WD 03/ 013780 PCT/ US02/ 25408 | NLAY STATI ON W TH ALI GNVENT  ASSEMBLI ES AND
TRANSFER TUBES 5 CROSS REFERENCE TO RELATED APPLI CATION This application is
a conti nuwto @mismsepart of Parnell et al. U S. Serial No. GU19¢2488s8 fil ed
August 9, 2001, having the sane title, which is fully incorporated herein
by reference. 10 BACKGROUND OF THE INVENTION 1. Field of the Invention
The present invention relates generally to an inlay station with alignnent
assenblies and inlay tubes, and nore particularly pertains to an inlay
station with alignment apgEAR SERTAON WIRRSAEIGNWPERTWNI ch nay be used to
provi de for the precise Ioca on an a |gnrrent 0 ront curve (FC) and
back curve (BC) nolds in ASSEMHE ) RiA JUBES f rom an i nj ection
nol di ng machine (1M nachine 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, 2001320, the Bend fige, mﬂélﬁﬁtfulo;yiﬁeo@afhtmdmh@y hal ves are
subsequently joined in the course of the soft contact |ens production

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

manuf act ur Qd FieBARY LivatBRP! astic material 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 gr ovi de for the precise

| ocati on ardBsertgof istegpiredcopfigurpitonarg nechinsd @ad mouptigr i the ipjeeiey mplding hat
can be use r Ler Fanl B LR 4N i | ine (I MV
machi ne onqlé%fhgrgeég%ﬁfyé?t?o%erh{;lﬁ@g%ehaingh spegddSJ %ﬁ%@g%g%rg@@w 5
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. BRcEPrdDEESCHR IBaIpOhatyF obijdet diRAYY NG Tivenfior eguoovide b jrday statiord

advant ages _a he present, invention for an inplay.station w.t al i gnnent
Sssenbl | es "aKAIERT Grer i nfiptie hrEvhishariudk RttRdrsi B toHEReK | | ed
20 in the aripnMbdthrigEe %IPBCQﬁbIGQiﬂ‘%&ileﬁébr&f&@abﬁ;ﬂﬂhh%% 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 and® gpupsé«?{ copiactlerssf and other parts that need to 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 displacenment 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)' dﬁf %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 Lo the left along arrow 14 into the inlay station where they
are | oatied DEEAUAD DRSCRIR OB THIEEINVENIIONon t hey are advanced
further to : : nced
donnvar dl y e S %ﬁié@%ﬁﬁ?h%“@%%ﬁ%@y@s%@% S RRLERAOVRERC, o
pl an vi ew tﬂaﬂsferslﬁa);at atrat (10) 1tholds Theébase phback aheveofB @imelde fidm 4u gttiat 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’/?&eryﬁégmn

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@;zdlahm tlmzﬁont:e}wc (ES) mhhﬁs @ndabasEa:@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 WD 03/ 013780 PCT/ US02/ 25408 nust Hua/eswgusams | 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, Mol ding 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 autonated commerci al 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 3®afuoonssos
vertically reciprocating alignnent and inlay tube assenblies 40, with
Figure 3 6 WD 03/013780 PCT/ US02/ 25408 illustrating the front |left assenbly
40-1 for the left pallet in a raised position and illustrating the front

ri ght assefhisiatiy-tBe front leh@sdeh®iy 40al tbetheildtt palleoWed Rikei §oESiSRENd POSi tion. 5
Figure 4 is a side elevational view of the inlay statjon of Figure 3, and

i | [ ust rat edlustiatingthe frentrightesseably fedder the rightpalist mya losessdireeesasl 2 in a
| oner ed posi%{ié) and illustrates the right rear (as viewed in Figure 3)
|

n1
assenbl y 48°3" a rai sed position. Each of the four assenblies is raised

and lowered in a reciprocating manner by a separate pneumatic actuator 42.

10 Each_ alignnent and inlay tube assenbly 40 infl_udes two . verti cgﬂly
ext endihg Higughthisrit side Jepationaliyagiy g thednlay slefign pt Higues D SR dRUsteigpheas whi ch

are 1 al sed URCH % A in'Eug3) 5sseafﬁgp§dé?§& SIRNEE] p@ior bk [IRGREY

aligned in e inlray station: er t ets 12 are positioned I1n the

i nl ay st at therigh®reat (e vidvaddrig Fiduirg AressemblydE)-passraided pugihion hBatchw the

al i gnnent hol es l}n%% in the i Ia% l.ate 160, and through two alignnment hol es
Ig Ig 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 RGidati® B&HatoNNE AT @nyplRBey froduldhy & 34H1%A8 AssBablyuUPRiZh 25408 t he
pneumati c actuator 42. The conpliance nodule is a conpliant assenbly which
al l ows | i npiewys limitpd &5 %irandationpkbanddntitional apevemantsheieseadtsdowet weee:i t s

| ower surf . | i ' e ' t.Of: 1S
upper surf g%lgc,h WA Jcaﬁ&st 6(?) %%?Pg‘ﬁﬁﬂgec £ca?l%atst(%rﬁ)zll? ?/ﬁ %{f?ﬁqﬁger g]%?#ﬁ’g&ﬁn%ﬁ %?%%Qg Iﬂill% nment
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 andpoalletiahé/or i pysitidnathé ransfarhebd end/opalstentivb eRcEm &R MdAns 2R tshaped to
fit into aﬁ%gﬁ%ce}wdgfi.ﬁﬁg g%i t he. novabl e side walls optionally used to align
the pal | et To0Y°H A4 HENEE Sav slafinn lonf Gf Hpallst ox ptheirapiiarmesny Wonldiies bet her
al i gnment [RARR i I . i at j.an.

Al ternative ali gﬁ%eq%fémn@ﬁg 303?1%%)2{%&13?6 %rgzlg?i%érr&{n%aesg&% {hgl i gnnment
means) f or teepnghherginst 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 car r PRiurd¥RRasE el FbnnObvdiRnal NGk IERspdds }f‘é@@ﬂ’aﬁ i 'l be
obvious to ?u;ki | I ed person base(I:ilaon t he tsll)eacl%]%s erei n&l |§t}?ees 6 and

7 are fronBCdranghyiagnaandillesizteghe rastieed irvedl pathk of bath tmastsf @#msaBaciasf t he
BC transfe L lustrate t rotati ongl travel paths of both .
t ransf er aﬁhr?sql.r a%geg#mstéﬁ%%&%a%giéﬁameﬁﬁﬂg? up(plageragt gﬁ%i Ppand 38 gdls g

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
the upper surface of the placenment head. The array of 2 x 2 FC nolds are
secured t h€hetightaidt dfFipet d ithystrates alie BY phice@eit ad BelEcidudwhaldens and
vacuum ducts.in t hehiFCaﬁ)l acenent _head. )

position in which an array of 2 x 2 FC molds are received from the IMM 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.



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 nolds are received
fromthe wopsroissof ace of a 20 BC hol der nest 54 held on acaredoeenmsy BC
hol der arm 55. The BC nest 54 does not rotate with transfer arm 28;
however, it is nounted on the sane nechanismas transfer arm 28 as shown
in Figure 7 and translates with transfer arm28 in direction 34 as shown

in Figure Thefight e mlgare@ﬂalg&ﬂluaﬁtmheapwmw fabthgd @ plaegaint Gehd 30aMd he
IMM Alternatively, the BC nest could be a separate station not attached to

transfer athn2%22gay ghmaldbelder apdhe twe cingelar Algnsneat ppstures 39 eleh e of t he
BC nol ds f f T whi ch
are recer vEIR B oMY atikRARG Gt 1 sl Bhertodt if RHRYe nElen BRI, 1 ©

t her et o andhéeight fiye alelgufewalstf 1llasn<até’s the mgwwdd;u&lcnigd}(d doklepimdt Saandiimeduct s
in the BC EI acenent head. 9 WO 03/013780 PCT/ US02/ 25408 The right side of
Figure 8 aP&c mraefimalddoldessthetsfhr di y faci ng FC pl acement head 36 and the
2 x 2 array of nold holders and the two circul ar alignnment apertures 39

whi ch are engaged by two alignnment rods in a nmanner as described in
further deFiure béllwimteeldplacembg versghtimeicertofor BiegiC afsfed sm, thelB(St r at es

hol ders 1 ﬂ'a%%%%‘rcér%ggwf@e ob it PG Sa i e ewERE -4 oFethe Al BCfiele (o

the FC transhese adng bigattn sjdchfonlLl s@cfd%cea%htm@mq%sfepw&lﬁg I, BCG1
FC-2, and BC-2. The FC and B transfer arns and 28 operate in

sync hr 88i z ehglskytmhfam@d ipfinting tedative te the3E @ﬁnﬁtﬁrrﬁrme ionigrst vad b 2ghd byasaely anced
intim'ng 0,the BC.transf oflrs I array of
FC ol de Ui ECmetdF s 1y s of BRRGE R Peler g dpa” 8 waFtodigretd B B, Py
(FCG1), angecoﬁ&%QBﬁﬁ ¥ 2Ix0Bghray ot BC soddsie YneDlowBFhaTPbfighe BT pdiRt (B®A). Tehf of
the BC pallet ( Then the support for the FC and BC transfer arns is

t ransl at ed thesnapelt ﬁoréh%ﬁ@ anel Bwiranpler gams i t@nel@tqdnlpmaguy élong agpw 3, asind t he
E;c):ngdhglcf R’%%%?flg%@é? mﬁ %Egit%oﬁ@and fq'% %ﬁ%{oaédﬁﬁgﬁﬁ gQar ra Q’Q’ﬁ heB
mol ds i1 t IF€ mpldelin fh%hfpp@ff halfef tﬁ:’&F@@la]lat(FCBg a)d fomhlydeaha 2 @@dirrag ofequence
of a2 x BC molds in 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

10



2 array, each transfer armis rotated approxi mately 180 degrees to pick up
a2 x 2 array of nolds froma transfer station in the I MM machi ne or the
BC hol derwoestoi5#oand is then rotated approxi mately 180 degresss/25408
transfer the 2 x 2 array of nolds to a pallet, 20 and then the operation is
repeated in sequence as described above. The FC pick up/placenent head 36
at the end of the FC transfer armpicks up the 2 x 2 array of FC nolds,
concave si dbgaioent rods Bhinghpinddy sigticnt At each @teriiig ADAMhtIMERItGOEse, &e aphiych t hey

are placed i.n.the, pick up/placenent _head.36. The BC pick up/placenent head
36°at the. EmORR e R AERER Sreiaaricn cRutap s balld 15k go ot BC
nol ds, congr¥ehsitsieotiBe paitet! QML 'ﬁﬁle,sfch@ttllaﬂ%f éﬂ'nﬁg%s]t}g%gﬁ%{tgggxﬁgititﬁé afdtRpor ted

by the stationary BC holder arm5b5. After a pair are rnitrally
posi t i oned thamillebinghthat dhe plathanhheadet theleayl of that tramsfer bite staps gra@iition

assenbl Les _40 are raised.in t S hroni zed, seguence descri bed above. In
each al an%%‘?{f’x‘&aééms?%&?o‘f%e B%/l?eénﬁ'g‘ﬁ?ss?@gg' Y1s ?}ileé‘eraﬁﬁ Fysuch tatigh t wo
30 al i gnnegte halyeF ikdy tubed 5O ate! ritsed ' | Qi 12

rel ative toet heblolvé’ 03/60137860 p&%@gﬁﬁgﬁﬁg gﬁ%rna%edrftgmrl% saﬁ%kllhgegt he

inlay statil®and fhe twaahsameeiroilsam geisesimwandly into two Seculahaigameatholes 39 nl ay

tubes ri se: i i.ndri.cal ,cavities 18 .in th allet 12,
but do not lﬁj@Fgﬂa&%&P #e}ﬁ} %%512%’8 ?%{ﬁieﬁ%gll tF%ln.layAJtub?%%{F PPt I}edtlﬂgnetdfazﬂgf er arm has
rotated toadjagmsid theplaeboust hehll86 pabs.eThsalidhnidAtholt89 B e aakitl, fSgash at the
end of the transfer armstops at a position 5 approximately 9% inch above

the pal? et o Thextgdesriisallysbrough theamlacementlaear 3610588 at thetendiofpachittaasfar r ay of
inlay tube§n§96gf§%ra§isﬁ&gnppp%ﬁfgg through the array of cylindrical
1 I 'gfiiment

cavities 18 and the two a rods are raised upwardly. into two
circular alignment holes 39 in the transfer arm26 or 28 and |lastly the

i nl t ub i t]. I di at e]. dj acent to the placenent head 36 or
58, “he- sl THPAEHESTISHLS S0 (T Bcvo RUSSrk Fogentsabey 16 Tepemarnts:
vertical | yaﬁgmﬁugblrllétb&am@mﬁ@@l&gdé&?eﬁgas%énﬁf AP afid 1HeR 18R the fa%lﬁgaﬁﬁtﬂ# ansf er

arm 36 or 38, as shown in Figure 8. The arrangenent is~suc e two
al i gnméht  plegisnens gssembly miabive & thedrangfomardi. yThefaligatent rods are preferably

hardened steel or stainless steel, and the alignment holes in the pallets and transfer arms

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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align the pallet relative to the alignnent assenbly 40, and then align the
pall et and the 15 alignnent assenbly relative to the transfer arm The

al i gnment woowdw1za8e pref erably hardened steel or stainl esecatessb/2saad t he
alignment holes in the pallets and transfer arns preferably hardened steel
or stainless steel have bushings surrounding the alignnent rods. The
arrangenent of the overall systemis such that the FC and BC nolds are

al i gned i n ThBenEHARATFC 6B nhdl8s &b stdigedlth€FCWr BT platehaitassebpf 100
m crons. 20 In each alignnment and inlay tube assenbly 40, the_ spring

mount ed al ieghividwal holigss and vacwan dpeiss andaftepibe dnlay tybss prerposiionedie al i gnment

hol es 24 therej j £ i , Lo .t Ilet and

the.al 1 oo Peill bdifheh ' Ayt hedd (i yac Bl BT LR AMGOE R Bt B
39 in the témnsher asd plefdrablqlipgessitigedishbiof airbkeay 6f) suppediced ity tiche 25

assenbly 40 with the placenent head 36 or 38 of the transfer arm 26 or 28.
The cofpl Vs s teraepse e 2 pgay of molds dnte/the £ X Zraarayiqf dplay HR8S:r ot at i on

to precise i i A08%RAT head 36 or
38 support égff%ﬁm? ot @g@; ge‘?yagggrﬁ’f%ﬁ%?’l tgggss %‘?‘PV/%?%%% f@?%% B ool 25408
The i ndi vi daaiunisGn eachBSE thoindsy abes @re turnetion © ttdvefeFheomoBE fiphmibenent head by

i ndi vi dual hol ders apd yacuum.ducts, and after the_ inl t.ubes, ar

posi 1| oned PRCHAGH SEL1 hadISEE I Gbes 201 atuholie RO PHEACUARER ¢ he
pl acement Raad 3f &sm}tﬁﬁgbﬁ@{ﬁgewﬁ@%@&%%aﬁgaﬁnenmmmaé.eqkﬂ%h% of air
(blow off) 1s introduced into the 5 vacuum ducts, to release the 2 x 2

array 60 mbtadsfer, Hteoratimen n gach inlay dybeas chesked/to enigars thatgeelf mlastinhe sieo t he

top surfac f.the in t ubes,..and.preferably t i.ndi vidual. . vacuuns in
cach of ¢ haedt APidiptca B s Rk P8 o aited al i M e g B

pl acenent leadndsintofe hallehd thé fyculitles tRIAdiSRIHY @ldyhabdtahetrhinatedet r ai sed
inlay tubes while not disturbing and preserving the angul ar alignnment of

the nol ds. trsf seme timestoradlopt the yperum todssipatewhile Frednlen tabes aje heipplovsredhecked
to ensure t ' S 4] , mbly 40
B e e

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

12



descends into the pallet, and the vacuums in the individual inlay tubes are
termnated at the sane time to allow the vacuumto dissipate while the
inlay tube® @resisei ng | owered. When the nolds are in a paTisIR25408 be
supported by the flanges of the cavities in the 15 pallet, the vacuum can
be conpletely aspirated by a pressurized shot of air (blow off) into the
vacuum ducts of the inlay tubes, to release the nolds to be supported by

the fl angédes ahighieeltng pbm&ef a;fpr?;hmatb?j Be(m rrcll)e}ggeseb @aﬁgﬂlts ﬁle@g};kgg%rlgl. ;Iﬁ[b(ilm

I gnne
ot e Ay et e TRy b el S2p0arh Feiblesorarnenas bymmied T ods
44 serve a%éréﬂiﬂ:fu?ﬁ'% a ﬁldwﬂéiﬁg brahdf Eﬁéd Wt.hgf']f}l f e P}g}tﬁ%g}tﬁg g%ya,ﬁﬁ%l Paﬁ Ie ng

|l owered, in that the alignnent rod remai n a
pl acenent hebew take, h@wem,%sﬂlﬂdyubswbhlongqthmttal 12ilrdoy dedval edutn@ dwsd Jould N al |

of co ne i rrect aligned positions until the nolds are
trans?gsreggiseC{]lﬁgﬁlﬁ I%L?Bh%l?'t positions in 25 the pallet, which enables the

tight alignment tolerances of the nolds in the pallet to be achieved.
Figure 5 is _an enlarged view of one of the inlay tubes 50, the exterior
di anet er of Tighielup/plcenenyirend 36 atthe end oﬁhﬂFcrtmmfemmprckslupmzex 20f a

cylindrical, tube.is 30 .preferably f brlcated of a
r)e/5| n such a?%%#%en#ﬁer’ g&ﬁcavﬁélt r‘iigwnkfrﬁ%‘? pégplﬁE%?éle hang. o7 80
PCT/ US02/ 25@08misfes ain Hieg Rotatds abpdxReitely 180 dapee xhdBeslidk .ﬁ&@ f’e?&é figadC and
is a vmy cﬁjér able material Each inlay tube defines a ce acuum duct

52 whi Betatss thegeyrith andithedenssiis thed x 2 meayeeHF@ uhdst io aa imerdd bei ng
t ransf erregogﬂoﬁ andb%g%e Bbﬁl thg)Fﬁ(Pu Shigblyint.he ate(ﬁg]%‘ tube is a hollow tube,

however, a solid e wth o a%harto acuum duct could 5
be used in this invention. The pi ck up/ pl acenent head 36 at the end of the

FC transferar t he array of FC nol ds, concave side down,
froma pi clgrhféﬁgla‘ff( ﬁ’tf%f’ Eﬁ Sr?ééhfﬁ%‘é of B C transfer arm 28 picks up a 2 x
2 array of BC molds, concave side up, 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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FC transfer armthen rotates approxi mtely 180 degrees, and the pick

up/ pl acenment head 10 36 rotates therewith and then deposits the 2 x 2 array
of FC nol d4® 0313080 nverted position, concave side up, inHRdTUSD2p@BI et, as
illustrated by Figure 6. The BC pick up/placenent head 38 at the end of the
BC transfer arm 28 picks up a 2 x 2 array of BC nolds, concave side up,
fromthe stationary BC holder 54 that is |ocated 15 adjacent to the 1MM
machi ne t o pudlep 58 entl headEd pidkdsy/placemdnt ke Syactutaiereldthe to BE BCanaffer arm

then rotates a xi mately 180 degrees,. and_ the pick up/placenent head
t hen deposi¥¥- m“?‘E p{;ﬁz‘lpélﬁ?céwe&? ﬁ@é IFRRiRS 1 the sppe bangenigl orieptaion, sislt ave

side up, I Npatih&pBS t Q,&ﬁﬁ BC nol ds
in the sane IEl)(%si tpi %ﬁﬁﬁé %g(n%%r\}/dg’ g%g%%&ﬁ t eérﬁgﬁgg%?ﬁe&%%tﬁ?ge@é%ﬁ%i ck/ up
pl acenent Headfenust) in dreedamei arientatiofOconaame sadetuipt onlte the BGrpadlet at i on whil e t he

BC tranéf er armrotates 180 degrees. To acconplish this, the BC pick
up/ pl acenent head nmust rotate 180 degrees relative to the BC transfer arm

whil e the Bgire 9Nfh@iatd dBplRERERSyHER RIHBRS for FLPUEReBy | lw i
t oot hed be??g% and taoot hqegd pul l ey 58 arranger?éﬁ%@t o%&cg%gﬂr?p |sﬁa§1 énet%hi S

rel ative rovkieh wansbitestthe s@opi fok thediChansicBGmansbeaths 3Bonesrmw 34 theoFE€ he BC
transfer arm 2 whereibn .t he.belt 56 is. hel.d, statiponary.and t rotate
W ih the peRsRarl il faSetRm oy A9l e B Bl i Hr o T

stati onary FOAMRABER! ITéy ré@tiomeHtRIFCARNBLardx iRl 186 Bk ArRfrd he BC
transfer arm The toothed belt 56 extends around the toothed pulley 58

whi ch il8 noinehaenized wish sach afhernbutilke BE dransfpy asmais shighity avancedgelativeeto30

el ¢ causedht BS N AR, Bat B BRI BT R8bRRe MARRIIENaG i o
up/ pl acenerieahewaithf 3 whpbefoteathe BCetradster @rrh @cdoneplhed itvtasisand nd&fvéimea8d t he

pi ck up/ placenent head remains in the sane horizontal orientation, such
that it deposits the 2 x 4 array of BC nolds (in tw translations and

o )b B s B 08 0 Sk oGO A 7,
for redpectwavefoyms hapresiM the poditiomsenf 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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whi ch transl ates the support for the FC and BC transfer arns al ong arrow
34, the FC transfer arm the BC transfer arm the x-axis cylinder, and the
four inlaw® ®@B®3780BC-1, FC-2, and BC-2. The rotations of rdwue@25408NnsT er
armand the BC transfer armare 10 synchroni zed with each other, but the FC
transfer armis slightly advanced relative to the BC transfer arm which
allows the FC transfer armto acconplish its tasks and to clear out of the
way bef ore ledses Bothéraphiraimrdeyives onpkdisilgsodics foasdhpla)wh iREPLLHBNEEp to
Referring to the waveforns of Figures 9-2 and 9-3, the bottom horizontal
portions ofPessiormesl whileths cantastdensis dopatadina thetibe; dihe Inspeqtivn appaa&iser ar ns
when t he i I g P j

por Ui ons. of Pl oy ar B RERE Bl e By nRE ANBkAPel M €RREP e
when t he nohwzht Aereintan bg uptdcdent toprdnsferptddectd Mider Asn innslds thhedqliye tofegur e
9-2, the FC transfer arm has basically two positions, an FC nold pick up
posi tion argt 1%@ degreers o1 gt &otated d}%@g flIecfﬁt.aB% Oftﬂﬁit@&?fgﬁafﬁy“ﬁ’-gﬂ?@%- 3, the
BC 20 tran i : ree: I, d . i

p0si L1 on.aAnc AR Blge RRHCER siih dnb caRich Abph, Bth osh elTRAPVER aBle 0 ¢ o
t he FC t r ansflerceatenfardhaintgy tebetad pass thrasgdhs omnchrd breaeans wouldfbetshred waillys hown

the int I. .St in Fi 9-3 d BC I I t ition.
The. wavel orthaiGH B e 1 1y ah FQAY 3t wORAVE pEpduckiny holsree: Bepi ned
her ei nabov arride mihd 1 WIBVIETtSd tr G EHITE StiHAly MRE kBt b shapt of R iRhesent

invention for an inlay station wth alignment assenblies and transfer
tubes dPe deleduiskblr mpdified dependimeainen the sishefitheiptaductappar ent t hat t he

di scl osure and teachings of the present invention will suggest many
alternative designs to those skilled in the art. For exanple the inlay
transfer tubes and 30 the alignnent nechani snms coul d be used to precisely
align products, such as contact 14 WO 03/013780 PCT/ US02/ 25408 | enses or

ot her opht hal mi ¢ devices or nedical products for eanple, an inspection step
to be perfornmed while the contact lens is |ocated on the tube. The

i nspection apparatus could be | ocated above, below, or within the inlay
tubes. Alternatively the transfer arns
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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

t he transtwerozansnsst ep. Further, the pallet could be repl aadusetiosany
carrier neans, such as a single carrier with a hole in the center for the
inlay tube to pass through, or a carrier nmeans could be sized to fully fit
within the inlay tube in an enbodi mrent when the product can be | arger than
the carrier nmeans to which it is tran€lLadMsl. Additionally, the size and
shape of the inlay 10 tube could be nodified depending upon the size of

t he product. 15 WD 03/013780 PCT/ US02/ 25408 CLAI M5 Having thus descri bed
our 1 nvent 'I?%in%\‘ﬁﬁg d%l{iﬁé@b@iﬁvsefn@l%ﬁ{ W voegAi astrf%vxsﬁ‘@‘ﬂegirp Yo seEﬁIetb?/r s Patent
is: 1. An arrangenment for transferring itens froma tirst station”“on an
assenbl y | ilmdtetsPatent second station on the assenbly line, conprising: a
rotationally mounted transfer armfor rotating and transferring itens from
the first station on the assenbly |line to the second station on the
assenbly lipe, tAgalsRBRERN for RBafiiShina YieRd ¥ 2kitYARGH 0ARR %%ieéﬁl%i Rne to
receptacle for receiving the transferred itens at the second station on the
assenbl y | iarscondwiatroncmghe sssemhbylimegy campasinginnment aperture; neans for

precisely aligninhg, the.receptacle with the transfer arm at .the secqond

station, after tﬂfgtaﬁlfgﬂjé?lgfgg?%ﬁgrrw E@E?t%ﬁ“ﬁﬁ@nﬁgﬁg’tg liet“%ﬁ PR the
second st atfirgfstatichQnithe hd4einblY 1the/t6 ThdNeo6@t dtRtbnar 4B ARRMbAS Be Ml rhRRE Ng an
alignment rod at the second station, which aligns the receptacle with the

al i gnnmeft #@dwping appligamentfgerteis; al i gnment rod through the al i gnment
aperture in the C ald.ons. t he e tacl e and.t he

al i gnnent asserrbé{lsgﬁ'?%cﬂe I{Oﬁéectgl ?;ﬁlr‘%ts@g?r 22 *'?ﬁqu}lt%ngssastitfrll% eﬁﬁ%@s?ﬁ%lh%ﬂ%e rod

t hrough t hexsssenilgy time) ttheaeesdtasl€having healigramsat egeris)) to precisely align the
receptacle 15 with the transfer armat the second station. 2. The

arrangement of dNEANOr Pregiveledliningsths recsnteels witisthe fansier el iba eqondr

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

A

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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reci procating vertical novenent at the second station. 3. The arrangenent
of claim1, wherein the transfer armincludes first and second alignnent
apert ureswghisoh3moe aligned with first and second al i gnnmerrCTaps®e28408s i n
the 20 receptacle by first and second alignnment rods of the alignnment
assenbly passing through the first and second alignnment apertures in the
receptacle and then passing through the first and second ali gnnent
apertures i4n t h&heransfedienanfitlaibh 1 \Weh&3nQhS7e36ptRIS £&IDPALc 4B twhithe

ar r angenent ?f claim1, wherein the receptacle conprises a pallet which
defi nes an IGHRSRANGITEY 9f indtyidua! oaslaﬁgﬁgls ISPV IREERITARY Bl visuakienes
individual itenms. 5. The arrangenent of claim4, including: a plurality of
al i gnnent assenblies; 5 first and second transfer arns, each of which is
rot ati onal I35y r ediberaoeageatbnt bE¢lamed, inbldingr st stati on and the second
station, and each_ of which includes fjrst and second alignnment apertures

whi ch are al i gn@PWRHY HRPERmen #ss&uhliss al i gnnent apertures in a pallet by
first apd secon |4 ap, &l ' t hr ough
Girdth @BEERAY tafESr RnsBach of WAL ragtg?@ép&g%ogﬁ@gﬁsw

the first and second alignment aperfures in en passing
t hr ough t héetwees thelfrstgiatiogeandrilie sdcogd stetion, apé eadrefsvhich mekides fitshend i r st and

d ali t.. . 6..Th laim4, i i nl tati
whi oh t - anSPRg G PRl R R oo HO AR SRcbtce. o d
are ol ded it 8 ppiddt b9 testwhil bcond RASAhe®Eds @ddngmghﬁaﬁnmhéiiﬁb@ aRifABAMRNAT

system whi ch advances the pallets into and through the inlay station. 15
7. The arr dgdisbend sseond adighment apesitedsiin thefriaHettanftlant passing éhrovgintbe dirstar m

t f : f | | et _;.and d back
curve 10 andt PPl iR aiGebd Bk AP i e o R P06 e 1ot &

The arrangenent of claim4, wherein each pallet is rectangul ar and supports
a rectangul ar ray of nolds in a rectangular array of cylindrical

"
cavities tRerei theafangsment obelimy iy apdelpy sadomwhichdraasters reglds fram aal  voi d
W th an aniyb@on'thABHE nffhiffedn R4 e Wi¥ids 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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circunferential upper edge of the cylindrical void, such that a nold is
supported at its generally circular outer edge by an annul ar flange. 9.
The arrangensmu3msbd claim 7, wherein a conveyor system advawagssokis®s and
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 back curve nolds, and each 17 WO 03/ 013780 PCT/ US02/ 25408 pal |l et

i s al i gned palettik eligrel dry thetialaly etatiby batat leasthe oagicyldy facipaddaying eigmnasat i ng

al i gnment ass ly. 10. The arrangenent of claim9, wherein each alignnent
assenbl y i &Y two vertically extending alignnent rods having generally
pointed tips which are raised 5 upwardly after a pallet enters and is
roughly aligned in the inlay station, and the rising alignnent rods pass

t hrough t hdOal i Jihwenangeoiens of clainh @, whérkimteatnalignneenp awembBbl iyiclatiésgmwot he

pallet with the alignpent.rods and then pass_thr.ough. twg.aligm.nent hol es
in one of {igeicafly Sﬂg’?‘g"ﬁg g};gpgn%rqurl@v%geggpgrgyl%pgme ﬁlpﬁ\rlw\‘@“%hw E4isedn g .
al'i gnmest  ap6ARdN Yt al falibhéhtés 8¢ {Sbughy Digrtd it the iA1S s@a?iﬁﬁ,nﬁﬁ Disifh cl ai m
6, wherein each alignment assenbly includes an array” of transfer tubes
which is raligegesn smﬂwghﬁh@aémmt holeayn the peljdtitondorepiteciselyialipe thei n

t he pall et assi st i:n renoving .the nolds froma. place t .head i ch
hol ds an a#’?ag‘izt Wl?)l? ﬁlﬁﬁh‘%@n%ﬁw?%eﬁlgﬁge%‘?asi el 3 aliepman 02‘?5 1408f Oﬁﬂﬁ t he
array of tmanstesnisudamrd ?reeaéls}aﬁgn eI dhdtANicRmeh sB@nBiy vath tBE transfer
cylindrical cavities until the transfer tubes are positioned 15 adjacent

to a place®BBt head. 12. The arrangenent of claim 11, wherein individual
nol ds are secured to the placenent head by individual vacuuns which are
termnated to rel ease the array of nolds into the raised array of transfer

t ubes, 1@nd liindi ihd uerbngeamntiofclaim 6achereih chdlealighirenfisémblylifduddsntagfaped on
to transfer .the nolds fromthe placenment head to the raised 20 array of

transfer t Ggggnﬁffrttﬂleﬁﬁtw@'lélsdﬁlﬁf P lewerad; thonaly an aray plecykipfigeal cavitiesnine
ar r angemenihdfaiet & Rididn riSViRk heahdBE fbfl LASEnYnt hBR WRLARoAE AuERS

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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pl acenent head, the alignnent assenbly is |owered such that the array of
transfer tubes descends into the pallet, and the vacuuns in the individual
transfer wabsmizose term nated to allow the nolds to be swgmowsoeds4os
correctly aligned positions in the cavities in the 25 pallet. 18 WO

03/ 013780 PCT/ US02/ 25408 14. The arrangenment of claim 13, wherein as the
transfer tubes are being lowered, the alignnent rod initially renains

al i gned wi tiHi n tThe airergesient ofelnina$3 Wieeréh iag fiERRhsfeARBHOT e being 16RERE,
initially lowered to maintain the pallet, the alignnent assenbly and the

A P¢
transfer athf3lenasnt wdmpgally regns dligwed wathin e tapsterammas the alignanent ansf er r ed
to the 5 cavitbit®sS: i " o Lhe.anr t i I rein
each ali gn%%érﬁﬂbgilsseﬂ% r’r%ﬁ%gﬁlltlﬁg* lhj(gzgéesre%é) %%ﬁ%f@glﬁ%gﬁ%bn@l% Iagg%\ﬂ?%ﬂasa (%s\gﬁfi mted
x/'y transl| #hd tonsfaadn inntatdctin alighdd positioas uatlilithameds aas samiredito i i gn t he
receptagle V\nﬁéh the transfer arm 16. An arrangenent for transferring an
array of i CBWE}IdR7 RSt acenent head to a 10 pallet conprising: a
pl acenent head for receiving an array of itens, the placenent head having
an alignment aperture; a pallet for receiving the array of itens
t r ansf er r ed5f r orbhe heagdearetheftlaime hdyhdaréie eagiodligatmenbadsagblyrinadhdegrament

ture; 15 f isely aligning the pallet with the pl t
head, i ncl SAPRBEE madule aich sliows el b mpslatibaAndetacs i Pravi ng. an
al i gnment  aAghibitGEseRtblEidSalich €he RBEH e Withihd R sRiraggMeENt head by passing

the alignnment rod through the alignment aperture in the pallet and then
t hrough the alignnent aperture in the placenent head, to precisely align

ar oy of 1t Fonst &0 FledtEieh ERPnE AL | BRdT b BlE Bt 42y OF

caviti &8 i palldteopphikiag: to assist in transferring the itens from the

pl acenment head to_the pallet, wherein the array of transfer tubes is raised
upwar dl y 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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through the array of cavities until the transfer tubes are positioned

adj acent to the placenent head, and the itens are then transferred fromthe
pl acenent woesd1s180t he 25 transfer tubes; after transfer dfCbs®2i2éess to
the transfer tubes, the alignnment assenbly is |owered such that the array
of transfer tubes descends into the pallet, and as the transfer tubes are
being lowered, the alignnment rod initially remains aligned with the

pl acenent head¥B B4R BISH afEhbYSE 24iAGUD Bwieadhoataihtae @k ipgsrent caxssgybl v is
initially lowered to maintain the pallets in correctly _aligned relative to
t he pl acen@ﬁgnqﬁ]erﬁﬁmﬁﬁfq thep em@%ﬁ‘ﬁagl“%tﬂtﬂa%ﬁ@m%ﬁlieé@n’éﬁrf?%8’ hepplet. 17. The
arrangenent of claim 16, wherein the placenent head includes first and 5
second al i gnnent apertures which are aligned with first and second

al i gnment aper t Tihesrangentencopalhibet 6,whekéin shie Eladneached iadlidimastandods of

th [ i t nbl assing,.through the first and second ali gnnent
aper tur e FrEoPA @ ERPLEPaATe NEish BSU ) POtk Sheo A gamanicnpsabsA
al i gnnent APBelyal8Sy fitst 19 sBbHIeH cheRds \?\%@8 ﬁﬁgf(?%a{t%g&%ﬁm dgarlsfsfrﬁ% cl ai m 16,

in an inlay station which transfers i1tens m an
i nj ection tobdgnihedugtandeecond whghertt hperturkbslin the paltad boik theh padsies thedught s

whi ch suppgrt.and ali he nol ds .on a conyeyor st.em whi ch advances the
pallets i ﬁleoﬁrﬁﬂ%ld?ﬁ??%gaﬁfwnﬁ Wﬁk}reéf%ﬁie&ia.%ﬁ’@ﬁ%ﬁé’ arrangement of claim
16, wherein each pallet is rectangular and supports a rectangular array of

itens which are nolds in a rect.anflul.ar array of cylindrical cavities 15
therein, ah8 eadheeérsngepentel deioslt igaminay stytianwhiok trianebrsteing whiittharan

annul ag Tl r KEcunferenti al er f t

cyl i I’ldli’(l) cai VOI @ﬁ%@ﬂ@ﬁgﬁﬂ Said{rlrlgﬁ‘a&himse 1151&)@50 @8&105#5[)%? é‘“"g‘gf’g‘gtf’glﬁ @Fq@fsr cul ar
out er edgewhychasuppern mhchiligﬁllth@gﬂldslﬂl.aﬁiﬁe%rrs?ﬂaﬁmﬁ&h advatitaithe pletsvher ei n
the alignnment assenbly includes two vertically extending alignnent rods

Y,
havi ng gentFaprnd teekthermiay dation: ch are rai sed 20 upwardly, and the rising
al i gnment rods pass through the alignment holes in the pallet to nore
precisely align the pallet with the alignnment rods and then pass through
t wo 19.  The arrangement 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



alignnment holes in the placenent head to nore precisely align the pallet
and the alignnent assenbly with the placenent head. 21. The arrangenent of
cl ai m 16, wghssroa37s0i ndi vi dual itens are secured to the 25 piTacseoesmoshead by
i ndi vi dual vacuuns which are termnated to release the array of itens into
the raised array of transfer tubes, and individual vacuuns in each of the
20 WO 03/013780 PCT/ US02/ 25408 transfer tubes are turned on to transfer the
i tems fromutahsfeplubesdre nirndibactot toankfoe thedtchesdfrort thaylacindnk Baslft6 thd 1ahes

wi t hout disturbing the alig nnen%_of the itens. 22. The arrangenent of claim
21, wher ei ATAY o Hahsgrtdubes WafhonT siiting therdignmeal ofgheié@hent head, the
allgnnent assenbly is |lowered such that the array of transfer tubes 5
descends into the pallet, and the vacuuns in the individual transfer tubes
are term n2ed The aahhgemenhef ¢lsiendl, twhebein afippetcasdofithe tans &oinl e al i gned

ositions in cavilt.i n the pallet, 23. The_arrangenent of_ claim 16,
\R/ner eint hé’%f@ﬁﬂ%ﬁ ¢ %})‘ Assembliess lovered suah tﬁ%é]ée %@mfér%feéﬁlbﬁﬁl ows

l'i m t eds X/ YieddeAthSing !h@?§lle'%r‘c91drtﬁé %duﬁﬁls% b 1Hd1fvlﬂﬁlal Rrls SRR af’eséﬁzfrlq% m)VI ng

align the pallet with pl acement head An arrangenent

an item fr soralow ithesitenss tatbie swpnosted in ﬁm\@:ft]grahgudﬁbposttmmpm sivitigs in tHeratisf. er
tube, a transfer armfor placenent of said itemon said transfer tube, and
15 alignment neans for aligning said itemwith said transfer tube. 21

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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