WD 2006/ 017602 PCT/ 11S2005/ 027624 PACKAG NG SYSTEM AND METHOD Thi s
invention clainms the benefit of the filing dates of the follow ng

provi si onal patent applications: U S. Provisional Application No.

60/ 669, 712, filed 5 April 7, 2005; U S. Provisional Aip | i cation No.

60/ 655, 6430068 ehr uary 22, 2005; U.S. Provisional 05086 No.
60/ 644,736 filed January 18, 2005; and U.S. Provisional Application No.
60/ 598, 689, filed August 4, 2004, all of which are hereby incorporated
herein by reference. 10 Fl RATKAGIREESYSUVENANINMETHOD nvention rel ates
generally to a packagi ng systemfor providing a quantity of dunnage

material for insertion into containers i i ch one.or re articles are
to be packed for &HFBYERiPN %“Bﬁ@l@eﬁﬁb%e}l@"%g?'\?ﬁf’%@?f‘g@mnigcati on, a
packer pul | s palidiglpatbhteppieton? S| Pelishalatdplicitiea Noo60/669,312, filgedd and
pl aces themin a_contai

, t . Bef hi. ppi i.cl pyotecti
P akagi no vl %2006 Wb or RiovE e ApeTcRiR ABSoy B8 is. it RenRy Bho' orti v e
in Ej he cg/nt aiZ@QB;-UEE_BrodISI@?QIQ%pMﬁ@ﬁil\ﬁ:l 60/644, %36fled m:at net&@ods;andof any
VOl dS an or usnj ons e artl c | mnimze
novement of tlﬁg S@V‘FPE‘IQ@"’P fagen b‘g' %@5%@92&13@%@@%%6 C)fgﬁ gﬁl@@{’ahn Cor

m ni m ze damgesHyondoRrated hedein bydaferanget r ansport. Some commonly used
dunnage materials are plastic foam peanuts, plastic bubble pack, air bags
and crunpl ed paper nmaterial. An operator of a dunnage di spenser observes
the contaioner as it is being 2FiELOOEJHE NVENTHAEge material and stops the

di spenser when the,. | S+ SR i is then
cl osed for shi pneﬁ?igﬂ-@%%ﬂgrélg%%%g%é&ﬁs}%e%gcgérds#ld ?yr?_cl u _e:B pl éﬁgﬁc peanut
di spensers, \guactiy af @moagematessiden insasipriintorroataingrs ingdlich&ieor majat em

f oam i n- pl ace, gl Bbd P ag hines and paper dunnage converters.
30 Otenti rre;%ﬂg"lt I sgg‘ﬁ@?a oper at o?ﬁgg/erfi l1s the container with the result

that nore dunnage nmaterial is placed in the container than was needed to
adequatel) protect the article andpatkigHdunibe void in the container. In
ot her instances, the 1 WO 2006/ 017602 P /%Jeﬁéoo /027624 .ol{m?rﬂt Pr t(Sauts t oo
little dunnage matétivpiraliapphoglion ghasieratlls afierRliBiacd AR adphqr arigles

be shipped and places them in a container. Befare shipping the articles, a
protective packaging material or other type of dunnage is placed around the article
in the container. The dunnage material fills at least a portion of any voids and/or

20  cushions the article during shipment to prevent or minimize movement of the
article relative to the container and/or prevent or minimize damage to the article
during transport. Some commonly used dunnage materials are plastic foam
peanuts, plastic bubble pack, air bags and crumpied paper material. _

An operator of a dunnage dispenser observes the container as it is being

25 filled with dunnage material and stops the dispenser when the container appears
fo be full. The container is then closed for shipment. Some exemplary dispensers
include: plastic peanut dispensers, which are often associated with an air delivery
system; foam-in-place dispensers, air bag machines and paper dunnage
converters.

30 Oftentimes a dispenser operator overfills the container with the result that
more dunnage material is placed in the container than was needed to adequately
protect the article and/or fill the void in the container. In other instances, the

1



has nore roomto nove in the container and/or can be damaged during
shi pnment. Over-filling and under-filling typically becone nore of a problem
as the speed of the dispensing operation increases. Today, void-fill
di spensers, in 5 particul ar paper dunnage converters, can deliver a strip
of dunnag@¥OBePI7s2 at rates in excess of fifty feet PHEUSHOHEAE4(about
one-quarter of a neter per second). SUMMARY A system and net hodol ogy for
automating a void-filling packaging to operation is provided. An enbodi nent
g_r ovides a pagka Bgts%(&lﬁ]tﬂ’ér?@r’ﬂﬁge 'eraedh riadﬁShei congdinr aktidryupoh tikarticige f
i spensing stations, each of which has at | eas n nser from
whi ch a dunn88:MRE ©PIAP MOYR '%@‘e&P@tﬁﬁ'ﬁ%@?ﬂm?ﬁa%S%aﬁﬁg%};%ﬁg%ﬂ@h@\ggk for
conveyi ng cont ai nevye-filliag and uhdermiay tipat bdonoedunta afje praiespani®eng st ati ons
for dunnage to be placed therein,. The dis LN Sitemt i 1. 15 be
arranged al ofgeey ‘i‘f%?et&W%Pgtoﬁgrap?%wgﬁg??&ﬁ@tﬁ %S’Eﬁs@c?‘t'f%tg ﬁsaeﬁégne or nore
cont ai nerg caartib@acpeey@thaye conetters, eardiatiperesstigofiuanagamatsez|@ntial 1y in
series and/or _in parallel. . The sy ' S4By .of dunnage
e BaREEd offiy et GRS B R ARl s diibicFodi bonk)

that can be '# ast spensing station. The
supply can include a dunnage conversion machi ne that can convert a stock
material into a relatively 20 |ess defipauegynage nmaterial and supply it to
one or nore dunnage dispensing stations. The supply of dunnage can

i ncl ude, for exanbbysteromed ofethmidplonfps autopetings vejdHliBe packpgdiiith st ri ps, foam

peanut's, @nd (BaRAL, RirdRfed, Hioridbaliit Blovies AbabibglrigdgsBmaRatiiciidesr f or
o] re ts of t

controlling e or el ement's the system These el enents can
i ncl ude, for apaatiy ef dusnagedisprising spations sarmel Wich has A 16RFEYE one or nore

articl es ar e yphacedid Bn e %rof whB & dGRRigBinRasal t4 bé disgewRed,tandane or nore

i nternmedi ate stat’ions upstream of at |east o dunna dj spensi ng station
that incl udegaaSRP&r@t‘@@ﬁ%@FW’@&%?W@F%O@HQ%SE&GS?Eiag{etlw(? djb’f"? e void

vol ume in t hgispemdid) Si8fonsIHdUARadd e belpldted thetieiv. Tsdispansingattiornsr s, for
determ ni ng WQ%’[ her 1 hgn cont ai nefr an'fg-}%s R@) ’E{" eg‘qtﬁgp}%npgog iteria. In
the 30 | dft ePefangatconga PorAR pidhe (A netwerksughdiiation? BIHES, way to
di vert noncogbeibiGan®eToaveyed to inhbiplefdispbnding stetinstshqueniialydt eerivsned
! o A AR e SR PRSTACAATE g s e o
sel ect ed fr onispepdedrahbt leystahe dunmeggalispesgegstation. The supply can include a
dunnage conversion machine that can convert a stock material info a relatively
20 less dense dunnage material and supply it to one or more dunnage dispensing
stations. The supply of dunnage can include, for example, one of air bags,
crumpled paper, foam strips, foam peanuts, and paper strips.
The system also can include a controller for controlling one or more
elements of the system. These elements can include, for example, one or more
25 loading stations where one or more articles are placed in one or more containers
for transport, one or more intermediate stations upstream of at least one dunnage
dispensing station that includes a void sensor for sensing a characteristic of the
void volume in the container, and/or one or more devices, such as sensors, for
determining whether the container conforms to predetermined criteria. in the
30 latter instance, a transport network can also include a way to divert nonconforming
containers that fail to meet the predetermined criteria.



stations based on routing criteria and supplying dunnage to a container at
a dunnage di spensing station. The routing criteria can include, for
exanple, the 5 availability of dunnage dispensing stations, characteristics
of the dunnage material, characteristics of the container, characteristics
of the voiWOi2p06(0}02 cont ai ner, and/ or characteristics ET/VREHRIRZEI e to be
shi pped in the container. Supplying dunnage can include, for exanple,
determ ning the void volune in the container. 10 In an enbodi nent, a

met hod al so i ncl udescRegHdINERSd BRovice8 Rbich iRElude? re@iy the esritahsaras aand
tracking the container as it noves through the packagi ng. system An

enbodi nent pr@ﬂ”é@%dﬁpwg‘géﬁﬁt'&ﬁ&e'ﬁ‘ét?ﬁ@fﬁm(ﬂ‘i%“"éw8?&%%‘959'38%5'@ nore voi d
sensing st at i Aok BateSEHREtI GitaRl ¥ stibpigifg Blinrage & d custhineeatel a

contai ner, one or nmore dunnage djspensing.statian hat can dispense
dunnage 15 ndEAIRfispR{SEY mPhﬁ%@@%ng?%%&%‘ﬁ‘i‘i‘%?°J§X8Tp’gh*§8voi d

sensi ng stat i QRJabiAPEF Aunhag@iBsEning @tatons charactedstice pi thg duheageont ai ner from
one of the void sensing. s i

] ati,ons to.a sel ected.on f the dunnage
di spensi ng stBgfeggschar ‘?rlsh??a‘?f&?ﬁc "é%’%@f eﬁlﬁticosfoe%éﬁ%\éc g‘gpér)lg system
includes at |@nsdingddhdi® REaactehstics stthe esticlt to be abippedm thbaordainen i stic of a
container, and a controller that Q det er m . : jner is
suitable for H'%P&f"'fgg‘;”(ﬁ'ﬂﬂ%ea% ’Pra?%er igoéIex"tﬂﬁ@?&eﬂéﬁgﬁﬁ{ggg’h@%@@ﬂg@d
charact eri stientfindrhe container. A packaging systemcan include one or
more dunnage di spensi 3L 1.0 r LiSnifld fi@Eachi Nsertion
in a voi d%?n a coﬁfga# %P?&ﬂgﬂfthggqe gé‘iﬁ"q"c‘jﬂ‘é E’ﬁ%@é’gba ?%g%rng %q[ ation
bei ng capabl econtainkir ape traciing thacontpiner asipmsvesfthiguain e assaaing FENR5 Anot her
embodi ment of a piﬁ%ﬁ%@ﬂ]éﬁ?ﬁ%ﬂ?ﬂe%@y&é}ﬁ'aH_&’%eftrtb%llJh@%alcféﬂzd f&%y&ﬁ@@rs: routing

the container to a dunnage dispensing station selecte roma plurality of
dunnage di spenelengidsiensing stationssibat sense Girragiryistics ¢fer Yoid valwae eldpl yi ng

dunnage to a GpifrNle dtindle HiHHARE AisHb SRRy Wthttas Ha2bhwbispémkidonmddey, the the
routing step can include routing based on ro?ﬂ_g n crller_ﬁ 30 ctlhat
@ '8ps. gnd @

i ncl udes #he rBaterybasest oniigsptasGhataciedisins BIH
charact eri st idhsphrt hdtRokatt @nbeying BB @bmainer fraih bas otthe vbid seodich i n t he

B T i
i nvention can i nclopdenaipeancemirmiineern bf & hackbgihy eysterg includes at least one
sensor that senses at least one characteristic of a container, and a controller that
20 determines whether the container is suitable for placing dunnage material therein
based on the sensed characteristic of the container. A packaging system can
include one or more dunnage dispensing stations where dunnage is dispensed for

insertion in a void in a container, with at least one dunnage dispensing station
being capable of dispensing muiltiple types of dunnage material.

25 Another embodiment of a packaging method can include the following
steps: routing the container to a dunnage dispensing station selected from a
plurality of dunnage dispensing stations based on routing criteria, and supplying
dunnage to a container at a dunnage dispensing station.

Optionally, the the routing step can include routing based on roufing criteria

30 that includes one or more of characteristics of the dunnage material,
characteristics of the container, characteristics of the void in the container, and
characteristics of the article to be shipped in the container.

3



steps: determining the type of dunnage di spensed, controlling the quantity
of dunnage di spensed, neasuring characteristics of the container, and
consulting a database to determne the void volune. 5 In another

enbodi ment of the invention, a packaging systemincludes one or nore void
sensi ng stVWO20M9116¢kt sense characteristics of a voi d REGVENRISER763
container; a plurality of dunnage di spensing stations that can di spense
dunnage material based on the sensed characteristics of the void sensing

stations; and a hh%ﬂ%@@hienf'@ftﬂ»i@fnlserﬁt%h caﬁwcmﬁebh@oﬁmeieadfrﬁ%foﬂdvﬂm@ one of the
void sensing stations to 10 a sel ected one of thet{%ﬁ tﬁge d| 5| ng

stations. |n $ePseskaninngthevpe REdINRRER dispensed: 498 qHﬁ'i‘ | ncl udes

det erm ni ng ajunphge N@déﬂnﬁ@d %ea@u?ﬁlﬁé&%nstlwwwhgalridﬂ&ar@mhmlmga to a

sel ected one, of uralit e di spensing stations, and di spensing
dunnage rratéﬁaéﬁa%&%ederm‘f‘%‘ﬁ@"(}' VBE‘U% ume of the container. 15 In an

embodi m?ntshof themamm&bmnod[meﬁmfkminmtwsat paokaging u;mnl | inchelasone t hat
senses a characteristic of cont.ai _ner ntr.q et er m nes
whet her the @5MOE ¥ spasing § ?%Féhq‘t(??"é&‘%’@Wf&"ﬁffﬁﬁéaé’oﬁa‘ﬁo a?f%t her ei n
based on theocseiRet Hitaliqof dirinabé d:spéngirrgastsms tiahean dlhpieraadtuhnageenbodl ment
of the |nvent|on clude one
charact eri st iR2§a ggﬁﬁqrgt}nﬁg?nsegﬁga@g{]gﬂﬁs ?H‘S VRIS %ﬂglwgﬁg&n ﬁqg%u ner i
suitabl e for tenagirtweteonhergeovieg theicahtainkeiren nndaktbd void sehsingeatnng to
character stl C el% @%Qaghe c{m,ged&dmgé gg érﬁﬁ: 's@éf%ﬂ%' on, a packagi ng system

i qﬁ unna % ensi

i ncl udes i ng stations where dunnage is
di spensed t o pl ackn arrerabcxdlmeh’uoﬁtheweaflm atpackaging raethpdiasiudehe dunnage

di spensi g, SttdANEl 0 CARABIOPe onthaReaG)Hlg tiBhidies  ¥BgEaed dunnage

material. In invention, anh autonated packagi ng sytem
for fillingonaefesluklivnofduparaedisnensing stalionss and gisprnsinodynBage oadi ng

stations for nkaéﬁiaiBgsemnh@waa%m@&hwaintamérof dunnage di spensi ng
stations, transglort network linking 30 the |opadin ﬁ‘g station to the

plurality'Sof dunnBqs evRagEratehthe dnMentiens amepkadngYpEM INHYIeSaReNEnt ai ner s
from the pl unmdtisbisela dHardiditicdrd d:d?itﬁinéroarﬁftecd?itronﬁmmat derenaiges 4 WO

St O o0 st Fooniaeg ot awiiid RSB e MareRdl hfoii BB - T
the sensed characteristic of the container.

In another embodiment of the invention a packaging method includes

20 sensing at least one characteristic of a container; and determining whether the
container is suitable for placing dunnage material therein based on the sensed
characteristic. .

In an embodiment of the invention, a packaging system includes a plurality

of dunnage dispensing stations where dunnage is dispensed fo place in a void in
25  a container, at least one dunnage dispensing station being capable of dispensing
multiple types of dunnage material.

In an embodiment of the invention, an automated packaging sytem for
filling the void in a container includes a plurality of loading stations for loading
containers, a plurality of dunnage dispensing stations, a transport network linking

30 the loading station to the plurality of dunnage dispensing stations for transporting
the containers from the plurality of loading stations to one or more dunnage



containers via the transport network to sel ected dunnage di spensing
stations. Optionally, the systemcan include one or nore of: a void vol une
detection device upstreamof at |east one dispensing station for obtaining
information 5 indicative of the void volume in the container and providing
t he obt ai @ 2006M1%6¥mati on to the controller, a contr ol BdfURHM2TE er mi nes a
vol unme of dunnage to be dispensed at a dunnage di spensing station as a
function of the information indicative of the void volunme and directs a

dunnage di spedi§ichding kRtibRBnk a co%ll@ﬂﬁtﬂe(kﬁintrﬁlldﬂlaammeallyh@tébt erm ned vol ume
of dunnage; a void volune 1o detection egflagauthat 1 ncl ude?sﬁ? sensor that

obt ai ns meas GBS Viafhe rRnSPerbpRIWPKdD se 598 APBPRSIRY HRTURt | on devi ce
that includes a sepséfaly,pé syrintasincldad ond ardharatalva vaill vblametdefmtioraphy  of

th t t f . th t th th d

Vol une 1 5 obiSRIRRAFTEHH ri et S asiapenatg sebe ReppPRIEIO BN 4ar'a otored

in EE dat abas endidtive of ;B velafbmdlmm mthe_cxfonltdrréerland/ﬂmwdmg tamobiainedat ed slystg_m for
aging art n.a container . oadi n

e o0 o e drrEsen'e i SREURRE deabtler i B PrhRAfa Wupb 2t bthebllo ’

char act eri st i difpenbed mlmagedismmg station asletfigratiomofthe infergiaioe of dunnage

O spense bl DG FRYhBRRIe hollrbbd ' dubindle adipaRgSifipsRENSer o7 and

means for rom St at to a sel ected
one of the pIam@hattcyllyodssmbuamEhgedethrmped:vefume ﬁfldéﬂrmlee%tl@évd!mﬁage di spenser

provi des tne AHGHIHAR 4Ol HlGcla SHBNA0R doftht hBRURORAL Bdhe  OptI ONalTY,

the system can 1 ncl ude termni ng‘ that the contaliner is not
sui tabl e for containestand af\iolld vqﬂgne)ﬂete@mﬁaig@ca ahinelydes a senser thahebeient i fi ed

charact eri sti g, palhRbe PR BhodiBith oﬁlﬂ%%a@n%lommfa?nérhamemﬁ%ma one or

nore 25 dunna%e converters that convert a stock material intg .a dunnage
product. In de @ﬁtwaﬁf:@ewlﬁwob'ﬁ‘eéﬁﬁ%i“ﬁ%F[Pm(ﬂ”etqf]é bap GRds: F‘BRF RyfiBut omat i ¢

packagi ng sysgr%magglgbﬂég%aaatab%dl ng station for Ioadl ng a cont ainer; a
sensor for obtaining a characteristic of tlﬂe Ioade nt ai a dunnage
grat

di spensi néf st at i of? aFYRLAPYHSS thednve)tiqs) e & gm A 3T agd tainer; a
transport netamidids :f]@rcoﬁ!ameﬁ@cﬁeeéélbadﬁgtswnmeforidaﬂmgtdme or otk angjcles it i on to

e durnage O SRRk el A eSOl R ORGEELEREY 1o 2
| oaded cont aidetgrmidngM/RE06 bOdUNGEGe BETZPeB20 DK B2 tamAmer, a plurality of
dunnage dispensers; and means for routing the container from the loading station
20 1o a selected one of the plurality of dunnage dispensers. The selected dunnage
dispenser provides the determined volume of dunnage into the container.

Optionally, the system can include means for determining that the container
is not suitable for automatic filling of dunnage as a function of the identified
characteristic; and/or one or more dunnage dispensers that include one or more

25 dunnage converters that convert a stock material into a dunnage product.

In accordance with an embodimént of the invention, an automatic
packaging system includes a loading station for loading a container; a sensor for
obtaining a characteristic of the loaded container; a dunnage dispensing station
for automatically placing dunnage in the container; a transport network for moving

30 the container from the loading station to the dunnage dispensing station; and a
controller for determining as a function of the obtained characteristic whether to

place dunnage in the loaded container.



Optionally, whether to place dunnage in the | oaded container is a function
of whether the container conforns to a predetermned criteria; and/or the
transport network conprises a container diverter to divert a

non-conform ng container; 5 and/or the container diverter conPri ses a
mechani smW@2M0eM5® t he container fromthe transport B¢d(USBHRO278Hd/ or t he
contai ner diverter conprises a nechanism to route the container to a
manual station. The foregoing and other features are hereinafter fully
described and particul arl y pointed out in the clainms, the follow ng

e PO a0 e S Sl el B BRI SRR B, "2
Bovvevelr, g:‘j tog&rhdﬁhétmuscomamsr¢cfmfdﬂms¢dﬂag§2ﬁmma¢cmtb% auﬂ/ottnetranvmr_u on can
e enpl oy is a

di agrammati c '\?E@%‘FB‘?m%r'sﬁﬁélggﬂ%\l g g%r&ﬁ? F'HQFEESBERQ}%%% %cgnté:{n & invention.
FIG 2 issa réinamrmeewmineadwm@dmpramS afnechgpisokiagemgvesths icemtaingr  accor dance
with the inventi FIG, 3.is SEHe! F,?Qﬁ} «%90\6% é’%%é?ﬁsn‘? path a
cont ai ner 3 1?'81?3”8% r{eﬂ?'?flﬁ’gar? g:»r rIETch%<aga|' NG SySt H’)% b.‘

per spective womut@me&ostbmadmrajnamgphbiahorsl otted contai ner (RSC) for use
with the system E a void vol une
scanner used in ?ﬁ%&@%&oﬂnﬁ]anh&rﬁ?gaﬁ{& é‘lgq% %&éﬁw?g%%gn%&@? ew of the void
vol une scanngertishlafy @in®d oubio kirengaifsofite fellewingidescriplien afd P@NNEXCdFI G 7 is a
Cr 0ss- SeCil ORliidl R 6681 ahfgarmbaa iMRirstve SRYREMerd 4fithd Poentdave been

pl aced, wt emal ni ng vol d being denoted by cross-hatching. FIG 8 is

a fl owchart ﬂhaﬁ%ema@dimgmaaﬁal@lkag‘ewdwmea@fe%thﬁ Margus yyaa ficshigh e an 30
embodi ment  ofyihhKel W@ggdvgm,on@ameW@MGOZ PCT/ US200S/ 027624 DETAI LED
DESCRI PTI ON Ig ferring nowto the drawings, and initially to FIG 1, an
exenpl ary packagi ng systemin accordance with an enbodi nent of the

invention is indicate®RIEF DESCRIPTION OF THE APPENDED DRAWINGS
15 FIG. 1 is a diagrammatic view of a packaging system in accordance with
the invention.
FIG. 2 is a plan view of an embodiment of a packaging system in
accordance with the invention.
FIG. 3 is a schematic side elevation view of a path a container might take
20  through a packaging system.
FIG. 4 is a perspective view of a standard regular slotted container (RSC)
for use with the system of FIG. 1.
FIG. 5 is a side elevation view of a void volume scanner used in the system
of FIG. 1.
25 FIG. 6isan end view of the void volume scanner of FIG. 3, looking from
the line 6-6 of FIG. 5.
FIG. 7 is a cross-sectional view of a container in which severat articles
have been placed, with the remaining void being denoted by cross-hatching.
FIG. 8 is a flowchart illustrating a packaging process in accordance with an

30 embodiment of the invention.



generally at 10. The system 10 i ncludes one or nore container |oading
stations 5 12 such as, for exanple, loading stations 12a, 12b, 12c and 12d,
and rmultiple dunnage dispensing stations 14, such as, for exanple, dunnage
di spensin stations 14a, 14b, 14c, 14d, 14e, 14f and l1l4g. At a |oading
station lgN%ﬁ'E'G’BIr"G"zrmre articles 16 (FIG 3) are placét T&W‘W’&”ﬂﬁnt ai ner
20. Then at a dunnage dispensing station 14 a dunnage nmaterial is

di spensed and is placed in the void in 10 the container 20. The void is the
space in the container 20 that DETAICED DESORIRPODY the one or nore articles

16. The system 10 ?&F C”t%ﬁ’ ?}%&%n&‘%n&mﬂgﬂ%%ﬁ@t ?r%&eﬁﬁf"f’arﬁtat' ons 22 as

may 1be needed to a unnage®di spensi stations a transport
network 24 thstagraystetrhie acomtaticaavith aﬂ@mmdmﬁ@hoﬂh@IfUE@ttdﬂoihgldlCai@d/ or a

system contr eI'l%lra O;hfl 100 Tfh% ésygtgi’ﬂtTrO% tded oR8Br Aor ?alﬁe?lida%ﬁ@ts'téllohbe system

10, such as I'ow of cont ai ners th rou he system 10.
FIG 1 illsusti2gsuesas fcorremsqp@r toading wetitns 24, {1 Antl2e and ﬂ@ﬂjtaédmlplﬁ)nt ai ners 20

in several dtlf\ﬁ%g[%r&tsr?\@ﬂglﬁg E@Etm EJI.EPI a%y %&l @Q&m%@ duﬁH&@e @§pen§ﬂb exanpl e,

frommultiple st , singlée station to
mul tiple sub§&#9@fﬂﬂ4%ﬂéb|Hﬁs14dAﬂ4¢zdﬁb¢ﬂdp149r At aé@%‘ﬂﬂ%ﬁ‘i@“"&f”é’”ﬁl‘\?en 20 type

(container | ﬂ?cﬁé Eﬁscle‘s%?ﬁ@@b %‘?ﬂac@& ﬁrtc)a%ﬁai%@% Trenkh Gdlinnddger a 9' ven
application only a si ngqe station of gl ven ty Hﬁgj/pbe suf fici and/ or

no station @&fspangnggalianifea ﬁwas%m@éeé@ ad'%@ﬁegr?@ laggglin die ’5 of the

i nter nedi @t e tisd @nthisy 282 Th3Roid Cthb épack i@ dotairfep 20 dedt & bt Biked uplogt her or
not the contai ner neets ﬁr edeterm ned criteria before 25 receiving

dunnage. | n HFPIE YMOBBUCSSAP v one or nore of the internediate stations
can include a voiﬂqe@h@hmmazsmeahmiaaemmm@temtemeﬁmé Ethﬁ?onssz)zatso det ermi ne
the void voI u | &%‘cﬁ cont et er,m nat i Oﬁé’(?%ylcg e 30 can

sgfhngr 20'8 de}l)e Vioi q ﬁi s, 4 altr 0

be used to 0 a75iHING SHUIAYC B PERT Y PRYY S e FEYTH ume of

](cjunna_ge to feulthatt!rr&;ve?/mecbonféhersaﬂ fidratigh éhvenstataning;candébe\al systeB8Oconiolleal so
unction evi c i ner neets

t he predeter %SE%GWCEOW On% #&g&é%ﬂ%ﬁﬁ@%‘??&%ﬁg éuc“% &n{i%ﬁgﬁ%%n in FLG 1

optionally cﬂqmohccbn!mjeerséﬂéhrgugf‘nﬁle ey&td?mépn@i%t1aﬂlu&§rﬁ?3mrﬁmﬁ a¢tweikng t he

contai ner 20,440 c&PquWL.'antaﬁqQ% 20fn em@(epe"nzwags ﬁ@gﬁ%@%&?mm

system 10 can include one or Shl ppi ng station rocessing the
cont ai ner fof Osq“cb,gp rfgr example, from multiple statfons to a common station, an froma

single station to multipte subsequent stations. Although plural stations of a given
20 type (container loading, intermediate, etc.) are shown in FIG.1, for a given
application only a single station of a given type may be sufficient, and/or no station
of a given type may be needed.
Optionally, one or more of the intermediate stations 22 can include a device
for determining whether or not the container meets predetermined criteria before
25 receiving dunnage. In addition, optionally one or more of the intermediate stations
can include a void determination station or device 30 (FIG. 3) to determine the
void volume in the container 20. The void determination device 30 can be used to
identify the void volume fo calcutate the required volume of dunnage to fill the
void. The void determination device 30 can also function as a device for
30  determining whether or not the container meets the predetermined criteria.
The embodiment of the system 10 shown in FIG. 1 optionally can include
one or more closing stations 102 for closing the container 20, and optionally, the
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As will be appreciated, the system 10 can be configured in an enbodi nent
that mnimzes or elimnates the need for a packer or other operator,
thereby 5 reducing the time required for packing a container and/or
increasing the reliability of the packing operation. The system can use,
for exanplwo 200603 ne t hat can dispense and insert tHI/R20M8YH24 nto the
container at a rate faster than that of a packer, thereby reducing the
packing tine. In additi on, the systemcan be configured, for exanple, to

| mprove el Bt qufencgaﬁﬁere m&agﬁ@g\égaéﬂ@nﬁozﬂ@r gtegndag uean be

automatlcally a or elimnating overfill and
underfill prcxiullntamrfﬁfsélmlgl ous stations in the illustrated system 10 w ||

be described in GULENG, e[g)%é{iltled%é Siéih 96 88762 LiBUES n n BBodimefil G 2

showi ng one partl cul ar stem 300 and showi ng one path a
cont ai ner 20 tbamnmzesoweﬁmmtﬂjﬁ ReedpEd Bagken o q_'a)%[dlpﬁ@t%’ttﬁﬁiee s As shown

in FIGS. aﬂ@dé’bmg{ﬂﬂ@ t:h%afgéum&d?&aédcﬂﬁéa%antﬁﬁer érimdrtm@ea%u{gqne réﬁélﬁﬁftyor 32 for

erecting the contal ners 20, such as cardboard boxes, bl anks 34.

Q her types off ﬂaaamcgmﬁéap@raéamr Fle sisten can Yoy for examle @ﬁng%%%tﬁatacagox 20

erector is ”%sde%gé'hﬁ@ﬂlseﬂ-h@ RPN RLIRE c&ﬂﬁn@%tafrﬁéf@(aﬁﬁérﬂhaa}fhask ar ea
at which box blanks are converted into a g Ea/ ﬂ_lep an autommti c
'BF’ dition. eHb?P"

devi ce that Fﬁ%@fnﬁ‘?f@éﬂ@@”%ﬁ%%@"“& H5x e box erector
can even be %nfn@ﬂ@@rfaﬁéal@nblbato ffr@hi\detrataﬁmtytH&aMhenomdteolumao"exerrpl ary

container 20 is a reqular sloft ont ai ner type of
cont ai ner 19 s WNEAYRC Yot !C@@\ﬁfﬂj Wepd, greRy %cf %&de"%inr@ﬁﬁ&%?@" of

shi ppi ng Conta%idﬂaﬂeﬁﬂ@rdm%miﬁ%emanblhu ﬁa&msﬁreihre]]mlstra&ad mmypmwd y has f our
flaps, with ope set .0 L Vipi I i t half the
di st ance bet ﬂja{dH%FH”%%p‘?%?'ﬁg fe@%?’éﬁe%g Ffé&é, g@%%n@ﬁ@%%ﬁa speci fi ed
rel ati onshi p geetiovze exérhplary39stamBde ant RGeS genting enerpalll asdnteiner 2e¢aght of t he

side flaps 36} Whﬁ%ﬁhﬁﬂ%ﬁ%ﬁ The flaps 36 and 38 typically have a
e

hei ght that iS one wi'dth Wof the container, for exanple.
Accordi ngtd/, the height H of the side walls 40 and the end 8 V\D
20061017602 Fi_g%/dH§%%Qi§/,Q27624 wal I's 42 of the container 20 (i. t he

hei ght of the al ner when cl osed) can be
As shown in FIGS. 2 and 3, the loading stations 12 can include a box

erector 32 for erecting the containers 20, such as cardboard boxes, from flat
blanks 34. Other types of containers can be used with this system 10 and a box
20 erector is not required. The box erector can be, for example, a task area at which
box blanks are converted into a box by a packer, or an automatic device that
automatically converts a box blank into a box. The box erector can even be an
apparatus that fabricates the box on site.
An exemplary container 20 is a regular slotted container (RSC), and
25 another type of container is a shoe-box style container. Alternatively, another type
of shipping container can be used in this system 10. An RSC typically has four
‘flaps, with one set of opposing flaps typically spanning at least half the distance
between them.
Referring briefly to FIG. 4, an RSC has a specified relationship between the
30 width of the container W and the height of the side flaps 36 and end flaps 38. The
flaps 36 and 38 typically have a height that is one half the width W of the
container, for example. Accordingly, the height H of the side walls 40 and the end
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determ ned froma neasure of the height of the container 20 with the flaps
36 and 38 upright in their unfolded state. The height of the side and end
walls 40 and 42 (the height of the article-containing portion of the
container 20) will be a known 5 fraction of the height of the container
when t he fWapeslEe#nd 38 are upright and unfol ded. THSSEIS3MSOEH i n t he
art will appreciate that the height H can be determ ned in other ways,
such as when the flaps 36 and 38 are fol ded down, which provides a direct

measur ement %af%)ﬁ%uf‘ﬁbgpﬁtaﬁ dd]ﬁ oS HiSheRHd ofhE cﬁ‘ﬁ’fbllnér Wikn adbdfdarde t he

cont ai ner stations can be arranged I N erl ES SO
that nulti pI @leﬁnamnedﬁrgm amaasippl the heightah Eheggoniaiies 29 mith hee@apf

contai ner 20,35, Iﬁ%ﬁ%hfﬁﬁfed%%te AHt af dhy SR ePasiallsnd tauhcphz | oadi ng
stati ons. For exa as il ustrate in FIG irst article or

articles can (the hsightefdhe artiglecapeigingaortion %trﬁ%?'fﬁgm ‘B'I{ bgFkNOWA g then the

contai ner Lcan a@@?ﬁéf%m%ﬁt%ﬁthb%ﬂaﬁiéﬁwﬁ% mbahp@m éﬁﬂSM@rﬁr@htbﬁdsecond
article or articles can he contal %rtlcles can be

d
di fferent frosfosies. Jﬁéﬁﬁh@i‘“eéﬂn Wﬁé"'@"éﬂ'@"p’ﬁ?'?t@rtmlt Hel e | oadi ng

stations can RemdinedP&Hed WayBadah |a§|wheﬁ\$he ﬂdpbBSTalh&BB@re folded@wnl and 2,
| oadi ng stati ons 12a and 12b, whi ch arran

L e t hi
can be used a¥highoddgsea diferbmpgsurey 6’%‘?@?3{{8‘3 sige aﬁ?ﬁ?#@'rlsgfd o onsne:
i ndependent | )énﬂﬁZQﬂﬂmeaiaﬁtahﬁrzo such that i f needed or desired one I oadi ng

tati be t t hout ; 10 to b
shit down®® The ar VRLPE Ieadng Ratfe e BETiSE fbrs So B RPRIRIL 1) | 1 P
cont ai ner incaﬁeumﬂ}aihe\w;mnﬁm‘mmetbiﬁtmgammwﬁﬂmsﬂmcmﬂ%ﬁaﬂer 20, the

ticl i.eved. f d
? ngrpS; a?gr re e?ggl{lé%l@%@ Trﬁvets pgﬁfcrﬁtrﬂ g loaﬁ%ﬁ's?a\fls ﬁé?'@x?ﬁ'lglréaagﬁ ANfsPdeged i n a

SGeh whi ch one or nore
articles 16 & EiQ. Heafitihiticld of ezrtlciepbac@e;rglnpeq in & Jeatainsigha fiest statipn TPe

articles 16 o) e AUBAAL LARIBhIboi A09ubcord Riiegliob abbR 9 Lern as Lo

which articles ™ w acing 1n a particular container 20,
or a | oadisng secerdi afhd%arrﬁrb@emlt@d&'@@dt"bf@lfﬁmameﬁg“&ﬁl%"'ﬂ?sﬁ%ﬂlée 30 articles

16 based on Q&frdH IR dheGnbingF brahe SARE Criteria that could be used include
cont ai ner di mensions, shi

TP g I R R =R SR 2 AR P
PCTI US2005/ Ofﬂ!ﬁ@@é‘ted in FIGS. 1 and 2, loading stations 12a and 12b, which are arranged in
parallel relationship, can be used at the same time for packing separate
20 containers, or independently of one another, such that if needed or desired one
joading station can be taken off fine without requiring the entire system 10 to be
shut down.
The article or articles 16 can be supplied for loading in the container in
several ways. Before being placed in the container 20, the one or more articles
25 16 can be retrieved from storage and placed in a temporary receptacle (not
shown), such as a tote, from which one or more articles 16 are then pulled for
placement in the container 20. The articles 16 can be supplied randomly, without
a predictable pattern as to which articles will be required for placing in a particular
contain'er 20, or a loading station can be dedicated to supplying one or more
30 articles 16 based on one or more criteria. Some criteria that could be used
include container dimensions, shipping company, shipping mode, article fragility,
article weight, article size, article relationships, efc.
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The articles 16 can be | oaded into the container 20 in a variety of ways.
For exanple, a packer can place the articles 16 in a container 20 by hand.
Al ternatively, the packer can initiate or otherw se control or supervise
one or nmore steps that are perforned by one or nore devices that place the
article orWaH6@I®E 5 16 in the container 20 (such as BCTNBRSARW2DI ace
robot (not shown), which can nobve an article into the contai ner and
optionally also orient the article relative to the container). Moreover,
the articles 16 catnebeiclphaeedn baldabed monthaicomain@20 ihradepjehy@éwayanf any

external cont an rator t hi I8 nor e
nmachi nes or Qﬁgf(aré%lﬁ%@%% %?ﬂql?ﬁelqg%a%@e? ﬁé c%%(ﬁ%%@e@ biggﬁgor exanpl e, 10
pl ace t he ar tAlterestiosly,and padkes cdrGnitiatetoh ethenviseacanbo! @ Gupervike abe anmorgssi st ance

oo nep 2k Hions (RO BirtgrElr 7 olia 2 fiotd AIRRO I AELARL ke & ARRROT S | e

cont ai ners 20 I ons downstream | rection
t hrough t he shGsit éhma dobtaingn 20 feiched aqnck-wdmjaqwabbmirﬁnqifshm)hwﬂsh oén physi cal l y

movi ng t he cqﬁ&%i %egrﬁﬁ,g 4{%%&9@ Eter'gnd éﬁﬁﬁfl g]ai]s% &riBRt RE 2RI rOUAR: to FOT

exanpl e, the transpor conveyor netvvorﬁ t hat
general |y stahe SQnt&U@‘ﬂlsMOtethﬁSﬁGr&tf@]@nw anibeplased fethe santainae?d 20 as

needed, in whj d%% (?tﬁ'g erh{il cﬂ@lYol bggﬁ%gmﬁﬁelnﬂﬁ@%@reﬁﬁmﬁe Ringlaty 20

aut onat ed syst one oOr ew eop eto superV| se
and troubl esHowe rmacampgr@thgrr%t@wmmlieﬁr@whepmtrpii%@ A efPl® he net wor k.

The transpor o ReUNOEHicié br ﬁﬁiﬂleb ﬂ@llﬂJﬁ'l@ c%hb@(ﬁwﬁ%’t’%sslsﬁh@&r@ﬁé hat define
pat hs through the system 1 1, these |ines 68a-68z are shown

schemat i cal | yagkR!- di ver ge and cone toget her to selectively route the
containers 25 along a path, such as 68b, 68f, 68m 68t through the system
10. In FIG 3, the ran port network 24 i ncl udes a conveyor 60 such as,

for exanple, 7:53’29&"5 ésure accunul ati ng conveyor. In a zero pressure
accumul ati ng convmwrransaorte:emoaym trarspdityihd ednteints 20 befwganestationss, each of
which is siz ne .cont ai.ner Thec ners nove from

ort  at as |
an upst r e¥m 26} {)ﬁ%w ggflmsc@'e E‘PP%@ PRS- N daz%ream zone
clears. Each cnmbmatnmnfbmetpmmemﬂpdys;mpmmgltm captainery ad dsough tht her nmeans can

o L e T e
conveyor network that generally starts, stops, transports and orients the container
20 as needed, in which case fewer, if any, people are needed. In a highly
20 automated system, there may only be needed one or a few people to supervise
and troubleshoot transport problems for multiple lines within the network.

The transport network 24 can include multiple conveyor lines 68 that define
paths through the system 10. In FIG. 1, these lines 68a-68z are shown
schematically and diverge and come fogether to selectively route the containers

25 along a path, such as 68b, 68f, 68m, 68t through the system 10. In FIG. 3, the
transport network 24 includes a conveyor 60 such as, for example, a zero
pressure accumulating conveyor. In a zero pressure accumulating conveyor, a
conveyor is divided into multiple zones, each of which is sized to support at least
one container. The containers move from an upstream zone to the next

30 downstream zone as the downstream zone clears. Each zone can be powered
separately, stop gates or other means can be employed to regulate the flow of
containers from and within each zone, and sensors can be used to determine

10



when a container has left a zone. A supervising controller such as
controller 26 typically controls the operation of each zone. Internediate
Stations 5 The optional internediate station or stations 22 are | ocated
between the |oading stations 12 and the dunnage di spensing stations 14.
The i nt er VeQIRWE/B176¢2t at i ons 22 can include a voi d det erBfTHER$05M27634at i on or
device 70 for acquiring data representative of the void volune to help the
dunnage di spensing stations 14 dispense a controlled quantity of dunnage.

10 The void Qﬁwteﬁrarﬂdﬂ%‘ide@Haadl@ﬁ'a%n@OA%@:ﬁéw’%mg coatkdllet fnh azapnbeleng@d to
determ ne the void volune and thereby determ ne how nuch dunnage to put

into the corYrigaligFonimls theaperaiion ‘\’f(?laﬁ'?‘r%m@an be deternined by neasuring

characteristics of the container 20, the void and/or the contents directly.
An exenplary void determ nation device is described in commonly owned U. S.
Patent 15 No./ntsmessiata $tiofhi ch i s hereby incorporated herein by reference.
The void 5determﬂﬁ’éb@i&néleiﬁte@rﬁe@@telslfatﬁh@rstatlans(ﬁzlﬂiemcatedd:euvaﬁoltlume scanner

72 having a n area thro cont ai yed. The
voi d vol ume dl%ﬂ 9 jtonp ﬂgé‘"ggﬁ ‘}3@" %%?'\s‘ﬂgg%?g'ﬂgp‘%?g%@%“ﬁ%ﬁr%ge devi ce,
whi ch can be spaiohs 22 cmﬁclua@a\maldlemrmmat;orfsjatmammwee 72 0or@puvitngdats/, t he
voi d vol une can be y i t4@ nmeasure one
or nore char ARRTEP§ER |V8§’P{§lf’ VPﬁ Voélgjnetdtglh%@ tﬂ@?ﬁnﬂ%@%ﬁ@asur %Ttgﬁnss 1gan be

conpar ed wi t hiigpensns canwlledquentityal dumagabl e to determine the void vol une

indirectly, or t hﬁi}n}v%ﬁid%’}g n’rlﬁfﬂoﬁ%@v;gg?@ ab&f QH?{Q tﬁétrc%ﬁtble)ﬁs&ﬁ @m the

nmeasur emeht s. can neasur ed cont our sensi ng
for mappi ng detmnmmeg;wa@wume anwewﬁydiemmmomuﬁgd@né% oot i ¢

| magi ng t echn JuGs.ialGo, %¥'v8ﬁ§/oiu?dé%n%% R rfeﬁ%?lﬂ%}drlrﬁgadar ul trasound,

| aser, nmachi ne” vi Si on, sensor or sSensors can be used to

create a steﬂé@@é@ﬂ'ﬁ@slﬂﬁﬁgéon?’m@h?g\ﬂﬂﬁ vaid anq/pr e Cﬂ”tﬁ%tﬁéjfrﬁﬂﬁ(l Aodel can be

created for cabs I’a%ﬁ\}d‘tgdét&%iﬂé?bﬁ'd&ﬂbélﬁﬁlescrﬁﬁdm &cﬂﬁ:ﬂ@:ﬁlym@h&d Ud. Patent
t wo- di nensi onal arra¥ relativel m)va%cle ro c n be ﬂﬁg ed over the

cont ai nerst o N BSYd47 Brvighia hetsay Hicpmerates Bgreh ytrﬁ reEpt rod woul d
measur e the drpirfindtiod dsvidea®iih FIB J incltdes afi\Fd‘cayoith]MeGMredeﬁgauﬂtgmward 11 WO

20067017602 I::garrll aﬁjrgg(%t%géé)hz\zr%czﬂ‘? a container 20 can he conveyed. The void volume data
obtained can be stored in an electronic storage device, which can be part of the
controller 26, for example.

20 Optionally, the void volume can be measured by hand, using a measuring
tool to measure one or more characteristics of the container. These
measurements can be compared with dimensions in a look-up table to determine
the void volume indirectly, or the void volume can be calculated directly from the
measurements.

25 The void volume also can be measured with contour sensing for mapping
the topography of the void volume, using electromagnetic imaging techniques and
devices, such as high frequency radar, ultrasound, laser, machine vision, etc.

An imaging sensor or sensors can be used to create a stereoscopic image, from
which a three-dimensional model can be created for calculating the void volume.

30 Alternatively, a two-dimensional array of relatively movable rods can be
deployed over the container to extend into the container o probe the depth. Each

rod would measure the depth at its position in the array by extending downward
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until it encountered the top of an article 16 or a surface of the container
20. Wth a map of the topography, the dunnage can be directed to those
areas requiring the nost fill. An exenplary void volune scanner is
described in International Patent 5 Publication No. WO 2004/041653, which
i s hereby WoaWpPGFtt ed herein by reference in its entRCFESYONH6R GS. 5 and
6, an exenplary void volune scanner 72 can be seen to include a frane 74
having a pair of uprights 76 straddling the conveyor 60 and a cross beam

78 supported ﬁﬁl%n&&ﬁnt&@& tr%*‘t& of'gh @rhcia1éloi<§duﬁ’é@tcam°hfa@mtzbemyaer 10
surface of the conveyor . The uprights 76 cantoﬁﬁgfloor for

exanpl e, or maaefthe fﬁmfﬁlféﬂ ths dt’ﬁ'@ﬁ?cﬁﬁ‘ﬂe??&“e%ted SRYFEE WSBﬁH% r?canner 72

i ncl udes one Qi #pre sensors 80, such as a wei gh scal e, an optical,

i nfrared, uItrasom c, laser or other t for H_l,)tt%jgni ng data
representative ofAi eeaiAny Meid yPIUFNgSCa ‘g"ﬁ&@? d? Wpﬂ“onﬁ 9% cont ai ner
20 in whi gh Bligidafiéd b %O@OH@H%H&@H:CM@W@&);&‘ iacorparatedmgreir by t he

il lustrated enbodi nent, the sensors 80 include a height sensor 82 for

provi di ng anrefeigheriin "P@ﬁ?"@%nt ative of a height of a container 20, a width
sensor 84 for prayiFEes afe, @ute&umpra@w@smnmsmnerfmcamtwtseeoftothe

cont ai ner 20, and a con
repr esent at i NEUGF aefraé‘?fn%‘g lﬁw%?an?s%[ Ofc%’ﬁ?'g? 28 P{r%hﬂ%gr%tcl%@v %EndZ% ts
interi or and ﬁidae beaa 76rsgpfmﬂedaatdp thé eprights Vmatmfgcedcdmtemcnénome umpRs g 8nt our
sensor sho ted to e

lyf\%&  SORYGYDF H)] T@é 8$r?g51&t%?|€i}] BV & X#}Bﬁed ‘F&%‘k@ﬁhﬁfe

preferabl19 bt at continuously senses the
top surface ochanmtedtdmeeomﬂevorcﬂ(hs 16 in the container 20 as the

conveyor 60, oveR s AhEL0RheCr HBBLENERSA Hiro SSnsbis BY@IH Ty cont our

sensor 86 is a non- con | aser scanner operates by measuring
the time of Welgracabf arl exgisel, lnfrgmd pitrpesis, lasercer oazerﬁsw& oEsensond¥i i ¢ LM

200- 30106 | ag 'ﬁ&f‘%ng GAAE bf Rl seebid mser beam t hat
is reflect ed rom Feﬁré@%ﬁta :@é&’rthé chiptye

terior of the container Z Qﬁ ‘}‘técl es placed
t her ei n. 1¥he cprtpine2q ipnvhich the gitistes 16 rayg beanPlaced dor Rackifighe recei ver. The
time 30 bet Wﬁﬁ@trété@&%%cﬁﬁ\bﬁmﬂm@nmg emucﬂme@fneidme sérebt 8z foegravidinglase i s
directly proportional to the di GFR% V\%%n t hcff | aser f-gf%ag%%{dn nd the
surface fromPyipukIgPresentafive of ghet 5B SHOLE on
defl ected by aa oiiplufichR@entativelst alvﬁdth of the container 20, and a contour sensor 86
for providing an output representative of a contour of the container 20, particularly
20 its interior and the one or more articles 16 in the container 20.
The contour sensor 86, shown mounted to the cross beam 78 above the
conveyor 60, preferably buf not necessarily is of a type that continuously senses
the top surface of the one or more articles 16 in the container 20 as the conveyor
60 moves the container 20 therebeneath.
25 An exemplary contour sensor 86 is a non-contact optic laser scanner that
operates by measuring the time of flight of laser light puises, such as the Sick
Optic LMS 200-30106 laser scanner. The laser scanner emits a pulsed laser
beam that is reflected from the interior of the container and any articles placed
thereln. The reflection is registered by the laser scanner’s receiver. The time
30 between transmission and reception of the reflected impulse is directly
proportional to the distance between the [aser scanner and the surface from which
it was reflected. The pulsed laser beam can be deflected by a rotating mirror
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WO 2006/ 017602 PCT/ US2005/ 027624 inside the scanner so that a fan-shaped
scan is made of the surrounding area, whereby the contour of the article
(e.g., distance froma fixed reference point/plane) can be deternm ned from
t he sequence of inpul ses received. The fan beamis oriented P r pendi cul ar
to the nmWVEREMEOFAh of the container past the 5 sensdCHURPSRME cont our
of container 20 and the articles 16 therein passing the contour sensor 86
is progressively measured as the container 20 noves past the sensor 86.

The wi dth sensgle $é seahePS RBYa @Hlsha,b)é@s@msmadé o thel etresunidmigraged, he wi dt h
of the container 20 passing thereby Ilus%ﬁ{éﬁegeéenbodl ment, the

width 10 sené@erwth%cwqrﬁfﬁhﬁﬁétﬁ"eoﬁeﬁaph%%"cﬁef‘f?%? Hi°be used to
neasure the gokiPREE) can bE'dreférmﬁiledﬁo#ﬁaeéEdt@ncélb)f nmbulsberecoenemﬁmfaao i's

spaced fromthe sensor or oth erence t hi s

enbodi ment  t QSFMEF grignigd WT&'}‘F'CHF’” %eé‘?)‘?’(fagieﬁg?a% Oftth%‘:?otgﬁ%rl %a%ftg an

opposi ng § deedddr. Thiis3he 4dniolir dfkentabint 20 aet thie airtickgi1Stteerein passiag thenown fi xed
di stance fromt sensor 0 15 to one
of the upri gPFP@g*i‘BS%’FO'ﬁPéS§E°§Fﬁ?8'ryelyt"5"r?§m?§ S%% E | %Irk 82&)@? antebtgeve t he

| evel of theeassrnsgyor 60. To this end, the cont ai ners 20 can be registered

against @ ouide gl L 80 B dC.d% i, SARNEYPECERARRER i e v

sensor 84, which I's a nown |stance the wi dth
sensor 84 andftheusnfainee 20 passingdseraby.eindhe disiratetcembagifaeny; the Wﬁtht he

cont ai ner Al %%H&ﬁ* &9 (ﬁ %rpjﬁﬁ‘gre (alspa%cg QAo Hat f‘.{ﬂ?%@gseﬁﬂﬂa %a%@#eltheq@‘ stance

Accor di ng1 contarner w ference between the
| ocati on of tetfestgidedar(BiG. 4Dof taﬁdoﬂfﬁéerr%b§@P@‘@dlf@6h@‘P(§ﬁ“%ﬂ‘ of piBe5i de of the

cont ai ner ne i%?énc«ra SanIHanéﬁFﬁ@éerﬁﬂodlrﬁ@Ntt§9!eicﬁhéﬂndfﬁ6ﬂtﬁe%@ditaih@r enpl oyed
to register e contal ner agal nst the ide rail 90 or ot her\énﬁie pl ace the

cont ai ner 2C§h¢ lecationes pp eppaskgsids 4k (F |4éﬁft§f’|°8‘?fa‘"§ﬁ'€ﬁegi§ter Bumatically

operated ar mkn@wﬁﬁxé@d&étiaﬁde%dn%e%tﬁ@.é@sd‘r@&Imd:hba{s shawdl, k& bemouetgor , for
exanpl e, inclined towar e rai

The hei.ght sern 2 can be
any suit atfl e (2 engeithe BP”Q‘EP&‘%@%QW ?Fg"”ﬁerﬁﬁ%%fa‘tﬁ '09‘1’{@"&%5?3?‘{%69 %‘(’.‘58'
exenpl ary Zefaﬁﬂfe oﬁ)ﬁvéyﬁﬁb@ld’ﬂﬁm%r thaycoRRirefs mad ri ey iegBteded aairest aay 94 of )
receivers dis ose posj te transver Si e a 30 In the
i ustrated otegrsdotBote i SPYGERP but g oF vilG e oEbaBn 05 of o
are mount ed tgaideesip@Cisiava kseandistanée fore thepwidinepsarai4 &ak:thusaflurldymﬁ ncl udes a
row of emtters/recel YIS ddlaliad ot tf boHikifd AL DSRGEH Ao ffalleiheP! ane of

t he conveyor
20 guide rail 90. Accordingty, the width of the container will be the difference

between the location of the guide rail 90 and the measured location of the side of
the container nearest the width sensor 84. Any suitable means can be employed
to register the container against the guide rail 90 or otherwise place the cortainer
20 in a desired consistent orientation, such as a pneumatically operated arm, a

25 low friction surface formed by a roller conveyor, for example, inclined toward the
guide rail, etc.

The height sensar 82 can be any suitable sensor for determining a height
of the cortainer 20. An exemplary sensor 82 includes an array 92 of emitters and
an array 94 of receivers disposed on opposite transverse sides of the scan area.

30 In the illustrated exemplary embodiment, the emitter and receiver arrays 92 or 94
are mounted to respective scanner frame uprights 76. Each array includes a row
of emittersfreceivers that is oriented perpendicular to the plane of the conveyor
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13 WD 2006/ 017602 PCT/ US2005/ 027624 60. Accordingly, the emtter array 92
produces a curtain of light that is sensed by the receiver array 94. As a
cont ai ner 20 noves through the curtain, the curtain wll be interrupted by
the container up to the height of the container, whereb nmeasur enent of
the cont ai'h@PYR8I%§#% can be obtained. 5 A separate ser?éf”se‘é??/“yéz“provi ded
to neasure the length of the container. In the illustrated enbodi nent,
however, the container length is determned indirectly by nmeasuring the

I engt h of timp mgorﬁlhﬂiyaﬂh@%huﬁeiﬂéﬁ'ﬁyQ@Qﬂﬂﬁﬁes@wd@mméhttﬁdﬁs seesdbE, such as

th dt h 84 Kk h, t 18
moves (he coNtaTRBISTAERY S Aseuemher SHaHERGr B AR M RRle 1o by

the speed of \fihge mmmmrbyaﬁ)e yoritdioksr LIphetHeeﬂe@gHﬂoﬂlﬁebdj‘r&amanwaenabya If the
speed of the conve or ]JE rﬁ %cg[?lnst tt hen only the length of time
needs to be tplgdNe EPUAIRF eI 671) eh%rfﬂm * the container. If the
speed of tshe COﬂVE&SéﬂSarate&fehaﬁ',casbelpEnwdSatlam tneaswe thedengtit bidhe cerdsioers, a

conveyor speed Selﬁ.ﬁgzraf[e %BWE’S'E%%F?'S Verrr@g%g@glpgngn ngo%yfe%"n%geed and

comuni cate thEE ocessi ng.  The speed
sensor, for emﬁ'afptlyebymeamuhEQmelmgtrmdfeunehheeomtamerdakaatolwaswmyor drive

otor for Ve" d%qggrsh%t{cﬁnras%ﬁe \?I[ I‘P&Jnﬁﬁ 84 tan(?ay Erio%wrﬁf th é:é?i atWh?cthljlé)port I onal

to the speed and veyor
control | er caomEyocH nbves tbe comtaiperpast thetshesqnulfbeleneth@f e sutipliedhi ner speed

that cangbe b%ééﬁ:% H%gth}[éﬂhcbnvéy)gﬁﬁé glgﬁs %alér‘l’dﬂ‘?gfthé( OISy, CﬁttPe gpayr for the

cont ai ner %o ensor. termne th ength of the
cont ai ner. Trﬂeewweywaﬂ@h@wmemsieahth@ewaébelewh\mfi"ﬁ@@?e@feéwt our sensor 86

or other WBMEreefto H@t@ﬂﬁxﬂ@tﬁeﬁ@ng}ﬂ?@ﬂﬁéé&mﬁn&f |ﬁth@syéydcbfw@ d6BeyoRSi Ng such
features as weight differential "and vol une di spl acenent . aegg t he average

density of yBiigsserarstarts axfor piier rgaRANS\DFRNBYY SAeFLSRSPIGAN ®from t he
wei ght of they drasipdt d&ﬁﬂeﬁﬁfsﬁée% aRGofint@icatehdl bﬁ!ﬁe tolthe comtiybit 261| f ference

di vided by the densit yield an a I‘OXI |
appr oxi mefPe \/‘Hlpéo‘i‘i’é?'l]%/reT%ﬁﬂeﬁdéﬁ“soé'\fﬁ BP ?%?%co Ak ’ﬂ{?#m??g al | ow

automati c fi hlithige @nveyis dvied chofor Qmpt*dwhnghlm’r&gef plilsgactheirag ofghichnent . A
o BB ot T BB IR Bt i S, £,059) 1
cont ai ner. SiThe eomtroliet chndet elibriateaitto convetidhe puise/Giegioraeroatdiner speed that
aut omat | cal | ¥albe muﬂl%lied with the time measured by the width sensor for the container to
20 pass by the width sensor to determine the length of the container.
The void volume also can be measured without a contour sensor 86 or
other methods of mapping the topography of the void volume, using such features
as weight differential and volume displacement. Using the average density of
shipped articles, the void volume can be calculated from the weight of the
25 container before and after loading. The weight difference divided by the density
would yield an apprc»dmate'void volume. The approximate void volume wouid on
average be accurate enough to allow automatic filling of the void from the
dunnage dispensing equipment. A volume displacement technique uses the
volume of fluid (such as a gas) to determine the void volume from the known
30 empty volume of a shipping container.
Since a void determination station 70 generally can automatically provide
void volume data at a faster rate than a dunnage dispenser 52 can provide
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void volune data at a faster rate than a dunnage di spenser 52 can provide
14 WD 2006/ 017602 PCT/ US2005/ 027624 dunnage for insertion into each

contai ner 20, the sane void volune determnation station 70 can be used to
acquire voi d volune data that can be used to determ ne the anount of
dunnage na¥@eP4{01%6% be di spensed from each multiple dBFTAGRISHREEHensi ng
stations 14e, 14f, 14g. This can inprove the throughput through the 5
system 10, as wel | as increase the flexi bility of the system 10 via the

routing critdgnhaye f&oihsémﬁi |hm,eabn&¢brﬁadem0 tmksan@ vonsilureerdetesninagiodet er mi ne
the void vol une,

vol une can b
exanpl e, a s&kdBR 76§%He Ysedjfo agqyire] V(S’Ej é?e( %bbgg g%mlnﬁentl fier,
Sug/h as ﬁ ba&h@@ﬂ@;ntbﬁ@ﬁnrﬂaégn’faﬁnﬁaﬁ bbfdmpé?sairftanméapmulmlbﬂuma@eart: gl gs 16
and/ or the contai ner t u e
consul ted t h&iSPRBTTSSEY ’qrﬁglg‘ g{‘{/ hgﬁ P Cragsrg‘érg?% &%%@P%@E EP]{&‘@mﬂ%p\/\,h| ch the
voi d vol ume egstednelOcas wal as indrease thhdiexibilitgt of tlesyetefnotO viate rpéingi cul ar
conbi nation of,, articles and contai ner can be stored in and retrieved from

the data set®{8 Anot her way to identify the container 20 and determ ne
the void vol ume i©ptidnplly énstiadef Gimganeasurementiio getesninstihe wibyolyme

contai ner, 1 i) ygh g, (L FLOGLerhIFASHARS. FELARIES SBhEF, slkbel! . etc.

and Iooklng up e Vel y corresponds to the
det ect ed chamattasiei ssnsarscoutbdeteet an idantifiess ichas adiar sedeaithat ideaifise 18 net hod

of determgni g, Jk?rﬁ{a@%gﬁ*b@gﬁebﬂ&#bhﬁ@%maméﬁi@raﬁaﬁemqaét iemeonade to

Internatlonal aten Ication . 63, which i her eb
i ncor por at ed datsrssit pouly be eprsulierbal woylq githien give diar repRRCiV NS SHEF™ 20 and/ or

article 16 capidiifié VS8 vaiumRicaH Be icaieibich 'oefhet\ﬁéi%tvdkﬁﬁb fobmadpare@nad by an
I dentification sensor 100, as shown in FIG I C cont ai ner
20 has been &8@PHARN of afflepRA QBRI pybe ?tﬂrgfj "hﬂ”‘ﬁﬁ’g qp h?ml{hee‘?at% an be 25
used to assoggpte data with that cont ai ner 20 thr oughout t he system 10,
be used o5 ane. oM SgE RERENRTE chend peeiyh e dle b SRRRT TE 75
and/ or an i @égrbhdihgarid @nnaremﬂanacteastlcbef tha comikipgr, dticlusngoontainer of t he void
L S Hord ol o e oA LA O\DBSH e dgel
i denti fi cati cls¢iREbERsphagsto thetetested characteristics. For further mformatlon on an
exemplary method of determining the void volume indirectly, reference can be
20 made to International Patent Publication No. WO 98/56663, which is hereby
incorporated herein by reference in its entirety.
Each container 20 and/or article 16 can include a unique identifier that can
be detected by an identification sensor 100, as shown in FIG. 2. Once a particular
container 20 has been assigned a uni::{ue identifier, that unique identifier can be
25 used to associate data with that container 20 throughout the system 10, like a
license plate or name tag. Separate identification sensors 100 can be used at one
or more locations within the system 10, as shown in FIG. 3, andfor an
identification sensor can be an integral component of the void volume scanner 72.
The identifier can take any form including a label, hardware identifiers
30 embedded in the container, radio frequency identification (RFID) tags, colors,
shapes, numbers, holes, protrusions, surface texture, patterns, dimensions of the
container, thermal image, ultraviolet image, weight, electronic article surveiliance
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shapes, nunbers, holes, protrusions, surface texture, patterns, dinensions
of the container, thermal inmage, ultraviolet inmage, weight, electronic
article surveillance 15 WO 2006/ 017602 PCT/ US2005/ 027624 (EAS) tags, etc.
An EAS tag includes a mcrowave tag, an el ectromagnetic $EN$ tag or an
acoust o- nAYA30FB176Rg, for exanpl e. The contai ner i dentiGERB8HEensor 100
can include an optical systemto obtain an imge of the container 20 or a
portion thereof that can be electronically 5 analyzed for identification.
For exanpl e, Baghiighd, alc. GaIEAS ganclliesp @icrivave tag, poslecironagristic (BM) ows for a
digital picture to be nade of each contajner. The picture can then be
conpared to HIY @ SEOWFO-TAIARGUGFRIIBHTGMErs in a database. The contai ner
can be identifi edpfe @mtdines iddintivagbrosssor 1candenidefareaptinalskste tsuch as,

for exanple: dots, nunbers, shapes,,hol . Lor

Ultraviol et SBeinAyEacE pLie sRaRlEr 2 ate PR B! *a%ﬂi"&% b%;gdﬁ?‘;ﬁﬁ%&

di mensi ong aafal@raatiyr identifitatione Fov examee, iadigiaheamnera capbe @ ingely, the

cont ai ner ide”t'.'fi@aéi Iows Far rita?ﬁlﬁtu?eettoeb%tméd%déf%aéﬁ Sﬂﬁﬁﬁ&YThéﬁEﬂ:r& ags. An
Rth ag typi C_QEI'%:;] \ﬁitifggi%rd;e fx fastta%?igt al n%nq?;@tap&m%ggi _g‘_g?)stati on V\%Z
and is assock n reddo pichirees oo ng"Hrocess. Wen
tag 15 - adnoragers e RCRANIRA R ik ey AR R e e e
speci fi ¢ i nf orretinple: ddts.owimbiens shapest kaless colek thermal paitsm: Yiawe'eli nensi ons

ggsmfgggégcgg%%ﬂ#]%. ;’rﬂ%lﬁ%bgsé 8dn QX5PRLBS cERBiInBEIIMEASIGE &d driiy tag and i's

ag reader positioned upstream of the dunnage
di spenser. Thentaiagr valdroe iaringfon-s sent to an 20 i nformati on processor that

can retrieve contgidedtiveigthe Bbnthinboitemiit&ldniseAsdr 2an datealrasie fredudrey
retrieval station can be enpl oyed to recycl. th eﬁg%'tq?g%lat .thet .o%nd of the
t .

packagi ng pr §RExa9s AMBR dag Weicalyds arionigied W o9 Hia

e><ermlhagI y CO@E%B@JaésQ@Bﬁ%HWﬂﬁH?é§ohrﬁai|bémhr60gf&n_ nag?alc:mgmglmmss. Whencal l% are
attached to an outer surface of the coptainer. n tions the
voi d vol uife @Eﬂ"%‘@"ﬁéﬂ%‘?rﬁ‘i’tﬁgﬁng Pﬁﬂﬁtﬁ‘g%c%h‘%‘ﬁ?fna Orqeaﬁﬁ%iﬁt%aguch as when
a known vol ugghétbd & the ebstaines onlaeednside the pamttinen | @ndet spesifioinforoghierai ner .
Once a sensor

communi cat ed (5 FRRESSHPIHAS g bie” itioblyR and Sby BRREFAERe 200, 32,
for exanpl eforaxtinplepcarobeisiredanrihatagendds dawvridasied Py woiRF™ tagIreassr enpty
contai ner positioned upstream of the dunnage dispenser. The tag information is sent to an
20 information processor that can retrieve container content information from a
database. A tag retrieval station can be employed to recycle the RF tags at the
end of the packaging process to make the system more cost effective. Another
exemplary container identifier is a bar code. Bar code labels typically are

attached to an outer surface of the container.
25 In some situations the void volume can be determined from the container

identifier, such as when a known volume of articles is placed in a particular type of
container. Once a sensor detects the container identifier, that information can be
communicated to a processor having or linked to a database that provides, for
example: article volume, container dimensions, void volume, empty container

30 volume, etc. The void volume thus can be predetermined and retrievable or can
be calculated from the volumes of the contents of the container and the empty

container volume and/or dimensions of the container. The information can be
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30 volume, etc. The void volume thus can be predeterm ned and retrievable
or can be calculated fromthe volunes of the contents of the container and
the enpty container volunme and/ or dinensions of the container. The
information can be 16 WD 2006/ 017602 PCT/ US2005/ 027624, _automati cal |y

upl oaded NP HEFI$92 seni-automated or fully aut omat ed *GaIRAGE " ttspensers.
An enbodi nent al so contenpl ates sequentially routing containers 20 to
dunnage di spensing stations 14 w thout detecting an identifier for the
cont ai ner, 5 amidnieticalytuptdaded wi rdardet, semi-astbineiedor fdly entor@teskdugnagehe dunnage
di spensi ng sﬁ!atl on 14, or anywhere in the system 10. Since the void
determ natio ngaﬁsteir%n 70 acquires the void volune data for containers 20
provi ded i n sequehtembbdimeniEscecariernpiitas sehuedialy reidivg soetaingtsidPdoof t he

amount of dugiﬂ eqﬁr@éﬁg%lﬁ%?ﬁ or%elﬂhtﬁﬁv\ﬂé«ﬁﬁctﬁﬁgn%nhﬁé?%mﬁé Eetgferdi rectly to

t he dunnage on 14 t cont ai ner 20 |s rout ed.
Thus, if tshr @ahercamtrm wer@teowatzgo lstation 0 praidhe gynnage dispensingsitgjion 14

det erm nation, gf He? inffe L b%teﬁﬁqﬁe@ﬁﬁe tHAA R @é&nﬁ@atﬁﬁ%’fﬂﬂﬂh e0hEefikd t he

respective dinRage I spen station 14 to which each contai ner |s rout ed
wi t hout readlthﬂg\/fad wmmedat@fwmtamﬁs 2herovigad B sesHence; fiat fate opiglaled t he voi d

vol une dat ad'aﬁa ér%@@r'itéﬁ\é%fYHetannfﬂmPéfr&dnﬁHé@haféﬁﬁftt@'bBQlispbh’sddtc%nIBbaCe ina
sequence and t

rout i n% he container to a ggrtlé %gﬁ di spensi ng
station. ConseGueniceied diregifyita theeunngesgispensigistation e by keepi ng
track of yhergnRingl ¥ER r6RBd aTHEY, if Brse c&ﬂﬁﬁerﬁﬂ@@@ﬁbnmd}ﬁas%mb@hthé\n oper at or
can initiate or otherwi se control one or %re ste t hat erfornmed by

one or nore deigidetEmingien gatioty 1 IRSeHYRECR: 'F%fbbeq Wlﬁat%q %ZiBgdunnage
Al ternativel Yesdeb@e\mmdagéﬂiwaﬁsﬁglstdﬂm detmmmemmmmmlmmlmey wi t hout

external int er%a@&é%ﬂng%agont 8?%?&@?‘5%8 ch% . Af‘r?th@ca%%pf?m enly vforup[{gn t he above

description, b VeGhs ar'e“hot - al ways needed. In
sone sit uat idatisis bEsclatEddvithad particudaresniaiter b‘,am’eplac,e e shouenas amedhe For
e 0 RS eR SRR APl 0 oy, 1 T
usi ng sensor spntbmekigenrtfisation ipeffectaschydisieping ’trlaels Di’gﬂiaﬁi%é given cgpt@inkhigdén et hod,
the cont ai nePen ST R e E, T o eq that the container is full.
An operator can initiate or otherwise control one or more steps that are
performed by one or more devices that determine the required quantity of
20 dunnage. Alternatively, the void volume can be determined automatically, without
external intervention or conirol by a person. As is apparent from the above
description, however, the intermediate stations are not always needed. In some
situations the void volume does not have to be determined. For example, the void
volume can be filled until the container is full. The system 10 simply needs to
25  know when fo stop filling the container 20, using sensors, backpressure or
mechanical resistance,
in one known method, for example, an airbag is inflated within a container until the
walls of the container move outward, which indicates that the container is full.
As yet another altermnative for instances where the void volume does not
30 need to be determined, the container 20 can be deliberately overfilled and the
excess dunnage removed to obtain the desired degree of fill. The excess

dunnage removed can be returned to the supply thereof. The amount of dunnage
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As yet another alternative for instances where the void volune does not 30
need to be determ ned, the container 20 can be deliberately overfilled and
the excess dunnage renoved to obtain the desired degree of fill. The
excess dunnage renoved can be returned to the supply thereof. The anount
of dunnagdVva 20176306/ 017602 PCTI US2005/ 027624  di speRSEFSEYr 06
predeterm ned based on the volune of the |largest potential container, or
can be guided by one or nore sensors. For exanple, a container can be
transported yRgehscd @ABeipfstRUSTIMBLEEE] dn HE volumeaibthe laigastapientiel a rat e

sufficient to allow the | argest, anticipated voi i ..and then any
excess 5 dunﬁ&@'@'"@éﬁrﬁ@q’eeﬂ‘gg%tbyaﬂ}? ?"5‘2‘3}%F%’lf"[sh%8&%#@"’%@%@@?%33 hopper and
transported Rkaglkeimhsported uhderappiyout emterithnffloablel dungage atie raiey overf | ow.
In this case, fhe void volynme aroun he .arti ¢ ' iner does not
have to be dé& 'F'ﬁf‘tntg&ﬂo%ﬂﬁ?rﬁ?%ﬁng?’g%%%gﬁ@h685%'%%?%&]‘@%% d%gééésprpl oyed to
renove exeessiuflbayeage batrembresdiang retycteddhrougit atasyeling hoppéatiagdsyst em RSC
flaps 10 rnust_be | he d , ition, 8] ntai ner, or a
shoe box-styItré"ns%otg'%fi%ﬁﬁgp%%@ﬁ%ﬁé&:éﬁ;p?leéy@@.g%q%%g{ %S’ségggllpﬁlgn RSC, flap
hagd![i ng equi {)hrren?lthimse,H_Ee\@Mﬂwye@ampnqbﬂ*te@dmstllgg_e@ﬁtaﬁ]%éﬁezféﬂ’f fill ![ Rg
and to raise,the, fla n - I d4td O nove the
flaps up and h (‘5%’ be?s@e?leé@%{gégf AA%@élﬂgﬁ?%lgﬁ%ﬁg?s?r%%r.n%giggtmglosyteati on 22, is a
go/ no go st arémave excessidundegeatthe fappf fiecontaines. bdhe svstam. R8RfgPFs to

pr edet et MaNe gk bl ff the dov{ Bosiire R JHRRANE Ebrtihéraocashdeidsite f act or s
that nmakes the contaliner s itable for receivi n%lﬁdunn e and/ or that would
prevent the conelenmpsthesmmiowsdi fiythecaprelap RSE, p@?ﬁ‘ﬂ%‘ﬂé’g”*ﬁ’ﬁ'@“* unctions of

the go/ no go wgiabé BRpRPEd RIédare FRICORRIMREIdr AIREShdY raide Wi feipy afaine scanner
70 or other corrpone'n{) of the :s%st em 10. Thust heg%no 20 %% station can be
its own inteferesgrifigdhe centaiaer, Lo to Fiove hsrflags UP BRC ABYLARReTIRE: ot her
stations. For exammitSer thfeoriéshedritestaiiontd, B gd/ed gostaliéh ik so can i ncl ude
one or nore sensors used to deter %e V\/qet h%r t hle (ﬁ]grmt ﬁ# nﬁf is suitable
for receifht Spteraingaeiher agontareraom™s W BIRIREHPBITTNE " ali!® condition
exi sts. One Qredddrmiried thferia catlintiuda factwsithat meakes thé eontainerziuiable fmsui t abl e
for 25 receiving dunnage, jn i.ch %f%%ﬂ;ﬁl lgper requires
special pr Oé%cgé\ﬁ}ggfung c?'ylorﬁmc‘:"goé' 'sqcﬁé‘?ecngﬁ]%%ﬁﬁﬁ%& g Pepos| 9 :b?)(?ﬁ ng’wan
article in afeaexampleeThe furatiors df phedgadpeos statipr apdioprllyicas fe prdermeddy dunnage
and placing 'atvoid\/oﬁtl}r?e éﬁ%hﬂeﬁb or other component of the system 10. Thus the go/no
20  go station can be its own intermediate station, or part of one or more of the other
stations. For example, the void determination station 70 also can inciude one ot
more sensors used to determine whether the container is suitable for receipt of
dunnage, i.e., whether a non-conforming fault condition exists.
One or more fault conditions could make the container unsuitable for
25  receiving dunnage, in which case a nonconforming container requires special
processing. Special processing can include repositioning an article in a container,
manually dispensing the desired amount of dunnage and placing it in the void in
the container and/or reintroducing the container to the transport network 24 after
resolving the nonconforming fautt condition. The controlier 26 can provide a
30 signal to alert an operator to the existence of nonconforming fault conditions for
which an operator's attention is desired before the container can continue.

Additionally or alternatively, upon detecting one of these or other fault conditions
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t he contai ner and/or reintroducing the container to the transport network
24 after resolving the nonconformng fault condition. The controller 26
can provide a 30 signal to alert an operator to the exi stence of
nonconform ng fault conditions for which an operator's attention is

desi red beVBr@s(0hE%Lont ai ner can continue. Additi onal P§ER20%REhat i vel y,
upon detecting one of these or other fault conditions 18 WD 2006/ 017602
PCT/ US2005/ 027624 where a container falls outside acceptabl e operating

criteria, the,eont (r‘&lltélﬁér 2408 &ﬁéHe AuboEBleidpatdiNg ERels thdeoreonir@snen to a
separ ate conveyor or speci al 0cessi ng by an Ongr at or Nonconf.or m ng

faul t condi thatlﬁ@Ilyua@e theggon %Se%atﬁﬁﬂi“@é(? HSQGI%?E POGeSE9INnt ai ner
i s detected, a%d‘ eflorof a container partially or conpletely blocks the

opening into a cont al ner, one or ured co ntaj ner. ns is

bel ow m ni mum andPRFONRTHIRE fﬁ‘%ﬁoﬁﬂnﬁ? Hﬁ‘é‘f?of%?xa@ ﬁt%’?'ﬁ‘gllgg\'/o\éll 0 t%I s bel ow a
M ni num and/ eon@akey R dRtdtre, mﬂap by ekt padialpbrcconpliateng blegksthet o t he

cont ai ner vol une

i ndi cate that the n the
cont ai ner) oppﬁﬁnéﬂ’ﬁ%éﬁg E'Bﬁrt 8??1@ LRV TR %erﬁn%ﬁéﬁé%{ﬁ Wat t he
cont ai ner i s raMiaturbhdior abord @bkmﬂaﬂmte,shmds @oatziver whight is belodia i ons t hat
woul d prevent .the container from c p s rticles
ext endi ng abSURMYLE} %{la}t?o}ﬁ%?mimuéqg' sﬁg!dhéﬁggn %’P‘r‘ﬁé@gl tg e’? condi tion
al so can i ndicoatatheavalirhe articmwouidindfcalel thatttbensiseno atiblern ihprcedélﬂéf)@f ned
criteria, _such as _a n ”émtﬁ uire 15
speci al pwocgé(g?‘wa 089 Qﬁp‘\g)@ﬁ% V%?&P%g‘%‘ﬂcé{?k &H%E)\?g] S%Je}%ﬁflgged t he
control | er 26vefightarmmtner tb\@r\w)mt} cbndifrasdnatwerls PrernbBRaenGinG fioHe syst em
10. For exanpl & tpgﬁaeﬁ?rgur hls %ftm[%@ e%@RdihG Bb&veZDc& it I"T’éig?;lﬁre‘%c 2R along the

transport networ oading stations 12 to t unnagﬁ
di spensi ng stnentanigming fagiscapgition a@om@m&ﬁa& Faitustion Wat llniodPeRPBKE 70 when

i ncl uded, a“‘i!!r&fet&ﬂﬂ%eﬁ? Q'éﬁcﬁ'b§B%ﬁ@w%ﬂﬂ@éﬂﬂrdﬁcﬂﬁmélthét%gmlrmnt in

t he voi d vol une tion, optionally the controller 26 can track
cont ai ner$ Zﬁpeﬂﬁﬂwﬁﬁﬁﬂﬂ%ﬁy§9§E@ﬁ¢ﬂ0 25 The various functions of the
controller 26 can be perforned by a single processor unit, such as a
control unit for the void determ nation stations 70, or the functions can
be distributéﬁmﬂﬁﬁﬂg several processor units, each having separate

As above mentioned, the controller 26 functions to control one or more

components of the system 10. For example, the controlter 26 can route

20 containers 20 along the transport network 24 from the loading stations 12 to the
dunnage dispensing stations 14, as well as the void determination stations 70
when included, and/or controllably dispense dunnage material for placement in
the void volume. In addition, optionally the controiler 26 can track containers 20
through the system 10.

25 The various functions of the contraller 26 can be performed by a single
processor unit, such as a contro! unit for the void determination stations 70, or the
functions can be distributed among several processor units, each having separate
processors, such as among a control unit for one or more void determination
stations 70, one or more control units for the dunnage dispensing stations 14, a

30 separate (possibly remotely located) microprocessor of a personal computer, or

combinations thereof.
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processors, such as anong a control unit for one or nore void determ nation
stations 70, one or nore control units for the dunnage di spensing stations
14, a 30 separate (possibly renotely | ocated) m croprocessor of a personal
conputer, or conbinations thereof. 19 WO 2006/ 017602 PCT/ US2005/ 027624
The contr dVP@6PE6Ran be any one of a nunber of comerRGTAYS2PSAYE abl e
processors or conbinations thereof, such as programmable | ogic controllers
(PLCs) and general purpose processing chips with various output and input

ports and associ {5l 8nS b4 AUBLEIRY beameictal uekiagler ead- onl y
menory s ( ROV angﬁfgon@%ﬁ}&a%?égge%g%o?y (RAM). The CE’E{?;C%&&#; 26 al so can

provi de wi r erecsss@sentaniaatiops hecahaeh p¢ PrRgranmLle B ar,

infrared, w r(pL@§)San@i‘q@ﬁgﬂal pﬁFFﬁeq}?@éé%sin@ aribowfih e&riiRB Qutpubaidhputiperts
conmmuni cations technol ogy, etc., for remte control, FPO'I‘S'ta transfer and
e

ot her conmmuniaggasenfiated plgetEasic datm sloragmiaPeinFIEALY P 8N Y vnay or
two-way. W eRess) ahe Mo aldesNmefdfy (RAMHITRO bagaties2d also dam previdt e control ,
i i 71 g wirreRse camanacRioTh e U can i SRR e Wilear Bt
controller. 2QceMaveeadio fbf@rcsbakiis tordmbhieativns tesanaogyhate., foroeotet her

| ength, i dt IFoniie: it ToRE e GmauAEB I PLAREh L s gl T00 " 70"
wel | as det ergahbergeivis cmanhy. Birekssommageicatone camabe advabtagadeyfensed f or
insertion into that volune, th o [] I spensed
and/ or th¥ sf8%8 eactonﬁﬁ'r TRqqng %ﬂ%ﬁ%grégsft'ﬁsdg' E%;%Oﬂﬁ r:%ls%@d%%%ﬁnﬁiﬁgk

control | er 26Gninniizibgwiigyitpastirem the syatenpas bp EBPIeSh dRA Fortiger

connect i on_ Wt 43l AHFoRL TR NbCLorbif FYCRIRG el Hifbyagaliput devi ces,
such 20 as B0t S ?c % or %e ?unnage converter 52, a canveyor
speed sensor rédeNeddramiiescannitgsansarsdo deteraidp sentaiaet gt Wehetigtet c.; and
out put devi Cea%d%r%@ﬁbr%ﬁ?toaﬂ_aﬂ@ﬁ{u@ttﬁ%rvcﬁ@ﬁlﬁﬁme,%s%él@sﬁ:\ét&%ﬂwirfﬁhe bRgustunnage

converter 52, a nonconformng container indicator (not SEOW%, a cont ai ner
sensor (ntt shdurnageenateriatly besispased fos fnseiien Kite hahxolene. tioYPeEPG  3) for

the dunnage cRR¥&Id BEteRa: to BE deBbnRE Al PRededd hifwiacH Pudnsgeeen as an
i nput device, or a personal conputer can have a touch screen or other

i nput devi ce A ISHERPEPEr ewi t h. The operator panel 114 and/ or
controller 26 canTha¥sht@liéias dadibefequipfed pitayariugs pbes (et stie) for

connection with various elements of the system 10, including input devices, such
og  as a foot switch 110 for the dunnage converter 52, a conveyor speed sensor 112,
a mouse, a keyboard, a keypad, a touch screen, etc.; and output devices such as
an operator panel, a displéy 114 for the dunnage converter 52, a nonconforming
container indicator (not shown), a container sensor (not shown), efc.
For example, an operator panel 114 (FIG. 3) for the dunnage converter 52
25  can be equipped with a touch screen as an input device, or a personal computer
can have a touch screen or other input device associated therewith. The operator
panel 114 and/or controlier 26 can have a monitor for displaying the various
indicators and/or other information, such as the measured dimension of the
container 20, the total volume of the container 20, the volume of the contents of
30 the container 20, an identification of the container 20 and the volume of the void

above the container contents 16, etc.
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i ndi cators and/or other information, such as the neasured di nension of the
contai ner 20, the total volume of the container 20, the volunme of the
contents of 30 the container 20, an identification of the container 20 and
the volune of the void above the container contents 16, etc. 20 WO

2006/ 0176090 FETPIEZ005/ 027624 Additionally, the oper RIVSIWHEIT6214 and/ or
controller 26 can be provided with a selector device enabling the sel ection
of a void-fill density froma plurality of void-fill densities. The

sel ector device igjfbnki Wt anétnﬂﬂa@tﬁldrﬁﬁﬂltwﬂerﬁchnaieprmﬁtdﬁdEby a
desired densHé cﬁan E)g [}p %ﬂe &q)a nouse poi n W|th 5

0

one or nore M @tse@@réﬁ‘éw enabiiythHgsglesionQ /R él{)ctené{lefg;n gfp?tgglﬁ}égl red
voi d-fill  depgidi¥endtidsOotheS¥ieboh devideds ah Mpac éovicanne cav hblutde deel ect ed
void-fill density, the controll eQﬁT%a] ary the angunt oof g‘grem rrat erial
to be di spendé@rasyr desed Al () algfl In, GiMpPUSE R 2 JOHCth PAGT !

ﬁe| ect eg ;{30' ?)PE ok ?pﬂﬂﬁﬁuttréfglorﬁakeytﬁaarddj‘re(eypmﬁ)r erhtt}emfa}EISlréquod-ﬁtyram"re;j t?
ave a default settin anount o
dunnage to bé'eﬁi”fé(p%@gﬂ”’f e@a%%ﬂfd@"%m@h&'eoﬁe%ctgﬁé’gm# vo'lﬂfgﬁmlf ni ni mal
protection i %oﬁtﬁﬂldegan \faW thexatgahesf duheageeatatia to badispereled per measurs
void-fill densjt n trolle 10% | ess
dunnage mat er"P%EFyetog"ﬂg @F?ﬁ%&sﬁa‘"ﬁ%ﬁ"e&el? Ctne%wgqen%&tsﬁ?réggp{ gp fill void.
This w || resdhirollencan Heowvagradmmmjnatedauefaﬁtt sefinawheraiitydl caromandia wi | |
consune a _sna uant i r hand, if
greater pflot géaqeiﬁgmfnse 55’35%3% a%%qugﬁlsg%%if?seagac n&b&}]ﬁb?ﬁe cont ai ner
20 are heavi emgastifed voqdertfarnmrmatawtmb@@tneedednf‘g’tﬁé(ﬁmﬁlﬁ therqpefaleiéd8i ty and t he
control | er 26 AIO&QWH[ dér%ftggﬁ@‘mglcﬁntrc?l@/@wil@ﬁﬁ‘téﬂt‘d%ﬁ%n’ﬁé eoyal to be

di spensed per ‘grven u vol d he cont ai pers 20
cannot only tessfduhhaat materialde pé élﬁmseéléﬁfsﬁl"ﬁ"e‘é”"tﬁf RAATHEGLP-HLYO'D0 di f ferent

densities carpR&,ipf dé%\ﬂl't ﬂlteéjtomr@érisftf’f [?&tﬂtéé‘&ﬂﬁﬁéﬁzaﬁndtvhﬁcmdte\wémmr so
that nore or |ess nnage can rovided to dflff rent, vol une ez%gmsnts of

the cont#®i né&pantiyef Ct‘t"ﬁﬁ% Wteﬂ?‘ nt 8 qiker Dag, I orerler RS FEIn iR PeSEcan be

programed t gt ’E?{étartlc@e%&ﬁéd W tRneHrRdingt 20U Besvidri the oppaeal chasaecton
shipping criteria. The ship

bar code, or adtigher veiddl GP%%WG‘PQ#F? °6'E$ﬂqeér2h§‘f"f;%gwtﬁ$% rfc?rwég'%glF %sl ggglkaggd
therein. Somgngy amnta@s n@tter@n tdtR digpetised per givannuiitod eeavared tapefiliufmgl cont ai ner
size, contal n%g c\cln\ﬁtles\%ers 20 can gtcc;nﬁy t?edﬂllte rh% %(Helteeﬁt dg&lﬁe%rmﬁnﬁnage but
o0 different densities can be provided to different segments of the void volume, so
that more or less dunnage can be provided to different volume segments of the
container.
Additionally or alternatively, the controller 26 can be programmed to select
a density and/or a dunnage fill speed based on shipping criteria. The shipping
25  criteria can be provided by a label, a bar code, or other features of the container

and/or the articles packaged therein. Some examples of shipping criteria include

a spemﬁed mode of transport (water, land or air transport, for example; or truck or
train transport; or local or long distance fransport; efc.), features of the article

30 {oversize, fragility, etc.), type of dunnage material being used (closed-cell foam,
expanding foam, air pillows, paper dunnage, flowable dunnage, efc.) or
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a specified node of transport (water, land or air transport, for exanple;
or truck or train transport; or local or long distance transport; etc.),
features of the article 30 (oversize, fragility, etc.), type of dunnage
mat eri al being used (closed-cell foam expanding foam air pillows, paper
dunnage, WQ#HPERunnage, etc.) or 21 WD 2006/ 017602 POEFSE BRIEH027624
conbi nations thereof. The invention is not limted to the |isted shipping
criteria. As noted, these are but a few general exanples of potenti al

shi ppi ng cri tcembmatiorRen&ast Mblklifentdh iahsintiad td e tstdd shippiagotitatia.of dunnage
di spensed by the dunna e di s ensers and ot he r§ such. as when the
S Sy

i nst ruct i ons ASGpdstgPe gl 9%“%?)@?‘??18[8%3 GEE s provi de

nmore or | ess dunnagecdn@olier m@moaianeécord ihe adwlibt o utreagerdispensegl tiyttee shi ppi ng
nprove t he

t d oth t f
yst om over €PHEREETERSRAIPIST B eath et Bar SRR Y packagi ng
trends, amd idibpBhdel WersBdvetrahian bg an@peimor Emrowee(mwpd o, lessfdunnager toar t i cul ar
di'spensing | SEPDEE ADTionds rel Bt E Shi ol Bre s AL HfiES T o0
i spensing i f S ional dunnage, en the
[ nslto ructi gns |rffmnat|hecmhb¢)psemgomnpmeas i_ha_sgaemlweretunne)wﬁter g@hh@ﬂywpdat ed to
instruct a disp erulyt o) eﬂ@pg&ggpgqgmsl ?ﬁlﬂ nwl,tﬁgglfenfaﬁge bk EE} ppi ng

criteria. As @ é)no e e avail abl e dunnage
di spensers aegampledf uridsr partlp\alalt3l"dmﬂlmrcnﬁﬂﬁ@plongratqrfl’@ﬁwfﬁjymuﬂlf)/at shi ppi ng

criteria j,s %@érﬂ?esatﬂg ldhﬁrga eﬂmén%fng Bﬁé ﬁnd &l%ﬂséglﬁdcﬁtﬁﬂélr&llnhéﬁe 26 m ght

generate a repor atl ditional dispensers need to be
assigned to ﬁhmth%hlﬁiblmﬂﬁgs fﬂfﬂteeﬁ*‘ﬁwﬂglQﬂt‘iﬂﬁé‘a@ﬁﬁéﬁﬁomﬁﬁﬁa”yt“%ﬂt@%m roller 26 is

operable to ﬂfsﬂﬁ&sdsdéﬂé‘ﬁsé/r%@lsp¥@%|tagﬁé!%uﬁ’rféﬂ;@'férqﬁatt&‘upbh@ cvfdkid. As

determ nation stations ) control t hen determ nes the anpunt of

dunnage nat elaP‘athefrfé@H@EP tf@ ﬁﬁ‘Fael'dlé’mbﬁ" ?ﬂ{@e Qﬁ"ﬂb'? QFrlmqgﬁ d?@ef'f’r?és B5HEf ner 20
when the oneggiy M@aﬁfslﬁupﬁhg&n@ﬁa Bﬁd/mab@ﬁmr@l iR is nenh@eppueo Riceé ner (or the
bottomwal |l of the contail ner 2@ erl ain b?\;t? %16\ c%t tG tFI G 7,
this voi d8128eaenty, {ieh ‘ihﬁt‘s@ﬂt“ﬂ&‘f’r Bigty gEergig Al ‘%GW i '@F‘ 0 i d vol ume
i s determ nadditibriaedigestised de2d t¢ Be assiynzd nalthbhshighimnateriadi spensi ng stati on
14 to dispense the det anopunt u can flow
directly into 25 PRE® ggﬁf’gh?@f t%ng'ﬁa %B%&%faq’geetﬁm&eggu a@%l nto the
cont ai ner 20vdiymaniatzpenaired by thaynﬂaiy&arlnrshmrSatlms Fbailhenentilien e dunnage
di spensing spatipns td. & CLERbE &hndPH e neBHENBIRadeSn the void left in
20 the container 20 when the one or mare articles 16 have been placed in the
container (or the bottom wall of the container if not overlain by an article). In FIG.
7. this void 120 is illustrated by the cross-hatching. After the void volume is
determined, the controller can command the dunnage dispensing station 14 to
dispense the determined amount of dunnage. The dunnage can flow directly into
25  the container 20 and/or be placed or guided into the container 20 by an operator.

Dunnage Dispensing Stafions
At the dunnage dispensing stations 14 a ccmtrolled amount of dunnage is

dispensed and placed in the void 120 (FIG. 7) in the container 20 around the

30 article or multiple articles 16 to minimize or prevent the articles from shifting during
transport and to protect them from damage. Each dunnage station 14 includes or
is connected to a supply of dunnage. An exemplary dunnage dispensing station is
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di spensed and placed in the void 120 (FIG 7) in the container 20 around
the 30 article or nultiple articles 16 to mnim ze or prevent the articles
fromshifting during transport and to protect them from damage. Each
dunnage station 14 includes or is connected to a supply of dunnage. An
exenpl ary YMORAWAQES# spensing station is 22 WO 2006101 2005/027624

PCTI US2005/ 027624 shown in International Patent Application Publication
No. WD 2003/089163, which is incorporated herein by reference. The present

i nvention conkerRih@maissal PhtentAplicyim Rfblication alpeWwd 2QESiE8ig3.deidhce or
means. The containers 20 Qag F‘Fg delivered to,a d .nnaget di Fé%% ir&g station
14 5 randonli$/NCPOTGIEdigraln Oy FEeTERC AR YRR CRYPLP eq'%ﬁl ary routing
criteria inghyepe®daimiansdispesing gevveair resansiei ght , packing priority,

shi ppi ng destinatjon,  ,dunngge t . M of , shi nt., ..shi.ppi conpany,

voi d geometry, vof ¥ SRS gggﬂ'ée{‘%)é‘?wﬁﬁﬂgﬁ%Féjuﬁ'?%%r‘%pteg,s’ﬁ aﬁﬁ%ﬁg}% di spensi ng
station awai lrafidnity, Yr b&ded.onAsewrr ioré hetihgeartensy Bieatplan soutig ciétada as shown i n
FIG 1, in an odi yrent . 1o t . i ng.st.at | 14 can be
arranged in é'écﬁ sc,ongﬁ@ﬁ5'5%’,cof'%%epglggﬁrr%ﬁ%&'ﬁﬁggé&d%ﬁgﬁaﬁaﬂ@f ations 14f
and 14g. Wt kiuanage tepe, anadamgeipment, shippingtamgany. Voitegeamatiyoymid ¥aéme uppl y
dunnage to a gcont ajner ent. i : oL din ing one or nore

t ypes of dunﬁ%ﬁ%’%y’ %’ﬁglegr%&%?@magg%?ﬁ%gﬁoﬁgﬂr?g%‘lsgl,h&pgf&?ma e to a batch of
cont ai ners si mul t Aneihiejoading/ atiana d 2candasr hows fsT G- dsingn emBpdiathage, for
exanpl e. ti I L ' Iy ieddsichhsb@r arranged in
paral | el 190 sﬂﬁ%ﬁﬂgégépﬁ?%@ﬁ'gqé ﬁ%ﬁ%@gﬁiﬂs@%gﬁ’gﬁﬁéstau gnsr14a - 1l4de.
Wth such anexamplandunmese disernsiggéationn Heardi 14ge MBFULR AN ARG cont ai ner s
substant i al I 'y, &jidilihe 3Ra4s 6é|21(()s'up§lyﬁuﬁ?\ag@b@Etcoﬁtaﬁeﬁééﬁﬁehiidn?,)su@ﬁds

i ndependent |y of one anot her such that, for exanBI e,..a d@nage

di spensi ng sfeltdispenaing epmoBORRAYRSE ObHENNAgRLES MATR UGS BPUBRagey
refilling w tghasdge t5BaREhRE chitaineRisirn Btap¥sisarand@piohe bainbye dashies of t hese
dunnage di spensing stations 14 can be dedicated to a particular container

20 based ¥n (Y039 EFXABM'$-a, as di scussed bel ow. The dunnage di spensing
stations 14 can eggtibnailppk Yuanagertidpensisgstations2d canlbiei goiaegey pewraliel ,dunnage,

Character! ot Pud S e gt SeboiREn DR 472, PAE b iR 1) OO
di fferent demsahgersertfdutnageas,bei digdensedigr diuttibleroontaingemsibstantaliyn di f f er ent
areas of a simultaneously (i.e., at about the same time) and independently of one another

20  such that, for example, a dunnage dispensing station 14 can be taken off line for
maintenance or for refilling without impacting the entire system. Optionally each
of these dunnage dispensing stations 14 can be dedicated to a particular
container 20 based on routing criteria, as discussed below.

The dunnage dispensing stations 14 can each supply a single type or

25 multiple types of dunnage, or respective stations can provide dunnage having one
or more different characteristics. For example, the containers 20 can be filled with
different densities of dunnage, including different densities in different areas of a
single container. If the topography, geometry or contour of a surface of the void
volume is known, more or less dunnage can be provided fo different areas

30 according to that known information.

The supply of dunnage at each station 14 can include a dunnage
dispenser, such as a hopper or other storage container. Additionally or
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single container. If the topography, geonetry or contour of a surface of
the void volune is known, nore or |ess dunnage can be provided to
different areas 30 according to that known information. The supply of
dunnage at each station 14 can include a dunnage dispenser, such as a
hopper or WOR6OEHBr age contai ner. Additionally or 23FCHYSZ567H3147602
PCT/ US2005/ 027624 alternatively, the dunnage di spenser can be a dunnage
converter 52 as shown in FIG 3, for converting a stock material into a

relatively I gﬁ%ngﬁ;%ﬁ,ﬁhgq%ana%% digeRgetCan bEhaiudbaRa@Rverts Sdasphov thed in a
or I ple du

comon supply | nnage _di,sgense{_s or each gl I?srpensi ng station
14 can have FIG %o couysping a sogkmatgdalnfe @ rglp "?lydﬁ?ﬁw‘gﬁ'ée APt er 52, the
dunnage can gr'odraepehug%qn%e_ i bR, pré&vidi&ian a cdbiivagapelp forenditiple ithnagel t he
stock material together typically occupy |less space than an equival ent
stored vol ungiseensermerAneh giepensing statgnel4 %‘Urﬁ‘ﬁ'éﬁ@s g‘f’%ﬁ‘é‘ﬁ' er also can include

any type gf suitablye sReRAIGEAMIRCORRIieng2, thddurthagaagebeé prusnckdom i nto t he
cont ai ner, including nechanical feedi or, 10 tra i ng. hani sms (such
as a conveyoﬁ',terrﬂi@ﬁ@rqunﬁﬁgeewnv‘?'ﬁrﬁc’gra,”g%ﬁ/ﬁ%%‘ematgﬂ%%ﬁewerg% Y pneumatic or
el ect r omagnepkadyliacsipues Ben de vhsiesientatored enlurge abdinpage DaterislgdhBui t abl e
dunnage includes any materjal tha an be pl i Ao TNl e WY 15 the
cont ai ner 20."”@@9@%”8% &?"&&Lﬁcefa%%@ﬁ!t% f?@%gise @?é“%ﬁ'ﬁﬁggﬂ“f’ﬂ%? ude

conti nuous StHd qurkgeagard o istortied eorpaioer| inkladidg mesrnicablesdiRdabl e dunnage,
and flowabl e dunnage. A conti | PscREw Shildr RfoveB®e be used to
fill the Woi E'E’O?ﬂ% .meﬁ?a'ﬁﬁ‘ﬁé%%%ﬁg‘%ggag’ﬁ %E%lﬁ%r'?yp“é' Pncl udes paper ,
typical |y crgoppoetetr), pidueratic seeled®niagnaticglly pewsered fievieas. of SYBROMHUI shape
that takes up a greater volune than the area and thickness of the stock

material; a strip of soft or rigid foamhaving a predeterm ned w dth
and/ or eithebDuangyeedeterm ned length or a variable length; a strip of air

bags; an air bag SiiBe o ARidcaady AYhALARI el cal BSplasarhitenalio ar ea |t hat
can be forned in a rar%ge of "l engths; "a stri
f

of b | e pack, typicall
formed 255f r A eonringr S@ngt@@r@ﬂﬁé%é{fglffgfqﬂ%z/@aﬁ ?%53%9&8@%% %/8 entr )alti n
pockets of aighntinuBUP B SlnkRkV\@SieteltRdIRe Blrtiagaex@athdabiiadiinnagplande strip or
tube of foamthat forms as it is dispensed froman outlet; and |inked
dunnage, suclowablgHEpiageot
A continuous dunnage strip or strips can be used fo fill the void volume.

Exemplary dunnage of this type includes paper, typically crumpled or otherwise

20 formed info a three-dimensional shape that takes up a greater volume than the
area and thickness of the stock material; a strip of soft or rigid foam having a
predetermined width and/or either a predetermined length or a variable length; a
strip of air bags; an air bag "tube" having a predetermined cross-sectional area
that can be formed in a range of lengths; a strip of bubble pack, typically formed

25  from a pair of plastic sheets affixed to each other to entrain pockets of air
"bubbles" between the sheets; an extruded-in-place strip or tube of foam that
forms as it is dispensed from an outlet; and finked dunnage, stuch as chains of
linked dunnage segments or sausage links. With respect to paper dunnage,
optionally the paper can be formed into a strip.

30 Linked dunnage includes relatively low density portions connecied by a
higher density material, and generally can occupy a greater volume than a similar
size and number of unconnected low density dunnage portions. Linked dunnage
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| i nked dunnage segnents or sausage |links. Wth respect to paper dunnage,
optionally the paper can be forned into a strip. 30 Linked dunnage i ncl udes
rel atively low density portions connected by a higher density naterial,
and generally can occupy a greater volunme than a simlar size and nunber

of unconne¥@eWsEWdensity dunnage portions. Linked duiffdGODE2%¢
2006/ 017602 PCT/ US2005/ 027624 includes, for exanple, connected air bags,
with [ower density portions connected by hi gher density portions, etc. The

conti nuous sy r{c'ld%ﬁs 9{31 Qaﬂ@n%gﬁorﬁ@&e%wfbﬁas Hith@swintehsitypdrttms conrkciod a

cont ai ner using rotating nmenbers to "shoot" the strip into the
5 cont ai ner bvhighﬁbd%ﬁlme@fweﬂFate chanber or other holding |ocation from

which the strip ﬁ—%%ohﬁmﬁ'ﬁ heds oﬂé@ﬂﬁ@@cﬁ'\' b@feh@rﬂbt@ﬂnmﬁbld itzo t he
contai ner. The strips 0 cou e wound then sections

I nto
can be wi t hdcemainer eing hehunwith r%'nﬁ@wwrstagﬁh%% t?‘gé" ety éheor di screte

dunnage Ug' t %oﬁtéﬁeﬁ&qnﬁtbfaﬂ%t&%eéma@@nber aﬂotﬁymcmahd wcaﬁdnmrmwhmtml screte
pad-|i ke dunnage, one or nore dunna

aV| gth or
di f f er ent |eﬁ@wr@n&¢@um9§e€mp?¢?wﬁwf§8 RYe HfE° gﬁ’ ﬁp@%‘h@pad li ke
dunnage can BgoShiflulbawduRd fiieR eoit @thﬁé@e@dtnomcaiwmwgmra\sm frompshedendicr i bed
above. Exenpl ary dunnage pads include paper pads formed, for exanple, by
crunpl i ng or @80Re¥8H se forning a paper sheet or sheets into a three 15
di mensi onal shapepidiabe Ts@éfﬁé?ntslﬂ disqgete aluenageainiterare $eattiortsitd denrageand

thi ckness of a—lyPlcﬁggyﬁcr}liléﬁ%agz SC&B 8rpggé! El?l’gn% on%od?rﬁ%é @gn ‘étp'aQQS of soft or

rigid foafh erm nad &1 ze and sha e, alr bag
"t ubes" havi ngviag ph@d&hmonﬂengm ordn‘fem begmﬁ@rﬁamla@ﬁdeathwﬂ ¥WMpe fornmed in

pr edet er m ne%]tl en %Sﬁgd s % b‘PQP@g ﬁ%tgfreﬁe%%t&{nﬁé@ed | engt hs,

etc. Optional ércan coaq Increasé its mass: and/ or
portions of Bhrps;dasmbedabn\dee Ezamplary @mgmpg@ ineludrRaper pads femRe Mt s mass.

Di screte pad ek(étjﬁglgdl‘gw&@lq@wg;?? ofErké RIRhRY ARfpePbieesr 4 éﬁée% i@ RitAleBer by a

pi ck-and- pl ace r nto a container froma oI Iocatl on or
dr opped 16r dtﬁwrswngbshﬁwfhahtabe% ma@rﬁ@@%wﬁ@f"edh%@ﬂ%ﬁ&r? frf‘éﬁ;? r or

dunnage convefsigik rﬁéteﬁ&céléd?&e of\BorfheeiER |saEtiond af ¢t @t‘rlgﬁd fogmpainage
dispenser, SuCh s e osgd nI N esalrﬁa tugesw?lavmg a préd%?ermmegr exanpl e,
can convert badnga prseterpined sizgand sRaR g
cross-sectional area that can be formed in predetermined lengths; and sheets of
bubble pack of predetermined lengths, etc. Optionally the paper can be coated fo
20  increase its mass; andfor portions of the paper can be cut or otherwise removed
to reduce its mass.

Discrete pad-like dunnage can be oriented and placed in a container by a
pick-and-place robot, pushed into a container from a holding location or dropped
or otherwise fed into the container directly from a hopper or dunnage conversion

25 machine. An exemplary pad-producing dunnage dispenser, such as is disclosed
in U.S. Patent No. 5,123,889, for example, can convert one or more plies of sheet
stock material (such as kraft paper) into a relatively less dense dunnage material.

Expandable dunnage expands to fill a range of volumes. Some examples
of expandable dunnage include: foam-in-a-bag, where the chemical components

30 of a foam are placed in a sealed bag, typically made of some type of polymer
suitable for controlied activation; and inflate-in-place air pillows that can be inflated
inside the container to fill the void volume, as described in U.S. Patent No.
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stock material (such as kraft paper) into a relatively |ess dense dunnage
mat eri al . Expandabl e dunnage expands to fill a range of volunes. Sone
exanpl es of expandabl e dunnage include: foamin-a-bag, where the chem cal
conponents 30 of a foamare placed in a seal ed bag, typically made of sone
type of pdYQAWFONE?t able for controlled activation; rfydP(‘WP‘P“ %é”@“n- pl ace
air pillows that can be inflated inside the container to fill the void

vol ume, as descri bed in U S. Patent No. 25 WD 2006/ 017602 PCT/ US2005/ 027624

0,253 806, T @58 %8R orahibid, Qﬁ%dnﬂmaaﬁﬁ_ﬂdlﬂfﬁ@@%fohhﬁaxbm\ﬂmds wi thin
the bag to "an enc the void in a

vol une, either ‘g’ﬁla tsel f gr
cl osed vol un’eag tmfw@nm@ﬁ%boiwﬁ%ﬂﬁ”ﬁ%‘lmﬂp?g‘é? ﬂ'it'? p& 4975H VAEBPoxi mat es
the shape of thhg.\Rlidd fo4R sURBifiesiine: dpage &ﬁﬂamﬁoﬁdnatée(he sfhat)bef thevbidi ner ,
which is then closed andthe5foamflll%%her(1:los %F%H%Hd
parti cul ar | yvelH®a- The b3 spebeplassin i S BETY oam i n- a- bag
cant Ee 50%][ d\‘Ja'rr?fﬂlsEi:i‘e éofﬁéﬂ \HJ(ljd”mé/ bﬂ@aﬁh&laﬂ@@hemﬁe&hammof thefad eotltnem IpI acedI I
in the contal ner owa unnag es a ively sma
dunnage pr odbev thefermdRR-Hag SR | ﬁtSB"cﬁflﬁg 8|Wi£héurﬂdeth%§% 'félaidr?grgéSorre
exarrEI es of Bbfla\i@lbisﬁ)lébéﬂﬂ‘ﬂ!ﬂ@coﬂiﬁlnbnd ude: foam "peanuts," paper peanuts,
air bag "ravioli ai r nage
product can i ncl Lm%wqﬁl]eamﬂageg]cbggswp uf[ﬁqﬂ' fﬁ%%‘@ ?-maefl JJEBX%ZHBI e%nnage
tygl cally Ih s tithit s@ensertd the sbidtwtha coopiper. $ame sxama@aeofﬂawabfewéﬁnag@d t hr ough
t ubes or cute ot,,hecrualn e 15
di spenser!® ﬁ'§{81 8RLGPFING SEPRY eanﬁé I\%[%%d@%“g& é‘ﬁ‘@%ﬁ'ﬁ?‘gﬁ]@%ﬁt abl e al so
can be usedetoo ensure that the flowabl e dunnage settles into the void

volume in the come%qg‘%g[? dmﬁ ué]ey}prgd&ft cé}pﬁ&g@@ﬂﬁ@g@ﬁg@,@ﬁ tﬁ@m@l[)x er 52

enpl oyed typically w e-dependent. For_ each unna r.oduct
t here can be Flmﬂablepjtmnm%’mpdly IQQIS@%ISW@W t@rathqRPsEier SIRERTE ATHH ‘é" e t he

contal ner 20ufhifl bl dife %ﬁ@[ﬂé‘c%miésrﬁetbﬁ@éxéiﬁ;ﬁsﬂylﬂbﬁébibaumage The dunnage

di spenser 52 a can 1 nc e sel imtin tuyre elivery of
the dunndge diseenser sefisdinsef & ¥:S. faiepthio- &G/ 37a§ E‘? a?@ffﬁg‘%ggec sensor,

mechani cal t (5&96 erlirc ARG RswebleSdUrBgSottdsanto tm(vmqbi/ﬁuma il fhei ting plate
with a passage therethrough can be placed over the 25 opening in a

cont ai ner, af@nt@ngate valve, butterfly valve or other valve can be
The type of dunnage dispenser or converter 52 employed typically will be

dunnage-dependent. For each dunnage product there can be multiple ways to

20 deliver and place the dunnage in the container 20 other than the exemplary
methods described herein. The dunnage dispenser 52 also can include self-
limiting features that stop delivery of the dunnage once a sensor is triggered, such
as an electromagnetic sensor, mechanical frigger or backpressure sensor. For
example, a limiting plate with a passage therethrough can be placed over the

95 opening in a container, and a gate valve, butterfly valve or other valve can be
used to allow flowable dunnage to pass through the limiting plate. The plate
affectively closes the top of the container, but allows the dunnage to fill the
container until one or more sensors are triggered to indicate that the container is
full. One example is disclosed in U.S. Provisional Patent Application No.

30 60/624,348, filed November 2, 2004, which is hereby incorporated herein by

reference in its entirety.

26



used to allow fl owabl e dunnage to pass through the imting plate. The
plate effectively closes the top of the container, but allows the dunnage
to fill the container until one or nore sensors are triggered to indicate
that the container is full. One exanple is disclosed in U S. Provisional
Pat ent AppV?¢¥6PHA2No. 30 60/ 624,348, filed Novenber Z’CTQ@GQPSI‘%?‘*ch is
hereby incorporated herein by reference inits entirety. 26 W 2006/ 017602
PCT/ US2005/ 027624 The dunnage supplied at each dunnage di spensing station

14 can be placed {f} §ilHpaGORIppliEtEs: ceh Gyt |dkpbisifipatdiiorots édneedunnage can
be placed by a packer itnitiating or otherw se controllin or nore

steps that amaceeitthe sartaipgr 20emiirely byERNd: arthe dURN3YS fon HE » e‘{‘ﬁ% qdunnage in

the contai ner,2Q.; iiiRg 6§otﬁerWI%kcoﬁtréi cme&ﬁ@nd’r@b@b% thaf\greagepbimesd by
alternative, the dunna e can Iace int nt a:graeimndep q(dent of any

ext ernal contanBler Mofe ’%W%SI"@P@F deLypnege ig %ﬂ“ ie&L “Control I ed
by the congt r%'nh%'lac@%b&tpms@h@ﬂ%l' Qlterﬂamértaé ldoraidgg cph he@ldchein theinnage in the

void volune in the caontainer Wi t out SI S ker. 10
Cont ai ner O GQFtﬁﬁ'eS‘t"Q?F?etS'ﬂeFﬁ?éa%??ftﬁmﬂ "Eﬁgl %%%%%WE%O@B%" V\ﬂ%re t he
contai ner i s deligss;domtriled Py teaortlolfen £6,Stn epqamp@ ambtrmtlcalygtaeﬂmeng t he
dunnage, the contai.n 20, 1 transferr.ed g station
102 to cl ose dﬂ"ﬂ'@%’dﬂ%"ﬁ@r"@ﬁ" '536? Gtairgel 2;0%%08?%5%2 %/9@1%9 ng a
contai ner 20patiygi cally referred to as "box closers,” are known and can be
used in the final step of the packing process to automatically close and

seal the Yontainer for shi pnent. In the case of a RSC container, the
cont ai ner 20 Goafeilee CGhsirgn@teiiaral | y seal ed using automatic flap fol ding

equi prent i ntegraly {0 fler gjgfnglsfgtt}ﬂnq& Rvridid ﬂ@%hfélfﬂ??& didakibh@ device;

including but not Timte andom case sealers, tapers, and strapping
equi pment . | forepasgstier shivping. \After disaensinabe domnace. e aNARE2LENt ai ner 20 i s

seal ed usi N9 (3AlroRbd!f> PeortlifHREING stdfih 1 DRI ¥lodoAE coREMEEH. D ate |1 d
on the container, usin tape or, stra to cl ose

t he cont a15neﬁ0f2@'tcﬁiﬂﬂi’céfg/&95§‘9| g CCT"@'“% tﬂop‘EP'ﬁ‘ﬂ'V fSﬁ'?F"BB t‘hﬁs "bloégg?%rs,apgeo can be
appl i ed aut oREE Bhd ¥an PRI HeTRR! igh SARY padksiganeass thautdbatuaky at or '
' nvol vement Iclrc])s:[a gﬁd ggéi lt<ﬁae cl:orrllgalrper?or sﬁ%m%%p Ip\?he casemi1I Fgc Q&rt]aelr)]%rsthg nt,
container 20 can be automatically sealed using automatic flap folding equipment
integral to or ancillary to an automatic box sealing device; including but not limited
20 to random case sealers, tapers, and strapping equipment. If a shoe box-styte
container 20 is used, the container 20 is sealed using hot glue or strapping
equipment that secures a separate lid on the container, using hot glue, tape or
straps, for example, to close the container 20 and secure it for shipping. Shipping
labels also can be applied automatically, meaning than in many instances the
25 operator's involvement in the packaging process can be minimal or nonexistent,
freeing the operator to deal with non-conforming fault conditions and/or placing
articles in more containers.
Alternatively, the packer can close and seal the container 20 using tape,
straps, or an adhesive. Alternatively, the packer performs some steps, such as
30 folding flaps down or placing the lid on the container, and other steps are
performed by a container closing mechanism. Finally, the container 20 is routed
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freeing the operator to deal with non-conformng fault conditions and/or
placing articles in nore containers. Alternatively, the packer can cl ose
and seal the container 20 using tape, straps, or an adhesive.

Al ternatively, the packer perforns some steps, such as 30 folding flaps

down or pl¥@PHFOIHE |id on the container, and other st®¥gdUSaaEERK or rreg by

a cont ai ner closing nechanism Finally, the container 20 is routed 27 WD
2006/ 017602 PCT/ US2005/ 027624 to a shipping station 104. There the

contai ners 2 Z15 1) 2(_mw‘ebe)§ rieddysiestiriatio®t c.  and
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system The steps or bl ocks shown represent functions, actions or events
perfornmed. If enbodied in software, each bl ock may represent a nodul e,
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i nstructi gns 1o fipbAGEes bectdasir nethddoligy & ahasriates mckeaig enbodi ed
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processes such that the fu ctl action f t he
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than the one.mﬂ@m@ntt&éswdfiadn@cm@mmnm FleGbod@d impréwargneasidigfikar y syst em
can operate in the t RGhar e erected
i g?ayé'fe@'g§%‘& onggr @gregtﬁjewgor S oRtrbFRE BV RRLG InhiErEen

by a cont'di one or nore | oading stations 12 where
one or nore apemf@desgldeﬁfur&tjdn‘ﬁ(e)qmmnuyerapﬁwﬁﬁ@@ékﬁaﬂ@ﬂstg?é‘ef?ﬂmr‘é?H%r for

shipping at %gr?&}m% o f Pﬁ?%%%; Sy ft i18 firkend aullond of Byartep_202 to a

sel ected one ura det erm nation 20 st ns 70 for
det er m ni ng Iplaeforwlmdcby\tbﬁ% mfevarﬁa ﬁHQIWéh%Bﬁ@W@Eﬂ GAREPS) RErRER: ‘80 is stepis

not al ways n @ﬁﬁ SPRreanssncan be onmtted, as previously
ment i oned. %g gﬁ%‘?&%ﬂ{éﬂ?. fier also can be detected at step %\g i f
PRI ng

required.15 The c ovfitareferenceto IGEX3 AN BRNT SETRIATY 519 £51 PRI

dunnage, i. efolfo%ng@nérﬁié“On&@ﬂﬂbie‘ &ﬁta:ri&sm g e2éfled H))faaonwnertmédorm ng fault
condition exists the container é é 1~%ehdl vert Oéma handl i ng
by an oper at 8 at aneplgpeygiore joaging s t‘F'%S ?{8888 t condl tion,

the dunnage rEBsHQUENEIHS pfadéd knhke uaitalnerdbrshippaiyeat step 200 The contamer

20 is then routed in step 202 to a selected one of a plurality of void determination

20 stations 70 for detérmining the void volume, if the void volume is needed. This
step is not always necessary and in some cases can be omitted, as previously
mentioned. A container identifier also can be detected at step 204, if required.
The container 20 is examined for suitability for receiving dunnage, i.e. for a fault
condition, at step 206. If a nonconforming fault condition exists the container 20

25 can be diverted for special handling by an operator in step 208. If there is no
nonconforming fault condition, the dunnage requirements for the void volume are
determined at step 210. The container 20 is routed to a selected one of a plurality
of dunnage dispensing stations 14 in step 212 where dunnage is dispensed and
placed in the void volume in step 214.

30 A prescribed amount of dunnage can be dispensed automatically, based
oh the determined void volume. The container 20 can be automaticaily positioned
at the outlet of a dunnage dispenser 14a and dunnage can be dispensed
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determ ned at step 210. The container 20 is routed to a selected one of a
plurality of dunnage dispensing stations 14 in step 212 where dunnage is
di spensed and placed in the void volunme in step 214. 30 A prescribed
anount of dunna e can be di spensed autonmatically, baseq% on the determ ned
voi d vol unE? 44481t ai ner 20 can be automatical ly po§71ﬂgﬁgﬁmr§%‘the
outlet of a dunnage di spenser 14a and dunnage can be di spensed 28 WD

2006/ 017602 PCT/ US2005/ 027624 automatically, directly into the container
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plurality of .t ort nes , 68f, 68g, 68h, 68m 68n, 680, and
68t, for @xarﬁ‘fF nst?8ﬁtt%?ﬁeé?(§%9{?a§ ér 301; diverter 15 |lines 68aa, 68bb,

68cc: router gat eRetBfd® ramcto T2, tlataﬁle‘Bdihlﬁfé%tﬁaﬂ'éeéﬁfaﬁlﬁfb!r?"??@me”é?fd dunnage
di spensi ng st at i g@&i’igl% m]@b 131% #sf%ﬁ%ohqﬂcluééérd ﬁl&aﬁ@bmbdm BEKieHd on
ace

articles (not it containers 20 at qparal ﬁ | oa
stations 12a 1aam2b2btrafr$r®ffaletwq1fk &4 hadyg pelumlibecdldranspqriines Sk £i8h et manual ly

or wvia an a%ar@éheéarﬁya%neaao Eh@espmr%kaﬁma geoﬁtélﬁélrﬂilvdrl@rm dveesmedi at e
station 22a Via either transport |ines @rrb%%at i on

t her eof . 1Bhe linesiPRas0BEbY, FBRSS r%@ré;,ages,qmz%gmi QP%H aﬁé" ﬁ‘:ﬂ?eldf%? Hafe ers, i.

transport l'a'ﬂ@%uﬁr%%} e dRBensifPbtatidiiOi4ab b, 188mnda8a, DGBmgnGmﬂl 68t, etc. The
transport network

AU AL MG YAy R A A
mor e ConVeyers‘ﬁatloHQ*lEé“aﬂmﬁﬁ‘hb%rtdﬂes\mw ey plaedddin $he grméaimary mapualiyoat i cal |y,
manual 1y; On%iaoén antﬁérgatgg g;[:s%efn %e contamers 20 travel to an intermediate station 22a
20  via either transport lines 68b or 68c¢, or a combination thereof.
The transport lines 68 are illustrated as mulfiple conveyers, i.e. transport
lines 68b, 68c, 68f, 689, 68h, 68m, 68n, 680, and 68t, etc. The transport network
24 can include any means, however, for transporting the containers 20 between
two or more stations, such as, for example: one or more conveyers, which may
25  be driven by motors, gravity, pneumatically, manually; one or more chutes; etc. In-
addition, the fransport network 24 can include any combination of the different
types of trangport lines. Moreover, the length of each transport line 68 generally is
dependent on the distances between the stations. In some embodiments, the
sensors or components described herein with respect to different or separated
30 stations may be integrated into a single station. For example, a sensor for
determining whether the container should be automatically filled with dunnage has

been described with respect to an intermediate station, but could be integrated

29



addition, the transport network 24 can include any conbination of the
different types of transport lines. Mreover, the length of each transport
line 68 generally is dependent on the distances between the stations. In
sone enbodlnents the sensors or conmponents described h wi th respect

to differdh? 2y E’@ arated 30 stations may be integrat JET&%?(@S’QHQ%QI e

station. For exanple, a sensor for determ ning whether the container
shoul d be automatically filled with dunnage has been described with

respect t owny E{F}n@ﬁd&%ﬁl Aot @édé}ﬂndwbr |ﬁt@gda¢bdbmoutmmgmusmg sEiokD
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i ncl ude any neans cont al ner to the div Cgmter | i ne 68aa,

such as foroe«alrm’pbttmeat mcpﬂﬂﬂlrﬁgd'ﬁ%ﬁef391 ﬁ%@f““ﬂ‘ﬁ@rt‘ca"é{ 9BPRALLRIHODI ace robot,
etc. ano{@??uﬁ%@% éﬁ%ner@b%n@%ﬁeﬂbﬁﬁ’fe stlaueﬂ‘h@bouﬁﬁﬂlerctﬁmtenem physi cal | y

rermve the cont ai ner from the transport e dunnage
di spensi 1§ se2n inghide a‘lmme?rl‘ﬁsf%‘éﬁ'ﬂem@%@e REngy #(&pﬁaﬁgl"?rﬁe@%%%ésg]t he

di spensi ng st@lH fNfor biarhPledd sGwhing®ar @ tczprttoar repick-andgrdae robotosighInt he
di spensing station 14 w thout

sert 20,
t her eby i ndi PAgPeReRRASEIEMNINE ﬁ@’Q%'B‘?‘ftdé‘feﬁlng% r%(?r%{]é S'C%{lgrﬁggg'%?{ enI ine. In
this case, tBgntainst 20 feh tr%GrampparDinmlsllqadmrtomdlmnagﬁe@SﬁGﬂ@WﬁtSF?ém@%/st em

after it passes Lhe dunnagedi SPENGErs wkdyoRkHS Bl f ol laist rat ed

20 container to pass through the dlspensmg station 14 without inserting dunnage into
the container 20, thereby indirectly removing the container 20 from the transport
line. In this case, the container 20 optionally can be removed from the system
after it passes the dunnage dispensers 14.

Returning to the illustrated embodiment, the diverter line 68aa is a means

25 for physically removing the container 20 from the fransport line leading to the
automatic dunnage dispensers 14a, 14b and 14c. Optionally, the diverter line
68aa can include a transport fine to a diversion station 14d where the non-
conforming condition can be resolved. Dunnage can be placed in the container at
the diversion station 14d, or the container 20 can then be reintroduced to a

30 transport line 68f, 68g or 68h leading to the automatic dunnage dispensing
stations 14a, 14b and 14c, or can be transported to a dunnage dispensing station

(not shown) outside of the transport network 24.
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25 for physically renoving the container 20 fromthe transport |ine |eading
to the automatic dunnage di spensers 14a, 14b and 14c. Optionally, the
diverter line 68aa can include a transport line to a diversion station 14d
where the non- conform ng condition can be resol ved. Dunnage can_ be pl aced
in the coQPHEPL’8Z the di version station 14d, or théxéﬂﬁggPﬂ£¥%bo can
then be reintroduced to a 30 transport line 68f, 68g or 68h leading to the
automati ¢ dunnage di spensing stations 14a, 14b and 14c, or can be

transported to a;@g&ﬁggerdz’ospgm@mqoﬁﬁ@m g/, Bete BhoWR)-confbenidg of the
transport network . 4@ cont ai ner
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arm a robotic arm a bus a i
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dunnage di Sp%@ﬁ,%rrota‘ﬁh?ﬁb&?a@iat@lumage converter (not shown), to dispense
the required vol U'E'Ti?e gontrghjer}%%%%terrﬁ[nes the volume of dunnage to be placed in the
20  container 20 as a function of the data obtained at intermediate station 22a. The
controlier 26 provides a signal to the selected dunnage dispensing station 14a,
14b or 814¢. The controller 26 thus instructs the dunnage dispenser, such as a
dunnage converter (not shown), to dispense the required volume of dunnage. At
automatic dunnage dispensing stations 14a, 14b and 14c the container 20 is
o5  automatically filled with the determined volume of dunnage.
From dunnage dispensing station 14a, the container 20 moves on transport
line 68m to a closing station 102a, where the container is closed, and thenontoa
shipping station 104a via transport line 68t. From dunnage dispensing stations
14b and 14c, respective fransport lines 68n and 680 transport containers to a
30 shared closing station 102b. In the illustrated embodiment, the diversion dunnage
dispensing station 14d transports a container to a closing station 102c via

transport line 68bb and then transport line 68cc transports the container to a
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aut omati ¢ dunnage di spensing stations 14a, 14b and 14c the container 20 is
25 automatically filled wwth the determ ned vol unme of dunnage. From dunnage
di spensing station 1l4a, the container 20 noves on transport |ine 68mto a
closing station 102a, where the cont ainer is closed, nontoa

shi ppi ng Y&L18H7484a via transport line 68t. From du%ﬁgd}émﬁ?’gﬂﬁzﬁm ng
stations 14b and 14c, respective transport |lines 68n and 680 transport
containers to a 30 shared dosi ng station 102b. In the illustrated

enbodi ment,, i {20 40 RABEred iR dheddeatispbasing satienor t s a
contai ner to }%rﬁ's‘é?{fﬁé 1stat| on 102c via transport |ine 68bb and then
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containers to and fromat |east two dunnage di spensing stations for dunnage
to be placed therein, wherein the transport network includes a nechani sm
for routing each container to a particular dispensing station based on a
characteristic of the containers. 2. A packaging systemas set forth in
claim1l, wherein the nmechanism includes a sensor for identifying a T
characteristic.of the container. 3. A packaging systemas set forth in any
preceding claim, wherein the dunnage di spenser includes a dunnage
conversi on machi ne that, can convert a stock material into a relatively

| ess dense. Mffahi§eIfmed®al . 4: A packagi ng systemas set forth in any
preceding claim wherein the dunnage dispenser includes a supply of

dunnage having at |east one of air bags, . : bh&iRg, foam
peanuts, and papet: str’efB@Qk@?“%yﬁé%ﬂa%frﬂ%nsirﬁgﬂn&gg@?gt(a [IP géﬁﬂi:sﬁ anyg
precedi ng ¢l ghfibn GABK b Whith iReatdsastone dunadiagispeastoiiemiktis 2one or nore
articles are placed in one or pore containers f alely i

packagi ng sydtmmagsnateriat ¢an ke idﬁpﬁﬂ?e%raggeadﬁﬂ@spcﬂqg?%wal ngﬁﬁgmﬁ“gén\

i nt er medi at e ShidhbRkoWti e Masttwd eestagndispensiog statipspEndiUngagede i on
that includes a sensor for- sensi ng a crll_gratcv:vtelﬂr%hjd%sogmtegﬁamg‘wgrvol ume in
the cont ai nebe places thereitn §11REE8 JRe HRNSRCTLREVRY I'n any precedi ng ¢l ai m

i ncl udi ng. an 4ﬁﬂg%ra@ﬁ%ﬁia@n§rttafai seMi¢iNat diggenshifg statibe hesedne aodmrageristic

di spensi ng s[oa 1on that 1 ncludes at | east one device for determ ning

whet her the obiegioRgin@Snforns to predeternined criteria. 33 8. A
packagi ng systemas set forth in any preceding claim wherein the.

transport network includes a way to divert noncanf or,mi ' i.hat

fail to meet the2predbdpeckagiog Sysiemay set fort Ngﬁgﬂzlgrﬁ%mﬁr@pie?&é%%?}%‘?ﬁsi ng -
the fol | ow ng, S RR%: sélf&étrif&g?@ntﬁﬂﬂé%iMmdt@ﬁﬂicdﬁﬁhagenﬁimensi ng station
selected froma plurality of dunnage di spensing stations based on routing

criteria that includes a characteristic of the container; and supplying

dunnage to a contai neraal,f QHQ%@QL@@&éQ@&W&ﬂﬁ% ahp pravedinkdclaif, veltéreld the set
forth in claim?9, V\,h_erei n t.ﬁe outing step includes r.ou&_ita.g[\g ba?’ﬁ?"{)g
routing criteunnagedispenssriadudema dgpnags sopeTsing MGG 15PN e

stock material into a relatively less dense dunnage matsriai.

4. A packaging system as set forth in any preceding claim, whatein the
dunnage dispenser includes a supply of dunnage having at least one of air bags,
crumpled paper, foam strips, foam peanuts, and paper strips.

5. A packaging system as set forth in any preceding claim, comprising
one-or more loading stations where one or more articles are placed in one or

more containers for fransport.

6. A packaging system as set forth in any preceding ciaim, including an
intermediate station upstream of at least one dunnage dispensing station that
includes a sensor for sensing a characteristic of the void volume in the container.

7. A packaging system as set forth in any preceding claim, including an
intermediate station upstream of at least one dunnage dispensing station that
includes at least one device for determining whether the contalner conforms to

predetermined criteria.
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dunnage material, characteristics of the void in the container, and
characteristics of the article to be shipped in the container. 11. A

nmet hod as set forth in any one of clainms 9-10, wherein the routing step

i ncludes determning the type of dunnage to be dispensed. 12. A nethod as
set forth in any one of clainms 9-11, including the step of determ ning the
void volume in the container. 13. . A nethod as-set forth in any one of °
claims 9-12, including the steps of assigning an identifier to each
contai her and tracking the container as it noves through the packagi ng
system 14. A nethod as set forth in anyone of clainms 9-13, including the
step of diverting cornkakagidging Saterd @sret fatinihaany precediagstaénnivhetpin ine

criteria. 34 : ) . . .
transpott network includes a way io divert nonconforming containers that fail to

meet the predetermined criteria.

Q. A packaging method, comprising the following steps.
routfing a container to.a dunnage dispensing station selected from a
piurality of dunnage dispensing stations based on routing criteria that includes a

charagteristic of the container; and
supptying'dunnage to a container at a dunnage dispensing station.

10. A method as set forth in claim 8, wherein the routing step includes
- routing based on routing criteria that includes one or more of characteristics of the
dunnage material, characteristics of the void in the container, and characteristics

of the ariicle to be shipped in the container.

11. A method as set forth in any one of claims 9-10, wherein the roufing
step includes determining the type of dunnage to be dispensed.

12. A method as set forth in any one of claims 9-11, including the step
of determining the void volume in the container. |

13. . A method as set forth in any one of claims 9-12, including the steps
of assigning an identifier to each container and tracking the container-as it moves

through the packaging system.

14. A method as set forth in any one of claims 9-13, including the step
of diverting containers that do not conform to predetermined criteria.
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