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| enses for pafgp@ibidaft eéc#eg§%ct ngi'fat NEFgof-\wThE2\aub=di‘\rrg=\P>=hydr ophi | i c

contact | enseg di scl os entiNo. 4,495,313 to Larsen; U. S. 10
Pat ent No. 4, 640 489 t | %DNO 4,680,336 to

Larsen et al.; U S Pa ; ; | .; and U. S. Patent
No. 5, 039,459 to |RORS €1ONSOLAIDATTING AGdNS di scl ose a
contact |ens 15 production process wher ei n each Iens Is fornmed by

sandwi chi ng nononer or nononer m xture between a front cur qu(l ower) nold
section and ba&kechrefeftuperntitn sekdten Jenardley it Fhend 18494 our nol d

array. ThgrmMyH(Bfacturing ophthalmic lenses, especially molded,
5 hydrophilic contact lenses, and more specifically to an

automated apparatus for consolidating contact lenses for
packaging after inspection thereof.

The molding of hydrophilic contact lenses is
disclosed in U.S. Patent No. 4,495,313 to Larsen; U.S.

10 Patent No. 4,640,489 to Larsen, et al.; U.S. Patent No..
4,680,336 to Larsen et al.; U.S. Patent No. 4,889,664 to
Larsen et al.; and U.S. Patent No. 5,039,459 to Larsen et
al. e

These prior art references disclose a contact lens

15 production process wherein each 1lens 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

20 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, both to
Kindt-Larsen disclose respectively a process for hydrating
contact lenses and a chamber for hydrating contacts lenses

o5 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

30 any salts, sg fﬁ‘i”. ‘¢t1me consuming ionic neutralization
e \ the lens blank is made does not
occur dur'm- process. When deionized water
is used, ‘EEA

s J~-bf the process is to introduce
, 1Nl A% "
buffered s%% ne segeTUt ig

finto the final package with the
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I's polynerized, thus formng a lens which is then renoved 20 fromthe nold
sections and further treated in a hydration bath and packaged for consuner
use. U S. Patent Nos. 5,080,839 and 5,094, 609, both to Kindt-Larsen

di scl ose respectively a process for hgdrating contact | enses and a chanber
for hydrating contacts |l enses 25 forned with a nonomer or nononer m xtures
di scl osed in the forgoing patents. The process disclosed in these patents
si gni fi canteng madutbenheseahrtipritlarimwilthiny dhat pagkége senshandchel easi ng
the | ens fg;Rqt h d ' ] dej Qnj ze and mal L. unt of
surfactbntfrl\?\nﬁtlhqﬁlté%go an is%]?/tt)%!,drgo F%(gr?i%hcejnwrr%lconsu%r?\'g i%}\l?%i)

neut r al i z&¥dsRtéPnt ABdpELYARr lerandimerAiontng bnss breermpbisieed toes not

occur durithe tRKAGE ald Ofhdi Ocagse ratieit Aok Ol 2t Wt &F i1 S, 44586h . the fi nal
step of the process_is to_introduce buffered saline solution into the final
package with the Patent No. 4,961,820 discloses a final

5 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.

While U.S. Patents 5,080,839 and 5,094,609

contemplate that the entire hydration process and transfer

10 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
inspect and handle the lenses at high production rates and
15 implement the methods thereof in a fully automated
apparatus was not readily available or taught by the prior

art.

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.
Patent 5,500,732 to Ebel et al. Further, recent
developments in the hydration and automated handling of
wet contact lenses, as taught in U.S. Patent 5,476,111 to

Anderson et al., has enabled automatic robotic handling of

20

25 lenses during hydration, and prior to the inspection
thereof by the automated lens inspection system.

The removal of lenses, that are out of product
specification, from a serial product stream of contact
lenses, generates random variations in the product flow
30 which must"be consolidated prior to packaging.

The present invention therefor provides an automated
apparatus for consolidating serial product flow wherein
the product flow includes random variations in the flow.

The present invention provides a consolidation buffer for
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pﬁékaging station for packaging, sterilization, and final
shipment.

More specifically, the present invention is directed
to an automated apparatus for controlling the automatic
packaging of contact lenses in a contact lens fabrication
facility, said apparatus comprising:

(a) a first robotic transfer device for
periodically transferring a first predetermined array of
individual packages from an inspection station to a
consolidation buffer;

(b) a controller for tracking and identifying
individual packages containing contact lens inspected at
said inspection station, said controller including memory
and logic for storing the identity of individual packages
containing contact lenses determined to be out of
specification by said inspection station and generating a
signal to cause said first robotic means to discard any
said individual package identified by said controller as
being out of specification; and

(c) said consolidation buffer having at least
one elongate buffer rail and at least one product follower
for each rail to consolidate packages deposited thereon,

(d) a second robotic assembly for periodically
transferring a second predetermined array of individual
packages from said consolidation buffer to a second
processing station.

The present invention further provides a robotic
transfer means for receiving serial product flow, and
selectively ejecting individual product units in response

to data signals from the automated lens inspection system.



Recent devel opnents in the inspection of contact |enses produced in
accordance with the foregoi ng nethods has enabl ed automated | ens

i nspection, as taught in U S. Patent 5,6500,732 to Ebel et al. Further,
recent devel opnents in the hydration and automated handling of wet contact
| enses, as taught in U S. Patent 5,4%6,111 to Anderson et al., has enabled
automatic robotic handling of |enses during hydration and prior to the

i nspection thereof by the autaqnat g Ien i nspecti stan The, renoval of
| enses, that are odOXS¥ c§§ i f i B ,eSFF‘ LUEEPELPY o Bduct st ream

of contfcﬁuﬂtﬁ{@fzs djeRreitaldes tandomvaraw:tdmd n abgapaodact foéow whi ch
must be

thereforcc%r}g%%’g ttg]%’gglrj%%%ﬁ%gd appar%:';l?gfsl ke "’E‘Sﬁ%ﬁh%ﬁ gﬁgér:g eBF ggsct
f | ow wherfdiaw t hrecpudeisica fdemmemmmdésscaﬁderrwaldma:ﬁll onmsitish t#@igd] ow. The
pr esent a’ﬂ:‘ﬁ%{}tét% %ro%\ﬁﬂ%'i %_consol | dation buffer for 35
5 (a) at least one serial product 1line having
random variations in serial product flow;
(b) a consolidation buffer for receiving said
serial products from said line, at least one product
follower for consolidating random variations in said
10product flow and guide means to present product shingling;:
(c) an automated output device for selecting a
predetermined number and arrangement of product units, and
transporting said number and arrangement to a subsequent
processing station.
15 The present invention further provides a
consolidation buffer between two serial production
operations, wherein the number and arrangement of product
varies between input and output. The present invention
enables use of a first x,y array of product units merging
20 from a serial production line, and consolidating those
product units into a second x,y array of units which
corresponds to an array used in second production
operation relating to the product.
More specifically, the present invention is directed
to a consolidation buffer for consolidating a plurality of
25products having random variations in product arrangement,
said buffer comprising:

(a) at least one buffer rail, said buffer rail
having an input end and an output end, said buffer rail
receiving a plurality of products with random variations

3Oin the arrangement thereof at said input end, said buffer
rail having at least one elongate vertical guide rail to
prevent shingling of products during consolidation and

transport;
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-3- receiving the serial products fromthe production |ine, and then

consol idating random variations in the product flow The autonmated robotic
handl i ng neans then sel ects a predeterm ned nunber and arrangenent of
product units and transports that number and arrangenent to a subsequent

packagi ng station for packaging, sterilization, and final shipnent.
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(Baced eANLaSL! ¢hif0ank" 8¢kiNEqaPHeh d8N0AEYEREd rail from
said input end to said output end;

(c) at least one longitudinal drive for
reciprocating said product follower along said rail; and

(d) a sensor for determining the presence of
product at the output end of said rail, and initiating a
signal for said longitudinal drive to reciprocate said
product follower to said input position.

The present invention further provides for a
programmable logic controller which maintains a status
count for each of the individual products in the
consolidation buffers of the present invention, including
a count for each random addition of product, and a
separate count for each selection and transport of product
from the buffers to the final packaging station. The
present invention provides a method and apparatus for the
high speed robotic handling of discrete final packages of
product having a soft contact lens carried therein. This
robotic handling enables selective ejection or rejection
of specific lenses, even when carried in a predetermined
X, Y array, when one or more of said lenses have been
flagged as flawed or out of spec by the automated lens
inspection system.

The present invention further provides for an
automated control means for sequencing and coordinating
each of the robotic assemblies used in the transfer of
lenses from the automated lens inspection system to final
packaging.

While the invention is described with particular
reference to molded contact lenses wherein the lens has
been molded between a first and second mold half, it is
understood the present consolidation apparatus is equally

etermned array
of indi vishid @&@nge@ld.r oA &h pme@mmmmr oengag BN opsediea® i on



15 individual packages containing contact |ens inspected at said inspection
station, said controller including nenory and |ogic for storing the
identity of individual packages containing contact |enses determ ned to be
out of specification by said inspection station and generating a 20 signa
to cause said first robotic neans to discard any said individual package
identified by said controller as being out of specification; and (c) said

consol i dagi;9RaBYEf ebrhankngoakol eaat i8ACcE! 2BABES bBL-hEH by adRd at | east
one product, fol h rail to.,onsqlidate packages deposited

| ower for eac p g
t her eon, G5t P SHERE WD RS DYAZome & BRIPCALBEACAF] § EF¥nSPEEFi ng a
second prweldeler oheedeairay optiodivedushcpackagesutr andspbilishadol i dation
rocessing.sta Th resent

Furt her pOvEaEe” acPooRbparErufsPer e aReepat  bedror RRRSERY ar i oauct
flow, andeselsst iivelopngiodddiatgngndpindeaktpledaes whith &nbjespoase to data
Sig”a'% 1 oM §enBHLRER 88 |-8A% i B3BGS! 102 c2YSHE™ mold which has
the same shape as the desired optical surfaces of the
lens.
The present invention for an automated apparatus
and method for consolidating products for packaging 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

10

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

Figure 1 is a diagrammatic illustration of
plural robotic handling means, and a consolidation buffer
for removing random variations in product flow.

Figure 2 is an elevation view of the automated

50 lens inspection system and the stations utilized in the
initial handling of the lenses prior to the automated lens
inspection.

Figure 3 1is a plan view of the apparatus
illustrated in Figure 2.

25 Figure 4 is an elevation view of the
consolidation buffer of the present invention, and the
packaging apparatus to which the consolidated product flow
is transferred.

Figure 5 1is a plan view of the apparatus
30 illustrated in Figure 4 illustrating both a consolidation

buffer and a packaging buffer arranged immediately prior
to the packaging apparatus.

35



35 -4
to an

for rece
f ol | ower
gui de ne

for seli
transpo

10

15

20

25

30

35

- More specifically the present invention is further directed
aut omat ed appar at us for consolidating serial product flow
wherein said product flow includes a series of discrete product units,
apparatus conprising: 5 (a) . at least one serial product
havi ng random vari ations in seri al pFSduct flow, (b) a consolidation buffer
Iving said serial products fromsaid |line, at |east one product
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Figure 7 is an isometric view of an inspection
carrier used to transport a plurality of the contact lens
carriers illustrated in Figure 6 through the automated
lens inspection system.

Figure 8 1is an elevation view of the
consolidation buffer of the present invention.

Figure 9 is a plan view of the consolidation
buffer of the present invention, as illustrated in Figure
8. : '

Figure 10 is a cross-sectional elevation view of
the apparatus illustrated in Figure 8, taken along section
line 10-10’.

Figure 11 is a cross-sectional elevation view of
the apparatus illustrated in Figure 8, taken along section
line 11-11-.

Figure 12 is a diagrammatic illustration of an
individuated robotic handling device transporting contact
lens carriers to the consolidation buffer of the present

invention.

Figure 1 is a diagrammatic illustration of the
automated apparatus of the present invention used to
consolidate serial product flow when the serial product
flow has random variations therein. While prefigured 2 X
8, 2 X 5 and 4 X 8 arrays are used in the description of
the present invention, it is understood that a variety of
arrays and configurations may be used in the practice of
the invention described herein.

As illustrated in Figure 1, an inspection pallet 10
carrying sixteen product articles 20, arranged in a
2 X 8 array 20(a) is transported in the direction of arrow

A from an automated inspection system that has separately



processing station. 15 The pr esent I nvention further provi des

a consolidation buffer between two serial production operations, wherein

t he nunber and arrangenent of product varies between input and output. The
present invention enables use of a ft8st x,y array of product units nerging
froma serial production Iine, and consolidating those 20 product units
into a second x,y array of units which corresponds to an array used in
second pré‘GHé?W@é el A5 dhe Pradragst 30 t RCPHBAEtto l%rpéfeéjﬁe%inﬁdcal ly, the

present i pyeaiulc@n cirS tdi8Ct edati9et GONThAAL o Ruideieyer aongl idating a
plurality of gr ducts having random variations in é{Od@ﬁt arran%ﬁnent, sai d
buf f er coﬁ%FP Ahg:-e3a of st tReebResdtiras 18 d Kl f8Rdr &9’ having an

i nput endiandsapaesdputn emidyursai 0. bulffelerr aie rpeedwing Rapkutbaldn y of
products pEh, LANGONY AN AL 2086l s 41e o211 8RO ad NEhREaBLAS T | nPU!
10(c), the empty inspection pallets are returned via
return conveyor 13 to be refilled with product.
A robotic handling device 200 is positioned adjacent
conveyors 12, 13 and has mounted thereon a
2 X 8 vacuum array 202 having sixteen independently
10 actuable vacuum gripping means mounted thereon. Pallet
10(b) is conveyed along conveyor 12 to a predetermined
product pick point, as illustrated in Figure 1 and the 2
X 8 array 202 is positioned thereabove to remove each of
the sixteen products from the inspécéion carrier 10(b).
As illustrated in Figure 1, products 20(b), (c) and (d)
have been marked with an "X" to diagrammatically

illustrate the removal of flawed or out spec products. In

15

the practice of the present invention, a programmable

logic controller is used to control the various elements

0 of the present invention and receives a datablock from the

automated inspection system having a flag set for each of

the products 20(b), (c¢) and (d) that are flawed or out of

spec.

After the products 20 have been removed from the

inspection carrier 10(b), the robotic transfer device 200

25 positions the 2 X 8 array over conveyor belt 14 and

selectively discharges the products 20(b), (c} and (d).

Those products are then removed by conveyor 14 for
subsequent destruction or recycling.

The robotic device 200 then places the remaining

30 products on a vacuum consolidation buffer 230 as indicated

at 20(d). The product array as deposited at 20(d)

includes gaps or random variations in the product flow

resulting from the removal of the out of spec products
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rail having at | east one elongate vertical guide rail to prevent shingling
of products during consolidation and transport; 35 -5- (b) at |east one
product follower nmounted for 1 reciprocal novenent along said rail from
said input end to said output end, saPd product follower engaging products
pl aced on said rail and sliding themalong said rail fromsaid input end to

sai d outp?% (q éF% | east og | ongi.tudinal drive for

reci proca 3’ ai raﬁect(df ol Y MRr EBR oG Tedld RERFUCtanbledy  dM%nsor for
det er m n| rm@ddmdlpiae&mmebuff@rodu@t Hﬁcllﬁkﬁe@uhpt};ﬁaﬂﬂdoﬁf grfduindaild , and
initiatt n%lr%d%'&naﬂof ogwc?sraén %é)r%‘xt wl nah g]rrlev%ste8 reC| Orn%%altlda%al d 10

product foOllower to ‘sal ‘POSI t10
the product group 20(d with product group 20(e). Each of

the pneumatic followers 232,234 is independently advanced
in the direction of arrow C until the product stream is
consolidated. One or more pneumatic followers may be used
to consolidate and advance the array along the
consolidated buffer. As product 20(f) encounters product
20(g), the entire stream of product driven by the
16 pneumatic product followers will advance and trigger an
optical sensor 236, which generates a control signal for
the programmable logic controller to de-energize the
pneumatic product follower and return the follower to the
initial start position. Likewise, optical sensor 238
15 generates a similar return signal for the other pneumatic
product follower when the second product stream has been
consolidated. After consolidation of the product, a
separate indexing mechanism 240 returns the entire product
stream in the direction of arrow D to a predetermined
0 registration point for subsequent robotic handling. In
the present invention, the consolidation buffer 230
includes both moveable and fixed guide rails which permit
sliding movement of the product along the rails in
response to product followers 232,234, but which will
25 prevent "shingling" of the product during consolidation.
A package feed robotic handling device 300 is
positioned between the consolidation buffer 230 and a
packaging station 400, and is equipped with an array 302
which contains ten vacuum gripping means arranged in a
30 2 X 5 matrix. The 2 X 5 array 302 is first positioned
over product group 20(f) and the vacuum gripping means is
actuated to withdraw the first ten products from the
vacuum consolidation rail 230. The packaging robotic

handling device 300 then positions the 2 X 5 array and

35



The present invention further provides for a programmable |ogic controller
whi ch maintains a status count for each of the individual products in the
consolidation buffers of the present invention, including a count for
each random addi tion of product, and & separate count for each sel ection
and transport of product fromthe buffers to the final packaging station.
The present invention provides a nethod and apparatus for the high speed
roboti ¢ hgniduxt ogrd'u@crm effi n&lerpegscksage‘somf 120opr ethect pliaadng sof t
contact | r er robot,i.c handl i ng. enabl es_sel ective

ej ecti oh g?ﬁireg?le i on rC)Ef gdd;m qro ssg i v%rnr%e%f FTITEST R
predetermWOXtYPaHa‘] 41/\@161!Dum'@dopnrmhe paclsagrhg ens:&xhayetai@m f1 agged

as {1 aved 4o OUtpof ERECpRYPbURSALEOTALET:haNS 35 cHlINRALI N BYSE em  The

present inyention further provides for an auto te means for
sequenci nd™8nd 1BYEPELRR: i ngREACHR ofSimigd & oFgPPETEsseAbLEEs 45@d i the

t r ansf €L afi lLensasedrom the padoapies 1e0sximsnpantlon &y stanidudi nal
it is understood that in actual practice eight such
support pallets are provided, one for each index position.
The ten product units 20(g), carried by support pallet 410
are then indexed to positidn 2 for product verification,

10 and to position 3 for subsequent product packaging
operations. '
During packaging, the packaging index table 400
rotates support pallets 410 from position to position to
enable the products to undergo subsequent packaging steps.
15 In the event there is a malfunction or delay in the
operation of the packaging indexing table 400, the
incoming product arriving on consolidation buffer 230 is
temporarily stored in a buffer area 308 which has a
plurality of buffer pallets 310 positioned therein. When
the packaging index table 400 resumes operation, the
package robotic handling device 300 will then transfer

products in the 2 X 5 arrays from the buffer pallets 310

20

to the support pallets 410 on a first-in, first-out basis.

If the product being handled is time sensitive, the

25 programmable logic controller can generate a time stamp to
be placed with each product array as it is transferred
from any given processing station to any subsequent
pProcessing station. Thus, a time stamp may be placed on
the product when inspected, or when transferred to the
30 buffer area 308. If the product is transferred to buffer
308, the X,Y coordinates of the array are also stored with
the time stamp. If the time sensitive allotment expires
before packaging index table 400 has resumed operation,

the packaging robotic handling device 300 will then

35



packagi ng. 30 VWhile the invention is described with particul ar
reference to nol ded contact | enses wherein the | ens has been nol ded between
a first and second nold half, it is understood the present consolidation
apparatus is equally 35 - 6- SUItablﬁ for the consolidation of |enses
formed by lathe 1 cutting wherein the hydrogel is maintained at a dry state
whil e the desired optical surfaces are cut and polished. Further, the

appar at Us Bladdicy Rigasaly LINGNLEAR URYeckaBaectSarlal 0y sonepLhdaLing Pl ¢
cast | enses which subject a mer to centri uga orce in a nold
whi ch hgs‘?ﬁ%ysgﬁ%d%% p@eé§lﬂﬁetbés¢ﬁ&§<ﬂﬂﬂﬁx§lW§ﬂq2ﬂR§¥Mﬁ thethens. The

present i mMgipdn panlak ayiomat edikRARL USif a problem in the
production 1line results in an inordinate number of
products being rejected, so that less than five products
are available on either consolidation string 230(a), (b) at
position 20(e) then the robotic handling device 200 will
transfer product as necessary to balance product streams
on both sides of the packaging consolidation buffer 230,
and thereby enable removal of product as a 2 X 5 product
array.

10

POST HYDRATION PROCESSING

The present invention was designed for and is
15 particu}arly adapted for use in the post hydration
processing section of an automated contact lens production
facility. Contact 1lenses molded in an automated
production 1line; hydrated in a hydration system as
described in U.S. Patent 5,476,111; and automatically
0 inspected as described in U.S. Patent 5,500,732 are
particularly well suited for consolidation and packaging

by the present invention.
The present invention envisions a multi-purpose
disposable lens package carrier which transports a contact
o5 lens during inspection thereof, and serves as a portion of
the final packaging after inspection. Package carrier 20
is illustrated in Figure 6 and is formed from injection
molded or thermal formed plastic sheet material, such as
polypropylene and includes a planar essentially
30 rectangularly shaped base member 34 having an angularly
depending wall portion 38 at one end thereof forming a
first flange member and a pair of registration flanges
33(a),33(b), one of which is visible in Figure 6, at the

other end thereof which are used to align the package
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and nethod for consolidating products for packaging may be 10 nore readily

understood by one skilled in the art with reference being had to the

foll owi ng detail ed description of the preferred enbodi nents, taken in
conjunction with the acconpanying -grawings, wherein like elements are
designated by identical reference nunerals throughout the 15 several views,

and in which: Figure 1 is a diagranmatic illustration of plural robotic
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registration pins on various support pallets used in the
processing and packaging operations to register the
package carrier and 1lens for further handling or
treatment. Offset from the center of the package is a
cavity 36 integrally formed therein which is of an
essentially semi-spherical configuration, generally in
conformance with a curvilinear shape of a contact lens
(not shown) which is adapted to be stored therein 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. The height "h" of
flange member 38 depending from the planar base member 34
is complimentary to the height or depth of cavity 36, and
provides for self alignment of the package carrier in
cooperation with depending flanges 33(a), (b) on specially
configured pallet carriers, as will hereinafter be
described. Depending flange 38 is also used in the final
packaging of the product in cooperation with a plurality
of generally "chevron-shaped" ridges 32, which will assist
the end user in gripping the package while peeling open a
foil laminate cover.

The cavity 36 also includes a plurality of tick marks
37 which are used to assist in holding a contact lens in
the centered position in the cavity during the removal of
deionized water at one of the post hydration processing
stations. The package carrier is also equipped with an
annular flange 39 which is used for heat sealing a foil
laminate cover in order to provide a hermetic seal for the
contact lens during final distribution. A cut-out 35 may

optionally be provided to facilitate gripping the flange
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Is transferred. Figure 5 is a plan view of the apparatus illustrated in
Figure 4 illustrating both a consolidation buffer and a packagi ng buffer
arranged inmedi ately prior to the packagi ng apparatus. 35 -7- Figure 6
is an isonmetric view of a contact |eng3l carrier which serves as both an
I nspection carrier, and a portion of the final contact |ens package.
7 is an isonetric view of an inspection carrier used to transport a
plurality 88 thd chet paktkhgas whahl it@eS ciovietSistal®d o Foliqunend nidteough t he
aut omat ed ggn§ I NS gc%ion system Figure 8 is an elevation view of the
m?Yg P $¥enti on.
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Base member 34 also includes a smooth planar surface
34(a) to provide a suitable engagement zone for vacuum
grippers on the upper side, and a vacuum rail on the lower
side, which are used to transport the package carrier
during various stages of the operation.

An inspection carrier for transporting the package
carriers through the automated lens inspection system is
illustrated in Figure 7. The inspection carrier 10
includes a first and second row 10{(a),10(b) of cavities 40
which receive the bowl 36 of the package carrier and
provide an optical sight path for the automated 1lens
inspection system. Each of the intermediate registration
pins 41 engage a package carrier on either side, with the
end registration pins 41(a) engaging a single package.
These registration pins provide for precise registration
of the package carrier in the longitudinal dimension of
the inspection carrier while a pair of hard edges
42(a),42(b) provide a reference surface for the downwardly
descending flanges 33(a),33(b), which together with pins
41 register the «carrier package against rotational
skewing. The inspection pallet 10 is further provided
with three registration openings 43 on either side of the
pallet which are used to transport the pallet through the
automatic lens inspection station and to lock the pallet
in place during loading and unloading of the package
carriers. The inspection pallet is further provided with
a pair of grooves 44(a),44(b) which provide a positive
grip for an overhead transport mechanism that places and
then removes the inspection pallet from the automatic lens
inspection system. A pair of slanted faces 45 provide
clearance for the downwardly descending flange member 38

of the package carrier 20.

Fi gure



Figure 9 is a plan view of the consolidation buffer of the present

i nvention, as illustrated in Figure 10 8. Figure 10 is a cross-sectional

el evation view of the apparatus illustrated in Figure 8, taken al ong
section line 10-10". 15 Figure 11 is a cross-sectional elevation
view of the apparatus illustrated in Figure 8, taken along section |line
11-11'. Figure 12 is a diagrammatic illustration of an individuated robotic

handl i ng devi cegdt KangRELAESY £H”#%§Hré ans ﬁaﬁﬁﬁéééléﬂ)ﬁéﬁﬁ(ﬁaﬁﬁhﬂéi
buffer of _the present inventian gure 1is a diagrammatic, illust

t he aut
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by the automated lens inspection system, and secondly, to
provide a receptacle for the final packaging of the lens
for distribution to end use consumers. These package
carriers are molded in predetermined array, typically in
clusters of sixteen per mold cycle, and removed from the
injection mold by a robotic transfer means 60 having a
rapidly reciprocating low mass transport carrier 62. The
carrier 62 includes a hand member 64 having a plurality of
vacuum gripper means thereon which are arranged to
correspond to the: array of mold cavities within the
injection molding machine 20. Carrier 62 reciprocates
along support member 26 and is rotatable from a vertical
orientation as illustrated in Figure 3, to a horizontal
orientation necessary to place the packaged carriers into
a secondary transfer shuttle 68. Secondary transfer
shuttle 68 is used to transport a plurality, i.e. sixteen
of the package carriers from a first receiving position
68 (a) i1llustrated in Figure 3 to a second position 68 (b)
where the package carriers are picked up by a robotic
handling device 50. Robotic handling device 50 1is
articulated, having first and second arms 51,52 and a
vertically reciprocating arm and hand (not shown) having
a plurality of vacuum gripping means thereon which engage
each of the package carriers transported by the transfer
shuttle 68.

The package carriers 20 are then removed from the
transfer shuttle 68 and placed on an inspection pallet 10
at a pallet loading station 11. In the preferred
embodiment the package carriers are molded in a 4 X 4
array to maximize the efficiencies inherent in such an
array for molding, which are transported in the inspection

ation
rati on of
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the present invention, it is understood that a variety of arrays and
configurations may be used in the practice of the invention described
herein. 30 As illustrated in Figure 1, an inspection pallet 10
carrying sixteen product articles 20,;arranged in a 2 X 8 array 20(a) is
transported in the direction of arrow A from an automated inspection system
that has separately 35 -8- reviewed each of the products 20 according to

a predefi rp@lie@rmduah @it exia. aPablet mletnr ARge fwa @@ﬁaﬁgoaréZ(b)
Faure 1. S90der TIR T CANRReIARde BEBACF eritt oo EHE | AEPBERTBn pal I et
10, asiluﬁxansﬁEHSLJindcgraméﬁfmsmnyQ|mspearrmﬁ pal eatb arenséeurned via 5

The loaded pallet 10 is then moved by conveyor 12(a) to a

deionized water injection station 16 wherein each of the

package carriers transported on the inspection pallet are

partially filled with degassed and deionized water. The

inspection pallet is then transferred by a push conveyor

17 to a lens loading area 18 where it is batched with a

second pallet to provide a contiguous loading area with

10 thirty-two package carriers in a 4 x 8 array, each o?

which has been dosed with degassed and deionized water.

A first robotic transfer device 100 having a
plurality of convex lens carrier elements 110 mounted
thereon then removes thirty-two contact lenses from the
15 preceding hydration station as described in U.S. Patent

5,546,111. The robotic transfer device 100 includes an
adjustable 4 X 8 array 102 of convex lens carriers 104
which pick up thirty-two lenses with a first 4 X 8 array,
configuration, and deposits them in the batched array of
20 thirty-two package carriers at staging area 18, with a
single lens in each package carrier. The contact lenses
are transferred from the hydration station to the
individual convex lens carrier 100 with a gentle puff of
air, and retained thereon by surface tension. The robotic
transfer array 102 is paused at station 70 to remove any
25 air bubbles entrapped in the residual deionized water that
wets the lens. Station 70 includes a plurality of
specially configured air nozzles which blow off the
residual bubbles.
30 After the package carriers 20 have been loaded with
a contact lens, the inspection pallets 10 are singulated
by transport push plate 19 and loaded onto a first
overhead conveyor 21. The overhead conveyor 21 then lifts

the inspection pallet 10 from the lens loading area and
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return conveyor 13 to be refilled wth product. A robotic handling device
200 is positioned adjacent conveyors 12, 13 and has nounted thereon a 2 X 8
vacuum array 202 having si xteen independently 10 actuabl e vacuum gri ppi ng
means nount ed t hereon. Pal | et 10(h)gl.s conveyed al ong conveyor 12 to a
predet erm ned product pick point, as illustrated in Figure 1 and the 2 X 8
array 202 is positioned thereabove to renove each of the sixteen products

fromthe trapeceren ican ehel@Quiimatiz Asnisl iuspeatedni Bybkegnr @5], products
20(b), (c) _a een marked with an " mmatically

i || ust rat 8" gépéég&§§§§§ Yt Fowet'or SRVYSEC g%é%ﬁcﬁggg{ TAREPRFScti ce of

t he presebhhrpogénthenausoprodgraimabl énkspgiccionntystemr | 8ftsedthe control

Eﬂe vari oysneLeMBll G Ohelle pf éﬁﬁ%&“Y%%%i0??S€9c£f&§ixﬁﬁj%ﬁ@a}§b'OCk from
e 20 automated i nspection s em having a flTag se or each of the
products 2bfbyd bp) thed S(Qﬂon%aszl@a‘d BMVeron A2 cindpptaced on
conveyor 12(b) for transport to the deionized water
removal station 24. The deionized water is then removed
by a specially configqured nozzle prior to packaging. The
deionized water is used to hydrate and center the lens
within the package carrier during the inspection process,
10 but is removed prior to packaging, to enable a precisg
dosing of a buffered saline solution in the final package.
After removal of the deionized water, the lenses,
package carriers and inspection pallet are transported to
the package removal pick point 25 which clamps the
15 inspection pallet 10 to enable the second robotic transfer
device 200 to remove the package carriers and lenses
therefrom.
A programmable logic controller maintains a status
register for each of the lenses as they are placed at the
50 robotic transfer staging area 18 and receives a flag from
the automatic lens inspection station 15 for each lens
that has failed inspection. The second robotic transfer
device 200 includes a 2 X 8 array of independently
actuable vacuum grippers which engage the package carriers
25 at the package removal pick point 25. Any packages
containing out of spec lenses are then dropped onto
conveyor 14 by the robotic transfer device 200 as
hereinbefore described, and the remaining lenses are
transferred to the consolidation buffer 230 illustrated in
Figures 4, 5, 8 - 12.
30 The consolidation buffer 230 includes a pair of
consolidation rails 230(a), (b), cross sections of which
are illustrated in Figure 12, which receive the 2 X 8

array of package carriers from the second robotic transfer
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After the products 20 have been renoved fromthe inspection carrier 10(b),
the robotic transfer device 200 positions the 2 X 8 array over conveyor
belt 14 and selectively discharges the products 20(b), (c) and (d). Those
products are then renoved by conveyoi714 for subsequent destruction or
recycling. The robotic device 200 then places the remai ning 30 products on
a vacuum consol i dation buffer 230 as indicated at 20(d). The product

array as M88P&si £R8- at THAG(dP ihclBdeErgapsisr FePRBOMSArioR i 588 in the
product féonsoesahtiog fnamsddie reggovalaof HBgieubnof Fee)produsts 35
-9- 20(b) c)_and. (d) fromthe serial producf flow. The cgns l'idation
buf f er 23bl}ﬁ%%ﬁ?ité%da %ﬁl Flgf‘rﬁnegnﬁr}i ﬁr'oduc% R owSEs DEF95E which are
used to cbosbbwelns €e232,234 engage the string of package carriers
and slide them in the direction of arrow C to a first
staging area. A first consolidation of the initial load
occurs during this transport. The strings of consolidated
packages are then further transported in the direction of
arrow C, in which the packages may engage other package
carriers on the consolidation buffer. Eventually, the
10 packages enter the final staging area where they trigger
light sensors 236,238 as previously described. If they
encounter existing package carriers, the intermediate
followers 266, 267 will push the .entire string in the
direction of arrow A until each of the strings of package
15 carriers has triggered its respective light sensor 236 or
238 as illustrated in Figure 1. As the sensor is
triggered, the PLC logic controller signals one or both
pneumatic controllers to reverse the actuating air
pressure for the air cylinders 268, 269 which actuate
20 product followers 266, 267 therby causing them to retract.
A product indexing pusher 340 then returns the product
string in the direction of arrow D to a fixed reference
position where the package carriers can be readily engaged
by the third robotic handling device 300. The Overhead
o5 guide rails are positioned just above the smooth planar
area 34 (a) of each package carrier 20 to hold the package
carriers to the buffer and to prevent shingling thereof
when being driven forward by product followers 232,234,
266 and 267 or indexing pusher 240.
30 The packaging robotic transfer device 300 includes a
2 X 5 array 302 of vacuum gripping means 304 which may
engage ten of the package carriers at the position
illustrated at 230(d) in Figure 5 for transfer to the

indexing turntable 400. The indexing turntable 400
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t he product group 20 (d) with product group 20 (e). Each of the pneumatic
foll owers 232,234 is independently advanced in the direction of arrow C
until the product streamis consolidated. One or nore pneumatic followers
may be used to consolidate and adwance the array along the
consolidated buffer. As product 20(f) encounters product 20(g), the entire
stream of product driven by the 10 pneumatic product followers wll advance
and triggencaudept i @al rseasabla%tumh'tablgenﬁaamg e bgint r cdupspartal for the

progr ammablg, Logi ¢, 6oRLLoL Ler o 0s: RS ol 26 Lhe, prisumal ie produg) ol | over

and retur ower € ini Start position ew'S€, opti cal
sensor 238fgpaAckagescarsiers aand e¢<m¢1a<s¢ grensémrirdme Wrhaaghaging i c

product felLhgwer whgh EE% aggggg prgduct stream has been consol i dat ed.
After consolidation o? t he product, a separate indexing nechani sm 240

returns the enfPrBOPPRHURREEAE kR | Hhe HEORM T thANTIeRAH I5 139 %
predet er njapesiegi HHeat2 OR BOId¥rd rofiUl%% et g-0hadd cab@ndhi nthe [N the
presents Inmgntlonpos&Q%onponso %%glggdex1ﬂgetur%§able is not in
operation, a large buffer area 308 is provided with a
plurality of buffer pallets, one of which is indicated
symbolically at 310 in Figure 5. Buffer area 308 will
accommodate approximately fifty pallets for intermediate
10 storage, or approximately 10 minutes of product stream iﬁ
the event the packaging operation is temporarily
interrupted for resupply, maintenarce or adjustments.
After the 2 X 5 array of package carriers has been
15 deposited on support pallet 410, the pallet is rotated to
position 412 where optical sensors verify that a package
has been loaded at each position and that the packages are
correctly aligned on the pallet. Indexing turntable 400
is then rotated again to station 414 wherein each of the
0 individual package carriers are dosed with approximately
950 microliters of a buffered saline solution. The use of
deionized water in the hydration and inspection steps
significantly speeds the production line as a whole since
the time consuming ionic neutralization of the polymer
from which the lenses are made does not occur until after
2> the inspection process. When deionized water is used for
hydration and inspection, 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 final 1lens equilibration (ionic
30 neutralization, final hydration and final lens
dimensioning) is accomplished in the package at room
temperature or during sterilization after the lens has

been packaged and sealed.
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I ncl udes both noveabl e and fixed guide rails which permt sliding novenent
of the product along the rails in response to product followers 232,234,

but which will prevent "shingling" of the product during consolidation. 25
A package feed robotic handling -flevice 300 is positioned between the
consolidation buffer 230 and a packagi ng station 400, and is equi pped with
an array 302 which contains ten vacuum gripping neans arranged in a 2 X5
matri Xx. The ZtX haw r PeedD? degefrimistedposmpiioedlayer thabdutt gisup 20(f)

and the VQféé‘i'Pa@ﬁprhQQ EB2RS Fﬁaaek%ﬁge% Bg%&ﬂgéﬁwlﬁh é&&énégn

product® fromthe vacuum consolidation rai a |ng robotic
handl i ng ddicEhgopreaent phryentses h%engsgdatqaaqtm@p@gre 0110&0 product

group 20(fmor@v/ethhAsitiikben ORihliecRadAYidlh the removal of the
deionized water at station 24 (illustrated in Figure 3)
and the dosing of the saline solution at station 414 in
Figﬁre 5. The programmable logic controller which
previously received the inspection results from the
automated lens inspection system and correlated those
results to the individual lenses, also time stamps the
10 individual lenses at the pick up point 25, immediately
following the removal of the deionized water at station
24. This time stamp is transferred through consolidation
and into the 2 X 5 array when removed by the packaging
robotic transfer device 300. In thé event the indexing
turntable 400 is not operational, and the 2 X 5 array is
stored in the buffer 308, then the X,Y coordinates of the

2 X 5 array are stored with the time stamp to enable the

15

packaging robotic transfer device 300 to select "fresh"
product, i.e. less than fifteen minutes old, at the time
0 the indexing turntable 400 resumes operation. After
operation is resumed, the robotic transfer device 300 will
then dispose of the "expired" product, rather than
transferring it to the indexing turntable.
After saline dosing at station 414, the saline level
25 is checked at station 415 and the support pallet is then
rotated under a final product check station 416 to a foil
receiving station 418.
As described earlier, each group of package carriers
20 receives a single laminated foil cover sheet which is
30 heat sealed to the package carriers. The laminated foil
stock 432 is fed from a large indefinite spool through a
tensioning device 434 to an ink jet printer 436 which
prints the lot, batch and power number of the lenses to be

packaged. The foil laminate is cut from an indefinite
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| indexing table 400, and drops the array of products onto support pall et
410 nount ed on the packagi ng i ndexi ng tabl e 400. For the purposes of
illustrating the operation of the invention, only a single support pallet
410 is 5 illustrated on the packagi ngg-ndexi ng table 400, although it is
understood that in actual practice eight such support pallets are provided,
one for each index position. The ten product units 20(g), carried by
support pakehgthd4pboduet tiheto itndexedips phst tawn edtorsgaleducto wdre fication,

and to positign S equent ct o |.ng. operat gPQ. ring
packagij_ng,§ é(he Bg%é‘g%? n%’plga e'go t%’gé‘g%ot‘?%ta esrag:uepglor r;’Jp Igtu?{MO from

pos-iti onstyipesi tThe foilknkblketweepreattivtal ttheumbarkpgss esaG R

packagi ngist g e d dnﬂ gggg'dyégga(yg @Radl &t he
operati on1 of E§cchﬂéQm%ogc g%%l%vg{lﬁ{dfexéf_cn%gfe t arlf A?OO, the i ncgm' r?g pr oduct
arriving &hecepRerTefat foreeRATate J3viieldusipMaskadesstiady the & Buffer area

308 whi chshags-rayplak akhty ralebuHerppatihét s i81igeeni t i pned pakkerailn. Wien

> scoring is done with a series of rolling blades 440(a)- (d)

which are pneumatically biased into a drum 439. The foil

is then split into two strips by a foil slitter blade 441

and the foil passes through a stationary gripper and
10 sensing mechanism 442. A video camera 438 and a series oﬁ
sensors at station 442 are used to provide precise
alignment of the information printed by the ink Jjet
printer 436, with the printing fields into which said
printing is placed, and the alignment of the perforations

15 or scores provided by rolling blades 439. An advancing
gripper 434 is provided to draw a length of foil laminate
corresponding to the 1 X 5 array and sever the strips with
a rotating knife 444. At the completion of this cut, the
advancing gripper 434 has advanced in the direction of

50 arrow E in Figure 4 to place the 1 X 5 foil strips under
vacuum gripping heads 418(a), (b). These vacuum gripping
heads then reciprocate downwardly to grip the foil, 1lift
it from the advancing and cutting station 434, and
transfer the foil to the indexing turntable 400 at the
foil placement station 418.

25 The indexing turntable 400 is then rotated again, and
a heat seal mechanism 420 seals a single strip of foil to
five separate package carriers in a single high
temperature short cycle sealing operation. Indexing
turntable 400 is then rotated to position 422 where a

30 reciprocating transfer head 446 removes the sealed product
from the indexing turntable 400 and transports it in the

direction of arrow F for sterilization and cartoning.
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t he packaging index table 400 resunes operation, the package robotic
handl i ng device 300 wll then transfer products in the 2 X 5 arrays from
the buffer pallets 310 to the support pallets 410 on a first-in, first-out
basis. If the product being handled_pg-tine sensitive, the programabl e

| ogic controller can generate a tine stanp to be placed with each product
array as it is transferred fromany given processing station to any
subsequent processing statthencohBusidattionepatdap may be pl aced on the
product when inspected, or when transferred to the buffer area 308. If the
producty is transferred to buffer 30 308, the X, Y coordinates of the array
are al so stor emhw' tdortsed. itdarte ot abmffén‘ tlfie ttHarepsesent i vavantdonent

SQEL;angﬁig %%§¥ dl ngqgéV|ce onr%ﬁﬁaﬁ%%ﬁ%d_oggrqgj Qi e

230(a),(b represent a pair of elongated buffer rails and

an elongate side rail 230(e).

As illustrated in Figure 12, the second robotic
transfer device 200 includes a 2 X 8 array 202 of
independently actuable vacuum gripping means 204 which
pick a 2 X 8 array of package carriers from pick point 25,

10 immediately following the removal of the deionized wate§
as previously described with respect to Figure 3. The 2
X 8 array is then moved to position 230(c) as illustrated
in Figure 5 and 8, and as illustrated. in cross-section in
Figure 12 wherein the individual package carriers 20 are
15 positioned immediately above the buffer rails, and then
lowered into engagement therewith, to enable the buffer
rails to engage the smooth planar surfaces 34 (a) of the
package carrier 20. The vacuum gripping means 204 are
then released, depositing the array of packages on buffer

50 rails 230(a), 230(b).
The buffer rails 230(a), (b) include three sections,
a loading section denoted as 230(c) in Figures 8 and 9, an
intermediate section and an end section or package lift
off area indicated at 230(d) in Figures 8 and 9. The
packages are deposited on the buffer rails 230(a), (b) as
25 illustrated in Figure 12, and then transported the length
of the buffer rail by one or more pneumatic product
followers. Inasmuch as the packages transported by the
present invention, generally indicated in Figure 6, are
thin and 1light weigh;, there is a tendency for the
30 packages to "shingle" during transport. This problem was
addressed in the parent application by the use of wvacuum
rails which exerted a 1light pressure from below to

maintain the packages in contact with the buffer rails.
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di scard expired time sensitive product, and will transfer only product

neeting the tinme sensitive criteria to the support pallet 410.

Li kew se,

if a problem in the production line results in an inordinate
nunber of products being rejected, sogphat less than five products are
avai l abl e on either consolidation string 230 (a),

(b) at position 20(e)

then the robotic handling device 200 wll transfer product as necessary to
bal ance prntuwhe Yredamr dnviedthosi, deniel fuhetpaakag pgeconmeli dgt aon buffer
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320 /$2véf Cup and out of the way during loading of the
packages as illustrated in Figures 10 and 12. In the
intermediate section of the consolidation buffer 230, the
guide rail members 242 (a), 242(b) are fixed, with a 0.5mm
clearance above the nominal height of the package. This
clearance provides for adequate transport of the packages
without allowing shingling thereof. A third pair of hold
down bars 243, 244 are nominally maintained in the lower
position illustrated in Figures 8 and 9 when the package
arrays are received, but open for package 1lift off as
illustrated in Figure 11.

The packages are transported the length of the buffer
rail by at least one pneumatic product follower, which was
illustrated in the parent application as a pair of rodless
cylinders. While a single drive, traversing the entire
length of the consoclidation buffer 230 has proved to be
adequate and satisfactory, the ;onsolidation buffer 230
illustrated in Figures 8 and 9 uses a two stage drive that
provides a faster cycle rate, thereby allowing a higher
throughput for the consolidation function.

As illustrated in Figure 8 and 12, the first stage
drive is indicated by a rodless cylinders 250({(a), 250(b)
which travel on pneumatic guide rods 252(a), 252(b}
throughout the length of the input zone 230(c). A second
rodless cylinder drive mechanism 260 is used to transport
the consolidated packages the remaining length of the
buffer 230 into the package 1ift off =zone 230(d).
Suitable rodless pneumatic drives are available from
S.M.C. Pneumatics, Inc. a Japanese Corporation having

sales offices in Chicago, Illinois.



particularly well suited for consolidation and packagi ng by the present
I nvention. The present invention envisions a nulti-purpose disposable |ens
package carrier which transports a contact |ens during inspection thereof,
and serves as a portion of 25 the figgl packaging after inspection.
Package carrier 20 is illustrated in Figure 6 and is formed frominjection
nol ded or thermal fornmed plastic sheet material, such as pol ypropyl ene
and i ncl udesaftar t¥idpRringesHefta alreyl rasisngyyl apdy, sizmedtbase menmber
For mng SCPT7el AR PATSE AAETa PalPYBR PRGRsRAE: BarTaaesy o
33(a), 33(d) ,reonermof shhbkh ifron sibfiexing Fippshert, 24¢ ©ind opaekasdd t her eof
whi ch areré%ﬁ%htﬁié#QSQEGEQQ)PaﬁgPQEE%éll bélﬁéreinafter explained
in greater detail. The rodless cylinder 260 travels a
fixed guide rail 264 and includes a pair of pneumatically
engageable package engaging followers 266, 267 which are
reciprocated upwardly to engage the package string for
transport in the direction of arrow C, and then retracted
during the return stroke to enable an advancing package
array to be transported over the engagement point E. Each
10 of the package followers 266, 267 is mounted on a separaté'
pneumatic cylinder 268, 269 which are fixed to the
carriage 260 of a rodless cylinder which reciprocates
along rail 264. Each of the package followers 266, 267
travel in a space defined between the two buffer rails
15 230{(a), 230(b) as illustrated in Figure 10. The limits of
travel of the reciprocating carriage 260 is illustrated in
Figure 8 with the initial or home position of the carriage
260 illustrated in solid lines, and the nominal end stroke
position illustrated in dotted 1lines at 260(a). As
20 illustrated in Figure 8, the pneumatic cylinder 268 (a) has
elevated the package follower 266(a) to its upward package
driving position. The sensor array 236, 238 mounted in
bridge 270 signals when the leading edge of the
consolidated package array reaches the end of travel of
25 the consolidating rails 230(a), 230(b). Infra red sensors
are used, and generate a signal for the PLC the controller
halts the advance of the carriage 260 and the PLC begins
the return stroke to the home position illustrated in
Figure 8 when both sensors have triggered, or when
30 carriage 260 reaches its end of stroke position.
After the rodless carriage 260 begins at return
stroke, a pneumatic cylinder 340 (the index pusher)

advances package plate 262 in a direction opposite to the
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carrier for robotic handling. Thi s package carrier is nore fully
described in copending application U S. S. N 995,607, the disclosure of

whi ch is incorporated here by reference thereto. Regi strati on not ches
31(a), (b) are provided on either sidessf the base 34 to cooperate with
regi stration pins on various support pallets used in the processing and
packaging operations to register the package carrier and |ens for
further hasdirowg ©r ta ezehwvnt. a Cbhsef iflabedt rpmcdmgearamfrayhetq»atakage is a

cavity 36 rei c n | I
sem - sph‘ler|b?tglagrcfg%#3}i r’?{ | oIIaQEg‘ngle (ﬁrﬂt Pt;\é% {’%)?rra & wﬁ-tekﬁ4 agcurw | i near
shape of apéﬁhﬁa‘étapé@]}s %%ta%mﬂlcwrﬁ]dh descridsdewittd respestted ot her ei n

in a seal e¢igapdi tii.on mlené&m&%ﬁ@ddwv@ §¥bt39b§néé§rth@ & Bauey g% sol ution
I n a manner_si mI to th described in U.,S. Pat ent 820

Martinez. T§herHh € n3p2 Jio 1 Paffd ishtiert u§§r&§§é’n&|tn§6f2r(éﬁn iRe pI anar
base nenbeFigdreé w conplligentaey fiost e hed glvtragr mherat brefetavintiied6, and
prov'deésf85$§€££na¥d¥”gggoégctgﬁcgagéege %?rghen returns to the
position illustrated at 262.
Shingling of the package carriers is prevented by
means of a longitude vertical restraining guides 240 and
10 241, 242(a), (b) and 243, 244 as will be hereinafter
explained with respect to Figures 8-12. In the load
section 230(c) a pair of guides 240, 241 are mounted for
pivotal movement on shafts 277, 278 and are rotated by
rotary actuators 279, 280 from the poéition illustrated in

15 Figure 12 to the dotted line position 240(a), 241 (a)
illustrated in Figure 10. The rotary reactors 279, 280
may be pneumatically, hydraulically or electrically
powered, but in the preferred embodiment are pneumatically
driven.

50 As illustrated in Figure 12, when the robotic head
202 drops the inspected package array on to the
consolidating buffer 230, the respective array of packages
are arranged to be supported on a rail which extend the
length of the consolidating buffer. Each of these rails

25 define 1longitudinal cut out 230(f) and 230(g) which
receive the downwardly sloping angled flange member 38
illustrated in Figure 6. The bowl member 36 of one string
of package is 20 is received in a space 230(h) define
between the first buffer rail 230(a) and the second buffer

30 rail 230(b). The bowl member 36 of the second string of
packages 1is received in a second space 230(i) define

between the second buffer rail 230(b) and an elongate

support rail 230(e). After the package carriers 20 have

been deposited in the position illustrated in Figures 10-
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cooperation with depending flanges 33(a), (b) on specially configured pallet
carriers, as wll hereinafter be described. Depending flange 38 is also
used in the final packaging of the product in cooperation with a plurality
of generally "chevron-shaped" ridges,32, which will assist the end user in
gri pping the package while peeling open a foil |amnate cover. 25 The
cavity 36 also includes a plurality of tick marks 37 which are used to

assist inibhgl ding poeriacielese oot ey cant Ric@ckdOoshdi enhel rdtercavity
pr ocoss ngSEREHRs 2 e Lk AUR AR | & FECAr o BatepReltRth 240 30

annul ar f hadge4 39imtw ch popitded byerhehe Skatl ipigread @drdiam rfd@)cover in
G stri but Donbeakade "AFIArs 87 i od TR RRAE AR et Banad

gri ppi ng iheof pasgeigs, the rodless carriers 250(a), 250 (b} begin

their advancing stroke in the direction of arrow C
illustrated in Figure 8 to consolidate the array, and move

it to the hand off point E illustrated in Figure 8. After

the rodless cylinders 250(a), 250(b) have completed their

stroke as indicated by the dotted line illustration 250 (c)

in Figure 8, they return to their home position to await

5

10 :
a new array of product. During this advancing stroke, the

package array has been consolidated and advanced from the
moveable vertical guides 240, 241 to a position beneath
the fixed wvertical guides 242(a), (b). During this
stroke, the package follower 232 has traveled in the space
230(h) defined between the buffer rails 230(a) and 230(b)
while the package follower 234 has traveled in the
longitudal space between buffer rail 230(b) and the

15

vertical support 230(e).

At the hand off point E, the package followers 232,
234 have advanced the entire consolidated array past the
hand off point E so that when the pneumatical cylinders
268, 269 are actuated, the second set of package followers
266, 267 are advanced upwardly behind the consolidated
array. The entire array is then advanced under the fixed
vertical guides 242(a), (b) in the direction of arrow (c)
to the end position or hand off position indicated at
230(d) of Figure 8.

At the hand off position, the two vertical package
guides 243, 244 are mounted on a single rotary arm 245
which is pivotally mounted on shaft 282 which is rotated
by rotary actuator 284 from the position illustrated in
Figure 11, to the dotted line position 243 (a), 244(a)
illustrated in Figure 11. It should be noted that Figure

20

25

30
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-13- 38 and the package when the cover stock or foil lamnate 1 is renoved
for consuner usage. Base nenber 34 also includes a snooth planar surface 34
(a) to provide a suitable engagenent zone for vacuum grippers on the upper
side, and a vacuumrail on the | ower_side, which are used to transport the
package carrier during various stages of the operation. An inspection
carrier for transporting the package carriers through the automated | ens

i nspecti onitsystiemsi $hd ldmigcdtiedit img Mufifer 230 fddwe thaspepbisanecarri er

10 incl udes. L d n w1 0{a),d 0(h)..of caviti Lch receive
t he bowg 3 1g?£F%§hp3§ka§§5%%?rﬁ§f anégpéﬁﬁqggpgﬁ(ﬁﬁ?%%ﬁ %ﬁghrﬁggth for
t he aut oneadvianeirg | aspaytobnceysebidated hpatkades | paesaedunderragi stration

Pins 41 engage, a-PACKEASEALELEY Qﬁ‘s?iﬁﬁﬁ’rwﬁiéﬁz Lhibatde gndipRghstration
pins 41(a)_engagi ng a singl e package._ These reglgtratlon pi ns provide for
preci se ré@?%%h@ﬁiéi? cont¥oller to individually retract the package
followers 266, 267 to thereby halt the advancing array of
2 packages and to return the rodless cylinder 260 is then
returned to its home position after both package arrays
have reached sensors 236, 238. Simultaneously, pneumatic
cylinder 340 begins its index stroke to return the
10 consolidated array to the pick up position for pick up by
the robotic head 302 as previously described with respect
to Figure 1. While the return cylinder 340 is positioning
the package array, the rotary actuatars 284 rotates shaft
282 and the support arm 285 thereby lifting the vertical
guides 243, 244 free of the packages 20 enabling pick up
by the 2 x 5 robotic head 302. After the robotic head has

cleared the 2 x 5 array from the package lift off 230(d)

15

the rotary actuator 284 rotates shaft 282 to bring the
cross member 245 and the vertical restraining gquides 243,
244 Dback into position over the buffer rails 230(a),
230 (b).

Vertical guide 240 in the input section of the

20

consolidation buffer is mounted on a pair of rotating arms

220, 221 on shaft 278 which is journalled for rotation in

the support frame member 222 and bridge member 224.
25 Likewise, the moveable vertical guide 241 is mounted
between a pair of rotating arms 223, 224 which are
supported by shaft member 277 which is journalled for
rotation in frame member 222 and bridge member 224. The
fixed vertical restraint guides 242(a), (b) are fixably
30 supported by bridges 286 and 288. The package 1lift off
vertical restraint guides 243, 244 are supported by arm

members 245(a), 245(b) and shaft member 282 which is

35



of the package carrier in the |ongitudinal dinension of the inspection
carrier while a pair of hard edges 42(a), 42(b) provide a reference surface
for the downwardly 20 descending flanges 33(a), 33(b), which together with
pins 41 register the carrier packagezagai nst rotational skew ng. The
inspection pallet 10 is further provided with three registrati on openings
43 on either side of the pallet which are used to transport the pall et

t hr ough tjmummabhed | fotremstahspectinonhst firnaome auprgartd cukmhée padélet 25 in

pl ace durg i Eqﬁ}% di ng of the package carriers. The inspection
pall etlis ur}%)ﬁlgégé;?%w ezg@vﬁh a pair of grooves 44(a),44(b) which provide

a positive gripWhdleahsyénrendien dinpdreempabiryhat het ShPweeandnd then
o o e S prag B L e v
d)éscendi ﬁ&eﬁegﬁgegﬁe% + B3 Wf?%oﬁggPﬁgEhE%r?}é{fg%‘g Hy the art d
that the foregoing, and other changes in form and details,
2 may be made therein without departing from the spirit and
scope of the invention, which is limited only by the scope

of the following claims.
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-14- As illustrated in Figure 3, an injection nold machine 1 30 is used to
nol d the pol ypropyl ene package carriers 20 whi CliniS$HeM @la@BddnlRéplpddr POSE 1N

the invention concept. First, to provide a carri ection of
the lens by the automated | ens i nspectgon systemjmﬂm]lglawumr to provide
a receptacle for the final packaging of the |ens on to end

use consuners. These package carriers are nolded in predeterm ned array,

typically Wi @AM ers of si xteen per nold cycle, and renmoved fromthe
injection nmold by azgpbotitdransf SF’P?@?%EG%Q%W 09 &5 P

reci protating | ow mass transport ca e carfrier [ ntcl'feudes a
hand nmenbéMEMMatad RASKITinGl ¢f ycontgaeudangesppar anmamnd adverlers whi ch are

arranged tfamrdidaesipendaciQithe aahayapbatBtdsCa¥hblesingd thin the injection
nol di ng machi ne 20. ( Carri er. 62 reciprocates al ong support nenber 26 and
is rotatable from a 9@rt?cal rst robotic transfer device for
periodically transferring a first predetermined array of
individual packages from an inspection station to a
consolidation buffer;
(b) a controller for tracking and identifying
individual packages containing contact lens inspected at
10 said inspection station, said controller including memory
and logic for storing the identity of individual packages
containing contact lenses determined to be out of
specification by said inspection station and genérating a
signal to cause said first robotic means to discard any
15 said individual package identified by said controller as
being out of specification; and
(c) said consolidation buffer having at least
one elongate buffer rail and at least one product follower
for each rail to consolidate packages deposited thereon,
0 (d) a second robotic assembly for periodically
transferring a second predetermined array of individual
packages from said consolidation buffer to a second
processing station.
2. An automated apparatus for controlling the
25 automatic packaging of contact lenses as claimed in Claim
1, wherein said controller further includes logic for
determining whether said second processing station is
available to receive said second predetermined array of
packages in any period, said controller further enabling
30 said second robotic assembly to transfer said second
predetermined array of packages to an intermediate storage
area when it is determined that said second processing
station is not available to receive said second

predetermined array of packages in said one period.

35
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orientation as illustrated in Fi gure 3, to a horizontal orientation
necessary to place the packaged carriers into gpsecanfdasy, REpaf er shuttle

68. Secondary transfer shuttle 68 is used to t rality, i.e.
si xteen of the package carriers fromag-first rec’&ﬂﬂﬂlauﬁlﬁnlgn 68(a)
Illustrated in Figure 3 to a second position 68( ackage
carriers are picked up by a robotic handling device 50. Roboti c

handl i ng devi e 5@n i auapmatcalat egpahatismg for stcaandraldcionyl arhes 51, 52
and a verty L ecl pr LN hand t. S ' lurality
of vacwmggg?%%?{hé %%\%gﬁér%foﬁé%%% engag%ggafcﬁ%eh%%\é{aq aagé‘P carriers
t ransport @dwhgrehe saithgfascodlidetioncBuf ftre utkalgs carfdiréts 12PWre t hen

removed feaklibe tHAPSST aShtilddie §BoaRk PaEeEwaR, alddISRe G Rngpal | et 10
30 at a, pallet  loadin station, 11. In the preferred enbodi nent
t he packagétégF‘PFié%earEugéﬁéeds?‘ﬁthoq g ap t $&FAd PEodvet
ef ficienceeslowber @RichnteeBpaptar £aysbidavkdi pgodubt Choaka ehansport ed
'n thedngpegtign
4. An automated apparatus for controlling the

automatic packaging of contact lenses as claimed in Claim

2, wherein said controller further includes a timer for

10 generating first time stamp data for each identifieé.
package in said first predetermined array of packages
prior to transferring said first predetermined array from
said inspection station.

5. An automated apparatus for consolidating serial
15 product flow wherein said product flow includes a series

of discrete product units, said apparatus comprising:
(a) at least one serial product line having
random variations in serial product flow;
(b) a consolidation buffer for receiving said
0 serial products from said 1line, at least one product
follower for consolidating random variations in said
product flow and guide means to present product shingling;
(c) an automated output device for selecting a
predetermined number and arrangement of product units, and
transporting said number and arrangement to a subsequent
25 processing station.

6. An automated apparatus as claimed in Claim 5
wherein said apparatus further comprises a robotic
transfer device for receiving said serial product flow,
and ejecting individual product units in response to a
30 quality control evaluation, said individual ejections
creating said random variations in said product flow.

7. An automated apparatus as claimed in Claim 5

wherein said predetermined arrangement of output units

35
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35 -15- pallet 10 in a 2 X 8 array. Wen these two arrays are used,
robotic handling device 50 nakes two separat shebiRnBéeReplacand transfers
a 2 X4 array in each transfer. The | oaded pall €t ved by
conveyor 12(a) to a deionized water impection SSH“M i n each of
the 5 package carriers transported on the inspect et are partially
filled wth degassed and dei oni zed water. The inspection pallet is then

t r ansf er r echdyudespush XoNveyparayl 7of ouaikens andadiaigl aceasdBidieienit is

bat ched w e I o\, ' ! aﬁadll with 10

t hi rty-1\/\oﬁd|c])fac éaggggg?(?%erg]gi %83% x\kI g&g?)regfgfeg%ﬁ&%fi | cﬂlgﬁgaé@ een dosed
wi t h degadueifensl dei oni zed water. A first robotic transfer device 100

having a pluralgty ofy CRRVEXat&AS apRRkheLsC| RN Siddd FRURLGAm 7

wherein said apparatus further comprises a control means

which stores a status for each of said individual product

buffers, including.a count for each random addition of

product, and a count for each selection and transport by
said automated ocutput means.

9. An automated apparatus as claimed in Claim 8
wherein said robotic transfer device will transfer
10 products between individual buffers to ensure said X,Y
array of units for said automated output device.

10. An automated apparatus as. claimed in Claim 6
wherein said robotic transfer device includes an array of
independently actuable vacuum gripping means.

15 11. A consolidation buffer for consolidating a
plurality of products having random variations in product
arrangement, said buffer comprising:

(a) at least one buffer rail, said buffer rail
having an input end and an output end, said buffer rail

20 receiving a plurality of products with random variations
in the arrangement thereof at said input end, said buffer
rail having at least one elongate vertical guide rail to
prevent shingling of products during consolidation and
transport; '

25 (b) at least one product follower mounted for
reciprocal movement along said rail from said input end to
said output end, said product follower engaging products
placed on said rail and sliding them along said rail from
said input end to said output end;

30 (c) at least one longitudinal drive for

reciprocating said product follower along said rail; and

(d) a sensor for determining the presence of

product at the output end of said rail, and initiating a

35
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thereon then renoves thi rty-two contact |enses fromthe 15 precedi ng

hydration station as described in U S. Patent Bee“ dr obot i c
transfer device 100 includes an adjustable 4 X convex | ens
carriers 104 which pick up thirty-twoshenses WI 8 array,
configuration, and deposits themin the batched array of 20 thirty-two
package carriers at staging area 18, with a single lens in each package
carrier. TQEgﬁamt &oitr |SH'IﬁdBSlaf1§ltﬂﬁﬂﬁiBr ﬂedvéram thec fhytsedt@nsatdtion to
t he individua co %/O 10eens tcarrnecq llrQOt q_I entle puff of air, and
retainedq 788" b P face T st O "Fihe & T transfer array 102 IS
paused at statlon 70120 Aeqoneohn@aawnbhbﬁfes €orrappedlidathegrasi dual

dei oni zed t nel u pIurallty
of speci al con]T | gurfvﬁtrglldrutc%%zz %\%nraﬁgbﬁobgg%?zgﬁgbr gt‘ll ?5?u§t
After the %ﬂé&ﬁk@@@ﬂ%@ﬂ|@$5012@l'h9@ellbe@ha¥@aéléd wheredn ceaidcbuféas, the

i nspecti one PR RS SiddL & Sd NS @FRdi RiekE ANBEPLT Le PUSHI Y aﬁ?ocl&c@é\d | oaded

onto a birst
received at said sensor to a predetermined product output

position.
13. A consolidation buffer for consolidating a
plurality of products having random variations in product
10 arrangement, as claimed in claim 11, wherein said buffe?
includes at least two parallel buffer rails adjacent each
other, with independently actuable product followers for
each rail. _
14. A consolidation buffer for consolidating a
15 plurality of products having random variations in product
arrangement, as claimed in c¢laim 11, wherein said
longitudinal drive is a pneumatically actuated rodless
cylinder.
15. A consolidation buffer for consolidating a
plurality of products having random variations in product
20 arrangement, as claimed in claim 11, wherein said buffer
includes first and second product follower which together
transports products from said input end to said output
end.
16. A consolidation buffer for conscolidating a
25 plurality of products having random variations in product
arrangement, as claimed in claim 15, wherein said buffer
includes an input section, an intermediate section and an
output section.
17. A consolidation buffer for consolidating a
30 plurality of products having random variations in product
arrangement, as claimed in claim 16 wherein the elongate

vertical guide rail above said input section mounted for

35
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pallet 10 fromthe |ens | oading area and 35 - 16-
automatic | ens inspection system 15, and particul arl

over head conveyor 21. The overhead conveyor 21 theﬂﬁl'ft
for transport through the automatic |epns inspection Eﬂiﬂ;

5,008, Laspget i on

f 0 the
ISk
f t he

15( b)

| enses have been inspected, the inspection pallet is |lifted by the second
over head conveyor 22 and pl aced on conveyor 12(b) for transport

dei oni zed yAkRtaleRBVaheftatiOn Z4fidHe Eenadl Z@sk Wat Qod ix idierntd emoved by
a specially conflﬁpred nOézbﬁégrlor.to Eackaglng. The dei oni zed wat er

used to hydFEER%

| nspection process,

10
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plurality of products having random variations in product
arrangement as claimed in Claim 16, wherein the vertical
guide rail above said end section is mounted for pivotal
movement from a first consolidated position above said
buffer to a second retracted output position.

19. A consolidation buffer for consolidating a
plurality of products having random variations in product
arrangement, as claimed in claim 16, wherein said buffer
includes longitudinal guides for restraining lateral
movement of said product when sliding.

20. A consolidation buffer for consolidating a
plurality of products having random variations in product
arrangement, as claimed in claim 12, wherein said buffer
includes at least two parallel buffer rails adjacent each
other, with independently actuable product followers for
each rail, said indexer returning products on both rails

to said predetermined position.
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dosing of a buffered saline solution in the final package. After renoval of
the deionized water, the | enses, package carriers and inspection pallet are
transported to the package renoval pick point 25 which clanps the

i nspection pallet 10 to enable the sedand robotic transfer device 200 to
renove the package carriers and | enses therefrom A progranmmable |ogic
controller maintains a status reglster for each of the lenses as they are
pl aced at the robotic trads 10N i SCBO8HREr ecei ves a flag from 20
the automatic | ens inspection station 15 for each lens that has failed

i nspectilon. The second robotic transfer device 200 includes a 2 X 8 array
of i ndependent | JhacRFESERLy aRNBR G pes s WFECHS8ndeyeBR hEUSREREGE carriers

at the pacxpggraeﬂyvabrplc@ﬁgmllr&at12@ seriHL w@«g@& §Dﬁirawmelfrgmut of
spec Ienses are heE drogg g Snto co veyor ¥ t he rgﬁ i t ransfer
devi ce 20038 REPEPRBefPY d8SLH Sédraﬁ i H@rnléﬁﬁ AP ng™ 5 q¥e

5 The present invention provides a consolidation buffer for

ek |

receiving the serial products from the production line,
and then consolidating random variations in the product
flow. The automated robotic handling means then selects
a predetermined number and arrangement of product units
and transports that number and arrangement to a subsequent
10 packaging station for packaging, sterilization, and final

shipment.
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S e

transferred to the consolidation butfer 230 illustrated |nJF|gures 4, 5, 8
- 12. 30 The consolidation buffer 230 includes a pair of
consolidation rails 230 (a), (b), cross sections of which are illustrated
in Figure 12, which receive the 2 X 8 array of package carriers fromthe
second robotic transfer 35 - 17 - means 200. This 22 X 8 array is
deposited on the consolidation buffer 230 at - posi 230(c), as
illustrated in Figure 5 and 8. A pair of pré ps- 232,234
engage the string of package carriers and slide themin the dirgction of
arrow Cto a first 5 staging area. A first consolidatizon oflthe\initial

| oad occurs during this transport. The strings of consglzi dat ed packages are

then further transported in the direction of B 2§CQP
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arrow C, in which the packages may“engage ot her package Cafriers on the
the 10 packages enter the final

consol i dati on buffer.

descri bed.
foll owers 266, 267 wll
unti |
respective |ight sensor 236 o
the sensor .is triggered,
pneumatic controllers to reve
cylinders 268, 269 which actu
causing themto retract. A pr
product string int directi
where the package cargt+ers ca
handl i ng devi ce 300. { -The Ove
"the snoot h pl anar aré&-34(a)

et Has Been

"W

t hé

Eventual |y,
staging area where they trigger

I f they encounter exis
push the entir
each of the strings of package 13|c

a
skri

i'ers has triggered its

236, 238 as previously
carriers, the internediate
n the direction of arrow A

. As
bot h

e air

r by
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d, | above
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carriers to the buffer and tqQ prevent_shingling thereof when being driven
forward by product followers 232,234, 266 and 267 or indexiTg her 240.
The packagi ng-robotic transfer devicé 300 includes a 2 X 5-arr 302 of

vacuum gri ppi ng nmeans 304 whi ch nmay engage ten ofwthe package riers at
the position illustrated at 230(d) in Figure 5 for transfer toptiNe i ndexing
turntable 400. The i ndexing urnt abl e \ Q=85 - alnglyde rotatabl e
turntabl e having ei ght support 1 paf/lets 410Q][TOMR: Fritay el r' recei veong
the 2 X 5 array of package carrigrs{and contjggt 7 e f g&?g
robotic transfer device 300. In | operdflllo Biabot ste

devi ce 300 deposits the 2 X 5 array on suppd

THIC by, TREer

1\
position. |If the indexing turntable is not N i =¥ N RN
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operati on,

a large buf f er area 30& i ) ge with a plu
pal l ets, one of which is indicatedZs at 310 in
area 308 wi Il accommopdat e appr oxi mat- I'%E ﬁﬂ‘ allets for
storage, or approximately 10 mi nutes t streamin

d fer resupp

packagi ng operation is tenporarily in

rality of buffer
Figure 5. Buffer
i nternedi ate 10
t he event the
|l y, maintenance or

adj ustnents. After the 2 X 5 array: : catriers has been deposited
on support pallet 410, the pallet ate FPOSi t 412 where opti cal
sensors verify that a paﬁ?age ha o3 '%§§§¥- nd that the
packages are correctly dl1gned on thag¥mN QOEXT TR able 400 is
then rotated again to s tion 414 ; : dual package
carriers are dosed with approxinpgte 20 Het=toerS=atda Jouf f ered sal i ne
sol ution. The use of deionized wete th 7UT§TT?FF%ﬁﬁ$i nspection steps
significantly speeds the productionf H whol e sincelfjhe tine
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g

from which the | enses are made does not

N

QF r until after 25 the inspection

process. Wien deioni zed water is used fog] ation and inspection, the
final step of the process is to introducgs red saline solution into the
final package with the Iens and then seal e Tens wthin the package so
t hat final | ens equilibration (ion eutral i zation, final
hydr ati on and final | ens di rensioni spszacconpl ished in the package
at room tenperature or during steyiygati bér the | ens has been
packaged and seal ed. 35 - =TS bee®Ely m ned enpirically that it
I's desirable that soft contadgiillerses—Pp accordance with the
present invention be exposed Jat osph 3?1 nore than fifteen m nutes
bet ween t he renoval oﬁnthe l MG T}
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dei oni zed water at station 24 (itlustrated in Figure 3) and the dosing of
the saline solution at station 414 in 5 Figure 5. The progranmabl e

l ogic- controller which previously received the inspection results from
the automated | ens inspection systemand correlated those results to the

I ndi vidual |enses, also tinme stanps the |10 individual |enses at the pick up
point 25, imrediately follow ng the renoval of the deionized water at
station 24. This tinme stanp s transferred through consolidation and into
the 2 X 5 array when renoved by the packaging;ﬁobotic transfer device 300.
In the event the indexing turntable 400 is ndt operational, and the 2 X 5
array is stored in the buffer 308, then the X Y cgopdi nates of the 2 X 5
array are stored with the tinme stanp to enabl e.t he"packagi ng robotic
transfer device 300 to sel ect "fresh"qproduct? i.ex1less than fifteen
mnutes old, at the tinme the 400 %wesupes operation.
After operation is resuned, I G 30qy B
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t hen di spose .of the "expired" product, rather than transferring it to the

I ndexi ng turntable. After saline dosing at station 414, the saline level is
checked at station 415 and the support pallet is theny25 eotated under a
final product check station 416 to a foyl receiving sP‘l\atiBrI) 418. As

descri bed earlier, each group of & carriers 20 Fr&m‘ni.vp; g 51 mal e
| am nated foil cover sheet whi chliiigy gjl} seal ed to Flﬁe}\ agkage (dartii eflg. <l
The |aminated foil 30 ‘stock-@32% | #bled: firbm a Iarge’t‘},ilricreé;nda h
through a tensioning device 4}% QAR ||lH| [ et print e 436wl £hprint st he
| ot, batch and power nunb erfv_;&_j >liFenseq| 1 o be pack *BcHu—T el fol minate
is cut froman indefinite 35 hi a2 ]ergin rodu.g.t el : .-i/: rips tRaf o
are heat sealed to the i A ' g N Il T+ NG
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1 2 X5 product array to provide two separate 1 X 5 product strips.
in between each of the package carriggs is al so
scored or perforated to enable the conggd

foil

fromthe 1 X 5 5 array at the ti melihd
scoring is done with a series of roli
pneumatically biased into a dr 4 -
strips by a foil slitter_blade 4
gri pper and 10 sensing ﬁechanlsn1

sensors at station 442 are“used toéé;o,.,

into which said printing is placed,
or scores provided by rolling-blades-

provided to draw a | ength of foil-lamikd Eﬂ Sk
and sever the strips with a rofatimng KniTe @as! 7 “L}@
cut, the advancing grlpper 434 has &advwa __f}kkéﬂﬁéiﬂﬂ
“““““““““““““ ™1
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arrow Ein Figure 4 to place the 1 X 5 foil strips under vacuum gri ppi ng
heads 418(a), (b). These vacuum gri ppi ng heads then reci procate downwardly
to grip the foil, lift it fromthe advancing and cutting station 434, and
transfer the foil to the indexing turntable 400 at the foil placenment
station 418. The indexing turntable 400 is then rotated again, and a heat
seal nechani sm 420 seals a single strip of foil to five separate package
carriers in a single high tenperature short cycle sealing operation.

| ndexi ng turntable 400 is then rotated to position 422 where a 30

reci procating transfer head 446 renoves the seal ed product fromthe

i ndexi ng turntable 400 and transports it in the directfion.of{ @row F for
sterilization and cartoning. 35 -21-
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N
The Consolidation Buffer The consolidation buffer of the pre@@h mI/en{Sl on
wi Il 'be described with respect to Figures 8 - 12 in which 230§y@§(
represent a pair of elongated buffer rails and 5 an el ongate rail
230(e). As illustrated in Figure 12, the second robotic transfer device 200
includes a 2 X 8 array 202 of independgntly actuable vacuum grippi ng nmeans
204 which pick a 2 X 8 array of package carriers from pick point 25, 10

i medi ately followi ng the renoval of the deionized water as previously
described with respect tmf@gﬂgn?)].\pfﬂmeyﬂjs( Mrmmﬂmm t hen noved to
position_230(c) as r&cl;l ustrated, in
cross-sedtion in Fi j < of ] R arriers 20 are
positioned i medi ately above the buffer rails, and then lowered into
engagement. t her e g,srersgnﬁnﬁﬁbsnEanbygisf:egag%ﬁeygl@pgeeeta@efmat h

pl anar surfaces f% the carrier he” vacuum gr i ggl ng neans
204 are therf r gy éétuéé}%sﬂnh@q car LeRsSes  pfEREFES 1Y bRPEE

5 hydrophilic contact lenses, and more specifically to an

automated apparatus for consolidating contact lenses for
packaging after inspection thereof.

The molding of hydrophilic contact lenses 1is
disclosed in U.S. Patent No. 4,495,313 to Larsen; U.S.

10 Patent No. 4,640,489 to Larsen, et al.; U.S. Patent No.
4,680,336 to Larsen et al.; U.S. Patent No. 4,889,664 to
Larsen et al.; and U.S. Patent No. 5,039,459 to Larsen et
al. o

These prior art references disclose a contact lens

15 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

o9 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, both to
Kindt-Larsen disclose respectively a process for hydrating
contact lenses and a chamber for hydrating contacts lenses

o5 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

30 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
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rails 230(a), 230(b). The buffer rails 230(a), (b) include three sections,
a | oadi ng section denoted as 230(c) in Figures 8 and 9, an internedi ate
section and an end section or package |ift off area indicated at 230(d) in
Figures 8 and 9. The packages are deposited on the buffer rails 230(a),
(b) as illustrated in Figure 12, and tggn transported the |ength of the
buffer rail by one or nore pneunmatic product followers. |Inasnmuch as the
packages transported by the present invention, generally indicated in

Fi gur e aftonited tApparatied And bt 85¢ ConsdBlALingS PRodueRE GREY Padi@lidd'e
packages to "shingle™ during transport. —This proptremwas addressed in the
parent application by the use of vacuumrails which exerted a |ight

pressure from below to maintain the packages in contact with the buffer
rails. 35 ABSTRACT OF THE DISCLOSURE

1
The present invention is directed to an automated

apparatus for consolidating serial product flow wherein
the product flow includes random variations in the flow.
The present invention provides a consolidation buffer for
receiving the serial products from the production line,
and then consolidating random variations in the product
flow. The automated robotic handling means then selects
a predetermined number and arrangement of product units
and transports that number and arrangement to a subsequent

10 )
packaging station for packaging, sterilization, and final

shipment.

Fig. 1
15
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-22- In the present invention, this function is preforned by a series of
hold down rails divided into three sections. In the first section denoted
as 230(c) a pair of noveable guide rails 240, 241 are used to hold down the
packages during jnitial transport and consolidation. These guide 5 rails

pi vot. up and out of the way during |oading of the packages as illustrated
in Figures 10 and 12. In the |nterneq|ate section of the cgpsolldatlon
buf fer 230, the guide rail nenbers 242[a), 242(b) are _fixed, (pith a 0.5mm
cl earance above the nom nal height of the package. This cleacance provi des
for adequate transport of the packages 10 wi thout allQnn Ilngg
thereof. Athird pair of hold down bars 243, 244 are nal | y marNg@ai ned
in the lower position illustrated in Figures 8 and 9 en thg packa

arrays are received, but open for package lift off [ trated \n
Figure 11. The packages are transported the | ength ferg
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rail by at |east one pneumatic product follower, which was illustrated in
the parent application as a pair of rodless cylinders. Wile a single
drive, traversing the entire 20 |l ength of the consolidation buffer 230 has
proved to be adequate and satisfactory, the consolidation buffer 230
illustrated in Figures 8 and 9 uses-a two stage drive that provides a
faster cycle rate, thereby allow ng a higher throughput for the
consolidation function. As illustrated2n Figure 8 and 12, the first stage
drive is indicated'by a rodless cylinders 250(a), 250(b) which travel on
pneumati ¢ 'gui de rods 252(a), 252(b) throughout thesl ength of the input zone
230(c). A second rodless cylinder dmtza*nézﬁg 260 is used to transport
t he consol i dated packages the remai ning Ien:tﬁ @f the buffer 230 into

the package lift off zone 230(d).|iSujtHbl &S odl ess pneumatic drives
are available from S M C PnelDEpLs T 2] SE_XOr por a 1 havi ng
sales offices in Chicago, III ijfs™ D | )
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-23- After triggering infra red sensors, 236, 238 the 1 consoli dated
package array is noved back into position by a return stroke from i ndexing
pusher 240 and package return plates 262 (a), (by as will be hereinafter
explained in greater detail. The rodl ess cylinder 260 travels a 5 fixed
guide rail 264 and includes a pair of pneumatically engageabl e package
engagi ng foll owets 266, 267 which are reciprocated upwardly to engage the
package string for transport in the diBection of arrow C. and then
retracted during the return stroke to enable an advanci ng package 10 array

to be transported over the engagenent point E. Each of the kage
foll owers 266, 267 is nounted on a separate pneumatic cylin 268, 269
which are fixed to the carriage 260 of a rodl ess cylinder i ¢h

reciprocates along rail 264. Each of the package followers 6, 267
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travel in a space defined between the two buffer rails 230(a), 230(b) as
illustrated in Figure 10. The limts of travel of the reciprocating

carriage 260 is illustrated in Figure 8 with the initial or home position
of the carriage 260 illustrated in solid lines, and the nom nal end stroke
20 position illustrated in dotted Ilines at 260(a). As illustrated in

Figure 8, the pneumatic cylinder 268(a), has el evated the package foll ower
266(a) to its upward package driving pﬁgjtion. The sensor array 236, 238
nmounted in bridge 270 signals when the | eading edge of the consolidated
package array reaches the end of travel of 25 the consolidating rails
230(a), 230(b). Infra red sensors are used, and generate a signal for the
PLC the controller halts the advance of the carriage 260 and the PLC begi ns
the return stroke to the hone position illustrated in Figure 8 when b@h
sensors have triggered, or when 30 carriage 260 reaches its end of stoke

position. After the rodless carriage 260 hegHRs at return stroke, a
pneunati c cylinder 340 (the index pusher|) -
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advances package plate 262 in a direction opposite to the 35 -24 - arrow
Cto return a consolidated package array to a 1 predefined registration
point for pick up by the 2 x 5 package array 302 as previously described
wWith respect to Figure 1. The pneumatic drive 340 advances the package :
return plate 262 to the position illustrated at 262(a) in Figure 8 to align
the fiorst 2 x 5 array in a predeterm ned position for robotic pick up, and
then returns to the position illustrat® at 262. Shingling of the package
carriers is prevented by neans of a |ongitude vertical restraining guides
240 and 241, 242(a), (b) and 243, 244 as will be hereinafter explained

W th respect to Figures 8-12. C ection 230(c) a pair of guides
240, 241 are mounted for
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pi votal novenent on shafts 277, 278 and are rotated by rotary actuators
279, 280 fromthe position illustrated in Figure 12 to the dotted line

position 240 (a), 241 (a) illustrated in Figure 10. The rotary reactors
279, 280 may be pneumatically, hydraulically or electrically powered, but
in the preferred enbodi ment are pneunmatically driven. As illustrated in

Figure 12, when the robotic head 202 drops the inspecteqd package array on
to thé consolidating buffer 230, the rﬁgpective array of packages are
arranged to be supported on a rail which extend the |length of the
consolidating buffer. Each of these rails define |ongitudinal cut out
230(f) and 230(g) which 25 receive the downwardly sl oping angl ed flange
menber 38 illustrated in Figure 6. Theybow nenber 36 of one string of
package is 20 is received in a space Z38(h) define between the first buffer
rail 230(a) and the second buffer rail 230(b). The bowl nenber 36 of the
second string of 30 packages is received |n a second space 230(i) define
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bet ween the second buffer rail 230(b) and an el ongate support rail 230(e).
After the package carriers 20 have been deposited in the position
illustrated in Figures 10- 35 -25- 12, the robotic device 200 is
retracted and the rotary 1 actuators 279, 280 actuated to rotate guide
menbers 240 and.241 into a position over the flat planar portion 34(a) of
package carriers 20. Once the doors have been rotated into position, the

rodl ess carriers 250(a), 250(b) begin=Fheir advancing stroke in the
direction of arrow Cillustrat iln Figure 8 to consolidate the array,
and nove it to the hand off point 'hl rated in Figure 8. After the
rodl ess cylinders 250(a), 250( VASER ted their sLquf as indicated
by the dotted |line iIIustratioﬁtEHi%€ﬂ  gurg, 8, thex::i urn to their
honme position to await ] %,

:::‘~ H Mﬂ j \

FIG. 5

~
/
-
436/

bl

il
! g
-
—— ,
n
L] | L
:: e ~ \
a i~
L }":1 '\ %
© <
- . 2
I- HH HF M
Beg e .
h"\_L%‘
= N
= R [IT[ /""g
-{ & -
"lDT g I
= T g
;t: i j::: __E N
Ad P b \4\
wn
I J{o]l- K
|="50
b _j —
8 LJ Q
< @
¥ A This noime renlauemen! shest

"
a
—

'



e e T T
—
o i

e
——

10 a new array of product. During this advanci ng stroke, the package array
has been consol i dated and advanced fromthe noveabl e vertical guides 240,
241 to a position beneath the fixed vertical guides 242 (a), (b). '
During this stroke, the package foll ower 232 has traveled in the space
230(h) defined between the buffer rails 230(a) and 230(b) while the package
foll ower 234 has traveled in the |ongitudal space bétween buffer rai

230(b): and the vertical support 2308e). At the hand off point E, the
package foll owers 232, 234 have advanced the entire consolidated array past
the hand off point E so that when the pneunatical cylinders 268, 269 are
actuated, the second set of pack él oﬁs 266, 267 are advanced

upwar dly behi nd the consol i dat edfar. = e entire array is then advanced
under the fixed vertical guides 242(a), (b) in the direction of arrow (c)
to the end position or hand off position indicated 28 230(d) of Figure 8.




At the hand off position, the two vertical package guides 243, 244 are
nmounted on a single rotary arm 245 30 which is pivotally nounted on shaft
282 which is rotated by rotary actuator 284 fromthe position illustrated

in Figure 11, to the dotted line position 243(a), 244(a) illustrated in
Figure 11.- It should be noted that Figure 35 -26 - 11 views the
consolidating buffer 230 fromthe opposite direction as Figure 10. As
descri bed previously, the’wdv5ﬁ>Lng,ag£g%ﬁ9Lreens IiQﬁg ?@g?s passes
under an infra red sor amfay P36, 238 I ch geng?éﬂe ignal |for the
PLC controller to iMNdi\; :!y retract the package|fqlifg g6, | 267 to
t hereby halt the advanciTg} girayjof packages and to rjgf( ] .ﬁ\less

)

cylinder 260 is then returpg¢l tojits hone position|afitef
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have reached sensors 236, 238. Sinultaneously, pneumatic cylinder 340
begins its index stroke to return the consolidated array to the pick up
position for pick up by 10 the robotic head 302 as previously described
wWith respect to Figure 1. Wile the return cylinder 340 is positioning the
package array, the rotary actuators 284 rotates shaft 282 and the support
arm 285 thereby lifting the vertical gujdes 243, 244 free of the packages
20 enabling pick up by the 2 x 5 robof head 302. After the robotic head
has cleared the 2 x 5 array fromthe package lift off 23Q(d) the rotary
actuator 284 rotates_shaft 282 to bring the cross nenber 245 and the
vertical restraining-guides 243, 244 back into p05|t|on over the bq&fer

rails 230 (a), 230(b Verti cgl~gui dg—ga0Tr e mput—sertion of t’he
consol i dation bufferlrs—ﬁeaﬂkeézﬁﬁ—a pair | ng ar{np 2 on
shaft 278 which is journalled for\rotati on i Ssupporit | f fame nenber 222
and bridge nenber 224.1 T ‘
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25 Li kewi se, the noveable vertical guide 241 is nounted between a pair of
rotating arns 223, 224 which are supported by shaft nmenber 277 which is
journalled for rotation in frame nenber 222 and bri dge nenber 224. The
fixed vertical restraint guides 242 (a), (b) are fixably 30 supported by
bri dges 286 and 288. The package lift off vertical restraint guides 243,
244 are supported by arm nenbers 245(a 245(b) and shafit nmenmber 282 which

is 35° -27- journalled for rotation®a the frane support menber 226 1 and
bri dge nenber 228. Wile the invention h mpaktiqutarly shown and
described with respect go{h\e q)'efa'red reniadi rents tihergof, it will be
under st ood by those skiNl ed| iY}4he af t had-ft he fggegcing, and ot her
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20 receiving a plurality of products with randomvariations in the
arrangenent thereof at said input end, said buffer rail having at |east one
el ongate vertical guide rail to prevent shingling of products during
consolidation and transport; 25 (b) at |east one product

foll ower nmounted for reciprocal novenent along said rail fromsaid input
end to said output end, said product fgo]lower engaging products placed on

said rail and sliding themalong said=&il fromsaid input end to said
out put end; 30 (c) at least one longitudinal drive for
reci procating said product follower along said rail; and (d) a sensor for

determ ning the presence of product at the output end of said rail, and
initiating a 35 29 (i
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signal for said longitudinal drive to reciprocate said product follower to
said input position. 2. A consolidation buffer for consolidating a

plurality of products having randomvariations in product arrangenent, as
claimed in claim1, wherein said buffer 5 further includes a return indexer .
for returning products received at said sensor to a predeterm ned product
out put position. 3. A consolidation buffer for consolidating a plurality of
products having random variations in duct 10 arrangenent, as clainmed in
claiml1, wherein said buffer includes at |least two parallel buffer rails

adj acent eac r, W,th independently actuable product followers for each
rail. 4. Ac atgtcibuffer for consolidating a 25 plurality of
products havn Mo riati gas—m pro@48t arrangenent, as clained in
claim 1, wherein said longiffuginal dryve is a pneumatically actuated

rodl ess cylinder.
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5. A consolidation buffer for consolidating a plurality of products having
random variations in product arrangenent, as clainmed in claim1, wherein
said buffer includes first and second product follower which together
transports products fromsaid input end to said output end. 25

6. A consolidation buffer for consolidating a plurality of products having
random variations in product arrangengn, as clained in"claimb5, wherein
said buffer includes an input section~=an internedi ate section and an

out put section. 30 e nso1i tion buffer for consolidating
a plurality of products having EmA/ar ons in product arrangenent, -as
claimed in claim6 wherein the elongate vertical guide rail above said

i nput section nmounted for 35 200
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30 pivotal novenent froma first consolidating position to a,iggﬂgﬁg,gf
retracted | oad position. 8. A consolidation buffer for consoﬂi t

plurality of products having random variations in product arrqp@énent as
claimed in Gaim6, wherein the verticahg5 guide rail above said end
section is nounted for pivotal novenent ?ron1a first consolidated position
above said buffer to a second retracted output position. 9. A consolidation
buffer for consolidating a plurality of products having random vari ati ons
in product 10 arrangenent, as clainmed in claim®6, wherein said buffer

i ncl udes | ongi tudi nal guides for restraining |ateral novement of said
product when sliding. 10. A consolidation buffer for consolidating a
plurality of products having randomvariations in product 15 arrangenent,

as claimed in claim 2, at |l east two parall el

_wherein-sai-d-bufferincludes
buf fer rails adjacent jeacRESLAGEMENT RHERH®per¥ent | act uabl e product
foll owers for O Description : paged ... to paged .=
B Claim(s) :paged 28to paged &2

DATE OF RECEIPT .4[2199. ..

1. A consolidation buffer for consolidating a
plurality of products having random variations in product
arrangement, said buffer comprising:

" (a) at least one buffer rail, said buffer rail
having an input end and an output end, said buffer rail
receiving a plurality of products with random variations
in the arrangement thereof at said input end, said buffer
rail having at least one elongate vertical guide rail to

prevent shingling of products during consolidation and
transport;

25

20

- (b) at least one product follower mounted for
reciprocal movement along said rail from said input end to
said output end, said product follower engaging products
placed on said rail and sliding them along said rail from
said input end to said output end;

30 . . .
(c) at least one longitudinal drive for
reciprocating said product follower along said rail; and
(d) a sensor for determining the presence of

product at the output end of said rail, and initiating a

35
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each rail, said indexer returning products on both rails to said
predeterm ned position. 20 25 30 35

29

signal for said longitudinal drive to reciprocate said
product follower to said input position.

2. A consolidation buffer for consolidating a
plurality of products having random variations in product
arrangement, as claimed in claim 1, whgrein said buffer
further includes a return indexer for returning products
received at said sensor to a predetermined product output
position.

3. A consolidation buffer for consolidating a
plurality of products having random variations in product
10 arrangement, as claimed in claim 1, wherein said buffe?
includes at least two parallel buffer rails adjacent each
other, with independently actuable product followers for
each rail. ,

_ 4. A consolidation buffer for consolidating a
15 plurality of products having random variations in product
arrangement, as claimed in c¢laim 1, wherein said
longitudinal drive is a pneumatically actuated rodless
cylinder.
5. A consclidation buffer for consclidating a
50 plurality of products having random variations in product
arrangement, as claimed in claim 1, wherein said buffer
includes first and second product follower which together
transports products from said input end to said output
end.
25 6. A consolidation buffer for consolidating a
- plurality of products having random variations in product
arrangement, as claimed in claim 5, wherein said buffer
includes an input section, an intermediate section and an
output section.
30 7. A consolidation buffer for consolidating a
plurality of products having random variations in product
arrangement, as claimed in claim 6 wherein the elongate

vertical guide rail above said input section mounted for

35
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pivotal movement from a first consolidating position to a
second retracted load position.

8. A consoclidation buffer for consolidating a
plurality of products having random variations in product
arrangement as claimed in Claim 6, wherein the vertical
guide rail above said end section is mounted for pivotal
movement from a first consolidated position above said
buffer to a second retracted output position.

9. A consolidation buffer for consolidating a
plurality of products having random variations in product
arrangement, as claimed in claim 6, wherein said buffer
includes 1longitudinal guides for restraining lateral
movement of said product when sliding.

10. A consolidation buffer- for consolidating a
plurality of products having random variations in product
arrangement, as claimed in claim 2, wherein said buffer
includes at least two parallel buffer rails adjacent each
other, with independently actuable product followers for
each rail, said indexer returning products on both rails
to said predetermined position.
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Autamated Apparatus And Method For Consolidating Products For Packaging

10
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30

ABSTRACT OF THE DISCLOSURE

The present invention is directed to an automated
apparatus for consolidating serial product flow wherein
the product flow includes random variations in the flow.
The present invention provides a consolidation buffer for
receiving the serial products from the production line,
and then consolidating random variations in the product
flow. The automated robotic handling means then selects
a prede&ermined number and arrangement of product units
and transports that number and arrangement to a subsequent
packaging station for packaging, sterilization, and final
shipment.

Fig. 1
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