20 MAY 2005 -1 APPARATUS AND METHOD FOR DEGASSI NG DEI ONI ZED WATER FOR
I'NSPECTI ON AND PACKAG NG i CROSS REFERENCE TO RELATED APPLI CATI ONS Thi s
application is a continuation-in-part of U S. S N 258,557 filed J?npmépm%
1994 and U . S.S.N. 432,957 filed May 1, 1995, both of which are entfi
AUTOVATED APPARATUS AND METHOD FOR PRERARING CONTACT LENSES FOR | NQRECTI ON
AND PACKAG NG 1. Field of the Invention The present invention relates
generally to the field of manufacturing ophthal mc |enses, es

nol ded, hydrophilic contact |enses, and nore specifically to JWWWMQEM#muwm
and nethod for degassing delonlzed wat er for use in inspection an

packagi ng of cont actygERbus 2aNDeMETHRD FORODEQSFNSr At | W 1'(i0 The
nmol di ng of hydroph|IFE‘E6ﬁTaET_TEﬁEEE—TE__HTEETB§EH—Tﬁ'U S Pat ent No.
4,495,313 to Larsa®Nl - “,e‘é,3h°' PRACIAGING 5 ;0 U S
Patent No. 4,680, 336 to Larsen et aI U. S. Patent No. 4 889 664 to

Larsen et al .. 2 arsen et al. , all of

whi ch arbltii.g =x i nvention. These prior
art references dlsclose a contact Iens productlon process wherein each

carve (1 ower) Foba 3BBLESREARR il cbhs S pufBERREpr bt et veen & from

U.S.S.N. 258,557 filed June 10, 1994 and U.S.S.N.
432,957 filed May 1, 1995, both of which are entitled
AUTOMATED APPARATUS AND METHOD FOR PREPARING CONTACT
LENSES FOR INSPECTION AND PACKAGING.

1. Field of the Invention

The present invention relates generally to the
field of manufacturing ophthalmic lenses, especially
molded, hydrophilic contact lenses, and more
specifically to an apparaths and method for degassing
deionized water for use in inspection.and packaging of
contact lenses.

2. Description of the Prior Art

The molding of hydrophilic contact lenses is
disclosed in U.S. Patent No. 4,495,313 to Larsen; U.S.
Patent No. 4,640,489 to Larsen, et al.; U.S. Patent No.
4,680,336 to Larsen et al.; U.S. Patent No. 4,889,664 to
Larsen et al.; and U.S. Patent No. 5,039,459 to Larsen
et al., all of which are assigned to the assignee of the
present invention.

These prior art references disclose a contact lens
production process wherein each lens is formed by
sandwiching a monomer or monomer mixture between a front
curve (lower) mold section and back curve (upper) mold
section, carried in a two by four mold array. The
monomer is polymerized, thus forming a lens which is
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section,

consuner

carried in a two by four nold array. The nononer is polynerized,
thus formng a |l ens which is *@0002* 2 0 MAY 2005 -2 then renoved Hﬁ@n? @§
nol d sections and further treated in a hydration bath and package

use. U. S. Patent Nos. 5,080,839 and 5, 094, 609 di scl ose

respectively a process for hydrating gontact | enses and a chanber for
hydrati ng contacts |lenses fornmed with a nononer or nononmer m xture
disclosed in the forgoing patents. The process disclosed in these
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thereto. Wiile U Pat ents .5, 08 9 _and 094, 609. contenpl ate that the
entire h{FAGEEDrREEE and atﬁgﬁgieﬁﬂ¥ %ruﬁ dﬁ ??\tn8§gﬁgﬁé pl ace in
any salts, so that the time consuming ionic

a fully

neutralization of the polymer from which the lens blank
is made does not occur during the hydration process.
When deionized water is used, the final step of the
process is to introduce buffered saline solution into
the final package with the lens and then seal the lens
within the package so that the final lens equilibrium
(ionic neutralization, final hydration and final lens
dimensioning) is accomplished in the ﬁackage at room
temperature or during sterilization.

U.S. Patent No. 4,961,820, also assigned to the
assignee of the present invention, discloses a final
package for a contact lens, wherein the package is
formed from a transparent polypropylene blister and a
foil laminate that is heat sealed thereto.

' While U.S. Patents 5,080,839 and 5,094,609
contemplate that the entire hydration process and
transfer to final packaging may take place in a fully
automated fashion, and while the chamber and process
described in the foregoing patents enabled automated
handling of the lens during hydration, suitable
automated equipment to prepare the lenses for inspection
and to handle the lenses at high production rates to

~implement the methods thereof in a fully automated



automat ed fashion, and while the chanber and process described in the
foregoing patents enabl ed automated handling of the lens during hy '
suitable autonmated equi pnent to prepare the | enses for inspection q;ﬁhM?QWS
handl e the |l enses at high production rates to inplenent the nethods
thereof in a fully automated 2 0 MAY 2005 3 apparatus was not readily

avail abl e or taught by the prior art=3-SUMVARY OF THE | NVENTI ON Recent

devel opnents in the inspection of contact [|enses produced in accordance
with the foregoing nethods has enabled automated |ens inspection, as
taught i mpgafatubl wvaM 4 wradiledavabhsblespactiatgVet Pdtaad

Appar at us" .aSSI%Eed.tO the assignee of the present invention. Further,
recent dévgfﬁﬁn% S in the hydration and automated handling of wet contact
| enses, as taught in U S S N 258, 556 "Autonated Method and Apparatus for
Hydrating Soft Contact Lenggﬁ"%gy 9 H6S ARgenteolhe assignee in the
present invention, has en omati ¢ roboti c handling of |enses during
hydration, and prior to the inspection thereof by the automated |ens
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provi de fmppisransfer, cisshgnednsobeheeassdgnderat wipf present

invention. Further, recent developments in the

hydration and automated handling of wet contact lenses,
as taught in U.S.S.N. 258,556 "automated Method and
Apparatus for Hydrating Soft Contact Lenses", also
assigned to the assignee in the present invention, has
enabled automatic robotic handling of lenses during
hydration, and prior to the inspection thereof by the
automated lens inspection system.

It is an object of the present invention to provide
an automated apparatus for handling and preparing
contact lenses for inspection. It is furthér an object
of the present invention to provide an automated
apparatus for handling and preparing contact lenses for

) inspection and packaging wherein the lenses are
inspected and packaged in the same carrier.

Tt is further an object of the present invention to
provide for transfer of the lens between carriers with
degassed and deionized water to facilitate the
inspection thereof in the automatic inspection means.
It is further an object of the present invention to
provide a device for removing air bubbles that may have
formed on the surface of the lens prior to the
inspection thereof in the automatic lens inspection

system.



degassed and dei onized water to facilitate the inspection thereof in the
automatic inspection nmeans. It is further an object of the present 7{( MAY 2005
invention to provide a device for renoving air bubbles that may have '
formed on the surface of the lens prior to the inspection thereof in the
automatic |l ens inspection system 2 0 MAY 2005 4 It is further an object

of the present invention to provide &f i nproved method of inspecting

nol ded contact |enses wherein the |enses are inspected in deionized and
degassed water to mnimze the fornatiogﬁgf ai r bubbles, which would create

fal se negative IdutsnetUEc ReRsannepaeC o fddthe REeIeNY LFRYeRtARNobPect of

the presept-oiAWRNEON ProPé@Vinde hdd IdIrinsedeidpdnd Ddedrobhaaturi ng sof t.
contact | enses wherein the |lenses are first nol ded | disgosa | e cont act
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neutralization of the polynmerized lens to occur_in the .final package. It

i's furtheWhdfhomosckd Fredee pfadsft PSIRRNTS AP TY BTV B8 Fhe f or egoi ng
met hod of i ngpedradnirdagawi th a consolidation step for renoving defective

obj cct of the mifesdntt FRERE: R P8 Sarouthe rort SeBiE: FEEF itk Bonract
| ens in degasder andimerovedetewdiost fow nanyfavtweitersefis aut omatic
remval of e AelhulZed WAL eE: hOkNNG dASPard T ATt NREEARa Fihal . it
I s an obj éct of the present Invention
disposable contact mold frames, hydrated and inspected
in degassed and deionized water, and then packaged in a
saline solution to enable the time consuming ionic
neutralization of the polymerized lens to occur in the
final package. It is further an object of the present
invention to provide the foregoing method of
manufacturing with a consolidation step for removing
defective lenses from the line of inspected lenses prior
to packaging.

It is another object of the present invention to
provide for inspection of the contact lens in degassed
and deionized water and to provide for the automatic
removal of the deionized water following inspection
thereof.

Finally, it is an object of the present invention
to provide for a transfer of the contact lenses from the
hydration station to the inspection station with a
bubble blow off station to remove air bubbles that would
otherwise create false negative automatic lens
inspection reports.

While the invention is described with particular
reference to molded contact lenses wherein the lens has
been molded between a first and second mold half, as
described in U.S.S.N. 258,654 "Consclidated Contact Lens
Molding" it is understood the present consolidation

apparatus is equally suitable for the consolidation of



to provide for a transfer of the contact lenses fromthe hydration station
to the inspection station with a bubble blow off station to renove air
bubbl es that would otherw se create fal se negative automatic |ens 20 MAY 2005
i nspection reports. Wiile the invention is described with particul ar
reference to nol ded contact | enses wherein the | ens has been nol ded
between a first and second nold half, -as described in U S.S. N 258, 654
"Consol i dated Contact Lens Ml ding" it is understood the present
consolidation apparatus is equally suitable for the consolidation of 2 0
MAY 2 005 Xernsesefotmededybyaththeucttngnghareriei nchbenpydegge! iiss
mai nt ai ned__at_a st at |l desi,red.opti cal urfaces_are cut and
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referenceﬁﬂﬁ?mﬁ%%ﬁetBstHéef6?F6EFﬁg°E§ﬂ£Qkufuﬁﬁ§E#$p@foﬁthlcne-preferred
enbodi ments, taken in conjunction with the acconpanyi ng draw ngs, wherein
like elenents are dezég:. ed ngRioen i.cal reference nunerals throughout
Je! E [ )3,

t he several views, and=rw &l c view of a contact
|l ens carrier which serves as both an inspection carrier, and a portion of

the final Contafﬁelgg?eggfggggbjects and advantages of the present
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invention for an apparatus and method for degassing
deionized water for inspection and packaging which may
be more readily understood by one skilled in the art
with reference being had 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, and in which:

Figure 1 is an isometric view of a contact lens
carrier which serves as both an inspection carrier, and
a portion of the final contact lens package.

Figure 2 is an isometric view of an inspection
carrier used to transport a plurality of the contact
lens carriers illustrated in Figure 1 through the
automated lens inspection system.

Figure 3 is a diagrammatic illustration
illustrating the components of the deionized water’
degassing system of the present invention.

Figure 4 is a detailed elevation view illustrating
in section the degas vacuum tank used to degas the
deionized water.

Figure 5 is a schematic view of the mechanical and
fluid flow devices used in the present invention.



Figure 2 is an isonetric view of an inspection <carrier used to transport a

plurality of the contact ,lens carriers illustrated in Figure 1 thro%ﬁh
the automated |ens inspection system Figure 3 is a diagranmatic 20 MAY 2005
illustration illustrating the conponents of the deionized water degassing

system of the present invention. Figufe 4 is a detailed el evation view
illustrating in section the degas vacuumtank used to degas the deionized
water. Figure 5 is a schematic view of the mechanical and fluid flow

devi ces used imidunes p§ esena phernVien. o enVAYtignE-atedE §aPetESis a plan
view of an artjcul.a jC .t L a } NKF afoRdeustablse array of
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Figure 8 s @nhdi agheBRBhotdang patfiaald yicruss-asetcubatpharyobicdiicof t he
articul ated rogotiﬁ transfer head in the expanded position, as viewed from
above. FitfiARs8e¥sh§3di-agrammtic and partially cross- sectioned .

illustration ofigheeant(bduliat ed arolsst-isectihsied AeadrPRMHITHT view in a
cl osed prif&gQragion of a bubble blow off mechanism for removing
air bubbles from the codtact lenses that might otherwise
| create false negative automatic lens inspection results.

Figure 8 is a diagrammatic and partially cross-
section plan view of the articulated robotic transfer
head in the expanded position, as viewed from above.

Figure 9 is a diagrammatic and partially cross-
sectioned illustration of the articulated robotic
transfer head in plan view in a clSéea posit?on, as
illustrated from below.

Figure 10 is an elevation and side view of an
apparatus used for filling package carriers with
degassed and deionized water in accordance with the
practice of the present invention.

! Figure 11 is a partially cross-section elevation
and end view of the apparatus illustrated in Figure 10.

Figure 12 is an elevation view of one of the degass
manifolds used in the degass vacuum tank illustrated in
Figure 4 of the drawings.

Figure 13 is a cross section taken along section

line 13-13' of Figure 12.



illustrated frombelow Figure 10 is an elevation and side view of an
apparatus used for filling package carriers with degassed and dei oni zed
wat er in accordance with the practice of the present invention. FiZ0mMaAY2Dd05
is a partially cross-section elevation and end view of the apparatus
illustrated in Figure 10. Figure 12 is_an elevation view of one of the
degass manifolds used in the degass vacuumtank illustrated in Figure 4 of
the drawings. Figure 13 is a cross section taken along section line 13-13'
of Figure 12. 2 0 MAY 2005 -7 DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBCDI MENTS The present invention was de5| ned for and is _particularly
adapt ed for USETADLEbeDESS [ON EMBODIMEINAP aut omat ed
contact lens production facility. Cont act Ienses m)l ded in an autonated
production line, such as that described in co- pendi ng ar{gzgl jcation U S. S N

258, 654 entit|eHe peessslt dareenCopk abeSLERS IHBES 1@ Redin a

hydr ati on S stemas. | fo k) $e&. N Eﬁ% t ddd@sh " System f or
Handl i ng B ’féﬁ{ﬁ g’ ring Hydrati oﬁ ; utgﬁﬂ% | caI ly inspected as
descri bedprOCeEJS$n$ NeCQZQMPTSGJf eMti ‘PPEB“‘QE@HS et hod and

Appar at us’. 5 1l eneéd:ﬁ@ﬂcb}’lbh@e}ér mrded ifweation. POST
HYDRATI O\Pﬁ%gg hG léhcq rte}gent I nventi on _envisi on nubté Py §

di sposableut@métgécl?é@él‘-t?aqf%?%r WRE chSEF néﬁoH’é“t | ens duri ng

i nspecti Oﬁeﬁli?ﬁ@Ofappq&d:aSﬂdxeSUas 8. NpoRsiBes saf etrttaﬂeﬁl packag| ng after
InspeCtIO"Consolldated Contact Lens Molding"; hydrated in a
hydration system as described in U.S.S.N. 258,556,
entitled "System for Handling Contact Lenses During
Hydration"; and automatically inspected as described in
U.S.S.N. 994,564 entitled "Lens Inspection Method and
Apparatus" are particularly benefited by the present

invention.

POST HYDRATION PROCESSING

The present invention envisions a multi-purpose
disposable lens package carrier which transports a
contact lens during inspection thereof, and serves as a

- portion of the final packaging after inspection.

A suitable package carrier 20 is illustrated in
Flgure 1 and is formed from injection molded or thermal
formed plastic sheet material, such as polypropylene and
includes a planar essentially rectangularly shaped base
member 34 having an angularly depending wall portion 38
at one end thereof forming a first flange member and a
pair of registration flanges 33(a),33(b), one of which
is visible in Figure 1, at the other end thereof which
are used to align the package carrier for robotic
handling. This package carrier is more fully described
in copending application U.S.S.N. 995,607, entitled
“Ophthalmic Lens Package also assigned to the assignee



A sui tabl e package carrier 20 is illustrated in Figure 1 and is forned
frominjection nolded or thernal fornmed plastic sheet material, s E as
pol ypropyl ene and includes a planar essentially rectangularly sha;g Mph 25
menber 34 having an angul arly depending wall portion 38 at one end thereof
formng a first flange nenber and a pair of registration flanges
33(a),33(b), one of which is visible in Figure 1, at the other end thereof
which are used to align the package t&rrier for robotic handling. This
package carrier is nore fully described in copending application U S. S N
995,607, entitled "Ophthalmc Lens Package al so assi neg.t t.he assignee 2
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condi ti on Wi ‘ 'e sterile aqueous solution in a
manner si mf arh¢ cpatkagedéscai beviicy G5 imenelig. f2rB6E 384 Marti nez7
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conpli.nentagyr 4o t Dendeigbt shodapt hiicicais t yddfredndo be stored

therein in a sealed condition while immersed in a
suitable sterile adqueous solution in a manner similar to
that described in U.S. Patent No. 4,691,820 to Martinez;
which is assigned to the assignee of the present
invention, the disclosure of which being incorporated
herein by reference thereto. The height "h" of flange
member 18 depending from the planar base member 34 is
complimentary to the height or depthwof cavity 36, and
provides for self alignment of the package carrier in
cooperation with depending flanges 33(a), (b) on
specially configured pallet carriers, as will
hereinafter be described. Depending flange 38 is also
used in the final packaging of the product in
‘cooperation with a plurality of generally "chevron-
shaped" ridges 32, which will subsequently assist in
supporting the cavity structure of an inverted and
superimposed package carrier when said packages are to
be cartoned for final distribution.

The cavity 36 mey also include a plurality of tick
marks 37 which are used to assist in holding a contact
lens in the centered position in the cavity during the
removal of deionized water at one of the post hydration
processing stations. The package carrier is also

equipped with an annular flange 39 which is used for



provides for self alignnment of the package carrier in cooperation with
dependi ng fl anges 33(a),(b) on specially configured pallet carrier as
will hereinafter be described. Depending flange 38 is also used izUwMQZWS
final packaging of the product in cooperation with a plurality of
general ly "chevron- shaped” ridges 32g-which will subsequently assist in
supporting the cavity structure of an inverted and superinposed package
carrier when said packages are to be cartoned for final distribution. The

cavity 36.0pYy.aLsq i uds; 8 phuiahtey cofveld Gln omdds 83 phovlhidare used to
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fl ange 38 and the package when the cover stock or foil lamnate is renoved
by the cBhSud®”S-0 use the lens. Base nenber 34 also includes a snooth
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the operation.

An inspection carrier for transporting the package
carriers through the automated lens inspection system is
illustrated in Figure 2. The inspection carrier 10
includes a first and second row 10(a),10(b) of cavities
40 which receive the bowl 36 of the package carrier and
provide an optical sight path for the automated lens
inspection system. Each of the intermediate
registration pins 41 engage a package carrier on either
side, with the end registration pins 41 (a) engaging a
single package. These registration pins engage the
registration notches 31(a), (b) in the package carriers
and provide for precise registration of the package
carrier in the longitudinal dimension of the inspectiocn
carrier while a pair of hard edges 42(a),42(b) provide a
reference point for the downwardly descending flanges
33(a),33(b), which together with pins 41 register the
carrier package against rotational skew1ng The
inspection pallet 10 is further provxded with three
registration openings 43 on either side of the pallet
which are used to transport the pallet through the
automatic lens inspection station and to lock the pallet
in place during loading and unloading of the package
carriers. The inspection pallet is further provided

with a pair of grooves 44(a), 44 (b) which provide a



40 which receive the bow 36 of the package carrier and provide an opti cal
sight path for the automated | ens inspection system Each of the
intermediate registration pins 41 engage a package carrier on eithegp( My 2005
side, with the end registration pins 41(a) engaging a single package. )
These registration pins engage the reagjstration notches 31(a),(b) in the
package carriers and provide for precise registration of the package
carrier in the longitudinal dinmension of the inspection carrier while a

pair of hgpd;edees ARAR)EH2 (4 preyhdada t raefpyomncangutiatigmr thhe

downwar dl y descendln%'flaqges 33(a£F33%$9, mhiché%gaftheg with pins 41
regi ster PheceSadnkhRikERRCUGSi AEE FHERGTIHAR i Ny, D HAE t:Pﬁspecti on
pal |het 1Qgh€olfnﬁrtﬁfterlelﬁ"|[éwi _wiﬁibnt BIYGQ.C?nf.egiPStp’aiitﬁO:nf Oﬂmlxhﬂgd 43 on
either side of the palle ich_are yse o transport.t al | et. _through
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the lens by the automated |ens inspection system and secondly, to provide
a recept aBREHEIPUHER | Hal ePAcRES FPEHMHES | ens $3F PYFERFbuti on to end

use Fonsuﬁﬁﬁiiéggﬁﬁt@aﬁ$ﬁdéd in predetermined array, typically in

. a 4 X 4 cluster of sixteen package carriers per mold
cycle, and removed from the injection mold by a robotic
transfer means.

The package carriers 20 are then placed on an
inspection pallet 10 at a pallet loading station. In
the preferred embodiment the package carriers are molded
in a 4 X 4 array to maximize the gffibiencies inherent
in such an array for molding, but are transported in the
inspection pallet 10 to form a 2 X 8 array. The loaded
pallet 10 is then moved by conveyor to a deionized water
injection station 16 illustrated in Figures 10 and 11,
wherein each of the package carriers transported on the

{ ; inspection pallet are partially filled with degassed and
‘deionized water. The inspection pallet is then
transferred by a push conveyor to a lens loading area
where it may be batched with a second pallet to provide
a contiguous loading area with thirty-two package
carriers, each of which has been dosed with degassed and

deionized water.



carriers are nolded in predetermned array, typically in a 4 X 4 cluster of
si xteen package carriers per nold cycle, and renoved fromthe injection
nold by a robotic transfer nmeans. The package carriers 20 are the? g&p@ﬁ
on an inspection pallet 10 at a pallet loading station. In the pref ’
enbodi ment the package carriers are nojged in a 4 X 4 array to nmaxi m ze
the efficiencies inherent 1in such an array for nolding, but are
transported in the inspection pallet 10 to forma 2 X 8 array. The | oaded
pallet 10 is then noved by conveyor to a deionized water injection station

16 illustrated in Figures 10_and 11 of the package carriers
transported on the |nspectlBﬁlg§gﬁgggﬂ£§éi;bﬁ§£$y filled with degassed
and deionized water. The inspection paIIet is then transferred by a push
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bow, friction or hobi c attracti on bet ween he contact I"ens and the
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predetern1€§gnp€§ét}gggss§%rm%@a@%5251onaffy prggent the lenses
! from moving or sliding completely into the desired,
predetermined positions. For example, in one known
process, contact lenses are formed from a liquid
hydrogel monomer, which is polymerized in the presence
of an inert diiuent such as boric acid ester, as
described in U.S. Patent No. 4,495,313. The inert
diluent £fills up the spaces in the hydrogel lens during
polymerization, and the diluent is subsequently
exchanged for deionized water during a hydration
process. ,

After this hydration process is completed, small
amounts of the acid groups may remain on the lens
surface. When the lens is placed inside the recess of
the lens carrier, these acid groups may cause the lens
'to stick to the surface of the bowl of the carrier.
Without freedom of movement, the lens might not move
completely into the desired predetermined position.
When this happens and the lens is subsequently 1nspected
using an automatic Lens Inspection System, the lens may
be rejected for being outside the field of view, or may
otherwise be erroneously identified as irregular or
imperfect.

In application U.S.S.N. 258,266 entitled
"Surfactants as Centering Agents for Optical



process, contact |lenses are formed froma liquid hydrogel nononmer, which
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polyoxyethylene 20 sorbitan monooleate, more commonly

] known as Polysorbate 80, or tween 80 or tween B80k°. It
has been found that the addition of tween 80 at a
concentration as low as 25 parts per million parts of
solution allows the lens to move in package carrier 20
without sticking. Larger amounts of the surfactant may
pe used, and for example, the weight percent
concentration of the surfactant in the solution may be
between 0.01%. and 5.0% The surfactant may be mixed in
any suitable liquid carrier, such as deionized water, to
form the desired solution.

Preferably, the surfactant concentration in
solution is in the lower end of the above-given range,
and for example, the surfactant concentration may be

below fifty parts per million parts of deionized water.
Using the surfactant at this lower concentration helps
to avoid, or to reduce, any foaming or bubbling of the
surfactant in the solution and helps to reduce
subsequently the surfactant concentration below a
predetermined level.

Degassed water is preferred to the prevent the
formation of air or gas bubbles when the water emerges
from a pumped high pressure fluid line into a low
pressure (atmospheric) environment. When deionized

water which has not been degassed is used, small air



of the invention. For exanple, the surfactant may be pol yoxyethyl ene 20
sor bi tan nonool eate, nore commonly known as Pol ysorbate 80, or tween 80 or
tween SCk:. It has been found that the addition of tween 80 at a v 0
concentration as low as 25 parts per mllion parts of solution al ?Qv%’dt/ﬁoe
| ens to nove in package carrier 20 wthout sticking. Larger amounts of the
surfactant may be used, and for examhg,. the wei ght percent concentration
of the surfactant in the solution nay be between 0.01% and 5.0% The
surfactant may be mxed in any suitable liquid carrier, such as deionized
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X degass unit 122. Deionized water is provided through
input line 112 from a deionized water source, which may
be the same source as that used for hydration. If drawn
from a container, an air blanket in the deionized water
tank or an optional pump 114 may be provided.

The deionized water then passes through filter 118
in order to remove extraneous particulate contaminates
that may be present in the water.

The deionized water is then provided to the inlet
121 of the degas unit 122. Within the degas unit, the
deionized water is divided among a plurality of tubes
124 arranged in manifolds, and then recombined into a
degas unit discharge 126. The degas unit is operated

) under a low ambient pressure typically from 4 to 25 torr

‘which is provided by vacuum pump 128. This vacuum pump
is aﬁtached to the degas unit 122 by line 130 and
discharges the excess air from the degas unit by way of
line 132.

After the deionized water exits degas unit 122 by
discharge line 126, it passes through line 136(a), (b)
through a precision dose pumps 140 into manifolds
138(a), (b). The manifolds are used as a common source
to supply a plurality of nozzles individual contact lens
package carriers at the dosing station 16 and the

robotic transfer array 102 mounted on robotic transfer



I n the package carrier surface. The apparatus for degassing the deionized
water is illustrated in Figures 3-5. Figure 3 is a diagrammtic
illustration of the degas nodule, while Figure 4 is a detailed crags
sectional and el evation view as the degass unit 122. Deioni zed maﬂ@ﬁ“ﬂ§7W5
provi ded through input line 112 from a deionized water source, which may
be the sanme source as that used for-hydration. If drawmn from a contai ner
an air blanket in the deionized water tank or an optional punp 114 may be
provi ded. The dei onized water then passes through filter 118 _in order to
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degassed and Turning now to Figure 4, there is shown in greater
| detail the monomer degas unit 122. The degas unit 1s

comprised of a pressure boundary consisting of an outer

cylindrical wall 144, a top plate 146 and a bottom plate
148. Defined within the bottom plate 148 is a port 130,
which is connected to vacuum pump 128, as illustrated in
Figure 5.

Top plate 146 is attached to the‘cylindrical side
wall 144 by means of a flange 150 and an O-ring 152
which is compressed between the flange and the top
plate. Compression of the O-ring and attachment of
plate 146 to flange 150 is accomplished by bolts 156
that attach the plate to the flange.

Passing through top plate 146 is the water inlet
1ine 121. This inlet line passes through the top plate
146, divides within the chamber 144 (a) by means of a "Y"
connector into two or more lines, preferably of equal
length to provide equal back pressure resulting in equal
flow through each branch. Each of these lines is
connected to a silicon manifold 160. Arranged within
the degass tank are are two to ten silicon manifolds
160, each manifold having ten tubes which are permeable
to gas. In the preferred embodiment of the invention

six manifolds are provided. Manifolds 160 are arranged'



dei oni zed water to nmanifold 138 are F.M1|. punps (Fluid Metering, Inc.,
Oyster Bay, New York) that are nounted to punp drive units manufactured by
Oyster Bay Punmp Works, Inc., Oyster Bay, New York. These punps pr%y'de
preci si on doses of degassed and dei oni zed water solution to dose tHLMAY2W5
package bow s to thereby reducing bubble formation and |ens sticking, to
avoid overfilling (i.e. water on the _sealing area of the package) and to
pronote the proper water |evel for "tRe i nspection system Turning now to
Figure 4, there is shown in greater detail the nonomer degas unit 122. The

degas unit is conprised of ressure. poundar Qnsi st nge0 n outer
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plate 146, divjdes.w thin_t 144 a nsg®f agyY' connector
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are are two'to ten silicon manifolds 60, each | fold havi,ng ten tubes
whi ch ar dopar.megii eche owghser ﬁﬁoﬂhéhﬁr%FéFFe@%ééﬁﬁkimﬁerV #ffe i nvention
si x. mani tQldsrAi® 1 ovhdedopManixf @hds skednar @ararayangedh tubing
| | member 290 and from the second to the next parallel
array via tubing number 292. The degassed water is
finally returned to top outlet via outlet piping 244 to
discharge line 126.

During the time of residence in the silicon
manifolds, dissolvéd gasses migrate out of the deionized
water through the individual tube walls of the tubes in
manifold 160, drawn ocut by the vacuum generated by pump
128 and communicated through chamber outlet 130. As the
water approaches the top of the chamber it is
essentially free of dissolved gasses.

One of the manifolds 160 is illustrated in Figures

) ‘12 and 13, wherein Figure 12 is an enlarged and partial
elevation view, and Figure 13 is a cross-section taken
along section line 13-13’. Each of the manifolds
contains 10 individual tubes or lumens 288 arranged in a
3-4-3 array, as illustrated in Figure 13. The
individual tubes 288 are mounted in manifold mounting
blocks 294 (a), 294 (b) which include integral sealing
members 296 to seal the manifold to the delrin mounting
blocks 167, 168.

Statics mixers 170, one of which is illustrated in
Figure 12, are provided in each of the tubes in

manifolds 160 to increase the efficiency of mass



2 0 MAY 2005 -15 in a parallel-serial array, with multiple sets of two
paral l el manifolds each connected in series. The internal structure of th
degas unit is nounted in a pair of delrin blocks 167,168 whi ch suppdriAf N%
both the manifold piping and the gas perneabl e nanlfolds 160. The delrin
bl ocks 167,168 of the degas unit may be suspended fromtop flange 146, via
hangers 282, 284 which suspend the tgpg-bl ock and hangers 286, 288 which
suspend the bottom bl ock. The flow path is fromtop down, and the water
fromthe first parallel array is returned to the top for the second array
Wi th tubigignsesber 2A@sand datam thiexsesoadet patibeoiede lpansl lef4 array via
degas flnaIIy returned,to top out | et

b 292..Th
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| umens 288 arrange |n a 3-4-3 array; ,as illustrated in Figure 13. The

i ndi vi dusioR eBEaS 288Na tEDRFUNISRER NAKAREORA ABBRE £ amMatkCB04 (a) , 294
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delrln nDuntlfg thickness of 1/16th to 1/32nd inch, with a
! preferred thickness of 1/32 inch, having a 80 durometer
hardness.

The header tubes at the top and bottom of the tank
may also be made of a silicon, or may be made of an
impervious material. They are of the same length in
ordexr to avoid pressure differences which could result
in flow imbalances. The header tubes are then connected
in a "Y" fashion to provide a single degas unit outlet
126.

Figure 5 is a schematic view of the mechanical and
fluid flow devices used in the present invention. As
illustrated in Figure 5, the deionized water is supplied
from a recirculating supply line 202 through shut-off
valve 204, filter 206, flowmeter 208, and an
electronically actuated air-operated valve 210 which
provides for electronic control of the deionized water
supply. A one-way check valve 212 and the manual shut-
off valve 204 provide isolation for the recirculating
deionized water supply in conduit 202. A supply line
214 may provide a small metered amount of a surfactant
such as tween 80 as was previously described.

The deionized water is stored in a holding tank 216
and is pressurized by an air blanket provided by a

supply system through conduit 218 having a pressure



bl ocks 167, 168. Statics m xers 170, one of which is illustrated in Figure
12, are provided in each of the tubes in manifolds 160 to increase the
efficiency of mass 2 0 MAY 2005 -16 transfer. These static nixers areMhaté
of Delrin, 1/4 inch in dianeter and 6 inches |ong, as produced by Kofl o,
Inc. of Carrie, Ill. The preferred material for the gas perneabl e tubing

I s STHT tubi ng produced by Sanitech I-ncz- of Andover, NJ from Q74780

nmedi cal grade silicone rubber manufactured by Dow Corning of Mdland, M.
The apparatus is arranged so that each manifold 160 contains ten tubes,

each havi pgganaicerernod anei eriof £11£8% 2]/ Anavidd ey esefsriediipner
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provi des FBFOHE & oft i BdffthatdBreHtAdd at432 which

divides the deionized water into two process streams,
one of which provides a water supply for the hydration
apparatus described in U.S.S.N. 256,556 entitled
"Automated Method and Apparatus for Hydrating Soft
Contact Lenses” referred to previously.

A bypass system including bypass valve 234 and
shunt conduit 236 is connected into the system by virtue
of a pair of conduit T's 238. In normal operation
bypass valve 234 is closed and the deionized water
proceeds through T 238, shut-off valve 240 and inlet
tubing 121 to the degas tank 122 of the present

~invention. Deionized and degassed water is piped from
the degass vacuum tank 122 through outlet conduit 244
and valve member 246 for use in supplying the deionized
and degassed water to the lens transfer nozzels and the
inspection packages in accordance with the present
invention.

Sample ports 248 and 250 are provided for drawing
test samples when desired. The use of flanged service
connectors on the inlet tubing 242 and outlet tubing -
244, and the provision of inlet and outlet valves 240,
246 and the bypass valves 234 enable the system to be
bypassed through shunt 236 for servicing of the degass
vacuum tank 122, and thus maintain continuous operation

of the production line, even during servicing.



supply. A one-way check valve 212 and the manual shut- off valve 204
provide isolation for the recirculating deionized water supply in_conduit
202. A supply line 214 may provide a snall netered anmount of a sutfdifa
such as tween 80 as was previously described. The deionized water is stored
in a holding tank 216 and is pressuriged by an air bl anket provided by a
supply system through conduit 218 having a pressure 2 0 MAY 2005 -17
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val ve 224 haV'IQQré‘cﬁ]BbQKa‘t&lﬂx@Jﬁte&ntsup’@Zﬁy 252t he pmomldembena:thcm of the
device, the deioniz

in tank 216 is . pre ri.zegd _wi bl ket of
ai r mai ntshiHer hf YB?E’G [3SSI ' én@rﬁﬁé?%’fedb??uggtﬁﬁ aéﬁ cfael oni ?gdewa'?er
i's withdrayn §s08tkhelidel @tz el smtibut ank eUbiby vanraug:exflq;hmjuut 228

through filter 230 to a firsi .manifol h VA € dei oni zed
wat er i ntRAgi®- pﬁ&cé??céftﬁbgé#rsl rU e %TJ g@%m@?gve gé%al%%t edr}?suppl y for

the hydration seppar a‘rauﬁuiﬂsacrmd:re‘d |aﬂ$b$$st\l3n256t556h@1tassmee Aut omat ed

Met hod and aratus f d n e t
preV|ousI®fA££%y85§§ SE&%{IHC ud|ngtg"%y|o‘rggsﬁ\’{:}%fnall‘lL 9 %§§h IgaaﬁgecgndU|t
236 is cw&mﬁeduppﬂq tife Siystlatdsy ﬁ/rcpmu@heoﬁeaOﬁélzledofa%ndwt T s 238.
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proceeds oug e 240 and inlet _ tubing 121 to the
degas tankéQ22 BRrimg pﬁ%@rﬂtlzéqﬂ%tl%}ﬂe PREBM FEPPAYD IReghiRky Rt er s

pi ped 11 oy o e degiagm s nRs@nk. 122a k81 eHghdedthalzeepnatit ér 244 - and

valve ne sggp%¢6t2%&|§¥%lby vf¥kdéqgftggr%gi9 iocked valve 262.
These two valves isolate the distribution system and
prevent steam from entering the degass vacuum tank and
the deionized water tank during sterilization of the
distribution system. A one-way check valve 264 is also
provided to ensure that neither deionized water nor
steam enters the system during sterilization of the
distribution system.

' The output of the degas system is split via a first

T 266 and a second T 268 to provide the three primary
systems of the present invention with degaséed and
deionized water. Pressure gauges 270 and 272 are
providel to measure pressure in each of the major
systems. A pair of metered precision pumps 140(a) and

’ 140 (b) pump the degassed and deionized water to the
lens transfer nozzles illustrated in Figures 6-9 to be
used in the transfer of lenses from one system to the
next. A third precision metering pump 140(c) is
provided to pump the degassed and deionized water to a
manifold 178 and a plurality of nozzles 174 as further
illustrated in Figure 10. These nozzles provide
precision doses of degassed and deionized water to
palettes 10 filled with a plurality of inspection
package carriers 20 previously described and illustrated

with respect to Figure 1.



and degassed water to the lens transfer nozzels and the inspection
packages in accordance with the present invention. Sanple ports 248 and
250 are provided for drawing test sanples when desired. The use ¢ff) MApNYERd
service connectors on the inlet tubing 242 and outlet tubing 244, and the
provision of inlet and outlet valves_240, 246 and the bypass val ves 234
enable the systemto be bypassed through shunt 236 for servicing of the
degass vacuumtank 122, and thus naintain continuous operation of the

product i on | gy eygn, dUr e Sar WG 22 hdG2003 vdBuAr gl at i ng
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262. Theﬁ@atMDIMahMQﬁans@bﬂnadfunﬁlatsm&hl|@moansteﬁldmioqﬂamﬁnt st eam

fromentering the degass v m t ank dei.oni, t nk during
sterilizaf?orr of St fi¥ r8?§F YL 5T e wagf% %méﬁig%g: éﬂ?%%‘264 is
al so provédletint bhendagastshammite,| tdred vﬁmwumzpdmmaﬂéﬁluﬂ a steamenters the

dbgas systeRenEndh plAl WL L9 eafaRle Oh hARaTIRL  Eng e, O P ovi de the

three priameynts of water during normal operation.

PRE-INSPECTION PREPARATION

The present invention is particularly adapted for
use in conjunction with the invention disclosed in
U.S.S.N. 258,556, entitled "Automated Method and
Apparatus for Hydrating Soft Contact'iénses", assigned
to the assignee of the present invention, the disclosure
of which is incorporated herein by reference thereto.

As illustrated in Figure 6, a hydration carrier 860
emerges from the hydration apparatus to a transfer
position having a plurality, e.g., thirty-two contact
lenses therein, with a single lens carried in each of
the convex lens carriers attached thereto. An
articulated robotic transfer device having an adjustable
4 X B8 array 102 of convex lens carriers then positions
the array over the second hydration carrier 860 (a) as
illustrated in Figures 6 and 7(a).

As illustrated in Figure 7(a), a single contact
lens 8 is carried within the concave lens carrier 861
and is positioned immediately below a convex lens
carrier element 104 mounted on the 4 X 8 array 102. The

concave carrier B61 includes at least one port 862 for



systens of the present invention wth degassed and deionized water.
Pressure gauges 270 and 272 are provide.: to neasure pressure in each of
the major systens. A pair of netered precision punps 140(a) and ﬁWbNMBYWS
punp the degassed and dei oni zed water to the I|ens transfer nozzles
illustrated in Figures 6-9 to be wused,i,n the transfer of |enses from one
systemto the next. Athird precision“metering punp 140(c) is provided to
punp the degassed and dei oni zed water to a manifold 178 and a plurality of
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previ ously, i's nornal l mal nt al ne torr via the
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water is exphessed1lOudh-#iher il deRtsSbbhCcaR tHans 1 1h60sd shddie degass
unit, and vacuum punp 128 is a. di aphragm punp mhlcguis capabl e of handli ng

smal | amofh@YESf bwat ity i aeC bpEFafdn 2 18R N PREPARATI ON
The presengengagenfilanid sqesltimis aséy Adapedd ohorhaismdarialy Wicti on with

(e Tnvert L0391 SCLC36A 0 304 Sbn288, SRBs SRS prated Mot ot
- connected to a fluid conduit 874 which supplies a

) transfer fluid for the transfer of the contact lens 8

from the concave lens holding means 861 to the convex

lens holding means 104.

In the embodiment illustrated in Figure 6, and in
particular for the transfer of contact lenses from the
hydration carrier 860 to the robotic array 102, a
pneumatic fluid transfer is desired, and thus conduits
874 provide pressurized air to the coupliﬁg members 864
which in turn supply the pressurized air to fluid
coupling 863 to the channel passageway B66, and the port
862.

As illustrated in Figure 7(a), the contact lens 8
is still wet having recently been hydrated and flushed
in the hydration station. Further, the lens has been
hydrated with deionized water having a small amount of
surfactant therein which may be advantageously employed
to promote the handling of the wet contact lens by
centering the lens within the concave surface of lens
holding means 861. When the air pressure lines 874 are
actuated, a puff of air will emerge through the port 862
and lift the contact lens upwardly from the surface of
the concave carrier and into engagement with the convex
lens carrier element 104. While the lens will adhere to
element 104 with or without the surfactant, the



to the assignee of the present invention, the disclosure of which is

I ncorporated herein by reference thereto. As illustrated in Figure 6, a
hydration carrier 860 energes fromthe hydration apparatus to a tqqnﬁMEm%
position having a plurality, e.g., thirty-two contact Ienses therein, wth
a single lens carried in each of the convex lens carriers attached
thereto. An articulated robotic trangfer device having an adjustable 4 X
8 array 102 of convex lens carriers then positions the array over the
second hydration carrier 860(a) as illustrated in Figures 6 and 7(a). As
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concave lens carrier and i s posjtioned at hel ow a gconvex | ens
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surface concave I'ens carrier enents 1 as ustrated in
Fi gure 6dIﬁﬁF¢|%nd porsdSeortsa@EE e e adapted to engage quid coupl i ngs

664 forned on AB@eyné%%lsQ%rofof e Aehd &1 EaYchl2 comedk of1ddase

couplings is connected to a fluid conduit 874 which supplies a transfer
fluid foROthe $PANEPBPEIF tHRANSHRMGSYETR %hePrERWFﬁeQRﬁK%ﬁ¥FYé%§ hol di ng
means 861en@ddec60averubians d1dwlidhE mesnst 164. which includes a -

manifold arrangement similar to manifold 860 with a
plurality of cup members 106 one of which is illustrated
in Figure 7B. Each of the cup members has a concave
surface 108 of approximately the same configuration as
the convex surface of the second lens carrier element
104. While a concave surface such as surface 108 has
been found to be desirable, a single jet device will
also provide the same function. The concave surface 108
also includes at least one port 110 defined therein for
admission of pressurized fluid through a central
passageway 109 formed in the cup member. The use of a
small amount of surfactant in the deionized water
promotes the transfer of the lens from first to second
carrier elements, but also enables the formation of
small air bubbles 105 in the layer of deionized water
which coats the contact lens 8. By subjecting the lens
to a jet of pressurized fluid, the small bubbles 105 are
migrated outwardly and dissipated prior to the transfer
of the lens to the inspection carrier. Removal of the

. air bubbles is desirable to avoid false negative reports
from the automatic lens inspection system which is used
to inspect the lenses. While pressurized air is used in
the preferred embodiment of the invention, deionized

water may also be used.



In the enbodinent illustrated in Figure 6, and in particular for the
transfer of contact |enses fromthe hydration carrier 860 to the rpBotl%
array 102, a pneumatic fluid transfer is desired, and thus condui t sZ U g 2005
provi de pressurized air to the coupling nenbers 864 which in turn supply
the pressurized air to fluid coupling 863 to the channel passageway 866,
and the port 862 As illustrated in HZRHe 7(a), the contact lens 8 is
still wet having recently been hydrated and flushed in the hydration
station. Further, the | ens has been hydrated wi t h dei oni zed water having a
smal | amount of surfact antPAd¥E ARK S IXG advant ageousl y enpl oyed

to pronote the handling of the wet contact Iens by <centering the lens
within the concave surface of |lens_ holding nmeans 861. Wen the air
pressur e |ineasem@rcbescartbaﬂeearélmw FSSPATYE ©Pef y8UERPodgh t he
port 862 [ n I S AR f, §uuﬁgge1gt t he
concave ?"er Je aé %8e%ggrgegng%t with sﬁ% 1&%“&&@3 ns.carrier

el ement , Hhﬁ dMHﬂn1b¢EE@eh§ # Pluggddty ©f RASSHEHICA0°FPE 8RR hout t he
surfact ant,, the 2 4b MAY; 2005 wa2kyS ddsatiant slch the, suniabeiaf the convex
carrier elenent 104, and pronotes adhesion t eret f tue of the

surf ace W@ﬁﬁ(ﬁ?kﬁYththEEERFfﬁhlﬁhtéﬁ%ﬁﬁft é; %U Rg at nospheric

pressure. lllwmga}eggé&nﬁxﬁeplglutre |1SL ,desimader thehosa:d:m‘oayeach%fa)t he convex
carrier elements 104 w r di.regt and
preci se tYRIER BR1Er© %‘ %ﬁ% é;r < rﬁhest &?nés%yﬁﬁg?ﬁgégoﬁsgflel enent 104,
t he robotfiren rﬁmfmcldageceatrtmerrmltm axrgayl bf (11 bAsEFateda ihubbl e
bjow off* f%f¥é997w@$cphén@éfgﬁiiéd water dosing station 16. A
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pneumatic stop 170 having a paul 171 is used to hold a
series of inspection carriers 10 upstream of the dosing
station 16. When a new inspection carrier 10 is to be
loaded, the pneumatic stop mechanism 170 retracts paul
171, allowing the inspection carrier 10 to be carried
into the dosing station on conveyor 12(a). A separate
set of jaws mounted on another pneumatic.locking
mechanism engages the inspection pallet 10 in a similar
manner to hold it securely in position for package
dosing. A plurality of dosing nozzles 174 are mounted
on a horizontal reciprocating beam support member 176
and are connected to the F.M.I. precision dose pumps 140 '
by virtue of a plurality of tubing members 178_with a
separate pump for each nozzle. Each of the nozzle
members 174 terminates in a sixteen gauge teflon needle
having an ID of .045 inches -.048 inches which is
suspended directly above the package carriers 20, and
more particularly, above the bowl member 36. In
operation, a pneumatic cylinder 180 which is fixably
secured to support frames 181 and 182 reciprocates;
carriage member 184, vertical supports 185,186 and the
horizontal mounting beam 176 to enable the teflon needle
tips to be lowered into the recessed bowl 36 of the

package carriers 20. The tips are reciprocated



mani fol d arrangenent simlar to manifold 860 with a plurality of cup
menbers 106 one of which is illustrated in Figure 7B. Each of the cup
nmenbers has a concave surface 108 of approximately the same conflggqu|mm
as the convex surface of the second lens carrier elenment 104. Wil

concave surface such as surface 108 has been found to be desirable, a
single jet device wll also provide t sane function. The concave surface
108 also includes at |east one port 110 defined therein for admission of
pressurized fluid through a central passageway 109 formed in the cup
menber . Tge use of. a anmount surfact ant Q%the deFonized wat er
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y bubbles which may generate a false negative inspection
signal. The inspection carrier 10 is then advanced out
of the dosing station 16 to the end of conveyor 12 (a)
where it engages a push conveyor, which pushes the
inspection carrier 10 across a stainless steel platform
to the lens inspection loading area.

While 2 X 8 and 4 X 8 arrays have been utilized in
the post-hydration processing section of the present
invention, it is understood that a v&fiety of array
configurations could be utilized in the practice of the
present invention.

The 4 X 8 array of the hydration carrier 860
illustrated in Figure 6 is different than the 4 X 8

) array of package carriers in the lens loading area
formed by a pair of pallets 10. The 4 X 8 array 102
mounted on robotic transfer means 100 is adjustable to
accommodate the first 4 X 8 afray in the hydration
carrier 860 which has 30 mm centers between lenses, and
the "bubble blow off" station 70, and then expands to 30
X 50 mm centers, which is the dimension of the third 4 X
8 array at the lens lcading area formed by a pair of
inspection pallets 10 as will be hereinafter described
with respect to Figures 8 and 9.

As illustrated in Figures B and 9, the 4 X 8 array

102 is illustrated in an expanded configuration in



having a pair of belts carries the inspection carrier 10 fromthe package
carrier loading area 11 (illustrated in Figure 3) to the deionized water
dosing station 16. A pneunmatic stop 170 having a paul 171 is used 7t(oMApDIGH
a series of inspection carriers 10 upstream of the dosing station 16.
When a new inspection carrier 10 is to be |oaded, the pneumatic stop
mechani sm 170 retracts paul 171, allQw ng the inspection carrier 10 to be
carried into the dosing station on conveyor 12 (a) . A separate set of

j aws nounted on anot her pneumatic |ocking mechani smengages the inspection

pallet 1Q.in | m h I r&d vig Ltign for package
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dosing hozzles 174 are nounted on a horizontal
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precisio 149 byvYbiitue abszrilbédlviivh ofespbingraenbers 178
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and nore particularly, above the bow nenber 3§§ In _operation, a

pneurat | €68y ([Athdete 188 AR CRYRE2FLRRCRTIIERT et P o sEBEo?FrFVaﬁES 181 and
182 reci pheeAtss £&@F ! separaeabeind84 orverlicneal t SUpPOr193186at&86cdnd t he

hori zontal .nunting, beam 176 to_enabl e _the tefl ne [ to be
| over ed WREGT HATREREsBYT 5mf°§§eﬁfQﬁﬁ§lﬁ#s 108, DELE oF giéThe tips are

ackage' carrrers—2
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of  degagsed And, el ont 26014t 86dks 100 SHL ddeL et hboudR hay partial Iy
i1l the bo . er e bows are filled wth the desiréd dosage,
.pneupatidLﬁﬂSﬁmﬁﬂqubnigigure 8. A pneumatic chuck 196,197 is
' positicned on either side of the array, and upon
actuation draws the outer most elements 190,193
outwardly as illustrated in Figure 8 along the guide
rods 194,195. Each of the outer most arrays 190,193
also carries a pair of internal sliding stops, one of
which is illustrated in Figure 8 at 198 which draw the
inner most linear elements 191 and 192 outwardly, with
linear element 190 drawing linear 191, and linear
element 193 drawing linear element 192. Compression
springs 199 also assist in separating the linear
elements of the array.

It should also be noted that the array 102 is

) rotatable about turntable 103 to provide for the proper
orientation of the array when transferring lenses from
the hydration station to the lens loading area, the
turntable 103 is mounted on first and second articulated
arms which enables complete three dimensional movement
of the 4 X 6 array between each of the various transfer
pointé which the robotic transfer device serves.

As illustrated in Figure 7A and 7B, each of the
convex lens carrier elements 104 also includes an
interior conduit 110 terminating in at least one port
111 which may be used to introduce a fluid between the

convex lens carrier element and the contact lens 8.



actuated and the reciprocal support beam 176 is raised to lift the teflon
needl es free of the package carriers 20. The use of a reciprocating dosing
needl e elimnates agitation or splashing in the dosing of the degiﬁvq Zﬁ(ﬂd
dei oni zed water. Undue agitation or splashing may also lead to th A

enl argenent of air and the formation.pf_air bubbles which may generate a
fal se negative inspection signal. The inspection carrier 10 is then
advanced out of the dosing station 16 to the end of conveyor 12 (a) where

it enga [ j ' i 10 across
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a stainles | orm to the lens inspectjon_|oading afea. Wile 2 X
8 and 4 Xe8saceaysiemveleBertat 20 Asd Ghe 190 DbRdhNdr aFf8n phdcessi ng
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robotic BFRNer HRaL 08 P9 %adius o FIF HE cahodat 8 tREF i rst 4 X 8
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Fi gures and 9, the 4 X 8 array, f%z Is. il]Justrated i n_an expanded
Configur§ﬁ4ﬂ$ﬁ%F2@fN%N92é695 without risking the development of

small air bubbles from dissolved gasses in the deionized
water that might otherwise "seed" on the contact lens 8.
After the lenses 8 have been transferred to the package
carrier 20, the 4 X 8 array 102 is collapsed by
actuating air chucks 196, 197, (Figure 8) to return the
array to a configuration that matches the configuration
of the hydration carrierxr 860.

When a pair of inspection carriers 10 have been
loaded at the lens loading area, a second servo motor
actuated push arm transfers both pallets from the lens
loading area to an overhead double axis transport
carrier which singulates one of the inspection carriers
and picks up a single carrier 10 for transfer to the
automatic lens inspection station, as more completely
described in the parent application U.S.S.N. 258,357
entitled “Automated Apparatus and Method for Preparing
Contact Lenses”. '

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 departing from the
spirit and scope of the invention, which is limited only
by the scope of the following claims.



-24 Figure 8, and a collapsed configuration in Figure 9. The array 102
includes thirty-two convex lens carrier elenents 104 as previously
described with respect to Figures 6 and 7. Along the center lin TMAl 1605
array are four fluid coupling nmenbers 864 which engage conduits e%g£40n t he
second hydration carriers 860. The array is nade of four separate |lines or
el ements 190- 193, each of which carries eight convex carriers 104. Each of
the linear nmenbers 190-193 is nounted“ﬁ%? reci procation along interna
gui de rods 194 and 195 as nore fully illustrated in Figure 8. A pneunmatic
- chuck 196,197 is positioned on either side of the array, and upon .
actuation g&?ﬁiAﬁmq outer nost elenents 190,193 outwardly as illustrated
in Figure al'ong the guide rods 194,195. Each of the outer nobst arrays
190,193 also carries a pair of internal sliding stops, one of which is

illustrated in Figure 8 at 198 whi.ch draw the  |Rder. s 'n@gig- cGheamnt s
191 and 192 outwakdl &n auioprpted JO9QHE “éﬁ’%%’eﬂ’tpaiaé‘ég g)rl g\(/]\} rﬁg-fciair%gzlir f91, and

linear element 193 drawing |inear element 192 ression  spni 9
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be not that"the array 102 is rotatable about turnéﬁgle 1? %%gﬁ?%%hﬁ5§
for the proper: L et Ak ttOach kentactriays avvegenteradessd BYSt Figg2 he
hydr at i 10&%151%%5%10 t)ﬁlg }ISEe%ns | oadi ng area, the turntable 103 is-nmounted
on first and second articulated arns which enables conplete three

di mensil&masAINAPE %S°%ﬁ5ﬁ%ig4'x 6 array between each of the various

transfer points which the robotic ttansfene.dqydifauingmaster ¢ sailllastfraned
in Figure 7A and 38, eédﬁg%tl‘c gﬂgfe‘(%%&\;&)% Cﬁecr?s carri efg el ements 104 al so

i nclyudes an ‘ ‘ _ . >
o processing station to 2 package load station, said robotic transfer head also having;

(i) a plurality of contact lens carriers, each of said carriers defining a

3 - intr ing a fluid
convex Jens attachment surface to réceive a contact lens and a means for introducing a f]

between said contact Jens attachment surface and said contact lens, said lens being retained

thereon during transfer by surface tension;

. - . . - . - . t
(i) a robotic transport for moving said transfer head from said firs

processing station to said package load station;

(b) fluid supply means for supplying at least one fluid to each of said contact lens

. . . s aid
3 carriers and said means for introducing 2 fluid, wherein said contact lenses are i1 ansferred to s

package load station by said robotic transfer head, and deposited into packages at said package
=2

Joad station by an injection of said at Jeast one fluid which breaks the surface tension between

said contact lens attachment surface and the contact lenses carried thereon; and

(c)a controller for tracking and identifying each individual contact lens inspected,

said controller including means for storing any first signals identifying individua) contact lenses

i rat] i1 nr -eto to discard any
determined to be defective and generating 2 second signal in response ther

individual contact lens identified by the inspection station as being defective;




interior conduit 110 termnating in at |east one port .111 which may. be
used to introduce a fluid between the convex lens carrier elenent and the
contact 1ens G 1 2 0 MAY 2005 -25 i Wen the array 102 is positi GrieMANEr
the plurality of lens carrier elements 20 at the | ens | oading area, the
array elements 191-193 are spread to align each of the convex lens carrier
el ements 104 with an associated package,¢arrier 20 imrediately there

bel ow, and a small anount, nominally 3001, of degassed and dei oni zed

wat er i s punped by precision dosing punps 140 through conduit 1%3@}12%86
~transfer the contagt | fer olGARviexingation ef sdif4t teast e b f
t he package carri g(f) Sa%&&g’gie{]?l@?rﬁgﬁ%%e of degﬁssed dei oni zed wat er enabl es

transfer of the lens without riskingt I Ly O ans$értsald @ntadp idmistses
1 om dissisobansectdaREBChRCEhERSE GRY i IS Yo DR s ar wi so " seed"

on the contact lens 8. After the | enses 8 have been transferred to the
packagea;dpididages.20, the 4 X 8 array 102 is collapsed by actuating air
chucks 196, 197, (Figure 8) to return the array to a configuration that
mat ches the configuration of the hydration carrier 860. ;V\heln. a pa\l,jI}\richof

i nspection carriers. 10 hatomabaknbboattensTer appaetpeissc fimedi A @Ml 4 "%bcond
servo notor actuated push armtransfers both pallets fromthe | ens

| oadi ng. area .t an QVRENRAEN dodahb thadXeiseriteandigor pulsewhichdp dwketes tAPRgIhS: es
one of ff"“ﬁ i’nspection carriers and picks up a single carrier 10 for

transfer to the  autonatlLc. e0i A1 Shahi i9Brocassetins demanplest dlejens is
descri blasilh 2gHsel 3iee ?ggﬁ%%{%@télﬁ’qu. S8 N 1258, 257 '

] acceptable and to generate said first signal if said lens is defective.

3. An automated robotic transfer apparatus as claimed in -clalm 2, which

further includes a consolidation apparatus for consolidating lenses determined to be acceptable

afier said defective lenses have been discarded.

i - -at - j aging contact
4. An automated robotic transfer apparatus for automatically packaging co

lenses in a contact lens fabrication facility, said robotic apparatus comprsing:

(a) a robotic transfer head, said head facilitating transfer of said contact 1ense$
from. a processing station to a package load station, said transfer head also having;
(i) a plurality of contact lens carriers, each of said carriers defining a
convex lens attachment surface to receive a contact lens and a first means for introducing a fluid

L i , sai tact lens being
between said convex lens attachment surface and said contact lens, said contact g

retained thereon during transfer by surface tension;

(i1) a robotic transport for moving said robotic transfer head from said

processing station 10 said package load station;



entitled "Automated Apparatus and Method for Preparing Contact Lenses".
Wil e the invention has been particularly shown and described with respect
to the preferred enmbodi ments thereof, it will be understood by thpsay 20
skilled in the art that the foregoing, and other changes in form and
details, may be nmade therein w thout departing fromthe spirit and scope
of the invention, which is limted only _by the scope of the follow ng
clains. 2 0 MAY 2005 -26 WE CLAIM: 1. AdPautomated robotic transfer
apparatus for automatically inspecting and packaging contact |enses in a

contact lens fabrigcapian facildty hapgifnsaaufoidabicach efisaid dgpeneansn
station which opt i(ﬁg{iﬁl\?%ﬁ[’]@gé]b:%@ye%chlpgglnt act lens and generates a first

signal for each defective |ens, .saifd.apparat. QFREARNE saiddacRagedbad i C

t r ansf ewhheeanisaid #oatapclsases AE5 W HTSLE gﬁ?lgg%sdfaﬂé?léegﬁ ngi d lens f?om a
processing station to a package |oad statiqn, said raobot.i,c_t« head,
al so hawiafign by ishidaopbtic ahisfy mfadmﬁtc&@tbsweéﬁgt'wé?fﬁ?éﬁ é?sﬂgé’ﬁ&bﬁi’@éiﬁgs Y
carriers defining a convex lens attachnment surface to receive a g]ro?nt,actsaid

| ens angd, a,:088050f Qid Nnidnakugh Bgddirtt mEahs vhaclweieak s tiecUEIGRE HOFIOPATEY D
attachment “surface and said contact |lens, said | ens being retained thereon
during transfer ENSH N cdnitict lens cabietlitcereomemydor t f or “novi ng

sai d tr&ﬂ’é‘feé‘r‘e%g%acﬁ{geﬁl%‘glﬁﬁ first processing station to said package |oad
station; (b),. fluid supply neans for supplying at |east one fluid to each of
sai d contact |ens arriers and, sai.d; NS nr8NinkRhidodbetiogaasgdryipdsitiomsgei n
sai d contact Ienseg&érc@nw] eﬁg ]ear“?g]gglt]gﬁgai d package | oad station by said
robotic transfer head, and deposited into ﬁagg touSRisth doRmGKa@ens tb aketeby
st atj on sbid IRROTIAEBEFORE fa’%dali”&‘aé’t“gllglggt’o”o(ﬁgs% ui 3‘ N'h breaks the surface
t ensi on between said contact |lens attachment surface and the contact |enses
carri ed ttdnsfecnid comepct Eses te SRERSFKEESSt or tracking and identifying each

i ndi vi dual contact lens inspected, said controller including neans for
storing any first signals identifying individual contact.|e | giet er m ned
to be defective and.gémeauaamagd HEOEEIHYS i@ﬁ%ﬂ’aarf’%asrglg%d%\dslen ?ﬁgﬁeto fo

di scard any individual contact lens identified hy the inspecti statl oy
as bei ngwHeakaridiyeontact lenses are airanged in an airay, and said contact len came.gsna]@%?ruhgéa mn

a corresponding array to facilitate the transfer of contact lenses to said plurality of contact lens

carriers.

6. An automated robotic transfer apparatus as claimed in claim 5, wherein said

i i - y 1 y ' ay to facilitate the
packages at said package load station are also arranged in a corresponding a1ray |

wransfer of contact lenses 1o a plurality of packages at said package load station.

77 An automated robotic transfer apparatus as claimed in claim 1 or 4,

wherein said contact lenses are arranged in an aray of concave carriers, and are wetted with a

solution having a small amount of surfactant therein prior to transfer to said plurality of contact

lens carriers.



20 MAY 2005 -L7 (d) said controller also controlling the injection of said
at | east one fluid between said contact |ens attachnent surface and the
contact lens to thereby transfer said contact lenses to said paclﬁaﬁqes. n
aut omat ed robotic transfer apparatus as clained in claim31, whichZFMat

i ncl udes an inspection neans that generates a light pulse which is directed
through the lens to a pixel array to ge grate an el ectrical signal.which
is processed to determine if the lens is™ acceptable and to generate said
first signal if said lens is defective. 3- An automated robotic_transfer

- apparatus as cl ai ngd /ja]g'Et'oﬁia’i@dzvobo%inﬁhsfelf Affabhets a9 clalmictes claicofs oF e fn
apparatus for consoli £l ng | enses determned to be acceptable after said

defective | enses have been discarded, -4, t t egr-fr@behiion dkessderf the
appar at sefiaantaues tig SUEHCE 39? B‘fc%’&gzlcﬁ 51 g?f? ?2 { @HII R

enses in a contact |ens
fabrication facility, said robotic apparatus conprising: (a) a robotic
transf egoh@adensaitd tearhtécddsiaeatd™hg transfer of said contact |enses
from a processing station to a package |oad station, said transfer head
al so having; (i) a plurality of contact |lens carriers, each gaim aio‘I1
carriers defining g_ mrhwe@métemsolnnitcarama%nﬂmsaxwa@éCP@“F &eic ¥ont act

|l ens and a first nmeans for introducing a fluid bet vveenﬂllgai c{blgchﬂégeexwléfeags g
attachnent surf ' @ al Rika gesdsthgenati acto flense '8t 4i ne
t her eon "QEFFFWQSQ‘%%@H% elrJ§ iq‘seﬁ?%ce te}nsi on; (ii) a robotic transport for
nmovi ng said rqbotig transfer from.satddinprocessing station to said
package HT&&HE® 89%‘??%{&?@&7&@%5@%0?%@ ?63%&“% d supply neans for supplying
said fluid to each of said first means, wherein said contact |enses are

transferred fromsaid processin at | sphdls Baclenged (roathimst avhorinbyid
sai d robotic translif’erAﬁ@éfH’,m ﬁ%lgochoégg%a?gng ?%}to p;ckages at sai d package

| oad station by an injection of said fluj ' Lid-ahity OF soi® packagdsitofa -
breaks taypasamn§ fother srEvdns 4 Ense8 P%Stagg?lw;é(%wg%g%?tt](fc]h%ent sgrfa'ce and

the contact lens carried thereon; and (c) a contrallep f t b gabédand
cont r ol | foiglagdiatersotioatifmat ean §9’éﬂﬂ1ﬂﬂ,‘m‘b‘dg iaf‘?%‘hli(ﬁﬁﬁed SQFH{}‘Fég%St 1?’% b?rg?ﬁg‘?%r
head, and initiating injection of said fluid through said first nmeans to

t hereby td.qsfer said contact |enses to said packages. 5. An aut omat ed
robotic transfer apparatus as clained in claim1l or 4, '

11. An automated robotic apparatus for automatically transferring an aray of wet

i -ication facili 1d robotic apparatus comprising:
slippery contact lenses in 2 contacl lens fabrication facility, said robotic appa p

| (2) a robotic transfer head, said head facilitating transfer of said array of contact .

. — . .
lenses from a processing station to a package load station, said tr ansfer head also having;

(i)' an array of contact lens carriers corresponding to said array of contact

1 iers i i y fini ] ttachment surface to receive 2
Jenses, each of said carriers in said array defining a convex lens a tacl

contact lens and a first means for introducing a fluid between said convex lens attachment

surface and said contact lens, each said contact Jens being retained thereon during transfer by

surface tension; and

(ii) a robotic transport for moving said robotic transfer head from said

. . N . soe
processing station to said package Joad station, wherein an array of packages at said packag
ssing sta g

] i : T i id array of contact lens carriers to
load station are arvanged in an array cot responding to said array _



wherein said contact | enses are arranged in an array, and said contact |ens
carriers are arranged in a corresponding array to facilitate the transfer
of contact lenses to said plurality of contact lens <carriers. 6. ﬁP )
automated robotic transfer apparatus as claimed in claimb5, wherei2 MAY v
packages at sai d package |l oad station are also arranged in a correspondi ng
array to facilitate the transfer of contact lenses to a plurality of
packages at said package | oad station. 730An automated robotic transfer
apparatus as claimed.in claiml or 4, wherein said contact |enses are
~arranged in an array of caoncave carrjer G 6 We b 6610 1&aiBdclbdnad
havi ng dacihiete twrsanafer of 5%‘61raf"éc‘ftogﬁim?ﬁtégléﬁeg?%?a?%r° n}(&gtog Egﬂéséﬂfg gérqato sgdi d :
plurality of contact | ens carriers. 2 0 MAY 2005 -29- 8. An autonated
roboti c statensfer apparatus as clained in claim7, wherein the surfactant
vets the surface of the contact lens carrier to pronote surface tension
adhesion of the contact |lenses to the contact |lens carriers, ~.. An

aut omat ed robotic hﬂé}nﬁﬁ@\ﬁp}ﬂpm@d’a%&ﬁsa}splghmisatddﬂinﬁ telea¢me saift fist M&AR%Br ei n
sai d apparatus further incl'udes a package dosing station to fill ea}gh |
package with. a .preci fef nealfione s&6lpubdessinpsiaton tosaéatlage
10. An a‘ﬁﬂt‘edﬁ‘é’_t,%ab‘P?%%?f%oqﬁ%gr]]gisg?blgg%g?%t us as. cl ai] med i ng)cl aim9,, wherein
said apparatus further_includes .a _pa el hoBf paxkheatatsgidl a
pl ur al i tlpadFtadian Py Fadiageuc Fgnye 68?1 ﬁﬁ%ﬁﬁit&? 12%19@(?1?1%? trf)| nal | ens

equi librium’is acconplished after the l.ens has,b R
11 an pmsiesmicad SO HBREHAE A55F O UHLPONELT al o] S0 Sagapne oRe Blake

of wet slippery. contact lenses in a contact |ens fabrication facihity.,, .
sai d. r obgikisarfappamaioudecorrdash sgid conyexd EpHHRATE P & arc&anhéléed‘f“g%‘;‘clié“rt%ecg‘d‘ed
facilitating transfer of said array of contact |enses fro gsﬁp_rocdessi ng
station f@r@rPaakagsy treadfestad aoay obeindact Iensss OrsaHedaYab SRACKARANE ' (i) an
array of contact lens carriers corresponding to said array of contact

| enses, each of said carriers in said array defining a convex |ens o
attachment surface ét:'pmre@e;sefoveumnaq:inaﬂﬂ;accnmtoéﬂrm teoartioningrandeigngsifipg of said
introducing a fluid between said convex | ens attachnment surface and said

contact Lens reach.sahds ¢part conensorldsigngrayeifaiankagesher eon during transf er
by surface tension; and (ii) a robotic transport for noving said robotic

transfer head fromsaid processing station to said package |load station, |
wherein an array of-packagesnatd SBbdc PRskAGEas claimed in claim 11, wherein said contact

lenses are arranged in an array of concave camers, and are wetted with a solution having a small

amount of surfactant therein prior {0 transfer to said plurality of contact lens carriers.

13. An automated robotic apparatus as claimed in claim 12, wherein the

surfactant wets the surface of the contact lens camvier to promote surface tension adhesion of the

contact lenses to the contact lens carriers.

14. An automated robotic apparatus as claimed in claim 13, wherein said

apparatus further includes a package dosing station to fill each package with a precise dose of

buffered saline solution prior to sealing.

15. An automated robotic apparatus as claimed in claim 14, wherein said

inci iy ion to -ality of packages to a foil
apparatus further inciudes a package sealing station to heat seal a pluxah;y of packag |



ranged in an array corresponding to said array of contact lens carriers to
| oad station are al7 2 0 MAY 2005 -30- facilitate the transfer of said
array of- contact lenses to said array of packages at said package | oad
station; - (b) fluid supply neans for supplying said fluid to each of (005
first neans, wherein said array of contact |enses are transferred from
sai d processing station to said package |oad station by said robotic
transfer head, and deposited into said atry-ay of packages at said package
| oad station by an injection of said fluid through each of said first neans
~which breaks the surface tension get : i cRédedchaent
surfacéaﬁhﬁﬂﬁﬁgq@%ﬁPgi mFéﬁE”EﬁWP}I&dgﬁﬁgpg%ﬁnfgﬁpﬂg?gﬂygffgﬁg%er'éaid
array of contact lenses to said array of packages; and (c) neans for
aut omatseabddly controlling the positioning and depositing of said array of
contact lenses into said corresponding array of packages. '12. An autonated
robotic apparatus as clained in claim1l, wherein said contact |enses are
arranged in an array of concave carriers. and are wetted with a solution
having a small anount of surfactant therein prior to transfer to said
plurality of contact lens carriers. 13- An automated robotic apparatus as
claimed in claim12, wherein the surfactant wets the surface of ‘the
contact lens carrier to pronote surface tension adhesion of the contact
| enses to the contact lens carriers. 14.. An automated robotic apparatus as
clainmed in claim13, wherein said apparatus further includes a package
dosing station to fill each package with a precise dose of buffered saline
solution prior to sealing. 15. An autonated robotic apparatus as clained in
clain114, wherein said apparatus further includes a package sealing
station to heat seal a plurality of packages to a foil, 20 MAY 2005 - 31-
| am nate so that final lens equillbriumis acconplished after the | ens has
been packaged and seal ed.



