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, f/ ﬁ\ﬁl)ﬁhﬁPOf whi ch are hereby
i ncorporated herein by ref é’A#éé&l@#%Téﬂﬁﬁ&Q ON Thi s invention
rel ates generally to a packagi ng systemfor providing a quantity of dunnage

material for insertd ' - ' it} apticles are to
be packed for shigm)él ﬂg?m@k%@%ogﬁégbwgﬂg@dggg!O?f:hﬂé gﬁl,\ll g acker pulls
articles it embrieidnalpadentiapplications:t Udd. &sovigonal Anplipgtion NeBeLER fifsm in a
cont ai ner. Befgre L. PPLN j p. b N € L terial or
ther type o QdnRage T RkBBsALhyTichion Ro b aR I MR ESATRBREE * e

dunnage mat e2008; Ut$ | PreviaibnaleSsticationdvd.i6ve4ds 7 30iled dantsarani 8/ 2005 asti ons t he

el ative to Ve eonrarnaPPRip Rty pOlrehetsrET AT S aandaul IS THLEE T ol e
during transppeby inceMperatedmdelybyeestedesIinage naterials 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 wg¢h dunnage material angstoes the INVENGTORr when the contai ner
appears to be full. The container is then closed for shirprrent. Sone

exenpl ary di spendéissinyentiondelates|agseiady frangekagingersdipor RIRYERIE e of ten

associ at ed WlRgfr hndf) kil By PeifonfiRgbhBritkafAvdbRBRESLbreal I bag
machi nes and papér dunnage converters. Otentines a di spenser operator

overfills tstigenats tade peicked fanshipeingl 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 littise dunnage material in the GAMKEROUNIWher 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
shipment. Over-filling and under-filling typically becone nore of a problem
as the speedoefoivdee di spensing operation increases. TodagT/usesdHdicks

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

Ut omat | ng PRRGRBE HBIGS ALA R BHEN A T OV o AT BER ront

provi des a paEkASIcNBosYdinedtdiRdte tdraiteesndlomndanrtal ddryagdd dluimgast@nagérepensi ng
stations, each of which has at |east one dunnage di s&ense fromwhi ch a

dunnage nateri al Quer-fiiag @nd pedestingiypicaliy PPt RBIPRIETHES EShveyi ng

contai ners taR%s fHLME N RASIerativn iHEHBBSSE THRPEVSH-AD dRbahsersdnf or dunnage
to be placed therein. Tﬁée di'spensi ng statiaons cgn be arrgnged al o

portion &f trestieuiaimaper EURRAGRIIRVETLRIR, GanHelispea BV'P@BFH”W@?WQ?@QC% be
conveyed to gyt Bk@es%'o??g ?éé?%e%wﬂ%&]té)ga%oﬁ?%’&aﬂér‘?ér'o‘f a'rﬁeté?ﬁélﬁfﬁec@ﬂﬂi}/ or in

paral l el . The system can so inc supply of dunnage that can be

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

i ncl ude a dunnage conversi on nmachi ne Lﬁ\ﬁ MERY convert a stock material into
a relatively | ess dense dunnage material and sup it to one or nore
dunnage di spensi mgsystemlaodsnetﬁ'dmalmgyp‘pt grutofnad:luglaa/gei-fdm paakeging, for

exanpl e, one of air. ¢ and
paper st psope'fﬂg’nﬁgf‘g’r'ﬂeéil ﬁ"ng@ﬁoﬁj ﬁ‘@ﬁﬁ%ﬂ?‘”g%g?rﬂ %@ﬁg SY%%WCJ[@%?&%P ing one
or nore el erﬁlamjaialqu oftdidinayé tispensihg stetiets wach sf which has btigest drer  exanpl e,
one or nore | oading, stati e one or re art S a pl d

or nore contdéinﬁég% fSpENES” rr?é‘]bWP‘tcR ngge %”qlﬁ?'%llpﬁéje pgpéee% Qalcgnsl none
upstream of t?’énsb@ﬁ%btml%f&%ﬂa%gjt@ﬂﬁﬁéﬂsﬁ@ aﬁﬂaﬁohﬁat Iéélﬁttwb dohnaes a void
sensor for sensing a characteristic of the void volune in thewﬁlont ai ner,

and/ or one dlispamsEgEAtansdor A{IKRIG L E%H@S?% thergjp. J@F@ﬂ%ﬂeﬁ?'ﬁg SRNRPRERN t he
cont ai ney %@Hi@ﬁ%n&f&&'ﬁ&%%@% tFdrish8Ft indtwdrk sti@fthlaBbihébr mBRS ance, a

transport net wor so 1 nclude a way to divert nonconform ng cont ai ners
that fail tcontanersicen hpeagoyveyeditaaulinle tispersing plairagsenyentallydd SeHesi ded

herein inclugdes, [QubiNg. e §RERAEASAIsbhdude 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 cqontainer nd/ o har.act erj st i of the ti.cle to be
shipped in the cdhPaFagind %%Bﬁﬂ%‘{e& %faénci‘édr‘?sirﬂﬁﬁ%%? g} %(ré((rj;%l e,

det er m ni ng dihayeidkpeakiHgetdtion isBrRcariton Bglurality odduevdyeddispemsinga et hod
al so includes assigning an jdentifier to ﬁ,ach container and tracking the
cont ai ner asStrioNgRASEd ORIBYEY TR ESHPPHENSILINAIE AR OMAATRAL provi des

a system andy iR dispRALIAG sBitbACFhBYo ARG Pferid=® iNQude, FoNeiantpisttaé i ons t hat
sense characteriStics of a void volune of a container, one or nore dunnage

di spensi gy savailality of Heenagerdispensewsdatinnaneipsaciatieics &f ed¥Wagh the sensed
char act eri stj,ce0f hHS AL BohtShet LARScteRHsorith@0sRGH thehet wor k for

. [ 51 tfihe, cRAS
conveying the“contadiner fromone of the'void sensing stations to a sel ected
one or nore aintaiher, dodnagrarditeristiesionthesarticle émbe sippeditatheycontanasmbodi ment

of a paCkagi$%)pi\¥ﬁ%8%&na{rb§!c%ﬂqﬁcl%e 'f&aégarrﬂbgld??é?& il‘()ig% n%tvcﬁ?oaﬁﬁle% \AA;]HeeaSt one

characteri st iher, and a con er t et erm nes et her the
cont ai ner i scontihe@bl e for placi ng dunnage nmaterial therein based on the

sensed characteristic of the container. A kagj.ng t. an, | ude one
or more Hunnage df 8pEASOTENEE Fl?ﬁé"c(iﬂ%‘? @C@@%ﬁ%géaﬁi@%ﬁé%geﬂr@gﬁtof%%
inserti OB ! rboalta/l@érga;ridrtr@kg@ﬁh@bﬂlﬁélnev\:iaf hna‘fvebmtlglmﬂ”;e chokagigg sglislspens: ng
station being capabl e of dispensing multi t S.0 unnage materi al .
Anot her enbodi medt’ %T‘b%‘]"ﬁ‘)‘ﬁewg{&”ﬁﬁs géﬁ’ﬁ%@ ggﬁmpﬁ'@ﬁﬂéq ALV st eps:
routing the mgr wid6éndiny SafBHYAGEscHsE RRAGCREsHILI I OV0ig eblafieast of rom a
plurality of dunnage di spensing stations based on routi n% criteria, and

suppl yi ng duianiaieer: ene ot BRedyERgadIsReRsing FH0RT K)5E RN AFPshsk dymnage
Optional {sy, hb@ribfase'dhithd sShRR GRMdIEHSEIST the Wbidsknd aths! ad Ang
criteria that 1ncludes one or nore of characteristics of_ the 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.
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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 dat apase t term etheV|d vol a

enbodi nent of gt hé\ ‘?ﬂ)g?ff Poéﬁﬁé{é’ﬁag?m@awg QﬁPPﬁé’rUb"é% nggr@ﬁwﬂ@%e voi d
sensi ng st atdtops &élértrmﬁlﬂ?i‘zl@e %@roﬁi@lhﬁrﬁag:‘ddl@;ierﬁ“ed,aconﬂbﬂﬁng@helq@amﬁytaf
container; a pluralit

dunnage dj spensin tations that can ense
dunnage mat é?qr@?g%ééséén%ﬁf’ W@Sé'g'ﬁ%élaer@ﬁtﬁp tE-%é’? thg ¢qndaiger, aRg CQB?L&“ si ng
stations; anghtghddedhRRieheRbl FoimgoVvi ng the container fromone of the
void sensing stations to a sel ected one of the dunnage dlspen3|ng stations.
In an entSodi ment Ivenether embedireshof e puertign. foParkadibe sysieMinelsdeReR? m ni ng
Il Pt R ek Al at MY o KheaERAMRS S Vo folbfleafbed one of
a plurality of Junnage I Spensi ng stations I spensi hg dunnage nateri al
based on the:omtanuiervalpwmlitpbfdlhrmagerwspenemg stations thaticad dispansafunrage
i nvention, ack in Vi r
characteri sth 68? Sggﬁ)?'atﬁ%g&é %C%]%g&z%ntlr%% @r @ﬁer@ﬁ@éﬁ%ﬂcﬁu&an %t her the
cont ai ner i Srmpbahb&vdrbforphmm@g\echmtmrgﬁ fromt ené af thelverdesemshgssations to he
sensed char act lner Yaﬁnot her enbodi rent of the

ri Sﬁs ﬁ’é cﬁ; cont
i nvent i off aap ®A5H RGe FEisAge EBS”%B%é 8™t 1east one characteristic
of a container; Wﬂdn@ﬁib@ﬁfﬁﬁéht@gthwmérﬁlbntﬁﬁaa@gtr@meﬂ"lo'dﬁmdiulddsabl e for

pl aci ng dunnage material therein based on the se har act eri st i In an
enbodi nent cﬂeg?rmén'f‘gn?é’ﬁiq wriumg 0@3@?5@“’?’?@ %‘}V‘é’%’ﬂgf qjﬁ@ger oA ?ﬁj%ﬁt?‘fy
dunnage di smscsf%qaxértaﬁttyldmﬁn Waucﬁnsdaﬁ@e@w@lsm%dm@@@ ina v0| d
in a container, at |east one dunna di spensi ng station being capabl e of

di spensi ng rmqit?f'?dlt@%?ﬁ@éh%f’mgdﬁh‘@@&oﬂﬁ?éP'ﬂté‘lnerI n an enbodi nent of the
inventiop, an aujpagg oeﬁﬁéﬁﬁ%ﬂﬁ |ﬁ\)’érﬁ6hfé’ba$léa|g| g'@sfefﬁ?m\&fﬂd@s'a%eﬁs@ront ai ner

includes a plurality of loading stations for
that senses a 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.

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. tiopal Ly, th stem can i ncl.ude one or nore
of : a void vg’ﬁ%‘_%s%_lfb?t@&ri’@Hd@%”E@R%p?%ﬁégﬂﬁ@@?ﬂ‘%”%%ﬁ"Y)hoé‘t%ﬁ spensi ng
station for ghitahsisnga tHeftRnspbit ABtwdlkicCEslésted alintdye dighehsirg statorisn t he
contai ner and providing the obtained information tq th%é%gqqtrol :

r.. a
controller that deptEngiyidee sysiNGRB NAUARRNSYdNPE Ye adf WiB§ 9&edoQunnage

di spensi ng sgafitdlbdeath b iddsPhn@bisb&sinb@fismidr @Btdimad faimetionf the void
volume and directs a dunnage di spensing station to automatically di spense
t he det erfi niadicativauefghevoiduehimgetn the gentaingbpugrarayiting theptaited ce t hat

| ncl udes a_ Sfgaul 07 nARbAOREEHABPRLEAREHES SUBIAME! duraledo VO d

vol ume detection device S a sensor that obtains data”indicative
of the topogbhapispendedtdia dumnageadspefsingetatiomaaifenctiontosthe infarmatioat a

i ndi cative of ;the voi,d vol.u IS al he 0 . f de, an RFID

chip, and dawg'cgﬁ\fﬁ%c}g? P{O'g V%%%@%&'?%Cﬁs %HL@%%@%%%{SI@Q? P}%ﬁﬁnventi on an

aut omat ed syasutemaficdllypiispeags tig detéindhesvoluma of dobrageea vioittValdes a | oadi ng

station for | oading, one Er rrqr(? articl efhﬂitn %jcont ai ner: ng;eq;qlﬁefor

i dent i fyithg SCtERianavie; el igclyfes ,8eghinat QRN JIEAR PPN R &% ni ng a

vol une of duggiagifer @ndbSpRINGIUMB detectien eviteihaeinclualep laeakot habbbtdinsnage

di spensers; and neans for routing the container fromthe |oadi.ng s attion to
Sy ol Ter Rt

a sel ected ofrfaHidicative gf thedPpegra he SeieRs G difs egriaing, Wnegy! 8unnage

di spenser prigvicafife éffe 98HSHIIME” opelindtEréth ofehadsyr icbd®, drRFEDEHig] ner .
Optionally, the system can include neans for determ ning that the container

is not suita¥lkdatastaied brbei@besa.| ing of dunnage as a function of the
identifigd charaqghapichiddtimémntdr He iRRsHtRH MdRoAMBAAYSH RPPAERIGNG hat

i nclude one or nore dunnage converters that convert a stock material into a
dunnage pr odarticles ima genteingrinclidas aloasingstptien 1o RadTy eneeor MoEmtieRS ian

aut omat i c pgﬁb&qgi’ﬂgr; ?%ersatng%ri BEMHIRS aTnbRAMH R BF el ARtidr; haaHs i 2

cont ai ner; sensor '
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 transmtionaky, whekhet dorplaics @snaageointtiae lveded cuiainer istafudici@rt  a
and/ or, the contai per. dive es a

non- conf orm ng cont aj ner ; . ter ¢ i

nmechani smt OOfg’gf?gw tbqe]&or&tawpépwgpmpsr @ Pigge q@W?ﬂ&f'Eerﬁe?Q&BE{heaWFBWt he
cont ai ner _di yawbf! coriFREl SQHniINB &idtes 1 dider 8WoR-donforeATY @intdihert 0 a manual
station. The for egm ng and other features are hereinafter ful l@%i descri bed

and part i%ul 219" the catiathes diverter gamerriseg ateechansm i) 1e51vRdheE PGt i on and
the annexed fgt%rﬁ%é]ﬁéns%%H HeBWSM: Arit/8ethaicon@itfer AlveBF Sorhbriséstd MbtNAhism

enbodi nent s the invention. These enbodinents are but a few, however, of
t he vari ous teaggteithe apntainet ivea mendali ghatien. of the invention can be enpl oyed.

BRI EF. DESCRI PTI Oty OF, T APRENGED DEAMINGS tldivarer iy Aoldb AR ¢ Vi ew of

a packagi ng systemin rdance w the i nvention. Is a plan view
of an enbodipeetitulafy Eoiptad loabinrige sipinsthé follawingrdésnrptioni and the@nhexasht i on.

FIG 3 is a schemati i vat. i ' , , i j ght take
through  pAiRdbeRgeCi bR oS aieis? ot flPeus8 e AR MORLe RS, o
regul ar sl otTrede comicaiiments GRSK)t  faw, hewevert bf thb ¥asgst wayoih Wich the. FIG 5
is a side elevation view of.a void volune scanner used in the system of

FIG 1. FIGP®P Sa‘?f\{'%%lﬁ"’@f‘m?ﬂ“tf%%mQ@P'ﬁd'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 seyelal AILGHTToN 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 i ncl udes one I J | oadi ng stations 12 such
as, for exanple, l|oading stati OQET@EED @%gﬁigﬂoa%d 12d, and nultiple
dunnage di spensi r%fértrﬂgir@mstolﬁe dewdiysaand frdtiallgxa i €, arhmmmymryh spensi ng
stations 14a, 14b, 14c, 14e, 14f and oadlrg%nstatlon G;LZ one

or nore artiRa%agding SQ’TZtP@ m@czcodr,d@n?ﬁ with gnepne %E“%r‘??ﬁi%@}’e rihgiFalgd o

dunnage di spgsieraly Stat iTee sléten 0IMaRMESs BRE OF hﬁire benteinepRasipg satibniss pl aced
in the void in the container 20. The void is the space in the container 20

that is rfot taResh am faexarplaiRads sigtansahs é?%smf@ndﬁ?@ P MiPI® al so can
| ncl ude one g é%lé '%Eﬁﬁg%fgtl%@1§ts%rch%@Sfﬁgx%pl@durﬂ%&%ﬁsh@ assi st the

dunnage di spensi a o] transport network hat noves the
cont ai ners ZslaiudﬂSo‘L@hHheMs?t add, d|4§,1‘5mﬂdr49a A pdpeding statie|1Raness f or

controt!ina 9% 18 B 1A% biBodd i shAalolfeo S i 3 BB || g Lhe

fl ow of contarners e system lustrates a transport
networ k 24 tdispersiny statiane14 adunmngeﬂnawsl la@isipnnse:;i/mchis mmerdenéhﬁvmmns

t hr ough 1 i

conmon s{ Gt |t§% E’ﬁ%}&je??gm@g Eddfgﬁes?pe%&g %’conrt@ rr?ﬂe‘th?ﬁ{@é’zu%ﬁb Q@Sb ti ons
Al t hough pl uhalonetoamcrmartmiesmfgl ven type (container |oading, internediate,
etc.) are shown i FI | i cati.on on station of
a given type may %ﬁm &7 @%P Caa%bcy%{%‘?{%p tra?redﬂtegpeg%bq %ﬁ?% Tray be
needed. Opt lrﬁéﬁbéhee@étﬁto(ﬁssfﬁt)ﬂ% dlfnntab@dlspbﬁém@dlaﬁb@s $4;ad tramspothetwmorki ncl ude
a device for_determ ni ng whet her not contain neet s pregpﬁer m ned

criteria befdhBat BO¥eSINRFOHiRNRE Y thrﬁ”%met?t%Wnsoﬁ?&Bﬁ%IsV?eWrFé’n %rore of

the int efsrrecmfoec§ﬁta$||i ec@fﬁnb@cdcﬂgt%lﬁtﬁ@b?stétﬂtﬂ BLRb ebntrdlifg Ae or
device 30 (FIG 3) to determne the void the contai ner 20. The .

n
voi d deter mﬂ%ﬁt ofentaingre @ 03propghh theesyistasy 19 o FIG. 1 lllustrates 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 al so 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 re i ppi ng st.ations 104 for
processi ng tHEEEHAPSAAMCIYES OGP IPPIFSS '%n%tgﬁo'ﬁeﬁg‘fpﬁ&q%ﬁ@ﬁ? hlehe system
10 can be cofydtgHEE®r spgingembodi ment that minimzes or elininates the need

for a packer or other operator, thereby reducing the time required for
packi ng a cont ai ferWiihe/aprrecripddse systere! G ean %P‘P’?figyr%mﬁﬁ‘eewf‘ﬁ@t

operation. THg ﬁ)f%f’z@k%ﬁt@ itFStes tRE nBE@ TR aSacke MBICdth&Cogdiatbr, 4RéteBy Spense and

insert the dunnage 1nto e container at a rate faster than that of a
packer, ttherrebycingtheciimeg reduiregderkpantying sneontainersang/ern inereasing thggliabifityan be
confi gured, ' | LabiLi S i seet vol une
of dunnage c%ﬁﬁ%gé%%%?r%g%ﬁ'wﬁggﬁé% aC? gg?ét%g?%ﬁgéﬁlﬁ%&ﬁg%g? el |§1m nati ng
overfill andispetsefand ingerbihkeumnadéimtotieicontairsrat acate fastet tanithatiefer at ed

system 10 wi |l be described. in, furfher.detaj A FIGS. 2 and
3, FIG 2 sHRHRY ”E)‘?{SS% cogithy p%@%%?"ggyﬁtédsqﬂé‘;nrﬁ %égﬁéﬂgﬁ&%‘s showi ng
Oﬂe path a cepnfigiredr fo? @xamplef @ inproveredatglity beeasesthe worrectaaiume st at i ons As
shown in FIGS. 2 and 3, the |opadin tations, 12 can include box ect or
32 for etlectIHGPREAR HRELGBRLCa b?gg‘a@%da@’e %Prydsﬁﬁ?'ﬂg 8’6?@',’13?'}%?%{@[3&

bl anks 34. QlindeyBsroblensontial 2eios eRfloReinuRe dlusirdtedisysensysiviimel0 and a
box erector is not required. The box erector can be a task

| e,
area at whi cdessaredindHrBerAetaibwiiy Eaference i HlGS- KA 'Jégi)ggﬁa‘mf)‘gg’i“ean
autonmati ¢ deyG&dMBlenidr) ¥pbtbrPd0YarkPmeE BishodifPondpank dodtaing 2000en The

box erector can even be ah apparatus that fabricates the box on site. An
exenpl ary cdalew Heeugiothessyatemegul ar sl otted contai ner (RSC), and anot her
type of 1c‘,ﬁnt ainer 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 stafions

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, wth 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 at i onswopodatinesen t he wi dth of the contai ner Wand t IreThise@in2mwk4 t he
side flaps 36 and end flaps 38. The flaps 36 and 38 typically have a hei ght
that is one half the wwdth Wof the container, for exanple. Accordi ngly,

the hei ght H of the side walls 40 and the e gwalls.42 f the nt al ner
(i.e., the nealigHi2 githe gentaipgt 49 & %Bﬁ@ét%@ afoeféﬁ‘%év?‘&&%‘%sﬁﬁﬁ‘é%i‘ b$ om a
rreasur e of t Jlﬂﬁhwfrorﬂfa rth§SLFré”?HF fHeRight Of et dontdigerf 20aRsh Gfe feapd %&rmiprl ght
in their unfo state i ght _of the side and end wal|s 618@(?2% 2
e

(the hei ght 38 upright mrthekﬁuafom@ltséatm Age peiant ehihersidenandend Wl
a known fraC(EHe @ﬁt tfﬂ'?e g'r%lfjg%n%f ﬁgf]ﬁorgeﬁ”o@f elondisst Zd)‘%wlf b&Bkndfnand 38
u (1 d q( n

are upright ‘an ose e art wll appreciate that the
hei ght H arfrantionlef thertieighd of theaohtainamayen tb@ﬂﬁpagﬁﬂﬁé%taﬁ% upligii€nde and 38

fol ded do h id ht of th
2l e and endaped HEse R T eluEiEHprRAS WA TiShe L BN T0 Ot Fons
can be arranggemiinediardtiesr vsa)/stmmmerpihe fepatdbans Ifoaresaldpti yowhe one or
ticl 6 t t 20 t
bast mul t1 prPogiNids & disthiees@greai By SeRRoNEe R AR M & 2° &

first articlggu2 éfthé ebg@ineapobe placed in a container at a first station

12c, and then the container can be transported to.a se 0 tion 12d
where a ¥econd aMLi*(b‘?'%'Qﬁd"‘&rstt?t&”§§aB£’ﬁa(5 nﬁ?‘i&aﬁerleﬁ Stong €’8H§'8Fnsé?t'°nfhe

articles can, (?*P: Fftﬁé%ﬁé of Fire aritleanBtiBarcoptaindi@0sahe obhtadterani vel y,
mul tiple | oa tatlons can be arranged in parallel. As Illﬁ {r%tgd in

FIGS. 1 and szque@%@ilvwgo@@@@sbﬁyltlml@dowﬁ@g staionsyirrexarpleand ag dly aral | el
relationshi p, F‘F@”I baeflrgtsgrqcl@torﬁhﬁzle%% Hel 6F§CJOQH PEHHANEr KPMERSBLSIPTEARI ner's,

or |ndependent y' of one anot such t I f needed or desired one Ioadlng
station can ana thakére Qﬁrﬁalhﬁ%rn@nvhettl‘ﬁm@oﬁ@htﬂ 2 perpndrdatian 12WBG €t m 10 to be

shut down. The a EH%Ie orQefrtlé}%s[ #é}l @égl%@e&ﬁﬂp@%oﬁféﬂ@r' e PcdLafi Mg in the

contai ner” in sever ore being placed 1n the container 20, the one
or nore art idiffasnt 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 placi ng in a particular container 20, or a |oading station can

be dedicated to O r@é‘?ﬂ'g Sin Bk I0HYed n?tBttt’aeC{:ﬁ@?&Hg @@ﬁwe?v%tfﬁﬁ\?/ﬁ%sh”pre

criteria. Sone c codl e use e cont al ne si ons,
shi ppi ng conparekanphd, rmmamgenwep!aee lhle(EirHr,IéS’ #yin a contaiaet 2eby hared.ght, article

si ze, artlcl rel ationshi etc cles 16 I t he
cont ai ner ! eﬁ“%t'v\‘?k ﬂlft @lé)‘%ﬁr ?ﬂ%ﬁe cong%E%r l‘ﬁgjle r\g%engrﬂq g@é%ﬁwe
articles 16 dt8pathoaiepdRImea bl?)bnbaiﬂd]oréxbéﬂbmﬂwwﬁlbye trtdlmma(dﬁertlodmn
initiate or otherw se control or suglerv ée one or S ps_.that are

per f or e by! NS FORNBINET dBYPLBDLAT I Placefabgf( P‘i)tcﬁ 0 Whieh 69s 16 in

the contai n%?@é}aﬁ §Hﬁzib iRt ReRbhtkiNandloptendlpRb drikat thehaiele reldtiiects can
nove an article 1nto the container and optiohally also orient the article

relative to thh@oetamea) H‘é@'}eOV%ﬂ@ﬁl@?'esﬂﬁé%P?lP&q@g in theceantaigerdbiced in the
contai ner Zq é}f’a‘?‘r‘&@ﬂfi& ngchtéméﬂ &ﬁ%r@lrtgfaé Spﬁag‘étroPl InPRisABHERSEATORS, onkfort hi s

| atter exarrp one or re machi nes devi ces, controlled by the
controll er ZﬁorefmaCIBu@mw athepdeviaest mtmﬂeqi by theopondrotiers26 éorexample; he

cont ai nef, 2t HULG0Y: TSI B1G§.d EOMALAAK Gy ThousasEhedpolOr K The

transpor ? ShEPGIts the COntal ners en stations,

typi cal ly i rpaakdownst r eam d| rection 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 condeypsurt Nefwwok k that general |y starts, stops, transports and

orients the cont ner 20 ed I n se fe 1 £ an eople are
needed. In a hi gﬁJ nPB?r%F@&V l§,§?érﬁpsqq\%\'§t eﬁﬁ a@ﬁf%é‘é?{v@&ﬂéﬁ%’ﬁg a few
peopl e t@ SUPSIEMiYSE aditivristre @SRE6H thr6 RhStAe sYstemotd. emwmmomdrtl pl e l'i nes
within the network, The transport network 24 can, i ncl é%e mul F‘tﬂ%‘ee conveyor

lines 68 thfmRination qf maiBodseianypicalenayag s captaipgrsldnropg se |ines
68a- 68z are §hRW10 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

which is sized to support at .l east ope contai i ve from
an upstream ‘%%atCBml%ﬁ]?rha?([eﬁo%mr 3%9%'%@9%?‘{%@}%8%%%%éﬂﬁﬂgl%égg cl ears.
Each zone cafypiegliypesmdiorths @paratibeloyeas synegat es or ot her 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 ganhkaldesistdeh as controller 26 typically controls the
operation of each zone. Internediate Stations The optional internedi ate

station o stati dme pfioagleinfesiadiade slaiiqransiatieny %@qedgc%tggpp’[w?senlt@e and t he
dunnage di spgRgihQtAbAL 19BRd b dJﬁ?\%gb%ﬂeﬁﬁﬂb%ﬁa@bﬁé%! qhe iRdrkédlatencl ude a

' r acquiring data representative

voi d determ nat Pgn station or device 70 f (
of the void stalianse22 eartintigde Ayoifidaiengunationdatiingy devise; 19er aaqulingéaise a
controlled t : n i ] y v acquires
dat a t hat cgjréagéeseh%séggé Pgﬁﬁgﬁgﬁﬂq%ﬂ@%g&ggﬁ%&%@ %:&I%%E'SE] eértﬁt J)g gt erm ne
how rmuch dundisgmsea quntrolled quartiity efahtnapger 20. The void vol une can be

determ ned by neasurin har.act er i st | i e void

and/ or the cont eﬁf”? v&nf%%ﬁrwpatm %%icﬁpcfoagéquﬁlrglggg%%g{rgrﬁ\%%ﬁ%%é evice is

descri bed i ndegtemimpe the wiheslutde SndRadreby dblermmed®w whii8h duhhade foputeteby
termination device 70 in FIG

i ncorporated herein by reference. The vpi e
" nch udes. 4h6 PRt o TR ARSI Fat Brgeferiotian B BaSiELgh wai ch a
cont ai ner 2QcHaictdesticd BV REAntaliee 200ihe voil amtFordab aontened diesttigaAnbe st or ed

in an el ectroni c storage device, jch can be part of the controller 26,
for exanpl e.e’@lﬁlﬁfﬁéfpldﬁet?rﬁ”én@}@ﬁdyg&@?d%eﬁ' eg)dn ﬁ%‘H%P@cPW '|$d|,Paf?§‘tng a

neasuri ngs t agd, 3,997BAS WHicHiB Beflby TRERpSRRIATErSih b3t refevede. tTHRe it ai ner .
These neasurenents can be conparéd w ?h dinmensions in a | ook-up table to
determine  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 inaging sensor or sensors
can be used to create a stereoscop|C|

t hr ee-di nensi onal

TR RE R I ey S N T

t wo-di mensi Qﬂgﬂten %pﬁraé@eﬂ{é HfnagERYABERIkERE t6 Hbsearéaplcoyrigaver t he
X

container to Into t cont ai ner to probe the depth. Each rod woul d
measur e the ndegitfih. at its position in the array by extendi ng downwardunti |

It encountered thQg é)@ﬂlgp?gr%%eudaxfo idrfid ScarhePls @es%ﬂﬁécﬁﬁ%@méti’%ﬁaﬂmﬁbﬁﬂ ner 20.

Wth a map of the to dunnage can directed to those areas
requiring trfajbmm;ttonfmd)Imewﬁarwhloblwwebwmow@éﬁﬁéheieéﬂ Bescribed in

I nt ernati onal , Pat ent Pubh ation No. WD 2004/ 041653, which is hereby
mcorporated Wé‘?r@eﬁnb‘[ﬁ SPETe ence inits entirety. In FIGS. 5 and 6, an
exenpl ary voi d vol BIGS Samnhey arvéxeataplalyerogbeniumne scamiand@ canfoesseenia havi ng a

pair of upright str dI|n t he convexo

suppor t ed at”ggu‘?%@?r@ 'P%V' az??"é’ PP sZPgﬁgﬁ@ggﬁp% 8ﬁ\%“ggupper &urface

of the conveygds éam TB%upwn@mtspﬂﬁa @;ﬁ@htsam hp@ﬁxezmnpnanceﬂomftbe uprempl e, or

can be nounted to the convey orv\g_([}] g tﬁre scan "Fﬂdrgz incl des one

or mor e Yenstiacgof the ropveyor £0 SHJ%'SH 6%5‘%% QOEEHPP] qréad(amp

ul trasonic, dr%ﬁﬁrbe%oﬂﬂt@@fo ﬂ%%n@éyo‘ﬁ%ﬂsor for obtaining data

representative of the vol une of space or void in a cqntainer 20
76”%@3& %10 gu§

in which the art |T65e/§ld1‘63|%9é0%@5 Sl YABRERGNSPTS f8trated
embodi ment , ﬁn s&ile ¥ ;ﬁQaerﬁlla‘r@(? Lﬁtretk%h&maséle&s&ﬁere@pé Bf sdiserifei ng an

out put represe tative o el ght a contai ner 20, w dth sensor 84 for
provi di ng ambiﬂjnlpgtdataelmpe%ﬁtaiw@éth@fvoﬂyw gtﬂhemnthépwra«%ﬁn 30, and a

contour 3ETS s N RERH B AR UL oesERENbR R e ontour of
i n the cont dlustmatelembodiment, the sensors 80 include a helght 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 fight 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 tinme of flig | aser 1. ul such_ as .t he ck Optic
LMS 200- 301oes'pa§@8%a@aﬁmqtthafrﬁéan %llaé’teds‘?% H@ §?n<>f ez S%‘iﬂugg'ﬁglaég beam
that is reflgedgg fHeoéBn‘%cﬂf? of He&rli@é (€., UharkerTior Béikeanefermeear ti cl es
pl aced therein. T¥1e reflection is regi st ered by the | aser sca n‘fh Eat”

et Meed

recei ver. Theointnlene)sanbesietaraings [l i saruePe’ epiMRisesreceiye

i mpul se is ﬁgﬂg{ ml t neemtdiRg d=a88¥e scanner
and the sur 1%a€{cagr\ﬁislré(;nr%l?i bé M%rtgéﬁéggggﬁgﬁwhgﬁfsed Ia{serFi bear?l can be
def | ect eds bysemspot Bhusrthe npmtpumfro@hteenqrr?@ %f@ethﬁ@ﬁ'cé@ ththereinpassiag Hifed scan
I's made of t (e.q.
di stance f I‘O(%%é&#l )%g#}%es::\gp rgi%ssg)%rﬁxﬁ??tg%@%s@%&@g&gg{ %(? ﬂﬁ\{ggb??ﬂ(ﬁ]et he
sequence of gsemguf 8&s received. The fan beamis oriented perpendicular to

t he novenent pat of .t contaj ner S of
cont ai ner 20 and thﬁé’v'g&ﬁeé‘fs% ?1%3@? fﬁ&%@e ?‘%%8 °rggﬁé§%mu’?9 g‘%n%s'gw i's
progressi vel of the asntaigdr wpam@met@ynem tr%Oilllumﬁ&B@d pmbbdm’rmt she suith 86. The
wi dt h sensor 84 can be a t abl e sens or for det n h_of the
cont ai net? 2°§H&85P It Eﬂw‘@&%"ﬁa dl'ﬁt?f“iefﬁ?”FPr thef ¢alt lé%lu ﬁ%ﬁ,{re n?%@”*‘%t“&?h
sensor 84 i sy fifat maémeéjldl@luzbaﬂn@e;oﬁ@mrzot@@pammdmtmashsb@omtaeure t he
di stance a first side

4) of the contaHl é’YJr'g sf d fromthe
sensor or otrﬁﬁqfe'?@f@'@nd’éow . th'Pﬁ”moéié?e'?té? ye @e Bt ﬁ%%?o'l gngl-el d the
wi dth of thengpHabASE an Bﬁ?osh‘%cﬁéé 200 QflGaﬂ Qﬂﬁ@%bﬁ&w@rﬁ’@re@@@eré&'a@a 4) of

the container is regl st er ed known fixed distance fromthe width sensor

84 whi ch, asnomaviixedsigtanse ffﬁﬁTﬂJHTee\MldﬂbSW@ré‘ff WS, 8B BNYMR.CaPPeMOtREdscanner
frame 744t t? olngco?ttﬁezléorlccﬁﬁ‘.t 78BaKe sEéWhelrﬁ’éagal ngtteh%cﬁ dj%)épébcﬁ)@ thd Rvehi s

end, the containers be registere gui rail 90 on the
side of the afdinyegrrey606mpPotiis end, iee opntainetseibenn Iz redi#ipien againgéar ai | 90

is at a known;di 5530368, e Ule! bRy S8 85pdifte MW SehdtP B4 RARN

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

rail 90 or otherw se place the contajner 20 in a t
ori ent at i on, 5% RFFOEINGlYpihE FREE Y 392091’89%\?% allrlﬁ'” 8 l’gg&t nscszstqsné%gi)ﬁr face

formed by a thelb&iverAmag¥Rl .Ad #EoRXRBPLEMOVES tHrogsh thewardint e dutatie rail,
etc. The height sensor 82 can be any suitable sensor for det er m ni ng a

hei ght of t heill berintarmieiedty. thagoririarp Ry hedipidt oé@erwetmswa@rear@ay 92 of
e tters andyan. Aska 4n0borihe! Nehf ArARAIAEngA, OPPOSI Le Lransverse si des

of the scan area. ustrate exenpl ary enbodi nent, the enmtter and
recei ver mrrays Qleemar@l& seneomMmanritegetoviged &measureéhelealttwf the gartaingr.i ght s

76. Each arrgy,ly n;a,gr&sg eﬂrbogrrrﬁ t R dVER s ggnsrﬂgﬁreﬁ he'aere%mﬁre elgent ed

per pendi cul ar to ‘e convéyor cor I ngly, emtter
array 92 pr oddnmﬁlyzbycmasarnng tife Ibngthtoftrlmtthe sostaimeethkby ta passy ayedneeel arr ay

94. As h h th |

I nterr ugt ggqbglsgﬁ%orﬁ'o% ﬂ?ﬁl‘é WE) #ge?ﬁt?é%ﬁe%%iﬁ' Q[FO\’% H@tlﬁe %éeg%dn%emhé 11érgeby a

measur enent dhvés 18oAbREIBE corlagier peetrth@eemelnraThedbngm sfelpae a’lumrpﬂ;remsor can
ont a ust

be provided to nmeasure the |le d
obods ettt . e sesed ohbsconvant: ap tee bt ol B ronBitdmd e Se4S
measuring thge lc@rﬁ\féyor ffa kihdWh EdrstRNtheh Bﬁlly th@leﬁgtﬂrﬁtmﬁeétmto%e of the
sensors, such as the w dth sensor 84 and knowi ng t he ? eed at which the

conveyor 18 Merasied Fled@éh'ﬂ'aﬁﬂt?r'eﬁé@tomll‘ec%%rr If t’hﬁéplﬁ%‘n@ SHONVEYRE
nul tiplied Q%éntegesté&e%gar%f oH&?o%PYé&é@hs @cdﬁv@!r&l%pb@@ sbR&HAN Ve ke

cont ai ner. he speed of the conveyor is a known constant, then only the
length of titmmersuisthecopueyasspardand eomaIBicaienae SREE! ta iR gorRgroliep6

cont ai neg,. for r%@e?e@r?% lﬁg spdi £RBYE cﬁex¥ﬁ’1§§e§an Bb %H%ncé&ﬂrﬁht%rfa@éd for other

reasons, a con sensor cah be used to neasure the conve%or speed
and communi o¥ithethe ltengeyes drive triotordomprovidingra s@ies®f pplses.dBe ratg .of Whishspeed

sensor, for géﬁgﬂrlo%on%m e S%Qec?gﬁﬁg%otop% tha O%’Be\t,\eﬂic%fﬁ% Soueyor drive

not or for a series
The controller can be callbrated 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 .ot her .nethods of . mappi t : voi d
vol une, usi rfgmgﬁg?\%ré%euwc&'ﬁg’se%giC&H{a'rkﬁrfep e&gnstap-% \Béjlﬁggﬁljgﬁt]a’neég@?@%ﬁgcenent .
Usi ng t he awgsreiercieishd Msaf tosHtigpipe doidvbiueiecdata tinet canibe usel dondeteaminee

lculated fromthe wejght of th tai f d after | oading. Th
i gt i 1 APGALBUE! U aPaags mAR A 81 B ReT Ty BPa MRS R o ol o

vol une. The HORHgRARNYAUE Y41 WE TRsksh PRprave trgerdighpactiralge temough to
all ow automatic filling of the void fromthe dunnage &i spggmiggequi prent .

A vol une 5di spbtesei@ras wetaningisase fesflexidity of hesyster 1 Gvig t s agas) to
determ ne the,void volune fromthe known enpty volunme of a shi pping
container. Since a void determ nation station 70 generally can

aut omati cal |y pr @ptideallyoinstessl aftekinhmngasurementssiosieteratine eawidvildhtage

di spenser 52, can. .provid [k I i i 0, the
ame vor d vartaaeqeRhEFiPr BHRrpRed sRABEh), oy efheRg Dl 20Tk &7

vol ume dat a Hdnabde aendee, eossxtidetectdet identifieg suble aamhaicode, tharideridiefdieri al to

be di spensed from each nultiple dunnage di ' | ~d4f, 14g9.
This can'l R Of Fﬂé‘ﬁipiﬁ %’H&'ﬁﬁ&? %”ﬁ&é@g%"%%ﬁg@%%@w g@m&@gﬁéncr ease
the fl exi bi ldgty s&f coultebes ysristited thatineuldretheogite tigpicmreispectiva. voOmesdram | y,

i nstead of taking nmeasurenents to determne the, void vol A voi d

vol ume can BEigReAIhEUNs &P beqalr EEE%C{H oretg‘sﬁfﬂlde\,’o(ﬁémgX‘?{stﬁ%fpasfﬁﬁaras a bar
code sensor,coatHihAiof &) Bflcled briddntdifdrean beugdredsn and astrievediefrorh ltred data
identifies the article or multiple articles 16 and/or the container 20, and

fromthat irférmation a data set could be consulted that woul d either give

their regpective ft\Yw‘a{HéWv%yfté RIBMYItRE coMBInkPRE ali@ defmarnthB&oraloRyhalsed or
the void volune tor that "particul ar conmbi nati on of articles and container

can be st or duy Jensingdnear mere sharackiisti¢heoldhe gorfainer, 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‘c‘que identifier, that unique identifier can be

25 used to associate data with that container 20 throughout the system 10, like a
license plate or name tag. Separate identification sensors 100 can be used at one
or more locations within the system 10, as shown in FIG. 3, 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, RN 9% Ston Ao H P aPa P STRaRLS R, s F oAt et g ™

entirety. Eagdofambobutis- n%@;n@ﬁ@lfa@rfoarekamble 16 can incl ude a uni que
identifier that can be detect eg iy an |derbH|f| catl n sen s shown
cRtQN PERSY( §

in FIG 2. Once anp&rpiadar end FeetuTe eaggpa Ségﬁ'ﬁ'l

identifier, doah aHWEYE of PMohidifdr 2025 a%d@ﬁ%etébfﬁ%@éh@bﬁelét&ﬁoalodm h t hat
cont ai ner 20 t hroughout the system 10, |like a license plate or. nane tag.

Separ at e 5i demelywed fl'@ﬁﬂtlﬁé@ﬁﬂﬁ‘r Forepamale: pligiabepmeradiag tt?rp'ﬁfﬁ‘{e N%cati ons
wthin the ﬁ)%%ﬂlsﬁqt%’alle\ﬁs ?&%gfté] e t§bef?‘ﬁéye06f 36 iIc8BRirdr] TR piefreensor

can be an integral conponent e void volume scanner 72. The identifier
can take anyahdnen becomgarey ta picilyek of standardroentaings it a databagdedid®d in t he

contai ner, H Olrcgg an eﬁr{ggﬁ:ﬁ)gqgé(ntfﬂgg %H |'tscéﬁ{‘r| PBioh S ) |&eﬁ9ﬁer rﬁ%ﬂkﬁf\gssucﬁ% pes,

nunbers, i ONS, ‘surrace ure patterns, sions of the
cont ai ner, tfdsneexmiple ndogss ,nuuiters \shapes, hlolmgeqlom\megmal p@teen,tultbam@lehru cle

surveill ance EAS) e n

el ect r onéign 95%63%?’63%"%%\?8 &’ﬁ%e %@Qﬁért@m%g @ﬁggﬁgr?p . Th

cont ai ner i @@ﬁtdu‘fdr&@tdnmﬁm&ﬁn&ﬂbn 100 can i ncI ude an optical systemto obtain
ol ect roni cal |y alPyRBtEYdRS camATET et PO BBToas caRlee Bl GeRuitaer
can be pl acgdr) thga. POSRE ki tybldaky eldsemattaawm eddxmtélaer alithe Wadirgosthitorade of
each contai ner ‘? pi cture can then %%are i gtures of Wandard

containers i@ Qi‘ddﬁtaﬁﬁ%ﬁ&%ted'f‘ﬁé tE‘?)ﬁ?%f?'H@Fthé Qut § F9'RY PFICERT-i

di mensi oBs Qe ééht?ﬂ@ms' drb&Ed %H leAZaRHabh aﬁ%fdéroén QP@IFBbgclﬂ@RFSa%_IEU nbers,
shapes, hol es, thermal pattern, ultraviolet inmage, efc he dat abase

can al so pr edheeddeifeareraingl aplaceshiasida dhespitginelo r@&eﬁépe‘%}fdﬁ ipfRsmation

Ir QLIOI)”?? Iegn écéor‘ltélﬁépééﬁtgr% YextdrR8l SNMifbMBhehd6nd bid ERblyAbriSRSoIsAS, 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
cont ai ner. Order speci fic information (contai ner contents, external

cont ai ner dlnen5| and emty contai ner_vol ume X, e stored
on the tag afdo F‘é‘ %Hpg%ﬁﬁjgg t%{}waérHagﬁerphautpgrg&edrorL@@( %’i’@ﬁ%gee %%Lgrﬁ‘l%ggm of the
dunnage di spgigp&iserdhe tag information is sent to an information processor
that can retrieve container content infornation a database

retrieval statiorf\t&W B‘é‘”@r%?'(%QB”EBB"W%Eiﬁ?‘@JW@”ﬁ@n}'ﬁ%QOQ?'nFFFeZ%ﬁd of the

packagi ng pr eldisgERkRg ishRiohy I &MhBD! Gterly # leatifier for tﬁ@@oﬂﬂerneﬁxeﬁpl ary
container identifier is a bar code. Bar_code | abels typical are a /ﬁached
to an outler eitheratthegfoid ﬂ@ewﬁ@mrrﬁa’uonF.O%Wéhgudyna@%ﬁ@p% Q/g?EPQ/

can be detergi h%r@mtf, \éﬁ@ﬁtﬁi NGihcd fRNoid 4StErmiREESh 3@ti¥vR 20 adqliRawn

volunme of articles I1s pla in a particular type of container. Once a
sensor det ecthe voitbvaieome alatecior berdainers 26 providad in pe@angei BAt ¢aia opeelated

comuni cat edd:!ltg @58&8&0& tﬁé"gh'ognpof duhﬂ%@éjnfa?erﬁl %@g%égnééﬂaéanpoeov' des,

for exanple: ARt I'ons ol une
cont ai ner votammunieated dTﬂeethtor ttleviohmage dispensowrstbéomt 4 tievkichitiree d and

retrreva e or_.can S f the
cont ai ne oan%or}t%rger %&Sﬁg%%ﬁt j’hﬁgrlgthp n%? 'M%J/S ?rbg d?%n%or&gaagggﬁrg%@th%

cont ai ner. Tywd tjarfeomrmtromatamm 70 dasdquente, cxwtda gan p& cacheclirticatedtouthl,

sem - aut onat ed or sers, An _enbodj rrent al so

d
cont enpl at esre§8?ﬁ}lé(ﬁt UQ%? aUt'gg‘?'%sr?{bg %8{‘: ?‘ﬁ ﬁ'gg eagh GANALGE SfCdIsnsi ng

stations 14 wﬂﬁdl@uéadﬂﬁjgobrétgjeaabeldmrthetbnetramfe@g rhhmscvaeéatheomd \&ildrhl@r at
the void determ nation station 70 or at the d e dispensing s t|on 14,

or anywhere d5{a isassopigtechyipa pSft’r%'@rP%aW‘Sf BVH%P ﬁr”hﬁts?BHe%‘ieeﬁr]dot

acqui r esq4 heroyfhéoiBk CoRtafHEr %o b hrteRF &sESMn@QtaIﬂbﬁVC@ﬂgeqrﬂenﬂ?quence t hat
data or related data representative of e anount of dunnage material to be

di spensed cafpri@inedeeriiicatiandg effested by \keeping Hack ghwhge Qigg’ﬁéﬁ@m@{j‘eéf‘aﬁl on 14
to which th %S%ébe'h tﬁ@sﬁlé‘ter‘hou" ed. Thus, if three containers 20a, 20b,

20c pass through
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 identification is fecte pi ng
track of whe 'ép%[‘sﬁp\%ﬁ b@dﬁ?‘i‘?tﬁ@'n?}‘ggaﬁ%ﬁ?{] \YQEJ“?%OftES?%@E%&?#e l‘r:;:ﬁaoperator
can initiat ecitaiféhoF Whr5Be GOIAEE Bl 0B @r AforeBERs0’s.€Por dxaaipl@recgreaiher med by
one or nore devices that determ ne the re%:# reg c"g%{?titg of unr%%ge.

Al ter nati vel §an kehaRsposted SNApEA EAHNHBUHYE &l Q ﬂP. BAHENER #42 1Al t hout
external i ntQiNaMitOBIAN tHOBEJeRt aMtiFhtREVSO b bdllddS aR@ ety éxcess t he above
description, however, the internediate stations are not always needed. In

sone si t Uat | @igaghsan dedemeremendsyciag thadea recysinglaerperPRdd.  For
exampl e, NGBy LHOPINGAR i Ropder! BF ekithblb, difify ARALAY BFErbY T Ul I The

system 10 si rrpq%ly nee 0 kKnow nto stop fi ITng the container 20, using
sensors, backpr edsthis case, thecyrithivelamerarsing teasticlesinghe criieingr peehoet f or

exanpl e, an air i s inf ed w.thi Qpt Al | ks of the
cont ai ner m)h Ve&ﬁ%ﬁa‘%&%m‘)\#&&th’g?w ?&&e@oﬁﬁﬁtﬁb ﬁ%q%%n Hak:)en%&ﬁ!oy@?a | . As yet
anot her al t eenaive\escésy durmagaatthe tapef thetdoetairard IrvihissystetodsSadlapaeed to be
det er m ned,

t he ,cont ai ner 20 .can el | ber.at el verfill n € excess
dunnage ?Oentﬂ)k@ Regn dipg Q?W“ Pﬂ@ﬁ%&%%‘g%{@tﬁ@e’[ 68?')&?5 P ’.or?hs@%gxbé%é(gss@%unnage
(r]I emoveddpan &lﬁltdiﬂér{mt)ﬁ@etém%lhﬁacﬁuﬁmhe'dciibeaifemfRSG'ﬂfmpahmdhl ihg e?uiprr?enlt
unnagedi spensed can be edet ern ne ase t he vol une, of. the |argest
potenti al cdﬁ%‘gﬂ??e‘?mp@}’e‘gg’rprﬁ%ar&%%lEWtBS?ebg?é?'@Pg ABY go Qs bFdlarEgealiyanyl e,
~a container fppsedlfglihabsRante e URHREVEAthe FBpS DPOHE dodhelsimlddeal fl owabl e
dunnage at a rate sufficient to allow the |argest anticipated void to be

filled, and thenAnethesimess ifarregialesiglioneds 5?%9%(8‘3&9(3""?" VBT ed through a
recycling hopRgmiRRE WHed RUchBihdraskidrit %o gredbtdrmiteBRSiterid. Orheexanpl e,
along with any overflow. In this case, the void volune around the articles
in the cont diraeetetioined soteriagae indiidsdaelersethat makes theopnigingy soitate & of f
appar at us Car@cgﬁng %hﬂé@éjaﬁd?or 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 internedigte station 22, s Q/ no go
station for Vﬁ”@cr@ﬁrﬁoﬁiwr\ﬁﬂ@t%m%a%ﬁ%aﬁ%@er@ WS?tﬁEattBeﬁpg‘a@{eé?ﬁicﬁad )

criteria. T%t&ﬁ@%;lﬂdﬂté‘% Sntdifdritd aGRPataié bodRybafr 8pscibliabeassloghyt he
container suitable tor receiving dunnage and/or that would prevent the

cont ai ner fmmnﬂr@t@r.ng properly, for exanple. The functions of the go/no go
station optional ll%nﬁ?rﬁo%a&%ﬁ!}%o’ﬁ@ oRYiriudel for ¥RhMBR, 8R MH&Htiof thaaoot her
em 10

conponent of the sys us the go/no rgo station can be its own
i nt er nedisat eostatdrindetectegaa flapdf @ pentainenpardalf or saanpietebrblagkstthedns. For

exanpl e, the void .determ j I i nor e
sensors use(?pFB'ngé?tgraréowéé]%ﬂégﬁ%raF "?1?1%80@8% %@ﬁ?ﬁ”?@é&?ﬁ%b esﬁg?efragvcei pt of
dunnage, i . enininndrataheior abovemerinfuor tiresinolds, contamediveighhisehdlew 8. One or nore

fault conditions coul ke the contal ner unsui. f i.Vi ng dunnage,
in which caé@'n@%ﬁegpﬁngW%@"@émlﬁpﬂHF%ﬁéﬁ Y%é%gtﬁ‘g’&"i %ﬁqu%?og@eessi ng.

Speci ?: p& OGO fird v@@ﬁué grﬂ'li(ﬂﬂ\ﬁomlem%(tetté tmait trgerals @ diticledn itie eorgainerioner
manual |y di spensing the desired anount. of dunnage and.placing.it in the

voi d i n the €X6PR%S ‘Ffé}ta'ﬁ‘?fdfog%m‘? g‘l’m&%‘)ﬁ%lh@i‘jﬁﬁ‘get W@?@&rﬁoggaﬁ'g%r ¥ BV%HJA\IS% ranspor t
networ k 24 afdigt (ERHS) ot VEnidignt) @BAGING Mab@oliaprévereitest tortainerTinam
controller 26 Tan provide a si |9t'qrr];al to alert an ogqerator, H')QE‘F?G exi stence of

nonconf or m HPSIELPTOPEBHEHERN BRITICEHS SANIMIAPWEEt ST Beig i'bn is desired
before the %%ﬂ&?‘ﬁft@ﬁéigg?%UrlthCHNdHiBH%iso%ﬂ'iﬁdii@é‘l@!d HtuRtioRtHz® F4181tb WRleY othepon

detecting one o other fault conditionswhere a container falls
out si de accepedaieriogeerteriaguch ias @nairovt bid degatvols YaymesthabMiohl IRWHE cal | y
route the c Y ; onveyor for special processing by an
oper at orﬁ N%ﬁ%glﬁpﬁoﬁé%é@@ﬁ?@@%ﬁ%ﬂ ons include, for exanple, an
indication that no container is detected, a flap of a container partially
or conpl etelc}/%ﬁ’l ﬁcks t he opening into a container, one or nore neasured
cont ai ner di 'Gns 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 controlier 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 fromclosing properly, such_as artic es elxéendi ng

above a certain Héegentrolar26 RNIRFABMANS HficpRgr & COBmATER €can

| ndi cate a S%BH@%stnorI&ﬁﬁ nﬁéklo'né tr‘i&emeg&crpésmbgwmgblé%guae@lntﬁduetserl a, such
as a narrow VoI that m ght require special processing by
an 1(:)pelrat or .(PCBs) armdi benerApUIBeSAPTRERSS e tDs Wile VaiinHs BitP@randdnRyi ROt ons t o
control one I I

controf | or - e AReEafREARIMCad, ddfod UEhEmifuahGioROM HBmoWe 24 from
t he | oadisng (RGM) amsrahBomeadckes dwmmgé?/amp&m@ conjralien?f alse can praddewl | as

the void det erm nation t 7
di spense dunt&g®® %&%’F‘P@Fa %fsnc%'pgglgﬁ%nih dmgﬁ%?'g"&rﬁ é‘%gh\gﬁ)&%@hﬁ Qt?/on
optional 'y trherssive! @dl@fre@@mmdtélmhmmmmns témmblmgm@n fdieermptst em 10.

The vari ous functlons of .the c trol can |l e
processor urfiontrok deja tansie ca(%it i er‘u'?"&? |0{\ﬁgug)c9s gﬁ%%ﬁ&'%‘%ﬁgé gt i ons
70, or the fdgpaid Sswebr Beo-Aiagt Wukuéssd:oafmmgca@memah bpraal&estageousrfots each
havi ng separate processors, such as am)“c%' Hp&ant rol, unit for. on

voi d det &r mrﬁﬁﬁf%ﬁ‘)’gf%tm@ﬁg’”’?é ang shaggos Rerssftwars: od Hm'qaﬁ@g(rﬁ’unnage
di spensi ng %mgmg wifing & Wrﬂ&ﬁe cpassl B4 butrLeat lampies atiesigontroller

m croprocessor personal conputer, or conbi natjons, thereof. The

control | er 28 Qﬁihbebémlimﬂe@ﬁ& Séﬁabie solbwe toat %@f?ﬁ@e‘?tbﬁ%l‘lhl"ggsé@ﬁ? a3 e

Dr 0CeSSOr S Gf o GOUPHOR QU8R feorSHbéiRY OSHATERRNGI, QR Hegttr ol | er s

(PLCs) and ge%‘g%ﬂ) rgﬁr 8ggalpAr?o esssloﬁg C |pslvm te(gﬁvzlgrlérlﬂougt out put and i nput

ports a?d assudntriedcaitea ponirtisdhe aOIdtV@fUmje agandllassdateraniniag the aeadlbonl y
nmenory nd r Rﬁ@@ e 0 can

provide quj gn%ienﬁ]%ge'r%? ole%e?\g' apa f% mo':'rlmﬁ% EP%ISH& qe%?p@bﬁl nfrared,

W rel ess rmdﬁmmage 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
renpte control, data transfer and other communications purposes. The
comuni cavpang/mad2be one-way or two-way. Wrel ess conmeoiraskeosnszeesan be
advant ageous for renote control, nonitoring and di agnostics; updating
software; and elimnating or mnimzing wwring to and fromthe system as

but a few exanples. The controller C be contr sui

software that andWitionabhy tfﬂ%‘i’?ﬁﬁgt%%%e'di?fnﬁg’é&f)m@@'a{%&ﬁaﬁ %&% ng
sensors to dges %I@@to?@@%éé Qﬁébhh?m@é Beledtiohtdf.a Vuid-gitiemsity frdmh erdlwelitgoht our ,
and thus the void volune, as as_determ ni ggwt herﬁec of, dunnage

material to \eid-i depsitiasd Fherselasiandenish 1§ AR HIPULEEVIGR) ) ar‘t'ﬂ@“‘i"?/ﬁé’ Qs
dunnage mat EW \ @by Qd Sirdll SORRS 84n %B‘E'J/é?éd fhe ﬁ&%%diﬁtey\’@ t6lch berecitAge

material is spe e control 26 can be equi pped with varlous ports
(not shovan) dr@rorommemutmeglmms, & K&dboafsi@r &eppachios GBFY PE@ dsgisgckyRid-l

i ncluding 1 nput dev@@?&mtc%ugtl qﬁa@chBQric St} $H2 s’le@:téd)(/ Brﬁg deHsRAeR

converter 5 §” or spéed sensor a nouse, oard,” a keypad, a
touch scr eerbon@bner,caawdr}othbpamuom‘bf @wmagamhatasalén beméﬁd parn@easuuedh spl ay

114 for the dunna e t

showny & comua g aEEEEbyin BryidB RS SEBEE BIPALSaNT, Tt SReCSl T o
114 (FIG 3)cd°n@bllétrh§§ndiermagl@nﬁmﬂ/®mm elﬁaefealhsémn@qm:amolemlquhmand guch
screen as an inpu e erspna h

or " Gther it nreaBErTiasY acokel o BuRens RG rRB R T erth oMt Bk ¥ Th anaror
;ﬁg} (r)<r3| Lﬂm eﬁﬁe@e@a%ra & ﬁ‘ﬁﬂﬂhﬂ(bfoté@c{?nds PBb@ed, fer éﬂamp!@,rth@bﬁe"ammat ors
O T T M S T G
cont ai ner Zgﬁssa@udrfégﬂtrﬁétbﬁﬁttb 28 d%fpehghﬁi SEYid M@t diineawlirédepval voie of the

voi d above e container contents 16, etc.Additionally, the operat obrpanel

114 and/ or cUms will result ipg lower densily diiofie cantainegr %@%W@rcoﬂé\}méé LS | ng
the selegti ?cﬂja%t %f%ﬂhﬂa%eﬁgtﬁlﬁpsd)ﬁ Yhd (5th ﬁ‘arRJ WoRbAtbY pRtedtioh b hddded

densiti es. | ector vice I's an I nput devi ce, and can include a dial
wher eby a desid/ardhelerticlesyacked methencamtemer R0 aze herMer, His orasator gan é@eﬁ screen

W Lh one or JRifer R BERGH ifle ESHRMBE 26 Rl E6THRAR. 1BF eRPAEY, Rz a desired

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

density, the controller can vary the anount of dunnage naterial to be

di spensedwpenoema®ar ed vol une of void, thereby to provi #eTtuseocsebmes ed

void-fill density. That is, the controller can be programmed to have a

default setting where it will comrand a predeterm ned anount of dunnage to
r m .ni.mal f)rot ection

be di spensed for. each unit_volune of nmeasyred void. .|f ,

i's neeged, feamiinaignsdherent ﬁﬁelpé?’gpnd%ﬂotj@%gttoéhq Ixied SUBPHIC TS @ gensi ty

and the contxohbRd, Webé afOpiraN@w dedera ¥rambles ol Potehtsishibpimpgternat erial to

be di spensed per 1g‘lven uni t_of measured %op-fi | | ]y id. %gji,s vviﬁl%é r&sult in

a | ower density fline coptroeie26eaipe samescobthg RNt P &Wi@@ ispegrgd pyfhe

quantity of Q%iétis,%tg?ér%%lnd dieridigntat fieh dxamsbn ink igstRRtSks RrPt ection is
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needed and/or t ar es packed in the contajner 20 are heavier, the
oper at or fardisganset warehpygddderohan pperaips fsproyidgiporerns [RSSrfunoRgR 0 26 wi | |
command, for il(fﬁo/ I ; Lal: RedHispenpsd per given
unit of mas%oﬁé%g%ogt?l 8%#&&%&%@%%}{?@&%%&@%éﬂgannot only be filled
wi t h di f f er enformiatien tarebe aseditminpgeve thesystemfavee timeddther magsalty=ar be

rovided to different segnents, of oL d. . ; e | ess
gunnage can %Oﬁﬁﬁ?ﬁm@fe@eﬁ@? 8??‘?‘5‘&"&“’)&{}’\3 %r?rde'\éghg n?'@ggéﬁﬁ%é%htﬁrner.
Addi ti onal | yexampaé, tieunddr ipasicylar shipping retitesiblaarop2éatoafreduenty ogmaatied t o
select a density and/or a dunnage.fill, speed based on shjnpin i.teria.
The shi pfl ngo"@r“%/qeérqﬁﬁdb’ﬁﬂa%d'ﬁ?%?ﬁ'@éas%@gn? Q'B‘Zﬁ',Sp%\nsi?gradgﬁg@?p%&ngb%’er
features of th@ﬁ‘tr@iﬁbmhét@hs%‘rdh@&hx’f)biﬂg@ﬁtéri@oeﬁ beatkarpetitallp epeatad tGone
exanpl es of shipping criteria inclu

. ) _void vol ung, container size,
cont ai ner waNgR{ct a '%(ﬁé‘éﬁ‘fﬁoéiiﬁ&ernéﬁégg'i'?%'idliﬂ” 5W?Sé'p8588c"ir'?‘?r@d Mode of
transport (vidiher dx@RHIOTF Péhal h@NB&Wfithe hRilaBRaTRhEHe BIspbhstts afy usddai n
transport; or local or long distance transport; etc.), features of the

article (ovdpspperticileaghipping,crigarie. gnd thgdiRpingieiHerRyE heneARPRIPd SRRy used
(cl osed-gel lfr%&%mly,ﬁgmﬂ@ QbR Be n';}lfght q_éﬂelré’t\é’sa reB8R YithHiiRa@stior! ihavnabl e
dunnage, etc.) orconbinations thereof. The inventionis not limted to the
| i sted shi ppdsifianel diepénsersgeerbiodis assigned tafhat phippiagceierigener al exanpl es of
potential shi ppi [ i A 89 Loy ¢hid he amount
of dunnage di spegggﬁé gbﬁ){oﬁgn%ﬁﬂﬁgcgcgm&@%t2%%%26%%?1 %?Egebs events, such as
when t he i nstolumé defesadaqoired by the void determination 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

operator frequentl al | rri 1 unna I I I tions
and di spens Oé’ﬂdf‘%{'?t%rl‘i‘é’ or&ﬁ;%ﬁ%é‘gAppﬂ(@iIOp@bfj?Fg 3@9 %ﬁ%@% d%%ﬂ %’&nl%ﬁ;l ng
criteria cangpRofidrMaBhefan by refedated The prateht noéntiondiohpengsietestusedif spense
addi ti onal dunnage for that shipping criteria. As another exanple, if a

smal | nunberanyftyRehel GurarpaliseetrRing 45WCoIPSPeA88rs are used for a particul ar

shi ppi ng criteri grandnldifrs QG'CQIH’bBQieWéré@'Ed 8 duBn&R disparditg adticri£
frequently, then the control 26 m ght generate a report with an

i ndi cat i @n trandoralydon b&ﬁﬁélOnm®ﬁ§ﬁ§@ﬁ§0%f§@dcrtth'%@’%@P'@Wé&uf”%g ¢Haf2@ shi ppi ng
criteria. Wg&{)&e S&RQ%FGTLJ“E% coh%gn v0| ! ﬁéacrklr%%rlﬁltypBﬁfpﬁ#?l'g%ésﬂnélfdh%_esS the

voi d vol une a acquilr et ermnation stations
control | er 2Binnbee tybet mode wéshlpmnenta@b@nmgdfonmmwia@d aaeBeing voibeeledet o

place in the void | h nore articles 16
have been p|d§@él§y |aﬁ®é}ga@6t&tgqn%%g%?ogrb%bﬁ'égb@?(@nalklgﬁgﬁq%gf&% he container if
not overlain by @ withthell@dind stafidr@ 127 antl leisshewndn EXB. 1,90 ahleododmed by t he
cross-hatching. After .the vo det er r Ier can
conmmand the thHH%@ea‘?@%ﬁg\gr?gatﬁnit Pig%m P ?raarmegﬁ%%réés[ %g&gg% efgm ned anount
of dunnage. elampiiHIABEyS @iBpésiy @taﬁcmstw ahﬂtMgI Weitrcsuthaamanrar®fensemd/ or  be
placed or guided into the contalne
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dunnage is ghs@gpsRhPork &Y AGRdypds dfitRinnagél ol%%r(nlfdr@quéhtltﬁd% dfhﬁmﬁ@gﬁ ai ner
20 around the article or nulti Ye articles 16 to mnini ze or veni the

articles frotnspge {q agaghof ﬁ@ﬁt@W&F%%G‘P{ta%ﬁfﬂ‘sly@rﬂf%oé]@tortnﬁ%rﬁqetnﬁ' ¥ 9hage.

Each dun&ag%ﬁhg%é Bré%’an'lﬂél udes or is connected to a supply of dunnage. An
exenpl ary dunnag I spensing station isshown in International Patent

Appl i cation Publ iQudiphaly the dunwagzotispeysdmesationsi éreanbs acangsstiaPatfligbr ei n by
ref erence. Tu@h%@%?@%a%@&%ﬁdn%@e%teﬁgﬂb%Ea%%n%'%@a of4@nwithv&Rneln dunnage

di spensi ng devi ce’ or .
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
criteria wocbawda7e@ont ai ner size, container wei ght, packiPog/useeosnetegs4

shi ppi ng destination, dunnage type, node of shipnent, shipping conpany,
voi d geonetry, void volune density, article fragility, dunnage di spensing

tati ilability, etc. As with the | oadi tat ] 1 . shown i
FLG 1 in ahoembuliBnc D IRORAPESE” S Ben iR svnane” 228 aoBTiny T anged

in series, gy§hsas, cRbrPyARbe: maiRrae diaprrs) Bgs Gémdd dmmagéf and 14g.
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dunnage, one.or il ; bat ch of
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subst ant i al bycsymebs speeutbhy afiieqaivaleat statesiuolurhe obdunnagermegtetald The

i ndependently of one anot her such that. f e J spensin
st at Pon 14 @idlﬁn%%e g'ﬁR%'??e&aEOIanéncf“b(rengéﬁgﬁ@%rmfg?%ﬁﬁp% 'thou'?
i mpacting t kg Qtﬁ\’lﬁ)ridg? théﬁdecﬁﬁC;ntaﬂhé ombinpr,efauhumg melobsmical deetingodi spensi ng
stations 14 can be dedicated to articular container 2 n routin
criterid0 adranpre{ing Mpchanisns (WFZ' %m&%{yéyaﬁ' OHENE ¥4 @?gﬁi&%ﬁ%can eachg
supply a si @ghﬁor{,%@&hcﬁh_eﬂmaﬁé Bl BlebydrRagmiticaiyTRaRed devices peeven grasitpt i ons
can provide nnage having one or nore different characteristics. For
exanple, the containers 20 can be filled with different densities of
dunnage, infdfd;g)iﬁ,gg different densities in different areas of a single

t t

cont ai ner. opogr aphy, geonetry or contour of a Séll,’f ce of the void
vol une i s known, Spitalde dunnzgssindudesgey @aterigbthgt 63n bralacsd ) PPN ar eas
accor di t : kAl j Obr dinnBasfchidecach station
14 can iqgcl u e@%'ﬁ%ﬁ?@eSQY%%E%?S%SSEEW%EH@%pper or ggt her estor age

cont ai ner. Addiinicusaitripydunmeige edinereteradyliketduanagertigandalp 8HRRA9%: AAdbe a

dunnage con\ﬁg\rlvtaglre u%ngae_shom in

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
"bubbles" 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 stored volunme of dunpage

material . Thieclelas fyexams|ee ARTCCEACST BAGH. MBI GEIPY PRRIOBE CRRTCLH o
mechani sm f%& r%ﬁ’eir%%ngiﬂﬁp&ﬁwgﬁ toward or into the container, including
edin

mechani cal f g or transpoftl ng nechani sns (such as a conveyor, pusher,
screw, dr gl | er, nihalbetimoppstrips cbtonyageeahmafeddigetvinge iheoiyRet i cal | y
power e evices, or even i i L "fHéné} j udes an

mat eri al th&?hidérherﬁjé'rﬁglaa%rg@gmﬁ %ﬂg%ﬁgﬁggﬁﬁ%’ﬁeg%ﬁt al nefrg%d.) EH‘Séever al Y
exanpl es 50f @hidirerenintd wpéteniediatanhgmbenal eftler alding teeation o whidhfeage,

di screte pad-li ke dunnage, expandable dunn . / . A
cont i nuous (ﬁtf%%bb%?\‘%%dogmgg?? BEO@EHN'B%"@% lrﬁgqir%él {C(ﬁ%ﬂ%ﬁvﬂ?ﬁ;&@%ﬁum.
Exenpl ary duypgsii®be WouBd intda conehddes seafiens carypé edthtisaver foorp ftredcalr

otherwise fornmed into a three-di nensional shape that takes up a greater

vol une t han astiteedeea and t hi ckness of the stock material; a strip of soft

or rigid foam haﬂuﬂaageeé 18 bPHiBedtethaganmite aresédiions af puredgker ni ned
l ength or a variable Tength; a strip of air bags; an ai baae'f')t be" havi ng

a pr edet¥r miheisaly.odensing deeplepasalieinnggsn BE PSR PalYe of
lengths; a glng dHe BHRROSIREHKOr diffdEabhth QFéTEQ?éd Pha vBRdl Voluhe.pl ast i c

sheets affixed To each other”to entrain pockets of air "bubbl es" between
the sheets; Qthemse,ulepad-iketiunnagetoan pegimiiarie share aiespPeeiveryPiddes it is

Simnens Sey AT i 2" LMY SRR e e api e i e
optional |y tdxempéséy cnanplng drothesdiseriomniag stpappr sheeiloegheriaiige thigét udes
et o oSSR HoBP bt BRSSPSR U s o o and
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 afoam 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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si ze and nunber of unconnected | ow density dunnage portions. Linked
dunnagei ncl udes, for exanple, connected air bags, with | ower density
porti ons wonn@atied2by hi gher density portions, etc. ThePcoruseovious26tri ps
of dunnage can be fed directly into the void in a container using a chute
with rotating nenbers to "shoot" the strip into the container or into an

i nternmedi ate chanber or other holding |ocation fh E\V\:hl ch t tr 1( can be
pushed, dr of5iRaB. &6, ferremprie wdoaa- INRRRC FHENEEH 1P FAM SR W'ﬁ}’)@

coul d be V‘Dllg%ﬂ th Rl Qn%nEB's!ad 0 dniehsithes @td b Ssetdt the vl i d iciossd fvolume. he coi l
as needed nage segnents or discrete dunnage units ar sec |ons f

dunnage. Tyﬂ'headﬂpgandtvmmrrustbllﬁéleallfs@ sbare HatiaprrREMARHEGS aB‘ﬁQ
dunnage pads, R@yé&g 1€BEG & ﬁggﬁglcs&gh{ae%ngmefremeﬁ id t%egrcrb%earaadwm@ced in

the void vol'd unnage can be simlar in shape to
respecti e doamdije tret clogpes ‘dﬁume,l cbeplara@mréf ng’ﬁl shepe @ feayd YalHFSiificl ude

paper pads forned, for exa a paper
sheet or shd@PWn ngozamtlﬂ'a b% ?C)A;Illgﬁ% 'ﬁ%ﬁl%ﬂ%aﬁ gﬁnei%%@grggrag%ter

vol ume t han HeRsteatie larad irt thecdonesiserof the stock material; discrete or
connected sections of soft or d foam. ai.r m ned
size and shape; &9Wablg uqqmgnclﬁaﬁﬁ%@mg“yﬁgdgf%ﬁ%ﬁ@é"@g%@a sec?%“géal area
that can be tﬁé’trdﬁﬁqlownwme%mnmtm@cbdtangt hsom@edambleetosﬂmzamubheagmck of

predeterm ned | en etc. Optionally aper. can be ofs) i hcrease
its masst0 arneplede: g@ﬁf’f‘l"é‘?%‘%? P?*R?rﬁﬁﬁ'éﬁ‘t%adrnb{)ﬂa rayjel 3?"769(418 e@fjang Ned to

reduce its npss. Discrete pad-like dunnage can be oriented and placed in a
cont ai ner by a pi ck-and-@l ace robot, pushed into a contai er froquj\%hol di ng

| ocati on or dropfee flowablerdunapge prasiect Gangnelude BuMitplg $iges Wl P'B&ft“? Al
hopper or d%&ﬁ&ﬁeﬁﬁﬂxﬁéﬁ/ﬁf&agﬁ@Ws’&%ns&ﬂﬁr@ﬁ%@l“n@ﬂdérm&égél&‘ldﬂﬁedlﬁ@mage

di spenser, such as U. S, Patent , for exanple,
can convert tomegbtubesre ohliessntofthe bedeinst. dore mreplawﬂw% 4dqgeaf t paper)

to fi11' B ienge Sahees b TR B oy Ao B G AR e e
foamin- a- b&@edmenwr’ehmmh@ﬁowwle donmageesetites 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 volune, The ex%ﬁnde fo%r&j solidifies
in a shape that dpgriwnaee s4prlipg atpagiedyinagr&ispsNENg & WE.‘I%I‘W@ ag can be

placed in tr}ﬁa&e‘?ﬂh%é‘@ ntaiaﬁ}eﬁ@eﬁﬁeg/hﬁma%kioéﬁﬂe@'&ﬁné chrPB&pfdckd yahe cl osed
n

volunme, or, particularly the shape of the void volune is known, the

f oam i n- a- bagackanintietismbi etheivage contepliinglamerimaerg stans thakaredgroragibYef or e
it is placed_in the contaj : WeTer Rlagradibly of
el ati vely STHE O A0S A s s pigce WAL A RO UERS (iR iy

cont ai ners  Sofeplexanghot)s Asfarfotteneiibmativen fiag dunnagewsss: be plased bdaewut s, " paper
peanuts, air b "rayioli,” farned of ai HER! e
dunnage proo‘i?@? RefnGepangd et dhary ieé%énazirgg}e]{smlwhﬁ Hﬁé’;&? ﬁreg%éjg%gg&éﬁ% owabl e
dunnage typidtdey, ésntdilspbnsededntiotér 26) far dxapipé, altmmattoalinglece ted t hen fed

t hrough tubes or chutes ipto the contajner.,.Ong exenplar 0, |_e dunnage
di spenser i S9WNgge H5b§ WFJ]W?@G &‘8&94@5@@9@?3‘9&%@%@%&8{’% %ip@ﬂ % able al so
can be used gpygnsure that the flowabl e dunnage settles into the void

volune in the container. The type of dunnage di spenser or converter 52
enpl oyed'@ypically will be dunnage-dependent. For each dunnage product

there can b hbPb YStaliéh del i ver and pl ace the dunnage in the
cont ai ner ZSC%her tﬁgﬁ@t g exenpl ary net hods descri hed he[oei n. The dunnage

di spenser 52 al sdheaontaingrensingsstatiqny Q2 is yvhesatheretaingtis 10569 88F i very of

i kdp.sAfttéri hefg t5&8lnRYedthetdPedingaOBet i ¢ sensor,

the dunnage QnG&.d (5 in AE et
mechani cal trrgger or ckpressure sensSor. For "exanple, a limting plate

with a passdgmsfdrmddota anigineraiodieg getieet0disglosnbeseataingy 20n ReVEESt ai ner,
e R s Gl G B
cl oses the tigpwefardd@ndentssdietthe fingl stpl awise packirgupnoages toautematicaly
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 dunn?fgF i,nitiating or

. C ' e can be pl aced bg E pack
ot herwi se cdmarsbippingstatien 4. nbere dieptaingss 49 &2 ?158&%@53’995 %8r “nore
devices t hat, pl AGR 4B WARAGR ffind rBRAlTE SR5mERY, (Reebssary.a pi ckand-

pl ace robot). anot ternative, the dunnage can be placed in the
cont ai ner i ndependent of any external control. In this |atter exanple, one

or nore devi%eeapé%g%qﬁé%adop&a%ﬁ controller 26, for exanple,

automati cal | _ unnage in the void volunme in the container 20
Wit hout any assi st@ngiiuftraies an paeplary Bethodplogy fatiapsaligmsetestnaskadging

contai ner closing station 102 is_ wher | AL 4| and prepared
for shi ppi ngYS®&ft efh%?@%ﬂg_g'ﬂ@ks[ ww&rﬁﬁ}fggpf@ﬁéﬁgghéggoﬁg(rblr%8&?[3 traﬁsf gr ; :d
to a contai nRForhes! Meniodiddan sdfRarepeatosleck may cepreséntermaduieDevi ces for

automatical l'y closin t aj 20 ' '-'

cl'oser's, © aisbaRAON BRTIoE AL CBE (eemRTsERant PhiIrE PR B¢ etigiite
process to aubomalit @l dpbcfieaIsyied furitioh(s).hE eapotidne hafdwars legeimeieck | n the
case of a RSC container, the container 20 can be gutonati.call S rg\l ed using
aut omat {19 f Iraqy feprefentors ol PRENEIrGUHE 85PHPT F'SCE?“'QEEY'F‘?% "PLG%‘?P iu‘% omatic
box seal i ng AeuE® o hitdlidis PUbomBite kfhiarE sbpiidaaDRO genaaky imealler s,
tapers, and Strapping equipnent. If a shoe box-style container 20 is used

t he cont ai netynamia ancséexide prasersehwichdhaldhe funstions SIS VERENt t hat ’

SEcures a s %%?%ﬁwé?% égﬂ?{gbfwlﬁ? CRBLA A ardWalenb pdidiedlimBtepr straps,

for exanple, = ‘the cont ai ner 20 and secure it for shipping. Shipping
| abel s al so seguedesatifféreetthantienend $Wrny, neani ng than in many instances

roseur ot o RER T PSRN R G ) T
condi ti ons asithvang plaaekngons bi rloes comainers2canateageied by 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, such
as fol di nyof2b@pa7a@ewn or placing the lid on the contai necT/usealsottses st eps
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 further bundled for shipnment,

i ft Eegelssar %utﬁxa’rqallyardjrewihtmthngOGX@éﬂe&tZF)oWi“FQL@”thViemi%PY ar e P 'eXenpl ary
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each bl ock mRyan epEpensecumiatihediredignehan opemienfopsuhseqetelageatent

conpri ses one, or re execut abl e instr ' ' : Ssheci fi

| ogi cal fund? frﬁrﬁg’??'”‘?rf%er‘r‘mﬁﬁit?ré%pﬁeﬁc%%er%ca%\r{éggﬁ Otégghﬁ%qeg@%{étﬁgw%epr eslel;llt egne

Ioz)girrg;:a ?L:}gﬁﬁeﬁ(s@%{ aﬁ@cgiﬂﬁer;%ilimhé?ildwedlwmtoeﬁe tontaimpt 2Orenplatéeinstpeci f i ed
on(s). Conputer sq r | .i ' '

dynani ¢ and dontaiigs| €0 Er%%@%e@lf’iﬂ”ffﬁggﬁﬂéggéh%ﬁéﬁe?ﬁé %:oﬁrf%rq\g%ée/r\?ent S
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than th hown.
seauences oTTeSHE Than the che stone, wih [l Sronceett hpyep A0 O o
contal ners ?ade%grlgﬂf\m%% QhtAn&OPD MBAEH BIshEog Qatiet 13m8et 9ép 0P@fer nore

| oadi ng stations re one or nore articles 16 subsequentl
_ _ . y are placed
in the cont duntear tfaosperhiquprangotatoesatiep. 200. The container 20 is then routed

in step 202 to a I%ﬁ%rﬁ@b\%grﬁgyﬂj%gpg!fwuﬁ]fn&ytré%%s MH:eQeMEEaW BinBadint st ati ons

70 for determ ni ng 0 e void volunme is needed, This step
i s not al wayspaukagingaysteandDd. nTrsosystera$68 includese plrTalityerf loating@iPtus| y

ment i oned. coptai ner identifier C t | f
required. Tﬁ@acg%?’ﬁ tﬁ%ﬂSpﬁg npgw%gg%ﬂﬁgﬁgfag@ugﬁf@gﬁ%}s? grt ? F(,)?S'Sé%jég% \g/fl??gf;l
dunnage, i . e8gf 68h,&8haEsH, 630 dintli68h, foraexastiee 2CBtainer divertarc®iif Bivaiterg f aul t

an oper affor RS 888 BB O14c (HFSTE AEA O Ito AR TERRE aRAa 1 Y
dun?gigﬁe; eg(t)élr{d%%?e g@FeMi@g giatiohs/ 0da)mebat 4, dat dddi Mingmosnalp 210. The
! . . [ ,
eon ople?at!ro%?aret}lcles ?noe% s%g\lrvﬁf;reedplggeed l(r%fcoﬁtailonle% % att garallel 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, 68g, 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 amunt of dunnage
can be diwpensead’@at omatical ly, based on the determ nedpeoiu2asioorses The
contai ner 20 can be automatically positioned at the outlet of a dunnage
di spenser 1l4a and dunnage can be di spensedautomatically, directly into the
container 20, without intervention bg an operator, or the dunn% e can be

di spensed airttoni loeding)stasions Age agd 1@ ,tcprynfieafaéeq o b AispERSNIFZFE Scan be
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for further procdianRgnedae aoh 2hiin bR R kil S eaacaed on
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ont ai ner i and
t hr ough a sﬁhﬁ‘ﬂf‘h@n%fh&q%cal@ﬁ‘cﬁpelffsjéﬁxaﬁ@ fﬁ? t(?;%hd[r%ﬂ}); %fﬁg%g@itr@bf%ﬁ; 20
;)e(gﬂngleai chm%g?nr‘;gﬁ%k‘%@'tgg siﬂ@Wf e daln&mefr 201 ?ggoéat@urcé the targemiat @fs. &n
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plurality ofcontseltir2§ C@ﬁ%m"%wrleg g‘b? ad§ Pﬁtﬁg‘ﬁé% '%élﬂ'éﬁg’ﬁ%g%u O%ét{égez :
plurality o duhﬁ%@ﬂ%ﬁmh' @%Sfuﬁétbn $H%e dABlobtH%e atbBermbdate G8tion BB, and

68t, for exanple; a container diverter 301 ; diverter lines,_ 68 a, 68bb,
68cc; r oot edf thatexledoRatainat 2009 ot %&ﬁaplﬁtf@rr%@“ﬂ"éd%‘?”ﬁgﬁd'ﬁseﬁ%{‘? %nd dunnage

di spensi ng st atl 4 1. ORIt
articles (n&x EW %)tﬁ%?ontéﬁe ﬁl%ongégﬁ?ra#ﬁaerss%b%@g}&gggm el I%gg?iog

stations 12ahenbohtalr 2(riaemavetd ol dieerien{ine 6828, yde Fentaler gyattes 3k dMmanual 1y
or via an amomnét?eqdqqﬁ &tg?ne%‘?ﬂ}e%ilggﬁ.@p@étﬁﬂélcawoaé‘ra'téﬁ@Iét@%ﬂd' ate

station 22a F ort I'ines nbi nati on
t her eof . Thehétrmmapsotﬁe danutmer ) ante divettestinesited. dhermantaipgraivenersférs, i. e.

ranenorls heli i ShenE gl iy et B 8 s Bhaat o T
(r:rgptealcgﬁ\r/:y:eé?gh%ahv?gﬁmme% sv(ijmdfrengsbat hdrap, dosuchpislsand-placexabgll etc. dhe or
manual | y; Or@@og]er@mt@dgw%/me@e crglp’((\élenrélr ﬁ?(/eﬁ‘ér :9(515 doe%rr%\f'pmfsmﬁ@erg%bb(fﬁé 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. Optionally, 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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addition, the transport network 24 can include any conbination of the
different types of transport |ines. Mdireover, the |length of each transport
i ne 68 gwoenaldiyeozs dependent on the di stances betweenPChaSswaR®RE | N
sone enbodi nents, the sensors or conponents described herein with respect
to different or separated stations may be integrated into a single station.
For exanple, a sensor for determ ning whether the container s%oul d be

aut omati cal |y fi Iflaezbniginer 20un seigRb® % PBEERJ 8 iqs8 P 0P PANFRYBER Yt 0 an
i nt er medi at %’“ﬂ&%&:’@@hbg ?&ﬁwnlgr gﬁcéﬁkﬂfﬁb%‘éh& of fdufer! 28l JMRasdrat | ons 12a

and 12b, I Spensing stations l1l4a, 14b an 14c. In
such a case BOQhﬁwettlawsq)mmllablvrm@ebed aee alosed by dieseantroar 26, direst n can be

very short, ﬁ%ﬂ'ﬁrric?? {elgge)éig{% dae Pﬁéénéﬁ?@taﬂon “?Qt Thé‘tﬂrét%@céﬂg‘&é@bﬁaﬁ ation

22a data or G al ner d/or its contents is
obt ai neds Th@uﬁ;’ﬁt@ roStethé abmaiher P toeithesdunoage élen@wrw gtatien $4RAIN and t he

data can include, for exa h
cont ai ner 2dOWaIHehe SeeoNgr gﬁkégeghf%%r%\dwgé%e ﬁpgﬂg §§{nyn§€§ ? %Qég%n? ents,
etc. A contrgll %e%utéﬁ@ﬁégeogéaweokl@eactmmcludadesbemm amemnatmally-s su. tabl e

for automatic dunnage insertion as a on of the

i nt er medi at ®petaied swingzsms 304 ?l@@dl?@éaeg{q ESQ?WE‘IQ 20 é\ﬁalt{begr le for
automatic d d;ﬂé&'erdtlh%rbloéce@rcoﬂtiﬁnﬁmtﬂe cohtairfee mont@mdstoai fitshe cont a| ner
20 are above the t cont ai ner t he cont ﬁfr g IS nove

di verter1ollnnan68@'al|n¢)§8ftaﬂ§1 t@@wtcanai@rd%ﬂm@?fi@iﬂe@%ﬁﬁ BRATS AL t, the
cont ai ner d' '304<Bn§éaﬁxf%\(éed%rsétﬁ@n/¢| lapatsines t he
cont ai ner g’ﬁb %‘%\3 e?ﬁﬁdjg@ g%%lj he cont ai ner di verteirha%m

i ncl ude any ctmds)obmonoﬂﬁeemmamrﬂﬁés ewrdiorfeansportiipe e aBN%?%'tQF“ai%Pne 68aa,
such as, for, oxa ga?ﬁgrﬁg\@ttagﬁléﬁ@b bé'fhenﬁls%r?Bof#\Os%n%érrﬁé 8B4:ABR4 BOACe robot,

etc. In anof%@P contal ner diverter does not physically
remove the @@@bgenahe zentbmnwnllrtm direnterbiorttarispagdng 88aieng 1@ auiomatiBunnage
di spensi ng station

di spensi g ugpp%%alsggfnsinagn gli[a 8'%1 ﬁ%hﬁg% ﬁo?uttér réét@{ 3@faagsr‘édq§(?” A rﬁm&lh@e any

di spensi ng Shadnsost rédtlngthé@uhtainméf)ttm agemmnb@ﬂonnatmdwf@g@m%nﬁ'@g 20,
thereby indirectl

e e e AR e S0 SRTb b i e PR o bR glhe. 1
it passes t h:%r,dé'FHié‘tﬂ% bRPEPRRS Btd.4.
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 14c 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 ca% then be
rei nt r oduceehipping statmnsigdbtthatiineh@ed withgytespatisattinnegadisgending SLUR0F onat i c
dunnage dis gnma 4statl ons l1l4a, 14b and 14c, or can be transported to a
dunnage di sg hap 3 &t ation (not shown) outsi de of the transport network
24.1f a contai neA|tr2c51Jghsthsm\/eaMrehas)beqrasmwmger(dedejscnbeeqhwrt@ respeghio
non-conform ng fault conditi,on a series of
Sonrainredory R ta 08 sEPHS el By P rdl P AR g

router gate§® y opene and cl osed by the
control | er 2o difafdbrie@li ddaer owihers l?.EnHecﬂ in the el upondie tqading@ndli spensi ng

station 14. The first router is used, t e r 20 to
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304b. |f théintludiog asiefergnes ip Btmeanss) L&‘@Flﬁgg Su8ﬁ F&oggn Iaéged ina

cl osed Condllr]ft%lq&d tro%rr(égﬁt’é!?ds uﬁfesggtHe‘FwFséer&éétéd) t@aﬁy ESinpbnentsytoctt | i ne 68f

and to automatfi c dunnage enser the first § g_arm 304a i s open
and t he 1seccpecfosmth'@sﬂemflsdzﬂllmq“@néﬁﬁewgépe@rcwm & 3 %d®d in a cl osed

posi tion, E%qé, %ﬁ, %‘@haﬁ%th%géf‘?ﬁo%ghw %tFu’%ﬂﬁQWé%dl\l'aﬂ'@ntﬁS%e&mécleecaut omatic

dunnage di s rw se swi ng arns 304a and 304b
are open, theuctord whmerpemormstmfdncct@@tl@dwethﬁremahh%@ﬁd ‘Pieﬁéo ¥%h and to

o A e RE IR B T el uHlE ot lndebe 3088 and S020

can incl ude® ‘al ner to a selected autonnatic
dunnage di sppRatiog cah Abv@bedtdisclbdda with re:spectciQ@hlyazﬂe gfdhe egv@idl e, a single

arm a robotic arm abu bar, a rotat I
control 1'6r BERASINBERHE AL qﬁ%“(ﬁo‘?ﬁﬂ%e B?m%'ﬂﬁ%ﬁ’gp f‘ 8 Og tgﬁgé?%ér}furte-ggﬁ
cont ai ner 2Qagirar Ebetinhtohs hfzg tdadesiroty bad adviar&agequsefomw given 8k at i on

22a. The controller 26 provides a signal to the sel ected dunnage di spensing
stati on 14a particular application.
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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 |line 68t. From dunnage

di spensi ng stati gig: ikddaiaed id4c, 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

odi rent . : o .
rancport |ine obue thBAcast R e e PR b e 04t ¢ hat

transport |line 68cc tr contal ner to pEI ng station
i s shared wistdtioasitezThtaf svhéhinriresga letist pee dunpgs: dispasiser rak wieh 844NNage hough

t he invention has been shown and de i i . [ 1Al

preferred efsig ﬁf@,e qs'ﬁp%nge%b%doau@grﬁ?gﬁ qﬁ@%‘?%&?in{ a%lp é(r&g'ﬁ %g{nezé %nd

nmodi fi cat i oRgdion aldessintwb duahdgy dispdridingestations foedamnagedoetiecadeadi ng and
under standing of this specification and the annexed draw ngs. In particul ar
regard to tH&&rious functions perfornmed by the above descri bed
conponents, the terns (including a reference to a "neans") used to describe
such components are intended to corres o]pdh.un%iesa obher. 'sg ingio ated, to
any conponent which ppPRefaging sterpasiset il FAM dnWEF S hECHEEEPPhed

conponent, (ineﬁzvork‘irﬁ?}dé.ssa %H&%Hi%%r'rﬁuﬁ?&ﬁ'dﬁﬂltéimefﬁU@rbm‘QTh not
e

structurally equivalent to the disclosed structure which perfornms the
functi on i ndispenping stationbeged paBedaEcafistiar) NeAMR RNt s of the invention.
In addition, while a particular feature of the invention can have been

di sclosed with respect to only one of the several enbodinents, such feature
can be conbi ned @i th Apeckaginmsystern neset ieghun ekiro2, whereh Hiermesissdiment s as

may be desire i ; ki Bhikirey! ar
applicati on.'ﬁ%q%g?as&g\sgrbnggﬁﬁgﬁm%% x@ggﬁggﬁ%ﬂéigt em conprising a
pluralityp of dunnage dispensing stations, each of which has at |east one

dunnage di spensezrl. fr Oﬂpacia%?ngasyg?é}ﬁ'%g%et 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.
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materi al can be dispensed; and a transport network for conveying containers
to and fromat |east two dunnage di spensing stations for dunnage to be

pl aced t woenews/012602A packagi ng system as set forth in clpairrmastooswkmseei n t he
transport network includes a nmechanismfor routing each container to a
particul ar di spensing station based on a characteristic of the container.
3. A packaging systemas set forth in clai e _nechani.sm

. m 2, wherei.n t
i ncl udes a sensoB- f orA PASRSINYSYSEPA a8 akfarh &} 2ot RPTECRING FETRFRIRIIS 4. A

packagi ng SYSLeMRfe REdidg¥tstbrisTviRNY oRE BERBFSrtickaiam pleed @i oné bempleural ity
of dispensing stations are arranged in series along a portion of the

transport nebmairersioctranseart.a cont ai ner can be conveyed to nmultiple

di spensing stations in sequence. 5. A packaging systemas set forth in any
preceding claim wherein the dunnage dispenser includes a dunnage

conversi en machi e t hapackagirgosystan aa sstfodk imelgisr 8 avherginatdeas @i vel y | ess

dense dunnag?earqri]r?g':ég%ﬁg@r@ﬁg%%E}g%jrrigg. systemas set forth in any preceding

claim wher includes a supply of dunnage having at
| east one of air bags, crunpled paper, foamstrips, foam peanuts, and paper

strips. 7. A packaging system as, set for Ln_an [ g clai

conprising a contfol |§Pa¥‘iﬂ9'%§ﬁ‘9?e‘6‘ﬂ PP 55! ftBHQ”b?nyn%nge@ﬁg%ﬁ S'ﬁgﬁh{ﬁﬁean
system 8. Ajpaghaihtt Gts upBirésm e bt leastidhel dunaaye fispersing gtatibaitmt
conprising one or nore |oading sta ion?er;\/\@e%fe one. of | oL & rti CL{E Aare

pl aced i1 ofslusiesfsansenior pRng achrraciessigafihe vaid Vg Lﬁﬁ%ﬁh@ler?ﬁn /Stem as
set forth in claim8, wherein at |least two | oading stations are arranged in
series. 10. A packaging systemas set forth in any precedi Rg&cl ai m

i ncluding an int éﬂ-mdﬁﬁ@@@iﬂﬁ%@?ﬁ%ﬁéﬁ?@&ﬁhmC'ﬁif" ?(%d’%"t‘er@t‘i‘et ARze
di spensi ng $taldan %@ur's@ﬁg&qﬁsm@ﬁiﬁﬁwccfr%urﬁﬁ'ﬂ% Wid doi@y. acteri stic of

the void volune 1n contal ner. A packagi ng systemas set forth in
cl aim 10, wherein the sensor includes a contour sensor for mapping the

cont our 1gf the V%.d V,leg%ging 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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12. A packaging systemas set forth in any preceding claim including an
internmedi ate station upstream of at | east one dunnage di spensing station

t hat i nclwoesoeati7doeast one devi ce for determ ni ng whet hecTtuseoosontéad ner
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 predetermned criteria. 14.
A packagi ng net hod, conprising the foll ow ng steps: routing the container

to a dunnage di SP@.”SiN%eEﬁ&iésoébtf’r&lﬂ?H&an 106% Gaift U5 alticryinafie Suppiviog

di spensi ng stations based on routing criteria; and supplying dunnage to a
cont ai ner atstep iddudesyeonyesiparasstagk Reiariabinto a gUNNaGRR'REHCtas set forth in
claim 14, wherein the routing step includes routing based on routing
criteria that includes one or nore of characteristics of the dunnage
material 5 characti®eri sAinethaf ag e forth th ¢laint He vdwneiaitheeonVeRINIHER act eri sti cs

f th ticl b hi d i . t ai t forth i
ol s br R S ERGR S R B A e Bl oo et

stock material into a dunnage product. 17. A nethod as set forth in claim

16, wherein the nverting step jncludes converti re. plies of
paper into a dunzgge 6*'88@85.83%%%R'hﬁ%?ﬁ%ar‘%g%'ét”pﬁg%‘??ﬁ %\ergﬁfﬁ%ne of

clai ms 14- 1 rdytingeéeineiudbe deruhinig tteype sfaundege dispensedai ng the type of
dunnage di spensed. 19. A nethod as set forth in any one of clains 14-18,
wher ei n ®he suppl yi ng step includes controlling the quantity of dunnage

di spensed. 20. Aqget hQdhdsodsd sdtasbitihin dhyadhe ek 1al 8, Mheteln 1% i ncl udi ng
the step of determning the void volune in_the contai 2,1. A nethod as

\ _ ner .
set forth i suppliingsten ingldesrontioiinadhe guantityet dinnage isPergedoi d vol unme
i ncludes the step of neasuring characteristics of the container. 22. A
nmet hod as set forth in claim20 or claim2 1, wherein the step of
determning the void volune includes the step of identifying _
char act ei stics gh tNg fRSPLLS BinF AR sitkimsdal ARARRudi%y lstégr ne the
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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23. A nethod as set forth in any one of clains 14-22, including the steps
of assigning an identifier to each container and tracking the container as
it noves wbnoewwgh7doke packagi ng system 24. A nethod as eet/uUsesosi2ior4 any one
of clainms 14-24, including the step of diverting containers that do not
conformto predeterm ned criteria.25. A packagi ng system conprising one or
nore voi d sensing_sta s t hat ense c r me of a
cont ai ner; a pl ugal it Q&J}%%Yﬁ erEIICS Sn%t%ﬁ%%?otisef@ns\(%ggy@p%nse
dunnage nat ﬂﬁét%lenb@&lﬁ&a@t@néthﬁ cﬁen&)&ﬁvcﬂhtaemeebnmunemsa pluraliyeofidiirghagensi ng

stations; and a transport network for noving the ntaln fro ne of the
voi d sensi n@'%’@ﬁ?'ﬂéﬁ?t‘%s gueggprégtsgan%gur&aggﬁ%aqaﬁfpgag ﬁél'ﬂ)eeﬁ%ﬁnﬁg stati ons.
26. A packaghhghciRishedor tﬁ@%xﬁ's‘éh@ﬁﬂtsmiloﬁgur@/d fﬂgnﬁioﬁp&twdﬁtfer mioningdhe voi d
vol ume of a container; conveyin e container to a sel ect Elﬁ%ane of a

plurality ofcodiﬁlm@a@@”tj@@ﬂ)@fﬁbﬁ Nglds%eaﬁineﬁéaﬂoaﬁép aﬁ%\%@u%}j’ ] g3t eri al
based on th%l g)%hgmy%'t%ﬂgﬁsm the container. 27. A packaging system
conprising a senso at senses a characteristic of a container; and a
control ler that deternines whether the container is suitable for pl aci ng
dunnage material ,ther h fiRGLEklepki ¢ of the
contai ner. 28. Azéackg ?ﬁ@%fmgg‘& gorﬁgrrgﬁfth%hfgenm geg)t | east one
characteristic oﬁe‘@rmmlmgaa neid vohunte ofet ecm’ﬁilnerhg whet her the container is

bl e f I
iﬁlaﬁ gct §P| g[lg aCI 'nﬁaﬁﬁgg}nﬁg’ gys éﬁ%tegt%g%‘r@f}s??ﬁmaﬁ*&%g?ﬁﬁ};of dunnage

di spensi ng @ﬁs@ehgng stdtiene ahdnnage i s di spensed to pI ace inavoidin a
cont ai ner, | egst one dunnage di spens tatl f
di spensi ng rrul ti 81589'9?’&%8“Wa%dﬁﬂtﬁﬂgleq?é?agpzhe V%J Eﬁ%gfttg%a?;?&ﬁlﬁgckagl ng

systemfor filling the void in a container conprising: a plurality of

| oadi ng stations for | oading containers;
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 dunnage di spensing stations;a transport network |inking the
| oading station to the plurality of dunnage di spensing stations for

t ranspor twogotsdna7e@ent ai ners fromthe plurality of | oadi rRgTAtS200502%24 0 one
or nore dunnage di spensing station; and a controller; wherein the
controller automatically routes containers via the transport network to

sel ected dunnage di Spepstag, sialbANAKing he IAMYUEMBAS REbIFAR Brin ol aim

30, conprising a voi Q& NKINY JHe 1988 pst ream of east one
di spensi ng @Uabagmdltpenslrkg stativnsgfor émapodirigathe icndiagwrs fremdhe phwalitpPl vol ume

in the contai ner an roviding the obtain to the controller.

32. A syste gsgﬁgqrgsrtpﬁner?r%o&?r%ugnqgeog g&?ggq{rﬁoégﬁéd’%}]ﬁgrel n the controller

determ nes a vol unme of celstrolage to be di spensed at a dunnage di spensing

station as a function of the inforpmation |nd Catteéqoyn t he vojd vol ume and
|

directs & dunnage di syeerginige spare! at‘t?”éﬁ]'?ﬁ%rto“ adn%rﬁé{f?stg t he

determ ned yohusgt RESHORAGS ctetBdurhagiHhispBnemgsedtioher th in any one of
clains 30-32, wherein the void volune detection device includes a sensor

t hat obtai ns rreasurerrents of the container. 34. A systemas set forth in

claim 3z, wherelgy!nea\pigm/a émorﬂ?h%%mosb deivbRsing Bo/didlesumesensor t ha
obt ai ns data |nd| catlve 0 e top hy of the contents of the container.

35. A syst edetestigrteyioe uhstreanmphatde@z onmp@namgﬁ@t@atf@{ PHANEGt i ve of the
voi d voI1§rre”g a%oﬁ'lﬂcﬁg%t.vre%} 18’(/?@8‘%% & taﬁ@r (LB’OC«WI Wy thand data

stored i ase system packaging farticles in a
cont ai ner cobtined infprmatiaatd thg csnmmlleon for Ioadl ng one or nore articles in
a container; nmeans for identifying a characteristic of the container; neans
for determning a volunme of dunnage to dispense into the container;

32. A system as set forth in claim 31 or claim 31, wherein the controller

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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a plurality of dunnage di spensers; and neans for routing the container from
the |l oading station to a selected one of the plurality of dunnage

di spenserwp 2dwrneion t he sel ected dunnage di spenser provipdeasstévs/oemer m ned
vol ume of dunnage into the container. 37. An autonmated system as set forth
in claim36, conprising nmeans for determning that the container is not

suitable for automati ¢ '%{#@%?%@fgﬁwgﬁg%n%r% rH'é?ﬁdl&J‘inq %cfmﬁné,c’lenti fied

characteristic. 38. AR st for packaging articles in a
cont ai ner as set fortmeans @radentiBéga cicdracteristic, ofthe centaingfie or nore dunnage

di spensers include one or re.dunnage conver.t t .conver. t ock
material into a dunnag&dp? g‘%ﬁ’%{?rmﬁbﬁ %Hdgmeo%@ﬁﬁa%%&%gﬁ%gs%bté)?[ Qén
conprising: a | ogdhtagest ati on for | oading a container; a sensor for

obtai ning a characteristic _of_the Iozlded cont ai per; a dunnage di spensing
station for autonati cAPIYRIHY QEFHYAEGSHFREESS R 3He container: a transport

network for moving thgeaRBtRirdGng the BdbihtBRel REMIthE Icidald satidrototdie dunnage
di spensing station; and a controller for determning as a function of the

obt ai ned char act eplestedongétimeplutainfatanaemABBR St he | oaded cont ai ner.
40. An automatic paCkﬁrﬂéfé% ﬁ%}%ﬁé&&ﬁd&%géersbenw #bAdE8 $3.dedkafigd Whet her

to place dunnage in the | oaded container is a function of whether the

cont ai ner conf or nelutme of quinedee witmihecgniainareria. 4 1. An automatic packagi ng
system as set forth in claim39 or claim40, wherein the transport network
conprises a container diverter to divert a nonconform ng container. 42. An
aut omati ¢ packagBig s#sipetonsated eystérorastset foritliniclaird 36, comprising masaséant ai ner

di verter co eﬁér?n‘?rﬁnﬁ‘ thrg’:f\%hea&;n?épnérqs rng{rg}ft‘%bltehfgr Q&BFnaditiE'ﬁﬁiné Bp%ﬁ%ete{sagspor t

net wor k.
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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43. An automatic packaging systemas set forth in claim4 1, wherein the
cont ai ner di verter conprises a nmechanismto route the container to a manual
stati on. WO 2006/017602 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.

39



