; e3eP(64T~d) HANDLI NG DEVI CE AND METHOD FOR LOADI NG AND UNLQOADI WORK

Pl ECES FROM TRAYS Field of the Invention This invention rel at eﬂ@ﬁ&’ﬂﬁﬂw&'mﬂlm
to the field of automated fabrication devices and nore particu

limtation to a device and associ ated nethod for |oadi ng and unl oatpeg+ wor k
pi eces froma stack of trays containing the work pieces. Background of the

oen rcal | HABRHPESICE ASPIRERFOBHORTARIING i UibaRRG v "=

producti on processes. Most i ments invol ved aut omati ng
R gnfgﬁ F‘i‘ﬁ&o RAVS!

fabrication processes, such a e use nunerically controlled tooling
machi nes. Typically, the work piece was manual ly installed into a fixture,
or "fixtured," the conputer-controlled process perfornmed, and then the work
pi ece was manual |y renoved fropdder fHethvésionroubsequent advancenents

i nproved the material handling aspects of the process, such as with the
proliferation histiwRation flatdOghmyralllytto therfirlld ohalgotahted dabsratichldevagpect s of
the fabrication process fromraw materi al to packagi ng perforned by

aut ormat edarfd resielyaetiowtanlyf withant lingtatien tosa devicecniledsdejatalimeotimt dat loadieng i al
transfer devices. Flexible manufacturing approaches are typically able to
process darfdfunieading wodkspiedes firant & stack offteetys onntaingng the avorbpiegsed in t he

manuf acture of different products. For exanple, a packaging cell m ght be
able to receive different size containers for use in packaging different
sizes or types of products. Badekgrdumehofitht Inyenitiont her nrore ai ds the

devel opment of..new and di ff.erent oduct s, because, t he | kel i hood of

consequent i al CGAP o 1 IEé’HnBFf@[“éW& Pmﬁrﬁ%a%mﬁi‘é‘{ iﬁ”f}'ﬁLheSI_?:t uring

process afegligHdastthy apiil¥afibs bL8od PR AudrfaRoR FRERRSed @?ﬁodﬁgaﬁlbﬁdcemr Iy
wor

difficult to automate is the |oading or unloading of pi eces into or
from a hoM@stef the egrliess ggeancements \itvelved aptograsing f3brisatien prokesses, sughsasar e

consi dere i -t t.rays. are s ed.in a | gading zone for

ci maul at | e S Einfericels ePFEI RadrBRaiRa” TEMERL Mwo G Ty

enpti ed omameAlyasstaldd ihfoer Gage, FRYiNered Adiosiputal doytrpiledkprogessnd pl aci ng
work pieces fromor to the trays while they are being unstacked and stacked
can be | eRerfasmed.candihen thanvorkimigae was maneallvirgmoved Somghe Stes-al |y true where
di fferent §1§B %&%n%(gx;afl@éfﬁer@@gnﬁb{/{dethg H{at Pﬁfnd%l \ﬁ?ﬂelétspdf?lﬁee ro@és?, .
cont enpl a ed. TFOr T RIE T 2as0 , It 1S nho untsuar “tio see n assi stance

necessar ysuch aopathahé prodiferatipn 6f roboticsadiotdgy, d's nonuo@liang sof all agy¢ests ofhe

penal ty a&;oci ated wwth relying on nanual intervention can be very

si gni fi cal¢ falricaior piosess fease ervimatediat oRackasingRariosied Ry BRI ng and

un! 0adi NGNEARIeRRaRERN MR RY ot bY Gutohiite hERAM AP bl al [ty of
stacked trays to a second plurality stacked trays, and staging the trays
at a handl i ng Flenible memehatniesapprbachss are ltgucallyaple tolpeoceas diffeecns iypgsi|l at ed

t b ti I t .t t t] i ck d pl devi . B
S il + aneSkRarg Sa R e HPCetepes e At beds ot fiBient wlhebhBRG (g sone
whi | e shugfanplé agiaekdpdig ddlPvight BEUBIE @ RBEWE UiTFerdiR BB e bBnthihRrsSBEARAnSt ack,

and by singulating and stacking the trays while the pick and place device
oper at es, packaging dfarenisizes pt wReef raoduc. adiin fexipiditufurdeanergnidséheer f or med

while the,tr bei n ttled., lLi.is to.these |inprovenents. and ot hers
as exenpl (liéviee%’%beé{ ?%%e‘%%@c‘??% eln%)%mgﬁ%}s 8%“6‘8%%%‘8 thlg}i‘or?gp otfﬁg?segﬁ%‘zl ments of

t he presegistly mvekifi¢Biondi diwihew. thSthamefaytudhg bf&eés%‘@?ﬁejaﬂy”' The

enbodi ments of the present invention contenplate a handling device

present i ngimipished.f roma first plurality of stacked trays to a pick and

pl ace device f i I J i O, fir trays, and
for subsequent PE} © %‘gs cBarg%S% E;har ﬁep %ﬁ fégﬁly}[’lﬁgfd;cug etg gﬁgmtsreulrg glfel lf) {‘/)méé ngt acked
trays. Thenlbadindg bfvgorkepiees into wp fogesheldingar®, ekptdinlilyighen b pAyalitoadi ng zone
receivingly engaging the first pluralit f stacked trays for, singulating
the tr ays$taeﬂwa%qagaﬁr§ conpFres nbycelbs eesocked Frays ainsigged W 0adies deis er ent
fromthe fd@heliRadl NAdINMENE BRI Kb A KENIABLY GretiPGvidualy efhBfieBéacki Ng wi th
t he secondrpl gr al i%’y of stackeggtr.ays. The frgrreelguyt hery?r%rgl%(géi nes a
handl i ng loeded, bethesese mhe bé.oAdiomptiaaltly pinking dhd glazimgesork pecas froml oy to
presenting the si | at ed. t.rays .t he, pi ¢k ,and ace.devi ce. . The handling
devi ce fulEHEYS Wbﬂ%ﬁr%ﬁ? belag Eﬁt%f%fgﬁa Al %8@?6955"? hgkqﬁﬁe@éﬁm ﬁ@ﬁcﬁ’i‘lﬁ]ﬁ“zone
adapted for separating the trays fromthe first plurality of stacked trays.
A stacking device in the tray unloading zone is adapted for joi e
trays with the second plurality of stacked trays. A shuttl i\\m&%ﬂﬁ“ﬁ \ for
si mul t aneously noving one of the trayd fromthe tray | oadi t he
handl i ng *159159%



zones Whi | e novi ng anot her of the trays fromthe handling zone to the tray
unl oadi ng zone. The enbodi nents of the present invention contenplate a

nmet hod for presenting trays froma first plurality of stacked trays to a
pi ck and pl ace device for |oading or unloading wirk pieces to or fromthe

trays, and for subsequently restacking the . trays to g second plurality of
stacked thaagingT S isReRe B e difsreny izt phiass f ddirentd Pt he Tirst
pl ural it y.gi 6{7350‘39 Kl%cbohf]e%zite .hFGrEIhfs'?QaSBH'ﬁt {sido tindshidMo s Rup@ANdl i ng zone
operatively adjacent the pick and place device; noving work pieces from or
to the t rasyisiance ieeedsarydhiopgragomerequiring ideding arkinkrading cfdmyseVhee and

si nul t aneous si ngul.at.jng, @a second tr. in.the first plurality of stacked
Crays:  wHERAH e ML et Sac itemenidn Gn ety Setliftn! or e,

si mul t aneous! yit aiideh idBRrhiRd thdt ShtithPaatdrh A8 IdAGingand ihadF@REn be t he
second pl uralltg of stacked trays while shuttling the second tray fromthe
first pl wachlevedbyshustlingleags fromyafitsbplubadithahsticked trapnite. a seRewdplaradity ar i ous

ot her feature wel | . as .adyant age ich characterize the esent

"nvent | orphackedfasiop Shene RTHDR e REFGRe ZREY PEBhRR i EFLS

descri pt i @dysartdrdae et giatéd'Rapeantsel operiively piéseied (Ban gltofaaepickt i on of the
Drawings FIG 1 is an_isonetric view of a handling device constructed in
accor dancadyilads dstised Birstmultaneoushe sipriidiss atray diosn thedirst stacktothg s a bl ock

di agram of__a..-handl i devi onstruct i it rd art

appr oac hg%a“a}%“ & ngg}: S%glr%gg% %ﬁ% eerct)ﬁ%)‘é“grtgot(ijlil {oh%sh%%@gﬁgg%r g(r) ﬁrr{\e?cf Q%(ﬁldts?%lf’s whi | e
in the trapd BysntiulgingQng stabkieg tie tréysaviilealikpidk agd phicotievdcdieptgates)g devi ce
constructed in accordance with prior art approaches wherein pick and pl ace
oper at i on@cERtFBPYLRIREAS 3Rd Plaging operaiany Gantheperforyed Whidlatheigysaike. FIG 4
is a bl ock.di : . g ' i dance with
prior art&éﬁgglgg@égﬁ\}ﬂgpg%g lftnﬁgwgﬁl\étﬁgﬂgBgﬁ%giéé%%glgpgﬁ?cg@gﬁ%re performed on
trays botdesttiptidneandrapyerdeddliairgs fanembeodimiehss of laypresehbmstentipnzone. FIG 5
is a block diagramof the handling device of FIG 1 wherein the pick and

pl ace ope‘ihéqcf ns are perfornmed on trays in a handling zone interposed
between the tray | oading zone and the tray unloading zone. FIG 6 is a
detail view of a portion of the first plurality of stacked trays in the
tray | oadi ng zone bei ng i ndeSadghrharyt éfethe Imgpmitioni ng position. FIG 7 is a
detail view of a portion of the first plurality of stacked trays in the
tray | oading zone being singulated by shuttling the end effector adjacent

t he out er nost ThagmbddiBent8 of thegpredeptimséntionaontemplitGa Ramdlingslewiseng t he end
effector extended to grippingly engage the outernost tray. FIG 9 is a view
simlar teresngng gapyfromholiishipiutality elesfacked trayy teaqtiekeantdipp¢ecdpvioedor he end
effector retracted to separate the quternost tray fromthe first plurality
of st ackel@adinggs unlppding Work piegestp QféREY the trays; &pd Zar syhsequerthigstagking

ti t f first pl it t d,tr. to. i ck d
e R O P T S
Det ai | ed i pt.i Referti to th i i l
et o PRSP AR R R P A38h e BB
dapted f I, f } i 15 t
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the tr aysa(ljifﬁf%t 8 B a5 W4 26nk SR Ondddfnglthe@¥ayd Or &aSBRLEWGP! ural ity

of stacked trays 22.
the second plurality of stacked trays. The frame furthermore defines a handling zone

between the loading and unloading zones operatively presenting the singulated trays
to the pick and place device. The handling device further comprises a singluating
device in the tray loading zone adapted for separating the trays from the first plurality
of stacked trays. A stacking device in the tray unloading zone is adapted for joining
the trays with the second plurality of stacked trays. A shuttle is adapted for

simultaneously moving one of the trays from the tray loading zone to the handling



The handl i ng device 10 conprises a frame defining a tray |oading zone 14
Feceivingly engaging the first plurality of stacked trays 15 for
singulating the trays. An infeed buffer zone 16 can queue a desired nunber
of stacks of trays such as stack 17. A powered conveyor 18 can be used to
transport the stack of trays 17 in the infeed buffer zone 16 to the tray

| oadi ng zone 14. The handl i devi.ce 10.further c ri.ses t.ray

uni oad! ng O3B A RaHIRY ERBHTE of Ferfroort By bebdlinirgns BRBe S Jnfbebdli vi ngi y
engagi ng %ﬁ@ trays for stacking with the second plurality of stacked trays
22. An outtéeed buffer zone 24 can queue a desired nunber of stacks such as
stack 26. Ap : 2 t stack of trays
26 1romihe {rop e B e BrB, e o B A S R od B S The

handl i ng geshfifg &8yd #6hRSrsCGATRILSEStRKERRN 1B FaNd3aRedcWRe Mo he tray

| oadi ng Zone 14 and the tray unl dadi ng zone 20, "where singulated trays are
oper at i veloxding eselbading Yollicdsal oAftmnha Gyl and & sibseqhéhtlyteGadkainer, the
pi ck and place device 12 can operate continuously as the trays are shuttled
from t he thetrays tol aveednd pluedlitysdfostdokad traysy SThEiméthod banprdsesgingulatingla ty of
stacked trays 22. FIGS. 2-4 diagranmatically illustrate prior art

appr oachefirst tnat indbe ficst phwrality déstacked tays;chtitimpths fipstdtaydmd hphdlmg action. In
FIG 2 the device conprises a tray |oading zone 14 and a tray unl oading
zone 20, Zoad opsratieddpedincant therfideshdpladedevmshmotydgaratk pigctefdmmrfté er zone 24
inasimlar fashion as the device of FIG 1. The pick and pl ace device 12,
however, the#ay inthehandigszone mithghepisk and plece Hevieransy sipultaneouslyi n the first

plurality of stacked trays, 15 i.n the tray unl adi ng zone 14. Wen
oper at i ordngiatinga 5590"5{ EYciie Brseplurslgy oé%é%ﬂér%é’i‘fne& the Bandligg conpl et el y

ur i ng ¢ HeR ‘s?»ﬁgnae”frﬁ&'r%ﬁ%sﬁﬁéhfe%e‘r Eﬁll né%g%%hhﬁf?g.?{hﬁfgé%r%ﬁ B oadi ng

20 . i i i 15 i
& nout at o pasmisBBhe [ Y sdcbal By B okt S Yot AR RS MRl e ' °
approach éwélgg}%é g]fsi E@}%Iﬁigﬂt&kea t‘%’% P\é@g?gﬁ({fﬁlg%ngl ck and pl ace device 12

operates 0 are shu second plurality of

stacked trays Pk ind bﬁi&urs%ev@éaaﬁggbmwm&ead%qmaéémhiw%aggaéur_Cthe of FIG2,

the pick and place operations nust be tenporarily suspe ing the tine
that the pgdnt infveitidrSwilbe dgp8nPiisbnSredfikEof ihe f&INSyihg A¥talied 8aLHpEorzoONe 20.
FIG 4 illustrates yet another approach wherein the pick and pl ace device
12 can opsidateiewroftticyssodiftegdtandngst he tray | oadi ng zone 14 or the tray

unl oadi ng zone 20. This approach can be nore efficient than the approaches
of FIGS. 2 and 3 by permitting the tray to be partially unloaded in the
tray unl oadi ng zone 14 while the previous tray is being stacked in the
tray unl oadi ng zone 20. ThBriefDescripsipn ofthe:Brawimgs | ed and unl oaded
conpletely in the tray_ unloading zone 20 while the next tray in the first
plurality of sk&bldsan jsapetricsvipy ofiphgudlingedevica cansiengiedrin aegordance hi s
approach, however, is the increased conplexity of the pick and pl ace device
12, whi chWEhPWéPdlﬁif%‘fsQféh?jﬂfﬁﬁfinééﬁ"éﬂ“?rb operate in the different zones or

nmust be made t era ver a relatively |arger envel.ope. |ncreased cost
'S the result T adt A lskierdinat pRerdRedis i SOBITEIHS Piordaes BTk and
evi ce. of P ar bt AS PRI o s Soemy b ER POTP AR bt hoent i on.
The handl i G nprises the tray | oading zone 14 supporting the
first p|u@gﬁ??§yg%8§%g€ﬁ§d trays 15 and the tray unl oadi ng zone 20

supporting thergeaqed bRick d@drint ofh hakdflE&vick @YBstrirted T Ecdbrdiict Rgmdevi ce 10
further conprises nmeans for shuttling trays fromthe first 15 to the second

22 pl ur al priot f apprciekadylidray ickuhdpla@ioperatibas ire p¥Foinhal @Pes lein the
handl i ng zone 30 adapted for communicating with the pick and place device
12 for comtthetrayanlpadikg soneand pl aci ng operati ons on work pieces to and from
the trays. The neans for shuttling is characterized by a shuttle adapted

f or si mul t anecEK}. ¥ isebilavl diagearofof & hendlingydevice comstivetetimycdoodaticagithone 14 to
the work zone 30 while noving another of the trays fromthe work zone 30 to
the tray pmercapRPaghesevixyeinsacpickiandpiace oprsatinng ate fesforapdontiayy i s
characterjzed by a process conprising: (a) noving a shuttle to a first
posi ti on B¥hjndiediay leading zaneand ther traycumioading#onghown) i s adj acent the first
plurality of stacked trays; (b) gripping the outernost tray in the first
plurality of stacked trays with the end effector; (c) gripping a tray in
the handling zone 30 with a second end effector; (d) noving the shuttle to
a second position 34 whereat the first end effector is adjacent the
handl i ng zone 30 and the second end effector is adjacent the tray unl oading

o ~ N o o o ~ o~



shutile to the first position 32 while the pick and place device 12 is
kFoadi ng or unloading work pieces to or fromthe tray in the handling zone
30. Furthernore, continuous picking and placing operations are possible
wherein the means for shuttling is characterized by a process further
conprising sinultaneously noving the shuttle between the first position 32

oS R S b TR SRR R B LT
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si mul tanqﬂg%y%gggﬁjg\%%ﬁ B&d ﬁf&.‘ﬂag'u?l}]%ﬂﬁg%%ﬂet he first position 32 and the

second positio € novin rst plurality of stacked trays to a

si ngul ating posid. 6G8a 16l SRRA6RE b&HoR of fiMirstRRlrdlif) JTStdcRed ﬂr&irs if thd he
handl i ng device 10 conprises a slingulating device"36 in the ‘tray | oading
zone 14 agapbsding 6nciRas e tb iR dif@lsidgrpofitione first plurality of
stacked trays 15& The singul ati ng deJ?ge § conprises a platform 38
suppor ting therIG. 79§ a gbtal adigvi ¥f DporsibAoRed firstaieralify dffvaicked gatiached
substantially along a longitudinal direction. In FIG 1 the platformis
noveabl e tadyologdingeotcommg sidgulated Hi skadtlingrthdgndogfiieesiradjaserg plog dutergndst near
slides 40. An actuator 42 indexes the first plurality of stacked trays 15
in the | om.tudinal direction to place the outernpst tray in a singulating
position. In the singulating position a stripper nenber 44 ogperatively
ext ends from aFfe@raaviey posiar tqﬂGt-’bb@trﬁheWtI@rtg@ancb@f&omrc%.tenﬂﬁct;o 6
illustrates the retracted position clearingly permts noving the first

pl ur al i t yStEPRgly engage theguicamoshiiat a di stal end 46 of the stripper menber

44. In the ext d positi.on, s in hroken lines, the distal. end 46 of
the stripper nﬁ@ggrls gﬂlq“ésm’én]@éfc\l}?%ls?“ﬂﬁ Q%H’em%‘@rpr‘éﬁ?“&ﬁpgll st tray 48
and the adjacent.ttray 50. An upward force 52 | Led to.the, quternost tray
281 s oppoidafie e eflaFrasl SRERERE B STrminTPEY bPmab? A BRI ol oy i n

t he firstﬂgkgaﬁhg;y of stacked trays I5. This permts separating the
outernost tray ‘fromthe first plurality of stacked trays 15. This

stripping forcgd. i j feeEiSt
o Ur a1y of orssRon s onehaL et ails d maRGR Rt o i Ca or 42

(FIG 1 )plupgiexesstidied traysio alitk ald pliceevideds hebrddndY withenitddenerits ngul ati ng
position.™ Singulating position for the purposes of this description nean a
| ongi t udi ¢fxhe pleaeimation. the first plurality of stacked trays 15 such that
a gap 54 between the outernost tray 48 and the adjacent tray 50 is aligned
with the position of the stripper nmenber 44 in the extended position.
Preferably, the indexing is done automatically to avoid the need for human
intervention to nove the first Iptailed Deseriptiont acked trays 15 in the
singul ating position. For exanple, FIG 6 diagrammtically shows the manner
in which a senBeferrgg todhedrawings ipeendrati and meredgrticutasly tﬁﬂésbdih@wni ndi cat e
ved, The sensor 56 sends the

P O 8 S, T ol et
i cat | VBRI BBl RE et G2 SGPTRLY 3G h fERICSPRATEFHS KSBhALTS: cont v o
ignal 62 to th 42 to position the platform38. In g siml
mnner , Foeay o Rt Uy ing wRE S etk dolior ot Peleci anbaling: ays 22 can
b f 4 i

posi t1on Mk SBE Gobnaft Fh%: LB siBalaReReging e Rkt Bldeedtl ' ©

di rection | J ays are stacked. By using a sensor (not shown)
and assoc]g%g%p%%%?%%?hgg%?%es, as in FIG 6, the second plurality of

stacked trays ge Hﬁﬂliﬁ?déﬂ&@[‘@&&ﬁﬁx‘iéd a AR RAiniY PiraploadihhRend0pi tion. "
St acki ng position for The purposes of this descripti'on nmeans a | ongitudi nal

posi tion ebeivhglpetsapipite fifseylubdlitof fadket trahs15 e eingunahy t gable with
another tray to be stacked thereagainst. The handling device 10 furthernore
conpri sesAa isfeed blffer@dné h@tan guenda@esiced mimtsr oliftheisadtimly suvhas 8taclone of the
trays fromthe tray |oading zone 14 to the work zone 30 whil e noving

anot her ot7.t AgotesdsconveyortlBeambe kseddn draBsportdhe btack obiyaysril7gathieng zone 20.
The shuttle is operatively noveabl e adjacent the outernost tray 48 in the
first pluindgadibpfist zenealdidedhq wray/oading zeng.as by connection to a |inear
actuator. FIG 7 shows the shuttle 68 noved in directions 77 to the first
position 32 (FIG S). The singulating device 36, partially described above,
further conprises an end effector 70 supported by the shuttle 68 adapted
for gripping the outernost tray 48 in the first plurality of stacked trays
15 and di splacing the outernost tray 48 away fromthe first plurality of
stacked trays 15. FIGS. 7-9 illustrate how the singulating device 36 and
the shuttle 68 cooperate to separate and transfer the trays fromthe first
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gripping the tray in the handling zone 30 with the end effector 84; noving
the shuttle 68 to the second position 34; releasing the outernost tray 48
in the handling zone 30 with the end effector 70; and releasing the tray in
the tray unloading zone 20 with the end effector 84. After releasing the
trays in the respective zones, the actuator 74 in the end effector 70, 84

irst posit | oA giRdds LSRR s T GBS B B aRg e e
eng agi ng eﬁ‘cgﬁ (t:I&er @%ﬁloa%ﬁ% §or?ed @ﬂ{dqggﬁﬁﬁklﬁ/ e‘ﬁgﬁ%ﬂté ﬁtettnig's %}Lgtatck( ttﬁ Hleb e noved

while th e operations a n the tr in the
handl i ng Zofif pqgrallt‘tyﬁﬁéacg%g ﬂr M buyttdedbufir kdhetﬂecaft' hede PhdsiBqI Ly of

stacked trays ‘15 ¢ ated before the pick and pI ace operation is
conpl et echumbey 8f ghértysaat @sssttdkezedet Boweed 06hRlyBEL 8\ 4 b8 uBEIUb Aah§brt he next
tray after the pick and place operations, as’is comon in prior art

appr oachege statlbf tedys% fEdie tHel tedy Unlksddirihuont 26do eHetoudfeed befférandt ag zone 30
can be stacked while the pick and place operations are performed in the
next tray in tTie Haadihg dgicorefudfier dAingrisess Aamidiingfzohe 3 Betoaen the trayved
within the infeed and outfeed buffer zones 16, 24 wi thout disrupting the
pi ck and lpading zapeidatniddhs trajhilsadiog edbnef 2p where smiguldted traysote nent s of t he
present invention permts the trays to be noved in accordance with a
process fapetdteelyquessniedito glestleiumcgmwsped@v il ghis menegiuthe picks@dt o t he
first posrtron 32 éFIG. 5) while the pick and place device 12 is |oading or
unl oadi nPlegsrdeviseda«an pperate copHERyQUsLY qsr%@trrbﬁ Faehuadiromshe bk 30.

A T R A S e roz‘ﬁr: o8 5i%and
h | 22 h
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shuttle Gs%cglrs otttgﬁ tlag aegg n%a@ﬂfgtt@m%t%ﬁ%ﬂse%%r on 34 a_nd

novi ng the trays e'singul dting position.

| n ot her %Q&lﬂgkﬁ%ﬁsmﬂfa ttr%}gurﬂg%ﬁﬁ%iode ge?ah Hite eEﬁv %ﬁ%uﬁ@f J@HeQ6l S

defined int Ing z apte or "positiv y positioning a tray

relative 4y &ulf'ﬁecpb@ﬂfer]zgne 281 Elhﬁfa?fé@ﬁl‘éh%’ tﬂ@devﬁsle%q FIG! 1.RYe pigk @y ant ageous
to provide a clanp that is noveable to fix the tray positioned by the

refer _encgplﬁw de?iR 120héweyeRaABSHs o GnkRBewskk pikdts Febeh tHe@utdrmobiieaydAiay at us
descri bed herei nabove, the enbodi ments of the present invention contenpl ate
a novel nffshpldralioy of¥iscked tiang1s mayis trhy anboadihg wetie pt. UWakh byerafiorstomncked trays
15 to a pick and place device 12 for |oading or unloading work pieces to or
from the trayogre complitedo forsumaplyuerenl atrayeis camkletdy whleadadaths pick audsecond
plurality of stacked trays 22. The nethod conprises the follow ng:

si ngul at i plgca dpsrétions must bgtemporanily suspended dupng thel timag thet theuatdaded Faays 15;

shuttling the first tray 48 to a handljng zone 30 operatively $dj acent the
pi ck and lﬁrsbet@e@ra/theéramnl%mgﬁgn%@ gndythg mext traydmtlyr fisbplpditf of st tray in

t he handlin one wi.th th I c d. pl ace device 12 and sinultaneously
si ngul at i ff q‘@ﬁé"%%i%ﬁcf“tgu@eg@??ﬁitaﬁa quQPerm‘?H al ity of stacked trays 15:
and when the er at ons on the firs are .co
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size of trays that are to be run and a counter can be increnented by the
sensor 56 against the desired lot size. If the last tray has been processed
then control passes to bl ock 205 and t’he method is conpleted. 11

O herwi se, control passes to block 207 where the shuttle 68 is noved to the
second posrtron 34 (FIG. 5) The tray |s reIeased |n the handlrng zone 30
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By operating all the functions associated with shuttling and

unst acki ng/ stacking the trays in parallel with the pick and place step 213,
cont i nuous picking and placi ng operations can be achi eved which optim zes
operating efficiency and throughput. It will be noted that the nunber of
trays present in the first plurality of stacked work pieces 15 and the
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of the i neRtivelgigrgédinyeldps.clnesaasal dost isltheresulain hoth oasey, andietredsediges may be
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wi t hi n t ieavel fimeifpiths pisk ahdhplage deder 12 mtbadadtioncase. t he ful | extent indicated
by the broad general neaning of the ternms in which the appended clainms are
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the same Febpdimenof .theyprﬁﬁephw@méj@pé?b@ hapdlipg devige l G eyprrissaéhesiY i t of t he

present invention. In addition, although.th referred enbodi ment descri bed
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trays, equent rest e trays to a second plurality of

stacked t3@ydiptedTEr LIRS HEAVHIE e GRRPIHISIING dedick 1276r Shetihibddg a tray
| oadi ng zone receivingly engaging the first plurality of stacked trays for

si ngul at i giekihfend pRYiRg operatis skl iB@s IOMR] Mohftes gays. from the tray
| oadi ng zone recelvingly engaging the trays for stacking with the second

plurality of sTickeshstfopgimitliagik chalwtetizedby 2 sinatloedapesinfor he | oadi ng and
unl oadi ng zones operatively presenting the singulated trays to the pick and
pl ace devsimamltarmeosslpghaving ovg afehe waysi frort ke trayalpadiogdomegl 4toribe woddpt ed f or
separating the trays fromthe first plurality of stacked trays;

zone 30 while moving another of the trays from the work zone 30 to the tray

unloading zone 20. Accordingly, the means for shuttling is characterized by a process

comprising: (a) moving a shuttle to a first position 32 wherein a first end effector (not

shown) is adjacent the first plurality of stacked trays; (b) gripping the outermost tray

in the first plurality of stacked trays with the end effector; (c) gripping a tray in the

handling zone 30 with a second end effector; (d) moving the shuttle to a second

position 34 whereat the first end effector is adjacent the handling zone 30 and the

second end effector is adjacent the tray unloading zone 20; and (e) releasing the

outermost tray in the handling zone 30 with the first end effector and releasing the

tray in the tray unloading zone 20 with the second end effector.

Continuous picking and place operations are possible wherein the means for

shuttling is characterized by a process further comprising simultaneously moving the



a stacking device in the tray unl oadi ng zone adapted for joining the trays
with the second plurality of stacked trays; and a shuttle adapted for

si mul t aneously novi ng one of the trays fromthe tray | oading zone to the
wor k zone whi |l e novi ng another of the trays fromthe work zone to the tray
unl oadi ng zone. 2. The device of claim1 wherein the singul ating device

i : J i i t Lty . 1 ked t t hat
o ars ackawRiddhe RITbOHBAES e bkpidy %n?ao.l%gt”eﬁ%c‘se%ﬁl"%oa?m%‘ér act lu;t:%f
i ndexi - . I e ' .na irection
o e si nghfleadihd Sbrblikiahd by R BefGiint haidingdoh o, PGS C1 ¢

bet ween acdniihhielekiROshd p1ading Bferdflo®drEPOHIPRAREIORe nfelfs fopt M act ed
position cleari ngllﬁy ﬂg%rm'l?t i ﬁg ?r%vilng thg&?i rst pl urafln%ey of0 stacked trays

past a di ghutlingicbhafactehieedby h pRREsSRRE contphRin®siBiNESRomds o RfR tiE SpPosi ng
¢

the distal end of the stripper nenber between the outernost tray and
t he adj acenttle betyednthe fiest pbsigion 32 bnythe@6¢dndPasitibn BAevHilerrsdving theal ity of

stacked trays. 3. The device of claim2 wherein the singulating device
further cssopnd ploslity of stacked trays to a stacking position for receivingly engaging a tray
for stacking. Furthermore, continuous picking and placing operations are possible
wherein the means for shuttling is characterized by a process further comprising
simultaneously moving the shuttle between the first position 32 and the second
position 34 while moving the first plurality of stacked trays to a singulating position
for separating a tray.

Returning to FIG. 1, the handling device 10 comprises a singulating device 36
in the tray loading zone 14 adapted for separating the trays from the first plurality of
stacked trays 15. The singulating device 36 comprises a platform 38 supporting the
first plurality of stacked trays 15 that are stacked substantially along a longitudinal
direction. InFIG. 1 the platform is moveable along the longitudinal direction by
opposing supporting linear slides 40. An actuator 42 indexes the first plurality of
stacked trays 15 in the longitudinal direction to place the outermost tray in a
singulating position. In the singulating position a stripper member 44 operatively
extends from a retracted position to an extended position. FIG. 6 illustrates the
retracted position clearingly permits moving the first plurality of stacked trays 15 past
a distal end 46 of the stripper member 44. In the extended position, shown in broken
lines, the distal end 46 of the stripper member 44 is receivingly disposed between an
outermost tray 48 and the adjacent tray 50. An upward force 52 applied to the
outermost tray 48 is opposed by the stripper member 44 which retains the other trays
in the first plurality of stacked trays 15. This permits separating the outermost tray 48
from the first plurality of stacked trays 15. This stripping force is particularly useful

when the trays in the first plurality of stacked trays 15 are nested.



a sensor indicating when the first plurality of stacked trays is in the
singul ating position; and a controller responsive to the sensor and
controlling, in turn, novenent of the platform 4. The device of claiml
wherein the shuttle is operatively noveabl e adjacent the outernost tray in
the first plurality of stacked trays, the singulating device conprising an
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device attached to an extensible distal end of the actuator and thereby

noveabl e g6h Biat £RERS4 Betwieeh el FubsHMOB: EHASE thé1edjeesnefraPS0 isdigkedi eCce; and
a vacuum source In fluid communication with the suction lifting device. 6.

The devi ogitiotheqlosition 4f drrsipper ngnbes4t tindle exdndddf eition. Pugfprablyetheby t he
shuttl e adapted for gripping a tray in the handling zone sinultaneously to
t he end dhfexingis dgne pytomgtitdily toaveid insheetl fayhumart intereentign toadvathezone. 7.
The device of claim1 further conprising a reference surface in the
handl i ng fstrdusatipefesthcked trpysid invh¢ singulating positiog. &For example) BIG. 6e to t he
pirck and cﬁll;g;m%?i\é;lfyes'ho%vg the manner in which a sensor 56, such as a proximity sensor,

can be used to indicate when the singulating position is achieved. The sensor 56

sends the indicative signal 58 to a controller 60 which, in turn, sends a control signal

62 to the actuator 42 to position the platform 38.

In a similar manner, FIG. 1 illustrates how the second plurality of stacked

trays 22 can be supported upon a platform 64 that is moveable by an actuator 66 to

position the second plurality of stacked trays 22 in a longitudinal direction along

which the trays are stacked. By using a sensor (not shown) and associated control

devices, as in FIG. 6, the second plurality of stacked trays 22 can be automatically

indexed to a "stacking position." Stacking position for the purposes of this

description means a longitudinal position of the outermost tray such that it is

receivingly engageable with another tray to be stacked thereagainst.

The handling device 10 furthermore comprises a shuttle 68 that is adapted for

simultaneously moving one of the trays from the tray loading zone 14 to the work

zone 30 while moving another of the trays from the work zone 30 to the tray

unloading zone 20. The shuttle is operatively moveable adjacent the outermost tray

48 in the first plurality of stacked trays 15, such as by connection to a linear actuator.

FIG. 7 shows the shuttle 68 moved in directions 77 to the first position 32 (FIG. 5).

The singulating device 36, partially described above, further comprises an end

effector 70 supported by the shuttle 68 adapted for gripping the outermost tray 48 in

the first plurality of stacked trays 15 and displacing the outermost tray 48 away from

the first plurality of stacked trays 15.



8. The device of claim7 further conprising a clanp noveable to fix the
tray positioned by the reference surface in the handling zone. 9. The
device of claim6 wherein the shuttle is operatively noveabl e between a
first position and a second position, the first position defined by the end
effector adjacent the tray | oading zone and the second end effector
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outernost tray 1n’th ndl1ng zone wth the end effector; and rel easing

the tray riaélf)ﬁdéﬁteﬂ bai¥y den tIRARKsNShsARMS MFIE. $)d IRCRenEpekitedd BCRIG, 5)L1. The

device of claim10 wherein the trays are noved by a process further
conpri si gy movsnheémd of the skttt 168 én Uidedtivas 77.r Ohe PP BIoke suetish ittingadeeives! y whi l e

the pick and place device is |oading or unloading wrk pieces to or from
t he tray 78muttabkedandlektegsiblerdistallehd S0hef tikeacticatordid4, sichi anby avheveable t he
stacki ng device conprises: a platformsupporting the second plurality of
st acked tmeygingtddeckeile Hiesuktaah lifting devices 78 can be reciprocated in directions

84 by activation of the actuator 74. In FIG. 7 the suction lifting devices 78 are

clearingly retracted from the outermost tray 48. In FIG. 8 the actuator 74 is extended

to pressingly engage the suction lifters 78 against the outermost tray 48. The suction

lifters 78 are in fluid communication with a vacuum source, such as a vacuum pump

82 shown diagrammatically in FIG. 8. FIG. 9 shows the vacuum source imparting a

negative pressure to the suction lifters 78 and the actuator 74 retracted to separate the

outermost tray 48 from the first plurality of stacked trays 15.

The handling device 10 can comprise a second end effector 84 (FIG. 1)
supported by the shuttle 68 adapted for simultaneously gripping a tray in the tray
handling zone 30 when the shuttle 68 is in the first position 32 (FIG. 5); in other
words, while the end effector 70 is gripping the outermost tray 48 (FIG. 9) in the tray
loading zone 14.

The shuttle is operatively moveable in directions 77 (FIG. 7) between the first
position 32 (FIG. 5) and the second position 34 (FIG. 5). The first position 32 is
defined by the end effector 70 being adjacent the tray loading zone 14 and the end
effector 84 being adjacent the handling zone 30. The second position 34 is defined by
the end effector 70 being adjacent the handling zone 30 and the end effector 84 being
adjacent the tray unloading zone 20. Accordingly, the trays are shuttled from the first
plurality of stacked trays 15 to the second plurality of stacked trays 22 by a process
comprising the following steps: moving the shuttle 68 to the first position 32; gripping

the outermost tray 48 in the first plurality of stacked trays 15 with the end effector 70;



substantially along a |longitudinal direction; 16 an actuator positioning
the platformand thereby indexing the second plurality of stacked trays in
the longitudinal direction to a stacking position adapted for receivingly
engagi ng another tray in the second plurality of stacked trays. 13. The

device of claim 12 wherein the stacking device further conprises: a sensor

device of cla n the st: co _
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trays to the stacking position. he” devi ce”of clarm 11 wherein the

trays arendRyReoPg4.a process further conprising sinultaneously noving the
shuttl e between the first and second positions and noving the first

plurality of sAfelceRadingit® tia9s ihhe s¢spectivatzones, fesictuamw?. 74 1 the end
effector 70, 84 can be retracted to clearingly permit the shuttle 68 to move between
the first position 32 (FIG. 5) and the second position 34 (FIG. 5) without engaging the
trays. This advantageously permits the shuttle 68 to be moved while the pick and
place operations are occurring on the tray in the handling zone 30. Thus, the
outermost tray 48 in the first plurality of stacked trays 15 can be singulated before the
pick and place operation is completed. This eliminates the delay associated with
singulating the next tray after the pick and place operations, as is common in prior art
approaches. Similarly, the tray just shuttled out of the handling zone 30 can be
stacked while the pick and place operations are performed in the next tray in the
handling zone 30. Also, stacks of trays can be moved within the infeed and outfeed
buffer zones 16, 24 without disrupting the pick and place operations.

This novel feature of the embodiments of the present invention permits the
trays to be moved in accordance with a process further comprising simultaneously
moving the shuttle 68 to the first position 32 (FIG. 5) while the pick and place device
12 is loading or unloading work pieces to or from the tray in the handling zone 30.
Furthermore, the process further comprises simultaneously moving the shuttle 68
between the first position 32 and the second position34 and moving the second
plurality of stacked trays 22 to the stacking position. Furthermore, the process further
comprises simultaneously moving the shuttle 68 between the first position 32 and the
second position 34 and moving the first plurality of stacked trays 15 to the singulating
position.

In other embodiments of the present invention a reference surface is defined

in the handling zone 30 adapted for positively positioning a tray relative to the pick

10



16. A method for presenting trays froma first plurality of stacked trays
to a pick and place device for |oading or unloading work pieces to or from
the trays, and for subsequently restacking the trays to a second plurality
of stacked trays, the nethod conprising: singulating a first tray in the
first plurality of stacked trays; shuttling the first tray to a handling

o or Ul T2 R Nanl PR B S T SIS R AP 5 e ELS??Zkagd
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second plurality of stacked trays while shuttling the second tray fromthe

first pl uradent Mvedtiontcdateathlite aydvélanéthel PR pedskmihgaedie frohfa filfie met hod of
claim 16 wherein the singulating step conprises retaining the trays other

t han t he glirality dfrstackeditraysel 5 toragdickpdnd plhdet devake 12tfackading waysloadinge t he fir st
tray is separated. 18. The nmethod of claim 16 conprising the step of

cl anpi ng work fiecay td or frdre theatmalls] angl foosubsednichty pisticking thevataysl ta@isagpndor k

pi eces.

plurality of stacked trays 22. The method comprises the following: singulating the
first tray 48 in the first plurality of stacked trays 15; shuttling the first tray 48 to a
handling zone 30 operatively adjacent the pick and place device 12; moving work
pieces from or to the first tray in the handling zone 30 with the pick and place device
12 and simultaneously singulating the second tray 50 in the first plurality of stacked
trays 15; and when the handling operations on the first tray 48 are complete,
simultaneously shuttling the first tray 48 from the handling zone 30 to the second
plurality of stacked trays 22 while shuttling the second tray 50 from the first plurality
of stacked trays 15 to the handling zone 30. Furthermore, the singulating step
comprises retaining the trays other than the first tray 48 in the first plurality of stacked
trays 15 while the first tray 48 is separated. Furthermore, the method comprises
clamping the tray in the handling zone 30 while picking and placing work pieces.
FIG. 10 is a flow chart of a method 200 for presenting trays from a plurality of
stacked trays to a pick and place device for loading or unloading work pieces to or
from the trays. The method 200 begins at 201 by determining whether the most
recently singulated tray is the last tray to be processed at block 203. This can be done
in a number of ways. First, for example, by a signal from the sensor 56 (FIG. 6) that
there are no more trays in the tray unloading zone along with another sensor (not
shown) indicating there are no more stacks of trays in the infeed buffer zone 16 (FIG.
1). Alternatively, for example, the controller 60 (FIG. 6) can store the lot size of trays
that are to be run and a counter can be incremented by the sensor 56 against the
desired lot size. If the last tray has been processed then control passes to block 205

and the method is completed.
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1s -19. A tray handling device, conprising: a tray |oading zone supporting
a first plurality of stacked trays and a tray unl oadi ng zone supporting a
second plurality of stacked trays; and neans for shuttling trays fromthe
first to the second plurality of stacked trays and staging the trays

t herebetween in a handling zone adapted for communicating wwth a pick and
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devi ce of cfaim 20 wherein the means for shuttling i's characterized by a

process CRABHHoth fys AFPYdleBed cohtbltdaSsek fo Blotk 2§31 whekithe pirk\WhepRrEe® a first
end effector is adjacent the first plurality of stacked trays; gripping the
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effector 'Whether the last work piece in the tray has been handled is determined in block 215.
This can be determined in a number of ways, such as by using optical sensors or by
storing the number of work pieces to be loaded or unloaded to or from the tray. If the
decision in block 215 is no, then control returns to block 213; if yes, then control
passes to block 203 and the process begins over.

While the pick and place 213 operation is underway, parallel operations can be
undertaken to move the shuttle 68 to the first position 217, index the platform 64 to
the stacking position 219, singulate the next tray 221, determine if no more trays are
in the loading zone 223, and determine if no more trays are to be stacked in the
unloading zone 225. If the decision in block 223 is yes, then the next stack can be
delivered from the infeed buffer zone 16 to the tray unloading zone 14. If the
decision in block 225 is yes, then the second plurality of stacked trays 22 is can be
delivered from the tray unloading zone 20 to the outfeed buffer zone 24.

By operating all the functions associated with shuttling and/
unstacking/stacking the trays in parallel with the pick and place step 213, continuous
picking and placing operations can be achieved which optimizes operating efficiency
and throughput.

It will be noted that the number of trays present in the first plurality of stacked
work pieces 15 and the second plurality of stacked trays 22 can be one tray or more.
That is, when processing begins initially there may be no trays in the tray unloading
zone 20. The first tray that is shuttled from the handling zone 30 to the tray unloading
zone 20 defines the second plurality of stacked trays, with a stack of one trays.
Similarly, when the next-to-the-last tray is singulated in the tray unloading zone that

will leave only one tray in the first plurality of stacked trays 15.
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gripping a tray in the handling zone with a second end effector; noving the
shuttle to a second position whereat the first end effector is adjacent the
handl i ng zone and the second end effector is adjacent the tray unl oadi ng
zone; and releasing the outernost tray in the handling zone with the first
end effector; and releasing the tray in the tray unl oading zone with the

d end effector. 22. The devi f.claim?2l i) f
Z_ﬁﬁ?lﬁ no i o doaiareapteeaogy et nalae i dhE el 15T T
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is characte |z§ f)y a process further conprising simultaneously noving the

shuttl e RetinMRBRedtdSf thi iifenads (B8 ARVDsRRSE HiueRSivAHhlyaMd 6@ar{g@§nﬁ?%@nd _
plurality of stacked trays to a stacking position for receivingly engagi ng

a tray f ghadein@etailgespadiallyl BEmeakedts 6Estalctiet ahdrarzehgelmentdipattb evitigahs f or
shuttling is characterized
principles of the present invention to the full extent indicated by the broad general
meaning of the terms in which the appended claims are expressed. For example, the
mechanisms used to move the stripping, lifting, clamping and supporting members
may vary while maintaining substantially the same functionality without departing
from the scope and spirit of the present invention. In addition, although the preferred
embodiment described herein is directed to use with a work piece tray, it will be
appreciated by those skilled in the art that the teachings of the present invention can
be applied to other types of work pieces as well without departing from the scope and

spirit of the present invention.
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by a process further conprising sinmultaneously noving the shuttle between
the first and second positions and noving the first plurality of stacked
trays to a singulating position for separating a tray. 20
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a singluating device in the tray loading zone adapted for separating the trays
from the first plurality of stacked trays;
a stacking device in the tray unloading zone adapted for joining the trays with
the second plurality of stacked trays; and
a shuttle adapted for simultaneously moving one of the trays from the tray

loading zone to the work zone while moving another of the trays from the

work zone to the tray unloading zone.

2. The device of claim 1 wherein the singulating device comprises:

a platform supporting the first plurality of stacked trays that are stacked
substantially along a longitudinal direction;

an actuator indexing the first plurality of stacked trays in the longitudinal
direction to a singulating position; and

a stripper member operatively moveable between a retracted position and an
extended position, the retracted position clearingly permitting moving the
first plurality of stacked trays past a distal end of the stripper member, the

extended position disposing the distal end of the stripper member between
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first plurality of stacked trays.

3. The device of claim 2 wherein the singulating device further comprises:

a sensor indicating when the first plurality of stacked trays is in the singulating
position; and

a controller responsive to the sensor and controlling, in turn, movement of the

platform.

4. The device of claim 1 wherein the shuttle is operatively moveable adjacent
the outermost tray in the first plurality of stacked trays, the singulating device
comprising an end effector supported by the shuttle adapted for gripping the
outermost tray in the first plurality of stacked trays and displacing the outermost tray

away from the stacked trays in the first plurality of stacked trays.

5. The device of claim 4 wherein the end effector comprises:

a linear actuator comprising a fixed end attached to the shuttle;

a suction lifting device attached to an extensible distal end of the actuator and
thereby moveable to an engaging relationship against the outermost work
piece; and

a vacuum source in fluid communication with the suction lifting device.

6. The device of claim 4 comprising a second end effector supported by the
shuttle adapted for gripping a tray in the handling zone simultaneously to the end

effector gripping the outermost tray in the tray loading zone.

7. The device of claim 1 further comprising a reference surface in the
handling zone adapted for positively positioning a tray relative to the pick and place

device.
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9. The device of claim 6 wherein the shuttle is operatively moveable between
a first position and a second position, the first position defined by the end effector
adjacent the tray loading zone and the second end effector adjacent the handling zone,
the second position defined by the end effector adjacent the handling zone and the

second end effector adjacent the tray unloading zone.

10. The device of claim 9 wherein the trays are moved by a process
comprising:

moving the shuttle to the first position;

gripping the outermost tray in the first plurality of stacked trays with the end

effector;

gripping the tray in the handling zone with the second end effector;

moving the shuttle to the second position; and

releasing the outermost tray in the handling zone with the end effector; and

releasing the tray in the tray unloading zone with the second end effector.

11. The device of claim 10 wherein the trays are moved by a process further
comprising:
moving the shuttle to the first position simultaneously while the pick and place
device is loading or unloading work pieces to or from the tray in the

handling zone.

12. The device of claim 1 wherein the stacking device comprises:
a platform supporting the second plurality of stacked trays that are stacked

substantially along a longitudinal direction;
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13. The device of claim 12 wherein the stacking device further comprises:

a sensor indicating when the second plurality of stacked trays is in the stacking

position; and

a controller responsive to the sensor and controlling, in turn, the actuator.

14. The device of claim 11 wherein the trays are moved by a process further
comprising simultaneously moving the shuttle between the first and second positions

and moving the second plurality of stacked trays to the stacking position.
15. The device of claim 11 wherein the trays are moved by a process further

comprising simultaneously moving the shuttle between the first and second positions

and moving the first plurality of stacked trays to the singulating position.
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for subsequently restacking the trays to a second plurality of stacked trays, the method
comprising:
singulating a first tray in the first plurality of stacked trays;
shuttling the first tray to a handling zone operatively adjacent the pick and
place device;
moving work pieces from or to the tray in the handling zone with the pick and
place device and simultaneously singulating a second tray in the first
plurality of stacked trays;
when the handling operations on the first tray are complete, simultaneously
shuttling the first tray from the handling zone to the second plurality of
stacked trays while shuttling the second tray from the first plurality of

stacked trays to the handling zone.

17. The method of claim 16 wherein the singulating step comprises retaining
the trays other than the first tray in the first plurality of stacked trays while the first

tray is separated.

18. The method of claim 16 comprising the step of clamping the tray in the

handling zone while picking and placing work pieces.
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10% u& () -, 10% H‘gsr c)ad)ﬁg zone supporting a first plurality of stacked trays and a tray
unloading zone supporting a second plurality of stacked trays; and
means for shuttling trays from the first to the second plurality of stacked trays
and staging the trays therebetween in a handling zone adapted for
communicating with a pick and place device for continuous picking and

placing operations on work pieces to and from the trays.

20. The device of claim 19 wherein the means for shuttling is characterized
by a shuttle adapted for simultaneously moving one of the trays from the tray loading
zone to the work zone while moving another of the trays from the work zone to the

tray unloading zone.

21. The device of claim 20 wherein the means for shuttling is characterized
by a process comprising:

moving a shuttle to a first position wherein a first end effector is adjacent the
first plurality of stacked trays;

gripping the outermost tray in the first plurality of stacked trays with the end
effector;

gripping a tray in the handling zone with a second end effector;

moving the shuttle to a second position whereat the first end effector is
adjacent the handling zone and the second end effector is adjacent the tray
unloading zone; and

releasing the outermost tray in the handling zone with the first end effector;
and

releasing the tray in the tray unloading zone with the second end effector.

22. The device of claim 21 wherein the means for shuttling is characterized

by a process further comprising:
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handling zone.

23. The device of claim 22 wherein the means for shuttling is characterized
by a process further comprising simultaneously moving the shuttle between the first
and second positions and moving the second plurality of stacked trays to a stacking

position for receivingly engaging a tray for stacking.

24, The device of claim 22 wherein the means for shuttling is characterized
by a process further comprising simultaneously moving the shuttle between the first
and second positions and moving the first plurality of stacked trays to a singulating

position for separating a tray.
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