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up of a plurality of tandem transport conveyors downstream of the accumulation

assembly. A control is provided for the accumulation assembly and the transport
lines. The control discharges individual slugs from the accumulation assembly and
transports the slugs from the accumulation assembly with the transport conveyors.
The control monitors slugs at the transport conveyors and accumulates slugs with
the transport conveyors.

An accumulation conveyor apparatus and method of accumulating articles,
according to another aspect of the invention, includes providing a conveying surface

divided into a plurality of conveying sections. The conveying sections define
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types of drives may also find benefit from these aspects of the invention.

These and other objects, advantages and features of this invention will
become apparent upon review of the following specification in conjunction with the
drawings.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a top plan view of an accumulation conveyor system, according to

an embodiment of the invention;
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or the like. Accumulation assembly 18 may be made up of a slug forming section 19
and a slug combining section 21. The slug forming section accumulates articles into
slug portions. The slug combining section accumulates slug portions into larger
slugs. The slugs are discharged from the slug combining section and transported by
transport conveyors 13 of the transport line to a terminal end 15 of the line. At the
terminal end of the line, the slugs may be accumulated or may be discharged. If the
transport line is feeding a merge, then slugs may be accumulated while the transport
line of other accumulation conveyor systems is discharging slugs.

A method 50 of accumulating articles begins at 52 by accumulating articles
with slug forming section 19. As will be set forth in more detail below, the articles
in the illustrative embodiment are accumulated with gaps between the articles.
Articles are discharged at 54 from slug forming section 19 to slug combining section
21. In the illustrative embodiment, gaps are reduced from between the articles

beginning from upstream gaps and progressing toward downstream gaps, as will be
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articles into slug portions. The slug conbining
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of line pressure which can cause side- by-31de artlcles as well as knocking of articles

together, but also is capable of maintaining any gaps established between the articles
throughout the accumulation process. Moreover, it is contemplated that transport
conveyors 13 may be operated at a particular speed in order to accumulate slugs and
operated at a second, higher speed in order to discharge the slugs of articles from
terminal end 15, such as to merge 14, or the like.

Slug forming section 19, in the illustrative embodiment, is made up of a
series of tandem zone conveyors 24, which, in the illustrative embodiment, are belt

conveyors 22. The zones are numbered 1-8 for illustration purposes. The belt
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slug combining section. The length of conveying surface 29 is intended to equal a
nominal length of the slug being developed. In the illustrative embodiment, a 6-
meter nominal length of the slug is utilized, although other lengths may be selected.
The length of each transport conveyor 13 is generally equal to the nominal
length of each slug, which is the same length as conveying surface 29 of slug
combining section 21. Thus, each slug may move from the conveying surface 29 to

a transport conveyor and accumulated on a single transport conveyor 13. However,
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upstream portion of zone 2. The articles continue to accumulate in this fashion, as
seen in Figs. 6¢c-6e, with an article in each zone. A particularly long article that is
longer than each zone conveyor may be accumulated in two or more zones within
the principle of the present invention.

When all of the zones are full, as illustrated in Fig. 6e, the slug-forming
portion of the accumulation assembly enters a discharge mode 36 (Figs. 7a-7i). In
the discharge mode 36, the zone conveyor 24 of zone 6 is operated until the leading

edge of article A6 is detected by the photo-eye for zone 5. Either through a skewed

the photo eye is ai N"edT/E52085029783
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asse ters a ISC |gs
is formed During the release of the accumulated slug portion, the zones occupied

by the current slug portion will activate sequentially or simultaneously, releasing the
slug portion downstream to the slug combining section and allowing the next round
of articles to occupy the zones. Once the accumulated slug portion has been
completely released and all zones have been rebuilt, the discharge cycle may be
repeated. As a slug portion is released to slug combining section 19, it is combined

with prior slug portions already on conveying surface 29. This is accomplished by



t he di scharge node 36, the zone conveyor 24 of zone 6

is operated until the |leading edge of article A6 is
waledsor@ad’ by t he photo-eye for zone 5. Either par/osm3/eey7s3

skewed 6 WO 2004/ 026737 PCT/ US2003/ 029783 orientation

of ,t he phot o-e ikl r in Fi .
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detected by the photo-eye for zone , as illustrated
in Fig. 7d. At that tine, the zone conveyor for zone 3
is actuated on, 10 resulting in the |eading edge of
article A4 being detected by the photo-eye for zone
2, as illustrated in Fig. 7e. At that tinme, the zone
conveyor for zone 2 is actuated. Wen the |eading
edge, of article A5 is detected by the photo-eye for
zone 1, the zone conveyor for zone 1 is actuated.
Once a zone conveyor is actuated in the discharge
node, it nmay renai n operational thereby noving the
slug along the 15 conveying surface w thout
i ntroduci ng further gaps between the articles. The
accunul ated portion is discharged fromthe conveying
surface 20, as illustrated in Figs. 7g-7i. |If
desired, the slug form ng portion 19 of accumnul ation
conveyor 18 may enter the accumnul ati on node
concurrently with formng a slug portion during the
20 di scharge node 36. This is illustrated in Figs.
7e-7i. In particular, as a slug portion is formed and
noved forward, new articles may be accumnul ated on the
enptied zones behind the slug portion. Wen al
articles have accunulated into a full slug, the head
of the article at zone 1 will block an article
present photo-eye 42. This will signal the control of
the 25 systemthat the slug portion is ready to be
rel eased. Rel ease nay occur imedi ately or may be
del ayed, if necessary, in order to sequence the output
of the slug portion



to slug conbining section 19. The delay may occur
before or after the slug portion is forned. During
wo bw4nsd7ense of the accumul ated slug portion, PCEUSINEE29783

occupied by the current slug portion will activate
S@Iﬂ%’tﬁg‘&h@ied){s or sinultaneously, releasing the 30 slug
portion wnstream to the slug conbining section and
aI I ovvi ng the next round of artl cles to occupy the
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or di scharge or accurul ation w ot her sl ugs.
m@n@@gg Blngs ahoelfl freesapit oRyeyoss adeceyadatingshagk yith said
ShdrP&slv&sRodi ments can be carried out w thout
depallgrtl ngvf romthe principles of the invention which
is intended to be limted only by the scope of the
pen I t ]
Pt i B e B MRrorpt by bR o iy § Vpleial frankit
Eqmvcbatsehavslenghmbit@mwﬁl@@@mBm sP@ToB8ROBBEB29783 \What
is clainmed is: 1. An accumrul ati on conveyor system
conprising: an accunul ati on assenbly adapted to
atcu mjlrmtabmgmat;oh umazlej/(tr)sysmém af ¢laio bwhérai’n ®aid accsirudptiodf

artl rt| Ies aV| ngm nal
RN R R R R
tz&ﬁaesm transport conveyors dovvnst ream of said
accunul ati on assenbly; and a control for said
accumrmul ati on assenbly and said transport line, said

coNt 1 Ofhe addumaiaiod icodvel dtdistdmlubdlaisl LgBerkin Qi Santebl
accunul ati on assenbly and_transporting the slugs from

P EEET HIES FiSrR O P {ForRi SONNEERER TANSROTFORYEYOrS to
CRMEMPirgnspSRbshveyp rol - monitoring slugs at said

transport conveyors and accumnul ating slugs with said
5. The accumulation conveyor system of claim 4 wherein said transport
conveyors accumulate slugs at a first speed and discharge accumulated slugs at a

second speed that is higher than said first speed.

6. The accumulation conveyor system of claim 1 wherein said accumulation
assembly comprises a plurality of conveying sections defining tandem accumulation
zones and wherein said control operates said conveying sections to accumulate
articles in said zones and form a slug by reducing gaps between articles in sequence

from upstream gaps to downstream gaps.



transport conveyors. 2. The accunul ati on conveyor

systemof claim1l wherein said transport conveyors
wame/0ke@smt hs substantially equal to said nom Ped/US2003/029783

l'ength. 3. The accumul ation conveyor systemof claiml

wper eif, . Saly WREGH %ivégdgggsten%fs& | VG mih eec%&ulatm

articles wt out aps bet ween
tdseemléy comﬂrsss a sd,ug fotreing sestion am:lta schrg cmmbuewectsqps saddrslag

Ctlogmn sec orms Flugﬁq&ag&%@ ﬁlsch Eg%&rtlgr?s 3 lséﬁg Sgt ¢ he

transﬁort reamiransport conveyors to
umbnremgmetmcan smmslug comhiggy/ertsan c‘@mbﬁaeslagmnmnsanuocshlgs
conveyor system of claim4 wherein said transport
conveyors accunul ate slugs at a first speed and
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CBFiHIBE 2 BisEgedpoBerging glugh iom yrid fransaet fi fant § SaXETFANat e

aPrbéeal ESwiisReanpbbaiGh@ge.and form a sl ug by reducing
gaps between articles in sequence from upstream gaps

to downstream gaps. 9 WD 2004/ 026737 PCT/ US2003/ 029783

79, TheA@&%%&HHh@&ﬂ&Hvé&@Péﬁ){ﬁfus%ﬁipﬁﬁhgf claim1l wherein
sai d accunul ation assenbly conprises a slug forn ng

sect | GrroaYRYIng surfegs diadadi ipfioagpluselity phsonveyaiepestions, said
s% %ﬁggr SEEdnks ABkfitYy aﬁdeﬁl ébgurﬂlgﬁt‘idn%ﬁesand di schar ges

tions to sald sl ug conb |n|ng sectlon sai d
sl ug wwbtrvigsasbwtr@lrmmmmm@@clss Ursasoonyeying surfaes and
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C strea spectlve one of said at |east
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nspqrt |ines WNnSt 1. rocess downstre
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plurality of conveying sections, said

11.  The apparatus of claim 9 wherein said control forms the slug concurrently

with discharging articles from said conveying surface.

12.  The apparatus of claim 9 including a slug combining section downstream of

said conveying surface to combine slugs into larger slugs.

13.  The apparatus of claim 9 further including a transport line comprising a
plurality of tandem transport conveyors downstream of said accumulation assembly,
wherein said control discharges individual slugs from said accumulation assembly
and transports the slugs from said accumulation assembly with said transport
conveyors, said control monitoring slugs at said transport conveyors and

accumulates slugs with said transport conveyors.

10



conveyi ng sections defining tandem accunul ati on zones;
a control, said control nonitoring articles on said

w@eow®yi7ay surface and operating said conveyi PQI/US2003/029783
sections to accunulate articles in said zones, said
control operating said conveying sections wth
articles accunulated in said zones to forma slug by
r Bduc i”IHng agnaqumldmien wereRy arappacdtessof clam I Whercapgad accumulation
z}?aen{{ﬁl% rrlns A gg? %Ifdg%ag D Eg%t\v,vgén?a{raag Ziglt%e%tegc%%rom erpstream
tQ@muﬂmgmmmmnig@&an accunulatlon cycle. 11. The
apparatus of claim9 wherein said control forns the
slug concurrently wth discharging articles fromsaid
C DAV eyIhe el Aog corbvdyor bparatmechilitd® infludihgatneast two of
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transport li1ne conprising a plurality of tandem
transport conveyors downstream of said accumnul ation
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apparatus o el n sdid accunul ati
awbarthé yssomtcdsaracls kengortsynseedla limgpaytgysoflsa avsterat that
Oméﬁf SecQ%sequence from upstream gaps to downstream
e accunul ation conveyor apparatus of claim
9 |ncIud|ng at least two of said conveylng surfaces

j d t f th L udi
Fhigs TR BT o SaRT e RG LRI Sale RreRs TS EFuE
pseoti@s So dicskask naries by nﬁt’i?atldg ﬁp&frg&m of 160nv’5§7nﬁg sectlon when an
accunul at |. t 9 f
FOPRT Y eran S een ERPeE etiuttan dnRla e of

cedvepnd@cesact i ons, wherein said article sensors are
positioned at interfaces of said conveying sections,
wherein said control nonitoring articles on said

CORIVEYA RidthdH of a8maRfn®OREf1a Edteprisaigd conveyi ng
sections to accunulate articles in said zones b

t er ni rEPYifige apascampidionssanblnerdasripplatingta Rirality of articles

with said accumulation assembly into a slug of articles, the slug of articles having a
nominal length;

providing a transport line comprising a plurality of tandem transport
conveyors downstream of said accumulation assembly;

discharging individual slugs from said accumulation assembly and
transporting the slugs from said accumulation assembly with said transport
conveyors, including monitoring slugs at said transport conveyors and accumulating

slugs with said transport conveyors.
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when the associated article sensor senses a trailing
portion of an article at that conveying section. 17.
wab@4apgar at us of claim 16 wherein said controPCT/US2003/029783
operates said conveying sections to discharge
g1 ol ehefa bRIChIAILDR ARFEAARsAE 2 conveyi ng
section en an associ at ed’ I C sensor senses a
| eadi mgovgmng a mvc»finawrfam divided injpsa plerality of cortvaying sections,
Cs%{hvc%%\l/en sec 1ons deﬁmn% tarﬁefﬁedga% Bfonggr?elgnu lati ng
Ing an accuimul ati o
as s e nhipyramgbaabaoumylrgtseat@natoplcmmﬂate yrtioles mrstudczloe@,
ar t i G loggratn?qﬁs%ycf;%cj)a\géykg sscrqion Y% X)ﬁlg 'ﬁccumulla%ég 1n sau} Zones
| thergbnforrping dishlig ibg realuting papR detwekn mdes:mprl sing a
plurality of tandem transport conveyors downstream of
sai d accumul ati on assenbly; discharging individua
slugs from said accunul ati on assenbly and
transporting the slugs fromsaid accunul ati on assenbly
wWth said transport conveyors, including nonitoring
slugs at said transport conveyors and accumnul ati ng
slugs with said transport conveyors. 11 WD 2004/ 026737
PCT/ US2003/ 029783 19. A nethod of accumnul ati ng
articles, conprising: providing a conveying surface
divided into a plurality of conveying sections, said
conveyi ng sections defining tandem accunul ati on zones;
operating said conveying sections to accunul ate
articles in said zones; operating said conveying
sections with articles accunulated in said zones
thereby formng a slug by reduci ng gaps between
articles. 12
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