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i th pwesbnt I nvention is a continuation-in- part of prior appllca
t omat ed Apparatus and 5 Method for Preparing Cont act Lenses- for
JiL pectlon and Packagi ng", U.S.§ N 08\ 258, 557h (VTN- 0086) whi ch has

CONTACT LENS TRANSFER DEVICE

CROSS REFERENCE TO RELATED APPLICATION

The present invention is a continuation-in-
part of prior application "Automated Apparatus and
Method for Preparing Contact.Lenées for Inspection and
Packaging", U.S.S.N. 08\258,557, (VIN-0086) which has
also been assigned to the assignee of the éresent

invention.

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates generally to the
field of manufacturing contact lenses. More
particularly, the present invention relates to an
appératus which removes contact lenses from a first set
of pallets, inserts them into corresponding packaging
elements on a second set of pallets, and transports the
lens-packaging elements through inspection and final
package sealing assemblies.

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
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al so been assigned to the assignee of the present I nventi on. 10
BACKGROUND OF THE | NVENTI ON 1. Field of the Invention

The present invention relates generally to the field of manufacturing
contact |enses. Mre particularly, the present invention relates to an
15 appar at us whi ch renoves contact |lenses froma first set of pallets,
I nserts theminto correspondi ng packagrﬁg el enrents on a second set of
pall ets, and transports the | ens- packagi ng el enents through i nspection

and fi nal ckaﬂe seal i ng assenblies. 20 2. Descrlptlon
of the Hﬁcﬁaﬁﬁ iching monomer or monomer mixture between a fron

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

5 then removed from the mold sections and further treated
in a hydration bath and packaged for consumer use.

U.S. Patent Nos. 5,080,839 and 5,094,609
disclose respectively a process for hydrating contact
lenses and a chamber for hydrating contacts lenses

10 formed with a monomer or monomer mixtures disclosed in
the forgoing patents. The process disclosed in these
patents significantly reduce the thruput time by
hydrating the lens and releasing the lens from the mold
cavity with deionized water and a small amount of

15 surfactant without any salts, so that the time consuming
ionic 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

20 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 package
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

25

package for a contact lens, wherein the package is

formed from a transparent plastic material such as

polypropylene and a foil laminate that is heat sealed
30 thereto.
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The nol di ng of hydrophilic contact |lenses is di sclosed in U S. Patent

No. 4,495,313 to Larsen; U S. Pat ent No. 4,640,489 to Larsen, et al.;
U S. Patent No. 25 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

whi ch are assigned to the assignee of the present invention.

These prior art references disclose a contact 30 | ens production process
wherein each lens is forned by 35

1 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

5 described in the foregoing patents enabled automated
handling of the lens during hydration, suitable
automated equipment to transport the lenses at high
production rates and maintain low discard rates of
manufactured lenses due to delay and dehydration thereof

10 wWas not readily available or taught by the prior art.

SUMMARY OF THE INVENTION
A manufacturing assembly line may include

apparatuses for both the manufacture of a product and of
15 packaging therefor. 1In addition, apparatuses may be
provided which are directed to the insertion of the
product into the packaging and/or to the inspection of
the product. In addition, recent developments in the
inspection of contact lenses produced in accordance with
20 the foregoing methods has enabled automated lens
inspection, as taught in U.S.S.N. 08\994,564, entitled
"Lens Inspection Method and Apparatus", (VTN 0037)
(Attorney Docket 9275) assigned to the assignee of the
present invention. Further, recent developments in the
25 hydration and automated handling of wet contact lenses,
as taught in U.S.S.N. 08\258,556, entitled "Automated
Method and Apparatus for Hydrating Soft Contact Lenses"
(VIN-0074) (Attorney Docket 8998), also assigned to the
assignee in the present invention, has enabled automatic
30 robotic handling of lenses during hydration, and prior
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1 sandwi chi ng nononer or nononer m xture between a front curve (| ower)

mol d section and back curve (upper) nold section, carried in a tw by
four nold array. The nononer i s polynerized, thus formng a | ens which
is 5then renoved fromthe nold sections and further treated in a

hydration bath and packaged for consumey_ use.

1 to the inspection thereof by the automated lens
inspection system.

Automated manufacturing processes often
include steps which are particularly sensitive to

5 interruption. For example, with respect to the
manufacture of contact lens mold sections, the
successful molding of thermoplastic elements having
sufficiently correct optical surfaces requires that
temperature fluctuations in the molding station remain

10 steady. Other apparatuses in manufacturing lines,
however, are subject to frequent interruption; requiring
resupplies of materials, substitution of parts, etc.
For example, materials for manufacturing packaging
materials may be supplied in segmented rolls which, once
15 depleted must be replaced.

The design of a fabrication line, which
includes apparatuses of both type, must provide buffer
zones in which parts being manufactured continually by
one apparatus may be held temporarily as another is

20 interrupted for a short time. It is therefore, a goal
of those in the art to provide one or more accumulators
or buffer zones for use in fabrication lines to even out
such fluctuations. Again, with specific respect to the
manufacture of contact lenses, recent developments are
disclosed in U.S.S.N. 08\258,557, entitled "Automated

" Apparatus and Method for Preparing Contact Lenses for
Inspection and Packaging", (VIN-0086) (Attorney Docket
9010), also assigned to the assignee of the present

25

invention, in which a buffer station is incorporated
30 into the production line, for the purposes of permitting
continuous function of some apparatuses, while other

35 This Sheet Has Been Replaced




U.S. Patent Nos. 5,080,839 and 5, 094, 609 di scl ose respectively a process
f.-or hydrating contact | enses and a chanber for hydrating contacts | enses
10 formed with a nononmer or nonomer m xtures disclosed in t he forgoing
patents. The process disclosed in these patents significantly reduce the
thruput tinme by hydrating the lens and releasing the lens fromthe nold
cavity with deionized water and a smal F3amobunt of 15 surfactant without any
salts, so that the tine consum ng ionic neutralization of the polyner

fromwhich the | ens bl ank i.s nade dpes q?t occuy durir%hth hydr ati on
process. WhBRPESASNMESS] ake P U IRERd « et e EPect BiFatiq? 9he process is
to introducH.sufsf.er.ed®\B58)65 5501 iMmredih | iricotperd ted bparkgsendé h t he

cqui 11 bri um (i oni ¢ ned S HEEagn et ot S rorearer oty ' Tens
di mensi oni ngpritd omc ednpihes lvahtiact HenmaE@sambly line in which: a
5 pallet of packaging elements are filled with a quantity
of deionized water; a set of contact lenses, which have
been molded, hydrated, and washed, are removed from a
pallet and inserted into their respective packaging
elements; the combined set of packaging elements and
10 respective lenses are transported to a buffering
station; the set of elements are transferred to a low
vibration conveyor line; the contact lenses are
inspected for flaws; the deionized water is removed from
the packages; the combined elements are removed from
15 their pallets, the packages containing flawed lenses are
deposited on a conveyor line which deposits the elements
in a collection bin, and the packages containing correct
lenses are deposited on a good line; the lenses on the
good line are consolidated into a reqular array and
20 transported onto a pallet; and a quantity of saline
solution is introduced into the packages and a foil
cover is heat sealed to the package.
More specifically, with respect to the
assemblies which carry out the processes introduced
25 above, and which comprise the apparatuses of the present
invention, the deionized water injector assembly is a
device for injecting a quantity of deionized water into
packaging elements on a pallet. This deionized water
injector assembly is mounted above a conveyor line along
30 which pallets of reqularly arrayed packaging elements
are transported from a remote fabrication location to

e
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at roomtenperature or during sterilization. 25 U S. Patent No.

4.961, 820, also assigned to t he assignee of the present invention,

di scl oses a final package for a contact |ens, wherein the package is
formed froma transparent plastic material such as pol ypropyl ene and a
foil lamnate that is heat sealed 30 thereto. 35

1 the second location where they receive contact lenses.
The spatial distribution of the regular array of the
packaging elements is specifically established to match
the optical array in the inspection station.

5 The lens extraction and insertion assembly of
the present invention is a lens transfer device which
lifts lenses from hydration pallets at a first location
and deposits them, along with an additional dose of
deionized water, into the packaging elements at the

10 second location. 1In addition to transferring the
lenses, the device also alters the spatial distribution
of the lenses from their orientation in the hydration
pallets to an orientation which corresponds to the
packaging elements (and the lens inspection station).

15 More specifically with respect to the means by
which the lenses are extracted from the hydration
pallets and transferred to the packaging elements, the
hydration pallets comprise a set of concave recessions
in which the lenses are disposed, along with a quantity

20 of deionized water. The bottom of the recessions

comprise at least one hole through which a fluid may be

ejected, therein lifting the wet lenses out of the
recessions. The lens transfer assembly comprises a set
of elongate finger elements which extend downward, each

25 finger element having a convex lens transfer surface

onto which the lifted lens may be secured via surface

tension. The convex lens transfer surface of the finger
is further designed with an annular raised skirt around
the tip which prevents the lens from sliding out of the
desired position during transfer. The lenses which have

30

been transferred to the convex lens transfer surfaces on
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- 3- 1 Wiile U S. Patents 5,080,839 and 5, 094, 609

contenplate that the entire hydration process and transfer to final
packagi ng may take place in a fully aut omat ed fashion, and while the
chanber and process 5 described in the foregoing patents enabl ed aut omat ed
handl i ng of the lens during hydration, suitable aut omat ed equi pnent to
transport the | enses at high =7~

1 the fingers of the lens transfer device, may have small
bubbles of air on their exposed surface. The small
bubbles, if permitted to remain on the surface of the
lens through the inspection process may interfere with

5 proper inspection, and cause the lens to be improperly
determined to be bad, and discarded unnecessarily. At
least one jet of air is blown onto each lens for the
purposes of removing the air bubbles from this exposed
surface.

10 The fingers of the lens transfer assembly are
set out in rows on parallel beams which are slidably
mounted on guide rails. The parallel beams are coupled
together via piston/ cylinder elements, and are drawn
together once the lenses have been extracted and the

15 bubble blow off step have been carried out. This action
alters the relative separation of the lenses with
respect to one axis, so that the lenses will be arrayed
to match the array provided by a lens inspection pallet.

The lens transfer assembly then is linearly

20 translated to the second location, into position above
the inspection pallet. The fingers of the lens transfer
assembly are further designed with an interior conduit,
extending from a small orifice in the lens transfer
surface of the finger to a reservoir of deionized water,

25 through which deiopized water may be selectively

ejected. With the fingers, and the lenses secured

thereto, in position above the packages, a small jet of
deionized water is ejected through each orifice, therein
decoupling the contact lenses from the lens transfer
surfaces and depositing them into the packages that were

30

loaded in the inspection carrier.
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production rates and maintain | ow discard rates of manuf act ured | enses
due to delay and dehydration thereof 10 was not readily avail able or taught

by the prior art. SUMVARY OF THE | NVENTI ON A

manuf acturi ng assenbly |ine may include apparatuses for both the

manuf acture of a product and of 15 packaging therefor. In addition,
appar at uses may be provi ded which ar® directed to the insertion of the
product into the packaging and/or to the inspection of the product. In

addition, recent develggrenig in the i nspection of contact |enses
producedli n accor dance™®i PRL28% ABds bhegParkass: FIGRetS ahigh Mt onat ed
| ens | Nspestadn, caataatghbénses UaBeStNen0\rdddk poirtedertiiad laed "Lens

P o e edoeeREPEb b fure b INg Rk son Aoy Docket 9275)
specifically, the pallets are transported to a
5 segregating apparatus, which directs alternating pallets
onto parallel conveyor lines. The conveyor lines extend
a sufficient distance, from their first ends to their
remote ends, that a significant temporal delay may be
accommodated, and the lenses stored without requiring
10 Stopping the molding line which requires a long start up
time.
The buffering station taught in U.S.S.N.
08\258,557, entitled "Automated Apparatus and Method for
Preparing Contact Lenses for Inspection and Packaging”,
15 is positioned after the inspection station, at a point
in the manufacturing line where the packages containing
the lenses have been drained of deionized water.
Deprived of a liquid environment, the lenses are
permitted to stand for no longer than 15 minutes before
20 rejection thereof. Moving the buffering station to a
point in the line at which the lenses remain bathed in
deionized water permits indefinite holding without
damaging the lenses.
At the remote end of the buffering station, at
25 the ends of the parallel conveyor lines along which the
pallets may be stored, there is an integrator assembly
which integrates alternate pallets from the two conveyor
lines to continue toward the next station. More
specifically, the parallel conveyor lines of the
30 buffering station have, mounted to their end (the end
toward which the pallets are transported), a device
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present invention. Further, recent devel opnents in the 25 hydration and

aut omat ed handling of wet contact |enses, as taught in U S. S N

08\ 258, 556, entitled "Autonated Met hod and Apparatus for Hydrating Soft
Cont act Lenses” (VTN-0074) (Attorney Docket 8998), also assigned to the
assignee in the present invention, has,enabled autonmatic 30 robotic
handl i ng of | enses during hydration, aad prior 35

1 which selectively merges the two streams of pallets so
that they may pass onto the next conveyor.
In the embodiment of the buffering station
which is described more particularly below with respect
5 to the Figures, the conveyor lines which transport the
pallets to the buffering station and which extend after
the buffering station are co-linear and immediately
adjacent to a first one of the two parallel conveyor
lines. The segregator device, therefore, first allows a
10 single pallet to advance onto the first buffer line, and
then transfers the next pallet to the parallel second
buffer line. In a similar, but inverse fashion, the
integrator device operates by permitting one pallet from
the first buffer line to pass, then transports a pallet
15 from the second buffer line to the conveyor line which
continues beyond the buffering station so that it may
follow, and then begins anew by allowing the next pallet
from the first buffer line to pass.
In alternative variations of this apparatus,
20 the segregator and integrator devices continually or
selectively divide and consolidate the stream of pallets
along the two buffer lines. In the first variation, the
stream of pallets is divided by the segregator and
consolidated by the integrator at all times during the
25 operation of the manufacturinglline. In the alternate
variation, the segregator and integrator are engaged
only under circumstances when the subsequent stations
have been interrupted. The segregator of this
alternative variation would operate only during
30 interrupted times; the integrator would function past
the resumption of the subsequent assemblies until there

35
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-4- 1 to the inspection thereof by the automated |ens | nspection

system Aut omat ed manuf acturing processes often I ncl ude
steps-which are particularly sensitive to 5 interruption. For exanple,
with respect to the manuf acture of contact |ens nold sections, the

successful mol ding of thernoplastic elfgents havi ng

1 are no more pallets on the second bﬁffer line. 1It is
understood that there are a variety of alternative
buffering algorithms which the segregator and integrator
devices may utilize for separating and bringing together

5 the pallets, all of which are equivalent in function and
exist within the scope of this invention.

The stream of pallets which continue from the

buffering station are transported to a pickup location.
At this location the pallets are lifted off the conveyor

10 line by a low vibration pallet transfer assembly and
placed on a low vibration conveyor. The low vibration
conveyor transports the pallets through the inspection
station wherein a determination is made of the optical
properties of the hydrated and packaged lenses. It is

15 understood that the proper inspection of the lenses may
not occur if the perceived optical properties of the
lenses are distorted by air bubbles which have adhered
to the surface of the lenses. Waves and disturbances
within the deionized water in the packages have a

20 similar distortion effect, causing false determinations
of defects. The low vibration conveyor line, therefore,
provides a means for minimizing the distortions
resulting from water disturbances.

It is understood, however, that in order to

25 maintain the same rate of product flow through the
system, the reduction in speed of the stream of pallets
along the low vibration conveyor line must be
compensated by a corresponding increase in the density
of the pallets moving therealong. The low vibration

30 pallet transfer assembly, therefore, places successive
pallets adjacent to one another on the low vibration
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sufficiently correct optical surfaces requires that tenperature
fLuctuations in the nolding station remain 10 steady. O her apparatuses in
manuf acturi ng |ines, however, are subject to frequent interruption;
requiring resupplies of materials, substitution of parts, etc. For
exanple, materials for manufacturing packagi ng materials may be supplied
I n segnented rolls which, once 15 deprgﬁéd nmust be repl aced.

The design of a fabrication Iine, which i ncl udes apparatuses of both

type, nust 1'”:9 A T igde ¢ éoé‘ ci le e ﬁ”tﬁe L79 efBnyfact ured
g g

ontlnuaﬂly one appara ora y as afother is 20
i nt errupt ecﬁ\tbﬁt@w.‘mm@uce@ fsomhbhef prrenaugogbnveyofr tlioes.in t he

art to provide one orné@éﬁnﬁﬁseﬂyha&grgpe optibHff es&@e%aefsgr ofse in

fabrication lines to even out suc uctuations. Again, wth specific
respect to9arh lengnif 2a¢hePallebnificEtPERdedn tBEMEM@EYePSpAent s are

5 controller/processor so that subsequently a means for
separating the good lenses from the bad may be utilized.
First, however, the pallets, which contain packages
filled with deionized water are transported to a water
extraction assembly. Only after the optical correctness

10 of the lenses has been determined may the proper saline
solution be introduced into the package. The delay in
introducing the saline solution until after the lenses
have been inspected permits the line to proceed much
more quickly, as, as stated above, the optical and

15 physical characteristics of the lens requires several
hours in the saline solution to equilibrate. It is
understood that this equilibration is advantageously
carried out in the sealed packages, once the lenses have
been removed from the manufacturing line.

20 In the inspection station, a light beam or
pulse is directed from sources onto the lens-packages,
received by a vertical lens unit, and directed and
focused on a screen to produce an image of the lens.

The image is converted to an electrical information

25 signal which is processed to determine if the lens is

acceptable for consumer use. The lens inspection

results are stored in the programmable logic controller
which coordinates subsequent consolidation and transfer
assemblies.

30 After inspection, the pallets are lifted into

a water extraction assembly which is mounted above the
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25 disclosed in U S S N 08\258,557, entitled "Autonated Appar at us and
Met hod for Preparing Contact Lenses for | nspecti on and Packagi ng",
(VTN-.0086) (Attorney Docket 9010), also assigned to the assignee of the
pr esent i nvention, in which a buffer station is incorporated 30 into the
ptroduction line, for the purposes of permtting conti nuous function of
some apparat uses, while other 35°12-

1 conveyor line. A device for deionized water extraction
from packages containing contact lenses is taught in
U.S.S.N. 08/999,234 entitled "Solution Removal Nozzle"“,
which is also assigned to the assignee of the present

5 invention.

Once the water has been removed, the packages
are transported along the conveyor line to a lens-
package pickup point. At this location the packages are
lifted by a lens-package transfer assembly from the

10 pallets and moved to alternative conveyor lines. More
particularly, there are alternative variations of the
lens-package transference assembly; a first in which the
lens~-package elements are all removed from the pallets,
and a second in which only those packages which contain

15 a correct lens are removed. It is understood that the
first variation transports the packages over to a reject
conveyor line, and pauses during transport to deposit
any incorrectly formed lenses and the packages in which
they are disposed. The assembly then transports the

20 remaining correctly formed lenses and packages to the
good conveyor line. 1In the second variation, the lens-
package transfer assembly removes only the properly
formed lenses and packages from the pallets and
transports them to the good conveyor line. Any rejected

25 lenses are then removed from the inspection pallets in a
subsequent collection procedure. 1In either variation,
it is understood that the determinations made by the
inspection assembly, which were stored in memory by a
processor/controller are herein acted upon by the lens-

30 package transfer assembly.

This Sheet Has Been Replaced

R

35




1 apparatuses are interrupted. The specification of U S.S. N 08\ 258, 557

<5 herein incorporated by reference. The present invention is
directed to the portion of the contact |lens assenbly line in which: a 5
pal | et of packaging elements are filled with a quantity of deioni zed
water; a set of contact |enses, which have been nol ded, hydrated, and
washed, are renoved from a pal | et = Inserted into their respective
packagi ng el ements; the conbined set of packaging el enents and

1 More specifically, with respect to the lens-

10

15

20

25

30

3

wm

package transfer assembly, a set of bellowed fingers,
extending downward from a vacuum manifold are first
positioned directly above the packages on a pallet. By
descending from a position above, bringing the tips of
the fingers into contact with the packages, and drawing
a vacuum in an interior open volume, the packages are
secured to the lens-package transfer assembly. As
stated above, the processor/controller may either
control the selective pickup of the optically correct
lens~-packages, or the assembly may pick up all of the
lens-packages. 1In either case, the desired lens-
packages are transported to the good conveyor line,
where the vacuum is released and the lens packages are
dropped from the tips of the fingers.

In either case, the array of lens-packages
which are ultimately deposited onto the good conveyor
line are not necessarily in a regular array, as they
were on the pallet (having had the incorrectly formed
lens-package elements removed). The good line,
therefore, also carries out a consolidating function,
whereby the lens-packages are brought back together into
a reqular distribution. More specifically, the conveyor
line carries the articles into separate corral
structures. A first lens-package is conveyed between
converging guide rails (which align the lens-package
along one axis of motion), and into a corral. The first
lens-package in line is stopped by a gate at the distal
end. The next lens-package follows the lead one and is
stopped by coming in contact with the first. Once a
predetermined number of lens-packages have entered the

This Sheet Has Been Replaced

REPLACED



10 respective lenses are transported to a buffering station; the set of
elenents are transferred to a | ow vi bration conveyor |line; the contact

1 enses are i nspected for flaws; the deionized water is renoved from

t he packages; the conbined elenments are renoved from 15 their pallets, the
packages containing flawed | enses are deposited on a conveyor |ine which
deposits the el enents in a coIIectW%ﬁf’bin, and t he packages contai ni ng
correct | enses are deposited on a good line; the | enses on the good
line are cqnsol i, dat i_nto a.regul ar array, and 20 .transported onto a
paIIet;Jangoﬁgaéanﬁggyaofeggﬂfﬁgarr%&ﬂ%ﬁﬁ%ﬁ?ﬁ??ﬁ?ﬁ??ﬁﬁj i™O t he
packages aedtabfidshed, ddrvecilens-pagtkages ard aanvergshdicae.the

Mor e speci §] 5 r dl e jch carry out the
processes %lr)ltﬁre% égegﬂlg‘% é‘glo%eg%tpgtﬁgt%&ntcﬁ?p%eélt ??eé/é%cﬁkﬂ uses of the
pr esent pahdesti on, the deionized water injector assenbly is a

5 More particularly, the lens-package elements
are removed from the corral, into which they have been
directed by a conveyor line, by a rotating lens-package
transfer assembly. This assembly comprises an array of
bellowed fingers, similar in most respects to those of

10 the lens-package transfer assembly, which lift the array
of lens-package elements and places them onto pallets.
The assembly further includes a rotational motion which
rotates the array of elements to match the orientation
of the pallets used for primary packaging.

15 Once the lens-packaging elements have been
deposited onto these pallets, they enter into a saline
dosing and sealing assembly. More specifically, the
pallets are incrementally translated into position
beneath a saline solution deposition unit. This unit

20 comprises a row of fluid dispensers which fill the
packages with saline solution. As the pallets are
incrementally registered beneath the fluid dispensers, a
buffered saline solution is injected into each of the
packages and each of the lenses begins its equilibration

o5 process, matching the tonicity of a human eye (which has
an equivalent salinity).

Once the packages have been filled with
saline, the pallets continue forward and are sealed with
a foil wrapper. More particularly, with respect to the

30 device which applies and seals the foil wrapper to the

package, an elongate section of foil wrapper material is
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device for injecting a quantity of deionized water into packagi ng

elenents on a pallet. This deionized water I njector assenbly is nounted

above- a conveyor line along 30 which pallets of regularly arrayed packagi ng

el enent s are transported froma renote fabrication | ocation to 35
_15_

1 advanced through a printer (for printing information
pertaining to the particular lens specifications). The
foil is then cut into sections which are sized to fit
across the tops of an array of packaging elements. The

5 foil sections and the lens-package assemblies are
advanced into alignment with one another. A vacuum
gripper head grasps a foil section and descends to the
paékage elements, placing the section in contact
therewith. Once the foil wrapper is in position, a

10 sealing mechanism is brought into contact with the
packages and heat seals the foil to the package in a
single high temperature short cycle sealing operation.
The sealed packages are then advanced beyond the sealing
assembly where they may be stored during equilibration,

15 and ultimately packaged for distribution.

BRIEF DESCRIPTION OF THE DRAWINGS
The advantages and assemblies of the present

invention set forth in the foregoing summary of an

20 automated apparatus for combining, inspecting and
sealing contact lenses and packaging elements 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

25 conjunction with the accompanying drawings, wherein like
elements are designated by identical reference numerals
throughout the several views, and in which:

Figure 1 is a perspective view of a packaging

element in which a contact lens may be inserted, and

30 which serves as both a receptacle for the lens during
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- 6- the second | ocation where they receive contact |enses. The

spatial distribution of the regular array of the packagi ng el enents is-
specifically established to match the optical array in the inspection
station. 5 The | ens extraction and insertion assenbly of t he
present invention is a lens transfer device which lifts I enses from
hydration pallets at a first | ocation~16~and deposits them along with an
addi ti onal dose of deionized water, into the packaging el enents at the
10 second lLocati ition to trapsfﬁrrin t he eSenk t he device
al so al tler $NPRES &"i‘al ﬁr‘i?ﬁﬁ the primary contad

package.

Figure 2 is a perspective view of an

inspection pallet used to transport a plurality of the

5 packaging elements illustrated in Figure 1 through
several assemblies and stations of the present
invention.

Figures 3a and 3b are elevation views, side
and front views respectively, of an apparatus which

10 fills packaging elements on a pallet with a quantity of
degassed deionized water.

Figure 4 is a top view of the hydration pallet
in which the hydrated and washed lenses are presented at
the first location.

15 Figures 5a, 5b, and 5c¢ are side, top, and
perspective views, respectively, of the lens transfer
and insertion assembly which removes the molded contact
lenses from the hydration pallet, alters their relative

" spacing, and places the contact lenses in the packaging

20 elements.

Figure 6 is a side view of a finger element of
the lens transfer and insertion assembly onto which the
lenses are disposed.

Figure 7 is a cross-sectional view of the air

25 bubble removal fluid ejection mechanism for removing
bubbles from the exterior surface of the contact lenses.

Figure 8 is a top view of the pallet transfer
unit which transfers pairs of pallets from the lens
transfer conveyor line to the buffer conveyor line.

30

——e——————
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of the lenses fromtheir orientation in the hydration
I on which corresponds to the packagi ng el enents (and the | ens
More specifically with respect to the
whi ch the | enses are extracted fromthe hydration pal |l ets

ori ent at

i'nspection station). 15

means by

pallets to an

and transferred to the packagi ng el enents, the hydration pallets
a set of concave recessions *~‘in which the | enses are disposed,

conpri se

along with a quantity 20 of deioni zed water.

The bottom of the recessions

conprise at | east oneg t g Eh a, ftluid.my ed, therein

lifting &he wet Ienses f ? ?% 8 F%ng§?3ﬁSVl?ﬁe°leﬁ§etg & assenbly
g

conpri ses ®stattion tthnQMQQMEChlhgerpeléﬁeatsawhyahgexMendemmwnward each

lifted | ens

e Ssecured via surface tensi on. The convex | ens transfer

25 flngereﬂégg?q) Vd 1¥inén €9 NY L& aggécgéansfer surface onto which the

surface of the fingerFigure }¢rifef REEPPREGLVPt NigW 84ndkh&r rai sed skirt

ar ound 5 segregator device which is disposed at the entrance to
the buffering station.

Figure 11 is a perspective view of the
integrator device which is disposed at the exit of the
buffering station. _

10 Figure 12 is an overview showing the assembly

15 vibration pallet transfer assembly which transports the

station locations of the post hydration apparatus of the

present invention, including the inspection station and

the deionized water extraction assembly. _
Figure 13 is a perspective view of the low

pallets carrying the lens-packaging elements from one
conveyor line to the low vibration inspection conveyor
line.

Figure 14 is a perspective view of the first

20 rotating lens-package transfer assembly which removes

25

the packages and lenses from the inspection pallets and

deposits the optically correct lens-packages on the good

conveyor line.

Figure 15 is a perspective view of the good
conveyor line which further serves to consolidate the
lens-packaging elements into a regqular array.

Figure 16 is a perspective view of the second

rotating lens-package transport assembly which removes
regular arrays of lens-packaging assemblies from the

30 good conveyor line and deposits them in péllets for

3

saline injection and foil sealing.
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the tip which prevents the lens fromsliding out of the 30 desired position

during transfer. The | enses which have been transferred to the convex
l-ens transfer surfaces on 35
_18..
1 Figure 17 is a conceptual diagrammatic

illustration of the saline solution injector and foil
sealing assembly.
Figure 18 is a side view of the saline
5 solution injector and foil sealing assembly.
Figure 19 is a perspective view of the saline
solution injecting subassembly.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention was designed for and is

10

particularly adapted for use in the post hydration
processing section of an automated contact lens
production facility. Contact lenses molded in an
automated production line, such as that described in co-
pending application U.S.S.N. 08\258,654, entitled
"Consolidated Contact Lens Molding" (VTN-0772) (Attorney
Docket 9016); hydrated in a hydration system as
described in U.S.S.N. 08\258,556, entitled "Automated
Method and Apparatus for Hydrating Soft Contact Lenses";
and automatically inspected as described in U.S.S.N.
08\994,564, entitled "Lens Inspection Method and
Apparatus" are particularly benefitted by the present

15

20

invention.

25 The present invention shall be herein
described with respect to its specific assemblies and
apparatuses, and to the Figures illustrating these
features. More specifically, the present invention
shall be described, with reference to the following

several assemblies:

» "l




-7 1 the fingers of the lens transfer device, may have smal | bubbl es

of air on their exposed surface. The small bubbles, if permtted to
vemai-n on the surface of the | ens through the inspection process my
interfere with 5 proper inspection, and cause the lens to be inproperly
determ ned to be bad, and discarded unnecessarily. At | east one jet of
air is blown onto each lens for the ~1%urposes of renoving the air bubbles
fromthis exposed surface. 10 The fingers of the |ens
transfer assenbly ar%, ts,etthOeUtdelnor{PzV\isngonw taerraliﬁjlecpgfonr!ms g\QsIaeCh f

sl i dabl yl
which fills the packaging elements prior to the lenses

being inserted therein;
Second, the lens transfer and insertion
5 assembly which receives the lenses from hydration
pallets, alters their spatial distribution, and injects
them into the packaging elements;
Third, the buffering station, and the
segregator and integrator devices included therein,

10 which provide a buffering region for temporarily holding
a group of lens-packaging pallets during interruption of
subsequent assemblies;

Fourth, the low vibration lens-package
transport, inspection, and water extraction assemblies

15 which removes the inspection pallets from a conveyor
line and inserts them onto the low vibration inspection
assembly conveyor line, determines which lens-packages
are optically correct, and then removes the deionized
water from the packages;

20 Fifth, the lens-package transfer assembly,

which removes the lens-package elements from the pallet

and deposits those lens-packages which were determined
to be optically correct onto a good conveyor line;
Sixth, the good conveyor line and rotating

25 lens-package transfer assembly, which conveyor line
consolidates the optically correct lens-package elements
into regular arrays, and the lens-package transfer
assembly extracts the arrays, rotates the elements in
the horizontal plane, and transports them to another

30 line of pallets; and

[ —
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mounted on guide rails. The parallel beans are coupl ed together via

pi ston/ cylinder elenents, and are drawn t oget her once the | enses have
been extracted and the 15 bubble bl ow off step have been carried out. This
action alters the relative separation of the I enses with respect to
Oone axis, so that the lenses will be arrayed to match the array provided
by a lens inspection pallet. -20- The lens transfer assembly then
is linearly 20 translated to the second | ocation, into position above

the inspection pallet, The fingers of .the |ens transfer assenbly are
further designed mﬁthsﬁﬁePﬁLerggF ggndne: so “té?PemﬁJﬁﬁtPFbﬁqg gb 4
orifice in séalingsassemblidées, whirhadatebduke fthegappropriateervoir of

dei oni zed 2 h.whi.c 4 ter I ct vely

ej ect ed. Vygifiﬂs ? %gé?gg aﬁgbtﬁggl ﬂ %gég%9é3g”%&e%% %%o% FL position
above the paeaageeala sméplilj dabefl ontdetberl@@ wit &hel pagikagiag t hr ough
each 0”f§(€ieﬁgﬁ£efar shipping and identification.

THE DEIONIZING WATER INJECTION ASSEMBLY
Referring now to Figure 1, a suitable

packaging element 10 is illustrated in a perspective

10 view. This packaging element is more fully described in
copending application U.S.S.N. 995,607, the disclosure
of which is incorporated here by reference thereto. The
packaging element 10 may.be formed by injection molding
or be thermally formed of plastic sheet material, such

15 as polypropylene. The packaging element 10 includes an
essentially rectangularly shaped platform portion 12,
which may be visually divided into laterally distinct
portions l4a and 14b by registration notches 16a and 16b
which are formed in opposing sides of the platform

20 portion. The first portion 14a defines a concave
recession 24 which is particularly well suited for
receiving therein and transporting a contact lens and
fluid. The second portion 14b is generally flat,
providing an ideal location for contact with a vacuum

25 lifting means in that it provides a stable surface to
seat against.

The package carrier is further defined by a
wall portion 18 which descends at an angle, outwardly
and downwardly from the platform portion 12 at one end

30 thereof, forming an angled flange member. Descending
downwardly from the corners platform portion 12, at the

nI& SHIERT HAS RRED
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decoupling the contact |enses fromthe lens transfer 30 surfaces and
depositing theminto the packages that were | oaded in the inspection
earrier.

10

15

20

25

30

35

35
-21~

opposing ends thereof, are a pair of registration
flanges 20 and 22, only one of which is visible in the
view shown in Figure 1. The registration flanges 20 and
22 are used, in conjunction with the angled flange 18
and registration notches 16a and 16b, to align the
packaging element 10 during robotic handling. 1In
particular, the notches 16a and 16b are provided on
either side of the platform 12 so that they may
cooperate with registration pins on various carrier
pallets. Flange structures 18, 20, and 22 mate with the
topological structure of pallets onto which the
packaging elements are disposed, therein providing
additional securing means for holding the element on the
pallet.

As stated above, the first portion l4a of the
platform includes a concave recession 24 which is of an
essentially semi-spherical configuration, generally in
conformance with a curvilinear shape of a contact lens
(not shown). The contact lenses are therefore, adapted
to be stored in the recession 24, in a sealed condition
while immersed in a suitable sterile agqueous 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
perpendicular extent of the wall portion 18 which
descends outwardly and downwardly from the platform
member 12 is equivalent to the height or depth of
recession 24 therein providing self alignment of the
packaging element.
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The pallet and the package el enents whi ch now

contain

contact |lenses are then transported via a conveyor belt to a buffering

st ation.

Mor e specifically, the pallets are transported to a 5

segregating apparatus, which directs alternating pallets onto parall el

conveyor

may be

the molding line which requires a |long start
he F g5

bufferingd
Appar at us

10

15

20

25

30

35

|l i nes. The conveyor |ines extend a sufficient distance,
their first ends to their

from

rempte endd” that a significant tenmporal del ay

accommodat ed, and the |enses stored without -requiring 10 stopping

up
station tauf AnEA¥esrRee

Pprut®l hogd $06rsmall gripping marks 26 which are used to
assist in holding a contact lens in the centered
position in the recession 24 during the removal of
deionized water at the deionized water extraction
assembly which will be more fully described, with
reference to the appertaining Figures hereinafter.

The outer edge of the recession 24 includes a
raised annular rim 28 which is provided for enhancing
the efficacy of the heat sealing of the foil label in
the foil sealing assembly which hermetically seals the
contact lenses and packaging elements for commercial
distribution. A cut-out 30 is used to facilitate
gripping the foil wrapper when it is removed by a
consumer to access and use the lens contained therein.

Referring now to Figure 2, an inspection
pallet on which the packaging elements are transported
to the deionized water injection assembly, through the
lens transfer assembly, the lens inspection assembly,
and the deionized water extraction assembly, to the
lens-package transfer assembly, is shown in a
perspective view. Pallet 40 includes a first and second
parallel rows 42,44 of cavities 46 which are shaped to
receive the underside of the recession 24 of the
packaging element 10. The parallel rows 42,44 of
cavities are separated by a channel 48 which is defined
by two walls 50a,50b. The wall correspoinding to row 44
descends downwardly and outwardly, the angulation of the
slant being specifically set to receive flatly thereon,
the descending wall portion 18 of each packaging element
10 disposed on row 44. The outer edge 54 of row 42 is

: t.l .
igp\ 2432459 1@%&“@@& & Aut omat ed

The
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Preparing Contact Lenses for Inspection and Packagi ng", 15 is positioned
after the inspection station, at a point i n the manufacturing |ine where
the packages contai ni ng t he | enses have been drained of deionized water.
Deprived of a liquid environment, the | enses are permtted to stand for
no longer than 15 minutes before 20 rejection thereof. Mving the buffering
station to a point in the |ine at wﬁich the | enses remain bathed in

dei oni zed water permts indefinite holding wthout damagi ng the | enses.

AL the ool enideSL LiGnbUL' €6 DBCSUOY Therlor 10 le thifs paral
conveyor 1 i hes~al on I ch theé Farlets ey be stored, ere 1s an
i nt egrat or h8sefbthe pagkaghngnedgmenss A& grisposegaldnetrow rida t he t wo

conveyor lines to ghgt FHEQeEO‘ﬂ@r ‘éu&-'%%éie;ﬂréﬁi@eidoﬂ:it'l@ra_e pair of
specifically, the parallel conveyor Iines of the 30 buffering station have,

mount ed t o @%@pgagﬁg vpﬁghgﬁdSG, 8 for receiving the registration
5 flanges 20,22 of the packaging element. The elongated

notches 56,58 further provide a positive grip surface
for transferring means that l1lift, rotate, and transport
the pallet.
In addition, the pallet 40 includes

10 registration pins 52 which engage the packaging elements
at the lateral edges. These registration pins 52 engage
the registration notches 16a,16b of the packaging
elements 10 to provide additional accuracy in their
registration, specifically with respect to the

15 longitudinal axis of the pallet. The combination of
slanted walls 50b and 54, grooves 56 and 58, and the
registration pins 52, which each couple with
corresponding features of the packaging elements,
provide particularly effective means to ehsure against

20 rotational skewing.

The inspection pallet 10 is further provided
with three registration openings 60, on either side of
the paliet 40, which are used by means associated with
assemblies of the present invention to transport, and
lock the pallet in place, during operation thereof.

= As suggested by Figure 2, the packaging
elements 10 are fabricated in sets of sixteen, and are
disposed on pallets 40 in predetermined arrays,
typically 2 X 8. The pallets and packages are |
30 transported, via a conveyor line, to the deionized water
I —
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toward which the pallets are transported), a device 35
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injection assembly in sets of two, oriented to define
therebetween an array which is 4 x 8.

Referring now to Figures 3a and 3b, the
deionized water injection assembly 100 is shown in a
front side view and a lateral side view. This assembly
100 comprises four separate elements: a water dispensing
head 110; a set of coordinated vertically oriented stops
120a,b; a pallet positioning device 130; and a water
overflow drain unit 140. The water dispensing head 110
translates up and down with respect to a conveyor line
102 and to the pallets 40 thereon. The coordinated
vertically oriented stops 120a,b are utilized to stop
the advancing pallets 40, and feed one pair of pallets
per cycle. The pallet positioning device 130 receives
the pair of advancing pallets 40, advances itself and
the pallets horizontally to a first water dispensing
location, then to a second dispensing location. Once
the packages have been filled, after the second
location, the pallet positioning device 130 translates
vertically which permits the pallets 40 continue to
advance along the conveyor 102. The positioning device
130 reciprocates back into position to receive a next
set of advancing pallets 40. The water overflow drain
unit 140 is positioned beneath the conveyor line,
vertically aligned with water dispensing head 130, for
catching waste water from the dispenser.

As illustrated in Figure 3a, the set of
coordinated vertically oriented stops 120a,b advancing
pallets 4O,Iprior to dosing. Each of the stops 120a,b
includes a vertically aligned plate 122 having one of
its facial planes perpendicular to the axis of motion of

This Sheet Has Been Replaced
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-9- whi ch selectively nerges the two streans of pallets so t hat they

may pass onto the next conveyor. In the enbodi nent of the
buffering station which is described nore particularly below with
respect b5to the Figures, the conveyor lines which transport the pal |l ets
to the buffering station and which extend after the buffering station
are co-linear and i medi ately adjacéﬁt to a first one of the two
paral | el conveyor | ines. The segregator device, therefore, first allows

a 10 singl aIIe 0 adyance to e fir ffer I|ne t hen
transferg t aéVé%?Fe¥?P§ }ﬁ ) F|Eﬂa§€bg ééauﬁ? 21n a
simlar, tnplstmm%smliashroh24thehe sedeegua&owed&um@d @@Muﬂﬁxnﬁnpf
per mi tting uﬁﬁec @égé%gnlhe g’iStE' 159 fer he' %eczfe%tnﬁ%sfs .
Iet ec nveyor l'ine

transports a romth secon ine to
whi ch - 40 advancxng along the conveyor 11ne 102.

5 As illustrated in Figures 3a and 3b the
deionized water dispensing head 110 includes a
horizontally disposed reciprocating support plate 112.
The support plate 112 has sixteen holes 116 arrayed in a
4 x 4 matrix. The top of the plate 112 receives a set

10 of sixteen flexible hoses 114, for example tygon tubing
or other fluid conduit, for delivering deionized water
to a set of sixteen narrow and elongate teflon tubes 118
which extend downwardly from the bottom of the plate 112
and are particularly well suited to delivering precise
15 doses of deionized water therethrough. Teflon is a
particularly desirable material for such a use as water
generally does not adhere to teflon surfaces in large
droplets which may fall therefrom at inappropriate times
in the deposition cycle.

The plate 112 is coupled, at a lateral edge,
to a piston/cylinder 111, which may be actuated to raise
and lower the head 110 (and the teflon tubes 118) in
accordance with a predetermined deionized water
deposition cycle which is more fully described

20

25 hereinbelow.

Beneath the conveyor line, vertically aligned
with water dispensing head 130, is a water drain unit
140 which is so disposed to catch any excess water which
may emanate from the dispenser during purge cycle or
cycle misfeeds. The water drain unit comprises a basin

30
142 having a sloped base, therein forming a funnel-like
_ _ '
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continues beyond the buffering station so that it may follow, and then

begi ns anew by allow ng the next pallet fromthe first buffer line to
pass. - In alternative variations of this apparatus, 20 the
segregator and integrator devices continually or sel ectively divide and
consolidate the streamof pallets along the two buffer lines. In the
first variation, the stream of pal 863 is divided by the segregator and
consolidated by the integrator at all tinmes during the 25 operation of the
nanufacturl I|ne I n the al ternate vari ation, the segregator and

i nt egr atdr S Gg&efFting yaten fherein hevarde’ hple @gé iBbEBGuent

stations bahm/e thhd’IIearthﬁil ca'lhplé@gt@gat@fapﬁqghlﬁube akgernative
woul d funcis pae ey K SHRLATeR et S uRhcEr bR EReseeRaPPAE 11
t here to a remote location.

5 The fourth element of the deionized water
injection assembly 100 comprises a pallet positioning
device 130. This element receives a pair of advancing
pallets 40 and first holds them in position beneath the
deposition head 110 in a first position so that the

10 first sixteen recesses 24 of the packaging elements may
be filled with deionized water. Once the first sixteen
recesses 24 have been filled, the pallet positioning
device 130 translates horizontally to a second position,
thereby repositioning the pallets 40 at a second

15 position beneath the deposition head 110. At this
position the second sixteen recesses 40 of the pair of
pallets 40 receive a quantity of deionized water. Once
the second step of water deposition has taken place, the
registration device release the pallets, rises to allow

20 the pallets to advance beneath it, and reciprocates back
to the pallet receiving location (the first location).

More specifically with respect to the elements
of the pallet positioning device 130, the positioning
device comprises a pair of spaced apart arms 131,132

25 which extend laterally across the conveyor line 102, and

which are ideally spaced for receiving and holding pairs
of pallets 40 which advance down the conveyor line 102.
The arms 131,132 are coupled at their lateral ends 133
to vertically oriented piston/cylinder 134 which raises
and lowers the arms 132 in accordance with the timing of

30

the deposition cycle.

s
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In addition to the vertically oriented
piston/cylinder 134, the arms 131,132 are coupled
together via an elongate spar member 135 and a
horizontally disposed piston/cylinder 136. Actuation of
the piston/cylinder 136 causes the arms 131,132 to move
relative to one another. Specifically, arm 131, which
is positioned in front of the deposition head, up stream
from the deposition head with respect to the flow of the
conveyor line 102, remains stationary as the other arm
132 is directed farther downstream from the deposition
head 110, therein moving the pair of pallets 40, into
the second deposition position.

In operation the entire assembly functions in
accordance with a predetermined timing schedule,
beginning with the advance of a pair of pallets 40 along
the conveyor line 102, toward the assembly. Once a pair
of pallets 40 have passed the first of the coordinated
vertical stops 120a, plates 122 are raised, so that
additional pallets 40 may be restrained from continuing
into the water dosing location.

The two pallets 40 continue to advance until
they reach the second of the coordinated vertical stops
120b, at which point the pallet positioning device 130
descends into position holding the pallet in the first
deposition position. Deionized water is then injected
via the teflon tubes 118 into the first sixteen recesses
24 of the pallets. Once the water has been injected,
vertical stop 120b is retracted and the horizontally
oriented piston/cylinder 136 of the positioning device
130 is actuated, thereby advancing the pallets 40 to the
second deposition position. Once the second set of

—_—
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Once the first pair of pallets 40 have
advanced past the assembly 100, vertical stop 120a is
lowered to permit the next pair of pallets through the
dispensing station, and the second set of vertical stops
120b are raised. After the second pair of pallets have
advanced, the vertical stops 120b are raised to stop the
following pallets 40 from entering, and the cycle
repeats.

Once the packaging elements 10 have each
received a quantity of deionized water, the packaging
elements and pallets are transferred along the conveyor
line to a lens loading location where each recess 24
receives a contact lens by a loading assembly described
hereinbelow. '

THE LENS TRANSFER AND INSERTION ASSEMBLY
Referring now to Figure 4, a contact lens

hydration pallet 200 is shown in a top view wherein
phantom lines correspond to internal structures of the
hydration pallet. The hydration pallet 200 comprises 32
semi-spherical recesses 202 in which contact lenses are
transported through a series of extraction stations,
which are described more fully in co-pending application
U.S.S.N. 08\258,556, entitled "Automated Method and
Apparatus for Hydrating Soft Contact Lenses", also
assigned to the assignee of the present invention.

/
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1 are no nore pallets on the second buffer line. It is under st ood t hat
there are a variety of alternative buffering algorithnms which the
segregator and integrator devices may utilize for separating and
bringing together 5the pallets, all of which are equivalent in function
and exi st within the scope of this [pvention. The stream of
pal |l ets which continue fromthe buf @Fing station are transported to a
pi ckup | ocati on. At this location the pallets are lifted off the
conveyor 1Q...i.ne by | oW Vi tion palleg. psfer. agsenbl nd pl aced
on | ovviAREeh siatey | ZAhavE Plrarhi L LARS Hln aR R FeRc or & the
pal | ets t hmadgr + he repext1dh, 132 saxe i paiswdrky nvertecalbiynati on i s made
of the optigal RS ' r ses. It is 15
understoodqﬁiﬁnﬁﬁé;;N(ﬂé&fﬁyéﬁﬁggfogygfa%ﬁg ?@%sggfgggﬁgahg t occur if the




| enses are distorted by air bubbles which have adhered to the surface of
the | enses. Waves and di st urbances Wi thin the deionized water in the
packages have a 20 simlar distortion effect, causing fal se determ nations
of defects. The |ow vibration conveyor line, therefore, provi des a nmeans
for mnimzing the distortions resu #lng from wat er di sturbances.

It is understood, however, that in ord to 25 maintain the sane rate of
product flow through the system the reduction in speed of the stream of

pal | ets al ong the o} S oppensat ed by
a correspondi ng mcreiggé({avtli/*é){#i%grg? ved £0¢ {%%S”H H‘Q?s rmg oF
therealongccnﬂylﬁﬁNZHQN%hithQxﬁ?ﬁﬂl%ﬂwaréhxféromstbﬂbt9P §H§fé€§re .

pl aces SUCGRSYNE pal ¥ ! elpndsl acemdu i s 096 28PE Nebuplelihevligw Vi bration

internal branch conduits 208, to small holes 204, one of
5 which is disposed at the bottom of each recess 202, at

the bottom thereof. The holes 204 are thereby coupled
in gas and/or fluid flow communication with an external
supply, whereby a fluid or gas may be selectively
introduced between the surface of the recess 202 and a

10 lens disposed therein. The selective introduction of
this gas or fluid, via the hole 204, is used to propel
the lenses upward so that they may each adhere to
corresponding convex lens attachment surface of the
finger elements of the lens transfer assembly as

15 described hereinbelow.

Referring now to Figures 5a, 5b, and 5c¢, the
contact lens transfer assembly 210 is shown in side, top
and perspective views, respectively. The assembly 210
generally comprises a head element 240 and a dual axis

20 linearly translating mounting unit 220. First, with
respect to the dual axis linearly translating mounting
unit 220, a mounting bracket 222 is coupled at its lower
horizontal surface 222a to the head element 240. The
mounting bracket 222 is, in turn, mounted to a base

25 element 224, in relation tp which, the mounting bracket
222 may be raised or lowered by means of a vertically
oriented translation mechanism. It is understood that a
variety of means may be employed for the raising and
lowering of the mounting bracket 222 including an

30 articulated robot. However, a preferred mechanism

_'_____—._——————d_"-——_—

This Sheet Has Been Replaced

A

3

N

“HIS SHEET HAS DEEN
REPLACED




35

10

20

25

30

3

U

...30'_

comprises an IKO ball screw drive system to reciprocally
translate the head from position to position.

As illustrated in Figure 5c, the base element
224 is mounted to a horizontal track 226, along which it
translates in accordance with the actuation of a motive
means. In Figure 5c the motive means 228 is shown to be
a ball screw drive, however, it is understood that a
variety of alternative translation means may be employed
to provide an eguivalent function. For example, the
translation means may comprise a hydraulic or pneumatic
piston/cylinder device, or it may comprise a scissoring
arm assembly. The ball screw is preferred for its
accuracy, mechanical simplicity, long term operability,
and efficiency.

With respect to the head element 240, a
coupling element 242 is affixed at its upper end to the
lower surface of the mounting bracket 222. The lower
end of the coupling element 242 is mated to a pair of
guide plates 244 which are substantially parallel and
held in spaced relation to one another by cross bars
246. Slidably mounted on the cross bars 246, also in
spaced apart relation to one another, is a set of four
horizontal support beams 248. The support beams 248
slidably mounted on the cross bars 246 so that they may
be drawn together or spread apart in accordance with
their appropriate positioning.

The means by which the support beams 248a-d
may be moved relative to one another is provided by a
pair of piston/cylinders 250,252. The embodiment of
Figure 5b shows the first piston/cylinder 250 couples
the two inner beams 248b,c, and the second
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1 line, such that the spacing between the pallets is substantial ly

rreduced fromthe previous conveyor |ines. Determ nation of the
optical correctness of each lens in each pallet is stored in the nmenory
of a 5 controller/processor so that subsequently a neans for separating
tt/he good | enses fromthe bad may be utjlized. First, however, the

pall ets, which contain packages fi713%d with-dei oni zed water are
transported to a water extraction assenbly. Only after the optical

t 10 of t I h b t I ned th [
i Tt e L R L e B
saline sol As | sinownt ih Eﬁgaretﬁb,l&hseseconhapdsmmHYdytmnﬂanuiqurﬁts t he
|ine Lo PrRceed dYelcr1y 6P a0uLalher 354 B S &F U budd OPtical and
C e ou

15 physica aracteristics of ens requires several rs in the
sal i ne solkeams 248aqurndbmated to as linkaggepdieded 2atwhilths equili bration

i's advaq;aQ@@yﬁéy the piston/cylinder 252 to bracket 260 which is
attached to outer beam 248d. The first piston/cylinder
250 is coupled directly to brackets 262a,262b which are
in turn mated to the two inner beams 248b,c.

Extending downward from each support beam
10 248a-d are a plurality of finger elements 264, to which
the lenses adhere during transfer. In the preferred
embodiment, there are thirty-two fingers 264, mounted in
a 4 x 8 array of four beams and eight fingers per beam,
which correspond to the thirty-two recesses 202 of the
15 lens hydration pallet 200. Selective actuation of the
piston/cylinders 250,252, which causes the beams to move
relative to one another, causes the relative spacing of
the finger elements 264 to be altered.
Referring now also to Figure 6, a side view of
oo @ finger element 264 is provided. The finger element
264 comprises an elongate shape having a convex lens
attachment surface 266, the curve of the surface 266
generally corresponding to the curvature of the concave
surface of a contact lens. A central bore 268 extends
25 through the finger 264 from the top 270 to the lens
transfer surface 266. This bore 268 is included for the
selective ejection of a fluid therethrough, which fluid
may be deionized water, as will be discussed below with
respect to the deposition of a lens into a corresponding
30 packaging element 40.
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carried out in the seal ed packages, once the | enses have been renoved
fromthe manufacturing line. 20 In the inspection station, a

I'i ght- beam or pul se is directed from sources onto the | ens-packages,
received by a vertical lens unit, and directed and focused on a screen
to produce an inmage of the |ens. g i mage is converted to an electrical
I nformation 25 signal which is process d7to determine if the lens is
acceptabl e for consumer use. The |l ens inspection results are stored in

consol | At 1 on and ¢ 1 AN ghd Of Lacy, #ih5a5098a"LARLGE AN AN Az o,
t he pallet§kﬂt§¢df$k&ttrﬂ%ﬂ whichasepacatesacthencasvetel ghapeciof s mount ed
above the the 1ens transfer surface 266 from the generally
cylindrical shaft portion 274 of the finger 264. This
5 slotted skirt 272, which includes alternating vertically
oriented slots 272a and skirt elements 272b helps retain
the lens on the attachment surface 266 and prevents it
from sliding, or otherwise moving out of a desired
position. The vertically aligned slots 272a are designed
10 to provide a channel through which a fluid or gas which
is directed upwardly at the lens transfer surface may
flow smoothly. The skirt elements 272b are provided to
prevent a contact lens from sliding off the lens
transfer surface when said fluid or gas is directed at
15 the surface. '
A circular mounting disc 271 is disposed about
the cylindrical shaft of the finger 264, at a position
remote from the tip 266. The mounting disc 271 may be
coupled to the upper or lower surface of the
20 corresponding support beam 248, such that the top of the
finger 264 may be coupled to an external supply of fluid
such as deionized water with the lens transfer surface
266 extending downward. In either cass, the tops 270 of
the fingers 264 are coupled to tubes 273, which are
25 preferably flexible, and which may selectively supply.
fluids such as air or deionized water to the central
bore 268 in accordance with the predetermined operation
of the assembly.
As illustrated in Figure 5c, in operation a
hydration pallet is advanced along the lens conveyor

30 7
line 275 to a position directly beneath the lens

This Sheet Has Been Replaced THIS SHEET HAS BEEN

> [T =




35 -12- 1 conveyor |ine. A device
f-or deioni zed water extraction

_33_

1 transfer assembly 210. The dual axis linearly
translating mounting unit 220 lowers the head array 240
so that the lens transfer surfaces of the fingers 264
are positioned directly above the recesses 202 of the
5 pallet. Once in position, a quantity of air is directed
through the conduits 206,208 in the plate. This air
floats the contact lenses out of the recesses 202, and
onto the lens attachment surfaces 266 of the fingers
264. As the lenses have been carried in the pallet
10 through several extraction stations prior to arriving at
the lens transfer assembly 210, the lenses and recesses
202 of the pallet have residual deionized water thereon.
This deionized water assists the lenses in adhering to
the surface 266 of the finger 264 via surface tension.
15 While the lens will adhere to the curved lens attachment
surface 266 with or without an additional surfactant, a
surfactant may be added to more efficiently wet the
surfaces together and promote retention of the lens by
virtue of the surface tension of the deionized water and
50 the surrounding atmospheric pressure. In the transfer,
it is desirable to position each of the finger tips 266
within 1.5 mm of the lens to ensure a direct and precise
transfer.
Occasionally the outer surface of the lens may
25 have bubbles of air, in the deionized, water attached to
it. 1If the bubbles remain, and are not dissolved, or
otherwise removed from the lens, subsequent inspection
of the optical correctness of the lenses will be
compromised. Degassed ionized water is used in the
hydration apparatus to minimize bubble formation, and in

30
order to ensure that air bubbles are removed from the
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from packages contai ning contact |enses is taught in U S.S. N 08/999, 234

entitled "Sol ution Renoval Nozzle", which is also assigned to the

assi gnee of the present 5 invention. Once the water has been

renoved, the packages are transported al ong the conveyor line to a | ens-

package pickup point. At this location the packages are lifted by a

| ens- package transfer assenbly from th#10 pall ets and noved to alternative

conveyor ‘lines. Mre particularly, there are alternative variations of

t he | ens- package .transf.erence ass ly: a first in | ch the

Iens-padka%gggFgﬁeﬁlfst e 15NS #r rﬂﬁ%}r}?er dfﬁqdneelp’ﬂ'fqrbttﬂu a%é'd a second in

whi ch onl yfihgeesp26lagee whaiislked;orithed mdiintal roprasssEmblgnst camspenbsed. |t

i s under st pRdnt BAL ot BRpb1 e W1 WY df!‘f%&”ﬁ%%ggéﬁérﬁ%ﬁﬁ@@EQEﬁeover to a
or o de

reject conveyor |ine, and pauses during trans 1 oSIt any
i ncorrect | PYAspkden eesveyard kine pddkant the \wackaging element

5 pallet line 102.

Referring now to Figure 7, a cross-sectional
view of finger 264 carrying a lens and a recess 282 of
the bubble blow off unit 280 is shown. The bubble blow
off unit 280 comprises a plate 284 having a regular

10 array of recesses 282 therein. The regular array of
recesses 282 is designed to match the spacing of the
fingers 264 of the lens transfer assembly head 240. The
base of the recess 282 includes a through hole 286,
which forms the mouth of a conduit 288 which extends

15 downward to an air supply means. Selective ejection of
air through the conduit is directed at the lens which is
adhered to the lens attachment surface 266 of the finger
264. The force of the jet of air may cause the lens to
migrate across the attachment surface 266, however, the

20 slotted skirt 272 prevents the lens from sliding more
than a portion of one lens radius from the center
position. The jet removes the bubbles from the lens

-surface so that the inspection process will not falsely
identify such air bubbles as fabrication errors in the

25 lens itself.

Once the bubble removal process has been
carried out, the piston/cylinders 250,252 are actuated
to bring the beams 248 together. This change in
relative distribution of lenses perpendicular to the

30 beams 248 (whereby the four rows of eight fingers are
brought closer to one another, but the spatial
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they are disposed. The assenbly then transports the 20 remaining correctly
f-ormed | enses and packages to the good conveyor line. In the second
variation, the |ens- package transfer assenbly renoves only the properly
formed | enses and packages fromthe pallets and transports themto the
good conveyor line. Any rejected 25 Iggigs are then renoved fromthe

I nspection pallets in a subsequent 'l ection procedure. In either

vari ation, it is understood that the determ nations nmade by the

t
v snectobr s8iRM e Y AR SAUR MR Mludine nchongsd) v
assenbly. is necessary because the distribution of packaging
elements on the inspection pallet 40 is set in
accordance with the inspection station apparatus, which
5 is not the same as the relative spacing of the lenses
during molding or hydration.

Once the piston/cylinders 250,252 have set the
fingers 264, and the lenses thereon, into the properly
distributed array, the horizontally oriented translation

10 Mmeans 228 transports the head element 240 and the lenses
to a position above the pallet 40 on conveyor line 102.
With the lenses are positioned above their corresponding
recesses 202, a quantity of deionized water is
discharged from the tip of the finger, via the central

15 bore 268, into the space between the lens and the lens
attachment surface. This quantity of deionized water is
sufficient to disrupt the surface tension adhesion of
the lens to the surface, causing the lens to be carried
along with the water into the package element 10.

20 The contact lenses and lens-package elements
are carried on the pair of inspection pallets 40, by the
.conveyor 102 to the next station which is the buffering
station. The fingers of the lens transfer assembly then
return to their open spatial array, and the head element

25 240 is reciprocated back to its receiving position above
the hydration conveyor line 275, and awaits the next
batch of contact lenses.

THE BUFFERING STATION (SEGREGATOR & INTEGRATOR DEVICES)
30 ' The process of manufacturing contact lenses is
in large part determined by the handling requirements of

This Sheet Has Been Replaced

(TN



35 ' - 13- 1 Mor e
specifically, with respect to the | ens-

..36_

1 the lenses themselves. For example, one of the most
important restrictions around which all of the molded
article handling assemblies are designed is that the
optical surfaces should not be touched. The handling

5 requirement which is most relevant to the present
assembly is that the lenses, once hydrated, must not be
allowed to remain dry for more than 15 minutes.

As is the case with most manufacturing line
machinery, the assemblies of the present invention,

10 which together form the post lens hydration apparatus,
require periodic maintenance and/or refilling with
materials used in manufacturing. For example, the
primary packaging station (the saline solution injector
and foil sealing assemblies) requires periodic

15 replacement of the foil material which is heat sealed to
the packaging elements. The performance of other
assemblies, however, are susceptible to being
interrupted. However, the molding assemblies need to be
kept in continuous operation for proper equilibration

20 which is critical for optimal yield quantities.

In order to ensure that certain assemblies be
permitted to run continuously, and still provide for
periodic maintenance or resupply of other stations, one
or more buffering station are necessary. The ideal

25 position for a buffering station must be one where the
lenses remain in an aqueous environment. The buffering
station of the present invention is positioned between
the lens transfer assembly and the inspection station.

The pallets 40, which have been filled with

30 deionized water, and into which contact lenses have been
deposited, each define a 2 x 8 array. 1In pairs, the

R
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package transfer assenbly, a set of bellowed fingers, ext endi ng downwar d
f-roma vacuum mani fold are first positioned directly above the packages
on a pallet. By 5 descending froma position above, bringing the tips of
the fingers into contact with the packages, and draw ng a vacuumin an

i nterior open volune, the packages are secured to the | ens-package
transfer assenbly. As stat ed above3?he processor/control l er may either
10 control the selective pickup of the optically correct | ens- packages,

or the assenhly nmay | ens- pa In _either case,
the desite® mi%ﬁ$ dé%kﬁ%a%eg Ar ?FﬁﬂgporeEdtPg g gbBﬁeEGﬁQQyor li ne,
wher e the sEdion S tled ebhersl tnans her| assepbeitfgeReapaits dtopped fromthe

| ehe- packa®f 160t s, agvanped #1488, By 8Fkef ChFs bOrRRE) 88 Bonveyor

line are mﬂeﬁﬁnﬂnmny|¢be|¢phume§ub&r8area9$sas,théyeach pallet
5 being parallel to the direction of motion of the
conveyor line.

Referring now to Figures 8, 9, 10 and 11,
which are perspective views of the buffering station,
including the segregator unit, and the integrator unit,

10 respectively. As illustrated in Figure 9, the buffer
station comprises first, second, third, and fourth
segments 304,308,312,316 of a conveyor line, each of
which is disposed for movement of pallets in the same
direction. A segregator unit 320 is positioned after

15 the first segment 304, and an integrator unit 340 is

positioned before the fourth segment 316. The second
and third segments 308,312 run parallel to one another,
each beginning at the segregator unit 320 and ending at
the integrator unit 340.

A first segment 304 of the buffer conveyor
line is disposed perpendicularly to the lens transfer

20

conveyor line 102 which advances the pallets from the

lens transfer assembly, as set forth above. Referring

specifically to Figure 8, the end of the lens transfer

o5 conveyor line 102 and the beginning of the first segment
304 of the buffer conveyor line, and the lateral pallet
transfer unit 306 which transfers the pallets 40 from
the former to the latter are shown in a top view. As
the pairs of pallets 40 reach the end of the lens

30 transfer conveyor 102 they are stopped from advancing by

a guide 300. The pallets 40 are then pushed by a push
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were on the pallet (having had the incorrectly formed 20 | ens-package
el enents renoved). The good line, therefore, also carries out a
consolidating function, wher eby the | ens-packages are brought back
together into a regular distribution. Mre specifically, the conveyor
line carries the articles into separate corral 25 structures. A first
| ens- package i s conveyed between coBerging guide rails (which align the
| ens- package al ong one axis of nDtion) and into a corral. ‘The first
| ens- package, i n Ii s stoggeg g at t he di s nd. The next
Iens-pacﬂag%l?ﬁ?lé frem & RBSakg P? 85 §P@ﬁﬁ¥&rbal@@nﬂ $ i Pt act
with the fitké. fOpse aegmentedotedti nhe bufifer conveysrpadnages have
entered the More particularly with respect to the motion
of the pusher plate 302, the pusher plate 302 includes
5 an arm 303 extending from its back portion which is
motively coupled to a slide element 305 which is
disposed beyond the wall element 300. Selective
actuation of the slide element 305 in the forward
direction provides the linear lateral motion of the
10 pusher plate 302 and transfers the pallets 40 to the
first segment 304 of the buffer conveyor. Reverse
~actuation of the slide element 305 reciprocates the
pusher plate 302 into position to receive the next pair
of pallets 40. It is understood that a variety of
15 mechanisms may be employed which provide the appropriate
motion of the pusher plate; examples being a ball screw
drive, hydraulic, pneumatic, or air piston/cylinder
elements, or mechanical scissoring devices.
As the pairs of inspection pallets 40 are
20 transferred to the first segment 304 of the buffer line,
they are translated from a parallel relationship to a
tandem relationship, because the segment 304 is oriented
perpendicularly with respect to the lens transfer
conveyor 102. The pair is now advanced in tandem with
25 one pallet following the other, each having its elongate
axis oriented perpendicularly with respect to the
direction of motion of the first segment 304 of the
buffer conveyor.
The pallets 40 are advanced in tandem to the
segregator unit 320 which permits alternating pallets

40, for example the first of the pairs, to advance

30
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35 -14- 1 corral, and a regul ar

array of |ens-packages has been est abl i shed, the | ens-packages are
renoved fromthe conveyor line and deposited onto a final packaging
._39_

1 linearly onto a second segment 308 of the buffer
conveyor line; the second segment 308 of the buffer
conveyor line being co-linear with the first segment
304. A vertical stop mechanism 310a, which is similar

5 in form and function to the vertical stop 120 of the
deionized water injection assembly, is disposed before
the segregator 320 to permit only one pallet of the pair
onto the segregator 320. With respect to the second
pallets of the pairs, the segregator 320 transfers them

10 o the third segment 312 of the buffer conveyor, which
runs parallel to the second segment 308.

Vertical stops 310b,310c which are disposed on
the second and third segments 308,312 of the buffer
conveyor line, are positioned to prevent premature
15 advancement of the pallets 40 on the conveyors until
transfer is completed.

The segregator 320 is continuously engaged,
providing both a constant spacing of individual pallets
40 from one another, and providing a dual track holding
line for the pallets 40 during interruptions in the
subsequent assemblies of the manufacturing line. The
pallets 40 thereby form parallel lines extending along
the second and third segments 308,312 for distances
which are determined to be sufficient to store the
number of pallets 40 which will be produced during

20

25

normal service interruptions in the manufacturing line,
as for example twenty minutes.

At the distal ends of the second and third
segments 308,312, an integrator unit 340 is provided to
merge the two streams of pallets 40 so that they may
advance, in a regularly spaced unitary stream, along the

30
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pallet. 5 : More particularly, the |ens-package el ements are
renoved fromthe corral, into which they have been directed by a
conveyor line, by a rotating | ens-package transfer assenbly. This
assenbly conprises an array of bell owed fingers, simlar in nost
respects to those of 10 the | ens-package transfer assenbly, which |ift the
array of | ens-package el enents and pitaces themonto pallets. The
assenbly further includes a rotational notion which rotates the array of

el enents to Le ti.@n I S f primry
packagi ng- Eég%&ﬂ éQ&mQBtngg%thg F&ﬁsgggkggbgﬁﬁhéégﬁﬁnﬁg’ﬁ%&% been
deposi t ed ohnspeqbitenpgtpsion-t hagadnteventisal stidpse 310dickidr) awel

seal i ng assgob ¥i ohBECatPERk! brak! bt ke sedidd Iy sincrenentally
translated into position beneath a saline solution deposition unit. This

unit 20 corFPFRRStAVRAW: ofNf| ATE BNIAGRSeLe \WITUFS iYhat [pnly one

5 pallet 40 enters the integrator at a given time.

The integrator 340 remains engaged during
normal operation of the manufacturing line, but is
disengaged to stop the advance of any further pallets 40
when an interruption occurs. During this time, the

10 pallets 40 which continue to advance from the lens
transfer assembly are stored in parallel lines on the
second and third segments 308,312 of the buffer
conveyor. Once the interruption ends, the integrator
340 is reengaged and merges the stored pallets in a

15 continuous stream. A final vertical stop 310f is
disposed at the outlet of the integrator 340 to prevent
premature advancement or skewing on the powered
conveyor, and to enable spacing between pallets 40 on
the fourth segment 316, as they enter the inspection

20 station.

Referring specifically to Figure 10, which is

a perspective view of the segregator unit, particular

attention is provided to the features and function of
the segregator 320. A housing 321, which is an inverted

L-shaped member is mounted to the lateral edge of the

conveyor line, at the coupling point of the first and

second segments 304,308. Extending outward from the L-

shaped member 321 are a pair of substantially parallel

guide rails 323. The rails 323 are received by a

25

stationary plate 327 which is mounted to the outside
lateral edge of the third segment 312 of the buffer

30
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packages with saline solution. As the pallets are I ncremental |y
rregi stered beneath the fluid dispensers, a buffered saline solution is

I nj ect ed

equi libration 25 process,
an equivalent salinity).

into each of the packages and each of the | enses begins

with saline, the pallets continue THiward and are sealed with
More parti-cularly, with respect to the 30 device which applies and

eals the foil apper, tqQ the package | pn ection of foi
\?vr ap;er mFglnyg\f(ﬁong rA qurgr}. mov1png palgate a?&f Ps gsa{fdasbfylmounl.ed !

wWr apper .

10

15

to the guide rails 323 such that the plane of this first
plate 329 is aligned vertically and parallel to the
direction of conveyor motion. This first plate 329
reciprocates from a first position between the second
and third conveyor segments 308,312 and a second
position at the stationary plate 327. A second moving
plate 331 is similarly mounted to the guide rails 323,
and to a motive means (not shown) such that it may be
reciprocated from a position at the outside lateral edge
of the second conveyor segment 308 to a position between
the second and third segments 308,312. The first and
second plates 329,331 are maintained in a spaced apart
relation such that a pallet 40 may be transferred
therebetween, from the first segment 304 to the third
segment 312 upon selective reciprocation of the plates
329,331 along the guide rails 323.

In operation, as can be inferred from Figure

"~ 10, the reciprocation of the plates 329,331 is

20

25

30

3

\n

selectively controlled such that alternating pallets are
transferred to the third segment 312. It is understood
that a variety of motive means and/or coupling means may
be utilized for reciprocating the plates 329,331
together, for example the guide rails may comprise a
threading and the mounting of the plates 329,331 thereto
comprises a nut which may be translated along the guide
rails 323 by the rotation thereof. A separate, but
equivalent, design includes an air piston/cylinder
mounted within the L-shaped member 321 which is coupled
to the driving plate 331 and which reciprocates it. 1In
such a design, a coupling means, for example a fixed rod

[ ————
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matching the tonicity of a human eye (which has
Once the packages have been filled

a foil
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15- 1 advanced through a printer (for printing information pertaini ng
t.o the particular |ens specifications). The foil is then cut into
sections which are sized to fit across the tops of an array of packagi ng
el ements. The 5foil sections and the | ens-package assenblies are

-42-

1 mated to both plates 329,331, must be utilized to slave
the motion of plate 329 to the motion of the dive plate
331.

Referring now to Figure 11, which is a

5 perspective view of the integrator unit, a detailed
description of the features and functions of the
integrator unit is provided. Similar in many respects
to the segregator unit 320, the integrator is
essentially the same device which operates in reverse.

10 A housing element 341, which is L-shaped and mounted to
the outside lateral edge of the second segment 312 of
the buffer conveyor. A pair of guide rails 343 extend
outward from the housing member 341 and are received by
a stationary plate 347, mounted to the outside lateral

15 edge of the third segment 312 of the buffer conveyor. A
set of spaced apart moving plate 349, 351 are slidably
mounted to the guide rails 343 such that the planes of
these plates 349,351 are aligned vertically and parallel
to the direction of conveyor motion. The second moving

20 plate 351 is coupled to a motive means (not shown) such
that it may be reciprocated from a position at the
outside lateral edge of the second conveyor segment 308
to a position between the second and third segments
308,312. The first and second plates 349,351 are

25 maintained in a spaced apart relation such that a pallet
40 may be transferred therebetween, from the third
segment 312 to the fourth segment 316 upon selective
reciprocation of the plates 349,351 along the guide
rails 343.

30 In operation, as can be inferred from Figure
11, the reciprocation of the plates 349,351 is
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advanced into alignment with one another. A vacuum gri pper head grasps a
f-oil section and descends to the package el enents, placing the section

i n contact therewith. Once the foil wapper is in position, a 10 sealing
mechani smis brought into contact with the packages and heat seals the
foil to the package in a single high tenperature short cycle sealing
oper ati on. The seal ed packages are43ren advanced beyond the sealing
assenbly where they may be stored during equilibration, 15 and ultinmately
packaged for distribution. BRI EF DESCRI PTI ON OF THE DRAW NGS

The advant 8§deciidedys &mmtined led suchpridwthtalternateing wakketsorth in the

foregoi ng sheMErbmOfthan sddod @@t@.@m afa18] dwddd G Neroh NERECT | NG
and - seal | g AT F1° ANARETHEY N AT SdaRent 316.
It is understood that a variety of motive means and/or
5 coupling means may be utilized for reciprocating the
plates 349,351 together, for example the guide rails 343
may be threaded matable to a threaded hole or nut in the
plates 349,351. A separate, but equivalent, design
includes an air piston/ cylinder mounted within the L-
10 shaped member 341 which is coupled to the driving plate
351 and which reciprocates it. In such a design, a
coupling means, for example a fixed rod mated to both
plates 349,351, must be utilized to slave the motion of
plate 349 to the motion of the drive plate 351.
15
THE LOW VIBRATION LENS-PACKAGE TRANSPORT ASSEMBLY, THE
INSPECTION ASSEMBLY, AND THE WATER EXTRACTION ASSEMBLY
Referring now to Figure 12, a top view

diagrammatic of the present invention is provided. As
20 is illustrated, the lens transfer station 299, where the

lenses are transferred to the packaging elements on the

inspection pallets 40 is sequentially followed by the

buffering station 399. The pallets, having advanced

through the buffering station are transferred through a
25 conveyor station 499 to the inspection station 599, by a
low vibration conveyor assembly as described
hereinbelow.

Figure 13 is a perspective view of the low
vibration transfer assembly which transfers the
inspection pallet from conveyor 316 to the inspection
station. When a pallet 40 has passed through the

30
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nore readily understood by one skilled in the art with ref erence being

had to the followi ng detailed description of the preferred enbodi nents,
taken in 25 conjunction with the acconpanyi ng draw ngs, wherein |ike

el enents are designated by identical reference nunerals t hr oughout the
several views, and in which: Figure 1 is a perspective view of
a packagi ng el ement in which a conf#4f Iens may be inserted, and 30

whi ch serves as both a receptacle for the | ens during 35

1 integrator unit of the buffer assembly and has passed
down the fourth segment of the buffer conveyor, it is
translated to a staging area 325 as illustrated in
previously described Figure 9. At this staging area 325

5 an overhead double axis transport carrier reciprocates,
picks up the single pallet 40 for transfer to the
automatic lens inspection station as illustrated in
Figure 13. The overhead transport is a double axis
Hauser Transport Mechanism, and is used to isolate the

10 automatic lens inspection system from the remainder of
the post-hydration line.

It is important that vibrations of the lenses
and the deionized water be minimized during this
transport, and through the entire inspection line so
15 that water waves are avoided, as they can cause optical
distortions which, in turn, may cause false
determinations. of lens gquality. By utilizing a double
axis transport mechanism, the pallet can be gently
conveyed to the automatic lens inspection system, and
20 thereby avoid such vibrations which that might otherwise
impair the inspection resuilts.

After the first pallet has been lifted from
the staging area, the next pallet may be advanced into
the staging area to be carried onto the inspection line
25 conveyor. The double axis transport mechanism
transports the pallets from the buffer conveyor, where
the pallets are advanced at a given speed and spacing,
to the inspection line, where the speed of the pallets
is substantially slowed to avoid vibration. It is
necessary, therefore, for the spacing of the pallets on

30

the inspection conveyor to be substantially closer
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- 16- 1 inspection, and a portion of the primary contact |ens package.
Figure 2 is a perspective view of an I nspection pallet used to transport
a plurality of the

_45_

71 together so that the inspection conveyor may accommodate
the same number of pallets in a given time.

The low vibration pallet transfer assembly 400
comprises a pair of pallet grasping plates 402a,402b

5 which are mounted, in spaced relation to one another, to
corresponding blocks 404a,404b. One of the grasping
plates 402a is slidably mounted to its block 404a such
that selective actuation of an extending mechanism
(housed within block 404a) widens or reduces the spacing

10 between the two grasping plates 402a,402b. The blocks
404a,404b are mounted to a common wall element 406 which
is slidably mounted to a base element 408. A second
motive mechanism (also not shown) is disposed within the
base element 408 and coupled with the common wall 406

15 such that the wall 406 can be selectively raised and
lowered. The base element 408 is mounted to a
horizontal track 410 having a translating means for
reciprocating the entire assembly from a position above
the staging area 325 to the inspection station conveyor

20 line 420.

In operation, the low vibration pallet
transfer assembly 400 reciprocates to the staging area
325 to receive a pallet 40. The common plate 406 is
lowered, thereby positioning the pallet grasping plates

25 402a,402b adjacent to the lateral edges of the pallet
40. The motive element within the block 402a is
actuated to draw the plates closer, therein bringing the
inner surfaces of the plates 402a,402b in contact with
the pallet 40. Once the pallet has been grasped

30 securely by the lateral plates 402a,402b, the common
wall 406 is raised, and the pallet is transported to the
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5 packaging elenments illustrated in Figure 1 through several assenblies
and stations of the present I nventi on. Fi gures 3a and 3b
are elevation views, side and front views respectively, of an apparatus
which 10 fills packaging elenments on a pallet with a quantity of

degassed dei oni zed water. Figure 4 is a top view of the
hydrati on pal |l et I n which the hydr%ﬁQﬁj and washed | enses are presented
at the first location. 15 Fi gures 5a, 5b, and 5c are side,
top, and

00, 29 1aBBRERESH KRGS oL ARES el o S0 Walgael T one
hydr ati on parpendiahfiard yt ke rtheelfatunth segueadi 36 afd Heaces t he cont act
lenses in BG?fQ?EKGQEQQVéQ%é”f¥HaFinnce in position above the
inspection conveyor line 420, the pallet 40 is lowered
5 onto the line and released by actuation of the plate
widening mechanism. The pallet is then carried into the
inspection station. Once the pallet is transferred to
the low vibration lens transfer assembly 400 rises and
reciprocates back to the staging area 325 to receive the
10 hext pallet 40. .
In the Automatic Lens Inspection System, the
inspection pallets 40 are conveyed through the system as
a pulse of light is directed through the lens-packages
and contact lenses, and focused on a camera to generate
15 an image of the lens therebelow. Preferably, the camera
includes an array of pixels, each of which generates a
respective one electric signal proportiocnal to, or
representing, the intensity of the light incident on the
pixel. Those electric signals are then digitally
processed to determine if the lens is acceptable for
consumer use. Suitable procedures for processing or
analyzing the electric signals from the pixel array are
disclosed in copending Patent Application Nos. 993,756
and 995,281, entitled "Automatic Lens Inspection
System", the disclosures of which are herein
incorporated by reference. Separate systems are
utilized to inspect the sixteen lenses carried in a
pallet. After completing the test for the last bank of
lenses, the Automatic Lens Inspection System sends a
datablock with the vision inspection results to the
programmable logic controller used to consolidate the

20

25

30
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Figure 6 is a side view of a finger elenent of the lens transfer and
nsertion assenbly onto which the | enses are disposed.

Figure 7 is a cross-sectional view of the air 25 bubble renoval fluid

ej ection mechani smfor renoving bubbl es fromthe exterior surface of
the-contact |enses. Figure 8 is a top view of the pallet
transfer unit which transfers pairs?dt pallets fromthe |ens transfer
conveyor line to the buffer conveyor line. 30

1 lenses for packaging. This information is used by the
lens-package transfer assembly as described below.
After the lenses have been inspected by the
automatic lens inspection system, the pallet is lifted
5 by second double axis overhead transport and placed on
conveyor for transport to the deionized water removal
station (which is station 699 in Figure 12). The
deionized water is removed by a specially configured
nozzle, as described in U.S.S.N. 08/999,234, entitled
10 “"Solution Removal Nozzle", the disclosure of which is
hereby incorporated herein by reference thereto. As
described earlier, the deionized water is used to center
the lens within the package carrier during the
inspection process, but is removed prior to packaging,
15 to enable a precise dosing of a buffered saline solution
in the final package, as will hereinafter be described
in detail.
After removal of the deionized water, the
lenses, package carriers and inspection pallet are
20 transported to the lens-package transfer assembly which
removes the packaging elements and lenses therefrom,
deposits the optically incorrect lens-packages (as
determined by the inspection station) on a conveyor for
bad lenses, and deposits the correct lens-packages on

25 good conveyor.

THE FIRST ROTATING LENS-PACKAGE TRANSFER
ASSEMBLY
Referring now to Figure 15, the lens-package

30 transfer assembly is shown in a perspective view, in

position above a pallet of lens-packages which have had
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35 -17- Figure 9 is

a perspective view of the buffer station through which the pallets
carrying the | ens- packagi ng el ements are directed.
..48_

1 the deionized water removed therefrom. The assembly 500
comprises a reciprocating support 502 coupled at the
lower end of a vertical shaft 504. The shaft 504 is, in
turn, coupled at its upper end to a rotation means 506

5 whereby the shaft 504 and the support 502 may be
selectively rotated by 90 degrees in accordance with the
predetermined positioning of a pallet 40 or the
orientation of the conveyor (see Figure 16) onto which
the lens-packages are deposited. It is understood that

10 the rotating means 506 may comprise an air cylinder
having stops which, for example, correspond to a 90
degree rotation so that the shaft may be reciprocated
between two orientations which are perpendicular.

The rotating means 506 is disposed within a

15 mounting platform 501, which is in turn coupled to a
dual axis transport subassembly (the horizontal track
thereof is identified as element 503 in Figure 15). The
dual axis transport subassembly transports the support
502 from a first location to a second location, for

20 example, from a position above the water extraction
conveyor line to a position above the consolidating
conveyor line (which is described more fully with
reference to Figure 16).

Extending downwardly from the support 502 are

o5 2 set of resilient bellowed fingers 508 having a
generally elliptical shape. The fingers 508 each have
an open tip 510 at their lower ends which forms an
entrance into a central volume which extends the length
of the finger. The upper ends of the fingers 508 are

30 coupled to the vacuum tubes 512 such that the central
volume of the fingers are in sealed gas flow relation to
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Figure 10 is a perspective view of the 5 segregator device which is

i sposed at the entrance to the buffering station. Fi gure
11 is a perspective view of the i ntegrator device which is disposed at
the exit of the buffering station. 10 Figure 12 is an
overvi ew showi ng the assenbly station | ocations of the post hydration
apparatus of the present invention~49rtcl uding the inspection station and
t he deioni.zed water extraction assenbly. Figure 13 is a

perspective view of the | ow 15 yignation pall et transfer assenbly which
transpor s t4ReS 533 vRishcareyiRgivigupddy. FRUPAGHANE % Pe ¥ESYM 1 om one
conveyor |igwui®et fRot Ovhuwhyat i Bachntpbet iiensepararely vallved; the

Figure 14'i&éf%ggrggfﬁéi¥gd¥£gwhgat&9ec%h%§%lled by a processor in
accordance with signals received from the inspection
5 station with respect to which lens-packages contain
correct lenses. Selective activation of the vacuum
source would, therefore, provide a low pressure suction
at the tips 510 of the finger 508. When this low
pressure suction is employed, the tips 510 of the
10 fingers may be placed ontoc a flat surface, therein
sealing the central volume, and securing the flat
surface to the finger 508.
In operation, a pallet 40 having lens-
packages, from which the deionized water has been
15 removed, is transported to the first location, the lens-
packages being substantially aligned with the fingers
508 of the first rotating lens transfer assembly 500.
The fingers 508 are directed downward until their tips
510 contact the flat surface portion 46b of the
20 packaging element, forming a sealing interface
therewith. Selective actuation of the valves
controlling the drawing of a vacuum within each finger
508 causes the package elements and lenses to be lifted
from the pallet. It is understood that all of the lens-
o5 packages may be removed from the pallet 40 and
subsequent actuation of the valves may be utilized to
deposit the incorrectly molded lenses on a separate,
bad, conveyor, and the optically correct lenses on the
good conveyor, or in the alternative, only the good
lenses are transferred, and the rejected lenses are

30
later removed from the inspection pallet by an
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20 rotating | ens-package transfer assenbly which renoves t he packages

and | enses fromthe inspection pallets and deposits the optically
correct | ens-packages on the good conveyor |ine. Figure 15
is a perspective view of the good 25 conveyor |ine which further serves to
consolidate the | ens- packagi ng el enents into a regular array.

Figure 16 is a perspective view of the58econd rotating | ens-package
transport assenbly which renpves regul ar arrays of | ens-packagi ng

assenblies fromthe 30 good conveyor |ine and deposits themin pallets for
sal i ne i nj etkiFNakve oPpanea| i Fls procedure can be used to

increase (shorten) the cycle time of the transfer
device.
Once the appropriate lens-packages are removed
5 from the pallet 40, the manifold 502 and fingers 508 are
rotated 90 degrees by the rotating means 506 while
simultaneously being reciprocated upward and laterally
by the dual axis transport subassembly. The fingers 508
are repositioned over the consolidating conveyor, at
10 which point the vacuum within the fingers 508 which are
holding lens-packages is released, and the lens-packages
are deposited on the conveyor.
Once the opticélly correct lens-packages have
been so deposited, the assembly 500 reciprocates back to
15 extract a new set of lens-packages from the next
inspection pallet 40.

CONSOLIDATING CONVEYOR AND SECOND ROTATING LENS-PACKAGE
' ASSEMBLY
The first rotating lens-package transfer
assembly 500 deposits the optically correct lens-
packages onto the consolidating conveyor 602 as shown in

20

Figure 16. The consolidating conveyor comprises a belt-

type motive surface 604 onto which the two rows of lens-
25 packages are transported. The conveyor surface 604 is
divided into parallel longitudinal channels 605 by a
guide wall 606. As shown in Figure 16, the rows of
lens-packages may not be regularly distributed on the
conveyor surface when they are deposited.

The lens-packages are transported along the

30
conveyor until the lead packages contact a moveable gate
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35 - 18- Figure 17 is a

conceptual diagrammtic Il lustration of the saline solution injector and
foil . sealing assenbly. Figure 18 is a side view of the
sal i ne

. -51-

1 element 610. The gate element 610 interferes with the
continued transport of the lead lens-packages in each of
the channels 605. As the progression of the lead lens-
packages is halted, the packages which follow

5 subsequently come into contact with the lead packages,
therein being consolidated into a regularly spaced
array. A sensor block is disposed above the conveyor
surface 604, at a location upstream from the gate
element 610. An additional sensor may be located at a

10 distance wherein a specific number of lens-packages may
be aligned therebetween in a staging position 609. For
example, the array of lens-packages which is positioned
between the wall element 608 and the sensor element 610
in the embodiment illustrated in Figure 16 is 2 x 5.

15 Gate element 610 provides for a controlled flow of only
the correct number of lens packages necessary to
complete the 2 x 5 array in the stéging position.

Referring now also to Figure 17, a perspective
view of the second rotating lens-package transfer

20 assembly 650 is shown. Once a full 2 x 5 array of lens-
packages are disposed in this staging position 609, a
second rotating lens-package transfer assembly 650
lowers a set of suction fingers which remove the array,
rotates, and transports the lens-packages to a pallet of

o5 the saline solution injector and foil sealing assembly.

More specifically with respect to the second
rotating lens-package transfer assembly, the assembly
comprises features which are similar in most respects to
the first lens-transfer assembly 500. The assembly
includes a support 652 which is mounted to the lower end

of a rotating shaft 654. The upper end of the shaft 654

30
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5solution injector and foil sealing assenbly. Figure 19 is a
perspective view of the saline solution injecting subassenbly. 10
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS The present
i nvention was designed for and is particularly adapted for use in the
post hydrati on processi ng section of an automated contact |ens
production facility. Contact |enses nol5@ed in an 15 automated production
line, such as that described in co- pendi ng application U S.S. N :
08\ 258, 654, entitled "Consol i dated Contact Lens Ml ding" (VIN-0772)
(Attorney iseewpledote)a Kofakiag mgaashy @it SHAWEYsWEKCAs rotaf@fri bed

in US. S N¢Rs\gegpere. tRbbughed0” AegeeRsed n2@nkbhbed zant APRAS for

Hydrating Soft Contact LenseS'; )
Extending downwardly from the support 652 is an array of

regularly spaced fingers 658, the tips 660 of which are
5 hollow so that a vacuum may be drawn therethrough. This

vacuum is used to securely hold the lens-package
elements during transport. The fingers 658, which are
hollow so as to form a conduit through which the vacuum
may be drawn, are coupled to tubes 662, at the support

10 652 for the purposes of supplying the vacuum pressure to
the finger tips 660.

The rotating shaft 654 is coupled, through the
rotating means, to a mounting platform 651. The
mounting platform is, in turn, mounted to a dual axis

15 motive means (track 653 comprises the horizontal axial
component along which the mounting platform translates.
In operation the assembly is positioned above the
consolidating conveyor 602, at the staging position 609,
as the array of lens-packages is consolidated. Once the

oo Sensor elements have determined that a full 2 x 5 array
of lens-packages has been formed, the manifold 652 and
fingers 658 are lowered by the dual axis motive means.
A vacuum is drawn in the finger tips 660 once the lens-
packages are contacted in order that a secure grip on

o5 the lens-packages may be maintained. The manifold 652
and fingers 658 are then raised, rotated, and translated
to a position above the pallet stream of the next
assembly.

As with the first rotating lens-package

30 transfer assembly 500, the rotating means and the dual
axis motive preferably comprise, respectively, an air

_—
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and automatically inspected as described in U S. S. N 08\ 994, 564,
entitled "Lens Inspection Method and Appar atus" are particularly
benefitted by the present i nvention. 25 The present invention
shall be herein described with respect to its specific assenblies and
apparatuses, and to the Figures illustrating these features. Mre
specifically, the present invention ~58hall be described, with reference
to the followi ng 30 several assenblies: '

1 cylinder with 90 degree stops, and a pair of
perpendicular IKO ball screw mechanisms.

THE SALINE SOLUTION INJECTOR AND FOIL SEALING ASSEMBLY
5 Referring now to Figures 18, 19 and 20,

various perspective views of the saline solution
injector and foil sealing assembly 700 are shown.
Figure 18 is a schematic device layout of the assembly
including a conveyor loop 702 having a plurality of
10 pallets 704 spaced therealong. The pallet stream is
intermittently driven such that the pallets stop at the
various subassembly stations which are sequentially
spaced along the conveyor 702;
The related assemblies and subassemblies which
15 cooperate to provide saline and heat sealed covers to
previously unsealed lens-packages include the second
rotating lens-package transfer assembly 650 disposed at
the front of the conveyor 704, the saline injector
subassembly 750 positioned adjacent to the front of the
og Conveyor, a short distance downstream from the transfer
assembly 650, a foil pick and place unit 777 which
receives the foil from a printing machine, and a heat
seal unit 780 which seals the foil to the packages.
Each of the fixed pallets 704 is particularly
25 designed to support a 2 x 5 array of individual lens-
packages. It should be appreciated, however, that
alternative embodiments of this assembly can be
designed, in accordance with the number of fingers of
the second lens-package transfer assembly 650, and the
30 size of the staging position 609 of the consolidating

//
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35 -19 - 1 First, the
dei oni zing water injection assenbly which fills the packaging el enents
prior. to the | enses bei ng i nserted therein;

10
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..54_

conveyor, to accommodate a different number of rows and
a different number of packages in each row.

With specific reference to Figure 20, at the
saline solution injector subassembly 750, the lens-
packages are filled with a saline solution which has a
tonicity compatible with the human eye. Stationary
pallets 704 are advanced, with lens-packages thereon,
beneath a horizontal beam 752. The beam 752 is coupled
at a lateral end to a mounting base 754 which is
adjacent to the conveyor loop 702. A 1 x 5 array of
dosing tubes 756 extend downward from the beam 752, and
are supplied with saline solution by saline conduits
758, each of which is supplied by a separate dosing pump
{not shown).

Upon incremental advance of the pallets 704
into a position aligned with the dosing tubes 754, the
dosing pumps are actuated so that a precise dosage of
saline solution is deposited into the packaging recesses
24. Each contact lens is thereby completely immersed in
saline solution. The rate of pumping of saline solution
and the diameter of each dosing tube 756 is chosen such
that no saline solution splashes from any of the
recesses of the packages, which is very important as any
saline solution splashed onto the annular rim 28 would
interfere with subsequent foil sealing operations.

The optical verification probes (not shown)
may be mounted in front of the saline injector
subassembly to verify that lens-packages are present in
the advancing pallet 704 so that the dosing tubes 756 do
not dispense saline solution into empty pallets.
Additional sensors may be similarly mounted along the
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Second, the lens transfer and insertion 5 assenbly which receives the

| énses from hydration pallets, alters their spatial distribution, and

i njects theminto the packagi ng el enents; Third, the
buffering station, and the segregator and integrator devices included
therein, 10 which provide a buffering region for tenporarily hol ding a
group of |ens-packaging pallets during interruption of subsequent

assenbl i es; Fourth, the | ow uggtati on | ens-package

transport, inspection, and water extraction assenblies 15 which renoves the
I nspection pallets froma conveyor line and inserts themonto the | ow

vi bration i nspexiriveyor, adowmdityeannnfrsymrthé neal tied eimjéle'ts?]r\h?jsh nF(z)ed

et " e S 04 LS OF R RER AR R0 ST B

assenbl y, 3 sallne solution in each lens—package. A variety of such
sensors are available, and are taught in co-pending
application U.S.S.N. 08/431,891, entitled "Linear
Packaging Array" (Attorney Docket No.-  9401), for example
the sensor may be a reflective sensor as is commercially

10 available from Omron, or it could be a proximity sensor
or could be a fiber optic probe, as commercially
available from Keyence as model 24W-V25R, used with an
amplifier, model 24W-AAl1C. Each detector checks and
verifies for a proper height of saline solution in each

15 lens-package.

Referring again to Figure 18, and also to
Figure 19, at a subsequent foil pick and place station
775, a pair of strips of laminar foil are placed over
the 2x5 array of package bases, each foil strip covering

20 a 1x5 column of packaging elements. The foil strips
have printed thereon all identification indicia required
for the final package. The laminar top cover sheets are
produced by.a foil labeling machine pursuant to the
disclosure of patent application U.S.S.N. 08\106, 386,

25 entitled "Double Sided Foil Printing" (VIN-0089)
(Attorney Docket 9013). The foil labeling machine
extends at a right angle to the linear packaging
machine, as indicated by the FOIL arrow in Figure 18.
The pair of foil strips are received from the labeling

30 machine and placed by a foil pick and place unit over
the top of each 1x5 row of the 2x5 array of package
bases.
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whi ch renmoves the | ens-package el enents fromthe pall et and deposits

t-hose | ens- packages whi ch were determ ned to be optically correct onto a
good conveyor |ine; Si xth, the good conveyor |ine and rotating
25 | ens- package transfer assenbly, which conveyor line consol i dates the
optlcally correct | ens-package el enents into regul ar arrays, and the
| ens- package transfer assenbl y ext Fa8Ts the arrays, rotates the elenents
in the horizontal plane, and transports themto another 30 |ine of
pal l ets; and ) ) ) .

1 An optional mechanical chucking station 777,

positions each foil strip to ensure that it is properly
positioned and aligned relative to the lens-packages in
the pallet 704. 1In addition, a subsequent cover

5 Ppresence verification station may be used to verify the
correct general positioning of each foil strip.

At a subsequent station 780 the foil strips
are heat sealed to the lens-packages. More
specifically, a set of heated seal heads, mounted at

10 spaced intervals along the length of heating head plate
782, and supported by a pneumatic cylinder or press 784,
presses the foil strips against the lens-packages such
that the foil and the annular rims 28 of the packaging
elements are squeezed between the heated seal heads and

15 the pallet 704.

A final optical inspection station (not shown)
may be located downstream of the heat sealing station
780, including a plurality of optical detector probes
for examining the outer edges of each sheet of laminated

20 foil strips on the array of lens-packages to ascertain
that the foil is properly and precisely positioned and
heat sealed relative to the array of lens-packages.

At the position which is farthest downstream,
a robotic assembly 790, having a plurality of vacuum

25 suction cups removes the sea;ed 1x5 array of packages
from the pallet 704, and transports them to an output
position.

While the several assemblies, embodiments and
variations of the present invention for post hydration

30 handling of contact lens-packaging elements are
described in detail herein, it should be understood that

F—
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35 - 20- Seventh, the

saline solution injector and foil seal i ng assenblies, which introduce
t he appropriate saline solution into the | ens-packagi ng el enents and
heat seals a foil |abel onto the top of the packaging

_57._

7 the disclosure and teachings of the present invention
will suggest many alternative designs to those skilled
in the art. The scope of the present invention is,
therefore, understood and intended to be limited only by

5 the claims recited hereinbelow.
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el ement for shipping and identification. __THE DEI ONI ZI NG
WATER | NJECTI ON ASSEMBLY Referring now to FTQUT@“ijafSTWTf&He
packaging element 10 is illustrated in a perspective 10 IE“H T

packaging element is nmore fully described in  copendi rly !L” Um””",

U S.S.N 995,607, the disclosure Ofé%QICh I S i ncorporated herembys '«

reference thereto. The packagi ng el nt 10 may be fornmed by injection
nol di ng or be thernally formed of plastic sheet nmaterial, such 15 as
pol ypropyl egrat T e2akmalingse! ement 10 includes an essentially
rectangullarly shaped platform portion 12, whi ch may be visually divided

into laterally distinét AnpapPpEASuEsLoaNETANSPRYLiagi sondacsn Ivnshes 16a
and 16b  &beménbseffonnadriPsePRosakd ofl €8S a0kekBadPhalheiMn0 portion.
The Tirst poltyolpdddalsl! 085p2:52053ve
a plurality of elongate finger elements, each
element having a convex lens transport surface defined
thereon;
a lens transfer carriage, said carriage having
an array of said elongate finger elements which receive
the contact lens elements at a first location;
10 a drive to alter the spatial relationship of
the array;
a translation device to transport the carriage
and the lenses to a second location;
an orifice defined within said convex lens
15 transport surface for injecting a fluid between said
lens and said surface to deposit the lenses into a
second lens carrier at said second location.
2. The apparatus as set forth in claim 1,
wherein said lens transfer carriage further comprises:
20 a set of horizontal guide rails;
a plurality of beam elements, slidably mounted
in parallel on at least one of said of horizontal guide
rails; and
at least one reciprocating drive coupled to
25 said beam elements for reciprocating same along said
guide rails with respect to one another.
3. The apparatus as set forth in claim 2,
wherein said plurality of finger elements are disposed

in a plurality of linear arrays, with a linear array

30
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recession 24 which is particularly well suited for receiving therein and
tsr ansporting a contact |ens and fluid. The second portion 14b is

general ly g an ideal location for contact with a vacuum 25
lifting mslallmllmlumum”ﬂ! ovi des a stable surface to seat agai nst.
The package“cafri®r I's ¥urther defined.py a wal | portion 18 which

descends at an angle, outwardly and”downwardly fromthe platform portion
12 at one end 30 thereof, form ng an angled flange nmenber. Descendi ng

downwar dlly U ey PRI Sc @l ¢ E LM SR 1 9P d4iddbehfl§, said3d

fingers each comprising;

an elongate shaft, having an upper and lower
end with the convex lens transfer surface at the lower
end of the shaft,

a slotted annular skirt disposed along the
shaft adjacent to said tip, for maintaining the contact
lens at a predetermined position.

4. The apparatus as set forth in claim 1,
wherein said apparatus further includes

10 a second translation mechanism for
reciprocating said carriage along a second axis of
movement.

5. The apparatus as set forth in claim 2,
wherein said finger elements further comprise a central

15 bore, extending from said upper end to said orifice in
said lens transport surface, for receiving therethrough,
and selectively ejecting therefrom, a quantity of fluid.

6. The apparatus as set forth in claim 1,
wherein said apparatus further comprises, at said first

20 location, a lens pallet having:

a plate having a plurality of recesses, each
of said recesses aligned with said lens transport
surfaces and having at least one hole therein, in which
recesses a contact lens may be disposed; and

25 a plurality of internal conduits within said
plate, extending from each of said holes to a fluid
source, whereby selective ejection of fluid through the
conduits causes a contact lens in said recess to be
ejected therefrom and received by an associated lens

30

transport surface.
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-21- 1 opposing ends thereof, are a pair of registration fl anges 20
and 22, only one of which is visible in the vi ew shown i n Figure t:—The-
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_60_

7. The apparatus as set forth in claim 6,
further comprising an air jet unit positioned at said
second location, said air jet unit comprising:

a plate having a plurality of a reqularly
spaced recesses therein, said regular spacing
corresponding to the spatial distribution of said
fingers;

at least one hole in each of said recesses;

a conduit extending from a remote air
reservoir to said hole in each of said recesses;

10 an air pressure means for selectively
directing air through said conduit, out of said through
hole, and at a contact lens which is secured to the lens
transfer surface of said finger for removal of any
bubbles thereon.

15 8. An assembly for extracting an array of

contact lenses from a hydration pallet, changing the

spatial distribution of the contact lenses, and
depositing said contact lenses into packaging elements,-
said assembly comprising:

20 a mounting bracket including plurality of
horizontal guide rails;

a plurality of beam elements, slidably mounted
in parallel on said plurality of horizontal guide rails;

at least one drive assembly motively coupled

25 to said beam elements for reciprocation thereof along

said quide rails between a compact spacing and a wide

spacing;
a plurality of finger elements disposed in a
linear array, extending downwardly from at least one of

30

said beams, said fingers each comprising;
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5 and registration notches 16a and 16b, to align the packaging el enent
16 during robotic handling. In particular, the notches 16a and 16b are

provi ded on either side of the platform 12 E"l mlulnlt Il cooper at e
WiLth registration pins on various carrier 10 p ructures 18,

20, and 22 mate with the topolog|c§$ structure of paIIets onto whi ch the
packagi ng el enents are di sposed, there h- provi di ng addi ti onal securing
means for holding the elenment on the pallet. 15 As stated

Fecession 24 which 15 of hefondd¥e enfe Bl ol o8 BRI ati on.

recessi ob 24 which is of an sem
generally in conf diavterceend i h a CUI’VI | i near shape of a contact |ens

(not shown). The contact J ensfisesy %éf@reé%qﬂ@pﬁ&n@aw Gppskored in
the recession 24, in a seal ed condition Ile Trmersed 1n gU|tabIe
sterile aqueous soluﬁ ,to said lower end, for receiving

therethrough a quantity of fluid, and
2 selectively ejecting from said lower end said
quantity of fluid,

a lens transfer surface at the lower end
of the shaft for receiving, and securely
holding, thereon a contact lens,

10 a slotted annular skirt disposed along the
shaft adjacent to said tip, for maintaining
the contact lens at a predetermined position;
and
a dual axis translation mechanism for

15 reciprocating said mounting bracket along a vertical

axis and a horizontal axis.

9. A contact lens transfer assembly, said
assembly comprising
at least one beam element, said beam element

20 facilitating transfer of contact lenses between two

locations;

a finger element, said finger element
including an elongate shaft having a lens transfer
surface on a first end and a means for attaching said

25 shaft to said beam element onh a remote second end;

said elongate shaft including a slotted
annular skirt adjacent to said first end; and
a central bore extending through said elongate

shaft for introducing a fluid between said lens transfer

30
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in a manner simlar to that described in U S. Patent No. 4,691,820 to

Marti nez

; which is assigned t ' of the present invention,
t he disclosure of which bei ngmnmummﬂmwllherei n by reference thereto.
The per pendi cul ar extent of *thé mhll"pd%tion 18 which - descends
outwardly and downwardly fromthe platform~ nenber 12 is equivalent to
the hei ght or depth of recession 2®%herein providing sel f alignnent of

t he 30 packagi ng el enent. 35

1

15

20

25

30

35

surface and a contact lens secured thereon to release
said lens.

10. A contact lens transfer assembly as set
forth in claim 9, wherein said lens transfer assembly is
shaped to conform to a concave surface of a contact lens
so that same can be secured to the lens transfer surface
by surface tension.

11. A contact lens trénsfer assembly as set
forth in claim 9, wherein said slotted annular skirt
includes:

at least one skirt element which prevent a
contact lens from sliding off the lens transfer surface
when said fluid or gas is directed at same, and

a set of vertically alignéd slots defined by
said skirt element through which a fluid or gas which is
directed upwardly at the lens transfer surface may flow.

12. A method of transporting contact lens
elements, said method comprising the steps of:

positioning an array of elongate .finger
elements above an array of lens carrier cavities, each
of said finger elements having a lens transfer surface
defined thereon;

injecting a fluid into each of said cavities
having a contact lens therein to said lens from its
associated cavity and transfer the lens to an associated
lens transfer surface; '

transporting said array of elongate finger
elements to a second location; and

releasing the lenses into a set of lens
carriers at said second location.

This Sheet Has Been Rep

T




-22- The concave recession 24 also includes a plurality

of smal |l gripping nmarks 26 which are used to assist in holding a contact
|l ens in the Inﬂon in the recession 24 during the renoval of
5 dei oni zed ﬂ“ﬁklnuuﬂmj ni zed water extraction
- * c L M s *

_63..

13. The method as set forth in claim 12,
which further comprises the step of changing the
relative spatial dimensions of said array after said
lenses have been transferred to said lens transfer
surfaces.

14. The method as set forth in claim 12,
wherein said method further comprises:

ejecting a quantity of air from an orifice
defined in each of said cavities beneath each lens to
propel it onto said lens transfer surface.

10 15. The method as set forth in claim 14,
wherein said step of ejectiné a quantity of'air from
beneath each lens is followed by the step of directing a
jet of air at each lens for the purposes of removing any

15 air bubbles which be present on the lens surface.

20
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e e
‘assenbly which will be nore fully described, with =~ reference to the

appertaining Figures hereinafter. The outer edge of the
recession 24 includes a rai sed -annular rim 28 which is provided for
enhancing 10 the efficacy of the heat sealing of the foil label in t he
foil sealing assenbly which hernetically seals the contact | enses and
packagi ng el enents for conmerci al distribution. A cut-out 30 is used to
facilitate gripping the foil wapper when-it is removed by a 15 consuner
to access and use the | ens contained therein. Referring now to
Figure 2, an inspection pal l et on which the packaging el enments are
transported to the deionized water injection assenbly, through the
| ens transfer assenbly, the lens inspection assenbly, 20 and the dei oni zed
wat er extraction assenbly, to the | ens- package transfer assenbly, is
shown in a perspective view. Pallet 40 includes a first and second

lo
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parallel rows 42,44 of cavities 46 which are shaped to receive the
undersi de of the recession 24 of the 25 packagi ng el enent 10. The parall el
rows 42, 44 of cavities are separated by a channel 48 which is defined

by two walls 50a,50b. The wall corresponding to row 44 descends
downwar dl y and outwardly, the angul ation of the sl ant being specifically
set to receive.flatly thereon, 30 the descending wall portion 18 of each
packagi ng el enment 10 di sposed on row 44. The outer edge 54 of row 42 is
35
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-23- 1 simlarly slanted to receive thereon the wall portions 18 of
the packaging el enents 10 di sposed on row 44. The pallet is

further provided with a pair of el ongat ed notches 56,58 for receiving

the registration 5 flanges 20,22 of the packaging elenent. The el ongated
not ches 56,58 further provide a positive grip surface for transferring
nmeans that lift, rotate, and transport
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the pallet. In addition, the pallet 40 includes 10

regi stration pins 52 which engage the packagi ng el enents at the |ateral
edges. These registration pins 52 engage the regi stration notches

16a, 16b of the packagi ng el enents 10 to provide additional accuracy in
their registration, specifically with respect to the 15 | ongitudi nal
axis of the pallet. The conbi nation of slanted walls 50b and 54, grooves
56 and 58, and the regi stration pins 52, which each couple with
correspondi ng features of the packagi ng el enents, provi de particularly
effective neans to ensure against 20 rotational skew ng. The
I nspection pallet 10 is further provided with three registration

openi ngs 60, on either side of the pallet 40, which are used by neans
associated with assenblies of the present invention to transport, and

3L
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25 lock the pallet in place, during operation t her eof . As
suggested by Figure 2, the packagi ng el ements 10 are fabricated in sets
of sixteen, and are di sposed on pallets 40 in predeterm ned arrays,
typically 2 X 8. The pallets and packages are 30 transported, via a

conveyor line, to the deionized water 35
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- 24- 1 injection assenbly in sets of two,. oriented to define

t herebetween an array which is 4 x 8. . Referring now to Figures
3a and 3b, the dei-oni zed water injection assenbly 100 is shown in a -5
front side view and a |ateral side view This assenbly 100 conpri ses
four separate elements: a water di spensipiiGheet HRAGRG REJikeda set of

coordi nated vertically oriented stops ||II|I III I|I|||I|
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120a, b; a pallet positioning device 130; and a water —overfl-ow-drarn—unit
140. The water dispensing head 110 10 translates.up and.d h

| respect
to a conveyor line 102 and to the pallets 40 thereorn STh&" ah %%
vertically oriented stops 120a,b are utilized to stop “

pall ets 40, and feed one pair of pallets per cycle. T

positioning device 130 receives 15 the pair of advancing pallets 40,
advances itself and the pallets horizontally to a first water dispensing
| ocation, then to a second gli spensisng | ocati on. Once t he packages have
been.filled, after the secehd | dcation, the | I et positioning device

130 transl ates 20 vertically which Pernits t he |l ets 40 continue to
advance al ong the_dphve 1Q2. The; positioni ng, deyce ::__ O reciprocates
back into positi P ryléh~"d1q ngxi ..set _offpadt: _ciﬁj"a lets 40. The
wat er overfl ow draifn __F& RGOS T O gL b "¢ conveyor line,
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25 vertically aligned with water di spensing head 130, for cat ching waste

wat er fromthe di spenser. As illustrated in Figure 3a, the set
of coordinated vertically oriented stops 120a, b advanci ng pal | ets 40,
prior to dosing. Each of the stops 120a,h 30 includes a vettically aligned
pl ate 122 havi ng one of Its facial planes perpendicular to the axis of
noti on of 35 . This Sheet Has Been Replaced
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| ine 102. The plate 122 is coupled to a

- 25- 1t he conveyor

pi ston/cylinder 124, the selective vertical actuation of whi ch advances

the plate 122 into the streamof pallets 40 advanci ng al ong the conveyor
As illustrated in Figures 3a and 3b the dei oni zed

l'ine 102. 5
wat er di spensing head 110 includes a hori zontal | y di sposed reciprocating

support plate 112. . The support plate 112 has si xteen holes 116 arrayed
in a 770
-
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4 x 4 matrix. The top of the plate 112 receives a set 10 of sixteen

fl exi ble hoses 114, for exanple tygon tubing or other fluid conduit, for
del i vering dei oni zed water to a set of sixteen narrow and el ongate

teflon tubes 118 whi ch extend downwardly fromthe bottomof the plate’
112 and are particularly well suited to delivering precise 15 doses of
dei oni zed water therethrough. Teflon is a particul arly desirable

materi al for such a use as water general ly does not adhere to teflon
surfaces in | arge droplets which may fall therefrom at inappropriate
times in the deposition cycle. 20 The plate 112 is coupl ed,

at a | ateral edge, to a piston/cylinder 111, which nay be actuated to
rai se and |l ower the head 110 (and the teflon tubes 118) in accordance
with a predeterm ned dei oni zed wat er deposition cycle which is nore

fully described
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25 her ei nbel ow. ’ Beneath the conveyor line, vertically aligned

wi th water dispensing head 130, is a water drain unit . 140 which is so

di sposed to catch any excess water which may emanate fromthe di spenser

during purge cycle or 30 cycle msfeeds. The water drain unit conprises &

basin 142 having a sloped base, therein formng a funnel-1like 35
102
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- 26- 1 shape, directing water therein toward a hole 144 in the base.
The hole 144 is coupled to a drai nage tube 146 whi ch carries the

dr ai nage water away fromthe assenbly to a renote’ location. 5
The fourth el ement of the deionized water I nj ection assenbly 100
conprises a pallet positioning device 130. This element receives a pair
of advanci ng pallets 40 and first holds themin position beneath the
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deposition head 110 in a first position so that the 10 first sixteen
recesses 24 of the packaging el enents may be filled with deionized
water. Once the first sixteen recesses 24 have been filled, the pallet
posi tioni ng device 130 translates horizontally to a second position,

t hereby repositioning the pallets 40 at a second 15 position beneath the
deposition head 110. At this position the second sixteen recesses 40 of
the pair of pall ets 40 receive a quantity of deionized water. Once

the second step of water deposition has taken place, the regi stration
device release the pallets, rises to allow 20 the pallets to advance
beneath it, and reciprocates back to the pallet receiving location (the
first location). More specifically with respect to the

el enent s of the pallet positioning device 130, the positioning devi ce
conprises a pair of spaced apart arnms 131,132 25 which extend laterally
across the conveyor |ine 102, and

220

34
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which are ideally spaced for receiving and holding pairs of pallets 40
whi ch advance down the conveyor |ine 102. The arns 131, 132 are coupl ed
at their lateral ends 133 to vertically oriented piston/cylinder 134
whi ch raises 30 and lowers the arns 132 in accordance with the timng of
t he deposition cycle. 35
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-27- In addition to the vertically oriented

pi ston/cylinder 134, the arnms 131,132 are coupl ed toget her via an

el ongat e spar nenber 135 and a hori zontal] ly di sposed piston/cylinder
136. Actuation of 5 the piston/cylinder 13p causes the arnms 131,132 to

nove rel ative to one another. Specifically, arm 131, which IS
positioned in front of the depo €ad, up stream fromthe
deposition head with respect to th f|CM/Qf t he conveyor |line 102,

remai ns stationary as the other-ar
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10 132 is directed farth
therein noving the pair o

posi tion.

accordance
nce of

adv

In

pn poPition.

efl on tubes 11
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head 110,

line 102,

ets 40, into t he second deposition
N\on the entire assenbly functions in
I ng schedul e, 15 beginning with the

t he conveyor toward the

so t hat
t ops 120b, at which
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24 of the pallets. Once the water has been injected, vertical stop 120b

is retracted and the horizontally - oriented piston/cylinder 136 of the
positioning device 30 130 is actuated, thereby advancing the pallets 40 to’
t he second deposition position. Once the second set of 35
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- 28- 1 si xteen recesses 24 have been filled with dei oni zed wat er, the

arns 131,132 are raised by vertically

oriented piston/cylinder 134, and

the horizontally oriented piston/cylinder 136 is retracted. 5

Once the .first pair of pallets 40 have

vertical stop 120a is | owered to permt the next pfmglgf
t he di spensing station, and the second set of verti
rai sed. After the second pair of pallets have 10 advan?EhnT
stops 120b are raised t@ stop t he ol lowing pallets

i)

and the cycle
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repeats. Once the packagi ng el enents 10 have each recei ved
a quantity of deionized water, the packaging 15 elenents and pallets are
transferred al ong the conveyor line to a |l ens | oading |ocation where
each recess 24 receives a contact lens by a | oading assenbly descri bed
her ei nbel ow. 20 THE LENS TRANSFER AND | NSERTI ON ASSEMBLY
Referring now to Figure 4, a contact |ens hydration pall gt«200 i s shown
in-a top view wherein phantom | i nes correspond to interpal H-€5 0
t he hydration pallet. The hydration palle B0B—CcOTPTr 1 Ses =

sem -spherical recesses 202 in-whrTH contac eAsSeS ar e aRSHOTTE0

t hrough_a ser~es—I__eXtract i gn-statTons, phi-eb—are descri bed nore fully
iT co-pendi ng applicatro
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U S. S N 08‘: P556, entitled "Automated Method and Appar at us for

Hydr ati ng Sofff Contact Lenses", also 30 assigned to the assignee of the
present inyé€ntion. 35
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- 29- The hydratfon pallet 200 has a plurality of conduits

206 which extend upwardly fronmjthe top surface of the pallpt. These

conduits 206 are coupl ed, via i nternal branch conduits 208} to small

hol es 204, one of b5which is dj sposed at the bottom of each rcess 202, at

the bottom thereof. The [forgs R04 are thereby coupl ed I n s and/ or

fluid f|OM/C0nﬂunlcatlf‘;iJJ_i (o o = e w3 A1 81 IRV eby fJa fluid or gas
:““?5 ween the sur ecess 202 and

may be sel ectively |
a 10 |l ens disposed therg
fluid,

via the hole 201'

this gas or
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the | enses upward so that they may each adhere to correspondi ng convex

| ens attachment surface of the finger elements of the lens transfer _
assenbly as 15 descri bed herei nbel ow. Referring now to Figures
5a, 5b, and 5c, the contact lens transfer assenbly 210 is shown in side,
top and perspective views, respectively. The assenbly 210 general ly
conprises a head elenent 240 and a dual axis 20 linearly translating
nmounting unit 220. First, with respect to the dual axis linearly
transl ati ng nounting unit 220, a nounting bracket 222 is coupled at its
| ower hori zontal surface 222a to the head el enent 240. The mount i ng

bracket 222 is, in turn, nounted to_a,base 25 el ement 224, in relation to
whi ch, the nounting bracket 222 %ay be raised or |owereg oy neans of a
vertically oriented translation hanism It is understjood that a
vari ety of neans may be enpl oyed fo?efwf rai sing and '
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J ower i ng.
I—Iowevep%g

P 4

10

of the mounting bracket 222 including an 30 articul ated robot.
a preferred nmechanism 35

CONTACT LENS TRANSFER DEVICE

ABSTRACT

The present invention, which relates to the
transfer of contact lenses in post hydration processing
of the lenses. A lens transfer and insertion assembly
removes contact lenses from lens hydration pallets,
alters their spatial distribution, and deposits them
into packaging elements. The lenses are transferred
with fluid and retained on the transfer assembly by

surface tension.
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: 330:f-ﬁ 1 conprises an | KO ball screw drive systemto reRE

- trdnstate the head fromposition to position

in Figure 5c, the base el enent 224 is nounted to a her
along which it 5 translates in accordance with the actga i dn' &F
a bal | screr

means. In Figure 5c the notive neans 22855 shown to be
drive, however, it is understood that a variety of a

zgnt al track

ternative

transl ati on neans may be enpl oyed to provide an equi valent_function

c

exanple, the 10 transl ati on nmeans nmay conprise a hydraulic or pneumatic

pi st on/ cyl costeNcTAERNSCERANSFER IDENBGE COnpri Se a sci ssoring

1 ABSTRACT

The present invention, which relates to the

transfer of contact lenses in post hydration

processing

of the lenses. A lens transfer and insertion assembly

removes contact lenses from lens hydration pallets,

alters their spatial distribution, and deposits them

into packaging elements. The lenses are transferred

with fluid and retained on the transfer assembly by

surface tension.
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arm assenbly. The ball screwis preferred for its acg_ agyumneahanwaﬂﬂ
sibnplicity, long termoperability, and efficiency. 1qPF?LiP I ng@HEFT
respect to the head el enent 240, a coupling el ement 247-ts—affitxedaf
its upper end to the | ower surface of the nounting brlagk 42%: ﬁg

| ower end of the coupling elenent 242_.is mated to a paiir of‘”‘ 3 de
pl ates 244 which are substantially parallel and 20 hel d|i n.spaced.relatli 0*
to one anot her by cross bars 246. Slidably nounted on the cross bars
246, also in spaced apart relation to one another, is a-set—of—four—"
hori zontal support beans 248. The support beans 248 slidably nmounted on
the cross bars 246 so that they nay 25 be dramn toget her or spread apart in
accordance with their appropriate positioning. The neans by
whi ch the support beans 248a-d may be noved relative to one another is

provi ded by a

F%ﬂ"



pai [ of’piston/cylinders 250, 252. The enbodi ment of 30 Figure 5b shows the
first piston/cylinder 250 couples the two inner bea yiac: 161 O ot = Talo
g Y g | TRﬁﬂf{‘f%‘?? SuE

second 35
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- 31:

shown in Figure 5b,

the second piston/cylinder is

bracket 254 on one of the outer

256 which 5 couples the piston/cylinder 252 to bracket 26

mat ed

beans 248a, and mated t

attached to outer beam 248d. The first _@#@ston/cylinder
directly to brackets 262a, 262b which are
Ext endi ng downwar.d from each su

beanms 248b, c.
248a-d are a plurality of finger elenents 264,
adhere during transfer.

thirty-two fingers 264, nounted in

fingers per beam

190
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In the preferred-

in turn nated

to which

_ enbodi nent ,
a 4 x 8 array of four beans and ei ght
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1 pi ston/cylinder 252 couples the two outer beans 248a, d.
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whi ch cbrrespond to the thirty-two recesses 202 of the 15 | ens hydration

pal l et 200. Sel ective actuation of the pi ston/cylin
causes the beanms to nove relative to one another, c
spaci ng of the finger elements 264 to be altered.
now al so to Figure 6, a side view of 20 a finger elene
The finger el enent 264 conprises an el ongate shape
attachnent surface 266, the curve of the surface 266
corresponding to the curvature of the concave surfa

UERT SHERE

Refe'r
nt | 2641 DECP198%i died]

ng

NS

hayi ng a convex | €
generartry
ce._of a contact |e

ns.

A central bore 268 extends 25 through the finger 264 fromthe top 270 to

the | ens transfer surface 266. This bore 268 is inc

selective ejection of a fluid therethrough, which fluid
water, as will be discussed below with respect to the deposition of a

l ens into a correspondi ng 30 packagi ng el enent 40.
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-32- - 1 The end of "‘each finger 264 includes an annul ar
slotted skirt 272 which separates the curvate shape ofippps sbhed Ny
transfer surface 266 fromthe generally cyIindricawibrié'15’U TffSﬁEE

of the finger 264. This 5 slotted skirt 272, which incliudes alternatin
vertically oriented slots 272a and skért el enents 272b h8IDEC A%%éai h

the lens on the attachnment surface 266 and prevents it fromsliding, jor
ot herwi se noving out of a desired position. The verticallTy alTgned skots
272a are designed 10 to provide a channel through which a fl.uid._
whi ch Is directed upwardly at the lens transfer surface may flow
snoot hly. The skirt elenents 272b are provided to prevent’ta contact |ens
fromsliding off the | ens transfer surface when said fluid or gas is
dir d at V4

.
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15 the surface. . A circular nmounting di sc {g¥hy kprihspo et
the cylindrical shaft of the finger 264, at a positionﬁL%Jﬁiggggﬁ?gaﬁﬁg
tip 266. The nounting disc 271 may be coupl ed to tHe jupper or | owet
surface of the 20 correspondi ng support beam 248, such tihat 1tHeC f8fH of
finger 264 may be coupled to an external supply of fldig such as
dei oni zed water with the | ens transfer surface 266 jextendl ng downwar
In either case, the tops 270 of the fingers 264 are caupled fo
273, which are 25 preferably flexible, and which may sel ectively supply
fluids such as air or deio@i zed er to the central bore 268 in
accordance with the predet®rm ned soperation Hf the assenbly.

As illustrated in Figure 5¢, in opgration a 30 hydration pallet is advanced

along the lens ¢ ,Q%yorqﬁa li,ne 275 to a positg,0 re Zlu_beneath the | ens
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axis linearly

transl ati ng nmounting

sfer surfaces of

1 transfer assembly 210. The dual
so that the lens tran

unit 220 | owers the head array 240

the fingers 264 are positioned directly above the reces

pallet. Once in position, a quantity of air is directed
This air

conduits 206,208 in the plate.
and onto the |l ens attachnent surfaces

e

fl@ats the cont act

£

PEf @ME\T‘SHEET

Ienses out of |
266 lof DEA1996
et 10 through
hs transfer

t he recesses 202,
264. As the | enses have been carried in the pal
the | el

fingers
several extraction stations prior to arriving at
t he | enses and recesses 202 Fﬁ e péf? et
L a

assenbly 210,
dei oni zed wat er thereon.
adhering to the surface 266 of the finger

adhere to the curved | en$

VWhile the lens will
with or without an additional surfactant, a

aftcchnent

S . —

LI SR,
® % & wmmes.

o

Thi s dei oni zed wgt b5|sts the lenses in
264 Vi a surface tension.

have. resi.dual

15
surface 266

27

27y

</7-'72



surf act ant may be added to nore efficiently wet the surf
and pronote retention of the | ens by virtue of the surf

B & TN E SHEET

t he deioni zed water and 20 the surroundi ng atnospheric pressure. In the
transfer, it is desirable to position each of the fingerj tjii ps 1286¢ 1996
within 1.5 nmmof the lens to ensure a ditect and precise tiransfer.
Cccasionally the outer surface of the lens may 25 have bubbl es—et—~at+~tn
the deionized, water attached to it. I'f the bubbles remgin, and are not
di ssol ved, or ot herwi se renoved fromthe | ens, subsequent ThSpection

of the optical correctness of the lenses will be conpr om

i oni zed wat er

formation, and in order to ensure that air

sed. Degassed

is used in the 30 hydration apparatus to m nim ze bubbl e
bubbl es are renoved fromthe

(

282

V
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-
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-34 - surface of the |ens,

when the head el enent 240 and —
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fingers 264 are raised, the nounting assenbly transports uc..iQ_;
bubbl e bl ow of f unit 280 di sposed between the hydratioﬁEgﬁ T i iﬁﬁi
275 and the packaging element 5 pallet line 102. . ““”F@TéTTTT@r
now to Figure 7, a cross-sectional view of finger 264 fcdrrying:. @ 4deNns
and a recess 282 of the bubble blow_af2f unit 280 is shown. The bubble
bl ow off unit 280 conprises a plate 284 having a reguljar—1o--a++ay—qf
recesses 282 therein. The regular array of recesses 282 is designed to
mat ch the spacing of the fingers 264 of the |ens transter assenbty—head
240. The base of the recess 282 includes a through hol e 286, whi ch
forms the nouth of a conduit 288 which extends-15 downward to an air supply
nmeans. Sel ective ejection of air through the conduit is directed at the
| ens which is adhered to the lens attachnment surface 266 of the finger
264. The force of the jet of air may cause the lens to




ni%rate across the attachnment surface 266, however, the 20 si-ottef—skiti—m..
272 prevents the lens fromsliding nore than a portion of RbBAALUBHENT SHEET
radius fromthe center position. The jet renoves the bubbl EsTTomThe

| ens surface so that the inspection process will not fal gejy4 th%eﬁb%fy
such air bubbles as fabrication errors [h3the 25 lens itself. i

Once the bubble renoval process has been carried out, the

pi ston/cylinders 250, 252 are actuated to bring the beans; 248 t oget her.
This change in " relative distribution of |enses perpendi cular to the—36
beans 248 (whereby the four rows of eight fingers are brought closer to

one anot her, but the spati al

19

+Ij.
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within the rows renai ns unchanged)
el enents on the inspection pallet 40 is

of packagi ng

- 35- 1 sepang

I S necessary becaud
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aggordénce with the inspection station apparatus, which 5 j sane
as the relative spacing of the |enses during nol ding or ; n
Once the piston/cylinders 250,252 have set the fingers ; éitﬁHhET
| enses thereon, into the properly distributed array, th oni;% al
246 Vk{d19%e
the pallet 40 on conveyor - Wth

| enses to a position abov

the | enses are positione ve their corresponding reckesses 202, a
gquantity of deioniz wai er is di scharged fromthe tip O '

via the central 15 bore P68, into the space between the |l ens and the | ens
attachnment surface. {Thi sj quantity of deionized water is sufficient to

di srupt the surfa B S e i @SN Of sv———t i @ s to the surface, causing

the lens to be ca%ried —etrong—wi~tH the water jrfo the package el enent 10.
20 The gont act | ens- package El enents

oriented translation 10 meang 228 transpbiis the head el empn
i i he
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are carried on the pair
t he next station which

transfer assenbly then !
el ement 2% 240 is reciprocake

I nspection pallets 40, by the conveyor 102 to
buf fering station. The fingers:-of
nto their open spatial array;..aod*the hgad;
""ﬁ‘----ﬂé-b-a.\—,--é-..,._.-...“,.,-‘_..t...h.;e é‘

ck to its receiving posif{i

hydr ati on xonveyor |ine 275, s_l6e next batch|o DES? 90+
| egses. THE BUFFERI NG STA GATOR & | NTEGRATOR E%gg éﬁ
Thé\, process {f manufacturi ng conkaft S is in large —get )
by f\he handl iRg requirenents of !

U




35 - 36- 1 the | ensesREREACEMENT SHEET
For exanple, one of the nost | nportant restrictions around reh—att—of

t he nol ded article handling assenblies are designed is that ﬂhq 1 DEC 1996
optical surfaces should not be touched. The handling ’ !
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5 requfrenent'mhich I's nost relevant to the present Q$§;ﬂ,,,
(iii_:

| enses, once hydrated, nust not be allowed to remain )
15 m nutes. As is the case with nost manuf dctiuringt
machi nery, the assenblies of the present invention, 10 ifchy ¢ t@§ f
the post |ens hydration apparatus, regsli re periodic Ifnt en R/
refilling with materials used in manufacturing. For x : -
pri mary packagi ng station (the saline solution injector and foil sealihg
assenblies) requires periodic 15 replacenent of the foil & ' i |
heat sealed to t he wackagi ng el gwnts. The performance of other
assenbl i es, however, a¥e susgeptib\e\No being I nterrupted. However, the
nol di ng assenblies need to bes, gRt\ N0 conti nuous operation for proper
equi libration 20 which is critical/f&\oORti mal yield quantities.
In order to effsure that ge{tain /4

~0 .




i MRS S A
permtted to run continuously, and still provide for peri odi ¢t SHE]
mai nt enance or resupply of other stations, one- or more buffefihg station
are necessary. The ideal 25 position for a buffering station nupst{bd bR&C 1996
where the | enses remain in an aqueous environnent. The buffefihg

station of the present invention is positikoned between the I pens transfer
assenbly and the inspection station. The pallets 40,-which

have been filled with 30 .deionized water, and into which cgatdét |enses

have been deposited, each define a 2 x 8 array. In paiys, the




-37-. 1 pallets define a 4 x 8 array. At the lens inserti-

D- Yy n"""“ﬂm::_—.»
(the lens transfer assenbly) the pairs of pallets are ad gﬁ%@@

Wb SHERT

VX

T1DEC 1996

pallet 5 being parallel to the direction of notion of the

side; the elongate axis defined by the colums of 8 recess ?T””b'f““e‘é’t‘h‘%-
20

3
/




(REPLACEMENT SHEET

conveyor  line. Referring now to Figures 8,

whi ch are perspective views of the buffering station, |nclud|ng the
segregator unit, and the integrator unit, 10 respectlvel »lb%gspggted
in Figure 9, the buffer station conprises first, second, and
fourth segnents 304, 308, 312, 316 of agiconveyor |ine, each~e#-—~mh+eh-ia
di sposed for novenent of pallets in the same direction. A segregator
unit 320 is positioned after 15 the first segnent 304, afd an | ntegrator
uni't 340 is positi oned ‘before the fourth segment 316. Thg second and

third segnments 308, 312 run parallel to one another, each
the segregator unit 320 and ¢ndi ng at t he integrator uni t
A first segment 304 of pt-ke, bdf fer conveyor line is dispos
perpendicularly to theflens fran — —
Y= ‘|| -
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{ ve
= L=l & -?: >
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conveyor .l ine 102 which advances the pallets fromthe I
assenbly, as set forth above. Referring specifically tg“t

end of the lens transfer 25 conveyor |ine 102 and the begi
first segment 304 of the buffer conveyor |ine, and the
transfer unit 306 which transfers the pa#3ets 40 from t
|atter are shown in a top view. As  the pairs of palletsd

t ey alpqrakd.et
b fornmer to th

of the lens 30 transfer conveyor 102 they are stopped frogn advanci ng by

a guide 300. The pallets 40 are then pushed by a push

35




parti cul

which is

rIy ‘Wth respect to the notion of the pusher [pl BPeFBA2599yh
pusher plate.302 includes 5an arm 303 extending fromitd back portion
hotively coupled to a slide e ement 305 which is

N

1

10

15

20
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P fromthe lens transfer conveyor lire REBEAG@MENJ SHEETe
04 of the buffer conveyor I|ine. Mor & #

’ CONTACT LENS TRANSFER DEVICE

CROSS REFERENCE TO RELATED APPLICATION

The present invention is a cdntinuation—in-
part of prior application "Automated Apparatus and
Method for Preparing Contact Lenses for Inspection and
Packaging”, U.S.S.N. 08\258,557, (VIN-0086) which has
also been assigned to the assignee of the present

invention.

BACKGROUNb OF THE INVENTION

1. Field of the Invention

The present invention relates generally to the
field of manufacturing contact lenses. More
particularly, the presént invention relates to an
apparatus which removes contact lenses from a.first set
of pallets, inserts them into correspondlng packaging
elements on a second set of pallets, and transports the
lens-packaging elements through inspection and final

package sealing assemblies.

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



di sposed beyond*the wall el ement 300. Selective actuati
el enent 305 in the forward direction provides the |ines
of the 10 pusher plate 302 and transfers the pallets 40 td
segnent 304 of the buffer conveyor. Reverse actuation
el ement 305 reciprocates the pusher plate 302 into posi
the next pair of pallets 40. It is under®stood that a v4
mechani sms may be enpl oyed which provide the appropriate

]

0 o the. sli.de_.
R o TR

t
f
ti
ri

Fa fir§L
t he 7sFTde "7
on to receive

ety of 15
noti on of the

pusher plate; exanples being a ball screw drive, hydraulic, pneunatic,
or air pistonfﬁ?ﬂﬂﬁ&éﬁ%“g(99ﬁﬂﬂﬂ%,°€wm9ﬁﬁﬂ%ﬁi@b¥t§€?s§8FWﬁ§ndévﬁ6§§F .
As the pairs oturRePgQlowdit Pald Bl Sséét boR 2Ad thasrf eared (apbbe)f mbild

segnent 304 of the ,buffer line, ., th
r elgat i onship t 3e§%1°“t'arﬁ?etrﬁ"reé4 ath o‘?nsﬁ"}/?)%geé%‘ﬂge“‘?

EnelE ekpREn B0Fis

oriented pempaotheaulid [po Wmidrisspecthit® fdemiegsat Lensf ehich is
5 then removed from the mold sections and further treated

in a hydration bath and packaged for consumer use.
U.S. Patent Nos. 5,080,839 and 5,094,609
disclose respectively a process for hydrating contact

lenses and a chamber for hydrating contacts lenses

10 formed with a monomer or monomer mixtures disclosed in

the forgoing patents. The process disclosed in these

patents significantly reduce the thruput time by
hydrating the lens and releasing the lens from the mold
cavity with deionized water and a small amount of

15

surfactant without any salts, so that the time consuming

ionic 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
20 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 package

at room temperature or during sterilization

25

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 plastic material such as
polypropylene and a foil laminate that is heat sealed

30 thereto.
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conveyor 102. The pair is now advanced in tandemw th 25 ngEBE%?ﬁfLJ -
follow ng the other, each having its el ongate axis oriented e 8007
perpendicularly with respect to the direction of notion{of thé iy st
segnent 304 of the buffer conveyor. The pall ¢ts_40.are
advanced in tandemto the 30 segregator. unit 320 which perpmts alternating
pall ets 40, for exanple the first of th& pairs, to advahce 35

1 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
5 described in the foregoing patents enabled automated

handling of the lens during hydration, suitable
automated equipment to transport the lenses at high
production rates and maintain low discard rates of
manufactured lenses due to delay and dehydration thereof

10 Was not readily available or taught by the prior art.

SUMMARY OF THE INVENTION

A manufacturing assembly line may include
apparatuses for both the manufacture of a product and of
15 packaging therefor. In addition, apparatuses may be
provided which are directed to the insertion of the
product into the packaging and/or to the inspection of
the product. 1In addition, recent developments in the
inspection of contact lenses produced in accordance with
20 the foregoing methods has enabled automated lens
inspection, as taught in U.S.S.N. 08\994,564, entitled
"Lens Inspection Method and Apparatus", (VIN 0037)
(Attorney Docket 9275) assigned to the assignee of the
present invention. Further, recent developments in the
25 hydration and automated handling of wet contact lenses,
as taught in U.S.S.N. 08\258,556, entitled "Automated
Method and Apparatus for Hydrating Soft Contact Lenses"
(VIN-0074) (Attorney Docket 8998), also assigned to the
assignee in the present invention, has enabled automatic

30 robotic handling of lenses during hydration,

35

and prior




- 39- 1 linearly onto a second segnent 308 of the buffer BN VEYRIENT SHEET

line; the second segnent 308 of the buffer conveyor |ine being.conrtireat—
with the first segment 304. A vertical stop mechani sm 3104, Wh{gh5£%§Q$
simlar 5 in formand function to the vertical stop 120 of th £ yRn we

dei oni zed water injection assenbly, is disposed before th
320 to pernit only one pallet of the paif4~ onto the segregdtor 320. Wth

respect to the second

1 to the inspection thereof by the automated lens
inspection system.

Automated manufacturing processes often

include steps which are particularly sensitive to

5 interruption. For example, with respect to the
manufacture of contact lens mold sections, the
successful molding of thermoplastic elements having
sufficiently correct optical surfaces requires that
temperature fluctuations in the molding station remain

10 steady. Other apparatuses in manufacturing lines,
however, are subject to frequent interruption; requiring
resupplies of materials, substitution of parts, etc.
For example, materials for manufacturing packaging _
materials may be supplied in segmented rolls which, once

15 depleted must be replaced.

The design of a fabrication line, which
includes apparatuses of both type, must provide buffer
zones in which parts being manufactured continually by
one apparatus may be held temporarily as another is
interrupted for a short time. It is therefore, a goal
of those in the art to provide one or more accumulators
or buffer zones for use in fabrication lines to even out
"such fluctuations. Again, with specific respect to the
manufacture of contact lenses, recent developments are
disclosed in U.S.S.N. 08\258,557, entitled "Automated
Apparatus and Method for Preparing Contact Lenses for
Inspection and Packaging", (VIN-0086) (Attorney Docket
9010), also assigned to the assignee of the present
invention, in which a buffer station is incorporated
into the production line, for the purposes of permitting
continuous function of some apparatuses, while other

20
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pallets of the pairs, the segregator 320 transfers them 10 ﬁ@whﬂ%mhﬂhfg:rg
segnent 312 of the buffer conveyor, which runs parall elf 10 T he"dato HEET
segnent 308. Vertical stops 310b, 310c which ard di sposed on
the second and third segnents 308,312 of the buffer comveyor 71 Fhe, %87 e
positioned to prevent premature 15 advancenent of the pal [etis. 40 on _the

conveyors until transfer is conpleted-5- The¢ segregator 320
i s continuously engaged, provi ding both a constant spa¢ing.Qf _individual
pal | ets 40 from one another, and providing a dual track holding 20 |ine

for the pal{eeppédradusiasy ane dmtgntuptsedn tThee specbfbrateinn astenbl i es of
t he manuf act ugy | igne. l5l £t I |

ext endi ng al orilllgj%gs't e oss-er\tckgsr?d 53?3 ltf|h:e(fdés:£erg%ﬁl‘?@%%ﬁg%cgaé‘gré%es%%ﬁées

whi ch are deternined toThe fuesediterdinventsian ol s i pectrthiie Wie pal | ets 40

which will beppredene@ddWhe'Eontact lens assembly line in which: a
5 pallet of packaging elements are filled with a quantity

of deionized water; a set of contact lenses, which have
been molded, hydrated, and washed, are removed from a |
pallet and inserted into their respective packaging
elements; the combined set of packaging elements and

10 respective lenses are transported to a buffering
station; the set of elements are transferred to a low
vibration conveyor line; the contact lenses are
inspected for flaws; the deionized water is removed from
the packages; the combined elements are removed from

15 their pallets, the packages containing flawed lenses are
deposited on a conveyor line which deposits the elements
in a collection bin, and the packages containing correct
lenses are deposited on a good line; the lenses on the
good line are consolidated into a regular array and

20 transported onto a pallet; and a quantity of saline
solution is introduced into the packages and a foil
cover is heat sealed to the package.
' More specifically, with respect to the
assemblies which carry out the processes introduced

o5 above, and which comprise the apparatuses of the present
invention, the deionized water injector assembly is a
device for injecting a quantity of deionized water into
packaging elements on a pallet. This deionized water
injector assembly is mounted above a conveyor line along

30 which pallets of regqularly arrayed packaging elements
are transported from a remote fabrication location to

35



normal service interruptions in the manufacturing |ine, as—~or—exanpte

twenty minutes. At the distal ends of the §eRdfidiantiihbrdeT
segnents 308,312, an integrator unit 340 is provided toj3@~nerge-tire—tv
streans of pallets 40 so that they may advance, in a regug?r#ygs@gyed
unitary stream along the 35 T

-6-

1 the second location where they receive contact lenses.
The spatial distribution of the regular array of the
packaging elements is specifically established to match
the optical array in the inspection station.

5 The lens extraction and insertion assembly of
the present invention is a lens transfer device which
lifts lenses from hydration pallets at a first location
and deposits them, along with an additional dose of
deionized water, into the packaging elements at the

10 Second location. 1In addition to transferring the
lenses, the device also alters the spatial distribution
of the lenses from their orientation in the hydration
pallets to an orientation which corresponds to the
packaging elements (and the lens inspection station).
More specifically with respect to the means by
which the lenses are extracted from the hydration
pallets and transferred to the packaging elements, the
hydration pallets comprise a set of concave recessions
in which the lenses are disposed, along with a quantity
20 of deionized water. The bottom of the recessions
comprise at least one hole through which a fluid may be
ejected, therein lifting the wet lenses out of the
- recessions. The lens transfer assembly comprises a set
of elongate finger elements which extend downward, each
finger element having a convex lens transfer surface
onto which the lifted lens may be secured via surface
tension. The convex lens transfer surface of the finger
is further designed with an annular raised skirt around
the tip which prevents the lens from sliding out of the
desired position during transfer. The lenses which have
been transferred to the convex lens transfer surfaces on

15
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- 40- fourth segnent 316 of the buffer conveyor, to tﬁff i

station. Again, vertical stops 310d, 310e are posi tioned; at the ends of
t he segnments 308, 312 respectively, and are engaged t eqs&ﬁkfﬁhﬁﬁﬁ'nly
one 5 pallet 40 enters the integrator at a given tine. he
I ntegrator 340 remai ns engaged during normal operatio .
manuf acturing line, but is di sengaged to stop the adv rttret
pal l ets 40 when an interruption occurs. During this tinme, the 10 pallets

40 which continue to advance fromthe | ens
1 the fingers of the lens transfer device, may have small

bubbles of air on their exposed surface. The small

bubbles, if permitted to remain on the surface of the

lens through the inspection process may interfere with
5 proper inspection, and cause the lens to be improperly
determined to be bad, and discarded unnecessarily. At
least one jet of air is blown onto each lens for the
purposes of removing the air bubbles from this exposed
surface.

The fingers of the lens transfer assembly are
set out in rows on parallel beams which are slidably
mounted on guide rails. The parallel beams are coupled
together via piston/ cylinder elements, and are drawn
together once the lenses have been extracted and the
bubble blow off step have been carried out. This action
alters the relative separation of the lenses with
respect to one axis, so that the lenses will be arrayed
to match the array provided by a lens inspection pallet.

The lens transfer assembly then is linearly
Qo'translated to the second location, into position above

the inspection pallet. The fingers of the lens transfer
assembly are further designed with an interior conduit,
‘extending from a small orifice in the. lens transfer
surface of the finger to a reservoir of deionized water,
25 through which deionized water may be selectively
. ejected. With the fingers, and the lenses secured
thereto, in position above the packages, a small jet of
deionized water is ejected through each orifice, therein
decoupling the contact lenses from the lens transfer
surfaces and depositing them into the packages that were
lcaded in the insbection carrier.

10
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transfer assenbly are stored in parallel lines on the ls 6@ ,and,lg} y

segnents 308, 312 of the buffer conveyor. Once the int e

i nt egrator 340 is reengaged and nerges the stored paIIets in 15~

continuous stream A final vertical stop 310f is di sp sed fa? Tﬁ%‘ﬁ@ll% %
h

of the integrator 340 to prevent premat ur e advancenen _&stkemnnq on
power ed conveyor, and to enabl e spaci+8-between palle s 40 on the ™
fourth segnent 316, as they enter the inspectiaon 20 stath
Referring specifically to Figure 10, which is a perspectlve Vi ew of "t he
segregat or juni t, particﬂharpallettendibheipapkagededementbewmdaﬁuneavand

function of codtfi#o0eR0aLer1d00es /b0UENRY I2bnafliitld 3 a0 ol nverted 25

L- shaped nenber 1s nounte at er al conveyor |ine, at
t he coupl i ng FRYRYRF Pabtiiesa EﬂﬁferIQGC§ﬁétéégnenﬂ§r904 308. Extending

outward fromggecifically, the pallets are transported to a
5 segregating apparatus, which directs alternating pallets
onto parallel conveyor lines. The conveyor lines extend
a sufficient distance, from their first ends to their
remote ends,'that a significant temporal delay may be
accommodated, and the lenses stored without requiring
10 Stopping the molding line which requires a long start up
time.

The buffering station taught in U.S.S.N.
08\258,557,'entitled "Automated Apparatus and Method for
Preparing Contact Lenses for Inspection and Packaging"”,

15 is positioned after the inspection station, at a point
in the manufacturing line where the packages containing
the lenses have been drained of deionized water.
Deprived of a liquid environment, the lenses are
permitted to stand for no longer than 15 minutes before

20 rejection thereof. Moving the buffering station to a

point in the line at which the lenses remain bathed in
deionized water permits indefinite holding without
damaging the lenses.

At the remote end of the buffering station, at
the ends of the parallel conveyor lines along which the
pallets may be stored, there is an integrator assembly
which integrates alternate pallets from the two conveyor
lines to continue toward the next station. More
specifically, the parallel conveyor lines of the
buffering station have, mounted to their end (the end
toward which the pallets are transported), a device
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shaped nmenber 321 are a pair of substantially parallel G%$H+de -Lails_323.

The rails 323 are received by a 30 stationary plate 327

t he outsi de
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which selectively merges the two streams of pallets so
that they may pass onto the next conveyor.

In the embodiment of the buffering station
which is described more particularly below with respect
to the Figures, the conveyor lines which transport the
pallets to the buffering station and which extend after
the buffering station are co-linear and immediately
adjacent to a firét one of the two parallel conveyor
lines. The segregator device, therefore, first allows a
single pallet to advance onto the first buffer line, and
then transfers the next pallet to the parallel second
buffer line. In a similar, but inverse fashion, the
integrator device operates by permitting one pallet from
the first buffer line to pass, then transports a pallet
from the second buffer line to the conveyor line which
continues beyond the buffering station so that it may
follow, and then begins anew by allowing the next pallet
from the first buffer line to pass.

In alternative variations of this apparatus,
the segregator and integrator devices continually or
selectively divide and consolidate the stream of pallets
along the two buffer lines. In the first variation, the

‘stream of pallets is divided by the segregator and

consolidated by the integrator at all times during the
operation of the manufacturing line. 1In the alternate
variation, the segregator and integrator are engaged
only under circumstances when the subsequent stations
have been interrupted. The segregator of this
alternative variation would operate only during
interrupted times; the integrator would function past
the resumption of the subsequent assemblies until there




-4 1- 1 conveyor. A first noving plate 329 is slidabl - ;gkghe
éﬁggﬁurg : éd

guide rails 323 such that the plane of this first pl a S |
vertically and parallel to the di rection of conveyor ttion. This firsgt
plate 329 5 reciprocates froma first position between {hd segoREh h&&n
third conveyor segments 308, 312 and a second positionjatj the stationagy
plate 327. A second noving plate 331 is siyigd arly nounted to the guide
rails 323, and to a notive neans (not shown) such thatf it nay be 10

reci procated froma position at the outside |ateral edge of the second

conveyor segneqt @08 no mopespalbetbeonethe sechadsbudférand dei r dtsagent s
308,312. The ITgin@W¥stood that there are a variety of alternative
buffering algorithms which the segregator and integrator
devices may utilize for separating and bringing together
5 the pallets, all of which are equivalent in function and
exist within~the scope of this invention.
The stream of pallets which continue from the
buffering station are transported to a pickup location.
At this location the pallets are lifted off the conveyor
10 line by a low vibration pallet transfer assembly and
placed on a low vibration conveyor. The low vibration
conveyor transports the pallets through the inspection
station wherein a determination is made of the optical
properties of the hydrated and packaged lenses. It is
understood that the proper inspection of the lenses may
not occur if the perceived optical properties of the
lenses are distorted by air bubbles which have adhered
to the surface of the lenses. Waves and disturbances
within the deionized water in the packages have a
similar distortion effect, causing false determinations
of defects. The low vibration conveyor line, therefore,
provides a means for minimizing the distortions
‘resulting from water disturbances.

It is understood, however, that in order to
maintain the same rate of product flow through the
system, the reduction in speed of the stream of pallets
along the low vibration conveyor line must be
compensated by a corresponding increase in the density
of the pallets moving therealong. The low vibration
pallet transfer assembly, therefore, places successive
pallets adjacent to one another on the low vibration
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second plates 329,331 are nmaintained in a spaced apart prﬁabtﬁﬂ '$#$ET
that a pallet 40 nmay be transferred 15 therebetween, frjo e tlrst ment
304 to the third segrment 312 upon sel ective reC|procat|op of..4, hgﬁe at es
329,331 along the guide rails 323. In operatlonf ascam’b
inferred fromFigure 10, the reciprocation of the pliaties-329,.331..1.5.120
sel ectively controll éd such that alternating-ped |l ets arle transferred tio
the third segnent 312. It is understood that a vari ety—of—nbii-ve-neans
and/ or coupling nmeans may be utilized for reciprocating the plates
329, 331 t ogej hdinef,osuchamplat ttihe gpiatd nqidetwann ctprpskl et L5is

threading and theg f I S nut
whi ch may be t rans @éh'ﬂ?gcilyl E%dﬁl#gie%l%%?ﬁfé ﬁa‘%hg&‘% hemﬁg%gcﬁ Of;]fn@s '
thereof. A separat e but D@&GWMII@r\'—tiord@sﬁ dihe mmud@el @errectness of
piston/cylinder eaBRUNEAE Wit Balh! R 1bethaReSBRET i B3 hdidibiy soUp! ed

5 controller/processor so that subsequently a means for
separating the good lenses from the bad may be utilized.
First, however, the pallets, which contain packages '
filled with deionized water are transported to a water
extraction assembly. Only after the optical correctness
of the lenses has been determined may the proper saline
solution be introduced into the package. The delay in
introducing the saline solution until after the lenses
have been inspected permits the line to proceed much
more quickly, as, as stated above, the optical and
physical characteristics of the lens requires several
hours in the saline solution to equilibrate. It is
understood that this equilibration is advantageously
carried out in the sealed packages, once the lenses have
been removed from the manufacturing line.

In the inspection station, a light beam or
pulse is directed from sources onto the lens-packages,
received by a vertical lens unit, and directed and

" focused on a screen to produce an image of the lens.

The image is converted to an electrical information
signal which is processed to determine if the lens is
acceptable for consumer use. The lens inspection
results are stored in the programmable logic controller
which coordinates subsequent consolidation and transfer
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assemblies.
After inspection, the pallets are lifted into

a water extraction.assembly which is mounted above the
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30 to the driving plate 331 and which reciprocates it. |
a coupling neans, for exanple a fixed rod 35

10

15

20

25

30

35

.-12_

conveyor line. A device for deionized water extraction

from packages containing contact lenses is taught in
U.S.S.N. 08/999,234 entitled "Solution Removal Nozzle",
which is also assigned to the assignee of the present
invention. '

Once the water has been removed, the packages
are transported along the conveyor line to a lens-
package pickup point. At this location the packages are
lifted by a lens-package transfer assembly from the
pallets and moved to alternative conveyor lines. More
particularly, there are alternative variations of the
lens-package transference assembly; a first in which the
lens-package elements are all removed from the pallets,
and a second in which only those packages which contain
a correct lens are removed. It ié understood that the
first variation transports the packages over to a reject
conveyor line, and pauses during transport to deposit
any incorrectly formed lenses and the packages in which
they are disposed. The assembly then transports the
remaining correctly formed lenses and packages to the
good conveyor line. 1In the second variation, the lens-
package transfer assembly removes only the properly

‘formed lenses and packages from the pallets and

transports them to the good conveyor line. Any rejected
lenses are then removed from the inspection pallets in a
subsequent collection procedure. In either variation,
it is understood that the determinations made by the
inspection assembly, which were stored in memory by a
processor/controller are herein acted upon by the lens-
package transfer assembly.
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notion of plate 329 to the notion of the dive plate 3BREFL
Referring now to Figure 11, which is a -5 perspective vi
i ntegrator unit,
I ntegrator unit
uni t 320,
operates in reverse.

t he
segr egat or

nounted to
buf f er con

yor .

1 mated to both plates 329,331, nust be utilized-to-slave—t-hRe—

_ CERENT SHEET
B Wy @f -t ey
a detailed description of the featurgsiand,functibonsi o
is provided. Simlar in nany respgcts ' ® to'the
the integrator is -1®ssentially the $apre-devicewhic

10 A housing elenment 341, which is L-shaped and

the outside |ateral edge of the second seghent—312—of—the"
A pai r Mokegspée ifdidad 1343 webtthe neéspectuttumrtche rkang-he

nousi ng erbep a3 lq@Ne-ane ce2SEYRhHDY, a 3ot U WAL Aes U e
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a regular distribution.

extending downward from a vacuum manifold are first
positioned directly above the packages on a pallet. By
descending from a position above, bringing the tips of
the fingers into contact with the packages, and drawing
a vacuum in an interior open volume, the packages are
As

stated above, the processor/controller may either

secured to the lens-package transfer assembly.

control the selective pickup of the optically correct
lens-packages, or the assembly may pick up all of the
lens-packages. 1In either case, the desired lens-
packages are transported to the good conveyor line,
where the vacuum is released and the lens packages are
dropped from the tips of the fingers.

In either case, the array of lens-packages
which are ultimately deposited onto the good conveyor
line are not necessarily in a regqular array, as they
were on the pallet (having had the incorrectly formed
The good line,
therefore, also carries out a consolidating function,
whereby the lens-packages are brought back together into
More specifically, the conveyor
line carries the articles into separate corral
A first lens-package is conveyed between

lens-package elements removed).

structures.
converging guide rails (which align the lens-package

The first
lens-package in line is stopped by a gate at the distal

The next lens-package follows the lead one and is

Once a

along one axis of motion), and into a corral.

end.
stopped by coming in contact with the first.
predetermined number of lens-packages have entered the



15 edge of the third segnent 312 of the buffer conveyor. EPLA ? éﬁﬁgi
apart noving plate 349, 351 are slidably nmounted to t gﬁ| je ré 3
such that the planes of t hese plates 349, 351 are alignefl tlcalhﬁ
parall el to the direction of conveyor notion. The seclongd Hite 2 plata
351 is coupled to a notive nmeans (not shown) such th 1..omy. be

reci procated froma position at the out Silds | ateral ddge of t he second
conveyor segnent 308 to a position between the secon ird segnents
308, 312. The first_an secg | at s 349,351 are 25 maintained in_a spaced
apart relatiod stRRF-#hat? pﬁIEEE“ ar,8rray g ﬁF&ﬁbE@FW@@théFﬁbé¥ﬁﬁbn,

fromthe third esssigbkshed]l?the lLbasFpatkhgesgaeet r2h@vieR0Traml atid ve
n operation aceareref ffn §f§a§5§s§n53383%“%n%”1f £ie L BAESARIAS on of
the plates 349, 3dllet.

5 More particularly, the lens-package elements
are removed from the corral, into which they have been
directed by a conveyor line, by a rotating lens-package
transfer assembly. This assembly comprises an array of
bellowed fingers, similar in most respects to those of

10 the lens-package transfer assembly, which lift the array
of lens-package elements and places them onto pallets.
The assembly further includes a rotational motion which
rotates the array of elements to match the orientation
of the pallets used for primary packaging.

Once the lens-packaging elements have been
deposited onto these pallets, they enter into a saline
dosing and sealing assembly. More specifically, the
pallets are incrementally tfanslated into position
beneath a saline solution depoéition unit. This unit
comprises a row of fluid dispensers which £ill the
packages with saline solution. As the pallets are
incrementally registered beneath the fluid dispensers, a
‘buffered éaline solution is injected into each of the
packages and each of the lenses begins its equilibration
process, matching the tonicity of a human eye (which has

15
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an equivalent salinity).

Once the packages have been filled with
saline, the pallets continue forward and are sealed with
a foil wrapper. More particularly, with respect to the
device which applies and seals the foil wrapper to the
package, an elongate section of foil wrapper material is
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advanced through a printer (for printing information

pertaining to the particular lens specifications). The
foil is then cut into sections which are sized to fit
across the tops of an array of packaging elements. The
foil sections and the lens-package assemblies are
advanced into alignment with one another. A vacuum
gripper head grasps a foil section and descends to the
package elements, placing the section in contact
therewith. Once the foil wrapper is in position, a
sealing mechanism is brought into contact with the
packages and heat seals the foil to the package in a
single high temperature short cycle sealing operation.
The sealed packages are then advanced beyond the sealing
assembly where they may be stored during equilibration,
and ultimately packaged for distribﬁtion. |

BRIEF DESCRIPTION OF THE DRAWINGS
The advantages and assemblies of the present
invention set forth in the foregoing summary of an

automated apparatus for combining, inspecting and
sealing contact lenses and packaging elements 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 a perspective view of a packaging
element in which a contact lens may be inserted, and
which serves as both a receptacle for the lens during
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1 selectively controlled such that alternating pallets, | RERBDEHEION CREET
second segnent 308 foll owed by one fromthe t hird segmant-~342.—advange
to the fourth segnent 316. it is understood that a v r@ety?otrﬁnkhye
means and/or 5 coupling nmeans may be utilized for recipgrdcating thé&*
pl ates 349, 351 together, for exanple the guide rails 343 *-may-—be—thredddd
mat able to a threaded hole or nut in the -pbates 349, 351. A separate, bu
equi val ent, design i ncludes an air piston/ cylinder noumted-wttirmtie
L- 10 shaped nermher 341 which is coupled to the driving plate 351 and

whi ch reci procat dSRECHIPNy, AN JREFRIOD of BRGPFABPAFEaF’NtAGE &%Bfipl e a

fixed rod mated padreide. plates 349,351, nust be utilized to slave the

motion of - plate 349 to e, ymlipn, of, b, 31 ve Pl 830 an

—

inspection pallet used to transport a plurality of the
5 packaging elements illustrated in Figure 1 through
several assemblies and stations of the present
invention.
Figures 3a and 3b are elevation views, side
and front views respectively, of an apparatus which

10 fills packaging elements on a pallet with a quantity of

degassed deionized water.

Figure 4 is a top view of the hydration pallet
in which the hydrated and washed lenses are presented at
the first location.

15 Figures 5a, 5b, and 5c are side, top, and
perspective views, respectively, of the lens transfer
and insertion assembly which removes the molded contact
lenses from the hydration pallet, alters their relative
spacing, and places the contact lenses in the packaging

20 elements.

Figure 6 is a side view of a finger element of
the lens transfer and insertion assembly onto which the
‘lenses are disposed.

Figure 7 is a cross-sectional view of the air
bubble removal fluid ejection mechanism for removing
bubbles from the exterior surface of the contact lenses.

Figure 8 is a top view of the pallet transfer

25

unit which transfers pairs of pallets from the lens
transfer conveyor line to the buffer conveyor line.
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15 THE LOW VI BRATI ON LENS- PACKAGE TRANSPORT ASSEMBLY; THE— “”F CT1 ON

ASSEMBLY, AND THE WATER EXTRACTI ON ASSEMBLY ﬂh,_Eéhehﬁrﬁg“ oW to
Figure 12, a top view di agrammati c of the present -+om 18~ priovi ded.
As 20 is illustrated, the lens transfer station 299, 22 t g 19371 énsles
are transferred to the packagi ng el enents on the |n peétién pal | dts| 40
Is sequentially followed by the buf f erihrg stati on ets,

p
havi ng advanced t hrough the buffering station are transferred t hrqubh a
25 conveyor station 499 to the |nspect|on station 595«~ﬁ?“a“”’"r"""—gu
vi bration gonveyor assefbAYrgs Iddscai ReFspeqtdiws nbegwwf the buffer .
Figure 13 is st@eiopcthirvaghi Aieh ithe lmleté“éwéyﬂi%tméwi@ﬁsassenbl y

whi ch transfers the, 30 ection paIIet fr conveyor 316 to the
i nspection P3F5FFLRI 9E§ﬁeakﬁaPF§tA$5QG£$4gwsed t hrough t he

Figure 10 is a perspective view of the
5 segregator device which is disposed at the entrance to
the buffering station.

Figure 11 is a perspective view of the
integrator device which is disposed at the exit of the
buffering station.

Figure 12 is an overview showing the assembly
station locations of the post hydration apparatus of the
present invention, including the inspection station and

10

the deionized water extraction assembly.
Figure 13 is a perspective view of the low
15 vibration pallet transfer assembly which transports the
pallets carrying the lens-packaging elements from one
conveyor line to the low vibration inspection conveyor
line.

Figure 14 is a perspective view of the first
rotating lens-package transfer assembly which removes
the packages and lenses from the inspection pallets and
deposits the optically correct lens-packages on the good
‘conveyor line.

Figure 15 is a perspective view of the good
conveyor line which further serves to consolidate the

20

25

lens-packaging elements into a regular array.

: Figure 16 is a perspective view of the second
rotating lens-package transport assembly which removes
regular arrays of lens-packaging assemblies from the
good conveyor line and deposits them in pallets for .
saline injection and foil sealing.
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Figure 17 is a conceptual diagrammatic
illustration of the saline éolution injector and foil
sealing assembly.

Figure 18 is a side view of the saline
solution injector and foil sealing assembly.

Figure 19 is a perspective view of the saline
solution injecting subassembly. '

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention was designed for and is
particularly adapted for use in the'pbst hydration
processing section of an automated contact lens
production facility. Contact lenses molded in an
automated production line, such as that described in co-
pending application U.S.S.N. 08\258,654, entitled
"Consolidated Contact Lens Molding" (VTN-0772) (Attorney
Docket 9016); hydrated in a hydration system as
described in U.S.S.N. 08\258,556, entitled "Automated
Method and Apparatus for Hydrating Soft Contact Lenses";
and automatically inspected as described in U.S.S.N.
08\994,564, entitled "Lens Inspection Method and

" Apparatus" are particularly benefitted by the present

25
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invention.
The present invention shall be herein

described with respect to its specific assemblies and
apparatuses, and to the Figures illustrating these
feétures. More specifically, the present invention
shall be described, with reference to the following
several assemblies:



i 8T SHEET
1 integrator unit of the buffer assenbly and has passed I%emfguL$h
segnent of the buffer conveyor, it is translated to a sta g}aLea,32
as illustrated in previ ously described Figure 9. At thyjs sbaglng ar
325 5 an overhead doubl e axis transport carrier reciprocal €S pLGkS—Hﬂ-
the single pallet 40 for transfer to the automatic |ens inspection
station as illustrated in Fi gure 13. The -d\8er head tr anspott—i-s--a—-detbte—
axi s Hauser Transport Mechanism and is used to isolate the 10 automatic

| ens inspection systemfromthe renuni nder of t he post-hydration |ine.
It is inportanfL that vibratFbRStef thReded@andging magerhd ndeicsdione @ssamilbe

i ni i zed during wkien £1118N6REr bacRBYihG Wdhente BRILLC oA RS N
so 15 that water wayes are avoi as t ey can cause optlca

di stortions mhlcﬂpe%?ﬁt%ﬁiﬁrﬁﬁg Egﬁ§§lﬂalse

Second, the lens transfer and insertion

5 assembly which receives the lenses from hydration
pallets, alters their spatial distribution, and injects
them into the packaging elements;

Third, the buffering station, and the
segregator and integrator devices included therein,

10 which provide a buffering region for temporarily holding
a group of lens-packaging pallets during interruption of
subsequent assemblies;

Fourth, the low vibration lens-package
transport, inspection, and water extraction assemblies

15 which removes the inspection pallets from a conveyor

line and inserts them onto the low vibration inspection

assembly conveyor line, determines which lens-packages
are optically correct, and then removes the deionized
water from the packages;

Fifth, the lens-package transfer assembly,
which removes the lens-package elements from the pallet
and deposits those lens-packages which were determined
to be optically correct onto a good conveyor line;

Sixth, the good conveyor line and rotating
lens-package transfer assembly, which conveyor line
consolidates the optically correct lens-package elements
into reqular arrays, and the lens-package transfer
assembly extracts the arrays, rotates the elements in
the horizontal plane, and transports them to another

20
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line of pallets; and
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deterni nations of lens quality. By utilizing a double |§L?¥%ﬂ§§5r§ SHEET

mechani sm the pallet can be gently conveyed to the aut'na "CTTEns

i nspection system and 20 thereby avoid such vibrations whijch| t hat H7gFiS?
ot herw se L mpair the inspection results. ' After the first
pall et has been lifted from t he staging area, the next pal I'ét"imay be
advanced into the staging area to be téPried onto the inspection |line 25
conveyor. The doubl e axis transport nechanisn1 transports the pallets
fromthe buffer conveyor, where allets_are advanced at a given
speed and spaci ng, CS?Y@P?msp%Q?l ingeSohpeient heiepeen ardifell

pal | ets S s%auit@tasaéémbsi@s\pdompcmvmdwdbéat tné apprbprB@teecessary,

therefore, for_the sp
be substanti afA} %
heat seals a foil label onto the top of the packaging

Eﬁéﬁ&%&on 1n p@h fens packaglng ePgﬁéﬁ S &nd eyor to

5 element for shipping and identification.

THE DEIONIZING WATER INJECTION ASSEMBLY
Referring now to Figure 1, a suitable

packaging element 10 is illustrated in a perspective
10 view. This packaging element is more fully described in
copending application U.S.S.N. 995,607, the disclosure
of which is incorporated here by reference thereto. The
packaging element 10 may be formed by injection molding
or be thermally formed of plastic sheet material, such
15 as polypropy;ene. The packaging element 10 includes an
essentially rectangularly shaped platform portion 12,
which may be visually divided into laterally distinct
portions l4a and 14b by registration notches 16a and 16b
which are formed in opposing sides of the platform
portion. The first portion 14a defines a concave
recession 24 which is particularly well suited for
receiving therein and transporting a contact lens and
" fluid. The second portion 14b is generally flat,
providing an ideal location for contact with a vacuum
25 lifting means in that it provides a stable surface to

20

seat against.

The package carrier is further defined by a
wall portion-.-18 which descends at an angle, outwardly
and downwardly from the platform portion 12 at one end
thereof, forming an angled flange member. Descending-
downwardly from the corners platform portion 12, at the
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opposing ends thereof, are a pair of registration
flanges 20 and 22, only one of which is visible in the
view shown in Figure 1. The registration flanges 20 and
22 are used, in conjunction with the angled flange 18
and registration notches l6a and 16b, to align the
packaging element 10 during robotic handling. In
particular, the notches 16a and 16b are provided on
either side of the platform 12 so that they may
cooperate with registration pins on various carrier
pallets. Flange structures 18, 20, and 22 mate with the
topological structure of pallets onto which the
packaging elements are disposed, therein providing
additional securing means for holding the element on the
pallet.

As stated above, the first portion l4a of the
platform includes a concave recession 24 which is of an
essentially semi-spherical configuration, generally in
conformance with a curvilinear shape of a contact lens
(not shown). The contact lenses are therefore, adapted
to be stored in the recession 24, in a sealed condition
while immersed in a suitable sterile aqueous 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
perpendicular extent of the wall portion 18 which
descends outwardly and downwardly from the platform
member 12 is equivalent to the height or depth of
recession 24 therein providing self alignment of the
packaging element.
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the same nunber of pallets in a given tine. 1TREPﬂ&ﬁE%ﬁﬁg}§ﬁE€E
t

pall et transfer assenbly 400 conprises a pair of pal

E%aspfﬂg“ﬁrat S |
402a, 402b 5which are nounted, in spaced relation to one janpt hey =03

correspondi ng bl ocks 404a, 404b. One of the grasping plbtés:¢02é”is
slidably nmounted to its block 404a such that sel ective' actuati of™ 6
ext endi ng nmechani sm (housed within bl ock 4@2x) w dens or reduces the
spaci ng 10 between the two grasping plates 402a,402b. The bl ocks ™

404a, 404b are nounted to a common wall el enment 406 which is slidably

nmounted to a bade el ement 40BNCACSBEBNEG TecRSSiiea RécRAFCs ANCHISSsh&
shown) is di sposedpyatdintyhef smhasegelippBily HASkandsCanllcad ade husidie to
common wall 406 15 sugh that tgg,wall 406 . can he sel ectively raised and

| owered. The base 2F&hehi1R0BC+E1RGuA: EGNLACE Lenfoin; Shearcentededio
having a transl atipgsiebms inrthe recepsaoat 249 dulténgnthiee rexeeal yfrom a
posi tion above

an

deionized water at the deionized water extraction
assembly which will be more fully described, with
reference to the appertaining Figures hereinafter.

The outer edge of the recession 24 includes a
raised annular rim 28 which is provided for enhancing

10 the efficacy of the heat sealing of the foil label in
the foil sealing assembly which hermetically seals the
contact lenses and packaging elements for commercial
distribution. A cut-out 30 is used to facilitate
gripping the foil wrapper when it is removed by a

15 consumer to access and use the lens contained therein.

Referring now to Figure 2, an inspection
pallet on which the packaging elements are transported
to the deionized water injection assembly, through the
lens transfer assembly, the lens inspection assembly,

20 and the deionized water extraction assembly, to the
lens-package transfer assembly, is shown in a
perspective view. Pallet 40 includes a first and second

" parallel rows 42,44 of cavities 46 which are shaped to
receive the underside of the recession 24 of the

25 packaging element 10. The parallel rows 42,44 of
cavities are separated by a channel 48 which is defined
by two walls 50a,50b. The wall correspouding to row 44
descends downwardly and outwardly, the angulation of the
slant being specifically set to receive flatly thereon,

30 the descending wall portion 18 of each packaging element
10 disposed on row 44. The outer edge 54 of row 42 is

35
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the staging area 325 to the inspection station conveyor [2BEFLAGEI28r SHEET

In operation, the low vibration pallet transfer assenfl y-406

reci procates to the staging area 325 to receive a palljet! 40 Fhe & n
rdspi ng pFaté

plate 406 is | ower ed, thereby positioning the pallet : 5
402a, 402b adjacent to the | ateral edges of the pallet { 40~ TPhe—rtive.
el emrent within the block 402a is actuat ed-2%-draw t he! pl ates cl oser,

therein bringing the i nner surfaces of the.plates 402a;402b 1 ncoent-act....
W th the pallet 40. Once the pallet has been grasped 30 securely by the
| ateral plates B08dmMdazly: §dansatoto reggivedehereon the vahk PREL HaNs ot

is transported to18hef the packaging elements 10 disposed on row 44.
The pallet is further provided with a pair of
elongated notches 56,58 for receiving the registration
5 flanges 20,22 of the packaging element. The elongated
notches 56,58 further provide a positive grip surface
for transferring means that lift, rotate, and transport
.the pallet.
In addition, the pallet 40 includes
10 registration pins 52 which engage the packaging elements
at the lateral edges. These registration pins 52 engage
the registration notches 16a,16b of the packaging
elements 10 to provide additional accuracy in their
registration, specifically with respect to the
longitudinal axis of the pallet. The combination of
slanted walls 50b and 54, grooves 56 and 58, and the
registration pins 52, which each couple with

15

corresponding features of the packaging elements,

provide particularly effective means to ensure against

rotational skewing.

The inspection pallet 10 is further provided

with three registration openings 60, on either side of
" the pallet 40, which are used by means associated with
assemblies of the present invention to transport, and
lock the pallet in place, during operation thereof.

As suggested by Figure 2, the packaging
elements 10 are fabricated in sets of sixteen, and are
disposed on pallets 40 in predetermined arrays,
typically 2 X 8. The pallets and packages are
transported, via a conveyor line, to the deionized water

20
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injection assembly in sets of two, oriented to define
therebetween an array which is 4 x 8.

Referring now to Figures 3a and 3b, the
deionized water injection assembly 100 is shown in a
front side view and a lateral side view. This assembly
100 comprises four separate elements: a water dispensing
head 110; a set of coordinated vertically oriented stops
120a,b; a pallet positioning device 130; and a water
overflow drain unit 140. The water dispensing head 110
translates up and down with respect to a conveyor line
102 and to the pallets 40 thereon. The coordinated
vertically oriented stops 120a,b are utilized to stop
the advancing pallets 40, and feed one pair of pallets
per cycle. The pallet positioning device 130 receives
the pair of advancing pallets 40, advances itself and
the pallets horizontally to a first water dispensing
location, then to a second dispensing location. Once
the packages have been filled, after the second
location, the pallet positioning device 130 translates
vertically which permits the pallets 40 continue to
advance along the conveyor 102. The positioning device
130 reciprocates back into position to receive a next
‘set of advancing pallets 40. The water overflow drain
unit 140 is positioned beneath the conveyor line,
vertically aligned with water dispensing head 130, for
catching waste water from the dispenser.

As illustrated in Figure 3a, the set of
coordinated vertically oriented stops 120a,b advancing
pallets 40,.prior to dosing. Each of the stops 120a,b
includes a vertically aligned plate 122 having one of
its facial planes perpendicular to the axis of motion of



buffering conveyor Iine. Once in position above the | N$Pecti-00--CORV-Y-OF—
line 420, the pallet 40 is lowered 5 onto the line and raH@HﬁgﬂEﬁ&MT SHEET

actuation of the plate wi deni ng nechani sm The pall et t-Ref-eaf-t-t-et—
into the i nspection station. Once the pallet is transfhr eg Lormnaghf
|l ow vibration Iens transfer assenbly 400 rises and rec pd afes bacﬁ to
the staging area 325 to receive the 10 ne&>Dpal | et 40. e 12
Aut omati c Lens. I nspection System the i nspection pallets 40 are conveyed
t hrough the system as Ul se of is directed through-the--m—-—-

| ens- packagas * the a%?i"%%ﬁ?ﬁcglp@négg ﬂ' &dad&y 137 dcspuriad t’gfen‘\‘erate 15
an i mage of tm&é&ﬂwl¢hblﬁbekoma49reherabwﬁcﬂJVé(ﬁﬁﬁﬁﬁtal ddﬁﬂdﬁkﬁhfﬁE

array of pixel ach.of _whic ener ctlve one el ect

si gnal proporfﬁgh Fdvanres ngpnggﬁtl 3 ﬁ§§3PWﬁ°{E {

i nci dent on t Hd adypaneingTadergekhet r:ouvelygxrallarmr da0zhen digitally
5 As illustrated in Figures 3a and 3b the

deionized water dispensing head 110 includes a

horizontally disposed reciprocating support plate 112.

-The support plate 112 has sixteen holes 116 arrayed in a

4 x 4 matrix. The top of the plate 112 receives a set

10 ©f sixteen flexible hoses 114, for example tygon tubing

or other fluid conduit, for delivering deionized water
to a set of sixteen narrow and elongate teflon tubes 118
which extend downwardly from the bottom of the plate 112
and are particularly well suited to delivering precise
doses of deionized water therethrough. Teflon is a
particularly desirable material for such a use as water
generally does not adhere to teflon surfaces in large
droplets which may fall therefrom at 1nappropriate times
in the deposition cycle.

The plate 112 is coupled, at a lateral edge,
to a piston/cylinder 111, which may be actuated to raise
and lower the head 110 (and the teflon tubes 118) in

" accordance with a predetermined deionized water
deposition cycle which is more fully described

15

20

25 hereinbelow.

Beneath the conveyor line, vertically aligned
with water dispensing head 130, is a water drain unit
140 which is so disposed to catch any excess water which
may emanate from the dispenser during purge cycle or

30 cycle misfeeds. The water drain unit comprises a basin
142 having a sloped base, therein forming a funnel-like

35




20 processed to determine if the lens is acceptable for consuner use.
Sui tabl e procedures for processing or anal yzing the electric signals

fromthe pixel array are di scl osed in copendi ng Pat<qﬁqﬁg§%L§§§J0n Nog.
e LAY

993, 756 and 995,281, entitled "Automatic Lens |nspe¢tion”

t QHEET 1

di scl osures of which are herein incorporated by refpré¢nce. Separatej
systens are utilized to inspect the s2&teen | enses cafrilet fff} 4337
pallet. After conpleting the test for the | ast bank of{ L[._lenses,

t he

Automati c Lens Inspection System sends a 30 databl ock with the vision
ﬂum.' l4detn tthe

consol idate bAg8e. .The hole 144 is coupled to a drainage tube 146

i nspecti oy r 8bapes ddregéing pederamhesiein dvanbra r

which carries the drainage water away from the assembly

to a remote location.
5 The fourth element of the deionized water

injection assembly 100 comprises a pallet positioning

device 130. This element receives a pair of advancing
pallets 40 and first holds them in position beneath the

deposition head 110 in a first position so that the

10 first sixteen recesses 24 of the packaging elements may
be filled with deionized water. Once the first sixteen

recesses 24 have been filled, the pallet positioning

device 130 translates horizontally to a second position,

thereby repositioning the pallets 40 at a second
15 position beneath the deposition head 110. At this

position the second sixteen recesses 40 of the pair of

pallets 40 receive a quantity of deionized water. Once
the second step of wafer deposition has taken place, the
registration device release the pallets, rises to allow

20

the pallets to advance beneath it, and reciprocates back

to the pallet receiving location (the first location).
More specifically with respect to the elements

of the pallet positioning device 130, the positioning
device comprises a pair of spaced apart arms 131,132

25 which extend laterally across the conveyor line 102, and
which are ideally spaced for receiving and holding pairs
of pallets 40 which advance down the conveyor line 102.
The arms 131,132 are coupled at their lateral ends 133
to vertically oriented piston/cylinder 134 which raises

30
the deposition cycle.

35

and lowers the arms 132 in accordance with the timing of

he



35 - 47- -enses..for _packagi ng.
This information is used by the | ens- package tran fREPL ABER g@ty
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descri bed bel ow. After the | enses have b
' 172 FER f007
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1 In addition to the vertically S?Ié%%éé““'
piston/cylinder 134, the arms 131,132 are coupled
together via an elongate spar member 135 and a
horizontally disposed piston/cylinder 136. Actuation of

5 the piston/cylinder 136 causes the arms 131,132 to move

relative to one another. Specifically, arm 131, which

is positioned in front of the deposition head, up stream

from the deposition head with respect to the flow of the
conveyor line 102, remains stationary as the other arm

132 is directed farther downstream from the deposition

head 110, therein moving the pair of pallets 40, into

the second deposition position.
In operation the entire assembly functions in

10

accordance with a predetermined timing schedule,
beginning with the advance of a pair of pallets 40 along
the conveyor line 102, toward the assembly. Once a pair
of pallets 40 have passed the first of the coordinated
vertical stops 120a, plates 122 are raised, so that
additional pallets 40 may be restrained from continuing
into the water dosing location.

The two pallets 40 continue to advance until
they reach the second of the coordinated vertical stops
120b, at which point the pallet positioning device 130
descends into position holding the pallet in the first
deposition position. Deionized water is then injected
via the teflon tubes 118 into the first sixteen recesses
24 of the pallets. Once the water has been injected,
vertical stop 120b is retracted and the horizontally
oriented piston/cylinder 136 of the positioning device
130 is actuated, thereby advancing the pallets 40 to the
second deposition position. Once the second set of
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automatic |l ens inspection system the pallet is lifted b ﬂﬁptﬁggmmgngmggpar
to..t.he

axi s overhead transport and placed on conveyor for trangpest

dei oni zed wat er renoval station (which is station 699{im §L9%§§3%§%7

dei oni zed water is renoved by a specially configured hozzl'e

described in U S.S. N 08/999, 234, entitled 10 "Sol uti on Refoval—Nezzle~
the di scl osure of which is her eby i e porated hereinj by reference

thereto. As
the lens within the acka%e carrier d

i s removedlpPidtel FEERE

in detail

descri bed earlier, the deionized water is*used-t+oe—center

Cess,

but

. L After renpyval t he l,oni.zed, water. . the
| enses, packS§&SREPH BASTER qﬂ%ﬁ&ﬁﬁﬁ(ﬁgﬂﬁﬂQQ§k%n%a%ﬂfﬁﬁ%ﬂﬁﬂiﬁ¥ed to the
| ens- packageorigntedr pistomyloy lilnider 136 is retracted. -
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Once the first pair of pallets 40 have
advanced past the assembly 100, vertical stop 120a is
lowered to permit the next pair of pallets through the
dispensing station, and the second set of vertical stops
120b are raised. After the second pair of pallets have
advanced, the vertical stops 120b are raised to stop the
following pallets 40 from entering, and the cycle
repeats.

Once the packaging elements 10 have each
received a quantity of deionized water, the packaging
elements and pallets are transferred along the conveyor
line to a lens loading location where each recess 24
receives a contact lens by a loading assembly described
hereinbelow.

THE LENS TRANSFER AND INSERTION ASSEMBLY

Referring now to Figure 4, a contact lens
hydration pallet 200 is shown in a top view wherein
phantom lines correspond to internal structures of the
hydration pallet. The hydration pallet 200 comprises 32
semi-spherical recesses 202 in which contact lenses are
transported through a series of extraction stations,
which are described more fully in co-pending application
U.S.S.N. 08\258,556, entitled "Automated Method and
Apparatus for Hydrating Soft Contact Lenses", also
assigned to the assignee of the present invention.

h

ring fhe I nspection, pr
Bfg 24 have eft‘au;ﬁ%d"! d%%ii‘?l‘blg? a buffered
saline sol utwarer, ithet kenis N3l ,Q3Kage meised Ibjharedtiodd K1y be descri bed



renoves the packagi ng el enents and | enses therefrom o5+-t-s-t.he
optically incorrect |ens-packages (as det er m ned by iH@ﬁﬂﬂ@ﬁeﬁmqogHgdr
station) on a conveyor for bad | enses, and deposits {he-coriee

| ens- packages on 25 good conveyor. THE F Rg}ngﬂygg ¥y
LENS- PACKAGE TRANSFER ASSEMBLY; ot ’
Referring now to Figure 15, the |ens- pacﬁﬁbe 30 transf steﬁb+y~+s

in a perspective view, in position above a pallet of Iens packages whi
have had The hydration pallet 200 has a plurality of

conduits 206 which extend upwardly from the top surface
of the pallet. These conduits 206 are coupled, via
internal branch conduits 208, to small holes 204, one of
5 which is disposed at the bottom of each recess 202, at

the bottom thereof. The holes 204 are thereby coupled
in gas and/or fluid flow communication with an external
supply, whereby a fluid or gas may be selectively
introduced between the surface of the recess 202 and a

10 lens disposed therein. The selective introduction of
this gas or fluid, via the hole 204, is used to propel
the lenses upward so that they may each adhere to
corresponding convex lens attachment surface of the
finger elements of the lens transfer assembly as

15 described hereinbelow.

Referring now to Figures 5a, 5b, and 5¢, the
contact lens transfer assembly 210 is shown in side, top
and perspective views, respectively. The assembly 210
generally comprises a head element 240 and a dual axis

20 linearly translating mounting unit 220. First, with
respect to the dual axis linearly translating mounting
unit 220, a mounting bracket 222 is coupled at its lower

" horizontal surface 222a to the head element 240. The
mounting bracket 222 is, in turn, mounted to a base
element 224, in relation to which, the mounting bracket
222 may be raised or lowered by means of a vertically
oriented translation mechanism. It is understood that a
variety of means may be employed for the raising and
lowering of the mounting bracket 222 including an

30 articulated robot. However, a preferred mechanism

25
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comprises an IKO ball screw drive system to reciprocally
translate the head from position to position.

As illustrated in Figure 5c, the base element
224 is mounted to a horizontal track 226, along which it
translates in accordance with the actuation of a motive
means. In Figure 5¢ the motive means 228 is shown to be
a ball screw drive, however, it is understood that a
variety of alternative translation means may be employed
to provide an equivalent function. For example, the
translation means may comprise a hydraulic or pneumatic
piston/cylinder device, or it may comprise a scissoring
arm assembly. The ball screw is preferred for its
accuracy, mechanical simplicity, long term operability,
and efficiency.

With respect to the head element 240, a
coupling element 242 is affixed at its upper end to the
lower surface of the mounting bracket 222. The lower
end of the coupling element 242 is mated to a pair of
guide plates 244 which are substantially parallel and
held in spaced relation to one another by cross bars
246. Slidably mounted on the cross bars 246, also in
spaced apart relation to one another, is a set of four
horizontal support beams 248. The support beams 248
slidably mounted on the cross bars 246 so that they may
be drawn together or spread apart in accordance with
their appropriate positioning.

The means by which the support beams 248a-d
may be moved relative to one another is provided by a
pair of piston/cylinders 250,252. The embodiment of
Figure 5b shows the first piston/cylinder 250 couples
the two inner beams 248b,c, and the second
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turn, coupled at its upper end to a rotation neans 506 ~5-wherehy the s

504 and the support 502 may be

accordance with the predeterm ned positioning of a {paj+et-40-ok.
orientation of the conveyor (see Figure 16) onto which} ; the.. o0y

| ens- packages are deposited. It is understood that 10 ﬁhe-rotatlng

506 may conprise an air cylinder haviTyt st ops whi ch,! flor- exanphew«m.

correspond to a 90

sel ectively rotated jpbyE9DA QE@L$E$W%HT
--4.he

degree rotation so that the shaft nay be reci procat
bet ween two -orientations which are perpendicul ar. The--f-ot-ad-+i
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means 506 ik BiSHBRAGYRINGET #5%5 Cr%ﬁ’rh%ﬁwg}"h;ﬂ a&"‘f%r‘?ﬁ“ﬁﬂ b%ﬁ‘%hz‘?%a«% turn
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5 couples the piston/cylinder 252 to bracket 260 which is

attached to outer beam 248d. The first piston/cylinder
250 is coupled directly to brackets 262a,262b which are
in turn mated to the two inner beams 248b,c.

Extending downward from each support beam
248a-d are a plurality of finger elements 264, to which
the lenses adhere during transfer. In the preferred
embodiment, there are thirty-two fingers 264, mounted in
@8 4 x 8 array of four beams and eight fingers per beam,
which corréspond to the thirty-two recesses 202 of the
lens hydration pallet 200. Selective actuation of the
piston/cylinders 250,252, which causes the beams to move
relative to one another, causes the relative spacing of
the finger elements 264 to be altered.

Referring now also to Figure 6, a side view of
a finger element 264 is provided. The finger element
264 comprises an elongate shape having a convex lens
attachment surface 266, the curve of the surface 266

‘generally corresponding to the curvature of the concave

surface of a contact lens. A central bore 268 extends
through the finger 264 from the top 270 to the lens
transfer surface 266. This bore 268 is included for the
selective ejection of a fluid therethrough, which fluid
may be deionized water, as will be discussed below with
respect to the deposition of a lens into a corresponding
packaging element 40.

on
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conveyor |ine

is described nore fully with reference to Figure 1) REFLA Al
Ext endi ng downwardly fromthe support 502 are 25 a set| of~resitient—-
bel | oned fingers 508 having a generally elliptical |sh ,

508 each have
entrance into

The upper ends of the fingers 508 are 30 coupled to tHh

such that the
relation tol
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to a position above the consolidating of —-+-fre—{-whj ch

pe; Fae tamodr

an open tip 510 at their |ower ends whigch'for g an

a central volunme which extedds the |engtlh oftte—fitnder|
e vacuum t ubes 512

S

central volune of the fingers are in Sgaredyas—fiow
35 The end of each finger 264 includes an annular

slotted skirt 272 which separates the curvate shape of
the lens transfer surface 266 from the generally
cylindrical shaft portion 274 of the finger 264. This
slotted skirt 272, which includes alternating vertically
oriented slots 272a and skirt elements 272b helps retain
the lens on the attachment surface 266 and prevents it
from sliding, or otherwise moving out of a desired
position. The vertically aligned slots 272a are designed
to provide a channel through which a fluid or gas which
is directed upwardly at the lens transfer surface may
flow smoothly. The skirt elements 272b are provided to
prevent a contact lens from sliding off the lens
transfer surface when said fluid or gas is directed at
the surface.

A circular mounting disc 271 is disposed about
the cylindrical shaft of the finger 264, at a position
remote from the tip 266. The mounting disc 271 may be
coupled to the upper or lower surface of the
corresponding support beam 248, such that the top of the
finger 264 may be coupled to an external supply of fluid
such as deionized water with the lens transfer surface

- 266 extending downward. In either casz, the tops 270 of

25

30

35

the fingers 264 are coupled to tubes 273, which are
preferably flexible, and which may selectively supply
fluids such as air or deionized water to the central
bore 268 in accordance with the predetermined operation
of the assembly.

As illustrated in Figure 5c¢, in operation a
hydration pallet is advanced along the lens conveyor
line 275 to a position directly beneath the lens
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transfer assembly 210. The dual axis linearly
translating mounting unit 220 lowers the head array 240
so that the lens transfer surfaces of the fingers 264
are positioned directly above the recesses 202 of the
pallet. Once in position, a quantity of air is directed
through the conduits 206,208 in the plate. This air
floats the contact lenses out of the recesses 202, and
onto the lens attachment surfaces 266 of the~fingers
264. As the lenses have been carried in the pallet
through several extraction stations prior .to arriving at
the lens transfer assembly 210, the lenses and recesses
202 of the pallet have residual deionized water thereon.
This deionized water assists the lenses in adhering to
the surface 266 of the finger 264 via surface tension.
While the lens will adhere to the curved lens attachment
surface 266 with or without an additional surfactant, a
surfactant may be added to more efficiently wet the
surfaces together and promote retention of the lens by
virtue of the surface tension of the deionized water and
the surrounding atmospheric pressure. In the transfer,
it is desirable to position each of the finger tips 266
within 1.5 mm of the lens to ensure a direct and precise

"transfer.

Occasionally the outer surface of the lens may
have bubbles of air, in the deionized, water attached to'
it. 1If the bubbles remain, and are not dissolved, or
otherwise removed from the lens, subsequent inspection
of the optical correctness of the lenses will be
compromised. Degassed ionized water is used in the
hydration apparatus to minimize bubble formation, and in
order to ensure that air bubbles are removed from the




5 station with respect to which |ens-packages contain | RESLABEWMENEAREET
Sel ective activation of the vacuum source woul d, theyeftoreprovide h
| ow pressure suction at the tips 510 of the finger 5p8,. whﬁgﬁﬁﬂﬁgQON
pressure suction is enployed, the tips 510 of the 10 fi hgérs may be pl ated

onto a flat surface, therein sealing the central vol yne;"andSECUTT Ng
the fl at surface to the finger 508. =34- In pperation, a pall et
40 having lens- . packages, from which the deioni zed waterhas been 15
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the val ves hydration conveyor line 275 and the packaging element

5 pallet line 102.

Referring now to Figure 7, a cross-sectional
view of finger 264 carrying a lens and a recess 282 of
the bubble blow off unit 280 is shown. The bubble blow
off unit 280 comprises a plate 284 having a regqular

10 array of recesses 282 therein. The regular array of
recesses 282 is designed to match the spacing of the
fingers 264 of the lens transfer assembly head 240. The
base of the recess 282 includes a through hole 286,
which forms the mouth of a conduit 288 which extends

15 downward to an air supply means. Selective ejection of
air through the conduit is directed at the lens which is
adhered to the lens attachment surface 266 of the finger
264. The force of the jet of air may cause the lens to

" migrate across the attachment surface 266, however, the

og Slotted skirt 272 prevents the lens from sliding more
than a portion of one lens radius from the center
position. The jet removes the bubbles from the lens
surface so that the inspection process will not falsely
identify such air bubbles as fabrication errors in the

25 lens itself.

Once the bubble removal process has been
carried out, the piston/cylinders 250,252 are actuated
to bring the beams 248 together. This change in
relative distribution of lenses perpendicular to the
beams 248 (whereby the four rows of eight fingers are
brought closer to one another, but the spatial

30
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controlling the draw ng of a vacuumw thin each finger

package el enents and lenses to be lifted fromthe pal +tenk
understood that all of the | ens- 25 packages may be renDNe ﬁrfqn 8o

40 and subsequent actuation of the valves may be utiljz L8 g

the incorrectly nol ded | enses on a separate, bad, conye Twaﬁdm%he“w
optically correct | enses on the good "@@veyor, or in fthe alternative,

only the good 30 | enses are transferred, and the rejectetdtenses—are

| ater renmoved fromthe in tion pallet b 35
1 separation o%pggngerspw1th1n ¥he rows remains unchanged)

is necessary because the distribution of packaging
elements on the inspection pallet 40 is set in
accordance with the inspection station apparatus, which

5 is not the same as the relative spacing of the lenses
during molding or hydration.

Once the piston/cylinders 250,252 have set the
fingers 264, and the lenses thereon, into the properly
distributed array, the horizontally oriented translation

10 means'228 transports the head element 240 and the lenses_
to a position above the pallet 40 on conveyor line 102.
With the lenses are positioned above their corresponding
recesses 202, a quantity of deionized water is
discharged from the tip of the finger, via the central
bore 268, into the space between the lens and the lens
attachment surface. This quantity of deionized water is
sufficient to disrupt the surface tension adhesion of
the lens to the surface, caﬁsing the lens to be carried
along with the water into the package element 10.

The contact lenses and lens-package elements
are carried on the pair of inspectidn pallets 40, by the
conveyor 102 to the next station which is the buffering
station. The fingers of the lens transfer assembly then
return to their open spatial array, and the head element
240 is reciprocated back to its receiving position above
the hydration conveyor line 275, and awaits the next
batch of contact lenses.

15
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THE BUFFERING STATION (SEGREGATOR & INTEGRATOR DEVICES)
The process of manufacturing contact lenses is
in large part determined by the handling requirements of

30

35



- 50- 1 alternative neans. This procedure can be used tqg ¥
(shorten) the cycle tine of the transfer devi ce.
appropriate | ens-packages are renoved 5 fromthe paIIet 40
502 and fingers 508 are

..36._

l'the lenses themselves. For example, one of the most
important restrictions around which all of the molded
article handling assemblies are designed is that the
optical surfaces should not be touched. The handling

5 regquirement which is most relevant to the present
assembly is that the lenses, once hydrated, must not be
allowed to remain dry for more than 15 minutes.

As is the case with most manufacturing line

machinery, the assemblies of the present invention,

10 which together form the post lens hydration apparatus,
require periodic maintenance and/or refilling with
materials used in manufacturing. For example, the
primary packaging station (the saline solution injector
and foil sealing assemblies)'requires periodic

15 replacement of the foil material which is heat sealed to
the packaging elements. The performance of other
assemblies, however, are susceptible to being
interrupted. However, the molding assemblies need to be
kept in continuous operation for proper equilibration

20 which is critical for optimal yield quantities.

In order to ensure that certain assemblies be
permitted to run continuously, and still provide for
periodic maintenance or resupply of other stations, one
or more buffering station are necessary. The ideal
25 position for a buffering station must be one where the
lenses remain in an aqueous environment. The buffering
station of the present invention is positioned between
the lens transfer assembly and the inspection station.

The pallets 40, which have been filled with
deionized water, and into which contact lenses have been
deposited, each define a 2 x 8 array. In pairs, the
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rotated 90 degrees by the rotating neans 506 while

reci procated upward and | aterally by the dual axis transport,. . . - ...

subassenbly. The fingers 508 are repositioned over the coésdligthgg,mﬂ?
conveyor, at 10 which point the vacuumwithin the fingers 508 which aré %
hol di ng | ens-packages is rel eased, and the |ens-packages

on the conveyor. Once the opti%ally correct Ieng-packages have

been so deposited, the assenbly 500 reciprocates back to 15 dxi-faet—a—few - -

set of Iens-packages fromthe next i nspection pall et 40.

CONSOL| DATI NG
ASSEMBLY 20
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: station (BRef lbfk kbnbifed ladRemPAcadhd P Llor  assenbly
500 deposits tgglfgtlcally correct, | ens-

ts are advanced side by side; the elongate axis
defined by the columns of 8 recesses, of each pallet
being parallel to the direction of motion of the
conveyor line.

Referring now to Figures 8, 9, 10 and 11,
which are perspective views of the buffering station,
including the segregator unit, and the integrator unit,
respectively. As illustrated in Figure 9, the buffer
station comprises first, second, third, and fourth
segments 304,308,312,316 of a conveyor line, each of
which is disposed for movement of pallets in the same
direction. A segregator unit 320 is positioned after
the first segment 304, and an integrator unit 340 is
positioned before the fourth segment 316. The second
and third segments 308,312 run pafallel to one another,
each beginning at the segregator unit 320 and ending at
the integrator unit 340.

A first segment 304 of the buffer conveyor
line is disposed perpendicularly to the lens transfer
conveyor line 102 which advances the pallets from the

"lens transfer assembly, as set forth above. Referring

25

30

35

specifically to Figure 8, the end of the lens transfer
conveyor line 102 and the beginning of the first segment
304 of the buffer conveyor line, and the lateral pallet
transfer unit 306 which transfers the pallets 40 from
the former to the latter are shown in a top view. As
the pairs of pallets 40 reach the end of the lens

transfer conveyor 102 they are stopped from advancing by

a guide 300. The pallets 40 are then pushed by a push



packages onto the consolidating conveyor 602 as shown in Figure 16. The

consol i dati ng conveyor conprises a belt- type notive sur%acewa@4éomxp-,
whi ch the two rows of |ens- 25 packages are transported. |{Thé Ve 'ij:;
surface 604 is divided into parallel 1ongitudinal channels 605 by a
gui de wal | 606. As shown in Figure 16, the rows of | eds Jpaﬁﬁages 8y ot
be regularly distributed on the convey®g-surface when|they.are
deposited. 30 The | ens-packages are transported al ong the
conveyor until the | ead packages contact a noveable gate 35

1 blate 302 from the lens transfer conveyor line 102, onto
the first segment 304 of the buffer conveyor line,.

More particularly with respect to the motion
of the pusher plate 302, the pusher plate 302 includes
an arm 303 extending from its back portion which is
motively coupled to a slide element 305 which is
disposed beyond the wall element 300. Selective
actuation of the slide element 305 in the forward
direction provides the linear lateral motion of the
pusher plate 302 and transfers the pallets 40 to the
first segment 304 of the buffer conveyor. Reverse
actuation of the slide element 305 reciprocates the
pusher plate 302 into position to receive the next pair
of pallets 40. It is understood that a variety of
mechanisms may be employed which provide the appropriate
motion of the pusher plate; examples being a ball screw
drive, hydraulic, pneumatic, or air piston/cylinder
elements, or mechanical scissoring devices.

As the pairs of inspection pallets 40 are
transferred to the first segment 304 of the buffer line,
they are translated from a parallel relationship to a
tandem relationship, because the segment 304 is oriented
‘perpendicularly with respect to the lens transfer
conveyor 102. The pair is now advanced in tandem with
one pallet following the other, each having its elongate
axis oriented perpendicularly with respect to the
direction of motion of the first segment 304 of the
buffer conveyor.

The pallets 40 are advanced in tandem to the
segregator unit 320 which permits alternating pallets
40, for example the first of the pairs, to advance
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1 el ement 610. The gate elenment 610 interfere ﬂ@p@hﬁ:d};a\ﬁ 5% LFT
continued transport of the | ead | ens-packages in eachjo he..chann
605. As the progression of the |ead | ens- packagesji s haILg %&g
packages which follow 5 subsequently cone into contaft wi th th ad

packages,

10

15

20

25

30

35

vJ

t herei n bei ng consol i dated 3ignt o a regqul ai | YrrS PACE L ,

iinearly onto a second segment 308 of the buffer
conveyor line; the second segment 308 of the buffer
conveyor line being co-linear with the first segment
304. A vertical stop mechanism 310a, which is similar
in form and function to the vertical stop 120 of the
deionized water injection assembly, is disposed before
the segregator 320 to permit only one pallet of the pair
onto the segregator 320. With respect to the second
pallets of the pairs, the segregator 320 transfers them
to the third segment 312 of the buffer conveyor, which
runs parallel to the second segment 308.

Vertical stops 310b,310c which are disposed on
the second and third segments 308,312 of the buffer
conveyor line, are positioned to prevent premature
advancement of the pallets 40 on the conveyors until
transfer is completed.

The segregator 320 is continuously engaged,
providing both a constant spacing of individual pallets
40 from one another, and providing a dual track holding
line for the pallets 40 during interruptions in the
subsequent assemblies of the manufacturing line. The
pallets 40 thereby form parallel lines extending along
the second and third segments 308,312 for distances
which are determined to be sufficient to store the

‘number of pallets 40 which will be produced during

normal service interruptions in the manufacturing line,
as for example twenty minutes.

At the distal ends of the second and third
segments 308,312, an integrator unit 340 is provided to
merge the two streams of pallets 40 so that they may
advance, in a regularly spaced unitary stream, along the



array. A sensor block is disposed above the conveyor
| ocati on upstreamfromthe gate el enrent 610. An addit

| ocated at a 10 di stance wherein a specific nunber of |gns ﬁac&agcs “uy

be aligned therebetween in a staging position 609. For
array of |ens-packages which is positione g bet ween tH
and the sensor elenent 610 in the embo ?nent I 1lustrae

2 x 5. 15 Gate el enent 610 provides-for a controlled fla
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t he staglnglp05|t|on rr1ng Now a

ure 17, a

per spective lnﬁP@WﬁﬂOQtﬁiéﬁﬂﬂﬂKjr&HQ&mngV¢ehst&cﬁ§gESt3éﬁ§iéi0QOare
assenbly 650 ESSEQQW%edOH¥3ﬁhélEHd§3df5tﬁér§¥ gREnt8N308,31packages are

di sposed int

IS stagln osition 609, a second rotating |ens-package

transfer asseRBEPeEEAVElYnadld are ANIAIad cEP oRANFRFgeEBalnPRAYr @RBVe t he
array, 5 pallet 40 enters the integrator at a given time.

The integrator 340 remains engaged during

normal operation of the manufacturing line, but is

disengaged to stop the advance of any further pallets 40

when an interruption occurs. During this time, the

10 pallets 40 which continue to advance from the lens

transfer assembly are stored in parallel lines on the
second and third segments 308,312 of the buffer
conveyor. Once the interruption ends, the integrator

340 is reengaged and merges the stored pallets in a

15

continuous stream. A final vertical stop 310f is

disposed at the outlet of the integrator 340 to prevent
premature advancement or skewing on the powered

conveyor, and to enable spacing .between pallets 40 on
the fourth segment 316, as they enter the inspection

20 station.
Referring specifically to Figure
& perspective view of the segregator unit,

10, which is
particular

"attention is provided to the features and function of
the segregator 320. A housing 321, which is an inverted

25

L-shaped member is mounted to the lateral edge of the

conveyor line, at the coupling point of the first and
second segments 304,308. Extending outward from the L-
shaped member 321 are a pair of substantially parallel
guide rails 323. The rails 323 are received by a

30

stationary plate 327 which is mounted to the outside

lateral edge of the third segment 312 of the buffer

35
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rotates, and transports the | ens-packages to a pallet fﬁ (ATNSY- U 1~
solution injector and foil sealing assenbly. =1 ¥§*§ﬁ§c$ﬁﬁﬂally

with respect to the second rotating | ens-package trangfer assemptry: it he
assenbly conprises features which are simlar in nogtirdspett? 0%y the
“first lens-transfer assenbly 500. The assenbly 30 incl udés a support 6p2

“‘which is nounted to the | ower end of a rotkting shaft 654. Thé Upper énd
of the shaft 654 35.

1 conveyor. A first moving plate 329 is slidably mounted
to the guide rails 323 such that the plane of this first
plate 329 is aligned vertically and parallel to the
direction of conveyor motion. This first plate 329

5 reciprocates from a first position between the second

and third conveyor segments 308,312 and a second

position at the stationary plate 327. A second moving

plate 331 is similarly mounted to the guide rails 323,

and to a motive means (not shown) such that it may be

reciprocated from a position at the outside lateral edge
of the second conveyor segment 308 to a position between
the second and third segments 308,312. The first and
second plates 329,331 are maintained in a spaced apart
relation such that a pallet 40 may be transferred
therebetween, from the first segment 304 to the third
segment 312 upon selective reciprocation of the plates

329,331 along the guide rails 323.

In operation, as can be inferred from Figure

10, the reciprocation of the plates 329,331 is

selectively controlled such that alternating pallets are

transferred to the third segment 312. It is understood
that a variety of motive means and/or coupling means may

be utilized for reciprocating the plates 329,331

together, for example the guide rails may comprise a

threading and the mounting of the plates 329,331 thereto

comprises a nut which may be translated along the gquide
rails 323 by the rotation thereof. A separate, but
equivalent, design includes an air piston/cylinder
mounted within the L-shaped member 321 which is coupled
to the driving plate 331 and which reciprocates it. 1In
such a design, a coupling means, for example a fixed rod
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-52- 1 is coupled to a rotating neans (not shown) which rotates the

support through 90 degrees in the horizontal plane. NEhAG - d
fromthe support 652 is an array of regul arly spaced “ﬁﬁg$@“%g§%@$%g
tips 660 of which are 5 hollow so that a vacuum may bej df awn t her et hr oug

Thi s vacuumis used to securely hold the | ens-package | idl éﬁe%ﬁ%??dl.?ri
transport. The fingers 658, which are -42-
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mated to both plates 329,331, must be utilized to slave
the motion of plate 329 to the motion of the dive plate
331.

Referring now to Figure 11, which is a
perspective view of the integrator unit, a detailed
description of the features and functions of the
integrator unit is provided. Similar in many respects
to the segregator unit 320, the integrator is
essentially the same device which operates in reverse.
A housing element 341, which is L-shaped and mounted to
the outside lateral edge of the second segment 312 of
the buffer conveyor. A pair of guide rails 343 extend
outward from the housing member 341 and are received by
a stationary plate 347, mounted to the outside lateral
edge of the third segment 312 of the buffer conveyor. A
set of spaced apart moving plate 349, 351 are slidably
mounted to the guide rails 343 such that the planes of
these plates 349,351 are aligned vertically and parallel
to the direction of conveyor motion. The second moving
plate 351 is coupled to a motive means (not shown) such
that it may be reciprocated from a position at the
outside lateral edge of the second conveyor segment 308
to a position between the second and third segments
308,312. The first and second plates 349,351 are
maintained in a spaced apart relation such that a pallet
40 may be transferred therebetween, from the third
segment 312 to the fourth segment 316 upon selective
reciprocation of the plates 349,351 along the guide
rails 343.

In operation, as can be inferred from Figure
11, the reciprocation of the plates 349,351 is-



hol ow so as to forma conduit through which the vacuum | praysshe:
are coupled to tubes 662, at the support 10 652 for the gu rpgsesmdim
suppl ying the vacuum pressure to the finger tips 660. ren in %
rotating shaft 654 is coupled, through the rotating ngans T FoTa b0 tiing
pl atform 651. The mounting platformis, in turn, nountie to.a. dual _axils
15 notive nmeans (track 653 conprises theglyerizontal axial conponent
al-ong which the nounting platformtranslates. I n oper ati-gn.the..assenbly.
i s positioned above the consol idating conveyor 602, at the staging

posi tion 6Q9, sele@ﬁivbmyacoayroﬂ1éan3unackagzsaﬂte@ﬂaaehbd@hadeﬂauxathe~20

o Onen Pk "FintEhS! BpAGHal kR o’ chalelitiby pofl B AR
dual axis nntther@eaﬂgment Al2acadwrinsedtawthien fonethi sggmenitps 1660 once
the lens- PECKEYERd8EEL 688! 8RheTa! BaPidey ©3hmoR 198CHEGNS ARdYdr
5 coupling means may be utilized for reciprocating the
plates 349,351 together, for example the guide rails 343
may be threaded matable to a threaded hole or nut in the
plates 349,351. A separate, but equivalent, design
includes an air piston/ cylinder mounted within the L-
10 shaped member 341 which is coupled to the driving plate
351 and which reciprocates it. In such a design, a
i coupling means, for example a fixed rod mated to both
plates 349,351, must be utilized to slave the motion of
plate 349 to the motion of the drive plate 351.

15 .
THE _LOW VIBRATION LENS-PACKAGE TRANSPORT ASSEMBLY, THE

INSPECTION ASSEMBLY, AND THE WATER EXTRACTION ASSEMBLY
Referring now to Figure 12, a top view
- diagrammatic of the present invention is provided. As
is illustrated, the lens transfer station 299, where the
lenses are transferred to the packaging elements on the
inspection pallets 40 is sequentially followed by the
buffering station 399. The pallets, having advanced
through the buffering station are transferred through a
25 conveyor station 499 to the inspection station 599, by a
low vibration conveyor assembly as described
hereinbelow.

Figure 13 is a perspective view of the low
vibration transfer assembly which transfers the
inspection pallet from conveyor 316 to the inspection
station. When a pallet 40 has passed through the
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25 the | ens-packages may be maintained. The manifold B2, 4 -hﬁf§ﬂ§§f5 658
are then raised, rotated, and transl ated to a p05|tﬁhn_ “wmjwmw, lil et
stream of the next assenbly. As withithe first %ﬁtlng

| ens- package 30 transfer assenbly 500, the rotating feans and: ?h@

axis notive preferably conprise, respectlvgh%, an aif | 35
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integrator unit of the buffer assembly and has passed
down the fourth segment of the buffer conveyor, it is
translated to a staging area 325 as jillustrated in

_previously described Figure S. At this staging area 325

an overhead double axis transport carrier reciprocates,
picks up the single pallet 40 for transfer to the
automatic lens inspection station as illustrated in
Figure 13. The overhead transport is a double axis
Hauser Transport Mechanism, and is used to isolate the
automatic lens inspection system from the remainder of
the post-hydration line.

It is important that vibrations of the ienses
and the deionized water be minimized during this
transport, and through the entire inspection line so
that water waves are avoided, as they can cause optical
distortions which, in turn, may cause false
determinations of lens quality. By utilizing a double
axis transport mechanism, the pallet can be gently
conveyed to the automatic lens inspection system, and
thereby avoid such vibrations which that might otherwise
impair the inspection results.

After the first pallet has been lifted from
the staging area, the next pallet may be advanced into
the staging area to be carried onto the inspection line
conveyor. The double axis transport mechanism
transports the pallets from the buffer conveyor, where
the pallets are advanced at a given speed and spacing,
to the inspection line, where the speed of the pallets
is substantially slowed to avoid vibration. It is
necessary, therefore, for the spacing of the pallets on
the inspection conveyor to be substantially closer



-53- 1 cylinder with 90 degree stops, and a pair of tuﬁﬁﬁp&ﬂ@N@L@%ﬂEﬂ O

bal | screw mechani sns. THE SALI NE SOLUTI ON | NJECTOR AND-FOH---SEALL
ASSEMBLY 5 Referring now to Figures 18, 19 a d:2 @, ;‘?aé s
perspective views of the saline solution i njector an 0|I séa ﬁ%p

assenbly 700 are shown. .5 i

1.together so that the inspection conveyor may accommodate

the same number of pallets in a given time.

The low vibration pallet transfer assembly 400

comprises a pair of pallet grasping'plates 402a,402b
5 which are mounted, in spaced relation to one another, to
corresponding blocks 404a,404b. One of the grasping
plates 402a is slidably mounted to its block 404a such
that selective actuation of an extending mechanism
(housed within block 404a) widens or reduces the spacing
between the two grasping plates 402a,402b. The blocks
404a,404b are mounted to a common wall element 406 which
is slidably mounted to a base element 408. A second
motive mechanism (also not shown) is disposed within the
base element 408 and coupled with the common wall 406
such that the wall 406 can be selectively raised and
lowered. The base element 408 is mounted to a
horizontal track 410 having a translating means for
reciprocating the entire assembly from a position above
the staging area 325 to the inspection station conveyor
20 line 420.

In operation, the low vibration pallet
transfer assembly 400 reciprocates to the staging area
325 to receive a pallet 40. The common plate 406 is
lowered, thereby positioning the pallet grasping plates

25 402a,402b adjacent to the lateral edges of the pallet
40. The motive element within the block 402a is
actuated to draw the plates closer, therein bringing the
inner surfaces of the plates 402a,402b in contact with
the pallet 40. Once the pallet has been grasped
securely by the lateral plates 402a,402b, the common
wall 406 is raised, and the pallet is transported to the
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Figure 18 is a schematic device layout of the assembly | '“ifnckedicrg QHEET
conveyor |oop 702 having a plurality of 10 pallets 704 spaced THerearomng.
The pallet streamis intermttently driven such that:the fpal¥ER a8t op at
t he vari ous subassenbly stations which are sequentlatly spaced al png
t he conveyor 702. The rel ated assenblies apd subassenbli es
whi ch 15 cooperate to provide saline and48eat seal ed covers to
previ ously unseal ed | ens- packages include the second - rotating
| ens- package transfer assenbly 650 di sposed at the front of the conveyor
704, the saJ|h@SP%EEé?BrStatéGBa§§§NBV9r7§0nﬁasWP#&ﬁedﬁwﬁkﬁﬂﬂﬁeqC)the
front of the gér ﬂ&@lar&ysbarthélib&&Qﬁ deynehteams’ igFndme transfer
assenbly 650, %%5 alck an g gce unit, 777 .which re%ﬁgves t he foi
froma pHrulpﬁF e e°°3ﬁ8Y8 hedPe- OBSP dRi POFAFiAN AP V&S he foil
to the packaghsspection conveybacliiae #R6,fitkedppdllleat 90704 ilowerdd cul arly
5 onto the line and released by actuation of the plate

widening mechanism. The pallet is then carried into the

inspection station. Once the pallet is transferred to
the low vibration lens transfer assembly 400 rises and
reciprocatés back to the staging area 325 to receive the
10 next pallet 40.
In the Automatic Lens Inspection System, the
inspection pallets 40 are conveyed through the system as
a pulse of light is directed through the lens-packages
and contact lenses, and focused on a camera to generate
15 an image of the lens therebelow. Preferably, the camera
includes an array of pixels, each of which generates a
respective one electric signal proportional to, or
representing, the intenéity of the light incident on the
pixel. Those electric signals are then digitally
processed to determine if the lens is acceptable for
consumer use. Suitable procedures for processing or
analyzing the electric signals from the pixel array are
" disclosed in copending Patent Application Nos. 993,756
and 995,281, entitled "Automatic Lens Inspection
25 System"”, the disclosures of which are herein
incorporated by reference. Separate systems are
utilized to inspect the sixteen lenses carried in a
pallet. After completing the test for the last bank of
lenses, the Automatic Lens Inspection System sends a
30 datablock with the vision inspection results to the
programmable logic controller used to consolidate the
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25 designed to support a 2 x 5 array of individual |ens i Ra6
3»3 L t\.rsg g? ﬁ%!lf;,

shoul d be appreci ated, however, that alternative enbp

assenbly can be

desi gned, in accordance with the nunpet of fln ers o

t he second | ens-package transfer assenbly 650, and the §S|i% ot ey
stagi ng position 609 of the consolidating 35 {
' -47-
1 lenses for packaging. This information is used by the
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lens-package transfer assembly as described below.
After the lenses have been inspected by the
automatic lens inspection system, the pallet is lifted
by second double axis overhead transport and placed on
conveyor for transport to the deionized water removal
station (which is station 699 in Figure 12). The

"“deionized water is removed by a specially configured

nozzle, as described in U.S.S.N. 08/999,234, entitled
"Solution Removal Nozzle", the disclosure of which is
hereby incorporated herein by reference thereto. As
described earlier, the deionized water is used to center
the lens within the package carrier during the
inspection process, but is removed prior to packaging,
to enable a precise dosing of a buffered saline solution
in the final package, as will hereinafter be described
in detail.

After removal of the deionized water, the
lenses, package carriers and inspection pallet are
transported to the lens-package transfer assembly which
removes the packaging elements and lenses therefrom,
deposits the optically incorrect lens-packages (as

" determined by the inspection station) on a conveyor for

bad lenses, and deposits the correct lens-packages on

good conveyor.

THE FIRST ROTATING LENS-PACKAGE TRANSFER
ASSEMBLY
Referring now to Figure 15, the lens-package
transfer assembly is shown in a perspective view, in
position above a pallet of lens-packages which have had
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- 54- 1 conveyor, to accomodate a different nunber of {i G @piee
di fferent nunber of packages in each row. W g SHERT
reference to Figure 20, at the sal ine sol ution injectgr {subassembl'y 730,
the lens- 5 packages are filled with a saline solution vmgch%maﬁﬁa 1997
tonicity conpatible with the human eye. Stationary palil gts 704 are
advanced, with | ens-packages thereon, -48-

1

10

15

the deionized water removed therefrom. The assembly 500

comprises a reciprocating support 502 coupled at the
lower end of a vertical shaft 504. The shaft 504 is, in
turn, coupled at its upper end to a rotation means 506
whereby the shaft 504 and the support 502 may be
selectively rotated by 90 degrees in accordance with the
predetermined positioning of a pallet 40 or the
orientation of the conveyor (see Figure 16) onto which
the lens-packages are deposited. It is understood that
the rotating means 506 may comprise an air cylinder
having stops which, for example, correspond to a 90
degree rotation so that the shaft may be reciprocated
between two orientations which are perpendicular.

The rotating means 506 is disposed within a
mounting platform 501, which is in turn coupled to a
dual axis transport subassembly (the horizontal track
thereof is identified as element 503 in Figure 15). The
dual axis transport subassembly transports the support

" 502 from a first location to a second location, for
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example, from a position above the water extraction
conveyor line to a position above the consolidating
conveyor line (which is described more fully with

reference to Figure 16).

Extending downwardly from the support 502 are
a set of resilient bellowed fingers 508 having a N
generally elliptical shape. The fingers 508 each have
an open tip 510 at their lower ends which forms an
entrance into a central volume which extends the length
of the finger. The upper ends of the fingers 508 are
coupled to the vacuum tubes 512 such that the central
volume of the fingers are in sealed gas flow relation to



beneath a horizontal beam 752. The beam 752 is coupl ed at.a lateral end

to a nounting base 754 which is 10 adjacent to the conveyo

5 array of  dosing tubes 756 extend downward fromthe beaan
are supplied with saline solution by saline conduits 75B, teach of which]

I's supplied by a separate dosing punp (not shown). 15

I ncrenment al advance of the pallets 704 -#8to a position allgnedeLLh_the

dosi ng tubes 754, the dosi ng punps are actuated so that
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a precise dosage
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ke oridancy with 23igwalé received from the inspection
station with respect to which lens-packages contain
correct lenses. Selective activation of the vacuum
source would, therefore, provide a low pressure suction
at the tips 510 of the finger 508. When this low
pressure suction is employed, the tips 510 of the
fingers may be placed onto a flat surface, therein
sealing the central volume, and securing the flat
surface to the finger 508.

In operation, a pallet 40 having lens-
packages, from which the deionized water has been
removed, is transported to the first location, the lens-
packages being substantially aligned with the fingers
508 of the first rotating lens transfer assembly 500.
The fingers 508 are directed downward until their tips
510 contact the flat surface portion 46b of the
packaging element, forming a sealing interface
therewith. Selective actuation of the valves
controlling the drawing of a vacuum within each finger

508 causes the package elements and lenses to be lifted
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from the pallet. It is understood that all of the lens-
packages may be removed from the pallet 40 and
subsequent actuation of the valves may be utilized to
deposit the incorrectly molded lenses on a separate,
bad, conveyor, and the optically correct lenses on the
good Eonveyor, or in the alternative, only the good
lenses are transferred, and the rejected lenses are
later removed from the inspection pallet by an



tie R CH L.T :EET
25 interfere with subsequent foil sealing operations. _ el
optical verification probes (not shown) =~ may be nounted in front%qffpggﬁ@?
saline injector Subassenbly to verify that |ens-packages arie present i "
the advancing pallet 704 so that the dosing tubes 756 do 30 nat di-spense
saline solution into enpty pallets. Addi ti onal sensors may jbe simlarly
nmount ed al ong the 35 -50-
1 alternative means. This procedure can be used to
increase (shorten) the cycle time of the transfer
device.
Once the appropriate lens-packages are removed
5 from the pallet 40, the manifold 502 and fingers 508 are
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rotated 90 degrees by the rotating means 506 while
simultaneously being reciprocated upward and iaterally
by the dual axis transport subassembly. The fingers 508
are repositioned over the consolidating conveyor, at
which point the vacuum within the fingers 508 which are
holding lens-packages is released, and the lens-packages
are deposited on the conveyor.

Once the optically correct lens-packages have
been so deposited, the assembly 500 reciprocates back to
extract a new set of lens-packages from the next
inspection pallet 40.

CONSOLIDATING CONVEYOR AND SECOND ROTATING LENS-PACKAGE
ASSEMBLY
The first rotating lens-package transfer

assembly 500 deposits the optically correct lens-
packages'onto the consolidating conveyor 602 as shown in
Figﬁre 16. The conscolidating conveyor comprises a belt-
type motive surface 604 onto ﬁhich the two rows of lens-
packages are transported. The conveyor surface 604 is
divided into parallel longitudinal channels 605 by a
guide wall 606. As shown in Figure 16, the rows of
lens-packages may not be reqularly distributed on the
conveyor surface when they are deposited.

" The lens~packages are transported along the
conveyor until the lead packages contact a moveable gate




- 55- conveyor, downstream fromthe saline injectoraz50

detect the presence of the proper neasured dose of 5 sakime: ,;$@7
each | ens-package. A variety of such sensors are avallabLe and ar'e
taught in co-pending application U S.S. N 08/431, 891, gntitled. i
"Li near Packagi ng Array" (Attorney Docket No. 9401) ifor” exanple |

the sensor may be a reflective sensor as |sspennerC|aIIy 1m avallable |
fromOnron, or it could be a proximty sensor

1 element 610. The gate element 610 interferes with the -
continued transport of the lead lens-packages in each of
the channels 605. As the progression of the lead lens-
packages is halted, the packages which follow

subsequently come into contact with the lead packages,
therein being consolidated into a regularly spaced

(9}

array. A sensor block is disposed above the conveyor
surface 604, at a location upstream from the gate
element 610. An additional sensor may be located at a

10 distance wherein a specific number of lens-packages may
be aligned therebetween in a staging position 609. For
example, the array of lens-packages which is positionéd
between the wall element 608 and the sensor element 610
in the embodiment illustrated in Figure 16 is 2 x 5.

15 Gate element 610 provides for a controlled flow of only
the correct number of lens packages necessary to
complete the 2 x 5 array in the staging poéition.

Referring now also to Figure 17, a perspective
view of the second rotating lens-package transfer
' oo assembly 650 is shown. Once a full 2 x 5 array of lens-
packages are disposed in this staging position 609, a
second rotating lens-package transfer assembly 650
lowers a set of suction fingers which remove the array,
rotates, and transports the lens-packages to a pallet of
25 the saline solution injector and foil sealing assembly.
More specifically with respect to the second
rotating lens-package transfer assembly, the assembly
comprises features which are similar in most respects to
the first lens-transfer assembly 500. The assembly
30 includes a support 652 which is mounted to the lower end
of a rotating shaft 654. The upper end of the shaft 654

35



or could be a fiber optic probe, as commercially ava abt-e~fL.om

Keyence as nodel 24WV25R, used with an anmplifier HAL ACEMERRISHEET
Each detector checks and verifies for a proper heignt rof-—sal
solution inm each 15 * | ens-package. Referyihg ag h
Figure 18, and also to Figure 19, at a subsequent floi 5

station 775, a pair of strips of Ian12$% foil are pl acet—oves
the 2x5 array of package bases, each foil p covering[20 a 1x5 col um
of packaging el éements. The foil strips have pri nted thereonat—_|

identification 'i‘&"&é@pi&&“%{:eg roaatﬁxgr fn‘egﬁ (DRl Bioh € whlith | AP a‘ﬂtaést o

top cover shedts are belln hi'ne pursu
t he di scl dshe eswpppatehhrapghi eat degrees. SnNth@S\hmmealzmlane

entitled "Doubl & :ﬁ&é’x‘i‘éﬂlﬁe' &o&’ﬁh&&hﬂ?“ fQ:XEENt%B port, s(sét tl%r Y 4 Plot
9013). The foil | abel |n? machi ne extends a a rig | e to the
| i near packagi ngregularly spaced fingers 658, the tlps 660 o which are

5 hollow so that a vacuum may be drawn therethrough. This
vacuum is used to securely hold the lens-package
elements during transport. The fingers 658, which are
hollow so as to form a conduit through which the vacuum
may be drawn, are coupled to tubes 662, at the support

10 652 for the purposes of supplying the vacuum pressure to
the finger tips 660.

The rotating shaft 654 is coupled, through the
rotating means, to a mounting platform 651. The
mounting platform is, in turn, mounted to a dual axis
motive means (track 653 comprises the horizontal axial
component along which the mounting platform translates.
In operation the assembly is positioned above the
consolidating conveyor 602, at the staging position 609,
as the array of lens-packages is consolidated. Once the
sensor elements have determined that a full 2 x 5 array
of lens-packages has been formed, the manifold 652 and
fingers 658 are lowered by the dual axis motive means.
A vacuum is drawn in the finger tips 660 once the lens-
packages are contacted in order that a secure grip on
the lens¥packages may be maintained. The manifold 652
and fingers 658 are then raised, rotated, and translated
to a position above the pallet stream of the next
assembly.

As with the first rotating lens-package
transfer assembly 500, the rotating means and the dual
axis motive preferably comprise, respectively, an air

15
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machi ne, as indicated by the FOL arrow in Figure 18. -Fhe—pad-+
foil strips are received fromthe labeling 30 nmachi né &hd AEAGSN BMEE”
foil pick and place unit over the top of each 1x5row-of-the-2xb-arrjay
of package bases. : -‘?'5§ﬁ-ﬁﬁy

_ 5 3 _ [ SN hv A s A st nas]

1 cylinder with 90 degree stops, and a pair of
perpendicular IKO ball screw mechanisms.

THE SALINE SOLUTION INJECTOR AND FOIL SEALING ASSEMBLY
5 Referring now to Figures 18, 19 and 20,

various perspective views of the saline solution
injector and foil sealing assembly 700 are shown.
Figure 18 is a schematic device layout of the assembly
including a conveyor loop 702 having a plurality of
10 Pallets 704 spaced therealong. The pallet stream is
intermittently driven such that the pallets stop at the
various subassembly stations which are sequentially
spaced along the conveyor 702;
The related assemblies and subassemblies which
15 cooperate to provide saline and heat sealed covers to
previously unsealed lens-packages include the second
rotating lens-package transfer assembly 650 disposed at
the front of the conveyor 704, the saline injector
subassembly 750 positioned adjacent to the front of the
op conveyor, a short distance downstream from the transfer
assembly 650, a foil pick and place unit 777 which
receives the foil from a printing machine, and a heat
seal unit 780 which seals the foil to the packages.
Each of the fixed pallets 704 is particularly
25 designed to support a 2 x 5 array of individual lens-
packages. It should be appreciated, however, that
alternative embodiments of this assembly can be
designed, in accordance with the number of fingers of
the second lens-package transfer assembly 650, and the

30 size of the staging position 609 of the consolidating

35



An optional nechani cal chucking station 777, positions e AUIT
to ensure that it is properly positioned and aligned rieldtirve t Rt T

| ens- packages in the pallet 704. In addition, a subseduent cover ™5~
presence verification station may be used to verify the gco?ﬁeéfﬁ Eiar
positioning of each foil strinp. At a subseqyent._station 780i
the foil strips . are heat sealed to thB4tens-packages. jMre

specifically, a set of heated seal heads, nounted at 10 spaced_intervals

along the I ength of heating head pl ate 782, and sugported by a pneunmaiic
cyli nder oy [EYEeYR, to ag ate 2odifferent nymbast ofh&oWenadngdackages

such  that o kg fiderthiiSe Aot B4ckages 28n 0fadhergackaging el enents
are squeezed between the heads and 15 the pallet 704,

#at ed sge]ia I
A final optical inspectf SIREFHLMLE nBRIeRRArS to higube PBeafbdtBBwnstream
of the heat sadline sdlitioh injector subassembly 750, the lens-

5 packages are filled with a saline solution which has a
tonicity compatible with the human eye. Stationary
pallets 704 are advanced, with lens-packages thereon,
beneath a horizontal beam 752. The beam 752 is coupled
at a lateral end to a mounting base 754 which is )

10 adjacent to the conveyor loop 702. A 1 x 5 array of
dosing tubes 756 extend downward from the beam 752, and
are supplied with saline solution by saline conduits
758, each of which is supplied by a separate dosing pump
(not shown).

15 Upon incremental advance of the pallets 704
into a position aligned with the dosing tubes 754, the
dosing pumps are actuated so that a precise dosage of
saline solution is deposited into the packaging recesses
24. Each contact lens is thereby completely immersed in

20 saline solution. The rate of pumping of saline solution
and the diameter of each dosing tube 756 is chosen such
that no saline solution splashes from any of the
recesses of the packages, which is very important as any
saline solution splashed onto the annular rim 28 would

25 interfere with subsequent foil sealing operations.

The optical verification probes (not shown)
may be mounted in front of the saline injector
subassembly to verify that lens-packages are present in
the advancing pallet 704 so that the dosing tubes 756 do

30 not dispense saline solution into empty pallets.
Additional sensors may be similarly mounted along the

35
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780, including a plurality of optical detector probes f #*%&&ﬁ?%ﬁﬁ@ SHEET
outer edges of each sheet of lamnated 20 foil strips on thefarray of
| ens- packages to ascertain that the foil is properly and préd 585 {837

posi ti oned and

heat sealed relative to the array of |ens-packages.

At the position which is farthest downstream a robotid assenbly 790,
having a plurality of vacuum 25 suction cups renoves the dealed 1x5 array

of "packages
posi tion.

fromthe pallet 704, and trangports themto an out put

Wil e the several assé€nblies, enbodi nents and

variations of the present invention for post hydration 30 handling of

contact | ens-pac

kash ﬁ%?%ﬁs@f@am ££6MCEhEedal Indei Al chBREMB0,! o

shoul d be understdood t
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etect the presence of the proper measured dose of
saline solution in each lens-package. A variety of such
sensors are available, and are taught in co-pending
application U.S.S.N. 08/431,891, entitled "Linear

- Packaging Array" (Attorney Docket No. 9401), for example

the sensor may be a reflective sensor as is commercially
available from Omron, or it could be a proximity sensor
or could be a fiber optic probe, as commercially
available from Keyence as model 24W~-V25R, used with an
amplifier, model 24W-AAl1C. FEach detector checks and
verifies for a proper height of saline solution in each
lens-package.

Referring again to Figure 18, and also to
Figure 19, at a subsequent foil pick and place station
775, a pair of strips of laminar foil are placed over
the 2x5 array of package bases, each foil strip covering
a 1x5 column of packaging elements. The foil strips
have printed thereon all identification indicia required
for the final package. The laminar top cover sheets are
produced by.a foil labeling machine pursuant to the
disclosure of patent application U.S.S.N. 08\106,386,
entitled "Double Sided Foil Printing”™ (VIN-0089)
(Attorney Docket 9013). The foil labeling machine
extends at a right angle to the linear packaging
machine, as indicated by the FOIL arrow in Figure 18.
The pair of foil strips are received from the labeling
machine and placed by a foil pick and place unit over
the top of each 1x5 row of the 2x5 array of package
bases.
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An optional mechanical chucking station 777,
positions each foil strip to ensure that it is properly
positioned and aligned relative to the lens-packages in
the pallet 704. 1In addition, a subsequent cover
presence verification station may be used to verify the
correct general positioning of each foil strip.

At a subsequent station 780 the foil strips
are heat sealed to the lens-packages. More
specifically, a set of heated seal heads, mounted at
spaced intervals along the length of heating head plate
782, and supported by a pneumatic cylinder or press 784,
presses the foil strips against the lens-packages such
that the foil and the annular rims 28 of the packaging
elements are squeezed between the heated seal heads and
the pallet 704.

A final optical inspection station (not shown)
may be located downstream of the heat sealing station
780, including a plurality of optical detector probes
for examining the outer edges of each sheet of laminated
foil strips on the array of lens-packages to ascertain
that the foil is properly and precisely positioned and
heat sealed relative to the array of lens-packages.

At the position which is farthest downstream,
a robotic assembly 790, having a plurality of vacuum
suction cups removes the sealed 1x5 array of packages
from the pallet 704, and transports them to an output
position.

While the several assemblies, embodiments and
variations of the present invention for post hydration
handling of contact lens-packaging elements are
described in detail herein, it should be understood that
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37 the disclosure and teachings of the present invention

will suggest many alternative designs to those skilled

in the art. The scope of the present invention is,

therefore, understood and intended to be limited only by
5 the claims recited hereinbelow.
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What is claimed is:
1. An apparatus for transporting contact lens

-elements from a first location to a second location,

said apparatus comprising:

a plurality of elongate finger elements, each
element having a convex lens transport surface defined
thereon;

a lens transfer carriage, said carriage having
an array of said elongate finger elements which receive
the contact lens elements at a first location;

a drive to alter the spatial relationship of
the array; _

a translation device to transport the carriage
and the lenses to a second location;

an orifice defined within said convex lens
transport surface for injecting a fluid between said
lens and said surface to deposit the lenses into a
second lens carrier at said second location.

2. The apparatus as set forth in claim 1,
wherein said lens transfer carriage further comprises:

a set of horizontal guide rails;

a plurality of beam elements, slidably mounted
in parallel on at least one of said of horizontal guide
rails; and

at least one reciprocating drive coupled to
said beam elements for reciprocating same along said
guide rails with respect to one another.

3. The apparatus as set forth in claim 2,
wherein said plurality of finger elements are disposed
in a plurality of linear arrays, with a linear array

[
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extending downwardly from each of said beams, said
fingers each comprising;

an elongate shaft, having an upper and lower
end with the convex lens transfer surface at the lower
end of the shaft,

a slotted annular skirt disposed along the
shaft adjacent to said tip, for maintaining the contact
lens at a predeiermined position.

4. The apparatus as set forth in claim 1,
wherein said apparatus further includes

a second translation mechanism for
reciprocating said carriage along a second axis of
movement.

5. The apparatus as set forth in claim 2,
wherein said finger elements further comprise a central
bore, extending from said upper end to said orifice in
said lens transport surface, for receiving therethrough,
and selectively ejecting therefrom, a quantity of fluid.

6. The apparatus as set forth in claim 1,
wherein said apparatus further comprises, at said first
location, a lens pallet having:

a plate having a plurality of recesses, each
of said recesses aligned with said lens transport
surfaces and having at least one hole therein, in which
recesses a contact lens may be disposed; and

a plurality of internal conduits within said

plate, extending from each of said holes to a fluid

source, whereby selective ejection of fluid through the
conduits causes a contact lens in said recess to be
ejected therefrom and received by an associated lens
transport surface.

This Sheet Has Been Replaced
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58 1 1. A contact |lens transﬁeﬁ¢a5§“ﬁﬁﬁy¥;é§}d
assenbly conprising: ~~ at |least one beam el enent, s%idrbeanLeLenean
facilitating transfer of contact |enses between two | {ocati.ons;..

g Bn el ongat &/sHaf
ndi-and--a--eans-flor
te second end,

o e TN AR et emene et uat

attaching said shaftct ot sdl d Joeam el enent ~®®-a re

sai d el ongate shaft including a slotted annular skirt ]
transfer surface on said first end thus separating the transfer surface
fromthe shajt; and a’cefhPaPPRAFatER: 8%diST (f Hs &1 id Shgat e
shaft for inlroguet Rgr acbmprdshagwaanasai dekennit pdsivizhyd |t fsagey and a
contact |ens secured tPeregn to reLgase sal% Ien%. .
second location, said air jet unit comprising:
a plate having a plurality of a regularly
spaced recesses therein, said regqular spacing
corresponding to the spatial distribution of said
fingers; T
at least one hole in each of said recesses;
a conduit extending from a remote air
10 reservoir to said hole in each of said recesses;
an air pressure means for selectively
directing air through said conduit, out of said through
hole, and at a contact lens which is secured to the lens
transfer surface of sdaid finger for removal of any
bubbles thereon.
15
8.
contact lenses from a hydration pallet, changing the
spatial distribution of the contact lenses, and

depositing said contact lenses into packaging elements,

An assembly for extracting an array of

said assembly comprising: _
20 a mounting bracket including plurality of
horizontal guide rails; '
a plurality of beam elements, slidably mounted
in parallel on said plurality of horizontal ghide rails;
at least one drive assembly motively coupled
to said beam elements for reciprocation thereof along

said guide rails between a compact spacing and a wide

25

spacing;
a plurality of finger elements disposed in a .
linear array, extending downwardly from at least one of

30

said beams, said fingers each comprising;

-
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| ens transfer assenbly 13§ sttaped to conformto a cdnclave surtace—o

contact lens so t cured to the |l ens tragsFeER gapf 4c
by surface tensi otm"mammﬂmmﬂrl ens transfer assemfly] according to
claiml or claim2* cénpristng =+ a pIurq%ity of salmaélongate TTTY

2. A contact lens transfer assenbly as set forth in cIai#ﬁE%AQ&N§M§ﬁ$HEET&]
€

el enent s; a Iens transfer carriage, salt carriage ving an array of
sai'd elongate finger elenents which recei ve the contact |ens elements
at a first |ocation; a driyve to ter 41 |al rel ati onshi f the
array, a{iranslation devi caé‘ antsepor ﬁth’e Vr’rrf%g%" anPTH Q? nses to

a second |l ocation to depodiowetrthend, |enses into a second lens carrier

said second | ocati on. 4. The sy ,@cﬁq&prcl_{,,n_qe rﬁ aff%rﬁ %{? ‘g%?ﬁl?al d
n

lens transfer carriage further conprises: hori1zo
rails; a plurality of esgh ¢db&@hdk|lanan send&l |fdmn§/emw in parallel
on at |east 229 of said hehez@¥rlough a quantity of fluid, and

selectively ejecting from said lower end said
quantity of fluid,

a lens transfer surface at the lower end
of the shaft for receiving, and securely
holding, thereon a contact lens,

10 a slotted annular skirt disposed along the
shaft adjacent to said tip, for maintaining
the contact lens at a predetermined position;
and _

a dual axis translation mechanism for

15 reciprocating said mounting bracket along a vertical

axis and a horizontal axis.

9. A contact lens transfer assembly, said
assembly comprising

at least one beam element, said beam element

20 facilitatiﬁg transfer of contact lenses between two

locations;

a finger element, said finger element
including an elongate shaft having a lens transfer
surface on a first end and a means for attaching said

2> shaft to said beam element on a remote second end;
said elongate shaft including a slotted

annular skirt adjacent to said first end; and

a central bore extending through said elongate

30 shaft for introducing a fluid between said lens transfer
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guide rails; and at | east one reciprocating drige uuu et L%*ﬁgt beam

el enents for re‘c’r'nrmﬁ’ng*seme—a’rong said gui eREHL#'ssEWN-E'n ct to
one anot her. ordlng to claim 4 T 5al | ufality
of finger el en'en Hﬂ iﬂ IMHF plurality pf &I i nears rangHy s

¥y

Mth a
| i near array exteﬁ I ag downwes d fron1each of said bLE?E

ot mton EO RN

surface and a contact lens secured thereon to release
said lens.

10. A contact lens transfer assembly as set

" forth in claim 9, wherein said lens transfer assembly is
shaped to conform to a concave surface of a contact lens
so that same can be secured to the lens transfer surface
by surface tension.

1l1. A contact lens transfer assembly as set
forth in claim 9, wherein said slotted annular skirt
includes: '

at least one skirt element which prevent a
contact lens from sliding off the lens transfer surface
when said fluid or gas is directed at same, and

a set of vertically aligned slots defined by
said skirt element through which a fluid or gas which is
directed upwardly at the lens transfer surface may flow.

12. A method of transporting contact lens
elements, said method comprising the steps of:

positioning an array of elongate .finger
elements above an array of lens carrier cavities, each
of said fingér elements having a lens transfer surface
defined thereon;

injecting a fluid into each of said cavities
having a contact lens therein to said lens from its
associated cavity and transfer the lens to an associated
lens transfer surface;

transporting said array of elongate finger
elements to a second location; and

releasing the lenses into a set of lens

15

20

.25

carriers at said second location.
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59 6. The assenbly according to claim3, wherein said as<ehéﬁuﬂdg; —
includes a second transl ation mechani sm for reciprocati ng-sal ﬁ%@f&hQFQW

al ong a second, vertical—axrs of novenent. 7. The assenil y %cgongngmgo
claim 3, mhereln sa er conprises, at saidjfifrsts =7 =
| ocation, a |lens pa ‘iﬂmﬁmﬂlﬁmn |ma pl ate having a plurfl H4y-of. . recesse
each of said recess mnt *sai d | en&3transport surfaces and
havi ng at | east one hole thereln i " which recesses a contact—ens..nay. _he

di sposed; - and a plurallty of internal conduits within said plate
extendi ng from each of saild-holHie tRetthad (A% set LoEkReinyfdpdMyl2el ective

ej ection of fT Uk ilch GuaitHdie conptides Ctﬂi@%té’pc@flt@@&nbﬁﬁ tResai d
recess to be eJ%% 53 therefron1an recered ssoci ated, | ens transport

surface. 8. T d¥ & spatdad *ﬂfQ§f%q%J 7sa+ rRFERY cRhpPEsPAdYan air
jet unit positi deadest hwaiel kimapikransferred to said lens transfer

surfaces.

> 14, The method as set forth in claim 12,

wherein said method further comprises:

ejecting a gquantity of air from an orifice
defined in each of said cavities beneath each lens to
propel it onto said lens transfer surface.

15. The method as set forth in claim 14,
wherein said step of ejecting a quantity of air from

10

" beneath each lens is followed by the step of directing a
jet of air at each lens for the purposes of removing any

15 air bubbles which be present on the lens surface.

20

25

30

i YHIS SHEET HAS BEEN
This Sheet Has Been Replaced REPLACED N

T

35



| ocat gion,.+ sai.df"kr jet unit conprising: a plate having VT P AYANG) A
regul'gr'l y spacCed recesses therein, said regular spacing CH{*P#‘ g ME%T&EET
to the spatial distribution of said fingers; at | east onef hole in eac
of said recesses; a conduit extending froma renote air| reséd&na 6397
said hole in each of said recesses; an air pressure nmegnsttor '
selectively directing air through said condué4, out of said through hole,
and at a contact lens which is secured to the lens transfe ce_of sngﬁJ
finger for renoval of any bubbl es t hereon. 9. An assenbly according
to claim1, suitable for extracting an array of contact |enses froma

hydrati on pal | §0NTA6ﬁd-er‘§n'5UtNﬁEE%[9§gf%ﬂ di stribution of the contact |enses,
and depositing said contact |enses ég%&ngﬁgkaging el ements, said

assembly conpri sing: a nmounting bra | uding plurality of

hori zontal glide rails; Theappésenatiigpvehtbeam ehdatintreladdsdald en@unt ed

in parallel on said plurali % of | al _gui rai.ls; at | east

one drive asser‘}'tﬁa)’1 T v%# y(t'%%g ?gdi%éggéi bnbég%%epgﬁgﬁt%sl%rprpﬁs&%ti on

t her eof of the lenses. A lens transfer and insertion assembly
removes contact lenses from lens hydration pallets,

D Ex

5 alters their spatial distribgtion, and deposits them
into packaging elements. The lenses are transferred
with fluid and retained on the transfer assembly by
surface tension.

Figure 1
10 -
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20
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al ong .sai d gui demact spacing and a wi de_spacing; a

plurality of sai d ﬂ!i/ﬂents di sposed in a linear arér*a;y e;g ey

10} My
downwardly from at sai d beans, and a dug ",s__-«_tt aﬁ&@dﬂﬁi’
mechani sm for reciptocatic unt| ng br acket . |
60 along a vertical axis and a hor| zontal axis. Z2FEB ;;3
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1. A contact lens transfer assembly, said assembly- comprising:
at least one beam element, said beam element facilitating transfer of contact lenses between two
locations; "
at least one finger element, said finger element iﬁcluding an elongate shaft having a convex lens
transfer surface on a first end and a means for attaching said shaft to said beam element on a
remote second end;
said elongate shaft including a slotted annular skirt adjacent to the lens transfer surface on said
first end thus separating the transfer surface from the shaft; and
a central bore extending through said elongate shaft for introducing a fluid between said lens

transfer surface and a contact lens secured thereon to release said lens.

2. A contact lens transfer assembly as set forth in claim 1, wherein said lens transfer assembly is
shaped to conform to a concave surface of a contact lens so that same can be secured to the lens

transfer surface by surface tension.

3. A contact lens transfer assembly according to claim 1 or claim 2, comprising:
a plurality of said elongate finger elements;
a lens transfer carriage, said carriage having an array of said elongate finger elements which
receive the contact lens elements at a first location;
a drive to alter the spatial relationship'of the array;
a translation device to transport the carriage and the lenses to a second location to deposit the

lenses into a second lens carrier at said second location.

4. The assembly according to claim 3, wherein said lens transfer carriage further comprises:
a set of horizontal guide rails;
a plurality of said beam elements, slidably mounted in parallel on at least one of said horizontal
guide rails; and -
at least one reciprocating drive coupled to said beam elements for reciprocating same along said

guide rails with respect to one another.

5. The assembly according to claim 4, wherein said plurality of finger elements are disposed in a

plurality of linear arrays, with a linear array extending downwardly from each of said beams.
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The assembly according to claim 3, wherein said assembly further includes a second translation

mechanism for reciprocating said carriage along a second, vertical axis of movement.

The assembly according to claim 3, wherein said assembly further comprises, at said first
location, a lens pallet having:

a plate having a plurality of recesses, each of said recesses aligned with said lens transport
surfaces and having at least one hole therein, in which recesses a contact lens may be disposed;
and

a plurality of internal conduits within said plate, extending from each of said holes to a fluid
source, whereby selective ejection of fluid through the conduits causes a contact lens in said

recess to be ejected therefrom and received by an associated lens transport surface.

The assembly according to claim 7, further comprising an air jet unit positioned at said second
location, said air jet unit comprising:

a plate having a plurality of a regularly spaced recesses therein, said regular spacing
corresponding to the spatial distribution of said fingers; '

at least one hole in each of said recesses;

a conduit extending from a remote air reservoir to said hole in each of said recesses;

an air pressure means for seléctively directing air through said conduit, out of said through hole,
and at a contact lens which is secured to the lens transfer surface of said finger for removal of any
bubbles thereon.

An assembly according to claim 1, suitable for extracting an array of contact lenses from a
hydration pallet, changing the spatial distribution of the contact lenses, and depositing said
contact lenses into packaging elements, said assembly comprising:

a mounting bracket including plurality of horizontal guide rails;

a plurality of beam elements, slidably mounted in parallel on said plurality of horizontal guide
rails;

at least one drive assembly motively coupled to said beam elements for reciprocation thereof
along said guide rails between a compact spacing and a wide spﬁéing;

a plurality of said finger elements disposed in a linear array, extending downwardly from at least

one of said beams, and a dual axis translation mechanism for reciprocating said mounting bracket
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along a vertical axis and a horizontal axis.
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