; €3eAAD JNM“MW“NW“M LM C DEVICES Field of the Invention 5 The present
|nvent| nerally to a nolg and/or a nol di ng machi ne for making
opht hal m ¢ dgywhges. More particularly, this invention relate
a nold and/or a nolding machi ne for nmaki ng opht hal m c devi cemwﬂmm@mmm,m
stock keeping units (SKUs). 10 Background of the Invention U
5,702,735 to Martin et al., the entire disclosure of which is heﬁéﬁv
i ncorporated by reference, provides an apparatus for nolding polystyrene 15
| ens curves, i.e., front curves or back 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 tinme, whilMOED MMOBDERG S$YSTEM AND rMOLPING IMAGHINE CHQR MAKING
accurate optical quality surface p rene is provided via a hot
runner systemto a plurality of §3P§%é§&39i§b¥§%ﬁsa nol d used to nake 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 structur t v s each convex surface includes a holl ow

cylipdrical bushi n r V. r in, h may

?ﬁttuﬁe%\#ﬁeg 4%§1@063F rLNSELL TRUALEANEIST O b §

be changed so tha
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
10 and accurate optical guality surfaces. Molten
polystyrene 1is 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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prescription strength of the contact lens to be forned by the | ens curves
may be varied. In a first enbodinent, the power insert includes only a
convex surface at its operational end. In a second enbodi nent, 5 the power
insert includes an annular flat surface surrounding the convex surface,
defining at the junction therebetween a discontinuity of curvature, which
inparts a sharp edge to the front curve forned thereby. Cooling water is
punped into the core of the inserts to cool the z0 inserts during the
mol di ng process, which conplicates the précess of changing the inserts. The
power insert may be constructed of various materials including pure steel,
brass, copper chrom um or cobalt-nickel alloyed nartensitic steel. The
power insert paysheipadtced stitdndth acSuthacedrenpert ofems ckel hehosphaedor
silicone oxide, or chrome nitride. These | ayers may be turned to their
proper thi ckn®¥seshnd HhensFonéehy BranoRE clietérd: and ey mafibet

thermally hardepetintn® Pehe Nowd:r SGhA 1 AR YAAGN LS Bbifex: O
i ncor por at ed by re#erence, I'scl oses another prior art approach to
manuf act ur i ngsherfisceurtes.t sPunrsuatti dna 1t gl .pr ilor arteappt oagbodihent ens

curves are nolded as a set, of eight l.ens curves carried o franme_.in a 2 x
4 array. FIG tgeof ptot‘iqee]ﬁ_arlsrbsne%at eMtCiYdaTst r3dt esaré{“f”r"o‘.‘\]i:ledtn:'ff‘it f ra%bEe&fr yi ng

a 2 x 4 arrays@troonedvg fonentcoewesunttides G idddhertei ths hpuscaisnl ded
frame carrying a 2 x 4 array of back curves. The cluster assenbly of the
frame and | en§heGrPesies tngn HaGAmted U Yi ifjfe G40 WM 42¢hich _impagpfdi ng

the assenbly as . Qne iR Wd e Jans Gurves: Hsidg Saounsd W Ehin; 4

outer rectangular frane by small struts extendi ng between t"he frane aﬁd t he
| ens curves. Whéeheiightpwipeadhe nftoardhel sogch ft Hate theenirS doescodl Sthae
Iensocurves ar.e grgtected.froqgscratgggng and nechaniﬁal damage dur'ng
han&ling, andTRE™ Fan%ufhn%enéfhlmﬂ sﬁgﬁgﬁﬁﬁﬁlﬁ éfpndu% a%k?% ©3nd
handl i ng. Thi shprigdodsds appr eaahgohgmeh@ nigh sdieds pol yaky e d enssedtves
in a cluster assenbly typically takes 10 approxi mately twenty-four (29)
seconds, whi cleYs RoCPBAGTEEFEhETefa 1T PrEBELETE DN 1HC TR PoPYERY T ene

llens curves. LRckhi s grdd, abbpSPPr 8REHm i GAMPLeMIA I S8k af 41 0He8gnd
back curves are used in the production of 15 hydr ogel contact |enses by

"nol di ng a r eaBRrsRNFILLLGr & taedr-ei TRMNEPPVKE uiBSEStpmafelgblgpadistobied in a
o IUeLS, YRS AGRNLA, SO o SO0 AP LA, oot e
concave front catpwmes @feride. These layers may be turned to their
proper thicknesses and dimensions by diamond cutters,
and they may be thermally hardened.
U.S. Pat. No. 4,565,348 to Larsen, which is also
20 incorporated by reference, discloses another prior art
approach to manufacturing lens curves. Pursuant to this
prior art approach, the lens curves are molded as a set
of eight lens curves carried on a frame in a 2 x 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 1is manufactured by injection
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' z0 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

pol ymeri zabl e m xture in the front curves as individual units; therefore,
prior to this step, the back curves are separated fromtheir 25 franmes by
breaki ng or cutting. The back curves are preferably held by a nechani cal
device while they are separated fromthe frane which thereafter places the
back curves on the front curves. The reaction m xture VTN 424 g _is
t hen subj ected to conditions whereby it-pélymerizes, e.g. irradiation with
actinic visible or ultraviolet radiation, to thereby produce a polyner in
the shape of the desired hydrogel Iens. After the polynerization 5 process
i s conpl et ed, mbheitygo Hrensassenieky aae sapamﬂ&nb(nathedhdem@nﬁrmprves
typically leaving the contact |ens in the front curve, om chlt

subsequent |y BPLPPaGEFR IRy BRe FI 6 a?r‘?d:ad%%(lac’ijr - nce

to mold a singlteyeanteddle@nS HfthRierf Nend Of POhY MBRHZ RO dry %mése the
diluent is displaced with water to produce a hydrated lens. U S. Pat. No.

5,782, 460, andTi® 987i4049708i $bkosferamaret hogush rﬁkamgthydﬁ@gélace@ntcaﬁt

Ienssbyrml ng ter] al ich _ha | yneri zed, but, i.s. at |east 15
partlgal |y uncg%ssl R &d V\A]']talgve\ghreaurseabﬁproec e% %(;ss in Cfrnagtco}}lrfqﬁe %% ymer

is by W radlmébnanltberea@megethﬁnnfn{g:l Gﬁm?dlitrﬁg of aadUVtper neahe in
material, such as quartz, or ynmeric_materials. One or nore contact
| enses can be9RDBFEEY hﬁsea'ﬂ:hs}h%?%l fa6ili%pting, spacking. andigndEing. Kok

et al., the enphig discbesung ofpuhbghnI %f‘eﬁ%ﬁﬂlln@coéﬁeﬁatp?@lypé’t reLgLence,
di scl oses an arrangenent for manufacturing goods, such as corrpact di scs, by

i nj ection nol &eng, praasmeeh ngra \er tdlastem; @S I di yrjt aeelchy netd ke udi ng
g0, docs gblakiaupRgy LAPLAGS, O T ALt gt
pl at es defi nelangavﬁctxy, thet o= fhi clemmt prbdlick$onnjett edchy ddiey stnyeetéon
mol di ng VTN_4Eens 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
b20 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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- 5 machine during operation, so that the particular nolded good is
formed, and a second position, in which the nolding plates have been noved
sonme di stance apart, while the forned good is being renoved. On each side
of 5 the injection nolding nachine, transport devices are provided which
nove the hol der and nolding plates froma position |ocated at sone distance
fromthe injection nolding machine to a position suitable for cooperation
with the injection nolding machine. The transport |0 devices and the

hol ders are detachably coupled. It is al$o disclosed that a hol der may be
provided with a new nolding plate at sone distance fromthe nmachine while
the machine is in operation. For exchanging the nolding plates and hol ders,
it is only nesessany swoikctddryge tbntheihobdehegeppyoritti ngolyee nbtes ng

pl ate used so far,,and to_pove the new hol.der_and | di ng ate jnfo

posi ti on. Tthgrypérﬁ?déQEﬁaﬂgeW%ﬁ%rnﬂQﬁlﬁ@cblXﬁ@%bggov?ﬁe§yi%ﬁa%ﬁﬁt?Ek and
simpl e retookbRgathiche MNidHdHy theodnts MBoDiméhe i hnjteet iy gl gEng
operation. There is a need in the art to inprove the nolds and nol di ng

t echnol ogy f&hema®¢agrophtiivdandeldedpbss, padtiegul Bhpy PokyRpht fal bk
devi.ces with t gk i ni ( T r.m." st o Lhg

uni tss" r ef erEg?’ggS?f Tc’%rent ee\r}%cdés,é% g&%%?gﬁeﬁgrﬁgdfoﬁ;ﬁ%&@
exanpl e, cont(aetl leensdsndiadnmg di £ypieall poderyingndiloe cyhitader slemsl/ or
axi s val ues each gonbinat%on of _whic moulggr€$resent.a difgerent SFU, each
SKU bei ng manllf abfGr ed 88 FngCHr P Fer eht ol WO a Wi fer HEPSARRSRYY - 6
orientation gf sbhgceal ds 9 idialifier emte rFeaGk @ dMbddK esiMddidrd hesgel ds.
SUMVARY OF THE I'NVENTION 5 This invention provides a nold and a nol di ng
syst em conpr P8FRg &onolmPlebnpr i sshyoke fi gentadtd hars.whi chiieks ke

conjunction w ad. o f f or.mi.ng | m V. erein
sa?ﬁ first n@%ggﬁgfiggg%gpiség ggkﬁggg%hong%%haﬁggggpg g%%set é'@%%%@ising
lo inserts feodithowaitryg sai gdrophthabknhgddevedesendhis nold can be used to

0t omat ed ol 01 ngOngentas. Nere Sprarerary T A oty i Sh FETHA TE mchi ne.
This inventigathsdpref enakligussdidaydrakeoh enst CUevee sWihghmdidanhg ia turn
used to make contact | enses. ,

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.

20 U.S8. 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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This invention further provides a vertical injection noldi ng machine
conprising a nold, preferably having at | east one cassette, in which the
machi ne can qui ckly change one nold half for another, and the ao machine is
capabl e of maki ng ophthal m ¢ devices. This invention further provides a
nmold in which two different optical quality ophthal mc devices are nmade in
a single nold. The nolds and nol ding system conprising a nold of 25 this
invention make it possible to quickly change the optical characteristics of
t he ophthal m ¢ devices, which are produCea tusing the nolds of this
i nvention. The nolds conprising one or nore cassettes nmake it possible
VTN- 424 to qui ckly change the cassettes) thereby naking it possible to
efficiently nmkehopht lWalnfing dene st ot t hsoranyast ddle keepi g et t solekids)
using one or a sgall n er of nol.d hal ves conBris'na changeabl.e ,cassettes.
PE paTti e

e
5 These nol ds98 Wy 80t &t PEFCECT eBPFYEOF™1 ndi T et hr §difeci ng

contact |ensegohavhgyd pRAYesPhesvEalpVepyveas PReMeCalipeWRES Okpart,
mul ti focal powers. Accordingly, it is a primary object of the present to

invention to phévird&han fiorpresy e@oriolid &ed NeplThnRy st R conphi 8iAg @l d
conpgi sing a thst 'Hi!egti‘é‘hf rﬁé‘ﬂdﬂlfie%i@,‘j Q@lafns\g&%!:ce' He%ﬁ'c.%sf' l§le Mol d
hal f "conpri ses at T eS8t “one c angeabl e cassette conprising multiple inserts
for form ng ophbkabetc wiéwvhceoveThdef ihcdidenrplathdl Sndiad finanell 4 bes sécomd arol d

hal f dj ustabl e wit t .t h ot her bet irst ition, i
i cht he bl BORAFYES 1 bPH G ROIAF Ca0TEy THYG-URT Cif SPaboPl af"ean o has

been introducgd189nas MaxHiatdn a8l dedh Opit fsd Msgidevileesor@ndodpsee@itén
position, in which the zO nold hal ves have been noved sone di stance apart

preferably whii&hnmeshs aiBIpFE¥PHed™PofiPempVRARIPRe nol BeE opRERERAL:
devijges. One gt}?g'e%:a%tncpftﬁ@ehbﬂﬁ@?g' %'}epr&a/&éj@éa@l;ﬂg{:gug%é.conglé' !9

one ‘or nore changeabl e cassettes having 25 Inserts t are cool e
indirectly; thésebyimalkiosgd ttieasierhe¢bdeempey bed prmtvédeldangeth he new

cassette(s). Another enbodi nent of the,ipventiagn inproves the renpyal, of
t he nol ded opWPEgll&gc Fri?ll;?/'ieceggf roms hglﬁgfﬁc% Lpgy Ehe Cmachine While

the machine is in operation. For exchanging the molding
plates and holders, it 1is only necessary to discharge

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

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

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

manufactured using different molds or a different
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_ g _ by providing an air ejection system In contrast to prior art which
used ejector pins, air ejection does not distort the ophthal mc device and
for the preferred enbodi nent can be done while the nolded ophthalmc 5
devices are at a higher tenperature. Another enbodi nent of the invention
provi des a nold and nol di ng system conprising a nold designed such that
either one or nore of the cassettes) and/or the nold half or hal ves
conprising the cassettes) can be changed 10 to provide for a different
opht hal mi ¢ device or devices, that is, different SKUs. In the preferred
application, the ophthal mc devices fornmed using the nold are front curves
and back curves used to nmake contact |enses. The front curves and back
curves are prefteeabbyionl déd the andlxds f api Hy fekdhtamreangarventni i cds means
that both nold halves of the nold include conplenentary inserts for formng
both front cuf¥E8iBndhBalR1€8rves (convex protrusions and concave

i ndentations). One nold half preferably conprises a cassette having inserts
for front zo curves, and anot her cassette having inserts for back curves.
In this enbodi nent, only one SYMYARY OFh)Jdfs INVENEIONanged to change the
fron{ curves and b@ﬁk curves, .or one C§556tt60§§ tgg nmol d .hal f can ge
chanéed to change ei'tfer™RB FPBNPIRUFTEE, 2o p&cR I CuAV &SP ded® 28 by
the nol d. Chapghpeisnggmd dmBakf esmEhasiidgat hei esssaiciel Whkh Fechangent he
front curves and/or back curves and will result in_the production of |enses
of different 'SREESpiBdGERALOSEAGNt Héthr nttecondedodrld Neadk Tk VierrmisTet 424

_ 9 _ This aréﬁﬂﬂﬁé@mci S RS e, JRecayse Oml ¥g ong Sukf acg,eh the, {gont
and back curves has an optically critical side whereas the other side is
not optical |l ycomptrisak. athudeast tdree opthiacwidapleri chsattse dermfrihengens

curyes 5 are forned by the changeabhl.e cass side of ihe d,_ the

opt¥ al char act8rfsti ¢S of XhEY eﬁ?”éhrgsgg%%ﬁnﬁ% %%gh%%%'mF?%BU %%%%ging
bot h si des ofciéhe vl dsednabheafialaspephtbhlinie iduceiddon hswkoeprovidesan

i njection nol ding device or machine that is vertically 10 di sposed to form
opht hal mi ¢ déV?%gs}spPéFé?éBP}YugﬁﬁS 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

VTN-424



the mold of this invention in the nolding systemof this invention.
Vertical injection nolding machines require |ess floor space than

hori zontal injection nolding machines. Further, a vertical nolding machine
is easier 15 to conbine with other elements of a production |ine. Another
advant age of the vertical injection nolding machine is that at |east one of
the nol d hal ves which noves vertically when nol ding can be noved

hori zontally by transport neans, and replaced by a new nold half in 20 the
vertical injection nolding machine sinply and with very little down tineg,
maki ng nol di ng nore econom cal and efficient. Another object is to provide
an i nproved nold for making front curves and back curves having the sane
wal | 25 thickeesgasckaly tbrafigontticir vasaed thack cuhéeebyTNndRing -i40

BRI EF DESCRI PTI ON. OF THE DRAWNGS I n the draw ngs, wherein |ike reference
numer al s deIPﬁééﬂ€l§inFPareﬁféﬁﬁﬁﬁ%lYhﬂﬁﬂﬁhoﬁphgﬁél§é§er%FV%Féﬁs:WSthIG. 1

is a side el guatiopabeyi queofind fEONs CYLKE AN, ALK GHEVEASENDhy] 1 Whi ch
i ncludes a fron curv%, anégﬁg%k curJ%.qFleqZ Is atop view of a first
mol d hal f. 10uRb@&r i snaldrbsiveectiopal singwebhngeebilier stasmadttdml f shown

in EIG 2 taken along.the line 3-3 showm .in FIG_ 2 15 FI 4 |s. a
croés-sectioﬁgﬁsﬁiemg$gsa %5?d5¥%%ﬁ$¢1?%mé 5ﬁéﬁe§OS%PFon$if%S£§¥Idor
consists of thaisaaelfirsbroaudihgl f sbavactn Fléns&s anthavsegondmanid
half. FIG 5 is a nolding systemof this invention zo conprising a vertical

i nj ecti on noFBNAGIFELHI NROHPLE hi s 3SRPERECER aRPHi®er cRangeabt el hoFal

hal ves. 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 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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FIG 6 is an enlarged portion of a vertical injection nolding nmachine of
this invention showing the 25 robot arm FIG 7 is a top plan view of each
of the components of one enbodi ment of a nol ding systemof this invention.
VIN-424 - 11 FIG 8 is a top plan view of each of the conponents of a
second enbodi nent of a nolding systemof this invention. 5 DETAILED
DESCRI PTI ON OF THE PRESENTLY PREFERRED EMBODI MENTS The nol ds and nol di ng
system conprising nolds of this invention can be used to rmake ophthal mc
devi ces, such as, contact |lenses, interocBlar |enses, other types 10 of

| enses, and plastic nolded parts, e.g., lens curves used for making contact
| enses. The preferred use for the nolds and nol di ng system conpri sing nol ds
is to nake cobyacirdenstsg ah phost egernlidad ppstanf or Dphtdeatractdevioces,
nore preferably plastic nolded parts for meking 15 contact, | enses, nost
preferably | eREIOHr ¢&. "HEMBISES £IF TRAMIRIG Ty & THHTIST ndPHDI BStwi | |

be described bopebhe PEgEersad pabAd: Melyi OWRYRS | coll SthavepLLeBrkS ot

limted to the enbodi ment descri bed and can be nodifi ed and used to make
ot her opht hal ginbodévienss. cBor 6 edanpl ewhihe nbhd andldeddi aghstysimmc

i si I ds .of this i ion with ch bl ld hal d/
changeabl 6 CaSSAires B4k Bb s8ao06 moFHCGONEACE | enses by methods

described in the panethakt empdeimasti bfU.the Radvert i, hed bdsls VI/ 88142497
i ncorporated herein by 25 reference. To make the_contact |enses, the nold
hal ves can beaﬁidvétq]ﬁlﬁigng%ﬁtﬁtﬁ“t‘émlﬂf“i h®sBolgf desic@sd |s1¢hethat

preferred embadicpeat 4 he gpl dand §pl dhag SysdaMLQPrbsing:"UHls hs1Wsed

to form"lens curves", VIN 424
half or halves comprising the cassette(s) can be changed
10 to provide for a different ophthalmic device or devices,
that is, different SKUs. In the preferred application,
the ophthalmic devices formed using the mold are front
curves and back curves used to make contact lenses. The
front curves and back curves are preferably molded in a
15 "family mold" arrangement, which means that both mold
halves of the mold include complementary inserts for
forming both front curves and back curves (convex
protrusions and concave indentations). One mold half
preferably comprises a cassette having inserts for front
20 curves, and another cassette having inserts for back
curves. In this embodiment, only one mold half needs to
be changed to change the front curves and back curves,
or one cassette on the mold half can be changed to
change either the front curves, or back curves provided
25 by the mold. Changing one mold half or changing the
cassette will change the front curves and/or back curves
and will result in the production of lenses of different

SKUs produced using the front curves and back curves.
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- 12 i.e. "front curves" and "back curves". In the prior art |ens curves,
i.e. front curves and back curves have been referred to as nolds or nold
hal ves for naking contact |enses. The ternms "nold" and "nold hal ves" will
not be 5 used herein to describe the | ens curves although the | ens curves
are used for nolding contact | enses. The terns "nold" and "nold hal ves"
will be used to describe the nold and the nold half used to formthe
ophthal m c devices (e. g. lens curves). |0 FIG 1 shows the preferred |ens
curve assenbly 110, the individual pieece$ are made using the nold and
nol di ng system conprising nolds of this invention. The nold and nol di ng
system conprising nolds will be described below. The |ens curve assenbly

110 consi st sThi Ofafrifigahestir Yo Fbokand Hackecaiye dadywhircdh debicpes an
opening 113 in which a contact lens reaction m xture is polynerized or

crosslinked ©& figidn &reBht 400 IRARK TRHEVES ORES c@ny CRT A batktédre 114
consi st of asﬁ'd@:“vﬁﬁez{%s:rﬁﬁé’o@ﬁgieggggyigo!n%% ycfépec;lecaml yoropyLepe. 20

t
cycl ool efins, or t and are made within th I rst "and second nol d
hal ves of thiT&usnverf itdre (aesicrda Bed deltovdg ]l priefes abf ythen bens ngecveen

nol di ng machi_ne. The frant rve. 112 a back curve 114 ar imlar to
t hose gisclo?é& éﬁajﬁﬁé YngﬁﬁeCBFPS?agg? FSsﬁ§E56c3 §cf”§5§W%n@8ig'for
exanpl e, as descropedchdd UndralabriNesicd, S4b, 866, lidmor parated gl eba by

reference. The front curve 112 has a central curved section with an optical
qual i ty conc&Vengeck addhrid whisgly ipgebsitdbisydras of VIR medd. - 13 circul ar

circunferential defj d tendi n o] .+TIh ve_surface
119 has the di mn%ngﬁgl%rgr%%%a I;g/))ft he pog\g&ggﬁgﬁeq’%ﬁoﬁ- ?urﬁ‘qg% o] ﬁa
cont act | ensitngepe ipmoduckding theitensrassaaiine 1tBath iEhevérontatliyve has

a preferred thicknes etween 0.2 nd 1. m _nost _preferably the

t hitkness i s A58 6 ﬁn&ﬁ¥ﬂ% 888%“%3?68 f%ﬂﬂﬁ%§”a EéﬁFFgﬁgggrvgalggction
with an optieale gieald tof comvexi rsedf@iem L8, tHhendBting os es e dA4thas the
di nensi ons of the back surface of a contact |ens to be produced by the |ens
assenbly 1101n¥§@tE08 - f oV eB 67+ c1PaRstdeni HEd ARG MAGHRAS pbagRirThe
back curve 1%%5@3 Jy.ef egsgﬁ%ob[gme%om% O.J-gnm@ﬂgn 1.rgomn5rost

preferably the thickness
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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15 0.6 nmm It is preferred that the front curve and the back curve have the
sane thickness. The front curve |12 and back curve 114 each conprise
annul ar flanges |15, and tabs 117 which are integral with and project from
one side of the flanges 115. The front curve 112 and zo back curve 114 are
shown having gate vestiges 121 which sonetines format the gate or
injection hot tip, which supplies nolten thernoplastic in the preferred
enbodi nent to the nold used to formthe front curve 112 and back curve 114.
25 The inprovenents to the front curve ah¥ back curve of this invention
over prior art front curves and back curves, e.g. as disclosed in U S. Pat.
No. 5,545,366, include a reduction in the volune of plastic used to VIN 424
- 14 formthe front curve aBRIBECRESGRIBTIPNcOFcBHEL PBAWINGSut eri al mas

hi eved by reduci f the tabs.117. . and the fl 115,
o1 of 1 ably.t he thi BRNGLE OFETHEFTont URIS ahif backt AVE S o "WHERES | o

less than 0. §dminadk tdignisiae diimdtid) drgtmighdiMeshe seliidhar vitdies :
preferred front curve and back curve of this invention do not have an area
across fromthe injection hot tip for collecting a small slug of cold
thergiopl astic whi Gfdrey, fog m,ak; 4RE chlyethioaR1NQL ) dd Py IDEAPr elgree

tabs have a fl at rounded triangl e shape wi thout a step rea up the flow
of the pol ymemd nbackheunwled. asTs’rmb/]m,gmhmht tnet:ﬁmgjt-:astal cfmxed taxfver,m t he
front curve or %gk curve is preferably Iess than 0.5 gm nore preferably

| ess than 0.4 Tst® 15 preferably less than 0.3 gm The nost
preferred wei ght represents a reduction of about 25 $ as conpared to the
prior art front curves and back curves. Preferably the conbined weight of
the front curve arfd®ack lcurady&ars Mieys athan fgratgmoidndegdet edl y, by
redycing the weight z0O and volune of the thernoplastic material injected to
make the | ens curves, by decreasing the thickness of the part and the size
of the tab, a redU£m3on3ihsthecmpBSeabcqmahhﬂyvdbwthﬂfﬂﬂumtfhndtbm@&dburves
did not result.. In fact there wa rovenen in.the of t.he 25
front curves b%}&?(wrbuf’{}eﬁg\mi ﬁﬁi‘%? HronF ¢ B ?oﬁ‘tln@u%fés ﬁwBa&IP
curves havi ngrag | arger weight and vol une of thernoplastic nmaterial and made
havi ng steps, and other nolding features to inprove the part quality.

VTN- 424

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 1is a molding system of this invention
20 comprising a vertical injection molding machine of this

invention and interchangeable mold halves.
FIG. 6 1s an enlarged portion of a vertical
injection molding machine of this invention showing the
25 robot arm.
FIG. 7 is a top plan view of each of the components

of one embodiment of a molding system of this invention.
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- 15 Further and al so unexpectedly, |enses nmade using the front curves and
back curves having the sane part thickness, e.g. about 0.6 mm produced

| enses having increased | ens quality which would not be predicted by 5 the
prior art. Prior to this invention, it was believed that the back curve had
to have a smaller thickness than the front curve to provide high quality

| enses. The front curves and back curves of this invention are preferably
made using i nproved nolds and injection 1o nol ding machi nes, which will be
descri bed bel ow. The inprovenents will -béldescri bed herein; aspects of the
nmol d or nol ding process not described herein are as described in U S. Pat.
No. 5,545,366, and U S. Pat. No. 5,451,155, incorporated herein by
reference, or 15 ofberwsseskaowapt @lanperisan odf camti mar cisKiddmpohdes art .
FIG 2 shows a_top view of a first nold half 20 _used for nnlding front
curves 112 an8fbatk S&HAEE ERROAAMENS| ngt e HroM@Ll9dPRe PYEFEMY Bt notRf-S
conprising the,{Lpgt g0 nold half 20 and a second nold half 440 is shown in
FIG 4.) The first nold half 20 preferably has two cassettes 21, 22
renovably attached to a nol ding base 23. Depending on the injection nolding
to bg done, there can be one rald renmovably attached
to 2% t he nol di ng base 23. Pr TALLED ééﬂ&ﬁ?I o hree cassettes,

most preferably two casset tPRESENIRY PREFEFRED @EMBODIMENTSt t es 21, 22 are
renmovably attached to the nolding base 23 by two easi|y-accessi bl e screws
29 per VIN-424 -The modstet fBI TIRENGE eSY AR giGRPRtie icws sepids onf t he
mol ding base 211 ;vhiEale anh fgst ugeak-tﬁm@%gmhmm&@e £ASSELL es can
be attached to the nolding base 23 by any neans, e.g. brackets, braces, 5
bol t s, qui ck-ghahpss, andntraghetliesuse shoveterocplefrelablsye st he theans: ypovi des
forlginple andffgs% rennv%l of tQF.ca§§§%tgs)éfr%p1tge nnlging base. Each
casSette pref%ra Ieysﬁ’gé iansder}t)éﬁ her &Pn°§ plpurré:l 'ty of "1 ns&fts X VD5

whi ch recei vegsébe rolemaplast tent@déer Lahséer t aHorpragethed! ess cfgyves.
The inserts 24, 25 are preferably individually renovable fromthe
cassettes; hohe%ePolfRe2BdsBeLHaNINGYPREBr FSMRAASHBICHREFGudFs HF RS r ed.
Preferably, eagh:£88SakheGOMR] SERab¥Rc! RIMRA Yod LT box TR IAABLEL 3D Y

four to ten inserts.
devices, more preferably plastic molded parts for making

15 contact lenses, most preferably lens curves. The molds
and molding system comprising molds will be described
for the preferred embodiment; however, this invention is
not limited to the embodiment described and can be
modified and used to make other ophthalmic devices. For

20 example, the mold and molding system comprising molds of
this invention with changeable mold halves and/or
changeable cassettes can be used to mold contact lenses
by methods described in the prior art, such as in U.S.
Pat. 5,782,460 and WO0/98/42497 incorporated herein by

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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15 The inserts, sonetines referred to as power inserts nay be constructed
of any material which can be nade with an optical finish, such as netals,
e.g., pure steel, brass, copper chrom um or cobalt-nickel alloyed
martensitic steel. Alternatively, and particularly for the enbodi ment in
whi ch the nold conprising the inserts nmakes contact |enses directly, the
inserts can conprise quartz, ceramcs, or polyneric materials, such as,
pol ycar bonat es, cycl ool efins, polystyrene, polypropyl ene, or
poly(acrylonitrile). 25 In the preferredigode, cassette 21 holds front
curve inserts 24 for formng (when properly mated with the second nold half
440) the front curve 112, and cassette 22 holds the back curve inserts 25
for formng VNe424srone1Z,r(eaen REOPBELY %&%eswthﬂqh%h%egﬁ%mépt hal f
490) the back curve 114. The second nold half 440, shown in FIG 4, has

i nserts whichlane conpkenentaryftrontheurneer 69d211>a0245 dur vielse Havestberph d

hal f 20 for formn th front_5 urves 112 back,.curve
respectively.r%ﬁér???stOmﬁci%a} %§%§bn %ﬁﬂgoﬁapﬁiﬁﬂgzﬁ%P%ﬁﬁYs of
a famly nol dlembesh nEars tHdrats rrnmld'haamd)nanctycpeh@iv@art wiiS 1Made: i e a
single nmold consisting of a first nold half 20 and a second nol d hal f 440.
Befofe this in¥edtitiEellv P VRS Hee uhbRpectsi CRaSSpt # LAPOYERI i #8° part s

coul d be "Hdearéﬂsaéua;mésy apd dysIhe %Sﬁgmn@r%ﬂr@@w P&K@éése meial
such as stainless steel, tool steel, high hardness machi nabl e all oys;
however, for ‘aarabtémnatir’venelnﬁ‘@\mlrcbrnal\&& ‘bovyherbe patdrital slowrr Bee used
to make the c sett r ef er abl i.ckel Iate t ool . steel sed to
nmake the cass Oiﬁle Q{aﬁ'%fm?ﬁg %‘ﬁ‘ggetutsg g‘f’JéIPaBW r@éﬁq}ﬁﬁ%ﬁy
bored out to a@bﬂtepemémgs Lenkgeegtvest he |nserts and ot her channel s and
passageways for the z0O cooling water and air &described in nore detail
bel %) . The casset f&S- plefBPYBI FhfePFR IPESEt RGAS1ZUEIENESS ST Yribf - art
mol d hal ves tvﬁécakha{lww@fd petuesen 100 anthid SO, PuNdsond g ¥d NG @y hoi st
when it was tine to change one or nore nold halves in an injection nolding
25 machi ne, amdldingnisystrenf comprtiyimionumesist @ thanpge theentliidnhal fThen
contrast, the cagsettes of of EPIS |nveq;|on are |J ht engug for ;81 operator

to handl e, an8°can Berenoved rom=a mol d halt and“%hang Sf or' *anot het
VTN 424 described below. The lens curve assembly 110 consists
15 of a front curve 112 and back curve 114 which defines an

opening 113 in which a contact lens reaction mixture 1is
polymerized or crosslinked to form a contact lens. The
front curve 112 and back curve 114 consist of a plastic
material, preferably polystyrene, polypropylene,
20 cycloolefins, or the like, and are made within the first
and second mold halves of this 4invention (described
below), preferably in an injection molding machine. The
front curve 112 and back curve 114 are similar to those
disclosed and used in the prior art to make contact
25 lenses, for example, as described in U.S. Pat. No.
5,545,366, incorporated herein by reference, The front
curve 112 has a central curved section with an optical

quality concave surface 119 which preferably has a
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_ 18 _ cassette in less than 8 mnutes, nore preferably |less than 4

m nutes, nost preferably less than 3 mnutes. In the preferred enbodi nent,
the cassette or cassettes represent a portion of the thermal nass of a nold
half, 5 preferably the cassette or cassettes on a nold half are | ess than
90 O of the total mass of the fully assenbled nold half, nore preferably

|l ess than 70 0, and nost preferably |l ess than 50 O of the total mass of the
fully assenbled nold half. In the preferred enbodi nent, each to cassette
represents 20 % of the total mass of thel3utly assenbled nold half. FIG 3
shows the cross-section of the first nold half shown in FIG 2 taken al ong
line 3-3 showmn in FIG 2. FIG 3 shows the front curve inserts 24, and the
i 5 back curveiitwerds 2545 tcunchasattiasl 21de Phadspeide velye Fe&teddihews t he
cross-section of the first rmld hal f 20 and a cross-sectjon of the

conpl ement ar V- EHEFPYRS d hal FT220 WRNGR WogebREFRBke the ndidd 475heri G 4

shows the mold ,ansisid NG A rd ey rsle Mk hadf &%aﬁpoﬁ@eswﬁeeoe% mol d
hal f 440 in the open position. Wiére the first nold half 20 has inserts 24

havi ng convex nébuiagt slefaces, behersdcord ol dheal fertstOahasmbhgelild .441
havihg concavg nol di surfa es. Wher e irst ool | £ 20 has.inserts
25 h52w ng co\rtﬁglzaeve%r%qglcnugr%eu aces Po5 % Jgeésec%lnc hﬁ ‘f’eﬁﬁoshasmhserts

442 havi ng cemekxl n®l finAg migrf qs:mfefratmwerﬁertadcaﬁéaegermrﬁbcb@tto.r@ut t he
inserts formng the optically critical surfaces 119 of the front curve 112,
(see Figure TY-and/or VIN-424 - 19 (preferably and) the optically

critical surfaces fhl8 gfckhe pagk qyuvenld4 (S@&qﬁ£yr%u1:)véd“ QeEIE?Lo%ne or
plurality, of cassettes which are part of the sanme nold half, preferably

the first nolwdthal &n20ptigathers irtef ef:petdem@elrftah:e |an83rts Tlor bhekback
curves are in_aone casge t d the inser r .the front qurves ar
Al % % %l rr}t Iae‘% ?’IléTﬁ% &85 %am)l Suﬁaﬁf ?)Ecz“i‘n

separat e casserte in secon
conpri se chargeald®& casset tes becomabdateg bysetiie fenscrdddambl@ndior, nonlo

critical surfaces, whi ch are sinply. and gw ckI rem)vaﬁ"jL fromthe second
I

mol d hal f: héW&veF:9i ntPhe 2preter etfhdvd eft’ﬁ% sERSnEVIdE SHal ROWAD - does

not conprise T‘?x@sﬁ@ﬁéél@%uﬂwtﬁa@ hddea ltgﬁé‘f‘éjrf@ci deiad knds£fsEahbynconpri ses
a plate, frane, or simlar support 15 that holds the inserts that formthe

non-opti cal | Wbr@tldcél Osuitiaceessf puedemeddty cireshaRUNEES( pref abablty and)
the boack curyes; Jhe 'rtscedf ﬁ%éfeé‘é‘édprt%fa‘%r@é’ FLint ”Egrkn%fﬁglt ?_he”a”e

or ‘support and are i ndi'vi renmovabl e fromthe secon
however, the barderdwsveayhaoee dﬂm igarist i ¢dneade plte, ffomecuovesdpgort if

deSIred' 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

VIN-424



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

di mrensions of the inserts 441, 442. The plate 443 is nounted onto the hot
runner base 444. VTN 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 formdg the front curves and the back
curves, simlar to those 5 disclosed and described in the prior art. See
e.g., US Pat. No. 5,545,6366, earlier incorporated herein by reference. In

the preferredorpdehd herseecoodriel dnhbaldaddOcusvgr ef ehablnedmvitad into an
i njection nol ding machine, and is only occasionally renoved for service or
10 insert rePRie&dBAt e 2eN1RERd oPYdaRdySIFeddiseSttR Phséhtes ¥k the

non-critical {gyrfacgg of fdbe fgm%é:yrv%s_At thats ot i Itetf%r@]ﬁtc}gn4€§ecan be

renoved fromithé hot runner base 444 and the inserts 441, 442
repl aced or thecé&neisse @f atéeddBramd rcnseget sarddllpadd?2 dbrwanibe seplaced.

Such mai ntenance wll typicall equire that the injection i ng_machi ne
stop produci ﬁgeophtL%’Fﬁi EC}EPé\/l ﬁeg ﬂBIP' g eF%teha%a § f £&&n ﬁglﬁgt eSS The
inserts 441, c44%eisn theusesend nohd haldfAdld zOoate Ginaledahy chaerl ating
wat er which travels in conduit 448 through the plate 443 and around the

smal | er di ametgvepeft itdhss 4 eitione daseptshaye, anqares @anpsU5Hromi nt ai n
e et S Bbgs LG | ISE LS Tt ey (LGN R okt o (o
inserps 441,cé48.uhhﬁmdgmuﬁﬂgc mecMemaylﬁdmmwaﬁothé afhjele idn nisetts on
8258” rfs:)rrriD ggp?!sf Eégi prper{?ﬁ%rns Otg]g'%lthg%el ngerfasatzllfouande XEE zgné gt the

shape without a step to break up the flow of the polymer

into the mold. The weight of thermoplastic used to form

the front curve or back curve 1is preferably less than

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

15 preferably less than 0.3 gm. The most preferred weight

represents a reduction of about 25 % as compared to the

prior art front curves and back curves. Preferably the

combined weight of the front curve and back curve is

less than 0.7 gm. Unexpectedly, by reducing the weight

20 and volume of the thermoplastic material injected to

make the lens curves, by decreasing the thickness of the

part and the size of the tab, a reduction in the optical

quality of the front and back curves did not result. 1In

fact there was an improvement 1in 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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cassette 22 is a mrror inmage of the detail for the inserts 24 in cassette
21.) The water preferably flows in a single circuit through the plate 443,
contacting all the 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
replacenment. In the first nold half 20 which carries the cassettes 21, 22
is a novel cooling nmechanism Instead |0 of water directly contacting the
inserts 24, 25 which would necessitate Widter seals, conplicate, and sl ow
the renoval and interchangeability of cassettes, the cooling of the inserts
24, 25 in the first nold half is acconplished using heat transfer bl ocks
335. The heatylenkiransher dilockandspeatedpyef erTabdys | agaieedusingherpel di ng
base 23. The heat transfer blocks 335 directly contact the inserts 24, 25
when the caséepnés 2urves apadnplACEd GWEVEdr ARBiRYheklf sesame achedtto the
mol ding base, g3, Jhe heal Lransfgr, bhogks, 35 el ol ¥ aLe 29, mpdsyof
copper, coppéer chrom Gm ~coOpper zinc, "brass, nickel-coate rass, or
simlar highiheatasedaduoiris/equal £ty alvhicht eelulics rebisoba possiiltedhpice,

but not necessarily preferred. To inprqve the heat transfer to the mpl ded
par s, whi chtA€e® 8 h& ool éF19% H% Bl WY SitefBr o (5 Sreledt hevefe
insert from theteruaenalad gk heat PN v et alisi cdhesdeghan
transfer block contacts and preferably is partially formed around a water

pi pe 33| thrsbhghfwAnEéhcoagki g map§ﬂdEshéq§pquabiny42anses-22 preferably
in asingle circuit b nd. farth t di ase 23 _containi ng
all the heat trangkgr%gﬁggk%yéy.s/é$%?§g $vgﬁ§98%hggaa éﬁ[ﬁ?ﬁf%&%P%ooling
bl ocks can bertogwmdtdraina Badgl @spngcamiramidal poThe andat eyt pPesn 331
cool the cooling,blocks 335 which cool the inserts 29, 25. In this way, al

t hé%inserts B2195893 M@ doidissty i HALFRctY lhyPe hdeRatdPedprig &bl y T heat

pi pes 331 copgakBvdnehik! a¢h mat gb Wil v ired | hhedi HRd& s MACUUR e
Alternatively, other indirect cooling nethods 10 can be used to cool the
inserts, e.gnoidsob¥ dmdding p@I@CeR Sornek t FARCKEHSI njetreds, arecoddect ed
to a cool ed ; e j aifl ng: a u g or fri ger , Wit h or

wi t hout coolgﬁgéfﬁﬁgg g%cﬁtgﬁan 4 gﬂghl%h%jgiég%jegﬁgoﬁ'gys?%ﬁ%Tg$5fhe 15
removal of thedbleohbS5and backrparwesdfrometéenfirlsy nofefdidic®0, anmd the

d mold half 440, | h f e ins in the pri
380 i1 e cELPBRMEs MECTH Spord PRESTBNG luPbabiand cii be Bno BRIl o

the lens curyes.are at a higher tenperature. The air zo ejection and
decreased material _in the front curves and back curves nmakes it _possible to
mol d the front cufVEs ZndShagg Gurts VheY Gfcl2d il tofmedshehdn &0

seconds, norgspaekgrapbyqkgss ribar 4useeands, and Mk Rhahrrably, i 1y about
2 seconds. The air is ejectéd at approximately 25 5 to 6 bar over an area

of 2 mm by 180sihgtenmotd - abdlthe3 paaiisy r300 meler eiempritsd ngi rthies fjested

(rrguel 2,959,005, 70 AT L IECEEMILSY 00 90 S L SPchre! (e
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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VTN-424 - 23 991 is preferably less than 12 mcrons. Alternatively, a
plurality of holes could have been provided around the circunference at the
top of the inserts for air ejection. 5 For the second nold half 440, air is
provided to gap 451 by channels 447 from a passageway 446, which is hooked
up to a pressurized air source (not shown). For the first nold half 20, air
is provided to gap 336 by channels 333 from passageway 332 which is hooked
up to a 10 pressurized air source (not shown). The channels 333, 497, which
connect to passageways 332, 446, are préfterably fornmed by nachining

mul tiple grooves into the cassettes 21, 22 and plate 443 around the

di aneter of the opening to receive the inserts 24, 15 25, 441, 442.

Al ternativel gaskketehannetse 388ord47 cdhdichgrachienedaisaedtkbbe tnseths 24,
25, 441, 442. FIG 2 shows the connector nozzl es 345 which comunicate with
passageway 33218A89carPde coddect®d t & t helBR¥e sodPte (Fott shé®s) f or
cassettes 21Al%%gn¥\?§9e%g/ét h%r)[a! r 815001 g hrald, 20 eha%lt@gcggaadesd cRgsettes

I ng nmacni ne, or i one or

21, 22 is renbve om t no oth cassettes 20,
21 are renovedlfiiom thesdald 2By afnyt hmebnest emd d bakick2@s,t heraces,
passageways) L 332 can be readily disconnected.fromthe air source (not
oy v B o il 2 OB BEGS Bl bINP e i TOEHRERE DY whi ch

the connect OEhBOZ#d £5s 33bol$d6ONTRGE edimbhas @RE Ofa DI eeMal ¥ €S owhi €ERecan be
cl osed or preferably automatically close when the nold half is renoved from

VIN-424 - gassehéeds)di Agomactiffe. Mhelitds s havd afil | ezdisohee
TPiLe) TLCRPRRCERRN) SACTiqaEseLLe g e SBELes,06p, e erppech <l ce
nozzl e 345 i 845 afbactteith oreleeiaes st cehermoplastic material for
10 forming the lens curves. The inserts 24, 25 are
preferably individually removable from the cassettes;
however, the cassette and inserts can be contiguous if
desired. Preferably, each cassette comprises two to
twenty inserts, more preferably four to ten inserts.
15 The inserts, sometimes referred to as power inserts may
be constructed of any material which can be made with an
optical finish, such as metals, e.g., pure steel, brass,
copper chromium, or cobalt-nickel alloyed martensitic
steel. Alternatively, and particularly for the
20 embodiment in which the mold comprising the inserts
makes contact lenses directly, the inserts can comprise
quartz, ceramics, or polymeric materials, such as,
polycarbonates, cycloolefins, 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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Preferably air is ejected in a single blast fromall of the gaps 451 around
the top of the inserts 441, 442 in the second nold half 440 just prior to
and as the first and second nold hal ves change froma closed |10 position to
t he open position. The single blast of air renoves the front curves and
back curves fromthe second nold half 440 so that the | ens curves
preferentially adhere to or stay on the first nold half 20. After the nold
hal ves are opened, a single blast of air is ejected 15 fromall of the gaps
336 around the top of the inserts 24, 261m-the first nold half 20, which
renoves the front curves and back curves fromthe first nold half 20.
Preferably, the blast of air fromthe first nold half 20 coincides with the

movenent of a (kpRat HOPAA | M Wit fhe Sedob@ AchaCalIEN LrfeeRet he

nol d hal ves to pick up the rel eased front curves and back curves
Al t er nat i vel ybagchke cprgeedd 4can The rrcansedls hadd 1440 f rgmwreuriveBI@nd

back curves remai,n on,t cond | d_hal f 44Q. Further, alternative
ot her means ngy 65“§Slﬂ§§5%?o ggfg?h%rgeﬁfngéﬁggg%ﬁgybr%ﬁe%gﬁti%???r%%here
to one nold half,, 26 gin shefdcestr ealaenalad 2dhefbASEbEmingn taRChOF bHY
portion on one surface of the |lens curves, or other know ways; however, it
is pPeferred FYTUSE AP wPN bagk curyes dildot T&sPestivglyase 1iF af1Fehst

one, preferablyjhotiy £f 2phe 'Q?@&kd’?ﬁolg' Galk 1 848 LOR Vhew Of & npl ding
system 70 shown consisting of a plurality of nold halves, and a 5 plurality

changeabl e cadseatifiysmad dwemdichowmeans Ehgtr eor2- £haf gure thrshows masecond
nol d hal f 440, and two first, | d_hal ves 2QA.and 2QB._ Fi.rst_ nol.d, hal f .20A
'S Shown w t h B FENGORB! 3 LA HRY e FRRGOAE e S0sdt e St T Wbk i ng
base 23A. The2polsidita baseoR23dAmshawshalld scaew hBkEsr29@ Hier freesh Pio®f
screws 29 when a second changeabl e cassette is attached to that base 23A
Firdf nold hatf O8Lds ReIMFEHRIAE ot khangeabral c 488t tys PAFE SarfeP o8B
attached to its pphdi R Bagen23B Ry18crews 29. Three additional changeabl e
cassettes 21C, 21D, and 22C 15 are shown unattached to any nol di ng base.
The changeabl e cas$éet exasERG el prafeir XY caambeierchmigdd fanchnasof the

changeabl e ca . ho ta t l.d,ha qﬁg

attached to t%gg%%?gfﬁg %g§§£?3XQ§g n%?%gﬁbl l%&A §%§§gg%§ c aﬁé@g%?gé
cassette is zelppgsentl| oaetached. £dhi s ambodi Inertnprione dessreb@limaht fy of
nmol d_hal ves which can work in _conjunction with the seco nmol d halthto make

di ffeérent |y sREpEBSHPAt REITRTC dévi s, PN FEPHatGY d155e F g3

nol di ng systenp80 RPe¢ernbilyi RGckelPbdateapPiibsingtachi st usld twlhakd and
a second nold half 440, wherein said first nold half 20 conprises two
changeabl e ca&Bet céssetitest nbhd RELRl204 sthotmsSapEReoRe rEffRRyLY

attached Chanﬂ@éﬂhﬁ1€§§§9tE%f%@*é@é 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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- 26 21A on a nolding base 23. The nol di ng base 23 shows screw hol es 290
for receipt of screws 29 when a second changeabl e cassette is attached to
that base 23. Four additional changeabl e cassettes 21B, 21C, and 22A, and 5
22B are shown unattached to any nol di ng base. The changeabl e cassettes 21B,
21C, and 22A, and 22B can be exchanged for one of the changeabl e cassette
21A shown attached to the nold halves 20, or attached to the nol ding base
23 of nold half 20 where no changeable to cassette is presently attached.
In this way the nol ding system can conprilde-at | east one nore changeabl e
cassette than the nunber of changeabl e cassettes that are renovabl e
attached to said first nold half when in use, said changeabl e cassettes
conprising di taesentky itb 3hapedhansedt sminkikes,5 mdwas ptre€ epreilier r bdss

i njection noldjng nachi ne 500 and nnldin% i&zaen1of this invention

conpri si ng antbﬁgeétﬂéﬁuﬁﬁﬁdiWﬁsﬁa@ﬁﬁﬁ§r'ﬁ L& St & aToI3d MY HRS i n¥Bnti on
s Lo be usedenfi Orerarabao ehoshonend MoK abiobea phiralidgeofobir st

nol d hal ves can work in conjunction with the same second nold half fo nake
di f ferent shapedrephthaknmpordévincast e prefreat edasaj eft iromainl diagt,

machine is a vertical ;injectiaqn l.di ng machi ne 500, as described.in U S
Pat.g25 No. 5?£%%?£%é;yTh epF ggiﬁf\é%t?%ﬁﬂe'%'%c??oﬁ Hﬁﬁ&lﬁf chffie has
a noveabl e pl aées %8Znomioo v Ehtlige | ovesl nbh dshakf 520 A Ierveatib Yed

mount ed. The nnveablﬁﬁglaten 507 was referred to as the horizontal table in
VTN- 424 - owolg dia . Qg€ SPH%§?¥%]B?YTH€%S¢3r BBy elbl e pl aPen WPFF be

used herein. LioksrRbe{€iced thah %he%|%We%h%DEQtQQV%d§§)Jf5éhéiféilgg|d

hal f as described earlier wth renoveably nounted cassettes. Facing t
| ower nol d 5 hatémBledi sotthe hadder nbh dthal pr&ferwkidc lenito it i nedabhed

lin in FIG 5. T upper. nol d _half 590, i referably a s d |.d.hal f
ns"S8scri bea arrare RBEaRREr snala s Sb FREPEBoan Pinaui R bhPo ¢ he
supporting plaseehPBedThelauppdeting plate 503 to preferably remains

stationary at all tines. In this enbodinment, the |ower nold half 520_and
the noveabl e pl at ehIS07 3PP &R BRI LF s ard opeh fHESHoIBOLPn the

preferred enmbegi fFeBhowadl iheasic.one, tpref e by L¥Ret BARSRYJwrMBANSFI&hown
as conveyors 516, 15 517 provide for the fast exchange of one | ower nold
hal f 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 1is to put
the inserts forming the optically critical surfaces 119

of the front curve 112, (see Figure 1) and/or
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520 for another lower 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 renove the nold hal ves;
therefore, the description regarding the action 25 of conveyor 517 can be
performed by conveyor 516 and visa versd9 After the nold half 520 in the
nol di ng machi ne has nade a specified nunber of ophthal m c devices, i.e.

| ens VTN 424 - 28 «curves, the nold half 520 is automatically unl ocked

fromthe novepblkeepbaten 50, ©QNVeyoLcHLby attaghesli kaelthce tines | oner
mol d hal f 520 via catch means 509, and pulls the nold half 520 off the

noveabl e pl at8f 5bFCkaneb®it o 15 4 héS@@nvEy@vrelel | Antive Bhef ephed or
enbodi ent. ¢ be gohd al fod S JUNAC d Il T5RLLY o8 ieven Shal nyobyt s

supported by a supportive surface and gui de Tai on ei ther

supportive suafigge. pAefehablyi mehecofiyeyor ﬁdﬂdmhh@hf|s2@ttachad tohaol d
hal f 520" via 1o catch nmeans 510 pushes the nold hal f 520" onto the

nmoveéabl e pIaPéﬁfgé?edaﬂHx“hen % opBPRYEpodirti died, Pate ABFYSRaldr 2B | ocks

into place. zhe ee's@,ef&elef alne Rhef erre@ﬂesh%q R0 dhg Tmygakle platen 507

via hydraulic clanps 532. Once the nold half 520" locks 15 into place t he
mol di ng nachaneeBGQaéanCbegehtﬁaknngh?hélneh/m@h@hﬁﬁhfc devi ces) u5|ng the

new y nount ed Io no, f B d d Lng_sy
FIG 5 conprises Iomer§é% hg$$85 agﬁdqﬁgmégﬁl EghﬁgPEGSZ Esﬂ%% can
wor k i n conj gaekieanew,t hcdnyer issimey uppeerusl dolral dr Hdld-4 0 hodmb@phmhm+n1c

devices. The tinme it takes_to chan one lower mald . half 520 for t her
| okdr nol d h&FFtéﬁﬁa sS1EEE Hran g%”ﬁ%bonﬁge prPefEabl yaP8ss TN gb

seconds, andr@&%baanefef:_a&hythqessséheﬁdmoaecorm@f 23 0lre, frast 1 gxchgage of
one lower noid half 520 for another lower nold half 520" is further ai ded

by havi ng dupkeéatesedat Bpdand/ bheai Fesoppl ield ndtakhowd0 mieger addby bot h,
to at |east E@ﬁp&?@%r @BEQeQékg?s 529ns%ggh§24the' ég%ond mold half

preferably comprises a plate, frame, or similar support

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

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

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

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

The plate 443 is mounted onto the hot runner base 444,
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520' so that the water and air connections do not have to be physically
noved fromone nold half 520 to the other nold half 520" in order to change
one lower nold half for another. In the preferred node, the lower nold 5
hal f 520 on the noveabl e platen 507, and the | ower nold half 520" on the
transport neans 517 have duplicate water and air supplies. Further, if
desired one or nore heating elenents (not shown) can be provided to heat
the inserts in the lower nold half 520" present on the |0 conveyor 517
prior to inserting the |ower nold hal f-520'-into the nol di ng nmachi ne.
Heating the lower nold half 520" prior to nounting it onto the noveable

pl aten 507, decreases the tine it takes for the inserts to reach the

opti mum nol di nghd eppgtat uug ranehot Tharideseryssé nahe pHlbrdobdebakfh on | |
require heating at first to reach a tenperature within the optimum nol di ng
tenperature Raffe blrofaftahount ewfeycl édeof MARIFHAT s 2he MAdELDS wil |

require cooli t L fhin opt.i | di e r range, )
By preheatinéﬁ%he é%ﬁﬁiﬁéxﬁggé#{g%Z%ﬂg%rgé%ﬂ?qggggthgéﬁvgggr§é¥§?n€he
inserts in thhd ofwontrokdriiakf acan tteachathecopvesymsinlidiang tenmpavatur e
range in two or fewer nolding cycles, resulting in | ess dowy-tine, and | ess
waste. The tiHeTEGFY eangor er‘?ééﬂh‘?éitha It&ﬁergﬁb?’a At 52009% 95%lso

shortened if oy pge, ORoboth sah, BlaE, Casgatilees intdpdwes n®LEi halfy are
changed wi thout renoving the |ower nold half 520 fromthe noveabl e platen
507, and the defigerenasid hinf theorirs fesagdt dodeke sy esspmhaned é YaN£424

- 30 devi f i . mbadi .t I i . _th
hase oferhgeﬁﬁﬁg %%Ffb%F?ggéﬁ%Vln%égﬁ%?gaﬁﬁgggFESEggpﬁgﬁgkgreﬂéggaggbbﬁe or
nore of the clzgiged cassktiesonly dovevesnalhe tanevedofor haefvb28 o noved

5 of f the noveabl e pl aten 507, and anot her | ower | d hal f, 520" is used for
"ol th g, and OHETH | FOPSSCRBERE NS E0 hEPowdt: nBPBRSI f RSFFUIS Shanged

there is stilinddtedenefint ahea hast-eriprieheat shirBckbBanckf the enknkse
| oner nold half were changed, because the base of the to |ower nold half
520 Wi || trafdfsteheatPtothpe bABeoLDAOPE 3¢RaddSd s & tEMOMEd e£ T8I d

hal f change, tﬁ]bg e ”Pllﬁjxl?réé’i bagcCaggehhas thd LheMmid Al T Wy chapasg g ust

renoved from novea pl aten onto a conveyor, may be changed, the 15
entire nold hadlamsd berextdleangedi for paabehdrd 3nodnd haherss t4il nokd 2hal f

be | at t.ed to. th | | at i n. Bot tt inth
Tolt hal | cari B dangRtPHICTRus { RARCB UV ER S heF o r bF or BBPY SRt bess

than 4 mnut esequinsd praber abtye i ningsstiban Znaldlit@s. mMcHike ti gk ophe
cassette change is conplete, the inserts will be pre-heated, and ready to
mount onto t REQAREEN e OBhiPEAMEE7 dPHL Rt Ofr JEPRIEY (theds FéSESERan 1
m nute. PrefegfaRldesthere is at |east one, nost preferably one, |ower nold
hal f 520" ready for use 25 present on one of the conveyors 516, or 517 at
the tinme the | owerThml éndarfssddlis $Ehdynt ¢hse 3epov@dmpPlemhakt mddéabl e
pl ajen 507.

are cooled by circulating water which travels in conduit
448 through the plate 443 and around the smaller
diameter portions 449 of the inserts 441, 442. O-rings
450 maintain the water seal around the inserts 441, 442.

(Note that the detail shown for 1 of the 4 inserts on
25 the second mold half 440 pertains to all the inserts
441, 442. Additionally, the detail shown for 1 of the 4
inserts on the first mold half 20 pertains to all the

inserts 24, 25, except that the detail for inserts 25 in
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VTN- 424 - 31 Preferably the noveable platen 507 noves between a | ower
position (as shown) during which the nold is open and a cl osed position in
which the inserts in the lower nold half 520 contact the inserts in the
upper nold half 5 540, and together the inserts on both nold halves form
the cavities into which a nolten thernoplastic is injected. After injection
and about 0.5 to 1.5 seconds for cooling of the parts, the nold hal ves
separate as air fromthe air ejector gaps in the upper nold half lo pushes
the front curves and back curves onto thel imserts in the | ower nold half
520. The noveabl e platen 507 and | ower nold half 520 nove to the open
position shown in Fig. 5. The nolded | ens curves are then renoved fromthe
| ower nol d halaksss2@epr2f eriabl y wiiarr obmtgeThef 15hpr efesraield folrotthe shown

in FIG 6. FILG 6 shows jn detail rtion of the preferred |nject|on
mol di ng nmachitRE 566, %ﬁuﬁ@k@@%?%?%@rgﬁ t 0bG 60 E SFh P TSIt Ishpt 1888 a

connecting rqd Qpls1ﬁbﬁb6Q%u%ﬂﬁJ§nt§96uﬁﬁ ﬂﬁﬁgt§9£t§0%43Thec6§@Qét§Q§ moves
_0 horizontally 1n between the upper 40 and the Tower hal f

520 when theaaépé:rhemimshaw 840, add 2l cwereaoh dechatfiis20 &eszopsn Bseshown
in EIGS . 5 and r ohot 600 hori z ntal n t.he o DOS
5 B AL pOean TRER CoehaRER S ek "ATE, ORRE  Sen, ot

di réction ouPlaFethe ar ea“bel'ween®the" | ohef

hal f 540 mhemouhenbowwmhmﬂejfuﬂﬁedﬁnhaﬁeﬂnuedlim@abd the uppsiry®l dshal f
540 to forma closed nold. In the preferred node, showmn in FIG 6, the
robot 600 isPzedrraed: dP#&QOPGBoPt fREPLiSatERelAPRYE TARLASEMeNE’ 3D

nmechani sm 610 for rhhe h@botsrisdes rdd endhdawn 2 t Ryihe, myenents of cfhe
noveabl e platen 507. Through gears and rotatable cogs, e.g., a rack and

pi ni on mecharasmethies sHowd2 the 2obevehoeeslhogi reshaniym.t hainsteadt
MOVGS 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

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 1is 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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5 in between and out of the nold hal ves when the nold opens and cl oses,
respectively. The robot is shown inside the open nold, e.g., between the
upper nold half 540 and | ower nold half 520. After the robot 600 noves
hori zontally into position between the nold halves, the |0 end of armtool
603 preferably is lowered close to the surface of the lower nold half 520
(as shown) by vacuum extender 620, which noves the end of armtool 603 up
and down. The vacuum extender 620 is connected to a vacuum source (hot
shown). (When the vacuumis activated +h2215 end of armtool 603 nobves up
via contraction of the vacuum extender 620. Wen the vacuumis deactivated
the end of armtool 603 noves down via extension of the vacuum extender
620.) At thi pddferddiey | eAses aiggbiectiedufitomddie beverramid bakbugRO by
the air ejection system The end of armtool 603 preferably has cups 604
whi ch are corifct B@LEdng \VR@3RimZSoureRt I HvtNShéwd) Whe cHeas atErpated to
pi ck up the giy-8jec | e V.ES; en, .t he .d.hal f
520 noves toa%yﬁﬁ#ﬁeggsétigﬁggﬁﬁﬁﬁﬁg&ﬂﬁélghﬁﬁ?%a%§%,@?ﬁgar%@%ﬁE?ﬁ?%ﬂgh t he
25 preferredidigsdct <l viee mEcohaafisironyes songler ghdst wee meteel upp&henol d
hal f_ 540 and | qwer npld haglf 520, d transfers, the, fr curves and. back
curves to andtals® r%b%‘fs(ﬁéﬁ scl?c%m?t %rcf)?gbré? Bltlgggﬁ*eg{}% " Jecﬁé EGPve
VIN-424 - 33 padeatss (0wf showmn shid wdy t oathosge dessetbedoin bhe
prior art. Due to the thinner lens curves and the air _ejection, the cycle
time of the Prssemolietyeibrettls Pesthe Hédter secbhaberabre phef Beabl y

| ess than 4 S n L p - r 2 o h | e
tims s the BREY 21 aKkeR A D0 A fopen ol i To & of bobe nard “and
back to an opernvamlwt. | NnAhheahé einal y v eoeimbodi méhtethecool dngf mehheds0
inv1 ntion with crbanggabl e, nol doﬂgltﬁes i%nd/ QL chean eablsc‘ao agselles can be
used to mol d EdhtHet ?%%558 5? tR6ds "§EECTTbéd Gn & hE prior a t P*8Gch as
in US. Pat. With8246Qiandu'0/R 14240 7f i ic,or por abadeberai ntdya r ebeledce.
The nolds for this enbodi ment can conprise 15 first and second nold hal ves
at | east one™SfSSuhi 8h RApr Pi®s | RRFRENIRG Porbwidc st adBfFénsEsntrt s

preferred that; gt d(f?gﬁ[to}{nm%oir ring1s8¢,4 0 make each contact lens is

transm ssive to ra pol yrreri zati on of the reactive m xture used
to make the contadtId.en$esndSdi tdizive timseairmatecitdlos \earsaester b&tieabove.

Forthi's embodigent, & Jigast gne ofg the ol dhal veser PLef ergbly hotl mol d
hal Ves, conprise at |€ast one, preferabdly at |east two cassettes comprising
inserts for therlf P coahdacthkeensendVerild oiiai ig4eont actn 2&ohenses, tall t he

inserts will provide fgr gptical | ,criticaLﬁsurtaces of the contact |enses.

The ol d hal V&€ dHif t RE EASSEFePH% Par £76f PER0I fitly sT51 efiY §RG8Fe
readi |y changeahl ezandqganobe used lidhdidderent aNdNc424 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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- 34 conbinations to produce many SKUs. The nold hal ves can conprise a
base which can take the shape of a frame, support, plate, or the like to
whi ch the cassettes are renovably attached. The nold hal ves can be pivotly
5 hinged, or can nove apart horizontally or vertically. In this enbodi nent
in which the nold is used to formcontact |enses, the nolds preferably wll
not provide for cooling of inserts or air ejection of the contact |enses
described earlier. Ejection of the contact 10 lenses fromthe inserts can
be acconplished by soaking the contact-I2hses in water. In the preferred
node an identifier, e.g. a radio frequency (RF) chip or the like, may be
pl aced onto each cassette to store infornmation which identifies the 15
ophthal m ¢ deyjcessi pr& o fib1 Fheeisdenhiahi a2 myc2s, beausednheiteagk the
cassettes. This preferred enbodinent is fully described in concurrently
filed U S Setirdunplitno/shohebss capidotaendoeppaphevuisdedr atoundr 4bki ng

and Changeover/', . VIN-A19.J nopr porated bereip by fef erence. 30, The mol.di ng

fer
machi ne preferarbﬁy conprises a conputer which sc ed(ljjl es or recerves input
on whi ch ophtdidatiicordevi ces are to be made by the machine. Based on this

information, the uter determ nes n nmol d or, cassette change is
needed. At the ti Qrf_g)r%ft}ée nﬁ'lecfoc?gl 2‘?5030%2589& ERangdi Tt AE rqucﬂ‘fjrfge‘gra(’fl‘ﬁ ne
will read th?/ai;ﬁjetf’.’sifﬂ)ﬁrcﬁanhbﬁscaﬁsetﬂ%& 10 pHReR Felif ) thes CORREEh is

or

cassettes an nol d half are in the machine. Based on the ophthal mc
devi ces to bequakstucerl by BhergachiragedVENT4ZpuUrce 3@ol hehwcess For

conditions arg au i Ly j st ed t.he 0 hal m ¢ _deyices to be
formed. The ctg]nepu%er rglg Sl t}ﬂa(eif‘lnu%g’ergg% te}’viﬂ(}gggflrrcig e ghd g%?h:‘yuﬁ?e%yt he
next nol d or dasseilse Idtanteom pddusgewdy | 332 hetchave beekedhapntand

descri bed and%t)oi nt ed out fundanent al nov?ﬁl features of the invention as
app]!q ed to pr eesrsruerdlzeer‘fgc?dirrresrﬁusrqehe(rné’&f SHY i1 | be understood that

various onissions mad guhstdtdtivns s, changescoinébe £or puapdqgdabaisl s of
the devices 10 illustrated, and in their operation, nmay be nade by those

skilled in the%rt 4Pt hcut® dBpaFeFrARLY r dAtTIRE shYrima i ning | Mudhipds.
Substituti Onzgdrfggrﬁsenﬁﬁé Eham %I%tecl?c%%flzbﬁd £509fHMRA L0 APt Q?huﬁ'&e also

fully intend cont enpl at ed. I's also to be understood 15 that the
drawi ngs are thet dbzestsari b§ dhawepenisoal €0 keces$vehehentiameons 24,

theref ore. L %e L4 Lo onl 12,4091 68160 BYUNG.S60A% s hey £l
be machined into the inserts 24, 25, 441, 442.

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

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

25 the connector nozzles 345. Preferably the air source to
which the connector nozzles 345 is connected, has one or

more valves which can Dbe closed or preferably

automatically close when the mold half is removed from
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-36 CLAIMS: 1. A back curve and front curve for nmaking a contact |ens,
wherein the thicknesses of said back curve and said front curve are the
same and both of said thicknesses are between from0.5 nmto 0.7 mm .A
AT AYU A As. Afh. ALAFh. A A A& . A9, . A A A . A& Ash, . A&U. A . A@A. A A A A . Ah
. A, . AU. ALh. Ay{. A. Ah. AA, . AA AsU, . A f 2-347: VA78

de~ytoj e [V] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] cMa] ca] ca] ca] ca] c”aU] cal] c<a] c<a] cPa! eWKRS" a} xsni d_Z] ca] ca] ca] ca]ca] c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ta}%al ca] ca] ca] ca]ca] ca] ca]ca]calcalc
a] ca] ca] ca! $$3f %% &2 &J &K&U&E* * nt x* ~* | | 8090k0v 0| 05555e6f 66~yt ohc”Yni d_Z] c] ¢
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a]Ca]Ca]CAa]@@3¥ﬂdﬁﬂcﬁﬂ0§$éﬁ]§§de of each cassette. One nozzle 345
is preferably plugged when the other nozzle 345 is
5 attached to the air source.
Preferably air is ejected in a single blast from
all of the gaps 451 around the top of the inserts 441,
442 in the second mold half 440 just prior to and as the
first and second mold halves change from a closed
10 position to the open position. The single blast of air
removes the front curves and back curves from the second
mold half 440 so that the lens curves preferentially
adhere to or stay on the first mold half 20. After the
mold halves are opened, a single blast of air is ejected
15 from all of the gaps 336 around the top of the inserts
24, 25 in the first mold half 20, which removes the
front curves and back curves from the first mold half
20. Preferably, the blast of air from the first mold
half 20 coincides with the movement of a robot 600
20 {shown in FIG. 6) to a location between the mold halves
to pick up the released front curves and back curves.
Alternatively, the process can be reversed to have the
front curves and back curves remain on the second mold
half 440. Further alternatively, other means may be
25 used to get the lens curves to preferentially adhere to
one mold half, e.g., surface treatment of the inserts,
an anchoring portion on one surface of the lens curves,

or other know ways; however, it is preferred to use air
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consisting of a plurality of mold halves, and a
5 plurality changeable cassettes as were shown in Figures
2-4. Figure 7 shows a second mold half 440, and two
first mold halves 20A and 20B. First mold half 20A is
shown with one removably attached changeable cassette
21A on a molding base 23A. The molding base 23A shows
10 screw holes 290 for receipt of screws 29 when a second
changeable cassette is attached to that base 23A. First
mold half 20B is shown with two changeable cassettes 21B
and 22B attached to its molding base 23B by screws 29.
Three additional changeable cassettes 21C, 21D, and 22C
15 are shown unattached to any molding base. The changeabkle
cassettes 21C, 21D, and 22C can be exchanged for one of
the changeable cassettes shown attached to the mold
halves 20A and 20B, or attached to the molding base 23A
of mold half 20A where no changeable cassette 1is
20 presently attached. This embodiment provides a plurality
of mold halves which can work in conjunction with the
second mold half to make differently shaped ophthalmic
devices.
Alternatively, FIG. 8 shows a molding system 80
25 comprising a mold comprising a first mold half 20 and a
second mold half 440, wherein said first mold half 20

comprises two changeable cassettes. First mold half 20

is shown with one removably attached changeable cassette
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21A on a molding base 23. The molding base 23 shows
screw holes 290 for receipt of screws 29 when a second
changeable cassette is attached to that base 23. Four
additional changeable cassettes 21B, 21C, and 22A, and
5 22B are shown unattached to any molding base. The
changeable cassettes 21B, 21C, and 22A, and 22B can be
exchanged for one of the changeable cassette 21A shown
attached to the 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 1injection 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 1is a vertical
injection molding machine 500, as described in U.S. Pat.

25 No. 5,451,155. The preferred vertical injection molding
machine has a moveable platen 507 onto which a lower

mold half 520 is removeably mounted. The moveable

platen 507 was referred to as the horizontal table in
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U.S. Pat. No. 5,451,155. The term moveable platen will
be used herein. It is preferred that the lower mold

half 520 is a first mold half as described earlier with

removeably mounted cassettes. Facing the lower mold
5 half 520 is the upper mold half 540 which is shown in
dashed lines in FIG. 5. The upper mold half 540 1is

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 5207. Alternatively,
the transport means can be a pneumatically,
hydraulically, or electrically driven chain. In the

presently preferred embodiment, the transport means is

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

mold half 520’ to be inserted into the molding machine

500 is located on conveyor 517. In the preferred mode

both conveyors 516, 517 can insert or remove the mold

halves; therefore, the description regarding the action

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

After the mold half 520 in the molding machine has

made a specified number of ophthalmic devices, i.e. lens
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the moveable platen 507, conveyor 516 attaches itself to
the lower mold half 520 via catch means 509, and pulls
the mold half 520 off the moveable platen 507, and onto
5 the conveyor 516. In the preferred embodiment the mold
half is moved by a hydraulically driven chain, but is
supported by a supportive surface and guide rails on
either side of the supportive surface. At this time,
conveyor 517 which 1is attached to mold half 520’ via
10 catch means 510 pushes the mold half 520’ onto the
moveable platen 507, and when properly positioned, the
mold half 520’ locks into place. The mold half is
preferably held onto the moveable platen 507 via
hydraulic clamps 532. Once the mold half 520’ locks
15 into place, the molding machine 500 can begin making the
new ophthalmic device(s) using the newly mounted lower
mold half 520'. The mold and molding system shown in
FIG. 5 comprises lower mold half 520 and lower mold half
5207, which can work in conjunction with the same upper
20 mold half 540 to form ophthalmic devices. The time it
takes to change one lower mold half 520 for another
lower mold half 520’ is less than 60 seconds, preferably
less than 30 seconds, and most preferably less than 20
seconds.
25 The fast exchange of one lower mold half 520 for
another lower mold half 520’ is further aided by having
duplicate water and/or air supplies (not shown),

preferably both, to at least two lower mold halves 520,
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to be physically moved from one mold half 520 to the
other mold half 520" in order to change one lower mecld
half for another. In the preferred mode, the lower mold
5 half 520 on the moveable platen 507, and the lower mold
half 520’ on the transport means 517 have duplicate
water and air supplies. Further, if desired one or more
heating elements (not shown) can be provided to heat the
inserts in the lower mold half 520’ present on the
10 conveyor 517 prior to inserting the lower mold half 520’
into the molding machine. Heating the lower mold half
520’ prior to mounting it onto the moveable platen 507,
decreases the time it takes for the inserts to reach the
optimum molding temperature range. (The inserts in the
15 mold half will require heating at first to reach a
temperature within the optimum molding temperature
range, but after a few cycles of molding parts the
inserts will require cooling to keep them within the
optimum molding temperature range.) By preheating the
20 lower mold half 520’ present on the conveyor 517, the
inserts in the lower mold half can reach the optimum
molding temperature range in two or fewer molding
cycles, resulting in less down-time, and less waste.
The time required for heating the lower mold half 520 is
25 also shortened if only one or both of the cassettes in
the lower mold half are changed without removing the
lower mold half 520 from the moveable platen 507, and

the lower mold half 520 is used to make more ophthalmic
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cassettes. If however, the lower mold half 520 is moved

5 off the moveable platen 507, and another lower mold half

520’ is used for molding, and one or more cassettes in

the lower mold half 520 are changed, there is still the

benefit of a faster preheat time than if the entire

lower mold half were changed, because the base of the

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

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

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

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

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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10/ and a closed position in which the inserts in the lower
mold half 520 contact the inserts in the upper mold half

5 540, and together the inserts on both mold halves form
the cavities into which a molten thermoplastic is
injected. After injection and about 0.5 to 1.5 seconds
for cooling of the parts, the mold halves separate as
air from the air ejector gaps in the upper mold half

10 pushes the front curves and back curves onto the inserts
in the lower mold half 520. The moveable platen 507 and

lower mold half 520 move to the open position shown in

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

FIG. 6 shows in detail a portion of the preferred

injection molding machine 500, and the preferred robot

600. The robot comprises a connecting rod 601, arm 602
and an end of arm tool 603. The robot 600 moves
L0 horizontally in between the upper mold half 540 and the

lower mold half 520 when the upper mold half 540 and
lower mold half 520 are open as shown in FIGs. 5 and 6.
The robot 600 moves horizontally in the opposite
direction out of the area between the lower mold half
25 520 and upper mold half 540 when the lower mold half 520
is moved toward the upper mold half 540 to form a closed
mold. In the preferred mode, shown in FIG. 6, the robot

600 1is a direct drive robot, that 1is, the drive
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mechanism 610 for the robot rides up and down with the
movement of the moveable platen 507. Through gears and
rotatable cogs, e.g., a rack and pinion mechanism (not
shown) the zrobot moves horizontally, that is, it moves

5 in between and out of the mold halves when the mold
opens and closes, respectively. The robot is shown
inside the open mold, e.g., between the upper mold half
540 and lower mold half 520. After the robot 600 moves
horizontally into position between the mold halves, the
10 end of arm tool 603 preferably 1is 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 wvacuum extender 620 is connected to a wvacuum
source (not shown). (When the wvacuum 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
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pallets (not shown), similar to those described in the
prior art.
Due to the thinner lens <curves and the air
ejection, the cycle time of the present invention 1is
5 less than 6 seconds, more preferably less than 4
seconds, and most preferably from 2 to 3 seconds. The
cycle time is the time it takes to go from an open mold,
to a closed mold and back to an open mold.
In an alternative embodiment the mold of this
10 invention with changeable mold halves and/or changeable
cassettes can be used to mold contact lenses by methods

described in the prior art, such as in U.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
20 contact lenses. Suitable insert materials were described
above. For this embodiment, at least one of the mold
halves, preferably both mold halves, comprise at least
one, preferably at least two <cassettes comprising
inserts for forming contact lenses. When forming contact
25 lenses, all the inserts will provide for optically
critical surfaces of the contact lenses. The mold halves
and the cassettes are part of a molding system and are

readily changeable and <can be used 1in different
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combinations to produce many SKUs. The mold halves can

comprise a base which can take the shape of a frame,
support, plate, or the like to which the cassettes are
removably attached. The mold halves can be pivotly

5 hinged, or can move apart horizontally or vertically.
In this embodiment in which the mold is used to form
contact lenses, the molds preferably will not provide
for cooling of inserts or air ejection of the contact
lenses described earlier. Ejection of the contact

10 lenses from the inserts can be accomplished by soaking
the contact lenses in water.

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

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

20 The molding machine preferably comprises a computer
which schedules or receives input on which ophthalmic
devices are to be made by the machine,. Based on this
information, the computer determines when a mold or
cassette change 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,

VIN-424
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the process conditions are automatically adjusted for
the new ophthalmic devices to be formed. The computer
tracks the number of devices made and schedules the next
mold or cassette change.

Thus, while there have been shown and described and
pointed out fundamental novel features of the invention
as applied to preferred embodiments thereof, it will be
understood that various omissions and substitutions and
changes in the form and details of the devices
illustrated, and in their operation, may be made by
those skilled in the art without departing from the
spirit of the invention. Substitutions of elements from
one described embodiment to another are also fully
intended and contemplated. It is also to be understood
that the drawings are not necessarily drawn to scale.
It is the intention, therefore, to be limited only as

indicated by the scope of the claims appended hereto.

10 10
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CLAIMS:

1. A back curve and front curve for making a contact lens,
wherein the thicknesses of said back curve and said front curve
are the same and both of said thicknesses are between from

0.5 mm to 0.7 mm.



