2 |: MAY 2006 DEVI CE TO COUNT AND DI SPENSE ARTI CLES Cross-Reference to
Provi sional Application This application clainms the benefit of Priow s o
Application Serial No. 60/306,782, filed July 20, 2001 entitled Device to
Count and Di spense Articles, the 5 disclosure of which is hereby
incorporated herein by reference inits entirety as if set forth fully
herein. Field of the Invention 10 This invention is directed generally to

t he di spensing of objects, and nore particularly to dispensing singul ated
obj ects. Background of the Invention The problem of counting and di spensing
a predeterm ned quantity froma bulk 15 of small articles exists for a
multitude of itens and processes. Exenplary itens include conestibles such
as candi es and breath mnts, nmachi ne conponents such as bolts, nuts and
other fasteners, val uaDE¥ICEULO COUNRPANDPISPENSENERTIELESONES, Vitanins,
and the |ike. The probl em has been addressed using nultiple approaches. For
exanple, a 20 cavity-filling device sized to physical particulars of a
spect fic article is di scl psad RiterdeSty BpbARbaNPARAIGERL 4L L0 BroSS. As
anot her exanpl e, a device ts—totat g a calibrated

pi ecewei ght meas Urlesepplicatiorélsialsabebedefit bf BrovRidrahApplicatiod S68E.MNR5 t o

Knot he et al i.tj anal anpl] e, a_device enploying a vibratory
feeder to si%@%a%asg» %%E?HJ“J(Y 2%‘%?}1@6@&%6186@)00#@1‘ addeispresadricles, B Pat ent
No. 25 651823 : . : (W de gnmpl oys
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obj ects is dpdgbifidhehbréin. U.S. Patent No. 6,053,302 to Leu et al. The
several devices and techniques exenplified above individually provide
varying | evels of performance in key operational paraneters such as speed,
accuracy, universality (adaptability), size, conplexity, and 1 2 1 MM 2005
cost. But few, if any, provide a high |level of neasure in nore than one or
two of the above paraneters. Cavkield ¢f thednyengiont he type described in Bross

are typisgal bul ..and. sui t,abl.e, onl or .articles that. c] osel mat ch t he
cavi t);psli%ze. y\ﬁ bra % }ns,?exg%odln? 3}1' cted gene}{alfy 1o tﬁle (thspensmgo o Jec‘és, an% l}lxore

particularly to dispensing singulated objects.

Background of the Invention

The problem of counting and dispensing a predetermined quantitj from a bulk

15 of small articles exists for a multitude of items and processes. Exemplary items
include comestibles such as candies and breath mints, machine components such as
bolts, nuts and other fasteners, valuables such as diamonds and other gemstones,
vitamins, and the like.

The problem has been addressed using multiple approaches. For example, a

20 cavity-filling device sized to physical particulars of a specific article is disclosed in
U.S. Patent No. 3,775,941 to Bross. As another example, a device that counts total
weight using a calibrated pieceweight measurement is disclosed in U.S. Patent No.
4,685,525 to Knothe et al. As an additional example, a device employing a vibratory
feeder to singula’ce.(and thus enable counting) is disclosed in U.S. Patent No.

25 6,182,718 to Seaton. As yet another example, a device that employs a vacuum to
separate and count a fixed, but predetermined number of objects is disclosed in U.S.
Patent No. 6,053,302 to Leu et al. The several devices and techniques exemplified
above individually provide varying levels of performance in key operational

parameters such as speed, accuracy, universality (adaptability), size, complexity, and
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| i ke that disclosed in Seaton are ordinarily bulky and can be di fi(i Ct‘hli\Z 505
tune (i.e., 5 configure). Weight counters |ike that described in {ﬁo h éan
be inaccurate due to piece-weight variability. Vacuum based systens such
as that shown in Len et al. are typically conplex, slow and difficult to
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The devi ces i : | O ..storing ,a ural.ty of 1

subst anti al Illfl i entf%%%gag#?%hg eéﬁag)ﬁ%%arrllly@%hy %ﬂfﬁ'ﬁi’f’qﬁk?“%toftfl?%geaspect, a
devi ce of5 t heonfiguey.eMeigh comitennika s deagibe@ @SKnéthe bRELEMEEENARNEL, 2
forwardl y-directed |et agerture and a rearwardly-directed jet aperture,

each of whi dHeFesWEIBHE ATIROHEYn ¥ aswmn-based spetems pucll ashas showe isbew et el. are
forwardl y-di ' Nk . e Ltive pressure source through
the forward ‘?git%g%‘éd%t IF%’ canag%glgﬁée/llr%{&ecagﬁ%geul ated articles in the exit
channel, 20 t her elnyi¢wof érsoregoiniea singelatingd ddvedaneiioh ig ity hdduake ambiicl es and
~rendering themnore . easily and accurately counted. A rearwardly-directed
jet gener at 8P ANELHSs ;echia{;]g, ans} peagly aiversal weuldrhesiesirebie

rearwar dlgy-directed jet aperture can cause articles in the exit channel to
return to the housing. A controller operatively connected with the
pressure source(s) selectively Sunimahsofithe Iavationati on of positive
_pressure to the Zﬁ??aforﬂe?fentione.d aperéur s,to 1 nduce or halt singulation
of the articles; tHePIESHE PyPRign is difgeted tadryicss ppd metheds fuirapidly ant h a
sensor that keetpodifing @ bipdistdy SRIRBISHOaudRE A HREs GHfiyfiannel
As a second aspect of the invention, ‘a singulating device having a bul k
housi ng and sapP&aftsudhatisles. Thetlerdess incljids a bydk hbusieg firstdringreduratityass t he

bul k hoysgi n xi-t, channel .. The j.et nozzle is fluidly connected

with a Ei?si %“9%"%?2@%‘%@%@%?&18? RERs Shapiln AS IEEHRBER RO PEARS

control | er tgredens@ivemionioincloges, @ telekR chalil l(G8iiRMyHirddRAiitd perpessur e
t

through the jet aperture, This configuration can produce a jet at urges

articles in 3H& BHYSTHY divscied isf apettwpaagh ofwhishiis fluldineminected B 2pdeitive2005

pressure source. A forwardly-directed jet generated by the positive pressure source

through the forward jet aperture can accelerate singulated articles in the exit channel,
20  thereby increasing the interval between individual articles and rendering them more
easily and accurately counted. A rearwardly-directed jet generated by the positive
pressure source through the rearwardly-directed jet aperture can cause articles in the
exit channel to return to the housing. A controller operatively connected with the
pressure source(s) selectively controls the application of positive pressure to the
25  aforementioned apertures to induce or halt singulation of the articles; the controller
may be operatively associated with a sensor that detects and counts articles passing
through the exit channel.
Asa second aspect of the invention, a singulating device having a bulk
housing and an exit channel includes a jet aperture positioned across the bulk housing
30 from the exit channel. The jet nozzle is fluidly connected with a positive pressure
source, which in turn is connected with a controller that selectively controls the
application of positive pfessure through the jet aperture. This configuration can

produce a jet that urges articles in the housing to travel toward the exit channel.




As a third aspect of the present invention, -a singulating device?haviig A5
bul k housing and an exit channel includes an article-orienting unit that

has a pair of panels that, in concert with an upstream portion of the exit
channel , define an entry space that pernmts an oblong or oblate article to

enterthee t ch tudinal 5 orjentation in which the

| ongest di m):n5| ong%flatlh g¥cito£rtb§qr gtﬁ%?’éiqnyaﬁlé‘gﬁliapﬁgg?‘éc a{vﬁtg\rﬂﬁ%-tuﬁeam
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i's generally t.he do tr fla al strikes the
exit channel "g‘g‘t}gé‘g‘&r‘ﬂ’%g lf’tgr"i'r%c\tim?q ?&@‘%?’Pﬂ?ﬁa@agt XW@IP%& i nal
ori ent at ison cbrtbn!d‘niloﬁfin Mﬁc&tﬁﬁ@ldn@é@ﬂﬁﬁeﬁsﬂﬁl ofand Erttﬁiéﬁi@g@ﬂerélﬁr Oﬂ%?élf@l ig£d. In one
enmbodi nent, the ganel s are parallel with one anoth he articles are
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portion. In r.d panel n uIa to the first
two panel s |t§ ?%gi ugeglr%suc%&%%q Sltchgi‘aeﬁproﬁpoélﬁfg@[’ﬁ% 8re3 eFIQgF}&?Pgﬂgul ar.
In a 15 t higpdcesinboetinesrie ofidiRationrielvehicH @s Bh@&?dmﬁéﬁsi%ﬁ@s kg and pivot
about a pivot axis that is parallel to the direction of Tlow, "such that the
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Wwith these asqtahhsneadfs pdnmttddVémbné)mebcﬂiﬁteﬁt thiApanalstarChfalle] FRHCRR ent er the
exit channel fromthe housing and trave] through the exit channel in

single file HBRHHAA Brafipesfrpdporismsd whantrikias sithessxnetsdedgeotibe exiti on and
preci se _ ol uftrdabifpdHiba cw§e03$eﬂesa%ht Gt YR bR SN ur g Lhe

devi ce can enabl e handl 1 n arge rang vm th a
singl e deV| of@Sthaga}Sat inghided, Euclt that filreatry tpacs isgererdllgatetisyuddr| (lh\i\fé sinple

adj ust mg a to h ndI an,k 25 even bro er range of sizes. The
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Figure 1 is iagpreraiivariapgtlaaln perefpheste |enﬁ)0d1nmm$thetﬂuactmmquhmpaml; uatnd
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device of FigureIh sBigﬁilﬂtﬁ' dbﬁt':hs \i.rhﬁ!these aspects of the invention, individual articles

20 can enter the exit channel from the housing and travel through the exit channel in
single file and with an interval sufficient to allow accurate detection and precise
counting of the articles. The pneumatic, reversible nature of the device can enable the
handling of a large range of sizes and shapes with a single device configuration.
Furthermore, this same feature allows simple adjustments to be applied to handle an

25  even broader range of sizes. The ability to control the various airflows permits the
mechanism to be implemented in a volume not significantly larger than a small

portion of the bottom of a bulk storage chamber.

Brief Description of the Drawings
30 Figure 1 is a partial cutaway perspective view of the singulating and counting

device of the present invention.
Figure 2 is a schematic side view of the device of Figure 1.

Figure 3A is a side section view of the device of Figure 1 showing both the

forward jet valve and the rear jet valve closed.
3



forward jet valve and the rear jet valve closed. 3 2 4 MAY 2005 Fiqure 3B
is a side section view of the device of Figure 1 showing the for éf“’}!'etfﬁb“
val ve open and the rear jet valve closed. Figure 3Cis a side sectlon Vi ew
of the device of Figure 1 showing the forward jet vaI ve closed and the
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5A-5C are erfdmadgetmalvstlo@mmﬂfehearaéttvaﬁdeebi@édentl ng unit of the device of
Figure 1 showing how the unit adnmits passage of roper | y | ongi t udi nal | y-
oriented articl e HIBRERAG issngid eﬁﬁ%@@ﬁt@”?ﬁb@d@e%t’f iZae 1 ghovting the

transversel yg, Rﬁdrﬁnét‘%'glv%%lc%{lhﬁ#ﬁe(r@r &rv%l‘%@ and re-orients a vertical,

transversel y-ori e art try into the exit channel

(Figure 5C). Fi gFigarésAAadC a@Bfrﬁﬂt?t(ﬁbr&d%ﬁfetw&Ws ¥ BVdkeiplady adicleabBat | ve
enbodi nent of g%lgagqa\g’gild e-orienting unit according to the present invention
that enabl esSgyeAt e dayice s Fdgned -t herein to be adJ usted 15 Figures 7A

and 78 are end saakAn s S0l A0k HPLioRRRP TR QoA AR Fifi afheo 1O

unit accordi ng t e present I nvention ure

illustrati ngafdi‘lgmteﬁoﬂloaﬁnghmﬂiealmr@lmtstpaeéags oﬁﬁpﬂfpéﬂ}?lgangitﬁdﬁlﬁl@y present
I nvention. 20. Det.ai scription of the Invention The present invention
will now be GisaEd gure Wr%tﬂéupﬁeﬁﬂgﬁe?f a horizpmiabiranpyesyeby-peented

enbodi ts hj t

enbodi gg 0| n éd?'{“tl% Eﬁ e%fyfggjr ﬁdﬂgn SEE w%ﬂﬁ%it &%eslvgfcé)glgtdrr%gt H%}s(mllp?o%ilog{e{o t he
enbodi ment s enggtintbdhe exihemene. (Figuirh 5C). these enbodi nents are provided so
that this disclosr 5throu and conmplete,. and wilIl fully
convey the scopesl‘tk){tg e’JAi?'R% (§e‘t Vée@%?f%temaﬁv?ﬁ@ %‘tltrlen’i?f@he
drawi ngs, | idgeleembtisg ttrﬁt&rcof&lé tottﬁe BleSHR MRnlibl ﬁﬁg&%ﬂles wvisdhagses and

di mensi ons of some conponents nmay be exagger at ed arity. Referring now
to the draw%@lﬂgéheﬁlﬁd@uba@djﬁgtedew ce, illustrated broadly at 10, is

|IIustr ed in F| vice 10 incl.udes. a,bul rticle
housi ng 1in ch a r}Jld’, ﬂf’@s?ﬁ om g s of-quotheg empodimen Fin
fluidized mlirieﬁting iEhlEad‘tQt:tﬁthJ the present invention.

Figure 8 is a flow chart illustrating a method of singulating articles according
to the present invention. |

20 Detailed Description of the Invention
The present invention will now be described more fully hereinafter, in which

preferred embodiments of the invention are shown. This invention may, however, be

embodied in different forms and should not be construed as limited to the embodiments
sct forth herein. Rather, these embodiments are provided so that this disclosure will be
25  thorough and complete, and will fully convey the scope of the invention to those skilled
in the art. In the drawings, like numbers refer to like elements throughout. Thicknesses
and dimensions of some components may be exaggerated for clarity.
Referring now to the drawings, a singulating device, illustrated broadly at 10,
is illustrated in Figures 1 and 2. The device 10 includes a bulk article housing 11 in
30 which a plurality of small articles A are suspended in fluidized motion. The housing
11 includes a surrounding wall 12, a floor 13, and a ceiling 14. The wall 12 may be
continuous or segmented (i.e., it may comprise multiple contiguous walls), may have
a door 12a filling for access for articles A,and is preferably transparent to allow visual

access to the articles A contained therein. Similarly, the floor 13 and ceiling 14 may
4




11 includes a surrounding wall 12, a floor 13, and a ceiling 14. ZrheM#dl 1065
12 may be continuous or segnented (i.e., it may conprise nmultiple
contiguous walls), nmay have a door 12a filling for access for articles

A and is preferably transparent to allow visual access to the articles A

contai ned t ' l-pd {8 : N I 1ing, 14 may 2 4 MAY
5005 smoot hi hootbly st i e wii'P2 bt ARY fonty 8ndt ShineBndewithy Thod
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shapes and c‘?%nfl Lir?tions. be syitahle for use with the present

i nvention. | SE‘Hng PIUSE MYdEC BIFBBHIRANONt he fl oor 13 includes a screen 15
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but not passage of the arti out. Sim € Cei 4 includes
a screen 316 foraminowsmémberthatailows aipassagt b tHetvabing1$ budPndt9ekags bf thhes A
in, but allow.air,passage; Jin.,this instance the air flows out of the

housi ng 11. %I%F%é’ruilgﬂfﬂl“%tﬁsrce 3i16émf16$eSiarﬁ&m§nr1§ oxpther fwaminoust t ached
to a | ow praagHhé& tRAtTHHoAY B eRH ARG 0 in 16 17 10
is included to create a r?egativg pr essg(rﬂiél%&{?foev?g%??%ﬁeﬁ? Srelélgéﬁg%éf\thf‘o
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n 15, into the ;cavity of . the usin 1, and out through the screen
T6 e 1t 1 RerhelE 68 brishuf plcanl Fatap fed abovedhe srgen 16. Tedlowaid: | of
aperturdo | gsaichiedto &ﬂa@te\aaiegat&%-pr&!aﬁrdﬁﬂeﬁﬁﬁa'\%ﬂﬁ%g%&rw A&&g&% o direct a
anne

jet into the housing 11 15 foward an exit c ocat ed opposite the
housi ng f r orAressurejhstdrawinglar fr@n ontsidesthe housifpthnmmhlthe dBednslScome thel | ed by a

(aescri bou 1Avoekde bpHiBE {1 %R Fraieh ol FiRen 14 gul oo 1 ana 2. ot ¢ he

| over portion of Thedllwatatedlétbddiferdldo indHASEet &Qz%fse&%%&\rj\%p&&@ the
housing 11 cippos'te t he ]iet nozzle 18. An article- 20 orientingunit 30 is
t

| ocated at tAetn Hearali e Theiiet nogaled8)is orented t ditpet ajet indo thediomsing 11

enteringsth | 4t epts.arg described.in detail

her ei nbgéowéo‘ﬁélgfagféﬁlﬁ%%lﬁnggﬁ? %‘%Efégg)ﬂ’ égﬁ?ﬁﬂ %%;m E%’}?ﬁﬁelé HoRRA {hzo‘g?‘i‘?éﬁi udes
a primary ltatemd2iletl$as centtotled by dowhat ISagwhichasTlidty atiched ®-Lpds@Rkl Ng uni t
30 to termnate at an 8 él et, 2d2. The | umen 21 defines a downstream fl ow
path P ther dfFSURSOHCEd K‘?S@Tlhe wsletaplbela)n " downst reant means t he

b G i
channel 20 extends away from the housing 11 opposite the jet nozzle 18. An article-
20 orienting unit 30 is located at the mouth of the exit channel 20 to singulate articles A
entering the exit channel 20. These components' are described in detail hereinbelow.
Referring now to Figures 3A-3C, the exit channel 20 includes a primary
lumen 21 that extends downstream from the article-orienting unit 30 to terminate at an
outlet 22, The lumen 21 defines a downstream flow path P therein. As used herein,
25 the term "downstream" means the direction that articles A travel in moving from the
housing 11 to the outlet 22. Conversely, the term "upstream" means the direction
opposite the downstream direction. It should be noted that, relative to an absolute x-
y-z coordinate axis system, these directions may shift as articles A move in the exit |
channel 20 (for example, in the illustrated embodiment, the articles A move directly
30 away from the housing 11, then turn downwardly). The "longitudinal” dimension of a

structure or component is intended to be parallel with the downstream direction, and

the "transverse" dimension of a structure or component is intended to be normal to the

downstream direction.




opposite the downstreamdirection. It should be noted that, relatiye to an
absolute x- y-z coordinate axis system these directions may shift 2ok MAY 2505
articles A nove in the exit channel 20 (for exanple, in the illustrated
enbodi nent, the articles A nove directly 30 away fromthe housing 11, then

turn downwardly).. The."longjtudipal" dinmensign . of a structyre or conponent
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24 and a rear pressure jet chamber 2 mount €0 to the exit channel
20. The forward jAforpaesstipressiachinarbep24 asd a nedt Iprassure juiwhamber@5iaon wi t h t he

lumen 21 .via a pajr of forward jet_apertures 26a, 26b,. each of . .which is
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the lumen 21  such that a jet exiting the forward apertures 26a, 2
enhances f| oWhirhistasientedraban angle fpre vibetiveemalyduel aad 89 hereeseand poessur e

j et chanber .S\ ' pi.cation. with the | n2l.via arear jet
aperture 27,&%%%#?%@ g%ﬂ%ﬁ%%ﬁng?grg#56&?31@%?}6&3%&@@?%9&&5 u%ﬁ%g? 1 and
89 degr ees, saaldt]:m)ﬂji:tBk'ﬁifngMowmtjdﬂ?&t&eﬁﬂda,%b%ﬁﬁlﬁ@§ﬁowﬁﬁH&tlhfﬁ@nt0 the
| ongi tudi_nal __axis of the lumen 21 such that a jet exiting the rear jet

aper t ur d>27 Aripeaekthe pBieti2d. | Lgaear presswragt ehamberodft is én flpil commuieption
enbodi nent s, / . - o
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chanbers 24, and s noted abo he jet n | e . 18. . The, pressure is
rel%gve Po the ?onglq:u&mgl ax?s gfe the {u.menJ 21 suc Zt}%at a jet exiting thep rear JSE:!LJ !

aperture 27 impedes flow in lumen 21 toward the outlet 22. In some embodiments,

ressure

- 20 any or all of the forwardly and rearwardly-directed apertures may be arranged in
combinations of any number.

A common pressure source 28 is attached to each of the forward and rear
pressure jet chambers 24, 25 and, as noted above, the jet nozzle 18. The pressure is
cach chamber 24, 25, 18 is regulated by a respective valve 29a, 29b, 18a. Those

25  skilled in this art will recognize that the pressure in each chamber 24, 25, 18, or in fact
each jet aperture 26a, 26b, 27, 18, may be controlled by a séparate pressure source.
Thus, it is to be understood that when separate "first", "second", "third" or even _
"fourth” pressure sources are described, these pressure sources may be common (i.e.,
coincident) sources, or any or all of these may be separate sources.

30 An article sensor 23 is positioned near the outlet 22 and is configured to count
passing articles A as they travel through the lumen 21. Exemplary sensors include an
opposing LED/photo-transistor pair and reflective, capacitive, or mechanical

switches. A controller 40 is operatively connected with the valves 29a, 29b, 18a and




each chanber 24, 25, 18 is regulated by a respective valve 29a, 2 bi ﬁﬁ?'%ﬂf
Those 25 skilled in this art will recognize that the pressure in &aéh” Ut
chanber 24, 25, 18, or in fact each jet aperture 26a, 26b, 27, 18, may be
controlled by a separate pressure source. Thus, it is to be understood
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sources are Vﬁﬁ%@? PEGT if'h&eecop?ﬁgg%‘%caé‘é‘iﬁ gy alﬁﬁfyf%?e 29b,183/i0 ppea 6t close

coi nci dent) depatidiabon e ndfbePss AMitleOA thAig6e pesh é&gm%&g%ﬁé SenS #3Gf ny 30 An
et 22 an I gure

article sensor_ 23 1s positioned near the out I's con to
count passipatficatar peink i time.s Thtreyntioller 40 carbeanytmumiter bficentrofdr uditsenpl ary

i nclud i ng LEDY phot o- t r ansi st ir flective,
capaci 11 ve, SPVRIE el RERed R s ers Poia e tvare ot s ot Gl y
connect eg Wiskikot D® an@iri@tnifiha opdBing $B3ARMHR vAIves YBY, 2080PgaMahh the sensor

23. The controller 40 causes the valves 29a, 29b, 18a to open or close
dependi ng orsxemplanyeansioller is ghe 3751 8 ditamica tortienller, waitnblofiom doteby Ittsheuldens or

23 at any ril Lt i ine. The controll.er 40 can be any nunber of
control | er %%irééoﬁ%%%mﬂ%? o] c’toﬂgglierrsﬁ@irﬁygﬁe ‘Fq]imf’?ﬁeé direqtlyde rﬁﬁ”&%’?’é’ﬁl e for
recei ving si28al &y otheb prisule s581EPT chsboitledts ANSHIchih @I RRSsAlrk Boursdonal s
to the valves 29a, 29b, 18a; an exenplary controller 1s the 87518-bit

nicro cont r @ @rploxedite agivate themditeedy rathdrithanheneratingttee vadvasgni zed that t he

control kgr 40 ma . I I egt o th Lessure. rce .28.(or any
ot her prlgs sure sz)%e?%ggg ?ﬁg’gm%l‘.drﬁ%ﬁ&gcﬁﬁf‘mﬁe&h@?ﬁ"% gt §ﬁ§§%%?aéf Shur ces
are_enpl oyedknérallppirallel] spateibpandisr3aal 33b saf Hevirdigaasl 20REAS bo@rdliie val ves.
10 Referring now, to Fi gtlfulres BA-5C_the article-orienting unit 30 has a pair

of general IFS?rﬂﬁéﬁiiéP]laéT", § pancdt3 i Ath s The dowsstrsagends of thesapanalsdilagdlhyhat i s
senel ., oo o s AL e e PRI ©

t hese panels 3la, 3 abut the no exi 1 channe and their
upst r eam endpstecairemdbo theilghsihy 11.uPat skeifled imnthe attheillettinbe tHakthdOne skilled in
the art ni ze, t hat thﬁh% do qSstream ends of one or all of the

il
af or eme rﬁl: 0 rﬁigé’%%‘g‘gagf SNy 08% P progntioned panclypy extead grost sl he
| n 21, | j o ' in. Th
unen e Bt HE 1M o fARd mn%%aéﬁug%lg it %myaoéltﬁgﬁl@%@ﬁyat Qmﬁﬁfgéﬁ' n e

panel s 31a, 31b are spaced apart a nce a, t he™pane spaced
from an upsttheseim goeprosls 3by 38b ardwpaced dpactadistaheed) and thegtaael®? ib spdchér eby

defining an ce E.of,th | mensi ons x.,b for the articles A The
article-ori eﬁrﬂ%lglr%xﬁ%%gr{%%ﬁl %@a %&g‘f F}gﬁ?l;ﬂﬁp@l &ﬁ fistinesbs t{;?fgg%ﬁ&?fcﬁﬁ‘f‘%ﬂ on of
articles A thay spice Bbf 8 didnsak atxeh foMthdlaficles A. The article-orienting unit 30

20 is particularly suited for the singulation of articles A that are oblong or oblate, with a

longest longitudinal dimension B, a shortest transverse dimension o, and an

. intermediate transverse dimension 3 that is greater than o but less than or equal to B

(see Figures 4A-4C).
In one embodiment, the distance a is greater than o but less than the smaller of
25 8 and two times o.. In this embodiment, the distance b is greater than & but less than
the smaller of B and two times 8. In this configuration, the articles A can fit in the
entry space E in only one orientation (that shown in Figure 5A, in which the
dimension « is generally parallel to the distance a). In another embodiment, the
distance a is greater than o and 8, but is less than two times o. In this second
30  embodiment, the distance b is greater than 8 but is less than the smaller of B and two
times o In this configuration, the article A can fit in the entry space E in any

orientation in which P is perpendicular to the distances a, b of the entry space E.




| ongest -1 ongi tudi nal di nension 0, a shortest transverse di nension _a, and an
i nternedi ate transverse dinension 8 that is greater than (x but |2ds MAyansos
or equal to (see Figures 4A-4C). In one enbodinent, the distance a is ‘
greater than a but less than the snaller of 25 6 and two tines a. In this

enbodi nent, the di n .is.greater than § but |ess than he, smal | er of
0 and two times STE({’S% Sf‘ﬁ?@“&ﬁf’d??‘gmﬁfq“Bﬁ*PZ? t gty eqniigurgtiens for sipgylating, e
entry space fticks eftly\beGiRalslé ﬂ?ﬁéaésh@bx{dtdiﬁ% SHVYT o A1tEn Qﬁf _dridniil ch
the dimension (x is generally parallel to Itlhe_ di stglntge a). ﬁeghgltlﬁ%
embodi ment , vbshogidbeghosemto preyammoes thah ane artiwhedA Snteting thesxitehaneh2é t wo

times OC. In_thi 0 odi.nent,, the di.stance b is greater, than 6
but is |ess thdglﬁé't %gﬁgén%%]o?eéro g%?tslg"he?ﬁ%lh}r%‘%qe%’és ge S‘I‘l?'FtEinﬂF]gy E‘Bﬁ'ﬁl&ur ation,
the artid e dphems) will albopissehonsk me%ﬁﬁlégdévﬁb@dﬁﬁievﬁfgitﬁ@aéﬁékc?%ﬁnggla jch P

i's perpendicular to the distances a, b of the entry Space E. ¢ 2005
.3 Those skiFxanplagy articles meludgicpmestibdesguil as candies and breathonintsyuraehinens f or

si ngul ati ng ' ' €., The desi d di pensj ons .of an

alternative %ﬁédaglé@%ﬁ%atsi%ﬁgilﬂ&%%ds ] ﬁgt%r%%%&gﬂeﬁ Fep A gemondnind ¢ han

one article dtherdemistorgsiimntud, tné frnne| I2Ray also 98 6Rderfibod haf MPABeleOb) ect s

whose three dinensions are substantially equal 't&xiﬂ;e' 5 spheres) wll also
eyl Rathdtbe resald

pass t hr oughCHSEmg devise mey beeitpehed ot a2, theit thgudesice 4.

Exenpl arjy arfhé kg suiafd ﬁp%ﬁ | bl es such as candies and breath mnts,
machi ne corrpo%en?g s&%ﬁ’gﬁlas oﬁ{lés', nuts and ot her fasteners, val uables
such as di anonds Bimpermiohethe gevist b esginy vt Galves®al 10 b the forvird g al so

be understood that, an artjcgle- orienting device may be attached at the
outlet 22, VicFHC ‘F@‘“?%éﬁ#‘{’%tsﬁéqseilﬁ?éd&éﬁ@éwi@qq}l o #)ryoh thasthen bot h

di rections. jmsQREIALIOB d&e@ﬁoﬂﬁ%ﬁg Jlétg’%@@%hg@% l}gt%g%&%gs ) iﬁi 2%90?%2% of

the forward and rear jet chanbers ir'ected’by
control | er 4byougbiksjet spearturditSa GeeEizmre 3Acmi Blod82¢DelFigaie $) Thedboi@t S

(seo B dire s R dReRPortg R lpyPlnegiiivamesBionts esbect 1o RSPt A at od
and creates gredsove, bawalg HREIBAH A CNRSME ﬁlt&"%ﬁe*}loﬁ;ﬁﬁg‘i‘f tthrbﬁ%t?{ﬁ ib%ﬁbmai r
pressure, causing anmbient air to be drawn into the housin through the
bottom scr e@FFe!!gsaﬁﬂd ogift Yeariclesd.ithéreby fuspeiving Gagitstingpar itiiidigingptiietat i ng or
fluidizing) {8 then passes out through the top screen 16 and past the blower 17. This
agitation gives the articles A fluid flow characteristics within the housing 11 (Block
20 210). The individual articles A travel randomly about the interior of the housing 11, or
can be made to mimic specific fluid flow patterns if desired. In addition, airflow is
established from the exterior of the device 10 backward through the exit channel 20,
inward to the housing 11, and out the top screen 16 to the blower 17. This airflow
pattern prevents articles A from spilling out of the housing 11 into the exit channe] 20.
25 Those skilled in this art will recognize that other techniques for preparing
articles for singulation may also be employed with the present invention. For
example, articles in the housing may be mechanically agitated through known
techniques.
When the controller 40 requests the dispensing and counting of articles, the
30 controller 40 signals the forward jet chamber valve 29a to open, and a forwardly-
directed air jet is generated through the forward jet apertures 26a, 26b (see Figure 3B
and Block 220 of Figure 8). This activity creates a net outward flow of air from the
housing 11 through the exit channel 20. Preferably, the jets apply a pressure of

between about 1 and 500 pounds per square inch into the exit channel 20. One skilled
3




The air then passes out through the top screen 16 and past the bl r{w], .
This agitation gives the articles Afluid flow characteristics w ht—:*[ﬁ
housi ng 11 (Bl ock 20 210). The individual articles A travel randorﬂy about
the interior of the housing 11, or can be nade to mimic specific fluid

flowpatterns red ddltlon |l ow i.s . established fromthe
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pattern prevents articles A Tromspilling out ousing 11 1nto the
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mechani cgl | )boﬁﬁmle’lluﬁdnd}*‘ﬁi ﬂieIWSattS%B@ﬁ 't i amokﬂ@ 188Rits Al +tef 40
requests the di spensing and counting of articles, the 30 controﬂ er 40
signals the (P@fﬁt}‘ﬂ?lﬁ Of@boﬁﬂaﬂﬁ@%w)dhﬁeﬂgmdemmd mﬂjtha)dghrtheamdﬂ y-

directed a|r thro e for ertu 6a, 26b
(see Fi gure %1%‘3 Eé@ggF BSM%?ase e§e W@reé’P&a}fsﬁ 23 net
outward fl owaofunis ﬂdheéd dthike etBUHaOOE 1ith OGNt tAEarfiXiet ACHARAYe 20.
Preferably, .the jets apply a pressure of between about 1-and 500 pounds

per square |%Wm%9%ﬂumd@@ﬁtmr@nmeﬂrm totheartik]a-drinamtigg Em13ﬂ- Mthe‘&‘asen t he
art willhyg ent var.i abl e ontrol
e usgéﬁ%% &ﬁﬁ%s u%erdég% SPed S R i

nethods a given Hependi ng on
t he effect qmaemmowfmmmgnm@emgﬂnélhe)ﬂcmeeﬁ@médinhﬁea@mt in
t he channel ), jncl udi ng_ si square, waves, sawtooth, sinusoidal, or
“conpl ex pr e§§§]¥zﬁ%ﬂﬁ$§fg§ 3@3&@6&?@%'#009?%15 controller 40 may signal the
val ve 18a to ope t Le ly of
about | to 500ps%§‘?ﬁg‘?ﬁ%ﬁé€?d§%‘?’§%@ tol\:"l/{i %{Pand t %g%%%ggﬁle em? channel
20 (Bl ock 23bamfel 29 ghﬂ:leoﬂéntatian detdrminasehetiiee tieey20e abld t@ tavyl ehronglythysed a

.S i ed _.at.the. wi,th the result that artlclesA

vacuum i ﬁ i ré}cjt#ﬁ ¥ g}a .

whin the At qrfnegmicil of pr BAEE s Sonied gensraly miraliebiorthgar flow
article-ori I 18 is
used, the hﬁjga{k%i ‘gg%gghl%ﬁr%gtl %pﬁ%ﬁ%?ﬁgc%a%aﬁg Pg%%ﬁ‘f“ﬂﬂ&%%%{egf" ‘%ftpovélr'}gs and
t hr ough t he SpametE (deaingire SA), nmﬂ’cﬂ@totﬁtdneak(tdnltﬁéipaﬂelim atb, thé hanel BEal i ze

that jets 26 8 sed oncert
J annna%va?l a and 1s there ore, free to travel into the exit channel 20. If an

article A is oriented perpendicular to the air flow path and generally parallel to panel

20 32 (see Figure 5B), it strikes the upstream ends of the panels 31a, 31b (and therefore
cannot enter the exit channel 20) and rebounds back into the housing 11 to be further
agitated. If an article A is oriented perpendicular to the air flow path and parallel to
the panels 31a, 31b (see Figure 5C), one end of the article A can strike either the
panel 32 or the wall 20a of the exit channel 20 (as is illustrated in Figure 5C).

25  Contact with the panel 32 or of the wall 20a causes the article A to rotate about 90
degrees to a position parallel to the air flow path, thereby automatically orienting the
article A such that it is free to enter the exit channel 20, ,

Notably, the article-orienting unit 30 is sized and configured so that only one
article A can pass through the article-orienting unit 30 at a time. Consequently,

30  articles A enter the exit channel as an endwise (or edgewise), single-file stream.

Referring now to Figure 3B, once an article A passes into the exit channel 20
(Block 240 of Figure 8), the air flow velocity induced by the jet exiting the forward
jet aperture 26a increases and thus the article A tends to accelerate with that airflow




As the articles A are drawn to the entry space E at the entrance to the
exit channel 20, their orientation determ nes whether they are apliebtiy 2405
travel through the 15 article-orienting unit 30. If an article Ais
oriented generally parallel to the air flow path with its shortest
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sensor may be used.

After the articles A have passed the outlet 22, they eventually reach a point
that they are no longer under the influence of the jet flows or low-pressure flow.
They are then free to travel to a receiving container (not shown).

The process described above continues until the controller 40 determines that
25  apredetermined number of articles has passed the sensor 23, at which point the

controller 40 signals the valve 29a to close, which deactivates the forward jets (Block
280 of Figure 8), and signals the valve 29b to open to generate a reverse jet from the
rear jet aperture 27 (see Figure 3C and Block 290 of Figure 8). The controller 40 |
also signals the valve 18a if present to close in order to cease the production of the jet
30  from the nozzle 18. The momentum of the articles A that have passed the sensor 23
propels them out of the exit channel 20 and into the receiving container. Articles A
that have not yet reached the sensor 23, however, reverse direction due to the reverse
flow created by both the reverse jet and the sub-ambient pressure generated by the

blower 17. Consequently, they return to the housing 11 through the article-orienting
10




10 the articles A. Also, the inability of the exit channel 20 to permt the
passage of nore than one article A at a tine at any single poing i MAhes
exit channel 20 (ie., the articles A cannot pass "side-by-side" through
tthe exit channel 20) also assists the sensor 23 in distinguishing one

passage of oAt b o B BREEres® sdribR e s ot Ak Bt cmhBhoer o

15 articl es phevdntd thharildaas Gomh felRleRliie )2 this RVPRAEFdRRLH JHUTIRS aftiQIﬁQA
predeterm ned nunber (Bl ock 270 of Figure 8). Those skilled in thi§ art
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sensor may be used. After the articles A have passed the outlet 22, they

eventual | y rFach a point that they are no | onger under the influence of

the jet flows or reqf . The re then free. . to travel to a
receiving cont ai n}eu?(w?ér%{)afe’ﬁswg%g %ngo&xgglggg SHRE ANSHSES LHEYEPEBH i nues
until the comibquitélewitOutibeerishiisddvival In s dase! 86 e6@Fdlien 80 nidyHRREedho
articles has, passed the sensor 23, at which point the controller 40

signal s t he dpiachEmsey thepngiapesto thiexdhcheanel (by dins of thedadkorfpassdgg signalg BI ock

280 of HFipgur ; ' v, n enerate a.reverse
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8). The contjmol Tpically, thisiowill gpdatsthe heetalllspecdidfané fyspneb@hattngaychedge i N

;—-'6r)jer to cease t&ﬁ g&duction of .the jet 30 fromthe nozzle 18. The
. Foment um of ACRTPTRE FA{LL CRIPRAPPHCAHONSassed the sensor 23 propel s them out

of the exit channglosekiabsid B L Artl t hat
have not yet reac heog t'he@(giednﬂg%sfaﬁz‘gﬁl {?gt\?@]/%ér@gtr%%%%&g% %oggé#gﬁﬁegluse&[ o the
reverse fl dhe dedes Hiimpy bpsuitabifor new withéhg presemn thveiiiors (b @rdingle) ther essur e

hr augh iohe AV FEREREHT it 70, g a0aEh e coneuptimolpit il intigires Ra.

Cross- sect i addiB, tWiecH Mo RitedR. tAls %{ablquﬁ{érl%hﬁ%&aﬁ&i §rgdfcihe articles
A fromre-orienting). This reversal of direction of the articles A is also

assi st ed by arikstipg e §80 shovanindtigwres ttideand fB.i Pheartickcairentitg onit $0hges
descri bed ' NS [ ts..the housing 11 ven filled
with articl gg&k&l{sf%zlrug% & ﬁ%‘%@? 15 %a piyion Sl d P S 13? s Efé%i’f"’gf?lt he
bl ower 17 anwith the flovasxigofitheekit cBahnel 20. The hinged panels 110 and the wall 20a of
20 the exit channel 20 define an entry space E' that is generally wedge-shaped and that
can, depending on the shape of the article A, only permit a single article A to pass

el

therethrough at a time, and to do so in a preferred orientation. One skilled in the art
:i } will recognize that the downstream ends of the panels 110 may extend most or all the
entire length of the [umen 21. One advantage of this configuration is the capability of
25  one or both of the panels 110 to pivot relative to one another to adjust the size of the
entry space available to the article A, thereby enabling the device 100 to be used on
batches of articles that vary in size from batch to batch.
The foregoing is illustrative of the present invention, and is not to be construed
as limiting thereof. Although exemplary exﬁbodiments of this invention have been
30  described, those skilled in the art will readily appreciate that many modifications are
possible in the exemplary embodiments without materially departing from the novel
teachings and advantages of this invention. Accordingly, all such modifications are

intended to be included within the scope of this invention as defined in the claims.
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Anot her aspect of this invention is that it some instances it na§,fpﬁﬁzt%}r
adequately without the orienting device. In this case, the controdl LY TVALE
may be used to detect janms at the entrance to the exit channel (by dint of
the | ack of passage signals at 10 sensor 23) and so the forward and reverse

jets may be I t Lear the. jam, Typicall this is wll
reduce the (;I@lgr ng%fésewfg%ﬁéﬁe @%@8’?&%@?’%3‘9%%@%3“5%@@&%5@ trade
in certain apdedahéreins. Those skilled in this art will recognize that

ot her designs for conmponents of the device 10 nay be suitable for use with
the present invention. For exanple, the 15 article-orienting unit 30" may
take the configuration of that illustrated in Figures 7A and 7B, which

| acks a plate 32. Also suitable is the configuration of an article-
orienting unit 100 shown in Figures 6A and 6B. The article-orienting unit
100 includes a pair of hinged panels 110 that pivot about a pivot axis 111
that is parallel wth the flow axis of the exit channel 20. The hinged
panel s 110 and the wall 20a of 20 the exit channel 20 define an entry space
E' that is generally wedge-shaped and that can, depending on the shape of
the article A, only permt a single article A to pass therethrough at a
time, and to do so in a preferred orientation. One skilled in the art . wll
recogni ze that the downstream ends of the panels 110 nay extend nost or al
the entire length of. the lunmen 21. One advantage of this configuration is
the capability of 25 one or both of the panels 110 to pivot relative to one
another to adjust the size of the entry space available to the article A
~thereby enabling the device 100 to be used on batches of articles that

i ¥ary in size frombatch to batch. The foregoing is illustrative of the
present invention, and is not to be construed as limting thereof.

Al t hough exenpl ary enbodi nents of this invention have been 30 descri bed,
those skilled in the art will readily appreciate that nany nodifications
are possible in the exenplary enbodi nents without materially departing from
t he novel teachings and advantages of this invention. Accordingly, al
such-nodifications are intended to be included wthin the scope of this
invention as defined in the clains. 11 2 1, MAY 2005 The invention is
defined by the following clains, wth equivalents of the clains to be

i ncluded therein. 12

12




That which is claimed is: 1 . A device for singulating articles fraom ah@gl 5_’,‘”
“supply of such articles, conprising: a housing of holding articl est t('o" 005
singul ated; 5 an exit channel fluidly connected to the housing and
configured in cross- section to permt the passage of a single article at a

time, the exit C@g@%hiihnfslc'l'di na .8 forwardly-directed jet aperture and a
rearwardty direc J ‘being | ocated upstream of the forwardly
directed aperturd. fiAdévigoi bingelaBheasitle fFfory'h 68K dupplyof s&@REQELd to the
forwardly-directed jet; 10 a second positive pressure Source fluidly
connect ed t §°HRESWEarwardl y-directed jet; and controller operatively
connected with t ks . Sitiv essure sources that

sel ectively cont E%OEk@géfgggﬂica ggsn'%o sﬁb@ﬁ??‘i]e pressure to the forwardly-
directed5j et apemhuxitshimePfluilibiecoiavited e hogsing Anddodiurkd id Bokder
conprising a sensor operatively _associated wth the controller that

det ects art iSEFHO8 1p Renif theinarssge Al & aglearticle ptatimie, the exitpkannehindudingiai ned i n

Claim.l1, fan C .Sl Ly-.20. directed.je rture
Cocat ed dowtor edi aREeR iAol sl e L ARIE o el el TipitToclBE

f or war dl y- diupstedaetotithe forsaedlp diraged hperflre, connected with a third positive
pressure source d with the controller. 4. The device defined in Caim3,

wherein the fir st SRGHYCIRFwmRispece Ayidhy spnnegied fo eformerdyulinseisd jte
coi nci dgpt. 5. Theeda\ lﬁﬁitﬁ/@&ﬁélgﬂc 'sQur: ﬁhﬂlégo@%@%ﬁg@@tquarw&ﬁ -d@gcgecf econd

positive pressure sources are coincident. evice rned’in
d aim 1, whegetgami t he housing includes a jet aperture directed toward the

~‘eXit channel, the ] ing fuidl ct ed fourth positi
" pressure Sout ce, aRBIplRTOR Y Ep e oedh s gk mdsetur g P PEETYe
connect ed t gokiags ANl 8ly codioid itk dYBIcARIDT bositiVEpASHE S HE ARy O &l m

1, wherein the housing includes a
directed jet apertures
15
2. The device defined in Claim 1, further comprising a sensor operatively

associated with the controller that detects articles passing through the exit channel.

3. The device defined in Claim 1, further comprising a second forwardly-
20  directed jet aperture located downstream of the rearwardly-directed aperture, the
forwardly-directed aperture being fluidly connected with a third positive pressure

source and with the controlfer.

4, The device defined in Claim 3, wherein the first, second and third

25  positive pressure sources are coincident.

5. The device defined in Claim 1, wherein the first and second positive

pressure sources are coincident.

30 6. The device defined in Claim 1, wherein the housing includes a jet
aperture directed toward the exit channel, the jet being fluidly connected to a fourth

positive pressure source, the fourth positive pressure source being operatively

connected to the controller.

13




fl oor and an opposing ceiling, and wherein the floor includes a first

forami nous nmenber and the ceiling includes a second foram nous nEdb&iY 3005
8. The device defined in Claiml1, further conprising an article-orienting
menber positioned upstream of the exit channel. 9. The device defined in

Caim1l1, wherein-said firstmpositiV ressure .source and said

f orwar dl y-di r ect e’(fél j et aperTﬂu%r%v{é:Péi%@ﬁ# II‘HHHF’P&@? H%SP@tm‘blf‘desﬁ)

bet ween aboufloot anden bRbs cellitigParidwhersint the HBpRLluddD fitkhRralgioge defi ned
in Cdaiml, wherein said _second positive pressure source and said

rear war d| y- dnsraberagd ths celling ingludessy secershforguineds memder.ect a jet of between
about | and 500 psi into the exit channel. 15 11. The device defined in
Claim 6, wherein the housing jet aperture and the fourth positive pressure
source abe confi dured Thmdﬁvice@bﬁﬁiechinj(ﬁbinefl,ﬂﬂh&%&p@i@ﬁiétanlaﬁiﬁg.@ﬁmgosi
toward the exit, channel. 20 12. The device defined in aim1, further
conpri si ng ANPPRFHOFInest upstigam o fhe exit chanebnt i cal articles to be
singulated, the articles being stored in the housing. 13. An
article-orienting singulating device, conprising; 25 a housing; and exit
channel attached %0 arilTHel devitk ylefinsthiaa1gieh Mivilerdih saild Giust ipb&itivéPressure
article-orientin n&iﬁ’iti that .includes a pair of panels, each of which

i ncl udes aﬁoﬂlﬁsglﬂ@a Eoravazdly-directsdins apeiie armoconfisutied to disebt wiettott hei r
downstr gam epése ' iop of the exit channel; and 30
wherein the pai ren??bggﬁgdsﬁgn%pﬁ%ﬁ%%?%%%gel upstream portion define an
entry space that permts an oblong article to enter only in a |ongitudinal

erientation in i ch t.he | ongest dinension thereqf is generally parallel
¥ a downstream fi'ow p erﬁewcaﬁaﬁ‘i‘?@d%ﬁ%%eﬁsn%@ﬁ%@ﬁgﬂ)ﬁ%ﬁwnesw panel s

and the exi tsoffRaaNE bail PédrivRAN-FREkd Ot Qﬂe‘?ﬁé&’é&%@nﬁ%ﬂ&&‘t&&%@t é‘{;ét gp! ong

article that enters the entry space’in a transverse orientation’in which
its | ongest bgbwesasbent § andasaintythoexpehdirell ar to t he downstream fl ow

pat h 15

11. The device defined in Claim 6, wherein the housing jet aperture and

the fourth positive pressure source are configured to directed a jet of between about 1
and 500 psi toward the exit channel.

20 12. The device defined in Claim 1, further comprising a plurality of
substantially identical articles to be singulated, the articles being stored in the

housing.

13.  An article-orienting singulating device, comprising;
25 a housing;
and exit channel attached to an fluidly connected with the housing;
an article-orienting unit that includes a pair of panels, each of which includes
an upstream end and a downstream end, positioned with their downstream ends |
adjacent an upstream portion of the exit channel; and |
30 wherein the pair of panels and the exit channel upstream portion define an
entry space that permits an oblong article to enter only in a longitudinal orientation in

which the longest dimension thereof is generally parallel to a downstream flow path;

and
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and that strikes the exit channel upstreamportion is caused to re-orienf_ ..
itself to a 5 longitudinal orientation and pass into the exit chahhelAY 14005
The article-orienting singulating device defined in Claim13, wherein the
panels are generally parallel with each other. 10 15. The article-orienting

Si ngul at i ng_devi asedeihiuneghii o fehls B the SHHRRNcI up IR S febhicedl Panel

ext endi ng between the 1[;;Falnel s _upstream of the exit” channel.
articl e-ori SHel thgn an pblengertisle tetenters duf énteydpace iGladramsvdse avtemtation in t he

panels are i t.0 each,. ot her such that. pivotal _novenent of
the 15 paneﬁgﬁi%ﬁgtc%llggﬁ?%ﬁéﬁgma%g%eé IW%’QJ‘E% fQ gﬁfqogﬁﬁg?%ﬂoﬁ’fpagﬁe entry
space. 17. 'Hnd tlatbirikeetherex@tithint@! Gpsh@maortich et torloieditbdr ol M 13,
further _conprising a plurality of substantially identical articles to be
si ngul at &d, ?%Wem%au%nd@aﬁ@m&eﬁmt@h@nhgusi ng. 20 18. The
article-orienting singulating device defined in Claim1l7, wherein the
articles are generally oblong and have a | ongitudi nal dinension, a first

traverse dinensildn artheartideofiontingadentaing dE91ts ideAndd@ICIkS | BSshekdign the
| ongi t udi nal _ di rrepsi on angb/gr eater than the first transverse di nension, and

wher ei n t he 1hPaflsase generally pagaligd miitheeaclpgther.f i r st di st ance and a second
di stance larger than an perpendicular to the first distance, and wherein
the first distance is greater than the first traverse dinension and |ess

than thdOsmal | er 16f t éhesetdedritnthpssignsaing deRitsidefinalid Qiuen 14, Mshd-he first
transverse dinension,,K a e second distance is.greater than the second

dt 3
transverse SQMRENLE 3rhisdhgan §§te¥1%§81 betpeen the naaels gpstrasm ofthe exit chanael.

dinmension and two tines the 30 second transverse dinension, such that

aFticles may pass into the exit channel through the article-orienting unit

one at a time in l& | ordietantikilevatientirigenigatiting denicaldicfiied ine1hint 53, wHekgnSver se

di nensi on | eneral ly. paral lel. wiith the first distance, and the second

transver se %%%&[sgﬁe igglgffilﬁgpﬁ?qegt‘bﬁq qthaqr sych that potebmgrementsf thece. 15 2 4

MAY 2001519 paildle redithietb @ne bidthér vAfe$ihR QuhBkiir ' ljped in Gaiml7,
P e St

wherein the articles are generally oblong a ave a udi nal
di nension, a first transverse dinmension and a second transverse di nensi on

~that is |ess than~the I .nal_di.nmensi on, an r eat th the first
transverse di rreng i7bn, lealll%g’% vé%ée{(rgglgﬁu’igﬁ ngélﬂft‘sc?lﬁ deyice g"‘ﬁ@@@ﬁlﬂ‘gb 3?“&"31'
comprising a plurality of substantially identical articles to be singulated, the articles

being stored in the housing.
20

18.  The article-orienting singulating device defined in Claim 17, wherein
the articles are generally oblong and have a longitudinal dimension, a first traverse
-. ) dimension and a second traverse dimension that is less than the longitudinal

dimension and greater than the first transverse dimension, and wherein the enfry space

25 is defined by a first distance and a second distance larger than an perpendicular to the
first distance, and wherein the first distance is greater than the first traverse dimension
and less than the smaller of the second transverse dimension and two times the first
transverse dimension, and the second distance is greater than the second transverse |
dimension and less than the smaller of the longitudinal dimension and two times the

30  second transverse dimension, such that articles may pass into the exit channel through
the article-orienting unit one at a time in a longitudinal orientation in which the first
transverse dimension is generally parallel with the first distance, and the second

transverse dimension is generally parallel with the second distance.
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5 first distance and a second distance |arger than and perpendicular to the
first distance, and wherein the first distance is greater than tize;? %‘@ﬁp%ﬂﬁ
transverse dimension and less than the smaller of the longitudinal™ """ ~
di rension and two times the first transverse dinension, and the second

di stance is gre t han the .second transverse di nensi nd. | ess than the

S Tor of e tbfnet P Rik-hiiRs SERG b I TR DR WAL anonr oo

di nensi on, s stiddds drdigednerhly ablbhgCdndhavey lopgisslinahdioiggdion, Adirakknswb®e or i enti ng

device into,.the.exit channel one at a.ti A | tiple. |longitudi.nal

ol ent at | ofimaBioTE » SN Fanstr TR TR it s T e R RO 1 o ai m

17, wher ei mntl afeagXitian tHelfRsth@hsveSe dinteasionndd @ﬁﬂéingwmgmb_iid%ﬁhidgdyaxll oge
at a_tine. .

article can_pass through any, cross- section thereo [

met hod of _sfirﬁtgﬁﬁt%ﬁc? A 7 1 %%ta@a?fggeamwml wrpwﬁvfa&zﬂth%ﬁfbdléﬁﬁwes and
confi gur at i Hereih tHeMrst ditnke Rfgreates thah HRNBcon Ha@Ners® diteRABP Ariidess SIAKY Si NQ
the steps of: praoviding a singulating device conprising a housi nr%dand an

exi t channemajlerptdhslongydinaldimensionend two timpsshe lirst trangygsseedimensiannandghes 1 ow

path; appl ydefihd@iskMERa¥er tHah el s36bnkd andvBis® dinfdBsiS hid IERAMAGhe ffhIRASSI Ng &
series of articles in single file into the exit channel; accelerating

articles i rpltedoggiiudinghdivprsiongnd five Himes e fiest tirnpverse dimersier, such thatount i ng t he
nunber @f antdid RS ﬁa@%}&]rogxgl? fhe n&ﬁ@ﬂﬁuﬁm&%@ im0 iilext Rhdrd® ¥ af 2 GRERNE! ;

conparing the nunber ticles t have passed the predeterm ned point

wi th a predetléplgilongiudingtiodentationg 25 applying a rearwardl y-directed jet into
the exit channel after a predeterm ned nunber of articles have passed the

Back i nto the hanslhsRibaMRRY SRR RdodRke Mk nital 7 YR} i "
conpri si ng dhhene$ tsespedindagpfiguredjsuah flat onlnbbdvrticle be fasuhirough brgaesd- t he exi t
chanber to &ggl%a%%awﬁ travel of articles toward the 30 exit chanber. 16
2 G MAY 20 Fhe hBtlGd defined in daim21, further conprising the
step of deactivating the forwardly-directed jet when the predeterm ned
nunber I arti cl2é¢sAinsthodad kiagulatig. iteih @f sabbiasithilg edentied sizdad @nfipdtionf ur t her
conpri si ng passing air. through the housin?_to suspend t he

h t f
articles st%?“ga%flﬁg’[f g‘fcﬁ 5ms Sﬁogetddn £ AU CqrpRyisg Ay steps o

providing a singulating device comprising a housing and an exit channel fluidly
connected thereto, the exit channel defining a flow path;
applying a forwardly-directed jet into the exit channel ;
20 passing a series of articles in single file into the exit channel;
accelerating articles in the exit channel with the forwardly-directed jet ;
counting the number of articles that pass a predetermined point in the exit channel;
comparing the number of articles that have passed the predetermined point with a
predetermined number; and |
25 applying a rearwardly-directed jet into the exit channel after a predetermined
number of articles have passed the predetermined point to draw any additional articles in

the exit channel back into the housing.

22. The method defined in Claim 21, further comprising the step of applying a jet
within the housing toward the exit chamber to encourage the travel of articles toward the

30  exit chamber.
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25. The nethod defined in Gaim21, further conprising the steps of pulsing
at least one of the forwardly-directed jet and the rearwardl y-di Fectigd et
to clear a jamin the exit channel. 26. A device for singulating articles
froma bulk supply of such articles, 10 conprising: a housing for hol ding

articles to be gingul ated; an exit .chanpel fl uidl. onnected to.the housing
and confi gured ?%‘%&e llogéjgﬁp%jent almg@rﬁ’fti’ertcﬁglpﬂﬂg%g'aétegf)%(zeagtiwﬁa?% article
at a tine; thy rwapgrdiracted powhén the pdéterniiieg duabsi ofgrihd idieached.ed t oward t he
exit channel; 15 a positive pressure source fluidly connected to the jet

aperture; and a troll er er.atj vel onnected .to the ppsitive pressure
source that sel @g‘?ﬂ\?élﬁh"%(ﬂ?ﬁg?d{ipé?ﬂ laﬁ'ﬁﬂ?ré’émpﬂﬂn%@eB@EP??*\?@I‘%?IESSure to
the et apahfolgitthe Mr@it@sasfa@dhwaﬂags itbred R @idr kO@E padKlg 8lep.0pposi ng

ceiling, and erein the floor includes a first foram nous nenber and the

ceiling includes_a second faram nous _ 20 nenber, and further conprising an

air flow sour ce?? e RRthaRICHNF in StlgmH e fbEr<Omgriting Big glips Mlepuisingst
for ami nous aRRtRTorARdoAALAIPLILAR JBOLRIRCL NG 1886808 o hATAIREnOUS

menber. 27. The device defined in Claim26, further Conprising a plurality
of 25 substeH€champly j dentical articles to be singulated, wherein
application of the air flow source causes the articles to be suspended

wi thin the housing. 28. The article-orienting singulating device defined in
C ai m 27, wher ei2h. Ahlevicafarisinpestingrastigjesfeanak bylk ghptpdingf saehdarfieloe a

| ongi t ugy nal, di;Bpasion, a first transverse 30 dinension and a second
transverse diwensron that is less than the | ongi t udi nal di nension and
great er than the hpuging fot heldigg ertiskes i bessingubated; and wherein an entry space of

the exit chann I - fi b fir i st.anc n g nd_di. nce
arger ¢ han and i b ARG oRerdd R i WBEANGS PRfl=fPEERRT A" 0,
wher ei n t hepetrit ghe pdsssgeasfaesinige atidattertimdian the first transverse di nension

and less than the smaller of the second transverse dipension and two tines
fhe | first trandyepBauuf hfonshh BTEPRe EBRNEY Ipb MR IR: SRaPE, or . han
t he secnd tranayesite: prelisonsuronflaeidly domsestet] wthe jerapestiipd; bed of t he

| ongi t udi nal di mensiﬁca I.and i tinmes cond transveLse di mel?]si on,

the 5 se
sUch that art i cPEETiRLlT RREtvElNgmIeRE i dhe Pesiiye RESYTR Foybesngl feicctive

controls the application of positive pressure to the jet aperture;
wherein the housing includes a floor and an opposing ceiling, and wherein the
floor includes a first foraminous member and the ceiling includes a second forarninous
20  member, and further comprising an air flow source that draws air into the housing
through the first foraminous member and out of the housing through the second

foraminous member.

27. The device defined in Claim 26, further comprising a plurality of
25  substantially identical articles to be singulated, wherein application of the air flow source

causes the articles to be suspended within the housing.

28.  The article-orienting singulating device defined in Claim 27, wherein the
articles are generally oblong and have a longitudinal dimension, a first transverse
30  dimension and a second transverse dimension that is less than the longitudinal dimension
and greater than the first transverse dimension, and wherein an entry space of the exit

channel is defined by a first distance and a second distance farger than and perpendicular
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article-orienting unit one at a tine in a longitudinal orientation in which
the first transverse dimension is generally parallel with the fi2st MAY 2605
di stance, and the second transverse dinmension is generally parallel wth

t he second di stance. 10 29. The article-orienting si ngul ating device

defined in es.are r obl on and have a
gt i ndt R (ReAlsanhE S bRerkidShe BN SHER UFnETRRUR bk a0l -
t ransver se ditherghmiand ldsivhtn the sinela of Heredohé trhnersd didhiensidn ahdnwo amemhe and

reater th the fir t tran r.se on, and wherein an entr ace of
Shet et AR Berst AR e sef Sl el AR G RO AT ahe

| ar ger t hanliaagdionend &Rcihenthasmibertod thehénghtudifdl dih&isRAGad vty ei n t he
first distance  is greater than thﬁaatsecond transverse _dinen |on and | ess

than the srgf98frapyverss dinjegsign. Spe Rafartirleneryirgss Bdhe s chrpekthiongh ey st

transver se AlidiRoSdnding uAnehel N8 tiFRGHA thn itﬁlmeﬁedta&:ogﬁ@ﬁhi@ﬁ tHelfagt t he second
transverse dinensjion and |ess than the snaller of the | ongitudinal

di mensi on dRASHERS dimension isgenerallsparaliel with thertys déﬁt%wnéﬁw S&9Bf that articles

may pass thfaﬁ%ﬁetdhﬁer@irohhﬂeﬁe@ﬂy &ﬁ&lle‘f‘%tﬂﬂié‘s@&mh'&?s%n@@ the exit channel one
at atime in nmultiple longitudinal orientations. 30. A device for

singulating articles froma bulk suppl y of such articles, conprising: a

housi n f hol dihgg avad: t fluidly
connectgledé to thgghofﬂllE h‘q‘l"gﬁ“w‘%%rgﬂ In crdgglged?gg?‘fﬂgryic\gﬁé?gglrmr%t t he

passage of asicl¢srage %enaliailY eblenganddayg ﬁtr’@ﬂgltllﬁelaéwnten%WBﬁrﬁéﬂ tiapgyPrseli ng a
forwardly- cﬁil'nér%ﬁ)tnea%la%coﬂ@?rﬁﬁs%r gvsﬁ‘m{ tﬁﬁrnmﬁﬂhél n ik 'I%gfufrﬁr}él ﬁfm 98{“ ure, a

first positive pressure source connect to t directed
jet; a secomdgpekr thay éﬂerﬁrﬂs@umrss dlmrfmaoni land sdhyremamrestry geict of thdnexlt

rearwardl y- c‘ﬂhﬁn%ﬂs%gﬁﬁe%tby a%g'stadns(?an%eg a de onaecfls[tzhnlgg ﬁa?%elr Yh%l Ynd rwe%ﬁ ?ﬁiﬂ‘ wth the

first and second essure  sources |ve yrcontrols the
appl i cald ortodfe ﬁrstsilsﬂ.ame a|nd a&enameha Brst dhetarﬁcmnsr\geatbmhardhe ecbmbirgnstersper t ur es.

18 2 4 MAY 2005. 31. ce, def.i.ned i.n t her sing a
sensor oper PPy 1 et Besre it R d s ShPii cpaat M PRl R ol s
passi ng thrtmngms‘ehlenmsioh andalinetondAstantd 8 gﬂ&wrmndlﬁefswmﬂ tiafsvelsai m 30,
further risin econd forwardl 5.dir erture | ocat ed
donnst 1 cam BPCTHE L0 dpaTy T e & R dmgsion nd Bro besine AP
transverse dimension, such that articles may pass through the article-orienting device into

20  the exit channel one at a time in multiple longitudinal orientations.

30. A device for singulating articles from a bulk supply of such articles,
comprising:
a housing of holding articles to be singulated;

25 an exit channel fluidly connected to the housing and configured in cross-section to
permit the passage of a single article at a time, the exit channel including a forwardly-
directed jet aperture and a rearwardly directed jet aperture;

a first positive pressure source fluidly connected to the forwardly-directed jet;
a second positive pressure source fluidly connected to the rearwardly-directed jet;

30 and

a controller operatively connected with the first and second positive pressure
sources that selectively controls the application of positive pressure to the forwardly-

directed jet apertures.
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forwardly-directed aperture being fluidly connected with a third positive
pressure source and with the controller. 33. The device defined iZni GHaf radis
32, wherein the first, second and third 10 positive pressure sources are
coincident. 34. The device defined in C aim30, wherein the first and

second positive,,pressyre sources ar.e col.ncident.. 15 35. The deyice defined
T Gl 30, whdte 1% G RRRER, IR AR LMEN GPbrisnge Siser HERBIG t over o
the exit chasmked withethg edntioHerthat ibtacts hiyicleo paseiag anlovgh tle dx@tthdnnel. posi ti ve
pressure source, the fourth positive pressure source being operatively
connected to the controller. 20 36. The device defined in C aim 30,

wher ei n t he houspngThoddvieddsfiredfih Q¥im 30durtad? coORPRShdWsecid forvgudiand wherei n
t he flcxy i cluges a first fq{aninous menber and the ceiling includes a

second for dHiCRGHE! ARTIES 1ocated dopmstream afdhe rgapapibydirestcdiagerira ¢ £ ur t her

conpri si ng fafwvaRdIlidat&ecdipefiveibblig _ﬂﬁ@g@ﬁh&ﬁedﬁﬁﬂi 4 ih2 0 96sitRrése@8s@cd he exit
channel . 38. The device defined in aim 30, wherein said first positive

pressure s ddth thaepndalld. f orwar dl y-directed jet aperture are configured to
direct a jet of between about | and 500 psi into the exit channel. 30 39.
The device defined in Caim30, wherein said second positive pressure
source and sai d3#earlfadavice definedinddpist 3% péereinrtee Bise sewond fglihiedl to direct a

jet of Retweehive plae shuRBre08nfgdnti Nto the exit channel. 19 2 4 MAY 2005
40. The device defined in Caim35, wherein the housing jet aperture and

the fourth positive pressure source are configured to directed a jet of

between about | a0 14308, i08derh QY AIClah), SkLkinthARREI Boofd ot dovice
defined in Caim30, further conprising’a plurality of substantially

i denti cal apressefe@sureas apecosicndgal. at ed, the articles being stored in the
housi ng. 42. An article-orienting singulating device, conprising; a
housi ng having a foram nous floor; 10 an exit channel attached to and
fl ui dl ylxonnect &d. withh dtWiee dedined indlaim 30, wherein the housing includes a jet

aperture directed toward the exit channel, the jet being fluidly connected to a fourth
positive pressure source, the fourth positive pressure source being operatively connected

to the controller.

20 36. The device defined in Claim 30, wherein the housing includes a floor and
an opposing ceiling, and wherein the floor includes a first foraminous member and the

ceiling includes a second foraminous member.

37. The device defined in Claim 30, further comprising an article-orienting

25  member positioned upstream of the exit channel.

38. The device defined in Claim 30, wherein said first positive pressure source
and said forwardly-directed jet aperture are configured to direct a jet of between about 1
and 500 psi into the exit channel. '
30
39. The device defined in Claim 30, wherein said second positive pressure
source and said rearwardly-directedjet aperture are configured to direct a jet of between

about 1 and 500 psi into the exit channel.
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an article-orienting unit positioned adjacent an upstream portion of the
exit channel; wherein the article-orienting unit and the exit chaAnBIRY 2405
upstrean1portion define an entry space that permts an article to enter
only in a Iongitudinal orientation in which the 15 |ongest di nension

t hereof is gener raII stream fl ow pat h; and re|n t he
article-ori gnt i 1t g h? gﬁvﬁ%f’ ﬁgedce)gﬂ'{l alif é‘f’m'ﬂﬁl&e{ houg &6??%?? 4f P paced
such than afourdt ﬁdsﬁive pid@ire ﬁiﬁfoe fafe doRfigiBed WirsRad et Of nldea ABMET SR
orientation_jn which its st dinension is generally perpendicular to
the downst rQmirPHd e Fits H‘ ﬁat strikes the article-orienting units
caused to re-orient itself to a longitudinal orientation and pass 20 into
the exit_channel. 43, The artic|e-orienting singulating device defined in

Claima?® furthdf- JdBeerYies defined inClaim 30 F“‘é’ﬁlﬁ%‘ﬁ‘&&ﬂip iy pldent i cal

articles t Osupﬁarﬁiaﬂ‘ﬂiélleﬁtk%ljartzélgﬁto%étsingﬁl@@d hed ﬁgclessﬁéﬂ{ges@orbd’mttﬁhehdﬁﬁlﬂlg' ng. 25
44. The article-orienting singulating device defined in O alm43, wherein

the articles are generally oblong and have a |ongitudinal dinension, a

first traverse 4di mgsi@d _@Hgltﬁ ] e apadiENSi on that is | ess than
t he | ongi tudi nal di nmensi o% glg tehan Ctﬁg fu:'?;st transverse

di mensi on, and WH@n%mmhnhgaéhﬁnwxypﬂg@;|s defined by 30 a first distance
and a sgpond di gf 0 Ehal hﬁél%ﬁchw%%ﬁ@luﬂﬁf ﬁétéb%ﬂth%ﬁoﬁsﬁ% first distance,
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t he second transverse dinension and | ess than the snaller of the
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ongest dimension is generally perpen lcu ar to the downstream flow path and that strikes

the article-orienting units caused to re-orient itself to a longitudinal orientation and pass

20  into the exit channel.

43, The article-orienting singulating device defined in Claim 42, further
comprising a plurality of substantially identical articles to be singulated, the articles being
stored in the housing.

25

44. The article-orienting singulating device defined in Claim 43, wherein the
arficles are generally oblong and have a fongitudinal dimension, a first traverse
dimension and a second traverse dimension that is less than the longitudinal dimension
and greater than the first transverse dimension, and wherein the entry space is defined by

30  afirst distance and a second distance larger than an perpendicular to the first distance,
and wherein the first distance is greater than the first traverse dimension and less than the
smaller of the second transverse dimension and two times the first transverse dimension,
and the second distance is greater than the second transverse dimension and less than the

smaller of the longitudinal dimension and two times the second transverse dimension,

20




di rension and a second transverse dinension that is |less than the

| ongi tudi nal dinension and greater than the first transverse di gepstxj;,g'n,p%
and wherein the entry space is defined by 10 a first distance and a s’eco'“ndS
di stance | arger than and perpendicular to the first distance, and wherein
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articl es nayit@s secbiid @isghcet he article-orienting device into the exit

channel one at a tinme in nultiple longitudinal orientations. 46. The
article-orienti ng singul ating device defined in Caim43, wherein the exit

channel is sizedsandhg affclediHeBEngSuelating tevidd! défifdiein @dimClewkaéin B&ss t hr ough
any cross- 20 section thereof at a time. 47. The article-orienting

si ngul at i ngTérd%A el ablongand haves loagitydinal digrension #dirstdiAyese pr essur e
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configured to draw air through the foram nous floor into the housing,

t hereby 25mngdgreater thag therfastiransverse dineanpipn, and avhetsay the entryspace is defined by
10 a first distance and a second distance larger than and perpendicular to the first distance,

and wherein the first distance is greater than the second transverse dimension and less
than the smaller of the longitudinal dimension and two times the first transverse
dimension, and the second distance is greater than the second transverse dimension and
less than the smaller of the longitudinal dimension and two times the first transverse

15  dimension, such that articles may pass through the article-orienting device into the exit

channel one at a time in multiple longitudinal orientations.

46.  The article-orienting singulating device defined in Claim 43, wherein the
exit channel is sized and configures such that only one article can pass through any cross-

20  section thereof at a time.

47. The article-orienting singulating device defined in Claim 43, further
comprising a pressure source fluidly connected with the housing, the pressure source
being configured to draw air through the foraminous floor into the housing, thereby

25  agitating the articles contained therein.
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