Flgréynuebdlda@dunm@ améatible fube (400 paivill bodisassedTheore detall

| belovsf [}Ilg or%%&%?r?sﬁgef tbgtttgaéjgﬁf @ﬁg)cr%ﬁ#ng:sfzc\g@g lrI]IFitdE ghe(rg%ge)b?eb %u%%

(400)I fhuSnoldl tEi)O)TBiaﬂ fifriHP InchrleRh rh&eﬂfﬁbe&jﬂ@'(ﬂtﬂ‘)lf@r&ietaﬁxﬁhgtheoﬁbld
r ot at abl e tube %400 The voi.ds %
ng (gg) may

(200);9.116%@?3&%3 (b0 s BRI HCa FRfatigR Jéledmelff%qerﬂ
1nclu@€('c?ﬁﬁ§h’(§‘er of‘?oﬂ? 20§ &gt fui 1515&913udﬂ1a11§ %h l?&'gg& o BRIABENHRE

vol d protrusions 12 rma
mold £206)) end ttable hibeé40Miandergeted anlfxlgsh a’ﬁ@ 1dide (48P)emeeke formed

in the 1ntfef agel ﬁﬂ‘gt d4¥0)cbyoz§n§z ngzln}ntell' 895 known in the art. For example, in one

embodiment, the interface ring (410) may be cast as a smgle piece which defines the voids

(420). In another embodiment, the interface ring (410) may be formed as a single piece,

and the voids (420) may be removed from the interface ring (410) by drilling, boring,
etching, etc.

N [0063] The rotatable tube (400) may include a number of protrusions (430) on

the interior wall of the rotatable tube (400). The protrusions (430) may run longitudinally
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interface between the rotatable tube (400) and the

interface ring (410) is within the scope of the

present exenplary system and net hod. For exanple, a

void and protrusion pair that fornms an angular |ine

bet ween the rotatable tube (400) and the interface

ring (410) may al so be used. One inportant contro

criteria is that the noul d/tube relationship mnimzes

circunferential run out aspects and maintaining a

controllable spin variant that is consistent wth
alongxbé imtérive ofl @girotatiblertpby (460eeith ARpect tetho-aels afthd dttable tube

W thin the Iuge. [0061] Further, any number of void
(400)45 fepiFise iuEorr pairs may be formed ~between the

r qoedAb! eThdhBiridOR)(1ambriaotatibgs hBE 100} Mt thé +6iMs (4205 of

_exanple, Fig. 4 depicts four void and protrusion
the ingrfacg rin By femy amintrsterenes fi andimasi e beldtin plicohy frictional

BB s g LG ORI IEATEOR .

 interfadkD)g (420) and) chysy e modd 6108) (eAB0)s inayminetrical rwedion withHbe

rotaspf Ebe AE0). B0 oAl stbetent 68) gy Be P Sshape or form.
For ek &Y akdepiefd Y BIEE A th¥béridebdtwiattBdVEids Ue) 4#0Rdtrusions
according to an enbodi nent of the present exenplary

(430)dpar a emaistrovtat linsd Hosyayet, any shepe Ht erstes ¢ 106yienily dpgs-fitting
interfiee BAG ﬁ%ghgroQﬁ %18.16)9]:(4(5:0) gmii Fheggt)élgg’c% r 9?65. i5 Qv?rtg?lg(h@scope of

rotata t ube ) as’w e di scussed i n
the prtedna exemilaly systerh and netdrodt doeesunpde, talvatd drideprotolstbn(i20hat

remai n ecure inside the rot bl e .t ube 400 e
forme 5 SrepBe  Hi oo B b e B0 Rnd iedRRatale' i g1 by o
beusé®r retaining the nold (200) and the rotatable tube

(400) in symetrical rotation. The interface ring

( AQQJ%SI nayFurthes [agy aumber pfyeid s prefrusionpame ey hgtformad

botwesf 065 folNe b (0h td EERRCHCE N1 T} Sugflpld B, 4TRbRs
four vitidandoprdugici@iirsnidovizaed, anymagnbdr of vbid and petfusios pairngay be

410) by an nner_.as. i s own i e art . For.
used {3ttt e R G RRimhiv e g (abLinlbt rei iy o
rotatabRyuBe(400% tindthe pr&hid@ne (4508 afry M ifsihcdhi theftdriee viak (610).
(420). In another enbodinent, the interface ring (410)
e QRRS] £ or Ieeiother embadigeRt, B aiouds (Fighd b Fiabgd0 e
reaingih (b6 RpGAe HUTHOOIRi4 B RiVESRAIRG hitgh s oxepplary
embotimzat (il0BY expdainédiol fudleer detall ioblerv. of  pr ot r usi ons (430)
on the interior wall of the rotatable tube (400). The
protrusions (430) may run longitudinally

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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13 along the interior of the rotatable tube (400) wth |
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 forman 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 nold (100) remains in symetrical rotation

(610)WiThé dfitezoneq620) addyebetati be {ndiQTXhe rbbablotuds (4003 @) bawaen the

curinBte ) 583 ob ph Boat 1 s WOURHE BOFUEP ot veon t he

V C[OG@] (42R3copdfifly BY SeledShPIRS, entsbaBhert AhETRatB1 B tbe (400) ay
l'ine. However, any shape that creates a sufficiently

be copstpsted fijont 4 rigid, ideelbr foacksitie mwerial whd arsecisieninserpalthere
(630)( ?[‘RQ 1%&9% t}oﬁjee%éﬁ} §t'thé& tfl ?at&ﬂl@ glb(: y&% n{é@ l]:r)‘g{x}l@é for %._Lg‘ﬁm%&i? pe

rese exenp ary syst hod.
dispastyamolodd- t(ﬁbme ifidl watth ch rumdver efsinolvsg@hinolds (Big. 1,f100;g.ah 200)

ngqul ar l|n bet at abl e tube (400). and_t he
such (e Rigionnat o AT s AL ER B e diaigpn of the Molds
(Fig. Fum)bhlei@, 2. 209) ﬂuﬁ@ﬁinecﬁn viat §head s BEOItHSioRMatl@tubs (40BY while
formed between the rot at abl e tube (400) and the

mamtﬁmr@r%@@cﬁmﬁgﬁx afithy mofds(Figx bnifi0e Figr2 2000 copdgned ‘glthm the
cunn%?d‘hrg( %ﬁﬂ‘ésﬂ%%%ftﬂéﬂoﬁga%{aﬁ is B'Ptﬂ%\{-@%tapl%rié{bé"tug@ot er

protru3|on pal use n yet
theretgo(e&"feptxmiy esmsdhapndyctivhef ¥ pludﬂm(r 42§ mmetyicd @r hgymmeeirical

t Le tube (400 430
spun GatF g BRRElaS P R it B SO B ks * RSB TIcR1LY
polynada@aMe br gtivae.diodE Hikablt BEmpaNititsh) Chitdined withRCGnolts gﬁ% 2, 100;

may be retained within the rotatable tube (400)

Fig. 2v?- )ahexpersdte apan Ediation (eangaviglgt kebbyenpl ary
SIS 0 Sy
be fahrightad filohea varisty Qféltﬁél):ﬂdscﬁwrchxngpleotha motatakleryphea00) may be
d t. of | d met hod.
made S Bl e b P SRR R R FRAS TR, i g o
Polyeﬂi&&ﬂﬁ%ledm{eqmmm@hy@ﬂkr suitableWibed ErdiiceAf BfiterialFurther, the

mounti ng zones (6Q0), a curl ng zone (16102 and
tain

rotatag]le tqllpig{) 0)gnay b made Hrom éne(tq;gg)ch as, for example, stainless sfeel, 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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Preferably the bearing nounting zones (600) are

di spersed on either side of the curing zone 14 (610).

The drive zone (620) nay be at one end of the

rot at abl e tube (400), or between the curing zone

(610) and one or nore of the bearing nounting zones

(600). [0068] According to one exenplary enbodi nent,

the rotatable tube (400) may be constructed froma

rigid, ideally non-brittle, material with a precision

internal bore (630). The internal bore (630) of the
(600)rmidatcdpdetal tand pol (ARG )tharimyeripl bured(63()auclathat the imdrnal bore (630)

di s Lty in | d-to-bore fit with a nu of
beco‘@f’ﬁ:ﬁ‘gé 6‘}/ mi’( i at?ec&rad%benepgyg J]O.? 32_@8’0 d‘%{%qliabtl?'lglpe
- (600)t8y BOhadd SHRta@leds @éelr YhadleAD ek %Qnt@ﬂl@pﬁoré ng(‘) the 's:tlalnless

synchroni zed rotation of t he nol ds
steel potatglge jubg(6G0 és pdisecdmigtheawisg prde Slzfémmtgx stpgoth, ke internal

bore éo n)glté:ﬁ?%t? ESIId ?ex{ef‘@g éPr%rﬂgg a{lgﬁé&%d}ig%O Eﬁt reﬂscts Eaélb%nt

_ energgmnetymlimadfomcttimmraﬂﬂaﬁon tuar enngs ﬂmrreta(aﬁtb(lylba/\qmﬂ) toagpect
it dlnal XIS he r ot at
unioeglyifiGaiedpepotismriieal B Siantif saSi b Sed prtbhapic
 contailet athiis the Qﬁol&é’ﬁ'ﬁ’[@tﬂ 1m)ahgo D, 2Ry 6TBk rbte@ble tSHUBOGRHus more
identical artic when photo initiated conposition
perfegtly ring 4 NIFISHINE RRIFAGE 405y pol ymeri zabl e or

ngp%’éi] ((: Ir:oﬁég 0K %ﬂlugiﬂ_gfg Q&ét%bl% g%lseg f’ﬁw()z ;(ﬂggfgigg e}rp@f’tﬁﬁ'es
accordimgito smyerafhdmhbdmnnt@ of the pmd:stantmmmbhty $yisgpht Ind th@BGED | InThese

RS2 A  A90he B P55 AT R RIE Tt

610) fé&ill%w ;ﬂisﬁa.ge bohctRicAaPkton. t Aedisistddatbb e, aph6tolidliid)edmay
made of ceramic, carbon fiber

comppgpw Bt é‘thGFﬂcb‘%!@Fﬁu ylpprﬁa]g ed¥ pilr@qorng;pflmkable composition)
contaﬁf&h?(ﬁ{hﬂ?ﬁlgfdggﬁlﬁef %8 EEflébO ¥ﬁ§¥ur9& Plex ?éguhﬂgla‘é‘tlmc

engi neering t he ot at ab
radlamm:btbaqeimg inrthsouple thwaﬂa'uims; 158 htea;pal'tsres withingbe cirorg zone (Fig. 6,
exa st br ass titani
610) 553 R nfon, SLENEL 577 o Hofie! poteREB ‘e PUBEAEIIOR rmay be
o729t  aFisdifHip Cl/e1tal spherfdticOngw 604 edthtable tibat(700 naﬂlhcﬁng an
to V\Athstand torsional forces applied to the rotata
apertyrg |yl O 2erprdingfregn qupRodipeny of Hegresspexemplsyy ?@t%%@t%%r od
The effbodiank BFFigY A Chid &§ a%tafahfé thd ?b@ﬂo‘ﬁtatlﬂiﬁg a Qﬁ@@aper@lfre
Fig. 6 may §I SO ap her vari ous enbodi nents
wherdih therapeagzicbmptisdse ldmgmdmbsiot (ﬁé@)elTrhe 1¢ripitnginal slot (7 10)

exten@% etl?ﬁggf# é accozr gé S 2nd i of ihtto | Vidtn® q‘BQ gvii r(])%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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(630) of the rotatable tube (600) may be reflective.
The reflective property of the internal bore (630)
may be achi eved by applying a reflective coating such
as, for exanple, silver to the internal bore (630).

I n anot her exenpl ary enbodi nent, the reflective
property of the internal bore (630) of the rotatable
tube (600) may be forned by providing a rotatable tube
15 (600) nade of netal and polishing the internal bore
(630) such that the internal bore (630) becones

percefita bEiRAtte)spadERo hllow @ sifffcicdtimodd. loﬁﬁ)dtmﬁﬁ%ﬂgﬁon foQdnter the
exanpl e, the rotatable tube_ (600) may he Ha e of

tube, ghugiinreasie dacefectiygerpesye om‘ﬁléﬁ’olfm@n@hi%}lwa cRjp@ed gabin
the m%fdstd;‘%eg,tl@bnﬂ? S$ 208 @ske ﬁﬁtr%ﬁalﬂieecuﬁébe (600) is

or o hérw se nade sufficiently snooth, the
i 10€3hal Figoti iso8bymatef Viewpfa rmldnﬁulmd&@@yncludmg a
nt er

oo P 5 b Sy
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t t
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(610)[cf dmrmtaFabéestub@(tSOQ)l BniHig. lﬁs"t itk retatableiuhe (90} msbey gplgyality of
u i £s
tongityffah S0i3 P R LR 1orBRERHE A (8 ) e o SRAC TR
extendingnipd langth effiednsi@rebstainite goetiat ofuherospsbie tube (8G0). Fig. 8Bisa
: provided within the curi zone (Fig..6, 10 .to
cross SpeHRAL IS aéﬁwa?taféglﬁt ot RApeliEr Hﬁsgﬂwgdh%@ﬂg%
longlﬁlﬁﬂl\éﬁ‘siot@ (M@?t Pfeféihﬁly hée ﬂ)ngft‘&lﬁﬂeﬁ iotd @10 dho€ld bedf equal w1dth
phot ochem cal ly pol ynmeri zabl e or phot o-crosslinkab

and equﬁilﬁdhspps@rﬁ):ou@bﬁ rasdtalele tubiet(BOG) spres tpproTidga cansisi; and
0
umfoglé %F%%lmo n8} %f{f{IH%Q ?acﬁéﬁo%qo\f e%?eﬁﬁp (?Iﬁ:[ég rdtQa @8 ttﬁl:{é' (§qiné A

enters I1nt apertures.
sufficigne atuie S mtérrediathmaterial (8 gO)zrnabealé(Fbgleﬂﬁ)etwe@:ﬁ @e loagitusienal

stots B8 s R P kb BT et HESGR BB RS bl ooy
In ottRf wdrdsOha tbal sHBfstk OB rdthGbe %H&{S@Gi) pr@sﬂsést fof @n(:ﬁrbﬁ)zed

according to an enmbodi ment of the present exenp

rotat1g1ygft}g (Fiz: holP0; Fipnd, 2000 eentained wghmpth@rota;qble tube (800) at
%hﬁ%e@%@&@&&Ma eth% 8?(3) Ohir€ ﬂﬁhﬁlélﬂl'ng %@coﬁhé}ﬁﬁﬁty of

perture ereint Fe conprises
the mblzis gFlguDll 108] Figl 2t200)-40) regﬁhietoltmf@l tlw hhlngﬂltd@l akis (7 fi®)

te he |l ength of the curing zone (610), and is of
mtatf’gi%tr“g"r%o “dth. The width of the

[06074] Turning now to Fig. 9A, a schematic view of a rotatable tube (900)
mncluding a plurality of rectangular apertures (910) acc_ording 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 which the
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| ongi tudi nal slot (710) may occupy a di stance of 0.05

to 49% of the outer circunference 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
guarter of a turn in order to better illustrate the

| ongi tudi nal slot (710). The | ongitudinal slot (710)
maybe formed in the rotatable tube (700) by drilling,
boring, etching, wire cutting, casting, or any other

wallsraf theadtatdble thbe 000 ehay dlek busyaadsd Toifiswebraéioind tioe miss redult in a

t he rotatable tube, ces y to owd t he
loss @%?tg’e&ewéa thmpids (¢lst fatl%r@gt?u%@(gmnéﬁh eHr¥e k?tﬂthff ly
rotatdb?é tase SRS fIAY taﬁ&e tlemé‘lH@ [Hipr e 160a5€ 2 20 th ¢¥a® non-
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connémbﬂqgithpegs Rhlsdggpated in Fig. 8A, one neans for
increasing the effective exposure of elenents, and

sP8eIS i calieyl Mpisgsschamayic view obarotatalje tube (M) including a
pluraﬁggltf@haﬁg' a‘ff'eltntﬁjep(lt(ﬁﬁ) e[c%&%ﬁ@gh End n@gpﬁgﬁeﬁp@the E&sé;h‘f Eké?ﬁlﬁary

ation rs to rncrease
systemianfl inretitdde FegirliOBds 2 orvss-sdctidfnl vadw ¢fithe romataiﬂa bibe (1Qilldg of Fig.

toa. it ot Fond Ragdeied GBS B Gyt bl tuped g 5 s

10A 4r@N@BtiHeludala Iﬂﬁ@hty(cﬁ“ kﬁlulhﬁéﬁéﬁu&g ('ﬂjl 0} with @R@ffitiendAtlount of

extending the |length of the nol d-containi n%(ﬁortl on of

interrpgghiary ataéﬁr@b(léﬁﬂmrew@s@mtwem @le cgenlpisapgriures {1010). In this
embofinfeie, tﬁ@ﬁ‘} {:J 2 e of ﬁrﬁ&lrr%gh ﬁafe lgﬂ#)%zf}g%eﬁuﬁ}%ﬁﬁtreased while

pett er i atin ur a
still nedinthigingSas@fticiént eﬁmuahifwrcmlheaﬂedng:s (L(Hﬂhthlro@howshté sigjble
ual osed out
wbe Q8§ e3 et durtib oot BTt R ES P BRighon
themmgﬂetubbf(mmt ransm ssion of actinic radiation to the
interior of the rotatable tube (800). A sufficient

an®i®l  ofFignkle¥ W@oﬁcla?ryat}?atl@v ph# rqtainy by L HIO) dnabling? ¢
o5 ARR RS RRUR LI 1ok 1Sl oty B

presethﬂaeIanQOS)y.steni mdondsthod V\Elgd]sl,B isheressissitmmal view o tigtrhtatible

e Dyl SPABbepetpk S iarta ARG S5 tn e

embo@@itnebMEds. M A Bhd 1 1B6hé Ritablb hidbel(VIDD) CSHPvisedt curing zone (610)
containing a plurality of apertures (1110) disposed about the curing zone (610). The

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

| [0077] However, the apertures (710, 810, 910, 1010, 1110) may be any variety
of shapes, such as, for example, longitudinal slots, short slots, or circles as illustrated in the
above embodiments. The apertures (710, 810, 910, 1010, 1110) may further include ovals,
diamonds, triangles, or any combination of shapes. The apertures (710, 810, 910, 1010,

18



the sane angul ar speed as the rotatable tube (800),
whil e maintaining the concentricity of the nolds
(Fig. 1, 100; Fig. 2, 200) with regard to the to the

| ongi tudi nal axis of the rotatable tube (800). [00741
Turning now to Fig. 9A, a schematic view of a
rotatable tube (900) including a plurality of
rectangul ar apertures (910) according to an enbodi nment
of the present exenplary systemand nethod is
illustrated. Fig. 9B is a cross-sectional view of the

1110y pbababisposed bea sthoderdl. coﬁﬁgura'ﬂitﬁl thtcagheart Itllikgn@lfngtzb@e (610) of the
rectangglar apertures (910) throug $ut t he ta&a&m§

rotatablgfubg kR gesnreyring okihe moldsdhig. - lfQ%
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di stortions. Further dépendent or i ndependent of
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t|on bef ween t he nol ds
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shap&RTor BB daHEQYY shiifes TRy Aso (el effectivel YL@ tdburcdhatdPP homBgeneity

_ rotate non- concentrically with respect to the
occurs girgugheut tha lentiricyring zangef thstratatabl ctube beespoge of mdividual

moldi%%gg eerPnﬁgo% fopggl&ee%e?xp %Hi‘ll% hg%ﬁ{r}ﬁ? 8%of 1%% Q()atafrelgl\f/:ft@%
Varidhe IWelg -kaotvhinsdaamof gptsglﬂai;ﬁcamlg;mh lag ratyli??}rlglgﬂ@ be uBbd &
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optingge st AP} e 2P 5SS ha al so addr essed above
| ooT®PNNEEisi PIA Vi d &iosﬁ'-s‘&%mﬁ}ov@ﬂ%f & BortlAQf He rotathbleltub¥of

is a schematic view of a rotatable tube (1000)

Fig. h%cmoiq(wglndudwg @rpdyrplity obfapeicd eperiresgsepidingde ap eopodiment of

o RS5PS Sy By PRy g 213990 SEERRL Yy o
a pomcsn offthe ranatattlebite of Fie 1 (AG#O) 1Bfindhiding a plubdity & tapéred t 0

e SR S AU SR LTRSS e e Sk AN

illustitddria Fi dsY12K afd 1281128 kvcB RS HrAigDul the Febioudiehdbodiments discussed
sufficient anount of internmediary material (1020)

*abovayyitd pHEP ISP REnds, e oaurn B Oy Hg 0) gy by widh towards
e ingb BF TR TOER B 1) 6" POF FRLACEaBlec, BLGOIRI DA g pprures
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[0079] Specifically, in Fig. 12A, the rotatable tube (1000) of Figs. 10A and 10B
may be provided with a plurality of circular apertures (1010) with a depth equaling the
thickness of the rotatable tube (1000). An individual aperture (1010) may include two
different radii; namely a smaller radius (1215A) located on the outer surface of the rotatable

tube (1000), and a larger radius (1220A) located on the inner surface of the rotatable tube
(1000). | | |
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tube (1010) so as to provide a sufficient anount of
actinic radiation to perneate throughout the
rotatable tube (1010). [0076] Fig. 11A is a schenmatic
view of a rotatable tube (1100) including a plurality
of di anond- shaped apertures (1110) according to

anot her enbodi nent of the present exenplary system
and method. Fig. 11B is a cross-sectional view of the
rotatable tube (1110) of Fig. 11 A better illustrating
t he di anond-shaped apertures (1110). In the

erfbesd] ne rlsinﬁl%rl{f,i i Figl 128 athd rdtdiBble tite (1010 bABIge. Iluwband 11B
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tube. The apertures esigned to facilitate an

2, 20Qheroraing aﬁmbtéﬁbesotea@@ rqbem%h TH10) cpndjcapsing blackges the
end of &}e cﬁﬁné‘ﬁ}éc(ijéwﬁgﬂ e cdred pgngé)agf Fj e%ed %mn‘?ﬁllg%‘otﬁﬂﬂl'é %lﬂee(qi 000,

curing zone use of non-uniform’
HOtherture shapes or boundari es of shapes may al so be

DB no et Kaand FordPit Py gn adtsr® Ete it g1co

rotatabléttﬁbe ﬂnﬁi SISPBE fddv€eddy provitinizdbetotataBle thbt biig-a leweﬂ&ﬁrgy
200) placenent within the curing zone of the

surfaqegipicaly BOOWSR. DymikmRlotehonBY P b APOIFE A ST iy BRich the
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erture dhape boundari es.
rotatapRQI3] a Ejdg;ophbbtkm@udam nssmetc {The hadrophabizing swfage titatorent
.of 3he rot at abl e . gPe.of "y . . .
may include, for example, a su1 able 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 exemplary
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Fig. 1 CAand | OB including a plurality of tapered
apertures according to an enbodi nent of the present
exenpl ary systemand nethod. Simlarly, Fig. 12Bis 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 enbodi nent of the
present exenplary system and nethod. As illustrated
in Figs. 12A and 12B, as well as throughout the
various enbodi nents di scussed above, and ot her

systeQ88 hlztiRde FoPEHaIY, Sccokdifty BP@ietantddinteh 18 roladdtld tuliay1000)
be wider towards the |nS|de of the rotatable t ube

may ipglgdoa semiggyulprmetat sretiuvih §d! mptl schens ahicdsaripgygounts
Whilqu&ﬁlédfétﬁ% at {ch S e u%&ﬁ)g%e Pbr trrﬁﬁlu\éa{t LWAHG e RE LR S may
t ape romthe 1nter

ore to the outside surface
circumyenthan ‘taperturebl e t ube (1000, 1100). [0079]
Specifically, in Fig. 12A, the rotatable tube (1000)
of Figs. 10A and 10B may be provided with a plurality

CmﬁﬁﬁL&ﬁﬂﬂmmakwmmyﬁwﬁﬁﬁ (1010) with a depth equal i ng t he
t hi ckness_of_ the roL bIe ube (1? i ndi vi dua
apt&tr e ig f’oya.l?kﬁ? %eaaltaca o Beaptactugpg system (1300)

accor@lﬂg% ¥n EmpshbRor []@:q:lré‘s%nt( é&%ﬂn@ﬁ}y &)%ﬁa% & AALLA eTRidyRfem

surface of the rotatab e , and a | arger
(1 3000 mtnsch@e azlmm)lg (54} techapse thheotaﬁh@rtuww)c d h@fhovmg (1305)

may by bial et W e Sl e i, fromer,
the hd’(ﬁiélrg:ié !ué?)r(}gg may@e %igmit\;htalﬁ/ gﬂalbﬂ&t) Eﬁay alﬁljgllefiingamyl ge Erﬁfb?gcr:]ed tg the
Systerpy ASHSCRSESE rcewtaawé ﬂeeilfgga‘ ing ety m%%ma er&p%%%ﬂ
the pc(l%rﬁét@)ahﬁﬁ}fro’c&%l e ediqridinf for: ?%t 2 52070? SndPpol PRt 11qu1d

a narmely a smal | er size 215B) Iocated on th

are m@lmta@red i gt fn&ti@a@ﬁd: ey EDY @%mesnhm@f(fpwwnplg rmtr%en or

argont ﬁ[rélg ?1[) § anbe]x er%a%guﬁ?%rgg&s%gffb%ﬁﬁﬁlé er?%%oVI raﬁ%gféma?{ngger

for thé ﬁ@l@ﬁﬁﬂz&imﬁfcbgﬂé@mm Ithemﬁahlomctalnﬁo@baretmmed;ed(lﬂ},&h@ mert

e apertures (1010 1110). ma FOVI e ater
atmosphig B 106 Ao ablv AL HiamAs ofigilifriony er

rotatidd lShorze) tl':%qgi}latl@hsot"iﬁlﬁn@'&aﬁ&g UPie ﬁs@ ef &mﬁ%i‘t%@é wﬁhﬁﬁh@@ystem

contact between the nolds (Fig. 00)
furtheg pepvides forsu ot timgifer asty CtbeEeIT mwhmtbmtthmm(dwatyssolved in

, e gh an
the pﬁf’g‘gﬁz"‘bﬁq ﬁilm?n&’tdﬂ%'%stegg%%p i dhe &8&]‘% %1’% LIHES P 1 qui d
f I[@IlﬁS] he Therefore, the housing (1305) surroundmg 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, cither radially or longitudinally about the housing in order o allow the passage of
inert gas into the interior of the housing {1305). Thus, an inert gas may be introduced at

either a single point in the space between the rotatable tube (400) and the interior wall of

21




molds (Fig. 1, 100; Fig. 2, 200) which woul d otherw se
contam nate the internal walls of the rotatable tube.
Spi | | age of polynerizable liquid may lead to the nolds
(Fig. 1, 100; Fig. 2, 200) becom ng adhered to the
rotatabl e tube (1000, 1100), and causi ng bl ockages at
the end of the curing cycle when the cured parts are
ejected fromthe rotatable tube (1000, 1100). [0082]
Any tendency for spilt nononer to adhere to the
internal bore of the rotatable tube may al so be

the hmﬂigqe@bsbyorm Rphuklitg of hints QirAda gk @thtiiagialll bhloagltadigdlly
energy., surface (typically below 30 Dyne/cn), either

aboutjhe hetisbrz i 3¢ oi ce of material from which the
jb(r’és bl erﬁéJiQSn 1%9&‘:98‘1 xftbgéhoﬁ’%m@f#ﬂl t?etf?ee)to dfifuse

ylngto e|n ernal bore of r ot at ab
througuthe aperhyrdy withio blnqmmygguné @d 8) ofrthatataszitle tubl &400). IH one

embogﬁ‘%wgqgom lzdlgzﬁg 138;? g;%gagg&&t[m% Vylg.‘{qu ftlel('{“lg.%gbgegc{lbe (400)
may @ﬁﬁa&ﬂ%}éllhtﬁcbﬂ’s’ﬁéthm%sl én@ﬁ@mend apoetubas|(Figi €130, @8 bhyamenber of
. I'n anot her errbodl rreq hydropf}ob| Zi ng surlg age
other ﬁaw%% in 4 yBpdacab yidpralt freallont fﬁﬁ@?ﬁS%&tq & o the mold column,
as maAMBERCGARPO R aﬁHﬂ:lQr é}ﬁbdﬁﬁhaﬁntﬁe QR (Fhpe 1 SHiof RGeS § 213‘0) sRdMEd be

rot at abl e tube. [008 VWhile the present exerrp

affixeglyts themytindridabeide well @f thgedta@blel tnkd 480)ga a pluraliss of rwliala gpokes
(210)h% s di %chgs%rg Bgcrweeh Wﬁ%{ I L%glthe glﬁ%}{u%?nsé n%&segﬁré%f 1nertf gas through the

colmmﬂcbfrﬁMﬂm&tlgllcaDO dig.f2, ced). may al so be used.
ot her 1§onf|%yrat|ons have .be

{ional I
ﬁésgmm Sl saBe g tig Ut epEess Hurgl 528 Juring B pelymerization

of the%cﬁﬁﬁéﬁza@l)ﬁﬁﬁi(ﬁﬁy RS R B AREnBT i meF B the ¥ id Bsapors
according to one errbodl ment, the rotatable tube (1000)

and thfegabfsquudep@rtmrﬁnd&r pelymerizationaif theamenaseeranithe supounding
obj ectt® tIl‘ril af?’ g&l%u: HiSm a@ﬁxﬁe@%gﬁ’&é‘h{ Ye %%&Etéd ?ﬁ'éf? rlpt%lyme ized on the

| nco pora one rans aren rans ucent
equipwienthailizes o1 ﬂ:m styhtam (1@00)1: Thw egess afithe' inpe paifrerh. thtﬂlmis'mgt

(1003 Tigg SRR Pep b FRRsRRLF BioS CHAD eGP ey St ExcRspbges

egres@ﬁl%g{sd 'G&eﬁaﬁy,&ﬁe& ePRo¥id&f a hiltBbdp o€ ﬁﬁﬁtgaQ égﬁéﬁi (1315)
system and net hod he 'system (1300 inclu a

for allpyieg ayolime oS jnertgan suessandbe hosinz:{hB )t becxanmds, mem&as
egres&%%? be gffé&g’a(%é& by the use of plugs, iris valves, flap valves, plungers, etc. In one

exemplary embodiment, inert gas egress from the rotatable tube (4000) may be restricted by
placing a number of plugs (1315a) at the top and/or bottom of the rotatable tube (400)
containing a column of molds (Fig. 1, 100; Fig. 2, 200), but allowing for gas egress in the |
area juxtaposition to the curing zone (610). The plugs (1315a) may be cylindrical in shape
and of identical outside diameter as the molds (Fig. 1, 100; Fig. 2, 200). Further, the plugs
(1315a) may be the same height as an individual mold (Fig. 1, 100; Fig. 2, 200). Ina
second embodiment, gas egress from the top of the rotatable tube (400) may be controlled

with a flap valve, or an iris valve, while gas egress from the bottom may be controlled by
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may be hernetically sealed so as to prevent
contam nation fromentering the area. Further, the
housi ng (1305) may be hernetically sealed so that an
inert gas may be introduced to the system As
di scussed above, to avoid the inhibiting effects of
at nospheri c oxygen during the polynerization process,
the nolds (Fig. 1, 100; Fig. 2, 200) and pol yneri zabl e
liquid are maintained in an inert gas rich, oxygen
free atnosphere of, for exanple, nitrogen or argon.
suitablé plablﬁﬁer@f)f apluagdreod aded colfdad gnodda(@ie. 3 OI0; &ig. Ac200Rinto the
|at n as an external trigger for the
‘Um“ﬁ& thlon coupl ed with the anaerobic atnosphere
p r[@lYSS‘i’ ed Be Jvﬁlﬁs dr @ﬁéﬁerm@ﬁdﬁﬁ? @éh@écﬁlcﬁllsin@‘ﬁﬁ(ﬁ? fnal/B@ made of any
pol yneri zable liquid to attain its equilibrium shape
matenigld & onerambediment,ghe wells of therbousinier(l 3¢5) arpydfe made of glass thus
ROl
provif it ffblifdion o S EnRlagBid Py R irfhlihg elbihvel.
0{9¢s9 prinsenthemtrchipiary habodimeno thedvabalf ﬁmdlaumng (13@5) may
| yrerizable |i |d to fuse.away. fro
be mfifiof Taiel ERgedal b ettt ol S RS Betisin Piracdiaeiat hoysine
provifids3IBP sl Ad %@é\ﬂﬁe tRd-aRhatFR hbethelsing 4PRY usdRY such a
i nclude a nmeans of providing an inert atnosphere

housipg e spin be kembinaden tgdigesdheiariek ehaape avertof prin (um@for
mamt-gﬁ'ﬁlcla %ﬁl&ﬁﬁ%&ﬁ&qgfg ﬁgg\gﬂntepi & t% ﬁ)nlp ﬂﬂ!)%é n(rél%géjl (1Y

providing a nu er o
Wallslolﬁ thethopsmg §1303Bbay ﬁatheeut:hﬂe uancklmgbethp mmnmswmoif dedinic
. spac bet weeny t he .rotat abl e t
radia§ G e Sl iegrary i bospad Bt ety e i gl in
orderdé hidMigRsh ra@iali BiElosded Hadhut e e baidal Wirdlinae hyusalpqusodhen
hou3|ng%yn order to allow the passage of inert gas

anotherexsmplrsy prbedimsnt, spectfifentigeleqtign cosies maﬂ‘?@élsedatﬁ optimize
AL T R

~others.nt eri or mall of 21 the housing (1305), or at a
plurality of points, arranged either radially or
| ongi tudinally about the housing (1305). [0086] The

Drive $i8fein §28ohAbl g 0shufRhRink$estausi ng (1305) wi II be
free to diffuse throgﬁg the apertures within th

cUPi90y zoRee oy be (1) m@y ke amvidedith 3 meens foy f@crélﬁ’émg
smoof1BRALTE V&t{elﬂ%bgmltgesioﬁ amg* Qfdiite Elhg%tsﬁnﬁé&p)novement off

cont al ne inthero ata e tube y contain
axis, thas aIMWiag ilenscurastcancopsic etajag efithetmelgefizirie $0q; Fig 2, 200)

coni o e BHER G O SRty GG oy e

by an¥y AaiPktbwaOhhdart. For example, smooth longitudinal rotation may be

achieved by engagement means (1320) such as, for example, bearings mounted on the

bearing mounting zones (600) of the rotatable tube (400). Preferably, the engagement
means {1320) engage the rotatable tube (400) through a wall of the housing (1305) so as to
fully enclose the curing zone (610) of the rotatable tube (400).

[0091] The drive zone (620) may be disposed at the bottom end of the rotatable
tube (400), and may be located exterior to the housing (1305). A drive system (1340) may
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as mentioned above. In another enbodi nent, the nolds
(Fig. 1, 100; Fig. 2, 200) should be affixed to the
cylindrical side wall of the rotatable tube (400) via
a plurality of radial spokes (210), as discussed
above, thus allow ng the |ongitudi nal passage of inert
gas through the colum of nolds (Fig. 1, 100; Fig. 2,
200). [0087] At the same tine, the use of excess inert
gas during the polynerization of the polynerizable
liquid may cause the entrainnent of nononer in the

be pr&-@aEA Withiv ARAdr$e z@ﬁ&% OPinHRG 86l LRtk tiaBRtbld tQhe @00). dh one
pol ynmeri zati on of the nononer on the surroundi ng

exemﬁbpe@fl%odlmﬁntp@@ driggygtem &lﬁéﬂ)rm%wekudv agerePHiEy cHupled 1o an
electr‘ijéalﬂ gldabc"l’ﬁ%o‘?%eﬁ %VMIJ?%S% ) e 5 éﬁﬂh‘y RIFBL larger in

ut| e system ( ress of the inert
diamgastharr thmrothabhcmlm (AO0), 4008y bEE cawireitechizom erhdgheflensie material

LR ot L TR SO SASAL0, A c

more RUITHRE afuldrRelotitgas egress ports (1315) for allow ng
a volume of inert gas to escape the housjng (1305)

FdPOR2} anplngmothgeexemplasy e@@?@%ﬂhﬁv dswegp @fc%ﬁé?%ﬂrowed
with SiRQnHSRn Rl gHES s0lab tPmY, e\‘i@ﬁlr%/e AR HAIRRDullB) Wikl &lsSecond

etc. I'n one exenplary e |nert gas ‘egress
drivef puliayt thas alowing meancqhbmcqlzﬁemytmmf theerotatatle fube 400 ynd the

: numnber, t. the . t.o nad/:
arive il B isHERE o Stoufiitd ot LAty B isbifea i ARL Bletions
- mduce(ii)lbjdﬂ’ﬁ:dﬁvfemﬁﬁt&s (F| 9. 1, 100h Fig. 2, 200), but
al |l owing for gas, egress in the area 0 t
tﬂgﬂf’@ur?n@ 3?6%@t1(36%63m1’1ﬁ11¥é3 ent, pad @a;l ﬁ&ﬁ@ 213, the
rotata%)@ thHia06Phal Be &p@éﬁ%lre Bfﬂﬂs@%t)ﬂi‘ﬁ%nt Qi cﬁ'i‘}i{:ezo?e (620) is

di aneter as the nolds I'g. 1, 100; Fig.
fitted pyith e roumferentgsl agsnge@mau@a)enmnb@am d3%D, #ad gmeangf

assesse}ré% {he%hét:;ll_%tow%l rgg, og th(e ogtabile tu%g &1}08#_:” L%H gg %1 gléﬂgﬁffetc#gaxgducer

gas egress
(1345)0TAt Hall @ffetﬂheans&&ﬁl) (1099) deeeredis rtl&l Iicﬁﬂ:r dissiptited td thadrive
|l ve, .or an i |s val ve, |Ie res fromthe
Systefazi%%bﬁﬁvl% the FHIFHE PrOYids W@ oo Il pd, iR flesleRiven aodied s

e T ek L0 oy i

circulasf airamgemgmtmé diigafeils (éi%l)e@lmmmnﬁgt l(lasebﬁsl)romyd ecag dave
coil (Eo% 02Qé’q&e{(%%lg%@a%%mg@n%ebrﬁgﬁ&%'d@&twﬁ%&%%l l’?h Otﬁlmt_n %f the

l"ass prov

prowshb@of durfebtidadatloCoiDf1330)tis provided @lagtromitaltythyt the Hajl st&m

h the glass walls
transc{ucer (1345), thus gllowmg fora hlghly accurate angular rotation.

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

provided with a means for illuminating the contents of the rotatable tube (400) with actinic

radiation. The means of illumination may be held within the housing (1305), or external to

the housing (1305), and can comprise any means of providing actinic radiation at a desired
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[0089] In another exenplary enbodinent, the walls of

the housing (1305) may be nmade of a rigid materi al

such as netal. The use of a precision-forned netal

housi ng provides for a secure and accurate

st and- al one spin tube housing. The use of such a

housi ng and spin tube conbination facilitates the

qui ck change over of spin tubes for rmaintenance

wi thout requiring re-alignnent of the spin tubes upon

reinstallation. The walls of the housing (1305) may
waveldd &h;ﬁ[fohﬂ‘]'o%‘ﬁhﬂeﬁ?@xw thedpehtii@-dohRsig &fin@oRé (610) of the
_ actinic radiation to the system The w ndow may be
rotatableatib@i(480t h an anti-reflection material in order to

m ze L 2

w0 E (BER AL} B JPES v R RLARE JIELEE RN sources
(1350 dbqutbdeeintg, actipie cadiateona xampks bfadtinarradiofion sugscaris Sopmay

be Uy\m zgﬁaé't 0 g,ﬁfidog] scz:fl:ené a}bgﬁ?%ﬁs?%%%%%ygcﬁﬁga%%%ésc Liln Unbodiments
wheré the RE1RAIS Sd@ilioR kourbdsNE3 ) afY lovRedMIb &M dridE oM hatdind €365),
Manuf act uri ng stten1[0090 The rotatabl e tube (400)
4y

the agiige 1gdiapierompybedipgctly P thegrolyrmerizaplediapispontasgrthin
the indRhdal PBIREAYS ALgby lirlg% l?'g?i f&@atlec?@ﬁh%ﬁﬁésfhg%t?lﬁé fube \MYid) €

m ni m zi ng “aify ‘nove axi's, ow ng thé
adeeftht e loembedimdnts wintratheontinf radisiomsbaksey EBY)) atg external

o g s TR R B A

radiai@sinduel edlquaby. od ByroBitiaans glasowmdoWs.t Rtor@lckemplary éxieotidhent, the
snoot h, | ongi tudi nal rotation may. be achiev?d by
I

windespymar he sri-raElgeion cpgisd jn erdentogainimige radiatiop lessesyda pyriags
reflediBHN 118 AnOfier ﬁg(ng%g%‘%ﬂl Prllg?fé't?%ﬂbepgiczaﬁﬁ ?éﬂefcﬁgloéoa@&ltﬁ B8y be

rotatable tu , the engagenen _
used ipeaptisnizeltBe Oynsarigagyeofitaetiouby ataatlbrgthuifaadidd®) while wdegingithe
¢ wal .l o%i%he housi ng (1305) so as to fully enclose the
TANSITPPR G 90HE (610) of the rotatable tube (400). [0091]
Theoodt i velnaenghofle? Qxerifliryenbdid5pas adriais dongbitmiochoof @didtion
of the rotatable _tube, (400), .and maybe | ocated .
and radigtion;filfersgay braussd ispongrinctiop yth eAclmtfi%O B gmerd yeryous
propef% of it RGO GRE M FthebIE Rbe LE00Y Cand IME hBRD)thé N

order to rotate the rotatable tube (400). In one
polymesxigatidregopdisionowithiarthe ratdteble fibe 4% s Therngeld 4l varops

comsBELAS s B GRS b ke
procefdrl gy eRsed fudicddi@BY atidBsired 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, if 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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di aneter than the rotatable tube (400), and may be |
constructed froma high-density material so as to |
i ncrease the nmonment of inertia of the rotatable tube
assenbly, thus providing for a nore uniform angul ar
velocity. [00921 hi another exenplary enbodi nent, the
drive pulley may be provided wth circunferentia
magnets, so as to nagnetically couple the drive pulley
with a second driven pulley, thus allow ng the
mechani cal separation of the rotatable tube (400) and
t e09ir i Via aNBiher excBipld bBbsdEmast, theRfraf@hthabl endmtie of
nﬁﬂ*ﬁoo can be i solated fromany vibratiaons induced by

i) thén a sipglggtsyd lpwsywst(lzq%fsrmss@,@e ApTaREpg a number
of rot@lﬁ@l@ dure 8400) Wz@h&ﬁfﬁbﬁ /) !faﬂ:ﬂfthtgs 2 él%atei’ Qe Jf‘f)}&iu@ml%

(400) driven directl hi s enbodi ment |
wnheuhwcdﬁcmg amy(vem) edch rotaﬁabké@bwm@i aW dli-keewt ancesianidard
r en ets 32 z
meanff AR KR Shoche B AR GRS eBodphnpties B oL R *
productibeprioédéd®) such as a Hal |l Effect transducer (1345).
The Hall Effect transducer (1345) determ nes the power
di ssipated to the drive system (1340) by sensing t he

Reterfiidh bE Mol iR YicdedidoZ el 0ad and using the device's
appl1ed voltage as a sensor voltage. The permanent

nﬂ@ﬂi&ﬂk (Hig2Bhis mybe—sgmpn@ilymye df piptatable fube (#KP including mold
retentfin RCAE g@qp% 1ﬁ%t eac %.?IhéIﬁ o% &1%%9%3%@?6%1%@# é{l eg{]%rrdriﬁé(thod.

€ provi rive
The nidlds(Rig. dy i @0; Fie. @, moysﬁdyéﬁslew wititih tieouriap tzomofFg. .6, &ms) by a

vy oS o B A B S U e Py b

consntu(cﬁﬁ%@ Weila dithdfson sd U8 pﬁidh@é’\hrﬂﬁteﬁ'féfen@e fit @hth YneagheH Al
rotation. Sources of Actinic Radiation for

the rogeibe (40 WamA el @iy b}yémt{o@em_rfcesrwé drsusrdhapove.
éj@(&%%s uAﬁtgﬂﬁQg{rang tﬁet]ﬁ lﬁ? i é 31b 160; tl#? é?(ﬁ%zggﬁey in pl?ce

d wt ans I'am riat
by antabiéve matédhiaibhleméanb.e I @k&(b)nbmidhinem,cthd: nmohis (Fizdi altﬂOpﬁlg ZI L200)

L S T S5 R D B S

(141099&% h%ﬁst@ﬂ%dﬁmﬁﬁn&ﬁs oM @(‘)(FSF@Qt D) Gndyasb pRishédpadia @
desired 24 wavel ength uni f o over the | ength of

numbee! papégagerd wetending dpgl (40Qu rThﬁsj: r@@ﬁ*@m( e (1430} preadisposed so
as to z{lﬁ)%agpelg% of H*%qnélﬁg 831g. 1, 100; Fig. 2, 200) in an upwards direction, but once

a mold (Fig. 1, 100; Fig. 2, 200) is clear of the retention dogs (1400}, a number of springs
(1405) may provide sufficient force to cause the retention dogs (1400) to move radially
inwards, where they form a seat on which the last introduced mold (Fig. 1, 100; Fig. 2, 200)
sits, thus holding the molds (Fig. 1, 100; Fig. 2, 200} within the curing zone (610). In one
embodiment, the molds (Fig. 1, 100; Fig. 2, 200) may include a number of engagement
apertures or gas diffusion apertures (Fig. 1; 130) which may be provided so that the
retention dogs (1400) may engage the molds (Fig. 1, 100; Fig. 2, 200) and secure the molds
(Fig. 1, 100; Fig. 2, 200) in both the horizontal and vertical directions. This may ensure
that the molds (Fig. 1, 100; Fig. 2, 200) may remain in a fixed position with respect to the
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[0095] GCenerally, there may be provided a nunber of
actinic radiation sources (1350) for producing
actinic radiation. Exanples of actinic radiation
sources (1350) may be UV LED arrays, fluorescent tube
| anps, or nmercury discharge |anps. In enbodi nents
where the actinic radiation sources (1350) are | ocated
in the interior of the housing (1305), the actinic
radi ati on may be directly provided to the
polynerizable liquid contained within the individua

rotatdBR (tlBe (4609 - Inket Adhier BinBodisent? tHe)enkApetethpatthuds (Fiphie 130)
rotata Ie t ube (400). £0096] I n enbodi nents where the

may Gyl iswireunddlbi stangian dogs(400) suchebat the ensageasth apertres (Fige 1
130) !g:%%t ﬂ&n(a%ﬁl%%nom? u{éqgauygﬁ %113 Qé@ Y bos! YU HRARS to

e transm ssion o ation such as
furthepserire themdiddy @3g. |1 tQL; FigyRa2a) wiﬂlﬁoﬂ\s rotitablemebee(eMp lAsr y

rhod .
menSFRE TR o U bt LG PG )
to sedued $v@e inBlSFig. N, OO FRED, 7003 ipd Aixed pRiiviod iwithid the spaablkitabe

anti reflection coatings may be wused to optim ze the
(400)% r ansmi ssi on of particul ar wavel engths of radiation

Wb 2] ©ICinBhet Qﬁbo&ﬁéﬁsﬁ%l%%éifbe%oﬂh&ﬁfe%nn[}& QS (1400) at

yet anot her exenplary enbodi ment, ‘various conbi nations$
the lowfer pratiothé mmatalzl tibe 4800350 entofirpvide & Smforkﬂaae lastanpld (Fig. 1,

o, G R T B ] B TR s
1, IO(D u&bg A 200)willanethtuticiyengagewitiee Iﬁalatyﬁmertum[)@)n The remaining
s o o oSS o 3 v
rotatafblel thﬁé QOU?%dhfetﬁéefrﬁﬁé ﬁﬁnﬁé? B?Hﬂml(hgt ney o@nkigl & 2005.0cess

be” used dgudlcmus desired tines throughout

t H@ﬂlﬂéh uf et moida GFipr bd €8st 1g{29@9®] manbeigtredeaed lizdiyidually, or
asasf n? did ciolu #hﬁiaufn )ée? apothel t T r a éﬁ?ttﬁé é@hﬁ O@tha?may serve
as the(lﬁé’diﬁforaﬁﬂﬂlﬁgﬂmsﬁolﬂﬂﬁag 110 G00YEd e[ 300)hdthimthe cuhﬁgssone (610) of

the rogFiEle e (O ThH cemBrae b icapaseatt it Erpsol pessafipgand
51mp1§cb@tas BRlis %ﬁ‘ﬁ;ﬁfcit? Rpthe $hARR IutiNg (UsB afd Inaft@Shcedtdhe contact

brational 1'solation are optimzed during the
Iensm@umhn‘gigwsie@s(glg Earl3Aex, the rotatable tube (400),
housi ng (1005), and drive may be constructed in a
nodul ar fashion so as to allow for easy repl acenent
Exempludly opdridic@nance. 25

[00104] In one preferred mode of operation, inert gas is passed into the housing
(1005) via the gas inlet ports (Fig. 13, 1310). The molds (Fig. 1, 100; Fig. 2, 200), dosed
with a polymerizable liquid, are then introduced into the stationary rotatable tube (400)
through the lower end using a pusher rod. The molds are either introduced individually or
as a stacked column. The pusher rod lifts the molds past the retention dogs (Fig. 13, 1300)
and is then withdrawn. The lowest mold in the stack of molds then sits on the retention
‘dogs (Fig. 13, 1300). The drive mechanism for the rotatable tube (Fig. 4, 400; Fig. 7, 700;
Fig. 8, 800; Fig. 9, 900) is then turned on, and the rotatable tube (400) is then rotated at a
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[0099] In another exenplary enbodi nent, the
arrangenent of a nunber of rotatable tubes (400)
within a single rigid housing (1305) is possible.
Arrangi ng a nunber of rotatable tubes (400) within a
housi ng (1305) facilitates a greater |evel of
productivity wthout sacrificing accuracy w thin each
rotatable tube (400). Well-known and standard neans
of inter tube spacing and part | oading can be
enconpassed as part of the overall production

predd@é’rﬁﬁlﬁﬁlsspeéae tig Mis StateOthe MaltffighiNofda@rdatidi byghZ@bioh @@ #H201
Fig. 14 is a cross- sectional view of a rotatable tube

rotata(bm?e {496} et vrporibe polymerizable lERudrsEnGit ovl AV A thy edges of

the Lﬁ?&%ﬁg%@f 1 tlﬁ?) & egg}?&élc?(ﬁ%’ﬁ' 2 O)F?é’ ng;ﬂg?g a‘?ge FRAtA9E tube

(400)is tdtatad aiftmsqamdewgnmfh epe(eﬁlf@r a 1&,1106 Iﬁ}mb)lo allow theicengavef

sm'fa‘f_q @rodélce({;%l!)l"—-e Bgélgxﬁoggrrg%t?ﬁ éP(é e%dﬁ%flﬁgtgtl%l’l sul%)ée tension
of thépbl?ﬁelﬁﬂbwm&i& andicceltaEibh ﬁﬁeﬁﬁgav‘qtyl) toviehth itsh&lunlthj]ﬁtm shape.

the raqtatable tube é400) and, may hel d .in
At thysipeid, th celumarof giolds (Figr £ek00; wé@em% by actinic

radla{ng}%gg- ilnltﬁititng hé ?Blyﬁﬁh)fatmeanﬂ%rﬁﬁh()g bPthe olid BelcFing cor%pletlon

l'ace by an active nechani cal
of thmms pmmss’oﬁw agtitio mdem is eYmgmishefbandrthgrotation pf the rpiagble

be tradu |n I f
tube (390ER opaCF S O I BT DB E % 2O BN 1R vy
ra.lsmgshmglsaemalaﬁdpnﬁshﬁxg tﬁaaara@hﬁsds((l?‘iggl 100; Fi302, 200y fromd, the top of
may be pushed past a nunber of pre-|oaded

‘he“F@@@ﬁF#Bﬁ4%B§@"P1%66? These retention dogs (1400) are
'&ﬁ@ﬂﬁ? d W?nle%%e 1 ofheRMV- RASBIR U had R FRIpdSed(tbi the sﬂm

0; Fi 2, 200) in an upwards direction, but once
castumf@omactdenszs (Seelfor example the'183 Pateny) ibisrapparenttikat such tubes
wouldl ﬁ}e%ﬂl E L ‘1% gz ulgr%zl"%?e} light ( O &H&r sugfl Sr%,ﬁl (?12 &11421905 ) may

pfovi &8 |C|en¥ Ee ‘P 'cause At ron dogs
polynhdafign. t Howenee, byaudioptiigythe binvae dﬁ)edwh‘equ)hidn@apfetmm ato the

S on whi c the | ast intr duced nol
Waﬂsm%éw rotatafyfibe, it as pravome BihROtYRE rg%lr(saéqqlcmvaﬁ %af the
manu%&glre bF Hrgh %ual?tg) Qajntﬁ\éttléﬁs@s R S‘B%é aﬁﬂ ERRSiti6R dPthe apAnRBSs
nbodi ment 0; Fig. 2, 200) may
seleciied ¢4 ofeniae hglntﬁ@nsrofssren gag ghvetnbe véxle maintaigingra ghasically robust

structg#ag% T, gfhs ga%?lﬁrﬁr% ?ﬁ egﬂ:dvg %1:?1% %Q% %éé}gb %?ﬁg%yas l%gchanﬁ gfarcdm the

contatilensmblds s§ ki @.prdvidd &lineft Iagnosﬁhera @B()Vf:&heipdgmanmbﬂ&qud
in both the

lds (Fig, 1, 100; Fig. 2,. 200
thus g APy bl vaebaks: " Thi s may ensure
[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.

Multi-Stage Curing

28



that the nolds (Fig. 1, 100; Fig. 2, 200) may remain
in a fixed position with respect to the 26 rotatable
tube (400). In yet another enbodi nent, the engagenent
apertures (Fig. 1; 130) may fully surround the
retention dogs (1400) such that the engagenent
apertures (Fig. 1; 130) are not open at the bottom of
the nolds (Fig. 1, 100; Fig. 2, 200). This nmay help to
further secure the nolds (Fig. 1, 100; Fig. 2, 200)
within the rotatable tube (400). As nentioned above,

t Neo107) at Bib! B 1 WIRW 4RAR)of ARl REle B& i groddesiccofding to an
retention dogs (1400) to secure ev§H¥ nol.d (Fig. 1,

emboglgpent pf ge presert GRMPATYSytesetnd prsdhad: P PASOR JRitial Clring of
the p&lgﬁl@ﬁ%leeh(%l'ﬁp %he thé! gQ g}‘[ R Hshdd ug%fcﬁ ®sin! gwsﬂgﬁbd into

_ ere nmay bpe provi aP’etentlon do 1400
a secomsiaer cuging defice plecadanavp bf életr@tb@bl@m)@@@ a"étemﬁtlwﬁ]dvﬁhd e

t t | ast ld (Fig. 1,. 100;
moldf iy 3 o fiassd iRl FByhebbidp dhe ORI S iy
then fuftBelRitd mﬁ}pf]@hﬁnéeﬁil@h quid cont@ifed Fithin tRe ma3lAe) The lsdscondary
nmechani cal |y engage MAth he r ot table tu e (400 The
curing gAY be FgisyRdinditiopd WPI@@Y%F. QL exam: %é e %Fﬁ%)“

cunn?'ﬁ@xqcé Pafihd QWaélﬁﬁnaqi?fafséjﬁlen of gas thr oughout the

ot at able tube bet ween the nunber of nol ds
( HOQLO8), Twoing B‘anog' in Morg defyil tq Big1 B [n Meecmhsidirgertrthg moids

100: .. F
contagléngdthg nglézknéegz%)g? %nggrfayﬁ)g éro&%%& ‘teodtth g%% hlg lﬁ%e (XOO)Qars
described @U{b&?ﬂ{ﬂtep 21 gﬁ) rNtSLt] ap at"tiug glhrﬁx%edffthmys setymver v1a$1121.tnlilgaglon by
or nol
actinigradigtionipkes eLaC? Wgh eIy l&%e%@fﬁ thF@g%F%f&B’gt‘@be

polyrkchion 1 i ForRfR4S of e BEL ALY BRYABF OUE) | Thbi@RTE, Rbording
processtlme and SIlTpICIty as wel as SIrT'p|ICIt I N

to this freempdary eabodinenty | thmg@xahmsmmlmmfath@ lenpmay fhe PélffmTé?élththm
the curfi) zog@%g[aég%%ﬂq’%} ST {uEF oo}3. 1300). Exenplary

operati n-one rred node of operation,
[ r{ﬁﬂ109g asDiuSngxas sdtialistiges bih‘he bwritgs ofghe leds) @) polymertibenost

suscef e i B T ety b e bl bRy o
. Vlbra(ﬁbﬁs %Qﬁﬁng ﬁtm&%&ﬁfiof 188 ehdld6r SArRtdORRY, wintRpahe: hdd)be

t hr ough ower end using a pusher rod.
opticsroreis vdee thej Icmsematiemlrlbmatethndmd Conggaugntly, apcordipg tg one

exemﬁlﬁgpéﬁgoél%?%ﬁégl ng: H%ﬁﬁi’éﬁkﬁﬁlg{eﬁqﬁl@ {Jth% c‘ﬁHﬁg %ed(%léj 35810) of

the rotatable tube (400) to a degree where the shape of the contact lens is established and

=L

stable. The lens and lens mold combination is then transferred to a traditional glass tube or
another less controlled environment for final curing. That is, according to this exemplary
embodiment, in order to assure that vibrations and run-out are minimized, the lens is

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

minimal surface aberrations.
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and is then wthdrawm. The |owest nold in the stack of

nol ds then sits on the retention dogs (Fig. 13,

1300). The drive mechanismfor the rotatable tube

(Fig. 4, 400; Fig. 7, 700; Fig. 8 800; Fig. 9, 900)

is then turned on, and the rotatable tube (400) is

then rotated at a 27 predeterm ned speed. In this

state, the centrifugal force created by the rotation

of the rotatable tube (400) acts upon the

pol yneri zable liquid, pushing it out towards the edges

offoor1op NRétGinDME MoXviotBlg (151 Fith the shafh) andfsugfasdureddidhe lens

FFig. 1, 100; Fig. 2, 200). The rotatable tube (409&
establisheg ghepatally formedleps max be franshareddpue Heppiatabledups ($40Lp 2
seconfgo uliflg flbk ?g\{feﬁm 300R4 éYﬂ)ghéHérE %?ggt%?%&% 1% hfieve fully

ination of factors su as sp . rotatlon,_
curedg§tep2d 80%t dirsiconing of the ess paly preeichaist én thegetamdarareiring tube

. _acceleration due to gravity), t each. its {4 hriym
vin RS R, BB P i lelor ol BB icty & Sl mBi e
polyrﬂfﬁﬁati(ﬁi..g Further 28 @pothsr eixbinplﬁhﬂﬁhlﬁ?ﬂilbyntaﬂgb ifsditioﬁd si_ragﬂd':ta‘%dgm‘ﬁ the
tlat t .
oSt et AR e Ry R e
curinP bOGHE Féhs viEMBCIdiRIcGadidgrA hiR or b e XBARIH iSRSt §@oss-
Fotation of the rotatable tube (400) is stopped. The

linking hae deqwvied sia(getigic radiatio@Oyitlin ghe er,atabtyo‘.)le;%QO), Hhepaniially cross-
. d b LS t d [
e Yo S B REBE POL SRR PR,

unaffédiel tyoioaitiah e the sbn(4f @urih@tube of themighdmtroduofdiDhdNbdve-

the use of net rot.at abl e tubes has been proposed for
mentipRed WaRS ove qthy CHFNE AGHICEet | enses (See, for exanpl e,

t heo113P8 RptueRihrougt the %g?ﬁﬂ/ﬁfeﬁﬂéf_ thdMove Udddcribtaqfulti-stage

~woul d preclude the use altraviolet light (or other
curing precessr the Hitheaequineyl te produge 4 fully cpsdyrole may pepignificantly

s ¥ . .
reduck B PN EHine RSO R A0 Wire e TRl SIBREIE MaQEILRUATUS) may
take chﬁ;sa ﬁro@waefbmossﬂimb.feTgmgn simplangadimmusif r@qmicmﬂmttilﬁ?_ﬁquired

t he u aCt re or.nl ual | cont act .enses. e
to proghish AP o 81y Ot Do ey e DParaal curing SR ek g
rotataBRIthbd @80) drdhthe ScaRERIISTLAR: stRtOusimant b&@nda\i\? bliréhyg tube. Still

mai nt ai ni'ng a physically robust structural form The
furthegyanitinlesscanidary caring fibes may hp ptpvided th ahe eYRAOIgALticles

. t K .
pEORTS AL | SETATE LS ARl uftenials
‘curing fubss.r educi ng the del eterious effects of oxygen

inhihitiogn. [001061 The design of rotatahl e tube
o SQUTb]  hicrereAme larannign B PeREROH L o o liSFate 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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to an outer casing provides for an easily
i nt erchangeabl e, nechanically robust apparatus for
the spin casting of rotationally symretric objects
such as contact |enses, which requires very little or
no mai ntenance in use. Milti-Stage Curing 28 1001071
Fig. 15 is a flow chart of a nmulti-stage curing
process according to an enbodi nent of the present
exenpl ary system and nethod. After curing or partia
curing of the polynerizable liquid, the nolds may
then be pushed upwards using the pusher rod into a
secondary curing device placed on top of the rotatable
WHATBCLABEED It t ernatively, the nolds may be of fl oaded
manual |y, or by a robot arm The secondary curing
device may then further cure the polynerizable Iiquid
1. cm@m@@mﬁptmimcastiagWD#?QSsconmmin&econdary curing

A

Ej rvﬁdﬂreltlh ﬂfb&bn@hﬁﬁﬁl cteb}’b? is cbﬁiﬁgn%%d toTMbﬂW@glr(])lﬂsy\anldg nor e
etail to Fi ] ne e the nol ds
OPREEFIR ﬂwgrow??éﬂedai)%%él; eastpptially aomoai'@u? Aetegialiced
to the rotatable tube (400) as described above (Step
2110). Next, a partial curing of the |lens polyner via
2. i IThemppazetusnf Gyim hovliontin theadiatablegnbe iskendesf astetali t hi n
the rotatable tube (400), thereby initiating its
pol yneri zation and partial formation of the solid
3. alThecbparfidt epciit? D,)whe}'éiﬁ itefrotagblcaabohadi an tpasttome Iphi‘t'sm

exe | ary enbodi he initial ros ||nm
defining 3¢ legghpnp aPgSEES ¥ shcin i s s Fentidis ﬂ%rf{aasmésm

of act@k®lad@ftiohhe rotatabl e tube (400). [00109] During the
initial stages of the curing of the lens, the polyner
|s nost susceptlble to the introduction of

E) é%&éu? Bfclhi § IWhe?é’iﬁ ftliaeC zreﬁéllieti%%ng.rﬁétﬁ%ri lg&% Irtl‘Fe"}ﬁ)rizontal

_ ons res U N nov
and velttﬁaictlmgnmmd pozwhmmld oprtbeltataalio tube sogt thatso sideoafithemyerture

t he rial is st fluidic. Consequently,
hes“h@@é‘ﬂéﬁr’i m{}ﬁ%%&ta R85 ary enbodi nent, a lens is

partlally formed within the curing zone (Fig. 6, 610)
of the rotatable tube (400) to a degree where the
5. sHapepparatuhef daim hovheren the apedure apdysmeiand st abl e.
The I .ens and | ens nold conbination is then transferred
to a traditional glass tube or
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 the internal bore to the

outside surface of the rotatable tube.

8. The apparatus of claim 7, wherein the aperture is configured to diffract actinic

radiation entering the rotatable tube.
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anot her |l ess controlled environnment for final curing.
That is, according to this exenplary enbodinent, in
order to assure that vibrations and run-out are
mnimzed, the lens is initially rotated,

illum nated, and cross-linked in the controlled
environnent of the rotatable tube (400) as taught
herein. Specifically, the tighter tolerances of the
present exenplary rotatable tube (400) along with the
other features including, but in no way limted to,
reduced run-out and de-coupl ed magnetic drive, result
inan initial formof the lens with mnimal surface

9. abderpparains of clain] Hovheoiin meinggradl bgraithe iwigtatye tubg defjpadipy
- . : : est abl i shed,
the lo%lﬁlgu%ga?{a i;"éﬁ}llg c@%ﬁéﬁe& %P 2%@%%3‘“%’2 g(thlrnzﬂgf erred fromthe
rotatable tube (400) to a secondary curing tube
(St.eps 2130 d 2140), where .the rtially forned. | ens
10, AeBReain of Tt Savhtsr Epsy s et ieling SprBRger IR
interdaEhSre GRMHRoeRBR!tusted I n t he secondary curing tube via
any means including, but in no way limted to,
phot ochem cal or thermal induced polynerization.
F i I. i 0 .
L Dt oA e e B B PO R mad Mo et
selected fmnsthe gelop yoousting of kibdr tuhmekeloven whi ch may
finalize the curing of the lens via either actinic
radi ati on, heat, or both. Once an initial anount of
12. CridgSppdratakofNeaififB foGled co@Prisih@a fiedt bBirthgmelinihg @dne formed
within the rotatable tube (400), the partially cross-
on a firstgad of therrstaiabls ivhe anbassceond bearing mogpiig zqpe fprmed on a second

endogﬁé9£&&&ﬁédﬂk-be | ess affected or entirely unaffected
y rotation I'n the secondary curing tube or through

i heodntei fost bearinghmouisimgoneramt the sendnd benrislg rovwiing gone are
ot her curin evj,ce. [00111]. Further, through the
cach %%%‘i}?fg‘ﬁéta glfrﬁge ggnageglsa%ri bed nulti-stage curing

process, the tine required to produce a fully cured
article may be significantly reduced. The ti

13. | ddigiapraatpdolidain 2 whera the rgtstakie tphe is nigdeef ﬁ*a{’T]EF'éS steel.
rotatable tube (400) may take only a short anount of
time. Through sinple division of resources, the time

14. r dgeiapeatatus of gaiodllic evharein thi sitemiablpare of e metgtablievitgdg polished

_ etyween t first partial .curing stage using the
ﬂwhﬁ%ﬁ@?gg?ggﬁﬁgafﬁﬂﬁnggﬁﬂmgﬁéogecond fully curing stage
usi ng the secondary curing tube. Still further,
mul ti pl e secondary curing tubes may be provided to
15. o wiihed eRcorbh weuit saetinga 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
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partially cured within the rotatable tube (400) to be
fully cured in the nultiple secondary curing tubes.
[00112] The precedi ng description has been presented
only to illustrate and describe enbodi nents and
exanpl es of the principles described. This description
is not intended to be exhaustive or to limt these
principles to any precise formdiscl osed. Many

nodi fications and variations are possible in |ight of
t he above teaching. 30 WHAT IS CLAIMED I'S: 1. An
apioaipdting theQduriaf bhthe polyinitgizhile 56Sid i€ theRedoat Rgtin@device.
rotatable tube, the rotatable tube defining a

| ongi tudi nal cavity; wherein the |ongitudinal cavity

16. | STHORIhSHGRGhifa ST ﬁﬁ:ﬁiblv Sonis r_()t%lﬂﬁg th‘é‘lﬁﬁt%ﬁi%&tabfbecube such that

rotatable tube is at least partially made of an opaque
the potermerizable liguid Tntaingsiomitlzin tlee molddbmisn dopcayisshapan t he

rotatable tube is nade of a nmetal. 3. The apparatus of

claim1l1l, wherein the rotatable tube has at | east one
17. pOFHeimthodisiflaiinn®, Airthbeasiiprig apesiigihe pulyateeizable liquid to

. aperture is configured to permt the transm ssion of

actmigERIFHR: r adi ati on. 4. The apparatus of claim 3

wherein the aperture is symetric in both the

hori zontal and vertical directions and positioned on

18.  t Hihermagthaddfl claimyliewherein thiystepsef remeaeing therheld Ai9a thgfist
i i ] - f .t e .
rotrdp) St thd o ichgth S 881 nud BE sEBpEL BRI NS, pitron v
transfeeyHEMednk ecledicd ffom thpgauptosisthg of apushd; rodherobtic téwece, and
aperture is of a shape selected fromthe group
man ﬁ@ﬁg¥1ng of a dianond, a circle, a square, a
rectangle, and an oval. 7. The apparatus of claim 3,
wherein the aperture tapers fromthe internal bore to
19. ¢ Hhe meihayd efelaimriPawhergin thy &rst setatebis tebetiymade ef angpaque
matesparatus of claim?7, wherein the aperture is
configured to diffract actinic radiation entering the
rotatable tube. 31

20. The method of claim 15, wherein the first rotatable tube is made of a metal.

21.  The method of claim 15, wherein the second curing device is a second rotatable

tube.

22. The method of claim 21, wherein the second rotatable tube is made of a material

~ transparent to actinic radiation.

23.  The method of claim 21, wherein the second rotatable tube is made of an opaque

material.

24.  The method of claim 21, wherein the second rotatable tube is made of a metal.
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9. The apparatus of claim2, wherein an internal bore
of the rotatable tube defined by the |ongitudina
cavity is configured to reflect actinic radiation. 10.
The apparatus of claim9, further conprising a

refl ective coating disposed on the internal bore of
the rotatable tube. 11. The apparatus of claim?9,
wherein the reflective coating is made froma nateri al
selected fromthe group consisting of silver and

ni ckel . 12. The apparatus of claim1, further

25. ;: orﬁermahcggof;&l efiir:]fZit whemrﬂbtlhg sdm%m tdtzﬂgjlé ame if ﬂj(’jnlﬁ@drb ed @cure the

irs nd. of. e rotatable tube and a secon earing

Wﬂ”ﬂﬁﬁﬁkkﬁﬁu@dﬂ%g?ﬁrned on a second end of the rotatable
tube; wherein the first bearing nounting zone and the
second bearing nounting zone are each constructed of

26. 3 Henngihed of cdaigpdewensa the pegpnd notatablp aibgppmpds ofs gess.
claim2, wherein the rotatable tube is nade of
stainless steel. 14. The apparatus of claim 13,

27. wWikreanathddef clditelrSh aihedeor the edcohdenrinptdetmbliscart aslen. i s
polished such that the internal bore reflects actinic
radi ation. 15. A nmethod of centrifugally casting a

28, | erie RN dTldih 27, Rheinth®Bveéh if bélguritdleardl Be f)élgﬁbrizable

_ introducing at least one nold into the interna ore

liquidsyiahps. fi rst rotatable tube, the nold containing a
pol yneri zable liquid; partially curing the
pol ynerizable liquid in the first rotatable tube;

29. r éifematigpd dfelaimnl AT, vhemint the ofdnris tonfpmatdab lceretthdpolymerizable

lqui LovidLngﬂaE | east one second curing device;

- Hauq Y pdE e e nol d into the second curing device;
and 32 conpleting the curing of the polynerizable
liquid in the second curing device, 16. The nethod of

30. | Kyemmethpd afiglaime7, whensi the Avenris contigwged theuss the polymerizable

‘o N that the polynerizable |iquid

1@u“%§%?%ﬁﬁggw§#@ﬁ?ﬁﬁﬁﬁg nold fornms a concave shape. 17.

The nmethod of claim 16, further conprising exposing

31. t I"ﬁ'le F1’:[9(3'tﬁ/or;rie‘:)rfJ c az_ilr?ll 2%, Lvlhgrlé{ndthé 1Onternal bore of the first rotatable tube is

configured to reflect actinic radiation.

32.  The method of claim 31, wherein a reflective coating is disposed on the internal

bore of the first rotatable tube,

33.  The method of claim 32, wherein the reflective coating is made from a material

selected from the group consisting of silver and nickel.
34.  The method of claim 15, wherein the first rotatable tube further comprises a first

bearing mounting zone formed on a first end of the first rotatable tube and a second bearing

mounting zone formed on a second end of the first rotatable tube;
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actinic radiation. 18. The nethod of claim 15, wherein
the steps of renoving the nold fromthe first
rotatabl e tube and introducing the nold into the
second curing device is perforned via transferring
means sel ected fromthe group consisting of a pusher
rod, a robotic device, and nmanual transfer. 19. The
nmet hod of claim 15, wherein the first rotatable tube
is made of an opaque material. 20. The nethod of
claim15, wherein the first rotatable tube is nmade of
a wWiRkdh thedirst bEBEndRbi@theGon€ hrtl tht d&ondb&irRl indudting zone are
second curing device is a second rotatable tube.

cach qoqstrigiechofon wm-biitde apamye mgkstabi n t he second rot at abI e
tube is made of a material transparent to actinic
radi ati on. 23. The nethod of claim 21, wherein the

35. sdbemkthat efickime0; whereingherfiderasdtalde tubs aspmede ofstaimliess|steal.
24. The nethod of claim 21, wherein the second
rotatable tube is made of a netal. 33 25. The nethod

36. OfThelnddtlad’df, cld&ﬁ%?%e&ﬁx&héﬁﬁ@ﬂal bofd dtthdfist fotdsbld aibe is
configured to cure the polynmerizable Iiquid via heat.

polisheg sugththatfbe Hermaltbogs iflgsteactingyadishiont he second
rotatable tube is nade of a glass. 27. The nethod of
claim 15, wherein the second curing device is an oven.

37. 28heTimthadeaflebedmdfs, Whaieim the firshngatabla tubledapstdeast gne portion

deﬁnlglgn i.F%sl{ ro%e}g F]%]egggeu {v FI& h?%lé ?:(‘gn %gutrfhd to g)léllérgit ﬁle%aggrﬁfsﬁon

of acthieafddgiioad to cure the polynerizable liquid via
actinic radiation. 30. The nethod of claim27, wherein

the oven is configured to cure the polynerizable

33, | '1% 'n%twd@of*&%h PNFh&6H (hE Gperell RE] etr?elm bothehERE R al

clai m 20, wherein the Internal ore of the first
and vp:@pdtcm@p@orts@pé ppsitioned on the first rotatable tube such that no side of the

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

39.  The method of claim 37, wherein the aperture tapers from the internal bore to the
outside surface of the first rotatable tube.

40.  The method of claim 37, wherein the aperture is asymmetric.

41.  The method of claim 37, wherein the aperture is of a shape selected from the group

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

42.  The method of claim 39, wherein the aperture is configured to diffract actinic

radiation entering the first rotatable tube.

43, A system for spin casting a lens comprising:
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configured to reflect actinic radiation. 32. The
nmet hod of claim 31, wherein a reflective coating is
di sposed on the internal bore of the first rotatable
tube. 33. The nethod of claim 32, wherein the
reflective coating is nmade froma material selected
fromthe group consisting of silver and nickel. 34.
The nmet hod of claim 15, wherein the first rotatable
tube further conprises a first bearing nounting zone
formed on a first end of the first rotatable tube and
a SEGORhtSfubadhe ARtAATe ADO @ex&ﬁ cHEREueA to pasianp durenrd
of the first rotatable tube; 34 erein the first
polyerigablediduish rontaingd inptdeasheng maldsabnd beari ng nounti ng

yA t = Bk L

o feabl i SEAGH ERIRGHET BF Qlond B Rice befhs WBRAEed 1
finalipothetcatihgof thb polymerieabde lifuid tataihabin tke mald. 36. The

nmet hod of claim 35, wherein the internal bore of the

first rotatable tube is polished such that the

44, 1 nilRrsHgbmPeRih @B Rethe d&iprising rétath othe Gifst rddtabl gbe such that
nmet haod of claim 15, wherein the first rotatable tube
the pplymegrableligrd gordaipest vitia theapldfpig agoncaissharfne
aperture wherein the aperture is configured to permt
the transm ssion of actinic radiation. 38. The nethod
45. ofThelsastem3T claivh 6 diurthertremppising gxposing thy pelpmetizablalidyad to
actimihg.htoorizontal and vertical directions and positioned
Sﬁ‘Pﬁérkirst rotatabl e tube such that no side of the
aperture lies in the x-y plane of the first rotatable
tube. 39. The. nethod of claim37, wherein the aperture
46. %@rsé'StFIPc‘}\-‘r[ﬂaHE 43 rfveheraompysiag tgnsfpmesns < rgwowing fhggold
from §e fiBErofdkdbid tubOhidf ARbGuCIAORe nfhM inld@ie FBINA duPg Edviiem
37, wherein the aperture1s asymmetric. 41. The net hod
: of claim37, wherein the aperture is of a shape
47, 3 %h%%&&gmforf gfzﬁr}l qg, WhSUR mS@dhtes tnllen ﬁfselgct?d ﬁg@qgerﬁr%up
circle, "a square,” a rectanhgl e, and an~oval . : e
consis@ighsch pukhet rad, arSShticwleeic e, and nlemualnesmkfier.e i s confi gur ed
to diffract actinic radiation entering the first
rotatabl e tube.

48.  The system of claim 43, wherein the first rotatable tube has at least one portion
| defining at least one aperture wherein the aperture is configured to permit the transmission

of actinic radiation.

49.  The system of claim 48, wherein the aperture is any shape.

50.  The system of claim 48, wherein the aperture is symmetric in both the horizontal
and vertical directions and positioned on the first rotatable tube such that no side of the

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

51.  The system of claim 48, wherein the aperture tapers from the internal bore to the

outside surface of the first rotatable tube.
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43. A systemfor spin casting a lens conprising: 35 a
first rotatable tube, the first rotatable tube being
configured to partially cure a polynerizable liquid
contained in at |east one nold; and at |east one
second curing device, the second curing device being
configured to finalize the curing of the
pol ynmeri zable liquid contained in the nold. 44. The
system of claim43, further conprising rotating the
first rotatable tube such that the polynerizable
liquid contained within the nold forns a concave
shape. 45. The system of claim44, further conprising
52. exﬁwwﬁ@ntoﬁélap@Hgn@hqr@aﬁheeaneﬁawaa&mmw| ni c
radi ati on. 46. The system of claim43, further
conprising transfer neans for renoving the nold from
53. t hﬁlefsiystsm of otaah 48/ whareib ehceapdrtmtis ofthushiapeysel detedrfipdm thergroup
t he ring device. The system of clai m 46,
consiifhe AR RGPt Feogl BB om ¢ ho g oup
consi sting of a pusher rod, a robotic device, and
manual transfer. 48. The systen1of cl ai m 43, wherein

54 ¢ @qswtgm of sleie Al Whare dhavpsrtuge is enpdigursado filfragt gptinic
radiaf&] 4 érﬁérﬂ% Hd ﬁ}sgp&gta«tggﬁlb@pert ure wherein the aperture is

configu to permt the transm ssion of actinic
radlatlon 49. The system of claim 48, wherein the

ture [ e.. 50..The temof c
ahid eyl Y A PR U ARG B Smt T Shaaue
Inaamﬂrlzontal and vertical directions and positioned on
the first rotatable tube such that no side of the
aperture lies in the x-y plane of the first rotatable
56. U UlR.systdm of Bins 43 Herah tl?é s oftRabl MRBE BRI RladelF aaR&AI Ur e
tapers fromthe internal bore to the outside surface
of the first rotatable tube. 36 52. The system of
e rture LIl C. ,
oy et AREFR AeMRARET b CREETE N L espiirontilie
mbaselected fromthe group consisting of a dianond, a
¢circle, a square, a rectangle, and an oval .

58.  The system of claim 57, wherein the second rotatable tube is made of a material

transparent to actinic radiation.

59.  The system of claim 57, wherein the second rotatable tube is made of an opaque

material.
60.  The system of claim 57, wherein the second rotatable tube is made of a metal.

61.  The system of claim 57, wherein the second rotatable tube is configured to cure the

polymerizable liquid via heat.

62.  The system of claim 58, wherein the second rotatable tube is made of a glass.
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54. The system of claim51, wherein the aperture is
configured to diffract actinic radiation entering the
first rotatable tube. 55. The system of claim43,
wherein the first rotatable tube is made of an opaque
material. 56. The system of claim43, wherein the
first rotatable tube is made of a netal. 57. The
nmet hod of claim43, wherein the second curing device
is a second rotatable tube. 58. The system of claim
57, wherein the second rotatable tube is made of a
material transparent to actinic radiation. 59. The
system of claim 57, wherein the second rotatable tube
63. j sthedprihest ofglpig iy herepthe pseand cygme dewise &8, QP of
claim57, wherein the second rotatable tube is nade of
a netal. 61. The systemof claim57, wherein the
64. sclwmokthast eftcladingd 3t whereinsthe oven ig oordtizuras! tognee théypolymerizable
. DOl rizable liquid via heat. 62. The system of cl aim
lmmugg?%gﬁérein the second rotatable tube is nade of a
glass. 37 63. The nethod of claim43, wherein the

second curi .device is an oven. 64. The nethod of .
65. ¢ erwfé@czc{ i 63 pherevBRoTEn 18 §oRiEyRdd cbts thepUyinfizable
liquid Pk ¥ERid ZaRkien. 11 quid via heat. 65. The method of

claim 63, wherein the oven is configured to cure the

pol ynmeri zable Iliquid via actinic radiation. 66. The
. 3 . : . _
6. TR B SRR FLB IR SO e

- liquid @idhedtiand actintc raffados.yst em of cl ai m 56, wherein the
internal bore of the first rotatable tube is
configured to reflect actinic radiation. 68. The

67. S}’l?de%%té}ﬁ of l:l%iﬂins_@]whéi\ﬁﬁ ki iQtefnal %ﬂe%ﬂﬂeﬁsﬁ@@a‘tﬂb‘l&ub@is
di sposed on the internal bore of the first rotatable
couﬁgujygto reflect actinic radiation.

68.  The system of claim 67, wherein a reflective coating is disposed on the internal bore

of the first rotatable tube.

69.  The system of claim 68, wherein the reflective coating is made from a material

selected from the group consisting of silver and nickel.

70.  The system of claim 67, wherein the first rotatable tube further comprises a first
bearing mounting zone formed on a first end of the first rotatable tube and a second bearing
mounting zone formed on a se_cond end of the first rotatable tube;

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

each constructed of a non-brittle opaque material.

71.  The system of claim 56, wherein the first rotatable tube is made of stainless steal.
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69. The system of claim 68, wherein the reflective
coating is made froma material selected fromthe
group consisting of silver and nickel. 70. The system
of claim®67, wherein the first rotatable tube further
conprises a first bearing nounting zone fornmed on a
first end of the first rotatable tube and a second
bearing nounting zone fornmed on a second end of the
first rotatable tube; wherein the first bearing
nmounting zone and the second bearing nounting zone are
72. eanf saBRlIrdRiR 91 Obhdeil Mt iRfckdal bore QP ARUR st TBIaBIblcAtbe 161
~The system of claim56, wherein the first rotatable
polishagisach thahig éntemaldhong refleeis agfinigradiatigg 72, The system of
claim 71, wherein the internal bore of the first
rotatable tube is polished such that the interna
73. bok eystapil Frcpim castingri lens; achhpdidimn. 73. A system for spin
caa%@qg a lens, conprising: a housing; a first
r St HM¥BPe tube di sposed within the housing; at |east

OnEfirsBbt@ibldRBE HRESedWihitte Beisypen the housing and
the first rotatable tube; and a drive systemf

or

r 6t leestge seteof brarings mougicd briaveen Bis hopaing ibths st spfpigple tube;
claim 73, wherein the housing is hernetically seal ed
around the first rotatable tube. 75. The system of
c laadrive Bgstemifer retating He firsll rhatable tibe housi ng are nade of
a transparent material. 76. The system of claim 75,
wherein the transparent material is glass. 77. The
74, SYyRieeteh of RT3 Swvhatéia tie Kbubiig ividrinstiedlytsbded@ushdihe first

are made of a netal. 78. The systemof claim 77,
rotataf¢eBe.n the wal s of the housing further conprise

wi ndows. 79. The system of claim 78, further

conprising an anti-reflection material disposed on
75. t Héheispstemiod clagin d8, whereih éhenivaltiovighe housing are made of a transparent

material.

and

76.  The system of claim 75, wherein the transparent material is glass.
77.  The system of claim 73, wherein the walls of the housing are made of a metal.

78.  The system of claim 77, wherein the walls of the housing further comprise

windows.

79.  The system of claim 78, further comprising an anti-reflection material disposed on

the interior side of the windows.

80.  The system of claim 73, wherein the first rotatable tube is removably coupled to the

housing and set of bearings.
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80. The systemof claim 73, wherein the first
rotatable tube is renovably coupled to the housing
and set of bearings. 39 81. The system of claim 73,
further conprising a second rotatable tube, wherein
the first rotatable tube is configured to partially
cure a polynerizable liquid contained in at |east one
nold inserted into the first rotatable tube, and the
second rotatable tube is configured to finalize the
curing of the polynerizable liquid contained in the
81. NUIME.syStém of BRins Y3 feRh@combakit 4 3econh esigiable iR, @hérd@ the
system conprises a notor coupled to the first |, .
first rpé@é%b%lsweﬁfégu@sto prtially patearnabymenzgbin lipyid qppteined dn at
least b8l iN&riSY kP e FRREL AR il ahEHR Se NG rSBERE ube is
circunferentially arranged around a portion of the
confifiired to firpllia¢ toiglcaring ofibe palymiedaabic loqrad deritsinectinithe mold.
circunferentially arranged around a portion of the
magnet; and a notor electrically coupled to the drive
82. CdiHe.sy$idm of Biains 73, velieréih (el ddivs$Sem fcompHess acaetpr dompled tathe
Hal | Effect transducer electromagnetically coupled to
first rpfabl 0% coil and configured to deternine the angul ar
velocity of the first rotatable tube. 85. The system
of claim73, further conprising a source of actinic
83. r ddieaystem of gleim Thevhepein dra dsivesysiermesmprisdier ei n t he
S of actinic radiation is f
¢ bl sl g bk ARl eI  BoRhBE R trspsbAble
tube;l anp, and a nercury di scharge I|anp. 87. The system of

clajm 85, wherejn the source of actinic radiation is
oL JsBne dye e cwm@?ﬁslar&ﬂaf@rf%%sﬂg?unﬁﬁéﬁ% o magnet;
and Claim 85, wherein the source of actinic radiation is

.di sposed exterior to the housing.
a motor electrically coupled to the drive coil.

84. The system of claim 83, further comprising a Hall Effect transducer
electromagnetically coupled to the drive coil and configured to determine the angular
velocity of the first rotatable tube.

85.  The system of claim 73, further comprising a source of actinic radiation.
- 86. The system of claim 85, 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.

- 87.  The system of claim 85, wherein the source of actinic radiation is disposed within

the housing.
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88.  The system of claim 85, wherein the source of actinic radiation is disposed exterior

to the housing.

41



