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More particularly, this invention relates generally to a %ﬁp% 03

devi ces.

and/ or a nol ding machi ne for making ophthal mc devices with nmany stock

keeping units (SKUs). 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 pol ystyrene |ens curves,

i.e., front curves or back curves, which! are used for subsequent nol di ng

of soft contact |enses. The apparatus is designed to provide superior
conduction capacity so as to mnimze the nolding cycle tinme, while
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The present invention relates generally tec 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).

Background of the Invention

U.S. Pat. HNeo. 5,702,735 to Martin et al., the
entire disclosure of which is hereby incorporated by
reference, provides an apparatus for molding polystyrene
lens curves, i.e., front curves or back curves, which
are used for subsequent molding of soft contact lenses.
The apparatus is designed to provide superior heat
conduction capacity so as to minimize the molding cycle
time, while simultaneously producing uniformly precise
and accurate optical guality surfaces. Molten
polystyrene is provided wvia a hot runner system to a
plurality of meld 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
the front curves produced thereby. The structural
element which defines each convex surface includes a
heollow cylindrical bushing and a removable power insert

mounted therein, which may be changed so that the

i nvention rel ates



hol | ow cylindrical bushing and a renovabl e power insert nounted therein,
whi ch may be changed so that the VIN-424 0 3 NOvV 2003 2 5 10 15 ;0 25
prescription strength of the contact lens to be forned 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, &hﬂ%pﬂﬂbr
i nsert 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_formed thereby. Cooling water is
punped into the core of the inserts to cbol the inserts during the nol ding
process, which conplicates the process of changing the inserts. The power
insert may be constructed of various materials including pure steel,
brass, coppermdraripioror stoadth npékdiheal toykaict naenendia i ke stfgaimedrhe
power insert nmay q$ coated with surfac

&, " orhe

a g | ayer_.of nicket?phospgpr q{
silicone oxi chrofid nFFiad. TAdse Pay L 1, be tiRned t &5t r
proper thi cknegses it di epRsi ﬁgﬁeby ghaepnd padtedss And, they domwde
thermal Iy hardened. U.S. Pat. . 4,565,348 to_Larsen, which is also
i ncor por at ed swr fraafeeraincky s ddpet osenalnott@dr pEiof gerond embodiment,
5 the power insert includes an annular flat surface
surrounding the convex surface, defining at the junction
therebetween a discentinuity of curvature, which imparts
a sharp edge to the front curve formed thereby. Coocling
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.8. Pat. No. 4,565,348 to Larsen, which 1is also
:0 incorporated by reference, discloses another prior art
approach to manufacturing lens curves. Pursuant to this
prior art approach, the lens curves are molded as a set
of eight lens curves carried on a frame in a 2 x 4
array. FIG. 3 of the Larsen patent illustrates a molded
25 frame carrying a 2 x 4 array of concave front curves,
while FIG. 5 therein shows a molded frame carrying a 2 x
4 array of back curves. The cluster assembly of the

frame and lens curves is manufactured by injection
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approach to manufacturing lens curves. Pursuant to this prior art

approach, the lens curves are nolded as a set of eight |lens eurves carried
on a frame in a 2 x 4 array. FIG 3 of the Larsen patent illustrates a

nol ded frane carrying a 2 x 4 array of concave front curves, whilm I 35
therein shows a nolded frame carrying a 2 x 4 array of back curvgé.uiﬂﬁ
cluster assenbly of the frame and |ens curves is manufactured by injection
VIN-424 f1 3 NOV 2003 3 5 10 15 20 25 nol ding the assenbly as one piece
with the lens curves being secured withi,n_an outer rectangul ar frane by
smal | struts extending between the franmd and the | ens curves. The hei ght
of the frame is such that the surfaces of the |lens curves are protected
from scratching and nechani cal danmage during handling, and the frane in

general has @osisipw f bl | REAEMRG Vs PEc kP BABCRantIingtherht €7 pr o &k
oboaet, ! TR AE SV oI olese puteRgltas shiplepsitly
for the effi gitantt Prowtetddng obesuebn pehystfyraere ad@nsheutees. cluxved s
PLIfLeagﬁogﬁg%ﬁgﬁhg¢f§ﬂE|%ﬂ?néféyfigﬁg %is géggtt%g% Q%ﬁﬁ gg;%ggegréxysed
5 the lens curves are protected from scratching and
mechanical damage during handling, and the frame in
general has a shape facilitating stacking and handling.
This prior art approach of molding such polystyrene
lens curves in a cluster assembly typically takes
10 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
15 hydrogel contact lenses by molding a reaction mixture
wherein the mixture is preferably dissclved 1in a
non-agqueous, water-displaceable solvent. After a dosing
step in which the front curves are substantially filled
with the reaction mixture, the concave front curves are
20 covered with the back curves in a manner in which no air
bubbles are trapped beneath the back curves. Back
curves are placed on the polymerizable mixture in the
front curves as individual units; therefore, prior to
this step, the back curves are separated from their
25 frames by breaking or cutting. The back curves are
preferably held by a mechanical device while they are

separated from the frame which thereafter places the

back curves on the front curves. The reaction mixture
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hydrogel contact |enses by nolding a reaction mxture wherein the mxture

Is preferably dissolved in a non-aqueous, water-displaceable solvent.

After a dosing step in which the front curves are substantially fﬂ?“@?H@m

with the reaction m xture, the concave front curves are covered W
back curves in a manner in which no air bubbles are trapped beneath the
back curves. Back <curves are placed on the polynerizable mxture in the

front curves as individual units; therefore, prior to this step, the back

curves are separated fromtheir frames Ry -breaking or cutting. The back
curves are preferably held by a nmechanical device while they are
separated fromthe franme which thereafter places the back curves on the

front curves., The reactbggﬁgL§L§re VTN-.-424 0 @Kéhgog§‘%&i 10 15 20 25 is
A
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the shape of the desired hydrogel lens. After the polynerization process

i s conpl et ed,radieatimn/ ebs thevebyapsodupar at e lyms | &nl Gepoisdiapg) ;of
P ol | RIS S BThSTE e ARk SN IR
5 process is completed, the two lens curves are separated
(called demolding); typically leaving the contact lens
in the front curve, from which it is subsequently
displaced. Typically the front and back curves are used
once to meld a single contact lens. After the

10 polymerization 1is complete, the diluent is displaced
with water to produce a hydrated lens.

U.S. Pat. No. 5,782,460, and WO 98/42497 disclose a
method of making hydrogel contact lenses by molding a
material wﬁich has been polymerized but 1is at least

15 partially uncrosslinked within reusable molds.
Crosslinking of the ©polymer 1is by UV radiation;
therefore, the mold consists of a UV-permeable material,
such as quartz, or polymeric materials. One or more
contact lenses can be molded in each mold tool.

20 U.5. Pat. No. 5,451,155 to Kok et al., the entire
disclosure of which is hereby incorporated by reference,
discleoses 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
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No. 5,782,460, and WD 98/ 42497 di scl ose a nethod of naking hydrog@NUV
contact |lenses by nolding a material which has been polynerized but i

a single contact lens. After the polynerization is conplete,
s displaced wth water to produce a hydrated lens. U S. Pat.

| east partially uncrosslinked within reusable nolds. Crosslinking of
polymer is by W radiation; therefore, the nold consists of a UV-perneabl e
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Wwhitg £Re formed good 1s being removed. On each side of
the injection molding machine, transport devices are
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 1injection molding machine. The transport
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 is only necessary to discharge
the holder supporting the molding plate used so far, and
to move the new holder and molding plate intoc position.
This type of exchange of molding plates provides for a
gquick and simple retocling while minimizing the downtime
of the injection molding operation.

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

manufactured wusing different molds or a different
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nmol di ng pl ates have been noved sone di stance apart, while the formed good
I s being renoved. On each side of the injection nolding nachine, transport
devices are provided which nove the holder and nol ding plates f Enh
position | ocated at sonme distance fromthe injection nolding na& [ @ZWB a
position suitable for cooperation wth the injection nolding machi ne. The
transport devices and the hol ders are detachably coupled. It is also

di scl osed that a holder may be provided with a new nmolding plate at sone
di stance fromthe machine while the machine is in operation. For
exchanging the nolding plates and holders, it is only necessary to

di scharge the hol der supporting the nDIdlng pl ate used so far, and to
nove the new hol der and nolding plate into position. This type of exchange
of nDIdlng[ﬂ?&%ﬁﬁ%ﬁ%&@%egffGPeamQ$ﬂ%ﬂ@%wﬂl§f%5?%tré@éGFPH&\Mﬁ%%ﬁres

m ni m zing tﬁeigfmgttﬂg qd he injection nolding operation. There is a
need in the art to | Npr ove t e nolds and nolding technology for making
opht hal m ¢ devices, particularly for ophthal mc devices with nany stock
keepi ng units (SKUB) . The term "stock_keeping units” refers to different
devices, e.g. different produst¥ARE, EeEEEpEEVE ct |enses having
different powers, rpnd/ r % e 2 n of
whi ch woul d represent aP%Y§¥%%§ﬂ?ﬁ§%ngégc aé%%dbgrﬁg% ﬁgﬁ@fac ure%éﬁglng
di fferent nolctmorisinyffeereold VEmiRd Ghg\ow 2003t 6odd et ati orhoht he

nol ds or different reactive m xture
, works {n conYunctfon wfth a second mold half for forming

ophthalmic devices  wherein said first mold half

comprises at least 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 gquality ophthalmic devices are made in
a single mold.

The molds and molding system comprising a mold of

25 this invention make it possible to quickly change the
optical characteristics of the ophthalmic devices, which
are produced using the molds of this invention. The

molds comprising one or more cassettes make it possible
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within the nolds

SUMVARY OF THE I NVENTION 5 This invention provides a nold

and a nol di ng system conprising a nold conprising a first nold half which

wor ks in conj

devi ces wher

junction with a second nold half for form ng ophthalﬂgqgv
ein said first nold half conprises at |east one changeabl

cassette conprising 10 inserts for formng said ophthal mc devices. Thi
nold can be used to nake ophthal m c devices; however, this nold is
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indirectly producing contact lenses having many
spherical powers, aspherical powers or multifocal
powers.

Accordingly, it is a primary object of the present
invention to provide an improved meld and molding system
comprising a mold comprising a first mold half and a
second mold half wherein said first mold half comprises
at least one changeable cassette comprising multiple
inserts for forming ophthalmic devices. The first mold
half and the second mold half are adjustable with
respect to each other between a first position, in which
the mold halves form a mold cavity into which a material
can or has been introduced so as to form molded
ophthalmic devices, and a second position, in which the
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
inserts that are cooled indirectly; thereby making it
easier to remove and interchange the cassette(s).

Another embodiment of the invention improves the

removal of the molded ophthalmic devices from the mold
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to qui ckly change the cassette(s) thereby making it possible

| y make ophthal m c devices with nany stock keeping units
one or a small nunber of nold hal ves conprising changeabl e

These nolds are particularly suited for directly or i hdiNBedilly
ntact | enses having many spherical powers, aspherical powers

| powers. Accordingly, it is a primary object of the present
provi de an inproved nold and nol di ng system conprising a nold

first nold half and a second nold half wherein said first

mprises at |east one changeabl e cassette conprising multiple
form ng ophthal mc devices. The first nold half and the second

e adjustable with respect to each other between a first
Mhi EF OHRE Nl 80 hAiesed 8F Rl an mol e (&4 t y 1tht 6ORfkit@Fta to
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a second position, | Ich the nol
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al m c devices. One enbodi nent. of the invention provides a nold
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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
to provide for a different ophthalmic device or devices,
that is, different SKUs. In the preferred application,
the ophthalmic devices formed wusing the mold are front
curves and back curves used to make contact lenses. The
front curves and back curves are preferably molded in a
"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
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
by the mold. Changing one moeld 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 freont curves and back curves.



Anot her enbodi ment of the invention inproves the renoval of the nol ded
opht hal m ¢ devices fromthe nold VIN-424 0 3 NOV 2003 - 8 by providing an
air ejection system In contrast to prior art which used ejector min@w ﬁhf
ej ection does not distort the ophthalmc device and for the prefe ﬁe
enbodi mrent 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 nol di ng system conprising a nold designed such that either one or nore
of the cassette(s) and/or the nold half ?r hal ves conprising the
cassette(s) can be changed 10 to provide for a different ophthal mic device
or devices, that is, different SKUs. In the preferred application, the
opht hal m ¢ devices forned using the nold are front curves and back curves
used to make Ehfadtr jadpeEentThes PPEREDPAEr vépcanPshaeklturres sweface

pref erably mobfed,in A4 Ll bU oLl Ay A0SRt ooiicof 10eANS, § haly bot h

nold halves © i nCl ude conplenentary inserts for “form oth

front curves apdebablredsvasd ciiex spdot £ 8Shens ophd cadngave iididedlt at i ons)
One nold half preferably conprises a qassette_havin% inserts for front 20
curves, and aRbvfer ifasset COtREGLAY ICAdEACS Lt SLdeEcIOT /LNy FYRY S

enbogi ment ngg Qe 2R %g;%ﬁe n&%%geém@ecg 200€ d&gggp%@g%}{gﬁ% ignt

curves and back curves, one cassette on the no can be changed to
change eit herthée dptdntalcuchesacoerbackcsumfest ips ovkeded Abrbys t kannobe.

Changing one ggggggglLigﬁoggagggggi%geboth sides of the mold.
Another aspect of the invention is to provide an
injection meolding 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 moclding machine is easier
15 to combine with other elements of a production line.
Another advantage of the vertical injection molding
machine is that at least one of the mold halves which
moves vertically when molding can be moved horizontally
by transport means, and replaced by a new mold half in
20 the wvertical injection molding machine simply and with
very little down time, making molding more economical
and efficient.
Ancother object is to provide an improved mold for
making front curves and back curves having the same wall

25 thicknesses for the front curve and back curve.
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cassette will change the front curves and/or back curves and wll result
in the production of I enses of different SKUs produced. using the front
curves and back curves. VIN-424 0 3 NOV 2903 9 5 10 15 20 25 Thi g3 Noy m.a
arrangenment is possible, because only one surface of the front and

curves has an optically critical side whereas the other side is not
optically critical. Thus, if the optically critical sides of the |lens
curves are fornmed by the changeabl e cassette side of the nold, the
optical characteristics of the lens curves can be changed w thout changing
both sides of the nold. Another aspect of the invention is to provide an

i njection nolding device or machine that is vertically disposed to form
opht hal m ¢ devi ces, preferab i d~af i Sgt on in the
nmol di ng systemof this inveééﬁgﬁ.B%EF???E?BPHPSL??guﬁﬁgﬁﬁﬁgf machi nes
require 1less floom Spage & hawifgs; Zaedleiinj BLkeonamirhmee MR ESS
Further, a vertical nolding machine is easier to conbine with other

el enents of alegrioirrctd onind s elamame e g ] REXRFRT chlevVAfecti on
nmol ding machine is that at | east one of the nold hal ves which noves
vertically when nol ding can be noved horizontally by transport nmeans, and
repliaced by a newsmid haki§ Bnside 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 is a molding system of this invention
b0 comprising a vertical injection molding machine of this

invention and interchangeable mold halves.

FIG. 6 is an enlarged portion of a vertical
injection molding machine of this invention showing the

25 robot arm.

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

of one embodiment of a molding system of this invention.
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DETAILED DESCRIPTION OF THE

PRESENTLY PREFERRED 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 can 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 WO/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”



i njection nmolding machine of this invention showing the robot arm FIG 7
Is a top plan view of each of the conponents of one enbodi nent of a

nol di ng system of this invention. VIN-424 0 3 NOV 7003 - 11 5

FIG 8 is a top plan view of each of the conponents of a seconcllﬁ)%ﬁ@ éﬁarent

of a nolding systemof this invention. DETAI LED DESCRI PTI ON OF THE
PRESENTLY PREFERRED EMBCDI MENTS The nol ds and nol di ng system conpri si ng
nolds of this invention can be used to nake ophthal m ¢ devices, such as,

contact |enses, interocular |enses, other types of |enses, and plastic

nol ded parts, e.g., lens curves wused for nmaking contact |enses. The

preferred use for the nolds and nol ding system conprising nolds is to make

contact |enses, or | astic nol d”ed par:t‘s for ophthalmc devices, nore

lor eferably plastic rd'éoptplav%% fardnaRAGl CEBVRERCt | ERs&HS REHCrtter abl y
ens curves a S c r I

descri bed forr}ﬁﬁe preef erp'gdgg %@gﬁe%ﬂ-sﬁ%v\g%rb§{3ﬁ?scq?k\%§nﬁagr$ itﬁs‘ee?lot

limted to the fanhos neat adeserlidredoandoddn Hed vemndf 6T edadndgusethtaciake

ot her opht hal. m c devices. For

lenses. The terms “mold” and “mold halves” will not be
5 used herein to describe the lens curves although the
lens curves are used for molding contact lenses. The

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 113 which preferably has a
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exanple, the nold and nol ding system conprising nolds of this invention
wi t h changeabl e nol d hal ves and/or changeabl e cassettes can be used to
nol d contact | enses by nethods described in the prior art, such as in U S
Pat. 5,782,460 and WO 9B/ 42497 incorporated herein by referencd.] R0y Jigke
t he contact |enses, the nold halves can be pivotly hinged as taught in
those references. In the preferred enbodi nent the nold and nol ding system
conprising nolds is used to form"lens curves", VIN-424" 0 3 NOV 2003 - 12

i.e. "front curves" and "back curves"._lfnsthe prior art |ens curves, i.e.
front curves and back curves have been referred to as nolds or nold hal ve
for making contact |enses. The terns "nold" and "nold hal ves” will not be

5 used herein to describe the_lens_curve l £ hqugh e ,hLens . are
used forlnﬂcﬁh@c%§$¥ac?lFﬁﬁggg?e%ﬁéaiteéﬁglnggldﬁdégd J%%Idﬁua%ﬁﬁygﬁwll
be used to desgsibgrotihg. nol d gnd t heom®d ¢k halsfurifsed t o1ior mhhe opftidal mic
devices (e.g. lens curves). 10 FIG 1 shows the preferred | ens curve
assenbly 110,dimémsiomsyi Buafepibestheerauds 98 RSt AEORD G CSobHi ng

system conpri sin | ds.qf this,in ' T. | dopad ;aeldiNg Sysd em
conpri sing rm?dgg{}\ngof:gbé’%n&eggr idﬁe%#%d%g Pg%s Curve assently 110
consists 15 ofnha frent eurve Ri2 andrbdekredr veitkdewhi dletdefedmes. 2amm

opening 113 in which a contact lens reaction m xture is ol yneri ze r
crosslinked tandoknmla WontBest | BReLeTRRLY L5Rt Y& eED gﬁdaggﬁy(ﬁhge 114
consist of a plastic

The back curve 114 has a central curved section
with an optical gquality convex surface 118. The back
10 curve 114 has the dimensions o©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 béck curve 114 has a preferred thickness between 0.2
mm and 1.0 mm; most preferably the thickness is about
15 0.6 mm. It is preferred that the front curve and the
back curve have the same thickness. The front curve 112
and back curve 114 each comprise annular flanges 115,
and tabs 117 which are integral with and project from
one side of the flanges 115. The front curve 112 and
20 back curve 114 are shown having gate vestiges 121 which
sometimes form at the gate or injection hot tip, which
supplies molten thermoplastic in the preferred
embodiment to the mold used to form the front curve 112
and back curve 114.
25 The improvements to the front curve and back curve
of this invention over prior art front curves and back
curves, e.g. as disclosed in U.S5. Pat. No. 5,545,366,

include a reduction in the volume of plastic used to
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material, preferably polystyrene, polypropylene, 20 cycloolefins, or the
like, and are made within the first and second nold halves of this
i nvention (described below), preferably in an injection nolding hi ne,
The front curve 112 and back curve 114 are sinilar to those disgﬁiﬁbﬁzﬂﬂd
used in the prior art to nake contact 25 |lenses, for exanple, as described

in US. 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 VIN-4 0 3 NOvV 2003 -- 13 circular

circunferenti

surface 119 has the dinensions, preferably the power of the front surface

of a contact

curve has a;ﬁ@ﬁ%r?éé @WQﬂ&uﬁﬁ¥Y%t%%%nb6C§ (Y VEnd 17

al defined edge 116 extending therearound. The concave

| ens to be produced in the | ens assenbl¥ 110. 5 The front

the thickness is,aboy g arq‘q S Con kr@Hﬁr‘ffn&]-@hléassﬁz@EBEr%lheCLEé’k?Q

section wth an op |ca
has the di nensidns aﬁdthahbacwkangexxakNSa

the Il ens assenbly 110, and e.g._for a toric |lens
power. The b%kc%%?%% Pis RBE ™ & 5o e?‘l‘%ﬂetl‘?lnéjﬂ

1.0 most

i nes .t he.cyl

n%@gﬂbé?ﬁ%en 652 §ﬂ%f% d

preferahlys thehhi 6kgess, saabBouthd5 Qe Morl thbshpredes r ed
that”the front curve and the back cur've have the sane thickness. The front

curve 112 ancubeek. cur Yerthéreactheopprifserganuf e@nt | sigee 1a8d back
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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
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 1is preferably less than
0.5 gm, more preferably less than 0.4 gm, and most
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
and volume of the thermoplastic material injected to
make the lens curves, by decreasing the thickness of the
part and the size of the tab, a reduction in the optical
quality of the front and back curves did not result. In
fact there was an improvement in the quality of the
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 gquality.

Be eGSO efer abl y

ex surface 118. The back 10 curve 114
cohtact I@ﬁ@fﬁga@éyprdduted by



and tabs 117 which are integral with and project from one side of the
flanges 115. The front curve 112 and 20 back curve 114 are shown havi ng
gate vestiges 121 which 25 sonetines format the gate or injection RGN 03
whi ch supplies nolten thernoplastic in the preferred enbodinent to the
nmold used to formthe front curve 112 and back curve 114. The inprovenents
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 volune of plagbie used to VIN-424 0 3 NOV 2003
-- 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 thg, thickngss afisbheuheQpécesdve, andrkack guue 151868 thé
i.e., less than 0.8 mm and the sane for both lens curves. Further, the
preferred froftonur veunves bazkd cevie ofurvds ihamemd ot ramdave2dh area

across from the jnjectiaon hot tip,fo ol |l ecting.,a small _slu f_.cold
thernDpIastictQh?%ﬂéﬁﬁy ﬁﬁﬁh|a€%9ﬁ§ igj ctTon ﬁggdfﬁe ipie%ﬁ%gpﬂé %%ﬁéd
tabs have a f|gtreguadedeahisi angl e typhapechi WBaUH &gt epet privvaaicad bhe
flow of the polynmer into the nold. The weight of thernoplastic used to
fornd the frohbecpryerogrback Pedpve tios thief épasngipass itthaths sl yevefore

preferabl y 'eggamggﬁ?obécﬂ%%g mRat 15 HRGE! &r AN 155N Es S S The

nost preferre
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.S5. 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
b0 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

VIN-424



represents a reduction of about 25 %as conpared to the prior art front
curves and back curves. Preferably the conbined weight of the front curve
and back curve is less than 0.7 gm Unexpectedly, by reducing ttmmjﬁmvgﬂm3
20 and volunme of the thernoplastic material injected to meke the

curves, by decreasing the thickness of the part and the size of the tab, a
reduction in the optical quality of the front and back curves did not
result. In fact there was an inprovenent in the quality of the 25 front
curves and back curves over the prior artgfront curves and back curves
having a | arger weight and volume of thernoplastic material and nade

havi ng steps and other nDIding features to inprove the part quality.

VIN-424 0 3 NOV. 2003, - digre Andualso sunexpect sl e Leps s, Mg, Usi ng

the front curves and back curves avi ng sane par ness

about 0.6 mMm@ldiugedblagrseszhaviing &ncrsdagaed Iemdquaﬂastty \Maash woul d
not be predicted by 5 the prior art. Prior to this invention,

was
bel i eved tha’tltt%%“%%’e‘kejeﬁf veElifad S Iehesa SRl | BR tAFEarRed tth%m thee
front curve tn. psgoy d%atyeghzgua:!);tgnger}sgg,ns The fronk, cUpyes, arlf:de![s@%%d

curves of this Tnvention are preferably nade Gsio ng i nproved’ no
injection 1Qabtsl nquirakhichespswhiaoid whddndeisieschbbedebel e fdrably

i nprovenents will be descri bed herein; aspects of the m)lda,(ii) rrgl i.n
process not de¥erME88Sh& & H e 48T e FnIBss IOV, © 366

and U.S. Pat..MNoset e ol 1§§®m'nﬁﬁépoﬁéﬁagnaer%bgeby reffy@nCeaMette

preferably has inserted therein a plurality of inserts
24, 25 which receives the thermoplastic material for

10 forming the lens curves. The inserts 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, pelystyrene,
polypropylene, or poly({acrylonitrile).

25 In the preferred mode, cassette 21 holds front
curve inserts 24 for forming (when properly mated with
the second mold half 440) the front curve 112, and

cassette 22 holds the back curve inserts 25 for forming
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15 ot herwi se known to a person of ordinary skill in the art. FIG 2 shows
a top viewof a first nold half 20 wused for nolding front curves 112 and
back curves 114 in a single nold. (The preferred nold conprising the first
20 mol d half 20 and a second nold half 440 is shown in FIG 4.) TA& NOV 28]
nmold hal f 20 preferably has two cassettes 21, 22 renpvably attached to a
nol di ng base 23. Depending on the injection nolding to be done, there can
be one or a plurality of cassettes renovably attached to 25 the nol ding
base 23. Preferably there are two or tbrge _cassettes, nost preferably two
cassettes. FIG 2 shows that the cassettes 21, 22 are renovably attached
to the nolding base 23 by two easily-accessible screws 29 per VIN-424 0 3

NOv 2003 - 16 5 10 15 J 25 cassetite. Therefore, changing.t assettes
on the ol di h‘@h%%sﬁr%e?:gya“@i%ﬁél é”%ﬁ_d o S faPTShAls 3121'031 ]
cassettes can,bgyathached140 thge BBLEhAIMBR8ENHA3 £h) 48Ny MRS, irE. KIG.
brackets, braces, bolts, quick-clanps, and magneti sm however, preferably

the nmeans pro#j déssf oinsenps ewandhf sste r eappaPmentany tassbet e(sJeF¥dm t he
mi ding base.  Fach oasselte cpreferablynag sorLed-bPRISLN (B ALY Of
5 curves 112 and back curves 114, respectively. The first
mold half 20 and second mold half 440 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. Refore this invention,
10 it would be unexpected that optical quality 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 alternative embodiment,

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

Y 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 1t was time to
change cne or more mold halves in an injection meolding

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

removed from a mold half and changed for another
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24, 25 which receives the thernoplastic material for formng the |ens
curves. The inserts 24, 25 are preferably individually renovable fromthe
cassettes; however, the cassette and inserts can be contiguous |f

desired. Preferably, each cassette conprises two to twenty i nseld 0V diie
preferably four to ten inserts. The inserts, sonetines referred to as
power inserts may be constructed of any material which can be nmade with an
optical finish, such as netals, e.g., pure steel, brass, copper chrom um
or cobalt-nickel alloyed martensitic stegel- Alternatively, and
particularly for the enbodinment in which the nold conprising the inserts
makes contact |l enses directly, the inserts can conprise quartz, ceramcs,

or polymeric materials, sych _as olyy €S oG ¥cl 44851y less
pol yst yrene, S3FS™H 0pyTe ggsort%%ﬁy a§?§:on|t?ipg). Ié%%he preferred node,

cassette 21 holags 4 mEtut &l ko hseré Se Pab forldss niingn (dhehnpEeper | yhat ed

with the second nold half 440) the front curve 112, and cassett V+§%_zsholds
the back curvée nggeferamd ormGHNG By TNIASL §285RBY 2063 - ©F7 % en

properly mated w th the s d hakf 44Qhatihua acks car me1dlhallhe
second nol d &ﬁ%‘QEfﬁF §ho€g9?goﬁ?%i 4, has igéerts whi ch are conpl enentary
to the inserigre24ay i the heabsestenokd chakskt2@sf on foriphg hRé T ot 5

cecond ol d TS 4tar S0 par B8 SHe AU TP HbITE RFoh edng Thal oo
than one type Af4 PRLY £, 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 nmolding
surfaces, the second mold half 440 has inserts 441
having concave molding surfaces. Where the first mold
half 20 has inserts 25 having concave molding surfaces,
25 the second mold half 440 has inserts 442 having convex
molding surfaces. The preferred arrangement is to put
the inserts forming the optically critical surfaces 119

of the front <curve 112, (see Figure 1) and/or
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is made in a single nold consisting of a first nmold half 20 and a second
nol d hal f 440. Before this invention, 10 it would be unexpected that
optical quality parts could be nade in a famly nold. The cassettes
preferably conprise netal, such as stainless steel, tool stegﬂa N@ %

har dness machi nabl e alloys; however, for an alternative enbodi nent, iS
polynmeric materials can be used to make the cassette. Mst preferably

ni ckel -pl ated tool steel is used to make the cassette. The netal of the
cassette is preferably nechanically bergd eut to form openings to receive
the inserts and other channels and passageways for the 20 cooling water
and air (described in nore detail below). The cassettes preferably weigh

| ess than 12 HQ%? he, psi oppar | 1hal vgs; dypicakl, ¥ el ghgd ghet seen
100 and 150 Bgun s%agggu?ﬁéLgEggthggq%hgﬁlit méé Hinéuto change one or
nore nol d halttes ibacdn kcojpreet i dh4 nolskeg FA5urechilne, iahd athe ni ouen ofr

thirty mnutes to change the nold half. [ n contrast, the cassettes this
i nvention euEQWF%ﬂ&t%ﬂo%éhcﬁﬁﬁeﬁﬁeﬁpggéFbraFS ﬁﬁHﬂie?£aﬁ8ec§ﬁnﬁbrm?g ved
froma ol d hal{fr and, changash § ore ot hers VTAZS Gad NOYR003 -11l8 the

cassette in less than 8 mnutes, nore preferably less than 4 mnutes, nost
preferably | essefdared mibdat edhel ninsat preder £68 HAFIMI ARAYESt AEecaket t e

O o aoet o I ERLETETe 8, ROULLRR, ShshRes! PEETRR RSS! R A oS,
the total nmass dpdhetd d ysassenbh eche 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 gquickly
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;

40 however, the inserts may be contiguous with the plate,
frame, or support if desired.

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

25 443 preferably comprises a metal of the types described
above for the cassette, which has been bored out to the
substantially exact dimensions of the inserts 441, 442.

The plate 443 is mounted onto the hot runner base 444.
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nol d hal f,

nore preferably less than 70 % and nost preferably |ess 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 ofm%M@

assenbled nold half. FIG 3 shows the cross-section of the first

shown in FIG 2 taken along Iine 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.

and a cross-section of the conpl enentaryzgecond nold half 440 which

t oget her nmake the nold 475. FIG 4 shows
nold half 20 and the 20 second nold half 440 in the open position.

second nol d ha

3K&s 1nhsef

the first nol halg 29 q%algﬁgr%%f havd h9,5QRVvex S0 +%b89e£%¥ﬁéﬁé§

aV|ng concave nol ding surfaces

Were the firsdriwl d(nbal f sB@whas ifieaer tish&5 haur@@uCDn@aveoﬁohmaﬁpen

sur f aces

25 the second nold half 440 has inserts 442

Wher e

FIG 4 shows the cross-section of the first nold half 20

the nold consisting of the first

t he

nol di ng surfé@é?mQRkﬁiﬁ%ﬁeW?EIréF%aﬁﬁéﬁeﬁt35§¥Qfﬁﬁnmof%e?gﬁ égg3%Q9n1ng
the opticall ylfﬁ% SkﬁlO\/ b osurfRces, Jd 9 of btala‘fc fcrlﬂVescurélﬁn:l]lgr tseardgare 1)
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disclosed and described in the prlor art. See e.g.,

U.S. Pat. No. 5,545,366, earlier incorporated herein by
reference. In the preferred mode, the second mold half
440 is preferably mounted inte an injection molding
machine, and is only occasionally removed for service or
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
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
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
the second mold half 440 pertains to all the Iinserts
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



(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 sane nold half, preferably the first nold half 20. In the preferred
node, the inserts for the back curves are in one cassette and th&SNM£@MMS
for the front curves are in a separate cassette in the first nold half.
The second nold half 440 can conprise changeable cassettes, conprising
inserts for critical and/or non- critical surfaces, which are sinply and
qui ckly renovable fromthe second nol d hal$; however, in the preferred
node, the second nold half 440 does not conprise cassettes. Instead, the
second nold half preferably conprises a plate, frame, or sim/lar support

that hol ds the dnserd s bhatsf ar myi beopony@Rld cakl ehe&r hbikaah sewf acgse of
the front cu?%%s and/ or (pr%ferably 0and) the back curves. The inserts 441,
442 preferablinsdits i 24 oinhheaplsatée Prlane, Dre suppert pardearbly fdisual |y

renovabl e fromthe second nmold hal f; _however, the.ins S e, .

conti guous witth fh&PiHt%e, CHFFaME, Qﬂr%ﬁﬁgof?éi iﬁﬁﬁrggg'lé e Dret@rred
enbodi nent, the fEeat jeuEve s iqger tssA4inard chhe: ihaak tcur vBeasert st of
the second nold half 440 are inserted into a plate 443. The plate 443

preferably conprtisest4d netal roft t e tgpesates@d bddombdfe f gmiafe1on
cassette, whic as been, bor ed ,out

e oA S BRSO e SRR b1 i o retone
444, VTN 424 O-SF NMd 0031 though 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 is
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 is also a possible choice, but not
necessarily preferred. To improve the heat transfer to

the molded parts, which need te be cooled, it is also

25 preferred to machine the insert from the enumerated high
heat conductive materials. The heat transfer block
contacts and preferably is partially formed around a

water pipe 331 through which cooling water is pumped
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- 20 The plate 443 and hot runner base 444 have [
_ _ ext rusi on arts (not
shown) for the introduction of nolten thernoplastic nateriaF into(the

closed nold for formng the front curves and the back cu i m
_ r
those 5 di sclosed and described in the prior art. See e.g.YeS’ Slnhgfﬁvh&m

5,545, 366, earlier incorporated herein b reference. In the

node, the second nold half 440 is prefeyably nmounted into anp{ﬁfgggsgn

nmol ding nmachine, and is only occasionally renoved for service or 10 insert
replacenent due to wear or danmege, becauge the inserts formthe
non-critical surfaces of the lens curves. At that tine the platé 443 can
be renoved from the hot runner base 444 and the inserts 441, 442 can be

replaced or the entire plate 443 and inser 41,, 4 [ b
( | . S d.
Such mai nt en®FEEaGARLY yplicdl | §11F ‘auicrléctu}%gt Aff%cek i %J%gctsﬁ on mﬁg?ﬁgbﬁgghi ne

stop producig opRt Rahg Laeyi ces tentgiemi@r alhanthef thest hirn
. psésxr Th
I nserts 441, 3%3 I'n the second nold half 440 20 are cool ed by circulatiﬁg

wat er whi ch tolaseds 385 condiitte rnpgi ¥einbughh @ heaprEt #1983 Y 5P8dAE% he

snal ler dianeter portions 449 of the insen 41,; 442 - hd
mai ntai n t he AL @ BFo Rﬁmfﬁeffﬁgegtglﬁ%%% }22. (N%?éﬁ?ﬂgf'tﬁggggtaﬂ

shown for 1 qfstde 4ibasents aboRSthbecsetond imdlog 35149h]
all the insertas 44 ?b442. Addi tci onal | - g ol 12410 p@htéﬁ%@- Y

inserts on tHhédiisienns dhal £520 port iﬁ;gg8ﬁg%?iiﬁ Qo?ﬁgfg%glggﬂ %%F )
except that tJ?%(%%éﬂédff%leégﬁi§ g? tReViIN 424 pPreferably the heaﬁ
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. & 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,
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0 3 NOV 2003 - 21 cassette 22 is a mrror inmge of the detail for the
inserts 24 in cassette 21.) The water preferably flows 1in a single _Gjrgul
through the plate 443, contacting all the inserts 441, 442 in eachﬂa Mﬁ mb3
circuit. Because the 5 plate 443 is not often renmoved fromthe injection
nol di ng machi ne, direct water cooling of the inserts is preferred,

al though it conplicates insert replacenent. In the first nmold half 20 which
carries the cassettes 21, 22 is a novel cooling nechanism Instead 10 of
water directly contacting the inserts 245325 which woul d necessitate water
seal s, conplicate, and slow the renpoval and interchangeability of
cassettes, the cooling of the inserts 24, 25 in the first nold half is

r

acconpl i shed using heat transfer, bl ocks 3 The heat 15t f.er bl ocks

335 are pref _eﬂr‘lé‘bl’;rSIBE%F%HaBiyt f&ss li‘tfi‘inngls?bargjecﬁ%{lSThe lé:ée?"r;}sartgiﬁfs%)lef’

bl ocks 335 diJeot |y, LOPMGEIRENEs | RERIEShAde BoewhpRoVGeasIRMIRE e 22

are nounted onto or are otherw se attached to the nol di ng base 23. The
FSc

heat transferciookSe 335 or eier abhy atepy0 afadeld copper

opF&r chroni um

copper zinc, brass, nickel-coated brass, or simlar high heat conductive
materi al s. SteiCT ™ so a possibl e choice, but not necessarily preferred.
To igprove the heagot r ansf efeddnd thelaohded pera s, awhi cis npedvidebe ool ed,
it is also 25 preferred to nachine the insert fromthe en rated. high
éggg éi'&‘&cﬁ‘r eJ?%r abl y

heat conduct igae ndderbxl shatheledd Tt it &t PR HTRICEDAL

is partially forped aroupd a,vater DidRe 331 JduehMbtchneqahing meger is

punped
the first mold half 20, air is provided to

gap 336 by

10

15

20

25
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channels 333 from passageway 332 which is hooked up to a
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,
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
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
the connector nozzles 345. Preferably the air source to
which the connector nozzles 345 is connected, has one or
more valves which can be closed or preferably

automatically close when the mold half is removed from



VIN-424 0 3 NOV 2003 - 22 preferably in a single circuit back and forth
through the nol ding base 23 containing all the heat transfer bl ocks 335.
Alternatively, the water pipe and cooling blocks can be forned frm@ 0
single piece of nmetal. The 5 water pipes 331 cool the cooling bl ocks 3@
which cool the inserts 24, 25. In 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

i ndirect cooling nethods to can be used $9 cool the inserts, e.g. a solid
heat pipe wth or without cooling fins, or connected to a cooled nass, a
heat pipe containing a fluid or refrigerant, wth or without cooling fins.

FIG 3 and 4 show the.air ejection systemfo emva t ront
and back cur f PBnfthE ﬂgrcz’tmr%l d ¥ﬁgl Eﬁe%%% t%%véecr%ndi?r%%a hrbgﬁ 440.
In contrast tR,,4he userel Siedbp} Nsach tdwsdwtity aeb, @id ejoerdlicm

does not distort the |lens curves and can be done while the lens curves are
at a hi gher t¥dfperenaren FRehaisideo of] @agtortaiietdéer eaSR8 AREELRalSdh the

front curves and_ Db ekmc}:iL_LL‘rsyvte_ %eg%glgﬁ i EhBBSSi:f?%e 310, dp! 4 dhe dropfs curyes

and back curves % cyc¢ | ess 't han seconds, nore preferably

| esss t han 4 saoondsed ansl ttstaipr ef@rnaddy in about 2 seconds. The air is

ej ected at approximately 25 5 to 6 bar ,over ,an area of nn%géﬁéoo m crons
a

to about 3 nm by BREHFaRbhs21The i pIRSTEfedted® t KOS FFECM 451
around the dd}%”%ErEHQGQQbérﬁ%ﬂcﬁkéﬁngaﬁheokop of the inserts 441,

44?2 in the second mold half 440 just prior to and as the
first and second mold halves change from a closed
10 position to the open position. The single blast of air
removes the front curves and back curves from the second
mold half 440 so that the lens curves preferentially
adhere to or stay on the first mold half 20. After the
mold halves are opened, a single blast of air is ejected
15 from all of the gaps 336 around the top of the inserts
24, 25 in the first mold half 20, which removes the
front curves and back curves from the first mold half
20. Preferably, the blast of air from the first mold
half 20 coincides with the movement of a robot 600
20 (shown in FIG. 6) to a location between the mold halves
to pick up the released front curves and back curves.
Alternatively, the process can be reversed to have .the
front curves and back curves remain on the second mold
half 440. Further alternatively, other means may be
25 used to get the lens curves to preferentially adhere to
one mold half, e.g., surface treatment of the inserts,
an anchoring portion on one surface of the lens curves,

or other know ways; however, it is preferred to use air
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the inserts 24, 25, 440, 441. The width of the gap 336, VIN-424 0 3 NOV
2003 - 2 3 5 441 is preferably less than 12 mcrons. Alternatively, a
plurality of holes could have been provided around the circunference at
the top of the inserts for air ejection. For the second nold halfgﬁﬁﬁy ﬁmf
Is provided to gap 451 by channel s 447 from a passageway 446, whi

hooked up to a pressurized air source (not shown). For the first nold half
20, air is provided to gap 336 by channels 333 from passageway 332 whi ch
i's hooked up to a 10 pressurized air soupge-(not shown). The channels 333,
447, whi ch connect to passageways 332, 446, are preferably forned by
machining multiple grooves into the cassettes 21, 22 and plate 443 around

the di aneter of_ the opening. t ceive.thg Jdnser 24 .1%2.291144%, 442,
Alternativelfgﬁ?%e %ﬁa§§3|552§§¥§24?¥cg% qﬁﬁﬂﬁﬁc %%bdpfﬁtg tﬁeyin§%rté 24,
25, 441, 442.ofFlfhe Znshowsalves connector nozzl es 345 which communicate

W th passageway 332 and_can be connected to source ( shown) for

, the ajr t
cassettes 21, 22. WHen 20ithé f59Rt VhBY d Kald W‘?’rfégn ﬁéSE?Wagﬁ]edS}E%‘ggettes

21, 22 is remyed.£10,m the gl di ghine,oOr hb1@nenglvBgth Gasseptes
20, 21 are renoved %%d%:tﬁe basegg%ﬁg% tﬂk&ofirst nol d hglf 20, the air

passageway( s)p382akiamy behangadbly diascemtest ed fwere t ARounr igolf cguyast
shown) via 25 the gonnector ngzzles,34% &M 6638 mdl'f 34, SoYnge L9
first mold halves 20A and 20B. First mold half Z20A is
shown with one removably attached changeable cassette
21A on a molding base 23A. The molding base 23A shows
10 screw holes 290 for receipt of screws 29 when a second
changeable cassette is attached to that base 23A. First
mold half 20B is shown with two changeable cassettes 21B
and 22B attached to its molding base 23B by screws 29.
Three additional changeable cassettes 21C, 21D, and 22C
15 are shown unattached to any molding base. The changeable
cassettes 21C, 21D, and 22C can be exchanged for one of
the changeable cassettes shown attached to the mold
halves 20A and 20B, or attached to the molding base 23A
of mold half 20A where no changeable cassette 1is
20 presently attached. This embodiment provides a plurality
of mold halves which can work 1in conjunction with the
second mold half to make differently shaped ophthalmic

devices.
Alternatively, FIG. 8 shows a molding system 80
25 comprising a mold comprising a first mold half 20 and a
second mold half 440, wherein said first mold half 20
comprises two changeable cassettes. First mold half 20

is shown with one removably attached changeable cassette
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whi ch the connector nozzles 345 is connected, has one or nore valves which
can be closed or preferably automatically close when the nold half is
renmoved from VIN-424 0 3 NOV 2003 - 24 the nolding machine. The c iﬁ@}?%
have at | east one nozzle, nore preferably each cassette has two ngﬁ s 2003
345, one on each side of each cassette. One nozzle 345 s preferably

pl ugged when the other nozzle 345 is 5 attached to the air source.
Preferably air is ejected in a single blast from all of the gaps 451
around the top of the inserts 441, 442 pp the second nold half 440 just
prior to and as the first and second nold hal ves change froma closed 10
position to the open position. The single blast of air renpbves the front

curves and bagky cyrves fOMhe BEEENG 3 MOkHeNAldL iy SBaLhalad haylsns

curves preferentlafﬂy ere to or stay on the first” nold ha 20. After
the nold hal yesewar obpen@®l e npeeipasdfobcaewsi £ ejwreredals efaam al |
of the gaps 336 around the tOEGOf the |pse I n thenéﬁrst nol d

t 24, 5
ha 150 by ianeAiate { e ssRRsR ttrobeachadpaa EiRhebahont fhe B9 Th:

mol d hal f 20,487 €f &5 8P| ¥nahbeabhastcadfseditle s rom f heiti r dndmobda, halfq 20
coincides with the novenent o0f a robot 600 20 (shown in FIG 6) to a

| ocakion bet ezl tdmes nudhbural vemtttashsicck tup ey r glodasied f bese .curltes and
ront curves FHE AUR SuROREF BRAl A 10 THE o ctohd: BT d 2 Wl 12 5482 FLTS her
al ternativel yex@idefcdreans e b&f the changeable cassette 21A shown
attached to the mold halves 20, or attached to the
molding base 23 of mold half 20 where no changeable
10 cassette is presently attached. In this way the molding
system <can comprise at least one more changeable
cassette than the number of changeable cassettes that
are removable attached to said first mold half when in
use, said changeable cassettes comprising differently
15 shaped inserts.

FIG. S5 shows the preferred injection molding
machine 500 and molding system of this invention
comprising an injection molding machine 1in 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 1in conjunction with the same second mold half
to make different shaped ophthalmic devices. The
preferred injection molding machine is a wvertical
injection molding machine 500, as described in U.S. Pat.

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

platen 507 was referred to as the horizontal table in
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25 used to get the lens curves to preferentially adhere to one nold half,
e.g., surface treatnent of the inserts, an anchoring portion on one
surface of the lens curves, or other know ways; however, it is preferr ﬂ
to use air VIN-424 0 3 NOV 2003 - 25 5 10 15 20 25 ejection for ﬂgﬁﬁgéﬁ on
at | east one, preferably both, of the nold halves. FIG 7 is a top view of
a nol ding system 70 shown consisting of a plurality of nold halves, and a
plurality changeabl e cassettes as were shown in Figures 2-4. Figure 7
shows a second nold half 440, and two _fprst nold hal ves 20A and 20B. First
nold half 20A is shown with one renovably attached changeabl e cassette
21A on a nol di ng base 23A. The nvol di ng base 23A shows screw holes 290 for
recei pt of s wh acs n changeab 1S hed. t hat
base b3A Firbt nBTa" naPr S0B5S hown W ot TRangEabl SlehaEeidl 21
and 22B attadwduked tiser®igl) Ng bases23F d¥e 133 Wsh20. thEhr eewaddinid dal
changeabl e cassettes 21C, 21D, and 22C are shown unattached to any nol di ng
base. The chdifgdab?el tdssetiigsomeldimliangs 29eseahlpe eedidffed’ ¥ h one

of the Changzﬁeg%!xfeo&t?‘ﬁ%e%o‘%ﬁnt%&o“@a%ég%@@q t0 #RG P! dheha] ¥esr 204 2and

20B, or attac nol di ng base 2

5 half 520 is the upper mold half 540 which is shown in
dashed lines in FIG. 5. The upper mold half 540 is
preferably a second mold half as described earlier. The

upper mold half 540 1is removably mounted onto the
supporting plate 503. The supporting plate 503
10 preferably remains stationary at all times. In this
embodiment, the lower mold half 520 and the moveable

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

preferably two transport means, shown as conveyors 516,

15 517 provide for the fast exchange of one lower mold half
520 for another lower mold half 5207. Alternatively,
the transport means can be a pneumatically,
hydraulically, or electrically driven chain. In the

presently preferred embodiment, the transport means is

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

mold half 520’ to be inserted into the molding machine

500 is located on conveyor 517. In the preferred mode

both conveyors 516, 517 can insert or remove the mold

halves; therefore, the description regarding the action

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

After the mold half 520 in the molding machine has

made a specified number of ophthalmic devices, i.e. lens
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of nold half 20A where no changeabl e cassette is presently attached. This
enbodi nent provides a plurality of nold halves which can work in
conjunction with the second nold half to make differently shaped 03 NOV 7003
ophthalmc devices. Alternatively, FIG 8 shows a nol ding system 80
conprising a nold conmprising a first nold half 20 and a second nold half
440, wherein said first nold half 20 conprises two changeabl e cassettes.
First nmold half 20 is shown with one renovably attached changeabl e
cassette VIN-424 0 3 NOV 2003 - 26 21A ¢ a nolding base 23. The nol di ng
base 23 shows screw holes 290 for recei pt of screws 29 when a second
changeabl e cassette is attached to that base 23. Four additional

changeabl e cassettes 21B, 21C, , . and 22B. ar e, shown unat to
any mol di ng Hﬂé%ge%WME%?ﬁEﬁéé;%ﬁgpcéégéf?egugﬁﬁégﬁf%?l¥n8nifgy%§%§%%§§ can
be exchangeq omoneawie thea cdangenpl eogaspst t 61814 shewas atlsealeddo the
nol d hal ves 20, or attached to the nolding base 23 of nold half 20 where

no changeabl &10 teosset melds haldsdit( yvhat gahel. maanshi 30 hayafle HibtHF ng

system can c ri se at. |leas ne r.e changeabl e t th t nber
of changeablgﬂg%§9%{ ega?ﬁa%2Bapggﬁgﬁﬁv5@%%%%%%uﬁé§?€% égﬁd ?ﬁ%JE%D d
hal fs when i n tHusegosebfochangeablie casseltete nospréabogidefqif et Iyold5

shaped inserts. FIG 5 shows the preferred injection nolding nachinge 500
and ol di ng dysfermisf mavied i hyent itsriraulically driven chain, 'But 'is

supported by a supportive surface and guide rails on

either side of the supportive surface. At this time,
s 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 is
preferably held onto the moveable platen 507 via
hydraulic clamps 532. Once the mold half 520" locks
15 into place, the molding machine 500 can begin making the
new ophthalmic device(s) using the newly mounted lower
mold half 520’. The mold and molding system shown in
FIG. 5 comprises lower mold half 520 and lower mold half
5207, which can work in conjunction with the same upper
mo:g mold half 540 to form ophthalmic devices. The time it
takes to change one lower mold half 520 for another
lower mold half 520’ is less than 60 seconds, preferably
less than 30 seconds, and most preferably less than 20

seconds.
25 The fast exchange of one lower mold half 520 for
another lower mold half 520’ is further aided by having
duplicate water and/or air supplies {not shown),

preferably both, to at least two lower mold halves 520,
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conprising an injection nmolding machine in which the mold of this

I nvention is to be used. Figure 5 also 20 shows a nold in which a plurality
of first nmold halves can work in conjunction with the sanme secon

half to nake different shaped ophthal m ¢ devices. The preferredqyﬂﬁggwp%n
nol di ng machine is a vertical injection nolding machine 500, as descri bed
in US Pat. 25 No. 5,451, 155. The preferred vertical injection nolding
machi ne has a noveabl e platen 507 onto which a lower nold half 520 is
renmoveabl y nounted. The noveable platen,§07 was referred to as the

hori zontal table in VIN-424 03 Nov 2003 510 15 0 25 U S. Pat. No.
5,451, 155. The term noveable platen will be used herein. It is preferred
that the lower nold half 520 is a first mpld half as, described, earlier

with renmoveatl mdentedtcddSettdST FART ng fh& B % YRafPEs2 TS the
upper mold half B40 m&rba%lsly's“ﬁ%e&” £ dRshede | A% i RaFEGsp  The wipper

nold half 540 1s preferably "a second nold half as described earlier. The
upper nol d halfhé&A0mpsdr adEaliiAP nount eddent sot lkhangigppore | Agwelrateo 583,

The SUmporti g ok, 03 cRLe! eUal Yyl STBLESSLALRANALY iR 3. el
5 half 520 on the moveable platen 507, and the lower mold
half 520" on the transport means 517 have duplicate
water and air supplies. Further, if desired one or more
heating elements {(not shown) can be provided to heat the
inserts in the lower mold half 520’ present on the
10 conveyor 517 prior to inserting the lower mold half 520’
into the molding machine. Heating the lower mold half
520’ prior to mounting it onto the moveable platen 507,
decreases the time 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 melding 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 1in two or fewer molding
cycles, resulting in less down-time, and less waste.
The time required for heating the lower mold half 520 is
25 also shortened if only one or both of the cassettes in
the lower mold half are changed without removing the
lower mold half 520 from the moveable platen 507, and

the lower mold half 520 is used to make more ophthalmic
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pl aten 507 nove up and down to close and open the nold.

enbodi nent ,

driven chai n.

FIG 5 shows that the lower npold half 520' to be inserted
into the nol ding machine 500 is |ocated30n-conveyor 517. In the preferred

node both conveyors 516, 517 can insert or renove the nold halves;

therefore, the description regarding the action

SOPYEYOT 1% @and ; tVi sdo ver sa. 1A tiefad herBRld @l 320 iy the

per formed by

of conveyor 517 can be

nol di ng machi ne has nade a speC|f|ed nunber of ophthal mc devices, i.

| ens VTN-424 m@em,bQD%he ases dD ihe mmO 125 hadrfvesill hetnblldblealﬁoiszo S

aut omati cal

| d f bl e pl at 50 16 at
ol o e RB TS by e 1820 Rt o RS e omgss SRy Phal qhn gl

hal f 520 off

dhes opveabl erpl abapved7, taRdieRte mbhe ¢anvewen 5k6.mdyed he

preferred enbodi nent the nold

5

10

15

25
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off the moveable platen 507, and another lower mold half
520* is used for molding, and one or more cassettes in
the lower mold half 520 are changed, there is still the
benefit of a faster preheat time than if the entire
lower mold half were changed, because the base of the
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
entire mold half may be exchanged for another mold half,
or the meld half can be later mounted onte the moveable
platen again. Both cassettes in the mold half can be
changed in less than & minutes, more preferably in less
than 4 minutes, most preferably in less than 2 minutes.

By the time the cassette change 1is complete, the
inserts will be pre-heated, and ready to mount onto the
moveable platen 507, Pre-heat preferably takes less
than 1 minute. Preferably, there is at least one, most
preferably one, lower mold half 520’ ready for use
present on one of the conveyors 516, or 517 at the time
the lower mold half 520 is ready to be removed from the

noveable platen 507,

In the preferred
at | east one, preferably two transport neans, shown as
conveyors 515, 517 provide for the fast exchange of one |ower nold rga'il NUV 2003
520 for another lower nold half 520" . Alternatively, the transport neans

can be a pneumatically, hydraulically, or electrically driven chain.
the presently preferred enbodi nent, the transport neans is hydraulically



half is nmoved by a hydraulically driven chain, but is supported by a
supportive surface and guide rails on either side of the supportive
surface. At this tinme, conveyor 517 which is attached to nold half g%@'zm
via catch neans 510 pushes the nold half 520" onto the noveable p K ]
507, and when properly positioned, the nold half 520" |ocks into place.
The nold half is preferably held onto the noveabl e platen 507 via
hydraulic cl anps 532. Once the nold half 520" |locks into place, the
nmol di ng machi ne 500 can begi n maki ng the31lnew ophthal mi ¢ device(s) using
the newy nounted lower nold half 520" . The nold and nol di ng system shown
in FIG 5 conprises |lower nold half 520 and | ower nold half 520", which
can work in conjunstion mip the ﬁ%qgaH@erldH@djiﬁﬂfméégst%é@WHEn a
opht hal m ¢ devi ces. The tlne it takes to change one |ower nold half 520
for another lwower pubdthanf(Ezoshpynneﬁwnﬂng1Wﬁn@mcbhdsmopdeﬁerawwgn | ess

than 30 seconds, and.nost, preferably less th seco nds. Ehe
exchange. of G | SEHORERABRALT 1630 For br s FBAF CHoRd NAS EOtRT s
further aidedydyd eyl pos20upbheate ¥ALEEnaBELSr 1al KheURPIPEAS rdial 1shpmn) ,
preferably both, to at |least two | ower nold halves 520, VIN-424 0 3 NOV
20035- 29 5 10345and together the inserts on both mold halves form
the cavities into which a molten thermoplastic 1is
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 mnmoves
b0 horizontally in between the upper mold half 540 and the

lower mold half 520 when the upper mold half 540 and

lower meold 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 1is a direct drive robot, that 4is, the drive
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z0 25 VIN-424 520' so that the water and air connections do not have
physically noved fromone nold half 520 to the other nold half 520" in
order to change one lower nold half for another. In the preferredﬂggﬂ@,mﬂa

t he | ower nol
hal f 520" on
supplies. Fur
be provided t
conveyor 517
machi ne. Heat
noveabl e pl at
the optinmm
require heati
tenperature

will require
range.) By pr

d half 520 on the noveabl e platen 507, and the | ower
the transport means 517 have duplicate water and air

ther, if desired one or nore heating elenents (not shown) can
o heat the inserts in the Iower nold half 520" present on the
prior to inserting the |lowernznald half 520" into the nolding
ing the lower nold half 520" prior to nmounting it onto the
en|SQ7, decreases the tinme it takes for the inserts to reach
nol ding_te rature n The j_ns S. | I wil |
%acg?n?§p %H%i¥o{ $ﬁ§ 9§b0£ Q%deg ﬂﬁi?#% ? gnog?ﬁﬂﬁgﬁélding
haheRenbub rafiier nofeampleygestai oY di nghpants tfeerd nsedt s
tenperature

st "to Teac enperature

cooling to keep themw thin the optimm nol ding
vobatahget KOIshoverd nol @ Kalck = piBseht MERNERE SEonlRSbr
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two ‘or Tewer nolding cycle resulting in less

al so shortened if only one or goth of_the Cﬁgiettes i.n__the
I

Ythe JHnef°

phaigs %Qg’dﬁg$ 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
end of arm tool 603 preferably is lowered close to the
surface of the lower mold half 520 (as shown) by vacuum
extender 620, which moves the end of arm tool 603 up and
down. The vacuum extender 620 is connected to a wvacuum
source ({(not shown). {(When the wvacuum is activated the
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
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 zrobot through the
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 Llens curve

d hal 5B £ r om



the lower nold half 520 is used to make nore ophthalmc 0 3 NOV 2003 - 30
devices before it cools. In that enbodi nent of the invention, the base of
the mold half will still be hot and able to transfer heat to one 5

of the changed cassettes. If however, the lower nmold half 520 is @%U@B‘@J
of f the noveabl e platen 507, and another |ower nold half 520" is used for
nol di ng, and one or nore cassettes in the lower nold half 520 are changed,
there is still the benefit of a faster preheat tine than if the entire

| ower nold hal f were changed, because thgibase of the 10 | ower nold half
520 will transfer heat to the one or nore changed cassettes. After a nold
hal f change, one or nore of the <cassettes in the nold half which was just

renoved from the noveable platen onto.a conveyqr, .my be_ ¢ ged, 15
entire ol d rﬁ?ﬁ%@ gB"éxc"ﬁ‘a?‘r'g“gd fOFULRRE paP r%gﬁdds%a‘ff??cr6$g?.h§%m\£lggha|f
can be later egronto the noveable platen again. Both cassettes in the

mol d half can be changed in less than 6 minutes, nore preferably in |ess
than 4 mnutes, no@eepréferabley ithiresy t hegn® nfwbves. 20dBy thfe t2HE the

cassette change is. conplete, th insertswill_ b r.e- heat ad ready to
nmount onto th e%%%%%bléﬁfiaF¥ﬁfgofFl reggeafﬁ%rg?%?gﬁﬁy ﬁggggﬁﬁggs J‘?Itghan 1

mnuie. Preferabdy, thheresi ssatohaast avees Mpskfepnefigr allassone;hdowed nol d
hal f 520" ready for use 25 present on one of the_conveyors 516, or 517 at
the tinme theS¢enREs noPBAnFIStreLeradukl £6°Be?r difovedSEFERFEhe TBFeabl e

pl aten 507. cycle time is the time it takes to go from an open mold,

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

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

reference. The molds for this embodiment can comprise
15 first and second mold halves at least one of which
comprises inserts for forming contact lenses. It 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 inserts will provide for optically
critical surfaces of the contact lenses. The mold halves
and the cassettes are part of a molding system and are

readily changeable and can be used in different

VTN-424



VIN-424 0 3 NOV 2003 - 31 5 10 15 { _O0 25 Preferably the noveabl e pl aten
507 noves between a |ower position (as shown) during which the nold is
open and a closed position in which the inserts in the | ower nsﬂ@aﬂ
520 contact the inserts in the upper nold half 540, and together 003
inserts on both nold halves form the cavities into which a nolten
thernoplastic is injected. After injection and about 0.5 to 1.5 seconds
for cooling of the parts, the nold hal ves separate as air fromthe air

ej ector gaps in the upper nold half pusBes-the front curves and back
curves onto the inserts in the lower nold half 520. The noveabl e pl aten
507 and lower nold half 520 nove to the open position shown in Fig. 5.

The 1ol ded | esnciyesoAL e bNBRLEIRY S fy dtud e hoveromnl §ahalls Sofh

preferably via erre I's shown I n FIG
shows in det aaémlarp@et laorbade t Iwhlplhef@arrr edakenjtgst | shapel difnga mehime, 500,
and the preferred robot . 600. The robot conprl es .a connectlnggrod 601, arm

602 and an eHPRPLar nPLBEF 605 Hie fobBt T80 D¢ oFRISREARPY 35f
bet ween the uppes. o] @?étfac'iﬂe(?i and +he omer haakdshakhn530 V\gﬁr&l@y upper

nmol d hal f 540 and | ower hal f 520 are open as shown in FlI and
5 hinged, or can move apart horizontally or vertically.

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

10 lenses from the inserts can be accomplished by scaking
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 1s 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,

VTN-424




The robot 600 noves horizontally in the opposite direction out of the area
between the I ower nold half 520 and upper nold half 540 when the | ower
nold half 520 is noved toward the upper nold half 540 to forma ¢l osed
mold. In the preferred node, shown in FIG 6, the robot 600 is aliNg\edd]
drive robot, that is, the drive VINN424 0 3 NOV 2603 - 32 nechanism 610
for the robot rides up and down with the novenent of the noveable pl aten
507. Through gears and rotatable cogs, e.g., a rack and pinion nmechani sm
(not  shown) the robot noves horizontallys that is, it noves 5 in between
and out of the nold hal ves when the nold opens and cl oses, respectively.
The robot is shown inside the open nold, e.g., between the upper nDId hal f
540 and | ower noldgg%f 520. éf%eg t he ro ott§0 L0 %é hor,i.zont é into
position bet wedh tHE WG RAPVESIOPRe 11° et P4 hidlasi 8H3U5FE er BFy is

| onered cl oseth® hba @Hﬂ‘memaﬂ‘ abei overond hedfed20 (as shompl £ BY
vacuum extender 620, which noves the end of armtool 603 up and down. The

vacuum ext endie¥agk® F@ecéhﬁé@Feﬁftéealﬁaéuﬂﬁﬂes@@ﬁb@cﬁﬁﬁhﬂéﬁbwmbe ¥én t he

vacuumis actjy dg th d m tool 603 noves up via contraction of
the vacuum ex g% er %gﬁgéﬁﬁgncﬁ & %acuun1|s deactivated the end of arm

t ool 5603 noves downhwsa ekitestharef hthe beaauwhosxt emderdeiZt: )bl LRHS
time the lenses are ejected fromthe lower nold half 520 by the air

ej ection 0 sy%?%%@e#h@“éné“@ﬁaﬁﬁﬂﬁﬁéoF“HG%LpF%?%?ﬁ%Fy°ﬁa§h6hp%n%@ﬂtlﬁﬁlch
are connect ed, { 0,8,YAEHUPS YU TR (Y SHOWNmdE SNthereof, it will be

understood that wvarious omissions and substitutions and
changes in the form and details of the devices
10 illustrated, and in their operation, may be made by
those skilled in the art without departing from the
spirit of the invention. Substitutions of elements from
one described embodiment to another are also fully
intended and contemplated. It is also to be understood
15 that the drawings are not necessarily drawn to scale.
It is the intention, therefore, to be limited only as

indicated by the scope of the claims appended hereto.

VIN-424



is activated to pick up the air-ejected | ens curves (not shown). Wen the
| ower nold half 520 noves toward the stationary upper nold half 540, the
robot through the 25 preferred direct drive nechani sm noves out from
between the upper nold half 540 and | ower nold half 520, and tr%qsmﬁr pj
the front curves and back curves to another robot (not shown) for prop

pl acenment on | ens curve VIN-424 a 3 Nov 2003 - 33 pallets (not shown),
simlar to those described in the prior art. Due to the thinner |ens
curves and the air ejection, the cycle 4gne of the present inventionis 5
| ess than 6 seconds, nore preferably | ess than 4 seconds, and nost
preferably from2 to 3 seconds. The <cycle tine is the tine it takes to go
froman open nold, to a closed nmold and back to an open nold. In an
alternative i L L3 of this 10 invention with changeabl e nol d
hal ves and/ or changeabl e cassettes can be used to nold contact | enses by
nmet hods described in the prior art, such as in U S Pat. 5,782,460 and
WO 98/ 42497 ilncor pomat bdl Her efariyng regfharhericelc Tey ivelsd soingrr iishing :

enbodi ment can conprise 15 fjrst and second | d hal ves at .| east. qne of

whi ch conprises inser¥st fBeLd dtding AT H%erdb£OPPRACE Lok, Et &4 t hat

at least one duiserd wsedl {91 FRkemSach: <AR aticdiNwdle haamsmi ssive to
radi ation for polymerization of the reactive mxture used to make the '0

contact | ensesmgBuitedbl nsasest and evaial & vsrte mpulst hiaBdd comprises at

least one changeable cassette comprising inserts, said

changeable cassette further comprising easily-accessible

attachment means.

2. The mold of claim 1 wherein said first mold half

when in use comprises at least two changeable cassettes.

3. The mold 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 mold of claim 2 wherein said changeable

cassettes comprise inserts for the formation of lens

curves.

5. The mold of claim 4 wherein said changeable
cassettes comprise inserts for the formation of back

curves and front curves.

6. The mold of claim 1 wherein said ophthalmic devices

are contact lenses.



above. For this enbodinent, at |east one of the nold halves, preferably
both nold hal ves, conprise at least one, preferably at |east two cassettes
conprising inserts for formng contact | enses. Wen form ng contact 25

| enses, all the inserts will provide for optically «critical surf % (?
the contact |enses. The nold halves and the cassettes are part o$ 3®V 003
nol ding system and are readily changeable and can be used in different
VIN-424 0 3 NOV 2003 -- 3 4 5 10 15 20 25 conbinations to produce nany
SKUs. The nol d hal ves can conprise a base which can take the shape of a
frame, support, plate, or the like,to Ich the cassettes are renovably
attached. The nold hal ves can be pivotly hinged, or can nove apart

hori zontally or vertical In this enbodi ment in which the nold is used

ly.
t]? form contlact I’Br%e‘sqlfilwef ladsr pr efhanadiny sald fgs Hhretitd @¥or cool i ng
of inserts or_air_ ejection of_ the t A e i
Ej ection of HER Lzasctth‘T elnnsseesrr}fsr ggqlr}% ﬁ"gjei ﬁé’gc;lft ?&%%%@%&nﬁ ]'ilfsﬁéé%e by
soaking the gonfacd dmnSesinit Walwilced n drite sprief eracethchmed carhd dént i fi er,
e.g. aradio frequency (RF) chip or the like, may be placed onto each
cassette to SO IFHDIHRR | DS Idhy Moss Qpfdcally critical

surface of salid ophthalmic devices.

8. The mold of claim 7 wherein said first mold half
comprises the inserts for the optically critical

surfaces of said front curves and back curves.

9. The mold of claim 1 wherein said second mold half
comprises at least one changeable cassette comprising
said inserts of said second mold half, and said inserts
in said first mold half and said second mold half form
optically critical surfaces of said ophthalmic devices.
10. The mold of claim 5 wherein said inserts for said
optically critical surfaces of said front curves are in
a first cassette, and said inserts for said optically
critical surfaces of said back curves are in a second
cassette, said first and second cassettes being

simultaneously attached to said first mold half.

11. The mold of claim 1 wherein said inserts in said

cassettes are cooled indirectly.

12. The mold of claim 1 wherein said inserts are cooled

by contact with a heat transfer block.



ophthal m c devices it forns. The identifier may also be wused to track the
cassettes. This preferred enbodinent is fully described in concurrently
filed U S. Serial No. 09/305,B85 "Mthod and Apparatus for Lot Tracking
and Changeover", VTN-419 incorporated herein by reference. The i 1)
machi ne preferably conprises a conputer which schedul es or receives input
on which ophthalmc devices are to be nmade by the machi ne. Based on this

i nformation, the conputer determ nes when a nold or cassette change is
needed. At the tinme of a nold or cassette change, the nolding nmachine wll
read the identifier on the cassettes to_nmake sure the correct cassettes
and/or mold half are in the machine. Baséd on the opht hal m ¢ devices to be
produced by the nmachine, VIN-424 0 3 NOV 2003 - 35 5 the process
conditions are automatically adjusted for the new ophthal m c devices to be
formed. The cDRpuUtBhe hbdgkst tdeaimnbeshofe devdaies apade admdi s oedidkes t he
next nold or cassette change. Thus, while there have been shown_and

descri bed anc®I®otneeBeduf rPuntikent il s hatetd fedifudds 6 d REFRRAnti on  as
applied to prrﬁéférﬁglf”ﬁ’gd%{'eigassé h@ﬁ@géul%]é Jf 1d; e understood t hat
s c

vari ous om ssionsS and su rtutions an anges in the formand details of
the devices 10 illustrated, and in their operation, nmay be nade by those

skilled in the art_wi thout departjn%_fron1the se{ri ?I the invention.
Substitutionsl%f eTEﬁeﬂ?%df?Qnﬁlalm 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 mold of claim 14 wherein said inserts in said

cassettes are cooled indirectly.

16. The mold of claim 1 wherein said ophthalmic devices

are removed from said inserts by water.

17. The mold of claim 1 wherein said mold is inserted

into an injection molding machine.

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

said first mold half is the lower mold half.



one described enbodi ment to another are also fully intended and
contenplated. It is also to be understood 15 that the draw ngs are not
necessarily drawn to scale. It is the intention, therefore, to be limted
only as indicated by the scope of the clains appended hereto. 0 3INGY A@P3
- 36 WHAT IS CLAIMED IS: 1. A nold for form ng ophthal mc devices
conprising: a first nold half which works in conjunction with a second
nol d hal f, wherein said second nold half conprises inserts, and said first
nol d hal f conprises at |east one chang%ﬁble cassette conprising inserts,
said changeabl e cassette further conprising easily-accessible attachnent
means. 2. The nold of claim1l wherein said first nold half when in use
conprises at |east two changeabl e cassettes. 3. The nold of claim 1l wherein
said first nold half further conprises a base to which said at |east one
changeabl e cassette is renovably attached. 4. The nold of claim2 wherein
sai d changeable. cameetbed obnptase Lhseheseidrsahd YRFHBERON of |ens

curves. 5. The nold of claim4 wherein sai g a es HyWri se
inserts for th@JFGFHﬁPiBﬁ?ﬂfnﬁagﬁcg&U?v%gmgﬁgQ??oﬁsgég?ggsa§%§gTﬁe mol d of

claim1 wherejp;sai g;0Rlt Bgl Bheddepherslatie aeniaes.lenses. 0 3 NOV 2003 -
37

20. The mold of claim 19 wherein said mold
gimultanecusly forms optical quality front curves

and back curves.

31. The mold of claim 17, wherein the cycle time
of said injection molding machine is less than 4

seconds.

2. The mold of claim 18, wherein said first mold
half is changed with another first mold half in

legz than 60 seconds.

23. The mold of claim 1, wherein two different
optical guality ophthalmic devices are formed

simultaneously.

24, The mold of claim 1 wherein said attachment means
are selected from the group consisting of screws,

brackets, braces, bolts, quick-clamps, and magnetism.



7. The nold of claiml1 wherein said first nold half conprises the inserts
for the optically critical surface of said ophthal mc devices, and said
second nold half conprises the inserts for the non-optically critical
surface of said ophthalnic devices. a - The mold of claim7 whereild i 0
first nold half conprises the inserts for the optically critical surfaces
of said front curves and back curves. 9. The nold of claim1 wherein said
second nold half conprises at | east one changeabl e cassette conprising
said inserts of said second nold half, and said inserts in said first nold
hal f and said second nold half form optically critical surfaces of said

opht hal m ¢ devzges., 10.. The np] i r el b d.Ln - or said
optically critical %d??]a Jeggol?ygglg'ﬁ ?J?%nﬁg%irl@is&%l?teﬁ?ﬁhglg ?ﬁ'%?e%assette,
and sai d i nserdang 01 s Siag da opbldakbypresitg cal £ susf avesdohabhi dnfask curves
are in a second cassette, said first,and second cassettes,peing :

si mul t aneous| P? H’%?ii‘goh§ilﬁd ‘f’%‘?‘g?l%?%lcﬁaﬁ.ﬁfllmo%eg%?d of claiml
wherein said idis@tsSsdd sai Ueas8S6Rk! EBafeasDI| €dsbadtepchhy. sd2d The nol d

of claim1l wherein said inserts are cooled by contact with a heat transfer
bl ock. 0 3 NOWZgbng spstem. Lyrbhas| eoWrrkiaf it WRBFEI FPEaFATSpREAS mic

devices are eliechethii om:salacLLl shaiObek Nahinot s8I dasecondngamblehal f by

at | east one pulse air. ) of claim 1l wherein said ophthal mc
devi ces are ejarsettésonhahi drei removablly halt faahedsthpdsabdohdrst

mold half when in use, said changeable cassettes

comprising differently shaped insgerts.

26. The molding system of claim 25 wherein said first
mold half when in use comprises at least two changeable

cassattes.

27. The molding system of claim 25 whereln said first
mold half further comprises a base to which said at

least one changeable caesette 1s removably attached.



nmold half by at | east one pulse of air fromeach of said first nold half
and sai d second nold half. 15. The nold of claim 14 wherein said inserts in
said cassettes are cooled indirectly. 16. The nold of claim1 wherein said
ophthal nic devices are renpved fromsaid inserts by water. 17. Th&J MY d0df
claiml wherein said nmold is inserted into an injection nolding machine.
16. The nold of claim 17 wherein said injection nolding nachine is a
vertical injection nolding machine wherein said first nold half is the

|l ower nold half. 0 3 Nov 2003 -39 19. Thf nmol d of claim 18 wherein said
vertical injection nolding nmachi ne conp }ses a direct drive robot which
pi cks up said ophthal m c devices. 20. The nold of claim19 wherein said
mol d sinultaneously forms optical quality front curves and back curves.
21. The mol d ofs.Glyad %afdirv@egd@menthﬁ @jcien §4 mehegfeigamisd ichj ecti on nol di ng
machine is less than 4 seconds. 22. The nold of Ch?in%#?’§@¥%§ﬁf§€aid
first nmold haldngeahangees sk t9f GRS T iYSELTS ¢ Hal't'S 1 °1'65s than 60
seconds. 23. The nold of claim1l, wherein tw different optical quality
opht hal mi ¢ dé&fi & ar8 ¥Bfhed sinul taneously. 24. The nold of claim1
wherein said attachnent neans are selected fromthe group consisting of
SCrews, ‘

29. The molding system of claim28 wherein said
changeable cassettes comprise inserts for the formation

of back curves and front curves.

30. The molding system of claim 29 wherein said

ophthalmic devices are contact lenses.

317 The molding system of claim 25 wherein said first
mold half comprises the inserts for the optically
critical surface of said ophthalmic devices, and said
second mold half comprises the. inserts for the non-

optically critical surface of said opbthalmic devices,

32. The molding system of claim 31 wherein said first
mold half comprises the inserts for the optically

critical surfaces of said front curves and back curves.

33. The molding system of claim s “wherein said second
mold half comprises at least one changeable cassette
comprising said inserts of said second mold half, and
said inserts in said first mold half and said second

mold half form optically critical surfaces of said

ophthalmic devices.



brackets, braces, bolts, quick-clanps, and magnetism 0 3 NOV 2003 -. 4 O -
25. A nolding systemfor form ng ophthal m c devices conprisi-ng a nold
conprising a first nold half and a second nold half, wherein said first
nmol d hal f conprises at |east one changeabl e cassette, and said nofldiNgy 2003
system further conprises at |east one nore said changeable cassette than

t he nunber of said changeable cassettes that are renovably attached to
said first nold half when in use, said changeabl e cassettes conprising
differently shaped inserts. 26. The nol gding system of claim25 wherein said
first nold half when in use conprises at |east two changeabl e cassettes.
27. The nol ding systemof claim.25 wherein said first nold halftfurther
conprises a base to which said at |geasi opeschangeahl eciatsenseris
renpvably attaghege RoBdNQY 209370 %&.Céﬁﬂ he nol di ng system of cl ai n26
wherein said changeabl e ca fetéfftfggprg§ﬁiédﬁﬁﬁdﬁ gagrd t HeOPbr mati on  of

| ens curves. £39- sThd ﬁﬁFHFﬂS %ys em of cl ai 28 wher ei.n ggigs ¢hangeabl e
cassettes conprise inge&ﬁsaf95Ighecégsaatéonan%fs K-turves and front
curves. 30. FHEVRDI 8 fg system of clai m29. _wherejqyssidk ophtkal mire

devi ces are ¢gn agbth@@&ey.031tlc¢he5H6F8Fﬁ§ 3yst em of clagn1%§£¥perein
said first mold Mol l c0TRls28e! N8atBsguksrl endt hecopdi EaPISP

i ' d half.
simultaneously. attached to said first mol

being

i ’ i id insexrts
35. The molding system of claim 25 whereln said

in said cassettes are cooled indirectly.

in said inserts

36. The molding system of claim 25 where

lock.
are cooled by contact with a heat transfer b

| ' - wherein said
37. Phe molding system of claim 25-wh

o devices are ejected from sa |
econd mold half by at least one pulse of alr.

id first mold half
ophthalmi

or said s

i y rein said
38. The molding system of claimas ~whe

i ! 1f
c devices are ejected from said first mold ha
econd mold half by at least ©

f said first mold half and sa

e ne pulse of alr

o id second mold

from each ©

half.

im ; id inserts
j¢: The molding system of claim2€ wherein said in

in said cassettes are cooled indirectly.



critical surface of said ophthal mc devices, and said second nold half
conprises the. inserts for the non- optically critical surface of said

opht hal m ¢ devices. 32. The nol ding system of claim 31 wherein said h@#ﬁ@3
nol d hal f conprises the inserts for the optically critical sur f ackk

said front curves and back curves. 33.. The nolding system of clain5
-wherein said second nold half conprises at |east one changeabl e cassette
conprising said inserts of said second nold half, and said inserts in said
first nold half and said second nold half formoptically critical surfaces
of said ophthal nic devices. 0 3 NOV 260483--42 34.The nol di ng system of
claim29- wherein said inserts for said optically critical surfaces of
said front curves are in a first cassette, and said inserts for are said

optically critjcal,su 0 i CK] £14 MBS vt Pe Srecomit] cassette, said
first andASec%%d iggségﬁggégbeyﬁgbgiﬁgltaneously. attached to said first
mold hal f  35¢pfikaalRlei agvsystenref rehaved 2Braheiel® S THsYts in said
cassettes are cooled indirectly. 36.The nol ding systemof claim25 wherein
said inserts watercool ed by contact with a heat transfer bl ock. 37, The
mol di ng system of claim25 wherein said ophthal mc devices are ejected
fromsaid first nold half or said second nold half by at |east one %ulse
'38. The nol diqlg syskervofiinbakys26m- efiecbi msaP dfubphthaf APRE eV 8ed ar e

o ected fron}iiggciugitngggngakLchine onto which said mold is

mounted.

42. The molding system of claim 41- wherein said
injection molding machine is a vertical injection

molding machine and wherein said first mold half is the

lower mold half.

43, The molding system of claim42 wherein said vertical

injection molding machine comprises a direct drive robot

which picks up said ophthalmic devices.

44. The molding system of claim 43 -wherein said mold

simultaneously forms optical guality front curves and

kback curves.

45. -The moiding system of claim 41 wherein the cycle,

time of said injection molding machine is less than 4

saconds.

46. ° The molding system of claim 42 wherein said first

mold half is changed with another first meld half in

lass than 60 seconds.



at | east one pul se and said second nold half by fromeach of said first
nol d hal f and said second nold half. 39: The nolding systemof claim2
wherein said inserts in said cassettes are cooled indirectly. a 3 55@ %&BS
- -- 4 3 40. The nolding system of cl ait4h 25- wherein said ophthalnig Villls
are renoved fromsaid inserts by water. 41 The nol ding systemof claim
25-further conprising an injection nolding machine onto which said nold is
nount ed. 42. The nol di ng system of claim41l- wherein said injection

mol di ng machine_ is a vertical injection nnépiﬂg.nqﬁhine and wherein said
first ndt’d haPplidnghayskefef ohof a-HANE. OB NG Aofa Hgfyst em of cl ai ma2
wher ei ' thcghyrhj egt bensmpLdi pgl auchi-Aes CORBY & Sescandli rect drive
r obot Q%ﬁ?%ﬁs%ﬁgké é%ugg?% gphthalnﬂc devices. 44. The nol di ng system of
cl ai mMoBd- hhkFei nheakdnmekdn sEnakidnébust yndbi N2 byes cubrlgual ity front

curves, and back curves,. 45, .-The nol.ding,s f claim4l wherein the
cycl e, 1Nt FRRIBRCEAPR WAFBCPROA ﬁ%FBPﬁgm %h¥%%Fﬁ28|%§§gthan 4 seconds. 46.

- The ﬂPE?éPQn§Y§h§ﬁbafoﬁh@h&lﬁicwh@ﬁebﬁssahﬁ dagistof mhildhal f is changed
with another first nold half in |ess, than 60 seconds.

first mold halves comprises at least one changeable

cassette, and said molding system further comprises at

least one more said changeable cassette than the number

of said changeable cassettes that are removably attached

to said first meld halves when in use, said changeable

cassettes comprising differently shaped inserts.

48. The molding system of claim 47 wherein said first
mold half when in use compriges at least two changeable

cassattes.

49: The molding system of claim 47 wherein said first
mold half further comprises a bagse to which said at

least one changeable cassette is removably attached.

sg. The molding system of claim 48 wherein said
changeable cassettes comprise inserts for the formation

of lens curves.



-44 47. A nolding systemfor form ng ophthal m c devices conprising a
plurality of first nold hal ves and a second nold half, wherein each of
said first nold halves work in conjunction with said second nold half to

" make different shaped ophthal m ¢ devices and each of said first rmhg ]
hal ves conprises at |east one changeable <cassette, and said nol ding M{ JW%
further conprises at |east one nore said changeabl e cassette than the
nunber of said changeabl e cassettes that are renovably attached to said
first nmold hal ves when in use, said changeabl e cassettes conprising,
differently shaped inserts. 48. The nolding systémof claim 47- wherein
said first nold half when in use conprises at |east two changeabl e
cassettes. 49. The nol ding system of claim.47. v Lh.sakLdafirst nold
hal f further cenpFhsesmod diase Y6 Wk € §2{iadma?0 gég%ggnghgﬂangeagle
cassette is renovably attached., 50. Rl dinRg rs¥stem ehecfarnmei8oWher ei n
said changeabh@nggsdaty é'sa%soedrrtp}relésgoﬁﬁgérg?sq:‘nor the formation of |ens
curves. 03 NOY 209310 %ﬂ\!ﬁé/s 2908 frodt chiwveBhe nol di ng system of clai m50
wherein said "changeabl e cassettes conprise inserts for the formation of
back curves and front curves. 52. The nol ding system of claim47 wherein

said ophthal mc devices are_ cont eSim 58 wHeeed®l diadg system of
claim 47 wher 8t n T dnq}rc?Jsreg systae% olfeﬁ m

ophthalmic devices are contact lenses.

id first
11y

53. The molding system of claim. 47 wherein sa

mold half comprises the inserts for the optica

critical surface of said ophthalmic devices, and said

second mold half comprises the inserts for the non-

i i ic devices.
optically critical surface of said ophthalmic vi

54, The molding system of claim 53 wherein said first

mold half comprises the ijnserts for the optically

critical surfaces of said front curves and back curves.

55, The molding system of claim 47 wherein said second

le cassette

half, and

mold half comprises at least one changeab

comprising said inserts of said second mold

said inserts in said first mold half and said second

mold half form optically critical surfaces of said

ophthalmic devices.

56. The molding system of claim 51 wherein said inserts

for said optically critical surfaces of said front

curves are in a first cassette, and said 1nserts for

said optically critical surfaces Qf said back curves are



nold hal f conprises the inserts for the optically critical surface of said
opht hal m ¢ devices,' and said second nold half conprises the inserts for
the non- optically critical surface of said ophthal m c devices. 54U &'@emm
nmol di ng system of claim53 wherein said first nold half conprises 1
inserts for the optically critical surfaces of said front curves and back
curves. 55. The nol ding systemof claim47 wherein said second nold half
conprises at | east one changeabl e cassette conprising said inserts of said
second nold half, and said inserts in spid first nold half and said second
nmold half formoptically critical surfaces of said ophthal mc devices. 56.
The nol di ng systemof claimb5bi' wherein said inserts for said optically
critical surfaces of said front curves are in a first cassette  and said
inserts for saig opdmealdassrtitte cadaisurfiigeds 20 SHEPWack “Erves are 0 3
NOV 2003 46 in a second cassette, said first cand sbatdes. being
si mul t aneous|lye g azhedl taeR ¥ iarrsﬁa%}ﬁ% thoals?acL ?ﬁ The n% di ng system of
claima47- wherein said inserts in said cassettes are cooled indirectly.

58. The nol ding system of claim47. wherein said inserts a%e. co Irgg by
contact with asheptetfansirey Hyoickm &O.cIphen ol I Y5t ¥ O CPar i 47
-wherein said ophthalmc devices are e% cted fromgaid first nold half or
sai d second nbhds&idfchysette2adte o Pt st Of .’ 60. The nol di ng system
of claim47 wherein said ophthalmc devices are ejected fromsaid first

nol d hal f | o
58. The molding system of claim 47 wherean said inserts

are cooled by contact with a heat transfer block.

59. The molding system of claim 47 - wherein said

] i ' 1d half
ophthalmic devices are gjected from said first mo ,

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

60. The molding system of claim 47 wherein said

i j i i 1d half
ophthalmic devices are ejected from said first mo

and said second mold half by at least one pulse of air

from each of said first mold half and said second mold
half.
61. The molding system of claim 60 -wherein said inserts

in said cassettes are cooled indirectly.

62. The molding system of claim 47 - wherein said

cphthalmic devices are removed from said inserts by

water.



and said second nold half by at |east one pulse of air fromeach of said
first nold half and said second nold half. 61. The nol di ng system of

cl ai m60 wherein said inserts in said cassettes are cool ed indirec@hy 6@

~ The nol di ng system of claim47-wherein said ophthal mc devices ar r%ﬁn gh
fromsaid inserts by water. 0 3 NOV 2003 - 47 63. The nol di ng system of
claim47 further conprising an injection nolding machi ne onto which said
nold is nounted. 64. The nol ding systemof claim®63 -wherein said
injection nolding machine is a vertical jpjection nolding machine and
wherein said first nold half is the |ower nold half. 65. The nol ding
system of claim®64 wherein said vertical injection nolding machine
conprises a direct drive robot which picks up-said oghthalntc.davgges. 66.
The nol di ng syst gmefnodldding 47 s,tem odhicdiimud’ 8RFFBFENEOBBRE Al Fgdal ity
opht hal m ¢ devices are formed sinultanequsl 7 e dirg system of

cl ai m 63, whemgiertivs spdiddng i“}?@r%f“eséi G Hj}%(c: i SﬁIgofng?Hgllﬁachi ne is |ess

than 4 seconds. 68, The nol ding systemof claim®63 wherein said first
mol d hal f i s™OY¥dHfEt with another first nold half in |ess than 60 seconds.

64. The molding system of claim 63 -wherein said
injection molding machine is a vertical injection

molding machine and wherein said first mold half is the

lower mold half.

65. The molding system of claim 64 wherein said vertical
injection molding machine comprises a direct drive robot

which picks up said ophthalmic devices.

66. The molding system of claim 47 - in which two

different optical gquality ophthalmic devices are formed

simultaneously.

67° The molding system of claim63. wherein the cycle

time of said injection molding machine is less than 4

seconds.

8. The molding system of claim 63 wherein said first

mold half is changed with another first mold half in

less than 60 seconds.



