- 1 MOLD, MOLDI NG SYSTEM AND MOLDI NG MACHI NE FOR MAKI NG OPHTHALM C DEVI CES
Field of the Invention 5 The present invention relates generally to a nold
and/ or a nol ding machi ne for maeki ng ophthal m c devices. Mre particularly,
this invention relates generally to a nold and/or a nol ding nmachine for
maki ng ophthal mc 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 nolding polystyrene 15 lens curves, i.e., front curves or back
curves, which are used for subsequent-nolding of soft contact |enses. The
apparatus is designed to provide superior heat conduction capacity so as to
mnimze the nolding cycle time, while sinultaneously producing uniformy
precise ~and acuyrd e vRbii@ stedklt XnbUlibaseRc MRbheRr PORVERKERRS IS
provided via a hot runner systemto a plurality of nold cavities. In a nold
used to make front curves, the CRPHERRMIC {ORWCES the nold provide the
optical quality surfaces to the concave surfaces of 25 the front curves
produced t hereby. The structural elenment which defines each convex surface

includes a holdqwgyldhdrical,dyghi ng and a renovabl e power insert nounted
t herei n, whi at the
5 The present invention relates generally to a mold
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 1is designed to provide superior heat
conduction capacity so as to minimize the molding cycle

time, while simultaneously producing uniformly precise

[

and accurate optical gquality 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, whi¢ch may be changed so that the



- 2 prescription strength of the contact lens to be formed by the |ens
curves may be varied. In a first enbodinent, 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 ding process, which coanjE@pps t he 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 mnmartensitic
steel. The power insert may be coated with 15 a surface | ayer of nickel
phosphor or sPresenepbxpte staenathr ofe Hia r rdetaThedensayer sPemf obeecur ned

to their praoper i cknesses and di nensions by di.anpnd cuiters, .and.they
may be thern§$¥ %gﬁdeﬁ§&§ USSEVESL . R £f§6§?§ﬁ§§fb Lar%%n,gmhFé%%Fs al so

.20 incorporatedobyme gt er efge, HueG 05aSeaR0t heE1 PALOr Hlly appeeaslxt o
manuf acturing |l ens curves. Pursuant to this prior art approach, the |lens

curves are nofdeflaas atséts epespghenabnsn@urvés eapereddoAmhofiagBtiin a 2 x
2 2% @ array B cBRHAGe FroRttourues iiun o P CA P her rh sRade S ool ded”
frame carryi nguar@uxdidgathaycohvbackuebaves. dédbhenthgster thss¢nhkyioh t he
therebetween a discontinuity of curvature, which imparts
a sharp edge to the front curve formed thereby. Cooling
water is pumped into the core of the inserts to cool the
10 inserts during the molding process, which complicates
the process of changing the inserts. The power insert

may be constructed of various materials including pure

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

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 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
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 A4
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 1lens curves 1s manufactured by injection



frame and | ens curves is manufactured by injection 3 nolding the assenbly
as one piece with the Iens curves being secured within an outer rectangul ar

frame by snall

struts extendi ng between the frane and the | ens curves. The
hei ght of the frame is such that the surfaces of 5 the |lens curves are

protected fromscratching and nechanical damage during handling, and the
frame in ge
prior art approach of nolding such polystyrene Iens curves in a clust
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this prior art approach, conplenentary sets of front and back curves
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general has a shape facilitating stacking and handling.

This prior art approach of molding such polystyrene
lens curves 1n a cluster assembly typically takes
approximately twenty-four (24) seconds, which 1is too
long for the efficient production of such polystyrene
lens curves.

In this prior art approach, complementary sets of
front and back curves are used in the production of
hydrogel contact lenses by molding a reaction mixture
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
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
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

are
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separated fromthe frame which thereafter places the back curves on the
front curves. The reaction mxture - 4 is then subjected to conditions
whereby it polynerizes, e.g. irradiation with actinic visible or
ultraviolet radiation, to thereby produce a polyner in the shape of the
desired hydrogel lens. After the polynerization 5 process is conpleted, the
two | ens curves are separated (called denpblding); typically leaving the
contact lens in the front curve, fromwhich it is subsequently displaced.
Typically the front and back curves are ysed once to nold a single contact
| ens. After the 10 polynerization is conplete, the diluent is displaced
with water to produce a hydrated lens. U S. Pat. No. 5,782,460, and WD

98/ 42497 di sclose a nethod of naking hydrogel contact | enses by nol ding a
mat eri al mhlchshabebeémbp@by@ér¢£e¢dmﬁuhk9mﬂ WhﬁﬁﬂbﬂSl@appﬂﬁmEylzesr

uncrosslinked withi,n re sqple gﬁ Cgossclnkln ]pf t he 8§a¥ Fs by uw
radiation: thef ef ord 2 T 15l d "¢6Rsi 3T &1 a DR B5er5e Bl e 5?’%8 such
as quartz, orppel yyesh c eat ehiakBy PRBdQEeMRI §ol1GaRlaGH |enseshgge e nol ded
in each nmold tool. 20 U S. Pat. h% 5,451,155 to Kok et al., the entire

di scl osure ofthwu(desmgfhbrébﬁrpgebrpbmnﬂed b@ft%ﬁeﬁéﬁtepoldmscﬂééésoan
ol & ng. - pr oV T TS, < oerPTEarCE] oEPEoR ol iy MLEHhes | AP EHF g Edo
hol ders 25 t hata BLEPOHEemdRLE nBl) at &sspitag 17P! Iie@‘i?ﬁﬁ@s t8k€ contact lens
in the front curve, from which 1t is subsequently
displaced. Typically the front and back curves are used
once to mold a single contact lens. After the

10 polymerization is complete, the diluent 1is 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 1s 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.

;0 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 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



adjustable wth respect to each other between a first position, in which
the nol ding plates define a cavity, into which material is injected by the
injection molding - 5 machine during operation, so that the particular

nol ded good is formed, and a second position, in which the nolding plates
have been noved sone di stance apart, while the forned good is being
renoved. On each side of 5 the injection nolding machi ne, transport devices
are provided which nove the holder and nolding plates froma position

| ocated at sone distance fromthe injection nolding machine to a position
suitable for cooperation wth the injectsan nolding machine. The transport
10 devices and the hol ders are detachably coupled. It is also disclosed
that a holder may be provided with a new nolding plate at sone distance
fromthe machine while the machine is in operation. Fo&.ex hangi n tge
mol di ng pl at BECRAGChSFY, GREGAEGHIy Hec §§§r§ o Bdi*séifarge 1<3?H5 hol der
supporting thgoppl di 9 H):@ed,USeHdSt f 8econRd pdoitDye, t he newibel depeand
nol ding plate’into position. This type of exchange of nolding plates

provi des for molddingk mhdtss nptave etowdn ngowkid esoinai ndlz$ hgneche apantine of

he ol ds. and”ProFarG LCCRRG 88901 or RERPig“GN KA m C eV dbsy:0e BE ©

partscularly tae ophibatibe devi&asy Widsknimly steskspkeepi agvuskts GSKUs) .

The term "stock keeping units" refers to different devices, e.g. different

product s. provided which move the holder and molding plates from a
position located at some distance from the injection
molding machine to a position suitable for cooperation
with the injection molding machine. The transport

10 devices and the holders are detachably coupled. It is
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 1is 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
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 1lenses 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



25 For exanple, contact |enses having different powers, and/or cylinders
and/ or axis values each conbination of which would represent a different
SKU, each SKU being manufactured using different nolds or a different - 6
orientation of the nolds or different reactive mxtures wthin the nolds.
SUMMARY COF THE I NVENTION 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 half for form ng ophthal m c devices wherein
said first nold half conprises at |east one changeabl e cassette conpri sing
10 inserts for formng said ophthal mc deVices. This nold can be used to
make opht hal m c devices; however, this nold is preferably used in an

aut omat ed nol di ng machine, nore preferably in an injection nolding machine.
This inventioniestpteber alfl yhesebltds nekedl éhsrent vesavhivh mi%xtarmes n turn
used to nmake contact hense .. _This invention further provides a vertical

i nj ection ol Wrhg*hat Fn@oigﬁprising a nold, preferably having at |east one
cassette, in which the nachine can quickly change one nold half for

anot her, and the 20 machine is capabl e of nmaking ophthal m c devices. This
invention further provides a SUMMARY @i THEt WSVERTI®Brent optical quality
opht hal m ¢ devi ces sre nmade in _a single m)ld.l he gnlds d nnldiqgasystenl
conprising a nold fpis invention prov des a mo and a molding system

comprising a mold comprising a first mold half which

works in conjunction with a second mold half for forming
ophthalmic devices wherein said first mold half
comprises at 1least one changeable cassette comprising
10 inserts for forming said ophthalmic devices. This mold
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



25 this invention nake it possible to quickly change the optical
characteristics of the ophthal m c devices, which are produced using the

nol ds of this invention. The nolds conprising one or nore cassettes nmake it
possible - 7 to quickly change the cassette(s) thereby making it possible
to efficiently make ophthal m c devices with many stock keeping units (SKUS)
using one or a small nunber of nold hal ves conprising changeabl e cassettes.
5 These nolds are particularly suited for directly or indirectly producing
contact |enses having many spherical powers, aspherical powers or
mul ti focal powers. Accordingly, it is a primary object of the present 10

i nvention to provide an inproved nold and nol di ng system conprising a nold
conprising a first nold half and a_ second nold half wherein sajd first nold

hal f conprised© aBupekst ofeaedanddunl €38885&€t(6) corPPFePhg MAFtTPI et

inserts for faqr phthal o1 £. devi . fi 15 nd, &

second nold h Pg%g%é%adﬁgst%%f%§%%4ﬁﬁfrg%%%%tokgEgggﬁggtHg$@£%?§egﬁjg?first
position, in whingh stdek midedphalyvemftoy m(akoe) d wavig yonat @mhbachsreaniat eri al
can or has been introduced so as to form nolded  ophthal m c devices, and a

second positi GMORF Hi dRPthel2bVa| BOKBF V8 RaBaBEBAPKBY EF SSE&TE €di-st ance

Pt Fal M ¢ deutGoe. BRe amhod migt ok Lha TnveRt Lon previ dge S it d °F
indirectly producing contact lenses having many
spherical powers, aspherical powers or multifocal
powers.

Accordingly, it 1is a primary object of the present
10 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
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



hal f 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 nent of the invention inproves the renoval of

t he nol ded ophthal m c devices fromthe nmold - 8 by providing an air

ej ection system In contrast to prior art which used ejector pins, air

ej ection does not distort the ophthal mc device and for the preferred
enbodi ment can be done while the nolded ophthalmc 5 devices are at a

hi gher tenperature. Another enbodi nent of the invention provides a nold and
mol di ng system conprising a nold designedg such that either one or nore of
the cassette(s) and/or the nold half or halves conprising the cassette(s)
can be changed 10 to provide for a different ophthal mc device or devices,

that is, different SKUs. In_the .preferred appl, ion, . th | i
devi ces for rre%lyuﬁrrﬁltg?\t@grm?% are f?%%‘%&ocnur\% ssgghd ba%l?l cﬁ?@ggégge;g(%o make

contact |ensesridheartr@ntceun¥ea andcbagkpcHeyesiarejpeeienalloysmigied in a
15 "fam |y nol d" arrangenment, which nmeans that both nold halves of the nold
i ncl ude conpl @xeheaty G erpd therlnifcor AeHECBot dndr ofRr chfes Pard a8 cur ves

(convex  pr ot pysi.qis. and concave 1ggent qhiiqns) e mphdidal o iefrabl y
conprises a casserte havifg inserts tor 'Tront 20 curves. “andFanot her
cassette haviagvioserisefot dagkgherrv@spedatddd s enbodi nent, only one nold

hal f needs to be changed to change the front curves and back curves,
Another embodiment of the invention provides a mold

and molding system comprising a mold designed such that

either one or more of the cassette(s) and/or the mold

half or halves comprising the cassette(s) 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.



or one cassette on the nold half can be changed to change either the front
curves, or back curves provided 25 by the nold. Changing one nold half or
changing the cassette will change the front curves and/or back curves and
wWill result in the production of |enses of different SKUs produced using
the front curves and back curves. - 9 This 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 forned by the changeabl e
cassette side of the nold, the optical_g@aracteristics of the |l ens curves
can be changed w thout changing both sides of the nold. Another aspect of
the invention is to provide an injection nolding device or machine that is

vertically 10 disposed to form ophthal m c devices, preferably using the
mol d of this TRYENEGRIIERRE nbt dPAFS &5 emPELaERs O eRBR 0L TVASS cal

I njection mol dingaAchL es 51‘?%%5 k 185% k! affs spacs F;Béﬁlﬂgric%%?i%al ,
injection nmolding rmachines. Further, a vertical nolglng macthi ne i s easier
15 t o conbi nesiwdehwbkherseltérenitheaf «@ qur akictoonoptheall pnethercadvant age

of the vertical injection nnldigﬁ machine s that at |east one of the nold
hal ves whi ch THBVesidettPc Py CRhél ABLELAGLCANOBE ROVEA SIS0t dMS® by

transport neapge FRAnLEPIACEhdYor NI dialdidd 208 NErveRki GRl1g,
injection nolding machine sinply and wth very little down tine, naking
mol di ng nore etenamtcdalal characteristics of the lens curves can be
changed without changing both sides of the mold.
Another aspect of the invention is to provide an
injection molding device or machine that is vertically
10 disposed to form ophthalmic devices, preferably using
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
v 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.



and efficient. Another object is to provide an inproved nold for naking
front curves and back curves having the sanme wall 25 thicknesses for the
front curve and back curve. - 10 BRI EF DESCRI PTION OF THE DRAWNGS In the
drawi ngs, wherein like reference nunerals delineate simlar elenents

t hroughout the several views: 5 FIG 1 is a side elevational view of a
front curve and back curve assenbly, which includes a front curve, and back
curve. FIG 2 is atop viewof a first nold 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 da0cross-sectional view of a nold
shown in the open position; the nold consists of the sane first nold half
shown in FIG 3 and a second nold half. FIG 5 is a nolding systemof this
invention 20 conprising a V%ﬁtﬁ@bgg’&mfﬂﬁq e Cppi) praghiNgs of this

i nvention and interchangeabl emotdhatves—FrG—6 15 an entargyged portion of
a vertical injectian tﬂmédld@wmxglsnnewbéreims lisrkeentebarehoai nginidmea 195
robot arm FIG 7 is i ew of each of the conponent of one

| an
enbodi ment  of 95 FrBFéutﬁgS%g“%ﬁéFn STEFRRSS FOEREPBALE. LY beveral views:

5 FIG. 1 is a side elevational view of a front curve
and back curve assembly, which includes a front curve,

and back curve.

FIG. 2 is a top view of a first mold half.
10
FIG. 3 is a cross-sectional view of the first mold
half shown in FIG. 2 taken along the line 3-3 shown in
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 1s 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.



FIG 8 is a top plan view of each of the conponents of a second enbodi nent

of a nolding s
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curves". - 12 PRESENTLY PRE D EMBODIMENTS

The molds and molding system comprising molds of
this invention can be used to make ophthalmic devices,
such as, contact lenses, interocular lenses, other types
of lenses, and plastic molded parts, e.g., lens curves
used for making contact lenses. 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
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 c¢an be
modified and used to make other ophthalmic devices. For
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
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 is used to form “lens curves”,

not

stem conprising nolds is used
PERRE J



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 nolds or nold hal ves
for maki ng contact |enses. The ternms "nold" and "nold hal ves" will not be 5
used herein to describe the lens curves although the |lens curves are used
for nmolding contact |enses. The terns "nold" and "nold hal ves" will be used
to describe the nold and the nold half used to formthe ophthal mc devices
(e.g. lens curves). 10 FIG 1 shows the preferred |l ens curve assenbly 110,
t he individual pieces are made using the nold and nol ding system conpri sing
mol ds of this invention. The nold and Jmgldiing system conprising nolds wll
be described below. The | ens curve assenbly 110 consists 15 of a front
curve 112 and back curve 114 which defines an opening 113 in which a
contact |lens reactign mxture is neri zed or gros%l %Efd to form

0

contact |ens. ‘The FroRt EHFygsllfngnékﬁﬁékcgﬁV§§ 114 StPof %ﬁ%stlc

material, preferablygRAsystykengrpel WieRY ane bdlkeyralrelefidifs Wied he
i ke, and are made within the first and second nold hal ves of this

i nvention (degefielsedd ma<w® mpléﬁeﬁ&bMﬁhdlbﬁﬂ?&ﬁeé@Ioma#GMﬁrﬂpﬁﬁﬁﬂﬁne

The front cutve 112 a curye A are simla 0 those,.dis sed and
used in the prEdrSart t 3ﬂa ont’y f&ZSannsggld %?igxg wéllagmjeg%rlbed

in UsS. Pat. Need SnéA8is66o | 8E9EPOpAL @theher gl fa)arrv@fser@meﬁouihe txont
curve 112 has a central curved section with an optical quality conﬁ?ve

surface 119 wheals prefesabsyehased for molding contact lenses.

terms “mold” and “mold halves” will be used to describe
the mold and the mold half used to form the ophthalmic
devices (e.g. lens curves).

10 FIG. 1 shows the preferred lens curve assembly 110,
the individual pieces are made using the mold and
molding system comprising molds of this invention. The
mold and molding system comprising molds will be
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 1is
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



13 circular circunferential defined edge 116 extending therearound. The
concave surface 119 has the dinensions, preferably the power of the front
surface of a contact lens to be produced in the lens assenbly 110. 5 The
front curve has a preferred thickness between 0.2 nm and 1.0 mm nost
preferably the thickness is about 0.6 mm The back curve 114 has a central
curved section wth an optical quality convex surface 118. The back 10
curve 114 has the dinensions of the back surface of a contact |lens to be
produced by the-lens assenbly 110, and e.g. for a toric lens defines the
cylinder power. The back curve 114 has a3preferred thickness between 0.2
mmand 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 cur angd; pagke CULNE; 114 gaeh,compLige apnyl agxkkanggs 115,
and tabs 117 %ﬁf%%g%fe ?ﬁtggrag myth and proj ect fr%n1 one siée of tﬁe
flanges 115. fherésomine¢urve 1TBeand:-dfcdack surfectld Bre shman hawneng gate

vestiges 121 which sonetines format the gate or_jinjection hot tip, which
suppl 65 1ol tSHMEREH Al ABET £oF AOLhe BF oPers L chbbul ekt FBTEREeId used
Front curve and BREREuFve. SF TRt € RUSE] Ot oust BT o Sre T Font cirves
and back curVkes, feogt asrdeskbhesedpraferSedPahichoess, 54Ew866, 0.2 mm
and 1.0 mm; most preférably the thickness is about 0.6
mm .
The back curve 114 has a central curved section
with an optical quality convex surface 118. The back
10 curve 114 has the dimensions of the back surface of a
contact lens to be produced by the lens assembly 110,
and e.g. for a toric lens defines the cylinder power.
The back curve 114 has a preferred thickness between 0.2
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
éo 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



i nclude a reduction in the volune of plastic used to - 14 formthe front
curve and back curve. The reduction in material was achi eved by reducing
the size of the tabs 117, and the flanges 115. Al so, preferably the

t hi ckness of the front curve and back curve is small 5 i.e., less than 0.8
mm and the sanme for both lens curves. Further, the preferred front curve
and back curve of this invention do not have an area across from the
injection hot tip for collecting a small slug of cold thernoplastic which
may format the injection hot 10 tip. The preferred tabs have a fl at
rounded-triangle shape without a step_tq,break up the flow of the pol yner
into the nold. The wei ght of thernoplastic used to form the front curve or
back curve is preferably less than 0.5 gm nore preferably |less than 0.4

gm and nost 15 preferably less than Q.3 grn. The nost preferred meiqgt
represents a E@dfctifdh BFOHboGEI S 6Rds Pebipared & o t he® PRAYFTAPE fbnt

curves and bagl Quiues w4 &, %%tﬂ rEQUBL AEM 2] OB OF of NERET andyp Lur ve

and back curve is 'less hexpec y, by reducing the wel ght 20
and vol une of 1tihe t kerdophest i £lamdes i all5 nj ect Adsbe mpalkdetrhbllyenscloar ves,

by decreasing the thickness of the part and the size of the tab, a
reduction in theéCckpersalol qb8ri t§ Jtt t RBRTYE ot hnBaBXc KAy e$S dithaot

resukt. In fact thefg wasgn igpgovgentyn the quald ty of %@&ZQJMM

curves and back curves over the prior art front curves and back curves
havi ng a | ar genrweisght’ awd thelrynethe preferred front curve and back

curve of this invention do not have an area across from
the injection hot tip for collecting a small slug of
cold thermoplastic which may form at the injection hot
10 tip. The preferred tabs have a flat rounded-triangle
shape without a step to break up the flow of the polymer
into the mold. The weight of thermoplastic used to form
the front curve or back curve is preferably less than
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. 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 volume
of thermoplastic material and made having steps, and

other molding features to improve the part quality.



of thernoplastic material and nmade having steps, and other nolding features
to inprove the part quality. - - 15 Further and al so unexpectedly, |enses
made using the front curves and back curves having the sane part

t hi ckness, e.g. about 0.6 nmm produced | enses having increased lens quality
whi ch woul d 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 nade using inproved nolds and injection

10 nol di ng machi nes, which will be desgri ed bel ow. The inprovenents will be
descri bed herein; aspects of th.e nold of 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 otherwi se known to a
person of or diaFYeEkiaNd | ALERe URFARCHIRELY2 sKERSSE B %i dFiH0 ather st

nol d hal f 20 %%gﬁ%iféﬁrgg%(ﬂ frgggk<qgag$%sll%a@@qgfaggecu éﬁ%a%%ggkn a

si ngl e nol d. e preferred nold conprising the fir 0 no 0 and a
second nol d hattfcddss s shawn bbobktGO. &. JunThepfodstedolidnzadsf RAvpnef erably
has two cassettes 21, 22 renovably attached to a nol di ng base 23.

Dependi ng on HHerafeet LEASMIVGAHEY " HeEdorRuIE haPé & PHRAEHE Gr PY

plurglity of Gassgiiss LeavvaplLyoattachds! ondant 16n el 19:PBEEI Edea
Preferably there are two or three

that the back curve had to have a smaller thickness than

the front curve to provide high quality lenses.
The front curves and back curves of this invention
are preferably made using improved molds and injection
10 molding machines, which will be described below. The
improvements will be described herein; aspects of the

mold or molding 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 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



cassettes, nost preferably two cassettes. FIG 2 shows that the cassettes
21, 22 are renovably attached to the nolding base 23 by two

easi |l y-accessi ble screws 29 per - 16 cassette. Therefore, changing the
cassettes on the nolding base 23 is a sinple and fast task. Alternatively,
the cassettes can be attached to the nolding base 23 by any neans, e.g.
brackets, braces, s bolts, quick-clanps, and magnetism however, preferably
t he neans provides for sinple and fast renoval of the cassette(s) fromthe
nol di ng base. Each cassette preferably has inserted therein a plurality of
inserts 24, 25 which receives the thermapl astic material for 10 formng the
| ens curves. The inserts 24, 25 are preferably individually renovable from
the cassettes; however, the cassette and inserts can be contiguous if

desired. Preferablysceach sassetlfe COMPNIES ot WRHED cLYEDEYe b NSHY t SyndrOr €
preferably four to ten inserts. 15 The insert’s, sonetines referred to as

power insertsmopiyinhge domsd ru@Bed iof aay rmEtmrlieal whidch feaat betamde with an
optical finis such as tals, e.g., pure steel, brass copper chr.om um
or cobalt-niCEQF?5PFB§§8q§artEh§ité%?séﬁQﬁﬂ. S&P;epﬁat?QE?Q?egn&“bar}V%ularly
for the to enhgdyrRAt posyhixh Lhe ARl dn ooy i $ Ny tBeaLREEE! S b ERkES,
contact lenses direCtly, the inserts'can conprisé quartz, ceramcs, or

pol yferi c mat bpilaks, muctk-aslampol yarad boagt esisoychovleskirns b ysdlepsthylene,

pOIyprOpernethgrlﬁggﬁg (8%£¥5822tr5ke)simple and fast removal of the
cassette(s) from the molding base. Each cassette
preferably has inserted therein a plurality of inserts
24, 25 which receives the thermoplastic material for

10 forming the 1lens curves. The 1inserts 24, 25 are
preferably individually removable from the cassettes;
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



25 In the preferred node, cassette 21 holds front curve inserts 24 for
formng (when properly nmated with the second nold half 440) the front curve
112, and cassette 22 holds the back curve inserts 25 for formng - 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 conpl enentary
to the inserts 24, 25 in the first nold half 20 for formng the front 5
curves 112 and back curves 114, respectively. The first nold half 20 and
second nold half 440 are parts of a famly nold, which neans that nore than
one type of part 1is nmade in a single molld consisting of a first nold half
20 and a second nold half 440. Before this invention, 10 it would be
unexpected that optical quality parts could be made in a famly nold. The

cassettes prefﬁﬂﬁﬁl%§ﬁ¥g¥%femgggélw1§HCbh@Sse§Eﬁth%§% s8¢l .4 4ol r 8t eel ,

hi gh har dness | oys; however, for an alternative enbodi nent, 15
pol yneri c mat ésdct scwoare Hel Asedlieo swmdand heo lchdseltft ed4 0 Mogtowr eﬁrerab@y
ni ckel -plated tool steel is used to make the cassette. The nmetal of

cassette is prifefabl v segdFanyebfh y 2b8r &P eW%??%ﬁWnB%eﬁpﬁgslT%e¥E%elve
the inserts ?IP %@eincmeneﬂﬁs%n%%ﬁmeﬁfvay@ QL tfl&‘%mgggCQ@llel ngrygier and

air (described 1'n nore detail below) The cassettes preferably weigh | ess
t han 512 poundscurviwe Jord wn@rba%l@ﬁm&dwdslq,ymmdqtmlghed Tdet weens 100

and 150 pound%kﬂ&?qggikngoa hq5sgegggg l%@shéige448 are parts of a
family mold, which means that more than one type of part
is made in a single mold consisting of a first mold half
20 and a second mold half 440. Before this invention,

10 it would be unexpected that optical guality parts could
be made in a family mold.

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



change one or nore nold halves in an injection nolding 25 nmachine, and a
mnimmof thirty mnutes to change the nold half. In contrast, the
cassettes of this invention are |light enough for an operator to handl e, and
can be renoved froma nold half and changed for another 18 cassette in

| ess than 8 m nutes, nore preferably less than 4 mnutes, nost preferably

|l ess than 3 mnutes. In the preferred enbodi nent, the cassette or cassettes
represent a portion of the thernmal nass of a nold half, 5 preferably the
cassette or cassettes on a nold half are |less than 90 % of the total nass
of the fully assenbled nold half, nore pgmseferably | ess than 70 % and nost
preferably less than 50 % of the total mass of the fully assenbled nold
half. In the preferred enbodi nent, each 10 cassette represents 20 % of the

total mass of %@% E%llylna§§§gb&%% bdmﬁﬁhﬁesFl9mn§3SEQQQeEE%19r0f§S§eCt'On

of the first hal f shown in FI G. 2 taken al ong e 3-3 shown 1n FIG
2. FIG 3 showhahhd frrionitesyr wesitnperetferadlyanesshe hknh [Backiourese. | nSerts 25
in cassettes 21, 22 respectivel 4 shows the cross section of the

first nold haFPGZOPrﬁﬁﬁrée@ro%@ggééT?BE'oft?%e ot Enent e y @oNUtRol d
hal f 440 whichg gg%kﬂ%r ”%Kﬁgﬂgi’Eﬁckﬁg5th£¥&%l4m§99“@f bhedmy d, £ppsi sting

of the first no hal f 20 "and the 20 second nold half 440 in the open
posi i on. Whepeetflee abfliyr sthenalac seetltfe Z&?W&ESQEEHSSOQ4ahawﬂngﬁﬂﬂVe&rﬁD|dlng
surfaces, the, second nmold hal . 440 has, IPSEILS 8%l ihe fully assembled
mold half, more preferably less than 70 %, and most
preferably less than 50 % of the total mass of the fully
assembled mold half. In the preferred embodiment, each
10 cassette represents 20 % of the total mass of the fully
assembled mold half.
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 is to put

the inserts forming the optically critical surfaces 119

of the front curve 112, (see Figure 1) and/or



havi ng concave nol ding surfaces. Were the first nold half 20 has inserts
25 havi ng concave nol di ng surfaces, 25 the second nold half 440 has inserts
442 havi ng convex nolding surfaces. The preferred arrangenent is to put
the inserts formng the optically critical surfaces 119 of the front curve
112, (see Figure 1) and/or - 19 (preferably and) the optically critical
surfaces 118 of the back curve 114 (see Figure 1) into the one or
plurality, of cassettes which are part of the same nold half, preferably
the first nold half 20. In the 5 preferred node, the inserts for the back
curves are in one cassette and the insenps-for the front curves are in a
separate cassette in the first nold half. The second nold half 440 can
conpri se changeable cassettes conprising inserts for critical and/or non-

10 critical s %esaﬁ\fh' dgre ln%agﬂ qwrclkt A vgfdg% ef second

nol d hal f; err fe secon 46>does

not conpri SetﬁéSSB&&ES cuied eady tfogeéecn ﬂ”@' d) hahﬁtop"‘@fﬁ@l’&ﬁié’ @Apri ses
a plate, frane, or simlar support 15 that hol ds the inserts that formthe

non- opti cal | ypl@pr.atlpém, Sl fcasss tefe st e ifchorrec raids @hdrbe epref acdisl y

and) the back nGyrves, Lnserts, 441,.. 442 pr I intg th | at e,
frame, or suppo#? anar ragfﬁlvﬁ%ua @r?%n§$gﬁfe H%ﬁ\?ﬁ% secgnd ﬁbQH hal f;

20 hewever, tbeelfaseéasmmxé,be:mnimg@@w gt hthBe bt esur F&ANBL O rSUPPOT t
T desired. one cassette and the inserts for the front curves are in
a separate cassette in the first mold half.

The second mold half 440 can comprise changeable

cassettes, comprising inserts for critical and/or non-

10 critical surfaces, which are simply and quickly
removable from the second mold half; however, in the
preferred mode, the second mold half 440 does not
comprise cassettes. Instead, the second mold half
preferably comprises a plate, frame, or similar support

15 that holds the inserts that form the non-optically
critical surfaces of the front curves and/or (preferably
and) the back curves. The inserts 441, 442 preferably
fit into the ©plate, 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.



In the preferred enbodi nent, the front curve inserts 441 and the back curve
inserts 442 of the second nold half 440 are inserted into a plate 443. The
plate 25 443 preferably conprises a netal of the types described above for
the cassette, which has been bored out to the substantially exact

di rensions of the inserts 441, 442. The plate 443 is nounted onto the hot
runner base 444. 20 The plate 443 and hot runner base 444 have extrusion
parts (not shown) for the introduction of nolten thernoplastic nmateri al
into the closed nold for formng the front curves and the back curves,
simlar to those 5 disclosed and described i-n 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

i njection nDId;ggheﬂfgg%gg?ga%ggisggggéﬁgéé?skggg!IX4£e%g%%d(§ r éﬁggﬁce or

10 insert repl Cause the® Inserts Tormthe

non-critical sunfaces(pft thendwehs €eurvesneAl ihhabduickeohhe g atme ¥édsn can be
renmoved from the hot runner base 444 and the inserts 441, 442 can be

repl aced or tHéegmaplaspist anadsd iadd dmseritike 4410sadompd defiprbel 9P 2ged.
Such mai nt enaq:gfe \S#flfcl?%% ypl.cally . requlr eoatc*kat i e's,n{c I%g{nﬂgrm%!od'ttqgoé"@cr" he

stop producin 0 ntc devi ces for greater an €en” mnutes. The
insests 441, 44Zdvdde segond stlitedal in 448 3 iase aeel.ed bgecid oyl ating

wat er which travels in conduit )
U.S. Pat. No. 5,545,366, earlier incorporated herein by
reference, In the preferred mode, the second mold half
440 1is preferably mounted intc an injection molding
machine, and is only occasionally removed for service or
10 insert replacement due to wear or damage, because 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



448 through the plate 443 and around the snaller dianeter portions 449 of
the inserts 441, 442. Orings 450 naintain the water seal around the
inserts 441, 442. (Note that the detail shown for 1 of the 4 inserts on 25
the second nold half 440 pertains to all the inserts 441, 442.
Additionally, the detail shown for 1 of the 4 inserts on the first nold
hal f 20 pertains to all the inserts 24, 25, except that the detail for
inserts 25 in - 21 <cassette 22 is a mirror imge of the detail for the
inserts 24 in cassette 21.) The water preferably flows in a single circuit
through the plate 443, contacting all -the knserts 441, 442 in each circuit.
Because the 5 plate 443 is not often renoved fromthe injection nolding
machi ne, direct water cooling of the inserts is preferred, although it

compl i cates 195eEL.EePl ApeuRty 1, Lhe fikal. mold hal [ 020 uhi choparnsies the

cassettes 21, S a nove mechanism | nstead 10 of water directly
contacting thensasest 2424n Zﬁsﬂuuﬂm\mmum necessatatepwateradbégl £lows

conplicate, and slow the renoval and |nterchangeablllté of cassettes, the
cooling of the insetPgloq ciyguis tHE Yt thel Lo £33/ aSoBHs (Gt eh usi ng

heat transfer, ?10%53 %%5% erile heat iy ! fAngheh Biacks; 335 QE@aQE@f ecrr?ebl y

| ocated in the ase 23. The heat transfer blocks 335 directly
contact the ipsetés 4243 25s wheot t hef s s etdnesverll, ﬂ:bmr@hawoumnje@ttoMro or
are othervi se, ajtaghed 9.t mLILN0, hase &3, Tp Seatnlr aehet,Pliorks 335
preferably ar®° 9 ' g
preferred, although it complicates insert replacement.
In the first mold half 20 which carries the
cassettes 21, 22 is a novel cooling mechanism. Instead
10 of water directly contacting the inserts 24, 25 which
would necessitate water seals, complicate, and slow the
removal and interchangeability of cassettes, the cooling
of the inserts 24, 25 in the first mold half 1is
accomplished using heat transfer blocks 335. The heat
15 transfer blocks 335 are preferably 1located 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



20 made of copper, copper chrom um copper zinc, brass, nickel-coated
brass, or simlar high heat conductive naterials. Steel is also a possible
choi ce, but not necessarily preferred. To inprove the heat transfer to the
nol ded parts, which need to be cooled, it is also 25 preferred to nachine
the insert fromthe enunerated high heat conductive materials. The heat
transfer block contacts and preferably is partially forned around a water
pi pe 331 through which cooling water is punped - 22 preferably in a single
circuit back and forth through the nolding base 23 containing all the heat
transfer blocks 335. Alternatively, theswater pipe and cooling blocks can
be formed froma single piece of netal. The 5 water pipes 331 cool the

cool ing bl ocks 335 which cool the inserts 24, 25. In this way, all the

inserts 24, 25 re cooled indirectly by the water. Preferably .the heat
pi pes 331 conlpéle%eaiagﬁiyl | &Y \%at%lrnqwcﬁy‘rl%mftl }A%@&&unadqec? %Srgiéwt&rﬁoug%
Al ternativel yrnhet hgs1dndyr etdscoobi rgniatRedy 191 carhke Negd ta000er he

inserts, e.g. a solid heat pipe wth or without cooling fins, or connected
to a cool ed haosksa Jidat piAdéecoatavaing &hel wakesr pepei gefamooliid h or

nhout 00l B8R L G Sea00h S SIGHL 8 A hestLon gt am Lomide 10
secopd mol d habkte44Qidds C9BLTr asblt @het RRISROIbIR)EEE 0B3PI RBiCA tdwwIpri or
art, air ejection oes not distort the I ens curves and can be done while
the inserts 24, 25. 1In this way, all the inserts 24, 25
are cooled indirectly by the water. Preferably the heat
pipes 331 contain distilled water which is filled under
a vacuum. Alternatively, other indirect cooling methods
10 can be used to cool the inserts, e.g. a solid heat pipe
with or without 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,



the lens curves are at a higher tenperature. The air 20 ejection and
decreased material in the front curves and back curves nmakes it possible to
nold the front curves and back curves in a cycle tinme of less than 6
seconds, nore preferably less 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 mMmm by 100 mcrons to about 3 mmby 300 mcrons. The air is ejected
through a gap 336, 451 around the circunference of the top of each of the
inserts 24, 25, 440, 441. The width of th 3 gap 336, - 23 441 is preferably
| ess than 12 microns. Alternatively, a plurality of holes could have been
provi ded around the <circunference at the top of the inserts for air

ejection. 5 For the second nold half 440, air is provided to gag 4?1 by
channel s 447 4%m &S pRESAGEARY Y 4465 SWHDIER il THOKIF up COTREPTESEEfYzed air

source (ot shownyro Py Hey {168t ogold Bald 20, ot 5adi oy gesat ngap 330

by channel s rom passageway Ich 1s hooked up to a 10 pressurized
air source (natishowfyreride céannehs 383p 447, whiech ioormEcst topassageways
332, 446, are preferably formed by machining nultiple grooves into the
cassettes 21, YU ate 443 around the dianeter of the opening to

receiye the insertsp2f, (45 el ndf2 nAlEennali vely. ishe chanal s:333,
447 can be nmachined into the inserts 24, 25, 44i, 442. FI 2 shows the

connector nozzdas 835 i channels 447 from a passageway 446, which is
hooked up to a pressurized air source (not shown). For
the first mold half 20, air is provided to gap 336 by
channels 333 from passageway 332 which is hooked up to a
10 pressurized air source (not shown).
The channels 333, 447, which connect to passageways
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 <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 Dbe closed or preferably

automatically close when the mold half is removed from



comuni cate with passageway 332 and can be connected to the air source (not

shown) for cassettes 21, 22. Wen 20 the first nold half 20, having attached
if one or both
cassettes 20, 21 are renoved fromthe base 23, of the first nold half 20,
the air passageway(s) 332 can be readily disconnected fromthe air source
(not shown) via 25 the connector nozzles 345. Preferably the air source to
nore val ves which
can be closed or preferably automaticaldy close when the nold half is

cassettes 21, 22 is renoved fromthe noldi ng machi ne, or

whi ch the connector nozzles 345 is connected, has one or

removed from 24 the nol ding nmachine. The cassettes have at
nozzl e, nore preferably each cassette has two nozzles 345,

| east one
one on each side

of each cassehle niY8iN9%Fgndia. | Srplelelably.! waged ghen Lhe other

nozzle 345 is e5 ir 'source. ré

rably arris ejected in a

si ngl e bl ast nfgz@me al hoot tdiereapsi4Sleacwunrdsibettomad the imseriss441l,
first and second

nol d hal ves SH&ngeoTe op acefseila0oposprehnohaescthe- opéiepdidith. 3 4he

442 in the second nold half 440 just prior to and as the

single blast ,of &l e h8TNeS 10615 0NN GHr ues aadnDRcky Gt

second nold hal SO ens curves preferentra
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stay on the fhtrstched dhalfe 20r Abtieeethe nold hal ves are opened, a single
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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
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 1lens 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
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
(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
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



front curves and back curves fromthe first nold half 20. Preferably, the
blast of air fromthe first nold half 20 coincides with the novenent of a
robot 600 20 (shown in FIG 6) to a |ocation between the nold 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 remai n on
the second nold half 440. Further alternatively, other neans nmay be 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 l ens curves, or other know ways; ho@ever, it is preferred to use air -
25 wejection for release on at |east one, preferably both, of the nold
halves. FIG 7 is a top view of a nolding system 70 shown consisting of a

plurality of gpld- Nahvesr ad s i uLel ilta)ésfihaﬂﬁﬁab;{;?eﬁé§§1§1$re%o%%,\/\e_re
shown in Figures 2-4. Figure 7 shows a second nold half 440, and two first

nmol d hal ves 204\ amel 20B] R teesnold half 20A is shown with one renovably
attached changeab&f éas ette 21A on,a noldin&}@&gg 23A. The 2§Idhn% base
23A shows 10 screw 1ol ed 280 & orOF eltFht Oof 23U 50 Wt R <BcSAE™™

changeabl e cassgiigrisgatbached tafhatthase 23Aolkd rsha1v®@éd hahl 2@B is

shown with two changeabl e cassettes 21B "and 22B attached to its nolding
base5 23B by selewslP9y changeahddi chenaktehangealsine cazzen t s Z1GUIr2ED, and

22C 15 are Sh?y\ﬁ]. uﬁtgtu%‘%he? ts%o%vnsy golscci—:‘icr}%dbar%ce)ld-r %lcéqaﬁlgs{flblaend two
first mold halves 202 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 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



cassettes 21C, 21D, and 22C can be exchanged for one of the changeabl e
cassettes shown attached to the nold halves 20A and 20B, or attached to the
nol di ng base 23A of nold half 20A where no changeabl e cassette is 20
presently attached. This enbodi nent provides a plurality of nold hal ves

whi ch can work in conjunction with the second nold half to nmake differently
shaped ophthalmc devices. Alternatively, FIG S 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 shown with one repgvably attached changeabl e cassette
- 26 21A on a nol ding base 23. The nol di ng base 23 shows screw hol es 290
for receipt of screws 29 when a second changeable cassette is attached to

t hat base 23. _FqQur _additipnal change e ssettes. 21B, 21C ,.and,22A, and 5
22B are shomzﬁﬁat?%cﬁed“?gdhlﬁ% Isgi ﬁ%g'bagg.e ﬂ\%le&lcrh%naggﬁl ezéagélé)twtses 21B,
21C, and 22A, sardy22B1ean bey exehasgedyf obfore refiyst o clisdigeablse coagset te

21A shown attached to the nold hal ves 20, or attached to the nolding base

23 of nold hakhaggeahéee qes THdfgeddl etiochagdsdta ethgtphesent§- affica¢hed. In
this way the %hgkﬂg%zyscg%m@ﬁegﬁ%&gegﬁgslsse taets |ff‘§ t %Q%,rmarned Cﬁ@ﬂge%pllde

cassette than e cassettes that "'are renovable
attaghed to sab@ fhist gRbAnhabfavbheehdd tise.arsai thalangeaplas CasIeld es

conpri sing differenth

changeable cassettes 21B, 21C, and 22A, and 22B can be
exchanged for one of 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 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 1is removeably mounted. The moveable

platen 507 was referred to as the horizontal table in



15 shaped inserts. FIG 5 shows the preferred injection nolding machine 500
and nol ding systemof this invention conprising an injection nolding
machine in which the nold of this invention is to be used. Figure 5 also 20
shows a nold in which a plurality of first nold halves can work in
conjunction wth the same second nold half to nake different shaped
opht hal m ¢ devices. The preferred injection nolding machine is a vertical
i njection nolding nmachi ne 500, as described in U S. Pat. 25 No. 5,451, 155.
The preferred vertical injection nnldipg%7qpchine has a noveabl e pl aten 507
onto which a lower nold half 520 is renbveably nounted. The noveabl e
pl aten 507 was referred to as the horizontal table in - 27 U S. Pat. No.
5,451, 155. The term noveable platen will be used herein. It is preferred
that the | owdr SvolRet hali¢. 5204P&, 45%i r sfThavlte tialmovep s b} dfern edklier with
removeabl y unt ed cassett.es. Facing the lL.ower l,d .5 | f 520 is upper
mol d hal f~ 54 e\mﬁ‘%‘ﬁgi z‘esrﬁd\}h inaf%das%eﬁrfiifﬁéée?‘n S EseThléDwﬁprperPErTrgld hal f
540 is preferald yp2 segoadripkd haltl asidescrided caidd esarTher wpprr nold
hal f 540 is renovably nmounted onto the supporting plate 503. The supporting
pl ate 503 10 rpeieadBlyy FrerBrAs statsOHAS- at BRFLIREnddie | Aopkis mold
enbqdi nment ol al t \v: l e .platen 507 no up and
dom% to cIoséggﬁhq%%%nlfhgj%%l%Pé%% ?ﬁgdp?§#g$F§ eﬁ%ég#n%%tfﬁg%”1eg§t one,
dashed lines in FIG. 5. The upper mold half 540 1is

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



preferably two transport neans, shown as conveyors 516, 15 517 provide for
the fast exchange of one | ower nold half 520 for another |ower nold half

520" . Alternatively, the transport nmeans can be a pneunatically,
hydraulically, or electrically driven chain. In the presently preferred
enbodi nment, the transport neans is _0 hydraulically driven chain. FIG 5
shows that the lower nold half 520' to be inserted into the nolding machine
500 is | ocated on conveyor 517. In the preferred node both conveyors 516,
517 can insert or renove the nold halves; therefore, the description
regarding the action 25 of conveyor 517 can be perforned by conveyor 516 and
visa versa. After the nold half 520 in the nDIding nachine has nade a

speci fied nunber of ophthal m c devices, i.e ns curves, the nold
hal f 520 is &idorR$i caheymahfobkbE 5?%n+5tﬁ%tﬂ%@Eéﬁ?%lbl%?%ﬂ056§ fEBRveyor

516 attaches rs 0 9, ~and
pulls the ‘P3§ﬁg%¥£§36£ ?%L€%ﬁ anea ?ﬁ$ g%e%ygo%ggéﬁﬂe%ﬁ?g§%§?hgO
conveyor 516tﬂéllh@eﬁraha@%ﬁhkﬂﬂﬂﬂﬂrwﬁﬁ bhechoh@anBMHDas ary eduby sa
hydraulically driven chain, supported by a supportlve surface and

guide rails dﬁ“aém?%érh§#3e589 Pké $hgparaiard sumeder A0tnhi andi RRtO
conugyor 517 whi obbsegblaghed (b hald: 20 Vi ko RaRs 1 510

pushes the nold ha onto the ten 507, and when properly

posi tioned, theelf nmilsd ratdd 529 aId@Myauﬁxrqﬂbwedrﬂm$lnnhdihm1bds is
supported by a supportive surface and guide rails on
either side of the supportive surface. At this time,
conveyor 517 which is 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’ locks into place. The mold half 1is
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", 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,



preferably held onto the noveable platen 507 via hydraulic clanps 532. Once
the nold half 520" |ocks 15 into place, the nolding machi ne 500 can begin
maki ng the new ophthal mi ¢ device(s) using the newly nounted | ower nold
hal f 520'. The nold and nol ding system shown in FIG 5 conprises |ower nold
hal f 520 and | ower nold half 520", which can work in conjunction with the
sane upper nold half 540 to formophthalmc devices. The tine it takes to
change one |l ower nold half 520 for another Ilower nold half 520" is |ess
than 60 seconds, preferably 1less than 30 seconds, and nost preferably |ess
than 20 seconds. 25 The fast exchange_of,qone | ower nold half 520 for
another lower nold half 520" is further aided by having duplicate water
and/or air supplies (not shown), preferably both, to at |east two | ower
nol d hal ves 52 520' so that the water and air, conn ctlons do not

have to be pﬁ%@. cald ythrPo"veHh‘? r BAF Bhe 2R8I & fal 3OHR5 W@t he?© ofREr OIS hal f
520° in order Lo w{am;s@egligw@r{oﬁ@ de - Bl bnEomaanptheis Isp ot heoprigferred

node, the | ower d 5 half 520 on the noveable platen 507, and the | ower
nmol d hal f 520them trvdct rrenspos20reans ostiérhawve chgplgecate hawer ard dir
supplies. Furth if desired one or nore heatln% ﬁlene ts not sh %g) can

be provi ded tBaﬁééFOFhéHOtﬁ§érts Ifn thRe PFSREF TREI g f tB802 ﬁ?ﬁééﬁi n the
10 conveyor S5§7;1prison tQ "d?x%errﬁdxf&ﬁl@ecflpé/\f‘e’ mdd hald BRO" 1oWRLO Hfdmes

nmol di ng machi ne. Heating the | ower
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 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 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



520' prior to nmounting it onto the noveabl e platen 507, decreases the tine
it takes for the inserts to reach the optinum nol ding tenperature range.
(The inserts in the 15 nold half will require heating at first to reach a
tenperature within the opti mum nol ding tenperature range, but after a few
cycles of nmolding parts the inserts will require cooling to keep them
within the optinmmnolding tenperature range.) By preheating the 40 | ower
nol d hal f 520' present on the conveyor 517, the inserts in the |ower nold
hal f can reach the optimum nolding tenpgfature range in two or fewer

nmol ding cycles, resulting in |less down-tine, and | ess waste. The tine
required for heating the |ower nold half 520 is 25 also shortened if only
one or both of the cassettes in the lower. nold half are changed wi.thout

removi ng t he9eVé®ES mBPECRAI 1 526°PE8m t hé imoVabl é"ﬁloéitléfﬁngmo arid® t he
| ower ol d h%'nfve%?cq S Ofﬁé’%émlsf maLe Qpht had d ¢, 11 BOscdeyi &R hgfore it

cools. In that enbo i nvention, the base of the nold half wll
still be hotananmbﬂﬁexdcmtamwﬁémrh@£attboonaeoormnneeaﬁ tthee cHearpstl

cassettes. |If however, the | ower nold half 520 i d 5 of f, the noyeabl e
platen 507, &AGS&RGERer Idwdtonfdied hiihe ' %ﬁggﬁ for 4ol P Vethd one

or gore cassegf e%h'en md & d10Wey1 J1Rlrd s f a‘:h%o %roech%*iarlmr there i still

the benefit o% a faster prehéat time than if the entire |ower nold half

wer e changedS2bécauseusbe lhasenofldihg, 1Gricowere nof dnhakf cB2Gewitlels timansf er

heat to the %g% %%wer 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 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, 1lower 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.



nore changed cassettes. After a nold half change, one or nore of the
cassettes in the nold half which was just renoved from the noveabl e platen
onto a conveyor, may be changed, the 15 entire nold half may be exchanged
for another nmold half, or the nold half can be later nmounted onto the
noveabl e platen again. Both cassettes in the nold half can be changed in
| ess than 6 m nutes, nore preferably in less than 4 m nutes, nost
preferably in less than 2 mnutes. 20 By the tine the cassette change is
conplete, the inserts will be pre-heated, -and ready to nount onto the
noveabl e platen 507. Pre-heat preferably takes less than 1 m nute.
Preferably, there is at |east one, nost preferably one, |ower nold half
520" ready for us r nt e S r 7.at.the
time the | ower n§F§§ﬁ§F?§§2&ﬁ%;é%gﬁﬁﬁ%%> %59§ﬁn%§@ ??%%ft gtﬁﬁﬁgéa |l e

pl aten 507. 103tr Ryefieriabl y(dheshmwmeabder phat eniSP7tneveslbetiveaspen | owner
position (as shown) during which the nold is open and a closed position in
whi ch the ing@ft @ iALeIRA [ReRItigR| EP ki cB2bhBoARERELEhEN| A& KO t he

upper ol d Nl 5540 s dagather Lhe Jnsert S o hothymol d Jal ves, £ orm
p j ected.

the cavities into ich a nmolten thernmoplastic is In ter 1njection
andsabout 0. 5400 larkd secgatiser f ohecdalsieng sofort heoarhsl dt helrelsd fatmwes
separate as air fromthe air ejectar gaps in the upper nold half 10 pushes

the front cufiss &Y WBAEK cdfFés FGH hé | Rte&R 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
-0 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 is a direct drive robot, that 1is, the drive



in the lower nold half 520. The noveabl e platen 507 and |ower nold half 520
nove to the open position showmn in Fig. 5. The nolded |ens curves are then
renoved from the lower nold half 520 preferably via a robot. The 15
preferred robot is showmn in FIG 6. FIG 6 shows in detail a portion of the
preferred injection nolding nmachine 500, and the preferred robot 600. The
robot conprises a connecting rod 601, arm 602 and an end of armtool 603.
The robot 600 noves o horizontally in between the upper nold half 540 and
the Ilower nold half 520 when the upper gglg hal f 540 and |ower nold half
520 are open as shown in FIGs. 5 and 6. he robot 600 noves horizontally in
the opposite direction out of the area between the I ower nold half 25 520
and upper nold half 540 when the |ower nold half 520 s noved toward the
upper nol d haPechapien HPMIPc!dxrdrobRt drifast HE Fref HvEY Wrbkle, t§ﬁom in

FI G 6_ the r $g%m ﬁgookst dlr%%%b rlﬁga(gﬁﬁgofhatag§ow%pe%%££ge 3

mechani sm 61 robo es up a own wth t nt o

nmoveabl e pl atﬁ@té@ibl&'hﬁ:@lggb ge.agr.s, afdratht ahdblmmags,m@c}ganlﬁnraﬁbtand
pi ni on nechanlsn1(not shown) the robot noves horizontally, that is, it
noves 5 in betheen) amﬁﬁmﬁoQﬁttM@VﬁﬁlHoﬁhFQEEa%hén ttheé tndisd %%eﬁ§vﬁﬁd

glet?\f\iZn [ﬁ:pﬁg{‘ﬁlereét%ie -Rnh ﬁabBDtibﬂ I omerhgf?dqhatll%%p%eﬁo!t%re tﬁe robot

600 nmoves hospeonst addd/ wnbee905|te9pe&mdmebm.theThaIdrhahyeag t keown
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 vacuum

source (not shown). (When the vacuum is 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
=0 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



to end of armtool 603 preferably is lowered close to the surface of the

| ower nold half 520 (as shown) by vacuum extender 620, which noves the end
of armtool 603 up and down. The vacuum extender 620 is connected to a
vacuum source (not shown). (Wien the vacuumis activated the 15 end of arm
tool 603 noves up via contraction of the vacuum extender 620. \Wen the
vacuum i s deactivated the end of armtool 603 noves down via extension of
the vacuum extender 620.) At this tine the lenses are ejected fromthe

| ower nmold half 520 by the air ejection system The end of armtool 603
preferably has cups 604 which are connegted to a vacuum source (not shown)
which 1is activated to pick up the air-ejécted I ens curves (not shown).
When the lower nold half 520 noves toward the stationary upper nold half
540, the robot through the 25 preferred direct drive mechani smnoves out
from bet ween Phéehppe ol Sh P K, SAOMRRIL | SRethvsicd IRFFLB/S aRd the
transfers the Egggtaﬁgrves and back curves to another robot (not shown) for
pr oper placengn nlens curve - 33 pallets (not shown), sinmlar to those
described in the puaeor tart.tHaue thoirree t hiemer densecurwes antet heiad r

ejection, the cycle time of the_present inventionis 5 |less than 6 seconds,
nore pref er abPyeFEs8nt hahY S¥ESRdst 1hd Ohost Sr BFEFEBy $P TR DI¢Y 35

secogds. The 13\43' erhisB igS tsfé%ofnidgg I hotakesrbe9ari,0omansopenppl d, to a

cl osed nold an ack to an open no
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 W0/98/42497 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 1is

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 in different



In an alternative enbodinent the nold of this 10 invention wth changeable
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
WO 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
conprises inserts for formng contact lenses. It is preferred that at |east
one insert used to make each contact lens is transm ssive to radiation for
pol yneri zation of the reactive m xture-uged-to make the 20 contact | enses.
Suitable insert materials were described above. For this enbodinent, at

| east one of the nold halves, preferably both nold hal ves, conprise at

| east one, preferab at | east two casseft conpki si i ts f
form ng conta%?mﬁéﬁgggén gﬁ §6¥ﬁ¥ﬁﬁ &6ntac Ieﬁéésagéglﬂgﬁge%négﬁ%s\MII

provide for opbingaiky Lrbhbsalwrswt aces ehkeherrontngpel esrses. fiwndiol d
hal ves and the cassettes are part of a nolding systemand are readily
changeabl e andueafrbe W3@dein i f teeehike 34 nelt ¢ 0A3SEBLHLEAFHE many

SKUs. Th | d_hal [ [
Frame, | suppofETORFALE, BF TR 1 ko TRoWRIele t N8 WARecPThs 1 o P ardabl y

attaghed. Thehtabddhalotesc&@nmbeepiapatrky Hodiizged,11gr ¢anvepyecapat,
hori zontally or vertically. In this enbodiment in which the nold is used to
form contactIlerdds eRROABIERT pridf efabty &Pl YD ptdvithed 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 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,



for cooling of inserts or air ejection of the contact |enses described
earlier. Ejection of the contact 10 Il enses fromthe inserts can be
acconpl i shed by soaking the contact lenses in water. In the preferred node
an identifier, e.g. aradio frequency (RF) chip or the |like, nmay be placed
onto each <cassette to store information which identifies the 15 ophthalmc
devices it forns. The identifier may al so be wused to track the cassettes.
This preferred enbodinent is fully described in concurrently filed U S
Serial No. 09/305,885, "Mthod and Apparatus for Lot Tracki ng and
Changeover", VTN-419 incorporated herein gz_reference. ?0 The nol di ng
machi ne preferably conprises a conputer i ch schedul es or receives input
on which ophthalmc devices are to be made by the machi ne. Based on this
information, the conputer determ nes when a nold or cassette change is
needed. At thehej eretess nePadeEioBscasset feteRahgealihe afoludli bRy naéHi ne
will read the_. identifier .on the settes t e sure t correc
cassettes andﬂ%? mol'd tfhagrmecl ngéiﬁlecenshc ?ng'.engiaésrén Lélo'n flﬁee gﬁh&k‘%lerﬁ c
devices to betppeddcedecbyuhbermBehtBeices 3hadéhenfr eersautendiheonsxar e
automatically adjusted for the new ophthal mc devices to be fornmed. The
conputer traeRsdt he AambettofckRNgees made and schedul es the next nmold or
Ca_ssft te change. 5TIPLJS’ wM‘@i{eeFﬁQfé ehQ@é’ebgﬁﬁnsﬁ@%@“a%ddgs&%%28" e
poi nted out fundanental nove eatures of e 1Tnventron

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
10 illustrated, and in their operation, may ke 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.



as applied to preferred enbodi nents thereof, it will be wunderstood that
various om ssions and substitutions and changes in the formand details of
the devices 10 illustrated, and in their operation, nay be made by those
skilled in the art without departing fromthe spirit of the invention.
Substitutions of elenents from one described enbodi rent to another are al so
fully intended and contenplated. It .i3g-al so to be understood 15 that the
drawi ngs are not necessarily drawn to scale. It is the intention,
therefore, to be limted only as indicated by the scope of the clains
appended MaiAT &S CL2ZBMBIHIST |S CLAIMED |S: 1. A nolding system for formng
opht hal m ¢ devices conprising a plurality of first nold halves conprising
inserts conprising optical quality surfaces, and a second nold half

conpri si ng, i NSRk&din@Restén Bubahink ¥pthal GRS 8&/ides So@pATINE & bRGalitPsLfifss, said
cassettes being renpvably attached to said first nold hal ves, wherein each
of said fmokthalysisgomarisiag insegs sommisingrjptiedl Mpality srrfares snd asecsddaldl d hal f to

make diff e h ] G Vi f.urt rel ai d nol di ng
systen1coﬁ%?gégéﬂgﬁgﬁ%%§t£@%1 g%#gqgﬁgﬁgéggﬁﬁgﬂ%gé%ﬁ?ﬁ%@?ﬁgn§€ﬁ§ nunber of
sai d changeaprenoablyeatth@rdtdsdid firse mobhimhad) whatinaatiedf sa &ai woldthalves nol d

hal f when in use with said second. np | f. 2..The npl din stem of claim
| wher oi n "8 i ORREEIGRONED 7 ?ecmeWOldﬂlaEE% make, %E%r%éh%d Pg@_g%/l%p _
changeabl ae\q@e%%{dtfﬁﬁher%yhei@?@smmndm% SERHEDBYrised ﬁlléastloﬁmﬁ&elcﬂa@ﬁme first

nol d hal f further conprises a base t0 which said at [east one changeabl e
cassette krassetertbarnathe pumberadiseid changeatle cassdties tgt arggemovably atashed 1 saer ei n

sai d chan%q$bI%H€q§SEttes cor riie iﬁfeﬁéﬁ Eor the formation of |ens
curves. 5ISHRPIGRAIEVAGH sy i spidepsonthmPIdAUtei n sai d changeabl e cassettes
conpri se

2. The molding system of claim 1 wherein said first mold half when in use

comprises at least two changeable cassettes.

3. The molding system of claim 1 wherein said first mold half further comprises a

base to which said at least one changeable cassette is removably attached.

4. The molding system of claim 2 wherein said changeable cassettes comprise

inserts for the formation of lens curves.

5. The molding system of claim 4 wherein said changeable cassettes comprise

inserts for the formation of back curves and front curves.

6. The molding system of claim 1 wherein said changeable cassettes comprise

inserts for the formation of contact lenses.

7. The molding system of claim 1 wherein said first mold half comprises the inserts
for the optically critical surface of said ophthalmic device, and said second mold half

comprises the inserts for the non-optically critical surface of said ophthalmic devices.



inserts for the formation of back curves and front curves. 6. The nvol ding
systemof claim 1l wherein said changeabl e cassettes conprise inserts for
the formation of contact |enses. 7. The nolding systemof claim| wherein
said first nold half conprises the inserts for the optically critica
surface of said ophthal mc device, and said second nold half conprises the
inserts for the non-optically critical37surface of said ophthal mc devices.
-37- 8. The nolding systemof claim7 wherein said first nold half conprises
the inserts for the optically critical surfaces of said front curves and
back curv&s. 9Themhelding sabtam of whaimm wHerein saithiitstywedd Balficaraprises B€dmghol d hal f
conpri ses | ea I i Si said inset of said
second nDF%hﬁéﬁﬁ?&gﬂgR%ﬁﬁ%%?%§gﬁggpEﬁﬁ§§#$ f@?gpﬁkgkﬂghalf and sai d second
nmold half formoptically critical surfaces of said ophthal mc devices. 10.

The nol ding systemof claim5 wherein said inserts for _said optically
critical dsurf Hecmolimesysigmyofsraimd whesein s3id seond qulé B3!f eoqarrdses & leashy” sai d

inserts fgge aahgeaeﬁ_tc'agsgaé Yom®riditd SRl inSHOF 868 SecBhd ARILhAPAGKI Gl MB&sAf € i n a

second cassette; sai Irst ‘and second cassettes belng simultaneously
attached sad §est chotd haf andolad deadrfd mdld halffermentidalhgeritat sirfagés aflsaidm 1 wher ei n
said inserts Hn.s id cassettes are cooled indirectly. 12. The nol di ng

syst em of RfBIMGISEEF ei n said inserts are cooled by contact with a heat
transfer block. 13. The nol ding systemof claim1l wherein said ophthal mc
devices are ejected from said first nold half or said second nold half by
at |east ofe plhesmoldingsystemof clamme whsrein sejddusette farspid OpEeady crifigdr ei n sai d
opht hal m i . j . i i . id second
mol d hal f 9%33%5% S1¥3idd %ﬁ@%ﬁ‘gé’t A A ca t{r%oéﬁ{‘{e%gc%ﬁg%‘g fél'g%aéf‘ Wfrégl?}arml d hal f
and sai d seahsirfaoésbflsaldfback burvddare imnd shicogl Gagsetttenaaf fist aideedshdwher ei n sai d

inserts in said cassettes are cooled indirec :
cassettes being simultaneously attagne?i to said grst moEcJ l¥alf.

11.  The molding system of claim 1 wherein said inserts in said cassettes are cooled

indirectly.

12.  The molding system of claim 1 wherein said inserts are cooled by contact with a

heat transfer block.

13.  The molding system of claim 1 wherein said ophthalmic devices are ejected from

said first mold half or said second mold half by at least one pulse of air.

14.  The molding system of claim 1 wherein said ophthalmic devices are ejected from
said first mold half and said second mold half by at least one pulse of air from each of

said first mold half and said second mold half.

15.  The molding system of claim 14 wherein said inserts in said cassettes are cooled

indirectly.

16.  The molding system of claim 1 wherein said ophthalmic devices are removed

from said inserts by water.



16. The nol ding systemof claim21 wherein said ophthal mc devices are
renmoved fromsaid inserts by water. -38- 17. The nol ding systemof claim1l
further conprising an injection nolding machine onto which said nold is
mounted. 18. The nol ding system of claim 17 wherein said injection nolding
machine is a vertical injection nolding nmachine and wherein said first nold
half is the lower nold half. 19. The 38sl di ng system of claim 18 wherein
said vertical injection nolding nachine conprises a direct drive robot

whi ch picks up said ophthal mi c devices. 20. The nolding systemof claim1l in
which two different optical quality ophthalmc devices are forned

si mul t aneousl y~, 21.. The mol di.ng.s of cl.aim17.. erein the cle tine
of said i W’ect nlr%enm?rlgfn(ﬁ 3 &temr%{(? Edl"ﬁ)eﬁsf%lgﬁ%recgrsnpp 1ah 4% méeec\({:\i{éﬂ so.ldlﬁé .ma"l"l(r%f}e{e nmol di ng
syst em of ombahidhlsdid mbidriemoustad.d first nmold half is changed with another
first nold half in |ess than sixty seconds.

18.  The molding system of claim 17 wherein said injection molding machine is a

vertical injection molding machine and wherein said first mold half is the lower mold

half.

19.  The molding system of claim 18 wherein said vertical injection molding machine

comprises a direct drive robot which picks up said ophthalmic devices.

20.  The molding system of claim 1 in which two different optical quality ophthalmic

devices are formed simultaneously.

21.  The molding system of claim 17, wherein the cycle time of said injection molding

machine is less than 4 seconds.

22.  The molding system of claim 17, wherein said first mold half is changed with

another first mold half in less than sixty seconds.





