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insertelq) between the nold sections to grip or engage the front and back
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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 Mol di ng machines of this type have been successfully devel oped that
operate on a high speed, nmass production basis. In these high speed
oper ati onwp wBhes2s8Dbot assenblies al so operate at conpar aticralsgs/haigh
speeds, and because of this, it becones necessary occasionally to replace
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arm or conponents O e arm ocC I ona nee part,

this i s dues highkpeedf mass prodiction Bagpeaheserhigh ¢iredbperhtigisgihy rebyees to and
fro, into and then out of the nolding machi ne, engagi ng, carrying and then
rel easi ng taseembliesalsopparatpaticoppprptiyely high speedsgandeccanse of Hs.iebegpmes cul t

novever Ol SaTBGILEAU, e Ah of Sl b5, SERERR SbAFIEP!

assenbly for personne eover, y esrra

repl ace st he ar m Bipagtidularsthe esbot h%,%%bﬁhﬁbﬁ&htmfthb erni, AeeisiciRES ABddY to Bad the
entire nolding system is interrupted ile the armis being repl aced.

Summary O replacedaiapaftothis is Juate the fast thabfin pperatiom herarmonapidly mevésitpaod e

robot assenpli.es that ar ed to. rempve nolded items fr nol di.n

rmcni nos. - ARd g Sheaut of e ind g bERRIAR, TRieRG, o A AR RLe R 6o ov e
desi gn for #dif and 88dk supRdsacenent of damaged connection conponents on high
speed nechanical swing 20 armassenblies. A further object of the
invention is to Renlaing the@ohican bodifianhbowevey, dusdommaghineguardingando make a

connect.i.on .between a rmand a ortin haf by. ving.the. .collar, or
Che coli0ar EBpEbieRedo HerhorasSormiR i i ARg banty ahaBres SR i Bistlboul ar 10
the shaft £BpiKEtd RBlacd HRMBRYGUAKD) ShetOht BEera@siof BE rdbot ae@BR), ¥ndthet he
shaft which required 25 conplicated tools and nultiple hours of downtine

for the noleaitingmeiding systent hemieraptedovinte the bine it heimgsreplagedat t ai ned with a
robot assenbly and a nethod of installing a collar on a robot assenbly.
The robot assenbly conprises_a support shaft, an arm extending away from
t he shaft, 2 ol lar pivotally nounted on the support
shaft dA@d connected to the armto connect the armto the support shaft, and
a 30 tool connecAerdbject aftiks amvenfion isdo gapiong rotioé assentitics thatears usaddof or
renmovi ng the nol de i.tens fron1&he nDLding machi ne.
remove molded items from molding machines.
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



Two enbodi nents of the split collar are disclosed. The first is a nultiple
pi ece conponent, and the second is a single slotted body. CGenerally, both
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1 shows a rohok rafsesding réglacdddn 1ése ftan@he Aouflsthddm@hcHiind €ools. Fi gures 2 and
3 are perspective views show ng a first enbodi nent of a split «collar that
may be used in thisthepbenefiticand agvgntages pf therinventiopiwjlibecome apparepbfrepett i ve

Vi ew show . L1 Hi . .can .pe 20 installed on and
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embodi ment &Eorﬁp:ﬁ@iﬂgtdrﬁwidgé,l’whihﬁk}})]déﬂ’yaﬂdlSl@bw férfeRicenhibdirients @k assenbl y
of Figure 1. Figure 8 shows how the collar of Figures 5-7 can be nounted on
and renovednV§itigm t he 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 andBe e vie typi cal Back Curve; the nolded itens
preferabl y HeH .?S’Mﬁmnm y. Figure 10 illustrates one
embodi fent of a transfer ti p useful on the robot

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.



assenbly of this invention. 30 Figure 11A and 11B respectively illustrate
top (distal end) and side views of a second enbodi nent of a transfer tip
useful orwohe/orabot assenbly of this invention particul arcy/tsaso@sto the
transfer of the Back Curve shovvn in Fégure 9. WD 03/074237 PCT/ US03/ 06130
4 Figure 12A an bip [ de
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conprises an upper nmold half 14, a |lower nold half 16, novable platen 20,
and suppor t¢wgesthera IR Figur®® | ower nold half 16 is removably mounted onto
t he novabl e platen 20, and the upper nold half 14 15 is renovably nounted
onto the supporting plate 22, which preferably remains stationary. In use,

t he | ower rml d, half 16 and the rmvabl e platen 20 nove up and down to close
and open t HaetaledDesaription Qf The Brefepned fagbediments npyes up and down under
t he actlifon of a cyI [ nder lift or ot her Iifting nmeans. The nold hal ves are

aligned by rmvdhgurpllallestra@@ aal injegticrhmbldirgymadhiiadh 10 andoa rbet adséypblytldt i onary.
Preferably three. 20, addi ti onal ..sh sho are present at

corner of b raInEPEren S eon. hethifd 00 skl BhrBE et e Rl
apertures (% 1GRQWRIARGLETIS! ABVYbIE 9&%62@ ald §dfi5$ort PM4E 32.0fhd taﬁvep hﬁﬂ@n
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t hrough which the shafts pass. The shafts preferab y are renovab
attached t chalfkb is uppovablyngowited ent2 2hempvabldplatent2e antbihe upper njollddnlal‘f 1ds

rem)vably mount ed, . The ends of the shafts that SS hr ugh platen 20 are
Famovatly 28 ERORbIIEP G SOl IPEOTE P At B Y YOG t hat
preferably digidn ‘Iﬁ“ﬂké’ R lowkt #BH Halﬁfé arned Maﬁ]@?ﬁtém mojv@u]s b operation

of nol di ng machi the nol d hal ves 14 and cl osed
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 shafts (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  or fixedly attached 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 n0.09/305,886 for "Mold and Molding Machine for



and a plastic is injected into the interior thereof to forma set of front
and back lens curves. After a short period, the nold hal ves separate, and
i n particwbas/7426® novabl e 30 platen 20 and the | ower nol echalish3/dd3nove to
t he open position shown in Figure 1. Fhe nolded |ens curves are then
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when these nold halves are open, as shown in Figure 1. Al so, the robot arm

36 noves homplddrives pie open, asibowppoiguee Hi Alset themobas arm 3o mowes hpdzomsdlneen
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up and down with the novenent of the noveable platen 20 of the nol ding

machi ne 10.embidlimemnte rghot 2 a§ @ dupdtydrive robet; that isfthe iyt mechapismsibiostheed by
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are used tomAEhige 1(1€AdARONalYOpreERRBIR LoNari3 of 15boR L IeQippanel Brindiddshe nol d
hal ves 14 and 16 when the nold opens and cl oses, respectively. After the

robot novesalprg $hab2dan operatiomohibs imalding bchme i Otah therppld Halies e openék end of
armtool 40 is,lowered close to the surface of the lower nold half (as
shown) by ?f’élc% extender 42, which noves the end of armtool up and down.

The vacuum ext eneR§ addrotRaBIE 66 &UAnbOshBwYiRar WRERUNER: thE eébot ReMIINtalBNH | S
operated to nove the end 20 of armtool up and down. \Wen the end of arm

tool 405 s brdweeh ahdwntef e mdié halykbsl bHanslit 6/ wherathe negld opers anfliclases,he | ower
ol el BSERa Yok B8 SR B AR e A T o
t0 pi ck-UP 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.



t he nol ded curves. \Wen the |lower nold half noves toward the stationary

upper nold 25 half, the robot, through direct drive nechani sm 30, noves out
from bet weensphe3upper and | ower nold halves 14 and 16, aod/usnaedBers the
front and back lens curves to anothes robot for further placenment. Ml ding
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and renoved. tgomthe machine. WO 03/074237 PCT/ US03/ 06130 6 Robot 12, and
specifically, arm 36 and tool 40, |ikew se noves in and out of the nolding
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24. CGenerally, collar 34 is designed such that installation or renoval does
not requi r enqtRRAuyE dhe shaf 24dbeqnushedlincary thrpyeh the dipgpetenad thy codar. Rather, t he
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shaft 24, idvliar bnipsiehte)avs/ Pedheshafr24] i 4 dieectibabbrpefdioiler toitheshaftst ead of
al ong and over the shaft dianmeter to the endpoint. Two enbodi nents of the
col | ar ar e Yatglineyageaskoialongrand qvier de shaft figmeteate theiendp@ngures 2-4, is a
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single slotted body. reference gures ncludes

first and sgigeres2siddd @Bipkdpieddébnipbnet nd Wi Reind¢howman Fidhres IBighal | v,
sections 50 and 52 are used to formthe body of the collar, and connecting
means 54 i ssingeslotted beshect toget her those collar sections. 20 More

specifically, eaghy,oleldie RPFELIS-2 WS4 R0ER A% AaGEHT 2ARREsoand each

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



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. Wherwohw/seeti ons 50 and 52 are connected toget her, pemdishaeaso 50a and
52a abut agai nst each other, and end ffaces 50b and 52b abut agai nst each
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defining a ciréular, central opening 60. Connecting neans 54 connects
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el aborate, each of. the cqllar se ti ns 50 .an s a pair_of sockets
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and simlarly, end&?s};%jegsnd\ggbt ganﬁkd%@ ﬁ@ﬁ\{ agé?ns eac @ﬂ W W th sockets
50d and 52dspatifigaidg eadlidftbacdilaokdmnnsmand Sedefaee aphiref amany ﬁ)aandlﬁg| ocat ed
in the aligned sockets 50c. and and pin 62b is located.in the aligned
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t he col | ardegdmes axinlssobketaft dd 326get her agai nst novenent away from each
other. More specifically, each of the collar sections 50 and 52 defines a

pair of axially @kpeiwtimpe Platsadededingsip anieat threngh openiges P42 Aldbdand om the
end faces gf aﬂﬁlﬁ% ﬁﬁk 1 %ﬁg%] %B@g Pf{h?cgj,i'g%aog;gﬁ&ggﬁéaa&nd &R 'Wﬁgg&?%} géauc“;}Ps

def i nes axi a sectl on I 'nes axi al

sockets 52e5(afll $24re chiroted taiedicn ro@inth@platctd sitelonrrads of thacsll@kedtiohgugh
openi ngs 64a and 64b, and retaining plate 66 defines a pair of through

openi RglsS 66Rridging et twpyrads. @bl with epsaings ida amsip4bralised with seditscdeand
L??gtgl ﬁgr; t heséhrEHv\}x;)lg dpaén%&ge%e&l t%%&%?ﬁ%??%gﬁ%qgﬁﬁ@é%g&qsﬁgnegigas tséésocket S

S50e and 52&d 2R0cdinB&inG26geting tiisded e tRNGh iy IRPscEeh. Tdkewide rafathifdb and
into sockets 50e and 52e, connecting together these two ends of the collar

sections. LBIkEWKOSHS onerds afithgcollar sections, bridging these two ends, and with openings
66a and 66b aligned with sockets 50f and 52f, and pins 62e 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



plate 66 sits on ends of the collar sections, bridging these two ends, and
w th openings 66a and 66b aligned with sockets 50f and 52f, and pins 62e
and 62f ewpDend742BT ough 20 openi ngs 66a and 66b and into seckatss3/edso and
52f, connecting toget her these two ends of the col l ar sections.
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coll ar secti@ps, QL sfitlgugd away fromthe shaft 24, |n opposite directions,
perpendi cul ar to the shaft centerline. Figures 5-8 illustrate an alternate
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easily nmounted on and remved from a shaft ing the 5 collar in a
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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.



wi der portion 84a. Collar 80 may be held in position by bolting vertically
downward to a bearing housing on the shaft. The present invention provides
a nunber wbD wppast ant advant ages. For instance, the repl @canesos/ocaBo

conponents is acconplished with sinpl@ hand tools and without the 20 need
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do not have to [)}gg%jlé g? gra@gggwgggg%r%ﬁ e &O‘Fle?é%%{)/%g%g’ncg%rl? %s(rjénl%r% {ie
r epl acenentaitiquddrly. a FionaQdivej 9mijlaripdigures 90wnd DDedebivt topind GRleavicladale d
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curves descri bed herein. WO 03/ 074237 / US03/ 06130 9 Figures 9A and 9B

depi ct a t dpndiweg sridpositioning. ks peafenredthpt the trapsiewtips omly cortacts pandlingul arly a
Fr ont rve, Si m Iﬁr@g Fi %res 9C and 9D depict top and side views of a
Back ve. GEnE 08 ABe i d Back Curve pair is used for maki ng contact

l'enses by met hggds ftfat@pREti¢d) tHeltRolRiNgGhackide thhthrodiRESHeBhcR Tagdd i§€S, the
l ens curves are fabricated 5 with handling nmeans thereon. The handling

means can biesigned sibet eponseparatiapgfdhelepposingttheld elgneents, thetcoheaygsutface

optically inport entral surfac In Eigure 9.. a preferr handl i n
moans i s i | 1R e in oo Soge Sy Mk FrglpinBa o S FR i ar 1 ange
124 (Back @urveepard&iSsudldthatiid cdhwexayfa8P1208the Yrdie CRFRVE egsbst® further
facilitate handling and positioning. It is preferred that the transfer tip

only cdnt achssheamdhifagure 0, the and obarnt teel hasrosie on mogs transferips K fleat red.
prectice. U, oL hn TRGLnLIal BLodich e SRCl QIS v iRhare
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



123 of the Back Curve is exposed. Conversely, the nolding nmachine for the
Front Curve separates such that the convex surface 120 of the Front Curve
i S exposewo 03974237 shown in Figure 1, the end of armtool RrRaE3I/USNE0CBO NOr e
transfer tips 44 that are connected o0 a vacuum source that is not shown
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10 as Back. .Curve . n 115 Transfer tip 44 is 30 connected via
apert u?lé) 17%1 %S%lr%/ea?a:ffjdd%er%ngﬁ reie,

source i'th, when actuated, enables pickup of

lens curve 111. The préempd ehmTérathserbRboNBRrobdtRSsehMIPbS BESATItYnaRNDVES one
or nore lens curves froma first |location, e.g. froma noldi ng machi ne,

pr ef er abl y shawhnp Bguresd WS04 0374 The taasferugoarefsebly pidlouprandiplaee leaehi ne,

and transfers the .le curve 0,a_second cat Lon, -e.d. cony. r
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to the firsdize dndGRApedBf tHR tfRBRAtipd O HRIMASESEd toldteoRfrdtgtedeferthitBNshapéd t i PS
of the robot assenbly conprise substantially rigid 5 body portions, and a

di st al 16nd meldedapiclss exga) diffierently iskapgiidensicusigs havi ng an outer surface that
is conplenentary..to t (of0) e, or convex, shape of the.lens curve to be
andi ef, sai d bedbl Eh G LY SEY SO aRE Berhiiiy S pEIEIRY outer
surface foremRRUAGR L He tWinkfer 6 ufeflEhafMlintlenPElfvéithav B conbeBgpd, ur e

extendi ng through said body portion fromsaid proximl end to said distal
end suf fi cisaph as, thre Back(Cwwerntinsiratad abkigures 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  1is, 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.



10 with a source of differential pressure. The preferred transfer tips
useful on the robot assenbly of this invention are shown in Figures 11,
12, and 1Wo o3lesw8T ansfer tips preferably pick up and pl acecrarsss3/oase ves
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curve as removed from the noldi ng machi ne, and under the pressures of the
appl i ed f or%e Serviceable polymeric materials include, 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.



created between the sealing nmeans of the transfer tip and the handling
neans (e.g. flange) of the nolded part. The substantially rigid nature of
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pol yet her i cs}wrsrafem%@é B Jrrey o @ﬁﬁ fogeaion Heans ferfisanssiianal | oys

of the for %gblﬂg?bd?&'%géﬁrxg{l%' s%ch SUfR ei?a?n&@' rthx%acierd)portlélf %?@?F&fﬁeﬁ% yseabl e

nmetals inclu , um num st ainless ‘st enent al
nmet al s and ramboeytde tdmiectiantolsamen Ctherekans b bednnectaypknopimi iatiee gemaptlsy, 30
di mensi gnal, tol erances and sealing flatness. WO 03/074237 PCT/ US03/ 06130
12 I'n drot t@renﬁ?@feérred practice, the transfer tip 44 is machined entirely

froma Jnitary maekiok iRy oh by i fha 8 ikl Chlpertithi 9 g phattipey O ot her

sui tabl e neans known in eart. 0 as showd | e transfer
tip has at dngmslimenef apﬁhifmr@p UsHulon @xidlingdilarg dubves bighing aicdnaxdshapg stidhon 130
suffictent afs%r)r éxlar%vl\)lle? ?hrgrfl‘:lrgliltcgltlrivg ?lhygtrgtre]:d aat 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
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proxi mal end 142 to said distal end 141 for flow communication with a
source of Rauply esdipropndiths grreumpesenge oif theaypnular sqaking purfasey @@, sik holes,

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 142 further conprises connection nmeans for attachnent to said
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14 Hardness of about 86. The nost preferred robot assenbly of the invention
conprises the transfer tips shown in Figures 11 and 12. Plastics that
commonl y werosm7a37 material s of construction for injectionpaaludesiociBens
curves in this regard are fromthe fardily of thernoplastics and can include
W thout 5 Wit isaldigied igo! yol efins, such as Iow, nedium, and high-density
pol yet hyl ene, pol ypropyl ene, and copol yners thereof; polystyrene;

pol y- 4- net hyl pent ene; pol yacetal resins; polyacrylether; polyarylether;

sul fones; Nyl anrobot dydnitsly 66, reiplimp niclded itdiay fromlaanblidihginhohisd, e rabet var i ous
fluorinated materials such as the fluorinated ethylene propyl ene

copol yner s asrntdy BYMBAYNE:| uor oet hyl ene copol yners. Pol ystyrene 10 is
preferred. Wil € it {)1%51? arent that the invention herein disclosed is well
cal cul ated to fUIPPYY €@ objects stated above, it will be appreciated

t hat numer ous nt@iﬁncatén@ﬂ@mgﬁmﬂﬁcﬂhm;nts may be devised by those
skilled in the art, and it is Intended that the appended clains cover all

such nodi fi cat i crepnasalingrepbeti nreetaldy meounigi on\ihe swipport Braft andeconnerterbiorthe and

scope of the present 'nveni‘ih&ré. V\D?Ig)?h/g 74237 PCT/US03/06130 15 What is
clai med i s:" % AOPRshe ALY VPR o8 hg nol ded itens from a nol ding

machi ne, the rohobol @naedtdd ¥ tOBR fotiengagiRg the TFIAQT ftensd@id for AitdMilg the
extending away fromthe shaft; a connecting collar pivotally nmounted on the

suppor t10s haheldedtervs froacthe tholding machiaem t o connect the armto the support
shaft; and a toolhconﬁﬁct to, the armfor engaging the nolded itens and
for renoving t he"PeTOM YT L8 IEBITES f r om t he nol di ng machi ne; wherein t he

col lar includes jj) firstfgnmhdsesaRdes®sis BB FirstsbRiohinading 2AGH AR dhayd g an
arcuate shape to" seat against a first side of the shaft, the second

section al so having an ssatagainet shwspside of heahafhdbg sesondsestiowaldo badag of t he
shaft, opposite an arcuate shape to seat against a second side of the shaft, opposite
15 the first section, and

11) connecting means to connect together the first and second sections

to form a substantially continuous ring extending around the shaft.

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

20 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;

25 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

30 transverse movement.

3. A robot assembly according to Claim 2, wherein:



15 the first section, and ii) connecting nmeans to connect together the
first and second sections to forma substantially continuous ring

ext endi ngweroomt3t he shaft. 2. A robot assenbly accordi ngctrasos/ediso 1,
wherein: 20 the first collar section i6ncludes a pair of end portions

defining a pair g ﬁ?g@éoﬁ&%alomﬁh@f d@ﬁhésmaﬁm&maﬁéﬂfeﬁbﬁw dg ByyRdedt f rom

the end faces the second | ar section I ncludes a pair portions
defining a qmqut}m‘erﬂrfdcesfoﬁdssﬁmmblhrmtmnof socket s extendl ng inward from
the end faces of thes ﬂﬂgCOHa}{&E section; 25 when the collay sections
are connect ed tc}B%F??QP C?l § her defingsin gxigl spckeppnially extendingn aput
agai nst t he,&nd,fRees urf tdt}g Rilac&etibfAndWM t h sockets of the
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and the 5connect|thgcmut$ngmedmcfeﬁha1maudesof pi ns p05| tioned in the sockets
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faces of the secodt %9611mame&%&@lﬂ%ﬁﬂomhsﬁf%@p@a%e%@lﬁﬁ@mﬁéaa%&plﬁtﬁm

{Rgl ]tcjldre@t agﬁ@’qﬂgg§‘5f%’°§%| #% fﬁ’éffd?ﬂkg&u rg‘as said ones of the end faces of

secon ar sections an efining first and second

openi ngs al i gnech sscddd dxisl pix extending eiroughsthefecohe opéning ofthe coerzottl siatel ar
sections respectively, a first axial pin extending through the first
openi ng of addntedhmedalisagkssohthe sgernd CP(Ha‘iW%mbhe axi al socket of the first

col lar secti on, \91519131?} RGOt ﬁigtp%te Hh&"th%)ﬁr?trng'd@ ol ggiéﬁlﬁm%%m?e%{:f?l@d openi ng

of the connecting plate axi al 'soc et e second col |l ar
section, whellet sectibie tGQd’llilﬁ(atghllﬁgIﬁb\aetn&naﬁﬂa)iﬁemfdablsbthaﬂd second axi al pins

connectlst he
4. A robot assembly according to Claim 3, wherein:
end portions of the first and second collar sections are stepped downward to
define a recess; and
the connecting plate is positioned in said recess.
20
5. A robot assembly for removing molded items from a molding machine, the robot
assembly comprising:
a support shaft;
an arm extending away from the shaft;
25 a connecting collar pivotally mounted on the 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;

30 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



col l ar sections together against novenent away from each other. 15 4. A
robot assenbly according to daim3, wherein: end portions of the first and
second cowbas/seeti ons are stepped downward to define a rexass3oasd the
connecting plate is positioned in saitf recess. 20 5. A robot assenbly for
renovi ng ' : ' Jijazyenct) t

conpri si ngfB %ﬁ%%{)@g@@@g@ %‘lg%@r%g)ext erllcg| %garg%‘ilglfe {r)%nqlnta ﬁ%%géggjﬁ ;ort25 a
connect i ng shaftltapagpithmotgh thy anmatet shat and inthand opipafithe sdnsrfat oanthgzonnected to
the armto connect the armto the support shaft; and a tool connected to
the armfor engaging the nolded itens and for renoving the nolded itens
fromthe dj I Re. ml;%r i . i.ncl I clhat e
shaped segﬁ'o}%qg%@%%h%?%a%grntr oedlégglte?iﬁl}%?%l%?{erﬂe@gis%ﬁ’g c?‘ﬁlg@%&u%g(f)sr shaft,
sai d maisn siatfrabomepiesdinitg around a maj or WO 03/ 074237 PCT/ US03/ 06130 17
portion of the central opening and al so defining an arcuate slot to enable
the support shaft to pass through the arcuate slot and into and out of the
central opepi : e . AeC ' i.m 4 [n the main
secti on of b igufastenltly EeoRERPERKIARBTORALAINE Raf| bl or HEEHELT,
assenbly acs@drdls aghuna thd @nttaltopeingraelaastt2ae depiess.secti on of the collar
extends around the central opening at |east 240 degrees. 10 8. A nethod of
renoving a collar froma support shaft, conprising the step of: renoving

t he collar gr t ' e I t shaft in a

di rect ilc()) n pgérlge@rl\%ﬁ(gdﬁ%r%&%&%ﬁg% ghﬁ?‘f&% esﬁlﬁgéljf ?t?\ag? g\@p‘%@ﬁlﬁggﬁpaogg ording to
G aim 8, wherei nreind@ingahe llab &Bnathe SRATDY dYingBPEo IR dwdp UL the Skafbin a
circunferentially extending slot, and the renpving step I ncludes the step
of novi ng decHor perpentiewWado thrshgRapnterline.

9. A method according to Claim 8§, wherein the collar has an open ring shape and
15  defines a circumferentially extending slot, and the removing step includes the step of

moving said slot across the shaft.

10. A method according to Claim 9, wherein the support shaft includes a wider portion

and a thinner portion, and the collar is mounted on said wider portion, and the removing
20  step includes the step of firs moving the collar off the wider portion to an area

extending around the thinner portion of the shaft, and then moving the collar away from

the shaft in said direction perpendicular to the shaft centerline.

11. A method according to Claim 10, wherein the wider portion of the shaft is below -
25  the thinner portion of the shaft, and the step of moving the collar off the wider portion

includes the step of moving the collar upwards off said wider portion.

12. A method according to Claim 8, wherein:
the collar includes a body forming a substantially enclosed ring, and
30  including first and second arcuate shaped sections connected together to form said
substantially enclosed ring; and

the removing step includes the steps of



10. A method according to Caim9, wherein the support shaft includes a

w der portion and a thinner portion, and the collar is nmounted on said

wi der porwbasj7esd the renoving 20 step includes the stepcafusbdoasnovi ng
the collar off the wider portion to a8 area extending around the thinner
portion of the shaft,g; i G he shaft in
said direction EZr pendd?égﬂ?éaérﬁﬁgéﬁ%)ﬁgp%h&a%%%ﬁ% g(ér}si ne. e%%‘?&kertfret hod

accordi ng to C di)m 1Gnowihg the first deetiov aleay fpamttheoshabfin atfestatibtion, anbel ow 25
t he thinner portion of the shaft, and the §%ﬁg of n§ving the collar off the
wi der portion iHEI udBeVingthesseeondatection avrry frome thesihalin g seeand dugetions 5 ¢

w der portion. 12. A i i : erein: the collar

i ncl udes a body fornf%gagﬂgﬂﬁgﬁgégFgﬁr§a§ﬁ% dgg u?*ﬂg, and 30 i ncl udi ng
first asd scaonehetiodutardiipap €aisetl, iwheseis therfastaad stag@tsetionsard or m sai d
substantially enclosed ring; and the renoving step includes the steps of WO
03/ 074237 Piionrgstgdofsam gach ether as said sspias progoy seaway semdbgshaie ond sect i ons
fromeach other, ii) noving the first section away fromthe shaft in a
first direction, and 1iii) noving the second section away fromthe shaft in
a second dirdecA nkthod astdrdingtb ichim) 3pwhersint the fitstahd Beohd b&dtiodls arecti on. 5 13.
A nethod according to Caim 12, wherein the first and second sections are
di sconnect €@npected tegetherdiyHagans of 8 priy of s helddn apd byrsaid dirghaag seqoneh t he

shaft. ;,14. A. et r.di | : r el i cond
secti onlsO arsgél(g:ﬁgh%gé@ %ggs?(%g%? %8}9&)5%1%%%% %%)SF x\ﬁa}%ﬁgfﬂh oﬁg?)cﬁlnosfﬁ%ﬁ'&g ?‘ag%nd by
said first saftkestsrthalGrone tHel sl aloapthd Axés bfisafd pias)d second sections are

di sconnected from each other by noving said sections away fromthe shaft
along the axis of said pins. 15. A nmethod according to claim 14, wherein
the first S .Lopns .ar I . toget her hy ns of a
connectingag?a]gggggﬁégféhgg%d%@fh&o ‘ggﬁgﬁgﬁgtﬁgﬁﬁggu%gg%%lz?%gﬁéennving
step i ncl udpanédi@l BeRerdy rhedis v 8 Gosicting pR{hh&Gedlodioth L seciidw, ng t he

first and second sections away from each other. )
15  and the removing step includes the step of removing said connecting plate before

moving the first and second sections away from each other.



