PACKAG NG SYSTEM AND METHOD Thi s invention clains the benefit of the filing
dates of the follow ng provisional patent applications: U S. Provisional
Appl i cat iwo 2biw/016@2669, 712, filed April 7, 2005; U S. Provitscasmabie24
Application No. 60/655,645, filed February 22, 2005; U S. Provisional
Application No. 60/644,736 filed January 18, 2005; and U.S. Provisional

Application No. 60/598, 689, fd of which are hereby
i ncorporated herein by ref 5&%58'@%@9§@9w?m This invention
rel ates generally to a packagi ng systemfor providing a quantity of dunnage

material for inseitd iﬁ%dti@h&@%ﬁb&f‘r{én bith¥RiGNdR8E of End BliGwAR! | Cl es are to

be packed for shippi n a typical application, packer pulls
articl es it ebvisidnalpateritiapplications:t U§. Ssovigionsl Appiigaiion Nadb ek €L, filesm i n a

cont ai ner.. fore i ppi t he i bV €. terial or
otner Ty dihanaigs e Helelalilidion o b E B e atR0% A,  The
dunnalge gat X003t thS.IHrSvi@ibnél@@ﬂicaiode.i6®f64@f7%rfyed/¢dird.saryan?/mo&;asui ons the
article durin i pnent to. prevent i.nQLm ze nmov ticl
relative to Q'%eEEQi)I‘Oﬁ'%ﬂ éPP'&%&P%&%pP%Bg]PQW?ﬁeﬁPW%? ghpr%gaélt‘? g“"ﬁ‘l['{bér%r te icle
during trangeessy in&gggrmgimm@emmnage materials are plastic foam
peanuts, plastic bubble pack, air bags and crunpl ed paper material. An

operat or of a dunnage di spenser observes the container as it is being

filled wgoth dunnage material angStops e IVERERSHGr when the contai ner
appears to be full. The container is then closed for shipnent. Sone

exenpl ary di spend8isinvandipn delategiogsenady freanackagingowséam or RAVIERI# e of ten
assoct at ed wlbRifbr QliindRl hyrY) BY RE&bn I8 BB GuHLE BRORF fibre 21 DA

machi nes and pap unnage converters. entines a di spenser oper ator
overfills theticdenamitnéde packdd fohehippiwgl t t hat nore dunnage material is

pl aced in the contai ner than was needed to adequately protect the article
and/or fill the void in the container. In other instances, theoperator puts
too littilse dunnage material in the GBNCKGROUNDWher eupon the article

In a typical application, a packer pulls articles itemized on a list of articles to
be shipped and places them in a container. Before 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 crumpled 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
to 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
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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 t he spwecdowfoitéee di spensi ng operation increases. TodagT/vsesdrbickd

di spensers, in particular paper dunnage converters, can deliver a strip of
dunnage material at rates in excess of fifty feet per m nute (about

one-quarter of neter per second). .SU Y A svstem and 0 gy for
aut omat i ng 8%’@%(—9‘1"? {qoi*@“‘bgmﬁﬁ@atSB%(:}@ﬁeo%oq%%E%r %F?@Bgﬁi{% %ﬁ%‘gdi ment
provi des a paskagtnGoraYs hWelimale donelingtemdiorplanbeldamaget! divingabipndintpensi ng
stations, each of which has at | east one dunnage di spenser fromwhich a
dunnage mat eri al Ovanfilieg and yadrdliingdueicallyResrEJpere %Pé'e%?s%gnveyi ng

cont ai ners gf e URRhsihePErdtion inkienRae Tédepawd-Modispéideps)sn f or dunnage
to be pl aceée?ﬂ&e]r el n. ]‘Fﬁesglﬁ?gensi ng stations cgn be ar rgnged al ong

a
portion 6f phdiculeapeperdunegacPRVEsigEh ceRatelvHe BHP RbfWNagRARERIS can be
conveyed to 1 i ng| ! @é}Iée_ i i i [or in
parall el . Tﬁ%ﬂéiﬁg%%%gﬁﬁ@%&??ﬂiﬁﬁgg §gl§1pp y%&!‘r@ahﬁ%%be@ﬁléar? éggr@be

di spensed at at | east one dunnage di spensing station. The supply can

i ncl ude a dunnage conversi on nachi ne EU‘F\‘JMR%Q convert a stock material into
a relatively | ess dense dunnage materral and supply it to one or nore
dunnage di spensi Agysteat aadmethiddelosy el autorhatina agid-filng packagide, f or

bapar SitPi peperiands aediied; & Tufpu iR GnbeeEhebiadtl RSB Re o one

or nore el egEdltsligiofidiansgesdispensitiestatiaiseoret of widch hashtidast dner exanpl e,
one or nore | oadi ng stations ere one ormré})re art'bcles are ced in one

|
or more condanhgesdispenser FRELHRIEN asiangge mgieral far ‘?rgﬁpﬁrt’%edsga Pons

upstream of y3hshSRAEWIREH CBRRGMILCTRARSS NG ahll fbMd 1éd¥atwo Bahnedes a voi d
sensor for sensing a characteri'stic of the void vaolune in the container,

and/ or one dispepsiag gtafiopeor dNBAIHRY Q%H@@@‘_%’Ehef%’ﬁ- 4be Q?Sﬁ??ﬁ'%?' 1BRHERN t he
Franaport PV og B e e B o “contai ner s
that fail tooniéters han pe edeeyeditnaditiple dispénsing patinsgeqyenial dusiesyi ded
herein incl %918)80r Enob'érjamg. Ll'lﬁg s?&@ﬁ%éﬁeélsé fhcflide a supply of dunnage that can be
dispensed at at least one dunnage dispensing station. The supply can include a
dunnage conversion machine that can convert a stock material into 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.



dunnage di spensing station selected froma plurality of dunnage di spensing
stations based on routing criteria and supplying dunnage to a contai ner at
a dunnagewOize@ansiong station. The routing criteria can Potiusdes/odme4s

exanple, the availability of dunnage dispensing stations, characteristics
of the dunnage material, characteristics of the container, characteristics

of the void in the cont.ai ner nd/ or .¢char.act er.,i i th rticle to be
shi pped in the cg‘rﬂ%gﬂ@Pg ”ﬁﬁ%qa@ﬁox eﬁﬁ‘ﬁ??é’bgw@@ﬁgml@ﬁ]@gé? C?rgt? %gig)né)l e,

dlet erm n: ng dhhﬁag@aidpyrﬁdimg@t_agm éélféqté@ﬂ’bﬁi aﬂpllu;]aliltwofadureu@ibédiisgem;inga met hod

al so includes assigning an jdentifier, to each container and tracking the
cont ai ner as$tationgHaaed 8%#’%@8 fifcsia SP&QP'MGQQ%P@%!%CBWW At p?ovi des

a system ang,RRLQOMisEEAMIRS sRlibr efhdMUERE chteriear inthidd, fasxamplestiad | ons t hat
sense characteristics of a void volune of a container, one or nore dunnage

di spensi ag @vailabiiiy of snnagaispespian slialn PAGEACRIISEFS af the£4BRa%H t he sensed
charact eri st 684 i dpscdlits HF iR Lt AStEsDF IHAMRPH thenet wor k for

. 6b?.ta‘iﬁéﬁ
conveying the container fromone of the void sensing stations to a selected
one or nor e cohtaires, ahdloraaaratitenstins phife srticle tore stippedinghe gontaimednbodi ment

of a packagisnu%p nsgtﬁmniagg:cgg‘ﬁ?clﬂe Jfo?%%m?féﬁ??%ﬂﬁf{ﬁ?}ngmgtvome ﬁ{v\}fllleeaSt one

characterist1T¢ ot “a con ner, and a contr et'erm nes et her the
cont ai ner i sostsineabl e for placi ng dunnage nmaterial therein based on the

sensed characterjstic of the container. .A packagingc , [ ude one
or more 'dunnage %rb@WgPﬂ'B“eé’tt’aﬁrinSﬁ’QH\ﬁ}usé)r'gdgﬁ%%g%‘é&ﬁ%& %ﬁi"ge n'fsfégrgo %?'l’j

[ ?S?_rtl OB l f&oﬁtailr@rglnb mrat@kigglﬂ’ﬁéibdr_ﬁtzﬂiner\/ﬁsltihm]&/eé &m&ﬁgmhm]? ehickaging syitspensi ng
station being capable o I spensin tiple t S, 0 unnage materi al .
Anot her enbodi mefif e(ﬁ'fb"&“rB%’?:tl&g@Y'a%S %é)??ﬁ%fa %’QW?%E&GH@%%@@@BYBW R5 steps:
routing the kQa4L8idRinsing SatfnB ik SecHss BRIaLBAstREIF bobidRllentfaf rom a
plurality of dunnage di spensing stations based on routlng criteria, and

suppl yi ng dGARGHErt a0 BofeUNBRI dispenfinthsighons bpkraN dgPetsaturRage
Opt i onalky, {Ai&ridiBestPbh tPssHsel chaRcldhslissdst thovsiiR@nsiag ethtiRs fidtd ng
criteria that 1ncl uaes one or nore of characteristics o? t he dunnage
mat eri al , transport network for conveying the container from one of the void sensing
‘ stations to a selected one or more of the dunnage dispensing stations.
Optionally, an embodiment of a packaging system 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 multiple 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 routing 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



characteristics of the container, characteristics of the void in the
container, and characteristics of the article to be shipped in the

cont ai nerwanoenho@2ment of the invention can include oneCoruseensm2b4 t he
foll owi ng steps: determ ning the type of dunnage di spensed, controlling the
quantity of dunnage di spensed, neasuring characteristics of the container,

and consulting a, database to.determine the void volune. In a

embodi ment  of t hen PH@J@%{W%F’“ %'QX%@”@”&@?@T?W%% 'Uaées"ﬂh%%@w’ﬁ{?re voi d
SentS' ng st a%téb:@.s dbfb@:?wirﬁ th;etyﬂS@bﬁ&fjr@rabstdiqpsnséd,aomlmwg/ﬁieuqmnmyqﬁ
container; a plurality o unnage di spensi_.n atiops that can di spens
dunnage nat PNRAISHERANSSH: Wﬁ@sgmrﬁ%f%8$8€$§t®e IR ?%CWPg'Inggnsi (ra]g

stations; apgiRabé AEREFHINBENGH vbRIMATOVi Ng the container from one of the
void sensing stations to a sel ected one of the dunnage dispensing stations.

In an embodi ment Insnathes amivasimeoiel te pueniag AParkadidisystem RIS er i ni ng
O al Pt BE e o8 43hahE SlarioRO MR KL (iFaGOMiRE BPY bl RIgRL 6P °d one of

a plurality o unna ensing stations, and di spensing dunnage nateri al
based on t heomaingr)\eopluratityodf dunvagedispemsing statiorentheheaiddispensesfunnage

i nvention, a _pac Lng system.i . Se ; : Ao

characteri sfh er@lfj %gs Cg?l'i’ ﬁ’len%qﬁsegﬁhg%%geéﬁgc?soé}ﬁ@ér vé:ﬁ%%n%ﬁ@éﬁ%oﬁsé,sanﬁhaet her the
cont ai ner i gafspdraddtaofioior ploatignbe duntamge fromt arel aflthe heid sensibastadioosta he

sensed characteristic of, the contai ner. | not her enbodi nent of the
i nventi dR aaﬁéﬁqéﬁj{?{& ?f{JFﬁgH_mi‘?ﬂﬂ %ﬁ%%ns%{l? Sat | east one characteristic
of a container; pnh SAbedifient thedlehasn, tdsackaginginmethod mckides abl e for

pl aci ng dunnage material therein based on the sensed character s}i c. In an
enbodi nent  BFTMREINGR ¥Pid; VoMM 0l ERAGINRG CONWRYIM RACTERIET SRSy of
dunnage di SBRA%T AYILFhIRY bPATNMYE FsfENBINg Statiohs HriRRgs@ingcdutnage i n a void
in a container, at |east one dunnage dispensing station being capable of

di spensi ng materiabpasad e thepfoidvelHagof tha entainer. | n an enbodi ment of the

ot 8 oS Ao SR Y S e S bfeont e
that senses a characteristic of a container, and a controllegr] that determines
whether the container is suitable for placing dunnage material therein based on
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 to 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, a plurality of dunnage di spensing stations, a transport network
linking the | oading station to the plurality of dunnage di spensing stations
for transworveang7éore containers fromthe plurality of | ®@adiusgosoateeons to
one or nore dunnagedi spensing station, and a controller. The controller
automatically routes containers via the transport network to sel ected

dunnage di spensi ng stations ti gnal t he system can include one or nore
of : a void mﬂﬂ%gﬂéﬁ%@f’l G Gg@i’%@%ﬁpi% 8%&[%?¥§lt’t°m?§§$"yorﬁg{e&i spensi ng ‘
station for QhtMdrs @ thetranspsr sstwondioGaldcter @innkbe dispefisiglstatensn t he
contai ner and providing the obtained jnformation to the control|ler.

control ler that &ptiepaiynEs sysies AR INGIUdE PR & 81X Ohe? dp@pmﬁdﬁpcgo'gunnage
di spensi ng ﬁ?g?@sgéﬂﬁoffo‘I%'éthfhe‘Hiséé?%ngfﬁtﬁ[dﬂﬁbi Mrairiel Bfrinegowf the void

vol une and d . nnage di spensing station to automatically di spense

t he det eni ridicatyewitheotoidiveliagdn the eataingaanshirovidingdhe ontairsd ce t hat

i ncl udes a : i TBAS : NG, voi d
vol une det eirﬁ&(ﬁ)ﬁétgﬁ}?é@@%@tﬂ?%cl udgggﬁ@?ggrﬁﬁggﬁgﬁe@ dgg'ﬁgg? ﬁ)di cative
of the topodreagitnenséd bha doomagendisparfsingsdatiorasd functiombttheiinformatianat a

i ndicative of ,the void volune is obtained. f : f. de, an RFID
chip, and dé?‘ﬁcq'[v&og qwl%vﬁgpgb@gje&"%f:% %ﬂuﬁgg{%ﬁﬁ@f&%%ﬁnvemi on an
aut omat e](cj Smﬁ@gatfdaﬂy pispsag thg detdrinirlegisvolumeiotdurtnaigepa voidololutes a | oadi ng
station for ading one or nore articles jn.a contaliner; neaps for

i dent i fyi°ng Jf?‘%ﬂﬂ'ﬁP eYier et i W?L&I%Stah%ené%%ﬁi ﬁ@?',ns r%%ﬁ%"%?”taé’? g}em' ning a

vol ume of duRgifert shdth §eIBNBRIMAEStetih dvdeathaEincludePh seasdrttvatasbtalngnage

di spensers; and neans for routing the container, fromthe Iﬂadi. n&ez%?ti on to

a sel ected olaé briceRe ¢ the RogARY A eneRideris eplbrsortainefhwheqin Yunnage
di spenser pri&?'{b&lﬁ/é of B \fd G6I0MRasl oM@IrsaErdph o BNa88r s ahiRFIDMRI ner .

Optionally, the system can include nmeans for determning that the container
i s not suit@bdalafstorstiomedatabdsel | i ng of dunnage as a function of the

| nel ude Sne-or i SuaaameEe! e BRI TUE o S B S o i o a
dunnage pr odultidles ihra eantainefzncleded a loadingertatisni faeloadiot onkerimarerariiades inan
23%? g?;le?; P C{oiﬁéi@%; %?EE %rii&qti%?gsa @hér%ggi'igtﬂ: SttAL icBﬁ'taTn%rr; ranQﬁjé fag @
determining a volume of dunnage to dispense into the container; a plurality of
dunnage dispensers; and means for routing the container from the loading station
20 to 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 embodiment 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.



obtaining a characteristic of the | oaded container; a dunnage di spensing
station for automatically placing dunnage in the container; a transport

net wor k fwo 20@wviingy2t he cont ai ner fromthe | oadi ng stati eaTius2008@2TaNNage

di spensing station; and a controller for determning as a function of the
obt ai ned characteristic whether to place dunnage in the | oaded

container. Qptionally, whether to place dunnage in the |oaded container is a
function of whether the container confornms to a predetermned criteria;
and/ or the transpEptibnalgi Waethee @placsdsnreagedn tra loadedicorgaiher istaofudcticer t a

non- conf orm cgnt ai ner; and/ or the container. diverter c ises a
mechani sm t & MORBES (i ePria RPN TR B RIS TAREH STET e o Ine JABPER t he
cont ai ner _dingBidRcofPBES § @EnAINSE ANBRESIR diver! #HbE-cbARGtcahr@iert 0 a nanual
station. The foregoing and other features are hereinafter ful I%/ipdescrl bed

and par t Beulaagloy theoeerteigendiveriar CORPriEea A MRECRARENY BI"PERV A §IURYEAINR i on and
the annexedf@p@%rt%s 6l nERYdr_drid/ ke kbniamer Qi(/er"ﬂé?*c%nﬂlﬁris%%rrﬁééﬁéﬁism

{
enbodi ment s e i nvention. ese enbodi nents are but a few, however, of
t he vari ous tewoude the edrnitainett the ipanualisisition. of t he i nventi on can be enpl oyed.

BRI EF DESCRI PTI = AP %?ﬁr i I appatic view of
a packagi ng sysﬂ%gf%rggtgggraggﬁc%e%%\n %%?P%'{?@r?{t%%ﬁy&%r%%al s a plan view
of an enbodipaditulanty painted keigh tite dgistse the follawiog deseripdioniant théhanmexednt i on.

FIG 3 is a schemati i de el evation view.of. t h. nt ai.ner i ght take
t hr ough 1§ pgﬁwaﬁﬁe@?éb Meﬁgf@e 2'9?"8 reaﬁﬁ%ltfas%g@ﬁ'?@g'n\??rg\é/)vooﬁegﬁ\éetnglﬁg'ar d

regul ar sl otThege epibodinteits &8t affew, howeewsrt ¢f thdrearkystveapsdh whicdB thé. FIG 5
is a side elevatjon Yi ew of a void volunme, scanner used in the system of

FIG 1. FI Gprlgmp@sg,ﬁ hegvention can PEHRIRIBY®H- vol ume scanner of FIG 5, | ooking
fromthe line 6-6 of FIG 5. FIG 7 is a cross-sectional view of a

container in which several articles
BRIEF 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. 6 is an end view of the void volume scanner of FIG. 5, looking from
the line 6-6 of FIG. 5.
FIG. 7 is a cross-sectional view of a container in which several 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.



have been placed, with the remaining void being denoted by cross-hatching.
FIG 8 is a flowhart illustrating a packaging process in accordance with
an enbodiwenboéafi7éoke i nventi on. DETAI LED DESCRI PTI ON Ref ecmiusgoosoxreo t he
drawi ngs, and initially to FIG 1, an exenplary packagi ng systemin
accordance wth an enbodi nent of the invention is indicated generally at

10. The system 10 incl udes oneotgé.r’glrggﬁ q%%éﬂkz bl\l oadi ng stations 12 such
c

as, for exanple, loading stati and 12d, and nmultiple
dunnage di spensi Rgfestia hOWSo%drswmlgs,aand ifhitialyetoalfid. d, adenmglar)dl spensi ng

stations 14a, l14h, 14 n 4. A Ioadi ng _ st.ati 12 one
or nore artlp@P'é@"l%Sﬁi—?@mgfc%é%ncﬁ {,he%P %B&QGEE)H%%@@“Q%” 'ST'HQ' {f}fd
dunnage di S@%Hé#a'ﬂ@ abli@t TRA sdted WURAGSS 6 armaie ¢sntsthepeasiag statidns s pl aced
in the void™in the container 20. The void is the space in the ﬁ']gntal ner

thalt 115 Aot 12akieh aépfob?x@fﬁéleol"?@dkﬁﬂ SFRS'PQS 478 tded 29 gnd 1Rd. aysTEliPieo al so can
i ncl ude one 4 t th
dunnage d spgﬁ’é g isb& IO%‘E@H@&%%@&H 9@%2&%@%%@98%@66%@ assi st the

transport network hat noves the
contai ners aatichs ddghl4thd4st Hd, dhe; 14éﬁﬂ¢ dfg a%?éft@mgsﬁﬁﬂ@'bﬂ? ere 9g for

control ling { Illng t he
fl ow of COn{i&%gﬁcl%{ﬁﬁ}&bﬁ%rﬁl&ghglﬁgm %?QE%%O J[}] ust rat e a transport
network 24 tdm)bnsiag stamneiéltméummgeama’temai lQ@SpW%dmdaB plticed ér thetvoidhips
throughthe m 10 r to a
comon sPat i C° AGet ?% e¥?'§dﬁ &\%ﬁp%{:?ﬁp 1Jh§ COB{aﬂ{Bl gp ethéstﬂ%)ggg%g%’lt] BQ%’XU ons.
Al t h;)ugh pl ﬁflie’ibn§bﬁ|ﬁ’]bm’]§rt|0|fefsaﬁgl ven type (container |oading, internediate,
etc.) are shown or ven pllcat n_on a,sin statlon of
a given type rrayer% g?'?”i@%'ﬁ? C%ﬁl&l*@? Oﬂg O {Mre eré‘f’edégtﬁ 5\’733‘9 ?3?2 &Smay be
needed. Opt 'r’rﬂa!}%é b{eed%@ieto%rssﬁpﬂl’n@ dehnadiedibpéreinpstaadre ©; attranrpod detvagiki ncl ude
a device for term ni ng whet her _or not the contai n? meet s rede}erm ned

criteria be?érﬂéatrf@@‘éqsvthﬁé’of]@m%%%o threughdhe stasions d/ sy sen sentelehor e of
the i ntq m@B%ﬁcn&?ﬁﬂlhg%ﬁe%%dr@%bﬁ@% iR tHECsyRietR Y B ShdhAdd EhtdliAb ited or

device 30 (FI G etermne the void volunme in the container 20. The
voi d det er nilawtaf santaingre 80 Jmodgthssysieay! q.oFIG. 1 illustrates a transport network

24 that can route the containers 20 in several different ways through the system
10, such as, for example, from multiple stations to a common station, and from a
single station to multiple 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 to calculate 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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identify the void volume to calculate the required volume of dunnage to
fill the void. The void determ nation device 30 can also function as a

devi ce fowodetssannioni ng whet her or not the container neesTiuseoosnemes er m ned
criteria. The enbodi nent of the system 10 shown in FIG 1 optionally can

i nclude one or nore closing stations 102 for closing the container 20, and
optionally, thesystem 10 can include one. or npre ipping statjons 104 for
processi ng tWEEEHHY SaMmECIUdg oG IRPTRS 'pﬂg’gﬁt?qorﬁe@dﬁ?%@%ﬁf%@ {htehe system
10 can be coRhiameresk dibpmg.enbodi nent that mnimzes or elimnates the need
for a packer or other operator, thereby reducing t?e time required for

packi ng a cont ai Aéwilherepracirip®a¢ APtemd Oreanibepranigyreghin @R ey
operation. gﬁ@t ANELIESR 6PRikiRStes R nEERIPbPacRerBrOMdIOcRRbr, @Rtey SPense and

insert the dunnage into the container at a rate faster than that of a
packer, theretycingthedinmgracirep foktastingieraentainer gadiaringicasing theystiaiitéan be
configured, f j LApLd i : egh Vvol une
of dunnage coéﬂgeorgé(au ocﬁ%ﬁr%tgoé-" Ir@{egy é%rﬁg%@géétf 'Z‘?%bﬁ r’zegﬁltcﬁlaﬁlaggﬁétel |ﬁm nati ng
overfill andiispetes Bnd inseridbé eosnadgenietostheicontsirer at & oate fastet thanithatwser at ed
system 10 wi |l be descrihed in further. detai i there FIGS. 2 and
3, FIG 2 sWokelgshedYg FF'E%I%?&? H%%g}gptfrg??yﬁs%/dgwggﬂf g{?ogygae%qu?%b83 showi ng
one path a coRfigireérfoRexamplef 1l impvovielrelabiity béeausghe corréciadiunge eft at i ons As

shown in FIGS. 2 and 3, the |l oadin tations 12 can include a box erector
32 for ePectURgaeheatBr el %tgagb?aq@ﬁ%tﬁda@er by a%%%l%ﬂ Yoy buriagng el

bl anks 34. @nR&lhdbigFolEmeomhaivaabss saflorftdn Usenlugatbd shétemsyeivlimel0 and a
box erector is not required. The box erector can be, for e@nﬁl e, a task
FéGp%é I

area at whi clespiedyn duier sletail i iefarenacs )RFdCS. By 98h€an

automati c dey bR J0YarkiF1Ee8 sRoRing Vet K doRtdher 20an The
box erector%\é;tﬁﬁg%%%é@g%ggéppaﬁgouasrﬁt hat fa(t))rlincg:at ggﬁthe tc))ox on si tg. An

exenpl ary cdeitaw theoughghe systemegul ar sl otted container (RSC), and anot her
type of gontainer is a shoe-box style container. Alternatively, another
type of shipping container can be used in this system 10. An RSC typically
has four Loading stations

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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flaps, with one set of opposing flaps typically spanning at |east half the
di stance between them Referring briefly to FIG 4, an RSC has a specified
rel ati onswopodsatineen the wi dth of the container Wand treThiseghi2msbs t he
side flaps 36 and end flaps 38. The flaps 36 and 38 typically have a hei ght
that is one half the wdth Wof the container, for exarrpl e. Accordi ngl y,

t he helght H of the side walls 40 and t | 1s 42 t 20
(1S Oh hel e obihal eataimpi (ier Mo s onaneruler tBEef ah i om 2
measur e of Peﬁrﬁ%giea%n% n‘iéb%uFé)éﬁtaé ReIghREF twetcbnttahférfzbamm {86 ﬂapsisS&nuprl ght
in their ded state fg e side and end wal | s 4§G£and 42

(the hei ght 36fupriplet |artmenrcwrégld@<a‘.tstamﬁge b@ghmfﬁh%ﬁld?r?@d&m‘ﬁ?'ﬁedro i1l be
a known ”a‘(’tb'ﬁ%%ﬁ} @8 c#?@di%@&ntgﬁlu{grkforﬁméﬁh %Bnt’édﬂ*elﬁzbrﬁnnfd@@%n&ﬁn and 38

are upright ose s I n t e art wll appreciate -that the
hei ght Hscaifrabtordefttee hieigatiofithe comteinenamen thaiitapsa3h antbds areUpidpends and 38

are fol ded do ch p o] h f

si de and enﬂnﬁqqd\smﬂmsgﬁkﬂw etﬁe%ﬁgk'coﬁélglg%ge?%gﬁ%ﬁ éﬁt }{I ggT ggiﬂlgnzg gt a"E |hgns
can be ?rr?agﬁf{rgir{édslebtmrggs tslmatzm gmwrteinpheflapﬁﬁﬁi and 36me§ml@qai gowime one or
nore articles 0.a Co r t

past mul ti pMBigRAAYIAGS EPE{?? gasulﬁ?fpgétﬁilr{hﬁ ﬁq%ﬁgf lge ?'%%?Z‘t%%i@%aé I@L\AQ}QI go Wlas a

first artichgqap qtiid &dresinéegn.be placed in a container at a first station

12c, and then the container can be transported to a s t.at. 12d
where a18econd aMuitigledoading statiengsan b afs ”Qﬁ‘fﬂ@eﬁ?”?ﬁ*"?ﬁ'@% f tar'%nsrhe

articles cag H%u&bl{/ir%f &Y of rﬁ@r@é?ﬂ&e@ﬁ\@w%o%ﬁehgo%@rme c&ﬂmtbm@nam vel y,
mul tiple Ioa Ing stations can be arranged in parallel. As |IIustrat(gd in

FIGS. 1 andsequerdiatl mgves pastomdtinie loaging stationswikios pxameleandagiestiatedar al | el
relationshi g, f@qog?uréf%ﬁgcl@{)r érlﬂae§@£ﬁ?bé eaﬁ’r‘i aQBﬁi&ﬁrﬂﬂ a%‘éﬁ?ét%ftéiloﬁol%a' ners,

or independen ne anot her, such t nee desired one oadlng
stati on canabé thexkiba cohfairler gen hﬁttﬂaoaworte@cfguar:’paﬂgnd Istﬂtl@ﬁt"lzﬂé'v'wgtaem 10 to be

shut doyg. The(gvfe?rh{::ll %&ghlc ;' Rl S%&gedciﬁ%éjgoﬁéﬂl d tﬁge LRlieseafiyag in the

cont ai ndP i i°% ore 'being place contai ner 20, the one
or nore art diffeeent from one another or the same.

Alternatively, multiple loading stations can be arranged in parallel. As
illustrated 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
loading station can be taken off line 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
container 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, etc.
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16 can be retrieved fromstorage and placed in a tenporary receptacle (not
shown), such as a tote, fromwhich one or nore articles 16 are then pulled
for pl acewenmod/ai7éore contai ner 20. The articles 16 can peTasp@sioens24
randomy, without a predictable pattern as to which articles wll be
required for placing in a particul ar cont ai ner 20, or a loading station can

be dedicated to i n

cri teria. Sone cjﬁ?%ﬁ/é\ chké)%c%%\oggée use | n%ﬂr% q’aa?%e}p&?}’%ng)(r)ﬁs

shi ppi ng cormaeyamptel, ppadkerradelacerthe artelesr Hginla ctoyltalaertzazbyeham ght, article
T o o el Sl R AR5 BB b

art It cl teS 16 st%bﬁéthémb%ieﬁ@{mé’c?b@un@aﬂld]oreﬂdjé\ﬁcfe%ahatvrﬂthe thtefwtnc;haokentlclean
initiate or otherw se control or supervise one or hat
performe@ by Bdnéhesorraipar %F?e(ﬁu(a:@@StaHg‘fk'ﬂ“gB'@c? ﬁ%boér('?nqéﬁg )(e' %%% egriG in
the contai n‘?’r’ici\%oan( SHel 1% the Bbrﬁléméﬂgncpbﬁt%aﬂ)@ﬂ@b otiBet the Revdm relatvetd can

nove an article 1nto the container and optionally also orient the article
rel ative totheeonjaineni MFPOVGM)ﬁhécW@ﬂeS thearnbe P@P@@'”l"@e@gﬁtaiﬁ@r&paced in the

contai ner %de’bgﬁggﬁ%?%h%@tew St rbgaa|n db%?étBP' InBis FtteP RRARDRY oné Br t Ni s

| atter exanple I nes ot her devices, controlled by the
controll er miqrefrmcMmrml@erMean‘;eS,td@etraHQd loyt thecontiplar @Befor egamale; he

Cranepor? nelasr e 2o R3rT 167 e coRPibra0Thu ACARRRNoq Rt e

typically i pasketownstream direct | on through the system 10. Any net hod or
conbi nati on of methods of physically noving the containers 20 through the
system 10 can be enpl oyed. For exanple, the transport network 24 can

i nclude a capymper Meworr kK that generally starts, stops, transports and

orients the contajner 20 as I.ch se f eople are
needed. In a highh§t rgug%@%tﬁ’oggé{jgﬁﬁlsppﬁg ﬁ%{ﬁ 'Bﬁfsfﬂﬁ@bé%%ﬁé@%%@ ; a few
peopl e tg Sltgﬁgﬁéa\nywa%anfr%Idﬁé&mtthﬁdu@ﬁsrﬁwwstmqbl @y rhéthodat ti pl e l'ines
within the netwoifk. The transport network 24 can incl ude rrultll%I e conveyor

lines 68 t hapm@iTating opmetodsi ghyricallanawing Bmeoptainess 2P &rowah fhease | nes

68a-68z are s%{@W‘O can be employed. For example, the transport network 24 can include a
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 together 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
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schematical ly and di verge and cone together to selectively route the
containers along a path, such as 68b, 68f, 68m 68t through the system 10.
In FIG 3wotha/ir@anasport network 24 includes a conveyor PEO/UsSa@E/02%24 f or
exanpl e, a zero pressure accunul ating conveyor. In a zero pressure
accurul ati ng conveyor, a conveyor is divided into nmultiple zones, each of

n upst £ eam 57 £ ERE RRsE" AomRe: AuHReDTaS BE oIk Sufihe: PalfiEr a8 care

Each zone c& \ljp,é@?/p@mb@dhé@p@*éﬁérebﬁ/eacﬁtz@pegat es or other neans can be
enployed to regulate the flow of containers fromand wthin each zone, and

sensors can be used to determ newhen a container has left a zone. A
super Vi si ng Phe@Licestaglsdh as controller 26 typically controls the
operation o eac zone. Internediate Stations The optional internediate
station &r stati dhs opfiongleniespadiale %@t%rﬁt@tl%‘slzgaﬁ‘ﬁ’ﬂfgcaﬁ%wtw&” 12 and the

ggpgaggt g'r SR A%&aﬁ{.&twaﬁd s ums%é 8?38?:5@:% 8805 M| PRS iMémtRMte ncl ude a

at1on or eVI C acqul ri ng dat a repr esentative
of the voi d staiions®2taantiet!ipde aeoudmetmgnmﬁpslstailgn@g devige i78rfer acquitingsiaize a

controll ed quanti 4acquires
data that c ﬁprggerﬁ}ég\ge ?‘qug&g%ﬁ! he v%h%?%%g% ég%ﬁsnﬂ ﬁ\é'ﬁéé@ngget erm ne
how much dumﬂmﬁséeq@utroileuqumh’qufdunmg&er 20. The void vol ume can be
ondl o tHe cont eAie VAo delon P A AT EAIbE AR Tsd et e i <
descri bed i RieefEhg VoW eslurhe Snd H&ir@tm déﬂermlﬁe&SW fifeh dwiriage tb pubiateby
|ncorporat ed herein b reéere ce, The voi deterﬂl nati on device 70 in FIG

3 includes &% EPHaET e TEE YARMPIURE RN PeGetaMangA bYeAUHPSugh whi ch a

cont ai ner 2Qnhga1tRtiELHMAY @ntailRe 2 ahé vl ahiordaé domehii diedtigann be st or ed
in an el ectronic storage device, whi ch can be part of the controller

for exanpl e exemplasy ¥pid yetarminalign devige lﬁ@sé’ﬂhe%@ GRIFEQRE AP ItaR AP atggt ng a
measuring t e St@WWh%hqgﬁer%ng%ﬁp&Q@H%?&ﬁ b§tréeferkl. tin@ vornt ai ner .

These neasur enehts’ can be co dinensiohs in a | ook-up table to
determ ne determination device 70 in FIG. 3 includes a void volume scanner 72 having a
scan area through which a container 20 can be 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 to probe the depth. Each
rod would measure the depth at its position in the array by extending downward
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the void volunme indirectly, or the void volume can be calcul ated directly
fromthe neasurenents. The void volune also can be neasured w th contour
sensi ng fwo 20eppréeg t he t opography of the void vol une, BETN$2005/027624

el ectromagneti c i magi ng techni ques and devi ces, such as high frequency
radar, ultrasound, |aser, machine vision, etc. An inmaging sensor or sensors

can be used to create a stereoscopicC. i e, fromwhich a thregsdjpensi onal
model can bendriteicedntased mfee!%?n ﬁ&'qeil%gqb? augﬁqevt\fﬁ?}éhe ﬁ?@t@Wﬁ'é?Q'vw,a a -
two-di mensi gnal oeqfd ﬁibopfaﬂh‘?! el MY BB Birs QLS tE MRsh aralRTLaYiAdg theer t he
container to extend Info the container to probe the depth. Each rod woul d
measure thenuspfilh at its position in the array by extendi ng downwardunti |

| encounter ed { R LORBl 8R4 ol il Soho0l st BhncRa TR ner 20,

Wth a map of the t'0po unnage can Irected to those areas
requiring t PabhasioniNd. WOAR04K4E5amhishisdeveliyuineorsemehere Riescri bed in

I nt ernati onal, Pat ent. Pubtl.i ation No. WD 2004/ 041653, which is hereby

i ncor por at efFTRENEE N Y SPUP r ence in its entirety. In FIGS. 5 and 6, an
exenpl ary voi d vpl FIGS. Scathgranféeamiarp soidemunmesearcien @2 canfoeseen 7@ havi ng a

pair of uprights 76 straddling the conv 6,0 Ccro
suppor t ed at’@ﬁ’dﬁlﬂegﬁ'ﬁ‘fei aé"”ﬁga S QFWF@ZEQZE ?Ir%(ﬂdilgg ?‘?eoﬁqrf’%cggﬁ%g%i@as urf ace
of the convemas Haam 7 uptivriedhitop e uprightser & dteofixesiupistanteetiomftios uppeanpl e, or

can be nmounted to the conveyar 60. The void vol scanner, 72 includes one
or rmre1§en§6'ff@0%'€f,th§19€ﬂveo¥§rQWAEP@H%%@F%? CaH%S%%&aPPqu&FPr 86?mpl%,

ul t rasoni ¢, of 8sfhe foipidieto thyRen@yopgosor, for obtaining data
t I f the e

representative o e vol unme o enpty space or void in a container 20
in which the artT¢ ¥eid MelumRE ECHWER 7Bl S{0HE Q5 HAE $GNSATR SPRBHGNES At r at ed
enbodi ment, I ] h%e hEhigNbss < oMiervpd 8 sapkoV kst ng an

out put reprt\és}se a |\}%n§%p%galh@?§ t ’(l)J aa clo’nt %.i ner Zeor, Y?pa w dth sensor 84 for

provi di ng anbturtipy tateeppresentative obthefolun eftthe @mpﬁm@fwmra'piﬁién @0, and a
the condd npiaer pflin Pl e SRR RHIEK eckRHIERBI e In B ol 2t s 16
in the cont giuseated@mbodiment, the sensors 80 include a height sensor 82 for providing an
output representative of a height of a container 20, a width sensor 84 for providing
an output representative of a width 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 but 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 pulses, 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
therein. 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 laser scanner and the surface from which
it was reflected. The pulsed laser beam can be deflected by a rotating mirror
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The contour sensor 86, shown nounted to the cross beam 78 above the
conveyor 60, preferably but not necessarily is of a type that continuously
senses t hwotogw/maukace of the one or nore articles 16 i rRCTthS2@6n2BR2NEr 20
as the conveyor 60 noves the container 20 therebeneath. An exenpl ary
contour sensor 86 is a non-contact optic | aser scanner that operates by
measuring the tine of fli such as ck Optic

LMS 200- 3010@sife¥\erscanngy hh&%@”r%@@? g%ﬁgﬁé‘i‘?r@?t@eé“ﬁ&%@ﬂa%éser beam

that is ref |vﬂ{étr@$/ﬁ16%6hfoh?oftﬂb%ﬁidﬂé(@é Hl@%ﬂ@@lﬁ’bm Atike@rsfenyearticl es
placed therein

he reflection is registered the | aser sca ?
recei ver. Thintivlaneheambe fdeleraineqiios: B'ﬁ’ %He?@g‘éfdmpb'}?eéfre?ﬂ\ée gﬁee@f‘ed
i mpul se i s q}eaﬁﬁ%lo\‘le mﬁfb%ﬁpéngf@iartt&tﬁehrﬁo%rﬁérﬁ?fﬁg Qﬁth\é%ﬂteﬁﬁ@ dagstee scanner

and the surface trom It was reflected E% sed | aser beam can be
defl ect ed byseasmrotTdfwlsrhlga oontewraf gentainer RO anddhmarticias thteraln passiRhiifed scan
is made of the surr 8t bh&lge (€. 0.,
di st ance fro%ng(?uﬁ?@sgp ?r%h%s%/m %ﬁé%@? can g{%(? lrqn\(%)r\l/edbfromt he
sequence of genpod &xs recel ved. The fan beamis ori ent ed perpendi cul ar to

t he novenent path, of .t he contgi ner n r

cont ai ner 20 andqf‘ﬁé""i{BlS?E?cg 1C@nttﬁo$r9}§1l}%§k§ss%ﬁ§8{ (rjgfoé?]rporﬁfg @gr\{@% 86 i's
progr essi velay theeasissinst Z[Bpéé@ﬁwgdb@ﬁeayne*fthémlum‘ami @abtbdutriwt demwalth 86. The
wi dt h sensor 84 can be an% sens

f det th of th
cont ai nel® 2ePEYFAG aPHRF B@g's%c?%&n?q’rl Bgttqag{b@dg tg‘d’[q‘%% eg‘len(ﬁns\%' potne

sensor 84 i, R4t didd 164 gﬂsdug ﬁﬁé@oﬁtﬁm‘é@QoﬁMac@dmrdﬁetHMSbﬂomasmre the
di stance a first side 40a

4) of the conta nerg\ﬁ% % dfromthe
sensor or otrﬁf@feﬂCéfF@*rénB“eorﬁéfthhlﬁ; gMeediBrent & Viektae ¥adH A ﬁ%eﬁgoq@n@r,a d the
w dth of the, gﬂi&lﬁ‘émﬁan éﬂgﬁsfn@(‘s@dé U (ﬁlGaﬁ‘ SRRO_bMAINSt feredfderblrbfm 4) of

the container iIs reglister known fi xed di stance fromthe w dt h sensor
84 whi ch, asknehovimed distanise fiepuinearidthsenaer & whis, apshemt.candegnovMed scanner

frame 74 at A? gn«%é?{h' % @Ht%t%a&qwgséé}ﬁel' ﬁ‘gﬁ'lle ﬂfattﬁgc&% dﬁ¥toébo§/9 the Févélh' S

end, t he'’co an be registered agai nst a guide rail t he
side of the octme/meycﬁ(BOOprn&nstwd, e eundihersefsean Bredigtered agaln@ba rail 90

's at a knovgl].ll Ir%'lt tF\é (S)irCTj]et ?%e%o%&gy&eébsgﬂpo%[{’e ﬂQeCKNFdW%J%?%ﬁ' \QHIEh

guide rail 90 is at a known distance from the width sensor 84 and thus functions
as a zero reference. One side of the container also is oriented to be parallel the

20  guide rail 90. Accordingly, 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 container
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 sensor 82 can be any suitable sensor for determining a height
of the container 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 emitters/receivers that is oriented perpendicular to the plane of the conveyor
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as a zero reference. One side of the container also is oriented to be
parallel the guide rail 90. Accordingly, the wdth of the container will be
t he diffeweno@/hedmeeen the | ocation of the guide rail 9@canu$2asm2TeRASUr ed

| ocation of the side of the container nearest the width sensor 84. Any

sui tabl e means can be enployed to register the container agai nst the guide

| 90 h I h 20
or 1 ent at | on 8Os AROBINY. droerEr GRRY 92 Bkepea AT O PGWISL P SPTs RUr face

formed by atH&ﬂe‘c@fvePé’r'?é!)ﬁg@rAsfanon%r@éﬂﬁoﬁtnowé},qhtdmgﬁ thev@tdin tthe cotaide rai |,
etc. The height sensor can be any suitable sensor for determining a

hei ght of t W&l *@Q)hitt%[‘rlmé@d Qy)the,a@pnéaqua’twhg@ﬁlgmofgbe CRtRIRGE VNG Fay 92 of
emtters angd an alhau o?fjhe{ Eé?ﬁ@r'h\é?dﬁ cgh gg%@églném opposite transverse sides

of the scan area. In the ustrate exenpl ary enbodi nent, the enmtter and
recei versarrays AZSeparMSarwr mhe@mwdﬁcﬂ@s"p@aﬂum/@ed@m’m@f thercamiaingsy i ght s

76. Each arra u ent ed

per pendi cul jﬂﬂ}eo' rgg%qs%lﬁtééog&eﬁ{‘ %&%@ﬂ%%@%‘fﬁiéﬁ% k%(Irki;d,e'%l %di emtter
array 92 pr odireetty by meatainy toé ldngiinof ﬂlrhaithe eorﬁwnsrddk&wtotms eeyonedf array
ni er rupt od U SHRETS SHERFREE U S EREcHatD o REnE SR ALl B oy o
measur ement cehvedyde 18 aiivak e cdithigbit pastthedsersbt. aThmaléng’rA of ¢ipsr mtiipexhsor can
be provided to rreasurethe Iength 0, n. t he kllustrated

enbodi méft , PHEIRsReed Qe enENPHRR y'?@ﬁg?fh nghb‘g{%}é‘? ﬁ‘?'ﬁ@'&ef ntifeeaed Xy

measur i ng tt}%é&%k& |9fa ktnloWﬂ dohgtaﬁpme%iwtﬂeals@@hto@nma&feeamro pee of the
sensors, such as t sensor 84, and knowi ng t he sEeed at which the

conveyor 18mﬂ@\$é@dttﬁ@eé%ﬁﬂflﬂ thedengii of fthﬁéoﬁmf If “‘N’lép‘P%‘@ft e 6PNYaYRE
mul tiplied %né%}l%’c@@. ggrtgforfﬁeotﬁé’rr}’é‘é‘é’&{s QQ:O“V@JO@%péé't?sérﬁ%%éh g6 ukEe

cont ai ner. conve I's a Known constant, then only the
| ength of ttmmeaew@sthecorm@yﬁeamde@ emiBLRicaE e saree fethgeengplieryd

cont ai n% gc,ees§91§eq‘h§fs Log sgﬁéb\f%géxé’rﬂﬁllaeéan 54 P EncctleRiritéaiy for ot her

reasons, OV €nsor cah beé use measure the convegor speed
and comrunl wahehe bmmmedm\@ mbter twpreidinga se6e$ of pylsesc dusiatryof Wiieh speed
sensor, for exa

T O PP Gon 0 e P R Rt P DAY okl e evaror orive
The controller can be calibrated to convert the pulse rate to a container speed that
can be multiplied 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 approximate void volume. The approximate void volume would 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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are proportional to the speed of the notor and thus the speed of the
conveyor. The controller can be calibrated to convert the pulse rate to a
cont ai nerwepe@ditdvat can be multiplied with the tinme nmeasunsdoosy2tebe w dt h
sensor for the container to pass by the width sensor to determ ne the

| ength of the container. The void volume al so can be neasured w thout a

contour sensor 86 or.other .nmethods . i ; voi d
vol une, usiHBn@ﬂEH%fEQ? p@§%§§aW%Paﬁ%m§F?@éﬁgﬁ%?%fkﬁﬁﬁggﬁgg%%ﬂﬁwkﬁﬁgcenent.
Usi ng t he avgfiagg0danIetsedfito abiuneatidvdlumeaksta thae cambe used tondetemminge
calculated fromthe weight of the container fore and afte ing. The
wei ght di ffé?%@faeufai%dagwgfymﬁt‘?é'ab‘@?% SPSNGE @"W & @Hﬁg%p({ugblgﬁéajte voi d
vol une. Thed%BQﬁQﬁ%; RNy sl P! 14ge Teiedath intbrevesthagirdaghputtiroagie tenough t o
allow automatic fiTling of the voird fromthe dun§a9$ dhsqensinﬁ equi prent .
A vol une5di spstametfsas wallasrinejaasa thedlexility,f gsYEer 1QYia NS s a gas) to
determne t -gid vol ume fromthe known enpty vol une of a shipping

container. Since a void determnation station 70 generally can
aut omati cal |y pr Optickallypinstead ofitakinganeasureraentgde detarmine the yaidyoliinfage

di spenser 52 can,provide n ; i i i i 0, the
samo vor d v a1 ie SaB R ety [aRGEY, Tor AafpRiEenely Sudtde £
vol ume dat abhheddecsemsbe coskidietert detidantfiere sutteasabantodd, thafidenjifestieeri al to

be di spensed from each mnul.ti dunnage. di j i on: ; f, 14g.
This car?i nﬁFtlf\EFeortWH&Pﬁr%{ﬁﬂﬁ%i‘?aFw%ﬁghcoﬂ kaifpeg??f gﬁ? %ﬁ’;ﬂggﬂ\%#ﬁggosﬁéncr ease
t he flexi bi hhtaysafcotilddesysiseitadliBativeult kéhergive thgiraespentive voldmesdieal | y,

i nstead of taking neasurenents to determ the void I voi d

vol ume can MEIGEDE VRGN THERT Q@pﬁ@plaﬁe&orgﬁ%%ﬁe\/’o %%éﬁé@%ag&gﬁaras a bar
code sensor oo&@iHAoM et SkitledAint ¢Bhtairer 8&n b Yidted i andrtrideddront thatdata
identifies the article or multiple articles 16 and/or the container 20, and

fromthat i Afbrmation a data set coul d be consulted that would either give

their regpect i veaughiay id RBhHEcditAnsoldlanetsieRmABnd doiddbiueaed or
the void volunme for that” particul.ar combi nation of artijcles and container

can be st or by sensing@ne or Mose sarasigrsticse! fia gordaiper, including container
dimensions, container size, weight, etc. and looking up the void volume that most

closely corresponds to the detected characteristics. For further information 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’due identifier, that unique identifier can be

o5 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, and/or 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 surveillance
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Anot her way to identify the container 20 and determ ne the void volune is

by sensing one or nore characteristics of the container, including

cont ai nerwOizoeE7@2s, contai ner size, weight, etc. and lPookisegsupreehe voi d
vol une that nost closely corresponds to the detected characteristics. For

further information on an exenplary nmethod of determ ning the void vol une

W0 98] 56653(EARN B0 o anddy> Faor it bERERL BBy oR AbmdReC T N

entirety. Epgforendctus-magnetiitagyfonetansple. 16 can include a uni que
identifier that can be det ect ed ?é an inghlfl ca n se {@S shown
Ef Al

in FIG 2. Once H'$&PRtpiRgr den AEPSCS Q&8N HE ea%ré?‘a Lsya??"d% que

identifier, obfad awxhégéeoﬂtﬂeabmtaker 2o@nak@erumetderteof 3.5 651 B eledtrbaicaiivt h t hat
container 20 thr oufghout he system 10, like a |license pI ate or. nane tag.

Separ at e5i danalyzeciar i%‘?“&@r‘i‘%r Fon expreRlp. #8igifal@mara GaB bPIaRs%dN Focat i ons
W thin the ﬁ%{sﬁ{.&ﬁh%@au&% ﬁ)'ﬂ%\m%l{an felire to3be ﬁ{é%@ﬁ edh toRBikf. igRtgiQuresensor

can be an i conmponent e voi d vol unme scanner 72. The identifier
can take anyar membemmmrﬁgtfapicweﬁ of standaid centpiiers infa datgbastelifed in t he

o bl EETUERBLANSER ARG S s oA

nunbeys Urusions, " sur ace ure atterns nsi ons of the
cont ai ner, fchl@lxamlple tatge numbersaghapest holﬁs.g@ OW\@eghal p%ﬂeehtwt(ﬂ\’ic&etartl cle

o1 ot 1 orfgnitiee. Pl Fiagitbess, urat PRYHEIRIE dpShib R BT enpl

cont ai ner i gghinkt O@Um@ﬂnﬁ)ﬁﬂsﬁn’n 100 can i ncI ude an optical system to obt ain
an i mage of the cont a| n i.on.thereof

20 t hat b
el ectronical |y afi§Paiee ? ¥ e F%ﬂ'ﬁ??ﬁﬁﬁqficﬁon s [ S rr‘rg?t@%f’jl%dﬁ)eféﬂugp%arrera
can be pl acmk)'tagra BARH !a@ﬁyﬁnb@ty |§bb§6&$atéd)wnﬂadjogtair$ér Fitied loaeing stdlienmade of
each cont ai ner pi cture can t hen be cogﬁar ed to pictures of \&bandard
i

cont ai ner s ﬂaaadda@m?éed witlh theserniaiRy theoyghei e BAHag NEPTPRTH:

di mensi Qﬁs fHe éH?\t IH&% lefd@dd gﬁ’d HbdeateY Eamdrdel Un SreaNBpeificRIt fag iBUNDer s,
shapes, hol es, thermal pattern, ultravi ol et image, etc. g'I'he dat abase

can al so pr edihefed ct@thomqni@amer Qm'@egn@S'@ﬁ]ﬂ‘eéW@@n%forQrQPh@eqf@l'['Jfﬁ’ﬂ“a lon

Ir galognﬁ Iegn gcoﬁltélr%r%“e\ﬁ% ¥oxtdrl ORI AfhedGN ddd GRbYyBNBAIF bILGR) det ect
for example) can be stored on the tag and is downloaded by an RF tag reader
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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(RF) tags. An RF tag typically is associated with a container at the

| oading station 12 and is associated with the container throughout the
packagi ngvpnro@aa2\When t he container is erected and de#cratseasierean or der,
an order specific RF tag is adhered to the container or placed inside the
container. Order specific information (container contents, external

com LN ARl PR el e LB o O BB, ot 5

on the tag ag reader positioned ups am of the
dunnage di spigp@bersThe tag information is sent to an information processor

that can retrieve contajner, content information from a databas A tag

retrieval stati oﬁ”c"é‘%od@“%'?ﬁﬂﬁ%‘é%ﬁq?@p@ quentiglly gputing o ?'n?rﬁ?)etﬂd of the
packagi ng ProQﬁ;\ﬁfa‘?e_ Hiep&mdiey tasoisy/ 84 RithdmIdetsting apfideifisrfr tAaintanerexenpl ary
container identifier is a bar code. Bar_ code agel s typically are attached

to an outer eifiefaidbe ypidideieraation sstion| 70 %rg?rﬁg"'es YROeSHEP NS RIR PV une
can be detefdﬂaﬂﬁﬂhééqmrféﬂﬁys%‘é?ﬁt@ Rcel tHE Obidl deErmifatih SistoMENadUBeWn
volume of articfes is placed in a particular type of container. Once a
sensor det edhs voieyotiome datader qonéainers i28rprovidra ini SergeRer;itoal dadmoryelated
communi cat e : i I ; q;ea(g ovi des,
for exanpl e?ﬂaﬁtﬂaﬁeﬁg?%ﬂ@a@lﬁ%%fﬁ%ﬁ%tﬁipLWﬂg%%Hgtgvoi %%%%ngﬁpty
cont ai ner valoumeyniedted diféatiyvoithe dwinage digpessiogstaliongddderhicmibeed and
retrievable or, canhe calcul d..f .V f f the
cont ai nel arﬁ?n{ r@ﬂﬂ? goué%&ntﬁlgse}ftﬁ%g]tfkﬁgénﬁg% gg&?@e%@? ﬁgé)@?&ﬁ@hg

cont ai ner. Thgl detéominatidnosiativan? bidsasigaemdd, datd ganupd cardedintcatatsnize |,

sem -automated or, fuylly aufonmated nn di,spensers. .,An _enbodi nent al so
cont enpl at eée%&ﬁéﬁﬁvﬁqgﬁ qL‘WFW@ Sg%wpgi%nt&‘@"%be?% mﬂ'gﬁre'sd?@ﬁgﬁsi ng
stations 14 \Winblptdadi@tAsdridagle dbdl R 1Hd Edrrainérl 1h lies casy, ahdresid velunteer  at
the void deternmination station 70 or at .the dun e, di spensi ngpat ation 14,

3 . a
or anywher e daff IBRSSeGaEEMiIt(A PafiGdRr ?%'U‘?ﬁW'Eﬁe&@ TAPTBIFNSE & 70
acquir esgt h%mgigdof\fﬁ& HoRaiflat @ 4 Parti@at dbpstishldlaidoVEaRsbquanfequence, that
data or related data representative of the anmount of dunnage material to be
di spensed c®anigines inantiicationdsietrated by feering Kackieiimzrye aivgestaeshas i on 14
to which the eont .eﬂ?ﬁtr%osyjsﬁanﬁom ed. Thus, if three containers 20a, 20b,
ghth '

20c pass throu
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 control 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 to 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 alternative 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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void determ nation station 70 in sequence, data can be comrunicated to the
respective dunnage di spensing station 14 to which each container is routed
wi t hout rweadnesgpiasobar code | abel on the containers. |n thiraseasm2762he void
volume data is associated with a particular container by its place in a
sequence and the routing of the container to a particular dispensing

station. Consequently, container identificati IS pi ng
track of wh&i® 836‘5 Q%hb%BFﬁ %‘?{@mq&asﬁg@H(iﬁ%\\/@gnﬁendﬁée%g@e}?gﬁq%nﬁﬁﬁoperator
can initi at @offairtrher WngR d By o er moresErRost € ekbaplea aecoptifier med by
one or nore devices that determ ne the retg&iﬁl{ﬁ& %%%Ptm of (Elunn ge.

Al t er nat i velc@n berEangapided, BNdRTE COMHNBRHSIET PWaRiSTRINE5IA ¢ R t hout
external i nisgrmeRIt tPRNIN th@%‘gé&'arﬁ}zsipatela%&pﬂa-beﬂmledﬁar&pﬂh@h@my ekteds t he above
description, however, the infernediate stations are not always needed. In

sone sit Gat iddRBagheanbe eeeiadranddsexciehinreughea esYEBINOPRERARMEd. For
exanple, th | : | | i we full. The
o 0, SRR ROTRE AR ek bl dd o ora

en to sto I'T"ing the container 20, using
sensors, backpr edsiniscase, thecloithvaliane aecinsktae ediclesrin greecamangr drasHyd, f or

exanpl e, an airbag is. inflated w1thi > ' i of the
cont ai ner nﬁ'%eg%ﬁﬁg?@,rm{m?b% ?V%%ngé)? g@#ﬁ@%%ﬂg{ugﬁbgen%@apﬁ tolsl As yet
anot her al t esmavé eecdserdunnadeaaicths tophefrtbe thetainer.dinvibissystedoddSGfapheed to be
determ ned, the contai ner 20.can el.i.herately .overfil e excess
dunnage e bedn gl 4w ???ét'od‘eéqtf‘f%@gm&%@? de %Q'X?'P?r’ o q’ﬁhggggg%gﬁegunnage
renmoved can cBatairr wilke de lenpldyeds up fHeycdsbef @nRSC, tilep diamdivig eduipment

dunnagedi spensed can be predeterni ned hased on the vol u of, the l.argest
pot enti al cGﬂﬂ%gﬁ&mp"b\fedctarﬁ”%@”@E‘Hed%‘tﬁg}er(fﬂreﬁ g a9 @bs%gg? E?pﬁga'@xarrpl e,

a contai ner fGaRahfy iHeAdbRMdrere. Yo dfveand AASY IS doah asnabtedf flowabl e
dunnage at a rate sufficient to allow the | argest anticipated void to be

filled, and t henAapiieelpessintrmesipie siaione2,is/arde anatatigey ed t hr ough a
ol ong i e n e Kol el Bt he & 1 ol es
in the cont arevaterdieed erferimeareinclodp dacdlensdhatimales the sontpines seifabig 8- of f
apparat us C%Ee%n&ﬁ@rl\%%%ntd%r that would prevent the container from closing properly,
for example. The functions of the go/no go station optionally can be performed by
a void volume scanner 70 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 include one or
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 fault condition. The controller 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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remove excess dunnage at the top of the container. In this system RSC
flaps must be in the down position, fol ded outside the container, or a shoe
box- st yl evoanteaiim@e nust be enployed. In the case of anPRBTS2005ap7ekandl i ng
equi pnment nust be enployed to prepare the container for filling and to
raise the flaps again for sealing the container, i.e. to nove the flaps up

and down as needed. Another type of internediate tat o/ no go
station forwhetes ﬁ‘i’ﬁt?'ﬁ@rfﬂ%PH Weé%ﬁﬁf?éter%er%tgtgf% ?ﬂni@g?r %éri?%]ed

criteria. Tgﬁo%ﬁgﬁbﬁbme”cﬁg c6htaln@F tcPa §é¥5hra!éCddW§ydr€f§rt :§p"e$:|aﬂ bricessikgbyt he
cont ai ner sul taal e for receiving dunnage and/or that would prevent the

cont ai ner faoppetasdi ng properly, for exanple. The functions of the go/no go
station optional Nan‘bﬂ?brWﬁ%%rﬁ@ﬁor@néud’@'f@r SRINHIB, Stipdietion’ Gabho ot her

conponent of the system us t o/ no go station can be its own
i nt er meds at eorsaiatr srietanted arftapoff am@@tajmer rﬁﬂr@a"&iforpﬁ@p@tt?iép'%t(%ﬁheons For

g)éﬁrsrglrg u;gg %’rﬁﬁ%@?%%%o %\%n’e%er e Medirét é&tt&lﬂgralﬁﬁelngﬁﬁs Sel@y nor e

€ container s suit recei pt of
dunnage, mtnlm%eﬁﬂrt%raacwemna)dmﬁmrtmasgolﬂamantalmrdmlglmmsbgiw/t% One or nore

faul t condltlons cou e the .cont r vi ng dunnage,
in which caS¥RURL W&&ﬂt%ﬁﬁ&éﬂ%ﬁlﬁ S% qw 8 Ots\%sﬂﬂ)@gl %Paf&?g@%sa gg °

Speci al pr og&ftainBgvéamel (WhicH dulEipaishts toaf mgreaxe nerdriicé @ fhe cantzomerhomer |
manual |y dispensing the desired anDunt

h
void inT@ heeW%lCﬁ@‘ia”‘&ﬁdP'b‘mer@i Wr%d%&ﬁﬂe%ﬂéﬁﬁ%ﬁ?'ﬁ?w& %t%d’réﬁH@ tlrgntspgrt

network 24 gahigt g]én?p?t?lo\/ bgwelit) n@cstmmr@rtﬁm@om@ptéveﬁpmé|donmmertﬁmm
controller 26°ca rovide a si | to alert an operator to the existence of
Qﬁw@E‘F%e

nonconf or ni nglﬁamrQPQf'dnﬂi'Qh Wﬁf‘@'ﬁgé‘ﬁotﬁ%ércﬁfté'ln heigit &ft fon i s desired
before the ﬁgﬁgo?tlfc?ﬁ{ns@%ﬂlt%eﬁkﬁlgéw so'églq'irtdlc%'?@ysﬁué’ﬁonﬁhé%ﬂ@fd ¥i€étothépon

detecting one 0 ault conditionswhere a container falls
out si de accaltadatﬂrmlrmdelfé&rlmgudtas anpEoWtbhG deemveid vPkime dhat sMIBLEBHER i cal | y

route cont al ner  t onveyor for special processing by an
oper at orj fpg cesgmﬁfbieﬂ%f&p%téﬁaf“ ons include, for exanple, an

i ndi cation that no container is detected, a flap of a container partially
or conpl et eld}@&gf?(:ks t he opening into a container, one or nore neasured
cont ai ner d dns i s bel ow

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

components of the system 10. For example, the controller 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 controller 26 can track containers 20
through the system 10.

25 The various functions of the controller 26 can be performed by a single
processor unit, such as a control 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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m ni mum and/ or above maxi mum t hreshol ds, container weight is below a

m ni mum and/ or above a maxi mum threshold, a void volunme equal to the

cont ai nerweabesme7¢oehi ch woul d indicate that there is noPpamrtuseéos/oers2e he
contai ner) or exceeds container volunme (which can indicate that the
container is overfull), weight (enpty or overweight), conditions that would
prevent the container fromcl osing properly uch_.as arti.c xt.endi ng

above a certain hBegaptrolier £6 Cﬂ”rﬁ’@%rﬁ“@rql}@r{b‘r@ hof C%mﬁr?'?ﬁ%ﬁ"a @Y€ can
indicate a 'rédé%Ebr%rbrtcBﬁ{burfa%h§tﬁ&e&eajchcaﬁwbgr@md@mgnd@@@@htmlefcserla such

as a narrow but deep void volume, that mght require special cessing b
an oper at or .(PiCosxa m@wrﬂ@%mﬁﬁeorﬁﬁ@ﬁslf@rﬁﬂpsW‘Hb""i‘ft?h‘lsr%!tmgran%'&?@ﬁe ?ong tg

control one o JR8AaEATAAAIRE stfye i &@uﬂ&umﬁ@fea‘aﬁ hfsmdrie

controller can route contal ners he trans ort network 24 from
t he | oadisng (ROM)iaonisat@omeacchss memasg(ﬂBW)spEwsmmjroﬂe k26 else can pravddene| | as
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W rel ess rmdiarmage material to be dispensed and/or the speed at which the dunnage

material is dispensed.
The controller 26 can be equipped with various ports (not shown) for
connection with various elements of the system 10, including input devices, such
20 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 display 114 for the dunnage converter 52, a nonconforming
container indicator (not shown), a container sensor (not shown), etc.
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 controller 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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m crowave, radio frequency, satellite conmunications technol ogy, etc., for
renote control, data transfer and ot her conmunications purposes. The
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more dunnage material to be dispensed per given unit of measured top-fill void.
The containers 20 cannot only be filled with different densities of dunnage, but

20 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
void volume, container size, container weight, a specified transportation company,
a specified mode of transport (water, land or air transport, for example; or truck or
train transport; or local or long distance transport; etc.), 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, etc.) or
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density, a foot switch, etc. In accordance with the selected void-fill
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when the i ngblunet dia:tamquurai by the v0|d determmatlon stations 70. The controller 26

then determines the amount of dunnage material needed to place in the void left in

20 the container 20 when the one or more 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 Stations
At the dunnage dispensing stations 14 a controlled 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 spenser were overridden by an operator to provide nore or |ess dunnage to
a container, in addition to tracking the shipping criteria and ot her data.
Thi s i nf ovoabécen7@@an be used to i nprove the system over PCIas2@s0bmR4
manual |y or automatically, identify packaging trends, and identify

mai nt enance needs. For exanple, if under particular shipping criteria an
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command P het'&?uﬂ?ﬁ&@ecﬁ'%é‘ﬁg‘pr?gat@f‘ﬁ't’f?%ﬁ”%& qrréanglgg brég%r('ae 5t %lé&]d%’é&m ned anount
of dunnage. ¢Xh@pRlaNAGRCESHdsPIY stitiopetidy anditi 9g.t thcueh ainregranz@nment/ or  be
pl aced or guided into the contai neréﬁlo bg}hg)n ogrirat or . Dunnﬁ;\yge f[Fhsgensi ng
Stations At MUHElRihiGEalnsFeRSURRY LAPFGHE A4 a'&‘Sh??%"_Ba affBtht® of
dunnage is G SRENSRhgHHE d?'n"i’&f@qi){;ie@ drlagnysded] ohd@r bfdr&qudntities df dentaye, ai ner
20 around the articlé or nultiple articles 16 to m nimze or Br_even t he
articles frounsage o sbatah ef eentaipaissiBriangysly @B CBE Or MR IERYHF S age.
Each dquag%uﬁﬁ%é' g&él,én{gpézl udes or is connected to a supply of dunnage. An
exenpl ary dunnage’'di spensing station isshown in International Patent
Appl i cation Publ Deptionaly thedum@gecisiensgattionsildisande atangsdriapa@itler ei n by
reference. The pr Lqventi 0 iReneh dunnage
di spensi ng 88@? gg,ef%f%%é,_%hgge GRPLEIRY SLfSny$/ Oha&MWi
arrangement, dunnage can be dispensed for multiple containers substantially
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 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 other storage container. Additionally or
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The containers 20 can be delivered to a dunnage di spensing station 14
random y, or based on one or nore routing criteria. Exenplary routing
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A continuous dunnage strip or strips can be used to fill the void volume.

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

20 formed into 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
"subbles" between the sheets; an extruded-in-place strip or tube of foam that
forms as it is dispensed from an outlet; and linked dunnage, such 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 connected 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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FIG 3, for converting a stock material into a relatively |ess dense
dunnage product. The dunnage can be provided in a comon supply for

mul ti pl e wonneya7ez2zspensers or each di spensing station PATABR0EAYE24tS Oown
supply. In the case of a dunnage converter 52, the dunnage can be produced
on site, since a dunnage converter 52 and the stock material together

typically occupy | ess space than an equi val ent store . f d
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otherwise fornmed into a three-di nensional shape that takes up a greater
vol ume t hana@s Reedada and t hi ckness of the stock material; a strip of soft

or rigid foam h%lgﬁ}%g% G RRALLE RIS teWURhBg& DRlitDareaicictiens of dunedet.er mi ned
length or a variable length, a strip of air bags; an air bag "tube" having
a predetier niligallys when seidg idiseerte grddke HHP“%OE%WW‘@HUP’H&‘% Qaé#ge of
lengths; a )ﬁ(ée‘?]h§08é OISR or dlféRirkt Argthsf stk TBRstelrif dvdlabiuafe. pl asti ¢
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the sheets: Odivereiser theeuidHikeluanage can pe similag Beshapertg 4AsRacYe HYMR%€as it is
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the stock material; discrete or connected sections of soft or rigid foam; air bags
having a predetermined size and shape; air bag "tubes" having a predetermined
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 to
20  increase its mass; and/or 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 controlled 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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that can beyloraRol thi®HRORSE MhBeeniafRg!t Boineandnpiessisloofablutibinagpack of

predetermned | engths, etc. Optionally th aper .can b oated.tq increase
its massq ainglude: fper iPeABUts PERR Rfé}@&¥s’ éﬁﬁagepaé’l?é' &ImSgr?ilsWaE@'rrb&%\/ed to

reduce its ss. Discrete pad-Ilike dunnage can be oriented and placed in a
cont ai ner by a pick-and-place robot, pushed into a containper fromSl hol di ng
o]

| ocati on or  dr opfeafiovakie Henndgseoredurt car Siofude BYHpIgiSES W W’bﬁ‘_@l%}'pf) m a
i Shensor , “SRRARE ARDEEE B TR AL se At ie o b B e e

di spenser, 889, for exanple,
can conver t troasghoiubes pecpliteBtohesioptainas: Gl exemaanifiopableungage art paper)

Lo fi117 rdRgEnr SORee Mo Ror BRI EbrRba SARRIHRA Qe asg e B e
f oam i n- a- baged Whaisard hat tedlvwvable dumpgaseattlss into the void volume in the
container.
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 trigger or backpressure sensor. For
example, a limiting plate with a passage therethrough can be placed over the
25 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
effectively 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.
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of a foamare placed in a sealed bag, typically made of sone type of

pol ynmer suitable for controlled activation; and inflate-in-place air
pillows twetowar7dse inflated inside the container to fi lPCTiUseoogoem2v0l une,
as described in U S. Patent No.6, 253,806, for exanple. In foamin-a-bag
dunnage, the foam expands within the bag to fill an encl osed vol une, .either
the bag itself or the void in_a closed vol u m solidifies

d fo
in a shape that E%ﬁw%t%ﬁpkwtﬁ?ﬁfiéjUB?aQﬁ'S‘&%}SHj%%gﬁ&%%jﬁ% Bag can be

placed in tB%eS&’mﬁH:e F\tau‘lgalzgfbn'nﬁent B Rard; &% &b @undwaigbe:aﬁmrpléctddlwahe cl osed
vol une, partic when the shape of the void vol ume t he

f oam i n- a bagcimmlhmngcﬂrlomeﬂw% contrellingPre ARTCrRySteRs ik are B %W&Bé’ybef ore
it is pl acegprapr I’rg)? 8\%& tﬂg fplafd %W%Unﬁa&é‘ﬂﬂi%G%oh%éﬂ%s(s@crpééJé dlokty of

relatively dRiets that can flow into th v0|d|nthe
cont ai nes. SnamIa;eanbd;&sAsr’ancbthemtﬂreatd’GnW@g@f\nﬁﬁ*P G@@beﬁ)&%@ﬂ"ﬂ)%ut s," paper

omnage. pr obtenes fienghdens SRR fioaltBlol AfinB38ter Rafiplc] %ﬁem‘w'e

dunnage pro&ﬁ'& sizes wt e suE/ | owabl e
dunnage typidedkéy, doﬁtrdlleﬁmbedomﬂrcnlmr 260foae1mp|pleralﬁtoma§cai a@@ce tbﬁd then fed

t hrough tubes or chutes .into the cont e dunnage
di spenser i §Ugagq 'Bélé‘c’iv?' vplugre '5&‘9%3‘? et 80 @goﬁﬁwﬁgu r{cgﬂ?ﬁgrﬁét abl e al so
can be usedppekegnsure that the flowable dunnage settles into the void
vol une in tﬁe container. The type of dunnage di spenser or converter 52

enpl oyedOtypically will be dunnage-dependent. For each dunnage product

there can b gg%i é,gl;, MaYEton deliver and place the dunnage in the
cont ai ner ot her t %)rlﬁt he exenpl ary net hods descrj bed, Sh‘grel The dunnage

di spenser 52 al s6he gentpiner clgeing & aﬂpnﬁpgmgher@atf‘%ﬁ@@tatrﬁéﬂ P i very of
e oannage AllEFedrc SARBIG! arief LAgEAGHy ubiilinage Ao ehewiipmBanCl | ¢ Sensor,

mechani cal tri gger or ressure sensor. For exanple, a Liniting plate
with a passégesfelredéd hrcou@mecah)sbe S@ﬂt@@é@%ﬁ;’@bsﬁﬁ@e epriAing 29-nPViEeHht ai ner

v 3o R BB b S 2 lctghmrea Benaeasmabion
cl oses the kﬁ@wﬂbntﬂ leen benisad irethe finat step bbdtie peisking priecesge te sutomaticallye
close and seal the container for shipment. In the case of a RSC container, the
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-style
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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container until one or nore sensors are triggered to indicate that the
container is full. One exanple is disclosed in U S. Provisional Patent
Appl i cat iwo 2Nm/01602624, 348, filed Novenber 2, 2004, whi ebTius26vsnetsg4
incorporated herein by reference in its entirety. The dunnage supplied at
each dunnage di spensing station 14 can be placed In the container 20

entirely by hand; or the d b I
ot her vi Se. sl sigPpinaGIaSRE 104 1pE P eatamaay 2o @ Faraay S5 B “ror e
devices th oB@Fﬁaﬁ&ﬁxﬂ%‘éﬁ@fd%eP BendigdicrisRipineR, if Setesary. a pi ckand-

pl ace robot anot alternative, the dunnage can be placed in the
contalner I ndependent of any external control. In this |atter exanple, one

nore devices I troll 26, f
§ lgg‘pp,%{{,%dlﬁ ré% O!;l,e controller or exanpl e,

automatlcal ’Bﬁ) e In the void volunme in the container 20
wi t hout sny assiRiGasdustrates an peokdary nEshedaleat focap auiagaied PREAITIK

contai ner ologl M5k o1, 10, SpET LIS AaRkBhERcubis 6 gRAk and pr epar e

for shippi n@y nage, e container 20 is transferred
to a contai B@forﬁ”le@lsﬂﬂ@”nbbcﬁéd Oﬂso’fﬁ)\%ré @ach béxekinhay keprassnhe ma@le, Devi ces for

aut t [ 1 |
o oonrs.  Lsdonertiat ParBralode Tt s MprPes e MofeRpBLi el fsfiiofioty
E;ggegfs ;OR@?I%H alsh¥cifit®@pRicantinstemi(s )t hieerabadiad imearfiwares Iaapm’eimck In the

conta th t
i omat e Iy reRREPIrE BTN IR AN TP A oy 0B SAT LGt omat ¢
box seal i ngsﬂf‘eme%%wbg%H&Io%b b@on%ﬁer'%%b@aé&ncé%t@@ér@&él@ isedteer s,
tapers, and’'s equl pne a shoe box-sty cont al‘%ﬁ-@ 20 i s used,

t he cont ai néyna@ﬁlcwdéléalbmrggﬁﬁgs I’w’ét?h @aug‘ech“%ttqnép‘fﬁtWBS E46YYent t hat
pecures a SERALRIE 1) e Withlr. SANLARY Barausfé Ben BEpeibisfod Inailoror St aps,

for exanple he contai ner 20 and secure it for shi
ppin Shi ppi n
| abel s al so:;@mrenbes dmfprerédhamlhemtmbawny, meani ng than in many i gst ancgg °

oment okl BRSNS P8 AT B BRSSPl il e
condi tions myNewing rﬁhmerng)mcbn rabrescontainers @0 eaomersictast ky a container erector
32 at one of one or more loading stations 12 where one or more articles 16
subsequently are placed in the container for shipping at step 200. The container
20 is then routed in step 202 to a selected one of a plurality of void determination
20 stations 70 for determining 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
on the determined void volume. The container 20 can be automatically positioned

at the outlet of a dunnage dispenser 14a and dunnage can be dispensed
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Al ternatively, the packer can close and seal the container 20 using tape
straps, or an adhesive. Alternatively, the packer performs some steps shch
as f ol di nyof2b@pa7a@ewn or placing the lid on the contai necT/iseasortees ’steps
are perfornmed by a container closing mechanism Finally, the container 20
IS routedto a shipping station 104. There the containers 20 can be sorted
by destination, node of transport, etc. and fu ed for ShIP

i f necessarwtorﬁa%ﬁﬂb’aﬂ*l;ﬂ%m’ﬁ@@%ﬁﬁor@é‘?%q Mthpp{;npequr]%p[] Y 20 QRETAR é’xenpl ary
met hodol ogy (?{\JP@%%@E%FE[E@%%@ R@ﬂﬁﬁbrﬁ!t.&‘i’l%@ﬂhotﬁi@cﬂymmrcdntamfszoshom

repr esent f or events perfornmed. If enbodied in soft
each bl ock menrmodlmedmndedtmeeilres@gh@frﬁn Qﬂerﬁi@f fqréHb%?qL@BH@aF‘Ffﬁ?r? e

oM | Ses OO oo 56 S AHAARE SrLAPRENSHicRRPof QurBl AERENa s beBeCl | o

| ogi cal f unit vvare eac may represent one
or nore £i r@iﬂﬂ)érﬁse@ran@té’tﬁér ﬁb@@isredrdnectﬂ,emta:ibs ctootalmqﬂwrmfrmaqeﬁén Hpecifi ed

| ogi cal function(s)
dynanmi c andCcantaRehRa "b?é u§%e°¢ré’§ng V%%&f%){% udn(g %%gg%e?!tc%r%fﬁgﬂj\é@@e/\?ents

per f or med b f
sequences d! f%Qé'ﬁ isti¥RES rafigAhe thftainar &@ﬁhmugara dnmtmeerfcmswat ihe ot her

erent than the gne sho tefer
exenpl ary sqatteineicelpsiopstelioe 184 i ﬁ@p\égmaaﬁlﬁr?& tﬁﬁg:%%&eg gd ﬁ%to?pgz?é'd °an
contai ners %Qd flleh fgulﬁﬁ; 1186 cBMtathe? U RidlRh 41860108 sBRioAt1 3are steh 220eoor mor e
| oadi ng stations ere one or nore articles 16 subsequently are placed

in the c«nntmrmertrarcﬂpowoﬁpfﬁﬁ‘@t%tlocétﬂ% 200. The container 20 is then routed
|n step 202 to a%%[ﬁh?lrggt n‘?&mdé‘?lci‘?fz hibfi ?\Erélllldsﬁafgs a\fpé@n‘iﬂé@rermwm@rﬁt &t ati ons

70 for determ ni he void volume is needed, This step

i s tnot ahwaymolea@x;sws}eraﬁdm il hs@nreteﬁ‘a%f@smélaﬁe%é Pb#ﬁlﬂtt/é’éloag@gﬁeé@inéusl y
ent1one A% %{}ﬁ?? é?r%rwpcggm%tg;&ke% AL dg ?X%rhrglﬁ}/ ggﬁé;ﬁﬁt IfHes BBBPeE) B8f, 1 |

required. . Th exam ne recei vi ng
dunnage, i .ggg,foBh, ashatdri, 68onaid Eémfor akamplepazostaindr %/eﬁ@né%f%meﬁg faul t

o o G BaB o B o o R e
dunnage reqyhd aiRMHde disfensitg statichsviakpib, ame aim 4ahi Demgmorgtaép 210. The
container 20 is routed to a sel ected on
operation, articles (not shown) are place m con IRGI’S fd at B’arallel loading
stations 12a and 12b. The articles may be placed in the containers manually or
via an automated system. The containers 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 multiple 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 transport network 24 can include any combination of the different
types of transport 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
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of dunnage di spensing stations 14 in step 212 where dunnage is di spensed
and placed in the void volune in step 214. A prescribed anount of dunnage
can be diwpensad’@at omatically, based on the determ nedpewiu$2asioerses The
contai ner 20 can be automatically positioned at the outlet of a dunnage
di spenser 14a and dunnage can be di spensedautomatically, directly into the
contai ner 20, without intervention by an operator, or.the dun % e can be
di spensed aintothetlpading gtatians hea ang F%tbtqrwt?&?@%t' 0't8% JisREAYPY f?? 'gpscan be

di spensed updery 6 42Gh 0ch 8Eadd) (RPREMRN iHehetubuenieaRhsol anement | n
n ter p d

t he cont ai '20. the prescribed anbunt of dunnage naterial has been
di spensed asttien thebe degpavosesud as farlexamptes lassdhabafefiiner 20 or placed in

the container 20,in ,a sub i : imasged on
for further pr oc@%ﬂt?‘@edéqi%%%ggﬁ 7 g%t(a ?tﬁ‘gér? ﬁfgﬁ@%&%@aﬁﬁgﬁdﬁg}oﬁ? hrbﬁgﬁaérﬁma

cont ai neg chAGRF itatoritbtts toottaineer Thk daianig obtainddovia 086 oF mose spngors (RAid
closing the container 20 in st 218 a t | | 20

t hrough a sﬁ'ﬂ?jﬂi‘)rﬁj‘dstf‘%%?%c%ﬂgﬁ?e’ir e %%%Qﬁ @? {q%ébt‘%gy to?fﬂjaér:lg%g%@? f) a
renot e | ocatfOrhntdReéir0)kidsip®vf the cbh@ine? 201 thiedodatignoéthiel dansentatase. an
exenpl ary enbodi ment of a packagi ng system 300. The. syst | ydes a
plurality ofontgdler AG dsteamningRyv ,r%@%’?dﬁd 9?%?}@552@ 'Sn%@\ﬁg@ljgg%mﬁﬁ]\%}nﬁg a
plurality Oﬁuﬁﬁégﬂﬁﬂ%&ioﬁ h58%ukBBn of B dASbbtaliRRd, at GRErmdBate shition 80, and
68t, for exanplé€, a container diverter 301; dla\fcreé er lines 68a 68bb,

68cc; rout eff tyatoaded ooniated 28 (Mt sifabla{ A rawan Wgg¢ fipessut S?ldfind dunnage
di spensi ng gg&@h@f‘ﬁtrﬂe‘l@ont%q‘%gof thdCon®iitbr bchre REbIe Benop BRIheQRptAteraD,

articles (n own) are ced in containers 20 at parallel |oading
stations 12thencmhtdifér, 20Tisencuvediteldivertaalnen@8as, Ay e ¢antaiRe” ¢¥ereliddr Mnanual I 'y

or via an autonmated. system ' ; LR it gétprdi at e
station 22a°0?§"&°g%‘%ﬁtt§3r?g p%ﬁe??%ggpg%@s%?p%%c, g?“}g(_)iégﬁ%pe:anpgt i on
t her eof . Thendtpasisqoiht contaeer @8 catedivértterdine H8ea. dbe santeinsr divedRvaYers, i . e.

transport lines %@L@r@gﬁéﬁﬁcﬁmﬁgﬁﬂg%&hcon%ﬂ%{ ﬁ?%th@%ﬁxgrtép%@géaa,e_t c. The

transpor'® nég ans, however, r transporting the
cont ai ners 20cheas weeskdne ar switthingstiaat & trap dosnatpicsand-place el @ic. dhe or
g;ﬁafF;Yeggr@g@p\rmﬁﬁ%gdig%yjng,ggg (cj:érlﬂt\éi%g[ iylerrtrgrtébqsdoe%rn%ybﬁysicaq)lpefé’%% ﬁ?él Ly,
container 20 from the transport lines leading to the dunnage dispensing stations
14. Instead, the controller 24, instructs the dispensing stations 14 to allow the
20  container to pass through the dispensing 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 transport line leading to the
automatic dunnage dispensers 14a, 14b and 14c. Optibnally, the diverter line
68aa can include a transport line 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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addi tion, the transport network 24 can include any conbination of the
different types of transport lines. Mreover, the | ength of each transport
line 68 geoepaldiyeozs dependent on the di stances betweenPCasstaie®as. | n
some enbodi ments, the sensors or conponents described herein with re;spect
to different or separated stations may be integrated into a single station.

For exanple, a sensor for determ ning whether the containe h
aut omat i cal |y fill 4 eontaineh2@isrsvitgblerfasParkilg @b cPisd '\?AQQQ"“{O@i%@ﬁgdt gean
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etc. A contigllfie RAtdiRfpRIsE0ResNMBIbach ieclidmubsredatomenmatioaly s sui t abl e
| ot er ed ot epesatet wiearns p94a s Fod ol EUire ity bBF 3024 B SR ALRT o

( I : a I's not suitable for
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30 oo anov HBRs plaREy i PBlostd boRimMl® C?s”ﬁae‘h?ﬁ%f;{rﬁ%“"aﬁ"ﬂhe e to "
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gi) xfgf ﬁgol ij fran$oaidinelpl ené teaiiomatie Auenags dighensgh 144 Er&%@sgﬁﬁ@}éﬁnﬂnio t he
r g&f{amsgdpgﬁ%d'tﬁe SRR IRt Siah BYAP ReSGV R d I BtrRwisbalacedshes t he

pontainer 2 I'verter Tine 68aa. The contai ner diverter 301
i ncl ude anycloeedpodition, theseartiaing 2this revied 4p Hapspat kng 92 W@S@Paﬁ'c(iage 68aa

such as, for%ﬁi(a%gp,fﬁ%cﬂn%@ %g‘ét@ﬁlﬂg' hewﬁsé,gﬂﬁbtﬁi@@lfng #nidi I4aaind-Ju4ace robot,

etc. In anof ; e contalner diverter "301 does not physically
renove the genéRineie @hidinemwit be direaled o trensparbling @uanttoratemalidunnage

di spensing stationg 14. . 1Instead, t |
di spensilhg SHRAIGESPEASIY 32?t|°5\?\)4t°hg%§grﬁpﬁfmé!re%{3g% éggtsj%? nggﬁq%dr}% any
di spensi ng sleahk @nroldinyittid\euntain@szy to mseldand agomaticslunhage dispensed 20,

t hereby indirec i i ,
(his a§§Z§’ t E@g@;%hﬁ@é%_%'r e B R i R L
r, JUBRAAS t4HIS REpaRY 8tcl4.
The controller 26 determines the volume of dunnage to be placed in the
20  container 20 as a function of the data obtained at intermediate station 22a. The
controller 26 provides a signal to the selected dunnage dispensing station 14a,
14b or 814c. 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 14 the container 20 is
25 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 thenon to a
shipping station 104a via transport line 68t. From dunnage dispensing stations
14b and 14c, respective transport 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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Returning to the illustrated enbodi nent, the diverter |ine 68aa is a neans
for physically renoving the container 20 fromthe transport line |leading to
t he aut ormiDi2e06dumevage di spensers 14a, 14b and 14c. Opti ecalusygosobm24i vert er
| ine 68aa can include a transport line to a diversion station 14d where the
nonconform ng condition can be resol ved. Dunnage can be placed in the
container at the diversion station 14d, or the container 20 c nt.t en be

r ei nt r oducesthigpingastatiom$ 4y that iSr‘ﬁéla%*W't*BBBfomat'@§Hnrl‘%%o‘?'?%erl35‘gt%@' t omati c
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control ler R6qitigatdins&al othie ts omies skdifedtin the aréLipen te readinggaddi spensi ng

station 14. The first router gate 302a.i s s 0Lt ; ingr 20 to
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302b each incl ude re;rzecti ve pneumati cal H‘g%)er.gt ed S%\g ng?r%rn@gs 04a and
304b. |If thH@nduding aselerrpcartep3neans's Uses SEHPS PG HAPRR SN S M ced in a
closed condjfi i hbBvisdmbRatedptorarfyi coptpdrreahepisht | i ne 68f
and to aut gh%t”?@“é%ﬁﬁ%%@hlas‘ggﬁss%@ 14a|1. If the fi rsyt SW g, arm 304a i s open
and t he1secmertbrewsithe spedifigbimpction efdee Qﬁﬁcé@e‘élco'é‘toﬂ@‘?%(‘s%’ﬁ\ LPed in a cl osed
position, the contai i BHEMQ dquiviareat B@eaistidsedaut omat i ¢
dunnage di s@@ﬁgq'}?ags?ag@?%ﬁt)i%{)e.rnq@ﬁéeﬁ@\n&ssré@ i f goe]'tqﬁ SWi ng aFm; 304a and 304b
are open, t&aictaetvticteperariis the fuficiien insetherain AHgikIee erEMRIEEh and to
automati c dunpage dis sin ti iac. b i hfe opfea and 302b
can i ncl udee@f%?g'H’@é'FﬁsgfgtBe .”b"%{‘ﬁﬁg{g Ib%eadg:t@ﬁt gﬂl%&; bggkt@%r ?%sel ected autonmatic
dunnage di speasididct iRdvietieeh4iscldsél withrregpict suomly as¢ of Bie ©Yafl e, a single

arm a robotic arm a bush bar, a, rotating t.
cont rol Ier o@badimants. s8N {43876 §AQ bE GMed n\ké'gg&?%oﬁg% a@%@?ﬁxﬁgﬁ

cont ai ner 2Q,.ashé drHhsdimehtsals rmgbeabsiranhiral abantagebns tar @oMighed At at i on
22a. The controller 26 provides a signal to the sel ected dunnage di spensing
st ati on 14aparticular application. :

32



14b or 814c. The controller 26 thus instructs the dunnage di spenser, such
as a dunnage converter (not shown), to dispense the required vol une of
dunnage. WO 200stan@ki ¢ dunnage di spensing stations 14a, Pdé/ispasham24 he
container 20 is automatically filled with the determ ned vol une of dunnage.
From dunnage di spensing station 14a, the container 20 noves on transport
line 68mto a closing station 102a, where the container is closed, and then
on to a shipping station 104a via transport |ine 68t From dunnage

di spensi ng st at i\QRs;id ¢himedisl4c, respective transport |ines 68n and 680
transport containers to a shared closing station 102b. In the illustrated
enbodi nent, the diversion dunnage di spensing station 14d transports a
container to a c¢f osi i bR riki ity f RienB Sk dispshditen
transport |ine g%cc ?%?%%%%W@%yt ﬁﬁggﬁ g?ﬁggﬁ?gra 7624 sﬁ?ﬁpigg];thion
104b t hat i statidres; edciwbt Whighasat leasidnendeage SiOEPRIfTUh Mdna d4ARdEnd 14c.
Al t hough_the jnvention_ h een ! i Ji ; O certain
preferre‘rd e Efﬂl%? d‘sﬁg?% osoﬁgﬁégﬁfsﬁtg?nggﬁlf%/y?gﬁpv%)ﬁrﬁbe??ﬁ?@%is tgnd

nmodi i cat i ossd fbilat eesttwd dumidyerdispekising estations féredunnage pobe plased eadi ng and
understandi&g of this specification and the annexed drawi ngs. In particul ar
regard to tWe®Arious functions perforned by the above descri bed
conponents, the terns (including a reference to a "neans") used to describe

such conmponents are intended to correspand, . unl.es t herwise indicated, to
any conponent w#-ch ﬁe?ﬁ’cdf?ﬁ@gt?’{étegb%ﬁ&?‘é’%ﬁ f’\ﬁq@m inﬁ%‘?reph eﬁ@?%&% ed
componend (hetirork hBiakies 8 nhadMahisANRy kdutiﬂglela\tlab@ma)nerey_erpattmwh not
structurally equivalent to the disclosed structure which perfornms the

function i ndispending stption basest ome sharasienpliaPhine $8B@NFENt s of the inventi on.
In addition, while a particular feature of the invention can have been

di sclosed with respect to only one of the several enbodjnents, such feature
can be combi ned i t h Aopeckegingmyeteot apsetiferdh Uiy daimp?, wirretthe meshBBidment s as

appl i cat | orinaHgEs PRV ATRERERH TG Y oo b e BHAEY ori i ng &
plurality of dunnage di spensing
4. A packaging system as set forth in any preceding claim, wherein the
plurality of dispensing stations are arranged in series along a portion of the
transport network such that a container can be conveyed to multiple dispensing

stations in sequence.

20
5. A packaging system as set forth in any preceding claim, wherein the
dunnage dispenser includes a dunnage conversion machine that can convert a
stock material into a relatively less dense dunnage material.
25 6. A packaging system as set forth in any preceding claim, wherein the

dunnage dispenser includes a supply of dunnage having at least one of air bags,

crumpled paper, foam strips, foam peanuts, and paper strips.

7. A packaging system as set forth in any preceding claim, comprising

30 a controller for controlling one or more elements of the system.

33



stations, each of which has at | east one dunnage di spenser fromwhich a
dunnage material can be dispensed; and a transport network for conveying
cont ai nerwot006andokr om at | east two dunnage di spensi ng ®Catiseons/ otwe4 dunnage
to be placed therein. 2. A packaging systemas set forth in claima1l,
wherein the transport network includes a mechanismfor routing each

container to a particular dispensing statjan based an r 1stic of
the container. 3. A ﬁﬁ@h@@lﬁ@sg%me%%é?%f@‘t'“PBYPﬁeﬁe mtglacell%ﬁ?f,gﬁl\kﬁélb in the
mechani sm iﬁﬁ-:l HIRSredoSRAS StatibMs wheRNdrid ofi e artides atgadet inonefor inee
container. 4. A packagli ng systemas set forth in any preceding claim

wher ei n t hecoptainersiferirastspeitspensi ng stations are arranged in series along a
portion of the transport network such that a contai ner can be conveyed to
mul tiple dispensing stations in sequence. 5. A packagi ng system as set
forth irsany prexcedi Agackaging systemeassat Fathdd eifg S, Whepin sbleashiQdes a
dunnage cor\ver.si o%ﬁ.machi ne Y sagpsonvert a stock material into a

rel ativel y PBYB9GIAI00S AIGHLYE et 8F Al . 6. A packaging system as set forth
in any preceding claim wherein the dunnage di spenser includes a supply of

dunnage having at | east one of air ba r. ; rips, foam
peanuts, and papér stYR3s&aging SYSIHHIES, %ﬁﬁﬁgbgagﬁ?%%%ggd?@gﬁ&%ﬁ%%
precedi Ng ChairMedR@TBEIGH HgstRaPOt 4toédst bné dunregetdispdrising siatéorothatror e

el ements of the system 8. A packagi ng systemas set fort.h.i . precedi ng
claim a,{bmﬂplslﬁﬂgaéﬁeSerfOfnﬁf@'WQ@ag?% S S W@V%’”Hﬁé”éwﬁ@ﬂé'”gf'ticles

are placed in one or nore containers for transport. 9. A packaging system
as set forth in claim8, wherein at |east two Ir%a&)i% st,aﬁions are arranged
i'n‘a

in series. 10. AlpackarAckgdisysysiamaas setfortuippi ehR CEHTHE I ai m

i ncl udi ng ag | ' i ORapHIR] e BhRUr 8f thbeaRt vair@edunnage

di spensi ngaﬁgg‘gp%g%ﬁ%ﬁ%@}%ﬁoﬁ?&gﬂ% sensor forrsensi ng a characteristic of
the void volunme in the container. 11. A packaging systemas set forth in

claim 1105 wher ei ‘&.t h?\ Saecrﬁg&lhg 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 container conforms to

predetermined criteria.

20 13. A packaging system as set forth in any preceding claim, wherein the
transport network includes a way to divert nonconforming containers that fail to

meet the predetermined criteria.

14. A packaging method, comprising the following steps:
25 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.

15. A method as set forth in claim 14, wherein the routing step includes
30 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 article to be shipped in the container.
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i ncl udes a contour sensor for mapping the contour of the void volunme. 12. A
packagi ng systemas set forth in any preceding claim including an

i nt er medivaiDaost@Erdoen upstream of at | east one dunnage diPEpArssdNsg2wLati on
that includes at | east one device for determ ning whether the container
conforms to predetermned criteria. 13. A packaging systemas set forth in
any preceding claim wherein the transport network includes a way to divert
nonconform ng containers that fail to neet the predeternmined criteria. 14.
A packagi ng nethgd, QOmBIHoaIR%et RetHialcaai1agrsdapsts, whetdinthe sippbimg ai ner
to a dunnage di spensing station selected froma plural i‘tty of dunnage

di spensi ng stepticudesneswertion arsrak Matedal piorg QUnnagg PE ving dunnage to a
contai ner at a dunnage di spensing station. 15. A nethod as set forth in
claim 14, wherein the routing step includes routing based on routing
criteriasthat intd.udesmethedas sebfasthan claiaride waerein g'@sc%‘ﬁ’e'f“ﬁé StRthnage
material, characteristics of vaid i { , characteristics
of the arti'@P@’%PBCBrév gp%rgedonfrﬂgc[eléfegglrflp gé%g?ﬁgdg&@r\ﬁé %%tpﬁ@d&g:és set forth in
claim14 or claim 15, wherein the supplying step includes converting a

stock material ipto a duag&gg%géﬁﬁgﬁm%é]mé%@ iﬁ]%gm@% Weréiﬂrtﬁ@ claim

in
16, wherein the Honvef conver oné or nore plies of
paper into %ﬁag@%ﬂnﬂuml@étemﬁﬁmg%mbaﬂdasnmdismﬁrtsledi n any one of
clainms 14-17, erein the routing step includes determ ning the type of
dunnage®i spensed. 19. A nethod as set forth in any one of clains 14-18,
wherei n the supp|yi ng gleRdi 24t 6 BNy TPkl of BRI SI¢4 gB8amhitein tife dunnage
di spensed. 20. A nethod as set forth in an¥ q())F of clainms 14-19, including
the step of surpi¥ngrigpriacludns casiralling theauariitg éjeL{E‘BﬁQ%FWQPnseéj'l. A net hod as
set forth in claim20, wherein the step of determ ning the void vol une
i ncludes the step of measuring characteristics of the container. 22. A
nmet hod as set forth in claim?20 or claim2 1, wherein the step of
determ ning the idyvol ' it find i Thel the ste
charact &%istice %(f thbé%em A HAEPin G SR cRimé 480, frbél'daihg he step

of determining the void volume in the container.

21. A method as set forth in claim 20, wherein the step of determining

the void volume includes the step of measuring characteristics of the container.

20
22 A method as set forth in claim 20 or claim 21, wherein the step of
determining the void volume includes the step of identifying characteristics of the
container and consulting a database to determine the void volume.
25 23. A method as set forth in any one of claims 14-22, including the steps

of assigning an identifier to each container and tracking the container as it moves

through the packaging system.

24. A method as set forth in any one of claims 14-24, including the step

30  of diverting containers that do not conform to predetermined criteria.
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contai ner and consulting a database to determne the void volune. 23. A
nmet hod as set forth in any one of clains 14-22, including the steps of

assi gni ngwverrodcdamdoef i er to each contai ner and tracki ng trhe/usessacTses as it
noves through the packagi ng system 24. A nethod as set forth in any one of
clainms 14-24, including the step of diverting containers that do not

conformto pred rmned criter] : i 1:S}-Ag one or
nore void sensi 'stz‘ftP%%gpﬁfygtgehﬁ?g"@ﬁgﬁgiéﬁgrq?gfﬁ?%gbfgggeg%@g%é@gﬁrre of a
cont ai ner; aphetisdl dHayad¥érigionohg eoidivehems o carttainen msplutaiity of alindagpense

dunnage material based on the sensed characteristi voi.d,sensi ng
st ati ons; a‘i‘iap%l“st"ﬂgaﬁ@B‘Eﬂetthﬁg‘f%‘ﬁﬁpﬁfr}?P %O?%egn}aﬁ%}a%%%eal %’ﬁagh%ﬁ'egﬁg%ne of the
\2/gi dAsenSikn&]a?éétbhgthfb%ddf%é‘vcﬁ@b@ﬁéi@@stﬁﬂ@}@%{lﬂ faaraimpoa@etvwbgk fermeovigg Heat i o ns.

. packagi ng net hod, conprising the oW ng steps: ermning a voi
vol une of ac@Banas fﬁ@m;on@miMV%S?%%n%tﬁﬁ%ﬁ%@ra g%e%iegé’f‘ﬁgf &l? Wagg a
plurality of. éﬂggl,?% i spbensing stations; and di spensi ng dunnage nateri al
based on théelseoi l %ﬁa%ﬁé)

une of the container. 27. A packagi ng system
conprising a sensor that senses a characteristic of a container; and a

controller that iiqe-t erﬁg}'jﬁg%g}g@g%&%d’t%%sdgﬁsmgqhé]%”omgsgbb@bI e for placing

dunnage material™Ther on the séd characteristic of the
contai ner. 28. Algiackiniggrgvaikvdiome of amentaiiaty: sensing at | east one

characteristic of a container.,. d i A b of f\ShreBt ai ner is
sui tabl & for pl achWSy'Hgmeaﬁo 2 e(raiaa I%&%af Q%‘%gia%ggﬁggﬁotﬁgﬁ sénsed
char act eri sgispensify statipaglkadi ng system conprising a plurality of dunnage
di spensi ng statigns where dunna i s di spense € ¢l id.in a
cont ai ner, at | ¢dSRENHY &Wﬁgﬁg%g‘?ré%gﬁﬁcﬁ%n Er}egfolti(g\rﬁ&g&%noé ﬂ(q:bag% ?ilgg[)’f
di spensing multiple types of dunnage material. 30. An autonmated packagi ng
systemfor filli n7q the void in a container conpri S{' ng:
2 A packaging system, comprising a sensor that'senses a
15  characteristic of a container; and a controller that determines whether the
container is suitable for placing dunnage material therein based on the sensed

characteristic of the container.

28. A packaging method, comprising: sensing at least one characteristic
20 of a container; and determining whether the container is suitable for placing

dunnage material therein based on the sensed characteristic.

29. A packaging system, comprising a plurality of dunnage dispensing
stations where dunnage is dispensed to place in a void in a container, at least one
25 dunnage dispensing station being capable of dispensing multiple types of

dunnage material.

30. An automated packaging system for filling the void in a container

comprising:
30 a plurality of loading stations for loading containers;

a plurality of dunnage dispensing stations;
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a plurality of |loading stations for |oading containers; a plurality of
dunnage di spensing stations;a transport network |inking the |oading station
to the plwoabédoi7@@2 dunnage di spensing stations for tramrsparseosg2tehe
containers fromthe plurality of |oading stations to one or nore dunnage

di spensing station; and a controller; wherein the controller automatically

routes containers ViaatRRspsraASROK linkiigPE odding slag6h Brthdpiralg ofli spensi ng
stations. 3 1. A systemas set forth in ¢laim 30, conprising a void volune

: , ; , r g /
detecti on deldnpagegispeasing sktians fos fapsraringitherontaingys &gt therPlyrality @bt ai ni ng
i nformation indi ki i icl i jaer and providing
t he obt ai neéb%'?%rg%g??%ﬁ;?%%hﬁé&lggj#pﬁ%%Irspgg%ﬁga%ggﬁ’féer{nbleas set forth in
claim3 1 or claim3 acommelesi n the controller deternmines a vol ume of

dunnage t0 be di spensed at. @Fdﬁ%ﬁga\%iaﬁbﬁ%&gﬁwg)n%é@‘gérﬂgﬁpg&\ﬁa{H.éncti on of

the information indicatrve u diteCct's a dunnage

di spensi ng <tamispon netvaaktosetdteaddluynatjespgpessinghsatietser m ned vol une of
dunnage. 33. A systemas set forth in any one of clains 30-32, wherein the
voi d vol une detection device includes a sensor that obtains nmeasurenents of
the container. 341. A Axybtem assadbriil prdldim 30,coaipnsidg,a Wie¢rveiumet he voi d

vol une detection device inclu eg?talpaensor .that obtajns data indicative of

| ud
t he t opogr afiFHPN FRYICE HREIERATE O & QPG lispensing sialionfog QRIS s set forth

in clai my32infheatRinindidgidadiand Bl Galueinahe Ebstal@t End pHdvitend theobt ai ned
fromone of a bar code, an RFID chip, and data stored in a database. 36. An

aut omat ed sybtaingd bforpairain thg captelldres in a contai ner conprising: a | oadi ng
station for |oading one or nore articles in a container; means for
identifying a characteristic of the container; nmeans for determning a

vol une of dunnag82t o Hisyprensas saif@th iReclaim 31 or claim 31, wherein the controlier

determines a volume of dunnage to be dispensed at a dunnage dispensing station
15  as a function of the information indicative of the void volume and directs a
dunnage dispensing station to automatically dispense the determined volume of

dunnage.

33. A system as set forth in any one of claims 30-32, wherein the void
20 volume detection device includes a sensor that obtains measurements of the

container.

34. A system as set forth in claim 32, wherein the void volume detection
device includes a sensor that obtains data indicative of the topography of the

25  contents of the container.

35. A system as set forth in claim 32, wherein the data indicative of the
void volume is obtained from one of a bar code, an RFID chip, and data stored in
a database.
30
36. An automated system for packaging articles in a container

comprising:
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container; a plurality of dunnage di spensers; and neans for routing the
container fromthe [oading station to a selected one of the plurality of
dunnage dwvepergar®? wherein the sel ected dunnage di spen®em/yseasioe s34t he

det erm ned vol une of dunnage into the container. 37. An automated system as
set forth in claim 36, conprising neans for determ ning that the container
is not suitable for i i1l ; iofbgfi i f the
identified character ?%{Oggﬁbﬁatrdﬂrfbggfg%ﬁ ?gg%;ﬂ/‘g}?%ﬁ]ﬁ%cgers 'gggéfé‘g{??% articles
in a container as setméang foridentlyiigra G@ragteristigiahiis7coniaiBesi n one or nore

took materal into dnaEacisr DAl SYRe B Ao o T Vet e

conprising: a | oeshtaigestation for | oading a container; a sensor for

obt ai ni ng a characteristi G of éhe Ioaded cont%all‘i ner; a dunnage di spensing
station Por automati caPHARY FungagrARBE e ¥'e container: a transport
network for noving thﬂe@ﬁg\foiiirdlﬂihlgfﬂﬁ@mrﬁﬁﬂeﬂfﬁﬁditm‘@loatim@ismitidnﬂotdle dunnage

di spensing station; and a controller for determning as a function of the
obt ai ned char act@Q'P%‘?iﬂ@n%fr}%‘?luﬁaﬁtyrﬂf%ﬁn%‘}rﬂeﬁﬁe@s? 't he | oaded cont ai ner.

40. An automatic packgidBg thYSbRBlAIURRAGE @EbENdeN phd\ida® tBE detdigirRidn whet her
to place dunnage in the | oaded container is a function of whether the

cont ai ner conf or vume ci dgneas iBiohasaNt@ief-eria. 4 1. An automatic packagi ng
system gs set forth in claim39 or claim40, wherein the transport network
conprises a container diverter to divert a nonconform ng container. 42. An
aut omati ¢ packagBng sAms tetonmmiedsystdno s lsel fartblimilaina 36, camnpishgmenas E¥nt ai ner

diverter COI&B{eirr%ﬁwslngathg?&l%aéynﬁmér(?s h&RiMSbib b& a(if?&%gii@ﬁlﬁné BPﬁﬁﬁnQSe as a

function of the identified characteristic.

£

15 38. An automated system for packaging articles in a container as set

forth in claim 36 or claim 37, wherein one or more dunnage dispensers include

one or more dunnage converters that convert a stock material into a dunnage -
product.
20 39.  An automatic packaging system comprising:

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,
25 a transport network for moving 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.

30 40. An automatic packaging system as set forth in claim 39, wherein
whether to place dunnage in the loaded container is a function of whether the

container conforms to a predetermined criteria.
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transport network. 43. An automatic packaging systemas set forth in claim
4 1, wherein the container diverter conprises a nechanismto route the
cont ai nerwbao@/areseaal st ati on. PCT/US2005/027624

41.  An automatic packaging system as set forth in claim 39 or claim 40,
wherein the transport network comprises a container diverter to divert a non-

conforming container.

5
42.  An automatic packaging system as set forth in claim 41, wherein the
container diverter comprises a mechanism to remove the container from the
transport network.
10 43.  An automatic packaging system as set forth in claim 41, wherein the

container diverter comprises a mechanism to route the container to a manual

station.
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