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ME'l'BOD AND APPARATUS 

FOR CON'rACT LENS MOLD FILLING AND ASSEMBLY 

BACKGROUND OF 'l'SB IHVBN'.rIOH 
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 filling and assembling a mold _having a 
polymer~zable hydrogel therein, under vacuum, 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 ienses"-fn a.-conti.nuous" or· seinfcontimious 
method of ope~~tiori. A :~oic!"a~s~ly· ii~vf1ig-·a ~pl~i~lity~­
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 lid 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 polymerizable.mixture held in the concave mold. 

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

assigned to the as~ignee _of the present ap~lic~tlon;· ·· 
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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constructions known to the prior art are discussed in 
the background portion of the specification of this 
patent. 

U.S. Patent No. 4,495,313, also to Larsen, and 
now assigned to the assignee of the present application, 
discloses a mold assembly 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 c.avi ty by a corona 
discharge treatment .of a :.:por.tion of ._t;.he. male- mold. ·-- ..... . 

SUMMARY OP TBB INVENTION 
The present invention is an apparatus and a 

method for filling 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 filling 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 
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It is an object of the present invention to 
provide an apparatus for filling and assembling mold 
parts for a contact lens which includes a first 
automated station for receiving a plurality of front 
curve 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 uniqu~ 
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 polymetizable monomer or :-~· _... · 
monomer mixture., A .. vacuum is first drawn about the mold:· 
parts, and the1_1.:_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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reciprocation with respect to each mold part while 
clamping each back curve to its associated front curve 
with a common 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 monomer, 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. 

It is.· another obj~ct of-.-the p;1;~sen:t invention ·· · -· - . 
to provide an apparatus in which a polymerizable ... · ,-__ ,._._ ...... . 
hydrogel is pumped to a plurality·· of: len..s .mo}.Q$, f9~ed._,,_ ...... ·-·-· __ 
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 materi~l 
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 .. a.lso .. be applie4 . to .s.eat .tbe -~eal~d . . .. . ... 
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mold half against an annul~r edge formed in the first 

mold half to essentially sever any excess monomer from 

the monomer contained within the mold. All of the 

foregoing is accomplished, under vacuum, at a high 

production rate or volume. 
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 conunon predetermined pressure. In a 

first embodiment, the independent reciprocation is 

achieved with a conunon air plenum which . pi;ov.!des ·.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 DESCRIP.rION OP 'l'BE DBAWINGS 

The foregoing objects and advantages of the 

present invention filling and assembling mold parts for 

. ,_.;." .... 
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contact lens may be more readily understood by one 

skilled in the art with reference to the following 

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 l(a) - l(d) is a diagrammatic and 

illustrated flow diagram of the method of the present 

invention. 
Figure l(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 ene'. embodiment .. of 

the present invention.. " . .:..:;,:··::'!~: ·· ::..:::_,_._ c -· __ , __ ::-~ -· 

Figure 5 is a partially cross-sectioned side 

view of the filling station used for depositing a 

predetermined amount of monomer in each of t~e ~old 

cavities. 
Figure 6 is a simpli~ied diagrammatic view of 

a monomer degas.sing 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. 
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Figure B(a) is a diagrammatic side view of the 

exterior of the assembly module of one embodiment of the 

present invention. 
Figure S(b) is a partially cross-sectioned 

side view of the assembly module illustrated in Figure 

S(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 filling 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 ln the reciprocating. madul,e of the :::.:---:::.::._.'. · 

assembly station-i-llustrated- in.;F.igure 10 ... ,-- .. .-: .:. __ ~· ;...-___ ·~---· -"- -~:· ··-:·.-

Figur.e- 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 

m_anifold illustrated in Figure 11._ 

Figure 14 is a time chart and diagrammatic 

time line illustration of the assembly steps of a second 

e~odiment of _the present invent~on_ •. 

Figure.15 is a partially cross-sectioned side 

view of the exterior of.-uhe·-assembly module, .. of.·.--the''-''-... · ,_ .. 

highly preferred embodiment of the present invention. 

Figure 16 is a cross-sectional view of the 

reciprocating pistons mounted within the primary and 
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vacuum housing as well as the vacuum head assemblies 
attached thereto. 

Figure 17 is a cross sectional view of the 
overstroke spring biased bolts which $ecure 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 TBB PRBFERRBD BMBODDIJBR'r 
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 :tX'-a?UIP~rent :tP·. 

visible and ultraviolet--light,;· with a'. <::entral· •. c\lrved.. .. ;.:_, __ ;_., .. 
section defining a. concave surf~ce 31, a ·conv.~x: .. s~rf~.CEt ~-. :. -
33 and circular -circwnferent~al .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 surf ac~ 33 have the so~ewhat diminished 
dimensions of the front or back curves, respectively of 
a contact lens to be produced in the mold assembly, and 
are sufficiently smootp 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 
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withstand prying forces applied to separate the mold 
halves during 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. 

25 

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 
displacable solvent as described in 
4,680,336, 4,889,664 and 5,039,459. 

a nonaqueous water 
U.S. Patent Nos. 
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 
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ensure that no air bubbles are trapped between the mold 

halves. 
The first and second mold halves may then be 

clamped together in the assembly step to displace any 

surplus monomer from the mold area and to properly align 

the mold halves by aligrunent 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. --

Following the precure · step-, the · · · ··· 

monomer I sol vent .. 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 ·"--·-. 

molding and then disposed 0£ or discarded. After the 

demolding step, the solvent is displaced with water to 

produce a hydrated lens.-;which when ·fully hydrated. and 
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buffered will 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 Lar~en; u.s. ·===·---
Patent No. 5,039,459-_to ·Larsen et al. and· u.s ..... Patent 
No. 4,680,336 to Larsen_.et al., .t~e disclosures-._9f_ which.-
are hereby incorporated .. herein. by .. r~f.erence. ~su.eh . 
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 compositions, 
followed by displacement of the boric acid ester with 
water, yields a hydrophilic·. co~tact 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. 

• •C" -:- .... - .· 
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The polymerizable compositions preferably 
contain a small amount of a cross-linking agent, usually 
from 0.05 to 2% and most frequently from 0.05 to 1.0\, 
of a diester or triester. 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 .. o.os ... ,to.-1%·,of .. 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 persulf ate-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 add~tion of a 
polymerization initiator. Representative initiators 
include camphorquinone, et.hyl-4~(N·,N":"dimethyl .... , · ... 
amino)benzoate, and 4-(2-hydroxyethoxy)phenyl-2-
hydroxyl-2-propyl ketone. 
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Polymerization of the polymerizable 

composition in the mold assembly is preferably carried 

out by exposing the composition to polymerization 

initiating conditions. The preferred technique is to 

include in the composition initiators which work upon 

expose to ultrayiolet 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. _::::-: · -· ;·· · -.:: · ·-.--- ----. · ·· · 

After_the_polyme~izable, composition· has 

polymerized, the mold assembly:_is_ 41.sassembled .to-p~rmit. 

further processing . of .. the polymerized· ~produc~:~:into.: a 

contact lens (such processing including e.g. washing and 

hydrating, packaging and sterilizing of the lens). 

Preferably, the fla~ges of the front and base mold 

halves are gripped and pulled away from each other, 

either in directly opposite directions or through an 

angle in a prying m~tion. Advantageously, the assembly 

is first heated moderately to facilitate separation of 

the polymerized article from the mold half surfaces. 
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METHOD OF OPERATION 
Figure l(e) is a block diagram of the method 

of the present invention and Figures l(a)-(d) are 

diagranunatic illustrations of the method of the present 

invention. As illustrated in Figure l(a), specialized 

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 l(a), a.predetermined 

amount of the polymerizable hydro.gel-~or monomer 10 i$ .:.- -· "'"". 

deposited in a f.ront curve-:mol~. half-:-bY- .means. of.~.iL- . ·_._- ___ _ 

precision dosing nozzle -142;. whic~:is. 1par,t of the dosing .. --··~-:.: 

or filling station SO. 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 mo~o~er and the _fr~nt 

curve mold half 31. Further, as will be further 

described with respect to Figu~e ~, the polymerizable 

monome~ mixture may be degassed to in~ur~ 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 pref erred embodiment of the invention, 

approximately 60 µl_.of polymer-izable ·hydr.ogel or~ monomer 

·- .. · 
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is deposited in the front curve mold half to insure that 

the mold cavity is overdosed, in order to avoid the 

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~Ff~re l(b), and 

more fully described in u.s.s.N. O~® f?,f(.,IP.J, 
entitled Method and Apparatus For A~lying a Surfactant 

to Mold Surfaces, also assigned to the assignee of the 

present invention. As illustrated in Figure l(b), the 

annular flange 3l(a) surrounding the front curve mold 

half is stamped via stamp pad 21 with a thin film of 

.·. .. .. 

surfactant which has been found useful in removing the 

excess monomer displaced from t~e mold--eavity_ at ·th~_. :.: 

time of assembly. The_-_ excess .-monomer .. ·(when .. _ · -._ __ . -=~_:::--: . .:_..::::.: 

hydroxyethylmethacryl,,~~e ii;; use(!; .it is r~fet:.red_ta.:-~s,,_ 

"HEMA") is di~pl_ace~:,between the_fl~nge$ 31lal · cm(L. :....::.-.- :.-~~::-

33(a), as illustrated in Figure l(d) to form a ring 34 

of excess HEMA at the time of mold assembly. This HEMA 

ring is also cured co~teJDPoraneously ~ith the 

polymerizable hydrogel that forms the contact lens 32. 

By stamping the front curve mold flange 31(a) 

with a mold release surfac~ant, the HEMA ring 34 

preferentially adheres to the back curve mold half 

flange 33(a) ~n~ 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 polyetnylene oxide,sorbitan 

.... - .: . .. 
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mono-oleate, commercially sold under the trade name 
"Tween 80". 

The 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 cont~~~i~g ~.surfactant, the 
latter of which may be present. ~n a ... highly. conc.en~rated .. " .. ... - -- - -·· . . ... ··- •. -· .. 
state. The UP?!~ surface:.()~ ~~e PAd;_m~~-- i~_:-~_ov~~~·: ::.··: · 
by a filter, preferably of -nyion.,,. ha~~~q, ~-:,mesh size of. ,;: .. - . --- - -· - -- - -- -· -· -- -· ... 
l. 2 microns so as to act as a metering. device- a~d ,a;t_:Lqw 
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 l(c) - lldL ·and Figures· 7. and 14.! --~s pallet~ 30 
containing the back curve mold halves 33, which are 
first in the alternating sequence, enter the assembly 
station, a pluralit.y:, of, r~q.J.prQcatipg .v~~~~- grip: . 
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pistons 71 are reciprocated downwardly, as will be more 

fully described with respect to two primary embodiments 

of this invention which are illustrated in Figures 8-13 

and 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 vacuum 

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 l(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 10· is then 

driven downwardly·· so:tha~ .. the.:back curve= mold-half--3-3-~ · · · 

contacts the monomer· and· displaces it throughout-~the·::· 

mold cavity. As' the reeiprocating-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 3l(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) I 3.3(.a) in:..which: f.orms the excess; HEM1cring·-='·. .. -

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 hereinaf.ter .explained in-detail 
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with respect to Figures S(a) and S(b) for the first 
embodiment and Fig 16 for the second embodiment. After a 
predetermined period, the vacuum in chamber 71{a) is 
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. 

As illuistrated.- _in .. ~.j.qure, 7 with :resp~.5't -~<?-_the 
first embodim.~nt_.,-_ at: the- ze-ro. start: point,-._-~hf!_ -::·· .. :·: 
reciprocating. pi-s.ton __ 11 begi.p~ _.to desc;en~ .for -~~-e _pack 
curve pick up,--- and reaches and -seo~;.~s--~~~ back curve --in --
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 approximately 0.5 
seconds. While the pallets are being transferred, a 
vacuum chambe:t_. _begin1$_ i t;s .--~-es~~nt_ t~wards the f_ront 
curve mold pallet 30 and contacts the mold pallet to 
establish a seal between the chamber and the pallet as 
will be hereinaf_ter __ more f~lly described ~ith _respect to 
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Figure 8. A seal is established at approximately 1.25 
seconds after the zero point, and the nitrogen in the 
chamber is then evacuated until a vacuum eguilibrium is 
reached at approximately 1.75 seconds. 

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 nun 
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 7l(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 sec9nds, the vacuum 
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 
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then moved to its back curve pick up position, and at 6 
seconds, the assembly begins anew at the zero start 
point. 

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 thei:r.-.:·respective· · ·· · · 
pistons. The pistons .:and -the ·'·secured. -back -cu:rv.es-,"ar:e-~:: ::' ~~,:;;;-:-:,.:::; c· 

"'~~ _.-.. - T • •. 

: ... -- -then reciprocated upwardly to' .. a ·raised position above..:.; 
pallet 30 in approximately O. 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 
descend toward the front curve mold pallet, to which 
pallet the vacuum chamber will establish a seal as will 
be hereinafter more .fu,lly .described cwi.th._-respect ·.:to .. ,·~~-· .. ~ .. 
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Figure 15. The sealing of the vacuum chamber to the 
pallet is established approximately 0.5 seconds after 
the pistons and vacuum chamber begin their descent 
toward the front curves, which seal is established by 

the a-rings of 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). 

· 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 eomplete 
establishment of the vacuum in ··the·-vacuum chamber, the. 
back curve mold·· halves which are attached to the pisto~ 
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 vacuµm in the piston is broken, but _th~. 
piston continues to drive the back curve toward its 
seating against the front 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 
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two halves, and to allow the excess monomer to escape 
the front curve and to form a HEMA ring around the lip 
of the curve. This HEMA ring is separated 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 
primary 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 a_p.d is t:r~nsferred away from the 
assembly. At this ~ame time a new:p~1iet of· back curves 
is advanced under the ass~iY::~~!~~o?L and.:..tbEt:P.~oc.e,-.. 
begins anew. -i~ .... ; ~z .. _____ .. · __ ... -=-:c1.--:.:.·..... -- -·--· 

'!'HE FILLING APPARATUS 
The present invention is illustrated in plan 

vie~ in Figure 4 in which conveyor 20 provides a 
sequenced supply of alternating pallets two of which are 
schematically illustrated in F~gure 4 as 30(a) and 
30 (~) • In an exemplary embodiment of the invention, 
pallet 30(a) contains 8 back curve mold parts and pallet 
3 0 ( b) contains- 8 :front cur:~tL_mql.d · P?.r:ts. -These. pa_llets 
travel on conveyor 20 in a nitrogen tunnel 12·:which · .... \_.:-~ 
surrounds each of the conveyors and material handling 
devices to provide .a low -~~gen.~nvi~onment .for .. all of 
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the component parts prior to polymerization. Material 
handling pallet pushers 13 and 14 direct the pallets 
from conveyor belt 20 to the filling and assembly 
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 filling or dosing assembly 50 for filling the front 
curves with a predetermined precision dose of monomer, 
an apparatus 60 for applying a mold release surfactant 
to the flange are~ 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. ..:_· ,~ · :: :·· ~ _ ·.=.::..-::-:.:-_· ': :.· .::::~:. ··- __ .. 

The.material .. handling.appara,tu•.)14d;;~, •.i:;;y..;·.,; ··-~=··., __ , 
precision device. -:-Which;' pushes _the. __ pallets ..:..one.iat:ya ~time.De"". · · . .~: .·­
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_± .O.l mm. ~is enables placement of 
the pallets for precision registration in the various 
modules of the filling and assembly station 15. 

The filling o~ dosing station 50 will be 
hereinafter described with respect to Figures 5, 6 and 
9, wherein Figures . 5 ·and 9 are partially cro.ss-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 
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monomer is substantially degassed to avoid the formation 
of gas bubbles in the dosed monomer, at either the time 
of dosing or the time of mold assembly, inasmuch as the 
bubble will induce cavitation or puddling 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 i~ then prov,ided -.to the ... iQ~et;.. ~20 
. - -··-· -- . ,,. ·.~-·:. . . . .. - .·:; .... 

of ·the degas unit- -122. · , WJ_thin- .::the. ~~gas r.l.m.i~,,. -,the,. . ...... . . . . - . . · . .-. - .. · .. :--· •· ... . ... . . .. . .: .. 

monomer is divided am~~g ·~~·:P.:iur.~;_~~.1 .-9f ;.t~~.s :..-l.~1-t~~~~: ~c . 
then recombined into ~ .... g~gas .. u~i t, di.scha:CJJe. .126. 'rhe _ .· . 

• ~ • •. • •• ~- .. _:. •• • .=. ........ ·::- • •. ::·-·> . . . • .. -.. 

degas unit is operated under a low ambient pressure, 
typically around 1-40 torr which is provided by vacuum 
pump ~28. 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.fo~ed preferably of a gas permeable tubing such 
as STHT tubing produced by Sanitec, Inc. of Andover, New 
Jersey from Q7 478_Q .. M~ipal Grad~~ ~ilicon Rubb.er_ .... ·.- .... 
manufactured by Dow Corning of Midl~?d,. ~ichigan. While 
two tubes are illustrated in Figure 6,. it is unders~ood 

. ............... ... 
:._: : ! a·:._• .. : ~-

. .:. . ·. . ~·;: . .. :- . 
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that a plurality of tubes, typically 10 tubes are 
provided for the degas unit 122. 

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 fill the 
individual contact ... lens."-mold·::at:the monomer .-dosing_._ -- . -
station SO. TJte p~s 140_used .. to pump~the ·processed .. · 
monomer delivered :·to:·.manifo~d:r,~J8;. are·-IVEK:-pumps···made· -by . . . 

-· .... ..; :-rr 1 •• • 

the IVEK corporation·. of :Nor.tb:·,Spr ingf ield, . Vermont:.~- ·.-;,.:: .. ~ . . :·- _, 
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 l(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 in·.·Fig1;1re··,5, w.hich,·are·,suspended:-'directly-'"'' · 
over the path of the pallet 30 and the individual front 
curves 31. The dosing station 50 includes a manifold 

I •-..:.a••, 

block 51 for re.ceiving:each.cof ,.:the·.monomer··discharge..::.: · ... -.:.,_ '-••.·.:·::, ~::.:-~'· ·' 
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nozzles 142 and a vacuwn seal 52 which may be used to 
cooperate with the outer perimeter llO(a) of pallet 30 
to provide a sealed enclosure that may be evacuated with 
a vacuwn pwnp so that the deposition of the monomer 
occurs in a vacuwn. 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 SO 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 
pnewnatic cylinder 63. Vacuum is supplied through the 
filling or dosing station through manifold 66 and _~vacuwn ___ _ 
line 67 to an-interior .manifold 68~-formed··in.=.•one::~of th~~~:~!: :-.!1' 

two tubes 53,5'4-;:" ··The··tubes or cy.linders S3,S4:.- · .. ·:: 

reciprocate with fixed guide tubes 57,58. A vacuum 
plenwn 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 SO 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.· 
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of the assembly station SO when a bore scope is not in 
use. 

In operation, a pallet 30 is advanced into the 
filling or dosing station SO 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 Sl 
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 filling or dosing of the mold cavities, but 
does avoid the possibility of N2 gas being trapped 
between the monomer and the front curve mold half. It 
should also be noted that the ambient atmospher·e ··· ·- ... 
surrounding pallet 30 is a low ol(ygen N2 environment-and: .. 

evacuation of the chamber i·s·· an· evacuation Of· :tbEi <N2 = ·: .:.. := ~ ~~·.-.. ·~ • ·• ,. 

gas. After vacuum has:: been established within: the· --.-: -
dosing chamber, pumps 140 are actuated to deliver a 
controlled dose of 60 µl to each of the mold cavities 31 
illustrated in Figure S. 

Each of the nozzles 142 includes a tef lon 
dosing tip with an O.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 .S mm of the horizontal tangent of the 
front curve 31 at the"!. ... time· -of dos'ing·. ·· -- - -. -. -, -~ · : :. : · -·. · · ·-. ··. :: ···:: ' " ·, · ·: ·· 

As the monomer or monomer mixture is dosed, it 
pools upwardly around the tip, as illustrated in Figure 
l(a), so that the angle of the tip is covered. When the 
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manifold assembly 51 is reciprocated upwardly, the pool 
of monomer wicks the nozzle tip, and draws any excess 
monomer from the face of the tip to avoid drop formation 
on the tip. This wicking action increases the accuracy 
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 possibility is 
substantially eliminated. 

After the monomer has been dosed into the 
individual mold cavities,_ the vacuum._,is broken;. in-.-=-;·_. ·· 
manifold 66 and the manif9ld -assembly.~ 51 is reciprocated,.- .. --~ 

upwardly by pneumatic drive means -63 ·to~ allow=transport ·-=-- , 

of the pallet 3 0 . 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 il].ustrated irk Figures 
8 and 10-13, and the second being illustrated in Figures· 
15 and 18-19. 
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With respect to the first embodiment, Figure 

8(a) represents an external elevation view of the 

assembly module 70 and 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 pref erred 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 carri"ed -:by. and may· :fl.oat ' 
within the primary housing. ~7.a.~~. ·-·Each -of'-the· tbre"Ef--·,- ~·.· . . :. '..~~=:-·.· 

members 71, 72 and 73 recip-rocate Cit ··v:ari;O\fs times,··,ooth-- .. ··'·· 
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 81. Thus, the 

stationary frame· member :7.6,~ .. quide tubes 79.,80 and cross-

.• ;._ !:. 



-30-

member 81 provide a box frame that is stationary with 
respect to the reciprocating members of the apparatus. 
The pallet guide rails 82 are also fixed with respect to 
the stationary fixed platform 76. As indicated 
previously, the pallet 30 is advanced through the pallet 
guide rails 82 by means of the material handling pusher 
14 previously described and illustrated with respect to 
Figure 4. 

As illustrated in Figure B(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· bf-:- ·· f"· -

which is illustrated. :iii cross!"'!section ·. i.n Figufie,. 8 ( b) •las·.: _,.:_.:;_,,.;;.,:-, ~: :_ . .,_ .. . · 

85, which are free to·:·reciprocat.e upward,ly~ into· a ;::·;-~.~-· ;, ·., .:.\ .. ·...i.·· 

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 an~ support between the two housing 
members 72,73. 

A pair of bore scope_housings 90 and 91 
provide access for a bore.scqpe 200 and a fiber optic 
probe 201 which may be inserted into the assembly cavity 
for viewing or quality control purposes.·· .When· nat-~i:ri·;. :l,.-!-:-,· •· 

use, the bore hole housings 90,91 are closed by a blind 
202 in order to allow a vacuum to be drawn within the 
assembly housing. _ ... 
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In operation, a pallet 30 containing mold half 
back curves is advanced under the reciprocating pistons 
71 as was previously described with respect to Figure 
l(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. '· W.i~hi~. appz:-9x~t;~ly ;0-:."25 . ·.- .. _.-~ .·~·••;. -
seconds, the r~ciprocating- .pi~t;pns.i~7].....;; ~~ve ·, ~g.~~- .th,e- ,--.-. -.. :· ·­

back curve mold- .halves-. -:0n. :J>al,;Le_t,~ J.~t: ~Rd J..4n_'(aqtl-~ i--~s. ··""'"-'- ~ ~~- . .:._ 
drawn through vacuum:,11\an,j,.fold ,11.(.!l.}:.~'-~n:;r~c;ip_;_~~~~g ,--~: -:-.~'.'::,- .:; 

piston 71, which has radial bores 94 which communicate 
with an annular chamber 95 formed in the vacuum manifold 
housing 7~, two of which a~e illustrated in Figure 8(b) 
and 11. Each of these annular chamber passageways 95 is 
interconnected to each other and a common plenum 97 that 
extends acros~_all 4 annular manifolds 95 on one side of 
the vacuum manifold housing 72. 

A pair. _o~. r~cip~ocating vacuum --ma~ifolds 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 ( b) .• : ... The v~cuum manif~i4. 88 
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reciprocates in bore 98, while vacuum manifold 89 
reciprocates in bore 99. These reciprocating manifolds 
are essentially identical, except that they supply 
vacuum at two different pressures to two different parts 
of the assembly module. 

As illustrated in Figures 13 and S(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 N2 
present in the low oxygen environment through ... the .. 
reciprocating pistons 71:·,into .cormnon_plf;!nums . 95., 97 in.:._ 
the vacuum manifold.:hou.sing,:-.upw.analyc·th:l!ough; I.of';:...:.• t-.ih; · .. ;.:c-....,_ .. _, 

reciprocating manifold 89 into·':.tbe!:.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 pallet·· 30·'· out~ ·of: the'-.'·>:-:«-·, ~-. .,..,._ 
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 
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module SO. Pallet 30(b) is advanced into position as 
previously described with respect to Figure 4, but is 
registered in precise position by means of tapered 
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 assembly 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 llO(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 vacuum tube 
111 and the interior of reciprocating drive tube:- 74·. to,-,_:-: _ 
evacuate the chamber -form~ between .. t~e .. vac~um manifold · ... 
housing 72 and=.-.t:he~,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 manifol~ 
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 manifol~ 
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. 
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It should be noted that the vacuum drawn in 
the two reciprocating drive tubes 74,75 is slightly 
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. In 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 S 
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_ :~e~ns; between the . .. ....... _ ·-·- --··--
shafts of the pistons 71 and the.vacuum manifold.housing .. - ..... -. ... ·- ....... ·---·-- ·- .. . 

ports through which, they _,r~ciprocate .... ,The~. importance .. of ·. 
. ·- - .. _.............. .. . ·-:.!• .. _ ........ ;,;;·· .. ~ .. 

... ...- .. 
the differential.- betwe~n the vacuum· l,e-v:els- 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 c~patible, or at 
least adjustable, with respect to manufacturing 
variances in piston 71 and o-ring morphology. 

The vacuum tube sleeve assembl~ shown in 
Figure 12 illustrates a design solution which meets the 
above cited complexities- wi-th re.spect.~to ... transl~~ing:tb_~ .... 
piston shafts through the vacuum manifold. While a 
single sleeve assembly is illustrated in Figure 12, it 
is understood tb~t the :typical.manifold.may contain a 

• • • ........ , .......... •• .... • ·.:-.: •. •: -~-- ·-·. ··- : •• - •· !'""_ 

! • • ,_,... .•• ••• 0 I 
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plurality of sleeves and pistons as illustrated in 
Figures 5 and 8-11. 

An individual vacuum tube sleeve assembly 
according to the specific requirements of either 
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 71a 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 71a. The sleeve 180 has two lateral orifices- -
187 which are transverse. to the ·long! tudina-l: ·axis- ·of..::the ·-·- -·-
sleeve 180 and which connect to the radial bores 188 of 
the piston 71. The lateral orif ices::.1-a-1·:. of -the':;sl.eevei1:.: 

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 chambe:i;:-. passageways (not .shown) which -hav~··,-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=·= 
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an external vacuum (also not shown). It is through the 

annular chamber passageways, the lateral orifices 187 of 

the sleeve coupling 180, and the radial bores 188 of the 

piston that a vacuum may be drawn in the piston plenum 

71a and the piston can grip the curve halves (as seen in 

Figure l(d)). 
The outer surface of the vacuum sleeve 180 

also includes two circumferential o-ring grooves 

181a,18lb. One of these grooves 181a 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 .o:u.t_. of .the._---·-··­

corresponding . .vacuums (the: P.istoii vacuum. o~ ... the. chamber =. . .... 

vacuum). . . _ ............. ·. ~ ... ... 
. .. ·. . . . ...... ; ...... ·-·· - - ·-~::..·. 

.. . :~:::::: : 

The :inner· diameter.: .of·· the;~ac_uum ;s-leeve_; bas ·.- ·:;>. 

two similar circumferential grooves··l83a,,183b ·in which. ·~-- ·--·.,·~ ...... . 

a-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· thei:r:; .. dynamic_.operation_, 0'."",_ _ 

rings 183, unlike standard o-rings 182, are selected 

specifically for the piston which reciprocates in that 

sleeve. The variances of the manufacturing dimensional 
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tolerances of each piston 71 is thereby specifically 

addressed by the selected a-rings 183. This sleeve 

significantly increases the interoperability of each 

piston 71 with respect to vacuum manifold housing 204, 

by circumventing 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 reciproc~te 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 fill the mold cavity as the two mold halves 

are assembled •. The vacuum ma.intained. around the-hous.ing 

enables the assembly. of ·the- -twc;.: :curves in a :more ·i:aptd' :::-:.:-"::"-~- > ·- .-. .-. 

and expeditious manner- 'than::if'-.l:assembl:.ed:~u.naft''~ambfent .::_ - - -·---

N2 pressure. When assembled:under·.vacuum-, ·.-t}le)",'i.."'J::::--::: c:: · z,.;.;:,~·:::.;:'.;; 

deposition speed may reach as high as Snm per second, 

whereas without vacuum, any speed greater than 0.2-lnun 

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 hal'7es··or-be"tween "the" monomer; .. -.:---: . ·- ... ·,-' 

and the back curve thereby creating another bubble or 

puddle which will result in rejection of that lens. 
- - t • • =~; -· ·~- :. ··: .. - .:. : • . .... •• . :: • !" • -
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Independent travel of the two manifolds 72,73 

in this embodiment is provided since the vacuum manifold 

housing 72 no longer reciprocates 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 mol'd 

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 :spring: nrembent .aJ:i84;·' · 

or the pressure.: generated·. ·by .. drive· motor= '1-i:.-:·::.:iTb:is .!.•··::_, · · · ;- : · : 

enables independent ·reciprocal movement·-or-l:f-~aati:.Og.· ,:;,:;..~.;.,.:..:-, :,. .__ --~-.,~- ... 

movement of each of ·the 'reciprocal. ·pi-&tmrs~, ::-wlftl.e:-;=. - '·'·, 

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 ear~ier 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 

3l(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 · 
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in Figure 7, after the mold halves have been seated, the 
vacuum in each of the reciprocating pistons 71 is first 
broken by opening a valve in vacuum line in 104. 
Shortly thereafter, and after a predetermined 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 .s 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 an~ re~~procates downwardly to_seat 
the back curve well .::into ··the monomer;:=:but. 0.-1~0. 2mm-.from--::-· : 
sealing engagement -with:·:the..~_par:ting ~ing;. 31(-c) ~ . ..:..L!~n~-this : . .. 
variation of the first .embodiment;;:::the.~eptionall.clamping.:: .: :_ 
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 
v~cuum in the vacuum manifold. 72 is broken. 

THE SBCORD MOLD ASSBMBLY APPABA'rOS 
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;··wh.i:le ~al-so including· several: .. ···o·--. -­
advances and improvements which shall become evident 
through the description and drawings set forth herein. 
This description shall ·include .. a .step-.by _step.;._ ._:.::._ -"c·-· .. 
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description of the alternate functioning according to 
the time chart of Figure 14, described above. 

Referring now to Figure 18, a top view of the 
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·11. 

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 
primary support beam 202 are together reciprocated up 
and down by a driver means:;, such"·as. a response servo ,. · . · 
motor similar ;to .the: __ Jnbtar ·77~:i1lustrated in Figure 1.0 .•.. :_. -,­
It is understood . .that,,..the specific. response,.servo .. motor,, .... ·_:,_ 
may utilize a .:Variety 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 2·06 
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. . .. 
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At their other ends the manifold support shafts 206 
extend through the manifold 204 such that they may slide 
through it if the manifold is stopped and the primary 
housing continues to descend. The sliding ends are 
fitted with end cap nuts 230 which prevent the shafts 
206 from being r~tracted 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-:.pJ:;'imary .... ·· -· : ::: =. -,·_.:·. ·. 

support beam continues to descend·;,··.the· springs~,.226 4J:.'.e .... -:.-::-.- .. __ .. 
compressed. This_compres..s.ion provides.an·additional_,~,. >-c~ ·.·-·-"····· _._ 

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 are 
inserted into re~istration holes of. the p~llet,(nQt. 
shown) to align the system. once the pallet is 
positioned in the assembly station, and generally 
aligned with the r~gistra.t_ion _pins, the operations Qf 

. .:. ·- .. 
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the remainder of the assembly may carried out accurately 
with minimized susceptibility to misfeeding of the 
pallet. The registration pins 236 are 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 alli>ws'the~ 
assembly to avoid becoming. j.ammed in . the .event- that .-.the . · . 

pallet is misfed. -In such an. event,. the .. ~registration::;':~ . ~­
pins slide upward when t'hey. con~act ·the .. pallet ·if''they --, 
are not aligned properly with respect to the holes. 

Referring again to Figure 15, an optical 
platform 208 is f ixably mounted ~o 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 penetrate into through the vacuum 
manifold 204. Bore scopes 216 may ~ 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 

-r~:.- -:·::·· -- . 
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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 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 f ixably 
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 ex~ends through the primary support 

beam 252 and r_~~n~ .in _sl~~ab~!!.~~e]4ti:C?~~i~) ~~!J.~e~~-~h._~:::, ______ . -o.·:.:·_c_ 

The precise PQ~ition, .of th~~ p~stpn .r_aj._4~.i:ve_. to~ :the ... - ,..,.,.-; ... ~.--- .... . _ .. ·- - ... • . . . ...... · ........ - .. - - • .. -=- • ·-- - •· . . • : =~ 

primary suppor:~--P~~- 252.: being _ _.~~1:e?,}~.~·.9Yv ~,,,!SP,!iP9.._ ?-'" ~-~ __ • _ : ••• 

constant and the. force applied to th~.:.: s~ring_:v?:~ _,t..p.7-:--- .... :· · .. '.".: •. , ..... 
piston. The bottom portion of the piston extends into 
the vacuum manifold 204. The piston, however, is 
sealingly engaged ~t the manifold by a vacuum seal f35 
to prevent leakage of the vacuum within the vacuum 
chamber as the piston 
within the chamber in 
within the range of 5 

reciprocates. The vacuum pressure 
the present embodiment is drawn 

. . .. 
to 7 millibars while the range of 

pressures within the pistons is drawn to within 3 to·s 
millibars. The vacuum seal 235 does not otherwise 
inhibit the free sliding of the piston with respect to 
the manifold. 
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The each of the pistons 218a,218b includes 
openings at either end and an internal bore 224 which 
extends the entire length of the shaft. A vacuum 
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 ~t~.t.ipn 250 ." ._~nc_e -~~~ pallet .has been 

... . . .. - -;:.. 

positioned, the .:P-J;iJD~ry .s~p~r~ ~ .. ~~5.2, ·a~d_ ;t~ ~~~~.}_ c:.-~e ~•1.st·::_:. 

manifold housing-:-3~4 -:.Q.~qpi~::·~--'-~ ;_~ cg_~!Elll ~ ~~•~ ~:;:;-;_:_i:i:.::.-.:i. -t~=-~ 

response servo ;motor Ji~w~;r.:_diY:.$0t,:J.~.,r;:-~tt~ ~~~11~-~~ ~~·ar=::: r:::..t.:;.tr.rc. 

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. 

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 for~e-to·the·manifold which-seats 
the o-ring 240 on the pallet. 

The pistons 218a,218b, which are slideably 
coupled to the manifold_ 204.· beg~n to-~-~lid~ 4eep~r:).n~o 

~ .. . . 

··- . ._·:.:.·.:-:::: .. 
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the manifold as the primary housing 252 continues 
downward. This translation continues until the tips of 
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 ~his 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 
coup.ling 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 frc>m beneath 
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the mold assembly station and is replaced by a pallet 
containing a set of front curve mold halves that have 
been filled with a predetermined amount of monomer. 

Once the front curve pallet has been properly 
positioned in the assembly sta~ion 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 0-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 pal.le.t .. ~As:~ this..:;sea-ling.l:.::. ·: 
engagement is made;·- the ... primary:··suppor.t:~·beam.~ "2_?2'''-~. -·,:::·-···.· ';.-_ .... =-=-~~ _ 

continues to desc·end, .therein~ caus,ing the· pistons ... --~~- _ ··-·-. ·.-- . 
218a, 218b to slide. -with ,respect.--to-.the::.hQw~stati-onaey .:_. :-~,:.'=::·: . .: •· ... · .. · · · 

vacuum manifold. 
Once the sealing engagement of the manifold 

204 to the pa~l~t has been ma~e, and prior to the 
imminent contact of the back curve with the dose of 
monomer in the front curve, a yacuum is drawn within the 
chamber. This vacu:um 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 
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pressure envirorunent, as was previously discussed with 

respect to the first assembly apparatus. 
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 S 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:::.r.educed~,to:;ensure~·that..:the:-- ·· ·· :· · ,. 

monomer flows pr.aper:ly,.:..:laterally;~and.::upwardly7·· and --­
fully engulfs the..:region. between::;.the-curve-' .. :halves~::The. 

slowed pace of· descent· aslo permits 'fhe excess -monomer ·· 

to escape from betwen the curves. This excess monomer 

creates a HEMA ring which is parted from the fabricated 

le~s by the par~ing 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 ew:ves -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 
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its corresponding back curve has fully seated, therein 
keeping the individual pistons from damaging the 
assembled mold halves. 

At the point of deepest descent of the primary 
support beam 252, once all of the back curves 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 
primary 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 surf ace of the 
pallet. The last disengement during the upward stroke is 
the removal of the registration pin 236 from the pallet 

. 3Q, 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 particularly 
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 
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departing from the spirit and scope of the invention, 
which should be limited only by the scope of the 
appended claims • 

.. _ ::;.;_: .. .-.: :· : .: .... . .•. -- :-::: ... -:--:~:- ~=-~-- .•.. 

---- . . . :.· ; . -~ ···. -:.: .. -.:~ .. 
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WHAT IS CLAIMBD IS: 

1. 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) 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 whicn : :: : 

is coupled the housing membe~ ··and· .. -:the second means~_,.-. . . r ... 

wherein said back :curve mold .parts ··having 1:feen'''relilov~d- ~.:. '-: ·- ·. 

by said second means may be seated against· said ·front·- -·· · 

curve mold part while said vacuum remains drawn; 
(f) a plurality of biasing springs, at 

least one of said biasing spri~gs 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- f-ront curve· 

mold part with a predetermined pressure. · 

2. An apparatus as claimed in Claim 1 where 

said pallet includes registration holes- .to cooperate---· 
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with registration guides of the housing member to 
register said pallet prior to assembly of said mold 
parts. 

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 
support beam 

6. 

second means, the housing member, and said 
reciprocate in the same .direc.ti.on. ___ _ 

· .. An .. apparatu.$ as claimed in Claim 1, 
wherein said second means . includes a separate :- ::·· -- ~ -
reciprocating member ·--for~ each_ ~ack: c.urve_,,J.QP_l~: :Par~:: r: ._ ~. 

carried in said pallet. 
7. An apparatus as claimed in Claim 6, 

wherein said at ~east one biasing spring separately 
couples each reciprocating member to said support beam 
to allow independent reciprocation of each reciprocating 
means said prede~ermined pressure, wherein each of said 
reciprocating members is separately biased by one of 
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 

.._ :::~:~·. 
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depositing said back curves on said front curves in one 
of said second set to thereby assemble said front and 
back curve mold parts. 

9. An apparatus as claimed in claim 1 
wherein said biasing spring between said housing member 
and said suppo~t 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 appar~tu_s comprising: 

. (a) me~n~ ___ for ~<~r~nspor~ing: '.~a;~.·P~li~ts .. , __ . .-.·--~------~-
to said appara~~SJ_·· -::.. :-:·,·. ,- .:"·'· .. ;··--· ,. _; ... -.·~ ,. ::__.,,_: <;·•:· • .-· -:::.:;.;.~·;~-t-r:~::::-2:::·. c::•·,~ :.:r;:::• ;-:;;.., ; 

J.l?.t ,_a_ pl~,~~i;Y :.()f, regi_$t~at~O.~L!~~~n~s ~ ~::i.:: ·· . .::..!.:·­
for properly aligning the pallets within the apparatus; - · 

(c) a plurality of elongate piston 
elements for removing said back curve mold parts from an 
as~ociated 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 said parts; 

( e) a reciprocable . support beam . ~<?. ~~l:p_h ··' _ 
is coupled to the housing member and the elongate piston 
elements, wherein said back curve mold parts having been 
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removed by said second means may be seated against said 
front curve mold part while said vacuum remains drawn; 

(f) a 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 pi.na:# -C1lnd ,,the~r:hou~ng ;::: : : 
member may recipr<?cate independently_ ~.frQll\_ QJlf!,iilDP~b~i: >:~·-t ·~·t..:.. u.i..:..l~ .... 

such that approp.ria~ contact pressures:.:-.are u..i~t~in~•..1.:.::..:.:::!.~. '---=-'--, 

11. ;-Afi -.appar-atu~ f·or···assembling-.f~~-1:-~·aJ'l(l'-,.,~:· ·:< 
back curve mold parts to form a contact lens, wherein 
each of said front curve mold parts has been filled with 
a predetermined qu~ntity of a pol~erizable hy~rogel, 
said mold parts being supplied to said apparatus on one 
or more pallets, said apparatus comprising: 

(a) _fir~t 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; . 
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(c) a housing member for surrounding 

said aligned back and front curve mold parts to thereby 

enable a chamber vacuum to be drawn 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 drawn1 and 
(e) at least one vacuum sleeve assembly 

mounted in said housing, 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· vacuiJm:··colftPr"i.:ses:.:i ::= T: .• ""' -::~;::;,;· =· =· 

.. :-.(,G:)-: a:·-sl;eeve:-.element fitted within an 
opening defined by a top. wall/.:of~!.Sai'd · ~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_petween 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 ... 
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perimeter of the second means, said o-ring being capable 
of preventing leakage into said chamber vacuum as as the 
second means reciprocates within said sleeve. 

13. An apparatus as claimed in Claim 11, 
wherein said second means comprises at least one 
elongate elemen~ 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· -r~ving_ .~a~d mold- part.s fr.om_::anc --. · ;:-_-~---·- - . 
associated palle.~ .. •:.ll!>-: i ~_.:-.:, .. ,., .. :.;:;:;,.. .. B~-~ q. _,..; '·-l·:··.,·,. _,_~fa::.· .. -. __ -·-:::·~··._, .. 

15. A!l.1~ppa;r~:1;u§2@~.: claimed __ in Claint_;.llj. -:-· 
wherein said at _lea.$t __ ~ne . elongate element-. further:· 
comprises at least one radial bore from its side to the 
plenum, through which at least one radial bore an 
extern4l vacuum may draw the gripping vacuum. 

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 firs~.~~~- to __ ~a~~ ~~~~1=~~1- vacuµm_ ~nd_ at;. a. 
second end to said at least one lateral passage of said 
elongate element, through which conduit the gripping 
vacuum of the elonga~e ~+ement ~ay be_drawn •. 
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17. An apparatus as claimed in Claim 16, 
wherein said second means further comprises a plurality 
of elongate elements, each of ~hich grips one of said 
mold parts. 

18. An apparatus as claimed in Claim 17, 
wherein said at least one vacuum sleeve assembly for 
maintaining said chamber vacuwn 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~: iOne .of_ :said -elongat~ . _e;Lem~n~s _ _i_:_s_: ~- -:: < 

translated, andc -said,·s.leeve element further having at 
least one lateral or if ic;~_ througp __ which cQ:r;;r~sponding .. :: ·: - : 
ones of said plural:i.ty of annular- chamber __ pa~_l!il_~g~~ay -~f_::-.::-.:_-.:;_~:.:.:..:-. _ 

the housing member and the at least one radial bore of 
said elongate element are connected, so that said 
external vacuwn 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 surf ace 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 
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sleeve and the corresponding annular chamber passageway, 
and a second of said outer o-rings being positioned 
between said underside of the housing member and the 
first connection; and 

(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 capa):)le of maintaining sealing engagement. 
with both the sleeve and the reciprocating element as 
the reciprocating element reciprocates with respect to 
said sleeve; 

whereby leakage of in~o the gripping v~cuum 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 oute~ 
surface of said sleeve element in which the pluralities 
of inner and outer o-rings are disp~sed. 

21. An apparatus as claimed in Claim 19, 
wherein the at least one lateral orifice of the slee'V'e) 
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 
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the annular chamber passageways of the housing member 
through the lateral orifice of the sleeve element. 
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