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|nvent|on rel ates generally to a nold and/or .a nolding machi ne for making

st ock Mni
5,702,735 t rt
|ncorporated by r
| ens curves, i.e.
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a plurality of %ﬁ?@f‘f?&yﬁ#a nol d used to nmake front
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s each convex surface includes a holl ow

?%%géjfﬁiéﬁgzm@ ‘3598}%"3&&1%5(:%” JOROE£fh fheLer . nwhich may

and/or a molding machine for making ophthalmic devices.

More particularly, this invention relates generally to

a mold and/or a molding machine for making ophthalmic

devices with many stock keeping units (SKUs).

10

Background of the Invention

U.8. Pat. No. 5,702,735 to Martin et al., the

entire disclosure of which 1is hereby incorporated by

reference, provides an apparatus for molding polystyrene

15 lens

curves, 1i.e., front curves or back curves, which

are used for subsequent molding of soft contact lenses.

The

apparatus 1s designed to provide superior heat

conduction capacity so as to minimize the molding cycle

time,

10 and

while simultaneously producing uniformly precise

accurate optical quality surfaces. Molten

polystyrene is provided via a hot runner system to a

plurality of mold cavities. In a mold used to make

front curves, the convex surfaces of the mold provide

the optical quality surfaces to the concave surfaces of

25 the

front curves produced thereby. The structural

element which defines each convex surface includes a

hollow cylindrical bushing and a removable power insert

mounted therein, which may be changed so that the
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prescription strength of the contact lens to be forned by the | ens curves
may be varied. In a first enbodi nent,, the power insert includes only a
convex surface at its operational end. In a second enbodi nent, 5 the power
insert includes an annular flat surface surrounding the convex surface,
defining at the junction therebetween a discontinuity of curvature, which
inparts a sharp edge to the front curve forned thereby. Cooling water is
punped into the core of the inserts to cool the 10 inserts during the
nol di ng process, which conplicates the~pfocess of changing the inserts. The
power insert may be constructed of various materials including pure steel,
brass, copper chrom um or cobalt-nickel alloyed nartensitic steel. The
power insert prgypdydptdatedstiengtlb af stheacentmmer bénsi tkelbephbsphed or
silicone oxigg, aor. chrome nitride. Thesengayers may, be turned to_their

SS

proper thick edeand i FrensSPHRRS by™dY anBfid CGELEFs, and™ hédy nhyTBE
thermal |y hagdenedmedtS Pak: Powed. SBPs¥8 tidhdiaran, owhiChai scahs8x: 0

incorporated by reference, discloses another prior art approach to

manuf act uri ngurdasec wtvdsss RRpsngdrtonad tamids. pritora agecapprepkddimpetl ens
curvyes are ed set_of .eight i ens curves |.ed fra ina?z2x
4 a?ér ay. FI g% ofp%t%egc Lglrnsseenrtpa?lglnctluﬁ%Susta{;r}at eas&gﬁf’rénﬁede]gpaztg f%%gngaggrryi ng
a 2 x 4 arragusfronsrdare tfheordoroaaxy esir feldd .6 ddfGnimg hey etie shomstaonol ded
frame carryingegﬁz x 4 array, of back curves, The cluster assenbly of the

frame and | eft PEEYSeD FarfFSaAred iy i e G- wAae 49t ch 1mBargs) ging

the assenbl Yaa%h%ri*f% RIRLE t¥ tthd e diin e e R NG 18adl e d WebBiL Angn
outer rectangular frane by small struts extendi ng between the frane and the

| ens curves. Walt@rhdisgmumpfed Hatfor dbe icoreuctt ttd inre i feesco@l Shehe
| j hani d . i
h:%l curves 'h%e}%rt%t e&&??n&roéﬂesc{né‘%gghgg S;ﬁé;%eé?sc a%gg%\ é‘é’iﬁ@fl HELDY

ing, and thée Trane 1 n”genera aci | i ng stacking and
handl i ng. Thithieprpmsceasd apprbachiof mbledi ivgsesticdh. polfyist yroeweer | Enseetr ves

in a cluster assenbly typically takes |0 approxi mately .twenty-four (24)
boconds. whi ERY ST obONBRESEEPY: 198 11T Ent PaEBAACEP ol "B SRS pOFS &Ly ene
| ens curves. skReliDi LRUIH BbppE&PPERAENL L) MRIre BRI At rseiie 10f af 189&gand

back curves are used in the production of 15 hydrogel contact |enses_ by
nol di ng a r eBEETEERSHbAUCUrE Sfer ei The hROWR Xt 4PERES PR draiR RS sBLVBd in a

ooy, ST A R R RATIIE R 8 L
concave fronthromeesnateide. These layers may be turned to their
proper thicknesses and dimensions by diamond cutters,
and they may be thermally hardened.
U.S. Pat. No. 4,565,348 to Larsen, which is also
:0 incorporated by reference, discloses another prior art
approach to manufacturing lens curves. Pursuant to this
prior art approach, the lens curves are molded as a set
of eight lens curves carried on a frame in a 2 x 4
array. FIG. 3 of the Larsen patent illustrates a molded
25 frame carrying a 2 x 4 array of concave front curves,
while FIG. 5 therein shows a molded frame carrying a 2 x

4 array of back curves. The cluster assembly of the

frame and lens curves 1is manufactured by injection
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' 1o covered with the back curves in a manner in which no air bubbles are
trapped beneath the back curves. Back curves are placed on the

pol ymeri zabl e m xture in the front curves as individual units: therefore,
prior to this step, the back curves are separated fromtheir 25 franmes by
breaki ng or cutting. The back curves are preferably held by a nechani cal
device while they are separated fromthe frane which thereafter places the
back curves on the front curves. The reaction m xture VTN 424 -4 is

t hen subjected to conditions whereby it &orynerizes, e.g. irradiation with
actinic visible or ultraviolet radiation, to thereby produce a polyner in
the shape of the desired hydrogel Iens. After the polynerization 5 process
i's conpl et edmalvki tgwthensssembdy @se sepapaced (éahl édheadehert el ngyyves
typically Ie%yLn t he con act lens_in the front_ cur ich i

subsequent |y RRISH Loy o 65 T theot T on F Snte Rk ur e APy foedTonce

to nmold a si Qﬁ:'r@;@r\éﬁ@éncﬂ_@r% bét&:@énthaelcfrﬂmbyrmfd zgid oneh§ eqnplete, the
diluent is displaced with water to produce a hydrated |lens. U S. Pat. No.

5, 782, 460, an(‘ThM) 19%1@12149¥>fd|1§t€? o5Bame mésh ot @ ﬁhﬁtn@hﬁydskb@%ace:@npéct
'e”%es by mol.qing teé&ﬁ'g] whi ¢h has, Degn, Y| Cf‘r‘(;éfnzeg P&'&h? ?he o t 15

partially uncrossll reusabl e nol ds. 391 pk Ing o ymer
is by W radmﬁdrmnldd”ﬂereifama@,e t Hertmbd kandl sthg, ofarad U¥hper feablee in

material, such as r or polyneric materials e or cqnt act
| enses can b&SHA EE% S e8chh ﬁBqugﬁﬁﬁlf@GlBgssﬁiﬁ 1ng. a%g4§Fn§23nﬁo Kok
et al., the entdire girsehosare fppMiadh i shefiehyindiCeRar apedyby yi-eher ence,

di scl oses an arrangenent for manufacturing goods, such as conpact discs, by
|nject|on moH&insg, qﬂﬁﬂﬁ%hr&Pa.@er?i%%re¥n1®§§?@hlhnlHYﬁgCﬁhéhlnéakﬁéludlng

ol ders 25, hhat sunnart Rk piates. (7he RlgoRhal es i, adiustah) e

mﬁt respect betme |rst position, t he nol di ng
pl at es defi ndcmgadoty,thent efﬁlhmcu:hntratpemob.icﬂmn npéctser.bkbypbhgstm:e@tel on

mol di ng VTN_ﬁens cué%es
In this prior art approach, complementary sets of
front and back curves are used in the production of
15 hydrogel contact lenses by molding a reaction mixture
wherein the mixture is ©preferably dissolved in a
non-agueous, water-displaceable solvent. After a dosing
step in which the front curves are substantially filled
with the reaction mixture, the concave front curves are
20 covered with the back curves in a manner in which no air
bubbles are trapped beneath the back curves. Back
curves are placed on the polymerizable mixture in the
front curves as individual units; therefore, prior to
this step, the back curves are separated from their
25 frames by breaking or cutting. The back curves are
preferably held by a mechanical device while they are
separated from the frame which thereafter places the

back curves on the front curves. The reaction mixture
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machi ne during operation, so that the particular nol ded good is forned, and
a second position, in which the nolding plates have been noved sone

di stance apart, while the formed good is being renoved. On each side of 5
the injection nolding machine, transport devices are provided which nove
the hol der and nol ding plates froma position |ocated at sone di stance from
the injection nolding machine to a position suitable for cooperation with
the injection nolding machine. The transport 1o devices and the hol ders are
det achably coupled. It is also disclosed4that a hol der may be provided with
a new nol ding plate at sone di stance fromthe machine while the machine is
i n operation. For exchanging the nolding plates and holders, it is only
necessary to idi st geukhethedhabderonstippontsi mnhadebyrol di pglphatezesed so
far, and to nove the new hql der and nol djng plate into position. This type

of exchange & %ol dFFGIPIPELEER pFoINde CFIEC a Vit san@ si RpFEavePesiti ng

while mnim @é@ﬁ.éﬂ%ﬂowifﬁeﬁéb%hﬁrb@héét hOBoTREING rOPE At §98pe 7@ £Ther €
is aneed in the art to inprove the nolds and nolding technol ogy for naking
opht hal mi ¢ déhecedespaeti chiydroge¥ ol egypht hal A e tleiihees Pl ymenarp tdoock

keepi ng units _(SKUs).. Th "sto Kk [ nits' refer different
devg%es, e.gpég%%égeﬁﬁ %?%é%%%%&’Zgﬁﬁo?%gxg%ﬁgeéikﬁl%c?réeég grﬁgggng

di fferent powesad,leahddemoTyihgoer & ypridadl yaxisawialgiesheactorodtd nakhen of
whi ch woul d represent a different SKU, each SKU bei ng manuf act ured using
different noflds d&hea ditonér eqUIVeEn- 4340M - WRL1CH | &ht at FonSBPSEABERELYS or

different reagldpiedBdt UrBgp Wi diie fmdAs. adMERY i JEE éi}%/E%}eg\' >

This invention provides anold and a_ nol ding system conprising
conpri sing actiaest Yl dupbdf @hi Shn@deks conteesj uddmison wi thftesecthe nol d

hal f, for form %th .M._C Vi ei i d.fi |.d f ri ses
at V@ast oneg%ﬁgﬁbea4%?%%%sg?te8§%%%€?éingjﬁ% ?Hgé%%élggﬁ fQ?%P%égggid
opht hal m ¢ desitdesvatBr soplrddare ke hysied tieol deke .opht hal m ¢ devi ces;

however, this nmold is preferably ed jn an ayt in chi ne, nore

preferably in an i njsecltoEiadh ﬁ&?'di%;?%cme.anfﬁivgg%g/gﬁﬁlﬁﬂ ?gsgfﬂﬁﬁr ably

used to mkerﬂe@@l%opuéfe&a\k*ihgh Hpd RSl NcbHERACHS et STBKE GRINAGIg | gnses.
es a vertical injection nolding machine

This invention further g(OVl ' ]
conpri si ng amadlediagr efeigbl yhadvibfgrat Prégserdaedcakdet tis i@ wheeltt he

macfy ne Ca”n%‘éirct‘&'aﬂ%a”%ﬁc‘}%gs'ﬂ'rﬁceﬁa' fwiRhiANOt PE(saBRE tRoEQsmaChine is

capabl e of ki ng opht hal m c devi ces.
Crosslinking of the ©polymer is by UV radiation;

therefore, the mold consists of a UV-permeable material,
such as quartz, or polymeric materials. One or more
contact lenses can be molded in each mold tool.

20 U.5. Pat. No. 5,451,155 to Kok et al., the entire
disclosure of which is hereby incorporated by reference,
discloses an arrangement for manufacturing goods, such
as compact discs, by injection molding, providing a
vertical injection molding machine including two holders

25 that support mold plates. The mold plates are
adjustable with respect to each other between a first
position, in which the molding plates define a cavity,

into which material is injected by the injection molding

VIN-424



This invention further provides a nold in which two different optical

qual ity ophthal m c devices are made ipn a single nold. The nolds and nol di ng
system conprising a nold of 25 this invention nmake it possible to quickly
change the optical characteristics of the ophthal m c devices, which are
produced using the nolds of this invention. The nol ds conprising one or
nore cassettes nake it possible VIN-424 to qui ckly change the cassettes)
thereby nmaking it possible to efficiently make ophthal m ¢ devices with many
stock keeping units (SKUs) using one or @ small nunber of nold hal ves
conpri sing changeabl e cassettes. 5 These nolds are particularly suited for
directly or indirectly producing contact |enses having nmany spheri cal
powers, aspheifdcaingosersngr opekrhitfioaal spowarst #Aceopdingbylart nslded
primary object of the present 1o jnvention to provide an inproved nold and
mol di ng syst HRADnPi s?ﬂﬁmﬁdmlad’%oﬁpr?%‘??fbdapﬂsﬂsttl%l d*RalThird atR&cond

mol d hal f Vm‘?r(cﬂci‘ir%‘i difddest mRhe hBLEnCapprd §eSse | @S A& Changeabl e
cassette conmprising mil'tiple inserts for form ng ophthal mc devices. The
first nold 15Hiald timel féremadcored nbs dobaihd wewoudfiust Qbl eawht Isidspett to

each ot her between a fir.st position, in which the mold halyves, forma_nold
cavih% y into l'fech Il mc?%ﬁlloﬁ h%‘%c%lé%%’ in f%n u%%%t so&/eavsl O formm
mol ded opht had 6 €l dieyiwiesch atslva SieeondlPosi Ah@nmollaingi phathe Z& ! d
hal ves have been npved sone di stance apart preferably while neans are
provi ded for RHOVERYy tRETSIAdedt optitfal RS taeFcc e TN b ddilFEhE L OF t he

i nvention PrQchiPc?ﬁu% fRLdihal f LoMPLLek RYoANE DI BN E EHRANGRRDIE LagsRt t es
having 25 inserts that are cooled indirectly; thereby making it easier to
renove and i migrlchariye tivg acdsiset t efes)dindnomeahigrebodi néite oft namespowent i on

I mpypves the yemoval 9f 4t REHAL PN P HLE ARYET§S JupTdde Myl YIN-424
also disclosed that a holder may be provided with a new
molding plate at some distance from the machine while
the machine is in operation. For exchanging the molding
plates and holders, it is only necessary to discharge

15 the holder supporting the molding plate used so far, and
to move the new holder and molding plate into position.
This type of exchange of molding plates provides for a
guick and simple retooling while minimizing the downtime
of the injection molding operation.

20 There is a need in the art to improve the molds and
molding technology for making ophthalmic devices,
particularly for ophthalmic devices with many stock
keeping units (SKUs). The term “stock keeping units”
refers to different devices, e.g. different products.

25 For example, contact lenses having different powers,
and/or cylinders and/or axis values each combination of
which would represent a different SKU, each SKU being

manufactured wusing different molds or a different
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_ g _ by providing an air ejection system In contrast to prior art which
used ejector pins, air ejection does not distort the ophthal mc device and
for the preferred enbodi nent can be done while the nolded ophthalmc 5
devices are at a higher tenperature. Another enbodi nent of the invention
provi des a nold and nol di ng system conprising a nold designed such that
either one or nore of the cassettes) and/or the nold half or hal ves
conprising the cassettes) can be changed 10 to provide for a different
opht hal mi ¢ device or devices, that is,-dbfferent SKUs. In the preferred
application, the ophthal mc devices fornmed using the nold are front curves
and back curves used to nmake contact |enses. The front curves and back
curves are pboefienahlty omdldedtha mollds " bamdiyf frerkedt ardaangerentixwhireB neans
that both nold hal ves of the nold include conplenentary inserts for formng
both front cHF&Q%naﬁgebﬁ@Qdéurves (convex protrusions and concave

i ndentations). One nold half preferably conprises a cassette having inserts
for front z0O curves, and another cassette having inserts for back curves.

In this enbodi nent, only one SBMARYCF HEJINVENTEIO¥hanged t o change the
frogt curves and Qgck curvezp or one.%%ssett% on tQF nnlqigalf cantbe
changed to change tehef 'ERe HPoRE darVEs 2 SPlﬁﬁc cUr VES oY 3€at58 by
the nold. Chasgiprgsang n®l ehohal fcompehangyng t hersasseille Wallle changs the

front curves and/or back curves and will result in the production of |enses
of differentVBRES pPodeeddnGSing AL Porfte QR & 1hd dafc kE tir YREMIYIN- 424

_ g _ This appaRggimAat | sqppssedl eynecanse 9gty onsg sy fage)af thg)front
and back curves has an optically critical side whereas the other side is

not optical | gowpikibseal .aThdeasitf ehe cptangdablerrepeartsi degmpfishagl ens
curves 5 are,for t eab] . Si he d h

op€¥cal charé&?gg?gt?%ghg?”%ﬁgﬁgéﬁghgu§€%§§%%ﬁlgeg§ g%a%d W %%t%g gnging
bot h si des otahheamhdedAnat heskaspetithaflntike dewiends onhiosietve rpr ovhde an

i njection nol ding, device or machine that is vertically 1o disposed to form

opht hal i ¢ d%&?iégé,s Preferably Usefy théhmAtF W2 tes MR ibachanene

mol di ng systgayaf Jildise ddnignt i PNan Varljieeali o eeid iy "ehehRgeMCchiRes
require less floor space than horizontal injection nolding machines.
Further, a veRveghlionplid myredciiney | §sedsiter make oledabicwe e hwhi fbr

mordi ng machiEe o CRER abePoset Mk P P HE e e Rar voe whi ch moves o
vertically when nBhdlsng tamebtionvedfhotheont aptyvines ransportentans]l and
replaced by fh?gg%ggkdn%ihggd1machine comprising a mold, preferably
having at least one cassette, in which the machine can
quickly change one mold half for another, and the
20 machine is capable of making ophthalmic devices.
This invention further provides a mold in which two
different optical quality ophthalmic devices are made in
a single mold.
The molds and molding system comprising a mold of
25 this invention make it possible to quickly change the
optical characteristics of the ophthalmic devices, which
are produced using the molds of this invention. The

molds comprising one or more cassettes make it possible
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20 the vertical injection nolding machine sinply and with very little down
time, making nol ding nore econom cal and efficient. Another object is
provi de an inproved nold for nmaking front curves and back curves having the

sane wall 25 thicknesses for the front curve and back curve.

VTN- 424

to

- 10

BRI EF DESCRI PTI ON OF THE DRAWNGS I n the drawi ngs, wherein |ike reference
views: 5 FIG 1

nuneral s delineate simlar elenents throughout the several
is a side elevational view of a front curve and back curve

assenbly,

whi ch

includes a front curve, and back curve- FIG& 2 is a top view of a first
nmold half. 10 FIG 3 is a cross-sectional view of the first nold half shown
in FIG 2 taken along the line 3-3 shown in FIG 2. 15 FIG 4 is a
cross-secti oral yuewkely achHBhdeSheve idaddea epen p@&b&bb@ hbringl dit
consists of the same first nold half shown in FIG .3 and a second nold
hal f, FIG 5PCSSdNH8 ditRy Syst ety hitdksvORDESARLIFG cofiprisPAg WitBrti cal
i nj ect i on ToLflify) FBEEKNG ity Sub WENLisKYsINCLd ST ehangeable gpbd)
hal ves. FI G I's an enlarged portion of a vertical  injection nolding
machi ne of tnmwhemvenﬁlmul@hbaﬂmgstn@m251sgbgtcaﬁmgeﬁb@e'ﬁasﬁatu@m pl an
V|eg of each %s%hemggggonents of .one nppdlnente%f a o giggcgystem(ﬁ

this |nvent|

are partlcu sult
indirectly producing contact lenses having many
spherical ©powers, aspherical powers or multifocal

powers.

Accordingly, it is a primary object of the present

10

15

20

25

VIN-424

invention to provide an improved mold and molding system
comprising a mold comprising a first mold half and a
second mold half wherein said first mold half comprises
at least one changeable cassette comprising multiple
inserts for forming ophthalmic devices. The first mold
half and the second mold half are adjustable with
respect to each other between a first position, in which
the mold halves form a mold cavity into which a material
can oxr has been introduced so as to form molded
ophthalmic devices, and a second position, in which the
mold halves have Dbeen moved some distance apart
preferably while means are provided for removing the
molded ophthalmic devices.

One embodiment of the invention provides a mold
half comprising one or more changeable cassettes having
inserts that are cooled indirectly; thereby making it
easier to remove and interchange the cassette(s).

Another embodiment of the invention improves the

removal of the molded ophthalmic devices from the mold



VTN- 424 - 11 FIG 8 is atop plan view of each of the conponents of a
second enbodi nent of a nolding system of .this invention. 5 DETAILED
DESCRI PTI ON OF THE PRESENTLY PREFERRED EMBODI MENT The nol ds and nol di ng
system conprising nolds of this invention can be used to nmake ophthal mc
devi ces, such as, contact |enses, interocul ar |enses, other types to of

| enses, and plastic nolded parts, e.g., lens curves used for making contact
| enses. The preferred use for the nolds and nol di ng system conpri sing nol ds
is to make contact |enses, or plastic nofded parts for ophthal mic devices,
nore preferably plastic nolded parts for making 15 contact |enses, nost
preferably |l ens curves. The nolds and nol di ng system conprising nolds wll
be descri bedblorpidei Piwg eaheds enbedicdibn hoyeveni, this idoveiasan ke not
limted to the enbodi nent, described and can be nodified and used to nmake

ot her opht haPKi-@Tdé¥itc&dii PoMSAS SISFHE, RIFE Mol idF afilf Tot ot ngee§shem
compri si ng makds ook tBhs | gyentd o v L ahanoeall e capl defal vos. 20dken
changeabl e cassettes can be used to nold contact | enses by nethod

descri bed i nembedpment arcep sheh denén twhElePathe5 mM8RJIAG0 amhltld‘m@@m2497
i ncqr porat ed jher.ein b¥ﬁ25 ref% E 19 nak t he contact |enses, the nold

hal ves can bge5|$§FI9 |nge aﬁgthP fHS€ references. In the
preferred enbodi nanbthlae mlbd)daménl‘tmb(fl rt@eswaimmumrpﬁwtgdémlaimb&dused
to forn1"|ens curves", VIN- 424 - 12 i.e. "front curves" and "back

curves”. In BRE POLGHTE (SYSHRM cepmREising af pghe AgsigaeshFusikthatves
have been regﬁgmq t&lésognlrrgr%eorofmltﬂeh%avses%tft@ dekbng,/eentagd henges.

The terns and "nol d hal ves”
half or halves comprlslng the cassette( ) can be changed
10 to provide for a different ophthalmic device or devices,

that is, different SKUs. In the preferred application,
the ophthalmic devices formed using the mold are front
curves and back curves used to make contact lenses. The
front curves and back curves are preferably molded in a
15 "family mold" arrangement, which means that both mold
halves of the mold include complementary inserts for
forming both front curves and back curves (convex
protrusions and concave indentations). One mold half
preferably comprises a cassette having inserts for front
20 curves, and another cassette having inserts for back
curves. In this embodiment, only one mold half needs to
be changed to change the front curves and back curves,
or one cassette on the mold half can be changed to
change either the front curves, or back curves provided
25 by the mold. Changing one mold half or changing the
cassette will change the front curves and/or back curves
and will result in the production of lenses of different

SKUs produced using the front curves and back curves.
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5 used herein to describe the |l ens curves although the I ens curves are used
for nol ding contact | enses. The terns "nold" .and "nold halves” will be used
to describe the nold and the nold half used to formthe ophthal m c devices
(e. g. lens curves). 10 FIG 1 shows the preferred | ens curve assenbly 110,
t he individual pieces are made using the nold and nol di ng system conpri sing
nol ds of this invention. The nold and nol di ng system conprising nolds wll
be descri bed bel ow. The I ens curve assenbly 110 consists 15 of a front
curve 112 and back curve 114 which defi-nés~-an opening 113 in which a
contact lens reaction mxture is polynerized or crosslinked to forma
contact lens. The front curve |12 and back curve 114 consist of a plastic
material, prefierabbyrpabystytens, podyiBoPpyl Beeauzd eyalyooded i Bsr fakce he

i ke, and are made within the first and second nold halves of this

i nvention (dé&stcribediBorswrndhreder abryves &3S fifecdPohcabl ¥i A§ifdShilne.

The front curdiqidighandabacke cuiner114.are Siqgd dfpdoodhopecdi pelased and
used in the prior art to ma e contact 25 |l enses exanpl e, escrlbed
in US. Pat. THus,5, JSﬂStI%Gthmkbprraztetdld:ml esndégl méf‘ehenﬂ:ensTharﬁrmnt

curve 112 has a central cur ctlon th an optical, quality concav
surface 119 Wit hg B 8%|§Eﬁa§ gng?ﬂp£%4ca5§é% <ﬁ%Qﬁn%# %?c@ﬁﬁgrentla
defined edge thlb 6gswaaung:riawc€c@rxqwtqc§h@f ceneavesrssir bageetl%das plhe

di mensi ons, preferably the power of the front surface of a contact lens to

be produced iGhatged é’ﬁst%%terﬁﬂ%ﬁgllm B the fdesntofc dhee Medsl-a preferred

t hi ckness between ). 2 Qﬁ P gy ppst B%%%gﬁ@%|¥u§h@o | ckness 1.3 about
0.6 mm The back curve BsCa central curved section W th an optlcal

qual ity convexjatfiage mQBdlﬂ@edbacbel&ncumaehiﬂd hastthesdwaenscadiyof t he
bach)surface f a Lo tg ens tohgﬁlaroduc t he g§ E@ﬁfnbl% 110, and
e.g - for a tSHi%PIEE §&F i hETt RECYEAdér %mk esTh@ﬁ? We'T1#8%as a
preferred thl&i@&ﬁ@ld)eéﬂvemlé) Znveneieh 1i0) ehHE HO5dimGespsabhyoEhehis

t hi ckness is about 15 0.6 nmm It _is preferred that the front curve and the
back curve have§Hd Fane VRFERAESs ITPRETACHNMAUFIG MECHRE HasRIBGEPe 114
each conpri sg annul r #a” §c?115th§1§'d L8P$ Aﬂ“g aPhi g, é&&bﬂt e%g'dlwth and
proj ect from one si anges 115. Tﬁ ront c rve 112 and zo “back
curve Z14 ar @mmmawﬁ’tgr@mle, vaasWé:ge'sca_l_leQ\hﬂmm sonel i mesifopmsdert he
gate or injection t t| i C sup Les ther tlc n the
pré%erred en%bdlﬁ%%g R%éyan1gluse ?%ePornfihe fP6 gBB rve 112'%hd back
curve 114. Zahﬁﬁheﬂnnaﬂmaﬂmm@& t @ ft hehfer oRtereteue amdjbackoﬁurmeldﬁn@hls

i nvention over rior art front curves and back curves as di sed in
U.S. Pat. e 358, PR e 47 BHUCHFOrPY nt}Pﬁe“\?’c]rFiurPea]o‘fe?)I‘é( & used
to moves vertically when molding can be moved horizontally

by transport means, and replaced by a new mold half in
20 the vertical injection molding machine simply and with
very 1little down time, making molding more economical
and efficient.
Another object is to provide an improved mold for
making front curves and back curves having the same wall

25 thicknesses for the front curve and back curve.
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VTN- 424 - 14 formthe front curve and back curve. The reduction in

mat eri al was achi eved by reducing the size of the tabs 117, and the fl anges
115. Al'so, preferably the thickness of the front curve and back curve is
small 5i.e., less than 0.8 mm and the same for both |l ens curves. Further,
the preferred front curve and back curve of this invention do not have an
area across fromthe injection hot tip for collecting a small slug of cold
t hernopl astic which may format the injection hot 10 tip. The preferred
tabs have a flat rounded-triangl e shape Wthout a step to break up the flow
of the polymer into the nold. The wei ght of thernoplastic used to formthe
front curve or back curve is preferably less than 0.5 gm nore preferably

|l ess than 0.4 gm and nost 1BRIEST DESCRIPIEON OFalHE. BREWINESe nost

preferred weight represents a reductiqn of about 25 a as conpared tq the
prior art front cutWVe §nd§5%‘6kn%ﬁ'rvé‘§’.erl9rlé)f e?é%?y R e AR né’élm\%aé’rﬁ of

the front curye aiwhhackicirae dfendsss thadbddnblmte HhexRast £d1y e py.
reduci ng the weight zo and volune of the thernoplastic naterial injected to
make the | ens curves, by decreasing the thickness of the part and the size
of the tab, a redustd om ipsthe QB! ealeaualdiy ofs e ronk aRd hagk our ves
did not result. InTact there was an’inprovenent in the qual'rty of ‘the 25
front curves amdl back curwes awsmiilheg pwhbdch athcliudes aur Fesnandubaek
curves having a_larger weight and vol une of thernoplastic material and nade
havi ng st eps,2hdPBhet it di ng features to inprove the part quality.

VTN- 424 - 15 Further and al so unexpectedly, |enses nmade using the front
curves and back curves having the sane part thickness, e.g. about 0.6 mm
produced | enses haWiGg 3 nict ensteab |wireyw quiala thi ngti ate bdlad Inot  be pr edi ct ed
by ﬁjthe prior art. Prior to this invention, it was believed that the back
curve had to have a smaller thickness than the front curve to provide high
quality |l enses. TheLdr 0Bt isubvesoasd skatk ocalvedesf dfhitshe neénttomaodrde

preferably d si ng i nprov | ds and injection 1a nolding chi nes,
whi ch will g§”§E§C§?%%HnEE|5§%'$ﬁ% taken aféng tge alne ﬁtils own 1n
FIG. 2.

15 FIG. 4 is a cross-sectional view of a mold shown in
the open position; the mold consists of the same first

mold half shown in FIG. 3 and a second mold half.

FIG. 5 1is a molding system of this invention
20 comprising a vertical injection molding machine of this

invention and interchangeable mold halves.
FIG. 6 1s an enlarged portion of a vertical
injection molding machine of this invention showing the

25 robot arm.

FIG. 7 is a top plan view of each of the components

of one embodiment of a molding system of this invention.
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i nprovenents will be described herein; aspects of the nold or nolding
process not described herein are as described in U S. Pat. No. 5, 545, 366,
and U. S. Pat. No. 5,451,155, incorporated herein by reference, or 15

ot herwi se known to a person of ordinary skill in the art. FIG 2 shows a
top view of a first nold half 20 used for nolding front curves 112 and back
curves 114 in a single nold. (The preferred nold conprising the first zo
nold half 20 and a second nold half 440 is shown in FIG 4.) The first nold
hal f 20 preferably has two cassettes 2%, 122-renovably attached to a nol ding
base 23. Depending on the injection nolding to be done, there can be one or
a plurality of cassettes renovably attached to 25 the nol di ng base 23.
Preferably there areciwep 05 &heep passetlies, offioskchr efetakl ydnporeasset tes.
FIG 2 shows that the cassettes 21, 22 are renovably attached to the

mol di ng base 28 1 SREo8dsi #pbadérsnt bl sér ehglddnBersXaReBm2PL thie
cassette. The{§$€£@ ofhanging the cassettes on the nolding base 23 is a

si npl e and fast ﬁ Alternatively, the cassettes can be attached to the
nol di ng base 23 by any neans, e.g. brackets braces, 5 bolts, quick-clanps,
and gnetism however, pref-r.&l ) i or sinple and fast
renoval of the cassettes) fr oF B : assette preferably
has inserted therein a pl urREsENTfY lpmﬂmm.mﬁﬁnmmh-sr ecei ves the
thernoplastic material for I0 Tormng the ITens curves. The inserts 24, 25
are preferably indihe doaldy rendyawleingont ¥ Hieelt assBPre s nRoVRILAS tHe
cassette and {nper{g,CaP;BE Ganl Hgoys bl desiaigd oPheAsTARLY aetAths
cassette conprises twenty Tnserts, nore preferably Tour to terd
inserts. 15 T&mcmnsertsonsmﬁetnensesefentedotolas pewsesi neehes reypde

constructed of _a mat eri al ch can b de with an optical finish, such
g O R PRa ML el T A AR Lty SR A £ PR L B

al | oyed ”BrtQDéSédii Eost eflkin QI tesmddvel ¥ns@ad pamd cuafd yrd@rukhe @y
enbodi ment in which the nol nmprising the inserts makes contact |enses
directly, thehesepids c%trmdclc%tﬂtee amaterz ceBPahf €8y BPLE8I jAefioc make
materials, sycly,@g,: p@%xgegbow e‘?Jr ?&/fé O%%laas’pa‘lfﬂsystféffeng; thalmic
polypropylene or poly(acryfonitr In the preferred cassette
21 hol ds fromevciras imsestgrefefaply ophingi¢whehdpdoperky featethaliirty t he
second nol d hal f 440) the front curve 112 cassette 22 hal.ds Ahe back
Cur Vo i nser t CHAGT TRy UrREagporerapld SRS TRES TR,

and molding system comprising molds will ke described

for the preferred embodiment; however, this invention is

not 1limited to the embodiment described and can be

modified and used to make other ophthalmic devices. For

20 example, the mold and molding system comprising molds of

this invention with changeable mold halves and/or

changeable cassettes can be used to mold contact lenses

by methods described in the prior art, such as in U.S.

Pat. 5,782,460 and WO0/98/42497 incorporated herein by

25 reference. To make the contact lenses, the mold halves
can be pivotly hinged as taught in those references.

In the preferred embodiment the mold and molding

system comprising molds 1is used to form “lens curves”,
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- 17 (when properly mated with the second nold half 440) the back curve
114. The second nold half 440, shown in FIG 4, has inserts which are
conplementary to the inserts 24, 25 in the first nold half 20 for form ng
the front 5 curves 112 and back curves 114, respectively. The first nold
hal f 20 and second nold half 440 are parts of a famly nold, which neans
that nore than one type of part is nade in a single nold consisting of a
first nmold half 20 and a second nold half 440. Before this invention, to it
woul d be unexpected that optical quali-tygy2parts could be nmade in a famly
nol d. The cassettes preferably conprise netal, such as stainless steel,
tool steel, high hardness nachinabl e alloys; however, for an alternative
enmbodi ment, 15cpobypBhtCcRVEEIaLSdCARaBR bsedeto Malke the GAsset tet Most
preferably nickel-plated tool steel is used to nake the cassette. The netal
of the casselemsisupvefer abky AECh&nicezivey Bodebaglt cug viesr haofrerberfs to
receive the jn ts.a at he nnel e s _for. the zo cooling
wat er and ai Fe% ‘rég‘(g:?i %g)d a}shn I?‘r%gggdgga?qoqb%glkga S\?ea#hgg%(alsnggtlpgs cporne aecr%lbl y
wei gh | ess thansd2.poamds.tekes pPrdird arindotmb hal Nesveypi ealllly neai ghed

bet ween 100 and 150 pounds, requiring a hoist when it was_tine to change
oneSor nore ¥BPE MRS i ACarfe T etRT ool Ry SHIN&Ehi Rethanala Hi%i num
of thirty mpyhes &&v@éan&?etU%e@'%ﬂ‘%&ldir@gcg%rt%%ﬁ:’ idigscassetfgs of
this invention are |ight enough for an operator to handle, and can be
renoved frontarmsl dmhalbf’ amd chemigedhdredhotiver RANu424 to dkscrissette
in less than m_nut.es re preferahly | ess than.4_ m putes St, .
preferably |%§§ FﬁgﬁifQ#Tkl%s&oﬁﬁ ﬁ%¥pﬁ§%%r%ﬁ EO %dF%&nﬁpﬁ e?% SSette
or cassettesdeepcesene.a.pbehsosudieshe thermal mass of a mold half, 5

preferably the cassette or cassettes on a nold half are | ess than 90 % of
théltotal mass of Ftfe FufP§PWsssBROPEGIRBFECNARRS FHF¥CpPAESETEY 1¥ESs t han

70 % and nogteprefglabhyal essitban 590-90 afaddhe doty) mass ofoitde !y
assenbled nold half. In the preferred enbodi ment, each 10 cassette

represents 200¥lohgt Bestemalcompss sdhnat e lids 1of agsesrbirdenbidnhal fThe 1 G 3
shows the cr -sect.i,on of, {. fi | d . Sho I G t,ak al ong
R05oaH "y A LRl gP) RO harn kLS ke

l i ne 3-3 shown ows thé ffon nserts 24, and the
described below. The lens curve assembly 110 consists
15 of a front curve 112 and back curve 114 which defines an

opening 113 in which a contact lens reaction mixture is
polymerized or crosslinked to form a contact lens. The
front curve 112 and back curve 114 consist of a plastic
material, preferably polystyrene, polypropylene,
20 cycloolefins, or the like, and are made within the first
and second mold halves of this invention (described
below), preferably in an injection molding machine. The
front curve 112 and back curve 114 are similar to those
disclosed and used in the prior art to make contact
25 lenses, for example, as described in U.S. Pat. No.
5,545,366, incorporated herein by reference,. The front
curve 112 has a central curved section with an optical

quality concave surface 119 which preferably has a
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15 back curve inserts 25 in cassettes 21, 22 respectively. FIG 4 shows the
cross-section of the first nold half 20 and a cross-section of the

conpl ementary second nold half 440 which together make the nold 475. FIG 4
shows the nold consisting of the first nold half 20 and the second nold
hal f 440 in the open position. Were the first nold half 20 has inserts 24
havi ng convex nol di ng surfaces, the second nold half 440 has inserts 441
havi ng concave nol di ng surfaces. Were the first nold half 20 has inserts
25 havi ng concave nol ding surf aces, 25 Yhe second nold half 440 has
inserts 492 having convex nol ding surfaces. The preferred arrangenent is to
put the inserts formng the optically critical surfaces 119 of the front
curve 112, (seedkilgur e ch)rcamd/earen¥iN1424efine® oduef er bl yerbehdihe
optically critical surfaces 118 of the back cury& 114 (see Figure 1) into

t he one or pItEPreé‘ﬁatrﬁun&f' cassett®s WRPCRVEre PAFtac? tﬂewsanﬁ‘aﬁo! dthal f,
preferably tRQefdns3lon®l ¢ haleh 220y Ithd RRwe PIEf aidede mde, st Peabosgkts for

the back curves are in one cassette and the inserts for the front curves
are in a separatanicasetans itothe prpducadl dnhahe. 1Eves ssoombhpl d1Ral f 440
can .conpri se_changeahl e _cassettes, conprjsi i.nserts for. criti and/ or
nonf0 criti cgﬁesﬁ% élcl:%esc,urv\ﬁ C asaraje pslferrp J‘i/reacpnéig"lquluc;Skcniﬁsys r]%erﬁ)"‘\'/%% egf ofi't he

second nol d haldf ;1 Jowarer mokh tdie farreftary echarodei ckhessecencysl bakf 440
does not conprise cassettes. Instead, the second nold half preferably
conprises a Pfate, frame, or simlar support 15 that holds the inserts that

formthe non-optigald yb&ijctic‘{ﬁlvesuiiﬁc%spf al Nedmont eurves aggée;on .
(preferably and) the back curves. The inserts 441, 442 preferably fit into
the plate, fwambd, ar oppporl anwdldrty indivéxuabkyarenoMdbl e fitem bheksecond

mol.d hal f; ' ~o_however he.inserts may be contigyous w.th.the plate,

frad , or suﬁBgyf ﬁﬁ'degféegb%|1%WﬁP?ﬁ% %r?gdteﬁbgﬁyﬁﬁn??rFﬁgeff) t%curve

inserts 441 aptitiake hbeks cuovérd nsesdiscdd2oef tHHe SenendsmrintblRal 11440 are

inserted into g plate 443. The plate 25 4%?,%17& erablill conprises a netal of
tfett b

the types de@Bfi e abbve folFofRE & ch’faSYbeBASBoRAY DUt to the
substanti al | ynexaglxdicBRe ANy ¢ad he %ﬁ:ﬁe&‘k%iéb&?essT@e@w@éﬁ 443 is

nmounted onto the hot runner base 444.

mm and 1.0 mm; most preferably the thickness 1is about

15 0.6 mm. It is preferred that the front curve and the
back curve have the same thickness. The front curve 112
and back curve 114 each comprise annular flanges 115,
and tabs 117 which are integral with and project from
one side of the flanges 115. The front curve 112 and

20 back curve 114 are shown having gate vestiges 121 which
sometimes form at the gate or injection hot tip, which
supplies molten thermoplastic in the preferred
embodiment to the mold used to form the front curve 112
and back curve 114.

25 The improvements to the front curve and back curve
of this invention over prior art front curves and back

curves, e.g. as disclosed in U.S. Pat. No. 5,545,366,

include a reduction in the volume of plastic used to
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- 20 The plate 443 and hot runner base 449 have extrusion parts (not
shown) for the introduction of nolten thernoplastic nmaterial into the
closed nold for formng the front curves and the back curves, simlar to
those 5 disclosed and described in the prior art. See e.g., U S Pat. No.
5,545, 366, earlier incorporated herein by reference. In the preferred node,
the second nold half 440 is preferably nmounted into an injection nolding
machine, and is only occasionally renoved for service or 1o insert

repl acenent due to wear or danage, becauske +the inserts formthe
non-critical surfaces of the lens curves. At that time the plate 443 can be
renoved fromthe hot runner base 444 and the inserts 441, 442 can be

repl aced or thenenind ef pbiat ecd43canchd NI Scédle . 442nk5 reandig drephaced.
Such mai ntenance will typically require that the injection nolding machine
stop produci Agtepheralwit debiewesdfs by dreslicdmna Hdie f fiteerfnitha esabghe
inserts 441, 2 in.the on ha 440 Z re c irc ting
wat er whi ch éﬁQVe|§”Fg agﬁgui?l%ﬁég?hrgéah theggﬁg?e zﬁgﬁgﬁgxgﬁéunghghe
smal | er di amehekckperstsi ovs 442 of réhe icngekt sarddllbadd2. c>veé Nn@s 450abii nt ai n
the water seal around the inserts 441, 442, (Note that the detail_ shown for

1 of the 4 iAsErts dRS95 TR sdcdnd™hol #Nal FRE4053RT t £i9ts PetA11lene

inserts 441, -44gcsAddi thonaldy, the %ﬁteaiérr%w“@rwﬁ kplvd hend ipsekts on
the first nold half 20 pertains to all the inserts 24, 25, except that the

detai|l for imgeves &5 tnis/Thedeation @9 nehsbaveeap? dresa annayr frege of
Lhe detal f Shel Ne D3P0 Bl N GASSRLL S8 cds e ML DT EhEIADLY 1) OV

in a single Circurt rough 43, conta e inseris 441,
442 in each ebleuithe Begause: tdewbiphameay44ddans aot thét dmjeerdved ficom t he

i njection nolding machine, direct water cooling of the inserts |s
préferred, aFtRough®Pf dORiscti%estrREeM®%ept ademint ToOY 4" 1329 fol d

hal f 20 whi chhggkl Weshle GasIlY &% Fhead? JP thMedw OlinW pBLHaglsm
Instead |0 of water directly contacting the inserts 24, 25 which would
necessit at e water tdeamsldconditiec ated grdnd 51 Bie i ramovausadd to form

TS S hangeaShl Ur gl COSFSRL S LS oRLA0 O Lieehpasiis b 2oy L1
0.5 gm, more preferably less than 0.4 gm, and most
15 preferably less than 0.3 gm. The most preferred weight
represents a reduction of about 25 % as compared to the
prior art front curves and back curves. Preferably the
combined weight of the front curve and back curve is
less than 0.7 gm. Unexpectedly, by reducing the weight
20 and volume of the thermoplastic material injected to
make the lens curves, by decreasing the thickness of the
part and the size of the tab, a reduction in the optical
quality of the front and back curves did not result. In
fact there was an improvement in the quality of the
25 front curves and back curves over the prior art front
curves and back curves having a larger weight and wvolume

of thermoplastic material and made having steps, and

other molding features to improve the part quality.
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15 transfer blocks 335 are preferably located in the nolding base 23. The
heat transfer bl ocks 335 directly contact the inserts 24, 25 when the
cassettes 21, 22 are nounted onto or are otherw se attached to the nol ding
base 23. The heat transfer bl ocks 335 preferably are zO made of copper,
copper chrom um copper zinc, brass, nickel-coated brass, or simlar high
heat conductive materials. Steel is also a possible choice, but not
necessarily preferred. To inprove the heat transfer to the nol ded parts,

whi ch need to be cooled, it -is also 25 preferred to machine the insert from
t he enunerated high heat conductive materials. The heat transfer bl ock
contacts and preferably is partially formed around a water pipe 331 through
whi ch cool i ngusatRlr | snaUNPESL VilNekgéctedlds PeREBEARIANd NuaisigNgtge
circuit back and forth through the nol ding base 23 containing al'l the heat
transfer bl odkerd35cuaMesr nafidyelbpckt heuwaesr bﬁﬁénandthgol$ﬁ©eblﬁék§ can
be formed fr i ngl e pi ce t al t p C the

cool i ng b|00%%P%§§Q%%IChQC %%éﬂ?n§erts ﬂ,é%?éq%§Qh?§nwa% Q?V *tHe

inserts 24, 2Ancie@seadl Bshs nduaeﬁtyywhychhmdwﬂcernoPr ekeratdyi dthed hpgt
pi pes 331 contaln distilled mater which is filled under a vacuum
Al t érnati vel yheotHéRr fditrectP T itRy Thetholdsvent iy bkt Uy Pel88Rdt he

inserts, e.9g.+paSehid 1Al RIRR Wdd & H’!Jémé“ Jﬁé)Piéflgtﬁi&?‘ne o coppect ed

to a cooled mass, a heat pipe contalining a or refrigerant,
wi t hout cool ithg fhirpst EM@NeSt@n@r@vsH@wmnbé aualeﬁecﬂeonesysten1for the 15

renoval of the fr ack gurves fr he first I hal f 20, ., and the
second mol d hal f %EG r@bn 2515 1o ?he u%e Fvgjeégp i TREEhECBr i or

art, air ej e@trieorpmmran@ly dmati@rtustlh@ | efsr Susy efoadd GaRl bengloseivhil e
the Il ens curves are at a higher tenperature. The air _z0 ejection and
decPeased na@@#ﬁép%rﬁ%¢E94?%thE&F es'idd BacldesanidedaResoVt podBPbl e to

mol d the froRpGURLEenRRd PACK U VESsEN B8y fle@elin® Lfpd&ss Lhan:fe
seconds, nore preferably | ess than 4 seconds, and nost preferably I n about

2 seconds. Thelgl rofs regpldiredl @i oggssoxnaht @@S@&l@edoh@r@aﬁl O¥EE aAasarea
oL 2, oY 10, HLSEgRe o Uout e ThYY 30848 SERTS S UL AR SIRELCY,
inserts 24, 2854544055941. itherwodthedf thergap 33by VINe#ARdence, 23 or
15 otherwise known to a person of ordinary skill in the
art.
FIG. 2 shows a top view of a first mold half 20
used for molding front curves 112 and back curves 114 in
a single mold. (The preferred mold comprising the first
20 mold half 20 and a second mold half 440 is shown in FIG.
4.) The first mold half 20 preferably has two cassettes
21, 22 removably attached to a molding base 23.
Depending on the injection molding to be done, there can
be one or a plurality of cassettes removably attached to
25 the molding base 23. Preferably there are two or three
cassettes, most preferably two cassettes. FIG., 2 shows

that the cassettes 21, 22 are removably attached to the

molding base 23 by two easily-accessible screws 29 per
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441 is preferably less than 12 mcrons. Alternatively, a plurality of holes
coul d have been provided around the circunference at the top of the inserts
for air ejection. 5 For the second nold half 440, air is provided to gap
451 by channel s 447 from a passageway 446, which is hooked up to a
pressurized air source (not shown). For the first nold half 20, air is
provided to gap 336 by channels 333 from passageway 332 which is hooked up
to alO pressurized air source (not shown). The channels 333, 447, which
connect to passageways 332, 446, are preferably fornmed by nachining

mul tiple grooves into the cassettes 21, 22 and plate 443 around the

di aneter of the opening to receive the inserts 24, 15 25, 441, 442.

Al ternativel ypaddta tchannelr$ 3330447 eglnhenguchided-ddya dhe inserhe 24,
25, 441, 442. FIG 2 shows the connector nozzles 345 whi ch conmunicate with
passageway 33Zﬂahdmtanb§éecoﬁﬁéctéé t @t heimptesowrnte (HBastshovadk{ or

cassettes 21 dmf romptz]%'e | r%gsg%ltqegal j:ago,b@ava{@cga%%%fcl%%d %?l%settes

21, 22 is renove nmachine, i f-one cassettes 20
21 are rermvad;lfd:qrgtbesbasm Z&y Oényhenédrfsst eoyd hatdcks t heraices,
passageways) 332 can be read|I di sconnected fromthe air source (nqt

showh) via 2946 corneekor! ﬁ@E%re§n§4§m9ﬂ%ﬁ%§ﬁﬂﬂ@ovﬁ%@%qrp§8§?6ébﬂd\Mnch

the connectortr{g)zglggﬁs?)ﬁdvch&nn%ﬁ e@amb% Ry OfaEPr%e\{f%'v\éqs i ghecan be
cl osed or preferably automatically close when the nold half is renoved from

VIN-424 - mssate:entﬂ)dl ngroeachime. mhedtagsebaes. haveEathl eagssege

nozzl e, nore y gach cass%;EF tas t Wo noz Ies 1%5 qge on e%ph si de
en

of each cass ﬁe e g‘nozzfe%ﬁfﬁ i's pre %ﬁ%&ﬂy’p 56@' h&"5ther”

nozzl e 345 i 4 avbacheilcho tdedids Satkeceth&rmder abt yc ainatiexrigjlectfed i n a
si ngl e bl ast fron1a11 of the gaps 451 around the top of the |nserts 441,
44214 n the sdFRETFOI Fhfal Lo jARYSSi or F@eandn§§rﬁﬁe fifr st 2and 3&cond

mol d hal ves (HFH'!Q@rJHl%m Qn@ll%%atlepo§b1rnb9£'b19 tffleorf’?p@:@lepoéhgb@@te-ghe
single blast of air renoves the front curves and back curves fromthe

second nol d HewWeo sbh@h&ﬁsﬁﬁétﬁeﬁ§utu¥W%%rb$eﬁéﬁeﬁﬁaa¢¢®ta@m@¢% tid or

stay on the figsl. gl d hglle20. At ercdlie nokdebalvesores opened,, a.yi gl e

bl ast of air 15s ejected roma e gaps e top of the
i nserts 24, x&entyhénéerss|ﬂMqtéw¢fe2@ramhycﬁomenmmestemeimsﬂntxurves

and. back curves fromthe first nold half 20. Preferabl the blast of air
frol the first Sot T HarF 260@8Fﬁ@?8e§e\ﬂefﬁeghéowﬁ\%n% ‘%lé’bf“és%ﬁﬁt 680 z0 (

shown in Fl Gpe &cd¢ndOr@ctHEadf osnPehaeenid hewdtl dahves hedei akcup ahhe
rel eased front curves and back curves . Alternatively, the process can be

reversed to R e Frohihcuf Vel andmebRks cufves: rehifensbAethelgéé8nd nol d
hal f 440. Furdfigfe.al @ratiel Yorot 88 eas- @Y B8 1oyved martensitic

steel. Alternatively, and particularly for the
20 embodiment in which the mold comprising the inserts
makes contact lenses directly, the inserts can comprise
guartz, ceramics, or polymeric materials, such as,
polycarbonates, cycloolefins, polystyrene,
polypropylene, or poly(acrylonitrile).
25 In the preferred mode, cassette 21 holds front
curve 1inserts 24 for forming (when properly mated with
the second mold half 440) the front curve 112, and

cassette 22 holds the back curve inserts 25 for forming
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25 used to get the lens curves to preferentially adhere to one nold half,
e.g., surface treatnent of the inserts, an anchoring portion on one surface
of the lens curves, or other know ways; however, it is preferred to use air
VTN- 924 - 25 ejection for release on at |east one, preferably both, of
the nmold halves. FIG 7 is a top view of a nolding system 70 shown
consisting of a plurality of nold halves, and a 5 plurality changeabl e
cassettes as were shown in Figures 2-4. Figure 7 shows a second nold half
440, and two first nold hal ves 20A and 20B. -First nold half 20A is shown

wi th one renovably attached changeabl e cassette 21A on a nol di ng base 23A
The nol di ng base 23A shows 10 screw hol es 290 for receipt of screws 29 when

a second changeakie rapeatite nacd tactiedche tBabnbane133Ma 1l rstomotdehal f
20B is shown with two changeabl e cassettes 21B and 22B attached to its

mol di ng base R2RBKoyFugdrceds 429. Ther e cddi Modalhadfartfdhbl havas siar t BEG21C,
21D, and 22C 15 sk at t,ached any i S C |l e
cassettes 21C%’2i%§%aﬁggg§ggc§% (21e?%gangeéﬁgg%ngﬁégﬁfg?hgﬂ%hdﬁggggﬁg
cassettes shoem,atdsachredthe thestnohdllalneds 20A acd ZeBmiey atHeacheento the
nmol di ng base 23A of nold half 20A where ng changeabl e cassette is_zO0

presént|y att&ERFES THis 2@FbORHTFe U LISovildds FEPRFHLING Yof Mot FhF ks

whi ch can workoh@y oo £inghi oM Lbcdhe aeeandhmd dshal fa 40 gRkesdifd egently
shaped ophthal m c devices. Alternatively, FIG 8 shows a nol ding system 80

25 conpri si ngfamidlyd medwipr iwbilieg anefinsstthasl chargl frhad ane & wecont patrtd hal f
440, wherein said_fjrst mlsqnhzilr?f m%qdc%rg%rsl%ﬁcénf%v%tcgagtgig%m emoc%?s}%agigs.

. de 1n a
First mold half 26%°s “Shéwt Wi oné remova ache angedbl e cassette
VTN- 424 - 2680 21A on acoohdi nglbasm1X3.44the nBkdbmg hasie 25hwdhovSosgcr ew

hol es 290 for receipt, Qf screws 29 en a second. changeabl e cassette_i s
Dot ddhed to t Ak wEd Fe “FHSFEactre| Bhat BRERGEAFR Lo Yo Rt Bt b,

and 22A, and pe made in a family mold.

The cassettes preferably comprise metal, such as
stainless steel, tool steel, high hardness machinable
alloys; however, for an alternative embodiment,

15 polymeric materials can be used to make the cassette.
Most preferably nickel-plated tool steel is used to make
the cassette. The metal of the cassette is preferably
mechanically bored out to form openings to receive the
inserts and other channels and passageways for the

20 cooling water and air (described in more detail below).

The cassettes preferably weigh less than 12 pounds.

The prior art mold halves typically weighed between 100
and 150 pounds, requiring a hoist when it was time to
change one or more mold halves in an injection molding

25 machine, and a minimum of thirty minutes to change the
mold half. In contrast, the cassettes of this invention
are light enough for an operator to handle, and can be

removed from a mold half and changed for another
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5 22B are shown unattached to any nol di ng base. The changeabl e cassettes
21B, 21C, and 22A, and 22B can be exchanged for one of the changeabl e
cassette 21A shown attached to the nold halves 20, or attached to the
nol di ng base 23 of nold half 20 where no changeable |0 cassette is
presently attached. In this way the nol ding system can conprise at | east
one nore changeabl e cassette than the nunber of changeabl e cassettes that
are renovabl e attached to said first nold half when in use, said changeabl e
cassettes conprising differently 15 shapdéd- nserts. FIG 5 shows the
preferred injection nolding machi ne 500 and nol di ng systemof this

i nvention conprising an injection nolding machine in which the nold of this
invention isch@sheteseth FEegurectfaral §0 s Mon®!l dridgfemaialy alpkural ity
of first nold_ halves can work in conjunction with the same second nold hal f
to nmake diff&PERt 4sHepett SSphttea tiRr fedfiadbdy. THfe pgridirerd det Rt | oA

mol di ng machipe i $,@ruehtiscakb biierbhen mpidin Fpe 500, descki bed
in US. Pat. 25 N%? 5 45T, 1 55" %ﬁeﬁppgfer?ed vg?g?%g in?gctf%%snnlgfng
machi ne has aepoeeahblice aplmimeni FO70Hntbe whhebmal | maes bl ¢ hedfd 5RE1its

rempveabl y nounted. . The noveabl e platen 507 was referred to, as the
o Rrontal { BBFE SEAPVINGSs Coesohie (55 SPATSCRGS 8h481 NEHS! KL L BFR

noveabl e pl at @8 sWiharbedIsedohetRENtokhli maBkelogr ek that§ hessemen eapl d
half 520 is a first nold half as described earlier with renoveably nounted

cassettes. FaelAg hakf| owarapgdesenabiys2drss thanuppér Hwl dénkal mO540
which is sho L ed _l.i.n i.n A . e FHQ r I 40
preferably awgglggﬁggzgl *Ral fﬁxaasn eosc%rioge(}ﬂeéar |e(r:l. rﬁ%esdu%eéh%oﬁahzglf 540
i s renovabl yassembéddomod & Healsuppoihi nyeplpatee 532d b sipport 1 ngaphat e

503t f er abl ' tat] cat all ti Ln _thi diment, th
our bl . hARP B SRS Hedl & of i BRE 567 bS8 & Houn: boL¥] ose

and open theagekaéblka tbedprafier.red enbodi nent, at |east one, preferably
two transport means, shown as conveyors 516, 15 517 provide for the _fast
exchange of one | &wEr ndl 8PRYPF B¥ FEPSandERELOTO B¢ d Hast speld

Alternati vel o1 erkl ANSROIdTdIPans: £, D81 8- BNSUMRL 103 Ishoufly drdukireal | v,
or electrically driven chain. In the presently preferred enbodi nent, the

transport medms iBIGeo Rydshaewscahley Hrénencohaen irEa@ts ghonwsnchathehe
| oygr ol d hg%%kS%ervteo ReEsdnseried; ”EgS%E%tEB' ding ig&?gi&@?véi | ocat ed

on conveyor I'n "t he preferred nobde CONVEeydrs can irisert
or renove theIlgol d babwes;thehermfar-asedtiendescriipt | Dirgtegash nigal e 28ct i on

25 of conveyor 517 can be perf.orned conveyor. 516 and visa versa. After

by
the nol d hal FP820% i F 137 TACHIRT n@chi HeS h L e FREG RunB8! Yot
ophthal m ¢ dg¥i¢eg4o0l wBicheR®gether make the mold 475. FIG. 4 shows

the mold consisting of the first mold half 20 and the
20 second mold half 440 in the open position. Where the
first mold half 20 has inserts 24 having convex molding
surfaces, the second mold half 440 has inserts 441
having concave molding surfaces. Where the first mold
half 20 has inserts 25 having concave molding surfaces,
25 the second mold half 440 has inserts 442 having convex
molding surfaces. The preferred arrangement is to put
the inserts forming the optically critical surfaces 119

of the front curve 112, (see Figure 1) and/or
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VTN- 424 - 28 curves, the nold half 520 is automatically unl ocked from

t he noveabl e platen 507, conveyor 516 attaches itself to the |ower nold
hal f 520 via catch nmeans 509, and pulls the nold half 520 off the noveabl e
pl aten 507, and onto 5 the conveyor 516. In the preferred enbodi nent the
nold half is noved by a hydraulically driven chain, but is supported by a
supportive surface and guide rails on either side of the supportive
surface. At this tinme, conveyor 517 which is attached to nold half 520" via
10 catch nmeans 510 pushes the nold hal f 520* onto the noveabl e pl aten 507,
and when properly positioned, the nold half 520" |ocks into place. The nold
half is preferably held onto the noveabl e platen 507 via hydraulic clanps
532. Once t he(pmd fetd Ty 5204) | enksS optiicat 0yplcade clahe st £H ¢k maehi kg 500
can begi n making the new ophthal m c devices) usin? t he new y nounted | ower
nmol d hal f 52d*h€ Thechol guaKE mbl i nFasg sfemiEBowh! | LIS, BicowmE s€% | over
nold hal f 52 ﬁﬂﬂ1| r I Oy WAI C rke i opjyact i W th
t he sane uppg? no:ﬁgﬁglf8§4ga$§é§%$%1g%ﬁ?ﬁaﬁ??cggéﬁféé%.QQ%eQ%#%EHP?%takes
to change onédldfiver pmd itk redd fy 520 ef orf iarsdt hewlkdowbrlfiol @Ohal f 580" the | ess
t han. 60 seconds referably | ess than 30 seconds nd, nost__preferably | ess
har? 20 secoRtEITEIRATAY: EREnddGBmIr e | s DRGKY S BBt forh

anot her | oweron®|¢h duddtS24hd i hd Whderc ai el dne hevomy duplésaheenaher
and/or air supplies (not shown), preferably both, to at |east two | ower

nmol d hal ves BRGerrmdiopsassetie igpdhesdimsst Mo Watdr and air connections
do not have to be Si t r nold
hal f 520" in ordeﬁﬁ?% %%g%gé gﬁé’ o&é?ghgl Eg%? F%%&gﬁbt e?@%ﬁﬁeghg%

pref erred nodsssdiedweconplils indalihsB2@ sonfathecmbveable pidten 5OV~ and

t he d ower ”chdrihcailf 1520Isu?:@at Qg transport means SS{? ave adu Iicat.ek ter
and"%i r supplles.(¥%rther, PFedesi r'ed ohe 67 “nor® a¥ingrb emdhts ?ﬁbt
shown) can beduandidies] Feoheathd heecnsdr tisold hhe fl;oveswawbd, halif B3
present on the to conveyor 517 prior to inserting the lower nold half 520

into the nol RERFSHHEH nd°%5eat ithG t F&€ORer "RoFd Ratf 5389 pArss t ot

mounting it Qg e mMugalle £l at enp@tc decr easesskbgnbl Mohl takes for
the inserts to reach the optimum nol ding tenperature range. (The inserts in

the 15 nol d tgfedaldly eepmpel $rat anglateri fgamee gachinl lenperrrars
W thin the Ogctr{a{;@é'mhwég ”%ﬁe”ﬁ%%%&%e A0GE 68'{% alt.flgrtﬁgﬁlg%?%%%%?ﬁ/gf

nol'di ng part inserts wll "require coolin 0 keep
opt i mum nol dicg tierglersainfa-gsange. Yh Byf poreth eat 1 vags t dved )/ onenpoelfd rhalfy 520

present on the gonveyo 5%7, t he inse %s iin the | quwer 4% hal f. can_reach
t he op;inun1ﬁHF§in§h¥ehﬁ§ afﬂf@eﬁange% f ﬁﬂBQSstéagﬂ 2@ iHQeE§EFE%¥
resulting indiess dewp-tithe, aprthtess Waskhe, The tiFBppedui rethd or akeating
the lower nold half 520 is
individually removable from the second mold half;
20 however, the inserts may be contiguous with the plate,
frame, or support if desired.

In the preferred embodiment, the front curve
inserts 441 and the back curve inserts 442 of the second
mold half 440 are inserted into a plate 443. The plate

25 443 preferably comprises a metal of the types described
above for the cassette, which has been bored out tc the

substantially exact dimensions of the inserts 441, 442.

The plate 443 is mounted onto the hot runner base 444.

VIN-424



25 al so shortened if only one or both of the cassettes in the |ower nold
hal f are changed w thout renoving the |ower nold half 520 fromthe noveabl e
pl aten 507, and the lower nold half 520 is used to nake nore ophthal mc
VTN-424 - 30 devices before it cools. In that enbodi nrent of the
invention, the base of the nold half will still be hot and able to transfer
heat to one or nore of the changed cassettes. |If however, the | ower nold
hal f 520 is noved 5 off the noveabl e platen 507, and another | ower nold
hal f 520" is used for nolding, and one-o2Onbre cassettes in the |ower nold
hal f 520 are changed, there is still the benefit of a faster preheat tine
than if the entire lower nold half were changed, because the base of the 10

| ower nold halfhd281ukkl 44ansd@r nbeatrimhdhep98e ey Lrehangedsion
cassettes. After a nold half change, one or nore of the cassettes in the

mol d hal f whiRdttfas (08t rehevad ffem t Haamviddbiedyttian opfo @oddsveyor,

may be chang ng i h b f a r | d
hal f, or theqﬁ%:%nﬁ%%%ﬂgg% %%t?%%%% %%Eﬁ?gﬁeog?géﬁﬁgqﬁgg%aﬁ & %ﬁ% gﬁgggain.
Bot h cassett eshd nfrbet noldveal farchntlibe bphakgedrivesl, essintilar 6ton nhbax nore

preferably in |ess than 4 m putes, st preferably in less than 2 m nutes.
~0 By the ti r%lﬁcfﬁeo%%\‘ilsépfje Wﬁeb&g &Bn'dﬁ'lﬁ e,pri-ﬁé idderts 3691 -/
pre-heated, and repgy.t QoMouNt 46N5¢ 6l he JMveabl &l Al QY - nEre1 hedly

preferably takes less than 1 minute. Preferably, there is at |east one,
nost pref er aigfearnce onefnnhd Palefe3zed mogdy ftdye e presdnhadif one

of the convey, |6, Qr t I t ower l. | £ 5 .S . ready
to be rermvedéngorgor%st hE ﬁof%éégﬁg pﬁgF}éEggo%}?@rl\l—vﬁ‘M%chg%O%Pré éergLB’lgy t he
noveabl e pl atmeacinldye noared bet wekn acteskonpbby tramotas Showagrdilcengrwhi ch

the nmold is open ggd a ﬁlosed Fos'tion in which the inserts in the kpmer
mol 1 hal f 520 GO act SPRECPREBFL €9 the "rjer fof@mRAFy becduse  the

inserts form the non-critical surfaces of the lens
curves. At that time the plate 443 can be removed from
the hot runner base 444 and the inserts 441, 442 can be
replaced or the entire plate 443 and inserts 441, 442
15 can be replaced. Such maintenance will typically
require that the injection molding machine stop
producing ophthalmic devices for greater than fifteen
minutes.
The inserts 441, 442 in the second mold half 440
20 are cooled by circulating water which travels in conduit
448 through the plate 443 and around the smaller
diameter portions 449 of the inserts 441, 442. O-rings
450 maintain the water seal around the inserts 441, 442.
(Note that the detail shown for 1 of the 4 inserts on
25 the second mold half 440 pertains to all the inserts
441, 442. Additionally, the detail shown for 1 of the 4
inserts on the first mold half 20 pertains to all the

inserts 24, 25, except that the detail for inserts 25 in
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5 540, and together the inserts on both nold halves formthe cavities into
which a nolten thernoplastic is injected. After injection and about 0.5 to
1.5 seconds for cooling of the parts, the nold hal ves separate as air from
the air ejector gaps in the upper nold half 10 pushes the front curves and
back curves onto the inserts in the lower nold half 520. The noveabl e

pl aten 507 and | ower nold half 520 nove to the open position shown in Fig.
5. The nol ded | ens curves are then renmoved fromthe | ower nmold hal f 520
preferably via a robot. The 15 preferred?tobot is shown in FIG 6. FIG 6
shows in detail a portion of the preferred injection nolding machi ne 500,
and the preferred robot 600. The robot conprises a connecting rod 601, arm
602 and an erthsdetarem 2@ol 1603 MhersobdmagR0 obvehe odébaizomad | yhien

bet ween the upper nold half 540 and the |ower nold half 520 when the upper
mol d hal f 540-RFiSwet mBI &aﬁﬁﬁFtSZélaPe \c,\ﬁb% WAL ShoRRe T A &P 5. £308%d 6.

The robot 60Q foyessihRpizont abhyti 'Ehtr*&%g@ipp%étﬁlgitéeqzi?n euhcabclihg area
between the I'ower ol d hal f 25 520 and upper nofd hal f 540 when the |“ower
mol d hal f 52@lils Wpwednsewasd 4dde Widerimpkdchalcirsadtio fReerasel tbed

nol In the preferr e, .sho i,n_Fl he ot 0 is.a di.rect
dri Sse r obot F@hage IS, Eg%drin\?g \\,/V%Iﬁl-t%ﬂ gefnggﬁtd rrgt%%glni 5%9616%989%%%1 r obot
rides up and ndQwing tihaéhenapveteatt ofiatbe rowvdabke qil atten HOFerThr awgh

gears and rotatable cogs, e.g., a rack and piniqn nmechani sm (not shown) the
robot noves WHSEEFHSA 21RO &t 90 %5 A 5ethe &fPARF BT tof t he

mol d hal ves when the npld opens: anghch 0S§$) £ I espechihvehy. cdhei EQbot pies
shown inside the open nold, e.g., between the upper nold half 540 and | ower

mol d hal f 52@asAfatdres hel r obdt 1608 moves awrd 2ot aheghdmitson posiinstradet ween

t he | d hal ves, 10, . f a . 3. pref i | o e |ose to
theldgﬁrface (%efstﬁégggvxéirl% tgyha(ﬁgﬁé‘%‘gb(xg‘g écﬁgvmﬁ yIlRy/sacgﬁm ex e%c}i‘grc%GZO,
whi ch noves twmamlehthefeasmiool ws08r upeand, dawnp lThateacwny ext endehe620 i s
connected to a vacuum souyrce ot sh .. (When the vacuumjs activated the
15 end of ar TSI o VL A HGE Tk 10T e BT W Veac i ERPOREEr 620,
VWhen the vacysm ithdeagidasated sghe end of atKet OQhr§Q3 Reves dowm VIig
extension of the vacuum extender 620.) At this tinme the | enses are ejected

fromthe | onecansid Hdigd 529iny hRAELaitragsder onlagist ed? > The Brl BF24rm
toof; 603 pre:‘}\_?ma 8k 2%, 4IPS 603935"""%% ﬁ” :ﬁf’é‘f‘a@&i;‘?d i@cé‘t%/écuk'ﬂ‘ SRULCe

(not™ shown) ch'is activated to pi e alr-ejected Iens curves (not
shown) . Wenndielirgnerase| 83 hal The2@ ety & drovfard diheclst at3Dndiyeapper nol d

hal f 540, the raqbot_ through ”%% prgerred irect drive hapLsm noves
out T 1 om bet VST tie UPber o1 o (a1 SACTHHY TeteTe HOT G Tl FL 5262 drd
transfers thedunarid Cohves candabacktbeirwes et GattiEHed tobathd nablghewn) for
proper placenment on | ens _curve VIN 424
base 23. The heat transfer blocks 335 preferably are
20 made of copper, copper chromium, copper zinc, brass,
nickel-coated brass, or similar high heat conductive
materials. Steel is also a possible choice, but not
necessarily preferred. To improve the heat transfer to
the molded parts, which need to be cooled, it is also
25 preferred to machine the insert from the enumerated high
heat conductive materials. The heat transfer block

contacts and preferably is partially formed around a

water pipe 331 through which cooling water is pumped
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- 33 pallets (not shown), simlar to those described in the prior art. Due
to the thinner lens curves and the air ejection, the cycle tine of the
present invention is 5 less than 6 seconds, nore preferably |less than 4
seconds, and nost preferably from2 to 3 seconds. The cycle tine is the
time it takes to go froman open nold, to a closed nold and back to an open
nmold. i In an alternative enbodi nent the nold of this 1o invention with
changeabl e nol d hal ves and/ or changeabl e cassettes can be used to nold
contact |enses by nethods described in-the prior art, such as in U S. Pat.
5,782,460 and W)/ 98/ 42497 incorporated herein by reference. The nolds for
this enbodi nent can conprise 15 first and second nold hal ves at | east one
of which comyisRsrduiseris for singhengicentiactbdeinsaad Ifottsh perkengad t hat
at |l east one insert used to make each contact lens is transm ssive to

radi ation fortipol PReAiiRgt i BRSof 25heCrbiniRd nﬁ%tlur’éh%sélf”tto Hﬁﬁésifﬁé‘ =0

contact | ensqasl?gﬁg tabke i ,{Esﬁth;eth? s wele,d égrgq? 59% bhl S

enbodi nment east one of I'ves, preféra I"ves,
conpri se atlbinnkswmanpbeféoamby étomeaswimwdecasgemtaﬁ(ﬂﬁ@ﬁlSln@henserts

for formng contact |enses...Wien .formng contact.25 |e the inserts
Wi | Ig provi de "‘fagcr PR tREFI ;v‘%r |C[cioclalt1§%r19888§n%f EDtlﬁ’gkéo actw}f“e%}éeg +he
ol d hal ves aiik thessmassetd esoare parthoé @aﬁplﬂlngtlsysmﬁwﬂgl ane peadily
changeabl e and can be used in different VIN-424 - conmbi nations to

produce many SUSORRS it Fetves Rantkonfitee a Bﬁ%@eﬁhP%ﬁ EBA PSRE the
shape of a fray ed%’#ﬁoégn gkﬁt Qis051808 Likert %h"i@hcrhé hflff‘ééehkﬁérare

renovabl y atta alves can be pivotly 5 hinged, can nove
apart hori zort atdguwn. veAlteamaylvéhyxhosh@anMdn9ﬂ¢t|nomthg mhehndbd IS
used to form contact |ens ds preferably Wi ovj de.for

codﬁ%ng of i €& R orS&fr éjgePﬁog%SflPﬁg ré&5nt &ct? Iéh§%%ﬁﬂ%s%?? el'Barlier.

Ej ection of thielcodtaGtithout cooling fins, or connected to a cooled
mass, a heat pipe containing a fluid or refrigerant,
with or without cooling fins.

FIG. 3 and 4 show the air ejection system for the

15 removal of the front and back curves from the first mold
half 20, and the second mold half 440. In contrast to

the use of ejector pins in the prior art, air ejection

does not distort the lens curves and can be done while

the lens curves are at a higher temperature. The air

20 ejection and decreased material in the front curves and
back curves makes it possible to mold the front curves

and back curves in a cycle time of less than 6 seconds,

more preferably less than 4 seconds, and most preferably

in about 2 seconds. The air is ejected at approximately

25 5 to 6 bar over an area of 2 mm by 100 microns to about
3 mm by 300 microns. The air is ejected through a gap

336, 451 around the circumference of the top of each of

the inserts 24, 25, 440, 441. The width of the gap 336,
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10 lenses fromthe inserts can be acconplished by soaking the contact

| enses in water. In the preferred node an identifier, e.g. a radio
frequency (RF) chip or the like, may be placed onto each cassette to store
information which identifies the 15 ophthalmc devices it forns. The
identifier may al so be used to track the cassettes. This preferred

enbodi nent is fully described in concurrently filed U S. Serial No.

09/ 305, 885, "Method and Apparatus for Lot Tracki ng and Changeover”, VTN-419
i ncorporated herein by reference. ?0 The2sotdi ng nachi ne preferably
conprises a conmputer which schedul es or receives input on which ophthal mc
devices are to be nmade by the machine. Based on this information, the

conputer detefdines BheRe2aBBLd 1Q1s Cagsat L Changsnss negdedn Al Vg tine
of a nold or 25 cassette change, the nolding nachine will read the

identifier orethburatbeytef holeakeosldehatie boeneprovaded: eaouadd/tdre nol d
half are in the machi ne. Based on.,the ht m.G. devj b roduced by
the machi ne, %ﬁ$$geékreqc ?hethe t%% Q% éﬁe 18§§r£$0 % 9 %%%

5 ° process conditions are adtonalica
adj usted for éhectiewnhophthal mi c devices to be formed. The conmputer tracks

t he nunber of devices made and schedul es the next npld or cassette change.

5 Thus, while ther&hat8ebeit ¥bwiCaRd dedcrited and pdi nPeavdded to

fundanental noyel 45@abgr enapheliBe 44V eldnP: 52 PR d gy t 94T ef8EERT ;1 5
enbodi nents thereof, it wll be unerstooq t hat vari ous om ssi ons and
substi t ut i onshedkedhapges in pres sfigrimeghd idetsiuzreof (ndie deevoes | For

illustrated, and i.n_their .operatio may be. o] skill i n.the
art wthout d@ﬁ%r?ﬁﬁa f35ﬁ1 ﬁggg%igpf § Ifﬁgy?§€%§¥?%%.% uﬁgﬁ?tg Poné’of

el ements fromlionenglescyibetlrembpds segéwip 3BDtheL clar sahsokédl by it ended
and contenplated. It is also to be understood 15 that the draw ngs are not

necé%sar! ly. RERFE ol 23dI LT |04 %CE hé“?%t%‘rﬁwrﬁn, therefore, to be linmted
only as indicated fyethe,$c0P8 9531 hessl ayABcRPREAHE N@Lela s K AZA

332, 446, are preferably formed by machining multiple
grooves into the cassettes 21, 22 and plate 443 around
the diameter of the opening to receive the inserts 24,

15 25, 441, 442. Alternatively, the channels 333, 447 can
be machined into the inserts 24, 25, 441, 442.

FIG. 2 shows the «c¢onnector nozzles 345 which
communicate with passageway 332 and can be connected to
the air source (not shown) for cassettes 21, 22. When

20 the first mold half 20, having attached cassettes 21, 22
is removed from the molding machine, or if one or both
cassettes 20, 21 are removed from the base 23, of the
first mold half 20, the air passageway(s) 332 can be
readily disconnected from the air source (not shown) via

25 the connector nozzles 345. Preferably the air source to
which the connector nozzles 345 is connected, has one or
more valves which can be closed or preferably

automatically close when the mold half is removed from
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-36 CLAIMs: 1. A lens curve for making a contact |ens, wherein the |ens
curve weighs less than 0.4 grans. 2. The lens curve of claim1l which is
mated with a second | ens curve for naking a contact |ens wherein said pair
of lens curves weighs less than 0.7 grans. 3. The lens curve of claim1l
conprising a tab and a flange wherein said tab is substantially flat.
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removes the front curves and back curves from the second
mold half 440 so that the lens curves preferentially
adhere to or stay on the first mold half 20, After the
mold halves are opened, a single blast of air is ejected

15 from all of the gaps 336 around the top of the inserts
24, 25 in the first mold half 20, which removes the
front curves and back curves from the first mold half
20. Preferably, the blast of air from the first mold
half 20 coincides with the movement of a robot 600

20 {shown 1in FIG. 6) to a location between the mold halves
to pick up the released front curves and back curves.
Alternatively, the process can be reversed to have the

front curves and back curves remain on the second mold

half 440, Further alternatively, other means may be
25 used to get the lens curves to preferentially adhere to
one mold half, e.g., surface treatment of the inserts,

an anchoring portion on one surface of the lens curves,

or other know ways; however, it is preferred to use air
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ejection for release on at least one, preferably both,
of the mold halves.
FIG. 7 is a top view of a molding system 70 shown
consisting of a plurality of mold halves, and a
5 plurality changeable cassettes as were shown in Figures
2-4. Figure 7 shows a second mold half 440, and two
first mold halves 20A and 20B. First mold half 202 is
shown with one removably attached changeable cassette
21A on a molding base 23A. The molding base 23A shows
10 screw holes 290 for receipt of screws 29 when a second
changeable cassette is attached to that base 23A. First
mold half 20B is shown with two changeable cassettes 21B
and 22B attached to its molding base 23B by screws 29,
Three additional changeable cassettes 21C, 21D, and 22C
15 are shown unattached to any molding base. The changeable
cassettes 21C, 21D, and 22C can be exchanged for one of
the changeable cassettes shown attached to the mold
halves 20A and 20B, or attached to the molding base 23A
of mold half 20A where no changeable cassette is
20 presently attached. This embodiment provides a plurality
of mold halves which can work in conjunction with the
second mold half to make differently shaped ophthalmic
devices.
Alternatively, FIG. 8 shows a molding system 80
25 comprising a mold comprising a first mold half 20 and a
second mold half 440, wherein said first mold half 20
comprises two changeable cassettes. First mold half 20

is shown with one removably attached changeable cassette
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21A on a molding base 23. The molding base 23 shows

screw holes 290 for receipt of screws 29 when a second
changeable cassette 1is attached to that base 23. Four
additional changeable cassettes 21B, 21C, and 222, and
5 22B are shown unattached to any molding base. The
changeable cassettes 21B, 21C, and 22A, and 22B can be
exchanged for one c¢f the changeable cassette 21A shown
attached to the mold halves 20, or attached to the
molding base 23 of mold half 20 where no changeable
10 cassette is presently attached. In this way the molding
system can comprise at least one more changeable
cassette than the number of changeable cassettes that
are removable attached to said first mold half when in
use, said changeable cassettes comprising differently
15 shaped inserts.

FIG. 5 shows the preferred injection molding
machine 500 and molding system of this invention
comprising an injection molding machine in which the
mold of this invention is to be used. Figure 5 also

20 shows a mold in which a plurality of first mold halves
can work in conjunction with the same second mold half
to make different shaped ophthalmic devices. The
preferred injection molding machine 1is a vertical
injection molding machine 500, as described in U.S. Pat.

25 No. 5,451,155. The preferred vertical injection molding
machine has a moveable platen 507 onto which a lower
mold half 520 1is removeably mounted. The moveable

platen 507 was referred to as the horizontal table in
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be used herein. It 1is preferred that the lower mold
half 520 is a first mold half as described earlier with
removeably mounted cassettes. Facing the 1lower mold
5 half 520 is the upper mold half 540 which 1is shown in
dashed lines in FIG. 5. The upper mold half 540 is
preferably a second mold half as described earlier. The
upper mold half 540 1is removably mounted onto the
supporting plate 503. The supporting plate 503
10 preferably remains stationary at all times. In this
embodiment, the lower mold half 520 and the moveable

platen 507 move up and down to close and open the mold.
In the preferred embodiment, at least one,

preferably two transport means, shown as conveyors 516,

15 517 provide for the fast exchange of one lower mold half
520 for another 1lower mold half 520'. Alternatively,
the transport means can be a pneumatically,
hydraulically, or electrically driven chain. In the

presently preferred embodiment, the transport means 1is

.0 hydraulically driven chain. FIG. 5 shows that the lower

mold half 520’ to be inserted into the molding machine

500 is located on conveyor 517. In the preferred mode

both conveyors 516, 517 can insert or remove the mold

halves; therefore, the description regarding the action

25 of conveyor 517 can be performed by conveyor 516 and
visa versa.

After the mold half 520 in the molding machine has

made a specified number of ophthalmic devices, i.e. lens
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curves, the mold half 520 is automatically unlocked from
the moveable platen 507, conveyor 516 attaches itself to
the lower mold half 520 via catch means 509, and pulls
the mold half 520 off the moveable platen 507, and onto
5 the conveyor 516. 1In the preferred embodiment the mold
half is moved by a hydraulically driven chain, but is
supported by a supportive surface and guide rails on
either side of the supportive surface. At this time,
conveyor 517 which 1is attached to mold half 520’ via
10 catch means 510 pushes the mold half 520" onto the
moveable platen 507, and when properly positioned, the
mold half 520’ 1locks 1into place. The mold half is
preferably held onto the moveable platen 507 via
hydraulic clamps 532. Once the mold half 520’ locks
15 into place, the molding machine 500 can begin making the
new ophthalmic device(s) using the newly mounted lower
mold half 520’. The mold and molding system shown in
FIG. 5 comprises lower mold half 520 and lower mold half
520’7, which can work in conjunction with the same upper
20 mold half 540 to form ophthalmic devices. The time it
takes to change one lower mold half 520 for another
lower mold half 520’ is less than 60 seconds, preferably
less than 30 seconds, and most preferably less than 20
seconds.
25 The fast exchange of one lower mold half 520 for
another lower mold half 520’ is further aided by having
duplicate water and/or air supplies (not shown),

preferably both, to at least two lower mold halves 520,
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520’ so that the water and air connections do not have
to be physically moved from one mold half 520 to the
other mold half 520’ in order to change one lower mold
half for another. 1In the preferred mode, the lower mold
5 half 520 on the moveable platen 507, and the lower mold
half 520’ on the transport means 517 have duplicate
water and air supplies. Further, if desired one or more
heating elements (not shown) can be provided to heat the
inserts in the 1lower mold half 520’ present on the
10 conveyor 517 prior to inserting the lower mold half 520’
into the molding machine. Heating the lower mold half
520’ prior to mounting it onto the moveable platen 507,
decreases the time it takes for the inserts to reach the
optimum molding temperature range. (The inserts in the
15 mold half will require heating at first to reach a
temperature within the optimum molding temperature
range, but after a few cycles of molding parts the
inserts will reqguire cooling to keep them within the
optimum molding temperature range.) By preheating the
' 20 lower mold half 520’ present on the conveyor 517, the
inserts in the lower mold half can reach the optimum
molding temperature range in two or fewer molding
cycles, resulting in less down-time, and less waste.
The time required for heating the lower mold half 520 is
25 also shortened if only one or both of the cassettes in
the lower mold half are changed without removing the

lower mold half 520 from the moveable platen 507, and

the lower mold half 520 is used to make more ophthalmic

VIN-424



9SMA0%00& ()-"!9SMA0%00& ()- , &10% o0& ()- 10\ 10\

10\ 1:10% & ()-RSSsTU Vavr vwUe+: 10' ol : 10% o0& () -!f1) nd0% o0& ()-w

I'pl) nd0%0& () -w

1$10% o' 0& () -!f9Smd0%0& ()- ! X9Smd 0% o0& () - r VsVt V{ VBWNXWYi ZdB:

10" ol ! psf YOAOUBP&' () - Z+! ksf YOL O () - Z+! f sf YOLOU&' () - Z+!\ sf YOHd 0% () - Z+@2&1
0% ()- 10'0 10'o0i ZJ[1\9\:\;\<\Q\ J{\:0' 0! @% 0% ()-I+ 10%& ()- 10 10
10L: 109%& () -!sfYWO% 7& ()-Z+! ksf YOHAOUR' () - Z+

] 7" # 5" la#tbwU3{\: 0' ' f @ %A 0% ()-|+! p@ ELOYR ()-|+! p@ %0%& ()-1+! @ 9OY&R (
) -1+ ~@%0%& ()-1+'y@%0%&' () -1 +#b+b, b-b. b5bc%ud~\:0"!f!]|,, &0%WP& () - m+
I'x ,,&10%L& ()-mt!,, &10%h& ()- mr&l0%&' ()- 10z 10z

10zl : 10%2 &' (Jevde8ghhpdtvzod¥: OcddIELOYRIA) -tH: embodiment of the

invention, the base of the mold half will still be hot
and able to transfer heat to one or more of the changed
cassettes. If however, the lower mold half 520 is moved
5 off the moveable platen 507, and another lower mold half

520’ is used for molding, and one or more cassettes in
the lower mold half 520 are changed, there is still the
benefit of a faster preheat time than if the entire
lower mold half were changed, because the base of the

10 lower mold half 520 will transfer heat to the one or
more changed cassettes.

After a mold half change, one or more of the
cassettes in the mold half which was just removed from
the moveable platen onto a conveyor, may be changed, the

15 entire mold half may be exchanged for another mold half,
or the mold half can be later mounted onto the moveable
platen again. Both cassettes in the mold half can be
changed in less than 6 minutes, more preferably in less
than 4 minutes, most preferably in less than 2 minutes.

20 By the time the <cassette change 1is complete, the
inserts will be pre-heated, and ready to mount onto the
moveable platen 507. Pre-heat preferably takes 1less
than 1 minute. Preferably, there is at least one, most
preferably one, lower mold half 520’ ready for use

25 present on one of the conveyors 516, or 517 at the time
the lower mold half 520 1is ready to be removed from the

moveable platen 507.
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mold half 520 contact the inserts in the upper mold half
540, and together the inserts on both mold halves form
the cavities into which a molten thermoplastic is
injected. After injection and about 0.5 to 1.5 seconds
for cooling of the parts, the mold halves separate as
air from the air ejector gaps in the upper mold half
pushes the front curves and back curves onto the inserts
in the lower mold half 520. The moveable platen 507 and
lower mold half 520 move to the open position shown in
Fig. 5. The molded lens curves are then removed from
the lower mold half 520 preferably via a robot. The
preferred robot is shown in FIG. 6.

FIG. 6 shows in detall a portion of the preferred
injection molding machine 500, and the preferred robot
600. The robot comprises a connecting rod 601, arm 602
and an end of arm tool 603. The robot 600 moves
horizontally in between the upper mold half 540 and the
lower mold half 520 when the upper mold half 540 and
lower mold half 520 are open as shown in FIGs. 5 and 6.

The robot 600 moves horizontally 1in the opposite
direction out of the area between the lower mold half
520 and upper mold half 540 when the lower mold half 520
is moved toward the upper mold half 540 to form a closed
mold. In the preferred mode, shown in FIG. 6, the robot

600 1is a direct drive robot, that 1is, the drive

105
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mechanism 610 for the robot rides up and down with the
movement of the moveable platen 507. Through gears and
rotatable cogs, e.g., a rack and pinion mechanism (not
shown} the robot moves horizontally, that is, it moves
5 in between and out of the mold halves when the mold
opens and closes, respectively. The robot is shown
inside the open mold, e.g., between the upper mold half
540 and lower mold half 520. After the robot 600 moves
horizontally into position between the mold halves, the
10 end of arm tool 603 preferably is lowered close to the
surface of the lower mold half 520 (as shown) by vacuum

extender 620, which moves the end of arm tool 603 up and

down. The wvacuum extender 620 is connected to a wvacuum
source (not shown). {(When the wvacuum is activated the
15 end of arm tool 603 moves up via contraction of the

vacuum extender 620. When the vacuum 1is deactivated the
end of arm tool 603 moves down via extension of the
vacuum extender 620.) At this time the lenses are
ejected from the lower mold half 520 by the air ejection
20 system. The end of arm tool 603 preferably has cups 604
which are connected to a vacuum source (not shown) which
is activated to pick up the air-ejected lens curves (not
shown) . When the lower mold half 520 moves toward the
stationary upper mold half 540, the robot through the
25 preferred direct drive mechanism moves out from between
the upper mold half 540 and lower mold half 520, and
transfers the front curves and back curves to another

robot (not shown) for proper placement on lens curve
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Due to the thinner lens «curves and the air
ejection, the cycle time of the present invention is
5 less than 6 seconds, more preferably less than 4
seconds, and most preferably from 2 to 3 seconds. The
cycle time is the time it takes to go from an open mold,

to a closed mold and back to an open mold.
In an alternative embodiment the mold of this
10 invention with changeable mold halves and/or changeable
cassettes can be used to mold contact lenses by methods
described 1in the prior art, such as 1in U.S. Pat.

5,782,460 and WO/98/42497 incorporated herein by

reference. The molds for this embodiment can comprise
15 first and second mold halves at least one of which
comprises inserts for forming contact lenses. It is

preferred that at least one insert used to make each
contact lens is transmissive to radiation for
polymerization of the reactive mixture used to make the
20 contact lenses. Suitable insert materials were described
above. For this embodiment, at least one of the mold
halves, preferably both mold halves, comprise at least
one, preferably at least two <cassettes comprising
inserts for forming contact lenses. When forming contact
25 lenses, all the 1inserts will provide for optically
critical surfaces of the contact lenses. The mold halves
and the cassettes are part of a molding system and are

readily changeable and can be used 1in different
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combinations to produce many SKUs. The mold halves can
comprise a base which can take the shape of a frame,
support, plate, or the like to which the cassettes are
removably attached. The mold halves can be pivotly
5 hinged, or can move apart horizecntally or vertically.

In this embodiment in which the mold is used to form
contact lenses, the molds preferably will not provide
for cooling of inserts or air ejection of the contact
lenses described earlier. Ejection of the contact

10 lenses from the inserts can be accomplished by soaking
the contact lenses in water.

In the preferred mode an identifier, e.g. a radio
frequency (RF) chip or the like, may be placed onto each
cassette to store information which identifies the

15 ophthalmic devices it forms. The identifier may also be
used to track the cassettes. This preferred embodiment
is fully described in concurrently filed U.S. Serial No.
09/305,885, “Method and Apparatus for Lot Tracking and
Changeover”, VTN-419 incorporated herein by reference.

20 The molding machine preferably comprises a computer
which schedules or receives input on which ophthalmic
devices are to be made by the machine. Based on this
information, the computer determines when a mold or
cassette change 1is needed. At the time of a mold or

25 cassette change, the molding machine will xread the
identifier on the cassettes to make sure the correct
cassettes and/or mold half are in the machine. Based on

the ophthalmic devices to be produced by the machine,
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the process conditions are automatically adjusted for
the new ophthalmic devices to be formed. The computer
tracks the number of devices made and schedules the next
mold or cassette change.

5 Thus, while there have been shown and described and
pointed out fundamental novel features of the invention
as applied to preferred embodiments therecf, it will be
understood that various omissions and substitutions and
changes in the form and details of <the devices

10 illustrated, and in their operation, may be made by
those skilled in the art without departing from the
spirit of the invention. Substitutions of elements from
one described embodiment to another are also fully
intended and contemplated. It is also to be understood

15 that the drawings are not necessarily drawn to scale.

It is the intention, therefore, to be limited only as

indicated by the scope of the claims appended hereto.
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CLAIMS:

1. A lens curve for making a contact lens, wherein the lens

curve weighs less than 0.4 grams.

2. The lens curve of claim 1 which is mated with a second
lens curve for making a contact lens wherein said pair of lens

curves weighs less than 0.7 grams.

3. The lens curve of claim 1 comprising a tab and a flange

wherein said tab is substantially flat.



