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1 ¢ * APPARATUS FOR REMOVI NG AND TRANSPORTI NG ARTICLES FROM MOLDS
BACKGROUND OF THE | NVENTI ON 5 This application is a
coftinuation-in-part<of U S. Patent application nunber 08\258,267. FlIELD OF
THE | NVENTFON This i hvention generally relates to apparatus for renoving
and transporting articles fromnolds. Mre 10 specifically, the present
I nvention relates*to such apparatus that is very well suited for carrying
the articles, in aéry short period of Xine, away fromthe nolds and
depositing the articles for further processing in a high speed, autonated
production system 15 DESCRI PTION OF THE PRI OR ART Recently, attention has
been directedqtoward form ng mmmSemmamt ed nol di ng system
In such a sys}enl each | enggis £9 - . nononer between
front and back nold sectloj**““*J’QL“* o forma |ens,
which is then renoved fromthe nold sections, further treated and then
packaged for c Eop I NPhr@EeeEdy ONs used in the above-outlined

25process may ection mol ding or
This application is a continuation-in-part of

U.S. Patent application number 08\258,267.
FIELD OF THE INVENTION
This invention generally relates to apparatus
for removing and transporting articles from molds. More
10 specifically, the present invention relates to such
apparatus that is very well suited for carrying the
articles, in a very short period of time, away from the
molds and depositing the articles for further processing
in a high speed, automated production system.
15
DESCRIPTION OF THE PRIOR ART
Recently, attention has been directed toward
forming contact lenses in an automated molding system.
In such a system, each lens is formed by sandwiching a
oo monomer between front and back mold sections. The
monomer is polymerized to form a lens, which is then
removed from the mold sections, further treated and then
packaged for consumer use.

- The mold sections used in the above-outlined
25 process may themselves be formed in injection molding or
compression molding processes. These mold sections may
be made from the family of thermoplastics, for example
polystyrene, which is an excellent material for making
these mold sections. Polystyrene.does'not chemically
3oreact with the hydrophilic material used to make the
contact lens, therefore, very high quality contact
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conpressi on nol di ng processes. These nold sections nmay be nade fromthe
famly of thernoplastics, for exanple polystyrene, which is an excell ent
material for nmaking these nold sections. Polystyrene does not chemcally
30react with the hydrophilic material used to nmake the contact |ens,
therefore, very high quality contact -2- 1 lenses may be forned in
pol ystyrene nolds. In addition, polystyrene is wi dely avail able and
.relatively inexpensive. Because of the ease€-and | ow cost with which

pol ystyrene nol d sections may be made and then 5 used to nold contact

| enses, each pair of polystyrene nold sections typically is used to nold
only one cont aédtléenses may be fnemedlspoaehysﬁyrenﬁtMnid@bovéndaéé&§3@@

aut omat ed cont aglo IyafiS denedyst b?&ei%%@ﬂl&ﬁlé S 13kl el 9 eI imnate or
to 10 minimze any ‘exposure o | C_nmononer to oxy

Cor r espondi ngl y,* quQ95&¥§rraB?%a¥§9e?fr#hﬁu%?§ﬁ afdn;l HVZS°FE é osure of
the lens nold sadticonpolgseyygne mdhdrséotonsinay el madgr ané tménl sections

are made and tBenaUSed hi1d"EoRONE fUAGSSShIIPYIGY oF! phiystyrene
mold sections typically is used to mold only one contact
lens and is then disposed of.
In the above-discussed automated contact lens
production system, it is desirable to eliminate or to
10 minimize any exposure of the hydrophilic monomer to
oxygen. Correspondingly, it is desirable to eliminate
or minimize the exposure of the lens mold sections to
oxygen. Therefore, when polystyrene mold sections are
made and then used in the above-discussed mannef, it is
15 desirable to transfer these mold sections quickly from
the mold in which they are made, to a low oxygen
(preferably nitrogen) environment. It is difficult to
achieve the desired transfer speed with conventional
robot assemblies or controls because presently available
20 robots do not move fast enough and precise enough to get
in and out of the mold with the desired speed. 1In
particular, if these robots are moved with the necessary
speed, they tend to waffle and shake undesirably as they
come to a sudden stop, and the movements of the robot
25 are not sufficiently precise. If the robots are slowed
down to move more precisely, the robots no longer have
the desired speed.
Also, in the above-mentioned automated contact
lens production sfstem, the contact lens mold sections
30may not be fully solidified when they are ejected from
the mold in which they are made. It is, therefore,
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15desirable to transfer these nold sections quickly fromthe nold in which
they are made, to a | ow oxygen (preferably nitrogen) environnent. It is
ditficult to achieve the desired transfer speed with conventional robot
assenblies or controls because presently avail able 20 robots do not nove
fast enough and precise enough to get in and out of the nold with the
desired speed. In particular, if these rqbots are noved with the necessary
- speed, they tend to waffle and shake un6§§irably as they cone to a sudden
stop, and the novenents of the robot 25 are not sufficiently precise. |If

t he robots are sl owe to oy, r | n

have the de ng%ﬂ%%%oa,ng rf?eth%@a(%oggi’%fen |%‘ehe‘%}ﬁ§cur{ g’%g:‘%&raé(#r??ag?rl ens
pr?)gjg_c]'s i 03 Sy tHe enk axild sectizing away dromohat meldaoty| |y
solidifie r.e: Qi eGl : [ | 4Ci made. It
I's, theref o\r,\g?{%}eélre%&@ ﬁ%%‘%\%ﬁ%%ﬁ c%i)ét!ﬂo%mgpgat?{tﬁ which is
used to carr\cantadtedensd el geatidonsmay I RARHGUIA d IfodS

5 important that any such robot or apparatus absorb the
energy of the lens mold sections as they are transferred
to that robot or apparatus without altering the shape,
form or dimensions of the lens mold sections. That robot
or apparatus must, likewise, be able to carry the lens

10 mold sections in a manner that permits those lens mold
sections to cool and completely harden in the desired

manner.
In addition, in order to maximize the optical

quality of the contact lenses, it is preferred that the
15 optical surfaces of the polystyrene mold sections - that
is, the surfaces of those mold sections that touch or
lie against the hydrophilic monomer as the lens preform
is being molded - not be engaged or touched by any
mechanical handling equipment, as the mold sections are
20 transported and positioned in the lens molding system.

SUMMARY OF THE INVENTION
An object of this invention is to provide an
improved apparatus for removing articles from molds.

25 ' Another object of this invention is to remove
articles, which may not be completely hardened, from a
mold and to carry those articles away from that mold
without causing undue plastic deformations of the
articles.

30 Another object of the present invention is to
provide a high speed apparatus for removing fragile
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interfere with the desired optical qualities of the contact |ens nold
sections. In particular, it is 5 inportant that any such robot or apparatus
abserb the energy of the lens nold sections as they are transferred to that
robot or apparatus wi thout altering the shape, formor dinensions of the

| ens nmol d sections. That robot or apparatus nust, |ikew se, be able to
carry the lens 10 nold sections in a manpgr that permts those | ens nold
sections to cool and conpletely harden in'the desired nmanner. In addition,
in order to nmaxim ze the optical quality of the contact lenses, it is

preferred thaty e L kY ndid 5P YHicH thodl uricaas apkdmapelions -

that is, the surfaces of those nold sections that touch or I|e,against t he,
hydr ophi | i ¢ manshihess trgaspersindethoss drkdcdgsnérdaad. dgpesitibfgaged or

touched by anyhmehartialeland antighuispeed!,, adtohdeedOndnaEattaringr e 20
transported and positioned in the I ens nolding system SUMVARY CF THE

| NVENTI ON An §M§§Eﬁ'of this invention is to provide an inproved apparatus
for renovingsarticles fpofurthds. oBject of thidnahkentobheis ©b this

e O S \SaRBBYE S ELER miARCE O o8, gl gy et oY P cenec. from
thermoplastics, such as polystyrene, from a mold in
which those articles are made, and into a low oxygen
environment of an automated contact lens molding'system,

10 in less than 12 seconds.
Another object of the present invention is to
remove a plurality of discrete molded articles from a
mold with the molded articles arranged in a matrix
array, and to selectively either preserve that matrix
15 array during subsequent handling of the molded articles,
or reorient the matrix and the relative spacing of the
articles therein according to a second predetermined
matrix.
These and other objectives are attained with
20 an apparatus for removing and transporting articles from
a mold, which apparatus generally comprises first,
second, and third robots or material handling
assemblies. The first assembly removes the articles
from the mold at the first location and transports the
25articles to a second location, the second assembly
receives the articles from the first assembly at that
second location and transports the articles to a third
location, and the third assembly receives the articles
from the second assembly and transporté the articles to
30a fourth location. These locations may be selected from
an infinite set of specific locations; and these first,
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wi t hout causing undue plastic deformations of the articles. 30

Anot her object of the present invention is to provide a high speed
apparatus for renoving fragile 35 -4- 1 articles froma nold in which
those articles are nade, and then transporting those articles to and
depositing those articles in a high speed, automated manufacturing system
5 A further object of this invention is to transport articles mde
fromthe famly of thernoplastics, such as pﬁ??styrene, froma nold in

whi ch those articles are made, and into a | ow oxygen environnment of an

obj ect of the pr sterondy S R ol dogSEiohl Ray” chaGOE o EnE
articles froma notal time amd fuomaapplidatiion &or apgddcatignmatrix array,
and to selectively either prgseiie tfiale BiddainéAtr b2Y taE" bpesanbsequent
handl ing of the nplded articles, ) ]
invention further comprises a first intermediate
5 assembly, disposed between the first and second
assemblies, in which embodiment the articles are
transported from the first assembly to the first
intermediate assembly, and said intermediate assembly
transports the articles to the second assembly.

10 Still another embodiment of the present
invention further comprisesfa second assembly which
changes the relative positi&n of the articles disposed
therein while transporting s&me from the second location
to the third location, suchiés moving the articles

15 closer together along one axis and into a denser packed
array. This embodiment furthér comprises a third
assembly which alters the or&er of the matrix of
articles. |

In each embodiment it is preferable that the

20 first material handling assembly include a receiving
means for retrieving and transporting articles from the
mold to the second location. In several embodiments it
is preferable that the receiving means be a hand having
fingers to receive the articles from the mold and to

25hold the articles. In other embodiments the first
assembly comprises a vacuum plate having recesses
therein for receiving and securably holding the articles
during translation. With respect to all of the
embodiments, the receiving means is mounted to a support

30 subassembly which, during operation, reciprocates along
ﬁn axis, whereby its distal end moves into and out of a
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or reorient the matrix and the rel ative spacing of the articles therein
according to a second predeterm ned matri x. These and ot her objectives are
att-ained with 20 an apparatus for renoving and transporting articles froma
nol d, whi ch apparatus generally conprises first, second, and third robots
or material handling assenblies. The first assenbly renoves the articles
fromthe nold at the first |ocation andgsansports the 25articles to a
second | ocation, the second assenbly receives the articles fromthe first
assenbly at that second location and transports the articles to a third

| ocati on, anprékimdbipseksiaiiwith atsspest tte tthé | Ioass fgomdld® second
assenbly and traqégo t.s the artigles to 30a fourth |ocation.
I

T. ;
| ocati ons meSFHE EAFATARR 2 F A ASTG Y ARE MfaRg &S MUl %ﬁgns; and
t hese first,tl3®d suppdrt lsubaswemblyhiind,a avahrfeounttidho @etrimdrts nay change

L:Tg(r)n dit 'ngﬁ t t gﬁf%%l%?&%ﬁ}maﬁ%d Q:Eflte' %&n}eo ﬂi@ 'ocfatr'e%'pr%'z:a%lito%r "3 e
5 that it may reciprocate along the support subassembly
from one end to the distal end. It is understood that
the sliding action of the receiving means, relative to
the support subassembly, may be actuated by a motive
driver of either the receiving means or the support

10 subassembly. The receiving means may, thereby, |
reciprocate between the locus of mold section
fabrication and the second location in accordance with
the proper selection of reciprocation rates of the
receiving means and the support subassembly.

15 In addition, the first material handling
assembly further comprises a means for rotationally
pivoting the receiving means between a substantially
vertical orientation and a substantially horizontal
orientation. It is understood that either the receiving

20means or the support subassembly may comprise a rotating
actuator which drives the rotation.

In the embodiments in which the receiving
means is a hand, the fingers and the hand are preferably
compliant, or are otherwise capable of dampening the

25energy of the articles, so that transportation of the
articles from the locus of fabrication to the second
location does not cause any undesirable plastic
deformation of the articles, even if those articles are
not completely solidified when they are received by the

30hand. In embodiments in which the receiving means is a
vacuum plate having recesses, the mounting of the plate
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I nvention further conprises a first internmediate 5 assenbly, disposed
between the first and second assenblies, in which enbodinent the articles
are transported fromthe first assenbly to the first internedi ate assenbly,
and said internedi ate assenbly transports the articles to the second
assenbly. 10 Still another enbodi ment of the present invention
further conprises a second assenbly whichschanges the relative position of
the articles disposed therein while transporting sanme from'the second

| ocation to the third | ocation, such as noving the articles 15cl oser

toget her al om&&%@glﬁﬁgﬁ%lgs R AGK H A Y 111 ey Goen!

further conprises at altéers the qorder of the matrix of.

T
articles. In @t divdd Rimilarls dissiqadive ofamaghanisal anefderi al

handl i ng assenilparited @ ihd ERINEIY vraMsFdrendest ri eving and transporting
articles fromthe nold l.n_several ~enbodinents it is

to the second | ocati on.
preferable that the recg%ﬁ|ﬁfqﬂ§§mQQ£§r&aha%&"ﬂéﬁpﬁbaﬁ to receive the
articles frofnprieferablyaitidladdsha denleradlyi toedzontadl pdatEolrmdi nents t he

LSt assertl RaS O GACR Gate TR 308! P cLBE°UALR BEERIOC' Bhe
articles when deposited by the first assembly. The
second assembly translates horizontally from the second
location to the third. In certain embodiments it is

10 additional desired that the platform be mounted on a
support frame having means for move the platform
vertically as well as horizontally at the second
location and/or the third. During operation, the first
assembly transports the articles from the locus of

15 fabrication to the second location and deposits the
articles into the receiving ports in the surface of the
platform. In those embodiments in which the second
assembly moves vertically as welil, the assembly moves up
to receive the articles, descends after the articles

20 have been received, and translates horizontally to the
third location.

At the third location a third assembly
retrieves the articles from the second assembly and
transports them to the fourth location, which may be,

25 for example, a pallet. In the preferred variation of
several embodiments, the third assembly comprises a
rotating platform which rotates the articles being
transported by 90 degrees within the horizontal plane.
This reorientation is necessary for usé in manufacturing

30environments having pallets, or other receiving means,
at the fourth location which are oriented orthogonally
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during translation. Wth respect to all of the embodiments, the receiving
means i s nounted to a support 30subassenbly which, during operation,

reci procates along an axis, whereby its distal end noves into and out of a
35 -6- 1 proximal position with respect to the tocus of nold section
fabrication. The receiving nmeans is nmounted on the support subassenbly in a
manner which permts sliding notion alonggihe sane axis of reciprocation so
5 that it may reciprocate along the support subassenbly fromone end to the
distal end. It is understood that the sliding action of the receiving

means, el atl VA tho reldpetP Rl kheUBrsasRlkY on™BY RReamhtaiRdoky a motive

driver of either the receiving neans qr the support 105ubassenb|y The .
recei vi ng mead¥ #ﬁ}estﬁ@#@ﬂyfaP€éFEFS@a?@dbéFﬁ§§E°FﬁédlB¥u§ 8f £4568 section
- fabrication aggdt Becepaoasskmapaieqn in accordance with the proper sel ection

of reciprocation rates Qf the recejvi ans t he, supp ubassenbl y.
15 I'n addltlongntﬁeVFFF§Ptnﬁ eFHg }ﬂ ne; PP st

5 intermediate assembly is dlsposed between the first and
second assemblies, which intermediate assembly flips the
articles with respect to their vertical orientation, so
that the articles are properly positioned for later
assembly. In such an embodiment the first assembly

10 transports the articles from the first location, which
is the mold station, and deposits the articles into
recessed ports in the first intermediate assembly. Once
the articles have been positioned within the first
intermediate assembly, the assembly rotates about an

15axis in the horizontal plane, therein flipping the
articles with respect to their vertical orientation, and
deposits them into the ports of the second assembly. In
a preferred variation of this embodiment, the first
intermediate assembly is mounted to both a means for

20 rotating it as well as a means for translating the
platform vertically so that the ports thereof may be
raised in close spaced relation to the receiving means
of the first assembly for accurate deposition of the
articles in the ports, while also more closely

25 approaching the second assembly during transference of
the articles therefrom to the second assembly.

In the preferred variation of the alternative
embodiment in which the second and third assemblies
reorient the articles transported theréby, the second

30assembly comprises moving blocks on which the articles
are deposited by the first assembly, and which draw
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assenbly further conprises a neans for rotationally pivoting the receiving
nmeans between a substantially vertical orientation and a substantially
horizontal orientation. It is understood that either the receiving 20 neans .
or the support subassenbly nmay conprise a rotating actuator which drives
the rotation. In the enbodinents in which the receiving neans is a hand,
the fingers and the hand are preferably opnpliant, or are otherw se capable
of danpeni ng the 25energy of the articles, so that transportation of the
articles fromthe locus of fabrication to the second | ocati on does not

cause any undesgéehée 6Faspreadehpr MBahSNopf rébeprbEhtling et¥Ménts,t hose

ticl i letely soljdified when th i ved. by th
Sonand: 1n crbRerSERialtering che e FRtLYS: seaniadcof <R AERIATR ar o

havi ng recessEs, addiet bt thg ofahsfepémde G5 the-drticlest firomubhssenbl y
Is preferably,

mechani cal ene '%‘5‘54 %%%%@%ﬁ?gﬁﬁgr{‘@%l%sréa%ﬁ%?ejhggéxrpiéél&%Iﬂ? °
Smultiple steps whereby the order of the distribution
matrix may be altered.

The reoriented and redistributed matrix of
articles is then transported to the fourth location by
the third assembly. In this preferred variation the

10 design of the third material handling assembly includes
a plurality of receiving plates having fingers for
grabbing and releasably holding the articles and a
support track to which it is mounted. During operation,
the receiving plate descends to the third position where

15it removes the articles from the second assembly
platform ports via the grabbing function of the fingers.
The receiving plates and the articles are then raised
and transported to the fourth location, during which
translation the receiving plates may be drawn together

20 to further tighten the distribution of the articles.
Once the third assembly has reached the fourth location,
the articles are lowered and deposited, for example into
pallets in which the articles may be carried to the lens
fabrication stations.

25 : 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
preferred embodiments of the invention.

30
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The second material handling assenbly 5 preferably includes a generally
hori zontal platformhaving receiving ports in its surface which receive the
articles when deposited by the first assenbly. The second assenbly

transl ates horizontally fromthe second |location to the third. In certain
enbodiments it is 10 additional desired that the platformbe nounted on a
support frane having neans for nove the-oatformvertically as well as
horizontally at the second |ocation and/or the third. During operation, the
first assenbly transports the articles fromthe | ocus of 15fabrication to

t he second |JoBRIEENDESCRIPTFION: OFt THEADRAWINGS nto the receiving ports in
the surface of the o] I 3 : ehqd t ond
assenbly noves verfggﬁ%F &g%swgl%EﬁﬁzéggggethQBQCEevgth?w ?gcgﬁge t he
articles, desfénst appératue aﬁcpcdaag29@a¢bebp§nsee§emneqntaﬂu-translates
hori zontal ly to the;bhi ked bacabboNand! z&hsréhfide' Qe 08 vhiagi ggsendl y

retrieves the artjclés from fhe Second assenb and transports themto the

fourth | ocabi®h, tﬂﬁl€hr§ﬁya%§em9§Ythé&%ﬁ%¥$ bﬁ pariuded| i HRe pref erred

vari ation of §§y§f§tu§n§ﬁ@wﬁ9ﬂﬁsFléageghlrdsasggabby conprises a rotating

| at f whi ch h l
pl at f orm whi c rot{;tt es t § fsrtécpggspectgve view of the second

assembly which is included in the first apparatus shown
in Figure 1.

10 Figure 4 is a time-function chart illustrating the
integrated cycles of operation of the first apparatus.

Figure 5 is a simplified perspective view of the
second apparatus according to the present invention.

Figure 6 is a perspective view of the flipper

15 assembly which is included in the apparatus shown in
Figure 5. :

Figure 7 is a perspective view of the third
assembly which is included in both the first and second
apparatus.

20 Figure 8 is a time-function chart illustrating the
integrated cycles of operation of the second apparatus.

Figure 9 is a simplified perspective view of the
third apparatus according to the present invention.

Figure 10 is a perspective view of the collapsing

25 second assembly which is included in the third apparatus
shown in Figure 9.

Figure 11 is a perspective view of the third
assembly of the third apparatus as shown in Figure 9.

Figure 12 is a time-function chart illustrating the

30 integrated cycles of operation of the third apparatus.

Figures 13a, 13b, 13c, and 134 are edge and top
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transported by 90 degrees within the horizontal plane. This reorientation

I s necessary for use in manufacturing 30environnents having pallets, or

ot her receiving neans, at the fourth |location which are oriented

ort hogonal |y 35 -8- 1 with respect to the orientation of the matrix of
articles being fabricated and transported by the first and second
assenblies. In a variant of this enbodi nmgnt, a first 5internedi ate assenbly
i s di sposed between the first and second assenblies, which internediate
assenbly flips the articles with respect to their vertical orientation, so
that the artl oliewsabE gphepbakk padi fronedmbdd seteionsswhbtl.may bseich an

enbodi nent th first epbl v, 10t ranspot the articles fromthe first
| ocat i on, Sﬁap§P9ﬁ§3§Dg§ gpé iéﬂ?egﬁaagéposits the articles into
recessed ports i n Fihguter 34 iat er sideaviewsefnbhg . ofinthe tihel bowed| es have
been position gﬁﬂgi
rot ates about ?g &%égxahigﬁ %‘ﬁ %%??é%%t aﬂq %%ngééfégfé(erf néfﬁ’g%i ng %jle

assembly of this invention.

Figure 15 is a side view showing the coupling of
the vacuum plate to the vacuum head of the first
assembly of the first apparatus.

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
This invention relates to the removal of
molded articles, which are used in the fabrication of
contact lenses, at regular intervals from a molding
station at a first location, and subsequent disposition
150f the articles at a remote location, such as on a
pallet of an assembly line. As such, this application
herein incorporates by reference the specification and
disclosure of U.S. Patent Application 08\258,654 to
Wallace Anthony Martin et al. (attorney Docket No. VIN-
200092) for "Consolidated Contact Lens Molding". The
present invention is particularly suited for carrying
out the above identified function in an improved manner
than prior devices and assemblies. The following
descriptions, with references to the corresponding
25Figures, set forth the salient features and elements of
three distinct embodiments of the present invention; the
first being directed to the removal and transportation
of back curve mold halves; the second being directed to
the removal and transportation of front curve mold
30halves; and the third being directed to the removal and
transportation of molded packaging elements.
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articles with respect to their vertical orientation, and deposits theminto
the ports of the second assenbly. In a preferred variation of this

enbodi ment, the first internediate assenbly is nounted to both a neans for
20rotating it as well as a neans for translating the platformvertically so
that the ports thereof nmay be raised in close spaced relation to the

recei ving neans of the first assenbly for .accurate deposition of the
articles in the ports, while also nore éﬂﬁgely 25 approachi ng the second
assenbly during transference of the articles therefromto the second
assenbly. Inythe preferr-o at ive enbodi nent in which
t he second and third assé&w ' et ' CF€s transported thereby,

t he second 30assenbly cdﬂurm&@cewsvpﬁgfbbmabatangwhnchathelansesbe$nare

deposi ted by Lhe, hr§1f%&s%%?bﬁ t8 dﬁ%@%@ﬂtd%ﬁWbééloPtggula Bﬁgether or

spread by neans of Teciprocating e ere ring the relative
spaci ng of thésgfule| eomprisgsgdcreatingha Piaﬁspér@ﬁéé Balvag.articles from

the 5 between which a liquid monomer may be disposed, shaped
into a lens, and subsequently irradiated to prompt
sufficient crosslinking to provide appropriate
structural integrity to the lens. The mold half sections
which are used in creating the lenses are themselves

10 molded; the molding process being especially intolerant
of irregularities to the optical perfection required of
the surfaces. The mold sections are created in a rapid
injection molding machine which produces a multiplicity
of mold sections every six seconds.

15 The molding machine comprises two opposing
elements which interface to shape the mold halves; one
element having an array of regqularly spaced concave
recesses, the opposing element having a corresponding
array of convex protuberances. The concave recesses and

20 convex protuberances defining, therebetween, a shaped
volume for producing mold half sections. A more detailed
description of the molding machine, in conjunction with
which the present invention is utilized, may be found in
the copending U.S. Application Number 08\257,785 for

25 "Mold Halves and Molding Assembly for Making Contact
Lenses" (attorney Docket VIN-079), which is incorporated
herein by reference.

In operation, the opposing elements come
together, the material of the mold halves, for example
30molten polymer, is injected into the shaped volumes
between the surfaces of the opposing elements, and the
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second assenbly to the third assenbly is carried out in 5nultiple steps
whereby the order of the distribution matrix may be altered. The reoriented
and redistributed matrix of articles is then transported to the fourth

| ocation by the third assenbly. In this preferred variation the 10desi gn of
the third material handling assenbly includes a plurality of receiving

pl ates having fingers for grabbing andyfleasably holding the articles and
a support track to which it is nmounted. During operation, the receiving

pl ate descends to the third position where 15it renoves the articles from

t he secondlasskRItial wisitdrer MY tforviad getd ol JPitithel ShFifiie]edit tbe
fingers. The_ receivin | ates and the articles are then raised and

transported§ﬁ§t 1% Socat i on, during which translation the receiving
pl ates may be drawn t Ometehathe? @hapeudfhahet mgpiide hafllfe hdssbeehusetp of the

211 ol o5 ar ST SbPSR LY, <dRRERES! o2 ke BOIRIrY Fiar B bk sBETRES L cn° e
articles naypnde ther modd halvies mays bearemoxedonTheabackscugse mold
rurther bengliivasaadendkaaaeas 8 ashguthv8aballe theyPBEGURABPPRECN! 1 OM
a consideration of the follow ng detailed description given wth reference
convex optical mold surface which shapes the portion of
the contact lens which contacts the eye. The front curve
mold halves are so called because they provide the
10 concave optical surface which molds the front face of
the lens. In accordance with methods set forth to
maintain optimal optical surface integrity, the molding
machine which produces the back curve mold sections is
designed specifically so that upon separation, the non-
150ptically relevant, concave surfaces of the mold halves
are exposed (the convex surfaces remaining within the
concave recesses). While the machine which produces the
front curve mold sections is identical in nearly every
functional aspect to the above described back curve
20machine, when the opposing elements of the front curve
molding machine separate, the front curve mold sections
remain in contact with the convex protuberances. In
either case, it is once the opposing elements of the
molding machine have separated that the molded articles
25may be removed.
Figures 13a-d show front and back curve mold
sections which are used in the manufacture of contact
lenses. Figures 1l3c and 13d are top and side views,
respectively, of a back curve mold section; which
30includes a central lens shaping curved portion 452, an
annular flange portion 451, and a tab 461. Because, in

35



to the acconpanyi ng draw ngs, which specify and show preferred enbodi nents
of the invention. 30 35 -10- 1 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure
1is asinplified perspective view of the first apparatus according to the
present invention. Figures 2a, 2b, and 2c are side views of variation 5 of
the first assenbly which may be included in the apparatus shown in Figures
1, 5 and 9. Figure 3 is a perspective vj ﬁM/Of the second assenbly which is
included in the first apparatus shown in Figure 1. 10 Figure 4 is a
time-function chart illustrating the integrated cycles of operation of the

first apparalthe EASETSEOthe Badk "Gl e%}i@f@éﬁ@fayecu@m Pordivrsecond

apparatus according to the present invention. ure erspective
view of the f}§ppeed 150 LERIPY SHARS: & |1??é?lﬁ V& Q%es“é%;%eat"%eashom in

Figure 5. contact lens, it is desirable to minimize direct contact
therewith; the flange 451 and tab 461 portions are,

5 therefore, used to facilitate handling and positioning
the article. The simultaneous molding of the curve
surface 452 with the annular flange 451 and tab 461
portions has an additional manufacturing benefit in that
it optimizes the injection molding process.

10 Preferably, the mold sections are each
integrally molded from a plastic material from the
family of thermoplastics such as polystyrene or another
suitable material; and preferably each mold section has
a thickness, typically 0.8 mm and 0.6 mm respectively,

15and rigidity such that the mold section effectively
transmits light and withstands prying forces applied to
separate the mold sections from the mold in which those
section were made. The mold sections are also described
in detail in the above-referenced copending application

20 "Mold Halves and Molding Assembly for Making Contact
Lenses".

The first apparatus to be described is,
accordingly, directed to the removal and rapid and non-
damaging transport of the back curve contact lens mold

25halves from the molding station to a remote location,
for example to a pallet on a contact lens fabrication
assembly line. More particularly, referring now to

Figure 1, the first apparatus 10 includes first, second,
and third material handling assembliesizo, 30, and 40.

30The first assembly 20 is provided for removing the
articles from the mold 12 at a first location and
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Figure 7 is a perspective view of the third assenbly which is included in
both the first and second apparatus. 20 Figure 8 is a tinme-function
chart illustrating the integrated cycles of operation of the second
apparatus. Figure 9 is a sinplified perspective view of the third apparatus
according to the present invention. Figure 10 is a perspective view of the
col I apsing 25 second assenbly which is dygd uded in the third apparatus
shown in Figure 9. Figure 11 is a perspective view of the third assenbly of
the third apparatus as shown in Figure 9. Figure 12 is a tine-function
chart iIIuslr&ﬁduapdﬁtid@Otmetagtat&éscxclQSseEo@ﬂeaabhumonf Ahsetbndd

cpparatys, Flogilito 1ookit ol 53T BRET09R0 BMe! BB EIPR L Ly Lo
i nventi on. Fifgome the firatsadgsembdy 3P and uranbpobenngmeUefangecieahich is
included in ¢nenVeheakk®Bndl 1bB&tibhSto a third location. The third
5 assembly 40 is provided for receiving the articles from
the second assembly 30 and for transporting those
articles from the third location to a fourth location,
which is the remote location, for example a pallet 50 on
a contact lens manufacturing line 52.
10 With reference to Figures 2a and 15, the first
assembly 20 includes a vacuum head structure 102, a
horizontally aligned cursol arm 104, a vertically
mounted traveling arm 106 and a stationary support
subassembly 108. The stationary support subassembly 108
15includes a support frame 110, to which it is fixably
mounted, and a main body structure 112. Within the main
body structure 112 are a vacuum controller unit 114 (the
cover of which is shown), and a translating means (not
shown) which reciprocates the vertically mounted
20 traveling arm 106 along the horizontal axis. In a
preferred embodiment, this translating means comprises a
horizontally oriented ballscrew.
At its remote end 116, the vertically mounted
traveling arm 106 is fixably coupled to the horizontally
25aligned cursol arm 104. Reciprocation of the vertical
arm 106, necessarily causes the cursol arm 104 to move
with a regular forward and backward sliding motion, in
accordance with the horizontal translation of the ball
screw. A timing belt (not shown) is coupled to the
30horizontal ball screw in the main body structure 112 and
extends down the vertical arm 106 and along the extent
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5 assenbly of this invention. Figure 15 is a side view show ng the coupling
of the vacuum plate to the vacuum head of the first assenbly of the first
apparatus. 10 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Thi s
invention relates to the renoval of nolded articles, which are used in the
fabrication of contact |enses, at regular intervals froma nolding station
at a first |location, and subsequent dispesition 15 of the articles at a
renote | ocation, such as on a pallet of an assenbly line. As such, this
application herein incorporates by reference the specification and

di scl osur elodf Ltke Gatsol dnpl 1edt i ShidabDpomodrted vl theeccursdbny Martin

et al. (attorpey. ck 0, ) | I i gat Lens -
Mol di ng". Th%r%r]e&htgﬁs%\%%lfﬁ%iégpg?%itc{urﬁ%rﬁspé;%?t e f%?e (?girglgﬁlg out the
above i dent ilieat! Yaovtiich i is atramplated akongrthealengthrofichees and
assenbl i es. I ' d | '{%ﬁb | é%jg t

correspondi n@%g%%s%‘e?ﬁgﬁ F’# e %r%%r{ngré eaﬁ?téqge a‘ﬁidci el evrreent s of
three di st bmatiammf fhe vertical Bmwdfie and khe vaquun thand 14 mg
directed to {fif-d G Petm AN dd ¥ Hdrid 1102 Ho haddet e il Gilrdeves; the

second bein%-dirqcted to the Tenoval and transportation of front curve nold
ocation, which is between the separating opposing

elements, without either the head or arm having to
attain undesirably high relative velocities, which may

10 lead to vibration. In a preferred embodiment, the timing
belt defines a ratio of velocity of the vacuum head 102
to the cursol arm 104 of 2 to 1.

The vacuum head 102 of the preferred

embodiment comprises a vacuum plate 103 having recesses

15105 into which the articles may be placed. The vacuum
plate 103 is mounted to the vacuum head via multiple
silicone bellows 27 and a linear slide 29 {(also see
Figure 1, elements 121). This mounting permits the plate
103 to reciprocate with respect to the vacuum head 102,

20 in accordance with the drawing of a vacuum in the plate
103.

Once the vacuum head 102 has been translated
into the molding station 12, and is at the extreme point
of its reciprocation, an actuator and timing mechanism

25 (not shown) activates the vacuum drawing means (also not
shown}. It is understood that a variety of equivalent
means may be utilized for drawing a vacuum within the
vacuum plate 103, however, a venturi tube system is
particularly well suited for this apparétus 10 as the

30vacuum drawn in the plate 103 needs to be strong enough
to hold the articles, but not so strong as to deform the
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30hal ves; and the third being directed to the renoval and transportation of
nol ded packagi ng el enents. 35 -12- 1 BACK CURVE TRANSPORT
ASSEMBLY The process of fabricating contact |enses, in a manner for which

t he present invention would be useful, conprises creating a pair of nold
hal ves, 5 between which a |iquid nononer may be di sposed, shaped into a

| ens, and subsequently irradiated to prempt sufficient crosslinking to
provi de appropriate structural integrity to the Ilens. The nold half
sections which are used in creating the | enses are thensel ves 10 nvol ded,;

t he nol di nglpoprissl Eurfpespanf athy hardérimgtpbdsticequl arities to the

TP e Taprd i nj ecton ot olasdl SELEROR L2 Hie RICREC AR ik O ST PG
sections evershawn) sevighispusls the curve afticigsiiout e Hihe makdrises two
B0 "o’ ST Sl THES 48 S l0E 108 1) chd athiim e oon
5183. The vacuum which is being drawn in the recesses 105
and the plate 103 assists the securing of the articles
within the recesses. Once the sealing of the articles to
the vacuum plate 103 causes the plate to move toward the
vacuum head 102. It is preferable to have a set of
10 resilient silicone bellows which mount the vacuum plate

103 to the vacuum head 102 so that the plate may be

biased back to the extended position away from the

vacuum head once the vacuum is released.

The recesses 105 may comprise small recesses

15 formed in a surface of the plate, or small cups mounted

on that surface of the plate, or the bellowed fingers

further described with respect to the front curve

transporting apparatus and Figure 14. It is also

preferable that the receptacles be connected to a vacuum
20 source, so that the resultant low pressure in the

recesses may assist in the transferencé of articles from

the molding station to the plate as the ejector pins

eject the articles from the mold. The entire

transference process is carried out through the steps
250f: having the head translate forward to a position

adjacent to the mold station element; having ejector

pins push the molded articles forward towards the

recesses of the plate; the vacuum suction securing the

articles within the recesses; the sealed vacuum conduits
30providing the low pressure within the vacuum plate

structure so that the plate is retracted away from the
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recesses, the opposing el enment having a correspondi ng array of convex

pr ot uberances. The concave recesses and 20 convex protuberances defi ning,

t her ebet ween, a shaped vol une for producing nold half sections. A nore
detail ed description of the nolding nmachine, in conjunction with which the
present invention is utilized, may be found in the copending U S
Application Nunmber 08\257,785 for 25 "MiiB-Hal ves and Mol di ng Assenbly for
Maki ng Contact Lenses" (attorney Docket VIN-079), which is incorporated
herein by reference. In operation, the opposing el enents cone together, the
mat eri al of 1 meldbistatdiloncelementexanpl e 30 nolten polynmer, is injected

I nto the shaped volunesnpggﬂgg gtﬁgﬁgu; %p%ﬁeogpkggf?%pg&bgal&%ﬁgents and.

the 35 -13- 1 nold halves ar ime sufficient to
set their shasbewnOibeFigurehipe tbe mnynﬁéna p4l theayasuum bead 1fé

opposi ng el emggt $haf chk}ec@h@r\naoaacbhmsmﬁaaaa&g 213adbihecBupedal ves may
be renoved. The back curve np
5 thereto for reciprocation forward and backward, from the
first mold half pickup location to the second mold half
drop~-off location, further comprises a rotating joint
25. This joint 25 is driven, by an air cylinder (not
shown} having stops thereon, which permits the head and
10 plate 102,103 to rotate from vertical to horizontal,
through a 90 degree rotation, during each linear stroke
of the regular reciprocation of the hand. In operation,
when the vacuum head 102 begins its linear reciprocation
after receiving the mold half articles from the mold 12,
. 15it is oriented vertically (in correspondence with the
plane of the mold element face). As the head 102 is
translated, along with the cursol arm 104, toward the
second location, it is rotated into a horizontal
position wherein the recesses 105 in the vacuum plate
20 are oriented downward. At the second location the
articles are released from the recesses, via release of
the vacuum, into a platform of the second assembly 30.
Once the articles have been released and the head 102
begins to reciprocate back toward the mold 12, it is
25rotated back into a vertical orientation for the next
pickup.
It is understood that the rotation of the head
102 through the 90 degree rotation be achieved
equivalently by a number of different means, for example
30by providing a translation track along the cursol arm
which has a 90 degree twist, the linear reciprocation of
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hal ves are referred to as such because they provide the convex optical nold
surface which shapes the portion of the contact |ens which contacts the
eye. The front curve nold halves are so call ed because they provide the
10concave optical surface which nolds the front face of the lens. In
accordance with nmethods set forth to naintain optinmal optical surface
integrity, the nolding machi ne which prod®es the back curve nold sections
i s designed specifically so that upon separation, the non- 15optically

rel evant, concave surfaces of the nold halves are _exposed (the convex
surfaces rerhithiendead ailongh&heocuasels asmsssbpregni RdsphimpaERing &hich

produpes the HoRaltion ¥E @@'ﬁe@ﬁ%&koﬂé thel el gak.i N nearly every
functional aspect to the above descrjbed back curve 20n§§hlne, when t he
e

opposi ng el enents of t h@refexabdysvEhas| SLA§tnAEAERBLIEpUr 2F 2 BEERfoNt
curve nol d segpeedS 1eWhinAssNag88mBLy, \ah8 15€abREVEY ROGE UblRE HeRE. | N

ith I h ' I . di hi h
Separat od t 15t02hinf0) bh BeLRcrasasd FEgote rEhivies EREAFERSR SR 0 show
front and backessrthanoDd8ssetonds, wand mare pseflerablye imnlésstthan of
cont act Iensea;4Fg §5838130Afg§h%§ﬁe@é§éﬁfy @gg ﬁégg fbf“ﬁs respectively,

of a back curvé nb ection
constructed of a low mass, high stiffness material, for

example, polyvinylchloride foam core and carbon fiber
10 unidirectional fabric.

Referring now to Figures 1 and 3 the second
assembly 30 of this embodiment is shown. The second
assembly 30 includes a platform 34, a translating
carriage structure 39, and a support frame 36 forming

15 1linear tracks 38 along which the translating carriage
structure reciprocates from the second location to the
third location. It is understood that a variety of
suitable means for steady and efficient translation of
the assembly may be selected, for example a motor and

20ball screw, a reciprocating hydraulic arm, or a geared
wheel and motor combination. In the preferred
embodiment, the translation means is a two ballscrew
system, the first of which translates the assembly from
the second location to the third, and the second of

25which raises and lowers the assembly at each location in
accordance with the preferred function of the apparatus.

The platform 34 of the second assembly 30 has
a regular array of recesses 35 which are suited for the
deposition into, and removal therefrom, of mold articles

30such as are deposited therein by the first assembly 20
at the second location. In operation, the first assembly
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30i ncludes a central |ens shaping curved portion 452, an annul ar fl ange
portion 451, and a tab 461. Because, in 35 -14- 1 the case of the back
curve, the central curved portion is used to formor shape the back curve
or surface of a contact lens, it is desirable to mnimze direct contact
therewith; the flange 451 and tab 461 portions are, 5 therefore, used to
facilitate handling and positioning the-#9ticle. The simultaneous nol di ng
of the curve surface 452 with the annular flange 451 and tab 461 portions
has an addi ti opal npnufacturing bepefit in that it timzes the injection

mol di ng prodedQ. regilprocates RAGK LM the Mold ke sHAVHIE eXtF

integral ly nothedndéldrartidbes i thewdfrdng dndpdtetdsinfidtam of vierayisayll astics
such as pol ystyrene or another, suita mat.eri.al; era

section has ao%(ﬁr&%%gx} il C}?aﬁﬁ’yz‘ffqli? r&ﬁi‘*@%ﬁ%&%ﬁ‘s{ﬂyﬁ%ﬂ glr)lldd

rigidity suchit hetaches niel semindriledatdon.vdipultanedusly Wilth Lhe
wi thstands Brodiged Qo BRI ol RRAIAHAAY SF Uk FPsOASsbRBTY! e
20 at the second location, the second assembly 30 is in
position for receiving the articles. The release of the
vacuum within the vacuum plate 103 of the first assembly
allows the articles to drop into the recesses 35 of the
lOplatform of the second assembly 30. Once the articles
have been so positioned, the second assembly 30
translates linearly along the tracks 38 to the third
location.
Referring now to Figures 1 and 7, the third
15 assembly 40 includes a receiving head 42, a support body
46, a rotating coupling means 44, and a horizontal
reciprocating track 48. The first end 45 of the support
body 46 is disposed in the track 48, and coupled to a
translation means whereby the body 46 (and the receiving
20 head et al.) may be reciprocated from the third location
to the fourth location. The means of translation of the
support body, and the receiving head 42, is preferably a
horizontal axis ball screw assembly. The support body
46 is coupled to the rotating coupling means 44, which
251is, in turn, coupled to the receiving head 42. The
rotating coupling means 44, which may be, for example an
air cylinder with 90 degree rotation stops, is designed
to provide a rotation of the receiving head in the
horizontal plane.
30 In addition, the support body 46 comprises a
vertical axis ball screw which permits translation of
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section were nmade. The nold sections are al so described in detail in the
above-referenced copendi ng application 20 "Ml d Hal ves and Ml di ng Assenbly
for Maki ng Contact Lenses". The first apparatus to be described is,
accordingly, directed to the renoval and rapid and non- damagi ng transport
of the back curve contact |ens nold 25hal ves fromthe nolding station to a
renmote | ocation, for exanple to a palle2len a contact |ens fabrication
assenbly line. Mire particularly, referring nowto Figure 1, the fir'st
apparatus 10 includes first, second, and third material handling assenblies
20, 30, and zbe zeThévingsheadsddbup andi dopnoviThéd aprandndewng t he

articles frofthenokdpi2eatrga’ thsinkosat avfaeg fepdBiedngr ansporting

the articles to seco ocatl on secon assenb i oned for

recei vi ng théuaﬁti@n§s°fr§h¢tﬁblrﬁréﬁséﬁééﬁbﬂy Qbe aﬁ%gof?ﬁﬁ Rt he
articles fromptReisREOPEspOERivOIyL 0 @ third [ocation. The third 5assenbly

40 1s provEged For recgaglg céiﬁiégtﬂéi S4£rls oriented downward to
enable it to extract the articles from the platform 34
of the second assembly 30 at the third location, and to
subsequently deposit the articles at a fourth location,
for example in a pallet 50 on an assembly line 52. The

10 receiving plate 42 comprises an array of bellowed
fingers 22, which will be more fully described
hereinafter with respect to Figure 14. A low pressure
may be drawn in the fingers for lifting the articles out
from the recesses 35 in the platform 34 of the second

15 assembly 30, and for holding and transporting the
articles from the third location to the fourth location.

It is understood that individuals ordinarily
skilled in the art may substitute other extraction,
grasping, and holding means and relationships for the

20 exchange of the articles between the assemblies herein
described without removing such an apparatus from the
scope of the invention herein disclosed. Another such
alternative transference means could include a set of
extending pins, disposed in the recesses of the second

25assembly, which would 1lift the mold .curves out of the
recesses at the third location, and insert them into
receiving recesses in the third platform such as
comprises the first assembly. In such a design, however,
particular care must be taken to prevent misalignment of

30the articles with respect to one another during the
transference.
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the second assenbly 30 and for transporting those articles fromthe third

| ocation to a fourth |ocation, which is the renote |ocation, for exanple a
pall et 50 on a contact |ens manufacturing |ine 52. 10 Wth
reference to Figures 2a and 15, the first assenbly 20 includes a vacuum
head structure 102, a horizontally aligned cursol arm 104, a vertically
nmounted traveling arm 106 and a stationarygzsupport subassenbly 108. The
stationary support subassenbly 108 15i ncludes a support franme 110, to which
it is fixably nmounted, and a main body structure 112. Wthin the mai n body
structure 112lare a vacuum @yﬁrraadlloexr thet rétéifting pdaee 4R vhi theis

shown), and a tran latin shown Lch reclLprpc he
vertically mourtted §%§ﬁ§h3% & S%IBham?ﬁgnﬁgrﬁg hgﬁ Egﬁfé In a
preferred enbodbmamupnnhnrlenaedlsblhgateans fbngerse$orn bbherontally

oriented balls I veI|n
arm 106 is flxggﬁgigéhglhgabgq?% é %%IPgsigi%#éﬁeggﬁﬂggg%ggﬁ%é °
Reci procati orb of the articdes irnmlOBe ptatfoumi 84 chiutke seeconrdr sol arm
104 to nove W ukgr I

accordance mntﬁgsﬁmbzgr?gon§aF&?%gﬁs g%?%%é%?ﬁgﬁé %g?ﬁggggéagﬂi ti'mng belt
(not shown) |Stbgu§hé§dtgsgﬁ@bly 40, the mounting arm is translated

along the track 48 via a ball screw mechanism, toward
the fourth location, during which translation the
10 rotating air cylinder 44 reorients the plate 42 by 90
degrees in the horizontal plane. At the distal end of
the translation, if a receiving structure, such as a
pallet 50, is properly positioned with the plate 42
positioned thereabove, the vertical ball screw within
15 the support body 45 lowers the plate 42, and fingers
thereof, to the deposition pallet. Once in position,
articles are released by the plate and deposited.
If it is determined that no proper receiving
structure 50 is present at the fourth location, the
20third assembly 40 is reciprocated via the rotating ball
screw, back toward the third location, stopping briefly
at an intermediate location between the third and fourth
locations and releases the mold half articles into a bin
60. These released mold halves may then be discarded,
25recycled, or otherwise utilized in other manufacturing
processes. For example, during quality testing of the
mold halves being produced by the mold, a testing
apparatus may be inserted at the intermediate location
which receives the released articles for testing
30purposes.
It is to be understood that control means may
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30 horizontal ball screwin the main body structure 112 and extends down
the vertical arm 106 and al ong the extent 35 -16- 1 of the cursol arm
104. Slidably mounted to the cursol arm 104, and coupled to the timng
belt, is the vacuum head 102 which is translated along the I ength of the
cursol arm 104. This arrangenent permts the additive 5 notion of the
vertical arm 106 and the vacuum hand 102, therein permtting the hand 102
to travel to the first l|ocation, which i"?¥et ween the separati ng .opposi ng
el ements, without either the head or armhaving to attain undesirably high

relative vel 9gities, .whi may 10 a i_bratiaon. Inca_preferred
enbodi nment , ﬁ’@ grﬂv&y"eﬁlg:{[o ?’ani’%aq'Fgng'soFa\%g\ggl&st 9foftpr1 e vacuum head
102 to the curapparatmslds ahe?desitedTisequencen aadd td0inserruptpoeferred -

enbodi nent conpr .pl.a ' c ' i ch
the articles E%thggﬁ?a§%%¥3$%§hvggu%ggppg¥gg%6§§igﬁgggnggégggé?ﬁgnégguum
head vi a nul t condigibnseneFps| ingtanzeaneng pPrn@areskimersomay| be see

S provided and programmed to generate signals to initiate
movement of the movable components of assemblies. Timers
may also be provided and programmed to operate solenoid
activated valves that connect bellows or suction plate
receptacles to positive and negative preséure sources at

10 the desired times. Position sensors may also be used to
initiate movement of the movable elements of apparatus
and to operate the above-mentioned valves, in response
to various elements of the apparatus, such as vacuum
head 102, the platform 34 of the second assembly 30, and

15the third assembly receiving plate 42, reaching
predetermined positions. If desired, position sensors
may be used to sense whether the movable elements of
apparatus 10, such as the reciprocating cursol arm 104
and vacuum head 102, are moving between the appropriate

20 locations. '

In addition, sensors may be provided to
determine if each of the recesses receives a respective
one contact lens mold section from mold and to determine
whether these contact lens mold sections are properly

25transferred from assembly to assembly. For example, such
sensors may be located in and sense the pressures in the
suction lines leading to the internal plenums or volumes
of the assembly platforms.

To elaborate, when contact lens mold sections

30are properly mounted in the recesses of a platform
element, for example, those lens mold sections close the
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Figure 1, elenents 121). This nounting permts the plate 103 to reciprocate
W th respect to the vacuum head 102, 20in accordance with the drawi ng of a
vacuumin the plate 103. Once the vacuum head 102 has been translated into
the nolding station 12, and is at the extrene point of its reciprocation,
an actuator and tim ng nechani sm 25(not shown) activates the vacuum draw ng
means (al so not shown). It is understoodzghat a variety of equival ent neans
may be utilized for drawing a vacuumw thin the vacuum plate 103, however

a venturi tube systemis particularly well suited for this apparatus 10 as

t he 30vacuum dhdsnof nthéeiptergal Odohamels ¢ tige Splavgoemough thehol d the
articles, but no{ SO ftroqgﬂgg to deformthe §5 :&7- % 0 tifaé sur f aces
of the harden?ﬂﬁ %?55 FRs P AFHPE 90 i BT 1Br A% %j% to e% n o(not

shown) whi ch pheshisterrmal veohunes) eghenutthet ldie poesisetensogresdis nto t he

recesses 105 4 o { e AN B i Yoo ot AAIBINES ehe BEdgE Orawn 0

the recesses
5 securing level. Thus, the pressure inside the internal

plenums through which the vacuum pressure is drawn is an
indication of whether contact lens mold sections are
mounted properly, and a pressure sensor may be employed
to generate a signal or an alarm to indicate when a

10 contact lens mold section is missing from one of the
bellows.

The function and relation of all of the
assemblies which comprise apparatus 10, which together
are one embodiment of the present invention is complex,

15 having been individually described in detail in the
foregoing discussion. Referring now to Figure 4, a time-
position-function table showing the relative positions
and functions carried out by all of the assemblies of
this embodiment is shown. The back curve mold transport

20 apparatus, which is the first embodiment of the present
invention, having first, second, and third assemblies
which function as described above, operates in the
following manner. Beginning with the initial forward
motion of the first assembly, the cursol arm is

25translated toward the molding station, which is still
closed, forming the mold articles. As the cursol arm
slides forward, the vacuum hand structure rotates into a
vertical position so that the vacuum plate and. the
recesses there are properly oriented for receiving the

30mold articles. The cursol arm comes to a temporary halt
as it waits for the mold station to open. Once the
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and the plate 103 assists the securing of the articles within the recesses.
Once the sealing of the articles to the vacuum plate 103 causes the plate
to nove toward the vacuum head 102. It is preferable to have a set of
10resilient silicone bellow which nount the vacuum plate 103 to the vacuum
head 102 so that the plate may be biased back to the extended position away
fromthe vacuum head once the vacuumis_j fleased The recesses 105 nmay
conprise small recesses 15fornmed in a surface of the plate, or small cups
mounted on that surface of the plate, or the bellowed fingers further

descri bed Wi tdpgsieste fdmdrie 'deialr AW V& Hd AT idih ARRHAERaNd Figure

14. It is also preferabl e that the receptacles be connected to a vacuum

20sour ce, so fiafand,e Rasdfioning shepvasiym plateadjacentedondieassi st in

the transf er M FtatildrC leAemen®Mtbh@hehdi 't'?ﬁe ficAlded ar@ ikhesPhramaids the
ej ector plnsé¥¢fct the articles fromthe nold. The entire transference

process is c ergdo o 'through the steps 25 of: having the head transl ate
forward to ® pOSI tion 3@y ahiést embotiimernel, di%t dsi ampokeanat tohavkeg ej ector

Phos Bt e adRl 06 05bh B e b BT o Ep TAR068. Bhab BrEL e o
VaCUUWICOHdUIESIILent means, for example silicone bellows and a

linear slide. At this moment in the transport cycle, the
vacuum plate is in its extended state as no vacuum can

1O be maintained in the vacuum plate because the recesses
of the plate are empty. A set of ejector pins within the
molding station element are extended, therein pushing
the molded articles out of the concave recesses in the
molding station element, and pushing them into the

15 recesses of the vacuum plate. If the ejector pins push
the molded articles too far into the recesses, the
bellowed mounting silicone cups are compressed under the
load, moving the plate back, and therein ensuring that
the mold sections are not damaged. If the mold sections

20 are not pushed far enough into the recesses the
subsequent act of drawing a vacuum in the plate will
provide sufficient suction to draw the articles fully
into the recesses.

In the fully inserted position, the external

25rim of the molded articles contacts the annular rim at
the base of the vacuum plate recesses, therein together_
sealing the internal volume within the plate. The vacuum
which is drawn in this volume of the plate secures the
molded elements within the plate while simultaneously

30causing the silicone bellows to retract, thereby pulling
the plate away from the mold and closer to the vacuum
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30providing the | ow pressure within the vacuum plate structure so that the
plate is retracted away fromthe 35 1 nold station elenent. Referring
again to the specific enbodi ment shown in Figure 1, the nounting of the
vacuum head 102 to the cursol arm 104, which head is slidably coupled 5
thereto for reciprocation forward and backward, fromthe first nold half
pi ckup |l ocation to the second nold half q§%g-off | ocation, further
conprises a rotating joint 25. This joint 25 is driven, by an air cylinder
(not shown) having stops thereon, which permts the head and 10pl ate
102,103 to ratghgqafromvertical to horizontal, through a 90 degree
rotation, during each linear stroke of the regular reciprocation of the
hand. In operation, whenIthésvipderskead thatpegenskiddeqd jpathe art

reci procation gigRe &€68tYLRHe! BQuiVheht! hedhk gbesrbsomikhelpol d 12, 15
it is oriented vertlcalggﬂ(ln correigondence with the g%ane gf t he nol d

el ement face).MONAEHRI yaoupe plake| 5P cthe avaryuRi fRatnef@hrsol arm
104, toward Bhexamshedeiehavaélumi pistoniot a@dbiasing SPrings} abr with

an actuatable air cylinder. These are equivalent means
which, along with a myriad of other equivalencies, are
anticipated herein and are within the broad scope of the
invention.

10 Once the articles have been secured within the
recesses, the cursol arm begins to reciprocate back
toward the second location, to the waiting second
assembly. As the cursol arm reciprocates back, the
vacuum head is rotated down, so that the recesses of the

15plate are directed downward, the vacuum drawn in the
plate keeping the articles within the recesses, and
keeping the plate in a retracted position on the
silicone bellows.

Once the first assembly has reciprocated all

20 the way back to the second location, with the vacuum
plate rotated down and disposed directly above the
platform of the second assembly, the first assembly
stops. The second assembly rises slightly via a vertical
ballscrew mechanism, bringing its platform closer to the

25plate, with the recesses of each surface aligned for
easy article transference. It is understood that a
variety of equivalencies may be substituted for the ball
screw mechanism for lifting the platform of the second
assembly, such as a mechanically scissoring structure, a

30pneumatic, or hydraulic lift. These equivalencies are
anticipated herein and are, therefore, incorporated as
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position wherein the recesses 105 in the vacuum pl ate 20are oriented
downward. At the second |location the articles are released fromthe
recesses, via release of the vacuum into a platformof the second assenbly
30. Once the articles have been rel eased and the head 102 begins to

reci procate back toward the nold 12, it is 25rotated back into a vertical
orientation for the next pickup. It is un@lérstood that the rotation of the
head 102 t hrough the 90 degree rotation be achieved equivalently by a
nunber of different neans, for exanple 30 by providing a translation track
al ong t he cudspéasomabbé chahbationd oo the present tembodiment « eci procati on

01 36 degrebs 1o the. nodk € iaHagi Re R, & SRl wiggad ©1%) o1
speed, | ow mastheiswagiiy plkate ief e firstoassemblbadk®rEIR i nto the nol d
12 and renove ﬁéiéé‘éﬁ?g LIRS S dAllnt g;ﬁ%%ri Rafe Ghd & Wi e AN nRoRe
Preferably. b, diicions' o hix enbodinent, the vacuum telesse is - °
’

coupled with the application of positive pressure to

ensure the ejection of the mold sections. In either

case, the release of the vacuum causes the vacuum plate

to extend downward to its extended position by the

10 resilient coupling silicone bellows.

Once the articles have been transferred, the
platform of the second assembly drops and begins to
slide from the second location to the third location. As
this happens the first assembly begins to reciprocate

15 forward, and the vacuum plate rotates back into its
vertical position (back in its extended state). By the
time that the first assembly has rotated the plate
vertically, and has halted in anticipation of the mold
station opening, the second assembly has reached the

20 third location, below the waiting third assembly and is
stopped. The receiving plate of the third assembly drops
down to meet the platform of the second assembly, and
the articles are extracted by the receiving plate in a
suitable manner, such as were more fully described

25 above.

Once the articles have been extracted by the
third assembly, the receiving plate rises up, is rotated
90 degrees (thereby rotating the articles}) in the
horizontal plane, and begins to slide back to the fourth

30 location. Simultaneous with the third assembly rotating
the receiving plate, the molding station separates and
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constructed of a | ow mass, high stiffness material, for exanple,

pol yvi nyl chl ori de foam core and carbon fiber 10 unidirectional fabric.
Referring now to Figures 1 and 3 the second assenbly 30 of this enbodi nent
i's shown. The second assenbly 30 includes a platform 34, a translating
carriage structure 39, and a support frgne 36 form ng 15 linear tracks 38
al ong which the translating carriage sT fcture reci procates fromthe second
| ocation to the third location. It is understood that a variety of suitable

t
means for steady_and efficient translation of the asse be sel ected,
for exanpl é ggﬁnfbfs'énﬁsm&'legg?’éﬁv?t% ?’é%f’?)?%caat %ﬁ%%?}gﬁ‘#c arm or a
gear ed wheel antilches of ramntheastanion n Athetlpe edame edimanb ocherssegonde .
transl ation ' r Y t i ' ansl| at es
the. aseentl yoTr ok . atHBrof tEE IR e ¥, vt BAGK 0 20C

25whi ch r ai sthe aserandwckacatiion st maceive ddeh newddtgh iaf accor dance with

t he preferge&{%&on of the apparatus. The platform 34 of the second
assenbly 30 has a regul ar array of recesses 35 which are suited for the

deposition into, and B¥nBe tiRg dhatmthe thdird Assembly F8ah®Sas are
deposi t ed t hgfeei floudtt Neoddtivin,a39RiMEit s20 adisehibd ys 2@en & 1lide dlaickn td n

operation, ték%fgééghdaﬁ%%alfén and has rotated the hand to the

horizontal position for depositing the articles into the

10 platform recesses of the second assembly. At the fourth
location, the third assembly drops down and deposits the
articles, for example onto a pallet, in a manner which
is both simultaneous with and similar to the deposition
of the new batch of articles into the second assembly.

15 As the third assembly rises and rotates back
to the orientation for receiving articles from the
second assembly, the first assembly begins to slide
forward again to extract another batch of articles which
are being fabricated in the melding station, and the

20 second assembly slides to the third location to give up
its articles to the third assembly. Thus the repetitive
cycle of the first apparatus, which is to transport a
batch of back curve articles from a molding station at a
first location to a fourth location, has been

25illustrated.

The advantage of this apparatus over a single
assembly design in which the back curves are extracted
from the molding station and moved to the manufacturing
line by one assembly, is that the distance and velocity

30which each assembly needs to attain in the present .
invention is reduced during the transport of the same
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35 -20- 1 20 reciprocates back fromthe nold 12, having extracted the
nold articles therefrom and rotates froma vertical orientation to a
horizontal orientation by the tinme that it reaches the second | ocation.

Si mul taneously with the 5 proper orientation and positioning of the first
assenbly 20 at the second | ocation, the second assenbly 30 is in position
for receiving the articles. The rel ease-pd-the vacuumw thin the vacuum
plate 103 of the first assenbly allows the articles to drop into the
recesses 35 of the 10platform of the second assenbly 30. Once the articles

have been sb moabhér o dart il enc Tl sasidntagi) ils paatdicad alrilyear | y al ong

the tracks 38 to t.he thiyd l.qcat.i on. :Ref.err.i 0 Ei res 1 and 7, the
third 15asser‘?b"f%/°£4‘€rll%g’f% st%ae rlen(?%t\}'l%ﬁ'&%hé‘gg’%&e\gatvg‘&ﬁgggf gbody 46, a
rotating coupssarimted with didgha speedz araals la¢gdionr dsaceongidened.48. The

first end 45 of the support body 46 is disposed in the track 48, and

coupled to a translati on neans whereby the body 46 (and the receiving
FRONT CURVE SPORT ASSEMBLIES

Referring now to Figures 2b, 5-8, l3a-b, and
14, the second embodiment of the invention is the second
apparatus 210, which is used to transport articles, such
as the front curve contact lens mold halves, from a
10 first location, such as an injection molding station
212, to a remote location, such as a pallet 250 on a
contact lens fabrication line 252. This embodiment
includes assemblies 220,230,240 which are very similar
in form and function to the similar assemblies described
15 above with respect to the apparatus which transports
back curve mold halves from the mold to the pallet. The
differences between the first and second apparatus being
those related to the additional step of flipping the
articles, the need for which was described earlier. The
20 front curve mold articles are fabricated in an injection
molding station comprising two mated opposing elements,
the first of which has a regular array of convex
protuberances which are aligned with an array of concave
recesses in the opposing face of the second element. The
25optical shaping surface of the front curve mold half is
the interior surface of the resultant cup. The
manufacturing desirability of minimizing contact with
the optical surface of the mold leads to the front
curves remaining adhered to the convex brotuberances
30upon separation of the mold station elements. The first
assembly 220 of the second apparatus 210, which is shown
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20 head et al.) may be reciprocated fromthe third |location to the fourth

| ocati on. The neans of translation of the support body, and the receiving
head 42, is preferably a horizontal axis ball screw assenbly. The support
body 46 is coupled to the rotating coupling nmeans 44, which 25 is, in turn,
coupled to the receiving head 42. The rotating coupling nmeans 44, which may
be, for exanple an air cylinder with 90 dggree rotation stops, is designed
to provide a rotation of the receiving head in the horizontal plane. 30

In addition, the support body 46 conprises a vertical axis ball screw which

permts trang ﬁhiEﬂgﬁfe3§ and Zforéd pﬁrﬁti@@mﬂpgmemwﬁe ugb and dovvn Thi s
Up and doun TOLAGReFS 8! CLREEER AN LEILEY, S SRR oSN Lot one.
The receiving hetdtHe amnwlaenting ddvivharektendshdidyond the eadgeacdf the
articles f ;g{;wee BE49s " 3¢ Yokl WP TP ahP A 48 e third

with particular reference now to Figures 2b,

S, and 14, the vacuum head structure 102 of first
assembly 220 comprises a hand 102 which includes an
array of resilient fingers 22, extending uniformly from
a vacuum plate 24 which is coupled to the cursol arm 104
10via the mounting means and the timing belt. The fingers
22 are ideally suited to receive contact lens mold
articles from the molding machine 212 after the opposing
elements separate, and to releasably hold the received
articles while the hand 102 and cursol arm 104 translate
15back from the first location to the second location.

The embodiment of the vacuum hand 102,
illustrated in Figures 2b, S, and 14, shows finger 22 as
having a bellows structure 410. This bellows structure
enables the fingers 22 to retract if an external

20pressure (or internal vacuum) is applied. In the forward
most extended position, the hand 102 and cursol arm 104
align the bellowed fingers 22, which are in their fully
extended state as well, between the separated opposing
elements of the molding machine 212, as shown in Figure

255. In this position, each of the fingers 22 is aligned
with a respective one of the convex protuberances of the
corresponding opposing element (not shown) and, thus,
with a respective one of the articles formed in those
mold cavities. Ejector pins (not showﬂ) are used to push

30the formed articles off the convex protuberances and
into engagement with the extended bellowed fingers 22.
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subsequent |y deposit the articles at a fourth |location, for exanple in a
pal I-et 50 on an assenbly line 52. The 10 receiving plate 42 conprises an
array of bellowed fingers 22, which will be nore fully described
hereinafter with respect to Figure 14. A low pressure may be drawn in the
fingers for lifting the articles out fromthe recesses 35 in the platform
34 of the second 15 assenbly 30, and for-3pdding and transporting the
articles fromthe third location to the fourth location. It is understood
that individuals ordinarily skilled in the art may substitute other
extraction, graspi ng, amitiplpimgooiars efkraicd it Fliquee Ard ,t leach

Femovi ng_such S A, Heq ot SIS 22 THERE DY A, i, SRlanty M 1
di scl osed. Anextendingh axnudaratsens ionaddile thade fioganss ago@xtendedude a set
woutd it Cpe g ST Shapld g AIATTR WliLc RCERACaERIIIAD Y
i nsert them? moddr sesitiong asecpdasedn IRePamtigudiaztf whensachre8tconpri ses
the firSt'asséﬁbbé;ib”t%ﬁﬁﬁférﬁé&iQﬁtohBHBY6E1tﬁ%??&ﬁ%b%% QaretgEst be
e o E e SRz dage 103 o2 thS BLbhE' Chrle' RakBE’ShebdeREeR"! "
during the tréﬂ?#gkgnéé. g ,
. the extending annular suction-cup tip 414 of the
bellowed finger 22, therewith forming a sealed volume
10 416 within the finger. In this way, the optical surface
401 is not touched by the bellowed finger 22.
As stated above, the bellowed fingers 22
extend outward from a vacuum plate 24, the vacuum plate
comprising at least one internal plenum 418 connecting
15 the volume within the suction cup tips 414 of the
bellowed fingers 22 in gas flow communication with
vacuum lines 26. In the embodiment shown in Figures 2b
and 14, the individual vacuum lines 26 merge at a node
28 to form a single vacuum line 32. The low pressure
20which may be drawn by a vacuum venturi (not shown} in
the- suction cup tips 414 of the bellowed fingers 22 is
useful for handling the articles being transported. In
particular, a low pressure may be developed inside
bellows 410 to help move the articles onto the bellows
25 from mold recesses and that low pressure may be
maintained in the bellows to help hold the articles
thereon as the hand 102 is translated to the second
location. When the low pressure is drawn, the bellowed
fingers 22 retract toward the vacuum plate 24 in
30accordance with their resiliency.
The low pressure source that is connected to
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35 -22- 1 In operation, the receiving plate 42 of the third
assenbly 40 is first positioned at the third |location, oriented so that its
fingers (or other receiving neans) are properly positioned for extraction 5
of the articles fromthe platform 34 of the second assenbly 30. Once the
articles have been extracted by the third assenbly 40, the nounting armis
transl ated along the track 48 via a bal F38crew nechanism toward the fourth
| ocation, during which translation the 10 rotating air cylinder 44
reorients the plate 42 by 90 degrees in the horizontal plane. At the distal
end of the tlrhﬁélavsoﬁacumapwé%umrfgaztb%ctmré e:samll%.s HAGUW 50, is

properly p03|¢,é9@§fllvxbghat\b@c@hg1tw esid i ek Wré he vertical -
bal | screM/mnt n 15t he su port body 45 | owers th Iate 42 fingers
thereof, to t¥H %Efﬁél?? ghinegaty ePF??iHEﬁtléig) qﬁ?ﬁ‘released
by the plate el aiwmm askedsure. I)Slste,t qnmafmmrya,t muoramoarearmei vi ng
structure 5% 5 etséaxnrgaf tplter}ﬁm}c O«H.ré c.at It:%e vacuum plate 24,
which connect each of the bellowed fingers 22 of the
hand 102, is a single common plenum which connects the
fingers to the vacuum line. In a preferred variation of
the illustrated embodiment, a solenocid controlled valve
10 (not shown) may be located in the vacuum line 32 to
selectively seal and release the vacuum in the plenum
and, therethrough, selectively evacuating and releasing
the vacuum in the bellowed fingers 22.
As stated above, the bellowed fingers 22 are
15 compressible so that they may dampen and absorb the
energy and momentum of the contact lens mold sections as
those mold sections are transferred from mold 12 to the
fingers 22. In this way, the contact lens mold sections
can be transferred from mold 212 to the bellows 22 at a
20 relatively high speed without damaging or deforming the
contact lens mold sections, even if those mold sections
are not completely solidified or hardened when they are
transferred to the bellows. Problems associated with
mechanical variation in separation distance of the
25 opposing elements interfering with consistent and proper
removal of the mold halves from the mold 212, are solved
with resilient and compressible fingers 22.
A means for providing a positive pressure
within the bellowed fingers 22 may also be provided, via
30the same vacuum line 32 through which the vacuum is
drawn, and may be controlled by the same solenoid valve

35



20t hird assenbly 40 is reciprocated via the rotating ball screw, back
toward the third | ocation, stopping briefly at an internedi ate | ocation
between the third and fourth |locations and rel eases the nold half articles
into a bin 60. These rel eased nold hal ves may t hen be di scarded,
25recycled, or otherwise utilized in other manufacturing processes. For
exanple, during quality testing of the #d3<€« hal ves being produced by the
nold, a testing apparatus nay be inserted at the internediate | ocation

whi ch receives the released articles for testing 30purposes. It is to be
under st ood 1 hatotc aslfownl ) nefiniss mpsitive prAssuréangy de deskd,o ifove t he

various ele { i qggg{ t i 435§T to
i nterrupt or é:r%rﬁ@;laa e t?)opera |lé;r‘1‘=l cteﬁg‘p_lpar at%%ﬁ%%&%&d% rm ned

condi tions. Revelop hetweemdhe medde seatdion @nd hes iy idddd ofnghe
programed t g,qaRted FitigEalay to initiate novenent of the novable
conponents of assenblies.” Tiners may al so be provi ded_and progranmed to
operate sol &noid As may be clearly understood, the first
assemblies of the first and second apparatus differ. In
the first apparatus a vacuum head, coupled to a vacuum
plate with recesses is used; in the second bellowed
fingers extending from a vacuum plate is used. In the
10 first apparatus, because the back curves are received in
an orientation having the mold halves oriented s¢ that
they are extending outward with respect to the receiving
plate, in order to ensure that the vulnerable convex
.surface will not be damaged in transport, the preferred
l15variation is the vacuum plate with recesses. In the
second apparatus, because the front curves are extracted
from the molding station in an orientation having its
convex surface facing inward with respect to the plate,
the preferred variation comprises the resilient bellowed
20 fingers.
Both preferred variations of the first
assembly comprise a horizontal arm which reciprocates a
vacuum hand between a first location and a second
location via a ball screw and a timing belt, and are
25 ideally suited for holding their corresponding curve
articles by suction means. In this second apparatus,
however, the first assembly 220 does not place the °
articles which it collected from the molding station 212
at the first location into a second assembly. Rather, it
30places the articles in the recessed ports of a flipper

platform 274.
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activated val ves that connect bellows or suction plate receptacles to
positive and negative pressure sources at 10 the desired tinmes. Position
sensors may al so be used to initiate novenent of the novabl e el enents of
apparatus and to operate the above-nentioned valves, in response to various
el ements of the apparatus, such as vacuum head 102, the platform 34 of the
second assenbly 30, and 15 the third ass¥mly receiving plate 42, reaching
predeterm ned positions. If desired, position sensors may be used to sense

whet her the_ novabl e el enents ,of apparatus 10, ch as the recipr.ocating
cursol arm404 and vacR&HSFEARIFEW a3 Stov ity H'&“W?e 'tﬁélea;%fr%d&’? ate 20

| ocations. | ra;fad-_djet |fqrm,ge&@nsam &um;fmtpmeﬁmy e22betagteri ne i f each of the
recesses receiyv a.respect.i. C ct_|ens, .nol f | d and
to det erni ne Rk g&lﬁéﬁlﬁr s &Y %ﬁfla%l%rl g’ﬁ’ﬁ‘r‘rﬁle&e&é’dﬁgo% %té°8‘r Sé%@'ﬁ@o

25t r ansf er r e romonrhes melidingt statdemb22 Eod ¢henmdepositdbnsefisthe nay be

| ocated in S e .pre | c n Li.n I ng to the

i nt ernal 5§%qﬁ§g§riggpuﬁ§ ?E? era§§§%§P§9 Pngo#%Biﬁ$oﬁ ?gborate when
cont act |enssnatdoseceﬁensozopans puspethe awticdesi guthsor sepsact of a

platform el egpat ¢35 4¢%28R! Ehel B9RGek8N22TOLHe28GbLANE ¢hEEAm! RS

drawn in the interior volume 416 of the finger tips
which secures the articles thereto. The vacuum also

10 causes the bellowed fingers 22 to retract away from the
mold element, therein providing additional clearance for
the hand as it reciprocates away from the molding
station.

To ensure the smooth operability of the first

15 assembly, it may be desirable to couple various the

appending wires, hoses or flexible lines together and to
" one of the structural elements, for example the

stationary support subassembly to guide any such wires
or lines and to help insure that these wires or hoses do

20 not become entangled with one another as the hand 102
and cursol arm 104 reciprocate. This same expedient may
be incorporated into the embodiments of each assembly of
the invention, in each apparatus.

Once the hand 102 has rotated downward and is
25positioned to drop the secured articles into the flipper
270 assembly, the vacuum is released within the finger

tips 414. The combined effects of gravity and the
extending fingers 22 provides ample force for the
articles to be gently pushed from the tips 414 of the
30fingers. A variation of this embodiment includes a
positive pressure means coupled to the vacuum line for
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35 -24- 1 ends of the internal volunes of the platform If the contact

| ens nol d sections do not provide the seal to the internal volunes, when
the | ow pressure source is actuated, the pressure does not reduce to the
proper 5securing level. Thus, the pressure inside the internal plenuns

t hrough which the vacuum pressure is drawn is an indication of whether
contact lens nold sections are nounted pr¥perly, and a pressure sensor may
be enpl oyed to generate a signal or an alarmto indicate when a 10cont act

| ens nold section is mssing fromone of the bellows. The function and

rel ation of hiRroyiding &Afsadditdonad pressusia &0 Hhsadtis1les trpmch

toget her are @ifndmbetedRiipsOftd kasiresehat ‘et lade idepogikedxbyléhgavi ng
been |nd|V|du%LIy described in detail in the foregoing discussion.
Ref erring nowtG9€rFure 4, a tinme- position-function table show ng the

rel ative positions and Tandisi andeestoobddthat lhealhrtitclese wheanbl i es of
this enbodi rent h3paeWd bl enB2ESrst’ YEsUhbly! 28 "3 the first
apparatus 10, are carried to the second location where
the convex surface of the articles face downward. They
are subsequently deposited into each of the subsequent
assemblies of the apparatus with the convex surface

10 facing down, and are ultimately placed into a pallet
with their convex surfaces down. In the second apparatus
210, the first assembly 220 extracts the articles and
carries them to the second location with the convex
surfaces facing upward.

15 The second apparatus 210, therefore, includes
an additional assembly 270 which receives the articles
from the first assembly and flips them before depositing
them in the second assembly. In this way the articles
are positioned to be ultimately deposited in a pallet

20 with convex surface down.

The flipper element 270 comprises a
substantially flat platform 274 having a regular array
of recesses 275 therein for receiving a plurality of
articles. The platform 274 is mounted to a motive

25structure 279 which provides for independent vertical
and rotational movement, whereby the platform may be
raised to meet the fingers of the first assembly and
then drop away, thereby providing sufficient spacing for
the platform to flip over. While it is understood that a

30variety of means may be employed which achieve the
vertical axis motion and the rotational motion described
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20apparatus, which is the first enbodi mrent of the present invention, having
first, second, and third assenblies which function as descri bed above,
operates in the followi ng manner. Beginning with the initial forward notion
of the first assenbly, the cursol armis 25translated toward the nol di ng
station, which is still closed, formng the nold articles. As the cursol
armslides forward, the vacuum hand stru86tre rotates into a vertical
position so that the vacuum plate and the recesses there are properly
oriented for receiving the 30nold articles. The cursol armcones to a
tenporary hdl hegeini theétpréferred embodiment oof t thiperssembly t he 35

25 1 0PPOS! BGmft E0EL1S EPEIAUE bAI'F SR mdCHRALSR I Godrtiaeprd. -
positioning the Vacuum pl ate adjacent to the nold station el enment to which
the nol ded ar¥ithin tkehasedlerihie mptive structurg 1%y anthtodi nent, it

IS inportant f&tigﬁﬁgtggg éf@aﬂggguggzﬂfagefétggﬁgaﬁxlto t he vacuum head by
resilient m?_)ans, For exIatrrpiIse usr{dlelrcsotnoe eéllaotmthaemi'e%esses 275 of the
flipper assembly are preferably coupled to a vacuum
means so that the articles may be secured within the
recesses during inversion. In addition, it is highly
preferable that the vacuum means be selectively
l0 disengagable so that the articles may be reliably
released from the recesses 275 when deposition of the
articles into the second assembly is appropriate.
Once the platform 274 has inverted, therein
inverting the articles disposed therein, the flipper 270
15drops the articles into the recesses 235 of a second
assembly 230 which is generally similar to the second
assembly 30 of the first apparatus 10. This version of
the second assembly comprises a platform 234 having
recesses 235, a translating carriage structure 239, and
20 a support frame 236 forming linear tracks 238 along
which the translating carriage structure 239
reciprocates from the second location to the third
location. As before, as well, this version of the
invention includes means within the support frame 236
25 for lifting the platform 234 vertically to meet the
flipper element and to receive the articles therefrom
with the least exposure of the molds. It is understood
that a variety of different means for lifting the
platform would be suitable, for example a selectively
30extendable piston coupled between the bottom of the
platform and the carriage structure, or a ballscrew and
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linear slide. At this nonent in the transport cycle, the vacuumplate is in
Its extended state as no vacuum can 10 be nmintained in the vacuum pl ate
because the recesses of the plate are enpty. A set of ejector pins within
the nol ding station elenment are extended, therein pushing the nol ded
articles out of the concave recesses in the nolding station elenent, and
pushing theminto the 15 recesses of tha8Aacuumplate. |f the ejector pins
push the nolded articles too far into the recesses, the bell owed nounting
silicone cups are conpressed under the |load, noving the plate back, and

therei n enshmatPT: KRl vien SYRReR-s & ithes PXefessedi sbgsiment pficbathd

sections 20 & iadtionés e the sekondh asBembllpe 306C239€ES thee subsequent act
of drawi ng a ,vacuym.i.n the plate g%lh Ehov'de,suffi i ent, suction_to draw
the articles ¥ atleg Merans.dbsOeth the herigepfal,anf ¥Thicati on, the

external 25r plhatlest Azerbothd balli sceewcnethahisibe aneuhavingnaat the base

W thin ¢ ne Dreesiest SEIRREARIRRe L Eh8 bEHSK BRifR; bobarbRfal! Thelpiate
secures t he desdedbdkeecfiont $hei hbrhzohtapl hatlwecrewsedrineatebaishey 30causi ng
the sili CO”emBthQ&BHEQhRﬁt tAE! supPSFEP¥rRML! 596, 1 BaaPESE exguay from the
nol d and closer to the vacuum

vertical ball screw element to be mounted in the

translating carriage structure 239.

10 Once the articles have been placed into the
recesses 235 of the second assembly 230, the platform is
lowered and translated to the third position via the
translating carriage structure 239 which moves
horizontally along tracks 238. At the third location the

15 1lifting means again raises the platform 234, this time
to meet the third assembly 240, which extracts the
articles therefrom.

The third assembly 240 of the second apparatus
210, which comprises a similar set of elements as the

20 third assembly 40 of the first apparatus 10, further has
a support body 246 which is motively coupled to a track
248 which has means for translating the assembly from
the third location to the fourth location, and to lower
{and raise) the platform to (from) the second assembly

25230 or the pallet 250 during exchange of the articles.

As before, it is preferred that ball screw elements,
both horizontally and vertically oriented be used to
motively translate the appropriate assembly elements. In
addition, also, the third assembly 240 rotates in the
30horizontal plane while transporting the articles to the
fourth location for deposition, for example into a
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35 -26- 1 head. It is understood that one skilled in the art m ght
substitute equivalent neans for resiliently nounting the vacuumplate to

t he vacuum head, for 5 exanple with vacuum pi stons and bi asi ng springs, or
wi th an actuatable air cylinder. These are equival ent means whi ch, al ong
with a nyriad of other equival encies, are anticipated herein and are within
t he broad scope of the invention. 10 -38- Once the articles have been
secured within the recesses, the cursol arm begins to reciprocate back
toward the second location, to the waiting second assenbly. As the cursol
arn1reC|prdcaBéiebathetheanacﬁan1hmadrtsngothﬁeEOEGEAOnsbsthat t he

recesses Of phBeliabayead aifl postdeds auRLAg Shequaseundeautonn he

pl ate keepin e ar e recesses fhe plate in a
retracted postopsm AR #netbﬁlfééﬁé BBPABALUS ntf Fh% IPPEPPLEALS | vy has

reciprocatedpghhet 250 is not present at the fourth location at the
5 appropriate time for deposition, the third assembly 240
transports the articles back to an intermediate
position, between the third and fourth locations, and
releases the articles into a bin 260.
It is to be understood that, as with respect
10 to the first apparatus, control means may be provided to
move the various elements of this apparatus in the
desired sequence, and to interrupt or terminate
operation of the apparatus under predetermined
conditions. For instance, one or more timers may be
15 provided and programmed to generate signals to initiate
movement of the assemblies. Timers may also be provided
and programmed to operate solenoid activated valves that
connect the bellowed fingers of the first assembly,
vacuum head, and the vacuum lines to positive and
20 negative pressure sources at the desired times.
Position sensors may also be used to initiate movement
of the assemblies and to operate the above-mentioned
valves, in response to various other assembly parts such
as the vacuum hand, the flipper assembly, or the second
25 assembly reaching their corresponding predetermined
positions.

In addition, sensors may be provided to
determine if each of the bellowed fingers 22, or the
recesses in the platforms of subsequent assemblies,

30receives a respective one contact lens mold section from
the mold. Sensors may further by employed to determine
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20 the way back to the second |ocation, with the vacuum plate rotated down
and- di sposed directly above the platformof the second assenbly, the first
assenbly stops. The second assenbly rises slightly via a vertical ballscrew
mechanism bringing its platformcloser to the 25 plate, with the recesses
of each surface aligned for easy article fqansference. It is understood
that a variety of equival encies nay be supbstituted for the ball screw
mechanismfor lifting the platformof the second assenbly, such as a

mechani cal | V1 YHiHil the® athlade® 1ehs’ WG TG ondl dpigtgerlly f1. These

equi val enci es are anti Ci ereln an erefore, 'inCorporated as 35
-27- 1 reasondansfgrired Syeomithen£izsds asseapdyditee FUbSRIUERts moment t he.

vacuum i s rel gagehpilldl. N Foie ekampl®,Psakch Sbnkbesk mayt besledakrd therein

rel easing the vacuunlgrlgpon t he nnld,artlcles. ILn sQme 5 vyari,ations of his
embodi ment , t #@dy FEBSH it eR§€s§§r€§uﬁPe&hﬁdFHCFHSnagﬁPF§a¥FﬁﬂlBg BBsitive
pressure to ®ither Belhowedegingersl, rbeesBkd,saflli vaGuunnplatiforms of

the flipper, second and third assemblies.
To elaborate, when contact lens mold section

are properly mounted on all of the bellowed fingers 22,
and the bellows 410 are connected to a low pressure

10 source, the pressure inside the internal plenums 418 and
lines 26 leading to the fingers is reduced to a
predetermined level. In contrast, if contact lens mold
sections do not seal the tips of all of the bellows
fingers 414, when those bellows 410 are connected to the

15 low pressure source, the pressure inside the lines 26
and plenums 418 is not reduced to the vacuum securing
level. Thus, the pressure inside the lines and internal
plenums is an indication of whether contact lens mold
sections are mounted on all of the bellows, and a

20 pressure sensor may be employed to generate a signal or
an alarm to indicate when a contact lens mold section is
missing from one of the bellows. _

The most important difference between the

first apparatus 10 and the second apparatus 210 is

25understood to be the inclusion of an additional assembly
270 which flips the articles over. The function and
relation of all of the assemblies which comprise
apparatus 210, which together form the second embodiment
of the present invention, having been individually

30described in detail in the foregoing discussion are now
described in relation to one another.
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case, the release of the vacuum causes the vacuum plate to extend downward
to its extended position by the 10 resilient coupling silicone bellows.
Once the articles have been transferred, the platformof the second
assenbly drops and begins to slide fromthe second |ocation to the third

| ocation. As this happens the first asseghly begins to reciprocate
15forward, and the vacuumplate rotates back into its vertical position
(back in its extended state). By the tinme that the first assenbly has

rotated thejpl ate vertineféyrm@dnbaswarigdrénaanaicima{-mwioixhe nol d
' t hird,l ocati on,

tati b nbly _h hed the. 20
Ee?o&??hgpﬁg:?&ﬁﬁgfﬁ?rgaggge%%%@l%%ét?§s§%g$8b§? Rﬂ%1€ %ﬁv?ﬂ% pl ate of t he
t hi rd assenbl funictipsnsovart bedemit tline dhtéﬁrmefasmmeMI y, and
th ticl t ,
sugharatsI \Sverez nor e ﬁ‘f‘?‘; JSdéejscr &)’b ove %%ce t &H#s@%xngg;n

extracted bp apparatusi, adsmiblzys thee senrmduer@q&lment |csiesthm present at ed

ggg?ﬁgrtegssl(f%ﬁ;ﬁwk r? trﬁ%é’ocﬁﬁ?aqél onté%g}%taneous W t Eet hgn?hl rd

assenbl y rot AsFepbkes éttmh fynatian ashdepgribed ahaveon cparatases and

in the following manner. Beginning with the initial
forward motion of the first assembly, the cursol arm is
10 translated toward the molding station, which is still
closed, forming the mold articles. As the cursol arm
slides forward, the vacuum hand structure rotates into a
vertical position so that the vacuum plate and the
fingers which extend outwardly therefrom are properly
15 oriented for receiving the mold articles. The cursol arm
comes to a temporary halt as it waits for the mold
station to open. Once the opposing elements separate,
the cursol arm translates forward, positioning the
bellowed fingers adjacent to the mold station element to
20which the molded articles remain adhered. It is
important to note that, with no artificially applied
force, the resilient bellowed fingers are in their
extended state. . |
Once the fingers are in position, a set of
25ejector pins within the molding station element are
extended to push the molded articles off the convex
protuberances to which the articles have adhered and
onto the tips of the bellowed fingers. The bellowed
fingers have a cup shaped tip, the external rim of which
30contacts the annular rim of the molded article, therein
together forming sealed internal volumes in each of the
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35 -28- 1 the first assenbly enters to extract a new batch of articles
fromthe station. At the sane tine, the second assenbly reciprocates back
to the left, nmoving back to the second |ocation to receive the new batch of
5 articles. By the tine that the third assenbly reaches the fourth

| ocation, the first assenbly has slid bddk to the second | ocation and has
rotated the hand to the horizontal position for depositing the articles
into the 10platformrecesses of the second assenbly. At the fourth

| ocation, thbellAowedasiagers.difpsheorieatardpposi pushhsher mpdded, for
exanpl e onto t el NgE [ [ b oS b Mgl u ' nd
i ar to {AEtAGeS; peklnd ERRTELRRY Che) Fepf1Tent Y1 hB0FR FaltblOSS )
assenbl y. 15under the lgadpetharedn gBsubingrthat the meidt 88CckieRSto the

orientation hpa ﬁseeaahagearttflegefﬁematQecﬁfsﬁadaeéssablgushé@ £afst
assenbly bgglns to slide forward aggln fo extract anoti her batch of articles

f
whi ch are bbPREUEBLPUEWREG towaRd RRe FHRA’TS: | bhe Shbse@uent

drawing of a vacuum in the fingers provides sufficient
suction to draw the articles fully onto the finger tips.
By drawing a vacuum in this volume, the first assembly
secures the molded elements to the fingers while

10 simultaneously causing the bellowed fingers to retract.
In this partially retracted state the length of the
fingers may be reduced by as much as half.

Once the articles have been secured to the
tips of the fingers, the cursocl arm begins to

15 reciprocate back toward the second location, to the
waiting flipper assembly. As the cursol arm reciprocates
back, the hand rotates down, so that the retracted
fingers are directed downward. The vacuum drawn in the
hand keeps the articles secured to the tips of the

20 fingers.

Once the first assembly has reciprocated all
the way back, with the vacuum plate rotated down and
disposed directly above the platform of the flipper
assembly and the fingers aligned for deposition of the

25 articles into the recesses of the platform, the flipper
assembly rises slightly. The release of the vacuum in
the fingers (or the application of a positive pressure}
causes the articles to drop from the tips of the fingers
into the recesses of the flipper plate.

30 Once the articles have been déposited a vacuum
is drawn in the flipper plate to secure the articles
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20second assenbly slides to the third location to give up its articles to
the third assenbly. Thus the repetitive cycle of the first apparatus, which
is to transport a batch of back curve articles froma nolding station at a
first location to a fourth | ocation, has been 25 illustrated. The advant age
of this apparatus over a single assenbl y4gesign in which the back curves
are extracted fromthe nolding station and noved to the manufacturing |ine
by one assenbly, is that the distance and velocity 30whi ch each assenbly
needs to attlawithiint BRepregessesnvant thisi poiaduehe dwtiofesharéransport of

e o 3 oAt EL pRePHERE, pEtnoEhoEh Sontar: st e hiRe bR r bR, Y
transl ation iTheofitifperdplste drops downFRObim CURVEL IGASEPCRIewSSEABLI ES
o o onpb e ELOH. Bha Zocdtds 190-BoqPlls | pulAtngochs bEERIgET! O
articles, sdcever and correspondingly inverting the mold sections.
At the time that the flipper plate rotates,
the first assembly begins to move forward toward the
molding station and that vacuum head reorients into a
vertical alignment.
10 The transference of the articles from the
flipper assembly to the second assembly occurs next. The
second assembly rises up to meet the inverted flipper
assembly such that the recesses in the platforms of each
assembly are aligned. At this moment the wvacuum is
15 released within the flipper assembly (and preferably a
positive pressure is applied), therein releasing the
vacuum grip on the mold articles. At this time a vacuum
may be drawn in the recesses of the second assembly as a
precaution to insure the secure fixation of the articles
20within the recesses.
Once the articles have been transferred, the
platform of the second assembly drops and begins to
slide from the second location to the third location. As
this happens the platform of the flipper assembly
25 rotates back so that its recesses are facing upward to
anticipate the arrival of the next batch of articles. At
this time also, the mold station separates allowing the
first assembly in to retrieve the next batch of
articles. )
30 By the time that the first assembly has
entered the mold station, the second assembly has
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as the front curve contact lens nold halves, froma 10 first |ocation, such
as an injection nolding station 212, to a renote | ocation, such as a pallet
250 on a contact lens fabrication line 252. This enbodi ment includes
assenbl i es 220, 230, 240 which are very simlar in formand function to the
simlar assenblies described 15 above w43+ respect to the apparatus which
transports back curve nold halves fromthe nold to the pallet. The

di fferences between the first and second apparatus being those related to

t he additi chaeasheg ahefthﬁpﬂngochaianbiahdsistD@Sdéé@nedrbwﬂbvhthas

descrt bed eapki €ing! 120" Ha3LnbpYCTHB! deBES (IS piate’ B Lh8! ek

i njection nolding on conpris sin r st
of whi ch hasa§5¢@§&Yalsalpu9rgd'cbﬁv@ﬁapﬁoPﬁbéhﬁné§§lﬁHléﬁeﬁréhéftgned mnth

an array of EQQEﬁHEYVSfeﬁﬁésmbﬂnihﬁﬁOPEQSMEQtf@ﬁé Eiaihérﬁeéﬁnéhé|e”9”t
The 25 optical shaping surface o ront curve the interior

surface of % ReCPRI AFERMDLY ) T #ﬁesﬁﬁﬂﬁ¢aﬁ?ﬁ?mﬂbydééﬁ?§b§f?99t H® ni i zi ng

contact withméde eRéi lzaiveﬁeaf pretefof hehavtldli—@adﬁséﬂblﬁﬁ inoptdenir ves
remai ni ng adhere to_t he_conv rotubera ration of the

mol d stati ont @I %tgh91ﬂ§3?$f§¥ %S?eﬁ%l?“ggg;%fa?h8°§§4 * appar at us 210,

which is shown 35 The manner in which the articles are
transferred from the second assembly to the third

10 assembly may be achieved in two different ways, each of
which is functional, but each comprising different
embodiments of the third assembly. Both variations
include ejector pins in the platform of the second
assembly which push the articles out of the recesses of

15the platform and push them to a position from which they
may be easily received by the third assembly. In the
first variation, the third assembly comprises a vacuum
plate which has recesses, into which the raised articles
are pushed, after which a vacuum system is engaged to

20 secure the articles in place. In the second variation,
the third assembly comprises an array of bellowed
fingers, similar in function to the bellowed fingers of
the first assembly, onto which the ejectbr pins push the
articles. A vacuum system is subsequently engaged to

25secure the articles in place.

Once the articles have been extracted by the
third assembly, the receiving plate rises up, is rotated
90 degrees (thereby rotating the articles) in the
horizontal plane, and begins to slide back to the fourth

30location. Simultaneous with the third assembly rotating
the receiving plate, the second assembly drops down and
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-30- 1 in Figure 5 and nore particularly in Figure 2b, therefore, extracts
the articles fromtheir convex side (at the annular ring which extends
beyond t he edge of the cup 452, as shown in Figures 13a and 13b). 5

Wth particular reference now to Figures 2b, 5, and 14, the vacuum head
structure 102 of first assenbly 220 conpgises a hand 102 which includes an
array of resilient fingers 22, extending uniformy froma vacuum plate 24
which is coupled to the cursol arm 104 10via the nmounting neans and the

tim n? be:ctl Jmﬁuéé Wd_ 12 tﬁ'{lé éeﬂszﬁiz dw%cﬁddieﬁi e receive ft(h&t aelxt! ens nol d
articles fromt nol di chine aft.er the_opposin enents separate,
and to rel ea&oﬁ@‘r&#@f&%& eqn"'\?gh iféllé’fe\%lalséef'ﬁ’&yﬂa & $325and cursol-
arm 104 trandimes, theadddingmsttiatifonr diad sephairatedo ande thecfiaskocat i on.
The enbodi nent_ _of .t vac Il [;a 1.0, Fi s.¢b, 5, and
14, shows fi%ﬁ%%mggggga%éé%%gggﬁgg#ﬁ%ﬁgkgﬁggégu%§g4bg? #ggéﬁbg | ows
structure eﬁabmdslﬁheftbqg¢hs 22atdonstract if an external 20 pressure (or
internal vacuum is apﬂ&'%ﬁe t3meNenh@" VRkdthird assembly reaches

the fourth location and drops to deposit the articles in
a receptacle, such as a pallet, the first assembly has
slid back to the second location and has rotated the

l0hand to the horizontal position for depositing the
articles into the platform recesses of the flipper
assembly. The flipper assembly has correspondingly risen
to receive the next batch of articles, as the second
assembly has arrived at the second location and prepares

15to rise to receive the articles from the flipper, once
it has rotated.

As the fourth assembly rises and rotates back
to the orientation for receiving articles from the
second assembly, the first assembly releases the

20 articles into the flipper assembly and the repetitive
cycle of the apparatus begins again.

The operation of the above-described apparatus
210, as each set of contact lens mold sections is moved
from mold to one of the pallets, the spatial

25 relationships of the lens mold sections in the set are
preserved. In particular, the lens mold sections in
each set of lens mold sections form a matrix array that
is preserved as the lens mold sections are moved through
apparatus. .

30 Throughout this repetitive cycle, and
continuing down the assembly line, a spatial
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nost extended position, the hand 102 and cursol arm 104 align the bell owed
fingers 22, which are in their fully extended state as well, between the
separ at ed opposing el enments of the nol ding machine 212, as shown in Figure
255. In this position, each of the fingers 22 is aligned with a respective
one of the convex protuberances of the €§%+espondi ng opposing el enent (not
shown) and, thus, with a respective one of the articles forned in those
nold cavities. Ejector pins (not shown) are used to push 30t he forned

articles offL télbat:mrvmprmapﬂm gmeste et ib&memga@we]:ﬂnswimdid he ext ended
B gure. 14, odSCHIoN, hssT Sy (ase places G BB DRSS vl U FTTE 1€
ext endi ng anrdrlming esubsequeEnt tha;tdlfmgmrammtmdﬁw slﬁns amﬂdup shaped ti p
\A,\f%gnog :‘NPIOSIP gcurve | saﬁngn?%ﬁ#gldt%q?ﬁe%wnﬁ nger &?ﬁg Sﬁlnﬁ[ ar
flange 402 Sbatween dhe Qantackensesniasmes be tweer aachdPadranful ar
suction-cup tijheAhb1d ddttions. Under these circumstances, the
spatial position of the mold sections and even of the
formed contact lenses indicate the mold cavity in which
either the mold sections or the mold sections add to
1O make the contact lenses were made. In this case, if
flaws are detected in contact lenses, and operator can
readily determine the mold cavity or cavities in which
the lens mold sections, which were used to make the
contact lenses, were themselves made.
15
PACKAGING TRANSPORT ASSEMBLIES
Unlike the front and back curve mold transport
apparatus, the packaging transport apparatus does not
maintain the spatial relationship of the articles as a
20 constant through the transport from mold station to
pallet, but translates the array in a predetermined
manner, which if desired, would enable tracking of
individual articles from individual mold stations.
The third embodiment, described hereinbelow,
25is an apparatus which is directed to the removal,
transport, and depositing of injection molded articles
which form the package recepticle in which contact
lenses may be inspected, stored, shipped, and/or sold.
Referring now to Figures 2c, 9-12, and 14, the
30third apparatus comprises assemblies which are generally
similar to the common assemblies of the embodiments
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bel |l owed finger 22, therewith form ng a seal ed volune 10416 within the
finger. In this way, the optical surface 401 is not touched by the bell owed
finger 22. As stated above, the bellowed fingers 22 extend outward froma
vacuum pl ate 24, the vacuum plate conprising at |east one internal plenum
418 connecting 15the volume within the suogg-on cup tips 414 of the bell owed
fingers 22 in gas flow comuni cation with vacuumlines 26. In the

enbodi mrent shown in Figures 2b and 14, the individual vacuumlines 26 nerge
at a node 2821@eb@mﬁb@dsbmgb&ouaayunmhbngeﬁaralhasbembmdessare a0fiphsth may

bel | owed 11 nger03ars TabByinSy Sher BRiRrA, PrkREgTHE . RR1EPR P port o
In particul ar, meldéngpstasios tayabsedend dpedtingide Se¢¢u¢533Q0f¢n hel p
move the arti C't?ﬁn@%&?t&ﬁg PRk gﬁbai{agommlg %Séﬁﬁﬁeio i &hado !

pressure may b taine arti ?es t her eon
as the hand ﬁbﬂhi§dtréﬁglat§51¥@ apsembiyndd po€9¥|§ﬂm°V%@m &t | ow pressure

i s drawn, the Betieyned ff&ﬁe{:ﬁe23e66ﬁda£§séﬁb9@{rda£ hend agniva Pladf 2dh i

30accordance mnth their resilienc gressure source that is
connected to 38nd transporting th to a rec iving structure 350 at a

fourth location, for example a pallet on a manufacturing
line 52. The specific differences between the previous
10 apparatus and the present apparatus, as alluded to
above, is that the second and third assemblies 330, 340
of this apparatus 310 carry out the additional steps of
altering the spatial loci of the articles with respect
to one another. The spatial relationship of the
l5articles, and their array relationship is altered from
an original 4x4 array, which is desirable from a mold
efficiency standpoint to a 2x8 array which facilitates
optical inspection by automated lens inspection system.
The first assembly 330 of this apparatus is
20 structurally similar to the first assembly 220 of the
front curve transport apparatus in that it preferably
comprises a vacuum head 302 having bellowed fingers 22
which extend outward from a vacuum plate 324, and which
receive the packaging articles at the tips 414 of those
25fingers 22. The operative timing of this assembly,
especially with respect to the functions of the other
assemblies is particular to this apparatus, and shall be
discussed below, with respect to Figure 12.
The second assembly 330 comprises a set of
30parallel elongate blocks 334, preferably four, coupled
to one another in a substantially co-planar manner,
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-32- 1 bellows vacuum pl ate 24 may be, for exanple, a vacuumventuri or a
vacuum punp, or a source of pressure, referred to as a negative pressure,
that is | ess than the anbient pressure. Al so, preferably, that at least 5
one internal plenum 418 within the vacuum plate 24, which connect each of
t he bellowed fingers 22 of the hand 102,_+ﬁ_a si ngl e common pl enum whi ch
connects the fingers to the vacuum i ne. a preferred variation of the
illustrated enbodi nent, a sol enoid controlled val ve 10(not shown) may be

| ocated in t I vacuumin
t he pl enum aggwﬂﬁée%g]t%rou % é&’;{- ‘%l ve é;e{el%//eac%tﬁ%‘f%d:’ajnﬁ re eaésrhﬁg t he
vacuum in t he Blatfmmm. fEangr@f Xhe plongatel bllncks 337t ingludes) & ingyers 22
are 15 conpresrséégﬁ,ﬁa% tRated heds Ny af?%]ose &rf hggnergy and

nonent um of the cont | ens nol d sectl ons sectlons are

transferred frkRfeiIihd Autiqlrs deppsited tharaan dxvthe idstont act | ens
nol d secti ong LdendAl ¢ 135S et hunbRP ¥ d:e%la&xh(hgt e 130%s péz at a

20relatively r1:1% %%elld 1\@ ta Os%t p(}arp%la%q.y fouerf,orw@enr%lnh the total

number of ports is sixteen, in a biaxially perpendicular
array of four by four. For the purposes of describing
the operative function of this element, the array of

10 receiving ports may be divided into two groups, a right
group 337 and a left group 333. The right group 337 is
defined as the two by four array which is the right half
of the receiving ports 335, the left group 333 is '
defined as the two by four array which is the left half

150f the ports. The blocks 334 are held in the parallel
alignment by a pair of linear guide rails 370, on which
rails the blocks may be translated along a single axis.
The means of this translation is a set of hydraulic
piston/ cylinder elements 371,372.

20 More specifically, the blocks 334 may be
laterally repositioned, reciprocated between an open and
a closed position, with respect to one another by means
of extending and retracting piston/cylinder elements
371,372 to which the blocks are motively coupled.

25Referring now particularly to Figure 10, the blocks 334
of this assembly are shown in an open position. In this
illustration the first and third blocks are coupled by
one piston cylinder assembly 371, whereby retraction of
the piston draws them together. The third and fourth

30blocks are similarly mounted to a second piston/cylinder
element 372 which can draw the fourth block toward the
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contact lens nold sections, even if those nobld sections are not conpletely
solidified or hardened when they are transferred to the bellows. Problens
associated with nechanical variation in separation distance of the 25
opposing elenents interfering with consistent and proper renoval of the
nol d halves fromthe nold 212, are solygg_with resilient and conpressible
fingers 22. A neans for providing a positive pressure within the bell owed
fingers 22 may al so be provided, via 30the sanme vacuum line 32 through

\gﬁ;i ch tgg wiewﬂals%dgeaﬂagrﬁg@b@mwp ﬁpﬁéﬂyléﬁmudé{)@ W?'ﬁ@}@f@i d val ve
Lo break anycHbhati Co Lae Y ERT I SR BeAndeve | B OB RIARES 17 St B sect | on
and the tip did, ofhémeadeldtodd diawatheZguide plates tsgethemeimtearly
under 000, 40 fdsts SRl Ble 5 5L EIELRESH A O (e
recesses i § wisthl; theix (propexomabmpadtuvibed position.
The articles are deposited by the first

assembly 320 onto the platform (blocks 334) of the

second assembly when the blocks are in their open

position.

10 In operation, from an open position, the first
and third blocks are drawn together by retraction of the
first piston 371, then the second piston 372 draws the
fourth block in. Once the guide plates 375,376 are drawn
into the blocks, to center them, the fully retracted

15 position the blocks are in full contact with one another
and therein define a continuous platform. Articles
deposited on the receiving ports 335 of the blocks 34
when the blocks are separated are thereby spatially
reoriented with respect to each other in the one

20 direction of retraction.

The entire block and piston subassembly is
mounted to a frame 339 which is in turn mounted to a
vertically lifting means for raising and lowering the
platform during deposition or retrieval of the articles

25 thereon. This vertically lifting means may comprise a
hydraulic lifting piston, a ballscrew element, a
pneumatic 1lift, a mechanically scissoring lift means, or
any other suitable means for selectively raising and
lowering the frame to which the blocks and pistons are

30mounted. In the preferred embodiment, the vertically
lifting means is a vertically oriented ball screw
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fingers extending froma vacuumplate is used. In the 10first apparatus,
because the back curves are received in an orientation having the nold

hal ves oriented so that they are extending outward with respect to the
receiving plate, in order to ensure that the vul nerable convex surface wll
not be damaged in transport, the prefer+ge-15 variation is the vacuum pl ate
Wi th recesses. In the second apparatus, - because the front curves are
extracted fromthe nolding station in an orientation having its convex
surface facingdhamisiwi th respect to the plate, the preferred variation

conprises the resilient; bell fi t refers variatjqns of
the first assenbly corrprréljsles %@o&%&rﬁ%i C ﬁ're%: plr‘gécjla riégs rlgéd\/nz%;uum .
hand bet ween coulid dte |sadwtiidiutedl in ddeomedanshtassembly £dmithescrew and a
timing belt, aud i /@vAlinifeal leh edread! 7 3 Ui HRlr A RpoNding curve
articles by suction ans. In I S second apparatus, however, the first

assenbl y 220 sepasatet theabdacks 334 ainds the anide pdiates 8039t he
mol di ng st at isgieh? &guilvalleat! medins QnRiueR m@waﬁi%ﬁqg:@d sRIRliwg Rat her,

it 30places the articles in the recessed _ports of a flipper platform 274.
35 extension means, ballscrew elements, geared wheel and
track elements, and other motive means.

All of the above described elements of the

10 second assembly 330 of the third apparatus are mounted
on a track 338 which permits the entire assembly to
reciprocate between second and third locations. This
track comprises a second ball screw mechanism for
translating the assembly. Other equivalent means are

15 functionally similar and may be substituted, but the
preferred mechanism is the ball screw.

Referring now, also, to Figure 11, the third
assembly 340, which picks up and deposits the articles
at a fourth location, such as a pallet 350, suited for

20 receiving the articles, is shown. In this embodiment,
the third assembly comprises a vacuum head 341 mounted
to a support body 346, which is in turn coupled to a
track 348 on which the vacuum head 341 and the support
body 346 reciprocate horizontally from the third

25 location to the fourth location. It is understood that
the motive means by which the vacuum head reciprocates
may comprise a variety of equivalent means, for example
a geared track and a motor driven geared wheel or a
hydraulic piston. The preferred means is a ball screw

30mechanism.

The vacuum head 341 itself is comprised of
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-34- 1 Referring now, also, to Figure 6, the action of the
fingers of the first assenbly 220 are particularly suited for both
receiving the front curves fromthe nolding station 212 and the deposition
of the 5 curves into the flipper assenbly 270. At the nold station, ejector
pins push the articles out to contact theg4tips 414 of the fingers 22,

wher eupon a vacuumis drawn in the interior volune 416 of the finger tips
whi ch secures the articles thereto. The vacuum al so 10causes the bel | owed

fingers 22 t)ﬁg%ﬁaﬁ% ﬁ\A’ﬂﬁBﬁ%‘lt BE1URhE 848MBEAL beﬁ%&éh”f?h&&g' Rg.

addi ti onal ance for as It reciprocates amag romthe nol ding
station. To ehButhet hdlysssakedprpnbariop of thésiapsembi¥stbapeyaret my .

be desirable tQocgeephea¥ar pays118¢ eepPeRAsENI4 beSEiNgeLs 22 “hexhbl e |ines
t oget her and éo one of the structural eleneEi for exa | e thf itatlonary
£l %

support subasSedBeE)d: Ergui HECafGPAEREe WRER Yag¥unnh ?Beﬁe t nsure
that these \§ TREs@rhbpE£ontial 200DimheCcPI® 6Ot Ahggets vekbedeimnetider as the

hand 102 same direction as the reciprocating axis of the third
assembly, and are together correspondingly perpendicular
to the blocks (and receiving ports 335 thereon) and
reciprocating axis of the second assembly. In the

10 preferred variation, the spacing of the fingers 22 of
each plate 344 with respect to the adjacent fingers 22
of the same plate, is equal to the spacing of the 334
blocks of the second assembly 330 when they are in their
retracted position.

15 The separate vacuum plates 344 are coupled to
the vacuum head 341 so that they may be reciprocated
laterally with respect to one another, whereby the
columns 343 of fingers 22 may be moved closer or farther
apart from one another. The preferred means by which

20 this reciprocation is actuated is by at least one small
linear air piston/cylinder 347, although a ball screw
mechanism would be an acceptable substitute. The air
cylinder is preferred for weight minimization reasons.
This relative repositioning, which is uniaxial,

25maintains the columns 343 of fingers 22 in a
substantially parallel alignment.

In the preferred variation, the number of
bellowed fingers 22 per column 343 is equal to twice the
number of blocks 334 in the second assembly 330, therein

30defining a two by eight array of fingers 22. For the
purposes of this description it is understood that this
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and cursol arm 104 reci procate. This sanme expedi ent may be incorporated
Into the enbodi nents of each assenbly of the invention, in each apparatus.
Once the hand 102 has rotated downward and is 25positioned to drop the
secured articles into the flipper 270 assenbly, the vacuumis rel eased
within the finger tips 414. The conbi nedzgf.fects of gravity and the
extendi ng fingers 22 provides anple force for the articles to be gently
pushed fromthe tips 414 of the 30fingers. A variation of this enbodi nent

i ncludes a Qpak%hyeoﬁrgiﬁ&&fsnﬁénﬁaQOBB'aévi&e&hﬁnfacHUEkbhEegEeﬁp35
-35- 1 prOV|d|n€ an _additional presSure to the articles fromwthin the
h

tips to ensurd ﬁBdtﬁeyeaFeQH@BBspﬁéd wherains thgefsontt IFQURNASES st ood
that the art'&é?&ne&"“@@ Bel tR8SPEbL BY Byubhartaysérassngbty 29 whithe fi r st

apparatus 10, ,are.carried to the second | oca ere. t nvex surface
of the articlis $h o ﬁﬁrﬁheTﬂéﬁuﬁWehgﬁé éﬁgeﬁxhﬁeﬁﬁpgglggﬁ into each of

t he subsequé&wolding station 312, and the rear group 353 is defined
to be the two by four array of finge;s which is farther
from the molding station 312. This division of the
fingers into two groups is not purely semantic, as the
fingers 22 of the front group 351 are coupled to one

10 common vacuum drawing means, and the rear group 353 is
coupled to a separate vacuum drawing means. (It is
understood that, in another variation, the two groups
may be separately selectively coupled - by a solenoid -
to the same vacuum drawing means.)

15 In addition, the support body 346 further
comprises a vertical ball screw mechanism 355 for
raising and lowering the vacuum head 341 into position
for receiving and depositing the articles.

The operation of the second and third

20 assemblies 330,340 with respect to one another is
carried out in two steps. The first step of the
operation is to move the vacuum head 341 of the third
assembly 340 fully forward to a first position at the
third location. The second assembly 330 is

25 simultaneously moved along a perpendicular axis to a
second position, which is below the third assembly. In
these corresponding positions the rear group 351 of
fingers 22 of the third assembly 340 is aligned above
the right group 337 of receiving ports 335 in the

30platform (compact blocks 334) of the second assembly
330. Once the assemblies are so aligned, the vacuum head
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assenblies of the apparatus with the convex surface 10 facing down, and are
ultimately placed into a pallet with their convex surfaces down. In the
second apparatus 210, the first assenbly 220 extracts the articles and
carries themto the second |ocation with the convex surfaces facing upward.
15 The second apparatus 210 , t?frefore I ncl udes an addi ti onal
assenbly 270 which receives the articles omthe first assenbly and flips
t hem bef ore depositing themin the second assenbly. In this may the

articles arey  {d: fg% &ﬁ&%&'éﬁé@téﬂé’ AaRRsid Sl iy aF iRRjdr@l 220

convex surface | pper el enent 270 conprises a substantlally flat

pl atform 274 H&8 rkpar raRHRrS 3 1 e (tduddd assemb i gantactotheecei ving a

plurality of aifdtidess ﬁhetmé aftNgehy S IR %déiﬁﬂ@b'o‘t@s%%”uc'f ure

279 whi ch prOV|des for de dent ver and rqtation novenent,
Wher eby the plVASHEH 1% ¥ SHec L IOHBTS Al Ghe, RBSF| BEpUP

assenbly andstﬂmevyorsemmd.ngt ltereelasttlimvesdlt@gwe‘fﬁnpsemuspactng for the
pLALT Or L0 BGR asl e galath B 34008 ! By EBLY O reens T
noti on descri vegt3isally aligned ball screw mechanism in the support
body 346.
The second assembly 330 then continues to the
10 right, moving into the third position of the third
location. The third assembly 340 simultaneously
reciprocates the raised vacuum head 341 backward, by
means of the horizontally aligned ball screw 357, to a
position directly above the second assembly. It is
15understood that the relative motion of the two
assemblies is perpendicular as the axes along which the
assemblies are translated are perpendicular. At this
position the left group 333 of receiving ports 335 is
aligned with the front group 351 of fingers 22 above. At
20 this position the vacuum head 341 is lowered again to
receive the second half of the articles which were
deposited on the platform of the second assembly. Again,
a vacuum is drawn, this time in the front group 351 of
fingers. 22, and the second set of articles are secured
25to the tips 414 of the fingers 22. The vacuum head 341
of the third assembly 340 is then lifted and
reciprocated to the fourth location, and the second
assembly 330 translates back to the second location. The
second assembly must first expand into the article
30receiving configuration, and then it receives a new
batch of packaging articles from the first assembly 320.
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1 herein, the preferred enbodi ment of this assenbly conprises a vertical
bal | screw nmechani sm 291 nounted within the base of the notive structure
279, and a rotating air cylinder 292 for rotation. 5 It is
understood that the recesses 275 of the flipper assenbly are preferably
coupled to a vacuum neans so that the art% cles may be secured within the
recesses during inversion. In addition Ts highly preferable that the
vacuum nmeans be sel ectively 10 di sengagabl e so that the articles may be

reliably relfased fromi&yg é%&ﬁ%ﬁ %&%*HQEP EI%?OQBez }o%kglcles

into the second assenbl yi's "appropria
i nverted, theﬁ@4ﬂ|am¢eMMQn$bWh¢h&rBmtusieﬁhspdsébetﬁecend asgemblypper 270 .

15dr ops e ary alleeh S chl' QpaBInlPess the %gilegsa 23650232 32LP! ¥x2d0 i CN

is generally simlar to e se asse i rst ap aratus 10.
This version EhetK€a§§€6ﬁ6n§§s@ﬁbﬁ?ecéﬁﬁip es &rpmather feoordhsoi ke

recesses 2355tﬁ1&&6%§5&hbng ﬁitékégehétEéihﬁieezaﬁstﬁﬂﬂueﬂénSEEDOFt frame
236 for i ng [inear Lracks 238 glono which the Lrapsiating goriiage
array. The drawing together of the vacuum plates 344 of
the third assembly, during the reciprocation back to the
fourth location, completes the two axis spatial
10distribution change in the separation distance of
adjacent articles. The 2x8 pallet 350 which receives the
articles at the fourth location is correspondingly
characterized by a matching array of receiving ports
which is aligned to the altered distribution of the
15 articles.

Referring now to Figure 12, the time-function
chdrt of the packaging transport apparatus shown. The
third embodiment of the present invention, having first,
second, and third assemblies which function as described

20 above, operate in the following manner. Beginning with
the initial forward motion of the first assembly, the
cursol arm is translated toward the molding station,
which is still closed, forming the mold articles. As the
cursol arm slides forward, the vacuum hand structure

25rotates into a vertical position so that the vacuum
platé and the fingers which extend outwardly therefrom
are properly oriented for receiving the mold articles.
' The cursol arm comes to a temporary halt as it waits for
the mold station to open. Once the opposing elements
30separate, the cursol arm translates forward, positioning
the bellowed fingers adjacent to the mold station
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reci procates fromthe second |location to the third |location. As before, as
well, this version of the invention includes neans within the support frane
236 25for lifting the platform 234 vertically to neet the flipper el enent
and to receive the articles therefromw th the | east exposure of the nolds.
It is understood that a variety of diffeygent neans for lifting the platform
woul d be suitable, for exanple a selectively 30 extendabl e piston coupled
bet ween the bottom of the platformand the carriage structure, or a '

bal | screw apcedment -t/ -whidPtthe did1deds paickaginy tdre: ilelse remad ianbodi nent
of Dot Var ! Slhan ! BN SSeent ARCTY Rl oIk Wikl aC) on, means 1
having a 5 varttifdcialiigntapplded tforcet,hehebaies] llientz betldowetdt s
support. frand TAETRATS dF R Lre eXteRe, SREE o\, ol ement to be mounted i n
the transl afing carri agmacet thet fiage3s. are in position, a set of

ejector pins within the molding station element are

extended to push the packaging articles out of the mold

and onto the tips of the bellowed fingers. The bellowed

fingers have a cup shaped tip, the external rim of which

10 contacts a flat surface of the molded article, therein
together forming sealed internal volumes in each of the
bellowed fingers. If the ejector pins push the molded
articles beyond the tips, the resilient fingers compress
under the load, therein ensuring that neither the

15 fingers nor the molded articles are damaged. If the mold
sections are not pushed far enough outward toward the
fingers, the subsequent drawing of a vacuum in the
fingers provides sufficient suction to draw the articles
fully onto the finger tips.

20 By drawing a vacuum in this volume, the first
assembly secures the articles to the fingers while
simultaneously causing the bellowed fingers to retract.
In this partially retracted state the length of the
fingers may be reduced by as much as half.

25 Once the articles have been secured to the
tips of the fingers, the cursol arm begins to
reciprocate back toward the second location, to the
waiting second assembly. During this stroke of the
reciprocation the vacuum head of the first assembly

30rotates horizontally and pauses at an intermediate
location. If the second assembly is not in proper
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10 Once the articles have been placed into the recesses 235 of the
second assenbly 230, the platformis |Iowered and translated to the third
position via the translating carriage structure 239 whi ch noves

hori zontally along tracks 238. At the third location the 15 |lifting neans
again raises the platform 234, this time to neet the third assenbly 240,
which extracts the articles therefrom TheSbhird assenbly 240 of the second
apparatus 210, which conprises a simlar set of elenents as the 20 third
assenbly 40 of the first apparatus 10, further has a support body 246 which
is motively cdupeediving pesttions vhe cacuum ninche ofingens s | ng t he
assenbly from ! pe1bhiéd dREANE EOLETES fété&dftect AL Y dropgupr (and
raise) the platformto (from t second assenb 25230 or the pal l et 250 -
duri ng exchangel® $°t¢1er%ﬁ%jr‘b'rfé% JAS bt drtels qufst'pr%ﬁ%qlhambdﬁ screw

el enents, both fedngDited |Daditd/ aiid Gl vAny lpﬁ”ﬂlﬁt(idiﬁ YSEFFdrit BE itHd Y
translate t he S@gﬁg@{late assen3?¥ el ement addltlon al so, the third
assenbly 240 P 9 %3t Ofoh SHe, SRS i’zﬁ%{ R retate%s 58 @ ng t he
articles to thevdrttirddl loxcantatijon, dnaothe @irstoassemillye priejpar@s3to
extract another set of articles once the mold station

opens.
In the case that the second assembly is in

10 proper receiving position at the second position, the
first aésembly continues from the intermediate position
to the second location for deposition of the articles
onto the second assembly. Once the assemblies are
properly positioned, the second assembly rises up so

15 that the fingers extending downward from the horizontal
vacuum plate, and the articles secure thereto contact
the receiving ports of the second assembly. At this time
the vacuum in the fingers is released and a vacuum in
the receiving ports is drawn, therein securing the

20 articles to the blocks.

As the vacuum hand rotates vertically and the
cursol arm translates forward from the second location,
the second assembly drops back to its reciprocating
position and begins the operation of altering the

25spatial separation of the blocks with respect to one
another. The step of the drawing together of the blocks
to the retracted position happens in three stages, via
the contraction of three piston/cylinder assemblies; the
first step being the drawing together of the inner two

30blocks, followed immediately by the outer two blocks,
and followed thereby the contraction of the guide
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-38- 1 pallet. The neans for inparting the rotation is preferably an air
cylinder, having 90 degree rotation stops. As in the first apparatus, if
the appropriate pallet 250 is not present at the fourth |ocation at the 5
appropriate tinme for deposition, the third assenbly 240 transports the
articles back to an internedi ate position, between the third and fourth

| ocations, and releases the articles inteS5a-bin 260. It is to be understood
that, as with respect 10to the first apparatus, control neans may be

provi ded to nove the various elenents of this apparatus in the desired
sequence, and pbateserrupt or terninate operation of the apparatus under

predet er mi ned condi ti ons nggr chds @ﬁ&g P egghgpéebé%ﬂﬁéénE?Xcégd1éh%

provi ded and progranned 0 genera e SI novenent ~of

assenbl i es. TW$§¢@ﬂdm@B$¢mhlEeS%#Qﬁﬁcﬁ@l%@QI{#@@tanﬁ%da@0169@¥@§@1%%$en0|d
activated val vgssi$ifdn COPRE Cdeddird 154 DVESh foA0ERS Eﬁlfbelééééioﬁﬁsfﬁ@|y,

vacuum head, _and  t he_vacuum |l ines to paqsitive and, 20negative pressure

sources at tBeVafdss riQF t§hRsthindassamilsn kR POt PR oL ER TR-¥W TXPYRII t at e

nmovement of fingers above the right group of receiving ports.
With the receiving ports positioned below, the vacuum
head of the third assembly drops, via the vertical
ballscrew drive, to pick up the first half of the
10 articles.

Once the articles are secured to the fingers,
by a drawn vacuum in the rear group thereof, the vacuum
head of the third assembly is raised by the vertical
ballscrew drive and is translated back toward the

15 intermediate pick up position {the fourth position at
the third location). Simultaneous with the motion of the
vacuum head of the third assembly, the second assembly
continues to move to the right, therein positioning
itself so that the left group of receiving ports, and

20 the remaining group of articles, are aligned below the
front group of fingers of the third assembly.

Once the assemblies are properly aligned, the
third assembly drops so that the front group of fingers
contacts the left group of articles to pick them up. As

25the third assembly drops and picks up the second set of
articles, the mold station opens and the first assembly
slides into position to receive a new batch of articles.

Once the second set of articles has been
picked up by the third assembly wvacuum head, the vacuum

30head rises via the vertical ballscrew drive, and is
translated back to the fourth location via the
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of the assenblies and to operate the above-nentioned valves, in response to
various other assenbly parts such as the vacuum hand, the flipper assenbly,
or the second 25assenbly reaching their correspondi ng predeterm ned

positions. In addition, sensors may be provided to determne if each of the
bel l owed fingers 22, or the recesses in thﬁ pl atforns of subseduent

assenbl i es, 30receives a respective one co {act Iens mold section fromthe
nol d. Sensors nay further by enployed to determ ne 35 -39- 1 whether the

I d f bl
comt et ene A EEEHLETELE JLARTAV YR CIL S L1 W e SooorEl
sense the pr essweasum relates uzf i e |ithiasd | assbnbly are tdmwie|togedthen nger s,

To ol abor ate, vhbrhoRad O ity | A R Al Bldelvel SRR | G

the bel |l oned fidfcthe BXtigieshe bell ows 410 are connected to a | ow
pressure 5 It is as the third assembly moves together

that the second assembly moves left, back into position
to receive a new batch of articles from the first
assembly. Once in position at the second location, the
piston/cylinder elements of the second assembly extend,

10 therein moving the blocks and guide plates into their
spaced arrangement.

By the time the second assembly has reached
the second location, the first assembly has already
received the new batch of articles and is moving back to

15 deposit them into the receiving ports of the second
assembly as described above. It is as the first assembly
is moving back to deposit the articles that the third
assembly moves into position above the pallet at fourth
location and the vertical ballscrew drive engages again

20 to lower the vacuum head and fingers into contact
therewith. Once in position to drop the articles, the
third assembly releases its vacuum and the articles are
deposited on the pallet.

Having deposited the articles, the third

25 assembly rises and moves forward, during which time, the
vacuum plates and fingers are moved apart to their
positions for receiving the articles from the second
assembly.

By means of this repetitive cycle the spatial

30relationship of the articles taken from the molding
station may be altered to the distribution which is
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10source, the pressure inside the internal plenuns 418 and |ines 26 |eading
to the fingers is reduced to a predetermned level. In contrast, if contact
| ens nol d sections do not seal the tips of all of the bellows fingers 414,
when those bell ows 410 are connected to the 15| ow pressure source, the
pressure inside the lines 26 and pl enuns 418 is not reduced to the vacuum
securing level. - Thus, the pressure i nsi d@%™he lines and internal pl enuns is
an indication of whether contact |lens nold sections are nounted on all of

he bel | , d b d i I
of Canal ar m SOMRACERIE VAR SREoRRLIFY) eficwRoRH EBE: rs1R18R aken "t Fom
one of the beultimatéhy aastibdpohranghdthéesubseqhemmeshatﬁensioft
apparatus 10 apd ggFﬁgggriiﬁ%ﬁgﬁﬁg7%%3%%%5?#?%%5‘:89@ {Rebe the

i ncl usi on of an - adadr asser v S the arficles over. The
function and iaventsanohezpino@isaéosedchs| veilwnadnudanpdi e fpphidlus

210, whi ch IpERENeh é@legl bbevseqony sebedaiment Qi1iNBePappEaEibeygnti on,

havi ng been 1 n |V|daa described in detall In_the fofegoing di scussion
are now descrFhat pymeEpPys; Badibicpklianyianrd empodiments may be

devised by those skilled in the art, and it is intended

that the appended claims cover all such modifications

and embodiments as fall within the true spirit and scope
10 of the present invention.
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-40- 1 Referring now to Figure 8, a tine-position- function table
showi ng the relative positions and functions carried-out by aTP‘of‘the

assenblies of this enbodi ment is shown. The front ¢u

apparatus, which is the second enbodi nent of the pte I!ﬁl(mm! @ aV| ng
first, flipper, second, and third assenbkhes mhich-f bed
above, operates in the follow ng manner. Beginning with the initial forward
notion of the first assenbly, the cursol armis 10translated toward the
mol di ng st afi epar §$ich is still closed, formng the nold articles. As the
cursol arm sl orward, the vacuum hand sfructure rotates into a
vertical position 5o tMut3RPRr s e ef Slairnt rnd rapid TemQ¥Rrkxt end

outwardly t hesed roramé o LPRSM YndRied l@éﬁ&i’:t‘f 01erf§0ﬁ%1'&tt1hﬁ ol d

articl es. The cur ol arn1%bg§§ io a t al t a%I it for the nold

station to op¥n %’é‘%ﬁe{ﬁ &hengoto Ko & m

transl ates Scmmndxg mﬁﬂmlm d iﬁzh;tl | xoet formn gry a admatenttourtthe nol d

Lol o0 e e VR SR Y PR adlE 6 bl o
articles, comprising:

a linearly reciprocating first assembly, having
receiving means for releasably holding and transporting

10 the articles, without contacting the optical portions
thereof, to a second location from said molding station;

a linearly reciprocating second assembly for
receiving the articles from the linearly reciprocating
first assembly at the second location and transporting

15 the articles to a third location, without contacting the
optical portions of the articles; and :

a linearly reciprocating third assembly for
receiving the articles from the linearly reciprocating
second assembly at the third location and transporting

20 the articles to a fourth location, without contacting
the optical portions of the articles.

2. An apparatus according to Claim 1, wherein the
linearly reciprocating first assembly comprises:

an angularly reciprocating head to receive and
25 releasably hold the articles; and
: a means for linearly reciprocating the head
between the first and second locations.

3. An apparatus according to Claim 2, wherein the
angularly reciprocating head comprises:.

30 means for rotating said head from a vertical
to a horizontal orientation;
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force, the resilient bellowed fingers are in their extended state. Once the
fingers are in position, a set of 25ejector pins ' within the nolding station

el enent are extended to push the nolded articles qf

pr ot uberances to which the articles have adhered giﬂg!ﬁm;imq’igﬂﬁlaof t he
bel  oned fingers. The bellowed fingers_gawe a cup L , Xt er na
rimof which 30contacts the annular rimof the nolded article, therein

t oget her form ng seal ed internal volumes in each of the 35 -41- 1
bel |l owed fingers. If tlaevajctuimoheadns push the nol ded articles beyond the

tips, th ilient fi der.the. | oad, theregi ing that
the ol d secti ons are Aob GHIGEASERr TPRLLIBREIXoEPHBRELFS TR pushad far

5 enough out wacdumohead;t he fingers, the subsequent drawi ng of a vacuumin
e Ly e PLovies o' BLELIRLSHEY P JEapia IR BHAC AR LY OTLe e
t he nol ded ®epéateat into whichi therarti¢cles may be releasably secured

by a vacuum drawn therein.

4. An apparatus according to Claim 3, wherein the
resilient coupling of the vacuum plate to the head
comprises at least one silicone bellowed element.

10 S. An apparatus according to Claim 2, wherein the
head further comprises a angularly rotating vacuum head
having a multiplicity of resiliently bellowed fingers
extending therefrom, said vacuum head and fingers having
at least one internal volume in which a vacuum may be

15drawn, whereby articles may be releasably secured to the
tips of the fingers by said vacuum.

6. An apparatus according to claim 2, wherein the
means for reciprocating the head between the first and
second locations comprises a ball screw mechanism.

20 7. An apparatus according to claim 2, wherein the
means for reciprocating the head between the first and
second locations comprises a piston/cylinder element.

8. An apparatus according to claim 2, wherein said
linearly reciprocating first assembly further comprises

25a rotating air cylinder, said air cylinder having stops
for selective reciprocation of said head between a
vertical and a horizontal orientation.

9. An apparatus according to claim 1, wherein the
linearly reciprocating second assembly comprises:

30 a platform;

at least one recess in said platform for
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10si nmul taneously causing the bellowed fingers to retract. In this partially
retracted state the length of the fingers nay be reduced by as nuch as

hal f. Once the articles have been secured to the'tif “ﬂ aan“|F, t he
cursol arm begins to 15reci procate back toward the‘lﬂ“ﬁ u“ u to the
wai ting flipper assembly. As the cursol_gfm reciprocates back, %thé hand

rotates down, so that the retracted fingers are directed downward. The
vacuum drawn in the hand keeps the articles secured to the tips of the 20

fingers. Ongerdd®i¢ind it St d1din S ratdpited ahetldtd by Wage back, with.
the vacuum plate rotated down and disposed directly above the platform of
the flipper a@s‘l’-ﬁﬂﬂv FRFIFET G %qtgr?e?fq“g’ﬁydeﬁ&q tion of the

25articles into the recwmahsfdheedipdovatingaafild platfazrenbl y ri ses
slightly. The_ rel ease af, the v cuya in .t fingers (or the application of a

positive pre Sencﬁ?g& e é:éuf c}l"c?ﬁ Bt he ti ps of the fingers
into the rebesses 1df. Ane appagatusplaacerdiftg to claimOS;ewhkeeednt salids have

been_ deposi t Gl & 364UPdcI pPLRAR I ST’ HiaRF6H Rofpkdsagcuteblige

articles 35
one ball screw mechanism.

11. An apparatus according to claim 10, wherein

said at least one ball screw mechanism comprises at

10 least one vertically oriented ball screw mechanism for
raising and lowering said platform, and at least one
horizontally oriented ball screw mechanism for
translating said platform along a horizontal axis.

12. An apparatus according to claim 1, wherein said

15 linearly reciprocating third assembly comprises: a
receiving plate, said plate having recesses therein for
receiving said articles from said second assembly, said
plate further comprising vacuum means coupled to said
recesses for selectively and securably holding said

20 articles therein; at least one linear reciprocating

-means for reciprocating said plate between said third
and fourth locations; and at least one rotating means
for selectively reorienting said plate in accordance
with differences in directional orientation of the
25articles at said third and fourth locations.

13. An apparatus according to claim 12, wherein
said at least one linear reciprocating means comprises
at least one vertically oriented ball screw mechanism
for raising and lowering said platform,.and at least one

30horizontally oriented ball screw mechanism for
translating said platform along a horizontal axis.
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-42- 1 within the recesses. At this point the articles are still oriented
with their convex sides directed upward. The fli pper—ptate .-drops.down from
its slightly elevated position and rotates 180 degrezs, turning the

platform5 over and correspondingly inverting the E@"ﬂﬁ"ﬂﬂ he

time that the flipper plate rotates, thesalrst asse
forward toward the nol ding station and t R4t vacuum head redri Bnt$ |mto a
vertical alignment. 10 The transference of the articles fromthe

flipper assembly {4 4nansaoRadataseabbhrashy! Eo"exhintle, SHRRRE1ASSCTD! Y

rises up to Treet the'inver er asse such that "the recesses in
t he pIatfornBSéﬂde&@ﬁnés§@#bEfléﬁélaﬁﬂgnéﬁorAFthpﬁ ﬁéﬁén?lﬁﬁé vacuumi s

15rel eased wnbbmaraeesfhlEeeataﬁ%eahkycyaﬂddefef§5ﬁalala @951&&&@ pressure
i s applied) herein rel easin

e vacuum ngld arti @i
this time a vReYEREnAFORS gPHmﬁe@ﬁthgerE%g E Fl?ﬁe° eB3H %% nbly as a
precauti on t®behwden hbel&&gurewél6ﬁie@ﬂaﬁioﬂ§e artlcles 20 within the

recesses. (nce the grtjcl o8 8y Ll 14004 Clh& % £ {€ient removing
and transporting molded contact lens fabricating
articles, each having optical surfaces thereof, from a
molding station at a first location to a remote fourth
10 location without contacting the optical surfaces,
comprising:

a linearly reciprocating first assembly for
removing the articles from the molding station,
releasably holding the articles, and transporting the

l5articles to an intermediate location, without contacting
the optical surfaces thereof;

a rotating flipper assembly for inverting said
articles about an axis in the horizontal plane and
depositing the inverted articles at a second location,

20without contacting the optical surfaces thereof;

a linearly reciprocating second assembly for
recei@ing the articles from the rotating flipper
assembly at a second location and transporting the
articles to a third location, without contacting the

250pt1ca1 surfaces thereof; and

a linearly reciprocating thlrd assembly for
receiving the articles from the linearly reciprocating
second assembly at the third location and transporting
the articles to a fourth location without contacting the

30optical surfaces thereof.
16. An apparatus according to claim 15, wherein the

35



pl atform of the second assenbly drops and begins to slide fromthe second
| ocation to the third |location. As this happens the platformof the flipper

assenbly 25rotates back so that its recesses are fagj

anticipate the arrival of the next batch of articl_‘eglﬂmmﬂmmlﬂlm so,

the nold station separates allowng the_gihrst assenblty kn to retsyieve the
next batch of articles. 30 By e time that the first assenbly

has entered the nold station, the second assenbly has 35 -43- 1 reached

the third | gcgg{‘_g?i?ﬁgg%%??gpségg% itkgéﬁg)%\i.iggsyvai ting third assenbly. The

receiving plate o asse i wered, by means of the
articul ated shaft assendlplatfere haying ecessetherlin|fa% orm of the

Ssecond assenphyeidifg SEEOIEL &6 SRIPUYi tdS At land 0 neet the | owered
plate of the third assenbly, in order to make the transference as quickly
as possible. The mannerd i‘?g%ﬁ den Fetating said é’%@%ﬂi’éﬁ‘q @ t he
second asseBtdwyis oih Nehé Mdrhizontal plane.

17. An apparatus according to claim 16, wherein
said rotating flipper assembly further comprises a means
for linearly reciprocating along the vertical axis.

18. An apparatus according to claim 16, wherein

10 said means for rotating said platform comprises a
rotating air cylinder, said air cylinder having stops
for selective reciprocation of said head between at
least two orientations.

13. An apparatus according to claim 17, wherein

15 said means for linearly reciprocating comprises a ball
screw mechanism.

20. An apparatus for efficient and rapid removal
and transportation molded contact lens packaging
articles from a molding station at a first location,

20 said articles being removed in a first spatial
distribution, and depositing the articles at al remote
fourth location in a second spatial distributioen,
comprising:

a linearly reciprocating first assembly for

25removing the articles from the molding station and
transporting the articles to a second location;

a linearly reciprocating second assembly for
receiving the articles from the first assembly at the
second location and transporting the articles to a third

30 location; and

a linearly reciprocating third assembly for

35



1l0assenbly may be achieved in tw different ways, each of which is
functional, but each conprising different enbodi nents_of the third
assenbly. Both variations include ejector pins in the platformof the

second assenbly which push the articles out of the nml‘ﬂMHﬁ e

pl atform and push themto a position fronH\,hi ch thmm recei ved
by the third assenbly. In the first variaPfon, the thifd ‘asdenfl y conpri ses
a vacuum pl ate which has recesses, into which the raised articles are

pushed, after which 1Y umsystem i d 2 [ h rticles in
place. Int hféL %%cc%h‘ﬁﬂ\‘/%?‘fcrg? i%’f’l,]‘?ﬁ s t€¥<§§g§g§;e§%§’?’n€0§%§#‘%§%§ a?e1t g’f}?éay of

bel | owed fi ngetlsirdiincatriom dndctranspaer ting Ehe cnetid¢legete affaurth i'rst .
assenbly, ontnggéikﬁhe ej ector pins push the articles. A vacuum systemis
subsequent |y engaged to 25secure the articles in place. Once the articles
have been extract ehgreine athikepstsaamiof the kineaxdnFeginroqatdddg up, is

rotated 90 dsqmd (WY Ul PGB IIE FirtHe® ednbried didaA gYr Pl ane,

and begins to slide b to the fourth 30l ocation. Sinmultaneous with the
third assenbl Plt®rdig, FhenSpatdaly idiF tnibudiom oL dhsh Rrddcdi@®-y drops down
and 35 21. An apparatus according to claim 20, wherein

said linearly reciprocating second assembly comprises:
a platform comprising
10 a plurality of blocks having at least one
receiving port therein for receiving an article;
at least one guide rail on which said
plurality of blocks are mounted, said blocks being
mounted such that they may translate along said at least
15 one guide rail;
and means for reciprocating said
plurality of blocks along said at least one guide rail
such that the at least one receiving port of each block
is translated with respect to one another; and
20 means for linearly reciprocating said platform
between the second and third locations.

22. An apparatus according to claim 21, wherein
said means for reciprocating said plurality of blocks
long said at least one guide rail comprises at least one

265 piston/cylinder element coupled to the blocks which is
capable of drawing the blocks together and spacing the
blocks apart from one another in accordance with its
reciprocating action.

23. An apparatus according to claim 21, wherein

30said means for linearly reciprocating said platform
comprises at least one ball screw mechanism.

35



-44- 1 slides back to the second |ocation to receive the next batch of
articles fromthe flipper assenbly. At this tinme, the nolding station has

separated and the first assenbly has entered and "] 'm w bat ch of
5 articles fromthe station. By the tine that thLﬂn mﬂ & 'u reaches
the fourth location and drops to deposit_the artié¢le% in & réceptacle, such

as a pallet, the first assenbly has sl i®Pack to the second | ocation and
has rotated the 10hand to the horizontal position for depositing the

ticl i th t f f t fli ly. The fli
Rssenbly had corr cbbortit (ARSATASE, 1 Ptid € e b tienAiinr 1| o es,
as the secon¢aﬁseulee&ms_aIe ibeeldl atcrdwe nfﬁmmrd:.émcmimmﬂxj au ep?r gs ig )
t t the artic r t he er, o e
Lhe fourth adeiis wriS B SRy, sdented, Y e dbf Bt $% coei ving
articles fromaisdimpand lasearinlgy sailde platfiorassand atr dieasseonehe 20
arti cl es | DshdSdld Y IRy 1Y Wrd PRSP Hde of the

appar at us bggi ns a )
translating said platform along a horizontal axis.

25. An apparatus according to claim 20, wherein
said linearly reciprocating third assembly comprises:
a vacuum head comprising:

10 at least two vacuum plates;
means for reciprocating said vacuum
pPlates together and apart;
a column of at least one resiliently
bellowed finger extending from each of said at least to

15 vacuum plates, said finger being capable of grasping and
selectively and securably holding said article from said
second assembly; and

means for linearly reciprocating said wvacuum
head between said third and fourth locations.

20 26. An apparatus according to claim 25, wherein
said means for reciprocating said vacuum plates
comprises an air piston/cylinder mechanism.

27. An apparatus according to claim 26, wherein
said means for linearly reciprocating said vacuum head

25comprises at least one ball screw mechanism.

28. An apparatus according to claim 27, wherein
said at least one ball screw mechanism comprises at
least one vertically oriented ball screw mechanism for
raising and lowering said platform, and at least one

30horizontally oriented ball screw mechanism for
translating said platform along a horizontal axis.

35



The operation of the above-described apparatus 210, as each set of contact

| ens nold sections is noved fromnold to one of the pallets, the spatial
25rel ationships of the lens nold sections in the set are preserved. In
particular, the lens nold sections in each set of lens nold sections forma
matrix array that is preserved as the lens nold sections are noved through

apparatus. 30 Throughout this repetitive cyc+€r—7ﬂﬂi'cont|nU|ng
down the assenbly line, a spatial 35 -45- 1 rel at1l (grgﬁ | 1Ras 1580 RRBlaced
preserved between the lens nold sections after they a allets
and even during subsequent handling or use of the Ien mgmmﬁﬂ , and a
spatial relationship may be preserved 5between the co or med

bet ween each pair of line nold sections. Under these circunstances, the
spatial position of the nold sections and even of the fornmed contact | enses
indicate the nold cavity in which either the nold sections or the nold
sections add to




10make the contact | enses were made. In this case, if flaws are detected in
contact | enses, and operator can readily determ ne the nold cavity or
cavities in which the lens nold sections, which were used to make the

contact |enses, were thensel ves made. 15 PACKAG NG TRANSP HES
Unlike the front curve nmold trancnnLh—appﬁFETUETgFﬁgAﬁiftgging
tran Fyrgpﬁﬁfﬁﬂ mot—TEI ntai n the spatial relationship of the

arti a 20 constant through the transport fromnold station to

pall et, but translates the array in a predeterm ned manner, which if
desired, would enable tracking of individual articles fromindividual nold
stations. The third enbodi nent, described hereinbel ow, 25is an apparatus -
which is directed to the renoval, transport, and depositing of injection
nol ded articles which formthe package recepticle in which contact |enses
may be inspected, stored, shipped, and/or sold. Referring now to Figures
2c, 9-12, and 14, the 30 third apparatus conprises assenblies which are
generally simlar to the common assenblies of the enbodi nents 35
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-46- 1 described previously. The general assenblies are a first 320 for
renovi ng the nol ded packaging articles froma nolding station to a second

| ocation, a second 330 for transporting the articles froma second | ocation
to a 5third, and a third assénbly 340 for renoving the articles fromthe
second assenbly at the third |location and transporting themto a receiving
structure 350 at a fourth location, for exanple a pallet on a manufacturing
line 52. The specific differences between the previous l1lO0apparatus and the
present apparatus, as alluded to above, is that the second and third
assenblies 330, 340 of this apparatus 310 carry out the additional steps of
altering the spatial loci of the articles with respect to one another. Thé
spatial relationship of the 15articles, and their array relationship is
altered froman original 4x4 array, which is desirable froma nold
efficiency standpoint to a 2x8 array which facilitates optical inspection
by automated | ens inspection system The first assenbly 330 of this
apparatus is 20 structurally simlar to the first assenbly 220 of the front
curve transport apparatus in that it preferably
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conpri ses a vacuum head 302 having bell owed fingers 22 which extend outward
froma vacuum pl ate 324, and which receive the packaging articles at the
tips 414 of those 25 fingers 22. The operative timng of this assenbly,
especially with respect to the functions of the other assenmblies is
particular to this apparatus, and shall be discussed below, with respect to
Figure 12. The second assenbly 330 conprises a set of 30 parallel elongate
bl ocks 334, preferably four, coupled to one another in a substantially
co- pl anar manner, 35 -47- 1 whereby the top surfaces of the bl ocks 334
define a platform Each of the el ongate bl ocks 334 includes a row receiving
ports 335 in the surface thereof, for receiving articles deposited thereon
by the first 5assenbly 320. The nunber of receiving ports 335 per block 334
is also preferably four, wherein the total nunber of ports is sixteen, in a
bi axi al | y perpendi cul ar array of four by four. For the purposes of

descri bing the operative function o6f this elenent, the array of

heet Has Been Reilaced
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10 receiving ports may be divided into two groups, a right group 337 and a
| eft group 333. The right group 337 is defined as the two by four array
which is the right half of the receiving ports 335, the left group 333 is
defined as the two by four array which is the left half 15 of the ports.
The bl ocks 334 are held in the parallel alignment by a pair of |inear guide
rails 370, on which rails the blocks may be translated al ong a single axis.
The neans of this translation is a set of hydraulic piston/ cylinder

el ements 371, 372. 20 More specifically, the blocks 334 may be

| aterally repositioned, reciprocated between an open and a cl osed position,
Wi th respect to one another by neans of extending and retracting

pi ston/cylinder elenments 371,372 to which the blocks are notively coupl ed.
25Referring now particularly to Figure 10, the blocks 334 of this assenbly
are shown in an open position. In this illustration the first and third

bl ocks are coupl ed by one piston cylinder assenbly 371, whereby retraction
of the piston draws themtogether. The third and fourth 30 bl ocks are
simlarly nounted to a second piston/cylinder elenment 372 which can draw
the fourth block toward the 35
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-48- 1 third. A set of secondary piston/ cylinders 373,374 are coupled to
t he -outer bl ocks and to guide plates 375,376, and, when actuated, draw the
gui de plates together into the bl ocks, thereby centering the blocks in
accordance 5 with their proper conpactified position. The articles are
deposited by the first assenbly 320 onto the platform (bl ocks 334) of the
second assenbly when the blocks are in their open position. 10 I n
operation, froman open position, the first and third bl ocks are drawn
together by retraction of the first piston 371, then the second piston 372
draws the fourth block in. Once the guide plates 375,376 are drawn into the
bl ocks, to center them the fully retracted 15position the blocks are in
full contact with one another and therein define a continuous platform
Articles deposited on the receiving ports 335 of the bl ocks 34 when the
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mounted to a frame 339 which is in turn nmounted to a vertically lifti
me po Y
of e articles 25thereon. This vertically lifting means nay conprise a
hydraulic lifting piston, a ballscrew elenment, a pneurmatic lift, a
mechani cal ly scissoring |ift neans, or any other suitable neans for
selectively-raising and lowering the frane to which the bl ocks and pistons
are 30mounted. In the preferred enbodinent, the vertically lifting neans is
a vertically oriented ball screw 35 -49- 1 mechanism It is further
under stood that equival ent neans coul d be substigtdted in the second
assenbly for the piston/cylinder elenents 371-374\§:ich retract and
5,7

S5separate the bl ocks 334 and the guide pl ategt 37 6. Such equi val ent

means include mechanically scissoring extenshon neafs, ball screw el enents,
geared wheel and track elenents, apd ot hf YV ¢ ansg Al of the above
described el enents of the
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10second assenbly 330 of the third apparatus are nmounted on a track 338
which permits the entire assenbly to reciprocate between second and third
| ocations. This track conprises a second ball screw mechani sm for

transl ating the assenbly. O her equival ent neans are 15functionally simlar
and may be substituted, but the preferred mechanismis the ball screw.
Referring now, also, to Figure 11, the third assenbly 340, which picks up
and deposits the articles at a fourth |ocation, such as a pallet 350,
suited for 20 receiving the articles, is shown. In this enbodi nent, the
third assenbly conprises a vacuun1head 341 nmounted to a support body 346,
which is in turn coupled to a track 348 on which the vacuum head 341 and -
t he support body 346 reciprocate horizontally fromthe third 25l ocation to
the fourth location. It is understood that the notive neans by which the
vacuum head reci procates may conprise a variety of equival ent nmeans, for
exanpl e a geared track and a notor driven geared wheel or a hydraulic

pi ston. The preferred neans is a ball screw 30 nechanism The vacuum head
341 itself is conprised of 35

—
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-50- 1 separate horizontal colums 343 of bellowed fingers 22. In the
ildustrated variation of this assenbly there are two separate parall el
colums 343 of fingers 22 which descend fromtwo separate parallel vacuum
pl ates 344. 5These horizontal colums 343 of fingers extend in the sane
direction as the reciprocating axis of the third assenbly, and are together
correspondi ngly perpendicular to the blocks (and receiving ports 335
thereon) and reciprocating axis of the second assembly. In the 1lOpreferred

variation, the spacing of the fingers 22 of each. .&€"344 with respect to
t he adjacent fingers ﬁﬁ of the sane plate, is-€gu to the spacing of the
334 bl ocks of the sec assenbly 330 when they-are in their retracted

position. 15 Thy separate vacuum:pl gtes 3 —coupled to thyg
vacuum head 341 so that t§ey nmay be reciprocated |aherally wth.res t to
one anot her, whereby the colums 343 of finger be noved qkdggf or
farther apart fromone another. The preferr \mhlch 20 t

reci procation is actuated is by at | east
pi ston/ cylinder 347, although a bal

- o hg.
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mechani sm woul d be an acceptabl e substitute. The air cylinder is preferred
for weight mnimzation reasons. This relative repositioning, which is
uni axi al, 25mai ntains the colums 343 of fingers 22 in a substantially
paral l el alignne varigtion the nunber of :le | owed

fingers 22 per colu 343 i equal toItvm%e t he r’unbér of bfocks 334 in the

second assenbly 383Q: th rq;n 30 def i ni‘ng two by eight arrpy of fi ngers
22. For the purpos ' of tF's descr'ptloqn i s understood tpat Ithls 35 -1
array of flnger«vs 2 % MRy b di vi dgg i nto a fr"@nt gr otip d\'a rear group
353, wherein the fubnt group is &fined ¢p RSl the t{ﬁ\ogf-b rYarray of

fingers 22 which isdis og'ed on t}le vacuu Q—:-ad 34 cl Bsest| tQithe 5
nol di ng statione318, anfl Ghe «Lear group:s 3 1.s defined toxbe thHe two by
four array of f;nger’s whikh i3 ferther fr mgthetrmtdl ng. stdtiwrg 312. This
di vi sion of the uflnger\s ﬁto\,twoqgro& sWlks Rot <pur y}%enﬁrtlg, as the 0
fingers 22 of e 3 o@ ggoup 35 arsgi C&lelied to vacuum .
drawi ng neans, nd;._ he FeRr groug 3531 %1 & < & T 'S .S
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coupted to a separate vacuumdrawi ng neans. (It is understood that, in
anot her variation, the two groups nmay be separately selectively coupled -
by a solenoid - to the sane vacuum drawi ng neans.) 15 In
addition, the support body 346 further conprises a vertical ball screw
nechanisn1355 for raising and lowering the vacuum head 341 into position
for receiving and depositing q% artlcles The operation of the second and

third 20 assenbl i es 330, 340 respec %% one another is carried out in
two steps. The first step of,(he opergion is to nove the vacuum head 341
of the third assenbly 340 y formard rst position at the third

| ocati on. The second a [ gneously noved along a -
is below the third assenbly.
351 of fingers 22 of the
gr oup 337 of receiving

34) of the second assenbly

ftl‘Pn
third assenbly 340 ip aligoed
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-52- 1 341 drops down so that the corresponding fingers 22 of the rear
group 353 of the third assenbly contact the articles in the right group 337
of receiving ports. A vacuumis then drawn in the fingers 22 of the .rear
group 5 thereby securing the articles to the tips 414 of the fingers as the
vacuum head 341 is raised by the vertically aligned ball screw nechanismin
t he support body 346. The second assenbly 330 then continues to the 10
right, noving into the third position of the third location. The third
assenbly 340 sinultaneously reciprocates the rai sed vacuum head 341
backward, by means of the horizontally aligned ball screw 357, to a
position directly above the second assenbly. It is 15 understood that the
relative notion of the two assenblies is perpendicular as the axes al ong
whi ch the assenblies are translated are perpendicular. At this position the
| eft group 333 of receiving ports 335 is aligned with the front group 351
of fingers 22 above. At 20 this position the vacuum head 341 is | owered
again to receive the second half of the articles which were deposited on
the platform of the second assenbly. Again,

-----
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a vacuumis drawn, this tinme in the front group 351 of fingers 22, and the
sécond set of articles are secured 25to the tips 414 of the fingers 22. The
vacuum head 341 of the third assenbly 340 is then |ifted and reci procated
to the fourth | ocation, and the second assenbly 330 translates back to the
second | ocation. The second assenbly nust first expand into the article
30receiving configuration, and then it receives a new batch of packagi ng
articles fromthe first ass ly 320. 35 -53- 1 The uni axi a
drawi ng toget her of the bloc 334, and thereby the articles, of the second
assenbly alters the spacing of\the articles along a first axis. The
transference of the articles fr the second to the 5 third assenbly Alters
the relative distribution of articles, fromia r by F-&LLQ¥\L§éédtmo
by eight array. The draw ng together of the acuunlplales 344 O third

assenbly, during the recipg§gcation back to t Ioéaikon conplet
the two axis spati al 10dis? t|on change i 75?\\\\\‘
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adj acent articles. The 2x8 pallet 350 which receives the articles at the
fourth location is correspondingly characterized by a matching array of
receiving ports which is aligned to the altered distribution of the 15
articles. Referring nowto Figure 12, the tinme-function chart of the
packagi ng transport apparatus shown. The third enbodi mrent of the present

I nvention, having first, second, and third assenblies which function as
descri bed 20above, operate in the follow ng manner. Beginning with the
initial forward notion of the first assenbly, the cursol armis translated
toward the nolding station, which is still closed, formng the nold
articles. As the cursol armslides forward, the vacuum hand structure

25rotates into a vertical position so that the vacuumplate and the fingers
whi ch extend outwardly therefromare properly oriented for
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-54- 1 elenent to which the nol ded packaging articles remain adhered. It is
i fiportant to note that, with no artificially applied force, the resilient
bell owed fingers are in their extended state. 5 Once the fingers
are in position, a set of ejector pins within the nolding station el enent
are extended to push the packaging articles out of the nold and onto the
tips of the bellowed fingers. The bell owed fingers have a cup shaped tip,
the external rimof which 10 contacts a flat surface of the nolded article,
therein together form ng sealed internal volunes in each of the bell owed
fingers. If the ejector pins push the nolded articles beyond the tips, the
resilient fingers conpress under the |oad, therein ensuring thg& nei t her -
the 15 fingers nor the nolded articles are dégaged | f the nol dgsections
are not pushed far enough outward toward the ngers, the subsetuent
dfawi ng of a vacuumin the Qvi des sufficient
articles fully onto the fj
this volune, the flrsg
si mul t aneously causiag

ction to draM/the
g a vacuumin oy
fingers whi A&
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In this partially retracted state the length of the fingers may be reduced
by as nmuch as half. 25 Once the articles have been secured to the
tips of the fingers, the cursol arm begins to reciprocate back toward the
second |l ocation, to the waiting second assenbly. During this stroke of the
reci procation the vacuum head of the first assenbly 30 rotates horizontally
and pauses at an internediate location. If the second assenbly is not in
proper 35 -55- 1 receiving position, the vacuumin the fingers is

rel eased and the articles secured thereto are dropped into a receiving bin.
In this event, the cursol armis translated back to the waiting position in
front of the 5nolding station, the vacuum head is rotated to a vertical
orientation, and the first assenbly prepares to extract another set of
articles once the nold station opens. In the case that the second assenbly
is in 10 proper receiving position at the second position, the
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first assenbly' continues fromthe internmedi ate position to the second

| ocation for deposition of the articles onto the second assembly. Once the
assenblies are properly positioned, the second assenbly rises up so 15t hat
the fingers extending downward fromthe horizontal vacuum plate, and the
articles secure thereto contact the receiving ports of the second assenbly.
At this tinme thepagums ify s I s rel eased and a vacuumin the
receiving ports is drawn, E§1ere| n m DhFRANS BQRBING AREBICLES herdik MdeSps
As the vacuug1hand rotates vertlczk%ﬁgggg%;he cursol armtransl ates formard
fromthe second | ocation, the sec |y drops back to its

reci procating posi tThis dmirentdions reflatesertat rodesfical feri mgmolvéngsapdt i al

separation of dindlptingnael;LIsacobuh 9°oRARHISh; cTHenS! RIAT e

drawi ng together 0 0 t'hé retract appens in three
stages, via tHGC¢QQDSacDronackagﬁngeeéemBDMSCﬁrpmdsrmaidenﬁhﬁes the first

imcaret oy DyryEABHL CBRE shbontbehepe e ORLESE?, spEbbITRS,
of the gui de 3bird assemblies; the flrst of which removes
articles from the molding station at a first location
and transports them to a second location; the second
assembly receives the articles from the first assembly
10 and transports them to a third location, and the third
assembly receives the articles from the second assembly
and transports them to a fourth location. A second
embodiment includes a flipper assembly disposed between
the first and second assemblies, which flipper receives
15the articles from the first assembly and inverts them
before depositing them onto the second assembly. This
second embodiment is useful in conjunction with molded
articles which are transported to the flipper assembly
in an inverted position. A third embodiment includes
20 second and third assemblies which further include means
for altering the relative spacing of the articles while

the articles are transported.

i



-56- 1 plates. Once the guide plates have been contracted thetigaserd ppas
assenbly slides to the right, to an internedi ate position (the second
position of the third | ocation) and 5waits for the third assenbly to
positton its rear group of fingers above the right group of receiving
ports. Wth the receiving ports positioned bel ow, the vacuum head of the
third assenbly drops, via the vertical ballscrew drive, to pick up the
first half of the 10 articles. Once the articles are secured to the
fingers, by a drawn vacuumin the rear &roup t hereof, the vacuum head of
the third assenbly is raised by the vertical bal | screw drive and is

transl ated back toward the 15internedi ate pick u osition (the fourth
position at the third | ocati oAFPARATHY (FORe (BEFQM£ #¥® notion of the vacuum

head of the third assenbl yrrikspoerang Aagenidsy Feon Moups to nove to the
right, therein positioning rtseltf so that the Teft group of receiving

ports, and 20the remaining group of articles, are aligned below the front
group of fi ngeBACRGROUND tOF rTHEL INVENTIONONCce t he assenblies are properly

al'i gned, trmas This application is a continuation-in-part of
U.S. Patent application number 08\258,267.
_FIELD OF THE INVENTION
This invention generally relates to apparatus
for removing and transporting articles from molds. More
10 specifically,  the present invention relates to such
apparatus that is very well suited for. carrying the
articles, in a very short period of time, away from the
molds and depositing the articles for further processing
in a high speed, automated production system.
15
DESCRIPTION OF THE PRIOR ART
Recently, attention has been directed toward
forming contact lenses in an automated molding system.
In such a system, each lens is formed by sandwiching a
20 monomer between front and back mold sections. The
monomer is polymerized to form a lens, which is then
removed from the mold sections, further treated and then
packaged for consumer use.
The mold sections used in the above-outlined
25 process may themselves be formed in injection molding or
compression molding processes. These mold sections may
be made from the family of thermoplastics, for example
polystyrene, which is an excellent material for making
these mold sections. Polystyrene does not chemically
30 react with the hydrophilic material used to make the
contact lens, therefore, very high quality contact
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third assenbly drops so that the front group of fingers contacts the left
group of article® to pick themup. As 25the third assenbly drops and picks
up the second set of articles, the nold station opens and the first
assenbl’y slides into position to receive a new batch of articles. Once the
second set of articles has been picked Wby the third assenbly vacuum
head, the vacuum 30head rises via the vertical ballscrewdrive, and is
transl ated backpbgritesf ¢ jon via the 35 -57- 1 horizontal bal
screw drive. As it travers bat vacuLRANSBOBTING mREIChESDFREFCNBL Y

are drawn tqgether by an air pié;g&éﬁékgfder to change the relattvé spacing
of the articles. 5 It i third assenbly noves together that

t he second assenblshi®viasvéefion heckated ccpasidewicé of 6 cmemev inaamdat ch
of articles fromthe first ass

| ocati on, t he"FIRIRITAT RfT %%ﬁ‘g}gsa% Roéﬂgté'lt%wcés eera%lergpsgifgﬂd 10
t herei n novi nEpdtimnd ,0cks paukayline gllearersts fron leimold. The
5 invention, in one embodiment includes first, second, and
third assemblies; the first of which removes the
articles from the molding station at a first location
and transports them to a second location; the second
assembly receives the articles from the first assembly
10 and transports them to a third location, and the third
assembly receives the articles from the second assembly
and transports them to a fourth location. A second
embodiment includes a flipper assembly disposed between
the first and second assemblies, which flipper receives
15 the articles from the first assembly and inverts them
before depositing them onto the second assembly. This
second embodiment is useful in conjunction with molded
articles which are transported to the flipper assembly
in an inverted position. A third embodiment includes
20 second and third assemblies which further include means
for altering the relative spacing of the artitles while

the articles are transported.

Figure 1
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spaced arrangenent. By the time the second assenbly has reached the second
| ocation, the first assenbly has already received the new batch of articles
and is noving back to 15deposit theminto the receiving ports of the second
assenbly as described above. It is as the first assenim '
deposit the articles that the third assenbly noves i rfs
pallet at fourth location and the vertical_ ballscrewis
20t o | ower the vacuum head and fingers i nth. contact the
position to drop the articles, the third assenbly reliea

the articles are deposited on the pallet. Having depgsiTET ' .
the third 25assenbly rises and noves forward, durlng,mhlch tine, the vAcuum
pl ates and fingers are noved apart to their positions for recelving the
articles fromthe second assenbly. By neans of this repetitive cycle the
spatial 30relationship of the articles taken fromthe nolding station may
be altered to the distribution which is 35

Fiq



-58- 1 conmpatible with the pallet on which the articles are ultimately
carri-ed through the subsequent stations of the assenbly line. Wile it is
apparent that the invention herein disclosed is well calculated to ful fil
Sthe .objects previously stated, it will be appregeat " yie
modi fi cati ons and enbodi ments may be devi sed byl
and it is intended that the appended cl ai cover;
and enbodi nents as fall within the true s%frit

i nvention. 15 20 25 30 35 1 CLAIM5S 1. An ap
rapi d renoval: and transportati on nol ded contact
each having optical surfaces thereof, froma




5 nolding station at a first location to a renote fourth |ocation, w thout
touching the optical surfaces of the articles, conprising: a linearly

reci procating first assenbly, having receiving nmeans for rel easably hel ding
and transporting 10the articles, w thout contacting the optical portions
thereof, to a second |ocation from said nol di ng Stm~lfﬂ%@&fhﬁﬂ@ﬁé§?

reci procating second assenbly for receiving the ar%ﬁ@Lﬁ@Eﬁﬂﬁ%ﬁﬁ_#mlﬁnearly

reciprocating first assenbly at the second™tocati dn yard

| ocation and transporting 20the articles to a four] wi t hgut
contacting the optical portions of the articles. 2% yar ¢ '
to Caim1, wherein the linearly reciprocating first assenbly conprises: an
angul arly reciprocating head to receive and 25rel easably hold the articles;
and a neans for linearly reciprocating the head between the first and
second | ocations. 3. An apparatus according to Claim2, wherein the
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angul arly reciprocating head conprises:. 30 means for rotating
said head froma vertical to a horizontal orientation; 35 -60- 1

a vacuum head; a vacuumplate resiliently coupled te~saLdivacuun1he d a
multiplicity of recesses in said vacuum5 plate int Mﬂuﬁ:=

be rel easably secured by a vacuum drawn therein. 4.
to daim3, wherein the resilient coupling of the v
conprises at |east one silicone bellowed ment .
according to Caim2, wherein the head further conp’
rotating vacuum head haV|ng a nmultiplicity of resiljently bellowed filngers.
ext endi ng therefrom said vacyéammsgead and fingers havimg atrTeast one
internal volunme in which a va ny be 15drawn, whereby articles may be
rel easably secured to the tip§ he fingers by said vacuum
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6. An apparatus according to claim2, wherein the nmeans for reciprocating
the head between the first and second | ocations conprises a ball screw
mechani sm 20 7. An apparatus according to claip-m”,mhereln t he neans

a piston/cylinder elenent. 8. An apparatus accordin@;_ékd wfi :i:.ﬁ-in
said linearly reciprocating first assenbly f rther; Tt a

air cylinder, said air cylinder having stops—for sqle tatii on of
sai d head between a vertical and a horizontal oriedtdtion. 9. pp@r at us
according to claim1, wherein the linearly reciprog¢ating secont=assefrbl y
conprises: 30 a platform at |east one reee -Iatforn1for-

35 -61- 1 receiving the articles transported thereto by the I
reciprocating first assenbly; and a neans for reciprocating said platforn1_
bet ween said second and third | ocations.
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5 10. An apparatus according to claim9, wherein said neans for

reci procation said platformconprises at | east one ball screw nmechani sm
11. An apparatus according to claim 10, wherein sai d BirdCash - e trat+ }
screw mechani sm conpri ses at 10l east one vertical |y offHgigy -‘.’f"e-’f ey !
mechani smfor raising and | owering saidbplatform and g st one }
horizontally oriented ball screw mechani smfor_ transljath n@ Gagg gbpt floim
along a horizontal axis. 12. An appar &us @\ccwdi ng tjo jclai m 1, wher @i
said 15 linearly reciprocating third agsendl y‘;corrpri ges: a recervrng=pliat e,
said plate having recesses therein for;\irecBi ving saiad.articles fromsaijd
second assenbly, said plate further cogpriWi ng vacuum nmeans coupled tTo said
recesses for selectively and securabl y™hol di ng said 20articles therein; at
| east one linear reciprocating neans Yot reci grocating said plate between
said third and fourth | ocations; and at |east one rotating neans for

sel ectively rgorient Kng sai d-pl a\ée %1 agiord@ndq witth offadences in
art e t

directional o entatifon of tRe 2 c said third and fourkh
| ocat i ons. 1_._) \n - ajppar at usj aedordif@y 16\ C %F&g_\z, whér ei h& iéat__\_\least
one |inear resl frocatingereplls jcompc sedtat> elst Jone fver {3y |ovi ented
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for raising and | owering said platformand at |east one 30horizontally
orient'ed ball screw nechanismfor translating said platformalong a

hori zontal axis. 35 -62- 1 14. An apparatus according to claim 12,
wherei.n said neans for selectively reorienting said pl age—conpri-ses
rotating air cylinder, said air cylinder having stops f a%?aﬁiﬁﬁﬂﬁﬂﬁ‘&ﬁﬂﬁf
reci procation of said head 5 between at | gast two orientia |ons I57An
apparatus for rapid and efficient reaningfand t ranspor i !ﬁg§;%%?tac
| ens fabri-cating articles, each having optical surfacesjt ereof

nol ding station at a first location to a remte fourth 40 bug.
contacting the optical surfaces, conprising: qﬂﬂrnearly reci procating firpt
assenbly for renoving the articles fromthe nDlU\\f stat1on, rereasapry

hol ding the articles, and transporting the_]5arti\cles to an internediate
| ocation, w thout contacting the optical s rfacgs her eof ;

N v on
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a rotating flipper assenbly for inverting said articles about an axis in

the horizontal plane and depositing the inverted articles at a second

| ocation, 20w thout contacting the optical surfaces thereof; a linearly

reci procating second assenbly for receiving the artic Tronrt.he rorani ng

flipper assenbly at a second |ocation and transporti ngks ’igﬁhh¥fégﬂﬂhla
ces thereof; gdnd a

third location, wthout contacting the ZSJigtical sur
amid eEB o tihe
20 FEB0bT

linearly reciprocating third assenbly for ceiving tih
linearly reciprocating second assenbly at the third
transporting the articles to a fourth | ocation w thou .
30o0ptical surfaces thereof. 16. An apparatus according to claim15, whgrein
t he 35 -63- 1 rotating flipper assenbly conprises: a platformhaving
recesses therein for receiving articles deposited therein; and a neans for
rotating said platformabout an

A
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5 axis in the horizontal plane. 17. An apparatus according to claim 16,
wherein said rotating flipper assenbly further conprises a nga f.or
linearly. reciprocating along the vertical axis. 18. An appar §§HE poegts
to claim 16, wherein 10 said nmeans for rotating said platfor, SN Ay o)
rotating air cylinder, said air cylinder having stops for sg
reci procation of said head between at |east two orientationg. {
apparatus according to claim 17, wherein 15%ai d neans for [li Ae
reci procating conprises a ball screw mechanism 20. An appa
efficient and rapid renoval and transportation nolde ’
packaging articles froma nolding station at a f%p 2
articles being renoved a first spatial distyildffon, and depositing the -
articles at a renote four\h location in a second Apatial distribution,

conprising: a linearly recyprocating first ‘ass€pbly ving the
articles fromthe nolding station and transporfing t articIeSmRo as ﬁind
| ocation; a linearly reciprocating second ass r\\f ecei vi ng tpg/’gc
articles fromthe first assenbly at the’ N TN
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i.

/ = | ¥

L1

REPLACEMENT SHEET
2 UFEB 1997

ﬁg. +



second |l ocation and transporting the articles to a third 30 |ocation; and a

linearly reciprocating third assenbly for 35

1 receiving the articles

fromthe second assenbly at the third | ocation and transporting the
wherein af, | east one of the linearly

articles to a fourth | ocation;

reci procati ng 5second and thlrd assenbl es-

further conprises neans for

altering the spatial distribution of the arficles. 21 __An _apparatus
according to crarqrzu, erefn sfai dflin arly r C|p}oc§t|ng second assenbly
conprises: a platfiormjc risingl 10 ; a pluralit. of bl ocks
havi ng at | east Qne récai'vi ng port these¢in for . rece|V|nQ‘an article; at
| east one gui de mai l On , |ch d pl uBal i y of. bioc ap SPunted, sai d
bl ocks bei ng ﬁDuPﬁged gush that ey may [t r@ans IatQaI g 3pid-at |east 15
one guide rai'®, ‘eﬁd ngaas for r-e |proqa I@ ald‘*pl u@;l ity | bl ocks al ong
said at Ieasttong gui de 1 ai 3 IR X
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such that the at |east one receiving port of each block is translated with
respect to one another; and 20 means for linearly reciprocating
said platformbetween the second and third | ocations. 22. An apparatus
according to claim 21, wherein said neans for reciprg Lng.sal.d.plurality

of blocks long said at | east one guide rail conprls-ﬂ'ét GgﬁmN?
25pi ston/cylinder el ement coupled to the blocks whi cf Sﬁ{QPQU|Cq%E§§‘

the bl ocks together and spacing the bl ock&lapart from pne
rat L?sgggé %87 n
o

accordance with its reciprocating actlgg. 23. An app
claim 21, wherein 30said nme¥as for rly reciproc

rfaw ng

conprises at |east one ball/screw hani sm 35 24. An |}
apparatus according to claim 23, mher% d at | ea ST EW
mechani sm conpri ses | eagti one r th Ori ent ed baII screw mechani sm
for raising and |l o I ng aﬂd pI t least one 5 horizontally

oriented ball screyw necn
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translating said platformal ong a horizontal axis. 25. An apparatus
according to claim 20, wherein said linearly reciprocating third.assenbly
conprises: a vacuum head conprising: 10 at | east two vacuum
pl ates; nmeans for reciprocating said vacuum pl ates u ‘;“n?éﬁ artl; a

colum of at least one resiliently bell owed finger
said at |east to 15vacuum pl ates, said finger being
sel ectively and securably hol ding said arﬂgcle from
and neans for linearly reciprocating said.vacuum hegadj g
and fourth |l ocations. 20 26. An apparatus accor i kg=t-e=etatrm25,
wherein said nmeans for reciprocating said vacuum pl ates conpri ses an .
pi ston/ cyl i nder nechani sm 27. An apparatus accordi TO Cclaim 26, wherein
said neans for linearly reciprocating said vacuum head 25conpri ses at | east
one ball screw nmechanism 28. An apparatus according to claim 27, wherein
said at | east one ball screw nechani smconprises at | east one vertically
oriented ball screw nechanismfor raising and | owering said platform and
at | east one

e - o




30horizontally oriented ball screw mechanism for translatihg said platform
al ong a horizontal axis. 35 '
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FIRST ASSEMBLY

SECOoND ASSEMBLY

THIRD AssempLY
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