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1 . AUTOMATED APPARATUS 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
field of manufacturing ophthalmic lenses, especially-
molded, hydrophilic contact lenses, and more

I

specifically to an automated apparatus for consolldatlng E

contact lenses for packaglng after inspection thereof.
15
2. Descrlgt on of the Prlor Art -
The moldlng of hydrophlllc-contact.lenses 1s
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.
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 anpe;f 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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1 U.S. Patent Nos. 5,080,839 and 5,094,609
disclose, respectively, a process for hydrating contact
lenses and a chamber for hydrating contacts lenses
formed with a monomer or monomer mixtures disclosed in

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

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‘ package
at room temperature or during sterilization.’ T

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 lamlnate that is heat sealed

thereto.

While U.S. Patents 5,080,839 and 5,094,609
contemplate that the entire hydration process and
transfer to final packaging may take place in a fully ~
automated fashion, and while the chamber and process
described in the foregoing patents enabled automated
30 handling of the -lens .during hydration; suitable - '

automated equlpment to inspect and handle the lenses at

—
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high production rates and implement the methods thereof
in a fully automated apparatus was not readily available
or taught by the prior art.

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
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
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 T L LR A

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
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“ -

-—



-4-

predetermined number and arrangement of product units
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
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'“'“‘
o count for each selection and transport of product from
the consolidation apparatus to the final packaging

1

5

10

15

2

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. °

3

-—
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the desired optical surfaces are- cut ‘and polished.’ -- ™~ AR
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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

longitudinally from the input end up to, and including
the output end and which align and ¥
oo movement of the products ; '

(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

25 said products to prevent their shingling movement ;

(d) a first and second stop means, both

prevent the {ateral

mounted for vertical reciprocation, said second stop

means situated adjacent to the 'out‘fédt"f“é‘fé'a" , ‘and 'Said T
first stop means located at a predetermined disténce

30 upstream in the ‘dirt_éc_:.tion of "'convgyahgg' é_f ' _‘;ne '__'_;_b__r.;q_ducts,
said second stop means in one operative condition’

35
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1blocking the advancement of the products to the output
end to consolidate any gaps between the products and
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.

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
15periodically transferring a.first predetermined amount

10

of packages of contact lenses having random variations

in product arrangement- from_.a first.station to-the - ......
intermediate consolidation apparatus;. ...s..- ;... . T

(b) a consolidation apparatus comprising:

(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 which extend .
longitudinally from the input end up to and including
the output end of said-conveyor.which align the packages
and prevent the lateral movement thereof; . ... -

30

35
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(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
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

5

10

15

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

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

30

35
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1coordinating said vertical reciprocation of both first
and second stop means with the movement of said second
robotic assembly.

Another embodiment of the present invention is
5directed to the consolidation apparatus being
longitudinally divided into jdentical sections, each
section having its own set of first and second stop
means, Sensor means, alignment guides and said rail
guide.

Another embodiment of the present jnvention is
directed to the consolidation apparatus having at least
two identical sections, each section having its own set
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.

10

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

35
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£ the preferred embodiments, taken in

1 description O
ng drawings., wherein like

conjunction with the accompanyi
elements are designated by jdentical reference numerals
throughout the several views, and in which:
diagrammatic jillustration of

a consolidation

Figure 1 is a

plural robotic handling means, and
s for removing random variations in product

5

apparatu

flow.
Figure 2 is a plan view of the consolidation
10 apparatus of the present jnvention.
Figure 3 is an isometric view

both an inspection carrier,

of a contact

lens carrier which serves as

and a portion of the final contact lens package.
an inspection

Figure 4 is an isometric view of

15 carrier used to transport. a plurality. of the contact
lens carriers illustrated in Figure 3 t£hrough the

automated lens inspection system. - - . R

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

consolidation apparatus of the present invention,

goincluding guide and rail.
- pigure 6 is a side view of the rail.
ss-section of the output

area of the consolidation apparatus of Figure 2; Figure

7b is a side view of same.
Figure 8 is a cros

means in the consolidation apparatus of Figure 2.
cross-section of a first stop - .-~

Figure 7a is a cro

s-section of a second stop

25

Figure 9 is-a
means in the consolidation apparatus of Figure 2.
Figure 10 is a cross-section of -a sensor used

3oin_the consolidation apparatus"of;the_presen;.igyepsigngs_ e

35
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DETAILED DESCRIPTION OF THE PﬁEFERRED EMBODIMENTS

‘The present invention was designed for and is
particularly adapted for use in the post hydration
processing section of an automated contact lens
production facility. Contact lenses molded in an
automated production line, such as that described in
copending application U.S.S.N. 08/258,654 entitled
"Consolidated Contact Lens Molding"; hydrated in a
hydration system as described in U.S.S.N. 08/258,556,
entitled "Automated Method and Apparatus for Hydrating
Soft Contact Lenses"; and aufomatically inspected as
described in U.S.S.N. 07/993,756 entitled "Lens
Inspection Method and Apparatus" (VIN 0037) are
particularly well suited for consolidation and packaging

by the present invention.

The present invention envisions a multi-
purpose disposable lens package carrier which transports
a contact lens during inspection thereof, and serves as
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
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.
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.
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1 Registration notches 31(a),(b) are provided on either
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

5 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

()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

15.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

1

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 ..

—

—

35
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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
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 Vacuum grippers on the upper side, and a vacuum rail on

the lower side, which are used to transport the package
carrier during various stages of the operation.

An inspection carrier for transporting the
package carriers through the automated lens inspection
system is illustrated in Figure 4. The 1nspectlon

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

of cavities 40 which- receive the bowl 36 of the packabe-i

carrier and provides an optical sight path for the

automated lens inspection- system. Each of the
20.intermediate registration pins 41 engage a package
carrier on either side, with the end registration pins
41(a) engaging a single package. These registration
pins provide for precise registration of the package
carrier in the longitudinal dimension of the inspection
carrier while a pa1r of hard edges 42(a),42(b) provide a
reference surface for the downwardly descending flanges
33(a),33(b), which together with pins 41 register the
carrier package against rotational skew1ng. The
inspection pallet 10 is further provided with three
oreglstratlon openings 43 on either side of the pallet ;; o

which are used to transport "the pallet through the

25

3

35
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1 automatic lens inspection station and to lock the pallet
in place during loading and unloading of the package
carriers. The inspection pallet is further provided
with a pair of grooves 44(a),44(b) which provides a

5 positive grip for an overhead transport mechanism that

places and then removes the inspection pallet from the

automatic lehs inspection system. A pair of slanted
faces 45 provides clearance for the downwardly

descending flange member 38 of the package carrier 20.

Figure 1 is a diagrammatic jllustration of the
automated apparatus of the present invention used to
consolidate serial product flow when the serial product

flow has random variations therein. while prefigured 2

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

10

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.

As illustrated in Figure 1.'§paips§§gi1§élffﬂ'

pallet 10 carrying sixteen productléégiéléé 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 Criteria. pallet 10 travels on a
conveyor 12(b) through each of the three positions

2510(a),(b) and (c) illustratgd in Figure 1. After the
products have been removed from the inspection pallet
10, as indicated_in:IO(c),_the empty inspection pallets
are returned vi§ reéufh &Bhveyor iinto bé'refilled_with

product.

hereon a

30 OLLE, BT Fgp v 0 o
adjacent conveyors 12, 13 and has mounted t

35

A robotic handling device 200 is positisned. s
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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 .
spec. L e , -
After the products .20 have been removed from
the inspection.carrier.lp(b)ﬁ,the robotic transfer . ..
device 200 positions the 2 X 8 array over conveyor belt
14 and selectively discharges the products 20(b}, (c)
and (d). Those products are then removed by conveyor 14

. for subsequent destruction or recycling.

25

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 variations4inﬂthe product. flow.......... .

resulting from the removal of the out of spec products

20(b), (c) and (d) from the serial product flow.. The

30

35

consolidation apparatus 995 .includes a conveyor
connected to actuating means ‘which drives the conveyor-
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The conveyor runs underneath the products 20d and
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
conveyor, wpichugupgrposes over the packages and

prevents shingling_movement therepg.m.In addition, each.

" section has_a:sﬁbp mqgns;¥idéptifiéd:a$,904(a).ig one - |

20

25

30

35

section and 9041p)'1qﬂthg sgééndtseciiqn. ‘Each is.

-

mounted above the conveyor for vertical reciprocation,. ...

and when each is down, it blocks the advancement pf the
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 processwgqn;iyyeﬁ,unti}_eventual¥Y the
gaps between a étedetéfmined'hﬁmber of-ﬁéckages arenl
filled and these packages are consolidated.
Bgth_sgct;ogs-a}§q”h§ye another stop means

identified as 907(a) in the First section and 907(b) in. . .

—
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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.
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
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
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
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
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,
with respect to post-hydration, are described in greater
detail in copending application U.S.S.N. 08/431,633,
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entitled "Contact Lens Transfer Device" (Attorney Docket
9402/9010Z), and the contents are incorporated herein by
reference.

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
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,
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
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
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
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
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terminals (not shown) and over belt idles or slide beds
(not shown).

Each row of lens packages is transported by
the conveyor. The conveyor 998 is divided into two
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
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 d

P

istance between

the upper guide 901(a) and lower guide 29;!9)_;5 longer

than the length (and width) of each..of the packages in . .
order to provide. ample space for.the,robogig_gg99§;§:200_._

to place the packages onto the conveyor belt. At a -

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.

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

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

902(a) which runs parallel to the.convgyoxnapd"ist

—
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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 illustrated ‘in Figure e

9. It comprises a.ve;tically'aIigned'plate or- ¥od- 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.theaconveyorLiSIstill 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 firs;_stop;means 907(a) allows separation*“

petween adjacent packages, even when butted Ebgeﬁhet;? B
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In a preferred embodiment, the plate 970 is in
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.
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
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

packages into-the output end 915a.
A cross“section of the seccndfstop meansﬁis

illustrated in-Figure.8. It comprisesiaLgértically wh;: ..

aligned plate 971 having one of its facial planes
perpendicular to the axis of motiQn,ofrtne_conyevcr 998.
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

package to stop itsquwnstreamwadvancement.wnen_it ccmes;_;__
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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
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
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
902(a) does-no;dexggng_past the.second stop means

904(a). Thereforef:in_ogder:gpuprevgpt:gpgﬁghingling of .-
the packages in thesoutput ‘end- 915(a)..:when the .packages . - . -

advance past the=segpndgstppgme§gs on. the moving: .- -
conveyor, hold down bars 903(a) in the output end
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 bars 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._”

the output area@;aThguoutput-a?QQ élSQJGOBtQQnS a.....
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photosensor 955 which triggers a signal to the robotic
assembly 650 through the PLC 940 to start removing the
packages from the output area.

Thus, a typical cycle proceeds as follows.
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
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
packages e. g., five packages, in the embodiment in
Figure 5, are stopped'by second stop means 904(a) first
stop means 907(a) is actuated to separate the f1ve _
packages between the‘rlrst.and second stop means 907(a)
and 904(a), respect1§ei§ from the remarnder of the
packages upstream. Wwith the five packages between the
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
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
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upstream from the first stop means 907(a) initially do

not move, thus creating a gap- when this gap is
created, the first stop means go7(a) is actuated up and

the packages move forward to second stop means go4(a).,

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

' separating f£ive packages from the remainder of the

- packages upstream. The cycle is then repeated.

15

20

25

.30

35

_ 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
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:"__

the tops of the. packages exposedwfpxixhe;:obgggg;:
assembly 650 to grab for transfer to the next station.

" All of these activities described hereinabove
are coordinated by PLC 940. It receives transmittal
esence of each of the packages from
55a or 955b which

jnformation of the pr
sensots means such as photo sensors 9
are located at various locations mounted above the
conveyor « _ _

A cross section of a sensor means such as 905a
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

sensors.utiliged here are cgmmercially avai _

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

—

it - eas

ts of a-sensor. - - L
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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
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) are located
behind the first stop means 907(a) and second stop means
904(a), respectively. They check to see if packages are
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)
to PLC 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 no signal is generated when there is a
gap-. 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)
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
904(a). As 8 result, PLC 940 commands the closing of

the second stop means 904(a).

-—
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As the packages move through the second stop
means 904(a) after a preset time, PLC 940 controls the
removal of the first stop means 907(a), allowing the
packages to proceed to the second stop means 904(a).
However, because sensor means 905(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)
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’ ;

depicted in Figures 1, 4 and 5 depigt.twomstreams-ofnw =

packages being conveyed to the output end.. The second:.=zw "

stream 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
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
their counterparts described hereinabove. -
However, inasmuch as there are two streams of
products, there is an additional coordination_which.is
controlled by PLC 940. As described hereinabove, each::.

——
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stream has five products pbetween the first and second
stop means, which are advanced to the output zoneé when

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

second stop means of the second stream 904(b) are
raised. AS also described, the second robotic assembly
650 transfers a 2 x 5 array to the next station.
Therefore, the PLC 940 needs to coordinate the release
of the two stop means g904(a) and 904(b). Thus, the stop
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, poth means 904(a) and g904(b) are raised almost
simultaneously so that the packages 20 pass the second
stop means g04(a) and 904(Db) in each stream,
simultaneously, with each package in each stream being
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 shingling:of*the-product51as: o T
they pass into the .output end 915(a)-and4915{b), e L e
respectively. They-are-retracted‘Simultaneouslyiin-“ R
coordination to the movement of the robotic assembly T
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
checks for the presence’of packages 20 énd.areiusedﬁin -

——
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conjunction with the placement robot assembly zone from
upstream to keep the two 1lines of packages equal. For
instance, if three sensor means marked 906 were blocked
on one side and only one of the sensor means marked 906
was blocked to the other side, the information 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
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

separate location on"the;consolidation"apparatus.

PLC 940 reffrred;to'héreinaboée;iis‘part‘of"a .

packaging contol"system! hich:is desciibeaiihleabéﬁaing:

application entitled‘InteractiGe control 5y§tém&f6r
packaging Control, havind v.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
system 545 (Texas Instruments). The PLC is programmed
with Application Productivity'Tool (APT) software. The
PLC is provided with a memory storage device loz‘having
adequate addressing and storage capabilities for PLC 940
to access and process data. As an jllustration of how
it works, the relationship petween the sensor means 906
and the PLC 940 will pe described. AS jndicated

i . A F s
e e W N
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nsor means 906 for each section is in

hereinabove, s€
Each time a

transmittal communication with the PLC 940.
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
the streams. PLC 940 has the computer capability to
compare the values of the number of signals it receives
from each stream, and determines the difference in
between the total number of

value, respectively,
n one stream relative to the

packages that are conveyed ©O
other stream. If the total number of packages that are

conveyed on any one stream is greater than the total

number of packages conveyed on the other stream, then
PLC 940 commands robotic assembly 200 to place more
packages on the .section having the fewer number of

packages. Additional;packages.are.placed:on'theuinput

Qortion of the conveyor belt havingnfewer;number of e wmas o

packages until the mumber ofusignals;receivednfrom.the
sensors 906 from both-streamSvis,aboutaequamg sil Feiel
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.

P R
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1 WHAT 1S CLAIMED IS:
1. A consolidation apparatus for

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

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_conveyorpgndrwnion glign_the products and

prevent the lateral movement thereof: o
(d) rqil_gqide“mountedieboVe_SQid;éonveyor |

which superposes_aboie:tne_produgts.moving*on the

conveyor to prevent éﬁinglinéuof“gaid'productgnéé 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

25 stop means situated at a predetermined distance in the
direction of conveyance of the products from said second
stop means; said second sStop means in one operative

condition blocking the advancement of the produots to
the output end toﬁconsolidete any gepsnbetween said

30 products and if;anpther_operatiyei?dﬁdition permitting

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

35
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said first stop means separating a predetermined number
of products located between the first and second stop
means from the remainder of the products upstream and
which in an operative condition permits the advancement
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.

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
base member with a pair of notches on the sides thereof
and an angularlyudependency 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 .
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
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
insert into_one_of said notches...
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_ 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
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
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.

: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-gndnsecggg;stop

means. - : . L
9. The consolidation apparatus of Claim 1 -

wherein said apparatus includes at jeast 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

which provides a consolidated regular array of products
at said output end, said product arranged and positioned
for robotic handling. = "7 e e

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

" — e A -

-_—
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jc transfer device for

periodically transferring a first predetermined amount

of packages of contact

product arrangement from a

intermediate consolidat

(2) a consolidation

lenses having

jon apparatus;

random variation in

first station to the

apparatus comprising

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

arrangement thereof at said input end;
actuating the conveyor to

(b) means for

transfer the packages from the input

end;
(c) alignment

guides which

extend from the_input end up to and i
end of said conveyorJgnd-whion align..

prevent the laterélnmoveme
(d) rail guide mou
which superposes over the packages m

end to the output

longitudinally
ncluding the output
the packages and...

o ——— -

nt thereof; -: .. - = o
nted above said ComvVEYeE: =i

B o~ v
4

oving on-the - - Lo

conveyor to prevent shingling of said packages as they

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

vertical reciprocation perpendicular
conveyance of said packages, sajd second stop means

situated adjacent to the output area,

stop means situated at
said second stop means

a pr

to the direction of

and said first

edetermined distance from

in the direction oﬁ,cggqggggpg.Of

the packages, said second stop means
advencement_of_the packages to

the output end to consolidate any gaps between said - --.
packages and in'anotﬁen opereti.e condition:permi;pingfwng

condition blocking the

%

—

in one operative -
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the advancement of the packages to the output end in a
second predetermined amount, and said first stop means
separating a second predetermined amount of packages
from the remainder of the packages upstream and

(£) a first sensor means in transmittal
communication with a controller which communicates the
presence of consolidation packages directly in front of
said first and second stop means;

(3) a second robotic assembly for periodically
transferring the second predetermined amount of
individual packages from said consolidation apparatus to

a second proces51ng station, and

(4) a controller which is in transmittal
communication with said sensor means, said first and
second stoP means_and_said second robotic assemblY, said
controller causing the actgation of;tbeugertical
reciprocationgofTthe;first and_secondLsﬂpphmeans_and‘
coordinating;said:yértica}hrggipfd&&ﬁiug;OE t§9'$é¢°ﬁd- '

stop means with the movement of said second_robotic'

assembly.
12. The automated apparatus of Claim 11

_wherein at least two streams of packages are advanced on

25

30

35

said conveyor which is.longitudinally divided'into at
least two sections, each section having a pair of
parallel guides, 2 rail_guide and a first and second
stop means and 2 sensor. -

13. The automatedﬂapparat_s of Claim 11
wherein each section additionailiwcomprise'a“second
sensor means which monitors the number of packages in
each sectionl,each second sensor being in transmittal
communication with said controller communicating the

-—
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number of packages in each section, said controller

determining the difference of the number of packages
being conveyed in a section relative to a second
section, jdentifying a first section conveying fewer
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.

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
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.

15. The automated apparatus of Claim 14
wherein said first step means is in the configuration of
a cylindrical pin. .- L

16. The automated apparatus of Claim 11
having a pair of first sensor means sjituated on a frame
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

means.



