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PACKAG NG CONTACT LENSES CROSS REFERENCE TO RELATED APPLI CATI ON The pr esent
i fvehtion is a continuation-in- part of prior application "Autonated
Appay at us and Method for Preparing Contact Lenses for Inspection and
chk%ging"; U S.S. N 08\258, 557, (VIN-0086) which has al so been assigned to
t'he assignee of the present invention. BACKGROUND OF THE I NVENTION 1. Field
of the Invention The present invention relates generally to the

5
POST-HYDRATION METHOD AND APPARATUS
FOR TRANSPORTING, INSPECTING AND PACRAGING
CONTACT LENSES
10

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

BACKGROUND OF THE INVENTION
20 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
apparatus which removes contact lenses from a first set
25 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.

30 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
35 Larsen et al.; and U.S. Patent No. 5,039,459 to Larsen
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field of manufacturing contact |lenses. Mre particularly, the present

i nvention relates to an apparatus which renpoves contact | enses froma first
set of pallets, inserts theminto correspondi ng packagi ng el enents on a
second set of pallets, and transports the |ens-packagi ng el ements through

I nspection and final package sealing assenblies. 2. Description of the
Prior Art The nol ding of hydrophilic contact |enses 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 @&t jaland dllS.ofPathditth Nre 2s3Ignesd Hoo tHher ssignee of the

present invention.
These prior art references disclose a contact
lens production process wherein each lens is formed by
5 sandwiching monomer or monomer mixture between a front
curve (lower) mold section and back curve (upper) mold
section, carried in a two by four mold array. The
monomer is polymerized, thus forming a lens which is
then removed from the mold sections and further treated
10 in a hydration bath and packaged for consumer use.

U.8. Patent Nos. 5,080,839 and 5,094,609
disclose respectively a process for hydrating contact
lenses and a chamber for hydrating contacts lenses
formed with a monomer or monomer mixtures disclosed in

15 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
surfactant without any salts, so that the time consuming

20 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
into the final package with the lens and then seal the

25 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.8. Patent No. 4,961,820, also assigned to

30 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
thereto.
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-2- 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 sandw chi ng nononer or o) gimed

m xture between a front curve (lower) nold section and frkig r)
nol d section, carried in a two by four nold array. The
pol yneri zed, thus formng a lens which is then renoved fr

sections and further treated -3 -

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
prodﬁction 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
ingpection, 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"
(VEIN~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
to the inspection thereof by the automated lens
inspection system.
Automated manufacturing processes often
include steps which are particularly sensitive to
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in a hydration bath and packaged for consuner use. U S Patent Nos.

5, 080, 839 and 5, 094, 609 di scl ose respectively a proqﬁﬁgm;85 dratin
contact |enses and a chanber for hydrating contacts ; h a
nononer or nononer m xtures disclosed in the forgoi nwmﬁ ’ process
di sclosed in these patents significantly reduce the t

hydrating the I ens and releasing the lens fromthe nold cavity with

dei oni zed water and a snall anmount of sutf@ctant without any salts, so that
the time consuming ionic neutralization of the polymer fromwhich the |ens

bl ank i s nade ilnternoptbonur Bori egampiepywithi pespeotete. théen dei oni zed
water is used ptRGrblPkeSb8Pcontact lens mold sections, the
successful molding of thermoplastic elements having
sufficiently correct optical surfaces requires that
S temperature fluctuations in the molding station remain
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
10 materials may be supplied in segmented rolls which, once
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

15 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

20 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
into the production line, for the purposes of permitting
continuous function of some apparatuses, while other
apparatuses are interrupted. The specification of
U.S.S.N. 08\258,557 is herein incorporated by reference.

30 The present invention is directed to the
portion of the contact lens assembly line in which: a
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
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of, the process is to introduce buffered saline solution into the final
package with the lens and then seal the lens within the package so that the
final lens equilibrium (ionic neutralization final hydration and final |ens
di-mensioning) is acconplished in the package at roomtenperature or during
sterilization. U S. Patent No. 4,961,820, also assigned to the assignee of
the present invention, discloses a final package for a contact |ens,
wherein the package is forned froma transgatent plastic material such as
pol ypropyl ene and a foil lamnate that is heat seal ed thereto.

pallet and inserted into their respective packaging
elements; the combined set of packaging elements and
respective lenses are transported to a buffering
station; the set of elements are transferred to a low
5 vibration conveyor line; the contact lenses are

inspected for flaws; the deionized water is removed from
the packages; the combined elements are removed from
their pallets, the packages containing flawed lenses are
deposited on a conveyor line which deposits the elements

10 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
transported onto a pallet; and a quantity of saline
solution is introduced into the packages and a foil

15 cover is heat sealed to the package.

More specifically, with respect to the
assemblies which carry out the processes introduced
above, and which comprise the apparatuses of the present
invention, the deionized water injector assembly is a

20 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
which pallets of regularly arrayed packaging elements
are transported from a remote fabrication location to

25 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.

The lens extraction and insertion assembly of

30 the present invention is a lens transfer device which
l1ifts 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
second location. In addition to transferring the

VTN-199
et Has Been Replaced

TR



-3- Wiile U S Patents 5,080,839 and 5,094, 609 contenplate that the entire
hydrati on process and transfer to final packaging may take place in a fully
aut omat ed fashion, and while the chanber and process described in the
foregoi ng patents enabl ed autonmated handling of the | ens during hydration,
sui tabl e aut omated equi pnent to transport the | enses at high production
rates and maintain |low discard rates of manufactured | enses due to del ay
and dehydration thereof was not readily-a®ai< abl e or taught by the prior
art.

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).

5 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

10 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

15 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

20 desired position during transfer. The lenses which have
been transferred to the convex lens transfer surfaces on
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

25 lens through the inspection process may interfere with
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

30 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
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SUMVARY OF THE | NVENTI ON A manuf acturing assenbly line may include

appar atuses for both the manufacture of a product and of packagi ng
therefor. In addition, apparatuses may be provided which are directed to
thHe insertion of the product into the packaging and/or to the inspection of
the product. In addition, recent developnents in the inspection of contact

| enses produced in accordance with the foregoi ng net hods has enabl ed
automated | ens inspection, as taught in U 8. 8 N 08\994,564, entitled "Lens
| nspection Met hod and Apparatus”, (VIN 0037) (Attorney Docket 9275)

assi gned to theogetihgreonte tthe lensest havee bidenn exfinaicted aneC dhe

devel opnents i g, 4i9e 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
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,

10 extending from a small orifice in the lens transfer
surface of the finger to a reservoir of deionized water,
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

15 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
loaded in the inspection carrier.

The pallet and the package elements which now

20 contain contact lenses are then transported via a
conveyor belt to a buffering station. More
specifically, the pallets are transported to a
segregating apparatus, which directs alternating pallets
onto parallel conveyor lines. The conveyor lines extend

25 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
stopping the molding line which requires a long start up
time.

30 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",
is positioned after the inspection station, at a point
in the manufacturing line where the packages containing

i
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hydrati on and aut omated handling of wet contact |enses, as taught in

U S.S.N 08\258,556, entitled "Automated Met hod and Apparatus for Hydrating
Soft Contact Lenses" (VTN-0074) (Attorney Docket 8998), al so assigned to

t He assignee in the present invention, has enabled automatic robotic
handl i ng of |enses during hydration, and prior to the inspection thereof by
the autonated | ens inspection system Automated manufacturing processes
often include steps which are particul arLygsensitive to

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
rejection thereof. Moving the buffering station to a
S 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
10 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
15 toward which the pallets are transported), a device
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
20 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
25 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
30 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.
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-4- interruption. For exanple, wth respect to the manufacture of contact

| ens nol d sections, the successful nolding of thernoplastic elenents having
sufficiently correct optical surfaces requires that tenperature
fl'uctuations in the nolding station remain steady. O her apparatuses in
manuf acturing |lines, however, are subject to frequent interruption;
requiring resupplies of materials, substitution of parts, etc. For exanple,
materials for manufacturing packagi ng mategi al s nay be supplied in
segnented rolls which, once depleted nust be replaced. The design of a
fabrication line, which 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 wariation, the
5 stream of pallets is divided by the segregator and

consolidated by the integrator at all times during the
operation of the manufacturing line. In the alternate
variation, the segregator and integrator are engaged
only under circumstances when the subsequent stations

10 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
are no more pallets on the second buffer line. It is

15 understood that there are a variety of alternative
buffering algorithms which the segregator and integrator
devices may utilize for separating and bringing together
the pallets, all of which are equivalent in function and
exist within the scope of this invention.

20 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
line by a low vibration pallet transfer assembly and
placed on a low vibration conveyor. The low vibration

25 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

30 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,
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I ncl udes apparatuses of both type, nust provide buffer zones in which parts
bei ng manufactured continually by one apparatus nmay be held tenporarily as
another is interrupted for a short tinme. It is therefore, a goal of those
inthe art to provide one or nore accunul ators or buffer zones for use in
fabrication lines to even out such fluctuations. Again, wth specific
respect to the manufacture of contact |enses, recent devel opnents are
disclosed in U S.S. N 08\258,557, entitledq Automated Apparatus and Met hod
for Preparing Contact Lenses for Inspection and Packagi ng", (VTN 0086)
(Attorney Dockpro9des, aameanasfogmmilnimizhrgathegdistottibrspresent

invention, in waLGhe#nQuElsh wheLEC8: bEutBSERERR! at ed
It is understood, however, that in order to

maintain the same rate of product flow through the

S 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

10 pallets adjacent to one another on the low vibration
line, such that the spacing between the pallets is
substantially reduced from the previous conveyor lines.

Determination of the optical correctness of
each lens in each pallet is stored in the memory of a

15 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

20 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

25 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.

30 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 1is converted to an electrical information
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into the production line, for the purposes of permtting continuous
function of sone apparatuses, while other apparatuses are interrupted. The
specification of U S.S. N 08\258,557 is herein incorporated by reference.
The present invention is directed to the portion of the contact |ens
assenbly line in which: a pallet of packaging elements are filled wth a
quantity of deionized water; a set of contact |enses, which have been

nol ded, hydrated, and washed, are renoved Ifirem a - 5-

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
5 assemblies.

After inspection, the pallets are lifted into
a water extraction assembly which is mounted above the
conveyor line. A device for deionized water extraction
from packages containing contact lenses is taught in

10 U.S5.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-

15 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

20 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 is understood that the
first wvariation transports the packages over to a reject
conveyor line, and pauses during transport to deposit

25 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. In the second variation, the lens-
package transfer assembly removes only the properly

30 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 wvariation,
it is understood that the determinations made by the
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pall et and inserted into their respective packagi ng el enents; the conbi ned
set of packaging el enents and respective |lenses are transported to a
buffering station; the set of elenents are transferred to a | ow vibration
conveyor line; the contact |enses are inspected for flaws; the deionized
water is renoved fromthe packages; the conbined el enents are renoved from
their pallets, the packages containing flawed | enses are deposited on a
conveyor |ine which deposits the el enentsiign-a collection bin, and the
packages containing correct |enses are deposited on a good line; the |enses
on the good |ibrspeettonsaksembey, i which wegel atonedajnamemdranbspoat ed onto

a pallet; and g,guaRLLEYcB8htf8118F are herein acted upon by the lens-
package transfer assembly.
More specifically, with respect to the lens-
5 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
10 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
15 lens-packages. In 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
20 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,
25 whereby the lens-packages are brought back together into
a regular 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
30 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
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selution is introduced into the packages and a foil cover is heat sealed to
t he package. More specifically, with respect to the assenblies which carry
out the processes introduced above, and which conprise the apparatuses of

t he present invention, the deionized water injector assenbly is a device
for injecting a quantity of deionized water into packaging elenments on a
pallet. This deionized water injector assenbly is nounted above a conveyor
i ne along which pallets of regularly ar+aBd packagi ng el enents are
transported froma renote fabrication |ocation to the second | ocation where
they receive conrzal,| andes. régulapatirabydost iehstpankafgeshbasehekear array

of the established, the lens-packages are removed from the
conveyor line and deposited onto a final packaging
pallet.

S 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

25 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
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
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packagi ng el ements is specifically established to match the optical array
In the inspection station. The |lens extraction and insertion assenbly of
the present invention is a lens transfer device which l[ifts |Ienses from
hydration pallets at a first |ocation and deposits them along with an
addi ti onal dose of deionized water, into the packaging el enents at the
second location. In addition to transferring the -6 |l enses, the device
also alters the spatial distribution . 14 -

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

5 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.

10 The sealed packages are then advanced beyond the sealing
assembly where they may be stored during equilibration,
and ultimately packaged for distribution.

BRIEF DESCRIPTION OF THE DRAWINGS

15 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

20 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:

25 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
inspection, and a portion of the primary contact lens
package.

30 Figure 2 is a perspective view of an
inspection pallet used to transport a plurality of the
packaging elements illustrated in Figure 1 through
several assemblies and stations of the present
invention.
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of. the lenses fromtheir orientation in the hydration pallets to an
orientation which corresponds to the packagi ng el enents (and the | ens

i nspection station). Mdrre specifically with respect to the nmeans by which
tHe l enses are extracted fromthe hydration pallets and transferred to the
packagi ng el ements, the hydration pallets conprise a set of concave
recessions in which the | enses are di sposed, along with a quantity of

dei oni zed water. The bottom of the recessiigns- conprise at | east one hole

t hrough which a fluid may be ejected, therein lifting the wet | enses out of
the.recessions. The | ensFigareseGBaaaadnBbyatenplievationseliens, ckadeat e

finger eIenentgn&hEggngxbgggsdgggggEgivgigv of an apparatus which
fills packaging elements on a pallet with a quantity of
degassed deionized water.

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

Figures 5a, 5b, and 5c are side, top, and
perspective views, respectively, of the lens transfer

10 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
elements.

Figure 6 is a side view of a finger element of

15 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.

20 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.

Figure 9 is a perspective view of the buffer
station through which the pallets carrying the lens-

25 packaging elements are directed.

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

Figure 11 is a perspective view of the

30 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
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fi-nger el enent having a convex |lens transfer surface onto which the lifted
| ens may be secured via surface tension. The convex |ens transfer surface
of the finger is further designed with an annul ar raised skirt around the
tip which prevents the lens fromsliding out of the desired position during
transfer. The | enses which have been transferred to the convex |ens
transfer surfaces on the fingers of the lens transfer device, nay have
smal | bubbles of air on their exposed swflage. The small bubbles, if
permtted to remain on the surface of the I ens through the inspection
process may i npeetent Wwnwenpioper ingdpdingotheandspactiéonhsethtnent ante

| nproperly det efgi Bedoh9,08 RaleraBdedbitabhedsuaRBEGSSArilY. Al
Figure 13 is a perspective view of the low
vibration pallet transfer assembly which transports the

5 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

10 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

15 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

20 saline injection and foil sealing.

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

25 solution injector and foil sealing assembly.

Figure 19 is a perspective view of the saline

solution injecting subassembly.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

30 The present invention was designed for and is
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-
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| east one jet of air is blowm onto each |ens for the purposes of renoving
the air bubbles fromthis exposed surface. The fingers of the |ens transfer
assenbly are set out in rows on parallel beans which are slidably nounted
on guide rails. The parallel beans are coupl ed together via piston/

cylinder elenents, and are drawn -7- together once the | enses have been
extracted and the bubble blow off step have been carried out. This action
- 17 -

pending application U.S.S.N. 08\258,654, entitled
"Consolidated Contact Lens Molding" (VIN-0772) (Attorney
Docket 9016); hydrated in a hydration system as
described in U.S.S.N. 08\258,556, entitled "Automated

5 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
invention.

10 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

15 several assemblies:

First, the deionizing water injection assembly
which fills the packaging elements prior to the lenses
being inserted therein;

Second, the lens transfer and insertion

20 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,

25 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

30 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;

i
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alters the relative separation of the lenses with respect to one axrs

i nspection pallet. The lens transfer assenbly then
to the second | ocation, into position above the ins

that the lenses will be arrayed to match the arrayTh ereetHe(B eﬁr
fingers of the |lens transfer assenbly are further desrgn ﬂl

The

anslated

n i nterior

conduit, extending froma small orifice in the |lens transfer surface of the

finger to a reservoir of deionized wat er Xthr-ough which deioni zed wat er
be selectively ejected. Wth the fingers,

and the | enses secured thereto,

may

in position above the padlifgds, t@esﬁEMBfP@ck@Qedém@nstGG w&semhly,ejected
through each Oghfilche red%e® *he lens-package elements from the pallet

10

15

20

25

30
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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 regular arrays, and the lens-package transfer
assembly extracts the arrays, rotates the elements in
the horizontal plane, and transports them to another
line of pallets; and

Seventh, the saline solution injector and foil
sealing assemblies, which introduce the appropriate
saline solution into the lens-packaging elements and
heat seals a foil label onto the top of the packaging
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
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
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
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,




decoupling the contact |lenses fromthe lens transfer surfaces and

deposi t Thig Skebranis Besh Redldted packages that were | oaded in the inspection
carrier. t he package el enents whi ch now contain contact
| enses ar rted via a conveyor belt to a buffering station

Mor e speci pallets are transported to a segregati ng appar at us,
which directs alternating pallets onto parallel conveyor |ines. The
conveyor lines extend a sufficient distan@q® fromtheir first ends to their
renote ends, that a significant tenporal delay may be accommodat ed, and the
| enses stored prowddingegni tdeglsiopptignt ierncbdtagt! wathwhi vhcnenui res a

long start Up jjfting means in that it provides a stable surface to
seat against.
The package carrier is further defined by a
5 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
opposing ends thereof, are a pair of registration
10 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 1l6a and 16b, to align the
packaging element 10 during robotic handling. 1In
15 particular, the notches 1l6a 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

20 packaging elements are disposed, therein providing
additional securing means for holding the element on the
pallet.

As stated above, the first portion 14a of the
platform includes a concave recession 24 which is of an
25 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,
30 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
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téme. The buffering station taught in U S.S. N 08\258,557, entitled

"Aut omat ed Apparatus and Method for Preparing Contact Lenses for Inspection
and Packaging", is positioned after the inspection station, at a point in
the manufacturing line where the packages cont ai ni ng -8- the |l enses have
been drai ned of deionized water. Deprived of a liquid environnment, the

| enses are permtted to stand for no |longer than 15 m nutes before

_20_
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.

S The concave recession 24 also includes a
plurality of small 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

10 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

15 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.

20 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

25 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

30 cavities are separated by a channel 48 which is defined
by two walls 50a,50b. The wall corresponding 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
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rej ection thereof. Mowving the buffering station to a point in the line at
whi ch the |l enses remain bathed in deionized water permts indefinite
hol di ng wi t hout damagi ng the | enses. At the renote end of the buffering
station, at the ends of the parallel conveyor lines along which the pallets
may be stored, there is an integrator assenbly which integrates alternate
pallets fromthe two conveyor lines to continue toward the next station.
More specifically, the parallel conveyor- I91nes of the buffering station
have, mounted to their end (the end toward which the pallets are
transported), a0ddispesetli oh seleddivelhenouyes elget B8 ofr pews 4af ipal | et s

SO similarly slanted to receive thereon the wall portions
18 of the packaging elements 10 disposed on row 44.
The pallet is further provided with a pair of
5 elongated notches 56,58 for receiving the registration
flanges 20,22 of the packaging element. The elongated
notches 56,58 further provide a positive grip surface
for transferring means that 1lift, rotate, and transport
the pallet. .

10 In addition, the pallet 40 includes
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

15 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
corresponding features of the packaging elements,

20 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

25 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,

30 typically 2 X 8. The pallets and packages are
transported, via a conveyor line, to the deionized water
injection assembly in sets of two, oriented to define
therebetween an array which is 4 x 8.

VIN-199
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that they may pass onto the next conveyor. In the enbodi ment of the
buffering station which is described nore particularly below wth 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 i medi ately adjacent to a first one of the two parall el
conveyor lines. The segregator device, therefore, first allows a single
pall et to advance onto the first buffer -l i22e~ and then transfers the next
pallet to the parallel second buffer line. In a simlar, but inverse
fashion, the integrator Hefereingenawesob¥igarest Bangndnd8bpathet fromthe

first buffer |408,h9,085%atbRein}LB0EBR" LSs8nBRY! b0 is shown in a
front side view and a lateral side view. This assembly
100 comprises four separate elements: a water dispensing
5 head 110; a set of coordinated vertically oriented stops
120a,b; a pallet positidning 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

10 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

15 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

20 130 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.

25 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

30 the conveyor line 102. The plate 122 is coupled to a
piston/cylinder 124, the selective vertical actuation of
which advances the plate 122 into the stream of pallets
40 advancing along the conveyor line 102.
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fr-omthe second buffer Iine to the conveyor |ine which continues beyond the
buffering station so that it may follow, and then begins anew by all ow ng
the next pallet fromthe first buffer line to pass. -9- In alternative
vari ations 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 streamof pallets

i s divided by the segregator and - 23 -

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

5 4 x 4 matrix. The top of the plate 112 receives a set
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

10 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 inappropriate times
15 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

20 deposition cycle which is more fully described
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

25 may emanate from the dispenser during purge cycle or
cycle misfeeds. The water drain unit comprises a basin
142 having a sloped base, therein forming a funnel-like
shape, directing water therein toward a hole 144 in the
base. The hole 144 is coupled to a drainage tube 146

30 which carries the drainage water away from the assembly
to a remote location.

The fourth element of the deionized water
injection assembly 100 comprises a pallet positioning
device 130. This element receives a pair of advancing
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censolidated by the integrator at all tinmes during the operation of the
manufacturing line. In the alternate variation, the segregator and
integrator are engaged only under circunmstances when the subsequent
stations have been interrupted. The segregator of this alternative
variation would operate only during interrupted tines; the integrator would
function past the resunption of the subsequent assenblies until there are
no nore pallets on the second buffer liRre24 t is understood that there are
a variety of alternative buffering algorithns which the segregator and

i nt egrat or devpsiietmy40t ahdz€ifst hepdsathem andpbsibfjongbéngethethéehe

pallets, all ofe¥hs¢fighenedy Yabeth LNeiBE H80:i808n so that the
first sixteen recesses 24 of the packaging elements may
be filled with deionized water. Once the first sixteen

5 recesses 24 have been filled, the pallet positioning

device 130 translates horizontally to a second position,
thereby repositioning the pallets 40 at a second
position beneath the deposition head 110. At this
position the second sixteen recesses 40 of the pair of

10 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
the pallets to advance beneath it, and reciprocates back
to the pallet receiving location (the first location).

i5 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
which extend laterally across the conveyor line 102, and
which are ideally spaced for receiving and holding pairs

20 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
the deposition cycle.

25 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

30 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
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exi st within the scope of this invention. The stream of pallets which

continue fromthe buffering station are transported to a
At this location the pallets are lifted off the conveyor
vi'brati on pal l et transfer assenbly and placed on a | ow vi

pi ckup | ocati on.
line by a | ow
brati on conveyor.

The | ow vi bration conveyor transports the pallets through the inspection

station wherein a determnation is nade of the optical properties of the

hydrat ed and packaged | enses. It is undersi®od that the proper inspection
of the I enses may not occur if the perceived optical properties of the

| enses are di sheadedllfy dheredbnbmesing thehpad radifepad ledst 4€,sunftace of

the lenses. Vaygs aRdodisSWepd31%9%n position.

In operation the entire assembly

functions in

accordance with a predetermined timing schedule,
5 beginning with the advance of a pair of pallets 40 along

the conveyor line 102, toward the assembly.

of pallets 40 have passed the first of the

Once a pair
coordinated

vertical stops 120a, plates 122 are raised, so that
additional pallets 40 may be restrained from continuing

10 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
15 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
20 130 is actuated, thereby advancing the pallets 40 to the
second deposition position. Once the second set of
sixteen recesses 24 have been filled with deionized
water, the arms 131,132 are raised by vertically
oriented piston/cylinder 134, and the horizontally

25 oriented piston/cylinder 136 is retracted.

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

30 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.
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wi-t hin the deionized water in the packages have a simlar distortion

ef fect, causing false determ nations of defects. The |ow vibration conveyor

line, therefore, - 10 - provides a nmeans for mnimzing the distortions

réesulting fromwater disturbances. It is understood, however, that in order

to mai ntain the same rate of product flow through the systen1 t he
‘reduction in speed of the streamof pallets along the |ow vibration

conveyor |ine nmust be - 26 -

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

5 receives a contact lens by a loading assembly described
hereinbelow.

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

10 hydration pallet 200 is shown in a top view wherein
phantom lines correspond to intermnal 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 statioms,

15 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.

The hydration pallet 200 has a plurality of

20 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
which is disposed at the bottom of each recess 202, at
the bottom thereof. The holes 204 are thereby coupled

25 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
lens disposed therein. The selective introduction of
this gas or fluid, via the hole 204, is used to propel

30 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
described hereinbelow.
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conpensated by a corresponding increase in the density of the pallets
novi ng therealong. The | ow vibration pallet transfer assenbly, therefore,
pl aces successive pallets adjacent to one another on the | ow vibration

| ine, such that the spacing between the pallets is substantially reduced
fromthe previous conveyor lines. Determ nation of the optical correctness
of each lens in each pallet is stored in the nenory of a
control |l er/processor so that subsequently 2 means for separating the good
| enses fromthe bad may be utilized. First, however, the pallets, which
contai n packages fill ed RefbrgéngnnowdtoaFéguaes baanSpprand Ho, athet er

extraction assgghi ¥t MbXs2bbghsklE 0LLHBIyCo10CEL ERSwn in side, top
and perspective views, respectively. The assembly 210
generally comprises a head element 240 and a dual axis

) 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

10 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

15 articulated robot. However, a preferred mechanism
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

20 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 equivalent function. For example, the

25 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.

30 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
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of- the | enses has been det er mi ned may the proper saline solution be
I nt rOdUCE@ShGﬁHastB%ax@ﬁﬁ ge. The delay in introducing the saline solution

until aft ave been inspected permts the line to proceed nuch
nore quic Im!gT ﬂ%ted above, the optical and physical characteristics
of the lens re veral hours in the saline solution to equilibrate.

It is understood that this equilibration is advantageously carried out in

t he seal ed packages, once the | enses have dgen renoved fromthe

manufacturing line. In the inspection station, a |light beamor pulse is
directed from heldcdn epacedhedlatignatkagas anathiercthypyrraseebiareal | ens

unit, and direglad aRdigahly mounted on the cross bars 246, alsoc in
spaced apart relation to one another, is a set of four
horizontal support beams 248. The support beams 248
5 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

10 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
piston/cylinder 252 couples the two outer beams 248a,d.
As shown in Figure 5b, the second piston/cylinder is

15 mated directly to a bracket 254 on one of the outer
beams 248a, and mated to a linkage plate 256 which
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

20 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

25 a 4 x 8 array of four beams and eight fingers per beam,
which correspond 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

30 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
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fecused on a screen to produce an imge of the lens. The image is converted
to an electrical information - 11 - signal which is processed to
determine if the lens is acceptable for consuner use. The |ens inspection
results are stored in the programmable |ogic controller which coordinates
subsequent consolidation and transfer assenblies. After inspection, the
pallets are lifted into a water extraction assenbly which is nounted above
t he - 29 -

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
5 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.
The end of each finger 264 includes an annular
10 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
15 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
20 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
25 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
30 such as deionized water with the lens transfer surface
266 extending downward. In either case, the tops 270 of
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
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cenveyor line. A device for deionized water extraction from packages
contai ning contact lenses is taught in U S. S. N 08/999, 234 entitled

"Sol ution Renoval Nozzle", which is also assigned to the assignee of the
present invention. Once the water has been renoved, the packages are
transported along the conveyor line to a | ens- package pickup point. At
this | ocation the packages are lifted by a | ens-package transfer assenbly
fromthe pallets and noved to alternatiwe 3pnrveyor |lines. Mre
particularly, there are alternative variations of the |ens-package
transference absesbl¢¥8 anfacesbrdancki whthhéhkepsefdetkaznéneticoperation al

r enoved fron1tg§ QﬁE|§E§embly.
As illustrated in Figure 5c¢, in operation a

hydration pallet is advanced along the lens conveyor

5 line 275 to a position directly beneath the lens
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

10 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

15 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.

20 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

25 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

30 have bubbles of air, in the deionized, water attached to
it. If 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

“ﬁﬁ‘iiﬁ l‘ii'ilﬂﬂi“li‘mn
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and a second in which only those packages which contain a correct lens are
renmoved. It is understood that the first variation transports the packages
over to a reject conveyor line, and pauses during transport to deposit any
incorrectly fornmed | enses and the packages in which they are di sposed. The
assenbly then transports the remaining correctly fornmed | enses and packages
to the good conveyor line. In the second variation, the | ens- package
transfer assenbly renoves only the propesrl31 f-ornmed | enses and packages from
the pallets and transports themto the good conveyor line. Any rejected

| enses are thehydeatnied Bpparbtitesi tepminimd zeabubbiei fozmatisaguand in

col lection progeguieto RnSutretn4d’ 43t Blbbles are removed from the
surface of the lens, when the head element 240 and
fingers 264 are raised, the mounting assembly transports
5 them to a bubble blow off unit 280 disposed between the
hydration conveyor line 275 and the packaging element
pallet line 102.
Referring now to Figure 7, a cross-sectional
view of finger 264 carrying a lens and a recess 282 of
10 the bubble blow off unit 280 is shown. The bubble blow
off unit 280 comprises a plate 284 having a regular
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
15 base of the recess 282 includes a through hole 286,
which forms the mouth of a conduit 288 which extends
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
20 264. The force of the jet of air may cause the lens to
migrate across the attachment surface 266, however, the
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
25 surface so that the inspection process will not falsely
identify such air bubbles as fabrication errors in the
lens itself.
Once the bubble removal process has been
carried out, the piston/cylinders 250,252 are actuated
30 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
separation of fingers within the rows remains unchanged)

VIN-199 his Sheet Has Been RTlated

B



It is understood that the determ nations nmade by the - 12 - inspection
assenbly, which were stored in nenory by a processor/controller are herein
acted upon by the | ens- package transfer assenbly. More specifically, with
respect to the | ens- package transfer assenbly, a set of bellowed fingers,
ext endi ng downward froma vacuum nmanifold are first positioned directly
above the packages on a pallet. By descending froma position above,
bringing the tips of - 32 -

is necessary because the distribution of packaging
elements on the inspection pallet 40 is set in
accordance with the inspection station apparatus, which
is not the same as the relative spacing of the lenses

5 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
means 228 transports the head element 240 and the lenses

10 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

15 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.

The contact lenses and lens-package elements

20 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
240 is reciprocated back to its receiving position above

25 the hydration conveyor line 275, and awaits the next
batch of contact lenses.

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

VTN-199
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the fingers into contact with the packages, and drawi ng a vacuumin an

I nterior open vol une,

assenbly. As stated above, the processor/controller may either control
sel ective pickup of the optically correct |ens-packages, or the assenbly

may pick up all of the |lens-packages. In either case, the desired | ens-
packages are transported to the good conveyor |ine, where the vacuumis

t he packages are secured to the | ens-package transfer

t he

rel eased and the | ens packages are droppe@3romthe tips of the fingers. In

ei t her case,

the array of |ens-packages which are ultinately deposited

t he good conveyequliremeatewhdchnésemssti rglieraatr éguithe presgntas they

10

15

20

25

30
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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,
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
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
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
position for a buffering station must be one where the
lenses remain in an aqueous enviromment. 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. 1In pairs, the
pallets define a 4 x 8 array. At the lens insertion
station (the lens transfer assembly) the pairs of
pallets 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.

il
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were on the pallet (having had the incorrectly forned | ens-package el enents
renoved). The good line, therefore, also carries out a consolidating
function, whereby the | ens-packages are brought back together into a
regul ar distribution. Mre specifically, the conveyor line carries the
articles into separate corral structures. A first |ens-package is conveyed
bet ween converging guide rails (which align the | ens-package al ong one axis
of notion), and into a corral. The first-I|3ns-package in line is stopped by
a gate at the distal end. The next |ens-package follows the | ead one and is
stopped by com ng in conRedferwing nbe ftor FiguPese8a Pred6t andi ddd nunber of

| ens-packages QRYeneqte’ flrsPective views of the buffering station,
including the segregator unit, and the integrator unit,
respectively. As illustrated in Figure 9, the buffer
S 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
10 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
15 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
specifically to Figure 8, the end of the lens transfer
conveyor line 102 and the beginning of the first segment
20 304 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
25 a guide 300. The pallets 40 are then pushed by a push
plate 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
30 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

i
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13 corral, and a regular array of |ens-packages has been established, the
| ens- packages~ar e removed—fromthe conveyor |ine and deposited onto a final
packagi ngTMhle&hasﬁ@JEe articularly, the |ens-package el enments are renoved

fromthe ci N h they have been directed by a conveyor |ine, by
a rotating ﬁgmgﬂ% transfer assenbly. This assenbly conprises an array
of bell owe 3 lar in nmost respects to those of
- 35 -
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
5 of pallets 40, It is understood that a wvariety 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.
10 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
15 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.
20 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
linearly onto a second segment 308 of the buffer
conveyor line; the second segment 308 of the buffer
25 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
30 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.
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t he | ens-package transfer assenbly, which lift the array of |ens-package
el enrents and places themonto pallets. The assenbly further includes a
rotational notion which rotates the array of elenents to natch the
orientation of the pallets used for primary packagi ng. Once the

| ens- packagi ng el enents have been deposited onto these pallets, they enter
Into a saline dosing and sealing assenbly. Mre specifically, the pallets
are incrementally translated into positiol6ébeneath a saline solution
deposition unit. This unit conprises a row of fluid dispensers which fil

t he packages with salineVesticabnstopst Bé0baBlecswhichi areediapaseqd on

registered bengpphskbend! 4hd €hsP8Ns€Gments 308,312 of the buffer
conveyor line, are positioned to prevent premature
advancement of the pallets 40 on the conveyors until
5 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

10 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

15 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

20 advance, in a regularly spaced unitary stream, along the
fourth segment 316 of the buffer conveyor, to the
inspection station. Again, vertical stops 310d,310e are
positioned at the ends of the segments 308,312
respectively, and are engaged to ensure that only one

25 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

30 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
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buffered saline solution is injected into each of the packages and each of
the Il enses begins its equilibration 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 foi
wrapper. Mre particularly, with respect to the device which applies and
seals the foil wapper to the package, an el ongate section of foil wapper
material is advanced through a printer (fog7printing information pertaining
to the particular lens specifications). The foil is then cut into sections
whi ch are sizedontihiuous 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
5 the fourth segment 316, as they enter the inspection
station.
Referring spécifically to Figure 10, which is
a perspective view of the segregator unit, particular
attention is provided to the features and function of
10 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
15 guide rails 323. The rails 323 are received by a
stationary plate 327 which is mounted to the outside
lateral edge of the third segment 312 of the buffer
conveyor. A first moving plate 329 is slidably mounted
to the guide rails 323 such that the plane of this first
20 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
25 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
30 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.
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--14 - across the tops of an array of packaging elenments. The foil sections
and the | ens-package assenblies are advanced into alignment with one

anot her. A ThaShbl A HOPE ad grasps a foil section and descends to the
package el e e section in contact therewith. Once the foi
wrapper is i Hlﬂﬂﬁ'ﬂ,’seal ing mechani smis brought into contact with
t he packages s the foil to the package in a single high
tenperature short cycle sealing operatianzgThe seal ed packages are then
advanced beyond the sealing
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
5 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
10 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. In
such a design, a coupling means, for example a fixed rod
15 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
20 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
25 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
30 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
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assenbly where they may be stored during equilibration, and uttimately

packaged for distribution. BRIEF DESCRI PTI ON OF THEhSRMYMGB.LhE I?cggant ages

apd assenblies of the present invention set forth i umrary
of an automated apparatus for conbining, inspecting mﬁa” nt act
| enses and packagi ng el enents nmay be nore readily u e skilled

in the art wwth reference being had to the follow ng detail ed description
of the preferred enbodi nents, taken in comanction with the acconpanyi ng
drawi ngs, wherein like elenents are designated by identical reference
nuneral s throughatt ittheayebe aeciiprocatad iromMal pdsition 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 348,351 are

5 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.

10 In operation, as can be inferred from Figure
11, the reciprocation of the plates 349,351 is
selectively controlled such that alternating pallets,
one from the second segment 308 followed by one from the
third segment 312, advance to the fourth segment 316.

15 It is understood that a variety of motive means and/or
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

20 includes an air piston/ cylinder mounted within the L-
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

25 plate 349 to the motion of the drive plate 351.

THE LOW VIBRATION LENS-PACKAGE TRANSPORT ASSEMBLY, THE
INSPECTION ASSEMBLY, AND THE WATER EXTRACTION ASSEMBLY
Referring now to Figure 12, a top view

30 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
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Figure 1 is a perspective view of a packagi ng el enentin whi ch a cont act

| ens may be inserted,
during inspection, and a portion of the primary contact

Figure 2 is a perspective view of an inspection pallet HMT
plurality of the packaging elenents illustrated in Figu ug

and which serves as both a receptgche HaoBechRepldcahn s

assenblies and stations of the present invention.
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30

VIN-199

- 40 -

through the buffering station are transferred through a
conveyor station 499 to the inspection station 599, by a
low vibration conﬁeyor 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
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
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 lenses
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

ort a
sever al



--15 - Figures 3a and 3b are el evation views, side and front views .
respectively, of an apparatus which fills packagi ”ﬁﬁsfﬁhse'?ﬁg‘st .00 2 pal | et

wi_ith a quantity of degassed deionized water. Figure agad) of t he
hydration pallet in which the hydrated and washed IH’&H&, & ented at
the first location. Figures 5a, 5b, and 5c are #ide, , spective
vi ews, respectively, of the lens transfer and insertion assenbly which
renoves the nol ded contact |enses fromthelhydration pallet, alters their

rel ati ve spacing, and places the contact |enses in the packaging
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
5 the inspection conveyor to be substantially closer
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

10 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

15 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

20 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

25 line 420.

In operation, the low wvibration 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

30 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
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etenments. Figure 6 is a side view of a finger elenent-of -the.lens_transfer
and insertion assenbly onto which the |lenses are dis

Qsed. Figure 7 is a
cross-sectional view of the air bubble renoval fluid padsm f or
renovi ng bubbles fromthe exterior surface of the con ’ ﬂ gure 8
Is a top view of the pallet transfer unit which trans allets

fromthe lens transfer conveyor line to the buffer conveyor line. Figure 9
is a perspective view of the buffer stati d2 t+hrough which the pallets
carrying the |l ens- packagi ng el enents are directed.

securely by the lateral plates 402a,402b, the common

wall 406 is raised, and the pallet is transported to the
inspection station conveyor line, which is disposed
perpendicularly to the fourth segment 316 of the
5 buffering conveyor line. Once in position above the
inspection conveyor line 420, the pallet 40 is lowered
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
10 the low vibration lens transfer assembly 400 rises and
reciprocates back to the staging area 325 to receive the
next pallet 40.
In the Automatic Lens Inspection System, the
inspection pallets 40 are conveyed through the system as
15 a pulse of light is directed through the lens-packages
and contact lenses, and focused on a camera to generate
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
20 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
25 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
30 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
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Frgure 10 is a perspective view of the segregator devi ce mhlch |s dlsposed

at the entrance to the buffering station. Figure 11 ﬂ%w &i ew
of the integrator device which is disposed at the eX|t i ng
station. Figure 12 is an overview show ng the assenbly i ons of

t he post hydration apparatus of the present invention, |nclud|ng t he
I nspection station and the deioni zed water extraction assenbly.
- 43 -

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
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
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Frgure 13 iS a—perspective view of the low vibration pallet transfer
assenbl y mhhgi transports the pallets carrying the | ens-packagi ng el enents

from one con Hasi Boen, 1 h&%e | ow vi bration inspection conveyor |ine
iew of the first rotating | ens-package transfer
packages and | enses fromthe inspection pallets

Figure 14 is
assenbly whi
and deposits the optic correct | ens-packages on the good conveyor |ine.
Figure 15 is a perspective view of the go conveyor |ine which further
serves to consolidate the | ens-packaging elements into a regular array.
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
5 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
10 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
15 dual axis transport subassembly transports the support
502 from a first location to a second location, for
example, from a position above the water extraction
conveyor line to a position above the consolidating
conveyor line (which is described more fully with
20 reference to Figure 16).
Extending downwardly from the support 502 are
a 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
25 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
tubes 512 which are individually coupled to a vacuum
30 source (not shown). Each tube is separately valved; the
valves being independently controlled by a processor in
accordance with signals received from the inspection
station with respect to which lens-packages contain
correct lenses. Selective activation of the vacuum
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Frgure 16 is a perspective view of the second rotating 1ens~package
transport assenbly which renmoves regular arrays of q.efs-packagi ng
assenblies fromthe good conveyor |ine and deposits Ré; for
saline injection and foil sealing. Figure 17 is a c% w ammati c
Il lustration of the saline solution injector and. fo nbly.
Figure 18 is a side view of the saline solution injector and foll sealing
assenbly. Figure 19 is a perspective viewdd the saline solution injecting
subassenbl y. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

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

5 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-

10 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

15 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-
packages may be removed from the pallet 40 and

20 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

25 later removed from the inspection pallet by an
alternative means. This procedure can be used to
increase (shorten) the cycle time of the transfer
device,

Once the appropriate lens-packages are removed

30 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
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The present invention was designed for and is particularly adapted for use

in the p@lsShtdianBieoReplcstessi ng section of an automated contact lens
producti o tact | enses nolded in an automated production line,
such as t n co- - 17 - pending application U S.S. N

08\ 258, 654, entitled "Consolidated Contact Lens Ml ding" (VIN-0772)

(Attorney Docket 9016); hydrated in a hydration system as described in
U S.S. N 08\258,556, entitled "Autonmated- 46 -

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
5 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
10 ASSEMBLY

The first rotating lens-package transfer
assembly 500 deposits the optically correct lens-
packages onto the consolidating conveyor 602 as shown in
Figure 16. The consolidating conveyor comprises a belt-

15 type motive surface 604 onto which 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 regularly distributed on the

20 conveyor surface when they are deposited.

The lens-packages are transported along the
conveyor until the lead packages contact a moveable gate
element 610. The gate element 610 interferes with the
continued transport of the lead lens-packages in each of

25 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
array. A sensor block is disposed above the conveyor

30 surface 604, at a location upstream from the gate
element 610. An additional sensor may be located at a
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
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Met hod and-Apparatus—for Hydrating Soft Contact Lenses"; and automatically
| nspect e a desprlbed |n U S S N 08\994,564, entitled "Lens |nspection

Met hod a "eﬂw..‘“ gedparticularly benefitted by the present invention.
The presegﬂ - u all, be herein described with respect to its
specific N

i apparatuses, and to the Figures illustrating these

features. Mire speC|f|caIIy the present invention shall be described, with

reference to the follow ng several asseml4ess First, the deionizing water

i njection assenbly which fills the packaging el enents prior to the | enses
between the wall element 608 and the sensor element 610

in the embodiment illustrated in Figure 16 is 2 x 5.
Gate element 610 provides for a controlled flow of only
the correct number of lens packages necessary to

5 complete the 2 x 5 array in the staging position.

Referring now also to Figure 17, a perspective
view of the second rotating lens-package transfer
assembly 650 is shown. Once a full 2 x 5 array of lens-
packages are disposed in this staging position 609, a

10 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
the saline solution injector and foil sealing assembly.

More specifically with respect to the second

15 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

20 is coupled to a rotating means (not shown) which rotates
the support through 90 degrees in the horizontal plane.
Extending downwardly from the support 652 is an array of
regularly spaced fingers 658, the tips 660 of which are
hollow so that a vacuum may be drawn therethrough. This

25 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 wvacuum
may be drawn, are coupled to tubes 662, at the support
652 for the purposes of supplying the vacuum pressure to

30 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
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being inserted therein; Second, the lens transfer and insertion assenbly
whi ch receivd§s$h3HMSmmmR M@M1hydrat|on pallets, alters their spatia
distribution uen1|nto t he packagi ng el enents; Third, the

] [ : u! % egregator and integrator devices incl uded
t herein, which provi fering region for tenporarily holding a group

buffering stat

of | ens-packaging pallets during interruption of subsequent assenbli es;

Fourth, the |low vibration | ens-package t+aggport, inspection, and water

extraction assenblies which renoves the inspection pallets froma conveyor
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

5 sensor elements have determined that a full 2 ® 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

10 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

15 transfer assembly 500, the rotating means and the dual
axis motive preferably comprise, respectively, an air
cylinder with 90 degree stops, and a pair of
perpendicular IKO ball screw mechanisns.

20 THE SALINE SOLUTION INJECTOR AND FOIL SEALING ASSEMBLY
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

25 including a conveyor loop 702 having a plurality of
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.

30 The related assemblies and subassemblies which
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
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l+ne and inserts themonto the |ow vibration inspection assenbly conveyor
line, determ nes which | ens-packages are optically correct, and then
renoves the deionized water fromthe packages; - 18 - Fifth, the

| ens- package transfer assenbly, which renoves the | ens-package el enents
fromthe pallet and deposits those | ens-packages which were determned to
be optically correct onto a good conveyor line; Sixth, the good conveyor
line and rotating - 49 -

subassembly 750 positioned adjacent to the front of the
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

5 seal unit 780 which seals the foil to the packages.

Each of the fixed pallets 704 is particularly
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

10 designed, in accordance with the number of fingers of
the second lens-package transfer assembly 650, and the
size of the staging position 609 of the consolidating
conveyor, to accommodate a different number of rows and
a different number of packages in each row.

15 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,

20 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

25 758, 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

30 saline solution is deposited into the packaging recesses
24, Bach 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
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| ens- package transfer assenbly, which conveyor |ine consolidates the
optlcaTT_’correct | ens- package el enents into regular arrays, and the

| ens- pac glGkeqassenbly extracts the arrays, rotates the elenents in
the ho and transports themto another line of pallets; and
Sevent mﬂ m olution injector and foil sealing assenblies, which

i ntrod |ate saline solution into the | ens-packagi ng el enents
and heat seals a f0|I | abel onto the top b0 +he packagi ng el ement for

shi pping and identification. THE DElI ONl ZI NG WATER | NJECTI ON ASSEMBLY

Ref erring now recesses ofl 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)

5 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

10 conveyor, downstream from the saline injector 750, to
detect the presence of the proper measured dose of
saline solution in each lens-package. A wvariety of such
sensors are available, and are taught in co-pending
application U.S.S.N. 08/431,891, entitled "Linear

15 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

20 amplifier, model 24W-AA1C. Each 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

25 775, 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

30 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" (VTN-0089)
(Attorney Docket 9013). The foil labeling machine
extends at a right angle to the linear packaging
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packagi ng elenment 10 is illustrated in a perspective view This packaging
elenment is nore fully described in copending application U S.S. N 995, 607,
the disclosure of which is incorporated here by reference thereto. The
packagi ng el ement 10 may be forned by injection nolding or be thermally
formed of plastic sheet material, such as pol ypropyl ene. The packagi ng

el ement 10 includes an essentially rectangularly shaped platform portion
12, which may be visually divided into latsgrally distinct portions 14a and
14b by registration notches 16a and 16b which are forned in opposing sides
of the platformaphihepnasThadicasedpbytthe FOZldetrowsia EdguaegelBecessi on

24 which is paghLcylapl ¥eWphh1SULESHs’ Qke 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

5 bases.

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

10 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

15 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

20 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

25 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 wvacuum

30 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

VTN-199 This Sheet Has
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recei-ving.therein and transporting a contact lens and fluid. The second

portion 14b is generally flat - 19 - providing an ideal |ocation for

cpntac?‘Jls *ﬁmaBmamu ifting neans in that it provides a stable surface to

seat a kage carrier is further defined by a wall portion 18

whi ch angl e, outwardly and downwardly fromthe platform

portion 12 at one thereof, formng an angl ed flange nenber. Descendi ng
- 52 -

handling of contact lens-packaging elements are
described in detail herein, it should be understood that
the disclosure and teachings of the present invention
will suggest many alternative designs to those skilled

5 in the art. The scope of the present invention is,
therefore, understood and intended to be limited only by
the claims recited hereinbelow.
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downwardly fromthe corners platformportion 12, at the opposing ends
thereof, are a pair of registration flanges 20 and 22, only one of-which is

vi.,sible in the view shown in Figure 1. The registration flanges 20 and 22

ar e uShH ShéetHds BadnURphde®N W th the angled flange 1 ' gninotches
16a and m,l!!¢0£gl ﬂ t he packagi ng el enment 10 duﬂm “Wﬁmm ling. In

particu es 16a and 16b are provi ded o ekt her %ide of the

pl atform hey nmay cooperate w tg8 r<egi stration pins on various
carrier pallets. Flange structures 18, 20, and 22 mate with the topol ogi cal
structure of pWhiakt isoclaimédcist he packagi ng el enents are di sposed,

therein providing 1. A post hydration apparatus for
| transporting, inspecting, and packaging contact lens
elements, said apparatus comprising:

5 a deionized water injection assembly which
injects deionized water into a plurality of packaging
elements;

a first lens transfer assembly which receives
the contact lens elements from a lens pallet at a first

10 location, and deposits them into said packaging elements
thereby forming a set of lens-package elements;

an inspection station for optically inspecting
the contact lenses;

a deionized water extraction assembly for

15 removing the deionized water from the lens-packages;

a first lens-package transport assembly for
separating a first set of the lens-packages which pass
inspection from a second set of lens-packages which do
not pass inspection, and transporting the first set of

20 lens-packages to a packaging station; and

a saline solution injector and foil sealing
assembly positioned to receive the first set of lens-
packages to inject a gquantity of saline solution into
the lens-packages, and to heat seal a foil label to a

25 set of lens-packages.
' 2. The apparatus as set forth in claim 1,
wherein the packaging station further comprise a
consolidating conveyor line for receiving the first set
of lens-packages from the first lens-package transport

30 assembly, repositioning the first set of lens-packages
in regular arrays, and transporting the array to said
saline solution injector and foil sealing assembly.

3. The apparatus as set forth in claim 2,
further comprising a second lens-package transport
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addi ti onal

securing nmeans for holding the element on the pallet. As stated

above, the first portion 14a of the platformincludes a concave recession

24 which is

contact | enses ar
a seal ed condltl

conf or mance \(/)\;t ﬁiﬁﬁﬁi@kﬁ‘?hﬁpng??%“fggIMlm ‘“‘mﬂ’mﬂ |'¥he |

in a manner

simlar to that described iRr H4S~- Patent No. 4,691,820 to

Martinez; which is assigned to the assignee of the present invention,
di scl osure of absembbgjnghichoepbractd hheeraeghlarecéerapscofhthet 6irshe

10

15

20

25

30

VIN-199

set of lens-packages from the consolidating line, and

transports them to the saline solution injector and foil

sealing assembly.
4, The apparatus as set forth in claim 1,
further comprising a lens-package conveyor for

transporting the second set of lens-packages to a remote

waste collection bin, and wherein said first lens-

package transport assembly further transports the second

set of lens-packages to the lens-package conveyor and
deposits the second set thereon.

5. An apparatus for transporting, inspecting,
and sealing contact lens elements in corresponding
packaging elements, comprising:

a deionized water injection assembly which
injects deionized water into the packaging elements
which are disposed on a package pallet;

a first lens transfer assembly which receives
the contact lens elements from a lens pallet at a first

location, and deposits them into said packaging elements

thereby forming a set of lens-package elements;

a buffering station along which said package
pallets filled with said lens-package elements may be
temporarily stored;

a deionized water extraction assembly for
removing the deionized water from the lens-packages;

a first lens-package transport assembly for
transporting the lens-packages to a packaging station;
and

a saline solution injector and foil sealing
assembly positioned to receive the lens-packages to
inject a quantity of saline solution therein, and to
heat seal a foil label to a set of lens-packages.

dapted to be stored 4ncthe r&cedsion 24,
nnersed in a suitable sterile agueous solutlon,

In
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perpendi cul ar extent of the wall portion 18 which - 20 - descends
outwardly and downwardly from the platform menber ﬁmﬂummliﬂllﬂ mo t he
hei ght or depth of recession 24 therein providing s t he
packagi ng el enent. The concave recession 24 also incfudes'a flufality of
smal | gripping marks 26 which are used to assist in holding a contact |ens
in the centered position in the recession 24 during the renoval of

- 55 -

6. An apparatus as set forth in claim 5,
wherein the buffering station comprises:

a first conveyor line and a second conveyor
line;

5 a plurality of intermediate spaced conveyor
segments;

at least one segregator mechanism for
receiving a plurality of said package pallets from said
first conveyor line and directing selected ones of same

10 along corresponding ones of said intermediate spaced
conveyor segments; and

at least one integrator mechanism for
receiving said plurality of package pallets from each of
said intermediate spaced conveyor segments, and merging

15 the package pallets onto the second conveyor line.

7. A post post-hydration method of
transporting, inspecting, and sealing contact lens
elements in corresponding packaging elements, comprising
the steps of:

20 injecting deionized water into the packaging
elements;

inserting the lenses into said packaging
elements, thereby forming a set of lens-package
elements;

25 inspecting the lenses to determine whether the
contact lenses are optically correct or if they are not
optically correct;

extracting the deionized water from the lens-
packages;

30 separating the optically correct contact
lenses from the those which are not optically correct;

injecting saline solution into said lens-
packages containing optically correct contact lenses;
and

vH eet Has Been Reﬁaced
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dei oni.zed wat er—at--t he deioni zed water extraction assembly_which-wtt+ be
more fully described, with reference to the appertaining Flgure

her ei nH edge of the recession 24 inc ﬁ“ﬁuﬂ gkxnul ar
rim28 &u ﬂ ed for enhancing the efflcacy‘ i ng of
the foil i foil sealing assenbly which hernefldally Seal s the
contact | enses and packagi ng el enents for comercial distribution. A

cut-out 30 is used to facilitate gripping gde-foil wapper when it is
renoved by a consuner to access and use the | ens contained therein

Referring now to Figure headn seadliew) ia0foldl kalapperiitioc khiehgandsleagi ng
elements are tr%']. 10516%111ed lens-package.

8. The method as set forth in claim 7, further
comprising transporting the lens-packages containing set

5 of lens-packages which contain lenses which are not
optically correct to a remote waste collection means.

9. The method as set forth in claim 7, wherein
said steps of extracting the lenses from a hydration
pallet and inserting the lenses into said packaging

10 elements, further comprises changing the relative
spatial distribution of contact lenses.

10. The method as set forth in claim 9,
wherein said step of extracting the lenses from a
hydration pallet comprises:

15 . ejecting a quantity of air from beneath each
lens to propel it onto a lens carrying means.

11. The method as set forth in claim 10,
wherein said step of ejecting a quantity of air from
beneath each lens is succeeded by the step of directing

20 a jet of air at each lens for the purposes of removing
air bubbles which may have adhered to the lens surface.

12. A post-hydration apparatus for
transporting, inspecting, and sealing contact lens
elements in corresponding packaging elements,

25 comprising:
a deionized water injection assembly which

injects deionized water into the packaging elements;
a lens transfer assembly which receives the
contact lens elements from a lens pallet at a first
30 location, alters the spatial relationship of the lenses,
transports the lenses to a second location, and deposits
the lenses into said packaging elements thereby forming
a set of lens-package elements;
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t‘o the dei oni zed water-injection assenbly, through the lens transfer
assenbty; the |ens I nspection assenbly, and the deionized water extraction
asse -SMQQh&Bam ackage transfer assenbly, is shown in a perspective
Vi ew. des a first and second parallel rows 42,44 of cavities
46 whic o recei ve the underside of the recession 24 of the

packagi . The parallel rows 42,44 of cavities are separated by
a channel 48 mhlch is defined by two wakl §750a, 50b. The wal |l correspondi ng
to row 44 descends downwardly and outwardly, the angulation of the slant

bei ng specifically set ta debeiized|water tdwtract idiecaskadelyli Hior wal |
portion 18 of £aedAACKAM e FFTPN water from the lens-packages;
a lens-package transport assembly for
transporting the lens-packages to a packaging station;
5 and

a saline solution injector and foil sealing
assembly positioned to receive the lens-packages and to
inject therein a quantity of saline solution, and to
heat seal a foil label to a top surface of the lens-

10 packages.

13. The apparatus as set forth in claim 12,
wherein said lens transfer comprises:

a set of horizontal guide rails;

a plurality of beam elements, slidably mounted

15 in parallel on at least one of said of horizontal guide
rails;

at least means coupled to said beam elements
for reciprocating same along said guide rails with
respect to one another;

20 a plurality of finger elements disposed in a
linear array, extending downwardly from at least one of
said beams, said fingers each comprising;

an elongate shaft, having an upper and lower
end, :

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

a slotted annular skirt disposed along the
shaft adjacent to said tip, for maintaining the contact

30 lens at a predetermined position; and

a translation mechanism for reciprocating said
mounting bracket in at least one direction.

14. The apparatus as set forth in claim 13,
wherein said finger elements further comprise a central

VIN-199
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-~21 - 10 disposed on row 44. The outer edge 54 of row 42 is simlarly
sl anted te—receive thereon the wall portions 18 of the packagi ng el enents
i&pallet is further provided with a pair of

10 di sposeg‘m
el ongat ed Jiii oK receiving the registration flanges 20,22 of the
packagi ng &%enentt The ‘el ongated notches 56,58 further provide a positive
grip surface for transferring neans that lift, rotate, and transport the
pal | et. - 58 -
bore, extending from said upper end to said lower end,
for receiving therethrough, and selectively ejecting
therefrom, a quantity of fluid.
15. The apparatus as set forth in claim 12,
5 wherein said lens pallets comprises:

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

a plurality of internal conduits within said

10 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
transferred to said lens transfer assembly.

16. The apparatus as set forth in claim 13,

15 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

20 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 selectively

25 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 present thereon.

Thxs Sheet Has Been Re[ilaced
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.I'n addition, the pallet--40 includes registration ptns 52 which engage the
packagi ng el enents at the |lateral edges. These registration pins 52 engage
the registration notches 16a, 16b of the packagi ng elenents 10 to provide
addi tional accuracy in their registration, speC|f|c£h t he
| ongi tudi nal axis of the pallet. The conbination of Ob and
54, grooves 56 and 58, and the registration pins 52, pIe wth
correspondi ng features of the packagi ng el enents, prOV| e par Tarly
effective neans to ensure against rotational skew ng. The |nspect|on pallet
10 is further provided

F%ﬂ')



with three registration openings 60, on either side of the pallet 40, which
are used by means associated with assenblies of the present invention to
fransport, and lock the pallet in place, during operation thereof. As
suggested by Figure 2, the packaging elements 10 are fabricated in sets of
si xteen, and are disposed on pallets 40 in predeterm ned arrays, typically
2 X 8. The pallets and packages are transported, via a conveyor line, to

t he deionized water injection assenbly in sets of two, oriented to define
t herebetween an array which is 4 x 8.

—-
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- 22 - Referring nowto Figures 3a and 3b, the deionized water injection
assenbly 100 is shown in-a front side view and a |ateral side view This
assenbly 100 conprises four separate elenments: a water dispensing head 110;
a set of coordinated vertically oriented stops 120ab; 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
pal lets 40 thereon: -The coordinated vertically oriented stops 120ab are
utilized to stop th advanC|ng pallets 40, and feed one pair of pallets
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per cycle. The pallet positioning device 130 receives the pair of advancing
pall ets 40, advances itself and the pallets horizontally to a first water
dispensing | ocation, then to_a second dispensing |ocation. Once the
packages have-been-filled, after the second location, the pallet

posi tioni ng device %g 1iBARdpateds vertically which pernmts the pallets 40
continue to adva onveyor 102. The positioning device 130

reci procates bacgm Hﬁg\l\' to receive a next set of advancing pallets
40. The water ov unit 140 is positioned beneath the conveyor
line, vertically aligned with water dispensing head 130, for catching waste
wat er fromthe di spenser. '

Fig 34

1



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
pl anes perpendicular to the axis of notion of the conveyor line 102. The
plate 122 is coupled to a piston/cylinder 124, the selective vertical
actuation of which advances the plate 122 into the stream of pallets 40
advanci ng al ong the conveyor_line 102. - 23 -
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As illustrated in Figures 3a and 3b the deionized water dispensing head 110
includes a horizontal |y 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 -of—sixteen flexible hoses 114, for exanple
tygon tubing or ot SMﬁwhgh d it, for delivering deionized water to a

set of sixteen narr teflon tubes 118 which extend downwardly
fromthe botton1of and are particularly well suited to
del i vering precise doses i zed water therethrough. Teflon is a

particularly desirable naterlal for such a use as water generally does not
adhere to teflon surfaces in |arge

2o




droplets which may fall therefromat inappropriaté tines in the deposition
cycle. The plate 112 is coupled, at a |lateral edge, to a piston/cylinder
111, which nay be actuated to raise and |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 herei nbel ow Beneath the conveyor I|ine,
verti cally—aligned v& st er di spensing head 130, is a water drain unit
140 whi ch ls%hgeoﬁ | to catch any excess water which nay emanate from
t he di spe e cycle or cycle msfeeds. The water drain unit
W|®
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142 having a sloped base, therein fornming a funnel -Ti ke shape, directing
water therein toward a hole 144 in the base. The hole 144 is coupled to a
drsai nage tube 146 which carries the drai nage water away fromthe assenbly
to a renote |location. The fourth elenent of the deionized water injection
assenbly 100 conprises a pallet positioning device 130. This el ement

receives a pair of advancing .- 24 - pallets 40 and first holds themin
position beneath -the -
This Sheet Has Been Re
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deposition head 110 in a first position so that the-first sixteen recesses
24 of the packaging elenments may be filled with deionized water. Once the
fisrst sixteen recesses 24 have been filled, the pallet positioning device

130 transl ates horigéfitally to a second position, thereby repositioning the

pallets 40 at a g® posi tion beneath the deposition head 110. At this
posi tion the uv“\ ‘\5\\teen recesses 40 of the pair of pallets 40 receive a

quanttpy of~‘~ ‘\ '\a wat er. Once the second step of water deposition has
WA\Wegi stration device release the pallets, rises to allow

: 3\ \dvance beneath it, and reciprocates back to the pall et
recei vi ng

ation (the first |ocation).
110
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More specifically with respect to the elenents of the pallet positioning
devi ce 130, the positioning device conprises a pair -of spaced apart arns
131, 132 which extend laterally across the conveyor |ine 102, and which are
i deal |y spaced for receiving and holding pairs of pallets 40 which advance
down the conveyor line 102. The arns 131, 132 are coupled at their |ateral
ends 133 to vertically oriented piston/cylinder 134 which raises and | owers
the arns—3132-in—-accordance with the timng of the deposition cycle. In

addition 1o the vertica L oriented piston/cylinder 134, the arnms 131, 132
are couplﬁ\ﬁl lﬁﬂiﬁiﬁﬁm | n el ongate spar nenber 135 and a
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hori zontal |y di sposed pi st on/ cylinder 136. Actuation ef the piston/cylinder
136 eauses the arms 131,132 to nobve relative to one another. Specifically,
arm 131, which is positioned in front of the deposition head, up stream
fromthe deposition head with respect to the flow of the conveyor |ine 102,
remai ns stationary as the other arm 132 is directed farther downstream from
t he deposition - 25 - head 110, therein noving the pair of pallets 40,
into the second deposition position. This Sheet Has Been Re laced

R




In operation the entire assenbly functions in accordance with a
predeterm ned timng schedul e, beginning with the advance of a pair of
‘pal |l ets 40 al ong the conveyor line 102, toward the assenbly. Once a pair of
pal l ets 40 have passed the first of the coordinated vertical stops 120a,

pl ates 122 are raised, so that additional pallets 40 nmay be restrained from
continuing into the water dOSIng | ocation. The two pallets 40 continue to

advance until they reach t € 1s geond of the coordinated vertical stops 120b,
at whi ch p0|ntTmh tlonlng device 130 descends into position
hol di ng the paII t deposition position. Deionized water is
then injected

o




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
act uat ed,—t herehy advancing the pallets 40 to the second deposition
position. Once the second set of sixteen recesses 24 have been filled with
dei oni zed T - Has Been®epiiced 31, 132 are raised by vertically oriented

pi ston/cyli Hﬁﬂ ﬂ the horizontally oriented piston/cylinder 136 is

a

retracted. "
assenbly 100, vertic
pall ets through the

pair of pallets 40 have advanced past the
stop 120a is lowered to permt the next pair of




di spensing station, and the second set of vertical“stops 120b are rai sed.
After the second pair of pallets have advanced, the vertical stops 120b are
.raised to stop the follow ng pall/ets 40 fromentering, and the cycle

repeats. - 26 - Once the pagkaghddi#sBemmepiaed0 have each received a
quantity of deionized water, the ments and pallets are
transferred al ong the conveyor Inmqmm“ﬂlﬁﬁﬂl oadi ng | ocati on where each
recess 24
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receives a contact |ens by a- Ioadlng S enbly descri bed. herei nbel ow. THE

LENS TRANSFER AND | NSERTI ON ASSEMBLY nom/to Flgure 4, a contact
| ens hydration pallet 200 is shown in egei n phantom | i nes
pallet. The hydration

rec

correspond to internal structures of #
pall et 200 conprises 32 sem -spheri cal i n which contact |enses
are transported through a series of extractlon stations, which are

described nore fully in co-pending application U S.S. N 08\258, 556,
entitled "Autonmated Method and Apparatus for Hydrating Soft Contact
Lenses", al so assigned to the assigneefT the present invention.
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The hydration pallet 200-has a plurality of conduits-206 which extend
upwardly fromthe top surface of the pallet. These conduits 206 are

cqupl ed, via internal branch conduits 208, to small hotes 204, one of which
is disposed at the bottom of gach recess 202, at Thih@ehettom thereof. The

hol es 204 are thereby couple gas and/or fluid Wphiadgi on Wit h
an external supply, whereby a\{ or gas may beJ’- t roduced
bet ween the surface of the rec and a | ens 1) in. The
selective introduction of this g | uid, via the hole 204, 'is used to

propel the |ens upward so that t
convex |

ch adhere to corresponding




fi%ger el ements of the lens transfer assenbly as described herei nbel ow
- 27 - Referring nowto Figures 5a, 5b, and 5c, the.contact |ens transfer
assenbly 210-is shown-in side,  top and perspective views, respectively. The

assenbly 210 gﬁn ral conpri ses a head el ement 240 and a dual axis
linearly tran nit 220. First, with respect to the dual
axis linearly tL I | nting unit 220, a nounting bracket 222 is

coupled at its
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hori zontal surface 222a to the head el enent 240. The nounting bracket 222
is, in turn, nmounted to a base elenment 224, in relation to which, the
munting bracket 222 nmay be raised or fowered by neans of a vertically

oriented translation nmechanism It is un-ﬁgsrg},g&ggggeg@ieﬂﬁcﬁari ety of means

may be enpl oyed for the raising and | oweri ting bracket 222
I ncl uding an articul ated robot. However, EHI'EE
I

hani sm conpri ses an
| KO ball screw drive systemto reciprocall e head from
position to position. As illustrated in Figure 5c¢c, the base elenment 224 is
nounted to a horizontal track 226, along which it translates in accordance

with the actuation of a notive

én

650




.feans. In Figure 5c the notive neans 228 is shown to be a ball screw drive,
however, it is understood that a variéty‘ of alternative translation neans

.npy be enpl oyed to Pr OVhisiShea MaSBULh ¥ function. For exanple, the
transl ati on means may c u i c or pneumatic piston/cylinder
device, or it may conpri &"#Mﬁ g arm assenbly. The ball screwis
preferred for its accur sinplicity, long termoperability,
and efficiency. Wth respect to the head el ement 240, a coupling el ement
242 is affixed at its upper end to the |ower surface of the nounting

bracket 222. The l|ower end of the coupling element 242 is mated‘to a pair
of
4
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gui de pl ates 244 which are substantially parallel and - 28 - held in
spaced relation to one another by cross bars 246. Slidably nounted on the
er0ss bars 2di Shéal 34 Bedh Replaeeéd apart relation to one another, is a set of

four horizont nms 248. The support beans 248 slidably nounted
on the cross at they may be drawn together or spread apart in
accordance w I'T "appropriate positioning. The neans by which the

support beans 248a-d




may be noved relative to one another is provided by a pair of

pi ston/cylinders 250, 252.- The enbodi nent of Figure-5b shows the first
pisston/ cylinder 250 couples the two inner beans 248b,c, and the second
“piston/cylinder 252 couples the two outer beans 248a,d. As shown in Figure
5b, the second piston/cylinder ismted directly to a bracket 254 on one of
the outer beans 248a, ahd nated tq4 a |inkage plate 256 which coypl es the

pi stopf cyl i nder 252 to bracket 26@ which is attached to outer bdam 248d.
TheAirst piston/cylinder 250 is ¢oupled directly to brackets 242a, 262b

whi‘ch are in turn mated to t i nner beans 248b, c. Extendi ng downwar d
fromeach support beam _
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248a-d are a plurality of finger elenents 264, to which the | enses adhere
during transfer. In the preferred enbodinent, there are thirty-two fingers
264, nounted in a 4 x 8 array of four beans and ei ght fingers per beam

whi ch correspond to the thirty-two recesses 202 of the |ens hydration

|l et 200. SAOSTrHYPRARION METHOR AND APRARATUS SORCTRANSBRRTINGS0 252 which
(F:)-:usgts t he beaﬁﬁpéglﬁﬁv@'q BAGKAGTNG CON h@"ﬁEﬁg?T causes the rel atii/g

spaci ‘of the finger elements 264 to be altered. Referring now also to

Fi gu 6, a side view of a finger ele t 4 is provided. The finger
el ement 264 conprises an el ongate shap a convex |l ens attachnent

surface 266, the curve ofhehpreseh&cend¥efition, which relates to post
hydration processing of contact lenses and the packages
into which the lenses are placed, includes several
5  assemblies which are ideally suited to performing the
various steps which are associated with post hydration
processing. These several assemblies include: a
deionizing water injection assembly which fills the
packaging elements prior to the lenses being inserted
10 therein; a lens transfer and insertion assembly which
removes contact lenses from hydration pallets, alters
their spatial distribution, and deposits them into the
packaging elements; a buffering station, which includes
segregator and integrator devices, and which provides a
15 location for temporarily holding a group of lens-
packaging pallets during interruption of subsequent
assemblies; a low vibration lens-package transport and
inspection assembly which removes the pallets from a
conveyor line, inserts them onto low vibration
20 inspection assembly conveyor line, and inspects the
lenses to determine which are optically correct; a
deionized water extraction assembly which removes the
deionized water from the lens-packaging elements; a
first rotating lens-package transfer assembly, which
25 removes the lens-package elements from the pallet and
deposits the optically correct ones onto a consolidating
conveyor line; a consolidating conveyor line and
rotating lens-package transfer assembly, the former
consolidating the lenses into regular arrays, and the
30 latter rotating and transporting them to the final
station; and a saline solution injector and foil wrapper
sealing assembly, which fills the packages with saline
solution and then heat seals a foil wrapper to the tops
of the packaging elements. '
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- 29 - generally corresponding to the curvature of the concave srHR 6t a

cont act

A central bore 268 extends through the finger 264 fromthe

top 270 to the lens transfer surface 266. This bore 268 is included for the

sel ective ejection of a fluid therethrough, whter-—H-u-d-—ray-be—deionized

wat g - with respect E%QRF%‘*%’}ﬁ@FﬁWW a Shens
intd a cBﬁ%éE@Pd?ﬁ&Eﬁackagisﬁg el ment 40. The E;@%ﬂpféﬁbwaﬁﬁ‘hgertomm 3
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POST-HYDRATION METHOD AND APPARATUS
FOR TRANSPORTING, INSPECTING AND PACKAGING
CONTACT LENSES

CROSS REFERENCE TO RELATED APPLICATION

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

BACKGROUND OF THE INVENTION

1. Field of the Invention

Thé.present invention relates generally to the
field of manufacturing contact lenses. More
particularly, the present invention relates to an
apparatus 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

28 FEB W97
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slotted skirt 272 which separates the curvate shape of the |lens transfer
surface 266 fromthe generally cylindrical shaft portion 274 of the finger
264. This slotted skirt 272, which includes alternating vertically oriented
slots 272a and skirt elenments 272b helps retain the |l ens on the attachnent
surface 266 and prevents it fromsliding, or otherw se noving out of a
desired position. The vertically aligned slots 272a are designed to provide
a channel through which a fluid or gas wpch is directed upwardly at the

| ens transfer surface may flow snmoothly. The skirt elements 272b are

provided to pEVEN), aaXPrdfcihicsaté oazsigilédotof thehgskeghebr 8fstre
surface when pszaésger];tl. uirgvé)ﬁtgag. is directed at

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

REPLACEMENT SHEET
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the surface. A circular nounting disc 271 is di sposed about the cylindrical
shaft of the finger 264, at a position renote fromthe tip 266. The
nounting disc 271 may be coupled to the upper or |ower surface of the
correspondi ng 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

| ens transfer surface 266 extending dowmward. In either case, the tops 270
of the fingers 264 are coupled to tubes Z/3, which are preferably flexible,
and which may selectively supply fluids such as air or deionized water to

the central While U.S. Patents 5,080,839 and 5,094,609
contemplate that the entire hydration process and
transfer to final packaging may take place in a fully
automated fashion, and while the chamber and process
described in the foregoing patents enabled automated
handling of the lens during hydration, suitable
automated equipment to transport the lenses at high
production rates and maintain low discard rates of
manufactured lenses due to delay and dehydration thereof
was not reédily 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
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
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
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
robotic handling of lenses during hydration, and prior
to the inspection thereof by the automated lens
inspection system.

Automated manufacturing processes often
include steps which are particularly sensitive to

REPLACEMENT SHEET}
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- 30 - bore 268 in accordance with the predeterm ned operation of the
assenbly. As illustrated in Figure 5c, in operation a hydration pallet is
advanced al ong the | ens conveyor line 275 to a position directly beneath
the lens transfer assenbly 210. The dual axis linearly translating nmounting
unit 220 |l owers 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 aif is directed

interruption. For example, with respect to the
nanufacture 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
steady. Other épparatuses 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
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
apparatuses are interrupted. The specification of
U.S.S.N. 08\258,557 is herein incorporated by reference.

The present invention is directed to the
portion of the contact lens assembly line in which: a
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
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t hrough the conduits 206,208 in the plate. This air floats the contact

| enses out of the recesses 202, and onto the |lens attachnment surfaces 266
of the fingers 264. As the | enses have been carried in the pallet. through
several extraction stations prior to arriving at the lens transfer assenbly
210, the lenses and recesses 202 of the pallet have residual deionized

wat er thereon. This deionized water assists the |enses in adhering to the
surface 266 of the finger 264 via surface tension. Wile the lens wll
adhere to the curved |l ens attachnment surface 266 with or w thout an

addi tional sydlad@anind afsefteed aHtdhder akigsedOi vOTFackddLagnt |y vet

the surfaces together and pronote retention of . the lens b
elé%ents; éhe combined set of)packaglng elemghts and
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
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
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 specificaliy, with respect to the
assemblies which carry out the processes introduced
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
which pallets of regularly arrayed packaging elements
are transported from a remote fabrication location to
the second location where they receive contact lenses.
The spatial distribution of the regqular array of the
packaging elements is specifically established to match
the optical array in the inspection station.

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
second location. In addition to transferring the




virtue of the surface tension of the deionized water and the surrounding
at nospheric pressure. In the transfer, it is desirable to position each of
the finger tips 266 within 1.5 mmof the lens to ensure a direct and
precise transfer. QOccasionally the outer surface of the | ens may have
bubbl es of air, in the deionized, water attached to it. If the bubbles
remain, and are not dissolved, or otherw se renoved fromthe |ens,
subsequent inspection of the optical cacrrgctness of the lenses will be
conprom sed. Degassed ionized water is used in 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
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
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
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




- 31 - hydration apparatus to m nim ze bubble formation, and in order to
ensure that air bubbles are renoved fromthe surface of the |ens, when the
head el ement 240 and fingers 264 are raised, the nounting assenbly
transports themto a bubble blow off unit 280 di sposed between the
hydration conveyor |ine 275 and the packagi ng el enent pallet |ine 102.
Referring now to Figure 7, a cross-sectional view of finger 264 carrying a
lens and a recess 282 of the bubble blow ¢ff unit 280 is shown. The bubble
bl ow of f unit 280 conprises a plate 284 having a regul ar

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
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,
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
loaded in the inspection carrier.

The pallet and the package elements which now
contain contact lenses are then transported via a
conveyor belt to a buffering station. More
specifically, the pallets are transported to a
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
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"”,
is positioned after the inspection station, at a point
in the manufacturing line where the packages containing




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
assenbly head 240. The base of the recess 282 includes a through hol e 286,
which fornms the nmouth of a conduit 288 which extends downward to an air
supply means. Sel ective ejection of air through the conduit is directed at
the lens which is adhered to the lens attachnent surface 266 of the finger
264. The force of the jet of air may causg the lens to mgrate across the
attachnent surface 266, however, the slotted skirt 272 prevents the |ens

fromsliding vHY & dd¥dls hPes Ihéh Ariifed OF defbnibzdd ARaLES, center

position. Th%épegi\;éa the Sa t{]ieqt?iu beler?vsiztcgr?mngrw,e tlzl(xae? Slenses are
permitted to stand for no longer than 15 minutes before
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
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 first 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.
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surface so that the inspection process will not falsely identify such air
bubbl es as fabrication errors in the lens itself. Once the bubble renoval
process has been carried out, the piston/cylinders 250,252 are actuated to
bring the beans 248 together. This change in relative distribution of

| enses perpendicular to the beans 248 (whereby the four rows of eight
fingers are brought closer to one another, but the spatial separation of
fingers within the rows renains -9 -

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
are no more pallets on the second buffer line. It is
understood that there are a variety of alternative
buffering algorithms which the segregator and integrator
devices may utilize for separating and bringing together
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
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,
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- 32 - is necessary because the distribution of packagi ng el enents on the

I nspection pallet 40 is set in accordance with the inspection station
apparatus, which is not the sane as the relative spacing of the | enses
during nmol ding or hydration. Once the piston/cylinders 250,252 have set the
fingers 264, and the | enses thereon, into the properly distributed array,
the horizontally oriented translation neans 228 transports the head el enent
240 and the |l enses to a position above thopgllet 40 on conveyor |ine 102.
Wth the |l enses are positioned above theiT correspondi ng recesses 202, a

quantity of dejRlizfldl WAHRIars® 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 wibration
pallet transfer assembly, therefore, places successive
pallets adjacent to one another on the low vibration
line, such that the spacing between the pallets is
substantially reduced from the previous conveyor lines.

Determination of the optical correctness of
each lens in each pallet is stored in the memory of a
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

REPLACEMENT SHEET
28 FEB 1997




di scharged fromthe tip of the finger, via the central bore 268, into the
space between the lens and the | ens attachnent surface. This quantity of
dei oni zed 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 el enent 10. The contact |enses and | ens-package
elements are carried on the pair of inspection pallets 40, by the conveyor
102 to the next station which is the buifg ing station. The fingers of the
| ens transfer assenbly then return to thei'f open spatial array, and the

Rt on oo R LGS OF8 BEb LSk O LSl e PERL g g he
acceptable for consumer use. The lens inspection
results are stored in the programmable logic controller
which coordinates subsequent consolidation and transfer
assemblies.

After inspection, the pallets are lifted into
a water extraction assembly which is mounted above the
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 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
remaining correctly formed lenses and packages to the
good conveyor line. In 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. 1In either variation,
it is understood that the determinations made by the
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bat ch of contact |enses. THE BUFFERI NG STATI ON ( SEGREGATOR & | NTEGRATOR
DEVI CES) The process of manufacturing contact lenses is in |large part
determ ned by the handling requirenents of the | enses thenselves. For
exanpl e, one of the nost inportant restrictions around which all of the

nol ded article handling assenblies are designed is that the optical
surfaces should not be touched. The handli ng - 33 - requirenent which is
nmost relevant to the present - 12 -

inspection assembly, which were stored in memory by a
processor/controller are herein acted upon by the lens-
package transfer assembly.

More specifically, with respect to the lens-
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. In 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 regular 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
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assenbly is that the | enses, once hydrated, nust notﬂﬁgkéﬁﬁéﬁﬁﬁ[é%ﬁﬁﬂhain
dry for nore than 15 ninutes. As is the case with nostj manufacturing i ne
machi nery, the assenblies of the present invention, Wwhi cA8tFERAMY fiodm t he
post | ens hydration apparatus, require periodic maintenance and/ or
refilling wwth materials used in manufacturing. For lexampre, TnNe pringry
packagi ng station (the saline solution injector and {foil_sealing
assenblies) requires periodic replacement;of_the foil material which is
heat seal ed to the packaging el enments. The performance of other assenblies,
hovever, are edeednli b ' rigulr Bry Bitderdatilagds hdP Il
established, the lens-packages are removed from the

conveyor line and deposited onto a final packaging
pallet.

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
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 translated into position
beneath a saline solution deposition unit. This unit
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
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
device which applies and seals the foil wrapper to the
package, an elongate section of foil wrapper material is
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



kept in continuous operation for proper equilibration which is critical for
optimal yield quantities. In order to ensure that certain assenblies be
permtted to run continuously, and still provide for periodic naintenance
or resupply of other stations, one or nore buffering station are necessary.
The ideal position for a buffering station nust be one where the | enses
remain in an agueous environnment. The buffering station of the present

i nvention is positioned between the lens transfer assenbly and the

i nspection station. The pallets 40, which igvé been filled with deionized

water, ANt VN Qodiah SAARS |GFSEE JANE WP DESRRSIAG 1 SREN 8O e ? 2 X
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 distribution.

BRIEF DESCRIPTION OF THE DRAWINGS

The advantages and assemblies of the present
invention set forth in the foregoing summary of an
auntomated 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
inspection, and a portion of the primary contact lens
package.

Figure 2 is a perspective view of an
inspection pallet used to transport a plurality of the
packaging elements illustrated in Figure 1 through
several assemblies and stations of the present
invention. PR s
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pallets define a 4 x 8 array. At the lens insertion station (the |ens
transfer assenbly) the pairs of pallets are advanced side by side; the
el ongate axis defined by the colums of 8 recesses, of each pallet being
parallel to the direction of notion of the conveyor I|ine. - 34 -
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, - 15 -

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

Figures 5a, 5b, and 5¢ 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
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
unit which transfers pairs of pallets from the lens
transfer conveyor line to the buffer conveyor line.

Figure 9 is a perspective view of the buffer
station through which the pallets carrying the lens-
packaging elements are directed.

Figure 10 is a perspective view of the
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
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respectively. As illustrated in Figure 9, the buffer station conprises
first, second, third, and fourth segnents 304, 308, 312,316 of a conveyor

| ine, each of which is disposed for novenent of pallets in the sane
direction. A segregator unit 320 is positioned after the first segnent 304,
and an integrator unit 340 is positioned before the fourth segnment 316. The
~second and third segnents 308, 312 run parallel to one another, each

begi nning at the segregator unit 320 and ggding at the integrator unit 340.
A first segnment 304 of the buffer conveyor line is disposed perpendicularly

to the lens tppagkat Goneaxdbon,i AAcIVAiNY Cheadrdpers ildhe stAltiRlns ddePm t he
the deionized water extraction assembly.

Figure 13 is a perspective view of the low
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
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.

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
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 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-
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| ens transfer assenbly, as set forth above. Referring specifically to
Figure 8, the end of the lens transfer conveyor |ine 102 and the begi nning
of the first segnent 304 of the buffer conveyor line, and the | ateral

pallet transfer unit 306 which transfers the pallets 40 fromthe 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
gui de 300. The pallets 40 are then pushedihy_a push plate 302 fromthe |ens
transfer conveyor line 102, onto the first segment 304 of the buffer

conveyor |ine.pdiiihPappLittion o id), 3 S8Pes\298 | 654 T0kALDE PEGL he pusher
plate 302, the, pusher, plate 302 includes .
onsoclidated Contact Lens Molding" {(VIN-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
invention.

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:

First,'the deionizing water injection assembly
which fills the packaging elements prior to the lenses
being inserted therein;

Second, the lens transfer and insertion
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,
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
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;
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an arm 303 extending fromits back portion which is notively coupled to a
slide el enment 305 which is disposed beyond the wall elenent 300. Selective
actuation of the slide element 305 in the forward direction provides the

| inear | ateral notion of the - 35 - pusher plate 302 and transfers the
pallets 40 to the first segnent 304 of the buffer conveyor. Reverse
actuation of the slide elenent 305 reciprocates the pusher plate 302 into
position to receive the next pair - 18 -

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 regular arrays, and the lens-package transfer
assembly extracts the arrays, rotates the elements in
the horizontal plane, and transports them to another
line of pallets; and

Seventh, the saline solution injector and foil
sealing assemblies, which introduce the appropriate
saline solution into the lens-packaging elements and
heat seals a foil label onto the top of the packaging
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
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
as polypropylene. The packaging element 10 includes an
essentially rectangularly shaped platform portion 12,
which may be visually divided into laterally distinct
portions 14a and 14b by registration notches l6a and 1l6b
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,
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of pallets 40. It is understood that a variety of nmechanisns may be

enpl oyed whi ch provide the appropriate notion of the pusher plate; exanples
being a ball screw drive, hydraulic, pneumatic, or air piston/cylinder

el ements, or nechanical scissoring devices. As the pairs of inspection
pallets 40 are transferred to the first segnent 304 of the buffer I|ine,
they are translated froma parallel relationship to a tandemrel ationshi p,
because the segnment 304 is oriented perpen&kcularly with respect to the

| ens transfer conveyor 102. The pair is now”advanced in tandemw th one

DAl et o oW ;ﬁa\{ahdﬁ&gesn 8 Y08 b 561 C08RE B UPe A" b PhEdun
ifting 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
thereof, forming an angled flange member. Descending
downwardly from the corners platform portion 12, at the
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 1l6a and 16b, to align the
packaging element 10 during robotic handling. 1In
particular, the notches 1l6a 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 14a 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
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direction of notion of the first segnent 304 of the buffer conveyor. The
pallets 40 are advanced in tandemto the segregator unit 320 which permts
alternating pallets 40, for exanple the first of the pairs, to advance
linearly onto a second segnent 308 of the buffer conveyor line; the second
segnent 308 of the buffer conveyor line being co-linear with the first
segnent 304. A vertical stop nechanism 310a, which is simlar in formand
function to the vertical stop 120 of the ggignized water injection
assenbly, is disposed before the segregator 320 to permit only one pallet

of the pair oRfdyddifus GUEHAPy 3 ddddWwd FEPFCErd R LRE SPLPFGm

member 12 is equivalent to the height or depth of
recession 24 therein providing self alignment of the
packaging element.

The concave recession 24 also includes a
plurality of small 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 corresponding 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




pall ets of the pairs, the segregator 320 transfers themto the third
segnent 312 of the buffer conveyor, which runs parallel to the second
segnent 308. - 36 - Vertical stops 310b, 310c which are di sposed on the
second and third segnments 308,312 of the buffer conveyor line, are
positioned to prevent premature advancenent of the pallets 40 on the
conveyors until transfer is conpleted. The segregator 320 is continuously

engaged, - 21 -

10 disposed on row 44. The outer edge 54 of row 42 is
similarly slanted to receive thereon the wall portions
18 of 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
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
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
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
injection assembly in sets of two, oriented to define
therebetween an array which is 4 x 8.
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provi di ng both a constant spacing of individual pallets 40 from one

anot her, and providing a dual track holding line for the pallets 40 during
interruptions in the subsequent assenblies of the manufacturing line. The
pallets 40 thereby formparallel Iines extending along the second and third
segnents 308,312 for distances which are determned to be sufficient to
store the nunber of pallets 40 which will be produced during nornal service
interruptions in the manufacturing line, s for exanple twenty mnutes. At
the distal ends of the second and third segnents 308,312, an integrator
unit 340 is provided toRefegeihhendbwotst Feguresl 3palhet 3p40the that they

may 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 Fiqure 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
the conveyor line 102. The plate 122 is coupled to a
piston/cylinder 124, the selective wvertical actuation of
which advances the plate 122 into the stream of pallets
40 advancing along the conveyor line 102.

REPLACEMENT SHEET
98 FEB 1997




advance, in a regularly spaced unitary stream along the fourth segnent 316
of the buffer conveyor, to the inspection station. Again, vertical stops
310d, 310e are positioned at the ends of the segnents 308,312 respectively,
and are engaged to ensure that only one pallet 40 enters the integrator at
a given tine. The integrator 340 renai ns engaged during normal operation of
the manufacturing line, but is disengaged to stop the advance of any
further pallets 40 when an interruption gegurs. During this time, the

pall ets 40 which continue to advance fromthe |lens transfer assenbly are

stored in parallel linegsoniifietegaeandianeiglived 3a0aRA 3p3¢Re312 of the

buf fer 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
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
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
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 nisfeeds. The water drain unit comprises a basin
142 having a sloped base, therein forming a funnel-like
shape, directing water therein toward a hole 144 in the
base. The hole 144 is coupled to a drainage tube 146
which carries the drainage water away from the assembly
to a remote location.

The fourth element of the deionized water
injection assembly 100 comprises a pallet positioning
device 130. This element receives a pair of advancing
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conveyor. Once the interruption ends, the integrator 340 is reengaged and
nmerges the stored pallets in a - 37 - continuous stream A final
vertical stop 310f is disposed at the outlet of the integrator 340 to
prevent premature advancenent or skewi ng on the powered conveyor, and to
enabl e spaci ng between pallets 40 on the fourth segnment 316, as they enter
the inspection station. Referring specifically to Figure 10, which is

- 24 -~

pallets 40 and first holds them in position beneath the
deposition head 110 in a first position so that the
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
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
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
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
the deposition cycle,

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
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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 nenber is nmounted to the |ateral edge of the conveyor
line, at the coupling point of the first and second segnents 304, 308.
Extendi ng outward fromthe L- shaped nenber 321 are a pair of substantially
parallel guide rails 323. The rails 323 are received by a stationary plate
327 which is nmounted to the outside Iatgr?g edge of the third segnment 312
of the buffer conveyor. A first noving prate 329 is slidably nounted to

flgft iggialdfyr:in' pargllﬁdé,lcrtﬁé‘zaéhlﬁ Noridnenpd s dfsliPled es62%asoal 1 gned
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
sixteen recesses 24 have been filled with deionized
water, the arms 131,132 are raised by vertically
oriented piston/cylinder 134, and the horizontally
oriented piston/cylinder 136 is retracted.

Once the first pair of pallets 40 have
advanced past the assembly 100, wvertical stop 120a is
lowered to permit the next pair of pallets through the
dispensing station, and the second set of wvertical 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.
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direction of conveyor notion. This first plate 329 reciprocates, froma
first position between the second and third conveyor segnents 308,312 and a
second position at the stationary plate 327. A second noving plate 331 is
simlarly mounted to the guide rails 323, and to a notive neans (not shown)
such that it may be reciprocated froma position at the outside |ateral
edge of the second convéyor segnent 308 to a position between the second
and third segments 308,312. The first anggsecond plates 329,331 are

mai ntai ned in a spaced apart relation such that a pallet 40 may be

transferred therebetmqumcérgﬁ@tiﬁtﬁéifﬁgsgggﬁgﬁt§0fotgaggeeggﬁrd segnent

312 upon sel ective reciprocatjon of the pJatgs )
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 statioms,
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.

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
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
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
described hereinbelow.
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329, 331 along the guide rails 323. - 38 - In operation, as can be
inferred fromFigure 10, the reciprocation of the plates 329,331 is
selectively controlled such that alternating pallets are transferred to the
third segnment 312. It is understood that a variety of notive nmeans and/or
coupling means may be utilized for reciprocating the plates 329, 331
together, for exanple the guide rails nay conprise a threading and the
mounting of the plates 329,331 thereto_ 5+ _

Referring now to Figures 5a, 5b, and 5c, the
contact lens transfer assembly 210 is shown in side, top
and perspective wviews, respectively. The assembly 210
generally comprises a head element 240 and a dual axis
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
articulated robot. However, a preferred mechanism
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 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
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conprises a nut which may be translated along the guide rails 323 by the
rotation thereof. A separate, but equival ent, design includes an air

pi ston/cylinder nounted within the L-shaped nenber 321 which is coupled to
the driving plate 331 and which reciprocates it. In such a design, a
coupling nmeans, for exanple a fixed rod mated to both plates 329, 331, nust
be utilized to slave the notion of plate 329 to the notion of the dive
plate 331. Referring now to Figure 11,_WQPCU Is a perspective view of the
integrator unit, a detailed description of the features and functions of

the integrat HeldiiniSpREedi #efattHi t3Moh® ARBYhELSBYCEPOss 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
piston/cylinder 252 couples the two outer beams 248a,d.
As shown in Figure 5b, the second piston/cylinder is
mated directly to a bracket 254 on one of the outer
beams 248a, and mated to a linkage plate 256 which
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
a 4 x 8 array of four beams and eight fingers per beam,
which correspond 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




to the segregator unit 320, the integrator is essentially the same device
whi ch operates in reverse. A housing elenent 341, which is L-shaped and
nounted to the outside |ateral edge of the second segnent 312 of the buffer
conveyor. A pair of guide rails 343 extend outward fromthe housi ng nenber
341 and are received by a stationary plate 347, nmounted to the outside

| ateral edge of the third segnent 312 of the buffer conveyor. A set of
spaced apart noving plate 349, 351 are sligdahly nounted to the guide rails
343 such that the planes of these plates 349,351 are aligned vertically and

parall el to thgefléreTly0BosteSpONAYRE Bt tRE. clibPatfeenNdfMeKienNdonkate 351

's coupled to Suf éégeo gnéoéggétsfgﬁgl Sﬂcgentral 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.

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 case, the tops 270 of
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




- 39 - that it may be reciprocated froma position at the outside |ateral
edge of the second conveyor segnent 308 to a position between the second
and third segnents 308, 312. The first and second pl ates 349, 351 are

mai ntai ned in a spaced apart relation such that a pallet 40 may be
transferred therebetween, fromthe third segment 312 to the fourth segnent
316 upon sel ective reciprocation of the plates 349,351 al ong the guide
rails 343. - 30 -

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
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. BAs 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 wvia 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. 1In 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




In operation, as can be inferred fromFigure 11, the reciprocation of the
pl ates 349,351 is selectively controlled such that alternating pallets, one
fromthe second segnent 308 foll owed by one fromthe third segnent 312,
advance to the fourth segnent 316. It is understood that a variety of
notive neans and/or coupling neans nmay be utilized for reciprocating the

pl ates 349, 351 together, for exanple the guide rails 343 may be threaded
matable to a threaded hole or nut in theg ?Iates 349, 351. A separate, but
equi val ent, design includes an air piston/ cylinder nounted within the L-
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der to ensure a alr bubbles are removed from the
reci procates | q:such shq;
surface of the lens, when the head element 240 and
fingers 264 are raised, the mounting assembly transports
them to a bubble blow off unit 280 disposed between the
hydration conveyor line 275 and the packaging element
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
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 ‘
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 .
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
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
separation of fingers within the rows remains




coupling nmeans, for exanple a fixed rod mated to both plates 349, 351, nust
be utilized to slave the notion of plate 349 to the notion of the drive

pl ate 351. THE LOW VI BRATI ON LENS- PACKAGE TRANSPCORT ASSEMBLY, THE

| NSPECTI ON ASSEMBLY, AND THE WATER EXTRACTI ON ASSEMBLY Referring now to
Figure 12, a top view diagranmatic of the present invention is provided. As
Is illustrated, the lens transfer station 299, where the | enses are
transferred to the packagi ng el enents en3ghe inspection pallets 40 is
sequentially followed by the buffering station 399. The pallets, having
advanced is necessary because the distribution of packaging

elements on the inspection pallet 40 is set in
accordance with the inspection station apparatus, which
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
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, wvia 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, causing 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 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
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)
The process of manufacturing contact lenses is
in large part determined by the handling requirements of
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




- 40 - through the buffering station are transferred through a conveyor
station 499 to the inspection station 599, by a |ow vibration conveyor
assenbly as described hereinbelow Figure 13 is a perspective view of the

| ow vi bration transfer assenbly which transfers the inspection pallet from
conveyor 316 to the inspection station. Wien a pallet 40 has passed through
the integrator unit of the buffer assenbly and has passed down the fourth
segnment of the buffer conveyor, it is trggslated to a staging area 325 as
illustrated in

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,
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
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
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
position for a buffering station must be one where the
lenses remain in an agueous 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 beéen
deposited, each define a 2 x 8 array. In pairs, the
pallets define a 4 x 8 array. At the lens insertion
station {the lens transfer assembly) the pairs of
pallets 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.
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previ ously described Figure 9. At this staging area 325 an overhead doubl e
axis transport carrier reciprocates, picks up the single pallet 40 for
transfer to the automatic | ens inspection station as illustrated in Figure
13. The overhead transport is a double axis Hauser Transport Mechanism and
Is used to isolate the automatic | ens inspection systemfromthe remai nder
of the post-hydration line. It is inportant that vibrations of the | enses
and the deionized water be m nim zed ducing this transport, and through the
entire inspection line so that water waves are avoi ded, as they can cause

optical distortions whi Gheféexring mowsyo CRLgérésl 88 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 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
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
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
plate 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
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determ nations of lens quality. By utilizing a double axis transport
mechani sm the pallet can be gently conveyed to the automatic | ens

i nspection system and thereby avoid such vibrations which that m ght
otherwi se inpair the inspection results. After the first pallet has been
lifted fromthe staging area, the next pallet may be advanced into the
staging area to be carried onto the inspection |line conveyor. The doubl e
axis transport mechanismtransports the pgjlets fromthe buffer conveyor,
wher e

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
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
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.
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- 41 - the pallets are advanced at a given speed and spacing, to the

I nspection 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 together so that the
I nspecti on conveyor may accommodate the sane nunber of pallets in a given
time. The low vibration pallet transfer assenbly 400 conprises a pair of
pal | et graspi ng pl ates 402a, 402b whi ch-agg wounted, in spaced relation to
one anot her, to correspondi ng bl ocks 404a, 404b. One of the grasping pl ates

402a is slidably nount edettticds dtowpk 3D, 3106 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
fourth segment 316 of the buffer conveyor, to the
inspection station. Again, vertical stops 310d,310e are
positioned at the ends of the segments 308,312
respectively, and are engaged to ensure that only one
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
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
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t hat sel ective actuation of an extendi ng nmechani sm (housed w thin bl ock
404a) wi dens or reduces the spacing between the two grasping pl ates

402a, 402b. The bl ocks 404a, 404b are nounted to a common wal |l el enent 406
which is slidably nounted to a base el ement 408. A second notive nmechani sm
(al so not shown) is disposed within the base el enment 408 and coupled with
the comon wall 406 such that the wall 406 can be selectively raised and

| onered. The base el ement 408 is nountedsfo-a horizontal track 410 having a
transl ati ng neans for reciprocating the entire assenbly froma position

above the stagntiraicies 3rdam! hen i HISREC vt Sé£l | S 0PVBFOLs ! i ne 420.
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
station.

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

Rty
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In operation, the low vibration pallet transfer assenbly 400 reciprocates
to the staging area 325 to receive a pallet 40. The comon plate 406 is

| owered, thereby positioning the pallet grasping plates 402a, 402b adj acent
to the lateral edges of the pallet 40. The notive elenment within the bl ock
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
pal | et has been grasped - 42 - - 38 -

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 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. In
such a design, a coupling means, for example a fixed rod
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 348, 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




securely by the lateral plates 402a,402b, the comon wall 406 is raised,
and the pallet is transported to the inspection station conveyor |ine,

whi ch is disposed perpendicularly to the fourth segnent 316 of the
buffering conveyor line. Once in position above the inspection conveyor
line 420, the pallet 40 is lowered onto the line and rel eased by actuation
of the plate w dening nechanism The pallet is then carried into the

i nspection station. Once the pallet is trggsferred to the | ow vibration

| ens transfer assenbly 400 rises and reciprocates back to the staging area

325 to recei vehalte itextaywald aeclibrddatidte A ratpesieisn ldspged i on System

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. N

In operation, as can be inferred from Figure

11, the reciprocation of the plates 349,351 is
selectively controlled such that alternating pallets,
one from the second segment 308 followed by one from the
third segment 312, advance to the fourth segment 316.
It is understood that a variety of motive means and/or
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-
shaped member 341 which is coupled to the driving plate
351 and which reciprocates it. 1In 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.

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
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I nspection pallets 40 are conveyed through the systemas a pul se of |ight
Is directed through the | ens-packages and contact | enses, and focused on a
canera to generate an inage of the lens therebelow. Preferably, the canera
i ncl udes an array of pixels, each of which generates a respective one

el ectric signal proportional to, or representing, the intensity of the

|l ight incident on the pixel. Those electric signals are then digitally
processed to determine if the lens is acggptable for consuner use. Suitable
procedures for processing or analyzing the electric signals fromthe pixel

array are di 30ir@Arfh ithe QRETFH Fichd ad telt i AP i Feé ot i s DOEre @ IBh rS8g1RNG

995, 281, e”‘%%d%%ﬁB%“é%E%ﬂéh'ﬁ?BSéé“%ﬁ%“iﬁﬁbection 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
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
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 lenses
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 adwvanced 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
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Systeni, the disclosures of which are herein incorporated by reference.
Separate systens are utilized to inspect the sixteen lenses carried in a
pallet. After conpleting the test for the | ast bank of |enses, the
Automati c Lens Inspection System sends a datablock with the vision

I nspection results to the programuable | ogic controller used to consolidate
t he - 43 - lenses for packaging. This information is used by the

| ens- package transfer assenbly as desctilpgd-bel ow.

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
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
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
line 420.

In operation, the low wvibration 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
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
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After the | enses have been inspected by the automatic | ens inspection
system the pallet is lifted by second double axis overhead transport and
pl aced on conveyor for transport to the deionized water renoval station
(which is station 699 in Figure 12). The deionized water is renoved by a
specially configured nozzle, as described in U S S. N 08/999, 234, entitled
"Sol uti on Renoval Nozzle", the disclosure of which is hereby incorporated
herein by reference thereto. As described2earlier, the deionized water is
used to center the lens within the package carrier during the inspection
process, but securnsinydsy prherlaveyalkpbates 4022n402b, atheecdomeodosi ng of a

buffered saling SoYdl {4 raised, and the pallet is transported to the
inspection station conveyor line, which is disposed
perpendicularly to the fourth segment 316 of the
buffering conveyor line. Once in position above the
inspection conveyor line 420, the pallet 40 is lowered
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
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
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 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




in the final package, as will hereinafter be described in detail. After
renoval of the deionized water, the | enses, package carriers and inspection
pall et are transported to the |ens-package transfer assenbly which renoves
t he packagi ng el enents and | enses therefrom deposits the optically

I ncorrect |ens-packages (as determined by the inspection station) on a
conveyor for bad | enses, and deposits the correct |ens-packages on good
conveyor. THE FI RST ROTATI NG LENS- PACKAGH TRANSFER ASSEMBLY Referring now
to Figure 15, the |ens-package

lenses for packaging. This information is used by the
lens-package transfer assembly as described below.

After the lenses have been inspected by the
auntomatic lens inspection system, the pallet is lifted
by second double axis owverhead 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
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




transfer assenbly is shown in a perspective view, in position above a
pal |l et of | ens-packages whi ch have had the dei onized water renoved
therefrom The assenbly 500 conprises a reciprocating support 502 coupl ed
at the lower end of a vertical shaft 504. The shaft 504 is, in - 44 -
turn, coupled at its upper end to a rotation nmeans 506 whereby the shaft
504 and the support 502 may be selectively rotated by 90 degrees in
accordance with the predeterm ned positigging of a pallet 40 or the

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
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
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
tubes 512 which are individually coupled to a vacuum
source {(not shown). Each tube is separately valved; the
valves being independently controlled by a processor in
accordance with signals received from the inspection
station with respect to which lens-packages contain

correct lenses. Selective activation of thﬂ~vaeuum-
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orientation of the conveyor (see Figure 16) onto which the | ens-packages
are deposited. It is understood that the rotating neans 506 may conprise an
air cylinder having stops which, for exanple, correspond to a 90 degree
rotation so that the shaft may be reciprocated between two orientations

whi ch are perpendicular. The rotating neans 506 is disposed within a
nmounting platform501, which is in turn coupled to a dual axis transport
subassenbly (the horizontal track thereofsis identified as elenent 503 in
Figure 15). The dual axis transport subassenbly transports the support 502

froma first shagel Qoull@,a tIRGVUFSHOC Pricvidd ¥ 1A PHedsUFO BRI ti on
above the ma%%rtgéti§%%|%q0 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
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 conveyor, or in the alternative, only the good
lenses are transferred, and the rejected lenses are
later removed from the inspection pallet by an
alternative means. This procedure can be used to
increase (shorten) the cycle time of the transfer
device.

Once the appropriate lens-packages are removed
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
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conveyor line to a position above the consolidating conveyor line (which is
described nore fully with reference to Figure 16). Extendi ng downwardly
fromthe support 502 are a set of resilient bell owed fingers 508 having a
generally elliptical shape. The fingers 508 each have an open tip 510 at
their | ower ends which fornms an entrance into a central volume which
extends the length of the finger. The upper ends of the fingers 508 are
coupl ed to the vacuum tubes 512 such tbajgthe central volume of the fingers
are in sealed gas flowrelation to tubes g12 whi ch are individually coupled

to a vacuum seHicte doigit tWacdias Wit | the opaigd £ Y5 0@ wieteh tiee
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
Figure 16. The consolidating conveyor comprises a belt-
type motive surface 604 onto which 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 regularly 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
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 reqularly 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
distance wherein a specific number of lens~packages may
be aligned therebetween in a staging position 609. For

exanple, the array of lens-packages which is positioned
M"""m—.

REPLACEMENT S5

St

28 FEB 1997

l



val ves bei ng i ndependently controlled by a processor in accordance with
signals received fromthe inspection station with respect to which

| ens- packages contain correct | enses. Selective activation of the vaccum

- 45 - source would, therefore, provide a | ow pressure suction at the tips
510 of the finger 508. Wen this | ow pressure suction is enployed, the tips
510 of the fingers nay be placed onto a flat surface, therein sealing the
central volune, and securing the flat - 47 ~

between the wall element 608 and the sensor element 610
in the embodiment illustrated in Figure 16 is 2 x 5.
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 position.

Referring now also to Figure 17, a perspective
view of the second rotating lens-package transfer
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
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
is coupled to a rotating means {(not shown} which rotates
the support through 90 degrees in the horizontal plane.
Extending downwardly from the support 652 is an array of
reqularly spaced fingers 658, the tips 660 of which are
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
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

REPLACE




surface to the finger 508. In operation, a pallet 40 having | ens- packages,
fromwhich the deionized water has been renoved, is transported to the
first location, the | ens- packages being substantially aligned with the
fingers 508 of the first rotating | ens transfer assenbly 500. The fingers
508 are directed downward until their tips 510 contact the flat surface
portion 46b of the packaging elenment, formng a sealing interface
therewith. Selective actuation of the valgges controlling the drawing of a
vacuum wi t hin each finger 508 causes the package el enents and | enses to be

lifted from tdwmngindret . aldng Swhineler sh@ofotmeingl p1at fébe teafslates,
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
cylinder with 90 degree stops, and a pair of
perpendicular IKO ball screw mechanisms.

THE SALINE SOLUTION INJECTOR AND FOIL SEALING ASSEMBLY

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
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
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




packages nmay be renoved fromthe pallet 40 and subsequent actuation of the
val ves may be utilized to deposit the incorrectly nolded | enses on a
separate, bad, conveyor, and the optically correct | enses on the good
conveyor, or in the alternative, only the good | enses are transferred, and
the rejected | enses are |later renoved fromthe inspection pallet by an
alternative neans. This procedure can be used to increase (shorten) the
cycle time of the transfer device. Once yge_appropriate |ens-packages are
renoved fromthe pallet 40, the manifold 502 and fingers 508 are rotated 90

degrees by th@ A0 MBS ¥Hd® adjacent to the front of the
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.

EBach of the fixed pallets 704 is particularly
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
size of the staging position 609 of the consolidating
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
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si mul t aneously being reciprocated upward and laterally by the dual axis
transport subassenbly. The fingers 508 are repositioned over the
consol i dati ng conveyor, at - 46 - which point the vacuumw thin the
fingers 508 which are hol ding | ens-packages is rel eased, and the

| ens- packages are deposited on the conveyor. Once the optically correct

| ens- packages have been so deposited, the assenbly 500 reciprocates back to
extract a new set of | ens-packages from ghe-next

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
conveyor, downstream from the saline injector 750, to
detect 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-AAIC. Each 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™ (VTN-0089)
{Attorney Docket 9013). The foil labeling machine
extends at a right angle to the linear packaging
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I nspection pallet 40. CONSOLI DATI NG CONVEYOR AND SECOND ROTATI NG

LENS- PACKAGE ASSEMBLY The first rotating | ens-package transfer assenbly 500
deposits the optically correct |ens- packages onto the consolidating
conveyor 602 as shown in Figure 16. The consolidating conveyor conprises a

belt- type notive surface 604 onto which the two rows of

| ens- packages are

transported. The conveyor surface 604 is divided into parallel |ongitudinal

channel s 605 by a guide wall 606. As sho Lh Figure 16,

the rows of

| ens- packages may not be regularly distributed on the conveyor surface when
they are depgeddiefhe, 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,

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

specifiqally, 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
position.

an output

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




The | ens-packages are transported al ong the conveyor until the | ead
packages contact a noveable gate el enent 610. The gate el enent 610
interferes with the continued transport of the | ead | ens-packages in each
of the channels 605. As the progression of the | ead | ens- packages is
hal t ed, the packages which foll ow subsequently cone into contact with the

| ead packages, therein being consolidated into a regularly spaced array. A
sensor bl ock is disposed above the conyv r_ surface 604, at a |ocation
upstream fromthe gate el enent 610. An additional sensor may be | ocated at
a di stance V\H_Sﬁéwn? Beebhtachurias kaBs ngaelaaRntERYiee aligned

s —gﬁc
t her ebet 8% &
er ebet veen e 021 86a%1R%4R251 Y B2re%R, ¥ should be understood that

descri
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

the claims recited hereinbelow.
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exanpl e, the-array of |ens-packages whi ch.-is—positioned - 47 - Dbetween

t he wal | e@$ nt ..6 dlt e sensor el enent 0 . e enbodi nent
illustrate . R 2 X 5. u -:Hu 3 rovides for a
controlled i i ﬁ 4 e correct nSaari ckages necessary to
conplete th I n the staging position. Referring now also to

Figure 17, a perspective view of the second rotating | ens-package transfer
assenbly 650 is shown. Once a full 2 x 5 apray of | ens-

What is claimed is:

1. A post hydration apparatus for
transporting, inspecting, and packaging contact lens
elements, said apparatus comprising:

a deionized water injection assembly which
injects deionized water into a plurality of packaging
elements;

a first lens transfer assembly which receives
the contact lens elements from a lens pallet at a first
location, and deposits them into said packaging elements
thereby forming a set of lens-package elements;

an inspection station for optically inspecting
the contact lenses;

a deionized water extraction assembly for
removing the deionized water from the lens-packages;

a first lens-package transport assembly for
separating a first set of the lens-packages which pass
inspection from a second set of lens-packages which do
not pass inspection, and transporting the first set of
lens-packages to a packaging station; and

a saline solution injector and foil sealing
assembly pbsitioned to receive the first set of lens-
packages to inject a quantity of saline solution into
the lens-packages, and to heat seal a foil label to a
set of lens-packages.

2. The apparatus as set forth in claim 1,
wherein the packaging station further comprise a
consolidating conveyor line for receiving the first set
of lens-packages from the first lens-package transport
assembly, repositioning the first set of lens-packages
in regular arrays, and transporting the array to said
saline solution injector and foil sealing assembly.

3. The apparatus as set forth in claim 2,




| ens-p kqﬁ +lilsHsd eba@dsenbl y 650 | oviers—a-set of suction fingers which

S
renove T es, ang ﬂ t he | ens-packages to a pallet of
the sali Elmmﬁm ect or gﬂﬁ% assenbly. More specifically
with res oS ond rotatihg 4 ernst ge transfer assenbly, the

assenbly conprises features which are simlaf in nost respects to the first
l ens-transfer assenbly 500. The assenbly 4ncludes a support 652 which is
mounted to the I ower end of a rotating shait 654. The upper end of the

shaft 654 is gQ4BmMBY vl OwRikh! dkitRactaaRhe( RRGUIRIVA PYC b A &5 Adte

support througg 98 1N P ackages Foon” Lhe’ cosolidating line, and
transports them to the saline solution injector and foil
sealing assembly.

4. The apparatus as set forth in claim 1,
further comprising a lens-package conveyor for
transporting the second set of lens-packages to a remote
waste collection bin, and wherein said first lens-
package transport assembly further transports the second
set of lens-packages to the lens-package conveyor and
deposits the second set thereon.

5. An apparatus for transporting, inspecting,
and sealing contact lens elements in corresponding
packaging elements, comprising:

a deionized water injection assembly which
injects deionized water into the packaging elements
which are disposed on a package pallet;

a first lens transfer assembly which receives
the contact lens elements from a lens pallet at a first
location, and deposits them into said packaging elements
thereby forming a set of lens-package elements:;

a buffering station along which said package
pallets filled with said lens-package elements may be
temporarily stored:

a deionized water extraction assembly for
removing the deionized water from the lens-packages;

a first lens-package transport assembly for
transporting the lens-packages to a packaging station;
and

a saline solution injector and foil sealing
assembly positioned to receive the lens-packages to
inject a quantity of saline solution therein, and to
heat seal a foil label to a set of lens-packages.




Ext endi ng downwar dl y -#~em the support 652 is an array of regularly spaced
fingers 658, the tips 660 of which arehollow se that—a vacium may be drawn

e WAFAIREIGe | | T 1T e mﬁfﬁﬁﬁﬁﬁm i@

a conduit through which t fie Vacduum may be drawn, a t ubes 662,
at the support 652 for the purposes of supplying t sure to the
finger tips 660. The rotating shaft 654 ¢§ coupled, through the rotating
means, to a nounting platform 651. The nounting platformis, in turn,

nount ed to a dual axis g[Dtpjn\/%Wl{st r22C ks 35 F AW 45 681 4 1€ gnlori zont al
axial wherein the buffering station comprises:

a first conveyor line and a second conveyor
line; |

a plurality of intermediate spaced conveyor
segments;

at least one segregator mechanism for
receiving a plurality of said package pallets from said
first conveyor line and directing selected ones of same
along corresponding ones of said intermediate spaced
conveyor segments; and

at least one integrator mechanism for
receiving said plurality of package pallets from each of
said intermediate spaced conveyor segments, and merging
the package pallets onto the second conveyor line.

7. A post post-hydration method of

" transporting, inspecting, and sealing contact lens

elements in corresponding packaging elements, comprising
the steps of:

injecting deionized water into the packaging
elements;

inserting the lenses into said packaging
elements, thereby forming a set of lens-package
elements;

inspecting the lenses to determine whether the
contact lenses are optically correct or if they are not
optically correct;

extracting the deionized water from the lens-
packages;

separating the optically correct contact
lenses from the those which are not optically correct;

injecting saline solution into said lens-
packages containing optically correct contact lenses;
and
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- 48 - component al ong which the nounting platformtranshkates: In operation
t he "assenbty—-s-pasiti oned above the consolldatlng co ve or. 6 at the

stagl ion 609, as the array of |ens-pd& |dated Once
t he y i M&mve determned that a fuI of
| ens- formed, the manifold 65 658 are | owered

by the dual aX|s ‘ot ve nmeans. A vacuumis drawn in the finger tips 660
once the | ens- packages are contacted iLnggrder that a secure grip on

heat sealing a foil wrapper to the saline
solution filled lens-package.

8. The method as set forth in claim 7, further
comprising transporting the lens-packages containing set
of lens-packages which contain lenses which are not
optically correct to a remote waste collection means.

9. The method as set forth in claim 7, wherein
said steps of extracting the lenses from a hydration
pallet and inserting the lenses into said packaging
elements, further comprises changihg the relative
spatial distribution of contact lenses.

10. The method as set forth in claim 9,
wherein said step of extracting the lenses from a
hydration pallet comprises:

ejecting a quantity of air from beneath each
lens to propel it onto a lens carrying means.

11. The method as set forth in claim 10,
wherein said step of ejecting a quantity of air from
beneath each lens is succeeded by the step of directing
a jet of air at each lens for the purposes of removing
air bubbles which may have adhered to the lens surface.

12. A post-hydration apparatus for
transporting, inspecting, and sealing contact lens
elements in corresponding packaging elements,
comprising:

a deionized water injection assembly which
injects deionized water into the packaging elements;

a lens transfer assembly which receives the
contact lens elements from a lens pallet at a first
location, alters the spatial relationship of the lenses,
transports the lenses to a second location, and deposits
the lenses into said packaging elements thereby forming
a set of lens-package elements; e
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the | ens-packages may be maintai ned. The manifold 652 and fingers 658 are

then raised, rotated, and translated t 05|t| bove the pallet stream
of the next assenbly. As with th rst s- package transfer
assenbly 5 S Hasrmtak agearreans a W * notive preferably
conprise, r air cyli %90 degree stops, and a pair of
per pendi cul eM/nechan sns. THE SALI NE SOLUTI ON | NJECTOR AND
FO L SEALING ASS e erring now to _Fisgures 18, 19 and 20, various
perspective views of the saline solution |njector and foil sealing assenbly
700 are shown. a deionized water extraction assembly for

removing the deionized water from the lens-packages:

a lens-package transport assembly for
transporting the lens-packages to a packaging station;
and

a saline solution injector and foil sealing
assembly positioned to receive the lens-packages and to
inject therein a quantity of saline solution, and to
heat seal a foil label to a top surface of the lens-
packages.

13. The apparatus as set forth in claim 12,
wherein said lens transfer 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;

at least means coupled to said beam elements
for reciprocating same along said guide rails with
respect to one another;

a plurality of finger elements dlsposed in a
linear array, extending downwardly from at least one of
said beams, said fingers each comprising;

an elongate shaft, having an upper and lower
end,

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

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

a translation mechanism for reciprocating said
mounting bracket in at least one direction.

14. The apparatus as set forth in claim 13,
wherein said finger elements further comprise a central
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Figure 18 is a schematic device |ayout of the assenbly including a conveyor
| oop 702 having a plurality of pallets 704 spaced thereal ong. The pallet
streannmgsmgh%&@k&ggnél driven such that the pallets stop at the various

subasse ch are sequentially spaced al ong the conveyor 702.
The rel ;ﬁwﬂmmgﬂ and subassenblies which cooperate to provide saline
and heat I to previously unseal ed | ens-packages include the

second rotating |ens-package transfer assepgply 650 di sposed at the front of

t he conveyor 704, the saline injector
bore, extending from said upper end to said lower end,

for receiving therethrough, and selectively ejecting
therefrom, a quantity of fluid.

15. The apparatus as set forth in claim 12,
wherein said lens pallets comprises:

a plate having a plurality of recesses, each
of said recesses 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
transferred to said lens transfer assembly. '

16. The apparatus as set forth in claim 13,
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 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 present thereon.
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shor streamfromthe transfer assenbly 650, a foil pick and
plac ch receives the foilsdr-oma printing machine, and a heat
seal unit 780 which seals the f0|I to the packages Each of the fixed
pal l ets 704 i POSE-HYDRATEON M D1 ANDe APRARATY TRANS as ray of individual
| ens- packagesINSPECTING (AND P ~ NTAG EBver , that alternative
enbodi nents of this assenbly can be de5|gned i n accordance with the nunber
of fingers of the second | ens-package transfer assenbly 650, and the
ABSTRACT

is She ﬁi@ *¢50 positioned adjacent to the front of the conveyor, a

The present invention, which relates to post
hydration processing of contact lenses and the packages
into which the lenses are placed, includes several
assemblies which are ideally suited to performing the
various steps which are associated with post hydration
processing. These several assemblies include: a
deionizing water injection assembly which fills the
packaging elements prior to the lenses being inserted
therein; a lens transfer and insertion assembly which
removes contact lenses from hydration pallets, alters
their spatial distribution, and deposits them into the
packaging elements; a buffering station, which includes
segregator and integrator devices, and which provides a
location for temporarily holding a group of lens-
packaging pallets during interruption of subsequent
assemblies; a low vibration lens—package transport and
1nspect10n assembly ‘which removes the pallets from a
conveyor line, inserts them onto low vibration
inspection assembly conveyor line, and inspects the
lenses to determine which are optically correct; a
deionized water extraction assembly which removes the
deionized water from the lens-packaging elements; a
first rotating lens-package transfer assembly, which
removes the lens-package elements from the pallet and
deposits the optically correct ones onto a consolidating
conveyor line; a consolidating conveyor line and
rotating lens-package transfer assembly, the former
consolidating the lenses into regular arrays, and the
latter rotating and transporting them to the final
station; and a saline solution injector and foil wrapper
sealing assembly, which fills the packages with saline
solution and then heat seals a foll wrapper to the tops
of the packaging elements.

REPLACEMENT SHEET
28 FEB 1997

Fig 1




size of the staging position 609 of the consolidating conveyor, to
accommodate a different nunber of rows and a different nunber of packages
in each row Wth specific reference to Figure 20, at the saline solution
injector subassenbly 750, the |ens- pagkages are filled with a saline
solution which has a tonicity conpati bte—-wi th the human eye. Stationary
pall ets 704 are advanced, wi th | ens-packages thereon, beneath a hori zontal
beam 752. The beam 752 is coupled at a lateral end to a nounting base 754
which is adjacent to the conveyor loop 702. A1 x 5 array of dosing tubes
756 extend downward fromthe beam 752, and are supplied with saline
solution by saline conduits

F?ﬁ.’




758, each of which is supplied by a separate dosing punp (not shown). Upon
I ncrenental advance of the pallets 704 into a position aligned with the
dosi ng tubes 754, the dosing punps are actuated so that a precise dosage of
saline solution is deposited into the packagi ng recesses 24. Each contact
lens is thereby conpletely inmrersed in saline solution. The rate of punping
of saline solution and the dianeter of each dosing tube 756 is chosen such
that no saline solution splashes fromany of the




- 50 - recesses of the packages, which is very inportant as any saline

sol ution splashed onto the annular rim28 would interfere with subsequent
foil sealing operations. The optical verification probes (not shown) may be
mounted in front of the saline injector gsubassenbly to verify that

| ens- packages are present in the advanci-fg- pallet 704 so that the dosing
tubes 756 do not dispense saline solution into enpty pallets. Additional
sensors may be simlarly nounted al ong the conveyor, downstream fromthe
saline injector 750, to detect the presence of the proper neasured dose of
saline solution in each | ens-package. A variety of such
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sensors are avail able, and are taught in co-pending application U S.S. N

08/ 431,891, entitled "Linear Packaging Array" (Attorney Docket No. 9401),
for exanple the sensor may be a reflective sensor as is commercially

avai lable fromOnron, or it could be a proximty sensor or could be a fiber
optic probe, as commercially avail able from Keyence as nodel 24W V25R, used
with an anplifier, nodel 24WAA1C. Each detector checks and verifies for a
proper height of saline solution in each |ens-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 lamnar foil are placed over




the 2x5 array of package bases, each foil strip covering a 1x5 colum of

packagi ng el enents. The foil strips have printed thereon all identification
indicia required for the final package. The |am nar top cover sheets are
produced by a foil |abeling machine pursuant to the disclosure of patent

application U S.S.N. 08\106, 386, entitted "Double Sided Foil Printing"
(VTN-0089) (Attorney Docket 9013). The foil |abeling machi ne extends at a
right angle to the linear packagi ng - 51 -
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machi ne, as indicated by the FOL arrow in Figure 18. The pair of foi
strips are received fromthe | abeling nmachine and placed by a foil pick and
pl ace unit over the top of each 1x5 row of the 2x5 array of package bases.
An optional mechanical chucking statior 777, positions each foil strip to
ensure that it is properly positioned amd aligned relative to the

| ens- packages in the pallet 704. In addition, a subsequent cover presence
verification station nay 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 | ens-packages. Mre
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specifically, a set of heated seal heads, nmounted at spaced intervals al ong
the length of heating head plate 782, and supported by a pneumatic cylinder
or press 784, presses the foil strips against the | ens-packages such that
the foil and the annular rins 28 of the packagi ng el ements are squeezed

bet ween the heated seal heads and the paftet 704. A final optical

I nspection station (not shown) may be | ocated downstream of the heat
sealing station 780, including a plurality of optical detector probes for
exam ning the outer edges of each_sheet of lam nated foil strips on the
array of |ens-packages to ascertapn thatgihe foil is gfoperly and precisely

posi ti oned and
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heat sealed relative to the array of |ens-packages. At the position which
Is farthest downstream a robotic assenbly 790, having a plurality of
vacuum suction cups renoves the sealed 1x5 array of packages fromthe
pall et 704, and transports themto am @utput position. Wiile the several
assenbl i es, enbodi nents and variations of the present invention for post

hydr ati on - 52 - handling of contact |ens-packaging el enents are
2w
1
- 220




described in detail herein, it should be understood that the disclosure and
teachi ngs 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 limted only by the clainms recited

her ei nbel ow. 53 What is clainmed is:— A post hydration apparatus for
transporting,inspecting, and packagi ng contact |ens elenents, said
apparatus com

27
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prising: a deionized water injection assenbly which injects deion- ized
water into a plurality of packaging elenents; a first |lens transfer
assenbly which receives the contact lens elenents froma lens pallet at a
first location, and deposits themintoigsaid packagi ng el enents thereby
form ng | ens-package el enents; an inspection station for optically

i npecting the contact |lens elenents; a deionized water extraction assenbly
for renoving the deionized water fromthe | ens-package elenments; a first

| ens- package transport assenbly for separating a first set of the

| ens- package el enments whi ch pass

W/

/




I nspection froma second set of |ens-package el enents which do not pass

I nspection, and transporting the first set of |ens-package elenents to a
packagi ng station wherein the packagi ng station further conprises a
consolidating conveyor line for receivimg the first set of |ens-package
elements fromthe first |ens-package transport assenbly, repositioning the
first set of |ens- package elenents in regular arrays, and transporng the
array to said saline solution injector and foil sealing assenbly and a
saline solution injector and foil sealing assenbly posi- tioned to receive
the first set of |ens-package elenents to inject a quanlity of saline
solution into the | ens-
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package el enents, and to heat seal a foil |abel to a set of |ens-package

el ements. 2. The apparatus as set forth in claiml1,further conprising a
second | ens- package transport assenbly which extracts the regular arrays of
the first set of |ens-package el enentsifromthe consolidating Iine, and
transports themto the saline solutionmnjector and foil sealing assenbly
3. The apparatus as set forth in claim1 further conprising a | ens-packge
onvey or for transporting the second set of |ens-package elenents to a
renmote waste collection bin, and wherein said first |ens-package transport
assenbly further transports the second set of |ens-package elenents to the
| ens- package conveyor and deposits the second set thereon.




-54 - 4. A post post-hydration nmethod of transporting, inspectig, and
sealing contact lens elenents in correspond- ing packagi ng el enents,
conprising the steps of: injecting deionized water into the packagi ng

el enents; inserting the contact lens el ggents into said packaging el enents,
thereby formng a set of |ens-packge el"e=—nents; inspecting the contact

| ens el enments to determ ne whether the contact | ens elenents are optically
correct or if they

270
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are not optically correct; extractng the deionized water fromthe

| ens- package el enents; separating the optically correctcontact |ens

el enents fromthose which are not optically correct; injecting saline
solution into said | en-package el enenatgqcontaining optically correct
contact elenments heat sealing a foil wapper to the saline solution filled
| ens- package el enents and extracting the contact |lens elenents froma
hydration pallet having a relative spatial distribution before inserting
the contact lens elenents into said packaging el enents, wherein the
relative spatial distibution of the




contact lens elenments is changed before inserting the contact |ens elenents
I nto said packaging el enents; the step of extracting the contact |ens

el enents conprises ejecting a quantity of air from beneath each contact

| ens element to propel it onto a | ens eanki ng neans. S. The net hod as set
forth in claim4, further conprising transporting the | ens-packages
containing set of |ens- padkage el enents which contain | enses which are not
opti- cally correct to a renpte waste coll ection neans. 6. The nethod as
set forth in claim4, wherein said step of ejecting a quantity of air from
beneat h each contact |lens elenent i§ succeeded by a step of directing a jet
of air at each contact |ens eleneni]in order to renove air bubbles which
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may have adhered to the contact |ens el enents. -55 - 7. Apost-hydradon
apparatus for transporting, inspecting, and sealing contact |ens elenents
i n correspondi ng packag- ing elenments, conprising: A a deionized water

i njection assenbly which injects deioniged water into the packagi ng

el enments; B. a lens transfer assenbl y—wht ch receives the contact |ens
elements froma lens pallet at a first location, alters the spati al

rel ationship of the | enses, transpots the | enses

SN
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to a second |l ocation, and deposit the | enses into said packagi ng el enents
thereby formng a set of |ens- package el enents, said |lens transfer
assenbly conpris- ing,

1. a set of horizontal guide rails; 2. a plurality
~ of beam el enents slidably nounted in-payallel on at |east one of said of

hori zontal guide rails; 3. a reciprocating neans coupled to said beam
el ements for reciprocating sane along said gqguide rails with respect to one

another; 4. a plurality of finger elenments disposed in a linear arry,
extendi ng downwardly from at | east one of
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sai d beam el enents, each of said finger elenents conprising: a. a nounting
bracket, b. an elongate shaft, having an upper and | ower end, c. a lens
transfer sudace at the | ower end of the shaft for receiving, and securely
hol di ng, thereon at |east one of said ggntact |lens elenents; d. a slotted
annul ar skirt disposed along the shaft—adj acent to said | ens transfer
surface, for main- taining the contact lens at a predeterm ned posi- tion;
and e. a translation nechanismfor reciprocating said nounting bracket in
at | east one direction;

£50

'I




-56 -
wat er fromthe | ens-package el enents;

for transporting the | ens-package el enents to a packagi ng station;

C. a deionized water extraction assenbly for

renovi ng the deionized
D. a |l ens-package transport assenbly
and E. a

saline solution injector and foil
t he | ens-package el enents and to.

seakhpng assenbly positioned to receive
I nj-eet there a quantity of saline

solution and to heat seal a foil label to a top surface of the | ens-package
el ement s.
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8. The apparatus as set forth in claim7, wherein said finger elenents
further conprise a central bore, extending from said upper end to said

| ower end, for receiving therethrough, and selectively ejecting therefrom
a quantity of fluid. 9. The apparatus fg set forth in claim?7, wherein said
| ens pallets conprises: a plate having—a-plurality of recesses, each of
sai d recesses having at | east one hole therein, in which recesses a contact
| ess may be disposed: and a plurality of intgrn duits within said

pl ate, extend- ing fromeach of said holes a f sour ce, whereby,
selective ejection of fluid through the

oo




contact lens in said recess to be transferred to said | ens transfer
assenbly. 10. The apparatus as set forth in clainv further com prising an
air jet unit positioned at said second location, said air jet unit
conprising: a plate having a plurali4yif- a regularly spaced recesses
therein, said regular spaced recesses corresponding to a spati al
distribution of said finger elenents, at |east one hole in each of said
recesses; a conduit extending fr¢gma renpote air reservoir to sgid hole in
each of said recesses; an air pressure neans for selectively dijrecting air
t hrough said conduit, out of saifl hole, and at a contact |ens
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a second lens-package transport assembly which extracts
the regular arrays of the first set of Iens-package elements
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What is claimed is: ' DATE OF
RECEIPT ...sisl
1. A post hydration apparatus for transpornﬁg',‘inspec ting; Lo

and packaging contact lens elements, said apparatus com-
prising:

a deionized water injection assembly which injects deion-
ized water into a plurality of packaging elements;

a first Jens transfer assembly which receives the contact
lens elements from a Iens pallet at a first location, and
deposits them into said packaging elements thereby
forming lens-package elements;

an inspection station for optically inspecting the contact
lens elements;

a deionized water extraction assembly for removing the
deionized water from the lens-package elements;

a first lens-package transport assembly for separating a
first set of the lens-package clements which pass
inspection from 2 second set of lens-package elements
which do not pass inspection, and transporting the first
set of lens-package elements to a packaging station
wherein the packaging station further comprises a
consolidating conveyor line for receiving the first set of
Iens-package eclements from the first lens-package
transport assembly, repositioning the first set of lens-

package elements in regular atrays, and transporting
the arTay 1o said saline solutlon injector and foil sealing

assembly; and

- a saline solution mJector and foﬂ ‘sealing assembly posi-

tioned to receive the first set of lens-package elements
to inject a quantity of saline solution into the lens-
- package elements, and to heat seal a foil label to a set
of lens-package elements,

2. The apparatus as set set forth in claim 1, forther compnsmg

from the conso]idaﬁnilme, and transports them to the saline
solntion injector and foil seahngassembll

3. The apparatus as set forth in claim 1, further comprising

a lens-package conveyor for transporting the second set of
lens-package elements to a remote waste collection bin, and

wherein said first lens-package transport assembly further

transports the second set of lens-package elements to the

lens-package conveyor and deposits the second set thereon,
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4. A post post-hydration method of - transporting,
inspecting, and sealing contact lens elements in correspond-
ing packaging elements, comprising the steps of:

injecting deionized water into the packaging elements;

inserting the contact lens clements into said packaging
clements, thereby forming a set of lens-package ele-
ments;.

{nspecting the contact lens elements to determine whether
~ the contact lens elements are optically correct or if they
are not optically correct;

extracting the deiomzed water from the lcns-packagc_
elements; -

separating the optically correct contact lens elements from
those which are not optically correct; .

injecting saline solution into said lens-package clements
containing optically comect contact elements;

heat sealing a foil wrapper to the saline soluuon filled
lens-package elements and

extracting the contact lens elements from a hydration
palIet having- s relative spatial distribution before
“inserting the contact Iens elements into said packaging
elements, wherein the :refatve spatial distribution of the
contact lens elements is changed before inserting the
contact lens elements into said packaging elements; the
step of extracting the contact Iens elements comprises
¢jecting a quantity of air from beneath each contact Iens
clement to propel it onfo a Iens carrying means.

'5, The method as set Forth in claim 4, further comprising
transporting the lens-packages containing set of lens-
package clements which contain Jenses which are not opti-
cally correct to a remote waste collection means.

6. The method as sct forth in claim 4, wherein said step
of ejecting a quantity of air from beneath each contact Tens
element is succeeded by a step of directing a jet of air at each
contact lens element in order to remove air bubbles which
may have adhered to the contact Iens clements.
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7. A post-hydration apparatus for transporting, inspecting,
and sealing contact lens elements in corresponding packag-
mg elements, comprising:

. a defonized water mJeclion assembly which injects
Eléxomzed water into the packaging elements;

B. a lens transfer assembly which receives the contact lens
elements from a lens pallet at a first location, alters the
spatial relationship of the lenses, transports the lenses
t0 a second Jocafion, and deposits the Tenses into said
packaging elements thereby forming a set of lens-

_ “package elements, said Iens transfer assembly compris-

_ing;

1. a set of horizontal guide rails;

2. a plurality of beam elements, slidably mounted in
parallel on at Jeast one of said of horizontal guxde
rails;

3.a rcmprocaung means coupled to said beam elements
Tor reciprocating same along said guide rails with.
respect 0 one another;

4. a plurality of finger elements disposed in a linear
array, extending downwardly from. at least one of
said beam elements, each of said finger clements
comprising:

a, a mounting bracket,

b. an clongate shaft, having an upper and Jower end,

c. alens transfer surface at the lower end of the shaft

~for eceiving, and securely holding, thereon at

least one of said contact lens glmnt S,

d. a slotted annular skirt disposed along the shaft
adjacent to said lens transfer suface, for main-
taining the contact lens at a predetermined posi-

tion; and

e. a translation mechanism for reciprocating said

._mounting bracket in at Jeast one direction;
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C. a deionized water extraction assembly for removing
the deionized water from the lens-package elements;

D. a lens-package transport assembly for transporting the
lens-package elements fo a packaging station; and

E. a saline solution injector and foil sealing assembly
positioned to receive the lens-package elements and to .
inject therein a quantity of saline solution, and fo heat
seal a foil label to a top surface of the lens-package
¢lements,

8. The apparatus as set forth in claim 7, wherein said
finger clements farther comprise a central bore, extending
from said upper end to said lower end, for receiving
therethrough, and selectively ejecting therefrom, a quantity
of fluid,

9. The apparatus as set forth in claim 7, wherein said lens
_pallets comprises:

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

a plurality of internal conduits within sald plate, extend-
ing from each of said holes to a fiuid source, whereby

_selective ejection of fluid through the conduits causes a
contact lens in said recess to be transferred to said Iens
transter assembly. '

10. The apparatus as set forth in claim 7, farther com-
prising 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 spaced recesses corresponding to a
spatial distribution of said finger elements; -

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 selectively directing air through
said conduit, out of said hole, and at a contact lens
which is secured to the lens transfer surface of said
finger elements for removal of any bubbles present
thereon,
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POST-HYDRATION METHOD AND APPARATUS FOR TRANSPORTING,
INSPECTING AND PACKAGING CONTACT LENSES

ABSTRACT

The present invention, which relates to post
hydration processing of contact lenses and the packages
into which the lenses are placed, includes several
assemblies which are ideally suited to performing the
various steps which are associated with post hydration
processing. These several assemblies include: a
deionizing water injection assembly which fills the
packaging elements prior to the lenses being inserted
therein; a lens transfer and insertion assembly which
removes contact lenses from hydration pallets, alters
their spatial distribution, and deposits them into the
packaging elements; a buffering station, which includes
segregator and integrator devices, and which provides a
location for temporarily holding a group of lens-
pagkaging,pailets'duxing interruption of subsequent
assenblies; a,low_vibrétion lens-package transport and
inspection assembly which removes the pallets from a
conveyor line, inserts them onto low vibration
inspection assémbiy conveyor line, and inspects the
lenses to determine which are optically correct; a
deionized water extraction assembly which removes the
deionized water from the lens-packaging elements; a
first rotating lens-package transfer assembly, which
removes the lens-package elements from the pallet and
deposits the optically correct ones onto a consolidating
conveyor line; a consolidating conveyor line and
rotating lens-package transfer assembly, the former
consolidating the lenses into regular arrays, and the
latter rotating and transporting them to the final
‘station; and a saline solution injector and foil wrapper
sealing assembly, which fills the packages with saline
solution and then heat seals a foil wrapper to the tops

of the packaging elements. REPLACENE%HTSHEET\
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