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The present invention relates generally to an
apparatus and method for filling and assembling molds
used in the production of contact lenses, and more

particularly, for filling and assembling a mold having a
polymerizable hydrogel therein, under vacuum, to form a
soft contact lemns.

2. Discussion of the Prior Art
U.S. Patent No. 4,564,348 to Larsen, now
assigned to the as51gnee of the present 1nventlcn,

discloses plastlc molds for manufacturlng a plurallty of_"

soft contact lenses in a contlnuous or semlcontlnuous
method of operatlon.
of mold units is filled with a polymerization mixture in
a first dosing step, and the mold units are then covered
with a convex mold member or 1id as shown in Figure 5,
and the lids are brought to rest on the concave mold
members properly aligned and without distortion. The
lids are free to float and align themselves on the pool
of pdlymerizable'mixture held in the concave mold.

A moid’ assembly hav1ng a plurallty'

u.s. Patent No. 4, 640 489 also to Larsen, now

assigned to the a551gnee of the present appllcatlon,
discloses a mold for maklng contact lenses wherein one
of the two mold sections is relatively more flexible
than the other. 1In addition, a number of mold
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and t-he -li-ds are brought to rest on the concave nold nmenbers properly
aligned and without distortion. The lids are free to float and align

t hensel ves on the pool of polynerizable m xture held in the concave nol d.
U»S. Patent No. 4,640,489, also to Larsen, now assigned to the assignee of
the present application, discloses a nold for nmakihg contact |enses wherein
one of the two nold sections is relativeRy nore flexible than the ot her.

In addition, a nunber of nold -2- constructions known to the prior art
are discussed in the background portion of the specification of this
patent. U. S. cemsductdons oW 30 dihe prdar;addn arghdiseusseed gided to the

assignee of i HRIYHoWHP i oflitid pRTiFiFtd oS BFRINAd N Wwhi ch
shri nkage of the
patent.

U.S. Patent No. 4,495,313, also to Larsen, and
now assigned to the assignee of the present application,
discloses a mold éssembly in which shrinkage of the
monomer mixture during polymerization creates a negative
pressure which aligns the upper mold half and draws
excess monomer into the cavity.

In the commercial application of the invention
described in U.S. Patent No. 4,640,489 it has been found
advantageous to weight the upper male portion of the
mold cavity with a fixed weight subsequent to assembly
to seat the upper male mold half and to displace any
excess monomer in the mold cavity into a space between
the flanges, as illustrated in Figure 1 of that patent,
to form a HEMA ring which-is preferentially adhered to.
the upper or male portion-of.the"mold.davity by a corona .
discharge treatment of a.portion of the male. mold.

SUMMARY OF THE INVENTION

The present invention is an apparatus and a
method for £illing and assembling contact lens molds
with a polymerizable monomer or monomer mixture to form
a soft contact lens. More particularly, a method and
apparatus is disclosed for £illing a contact lens mold
with a polymerizable monomer or monomer mixture, and
then assembling the-mold parts under vacuum with.a -
predetermined preload to insure the air or other gases
are not trapped in the mold cavity with the monomer or

monomer MiXture.. ..o 3w oo o el BLL WShasiiio
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mononer mxture during pol'ynerization creates a negative pressure which
aligns the upper nold half and draws excess nononer into the cavity. In the
comercial application of the invention described in U S. Patent No.
4,640,489 it has been found advantageous to wei ght the upper male portion
of the nmold cavity with a fixed weight subsequent to assenbly to seat the
upper male nold half and to displace any-¥xcess nononer in the nold cavity
into a space between the flanges, as illustrated in Figure 1 of that

patent, to forma HEMA ring which is preferentially adhered to the upper or
mal e portion of the nol Htcigiay ehiectoprbnthei BEAELRE LpvaenkiAR &P a

o oot us Er LSS TRpRUIMA €5 TEELNEEND dbentt shgnfelavcrl o 1<
with a poIyneP?EE%I%oﬁnﬁoﬂ%¥t%ﬁtnLﬁ%geﬁthQtﬁPE Pgego?nghr§5ft cont act
| ens. More pasiatonmatédystatich hPor anecappingt asplardlicyosedftontfilling a
contact |ens ggige contact lens mold parts, carried in a unique
carrier, which are then filled with a predetermined
amount of polymerizable monomer or monomer mixture. The
apparatus also includes a second automated station which
provides a coating of surfactant on a portion of the
front curve lens mold part to provide for preferential
adhesion of any excess monomer or monomer mixture to a
back curve mold part. The apparatus further includes a
third automated station for sequentially receiving a
plurality of back curve mold parts, carried by a unigue
carrier, removing the back curve mold parts from the
carrier, and then receiving and registering the
Plurality of front curve mold parts which were
previously filled with the polymerizable monomer or ---... -
monomer mixture.. A .vacuum is first drawn about the mold:
parts, and then:.the back curve.is assembled with the -.
front curve to displace excess monomer Or monomer
mixture from the mold cavity. The assembly is
- accomplished under vacuum to speed the assembly of the
mold and to avoid the formation of gas bubbles from any
gasses that might otherwise be trapped between the mold
parts at the time of mold assembly.

It is a further object of the present
invention to provide for-the assembly of a plurality of: -
front curve mold parts in a single assembly step wherein
each of the mold parts are separately and independently
biased from a cold_air._plenum to provide independent .
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Wit h -a pol yneri zabl e nonoser or nononer m xture, and-then assenbling

t Re“nmol d parts under vacuum with a predetermined preload to insure the air
or other gases are not trapped in the nold cavity with the nononer or
nenoner m xture. -3- It is an object of the present invention to provide
an apparatus for filling and assenbling nold parts for a contact |ens which
includes a first automated station for réeceiving a plurality of front curve
contact lens nold parts,. carried in a unique carrier, which are then filled
w th a predeterm ned anmount of polynerizabl e nononer or nopqrer m xture.
The appar at uFefiRFaqaiiqie ¥ith cespeciutontash ardd RrR%M 18 ovi des a

coating of swifaMdity et HaK ictirvel tohatk aglsoedlated @rontolirert to
provide for eﬁ%&?%?@ﬂﬂ%on predetermined pressure.

It is further an object of the present
invention to provide for dosing of a degassed monomer or
monomer mixture in the front mold cavity wherein said
dosing is carried out under vacuum or low atmospheric
pressure conditions to thereby prevent the entrapment of
gas under the mohomer, or to prevent the formation of
gas bubbles therein which might otherwise arise from the
release of the pump pressure used to convey the monomer
at the time the monomer is dosed.

It is another object of the present invention
to provide for the assembly of a large number of small
independent mold parts at a high production rate with
precise registration of the front and back curve mold
parts. . o e
- It is another object of-the present invention - --.
to provide an apparatus in which a polymerizable - . ._._ ...
hydrogel is pumped to a plurality-of: lens molds formed.. . __
of a first concave or front curve mold half, and a
second convex or back curve mold half. The mold halves
are formed from polystyrene or other material
transparent to actinic radiation. The second or convex
mold half may be thinner than the first or concave mold
half to enable mold compliance in the event the mold
halves are clamped together. Clamping pressure may be
used to align the flanges formed on the first and second
mold halves to insure that the flanges are parallel and
that the respective curves of the mold are aligned.
Clamping pressure may also _be applied to seat the sealed .



adhesi on of any excess nm@honer or monomer nixture to a back curve nold
part. The apparatus further includes a third automated station for
sequentially receiving a plurality of back curve nold parts, carried by a
uni que carrier, renoving the back curve nold parts fromthe carrier, and
then receiving and registering the plurality of front curve nold parts
which were previously filled with t he pd-ynerizabl e nononer or nononer

m xture. A vacuumis first drawn about the nold parts, and then the back
curve is assenbled with the front curve to_displace_excess nponer or
mononer i xtwekd thakf t agaknst éﬁviﬂ?ﬂlﬁﬁeeésgeEBF9e¢slHCEBﬁg$?§ﬁEd under

bl v £ olBoRs LSS, e et The ol
parts at thethe QﬁmﬁBIG°BE§éﬂ%$yV1% 1?2¢§?fﬂ?}%erp8§?e8§ £he ne Srggent
I nvention tofpreyoileg f 0k - Abeompiishéd, oindepl vacuumy at arbighcurve nol d
parts in a sinokScePSS Phe SEPVELGHE N
It is another object of the present invention
to prevent the entrapment or formation of gas bubbles
within the polymerizable hydrogel prior to
polymerization.
It is another object of the present invention
to provide an adjustable means for varying the clamping
pressure as the first and second mold halves are clamped
together. Said adjustable means further including means
for independent reciprocation with respect to each mold
part while clamping each back curve to its associated
front curve with a common predetermined pressure. In a
first embodiment, the independent reciprocation is
- achieved with a common air plenum which prowides.a:force: - .
biasing to each of the mold parts. In a second
embodiment this independent reciprocation is achieved:
through the use of individual biasing springs having
appropriate spring constant strengths.
It is also an object of the present invention
to provide an assembly having vacuum sealing structures
through which elements of the assembly having normal
manufacturing variances in dimension may be reciprocated
while maintaining a stable vacuum.

BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing objects and advantages of the
present invention £illing and assembling mold parts for



each.of -the nold parts are separately and independently biased froma cold
air' plenumto provide independent -4- reciprocation with respect to each
nold part while clanmping each back curve to its associated front curve with
a-comon predeterm ned pressure. It is further an object of the present

I nvention to provide for dosing of a degassed nononmer or nononer

m xture in

the front nold cavity wherein said dosi4é is carried out under vacuum or
| ow at nospheric pressure conditions to thereby prevent the entrapnent of
gas under the nononmer, or to prevent the formation of gas bubbles therein
whi ch ni ght oohbagkskensimayfbermere readily WRAeREtEAd DY ®R&ure used to

convey the ”Eﬂ?ﬁédaintbﬁeté% wienh "Peparenté €6seHe fbliowimgt her obj ect
of the present 1nvention

detailed description of the preferred embodiments, taken
in conjunction with the accompanying drawings wherein
like elements are designated by identical reference
numerals throughout the several views.

Figure 1(a) - 1(d) is a diagrammatic and
illustrated flow diagram of the method of the present
invention.

Figure 1(e) is a block diagram flow chart of
the process of the present invention.

Figure 2 is a plan view of a carrier used to
transport a plurality of contact lens molds to and from
the filling and assembly station.

Figure 3 is a cross-section view of an
assembled mold as carried in the carrier illustrated in

Figure 2.
Figure 4 is a diagrammatic top plan view of ..
the filling and assembly stations of one: embodiment. of
the present invention.. - . - . pln A0 L Il WML elailie o
Figure 5 is a partially cross-sectioned side
view of the filling station used for depositing a
predetermined amount of monomer in each of the mold
cavities.
Figure 6 is a simplified diagrammatic view of
a monomer degassing and pumping system utilized in the
present invention.
Figure 7 is a diagrammatic time line
illustration of the assembly step of one embodiment-of
the present invention.



to provide for the assenbly of a |arge nunber of small independent nold
parts at a high production rate with precise registration of the front and
back curve nold parts. It is. another object of the present invention to
provi de an apparatus in which a polynerizable hydrogel is punped to a
plurality of Ilens nolds forned of a first concave or front curve nold half,
and a second convex or back curve nold=Ralf. The nold hal ves are forned
from pol ystyrene or other material transparent to actinic radiation. The

second or convex nmold half may be thinngr than the first or co e nold
hal f to enable nold cdmguEmc 3h iha diagramatly os’rfg? v‘é’se‘bl"gcg?\féﬁmed

toget her. C agpbfioP SESLHE BBy Msidle af @nd hembddimerst faff e on t he
first and second nold halves to insure that the flanges are parallel and

that the resPEeIeRE ISP the nold are aligned. O anping pressure may
al so be applied to se@®idume skipedis a partially cross-sectioned

side view of the assembly module illustrated in Figure
8(a).

Figure 9 is a diagrammatic and partially
cross-sectioned illustration of the dosing or filling
station of one embodiment of the present invention
illustrating the vacuum interconnections to the
reciprocating f£illing module.

Figure 10 is a diagrammatic and partially
cross-sectioned illustration of the assembly station of
one embodiment of the present invention illustrating the
vacuum supplies for the reciprocating assembly station.

Figure 11 is a cross-sectional view of. the

vacuum manifold used in the reciprocating module of the -:o—noor-

assembly station=illustrated-in«Eigure 10—l oo o L T

Figure- 12 is a cross-sectional view.of the - .. =. «.
vacuum tube and sleeve assembly of the assembly station
illustrated in Figure 10.

Figure 13 is a plan view of the vacuum
manifold illustrated in Figure 11. o

Figure 14 is a time chart and diagrammatic
time line illustration of the assembly steps of a second
embodiment of the present invention.

Figure 15 is a partially cross-sectioned side
view of the exterior of-the-assembly module.of.the... .. .=7....
highly preferred embodiment of the present invention.

Figure 16 is a cross-sectional view of the
reciprocating pistons mounted within the primary and



-5- nmold half against an annular edge forned in the first nold half to
essentially sever any excess nonomer fromthe nmononer contained within the
nold. Al of the foregoing is acconplished, under vacuum at a high
production rate or volune. It is another object of the present invention to
prevent the entrapnent or formation of gas bubbles within the polynerizable
hydrogel prior to polynerization. It is8another object of the present

i nvention to provide an adjustable neans for varying the clanping pressure
as the first and second nold hal ves are cl anped together. Said adjustable
means furt heVacwan REURLNE AR Yokl | 3R dde yasuume headb afsembldes respect to
each nol d pagtrydnd® lawdddg each back curve to its associated front curve

with a conmpon predetern ned pressure. In a
P Figurerifais a cross sectional view of the

overstroke spring biased bolts which secure the vacuum
housing to the primary housing and which are capable of
reciprocating within the vacuum housing.

Figure 18 is a top view of the assembly
station, therein illustrating the cross sectional lines
which correspond to the views shown in Figures 15-17.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The present invention is useful in a process

for forming soft contact lenses from a polymerizable
monomer or monomer mixture. The soft contact lenses are
formed in a mold assembly having a first concave and a
second convex mold half. As illustrated in Figure 3,
the mold halves are formed of polystyrene .transparent to - - .
visible and ultraviolet .light, with a' central:.curved.... ... . ..
section defining a. concave surface 31, a convex-.surface - - -
33 and circular circumferential edge 31(c), and integral
with said edge an annular essentially uniplanar flange
31(a). At least a part of the concave surface 31 and
the convex surface 33 have the somewhat diminished
dimensions of the front or back curves, respectively of
a contact lens to be produced in the mold assembly, and
are sufficiently smooth that the surface of the contact
lens formed by polymerization of said polymerizable
composition in contact with the surface is optically .
acceptable. The mold is thin enough to transmit heat
rapidly therethrough and has rigidity sufficient to




first enbodi ment, the independent reciprocation is achieved wwth a common
air- pl enum which provides a force biasing to each of the nold parts. In a
second enbodi nent this independent reciprocation is achieved through the
use of individual biasing springs having appropriate spring constant
strengths. It is also an object of the present invention to provide an
assenbl y havi ng vacuum seal i ng structures through which el enents of the
assenbly havi ng normal nanufacturing varianées i n di mensi on nay be

reci procated while nmaintaining a stable vactum BRI EF DESCRI PTI ON OF THE

R e R e LT S
readi | y understbalives dueing demolding.

A common defect in contact lenses formed in
accordance with this process is the inclusion of air

5 bubbles which are trapped between the monomer and the
mold at deposition.

In the present invention, the monomer is
degassed prior to pumping as more particularly described
in U.S. Patent Appln. U.S.S.N. 08/212624, entitled

10 Method and Apparatus for Making an Ophthalmic Lens,
assigned to the assignee of the present invention, the
disclosure of which is incorporated herein by reference
thereto. This process removes part of the dissolved
gasses present in the monomer mixture prior to the

15 pumping of the monomer to the deposition or filling
station. Discharge of the monomer from the supply
nozzle into the front curve mold half can optionally be
done under vacuum to insure that no gasses are trapped
between the monomer and the front lens mold as the

20 monomer is deposited.

The complimentary pair of first 31 and second
33 mold halves which define the shape of the final
desired lens are used to direct mold the monomer mixture
wherein the mixture is dissolved in a nonaqueous water

25 displacable solvent as described in U.S. Patent Nos.
4,680,336, 4,889,664 and 5,039,459. After the
deposition or dosing step, in which the front concave
mold half 31 is substantially filled with a
polymerization mixture 32, the concave front mold half

30 31 is covered with a base mold half 33 under a vacuum to



skilded i'n the art with reference to the follow ng detail ed description of
the preferred enbodi ments, taken in conjunction with the acconpanying
drawi ngs wherein |like elenents are designated by identical reference
nuneral s throughout the several views. Figure 1(a) - 1(d) is a diagrammtic
and illustrated flow di agram of the nethod of the present invention. Figure
1(e) is a block diagramflow chart of -llee process of the present invention.
Figure 2 is a plan view of a carrier used to transport a plurality of
contact lens molds to and fromthe filling and assenbly station. Figure 3
i's a cross- ensliren thatwnof air babbilleisedreolaappedabetueam theemodd | er
|IIustratedh%§v§%%ure 2. Figure 4 is a diagrammatic top plan view of the

S

filling and |y stations of one enbodi nent _of thenpres?pt Eﬂyention.

The first and second mold halves may then

clamped together in the assembly step to displace any
surplus monomer from the mold area and to properly align
the mold halves by alignment of the mold flanges.
Following this mold assembly and clamping
step, the first and second mold halves are then clamped
together a second time in a precure step wherein the
polymerization mixture is exposed to actinic light,
preferably from a UV lamp, while the mold halves are
clamped. Typically, the mold halves are clamped for
approximately 40 seconds with 30 seconds of actinic
radiation. At the completion of the precure step, the
polymerization mixture has formed a partially
polymerized gel, with polymerization initiated
throughout the mixture. . . T
Following the precure step, the
monomer/solvent. mixture is- then cured in a UV oven... . --.
whereby polymerization is completed. in the monomer(s).
This irradiation with actinic visible or ultraviolet
radiation produces a polymer/solvent mixture in the
shape. of the final desired hydrogel lens. After the
polymerization process is completed, the two halves of
the mold are separated in a demolding step leaving the
contact lens in the first or front curve mold half, from
which it is subsequently removed. The front and base
curve mold halves are typically used for a single I
molding and then disposed of or discarded. After the
demolding step, the solvent is displaced with water to
produce a hydrated lens:which when fully hydrated and



Figure 5i's a partially cross-sectioned side view of the filling station
used for depositing a predeterni ned amount of nononer in each of the nold
cavities. Figure 6 is a sinplified diagrammatic view of a nononmer degassi ng
and punping systemutilized in the present invention. Figure 7 is a
diagrammatic tinme line illustration of the assenbly step of one enbodi nent
of the present invention. Figure 8(alli-s a diagrammtic side view of the
exterior of the assenbly nodul e of one enbodi nent of the present invention.

Figure 8(b) is a partially cross-sectioned side view of the assenbly nodul e
i | lustrated PuEfpgedewdld) be the final shape and size of the lens.

In most cases, this is nominally 10% larger than the
original molded polymer/solvent article.

The compositions to which this process may be
directed include copolymers based on 2-hydroxyethyl
methacrylate ("HEMA") and one or more comonomers such as
2-hydroxyethyl acrylate, methyl acrylate, methyl
methacrylate, vinyl pyrrolidone, N-vinyl acrylamide,
hydroxypropyl methacrylate, isobutyl methacrylate,
styrene, ethoxyethyl methacrylate, methoxy
triethyleneglycol methacrylate, glycidyl methacrylate,
diacetone acrylamide, vinyl acetate, acrylamide,
hydroxytrimethylene acrylate, methoxyethyl methacrylate,
acrylic acid, methacryl acid, glyceryl methacrylate, and
dimethylamino ethyl acrylate.

Preferred polymerizable compositions are
disclosed in U.S. Patent No. 4,495,313 to Larsen, U.S. .. __
Patent No. 5,039,459 .to Larsen et al. and U.S.- Patent -
No. 4,680,336 to Larsen.et al., the disclosures-of which-

are hereby incorporated -herein by reference.-Such. .. . .= . ‘& -v--

compositions comprise anhydrous mixtures of a
polymerizable hydrophilic hydroxy ester of acrylic acid
or methacrylic acid and a polyhydric alcohol, and a
water displaceable ester of boric acid and a
polyhydroxyl compound having preferably at least 3
hydroxyl groups. Polymerization of such composigions,
followed by displacement of the boric acid ester with
water, yields a hydrophilic .contact lens. The mold
assembly of the present invention described herein may- - -
be used to make hydrophobic or rigid contact lenses, but
the manufacture of hydrophilic lenses is preferred.



Fi.gure 9 is a diagrammatic and partially cross-sectioned illustration of
the ‘dosing or filling station of one enbodi nent of the present invention
illustrating the vacuuminterconnections to the reciprocating filling
nmodul e. Figure 10 is a diagrammatic and partially cross-sectioned

il lustration of the assenbly station of one enbodi ment of the present

invention illustrating the vacuum suppkl@s for the reciprocating assenbly
station. Figure 11 is a cross-sectional view of. the vacuum nani fold used
in the reciprocating module of the assenbly station illustrated in Figure

10. Figure- 12 is a cr'®&88- E@E?ﬂ%ﬁhFaPFEMFGPPPﬁétﬁﬁBEuH¥F§BEaHﬁH sl eeve
assenbly of ébﬁtaiﬁeabhhiaila&h@ﬁnﬂbﬁséréi:eﬂsl-lhﬁkﬂﬁgeaéentl:l gsaslly is a

pl an vi ew of _t he u i fold trated n Ei gur Fi gu 14 is a
time chart ahfi® ﬂlé ﬁgngét g F?FH?P Y.S Bfa ﬁé Sgsgnégy st eps of
a second of a dlester or trlester. Examples of representative

cross linking agents include: ethylene glycol
diacrylate, ethylene glycol dimethacrylate, 1,2-butylene
dimethacrylate, 1,3-butylene dimethacrylate, 1,4-
butylene dimethacrylate, propylene glycol diacrylate,
propylene glycol dimethacrylate, diethylglycol
dimethacrylate, dipropylene glycol dimethacrylate,
diethylene glycol diacrylate, dipropylene glycol
diacrylate, glycerine trimethacrylate, trimethylol
propane triacrylate, trimethylol propane
trimethacrylate, and the like. Typical cross-linking
agents usually, but not necessarily, have at least two
ethylenically unsaturated double bonds. _

The polymerizable compositions generally also
include a catalyst, usually from.about 0.05.tc.1%.0f.a .. _..._ .
free radical catalyst... Typical examples of such:
catalysts include lauroyl peroxide, benzoyl peroxide,
isopropyl percarbonate, azobisisobutyronitrile and known
redox systems such as the ammonium pérsulfate—sodium
metabisulfite combination and the like. Irradiation by
ultraviolet light, electron beam or a radioactive source
may also be employed to catalyze the polymerization
reaction, optionally with the addition of a _
polymerization initiator. Representative initiators
include camphorgquinone, ethyl-4-(N,N-dimethyl- .. ... ... ...
amino)benzoate, and 4-(2-hydroxyethoxy)phenyl-2-
hydroxyl-2-propyl ketone.



enbodi ment of the present invention. Figure 15 is a partially
cross-sectioned side view of the exterior of the assenbly nodule of the
highly preferred enbodi ment of the present invention. Figure 16 is a
ct oss-sectional "view of the reciprocating pistons mounted within the
primary and vacuum housi ng as well as the vacuum head assenblies
attached thereto. Figure 17 is a cross=&3ctional view of the overstroke
spring biased bolts which secure the vacuum housing to the prinmary housing
and whi ch are capabl e of reciprocating W t hin ihe vacuum housi ng. Figure 18
is atop view of the aBedymeL1zaEiPR oL { HRe PR ¥m?ﬁ§?$3¥%ng the cross
sectional |iasmpyBitiof0incERENklole aSsenmbEysishpreferablyucasriad 17.

DETAILED DES(C):&It E{roélxgs}:r%glz EﬁeE FE&%EQSJ%&P | yg—'\golymerization
initiating conditions. The preferred technique is to
include in the composition initiators which work upon
expose to ultraviolet or visible radiation; and exposing
the composition to ultraviolet or visible radiation of
an intensity and duration effective to initiate
polymerization and to allow it to proceed.' For this
reason, the mold halves are preferably transparent to
ultraviolet or visible radiation. After the precure
step, the monomer is again exposed to ultraviolet or
visible radiation in a cure step in which the
polymerization is permitted to proceed to completion.
The required duration of the remainder of the reaction
can readily be ascertained experimentally for any
polymerizable composition. - oomz o emreincoLn Lo

After the polymerizable composition has -._ _
polymerized, the mold assembly is disassembled to.permit.
further processing of.the polymerized: product-into:a
contact lens (such processing including e.g. washing and
hydrating, packaging and sterilizing of the lens).
Preferably, the flanges of the front and base mold
halves are gripped and pulled away from each othef,
either in directly opposite directions or through an
angle in a prying motion. Advantageously, the assembly
is first heated moderately to facilitate separation of
the polymerized article from the mold half surfaces.



The present invention is useful in a process for formng soft contact

| enses froma pol yneri zabl & nononmer or nononer m xture. The soft contact

| enses are formed in a nold assenbly having a first concave and a second
convex- nmold half. As illustrated in Figure 3, the nold halves are forned of
pol ystyrene transparent to visible and ultraviolet light, with a central
curved section defining a. concave surfide 31, a convex surface 33 and
circular circunferential edge 31(c), and integral with said edge an annul ar
essentially uniplanar flange 31(a). At Ieast a part of the concave surface
31 and the convex surface 33 ha¥ald E) QRERATION,i ni shed di nensi ons of the
front or back curves, Fgéﬁﬁét&YGHY1§faab266kadiab28m 66 thepmethiodd in the

ol 4 aesetl v 33 Are sul hel et b SInet by Lha e hPa U ARCEr! e cont ac

with the suraaagrammaptccaluusaraembablef fhe methoidsof hthe epvegento

transmt heag (aRkdK.! "RECER1Q4ERaRRE RASFiLALE' 1YaT YT EpeLeRiitda
carriers or pallets 30 are fed to the deposition and
assembly stations carrying, on alternate pallets, front
curve mold halves and back curve mold halves. As will
be more fully described with respect to Figure 4, the
pallets arrive in alternating sequence with the pallet
containing back curve halves first in sequence, followed
immediately thereafter by a pallet loaded with front
curve mold halves. These pallets are then conveyed into
the filling and mold assembly stations sequentially at
the rate of approximately 1 pallet each 6 seconds.

As illustrated in Figure 1(a), a.predetermined
amount of the polymerizable hydrogel:or monomer 10 is ... "=
deposited in a front curve-mold half-by means.of.a.. ..___.
precision dosing nozzle 142, which:-is part of the dosing...
or £filling station 50. The monomer may be- dosed under
vacuum in each of the front curve mold halves, carried
in the alternating pallets, to avoid the possibility of
entrapping any gasses between the monomer and the front
curve mold half 31. Further, as will be further
described with respect to Figure 6, the polymerizable
monomer mixture may be degassed tb insure that
significant dissolved gasses are not present in the
monomer inasmuch as dissolved-gasses-may:well .form .. .-._..:. ..

" bubbles as the monomer is exposed to vacuum conditions.

In the preferred embodiment of the invention,

approximately 60 ul of polymerizable hydrogel or. monomer - - -




-9- withstand prying forces applied to separate the nold hal ves during
denol di ng. A common defect in contact lenses formed in accordance with this
process is the inclusion of air 5 bubbl es which are trapped between the
mononmer and the nold at deposition. In the present invention, the mononmer

I s degassed prior to punping as nore particularly described in U S. Patent
Appln. U S. S N 08/212624, entitled 10-15- Met hod and Apparatus for Mking
an Ophthal mic Lens, assigned to the assignee of the present invention, the
di scl osure of which is incorporated herein by reference thereto

T
process renpissdppesited tin the Srontd e MRtQRME (P t’r?és"rﬁfnml ?n xture
prior to theehd mol@USRY{y s Idieroud®) 1P dfdedeppdvdia whe filling

possibility of incomplete molding. The excess monomer
is removed from the mold cavity in the final step of the
assembly of the front and back curve mold halves as will
be hereinafter described.

The second station in the apparatus for
depositing and assembling the mold parts is a stamping
station schematically illustrated in E}gure 1(b), and
more fully described in U.S.S.N. 5 —5> éi;,
entitled Method and Apparatus For Agplying a Surfactant
to Mold Surfaces, also assigned to the assignee of the
present invention. As illustrated in Figure 1(b), the
annular flange 31(a) surrounding the front curve mold
half is stamped via stamp pad 21 with a thin f£ilm of
surfactant which has been found useful in removing the
excess monomer displaced from the mold-.cavity at the. . -~»o. -
time of assembly. The excess .monomer. (when . - . =
hydroxyethylmethacrylate is used; .it is referred tQras- ... .
“"HEMA") is displaced. between the flanges 3l(a)-and_ .uvizs =-»
33(a), as illustrated in Figure 1(d) to form a ring 34
of excess HEMA at the time of mold assembly. This HEMA
ring is also cured contemporaneously with the _
polymerizable hydrogel that forms the contact lens 32.

By stamping the front curve mold flange 31(a)
with a mold release surfactant, the HEMA ring 34
preferentially adheres to the back curve mold half
flange 33(a) and is removed from the production line at
the time the back curve mold half is removed at mold
disassembly. In the preferred embodiment, the mold
release surfactant is a polyethylene oxide.sorbitan



st.ation. Discharge of the nonomer fromthe supply nozzle into the front
curve nold half can optionally be done under vacuumto insure that no
gasses are trapped between the nononer and the front Iens nold as the 20
nononer i s deposited. The conplinentary pair of first 31 and second 33 nold
hal ves whi ch define the shape of the final desired |lens are used to direct
nmol d the nmononer nixture wherein the m=Atbere i s di ssolved in a nonaqueous
wat er 25 di spl acabl e sol vent as described in U S. Patent Nos. 4,680, 336,
4,889, 664 and 5,039, 459. After the_deposition or dosing step, in which the
front concav&ansi-wleate ,3commergiaddit saldy underedhg tiradedlameeri zat i on
mxture 32, igyden@de front nold half 30 31 is covered with a base

mol d hal f 33 under a vacuumto , epsure that no air, btibtg es are trapped
bet ween t he nol d e stamping head station 60 includes mounted

therein a plurality of stamps 21 each adapted to be
moved in vertical reciprocatory movement in a
coordinated matter by pistons 22 mounted in the stamping
head station 60, wherein the number of stamps 21 is
correlated with the number of front curves 31 carried by
mold pallet 30.

Adapted to be positioned in spaced
relationship below the lower end of each stamp 21 when
the stamp is in a raised position, is a horizontally
shiftable pad member (not shown) which is constituted of
a suitable porous material, such as porous polyethylene
‘having an average 10 micron pore size, and which is
impregnated with a .solution containing a surfactant, the
latter of which may be present. in a.highly. concentrated.....
state. The upper surface.of the pad: member is.covered. ... -
by a filter, preferably of nylon, having.a.mesh size of ..
1.2 microns so as to act as a metering device-and allow .
only relatively small quantity of surfactant to pass
therethrough as the surfactant is wicked from the bottom
of the pad member to the.top upon the pad member being
pressingly contacted by the bottom ends of the stamping
heads 21.

The method of operation of the assembly
station will be hereinafter described with respect to
Figures 1(c¢) - 1(d).and Figures 7 and 14, _As pallets 30 .. .
containing the back curve mold halves 33, which are
first in the alternating seguence, enter the assembly
station, a plurality.of reciprocating vacuum grip.



hal ves.. The first and second nold hal ves nmay then be -cl anped together in
the assenbly step to di splace any surplus nononer fromthe nold area and to
properly align the nold hal ves by alignnment of the nold flanges. Follow ng
this nold assenbly and cl anping step, the first and second nold hal ves are
t hen cl anped together a second tine in a precure step wherein the

pol yneri zation m xture is exposed to aqui-nic light, preferably froma W

| anp, while the nold halves are cl anped. Typically, the nold hal ves are

cl anped for approxi mtely 40 seconds with 30 seconds of actinic radiation.

At the conpipdistonsof71 erepreciprosaded tdownpardlan,i ast Mt;d-lmbﬂ marenas

formed a pa h RO

t hr oughout tfrgihq'r# ﬁel%(rger r%rq I%"(;&\?\:Ah?ﬁ'J @cttr g’?ulrtgﬁg?ﬁﬂ{alr?g m)nomer/sol vent
mxture i s ferthis c;memtacwm@th Axer éB}“ﬁGFﬁ'@F’i A% Fégures rdideted in
the mononer @}l 14-17 respectively, to pick up the back curve mold

halves from the first of the alternating pallets 30. The
back curve mold halves are lifted by means of a wvacuum
drawn in chamber 71(a), shown here in an embodiment
corresponding to the first primary embodiment, which
secures the back curve mold half to the reciprocating
piston 71. After the back curve pick up, the empty back
curve pallet 30 is advanced, and a second pallet
containing the front curve mold halves and monomer is
advanced under the reciprocating piston as illustrated
in Figure 1(d). A vacuum is then drawn around the
entire assembly to insure that no gasses are trapped
between the mold halves and the monomer at the time the
mold is assembled. The reciprocating piston 70 is then -
driven downwardiyrso:that;the;hack curve mold-half-33- -
contacts the monomer and displaces it throughout-the::
mold cavity. As the reciprocating-piston“71 continues
to descend downwardly, the excess monomer overflows the
cavity. Optionally the reciprocating action of the
piston may descend far enough to seat the flat annular
surface 33(a) of back curve mold half 33 against the
circumferential parting edge 31(c) of the front curve
mold half, thereby aligning the mold parts and
displacing the excess monomer into the space between the
flanges 31(a), 33(a) in:which: forms the éxcess;HEMA"ringL”= St
34. The back curve mold half may then be clamped to the
front curve mold half by means of a floating over travel
mechanism that will be heréinafter .explained in-detail - - - -~~~



This'irradiation with actinic visible or ultraviolet radiation produces a
pol ymer/sol vent mixture in the shape- of the final desired hydrogel |ens.
After the polynerization process is conpleted, the two hal ves of the nold
are separated in a denolding step |leaving the contact lens in the first or
front curve nold half, fromwhich it is subsequently renoved. The front and
base curve nold halves are typically usd8-for a single nolding and then

di sposed of or discarded. After the denolding step, the solvent is

di splaced with water to produce a hydrated | ens which when fully hydrated
and buf f efbthFespect tte Figuresifiba) aard o8 ) ofox Hehe chikst n nost

Caises, - } hi iS eribo@ithért lé/ndl?éd A G For h@ﬁbté@cﬁk&ha %}m?}dmmﬁ After a ]
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broken but the clamping pressure from piston 21 is
retained during overtravel of the assembly module. Then
the vacuum surrounding the assembled mold halves and
reciprocating piston 71 is broken, and reciprocating
piston 71 is retracted thereby allowing pallet 30 to be
transferred out of the assembly station to the precure
station. '

The assembly of the mold halves according to
each of the two disclosed embodiments of the present
invention are also described in the charts illustrated
in Figures 7 and 14 in which the position of
reciprocating piston 71 is plotted as a function of
time. : .. S

As illustrated in Figure. 7 with respect to the
first embodiment;:at the.zero start point,--the S
reciprocating. piston 71 begins to descend for the back - s
curve pick up,- and reaches and secures _the back.curve-in:-uw-
approximately 0.25 seconds. The piston 70 is then
reciprocated upwardly to its upper position 14 mm above
pallet 30 in approximately 0.25 seconds. Then, the
pallets are advanced wherein the back curve mold half
pallet is removed and the front curve mold half pallet
is inserted, which transfer takes approximateiy 0.5
seconds. While the pallets are being transferred, a
vacuum chamber. begins its descent towards the front
curve mold pallet 30 and contacts the mold pallet to
establish a seal between the chamber and the pallet as
will be hereinafter more fully described with respect to



net hacryl ate ("HEMA") and one or nore conononers such as 2-hydroxyet hyl
acrylate, nethyl acrylate, nethyl nethacrylate, vinyl pyrrolidone, N-vinyl
acryl am de, hydroxypropyl mnethacryl ate, isobutyl nethacrylate, styrene,
et‘hoxyet hyl net hacryl ate, nethoxy triethyl eneglycol nethacrylate, glycidyl
nmet hacryl ate, diacetone acrylam de, vinyl acetate, acrylam de,

hydr oxytri met hyl ene acryl ate, nethoxyetdépd=-net hacrylate, acrylic acid,

met hacryl acid, glyceryl nmethacrylate, and di methyl am no ethyl acryl ate.
Preferred pol ynerizabl e conpositions are disclosed in U S. Patent No.
4,495,313.to0 Efegu;ml 8. A s=aknis Nstahlizhetb At approtimately 120 U S

Pat ent No. 4, ere| g bé éfrﬁgg ;ér%LP%ltx{'@ chﬁflﬁ%urﬁtﬂ; é(ﬁ'n tﬂ'fee her eby

i ncor por at ed erence ositlons CO I Se an ydrous

m xt ures of aptpﬁnk;%rxaam%n rerVAEed dmty!dr cyvacqum egduigbiirium 48 d or
nmet hacrylic afdsblfed £ PobpFoRindealy ahols stubras\at er di spl aceabl e ester

of boric acid and a It should be noted that the reciprocating
piston 71 is carried within the vacuum chamber so that
as the vacuum chamber descends and seals to the pallet,
the reciprocating piston 71 and the back curve mold half
33 have been partially lowered to approximately 5 mm
above the front curve mold half. At 1.75 seconds, the
reciprocating piston 71 begins independent downward
travel and contacts the monomer at approximately 2.5
seconds after the zero point. Downward travel of the
reciprocating piston continues and at approximately 3
seconds, the back curve mold half is firmly seated on
the parting edge 31(c) of the front curve mold half
indicating formal assembly. Shortly thereafter, the
vacuum in chamber 71(a) is broken, but the reciprocating
piston 71 maintains a downward force on the back curve
mold half while the remainder of the assembly module
continues a downward travel to establish an independent
floating clamping of the back curve mold halves against
a front curve. At approximately 3.4 seconds, the wvacuum
is broken in the vacuum chamber, and at approximately
4.4 seconds the reciprocating piston 71, the vacuum
chamber and the assembly module begin to retract. At
4.75 seconds, the pallet containing the assembled mold
halves is transferred out of the assembly station, and a
new pallet containing the back curve mold halves is
inserted under the mold assembly module. At
approximately 5 seconds, the reciprocating piston 71 is



pol yhydr oxyl compound having preferably at |east 3 hydroxyl groups.

Pol ymeri zati on of such conpositions, followed by displacement of the boric
acid ester with water, yields a hydrophilic contact lens. The nold
assenbly of the present invention described herein may - be used to nake
hydr ophobi c or rigid contact |enses, but the manufacture of hydrophilic

| enses is preferred. -12- The pol ynmes2p=abl e conpositions preferably
contain a small amount of a cross-linking agent, usually fromO0.05 to 2%
and nost frequently fromO0.05 to 1.0% of a diester or triester. Exanples
of represent &henemovedstbi hksnbaalke o vienplickeupe poglidiongl wad ati &£cryl at e,

Gt o PRCo ' BOE Fhbonnt o SABAFOSIRCRNAS sk UL 10
The assembly time - motion chart according to
Figure 14, which corresponds to the second embodiment,

begins at the zero time - start point with the
reciprocating pistons initiating a descent toward the
back curve pallet, making contact with the back curve
mold halves in approximately 0.5 seconds. The pistons
are coupled to a primary support beam, the motion of
which raises and lowers the pistons coupled to it. A
vacuum chamber housing is also coupled to the primary
support beam and is raised and lowered accordingly.

The pistons remain positioned at the back
curve pallet for approximately 1.0 seconds during which
time the vacuum grips of the:pistons are engaged to
secure the back curve mold halves to theiﬁ?respective“

pistons. The pistons and-the ‘secured-back .curves drews’ Tiamm=s ..

.

then reciprocated upwardly to'.a raised position above< . i r.n.o-

pallet 30 in approximately 0.5 seconds. The pistons -
remain in this raised position for approximately 1.5
seconds as the pallets are advanced so that the back
curve pallet is removed, and such that the front curve
pallet is aligned beneath the piston array. This pallet
advance takes approximately 1.5 seconds.

Once the pallet of front curve mold halves has
been positioned, the pistons and vacuum chamber {each of
which are coupled to the primary support beam) ‘begin to =io-i..
descend toward the front curve mold pallet, to which ' '
pallet the vacuum chamber will establish a seal as will
be hereinafter more fully described :with _respect to- <.--. ~T... o



pr.opyl ere ‘gl ycol di nethacryl ate, diethylglycol dinethacrylate, dipropylene
gl ycol dinethacryl ate, diethylene glycol diacrylate, dipropylene glycol
diacrylate, glycerine trinethacrylate, trimethylol propane triacrylate,
trimethyl ol propane trinethacrylate, and the |ike. Typical cross-Iinking
agents usually, but not necessarily, have at |east tw ethylenically
unsat ur at ed doubl e bonds. The pol yneri zabte conpositions generally also

i nclude a catalyst, usually fromabout 0.05 to 1% of a free radi cal

catal yst. Typical exanples of such catal ysts include | auroyl peroxide,
benzoyl pero FEBrel§§pr3§9lsﬁé1bBQbBﬁaPBe ¥a2euum; Shampe¥r otPt Eheée and known

redox systenpajleR as ébﬁaﬁﬂﬂgﬁé&n&ﬁﬁféﬁiﬁ&télfodlSnbéaéﬂ@ssﬂfieie
conbi nati on d the like. Lrradiati rayi o ectron beam
or a radloac?ﬂsepéﬁﬁPBE ARy RRSHWREC 05ﬂ$¥ ¢ ?%%? ﬂ% %olynerlzatlon
reaction, optowaaalyhenfhonhecwddes;owhbéhasemlyhsresaabtmshedthmtor.
REpresentat'¥ﬁe'BLEiﬂﬁgréf the vacuum chamber being compressed

against the pallet surface. A vacuum pump evacuates the

nitrogen from the chamber and the desired vacuum

pressure is reached in approximately 1.5 seconds (2.0

seconds after the initial descent of the pistons and

vacuum chamber). f .

- The vacuum chamber is connected to the primary
support beam with sliding support shafts, each shaft
having a corresponding biasing spring, which sliding
shafts permit the primary support beam, and the pistons
coupled thereto, to continue descending once the vacuum
chamber has seated to the pallet. After 2.0 seconds of
descent, approximately contemporaneous with the complete
establishment of the vacuum in the-vacuum chamber, the ... _
back curve mold halves which are attached to the piston$
contact the monomer in the front curve mold halves. For
approximately 1.5 seconds the reciprocating pistons
continue their downward travel at a slower rate, until
the back curve mold half is firmly seated on the parting
edge of the front curve mold half indicating formal
assembly. During the downward travel through the
monomer, the vacuum in the piston is broken, but the
piston continues to drive the back curve toward its
seating against the frornt curve. The final descent
through the monomer proceeds at a slower speed:to permit
the monomer to flow laterally and upwardly between the
closing halves, to partially fill the region between the



I ncl ude *canphor qui none, ethyl-4-(N,N—dine{hyI- am no) benzoate, and

4- (2- hydr oxyet hoxy) phenyl - 2- hydr oxyl - 2- propyl ket one. - 13-

Pol yneri zation of the polynerizable conposition in the nold assenbly is
preferably carried out by exposing the conposition to polymerization
initiating conditions. The preferred technique is to include in the
conmposition initiators which work upon=@%pose to ultraviolet or visible
radi ati on; and exposing the conmposition to ultraviolet or visible radiation
of an intensity and duratian effictlve to initiate polynerization and to

allow it to SWocBadveser apgdi £or a4doW tpﬁeeﬁSF&ShQPFQQe r &9pPEFBP]DI v
transparent tﬁeUE&b@tleh&beoanultbbEermadlHEMAnrlﬁbtarohha ghecuip step,

the monormer I% %g%|2u§§gos§% H rgghglgg 8eparated from the
molded monomer lens at the parting edge of the mold
assembly by the coupling of the two curve halves.

During the approximately 1.0 second after the

back curve half has seated and the primary support beam
stops descending, the vacuum within the chamber is
broken. During this 1.0 second, however, the piston and
pPrimary support beam remain'stopped therein maintaining
a constant downward clamping force on the back curve
mold half. After the 1.0 second pause, the primary
support beam, the pistons, and the vacuum chamber are
sequentially raised upward in approximately 0.5 seconds.
Subsequent to this retraction, the pallet of assembled
molds begins to advance and is transferred away from the
assembly. At this same time a new. pallet of back curves
is advanced under the assembly-station and. the,p;pcess

begins anew. L e amlllnoum L maelew . ID nom e

THE FILLING APPARATUS

The present invention is illustrated in plan
view in Figure 4 in which conveyor 20 provides a )
sequenced supply of alternating p&llets two of which are
schematically illustrated in Figure 4 as 30(a) and
30(b). 1In an exemplary embodiment of the invention,
pallet 30(a) contains 8 back curve mold parts and pallet
30(b) contains 8 front curve. mold parts. - These pallets
travel on conveyor 20 in a nitrogen tunnel 12-which 'Mk;f.-
surrounds each of the conveyors and material handling
devices to provide .a low oxygen environment for all of .




vi'si bl'e radiation in a cure step in which the pol ynerization is permtted
to proceed to conpletion. The required duration of the remainder of the
reaction can readily be ascertai ned experinentally for any polynerizable
conposition. After the polynerizable conposition has pol ynerized, the nold
assenbly is disassenbled to permt further processing of the polynerized
product into a contact |ens (such proce®3™g including e.g. washing and
hydrati ng, packaging and sterilizing of the lens). Preferably, the flanges

of the front and base nold halves are gripped and pul.led away from each
ot her, eitherthe ¢PRRRASAL RIS RFIQY iHﬁi?mSFLFﬁF&QQh aﬁagﬁgFélin a

pryi ng noti orhardiving aeE0L pusher saae dndy 1i4s direttc kbet pdllederately to
facilitate separatd Ghelof X' 2d 358 #1013hG hhA™ablenBRyd hal
station 15, which is also enclosed within a nitrogen
enclosure 16. Enclosure 16 may be pivoted up and out of
the way for servicing via means of handle 17 and hinges
18. Within the filling and assembly station 15 there is
the £illing or dosing assembly 50 for £illing the front
curves with a predetermined precision dose of monomer,
an apparatus 60 for applying a mold release surfactant
to the flange areé of the front curve molds, and the
mold assembly station 70. Following assembly, the empty
back curve mold pallets are returned by material
handling pusher 19 to the back curve pallet return
conveyor 22, while the filled and assembled mold
assemblies are conveyed in their respective pallet via
conveyor 21 to the precure station. - . . »- _cioa e el
The.materialfhandling.apparatusgIA;is,ggwﬁﬁuub..,
precision devicewhich:pushes the pallets oneliatva -timero=- .
onto track 22 to -be processed by-the. various .stations-in -
the deposition and assembly apparatus. The pallets are
advanced serially, with each advance stroke being the
width of the pallet % 0.1 mm. This enables placement of
the pallets for precision registration in the various
modules of the filling and assembly station 15.
. The filling or dosing station 50 will be
hereinafter described with respect to Figures 5, 6 and
9, wherein Figures 5:-and 9 are partially cross-sec¢tioned .
views of station 50 and Figure 6 is-a schematic -
illustration of the monomer degassing that occurs prior.
to the dosing of the individual mold cavities. The



-14- METHOD OF OPERATION Figure 1(e) is a block diagrram of the method of
t he present invention and Figures 1(a)-(d) are diagrammatic illustrations
of the method of the present invention. As illustrated in Figure 1(a),
specialized carriers or pallets 30 are fed to the deposition and assenbly
stations carrying, on alternate pallets, front curve nold hal ves and back

curve nold halves. As will be nore ful F¢4described with respect to Figure
4, the pallets arrive in alternating sequence with the paIIet cont ai ni ng
back curve halves first ip seque nig, éollome | nedi a g t?erea ter by a
pal | et | oadelORPPRT L8NS ﬁF%@tﬁB Yhdpgasseq, ko ayon eF CafBTPAENBonveyed

into the fil bfngagnBubblldsatfethtydssedi monomesycati eithezt theetimee of
o bdet er mi nedEafBaRSLPE, Rhe o5EFRoPEnpfd RERBAR. conalnikH a8 the) - °
deposi t ed inbabbienW1&mrwaduoedcauitabyoneanspuddélng of the monomer
during polymerization thereby rendering the lens
defective and unusable.
As illustrated in Figure 6 the monomer or
monomer mixture is provided in containers 100, typically
15 liters in volume. The container is connected to the
monomer degassing system by means of line 112. Suction
is developed by pump 114 to draw the monomer from the
drum 100, through line 112, to pump 114, and out the
pump discharge 116. While going through discharge line
116, the monomer passes through filter 118 in order to
remove any extraneous particulate contaminants that may
be present in the monomer.
The monomer is then provided-to the 1n1et 120
of ‘the degas unit-122.° .Within Ahe degas, unit, -the B
monomer is divided among -a .plurality.of. tubes 124, and

VRl e F A IC N N YR

then recombined into a degas. g41;id}§gp§£ggh;§§1_"mh§ -
degas unit is operated under a low ambient bresédbe, o
typically around 1-40 torr which is provided by vacuum
pump 128. This vacuum pump is attached to the degas

unit 122 by line 130 and discharges the excess air from
the degas unit by way of line 132. The tubing members
124 are formed preferably of a gas permeable tubing such
as STHT tubing produced by Sanitec, Inc. of Andover, New
Jersey from Q74780 Medical Grade 811lcon Rubber e .
manufactured by Dow Corning of. Mldland, Mlchlgan. While

two tubes are illustrated in Figure 6,.1; is understood



preci si-on' dosi ng nozzle 142, which is part of the dosing

- or

fillling station 50. The nononer may be dosed under vacuumin each of the

front curve nold halves, carried in the alternating pallets,

to avoid the

possibility of entrapping any gasses between the nononer and the front
curve nmold half 31. Further, as will be further described with respect to
Figure 6, the pol ynerizable nononmer m-=254 e may be degassed to insure that

significant dissolved gasses are not present in the nononer

i nasmuch as

di ssol ved gasses may wel | form bubbles as the nononer is exposed to vacuum
condi tions. thntthepﬂm@héﬂﬂﬂdOénbubesentymﬁqaiimliﬂﬂﬁuhnﬁ axgpr oxi mat el y 60

f po b 0 r OB -15- is deposited in the
[err] of p b¥ &H%GIF%rh¥$k deball uFRROARR, ;

front curve
to avoid the

to 1nsuré that the nDId cavity is overdosed, in order
After the monomer exit the degas unit 122 by

discharge line 126, it passes through an oxygen monitor
134. This monitor measures the residual oxygen within
the monomer to insure that the degas unit is functioning
properly. If the oxygen content of the monomer is
indicated as being to high, operation of the production
line can be halted until the problem is corrected in
order to avoid the production of defective lenses.

Once oxygen monitor 134 has determined that
the oxygen content of the monomer is sufficiently low,
the monomer passes through line 136 into manifold 138.
The manifold is used as a common source to supply a
plurality of precision dose pumps 140 used to £ill the
individual contact. lens:mold: at.the monomer -dosing. _ _._
station 50. The pumps 140_used.to pump. the processed .. = ...
monomer delivered: -to-manifoldr138-:are IVEK-pumps-made b B =i
the IVEK Corporation' of -Noxrth::Springfield, Vermont.: .. .. -—o
These pumps provide precision doses of degassed monomer

to the mold cavities 31 via nozzles 142.

As was hereinafter previously described with
respect. to Figure 1(a). The monomer is supplied from
pumps 140 to nozzles 142 via supply lines 141 which may
include coupling blocks 143 to aide in servicing the
equipment. Each of the supply lines 141 is coupled to
an associated discharge nozzle 142, two of which are
illustrated invFigure%SLwhichvare»suspended?directlyﬁ’i- R
over the path of the pallet 30 and the individual front
curves 31. The dosing station 50 includes a manifold

block 51 for receiving:each-of.the monamer-discharge :: - «uiiuh iil=ias



posst bi-lity of inconplete-nolding. The excess nononer is renoved fromthe
nol'd cavity in the final step of the assenbly of the front and back curve

nol d hal ves as will be hereinafter described. The second station in the
apparatus for depositing and assenbling the nold parts is a stanping
station schematically illustrated in Figure 1(b), and nore fully described

in US. S N entitled Method and Apparapgs For A plying a Surfactant to Mdld
Surfaces, also assigned to the assignee of the present invention. As
illustrated in Figure 1(b), the annular flange 31(a) surrounding the front
curve nol d hekgles 342naprd ai wvasuumpseall 22 whithamayibefusedotosurf act ant

which h b | yalo ' df
the ol d_ cagPpeEyEe, WhEh enelon bR bRdihhee EF0Fa I ﬁ%%‘%%?é;ﬁﬁgﬁe o
hydr oxyet hyteePhoeide aa esealedcenclosuser that (may t be Lvacpdhed withi spl aced

bet ween theaf{ 098 Simp)séNehde(ehe d6pbsitipéhadedthé mosemerl(d) to form
aring 34 occurs in a vacuum. The manifold block assembly 51
reciprocates with respect to a fixed platform 52 on a
pair of tubes or cylinders 53, 54 as will be hereinafter
described with respect to Figure 9. The dosing module
50 also includes a pair of bore scope tubes 55, 56 which
enable inspection of the monomer dosing, if desired,
through a fiber optic bore scope 200.
As illustrated in Figure 9, the entire
deposition module 50 is reciprocated vertically with
respect to a fixed support frame 52 and 64 by means of a
short stroke pneumatic cylinder 65 mounted on moveable
frame 62 and to fixed frame 64 by drive rod 63a of
pneumatic cylinder 63. Vacuum is supplied through the
filling or dosing station through manifold 66 and _vacuum - __ -
line 67 to an interior manifold 68-formed - in:-one-0f the---: -n:
two tubes 53,54:° "The tubes or cylinders 53,54..- - --
reciprocate with fixed guide tubes 57,58. A vacuum
Plenum is also formed in the manifold block 51 by means
- of bore holes 69 and 69(a) which provide vacuum
communication between the vacuum manifold 66 and the
interior of the dosing station 50 defined by perimeter
seal 52 and the pallet 30. )
An optic bore scope 200 is illustrated in
Figure 9 with an optic probe 201: extending down into the
cavity defined by pallet 30 and manifold block 51. A
dummy or blind 202 is installed in the other bore scope
tube 56 to seal access into the interior vacuum plenum - .



of excess 'HEMA at the tine-of nold assenmbly. This HEMA ring is also cured
cont enpor aneously with the pol ynerizabl e hydrogel that forms the contact

|l ens 32. By stanping the front curve nold flange 31(a) with a nold rel ease
surfactant, the HEMA ring 34 preferentially adheres to the back curve nold
hal f flange 33(a) and is renoved fromthe production line at the tine the
back curve nold half is renoved at nol d2disassenbly. In the preferred
enbodi ment, the nold rel ease surfactant is a pol yethyl ene oxi de sorbitan
nono-ol eate, commercially sold under the trade nane "Tween 80". The

st anpi ng headfsthei asséfiblycstatesomnbintwhieh harkoneaspbpealst yoofimt anps 21
each adapt ed be noved in vertical reciprocatory novenment in a

coordi nated matfer by pistons 22 nmounted in the st ampi ng
In operation, a pallet 30 is advanced into the

filling or dosing station 50 by means of the material
handling ram 14 previously discussed with respect to
Figure 4. Once .in position, the manifold assembly 51 is
reciprocated downwardly by means of pneumatic cylinder
63. As the vacuum seal 52 on the manifold assembly 51
engages the pallet 30, the sensor assembly 65 may be
triggered, thereby opening a valve to draw a vacuum in
manifold 66, vacuum line 67, manifold 68 and plenum 69,
69(a). It should be noted that a vacuum is not
required for £illing or dosing of the mold cavities, but
does avoid the possibility of N*® gas being trapped
between the monomer and the front curve mold half. It
should also be noted that the ambient atmosphere .- ::+ - -
surrounding pallet 30 is a low oxygen N*® environmént-and
- evacuation of the chamber is an evacuation of 'th& N2 - 2= =i
gas. After vacuum has:. been established within the = - ;
dosing chamber, pumps 140 are actuated to deliver a
controlled dose of 60 ul to each of the mold cavities 31
illustrated in Figure 5.
Each of the nozzles 142 includes a teflon
dosing tip with an 0.D. of approximately .070" and on
I.D. of approximately .040 I.D. Each tip is cut at
approximately a 45° angle, and is positioned to be
carried within .5 mm of the horizontal tangent of the
front curve 31 at the time of dosing. "~~~ ~ "7 e
As the monomer or monomer mixture is dosed, it
pools upwardly around the tip, as illustrated in Figure
1{a), so that the angle of the tip is covered. When the



head-st-att on 60, wherein the nunber of stanps 21 is correlated with the
nurber of front curves 31 carried by nold pallet 30. Adapted to be
positioned in spaced rel ationship below the | ower end of each stanp 21 when
the stanp is in a raised position, is a horizontally shiftable pad nenber
(not shown) which is constituted of a suitable porous material, such as
porous pol yethyl ene having an average JfB+1i cron pore size, and which is

i npregnated with a solution containing a surfactant, the latter of which
may be present in a highly concentrated state. The upper surface of the
pad nenber imanicdndat atsnglalYlﬂltan;, mcafraroﬂﬂtpdaﬁ;pv;dnﬂly,ha:\hmgoalrresh si ze
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g];ralll 2qlTa(r:1'[| ty o "ﬁé}‘ sur# ac q?’eal?sazs%%t er éf'hr oug gvstahe su?@%ﬁ;ﬁi a;[ |Sve Y
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of the dose, it pulls off potential drops of monomer and
it avoids any agitation of the monomer that might result
in bubble formation.

If drops of monomer form on the tip, there is

the possibility of contamination of a passing pallet or
the dosing station from an inadvertent drop. Individual
drops of monomer, even when deposited into a mold
cavity, or on top of the monomer pool, have been found
to generate a "seed" site for a gas bubble. By wicking
the tip with the monomer pool, this p0551b111ty is
substantially eliminated.

After the monomer has been dosed into the
individual mold cavities, the vacuum.is broken in .= - . ..
manifold 66 and the manifold -assenmbly:51 is retiprocated-. .
upwardly by pneumatic drive means 63 to:allowrtransport = -
of the pallet 30 to. the apparatus 60 which coats the -
mold flange with a mold release surfactant. The filling
module 50 can be raised to a high service position by
means of pneumatic cylinder 63.

THE FIRST MOLD ASSEMBLY APPARATUS
The operation of the assembly station of the.
present invention will be explained with reference to
two embodiments, the first being illustrated inLFigureée
8 and 10-13, and the second being illustrated in Figures
15 and 18-19.



The nmet-hod of operation of  the assenbly station will be hereinafter
described with respect to Figures 1(c) - 1(d) and Figures 7. and 14. As
pall ets 30 containing the back curve nold halves 33, which are first in the
al ternating sequence, enter the assenbly station, a plurality of

reci procati ng vacuumgrip : -17- pistons 71 are reciprocated
downwardly, as will be nore fully desciadsed with respect to two primary
enbodi ments of this invention which are illustrated in Figures 8-13 and

14-17 respectively, to pick up the back curve nold halves fromthe first of
the alternating pal | eMit3).reEpediadio dves£instd emdodimenmts Fifguee by neans

g](‘)r ?e\slggﬁg Pﬂ%ﬂ%@%h“r %@exg%ﬁ%l%ﬁﬁd\ﬂ: i"?%ferggﬁ?é‘??he back curve
mol d hal f t assexhlat medde (71 an Figure 8(b) represents a
partially cross-sectioned view of the first embodiment
of the assembly module 70 that is sectioned along two
separate axes from section line A - A' for the purposes
of illustration. This assembly station 70 includes 4
reciprocal pistons 71, two of which are illustrated in
the left section of a - a' of Figure 8(b) with back
curves attached thereto and two of which are partially
visible in the right hand section of a - a' of Figure
8(b) without back curves. It should be understood that
in the preferred version of this embodiment 8
reciprocating pistons are used for pallets having 8 sets
of front and back curve mold halves. The reciprocating
pistons 71 are mounted-for. reciprocation within the
vacuum housing 72 and are both carried by and may float - -~ .=~
within the primary housing 73. . Each -of the three ~ = ' @ :uii=e ©
members 71, 72 and 73 reciprocate at 'various -times,: both-
with respect to each other ‘and with respect:to the:
pallet 30 and the pallet front mold curves 31.
With reference to Figures 8(b) and 10 and the
first embodiment shown therein, the vacuum manifold
housing 72 and the primary housing 73 are mounted for
reciprocal movement on cylindrical shafts or tubes 74,75
and reciprocate with respect to stationary frame member
76 in response to a servo motor 77 which raises and
lowers a reciprocating support platform:78. ' Drive motor
77 is fixably attached to frame member 76 by means of
guide tubes 79 and 80 and cross-member 8l1. Thus, the
stationary frame"member;76,aguidé tubes 79,80_and cross-



piston 71.* After the back -curve pick up, the enpty back curve pallet 30 is
advanced, and a second pallet containing the front curve nold hal ves and
monomer i s advanced under the reci procating piston as illustrated in Figure
1(d). A vacuumis then drawn around the entire assenbly to insure that no
gasses are trapped between the nold halves and the nonomer at the tinme the
nold is assenbled. The reciprocating pi3®on 70 is then driven downwardly
so that the back curve nold half 33 contacts the nononer and di splaces it
t hroughout the nold cavity. As the reciprocating piston 71 continues to
descend downwmendier, 8lhprovidesanbasntiameethasnd st Isdatienayy Withonal Iy the

reci pr ocat | ng-eaian cof chiCrBL3bPBCHRYndREABArEAbEeRANIRpPRrataS. (e T at

annul ar surface~33(a) back curve_no

ci rcunf er ent itRe paldekyouade z3ids 8f aRe Pﬂﬁﬁt%éﬁggewﬁﬁhdrﬁﬁpFCttE@reby
al i gni ng the thwel dta&&baaaydfﬁixéal platifoihe76xceds Tnddertednt o the space

between the ) a098as3 Ane3gaet 38N & 200 MR EnEEGER5 thE Pal 188
guide rails 82 by means of the material handling pusher
14 previously described and illustrated with respect to
Figure 4.

As illustrated in Figure 8(b), also with
respect to the first embodiment of this invention as
shown therein, the vacuum manifold housing 72 and the
primary housing 73 reciprocate with respect to each
other with the vacuum manifold housing 72 being biased
downwardly by a pair of spring members 83,84 positioned
on opposite sides of the respective housings. The
vacuum manifold housing 72 is secured to the primary -
housing 73 by virtue-of a pair of bolts 85,86, one of "~ =

-

which is illustrated..in cross-section.in Figure. 8(Db):as.- .Cisitiime..

85, which are free to:reciprocate upwardly: into-a =n." i w=ua.
recesses such as-recess 87 formed in the primary — ™ -~
housing. Likewise, the reciprocating pistons 71 and
reciprocating manifold members 88,89 also provide
reciprocating guides and support between,the two housing
members 72,73.

~ A pair of bore scope housings 90 and 91
provide access for a bore scope 200 and a fiber optic
probe 201 which may be inserted into the assembly cavity
for viewing or quality control purposes. -When not in- :i:
use, the bore hole housings 90,91 are closed by a blind
202 in order to allow a vacuum to be drawn w1th1n the
assembly housing. . . . : '



34. The-back curve nold half nmay then be clanped to t4re front curve nold
hal f by means of a floating over travel mechanismthat will be hereinafter
expl ained in detail with respect to Figures 8(a) and 8(b) for the first
eribodi nent and Fig 16 for the second enbodi nent. After a predeterm ned
period, the vacuumin chanber 71(a) is broken but the clanping pressure
frompiston 21 is retained during overt3bvel of the assenbly nodule. Then
t he vacuum surroundi ng the assenbl ed nol d hal ves and reciprocating piston
71 is broken, and reciprocating piston 71 is retracted thereby allow ng
pal l et 30 to be transfEnrepevation, thoabkrini0 eontaining makd haddur e

station. Th%&éﬁeéﬁwegf 14 hsavRided Alndsr a4 Wl dipideetlly Pidtshd WO
di scl osed enbodi nents of the present invention are also described in the
charts illusf}a@8gwas previously described with respect to Figure
1(c). When the pallet is in position, the assembly
module 70 is reciprocated downwardly by pneumatic drive
motor 77 and cross-member 78 and the reciprocating tubes
74,75 to draw both the vacuum manifold housing and the
primary housing downwardly. The vacuum manifold housing
72 is biased in its downward position by means of
springs 83,84 and the individual reciprocating pistons
71 are biased downwardly by virtue of their mounting
within the vacuum manifold housing 72, and by virtue of
air pressure maintained within the pneumatic cylinders
93 mounted in the upper portion of primary housing 73.
Pneumatic cylinder 73 are pressurized by plenum cavity
102 which connects each of the cylinders 92 to a common
air pressure service. . Within approximately.0.25. N
seconds, the reciprocating pistons.71. have.engaged the -.-- .- .
back curve mold halves -on pallet-30.and a.vaquum.is _. . .. .
drawn through vacuum:manifold 7i(a)-in-:reeciprocating -- -...- .
piston 71, which has radial bores 94 which communicate
with an annular chamber 95 formed in the vacuum manifold
housing 72, two of which are illustrated in Figure 8(Db)
and 11. Each of these annular chamber passageways 95 is
interconnected to each other and a common plenum 97 that
extends across all 4 annular manifolds 95 on one side of
the vacuum manifold housing 72.

A pair of reciprocating vacuum-manifolds 88,89
connect the vacuum manifold 72 with the primary manifold
73, with one of the tubes 88, illustrated in cross-
section in Figure 8(5),;,The vacuum manifold 88



inp .Figures' 7 and 14 in whith the position of reciprogating piston 71 is
plotted as a function of time. As illustrated in Figure 7 with respect to
the first enbodinment, at the zero start point, the reciprocating piston 71
bégi ns to descend for t he back curve pick up,- and reaches and securesthe
back curve in approximtely 0.25 seconds. The piston 70 is then

reci procated upwardly to its upper pos+BRen 14 mm above pallet 30 in
approxi mately 0.25 seconds. Then, the pallets are advanced wherein the back
curve nold half pallet is removed and the front curve mold hal f pallet is

i nserted, whireripranstes inkberepfBeoxwhile| vacuemswanifield\BPl e the pallets

are being ”%&gﬁ%ﬁgteé iﬁCHHFécbgnbe'thﬁS'ﬁéﬁ%ﬁfgﬁfﬁfﬁ?tm&ﬁmﬁ&st he

front curve and cont acts e itabllsh a sea
bet ween t he éﬁ&nﬁEFeaﬁﬁalki saentical, yexeepe Haat FREYFURBLE ful |y

descri bed w ¥Bch@mP&Et tH® different pressures to two different parts
of the assembly module.

As illustrated in Figures 13 and 8(b), the
longitudinal plenum 97 terminates in annular chamber 99
which in turn communicate with a reciprocating vacuum
manifold 89 and an upper plenum cavity 102. Plenum 102
is connected to the upper portion of vacuum assembly 103
which in turn communicates with the reciprocating
cylinder or tube 75. The vacuum maintained in
reciprocating tube 75 is in turn drawn by vacuum line
104 through a shut-off valve and manifold (not shown).
Thus, vacuum drawn through vacuum tube 104 pulls the N.
present in the low oxygen environment through the . _
reciprocating pistons 71:into. .common_plenums 95,97 in_ .
the vacuum manifold housing, -upwardly-through:w=..: tin; ~ocu.
reciprocating manifold 89 into=the:primary housing, and. .-
then downwardly through the reciprocating tubes 75 for-
exhaust.

As the assembly module of this first

. embodiment reaches its lower most point of travel, each
of the back curves is removed from the back curve mold
pallet 30 by the vacuum drawn in the reciprocating
pistons 71. The entire assembly module 70 is then
reciprocated upwards in approximately 0.25 seconds to
enable transport of the:empty paliet- 30-out:of the-:rr:ix.
assembly module and the insertion of a new pallet 30(b)
that is filled with front curve mold halves, each one of
which has been dosed with a monomer at the filling



-19- ‘Figure 8. A seal is established at approximatel y™1.25 seconds after
the zero point, and the nitrogen in the chanber is then evacuated until a
vacuum equi libriumis reached at approxi mately 1.75 seconds. It should be
noted that the reciprocating piston 71 is carried within the vacuum chanber
so that as the vacuum chanber descends and seals to the pallet, the

reci procating piston 71 and the back cutd@- nol d hal f 33 have been partially
| owered to approximately 5 nmm above the front curve nold half. At 1.75
seconds, the reciprocating piston 71 begins independent downward travel and
contacts themnﬂtdmerSOat Aadlet (& iz §®Mﬁ§£ izt pasid iom @spoi nt .

Downwar d tra g 'dEdY Ml&lplr%fdﬁédi:ofﬂd FiRfurd 4 AP Rioxi mat el y
3 seconds, immk curve nol a fir seat e {ltheﬂgytlng edge

31(c) of | he TG REEESA, 4T PG erPOSltlon means of tape
registration pins 106,107 which cooperate with the blind

registration holes 108,109 formed on pallet 30, as
illustrated in Figure 2. The tapper on pin 106 is
sufficient to register the pallet within #.1 mm for the
purposes of precision aséembly of the mold halves.

The assembly cycle begins by reciprocating
both the vacuum manifold housing 72 and the primary
housing 73 downwardly until a perimeter seal 110
contacts the outer perimeter 110(a) of the pallet 30.

As contact is made with the perimeter seal, a vacuum
switch is actuated by means of a proximity switch
adjacent to reciprocating cross~head 78 which actuates a
second vacuum source which is drawn through wvacuum tube
111 and the interior of reciprocating drive tube-74 to:.::
evacuate the chamber -formed between. the wvacuum manifcld
housing 72 and:the-platform 30.:.The_vacuum. is_drawn;,.as - . ...
illustrated in:--Figures 8(b), 11:and.13 through the .. -
center of the vacuum manifold housing 72 by virtue of a
common plenum 115 which empties into a center bore hole
116 which is in turn connected to longitudinal manifold
96 and the annular chamber 98 and through the vacuum
manifold tube 88 to the upper primary housing manifold
101, and from this passageway via a connecting manifold
to the interior of reciprocating drive tube 74 in a
manner similar to that previously described and
illustrated with respect to manifold 102 and the
interior of drive tube 75.



i ndi cating formal assenbl y>> Shortly thereafter, the vacuumin chanber 71(a)
is broken, but the reciprocating piston 71 maintains a downward force on
the back curve nold half while the remainder of the assenbly nodul e
continues a downward travel to establish an independent floating clanping
of the back curve nold hal ves against a front curve. At approximtely 3.4
seconds, the vacuumis broken in the va@d#n chanber, and at approxi mately
4.4 seconds the reciprocating piston 71, the vacuum chanber and the
assenbly nodule begin to retract. At 4.75 seconds, the pallet containing

t he assenbl ed nol d hal ids shouldahe aated mtofthmé’mmlgﬂm dthon, and a

new pal | et Cfgﬁealﬁw&éél x%ake;] Gy iR ybls o 7S IS el gheder the mol d
assenbly nodu At appr oxi mat e 5 secan t he T eci'procating .pi ston 71 is
-20- different, with the vacuum drawn in the tube 75 being

slightly greater than that drawn in tube 74 in order to

insure that the back curves are retained on the

reciprocating pistons 71 prior to their deposition on

the monomer and the front curve mold half. 1In the

preferred embodiment, the pressure drawn in the vacuum

manifold around the pallet 30 is on the range of 5 to 7

millibars while the vacuum drawn within the

reciprocating pistons 71 is on the order of 3 to §

millibars.

Permitting the reciprocating action of the
pistons 71 through the vacuum manifold housing 72 into.
the drawn vacuum, and maintaining the vacuum throughout
" any translation, requires a sealing means between the

shafts of the pistons 71 and the vacuum manlfold_hou51ng...

ports through whlch-they;rgclp:pgagefﬁghgflmporggpcgungF s s

the differential between the vacuum levels being.drawn ..
within the pistons and the vacuum of the main .chamber .. .
increase the criticality, as well as the complexity, of
this requirement. An additional practical requirement
for such a sealing means is that it be compatible, or at
least adjustable, with respect to manufacturing
variances in piston 71 and O-ring morphology.

The vacuum tube sleeve assembly shown in .
Figure 12 illustrates a design solution which meets the
above cited complexities- with respect..to translating.the
piston shafts through the vacuum manifold. While a
single sleeve assembly is illustrated in Figure 12, it
is understood that the .typical manifold may contain a



t.hen. noved to its back curve pick up position, and at-6 seconds, the
assenbly begins anew at the zero start point. The assenmbly time - notion
chart according to Figure 14, which corresponds to the second enbodi nent,
begins at the zero time - start point with the reciprocating pistons
initiating a descent toward the back curve pallet, making contact with the
back curve nold hal ves in approxinmatelyggl 5 seconds. The pistons are
coupled to a prinmary support beam the notion of which raises and | owers
the pistons coupled to it. A vacuum chanber housing is also coupled to the

i Sippadstiey wediasue o pber s ot adey (50,010,
remai n posi tgs 2l :
PR, 298, B

during which grips of the pistons are engaged to secure the
back curve nol d hal vedn dndisiiduads pacuiune tpbet sleevEhasseniblys and t he

secured baclydeidrdithedt® theN SpRidiFie Fedthi HRRRhYsY o0 8 titiysed Pposition
above embodiment of the mold assembly apparatus includes a
cylindrical sleeve element 180 having an outer diameter
generally equivalent to an inner diameter of an opening
190 which extends through the vacuum manifold housing
204. The inner diameter of the vacuum tube sleeve 180 is
generally equivalent to the outer diameter of the piston
shaft 71. |
The piston 71, which is an elongate element
has a plenum 71la formed in the open end thereof. The
piston 71 also has a pair of radial bores 188 which
connect the exterior lateral surface of the piston 71 to
the plenum 7la. The sleeve 180 has two lateral orifices -
187 which are transverse. to the longitudinal -axis of-the =:.
sleeve 180 and which connect to the radial bores 188 of

the piston 71. The lateral orifices:187:-of the-gleéve:i: oz s Ii°

180 is connected to an annular passageway 186 formed in
the outer surface of the sleeve. This annular passageway
186 permits the lateral passageways 187 to remain
connected to an external vacuum (as described below)
independent of rotational orientation.

The vacuum manifold 204, in conjunction with
which the pallet 30 forms a housing member in which a
chamber vacuum is drawn, also includes a plurality of
annular chamber passageways (not shown) which have-open-:::..:"
ends at the inner surface of the opening 190 through the
housing which the sleeve 180 is fitted to. The other

ends of the annular chamber passageways are coupled to: -7 7iil..



pallet 30-in approximately.0.5 seconds. The pistons remain in this raised
position for approximately. 1.5 seconds as the pallets are advanced so that
the back curve pallet is renmoved, and such that the front curve pallet is
al i gned beneath the piston array. This pallet advance takes approxi mately
1.5 seconds. Once the pallet of front curve nold hal ves has been
positioned, the pistons and vacuum chager (each of which are coupled to
the primary support beam) begin to descend toward the front curve nold
pallet, to which pallet the vacuum chanber will establish a seal as will be
her ei naft er grextetnal dasuumddlso moteshown). Itt ds threughrthere 15. The

678 LD onks Ui KRBT Roesgelind Ve nacste brstggemhsyoEu cl
the sleeve coupling 180, and the radial res 188 of
piston that a vacuum may be drawn in the piston plenum
71a and the piston can grip the curve halves (as seen in
Figure 1(d)).
The outer surface of the vacuum sleeve 180
also includes two circumferential O-ring grooves
181a,181b. One of these grooves 18la is located at a
position between the exterior (first) connection of the
lateral orifices 187 to the annular chamber passageways
of the manifold and the exterior of the chamber
manifold; the other groove 181b is disposed between the
first connection and the interior of the vacuum chamber.
In each circumferential groove, standard O-rings 182 are
fitted to prevent leakage into. or out of the. .
corresponding vacuums (the: plston vacuum or.-the. chamber s oLLTooTomLE
vacuum) . = v oz - o TrnoT b oo sTmemts o smner ool
The inner- dlameter of- the:aracuum sleeve.has - e
two similar 01rcumferent1a1-grooves~183af183b in which. .. o
O-rings 184 are fitted. The grooves 183a,183b are spaced
above and below the interior (second) connection of the
lateral orifices 187 to the radial bores of the piston,
for the similar purpose of preventing leakage from or
into the differential vacuums.
During operation of the assembly, piston 71
slides through the sleeve 180 while O-rings 184 maintain
a vacuum seal. Because of their. dynamic..operation, Qﬂ;_
rings 183, unlike standard O-rings 182, are selected
specifically for the piston which reciprocates in that
sleeve. The variances of the manufacturing dimensional



t.oward the front curves, which seal is established by-the Orings of the
vacuum chanber bei ng conpressed agai nst the pallet surface. A vacuum punp
evacuates the nitrogen fromthe chamber and the desired vacuum pressure is
reached in approximately 1.5 seconds (2.0 seconds after the initial descent
of the pistons and vacuum chanber). The vacuum chanber is connected to the
primary support beamw th sliding suppasf-shafts, each shaft having a
correspondi ng biasing spring, which sliding shafts permit the prinmary
support beam and the pistons coupled thereto, to continue descendi ng once
the vacuum C"t%ﬁé&rad&% TRleadht mtsltempalll 4k thtreby? spesd¢€dedilyf descent,

approxi mately ¢ nteg&oran S W.th.the I t t abl. f th

in the vacuuRddFk Sgﬁh g ﬁ%lggés Isgggggf?acheg chgﬁg
pi stons contawgdjﬁicammdmeunnmeahesfthat1n&erepswab1ﬂatye9f Egch_

appr oxi Mat €l iLedr® OYARH H2pREPER° Faklin® hah125160RbUBY Ag! BBk downward

travel at a tnt
by circumventlng the need to individually match the

pistons to the openings in the housing member through
which it reciprocates.

After the vacuum has been established in the
vacuum manifold housing 72, the vacuum manifold housing
ceases to reciprocate and remains stationary with
respect to the pallet 30. However, the upper or primary
housing 73 continues to reciprocate downwardly along
with the pistons attached thereto, enabling the back
curves to contact the monomer and slowly displace it
outwardly to £ill the mold cavity as the two mold halves
are assembled. The vacuum maintained around the -housing -. .-

enables the assembly. of the.two: curves in a more rapid: et s 0T

and expeditious manner than ifiassembled un@er-ambient i - i-
N2 pressure. When assembled: under.wvacuum,:thewshonT Ok 847 el
deposition speed may reach as high as 5mm per second, N '
whereas without vacuum, any speed greater than 0.2-1lmm
per second may result in undue agitation of the monomer

. and the creation of bubbles which effect and -impair the -
quality of the resultant lens. Thus, the assembly rate
which took 6 to 9 seconds under atmospheric conditions

. can now be accomplished in 1 to 2 seconds. Further, if
a vacuum is not drawn, it is possible for nitrogen to be

trapped between the -mold halves or between the monomer '~ "% 77

and the back curve thereby creating another bubble or
puddle which will result in rejection of that lens.

.. -



t.he back curve nold half is firmy seated on the parti-ng edge of the front
curve nold half indicating formal assenbly. During the dowward travel

t hrough the nonomer, the vacuumin the piston is broken, but the piston
continues to drive the back curve toward its seating against the front
curve. The final descent through the nonomer proceeds at a slower speed to
permt the nmonomer to flow laterally arB8+pwardly between the closing

hal ves, to partially fill the region between the -22- two halves, and to
al | ow the excess nmonomer to escape the front curve and to forma HEMA ring
around the |ip of the Independént tEaveliof the styormanifeldsn Tde’ ol ded

mononer | ens; gty g fe &%&@ae&égﬁoﬁrwfdé@'&ﬁfé% Yokl GngRLedidg of

the two curvé halves roxl mat 0 second after the
housing 72 no 1onger rec1procates downwardly after it is

seated on pallet 30. As illustrated, the apparatus of
Figures 8 and 9 provide an optional clamping motion,
wherein the upper primary housing continues to
reciprocate downwardly depositing the back curve mold
half, and continuing on to the Z overtravel point
illustrated in Figure 7, thereby compressing springs 83
and 86. As these spring members are compressed, the
reciprocating pistons 71 float between the back curve
mold halves 33 and pneumatic cylinders 93 mounted for
reciprocation in manifold 73, which have been
pressurized to a predetermined pressure. Thus, a
clamping pressure is generated on the back curve mold
‘member, as determined by the air pressure maintained in
pneumatic cylinders 93, -and not by :spririg members 83:;84, - =i °
or the pressure- generated by drive motor: 71.-tfhis§ ™. "7 T LT

enables independent reciprocal movement-orufloating <viin o lowin.

movement of each of the ‘reciprocal pistors T, while= =77
enabling all of the pistons to be pressurized to a

common predetermined value. Thus, misalignment of a
single mold part will not destroy the entire batch of

mold assemblies on pallet 30.
As was described earlier with respect to

Figure 1, the optional clamping pressure seats the back
curve mold half on the front curve mold half and seats
the convex portion of the curve against the parting ring'“
31(c) formed on the front curve mold half thereby '
severing the monomer in the lens.blank 32 from the
monomer in the .excess HEMA ring 34. Also, as indicated -



back curve half has seated-and the primary support beam stops descendi ng,
the vacuumw thin the chanber is broken. During this 1.0 second, however,
the piston and primary support beamremai n stopped therein maintaining a
const ant downward cl anping force on the back curve nold half. After the 1.0
second pause, the primary support beam the pistons, and the vacuum chanber
are sequentially raised upward in appred3®sately 0.5 seconds. Subsequent to
this retraction, the pallet of assenbled nolds begins to advance and is
transferred away fromthe assenbly. At this sanme time a new pallet of back
curves is adianEbguredts afkensthebngldihalves M%h@?ﬂo&@égeéegthg anew.

THE FI LLI NG $EEMRATHY ddén R6L£See FevEpEoCaring iplsedhat el 18 pipstview in
Figure 4 in which conveyor, 20 prov]des, a sequenced suppl f alternating
pal l ets two B?"Wc‘l’byaﬁée% tY Y‘Fy”i'lY%%q’f‘t“ﬁt ?nféi %nge 4 as 30(a) and
30(b). I n anshsetdy atheredberrrdndfafber i avpréderermined clamping

period and a predetermined clamping pressure, the vacuum

between the vacuum manifold housing and the pallet 30 is

broken by opening a valve in vacuum line 111. Typically

the period is .5 to 3 seconds, but preferably is 1.5

seconds. The clamping pressure may range from .5 to 2

Kgm/lens but preferably is 1 Kgm/lens. Thereafter,

drive motor 77 is actuated and the entire assembly

module 70 is raised upwardly and reset for a new back

curve pickup and a new cycle of operation. In the event

the optional clamping movement is not provided, the

resilient biased pistons 71 are fixably mounted in

vacuum manifold 72 and reciprocates downwardly to seat - _

the back curve well -into-the monomer;-but 0.1-0.2mm -from—-—--: "=

sealing engagement with:the:parting xing:3i(c)..:EFn.this :. . ...

variation of the first embodiment;:=the..optionaliclamping-: : . =

step may also be provided in the precure step. " When )

seated in this monomer, vacuum conditions, atmospheric

pressure will "clamp" the mold halves together when the

vacuum in the vacuum manifold 72 is broken.

THE SECOND MOLD ASSEMBLY APPARATUS
A second alternative embodiment of the

assembly module will now be described with references to

Figures 15-19. This embodiment has many similar features

to the first embodiment,-while -also including-several........ . ....__.

advances and improvements which shall become evident

through the description and drawings set forth herein.

This description shall include .a step-by.step.. .. ...




pal | et- 30('a) contains 8 back curve nold parts and palTet 30(b) contains 8
front curve nold parts. These pallets travel on conveyor 20 in a nitrogen
tunnel 12 which surrounds each of the conveyors and nmaterial handling

devices to provide a | ow oxygen environnent for all of -23- the
conponent parts prior to polymerization. Material handling pallet pushers
13 and 14 direct the pallets fromconvedOr belt 20 to the filling and

assenbly station 15, which is also enclosed within a nitrogen encl osure 16.
Encl osure 16 may be pivoted up and out of the way, for servicing via means
of handl e 179g88rAPE&ED o8 thetalvexrnate; fungbiaRingsacrprgingatPon 15

there is thethel ting ehadesbROFegeretly, SQesofibed! aBevehe front curves
with a predeterm ned p eg|5|on dose of anonerlsan aggaratus 69 Lgr
appl ying a nol d rel easBeSGFFLRF MW to Figure 18, a top view o e

assembly station 200 is shown including lines of cross
section corresponding to the sections illustrated in
Figures 15-17. Line A-A corresponds to the cross section
which is Figure 15. Line B-B corresponds to the cross
section which is Figure 16. Line C-C corresponds to the
cross section which is Figure '17.

Referring to Figures 15 and 17, the assembly
module 250 is shown in a cross sectional view. The
assembly station 250 includes a primary support beam 252
which is rigidly coupled to a support platform, similar
to the support platform 78 (not shown) as was described
with respect to Figure 10. The support platform and the
pPrimary support beam 202 are together reciprocated up
and down by a driver means;, such-as a response servo :-
motor similar to the: motor 77:illustrated in Figure 10... ...
It is understood that-the specific response.servo.motor-... . - .

may utilize a wvariety of-different principles, each -~ . ... .._-

being well known in the art, e.g., ball screw driver
means, a hydraulic means, an air pressure means, or a
magnetic driver means.

A vacuum chamber manifold 204 is coupled to
the primary support beam 252 by manifold support shafts
206. The manifold support shafts 206 are shown in Figure
17, which is a cross sectional view of the preferred
embodiment. At one end, the manifold support shafts 206
are rigidly coupled to the primary support beam 252 with
threaded nuts 228 above the beam 252 and a rigid
placement collar 232, affixed to the shaft 206, below. ..



to the flange area of the“front curve nolds, and the.-nold assenbly station
70. Foll ow ng assenbly, the enpty back curve nold pallets are returned by
mat eri al handling pusher 19 to the back curve pallet return conveyor 22,
while the filled and assenbl ed nol d assenblies are conveyed in their

respective pallet via conveyor 21 to the precure station.

The nmateri al

handl i ng apparatus 14 is a precision=ddvice which pushes the pallets one
at atime onto track 22 to be processed by the various stations in the

deposition and assenbl y apparatus, The | lets are advanced rially, with
each advanceA§tFBﬁérb9¥H§ tﬁﬁgﬁdﬂbﬁ BPnEEQ&EaFPEP°fErFFa§F§ %ﬁﬁ Thi s
enabl es pl acegeehdothib@ghathet mah@fohde204i sucheghatr ehegnmay kltdeari ous

Ctation 50 weRFOHINAFoPharBR; RABLEPIRCaSuPEABPed Bne EherPrihads "2 ong

9, wherei n FhgusésgScantiifiuesetpadesaend.cThessitdingnendsi awe of station
50 and Figure;8¢bd @ithPEAR! LSp nuts 230 which prevent the shafts

206 from being retracted from the manifold 204 during
subsequent upward motion. Vacuum seals 234 are attached
to the top of the manifold 204 at the entrances of the
shafts 206 which seals 234 enable the system to hold a
vacuum beneath the manifold 204 as the shafts 206
reciprocates within the manifold.

A spring 226 couples the shaft 206 to the
vacuum manifold 204 so that a constant biasing force is
applied against the vacuum manifold, pushing it along
the shafts 206 toward the end cap nuts 230. If the
manifold is stopped, such_as when it seats against the

top of the pallet 30 (not shown), and the_.primary ::.. :.-:

support beam continues to descend, - the springs:.226 are .

Rl

compressed. This compression provides an additional:- ... .. m;.ﬁ

sealing force to seat O-rings 240 against the pallet-30 -

whereby a sealing interface between the manifold and the
pallet may be maintained. As the primary support beam
continues to descend, the shafts 206 begin to slide
through the manifold 204 therein permitting continued
descent with only the spring force opposing its motion.
As illustrated in Figure 15, the mold assembly
station includes registration pins 236 which afe _
inserted into registration holes of the pallet (not & .
shown) to align the system. Once the pallet is
positioned in the assembly station, and generally
aligned with the registration pins, the operations of .



I -l ustrati on of the nononer degassing that occurs prior to the dosing of
the individual nold cavities. The -24- nononer is substantially degassed
to avoid the formati on of gas bubbles in the dosed nononer, at either the
time of dosing or the tinme of nold assenbly, inasmuch as the bubble wll

I nduce cavitation or puddling of the nonomer during polynerization thereby
rendering the | ens defective and unusabt42=As illustrated in Figure 6 the
nononer or nononer mxture is provided in containers 100, typically 15
liters in volunme. The container is connected to the npnonmer degassi_ng

system by nedie Femainder ©f &£he jaFsemblie A% RAFHED - REFHRYRIHY t he
monomer fromwyith diitiiinied tdusseaptibilk tyl 2o i gfegdingt ofasheout the punp

di schar ge 1161')aﬂmtl.e 'ﬂ'xoej r}:%gtihsrtoruagcqéjri spcir}xasr gf‘.ié ianree slideably mounted
through the manifold 204 and coupled at their top or
external ends to the primary support housing 252 via
biasing springs 238. Attached to the top of the manifold
204, at the point where the registration pins 236 pass
through the manifold 204 are vacuum seals 235 to the
pins 236 to slide with respect to the manifold without
compromising the vacuum in the chamber. The lower or
internal ends of the registration pins 236 are beveled
for easy alignment with the registration holes of the
pallet. The beveling of both the registration pins and
the holes enables the downward traveling registration
pins to align the pallet with respect to small
variations in the pallet feed accuracy. The biasing
springs and the slidable mounting of the pins allows’ the™
assembly to avoid becoming. jammed in the event that the. .
pallet is misfed. In such an event,. the.registration:=r . -

pins slide upward when they.contact the.pallet if:they : -~ - .. ::

are not aligned properly with respect to the holes.

Referring again to Figure 15, an optical
platform 208 is fixably mounted to the vacuum chamber
manifold 204 from above by rigid optical platform
supports 210. Extending down from the optical platform
208 are bore scope housings 212, which contain fiber
optic probes 214 that penettate into through the vacuum
manifold 204. Bore scopes 216 may be used, in
conjunction with the fiber optic probes 214 to view the
assembly process, such as for quality control purposes.
In order to maintain a vacuum in the chamber, it is



116, the nmdnoner passes through filter 118 in order to renove any
extraneous particul ate contam nants that nmay be present in thenononer. The
nmononer is then provided to the inlet 120 of the degas unit 122. Wthin the
degas unit, the nonomer is divided anong a plurality of tubes 124, and then
reconbi ned into a degas unit discharge 126. The degas unit is operated
under a | ow anbi ent pressure, typically‘%?bund 1-40 torr which is provided
by vacuum punp 128. This vacuum punp is attached to the degas unit 122 by

40 130 o0 RASEERAST 4R TR p ARG RS D e e L 0
such as STHT hold ng paculun eds weXbnitec, Inc. of Andover, New Jersey from
M di and. M chi gan. i I SRR e 06Q EERRY BRIATS 6 0 ¢ s
under st ood representative pair of pistons 218a, 218b, respectively,

are shown in accordance with the second embodiment of

the present invention. It is understood that while the

view shown in Figure 16 illustrates only two pistons,

the number of pistons included in the present embodiment

is 16 (as shown in Figure 18), and that the number of

pistons may vary with the specific embodiment the

station assembly. )

An annular ring support collar 220 is fixably
attached to each of the pistons 218a,218b, which support
collar 220 is coupled to the primary support beam 252 by
a biasing spring 222. The top portion of the piston
shaft 218a or 218b extends through the primary support
beam 252 and remains in slidable relationship therewith.. ...

o = .

The precise position.of the.pisten relative.to the. . .vswm .

primary support beam 252 beiné__~.¢stemiﬂ%9=-9yy the.spring - -

e s o

constant and the. force applied to the.spring via the __... .. ...

piston. The bottom portion of the piston extends into
the vacuum manifold 204. The piston, however, is
sealingly engaged at the manifold by a vacuum seal 235
to prevent leakage of the vacuum within the vacuum
chamber as the piston reciprocates. The vacuum pressure
within the chamber in the present embodiment is drawn
within the range of 5 to 7 millibars while the raﬂge'éf
pressures within the pistons is drawn to within 3 to'5
millibars. The vacuum seal 235 does not otherwise
inhibit the free sliding of the piston with respect to
the manifold.



-25- that a plurality of tubes, typically 10 tubes ate-provided for the
degas unit 122. After the nononer exit the degas unit 122 by discharge |ine
126, it passes through an oxygen .nonitor 134. This nonitor neasures the
resi dual oxygen within the nononer to insure that the degas unit is
functioning properly. If the oxygen content of the nmononer is indicated as
being to high, operation of the producti4dr |ine can be halted until the
problemis corrected in order to avoid the production of defective |enses.
Once oxygen nonitor 134 has determ ned that the oxygen content of the

nonomer i s sufficient| {hegacth@fimhenPisiense218@,2d§b Lneduded i nto

mani f ol d i38-o§ﬂiﬁd®1iaftoléieh°ewm AP aROTHRRrHAl Hdre0 224PMich Pl urality
of precision di_vi dyal contact |lens nold

at the monomEXtends Sestlei‘%ig'sﬁegén%t%gfptﬁggs s 26 Cs 8d VRSB t he

processed connection hose 254 is fixed to the top portion of each
piston 218a,218b which extends above the primary support
beam 252. Via the connection hose 254 and the internal
bore 224, an external vacuum (not shown) provides the
suction to grip the back curve mold half 33.

The operation of the second embodiment of the
mold assembly station 250 of this.invention, as briefly
described with respect to the timing diagram of Figure
14 is herein disclosed more fully with respect to the
above identified structural elements. At the start of
each cyle a pallet 30 containing individual back curve
mold halves 33 is conveyed to a position beneath the
mold assembly station 250. Once the pallet has been .
positioned, the :primary support: beam.252 .and the vacuum: ... .. oc....
manifold housing -204 -qoupled.to it axe driven by the. ..o .

[ Pl

e 2 ey
R ] Loase_.

response servo motor .downwardly. towardthe pallety The..-: rojorioc
registration pins 236 of the manifold penetrate into the
alignment holes of the pallet, and as the manifold
continues to descend, the O-rings 240 make contact with
the surface of the pallet. o )

After an initial seating of the O-rings seat,
the manifold support shafts 206 begin to slide downward
through the manifold 204. This relative motion causes a
compression of the biasing springs 226 which supply a
constant compression force to the:-manifold which -seats ..
‘the O-ring 240 on the pallet.

The pistons 218a,218b, which are slideably

coupled to the manifold 204 begin t¢f§lidg deeper_into ... .. .. .



mononer delivered to manifold 138 are | VEK punps nmade -by the | VEK
Corporation of North Springfield, Vernont. These punps provi de precision
doses of degassed nonomer to the nold cavities 31 via nozzles 142. As was
herei nafter previously described with respect to Figure 1(a). The nononer
I's supplied frompunps 140 to nozzles 142 via supply lines 141 which may

i ncl ude coupling bl ocks 143 to aide in-ggkvicing the equi pnment. Each of the
supply lines 141 is coupled to an associ ated di scharge nozzle 142, two of
which are illustrated in Figure 5 which are suspended directly over the
path of the phel man3fodddashehe npt imaltgl hdbusing c282 esoriindés dosi ng

stacion 90 | geludssaa FRIL' £l bl gckoR I LALIRGES YAEth SR £ipd Nog Tonorer

di schar ge a vacluum'sea used to
the pistons touch the back curve mold halves 33 on the

pallet, and seat against them. Variations in the
thicknesses and seating of the individual back curves
means that the pistons do not necessarily come in
contact with their respective back curves
simultaneously. For this reason, an overstroke in the
translation of the the primary support beam 252 is
designed into -the system, whereby the beam 252 travels
farther down than is necessary to cause the pistons
218a,218b to contact the back curves. The overstroke
could easily damage the back curves or the tips of the
pistons but for the slidable mounting of the pistons to
the primary support beam. By slideably mounting each
piston, and providing each with an individual biasing
spring 222, once a force sufficient to seal the piston
to the corresponding back curve has been applied, the
piston stops moving downward, sliding upwards relative
to the primary support beam as it continues to descend.
At the full extent of the primary support beam
overstroke, the piston vacuum is drawn by an external
vacuum pump attached via the connection hose 254 and the
internal bore 224, producing a vacuum therein and
gripping the back curve 33. Once the piston-back curve
coupling has been effected, the primary housing 252
begins to retract upward, pulling the pistons 218a,218b
upward, disengaging the manifold 204 from the pallet 30,
and ultimately freeing the registration pins 236 from
the registration holes in the pallet. The empty pallet,
now free to move, is motively transferred from beneath



cooperate with the outer .perinmeter 110(a) of pallet @O.to provide a seal ed
encl osure that may be evacuated with a vacuum punp so that the deposition
of the nmonomer occurs in a vacuum The manifold bl ock assenbly 51
reci procates with respect to a fixed platformb52 on a pair of tubes or
cylinders 53, 54 as will be hereinafter described with respect to Figure 9.
The dosing nodul e 50 al so includes a pd6r of bore scope tubes 55, 56 which
enabl e i nspection of the nononmer dosing, if desired, through a fiber optic
bore scope 200. illustrated in, Figur the_entire deposition nmodul e 50
&?Q‘sdméi § hi

i's reciproc A AS% 'FﬁaFEQBeEPStggarFP}éﬂegu Yot PR 52 and 64
by neans of contadnfingt aolsetppfufizbne eurvedmolShalvesethat haveable frane
"s uppl | edPERPoGUR LR it Br.E¥EacREemiRed, aRBEHT hE mBKoWEAS! o'd o6 and |
vacuum line 67 to an Pncer tbe fimontocuree palietl hasoheenf praperdy t ubes -
53, 54. The £HReEi8heY ih"¢RESasfembly station 250, the response
‘ servo motor 77 begins lowering the primary support beam
252 toward the new pallet. As in the first half of the
cycle, the registration pins 236 enter the pallet holes
and align the pallet. .
Next, the O-ring 240 of the vacuum manifold
204 seats against the pallet. After a brief period of O-
ring compression, the manifold 204 stops moving.
Continued downward translation of the primary support
beam 252 causes the biasing springs 236 of the manifold
support shafts 206 to compress, providing a constant
compressive force to the O-ring, therein ensuring that
it seals the manifold 204 .to the pallets;:As: this::sealing.:- _
engagement is made,. the.primary: support-beam: 252::-% - . ...
continues to descend, therein causing the pistons- ;“_ S
218a,218b to slide with respect. to.-the:now:stationary - =.cor =
vacuum manifold.
Once the sealing engagement of the manifold
204 to the pallet has been made, and prior to the
imminent contact of the back curve with the dose of
monomer in the front curve, a vacuum is drawn within the
chamber. This vacuum is drawn in order to dissipate air
bubbles whih might otherwise result from dissolved
gasses in the monomer or from air trapped under the
descending back-curve 33. This vacuum allows the back-
curve to contact and drive through the monomer at a much
faster rate than could be achieved in an atmospheric



r.eci procate with fixed guide tubes 57,58. A vacuum plkehumis also formed in
the mani fold bl ock 51 by neans of bore holes 69 and 69(a) which provide
vacuum comuni cati on between the -vacuum rmani fold 66 and the interior of the
dosi ng station 50 defined by.perineter seal 52 and the pallet 30. An optic
bore scope 200 is illustrated in Figure 9 with an optic probe 201 extending
down into the cavity defined by pallet'é@'and mani fol d bl ock 51. A dummy or
blind 202 is installed in the other bore scope tube 56 to seal access into

the interior vacuum pl enum -. -27- of the a stat when a
bore scope iBreRfUr® “E&\é’-r‘i"ﬁ"%’r a5 ofes ap’ﬁﬁY'}%‘t‘sf%n$)§¥ e‘ﬁl to the
filling or Opespgetteditie SEilyt nesembly t apparatus al

It should further be noted that the vacuum
drawn within each piston 218a,218b through bore 224, for
gripping the back curves 33, is slightly stronger than
the vacuum drawn in the chamber. The pressure within the
chamber is drawn down to between 5 and 7 millibars,
while the pressure in the pistons is maintained between
3 and 5 millibars. This differential insures that the
back curves are retained at the tips of the pistons
prior to their deposition on the monomer and the front
curve mold half. The vacuum within the piston is
released once all of the back curves have contacted the
monomer. The continued descent of the primary support
beam 252 and the pistons 218a,218b proceeds at a slower
rate as the back curves travel through the monomer. The
speed of the motion is:reduced~to:emnsure that-the:-
monomer flows properly,-laterally-apd-upwardly, and --
fully engulfs the_region. between:the.curve-halves. The. -. -
slowed pace of descent aslo permits the excess monomer - '
to escape from betwen the curves. This excess monomer
creates a HEMA ring which is parted from the fabricated
lens by the parting edge of the front curve mold when
the back curve mold finally seats against it.

The back curve travels through the monomer
until it seats on the parting edge of the front curve.
Variations in the downward stroke of the assembly at
which the two curves-seat-against one. another,
necessitate an overstroke of the downward translation of
the primary support beam 252. The biasing spring 222 of
each piston is compressed during the overstroke, once



handl i ng ram 14 previousl y-di scussed with respect to Figure 4. Once in
position, the manifold assenbly 51 is reciprocated downwardly by neans of
pneumatic cylinder 63. As the vacuum seal 52 on the manifold assenbly 51
engages the pallet 30, the sensor assenbly 65 may be triggered, thereby
opening a valve to draw a vacuumin manifold 66, vacuumline 67, manifold
68 and pl enum 69, 69(a). I't should b&486ted that a vacuumis not required
for filling or dosing of the nold cavities, but does avoid the possibility
of [err] gas.heing_trapped,between the nonaoner, d the front,curve nold
nal o 11 Shodts aPrsepBBAdiog PRGR CREVE AN Eudivoeaasey tetelh
surroundi ng kakeping3thes individua}gpistens] from damagingatlieevacuati on of
t he chanber ng%ﬁﬁigﬁpﬂgihpﬂagbﬁgbe [err] gas. After vacuum has been

W I'n the

est abl i shed 0sing chanber, punps 140 are actuated to deliver a
control | ed dose of 60 P&rkthet poénthoff deppest dessenti e§ the prémaryied in

Figure 5. Eaglppbrth8eBniz259S dfice! AELUEEStRe! BRLRNcurves 33 have
been seated against their respective front curves, the
vacuum chamber vacuum is released. As the vacuum within
the chamber is released, the pistons 218a,218b and the
manifold 204 remain in position, maintaining a constant
force against the coupled curves.

Once both the vacuums have been fully
released, the primary support beam 252 is motively
translated back to its raised position by the response
servo motor 77. In so doing, the biasing springs 222 of
the pistons 218a, 218b are relaxed first, followed by
the raising of the pistons away from the pallet. As the
pPrimary support beam 252 continues to rise the biasing
springs 226 of the support shafts 206 are relaxed as
well, until the manifold itself begins to rise, therein
unseating the O-rings 240 from the surface of the
pallet. The last disengement during the upward stroke is
the removal of the registration pin 236 from the pallet

. 30, after which the pallet, now filled with fully
assembled lens molds, is carried out of the assembly
station, to be replaced by the next pallet having a
fresh set of back curves.

While the invention has been particuiarly
shown and described with respect to the preferred
embodiments thereof, it will be understood by those
skilled in the art that the foregoing and other changes
in form and details may be made therein without



dosing tip with an O D. of “approxi mately .070" and on +.D. of approxi mately
.040 1.D. Each tip is cut at approximately a [err] angle, and is
pasitioned to be carried within .5 mmof the horizontal tangent of the
front curve 31 at the tinme of dosing. As the nonomer or nonomer mxture is
dosed, it pools upwardly around the tip, as illustrated in Figure 1(a), so
that the angle of the tip is covered. WéB=the -28- manifold assenbly 51
is reciprocated upwardly, the pool of nononer mﬁcks t he nozzle tip, and
draws any excess nononer fromthe face of .the tip voi d drogsfornatlon

on the tip. TAGRAGFiRG frem:the FH%F%ES%%dtﬁ€°BEc9faE e inygpt it

pul I's of f potgRiéR| sH6QRA Bé ITDMDted onllyi byavhédscepy 6€i théi on of the
nonomer t hat n1gendegsgigikg bubbl e fornmati on.



| f dropfgfiggfggﬂgﬂ_igiﬂlﬁ; the tip, there is the pogsibility of
contamn paSS|ng pall et or the dosing station froman inadvertent

dr op. Ind|V|du nononer, even when deposited into a nold cavity,
or on top \ ooI have been found to generate a "seed" site
for a gas vﬂckﬁng t he tip wwth the nononer pool, this

pOSSIbI|Ity |s substantlally el i mi nat ed®0After the nonomer has been dosed
into the individual nold cavities,. the vacuumis broken in manifold 66 and

the manifold assenbly 51 is reciprocated upwardly by pneumatic drive neans
63 to aIIOM/EEAEsiﬁLéLbL!EBEZEAIIet 30 to the apparatus 60 which coats the
nol d Ijl ?nge with a nol g, rel RaSgpparaeas apér ddsermiblingof rontl and0 can be
rai se 0 a high serV|ce Slt ans_o cyI 63. THE
FI RST MOLD A _WBE‘FX% lﬂaﬁ g%e AR %?‘?{l%‘ggaisé'gnbl ¥ ésf&;u on of the.
present inveaathnofi *shlaefmntacuevlevmohdrpaets:rhestbeen filled with

a predetermined quantity of a polymerizable hydrogel,

said mold parts being supplied to said apparatus on one

or more pallets, said apparatus comprising:

(a) first means for transporting said

pallets to said apparatus;

(b) second means for removing said back
curve mold parts from an associated pallet, and aligning
said back curve mold parts with an associated front
curve mold part;

(c) a housing member for surrounding
said aligned back and front curve mold parts to thereby
enable a vacuum to be drawn around said parts;

-(e): a reciprocable ‘support -beam to which ---
is coupled the housing member -and :the secord means;y " - - - -
wherein said back :curve mold parts “having been Tremovéd -~ = -~
by said second means may be seated against said front = - d
curve mold part while said vacuum remains drawn;

(f) a plurality of biasing springs, at
least one of said biasing springs coupling the second-
means to the support beam, and a second one of said
springs coupling the housing member to the support beam,
whereby the housing member and the second means may each
move independently of the support beam to enable said
back curve mold. part.to be seated on- said. front curve
mold part with a predetermined pressure. -

2. An apparatus as claimed in Claim 1 where
said pallet includes registration holes .to cooperate-



two enbod ts,the first being illustrated in Figures 8 and 10-13, and the
second berﬁEnTTTG§Tra%ed~La\Eigures 15 and 18- 19. -29- Wth respect to
the first j Mﬂi igure 8(a) represents an external elevation view of
t he assenb ‘W”ﬂgﬁﬂ?ﬂf' gure 8(b) represents a partially
cross-sectionell we S first enmbodi ment of the assenbly nodule 70 that
is sectioned along two separate axes fromsection line A- A for the

purposes of illustration. This assenbly station 70 includes 4 reciprocal
pistons 71, twp of which are illustrated in tﬁe | eft section_of a - a' of
Figure 8(b) wPiFRpRegistFIEion; 9 cFRE NIRTIRGMEPOGH £ are

partially vistrégestertseidipdlldinprrcttonassemblyadf osaid gnokd 8( b)
wi t hout back Bg£¥§§. It shoul d be understood that

3. An apparatus'as claimed in Claim 2
wherein said pallet includes a perimeter seal area to
cooperate with a perimeter seal of said housing member
to enable said vacuum to be drawn.

4. An apparatus as claimed in Claim 1
wherein said one or more pallets comprises a plurality
of pallets including a first set of pallets for said
back curve mold parts, and a second set of pallets for
said front curve mold parts, wherein each pallet of the
first set is interleaved with a pallet of the second
set.

5. An apparatus as claimed in Claim 1
wherein said second means, the housing member, and said
support beam reciprocate in the same direction. = ..

6. . An apparatus as claimed in Claim 1,
wherein said second means. includes a separate -- —-— - - --
reciprocating member .for: each back curve.mold part-- - ---
carried in said pallet.

7. An apparatus as claimed in Claim 6,
wherein said at least one biasing spring separately
couples each reciprocating member to séid suppbrﬁ beam
to allow independent reciprocation of each reciprocating
means said predetermined pressure, wherein each of said
reciprocating members is sepatately biased by one of

1

said plurality of biasing springs.

8. An apparatus as claimed in-claim 4,
wherein said apparatus cycles between picking up back
curves from one of said first set of pallets and



i A the pré?EFTEH‘Vers+en\ﬂ£;Lbis enbodi nent 8 reciprqtating pistons are

used for pazy’ | 8 sets of front and back curve nold hal ves. The
reci procati M#EEM}HNMH nmounted for reciprocation within the vacuum
housing 72 ahd are - ) ied by and nmay float within the primary
housi ng 73. Each of the thfee nmenbers 71, _72 and 73 reciprocate at various
times, both with respect to each ot her éﬁa‘mﬁth respect to the pallet 30

and the pallet front nold curves 31. Wth reference to Figures 8(b) and 10
and the first_enbodi pent sh&3€ tEereiqé the vacuu ,nagifold housinﬂ 72 and
the primary HIERPHGEAT SAAPACKICHEYES 07 7LD TREVEERFVER 181 PR%r i cal
shafts or tubef sdidSsecohdeseprboatkereby assemibletsaidafrontiragndrane
menber 76 in o tor 77 which raises and |l owers a

BESR oL g e

reci procating Suppor Drive notor 77 is fixably attached to
frane nmenber 76 by mean®. of Wi dpPaxdews 7as ptrBredntn cedatmnknber 81.

Thus, the st jhOP&d N £4P0Co{BEVRG SPr MY Wetwdss J2i80nEReingG MMémber
and said support beam establishes a predetermined
seating force between said housing and said pallet when
said beam reciprocates downward, which predetermined
seating force seals said housing to said pallet for said
vacuum assembly of said mold parts.

10. An apparatus for assembling front and
back curve mold parts to form a contact lens, wherein
each of said front curve mold parts has been filled with
a predetermined quantity of a polymerizable hydrogel,
said mold parts being supplied to said apparatus on one
or more pallets, said apparatus comprising:

- .(a) means for gransporting .said.pallets ... . .-:--

to said apparatus;... .- seooneee oo Lden ToonbiwsSTOn Ome afinThs
-(b) :a plurality.of.registration elements. ...:.....
for properly aligning the pallets within the apparatus; -- T
(c) a plurality of elongate piston
elements for removing said back curve mold parts from an
associated pallet, and aligning said back curve mold
parts with an associated front curve mold part; -
(d) a housing member for surrounding
said aligned back and front curve mold parts to thereby
enable a vacuum to be drawn around-séid parts;
(e) a reciprocable support beam to which
is coupled to the housing member and the elongate piston-
elements, whérein said back curve mold parts having been



-30- e#ber—81 provide a Box frame that is stationary.with respect to the

reci procating menbers of the apparatus. The pallet guide rails 82 are al so
fixed vu,t’m"%wm,ﬂﬂmm stationary fixed platform 76. As indicated

previ ous|FER I s advanced through the pallet guide rails 82 by
neans of the natefiaf handl i ng pusher 14 previously described and
illustrated with respect to Figure 4. AB3rllustrated in Figure 8(b), also
with respect to the first enbodi ment of this invention as shown therein,

t he vacuum mani fol d housing 72 ang the prinmary housing 73 reciprgfgte with
respect to eh€Mo¥efAchY\Fahd: RECORE MARRSMAY be BeatreY 3%aHRshSatdsed

downwar dly b¢ranpattroé melanpapeMiRilde 8safd vachlmOrafais op@sn} e sides
of the respective hou5|ngs.(E ea plurality of first biasing springs,
at least one of said first biasing springs coupling each
of the registration pins to the support beam so that the
registration pins may reciprocate independently from the
sipport beam; _

{g) a plurality of second biasing
springs, at least one of said second biasing springs
coupling each of said elongate piston elements to the
support beam; and

(h) at least one third biasing spring
coupling the housing member to the support beam, whereby
the housing member may move independently of the support
beam;

whereby the elongate piston elements, the
support beam, the registration pins, and.the:housing.--
member may reciprocate independently :from one..anothex ..., ..... ...
such that appropriate contact pressures.are maintained..... ...
11. +An -apparatus for-assembling-frent-and- -« . .
back curve mold parts to form a contact lens, wherein
each of said front curve mold parts has been filled with
a predetermined quantity of a polymerizable hydrogel,
said mold parts being supplied to said apparatus on one
or more pallets, said apparatus comprising:
. (a) first means for transporting said
pallets to said apparatus;

(b) second means for removing said back
curve mold parts from an associated pallet, and aligning
said back curve mold parts with an associated front
curve mold part; .



vacuum-mani fol d housing 72 is secured to the prinary:fiousing 73 by
virtue-of a pair o orts , 86, one of which is illustrated in
c&ross-sectﬂmﬂ5 ' ) as 85, which are free to reciprocate upwardly
into a rec mu n”uHJ ess 87 formed in the prinmary housing. Likew se,
t he reciprotating pmstenss /1 and reciprocating mani fold nenbers 88,89 al so
provi de reciprocating gui des and suppeiéd-bet ween the two housi ng nmenbers
72,73. A pair of bore scope housings 90 and 91 provide access for a bore

scope 200 and a fiber optic probe 201 which may be inserted into the
assenbly cavity for view ndSdr GulPuS}INGoRERPRTEOFSUTTOWREANGot i n use,

the bore holgi®uiitedBadk and ¢ronedchrve Rolddpdezs toothereby al | ow a
vacuum to beerfjarbaivgI awc%%etrh%a%%%% on bkéo ?:Iagl% around said parts;

{d) third means for reciprocating said
second means and said back curve mold parts along a
second axis to seat said back curve mold part against
said front curve mold part with a predetermined pressure
while said chamber vacuum remains drawn; and

(e) at least one vacuum sleeve assembly
mounted in said housihg, said sleeve assembly
surrounding said second means to enable a chamber vacuum
to be maintained within the housing member as the second
means reciprocates within said sleeve and said housing
member. '

12. An apparatus as claimed in Claim 11,
wherein said at least one vacuum sleeve assembly for
maintaining said chamber  vacuum comprisessy @ & .. = marYi U

-{a): a sleeve-element fitted within an
opening defined by a éop-. wall of said housing member, ~
which opening extends from an upper surface of said-top
wall of said housing member through to an underside of
said upper surface, said sleeve element defining an
interior passage through the top wall of said housing
member in which said second means may reciprocate;

(b) at least one outer O-ring sealingly
disposed between an outer perimeter surface of the
sleeve element and an adjacent inner perimeter surface
of the opening;-and-- - -~ ... .- :

(c) at least one inner O-ring sealingly
disposed between the interior passage of said sleeve
element, about. a.perimeter thereof, and an outer . .



-31- In‘operation, a pallet™80 containing nold hal f bgck curves is advanced
under the reciprocating pi ns 71 as was previously described with respect

ta Figure g(("ﬁ" allet is in position, the assenbly nodule 70 is
reci procat Lmamﬂﬂﬂggﬂeneunatic drive notor 77 and cross-nenber 78 and
t he reci prochati®ngtt ubess 5 to draw both the vacuum mani fol d housi ng and
the primary housi ng downwardly. The vact®®n nani f ol d housing 72 is biased in

its downward position by neans of springs 83,84 and the individual _
W hin the vRSKIRSRER (4] FhfoRatHi, BoaRty Gpig: Pridng ebng, tapapie ™ "
nai ntai ned widfhipreventuirey irdkagey lintde said3 chambesd viacuire aspasr thertion
cavlty 105 WS, fbard SHPacRtds Wlnty, BaTaDRRMYE.TT Y P ST e
servicé. Wthin approxidvat &y appasadasoass clajmededinpiCda@dm A4 ,pi stons 71
have engaged Jfiff-ein said second means comprises at least one
elongate element having an internal plenum which is open
at an end of the elongate element, in which plenum a
gripping vacuum may be drawn for gripping said mold
parts and removing said mold parts from an associated
pallet.
14. An apparatus as claimed in Claim 11,
wherein said second means comprises at least one
elongate element having an internal bore which extends
through the long axis there, in which bore a gripping
vacuum may be drawn through one end of said elongate
element for gripping said mold parts at the other end of
said element and removing said mold- parts from-am- - comovc . -
associated palletusns:iars.:, ul €&l .o Ll . T imae
15. An.apparatus:as: claimed in Claim;13;, - -  --..
wherein said at least _one elongate element: further - .. -~ -- -
comprises at least one radial bore from its side to the
pPlenum, through which at least one radial bore an
external vacuum may draw the gripping wvacuum.
16. An apparatus as claimed in Claim 15,
wherein said housing member compriSes at least one
annular chamber passageway conduit defined within said
housing member, which at least one passageway may be
coupled at a first end to said external vacuum and at a.
second end to said at least one lateral passage of said
elongate element, through which conduit the gripping
vacuum of the elongate element may be drawn.,.



back curve* fal l et 30 and a vacuumis drawn through vacuum

mani f ol d | n_reciprocating piston 71, which has radial bores 94 which
canmuni c# J :Bllmﬁr chanmber 95 formed in the vacuum nmani fold
housi ng- alepdel ol #are illustrated in Figure 8(b) and 11. Each of

t hese annul ar chanber passageways 95 is interconnected to each other and a
common pl enum 97 that extends across al I=%annul ar nmani fol ds 95 on one side
of the vacuum mani fold housing 72. A pair of reciprocating vacuum mani f ol ds

of the tubes 88, 111 ust e A SERATAtUE A1 SR A At A vacuum
mani fol d 88 wheé¥2in edid csecond imeans £ herhidompazicsasnarglivra i o
reciprocates idg Ry gite BIRHRAE! @é&é‘%ﬂ%ﬁ%ﬂ 'i¥s one of saia

mold parts.

18. An apparatus as claimed in Claim 17,
wherein said at least one vacuum sleeve assembly for
maintaining said chamber vacuum further comprises a
Plurality of vacuum sleeve assemblies.

19. An apparatus as claimed in Claim 18,
wherein each one of said plurality of elongate elements
reciprocates in a corresponding one of said plurality of
vacuum sleeve assemblies, each of said vacuum sleeve
assemblies comprising:

(a) a sleeve element fitted within an
opening in said housing member, said sleeve element
defining an interior passage through which the
corresponding:one of_ said elongate elements is._ . = -.
translated, and said-sleeve element further having at

least one lateral orifice through which corresponding .- -. ... ..

ones of said plurality of annular chamber passageway of -.. ...
the housing member and the at least one radial bore of

said elongate element are connected, so that said

external vacuum may draw said gripping vacuum in said

plenum, -

(b) at least two outer O-rings being
disposed about a perimeter of said sleeve element
between the outer surface of the sleeve element and an
adjacent inner surface of the opening of the housing
member, a first of said outer O-rings being positioned
between the top of the housing member and a first
connection of the at least one lateral orifice of said



are essentially identieal-Zéxcept that they supply vacuumat two different
pressure? rent parts of the assenbly nmodule. As illustrated in
Fi.gures mﬂ’f 'm“lig ongi tudi nal plenum 97 term nates in annul ar
chanmber 99 witi c onnunlcate with a reciprocating vacuum naenifol d
89 and an upper plenun1caV|ty 102. Plenum 102 is connected to the upper

portion of vacuum assenbly 103 whi ch i m2UTn communicates with the
reci procating cylinder or tube 75. The vacuum mai ntai ned in reciprocating

L;gffZFdl?nggstua%hghﬁkﬁﬂ§¥ vacuum | Be 104 tErou a shut of f vaIv%ISn?he
N2 present i raﬂmealswom/gﬁn said wto-tﬂmlbénmg rpnsi:trmmid ng pi stons
(hrough rect ARREEHh Farieh er bl 0 S MR Ay, mellesy, Gtha BT CY
downwar dl y t Hrixsth ednheatdign;o@md ng t ubes 75 for exhaust.

(c) at least two inner O-rings being
disposed about an inner perimeter of said sleeve element
between the outer surface of said elongate element and
an adjacent inner surface of said sleeve, a first of
said inner O~-rings being disposed between the lateral
top of the housing member and a second connection of the
at least one radial bore of the elongate element and the
lateral orifice of the sleeve element, and a second
inner O-ring being disposed between the underside of the
housing member and the second connection, said inner O-
rings being capable of maintaining sealing engagement.
with both the sleeve and the reciprocating element as
the reciprocating element reciprocates with respect to
said sleeve;

vhereby leakage of into the gripping vacuum or
the chamber vacuum is prevented during reciprocation of
the elongate elements within the sleeve assemblies.

20. An apparatus as claimed in Claim 19
further comprising a plurality of inner and outer
annular grooves in the corresponding inner and outer
surface of said sleeve element in which the pluralities
of inner and outer O-rings are disposed.

21. An apparatus as claimed in Claim 19,
wherein the at least one lateral orifice of the sleeve;
element comprises an external annular passageway which’
provides for a rotationally independent connection of
the at least one radial bore of the elongate element and



As the assenbl y wodure—of<this first enbodinent reaches its |ower nost

poi nt of IU’I,ﬂa’ t he back curves is renoved fromthe back curve
nol d pal I'd m)mﬁ ,ﬁ yuum drawn in the reciprocating pistons 71. The
entire assenbl yt modulse is then reciprocated upwards in approxi mtely

0. 25 seconds to enable transport of the enpty pallet 30 out of the assenbly
nodul e and the insertion of a new pal I'éSBO(b) that is filled with front
curve nmold hal ves, each one of which has been dosed with a nononer at the

filling -33- nodul e 5Q. Pallet 30(b) is agdvanced into position as |
previ ousl y Eg‘aecrar%ﬂl%t amRET. RASSA ‘gﬁ}’r% °%,dt§\ﬁq?c§1§’ébq JEMREE i n preci se
posi tion by tmowinftie datetale @rdifiaid @©f hes sldevie) eddmerit cooperate with
the blind registration holes 108,109 formed on pallet 30, as



illustratéd in Figure 2. The tapper on i’
the pallet within [err]

_ 'pin 106 is sufficient to register
for the purposes of precision assenbly of the

mol d hal ves. The assenblsy~cycl e begi'ns by-reci procaﬁﬁg both the vacuum

mani fol d housing 72 and tHe prinary housing 73 downyarq
seal 110 contacts the oytey perinEler4110(a) of thexlp?
Is made with the perinet seal , yasdum swi tch i
proximty switch adg RRReT
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mani fold tube 88 to the upper primary housing mani fC(EEii 101, and fromthis
passageway via a connecting manifold to the interior-of reciprocating drive
tube 74 in a manner similar to that previously described and illustrated
with respect to manifold 102 and the interior of drive tube 75. -34- It
shoul d be noted that the vacuumdrawn in the two reciprocating drive tubes
74,75 is slightly different, with the vacuumdrawn in the tube 75 being
slightly greater than that drawn in tube 74 in order to iRsure that the
back curves are retained on the reg procating pistons 7édPrior to their
deposition on the nmononer, yand the f¥ont curve rmlgd&hal‘&. In the preferred
enbodi nent, the pressur 3&avm‘-33ﬂ he vaed®m madi f ol d around the pallet 30
Is on the range QfERICEK N

B ' 33a
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m|libars‘while the vacuufdrawn within the reciprocating pistons 71 is on
the order of 3 to 5 mllibars. Permtting the reciprocating action of the
pi stons 71 through the vacuum mani fold housing 72 into. the drawn vacuum
and mai ntaini ng the vacuum t hroughout any translation, requires a sealing
means between the shafts of the pistons 71 and the vacuum mani fol d housi ng
ports through which they reciprocate. The inportance of the

differential -between the vacuum | evel s begng drawn within the pistons and
t he vacuum of the main chanber increase the criticality, as well as the
conplexity, of this requirenment. An additd onal practical requirenent for

such a sealing neans is that it be comp §b|e, or at |east adjustable, with

respect to nmanufacturi pg! r'E es in gisgion 71 and O ring norphol ogy. The
vacuum t ube sl eeve assﬂﬂfgildt ' uffe 12 illustrates a design

sol ution which neets th ' i_ties with respect to
trahslatlng t he i 2 !;[.
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prstod'Shafts t hr ough t he Atgcuum mani f ol d. Ie\? singl e sl eeve assenbly
Is illustrated in Figure 12, it is understoo hat the’ typi cal manifold may
contain a -35- plurality of sleeves and pistons as illustrated in .
Figures 5 and 8-11. An individual vacuum tube sl eeve assenbly according to
the specific requirenents of either enbodi nent of the nold assenbly
apparatus includes a cylindrical sleeve elenent 180 having an outer

di anet er generaty—egquival ent to an inner dianeter of an opening 190 which
ext ends throu%gg;gsixacuun1nanlfold housi ng 204. The i nner di aneter of-=tdhe

vacuum t ube sl! 80~isHenerarly equival ent to the outer di ameter pf fhe

pi ston shaft K&;giﬁe‘di§iﬁﬁ:7l, which is an el ongate el nt
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has a pl erium 71a formed ififhe open end thereof. The pi-ston 71 also has a
pai'r of radial bores 188 which connect the exterior lateral surface of the
piston 71 to the plenun171a The sl eeve 180 has two lateral orifices - 187
which are transverse to the longitudinal axis of the sleeve 180 and which
connect to the radial bores 188 of the piston 71. The lateral orifices 187
of the sleeve 180 is connected to an annul ar passageway 186 formed in the
outer surface of the sleeve. This annul ar passageway 186 permits the

| at eral passageways 187 to remmin connected to an external vacuum (as
descri bed bel ow) independent of rotational orientation.NThe vacuum nani fol d
204, in conjunction with which the pallet 30 fornms a thEing menber in

whi ch a chanber vacuumis drawn, also includes a pluralg\y of annul ar
chanmber passageways (not shown) which have opern,ends at\the inner surface
of the opening 190 through the housing which t Sl eeve Y80 N fitted to.
The ot her ends of the annul ar chanber sage are colpl e o]
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-36-. an external vacuum (afso not shown). It is through the annul ar chanber
passageways, the lateral orifices 187 of the sleeve coupling 180, and the
radi al bores 188 of "‘the piston that a vacuum nmay be drawn in the piston

pl enum 71a and the piston can grip the curve halves (as seen in Figure
1(d)). The outer surface of the vacuum sl eeve 180 al so includes two
circunferential Oring grooves 18la, 181b. One of these grooves 18la is

| ocated at a € EXLerror (f1rst) connection o

| ateral orifig¢es 187 o the annul ar chanber passageways of the manifold and
the exterior ¢f the cHQpber @nifold; tke other gregve 181b is di sppsed
bet ween the fjrst conneéi;onf&nd the inf8rior  of the vacuum chanber} In
each circunfefenti al groowqb ' -C \Q
'.% % ™~
Q -
%, ST
()
Y . B
4
-
H
hn
Q. §
2 e °
P T, |- e N
%

ASSEMBLY
Position VS Time

Assembiy Z 8

Deposition Bpeed

(mw) FONVISIA

3
2
2
H

This Sheet Has Been Reilaced

R




fitted to prevent |eakage into or out of the correspondi.ng vacuuns (the
pi ston vacuum or the chanber vacuun). The inner dianeter of the vacuum
sleeve has two simlar circunferential grooves 183a, £83b i ngwhich O rings
184 are fitted. The grooves 183a, 183b ﬁae spticed abole!dhd Befow t he
interior (second) connection of thedateral prikices 187 to the radial

bores of the piston, the giml ar rpdse pyfeventing | age from or
into the differentia cuung. Durirngjoperjati oh o} the asse pi ston 71
slides through the gregvg 10 whil g {Ofrings 18f jnpi gt ai n a f{vaguum seal

Because of their. foynamc. Qperattonl O THNnos. 139, A0 T Re o-rings

182, are sel ected

sl eeve. The vari apces pf the manuf adturind di nemsi onal

specli fically for tlhe pi;ton | CW reciprocates i p that
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-37- tolerances of each pfston 71 is thereby specifiéébly addressed by the

selected Orings 183. This
interoperability of each pi
204, by circunventing the
openings in the housing ne
vacuum has been establishe
mani fol d housi ng ceagsgg t
to the pallet 30. Howev
reci procate downwardly a

gve significantly increases the
toN\ 71 with respect to vacuum

ed Y\0 individually match t

er t\yrough which it
in t vacuum mani f ol d housi n

ci prQcate and renmi ns '
he g@p or primry hd%?#ﬁ

jstons attached t

reci proca
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N2 pressure. Wien assenbl.ed under vacuum the deposiiti-on speed may reach
hi gh as 5nm per second, whereas w thout vacuum any speed greater than
0,2-1mm per second may result in undue aditation of the nononer and the
creation of bubbl es which effect and- i npair the quality of the resultant

| ens. Thus, the assenbly rate which took 6 to 9 seconds under atnospheric

condi ti ons can now be acconplished in 1 to 2 seconds. Further, if a vacugpm

is not drawn, it is possible for nitrogen to be trapped between the nold
hal ves or between the nononer and the back curve thereby creating another
bubbl e or puddle which will result in rejection of that |ens. - 38-

| ndependent travel of the two manifolds 72,73 in this enbodinent is
provi ded since the vacuum mani fold housing 72 no | onger reciprocates
downwardly after it is
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seated on‘pallet 30. As illustrated, the apparatus of- Figures 8 and 9
provide an optional clanping notion, wherein the uppefi primary housing
continues to reciprocate downwardly depositing the back curve nold half,
and continuing on to the Z overtravel point illustrated in Figure 7,

t her eby conpressing springs 83 and 86. As these spring nenbers are
conpressed, the reciprocating pistons 71 float between the back curve nold
hal ves 33 and pneumatic cylinders 93 nounted for reciprocation in manifold
73, which have been pressurized to a predeterm ned pressure. Thus, a

cl anpi ng pressure is generated on the back curve nold nenber, as determ ned
by the air pressure maintained in pneumatic cylinders 93, and not by spring
menbers 83,84, or the pressure generated by drive notor 71. This enabl es

i ndependent reciprocal movenment or/fl oating J%nent of each of the

reci procal pistons 71, while enQP%lng 43 of t pi stons to be pressurlzed
to a common predetern1ned val ug. ' Thuy, 'm sagfi gnnent of a .
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single nmofd part will not/destroy the entire batch of nold assenblies on
pall et 30. As was described earlier with respect to Figure 1, the optional
cl anping pressure seats the back curve nold half on the front curve nold
Ral f and seats the convex portion of the curve against the parting ring
31(c) formed on the front curve nold half thereby severing the nononer in
the lens blank 32 fromthe nononer in the excess HEMA ring 34. Also, as

i ndi cat ed -39- in Figure 7, after the nold hal ves have been seated, the
vacuum in each of the reciprocating pistons 71 is first broken by opening a
valve in vacuumline in 104. Shortly thereafter, and after a predeterm ned
cl anpi ng period and a predeterm ned cl anpi ng pressure, the vacuum between
t he vacuum mani fol d housing and the pallet 30 is
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bt oken by opening a valve in vacuumline 111. Typically the period is .5 to
3 seconds, but preferably is 1.5 seconds. The cl anpi ng pressure nay range
from.5 to 2 Kgnflens but preferably is 1 Kgnm'lens. Thereafter, drive notor
77 is actuated and the entire assenbly nodule 70 is raised upmardly and
reset for a new back curve pickup and a new cycle of operation. In the
event the optional clanping novenent is not provided, the resilient biased
pi stons 71 are fixably nounted in vacuum mani fold 72 and reciprocates
downwardly to seat the-back curve well into the nononer, but 0.1-0.2nm from
seal i ng engagenent with the parting ring 31(c) . In this variation of the
first enmbodi ment,the optlonal clanping step may al so be provided in the
precure step. When seated in this nononer, vacuum conditions, atnospheric
pressure will "clanp" the nold hal ves together when the vacuumin the
vacuum mani fold 72 is broken. THE SECOND MOLD ASSEMBLY APPARATUS A second
al ternative enbodi nent @f the
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assenbly fodule will now De; described with references to Figures 15-19.
Thi s enbodi nent has nmany simlar features to the first enbodi nent,while
al so including several advances and inprovements which shall become evident
through the description and drawi ngs set forth herein. This description
shall include a step by step -40- description of the alternate
functioning according to the tinme chart of Figure 14, described above.
Referring now to Figure 18, a top view of the assenbly station 200 is shown
including lines of cross section corresponding to the sections illustrated
in Figures 15-17. Line A-A corresponds to the cross section which is Figure
. 15. Line B-B corresponds to the cross section which is Figure 16. Line CGC
correspoAFs to the cross section which is Figure 17.
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Referring to Figures 15 and 17, the assenbly nmpbdul e 250 is shown in a cross
gectional view. The assenbly station 250 includes a prinmary support beam
252 which is rigidly coupled to a support platform sinlar to the support
platform 78 (not shown) as was described with respect to Figure 10. The
support platformand the primary support beam 202 are together reciprocated
up and down by a driver neans, such as a response servo notor simlar to
the notor 77 illustrated in Figure lﬁizét i s understood thatthe specific
response servo notor may utili arrety of digEgrent principles, each

being well known in the art, ball screw d Pl nmeans, a hydraulic
means, an air pressure neans meegnetjc dr ks Z . A vacuum chanber
mani fold 204 is coupl ed i mary support 252 by mani fol d support
shafts 206. The nmanifold shafts 206 are iy Figure 17, which
is a cross sect?ofal Viey of Fhe preferred enbogi one end, the
mani fol d support shafts. ‘ '
232
226
]
206 /\ ! ' !
234
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T~

;are rigidly coupled to the primary support beam 252 with threaded nuts 228
above the beam 252 and a rigid placenent collar 232, affixed to the shaft
206, bel ow. -41- At their other ends the manifold support shafts 206
extend through the manifold 204 such that they may slide through it if the

mani fol d i ReRicBPANY ARPERATDS FOR! CONTACT QENS TMDLOCFILL ONG AND CASSEMBIEMd. The -
sliding ends are fitted with end cap nuts 230 which prevent the shafts 206

frombeing retracted fromthe nmanifold 204 during subsequent upward noti on.

Vacuum seal s 234 are attached to thaBSTRACT the manifold 204 at the

Vacuum beneat h the &R REPATSSHE, 3 cOrninac ARt AL TeRKSES T 1L 11 P

mani f ol d. whegeingfzeatcoupives mold badwves2eset filled with a
hardenable transparent material, such as a polymerizable
hydrogel, and back curve mold halves are coupled to the
front curve, therein forming a lens. More particularly,
the apparatus includes a conveyor means for transporting
pallets of mold halwves to the apparatus, an array of
piston structures for raising and aligning the back
curves with respect to the filled front curve halves,
reciprocating means for reciprocating the piston array
to couple pairs of front and back curves, and a vacuum
chamber and vacuum drawing means for maintaining a
vacuum around the curves during coupling. In addition,
there is provided individual spring biasing to each
reciprocating element whereby sensitivity to thickness
variations and pallet misfeeds may be minimized.

Further, there is provided-a vacuum sleeve, through . ..y

which the pistons reciprocate within the.vacuum champex;
which sleeve preserves the vacuum within the chamber.” -
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-42-"the remai nder of the assenbly may carried out accurately with

m nimzed susceptibility to msfeeding of the pallet. The registration pins
236 are slideably nounted through the manifold 204 and coupled at their top
or external ends to the primary support housing 252 via biasing springs
238. Attached to the top of the manifold 204, at the point where the

regi stration pins 236 pass through the nmanifold 204 are vacuum seals 235 to
the pins 236 to slide with respect to the manifold w thout_conprom sing the
vacuum in the chanber. The lower or internal ends of the v%@lstratlon pi ns
236 are beveled for easy alignnent @ah the registratiog hol es of the
pal [ et. The beveling of BQﬂh th?!i glstra£30 plmg and the hol es enabl es

the downward travgg ﬁ Adma IR} W th respect
to smal |
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svariations in the pallet feed accuracy. The biasing springs and the
slidabl e nmounting of the pins allows the assenbly to avoid becom ng jamed

+“in the event that the pallet is msfed. In such an event,the registration
pins slide upward when they contact the pallet if they are not aligned
properly with respect to the holes. Refgrring again to Figure 15, an
optical platform?208 is fixably mounted to the vacuum chanber nanifold 204
from above by rigid optical platformsupp®rts 210. Extending down fromthe
optical platform 208 are bore scope housi figs 212, which contain fiber optic
probes 214 that penetrate into through_th vacuum mani fol d 204. Bore scopes
216 may be used, in conjunctlon with tH | ber optic probes 214 to view the

assenbly process, such o] allty q? ol purposes. In order to
mai ntain a vacuumin tiEWLra : '
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-4?f'understood that the bore scope housings are sealed to hold a vacuum as
well. Referring now also to Figure 16, a representative pair of pistons
218a, 218b, respectively, are shown in accordance with the second

enbodi ment of the present invention. It is understood that while the view
shown in Figure 16 illustrates only two pgstons, the nunber of pistons

i ncluded in the present enbodinent is 16 (as shown in Figure 18), and that
t he nunber of pistons may vary with the specific enbodi ment the station
assenbly. An annular ring support collar 220 is fixably attached to each of
t he pistons 218a, 218b, which support collar 220 is coupled to the primary
support beam 252 by a biasing spring 222. The top portion of the piston
shaft 218a or 218b extends through the prinaistprort beam 252 and renai ns
in slidable relationship therewith. The precise position of the plston
relative to the
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pri-mary support- beam 252 bei ng determ ned by the spring constant and the
f.:orce applied to the spring via the piston. The bottom portion of the

pi ston extends into the vacuum mani fold 204. The piston, however, is
sealingly engaged at the manifold by a vacuum seal 235 to prevent |eakage
of the vacuumwi thin the vacuum chanmber as the piston reciprocates. The
vacuum pressure within the chamber in the present embodi nent is drawn
within the range of 5 to 7 mllibars while the range of pressures wthin
the pistons is drawmn to within 3 to 5 mllibars. The vacuum seal 235 does
not otherwi se inhibit the free sliding of the piston wt Wﬁespect to the
mani f ol d. -44- The each of the pistons 218a, 218b inclnags openi ngs at
either end and an internal bore 224 which Q\ :

3 ) -
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extends the entire length of the shaft. A vacuum connection hose 254 is
fixed to the top portion of each piston 218a,218b whi ch extends above the
pri mary support beam 252. Via the connection hose 254 and the internal bore
224, an external vacuum (not shown) provides the suction to grip the back
curve nold half 33. The operation of the_second enbodi ment of the nold
assenbly station 250 of this invention, as briefly described with respect
to the timng di rTotSTTo5ed nore fully wgh
respect to the above idegtified structural elenents. At the start of jeach
cyle a pallet 30 jcontaini i ndigyi dual bacds curve nolg halves 33 is
conveyed to a pogition bene’gh e nol d asgenbl y station 250. Once the
pal | et has been gositioned, t§e 5@ and t he vacgum
mani f ol d housi ng 204 coupl ed t@®gare di{ven by the regponse servo notqr
downwardly towardq pallet. {he rt,!gl stragion pins 236 df the manifold ™
penetrate into the allgnmen%hol eﬁpf the pallet, and as the nmanifold r—r

% -
,’Q - [ - ]
v g Tw 3
™ e
. -
\ :
[
-
| s
3 > s
ay & o

-’
b *Q — ~N

ASSEMBLY
Position VS Time

Assembdly Z 8

“ i
% l -
%. 3 3
d;' L f H \ : :
] o\ = &
— PN\
o A N
H
(ura) FONVISIA H
3

This Sheet Has Been Re(ilaced

|III|I|I|II|| Il

This is the replasement sheet

Date: 09 DEC 1%



continues to descend, the o-rings 240 nake contact with the surface of the
pallet. After an initial seating of the Orings seat, the nmanifold support
shafts 206 begin to slide dowward through the manifold 204. This relative
notion causes a conpression of the biasing springs 226 which supply a
constant conpression force to the nmanifol & which-seats the Oring 240 on
the pallet. The pistons 218a, 218b, which are slideably coupled to the
mani f ol d. 204'begin to slide deeper into -45- the manifold as the primry
housi ng 252 conti nues_downward. This translation continues until the tips

of the pistons touch the back curve nold hal ves 33 ondLhe pal l et, and seat
i rlg co 2

agai nst them Variations in the thicknesges and seati o0& t 2 4 ndivi dual
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means that the pistons do not necessarily come in contact with their
respective back curves simultaneously. For this reason, an overstroke in
the translation of the the prinmary support beam 252 is designed into the
system whereby the beam 252 travels farther down than is necessary to
cause the pistons 218a,218b to contact thg back curves.. The overstroke
coul d easily damage the back curves or the tips of the pistons but for the

sl i dabl e mounting of the pist to the prinmary support beam ~slideably
nount i ng each piston, and proyi di\yg each with an individual. kng spring
222, once a force sufficient go segl the piston to the correspondqng back
curve has been applied, the plston\gtops noving domnmard‘*sLJdlndnupmards
“relative to the prinarégsup beafy as it continues to nd. t he
full extent of the pri sa@por t _beam over st roke, PR@D pi i
drawn by an external vacuu l ant ed via the connectNgm
the internal bore 224, prodycisms herein and |
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gripping the back curve 33. Once the piston-back curve coupling has been
effected, the primary housing 252 begins to retract upward, pulling the

pi stons 218a, 218b upward, disengaging the nmanifold 204 fromthe pallet 30,
and ultimately freeing the registration pins 236 fromthe registration
holes in the pallet. The enpty pallet, no free to nove, is notively
transferred from beneath -46- the nold assenbly station and is repl aced
by a pallet containing a set of front curve nold hal ves that have been
filled wwth a predeterm ned anount of nononer. Once the front curve pall et
has been properly positioned in the assenbly station 250, the response
servo notor 77 begins lowering the primary support beam 252 toward the new
pallet. As in the first half of the cycle, the registration pins 236 enter
the pallet holes
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and align the pallet. Next, the Oring 240 of the vacuum manifold 204 seats
against the pallet. After a brief period of O- ring conpression, the

‘mani fol d 204 stops noving. Continued downward translation of the prinmary
support beam 252 causes the biasing springs 236 of the manifold support
shafts 206 to conpress, providing a conspant conpressive force to the
Oring, therein ensuring that it seals the manifold 204 to the pallet. As
this sealing engagenent is nmade, the primary support beam 252 continues to
descend, therein causing the pistons 218a,218b to slide with respect to the
now stationary vacuum mani fol d. Once the sealing engagenent of the manifold
204 to the pallet has been made, and prior to the inmm nent contact of the
back curve with the dose of nonomer in the front ,curve, a vacuumis drawn
within the chanber. This vacuunlis,dramn wh or??é to dissipate air bubbles
whi h m ght ot herw se result fromqgssolqéd
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gasses in the nonomer or fromair trapped under the descendi ng back-curve
33. This vacuum al |l ows the back- curve to contact and drive through the
nononer at a nuch faster rate than could be achieved in an atnospheric

-47- pressure environnent, as was previously discussed with respect to the
first assenbly apparatus. It should further be noted that the vacuum drawn
wi thin each piston 218a, 218b through bore 224, for gripping the back curves
33, is slightly stronger than the vacuumdrawn in the chanber. The pressure
wi thin the chanber is drawmm down to between 5 and 7 millibars, while the
pressure in the pistons is maintained between 3 and 5 mllibars. This
differential insures that the back curves are retained at the tips of the
pi stons prior to their deposition on the nononmer and the front
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curve nmold half. The vacuumw thin the piston is released once all of the
back curves have contacted the nonomer. The conti nued descent of the
primary support beam 252 and the pistons 218a, 218b proceeds at a sl ower
rate as the back curves travel through the nononer. The speed of the notion
is reduced to ensure that the nononer floys properly, laterally and
upwardly and fully engul fs the regi on befween the curve hal ves. The sl owed
pace of descent aslo permts the excess nononer to escape from betwen the
curves. This excess nononmer creates a HEMA ring which is parted fromthe
fabricated lens by the parting edge of the front curve nold when the back
curve nold finally seats against it. The back curve travels through the
nmononer until it seats on the parting edge of the front curve. -Vari ations
in the downward stroke of the assenbly at mhicg the two curves seat agai nst
one anot her, necessitate anjoverstroke of the mard transl ation of the
primary support beam 252.7 The fbi asi ng sprlng]ZQ éf 216
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each’ piston is conpressed during the overstroke, once -48- its
correspondi ng back curve has fully seated, therein keeping the individual
pi stons from damagi ng the assenbl ed nold hal ves. At the point of deepest
descent of the primary support beam 252, once all of the back curves 33
have been seated against their respectivelé ront curves, the vacuum chanber
vacuumis released. As the vacuumw thin chanber is rel eased, the

pi stons 218a,218b and the manifold 204 remain in position, maintaining a
constant force against the coupled curves. Once both the vacuuns have been
fully released, the primary support beam 252 is notively translated back to
its raised gosition by the response servo notor 77. In so doing, the

bi asi ng sprﬂngs 222 of
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t he pistons 218a, 218b are relaxed first, followed by the raising of the

pi stons away fromthe pallet. As the primary support beam 252 continues to
rise the biasing springs 226 of the support shafts 206 are rel axed as well,
until the manifold itself begins to rise, therein unseating the o-rings 240
fromthe surface of the pallet. The | astigi sengenent during the upward
stroke is the renoval of the registration pin 236 fromthe pallet 30, after
which the pallet, nowfilled with fully assenbled I ens nolds, is carried
out of the assenbly station, to be replaced by the next pallet having a
fresh set of back curves. While the invention has been particularly shown
and described with respect to the preferred enbodi nents thereof, it wll be
understood by those skilled in the art that the foregoing and ot her changes
in formand details nay be made therein wthout
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-49- departing fromthe spirit and scope of the |nvent|oﬁw1Wﬁr¢hx$hould be
limited only by the scope of the appended cl ai-+s - S P St
i ‘T%E?'\br m a

Fsaliat&rrt sPaged - Hedh PrEed]- g
Chydpbgelpabsél ~rtppegedarf s
bei ng suppl led to said apparatus on one or m)[ZfPaMlm(@ ' sl éﬁ)papa&qu-----/!ﬁ-
conprising: (a) first neans for transporting $# Abpeaki et spaged s&l.do paged..T.....
apparatus; (b) second neans for renoving sai dipagk oerreceni.. P Lr.om.an
associ ated pal l et, and aligni METHOD AND APPARATUS

FOR CONTACT LENS MOLD FILLING AND ASSEMBLY

BACKGROUND OF THE INVENTION

This application is a continuation-in-part of
U.S. application serial number 08/258,264.

1. Field of the Invention

The present invention relates generally to an
apparatus and method for filling and assembling molds
used in the production of contact lenses, and more
particularly, for £illing and assembling a mold having a
polymerizable hydrogel therein, under wvacuum, to form a

soft contact lens.

2. . Discussion of the Prior Art

U.S. Patent No. 4,564,348 to Larsen, now
assigned to the assignee of the present invention,
discloses plastic molds for manufacturing a plurality of
soft contact 1enses in a continuous or semicontinuous
method of operatlon. A mold assembly having a plurality
of mold units is filled with a polymerization mixture in
a first dosing step, and the mold uﬁits are then covered
with a convex mold member or 1id as shown in Figure 5,
and the l1ids are brought tq'rest on the concave mold
members properly aligned and without distortion. The
1lids are free to float and align themselves on the pool
of polymerizable mixture held in the concave mold.

U.S. Patent No. 4t640,4$9, also to Larsen, .now
assigned to the asaignée_ofithe'préaant application,
discloses a mold for making contact lenses wherein one
of the two mold sections is relatively more flexible
than the other. In addition, a number of mold
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said back curve nold parts with an associated front curve nold part; (c) a
housi'ng nmenber for surrounding said aligned back and front curve nold parts
to thereby enable a vacuumto be drawn around said parts; (e) a

reci procabl e support beamto“which is_coupled the housing nenber and the
second means, wherein said back curv 2 %ol d parts having been renoved by
sai d second neans may be seated against said front curve nold part while

sal d_vacUyprIaNgseBRRATUS £dn caNPICY” BENS! Mo FLEMGIANRSSEMBLY at | east one
of said biasi.ng springs coupling the second neans to the support beam and

a second one of said springs coupling the housing nenber to the support
beam whereby the housi ng nenber angpgtwaeecond neans nmay each nove

i ndependent |y of theA S#&art beam to enabl e sacig%_ebaé:ﬁcurve nold part to be
seated on said front™ Fﬁﬁ?ﬁ;&ﬁ{ IPLRE SFUYRLY MR Dr essure. 2. An
appar at us wisexe¢in nfrbnin dilmvennoldichialves are filled with a

hardenable transparent material, such as a polymerizable

hydrogel, and back curve mold halves are coupled to the

front curve, therein formihg a lens. More particularly,

the apparatus includes a conveyor means for transporting

pa}lets of mold halves to the apparatus, an array of

piéton structures for raising and aligning the back

.curves with respect to the filled front curve halves,

reciprocating means for reciprocating the piston array

to couple pairs of front and back curves, and a vacuum

chamber and vacuum drawing means for maintaining a

vacuum around the curves during coupling. In addition,

there is provided individual spring biasing to each

reciprocating element whereby sensitivity to thickness

variations and pallet misfeeds may be minimized.

Further, there is provided-a vacuum sleeve, through

which the pistons reciproc&tg within the vacuum chamver,.

which sleeve preserves the vacium within the chamber. |
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said pallet includes registration holes to cooperate Wi th registration
gui des of the housing nenber to register said pallet prior to assenbly of
said nold parts. 3. An apparatus as clained in Caim2 wherein said pallet
i ncludes a perineter seal area to cooperate with a perineter seal of said
housi ng nmenber to enable said vacuun1tq be drawn. 4. An apparatus .as
claimed in Caim1l whegein said one o=poBre pal l efs conprlses a plurality .

of pallets including-e-first set of pallets for sal back curve nold parts,
lets for said front curve TP arts, wherein each

and a second set of pdl
pall et of the first E?‘td IS |nt€r‘|e§ved with a pal the secgnd]set. 5.
An apparatus as claimed in dai'mjls) §§ B .
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wherein said second neans, the housing nenber, and said support beam

reci procate in the sane direction. 6. An apparatus as clainmed in Caiml,
wherein said second neans includes a separate reciprocating nmenber for each
.back curve nold part carried in said pallet. 7. An apparatus as cl ai ned
in Claim6, wherein said at | east one biasing spring separately couples
each reciprocating nenber to said suph#t-beamto allow i ndependent

reci procati on of each reciprocating nmeans said predeterm ned pressure,
wherein each of said reciprocating menbers is separately biased by one of
sai d pIurallty of biasing springs. 8  An apparatus as clagined in claim4,

wherei n said apparatus cycles betvve;@ pi cki ng up b?}Ck ques from one of
said first set of pall et—-s)and )
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-52- depositing said back curves on said front curves in one of said second
set to thereby assenble said front and back curve nold parts. 9. An
apparatus as clainmed in claim1l wherein said biasing spring between said
housi ng nmenber and sai d support beam establishes a predeterm ned seating
force between said housing and said pallet when said beamreciprocates
downwar d, whi ch predeterm ned seati ni i+ ce seals said housing to said
pall et for said vacuum assenbly of said nold parts. 10. An apparatus for
assenbling front and back curve nold partgs to forma contact |ens, wherein
each of said front curve nold parts has been filled with a predeterm ned.
quantity of a polynerizable hydrogel, _sai@d nold parts being supplied to

sai d apparatus on one or nore palletsa gal d apparatus conprising: (a)
means for transporting Fﬂ'd F ets topkagd appar at us;
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(b) a plurality of registration elenents for properly aligning the pallets
within the apparatus; - (c) a plurality of elongate piston elenents for
renovi ng said back curve nold parts froman associated pallet, and aligning
said back curve nold parts with an associated front curve nold part; (d) a
housi ng nenber for surrounding said aligned back and front curve nold parts
to thereby enable a vacuumto be dramn4around said parts; (e) a

reci procabl e support beamto which is coupled to the housing nmenber and the
el ongate piston el enents, wherein saird back curve nold parts havi ng been
-53- renoved ‘by said second neans nmay be seated against said front curve
nol d part while said vacuumrenmains drawn; (f) a plurality of first biasing

spri ngs, Fig 5
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at least one of said first biasing springs coupling each of the

regi stration pins to the support beamso that the registration pins may
reci procate i ndependently fromthe sipport beam (g) a plurality of second
bi asi ng springs, at |east one of said second biasing springs coupling each
of said elongate piston elenments to the support beam and (h) at |east one
third biasing spring coupling the hoﬁsﬁn@ menber to the support beam

wher eby the housi ng nenber may nove i ndependently of the support beam
whereby the el ongate piston el enents, the support beam the registration

pi ns, and the housi ng menber may reciprocate independently from one anot her

such that appropriate contact pressures are naintained. . An apparatus -
for assenbling front and back curve nold parts to formaxontact |ens,
wherein each of said front curve nold parts has been filpd with
N
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a.predeterm ned quantity of a polynerizable hydrogel, said nold parts being
suppl.ied to said apparatus on one or nore pallets, said apparatus
conprising: (a) first neans for transporting said pallets to said
apparatus; (b) second neans for renoving said back curve nold parts from an
associated pallet, and aligning said back curve nold parts with an
associated front curve nold part; =%--(c) a housing nenber for
surroundi ng sai d aligned back and front curve nold parts to thereby enable

a chamber vacuuf..r_a.be_d.uaun_a.muud_sa.hd_par_tc ce—trt=r-c—rrearrs—fom
reci procating said second neans and said back curve nold parts alonpg a

second axis to geat salﬁ back 8urve nol dcgart agai nset
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sard front curve nold part with a predeterm ned pressure while said chanber
vacuum remai ns drawn; and (e) at |east one vacuum sl eeve assenbly nounted
in said housing, said sleeve assenbly surrounding said second neans to
enabl e a chanber vacuumto be maintained within the housing nenber as the
second neans reciprocates wthin said sleeve and said housing nenber. 12.
An apparatus as clained in daim11, Wwher €in said at | east one vacuum

sl eeve assenbly for maintaining said chanber vacuum conprises: (a) a sleeve
elenent fitted within an opening defined by a top wall of said housing
menber, which opening extends from an upper surface said top wall of said
housi ng nmenber through to an underside of said upper surface, said sleeve .
el ement defining an interior passage thgough the top[ﬁhl& o9 sai d housi ng
menber in which said second nmeans may recipfacate; (BD)—at | ast one outer

Oring sealingly /// r+~P) O

A/ LI &
G ] ¢ |

-~ gf l,

A ] o @ | A
[l 10D o A = s B ) Hl sl e B )]
; —— 4

3¢

= == . —— o —emy
T—:D—- [47/m \ ' [ mfoé o r

AU 74 %
e | -
<7 W A r .
3 ST :
gs T HH ’ .'.l_.?'
12 & & | :
<< ,
il i TS =4 s
£ % S
e _

This is the replacement sheet

21 Fes B9

Natae



di sposed between an outer perineter surface of the sleeve el enment and an
adj acent inner perineter surface of the opening; and (c) at |east one inner
o-ring sealingly disposed between the interior passage of said sleeve

el enent, about a perineter thereof,and an outer -55- perinmeter of the

second means, said o-ring being capable of preventing | eakage into said
chanber vacuum as as the second nmeans_PBeciprocates within said sleeve. 13.
An apparatus as claimed in Caim1ll, wherein said second neans conprises at

| east one el ongate el ement h 0g an internal plenum which |§\\pen at an
I M\whi ch pl enum a gri pping vaciimumay be drawn'

end of the elongate el enent,
for gripping said nold part%aan renmoving said nold parts—£10n1an

associ at ed
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pal let. 14. An apparatus as clainmed in Caim1ll, wherein said second neans
conprises at | east one elongate el enent having an internal bore which
extehds through the Iong axis there, in which bore a gripping vacuum nay be
drawn through one end of said elongate elenment for gripping said nold parts
at the other end of said element and renoving said nold parts from an
associated pallet. 15. An apparatus-a8 elainmed in Caim13, wherein said
at | east one elongate el enent further conprises at | east one radial bore
fromits side to the plenum through which at | east one radial bore an
external vacuum may draw the gripping vacuum 16. An apparatus as cl ai ned
in Claim1l5, wherein said housing nenber conprises at | east one annul ar
chanber passageway conduit defined within said housing nenber, which at

| east one passageway nmay be coupled at a first end to said external vacuum
and at a '
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second end to said at | east one |ateral passage of said elongate el enent,

t hrough which conduit the gripping vacuum of the el ongate el enent may

bedr awn. -56- 17. An apparatus as clainmed in Claim16, wherein said
second nmeans further conprises a plurality of elongate el enents, each of

whi ch grips one of said nold parts. 18. An apparatus as clainmed in Caim
17, wherein said at | east one vacuun1§#beVe assenbly for maintaining said
chanber vacuum furt her conprises a plurality of vacuum sl eeve assenbli es.
19. An apparatus as clainmed in Caim18, wherein each one of said plurality
of elongate elenents reciprocates in a correspondi ng one of said pIurallty
of vacuum sl eeve assenblies, each of said vacuum sl eeve
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assenblies conprising: (a) a sleeve elenent fitted within an opening in
sai d housi ng nenber, said sleeve elenent defining an interior passage

t hrough whi ch the correspondi ng one of said elongate elenents is

transl ated, and said sleeve elenent further having at | east one_ lateral
orifice through which correspondi ng ones of said plurality of annular
chanber passageway of the housing menidér -and the at |east one radial bore
of said elongate elenment are connected, so that said external vacuum nay
draw said gripping vacuumin said plenum (b) at |east two outer o-rings
bei ng di sposed about a perineter of said sleeve el enent between the outer
surface of the sleeve elenment and an adjacent inner surface of the opening
of the housing nmenber,. a first of said outer o-rings being positioned

bet ween the top of the housi ng menber and a first connection of the at

| east one lateral orifice of said
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-57- sleeve and the correspondi ng annul ar chanber passageway, and a second
of said outer o-rings being positioned between said underside of the
housi ng nmenber and the first connection; and (c) at |east two inner o-rings
bei ng di sposed about an inner perineter of said sleeve el enent hetween the
outer surface of said elongate el enent and an adjacent inner surface of
said sleeve, a first of said inner o-ritgs being di sposed between the

| ateral top of the housing nenber and a second connection of the at | east
one radial bore of the elongate elenent and the lateral orifice of the

sl eeve el enent, and a second inner o-ring being disposed between the
under si de of the housing nenber and the second connection, said inner O-

ri ngs bei ng capabl e of maintaining sealing engagenent
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wi th both the sleeve and the reciprocating el enent as the reciprocating

el ement reciprocates with respect to said sleeve; whereby | eakage of into
the gripping vacuum or the chanber vacuumis prevented during reciprocation
of the elongate elenents within the sleeve assenblies. 20. An apparatus as
claimed in Aaim119 further conprising a plurality of inner and outer
annul ar grooves in the correspondi ng iFhet and outer surface of said sleeve
el enent in which the pluralities of inner and outer o-rings are di sposed.
21. An apparatus as clainmed in Caim19, wherein the at | east one |ateral
orifice of the sleeve el enent conprises an external annul ar passageway

whi ch provides for a rotationally independent connection of the at |east -
one radial; bore of the elongate el enment and
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-58- the annul ar chanber passageways of the housing nenber through the
| ateral orifice of the sleeve el enent.
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