WD 03/ 013780 PCT/ US02/ 25408 | NLAY STATI ON W TH ALI GNVENT ASSEMBLI ES AND
TRANSFER TUBES 5 CROSS REFERENCE TO RELATED APPLI CATI ON Thi s application

i s a contwuouastaiemei n-part of Parnell et al. U S. Serial N®Cc1@032540403
filed August 9, 2001, having the sane title, which is fully incorporated
herein by reference. 10 BACKGROUND OF THE INVENTION 1. Field of the

I nvention The present invention relates generally to an inlay station with
al i gnnent assenblies and inlay tubes, and nore particularly pertains to an
inlay station with alignnpgtayeSESTRONSWITROAT I@RMENT! ubes which may be
used to provide for the pr eC|se ocatlon an a |gnnent of front curve
(FC and back curve (BC) ASSKEI oA NS ERANS ) ransfer from an

i njection nolding nmachi ne (1mmo nachlne on an assenbly line in a high speed
aut omat ed conmerci al production operation. 2. Discussion of the Prior Art
In a typical prior art soft contact |ens manufacturing process, netal
inserts are used in 20 an injection nolding machine (IMM in an injection

mol di ng pr 6RASS REFFRENCE FABELAAFIRPIJOATION ecti on nol ded front curve

(FO nol ds..and back. or base. curve. (B f. BC

nol ds i s sEﬁlﬁé‘aﬁ@??{%W 1%35%051%8}%%?01]6%6%%&@ egls% aF;ifgg FalBpy &%5% %%%I

contact | efifod Afush9, 20013205, the Bend figs, RS thlly iﬁeo@afhtmdmh@y hal ves are
subsequently joined in the course of the soft contact |ens producti on

process 25rafgrenesrm a nol d cavity. The nold cavity fornmed by the injection
nmol ded FC and BC nolds is filled wth nonomer which is polynerized to form
a lensyg Bq lﬂqﬂ(ﬁﬂ nol d and further processed to yield
the fi naI ?Kﬁﬂmggé reaiirg Blfr‘{) The FC and BC nol ds may be

nanufacturgd;ﬁkgnﬁqHyhhnghgpplastlc materi al which is capable of being
i njection nmolded and which provides the final cast lens with
The present invention relates generally to an inlay station with alignment assemblies

and inlay tubes, and more particularly pertains to an inlay station with alignment
assemblies and transfer tubes which may be used to provide for the precise location and
15  alignment of front curve (FC) and back curve (BC) molds in pallets after their transfer
from an injection molding machine (IMM) machine on an assembly line in a high speed
automated commercial production operation.
2. Discussion of the Prior Art
In a typical prior art soft contact lens manufacturing process, metal inserts are used in
20  an injection molding machine (IMM) in an injection molding process to produce many
‘thermoplastic injection molded front curve (FC) molds and back or base curve (BC)
molds, each of which FC and BC molds is subsequently used only once to mold a
single soft hydrogel contact lens. In this process, the thermoplastic FC and BC mold
halves are subsequently joined in the course of the soft contact lens production process
25  to form amold cavity. The mold cavity formed by the injection molded FC and BC
molds is filled with monomer which is polymerized to form a lens, which is then
removed from the mold and further processed to yield the final soft hydrogel lens
product. The FC and BC molds may be manufactured from aﬂy thermoplastic material
which is capable of being injection molded and which provides the final cast lens with

30 the required optical properties, with preferred materials for mold frames being
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30 the required optical properties, with preferred materials for nold
frames being 1 WO 03/013780 PCT/ US02/ 25408 pol ystyrene and pol ypropyl ene.
To i nj ect waro3rbmot he FC and BC nol ds, netal tool i nsertsafusokessequired
configuration are machined and mounted in the injection nolding machine.
The injection nolded FC and BC nol ds are exact inverse reproductions of

the nmetal nold inserts. 5 SUMVARY OF THE | NVENTI ON Accordingly, it is a
prinmary objpedfstyénd i polygsilerden idhjedtiof Mol HiviFdRandBC Mads, Sleddlites) Wi th
al i gnnment assenblies and transfer tubes which grovide_for,the.precise

| ocati on ardBsertgof istegpiredcopfigurpitonarg nechinsd @ad mouptigr i the ipjeeiey mplding hat
can be use r Ler rofih I i i | ine (I MV
rachi me. on AR, THRRhEcE hRBE el sty ) BEl BRNB A IBTRRb e (
producti on theometdl nobhd indekth. ti onal |y, this invention provides an inlay
station_with alignment assenblies and transfer tubes that can be used to
transfef contact |enses and ot her parts that need to be precisely and/or
careful ly MM@FFF%INW%IMe and/or then transferred to a carrier
nmeans, e.g. contac ens ol der, pallet, or other part carrier, or
package. PRcaRiIIEEORSRPrioMrOBbjEEE RAMWEMES irfvatiérotoggovidg aw bjlacststiand

advant ages _a he present, invention for an inplay.station w.t al i gnnent
Rssenbl os " tEaRr SRt et e Fhreviharia AutEdEEi B Rkl || ed
20 in the aripnmbdthhrigf|r eRCBCRALIAY iﬂ‘%&ileﬁébr&fé@abﬁﬂhh%% vd6d BedraRbir
description of several enbodinents thereof, taken in conjunction with the
acconpafyi tgnsfenipmgs iheifon moldingkeachien@MM) mechitkee gnasseblyylinedenat i cal

ref erence ral s_throughout the seyer.al viegws, i .ch: 25 Figure 1
o an_over AR plrRKR COM el O TSP or B B en Effiviely i el 0"
transfers hr®ndes UM stalién wirtlatignaset Ja8meblive ahd 6 knsEitiies(BEa®é dsedf r om an

injection nolding machine (IMM. in which they are nolded to pallets which
support andP Hpisher coptacklersgs and other parts that need t0 be precisely and/or carefully

deposited on an inlay tube and/or then transferred to a carrier means, e.g. contact lens

15  holder, pallet, or other part carrier, or package.

BRIEF DESCRIPTION OF THE DRAWINGS

‘The foregoing objects and advantages of the present invention for an inlay station with

alignment assemblies and transfer tubes may be more readily understood by one skilled
20  in the art with reference being had to the following detailed description of several

embodiments thereof, taken in conjunction with the accompanying drawings wherein

like elements are designated by identical reference numerals throughout the several

views, and in which:

25  Figure 1 is an overview of the inlay station of the subject invention which transfers front
curve (FC) molds and base or back curve (BC) molds from an injection molding
machine (IMM) in which they are molded to pallets which support and align the front

curve (FC) and base curve (BC) molds. The pallets are moved on a conveyor system.



curve (FC) and base curve (BC) nolds. The pallets are noved on a conveyor
system 2 WD 03/013780 PCT/ US02/ 25408 Figure 2 is a top plan view of the
i nl ay st awioons/o1zasd t he right side of Figure 2 illustrates pa/usop/2s408w of
one of the pallets having a 2 x 4 array of generally cylindrical cavities
whi ch support the FC or BC nolds. 5 Figure 3 is a front elevational view of
the inlay station of Figure 2, and illustrates how each pallet is aligned
and | oadedFigurt Res a tdpeplars viatv afntheitldy sthigorgiald efe dghyside of Figaal 4 Mlustrates

reci procati ng al |W9 nt ahrgl inlay tube assenblies, with Figure 3.

i 11 ustrati AJOR WEVHLSHE of thernallgis davine ¢ 2nes afrpeof gmerally|oylindrical eavitigssed

posi tion aRmhid&phbsQMe FCIPBCARGIRELI Y for the right pallet in a |owered
recessed position. 10 Figure 4 Is a side elevational view of the inlay
station of Figure 3, and illustrates the right front (as viewed in Figure

[ y.i N Si ti ] h i gh
o) cned o igte 28 BERCSBRONIIY IR oFRE nioy: Hatier orTicim 2r i fsertdion
enl arged Vg mfilePRRIShed A 1biMcAYn 1HBERY stafin ?x?iglec%é ?LFI nog'fm ﬁfca@{r which is

slightly small'er than"the exterior dianeter o y rical cavity in the
pal | et, anteolhpeiingddéisioment anddelay tubk asseonbliss, duitt Fighiechillestadbing sheafrotcuum t o

be applied;theretht to. a C or.BC ml.d bei ransferred. by the inlay
tube. 20 F?edfpuarsé%m@ygﬁ‘g&l? 1‘%? Raljet Bl g roise PS?IL%E[‘P& ﬁﬁ%ﬁﬁéﬂ?ﬂghtraéiﬁﬁg’&( ¥Q¥éﬂ§/ the FC
transfer arighepliet ier loRerddresécponitish. and illustrate the rotational travel

paths of both transfer arns wherein each of the FC and BC transfer arns
carriedla pi ck up/placenent head at its outer extremty which functions to

pi ck up an . : i .y F r. I 5 Fhgure. 8. illuystrates
Phe posi 11 bALrEY i sl EEREEIKRY ity oF R iny sHR ARy Fint R oot 8 " Enis of
rotation ofighhfeorf CasavidwBCirt Figme 33 bssambby inaridwietddyskitiahemdinwtlabs tIRC pi ck
up/ pl acenent. head is. held at a stationary attitude during rotation of the
BC transf ePSBTHT (B§/V1§“feéé?ﬁ&r |28EPbly §1 areissdieeiioBel t ar r angenment such
that it does not rotate with the BC transfer arm

15  Figure 5 is an enlarged view of one of the inlay tubes, the exterior diameter of which is
slightly smaller than the exterior diameter of a cylindrical cavity in the pallet, and which
defines a central vacuum duct which enables a vacuum to be applied therethrough to a

FC or BC mold being transferred by the inlay tube.

20  Figures 6 and 7 are front elevational views of respectively the FC transfer arm and the
BC transfer arm, and illustrate the rotational travel paths of both transfer arms wherein
each of the FC and BC transfer arms carries a pick up/placement head at its outer

extremity which functions to pick up an array of respectively FC or BC molds.

25  Figure 8 illustrates the positions of the FC and BC pick up/placement heads at opposite
ends of rotation of the FC and BC transfer arms, and illustrates how the BC pick
up/placement head is held at a stationary attitude during rotation of the BC transfer arm
by a toothed pulley and a toothed belt arrangement such that it does not rotate with the

BC transfer arm.
30



30 3 WD 03/013780 PCT/ US02/ 25408 Figure 9 illustrates displacenent versus
time charts for respectively the | MM positioner, the FC transfer arm the
BC transfwo @rorp7sb he x-axi s cylinder, and the four inlays #ed/us0228@81, FC 2
and BC-2. 5 DETAILED DESCRI PTION OF THE I NVENTION Figure 1 is a sylistic
overview of the inlay station 10 of the subject invention which transfers
front curve (FC) nolds and base or back curve (BC) nolds froman injection
nol di ng magidune9 (Ilivivhtes Bisplateherithessuatifie dhirtedr esspestieeli e NaM péstidnat,ay
station (above the inlay station as viewed. in Flgures 1 and 2- see the
arrow poi nthenfff tfénSIfWIWTnt e papsferasmy the xppwiveylindsn end thefguainlayp Fne front
curve (FC)I]?E)' dﬁecf %ﬁg curve (BC) nolds, on a conveyor system which
advances t palTets into and through the i nl ay station. Referring to
Figures 1 and 2, an enpty FC pallet 12-FC and an enpty BC pallet 12-BC 15
are advanced to the Ieft along arrow 14 into the inlay station where they
are | oatled DELAUD DESCRIFTION QF THE ENVENJION hen they are advanced
further to : ed
downvr d yFiél%n* ﬂ%ﬁaé@%ﬁ@m L Sk orte! AR AR ENRIRS],
pl an vi ew tﬂaﬂsferslﬁa);at atrat (1C) Iﬂlﬁlds'ﬁhtéba{segphbatfh aeveofB @imgolde fidm dnl inpetiat es a

top view of e of the ets. 1 and sh a2 x.4 ay . of generally
cylindri caFno(i@&g' Macige iw) thl'?s‘ ﬂ%‘?}'p%S %rﬁeei’/i’deryﬁégmn

ci rcunf er epdyodb tne ihR§sRALARAYPRwERE BiguRall! a%H oL §eé @6 taﬁfBQ'LBo%tl shapRoand
supports a 2 x 4 array of either front curve (FC gase curve (BC)

mol ds 10 apabets h&\rdﬁclﬁsuppart@;zdlahdm th@zﬁont:e}wc (ES) mhlds endabasEa:@Wec@ﬁ)t y 25
i ncl udes a erally c |nd ica i d 18 n.annul ar f 20 forned
L ound T ot hs e steet Refent Bkl Ho % AR Rlioter SRR

supported gfatibhS generally circular outer edge by the annul ar fIange. Each
support flange includes a small V shaped depression 22 extendi ng toward
the center of a 4 x 4 cluster of the support cavities

Referring to Figures 1 and 2, an empty FC pallet 12-FC and an empty BC pallet 12-BC

15  are advanced to the left along arrow 14 into the inlay station where they are loaded
respectively with FCs and BCs, and then they are advanced further to the left out of the
inlay station, before being advanced downwardly along arrow 16 by the conveyor

system.

20  Figure 2 is a top plan view the inlay station 10. The right side of Figure 2 illustrates a
top view of one of the pallets 12, and shows a 2 x 4 array of generally cylindrical
cavities 18 with top support flanges 20 extending circumferentially therearaound. Each
pallet is rectangular in shape and supports a 2 x 4 array of either front curve (FC) molds
or base curve (BC) molds in an array of 2 x 4 cylindrical cavities therein. Each cavity

25  includes a generally cylindrical void 18 with an annular flange 20 formed around the
upper edge of the cylindrical void, such that a mold is supported at its generally circular
outer edge by the annular flange. Each support flange includes a small V shaped
depression 22 extending toward the center of a 4 x 4 cluster of the support cavities
which supports and aligns a projecting tab on each of the FC and BC molds to precisely

30  align the mold therein. It should be appreciated that some of the FC and BC molds



whi ch supports and aligns a projecting tab on each of the FC and BC nvol ds
to precisely 30 align the nold therein. It should be appreciated that sone
of the FCwan/oB&sool ds 4 WO 03/ 013780 PCT/ US02/ 25408 nustCTesoanspoBar |y
aligned as they are not symmetrical in shape because they are used to nold
asymmetrical contact |enses such as toric contact |enses designed to
correct for astigmatism Four circular alignnment holes 24 extend

verti cal | ymbrseusbulaflg ap@dddek theyl drebnotlsvnrhéatied b eiapg bachusc vy ateuseded 2 x 2
cluster of support cavities, and the four alignment 5 holes are used to
preci sel y @pldasymmestijedl centagt fenseiesuch pgiporistegniaghlensprgesigepd tgogegdonal | et s

as shown ipn. .Figure ced | I 4 I veyor
system an%futgﬁ% o1 % Opaﬁfcglgay %n%nwrel}tﬁg%gg%)e({e%h%ﬂll%gl%@?d‘gh V%S[.l S ﬁé) %1?63’?&%3 of 2
x 4 FC notwisholedtskiidadjideghio epell P &t2 dtimewvfistpporpeuvities,landshé fadeligmhédt an
array of 2 x 4 BC 10 nolds_in the inlay station 10. The FC pallet position
i s identifheles a8 ussdyigrseciselsalipnghepallet iy thedplay el | et position is
identified as 120-BC in Figure 2. The pallets are not shown on the inlay
station 10 shown in Figure 2; however, two pallets (only one is shown)
moved in tTeodidedstsidepalletias ahwen hyFiguredvard 4dvanoubdlintothe inlaph etafioui O bnkay

pl ates 160 when positioped. in e inlay statian, 10. Hold down ils 161
are stati OFRIV§Y Ry Stemy grgg@@(lpff E’%ﬂ‘{ §}F?§V’§‘)£‘rﬁf$1%‘lr€ 138 10[‘38%‘1 WHL&?“BF%P@Z X80 to
align the pal)gs ai&]g tPt{Mhlrééht glmet SRS in Pbae8d id Rfdde PRt bR aRBPYENK 438¢

vertical novenent o pallets 12 during the operation 'of the inlay

st ati o) 10mokistie thel iokutistagion A8. Fhe Fetpalled pdsitR@ is kgnl:dinl Wgyre 2hes 128dHsd
pallets are e dvanced. out .of .t.he | tation,( t | eft as viewed
in Figur esmiit ‘Eﬁ%@%ﬁ%é%“?%’p‘ﬁé‘@%&%@%%@ﬁ P FARYEe A trg? Béﬁ?%i/arginﬁ pal l ets
(fromthe gHoH orfthe VhiaYEEtidd1 RshowhOiMFRsurd 20R6keer, tADallére (@Hpbad ison is
repeated continuously in a high speed automated commercial production |ine
to transf eshom®)myedm theldirsctiondnslichied byermow Mhvewrd covsy thefour waydalates o

pall ets on nv r . d EER! ds;; t used to
nol d soft ﬁéodr%ga%ﬁgsg%oﬁ]t%az ﬁ'llglérﬁ%—ggtag%l g@rrlf)l? & ng opclalrggtﬁ %lr%%?aﬁﬂi\iﬁ?cah}{a pai r of

FC antb BGpmeédlfoinShel s@thco of theaiilag platesri@lOdo aligi thglpellao b2 adth theidayand i s

t hen di sposed of. 25 X . :
plates 160, and to prevent any vertical movement of the pallets 12 during the operation

of the inlay station 10. After loading the pallets with BC and FC molds, the loaded

pallets are then advanced out of the inlay station (to the left as viewed in Figures 1and
2) and replaced by another pair of side by side pallets (from the right as viewed in
20  Figures 1 and 2), and the operation is repeated continuously in a high speed automated
commercial production line to transfer FC and BC molds from the IMM in which they
are molded to pallets on a conveyor system. The FC and BC molds are subsequently
used to mold soft hydrogel contact lenses in a molding operation in which a pair of FC
and BC molds is used only once to mold a single contact lens and is then disposed of.
25
The molds and injection molding systems and transfer station robots that are part of
injection molding machines have been disclosed in the prior art and are generally
known to a persons of ordinary skill in the art. The preferred mold and molding
machine are disclosed in US Patent 09/305,886, titled “Mold, Molding System, and



The nol ds and injection nolding systens and transfer station robots that
are part of injection nolding nmachi nes have been disclosed in the prior
art and an® @ganzmisal |y known to a persons of ordinary ski [HCT/wsoehsiosart. The
preferred nmold and nolding machine are disclosed in US Patent 09/ 305, 886,
titled "Mold, Mdlding System and 5 WO 03/013780 PCT/ US02/ 25408 Mol di ng
Machi ne for Ophthal mc Devices filed May 5, 1999, assigned to the sane

assi gnee, Myldihg 00ichBicabeOph@akiib Deyiceefirdaviees, 1999sdeighed ahagmieci at ed
that the precise location and alignnment of the FC and BC nolds 5 in the
pal | et s af ewiguepeind pGoaparaisd herel®Y 16€range nachi ne on an assenbly line in a
hi gh speed automated conmercial operation can be a problem The present
invention for an inlay station with alignnment assenblies and inlay
transfer t sdsuldde agpecarddhatshepictiseRichiyort amdadigharat éftthé FOrabB&inold As
shown schematically in Figure 1, a rotatable FC transfer arm 26 and a

rot at abP e Brihe prlleis plier theip{rousfen e fe lh{Mmaaching A Hypssemily dne uiq Bigdi ng

general ly I dh6m i , I NG ks arrow
32 are s SR el PR oY Ao b Bt K ™ e
pal | et s i nirliestatidrawyitls bhgnment asssmipiiscaridnethyitrangfee aitbes wdedasigned her ei nbel ow.
The FC transfgr rm2 anI%EBC transfer armare al so supported on a 15
common t r afRIcHicabY & Aiers et PEoRlEt r ansl at abl e al ong an axis 34 to pick up
the FCs and BCs fromthe I MM nmachi ne and deposit themin the pallets 12.

Pi ck up/placenment heads 36 and 38 at the outer end of each of the FC and BC
transfép  dssbows sehethapgally i gwre 1a2 wixable &G tagnséir arT26and a Bustable Bfne ti ne.

In the | oading 20 ocess, first the i. 2. x 2 clusters s n,the. bottom
of the tviotBanarTEA SERdt ol Bok i aiiS Bertpdinf URAICREIRIBRT S o ¢

| oaded wi t Ipidute B iltficdted B cir@ildl difo@is 2, Bfe usktanandBs thé POSHhEBCahoRIsar e
transl ated upwardly and rotated, as viewed in Figure 1 al ong arrows 34

and 32, | of@ecthail MM saghme é e ratiets inthealay sgton.ras datcsled ereaterfistail ed
downwar dl y I o Eitc]ﬂ of the two
pallets 1. Bex%ﬁﬂ?%gfl e %%ngla?slf%ns %@@&@%‘S ?ﬁlsﬁ?uq@@ﬁtec&?{?aas vi ewed
i n Fi gusescdmaiod tZ2nslatable support to be translatable along an axis 34 to pick up the FCs and

BCs from the IMM machine and deposit them in the pallets 12.

Pick up/placement heads 36 and 38 at the outer end of each of the FC and BC transfer
arms 26 and 28 transfer a 2 x 2 array of FCs and BCs at one time. In the loading

20  process, first the two 2 x 2 clusters shown on the bottom of the two pallet positions 120-
BC and 120-FC, as viewed in Figure2, are loaded with FC and BC molds, and then the
FC and BC transfer arms are translated upwardly and rotated, as viewed in Figure 1,
along arrows 34 and 32, loaded with additional FC and BC molds, rotated and translated
downwardly, and secondly the two 2 x 2 clusters shown on the top of the two pallets 12

25  (pallet positions 120-FC and 120-BC in Figure 2), as viewed in Figures 1 and 2, are
loaded with molds.

Figure 3 is a front elevational view of the inlay station of Figure 2, and illustrates
further details thereof. Each pallet is aligned and loaded in the inlay station with the aid
30 of four vertically reciprocating alignment and inlay tube assemblies 40, with Figure 3

6



| oaded with nolds. Figure 3 is a front elevational view of the inlay
station of Figure 2, and illustrates further details thereof. Each pallet
is alignewoansdibmsaded in the inlay station with the aid 3JTTofSoRQsH0S
vertically reciprocating alignnent and inlay tube assenblies 40, with
Figure 3 6 WD 03/013780 PCT/ US02/ 25408 illustrating the front |eft
assenbly 40-1 for the left pallet in a raised position and illustrating

the front piwghitiRsserehleftQsenibdy 40-hefor inghéft palek & a taised positieh @kl r ecessed
position. 5 Figure 4 is a side elevational view of the inlay station of

Fi gure 3, Hhatrptingibe frantadghtsesemblyyhe-2ipnihe righkpaliebinelorered f§easeed) assenbl y

40-2 in a Igl-(ged position, and illustrates the right rear (as viewed in
Figure 3) sser’ﬂjly 40-3 in a raised position. Each of the four assenblies

is raised and lowered in a reciprocati ng manner by a separate pneumatic

actuator 42, 10 Each_alignnent .and inl.aly t ube assenbly 40 . ncl udes two

verti cal | yFiserehis axideglevatensiview gfthedn aﬁéwlﬁ@oéE%%Feailanﬁuﬁgﬁ@S &ni cal

tops 46 whi. I: M8 I 18 : bai 3 nd are

roughly al %lgfrl}te%&ﬁ rgéstad ﬁ%%ﬁn]{lday stg g? F%%fn%% %de]? H?ﬁ!ea%eéﬁ %@Allg%g% gﬁgg{‘}gﬁ i oned

in the inl ée rightidan (as Vixwddin Figiee Apasabmblyddnl ir odisseg assitibhr Bagihofithe two 15

al i gnnent hol es l}n%% in the i Ia% l.ate 160, and through two alignnent hol es
Ig lg 5%

24 for eacfpurgssempligy ijgpiged drif 2 ERIPTOPA NS MANIRE DY, & SPRAFAIS PIGYHIANL| oned

above the Lol &y, frbe assenbly 40 to nore precisely align the pallet with
the alignnent rod in the inlay station. Each alignnent rod is spring 48
mountetDin a cylindrical cavity in the main body of each assenbly to
provide a Limted angu r.esiliency, t.h 20 Fagch S 0

i ncl udes at3chalignmep ?ﬁéppgyﬁ?%%ﬂsf%egé’ %‘an&ﬁ%é%g? VﬁﬁP&ﬁy S sﬁ%%ﬂgﬁmn’rt urt her
detail in Fd@uueaPingWeh&hllpfitstodofiRel topslid FnRhete tdveaugivatilpakerdh@pdiny of
cylindrical cavities 18 in the pallet to assist in renoving the FC and BC
mol ds f r ommpfpallets enter and are roughly aligned in the inlay station. After the pallets 12 are
positioned in the inlay station 10, two rising alignment rods pass through the two
15  alignment holes 162 in the inlay plate 160, and through two alignment holes 24 for each
2 x 2 cluster of support cavities in the pallet 12 positioned above the inlay tube
assembly 40 to more precisely align the pallet with the alignment rod in the inlay
station. Each alignment rod is spring 48 mounted in a cylindrical cavity in the main
body of each assembly to provide a limited amount of resiliency thereto.
20
Each assembly 40 includes a 2 x 2 array of inlay tubes 50, one of which is shown in
further detail in Figure 5, which are raised and lowered through a 2 x 2 array of
cylindrical cavities 18 in the pallet to assist in removing the FC and BC molds from a
placement head 36 and 38 which holds an array of 2 x 2 molds at the end of each of the
25  rotatable FC transfer arm and the rotatable BC transfer arm. The 2 x 2 array of inlay

tubes 50 aid in lowering and precisely positioning and aligning the molds in the array of

2 x 2 mold cavities in the pallet.

Each assembly 40 also includes a generally cylindrically shaped compliance module 51,

30  which is commercially available from SMC corporation, positioned immediately above



pl acenent head 36 and 38 which holds an array of 2 x 2 nolds at the end of
each of the 25 rotatable FC transfer armand the rotatable BC transfer arm
The 2 x 2waro3ay3mb inlay tubes 50 aid in |owering and praadTses809/25408
positioning and aligning the nolds in the array of 2 x 2 nold cavities in
the pallet. Each assenbly 40 also includes a generally cylindrically shaped
conpliance nodule 51, 30 which is commercially available from SMC

cor por at i Othe AREHatio B&HatoMIE dT 1R @nyplRReY Bodulle Vh BehPliant 8éseMET WAHR/ 25408
the pneumatic actuator 42. The conpliance nodule is a conpliant assenbly

whi ch al | 8l@ws limited . ¥ frayslatioapkangh otHanalaper emenipthebresn HsdoWaERCoet ween
e FREE LY : ! e
upper sor  SHCHAE RuiachE helheRh A RO 36 OGP LsfacB WHEh S OS2

rod 44 andagésembly &f the 3prirgymoifintedhlaghnicnb esd SandGithd D& Targy ofdniag tubed 50e
allows [imted aligning novenrents jn each assenbly 40 to al|ow each
al i gnmeht 8@ caupligneg moshle gliogts lypted aligring meyevasits Ropesassamply 40 t8a) | et 12

and then ywih eaa?%l FFdEit44at8%ﬁ%HgiFsﬁv§&ﬂ19a anabes g@ﬁ%gg}]&g%gﬁd(m ch

is considered to the referenc gnnment position,
posi tions dfentvhi¢h tiel hlednniedt apedtusdsi3§rimaritansferdsmd 26 ar 28 @udjicisisednsidetedkd gned)

as the ass ly i.s raised from..ts |ower 10 pasiti tq, i upper position
by the pnegﬁlq réf%mcagflg?mefémlﬁe%Pi“é\ﬁ%ﬁﬁ pBF]ltlf’%Of%g‘? B‘ﬁﬁi? B¢ m and t he
inlay t ubegyo by ediBEddibLarhdfulied ahd SIIRA] ad B assehBIFi rAtedB o dswa  any
other parts that are to be transferred by the transfer armand inlay

st at i oh0 ar pogition budits prpee pewtign hynthepacimatzoactudbers Bysthel aligranetpf thewer i ng t he

15 1 the. BPEREE IR R At b e i GReRERf R pEER TR sl dea

to align they ol pirts tBRKchré fEbe th-RBFRE bTHE trf@\ieh and 1@y siafidnvat Ylaced
alternative al |anment neans coul d be used. The in-lay station could be

provi ded wprssisalysormfheiiplay Bibed anp then ydaweries therinlee dbeyipiepischeontpds et s in
e B oPer BB LA s el L3, thel coul g bertatsed o overed
i nlay s$ation could be
In the preferred mode the alignment rod from the inlay station is used to align the pallet
and the transfer arm; however, alternatively, alternative alignment means could be used.
The in-lay station could be provided with a snap-in, or drop-in feature for receiving the
pallets in the proper position, or movable side walls that could be raised or lowered to
20  properly position the pallet in the inlay station. Alternatively, the inlay station could be
provided with an electronic or visible inspection feature or features that would
communicate with mechanical means for adjusting the positioning of the pallet.
Additionally, separate alignment means could be provided on the transfer arm or the
pick up/placement heads of the transfer arm, such as alignment rods that could be
25  received by an aperature on the pallet or on the inlay station to align the pick
up/placement heads with the pallet and/or the inlay station, or the transfer heads could
be shaped to fit into a space defined by the movable side walls optionally used to align
the pallet, or the transfer heads could be provided with any of the other alignment means
described above for the pallet or inlay station. Alternative alignment means,

30 (mechanical or other types of alignment means) for the inlay station to position the



provided with an electronic or visible inspection feature or features that
woul d conmuni cate with nechani cal neans for adjusting the positioning of

t he pal | ewo 03Adslisbi onal | y, separate alignnent nmeans coul d Hoa/ysoersaed on
the transfer armor the pick up/placenent heads of the transfer arm such
as alignnent rods that could be 25 received by an aperature on the pallet
or on the inlay station to align the pick up/placenent heads with the

pal | et andpalictiahé/or id positiinathe ransf@arhebd end/opdlshenivb eRgim &R wddns kR tghaped to

fit into a_space defi.ned by the novable side walls optionally used to align
the pal | et ?agﬁ%erﬁﬁé‘gt"flﬁh&a éﬁ%%%lf&gl onf Gf Hpallst oy pthetrapiarmesny Wonldiies bet her
al i gnnent  [RARR ifl 8RCniEh 1 194 pd at an-

Al ternative alignment neans, 303? &ﬁgﬂﬁggﬁd %rgzlg?i%érr&{n%aesg&% {hgl i gnnment
means) f or taaplEngmherginst ati on to position the 8 WD 03/013780 PCT/ US02/ 25408
pal | et 5and/ or to position the transfer head and/or alternative alignnment

nmeans f'or the transfer head wwth the inlay station alone (if a pallet or

ot her cart FRfudipisl 10Ul Fblolbviidnal iekyBesdit 06 RROMLABA! i, De

t
obvious to_a skilled person based on the teaching erern. Igures 6 and
7 are fronBCdranghyiagnaandillesizteghe rastieed irvedl pathk of bath tmastsf @#msaBaciasf t he

BC t f illustrate t tational t | paths of hoth
Cransror avisaC R TR S ST nah b Rechonl B dbondi ot o

pi ck up/ pl amerententigaehidh fiaftdomXodicki WPa 2 QUL 8F € @étf\bél})‘ﬁ@ nctions to
pi ck uP%a 2 x 2 array of respecti ?él yplic or Bély?oftrrrsgl ds. T egnggt si de of

Fi gure i T0l§t r at es” t he FC pl acenment head 36 facing upwardly in a
position in which an array of 2 x 2 FC nolds are received fromthe EVIM on
t he upper surface of the placenent head. The array of 2 x 2 FC nolds are

secured t hEhetightaitt dfFipet @ ibystates alis BY pice@eit [Rad B6lEximiuglw el deps and
vacuumducts.in th .FCergI aceq_ent head, The right side of Figure 7
i 11 ustrat eROSHR IBcVelBFlh AR Offend Flamplds asrgwprizedaftgm ithe BVIM on the upper

surface of the placement head. The array of 2 x 2 FC molds are secured thereto and

15 held by an array of 2 x 2 individual holders and vacuum ducts in the FC placement
head.

The right side of Figure 7 illustrates the BC placement head facing downwardly in a
position in which an array of 2 x 2 BC molds are received from the upper surface of a

20 BCholder nest 54 held on a stationary BC holder arm 55. The BC nest 54 does not
rotate with transfer arm 28; however, it is mounted on the same mechanism as transfer
arm 28 as shown in Figure 7 and translates with transfer arm 28 in direction 34 as
shown in Figure 1. The BC molds on the BC holder nest 54 are received from the
IMM. Alternatively, the BC nest could be a separate station not attached to transfer arm

25 28, and located next to the IMM station for receipt of the BC molds from the IMM
transfer station. The 2 x 2 array of BC molds which are received by the downwardly
facing BC placement head 38 are secured thereto and held by an array of 2 x 2

individual holders and vacuum ducts in the BC placement head.



position in which an array of 2 x 2 BC nolds are received fromthe upper
surface of a 20 BC holder nest 54 held on a stationary BC hol der arm 55.
The BC newto @d1sises not rotate with transfer arm 28; howewsET/uso/25498 mount ed
on the same nechanismas transfer arm 28 as shown in Figure 7 and
translates with transfer arm28 in direction 34 as shown in Figure 1. The
BC nol ds on the BC hol der nest 54 are received fromthe |MV

Al ternativehy righhﬁd@&’ Figgte £40 Mubeatés the nﬁwaﬂdey SicBigi FMpRedmé hedt ®6lard
transfer arm 25 28, and | ocated next to the MM station for_recei pt of the

BC ol ds f fhsrR x Rernaxnf moldheldess asd theitya cirpplar glignnyen ppeiipres39prhighp®s whi ch

are receiv I . | | ¢ red
thereto angg%a%?é%%g%” g(r%ﬂgl)rﬁ%%@ r%‘%s IE%% %ﬁeﬁ% I \?ﬁqﬁﬁegﬁﬂ%g?gégr}l%%\;ﬁlggﬁo% duct s
in the BC ghaecighesite bRidure® MEd NRA1DASABO updrdUSHRIngBIO Boldeheest 4 hiid thede of
Figure 8 also illustrates the upwardly facing FC placenent head 36 and the
2 x 2 aPray %o ady of melddwldersthgreoRe two circul ar ali gnnent apertures 39

whi ch are engaged by two alignnment rods in a nanner as described in
further detail hereinbelow. The right side of Figure 8 also illustrates

t he upwar dFigufag ilhgtrBEs didptheemag serstd timedhbdtefor theZFQ transferaam, thie B! d

hol d h . Fi 9.ill i i h f
the PG t 1 aHFar apind s T inlivs RCr B Gl o3 e HE-3 offe T BORaMste o)
FC-2, and B(r2r6 T2 6p @ iBGichdREk8 bequRhé® with tﬁ@flc%&ngﬁeplsﬂ Beihd)

synchroni zed sequence,” Wwth t'he FC transfer armbeing 10 slightly advanced
in tinlbg skghdly adyaneedtinénBag talaivs iethediGriranderfarms to fustipad a2 x2 aray ofay of

FC nol ds inthe | ower half s viewed Ji.n Fiqur 1.an Q FC, pal | et
(FC3) - andC gl AR 1P Sachalf 3 oS UEH Riufsh 482 D@ ol 0D Wl of
the BC pal k&bonliBGodd a 2 kEstrayt S¥BG HidRRih thdlowkhBalF6F BB BBpallet (BGARITIRANS i S
transl ated upwardly along arrow 34, as viewed in Figures 1 and 2, and the

FC and BC theawppert fagrthe FEnd G transfar apmy istrapslatedaypwerdly slopgapspvdd, ph t he

moras i t KEBIEFERY o 2iebs R e AREPCIR By SRR iRada Iy A R ence

of a 213 ECanbRl in fheaipptr ailséfahe BC paila (FOLD] adl ppphigioatd 2k a8 odegr ees

to pick up_a 2 x 2 array i
BC molds i the upper half of the BC pallet (BC-2). For each loading sequence of a2 x

2 array, each transfer arm is rotated approximately 180 degrees to pick up a 2 x 2 array
of molds from a transfer station in the IMM machine or the BC holder nest 54 and is
then rotated approximately 180 degrees to transfer the 2 x 2 array of molds to a pallet,
20 and then the operation is repeated in sequence as described above. The FC pick
up/placement head 36 at the end of the FC transfer arm picks up the 2 x 2 array of FC
molds, concave side down, from a pick up station at the IMM machine, at which they
are placed in the pick up/placement head 36. The BC pick up/placement head 38 at the
end of the BC transfer arm 28 picks up the 2 x 2 array of BC molds, concave side up,
25  from the stationary BC holder nest 54 supported by the stationary BC holder arm 55.

After a pair of pallets are initially positioned and roughly aligned in the inlay station,
the alignment assemblies 40 are raised in the synchronized sequence described above. In
each alignment assembly 40, two alignment rods 44 rise upwardly through two

30 alignment holes 24 in a pallet to more precisely align the pallet 12 relative to the
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of nolds froma transfer station in the I MM machine or the BC hol der nest
54 and is then rotated approximately 180 degrees to transfer the 2 x 2
array of waol @wismoa pallet, 20 and then the operation is rrEI@ERRASI08
sequence as descri bed above. The FC pick up/placenment head 36 at the end
of the FC transfer armpicks up the 2 x 2 array of FC nolds, concave side
down, froma pick up station at the DAM nmachi ne, at which they are placed
in the pichligphgitacdhin thebdny3GatichhAs Bithpissémbip/4pl cantmmestio HeaeheIBragt t he

end of the BC.transfer arm 28 picks_up the 2 x 2 array of BC nolds, concave
side up, 28 ’fnrl%?'rﬁ”’gﬁ%“sftlﬁ’tlin P?H%O%%H‘H@flcﬂéé‘fm%ﬁd%ﬁﬁ & Pelad 1B,but He not
stationary cRBer ihehsless e phipd. Atfd: GnedihR @iiahsfeif arﬁiiflésert)t%tﬁrtg alpBkitibR Lit)gve
positioned and roughly aligned in the inlay station, the al'ignnen

assenbl i es thrpalieesuchitise thd placemens hoadhat theicnd bf dequmnfee ate sops ftechaahivne. 1 n

30 al | RroRPo RSB sl aoosa P Pale)" TBY esspmbl Al et Prbedarhatai s
relative tehddiy o¥oni¥¥nd34 84 reqRisEdWARR/ (R the?a{rfagmg}fincfrﬁglsca%ﬁ%eisn the

inlay station. As each assenbly 40 continues To rise, thé array of inlay
t ubes ri seldpnd thedwordigamentyrods argysisaddmveadly datvitvb eircdlsr alipniteet nded 39 12,

but do not . |.l et . that ti. he transfer arm has
rot at ed toma&l%g%hf%%&a%g%gg %’rﬂi:la%%ltk%fnl%yﬁ%&lhestﬂﬁpwlﬁgﬁiﬂtl er‘rléaﬁ‘%]yhead at the
end of theadjneums fethe placembitadB6 ar BSTh Aipn-APRSIEXBIRL @k Yradiler REHBADOVE
t he pa The a 40 is then raised further such that the array of

] et. nhl
inlay ﬂbjgegr %@)e’%t?’??%éfl%%ﬁ thyoneh drepleqsrsuiheadt36 B84y thefond i pasirtiansfer
cavities ggngglgrgglgsrsmeswggﬂﬁ%gﬁn n% rods are raised upwardly. into two

circul ar alignment "hol the transfer arm 26 or 28 and lastly the
inlay tubes are positioned.imedi ately adjacent to the placenent head 36 or

38. The alignment holes 39 in the transfer agym 36 10 or 38 extend
vertical l ylrgﬁ?%ﬂ@ﬁm[eﬂtelsﬁ}‘%b%ﬁghf’ W%%W%FO%BaSaFPGXWEr@ﬁ%ﬂ wrwasdlynfinst ansf er

arm 36 or @e pala e {-%t%itgéjgﬁgrgh 5,343? i e two
al i gnnent ?lggdns, aps theZlare rai sed eﬁgaﬁ?%% ?ﬁﬁngﬁ%#& ﬁga%%ﬁ%

rel ati V& t alignmeenspssg lagiye nthieyransfer and Theerligatiegtrotih erepadfbrablyand t he
érSe?leir ggr‘;ﬂérdgnse % eei r srtae1|n etssi éltgelf a(t)ndttﬂee aﬁgrn%]e%tc ﬁcrﬂeg {nt eggﬁetg Iarll t?aqggtr a1r11(1)sd S are
preferably hardened steel or stainless steel have bushings surrounding the alignment
rods. The arrangement of the overall system is such that the FC and BC molds are
aligned in the support cavities of the pallet with a tolerance of +/- 100 microns.
20
In each alignment and inlay tube assembly 40, the spring mounted alignment rods 44
therein first align a pallet, by the alignment holes 24 therein, with the alignment rods,
and then align the pallet and the alignment rods with the transfer arm 26 or 28, by the
alignment holes 39 in the transfer arm, to align the inlay tubes 50 supported by the
25  assembly 40 with the placement head 36 or 38 of the transfer arm 26 or 28. The
compliance module 51 allows for limited x/y translations and rotation to precisely align
the array of inlay tubes 50 to the placement head 36 or 38 supported on the transfer arm
26 or 28.
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har dened steel or stainless steel, and the alignnent holes in the pallets
and transfer arns preferably hardened steel or stainless steel have

bushi ngs wwrespusmong t he ali gnment rods. The arrangenent RefT/tdve/20mer al |
systemis such that the FC and BC nolds are aligned in the support
cavities of the pallet with a tolerance of 100 microns. 20 In each
alignnent and inlay tube assenbly 40, the spring nounted alignnent rods 44
t herein fi met iddivigial # P& BE€moldy areReciaéd ©@MHERC dtBEpladdnéhdesity Wi th the
alignnment rods, and then align the pallet and the alignnent rods with the

transfer ainfividuadholigrs angd vageum gupts andiaftenbhe delag gibep axapositiongdfer arm to
align the inlay. W pl acenent
nead 36 or 3oyl EBactl SRR, Bad 05 a0, RR0 RN Kadthbiieal i P ]

al l ows for tdrimiidtel] axd preferabils laqirésomszedrtior cftairt (blow o) prircodiebdimd thgn  t he
array of inlay tubes 50 to the placenent head 36 or 38 supported on the

transfe? avasuupsdystis, sarelepse o 452 Giray shmplds iniadhe 28 2ouraytHdnlan ib¢%.dual  FC
or BC nold : - diviadiavi dual

ol dor s and™ 028 REHLE0 PalkRer o B iy BhRE SRERICEIRg) (RVnattlel

i mredi at el waadiade ehch af the pil@cmbendre heaet] ort tocranafen thesmolds filven fheacenent head

are termnated, and preferably. a pressurized shot of air .(hl.ow off) is
i ntroducedP; %P‘Be?t&’éadjp Efﬂ}?ﬁddﬁ@’srﬁbels&n Sfeuris e mpldsio ﬁﬁraéé é?la}ﬁfq"bﬁ%)l ds
into the 2 whii 13f §i¥rhg i ﬁaésérvfﬁ%&he ar%‘uﬁifr Al aRh¥nt IR hbRIs! ARebthel aces of
the inlay tubes, and preferably the individual vacuuns in each of the

i nl ay flQbegransfer, thervageummn eashtinlapy $titeris cheskedbloknstredhatieaeh inklydobersie head to

the raiseddn .tubes secur.e the | ds to.the . raised inl t ubes while

not di stur 5?%58%1?{{? Y @g%eﬁésﬁb yg’ﬁéﬁrﬁg?floﬂe@%% tth%ftﬁ?%ayr%ﬁ sa}.’H%Fger t he

10 transf erdesceh® MRCHS Pulldl, #dche viduaynstinlBR ihdiviheCikes thbeses teh@idatedtat each

inlay tube is in fact holding a nold. The assenbllgé 40 is then | owered such
y

that the athespmsftimeiozllopfibeyacupas tadissipaiewbile fe play tates aggRpiRgOWeESuuns in
t he i ndivi ' t S . ] t ' w t he
vacuum t o ofoe SRR R ALRig R RTh Rt Ry fERadRTR o i Bl 8

15  pallet, the vacuum can be completely aspirated by a pressurized shot of air (blow off)

into the vacuum ducts of the inlay tubes, to release the molds to be supported by the
flanges of the cavities of the pallet while not disturbing and preserving the angular
alignment of the molds, and the assembly 40 continues downwardly to its fully lowered
position.
20
The alignment rods 44 serve an important alignment function while the inlay tubes are
being lowered, in that the alignment rods initially remain aligned within the placement
head as the assembly is being initially lowered to maintain all of components in
correctly aligned positions until the molds are transferred to their support positions in
25  the pallet, which enables the tight alignment tolerances of the molds in the pallet to be

achieved.

Figure 5 is an enlarged view of one of the inlay tubes 50, the exterior diameter of which
is slightly smaller than the exterior diameter of a cylindrical cavity 18. The inlay tube is
30 preferably fabricated of a resin such as polyetheretherketone, known as PEEK, which
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When the nolds are in a position to be supported by the flanges of the
cavities in the 15 pallet, the vacuum can be conpletely aspirated by a
pressuri zew @shos7sef air (blow off) into the vacuum duct s refT/tdve/25408 ay
tubes, to release the nolds to be supported by the flanges of the cavities
of the pallet while not disturbing and preserving the angular alignnment of
the nolds, and the assenbly 40 conti nues downwardly to its fully | owered

posi tion. 2@sThighah¢ltjngpoint odafprédmmeiyB0tedegtd® @ Al adlehyOdFEsIE nfatédat.i on
whi l e the LE%:%@%/ tuu]gs g%ne bei ngltlowered, in that the alignment rods
initially Ha PG Aetinesia aenial Rewm dueimeivhich saahless vassumde berbpplicils

bei ng i ni t itdrbt¥irdueWes £ ¢h } L : Q,Erﬁﬁ e I rrect]y. aligned
positions untri I tu%e nol (%@gggg?rr'agéns gdrl%ye@fetngl elg'r %eu%ﬁ%gllyttﬁ%%ﬁ?%%]ssai n 25
t he pal | et holipivdtbechewtes, a swdiditipghtvithloi yithewtta dapdosr ene@byiumhiRceuis i n

t he pal Let be. .achieved. Figure 5 is an enlarged view of one of the
i nl ay tébeé’gglée,flpﬁ lsé&‘feélﬁ?lbr di ameter of which is slightly snaller than
the exterior diameter of a cylindrical cavity 18. The inlay tube is 30
preferably fabricated of a resin such as pol yet heret herketone, known as
PEEK, whi chltepigpumpleoasashemtip yshe tabali8e Figsnafehiagh pioks up tg Podnt  of

appr oxi mat and is a very dyrable. material. Each inlay

tEEe def | ng@ﬁ@@%ﬁfﬁﬁ%i@%ﬁ%@ﬁ89‘”%2% ISNC QD 2 tf}%ﬁYIMﬁiﬁﬂmee 5ol i ed

t her et hr ougs tramsfer afoh chehebtagestappraiestEl9d 8D Me s, i ﬁ]}é_;{iéhlpugp/pﬁéﬁé?ﬁ ?Qidy the
r-wthout a

i nl aywﬁ@be is a hollow tube, however, a solid tube w't
nar r ow & entP Eptates st d thefleposits the 2us2 araynofi G moldsiemniiovertedhe pi ck

up/ pl acemegbsifiRdortvelid g, fiifle BE Vé@&f g%q%hgt9ag?scﬁ§ FRE §icks up the 2 x 2

array of FC nolds, concave 5i tion at the 1MM
machi ne. The FC transfer armthen rotates approximately 180 degrees, and

the pick u l.acenent head 10 36 rotates therewith and then deposits the 2
X 2 array %%H@Fd‘?/ﬂq%eﬁﬁm%@@éﬂmﬁgﬁ theBC trgpsfanams2&pickqup 2 Axt he FC

pal l et, as2ialtrthyst BEUREIRofitAe sRebp, from the stationary BC holder 54 that is located

15 adjacent to the IMM machine to receive the BC molds from the IMM machine. The
BC transfer arm then rotates approximately 180 degrees, and the pick up/placement
head then deposits the 2 x 2 array of BC molds in the same position, concave side up, in
the BC pallet. In order to deposit the 2 x 2 array of BC molds in the same position,
concave side up, in the BC pallet, the BC pick/up placement head must remain in the

20  same attitude or orientation while the BC transfer arm rotates 180 degrees. To
accomplish this, the BC pick up/placement head must rotate 180 degrees relative to the

BC transfer arm while the BC transfer arm rotates 180 degrees.

Figure 8 illustrates a toothed belt 56 and toothed pulley 58 arrangement to accomplish
25  this relative rotation of the BC pick up/placement head 38 relative to the BC transfer
arm 28, wherein the belt 56 is held stationary and does not rotate with the BC transfer
arm, such as by the belt 56 extending around a stationary mounted pulley 60 mounted
on the axis of rotation of the BC transfer arm. The toothed belt 56 extends around the
toothed pulley 58 which is mounted to rotate with the pick up/placement head 38. The

30  arrangement is such that as the BC transfer arm rotates, the stationary belt causes the
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The BC pi ck up/pl acenent head 38 at the end of the BC transfer arm 28 pi cks
up a 2 x 2 array of BC nolds, concave side up, fromthe stationary BC
hol der 54wwh@to13m0l ocated 15 adjacent to the 1MM nmachi ne rax/vssees«we t he BC
nol ds fromthe MM machi ne. The BC transfer armthen rotates approximtely
180 degrees, and the pick up/placenent head then deposits the 2 x 2 array
of BC nolds in the sane position, concave side up, in the BC pallet. In
order to demdsy 68tdnd atached pivkrgyplatenBit heddds, torotdierdative tptisd BC @ansfeconcave
i ck/ up.placement .head nust renmain in the

side up, in the allet, the BC p . ] .
20 same’ at RGN fgﬁg_ Uefrlagems Wi Temeie irpde spap dpdronighariepiation sudeo
degrees. TanyaCaaRts (25N frayt N B in R RLACRRRODBAMIOHLSF ot at e 180

degrees relative to the BC transfer e BC transter armrotates
180 degr eedranfiegam® i8 thd daustar@ntation, donodveasitichpl dntoBhaB( pgadlet. hed pul | ey 58
arrangenent to acconplish 25 this relative rotation of the BC pick

up/ pl acenent head 38 relative to the BC transfer arm 28, wherein the belt

56 is held Iﬁ%lﬁ{% 0Q Nyt MkptRemeNOferdiR il Porlr eﬁ@eﬁl};‘ %&ﬁ@g pgﬁfi@ﬁers uch

as by the belt 56 extending around a stationary unt e 0 nount ed
on the axi $vlo¢h ranstatésche sippottdoBBetiCGasfBC transfer &ins alag duedv b lthe BE ext ends

around the toothed 58 whi is_mounted t oLate W i ck

up/ pl acenerﬁanﬁ%ﬁﬁg?e%?@@éﬁm eHhERe cyﬁn‘%&c%ﬁtt{\ea{bué@l?wtegbsgﬁ ansf er

ar m r ot at eFC-2ndBERI AhRfytaliGhs ofAAEIBESrahbfer arkBanind B(OdA%RD aRE kfdIS02/ 25408
pul l ey 58, and attached pick up/placenment head 38, to rotate relative to

t he BClPr amynewonizgdiyith pephroieerphutithe/BL pransfeasnr isislightly advanced relativite same
hor i t al i i ; i i . f. .BC | d
o e S erh P, B o S A ™

ori ent at i orcleac omor\tiee whylbefore, the BOtrinséer Bfin pedongilishés ity tgsitsend nidvkmhshtsat es
di spl acenent versus tinme charts for respectively the 1MM positioner which
transl ates the support for the FC and BC transfer arns along arrow 34, the

G P! el b ke o Wi B ISR AR
and t hd5BCwavafesine repagsentgthe positions of the transfer arms when the molds are being placed
on a pallet, and the top horizontal portions of the waveforms represent the positions of
the transfer arms when the molds are being picked up from the IMM. As indicated by
Figure 9-2, the FC transfer arm has basically two positions, an FC mold pick up
position and an FC mold placement position. As indicated by Figure 9-3, the BC
20  transfer arm has basically three positions, a BC mold pick up position, a clearance
position in which the BC transfer arm is waiting for the FC transfer arm to complete its
tasks and clear out of the way, shown as the intermediate step in Figure 9-3, and a BC
mold placement position. The waveforms of Figures 9-5 through 9-8 have already been
explained hereinabove.
25
While several embodiments and variations of the present invention for an inlay station
with alignment assemblies and transfer tubes are described in detail herein, it should be
apparent that the disclosure and teachings of the present invention will suggest many

alternative designs to those skilled in the art. For example the inlay transfer tubes and

30  the alignment mechanisms could be used to precisely align products, such as contact
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10 synchroni zed with each other, but the FC transfer armis slightly
advanced relative to the BC transfer arm which allows the FC transfer arm
t o acconphicsds/iisBot asks and to clear out of the way bef orreTrvs®2B€08r ansf er
arm acconplishes its tasks and novenments. Referring to the waveforns of
Figures 9-2 and 9-3, the bottom horizontal portions of the 15 waveforns
represent the positions of the transfer arns when the nolds are being

pl aced on lenseabt @her ophthatihie deojzehor medivildroduetst fop BangslE, drhiaspraned aepre
represent the positjons of the transfer arns when the nolds are being

pi cked up faefFiorBedYAe the coparidgreig lepptedmndhe Bibg. The infgettionappsretusr ar m

has basi cal <P
pl acenent pégg}c%%ﬁ %’séqoggﬁ%g g%@(f b%/lﬁlﬂ;él Eilue ﬁ{el gug)% %’%]Ef&%%lg r ansfer ar m has
basi cal |y ttaught hgresi dan basisedal@ie tootrahsfer produgts ptist tHaomolds thaeRaine® be

position in whi the BC transfer armis waiting for the FC transfer armto
conpl et @ i trgtaf‘?ﬁlslgg degrgecprangt erﬁYedéanflﬁgle\K/ﬁVtm% Hgm? trpgstenarm sfeRr Hethekt e st ep

in Figure 'e_zhfn : gures
9-5 thr ougﬁhg %I&Eg?}gdgﬁgﬂgw‘bwgdgﬁ& exp al neltlist her el na o%§¥$%§f%??fg isélever al
enbodi ment gn drccenter fcuttthe)m@ydﬁbet tvepass thseugh, omveantielomednsrcoald tiersizzd ts fudlyi on
wth allgn nt..as and tr fer t aredscrlbedl det ai |

er o n. |t TEa At s AR AT WP D Ge ot P Bk MGDGr ¢ he
pr esent l N\e@Rdr ebaid dolwiS O HES trakBiéyed. Qidcﬁ‘tﬁd}ﬁll%\/tﬁe desi hﬂd‘ﬁl %@ of hRSRlapki | | ed
in the art. For exanple the inlay transfer tubes and 3 e al i gnnent
mechanil8@ns tebsgayldle medidied depandaigsunon the sigmofishe drasiust, such as contact 14
WO 03/ 013780 PCT/ US02/ 25408 |enses or other ophthal m c devices or nedical
products for eanple, an inspection step to be perforned while the contact
lens is | ocated on the tube. The inspection apparatus could be |ocated
above, below, or within the inlay tubes. Alternatively the transfer arns
taught herein can be used alone to transfer products other than nolds that
require to be 5 rotated 180 degrees or not rotated during the rotation of

the transfer armstep. Further, the pallet could be replaced with any
carrier neans, such as a single carrier with a hole
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in the center for the inlay tube to pass through, or a carrier neans could
be sized to fully fit within the inlay tube in an enbodi nent when the
product cwo daitmoger than the carrier neans to which it IRCTVUSRRf@8r ed.
Additionally, the size and shape of the inlay 10 tube could be nodified
dependi ng upon the size of the product. 15 WO 03/013780 PCT/ US02/ 25408

CLAI M5 Havi ng thus described our invention, what we claimas new and desire
to secure by Letters Patent is: 1. AGLaIMBgenent for transferring itens
froma first station on an assenbly line to a second station on the
assenbly line, conprising: a rotationally mounted transfer armfor rotating
and tr anst aiifyiAgiil RERrbELRIiFentioh! Whe ARG 1 R3GEIPlKulIRe to the
second station on the assenbly |1 ne, t%e transter arm having a

al i gnment dptersPatent&:r eceptacl e for receiving the transferred itens at the
second station on the assenbly line, the receptacle having an alignnment
aperture; neans for precisely aligning the receptacle with the transfer arm

at the second sAhir@yemeht BF wrhilGerting : fr@roRd AYiPR $talioh 8h & a&geﬁzimm?ett)i rst

station to the second station, 10 including a reciprocating alignnent
assenbl y hadengndasiationiogrthe assembly line, compssegnd st ation, which aligns the

receptacle with the .ali,gnment senbl sing,the . alignne rod
hrough t he-al 1 giivEieraiane e FRETH e St s it T e
recept acl e fmBcktitha calthgasemblyaseastihy/sesbidistitt dof A 8E@mbd MhdYhd@sfepd t he
alignment rod through the alignnent aperture in the transfer arm to

preci sePy @mdrvinganplgaperap b with the transfer armat the second
station. 2. The I@t L e] Ee | i nt _assenbly is
mounted for r ecalalrslr;%%gﬁqﬁ g}e\?glfrvf [ tglfL' @ﬁ%ﬁgﬁ}ﬁ]&%{]ﬂt %Segg}&(ggr}tgﬁ%q WHESn. 3. The
ar r angenentasseimtdy dinentle reedyeicis havtibgah sldgishedt agditiré;ncl udes first and second
al i gnnent apertures which are aligned with first_ and second al i gnnent
apertures in thdneans for precisely aligning the receptacle with the transfer arm at the second

station, after the transfer arm has rotated from the first station to the second station,

10  including a reciprocating alignment assembly having an alignment rod at the second

station, which aligns the receptacle with the alignment assembly by passing the

alignment rod through the alignment aperture in the receptacle, and then aligns the

receptacle and the alignment assembly with the transfer arm by passing the alignment

rod through the alignment aperture in the transfer arm, to precisely align the receptacle

15  with the transfer arm at the second station.

2. The arrangement of claim 1, wherein the alignment assembly is mounted for

reciprocating vertical movement at the second station.

3. The arrangement of claim 1, wherein the transfer arm includes first and second
alignment apertures which are aligned with first and second alignment apertures in the

20  receptacle by first and second alignment rods of the alignment assembly passing
through the first and second alignment apertures in the receptacle and then passing
through the first and second alignment apertures in the transfer arm.
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20 receptacle by first and second alignnent rods of the alignnment assenbly
passi ng through the first and second alignnment apertures in the receptacle
and t hen passinggsot hr ough the first and second alignnent awartseeestosn the
transfer arm 16 WD 03/013780 PCT/ US02/ 25408 4. The arrangenment of claim
1, wherein the receptacle conprises a pallet which defines an array of

i ndi vi dual openings for receiving an array of individual itenms. 5. The
arrangenent4. of leiaradgenient bfidbing 1, wherpintthatdctptadlé campasviripallasskon! i es; 5
first and second transfer arns, each of which is rotationally reciprocated
bet ween t h&efipgsan akayof guligdpel openagy i gecsivarg Brararf indivkivakitems. ch
includes first and second alignnment apertures which are aligned with first
and second alignnent apertures in a pallet by first and second al i gnnent
rods of anjali grifhentraggesembbfclpias 4] inglutiimgough the first and second

al i gnment apertures j.n th al |l et and. then passing through the first 10 and
second al i gnnentapi'ﬂétl@’t?lfé‘gggrﬁe%ﬁése@?qﬂ’deﬁe first and second alignment arnms.

6. The &rrangemgptt aQf s&doftll Waflsfet Nedch! kR W : rs nol ds
froman injection rmlsdi ng r?a%ﬁiihgﬁf %dc\[}ho?gvﬁlﬁhﬁgk&ng?%hg?%&%%ge% to pallets
whi ch supp®etvegndhe fisi gatianhandrtind siksond statiom Rué yanh cfpeticminehidehfimtimahces t he
pallets into and..through the inla t ati.on 5 7.. The arrangenent of claim
6, wherein sgcoplﬁraggnql?rgﬁpe%tg%\gh{chnﬁ%%@egmtﬁa}@p&gondﬁh@mn%ewgu%| ds to
a front cutyeppidiibytirandd decond afgniaskotd 6/ AibANShelssHBYy Phaftl Bifchgh back
curve nolds to a back curve pallet. 8. The arrangenent of " Claim4, wherein

each pal | etthq Grst and sgerd) adignesat anspyeastin the patetemd e passiag thaguglf thefirsts i n a
rect angyl ar, . i i . cavi tl.e rrein, .and each 20 cavity

i ncl udg('gI aard%%léec?’é??ﬁyg cy‘%n:t ﬁ}g%ﬂlr%a mvo(;%f%(?%\lt/aetsf Hgggﬁndgﬁcndu A EPISRSE P or mred ar ound
the circunferential upper edge of the cylindrical void, such that a nold is
supported at it general ly circul ar outer edge by an annul ar flange. 9.

The arrang@nment s%‘? agpagement of Waippt.in gn dgay apden whichdransigisanelds fiomray  and

injection molding machine in which the molds are molded to pallets which support and
align the molds on a conveyor system which advances the pallets into and through the

inlay station.

15 7. The arrangement of claim 6, wherein a first front curve transfer arm transfers
front curve molds to a front curve pallet and a second back curve transfer arm transfers

back curve molds to a back curve pallet.

8. The arrangement of claim 4, wherein each pallet is rectangular and supports a

rectangular array of molds in a rectangular array of cylindrical cavities therein, and each
20  cavity includes a generally cylindrical void with an annular flange formed around the

circumferential upper edge of the cylindrical void, such that a mold is supported at its

generally circular outer edge by an annular flange.

9. The arrangement of claim 7, wherein a conveyor system advances first and
second pallets into the inlay station, the first pallet is Joaded with an array of front curve

25  molds, and the second pallet is loaded with an array of back curve molds, and each
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second pallets into the inlay station, the first pallet is |oaded with an
array of front curve 25 nolds, and the second pallet is |oaded with an
array of Yaxds/asmsve nol ds, and each 17 WO 03/ 013780 PCT/ US@a/e4a8108 pal | et
is aligned in the inlay station by at |east one vertically reciprocating
alignnment assenbly. 10. The arrangenent of claim9, wherein each alignnent
assenbly includes two vertically extending alignnment rods having generally
poi nt ed ti palleths eligreddn theiislagt sttiopbaratlegstaht eertidalpatdcprorfihg aBg@nehti S
roughly aligned.in the inlay station, and the rising alignnment rods pass

t hrough t hé&>&MYnent holes in the pallet to nore precisely align the
pallet with the alignnment rods and then pass through two alignnment holes in
one of the transfer arns to nore precisely align the pallet and alignnent
assenbl y wilOh t Héhetarramgshemnt oficlaim 90whdreinFaeh alignarege nssamblyf includéstw®d, wher ei n

h ali t nbl.y incl ud tr. fer t whi ch |
o Ced nod EBiealE BT P RS Pod R Brnerdlhy pRRIE g it oate Fitsadne. pa | et
to assist ipwakiPYi&G fallet RS and [s30ughly Bl SRR He iﬁ%?gha%h%dhﬁé gﬁ{lgn array

of nmolds at the end of a rotatable transfer arm and’the array o ansf er
tubes is raligedentupdiiads threughche hligineerd holey imthe pyllétrial miocapreciaelytaligs thent i |

the transfer,tubes.ar osi,tione 15 adj,acent, to.a pl acenent head, 12. The
arr angemang) aflgt Vg a?hﬁ]a_ﬁ%}?n%& Iar?%ith(a} Qﬁsﬁﬂg u%%otwv(?sahgfjgle @Efﬁ‘?selﬂ g Og the
pl acenment heasfebyrnisne hiﬂrdp@bis&l@:%ugﬂhd/ﬂm@harﬂre@ighﬁ%ﬁ@ Radresly Al @t gasgert he
array of nolds into the raised array of transter tubes, and individual
vacuuns i n%B8ch of the transfer tubes are turned on to transfer the nolds
fromthe placenment head to the raised 20 array of transfer tubes w thout
di sturbing the alignment of the nolds. 13. The arrangenent of claim 12,
wher ei h0 af tiér r dlheasengzinenhef ¢imihds, Wientcheh aligharanenémbedacluddnaliagnment
assenbly is_|lowered such that, the array of transfer tubes .descends Into
the pali et ,OfHﬁl\aA&‘?fﬁgbfifé@H%}hlé Tied forgted; teripgeh en away ef cvlindeeal sputiesinni nat ed
to allow tig leflf AsQstdf rtHBRRE iRAnbIas BORT £5ihlamdk hORATiBR Rbkdk QR ghy t he
cavities in the

of molds at the end of a rotatable transfer arm, and the array of transfer tubes is raised

upwardly through the array of cylindrical cavities until the transfer tubes are positioned

15  adjacent to a placement head.

12. The arrangement of claim 11, wherein individual molds are secured to the
placement head by individual vacuums which are terminated to release the array of
molds into the raised array of transfer tubes, and individual vacuums in each of the
transfer tubes are turned on to transfer the molds from the placement head to the raised

20  array of transfer tubes without disturbing the alignment of the molds.

13. The arrangement of claim 12, wherein afier release of the molds from the

placement head, the alignment assembly is lowered such that the array of transfer tubes

descends into the pallet, and the vacuums in the individual transfer tubes are terminated

to allow the molds to be supported in correctly aligned positions in the cavities in the
25  pallet.
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25 pallet. 18 WO 03/013780 PCT/ US02/ 25408 14. The arrangenent of claim 13,
wherein as the transfer tubes are being |lowered, the alignnment rod
initiall ywoerswismoal i gned within the transfer arm as t he adTgusvens4os
assenbly is being initially lowered to maintain the pallet, the alignnent
assenbly and the transfer armin correctly aligned positions until the

nol ds are transferred to the 5 cavities in the pallet. 15. The arrangenent
of cl ai m 1,14wherRicnrreagment dbficlnen 3,asieesthlay tienfns@e fibes are ®@RlgilaReRdMdul e
which allo limted x/y translations and rotation within the alignnment
assenbl y t\é\ﬁeaﬁ%’ﬁ‘e!’h’é’dﬂ@@é%&’ sonadns,pligned athin the dpasiengrm asthe alignmgnt angenent
for transf | I Ay [ f I s Il et
corpr of ng- ety Sbeiemlial Ik FEF i bl e RRERL EReA b aRE et
head havi ngheatnansédriagn iecdrreatie ntigned, poaitioas betil thomoldeed whmgertddeo dig ay of
itens téansfenred roq]the pl acenent head, the pallet having an alignnent
aperture; f8VHESHIeRlleh  ecisely aligning the pallet with the pl acement
head, including a vertically reciprocating alignnment assenbly having an
alignment rod which aligns the pallet with the placenment head by passing
the alignmdfht r ddhetatrangegient bieclaiin trwieantin eagiealignrent mssthblyiadlidds aand t hen

t hrough the _ali.gnnent rture in.the cengnt head, to recisely align
the pall et thg%%éllﬂsﬁugeg@%ﬁﬁﬁ%%m%ﬂw lg?ﬁﬁ‘?ﬁ]tro Er‘?gihyl th§cl ude an

array of taRg&helt abdehmsy hiligh thSrebditiislwiththe h8WRIGHn! hrough an array of

cavities in the pallet to assist in transferring the itenms from the

pl acenment head to the pallet, wherein the array of transfer tubes is raised

dl i1 id.. th f b
ot 11 oned Su) s Ps At oS Rbing fut' it AT Sheh R ©

t r ansf &0 r e@allet@oiplising! acenent head to the 25 transfer tubes;

a placement head for receiving an array of items, the placement head having an
alignment aperture;

a pallet for receiving the array of items transferred from the placement head, the
pallet having an alignment aperture;

15 means for precisely aligning the pallet with the placement head, including a
vertically reciprocating alignment assembly having an alignment rod which aligns the
pallet with the placement head by passing the alignment rod through the alignment
aperture in the pallet and then through the alignment aperture in the placement head, to
precisely align the pallet with the placement head;

20 the alignment assembly include an array of transfer tubes which is raised and
lowered through an array of cavities in the pallet to assist in transferring the items from
the placement head to the pallet, wherein the array of transfer tubes is raised upwardly
through the array of cavities until the transfer tubes are positioned adjacent to the
placement head, and the items are then transferred from the placement head to the

25  transfer tubes;

after transfer of the items to the transfer tubes, the alignment assembly is
lowered such that the array of transfer tubes descends into the pallet, and as the transfer

tubes are being lowered, the alignment rod initially remains aligned with the placement
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after transfer of the itens to the transfer tubes, the alignnment assenbly
is lowered such that the array of transfer tubes descends into the pallet,
and as thwaosans@er tubes are being |owered, the alignnmemcwsb2zizmogi al |y
remai ns aligned with the placenent 19 WO 03/ 013780 PCT/ US02/ 25408 head as
the alignnment assenbly is initially lowered to maintain the pallets in
correctly aligned relative to the placenent head until the itens are

t ransf er r etieadad the aligirheit asséiblyTis énitinlahgenetio 0iineldihepilsts eyt he
pl acenent hﬁad 'n[CI_udes first and 5 second_ alignnment apertures whi c% are

al i gned wi eHstgdeiatixetp thepkigementingadani! the dems predransfsrred i thappliet. by fir st
and second alignnent rods of the alignnent assenbly passing through the
first and second alignment apertures in the pallet and then passing through
the first afid sdhendasdengntrefdlaiapbs,twheesnite plhenphobedandludeatst &bd. The

arrangepent of .cl.aim 16, in an jplay statiqon which transfers itens which
are 10 o RO AR sherEes SRR et Ha! M SREAEIERB PSS o

mol ded t o iheRalibedyStrstiaGBeGRRgheANddebl @R afi | nftly veyor
system whi ch g vanceyss,ﬁrtshe pa‘l:l ets” i I’eltO and ‘?Ef‘f&%gﬁé@ﬁg% n aéasglglgti on. 19.
The arr angémwengh @i firstandrsecond whgmaént apertirepanl the palies and theapgssingy theough
supports a, rectangul ar. array of itens ich are nol.ds in a rectangul ar
array of cwqtﬁrﬁﬁ?@gﬁecw%lg@ém APETLIES 11, ,P(f%?ﬁ’ale’é%l@ﬁ cavity includes a
generally cylindrical void with an annul ar flange forned around the

circunferential upper edge of the cylindrical void, such that a mold is
supported &8 i t Fhgananssmeyt of dlaim He, iwan drayestgfionbyhigh transfers aters varigieare 20.

The ary@ang | & rei n.the al.i.ganment .asse inclu t wo
vort: el y e h o ot SRR B P A R B 2R o ar e
rai sed 20 whidrsipyort ambhalighehé idldddnd t@ReRisystoiSviRas sdvaRERUBNpAIes
alignment holes in the pallet to nore precisely align the pal?et with the

Ps
al i gnnent  Féeand fuoyghdhe maystatipnough two  al i gnnent hol es in the pl acenent
head to nore precisely align the pallet and the alignnment assenbly with
t he placenent head. 21. The arrangenent of claim 16, wherein individual
itenms are $2cur @tie twarigement of claim 16, wherein each pallet is rectangular and supports a

rectangular array of items which are molds in a rectangular array of cylindrical cavities
15  therein, and each cavity includes a generally cylindrical void with an annular flange
formed around the circumferential upper edge of the cylindrical void, such that a mold

is supported at its generally circular outer edge by an annular flange.

20.  The arrangement of claim 16, wherein the alignment assembly includes two
vertically extending alignment rods having generally pointed tips which are raised

20  upwardly, and the rising alignment rods pass through the alignment holes in the pallet to
more precisely align the pallet with the alignment rods and then pass through two
alignment holes in the placement head to more precisely align the pallet and the
alignment assembly with the placement head.

21.  The arrangement of claim 16, wherein individual items are secured to the
25  placement head by individual vacuums which are terminated to release the array of

items into the raised array of transfer tubes, and individual vacuums in each of the

20



25 pl acenent head by individual vacuuns which are termnated to rel ease the
array of itens into the raised array of transfer tubes, and individual
vacuuns i woesoh3sb the 20 WO 03/013780 PCT/ US02/ 25408 t r axcaieso2bsdoes ar e
turned on to transfer the itens fromthe placenent head to the raised

array of transfer tubes w thout disturbing the alignnent of the itens. 22.
The arrangenent of claim 21, wherein after release of the itens fromthe

pl acenment leasfer tubes @t hgnedent toasmefebthe itend Povaniedplsteakent hedd tb ige Aaisedy of
transfer tubes _5 d?scends dnto. t hetﬁpal | et, and the vacuuns in the

i ndi vi dual 2fPRALEaRsterieRes vatheut distyhing the alignmeninf theviderns-ens to be supported
in correctly aligned positions in cavities in the pallet. 23. The
arrangenment of claim 16, wherein the alignnment assenbly includes a

conpl i ance2fodulldewtrangensint afwlaini 2, tvdckrein piter eirateadfithaieranfomahat i on wi t hi n

the alignment assenbly to align the pallet with the placenent head. 10 24.
An arr ange%??n?ﬁﬁ%%}%ﬁﬁhwq é???‘i“g ngséoqurpgﬁuchttggtit%mg@/ of tEanates fubes t ube
conpri s ng desbchdPed BE phidSanddht YAMHR"in ﬁ{enih{ﬁ‘?'fdug @eﬁﬁf@?@ﬁbeggrcfstg{rginhtteﬁm on
said transfer tube, and 15 alignment neans for aligning said itémwth

sai d tr ansteallow e ites to be supported in correctly aligned positions in cavities in the pallet.

23.  The arrangement of claim 16, wherein the alignment assembly includes a
compliance module which allows limited x/y translations and rotation within the

alignment assembly to align the pallet with the placement head.

10
24.  An arrangement for moving an item from a first station to a transfer tube
comprising:
a transfer tube,
a transfer arm for placement of said item on said transfer tube, and
15 alignment means for aligning said item with said transfer tube.
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