Q;, 07-0 - 1 MALD, MOLDI NG SYSTEM AND MOLDI NG MACHI NE
F "C DEVICES Field of the Invention 50TheDff gapant

i nventi mm‘\m % nerally to a nold and/or a nolding machi ne for maki ng
opht hal More particularly, this invention relat to
a nol d and/ Oﬁooﬁ’zrml di ng nmachi ne for making ophthal mc devi c”mm"mmmmmm
gt (7)8; l;ggpl ng units (SKUs). 10 Background of the Invention U.S.

to Martin et al., the entire disclosure
i ncorporated by reference, provides an apparatus férd:ﬁlzruygo@?tyr@ne
15 lens curves, i.e., front curves or bakk curves, which are used for
subsequent nol ding of soft contact |enses. The apparatus is designed to
provi de superior heat conduction capacity so as to mnimze the nolding
cycle tine, wh?abem:nutbnneosssgzmrmmmm@mfmmwmrmmlmand
accurate optical quality surfaces. Mlten Lystyrene. is provided via a
hot runner systemto a plurali t%f’“(?f“%lﬂ: P%yilf%f:ég In a m)lod used to make
front curves, the convex surfaces of the nold provide the optical quality
surfaces to the concave surfaces of 25 the front curves produced thereby.
The structura@kieldl effemhewlingbndébnnes each convex surface includes a

hol | ow ¢ Iindrical bu
5 y he %még£E¥m1§Vé§@R¥$bEglggg§rgéﬁ%?glly to a mold
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and/or a molding machine for making ophthalmic devices.
More particularly, this invention relates generally to
a mold and/or a molding machine for making ophthalmic
devices with many stock keeping units (SKUs).

10

Background of the Invention

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

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

mounted therein, which may be changed so that the
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nﬁ%ﬁ@&d therein, which may be changed so that the VIN-424 r 2

prescription strength of the contact lens to be formed by the I ens curves

may be varied. In afirst enbodinment, the power insert includes only
convex surface at its operational end. In a second enbodi nent, 5 the
insert includes an annular flat surface surrounding the convex surfac

a
power
e,

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 di ng process, which conplicates thé’&rdcess of changing the insert
The power insert may be constructed of various materials including pu
steel, brass, copper chromium or cobalt-nickel alloyed nmartensitic s
The power inserésdBypbeosoatednythh o5 hesuchatact ayensoftonilekekopnesp

or silicone oxide, or _chrone nitride. These k%¥ers may Q@lturnegiggtt
proper thi ckregseshand 18PFen$UENE Sy "Giva NS, and'thdy may-be

thermal |y har g@%mé£§. Pat o ?Qmé§,5§§s§§§ t ondBrges, oMicha scahsex .
yre I

i ncor por at ed erence, discloses another prior art approach to
manuf act uri ngshefisceuatestsPopsuahionalt dhd. pEhor &FECRPPFBREHIMERE

curves are nolded as a set of eight. |lens curveg cartiedson.a %5 g ol

x 4 Sarray. Ftee 3P8FefheP5FEEn gﬁf%ﬁgefllﬁgtra es a nDFgeé 2 ?rane

carrying a 2 xufr@if@yngf tEeneaneekr sntfeveyedefinhnfeakl Gres5juhertegion
a nolded frane carrying a 2 X o . .

: therebetween a discontinuity of curvature, which imparts

a sharp edge to the front curve formed thereby. Cooling

water is pumped into the core of the inserts to cool the

10 inserts during the molding process, which complicates

the process of changing the inserts. The power insert

may be constructed of various materials including pure

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

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

proper thicknesses and dimensions by diamond cutters,
and they may be thermally hardened.
U.S. Pat. No. 4,565,348 to Larsen, which is also
) .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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4 array of back curves. The cluster assenbly of the frane an

is manufactured by injection VIN-424 i 3 %Dlding t he assenb?ylggsoﬁgrves
piece with the lens gurves being secured within an outer rectangul ar frame
by small struts extending between the frane and the Iens curves. The

hei ght of the frame is such that the surfaces of 5 the |lens curves are
protected from scratching and nechanical damege during handling, and the
frame in general has a shape facilitating stacking and handlingi Thi s
prior art approach of nolding such polystyrene |lens curves in a cluster
assenbly typically takes to approxinmatefy twenty-four (24) seconds, which
is too long for the efficient production of such polystyrene Iens éurves
In this prior art approach, conplenmentary sets of front and back curves
are used in khedanedudié oaseémblp hydoogelpicors acithehbés Usy st Hi VS a

reaction mxture wherein the mxture i ref er.abl i d
non- aqueous, PR&NEr -S(ﬁcékﬂeéjcéh’-b?k&”sc?lr\/&ﬂ% IAfter g olg%%;ﬂa\éfeepﬂb?n&nvﬁll%h t he

front curves qu&.substanidald yodiddad cnd thrbhe seactiien rend urervebe
concave front curves are )20 covered with the back curves in a manner in

gr;ggdngnaiLengFhﬁif??;Efgrﬁ?p?dfb@m%a@ﬁ ﬁWéhba%Qa%uFbésFuﬁgéfésbu?ges are
uni ts; thereF@Fé,y “or QQFV?%?§H%$eﬁ&%gé?ﬁééﬁn%ﬁﬁgéggi?g%ﬁﬁggglggairom
their 25 fragesHanik-gakingaoe cotting. Hdredbiavk, cumdstaee frame in
general has a shape facilitating stacking and handling.
This prior art approach of molding such polystyrene
lens curves in a cluster assembly typically takes
10 approximately twenty-four (24) seconds, which 1s 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 in a
non-aqueous, water-displaceable solvent. After a dosing

step in which the front curves are substantially filled

with the reaction mixture, the concave front curves are

)20 covered with the back curves in a manner in which no air
bubbles are tfapped 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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preferably held by a mechanical device while they are separated fromthe
frame which thereafter places the back curves on the front curves. The
reaction mxture VIN-424 4 is then subjected to conditions whereby it

pol ymerizes, e.g. irradiation with actinic visible or ultraviolet

radi ation, to thereby produce a polyner in the shape of the desired
hydrogel |ens. After the polynerization 5 process is conpleted, the two

| ens curves are separated (called denolding); typically |eaving the
contact lens in the front curve, fromwhich it is subsequently displaced.
Typically the front and back curves are fised once to nold a single contact
|l ens. After the 10 polynerization is conplete, the diluent is displaced
with water to produce a hydrated lens. U S. Pat. No. 5,782,460, and WO

98/ 42497 di sglosehen sEbhedted nakmgdhjzdoogelwh@d@'doafctltl @%@ﬁnwmdl ng a
mat eri al whi ch has been polynerized but_.is at t1 a]ﬁ dv

uncrossl i nke@ i+ hitd FrEdS4B108 nBFHE. 2GgE | Hl%lsl%é e potﬁlymelroth by W
radiation;  theielaig, the apépegpn§f§a@c@faapbwym@&neabkaen&n@meﬂQf Such
as quartz, or po yieri’c materials. One or nore contact |enses, can, be

mol ded i n eaathekdstoed. hPOreysl Rans-No. W51, 155 tRP KOR Bt 2 {100 ¢ he

entire disclosure of, which h
an & r angemem?® ¥ Srehtuf 88?8;?5 gégg%sl @gggﬁ%r %Lecgloﬁn%asgsaf% gé;és:ﬁar?/gééd 0ses

: zj(:lecéll on tm)l (cgham?ldecpr gggsnﬁgng ; verfpiicall liynj et iorg nbhei mpniactti néens
udi ng two hol ders t hat
9 Sapport ol d phages;  The,ml & pLales. #) e

in the front curve, from

displaced. Typically the front and back curves are used

once to mold a single contact lens. After the
10 polymerization is complete, the diluent is displaced

with water to produce a hydrated lens.

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

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

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

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

into which material is injected by the injection molding
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adj ustable wth respect to each other between i iti i
_ _ _ a first osition, [
the nolding plates define a cavity, into which nateriaF IS injecigdmg;CPhe
i njection nDIdlng ViITN-424 - 5 machine during operation, so that the
pa[g!cular nol ded good is formed, and a second position, in which the
o blpg pl ates have been noved sone di stance apart, while the formed good
;s eing removed. On each side of 5 the injection nolding machine
fransport devices are provided which nmove the hol der and nDIding’prates
rogya position |ocated at sone distance fromthe injection nmolding

nach!ne to a position suitable for cooperation wth the injection nolding
r?ciLneéllged}ggrspogttﬁo devLch and the hol ders are detachably coupl ed

ose )at a hol der may be_provided w W [ '
ngtgxgaaﬁonmadhﬁnan@@ﬁuﬂﬂnQHﬁiﬁﬁﬁﬂﬂwmf%m?f%t Fﬁs ﬁgghgggq%?iﬁﬁggggggion
O grohangL g be, 7ol Al o P BhES AdBGhCr Sosi14m Oy bgebsathero

( ing plate used so far
g?v§nf3?ngegﬁggggg@ apggﬂabglm@N¢ﬂehe£ﬂ ntovessi EPBA. d#ﬁ?%“??peagﬁgggch;ﬁge
f ol di _ provi des for a ui ck .and si retqol i
nmegldmi rz_]| tn% t W idewitiee OTEr Y 96 %Chjtéc e&ﬁ‘gmﬁed?@éa%dperdgfiéogn& \é\%i{jrﬁerog is a
opntnalm ¢ doeced I L R Ml ¢ dut coo. yiah. magy LS
_ _ : _ y Tor ophthal mc devices

keepi ng uni t prcSKde)d wiieh evane’ sthec R WetsF R/ rﬂ‘c%sa/lnq e?]\é\ér”tsg? g?g%gfn?tg?gﬁt

g?¥}g?2hteagﬁﬁggﬂﬂﬁﬂF”HogéggHCtét 2201 g expaRke, ot achel enageclavdimng
. molding machine to a position suitable for cooperation
| with the injection molding machine. The transport
10 devices and the holders are detachably coupled. It is
slso disclosed that a holder may be provided with a new
molding plate at some distance from the machine while
the machine is in operation. FoOr 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.

120 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 whi

represent a different SKU, each SKU being manufactured usih;hdr??ggent
nmolds or a different. VIN-424 1 6 orientation of the nolds or different
reactive mxtures wthin the molds. SUMVARY OF THE I NVENTION 5 This
invention provides a nold and a nmol ding system conprising a nold
conprising a first nold half which works in conjunction with a second nold
hal f for forming ophthalmc devices wherein said first nold hal f
conprises at |east one changeabl e cassette conprising 10 inserts for
form ng said ophthal mc devices. Thi s m8l d can be used to nmake ophthal mc
devi ces; however, this nmold is preferably used in an automated nolding
machine, nore preferably in an injection nplding nmachine. Thi§ ipgention
i s preferablyy et Domake tbasm@&ﬁ@e§ﬁMﬁ%ﬁﬁeﬁﬁﬁhH¥???F%Yﬁnmﬁsga ?% make
contact lenses. This invention further provides a vertical injection

nol di ng naphﬁh%h%%n%ﬁ?§$ = nold, preferably having at |east one
cassette, in which the nachine can quickly change one nold half for

another, and the 20 machine is caEabIe of EEE! ht hal m i i
|nxention further provi des a? o lw%&ﬁferentnggtgggiCgﬁéer;s
ophthal mc devi Ce%gfgeég\?gﬁ?wn Sipgkes Hohg1d Thed el flsldndgnslyditeg syst em

conprising a nold s invention nake it i i
_ possi ble to guickl.y cha
t he comprising a mold comprising a first mold ha # J%féh nge

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
}zo 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 guickly 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 o i i i
_ ( CS ¢ pht hal m ¢ devi ces, which
g:;ggtzgg gngs.?f thysb:nvention. The nolds conprising oﬁgeofrﬁSESEd
_ it possible VIN-424 7 to quickl h
thereby nmaking it possible to effici : A OS e
_ _ ciently make opht hal m c devi i
ggg%r?g?ﬁg Eﬁ:gbggbrglgzsgSng) u§i$ﬂ one or a small nunber o;cﬁglgnhglves
( ange ettes. ese nolds are particularl i
ggagfglyagghe:?g;{eggkg produ0|rg ?ontact | enses haeing manyr gpﬁg;}gglfor
\ , _ rs or nmultifocal _ powers. Accordingl it
g;:g?aé gegfghloiohgsig{ﬁ;ent ﬂg i nvénfion to provi de angiﬁbrgtehsngld and
. a no conprising a first
second nold half wherein said first nold ha?f conpri oo halgag?d ae

changeabl e cassefdieagnphsinng nuhei ptassqtigerds ftﬁﬁsrggk’mahakwﬁt hal ni ¢

devices. The first nold 15 half an
_ _ l f the secoq l,¢h;hal '
with respec@O$$ﬂbﬁﬁﬂ1ﬁ§th§?fﬁéﬂﬁéégya 3RSt %ﬁhﬁﬁ%qé%?aiEe&%FSﬁdl?ﬁzaﬁgfd

leggstgogn1ﬂ?%gl%té%%itye'ﬁiﬁgmnhgbsa M) absican cge has FeeBMPhtr oduced
S0 as or | de opht hal m ¢ devi ces, .and Seco q_ 0Si L] Ln which
e 20 nol d hahwes bavedieernatoiesd EBRE 1di'St% Qﬂ%éh‘§p§%%%§gﬁ?§'mhi:g

nmeans are provided for renmovin d gphtdal ma eMirees.l yOn
- - - -, i ) d
enbodi nent ofhefe |Wﬁ&ﬁﬁ|(ﬂ?ﬁargﬁﬁgggugghg?d hal f cgﬁg}isih oﬁé o?rnnre

changeabl e c i T PR
making it asgettespavi pgod@biigiserdantidrdt alenéssl ed PeAdM¥ect Pt her eby
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 between a first position, in which
the mold halves form a mold cavity into which a material
can or has been introduced so as to form molded
ophthalmic devices, and a second position, in which the
20 mold halves have been moved some distance apart
preferably while means are provided for removing the
molded ophthalmic devices.
One embodiment of the invention provides a mold
half comprising one or moIe 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

VIN-424



easier to renove and interchange the cassette(s). An [
_ _ _ . ot her enbod
hgrgntb$a_hgzrovgs Lhe rengyal of the nol ded ophthal m c device;nfpgnszh;he
_ 4 - y providing an air ejection system In cont
prior art which used ejector pins, air ej i Cotors the.
_ _ , jection does not disto
ﬁgrghglnlc device and for the preferred enbodinent can be doner&h}rg t he
ol g_ ophthalmc 5 devices are at a higher tenperature. Another
2 rr8||dmént_of the invention provides a nold and nol ding system conpri sing
a m haﬁflgpeﬂafsgg Egﬁ; eltherhone og nore of the cassette(s) and/or the
_ _ rising the cassette(s) can be changed 10
provide for a different ophthal mc device or d ] (r
SKUs. In the preferred application, the o i e eyt o o ot arch oo
opht hal m ¢ devi ces fo
the nold areb§rQﬁbv1@uwmesaan@ibackj%%?V@% §¥&deto naﬁ@ daﬁtac{ ensegngThe

front curves and back curves ar Le b
| n n
arrangenent , PﬁhPéhaﬁEaHElFHaPsﬁgtE ?é? h ggsgg? Fggaﬁi?g PﬁfFngled

conpl enent ar %115959Et StROr ofHE g Dok viirent aodr veer arfdh b adk diied

(convex protrusions and concave indentati
on
gggg;;fesha eabsdinenhaviag |h§er@%n?oqu S) d?eggxpalfﬁgﬂiiigébly
e aV|n nserts b
Fors heeds tge Seéhangeéggo g éhe?“ﬁXﬁéeréﬂui@lS embodi ment, only one nold

nge the front cury
one cassette on thaoghkd hmbbdawnnbeOéh&ﬁ@ednW@ntéﬁghgggﬁg%%%?%¥Lge ron?r

curves, or back cur
curves, o1 Dack, curves ProVSd 25 L B! oy Gt cone i dehat ! or

either one or more of the cassette(s) and/or the mold
half or halves comprising the cassette(s) can be changed
10 to provide for a different ophthalmic device or devices,
that is, different SKUs. In the preferred application,
the ophthalmic devices formed using the mold are  front
curves and back curves used to make contact lenses. The
front curves and back curves are preferably molded in a
15 "family mold" arrangement, which means that both mold
halves of the mold include complementary inserts for
forming both front curves and back curves (conveXx
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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cassette will change the front curves and/or back curves and wll result
in the production of I enses of different SKUs produced using the front
curves and back curves. VIN-424 9 This arrangenent is possible, because
only one surface of the front and back curves has an optically critical

si de whereas the other side is not optically critical. Thus, if the
optically critical sides of the lens curves 5 are forned by the changeabl e
cassette side of the nold, the optical characteristics of the |ens curves
can be changed w thout changi ng both sides of the nold. Another aspect of
the invention is to provide an injectro% ol di ng device or machine that is
vertically 10 disposed to form ophthal mc devices, preferably using the
nold of this invention in the nolding systemof this invention. Vertical

i nj ection nohging sBEhhGesen Bqlisr @oslseds ef, | drCaERe eOR hdn ORGr i St A<
injection nolding machines. Further, a veriical noldi. i ' asi er
15 to conbi nefni time ofKer teledifetac of A brod %?igﬁ|%é££g%%A(J%£§%%%%§ntage

of the verti%@dérWﬁg§é9§ Rk dipge r MBERENE si Siotthaiptatcaldastcoinea afl ¢+ he nol d
hal ves whi ch ™ noves vertically when nol di ng can be nnvg? hPrizon&QIég by
transport neanssandf refpt aceul oyl ly new etk Edes P20t he VATt cal

i njection nolding machine sinoply,a ! k¥ kit tigedyyn tndemom@ki ng
mol di ng mor e 38 nbYFE&f gﬁnﬁggffpgﬁ ﬁ%%&%ng%hgr objeéteis to provide an

i mproved mol d{for oprakiang donictamices aandobatkecurares REVVAG (47 shfie wal |

? thlCknesse;ﬂ;;geérﬁaéggﬁg éﬁgﬁgiég] J%ﬂ”%fﬁé%v%f the mold.
Another aspect of the invention is to provide an
injection molding device or machine that 1is 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 reqguire
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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VTIN-424 10 BRI EF DESCRI PTION OF THE DRAW NGS In the draw ngs, wherein |ike
reference nunerals delineate simlar elenents throughout 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 a top
view of a first nold half. 10 FIG 3 is a cross-sectional view of the
first mold half shown in FIG 2 taken along the line 3-3 showmmn in FIG 2.
15 FIG 4 is a cross-sectional view of a nold shown in the open position;
the nold consists of the sanme first [mlrlg half shown in FIG 3 and a second
mold half. FIG 5 is a nolding systemof this invention 20 conprising a
vertical injection nolding machine of this invention and interchangeabl e

nmold halves. FIG 6 is an enl ar%ed Eorﬁti g@ Og[ }& Vi pralwINgd ection nol di ng
machi ne of this invention s |satojg?nplan
vi ew of each of the conpongent f opge eoodiineet oéferemtei Myt of
this invention. VN %% -drfiﬁnlg%G 8 (iés a top plan view of fa\(r:{]e%-t he

S I

component s g& % %@Q%n@iﬁﬁﬂgdiﬁ&ﬁmentsathppgghgugygy%n§%Ye{% nS L tion.
DETAI LED DESCRI'PTION OF THE
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.

N i ' irst mold
FIG 3 is a cross-sectional view of the firs

half shown in FIG. 2 taken along the line 3-3 shown 1n
FIG. 2.

15 FIG. 4 is a cross-sectional view of a mold shown 1in
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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5 PRESENTLY PREFERRED EMBODI MENTS The nol ds and nol di ng system conpri sing
mol ds of this invention can be used to nmake ophthal m c devi ces,
contact |enses, interocular |enses, other types
nol ded parts, e.g., lens curves 10 used for

preferred use for the nolds and nol ding system conprising nolds is to nake
contact |enses, or plastic nolded parts for ophthalmc devices, nore
preferably plastic nolded parts for nmaking 15 contact |enses, nopst

preferably |lens curves. The nmolds and gpl ding system conprising nolds will
be described for the preferred enbodi nent; however, this invention is not
limted to the enbodi nent described and can be nodified and used to nake
ot her ophthal m ¢ devices. For 20 exanple, th d +pel diong osiesttem
conprising mol ds @LG.t Bi $si AvESP &R 2R t"ﬁeghé’gggg%ﬂegre}oltd hal vgs and/ or
changeabl e cassettes can, be s Ae@rmobd conmattihgnsegstey Rt hdds S
descri bed i nofheapri®foidt F8ichas in U. S. Pat. 5,782,460 and

WO 98/ 42497 hq&g&&q&@ﬁed herein by the nold halves 25 reference. To nake
the contact I'enses, can be pivotly hinged as taught in those references.
the preferred enbodi nent the nold and nol ding systemconprising nolds is
used to form"lens curves", pWFArA28 HBSCRIRTION (QMiTHEIrves" and "back

e T e prior art B OV s sl Baes a0 bk curves

The molds and molding system comprising molds of

such as,
of | enses, and plastic
maki ng contact |enses. The

In

this invention can be used to make ophthalmic devices,

such as, contact lenses, interocular lenses, other types

10 of lenses, and plastic molded parts, €.9-« lens curves

used for making contact lenses. The preferred use for

the molds and molding system comprising molds is to mare

contact lenses, OI plastic molded parts for Ophthalélc

devices, more preferably plastic molded parts for makzzg

15 contact lenses, most preferably lens curves. The meb Z
and molding system comprising molds will be deserl e

for the preferred embodiment; however, this invention 15

not limited tO the embodiment described ane can be

modified and used to make other ophthalmic devices. Foz

' 20 example, the mold and molding system comprising lede el

this invention with changeable mold halves and/or

changeable cassettes can be used to mold contact.lezs:s

by methods described in the prior art, such as 1n. .b.

pat. 5,782,460 and WO0/98/42497 incorporated hereln Y

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

' " urves”
system comprising molds is used to form “lens C /
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referred to as nolds or nold halves for making contact |enses.

n I'TD| dn n " . The t

cUr ves :P?hOHDLthalves will not be 5 used herein to describe the Ie(ra];nE

ferms "ol d gnd he IIens curves are used for nolding contact |enses. The
mol d hal ves"” will be used to describe the nold and t he

nold half used to formthe o ' [
phthal mc devices (e.g. lens
ﬁazgoﬁiihhetﬁrefe{ged | ens curve assenbly 110, (thg indivigﬂgre;?écég ZLS
mad nnldgande nF d and nolding system conprising nolds of this invention
fhe mold an ngb?Lng system conprising nolds will be described bel ow Thé
Lens definezsgn gpéﬁ?n;ogigsys &2_0% B ftfont curve 112 and back curvé 114
. . in ich a contact |ens reacti 1 i

pol ymeri zed or crosslinked to forma co Cont curve 112 3

: _ ntact lens. The f
ggfgpfggyﬁeﬁéﬂeggﬂ§t§$tofu?v@éasand “hacbrt@JYe%ﬁefe?%bF?égg%§§¥;%gﬁélz and

, cycloolefins, or the_ |ike e hikenn fi

and second nbémshevVéGSofltﬁisfFHQEnFPBXefd%g§P?%25 cggﬁgathBFQFSngr;r?;

an injection | di i :
Siﬂilgr to t%%ﬁgrigﬁs%%cmgﬂawﬂ&@ o I @it dC Walere k12X andmblieRIc GOVEAEH ar e

cl'osed and used in the pri
Tensee for xample.  ahedesamisbetid iU S PO LGS Ees S IBKg GoRtad 25
i ncorporated herein by refere Suhd P L& Pt 55 %545, 263’

. h ce. .The f nt r h
rcorpoat i e b ol e I S5O gfur g, nencmeomnt e ot v

ey B sl sl sgencld el 10

terms “mold” and “mold halves” will be used to describe

the mold and the mold half used to form the ophthalmic

devices (e.g. lens curves) .

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

15 of a front curve 112 and pack curve 114 which defines an
opening 113 in which a contact lens reaction mixture 1is

polymerized or crosslinked to form a contact lens. The

front curve 112 and back curve 114 consist of a plastic

‘ material, preferably polystyrene, polypropylene,
}20 cycloolefins, or the like, and are made within the first
and second mold halves of this invention (described
below), preferably in an injection molding machine. The

front curve 112 and back curve 114 are similar to those
disclosed and used in the prioi art to make contact
25 lenses, for example, as described in U.S. Pat. No.
5,545,366, incorporated herein by reference. The front
curve 112 has a central curved section with an optical

gquality concave surface 119 which preferably has a
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di mensi ons, preferably the power of the front surface of a contact lens to
be produced in the |l ens assenbly 110. 5 The front curve has a preferred

t hi ckness between 0.2 mm and 1.0 mm nost preferably the thickness is
about 0.6 nmm The back curve 114 has a central curved section wth an
optical quality convex surface 118. The back 10 curve 114 has the

di nensi ons of the back surface of a contact |lens to be produced by the |ens
assenbly 110, and e.g. for a toric |lens defines the cylinder power. The
back curve 114 has a preferred thickness_between 0.2 mmand 1.0 mm nost
preferably the thickness is about 15 0.83mm It is preferred that the front
curve and the back curve have the sane thickness. The front curve 112 and
back curve 114 each conprise annular flanges 115, and tabs 117 ghich are
integral with; apglpFoj ectclimparenntaki déebinehe ¢damges 1155*FREOFPENt
curve 112 and 20 back curve 114 are shown havi.n te vesti 12 ich
sonetines formeacardendate or T1PRj ect3HT Hot tslupr)?aw%i chlﬁiupgﬁ%es #S\Ié?en

thernmoplastic,in t re 62 enbere NBBke £ 0ot heheof donsedutdater mit he
front curve %ﬁ enagﬁngécéﬁéﬁrv% 1%2.'22§The.inprovenents to é?e front curve
and back curyecogtathi &ensvent in pratugad ofn arhe f1eht 2aryR8 and WHack

curves, e.g. as disclosed in U S_ Pat. 5:R45¢366s pkaGkudeoazr educti on
in $he vol unBhef £pPAEL FEL§elf0? 9$E?5ggef4 formthe front curve and back

curve. The redychi on ik M8 €r pakfeasbaghiteeed Hiyknedisci iy eReusi 2 ©f the
t abs

mm.

The back curve 114 has a central curved section
with an optical gquality conveX surface 118. The back
10 curve 114 has the dimensions of the back surface of a
contact lens to be produced by the lens assembly 110,
and e.g. for a toric lens defines the cylinder power.
The béck curve 114 has a preferred thickness between 0.2
mm and l.b mm; most preferably the thickness is about
15 0.6 mm. It is preferred that the front curve and the
back curve have the same thickness. The front curve 112
and back curve 114 each comprise annular flanges 115,
and tabs 117 which are integral with and project from
one side of the flanges 115. The front curve 112 and
>20 back curve 114 are shown having gate vestiges 121 which
sometimes form at the gate or injection hot tip, which
supplies molten thermoplastic in the preferred
embodiment to the mold used to form the front curve 112
and back curve 114.
25 The improvements to the front curve and back curve
of this invention over prior art front curves and back
curves, e.g. as disclosed in U.S. Pat. No. 5,545,366,

include a reduction in the volume of plastic used to
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gﬁ:beanddtge fl anges 115. Al so, preferably the thickness of the front
cury |ZRS 2ﬁrvggrv§ |fhsnallh5 i.e., less than 0.8 mm and the sane for
thl ( . Further, the preferred front curve db
this invention do not have an area a Cni e ot e
\ cross from the injecti h i
collecting a small slug of cold ther [ [ J ot the
col _ _ nopl astic which may format th
injection hot 10 tip. The preferred tabs h f i ¥
shape without a step to break u o o he palyiar e e
\ p the flow of the polyne i
The wei ght of thernoplastic used to f Y e or back curve.
orm the front curve or back i
preferably less than 0.5 gm nore TCand most 1
: prefetably |ess than 0.4
preferably less than 0.3 gm The nost i ot on fad st 18
. . preferred wei ght represent
Lﬁgggglogro; abort 25 % as conpared to the prior a?t fronf curCez an back
. Fre 95%9 ynkhe rogemyded weightack thever ontThauriRAUd Yack cur ve

is less than 7 gm Unexpect edl by reduci i
t he thernnphastécimht@ﬁsaﬁqhmeé@@ggﬂtgre iﬁg§ggghgﬁgﬁgggggggnfgéggglgggigg

the thickness of the, p a Si
_ asof thenisd, bbn i b
opti cal qua}}?y anFhe%b%on?qfh gacé'gﬁrves d%d no?pfggﬁff?b?nlmfgﬁf

D . . (
there was anjPLQUEEERIS | thé hefrpudl i tyrof ERE ZREK o TEEr vies &AE back

curves over the prior art fron curves_and Kk jdth a lleay:
. i ( hae ve a
wei ght and vol ene kﬁs%héPﬁﬁplés§|6m%at3P?al andsﬁg%% ﬁggiﬁz stgég sgﬁg

Py eher o S EEEk o clPchERs ovend Tprbattraualliony, VasBIS Do
curve of this invention do not have an area across from
the injection hot tip for collecting a small slug of

cold thermoplastic which may form at the injection hot

10 tip. The preferred tabs have a flat rounded-triangle
shape without a step to break up the flow of the polymer

into the mold. The weight of thermoplastic used to form

the front curve or back curve is preferably less than

0.5 gm, more preferably less than 0.4 gm, and most

15 preferably less than 0.3 gm. The most preferred weight
represents a reduction of about 25 % as compared to the

prior art front curves and back curves. Preferably the

combined weight of the front curve and back curve 1is

less than 0.7 gm. Unexpectedly, by reducing the weight

}zo 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 gquality 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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front curves and back curves havin i
_ g the sane part thickness, e
gkgdrzlegrgSuge?hLer?s hav![ngP increased lens quality mhich1m0ﬁ?d ﬁg?uge
or art. Prior to this invention, it i
that the back curve had to have a small i han oo front eq
_ _ _ er thickness than the f
to provide high quality |l enses. The front oot thie
_ \ . T curves and back curves of thi
invention are preferably made using inproved | d i nj i e
nol di ng machi nes, which will be descrigp e T e s wil
_ es, ed bel ow. The i nprovene i
gg?g{hbggehggelgésgfrgggs_ofutge Pnnldhgg nmol di ng procggs not gégcr:LLdbe
_ in-US. Pat. Ne” 5,545,366, and U. S
5,451, 155, incorporated herein b , , : Coe Ko .
, ( . y reference, or 15 otherw se k
person of ordinary skill in the art. FIG 2 i ot fire
_ ) shows a top view of i
mol d hal f 20F?9§ﬁgrfogn5nﬂamsng finerpecuevky, 11ErEed b@éEeCLH%&ﬂg 1%EE%LSta

single mold. (The preferred nold co I Si '
Bfg?nd EFIdhhabht440uk§e§ho@ﬁdianFgPrés%gg%Lg%?gié thgﬁ%”E%ﬂth%%xﬁp and @
erably has .t cassettes 20r @NONA i
N ggﬁ §fi6ﬁ%nj o’ 8 bl y raldtaededl ¢os as nbladiimg base

23. Dependi h§ RE’infe nol di n
_ g to be done, th
plurality of ;gassakies remvabbyiayt abhel M@UQQ-Uﬁﬁlnt;%ﬁ% g§§282§gg e

Preferably there are two or three cas
_ | ette .t _orefier
cassettes. FrBe Drifgner % -hatFPiHeE ctaosstg}ltsesl XN ZZOrnglt?e‘@rf%vgbbﬁl;&a\ﬁ%ched

8 Cassort o R B R oon Lo o eaze -
the front curve to provide high quality lénses.
The front curves and back curves of this invention
are preferably made using improved molds and injection
10 molding machines, which will be described below. The
improvements will be described herein; aspects of the

mold or molding process not described herein are as

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

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

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

molding pase 23 by two easily-accessible screws 29 per
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nmol di ng base 23 is a sinple and f i
_ ast task. Alternativel th
gfgcgg agtggrfg tg phE rnldlng base 23 by any neans e.é1 br:cﬁgf:Ettes
, _ , qui ck-clanps, and magneti sm however ef ’
means provides for sinple and fast renov ot telss tomih
_ al of the cassett
nol di ng base. Each cassette i SRR
_ . preferably has inserted therei i
inserts 24, 25 which receives the ther I i o o1 for e
the I ens curves. The inserts 24, 2 T et abl e i ndvi dusl Ly 1 orovag
) , 25 are referably indi

fromthe cassettes; however, th 0 e ba Yyt Caovad

_ ; , e casseife and inserts b i i
desired. Preferably, each cas n ié € o oo sguous !

, ( sette conprrses two to twenty ins

preferably four to ten inserts. 15 The inserts, sonetines yefersggsiongge

power inserts may be constructed of any material whi i
optical finigshsssted. as rmﬁaﬂeionng.phpﬁgéngte%W? tﬁ%ég;é¥géaggggagﬁﬁghgBn?n

or cobalt-nickel alloyed martensitic _st i aek
articul arl i Srorits | o CaoieL! panal | ¥abY, i
p ynebeinge Zﬁ”éhboé ment® in mhlchpthe mol d conprising the inserts

makes cont ac di . .
ks, contacLERsEE daggll et s s can comrspe a8 chvar o
pol yst yr ene, mpolypyopyd ne 2 3orbpolypyach§iioni t Ie-l.lgé) _ gﬁgc}?eni?% 'Ihg%graecfeesr’r o

T8 i th PRS- Sec LTI HT D) ThE Troat. corve 115, and cassette >
1133 e, bk ngsetacas o oy Svinast e it fer
cassette(s) from the’ mo ding 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, oOr cobalt-nickel alloyed martensitic
steel. Alternatively, and particularly for the

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

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

cassette 22 holds the back curve inserts 25 for forming
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back curve 114. The second nold hal f 440 i

( . _ , shown in FIG i
rﬂ;cpofasncopﬁlepentary to the inserts 24, 25 in the firgi ngdIRZF;tzo
for f nnlg haFf ggnt 5 curves 112 and back curves 114, respectively. The
first moidhall and second nold half 440 are parts of a famly Hnld
st oo of o f_rmre than one type of part is nade in a single nDid ’
consi stin ; WO||r3tbm)ld half 20 and a second nold half 440. Before this
| nventt a’fanil u a e unexpected that optical quality parts could 10 be
st ai nl ess steeIY Fgol.Sjgglcaﬁ?gatﬁ;rggiiggﬁgtﬁ_cogPrise Toye. hovever.

. . ! N ,

an alternative enbodi nent, 15 pol yneric naterialsacaﬁ bgltggz,tgongxgrihgor

cassette. Most preferably nickel - i
pl ated tool steel
cassette. The mrialpr@fpeiey casset twilils Pref 23adl mﬂ%@hﬁ%?ga%?gqgoréhtgﬁt

to formopenings to receive th i
: nsert.s [§721SES
for the 20 cooimg e 1nd A (JSCEr BoA frar e atail below  The

cassettes pr ferably .yei | : :
typi cal [y me%ghe%a%eﬁaggg@fog§§gﬁga?§%2Sﬁﬁﬁgdswntﬁh@ Pk oF Par S I hal ves

v (i 0" mfargs onctbe MmEsthAGS 1h G FFELTon TSI Ui g 25

contr asi thé:xb%\g%l%{rflgso%];& Ie{ct}é/éﬂmg&eslltﬁ chayjge-dihel1ywl dhml firsh

o handlé, angl can.be Q@ﬁqLﬂéSglnventlon are %iah% enough_for an operator
18 hBef eoomd molld hea ¥f aAd OctlifgekP¥or atiot her

VTN- 424 -
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, t+ool steel, high hardness machinable
alloys; however, for an alfernative embodiment,

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

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

The cassettes preferably weigh less than 12 pounds.

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

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

removed from a mold half and changed for another
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cassette in less than 8 mnutes, np
asset ! € _ , re preferably | ess 1

gr cassei?egesfetrgn 3 m nut es. In the preferrgd enbod?222t4 PLQUtes, te

O efaranly the Cg sent a portion of the thermal mass of a mol d h F?ssette

preferably the ofsfﬁtt$ or cassettes on a nold half are |ess thaﬁ 96 3

0o Chy o refe glly assenbled nold half, nore preferably | bt

7070 s el prererablyec3 Than 50 St Tne'total sl the fully

asse . . odi nent, e

shgmgsfﬂéscggs;?gg Ehe total nass of t fully assgﬁglég ﬁgfzeagff

shous the cross:s EIE?n of the first nold half shown in FIG 2t k- e ony
2. FIG 3 shows the front curve inserts 22 egnglﬁﬂg

back curve inserts 25 in

_ cassettes 21, 22 i

the cross-seciion:oé tihe Fégstthdhd Shdpfmé%eess’gﬁﬁgggglr%rsesf-eslrgac%:lilB?n 1§fss[1ﬁws |
e

conpl enentary second nold half '
, 44 -
Comlement ) SeCEnd, oL, e 4D bigh ooslhers mia wiourerd 175

y
T ral AR hDeespesapasidcme Mher & Tihe “oERESL il & e 20 sacond
RS 2 e Ragrconcas oo 2 T SRR L L
s erts 25l SO o sudsnasc e e sesend 3 ST i
front ourve 115 (oo Flgure 1) an opEr LARFSCPT OB TeUrTAChe 18 of the
mol,d half,l%ugree ]%rg'?gégf)lyvrl%f’szllthan 70 %, and most €
preferably less than 50 % of the total mass of the fully
assembled mold half. In the preferred embodiment, each
10 cassette répresents 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
t+he 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 cCurve 112, (see Figure 1) and/or
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éu}Se ggzezgggbLy and) the optically critical surfaces 118 of the back
part of the sa 'gu{e 1) into the one or plurality, of cassettes which are
oref err ed nDdenEtﬂD d hal f, preferably the first nold half 20. In the 5
preferted tode the ;nserts for the back curves are in one cassette and
oLd half . The s e dront curves are in a separate cassette in the first
Conprising inser?gopornglgtrggr 243/can conpri se changeabl e cassettes

( _ nd/ or non- 10 critica i of
S:QPL? agd qui ckly renovable fromthe second nol d half! ﬁgagsgfs’iﬁh;ﬁh e
Fnsteaae tﬂgdgécgﬂﬁ igfgnﬂar?ld ha#f 248 does not conprise cassettes ©

nsi , preferably conprises :
simlar support 15 that holds the insertg tth fornm?hglagﬁ:ofrane’ or

critical surf@£g§e§gb1¢eaﬁ@pntheummegC@ﬁ&ﬁoﬁréﬁﬁéﬁér§M a%ﬁﬁﬁ%iﬁgk gck

curves. The inserts 441, 442 preferabl it
; < Y ot in t |
support and whe baﬂﬁ‘“qgﬁap|y?}gnn@ﬁﬁfeEFﬁg%Fthgpséggﬁg ﬁ%ﬁ% ng??pégr
port

ho ! ! !
e e phURELL By [¥e P seauEbauOus Lot breneaptialtd o) arerCon
: _ odi ment, the f i NS¢
the back curyglinseptsfda@oby thee setbntt rﬁﬁ%{ﬁg%@-Zgg%ﬁrénfﬁééfféﬁliﬁPg a

ecori bed  aBsoReFBEdt A Cashdit o 0 oh Aot bogn bored sut Lo the
ettt st dbmanstans el nbecsaseoes AL CRRE SherTard 4t 1
a separate cassette in the first mold half.
The second mold half 440 can comprise changeable
cassettes, comprising inserts for critical and/or non-
10 critical surfaces, which are simply and gquickly
removable from the second mold half; however, in the
preferred mode, the second mold half 440 does not
comprise cassettes. Tnstead, the second mold half
preferably comprises a plate, frame, or similar support

15 that holds the inserts that form the non-optically
critical surfaces of the front curves and/or (preferably
and) the back curves. The inserts 441, 442 preferably
fit into the plate, frame, or support and are
individually removable from the second mold half;

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

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

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

substantially exact dimensions of the inserts 441, 442.

The plate 443 1is mounted onto the hot runner base 444.
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;hgan)Tpgrpiﬁgeiﬁ??ogﬂgt?g; L?nne[tbase 444 have extrusion parts (not
( nolten thernoplastic material i
closed nold for formng the front curves and the back curves Ig}ﬁifgf to

t hose 5 di scl osed and descri bed i [
_ _ in the prior art. See e.
ﬁngS,?ﬁg,sggtheLD:SCﬁ;F?raZZg hereinfby reference. Ingihe gkgfefféd -
; ( . is preferably nounted into an inj i
nol ding nachine, and is only occasionally renoved for servicelgieiglfﬂsert

ng[gffgfggldue ;o wear or damage, becagge the inserts formthe

be rennved-frzﬁ{ ?ﬁgshSI ﬁnﬁ lenﬁ cufves. At that time the plate 443 can
. ner base 444 and the insert

replaced or the entire plate 443 and inserts 441, 442 %g gjﬁ’ 242 o o

iy

Such mai nt enangg Widtd ypigaldngd hequirenehabaeke 14 e ?VSn%ﬁ)(ﬁ$¥§ﬁggﬁine

stop produci ng ophthal m c devices_for gy i
_ _ eat ¢ £ eeps m
kgf:;tah?gﬁ,pfgggig ?ﬁélséﬁﬁﬁﬂlhnlEoﬁalgh%40§£E%BngE%%glenggmgﬂﬁﬁﬁ?ag?ﬁg
smaller dia eéﬁnoﬁc}ra{; itg(r%gqﬁ%%eroi?aﬁ?him& LiEopedt acads fand TP the

_ _ e insert - L
mai nt ai n t he pwat efrseal carvead anide tihes ra s 4%‘1?‘%%2%%% 3E|t ﬁg)f %}ﬁégﬁet ai l

;Ihf)\g{]hfeoir nieo,qusstchfp@%d Zggétzﬁgﬁn rli(%jaﬁeéilt lhfns%%%n e hakf 44Beper¢agns to
inserts on the i fﬁé_é.m)hd.hal,f54203|aer,téi’amyi]g@ gltmacloltrwg}%y%mﬁé;q{%rlezi% ge 4
except that the detail for inserts 25 in.  VIN 424 I ' - 25,
reference. In the preferred moade, he 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 1lens
curves. At that time the plate 443 can pe 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
120 are cooled by circulating water which travels in conduit
448 through the plate 443 and around the smallerxr
diameter portions 449 of the inserts 441, 442. 0O-rings
450 maintain the water seal around the inserts 441, 442.
(Note that the detail shown for 1 of the 4 inserts on
25 the second mold half 440 pertains to all the inserts
441, 442. Additionally, the detail shown for 1 of the 4
inserts on the first mold half 20 pertains to all the

inserts 24, 25, except that the detail for inserts 25 in
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- 21 cassette 22 is a mrror image of the detail for the inserts 24 in
cassette 21.) The water preferably flows in a single circuit through the
pl ate 443, contacting all the inserts 441, 442 in each circuit. Because
the 5 plate 443 is not often renoved fromthe injection nolding nmachine,
direct water cooling of the inserts is preferred, although it conplicates
insert replacenent. In the first nold half 20 which carries the cassettes
21, 22 is a novel cooling mechanism Instead 10 of water directly
contacting the inserts 24, 25 which mou%f necessitate water seals,
conplicate, and slow the renoval and ifhterchangeability of cassettes, the

cooling of the inserts 24, 25 in the first nold half is acconplished
usi ng heat transfer blocks 335. The heat 15 tr

_ nsfer Dbl are
preferably |ocateghén 2heisna dinhgroase ™23 TH gt ??gﬁgieﬁ%%iockg 335
directly contact the inserts 24, 2 en ¢he gassetbesr@tabl? &lewsnmount ed
onto or are bmﬁ%¥mﬁsé4aﬂpaéﬁéﬁég§et%@wﬂnldfng base 23. The heat _transfer

bl ocks 335 pref%rqgi ggéechCmQQe1thﬁqppethec®¢@éﬁ cht D GRPEEGHPES zi nc,
ate

brass, nickel- o rass, or simlar high heat duct f¥e 98t @Heal s.
Steel is alsgia passiibiextoitel: bt 2néd é@e§:éfiq&”preFer?gd. To i nprove

the heat transfer t t he_no| ded &5, wWhiehedeetdro hhecodinddctiiton s al so
25 breferredp%étﬁacgﬁﬁe tfe F%ger$§§ron1the enufrer at dggigh

conduct i ve MaLekk abs mabhe negatd s fiert &1 06RO L gt ALt 8ndn§rggrgtesr abl y is
Bﬁagggll%TLf;gggeilggTda%th%%%%ri@l88m8§%c5@59ugﬂs$@tCPeﬁD@&éﬂ@ﬂMﬁter is
' In the first mold half 20 which «carries the
| cassettes 21, 22 is a novel cooling mechanism. Instead
10 of water directly contacting the inserts 24, 25 which
would necessitate water seals, complicate, and slow the

removal and interchangeability of cassettes, the cooling

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

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

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

mounted onto or are otherwise attached to the molding

base 23. The heat transfer blocks 335 preferably are

© 20 made of copper, CcOpper chromium, copper zinc, braés,
nickel-coated brass, OI similar high heat conductive
materials. Steel is also a possible choice, but not
necessarily preferred. To improve the heat transfer to

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

25 preferred to machine the insert from the enumerated high
heat conductive materials. The heat transfer block

contacts and preferably is partially formed around a

water pipe 331 through which cooling water is pumped
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22 preferably in a singl i i
base 2 ol ) gle circuit back and forth i
ase. ﬁiggn;ﬁhngnglall t he heat transfer bl ocks 335Fh2f?grna:?e rDldlng
TaLeL bl be an ooling blocks can be forned froma single pi VL et
neerts g 25pefh23%ngool tge cool i ng bl ocks 335 which cooP egFIOIthtal'
, erts 24, 25. In thi Cndi
t he wat er. . is way, are cool
ir e underregecggly the heat pipes 331 contain distillgg ngéﬁeﬁk!y it
be used to cool theu?g;ef{;ergatlvely,lother | ndirect cooll ng nEthOdLChC;ﬁ
] ; , €.9g. asolidh i i i

cooling fins, or connected to a cooleﬁlz%ﬁkgataphggt ;?pgnégn?;iﬁ1;gOUt

, a

fluid or refrigerant i i
i : : , with or without cooli -
air ejection systemfor the 15 renoval S?I;Rg ;Lgﬁi ZlG' 3 and 4 show the

the first nold  half) 20,;-and thagseccoidcmold ¥ 246, rﬁdoﬁt%?’gﬁ‘iﬁ%gsﬁ o

R re
use of eject®Fpins ih the prior_ art rast to the

| ens curves gnd earldiexglohesghidd CPﬂEg#é%g-gg&eggtgggeiﬁngtﬁﬂhssﬁer the
: i

el aure The B 205 5ikope et emttermeels 1 oFHHEEFELRE curve
Shtues i 3 pustert i, e [smareners cronse W ATERSHFD, 22
apps oxi mat el yat®rt D ot ot 204 copn 2 IRYL RoigtendRiocie 209 b1 ehesien el
by 300 01 qns. - The 21 ¢ 45, cliectadst heougiid adg Ineerts 21, ML 2
are cooled indirectly by the water. Preferably the heat
pipes 331 contain distilled water which is filled under
a vacuum. Alternatively, other indirect cooling methods
10 can be used to cool the inserts, e.g. @& solid heat pipe
with or without cooling fins, OI 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 1less than 6 seconds,

more preferably jess than 4 seconds, and most preferably

in about 2 seconds. The air is ejected at approximately

25 5 to 6 bar over an area 0f 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, 441l. The width of the gap 336,
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336, 451 around the circunf
_ erence of th
25, 440, 441. The wdth of the gap 336 e top of eachof

than 12 mcrons. Alternati

- - _ vely, a plurality of hol

g;gglggg aLgrn?h;hgecgkaCﬁgrgrﬁnfﬁ at the tgp of thgsiﬁggL?sh?gf g??“

chan ' alf 440, air is provided

i gghfcg4zng[onha passageway 446, which is hgoked up Eg aSp?ZIESTJlS'1 o

336 by channel ngmm) For the first nold half 20, air is providedrlzed

oressuri zed airs 3 from passageway 332_which is hooked up to a 10to o

passageways 332502286 (not shown). The?dhannels 333, 447, which conn

into the cassettés 21’ g;eaﬁgegfgﬁgli4;orned oy naChining,”“|tip|e gsggv;g

to receive the,i : around the di gmeter qf; i
he i ngert,s 24.ab125,1 4kl t 1 geter qof [the openi ng

447 can 15 be nachf%ed iﬁtoafhe insgf?g-ZﬁjméFﬁa??vely’ e cﬁann§ﬁs 333,

S

connect or noazbas rad5 tyhiodh o ) NS 225 44Lvi%éd. afbGnd Stows th
b whiogh hog&FmmTi Wt R passageway 332 and can be ©

connected to . the air saqurc
o , urce(natyshoysy fef cassetfageRis 2201 t
irst nmold h&EEPEIeR&YRg attached cassettes 21, 226§23E552§én3C§§-f£2ﬁ1

t he . ‘ X
the gggglgg gggQFESm,?{r;I oanor both cassettes 20, 21 are renoved from
] le firs Sggondh%kﬁigohaipe4qbg pASSagewRy eyl dd32 tan be

gap 451'by channels 447 from a passageway 446, which is

the inserts 24
VIN-424 23 441 is preferably |ess

hooked up to a pressurized air source (not shown) . For

the first mold half 20, air 1is provided to gap 336 by

channels 333 from passageway 332 which is hooked up to a
10 pressurized air source (not shown) .

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

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

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

20 the firs£ mold half 20, having attached cassettes 21, 22
is removed from the molding machine, oOr 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 1is connected, has one OI
more valves which can be closed or preferably

automatically close when the mold half is removed from
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readily disconnected fromthe air source (not shown).
nozzl es 345. Preferably the air source to
i s connected, has one or

automatically close when the nold half

nol di ng machi ne.

nozzl e 345

the gaps 451 around the top of the inserts 441,
hal f 440 just prior to and as the

The cassettes have at | east one nozzle,
each cassette has two nozzles 345,

via 25 the connector
whi ch the connector nozzl es 345
nore val ves which can be cl osed or preferably

is renpved from VIN-424 24 the

nore preferably
one on each side of each cassette. One

: is preferably plugged when the other nozzle 345 is 5 attached
to the air source. Preferably air is ejggted in a single blast from all of

442 in the second nold
first and second nold hal ves change from

a closed 10 position to the open position. The si blast, 9fs@i bner enoves
the front cugnes mand ibacknaurires. frdmet h%a%%-“Ic]tothedS nkgrr%i) 3 S S

| ens curves preferenti al

After the

tall of the
rold hal f 2037

hal f 440 so that the

mpazhgpvégozhergpaagg%:gé l%o Q- 1St @ys ex ddhehbisr stwaningziFaISS 20,

single blast of air is %Ee%t% =15 from

aps 336 A UHh tdield apf ofachecapselts 29N 289%5 Y heq]fi rst

whi ch renoves the front cur a ckag¥ VeSS F4omitshe
first mold hakf p2efePebfigr abtyd9%%he eé‘st\églf% Dehg2

alr fromthe first nold half

20 coincides with the no . 0t carkebot 600 20 (shown in FIG 6) to a
| ocation bet R&&RHE &61§$%§?égs °to pick up fhe rel e ﬁg front ctyymes and
Al t eratdneelly, die pPOCERC be Fef@rgi to

back curves.

have the front

curves and biaﬁ_eggvgger%g%gn4gq the secontk npbgl of the inserts 441,

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

10

15

20

25

VTN-424

first

and second mold halves change from a closed

position to the open position. The single blast of air

cond
removes the front curves and back curves from the se

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

.from all of the gaps 336 around the top of the inserts

24 25 in the first mold half 20, which removes the

i f
front curves and back curves from the first mold hal

20.
half

Preferably, the blast of air from the first mold

20 coincides with the movement of a robot 600

(shown in FIG. 6) to a location between the mold halves

to pick up the released front curves and back curves.

he
Alternatively, the process can be reversed to have t

i mold
front curves and back curves remain on the second

half

440, Further alternatively, other means may be

used to get the lens curves to preferentially adhere to

one mold half, e.g., surface treatment of the inserts,

es
an anchoring portion on one surface of the lens curves,

' i air
or other know ways; however, it 1s preferred to use



hal f 440. Further alternatively, other means may be 25 used to get the | ens
curves to preferentially adhere to one nold half, e.g., surface treatnent
of the inserts, an anchoring portion on one surface of the |ens 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 hal ves.
FIG 7 is a top view of a nolding system 70 showmn consisting of a
plurality of nmold halves, and a 5 plurality changeabl e cassettes as were
shown in Figures 2-4. Figure 7 shows a second nold half 440, and two first
nol d hal ves 20A and 20B. First nold halT 20Ais shown with one renovably
attached changeabl e cassette 21A on a nol ding base 23A. The nol di ng base
23A shows 10 screw holes 290 for receipt _of screus

g%g?bﬁﬁ epend,
changeabl e cags@iidn i Soat radiadet 1t hat HESES 28RE'Fi%st nold hal f 20B is

shown with two changeggle fgsgettes 21B and 22B attached to its nol ding
base 23B by &Ere® Bld Fit &% addi ti onal changeabl e cassetteﬁ 2%gow%1D’ and
22C 15 are shown ttached 4 o enyvheh dpfg sbaxeldiTie thrdea PeS e4sset t es

21C, 21D, and 22C can be exchanged faqr, one o chanoeab) e eassett es
shown att acheén$ost heg nopd ﬁal%&§‘?§&t§nd Bf&ggjattached t%“the nol di ng
base 23A of nold. half A he NQschargeabie wasseshewhsin2digigsent |y
at t ached. ThP%uEﬁbngngﬁgn ?%?ﬁ%e ¥

work in conj yngti of st Oheshsesond %&ﬁ#;%lpgf%@%dépﬂ,‘éfiﬁ%{‘/{‘;&ébhgggd
ophthalm ¢ g?!Lge%bld halves 20A and Z20B. First mold half 20A 1s
shown with one removably attached changeable cassette
217 on a molding base 23A. The molding base 232 shows
10 screw holes 290 for receipt of screws 29 when a se?ond
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 2?A
of mold half 20A where no changeable cassette ‘1s
20 presently attached. This embodiment provides a plerallty
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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Alternatively, FIG 8 shows a [
nat ;- a nmol ding system80 25 co i Si
](c:;);rggl rsri)lng ﬁanr;g mgl)(r:lmhal f 2? andha second nol d hal szllélgl n\?\hgrgiolndsai d
_ _ ri ses two changeabl e cassettes. Fi r st
:)?1 ;homﬁgl\év:tng gggerggnv_?_lﬁgyngltgacheg changeabl e cassette VIN LfnZ)lAfd thGf ggA
_. : i ng base 23 shows screw holes 2

L:ggl gg o{zoa(r:rew(sjd.ZQ. when a second changeabl e cassette is attaggego'zo t hat
bas shoWn unatta hltl onal changeabl e cassettes 21B, 21C, and 22A, and 5 22B
are shoun un aﬁg gcziBto any nol di ng base, The changeabl e cassettes 21B
21 and 227 and 2 can be exchanged%o‘r one of the changeabl e cassette
23h ghown at! ?ng to the nold halves 20, or attached to the nvolding base
c3 ol o d where no changeable 10 cassette is prese gy ttached

y the nyl dingnoBysi@mbear iwprThe a0l dkd Eﬁéemn}r 5ﬁ§ﬁgeabl-e

cassette than the nunber of changeabl
_ _ e cassett h
attached to sairdwf hodesnA hfPF WRERFH Ogs5’,C¢:§%§’itsda}c9ha%§1a[ﬂ§2@§§??§1ttes

Commri si : .
AR ENCRCRAR- A B oE- L TR i i A e i
- - - - - I n S t i . .
fg\r/fg:llt ?Iozgi 2%tdldl1]g@6hqug mﬁq@kmcmwﬁt?ﬁw%géﬁn %éct’:]rltﬁsndd gfxﬁ?th: %I}ld
. 0 be used. Figure al so, 20 h%, i i i
of Birst nol @2Fal #&8& EBAYRor Enﬁgt%ﬁf%nc (|§on Wi ?hrmf)ihdejlﬂsg;newus?goﬁ;mﬁlral '

ol i @%”‘ZE?C#?@%‘E?%WMM b C dewides 2ATheanbr &FBr FEH iH] boti on
exchanged for one of the changeable cassette 21A shown
attached to the mold halves 20, or attached to the
molding pase 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
)zo 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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i njection nolding machi ne 500, as described in U S Pat. 25 No
ngop&zggar:dlxaéﬁlC§Llhnkgf$lggonplding machi ne has a nnveable5bﬁ23éﬁ5267
is removeably nou

pl aten 507 was referred to as the horizontal tgble ?;edVTLPEZZDYegsleU S
Pat. No. 5,451, 155. The term noveable platen will be used herein. It is-
prergrred.that the lower nold half 520 is a first nold half as déscribed
ggg ier ﬁnth renmoveably nounted cassettes. Facing the |ower nmold 5 half
22 is the upper nold half 540 which is shown in dashed lines in FIG 5

e upper nold half 540 is preferably d7second nold half as descri bed -
earlier. The upper nold half 540 is renovably nounted onto the supporting

pl ate 503. The supporting plate 503 10 i i
_ _ _ preferably remai ns stationary at al
() o, n (i, oupd s U howr g bakd saveabaet pichevcans -
_ _ cl ose and open the npld., |
ggﬁeg;gfgtélgé hﬁgﬁilgaeelnprefétabﬁy Qﬁﬁﬁ%% pBngnggﬁ%nléﬂ§ﬁ2%§£&{rEd
, " provide fo e t ex 131 ﬁe I3 i
520 for anothéifléﬁérlﬁgrﬂ %f?tS%%ig.h%??e?ﬁa??%&?%Pe tﬁe Sﬁgﬁggggfigegﬁgf

b ! . A .
fﬁg Srgsgzsrgﬁbbggbhy, L BydEadl iczaldettesr. el eaaingl bedr 19BRT c G 1 n

. preferied enmbodi nent, t ranspgr.t b ~
BgdpaullcalIyadﬁliéﬁ)chaiﬁheHQEP§¥sﬁﬁ£§ %ﬁg? Eﬁgléﬁégﬁ %§|§gﬁng:gEo' to
the|nse][ted bg%&g@he%fgéglqg npegi ng . 50@nies Umsat edodnd combey8A051%S | n

preferre ot h™ conveyors 516, 517 can insert or_renove t nol d
preferably a second mold half as described earlier. fﬁk

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

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

mold half 520’ to be inserted into the molding machine

500 is located on conveyor 517. In the preferred mode

both conveyors 516, 517 can insert or remove the mold

halves; therefore, the description regarding the action

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

After the mold half 520 in the molding machine has

made a specified number of ophthalmic devices, i.e. lens
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hal ves; therefore, the descripti i i
, ption regarding the action 2

?ﬁntﬁg ﬁg{&f;ﬁﬁﬂabﬁiconveyor 516 and visa versa. After tﬁeoanfgnxgr?rSEéY
|0 the mo VT%—422 |n38has made a specified nunmber of ophthal mi c devices
e ons, VTN 42 - curves, the nold half 520 is automatically ’
unl ocked from angveab!e pl aten 507, conveyor 516 attaches itself to
the tover mld a | 20 via catch neans 509, and pulls the nold half 520
oft he moveab ﬁDPdatﬁn|?07, and onto 5 the conveyor 516. In the preferred
oo Ted by & o a is noved by a hydraulically driven chain, but is
S i ve gurfaggpogilrﬁi:uigﬁge agg;gﬁﬁdé rails on either side bf t he

Ve . , % i i
hal f 520" via 10 catch nmeans 510 pushese¥ﬁ; ﬁérdmﬂ;FP ggogtgafhed Lo ol

nmoveabl | ‘ eI ' h
| ocks iﬁtg g%gpvég7,tﬁ@anﬂ@nhQﬂQpeQDylposutpmﬂéépaihﬁ URBPAXRS] r§§0

race’ The nold half is f
p: at en fﬁ? ViBe hydrabllic pdkaRPS 59@2%%}%%3?%52@: gtﬁgﬁgeéggﬁgﬁgfﬁ%ﬁ i
pace, e o1 il <00, favohec. ki e eosppmesamice
( _ no a 520
g: g' Egu fsyst5 g}esﬁwchﬁclaﬂglﬁo Eo_ﬁbn‘meiz SeSV ¢ ke %PHQ%aPPJQES%L%W%O%SBr
, 3 : . ;
"ol § 540 10 kopmaspimdrsan & devi Lbst A R e ER R e e T rane one | 6
, ower

ol N P2l fLOLREa laMes mphigahak £a520’ dis.vieessChakiy 68USecthds

preferably an Second
s, and nost
supported by a supportive surpfraecfeer gr%y Jua.@% t?ﬁﬁlgo on
cither side of the supportive surface. At this time,

conveyor 517 which is attached to mold half 520’ via
10 catch means 510 pushes the mold half 520’ onto the
moveable platen 507, and when properly positioned, the
mold half 520’ locks into place. The mold half 1is
preferably held onto the moveable platen 507 via
hydraulic clamps 532. Once the mold half.520’ locks
15 into place, the molding machine 500 can begin making the
new ophthalmic device(s) using the newly mounted lower
mold half 520’. The mold and molding system shown in
FIG. 5 comprises lower mold half 520 and lower mold half
520’, which can work in conjunction with the same upper
20 mold half 540 to form ophthalmic devices. The time it
takes to change one lower mold half 520 for another
lower mold half 520’ 1is 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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igfgnﬂsifZS Tpe_fast exchange of one lower nold half 520 for another |ower
" I.a 520" is further aided by having duplicate water and/or air

5;8p IS?NEZEZ shggm)ézopreferﬁbly both, to at |least two | ower nold hal ves

, _ - ' so that the water and air connections do
?g gsdgryfgch;y noved rron1one nold half 520 to the other nold hgf$ ggg?
nge one lower nold half for another. In the pref

thfloger nold 5 half 520 on the noveabl e pl aten 507, and thg Ioﬁé;egnrgde’
a |5 0" on the transport neans 517 have duplicate water and air

Eupp ies. Further, if desired one or more -heating elements (not shown) can
18 provided to heat the inserts in the |ower mold half 520" present on the
rmlgionveyorh_t')l? prior to inserting the lower nold half 520" into the
ot o { B oV Gt o B e O e T okea Jor tne. gse

_ 1 507, ecreases the tine it take r

to reach thetcopbémpmysolcdildy tredird af GPB F%ﬁ@ém°¥%h5a§ESZF%g Fﬁhf%igigrts

nold half will require, hea %n t fi t
: ! 1T Strddd 1&ackn #ngd eBREr dlowea Whohiin th
opt|nunlnDImQR?%%Hﬂﬁ%%Iﬁ? ggﬁgef but" After a fe&?cycles of nol di par?s

the inserts,wl ' [ i A
Wild £ BauidS a0l | Non tihékampe femmmdiindviar tHe MR HS! di
Eﬁnperature range.) By preheating the 20 | ower | d_hal.f 5£g?#? g%élghng
e sconveyor GIZE $He ofntketBOVRaPhE Péﬁé?nnépg?hgp S A « emoptiwum

oL ng:qe[rf)ﬁ;;ﬁgggz[ogggg% N (QEntpuee MLghag sioychese résplieagein
water and air supplies. Further, if desired one or more
heating elements (not shown) can be provided to heat the
inserts in the lower mold half 520’ present on the
10 conveyor 517 prior to inserting the lower mold half 520’
into the molding machine. Heating the lower mold half
520’ prior to mounting it onto the moveable platen 507,
decreases the time it takes for the inserts to reach the
optimum molding temperature range. (The inserts in the
15 mold half will require heating at first to reach a
temperature within the optimum molding temperature
range, but after a few cycles of molding parts the
inserts will require cooling to keep them within the
optimum molding temperature range.) By preheating the
20 lower mold half 520’ present on the conveyor 517, the
inserts in the lower mold half can reach the optimum
molding temperature range in two or fewer molding
cycles, resulting in less down-time, and less waste.
The time required for heating the lower mold half 520 1is
25 also shortened if only one or poth of the cassettes 1in
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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The tinme required for heatin i
_ g the lower nold half 520 is 25 al
k;tﬁgh¥ fgﬁne{ngoiﬂ oflthe casFettes in the |lower nold halfaafg iﬂgﬁégged
e ower nold half 520 fromthe noveab
ggsingeL Pnld hal f 520 is used to nake nore ophthalmc V$NPngeg0507’
devices ﬁa?¥em;flcgﬁgfi Lg Lg?t engodLFent of the invention, the base of
and able to transfer heat to
giftPﬁecggcggglecgrzs;te;b7lf hgmever, the |l ower nold half 5200?2 ﬁ;vggrg-
_ n , and another |ower nold half 520" i
nol di ng, and one or nore cassettes in” $he %520 are s O
, ¢ _ | lower nold half 520
changed, there is still the benefit © i
. , of a faster preheat ti h i
entire lower nold half were chan e T o e
\ ged, because the base of the:
hal f 520 will_}1apsfeethaat 1o khﬁﬂane(NInnﬁhétcmﬂ%ﬁﬂF%%%%ef%£s¥R§?{e?ogd

nmol d hal f change, one or nore of the  ca '
! : , ssett n.t d 1h [
just renmpvedifvemtithe FDe¢eHBISE ﬁﬂhﬂéﬁaoﬁ?géaﬁgégvggg?,mﬁggjbg$ihgﬁ§gg m?ﬁe

15 entire nold_h
hal f can be ?%?eggﬁﬁu %e 6 8%Ghanged tf alo adnd her mote Al fhe 6hanE&%npl d

_ onto the noveabl e | at en. agai
in the nold half-eanshe 1€hangedein tb@slphaﬁp@OH?nGF gtgﬁgfgggpé?éﬁggfisin

|l ess than 4 mnutes, nost preferably.in 1
. , lLess
tine the casséftéhéhQWdéapéecBﬁﬁFSPe¥Oyhea%?nggg?geﬁﬁFFaggegfé?ﬁggﬁggheand

Ifgggy to moughoontq, tigeq g?aaﬁﬁabesﬁhgtemaobnepm heate pFaFEPAbRY tdkes
. y e
the/lower mold haf% 520r§résc§£négg?ttgg?e MeSts+i11 the

benefit of a faster preheat time than if the entire

and

lower mold half were changed, because the base of the
10 lower mold half 520 will transfer heat to the one oOr
more changed cassettes.

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

15 entire mold half may be exchanged for another mpld 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 fthan 6 minutes, more preferably in less

than 4 minutes, most preferably in less than 2 minutes.

):0 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, jower mold half 520 ready for use
25 present on one of the conveyors 516, or 517 at the time

the lower mold half 520 1is ready to be removed from the

moveable platen 507.
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ggﬁig;gPLySEEE’ologﬁ; g?|?h2aign220;hre?dy for use 25 present on one of the
' e lower nold half 520
LfgfgﬁdSB;Oggagg oveabl e platen 507. VTN-424 31 Prof or abl y {he oveabl e
. _ ower position (as shown) during which
is open and a closed position in which the i i g which the m d
520 contact the inserts in the u e inserts in the |ower nold half
; pper nold half 5 540, and t h
inserts on both nold halves form the caviti [ whi ogether the
thernoplastic is injected. After inj avities into which a molten
for cooling of the parts fhe nDIdIRJegi on and about 0.5 to 1.5 seconds
: . , al separate as air f i
ejector gaps in the upper nold hal f 10 ir fromthe air
! . pushes the front curves db
curves onto the inserts in the |lower nold half an ack
520. Th

?gz ﬁg?degorgr nop g hat §b BP0t hevmoveabhe @ééﬁeﬁoépgigﬁngﬁga%gaﬁég Péatgn

ns curves are then renoved fr. | n
preferably viewer rppsttiTRe (285 SHPEP rpg&l%§L3%H?? gﬁ%ﬂﬁﬂ?ﬁﬂFngbgéag|G, 6

shows in detail a rtian : r:ef : ‘W et g ;
and t he pref%?éea ggﬁofg g%%}%?ﬁgpﬁgbg?{%gi T?igﬁﬁSQHtimﬂ@Iﬁ@enﬂ@wﬁﬁe 500,

ggf and an ge0d OhaAFMBRO0L0B0BCt ThBEr HBEET 601H06€§C8§§e%2%§g5[$Ql?21’ o

ol 8 hal | S4biand e oSS Nt S30CEFe oner ae. show sEvanortne upper
_ _ pen as shown i

The robot 600, goves herkezontiakby whithe eppowilten dFP@é@PbEag&SE5f%fﬁgda?éa

between the [ower nold hal f
injected. - After injection and about 0.5 to 1.5 seconds
for cooling of the parts, the mold halves separate as
air from the air ejector gaps in the upper mold half
10 pushes the front curves and back curves onto the inserts

in the lower mold half 520. The moveable platen 507 and

lower mold half 520 move to the open position shown in

Fig. 5. The molded lens curves are then removed from
the lower mold half 520 preferably via a robot. The
15 preferred robot is shown in FIG. 6.

FIG. 6 shows in detail a portion of the preferred

injection molding machine 500, and the preferred robot

600. The robot comprises a connecting rod 601, arm 602
and an end of arm tool 603. The robot 600 moves
' o 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 petween the lower mold half
25 520 and upper mold half 540 when the lower mold half 520
is moved toward the upper mold half 540 to form a closed
mold. In the preferred mode, shown in FIG. 6, the robot

600 1is a direct drive robot, that is, the drive
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25 520 and upper nold half 540 wh
en the ower nold half i
;EgmzpfﬁrFrgidGhalf 540 to forn1a closed nold. In the p?é?elfegvxggetomard
VTN 424 - 32 : Lhe_robot 600 is a direct drive robot, that is the driv
VTt P Lo Gl 1 L1 rokel 1 s g and o eipcne T
Ve: at en . Through gears an
ﬁb?i%oﬁtr?rk and plnlon_nechanisn1(not shgmn? t he rogotrﬁésggble c09s:
hori zontal ly, that 1s, it roves 5 [n betveen and out of the mid halves
o , spectively. The robot is sh i nsi
(0 open 15, &7 Dlveen T, b i 523 et ot el
i zonta into positi
hal ves, the 10 end of armtool 603 preferabe is lgmeiehoglggémeen hae o d

surface of the | - > to the

whi ch noves Pﬁgh%ﬁ Eb ég%rfggl5283&3§OEESMMESbyHVa@anﬁoﬁ&t@ha r‘%&b,

i T

'3 Comect sdyke meraciain ourceeghit. SHOA o then ‘CAE TACOIM o act 1 v c
620. When t h&akadfihg sCadSict Pyt gg a;llﬁgacqpnéﬁ@-(:bﬁﬂﬂoﬁf relo@ aniaouutm ekt ender

end of armtool 603 noves ggmn Vi a

ext ensi on of _t : . .
ej ect ed frgmst}ﬂ%ri)VaEHélmr%bQ”w"e&ZQ’@rWorttmlsl-‘ftrl mehdhelPendés Br e

of armtool GG3 peZE’ZLaEFJ,x_?@Q%'u&uﬁéP GEﬁet c%e?@%]rg%g%%tginﬁihcetrgéﬁ?émma'he end
source (ot i) WNENLEGErL Ak tpmvbe misi) s P
stationary qugi@@ldh@abﬁe54®plﬁheepgb@tb@ﬁmﬁﬂﬂl@%%Q%ﬁé¥mﬁ£ﬁéhﬁalf
540 and lower mold half 520. After the robot 600 moves
horizontally into position between +he mold halves, the
10 end of arm tool 603 preferably is lowered close to the
surface of the lower mold half 520 (as shown) by vacuum
extender 620, which moves the end of arm tool 603. up and
down. The vacuum extender 620 is connected to a vacuum
source (not shown). (When the vacuum 1s activated the
15 end of arm tool 603 moves Up via contraction of the
vacuum extender 620. When the vacuum 1is deactivated the
end of arm tool 603 moves down via extension of the
vacuum extender 620.) At this time the lenses are
ejected from the lower mold half 520 by the air ejection
20 system. The end of arm tool 603 preferably has cups 604
which are connected to a vacuum source (not shown) which
is activated to pick up the air-ejected lens curves (not
shown) . When the lower mold half 520 moves toward the
stationary upper mold half 540, the robot through the
25 preferred direct drive mechanism moves out from between
the upper mold half 540 and lower mold half 520, and

transfers the front curves and back curves to another

robot (not shown) for proper placement on lens curve
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25 preferfed di rect drive nmechani sm nov
es out from between the upper no

23L5e§4?0agﬁoiﬁ2$r nggth?lftSZE, a?df transfers the front curvespgnd baLg

not shown or proper placenent on |
VIN-424 33 pallets (not shown) siml i inthe pr

_ , ar to those described in th i
art. Due to the thinner lens curves and the ai j i le tim
of the present inventionis 5 less tha oeonde oot o et o Sy 1 e
n 6 seconds, nore preferabl
:Egntﬁnéefgngzkegnsonostfpreferably from2 to 3 seconds. ?he cyclg L?ﬁz is
go froman open nold, to a closed nold and
gﬁ:ggggL?é Lglgnha:ternathye enbodi ment 33he nold of this 10 invegﬁfgntajﬁﬂ
al ves and/ or changeabl e cassettes can be d

contact |enses by nmethods described in the i e

_ _prior art, such as in U S. Pat.
?hrgzéﬁggdﬁggﬁt(éﬁ?ééﬁ%?iEgg?%p?r@ﬁgqlagrmd1ﬂnosdeﬁesent@edTh@rﬁﬂ%s for

( i ( irst and second nold halves at le
?Larh;fhle;g?ngﬁzeﬁzmns?rts Bor form ng contact lenses. It is pre?Zﬁrgge
t at nsert used to Kk ac on enNSnids tHransnmssi

radi ati on for poﬂ?ﬁ%rlyﬁtlBﬁeoftgagg?gac?Fsg anﬁﬁfg u?gg to naigafﬁ;veoto

contact | enses. [ ' - ; - : -
enbodi ment , getsjﬁc%i'ér@,bl @hiknseydldrmtemnkal of wehe desoydrded 1ndBHFE O Fot St hi s

N NC N g F SR T
Inserts for fégég{lsFOQESC%og%n%%%fé@@%ﬁyfQH%hHQZCO@taCBeconzg. gge
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 W0/98/42497 incorporated herein Dby

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

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

readily changeable and can be used in different
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25 lenses, all the insert i .
' s will provi i
the contact |enses. The nold halees de for optically

nol di i

VThShgg eygienlggg_are_ readi | y changeabl e and can be used in different
compr i se a base mﬁ!natlons to produce many SKUs. The nol d hal ves can

conpr.: se a base W ;ﬁh can take the shape of a frame, support, plate, or
can be pivotly & hine gassettes are renovably attached. The ﬁnld haives
can be pLuol Y Sl mge h or can nove apart horizontally or verticall I n
7ol ds pref er abl 'IIIC the nold is gsgg to form contact |enses tKe

of the contact ylggsesnSESQ;?gegeeaifr O e ejection
fromthe inserts can be acconplished LsréOEL?ﬁélon of the contact 10 | enses

water. In th oﬁﬁ?ﬁ@fﬂ@ﬂsnﬁdepandMGenmﬁmweﬁﬁugsg_'@Q?dﬁggéaﬁéégggﬁgénigF)

chip or the I1ke, may be

. : ke, pl aced .onto_each_,ca t i :
whi ch |dentiéomprine 5 BpAE e oRtT cééklgt e et i ror v
described inSEBRRE I’eﬁtllar%% cassethesiikhi xoprefiery ethenbsarRERES i Fully

Iy Tiled U S. Serial . ..09/ "
rAgFZ; 2; g: fg%e:l-lgﬁga%?gkangaahdd. Chaﬁ@éov’é?hc}%vfoBfgggg?ép%r aﬂt\%d&%g? 2in g b
: _ i ng_machi ne r SOl ] [ ’
fﬁQEﬁ;Lﬁs or hiagerves® nplt Sﬁvﬁhi Eﬁ%ﬁﬁ?ﬁ%%%ic SE€?§£2V§EMQGBéEY-mh|Ch
i ne. ;Basgg: ON hlpioB i medfror vat wbhcht Hélecdﬁ%h‘?elisde‘f%?‘ﬁi tﬁgos & %ﬁdg it

nmol d or casSette chan i
ge i s needed. i
contact lenses, the dmof%stlg%éfqub9§ ay{P] dnet provide

for cooling of inserts or air ejection of the contact

critical surfaces of
and the cassettes are part of a

lenses described earlier. Ejection of the contact
10 lenses from the inserts can pe accomplished by soaking
the contact lenses in water.

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

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

0 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

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

the ophthalmic devices to be produced by the machine,
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25 cassette change, the nolding machine will read the identifier on the
cassettes to nmake sure the correct cassettes and/or nold half are in the
machi ne. Based on the ophthal mc devices to be produced by the nmachi ne,
VIN-424 - 35 the process conditions are automatically adjusted for the
new ophthal m c devices to be fornmed. The conputer tracks the nunber of
devi ces nmade and schedul es the next nold or cassette change. 5 Thus, while
t here have been shown and descri bed and pointed out fundamental novel
features of the invention as applied to preferred enbodi nents thereof, it
will be understood that various onissi 83s-and substitutions and changes
in the formand details of the devices 10 illustrated, and in their
operation, may be nmade by those skilled in the art w thout departing from

the spirit of t h? LRYent iQmaiSulsts t uié onmtomaeliemiiys 4domtefe TRscri bed
embodi nent t 6 anot her are also fully intendedﬁgnd ggnteggla%&%mdgeis al so
to be understoed A&t hphthhbmile adergsear &ondte netd®ari |y 'drawn to scal e.

It is the intention, therefore, tq g ted Qmldy saheduldiscatred byxt he
scope of thetd@35%% %{}?pé}%c‘f%eorftetdo% IN-424 36 - WHAT 1S CLAIMED IS 1 .

A nol di ng sy§%§ygf&y doys8cn@ oplthk@l.m ¢ devices conprising a plurality of
Y

first nmold halves and a second nold half whergin e iig,dd rstqnol d
hal ves work in 5 dBwjanctliide vﬁb{erFesglab"es&eoeﬁd S%nllﬂwél ﬁagﬁ OC{eossc%lke di fferent

pointed out fundamental novel features of the invention
as applied to preferred embodiments thereof, it wil; 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.

VTN-424



shaped ophthal m c devices. 5 :,. The nol ding system of i i i
ophthal mi ¢ devices are contact |enses. 3. Tge %Dlding sggﬁég1éfmgfgfhpwfald
wherein said first nold half conprises inserts for the optically 10
critical surface of said ophthal mc devices, and said second nold half
conprises the inserts for the non- optically critical surface of said
ophthalmc devices. -}.. The nolding systemof claimwherein said first 15
ol d hal f conprises the inserts for the optically critical surfaces of
said front curves and back curves. 10 5. The nolding systemof claim1l
wherein said ophthal mc devices are eiegged fromsaid first nmold half or
said second nold half by at |east one quse of air. The nolding system of
claiml| wherein said 15 ophthal mic devices are ejected fromsaid first nold
half and said second nold hal f by at |east one pulse of air fromeach of
said first rpiAl he$ fChhHIERi HSsecond mold half. - 37 20 1 . The noldin
systemof claim.~ wherein said inserts in said cassettes are cooled °
indirectly. . The nolding systemof claim3 wherein said ophthalmc

devices are renoved fromsaid inserts by 25 water. VIN 424
| . A molding system for forming ophthalmic devices

comprising a plurality of first mold halves and a second
mold half wherein each of said first mold halves work in
5 conjunction with said second mold half to make different

shaped ophthalmic devices.

5 ~ . The molding system of claim \ wherein said

ophthalmic devices are contact lenses.

2. The molding system of claim |\ wherein said first

mold half comprises inserts for the optically

10 critical surface of said ophthalmic devices, and said
second mold half comprises the inserts for the non-

optically critical surface of said ophthalmic devices.

4. .. The molding system of claim '3 wherein said first
15 mold half comprises the inserts for the optically

critical surfaces of said front curves and back curves.

10 5 . The molding system of claim \ wherein said
ophthalmic devices are ejected from said first mold half

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

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

from each of said first mold half and said second mold

half.



- 37 -~

The molding system of claim 3 wherein said inserts

20 1.

in said cassettes are cooled indirectly.

Q . The molding system of claim 3 wherein said

ophthalmic devices are removed from said inserts by

25 water.
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