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- The present invention relates generally to an automatic contact |ens
tyansfer system and, hore 5 particularly, to a robotic end effector
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AUTOMATED ROBOTIC LENS LOAD SYSTEM

1. Field of the Invention
The present invention relates generally to an
automatic contact lens trénsfer system, and, more
5 particularly, to a robotic end effector device having

independently movable transfer tips each for

individually picking up contact lenses at one location

under controlled vacuum conditions, and, placing them at

another location under controlled blow-off conditions.
10

2. Description of the Prior Art

Early prior art methods for transferring soft
contact lenses from process holding trays into the
primary package blisters were essentially manual. The

15 manual lens transfer method (manual lens load or M.L.L.)
contained several drawbacks. Besides being very labor
intensive, the process was inconsistent since it
depended on human operation. Additionally, the number
of people involved in the lens transfer process was
restricted when production line floor space was limited,
therefore resulting in limited throughput. Furthermore,
the manual method of lens transfer, which comprised of
the implementation of swabs to pick and place the lens,
possibly posed an ergonomic threat to the personnel

25 involved. Lastly, the damage to lens was at a level of

20

3.5 to 15% depending on the experience of the operator.
To overcome the drawbacks to the manual lens
transfer method, automatic lens transfer (automatic lens
load or A.L.L.) systems were developed that incorporate
30 robotic arms for connection with other process equipment
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dnder controlled vacuum condi tions, and, placing them at anot her

| ocati on under controlled bl owoff conditions. 10 2. Description
of the Prior Art Early prior art nethods for transferring soft
contact |enses fromprocess holding trays into the pri mary package
blisters were essentially manual. The 15 manual |ens transfer nethod
(manual lens load or ML.L.) cont ai néd several drawbacks. Besides being
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Since the automated method does not use human
2 intervention beyond that of parts feeding, the process
is more consistent than the manual lens transfer method
and the ergonomic issue was eliminated since the robotic
arm does the work.
The critical designs which give prior art A.L.L.
10 systems a competitive edge center around the process of
picking up and placing lenses. A robotic arm carries an
end effector which has the ability to pull or blow air
through small holes placed on the effector tips.
As shown in Figure 1, a robotic arm of a prior art
15 lens transfer robot carries an end effector assembly 10,
having three (3) independently movable end effector tips
20a,b,c, each assembly having a vacuum tube 35 and
blowoff tube 50 for respectively pulling or blowing air
through small holes placed on the surface 26 of an end
20 effector tip 25. Air cylinders 47a, 47b, and 47b, are
commanded by a robotic controller (not shown) to
independently extend or retract transfer tips 20a, 20b,
and 20c, respectively. To pick up the lens out of the
hydration tray, the tip is extended into a tray carrying
the hydrated lenses, and a vacuum is created at the
vacuum tube 35 of each effector tip by a single vacuum
plenum 40 having an interior chamber 45, vacuum
connection 41, and vacuum pump (not shown).
Essentially, the vacuum plenum pulls hydration solution

through the effector tip for a dwell period of
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25 involved. Lastly, the damage to lens was at a |evel of 3.5 to 15%
dependi ng on the experience of the operator. To overcone the

dr awbacks to the manual |ens transfer nmethod, autonmatic |ens transfer
(automatic |ens | oad or A.L.L.) systens were devel oped that incorporate
30 robotic arnms for connection with oth%{ process equi prent 35

approximately 400 milliseconds at a vacuum level of
approximately 20 inches of H,0. The cycle is repeated
for each effector tip so that after three contact lenses
are picked up by respective three end effector tips, the
robot arm indexes all three tips over three
corresponding primary blister pack cavities for
simultaneous lens transfer thereto. After indexing of a
lens carrying end effector over a primary blister
package, the vacuum supply is turned off and an air
supply is turned on to "blowoff" the lens from the tip
10 into an indexed blister cavity. Specifically, for a
dwell period of about 200 milliseconds, air at a
pressure of approximately 20 psi is supplied to each
transfer tip through each blowoff tube 50 to blow the
lens off the respective tip 25 for deposition-into a
15 blister package cavity. A water separation unit is
designed into the system to remove excess solution from
the lens at pick up so that it may by deposited without
much spray at blowoff. Finally, after lens blowoff,
each of the air cylinders 47a,b,c of the effector
assembly retract the transfer tips and the cycle is
repeated for a new lens pick up.

The design of the end effector allows for three
lenses to be picked up, moved, and blown off into the
blister, thus, allowing for optimization of throughput
given the capacity of the robot arm to carry a load.

The provision of electrical and pneumatic controls
used to operate the end effectors are critical features.
There are, however, numerous drawbacks to the above-

described prior art automatic lens transfer end effector
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é= to forman automated cell, each cell having the t hr oughput

equi val ent of six humans using the manual nmet hod. Nunerous cells could
be used per production line to meet capacity needs and i ncrease

t hr oughput . Since the automated nethod does not use hunman 5
intervention beyond that of parts feeding, the process IS nore

consi stent than the manual |ens transfé&f# nethod and the ergonom c issue
was elimnated since the robotic arm does the work. The critica

designs whi C&egjé/eesf)rﬁg{tﬁr:&léb‘ti‘y,l"with respect to the end effector

assembly and tips as herein described:

Figure 2(a) shows a detailed cross-sectional view
of the prior art end effector tip 25, and Figure 2(b)
shows a detailed view of the array of orifices 30 at the
surface 26 of the tip. As shown in Figure 2(a), the
bores 28 connecting the surface orifices 30 to air and
vacuum tube supply (described below) are linear, which,
as will be discussed below, provides for the increased
possibility of lens transfer failures and requires
greater vacuum and air blowoff pressures to effectuate
transfers. For example, it is often the case that the
lenses are not placed accurately in the receiving
container resulting in blister rejection and decreased
throughput.

Additionally, the end effector of the prior art
uses a first common plenum (or chamber) for the vacuum
and a second common plenum for air that was shared by
all the end effector transfer tips. The common plenum
designs result in fluctuations of vacuum and air (as
lenses are picked up and discharged) in the end effector
tips, which, in turn, give erratic transfer performance
with respect to actually picking up lenses and blowing
them off. For example, as shown in Figure 1, the end
effector 20 uses a common plenum 45 for the vacuum and a
common plenum (not shown) for air blowoff that is shared
by all three end effector transfer tips. The common
plenum designs of the prior art result in vacuum and air
fluctuations in the end effector tips depending upon how
many lenses have been picked. For example, variations
in vacuum levels ranging from 20 inches of H,0 to 40
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10 systens a conpetitive edge center around the process of pi cki ng up
and placing lenses. Arobotic armcarries an end effector which has the
ability to pull or blow air t hrough small hol es placed on the effector
t'i ps. As shown in Figure 1, a robotic armof a prior art 15 lens-
transfer robot carries an end effector_ggsenbly 10, havi ng three (3)

I ndependent|ly novabl e end effector tips 20a, b, c, each assenbly having a
vacuum t ube 35 and bl owof f tube 50 for respectively pulling or blow ng

R R L e A
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oot on 108 s REEecEEc0eE MsnIY ) nam ent wELOMattor 1T |
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tip by a si ngléwvetfusube, air supply blowoff pressures ranging from

20 psi. to 40 psi. are required to be applied for

durations of 200 ms to effect lens blowoff.

It would be highly desirable to provide an end

effector tip for a robotic lens transfer device that

incorporates a design that allows for individual vacuum
10 and air pressure plenums (or chambers) for each transfer
tip for increased control of the vacuum conditions.

It would also be highly desirable to provide an end
effector tip that is much smaller in volume and more
efficient in terms of controlling vacuum and air blowoff
15 to enable increased lens transfer successes and higher
throughputs.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide
a robotic lens transfer device for transferring and
handling contact lenses that incorporates a design
allowing for individual vacuum and air pressure plenums
(or chambers) for each transfer tip of the end effector.

Another object of the invention is to provide an
automated Lens Load (A.L.L.) system for transferring
soft contact lenses from inspection holding trays into
the primary package biister in a quick and efficient
manner.

20

25

Still a further object of the invention is an

30 automated Lens Load (A.L.L.) system that includes a
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pienun140 having an interior chanber 45, vacuum connection 41, and
vacuum punp (not shown). Essential ly, -the vacuum pl enum pul | s hydration
solution 30 through the effector tip for a dwell period of 35

-6~ '

robotic lens transfer device that is provided with
intelligence from an upstream lens inspection operation.

Yet another object of the invention is to provide
an automated Lens Load (A.L.L.) system wherein the
intelligence provided by the upstream lens inspection
operation includes a matrix of good/bad lenses that are
to be transferred downstream at a lens transfer
operation.

Yet a further object of the invention is to provide
a control system for a robotic lens transfer device
10 having end effector transfer tips that permits the use
of reduced air blowoff values for shorter dwell times to
remove the lenses from transfer tips and which is
gentler on the lens resulting in far fewer edge defects
and more accurate placement.

15 It is another object of the invention to provide a
control system for a robotic lens transfer device that,
in conjunction with an inventive robotic end effector
tip, allows for the improved consistency of vacuum and
air pressure design resulting in increased lens transfer
rate, lens positioning, and product yield.

These and other objects of the present invention
are attained with a method of automatically transferring
contact lenses from a'plurality of good cups positioned
at a first location to a plurality of packages
positioned at a second location wherein each good cup
contains a transferable contact lens therein for
placement in an individual blister package. The method
comprises a step of communicating positional information
of the good cup locations to a robotic device having an

arm with one or more end effectors thereon, each end
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3 approximately 400 mlliseconds at a vacuum | evel of

approxi mately 20 inches of Herr]O The cycle is repeated for each
effector tip so that after three contact |enses are picked up by
respective three end effector tips, the robot armindexes all three
tips over three correspondi ng pringéy blister pack cavities for

simul taneous lens transfer thereto. Aftér indexing of a | ens carrying
end effector over a primary blister package t he vacuum supply is

e oL MR g sog P 5, AR N b S e [ o

the tip 1§ i er cavl peci
peri od of ammsszme rAuUppge means, aactatenﬁ effector independently

moveable with respect to the arm. Then, applying a
vacuum to the end effector tip to enable pick-up of a
transferable lens from a cup located at a good cup
location, and, controlling the robot to effect
positioning of one end effector tip .within the cup
having said transferable lens therein to pick up the
lens. A further step includes controlling the robot to
remove the end effector tip from the good cup location
10 and position the end effector tip carrying the
transferable lens within a blister package cavity, and
finally, removing the vacuum and applying air pressure
to the end effector tip to deposit the lens into a
blister package cavity.
15 Further benefits and advantages of the
invention will become apparent from a consideration of
the following detailed description given with reference
to the accompanying drawings, which specify and show
20 preferred embodiments of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a block diagram showing the
robotic end effector device and tip for the automatic
lens load system of the prior art.

25 Figure 2(a) is a cross-sectional view along
line "A-A" of the prior art end effector tip assembly of
Figure 2(b) showing the linearly oriented bores.

Figure 2(b) is a frontal view of the prior art
end effector tip showing the array of orifices at the

30 tip surface for pulling and blowing air.
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6ressure of approximately 20 psi is supplied to each transfer tip

t hrough each bl owoff tube 50 to blow the | ens off the respective tip 25
for deposition into a 15 blister package cavity. A water separation unit is
designed into the systemto renove excess sol ution from the |l ens at
pick up so that it may by deposited w t{gout much spray at bl owoff.
Finally, after |ens bl owoff, each of the air cylinders 47a,b,c of the

effector 20 assenbly retract the transfer tips and the cycle is
r epeat ed for a nem1|eﬁ§gpmek3uﬁs a side, pasrtdadi gross-seetdéndadf f ect or

211 owe O UIEP or ereBBgael BaaPepkatoun: atavedly aadaBapneall hnto the

blister, thus, timozation 0
capaC|ty ofthﬁeimwwmﬁl@mnlto carry a | oad. The provi si on of

electrical and pneuna@4$uggnqubsis a ¢394saceR8bRRE VheweRdonlf ectors are
critical fegl i eSa-an of the and elfector t1p aseembly 6F Figukd the above-
5 4(b) showing the radially oriented bores.
Figure 4(b) is a frontal view of the end
effector tip of the invention showing the array of
orifices at the tip surface for pulling and blowing air.
Figure S5(a) illustrates the positioning of the
10 end effector tip over the hydration cup carrying a good
transferrable lens therein with a vacuum applied prior
to lens pick.
Figure 5(b) illustrates the extension and
dwell of the end effector tip toward and within the
hydration cup for removing the contact lens therein.
Figure 5(c) illustrates the retraction of the
end effector tip with the vacuum applied after lens
pick.

15

Figure 5(d) illustrates the extension of the
end effector tip within the blister package cavity prior
to lens blow-off.

Figure 5(e) illustrates the dwell of the end
effector tip within the blister package cavity and

activation of blow-off air pressure to accomplish lens
25 plow-off.

20

Figure 5(f) illustrates the retraction of the
end effector tip with the vacuum applied after lens
placement.

Figure 6 illustrates the conveyance of

30 hydration cups carrying good/bad lenses out of hydration
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and lens inspection stations having a bar code
identifier thereat.

Figure 7 illustrates an automatic lens load
cell wherein robotic arm picks good lenses from the
hydration cups at a lens pick location and transfers the
lenses to a blister package at a lens place location in
the manner as shown in Figures 5(a) - 5(f).

Figure 8 illustrates the vacuum pump and
regulator 138 show mounted proximate the power enclosure
139 for the automatic lens load cell.

Figure 9 illustrates presents a block diagram
representation of the software architecture for
controlling the operations of an automated lens load
cell.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
To overcome the drawbacks in the prior art design,
the end effector device 75 of the invention, shown in

Figure 3, is designed to have an individual vacuum
plenum for each end effector assembly. As shown in
Figure 3, the end effector assembly 75 of the invention
is of a streamlined, integral design of a drastically
reduced volume and having a dedicated vacuum plenum for
each tip. The advantage of such a design is that the

"vacuum level for each tip is not effected by what is

happening on the other two end effector assemblies,
hence, process optimization is easier. For instance, in
the end effector of the invention, vacuum levels of a
constant pressure are expected with virtually no _
fluctuation. While vacuum levels of 22 to 30 inches of
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4 devices, particularly, with respect to the end effector 1

assenbly and tips as herein described: Figure 2(a) shows a detailed
cross-sectional view of the prior art end effector tip 25, and Figure
2(b) shows a detailed view of the array of orifices 30 at the 5 surface
26 of the tip. As shown in Figure 2(aL10Lhe bores 28 connecting the
surface orifices 30 to air and vacuum t ube supply (described bel ow) are
| i near, which, as wi |l be discussed below, provides for the increased
possi bi | | tyaé h&Popbr AB8hCT af febbicssang LAGHes S6e @Al er vacuum and
ai r bl owokf essures ffectuate transfers. For® exanple, it is often

t he case th@Iaﬂﬁiredlenses are not placed accurately in the receiving
contai ner resul tigygnife b i SRIstRItRE 0% idy] Pagtdadetross-

sectional view of one transfer lens end effector
assembiy 75 comprising an lens end effector frame 77, an
air cylinder 79 mounted on a shelf 81 of the end
effector frame for providing vertical extension and
retraction of the end effector tube/plenum assembly 80
and integral lens end effector nozzle tip 60 relative to
the frame 77. As shown in Figure 3 and Figures 5(a)-
10 5(f), vertical extension and retraction of the end
effector tube/plenum assembly 80 and lens transfer tip
60 is accomplished by the cooperation of air cylinder 79
that is connected to guide shaft 85 at one end and
connected with the tube/plenum assembly 80 at the other
15 end.

As shown in Figure 3, the end effector tube/plenum
assembly 80 and lens transfer tip 60 is short in
comparison with the prior art tip (Figure 1) and much
lower in volume. The lens transfer tip 60 is integrally
connected with an individual vacuum plenum 87, and,
comprises a blowoff tube 90 that is also short in
comparison with the prior art lens blowoff tube (Figure
1) and integrally connected with an individual air
supply plenum 97.

As shown in Figure 4(a) and 4(b), the lens end
effector nozzle tip 60 pulls and blows air through
radially oriented holes on a convex surface 61 thereof.
Figure 4(a) shows a detailed cross-sectional view of the
improved end effector tip 60, and, Figure 4(b) shows a

detailed view of the array of orifices 65 at the convex
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t hroughput. 15 Additionally, the end effector of the prior art uses
a first common plenum (or chanber) for the vacuum and a second common

pl enum for air that was shared by all the end effector transfer tips.
The common pl enum designs result in fluctuations of vacuumand air (as

| enses are picked up and di scharged) iplibe end effector tips, which, in
turn, give erratic transfer performance wWth respect to actually picking
up | enses and bl owi ng them of f. For exanple, as shown in Figure 1, the

end effecg £48e UBESo £ g@{rg@mg?glt i é'ém; d a/@&lbg;fnaﬁ]q%ﬁr% conmon

pl enum (nogf shown) for arr IS share ee end
ef fector trgubpstantpallyHehe osame radiys asinthatighsthf RYRAD QYR art

result in vagslUbhewd 8hIFiguré! UE4YAtLRESbbPed Ne8 etehédEri@rtie ps
dependi ng upon

e DS onhTabs £ v brh. Lo LS L. Sod Feim R 30 4520 40
oriented radially within the tip 60. The advantages of
> this radially oriented tip design are that the
occurrence of lenses sticking to the tip 60 are
dramatically reduced, and the rate of successful
transfers is increased due to the fact that the semi-
spherical surface of the lens is more responsive to
10 vacuum and blow off pressure emanating from radially
oriented orifices of the tip. This is contrary to the
prior art linear tip design (Figure 2(a)) in which the
occurrence of lenses sticking to the tip and inaccurate
.-lens placement was increased.
15
End effector lens transfer movement
The operation of the robot arm and end effector
assembly of the invention, as shown in Figures 5(a)
through 5(f), is as follows:
20 First, as shown in Figure 5(a), the end effector
assembly 75 is positioned so that one effector tip 60 is
indexed over a contact lens carrying hydration cup 18.
At the time of this positioning, a vacuum is applied to
the end effector tip. The individual end effector
assembly 75 including vacuum plenum 87 is then extended
downward all the while controlling speed and
deceleration. The robot then remains stationary in the
hydration tray cup for a set dwell period, while the
lens is sucked up by the applied vacuum onto the tip by
vacuum. In the preferred embodiment, the set vacuum

25

30

35

This Sheet Has Been Re;i c

il




35

10

15

20

25

30

35

-12~

dwell period is 60 ms within a desired range of 40 to
100 ms and the suction force that the vacuum pump
creates for the end effector tip is preferably
approximately 26 inches of H,0 within a desired
operation range of 22 to 30 or variation in vacuum
pressure inches of H,0 and a net change between lens
pick ups of 4 inches of H,0. As shown in Figure 5(b),
the vacuum force is indicated as lines 72, and acts
through the effector tip 60 and vacuum nozzle 85 to the
vacuum plenum 87 (Figure 3). 'The contact lens 15 and
hydration solution are picked up (Figure 5(b)) from the
hydration cup 18 and the robot end effector tip is then
vertically retracted (Figure 5(c)) all the while "
controlling speed and acceleration. This process is
repeated two more times until each end effector tip has
acquired a lens. ‘

As shown in Figure 7, the excess hydration solution
is separated by a water separation apparatus 133 located
within the vacuum plenum. In the preferred embodihent,
the water separation vacuum plenum 133 is about three
(3) liters in volume and has a tube in the bottom (not
shown) which allows water coming from the end effector
tips to be removed and not ingested in the vacuum pump
and regulator 138 to which it is attached. (See Figure

- 8). The pump and regulator are positioned adjacent the

apparatus illustrated in Figure 7. In the preferred
embodiment, the water separation vacuum plenum has one
port attached to the vacuum pump and regulator, and
three ports for each respective tip of the end effector.
After three contact lenses 15 are picked up and
held by the three end effectors of the robot arm, the
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i nches of H err] O occur, haking process optim zation very difficult.

Addi tionally, given the |arge volune of the end effector tip assenbly
25, the linear orientation of the orifices (Figure 2(a)) and el ongated
| engt hs of the bl ow of f tube, air supply bl owff pressures ranging from
5 20 psi. to 40 psi. are required to bﬁ applied for durations of 200 ns
to effect | ens bl owoff. It wo Id be highly desirable to provide an

end effector tip for a robotic | ens transfer device that

| ncor por at ei‘o%o@e?'r%n iniRced! L14° thilee @%v&gahtsiguu%rlehm ai r

pressure gl enuns anbe s) each trans tip for increased
control of CeErespending@nimery blister parckaggg a9a¢§6 be highly

desirabl e t @ ;ipuAtadeods Aess tradsifRei! @heldeol harhes 18nsh teaRkifer | n vol une
and nore efficient in terns of controllln% vacug % nd air glg 15
to enabl e i PREFALdPN SO PW@h@ﬂ&’QQﬁﬁ9§9§é§sa hoHng g, Figures S{

through 5(f).
> ~ After the robot arm indexes the lens carrying end
effector tips over a primary blister package 19 (Figure
5(d)), with vacuum still applied, the end effector tips
are vertically extended into the blister pack cavities
to a position fixed above the bottom of the cavity all
10 the while controlling speed and deceleration. The end
effector tips remains stationary within respective
blister cavities while the vacuum supply used to pick up
the lens is turned off. Immediately thereafter, a jet
of air, indicated as line 73 in Figure 5(e), is valved
15 to each tip through blowoff tube 90 for a fixed time
period to release the lens from each tip into the
blister pack cavity. The blowoff dwell time for the jet
of air is approximately 60 milliseconds within a desired
range of 20 to 80 ms and the blowoff pressure is about 8
20 psi, within a desired range of 4 to 12 psi. The tip 60
having radially oriented orifices and operating at these
vacuum and air pressure levels enables more accurate
blow off, with less possibility of H,0 being blown back

into the blister pack. Consequently, there is a marked

25 decrease of rejected blister packages and a
corresponding increase in blister package throughput
rates.

After blowoff, the robot then retracts vertically
from the lens load ﬁosition as shown in Figure'S(f) all

30 the while controlling speed and acceleration. The
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t hr oughput s. SUMVARY OF THE | NVENTI ON It is an object of the
present invention to provide 20 a robotic |lens transfer device for
t.ransferring and handl i ng contact |enses that incorporates a design

al l owi ng for individual vacuum and air pressure plenuns (or chanbers)
for each transfer tip of the end effeq%ﬁ{; Anot her obj ect of the

I nvention is to provide an 25 automate ens Load (A L.L.) systemfor
transferring soft contact |lenses frominspection holding trays into

t he prinary‘ﬁa'a&hgge | g M edd ' 14Cd d%:rén :

Still a further o jieéc)té%.ﬁt%éelblrgev t{éc?nq'?g tg{né %ﬂ&ff‘gﬁ o(rlr?aite Lgl(sf)l_)oad

(A L.L) SysQQ§n¥¢E§O$¥ﬁﬁQRRQ;der the hydration cups for the next

lens pick cycle.

Automatic lens load system

Figures 6 and 7 illustrate a plan view of one
automatic lens load cell 100 which contains equipment
responsible for transfer of hydration trays to/from the
position where the lenses are removed, transfer of
Blister Packs to/from the position where the lenses are
placed into them, and robotic transfer of the lenses.
In the preferred embodiment there are three identical
cells for increasing the volume throughput of contact
lenses.

10

As shown in the Figure 6, a plurality of hydration
trays 101 each tray comprising thirty-two (32) hydration
cups, each containing an individual contact lens, is
conveyed out of a hydration station 110 by conveyor 103
for manual inspection at a lens inspection station 120.
In the preferred embodiment, each hydration tray 101
contains cups arranged in a 4X8 matrix and is
additionally bar code tagged for identification by a bar
code scanner 105 at the lens inspection station.
Specifically, the bar code tag is to assure lot
integrity and to assign a good lens/bad lens matrix to
the particular hydration tray for later transmission to
the barcode supervisor computer 150, as shown by broken
lines 98 in Figure 6. As will be explained in greater
detail below, when the hydration tray 101 is conveyed
downstream for automatic lens transfer, the robot

30 assembly at a lens pick location will pick up only the
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_ _ _ _ robotic I ens transfer
device that is provided with

-15..

good lenses remaining in the hydration tray by virtue of
the good lens/bad lens matrix assigned to that pallet.
At the lens inspectioﬁ station 120, the lenses
containing defects are identified by operators and the
bad lenses are removed from this associated hydration
cup.
The hydration trays with the remaining good lens cups,
is scanned by a bar code reader 105 to associate the
positional information of the removed hydration cups
within the 4X8 matrix with the particular tray. This
10 information is transmitted to the supervisor computer
150, which, in the preferred embodiment, is a DEC '486
computer, connected by a STAR node local network. Thus,
the supervisor computer 150 stores a data model
representative of each tray which includes the tray
15 identification number, lot number, and a matrix of tray
locations indicating which tray locations contain lenses
which are empty and consequently the locations of good
lenses to be transferred.

20 Tray transfer

As shown in Figure 7, each hydration tray is
conveyed downstream from the lens inspection station to
the hydration tray infeed station 130, where they remain
in a stacked queue, indicated as 132. In the manner
described below, each individual hydration tray is
removed (de-stacked) from the stack via an escapement
(not shown) located at the bottom of the infeed station
130 and are transported to the lens pick location 140
via a tray transfer conveyor 108 in the direction
indicated by arrow "A". In the preferred embodiment,

25
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1 intelligence froman upstreamlens inspection operation. Yet
anot her object of the invention is to provide an automated Lens Load
(A.L.L.) systemwherein the intelligence provided by the upstream|ens
i nspecti on operation includes a matrix of good/bad |enses that are
to be transferred downstream at a | ens-gg-ansfer operati on. Yet
a further object of the invention is to provide a control systemfor a
robotic lens transfer device 10 having end effector transfer tips that
permts tfr:]g Wray trangferdrioreceyonr ldsovsf fa walire bl conveyar dma.:dh ti n'etsh
to re f NS | p | | er on e
e R D) 50 SR P Ul oo, S0

| ens resulting in re accura acenent .

15 |t iShob herAoiekk ke axpddimesht iadd ttaransfisni®fa hydragdem ol

system for acfdy_%ptﬁé%v}éé}’}? ﬁl%@"tﬁfﬁtifiﬁg Gherttldestack,! rUd|Clighs Wi th an
'nventive ”%%%Aéﬁf”gnéeuSEQégck occur is accomplished by the tray

transfer conveyor 108.

Tray Destack

During tray destack, a single tray is

separated from the remaining stack of trays waiting to

10 be introduced into automatic lens load cell. Tray
destack is performed using a tray elevator (not shown)
to lower the bottom tray in the stack to the singulate
position, then to the transfer position. At the
singulate position, destack singulators are used to

15 separate this bottom tray from the remaining trays in
the stack.

A tray elevator then performs vertical
transfer of hydration trays in either and up or down
direction, as required. Preferably, the tray elevator

20 consists of a DC motor connected to a lead screw/nut
combination by a timing belt. Rotation of the DC motor
shaft causes a rotation in the nut, which in turn drives
the lead screw in a vertical direction, up or down,

depending on the rotational direction of the motor

25 shaft. The DC Motor is controlled by a four quadrant
regenerative drive controller which is a Minarik RG-310U
Regenerative DC Motor Speed Controls.

The tray elevator used for destack is equipped with
tray elevator outriggers (not shown) which is an

30 assembly for supporting the outside edges of the

35
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fip, allows for the inproved consistency of vacuum and
design resulting in increased lens transfer 20 rate, le

air pressure
ns positioning,

and
n
nses

in

product vyi el d. These and ot her objects of the present inventio
are attained with a nethod of automatically transferring contact le
froma plurality of good cups positioned, at a first location to a
plurality of packages 25 positioned at second | ocati on wherein each good
cup contains a transferable contact |ens therein for placenent

an indivi dugly 4 (i}(ager U‘%s’?&nﬁﬂ 1.;11
connunicauing' |on nfornatlon e goo cup ocatlons to a

robotic devi mmg %memm dife ad?Plrimde ten dhesre @udisd dener eon,

each end edges during singulation of a tray.

Two Destack Singulators separate a single hydration

tray from the bottom of the stack of trays.

Each

singulator consists of an air cylinder which, during

singulation, moves an escapement horizontally into

position to support the one end of the stack

of

remaining trays, while simultaneously rotating a cam

10 (not shown) to apply a vertical force to one
tray being singulated, forcing separation of

from the stack.

Bar Code tray identification

end of the
this tray

As shown in Figure 7, after a tray is destacked
(singulated) for lens unloading, a bar code scanner 106
scans the hydration tray for identification at or near
the lens pick station 140. The bar code scanner 106
further transmits the tray identification number via

20

serial link 109 to the supervisor computer 150 (Figure

6) so that the previously entered lens inspection data
119 for that same tray may be appropriately transmitted
back to the robot controller for robot manipulator and

end effector tip control.

25 Tray Reject
If the bar code identifier on the hydration tray was
not successfully scanned, the tray is transferred to a
tray reject station (not shown) which consists of
lifting the tray from the conveyor 108 and pushing the
30 tray onto a latching magazine. Specifically, a tray
35
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35 7 effector having a tip in

connection w th vacuum and air ~ pressure supply neans, each end effector
i ndependent | y noveable with respect to the arm Then, applying a
_18..

reject operation is performed using a tray elevator that
raises the hydration tray which is to be rejected,
pushes up and interlocks with any previously rejected
trays, until captivated by an escapement mechanism.

Tray Positioning
For those trays whose identification number could

be read, the trays are repeatedly positioned and

physically located for lens removal. Specifically, lens

unload tray positioning involves a tray elevator that
10 raises the hydration tray to allow the Lens Unload Tray
Positioners (not shown) to locate the tray at a
repeatable position for unloading lenses.

A tray elevator, as described above, performs
vertical transfer of the hydration trays in either an up
or down direction, as required, and consists of a DC
motor connected to a lead screw/nut combination by a
timing belt. However, the tray elevator used at the
lens unload position is not equipped with tray elevator
outriggers.

In the preferred embodiment, two (2) lens unload
tray positioners (not shown) are used to position each
hydration tray for unload at respective two lens unload
locations 142a and 142b as shown in Figure 7, therefore,
a total of four (4) positioners. A single Lens Unload
Tray Positioner consists of an air cylinder which guides
a positioning wedge under one side of the hydration
tray. During engagement, the positioning wedge uses
three (3) features to repeatedly position an hydration
tray in the robot's X, Y and Z axis. The Z-Axis Wedge
drives the hydration tray in the robot's X, Y and Z

15
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vacuumto the end effector tip to enable pick-up of a transferable | ens
froma cup | ocated at a good cup | ocation, and, controlling the robot
t.o effect positioning of one end effector tip within the cup havi ng
said transferable I ens therein to pick up the |l ens. A further step

i ncl udes controlling the robot to .%ﬁgpve the end effector tip fromthe
good cup location 10 and position the effector tip carrying the
transferable lens within a blister package cavity, and finally,
renovi ng the vacuu Bpl i | g0 e ector tip
to deposityt fe 'en?(@n?zoapgﬁg “‘%féstdelﬁﬁ%%rgee hé(éi\fltat‘li%wt%@ i Furt her
benefits andnidypesifekoning irails (neterghawn)yi Itheodedrdsa¥Wedadent from a
consi der ati erflers A hydid UG FlR} Ald e Wi IddHp 16k ellly/ ¥hgllded,
reference to the acconpanyi ng dr avalagts, whi ch Sl‘Pet |ef &_ai\r;&sshow

preferred erfdirlihedgatinn (tHay e IRt
Blocks.

ed betwee

Tray Up-stacking

As shown in Figure 7_, after all of the lenses have
been removed by the robot end effector in the manner
described above with respect to Figures 5(a) - 5(f), the
émpty”%ray is lowered to the tray transfer conveyor 108

10

for transference to the hydration tray up-stacker
station 135 where the tray is lifted from the conveyor
108 for loading onto a latching magazine.
The tray up-stack pushes the recently emptied tray
15 into the stack of trays which were processed previously.
Specifically, the tray stack operation uses a tray
elevator, in the manner described above, to raise the
hydration tray which is to be rejected, pushing up and
interlocking with any previously rejected trays, until

20 captivated by an escapement mechanism.

Blister transfer

As shown in Figure 7, simultaneous with the
conveyance of the hydration pallets as discussed above,

25 individual blister packages are introduced into the
automatic lens load cell from the bottom of a blister
pack dispenser (not shown) which may comprise a
conventional stacking and dispense mechanisms for
removing individual blister packs at a blister dispense

30 station 115. Specifically, as shown in Figure 7, the

35

This Sheet Has Been Replaced

LT




20 BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a block
di agram showi ng t he robotic end effector device and tip for the
automati c | ens | oad system of the prior art. 25 Figure 2(a)
Is a cross-sectional view al ong line "A-A" of the prior art end
effector tip assenbly of Fi gure ZQBb_shomﬁng the linearly oriented
bores. Figure 2(b) is a frontal view of the prior art end
effector tip showing the array of orifices at the 30 tip surface for

pulling a”deHQWEQgp%Ek-los is dispensed onto a blister transfer
1 index conveyor 107 that, as will be explained in further
detail below, transfers blister packs between the
dispense position, load positioning, inspection, and
rejection. Preferably, the blister transfer index
conveyor 107 consists of a DC gearmotor, connected to
the input shaft of a mechanical cam index mechanism. A
single rotation of this input shaft is broken down into
two functional segments, a 270 degree index segment, and
a 90 degree dwell segment. During the 270 degree index
10 segment, the output shaft of the index mechanism
performs two complete rotations. During the 90 degree
dwell segment, the output shaft remains stationary. The
output shaft of the index mechanism drives a continuous
belt which is equipped with flexible lugs spaced at 12
15 inch centers and used to push the blister packs along
the guide rails, twelve inches at a time.

As mentioned above, the blister packs 105 are
indexed to the lens place location 145 where the blister
pack is clamped down, the lens cavities are supported

20 from below, to position the blister pack to receive
three lenses from the robot end effector assembly in the
manner described above. Specifically, the positioning
of the Blister Packs at the repeatable lens place
location 145 for lens placement by the robot is
accomplished by a lens load positioner (not shown).
After a new blister pack 105 has been indexed into the

- approximate lens load position by the blister transfer
index conveyor 107, an—air cylinder moves a positioning
plate (not shown) in a downward direction to position

the blister pack. During this downward motion, four (4)

25
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35 8 Figure 3 is a
side, partial cross-sectional view of the robotic end effector and end
effector tip of t he inventi on. Figure 4(a) is a
cross-sectional view al ong

-21-

bullet shaped positioning'pins (not shown) insert into
"dimples" in the blister pack, moving the blister pack
from the approximate to the final lens load position,
and insuring a repeatable position in the X/Y plane of
the robot. When this downward motion has completed, the
positioning plate is forcing the bottom surface of each
of the six Blister "cavities" (where the lenses are
placed) against the Cavity Support, insuring a
repeatable robot Z axis location of the bottom surface
of the blister cavities.

' Since a blister package comprises six primary
package cavities, two pick/place lens placement
sequences are performed, after which, the positioning
clamp is released to allow the blister pack index to a
subsequent blister inspection station (not shown) for
15 optical verification that a lens has been placed in each
of the six (6) positions in the blister pack 105. If
the presence of six lenses is not verified, a reject
gate (not shown) positioned along the conveyor 107
diverts the deficient blister pack 105 to a reject belt
conveyor (not shown) during the next index. Preferably,
the blister reject gate consists of an air cylinder (not
shown) which when retracted, causes fingers of the
reject gate to lower, with the tips of these fingers
entering mating notches in the blister transfer gquide

10

20

25 rails. When the next index occurs, the failed blister
pack is pushed up onto the fingers. At this time, the
air cylinder extends, causing the fingers (which are
supporting the blister pack) to raise until the reject

30 gate is parallel with the reject conveyor.

35
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‘line "A-A" of the end effector tip assenbly of Figure 4(b) showi ng the

radially oriented bores. Figure 4(b) is a frontal view of

t he end effector tip of the invention show ng the array of

orifices at the tip surface for pulling and blow ng air

Figure 5(a) illustrates the positionipg,of the end effector tip over
the hydration cup carrying a good ransferrable lens therein with a
vacuum appl i ed prior to | ens pick. Fi gure 5(b)

illustrates the egiggéépngﬁgg?gﬁs wAYEh! aPé Ade Fofefdecdpe tip toward and

within thg 15 hydration Or renoving the_contact |ens therein
Fi gure 5(c)indexedreprte anheoptinueusoruphingecflat toppedrilexiPle with

the vacuum gpRki 8Adabtelih€NEonveyoPi §Histem to transfer daghrehé(d)

(11 ust rat o5y (e, XU eng) 00, 0L n ReafOsG0Y SHLETLEH bded! HOLT 14 11 ster

sealed to the open faces of the blister packs.

Robot Assembly

As shown in Figure 7, a robot 175, which, in the
preferred embodiment, is an Adept One® four (4) axis
robot, includes the above-described end effector device
7% mounted on the end of a Z-axis quill assembly (not
shown) for removing lenses three at a time from the
hydration trays at the lens pick location 140 for
placement into the blister package at the lens place
location 145. Figure 7 illustrates the robot 175 in a
first lens pick position 176 and a second lens place
position 177 as commanded by the auto lens load robot
controller 180 which controls all of the robot's
movements, and, in the preferred embodiment is an Adept
A-series microcontroller. Preferably, the robot
controller 180 receives the good lens/bad lens matrix
data 119 from the supervisor computer 150, and,
in a manner known to those skilled in the art, instructs
the robot 175 and end effector assembly 75 to pick up
three good lenses at a time from the hydration tray 101
at the lens pick position. As shown in Figure 7, a bar
code scanner 106 is positioned to scan the hydration
tray for identification at or near the lens pick station
140 and further transmits the tray identification number
109 to the supervisor computer 150 so that the
previously entered lens inspection data 119 for that

10
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tb | ens bl ow of f. ~ Figure 5(e) illustrates the dwell of the

end effector tip within the blister package cavity and activation
of blow off air pressure to acconplish lens 25 bl ow off.

Figure 5(f) illustrates the retraction of the end effector tip with

t he vacuum applied after |ens pl agguent . Figure 6

illustrates the conveyance of 30 hydration cups carrying good/ bad | enses
out of hydration 35
same tray is appropriately transmitted back to the robot

controller for robot and end effector control. 1In the
preferred embodiment, the supervisor computer is
connected to each bar code reader as well as the robot
and inspection controllers via a STAR node. If the bar
code identifier on the hydration tray was not
successfully scanned during destack, the tray is
transferred to the Tray Reject Station. Tray Reject
consists of lifting the tray from the conveyor, pushing
the tray into a latching magazine. Additionally, via

10 _. .
RS-232 serial links, the supervisor computer controls
the all the vacuum and lens blow-off dwell times for the
robot end effector tips and all power for the lens load
system is distributed from the electrical supply box 139
to power the hydration tray de-stacker and up-stacker
elevator motors (not shown), the blister package
transfer index motor and conveyor (not shown), the
vacuum pump and end of line conveyor motors, etc.

15

Robotic Control System

20
As shown in Figure 7, the robotic control system

for each automated lens load cell includes an Adept MC

controller 180 for controlling the robot manipulator

used to transfer the lenses. The manipulator is an

- Adept One, 4-axis, servo driven, SCARA robot equipped
with optional Hyperdrive.

Software Architecture

The software developed to control the equipment
contained within the cell consists of up to sixteen (16)
separate concurrent "tasks" on the Adept V+ Operating

30
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9 and | ens inspection stations havi ng a bar code i dentifier

t her eat . Figure 7 illustrates an automatic |ens | oad cel
wherein robotic arm pi cks good | enses fromthe hydration cups at a | ens
pick location and transfers the | enses to a blister package at a | ens
pl ace location in t he manner as shqﬂp_in Figures 5(a) - 5(f).

System/Programming Language. A "task" is a single
program executing continuously. All sixteen tasks are
prioritized and scheduled to share a portion of the
execution time of each processor major cycle (éach major
cycle is 16 msec in duration) thus giving the effect
that all tasks are executing simultaneously. The
following sections provide an overview of the major
equipment which is controlled by, or communicates to,
the Adept Controller.
In the preferred embodiment, the Automated
10 Lens Load System uses fourteen (14) of these tasks to
control the operations associated with each cell. Each
task has been assigned a specific control
responsibility, and "soft" signal communication and
global data structures are used to allow intertask
15 communication. Figure 9 presents a block diagram
representation of this software architecture with each
task represented as a block in the diagram. Connections
between the blocks represent a communications link
between the two tasks connected. Each task and any
associated intertask communication is described in
further detail in the following sections.

20

Robot Control Task

The Robot Control Task 200 is responsible for
25 controlling all operations involving transfer of lenses
using the Robot Adept manipulator. This task
communicates with the Tray Transfer Control Task 205 and
the Blister Transfer Control Task 210 2) to request new
Inspection Trays to remove lenses from, and new Blister
Packs to place them into, respectively.

30
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Figure 8 illustrates the vacuum punp and regul at or 138 show nount ed
proxi mate the power enclosure 139 for the automatic lens |load cell. 10
Figure 9 illustrates presents a bl ock diagram representation of the
software architecture for controlling the operations of an automated

| ens | oad cell. 15 DETAI LED DESCBE TI ON OF THE PREFERRED EMBCDI MENT
To overcone the drawbacks in the prior®art design, the end effector
device 75 of the invention, shown in Figure 3, is designed to have an

i ndi vi dual $RgUUREansReNEBht2b1eaghKENd ef fector assenbly. As shown in
Fi gure 3, 1t 5 of the invention Is of a
streanl i ned, integral ThesTgayoTrangfas: Centrol Tapkda®ddisol une and havi ng

a dedi cat edrd3puHBBLeN¢BY Bupervisory control of all Inspection
Tray operations. This task responds to "soft" signal
communications requests for trays from the Robot Control
Task 200. When a new tray is requested, this task then
communicates with the Tray Destack 215, Tray Reject 220,
Lens Unload Tray Positioning 225, Tray Stack 230 and
Host Communications Control Tasks 235 to control the
timing of these individual operations. After this task
receives indication that all active operations involving
these sub-tasks is complete, this task controls the
transfer of trays along the Tray Transfer Conveyor 103
(Figure 7). '

10

15 Blister Transfer Control Task

The Blister Transfer Control Task 210 is
responsible for supervisory control of all Blister Pack
operations. This task responds to "soft" signal
communications requests for new blister pack from the
Robot Control Task 200. When a new blister pack is
requested, this task then communicates with the Blister
Dispense task 250, Lens Load Blister Positioning task
255, Blister Inspection task 260, and Blister Reject
Control Task 265 to control the timing of these
individual operations. After this task receives
indication that all active operations involving these
sub-tasks is complete, this task controls the transfer
of Blister Pack along the Blister Index Conveyor and
onto the End of Line Conveyor.

20
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each tip. The advantage of such a design is that the vacuum | evel for
each tip is not effected by what is 25 happening on the other two -end

ef fector assenbli es, hence, process optim zation is easier. For

i nstance, in the end effector of the invention, vacuum|levels of a
constant pressure are expected with VLB%Q&||y no fluctuation. Wile
vacuum |l evel s of 22 to 30 inches of 30

10 T

Tray Destack Control Task

The Tray Destack Control Task (Task3) is
responsible for controlling all operations associated
with the Tray Destack Station. When the Tray Transfer
Control Task requests that a new tray be destacked, this

task controls all of the equipment associated with this
operation, and responds back to the Tray Transfer
Control Task when the destack operation has been
completed.
10 Tray Reject Control Task

The Tray Reject Control Task (Task4) is
responsible for controlling all operations associated

with the Tray'Reject Station. When the Tray Transfer
Control Task requests that a tray be rejected, this task
controls all of the equipment associated with this
operation, and responds_back to the Tray Transfer
Control Task when the reject operation has been
completed.

15

20 Lens Unload Tray Positioning Control Task

The Lens Unload Tray Positioning Control Task

225 (Task5) is responsible for controlling all
operations associated with the Lens Unload Tray

" Positioning Station. When the Tray Transfer Control
Task requests that either an empty tray be removed from,
or a new tray be supplied to, Lens Unload Tray Position
'‘A' or 'B', this task controls all of the equipment
associated with these operations, and responds back to
the Tray Transfer Control Task when the requested
operation has been completed.

25
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H[err]O may be used, a level of 26 inches of Herr]Ois 1 preferred.

Figure 3 illustrates a side, partial cross- sectional view of one
transfer lens end effector assenbly 75 conprising an |lens end effector
frame 77, an air cylinder 79 nounted on a shelf 81 of the end

effector frame for providing verticaL2g§tension and retraction of the
end effector tube/plenum assenbly 80 and integral lens end effector
nozzle tip 60 relative to the frame 77. As shown in Figure 3 and

Fi gures 5( a sti‘:fk) CO\ﬁq._rrtoilch g<tension and retraction of the end

ef fector .t nd | ens _transfer tl% 60.is
acconplighed by the Gdepdray Ftragk fontxeli Task 230 (Tagkb)i dSconnected to

gui de shaf o83 0Hs iM% FHt Fhtro1aaMPEalad opeiratiibast deeopliated assenbl y 80
at the Oth%&th the Tray Stack Station. When the Tray Transfer
Control Task requests that a tray be stacked, this task
controls all of the equipment associated with this
operation, and responds back to the Tray Transfer
Control Task when the stack operation has been
completed.
10 post Communications Task

The Host Communications Task 235 (Task7) is
responsible for serial communication with the Host
Computer to obtain information about each tray which has
been passed through the bar code reader during the
15 destack operation. When the Tray Transfer Control Task
requests that a tray be destacked, and this operation
has been completed, this task initiates communications
with the Host Computer to determine if the tray
identification number was not successfully read ("Tray
Unscannable"), successfully read but not a member of the
current lot ("Tray Bad"), or successfully read with
associated lens location data ("Tray Good"). If a "Tray
Good" response was received, the global lens location
data strhcture is updated with an associated series of
32 pass/fail indicators which reflect the status of each
of the 32 potential lens locations in the tray. This
task then responds back to the tray transfer control
task when the Host Communications sequence has been
completed.
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15 end. As shown in Figure 3, the end effector tube/plenum
assenbly 80 and lens transfer tip 60 is short in conpari son with the
prior art tip (Figure 1) and nuch | ower in volune. The lens transfer tip
60 is integrally 20 connected w th an individual vacuum pl enum 87, and,
conprises a blowoff tube 90 that is algg short in conmparison with the
prior art lens blowoff tube (Figure ~“1) and integrally connected with an

i ndi vidual air supply plenum 97. 25 As shown in Figure 4(a) and
4(b), the IEES gng i effecter Egéflfagip 60 pulls and blows air through
radially qr ace 61 thereof. Figure 4(a)

shows a détail ed crosTheeBlisher Dispeonset@entrol n"ﬁ?%ﬂ?e%‘%nﬂr%?*%):tor tip
60, and, Fi gUr gedpBhsIBIWS £8r BoELBL ElgVa LY GhetiEions Bssdctatédces 65

at the conv
with the Blister Dispense Station. When the Blister
Transfer Control Task requests that a new blister Pack
be dispensed onto the Blister Transfer Index Conveyor,
this task controls all of the equipment associated with
this operation, and responds back to the Blister
Transfer Control Task when the dispense operation has
been completed.
10 -
Lens Load Blister Positioning Control Task
The Lens Load Blister Positioning Control Task
245 (Task9) is responsible for controlling all
-operations associated with the Lens Load Blister
15 Positioning Station. When the Blister Transfer Control
Task requests that either a filled Blister Pack be
released from, or an empty Blister Pack be positioned
at, the Lens Load Blister Position, this task controls
all of the equipment associated with these operations,
and responds back to the Blister Transfer Control Task
when the requested operation has been completed.

20

Blister Inspection Control Task

The Blister Inspection Control Task 250
(Taskl10) is responsible for controlling the interface
with the Blister Inspection System. When the Blister
Transfer Control Task requests that a Blister Pack be
inspected, this task controls the digital I/0
communication with the Blister Inspection System
(sqpplied by Vistakon). After Blister Inspection has
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11 surface 61 of the tip.

convex surface 61 is of
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been completed, and the pass/fail results received from
the Blister Inspectidn System, this task communicates
this information to the Blister Transfer Control Task.

Blister Reject Control Task

The Blister Reject Control Task 255 (Taskll)
is responsible for controlling all operations assoclated
with the Blister Reject Station. When the Blister
Transfer Control Task requests that a Blister Pack be
rejected from the Blister Transfer Index Conveyor, this
task controls all of the equipment associated with this

operation, and responds back to the Blister Transfer
Control Task when the reject operation has been
completed.

Operator Interface Task

The Operator Interface Task 260 (Taskl2)
controls all of the System Message operations. 1In
particular, this task controls the communication of
message text to the two alpha-numeric displays located
on the Operator Interface, and Power Distribution
Enclosure. In addition, this task controls all related
operations such as Message Advance, Alarm Silence, and
Message Acknowledge functions. All tasks communicate to
the Operator Interface Task using global data structures

to report new messages and request clearing of active
messages.

System Control and Monitor Task
The System Control and Monitor Task 265
(Task13) control all cell operations which are not

This Sheet Has Been Replaced
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substantially the sane radius as that of the human eye. As shown in

Figure 4(a), the bores 68 connecting the surface orifices 65 wth the
air and vacuum pl enuns are oriented radially within the tip 60. The
advant ages of this radially oriented tip design are that the

occurrence of |enses sticking to the Li%_60 are dramatical |y reduced,
and the rate of successful transfersus increased due to the fact that
the sem - spherical surface of the lens is nore responsive to 10 vacuum

and bl ow of fs UBYY § LI RAIIC1EE LA, ihese FuneRUBASCLNEIGES Of {he

tip. Thisj s contrary i prior art linear tip design (Figure 2(a))
i n which th&ell Etant-ardroRutonadd csoir: MangadoMode it CelanReFRYecur at e

| ens pl acengiiq W6 HACRARA. ahe Cyclen@tlrftositop.l ena addizfien,movenent
this task handles interruptions in normal cell

operations due to Loss of Air Pressure or Control Power,

and operating/closing of safety enclosures.

While the invention has been particularly shown and
described with respect to the preferred embodiments
thereof, it 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 should be
limited only by the scope of the appended claims.
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Th tion of the robot d end effect -y |
rentTon & Show v eoures (a7 vl o< ae TR AN

positioned so that one effector tip 60 is i ndexed over a contact Iens
carrying hydration cup 18. At the t pe of this positioning, a vacuumis
applied to the end effector tip. |ndividual end effector 25
assenbly 75 incl uding vacuun1p|enun187 |s t hen extended downward all the

L ocort " Gkt Ga BTRdRgRY, | cocelerarion The robol then remins e
| ens is sucked up by the applied vacuumonto the tip by 30 vacuum 1In the
preferred enbodi gent, At Re+H8H ¥2CHUFbmatically transferring contact
lenses from a plurality of cups located at a first

location to a plurality of packages previously

positioned at a second location, each said cup

containing a transferable contact lens therein for

placement in an individual package, said method

comprising the steps of:

(a) communicating positional information of
10 good cup locations station to a robotic device having an
arm with one or more end effectors thereon, each end
effector having a tip in connection with a corresponding
vacuum supply and air pressure supply means, said one or
more end effectors each independently moveable with
15 respect to said arm;

(b) applying a predetermined vacuum level of
22 to 30 inches of H,0 to said end effector tip to
enable pick-up of a transferable lens from a cup located
at a good cup location;

(c) controlling said robot to effect
positioning of one end effector tip within said cup
having said transferable lens therein to pick up said
transferable lens;

(d) controlling said robot to remove said end
effector tip from the good cup location and position
said end effector tip carrying said transferable lens
within a blister package cavity location;

(e) removing said vacuum and applying air
pressure by said air pressure supply means to said end

20
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within a desired range of 40 to 100 s ;ﬁd t he SS\(,:Vte: lonpﬂmmmllmﬂﬂ“mulll
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vacuum punp
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effector tip to deposit said lens into said blister
package cavity.

2. The method of automatically transferring
contact lenses as claimed in Claim 1 wherein the step
(b) of applying a vacuum includes applying a vacuum of
about 26 inches of H,0.

3. The method of automatically transferring
contact lenses as claimed in Claim 2 wherein the vacuum
applied of 26 inches of H,0 remains constant within t 4
inches of H,0.

4. The method of automatically transferring
contact lenses as claimed in Claim 1 wherein the step
(e) of applying said air pressure includes applying an
pressure in the range of 4 to 12 psi.

5. The method of automatically transferring
contact lenses as claimed in Claim 4 wherein the step of

applying said air pressure includes applying a pressure
of about 8.0 psi.

6. The method of automatically transferring
contact lenses as claimed in Claim 2 wherein the step
(c) of controlling said robot to effect positioning of
said end effector tip within said cup means positions
said tip for a predetermined vacuum dwell time of 40 to
100 milliseconds.



creates for the end effector tip is preferably appr oxi ma 26 inches

of HHerr]Owithin a desired operation range of 22 to 30 Eiilmm H“H)"I,””"I
vacuum pressure inches of Herr]O and a net change betwe u e e

pi ck ups of 4 inches of Herr]O As shown in Figure 5(b), t he vacuum _
force is indicated as lines 72, and actg,_ through the effector tip 60

and vacuum nozzle 85 to the vacuum®pl enum 87 (Figure 3). The contact

| ens 15 and hydrati on solution are picked up (Figure 5(b)) fromthe

hydration cup 18 -and tfﬁealrwp@ﬁ%&% %‘I%a%ééﬂa) q._ztg?&r}errdmxat ically

retracted JFigure 5(c) controlling speed
accel er at i orcomtact pkenses as claimeddn &laimp hwheneiresaid i| each end

effector tiRpfiafetermored 'sbwurh Gdivell time is Aboutowp in Figure 7, the

excess hydrat]on, sol ution Is separated by a water separation apparatus
133 | ocat ed ®1113%4¢ANA8 e vacuum plenum In the preferred embodi nent,
5

8. The method of automatically transferring
contact lenses as claimed in Claim 4 wherein the step
(c) of controlling said robot to effect positioning of
said end effector tip within said blister package cavity
positions said tip for a predetermined blow-off dwell

10 time of 20 to 80 milliseconds.

9. The method of automatically transferring
contact lenses as claimed in Claim 8 wherein said
predetermined blow-off dwell time is about 60

15 milliseconds.

10. A contact lens transfer device particularly
adapted to transfer wet soft contact lenses from a first
20 location to a second location, said contact lens
transfer device comprising:

(a) an input registration device for registering a
plurality of first contact lens carriers in a
predetermined x-y array, each of said carriers having a

2
> contact lens therein,

(b) an output registration device for registering
a plurality of second contact lens carriers in a
predetermined x-y array, each of said carriers adapted
to receive a contact lens therein,

30

35



the water separation vacuum pl enum 133 is about three 20 ( ' '
vol unme and has a tube in the bottom (not shown) which FI“'”HMHIIIIH!II
.comng fromthe end effector tips to be renpbved and not «l ngesi e I 13 T Re
vacuum punp and regulator 138 to which it is attached. (See Figure

8). The punp and regul ator are positigpgd adj acent the 25 appar atus
illustrated in Figure 7. In the preferted enbodi nent, the water
separati on vacuum pl enum has one port attached to the vacuum punp and

regul ator, and thge iné devPes! 1 9£1d idewicd awiwgef fector.
After threge contg%% |%n§%§8%%éaé€ %icked up and 30Iuﬂ&Lf¥ythe three end

effectors 0@ trensfesthead,with a plurality of indivi
actuable end effectors mounted thereon, each end

effector having,

(i) an individually actuable drive for
reciprocating said end effector from a first
transport position to a second pick-up and
release position,

10 (ii) individually valved vacuum and air
pressure supply lines for each end effector to
supply negative and positive pressure to a low
volume plenum in said end effector for pick-up

15 and release of individual contact lenses,

(iii) a convex lens transfer tip mounted

on each end effector, each tip having a

plurality of openings therein to provide

negative and positive pressure to a concave

20
side of said soft contact lens,

(d) a control computer for receiving x-y
positional data for each of said plurality of contact
lens carriers, and selectively actuating said robotic
transfer device, one of said individually actuable
drives and one of said individually valved vacuum supply
lines associated with said drive to pick-up a contact
lens from one of said plurality of contact lens
carriers.

25
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35 | 13 r obot arm|
three end effectors over three 1 corresponding prinmary bli ﬂnmﬂﬁ ﬂ! ﬂ”

f.or simul taneous |l ens transfer thereto. The lens transfers ¢
for one end effector is shown in Figures 5(d)

_35-

11. A contact lens transfer device as claimed in
claim 10, wherein said first contact lens carriers are
good lens cups, each of said cups having a contact lens
therein which has met predetermined inspection
parameters.

12. A contact lens transfer device as claimed in
claim 10, wherein said second contact lens carriers are
individual blister packages intended for packaging of
the contact lens.

10

13. A contact lens transfer device as claimed in
claim 12, wherein said blister packages are provided in
a predetermined array.
15

14. A contact lens transfer device as claimed in
claim 10, wherein said robotic transfer device is a four
axis robotic drive.

0 15. A contact lens transfer device as claimed in
claim 10, wherein said transfer head further includes
three individually actuable end effectors.

16. A contact lens transfer device as claimed in
25 claim 10, wherein said each end effector includes a
vacuum plenum connected to one of said individually

valved vacuum lines.

17. A contact lens transfer device as claimed in
claim 16, wherein each end effector also includes a blow
off tube that extends through said vacuum plenum, said

30

35



t hrough 5(f). 5 After the robot armindexes the |ens ca
effector tips over a primary blister package 19 (Figure {ﬂ'll WI@JI“H“'I“
vacuum still applied, the end effector tips are verti caII *ex ende

the blister pack cavities to a position fixed above the bottonlof t he
cavity all 10 the while controlllng spﬁﬁp and decel eration. The end

effector tips remains stationary wthinrespective blister cavities

whil e the vacuum supply used to pick up the lens is turned off.

| medi at el y iRy & f led tAdichd ©F @nildine 73 in Figure
5(e), is val QﬁJ éq'r“béeglr?e?f" tcl‘?QlCr)ll?%'I‘tl: ) &%of?é:ube 84 for a fixed tine

period to réﬂﬂ%&%qqﬂ#1Xﬂ%ﬁHWQﬂnﬁiﬁﬂPnﬁﬁ§Wﬁﬁw§qﬂﬂéY lipesst er pack cavity.
The bl owoff dwell tinme for the jet of air is apprOX|nater 60
m | liseconds thf&d; a desired range .of 20 to 80 .ns and bl owof f

2

pressure is about 0 hGontact1ens Franster deyd<s aF € a PEXIN The tip

60 claim 17, wherein each end effector further includes a
low volume common plenum between said lens transfer tip
and said blow off tube.

19. A contact lens transfer device as claimed
in claim 10, wherein said control computer further
10 actuates said individually acutable drive and said
robotic transfer drive to move a contact lens' from said

first location to said second location.

15 20. A contact lens transfer device as claimed in
claim 10, wherein said control computer further actuates
said individually actuable drive and one of said
individually valved air pressure lines to release a
contact lens into said second contact lens carrier.

20

21. A contact lens transfer device as claimed
in claim 11, wherein each of the openings in said convex
tip is formed along a radius of said convex surface.

25
30
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having radially oriented orifices and operating at these vacuum and air
pressure | evel s enabl es nore accurate bl ow of f, with | ess possibility
of Herr]O being bl owmn back into the blister pack. Consequently, there
is a marked 25 decrease of rejected blister packages and a correspondi ng
I ncrease in blister package throughpuL37_ rat es. After blowoff, the
robot then retracts vertically fromthe lens | oad position as shown in
Fi gure 5(f) ali 30 the while controlling speed and accel eration. The

35

1 ABSTRACT OF THE DISCLOSURE

A method of automatically transferring contact
lenses from a plurality of cups good positioned at a
first location to a plurality of packages positioned at
a second location wherein each good cup contains a
transferable contact lens for placement in an individual
blister package comprises a step of communicating
positional information of good cup locations to a
10 robotic device having an arm with one or more end
effectors thereon, each end effector having a tip in
connection with a vacuum and air pressure supply device,
each end effector independently moveable with respect to
the arm. Then, steps of applying a vacuum to the end
effector tip to enable pick-up of a transferable lens
from a cup located at a good cup location, and,
controlling the robot to effect positioning of one end
effector tip within the cup having the transferable lens
therein to piék up the lens are performed. A further
step includes controlling the robot to remove the end
effector tip from the good cup location to position it
within a blister package cavity, and finally, removing
the vacuum and applying air pressure to the end effector
"tip to deposit the lens from the effector tip into a

15

20

2
Z blister package cavity.
30
35
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.14 vacuumis then re-energized to the tip 60 (Figure 5(f)) and

re-positioned over the hydration cups for the next | ens pick cycle.
Automatic | ens | oad system Figures 6 and 7 illustrate a plan view
-of one ;
10
l"-‘—“—-L
{
478 || 40 || 4Z¢
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automatic lens |load cell 100 which contains equi prent responsi bl e for

transfer of hydration trays to/fromthe .position where the | enses are
renoved, transfer of Bl i ster Packs to/fromthe position where the

| enses are placed into them and robotic transfer of the |enses. I n
the preferred enbodi nent there.are three identical cells for increasing
t he vol une throughput of contggt | enses. : As shown in the

Figure 6, a plurality of hydrgtion 15 trays 10} each tray conprising
[ 2 ch contai g an individual contact

l ens, is conveyedin s Qudration statig Nby conveyor 103

for nanual I nspectionf at a | ens Xnspection st é Ned=—67 |In the
preferred enbodi nent, qon tra ﬁajns cups arranged in
a 4X8 matrix and is Y. |y bar ; for identification by
a bar code scann - ‘e I ens i nspec\| Wi 3¥aji on.

FIG. 3

This Sheet Has Been Rerl




“Specifically,
a good lens/bad lens matrix to 25 the particular
transm ssion to
lines 98 in Figure 6. As wll
when the hydration tray 101 is conveyed

transfer, the robot 30 assenbly at a lens pick |ocation wll

t he

the bar code tag is to assure | ot

t he barcode supervi sor conputer

35
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be explained in greater
downstream f or

integrity and to assign

hydration tray for |ater
150, as shown by broken
detai |l bel ow,
automatic |ens
pi ck up only

FiG. 5(c)

FIG. 5(b)



e
15 good |l enses remaining in the hydration tray by virtue of t he
good |l ens/bad lens matrix assigned to that pallet. At the lens
i.nspection station 120, the | enses containing defects are identified by
operators and the bad | enses are renoved fromthis associated hydration
cup. The hydration trays with the remai ning good | ens cups, S
scanned by a bar code reader 105 to associate the
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posi ti onal i nformation of the renoved hydrati on cups wi thin the 4X8

matrix with the particular tray. This information is transmtted to

t he supervi sor conputer 150, which, in the preferred enbodinent, is a
DEC ' 486 conput er, connected by a STAR node | ocal network. Thus,

t he supervisor conputer 150 stores a data nodel representative of each
tray which includes the tray 15 identification nunber, |ot nunber, and a
matrix of tray | ocations indicating which tray |ocations contain | enses
which are enpty and consequently the | ocations of good | enses to be
transferred. 20 Tray transfer As shown in Figure 7, each
hydration tray is conveyed downstreamfromthe | ens inspection station
to the hydration tray infeed station 130, where they renain

FIG. 6
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in a stacked queue, indicated as 132. In the manner 25 described bel ow,

_each individual hydration tray is renoved (de-stacked) fromthe stack
via an escapenent (not shown) |ocated at the bottom of the infeed
station 130 and are transported to the | ens pick |ocation 140 via a
tray transfer conveyor 108 in the direction 30 indicated by arrow "A". In
the preferred enbodi nent, 35
3

FIG. 8
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- tray transfer con

A
16. tray transfer conveyor 108 is atwn belt conveyor which are

?drlven by a 1/3HP, 120VAC, single phase notor (not shown). As will be
- explained, all transfer of hydratlon trays between the positions where
~ destack, reject, len -stack occur is acconplished by the

15 s | o

zas,n,(nasxﬁ»j
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240
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230

CONTROL TASK
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Duri ng = jngle tray is separ at ed fron1the
of trays i gHEﬁTb I ntroduced into automatic |lens | oagp[mmm&%ﬁﬁ'

dest.ack {s perfornmed ugsihg a tray el evator (not shown) to | ower the

bot t om ki to the singulate position, then to the transfer
posi ti At the 15 sijndul ate position, destack singulators are used to
separagfe this bottomtrgy fromthe remaining trays in t he stack.

A tray—elevator then perfornB vertlcal transfer of hydratlon trays in

ei ther and up or down BMy, the tray

el evator 20 Xonsists of a DC nDtor connected to a Iead screm/nut

conbi nation by a tlnlng belt. Rotation of the DC notor shaft causes a
rotation in.-the nutl-whi Ekeld ef the Inventionnhe |ead screwin a vertical

direction, up or down, ThEECPLEsent PAveéheiont b1808s genecalDy ©b &he
not or

automatic contact lens transfer system, and, more
5 particularly, to a robotic end effector device having
independently movable transfer tips each for
individually picking up contact lenses at one location
under controlled vacuum conditions, and, placing them at
another location under controlled blow-off conditions.
10

2. Description of the Prior Art

Early prior art methods for transferring soft
contact lenses from process holding trays into the

primary package blisters were essentially manual. The
15 manual lens transfer method (manual lens load or M.L.L.)
contained several drawbacks. Besides being very labor
intensive, the process was inconsistent since it
depended on human operation. Additionally, the number
of people involved in the lens transfer process was
restricted when production line floor space was limited,
therefore resulting in limited throughput. Furthermore,
the manual method of lens transfer, which comprised of
the implementation of swabs to pick and place the lens,
possibly posed an ergonomic threat to the personnel
25 involved. Lastly, the damage to lens was at a level of
3.5 to 15% depending on the experience of the operator.
To overcome the drawbacks to the manual lens
transfer method, automatic lens transfer (automatic lens
load or A.L.L.) systems were developed that incorporate
30 robotic arms for connection with other process equipment

20
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25 shaft. The DC Mdtor is controlled by a four quadrant e lve
drive controller which is a Mnarik RG 310U Regener ati veﬁ%@“’é&éﬁﬂ'

Control s.

The tray el evator used for destack is equipped with

tray el evator outriggers (not shown) which is an 30 assenbly for supporting
t he outside edges of the 35 2

10

15

20

25

30

35

to form an automated cell, each cell having the
throughput equivalent of six humans using the manual
method. Numerous cells could be used per'production
line to meet capacity needs and increase throughput.
Since the automated method does not use human
intervention beyond that of parts feeding, the process
is more consistent than the manual lens transfer method
and the ergonomic issue was eliminated since the robotic
arm does the work.

The critical designs which give prior art A.L.L.
systems a competitive edge center around the process of
picking up and placing lenses. A robotic arm carries an
end effector which has the ability to pull or blow air
through small holes placed on the effector tips.

As shown in Figure 1, a robotic arm of a prior art
lens transfer robot carries an end effector assembly 10,
having three (3) independently movable end effector tips
20a,b,c, each assembly having a vacuum tube 35 and
blowoff tube 50 for respectively pulling or blowing air
through small holes placed on the surface 26 of an end
effector tip 25. Air cylinders 47a, 47b, and 47b, are
commanded by a robotic controller (not shown) to
independently extend or retract transfer tips 20a, 20b,
and 20c, respectively. To pick up the lens out of the
hydration tray, the tip is extended into a tray carrYing
the hydrated lenses, and a vacuum is created at the
vacuum tube 35 of each effector tip by a single vacuum
plenum 40 having an interior chamber 45, vacuum
connection 41, and vacuum pump (not shown).

Essentially, the vacuum plenum pulls hydration solution
through the effector tip for a dwell period of

REPLACEMENT SHEET
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17 hydration tray. This assenbly prevents fl exing ?ﬁg&g UE%ﬁy on
tray mhenyforce IS apglied to these outside edges duri ﬁﬁ \ tgggétf
a tray. Two Destack Singulators separate a single hydration tray
fromthe bottomof the stack of trays. Each singul ator consists of an
air cylinder which, during singul ati ong nmoves an escapenent horizontal Iy
into position to support the one end of the stack of remaining trays,
whil e sinultaneously rotating a cam (not shown) to apply a verti cal
force to onf approkimaeely 400 milliseconds at a vacuum level of

approximately 20 inches of H,0. The cycle is repeated
for each effector tip so that after three cdntact lenses
are picked up by respective three end effector tips, the
robot arm indexes all three tips over three
corresponding primary blister pack cavities for
simultaneous lens transfer thereto. After indexing of a
lens carrying end effector over a primary blister
package, the vacuum supply is turned off and an air
supply is turned on to "blowoff" the lens from the tip
into an indexed blister cavity. Specifically, for a
dwell period of about 200 milliseconds, air at a
pressure of approximately 20 psi is supplied to each
transfer tip through each blowoff tube 50 to blow the
lens off the respective tip 25 for deposition into a
blister package cavity. A water separation unit is
designed into the system to remove excess solution from
the lens at pick up so'that it may by deposited without
much spray at blowoff. Finally, after lens blowoff,
each of the air cylinders 47a,b,c of the effector
assembly retract the transfer tips and the cycle is
-repeated for a new lens pick up.

The design of the end effector allows for three
lenses to be picked up, moved, and blown off into the
blister, thus, allowing for optimization of throughput
given the capacity of the robot arm to carry a load.

The provision of electrical and pneumatic controls
used to operate the end effectors are critical features.
There are, however, numerous drawbacks to the above-
described prior art automatic lens transfer end effector

10
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tray being singulated, forcing separation of this tra

Bar Code tray identification : As shown in Fi gu%/e ?W"E‘EW
dest acked 15 (singulated) for |ens unloading, a bar code scanner 106
scans the hydration tray for identification at or near the | ens pick
station 140. The bar code scanner 106 4 further transmts the tray

i dentification nunber via serial link 109 to the supervisor conputer
150 (Figure 6) so that the previously entered | ens inspection data

119 for that devRdd A)pdiidil sl ORitH alespectndo ttihed end effactior t he

r obot contﬂoller f r.obpt, jmani pul:at or. an end effector tip control.
25 Tray Reje@F (iy ané)tips s herein J%scrl é{

Figure 2(a) shows a detailed cross-sectional view
of the prior art end effector tip 25, and Figure 2(b)
shows a detailed view of the array of orifices 30 at the
surface 26 of the tip. As shown in Figure 2(a), the
bores 28 connecting the surface orifices 30 to air and
vacuum tube supply (described below) are linear, which,
as will be discussed below, provides for the increased
possibility of lens transfer failures and requires
10 greater vacuum and air blowoff pressures to effectuate
transfers. For example, it is often the case that the
lenses are not placed accurately in the receiving
container resulting in blister rejection and decreased
throughput.

Additionally, the end effector of the prior art
uses a first common plenum (or chamber) for the vacuum
and a second common plenum for air that was shared by
all the end effector transfer tips. The common plenum
designs result in fluctuations of vacuum and air (as
lenses are picked up and discharged) in the end effector
tips, which, in turn, give erratic transfer performance
with respect to actually picking up lenses and blowing
them off. For example, as shown in Figure 1, the end
effector 20 uses a common plenum'45 for the vacuum and a
common plenum (not shown) for air blowoff that is shared
by all three end effector transfer tips. The common
plenum designs of the prior art result in vacuum and air
fluctuations in the end effector tips depending upon how
many lenses have been picked. For example, variations
in vacuum levels ranging from 20 inches of H,0 to 40

15_

20

25

30

35 REPLAGEMENT SHEET

12 DEC 1996




If the bar code identifier on the hydration tray was . essf ul
scanned, the tray is transferred to a tray reject stggpbﬂééﬁéNTéﬁﬂﬁﬁg

whi ch consi sts of lifting the tray fromthe conveyor 108 and pushi ng
t he tray onto a | atching nagazine. Specifically, a tray 35
5 _

inches of H,0 occur, making process optimization very
difficult. Additionally, given the large volume of the
end effector tip assembly 25, the linear orientation of
the orifices (Figure 2(a)) and elongated lengths o: the
blow-off tube, air supply blowoff pressures ranging from
20 psi. to 40 psi. are required to be applied for
durations of 200 ms to effect lens blowoff.

It would be highly desirable to provide an end
effector tip for a robotic lens transfer device that
incorporates a design that allows for individual vacuum
10 and air pressure plenums (or chambers) for each transfer.
tip for increased control of the vacuum conditions.

It would also be highly desirable to provide an end
effector tip that is much smaller in volume and more
efficient in terms of controlling vacuum and air blowoff
15-to enable increased lens transfer successes and higher

throughputs.

SUMMARY OF THE INVENTION .

It is an object of the present invention to provide
a robotic lens transfer device for transferring and
handling contact lenses that incorporates a design

20

allowing for individual vacuum and air pressure plenums
(or chambers) for each transfer tip of the end effector.

Another object of the invention is to provide an
automated Lens Load (A.L.L.) system for transferring
soft contact lenses from inspection holding trays into
the primary package blister in a quick and efficient
manner. _

Still a further object of the invention is an
automated Lens Load (A.L.L.) system that includes a

25

30

35
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18 reject operation is performed using a tray el evator that rai ses

the hydration tray which is to be rejected, pushes uRERbACEMENT SHKET
with any previously rejected trays, until captivated by an escapenent
mechani sm Tray Positioning " For those trays whose

I dentification nunber could be read, ghe trays are repeatedly

posi tioned and physically located for |ens renoval. Specifically, |ens

robotic lens transfer device that is provided with
intelligence from an upstream lens inspection operation.

Yet another object of the invention is to provide
an automated Lens Load (A.L.L.) system wherein the
intelligence provided by the upstream lens inépection
operation includes a matrix of good/bad lenses that are
to be transferred downstream at a lens transfer
operation. '

Yet a further object of the invention is to provide
a control system for a robotic lens transfer device
10 having end effector transfer tips that permits the use

of reduced air blowoff values for shorter dwell times to

remove the lenses from transfer tips and which is

gentler on the lens resulting in far fewer edge defects
- and more accurate placement.

It is another object of the invention to provide a
control system for a robotic lens transfer device that,
in conjunction with an inventive robotic end effector
tip, allows for the improved consistency of vacuum and
air pressure design resulting in increased lens transfer

20 rate, .lens positioning, and product yield.

These and other objects of the present invention _
are attained with a method of automatically transferring
contact lenses from a plurality of good cups positioned
at a first location to a plurality of packages
positiqned at a second location wherein each good cup
contains a transferable contact lens therein for
placement in an individual blister package. The method
comprises a step of communicating positional information
of the good cup locations to a robotic device having an

arm with one or more end effectors thereon, each end
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unload tray positioning involves a tray el evator that rai ses the

hydration tray to allowthe Lens Unl oad Tray Posi t i oneREPLAGEMENT SEFTo
| ocate the tray at a repeat abl e position for unloading | enses.

A tray elevator, as described above, perforns vertical transfer of the
hydration trays in either an up 15 or down direction, as required, and
consists of a DC not or connected to a | ead screw nut conbination by a
timng belt. However, the tray el evator used at the | ens unl oad

position is neﬁfeqmnpphdanghattap &hemahnectlonouithggeeﬁum and air In the

D e o pRelRlke UBoR o) npSHR ' dslAlong phFRLLBR°LhaBBERICHETY, 2" e
| ens unl oad moveabdei withlsespasd L¢2bhasaSManThanFlgppkyingtherefore
a total of foygachti EBS'thleoﬁﬁﬁsef@eE'tB@ £ipeB8 LRHABRE pfaxlhpYoFoa! tioner
consists of anr%héfe%ahgee&ensl%ro%ug cup located at a good cup

5 locatzon, and, controlling the robot to effect
positioning of one end effector tip .within the cup
having said transferable lens therein to pick up the
lens. A further step includes controlling the robot to
remove the end effector tip from the good cup location
and position the end effector tip carrying the
transferable lens within a blister package cavity, and
finally, removing the vacuum and applying air pressure
to the end effector tip to deposit the lens into a
blister package cavity.

Further benefits and advantages of the

10

15

invention will become apparent from a consideration of
the following detailed description given with reference
to the accompanying drawings, which specify. and show
20 preferred embodiments of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS
' Figure 1 is a block diagram showing the
robotic end effector device and tip for the automatic
lens load system of the prior art.
25 Figure 2(a) is a cross-sectional view along
line "A-A" of the prior art end effector tip assembly of
Figure 2(b) showing the linearly oriented bores. ‘
Figure 2(b) is a frontal view of the prior art
end effector tip showing the array of orifices at the

30 tip surface for pulling and blowing air.

REPLACEMENT SHEET

35
12 DEC 1996




a positioning wedge under one side of the hydration traé. Duri ng

engagenent, the positioning wedge uses three (3) feat BERBEACEMENDSHERT v
position an hydration tray in the robot's X, Y and Z axis. The Z-AXis
Wedge 30 drives the hydration tray in %he robot's X, Y and Z 35

Figure 3 is a side, partial cross-sectional
view of the robotic end effector and end effector tip of
the invention.

Figure 4(a) is a cross-sectional view along
line "A-A" of the end effector tip assembly of Figure
4(b) showing the radially oriented bores.

Figure 4(b) is a frontal view of the end
effector tip of the invention showing the array of
orifices at the tip surface for pulling and blowing air.

Figure 5(a) illustrates the positioning of the
end effector tip over the hydration cup carrying a good
transferrable lens therein with a vacuum applied prior
to lens pick. . |

Figure 5(b) illustrates the extension and
dwell of the end effector tip toward and within the
hydration cup for removing the contact lens therein.

Figure 5(c) illustrates the retraction of the
end effector tip with the vacuum applied after lens
pick.

10

15

Figure 5(d) illustrates the extension of the
end effector tip within the blister package cavity prior
to lens blow-off.

Figure 5(e) illustrates the dwell of the end
effector tip within the blister package cavity and

activation of blow-off air pressure to accomplish lens
25 blow-off.

20

Figure 5(f) illustrates the retraction of the
end effector tip with the vacuum applied after lens
placement.

Figure 6 illustrates the conveyance of

30 hydrat;on cups carrying good/bad lenses out of hydration
REPLACEME :
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19 axis. The Z- Axis Wedge drives the hydration tr
positioning rails (not shown), the Y-Axis Wedge rRéthNﬂWEhﬁySHEETon
tray, and when conpl etely engaged, t he hydration tray is captivated
bet ween the X-Axis Bl ocks. 5 Tray Up-stacking As shown in
Figure 7_, after all of the |enses have 9 been renoved by the robot end
effector in the manner descri bed above with respect to Figures 5(a) -
5(f), the enpty tray is lowered to the tray transfer conveyor 108

and lens inspection stations having a bar code

identifier thereat.

Figure 7 illustrates an automatic lens load
cell wherein robotic arm picks good lenses from the
hydration cups at a lens pick location and transfers the
lenses to a blister package at a lens place location in
the manner as shown in Figures 5(a) - 5(f).

Figure 8 illustrates the vacuum pump and
regulator 138 show mounted proximate the power enclosure
139 for the automatic lens load cell.

Figure 9 illustrates presents a block diagram
representation of the software architecture for
controlling the operations of an automated lens load
cell.

10

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

To overcome the drawbacks in the prior art design,
the end effector device 75 of the invention, shown in
-Figure 3, is designed to have an individual vacuum
plenum for each end effector assembly. As shown in
Figure 3, the end effector assembly 75 of the invention
is of a streamlined, integral design of a drastically
reduced volume and having a dedicated vacuum plenum for
each tip. The advantage of such a design is that the
vacuum level for each tip is not effected by what is
happening on the other two end effector assemblies,
hence, process optimization is easier. For instance, in
the end effector of the invention, vacuum levels of a
constant pressure are expected with virtually no
fluctuation. While vacuum levels of 22 to 30 inches of

20

25

30
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§ |
for transference to the hydration tray up-stacker station 135 where the

tray is lifted fromthe conveyor 108 for |oadi ng onREPRACEMENTNSHEET
magazi ne. 15 The tray up-stack pushes the recently enptied tray

into the stack of trays which were processed previously. Speci fically,
the tray stack operation uses a tray dlgevator, in the manner descri bed
above, to raise the hydration tray which is to be rejected, pushing up
and interlocking with any previously rejected trays, until captivated
by an escaperra;m mayhbei ssed, a l&vektef 26ainthes of H,0 i& shown in

Figure 7, n@k&@gg mnth t he conveyance of the hydratlon pall ets as
dlscussed abo indi vi dual blister packages are introduced into the
automatic | ens | oafigaire {3 dhlusstrasesod §ide ppastdial cross-

sectional view of one transfer lens end effector
assembly 75 comprising an lens end effector frame 77, an
air cylinder 79 mounted on a shelf 81 of the end
effector frame for providing vertical extension and
retraction of the end effector tube/plenum assembly 80
and integral lens end effector nozzle tip 60 relative to
the frame 77. As shown in Figure 3 and Figures 5(a)-
10 5(f), vertical extension and retraction of the end
‘effector tube/plenum assembly 80 and lens transfer tip
60 is accomplished by the cooperation of air cylinder 79
that is connected to guide shaft 85 at one end and
connected with the tube/plenum assembly 80 at the other
15 end. '

As shown in Figure 3, the end effector tube/plenum
assembly 80 and lens transfer tip 60 is short in
comparison with the prior art tip (Figure 1) and much
lower in volume. The lens transfer tip 60 is integrally
connected with an individual vacuum plenum 87, and,
comprises a blowoff tube 90 that is also short in
comparison with the prior art lens blowoff tube (Figure
1) and integrally connected with an individual air
supply plenum 97. '

As shown in Figure 4(a) and 4(b), the lens end
effector nozzle tip 60 pulls and blows air through
radially oriented holes on a convex surface 61 thereof.
Figure 4(a) shows a detailed cross-sectional view of the
improved end effector tip 60, and, Figure 4(b) shows a
detailed view of the array of orifices 65 at the convex

20
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pack di spenser (not shown) which may conprise a convent i onal st acki ng

and di spense nechani sns for renovi ng i ndi vidual blister RE&LIAQEMENQ’ S
bl i ster dispense station 115. Specifically, as shown in Figure 7, t
35

11

10

15

20

25

30

35

surface 61 of the tip. the convex surface 61 is of
substantially the same radius as that of the human eye.
As shown in Figure 4(a), the bores 68 connecting the
surface orifices 65 with the air and vacuum plenums are
oriented radially within the tip 60. The advantages of
this radially oriented tip design are that the
occurrence of lenses sticking to the tip 60 are
dramatically reduced, and the rate of successful
transfers is increased due to the fact that the semi-
spherical surface of the lens is more responsive to
vacuum and blow off pressure emanating from radially
oriented orifices of the tip. This is contrary to the
prior art linear tip design (Figure 2(a)) in which the
occurrence of lenses sticking to the tip and inaccurate
lens placement was increased.

End effector lens transfer movement

The operation of the robot arm and end effector
assembly of the invention, as shown in Figures 5(a)
through 5(f), is as follows:

First, as shown iﬂ Figure 5(a), the end effector

assembly 75 is positioned so that one effector tip 60 is

indexed over a contact lens carrying hydration cup 18.
At the time of this positioning, a vacuum is applied to
the end effector tip. The individual end effector
assembly 75 including vacuum plenum 87 is then extended
downward all the while controlling speed and
deceleration. The robot then remains stationary in the
hydration tray cup for a set dwell period, while the
lens is sucked up by the applied vacuum onto the tip by
vacuum. In the preferred embodiment, the set vacuum

REPLAGEMENT SHEET
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20 blister pack 105 is dispensed onto a blister transfer

i ndex

conveyor 107 that, as will be explained in further WCEWW‘GHEET
transfers blister packs between the di spense position, |oad

posi tioning,

i nspection, and 5 rejection. . Preferably, the blister

transfer index conveyor 107 consistsypf a DC gearnotor, connected to
the input shaft of a nechanical camindex nechanism A single rot
of this input shaft is broken down into two functional segnents,

degree i ndex dwghknperiod is 66 M9 wighie avdésised ravge Bf i4Q tde 270

degree ind

ation
a 270

oct orm "t up 108 FEORRH et SaQLiRk’ robel Rl B DISSHIRR, °TL o o

t he out put sh@??ateﬂafns §hat¢0da¢§£thm¢ tip is preferably

10

15

20

25

30

35

approximately 26 inches of H,0 within a desired
operation range of 22 to 30 or variation in vacuum
pressure inches of H,0 and a net change between lens
pick ups of 4 inches of H,0. As shown in Figure 5(b),
the vacuum force is indicated as lines 72, and acts
through the effector tip 60 and vacuum nozzle 85 to the
vacuum plenum 87 (Figure 3). The contact lens 15 and
hydration solution are picked up (Figure 5(b)) from the
hydration cup 18 and the robot end effector tip is then
vertically retracted (Figure 5(c)) all the while
controlling speed and acceleration. This process is
repeated two more times until each end effector tip has
acquired a lens.

As shown in Figure 7, the excess hydration solution
is separated by a water separation apparatus 133 located
within the vacuum plenum. In the preferred embodiment,
the water separation vacuum plenum 133 is about three
(3) liters in volume and has a tube in the bottom (not
shown) which allows water coming from the end effector
tips to be removed and not ingested in the vacuum pump
and regulator 138 to which it is attached. (See Figure
8). The pump and regulator are positioned adjacent the
apparatus illustrated in Figure 7. 1In the preferred
embodiment, the water separation vacuum plenum has one
port attached to the vacuum pump and regulator, and
three ports for each respective tip of the end effector.

'After three contact lenses 15 are picked up and
held by the three end effectors of the robot arm, the

REPLACEMENT SHEET
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out put shaft of the index nmechanismdrives a ContinuousﬂgPQﬁﬂﬁ@égMMICh S

equi pped with flexible |lugs spaced at 12 I nch cente TiSHEEﬂwh
the blister packs al ong the guide rails, twelve inches at a tine.

As mentioned. above, the blister packs 105 are i ndexed to the | ens place
| ocation 145 where the blister pack i3 cl anped down, the lens cavities
are supported frombelow, to position the blister pack to receive

three | enses fromthe robot end effector assenbly in the manner

descri bed aboweboﬁpenhfﬁmdbhps Bllé phsieei endngffectofst beeBl three Packs at

t he repeat adl I a nt -by the robot
s 25 acconp|%0ﬁ%%%§%n%3ﬁg grfo g@;g@ﬁfﬁégekg%kggg§ Rb ?gge- After a new
blister pack BiBwulianeous ﬂ#@@x@@amﬁﬁertN@erEthpp?bﬁlkﬁﬂé kEzanstesd

posi tion by t@?é@dﬁﬁdﬂ'fb&agﬁke@nd ef&@@QErCQBVEKBinQK Figues &Ykinder
noves a positioning fp ate (not shown) in a downward direction to

posi tion through 5(

After the robot arm indexes the lens carrying end
effector tips over a primary blister package 19 (Figure
5(d)), with vacuum still applied, the end effector tips
are vertically extended into the blister pack cavities
to a position fixed above the bottom of the cavity all
the while controlling speed and deceleration. The end

effector tips remains stationary within respective

10

blister cavities while the vacuum supply used to pick up
the lens is turned off. Immediately thereafter, a jet
of air, indicated as line 73 in Figure 5(e), is valved
15 to each tip through blowoff tube 90 for a fixed time
period to release the lens from each tip into the
blister pack cavity. The blowoff dwell time for the jet
of air is approximately 60 milliseconds within a desired
range of 20 to 80 ms and the blowoff pressure is about 8
20 psi, within a desired range of 4 to 12 psi. The tip 60
having radially oriented orifices and operating at these
vacuum and air pressure levels enables more accurate
blow off, with less possibility of H,0 being blown back
into the blister pack. Consequently, there is a marked
decrease of rejected blister packages and a
corresponding increase in blister package throughput
rates.

25

After blowoff, the robot then retracts vertically
from the lens load position as shown in Figure 5(f) all

30 the while controlling speed and acceleration. The
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30 the blister pack. During this downward notion, four (4) 35
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vacuum is then re-energized to the tip 60 (Figure S5(f))
and re-positioned over the hydration cups for the next
lens pick cycle.

Automatic lens load system

Figures 6 and 7 illustrate a plan view of one
automatic lens load cell 100 which contains equipment
responsible for transfer of hydration trays to/from the
position where the lenses are removed, transfer of
Blister Packs to/from the position where the lenses are
placed into them, and robotic transfer of the lenses.
In the preferred embodiment there are three identical
cells for increasing the volume throughput of contact
lenses.

As shown in the Figure 6, a plurality of hydration
trays 101 each tray comprising thirty-two (32) hydration
cups, each containing an individual contact lens, is
conveyed out of a hydration station 110 by conveyor 103
for manual inspection at a lens inspection station 120.
In the preferred embodiment, each hydration tray 101
contains cups arranged in a 4X8 matrix and is
additionally bar code tagged for identification by a bar
code scanner 105 at the lens inspection station.
Specifically, the bar code tag is to assure lot
integrity and to assign a good lens/bad lens matrix to
the particular hydration tray for later transmission to
the barcode supervisor computer 150, as shown by broken
lines 98 in Figure 6. As will be explained in greater
detail below, when the hydration tray 101 is conveyed
downstream for automatic lens transfer, the robot
assembly at a lens pick location will pick up only the

REPLACENENT SHEET
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buIIet'shaped positioning pins (not shown) insert into "dinples" in the

bl i ster pack, noving the blister pack fromthe appr(BEHIACEMEN ; % nal
[ eT;$$E T

| ens | oad position, and insuring a repeatable position int ane
of the robot. Wen this downward notion has conpl eted, the

positioning plate is forcing the bottom 3&rface of each of the six
Blister "cavities" (where the |enses are pl aced) against the Cavity
Support, insuring a repeatabl e robot Z axis |ocation of the bottom
surface ogootle leneescremainingsin the hydras&HEet5a5|thgirbaekage

conpri ses sixtnaigaaa lensPRaAYBnEANALLER, ab¥DgReaktpl ERat! patlptacenent
sequences are perto

To a1 ow the bl st 8¢ Fhexienacingpegtion shatianenton FoeckoffBRecion
station (not gbawaAlinfifg défeepsi azk identifdedohyt bperatbeasandstbeen
placed in eaCEad lenses are removed from this associated hydration
cup.
The hydration trays with the remaining good lens cups,
is scanned by a bar code reader 105 to associate the
positional information of the removed hydration cups
within the 4X8 matrix with the particular tray. This
10 information is transmitted to the supervisor computer
150, which, in the preferred embodiment, is a DEC °'486
computer, connected by a STAR node local network. Thus,
the supervisor computer 150 stores a data model
representative of each tray which includes the tray
identification number, lot number, and a matrix of tray
locations indicating which tray locations contain lenses
which are empty and consequently the locations of good
lenses to be transferred.

15

20 Tray transfer

As shown in Figure 7, each hydration tray is
conveyed downstream from the lens inspection station to
the hydration tray infeed station 130, where they remain
in a stacked queue, indicated as 132. In the manner
described below, each individual hydration tray is
removed (de-stacked) from the stack via an escapement
(not shown) located at the bottom of the infeed station
130 and are transported to the lens pick location 140
via a tray transfer conveyor 108 in the direction
indicated by arrow "A". 1In the preferred embodiment,

25

30
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of the six (6) positions in the blister pack 105. If

t he conveyor

bel t

LACE!
six lenses is not verified, a reject gate (not shown) posit?@%@g
107 diverts the deficient blister pack 105 to a rejec
conveyor (not shown) during the next index. Preferably, t

blister reject gate consists of an air cylf nder (not
retracted,

t hese fingers

When 1 HEARATaNREST RAnNeYoxn HO& 4 & piindg

rails.

onto the fi

fingers (whic

30 ga{%ﬁ{@ )p'ar fﬁug'%)ﬁ ![ neqté[fgp%r%r;ee(sé.er ag%arrgsoféxaioste Mﬂétit&xe

rej ect
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entering mating notches in the bli s]:[tercc;tr}ryansf_er gui!d

trays between the positions where destack, reject, lens
unload, and up-stack occur is accomplished by the tray
transfer conveyor 108.

Tray Destack _

During tray destack, a single tray is
separated from the remaining stack of trays waiting to
be introduced into automatic lens load cell. Tray
destack is performed using a tray elevator (not shown)
to lower the bottom tray in the stack to the singulate
position, then to the transfer position. At the
singulate position, destack singulators are used to
separate this bottom tray from the remaining trays in
the stack.

A tray elevator then performs vertical
transfer of hydration trays in either and up or down
direction, as required. Preferably, the tray elevator
consists of a DC motor connected to a lead screw/nut
combination by a timing belt. Rotation of the DC motor
shaft causes a rotation in the nut, which in turn drives
the lead screw in a vertical direction, up or down,
depending on the rotational direction of the motor
shaft. The DC Motor is controlled by a four quadrant
regenerative drive controller which is a Minarik RG-310U
Regeneratiﬁe DC Motor Speed Controls.

The tray elevator used for destack is equipped with
tray elevator outriggers (not shown) which is an
assembly for supporting the outside edges of the

;EPLACEMENT SHEET
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22 Bl i ster packages which are not rejected are I ndexed onto

a continuous running flat topped flexible | i nk end REPLACEH| n
systemto transfer each the blister pack to the heat seaFMgﬂZémqégf
where foil is sealed to the open faces of the blister packs.

Robot Assenbly _ As shown in Figuge 7, a robot 175, which, in the

hydration tray. This assembly prevents flexing of the
hydration tray when force is applied to these outside
edges during singulation of a tray.

Two Destack Singulators separate a single hydration
tray from the bottom of the stack of trays. Each
singulator consists of an air cylinder which, during
singulation, moves an escapement horizontally into
position to support the one end of the stack of
remaining trays, while simultaneously rotating a cam
(not shown) to apply a vertical force to one end of the

10 tray being singulated, forcing separation of this tray
from the stack. -

Bar Code tray identification

As shown in Figure 7, after a tray is destacked
15 (singulated) for lens unloading, a bar code scanner 106
scans the hydration tray for identification at or near
the lens pick station 140. The bar code scanner 106
further transmits the tray identification number via
serial link 109 to the supervisor computer 150 (Figure
6) so that the previously entered lens inspection data
119 for that same tray may be appropriately transmitted
back to the robot controller for robot manipulator and
end effector tip control.

20

25 Tray Reject
If the bar code identifier on the hydration tray was
not successfully scanned, the tray is transferred to a
tray reject station (not shown) which consists of
30 lifting the tray from the conveyor 108 and pushing the
tray onto a latching magazine. Specifically, a tray
35
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preferred enbodi nent, is an Adept One[err] four (4) aX|s r obot ,

i ncludes the above-described end effector device BhA@EMENTt

of a Z-axis quill assembly (not shown) for renDV|ng | enses three a a
time fromthe hydration trays at the lens pick |ocation 140 for

pl acement into the blister package at thgglens pl ace | ocation 145.
Figure 7 illustrates the robot 175 in a 15 first lens pick position 176
and a second | ens pl ace position 177 as conmanded by the auto | ens | oad

robot Contg Paée o dééﬁaﬂhbﬁhlﬁogaéfﬁbﬁmedlu@ingrm tohpt e bevatonushatent s,
and, in thelpreterre

r ocontrol |
Preferably, tﬁ%1$%%thenRY85%F}8VI ;agg@g %é%éﬁ % %%iea?%%s/badrﬁengr
mat ri x dapasHéd ﬁpoanﬂhEnSkaocksowitbnwmyepreﬁbou%hn rejected 3 manner

known to thosg sk|II NgLr Wkt r and end
ef fector asseﬁﬁ Sgtlf EEStﬁbsteh ﬁ?egﬁg%%%a %ﬂggg g?éga%?ﬁ% fromthe
hydration tray 101

Tray Positioning
For those trays whose identification number could
be read, the trays are repeatedly positioned and
physically located for lens removal. Specifically, lens
unload tray positioning involves a tray elevator that
10 raises the hydration tray to allow the Lens Unload Tray

Positioners (not shown) to locate the tray at a

repeatable position for unloading lenses.
A tray elevator, as described above, performs

vertical transfer of the hydration trays in either an up
15 or down direction, as required, and consists of a DC
motor connected to a lead screw/nut combination by'a
timing belt. However, the tray elevator used at the
lens unload position is not equipped with tray elevator
outriggers. _

In the preferred embodiment, two (2) lens unload
tray positioners (not shown) are used to position each
hydration tray for unload at respective two lens unload
locations 142a and 142b as shown in Figure 7, therefore,
a total of four (4) positioners. A single Lens Unload
Tray Positioner consists of an air cylinder which guides
a positioning wedge under one side of the hydration
tray. During engagement, the positioning wedge uses
three (3) features to repeatedly position an hydration
tray in the robot's X, Y and Z axis. The Z-Axis Wedge
drives the hydration tray in the robot's X, Y and 2

20
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at the lens pick position. As shown in Figure 7, a bar

106 is positioned to scan the hydration tray for i WMOEMENP%H@ETM

near the |lens pick station 140 and further transmits the tray
i dentification nunber. 109 to the supervisor conputer 150 so that the 30
previously entered | ens inspection data 389 for that 35

axis. The Z-Axis Wedge drives the hydration tray up

1 into positioning rails (not shown), the Y-Axis Wedge
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centers the hydration tray, and when completely engaged,
the hydration tray is captivated between the X-Axis
Blocks.

Tray Up-stacking
As shown in Figure 7_, after all of the lenses have

been removed by the robot end effector in the manner
described above with respect to Figures 5(a) - 5(f), the
empty tray is lowered to the tray transfer conveyor 108
for transference to the hydration tray up-stacker
station 135 where the tray is lifted from the conveyor
108 for loading onto a latching magazine. |

The tray up-stack pushes the recently emptied tray
into the stack of trays which were processed previously.
Specifically, the tray stack bperation uses a tray
elevator, in the manner described above, to raise the
hydration tray which is to be rejected, pushing up and
interlocking with any previously rejected trays, until
captivated by an escapement mechanism.

Blister transfer

As shown in Figure 7, simultaneous with the
conveyance of the hydration pallets as discussed above,
individual blister packages are introduced into the
automatic lens load cell from the bottom of a blister
pack dispenser (not shown) which may comprise a
conventional stacking and dispense mechanisms for
removing individual blister packs at a blister dispense
station 115. Specifically, as shown in Figure 7, the
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23

sane tray is appropriately transmtted back to the robot

controller for robot and end effector control. In the HEP Npeg E
enbodi ment, the supervisor computer is connected to- each bay @ ET
reader as well as the robot and inspection controllers via d@ STAR node.
I f the bar code identifier on the hy2igati on tray was not

successful ly scanned during destack, the tray is transferred to the
Tray Reject Station. Tray Reject consists of lifting the tray fromthe
conveyor, pgshlhgter pack 105yisndbspensed ontp readuldister twhfisfermal |y, via
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index conveyor 107 that, as will be explained in further
detail below, transfers blister packs between the
dispense position, load positioning, inspection, and
rejection. Preferably, the blister transfer index
conveyor 107 consists of a DC gearmotor, connected to
the input shaft of a mechanical cam index mechanism. A
single rotation of this input shaft is broken down into
two functional segments, a 270 degree index segment, and
a 90 degree dwell segment. During the 270 degree index
segment, the output shaft of the index mechanism
performs two complete rotations. During the 90 degree
dwell segment, the output shaft remains stationary. The
output shaft of the index mechanism drives a continuous
-belt which is equipped with flexible lugs spaced at 12
inch centers and used to push the blister packs along
the guide rails, twelve inches at a time.

As mentioned above, the blister packs 105 are
indexed to the lens place location 145 where the blister
pack is clamped down, the lens cavities are supported
from below, to position the blister pack to receive
three lenses from the robot end effector assembly in the
manner described above. Specifically, the positioning
of the Blister Packs at the repeatable lens place
location 145 for lens placement by the robot is
accomplished by a lens load positioner (not shown).
After a new blister pack 105 has been indexed into the
approximate lens load position by the blister transfer
index conveyor 107, an air cylinder moves a positioning
plate (not shown) in a downward direction to position
the blister pack. During this downward motion, four (4)

REPLACEMENT SHEET

12 DEC 1996




RS- 232 serial links, the supervisor conputer controls |. _the
vacuum and | ens bl owoff dwell tines for the r obot en@tgﬁéééMENTESHEET
and all power for the lens |oad systemis distributed fromthe

el ectrical supply box 139 to power the hydration tray de-stacker and
up-stacker 15 elevator notors (not shownl the blister package transfer
i ndex notor and conveyor (not shown), the vacuum punp and end of |ine
conveyor notors, etc. Robotic Control System 20 As shown in
Figure 7, thebutbheti shapedr posiysoning pinsr (sathshowniaibserenint@ad cel |

i ncl udes anlAdsghags“ iPCQﬂErBhkgﬁe}88a8ﬁ5 ﬁBOEﬁﬁ%&thblBQtéQbﬁéck
mani pul at or uSed to'transfer the |enses. The ni pul at or 'f an
Adept One, 4- fxpm ther approximatestarpheofdnad deppedoad PRELRI8RtI onal
Hyperdrive. apnd insuring a repeatable position in the X/Y plane of
the robot. When this downward motion has completed, the
positioning plate is forcing the bottom surface of each
of the six Blister "cavities" (where the lenses are
placed) against the Cavity Support, insuring a
repeatable robot Z axis location of the bottom surface
of the blister cavities.

10 Since a blister package comprises six primary
package cavities, two pick/place lens placement
sequences are performed, after which, the positioning
clamp is released to allow the blister pack index to a
subsequent blister inspection station (not shown) for

15 optical verification that a lens has been placed in each

of the six (6) positions in the blister pack 105. 1If

the presence of six lenses is not verified, a rejept

gate (not shown) positioned along the conveyor 107

diverts the deficient blister pack 105 to a reject belt

conveyor (not shown) during the next index. Preferably,
the blister reject gate consists of an air cylinder (not
shown) which when retracted, causes fingers of the
reject gate to lower, with the tips of these fingers

entering mating notches in the blister transfer guide

20

25 rails. When the next index occurs, the failed blister
pack is pushed up onto the fingers. At this time, the
air cylinder extends, causing the fingers (which are

~ supporting the blister pack) to raise until the reject

30 gate is parallel with the reject conveyor.
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Sof tware Architecture The software devel oped to control the
equi pnent contained within the cell consists of up t bMuﬂMENUi@HEET
separate concurrent "tasks" on the Adept V+ Qperating 35 _

22

- Blister packages which are not rejected are
indexed onto a continuous running flat topped flexible
link end of line conveyor system to transfer each the
blister pack to the heat seal area 190 where foil is
sealed to the open faces of the blister packs.

Robot Assémbly
As shown in Figure 7, a robot 175, which, in the
preferred embodiment, is an Adept One® four (4) axis
robot, includes the above-described end effector device
75 mounted on the end of a Z-axis quill assembly (not
shown) for removing lenses three at a time from the
hydration trays at the lens pick location 140 for
placement'into the blister package at the lens place
location 145. Figure 7 illustrates the robot 175 in a
15 first lens pick position 176 and a second lens place
position 177 as commanded by the auto lens load robot
controller 180 which controls all of the robot's
movements, and, in the preferred embodiment is an Adept
A-series microcontroller. Preferably, the robot
20 controller 180 receives the good lens/bad lens matrix
data 119 from the supervisof computer 150, and, '
in a manner known to those skilled in the art, instructs
the robot 175 and end effector assembly 75 to pick up .
three good lenses at a time from the hydration tray 101
at the lens pick positibn. As shown in Figure 7, a bar
code scanner 106 is positioned to scan the hydration
tray for identification at or near the lens pick station
140 and further transmits the tray identification number
109 to the supervisor computer 150 so that the

previously entered lens inspection data 119 for that

10

25

30
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24 1 System Progranmm ng Language. A "task" is a singl rogr am
executing gontinuougly. AI? six?eeg tasks are prior?tﬁggﬁﬂgéMEﬁfﬁﬁﬂﬂTpd
to share a portion of the execution tine of each processor mmjor cycle
(each maj or cycle is 16 nsec in duration) thus giving the effect

that all tasks are executing sinmultaneoggly. The foll ow ng sections
provi de an overvi ew of the major equi pnent which is controlled by, or
comuni cates to, the Adept Controller. In the preferred
enbodi nent, shmeAtirayatiad appropriately transmitted back to the robot

controller for robot and end effector control. 1In the
preferred embodiment, the supervisor computer is
connected to each bar code reader as well as the robot
and inspection controllers via a STAR node. If the bar
code identifier on the hydration tray was not
successfully scanned during destack, the tray is
transferred to the Tray Reject Station. Tray Reject
consists of lifting the tray from the conveyor, pushing
the tray into a latching magazine. ‘Additionally, via

10 RS-232 serial links, the supervisor computer controls
the all the vacuum and lens blow-off dwell times for the
robot end effector tips and all power for the lens load
system is distributed from the electrical supply box 139
to power the hydration tray de-stacker and up-stacker

15 elevator motors (not shown), the blister package
transfer index motor and conveyor (not shown), the

vacuum pump and end of line conveyor motors, etc.

Robotic Control System

As shown in Figure 7, the robotic control system
for each automated lens load cell includes an Adept MC
controller 180 for controlling-the;robot manipulator
used to transfer the lenses. The manipulator is an
Adept One, 4-axis, servo driven, SCARA robot equipped

20

25 with optional Hyperdrive.
Software Architecture _
The software developed to control the equipment
o contained within the cell consists of up to sixteen (16)
3 separate concurrent "tasks" on the Adept V+ Operating
35
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Lens Load System uses fourteen (14) of these tasks to control the

operations associated with each cell. Each task has beem ' -
specific control responsibility, and "soft" signal conﬁgﬁgéggggﬁ?éﬂéEET
gl obal data structures are used to allow intertask 15 comunication. Figure

9 presents a bl ock diagram representygtion of this software architecture
w th each task represented as a block in the diagram Connections
bet ween the bl ocks represent a communi cations |ink bet ween the two

tasks conneciggdy nﬁ%?!%gtﬁiﬁﬁ LaMGuage .2SAOCitabRY 18t @r ankgleonmuni cati on
is describad i'n © urt her dgslai:mé J '

Control Taskprogram execntipgécgggébp o ﬂ%?l¥§ k%gﬁgggblggéagngfﬁleR?g?tZS
control ling griocdtizdiddand Bcheduled tanshareol lpartdon of the
execution time of each processor major cycle (each major
cycle is 16 msec in duration) thus giving the effect
fhat all tasks are executing simultaneously. The
following sections provide an overview of the major
equipment which is controlled by, or communicates to,
the Adept Controller.

In the preferred embodiment, the Automated
10 Lens Load System uses fourteen (14) of these tasks to
control the operations associated with each cell. Each
task has been assigned a specific control
responsibility, and "soft" signal communication and
global data structures are used to allow intertask
communication. Figure 9 presents a block diagram
representation of this software architecture with each
task represented as a block in the diagram. Connections
between the blocks represent a communications link
between the two tasks connected. Each task and any
associated intertask communication is described in
further detail in the following sections.

15

20

Robot Control Task

The Robot Control Task 200 is responsible for
controlling all operations involving transfer of lenses
using the Robot Adept manipulator. This task
communicates with the Tray Transfer Control Task 205 and
the Blister Transfer Control Task 210 2) to request new
Inspection Trays to remove lenses from, and new Blister
Packs to place them into, respectively.

25

30
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usi ng the Robot Adept manipul ator. This task conmuni cates with the Tray

Transfer Control Task 205 and the Blister Transfer Control Task 210 2)

to request new | nspecti on Trays to renove Ienses fro r

30 Packs to place theminto, respectively. ﬁEPEMEIﬂENﬁ'%HEé‘F
_ 25

Tray Transfer Control Task

The Tray Transfer Control Task 205 is
respons;ble for supervisory control of all Inspection
Tray operations. This task responds to "soft" signal

communications requests for trays from the Robot Control
Task 200. When a new tray is requested, this task then
communicates with the Tray Destack 215, Tray Reject 220,
Lens Unload Tray Positioning 225, Tray Stack 230 and
Host Communications Control Tasks 235 to control the
timing of these individual operations. After this task
10 receives indication that all active operations involving
these sub-tasks is complete, this task controls the
transfer of trays along the Tray Transfer Conveyor 103
(Figure 7).
15 Blister Transfer Control.Task
The Blister Transfer Control Task 210 is
responsible for supervisory control of all Blister Pack
operations. This task responds to "soft" signal
communications requests for new blister pack from the
Robot Control Task 200. When a new blister pack is
requested, this task then communicates with the Blister
Dispense task 250, Lens Load Blister Positioning task
255, Blister Inspection task 260, and Blister Reject
Control Task 265 to control the timing of these
individual operations. After this task receives
indication that all active operations involving these
sub-tasks is complete, this task controls the transfer
of Blister Pack along the Blister Index Conveyor and
onto the End of Line Conveyor.

20

25

30
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25 Tray Transfer Control Task The Tray Transfer Control
Task 205 is responsi bl e for supervisory control of all ection.
Tray operations. This task responds to "soft" signal cBEE@ﬁﬁ%ﬂENTﬁSHEET
requests for trays fromthe Robot Control Task 200. When a new tray is
requested, this task then comuni categg with the Tray Destack 215, Tray
Rej ect 220, Lens Unload Tray Positioning 225, Tray Stack 230 and

Host Conmmuni cations Control Tasks 235 to control the  timing of these
i ndi vi dual operayi DestackfCenttdl STaskK receives indication that al

active operdtions inVO|¥LQgTray Destack Control Task (Task3) is
responsible for controlling all operations associated
with the Tray Destack Station. When the Tray Transfer
Control Task tequests that a new tray be destacked, this
task controls all of the equipment associated with this

operation, and responds back to the Tray Transfer

Control Task when the destack operation has been

completed. ' '
10 Tray Reject Control Task

The Tray Reject Control Task (Task4) is

responsible for controlling all operations associated
with the Tray Reject Station. When the Tray Transfer
Control Task requests that a tray be rejected, this task
controls all of the equipment associated with this
operation, and responds back to the Tray Transfer
Control Task when the reject operation has been
completed.

15

20 Lens Unload Tray Positioning Control Task

The Lens Unload Tray Positioning Control Task
225 (Task5) is responsible for controlling all
operations associated with the Lens Unload Tray
Positioning Station. When the Tray Transfer Control
Task requests that either an empty tray be removed from,
or a new tray be supplied to, Lens Unload Tray Position
'A' or 'B', this task controls all of the equipment
associated with these operations, and responds back to
the Tray Transfer Control Task when the requested
operation has been completed.

25

30
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t hese sub-tasks is conplete, this task controls the transfer of trays

al ong the Tray Transfer Conveyor 103 (Figure 7). 15REqu3 :
Control Task The Blister Transfer Control Task 210 ileEMEm‘.Egi'ﬁit‘f’I

responsi bl e for supervisory control of all Blister Pack oper at i ons.
This task responds to "soft" signal s¢ommuni-cati ons requests for new
blister pack fromthe 20 Robot Control Task 200. When a new blister pack
S requested, this task then conmmuni cates with the Blister Di spense

task 250, LepgakOoadalk TomtrBasmaskni ng task 255, Blister Inspection
e 0 oAl SpeltitadaR, SSpc el I o 10
that all act respopsidilieofor wontrioldingeadl operations associated
with the Tray Stack Station. When the Tray Transfer
Control Task tequests that a tray be stacked, this task
controls all of the equipment associated with this
operation, and responds back to the Tray Transfer
Control Task when the stack operation has been
completed.
10 Host Communications Task

The Host Communications Task 235 (Task7) is
responsible for serial communication with the Host
Computer to obtain information about each tray which has
been passed through the bar code reader during the
destack operation. When the Tray Transfer Control Task
requests that a tray be destacked, and this operation
has been completed, this task initiates communications
with the Host Computer to determine if the tray
identification number was not successfully read ("Tray
Unscannable"), successfully read but not a member of the
current lot ("Tray Bad"), or successfully read with
associated lens location data ("Tray Good"). I1f a "Tray
Good" response was received, the global lens location
data structure is updated with an associated series of
32 pass/fail indicators which reflect the status of each
of the 32 potential lens locations in the tray. This
task then responds back to the tray transfer control

task when the Host Communications sequence has been
completed.

15
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sub-tasks is conplete, this task controls the transfer ister Pack
| BEPLAGEMEY

al ong the Blister |Index Conveyor and onto the End v BET
26 Tray Destack Control Task The Tray Destack Contro
Task (Task3) is responsible for controlling all operations associ ated

28

Blister Dispense Control Task
1 The Blister Dispense Control Task 240 (Task8)

is responsible for controlling all operations associated
with the Blister Dispense Station. When the Blister
Transfer Control Task requests that a new blister Pack
be dlspensed onto the Blister Transfer Index Conveyor,
this task controls all of the equipment associated with
this operation, and responds back to the Blister
Transfer Control Task when the dispense operation has
been completed. |
10
Lens Load Blister Positioning Control Task
_ The Lens Load Blister Positioning Control Task
245 (Task9) is responsible for controlling all
operations associated with the Lens Load Blister
Positioning Station. When the Blister Transfer Control
Task requests that either a filled Blister Pack be
released from, or an empty Blister Pack be positioned
at, the Lens Load Blister Position, this task controls
all of the equipment associated with these operations,
and responds back to the Blister Transfer Control Task
when the requested operation has been completed.

15

20

Blister Inspection Control Task

The Blister Inspection Control Task 250
(Task1l0) is responsible for controlling the interface
with the Blister Inspection System. When the.Blister
Transfer Control Task requests that a Blister Pack be
inspected, this task controls the digital 1/0
communication with the Blister Inspection System
(supplied by Vistakon). After Blister Inspection has

25

30
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with the Tray Destack Station. Wen the Tray Transfer Control Task
requests that a new tray be destacked, this 5 task controls all of the

equi pnent associated with this operation, and respo e Tréy
Tr ansfer Control Task when the destack operation ha@égggﬂghEhf)éH

conpl et ed. Tray Reject Control Taske The Tray Reject
Control Task (Task4) is responsi ble for controlling all operations
associ at ed . Wth the Tray Reject Station. When the Tray Transfer

Control Task bespesémpléioéd A dndithe passtfaid, reswl tsasteck vshifmom al | of

meh
Er?:ye'?'lrjlagsfeﬁtﬁgsg&#gg Mag?(&\% seeér}'g’ree% opearaﬂglcir)n as eéegngCk to the

conpl et ed. this information to the Bllster Transfer Control Task.

Blister Reject Control Task
The Blister Reject Control Task 255 (Taskll)

is responsible for controlling all operations associated
with the Blister Reject Station. When the Blister
Transfer Control Task requests that a Blister Pack be
rejected from the Blister Transfer Index Conveyor, this

10 task controls all of the equipment associated with this
~operation, and responds back to the Blister Transfer
Control Task when the reject operation has been
completed.

15 Operator Interface Task

The Operator Interface Task 260 (Taskl2)
controls all of the System Message operations. 1In
particular, this task controls the communication of
message text to the two alpha-numeric displays located
on the Operator Interface, and Power Distribution
Enclosure. 1In addition, this task controls all related
operations such as Message Advance, Alarm Silence, and
Message Acknowledge functions. All tasks communicate to
the Operator Interface Task using global data structures

20

2
5 to report new messages and request clearing of active
messages.
System Control and Monitor Task
o The System Control and Monitor Task 265
3 (Task13) control all cell operations which are not
REPLM;;:\JM SHE ET

35 o \CPLAGLIIERT
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Lens Unl oad Tray Positioning Control Task The Lens Unl oad Tray
Posi tioning Control Task 225 (Task5) is responsible for controlling al

operations associated with the Lens Unl oad Tray Pg&#ﬁh | ﬁ% EPN.
When the Tray Transfer Control 25 Task requéests that ei e?ﬁgﬁﬂg ﬁgEfray
be renoved from or a newtray be sg@pplied to, Lens Unload Tray

Posi tion "A' or 'B', this task controls all of the equi pnent

associated with these operations, and responds back to the Tray
Tr ansf er Oinsp@bitdsktﬂhenpahrsicquest-eakso Thesat funchiaonbednciudpl et ed.

CelI.Start-up in Automatic or Manual Mode, Cell Reset,
End of Lot Purge, and Cycle Start/Stop. In addition,
this task handles interruptions in normal cell
operations due to Loss of Air Pressure or Control Power,
and operating/closing of safety enclosures.

While the invention has been particularly shown and
described with respect to the preferred embodiments
thereof, it 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 should be
limited only by the scope of the appended claims.
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The Tray Stack Contr ol
al | operations associ at ed

10

15
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25
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27 Tray Stack Control Task
Task 230 (Task6) is responsi ble for controlling

37

AUTOMATED ROBOTIC LENS LOAD SYSTEM

ABSTRACT OF THE DISCLOSURE

A method of automatically transferring contact
lenses from a plurality of cups good positioned at a
first location to a plurality of packages positioned at
a second location wherein each good cup contains a
transferable contact lens for placemeﬂt in an individual
blister package comprises a step of communicating
positional .information of good cup locations to a
robotic device having an arm with one or more end
effectors thereon, each end effector having a tip in
connection with a vacuum and air pressure supply device,
each end effector independently moveable with respect to
the arm. Then, steps of applying a vacuum to the end
effector tip to enable pick-up of a transferable lens
from a cup located at a good cup location, and,
cdntrolling the robot to effect positioning of one end
effector tip within the cup having the transferable lens
therein to piék up the lens are performed. A further
step includes controlling the robot to remove the end
effector tip from the good cup location to position it
within a blister package cavity, and finally, removing
the vacuum and applying air pressure to the end effector
tip to deposit the lens from the effector tip into a
blister package cavity.

REPLACEMENT SHEET

This Sheet Has Been Replaced 12 DEC 1996




with the Tray Stack Station. Wen the Tray Transfer Control Task
requests that a tray be stacked, this task 5 controls all of the equi pnent
associated with this operation, and responds back to the Tray Transfer
Control Task when the stack operation has been conpl et ed. 10 Host
Conmuni cati ons Task The Host Cormuni cations Task 235 (Task7)
S responsi bl e for serial comuni cati-oh with the Host Conputer to
obtain information about. each tray which has been passed through the bar
code reader during the 15 destack operation. Wen the Tray Transfer Control
Task requests that a tray be destacked, and this operation has been
conpleted, this task initiates conmunications “‘53 t he Host Conputer to

determne if the tray o ’/)
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i dentification nunber was not successfully read ("Tray 20 Unscannabl e"),
successfully read but not a nenber of the current lot ("Tray Bad"), or
successfully read with associated | ens location data ("Tray Good"). If a
"Tray Good" response was received, the global lens |ocation dat a
structure is updated with an aSSOCIated series of 25 32 pass/fai

i ndi cators which reflect the status of—ach of the 32 potential |ens

| ocations in the tray. This task then responds back to the tray transfer

control task when the Host Conmmunications sequence has been
conpl et ed. 30 60
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35 28 Bl i ster D spense Contr ol
Task : The Blister Dispense Control Task 240 (Task8) S
responsi ble for controlling all operations associ ated with the Blister
D spense Station. When the Blister

ok _N1J
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Transfer Control Task requests that a new blister Pack 5 be dispensed onto

the Blister Transfer |ndex Conveyor, this task controls all of the
equi pnent associated with this operation, and responds back to the
Blister Transfer Control Task when the di spense operation has been
-conpl eted. 10 Lens Load Blister Posjtioning Control Task

The Lens Load Blister Positioning Cont+%! Task 245 (Task9) is
responsi ble for controlling all 15 operations associated with the Lens Load

Blister Positioning Station. Wen the Blister Transfer Control Task
requests that either a filled Blister Pack be rel eased from or an enpty
Bl i ster Pack be positioned at, the Lens Load Blister Position, this task
controls  all of the equi pnment associated with these operations,

*
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and responds back to the Blister Transfer Control Task when t he
request ed operation has been conpl et ed. Blister Inspection Control
Task The Blister Inspection Control Task 250 5 (Task1l0) is
responsi ble for controlling the interface with the Blister Inspection
System \Wen the Blister Transfer Control Task requests that a Blister
Pack be  inspected, this task contrels the digital 1/0 conmuni cati on
with the Blister Inspection System 30 (supplied by Vistakon). After Blister
| nspection has

100
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29 been conpleted, and the pass/fail results received from t he
Blister Inspection System this task conmuni cates this information to
the Blister Transfer Control Task. Blister Reject Control Task .

The Blister Reject Control Task 255 (Taskl11l) i's responsi ble for
controlling all operations associ ated with the Blister Reject Stati.on.
When the Blister Transfer Control Ta&k requests that a Blister Pack be
rejected fromthe Blister Transfer |ndex Cbnveyor this

g€l
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task controls all of the equi pnent associated with this operation, and
responds back to the Blister Transfer Control Task when the reject
operation has been conpl et ed. 15 Qperator Interface Task

The Operator Interface Task 260 (Taskl 2) controls all of the System
Message operations.-In particular, this task controls the comunication
of nmessage text to the two alpha—ﬂﬁneric di spl ays | ocat ed on the
Operator Interface, and Power Distribution . Encl osure. In addition, this
task controls all related operations such as Message Advance, Al arm

Si | ence, and Message Acknow edge functions. Al tasks communicate to
the Operator Interfac | RQeegd=alal data structures to report new

messages and request
[/
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neséages. System Control and Monitor Task The ﬁ%alegk
Control and Monitor Task 265 30 (Taskl1l3) control all cell operations Whi ch
are not 35

37

AUTCMATED ROBOTIC LENS LOAD SYSTEM

ABSTRACT OF THE DISCLOSURE

A method of automatically transferring contact
lenses from a plurality of cups good positioned at a
first location to a plurality of packages positioned at
a second location wherein each good cup contains a
transferable contact lens for placement in an individual
blister package comprises a step of communicating
positional .information of good cup locations to a
10 robotic device having an arm with one or more end
effectors thereon, each end effector having a tip'in
connection with a vacuum and air pressure supply device,
each end effector independently moveable with respect to
the arm. Then, steps of applying a vacuum to the end
effector tip to enable pick-up of a transferable lens
from a cup located at a good cup location, and,
controlling the robot to effect positioning of one end
effector tip within the cup having the transferable lens
therein to pick up the lens are performed. A further
step includes controlling the robot to remove the end
effector tip from the good cup location to position it
. within a blister package cavity, and finally, removing
' the vacuum and applying air pressure to the end effector
tip to deposit the lens from the effector tip into a
blister package cavity. |
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30 1 specific to a particular task. These functions include Cel

Start-up in Automatic or Manual Mde, Cell Reset, End of Lot Purge, and
* Cycle Start/Stop. In addition, this task handles interruptions in
normal cel |l 5 operations due to Loss of Air Pressure or Control Power,
and operating/closing of safety encl osures. VWil e the invention
has been particularly shown and escribed with respect to the preferred -
enbodi ment s thereof, it will be derstood by those skilled in the

art that the foregoing and other changes in form and
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details may be made therein w thout departing fromthe spirit and scope

of the invention, which should be limted only by the scope of the
- appended cl ai ns. 15 20
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