29 August 2006 WD 03/074237 PCTI US03/06130 1 SPLIT COLLAR FOR MECHANI CAL
ARM CONNECTI ON Cross Reference To Rel ated Application 5 Thi29 Appghst2866 on
claims priority to U S. Provisional Application Serial No. 60/360,652, filed
March 1, 2002, and having the sane title and incorporated herein in its
entirety by reference. Background OF The Invention 10 Field of the
Invention“Inhﬁ%&ﬁNgntion generally relates to robot AT l§5 that are used
to renove nolded itens from nol di ng machi nes, and nore specitically, to
robot assenblies that 15 are used to renove itens, referred to as | ens
curves, from high speed automated nol di ng machi nes. Even nore specifically,
the invention relates to a split collar design for use on such robot

assenbl i es. BackgﬁB%CQPPARgfpﬁ{MW%L égVEFQIN%IQN vari ous nol di ng
machi nes have been developed to nold | ens curves on a high speed, automated
basis. These lens curves are then used to nold contact |enses. Such systens
are disclosed, for exanple, in U S Patent 5,702,735 and U.S. patent

appl i cat i onCrugs REFGYenESTOi®élatkd Wpplidwtivn 5, 1999 for "Ml d and Ml ding 25
Machi ne for Making Ophthalmc Devices". In these systems, robot assenblies
are comonly used to renove the |lens curves fromthe nol ding nmachines. In

t he operati on ofThishpdeativolctimgprivetylio Hes Promisiosal pplidafioncSekikly, two nol d

sections, o r | ose a astic is i.njegted intq.the nmachine to
form two ty%‘égg) %‘ﬁgﬁzeﬁ@‘?%@?"gis?boFe“P@h% thesame l‘&‘lr %ﬁfﬂcawaraﬁgé&fe@ur ves, and
the nol d i siptigekir@peyRirend) 30 arm of the robot assenbly is inserted between
the nold sections to grip or engage the front and back curves, and then the
robot armcarries those curves away fromthe nolding machi ne. 29 August
2006 WD 0 d 130
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Field of the Invention

This invention generally relates to robot assemblies that are used to remove
molded items from molding machines, and more specifically, to robot assemblies that
15  are used to remove items, referred to as lens curves, from high speed automated
molding machines. Even more specifically, the invention relates to a split collar design

for use on such robot assemblies.

Background Art
20
In the last several years, various molding machines have been developed to

mold lens curves on a high speed, automated basis. These lens curves are then used to
mold contact lenses. Such systems are disclosed, for example, in U.S. Patent 5,702,735
and U.S. patent application no. 09/305,886 filed May 5, 1999 for "Mold and Molding

25  Machine for Making Ophthalmic Devices". In these systems, robot assemblies are
commonly used to remove the lens curves from the molding machines.

In the operation of these molding machines, more specifically, two mold
sections, or halves, are closed, a plastic is injected into the machine to form two types
of lens curves, referred to as front and back curves, and the mold is then opened. An

30 arm of the robot assembly is inserted between the mold sections to grip or engage the
front and back curves, and then the robot arm carries those curves away from the

molding machine.



2 Ml ding machines of this type have been successfully devel oped t hat
operate on a high speed, mass production basis. In these hi2thAapest@006
operations, the robot assenblies also operate at conparatively hi gh speeds,
and because of this, it beconmes necessary occasionally to replace worn or
damaged parts of the robot assenblies. 5 In particular, the robot arm or

conponent.g me arm occasionally needs to be repi,gﬁﬁgm 4.5 part, this is
due to the tact that, in operation, the armrapidly noves %> and fro, into

and then out of_ the nol di ng_nachine, engagi ng, carrying and then rel easing
the front and Mﬁ@%‘g@?}‘w&"é.Obe&ﬂYF&é‘PY‘Fd’eF‘h%‘g“éFﬁ%‘flb’ai‘ﬁv e@l&‘?‘f@%’ﬁq&t"? however, due
t o machi ne B duk@od Ba8kt BOLACHK L onkhe ssenbly for

per sonnel ggl(klﬁtsgégp’g?ép rqeov%rl% It is hi glﬁfpﬁ (E’esi?lgsl%ﬁg{o?% repl ace the arm
qui ckly si nssemblive alspepeztd ab porgfarativiely high speedssand trbdayse oéithk, it besoment i re nol di ng

system is interrupted while the armis hej epl.aced. .Sunmary OF The

I nvention "M% AR % lggﬁlly(tﬁreelﬁ(iesw ThYehtton pfrgs‘%tfg' eir?%’?%ﬁegbﬁ?)soot assenbl i es
that are used tm patieilEy@e rBbied, drcemFontiitosntNang] tgasibaaline&s 1o ®ot her obj ect
of the present invention is to provide an inproved design for the fast

-

r epl acementepécedi dhagk titd e e &t EBnBOREAS- B ghdlypese retthani cal swi ng
20 arm ass%@pﬂxﬂoeaﬁdt}ﬁh SR OF e hofR Gr‘x?ichi@{(, eﬁgggng,rm%g&a efrdi@sihSfpve @ col lar

or connecting rod that is usedgto make connection between” an arm and a
suppor t i ng fohteind backgumvesvi ng the collar, or the collar conponents, away from

the shall in a girecti,on perpendicular to th shaft centerline. Thereby
avoi di ng the relgfiﬁliarc]é1 th iaggg?eﬁgﬁ?/&g&fﬁ%“ﬁgers Ta (fm?/ﬁ%fngﬁuarr@%?nped 25 conplicated

tool s amd mited pcess oot b fasseinbi for persdrdel ahd oD Mbirddger/ais highly. These and
ot her objectives are attained with r obot asserrbl¥ and a net hod of
i nst al | i ng 9&SUaRIF [odPPless the 2B Bkl R ERGs i operatigqed! thsgeho aéé%’gﬁ%f“iﬂ%%rrpri ses a

support  shafiire mofihgdYdien X iRyl viide YhefaF R TOVCIAE réplidéd . @ split connecting
collar pivotally nmounted on the support shaft and connected to the armto

connect the armto the support shaft, and a 30 tool connected to the armfor
engagi ng t BummaryOfThe Inventiond f or renoving the nolded items fromthe

mol di ngtSmachi ne. Two enbodi nents of the split collar are disclosed. The
first is a multApbgeppiBhie inverdiop trie mprovgnebot trecrstdicnthat aresised tei ngl e sl ot t ed

body.  Gener al [ ¥ o2l Rer® ol GoGing Matillied. 27 €

Another object of the present invention is to provide an improved design for the

fast replacement of damaged connection components on high speed mechanical swing
20  arm assemblies.

A further object of the invention is to remove a collar or connecting rod that is
used to make a connection between an arm and a supporting shaft, by moving the
collar, or the collar components, away from the shaft in a direction perpendicular to the
shaft centerline. Thereby avoiding the required disassembly of the shaft which required

25  complicated tools and multiple hours of downtime for the molding machine.

These and other objectives are attained with a robot assembly and a method of
installing a collar on a robot assembly. The robot assembly comprises a support shaft,
an arm extending away from the shaft, a split connecting collar pivotally mounted on
the support shaft and connected to the arm to connect the arm to the support shaft, and a

30  tool connected to the arm for engaging the molded items and for removing the molded
items from the molding machine.

Two embodiments of the split collar are disclosed. The first is a multiple piece

component, and the second is a single slotted body. Generally, both of these collars are



29 August 2006 WO 03/074237 PCT/ US03/06130 3 designed such that
installation or renmoval does not require that the shaft be RfsAhegustRDdkearl|y
t hrough the dianeter of the collar. Rather, the installation or renoval of
the collar is perfornmed by noving the collar, or the collar conponents,
away fromthe shaft, in a direction perpendicular to the shaft centerline
i nst ead and over the shaft 5 dianeter to th at. This is in
cont r ast 8%8/.6]/5)%76- pi ece collar thag encircles the shg$ﬁ%?ﬁdé woul d require

di sassenbly, of the, shaft using co jcated tools and causi,n mul tiple hours
of downti nedef‘WEPWE%WgﬂnﬁF%ﬁoﬁg'crﬁW:@. Ao@?ﬁ&qi“m tgatiﬂ?ﬁfg?'ﬁt?e&l},sheghe robot can be
removed andine&Rnd6OM thdtidmRd of MiaBolRN RaRE theltaatichioRiBvAi1an@et 00l s.  Furt her
benefits and advantages of the invention will become apparent froma 10
consi der at i Har é¥perfpranctl §y meving the geltanor e cellascomppranspawayifpmriheshed, r ef erence to
the acco ' | ' I enbodi nents of
t he inve%?g#&g?%ﬁ%ggarrit%% %ﬁﬁ%@%@%ﬁ%&oﬁ%@@a&&{g?@%?}gﬁl shows a robot
assenbl y5 anthnper to thnedpdinta Thislisdh bentrash Gre ane-piecé¢ajjartea eiralesithd slafte per specti ve
Vi ews show a first enbodi of ,a split . collar that. may be used in the
robot assertt Vo'bl’fjr‘iﬂf‘ﬁ%‘ﬁ%asf?nlbgi%rg}&\"éhaﬁt“f‘ggﬁonﬁ’é‘l"%t t8?alf9réi°6‘i‘sg\§/ showi ng how t he
col lar of Fh@pEsous cRasWminteAtr themoldilg nasirl RRAg afs andtisLmeYsydt f rom a support
shaft. Figures 5, 6 and 7 illustrate a second enbodi ment of a split collar
that nay alogbbe ryEoyed apd jcplaged én kegstihan opgshoungsing semplehagdifaslsli. Fi gure 8 shows how
the collar of H ! t he support
shaft. 25 Fi gurglg&éﬁ%gﬁgzggqﬁapﬁéﬁag@éﬁg ﬁrglla? ggp%eﬁﬁﬂg%g%%%%g of a typical
Front CUr vepnsideratjon efhfllawidg &bilied dasgiption, giveinwith mferamcitoditlge vi ews of a

typi cal Back Curve: the l.ded i.t1e ref er abl ndl ed by the robot
naBenbl . ASEPETS RSy T LO o BB TEE CHPO T LPr (1 p useful on
the robot ia&ss®mbly of this invention. 30 Figure 1 I A and 11B respectively
illustrate top (distal end) and side views of a second enbodi nent of a

transfer tilg) useful on the robot assenbly of this invention
rief Description Of The Drawings

15
Figure 1 shows a robot assembly and portions of a molding machine.

Figures 2 and 3 are perspective views showing a first embodiment of a split
collar that may be used in the robot assembly of Figure 1.
Figure 4 is a perspective view showing how the collar of Figures 2 and 3 can be

20  installed on and removed from a support shaft.

Figures 5, 6 and 7 illustrate a second embodiment of a split collar that may also
be used in the robot assembly of Figure 1.

Figure 8 shows how the collar of Figures 5-7 can be mounted on and removed
from the support shaft.

25 Figures 9A and 9B illustrate the top and edge views of a typical Front Curve;
Figures 9C and 9D illustrate the top and edge views of a typical Back Curve; the
molded items preferably handled by the robot assembly.

Figure 10 illustrates one embodiment of a transfer tip useful on the robot
assembly of this invention.

30 Figure 11A and 11B respectively illustrate top (distal end) and side views of a
second embodiment of a transfer tip useful on the robot assembly of this invention

particularly suited to the transfer of the Back Curve shown in Figure 9.



particularly suited to the transfer of the Back Curve shown in Figure 9. 29
August 2006 WO 03/074237 PCT/ US03/ 06130 4 Figure 12A and 12BAugsgt@®ddbvel y
illustrate top (distal end) and side views of a transfer tip enbodi mnent of
the present invention particularly suited to the transfer of the Front
Curve shown in Figure 9. Figure 13A and 13B respectively illustrate top

(distal) views of a 5 transfer tip enbodi pr esent
i nvention sul tegﬁto either the Front or Back mrvegq)g%[g%mlgﬁ(?ﬁ gure 9.

Det ai | ed Description The Preferred Enbodi 10 Fiqure 1 illustrates
an injection nof§4%d zg&% f?ere%‘“ﬁ’ﬁléfﬂg‘s?%%ﬁf’ (J;Eé]éﬁ‘ylav? s9 VieWi96alyi ng t he

present 'nvﬁﬁfsﬂeﬂfb n%&ameﬁt%fa@pr%nﬁb@klbypmﬁ&mglsﬁég tPthe ARG offy d hal £ 14,
a lower nold half 16, novable platen 20, and supporting plate 22. The | ower

mol d hal f Erentlcslrweéhmawaumﬁ’unt ed onto the novabl e pl aten 20, and the upper
nold half 14 1 | ate 22, which
P TRLED A 5L PARBOE I

preferably renai atronary 16 and the

novabl e Pl atresfe) embodimenn ofithel preshnvﬂnvmdomduﬂsetoanhlerﬂmmmm treBapiol d. The novabl e
pl at en prefﬁrabl nnv%}gru and down under the action of a cylinder, lift or
other lifti : | d hal ves are aligned by noving platen 20 al ong
shaft 24 whi ch is preferably stationary. Preferably three 20 additi onal
shafts (not shown) are present at each conmer of the novabl e platen 20. The

rmvabl e Pl ap&eddesGtinE o TRE P RGer dbddBsened’Ot shown) preferably |ocated at
t he —oim—p%?n_r%m%%shafts pass. The shafts

prefera y are gugq\/ﬁg{rgﬁegb tn%(é\gglqin%@mtg?\ﬁacfﬂfggp m(ghpisg % onto which the

upper nold half renova ts t hat pass
t hrough pl aémetedygf) the p:esremrrmeahﬂry Mefohiod 14, genetlly, campmhaﬁlpp@ ntolrdshaﬂfachl ne base

[t he. oper 4 P BRI EH Al oA Lo portpE oty S GHOME 16 are

cl osed, anﬁblﬁﬁﬁ)dra;ﬁ&damyln@umemﬁ&@énﬂov&b&ﬁm@zmmrm pria@Eeir o form a set
of front and back lens curves. After_ a short perio the nol d hal ves

separ at & aN@monabbemeynted|onto the sePORg Alsfee 2 phigh %‘F%ﬁblme% the | ower nold
half 16 MOV Rt h;ﬁu&pﬁg1o%§fnudmf§m%enﬂoﬂlgpra Otéerflz;b@upaﬂa)' ded lens curves

are then renov fromthe | ower Vi a
down to close and open the mold. The movable platen preferably moves up and down

under the action of a cylinder, lift or other lifting means. The mold halves are aligned
by moving platen 20 along shaft 24 which is preferably stationary. Preferably three

20  additional shafis (not shown) are present at each corner of the movable platen 20. The
movable platen has corresponding apertures (not shown) preferably located at the
corners of the platen, through which the shafts pass. The shafts preferably are
removably attached to the supporting plate 22 onto which the upper mold half is
removably mounted. The ends of the shafts that pass through platen 20 are removably

25  orfixedly attacﬁed to the machine base (not shown) that preferably is removably or
fixedly attached to the floor.

In the operation of molding machine 10, the mold halves 14 and 16 are closed,
and a plastic is injected into the interior thereof to form a set of front and back lens
curves. After a short period, the mold halves separate, and in particular, the movable

30  platen 20 and the lower mold half 16 move to the open position shown in Figure 1. The
molded lens curves are then removed from the lower mold half via robot 12.

Molding machine 10 is described in greater detail in U.S. Patent No. 5,702,735

and in U.S. patent application no.09/305,886 for "Mold and Molding Machine for



Mol di ng machine 10 is described in greater detail in U S Patent No.
5,702,735 and in U S. patent application no.09/305, 886 for 2¥Blugustf06

Mol di ng Machi ne for 29 August 2006 WO 03/074237 PCT/US03/ 06130 J Maki ng
Opht hal m ¢ Devices”, the entire disclosures of which are herein incorporated
by reference. Robot 12 conprises a drive nmechani sm 30, connecting rod 32,

collar 34 6, and end of armtool 40. Cenerall I ation, the
robot ar mwgg’g%\zlgs 5 horizontally i:n between the uppéFT}}r"g?"@E]ﬁé\If 14 and the

| oner nold half 16 when these nold halves are open, as shown in Figure 1.

Al so, the r¥Bline gplthabeic Rsvies" i qniitsisisalosuges of which are bgpadicemoriedect i on, out of
the area beg)y\ggﬁn{ehe nol d hal ves, when the lower nold half is noved toward
t he upper nol alf to forma closed nold. In the preferred enbodinent, the
robot 12 is a diRobatl2 derprsesracyot methasism 38, coriectingrod/32, edlah3narem 30 for the 10

robot rides n own wi th.the nmovenent of th veabl e platen 20 of the
nol di ng m%d;%%“gagmwﬁ\%'o BB "b?pgfag?r}a&e)f()b@g?rf”% X%f robot 12 is

suppor t esl byorastiallyitiasween liRRigpe hdid halid 4 il thpRwathal@haf 16 ienmRkgli ng machi ne
10 as the nold halves are opened_ and c| osed. Gears and rotatable cogs (not

shown) ar e Welddalves appppen, ehdioys Boigupt.i AlshthsirpBet am 36movsekanigerialind out of the
I d hal ves; : : ively. Aft
o al ves;; 1t o@ﬁ%lté‘(ﬁ:e% &%?thggxlegbé?\péﬂﬁle% %@%q’?’ﬁ%m’é?ﬁ%@?ﬁgd\/e y er

t he robot noves rzo y 1nto position no ves, the end
of ar m t ool halfs ingvell tomearddtie eipesmoltl balf tedorsuardiasedemolfl. intthe prefemed nol d hal f (as
shown) by va}%ﬁum ext end

r..42.. i ch noves, .the end of armtool. up and down.
The vacuum EREEHHC Otglgﬁ%%@fe\éﬂg&l‘%rozgobglétdfj%‘esdeVFglgc}'(awgfl 3@%’6\%}?), and is
oper at e t orobd® Yidestup@ndeduivn vaith thé maveeht@d the toveudtd plhisa20 of¥he moldirg; end of arm
t 00140 i s noved downward, the de rves are ejected fromthe | ower nold
hal f Prefer® Flﬁh‘é‘\{d\g}?&alg‘ﬁ prépe%%lyc%ﬂafﬁ;gy rP‘l’Qéﬁ%fséPg’H"FEfisby{Pﬁfm fat may be cups
that are copRgGhathatiRopralids LM MOldnG ShatiRl10%8 MeMold Kiiles hré opntd Vat ed to
pi ck-up the nol ded curves. Wien the |ower nold half noves toward the

stationary @gplesednol d 25 hal f, the robot, through direct drive nechani sm 30,
moves out from Qw%mr}o&%ﬁe E&g@gﬁot sﬁ@qbgrgmﬁ torﬂ?évg t]ﬁqg%?ﬁ%ri]zént? n16’ and
C er robot

transfers the front and ba ns curves to anot r further
pl acenmehi . Wébien agl oubahhereold Balaesd 4 ambidtwiER themoldgpensxind closesa hi gh speed, nass
respectively. After the robot moves horizontally into position between the mold halves,
the end of arm tool 40 is lowered close to the surface of the lower mold half (as shown)
by vacuum extender 42, which moves the end of arm tool up and down. The vacuum
extender is connected to a vacuum source (not shown), and is operated to move the end
20  of arm tool up and down.
When the end of arm tool 40 is moved downward, the molded curves are ejected
from the lower mold half. Preferably, the end of arm tool has transfer tips 44, that may
be cups that are connected to a vacuum source (not shown) that is activated to pick-up
the molded curves. When the lower mold half moves toward the stationary upper mold
25  half, the robot, through direct drive mechanism 30, moves out from between the upper
and lower mold halves 14 and 16, and transfers the front and back lens curves to
another robot for further placement.
Molding machine 10 and robot 12 may operate on a high speed, mass
production basis. For example the molding machine 10 may have a very brief cycle
30  time — that is, the period over which the molding machine moves from an open
position, to the closed position, and back to the open position, and during which a set of

front and back lens curves, for example, are molded and removed from the machine.



production basis. For exanple the nol ding machine 10 nmay have a very brief
cycle 30 tine - that is, the period over which the nol di ng 2hdgnst 2086es
froman open position, to the closed position, and back to the open
position, and during which a set of front and back |l ens curves, for

exanpl e, are nolded and renoved fromthe machi ne. 29 August 2006 WO

03/ 074237 3/06130 6 Robot 12, and specifi cal 6 and tool 40,
|l i kew se \ryg)\%féﬁ?ﬁ and out of the golding nmachine. Dllljﬁ/ﬁgd’spﬁ?os tinme, the

robot arm al so en es. et o | d rves, carrjes ose curves out of
t he nol di ngR‘ﬁ’ﬁbﬁ'r %@%p%ﬂ{%a@, grﬁgi{Gea:ﬂTg t?ﬁ‘g)’ ﬁ%er%émi‘%s | ‘P’I‘é?fttper obot. 5 As a
result of tRb8inphehireP @RHnOBR el BB50bbtlarth Slsh@ERLS Ak oEAARIARa, | Y to repl ace
arm 36 and/or tool 40. In accordance with the fpresent i nvention, collar 34
is specifieics hosseyivgneag of the malding maghiee, ansktspsfers the ervesde angther and t hus arm 36
and tool 40,, fromshaft 24. Cenerally, collar 34 is designed such that
installation or renoval does not require the shaft 24 be pushed linearly

t hrough §he di anetessulodf thibkigh spebdoperatfar, itds necdsary breasiansityed teplacoOn or renoval

of the collar 34 js rfor med noving the.collar, or. the collar
conponent s,”@\Rgﬁmﬁré‘g&f‘@g[“§'f‘f8f‘$x°§4‘f‘t\ﬂiﬂ??%éesffﬁFE’ST‘IOB’rf"B%?f)Endi cular to the
shaft Cent@ééiﬁdﬂﬁy&e@i@ﬁe@%‘fa@ﬂita@dr@rﬂ&viﬁ%’tﬂeéb\ﬂ&[ atdtBusSRABE afditgyiRg,er to the

endpoi nt. Two enbodi nents of the collar are described bel ow. The first,

i |1 ustr at edff¢mshafrgdy frengrally, gollar 34 i designed pich that ingtellaiomesaemayeldognd t he second,
shown in Fi { $4 ql LRt th VN rence to

Fi gures 2- 4Ig)ltl%gﬁeg?§s§%ﬁ?n% p&%‘%gﬁk%ggtﬁu%ﬁg sgggﬁg%s(fé}(l:ewog%sk%& and 52, and
connect ihg themstallabdn or@merbdflthe colar St ispadors@d bynuloGRe the eollasethe 0 f or m t he

body of the col| d i .54 | d h
Chose col | aiPiaeathrgfie v SOE i SERATRA Bipiooh PRt REMEC | one 50 ana 52

has an ar cughterligdriagead ofinldngeamad bver e shafedigpadritoms eslipbinnes a pair of end faces.
In particular, section 50 defines end facegiﬁoSOa and Sob, and section 52

defines end facd¥o5obodipentspfihe AredpRert Wndhersty flystratsd iy & connect ed

toget her, engda0e % BRMIRAOFeR2BmARL:; AQAMJNSdons AfEWH REkres §8Gsgnd faces 50b
and 52b abut agai nst each other, and the sections 50 and 52 forma

subst ant?} al $ingleaBtiedbrdynuous ring, defining a circular, central opening 60.

Eﬁg”e‘:t I g Meangy; e C NS FigukLRR DR, 34 BRIER! dr@ inF&Ednh SRForGoaNd 52 across

and 52, and connecting means 54. Generally, sections 50 and 52 are used to form the
body of the collar, and connecting means 54 is used to connect together those collar
sections.

20 More specifically, each of the sections 50 and 52 has an arcuate shape, and each
of the sections defines a pair of end faces. In particular, section 50 defines end faces
50a and 50b, and section 52 defines end faces 52a and 52b. When the sections 50 and
52 are connected together, end faces 50a and 52a abut against each other, and end faces
50b and 52b abut against each other, and the sections 50 and 52 form a substantially

25  continuous ring, defining a circular, central opening 60.

Connecting means 54 connects together the collar sections 50 and 52 across the
adjacent end faces. To elaborate, each of the collar sections 50 and 52 defines a pair of
sockets extending inward from the end faces of the collar. In particular, end portions of
collar section 50 define sockets 50c and 50d extending inward from end faces 50a and

30  50b, respectively; and similarly, end portions of collar section 52 define sockets 52¢
and 52d extending inward from end faces 52a and 52b, respectively. When collar

sections 50 and 52 are connected together, end faces 50a and 52a abut against each



adj acent end faces. To el aborate, each of the collar sections 50 and 52
defines a pair of sockets extending inward fromthe end fac@8 Asfgust006
collar. In particular, end portions of collar section 50 define sockets 50c
and 50d extending inward fromend faces 50a and 30 50b, respectively; and
simlarly, end portions of collar section 52 define sockets 52c and 52d

ext endi ngypHR fromend faces 52a and 52b, respecti n coll ar
secti onsggg 2@7@{}%2 are connected teggether, end faces g@gé’og/gd 2a abut

agai nst each 29 .August 200 03/ 074237 PCT/ U503/ 061 7 ther, with
socket s 5000%5,&1@?%&5%59%%%5%:{lﬁn%{awclﬁneg °¥ef’35%§m§?rﬁ’fn§3?cﬁfsog’nd faces 50b

and 52b abuind agadbasdgaiaaedthethee with wockéts Stucke 55 Hpckdarith cachdtiat.i gned with each
other. At the same tinme, pin 62a is located in the aligned sockets 50c and
52c, and pithe B9 Ume, pit ¢34t laeptqdin the aligned spsksts e andet’s, 88 8INZRBISS2d. I n this

vay, the piigoiispne GRSl B oh! ltnS G, ulAis 8% A4 BRoIE q0et her agal nst

axi al and transverse novenent. Retaining pla 64 and 66 and pins 62c and
62d ar e UseullareediohsbOrnd Featogdthey agamet axpbind sransseret howemeB0 and 52 t oget her

agai nst novenent, awa om e ot her., Mo specificall h of the
col l ar secti onskgﬁnﬁéafa%i%@%ﬁgg&%{nspﬁglcP“‘%@dﬁg?iuéﬁdltﬁ’/hégfeé%ﬁbﬁgﬁe socket s
adj acent , kydllarsédtigizt90yind 26 guthet fgatist thdveme dwiyoedseaoh othére Muad | ar sections. In

10 particular,_collar section 50 defines axial sockets 50e _and 50f and, and
col | ar sectPeHficady esa pf theeollangetions otqnd P defings apsy of oviallyextending et aj ni ng pl at e

64 defines @iRallija@ht, bll SRURAP sRRAT IR the RAPrERIr BB 11aPRE on. €hal Ning plate 66
defines a pair of through openings 66a and 66b. Wen collar sections 50 and

52 are bbnredicelar, eadgesetton S0 defings axiah gpchétatls agdi50fiand; awtrobargection 52 he col | ar

sections, 1b:-bridgin ends, and with openings 64a and 64b aligned
W th socket]dgﬁ%ﬁégglns &eégg‘?&g%g@pi ns 62c and 62d extend through openi ngs 64a

and 64b and i nt Alssaetkiaing phfdes defirets & Rer of claouph opénitgs 4@l béhy, aidhese two ends of
the collar sectiops. Likew se, retainin at 6.5its on ends of the

col | ar sectrFtﬁlﬁg‘sgp@}eiGQbF%s?Plaéfsoécﬂ"trf}\'igh% 85 g%‘i‘cf“&f@n agpigEecigna and 66D

al i gned W t4p a6 @5kt Sonh&¥ied apdthBr2fetairinbthidd G4Ssitd S€erndf 6F thedoligrdk@idgs, t hr ough 20
openi ngs 66a and 66b and into sockets 50f and 52f, connecting together these

two end® dmdgipgthessityvaends@pd wishepenippia padh 4 aligngd with spekess SQegad col | ar

sections dehingd ShepResh 69aWend GRESSGEninR L kRAkL 4% in@RGLESEA Ni ng pl ates 64
and 66 have thin flat shapes and fit into these recessed portions in a

conpl ement ang S¥eaeomagcting tagetlier thesgdyo ends ef thegadlasections Likevasenietagning
plate 66 sits on ends of the collar sections, bridging these two ends, and with openings
66a and 66b aligned with sockets 50f and 52f, and pins 62¢ and 62f extend through
20  openings 66a and 66b and into sockets 50f and 52f, connecting together these two ends
of the collar sections.

Preferably, the ends of the collar sections define stepped down, recessed
portions 70, and retaining plates 64 and 66 have thin flat shapes and fit into these
recessed portions in a complementary manner. In this way, the tops of the retaining

25 plates 64 and 66 are coplanar, or flush, with the top surface of the rest of the collar 34.

To install collar 34 on shaft 24, the collar sections 50 and 52 are placed on
opposite sides of the shaft. The collar sections are then moved toward the shaft and
toward each other, until end faces 50a and 52a and 50b and 52b abut against each other.
The collar sections are then connected together, using plates 64 and 66 and pins 60a,

30 60b, 60c, 60d, 60e and 60f, thereby securing the collar on the shaft. To remove the

collar 34, the collar sections 50 and 52 are disconnected from each other, and then those



25 plates 64 and 66 are coplanar, or flush, with the top surface of the rest
of the collar 34. To install collar 34 on shaft 24, the col BAAugest2l¥hs 50
and 52 are placed on opposite sides of the shaft. The collar sections are

t hen noved toward the shaft and toward each other, until end faces 50a and
52a and 50b and 52b abut against each other. The collar sections are then
connecte r, using plates 64 and 66 and pins Ob, 60c, 60d,
60e and gg*)fagﬁage}?eby securing the gollar on the shaf ?Qﬁf%(g}r&’elr?r({)ve the collar
34, the collar sections 50 and 52 are di sconnected from each other, and then
those 29 Augligsecsionsgre Prisdryay memshe sheft24usomposis decionsersrnediclact i ons ar e

pul | ed avay, f.Qmat-BRefRAft 24, in opposite directions, perpendicular to the
shaft centerline. Figures 5-8 illustrate an alternate collar 80, which forns
a circunf er ent i Bigursy B8 illustrateadnl alteynath eoliend(, which forinea céasmfeyentisivt ed on and

renoved froma shaft. 82 b ving the 5 collar in i rectiop perpendicul ar
to the shaftPa@%'tBe.c rtgb%%{f’ég;{)ﬂ)@gﬁdl%,an%ﬁ“f’ﬁd tg’ﬁl*}%‘ﬁ Y% or body
portion 84 Johﬁﬁnidife&ﬁm?@rp@ﬁcﬁcuﬁﬁﬁ) tBdhem ahiif) Mo BpeeicAIBt @l 8860 around a

central opening 86, and this main portion 84 thus also forns an
appr oxi mat eihsjudes naip prhedy porspw$4 thatformean ire B4pytendingiepprayimeately 40° use with a

support sh S . . 'qw I as w der and
t hi nner po?a{nlgugcrllg£e§kg%5%n§%§fb&qwse&élflgﬁmgﬁ%‘ %ﬁs Jgggl ar% %E‘P p%rﬁ%]%{yge enough

t hat t hi nnenopaciicent 8Bb of the shaft will fit through that slot; and the
di aneter of the central openi ng 86 of the coll is just slightly |arger

than the di amet &pllar §isdesengd fo Seﬂﬂ?‘t%%ﬁ?%ﬁ%?%f’%?}@%ﬁ’?&ﬂ a8y nstall col | ar

80 on shaf trifge 7, WARh SR Widdr ahSthifaMERrtDAs $20ahd §28e ThOURRES ofRQM4igeN 15 82b of
the shaft is passed through slot 84b, and then the collar is noved downward

onto wi deris jsrgeenaygh Baghings portien 89 ofithy sleaftrvd]l dit througlohiatsiosraadihebol ti ng
vertically gown Il I . iha esent

i nvention provi g@iﬂ%éeﬁﬁdng%%ﬁ%f%{ag%(%%%{g%gg{/h ntgga%%iﬁaltg ﬂ}e ({P%se?eénce, t he

r epl acenentoftife widenpaoeri2s of the smonpl i shed with sinple hand tools and wit hout

the 20 need to.,renove ine g di or_panels. Also, maj.or conponents of
t he machi ne doT?'nBlf%x%({}lg E{boonﬁgaﬂﬁ%lp@gﬁf”ﬁgg stﬁme HsE PFi¥oved to perform
t he replacesreothe gpfispasstdithadgh §16t@Ab, andmki the céli inoh&l doentwvaploiiee a damaged

collar conponent, and to restart the machine is significantly reduced.
Furt her. t h»@dgipﬂx}gpréﬁangollar 80 may be held in position by bolting vertically downward to

a bearing housing on the shaft.

The present invention provides a number of important advantages. For instance,

the replacement of components is accomplished with simple hand tools and without the

20  need to remove machine guarding or panels. Also, major components of the machine
do not have to be disturbed, disassembled or removed to perform the
replacement/repair. In addition, machine downtime to replace a damaged collar
component and to restart the machine is significantly reduced. Further, the simple and
fast replacement of the collar allows for immediate action in case the collar begins to

25  adversely affect machine performance, and it is not necessary to wait for regular
maintenance days to change the collar.

Any molded items, preferably ophthalmic molded parts, e.g. lenses and lens
curves, can be handled using the robot assembly of this invention. Although the
following description will describe the handling of lens curves (made by injection

30  molding in the molding machine shown in Figure 1), using the robot assembly of this
invention, it is understood that other molded articles can be substituted for the lens

curves described herein.



fast replacenment of the collar allows for immediate action in case the
collar begins to 25 adversely affect nmachine performance, an2D Augus 2006
necessary to wait for regular nmaintenance days to change the collar. Any
nol ded itens, preferably ophthal mc nolded parts, e.g. |enses and | ens
curves, can be handl ed using the robot assenbly of this invention. Although

the follgw scription will describe the handlin ns. curves (nmade
by i nj ect%fr?g%d%?ml ding in the nol di ng machi ne shomgfgﬁlﬁé@f‘f?oe 1), using the

robot assenbly of this invention, it is understood that other nol ded
articles can beFiguiss P et Bhdepista opand sideyiews tpsreslivelyeeica lplssdvher ei n. 29 August

2006 WO O 7{]@%7 t/dﬁtﬁf%?’éﬂﬁgr FiQured SOk glg : ' top and side
Vi ew, respgé:a&cve y?f)rgf a ’r{s cgy?vlg?m pa#lgﬁ?uﬁéfﬁ %H%E}dggit%ly%gl;a\?e; simlarly,
Fi gur es 9C Buackl Co®e.dAprant Corepand BdclsCuie peirewssed for makiBacdata@ulenses byA Front Curve
and Back Curve ir is.ysed. fo Ki cont.act. | enses b t hqds di scl osed
in the pri &et%ﬂdgafsﬁlwe%}nﬁeepﬂpéa{pﬁ;g’é‘ft?%g&rac 9 thedps cBﬂ’Fi/%"sfagI%@t abricated 5
wi th hangl i wigh HERARE nchttReidn. Tihahding nead AR ariERfotet spbaiags Or ot her
appendages that are a&grt fromthe optically |¥portant central surface. In

Figure 9, dohepwerapst & the sptisibyigpaaheenird surfacesinf e, agreferadll ar f1 ange 121
(Front Cur 3 arkBé T, al;’lﬁﬁ nd 125 may
optional | y@dlgggl&%ggﬁhtﬁ%ra%{ijrt er1 fac%el(l??gf'ltﬁggﬁu}éﬁ%ﬁdn%pgn p%egi tioning. It
:s pr ef erre1a4(BvakCutve)f.tT@mﬂngdﬂZﬁ_Jan%rmﬂmb?lgp@dddamﬂhﬂuagacilgatereansdon theh
ens curves. |n a pref.er.red, pract e n chi ne .t hat produces the
Back Cuur xeﬁ]ag‘hmééréqo‘é)ﬁlg&n%qflggﬁegeglﬁ(gﬁmst%eptéarng&p’i tB’Inon fcgf%ﬂgé @%818@ ngpm)l 3

el enent 50 trh@ncanbans catie$.ace 123 of the Back Curve is exposed. Conversely,
t he nol di ng machine for.  the Front_ . Curve separates such that the convex

surface 120 of fPrelpEPractiseybe meldingmachipe thatproduces fiskiack Quit §ure 1, the end

of arm t 0ol gelgivd 9\hatipo ﬁati&%f‘ﬁlfe@?poﬁih FofirkldhlAk, B @nchOARAG ed to a vacuum
source that iS not shown that is activated to pick up the nolded 1Iens

curves. Thel2B phiheBagk Gurysds expesed.cormveredly, theenqldingmadsing & theefyotde soft fl exi bl e
materials, oy mm%héh'tﬁﬂ&%%o&%%&ﬂgeg@g%f%gp ohf Gurl 6 Bdlegvar i ously shaped

end effectors, suction cups, tip owed fingers, and the I|ike.
Exanpl eb5 of Asshiedn inFaguse ke thetendosf aem @oliihs diesar nwsetthnsfiar tips 45 thatk@e 543; 5, 681, 138;

o 600 167 oh0 BT G 0L 0 0.0 Sl S0 000, 113 00
lens curves. The transfer tips that contact the lens curves may be soft flexible materials,
such as silicones and rubbers, in the form of variously shaped end effectors, suction
cups, tips, pads, bellowed fingers, and the like. Examples of such transfer tips are

20 disclosed in US 5,540,543; 5,681,138; 5,895,192; 5,980,184; 6,007,229; 6,077,031;
6,079,940; 6,176,669; 6,180,032; and 6,186,736, incorporated herein by reference. Soft
flexible materials are often employed because, in a high speed production line, the lens
curves may be removed when they are still relatively hot, pliant and deformable. The
soft tips may prevent deformation of the lens curves.

25 Figure 10 illustrates one useful transfer tip 4. Figure 10 is a cross-sectional side
view showing transfer tip 44, made of a soft, flexible material such as silicone rubber,
which tip is cylindrical in shape and open at the pickup end, defined by annular rim
114. As seen in Figure 10, the annular rim 114 of tip 44 contacts the injection molded
lens curve 111 (depicted in Figure 10 as a Back Curve) at flange 115. Transfer tip 44 is

30 connected via aperture 112 to a vacuum source which, when actuated, enables pickup of
lens curve 111. In the preferred embodiment, the robot assembly removes one or more

lens curves from a first location, e.g. from a molding machine, preferably an injection



flexible materials are often enpl oyed because, in a high speed production

line, the lens curves may be renoved when they are still reRAtAugabs2006t
pliant and defornable. The soft tips nmay prevent defornmation of the | ens
curves. 25 Figure 10 illustrates one useful transfer tip 4. Figure 10 is a

cross-sectional side viewshowng transfer tip 44, made of a soft, flexible
mat eri al 3s,.Si | 1 cone rubber, which tipis cyli I LN shape and
open at t eq}%??:%ap end, defined by;annular rim 114, @gglbg@g(ﬁkqﬁn Figure 10,
the annular rim 114 of éi %5?4 tgolnt acts the injectjon nolded |ens curve 111
(depi ct ed iTCIEPERIFBng R anstoRR R HPE] OGP £ 354 4RCF er tip 44 is 30
connect ed Viaflet 3R & dnbithr thadsterlrBboRaniakdAlUoh PAME &R M r&ilims WHBNRACt uat ed, enabl es
pi ckup of lens curve 111. In the preferred enbodi nent, the robot assenbly
renoves oneogfioniprapeat thepgocessr ves froma first location, e.g. froma nolding
machi ne, preferabl i.nj | . 4 PCTI US03/ 06130
10 nol di ng mc?}%r%?ﬁgeﬁﬂ S?%&]fgggfr%egﬁoﬁgg%g&n%@gogl?p\?ééslgtb%%zigﬁe% %d | ocati on,

e.g. a coHnueypportignslahet diselrent! andeapodtimal ehd;alresfista] endiaoing anchitérhen to a pal l et

and then retyrng to the first |location to repeat.the process. The preferred
ransfer ( guen el e TR e Py L PVeb B e IS AN R gi d ' body
portions, apghid, Giddod) p&iiéh BRRg SealfritaiBperiBhdal td R Flied bidfaceB having an
outer surface that is conplenentary to the concave or convex shape of the

| ens curve mgngpreent Wishericlans cypviecpnd aldgasirae epesiresaiphding Broagh saig bedans peri pher al
to said out %FtioEHBrB@&iﬁ Pxfonnﬁl QMQ@%EJ;@BBI ot Llfac3at B hW Soriin{GrifNd at | east one

aperture exten I'ng thfough said y portion fromsaid proxinmal end to said
di stal &nd vathfafsbwrcesafidiffeoantidllpoassucconmuni cati on 10 with a source of

differential pressure. The preferred transfer tips.useful on the robot
assenbl y of i SEHUGIR e SeT RORegeal BTt Sfitiondet 13 The

t ransfer tispéwmipinEigareadl,yi2aing k3. UTheananki@ tipcrefe@blS pick up weipldtawhng shapes

simlar to those shown in ,I:i Pu e 9. It %‘lﬂl be a\{) reci ated that the size
and shapes WPetiuing phapssisupilap fofaose fowpdn hgHr Pi Bl b Wecomrbdaee different |y
shaped 15 gmpbdadaRt b thl @sfeltifd can Bifhdddled ) doYorshaRR difangy Hapages. Figures 11
A and 11B show top and side views, respectively, of a pre¥erred enbodi nent

of the t¥ armdlded atticles, goflifferantly $haprdilénagury®ns curves havi ng a concave shape,
such as, the Bag e, i GleQur re, the concave
shape is surfaglgur%géa?héi#gﬁéﬁ?hg%dgfdg i|es 5%%?%51239%?%}3%; portion 130
havi ng a diesbadimemdf tht hratsfer tip useful in handling lens curves having a concave shape,

such as, the Back Curve illustrated at Figures 9C and 9D where, the concave shape is
surface 123. The transfer tip is comprised of body portion 130 having a distal end (that
20  1s, the working end, or end in contact with the lens curve part that is being handled)
generally at 131 and a proximal end, generally at 132, which proximal end serves as the
connection to the robotic assembly and to the source of pressure differential such as
vacuum means or positive (gas) pressure (not shown). The distal end, generally at 131,
has an outer surface 133 which is complementary, in shape, to the concave shape of the
25  lens curve part to be handled. For example, outer surface 133 is of a convex shape that
is complementary to concave surface 123 of the Back Curve in Figure 9 so as to be as
close to form-fitting to surface 123 (the area of non-optically relevant curvature of the
lens curve) as practicable without impinging on same. The body portion further has a
sealing means peripheral to the outer surface. The sealing means may be in the form of
30  annular sealing ring 131a. Preferably, the sealing means on the transfer tip and the
handling means on the lens curve are both in the same plane; preferably both are flat,

sufficient to create and maintain a seal (by e.g. vacuum) effective to enable part pickup.



20 is, the working end, or end in contact with the lens curve part that is
bei ng handl ed) generally at 131 and a proxi mal end, general2%Aagust2806whi ch
proxi mal end serves as the connection to the robotic assenbly and to the
source of pressure differential such as vacuum neans or positive (gas)
pressure (not shown). The distal end, generally at 131, has an outer
surface 1@% thch is conplenentary, in shape, to the concave shape of the 25
| ens curv 8 Vt5{ 0 be handl ed- For exanpl e, outer suftHE %930 s of a convex
shape that is conplementary to concave surface 123 of the Back Curve in

Fi gure 9 sdfoaexamplepia theembedipents showpnpmitr sealing gog B13 it Be g2mexganet he ar ea of
non- opt i Ca'zls}{m{u%}ﬁ%ﬂ-%@tlzzﬁéﬁ VadddkeuRb FiiR o | €ns curve) as practicable wthout

i npi ngi ng on same. The o&y portion further has a sealing neans peri pheral
to the outer suBbdgertionta0,swhidinggutakesariscertay, ibmbstamtizlhygigidrber of 30 annul ar

sealing ring 131a.. Preferabhl t he sealing s .on. the transfer tip and the
handl! i ng rreegﬂgﬁflht_ ¥ ﬁogsftt@’%(?%%tema g %lé)lnﬂ T‘H%t?lﬁré‘mgtﬁﬁ sgl“?fﬁ%‘?mpr ef erably both
are flats sfdoneirptidet B ERERH EenibaE R iphdséit Bn #1dSB@Y the Mhs Burfe asvacuum
effective to enable part pickup. 29 August 2006 WO 03/074237 PCTI US03/ 06130
11 For exdsprwed fipm thefeoldipgmaihimemnd uadesihs pressyres pethe plisd fagering 13 1a is in
the sane pl A Q8 th 240 r iqure 9. Body
portion 130@%%8 ugﬁ%ng S%Engffdeg%r ?ace%nlsS tlb%@@%@%?@#ﬁ%?ﬂjgrl gid. For

exanpl e, i tflange) of thamoldedbpartt (thé substartially mgid hature vf tebdy portion BAds wi |1 maintain its
di nensi ons nd .geo ry.under the eleyvated te ratures present on and
about the Ipé%%rg‘lgﬁ?lgﬂn%?ﬁ'f’ms%ﬁe ‘ﬁm c?ﬁ%"felﬁg ??Bf%ﬁﬁc%odl Efﬁ‘i’lﬁ'é?e > under t he
pressur g5 Ghy mberid BpingrhatdES SufficieR & @dblbattvmanachiel soaletwigs means of the
transfer tiﬁ and the_ handling neans f|l ange) of the nolded part. The
subst anti al§

e.J. g
ed fodiaye thafeaw@t%@%%fmbéWﬁlseﬂ?alltg’erws, egr BHessaddyhopt ai ned

through chajg &, Khiel®h Gbik@1SsRf whRINBATHhioN br d@%ﬁﬁh@kﬂl&‘u%?&ﬁhﬂg, 10 any
mat eri al having a hardness sufficient to enable it to be machined or

ot her wi se vdismpubikcted tothe/eppliddesealiag piessuree wifh thedans gureg anddviiehradsodneal  t ol er ances,
e.g. flatness.an L] t L r I eal.. . W thout deformation
or distort i%%lsg? gteﬁg?ﬁeg‘%g?délthe? ?"?j”%gﬁééﬁ“‘g’b‘}é?’ég‘? ge)edl“%‘fd?) fiﬁsem\zc;\fbléﬁsiaed seal i ng
pressurBs Watidty bfp@lyreris materiale mealsgcevdniichcetihipsic matsrialy and thedike eIrtaher mal

strength for the tenperatures jnval ved, cap be ed. This includes a 15
variety of RERSTIFABrac en‘é‘f@?ﬁe%fﬁg% foﬁgfuﬁtllqél,haﬁ%glﬁ’rﬁ Bgl,sardt‘,‘%sls PE‘?‘B%% fraterial s and
the |ike. laBod90;Rhicé géfeﬁﬁlyﬁbcﬁcﬁ ©8bout bE sﬂlﬂifr@felfpﬁéferﬂfly fRodsbeiduPn has a Shore
D Hardness of about 58 to about 90; nore preferably-about 75 to about 90;

still nore %r §¢réicgq§1e)pog@5@q myerialsgnciplsy without limitation, engineering grade

plastics. Self-lubricating polymeric materials can be advantageously used to avoid

20  sticking or adhering of the hot lens curve to the transfer tip. By way of exemplification
only, and without constraining the scope of possible materials, useful polymeric .
materials include polyacetyls (e.g. Delrin ®, which is most preferred, having a Shore D
Hardness of about 86), polystyrenes, polypropylenes, polyethylenes,
polyetheretherketones (PEEK), polyamides (e.g. Nylon ®), polyimides,

25  polyamideimides (PAI), polyfluoroethylenes (e.g. Teflon ®), polyetherimides,
polyesters, polycarbonates, polyethers, polyetherimides, polysulfide polymers,
polysulfones, and blends and alloys of the foregoing. Polyacetyls, such as Delrin ®,
are preferred. Useable metals include, for example, aluminum, stainless steel and like
elemental metals and alloys that can be machined into the appropriate geometry,

30  dimensional tolerances and sealing flatness.



87. Serviceable polyneric materials include, wthout |imtation, engineering
grade plastics. Self-lubricating polyneric materials can be2fdugnstz2fd6us| y

used to avoid 20 sticking or adhering of the hot |ens curve to the transfer

tip. By way of exemplification only, and w thout constraining the scope of

possi ble materials, useful polynmeric materials include polyacetyls (e.g.

Delrin (r i is nost preferred, having a Shore s of about
bostied ooy RREPSE

86), poly S, pol ypropyl enes, ;pol yet hyl enes, her ket ones
(PEEK), pol yami des (e. d.. Nyl on. r%]; lyi nj des.. 25 pol yani dei ni des (PAI),
pol yf | uor oet hyl g'haélgtg‘fré’.g‘a?"'\%é’ﬁcg%’ ??‘B%b%/ﬁ y ﬁ’é?h”??ﬁ(ﬁgt_ ?lygBIBIayest ers,

pol ycar bonajngary blREeN yfhdieiak e.gWWMMrﬂlemr ofher bl héhBs BRWY BT S,

pol ysul fones, and bl ends and all oys of the foregoing. Polyacetyls, such as

Delrin (r),thedte preferred. Useable metals include, for exanple, alunminum

stainl e5s St el g ik in ELGTFABl AL Al can be machi ned

into the appropriate geone nensi on tol erances and sealing
fl at nesss 2&teAdiggihtouglEsi bodfp@B4r0IA0 28 iciRCTdr s oMM ROatib? witha anot her

preferred practice, the transfer tip 44 js machin entirely froma wunitary
bl ock. of - nPUE? SiCiTeengel pssrit. o i Apertis b Sro PRERHE VRES GORER OB { abl & means
known in tqifficahisizeaA& tRdugR¥anker tp. %ﬁ@géé%eﬁﬁr@&r&urgﬁﬂﬁf:&ﬁerbf p has at |east
one aperture 134 5 extendi ng through said body portion 130 sufficient for

f1 ow conmuntheteansiring pisfeged. s Sha sourcoo! diffreniiplasius¢ capinsbideyasuumpre aperture can
be one or nmhgg, %sggrle&&eg&{r&% 2Qnowil W tfhhgﬁ.%tr e%!ﬁzpfe QIcPJnll £&duAr ough the

transfer tip. A e aperture through the c el o the transfer tip is
preferrédl. tieghspertueatdie cantérfod the triansédr tip teegsater differential preshwielia theacuum or

positive (gas ressure sgurce s k in th t. For_exanple, vacuumis
drawn 10 tﬂﬁpgﬁbﬁ(’l'ﬁ‘bee e%‘?'ﬁ;’é ﬁttra‘%sﬁeéggghd{@ér,\fg%sfcufvﬁ’eﬁf ﬁlrgﬁtgafe‘glm Piggelb create

di f ferent i ahe pineBStip pRefembly RS at Gip plokiadal stdl182reonh&tive@Bank R cérnadtish er tip and
the lens curve, As illustrated in Fi urﬁzéé%, the transfer tip preferably
has at the BrakoRetic assblsPchdipreimrin2 & pogion dShiREEAYHENY o sai d roboti c

assembly, SUGHa8R coridEctRY &HRInE. BihbMh&RdGoRREIh RBowPn tHeQft nfgaNENi ent 1y

renovabl e connection to sane. Other neans of connection known in the art may-
al so 155 bebegmploggded. Fi gures 12A and 12B show top and side views,

Rt Vel Ok el B8 BP0 FE oo 1

_embodiment of a transfer tip useful in handling lens éurves having a convex shape, such
as for example, the Front Curve illustrated at Figures 9A and 9B, where the convex
shape is surface 120. The definitions and descriptions provided for the embodiment of

20  Figure 11 aforesaid apply hereto unless otherwise indicated. Figure 12B shows a side
view of said preferred transfer tip 44 having substantially rigid body portion 140 having
a distal (working) end generally at 141 and a proximal (connection) end generally at
142 which end is ultimately connected to the robotic assembly and a source of pressure
differential as hereinbefore described. The distal end, generally at 141, has an outer

25  surface 143 whose shape is complementary to the shape of the lens curve; that is, outer
surface 143 is concave whereas the shape of the lens curve, e.g. the Front Curve, is
convex. Again, it is preferred if the concave outer surface 143 is as close to form-
fitting the convex Front Curve surface 120 as practicable without impingement.
Substantially rigid body portion 140 also has thereon a sealing means in the form of an

30 annular sealing ring 141a, which in the embodiment of Figure 12 is in the form of the

rim or edge 141a of the body portion 140, flat and in the same plane as e.g. flange 121
on Front Curve Figure 9A and 9B. Body portion 140 further has at least one aperture



as for exanple, the Front Curve illustrated at Figures 9A and 9B, where the
convex shape is surface 120. The definitions and descri pti o28sAppgusti2#86 f or
t he enmbodi nent of 20 Figure 11 aforesaid apply hereto unl ess otherw se
indicated. Figure 12B shows a side view of said preferred transfer tip 44
havi ng substantially rigid body portion 140 having a distal (working) end

generally 41 and a proximal (connection) end gen 142 whi ch end
is uItinﬁvgﬁvéééﬁnected to the robgtic assenbly and géggﬁ%gg&bf pressure

differential ~as hereinbefore desgribed., T i stal. end nerally at 141,
has an out éf? %e‘gﬂﬂgg%é‘gmﬁ%é%%‘os%@pg%%%e quﬁ%g(fﬁﬂd‘gdﬁséaﬁte’édrvqgﬁrf{%e shape of the
| ens cur ve;cobihicitn wol b 8surcepfififfeRatial dlssufe. A AEGAYA, Whardatedtife shape of the

| ens curve, e.g. the Front Curve, is  convex. Again, it is preferred if the
concave outPErximaleprgl42 furier GogipEses £preion giepnsfopatichnent fgysajdyebatisnvex Front

Curve surf%%S%Tﬁgp%l?@%S;}hlgeggﬂ?ﬂg{g}egdé@ggggﬂtmg.rrpi ngement. Substantially rigid

body porti ereon sealing neans in the formof an 30

annul ar 5eal i ngFigumagi3ddhda3B stowabp and sida eicenteegbctively; ofoft dnbtherr e 12 is in the
formof the rimor _edge_141 a of.the hoqQ rtion 0, flat and in the same
pl ane as e.eﬁl.b"‘%lmﬁli‘fﬁga T%'ffer t@nﬂﬁ%ﬁ{w%ﬁ@?géleg&ﬁ@g@%ﬁégﬂ h@‘E{Iméody portion 140
further hasithdr FreaRSiBaENEurRe Mlghth e ABfirfMIGH Shd APBtiondBr I ide® fof 83 7

PCT/ US03/ 06130 13 144 extending therethrough fromsaid proxinmal end 142 to
sai d di st alembpdiments offFigurgs|l bapd I2faresnideprly Baetowmlpss gthemyisedrdiesteddi f f er ent i al
pressure. | J: de A r.88 TS SN ol on dl Q 2 further

conpri ses ?§ nei?t'B %Eaﬁgsrraegzla&r?sﬁe?voér}sgt tﬁ ér%ﬁﬁg#}{aav%r% a?é?ag@%‘%g@ie‘l‘é assenbly, such as
for exaripl eetdmliiyatdEsd apda proximallehd gerfsraBy ghi52 sltifri@lyanthedtsBtoshrawbdtep and si de

vi ews respectiyel of t another . odi.nent of .a transfer tip, this

bar 1 cut ar BRI A e L TR Pirg ePedBRRRIGR: of " Back
Curves. AgaidindroeshdehinFikiro1®. Sitdtafteo figidbo®North Q80 Hed: dighl chite  embodi nent s

of Figures 11 and 12 aforesaid apply,  hereto unl ess otherw se indicat ed.
Fi gure 13B 1Shavseling mrageinfhedqrmyef 28 gnrylar pealing wrfaceilplanubichi the di stal  (wor ki ng)

end 10 gengpalbdifiediof Rigdre 39 ifihP feioFREmSR g8 §5RIR i bl pdraign Ul ti matel y
connected to the robofic assenbly and source of pressure differential as

her ei nbef oBedrpatien 158durthemonciess p phiralityeod aperthrss 1 Mrestendingir@n ghere 13) .

Substantial ly.ri qi . J . i | .end ..151 a sealing neans
in the for r%r%‘f‘ﬁ%%hglnslr%g?%a}d@;é‘g%“i%gaé&gtg}lrr gecs:leﬁa'ﬂ @F"‘?"’\ﬁ%ﬁg‘%"ﬁ“ﬁ’ tflx he enbodi nent of
Fi gure 13 iphurility éflaperfupdsyie.gfioles thiongtomidethges 11 & saidgpfoxéail dndidyarpor t i on. 15 Body

ortion 150 furthernore _has. a pluralj of apertures 154 extending fromthe
P equa yspacecfra?ound e circumference o}' t‘xy annular s%algng surface, €.g., six holes, g

each about 60° apart. The equidistant nature and uniformity in size of the holes in the

20  annular sealing surface 151a results in an equalization and uniformity of forces felt by
the lens curve being handled. In practice, when the transfer tip of Figure 13 is
employed to handle a lens curve having a convex shape (e.g. Front Curve), the convex
surface of same (e.g. surface 120 of Figure 9) is situated in void 153, with annular
sealing surface 151a engaged with flange 121.

25 Alternatively, another useful transfer tip that is not shown could be made by
modifying the embodiment shown in Figures 13A and 13B to add the convex and
concave rigid shapes 133, and 143 of the embodiments shown in the Figures 11A and
11B and Figures 12A and 12B while maintaining the plurality of apertures 154 as
shown in Figures 13A and 13B. The apertures 134 and 144 as shown in Figures 11A

30 and 11B and Figures 12A and 12B are optional.

In the most preferred embodiments, the transfer tips of Figures 11, 12 and 13 are

machined from a unitary block of polyacetyl, such as Delrin ®, having a Shore D



proxi mal end 152 to said annular sealing surface 151 a- In a preferred
practice, the plurality of apertures, e.g. holes through sa29Augnst2906a to
said proximal end 152, are equally spaced around the circunference of the
annul ar sealing surface, e.g., six holes, each about 60 apart. The

equi distant nature and uniformty in size of the holes in the 20 annul ar

seal ing syrf 5la results in an equalization and L.form of forces
felt by %3%@%@ curve being hand|ed. In practice, &ﬁ{é’h&?ﬁgelwransfer tip of
Figure 13 i enpl.oyed handl e .a |.ens curye havi.ng a convex shape (e.g.
Front Cur vé?%rdqeﬁé’fé%’ﬂb@%EWFté’éﬁerﬁf‘ r@atrfése(r@!ydfﬁw o8 CeBPIEE Figure 9) is
si tuat ed i npy@ingeripd shodntinFRGRY Bdnd 18€al i ng.surface 151 a engaged with
flange 121. 25 Alternatively, another useful transfer tip that is not shown
coul d be nade bylastigpthafopmmgnlyiserveasyeatirials of combtowiion for iRjecfionawlde8A and 13B to
add the convex and 0 e kigid . sh 133 nd 143 .of the, enbodi ments
shown in tﬁeenslflurélﬁsrnétsh?ﬁ r@%%yg?\ orgffé%é%go%egg?%asﬁ?ﬂ&%aﬁdn ¢ %Ew\?\mﬁte mai nt ai ni ng
t he pl ursl ilinyita€ién: pei@slefins euchldsdovasmediimdyandihiphFdetyity @olydBenand 13B. The
apertures 134 and 144 as shown in Figures 11 A 30 and | 1B and Figures 12A
and 12B ar Polypropysngt andepp Wé"r%%%rfoﬂgﬂ" WP%@%‘#HB@WHF%? pelieetel ansfer tips
of Figures r%s;ﬂﬁa%ﬁthé@p@&ﬁyletﬁ&?ﬂlf&%@ NyIdB; fiyldR 66 aflonl1 0Ck Of pol yacetyl,
such as Delrin (r), "having a Shore D 29 Augusgl 2006~ WO D 310 74 2 3 7

PCTI US03/ Oahe@moplastic pelyagiceand vafious Huerinalgématthads swols s thy @foginated r obot assenbly

of the inveqnti QRN I h f i ho in Fi res 11 and 12.
Pl astics t hf'}g}{y teﬁ%‘?ﬁ%@{ﬁ%}? C‘i@;\%% Saagd %%ﬁgnr%iﬂg#;rgé@gng%%%o%% 'ilg)l Fy(r)ernei nj ection

nol ded 10 erispreferretes in this regard are fromthe famly of thernoplastics and
can include wt t..5 limtation: polyolefins, suc s low, nmedium, and
hi gh- densi ty pop@ﬂ? Fi s agprzent iy %%?5’;%?%% ein dis Sﬁ%ﬁéﬁeﬁﬁgf“gat?q‘@r eof ;

pol yst yr eneyifil @eobfbctBAAY kRO HENR be BRtrAEE Al nunfeihb MSdifibAbYAaRY | et her;

pol yaryl et her, sulfones; on 66; on 11; thernoplastic

Nyl on 6; Nyl or Nyl on
pol yest er #Adodimentymay ha dewissdrhythage vhaled in ths ¥t stk isartendpdthpt thior | nat ed
ethyl enePrgplenefoRRShch fRcEidY b Mnublitiehos! fir LR lyners.
Pol ystyr enggpé{lo I's pref errred. I fce ‘?lt I's applar ent ét:a}l?:at trtl%qlragventi on herein
di scl oskd isgiriveidiscapaloftht pressealt inventifny| fi | | t he objects stated above, it will
be appreciated that numerous nodifications and enbodinents nay be devi sed
by those skilled in the art, and it is intended that the



appended cl ai ns cover all such nodifications and enbodi ments as fall within
the true 15 spirit and scope of the present invention. 29 AfgAesgust@066 15
What is clainmed is: 1. A robot assenbly for renoving nolded itens froma
nol di ng machi ne, the robot assenbly conprising: a support shaft; an arm
extending away fromthe shaft; a connectlPng collar pivotally nounted on the
support shaft and connected to the arm to connect the armto the support
shaft; and a tool connected to the armfor engaging the nolded itens and for
removi ng twikeat iswdiskedis:t ems from the nol di ng nachi ne; wherein the collar
includes: i) first and second sections, the first section having an arcuate
shape to seat against a first side of the shaft, the second section al so

having an jar cuaj goshaREehQy F8AtentiMMNRoIRd iREEMEMS A81dhg hAehiBRahE robot
opposite the first section; and i1) connecting neans to connect together the

first andasecthdcoeptisiogis to forma substantially continuous ring extending
around the shaft; and erein, the first %ollﬁr 2ction includes a pair of
end portions défRPHGS ﬁPF”%FX%ﬂ@ngﬁgﬁ%lgﬁH58S$§ﬁr_of sockets extending
invward from thg @RfediagesllitivsetPRdusel bathSfphbRRhAMEAHERDede®d the@fmend
portions defining a parr of 'end faces and a pair of sockets extending inward

fromt he dmdonregicthe aunh ta the syppwhshafioftdar secti on: when the collar sections

are connected together, t d faces of the fir | | ar ection. abut

Sgai net ¢ he. end Pabegmieie e TS aeRdootatde ploed Rk bug SRcteRBily e
first colh@tedRGhd #8mahé MdeHAnpMabhin@cket s of the second collar section; and
the connecting neans includes a pair of pins positioned in the sockets of

the first and vdweeinthesilanincBdes:i ons to hol d the collar sections together
agai nst axial a ransverse  noyv t. 2.. A, robot assenbl.y according to
o2 m 1, “whor e hirt AR FIEPRT SecsPRARE Bt oo s R n g P g ogh (R0 e ticer
axially extgRdiing oftieagRint tRNRcordf sdcfitn QRe HadfiRSarOarchidle shigeSto @l Agdinst a
section; the second collar section further defines an axial socket axially

ext endi ng seeijindsidstof tmshadt oppvsite the firsiceetias anche second col | ar section; and

ii) connecting means to connect together the first and second sections to form a
substantially continuous ring extending around the shaft; and wherein, the first collar
section includes a pair of end portions defining a pair of end faces and a pair of sockets
extending inward from the end faces the second collar section includes a pair of end
portions defining a pair of end faces and a pair of sockets extending inward from the end
faces of the second collar section,;

when the collar sections are connected together, the end faces of the first collar
section abut against the end faces of the second collar section, with sockets of the first
collar section aligned with sockets of the second collar section; and

the connecting means includes a pair of pins positioned in the sockets of the first
and second collar sections to hold the collar sections together against axial and transverse

movement.

2. A robot assembly according to claim 1, wherein:

the first collar section further defines an axial socket axially extending adjacent one
of the end faces of the first collar section;

the second collar section further defines an axial socket axially extending adjacent
one of the end faces of the second collar section; and

the connecting means further includes



t he connecting neans further includes 29 August 2006 16 a connecting plates
ext endi ng across said ones of the end faces of the first and29 Aegust@08®l | ar
sections and defining first and second openings aligned with the axi al

openi ngs of the first and second collar sections respectively, a first axial
pi n extending through the first openingléf the connecting plate and into

the axial socket of the first collar section, and a second axial pin
extendi ng through the second openi ng of the connecting plate and into the
axi al socket ofa ¢dneaigopldtes aixtemdingetross nsaidvbrdsedithehendc ficae of ithmgﬁr.dt ané and
the first and second axi al pins conpect the collar sectlons to her

agai nst nﬁmn%ollawctmso@ﬁdgéeﬁmlag Hupt and spcongdpgpenigsepipgngd a\‘Y r8f rifidl o

claim 2, Waskehfir 608 Pakd LBy Bl et Ripifrysecond  col lar secti ons ar e

st epped do I'ne a recess onnécting plate is positioned
in said recess.a fist Aldlqiinotextaﬁchﬁgrﬁ{ryugmm: festopemgg b tickechnnt &ing platorma imrol di ng
machi ne, the raobot assenb conpri.sing: a support shaft; an arm extending
away fronﬂh%@“@ﬁﬁ@?*Oﬁﬂﬁéﬁﬁ%%W?hﬁmE@FPéﬁ pi votal |y mount ed on die support

shaft and conn qgﬁﬁ and
a tool connectgdkggu% IBPEH@%%%K%ﬂ%gg&%$Q5ﬁSQ&nﬁhﬂ%%?¥%§§ﬂ§n &&H% nDV|ng
the nol dadd liritenise 4xiglnotle omblhedsengndmdm setionhwherem thheonwdctiag pladchnddihe a
mai n arcu gaped ect on definin E entral 0 enhﬁg f.or receiving{the
support s %ﬁttan st i“ﬁ BBt GOFRCE R %ﬁa HoseahJenge PP IPRYTHHAMERe
central o ypkral so defining an arcuate slot to enable the support
shaft to pass tﬁroug the arcuate slot and into and out of the central
openi ng wherein the main section of the collar extends around the central
openi ng at. | eas 40 de es 5,. A et hod_of  renovi a.coll om a
support sHaft, édﬁg?‘i %gisﬁ yh@ccgfcggg ¢ Cﬁal?le?mwp?fﬁmt rFélchﬂfPa?S Pf % 1F56 28f af t

by movi ng g E&%d%ep Aol SOMNBRNAN o e aGliceCthan perpendicular o

t he shaft centerli ne;
the connectmg plate is positioned in said recess.

4, A robot assembly for removing molded items from a molding machine, the robot
assembly comprising:

a support shatft;

an arm extending away from the shaft;

a connecting collar pivotally mounted on die support shaft and connected to the arm
to connect the arm to the support shaft; and

a tool connected to the arm for engaging the molded items and for removing the
molded items from the molding machine;

wherein the collar includes a main arcuate shaped section defining a central opening
for receiving the support shaft, said main section extending around a major portion of the
central opening and also defining an arcuate slot to enable the support shaft to pass through
the arcuate slot and into and out of the central opening

wherein the main section of the collar extends around the central opening at least

240 degrees.

5. A method of removing a collar from a support shaft, comprising the step of:
removing the collar from the shaft by moving the collar away from the shaft in a

direction perpendicular to the shaft centerline;



17 wherein the collar has an open ring shape and defines a circunferentially
extending slot, and the renoving step includes the step of 2Xupggst2806 sl ot
across the shaft; and wherein the support shaft includes a wider portion
and a thinner portion, and the collar is nounted on said w der portion, and
the renoving step includes the step of flirst noving the collar off the

w der portion to an area extending around the thinner portion of the shaft,
and then noving the collar away fromthe shaft in said direction

per pendi cul ar tyherdif €Sttt h&eH Gfehirii: shipe Ahd®RifNOS a GERH fHréidiall) eleadiil S,
wherein the wder portion of the shaft is below the thinner portion of the
shaft, andlatiraddhersmsivingsiemipciudes dgistearof sravingraidileeacressths ghatt ard udes the
step of noving t,he.collar u rds. of f_sai d,w der. iQp, et

according to cI“é}}eFﬁlg?he\/\ﬁ@)rpgﬁ\r/l\sﬁlaﬁh%&%‘?sl %wﬁieﬁcq%ﬁté%rgglg& ngf)}m\z IbP %ﬁg %h%dthe
subst ant i ablly b @s&dof ishid, wrleel pbitioh Ushdthefremstingnilers Bretidds alicstap of sidaped
sections connected together to form said substantially enclosed ring; and

t he renovimeyirg s doHer elddke wides poitigestogm grga epterding aund dhe Wdnrer pertioay
second secfign . ot ' { i rSt-sect i romthe
hart i n ane AR, S REERRRLRE AR otk dwdiBtiRhe i dh sh3 BB Bilo BN

t he shaft thesmafiseaRAthedi recti on, substantially opposite fromthe first
direction. 8. A nethod according to claim?7, wherein the first and second
sections are disconnected fromeach other as said sections are noved away
fromthe %h.al t 'Agrnetﬁ‘ofgctcgpcﬁrégﬁ)ccggig{ ?,q’vﬂe?%lﬁ lt}?e' »U?d%r %c¥m8f1 5 ﬂletsﬂgft f1§ e d .
second sections are connec oget’her” by nmeans a palr of pins held in
and by saitBinhéd itiGnel the sltd af@ el seipsof medng the coflar ST thirRndideessation rtideons
are di sconnected from each other by noving said sections away fromthe
shaft al orthe steobmpeingftheseallgr ppyards off said widehpitiabcor di ng to cl ai m 9,
wherein the first and second sections are also connected together by neans
of a connecting plate connected to both of said sections, and the renoving
step incl udes then&hépabrdiggvilaieh Savitkreinnhecdliardngdiddsar HaelydoeniaRwi ng t he
first and second sections_ away from each other

substantially enclosed ring, and including first and second arcuate shaped sections
connected together to form said substantially enclosed ring; and the removing step includes
the steps of 1) disconnecting the first and second sections from each other, ii) moving the

first section away from the shaft in a first direction, and iii) moving the second section

away from the shaft in a second direction, substantially opposite from the first direction.

8. A method according to claim 7, wherein the first and second sections are

disconnected from each other as said sections are moved away from the shatft.

9. A method according to claim 8, wherein the first and second sections are connected
together by means of a pair of pins held in and by said first and second sections, and the
first and second sections are disconnected from each other by moving said sections away

from the shaft along the axis of said pins.

10. A method according to claim 9, wherein the first and second sections are also
connected together by means of a connecting plate connected to both of said sections, and
the removing step includes the step of removing said connecting plate before moving the

first and second sections away from each other.





