; e3ennD: HTHALM C DEVI CES Field of the Invention 5 The present

i nventi flllwmmm“wmum“lﬂlﬁeral ly to a nol,d and/or a nol di ng machi ne for naking
opht hal m ¢ dgydoses. More particularly, this invention rel at to
a nold and/ or a nolding machi ne for making ophthal m c devi c%ﬂﬂl’mmwmw
stock keeping units (SKUs). 10 15 '0 25 MOLD, MOLDI NG SYST G
MACHI NE FOR MAKI NG Background of the Invention U.S. Pat. No. 5, 702%35 to
Martin et al., the entire disclosure of which is hereby incorporated by
reference, provides an apparatus for nol dimg pol ystyrene lens curves, i.e.,
front curves or back curves, which are used for subsequent nol ding of soft
contact | enses. The apparatus is designed to provide superior heat

conducti on capa®anp ,s MUAPING rEYSTEM ANDhMOLDINCNYACHINE FORe MAKRING

si mul t aneously produci ng unifor [ urate optical quality
surfaces. Ml ten pol ystyrene |S%¥%ﬁ§§&f§|§£gl$‘%$ runner systemto a
plurality of nold cavities. In a nold used to nake front curves, the convex
surfaces of the nold provide the optical quality surfaces to the concave
surfaces of tiHekd ot the vaweitd@ired t hereby. The structural el enent which
defines each conv u LN .a. h cyl ] I bushi ng a
rem)svabl e power iﬁr}éee?tﬁfﬁ%gﬁ?gdak&gﬁglﬁp %%%e%yb%g&é%g% eg%sogt H%’[l he
VTN- 424 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.S. Pat. No. 5,702,735 to Martin et al., the

entire disclosure of which is hereby incorporated by
reference, provides an apparatus for molding polystyrene
15 lens curves, i.e., front curves or back curves, which
are used for subsequent molding of soft contact lenses.
The apparatus is designed to provide superior heat
conduction capacity so as to minimize the molding cycle
time, while simultaneously producing uniformly precise
20 and accurate optical guality 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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f - 2 prescription strength of the contact lens to be fornmed by the | ens
curves may be varied. In a first enlodi rent, the power insert includes only
a convex surface at its operational end. In a second enbodinment, 5 the
power insert includes an annular flat surface surroundi ng the convex
surface, defining at the junction therebetwen 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 process of changing the
inserts. The power insert may be constructed of various materials including
pure steel, brass, copper chrom um or cobalt-nickel alloyed mart4nsitic
steel. The powesstnbetionnytizengoat ed wilid tbnaastr flace |t@yebeoff arinakael

phosphor or silicone oxide, or chronme nitride. These |ayers may be turned

to their propey t BREKkndS8Es &N VEFne f&iYonLhy d cutfBrs? afdiSey nmay
be thermally {s«%&'&ﬂﬁgntu Shdaloouldd  In3EP+348nEOuBE S&h1 YNiLN dshAlss0

i ncor por at ed ref erence, dlscloses anot her prior art approach to
nanufacturingsmeﬁ@ceuaVestsPepsnahton@ltﬁnd prﬂ@raaﬁﬁcapﬁr@aﬁwdumﬁ@ﬂ,ens
curves are nol ded se f eig curyes ina?z2x
4 argay H(Et%Fofg?ngLaéggﬁrgatgh Hﬁﬁéustﬁétegggh ?degﬂﬁg frgﬁgfcarrylng
a 2 x 4 arrayseofreoncing thentonuexesurvbhcke EbﬁhnEnghetemheshmmanaxnvlded
frame carryi a 2 x 4 array of back curves. The cluster %nbl of th

ﬁ%‘ 1e @é

frame and | ensh@XfRREVFED nﬁnﬁ?éEPﬁFé’aubEYl Rf e CPEBATYTRE 47

the assenbly @ssﬁgﬁppéegs %bt@héhﬁrbﬁﬁsc9¥&¥e$09ﬁbagtﬁ%?@b?d\MdJB
outer rectangular frane by small struts extendi ng between fthe frane and the

| ens curves. W&Eehelghpumpedhent©ahbe|sosachfthhﬁ ftheestisf foesosfl Bﬁﬁhe

| ens. curves are ec o] o C hani d
hang?l ng, and the ?ér a%u%n%eﬁéalﬁ]lﬂ ggégsgm qul!t?a I|1 n%%?{%aclkl ng and
handl i ng. Thisher pabcasts aﬁpndmmmxﬁgrmmdlngssmmb[Mﬂ@ﬁéypewerlamﬁanﬂves

0 acluster assenbly Lypl cally, takes |9 40P SRS Y 1NN 19U, (29

steel, brass, copper chromium, or cobalt-nickel alloyed

dlng

martensitic steel. The power insert may be coated with
15 a surface layer of nickel phosphor or silicone oxide, or
chrome nitride. These layers may be turned to theirxr

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
20 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 is manufactured by injection
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long for the efficient production of such polystyrene Iens curves. In this
prior art approach, conplenentary sgts of front and back curves are used in
t he production of 15 hydrogel contact |enses by nolding a reaction m xture
wherein the mxture is preferably dissolved in a non-aqueous,

wat er - di spl aceabl e solvent. After a dosing step in which the front curves
are substantially filled wwth the reaction m xture, the concave front
curves are z0 covered with the back curves in a manner in which no air
bubbl es are trapped beneath the back curves. Back curves are placed on the
pol yneri zable m xture in the front curves as individual units; therefore,
prior to this step, the back curves are separated fromtheir 25 franes by
breaki ng or amtldivggy The hackmbiywess avee ppekerablijthhetite byeas mechar<cal
device while they are separated, fromthe frame which thereafter places the
back curves P AT TG EuTYESLn TR, PRGEE| DRCHFRBGratVERER94EY Bitadl | s
then subj ect ed £.0: £08gEEHQDSgWRBERBY NI &k hROIAHERId Z85d €n8. 1bhEadhakien W th
actinic visible or ultraviolet radiation, to thereby produce a polyner in
the shape of tHee dbsigbd tpjfdroyel firens. iAf tapch hshpsl ywhe i sarfeapes miocess
is conpleted, _,the two le ve re d |l e 1.ng);
typi%ally Ieégrﬁg # %Fco%?%gggleagginpgﬁggégéﬁt %%?be,gFggg?&gbghiﬁnqs
subsequent | y s raiced. Damaerd | Vutriegf r bahdabdgpackndurties aranesed ronce
to nmold a single contact lens. After the to polynerjzation_is conplete, the

diluent is digpteiced WeehewsteP s of 3iddddd I hydr 2t 6P 9 eARY DagdlpRg - No.
5,782,460, anarpAQ 98/,424975diLSCl Q8 A-HTE RO o PRE rsgjé}vd?%g%t At

| enses by nolding a material which has been pol ynerized but i§ af |east 15
partial ly uncreoss!iekedes t bin peusdbbtetol dssetbdys| ithikinglol t ke kssl yner

is py W rad'%&ﬂxo&ixﬁi‘fé Ol&ve té;ﬁf‘a'?}rd 494¥! 5{;&:8@@, WGpeLireall e ¢
materi al, suchias quartz,” or p51 meric materials. e or nore contact

| enses can beédaro dédri ntleack fifdlcd entol prodwak 1drS. oBatsudo. pbl4st yireme o Kok
et al., the entire disclosure of which is hereby incorporated by reference,
di scl oses an EVYarfgEiETt - for manuf acturing goods, such as conpact discs, by

i njection nol di ng,rprexidi o-idvesti cabpkBhBR] | UbniPl Giditdmchidesi red udi ng
two holders 25 that support nold plates. The nold plates are adjustable
wi th respect fixprdachngt hepChetditsies RrestUPRBi tifonthen RIFEIFERIRN msifdi ng

ﬁl)laids:ers]gdefi n%fdrcc?@/élt ycoh@%@tw&ﬁké@t B'S/i anlloidsldgf'l %théja@lyiéﬁ]emiiwt%gé- on
wherein the mixture 1is preferably dissolved in a
non-aqueous, 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 wunits; 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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VTN- 424 - 5 machine during operation, so that the particul ar nol ded
good is forned, and a second positign, in which the nolding plates have
been noved sone di stance apart, while the formed good is being renmoved. On
each side of 5 the injection nolding machine, transport devices are

provi ded whi ch nove the hol der and nolding plates froma position | ocated
at sone distance fromthe injection nolding machine to a position suitable
for cooperation with the injection nolding nachine. The transport 10

devi ces and the hol ders are detachably c&uﬁled It is also disclosed that a
hol der may be provided wth a new nolding plate at sone distance fromthe
machi ne while the nachine is in operation. For exchangi ng the nol ding

pl at es andluﬂﬂethenisubSeomb¢ nec esyatit itan diwrdizelye 165 phé yhelrders,

supporting the nDI te used so far, and to nove the n hoId r and
mol di ng plate®i%h ﬁﬁé%#i OnThwétﬁypﬁcé?néﬁcﬁﬁﬁs ] ﬁﬁidlﬁggﬁw

provides f Orrédi?BJ&fdﬁn,anQoStHEk@bpebQ@Hhag whigoa y¥gy rﬂerﬂlgetBEaQQV\ﬁaiﬂ me of
the injection nolding operation. There is a need in the art to inprove the

nol ds and nol theg desdrivsl o@ydreaehak%w opht hiteF c tha/i eed ymgaderddicar | y
for ophthal m rﬁr&@é’%e%s‘é‘% TBRY ST @qlk %%z%o'l%ynéﬁévéé*@?% s£R8 L&y

stock keepi units' to di fferent devices nt products.
25 For exanpl e:;abbm ad’embédses)havtlyrg.azhlﬂiyerbmvpmg\erwe mmctylhemsers

d/ | mbi nat I d di fferent
SKU, “each Sk bel T AL TG st g FVER 18 09 Sor SHOGPRRETGY |

VIN-424 - &iggiLdda@li onyefcdhey nBhélston i h@rsatkr eaelbye afeX iuldlels
within the nolds. SUWMMARY THE 1 NVENTI ON

once to mold a single contact lens. After the

10 polymerization 1is complete, the diluent is displaced

with water to produce a hydrated lens.

U.S. Pat. No. 5,782,460, and WO 98/42497 disclose a
method of making hydrogel contact lenses by molding a
material which has been polymerized but i1is at least

15 partially uncrosslinked within reusable molds.
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.S. 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 dinjection 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
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5 This invention provides a nold and a nol di ng system conprising a nold
conprising a first nold half which works in conjunction with a second nold
hal f for form ng ophthal m c devices wherein said first nold half conprises
at | east one changeabl e cassette conprising 10 inserts for formng said
opht hal m ¢ devices. This nold can be used to make opht hal m c devi ces;
however, this nold is preferably used in an autonated nol di ng machi ne, nore
preferably in an injection nolding machine. This invention is preferably
used to make | ens curves which 15 are iT ¥urn used to nake contact |enses.
This invention further provides a vertical injection noldi ng machine
conprising a nold, preferably having at | east one cassette, in which the
machi ne can quachklyecHamngegompenmaltdonal fsdf othanother paand cula@rzonoddhidne i s

bl e of maki hthal ni g devices. This i tion furth ovi d
ol d i whi CST9R diF 1 SPEREop 1Al SquaPF Py ottt T deth ot SPe e in

a single ol dpo Ten ol Sisa ol MRV NGesySt ABYEANTPEbsk NG Ps 1@h Ee Ofa @BrENI S
invention make it possible to quickly change the optical characteristics of
t he opht hal nivhidbs| s, fopned dpedpisdheéndusieRrgvele moindsasth tdide of

invention. T | .ds; L Si o] . e _cas keqLi: S
I B T s ey
efficiently nukeviogdd hahick devectbewhbhdernpnst ook diegpipig teas tiBr G1BKES)

using one or a spa|l nunber_ o | d_hal ves, conprisi.ng changeabl e cassettes.
5 These. ol P be haF SRS 801 1T o ch PiT y T6P™ i P ect 32 BF odlci ng
contact | enseago h@vh@ImaRAY nephes | galpRawRcs, SephesieakopoVesSodFfation

mul tifocal powers. Accordingly, it is a primary object of the present |0

i nvention to WwkoWi dehan 1mjR ViR notel il ndlak g Sy st edkonpriat Ago&tnol d
conpgising a éé&fé gobdghalfe ang & fCQPQ mRld halh Ml%tﬁﬂfe@a'd drgg mold
hal f " conprises a T2ast “one changeabl e cassette conprising nultiple inserts
for form ng cohdbatihscldevdcebatThe Halrdstr mdyl B& habfidad twwhehsexondwnol d

hal f are adjustable with respect to each other .between a first posjtion, in
Whi cht he. IO HEHTBS BGER & oF A Badt 3 A GAPEN S hmPaFP AR L) Shas
been introducegk Spadtihe f6r thnepdedtdpht halFdC A@WaeREn@Atha seTandyg
position, in which the ZO nold hal ves have been noved sone di stance apart

preferably witl2tagan®daro ot dedt orS r BRbYI MFITRSIN dé@ chriPaRrEPE
devi§es' 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
quick 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 using different molds or a different
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One enbodi nent of the invention provides a nold half conprising one or nore
changeabl e cassettes having 25 inserts that are cooled indirectly; thereby
making it easier to renove and interchange the cassette(s). Another

enbodi ment of the invention inproves the renoval of the nol ded ophthal mc
devices fromthe nold VIN-424 - 8 Dby providing an air ejection system
In contrast to prior art which used ejector pins, air ejection does not
distort the ophthal m c device and for the preferred enbodi nent can be done
whil e the nol ded ophthalmic 5 devices aré at a higher tenperature. Another
enbodi nent of the invention provides a nold and nol ding system conprising a
nol d desi gned such that either one or nore of the cassettes) and/or the
nol d hal f or dwleesacbopr bsi niet e loasset t ésffenanberehanged Il ttupsrovi de
for a different ophthalmc gevice or devices, that is, different SKUs. In
the preferredHppt? e dRO1¥he opht hal mic devices formed using the nold are
front curves and back curves used to nake contact | enses. The front curves
and back curves are preferably nolded in a 15 "fam |y nold" arrangenent,

whi ch means that both nold haPU¥MARE OFeTHB| ENVANTLER conpl ementary inserts
for formng both front curves. and rve onygx pri 5|ons nd
conc%ve i ndent ati %%35 tﬂ%eﬂgf%Ph%$$ %?% era%?ygcgﬁgrlsegag Ca eﬁ%ke%aV|ng
inserts for fésmpr26i€yr \eesmoddd cvrgidierimeassetierdavnsgdi rts&rfs Wioicihack
curves. In this enbodlnent only one nold half neegs to be changed to

change the frong kg UF ) eSORMANBEERD cit VRs2 SPCBRE Baideffd fofk OFhd IR hal f

can be Changecgoﬂ’&&ﬂﬂfge Rlck@l st hewiflé%incuréé% Ofibgek GHEVEs piLy4 ded
25 by the nol Changing one mold half or changing the cassette will change

the front curaespahegor dfackeastvenandhanbkabésulcassette masuusits org of
| onggs of o LISLent SKUE ROOANAST TGRS AN SHFEs, Andrhagk Ay es.
can be used to make ophthalmic devices; however, this
mold is preferably used in an automated molding machine,
more preferably in an injection molding machine. This
invention is preferably used to make lens curves which
15 are in turn used to make contact lenses.

This invention further provides a vertical
injection molding machine 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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Thi s arrangenent is possible, because only one surface of the front and
back curves has an optically critical side whereas the other side is not
optically critical. Thus, if the optically critical sides of the |lens
curves 5 are fornmed by the changeabl e cassette side of the nold, the
optical characteristics of the |lens curves can be changed w t hout changi ng
both sides of the nold. Another aspect of the invention is to provide an

i njection nolding device or machine that is vertically 1o disposed to form
opht hal mi ¢ devices, preferably using the hold of this invention in the
nmol di ng system of this invention. Vertical injection nolding machines
require |l ess floor space than horizontal injection nolding nmachines.
Further, a vetdi cpdidwol @i Rhatehi BBei Sce8sétte 16) t Oc gl e maikih Pt her

el ements of a production |ine. Another advantage of_ the vertical injection
mol di ng nachiRfeS$sPtpattat qiddsientd Yof Mehe nRpRfaltes WSSV th

vertical Iy whes, poldigg C)@é‘eﬁ?n%\é%‘it@m | #20d 2l L% 1Ry FJ@SB?”a M@, and

replaced by a new nold half in the vertical injection nolding machi ne
sinmply and winumyer yoffi molld dedveas neompraks ity nobakgeplior ecegondbhesal and
efficient. Angther onll)glest is to

rovide_an_inprove ld far i.ng front
curvgs and back® tur ves avﬁﬁ& tﬁgrgéﬁgﬁﬁéﬁV A man kg%§%e§ﬂﬁ§¥3i e fTont
curve and bacindireetlYTN-ghdducind0 = tPESTRNEEIsON Qavildy DRAANNGS | n
t he drawi ngs, wherein |ike reference nunerals delineate simlar elenments
t hr oughout t hPRRYVEFRl vPOWSTSs FIZSPReiical si BRWEFEvat?bnafMinitdase la
front curve back curve assenbly, which includes a front curve, and back
curve. FIG Is atop viewof a first nold half. 10 FIG 3 is a
cross-sectional vikecofdimegly,rst iel d padifmeshowbjerctFlE Rhealkersaindng t he
llnﬁ)3_3 ShOWBT&ékggé% é% 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
15 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 or has been introduced so as to form molded
ophthalmic devices, and a second position, in which the
20 mold halves have been 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
25 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
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15 FIG 4 is a cross-sectional view of a nold shown in the open position;
the nold consists of the sanme first nold half shown in FIG 3 and a second
nold half. FIG 5 is a nolding systemof this invention 20 conprising a
vertical injection nolding machine of this invention and interchangeable
mold halves. FIG 6 is an enlarged portion of a vertical injection nolding
machi ne of this invention show ng the 25 robot arm FIG 7 is a top plan
vi ew of each of the conponents of one enbodi nment of a nolding system of
this invention. VINN424 - 11 FIG 8 is8Batop plan view of each of the
conmponents of a second enbodi nent of a nolding systemof this invention. 5
DETAI LED DESCRI PTI ON OF THE PRESENTLY PREFERRED EMBODI MENTS The nol ds and
nol di ng syst elny cgruniisiimg nehdsiof éhestiowerdyisirencan e usedttestmkeo
opht hal m ¢ devi ces, such as, contact | enses i nterocul.ar | ensgio ot her

types 10 of |Bh:RE, a’éﬁdwbllﬁét}léeﬁnﬁél@& Bér?éns GLL 1S9RE TGy 8B e F or

meki ng cont acy; Legses. e otmﬁe‘r?arlrnﬁc& usevhee thaamokgs ands Mol ding: syst em
conprising nolds is to make contact |enses, or plastic nolded parts for

opht hal mi ¢ desthkedimemte paef epabl gorp asthiicl evp| e perkded oropttii ngmig
contact | ense referably.len curves The nol ds and nol di ng system
conpri si ng m)?%vwe% gf)e %J(éascr]i){h%}ae %rap)Fe]ferred enbodi nent; however,
this invention is Redbthém embotioméhe elﬁbﬁden'&mvedeiblhl @ﬁd)v&laiéd:&n held
nodi fi ed and used t rrake ot her ophthal mi ¢ devi ce For z0 exanple, the

nol d and nol d?*® éﬁﬁc&ﬁ‘ﬁrtleg‘i TRAIR G & hpel n%ﬁf'%ﬁdwst%hch%ﬁEabl e

mol d hal ves a@PéHérC*&%%ge@rp' RogaSHH Lese C%Bs@%t*&%ﬁ@)t Oar{@)éjr ceRkachoignses
by net hods described in the prior art, such as in U S. Pat. 5,782,460 and

WO/ 98/ 42497 inabfporahadvher @pmpbyszsm cher cpseetTe mk@atrhéoeco:h%med
36, Lo TELRDBLYS 690 B0 L LY L 00ef R UM ADOB8 e
conpri sing notdsti ssysed fifereatmsKHuans cufiveré, 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, ocnly 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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VTN- 424 - 12 i.e. "front curves" and "back curves". In the prior art

| ens curves, i.e. front curves and back curves have been referred to as

nol ds or nold hal ves for making contact |enses. The terns "nold" and "nold
hal ves™ will not be 5 used herein to describe the I ens curves although the
| ens curves are used for nolding contact | enses. The terns "nold" and "nold
hal ves” wil|l be used to describe the nold and the nold half used to form
the ophthal m c devices (e. g. lens curves). 1o FIG 1 shows the preferred

| ens curve assenbly 110, the individual-pgeces are made using the nold and
nol di ng system conprising nolds of this invention. The nold and nol di ng
system conprising nmolds will be described bel ow. The |lens curve assenbly

110 consists #hi8f a3 darRyimegir VEs 1b3sand1back e 1ddi phivgl dafdfese an
opening 113 in which a contact |ens reaction mxture is polynerized or

crosslinked toffdhw afeoiit aepd| dAsk TEVigTONtaTupe OPE2cadd Yoardd Eieak 114
consi st of a plgst kv%e?%ta%“t%le’ o“{heéxer%%é/ ’?% Xé{;yro %ca@?ka/yg!%&'c%e 20

cycl ool ef i ns, "0OfF "t he and are ma |rs second nol d
hal ves of thiBhuByetfi ahe( dpidickheq keliawralprsabesalklfy the drera]@ctvos
nmol di ng machi ne. The front curve 112 and back curve 114 are simlar_to

t hose d|sclos%ﬁeaﬁﬁrﬂ§€dqﬁ1§nﬁaiﬁ aRFeahie 1 o2 Akt @ ot 48t O35 Yhsndeldf or

exanpl e, as_deggerifgd ddy Uc§ar§’é‘£eri\’9t1§s5$§ 366, 1BRAr RArAlSd Beneige by
reference. The front curve 112 has a central curved section wth an optical

qual ity concavkasgeflagéthegtwhahahopreflephbl yitas af VA 4pgqld. - 13 circul ar
circunferenti al deﬁh”%ﬂe%d eé%éﬁieé%qu{nglﬁygﬁgqioug Iye %gggg%e ggrface
ra iHe fron

119 has the dlnen3|ons pre ower ace of a
contact |ens 1pjbetpbﬁdm&ﬂwuﬂgt&mwiemSOasaemmMmétmhaﬁ I@eﬁdxﬂﬂcaiuye has
a preferred thickness between 0.2 mmand 1.0, mn most prefergply the
the mold of this invention in the molding system of this
invention. Vertical injection molding machines require
less floor space than horizontal injection molding
machines. Further, a vertical molding machine is easier
15 to combine with other elements of a production line.
Another advantage of the vertical injection molding
machine is that at least one of the mold halves which
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 little 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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The back curve 114 has a central curved section with an optical quality
convex surface 118. The back to curve 114 has the dinensions of the back
surface of a contact |lens to be produced by the | ens assenbly 110, and e.g.
for a toric lens defines the cylinder power. The back curve 114 has a
preferred thickness between 0.2 nmand 1.0 mm nost preferably the
thickness is about 15 0.6 mm It is preferred that the front curve and the
back curve have the sane thickness. The front curve 112 and back curve 114
each conprise annular flanges 115, and-ta&Bs-117 which are integral with and
project fromone side of the flanges 115. The front curve 112 and ZO back
curve 114 are shown having gate vestiges 121 which sonetinmes format the
gate or injection hot tip, WERIERE DESCRIPTION OF IHE DRAWINGSC i n t he

preferred enbodi nent to the nold used to formthe front curve 112 and back
curve 114. 25 The F?rprtglfengﬁ?‘é’lflgsthé”ferrc?rﬁn CUMFE o PERAC Ut i s
invention ovefePLAhOLtArLihi 0Nt SLENSS: ANch bACk S Vi@Se SodbrB ¢ Sghosed in
U S. Pat. No. 5,545,366, include a reduction in the volume of plastic used
to VIN-424 - 14 formthe front curve and back curve. The reduction in
material was achie by reduci t | f_.the tabs 117, and the flanges
115. gAI so, prefer a%f@‘ t %elgh:éckangjsesrggfes"!ta}zﬁt:iq‘q}a&npﬂceu"?véf a%dfgé)g% CUrVe i s
small 5 i.e.,ah@spatRarcur® mgsamsl § hewsaor fiokclhakl lensreHtvesarve,
Further, the preferred front curve and back curve of this invention do not
have an area 2R¥023°¥row¥®e injection hot tip for collecting a small slug
of cold thernoplastic which may format the injection hot |0 tip. The
preferred tabs have a flat rounded-triangl e shape without a step to break
up the flow of theFpol y2retsiatoop Heiemwlaf arHelwei ghmlafhalfer nopl astic used
to ; rmthe front curve or back curve is preferably less than 0.5 gm nore
preferably less than 0.4 gm and nost 15 preferably |l ess than 0.3 gm The
nost preferred weight. r epiesentcy o s-a@dittiion 10fviahoud £ 26/ agieefpaisid t o
the prior art front curves and back curves, Preferahly the conbi ned wei ght
of the front RAtTeSBAUNLASK Fdfive? i 62KeRs2LRRA PP grinUndxpesteliy, iy
reduci ng the st ghtd . zO and vol une of the thernoplastic nmaterial injected to
make the | ens 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
didpot result. Ingf@act,therg wassansioproverentelnokhe guaki buoeh the 25
front curves and back curves over the prior art front curves and pack
curves havi ng:lee | apger pasiightonandheol mokd otohhéstreplcefstite nadrei dixatd nade

having steps, and oiher ol ding featues fo iprove fhe part, quality.

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 1is 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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- 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 having increased | ens quality which would not be predicted by 5 the
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

| enses. The front curves and back curves of this invention are preferably
made using i nproved nolds and injection to nol ding machi nes, which will be
descri bed bel ow. The inprovenents will -bdldescribed herein; aspects of the
nmol d or nol ding 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 ofrfier.wisse skrowog @larperisan of «ddl nef ytiski ¢dmponéhesart .
FIG 2 shows a top viewof a first nold half 20 used for nnlding front
curves 112 an@fbatk FURS EIPdimendi ngfe doMPLdite FYeferr e8fnoFlis
conpri si ng th?n@%k%ﬁo o nold half 20 and a second nold half 440 is shown in
FIG 4.) The first nold half 20 preferably has two cassettes 21, 22
renovably attached to a nol ding base 23. Depending on the injection nolding
to bg done, there can be one ﬁégﬁg&‘ r.al i sget renovably attached
to 25 the nol ding base 23. Pr : hree cassettes,

nost preferably two cassettpgEsENTLY PREFRERED RMBEJEIMEeSSt t es 21, 22 are
renovably attached to the nol'ding base 23 Dy two easl|y-accessible screws
29 per VIN-424 -The mnekdetead THeIEIT e SYERGRGI FMRHe HE sePles offt he
nol di ng base IS s Impl e a f ast . atvehy 1 es can
be attached t%ﬁ%ﬁeJﬁgﬁgﬁﬁéﬁbaggnZgébi&gﬁt %ﬁgﬁg%Qe%ggﬁ%%ggﬁgf§%§i$§%%é, 5
bol ts, quick-ehahpss,ardnagrietliesrge shoviewerr,o Qrlefrerlalse £ heotreanst ppewi des
for sinple and_fast renoval , of thg,cas%ﬁﬁtes) fromthe nnlgjn% base. Each
casdbtte pref 8FabiSNly | Ma%r PEGSEASr BT DIRALLS 1 yEof ' 1 ngEFFs ST V98

whi ch recei vegsthe ffiermopl /st tendBter nansk@. The preferred use for

the molds and molding system comprising molds is to make

contact lenses, or plastic molded parts for ophthalmic

devices, more preferably plastic molded parts for making

15 contact lenses, most preferably lens curves. The molds

and molding system comprising molds will be described

for the preferred embodiment; however, this invention is

not limited 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 <c¢hangeable 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 WO/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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to formng the |l ens curves. The inserts 24, 25 are preferably individually
renovabl e fromthe cassettes; however, the cassette and inserts can be
contiguous if desired. Preferably, each cassette conprises two to twenty
inserts, nore preferably four to ten inserts. 15 The inserts, sonetines
referred to as power inserts may be constructed of any material which can
be made with an optical finish, such as netals, e.g., pure steel, brass,
copper chrom um or cobalt-nickel alloyed martensitic steel. Alternatively,
and particularly for the enbodi ment in-whpch the nold conprising the
inserts nmakes contact |enses directly, the inserts can conprise quartz,
ceram cs, or polyneric materials, such as, polycarbonates, cycl ool efins,
pol ystyrene, polyproPyhene, r9&sPOkYhACEYLRNELEVLE) . 2§nllehtehereroef%rfted
node, cassette 21 holds front curve inserts 24 for form ng (when properly
mat ed wi th theesecondvesl di hal f £190} chevésoandchael @mzvean@aoresmetre 22
hol ds t he back urve i er%s 2 éﬁr Lorn& g VE@E%Z%E ma gmhen erIy
mated with the secon I& hal 1 40? t fie carve & %ﬁe sec@

hal f 440, shownieés FI Crhé, thamsi N1 V&fﬂdlh‘n&flei qwm&@gren&zﬂy hott hﬁe
inserts 24, 25 in the first nold half 20 for formng the front 5 curves 112
and back curvexed 1dereddpet?i BESEI e EPestlaRS dCHAVES 202 BHPEER orid a0l d

hal f 440 are paris. 9&@6 «‘%Jé yuggad,fo\ﬁh'r{;&bfafﬁ@scsnegc dlﬂer{skeasn oney g}evpe of

part is made 1 n a sing d consistin irst no f 20 an
second nol d had fm=2l40moBeéf oredt Hmlﬂn\lmimecsﬂ \Amdh tbe/\omld;eldbmumie)spmﬂ:eﬂ t hat

ot ef or abl'y conl? | B8 etar, SUCHGE s PAM| de8Ts g0l OTbor het GBF %ﬁgﬁ

har dness machigwabtes alé ays; 1é}@y\e¢/@fve§pr an alter natl ve enbodi nent,
polynmeric materials can be used to nmake the cassette. Mst pref erabl(%/
ni ck&l - pl at ed tooIF%@ee]r $Roygebhe oPHAKRIF Big ée&eeevéveméseepéw dl&he

cassette is pngferably, mehanical lys bared quyet 0,,Q5R oOReRI NG to rfeei ve
the inserts and ot her channel s and passageways for the zo cooling water and

air (descri bemoldlirm@r eydeemi I:omelrmw)tnng@ldassvét tté&qoreﬁ‘eerabignvxel dghhd ess
than 12 pound rior rt nol d_h Ives t caII (gﬂgd bet en 100 and

150 pounds, %JU r| ﬂ da 8 tmﬁlner?ylst s % Jtsd‘ e 8? r &Sl d

hal ves in an déﬁ;@:@ib@dl peldiwng 2Bhdratbhae cuand &sfﬁel’mlkﬂlyﬂ Di ot Riohisy sBsUt es
to change the pold half. In conirast the cassettes of this invention are

li ght enough Y%r@ ﬁr%%r%‘t”c‘ﬂ’e bl AaABfePaghdCBaRe belf eHBYER APEAMPESTA hal f
and changed fofcanod het3VIN 424ch 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 exanmple, as described in U.S5. 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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- 18 cassette in less than 8 mnutes, nore preferably less than 4 m nutes,
nost preferably less than 3 mnutes. In the preferred enbodi nent, the
cassette or cassettes represent a portion of the thermal mass of a nold
hal f, 5 preferably the cassette or cassettes on a nold half are | ess than
90 % of the total mass of the fully assenbled nold half, nore preferably
|l ess than 70 % and nost preferably | ess than 50 % of the total mass of the
fully assenbled nold half. In the preferred enbodi nent, each 1o cassette
represents 20 % of the total nmass of thelBurly assenbled nold half. FIG 3
shows the cross-section of the first nold half shown in FIG 2 taken al ong
line 3-3 showmn in FIG 2. FIG 3 shows the front curve inserts 24, and the
15 back curvecinselts 2birnuméssehtésl2lde@?nedspedbevelly s FlGtehdions t he
cross-section of the first nold half 20 and a cross-secﬁi gn of the
conpl enent ar ytE%ESﬁBO%‘Pd hal f TE&O_ WhPRREY Dgetiet afgke the moPf@S475the1 G 4
shows the mol@iﬁ@ﬂ&éhspg?géféhsbiyrs_herrgbgiebabk 2Hcangohie 20 sl nol d
half 440 in the open position. Were the first nold half 20 has inserts 24
havi ng convexanebditagtsdehgcds, hherredorrtd not dthal Lensoakgsmbdvert®0 441
havi pg concay, ldi c I E [ : Ighl f»%%h jnserts
25 hgvi ng conrg%\g/rgf?ﬁb)ﬁgi %giggr ﬁgée\s‘é\hgfgfie geéefztgﬁﬁgmng | %g}(t Z?O%ﬁaés rﬁnﬁserts
442 havi ng coayex 1nol diryg wesf apeafeThplpr eher rgd cimaagen®@ntbostt @ psit t he
inserts formng the optically critical surfaces 119 of the front curve 112,
(see Figure YMand/ or VTN 424 - 19 (preferably and) the optically
critical surfaces 318 ofacihechagk curayenlid {seenki-gur ecd)vélit ¢ddie e or
plurality, of cassettes which are part of the same nold half, preferably
the first noldibhl fan20pticaheaBapiéferaadenrodeyrideei adérts Toe thaclkack
curyes are in_one c ettea?th i_nser fo %r nt curves are in a
sepggat e cass%lflfgei 2[%"[% heh 3 rg em()jl‘?[g1 eﬁzsasﬁfo Fh%Thoef'r s%@%n a%tl)(l o I‘ﬁ?ﬁ/ar‘(:%148(%caan
conpri se changeabketcasset ttes, beopddicegl imgerhe flan<rasbsemablgnd/ior, nonl0
critical surf whi ch are sinply_an i ¢kl
tical su gggsé.g.l%ofiéagér cylgng %%finéé the cylinder power.
The back curve 114 has a preferred thickness between 0.2
mm and 1.0 mm; most preferably the thickness is 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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renovable fromthe second nold half; however, in the preferred node, the
second nold half 440 does not conprise cassettes. Instead, the second nold
hal f preferably conprises a plate, frame, or simlar support 15 that hol ds
the inserts that formthe non-optically critical surfaces of the front
curves and/or (preferably and) the back curves. The inserts 441, 442
preferably fit into the plate, frane, or support and are individually
renovabl e fromthe second nold half; however, the inserts may be conti guous
with the plate, franme, or support if desilded. In the preferred enbodi nent,
the front curve inserts 441 and the back curve inserts 442 of the second
nol d half 440 are inserted into a plate 443. The plate 25 443 preferably
conpri ses a nebah ahet rdntpesutescahbedaaovfar. t heheaseeduice ionhioh has
been bored out to the substantjally exact dinensions of the inserts 441,

442. The pl atB2E851p HEEntN G the REEUFLRAe Mastt #u40f VERE4ZAPS . 20

The plate 443;and hat,grunhgy bess, heve extrysikgn PaiksetAgh Showy for
the introduction of nolten thernoplastic naterial intothe closéd nold for

form ng the ftbhtkoassesfanthehefdtyack curves,arsi nbéak taunvieosiess shiaskl osed
and described,in th rior.art. . Sge e.g. .S, Pat. No. 5,545, 366,. earlier
i ncor por at ed hefern §eft&aé]nc8.'§l m’he’aBHef QP? ec?aﬂﬂede,fthgb%te on]ueri'ﬁ)l d
hal f 440 is pegteeabl y mowahed,i ntke apriefieegkidons roh i rarreching, wwki s
only occasionally renoved for service or 10 insert replacenent due to wear
or damage, be€ht¥e Phe thdSeritny erdri@n P Mt cheTe cal stPPadssost theemens

curves. At thaf tigpdhe § af)gt44%gcago]pe ch'q%\réecgﬁfd oM the 1hot s ygnes ¢ base

444 and the inserts 441, 442 can repl ace € entire plate 443 and
inserts 441, 4dd2d1%heamolpd aséplcaced. clSushy ndiomtmersemcehen lihjeypioal Ihot

rts 441, ddbd1Sheamaps aneglaod orsia _ Loal
Govibos for orohter HanSPERCERs S WA bs SR 4 nbbfts LRRCORS Frf o

second nol d hghfpd4RizhRoateaceekpdrbybeeaguhpt ithe Waler ofhitele tgaMelsr i n
conduit 448 through the plate 443 and _around the snuller dianeter portions
449 of the inseFpsthgimodds Bhej wed 9k50 ofaitheaMRPLRE thist Besedio Ar¥thd t he

inserts 441, dde. f{Nofe thajethe daial | cghown iis0ry de Al d418, 91 bBgEriSa PN 25
the second nold half 440 pertains to all the inserts 441, "442.
Addi tional |y, 0t he dfet aiMorshomieferakblyf le@s 4 theder Os4onghhe d1¢ stmat d

ihﬁlsté?tzg ggrfﬂgﬁ{égﬁﬂ’ 8085 138 © .2 grt® SXGeRbsENBL G Aat 3ld s S
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 1is
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
guality of the front and back curves did not result. 1In
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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- 21 cassette 22 is a mrror image of the detail for the inserts 29 in
cassette 21.) The water preferably flows in a single circuit through the

pl ate 443, contacting all the inserts 441, 442 in each circuit. Because the
5 plate 443 is not often renpved fromthe injection nolding nmachi ne, direct
water cooling of the inserts is preferred, although it conplicates insert
replacenment. In the first nold half 20 which carries the cassettes 21, 22
is a novel cooling nmechanism Instead to of water directly contacting the
inserts 24, 25 which would necessitate-wdtter seal s, conplicate, and sl ow
the renoval and interchangeability of cassettes, the cooling of the inserts
24, 25 in the first nold half is acconplished using heat transfer bl ocks
335. The heat pdbtheansfed Rl1eeksuiddh é&@e@l?{erl@{%é ogabied hHihge wmwddi ng
base 23. The heat transfer bl ocks 33@ directly contact the inseris 24, 25
when the casséres 2auryesarengpupeell oRfeveY dravbithertise samacHarto t he
Tol ding base efsoHhEsbeate Ly ansigludbl goks niaS BERUELEN! ¥ 8h6e20 IS, f
copper, copper chrom UM copper zinc, brass,’” nfckel'-coated brass

sim |l ar high berateasadudtense qmetJeru;al \BhlShEE’buIlSl also e ppseidikeechabge,

but not necessarily preferred.. To inp e the heat transfer to the nol ded
parts, which Eggdp¥6056a650| edrior |t§ 5\(‘516‘ 3RVSENEAOred & Fafacif NS T8

insert from thgenuperghed BlLahehealy ¢ondushl e smhardals e eathan
transfer block contacts and preferably is partially formed around a water
pi pe 331 throtlyd #hooh coovengowarerids lpucpﬂpe@iuaﬂri\tmzhenses 22 pr ef erably
in a single circui#, ba ko%réd forteréthrdoulgh theug\tf)l d|n ase 23 co ai ni ng
all the heat trans 18? Irockscélif AT S na |vef The vvaterl pllpr}av ci:rbol i ng
bl ocks can beafer @s&@fferx@rm@ shade euplinge mfprrmteml .mdhes Sawdt eim i pesord31

cool t he cooling bl ocks 5 whi ch cool the inserts 24, 25. In this wa all
thelPnserts 2‘210EJ 35ng & N&F /i i+ et f”")’/lﬁy RhedGarEiPeBr drechath y t"H'ég/heat

pi pes 331 conigpPodembhthed wat epe Wt dibeddd | hede URHETa B MAGUUBY  the
Al ternati vely, ot her indirect cooling nmethods 10 can be used to cool the

i nserts, molda &l iff@llﬁﬁéaltg pPE@C@P*éh Rt vmdteﬁ(?ﬁtlb@é’ol hageinnsarer as
connect ed to & §89h?9d”§ Sy e%;tt Pipe c§rg azfLjupdgor Prq\:frl rant,
with or without coolrng fins. 3and4sow ealrejectlon system for

the 15 renovab, 651t h&5f r oninandpbagked ur viesrd xrom thhe f iresste maxlak hal fo20,

d th d_pol d_ hal f,_440. trast t : olak hal fo20,
D8 are . ot ATECH on KOAS 6P & SPBFEORnY oRSTERF Sds TG atbbebne

while the | engreurves are at a higher tenperature. The air

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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zo ejection and decreased material in the front curves and back curves
makes it possible to nold the front curves and back curves in a cycle tine
of |l ess than 6 seconds, nore preferably | ess than 4 seconds, and nost
preferably in about 2 seconds. The air is ejected at approximately 25 5 to
6 bar over an area of 2 mmby 100 microns to about 3 nm by 300 microns. The
air is ejected through a gap 336, 451 around the circunference of the top
of each of the inserts 24, 25, 440, 941. The width of the gap 336, VIN 424
- 23 441 is preferably less than 12 m-cidéns. Alternatively, a plurality of
hol es 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 bycgbsspets 44THdicraseageryargt9bhewncgbséstdookad whdo a
pressurized air_source (not shown) . For the first nold half 20, air is

provi ded to ¢Bpl388Iby RAfennefd 333 from FdsPdgewaynd32 fafitch Faskeoked up
toato pfessﬁité?ﬁaéi(;%gng@%é nol, sShawn)s e CBénf‘%JcE?’&%éd 447, mhd ch

connect to passageways , are preferably forne machi ni ng
mul ti pl e groavesdingo Hawe caSseby esnl, m@2nand eplgat ebd48kat ound rames,
di aneter of the o eningﬁ%pgreceive the inserts 24, 15 25, 441, 442.

-

Al tePnativel yoothe: cfi¥ 13585/ 4 AP L M2 B2 Trh¥Ri nBRVERES” t I STRIGRYY 24,

25, 441, 442. ¢ Grednshoyeot e £0RBRCIPMIIRZZ4RS 343 tWhi GibELINMYRI Gate Wi th
passageway 332 and can be connected to the air source (not shown) for

cassettes 21,c29setpenspo fhenfjtse neddhapf kesehavi ndastht achied dsset tes

21, 22 is re t noJ di chj Lor if o SS s 20,
21 are remv£¥$?3%?g¥ E%sse erg%g%fé?hghgi@?ls'? r?olp Jg?ff?g,BEth%aslefﬁé§
passageways) 382 cdn béickadrégetlvssoniect etdefrmopilbeial rmsoen cel ( Nair

shown) via 25_t he, conngctor_nozzles 345. Pr erabhy t he a;g soyrce to which
t helBonnect or TRER €8s 548 | L°RBnneRF S - has OHe o Hore vd¥es 4hi & &an be

cl Oseg or prepesablybayt oimdieadial ) osemshanlkhergehd fid f das Jeargaed from
VTN- 424

however, the cassette and inserts can be contiguous if
desired. Preferably, each cassette comprises two to
twenty inserts, more preferably four to ten inserts.

15 The inserts, sometimes referred to as power inserts may
be constructed of any material which can be made with an
optical finish, such as metals, e.g., pure steel, brass,
copper chromium, or cobalt-nickel alloyed martensitic
steel. Alternatively, and particularly for the

20 embodiment in which the mold comprising the inserts
makes contact lenses directly, the inserts can comprise
quartz, ceramics, or polymeric materials, such as,
polycarbonates, cycloolefins, polystyrene,
polypropylene, or poly({acrylonitrile).

25 In the preferred mode, cassette 21 holds front
curve inserts 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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- 24 the nolding machi ne. The cassettes have at |east one nozzle, nore
preferably each cassette has two nozzl es 345, one on each side of each
cassette. One nozzle 345 is preferably plugged when the other nozzle 345 is
5 attached to the air source. Preferably air is ejected in a single blast
fromall of the gaps 951 around the top of the inserts 441, 942 in the
second nold half 440 just prior to and as the first and second nol d hal ves
change froma closed to position to the open position. The single blast of
air renoves the front curves and back curies fromthe second nold half 440
so that the lens curves preferentially adhere to or stay on the first nold
hal f 20. After the nold halves are opened, a single blast of air is ejected
15 from all of({a@ GARHIIG aroud hent eRe OketBRAl Bkt ©add 2P0 nihbe
first nold half 20, 'which renoves the front curves and back curves fromthe
first nold hakkcko curvef drildbl vy, Thehesasicnst msfldhilralffr odd @ hesiowrst impFaGhal f
20 coincides wt e, enment_.of .a rohot_ 60 0 _(shown_in FIG.6) tp a

| ocati on betmggnh?%e o érﬁglﬁgEJFb 6F§k<1%?q %@epgﬁga%egongﬁt %ﬁ%%@gsand
back curves. Alteramativetye Fhespr arass HoAnf be) r eyer Fedminghae t heohtont
curves and back curves remain on the second nold half 440. Further

al tePnat i vel y CUSRér It€afddhdlp Pe DF Virsed ko JOSRIE 1Y curty fbrst

preferential |l yoadhere £ 0o0ne 1l dobahd, @19 hH f 248 t4RAt gBAL 5 Of £ hg

inserts, an anchoring portion on one surface of the |lens curves, or other
know ways; howewerly molids mhdfcdr mednso thed aigreVEdadRsdne -t 3% <f epbcon for
rel ease on at .l east, one, preferably bpth, af the nmold halves. Fl 7.LS a
top view of alr?DIm&idﬁg léﬂ/sat es'ﬁ%eskﬁ%ov%mcpccodﬁls%lssﬁlr?& 0 é a pf ra ir?%/l(g‘h%%d

hal ves, and a29 pind adi s¥cehangeakl evauasseit es asroeke I hvefrt gUR £S
2-4. Figure 7 shows a second nold half 440, and imo fi.rst nmold hal ves 20A

and 190B. Fi r st Enditshire 2enexre ShRwnt iRt hOBRACREMIVREY Yattedifegcould

changeabl e cagget@e21f anramtohdiagqhase 23A. The nol di ng base 23A shows
lo screw holes 290 for receipt of screws 29 when a second changeabl e
cassette is attach@bet cayratirserpsferflgt capbdikgl MRAGE /i sseabwasni t h

two changeabl es an B hed .t g I Ln e by
screws 29. Th%g%§§§§%%i6ﬁé%§%ha§6§% IgEéggéeﬁPé§12%%fg§%%é gwggib%%ﬁgaare
shown unatt achédots;anyhnwkdemng baser Thean chanhesdtet cassetdmso@itien1D,

and 22C can be xchanﬁéd for.qqg of the chan eq?le casseftes shown attached
to the nol d hBPvELC38K RTS8 L orCat t 88hEdFo Thd " dbt dFR§ BESESFR of ol d

hal f 20A wher goge @&@rf@&aah?_ caskelt-@1iasedOtpoeseriley att aghed. + Jhhske
enbodi ment provides a plura |t¥ of nold hal ves which can work in
&

conj unction wWthR 13 ssEdond nbhE FEItRlt @kl dFPFERERE] v SsHpRER PRt Hal mi ¢

devi ces. 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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Alternatively, FIG 8 shows a nolding system 80 25 conprising a nold
conprising a first nold half 20 and a second nold half 440, wherein said
first nold half 20 conprises two changeabl e cassettes. First nold half 20
is showmn with one renpvably attached changeabl e cassette VIN 424 - 26
21A on a nol di ng base 23. The nvol di ng base 23 shows screw holes 290 for
recei pt of screws 29 when a second changeabl e cassette is attached to that
base 23. Four additional changeabl e cassettes 21B, 21C, and 22A, and 5 22B
are shown unattached to any nol di ng base.l8The 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 nolding base

23 of nold hakhs2@twkeren nheebangeabl 8 Mimasset tRoté prresentdbl vat f asbed.
In this way the nol ding system can conprise at | east one nore changeabl e
cassette thanthRe Aufdentss cRafdedficd caddet tleS s Hdraard: Tenpvabi e 1D

attached to S%p@ AN hé!ngo, 1R8nkN UBRe Sakds&bpggegpl ec%§§é1°:§£a§s
conprising differently 15 shaped i nserts. FIG 5 s%oms the preferre

i nj ection nol depgesachi re BOC iamd ol diegtsgsham nasshiod ianventd opalf,
conpri sing an_inj.ection | di n hine in which the nold qf, this_invention
's 16 be UsedPTPESAPETS €0 Z5 Wdvs & nbi it roshi ch 8 BIurhITyE of HFi r st
nol d hal ves cagswofthainn 900y USEL tRE wothlt hessare seeonthIm) dadedhblednmeke
di fferent shaped ophthal m ¢ devices. The preferred injection nolding

machi ne i s a Vet ckilfnj &mconPidfaraglaciisie sber adlddscr PBEd PASH. S.

Pat. 25 No. 5 ¥ 1ol rebanr vertd cal. i tiﬁg& i kpe has
a noveabl e pIg?gneégglgn?gS&h?c%%a%ﬁoﬁefkkgﬁgI%Héy% Oléﬁégrﬂ%%gg%F39
nmount ed. The apwembledplmailen IBOX wasInetber pdetferasd enkdwtingorit al etabl e i n

usedihor oi n. P EhPoRERPERFNAI The | Bher Fof - R o830 48 91 FEL Lol d
hal f as describedmpaeli ablwi hBi1Eenoveabl y nounted cassettes. Facing the
over ol d FIG. 3 shows the cross-section of the first mold
half shown in FIG. 2 taken along line 3-3 shown in FIG.
2. FIG. 3 shows the front curve inserts 24, and the
15 back curve inserts 25 in cassettes 21, 22 respectively.
FIG. 4 shows the cross-section of the first mold half 20
and a cross-section of the complementary second mold
half 440 which together 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 1s to put

the inserts forming the optically critical surfaces 119

of the front curve 112, (see Figure 1) and/or
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5 half 520 is the upper nold half 540 which is shown in dashed lines in
FIG 5. The upper nold half 540 is preferably a second nold half as
described earlier. The upper nold half 540 is renovably nounted onto the
supporting plate 503. The supporting plate 503 |0 preferably renains
stationary at all times. In this enbodinent, the |ower nold half 520 and

t he noveabl e platen 507 nove up and down to close and open the nold. In the
preferred enbodi nent, at |east one, preferably two transport means, shown
as conveyors 516, 15 517 provide for the st exchange of one | ower nold
hal f 520 for another |lower nold half 520'. Alternatively, the transport
nmeans can be a pneumatically, hydraulically, or electrically driven chain.
In the present(bYeEé@EQ&&e@nﬁﬂb%&%%tl&eKTﬁl}ﬁr@ﬁﬁ‘@@éél MBaR%akss_A18 of
hydraulically driven chain. FIG 5 shows that the |Iower nold half 520" to
be inserted ifhe thackoldirie ndddi ndss60 Fsgveratled ent@onve?or06&7 orn the
preferred nod nveyo 7 t

hal ves; there %Eggﬁﬁhg g%errp%%b§ %égargﬂhdﬂﬁ%eé |on % 5Q§5%J% l? 517
can be perfornedtbhy p@@feyabl§16tﬁéd fisat variskd Afatlef tztte rml drirhal §h&20 in
t he nol di ng nachrne has made a specified nunber ofdﬁfhthalnrc devices, i.e.

| ens®VTN- 424 Prefsgred mpes, ¢ nbR8ekhEFf 1850 the Dirat PEEFFy 3FH otked

fromthe noveghke cpkakeRe58hd €RRYVENRE r316 ralkt eﬁ@eeﬁo&ﬁelcfuxtv%st he-d oner
nol d hal f 520 via catch neans 509, and pulls the nold half 520 off the

noveabl e pIatenssearaéﬁdCéﬁﬁetsethe EbﬁvéyeﬁtEindlmalﬁe preferred
embodi ient. ¢ he ol dafal fo s aroxedabh A Py guauligal Lindti uen Shaln bt 1o

supported by a supportive surface an uidée'rails on

supportive suefaaeettéts tmcsnpinmngcoﬂmreyﬁrs 5 drwhirxit i lat kadlied troorel d
hal f 520" via 10 cat means 510 pushes the nold half 520 onto t he

novédbl e pIat@ﬁlgé?a andS 0peWE§CBOS|%§%ne81mPH§ mofR9halFuBPeLY | ocks

into place. TB@mB‘?EQlQa|frdn$ r%ef es80ba held domi 01 £ he namesahl e phatgfe 507
via hydraulic clanps 532. Once the nold half 520 l'ocks 15 into pl ace, the

nol di ng nachrnee5eereén Begen nﬁk?ngsﬁﬁ@n%ewmebhtmﬂlﬁ(:%ﬂﬁn(ﬁEQSUSWQQ the
new y nounted I 0. T a y S

FIG 5 conpri sé@%%ﬁeg[r) gaFQJe%g? "520 gﬁ% %)c?/jver mﬁm %{ﬁlﬂm@ %&@mpg can
work in conjupeefenabilyhcohprsiame @wperate nbfahdal 6r540nmtid afrorammpdrtthal m c
devices. The ] i kes,to change,_one_| ower_ nol d half 520 f a her

| owérP ol d ha%kggzoﬁoﬁg Iegg t hah® %ﬁtéeegﬁﬁé %ﬁ%ﬁe yrrégsfﬁﬁb n%%Y
seconds, and gpstipeef suabhyckess than ©2Qnsecondss Andlle f gste fxednge of
one lower nold half 520 for another |ower nold half 520" is further aided

by havi ng dupfPgat &hgatRackangrbyesi r SlispliEe ot 4 ShowAf2 preerfaaai Wy bot h,
to at |east tywp.l owgfdml ghbal ya$+e20. frame, or support and are

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 to the
substantially exact dimensions of the inserts 441, 442.

The plate 443 is mounted onto the hot runner base 444.
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VTN-424 - 29 520' so that the water and air connections do not have to
be physically noved fromone nold half 520 to the other nold half 520" in
order to change one lower nold half for another. In the preferred node, the
|l ower mold 5 half 520 on the noveable platen 507, and the |ower nold half
520' on the transport neans 517 have duplicate water and air supplies.
Further, if desired one or nore heating elenents (not shown) can be
provided to heat the inserts in the lower nold half 520" present on the 10
conveyor 517 prior to inserting the | owe20mel d half 520" into the nolding
machi ne. Heating the lower nold half 520" prior to nounting it onto the
noveabl e pl aten 507, decreases the tine it takes for the inserts to reach

t he optinum notHeNg tzerges 88 UaBdr HWe. riAheri neekt sS4dn hheel% itk hah f
will require heating at first to reach a tenperature within the opti num
nol di ng tenpePattife rl@fde, TAYMRStefOR fBOE cyEPEECBRCHHPRI NG Ipartal e
inserts wll j . 1N p i £ hi J J

t enperature rgﬁg§h§§%§93#Ehgﬁkgﬁggﬁhé' gﬂégﬂémﬁgpig§fHg%gv%gkg?%%%ﬁg%gthe
conveyor 517, thhe fimmser teurved hendowkee Mok halfvesan seathat héoopthomen

nol di ng tenperature rgnge (n two_or fewer | di ng cycles, regulting in |ess
down®ti ne, anﬂngigsﬁgs%H¥§THS?FFﬁée?edﬁ}rggef§F%ﬁ at 7hg* t he”FBweT * Hot d
hal f 520 is 2§,sls@agzhonienesl, 545004, osgroiebothcobpbhereasseideas iwyt he

| ower nold half are changed wi thout renmoving the |ower nold half 520 trom

the noveabl e PRALEANSO7, did e PR rIRA dNPaEF 52® sgcased mod kel fore
hthal mi ¢ VTN, 424, . - ' f i o AN ' f
the fnvent i o 20he" Badtt GreREL O RITAREE APEOCTRT HD 40T oRa i EEY ©

transfer heatmtohone,oandoie ohlyhecchaigedldgssemossd Ifiorheswerge the

| Id half 520 i d 5 off th bl | at 507 d th
ovih Mol harreBss: e RN St diton Vs Sn Grakse RalalsRact s | he

| ower nol d halhs&2@sar eoehangerd, hbererisisill!Isdheadenefdt ofhea foster
preheat tinme than if the entire |ower nold half were changed, because the
base of the 16UF¥&Er nditd A% It Wit PaRfef3neap P TREVIFE of T Mbr e

changed cassetfgsyoff e Ml 44 chianoene ONEsOF + §0hE1 Of glyhe Gasseites
in the nold half which was just renoved fromthe noveable platen onto a

conveyor, mayrbplshadger, 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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15 entire nold half nmay be exchanged for another nold half, or the nold
hal f can be |ater nounted onto the noveabl e platen again. Both cassettes in
the nold half can be changed in | ess than 6 mnutes, nore preferably in

| ess than 4 minutes, nost preferably in less than 2 mnutes. By the tine
the cassette change is conplete, the inserts will be pre-heated, and ready
to mount onto the noveable platen 507. Pre-heat preferably takes Iess than
1 mnute. Preferably, there is at |east one, nost preferably one, |ower
nmol d hal f 520" ready for use 25 present én one of the conveyors 516, or 517
at the time the lower nold half 520 is ready to be renoved fromthe
noveabl e pl aten 507. VTN-424 - 31 Preferably the noveabl e platen 507
noves betweencasbewee pii tiisore (adrshowninmage i kg whheh detteidol Goks wpen and
a closed position ich the |nsert n t ower nol d half 520 contact
The tneer bo | HPPREEApHdr ol (F IS Zks, aniet BECEROPTEREPRIS: (5P bot h

ol d hal ves format hei ggytt i@s ko M&&g@ ekt e diher mpl aldidSting
injected. After injection and about 0.5 to 1.5 seconds f or cool i ng of t he

parts, the nn&hlhéh¢e§ﬂﬁﬁ%ﬁ%u©4bs 4z ﬂﬂomqqﬂaQﬂﬁcwﬂﬁmtoﬁegap§arth$e
uppet nold h op on ba uryes o e inserts
in t%e Iomeraén? ha%?§52b éﬁnﬁ%%a e|ﬁ@§i% 58$:§hd owegH1 E’ Al f 520

nove to the omehdpmglmachlabowmlmecEl@aﬂir'ﬁnbkmﬁgkmﬁlene ¢uee®iaﬂfsthen
removed fromthe_|l ower # alf 520 preferably via a robot. The 15

preferred robBfefETERBmN3 Hh?F@? B B 5C3hY ??FEEH%ﬁRl%F?mﬁ??on of the

preferred injectiop,nokding saeki NRo3A0, hang the prefienr ednohels 600,e The
robot conprises a connectln% rod 60l, arm 602 and an end of armtool 603.
t

The robot 600cadyeEtadr £2en élﬁﬁi41mﬁﬂ@beﬁo@hén%pmeﬁhﬁﬁiGmharﬂﬂ$ﬂﬁaﬁmithe

Lowe ol d half 520 gthep tfiec upper ,uld shal 1340, aod. L wer, mbd hgl {520

are open as shown in Fl nOVES horlzont yin the
opposi te dir eedn b oebeeﬁltbeeameadﬂﬂaﬁﬁﬂstfmbmpm&ﬂaﬁaudahalélaﬁ 520 and

upper nmold half 540 mheg g Oﬁ% # 1 ﬁ 20 is ved E war d the upper
mol d hal f 5405 ¢B°Yot nfRAcHE5&G HBPESe PRI ERE B eF8FF8 ffbde, §h&ﬁr? Ria=Nel
6, the robot 600 tisea thseetsdr2ae rmpotinthate | Siddte eidlve VENA24i s

accomplished using heat transfer blocks 335. The heat
15 transfer blocks 335 are preferably located in the
molding base 23. The heat transfer blocks 335 directly
contact the inserts 24, 25 when the cassettes 21, 22 are
mounted onto or are otherwise attached to the molding
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 1is 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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- 32 nechanism 610 for the robot rides up and down with the novenent of

t he noveabl e platen 507. Through gears and rotatable cogs, e.g., a rack and
pi ni on nechani sm (not shown) the robot noves horizontally, that is, it
noves 5 in between and out of the nold hal ves when the nold opens and

cl oses, respectively. The robot is shown inside the open nold, e.g.,

bet ween the upper nold half 540 and | ower nold half 520. After the robot
600 noves horizontally into position between the nold halves, the to end of
armtool 603 preferably is |owered cl ose220-the surface of the |ower nold
hal f 520 (as shown) by vacuum extender 620, which noves the end of armt ool
603 up and down. The vacuum extender 620 is connected to a vacuum source
(not shown). pYéearhBeyvacuum isinald val eguihebiakensh®f farht adlr & noves
up via contraction of the vacuum extender 620. Wen the vacuumis

deactivat ed t RBeerdtPHing mess 4903 aiadndden 1h SheenBeah dirammefsBcuum

ext ender 620. )AL, thi i me re.ej.e r he_l.0 hal f
520 by the ai ﬂr)lg}:]é%t i%r?t'sysﬁgg]gr}ﬁ%gﬁg%gbf tgjﬁmq{a%zf 68@%%?& ;%{Oyﬂﬁg(g cups
604 whi ch arebtopkecicat the af vmcdinfisourLes{m@lie shbang whi alktiag .actTivat ed
to pick up the air-ejected, ] ens curves (not .sho . \We he_ | ower no|d
hal f °520 move¥2FBhardAaTe %%%tFBH r§%ﬁpﬁ§P%ﬁﬂ%j ??k%48?gtW@lFBbd?m?%rough
the 25 preferggd dhkeetsdpigve omechan smikoves,oul 1f roya hefsmen the upper
mold half 540 and | ower nold half 520, and transfers the front curves and
back curves t®ranePReedr ape resslyshawshef wetgrope Hsifadardm e Ihemt curve
VIN 424 - 331p08) 184S ddila SN0y PIAE [ @l hROSRE 985GhhARG Ihdde
prior art. Du P6°t Re t hinner | ens clrves and the arr ej ection, the cycle
time of the paesentiumnvemdtliternat ivellgss dthar 6 nséoemads,camriegmeftearadd y

| ess_than 4 seconds, and st preferably from2 to 3 _secqonds. The cycle
LimeCi o the tFAS PE HEES T GPL r oS ar SRR nOf a5 1B 8O0 ae i Aol g
back to an opgptAOLE. Witrdu@l tesnahyveiarhodirmandnider d®l dooh tdus1dd
invention with changeabl e nold hal ves and/or changeabl e cassettes can be
used to nol d Bafsactd | BRSEs DiPeretedsiadsdr i ded i & herprisfirigarantuch as
in US Pat. 5:.782 460. 4249%. 1 ncorporated herein by reference.
The nol ds foré%ﬁ?soénﬁégﬁggﬁ?éggglééng%#gé 15 first and second nold hal ves
at | east one of WhFEB.conmrndes shewr tthef aid eyl contretenedsas.the is
preferred that al Least ene insgrt dsed to make sagh gontact:lens 1s
trandm ssive 10 radration tor pol'yneri Zzation "0 hé “reactive mX ure(ﬂsed
to make the 'watpnkact drenhstse Satdadl eolaseéntl fnadsri al snwevpea tdesar i thed
above. For this enbodinent, at | east one of the nold halves, preferably

both nol d hal ¥&8, UE6mRt sBIAECPLaBLNBNED Jiét dtfty ATt eddf Sl TsYettes

conpri sing i ng&&Snb@r JiydBAY ot aehs! ensees RN 1 NbBY geaat apii Ko
| enses, all the inserts will provide for optically critical surfaces of the
cont act | ensehe TR@ngol ehhegvesdrandtt he bagbert ésmpergiame .of &hgolaling

systgm and arg; Leadh]y ,GRaRELAN8 AN LAY 08 USEA) 0 FLbhe" @rves 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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VTN- 424 - 34 conbinations to produce many SKUs. The nold hal ves can
conprise a base which can take the shape of a frane, support, plate, or the
like to which the cassettes are renovably attached. The nold hal ves can be
pivotly 5 hinged, or can nove apart horizontally or vertically, In this
enbodi nent in which the nold is used to formcontact |enses, the nolds
preferably will not provide for cooling of inserts or air ejection of the
contact |enses described earlier. Ejection of the contact |0 | enses from
the inserts can be acconplished by soaktmgpthe contact lenses in water. In
the preferred node an identifier, e.g. a radio frequency (RF) chip or the
i ke, may be placed onto each cassette to store information which

identifies theghs p@%b@fé&gbgﬁvhggg khahonms nitheddent piLernaryvah$0 be
used to track the cassettes. is preferred enbodinent is fully descfibed
i n concurrent lay gdliured i3yS .0 iSardlgs Neou Db/ 1308 8850 "Ieewode dnelr Appdr &hes for

Lot Tracking and eqver",_ VT 9 Lngcorpara herein by reference.
__>0 The noldﬁﬁfé%k |ﬁ€ﬁ&%ﬁ%ﬁab @éco%%§is§§ akggnp&ﬁ§e$%¥cHE%EheaﬁFes or
recei ves i nputejerttihinrch opht hal mi ¢ devices are to be nade by the machine.
Based on this information, the conputer determ nes when a nold or cassette

change i s needed. AR he'¢i FEC6R% TR BRLS5448ssette dRamfevVidRe nbPdi ng

machine wll r ident i fi 0] h sse ‘ﬁgk r COLrect
cassettes and/©o rﬁ% Et)gll (?}tléa%%@ii% Itaﬁz I%é%ﬁl %e?pta%%s?tgc% on ?h%’oéﬂlﬁg?mg%

devi ces to be hprdducer byo t heprashiinézedTRi424o0urce3Inatheslprvotess For

conditions are.autponatical dj,ust for_the new ophthal mc _devices. to be
formed. The cgﬁﬁhtg%r??agﬁggtﬁghﬁi @T %frdé$iéggﬂﬁﬁggpa%% géﬁedﬁﬁgsbyhe
next nold or casseldles @ngerond Pk gaddy s83hena dnvies beseskesdony asda
descri bed and pointed out fundamental novel features of the invention as
appli%d to pr EFESSHF o dilie rCd tFer@OE, SPOYRY 111 be under st ood t hat

;/ﬁrl SUS_ om ssions and suhsiidiW ions, andh changes ddhdde: fos mandadelails of
e evl ces
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 insexrts 24, 25, 441, 442,

FIG. 2 shows the connector 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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|0 illustrated, and in their operation, may be made by those skilled in the
art without departing fromthe spirit of the invention. Substitutions of

el enents from one descri bed enbodi nent to another are also fully intended
and contenplated. It is also to be understood 15 that the draw ngs are not
necessarily drawn to scale. It is the intention, therefore, to be Iimted
only as indicated by the scope of the clains appended hereto. VIN 424 - 36
CLAIMS: 1. A back curve and front curve for nmaking a contact |ens, wherein
t he thicknesses of said back curve and s&4 front curve are the sane and
both of said thicknesses are between fromO0.5 nmto 0.7 nm .A& .A

.A9. A9. A" . . Af{. A@ALh. Ayh@ AS. ALU. A9S. AL{. A {. A h,. A A h. ASA A {.Ah,.AL{. AL
{. AU@ ALh. As{ tAE. AMolA{irfy UndyfiAd. A fJPn@ AaAsé\&f:eQZ&%ﬁ’éBEé-it} Deals¥® -sthe

| wmhc”Y] ca] ca] ca ca] cal ca] ca] cakg & caLca aécag ca] ca] cfaU] cal] c<a] c
a] ca] ca] ca] caP@éF 81 c "t aPEEfE S5 as” two nozzles
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all of the gaps 451 around the top of the inserts 441,
442 in the second mold half 440 just prior to and as the
first and second mold halves change from a closed
10 position to the open position. The single blast of air
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 zremoves 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 in 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 1is preferred to use air
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Figure 7 shows a second mold half 440, and two

first mold halves 20A and 20B. First mold half 20A 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 1is
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 o©of screws 29 when a second
changeable cassette is attached to that base 23. Four
additional changeable cassettes 21B, 21C, and 22A, and
5 22B are shown unattached to any molding base. The
changeable cassettes 21B, 21C, and 22A, and 22B can be
exchanged for one of the changeable cassette 21A shown
attached to the mecld 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 1is 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 is 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 is removeably mounted. The moveable

platen 507 was referred to as the horizontal table in
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be used herein. It is preferred that the lower mold

half 520 is a first mold half as described earlier with
removeably mounted cassettes. Facing the lower mold
5 half 520 is the upper mold half 540 which is 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 lower mold half 5207. 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

10

15

25

10 10

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

the conveyor 516. In 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’
catch means 510 pushes the mold half 520’ onto
moveable platen 507, and when properly positioned,
mold half 520’ locks into place. The mold half
preferably held onto the moveable platen 507

via
the
the

is

via

hydraulic clamps 532. Once the mold half 520’ locks

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

5207, which can work in conjunction with the same upper

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.

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,

VTN-424

$10%&' ()-G



10 10
109: 109%&' () -! fo09XX& ()-m+! " fod0%JI& ()-m-ly fod0%@m () - m-%EE FniFFGHz X6d
Y: 0!l pF?d0%$& () -- !'KFmPA0%& ()-- !'yFnPd0% -& () - -
109%& () -!$10%& ()-!$10% ()-H JIJIIIK{\: 0!I nPAO%##& () -mHf: 109%& ()- 10 10
10L3: 109&' () -! pFnPd0%$3& ()-- ! pFnPd0%$$& () - - KLIMNOPPPWUG+:
100 F: 109%&' ()-!p, mAO%&R ()-m+!f, nPAdO% () - m+! p, nPAOYR' () - mt! , nPAdO%#& () - mt!
, MA0% (& () - m-PPPPQVRRSAB:
100 FI\ S 0% () -!1 SnPdOo%& () -!ySnPdO%&- (39! ~SnPd 0% ()-y, ' 109%& ()- 10
10SSTTUVW} [ <1: 10 10 :10%&' ()-! XI)nPd0%&' ()-w !al) mPd0%& ()-w
1$109&' () -#109&' () - SmPd0%&' () - VWVQW XYb[ dB: 10
18! f, QA0%& ()520" fs&EAYE (hemihaat PAHIE 6) r MelonnGUkQ¥h's( )tamth L 0Ua&<( ) -
1
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 lower 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 1t 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 require 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
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devices before it cools. In that 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’ 4is 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 i1f 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 is complete, the
inserts will be pre-heated, and ready to mount onto the
moveable platen 507. Pre-heat preferably takes less
than 1 minute. Preferably, there is at least one, most
preferably one, lower mold half 520" ready for wuse

25 present on one of the conveyors 516, or 517 at the time

the lower mold half 520 is ready to be removed from the

moveable platen 507.
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lower p051tlon as shown) during which the mold is open
and a closed position in which the inserts in the lower
mold half 520 contact the inserts in the upper mold half
5 540, 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
10 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
15 preferred robot is shown in FIG. 6.

FIG. 6 shows in detail 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
Lo 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 in the opposite

direction out of the area between the lower mold half

25 520 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 1s a direct drive robot, that 1is, the drive
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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 1is 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 vacuum extender 620 is connected to a wvacuum
source (hot shown). (When the wvacuum 1is activated the
15 end of arm tool 603 moves up via contraction of the

vacuum extender 620. When the vacuum is 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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prior art.
Due to the thinner lens curves and the air
ejection, the cycle time of the present invention 1is
5 less than 6 seconds, more preferably 1less 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 in the prior art, such as in U.S8. Pat.

5,782,460 and WO0/98/42497 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 inserts 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

VIN-424
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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
hinged, or can move apart horizontally 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
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
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.
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 is needed. At the time of a mold or
cassette change, the molding machine will read 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,



" #$UR' ()*+,-./0123456789: ;
<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

10

15

VTN-424

- 35 =

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.

Thus, while there have been shown and described and
pointed out fundamental novel features of the invention
as applied to preferred embodiments thereof, it will be
understood that various omissions and substitutions and
changes in the form and details of the devices
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
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 back curve and front curve for making a contact lens,
wherein the thicknesses of said back curve and said front curve
are the same and both of said thicknesses are between from

0.5 mm to 0.7 mm.



