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1 AUTOVATED APPARATUS AND METHOD FOR CONSOLI DATI NG PRODUCTS BERPACKAG NG
Cross Reference to Related Applications The present application is a
‘continuation-in- part of copending U.S. patent application having Seri al

No. 08/257,791, filed June 10, 1994. 11 EPel d of the Invention The present
i nvention rel ates generally to the field/f manufacturing ophthal nmc

| enses, especially polded, hydrophilic contact |enses, and nore -
‘specifically to an aut omated apparatus for consolidating contact |enses for

-packagi ng after inspection thereof. 2. Description of the Prior Art The
~molding of ; hydrophilic, AeHoMATEDEAPPARAPUS AND METHOD
FOR CONSOLIDATING PRODUCTS FOR PACKAGING

Cross Reference to Related Applications
5 The present application is a continuation-in-
part of copending U.S. patent application having Serial
- No. 08/257,791, filed June 10, 1994.

! 1. Field of the Invention .
10 The present invention relates generally to th Y,
field of manufacturing ophthalmic lenses, especially-
molded, hydrophilic contact lenses, and more
specifically to an automated apparatus for consolldatlng
contact lenses for packaging after inspection thereof.

-t

15 - :
2. scrlgt on of the Prlor Art

E The moldlng of hydrophlllc-contact.lenses 1s e s

é disclosed in U.S. Patent No. 4,495,313 to Larsen; U.S. p— :'

L Patent No. 4,640,489 to Larsen, et al.; U.S. Patent No. _ .

20 4,680,336 to Larsen et al.; U.S. Patent No. 4,889,664 to
- Larsen et al.; and U.S. Patent No. 5,039,459 to Larsen
et al., all of which are assigned to the assignee of the
present invention.

These prior art references disclose a contact

‘251ens production process wherein each lens is formed by
sandwiching a monomer or monomer mixture between a front
curve (lower) mold.section and back_qurye (upper) mg;d;_
section, carried in a two by four mold array. The
monomer is polymerigzed, thus forming a lens which is

30 then removed from: the mold sections -and. further treated
in a hydrat1on bath and packaged for consumer use.. .
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di s¢l osed,in U.S. Patent No. 4,495,313 to Larsen; U S. Patent No.
4,640,489 to Larsen, et al.; U S Patent No. 4,680,6336 to Larsen et al.;
~U.S. Patent No. 4,889,664 to Larsen et al.; and U.S. Patent No. 5,039, 459
to Larsen et. al., all of which are assigned to the assignee of the present
“invention. These prior art references disclose a contact |ens production
~process wherein each lens is fornmed by sandw ching a nononer or nononer

“m xture between a front curve (| ower) mﬂ;&_section and back curve (upper)
"nmold section, carried in a two by four nold array. The nmononer is

pol ynerized, thus formng a lens which is then renoved fromthe nold

sections and,further tregigd pRedntWB&! 'S odt dso Ulth YT O consumer
disclose, respectively, a process for hydrating contact
lenses and a chamber for hydrating contacts lenses
formed with a monomer or monomer mixtures disclosed in
5 the forgoing patents. The process disclosed in these
patents significantly reduces the thruput time by
hydrating the lens and releasing the lens from the mold
cavity with deionized water and a small amount of
surfactant without any salts, so that the time consuming
4 10 ionic neutralization of the polymer from which the lens
blank is made does not occur during the hydration
process. When deionized water is used, the final step
of the process is to introduce buffered saline solution
into the final package with the lens and then seal the
lslens within the package so that. the final lens
equilibrium (ionic neutralization, final hydration and
final lens dimensioning) is accomplished in the ‘piackage
at room temperature or during sterilization.: B
U.S. Patent No. 4,961,820, also assigned to
op the assignee of the present invention, discloses a final
package for a contact lens, wherein the package is
formed from a transparent plastic material such as
polypropylene and a foil laminate that is heat sealed

thereto.

25 While U.S. Patents 5,080,839 and 5,094,609
contemplate that the entire hydration process and
transfer to final packaging may take place in a fully ~
automated fashion, and while the chamber and process

described in the foregoing patents enabled automated -

- e
e e - oaangen -

30 handling of the -lens .during hydration; suitable ~
automated equipment to inspect and handle the lenses at

-
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-2-71 U S. Patent Nos. 5,080

o . S. . 5, , 839 and 5, 094, 609 dis
Lsgfgf}héeLghtchgorgss fo; hydgating contact |enses and a cﬁ;ﬁgg} for

Y _ nses formed with a nmonomer or nonomer m xture
g:Sﬁ!??ggnlPySrégﬁcggr?ﬁgn?hfﬁgﬁPtf:'Thg pLogess di sclosed in thesz pat ent s

_ i me by hydrating the |en d [
the lens fromthe nold cavit | I oni ° o ent of
. y wth deionized water and
surfactant without any salts, so th ' e 30 i ot o
_ \ , at the Lgoe consuming 10 i oni
neutralization of the polyner from whi % ade d
_ ( ch the lens blank is nad

occur during the hydration process. Wen deionized water is usgddofﬁen?}nal

ste
P 1 high production rates and implement the methods thereof
in a fully automated apparatus was not readily available

or taught by the prior art.

5 SUMMARY OF THE INVENTION
Recent developments in the inspection of
contact lenses produced in accordance with the foregoing
methods has enabled automated lens inspection, as taught
in U.S.S.N. 08/994,564 entitled "Lens Inspection Method
10 and Apparatus", (VIN 0037) (Atty. Docket 9275) assigned
to the assignee of the present invention. Further,
recent developments in the hydration and automated
handling of wet contact lenses, as taught in U.S.S.N.
08/258,556 "Automated Method and Apparatus for Hydrating
15 Soft Contact Lenses" (Docket 8998), also assigned to the
assignee in the present invention, has enabled automatic
robotic handling-of 1ensés-duringnhydration, and. prior .
to the inspection thereof by the automated. lens. ... ~
inspection system. T Co e wmeesiee
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
which must be consolidated prior to packaging.
The present invention therefore provides an
25 automated apparatus for consolidating serial product
f£low wherein the product flow jncludes random variations
in the flow. .The present invention provides a
consolidation apparatus 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“ -

20
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of the process is to introduce b [

X uffered saline solution into [
Fﬁgk??ﬁarﬁfgnthe lens and then seal the 15 lens within the paEE:gglgglthat
the final | s equilibrium(ionic neutralization, final hydration and final
or e ster:FPégg?ohs ﬁf%onglished in the package at room tenperature or

_ . U'S. Patent No. 4,961,820, also assign
?Zﬁ;gnazefgiLh?hgrgzgﬂgggnyen¥|on,dd}scloses a final packageegoﬁoazgo;P:ct
, is forne rom-a-t ransparent pl [ [
such as pol ypropylene and a foil |am s A
( amnate that is heat seal ed
Wiile U S Patents 5,080,839 and 5, 094, 609 contenpl ate that th;hgaffgé 2

hydr at i . _

fully " Pr OC23848%d rhiABa! Rlmber | andl apraigeient nof Pradith HtS, 2
and transports that number and arrangement to a
subsequent packaging station for packaging,

sterilization, and_final shipment.
It is further an object of the present

invention to provide a consolidation apparatus 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
10 of product units merging 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.

It is further an object of the present
invention to provide a programmable logic .controller
(hereinafter PLC) which maintains a status.count for
each of the individual products--in’ the consolidation--:~-- -
apparatus of the present invention, including a count -
for each random addition of product, and a separate'“'h
og count for each selection and transport of product from

the consolidation apparatus to the final packaging

5

15

station. o
while the invention is described with

particular reference to molded contact lenses wherein

or the lens has been molded between a first and second mold
half, as described in U.S.S.N. 08/258,654 nconsolidated
Contact Lens Molding“&(Docket%QOlﬁ)-it-is.understood the
present consolidation apparatus is equally suitable for -
the consolidation of lenses .formed by lathe cutting

()wherein the hydrogelwis~maintained at a dry state while -

the desired optical surfaces are cut ‘and polished.  -- "
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attomat ed fashion, and while th :
Ta! , _ e chanber and proc ' [ [
L;&fgﬁzgg pagep:s enabl ed automated 30 handligg O?thSEFgL;bSSr!n the

, ui tabl e automat ed equi pnent to i nspect and handl e {Eg | enses

at 35 -3- 1 high producti i

at | ion rates and inplenment the ne [ '

art.y5automated apparatgz was not readily avail able or tatgﬁgsb;hfagofr!n 2
MVARY OF THE | NVENTI ON Recent devel opnents ig {g;

i nspecti
| pection of contact |enses produced in at2ordance with the foregoing

1 Further, the apparatus of the present invention may also

be used in consolidating spin cast lenses which subject

a liquid monomer to centrifugal force in a mold which

has the same shape as the desired optical surfaces of

5 the lens.

The present invention is therefore directed to
a consolidation apparatus for consolidating a plurality
of products having random variations in product
arrangement with gaps between the products, said

10 apparatus comprising

(a) a moving conveyor actuated by driving

means, said conveyor having an input end and an output
end, and said conveyor receiving a plurality of products
with random variations in the arrangement thereof at

15 said input end and conveying said products from the
input end to the output end; o R

(b) & pair of alignment guides which ktend o

longitudinallyifromwthe input end qu;q;éﬁd iﬁPIﬁdihgn
the output end and which a;i§n aﬂdmpEé6éﬁE the lateral
oo movement of the products; ' ST
(c) at least one rail mounted parallel and
above the conveyor, under which the products are
conveyed, said rail-extending longiéudinally to the
output end, said rail being sufficiently superposed over
25said products to preven;_their shingling movement;

(d) a first and second stop means, both
mounted for vertical reciprocation, said second stop
means situated adjacent to the'oufédf"éféé}"hdd“éaid‘“d
first stop means located at a predetermined disténce

oupstream in the direction ofmconvgyahge'éﬁ'ﬁhe;Pyﬁgucts,
said second stop means in one operative condition’

3
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met hods has enabl ed automated |ens inspection, as t [

08/ 994,564 entitled "Lens |nspection Ngthod 10 and 2582&a%339 Stsf“.0037)
(Atty. Docket 9275) assigned to the assignee of the present invention.
Further, recent devel opnents in the hydration and automated handli ng of wet
contact |enses, as taught in U S S N 08/258,556 "Automated Method and
Apparatus for Hydrating 15 Soft Contact Lenses" (Docket 8998), also
assigned to the assignee in the present ipyention, has enabl ed aut omati c
~robotic handling of lenses during hydration, and.. prior to the

i nspection thereof by the autonated |ens inspection system 20

The renoval of éfggg;ﬁq;éyg:aa&%ng@heﬁt BEOEnHe! prpaactiscadi bhe owtputa

serial producfl f~contact | enses
product flow end to consolidate any gapgegeE%E%% EﬁndgngEEEQtéﬂﬁs 'n the

said first stop means in one operative condition
blocking the advancement of products to said second stop
means to enable a predetermined number of said products
to be present between said first and second stop means;

5

and
(e) sensor means to actuate the vertical

reciprocation of said first and second stop means.
10 The present invention is also 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

15perlodlcally transferring a.first predetermined amount
of packages of contact lenses having random variations
in product arrangement- from_ a:first. station to-the - . ...
intermediate consolidation apparatus;. ...a..- . .... .. “ITT o
(b) a consolidation apparatus compr1s1ng.

(1) a conveyor, said conveyor having an
input end and an output end, said conveyor receiving a
plurality of packages with random variations in the
arrangement thereof at said input end;

(2) means for actuating the conveyor to

25transfer the packages from the input end to the output
end;

20

(3) alignment guides whlch extend .. ..
longitudinally from the input end up to and 1nc1ud1ng

the output end of said-conveyor.which align the packages
and prevent the lateral movement thereof; . ... -

30
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3

whi'ch must be consolidated.prior to packagin The present i [
therefore provides an 25 automated aBpara?usgfor cogsolid;tzgéeggL?QI
product flow wherein the product flow includes randomvariations in the
flow. The present invention provides a consolidation apparatus for
receiving the serial products fromthe production line, and then 30
fggi?lldﬁtlgﬁ random variations .in the product romA,The aut omat ed

i ¢ handling. neans - then selects a - 4- det '
and arrangenent of product units #- At predetern1ned number

(4) rail guide mounted parallel and

above the conveyor which superpose over the packages
moving on the conveyor to prevent shingling of said

1l

products;
(5) a first and second stop means

mounted perpendicular to the direction of conveyance of
the packages and both mounted for vertical
reciprocation, said second stop means situated adjacent
to the output area and said first stop means located at
a predetermlned distance upstream in the direction of
conveyance of the packages, said second stop means in
one operative condition blocking the advancement of the
packages to the output end to consolidate any gaps
between said packages, and in another operative
condition permitting the advancement of the packages to
the output area; and said first stop means separating a
second predetermined number” of packages Tocated between
the first and second. stop-means from the- remalnder of

10

15

the packages upstream; and
(6) sensor means in transmittal

communication with a controller, which communicates the
presence of the packages to said controller;

(c) a second robotic assembly for
periodically transferring a second predetermined amount
of individual packages from said consolidation buffer to

20

25a second processing station; and

(d) a controller:which is in transmittal
communication with said sensor means, said first and
said second stop means and said second robotlc assembly,
said controller causing the actudtion of the- vert1ca1

30
reciprocation of the first. and second stop means, ‘and

35



and trans '
sports that nunber and arrangenent to a subseqdent packagi ng

Stati . e
furthgp ;ﬁrogaggﬁglpg, sterilization, and final shipnent. 5 '
hoar ot s betaeen ?motggrrgfsgpédlnrention to provide a éonsolidationIt o
uction operations, wherein
, t he nunber and

~arrange i
inven?igﬁn;ngglggogggto¥a;|$?rgftmeen | nput and output. - The present
a serial i i xy array 10 of prod i i
second. X Srgfgg;'g? Lh??é agd ﬁonsolidatng-thosg prggbcgnhhftge{giggafrom
o ( i ch correspond :
production operation relating to the pPOduitto|?ni§r¥S¥tused in second

the present 15 i i : -
(hereinaf?er:EEéggaﬂh%ﬁEﬁé?%€g?xgégﬁﬁcalOgeahpg@¢§ti9§i9P§éﬂ€$o??%$6t of
and second stop means 3£€ﬂu§hecﬂaaéméﬁﬁ of said second

robotic assembly.
Another embodiment of the present invention is

directed to the consolidation apparatus being
longitudinally divided into jdentical sections, each

section having its own set of first and second stop
des and said rail

5

means, Sensor means, alignment gui

guide.
Another embodiment of the present jnvention is

directed to the consolidation apparatus having at least
having its own set

10

two identical sections, each section
of first and second stop means, sensor means, alignment
guides and rail guides, and each having a second sensor,
said second sensor being in transmittal communication
with said controller_and;transmitting information with
respect to the :number of-packagqs_bgingfgonveyed'in each
section to said controllet, and identifying a first
section conveying fewer packages relative_tg,apgecohd _
section which in response thereto, said controller
causes said first robotic device to transfer more .
packages to said first section relative to said second
section until said first section conveys about an equal
number of packages as said second section.

15

20

25 - ~
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing objects and advantages of 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

30
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each of the indivi . :
t he. present :ESEXL?gﬁl products in the consolidatio
product, and a separ at including a count for each P -- - apparatus of
product fromthe consoF.ZO count for each sel ection andom addi tion of
Mhile the imvention te hdatlpn apparatus to the'fina?nd transport of
_contact |enses wherein described with particul ar nal packaging station.
second nold hal f as des the |.enS has been nol ded bet ence 10 rml ded
Lens Nl di ng" (Docket 9016 bed in U.S.S .Ny-08/258, 654 ween a first and
apparatus is equal |y sui ) it isunderstood the pres nsol i dat ed Cont act
| at he cutting 30 mhereiht?b|e for the consolidation o?nt consol | dat | on
t he desired Pmémj_M)ae St r%gb?@?br't&dﬁ&'mbpdiimgﬁtgt, gggr§§5%{;g{ nmed by
CUt-andn9&5b§Gﬁﬁwings, wherein fiﬂglle

conjunction with the accompa
ference numerals

elements are designated by jdentical re

t the several views, and in which:

Figure 1 is a diagrammatic jillustration of
and a consolidation

s in product

throughou
5

plural robotic handling means,
apparatus for removing random variation

flow.
Figure 2 is a plan view of the consolidation

apparatus of the present jnvention.
Figure 3 is an isometric vi

rier which serves as both an inspection carrier,

1 contact lens package.

tric view of an inspection

15 carrier used to transport. a plura_lity_ of the contact

lens carriers illustrated in Figure 3 t£hrough the
automated lens inspection.system. IR A8 Lo

~ Figure 5 is.a.diagrammatic top view of the. ..

consolidation apparatus of the present

goincluding guide and rail.
- Fpigure 6 is a si
s a cross-sec

10
ew of a contact

lens car
and a portion of the fina
Figure 4 is an isome

invention,

de view of the rail.
tion of the output

Figure 7a i
Figure 2: Figure

area of the consolidation apparatus of

7b is a side view of same.
Figure 8 is a cross-sé€

means in the consolidation appara
Figure 9 is-a cross-sectio

in the consolidation apparatus of Figure 2.
or used

a cross-section of a sens
sent invention. . o .z,

ction of a second stop

tus of Figure 2.
n of a first stop. ~ .-~ .

25

means
Figure 10 is

in the consolidation apparatus"of;the,pre

30
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35 ° -5- 1 Further, the apparatus of the present invention nmay also be
used in consolidating spin cast |enses which subject a liquid nononer to

. centrifugal force in a mold which has the sane shape as the desired opti cal
~surfaces of 5 the lens. The present invention is therefore directed to a
consol i dation apparatus for consolidating a plurality of products having
‘random variations in product arrangement wth gaps between the products,
said 10 apparatus conpri sing - 10 - '

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
‘The present invention was designed for and is
particularly adapted for use in the post hydration
5 processing section of an automated contact lens
production facility. Contact lenses molded in an
automated production line, such as that described in
copending application U.S.S.N. 08/258,654 entitled
"Consolidated Contact Lens Molding"; hydrated in a
10 hydration system as described in U.S.S.N. 08/258,556,
entitled "Automated Method and Apparatus for Hydrating
Soft Contact Lenses"; and aufomatically inspected as
described in U.S.S.N. 07/993,756 entitled "Lens
Inspection Method and Apparatus" (VIN 0037) are
15 ° 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 lens during inspection thereof, and serves as

20 a portion of the final packaging after inspection.
Package carrier 20 is illustrated in Figure 3 and is
formed from injection molded or thermal formed plastic
sheet material, such as polypropylene and includes a
planar essentially rectangularly shaped base member 34

25 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 3, at the other end thereof which are
used to align the package carrier for robotic handling.

30 This package carrier is more fully described in
copending application U.S.S.N. 995,607, the disclosure
of which is incorporated here by reference thereto.



ay a : :
§n£ut gﬁéjggdcggvgy?r actuated by driving nmeans, said conveyor havi
e h randg put end, and said conveyor receiving a pIuraIi!tng ?n
products wth ra nyéarlatlons in the arrangenent thereof at 15 s ydo.
e of aliénngnfal _products fromthe input end to the output eﬁh' o
P antl Erefudn ?Eldes whi ch extend longitudinally fromthe in t o
Up Lo and tncludl g de oquut end and which align and prevent thepr tend
above the conveyor?rgnggﬁsﬁhfg% ?Leleﬁgéaqge e comoved, Pont © aﬁderal
extending longitudinally to the outpgt eng,ssg{g ?gpre%g?hgsghgf{gzgn

Superposed oV Bl dglsita JRLOGEEhel0 3018y b) t aperpoyHded op AR thy
side of the base 34 to cooperate with registration pins
on various support pallets used in the processing and
packaging operations to register the package carrier and
lens 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

10<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; which is assigned to the assignee
of the present jnvention, the disclosure of which being

1 incorporated herein by reference thereto. The height .
wh* of flange member 38 depending_frammthe 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

25 gripping the package while peeling open a foil laminate

2

cover.
The ‘cavity 36 also includes-a pluralityﬂof.

tick marks 37 which are used to assist in holding a

contact lens in the centered.position_in the cavity
odnring the ggmov§1~bf=deionizednwater at one of the post::

hydration processing stations. The package carrier is .. i%

—

—
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gg?dasgggﬁé 2?gp5ﬁ;ggg :}?Eagggnza_both nmount ed for veftical reci procation
dj acent to the output area, and sai i r st
stop neans | ocated at a predeterm ned di stance 30upstrean1in t he diLgczzgﬁt

; of conveyance of the products,
| condition 35

said second stop neans in one o [
_ erative
bl ocki ng t he advancenent of the products to thg out put end

to consol i date any gaps between the products and said first stop neans in

one operative condition bloc
e ki ng the ady

1 also equipped with an annular flange 39 which is used
for heat sealing a foil laminate cover in order to
provide a hermetlc seal for the contact lens during
final distribution. A cut-out 35 may optionally be

55prov1ded to facilitate gripping the flange 38 and the

_ enment of products t i
means to enabl e a predeterm ned nunber of saig productsO sald second

package when the cover stock or foil laminate is removed

for consumer usage.
Base member 34 also includes a smooth planar

surface 34(a) to provide a suitable engagement zone for
10 vVacuum 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 4. The 1nspectlon

15
carrier 10 includes a first and second row 10(a), 10(b)

of cavities 40 which- receive’ the bowl 36 of the package l

carrier and provides an optical sight path for the
automated lens inspection- system. Each of the
intermediate registration pins 41 engage a package
carrier on either side, with the end registration pins
41(a) engaging a single package. These registration
pins provide for precise registration of the package
carrier in the longitudinal dimension of the inspection

20

25

reference surface for the downwardly descending flanges
33(a),33(b), which together with pins 41 register the
carrier package against rotational skew1ng. The
inspection pallet 10 is further provided with three
3oreglstrat10n openings 43 on either side of the pallet
which are used to transport ‘the pallet through the '

35
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carrier while a pa1r of hard edges 42(a),42(b) provide a



t'o'be present betwe i i
: en said first d {1

nmeahs to actua - and second stop nears;

eans. 10 te thehgertlcal reci procation of gaid fi}sﬁngngelesensor

abpar at us f or ContrOII_present invention is also directed to a cond stop

contact |ens fabricatigzgfggﬁlagtonat'c packagi ng of contact |2n§ggorﬁted
ity, said apparatus conprisi a

nprising: (a) a first

robotic transfer devi ,
vice for periodi .
amount  of cally transferri i _
arrangenenfagrggfs ?T contact |enses haéﬁﬁg randon1cgr?aI!rSt predet er m ned
a first station to the internediate conngPZaLn product
i on

apparatus ; (b) a consolidati

) on appa Ui
a conveyor ,l%ﬁmmﬁdmwéﬁo&lats%%tg%gprahal R 1¥ek the pallet (1)
ding of the package

in place during loading and unloa
carriers. The inspection pallet is further provided
with a pair of grooves 44(a),44(b) which provides a
for an overhead transport mechanism that
n removes the inspection pallet from the
A pair of slanted

5 positive grip
places and the
automatic lens inspection system.
faces 45 provides clearance for the downwardly

descending flange member 38 of the package carrier 20.
Figure 1 is a diagrammatic jllustration of the

10
ent invention used to

automated apparatus of the pres
consolidate serial product flow when the serial product

flow has random variations therein. while prefigured 2

X 8, 2X5 and 4 X 8 arrays are used in the description

15 of the present inve_nt;’_ion,_ it is understood that a
variety of arrays. and configurations'may be used in the

practice of the invention described herein. 5 _

As illustrated in Figure 1, Qnainspegiién_"

pallet 10 carrying sixteen product articles 20, arranged
spina2X8 array 20(a) is transported in the direction |
of arrow A from an automated inspection system that has

separately :eviewed each of the products 20 according to

a predefined product eriteria. pallet 10 travels on a

or 12(b) through each of the three positions

convey:
10(a),(b) and (c) illustrated in Figure 1. aAfter the

products have been removed from the inspection pallet
10, as indicated_in:IQ(c),_the empty inspection pallets
are returned vie return conveyor 13 to be'refilled_with

25

product. N o
A robotic handling device 200_is positioned

adjacent conveyens-lz;'j3 anATﬁhsjmaﬁchg_;ngféa¢:;“_ S
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In [

pagﬁggggdmﬁ?ﬂ ?gngutput end, said conveyor receiving a plurality of

D 0y et foromvarlfitlons in the arrangenent thereof at said input

the’input pans ! thactuatlng t he conveyor to 25 transfer the packa espf

Iongitudinafl f e output end; (3) alignment guides which exteng o
y fromthe input end up to and including the output end of

sai d conveyor. which align :
novenent thereof; 35 97_the packages ii and prevent the |ateral

2 X 8 vacuum array 202 having sixteen independently
actuatable 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 inspection carrier 10(b). As jllustrated in Figure
1, products 20(b),(c) and (d) have been marked with an
nyn to diagrammatically illustrate the removal of flawed
or out spec products. In the practice of the present
invention, a programmable logic controller ("PLC") is
used to control the various elements of the present
invention and receives a datablock from the automated
inspectioh system having a flag set for each of the
products 20(b), -(c) and (d).;hat_gxe_;lgyeg,gx out of .

10

15

spec. TR P _ )

After the products .20 have .been removed from @
the inspection.carrier.lp(b)ﬁ,the robgtic .transfer ... . |
device 200 positions the 2 X 8 array over conveyor belt

20 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 products on a consolidation buffer apparatus
995 with product array of 20(d). The products are
placed on the input end 996. The product array of 20(4)
includes gaps or random variations -in -the product. flow.......... .
resulting from the removal of the out of spec products

- 20(b), (c) and (d):frqmwthg_§g;ia;;prQqut flow. The
30 consolidation apparatus 995 .includes a conveyor
connected to actuating means ‘which drives the conveyor-

25
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1’ N (4) . .
_ . : rail guide no
whi ch unted parallel and-

super pose over the packages noving on the convgngorg ;?gvgg?veyor

shingling of said :
products; 5 .
neans moun i ’ . (5) afirst
and both n;ﬁgtggrggpdbgrlﬁgaforége direction of conveyancgngfS?ﬁgngaiigges
situated adj i procation, said secon
adj acent to the output area and said first stog i;ggsanQZted t
a

10a pred ' i :

paCkgges?tE;Phnggcghzta?ce upstreamin thegdirection of conveyance of th

advancement of the E op nmeans in one operative condition blocking th ©
packages to the output end to consolidate any gagst ©

bet we ' :
D e o2l d RSk IS eyl hips” WaldRe e atieproducsadZOoRtBer it ing ¢ he
advances the packages from the input end 996 in the .
direction of arrow C to the output end 915.
The consolidation apparatus may be subdivided

into several sections extending longitudinally from the
input end 996 to the output end 915 each conveying its
own stream of products. As shown in Figure 1, the
consolidation apparatus is subdivided into two sections,
each conveying its own set of products with random
variations and each consolidating its own set of
products in accordance with the description herein.
Each section of the consolidation apparatus includes
alignment means on the conveyor which align the
packages, and each section has a rail mounted above the
15 conveyor, wpichwgupgrp9§g§_over the gackages and

prevents shingling_movement therepf. Tn addition, each.

" section has_a:sﬁbp'ﬁqgns;¥idégtifiéd:éé_904(a)_ig one - _
section and 9041p)'1qﬂthg sgéénd.éeéiiqn. _qggh is. .

-

10

mounted above the conveyor .for vértica;m;eciprgcagigh,T. o

and when each is down, it blocks the advancement pfnéhé

products to the output end 915. When each stop means

- 904(a) and 904(b) is blocking the advancement of the

products, the lead products in each section ctop its

forward movement on the moving conveyor, and the

products immediately behind it also stop their forward

movement when they come in contact with the lead

product. This process continues ‘until eventually the

gaps between a étedetéfmined'hﬁmber of-ﬁéckages arenl

filled and these packages are consolidated.
Bgth_sgct;ogs_algq”have another stop means

identified 4s 907(a) in the first section and 907(b) in. . .

20

25
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thé output area; and said first stop neans separating a second
predet er m ned nunber of packages | ocated between the first and second stop
- neans fromthe remai nder of the packages upstream and 20 :

- (¥®) sensor neans in transmttal communication with a controller, which

. conmmuni cates the presence of the packages to said controller; (c) a second
robotic assenbly for periodically transferring a second predeterm ned
amount of individual packages fromsaid con glldation buffer to 25 a second
processing station; and (d) a controller mglch is in transmttal

communi cation with said sensor neans, said first and said second stop nmeans

and said second robotic assenbly,
the second section. These stop means 907(a) and 907 (b)

separate a predetermined number of packages from the
remainder of the packages upstream in each section.

5 These predetermined number of packages lie between
907 (a) and 904(a) in the first section and 907 (b) and
904 (b) in the second section. In Figure 1, the
predetermined number of packages is five, so that an
array of five packages lie between the two stop means in

10 each section.

The stop means 904(a) and 904 (b) are
coordinately raised so that a 2 X 5 array of packages
are advanced to the output end 915. When these
predetermined number of packages are advanced to the

15 output end, stop means 904(a) and 904 (b) are lowered so
that no additional products can be advanced. Once a
full array of lens packages are disposed in the output
end, a second robotic assembly 650 equipped with an
array 658 which contains ten vacuum gripping means in a

20 2 X 5 matrix is used to remove the packages from the
output end 915 . The 2 X 5 array 658 is positioned over
products 20f and the vacuum gripping means is actuated
to withdraw the first ten products to the saline
solution injector and foil wrapper sealing assembly 700

25 where the packages are filled with saline solution and
sealed with a foil wrapper.

The present application focuses on the
consolidation apparatus which is described in greater
detail hereinbelow. The steps outlined hereinabove,

30 with respect to post-hydration, are described in greater
detail in copending application U.S.S.N. 08/431,633,



satd controller causing the actuation of the -vertical reciprocation of the
first and second stop nmeans, and 35 1 coordinating said vertical

reci procation of both first and second stop neans with the novenent of said
second robotic assenbly. Another enbodi ment of the present invention is 5
directed to the consolidation apparatus being |ongitudinally divided into

I denti cal sections, each section having its own set of first and second
stop neans, sensor neans, alignment guidQ§:qu_said rail guide.

entitled "Contact Lens Transfer Device" (Attorney Docket
9402/9010Z), and the contents are incorporated herein by
reference.

5 Focusing on the consolidation apparatus 995
reference is made to Figures 2 and 5 through 11.
Reference is especially made to Figure 5, which
represents a top view of the consolidation package.

Although the figures show two rows of the lens

10 packages, represented by pallet 20 and identical
sections of the consolidation apparatus having two sets
of elements, it is to be understood that the embodiment
is shown only for illustrative purposes, and that the
consolidation apparatus may have any number of sections,

15 each having all of the elements described herein.

The lens packages are deposited on a conveyor

998 at the input end, connected to a motor (not shown)
which continually drives the conveyor and which advances
the product array in the direction of the arrow

20 illustrated in Figure 1.
: Although any conveyor normally used in the
contact lens manufacturing industry can be utilized, it
is preferable that a belt conveyor be utilized. The
conveyor is made up of material that is normally used in

25 this art, taking into consideration the weight of all of
the objects that rest on the conveyor during the
process,'the forces of friction between the moving
parts, the speed of movement of the conveyor belt and
the ability of the material to withstand the stress

30 and/or tension created therefrom. Normally, the
conveyor consists of a rubber or metal belt operating
over a suitable drive (not shown) tail and bend



10° Anot her i
oo enbodi nrent of the ' i

CONSO : _ present inven ' i
Sectighdﬁgbfzgaffgrg&zs h?VIngat | east two identicgiogegfigh;ecg:ghto the

( _ set of first and ' ;
al i annent . : second stop nean me
 Second Sengg:dgziﬁndirall gui des, and each having 5 second sensor, 1594

transmitting inforgatpo;rapfﬂ1£tal communi cation W th sald controilersa;gd

: lon. espect to the nmb i
conve : - hunmbe
yed in each section to said controllgg-, and id;n?{feﬁﬁgage?ifglng

V y
. .
’ V

transfer mre packages, g saishdin plarpciven beltatidlea ofs fld o BB
as sai d second(aettskown) . on conveys about an equal nunber of packages
Each row of lens packages is transported by
the conveyor. The conveyor 998 is divided into two
5 parallel channels 997(a) and 997(b). One row of lens
packages is conveyed downstream between guides 901(a)
and 901(b), while the other row of lens packages is
conveyed downstream between guides 901(c) and 901(d).
These guides extend longitudinally down the conveyor
10 from the input end 996 to the outward end 915. Inasmuch

as there is no difference between the series of steps in

each row, reference for purposes of discussion will

refer to the conveyance of one set of products down just

one of the channels.

At the input end 996(a) the distance between

the upper guide 901(a) and lower guide gpﬁjg)_;s-}ongérm _

than the length (and width) of each. .of. the gggkageé ?F.:: . ;T

order to provide. ample space for.the,robogig_géppgiﬁ.200_.lp___'

to place the packages onto the conveyor belt. At ai. o

o0 position downstream in the direction of flow, at g08(a)
and 908(b), the guides become tapered relative to each
other so that the lens packages fit perfectly
therebetween as they are transported by the éonveyor
down the guides.

25 The tapered guides align the products in the
array so that they are all facing the same direcfion and
are all moving down the guides parallel,tq one another.
The tapered guides also prevent jateral movement of the

15

products. .- e e |
30 In addition to the guides, there.ls 3 rail .

902(a) which runs parallel to the.convgyoxnapd"ist
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25. BRI EF DESCRI PTI

ON

of the present inventfﬁ T?E DRAW NGS The foregoi ng obj ect

consol i dati ng product P or an automated apparatus aLd s and advant ages

one skilled in the arf or packagi ng may be more 30 reaanthod for

35 with reference being had to the fL|Yoapder3tood by .
ng detail ed

-9- 1 description
: of .
with the acconpanying dramﬁagg preferred embodi ments,

taken in conjunction

[ ' wher ei i
dentical reference numeral s rein like elenents are designated by
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mounted on a frame above the conveyor. Rail 902(a)
longitudinally extends past a first stop means 907(a) to
a second stop means 904(a), which is a partition to the
output end 915. The rail 902(a) is a hold down bar
which is superposed over the smooth planar surface 34(a)
of the packages 20. When the packages slide under the
rail, shingling movement, i.e.. up-down movement, of the
packages is prevented. A side view of rail 902(a) is
shown in Figure 6.

Thus, the lens packages are transported along
the conveyor petween tapered guides 901(a) and 901(b)
and under rail 902(a). As they slide downstream on the
conveyor, they will pass a first stop means 907(a) which
reciprocates perpendicular i.e., vertically, with
respect to the movement of the packages on the conveyor.

The first stop means.is illustrafed*in’rigﬁie S
9. It comprises a.ve;tically'aIigned'plate or r6d-970°
having one of its facial planes:perpendicular"to'the‘f‘"“‘
axis of motion of the conveyor 995. The plate 9707 is -
powered by a pneumatic cylinder 951. The selective
actuation of said plate 970 causes it to be placed in

- the path of the advancing packages 20 on the conveyor

998, thereby preventing their movement downstream on the
moving conveyor. As an jllustrative example, when the

- £irst stop means 907(a) is in a first operative

position, €.9-, down, the packages cannot advance
forward, even though.theacoﬁveyorLiSIstill moving. On
the other hand, when the first stop means g907(a) is up,
the packages can advance-forward on the moving conveyor.

Thus, the first stop means 907(a) allows separation’
petween adjacent packages, even when butted Ebgeﬁhet;? B



througnout th
: L the several vi-ews . _
_ diagrammatic illustration of,pﬁﬂga:n whi ch: -5

. consol idation apparatus for - Figure 1 is a

roboti c handli

Fi gur i . r enovi dling nmeans, a

ing e 2 is a plan view of the ving random variations in nd a

ention. Figure 3 is an i consol i dati on 10 appar at product fl ow.

serves as both an inSpeCtigﬁonEtrIC view of a contgctalgﬁ of [he present

carrier and a i s carrier whi
portion of the fi ' ch
I nal

| ens packa i
ge. Figure 4 i :
used t is an isonetri i .
o transporta plurality of thterlcgn;/;?to of an inspection 15 gg?ﬁ ?gﬁ

Figure 3-thr
0 ' '
ugh the automated | ens inspeétigﬁngygﬁrrlers |Ilustrated in

di agrammatic top vi
top view . :
1 of the, preferred embodiment, e Pidte F70 dsain

the shape of a cylindrical pin that reciprocates
vertically through the registration notices 31(a) and
31(b) of the contact lenses jllustrated in Figure 3.

5 Inasmuch as the contact lenses are extremely fragile and
delicate, this mode of action is an unobtrusive means of
preventing the advancement of the contact lens packages

without damaging the lenses.
At a predetermined distance downstream is the

10 second stop means 904(a) also known as a gate. In the
embodiments shown in Figures 2 and 5, the distance

between the first stop means and the second stop means

is about the width of five contact lens packages. The

second stop means 904(a) stops the.advancement of the

15 package's into the output end 915a.
A cross“section of the seccndfstop means_is

illustrated in-Figure.8. It comprisesaaLiértically “h;: s

aligned plate_971 having one of its facialnplénes:' T
perpendicular to the axis of motiQn,ofrtne_conyevcr 998.

o0 The plate 971 is pcwered-by pneumatic cylinder 953. The“_
selective actuation of the plate 971 causes it to be
placed jin the .path of the moving packages 20 on the
conveyor, thereby preventing the advancement of the

packages to the output end 915a.
For purposes of jllustration, when the second

stop means 904(a) is down (i.e. the gate is closed) the
packages cannotnadvance.tolthe output end 915 on the
moving conveyor. More specifically, when the second
stop means 904(a) is down, the lead package cannot
advance tq-the,output means...ihis causes.the second

25

30
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package to stop itsquwnstreamwadvancement.wnen_it ccmes;_”__



cohsol i dati on appara
: 3 tus of the - : cL
rail. - Figure , : he present invention, 20°i i -
of the out gut a?elaso? side view of the rail. Figure 7:'3_niC|SUdI ng guide and
the consol i dation apparatus of Figurg grogs'sectlgn
, Figure 7b is

a side view of sane. 2
. 25 i :
stop ne i R Figure 8 is a ] -
p nmeans in the consolidation apparatus of Figszszsegféapeog " Seoond
. is a

cross-section of a-fir

i . t sto i _

Fi qure 2. Irs p. neans in the cons .

co%solidatrggure 10 is a cross-section of-a]sensglrldatlo-n apparatus of
n apparatus of the present invention g;ed in the

1 into contact with the lead package. This, in turn,
causes each of the packages upstream from the lead
package to come into contact with the package in front
of it. 1In this way, the packages are consolidated into
5 a regular array, and the gaps become eliminated.
on the other hand, when the second stop 904(a)
means is up (i.e., the gate is open), the packages
proceed to the output area 915a wherein a 2 X 5 array of
packages is removed by robotic assembly 650 to the
10 saline solution injector and foil sealing assembly.
In reference to Figures 2 and 5, it is noted
that the tapered guides 901(a) and 901(b) extend to the
end of the conveyor, thus the packages remain aligned as
they pass second stop means 904(a). However, the rail
15 902(a) does -not_extend past the.second stop means
904(a). Therefore,:in ‘order-to. prevent. the shingling of --
the packages in theﬁggtputnen@g915(;3,;whgg the packages . -.
advance past the-second;stop:Means on the moving: .= .- = .17
conveyor, hold down pars 903(a) in the output end :
o0 actuate over the top of the packages before being
carried by the second robotic assembly 650. when the
robotic assembly 650 comes down to pick up the ten
packages, the hold down bars 903(a) retract by actuating
back, leaving the top of the packages.exposed. '
Figure 7(a) is a cross section of the output
area, including the hold down pars 903(a) and 903(b) in
the outer section.: Figure 7(b) is_amsidgﬁxigwupﬁ the
same. Each hold down bar is comprised of a plate 972
powered by a pneumatichylinder 954 which causes the
hold down bar to move or;retract;gvgg-thp packages.in._”

30 l

the output area@;aThguoutput-a?QQ élSQJGOBtQQnS a... .. .= e
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10 - DET

|nvent|on GL;ESeEFSSEEP:LSNaEE T?E PRFFERRED ENBODlNENTS The present
hydration 5 particularly adapted f

ydrat processing section of P or use in the post
facility. Contact |en _ n of an automated contact | P

- ( ses nol ded in c ens production
t hat des _ In an aut omat ed ;
| "consoliﬁélgﬁdcgﬂtggfefd'”9 appl i cation u.s.s.N.pBg?ggglgg4lngz FUCh 2
~as described in US. S ens Mol ding”; hydrated in a 10  hydr t!t ed
Appar at us for Fydrafihglsg${zgg,556, ent422-ed "Aut omat ed NéthgdlgﬂdsyStem
ntact Lenses"; i -

as described in U S S. N 07/993, 756 entltIZd "iggsartonatlcally | nspect ed

Apparat us® &VTNhggégénééf 955 which triggers a 51gna1[| S&? Cthé) r}.‘d\ﬁ;ﬁ@ and
assembly 650 through the PLC 940 to start removing the
packages from the output area.

Thus, a typical cycle proceeds as follows.

5 The packages on the consolidation apparatus have gaps
therebetween and proceed down the moving conveyor to the
second stop means 904(a), which blocks the advancement
of the packages on the moving conveyor. First, the lead
package is stopped, and the second package upstream

10 therefrom is stopped when it comes into contact with the
first package. The third package upstream stops its
forward motion when it contacts the second package and
this process continues, consolidating the packages on
the moving conveyor 995, When a predetermlned number of

15 packages e. g. , five packages, in the embodiment in
Figure 5, are stopped by second stop means 904(a) first
stop means 907(a) 1s actuated to separate the f1ve N
packages between the‘rlrst and second stop means 907(a)
and 904(a), respect15ei§ from the remarnder of the’ hh:f._

oo packages upstream. Wwith the five packages between the N
two stop means, the second stop means 904(a) is
released, allowing the packages to enter the output end
915(a). As they enter the output area, the 903(a) hold
down bar actuates to come down and superpose over the

o5 top of the packages to prevent shingling thereof. As
the last of the packages passes under the second stop
means 904(a), the. second stop means 904(a) is lowered
thereby blocking the movement of any further packages to

the output end.
As the packages between the flrst and second

stop means proceeds to the output area, the packages

30

35



15, particul
e arly well sui
present inventio ,suited for consolidati -
di sposabl e | ens Béclge present invention | dation and packaging by the
i nspection t her eof a%g carrier which transports a 2 nul ti- purpose
, serves as 20 a portion Ofo?hacﬁ_lens during
e final packagin
g

after inspecti

on. Packa i i

fo L1« _ ge carri i

romed frominjection nolded ore{hg?ngf L fustrated in Floure 3 and \s

as pol ypropyl ene and i f or med i
base member 34 35 nd includes a planar essgnti Flastlc sheet material, such
havi ng an angularly'é%‘ ally rectangul arly shaped

end t her eof i : '
forming a first flange member Sggnglggirali portion 38 at one
O -

fl
thgpggfs \?msi(a)’ 33(b), one of which is Visi ; : regi st ]
SIOANR U ISR gogure snisiaddy e end

carfi .
not move, thus creating a gap- dﬂéﬂ'éﬂfé gaotisc handl i ng.
created, the first stop means go7(a) is actuated up and

the packages move forward to second
5 which, by this time, has been completely lowered to

prevent any further advancement of packages- when five
packages are stopped between first stop means 904(a) and

907(a), the second stop means-907(a) is actuated to

block the passage of any more packages past it, thereby

g five packages from the remainder of the

10 separatin
- packages upstream. The cycle is then repeated.

_ Meanwhile, when the packages pass through the
gate at the output end, photosensor 955 triggers a

signal through the PLC 940 to lower robotic assembly 650

15 to transfer-;he_pacxaggsfin,thgaputpg;_endzgo;;he.pext

station. As the robo;ic;assembly-GSO-is lowered,. hold.
down bars 903(a) retracts gndngnggtug;eq;backfleaving:"__ﬁ .
the tops of the. packages exposedwfpxﬁxhe;:obggigff : o onear
assembly 650 to grab for transfer to the next station.

" All of these activities described hereinabove
are coordinated by PLC 940. It receives transmittal
jnformation of the presence of each of the packages from

sensots means such as photo sensors 955a or 355b which

are jocated at various locations mounted above the

stop means go4(al,

20

25 conveyor -

A cxos
is illustrated jn Figure 10. It consis
958 which js protected by a fiber protector 957 and
mounted onto the rail by a f£iber- holder 956. The

;ged here are cgmmercially available and are

30 sensors util
those that are normally-used in this art..- The sensors

s section of a sensor means such as 905a
ts of a-sensor: - -
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30,

0SS, N. 995 607 the disc is more fully -
Ches o . 607, the disclosure of mh!y described in copendin : :
ich is incorporated heregbsppl;catlon
ref erence

1 Registrati
t he ration not
dsedbase 34 to cooperate with ches 31(a), (b) are provided .
Carriep ;hg processing and pachg:Stratlon pins on Vari0u302 ei ther side of
nd 5 lens fo ng operatio : upport pal
cent r furthe : ns to re ets
er of the package is a CaLiPsnggngtor treatment 9E§$§;ttpsopafﬁage

an essential | ' i
y semi -spheri cal configurat?%%ﬁlly formed therein which is of

a curvilinear sh
° .
pe of a contact |ens (not Shgﬁgfral!ghln conf ormance with
wh i s

1 that are normally used are infrared sensors, although,

as jndicated hereinabove., sensor 955a is a photosensor.

The sensor may be a reflective sensor as is commerc1ally
available from Omrom. Alternatively, the sensor could
5 be a proximity sensor or'a fiber optic probe, as
commercially available from Keyence as Model 24W-V25R,
used with an amplifier model 24wW-AAlC.
Sensor means designated as 905(a) ., (b)

behind the first stop means 907(a) and second stop means
e if packages are

are located

10 904(a), respectively. They check to se
present at the first and second stop means,
respectively. 1f packages are stationary and block a
sensor, a2 signal is triggered to PLC 940. when signals
are triggered by both sensors means, 905(a) and 905(b)

15 to pic 940, it means that the packages have been
consolidated petween the two stoppers, 907(a) and
904(a). For purposes of illustration, assume that a
signal is produced when the package blocks a sensor
means and assume noO signal is generated when there is a

o0 9aP- Accordingly, if the sensor means 905(a) and 905(b)
are blocked, 2a signal from both sensor means 905(a) and
905(b) is transmitted to PLC 940.. PLC 940 coordinates
the movement of the robotic transfer 650 at the output
area with the opening of the second stop means 904(a)

25 thus allowing the packages to proceed to the output
area. When all of the packages between the stop means
905(a) and g07(a) pass to the output area 915(a), there
will be a gaP petween the packages, wherein no signal is
produced from sensor means g05(a) in front of stoP means

30 904(a). As 8 result, PLC 940 commands the closing of

the second stop means 904(a).

-—
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10" adapted to be stor erein i

: . ed therein in .

suitabl e steri nin a sealed condit ile | -
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removal of the first stop means 907(a), allowing the
packages to proceed to the second stop means 904(a).
5 However, because Sensor means g05(a) triggers no signal
after the fifth package entered the output end 915,
these packages cannot proceed past the second stop means
904(a) which is closed. As the packages stop moving as
they consolidate, and the sensor means g05(a) and 905(b)
10 above both the first and second stop means 907(a) and
904(a). respectively, are blocked, then the first stop
means 907(a) will be lowered and no more packages will
advance past first stop means 907(a) and the whole
process repeats.itself.
The above description only referred to the
disposition which respect to one stream of packages.” " 7
However, -as indicated-hereinabove, the embodiment - 7 - o
depicted in Figures 1, 4 and 5 depigt.twomstreams-ofnw =, =
packages being conveyed to the output end.. The second:.=zw "
o0 sStream has the same elements as the first stream
described hereinabove, i.e. guides 901(c) and 901(d),
which become tapered at g308(b)., and'908(q), rail 902(b),
first stop means 907(Db) and second stop means 904(b),
hold down bars 903(b) in the output area 915(b) and

o5 Sensor means 905(c) and 905(4), located in front of the
first stop means 907(b) and second stop means 904(b),
respectively. Furthermore, the elements function like

15

their counterparts described hereinabove.
However, inasmuch as there are two streams of

products, there is an additional coordination_which.is

30
controlled by PLC 940. As described hereinabove, each::.

——
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25 gri’ppin
e g the pack :
cavity 36 al so  paskage whi | e peeling ope _ .
assi’'st udes a plurali pen a foil |am
rality of tick narks 3$nkﬂate cover. The
ich are used
to

: in holdin
during t he g a contact | i
| the renmoval o act lens in the c W
gLOCeSS|ng Stations_f gﬁgonlzed wat er at ggéegfd.p05|tlon in the cavit
annul ar flange 39 whi package carrier is t he post hydration y 30
ich is used for heat s§2|- -12- al so equi pped
ing a foil W th

in order t .
0 provide
a .
| ~hernetic seal for ige | ami
contact |ens duringnate cover

has five products between the first and second

1 stream
output zoneé when

stop means, which are advanced to the

the second stop means of the first stream 904(a) and the

top means of the second stream 904(b) are

second S
robotic assembly

5 raised. AS also described, the second
650 transfers a 2 x 5 array to the next station.

the PLC 940 needs to coordinate the release
Thus, the stop

Therefore,

of the two stop means g904(a) and 904(b) -
means 904(a) and 904(b) are not raised until sensors
905(a), 905(b) . 905(c) and 905(e) are plocked, and as a
result, both means go4(a) and g904(b) ar
simultaneously so that the P
stop means g04(a) and 904(Db) in each stream,

simultaneously, with each package in each stream being

15 in the same corresponding position as its counterpart in

the other stream. The hold down'bars-903(aJ and 903(b) - 7
actuate down to prevent shinqling:of*the-productstas: S
they pass into the .output end 915(a)-and49151b), e
They-are-retracted‘Simultaneouslytin-~ SO,

10

respectively.
coordination to the movement of the robotic assembly

650, which transfers the regular array of packages, (2 x
5) to the next station. Thus, the movement of all of
these elements, the second stop means 904(a) and 904(b),
the hold down has 903(a) and 903(b) and the robotic
assembly 650 is controlled by PLC 940 which causes the
movement of these elements to be in synchronization.

_ In embodiments, having more than one stream of
products conveyed to the output end, there is a second’

coordination, which involve a second typeé of sensor 906.

The second type of sensor means marked 906

20

25

30

checks for the presence’of packages 20 énd.areiusedﬁin s

——
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facilitate grippi
- . ripping th
foil I gripping the flange
aminate s removed forgcoﬁguﬁgg hgggpackage when the cover stock
e. oC or

snmoot h pl anar s
; ur face , Ba
vacuum gri ppers on the34(a) to provide a Suitabfe menber 34 al so includes
upper side, and a vacuun]fafrgagenent zone for 10 a
on the | ower

whi ch are used

to tra

t he operation transport the pack _ -

. An ins : package carrie : ) si de

(o the”sutomt ' ens”ncpect 9 AL er dur na vart ous st ages o
_ _'DE‘Ction ; . ion s S package .

cavities 40 mhigﬁriger_lovincludes a f?f;en\la IIIust;gted in gigﬁ?;rhers

an opti : ; HE vilth Hxhel pie ep# Q%»o&?%&mé .
ptical 3i gqa?nw%@% W e CSFehe “package ¢ rdw 2008) FXW(b) of

keep the two lines of pa agé% Ehﬁhl@nderovides

upstream to
instance, if three sensor means marked 906 were blocked

on one side and only one of the sensor means marked 906

5 was blocked to the other side, the jnformation would be
relayed to PLC 940 which would cause the robot assembly
200 to place more packages on the conveyor into the

stream having fewer packages. These SeNsor means are

located at various positions above the conveyor in the

10 consolidation apparatus. Although three are jndicated
in each section of the Figures, the consolidation
apparatus may contain more or less. However, the

consolidation apparatus requires the presence of at

least two sensor means 906, one jocated in the vicinity

of the first stop means 907 and another one located at a

15
separate location ondthe;consolidation"apparatus.
pLC 940 ref rred;to'hereinaboéejiis‘part‘of"a .

———

packaging contolvsystem! which:is describedjinlcopéndincz

LS -

itled‘Interactise control 5y§téﬁifdr3;““*Vf“

application ent
20 packaging control, having U.S.S.N. 08/257,793, the
contents of which are incorporated py reference. The

packing control system constitutes a PLC and associated

circuitry and software, for providing the tracking and
serial flow of products. preferably, the PLC is a TI
. 25 system 545 (Texas Instruments). The PLC is programmed
with Application Productivity'Tool (APT) software. The
PILC is provided with a memory storage device 102‘having
e addressing and storage capabilities for PLC 940

adequat
to access and process data. As an jllustration of how

it works, the relationship petween the sensor means 906

30 g
and the PLC 940 will be described. As jndicated

35
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regi stration pins 41(a) engaging a single package

These registration pins

provi de for precise regi '
di mensi : gistration of the packa ' - - :
_ 42(a)528?b?f ﬁge_hnspectlon 25carri er mh?le agga??rg;ea '3 {he ongitudinal
flangés 33(a5 3§2b§ amgfiﬁrfggetﬁurfape o sy domnmarg{y Sggg:nding
package agai ns 4 ether with.pgns 41 regi -
ge against rotational skew ng. The iﬁgpectioneggffg[ Egei§a¥ﬂ'fﬂ
rther

provided with three 30 regi ' i
) bt i th ar 6 teed Lo or ansantt b peb6 efos headis sedkian 15 dn ¢

1l

10

15

20

25

30

35

here.'Lnalbove,r QARRRGBE! méafis PFY6 efox reachsegleiaf is 1n

transmittal communication with the PLC 940. Each time a

package blocks the sensof means 706 in one of the
streams, it triggers a signal to the PLC 940. It counts
the number of signals from the sensors 906 in each of

PLC 940 has the computer capability to

the streams.
compare the values of the number of signals it receives

eam, and determines the difference in
petween the total number of
on one stream relative to the

from each str
value, respectively,
packages that are conveyed
other stream. If the total number of packages that are
d on any one stream is greater than the total
the other stream, then

conveye
number of packages conveyed on
PLC 940 commands robotic assembly 200 to place more
packages on the section having the fewer number of
packages. Additional;packages.are.placed:on'the:input
Qortion of the conveyor belt havingnfewer:number-of"f
packages until the mumber ofusignals;receivednfrom.the
sensors 906 from both-streamSvis,aboutaequamg ol Feed
while the jnvention has been particularly
shown and described with respect to the preferred
embodiments.thereof, jt will_ be understood by those
skilled in the art that the foregoing, and other changes
in form and details, may be made therein without
departing from the spirit and scope of the invention,

which is limited only by the scopée of the following

claims.
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--18- 1 autonati -
: ! ic len : '
durihg | oadi s inspection station and to |ock th
: urk-oading—of the package carriers. e pallet in place

is further provid
R - ed w i ' :
PosSI tive grnm m ‘ t g.l r of grooves 44( a) 44( b) T\I;]\II?] I nSpect I on pal | et
renoves the i ; }ransport mechani sm t hat |;Ch provides a 5
romthe automatic |ens igspggfigzdsthfn |
ystem A

pair of slanfed f
L anae me aces 45 provi des cl
g mber 38 of the package carr?ggagg§9;8r the downvardly descending

di agrammatic i
- : illustratio : .
i nvention used n of the automated Figure 1 is a
to consolidate serial producspfﬁgafa; of the present
1 WHAT IS CLAIMED 1S: en the serial
1. A consolidation apparatus for

consolidating a plurality of products having random
variations in product arrangement with gaps petween the

pr oduct

5 products, said apparatus comprising:
(a) & conveyor, said conveyor having an input

end and an output end, and said conveyor receiving a
plurality of products with random variations in the

arrangement thereof at said input end;
10 (b) means for actuating the conveyor to

transfer the products from the input end to the output

end;
(c) alignment guides which longitudinally

extend from the input end up to and including the output
15 end of said_conveyorpgnd wnion glign_the products and

prevent the lateral'ﬁovementuthégeof}_ o
(d) rqil_gqide“mountedieboVe_SQid;éonveyor |
which superposes_aboie:the_produgtslmoving*on the  __

conveyor to prevent éﬁinglinéuof“gaid'produotghéé they

oo mMmove downstream to the output end;
(e) a first and second stop means mounted for

- yertical reciprocation perpendicular to the direction of

conveyance of said products, said second stop means
situated adjacent to the output area, and said first
stop means situated at a predetermined distance in the
direction of conveyance of the products from said second
<top means; said second stop means in one operative
condition blocking the advancement of the pfaauaés'ea*"
the output end to consolidate any gaps between said
products and in!another_operatiyeipondition permitting

25

30

the advancement of'the"prod'cts to the output end, and

35



fﬂDM/h;s ra o
arrays afe_ggggl¥%iéﬁ;L§2;eiﬂgi?in. Wi le prefigured. 2 X 8
ion 15 of the present inveniiczjnX > and 4 X8

under st ood t - _

practice of Hm m of arrays and configurations nay b LS

i nspection pa Hmcr!bed nereinm As i llustrated in ‘Ii.sed in the

2 X 8 array 20(a) si xteen product articles 20 arrahgg&ezé,_an
) in a

) is transported i : .

aut onat ed i - ported in the direct

nspecti on systemthat has SepaLQbE|;Ope8{eaégoglAhfr?n]an
ach of the

products 20 accordin

g to a predefi :

on a co p efi ned prod i

nveyor 12(b) through each of thg th?g; ;ggff{gﬁé P2 ey 10, rravels

(c) illustrated in Fi
. [ 1 e e
mbpect i on pat | @al80 f155e REPRLBERTEnoTRIc) acpsedesarriRt S e

of products located between)th%h%igggt¥nﬁn§€@6ﬁd0ﬂumalIets-
means from the remainder of the products upstream and
which in an operative condition permits the advancement

5 of the products to the second stop means and in another
operative condition blocks the advancement of said

products and
(f) a first sensor means to actuate vertical

reciprocation of said first and second stop means.
10 2. The consolidation apparatus of Claim 1
wherein said actuating means is a motor.

3. The consolidation apparatus of Claim 1
wherein each of said products is a contact lens package
carrier which comprises a planar rectangularly shaped

15 base member with a pair of notches on the sides thereof
and an angularlyudependgncy wall,thereoi forming flange
members, the face Qﬁ;sgid-packageecontaining offset from
the center cavity baving semi-spherical configuration in
the curvilinear shape of a contact-lenshugpd a_planar .

oo surface therebelow said cavity. _

4. The consolidation apparatus of Claim 1
wherein each of said products is a contact lens package
carrier which comprises an essentially planar '
rectangularly shaped base member having a pair of

25 notches on the sides thereof and an angularly depending
wall portion at each end thereof forming flange members
said face conta;ning,offset“fgom the center a cavity in
the curvilinear shape of a contact lens and a planar
surface therebelowvw, and wherein the first stop means

30 insert into one.of said notches...
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are returned via return '
et e e e o e L e ol ot conbeogest 1,50

has mounted tR6Feon a 35 is—positioned adjacent conveyors 12, 13 and

ihdependent |y a -14- 1 2 X 8 vacuum array 202 ' '
10(b) is Conveya‘mmﬁm‘mt‘ gri ppi ng means nount >e/d thePg\(;lnngPZ: f(t o
as illustrated inm 5°Fi H°12 to a predetermned product pick ggint

i M
h 'gur"e £ and the 2 X . uct
ereabove to renove each of the sixteenq;r33L2¥52??ohf Post 11 oned

1 _ 5. The consolidation apparatus of claim 1
wherein each of said products is a contact lens carrier
which comprises an essentially planar rectangularly
shaped base member having a pair of notches on the sides

5 thereof and an angularly-depending wall portion at each
end thereof forming flanges, said face containing offset
from the cavity in the curvilinear shape of a contact
lens and a planar surface therebelow, and wherein said
rail guide superposes on the planar surface of said

10 lens.
6. The consolidation apparatus of Cclaim 4
wherein said first stop means is in the shape of a pin.
7. The consolidation apparatus of Claim 1
wherein said first sensor means is an infrared sensor.
15 :8.-_The-consolidation apparatus of Claim 1
having a pair of sensor means situated on-a frame above - ... -
the conveyor in front of said first-gndnsecgggfstop '

means. o oL _
9. The consolidation apparatus of Claim 1 - - ==

20 wherein said apparatus includes at least two pairs of
tapered guides, at least two rails adjacent and parallel
to each other, at least two first and second stop means
and at least two sensor means. '

10. The consolidation apparatus of Claim 1
25'which provides a consolidated regular array of products
at said output end, said product arranged and positioned
for robotic handling. "= T T e L

11. An automated a paratus for controlling
the automatiC-packaginguof contact lenses in a contact
lens fabrication:facilityw said .apparatus comprising:

30
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the inspection carrier 10(b)

20(b),, (c)-and (d) have be

As illustrated in Figure 1, products

illu -Tﬁeﬂ"—”“—————ﬁﬂ—ﬂafke i " g _
strate Fenoval dwith an "X" to diagrammatically

of the prese

éo control t
at abl ock fromtihe

aut bne

?L the 15 products 20(b) i

e products 20 have been

robotic transfer devi
_ evice 20 it
14 and sel ectively disch rOGEOSItlons the 2 X 8 array
Zlgy c%

products are then renove
periodically

of packages of contact le
product arrangement from a

intermediate

_ of flawed 10 or out spec products.

AL

ro [ P .
granmabl e | ogic controller ("PLErf P;aﬁ;ege

's of the present i [

e _ I nvention an [

(C)lgﬁge?élon-systen1having a flag ;gfe;ves 5
) thag2are flawed or out of spgg el

renoved : )

fromthe inspection carrier 10(b) Aﬁtﬁ;

bpser pepotic2etanst aVy§Le CRGYEYOT belt 2
TS or 14 o tapsier) ﬁﬁﬁ%?df. Those 0

transferring a first predetermlned amoun

nses having random variation in
first station to the

consolidation apparatus;

(2) a consolidation apparatus comprising
(a) a conveyor, said conveyor having an input

end and an output end,

plurality of
10

arrangement thereof at

and said conveyor receiving a
packages with random variations in the
said input end;

(b) means for actuating the conveyor to

transfer the

end;
(c
extend from

15

20

the input end up
end of said conVeierJgnd-ﬁhich align.
prevent the laterélnmoveﬁentfﬁﬁereqﬁi -

(4) rail guide @quq;eg;abqgg
which superposes 6ver the packages moving on.-the

conveyor to prevent shingling O

packages from the input end to the output

) alignment guides which longitudinally
to and including the output
the packages and...

- ——— =

said conveyox :t:

£ said packages as they

move downstream to the output end;
(e) a first and second stoP means mounted for

vertical reciprocation perpe
conveyance of said packages,

situated adj
means situated at a predetermined distance from

25
stop

said second

the packages,
condition blocking the a
the output end to egneolidege any gaps be

30

packages and in

35

ndicular to the direction of

sajd second stop means

acent to the output area, and said first

nveyance .of

gstop means in the direction of C
said second stop means in one operative -
.vancement_of_the packages to

' tween said - -

another. qperetiqe condition:permi;pingTwﬁg
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f L]
ar subsequent destruction or

the remainin .
g pro recyclin i
products on a consolidat?onTgﬁf¥gPOtlc devi ce 200 Lhen p
apparatus 25 99 aces
5 wth

prOducf“aﬁ“ay—ef—%Qéd-)—.—Ih
product e product
flow resgjﬂ | ncl udes S are pl aced on the i |
a e
(d). fro croval oo o P o e Pt end 996. The
i ncl udes a out of spec products ZB?g)prodUct

duct fl
Conve or ow. The 30 :
conveyor . y Connected t consol i dat i , (c) and
-15- 0 actuating3+ean I on apparatu
s which driv S 995
es the

cement of the packages to the output end in a

1 the advan
second predetermlned amount, and said first stop means

separatlng a second predetermlned amount of packages

from the remainder of the packages upstrean and
5 (£) a first sensor means in transmlttal

communlcatlon with a ontroller which communlcates the

presence of consolldatlon packages directly in front of

said first and second stop means;
(3) a second robotic assembly for periodically

10 transferrlng the second predetermlned amount of
1nd1v1dua1 packages from said consolldatlon apparatus to

a second proces51ng station, and
(4) a controller which is in transmittal

communlcatlon with said sensor means, said first and

15 second stoP means and sald second robotlc assembly, said

controller causing the actuatlon of the vertlcal

rec1procatlon of .the. fxrst and second stop means and

coordinating: said- vertlcal reclprocation of the second

_ stop means with the movement of said second robotlc
20 assembly.
12. The automated apparatus of Claim 11
_wherein at least two streams of packag
said conveyor which is. 1ong1tud1na11y d1v1ded ‘into at
least two sections, each section having a pair of
25 parallel guides, 2 rail guide and a first and second
stop means and 2 sensor. -
13. The automated apparatus of Clalm 11
wherein each section addltlonally ‘comprise a second
sensor means whlch monitors the number of packages in

each sectlon, each second sensor peing in transmittal

communlcatlon with said controller communlcatlng the

30
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I The conveyor runs undernea
IVeyor runs th the products 20d and advances the packages

fromthe i i - -

The congo:PpUt'end 996 i'n_the dlrection.of arrow C to the output end 915

B ngl‘l\“mnmjmmﬁf\wbga{hgei ﬁultjfll vi ged 5 into several sections

conveying i'ts owt sf'ream of loroductsl.o As QhoﬁﬁGi o Fi Sﬁrguﬁpui hend 915 each
, e

consol i dati on apparatus i idi vi
us is subdivided int i
own set of products with random 10 vari at? two sections,

each conveying its

own set of products in accordance with the desgp?pfﬁgg ﬁng?Lidating its

Each section

of the consolidation a '
_ ( ppar at us incl udes al
whi ch align the packages, and each, eézg' Ié&sgnrrentr&me\dainms Omn the]éc%onveygr
ﬁ s oh, @ ve the 15

conveyor, whichnumber pofcRack29e% nt phckages

determining the difference of éﬂgjnumber of packages

being conveyed in a section relative to a second
section, jdentifying a first section conveying fewer

5 packages relative to a second section, and causing said
f£irst robotic device to transfer more packages to said
first section until the number of packages conveyed in
said first section contains about an equal number of

packages as in said second section.

10 14. The automated apparatus of Claim 11
wherein each of said packages comprises an essentially
planar rectangular shaped base member having a pair of
notches on the sides thereof, and an angularly depending
wall portion at each end thereof forming flange members

15 the face of each said packages containing offset from
the center a cavity in a semi-spherical configuration in
the curvilinear shape of a contact lens and a planar
surface therebelow, and wherein the first stop means

inserts into one of said notches.

20

15. The automated apparatus of Claim 14

wherein said first step means is in the configuration of

a cylindrical pin. .
16. The automated apparatus of

Claim 11

having a pair of first sensor means sjituated on a frame
25 above the conveyor directly in front of said first_and

second stop means.

17. The automated apparatus of Claim 13
wherein said second sensor means is situated on a frame
above the conveyor directly in front of said first stop

30 means.
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prevents shingling novenent thereof. In addition, each.. section has a stop

means, identified as 904(a) in one section and 904(b) in the second -

section. .Each is nounted above the conveyor for vertical recipfbcation, 20

and when each is down, it blocks the advancenent ©of "t he produc to.the

out put end 915. Wen each stop neans - 904(&) and QGZ(b) I's blocking the

advancenment of the products, the |ead products in eagh gectionfstop its

forward novenent on the moving conveyor, and the 25 R Of

behind it also stop their forward novenent mhen t hey Q@

the | ead product. This process continues %ﬁé
INyed"a

a predetern1ned nunber of~packages-are f¥
consolldated Both sectlons aiso have anot
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30 i den fied as 907(a) in the first section and 907(b) in 35 - 16 - the

second g&ction. These stop neans 907(a) and 907(b) separate a predeterm ned
nunber packages fromthe renai nder of the packages upstreamin each
secti on {5 These predeterm ned nunber of packages |ie between 907(a) and
904( a) the first section and 907(b) and 904(b) in the second section. In
Fi gure t he predeterm ned nunber of packages is five, so that an array of
five padeages |ie between the twg stop neans in \Q
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10 - each section. The stop neans 904(a) and 904(b) are coordinately
raised so that a 2 X 5 array of packages are advanced to the output end
915. When these predeterm ned nunber of packages are advanced to the 15
out put end, stop neans 904(a) and 904(b) are |owered so that no additional
products can be advanced. Once a full array of |ens packages are disposed
in the output end, a second robotic assenbly 650 equi pped with an array 658
whi ch contains ten vacuum gri pping neans in a 20 2 X5 matrix is used to
remove the packages fromthe output end 915 . The 2 X 5 array 658 is

positi oned over products 20f and the vacuum gripping neans is actuated to
wthdraw the first ten products to the saline solution injector and foi

wr apper seal i ng assenbly 700

This Sheet Has Bee
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reference is made to Figures 2 and 5 through 11. Reférence is especially
made to Figure 5, which represents a top view of the consolidation package.
. Al though the figures show two rows of the lens 10 packages, represented
by pallet 20 and identical sections of the consolidation apparatus having -
two sets of elenents, it is to be understood that the enbodi ment is shown
only for iIIuStrative pur poses, and that the consolidation apparatus my
have any nunber of sections, 15 each having all of the elenents

descri bed herein. The | ens packages are deposited on a conveyor 998 at the
i nput end, connected to a notor (not shown) which continually drives the
conveyor and whi ch advances the product array in the direction of the arrow
20 illustrated in Figure 1.

Sheet Has Been Rerlaced
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normal Iy used in the contact |ens manufacturing
Is preferable that a belt conveyor be

- utilized, The conveyor is made up of material that is nornmally used in 25
this art, taking into consideration the weight of all of the objects that
rest on the conveyor during the process, the forces of friction between the
novi ng parts, the speed of novenent of the conveyor belt and the ability of
the material to withstand the stress 30 and/ or. t.ensi on created
therefrom Nornally, the conveyor consists of a-“kEubber or netal belt
operating over a suitable drive (not shown)*tail and bend

Al t hough any conveyor
I ndustry can be utilized, it

a:

gl i)y e
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18- 1 teynlnals (not shewin) and over belt idles or slide beds (not shown).
Each ‘¥ 0w of | ens packages.is transported by the conveyor. The conveyor 998
is divided into two 5 parallel channels 997(a) and -997(b). One row of |ens
packages i s conveyed downstream bet ween gui des 901(a) and 901(b), while the
ot her row of | ens packages is conveyed downstream bet ween gui des 901(c) and
901(d). These guides extend longitudinally down the conveyor 10 fromthe

i nput end 996 to the outward end 915. |Inasnmuch as there is no difference
between the series of steps in each row, reference for purposes of

di scussion wll refer to the conveyance of one set of products down just
one of the channel s. 452
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15 ’ At the input end 996(a) the distance between the upper guide
901(a) and | ower guide 901(b) is longer than the length (and w dth) of each
of the packages in order to provide anple space for the robotic deposit

. 200.. to place the packages onto the conveyor belt. ; At a 20 position

- downstreamin the direction of flow, at 908(a) and 908(b), the guides

' becore tapered relative to each othe Peopkees fit
perfectly ther RPEOMATED ARBARATHES We”@ﬁ@ﬁ&p@?é%édg;‘)é ﬁe conveyor down the
gui des. 25 FOR PACKAGINGt apered guides align the products in the array so
that they are all facing the same dirgc¢iprgagdcare all noving down the
gui des paraliel to one another. Thé—ﬁapet@ﬁz'gzg%gdakgoaprevent | atera

novenent of the pro invention 1s
prodid present rality of

jon apparatus for consolidating a plu

idat
consoli in product arrangement

products having random variations
5 with gaps between the products.
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30,
par aj.l el

conveyor.
907(a) *to a second stop nmeans 904(a),
end 915. The rai
snoot h planar surface 34(a) of the packages 20. Wen the pac
under the rai
I's prevented. A si de vi ew of

In addition to the guides,

there is arail

qpo 46789
902(a) which runs

to the conveyor and is 35

Rai | 902(a) Iongitudinalfy extends past -a first stop nmeans

902(a) is a hold down bar 5 which is superposed over

shingling nmovenment, i.e., up-down novenbate:
rail 902(a) S

AUTOMATED APPARATUS AND METHOD
FOR CONSOLIDATING PRODUCTS FOR PACKAGING

Cross Reference to Related Applications
The present application is a continuation-in-

part of copending U.S. patent application having Serial
No. 08/257,791, filed June 10, 1994.

1. Field of the Invention
The present invention relates generally to the

. field of manufacturing ophthalmic lenses, especially

molded, hydrophilic contact lenses, and more
specifically to an automated apparatus for consolidating
contact lenses for packaging after inspection thereof.

2. .Description of the Prior Art
X The molding of hydrophilicucontactu;egsgsfis
disclosed in U.S. Patent No. 4,495,313 to Larsen; U.S.
Patent No. 4,640,489 to Larsen, et al.; U.S. Patent No.
4,680,336 to Larsen et al.; U.S. Patent No. 4,889,664 to
Larsen et al.; and U.S. Patent No. 5,039,459 to Larsen
et al., all of which are assigned to the assignee of the

present invention.
These prior art references disclose a contact

lens production process wherein each lens is formed by

sandwiching a monomer or monomer mixture between a front

curve (lower) mold .section and back curve (upper) mold
section, carried in a two by four mold array. The
monomer is polymerized, thus forming a lens which is
then removed from-the mold sections.and-further treated

—3in a hydration=bath.and packaged for consumer use..

-19- 1 mounted on a franme above the

which is a partitipi ikQné rF?;l@&z'é&rft'vN-Jat\t sheet
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shown in Figure 6. 10 : Thus, the | ens packages are transported

al dng the conveyor between tapered guides 901(a) and 901(b) and under rai
902(a)-. As they slide downstreamon the conveyor, they will pass a first
st-op rmeans 907(a) which reciprocates perpendicular i.e., vertically, with
15 respect to the novenent of the packag®s-on the conveyor. The first stop
means is illustrated in Figure 9. It conprises a. vertically aligned plate
or rod 970 having one of its facial planes perpendicular to the' axis of
notion of the conveyor 995. The plate 970 is 20 powered by a pneumatic

ol aced i n the Eégﬁg@%&fﬁgg@* s i, et PG Cosch o SRUBGRTS oon” °°
thereby preventing their novement downstream on the
ABSTRACT
The present invention is directed to a
consolidation apparatus for consolidating a plurality of
products having random variations in product arrangement
with gaps between the products.

Fig 1

This is the replacement sheet
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nmovi ng conveyor. As an illustrative exanple, when the 25 first stop neans
907(a) is in a first operative position, e.g., down, the packages cannot
advance forward, even though the conveyor is still noving. On the other-
hand, when the first stop neans 907(a) is up, the packages can advance
forward on the noving conveyor. 30 Thus, the first stop neans 907(a) all ows
separati on between adjacent packages, evenlwrten butted together. 35 - 20-

1 In a preferred enbodi nent, the plate 970 is in the shape of a
cylindrical pin that reciprocates
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vertically through the registration notices 31(a) and 31(b) of the contact

| enses illustrated in Figure 3. 5 Inasnmuch as the contact |enses are
extrerely fragile and delicate, this node of action is an unobtrusive neans
of preventing the advancenent of the contact |ens packages wi thout danagi ng
the I enses. At a predeterm ned di stance downstreamis the 10 second stop
means 904(a) al so known as a gate. In the enbodi ments shown in Figures 2
and 5, the distance between the first stop neans and the second stop neans
is about the width of five contact | ens packages. The second stop neans
904(a) stops the advancenent of the 15 packages into the output end 915a. A

cross section of the second

stop neans is illustrated in Figure 8. It
conprises a vertically
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aligned plate 971 having one of its facial planes perpendicular to the

axi swof notion of the conveyor 998. 20 The plate 971 is powered by ,
pneunafic cylinder 953. The selective actuation of the plate 971 causes it
to be placed in the path of the noving packages 20 on the conveyor, thereby
preventing the advancenent of the packages to the output end 915a. 25

* For purposes of illustration, when the s®cond stop neans 904(a) is down
(i.e. the gate is closed) the packages cannot advance to the output end 915
on the nmoving conveyor. Mrre specifically, when the second stop neans
904(a) is down, the | ead package cannot 30 advance to the output neans.
This causes the second package to stop its downstream advancenent when it
cones 35

i
2 0 FEB 1997

Dates



-21- 1 into contact wwth the | ead package.
t he -packages upstream fromthe | ead package to conme into contact with the

package in front of it.

régul ar array,

second stop 904(a) neans is up (i.e

In this way,
and the gaps becone elimnated. On the other
the gate is open),

Thi s,

in turn,

causes each of

t he packages are consolidated into 5 a

hand, when the

t he packages

proceed to the output area 915a whereim4 2 X 5 array of packages is
renoved by robotic assembly 650 to the 10 saline solution injector and f0|
In reference to Flgures 2 and 5,

seal ing assenbly.
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that the tapered guides 901(a) and 901(b) extend to the end of the
conveyor, thus the packages renmin aligned as they pass second stop neans
904(a). However, the rail 15 902(a) does not extend past the second stop

i means 904(a). Therefore in order to prevent the shingling of the
packages in the output end 915(a), when_ the packages advance past the
second stop neans on the noving conveygih'hold down bars 903(a) in the
out put end 20 actuate over the top of the packages before being carried by
t he second robotic assenbly 650. Wen the robotic assenbly 650 cones down
to pick up the teen packages, the hold down bars 903(a) retract by actuating
back, leaving the top of the packages exposed. 25 Figure 7(a) is
a cross section of the output area, including the hold dowmn bars 903(a) and
903(b) in

-
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the.outer section. Figure 7(b) is a side view of the sanme. Each hold down
bar ks _conprised of a plate 972 powered by a pneumatic cylinder 954 which
cayses . the 30 hold down bar to nove or retract over the packages in the
out put area . The output -area also contains a 35 -22- 1 phot osensor
955 which triggers a signal to the robotic assenbly 650 through the PLC 940
to start renoving the packages fromthe_furput area. Thus, a typical cycle
- proceeds as follows. 5 The packages on the consolidation apparatus have
gaps
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t her ebet ween and proceed down the noving conveyor to the second stop means
904(+a),, whi ch bl ocks the advancement of the packages on the noving
cqonveyor. First, the | ead package is stopped, and the second package

. upstream 10 therefromis stopped when it conmes into contact with the first

' package. The third package upstream stops its forward notion when it
contacts the second package and this p? 3s continues, consolidating the
packages on the noving conveyor 995. \Wen a predeterm ned nunber of 15
packages e.g., five packages, in the enbodinment in Figure 5, are stopped by
second stop neans 904(a) first stop neans 907(a) is actuated to separate
the five packages between the first and second stop neans 907(a) and
904(a), respectively fromthe renainde%rpﬂ the 20 packages upstream Wth-
the five packages between the 33° . :
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s . Agp 46784 . .
two” st op neans, the second stop neans 904(a) is released, allow ng the

packages to enter the output end 915(a). As they enter the output area, the
903(a) hold down bar actuates.to conme down and superpose over the 25 top of
t he packages to prevent shj I eof. As the last of the packages
passes f SHEETSea j(a) ,the second stop neans 904(a) is
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| ower ed

end. 30 :
pr oceeds
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-23= 1 upstreamfromthe first stop neans 907(a) initially do not nove,
thus creating a gap. Wen this gap is created, the first stop neans 907(a)
is actuated up and the packages nove forward to second stop neans 904(a), 5
which, by this tinme, has been conpletely |owered to prevent any further
advancenment of packages. When five packages are stopped between first stop
nmeans 904(a) and 907(a), the second stop neans 907(a) is actuated to bl ock
t he passage of any nore packages past it, thereby 10 separating five
packages fromthe renmai nder of the packages upstream The cycle is then
repeat ed. Meanwhil e, when the packages pass through the gate at the out put
end, photosensor 955 triggers a signal t@rough the PLC 940 to | ower robotic
™
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15 to transfer the packages in the output end to the next station.
As the robotic assenbly 650 is | owered, hold down bars 903(a) retracts and
are are actuated back | eaving the tops of the packages exposed for the
robotic. assenbly 650 to grab for transfer to the next station. 20

Al'l of these activities described herei nabove are coordi nated by PLC 940.

It receives transmttal information of the presence of each of the packages
from sensors neans such as photo sensors 955a or 955b which are | ocated at
various | ocations nounted above the 25 conveyor. A cross section of a
sensor means such as 905a is illustrated in Figure 10. It consists of a
sensor 958 which is protected by a fiber protector 957 and nounted onto the
rail by a fiber holder 956. The '

FIG. 3

S
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30 sensors utilized here are coommercially available and are those that are.
normally used in this art.- The sensors 35 -24- 1 that are normally used
are infrared sensors, although, as indicated herei nabove, sensor 955a is a
phot osensor. The sensor may be a reflective sensor as is commercially
available fromOmrom Alternatively, the sensor could 5 be a proximty
sensor or a fiber optic probe, as cormmercially avail able from Keyence as
Model 24W V25R, used with an anplifier nodel 24W AA1C. Sensor neans

designated as -905(a), (b) are locateg
0 g QO
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41a
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44a 42b 33b

This Sheet Has Been Reilaced

AR

This is the replacement sheet

Dateo_ 2 5 AP R 1997




behtnd the first stop nmeans 907(a) and second stop neans 10 904(a),
respectively. They check to see if packages are present at the first and
second stop neans, respectively. |f packages are stationary and block a
sensor, a signal is triggered to PLC 940.> Wen signals are triggered by
bot h sensors nmeans, 905(a) and 905(b) 1§ to PLC 940, it neans that the
packages have been consoli dated between:the two stoppers, 907(a) and
904(a) . For purposes of illustration, ~assune that a signal is produced
when the package bl ocks a sensor neans and assune no signal is generated
when there is a 20 gap. Accordingly, if the sensor neans 905(a) and 905(b)
are bl ocked, a signal from both seﬁsor means _905(a) and %pS(b) S

transmtted to PLC 940. PLC 940 dﬁGTBﬁq\tqﬁ twe moygrents of the robotic
transfer 650 at the out put \
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area with the opening of the second stop neans 904(a) 25 thus allow ng the
packages to proceed to the output area. Wien all of the packages between
the stop nmeans 905(a) and 907(a) pass to the output area 915(a), there w il
be a gap between the packages, wherein no signal is produced from sensor
means 905(a) in front of stop nmeans 30 904(a). As a result, PLC 940
commands the closing of the second stop neans 904(a). 35 -25- 1

As the packages nove through the second stop neans 904(a) after a preset
time, PLC 940 controls the

FIG. 7a
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renoval of the first stop means 907(a), allow ng the packages to proceed
t.he second stop neans 904(a). 5 However, because sensor neans 905(a)
triggers no signal after the fifth package entered the output end 915,

t hese packages cannot proceed past the second stop neans 904(a) which is
cl osed. As the packages stop noving as they consolidate, and the sensor
means 905(a) and 905(b) 10 above both the first and second stop neans
907(a) and 904(a), respectively, are blocked, then the first stop neans
907(a) will be | owered and no nore packages will advance past first stop

means 907(a) and the whol e process repeats itself. 15 ' The above

description only referred to the disposition which respect to one stream
packages. However, -as indi cated herei nabove, the enbodi nent

FIG. 8
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depicted in Figures 1, 4 and 5 depict two streans of packages being
conveyed to the output end. The second 20 stream has the sane el enents as
the first stream described herei nabove, i.e. guides 901(c) and 901(d),

whi ch becone tapered at 908(b), and 908(c), rail 902(b), first stop neans
907(b) and second stop neans 904(b), hold down bars 903(b) in the output .
area 915(b) and 25 sensor neans 905(c) and 905(d), located in front of the
first stop nmeans 907(b) and second stop nmeans 904(b), respectively.
Furthernore, the elenents function |like their counterparts described

her ei nabove. However, inasnmuch as there are two streans of 30 products,
there is an additional coordination which is controlled by PLC 940. As
descri bed herei nabove, each 35

FIG. 10
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-26- 1 stream has five products between the first and @@@%gq stop
nmeans, whi ch are advanced to the output zone when the second stop
means *of the first stream 904(a) and the seond stop neans of the second
stream 904(b) are raised. As also described, thesecond robotic assenbly
650 transfers a 2 x 5 array to the next station. Therefore, the PLC 940
needs to coordi nate the rel eade of the two stop neans 904(a) and
904(b). Thus, the stop neans 904(a) and 904(b) are not raised until sensors
10 905(a), 905(b), 905(c) and 905(e) are bl ocked, and as a result, both
means 904(a) and 904(b) are raised al npost
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si mul taneously so that the packages 20 pass the second stop neans 904(a)
and 904(b) in each stream sinultaneously with each package in each stream
bei ng -15 in the sane corresponding position as its counterpart in the
ot her stream The hold down bars 903(a) and 903(b) actuate down to
prevent shingling of the products as they pass into the output end
915-(a) and 915(b), they pass into tRe output end 915(a) and 915(b),
respectively. They are retracted stmoltaneously 20 coordination to the
novenent of the robotic assenbly 650, which transfers the regular array of
packages, (2 x t station. Thus, the novenent of all these elenents, the
second stop neans 904(a) and 904(b) tge hold down has 903(a) and 903(b)
and the robotic 25 assenbly 650 is co@grollﬁp by PLC 940 which causes the
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novenent of these elenments to be in synchronization. In enbodi nent s,
havi ng nore than one stream products conveyed to the output end, there is a
second coordi nation, which involve a second type of sensor 906. The second
type of sensor neans nmarked 906 checks for the presence of packages 20 and
are used in - 35 -27- 1 conjunction with the placenent robot assenbly
zone fromupstreamto keep the two FBmes of packages equal. For instance,
if three sensor nmeans narked 906 wer-e—tl ocked on one side and only one of

t he sensor means marked 906

FIG. 3

is Sheet Has Been Re[ilaced

A R YT —

Date: "2 JUN 1997




5 was bl ocked to the other side, the information would be relayed to PLC
940 whi ch woul d cause the robot assenbly 200 to place nore packages on the
conveyor into the stream having fewer packages. These sensor neans are

| ocated at various positions above the conveyor in the 10 consolidation
apparatus. Although three are indicated in each section of the Figures,
the consolidation apparatus may contain jye or |ess. However, the

consol idation apparatus requires the presence of at |east two sensor neans
906, one located in the vicinity&Ql5 of the first stop nmeans 907 and anot her
one | ocated at a separate | cati&h on the gonsolidation apparatus. PLC 940
referred to hereinabove, isQpqrtjof a pachging contol system which is
described in copending appTichti\on entitled Interactive Control System for

44a 42b 33b
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20 Packagi ng Control, having U S.S.N 08/257,793, the contents of which are
i ncorporated by reference. The packing control systemconstitutes a PLC
and associated circuitry and software, for providing the tracking and
serial flow of products. Preferably, the PLCis a Tl - 25 system 545
(Texas.Instruments). The PLC is programmed with Application Productivity
Tool (APT) software. The PLC is provi degl4ym'th a nenory storage device 102
havi ng adequat e addressing and storage capabilities for PLC 940 to access
and process data. As an-illustration of how 30 it works, the relationship
bet ween the sensor neans 906 anqathe PLC 940 will be described. As
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-28- 1 hereinabove, sensor neans 906 for each section is in transmttal
comuni cation with the PLC 940. Each tine a package bl ocks the sensor neans
706 ¢ one of the streans, it triggers a signal to the PLC 940. It counts 5
t he nunber of signals fromthe sensors 906 in each of the streans. PLC 940
has the conputer capability to conpare the values of the nunber of signals
it receives fromeach stream and deternidgies the difference in value,
respectively, between the total nunber o230 packages that are conveyed on
- one streamrelative to the other stream I|f the total nunber of packages
that are conveyed on any one streamis greater than the total nunber of
packages conveyed on the other stream then
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PLC 940 commands robotic assenbly 200 to place nore 15 packages on the
section having the fewer nunber of packages. Additional packages are

pl aced on the input portion of the conveyor belt having fewer nunber of
packages until the nunber of signals received fromthe sensors 906 from
both streans is about equal. 20 VWil e the invention has been
particularly shown and described with respect to the preferred enbodi nents
thereof, it will be understood by those skitled in the art that the
foregoi ng, and other changes in formand details, nmay be made therein

W thout 25 departing fromthe spirit and scope of the invention, which is
limted only by the scope of the follow ng clains. 30
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35 -29- 1 WHAT IS CLAIMED IS 1. A consol i dation apparatus for
consolidating a plurality of products having random variations in product
arrangenment with gaps between the 5 products, said apparatus conprising:
(a) a conveyor, said conveyor having an input end and an output end, and
sai d conveyor receiving a plurality of products with randomvariations in
t he arrangenent thereof at said input endy-10 (b) neans for
actuating the conveyor to . —
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ffanéfer the products fromthe input end to the output end, (c?oévrgnnent
gui des which longitudinally extend fromthe input end up to and i ncl udi ng
the output 15 end of said conveyor and which align the products and prevent
the | ateral novenent thereof; (d) rail guide nounted above said conveyor
whi ch super poses above the product noving on the conveyor to prevent
shingling of said products as they 20 nde downstreamto the out put end;
(e) a first and second stop nmeans nmounted for vertical ‘'reciprocation

per pendi cular to the direction of conveyance of said products, said second
stop neans situated adjacent to the output area, and said first 25 stop
nmeans situated at a predeterm ned distance in the
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direction of conveyance of the products from said second stop neans; said
second stop neans in one operative condition bl ocking the advancenent of
the products to the output end to consolidate any gaps between said 30
products and in another operative condition permtting the advancenent of
the products to the output end, and 35 230- 1 said first stop neans
separating a predeterm ned nunber of prdﬁucts | ocat ed between the first and
second stop neans fromthe remai nder of the products upstream and which in
an operative condition permts the advancenent
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5 of the products to the second stop neans and in anot her operative
condi tion bl ocks the advancenent of said products and (f) a first sensor
nmeans to actuate vertical reciprocation of said first and second stop

nmeans. 10 2. The consolidation apparatus of Claim1 wherein said
actuating neans is a nmotor. 3. The conso]idation apparatus of Claim1l
- wherein each of said products is a cont | ens package carrier which

conprises a planar rectangul arly shaped 15 base menber with a pair of
not ches on the sides thereof and an angularly dependency wall thereof

~ formng flange nenbers, the face of said package containing offset from
the center cavity having sem -spherical configuration in the curvilinear
shape of a contact |ens, and a pl anar
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20 surface therebel ow said cavity. 4. The consolidation apparatus of C aim
1 wherein each of said products is a contact |ens package carrier which
conprises an essentially planar rectangul arly shaped base nenber having a
pair of 25 notches on the sides thereof and an angul arly dependi ng wal |
portion at each end thereof formng flagge menbers said face containing

offset fromthe center a cavity in the crvilinear shape of a contact |ens

and a planar surface therebel ow, and wherein the first stop neans 30 insert
into one of said notches. 35
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-31- 5. The consolidation apparatus of Caim1 wherein each of said
products is a contact |lens carrier which conprises an essentially planar
rectangul arly shaped base nenber having a pair of notches on the sides 5

- thereof and an angularly depending wall portion at each end thereof form ng
. flanges, said face containing offset fromthe cavity in the curvilinear

- shape of a contact |ens and a pl anar suLfgce t her ebel ow, and wherein said
rail gui de superposes on the planar surface of said 10 lens. 6. The
consolidation apparatus of Claim4 wherein said first stop neans is in the
shape of a pin. 7. The consolidation apparatus of Claim1l wherein said
first sensor neans is an infrared sgnsor.
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i

15 8. -The consolidation apparatus of Claim21 having a pair of
sensor neans situated on a franme above the conveyor in front of said first
and second stop neans. 9. The consolidation apparatus of Claim1 20
wherein said apparatus includes at |east two pairs of tapered gui des, at

| east two rails adjacent and parallel to each other, at least two first and
second stop neans and at |east two sense®- means. 10. The consol i dati on
apparatus of Claim1l 25 which provides a consolidated regular array of
products at said output end, said product arranged and positioned for
robotic handling. 11. An automated apparatus for controlling the automatic
packagi ng of contact |enses in a contact
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30 lens fabrication facility, said apparatus conprising 35 (1) a first
robotic transfer device for periodically transferring a first predeterm ned
. anount of packages of contact |enses having random variation in product

| arrangenment froma first station to the 5 intermedi ate consolidation

" apparatus; (2) a consolidation apparatus_conprising (a) a conveyor, said
conveyor having an input end and an out end, and sai d conveyor receiVving
a plurality of packages with randomvariations in the 10 arrangenent

t hereof at said input end,
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(b) means for actuating the conveyor to transfer the packages fromthe

i nput end to the output end; (c) alignnment guides which longitudinally 15
extend fromthe input end up to and including the output end of said
conveyor and which align the packages and.. prevent the |ateral novenent
thereof; (d) rail guide nounted above sajd conveyor which superposes over
t he packages noving on the 20 conveyor prevent shingling of said
packages as they nove downstreamto the output end; (e) a first and second
stop neans nounted for vertical reciprocation perpendicular to the
direction of conveyance of said packages, said second stop neans 25

" situated adjacent to the output area, and said first
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stop means situated at a predeternined distance from said secongwgggﬁﬂneans

i.n the direction of conveyance of the packages,

said second stop neans in

one operative condition blocking the advancenent of the packages to 30 the
out put end to consolidate any gaps between sai d packages and in anot her
-33-_ 1 the advancenent of the packages

operative condition per

to the output end in a second predeter med anount,

mtting 35

and said first stop
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(f) “a first sensor neans in transnittal comunication with a controller
whi ch comuni cates the presence of consolidation packages directly in
front of said first and second stop neans; (3) a second robotic assenbly
. for periodically 10 transferring t he second predetermnm ned anount of
I ndi vi dual packages fromsaid consolldaLg—n apparatus a second processing
station, and (4) a controller which is transmttal conmunication with
said sensor neans,said first and 15 second stop neans and said second
robotic assenbly, said controller causing the actuation of t he verti cal
: reciprocation of the first and second stgop neans and coordinating said

é vertical reciprocation of the sﬁcondnstop nmeans with the novenent
. of said second robotic S S
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20 assenbly. 12. The automated apparatus of Caim1ll wherein at |east two
streans of packages are advanced on said conveyor which is longitudinally
divided.into at | east two sections, each section having a pair of 25
“parallel guides, arail guide and a first and second stop neans and a
sensor. 13. The automated appar at us of Claim1ll wherein each section
~additionally conprise a second sensor meahs which nonitors the nunmber of
packages in 30 each section, each second sensor being in transmttal
communi cation with said controller communicating the 35
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-34- 1 nunber of packages in each section, said controller determning the

di fference of the nunber of packages being conveyed in a section relative

~to a second section, identifying a first section conveying fewer 5 packages

relative to a second section, and causing said first robotic device to

~transfer nore packages to said first secfion until the nunber of packages
conveyed in said first section contains—&bout an equal nunber of packages

as in said second section. 10 14. The autonat ed apparatus of

C aim 11 wherein each of said packadqs conprises an essentially planar

“rectangul ar shaped base nmenber &vin a pair Qf notches on the sides

t hereof, and an angul arly depenth ng N
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wal | portion at each end thereof formng flange nenbers 15-the face of each
sai d packages containing offset fromthe center a cavity in a _

" sem -spherical configuration in the curvilinear shape of a contact |ens and
a planar surface therebel ow, and wherein the first stop nmeans inserts into

. one of said notches. 20 15. The autonated apparatus of Claim 14

wherein said first step neans is in the=onfiguration of a cylindrical pin.
16. The automated apparatus of Claim 11l having a pair of first sensor neans
situated on a franme 25 above the conveyor directly in front of said first

- and second stop neans. 17. The aut o,gat ed apparatus of C al.@ 13 wherein said

~second sensor means is situated on gw » C 0
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above the conveyor directly in front of said first stop 30 means. 35
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