;'i‘j e3ehe"f6TDI *G-~Z * 159159" SI NGULATOR FOR STACKED WORK PI ECES Fi el d of
the I nvention This invention relates generally to the field of automated
fabrication \ nore particularly without limtation i ce
for singul agﬂﬁ“\\\&wml ece froma stack of the work pi eces”’”ﬁﬂ,ﬁ@ﬁﬁwmﬂ of
the I nventi erreqplous gains in manufacturing productivity a

have been reali z"@&’%y the application of nodern automation technfigfies to
producti.on processes. Mdst of the earliest advancenents invol ved autonating
fabrication processes, such as nunerically controlled tooling machines.
Typically, the work piece was nmanually installed into a fixture, or
“fixtured," the conpsinggmgﬁlﬁ(gﬂsmmgwﬁkrmEgnd then the work

pi ece was manual ly renmoved fromthe fixture. Subsequent advancenents

i nproved the material handling aspects of the process, such as with the
proliferation of robotics. Today, it's not unusual to see all aspects of
the fabrication process from r Rigldref ¢heilavertionpackagi ng perforned by

fl exi bl e manufacturing cells connected by material transfer devices.

Fl exi bl e manuf Hais imiengoragiatesogeneslz te theyfjzid of duyoradtkee faboicptiancdyscedi f f er ent
types of parts so that one cell can be used in the manufacture of different
product s. ardgnomsxpartisiutarlywigeasik Hgiitatjors tol 4 deviieghfor biagidbting 2 workepie¢e/&omni f f er ent
size containers for use in packaging different sizes or types of products.
This fl exd #pek efithe wiorkhpieeasr e ai ds t he devel opment of new and different
products because the |ikelihood of consequential costly nodifications and
downtine to the manufacturi rhg Erocess are greatly dimnished. Sone types of
wor k pi eces are charact eri stBackgrapngmnfdhe gventiegi ng to handle with

aut omat ed proc i i . erial, for
exanpl e, pr eseﬁ%g%gg%lg%%Sgﬁgfaggﬁdg@%éﬁ%@%mﬁ@l@?}h}%{eé’%mer when

pi cki ng realizbdilyahe agplRuidn efmodyre atitonfadon tdehsiquesas @noduction prasedsesinusual to
see hunan’b@ssi sflanc negessary in oa‘gr ations requjring singulating sheet
mat eri al Wokofihesastest advancements yowed gRomatag MG ARYHPIOPEREhaIah 8y pe
packages. | f ugh i I i i nor e
certain V\%@#eéqﬂg??,% @%Hr%{eg'g%glé rg%Chgl&g'egg’%lfc ﬂ%éﬁé’i@%@?ﬁ%&é@ﬁ%% processed,
and wher einstalepatk afietiraroe "fixtosidy/'atle aordputsecbrtrollad ptazessqitrfarmedigadent . The

penalty assogiated with relying on manual intervention can be very
ST gni 11 caED TV ATE S S QS QRATSRTY HEVERET RGB! SUOHAUB K pi ece such as
this can R AR infRbvd tHORRteHE] haRliYg BipeBisiof RidiocesiRHERAs WRR tleON

t hereof, unstacking the work piece, and then supporting the distal ends of
t he unst apieltratonloipokaties. Toddys itlsamot eusvali tapecalbaspacts ohthd fabrivation as

cr Pl s I B e U AR GES b e RN S o he
connected by material transfer devices.

Flexible manufacturing approaches are typically able to process different types
of parts so that one cell can be used in the manufacture of different products. For
example, a packaging cell might be able to receive different size containers for use in
packaging different sizes or types of products. This flexibility furthermore aids the
development of new and different products because the likelihood of consequential
costly modifications and downtime to the manufacturing process are greatly
diminished.

Some types of work pieces are characteristically more challenging to handle
with automated processes. A thin and easily deformable sheet of material, for

example, presents special challenges as compared to a rigid member when picking



The enbodi ments of the present invention contenplate an apparatus for

sifngul ating a first work piece froma plurality of stacked work pieces. The
plurality of stacked work pieces conprises a second work piece adjacent the
first work piece. A stripping nenber is engageabl e agai nst the second work
piece. Aliftin nber. is eable wi.th the first rk piece and

i 5l ace BR @IAGITEUFA SR BkESk oF RE: GrrdTp iinEo B (b BEHIRR S dnd second
posi ti ONgecdsBary/ife oﬁérﬁt‘iéﬂ%ged[ﬁﬂﬁ%%ingﬁlﬁtﬁrﬁ)ﬂfééﬂ rhhteRaltwidtkpidcss, sadtflassecond wor k

pi eces are stacked; in the |ifting nmenber second position the first and
second wdightwsightdkermodormedtciarhshall tyffetpackagest Sedhi angquisgersent pormamgl nenber i s
noveabl e .t 0_engage unst acked first..wor i ece, selecti.vely supporting
Che iSRRG Bl e P ARG whork By SreSRAGRMER ' he St pping
and | i f t igagkdgesBRproRERdJhRPWRGE 8l ickBicwarteeiv&l indalsedinsiecikand an _
engaged node. In the retracted node cl earance is provided permtting noving
t he fir stargpgkngitedbe penpltyapociated with rRlyiag en menupligtepwentien ¢an bgvatlie engaged
node theS ﬁ#&ﬁing and lifting nenbers are receivingly engaged within a gap
bet ween t I rst and second work pieces. |In one enbodi nent a sensor

i ndi cat es wherlt hdsebegrfetegniakbd graesingalating Heotld piegsuoly agithds ¢anftiel ng nmenber s.

Additionally, the 2 pl.urality of stacked work pieces can be noved by an
i ndexer dei{dneaticallpdenasgliably by ghaRing @ npgslial pertiyibereot, ppstackinghsvotknt a

cl anpi ng L, | Jefat | i | i e first
wor k pi ece é?@rtgagﬁ%?ggﬁ%ﬁé %‘3“‘2 E@ssdgfé%éo@tglta%g@n‘g%eﬂr] ?&Tﬁg}géﬁgﬂr?}%?ng menber
can be diisplaearhtsentethwecss exemelified be therdeseiptiod aad appepded claimdithat The
retracted e clearingl ermts nmovjng the first work piece past the

cl anpi ng upenty ﬂ{"hﬁ%@éﬁ‘gdW@H?nf‘Wéi@gﬁﬂorti ng member articulates in
nmovi ng to supportingly engage the first work piece. The supporting nenber
can conprise a roller engageabl e against the first work piece. The

enbodi nents of the present i Susmanyrefthalmeptione a singul ati ng appar at us
conprising two or nmore opposing supporting nenbers around the lifting
menber. Furthernore, the enbodi ments conprise two or nore opposing lifting
menber s engagelisl ambadirhentesfibe pragentpovantiom somémplate 4n apparatwsrikr pi ece, and
conprising two or nore opposing supporting nmenbers around each of the
lifting riEeudatiag afirstamorkpiesgifrsme pgtraltttﬂ@f pieekedrivork piesas. i Blee plbealitt of ppi ng
menber can be_displ.aceable relative to the Iiftin%hnenber. Furt hernore, the

lifting ritasked WeBnPigsRg£gBIPHSsPegieaPndwpk migceidiach the Aest WRsk Ricgt-efe and t he
R e L S T A e
hoai not e B T PO o i s EPRBaPLAYR: o Fisblel o B Fou 205" ©
for " supp AP BEGLER Hr R el BE R LEAT b Hfe BRAE B Rt BeBEBImA ] o™

medi al pq{x&@&ﬂs@éﬁ?ﬂ%&kﬁc’e?aﬁ@s&d@kéﬁ; .erqlﬁ}IﬁhgﬁfeﬁfﬁeP%]e%GI?d péStorpect of the

enbodi nents of the pres I nvention 1 nvolves a nmethod for singulating a
first worfisfdn@Gecdnidamdm pidcds aleivn¥tadifeds LA @lstatlikg, Ri ApSStting RRnbekifsal i ty of
stacked work pieces conprising a second work piece adjacent the first work
pi ece, canpvdablengengagpalid undgacRed ifst pptingiete)selectivelyt si@piting ahd fingt of st acked
wor k pi eces allow ng a freedom of novenent of the first Wrk piece

rel ati ve waorktpheeest apkmdleviod klapeeces; inparting a lifting force to the first
work piece, displacing the first work piece fromthe plurality of stacked
wor k pi eces; dnaniembadimeny the sitigping andlgfting neembers arh displaspabdebefween st wor k
pi ece, aligning the first work piece_along a preselected plane. The lifting
force carf Istastapmodeand an engssed aodp ok the Feteseted meode; dlegrange isorevided and t he

supporting force can be subsequently inparted to a distal end thereof. A

cl anpi ng HeOPHENEBRVEE thﬁfs%ﬂ PRk Digeq Bt @ﬁ&pm&wdglf%%nmbﬁse nfarting the

supportin fordce %hﬁr et o.. Theaﬁ. and vaéi ous ot her eaturt-%f) . wel | as

advant ageReRRRiode i Stipkine e TG MEBbAE A eanivingly Sereeduithinaeen: upon

(rjregsu ggs%t&&% th@ kL Uhd S dfid FohEFiedSS 1 bRY EftPodnt £%nEW iRkicile associ ated
when the gap is aligned with the stripping and lifting members. Additionally, the




Brief 'Description of the Drawings FIG 1 is an el evational view of a work
pi'ece well suited for use with a singulator constructed in accordance with
the present invention. FIG 2 is an el evational view of two work pieces
simlar to that of FIG 1 in a stacked condition. FIG 3 is an el evational
view of a skewed stack of the work pieces of FIG 2. FIG 4 is an isonetric

i | s 4is an i
of e pre b R BRRE Bt GRBEHaleRY s BRE IS RE R S pping

and lifti i e engaged node. FIG 6. is aviewsimlar to FIG
5 but whelﬁé |dr}1ﬁitvfe§6§%er5?%§p)o?'ng and lifting nenbers are in the retracted node.

FIG 7 is a VigWndntBddfhedtQ c'fdn%in%g{&nlg)ﬁﬁ’g@p%ﬁﬂest@%{ .eflf[fﬁlggp%%pleﬁl 'S

di spl aced relative to the stripping to unstac I'rst work piece.
FIG 8 i sclamfingdhefiFsaivofk piebdisdfbichgipeafentbPasishptiteARBIbeLONEd Ol | i ng the

I ndexi ng of the stack of work pieces to the singul ati hg appar at us.
clamping member can be displaceable between a retracted mode and an engaged
mode. The retracted mode clearingly permits moving the first work piece past the
clamping member.

In an embodiment the supporting member articulates in moving to
supportingly engage the first work piece. The supporting member can comprise a
roller engageable against the first work piece.

The embodiments of the present invention contemplate a singulating apparatus
comprising two or more opposing supporting members around the lifting member.
Furthermore, the embodiments comprise two or more opposing lifting members
engageable with respective portions of the first work piece, and comprising two or
more opposing supporting members around each of the lifting members.

In an embodiment of the present invention the stripping member can be
displaceable relative to the lifting member. Furthermore, the lifting member can
engage a medial portion of the first work piece and the supporting member can
subsequently engage a distal portion thereof.

One aspect of the embodiments of the present invention involves a singulator
for stacked flexible work pieces, comprising a lifting member engageable against a
medial portion of the uppermost work piece and moveable to displace the uppermost
work piece from the stacked work pieces, and means for supporting a distal end of the
displaced work piece relative to the medial portion substantially within a preselected
plane.

One aspect of the embodiments of the present invention involves a method for
singulating a first work piece from a plurality of stacked work pieces, the plurality of
stacked work pieces comprising a second work piece adjacent the first work piece,

comprising: imparting a stripping force to the plurality of stacked work pieces



FIG. 9 is an elevational view of the lifting and cl anpi ng nenbers
operatively clanping a nedial portion of the work piece. FIG 10 is a view
simlar to FIG 9 but wherein the supporting nenbers are noved to
operatively engage the distal portions of the work piece, adaptively
supporting the work piece within a presel ected plane. Detailed Description

Chown  natiaRitg kil PBeldp AT us LIRS rHRle BUbEEkeiakd (o7 use
wEn 8 Sl HaUL Ak AR EORE ﬁm%f( BisBESAs %ﬂgxh@ﬂg&a iR pcgrent s of

t he pres ’nv rece enéra

char act erf&oﬁg 'tt&aﬂlhﬂéh mtta‘ﬁ'ﬁb(g%rl@ﬂgce% | AR ?h}@mng Y5ide 85 h]@ type

t her nof or pl astl sheet that 1s fo abl'e to fo Ianshe

package. d?sﬂ]adaa @irskAvdrR pfRt) amf?ﬁml oth&fifsedoal pib&d 41bfda §#é§éleét9@blah@e opposi ng
hal ves 14, 16 are Foldh e toward each other to define an enclosure. A
peri nmet erTHeI 1Htige fokGe ¢ Beyipipastd 1o S@adialpationbhteiirgevdrkpieesead the cl ose the
hal ves 14, 16 together, Ribs 20 can be forned for stiffness, or to

abut t i nglsypportiag éorageamist subkegjuettininvgatted o 4 Hstad ond thereoé. Al%la’ﬁlpingi s an

el evational view of two work pieces 1 d in a stacked and nested arrangenent
such as iferagsen bé impasteidiko ¢t fimst work piccevh'elfdre baparting thetshppmtipg $reped hal ves
14, 1G of the upper work piece 10, or "first work piece" 10, are nested
within tﬁbﬂ@EWrespondlng cavities farned by the halves 14, 16 of the | ower
wor k piece 10, or "second work piece" 10. Enbodi nents of t he present

i nvention contE#s¢ a%vaawuasﬁlﬁf &aﬂgesa"ﬁd"eéls%vmtéﬁsr‘fﬂtl%ﬁhaﬂfﬂergﬁtt@mt| cally
S|ngulat|n the firs i ece | k ,of worKk |eceS By

'si ngul atRthgAt inyegtiony whaecapon gt RERnS &ﬂfwa& defalod. desiption el from
t he stack, .Sin rther nmean sel ectively supporting the work

pi ece forHSFgégﬁfgiezﬁ“ﬁ%qgjégwﬂg§rean1process such as a pick and place
process conprising a transfer device. Singulating a work piece 10 such as a
thin-wal |l ed thernoforned sheet, as illustratively Shawn in FIGS. 1 and 2,
can be problematic for a nunber of reasons. The work piece of FIGS 1 and 2
is illustrative only and not exhaustive of the type of work pieces that are
suited for use with the enbodi nents of the present invention. For exanple,
the work piece 10 is generally illustrative of a work piece that is
inherently easily deformable. The work piece 10 is easily deformable far at
| east a couple of reasons; first, due to the small thickness of the
material, and second, due to the hinge portion |2. The enbodi nents of the
present invention are not limted to use with work pi eces conprising both
features, and may be useful far work pieces that are easily deforrnable for
ot her reasons such as due to a material characteristic. Typically, the
singul ated work piece will need to be selectively positioned so as to be
receivingly engageable with a pick and place transfer device. That is, for
exanpl e, gripping nenbers of a transfer device nust engage the singul ated
work piece at a preselected reference position so as to permt the
necessary grippi ng engagenent. \Were suction cup lifters are used then the
suction cups nust engage




the ,si'ngulated work piece at a presel ected reference position so as to
permt the necessary sealing engagenent. Accordingly, where an easily

def ormabl e work piece is singulated then one potential difficulty lies in
how to present the singulated work piece appropriately for downstream
operations such as picking and placing operations. To present the

si ngul at ed work piece Squaﬁﬁ]et%’]#stcrih?loﬂ%\t‘?ﬂgﬁgfvﬁiﬂﬁst0 engage the first work
. Bu ot he

pi ece at distal end portions ere an potential difficulty lies

in the fact t .tﬂl?ar‘!‘@l%?tfﬁnﬁpﬁéw%rf% ﬁ&rﬁ@@g weﬂ%it?d’i\%ﬁé’@it}i al Ocated wthin

a part tray. The anpunt of nesting between adj acen pl eces can be
sonewhat JiRAARGR cdnlBtdted Rackdrdak@MWmDtHRiprésest il éftonas il lustrated in FIG
3. Therefore, to engage the work piece to be singulated it is advantageous
to engage it aFiG2reeh alevativnhl viewiolewe fork bieass shgilaie thitSf BIGenisa free to
nove after the work piece is singulated. FIG 4 is an isonetric view of a
si ngul at i figckedpatiditiolss 30 constructed in accordance with enbodi nents of the
present invention and useful in overcom ng the inherent difficulties
associ at ed w tRGi3ngant eleivatipnst viewed awkewedstadked. thdwerlspincpslofiFi@Gg2.appar at us
30 illustrated by FIG 4 and described hereinbelow utilizes a pair of
opposi ng si ngufl&t drigamisemetic Wew dF a sgwgulptdrianpargtus cgagirug®diiher ebet ween

t hrough which the stack of work pieces 10 passes for singulating. The
enbodi merdc§oEigngeatish sbedigientsiad ths Rrstsnt IVAYEH: i on are not linited to the

use of such a {r_.of opposing singulating ass lies 32, 34.

al ternatively, e if ﬁ’%@ﬁ?ﬁf‘t a ‘é‘§%’r‘g t’éﬂgn F%fﬁg’(ﬁ‘gﬁ'é?nél?%s EdhE enpl at es
utilizing_only, one singulating assenbly (32 or 34) where the work piece is
conducivemﬁ%g%HWPﬁﬁlation therewi th. The embodi ment described herein

represents t heypoie; d Ll Subky st iald Q) WISLEWD ShgpLE,

requi res engagenent ‘on Opposi hereo

of the d Wod.lon: ference is made to the singulating assenbly
32 and i?ﬁ%@Pﬁg83“?2@%§%?9§§%¥ﬁ§t t he opposing singul ati ng assenbly 34

substant i al Iy pRErak &%idwsifiifaf O FIASHUOWHERST b Ky BEABAOL Wisplabgy St ack of

ece inherently
W&. For purposes

wor k pieces is noved substantially in direction 38 and i1 ndexe

appropr i afegitive $oithe seHHpE MBmBEEB ALMAcKTAG R ivEdTk pleca. Scissor |ift or the

li ke. Alternatively, the stack can be noved in any direction such as a

| at eral directFkh 840 a diepramaatic ilmdtrativmeffaidokiyioh germor cahwildgtpel at i ng
assenbly 32 singulates the first work piece 10 fromthe plurality of

st acked wmndkxipg efths stathef worlgpikcsito theasspildting apfaretspri ses a supporting
base 40 supporting a stripping menber 42 that is engageabl e agai nst the
second wor k piEés9 icamelentional viaw ofthe bihing gndrelabwingimeinbere ngemgtivdly e agai nst
any conveni ent support surface of the second work piece that is rigid
enough t oclpBpmgRdasdiglnortieryedthe oflpiRcshi eces while the first work piece is

unst acked t her . For il.lustration, the enbodi nents depi¢cted in the

G 2wt ngs. her o1 Fi s & e miAL oG B but BrreRHgs SEmeHn S Pras ar

Accor di ng| |G _5..illustrates .t St.ri ppi mber 42 receivingly engaged
o hin 2 e Sasrively BetduBR bR FaREBL AT B Bfe M ERnd "cerond nor k
pi eces 10 i . ey j ked, the stripping nmenber 42
abut ti ngl Sy“pﬁﬁré{élg?éé?h@?‘%\‘g‘éﬁﬁgﬁ?&%ﬁ%@@%hd wor k pi ece, preventing
novenment of the second work piece 10 in the displacenent direction of the
first work piece. As discussed previously, preferably the stack of work

pi eces is noved substantially ipetsiidEDbdcpiptidd (FIG 1 ), or transversely to
the stripping menber 42. Accordingly, the stripping nenber 42 can be

di spl aceabl e brtfsa@iy 3nhehaayed ingaerdnshdmortpaatdutay e deG. 1 shbwa engaged
node as shown in FIG 5 the stripping nmenber 42 is receivingly engage in

t he gap A4thercimistanellusttatine tvock piocke] 0 that islwalrsuitad Fdr@séwithhaesiigduldtgrpi ng nenber
42 clearingly permts noving the flange 18 past the first nmenber 42 in

di r ect i onag@ratuscopsigented i agpardandeevigt empgslimgnigefispresenbisyension. (Iihe
retracted and engaged node the stripping nenber 42 can be supported by a

pl at e menterk pece Khgenprally gan be ehatactensticaiynlighiyeight andeeasily defgamelie.devi ce 52
such as but without |limtatiqon a rodless fluid cylinder device. The

si ngul at | §h&ppahesmgiorsd p tlﬁsree&@ﬂwif%légblstq forthy qq{;]a Y04 t hat

cooperates with e stri.ppi menber,. 42 to unstack.the first work piece 10.
The’ secontreher et e 2P Buig TR A e et ParbR ARk Soasnihe R . L he
stripping nenber 42 between the engaged and the retracted nodes, as shown
in FIGS. 5 and 6, respectively. Comparison of FIGS. 5 and 7 illustrate
that in the engaged node the lifting nber 54 can be furthernore

di spl aceable relative to the stripping nmenber 42 to displace the first work
pi ece, thereby unstacking the first work piece. Generally, the lifting



Because the stacked work pieces are not precisely located for input to the
singul ati ng apparatus 32, preferably there is a provision for automatically
i ndexi ng the stack. For exanple, FIG8 is a diagrammatic illustration of

t he cl anpi ng nenber 56 in the extended node while the stack of work pieces
10 is being indexed in direction 38. The clanplng qﬁﬂper 56 supports a
sensor 58 capabl e of detecting the |ncrenent ion of the first work

pi ece 10. The sensor 58 can be, for x , an a ()alaile proximty
sensor. The sensor 58 sensgg @mﬂc \tcgﬁ v ]g) 62 to i ndicate when
the first work pi ef “wtor U a pres SAét osr ti gﬁ\osﬁma control 62 sends
a responsiyv W& 4 to n\bgtd\& r 66 V\/nl ol s the novenent of the
stg {o ’d\%ﬁ p| eceg%taﬁeﬂefl th| s c tthf:é)‘F exanpl mdsensor 58 can be
to mc\g atﬁth t he \%] |gned )‘Q’s ﬁ% strl ppi ng nmenber 42 and
t he J.aiky ARG menber ga\:\\tﬂ ni n r\jwet;es\ &9 \Ahlsg\JP‘baeam YyFmati cal |y
|Iﬁyastra Srnlﬂbeﬂsr?st vvork @0@01 nped between the

unstac gqlh
[ i fbgmg\ er SA‘\ga[ @lmt\Hé" C anpl Ng &Y Bec gmtt‘hfe work piece 10 is
not rigid qsd1§ ends ﬁ\ LS \}anvar dléﬂ f feQust® 8 medi al cl anped portion.

Thi s can® ' an und o Sy [0R arrange tec e a pick B0, pf ace transfer
devi ce rrustn he Wo (1)< v{a@‘e a ref @@@@%8& tion. For exanple, a
tranﬁifﬁ\%ﬁfd Vi ce cor%g g a suct%\g \snp‘ d effe(it 1a€@%i s shown, which
travel s dore/m@aupde‘a engage?“ rk pi ec bmn YQé)r esel eciied pI ane of
engagﬁmﬁ €. Corrpart§ 3%‘8@@‘ efustrag PEfner in which one

nor e sus gwﬁ rrenbers eabl e tagwgt’ﬁ\@ ge t he upstacked work
p| ece cot$f8Y eby suppof oot |Y:n‘i§}’ he unst \k pi ece r\m\m\ﬁ sel ect ed pl ane.
In the errb qdigreR¥depi ct e g)ybymh‘@ avvl ngs (tra@tgﬂr Ot ng% paers 72
arti cutsgtd |n nmovi ngated:)ﬁ‘E portr ,}@‘etng&ﬁ% t he un§ {ao8ed¥tor k piece 10.
The suppor hggn er 72 cap “ew ses a r eltgreaﬂ? journaIL ed to a distal
end t hed?®0f and ro drk gLy e gageab\g ' t he Ry ek 82810, Returni ng
to FIG EYAﬁf)éAn% 'm\qq ‘be not ed taaSm& errbodl guqbraéw des an articul ating
support er 72 Mmlﬁse sel ectrq@mw@? ed by a rotary positioner 76.
The roller E/7 sc@ﬁa e sel ect ved between an engagedh disa retracted
p03|t|onpﬁy asoIer{gt eSC@ y retractlngthe roIIe zﬁt\e $%e’ t he stripping
menber 42, Lot ¥ Ry rrerrber &Ngecl anpi n\%8 WEB," the fiLsnswork piece
10 can be™ndexed &g&gat‘ roller ﬁasr@t ving aI 0 guﬁlbﬂé’étl on 38, In an
alternative st e nt (nolrk\ﬁémWH)s t he V\org\eﬁa& 0 can be myi@)&gd
substanti aﬂ?y in Iﬁ\tdﬁ(t@ﬂ “8ir'ecti o /&ngft?fgreby eli y(aam"ﬁﬁ the need to
retract the strﬁﬁ‘ﬁl ng nentﬁgs@a“q I'fti ng cl anpi eﬂm‘f‘ber 56 and
contacting porti or\ Qﬁo\tJTh\é support smewife 2. Furibe reﬁﬁ}&e in alternative
enbodi nent s\\\tulst@ Fyl ppi n can bebgh\mpﬂﬁ%eabl e re hiwe to the
lifting menber cun gJCkI ng tlé Aok ‘:BI ece 10 |Vtomm e not e&l t hat
t he enbodi neresV® the pr gmeF Vent | or\| \gmw‘{el ada yw‘reatenets of
f1 exi bl e manuf act. lé% Smgt'iﬁ@y i fting Panpi ng t dﬁb at ed pa({%tdan 10
a medi al por &Pt her eof WORRCED1 eeEs of f\’()e$ Iength csacm e
accormodat ed wi t ho @\et%?‘i ng changg Qwerks? r ot hq%r giratﬂ‘ﬁ‘c i ons t & e
setup. It is F@‘eﬁ‘e unders e@&dxab\ﬁat even Qu@Hs rous“&E @td\tﬁé I'stics and
advant ages of _var&qpy&aéﬁbodl ment s gfe s resent [ have bg 8a sxet
forth in the f@‘eégm ng de§ {Ystp@}eon toget Qﬁheﬁef’ det ai I,ﬁs t)mm tructure
and function ﬁpv& bm§5°8m0d| men goem‘ﬂe‘the | nvent| n,,seﬁl o8V di scl osure is

o

illustrative and cha‘qge§“f‘rﬁ be d daedYal I es btahﬁlW in mtters
of structure iR m@@ﬁ’ent of \;ois n the_ menti es of th 2 oRecent
i nvention to th full extegtom ted b e\um‘bad general; \ra:’QIaRﬂ ng of the
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Vhat is clainmed is: 1. An apparatus for singulating a first work piece from
a'plurality of stacked work pieces, the plurality of stacked work pieces
conprising a second work piece adjacent the first work piece, conprising: a
base; a stripping nenber supported by the base and engageabl e agai nst the
second work piece; a lifting nmenber supported by the base and engageabl e

i i r. K pi d_di spl bl i 1. : i ppi

menber  bdPhaBk R S0Pk R e AEmE SRt R R e bk SR BB e iR or EZLPECES
ked i | Sk fi iti d the first d

;fggeg ukg§%géggk&%k¥%§g$$$%$ngIL;ngfsgéggzdagosit?on!r; sﬁgpofffgg ngﬁger

supported by t&@cohﬁﬁ%g%ﬂer@%%ﬁﬁfﬁ&&rﬁﬁ& ke YOshanked tenohk Wor K

pi ece, selectively supporting e first work piece. 27 The apparatus of

claim 1 wWdiaNditi@1Stiies RPhe\d tepidsdnt td sibulREPRb FlE& dhpidprRtdplire bet ween
a retracted node and an engaged node, the retracted node cl earingly

perm tti ndbwiiibdig opératibrisrsath wopikkiap ase pRaimg opbrtishs. i Topregenad | i fting
menbers, the engaged node interposing the stripping and lifting nenbers in
a gap betsegmbatedeofk piste sgnarebeic crudvitageops acapagdthe Tt vegpRpiaatas of cl aim 2
further conprising a sensor indicating when the gap is operatively aligned
wi t h t he distal qndipogtiensdhdredft iBug anshdrgrotential diffienltydisaimthefaddfthagthed m 3 wher ei n
the plurality of stacked work pieces is nmoved by an indexer device

adapt i vel yorkexgses sio\stacked, mpbpesetivedy locgted withirapprit wawsTls araount of 1 f ur t her
conprising a clanping_ nmenber cqoperatjng with the lifting nmenber, in

cl anpi ng HeRWng betweenygliscept werk pigegs cargbe Sorpeviih sandows rspluag 4n pkeyidger ei n t he

moder 1 neotid rade S RGETIOT 1 ThRGer i cttree fie SorRiUE BPEce past the
;:, ? Irrghlngtsgxggq]? Ld it ?s adgggtagg&%rtc? grlljgségg Et a(t:la?rile%a:} p\é\gl%gl%fler}ect)e feaving e ting member
distal ends free to move after the work piece is singulated.
FIG. 4 is an isometric view of a singulating apparatus 30 constructed in
accordance with embodiments of the present invention and useful in overcoming the
inherent difficulties associated with singulating stacked work pieces. The singulating
apparatus 30 illustrated by FIG. 4 and described hereinbelow utilizes a pair of
opposing singulating assemblies 32, 34 defining a gap 36 therebetween through which
the stack of work pieces 10 passes for singulating. The embodiments contemplated
by the present invention are not limited to the use of such a pair of opposing
singulating assemblies 32, 34; alternatively, the invention described and claimed
herein contemplates utilizing only one singulating assembly (32 or 34) where the
work piece is conducive to manipulation therewith. The embodiment described
herein represents the more difficult situation wherein the work piece inherently
requires engagement on opposing sides thereof for singulating. For purposes of the
description herebelow, reference is made to the singulating assembly 32 and it will be
recognized that the opposing singulating assembly 34 substantially operates in mirror
fashion thereto.
Preferably, the stack of work pieces is moved substantially in direction 38 and

indexed appropriately such as by an elevator mechanism or a scissor lift or the like.



novi ng to supportingly engage the first work piece. 8. The apparatus of
cllaim 7 wherein the supporting nenber conprises a roller engageabl e agai nst
the first work piece. 9. The apparatus of claiml conprising two or nore
opposi ng supporting nmenbers around the lifting nenber, noveable to engage
respective distal portions of the first work piece. 10. The apparatus of

el m 1 CRBALRING eBucHlcaIBE o RRRBFLAchbh IR T0GE S GadagaBl e Vi L1

or e frrst wor prece a plracea W th respect

to the styiReidd TIPSRty below.The apparatus of claim 10 conprising two or
nore opposi ng supporti ng rrer%ers around each of the lifting nenbers

noveabl e to enﬁmgu@a‘iﬁ%@séeﬁﬁ)lﬁ% kingiated the M8t WhikSfiedtOkrdth@eee. 12. The
apparatus of claiml whérein the stripping nenber is displaceable relative

to the |ifladaigy dTetdeREd wask piddes. TRPsIngtldEn®hssemBlyB2lcomieised Asuppertidgl t i ng

menber engages a nedial portion of the first work piece. 13
base 40 supporting a stripping member 42 that is engageable against the second work
piece. Generally, the stripping member 42 is engageable against any convenient
support surface of the second work piece that is rigid enough to hold back the stack of
work pieces while the first work piece is unstacked therefrom. For illustration, the
embodiments depicted in the drawings herein utilize the flange 18 as an engagement
surface. Accordingly, FIG. 5 illustrates the stripping member 42 receivingly engaged
within a gap 44 defined between the flanges 18 of the first and second work pieces 10.
As the first work piece is unstacked, the stripping member 42 abuttingly engages the
flange 18 of the second work piece, preventing movement of the second work piece
10 in the displacement direction of the first work piece.

As discussed previously, preferably the stack of work pieces is moved
substantially in direction 38 (FIG. 1), or transversely to the stripping member 42,
Accordingly, the stripping member 42 can be displaceable between an engaged mode
and a retracted mode. In the engaged mode as shown in FIG. 5 the stripping member
42 is receivingly engage in the gap 44. In the retracted mode, as shown in FIG.6, the
stripping member 42 clearingly permits moving the flange 18 past the first member 42
in direction 38. In order to move the stripping member 42 between the retracted and
engaged mode the stripping member 42 can be supported by a plate member 50 that is
supported, in turn, by a linear actuator device 52 such as but without limitation a
rodless fluid cylinder device.

The singulating apparatus 32 further comprises a lifting member 54 that
cooperates with the stripping member 42 to unstack the first work piece 10. The
second member 54 can be moveable substantially in unison with the stripping member
42 between the engaged and the retracted modes, as shown in FIGS. 5 and 6,

respectively.



14. A'singulator for stacked flexible work pieces, conprising: a lifting
menber engageabl e agai nst a nedial portion of the uppernost work piece and
noveabl e to di splace the uppernost work piece fromthe stacked work pieces;
and neans for supporting a distal end of the displaced work piece relative
to the nedial portion substantially within a preselected plane. 15. The
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around the lifting nenber, noveable to engage respective distal portions of

t he fir stillusttdtion] the embdimehhedepidiglinah®drading|haidin ddliLah® flasgd B 4sW0 or nore
opposing lifting nmenbers engageable with respective portions of the first
wor k pi ecan enghgemepngrficer Accordingly, FIG. 7 illustrates the lifting member 54

abuttingly engaged against the flange 18 of the first work piece 10.

To positively grip the first work piece 10 a clamping member 56 can be
located in the path of lifting member 54 travel, such that the first work piece is
positively clamped between the lifting member 54 and the clamping member 56 as
shown in FIG. 7. Like the stripping member 42 and the lifting member 54, the
clamping member 56 can be retractable between an engaged mode, shown in FIG. 7,
and a retracted mode (not shown) whereat the unstacked work piece 10 can be
transferred away from the singulating apparatus 32 in direction 38. The clamping
member 56 can be moved independently of the stripping member 42 and lifting
member 54, as discussed below, by a linear actuator 57 (FIG. 4) such as but not
limited to a rodless fluid cylinder.

Because the stacked work pieces are not precisely located for input to the
singulating apparatus 32, preferably there is a provision for automatically indexing the
stack. For example, FIG.8 is a diagrammatic illustration of the clamping member 56
in the extended mode while the stack of work pieces 10 is being indexed in direction
38. The clamping member 56 supports a sensor 58 capable of detecting the
incremental position of the first work piece 10. The sensor 58 can be, for example, an
adjustable proximity sensor. The sensor 58 senses a signal 60 to a control 62 to
indicate when the first work piece 10 is at a preselected position. The control 62
sends a responsive signal 64 to an indexer 66 which controls the movement of the
stack of work pieces 10. In this case, for example, the sensor 58 can be set to indicate

when the gap 44 is aligned with the stripping member 42 and the lifting member 54.



supporting conprising two or nore opposing supporting nenbers around each
of the lifting nenbers. 14 20. A method for singulating a first work
piece froma plurality of stacked work pieces, conprising: inparting a
stripping force to the plurality of stacked work pieces allowng a freedom
of novenment of the first work piece relative to the stacked mork pi eces;
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at a nedi al portlon t hereof before |rrpart| ng the supporting force.

place transfer device must engage the work piece at a reference position. For

example, a transfer device comprising a suction cup end effector 70 is shown, which
travels downward and engages the work piece along a preselected plane of
engagement,

Comparison of FIGS. 9 and 10 illustrate the manner in which one or more
supporting members 72 are moveable to engage the unstacked work piece, thereby
supporting the unstacked work piece in a preselected plane. In the embodiment
depicted by the drawings the supporting members 72 articulate in moving to
supportingly engage the unstacked work piece 10. The supporting member 72 can
comprises a roller 74 journalled to a distal end thereof and rollingly engageable
against the work piece 10.

Returning to FIG. 4 it will be noted that one embodiment provides an
articulating support member 72 that is selectively rotated by a rotary positioner 76.
The roller 74 can be selectively moved between an engaged and a retracted position
by a solenoid 78. By retracting the roller 74, like the stripping member 42, lifting
member 54 and clamping member 56, the first work piece 10 can be indexed past the
roller 74 in moving along direction 38.

In an alternative embodiment (not shown) the work piece 10 can be indexed
substantially in lateral direction 40, thereby eliminating the need to retract the
stripping member 42, lifting member 54, clamping member 56 and contacting portion
of the supporting member 72. Furthermore, in alternative embodiments the stripping
member 42 can be displaceable relative to the lifting member while unstacking the
work piece 10.

It will be noted that the embodiments of the present invention are well adapted

to the tenets of flexible manufacturing. By lifting and clamping the singulated part in

10
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made in detail, especially in matters of structure and arrangement of parts within the

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 thermoformed clamshell
package work piece, it will be appreciated by those skilled in the art that the teachings
of the present invention can be applied to other work pieces as well without departing

from the scope and spirit of the present invention.
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a base;
a stripping member supported by the base and engageable against the second
work piece;
a lifting member supported by the base and engageable with the first work
piece and displaceable with respect to the stripping member between first
and second positions, the first and second work pieces stacked in the
lifting member first position and the first and second work pieces
unstacked in the lifting member second position;

a supporting member supported by the base and moveable to engage the

unstacked first work piece, selectively supporting the first work piece.

2. The apparatus of claim 1 wherein the stripping and lifting members are
displaceable between a retracted mode and an engaged mode, the retracted mode
clearingly permitting moving the first work piece past the stripping and lifting
members, the engaged mode interposing the stripping and lifting members in a gap

between the first and second work pieces.

3. The apparatus of claim 2 further comprising a sensor indicating when the

gap is operatively aligned with the stripping and lifting members.

4. The apparatus of claim 3 wherein the plurality of stacked work pieces is

moved by an indexer device adaptively responsive to the sensor.

5. The apparatus of claim 1 further comprising a clamping member

cooperating with the lifting member in clamping the first work piece.
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between a retracted mode and an engaged mode, the retracted mode permitting

moving the first work piece past the clamping member.

7. The apparatus of claim 1 wherein the supporting member articulates in

moving to supportingly engage the first work piece.

8. The apparatus of claim 7 wherein the supporting member comprises a roller

engageable against the first work piece.

9. The apparatus of claim 1 comprising two or more opposing supporting
members around the lifting member, moveable to engage respective distal portions of

the first work piece.

10. The apparatus of claim 1 comprising two or more opposing lifting
members engageable with respective portions of the first work piece and displaceable

with respect to the stripping member.
11. The apparatus of claim 10 comprising two or more opposing supporting
members around each of the lifting members moveable to engage respective portions

of the first work piece.

12. The apparatus of claim 1 wherein the stripping member is displaceable

relative to the lifting member.

13. The apparatus of claim 1 wherein the lifting member engages a medial

portion of the first work piece.
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means for supporting a distal end of the displaced work piece relative to the

medial portion substantially within a preselected plane.

15. The singulator of claim 14 for singulating a first work piece from a
plurality of stacked work pieces, the means for supporting comprising a supporting

member moveable to engage the displaced first work piece.

16. The singulator of claim 15 wherein the means for supporting comprises a

supporting member characterized by an articulating member.

17. The singulator of claim 15 wherein the means for supporting comprises a

supporting member characterized by a roller member engageable against the first

work piece.

18. The singulator of claim 15 wherein the means for supporting is
characterized by two or more opposing supporting members around the lifting

member, moveable to engage respective distal portions of the first work piece.

19. The singulator of claim 14 comprising two or more opposing lifting
members engageable with respective portions of the first work piece, the means for

supporting comprising two or more opposing supporting members around each of the

lifting members.
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freedom of movement of the first work piece relative to the stacked work
pieces;

imparting a lifting force to the first work piece, displacing the first work piece
from the plurality of stacked work pieces;

imparting a supporting force to the displaced first work piece, aligning the first

work piece along a preselected plane.

21. The method of claim 20 wherein the lifting force is imparted to a medial
portion of the first work piece and the supporting force is subsequently imparted to a

distal portion thereof.

22. The method of claim 21 further comprising clamping the first work piece

at a medial portion thereof before imparting the supporting force.
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