MOLD, MOLDI NG SYSTENIAND MOLDI NG MACHI NE FOR MAKI NG _ OPHTHALM C DEV%EF@N
E;gLﬁ;gi/th,aneﬁtlon 5 The present . nvention reIat5§\§9n6+aLLﬂ\\k\U#afld
Wachi ne for maki ng opht hal m c devi ces artic ly,

this ;“& ates generally to a nold and/or a- nDId or
maki n almc devices with many stock keeping units ﬂﬂw
BackgroundG@P)the Invention U S. Pat. No. 5,702,735 to Martimsgh. al ., the
entire disclosure of which is hereby |ncorporated f QVi
an apparatus for mol ding pol ystyrene 15 llens curves QQ?Gmt rveg or
back curves, which are used for subsequent nolding of soft contact .Ienses.
The apparatus is designed to provide superior heat conduction capacity so
as ;o g}ninize MbBDnDMdLDgNGySHSTEMiHHD MOLDENG| MACHEANBOHORYMPRAYGCI ng
uniformy precise '0 and accurat surfaces. Ml ten
pol ystyrene is provided via a h(%éﬁﬁﬁéﬁg%ﬁﬁﬁé##¥o a plurality of nold
cavities. In a nold used to make front curves, the convex surfaces of the
nold provide the optical quality surfaces to the concave surfaces of 25
the front cufﬁeidoﬁddG@@dImW@méB@n The structural el enment which defines
each convex surfa ncl ude o i d vabl e

mgr % §E§t 1n08kh9$ﬁ &%l% %%dpso t %B é? @$
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and/or a molding machine for maklng ophthalmlc devices.

More particularly, this invention relates generally to
a mold and/or a molding machine for making ophthalmic
devices with many stock keeping units (SKUs).

10

Background of the Invention

U.S. Pat. No. 5,702,735 to Martin et al., the
entire disclosure of which 1is hereby incorporated by
reference, provides an apparatus for molding polystyrene

15 lens curves, i.e., front curves or béck curves, which
are used for subsequent molding of soft contact lenses.
The apparatus 1is designed to provide superior heat
‘conduction capacity so as to minimize the molding cycle
time, while simultaneously producing uniformly precise
0 and accurate 6ptical quality surfaces. Molten
polystyrene is provided via a hot runner system to a
plurality of mold cavities. In a mold used to make
front cufves, the convex surfaces of the mold provide
the optical quality surfaces to the concave surfaces of
25 the front «curves produced thereby. The structural
element which defines each convex surface includes a
hollow cylindrical bushing and a removable power insert

mounted therein, which may be changed so that the
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- 2 prescription strength of the contact lens to be formed by the |ens
curves may be varied. In a first enbodinent, the power insert includes
only a convex surface at its operational end. In a second enbodi ment, 5
t he power insert includes an annular flat surface surrounding the convex
surface, defining at the junction therebetween a discontinuity of
curvature, which inparts a sharp edge to the front curve fornmed thereby.
Cooling water is punped into the core of the inserts to cool the 10
inserts during the nol ding process, which tonplicates the process of
changing the inserts. The power insert nmay be constructed of various
materials including pure steel, brass, copper chrom um or cobalt-nickel
al | oyed marpessikiptibeelstgtpovef thserdontmetbel evat d Wiet hf ¢Bmad
surface | ayer of nickel phosphor or silicone oxide, or hrome nitride.
These | ayer sbiay thé t uraiet (LT r ™3¥ opBf t KPERRsses did &inetéfﬁ s by

di anond CUttShﬁodiﬁ%ﬁtﬁhe¥hgayp$§éfheﬁﬁﬁbhy hardened. UnPy Pat.cdavex

4,565, 348 to Larsen, which is also 'O incorporated by reference, discloses
anot her pri osuarftceappr dach dpe nmrvhadt @ridig |Jens? circesd PUpedanenteo this

prior art approach, the lens curves .are nol ded as set ei gh S
curves carri gaeonpé’wferrané‘qsﬁr;t 2 WAUCES, ayf Flacgmglao? t%%iar%é%\f%gtgent

illustrates gumRbdedizl frhameealdxyisg fack X definfiay oft coneayenttonh
curves, while FIG 5 therein shows a nolded franme carrying X 4 array

. A, a2
of back curv&serthetelegst @ HSSAMIP WY IR T Hiy 1'Uhs“leutPRa F§
nanUfaCturedab%hEQkﬁg&k&nto the front curve formed thereby. Cooling

I3
i

water is pumped into the core of the inserts to cool the
10 inserts during the molding process, which complicates
the process of changing the inserts. The power insert
may be constructed of various materials including pure

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

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

proper thicknesses and dimensions by diamond cutters,
and they may be thermally hardened.
U.S. Pat. No. 4,565,348 to Larsen, which is also
(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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VIN-424 3 nolding the assenbly as one piece with the | ens curves being
secured within an outer rectangular frame by small struts extending
between the frame and the |ens curves. The height of the frame is such that
the surfaces of 5 the lens curves are protected from scratching and
nmechani cal damage during handling, and the frame in general has a shape
facilitating stacking and handling. This prior art approach of nol ding such
polystyrene lens curves in a cluster assenbly typically takes 10

approxi mately twenty-four (24) seconds; #hich is too long for the efficient
production of such polystyrene lens curves. In this prior art approach,
conplenentary sets of front and back curves are used in the production of
15 hydrogel pontaat |tersessbymiby deng caer gaicidonWhtkt the vtvarsei purhies

m xture is preferably dissolved in a non-agueous, water-displacea
sol vent. AftBFLBIISSING et il il cOrFr]ierFe i Cgcrﬁn%lhlra\/res{raafrée gbu%s?r&%#?al ly

filled wthgsihgrkeastdifgKinkiediherkONeayRef haAL tHe VIR Ar éugPesover ed
with the back curves in a nanner in which no air bubbles are trapped

beneath the ba@ibk dwigst Bickhecufname aie gugded bt t RBepAYWHRRGS abPE
T e AR SR SUNSRS LI A S e Slog oy b (0
cutting. ThepbBagknedkvesdamagepreherapl yhared iy, a axechahiecakrdeei cénwhil e
they are separated fromthe frane which thereafter places, the .
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 dissolved 1in a
non-aqueous, water-displaceable solvent. After a dosing
step in which the front curves are substantially filled
with the reaction mixture, the concave front curves are
£ 20 covered with the back curves in a manner in which no air
bubbles are trapped beneath the back curves. Back
curves are placed on the polymerizable mixture in the
front curves as individual 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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back curves on the front curves. The reaction m xture VIN-424 4 is then
subj ected to conditions whereby it polynerizes, e.g. irradiation with
agtinic visible or ultraviolet radiation, to thereby produce a polyner in
the shape of the desired hydrogel |lens. After the polynerization 5 process
is conpleted, the two I ens curves are separated (called denol ding);
typically leaving the contact lens in the front curve, fromwhich it is
subsequently displaced. Typically the front and back curves are used once
to nold a single contact lens. After the410 pol ynerization is conplete, the
diluent is displaced with water to produce a hydrated lens. U S. Pat. No.
5,782,460, and WO 98/ 42497 disclose a nethod of naking hydrogel contact

| enses by nolkdi nthen @wbﬁééﬁédwhbchohditbeeﬁ pmbmﬂhyzéu balyheratebeast 15

partially uncrosslinked wthin reusabl e no. sllnkln of th ol ymer
is by UV radeai-onirréfdérEfEPe, "+ hi ﬁHVH‘E%ﬁsW&F%tng g?ﬁ%a%Pﬁ ek
materi al , S%%El%ﬁ gﬂﬁftgb He dynﬁfb@u@@t@rg@h§me@najpﬁjﬂDr§hap@nb&0t
| enses can be nolded I'n each nold tool. 20 Pat. No. 5,451, 155 to Kok
et al., the eheirdesiirsdl dswdeowdl whicgls -i s Helrtedy ﬁﬁ@orﬁ@#éﬂéélﬁ?tlon
reference, discloses an_ arran n o] ct g S S
conpact di sc&X %Y onjet T e?dge Ehér%&?g?%égaCH&ggg?cgfglﬁfgggggﬁ@
nDIdlng machire li1re udéngldivg hpl depd c23 1iyhateswuppor theolcbpiattes Lefise nol d

plates are adjugiable wih respect Lo gachyother (et ¥een Bpllhtbneay
displaced. Typically the front and back curves are used

once to mold a single <contact lens. After the

10 polymerization is complete, the diluent 1is displaced

with water to produce a hydrated lens.

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

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

20 U.S. Pat. No. 5,451,155 to Kok et al., the entire
disclosure of which is hereby incorporated by reference,
discloses an arrangement for manufacturing goods, such
as compact discs, by 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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position, in which the nolding plates define a cavity, into which material
is injected by the injection nolding; VIN-424 5 nachine during operation,
sQ that the particular nolded good is fornmed, and a second position, in
which the nolding plates have been noved sone distance apart, while the
formed good is being renoved. On each side of 5 the injection nolding
machi ne, transport devices are provided which nove the hol der and nol di ng
plates froma position |ocated at sone distance fromthe injection
nol di ng machine to a position sui t abl e—f &r ~cooperation wth the injection
mol di ng machi ne. The transport 10 devices and the hol ders are detachably
coupled. It is also disclosed that a holder may be provided with a new
nol di ng pl at gaath iseedt Siqanege f & otoh hesoadhiate tite | partheubachimgeldedin

operation. For exchanging the nol di ng | at es and _hol ders, it is onl
necessary to9dioschafgef a5 ¢de RoCde? si}%&ﬂ i RGStfd Ol df g ‘Hllaf]% tr}é%%l SO
far, and tomrgq\éq_ntghﬁgpg cRol deeande 8R! didiee @l afdind Nda sRASIdd ORpadh) s

type of exchange of ing plates provides for a quick and sinple
retool i ng whiwhe lrd riibvd Ziognetchey@ohnt$ neeing removedect PBneashdisdgle of

operation. 20 There.is.a need in.the art, to i V. - din
t echinol ogy f5Pena%PH§c&ﬁﬁphawﬁéglagvi%%é?ln%hngéﬁﬁ%é§%%;T%Q%%%$%aJ%?% °
devi ces W t h v RIDGK i keemng tie tiso(&Ktsand dbediegnplatesk fkespiag
units" refers to different devices, e.g. . differen rodqgtsn 25 For
exanpl e, conP&sifigmsedoRaTRAY AF f ¥t dpshense from the injection

molding machine to a position suitable for cooperation
with the injection molding machine. The transport

10 devices and the holders are detachably coupled. It 1is
also disclosed that a holder may be provided with a new
molding plate at some distance from the machine while
the machine is in operation. For exchanging the molding
plates and holders, it is only necessary to discharge

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

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

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

manufactured wusing different molds or a different
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and/or cylinders and/or axis val ues each conbi nation of which would
represent a different SKU, each SKU being nanufactured using different
nolds or a different VIN-424 - 6 orientation of the nolds or different
reactive mixtures wthin the nolds. SUMVARY OF THE I NVENTION 5 This

i nvention provides a nold and a nol ding system conprising a nold
conprising a first nold half which works in conjunction with a second nold
hal f for form ng ophthal mc devices wherein said first nold half

conpri ses at | east one changeabl e cassetée conprising 10 inserts for

form ng said ophthal mc devices. This nold can be used to nake ophthal mc
devi ces; however, this nold is preferably used in an automated nol di ng
machi ne,  moge; prefer shl ¥ RN ndll @St bondatldiragt machictd veThisx tineent i on
is preferably used to make | ens curves which 15 are in turn used to nake
contact | ensesthThi shenmehtbon further provides a vertical injection
nol di ng machi ne conprising a nold, preferably having at |east one
cassette, in which the nmachine can quickly change one nold half for

anot her, and the 20 machi ne STMMARYalOF: THE TAWENT IOt hal mi ¢ devi ces. This

invention further provides a nold in whicht di f ferent | C lity
ophghal nmi ¢ device?gaﬁelﬁﬁ&QtFﬁ“ RISVAGEE ﬁoﬁﬁidﬂ%§4nﬁ(ﬂ?%ﬁﬁ?%ﬁ?gfggﬁ%ystem
comprising acgRbe;ing2% iold NUGAbE 081 Agke | £ipossiniiel t aqdi ckihycehange

t he

works in conjunction with 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 quality ophthalmic devices are made in
a single mold.

The molds and molding system comprising a mold of

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

molds comprising one or more cassettes make it possible
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optical characteristics of the ophthal mc devices, which r

using.the nolds of this invention. The nolds conprising oﬁeeofrﬁSESEd
cassettes nake it possible VIN-424 7 to quickly change the cassette(s)
thereby neking it possible to efficiently nmake ophthalmc devices with
many stock keeping units (SKUs) using one or a small nunber of nold hal ves
conpri sing changeabl e cassettes. 5 These noblds are particularly suited for
directly or indirectly producing contact |enses having many spherical
powers, aspherical powers or nultifocat 7powers. Accordingly, it is a
prinmary object of the present 10 invention to provide an inproved nold and
nol ding system conprising a nold conprising a first nold half and a

second nol d lef wherelin sadeyd i rgle Melad skakk (eonptheesb i }

Siad yatméeasy one
changeabl e cassette co%pr|5|ﬁ% multiple inserts for fornmng ophthalnc
devi ces. Thepbissbleol Ho15 kil ¢iemd ¥ h&ad€coRRNFBRAMASI fd%chﬁgj Uit sbI e

with respect to each other A, i 0s{dsii ! }

, oh8 Wi C h&l 1ol d
hal ves forn1§aH8IdgE%5¥t§eFﬁ?§5whch§3 égﬁgf?aﬁkﬁggg or has bgegiintroduced
so as to forpusekdedt aphitdahal cesevbmpsisand gheager®lpoiASHELSSH which

moaks are prBEded PorPensyt gt MRS GONLAE me ey icos e ¢
gggﬁg;ggré 22&?@??32“ aazggoeﬁexhees acAekdt halénsesprilsangngne wanyor e
spherical powers, aspherical powers or multifocal
powers.
Accordingly, it is a primary object of the present
10 invention to provide an improved mold and molding system
comprising a mold comprising a first mold half and a
second mold half wherein said first mold half comprises
at least one changeable cassette comprising multiple
inserts for forming ophthalmic devices. The first mold
15 half and the second mold half are adjustable with
respect to each other betwéen a first position, in which
the mold halves form a mold cavity into which a material
can or has been introduced so és to form molded
ophthalmic devices, and a second position, in which the
20 _ mold halves have been moved some distance apart
preferably while means are provided for removing the
molded ophthalmic devices.
One embodiment of the invention provides a mold
half comprising one ©r more changeable cassettes having
25 inserts that are cooled indirectly; thereby making it
easier to remove and interchange the cassette(s) .

Another embodiment of the invention improves the

removal of the molded ophthalmic devices from the mold
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25 inserts that are cooled indirectly; thereby nmaking it easier to renove
and i nterchange the cassette(s). Another .enbodi nent of the invention

i nproves the renoval of the nol ded ophthal mc devices fromthe nold
VTN-424 8 Dby providing an air ejection system In contrast to prior art
whi ch used ejector pins, air ejection does not distort the ophthal mc
device and for the preferred enbodi nent can be done whil e the nol ded
ophthalmc 5 devices are at a higher tenperature. Another enbodi nent of
the invention provides a nold and nol di Ag-system conprising a nold

desi gned such that either one or nore of the cassette(s) and/or the nold
hal f or hal ves conprising the cassette(s) can be changed 10 to provide for

a di fferent @J?htﬁ%m&i%via@e ofrdevieeeson thpstém, di ffereniti@dis. tion the
preferred application, the ophthalm c devices forned,using the nold are
front curvepraed Back urdhedi Sesh® IeF bRtk idot &Y | 8neesI OFnECefr ot

curves and b rve re y 4o ihd B fankl yporekdyred
arrangenent,%%ﬁfgﬁtnegﬁg tﬁgﬁgéggﬁpﬁold al ves of tﬁé nol d Fnclugge
conpl enent ar gmbrsknies tf olcanf obri ngobet hwhidat thevemoadddbackhthedas c

(convex protrusions and concEég i ndentations) One nold half preferably
conpri ses a CAYI&SSe AT&vidty 3 RS F6MPFFEM50 curves, and anot her

cassette having i ngeitef emRGertUrafes:hd niiddst eswogi oentiesoal ynadre nol d
hal f needs to be changed to change the front curves and back curves, —or
one cassetteamd el diold hesFeRafOBRT EhhRged f@ld designed such that

either one or more of the cassette(s) and/or the mold
half or halves comprising the cassette(s) can be changed
10 to provide for a different ophthalmic device or devices,
that 1is, different SKUs. In the preferred application,
the ophthalmic devices formed using the mold are front
curves and back curves used to make contact lenses. The
front curves and back curves are preferably molded in a
15 "family mold" arrangement, which means that both mold
halves of the mold include complementary inserts for
forming both front curves and back curves (convex
protrusions and concave indentations). One mold half
preferably comprises a cassette having inserts for front
20 curves, and another cassette having inserts for back
curves. In this embodiment, only one mold half needs to
be changed to change the front curves and back curves,
or one cassette on the mold half can be changed to
change either the front curves, or back curves provided
25 by the mold. Changing one mold half or changing the
cassette will change the front curves and/or back curves
and will result in the production of lenses of different

SKUs produced using the front curves and back curves.
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change either the front curves, or back curves provided 25 by the nold.
Changiing one nold half or changing the cassette will change the front
cyrves and/or back curves and will result in the production of |enses of
different SKUs produced using the front curves and back curves. VIN-424 9
Thi s arrangenent is possible, because only one surface of the front and
back curves has an optically critical side whereas the other side is not
optically critical. Thus, if the optically critical sides of the |ens
curves 5 are forned by the changeabl e cagsette 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 nj ection noldj;ng Qﬁygﬁge@énaaq@i Neoddwd1d,s Meekical lonlylOomk spagedceo form
opht hal m ¢ devices, preferably using the nold of this invention in the
nol di ng syst erfi ofh¢ hifsontneest ilorck Vereveal hiasj edt i ont het t ng Craéhicids
require |ess fl|oor space than L.zootal .inj [ | N0- MRCALRES.
Further, a vért eca"l'herm?%? n%h magfhi?(r%% i%sltd%asllsgrneo% (?%t{:%éngji%ecw th ot her
el ements of amroduct i ome | dptei calAnpt bet t Advhns ades ob £t hkevéehbcalurivigisect i on

mol ding machine is that at | east one of the nold halves [ nove
vertical |y wiei® nfbPET%g Banthe é‘ﬁ’eﬁ‘glliezé:r‘?tszfleltﬁe b'i/lcfer ac\#s]pgp? W@;Lr?:' and
repl aced by g new,gphdshaldydimn3Q e vy theak Henj &4 ORuIRLE ngarael ne
simply and wit very little down tinme, making nol ding nore econom cal and
efficient. changed without changing both sides of the mold.
Another aspect of the invention 1is to provide an
injection molding device or machine that is vertically
10 disposed to form ophthalmic devices, preferably using
the mold of this invention in the molding system of this
invention. Vertical injection molding machines require
less floor space than horizontal injection molding
machines. Further, a vertical molding machine is easier
15 to combine with other elements of a production line.
Another advantage of the vertical injection molding
machine is that at least one of the mold halves which
moves vertically when molding can be moved horizontally
by transport means, and replaced by a new mold half in
20 the vertical injection molding machine simply and with
very little down time, making molding more economical
and efficient.
Another object is to provide an improved mold for

making front curves and back curves having the same wall

25 thicknesses for the front curve and back curve.
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Anot her object is to provide an inproved nold for making front curves and
back curves having the sane wall 25 thicknesses for the front curve and
back curve. VIN-424 - 10 BRI EF DESCRI PTION OF THE DRAWNGS In the

drawi ngs, wherein like reference nunerals delineate simlar elenents

t hroughout the several views: 5 FIG 1 is a side elevational view of a
front curve and back curve assenbly, which includes a front curve, and
back curve. FIG 2 is atop viewof a first nold half. 10 FIG 3 is a
cross-sectional view of the first nold Malf shown in FIG 2 taken al ong
the line 3-3 showmm in FIG 2. 15 FIG 4 is a cross-sectional view of a
nol d shown in the open position; the nold consists of the sane first nold
hal f shown in FIG 3 and a serDEH DE$CRIRIION FOEG THE  BRAWINMGSi ng syst em of
this invention 20 conprising a vertical injection ngldin nachineagf this
i nvention and i nt éPchbhgedNaingIsd hiPGESINFIIGKS £§ gﬁeg‘%lear%%raeﬁortsi on of
a vertical iy ggtien u9hdiag EaChiAesOtnkBlLEnbOYeBhboReshouINg khe : 25
robot arm FF I's a top plan view of each of the conponents of one
enbodi mrent of a nolding systemof this invention. VIN-424 - 11

5 FIG. 1 is a side elevational view of a front curve

and back curve assembly, which includes a front curve,

and back curve.

FIG. 2 is a top view of a first mold half.

10

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

FIG. 2.

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

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

FIG. 5 is a molding system of this invention
{20 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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FIG 8 is a top plan view of each of the conponents of a second enbodi ment
of a polding systemof this invention. 5 DETAILED 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 make opht hal m ¢ devices, such as
contact |enses, interocular |enses, other types 10 of |enses, and plastic’
nol ded parts, e.g., lens curves wused for naking contact |enses. The
preferred use for the nolds and nol di ng system conprising nolds is to nake
contact |enses, or plastic nolded parts ¥lor- ophthal mc devices, nore
preferably plastic nolded parts for nmaking 15 contact | enses, nost
preferably lens curves. The molds and nolding. system conprising nolds

wi |l be describedpkor gt he prefqy redhrenhicd nehteadtowed/ erthe t bospeneshsi on i s
not limted to the enbodi nent described and can be nodified and used to
meke ot her oplift hal iseceryi caRoRaeE0 efanpl &40t ol “dridf i LSy st em
conpri si ng nnl%s %tonthis i nvention with changeabl e nol d hal ves and/ or
changeable_cé@bé?&és can be used to nold contact |enses by nethods
described in the prior art, such as in U S. Pat. 5,782,460 and WO 98/ 42497

i ncorporated herein by 25 referenc e, n t lense h
hal ves can be pivotly hingeEE3§1P§Bg§?s$§¥5 igﬁ ot &ﬁﬁnces. Iﬁ,thee ol d

preferreg enbodi ment t he npkfsgfifl.FOPAENPRREY SEMBODIMENTSI ng nol ds i s used
to form"lens curves", VINZZZ IZ
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

10 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

15 contact lenses, most preferably lens curves. The molds

and molding system comprising molds will be described

for the preferred embodiment; however, this invention is

not 1limited to the embodiment described and can be

modified and used to make other ophthalmic devices. For

20 example, the mold and molding system comprising molds of

this invention with changeable mold halves and/or

changeable cassettes can be used to mold contact lenses

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

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

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

In the preferred embodiment the mold and molding

system comprising molds is used to form “lens curves”,
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i.e. "front curves" and "back curves". In the prior art |lens curves, i.e.
front .curves and back curves have been referred to as nolds or nold hal ves
for making contact I|enses. The terns "nold" and "nold halves" will not be
5 used herein to describe the |l ens curves although the |ens curves are
used for nolding contact |l enses. The terns "nold" and "nold hal ves" wll
be used to describe the nold and the nold half used to formthe ophthal mc
devices (e.g. lens curves). 10 FIG 1 shows the preferred | ens curve
assenbly 110, the individual pieces areznade using the nold and nolding
system conprising nolds of this invention. The nold and nol ding system
conprising nolds will be described below The |ens curve assenbly 110

consists 15 of .a T\E}ggﬁtcew@ewamd“Baehs_ cUrvest14 whi ehhedefrings s
opening 113 Th which a contact |lens reaction mxture is polynerized or

crosslinked tenfocuracspniaet Kenst Thevebrent backe chryesndiaickeefve 114
consi st of a plas mat eri al

ti r ef er ahl lysty e | ypr , 20
cycl ool efi nsFeg?rFﬁé Fok S a’ﬂﬁlﬁgeoﬁaﬁ}aoq\ﬂytkﬁaﬁn\yet%efg?r glta&qg d és)cse)%%%g@rml d
hal ves of thig,kpyentitor (dases iesidbedon) snpref raabby”i widd imjtectheon
mol di ng machine. The front curve 112 and back curve 114 are siplar to
those discloesed dmraisedtn deaechpibor thet P Fralkd o6t ae?tEQUBB]ns@%? f or

XL, O B BT LS, 5ol P By R S0 ppscr oty hotmn b

optical quatkkpscomeade sind ateo Ud Shavwedl’ prellkribl yskds t dan-ydPie
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 comprisiﬁg molds of this invention. The
mold and molding system comprising molds will Dbe
described below. The lens curve assembly 110 consists

15 of a front curve 112 and back curve 114 which defines an
opening 113 in which a contact lens reaction mixture is
polymerized or crosslinked to form a contact lens. The
front curve 112 and back curve 114 consist of a plastic
material, preferably polystyrene, polypropylene,

20 cycloolefins, or the like, and are made within the first

and second mold halves of this invention (described

bélow), 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
cufve 112 has a central curved section with an optical

quality concave surface 119 which preferably has a
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13 circular
concave surf
suyrface of

front curve

circunferential defined edge 116 extending therearound. The
ace 119 has the dinensions, preferably the power of the front
a contact lens to be produced in the lens assenbly 110. 5 The

has a preferred thickness between 0.2 mm and 1.0 mm nost

preferably the thickness is about 0.6 mm The back curve 114 has a central

curved secti

on wth an optical quality convex surface 118. The back

10

curve 114 has .the di nensions of the back surface of a contact |lens to be
the lens assenbly 110, armdl& g for a toric lens defines the

produced by

cyl i nder power..

mmand 1.0 mm nost preferably the thickness is about 15 0.6 mm It is
preferred that Ahe afcr orti rewmfe rand itthe deadlnecur \eeideavel the sapendhihgkness.

The front cu
and tabs 117
fl anges 115.
gate vestige
whi ch supp
nmol d used to
i mprovenent s

rve 112 and back. curve 114 each coppri se ul ar fl apges 115,
g? ]ﬁgﬂe EF EQF e

tIWBTER reMe 9 nt egr AP t ROTEAT Spr of BE12$F om de o

h

gl%%ffs\';jﬁ%?ltgHCWr\é%eya%l@th%o A OF Whelldr e shpracdavitng

sonetimes format the gate or injection hot tip,
hesarmiaen tdres nopl last prodncede ipr éher rleans enbompent 148 -t he

phORthe fLont Gurve 12 . and bagk GHas a2, THe2 mn

daCK curve IS I nvention over

prior art frgay curyegmandobackreynssly etige asidksebssdd iabdntS. OP&t .

5, 545, 366,

10 -

15

include a reduction in the volunme of plastic used to
mm.

The back curve 114 has a central curved section
with an optical quality convex surface 118. The back
curve 114 has the dimensions of the back surface of a
contact lens to be produced by the lens assembly 110,
and e.g. foér 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

0.6 mm. It is preferred that the front curve and the

back-cﬁrve have the same thickness. The front curve 112

25

VTN-424

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

The improvements to the front curve and back curve
of this invention over prior art front curves and back
curves, e.g. as disclosed in U.S. Pat. No. 5,545,366,

include a reduction in the volume of plastic used to

The back curve 114 has a preferred thickness between 0..2

No.



VTN-424 14 formthe front curve and back curve. The reduction in material
was achi eved by reducing the size of the tabs 117, and the flanges 115.

Al so,” preferably the thickness of the front curve and back curve is snall
5i.e., less than 0.8 mm and the sane for both |lens curves. Further, the
preferred front curve and back curve of this invention do not have an area
across from the injection hot tip for collecting a small slug of. <cold

t hernopl astic which may format the injection hot 10 tip. The preferred
tabs have a flat rounded-triangle shapé4wthout a step to break up the
flow of the polynmer into the nold. The weight of thernoplastic used to
form the front curve or back curve is preferably less than 0.5 gm nore

preferably | gssnl R O Ao cafdeest Loy efiarahl y Irhes reawl.ch gim The
nost preferred weight represents a reduction of about 25 % a ared to

co
the prior amatbraefl owsyesChievehcRYcmedesing die abt et Ré t%ﬁhb?%%ﬁ

wei ght of the_front curve and % ur is legsd hanQfeHB1 the
Unexpectedly?lgy réﬁﬁgiﬁgu%hef§§§ i 2z§gnd volung ofqihe ther@gplastic

materi al injegtiednt@s nBKke thiee femst cuuvres, dyd dbecsastuwye hést h$BRhéss of
the part and the size of-the tah, a redu%{i%g in_the C&jcggtthEEhgy of
theSfront and-Back taFvedANY Mof rB8ul 279 n " Pact®There 'was an i mprovenent

in the quality,of ;the 25 finQit, cup¥es,avdhack eubWes @vere t hadprbackart
front curves and back curves having ‘a | arger wei ght and vol une of
t her nopl ast i eunsteerdfal tlarsl mdenhben ndospeps hagfdan area across from
the injection hot tip for collecting a small slug of
cold thermoplastic which may form at the injection hot
10 tip. The preferred tabs have a flat rounded-triangle
shape without a step to break up the flow of the polymer
into the mold. The weight of thermoplastic used to form
the front curve or back curve is preferably less than
0.5 gm, more preferably less than 0.4 gm, and most
15 preferably less than 0.3 gm. The most preferred weight
represents a reduction of about 25 % as compared to the
prior art front curves and back curves. Preferably the
combined weight of the front curve and back curve 1is
less than 0.7 gm. Unexpectedly, by reducing the weight
{0 and volume of the thermoplastic material injected to
make the lens curves, by decreasing the thickness of the
part and the size of the tab, a reduction in the optical
quality of the front and back curves did not result. In
fact there was an improvement in the quality of the
25 front curves and back curves over the prior art front
curves and back curves having a larger weight and volume

of thermoplastic material and made having steps, and

other molding features to improve the part quality.
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other nolding features to inprove the part quality. VIN424 - - 15

Further and al so unexpectedly, |enses made using the front curves and back
curves having the same part thickness, e.g. about 0.6 mm produced | enses
having increased |lens quality which would not be predicted by 5 the prior
art. Prior to this invention, it was believed that the back curve had to
have a smaller thickness than the front curve to provide high quality

| enses. The front curves and back curves of this invention are preferably
made using inproved nolds and injection 156G nol di ng machi nes, which will be
descri bed bel ow. The inprovements will be described herein; aspects of the
nol d or nol di ng process not described herein are as described in U S Pat.
No. 5,545, 366, @@ U ShdPai1sdNo.unekpdeleldy, i Deospsr aixik heseing byhe
reference, or 15 otherw se known to a person of ordinary skill in the art.
FIG 2 shows faontp ¢uewesf antir&eckol guREPF 2DaviBed F%? n®PAF ngPRF bnt

curves 112 aﬁgi%%%E curves 1L%¢§haa03%nqhglwyf% éé%% Q%gg%%regagghg

conprising t 520 mofd ha 0 ‘and a secon halt 440 is shown in
FIG 4.) Thepfdrestsea! vehal §ua0ipyefanahl ywhasi t mot chesgitesbictzd B2

renovably attached to a nol ding base 23. De endiqg}on.the in%egtion
mol di ng to b&h@omEiotherd carPTHRE ot gti% PIFAHTY of b 43 ePTLi Sy Efovabl y

attached to %%attheth@lb(%{]g hase 33q Rrefierabl y §her el enti¥rnosst bhae
cassettes, nost preferably tw cassettes. FIG 2 shows
the front curve to provide high quality lenses.

The front curves and back curves of this invention

are preferably made using improved molds and injection

10 molding machines, which will be described below. The
improvements will be described herein; aspects of the

mold or molding process not described herein are as

described in U.S. Pat. No. 5,545,366, and U.S. Pat. No.

5,451,155, incorporated herein by reference, or
15 : otherwise known to a person of ordinary skill in the
art.

FIG. 2 shows a top view of a first mold half 20
used for molding front curves 112 and back curves 114 in
a single mold. (The preferred mold comp;ising the first
( 20 mold half 20 and a second mold half 440 is shown in FIG.
4.) The first mold half 20 preferably has two cassettes
21, 22 removably attached to a molding base 23.
Depending on the injection molding to be done, there can
be one or a plurality of cassettes removably attached to
25 the molding base 23. Preferably there are two or three
cassettes, most preferably two cassettes. FIG. 2 shows
that the cassettes 21, 22 are removably attached to the

molding base 23 by two easily—accessible screws 29 per
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that the cassettes 21, 22 are renpvably attached to the nolding base 23 by
two easily-accessible screws 29 per VIN 424 16 cassette. Therefore,
changing the cassettes on the nolding base 23 is a sinple and fast task.
Alternatively, the cassettes can be attached to the nolding base 23 by any
means, e.g. brackets, braces, 5 bolts, quick-clanps, and nagnetism

however, preferably the neans provides for sinple and fast renoval of the
cassette(s) fromthe nol ding base. Each cassette preferably has inserted
therein a plurality of inserts 24, 25 vid ch receives the thernoplastic
material for 10 form ng the |l ens curves. The inserts 24, 25 are preferably
individually renovable fromthe cassettes; however, the cassette and

inserts can pgsgeRiiguousThéredestr edenduefey ale eachetasset ba cenpri ses
two to twenty inserts, nore preferably four to ten inserts. 15 The

inserts, sonmblmesarefeased 23 asipowsr inbepies mapd befedhst f@ted of any
rater o g, can, e e LY a0 0BLicRl L1113 SMSASIeCl S o

pure steel, : rom any -~ or al'l'oyed martensitic
steel . Alternpaticvagy,basd p@ tbeulaiy ynkanst hee 29. enhedikerrst, | brabesh the
nmol d conprising the inserts mnakes contact |enses directly, thg ingﬁrts can
compri se QUBPEES: cETHIRECIBIPHo| FREr MR IRELASTMAl LONTEGT asPreteradly

pol ycar bonat ege %/{—Ar@' 8LL0S 4ROl St YESRE1 e PARYPT £0¥ €REmoRE1 of the
poly(acrylonitrile). 251 n the preferred node, cassette 21 holds front
cassette(s) from the molding base. Each cassette

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

10 forming the 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

[ .o embodiment in which the mold comprising the inserts

makes confact lenses directly, the inserts can comprise
guartz, ceramics, or polymeric materials, such as,
polycarbonates, cycloolefins, polystyrene,
polypropylene, or poly(acrylonitrile).

25 ' In the preferred mode, cassette 21 holds front
curve 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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curve inserts 24 for formng (when properly mated with the second nold
hal f 440) the front curve 112, and cassette 22 holds the back curve
inserts 25 for formng VIN-424 17 (when properly nated with the second
nol d hal f 440) the back curve 114. The second nold half 440, shown in FIG
4, has inserts which are conplenentary to the inserts 24, 25 in the first
nold half 20 for formng the front 5 curves 112 and back curves 114,
respectively. The first nold half 20 and second nold half 440 are parts of
a famly nold, which nmeans that nore 4 Hah-one type of part 1is nmade in a
single nold consisting of a first nold half 20 and a second nold hal f 440.
Before this invention, 10 it would be unexpected that optical quality parts

could be made ébzfogie'ﬂw i kg TherEasket besonaeteiabinalcomu o sethet al |,
such as stainless steel, tool steel, high hardness machi nabl e alloys;
however, for barckalduerveatliMe erfiodlisaesand I8 isbIRadeh | 44 dmt B PEP s akIfe used

to make the cassette. MNost prefera ' | - tpgl s{eelnpbesed to
make the cadget?®s fﬁéeﬁéﬁaJw% g@hgkéaggé ?gm?%ﬂ%} fe‘regblye mechani cal |y
bored. out tof;or mopeni BES tfa rs@ceiolel thel £ | BSefbs dudrdirkertivhafnehs and
passageways for the 20 cooling water and ajir (described in mor e et al

bel 6W) The casyes ddpraibraitly SWiE | ey (TP hbuhds. elpFEor art
mol d hal ves iacalkéi’fv‘@iogfaf%ﬂd betwegl A4 ansh 45Q4poungls, pheddi réngaa
cha

hoi st when it was tine to nge one or nore nold halves in an _injection
nmol di ng family mold, which means that more than one type of part

is made in a single mold consisting of a first mold half
20 and a second mold half 440. Before this invention,

10 it would be unexpected that optical 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

( 20 cooling water and air (described in more detail below).
The cassettes preferably weigh less than 12 pounds.
The prior art mold halves typically weighed between 100
and 150 pounds, requiring a hoist when it was time to
change one or more mold halves in an injection molding

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

removed from a mold half and changed for another
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25 machine, and a mnimumof thirty mnutes to change the nold half. In
contrast, the cassettes of this invention are |ight enough for an operator
tQ handl e, and can be renoved froma nold half and changed for another
VIN-424 - 18 <cassette in less than 8 mnutes, nore preferably less than 4
m nutes, nost preferably less than 3 mnutes. In the preferred enbodi nent,
the cassette or cassettes represent a portion of the thermal nass of a
nold half, 5 preferably the cassette or cassettes on a-nold half are |ess
than 90 % of the total mass of the full §8assenbled nold half, nore
preferably less than 70 % and nost preferably |less than 50 % of the total
mass of the fully assenbled nold half. In the preferred enbodi nent, each

to cassette é§ﬁ§§§@@t§nzol%§f thhe t®t alingess, ofmdree pukbgrahdyentted nol d
half. FIG 3 shows the cross-section of the first nold_ half shown in FIG

2 taken al ongh4hné BiBushewnmpatFPGefezabEyGlessshons ﬁhgupw5ﬁﬁ'cur%%
i nserts 24, gﬁgpﬁ%fé ggﬁ% k %ﬁgg&&ﬁ@ﬁ@[t%j%§'ébééé%%6t3§:2%aé§%ttes

respectively: e Cross-section of the first nold half 20
and a cross-sesthosnef at perearpl efentras ytiseomnd mase ofiakf neds! ke h:

A
toget her nmake the nold 475. FIG 4 shows the nold consistin fet first
nol & hal f ZOPaﬁﬂetﬁ%120t§éc§ﬁ§SﬁﬁﬁﬁIﬂﬂfCQER?ﬁﬁFﬁrﬁpoﬁeﬁéégS?Fﬁ3%;Q€ﬁere

the first ”gég?hgh%nzgohéﬁ<£ﬁ8€mé8t86abamg§g eeneee Mdigrssambaeds, the

second nold ha has inserts 441 having concave nol ding SHrfSSS%-

Wiere the fimsidndlalf, more preferably less than 70 5%, "an
preferably less than 50 % of the total mass of the fully
assembled mold half. In the preferred embodiment, each

10 cassette represents 20 % of the total mass of the fully
assembled mold half.

FIG. 3 shows the cross-section of the first mold

half shown in FIG. 2 taken along line 3-3 shown in FIG.

2. FIG. 3 shows the front curve inserts 24, and the

15 back curve inserts 25 in cassettes 21, 22 respectively.

FIG. 4 shows the cross-section of the first mold half 20

and a cross-section of the complementary second mold

half 440 which together make the mold 475. FIG. 4 shows

the mold consisting of the first mold half 20 and the

' 20 second mold half 440 in the open position. Where the
first mold half 20 has inserts 24 having convex molding
surfaces, the second mold half 440 .has inserts 441
having concave molding surfaces. Where the first mold
half 20 has inserts 25 having concave molding. surfaces,

25 the second mold half 440 has inserts 442 having convex
molding surfaces. The preferred arrangement is to put

the inserts forming the optically critical surfaces 119

of the front curve 112, (see Figure 1) and/or
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hal f 20 has inserts 25 having concave nol ding. surfaces, 25 the second nold
hal f 440 has inserts 442 having convex nolding surfaces. The preferred
arrangenment is to put the inserts formng the optically critical surfaces
119 of the front curve 112, (see Figure 1) and/or VIN424 - 19
(preferably and) the optically critical surfaces 118 of the back curve 114
(see Figure 1) into the one or plurality, of cassettes which are part of
the sane nold half, preferably the first nold half 20. In the 5 preferred
node, the inserts for the back curves -arl® imn one cassette and the inserts
for the front curves are in a separate cassette in the first nold half.
The second nold half 440 can conprise changeabl e cassettes, conprising

inserts for q%&%&%%ﬁﬁyyﬂéﬂdﬂmﬁhe1@p€£&&i£?|cﬁﬂtiQQESSWMﬁdHé§NEﬂ$iBﬁly and
qui ckly renovable fromthe second nold half; however, in the preferred
node, the setbed hotlH havfve4d ldoed se6t FEoWpRi s cdddét t &8¢ | RBLealt the

second nold hal f _.preferabl ' I oEFAMBs Qi Si i ar msygport
15 t hat hoId?ﬁyﬁglﬁﬁgéHé?%%%éégggéﬁfiggﬁgn?%ﬁt?%a??& critical sﬂrfaces of
the front cunees,anghrerfetpbafyer anky famd)y thelbackatdrve8. Thelnnsehes 441,

442 preferably fit into the plate, franme, or support and are individually
rendvabl e fr@#ﬁﬁﬁér§ébdﬁﬁkholgh%aPP?eEGShJKEV %FPtH%CangFW§Snﬁ§r%eln

conti guous Wt the ate.and "HE i e SUPRYL tife desditedcutved herpr eherred
enbodi nent, the front curve '
a separate cassette in the first mold half.
The second mold half 440 can comprise changeable
cassettes, comprising inserts for critical énd/or non-
10 critical surfaces, which are simply and quickly
removable from the second mold half; however, in the
preferred mode, the second mold half 440 does not
comprise cassettes. instead, the second. mold half
preferably comprises a plate, frame, or similar support
15 that holds the inserts that form the non-optically
critical surfaces of the front curves and/or (preferably
and) the back curves. - The inserts 441, 442 preferably.
fit into the plate, frame, oxr support and are
individually removable from the second mold half;
U 20 however, the inserts may be contiguous with the plate,
frame, or support if desired.

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

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

The plate 443 is mounted onto the hot runner base 444.
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inserts 441 and the back curve inserts 442 of the second nold half 440 are
inserted into a plate 443. The plate 25 443 preferably conprises a netal of
the types described above for the cassette, which has been bored out to
the substantially exact dinmensions of the inserts 441, 442. The plate 443
is nounted onto the hot runner base 444. VIN-424 20 The plate 443 and hot
runner base 444 have extrusion parts (not shown) for the introduction of
nolten thernoplastic material into the closed nold for formng the front
curves and the back curves, simlar to-thbse 5 disclosed and described in
the prior art. See e.g., U S. Pat. No. 5,545,366, earlier incorporated
herein by reference. In the preferred node, the second nold half 440 is

preferably moupted,{ ot ansi iRt hep MM badehiyne, rand i sxepli¥ion
occasionally renoved for service or 10 insert replacenent due to wear or
damage, becawsetishe (naser s8owml m £RE nddecr ilntdadusifrifacesobf PR tREns

curves. A that LR AN DLALE AR cal Be hempyed bl i d NeoNokoLiangr base

444 and the TSP can be “replaced or the entire plate and
inserts 441, +442 AbogancheveeplaagdedthsSushickacnresance iwilllart yipd cahbge

require that the .injection nolding nachine stop . producing ophthal mc
devisces for GHetl@Sahannti fdesst? %u%%s.thlane&fhg’értasrtétﬂ, S?FZPZ Fn 9 e

e o O ol oS 899, QP e e b sl
reference. In the preferred mode, the second mold half
440 is preferably mounted into an injection molding
machine, and is only occasionally removed for service or
10 insert replacement due to wear or damage, because the
inserts form the non-critical surfaces of the lens
curves. At that time the plate 443 can be removed from
the hot runner base 444 and the inserts 441, 442 can be
replaced or the entire plate 443 and inserts 441, 442
15 can be replaced. Such maintenance will typically
require that the injection molding machine stop
producing ophthalmic devices for greater than fifteen
minutes. _
The inserts 441, 442 in the second mold half 440
L 20 are cooled by circulating water which travels in conduit
448 through the plate 443 and around the smaller
diameter portions 449 of the inserts 441, 442. 'O-rings
450 maintain the waﬁer seal around the inserts 441, 442.
(Note that the detail shown for 1 of the 4 inserts on
25 the second mold half 440 pertains to all the inserts
441, 442. Additionally, the detail shown for 1 of the 4
inserts on the first mold half 20 pertains to all the

inserts 24, 25, except that the detail for inserts 25 in
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di aneter portions 449 of the inserts 441, 442. Orings 450 nmaintain the
wat er .seal around the inserts 441, 442. (Note that the detail shown for 1
of the 4 inserts on 25 the second nold half 440 pertains to all the
inserts 441, 442. Additionally, the detail shown for 1 of the 4 inserts
on the first nold half 20 pertains to all the inserts 24, 25, except that
the detail for inserts 25 in VIN424 - 21 cassette 22 is a mrror imge
of the detail for the inserts 24 in cassette 21.) The water preferably
flows in a single circuit through t he Rlate 443, contacting all the
inserts 441, 442 in each circuit. Because the 5 plate 443 is not often
removed fromthe injection nolding machine, direct water cooling of the
:c_nse{ts : 3 h@ﬂg&gglﬁ&ﬁ_@%l tikough ritr reanpliinegt e fi nsbet defpidcerdeont . tha t he
irst no a ich carries the cassetites 21, 22 is a.novel.coolin
mechani sm | ageeads ¥d off weddteiit ettty c a@ﬁﬁ%}tﬁﬁ?ﬁ%ﬁﬁﬁ % %h?w§5 )
whi ch woul d ggcefsggggﬁew%ﬁcﬁeal $hr604R! igat e;?léiﬂél gliow thentseaoMgl and
0

i nterchangeability cassettes, the cooling the inserts 24, 25 in the
first nold hallf ithe acecoapts shéd, uditdg ineatach apnsfenibl oclBeB3B5e ThBCheat

15 transfer bl ocks are pre I t i i . 23.
heat® transfePlBF8ck§%§3SléiP88gf;g?k%ﬂtgg?mgﬁ%a?négg sngaglggngggﬁléﬁe The

cassettes 21y024iaGe mdBHIMEd ONtexOrwat €r otbelwhge odt ttaeheithdert ieisol di ng
base 23. The heat transfer blocks 335 preferably are 20 n?de of ¢opper,
copper Chronpﬁﬁﬁeééﬁﬁeraﬂﬁﬁ@Fg@r&§sFompllcates insert replacement.

In the first mold half 20 which <carries the

cassettes 21, 22 is a novel cooling mechanism. Instead

10 of water directly contacting the inserts 24, 25 which
would necessitate water seals, complicate, and slow the

removal and interchangeability of cassettes, the cooling

of the inserts 24, 25 in the first mold half 1is
accomplished using heat transfer blocks 335. The heat

15 transfer blocks 335 are preferably located in the
molding base 23. The heat transfer blocks 335 directly

contact the inserts 24, 25 when the cassettes 21, 22 are

mounted onto or are otherwise attached to the molding

base 23. The heat transfer blocks 335 preferably are

L 20 made of copper, copper chromium, copper zinc, brass,
nickel-coated brass, or similar high heat conductive

materials. Steel 1s also a possible choice, but not
necessarily preferred. To improve the heat transfer to

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

25 preferred to machine the insert from the enumerated high
heat conducfive materials. The heat transfer Dblock

contacts and preferably is partially formed around a

water pipe 331 through which cooling water 1is pumped
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ni ckel -coated brass, or simlar high heat conductive materials. Steel is
al so a possible choice, but not necessarily preferred. To inprove the heat
transfer to the nolded parts, which need to be cooled, it is also 25
preferred to machine the insert fromthe enunerated high heat conductive
materials. The heat transfer block contacts and preferably is partially
formed around a water pipe 331 through which cooling water is punped
VTN-424 22 preferably in a single circuit back and forth through the
nol di ng base 23 containing all the heat 22ransfer bl ocks 335.
Alternatively, the water pipe and cooling blocks can be fornmed froma
single piece of netal. The 5 water pipes 331 cool the cooling bl ocks 335

whi ch cool EQ@ lep_%grl?s 24 a25sirlpdlé hisrvwayc @lalcxt hend ngents 24 r@sghare
cooled indir ctFy y the water. Preferably the heatlggiges 331 con%ain
distilled watee whotding fiddeed2@ndemtadnid@uudt L At ndEaTel VF 3Rt hef

noat pipe. WPLRCSE i Lhout AGRETRG s, o earnect e To & oo od pass, a
heat pipe comtiaichisNGzm fhdii fonned efrogerantnglei phege wift mskalcool TRY fins.
andsback cur ves oFr GTRRGTe Po1SCOR & Tne 1209 SRACERE SaBord bl doRaM 440,
In contrast to _ the yse ofy ,ejzeip_t orrPifsid wd e 4l ofh@rinsartseféct 2on
does not distort ‘the lens curves and can be done while the Iegs guryes are
at a hi gher tempercatierde. irkhieredyly by the water. Preferably the

pipes 331 contain distilled water which is filled under

a vacuum. Alternatively, other indirect cooling methods
10 can be used to cool the inserts, e.g. a solid heat pipe

with or without cooling fins, or connected to a cooled

mass, a heat pipe containing a fluid or refrigerant,

with or without cooling fins.

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

15 removal of the front and back curves from the first mold

half 20, and the second mold half 440. In contrast to

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

does not distort the lens curves and can be done while

the lens curves are at a higher temperature. The air
20 ejection and decreased material in the front curves and

back curves makes it possible to mold the front curves

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

more preferably less than 4 seconds, and most preferably

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

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

the inserts 24, 25, 440, 441. The width of the gap 336,
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20 ejection and decreased material in the front curves and back curves
makes.it possible to nold the front curves and back curves in a cycle tine
of less than 6 seconds, nore preferably |ess than 4 seconds, and nost
preferably 1in about 2 seconds. The air is ejected at approximately 25 5 to
6 bar over an area of 2 mmby 100 mcrons to about 3 mm by 300 m crons.
The air is ejected through a gap 336, 451 around the circunference of the
top of each of the inserts 24, 25, 440, 441. The width of the gap 336,
VIN-424 23 441 is preferably less than ZI2Z #microns. Alternatively, a
plurality of holes could have been provided around the circunference at
the top of the inserts for air ejection. 5 For the second nold hal f 440,

air is provi t, 45, cbagnehgn44? fiBonpassadevayad#oelywhich is
hooked up tongpﬁ%§§ur|£% 5P¥ sour ce (ﬂot shown) . For the first pold

hal f 20, air ai plpreMiided dfo hydeB838owbhd haiehigen 3WBO¥ 88 paslagenale3a2
which is hooked up to a 10 pressurized air .so e (. W} . Thg;
channel s 333F15E?%ﬂﬁﬂ%9ﬁeco ect 1o pa%%aggaay25%33539%26, areo%regéfably
fornmed by maeRigicngnmultiple grooves into the cassettes 21, 22 and plate
443 around the dianeter of the opening to rec%ive Ihe.insert§H§4 5 25,
4415 442. A ter natfioel §he t BECOREnT < 3831 L 4440 arf 1 e Ifadti TS Dt 5% he

nserts 24, 25. 4fth gp2nEh12 901 he CORAGA0zZl €5 FHbcuhiieh
communi cat e Fh passageway 332 and can be connected to
hooked up to a pressurized air source (not shown) . For
the first mold half 20, air is provided to gap 336 Dby
channels 333 from passageway 332 which is hooked up to a
10 pressurized air source (not shown) .

The channels 333, 447, which connect to passageways
332, 446, are preferably formed by machining multiple
grooves into the cassettes 21, 22 and plate 443 around
the diameter of the opening to receive the inserts 24,

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

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

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

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

automatically close when the mold half is removed from
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the air source (not shown) for cassettes 21, 22. Wien 20 the first nold
hal f 20, having attached cassettes 21, 22 is renoved fromthe nol ding
machine, or if one or both cassettes 20, 21 are renoved fromthe base 23,
of the first nold half 20, the air passageway(s) 332 can be readily

di sconnected fromthe air source (not shown) via 25 the connector nozzles
345. Preferably the air source to which the connector nozzles 345 is
connected, has one or nore valves which can be closed or preferably
automatically cl ose when the nold hal - i2¢ renmoved from VIN-424 24 the
nol di ng machi ne. The cassettes have at | east one nozzle, nore preferably
each cassette has two nozzles 345, one on each side of each cassette. One
nozzl e 345 kaepmefierial ympthgged Wte t hesetheesndzaiee 845 liessts aneached

to the air source. Preferably air is ejected in a siqﬁ%g Elast fr0f1 all of
the gaps 451N8F&kAd tHFS oprEfeERRIY ATy F335°th42 t H8%stdhE 1dl d

hal f 440 jusg,prign.teand s {hee &irshcandasseend. nolohehalyes €hange from
a closed 10 position to the open position. The single blast of _air renoves

the front cuisespaafiebabkycuwpiresoddomhare ddeonathasl dnRaFte448430 that t he

| ens curves preferentiall adher or stay on the first nold half 20.
nBF a2 hAFYesoar Buzls

Afteér the a eeoﬁéﬁe , a single blast of air is ejected 15 from

all of the gaps 33éecaeeundyt heid opsofejtidrerdansent e 24ngPs bdaste fresmt nol d
hal f 20, which renoves the front curves and back guE%esfHéggé§e45&rst
nol d hal f all of the gaps 451 around the top o e '
- 442 in the second mold half 440 just prior to and as the
| first and second mold halves change from a closed
10 position to the open position. The single blast of air
removes the front curves and back curves from the second
mold half 440 so that the lens curves preferentially
adhere to or stay on the first mold half 20. After the
mold halves are opened, a single blast of air is ejected
15 from'all of the gaps 336 around the top of the inserts
24, 25 in the first mold half 20, which 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 Qith the movement of a robot 600
{20 (shown in FIG. 6) to a location between the mold halves
to pick up the released front cﬁrves 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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20. Preferably, the blast of air fromthe first nold half 20 coincides
with the novenent of a robot 600 20 (shown in FIG 6) to a |ocation between
the nold halves to pick up the released front curves and back curves.

Al ternatively, the process can be reversed to have the front curves and
back curves remain on the second nold half 440'. Further alternatively,.

ot her neans may be 25 used to get the lens curves to preferentially adhere
~to one nold half, e.g., surface treatnent of the inserts, an anchoring
portion on one surface of the lens curves - or other know ways; however, it
is preferred to use air VIN-424 - 25 <ejection for release on at |east

one, preferably both, of the nold halves. FIG 7 is a top view of a

nol di ng syst @Retd ishoWor ceaskatengnofatd beasal icng, ofpmofardtalwebptand a 5
plurality changeabl e cassettes as were shown in Figures 2-4. Figure 7 shows
a second nol @thabe 23 &ifd*48% first nol d hal ves 20A and 20B. First nold

half 20Ais sho i th; ope rermmyah)y Aty ached ahangeal)& Laseet LRowAlA on
a nol di ng base Z\é\ﬁ.ﬂ@The rm?d%ng \t?aseleZSA shows o10 s%r?&v} hol es 290 ?gr
recei pt of scoessis2dnghercfa secoptlurghahgeablfe cwdskt tflivestt azhéd €o t hat

base 23A. First ld half 20B js shown with two changeable cagsettes 21B
and 522B atta@ﬁ@& &tﬁi§gm%ﬂ%ﬁ DaSBEIIB By 88r &8 29 "Three agglglona

changeabl e casgettpsgdiE, 21BnhoaBd 22€etbnar enshoWnalrfat 4 aChetrid amy

nol di ng base. The changeabl e cassettes 21C, 21D, and 22C can be exchanged
for one of first mold halves 20A and 20B. First mold half 20A 1is
| shown with one removably attached changeable cassette

( 21A on a nwldiné base 23A. The molding base 23A shows

10 screw holes 290 for receipt of screws 29 when a second

changeable cassette is attached to that base 23A. First

‘mold half 20B is shown with two changeable cassettes 21B

and 22B attached to its molding base 23B by screws 29.

Three additional changeable cassettes 21C, 21D, and 22C

15 are.shown unattached to any molding base. The changeable

| cassettes 21C, 21D, and 22C can be exchanged for one of

the changeable cassettes shown attached to the mold

halves 20A and 20B, or attached to the molding base 23A

of mold half 20A where no changeable cassette is

L 20 presently attached. This embodiment provides a plurality

of mold halves which can work in conjunction with the

second mold half to make differently shaped ophthalmic

devices. ‘

Alternatively, FIG. 8 shows a molding system 80

25 comprising a mold comprising a first mold half 20 and a

second mold half 440, wherein said first mold half 20

comprises two changeable cassettes. First mold half 20

is shown with one removably attached changeable cassette
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t he changeabl e cassettes shown attached to the nold - hal ves 20A and 20B, or
attached to the nolding base 23A of mold half 20A where no changeabl e
cassette is 20 presently attached. This enbodi nent provides a plurality of
nol d hal ves which can work in conjunction with the second nold half to
make differently shaped ophthal mic devices. Alternatively, FIG 8 shows a
nol ding system 80 25 conprising a nold conprising a first nold half 20 and
a second nold half 440, wherein said first nold half 20 conprises two
changeabl e cassettes. First nold half 2@6 i-s shown with one renovably

- attached changeabl e cassette VIN-424 - 26 21A on a nolding base 23. The
nol di ng base 23 shows screw holes 290 for receipt of screws 29 when a

second changagabl g, cassgbi8ihg adsached.t aHehamobdseg2Iad®ur3 addowsonal
changeabl e cassettes 21B, 21C,_ and 22A, and 5 22B arg _shown unattached to
any mol di ng sagew hedeschadyedbre regsdett &F ﬂ%ﬁe%c?%?f €328 ART°22B can

be exchanged,for of ngea Gassetis 23Ashgywe att achgdrto the
nol d hal ves f&?ngFggﬁfaéﬁ%%g?%g$hgg %%ﬁﬁ%ng ba%e 23 of nnl% hal f Zogahere
no changeabl addii@ icasdetdmangegislesentbyeateacRéd., 1€ hi sndaydthe adHdi ng

of " hangeabl & 2Bas a6t o5 "EREt CARETPERBUAD G fPAcHOA te dai rTit ROl
Qﬁgge‘é‘hfgsgptcgg%%ea%@ed Shangeahl excasset tes ae@is) ngndi Rher endn ybels
exchanged for one of the changeable cassette 21A shown
attached to the mold halves 20, or attached to the
molding base 23 of mold half 20 where no changeable
10 cassette is presently attached. In this way the molding
system can comprise at least one more changeable
cassette than the number of changeable cassettes that
are removable attached to said first mold half when in
use, said changeable cassettes .comprising differently
15 shaped inserts.

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

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

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

platen 507 was referred to as the horizontal table in
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FIG 5 shows the preferred injection nolding nmachine 500 and nol di ng
systemof this invention conprising an injection nolding machine in which
the nold of this invention is to be used. Figure 5 also 20 shows a nold in
which a plurality of first nold halves can work in conjunction with the
sane second nold half to nake different shaped ophthal m c devices. The
preferred injection nolding machine is a vertical injection nolding
machi ne 500, as described in U S. Pat. 25 No. 5,451, 155. The preferred
vertical injection nolding nmachine has 27 roveabl e platen 507 onto which a
|l ower nold half 520 is renoveably nounted. The noveable platen 507 was
referred to as the horizontal table in VIN424 - 27 U.S. Pat. No.

5,451, 155. Theg terp@t”‘”i@@“@ Pt ese W | bhebecugechdiegile pglaten preierred
that the lower nold 'half 520 is a first mold hal f as described earlier
with renovebbl yusmlinhededasset £&s.1Fapragerhed| dhat nbhe 3amald B2bdis the
upper nold half 5 whi ch_ i h per
nol d hal f 548a§§.%ggréferabfy§592@8%§dh%§? %%alely%;i scrﬁ%'ﬁleapﬁfgg The

upper mol d hakfno948bily resenvadly dausdteckant o }rmln@up_pmt nngepl anhel803.
The supporting plate 503 10 preferably remains statiopary,at %51 tines. In

thi§ enbodi kBAE, 33k IowehenoiRPHal 1O530haAd HY nBvESbl &5 FiA"8h 587 nove

up and down Bgsgkesel[ﬂ@s open #hg. mel d. ket hgopsef gined wabedisaent ; sat

| east one, preferably two transport means, shown as conveyors 516,
preferably a second mold half as described earlier. The
upper mold half 540 is 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 520'. Alternatively,
the transport means can be a pneumatically,
hydraulically, or electrically driven chain. In the

presently preferred embodiment, the transport means is

Lo 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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15 517 provide for the fast exchange of one |lower nold half 520 for another
| ower nold half 520'. Alternatively, the transport neans can be a
pneumatically, hydraulically, or electrically driven chain. In the
presently preferred enbodi ment, the transport nmeans is _o hydraulically
driven chain. FIG 5 shows that the lower nold half 520" to be inserted
into the nolding machine 500 is |ocated on conveyor 517. In the preferred
node both conveyors 516, 517 can insert or renpove the nold halves;

t herefore, the description regardi ng thetcti on 25 of conveyor 517 can be
performed by conveyor 516 and visa versa. After the nold half 520 in the
nol di ng machi ne has nade a specified nunber of ophthal mc devices, i.e.

l ens  VIN-424u2§esGurres mdihe HeEald 3ved fi 524ut ematd caval § cahl yckiad o€ked from
t he noveabl e platen 507, conveyor 516 attaches itself to the |ower nold

hal f 520 vi atbgt swveedis F0RtANE Pul 1IN IHCTION P 1252 of FSEhE ABveabl e
platen 507, apd QL’BJPebP £& dCHQY?Y%rzom@iaar.'@aEQﬁ REShEr 5@ enhdi peRY St he

I
mold half is rove y a hydraulically iven chain, but is supported by a
supportive sthkaeelanthagui de20 abf§ ohe eiotveeblsi gd adfert He Suppod t prgo

surface. At this tine, conveyor_517 which is attached, to | d hal f 520
vi a510 catchtﬁﬁaﬁ9Q¥ﬁY%ﬁw£%§‘thénnﬁpa REISE 36 § (§qﬁﬂfdg;£%%bpglglaten

507, and whepapropes | yopasi tdyongdhyidhauinelad 1haldr 52801 taeks,i dux pliace.
The nold half is preferably held onto the noveabl e platen 507 via
supported by a supportive surface and guide rails on
either side of the supportive surface. At this time,
conveyor 517 which 1is attached to mold half 520" via
10 catch means 510 pushes the mold half 520’ onto the

moveable platen 507, and when properly positioned, the

mold half 520’ 1locks into place. The mold half 1is
preferably held onto the moveable platen 507 via
hydraulic clamps 532. Once the mold half 520’ 1locks
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 moid half
520’, which can work in conjunction with the same upper
( o | 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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hydraulic clanps 532. Once the nold half 520" |ocks 15 into place, the
mol di ng machi ne 500 can begi n maki ng the new ophthal m c device(s) using
the newy nounted |ower nold half 520° . The nold and nol di ng system shown
in FIG 5 conprises lower nmold half 520 and | ower nold half 520", which
can work in conjunction with the sanme upper _0 nold half 540 to form
ophthal m c devices. The tine it takes to change one |lower nold half 520
for another |lower nold half 520" is |less than 60 seconds, preferably |ess
than 30 seconds, and nost preferably |es® than 20 seconds. 25 The fast
exchange of one lower nold half 520 for another |ower nold half 520" is
further aided by having duplicate water and/or air supplies (not shown),

preferably bephy tf, athheashet WadeWaindoh dr habuaecs2Bns BN R8ve520°
so that the water and air connections do not have_ to be pgzsicallgﬁnnved

from one nol dchab¢ PrysticalHey mened msta HHg B2od ihhld de?0t FThaR§e one

| ower nold half far o} . ot t hal f
520 on the r’r@%&?ﬁl em%]?é;t {é%§§0§,%an(|}%t E(gele%eggwre?gnogpgﬁgﬁal%?l%weoﬁobﬁéé :
transport neans H¥bharsthgl i cale thatere fork ed rmsdppl tles. Léwetrhaold f

desired one or nore heating elenents (not shown) can b rovided tq heat
the s insertsﬁ@iﬁtﬁ?qcﬁ%rthﬁlBOHSPPlSZGQaE?BSERF'OﬁW ef%. %%%%Ey8P9§17

Eéiof to insﬁ%ﬁanSEBe lgMenjﬁplQrgﬁk%o§%olme£ﬂ§pfﬁhﬁ makdi NngupaghbRe.
ating the Tower nold half 520" prior to nounting it onto the noveable
pl aten 507, 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 5207
into the molding machine. Heating the lower mold half
520’ prior to mounting it onto the moveable platen 507,
decreases the time it takes for the inserts to reach the
optimum molding temperature range. (The inserts in the
15 mold half will require heating at first to reach a
temperature within the optimum molding temperature
range, but after a few cycles of molding parts the
inserts will require cooling to keep them within the
optimum molding temperature range.) By preheating the
L 2o 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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decreases the time it takes for the inserts to reach the optinum nolding
tenperature range. (The inserts in the 15 nmold half will require heating at
f{mttoramha tenperature within the opti mum nol di ng tenperature

range, but after a few cycles of nolding parts the inserts will require
cooling to keep themw thin the optinmmnolding tenperature range.) By
preheating the 20 lower nmold half 520" present on the conveyor 517, the
inserts in the |ower nmold half can reach the optimum nolding tenperature
range in two or fewer nolding cycles,- B®sulting in |less down-tine, and

| ess waste. The time required for heating the lower nold half 520 is 25

al so shortened if only one or both of the cassettes in the |ower nold half

are changed witheut nesmyiag itthecoboyer nuhd hedf 2B ddimmritheofovensl e
platen 507, and the lower mold half 520 is used to nmke nmpre ophthal mc
VIN-424 30 deveogsobef dhe ikazvops. thA fedd difddiveht 8F1the S nb8hti on,

t he base of thgt %gll%hgc%fetcfvgr{slfesrt H%%é%?%nneaeg abl-e ¢ thansiginheat to

one or rnore BF casse owever, the lower nold half 520
is noved 5 okhsthetapyeallfe hphatven,5@he drokeanatdier Hadvers2fol ids rapyed520'
is used for nolding, and one or. nore ssettes in._ the | ower nq%ghhﬁlf 520

ar eschanged, ofhet88i gogephile; pd at5anet’y G FRHGE M TEat™ e han | 1
the entire BQWW ifED'&{qi'egoy\%%lafﬂﬁage%mbwssrt herbase safetithas 10nl owner

nold half 520 will tran heat to the one or nore changed cassettes.
the lower mold half 520 are changed, there is still the
benefit of a faster preheat time than if the entire
lower mold half were changed, because the base of the

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

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

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

(.o By the time the cassette change is complete, the

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

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

moveable platen 507.
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After a nold half change, one or nore of the cassettes in the mold half
whi ch was just renoved from the noveable platen onto a conveyor, my

changed,

or the mold half can be later nounted onto the noveable platen again.
cassettes in the nold half can be changed in less than 6 m nutes, nore.

preferably in less than 4 mnutes, nost preferably in |l ess than 2 m nutes.
"O By the tinme the cassette change is conplete, the inserts will be

pre-heated, and ready to' nount onto t-he&l moveabl e platen 507. Pre-heat

be

the 15 entire nold half nmay be exchanged for another nold half,

Bot h

preferably takes less than 1 mnute. Preferably, there is at |east one,
nost preferably one, lower nold half 520" ready for use 25 present on one

of the conveyors 5lffe@hupal’ tHe thevdde pheré@WeD7 Malod ebalde hafer sar eady

to be renmoved fromthe

noveabl e platen 507. VIN-424 31 Preferably the

nﬁveab:g plaﬂewesopﬁ?iﬂkﬁﬁmﬁw&mﬁhgwnMo@érib©stF6h tas svh)iuPPRE which
the no 1S O n a a iti i Lch . i i
R@Oﬁt a(‘jgltost%ée: 3§1dt:?c9r§lHloﬂhﬁ.ghwgh%né}ng%r'tgs rtgtzlllbé;l Ea_‘ﬁge!fomr

mol d hal f 5208

nserts in the upper hal f

t oget her thembngehizg fors Jdmotdonmiat halevesndartn trhelzavigpes motoé maléh a

nolten thernoplastic is injected. After injectjon and_abqut. 0.5 to 1.5
f or 480l iaTy o’FO?ﬁEf“ ’|9 &%aﬁba]avses a?E

secélnds

par t8e tRSSHHSI Pral bRk sBp

PIFr om

the air ejectr 9aps i dhe upper il hal f {O pushesnd hAeof198¢ 1 6uryes and
back curves onto the inserts in the lower nmold half 520. The noveabl e
pl aten 507 amdjected. - After-inje;tion and about 0.5 to 1.5 seconds

10

15

25

VTN-424

for cooling of the parts, the mold halves separate as
air from the air ejector gaps in the upper mold half
pushes the front curves and back curves onto the inserts
in the lower mold half 520. The moveable platen 507 and
lower mold half 520 move to the open position shown in
Fig. 5. The molded lens curves are then removed from
the lower mold half 520 preferably via a robot. The
preferred robot is shown in FIG. 6.

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

The robot 600 moves horizontally in the opposite
direction out of the area between the lower mold half
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 préferred mode, shown in FIG. 6, the robot

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



| ower nmold half 520 nove to the open position shown in Fig. 5 The nol ded
| ens curves are then renoved from the |ower nold 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 nolding nmachine 500, and the preferred
robot 600. The robot conprises a connecting rod 601, arm 602 and an end
of armtool 603. The robot 600. noves 0 horizontally in between the upper
nold half 540 and the Ilower nold half 520 when the upper nold half 540 and
| ower nold half 520 are open as shown +3FI-Gs. 5 and 6. The robot 600 noves
hori zontally in the opposite direction out of the area between the | ower
nmold half 25 520 and upper nold half 540 when the |ower nold half 520 is

moved towar dg%e%aﬁﬁ%% Py dehal £ 1340 $tf oF fads chesedd MRWe. Wit hehe
preferred node, own in FIG 6, the robot 600 is a direct drive robot,

that is, thendnierentVTdE 42Hde 3Rovaebhanpdaten050dr t HENFOIHt F¢es apdand

down with the nov nt of the noveable platen 5Q7.. Thr ear s
rotatabl e cod%?taét.ag?rfe aPatk &nd-pi M oﬂa@%cﬁgﬁi %Zl ﬁ%‘[ Ir?s omln%)sqﬁ héﬁ?gbot
noves hori zont@lly), that ricboti tndmsesh&rifobei viegn andtouts,ofit hmomelsd

hal ves when the nold opens and closes, respectively. The robot is shown
i nside the ogen hekdees. g@nd herkeedt t keuppetd ndied Weal fWheao &rd M8 nol d

6 el SRR L L ooty 0 Lin, saveen 1

inside the open mold, e.g., between the upper mold half

540 and lower mold half 520. After the robot 600 moves
horizontally into position between the mold halves, the

10 end of arm tool 603 preferably is lowered close to the
surface of the lower mold half 520 (as shown) by vacuum

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

down. The vacuum extender 620 1s connected to a vacuum

source (not shown). (When the vacuum is activated the

15 end of arm tool 603 moves up via contraction of the
vacuum extender 620. When the vacuum is deactivated the

end of arm tool 603 moves down via extension of the

vacuum extender 620.) At this time the lenses are

ejected from the lower mold half 520 by the air ejection

{20 system. The end of arm tool 603 preferably has cups 604
which are connected to a vacuum source (not shown) which

is activated to pick up the air-ejected lens curves (not

shown) . When the lower mold half 520 moves toward the
stationary upper mold half 540, the robot through the

25 preferred direct drive mechanism moves out from between
the upper mold half 540 and lower mold half 520, and

transfers the front curves and back curves to another

robot (not shown) for proper placement on lens curve

VTN-424



surface of the lower nold half 520 (as shown) by vacuum extender 620,
whi ch noves the end of armtool 603 up and down. The vacuum extender 620
is connected to a vacuum source (not shown). (Wen the vacuumis activated
the 15 end of armtool 603 noves up via contraction of the vacuum extender
620. When the vacuumis deactivated the end of armtool 603 noves down via
extensi on of the vacuum extender 620.) At this tinme the |l enses are
ejected fromthe lower nold half 520 by the air ejection 10 system The end
of armtool 603 preferably has cups 604 33+ ch are connected to a vacuum
source (not shown) which is activated to pick up the air-ejected |ens
curves (not shown). Wien the |ower nold half 520 moves toward the
stationary uppen Joi d(hatf s84Qn)t hes irabaly ths ougBstheic2s meier 1 d tdier ect
drive nmechani'sm noves out from between the upper nold half 540 and | ower
nDLd h?lf 52@risamm antransfers the front curves and back curves to anot her
robot (not shown) for prope | acenent _on .l ens curve . VT 24, - 33 _.pallets
(not shown), sim|Qﬂeth?ho§88de§§%P886 i 1% HioF ar fﬁDu%h?o Fﬁ&a
thinner |ens gMmasmndihbe @j¢le ejtgell 0Nt the Ccyebseht Meirofertthieorpr esent
invention is 5 |less than 6 seconds, nore preferably | ess than 4 seconds,
ang frost  pr eflearsdbl yelidom @ t%egog‘ééonﬁc?rel'hepr%’;'%{fég%}’ melfeSt hEPePme 4 t
takes to go fro op | t d, a a o] | d.
In an alter nasteléﬁen%é%ogﬁ%nﬁfgfhf%of%égggfﬁﬁ@ 2888 BAGedShA. OPERIT
cycle time is the time it takes to go from an open mold,

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

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

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

preferred that at least one insert used to make each

contact lens is transmissive to radiation for
polymerization of the reactive mixture used to make the

¢ .0 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



10 invention wth changeabl e nol d hal ves and/ or changeabl e

be used to
as in U S
reference.

| enses. It

contact lens is transnmi ssive to radi ati on for

reactive m

optically

cassettes can

nol d contact | enses by nmethods described in the prior art, such
Pat. 5,782,460 and WO 98/ 42497 i ncorporated herein by

The nolds for this enbodi ment can conprise 15 first and second
nol d hal ves at | east one of which conprises inserts for form ng contact

is preferred that at | east one insert used to make each

pol ymeri zati on of the

i xture used to make the .0 coni4ct |enses. Suitable insert

materials were described above. For this enbodi nent, at |east one of the

nol d hal ves, preferably both nold hal ves, conprise at |east

preferably at-dn@asiatlivmCassepteSucOMELSI BYUsI Nsdlttes Miald foahvag cemt act

| enses. When form ng contact 25 |lenses, all the inserts mﬁlléﬁrgvide for
a

ciaompFAlSes R f HSEE ofhiFR CoRt kXS ehb8s.S nBtd

one,

vé&€rand

the cassette I art di Sy: di I d
Ssu%&)?) oy E,‘%?Jt%'rmBEZE%-% 3%&@”1:@“@1’1@?:% dHeadtd ys shaageahle an

can be used in

conbi nations to produce many SKUs.

The nol d hal wesacsaiblyconpriseted. bas€whi oleldanhe dkest heash@yge Bf vativane,
ate, or_the like to which the casset%gflar%n:rfg%yfg£¥l ttached.

support, pl

The ol d hal Ved'9%88h bRT pFoBt IRPYS hiRyed, "8F 1é8R AovE Par

vertically.
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orrzontally or

T this emediivRMt | DnwhinGlht heneohdlis Lsedsed fios mfoxent act
| enses, the nolds preferably will not provide far cooling of
air ejectionasntass céapges, the molds preferably will "not

for cooling of inserts or air ejection of the
lenses described earlier. Ejection of the
lenses from the inserts can be accomplished by
the contact lenses in water.

In the preferred mode an identifier, e.g.

i nserts or
provide

contact
contact

soaking

a radio

frequency (RF) chip or the like, may be placed onto each

cassette to store information which identifies the

ophthalmic devices it forms. The identifier may

also be

used to track the cassettes. This preferred embodiment

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

09/305,885, “Method and Apparatus for Lot Tracking and

Changeover”, VTN-419 incorporated herein by reference.

The molding machine preferably comprises a

computer

which schedules or receives input on which ophthalmic

devices are to be made by the machine. Based on this
information, the computer determines when a mold or
cassette change is needed. At the time of a mold or

cassette change, the molding machine will read the

identifier on the cassettes to make sure the

cassettes and/or mold half are in the machine.

correct

Based on

the ophthalmic devices to be produced by the machine,



| enses described earlier. Ejection of the contact 10 | enses fromthe
inserts can be acconplished by soaking the contact |lenses in water. In the
preferred node an identifier, e.g. a radio frequency (RF) chip or the
i ke, may be placed onto each cassette to store information which
identifies the 15 ophthalmc devices it fornms. The identifier may al so be
used to track the cassettes. This preferred enbodinment 1is fully described
in concurrently filed U S. Serial No. 09/305,885, "Mthod and Apparat us
for Lot Tracking and Changeover”, VIN 43 -4 ncorporated herein by
reference. ?0 The nol ding machine preferably conprises a conmputer which
schedul es or receives input on which ophthalmc devices are to be nmade by
the machine. tBasedrgBet Bl Tordiftardmd | are thersipidarl Wekermistes wier a
mold or cassette change is needed. At the time of a nold or 25 cassette
change, the tbledimgy nephthelmi¢| degagephdo iRfenf PFTER - on THe €38BEFEEs to
make sure the _caorrect cassette 0 I hj Based
on the opht <'§1:I‘-’lr(r:1k(::S ehvei cnélénsl%eg bogf girl%; u%eeﬂa%e?ﬂgeﬁdng%:ﬁ?%%iQgVTIQI-ﬁ%ZE@%g t he
process condinbileNs rald sattaraichealgey adj usted for the new ophthal nmic
devices to be forned. The conputer tracks the nunber of devices nadg_and
been

schédul es t he nextThUfpl d'hdrl S ddedia Satamfie? s, 2dhi Fes¢hePednal
shown and desgrihed and poigisshost hypdanentalreevelr foad uisseat ibhe

invention as applied to preferred enbodi nents thereof, it wll be
as applied to preferred embodiments thereof, it will be
understood that various omissions and substitutions and
changes in the form and details of the devices

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

15 that the drawings are not necessarily drawn to scale.

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

indicated by the scope of the claims appended hereto.
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under stood that various om ssions and substitutions and changes in the
formand details of the devices 10 illustrated, and in their operation, my
be made by those skilled in the art without departing fromthe spirit of
the invention. Substitutions of elenents from one described enbodi ment to
another are also fully intended and _.ggntenplated. It is also to be
understood 15 that the drawi ngs are not necessarily drawn to scale. It is
t he inQﬁgéhg , therefore, to be limted only as indicated by the scope of
the cl ai Spended hereto. VIN-424 36- CLAIMS: 1. A lens curve for making
a contact lens, wherein the lens curve weighs less than 0.4 granms. 2. The
|l ens curve of claiml1l which is nated with a second |ens curve for nmaking a
cont actl 1 ens® wHRR®i FUEEE of Pai PalBiNg efsCoRtRGe sl ST gHeneEREN t Had PerSgr ans.

3. The d@ghse G VghOf 1 &4 Qi thdn cOMPrgsamg. a tab and a flange wherein said
tab is substantially flat.

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

curves weighs less than 0.7 grams.

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

wherein said tab is substantially flat.



