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FI ELD OF THE | NVENTI ON The present invention relates to a ]
cushi oni ng conversi on system whi ch converts sheet stock material into

cushi oni rgygat eri a'cué’ﬁiéhﬁﬂ@b@“ﬁgﬁ QN‘SYgTF&ﬁIgn;g?rmEﬁ'wt ion rel ates

to a cushioni ng conversion system i ncludi ng aging controller,
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packagi ng i nformation to anWﬁM&%ts to be packaged,
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packaging material is typically placed in the shipping container to fill any voids,
provide blocking and bracing, and/or to cushion the part during the shipping
process. Some commonly used protective packaging materials are plastic or

20 cellulose foam peanuts, plastic bubble wrap, shredded paper or cardboard, and
converted paper pads. Converted paper pads, being made from paper and
particularly kraft paper, are biodegradable, recyclable and composed of a
renewable resource. Consequently, converted paper pads have become
increasingly important in light of many industries adopting more progressive

2s policies in terms of environmental responsibility. The conversion of paper sheet
stock material into relatively low density paper pads may be accomplished by a
cushioning conversion machine, such as those disclosed in U.S. Patent Nos.
4,026,198; 4,085,662; 4,109,040; 4,237,776, 4,557,716; 4,650,456; 4,717,613;
4,750,896; and 4,968,291. (These patents are all assigned to the assignee of the

30 present invention and their entire disclosures are hereby incorporated herein by
reference.)



By controlling the conversion machi ne, such as through the use of a
controller that may be progranmed, pads of a variety of lengths can be

creat ed. This feature allows a single nachine to satisfy a w de range
of cushi orWR§S/AEYs. For exanple, relatively short pad ¥€ﬁ A5} be
enployed in conjunction wwth 5 small and/or unbreakable arti cI es, while
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oftentimes dependent on the skill level of the operator, in particular the packer. In
the case of complex packaging systems involving the packaging of many different
20 types of product with different packaging requirements, the necessary skill level
may preclude the use of low cost, low skill packers (or operators in general).
Another consequence of shipping a wide variety of parts having different
packaging requirements is the variability of consumption of packaging materials
used the pack the part or parts, such as dunnage stock material, tape, containers
25 (cartons, boxes, etc.), etc. Heretofore, the monitoring of packaging material
inventories was accomplished manually by a person checking the inventory levels
and reordering additional supplies when needed. In the case of paper sheet
stock rolls used in the aforesaid cushioning conversion machines to produce
dunnage pads, typically an order for the stock rolis and/or other packaging

30  materials would be placed with a distributor. The distributor would then fill the
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order fromstock on hand or place an order with its supplier to directly
ship the packaglng materials to the end user. Like in the case of the
end user, 8/5666 Joni toring of packaging material inventorigsygéoshiiés
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analyzing of packaging operations, and f) more efficient and/or effective handling

and/or monitoring of the part or parts being packaged. Any one or more of these

objectives are met by one or more of the various aspects and/or features of the
20 invention which are hereinafter more particularly detailed.

A packaging system and methodology is disclosed which automatically.
provides packaging instructions to an operator as a function of the part or parts to
be packaged. As a consequence, a packaging system, based on an identification
of a part or parts to be packaged, produces pads of specified lengths to meet

25 packaging requirements and instructs the operator as to the recommended
technique of packaging the part or parts.

The present invention provides a packaging system and method including
a packaging material generator and a packaging system controller adapted to
produce packaging material in accordance with the packaging requirements of at

30 least one part to be packaged. The packaging system cdntroller provides
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packagi ng instructions for an optim zed packagi ng of the part or parts. The
systemcontroller preferably includes a device or other neans for '

i dentifyin part or parts (e.g., via a part nunber or _
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identified, for exanple, by entering the part's identification
- 4- material.
The packaging system according to a particular embodiment of the present
invention relates to the packaging of a known item or a standard group of parts
(e.g., a parts kit). The packaging system identifies the part or parts to be
20 packaged and retrieves predetermined packaging instructions which are used to
generate one or more pieces of packaging material of the proper length or
amount (such as dunnage) and provide detailed operator packaging instructions
which are displayed on a display monitor. By using the supplied packaging
material along with the displayed detailed instructions, a consistent, highly
25  efficient packaging process is effectuated independently of the experience level of
‘the operator.
More particularly, such packaging system includes a cushioning conversion
machine for converting stock material into cushioning pads which serve as
packaging material, a packaging controller and a packaging terminal. A known

30 partto be packaged is identified, for example, by entering the part's identification
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nunber into the systemvia either a keypad, a pull-down nenu, a bar code
r eader, etc. Once the part is identified, the packaging controller
retrieves edeterm ned set of -packaging instructions ' 168
associ at ed@vo\ngtaﬁG&ée identified part to be packaged. The "pac agll’:ing

I nstructions are then used to 5 generate the appropriate | engths of
cushi oning pads in the appropriate sequence whi | e simul taneously
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produced gperateid place it in a packaging container. Accordi ng

to anot her enbodi ment of the Pre§ent i nvention, a packaging 20 system
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o or | PadeiRGh (5o Apbirefly IRt 8f CuSHohMEYNCH eihg Prbfdelinthe

packagi ngappropyiate: sequence, onet dremarohthecjeneratadpads mayde ogiledhasrial s to
re-order request for

one or nore -order threshql ds and gener ates,
Che oppr ohreRsaBY S aler to proyide the PACKEIIRG AR BLIRA BEORSTCAPHaM fak  or

exceeded. : | SLi Il ' resent

i nventi On;,)arglcular pﬁ%ﬁé@pﬁé‘g*s%%@ﬁ'ﬁcm&g{smyé& 83{15?9 ﬂ%&hﬁﬁ%ig system
and meshomatetiaimanipdfatiohasontiot infetmatioromayhiacindelcugitroy datepforam such as the
time required to conplete - 5-

each st epatiomated nagipulatar such 3 AiKaandplaneceirl appasatysararabeticThe
SYStem  insertion and placement device to automatically retrieve one or more of the
produced pads and place it in a packaging container.
According to another embodiment of the present invention, a packaging
20 system includes a packaging material consumption monitoring system and
method which counts the number of packaging containers, the amount of
packaging material generated, and the amount or humber of other associated
packaging supplies to thereby maintain an inventory control functionby
monitoring the consumption of the various packaging materials. The packaging
25 system compares the amount of consumed packaging materials to one or more
re-order thresholds and generates a re-order request for the appropriate materials
if the re-order thresholds are either met or exceeded.
According to still another embodiment of the present invention, a
packaging system includes a productivity monitoring system and method, wherein

30 characteristics of the packaging process such as the time required to complete.
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then utilizes the collected data to generate a productivity report which
provi des packagi ng machi ne data, operator identification data and
productivity data reflecting the time required to conplete the various
steps in tW@9846663gi ng 5 process. The data may be further pPETASIFISPY -
provi ded normalized productivity data, trending analysis, etc.

Accordi ng to anot her aspect of the present invention, a packagi hg system
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upon det er mi ni Agcending to anpihes gepestofihe presant 'ﬁ‘@ﬂgpﬂeﬂd}ﬁ&aﬁm g i ques,
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t. 25 Thus, ' tg thi t of the i ti th
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e ECK BRI B s nkhing s of o af 1B pRRaREPTRY 111
packaging system also includes a database containing a set of rules and data for
use in determining the appropriate packaging instructions based on the various
characteristics of the part. The packaging system, upon determining the
appropriate packaging requirements and techniques, communicates the

20 instructions to the packaging material generator to automatically generate the
proper amount of packaging material in the proper order. In addition, instructions
are transmitted to an output peripheral such as a display which includes graphical
and/or textural instructions to provide directions to the operator in packaging the
part.

25 Thus, according to this aspect of the invention, the packaging system is
capable of receiving an unknown part to be packaged and supplying an untrained
operator with an appropriate amount of packaging material and detailed
packaging instructions to provide an optimized packaging methodology, thereby
providing high quality packaging which prevents product damage without incurring

30 undesirable waste.



unknown to the packaging system (i.e., a predeterm ned set of packagi ng
I nstructions uniquely associated with the item does not reside within the 5

packagi nga‘?i%%&g‘sicnenory) I nst ead, - the packagi ng system awﬁ‘? gg;g or
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packagi ngpads,aheifiiengthlaaxd their gengratiomseqaercear Additiohalty the rdetermmed
conjunction with the data provided by the operator regardi ng, t he part to be
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expert system may use several approac
According to another embodlment of the present invention, a packaging
methodology preview is provided to the operator which illustrates the materials to
be used in the packaging process and provides both the costs which will be
incurred for the packaging and the shipping of the part. The operator is then
20 given an option to proceed with the packaging process, wherein the generation of
the appropriate packaging material is commenced, or alternatively end the
process.
According to yet another aspect of the present invention, a packaging
system controller includes an "expert” system which automates the decision
25 making in the packaging methodology design process. The packaging system
controller preferably includes a memory containing a plurality of expert based
rules and packaging data. The rules and packaging data are utilized in
conjunction with the data provided by the operator regarding the part to be

packaged to produce conclusions (i.e., an optimized packaging methodology).



for determ ning whether certain conditions exist. The systemmay identify a
5 condition within an internal, established data base or use data fromthe
dat a base plus additional rules to establish the existence of a certain
condi t i on. WIOrB8&d663t i on, the systemay ask the operator BGUSH8onal
information in order to fill necessary gaps in order for the systemto
make further progress in establishing the optim zed packagi ng )

xport syel em JEeSRRTRsterCRSY RepReptine st T Eindde W KR orof 43

fragilityteh daied Wﬂﬁeﬁ'\h@g%g{eﬂé%dtﬁiﬁmwwtw cRitaAiP EbAEiusbnaackagi ng

nmet hodol ogy. In addition, thod of shipnment nay also be utilized as well
as anshopelddbe draven.cfre someccdsess, the experhsystehumay yiseseverakapproaches

oo vl s b 561 a8 kol
Syst emsaneoﬁﬁftigﬁﬂvﬁtﬁn‘yrﬁﬂé}ﬁﬁﬁ e‘éﬁ%ﬁi@hé& dats) pAsé of g&&%gg@&omfé 4&ta base

gener at or a packaging'system controller adapt to produce

packagi ngplug additibnalrules tocestablisinthe existencé of pasertain ognditioni e @aditont a
plurality of parts to be ackaged. For a plurality of known parts to be

packaged, thmsvﬁeaka@wls%Jﬁ@tprg%a@@tiegalanﬁamapngn ordrirtodilly obt ai ns

det or m nobePResdy HhsT s et fortie systeRR G ARG furfis AROMGH IfediBleThO "C1
parts.  the optimizedpAciRRfilg theétHodudhy ik agireferidd/emboliment 6F the\present
ot her neans for anal yzing a shipping order to thereby identify the

pl ur al ia y invfengian; the expert sgstem usee thputs sughar 4e ngrts\sizershang, weightin

i nternal dat,abas nd{ Qr _access to.an _external  database containing a
st of « ARYRG R deterraiperas spproryiRte SoRtaiRE ahd A8 oPiRZed BRLRRGNED [
parts, SU%ﬁadPrb?gt Wddiion, ¥ ﬁ{éthéd‘&P&i?ﬁién_t may 4136 bl itilizedhss Wak's89i ng
system al so | ncl udés anot her "dat abase contal ni ng "a set of rules and
dat a asso@noperaterishpreferensefapeithermpackaging optinnization afea cost optingization he

appropri ate packagj ng,techniques tg optim ze the packagi ng net hodol ogy.
- 8- n determﬂqqg%g@%g @9§F§M5Q%n det ermi ni ng t he packagi ng

techni gues, A%%ﬁ%ﬁ@%riég@gegsg %We&@nﬁih@e%%k&%@gg” al

generator to ti‘ca gen e 'proper anount o A0i ng
mat eri al isysteém andomethod is disclosed whickdinichudes.a paekaging materialngererator

transmtted to an output peripheral such . e
and a packaging sysPem controlier adapted to produce packaging material in
accordance with the packaging requirements of a plurality of parts to be
packaged. For a plurality of known parts to be packaged, the packaging system

20 evaluates a shipping order and obtains data relating to the parts to be
packaged. The packaging system then determines the packaging techniques
for an optimized packaging of the parts.

Such packaging system preferably includes a device or other means for
analyzing a shipping order to thereby identify the plurality of parts to be

25 packaged. The packaging system includes an internal database and/or access
to an external database containing a list of the parts which may be packaged
along with data related to the parts, such as their weight, size, shape and
fragility. The packaging system also includes another database containing a set
of rules and data associated with the packaging material for use in determining

30 the appropriate packaging techniques to optimize the packaging methodology.
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5 as a display which includes graphical and/or textual instructions to

provi de an expl anation and directions to the operator in properly
packagi ng ality of parts. Such packag of

t he pr esen‘@aieép(sgﬁgi on is well-suited for a mail- order co as}éﬁ%é?ﬁ‘

war ehouse distributor which.retrieves nultiple parts 10 (products) and X
packages the parts together for shipnment to a custoner. A packer (i.e.,

the oper afRé patkading syREAILPSE BerRMingRE YRekagingitBehmiguesder whi ch
is read by the packagi'ng system The pacCkagi ng system using the order
nunber, icemmunicates e instructions $o the packaging matgdal generatantoeves

addi ti onal dat,a associ ghed w th each 5 rt .in.the order. from a war ehouse
managenentuipmatically gepefate Jhe prepenamoynt é%%‘é‘.ag’ﬂ% %Mdnrtée%%"m of the

‘ . ; e i ST . |
baced on Pder ¥ Bblften, WrLRLEAd: &% fanpRliicd i AREIAHE RN, 1OV
appropsi ahs acdisplay wehich inclidesygraphical andrdrtextual instructions tk pesvidd anor der .

I n addition, the packagi ng system "determ nes the positjon and

ori ent at i @¥Plapation and direstigns ke e eperatorip)prepery packaging the plumlityefc kaged
W t hin th? ﬁgnt ai ner and generates the proper anount of packagi ng
material PA The proper sequence to package the parts in accordance wth
t he det er m nedspgh agkagingesysesialofdve present inventiofids Well-a\sitddPfor 2oL
particul ar enmbodi ment of the present Invention, the packagi ng system

may i ncl uaeles company et waeshousedistghutoy which retiieves sultiplerparts parts are

pi cked by, one indivi,dual and,pack d apother. if.is often regquired
Phat (e (BRucRE gk RaREs 115 6508 Soaethel i shirment s cistofen A « ne

shi ppi ng I i i b ek Ba hat
shoul d bepia%kétiﬁgé" thé_? Ef;%ﬁ?gﬁgﬁgep?h g%%ﬁgv%uﬁaq‘ggegggﬁ hp%“riﬁ?lagrder?gf ably
with a rewhicipisdead by, thegpackagingr syisfemhakhe packaging system, tusisg the otderhe
itens in the shippi or der fore.the ckagi ng,.system

det or m nebUmbes BRftks eadt o fie kAt ba srskaued aud lievaaduiidnate. and
money. . data assocheA'itr adi? plin RPbRREr it d WHdHouRE e Rt | e
present invention, the patkagi ng system controll'er i ncludes an expert
syst emswhdatabastoradreinternal datdbase) dihenpadkagingsystempaicthegpregentt hodol ogy
desi gn process. The m control |l er includes an associ at ed

packagi ng Syst
menory colfWENHERhen aﬁtﬁrm?m@sjaafop@gﬁme packaging setpgologyiRanedPrither whi ch
o2 Eo L AP BB AND FRLREh o UL of i HhrbPRAROL Rl 2
packaged {exgRbasyeartérelc)oPaeckage the ofdero(thidtiditish, 1he bagkaging system
determines the position and orientation (and thus the packing sequence) of the.

20 parts to be packaged within the container and generates the proper amount of
packaging material in the proper sequence to package the parts in accordance
with the determined packaging methodology.

According to another particular embodiment of the present invention, the
packaging system may include a pick list verification system. In cases where

25 parts are picked by one individual and packaged by another, it is often required
that the packer confirm that the picked items are consistent with the shipping
order. The packaging system identifies all the parts that shouid be in the
shipping order and evaluates each part, preferably with a reading device, to

verify that the retrieved items match the items in the shipping order before the



10 net hodol ogy) . The expert system may represent the system

know edge in the formof if- then rules. Alternatively, the expert
system may enpl oy a cubing concept, wherein each part to be packaged
occupi es (Wbaes/sesskaged) a cubic volune in t he cont ai nePCTRIS8/21508r t -
system then anal yzes the various cubes 15 corresponding to the parts to be
packaged and determ nes an optim zed arrangenent of cubes (i.e., parts)
wi thin the eci fied contai ner, thus reduciqg@s, ~an_anmpuynt of necessary

voi d fil|Packaging systed detepmines an optimizpdsa methedolegndhuseat ur es” of
the invent] | er fully described and particul arly pointed
it i <ie iy

out in the ow ng description 20 and the annexed draw ngs

setting forth Accotding to yetlarwther particelab efibvalivnentéf thegpresent mventionn.
These enbodi ments, however, are but a few of the various ways in whi ch

t he pri ndhgirasckagingsystemegantwlierinclustescameyped sysiene whigh) adtomates the

ol | ok noderanan Bt B 1 phekadid AkshBlloleY g3t BbcB8R < 1hE nadidging °
conj unct 'ﬁ%&ﬁ dﬁn‘tﬂblléhﬁlcﬁjdé% &¥associated memory containinaﬁﬁh?ﬂil?@?@?bé’ff' ON OF

THE DRAW lgure 1 is a block diagramiTlustrating a
packagi nguigssardrpackagiogdata which relatestodbe packagiagtrnaterial. The rules

- 10- . Fi L2 1l lystrat) f kagi t

accor di g PRRkagiRg data are dsed itremyRction WBithe d2t asseTaletvER N ot on
hi . . - e 3

g? gclkngi a‘gr aﬂq)?ﬁs?gta 'r(gag?%gégﬁdp;agrc'te SN O*sﬁ%éeﬁ[)e "ci%S ﬂ'é"%ey"s‘?é;%‘%c nt Irzl ?er

accor do ngmethddology)esent i nventi on; Figure 4 is a flow chart

illustrating oper ati onal flow diagram of the ackagi ng ,system
according to ?ﬂ@e EXBe systam smay (ﬁp,regent the system#ggw&dgq thedoan of #ar ¢

b Vet LA A AR AR I R A il Wiy o NG kg 2 packer
wherein each part to be packaged occupies (when packaged) a cubic volume in
the container. The expert system then analyzes the various cubes

15 corresponding to the parts to be packaged and determines an optimized
arrangement of cubes (i.e., parts) within the specified container, thus reducing
an amount of necessary void fill, extra boxes, etc. -

The foregoing and other features of the invention are hereinafter fully
described and particularly pointed out in the claims, the following description

20 and the annexed drawings setting forth in detail illustrative embodiments of the
invention. These embodiments, however, are but a few of the various ways in
which the principles of the invention may be employed. Other objects,
advantages and features of the invention will become apparent from the
following detailed description of the invention when considered in conjunction

25 with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a block diagram illustrating a packaging system according to

the present invention;



10 been retrieved for the identified part to be packaged; Fi gure
6a is an output peripheral display and user interface illustrating a

predet er m QR eaREe:0f retrieved packaging instructions for anl,éf}gﬁgd,lflgﬁd
part to be packaged; Figure 6b is an output peripheral

di splay and user interface which 15 highlights a nethod of identifying or .
entering the parts to be packaged accordi ng to one aspect of the
present invent iRgure 2 is an nuustraﬁw of ;ﬁ@kagnn@mw&m@cmmghertﬁé presentay
illustrating in greater detail particul ar step of pr edet er mi ned set
of ret r i euwmanuaqm@gu alsuslmcﬂlngr@mswnénachmpam@pagkagmgrsystemnt i fied
part; Figure 7 is a flow chart illustrating an operational flow

di agram f&P"trﬂger generation of packaging material and the provision of
packagi ng insty nor e
part s Filigls 4 Block didGrfi RSk Bling ¥ pan Rt USHeRRaghgtmah T

t he pa@kagbnt;oﬂqrsaenurdmg tortheme@tanmmi ng material manipul ation

TEP S e o pFaU e p Hob et USRS o reraidia ok Saatan oy no:
Fi gure 9agb§r5%,ng ?‘%:’Bﬁ%dd' F}hé Ef\es%p,f IVeRtiBR: conversion system of

Figure 2 mechani smYor taking a | ength of

gener at ed pack®igine 5 & fload cwarﬂlllusirhtmmalmdagmmmnécp?emwlfeawg eved 30
packagi ng instructions; gure 9b is an enl ar?\g
$2

partial shich aliowsma packeste NEHi whethen the gppfopnate prskagingiropting

2T aohiton et iy B REthed pald BHEraRkedfE O " 1o out) et 1 ow path

of the cusliFigide'sa &Pan %ﬁfplﬁrpe'i'ibﬁbra"lﬁilspléy and usefriteffaceé ifiistiating $1 de
vi ew of a cushi oni ng conversion nmachi ne enployi ng a cushi oni ng pad
handl i ng swedetermmd set of rptrisvedrniackaging inpiractionssfor an ideotifiet pgritto behe
present inventio Figure 1 Gb is a top view of the cushioning
conver si oP3GKRAede and cushi oni ng pad handling system of Figure 10a,
wher ei n gener at It for
conveyi ng the gFéeiﬂerate la g eﬁil%éﬂlég%gd‘l{’se?é&ggég%gtggﬁ

Fi gur e1sl0diglslights asmetitodcbftldenufymg arf entering the partd 1p begqerackagedaaccording
Froure 1 @ ohe sspect 9 e prosent nvention; "' O™
Figure 6¢ is an output peripheral display illustrating in greater detail a
particular step of a predetermined set of retrieved packaging instructions for the
packaging of the identified part;

20 Figure 7 is a flow chart illustrating an operational flow diagram for the
generation of packaging material and the provision of packaging instructions to
an operator for the packaging of one or more parts;

Figure 8 is a flow chart illustrating the operation of the packaging system
including a packaging material manipulation apparatus for either coiling

25 generated packaging material and/or initiating a pick-and-place control routine
for automated packaging;

Figure 9a is a partial top view of the cushioning conversion system of
Figure 2 employing a coiler attachment mechanism for taking a length of
generated packaging material and coiling it in accordance with retrieved

30 packaging instructions;



Figure 11 is a flow chart illustrating a method for providing inventory 15
control, inventory nonitoring and automatic re-ordering for packagi ng
materi al s according to predeterm ned consunption threshol ds;

Figure 12aWQ985666% chart illustrating in greater detail anPERAISPH/LASYS

met hod of providing the inventory control nethod of Figure 11,

Figure 12b is a flow chart illustrating in greater detail an exenplary 20
met hod of provigi ' bl f FEi e 11: .

et hod of, P oVl 08 & KA BB KBPY e TSR c e Shavemion, o
packagi ng system of Figurs mpwyngg then GoiferutRitheidntiof Figeiawdd, vittérairfthee to the
present invention; gure 14 is a flow chart illustrating in

|
gr eat er d&pller attachimentisnperabletodbemtatedinto and iouf op thelastietflaw pathdof
generatin r ctivity. report. of Figure 13; Fi gures 15a-15d
are flow gﬂé?ﬁgﬁpﬁﬂ&%rg{q‘rﬁgnilﬁa & | the operation of the packagi ng
systemgf Fi guiRg@redPI2j<th Bitid Ge®GF :—?Bgflgkcaﬂﬁigt c&fve’ré]&v l'?ﬁéfrﬁﬁ% employing

i nventi on; ] Figure 16a is a I agram |
packagi ng asgushioning paddiandlipg system saichaasiatpicleardiplatienapparatug he present
i nvention; -12-

Fi gure 16@cp.grdo'{rp|g f?ig'};ﬂ ?Eeé&%frﬁ’@’\ﬁpﬁilv of the packaging system according to
the present i mﬁm}?ﬁd‘_eomb is a top view oﬁt%é%t%gé]gnihﬁ c%n{lé&%rmf’ichir{r#géy t;ﬁt' ng an

operational flo i agram o I ng~system accor

al t er nat i \cashioning padhaotiling systess efiFigure i 10ag whevein generated cushforinge 18 is
a flow chart, illustrating the steg of identifying the part to be
packag¥®l PRASASIRRcAH oR& eanveayos bel ferconveying the generatedhpads te mipiek+ he

part b e Figures 19a-19c illustrate various
met hods o%“gg@g?%%@ﬁgﬁyﬁ’e fragility of 10 the part to be packaged using
pul | - down menuFigaresticistarPisokited 208 vidw of thesBicREM-Slaice Apparatue st ed

techni ques_such as pattern recognition, expert systens and neur al
net wor ks; Figure 10b accardingte the presenbinvention;agr am i | 1 ustrating an expert

e A O e Fgurd 11'is a nol EhdiPMiSHkfity BREHBIRT prcviaing inventory "9 ' ° 1"
15 control, inventory monitoring and automatic re-ordering for packaging materials
according to predetermined consumption thresholds;

Figure 12a is a flow chart illustrating in greater detail an exemplary
method of providing the inventory control method of Figure 11;

Figure 12b is a flow chart illustrating in greater detail an exemplary

20 method of providing the inventory control method of Figure 11:

Figure 13 is a flow chart illustrating a method for monitoring operator
packaging productivity and providing a productivity report according to the
present invention; '

Figure 14 is a flow chart illustrating in greater detail an exemplary method

25 of mohitoring productivity and generating the productivity report of Figure 13;

Figures 15a-15d are flow charts illustrating in detail the operation of the
packaging system of Figure 2 according to one embodiment of the present
invention;

Figure 16a is a block diagram illustrating a packaging system according

3 to an alternative embodiment to the present invention;

-12-



15 Figure 21 is a block diagramillustrating various pieces of data

resi di ng within the data base of the expert system according to the
present in L QL Figure 22 is a decision diagrarmd i ng
an exenplaﬁgake 8% of determ ni ng the packagi ng controlqﬁéﬁﬁ%ééﬁ%%y
usi ng an expert system. according to the present invention; 20 _
Figures 23a-23n are graphs illustrating dynam c cushioning conversion
curves used in F@%ré'%ﬁﬁ%ﬁ%é&ﬁkéa‘si&é@diéwwthélﬁébk&yﬁﬁ's?&é}ﬂ dceBHihg "t S
by the expert system according to the presenht invehtron;

Fi gure 24 the pregeabinventionit rati ng a dynani ¢ cushi oni ng conversion curve in
reater detail,  wWherein usg of  t curve in determ nj et her

garticul ar 25 cﬁ@Hf%ﬁ?Hﬁ apf%&E?“i‘H#ﬁ%‘Ggeﬁq Bneﬁ%'oeal)ﬁ@ﬂg?waﬁs? they the
functi onal 1M | ' . ) : stem

H gur o5 PASKERINY Psten accdiding @Y afiofigtiie Snbouient of o Ridderty® O™,

stati c boddventiomir one type of packaging material;
- 13- | 6a-26b are graphs illustrating the inpact

of vibration upgig”_f%éa is aﬁt&%ﬁé@é"ﬁ*@ﬂgtthﬁ_ Qf id@mi&ipgéh@pas%tpﬁe _
Lypes of 1PAckeRRI b Bictiding Ghle St more. olarBctilsRs Wil RIRRe ifE g paR’ | "

di agr am oftotlheeppolkdgead;ng system for 5 packaging a plurality of known parts
according to angt her aspect of the present i nventi on; Fi gure

28 is a bl ock dFigyresn!Patifdsiliustratg verieus methgds @f determining-thediragjlity of t o

h ' i QN . ' 29 | flow chart illustrati
et hod B TR bR Baskaged psing o bANKE ARl A eiaeioR OF BeRslackag ng
i nstructi ogitef§6fies, Hhd detomdteddediigaes such as pattrerE ir&k?%rpﬁ@ni gert | ow chart

illustrating 1n a step of reading an order nurbe a 'shipnent of
itens; systems ard peural setvarks; are bl ock diagrans illustrating exenplary

cubi ng conf Ii-'ﬁlﬁf'éa Eb%] a B’jlgcc:l%%g?gmtiﬁusttpa ir1%r an %%e}tns\ilg etr}\ %ns;sociated with
the packaging system controller according to the present invention:

15 Figure 21 is a block diagram illustrating various pieces of data residing
within the data base of the expert system according to the present invention:;

Figure 22 is a decision diagram illustrating an exemplary method of
determining the packaging control methodology using an expert system
according to the present invention;

20 Figures 23a-23n are graphs illustrating dynamic cushioning conversion
curves used in the determination of the functional cushioning requirements by
the expert system according to the present invention;

Figure 24 is a graph illustrating a dynamic cushioning conversion curve in
greater detail, wherein use of the curve in determining whether a particular

25 cushioning product configuration is capable of meeting the functional cushioning
requirements determined by the expert system,;

Figure 25 is a graph illustrating the buckling coefficient dependence upon
static loading for one type of packaging material;

-13-



15 Figure 32 is a flow chart diagramillustrating the functions
control |l ed by t he determ ned packaging instructions according to the
present invention; and Figure 33 illustrates the ' of
data for Q¥AEBEESHg productivity statistics. PSR 88
DETAI LED DESCRI PTI ON OF THE | NVENTI ON 20 The present invention will
now be described with reference to the drawi ngs wherein reference
nuneral s are f ' ik :

; L e k
enbodi nent of L‘f@gr%ér)%gﬁrﬁg bl é\@e#ﬁbgﬁ?ﬁ%u otnat"ghg Pwﬁéﬁ%’é‘! %&29‘& em and

net hod i patkagedprdduti atcording ethepresentipventiortie pasticular, typicalr at or such
An oper aCBHRUARSIRAHTAE far A YRR SPORAINN, T dont 11 od part.

. o . : ¢
nteracts W ! irilife P79 3 GeraUShaoW dRicRANCSr A8 FRRGMG Sifol B! ©

packagi ng mater I'n"an’a pri-ate sequence for ‘pac rt within
an sl Qﬁﬁkagir@a phiatityef kndvin paftstacearding to paolteriaxpety 6f the predentt hod
provides | det ai | ed packaging instructions to the operator in either a

t ext ual dRV@RHONSi ct ori al - 14-

osurts in - PioblBds AhBEE Foah hstrabi e SAPkeI sBRY dodbialng
Accor di nqottheprasentinventienbodi ment of the present invention, a known
part to be packaged is identified by, for exanple, reading or entering its

part 5 identi fFigsre 20 isafiaw chartdlustrating=a matbod of jderiktifiyjog pastsitodie i fi ed,

t he packaaqi systemretri eves a predeterm ned se f. packagi n

et PRt eadkged and fiefiging Packaolalpsitctans R the HartieB Part " The
ackagi ng i nst ' I, i i r t in

(F:)ont a?ne?, geng aﬁéegt0 ﬁ%%@%@gg gwn%ﬁﬁgﬁ 'ﬁga step (#;rte é?l §I aﬁﬁf%rrg@‘ﬁ%%gst gp

by step ifosarshipment of itemis;l t he operator in the 10 packagi ng of the part.

Preferably, each instruciion step js provjded to the operator via a
conput er di spl @W%ﬁﬂ?r%{& are mﬁdﬁﬂ (lpstrating exemplany cubligint ) of
packagi n | t ' Jmterial generator. The
packagi ngcm%ﬁé%%ﬁg‘g‘éﬂﬁ'ﬁ&%eﬁs%@?@%%'ct ating the proper contai ner

andt t ][ael pr oper Figupe 32ss &f flgv chaet diggramh dhistiatingahe unttions)controlied by
wast ef u _
the determined packaging instructions according to the present invention; and

Figure 33 illustrates the collection of data for generating productivity

statistics.
DETAILED DESCRIPTION OF THE INVENTION
20 The present invention will now be described with reference to the

drawings wherein reference numerals are used to refer to like elements
throughout. In one embodiment of the present invention, an automated
packaging system and method is disclosed which includes a packaging material
generator such as a cushioning conversion machine and a packaging system

25 controller. An operator , wishing to efficiently package a known, identified part,
interacts with the packaging system to produce an appropriate amount of
packaging material in an appropriate sequence for packaging the part within an
identified container. In addition, the packaging system and method provides
detailed packaging instructions to the operator in either a textual and/or pictorial

-14-



15 packaging voids are elimnated. In addition, the detailed packaging

I nstructions reduce the need for highly experienced operators since t he
cont ai ner, 2} of packaging material, the sequence Wpthn49s/tios he
packagi ng material are generated and the manner in which the packaglng
material is to be used for efficient packaging is dictated and
expl ai ned by the packaging system 20 I n accordance with anot her
aspect of farhatpihesety prd\mhhg mkagimgr@ff ciency anar consisteney whiole résults in

nmoni t ori ng systen1|n which the materials consuned in the packagi ng of

parts ar efefiigedpargd aﬁtﬁg%&w@lcholpa& aaingi astsr part to be packaged,

material wii 1 OSCRRURb Wi bt REBBAGRLE ARk EweptioR S SA%D e

during t hpaRs ER0pakeiecisdentinidd By, BN xamble, TRAHING dr¥htB/AG M pdre

exanpl e, decrenents an internal inventory list and Conpares the updat ed
list te identification nurrd)ereQnaﬁathetparéMbemckagedre|dantlliadethe packaging he
updat ed inv tor tlonll satl fies a re-order
CFiteria PUSg feltipyes pupaptentinedsel i WhiRR Holgugly
nmonitorin ure
oo | NGo¥ghsHR BT eg’ﬁﬁ‘?%*ﬁ%f”ﬁ%%‘hﬁé"%gﬁﬁ ""ﬁﬁ‘*f'”’% PréféSbly b

-15- the recommbnded¢ad<ag|ngocdriiamev.rgerterategttm‘ necagsary paskagidgpackagi ng

material, the inventor noni torj n stem nay al so nonitor ot her

packagi ng"!ﬁiﬁﬁ%%&dﬁ e stop bystap | insthy F IoRS 10 @ éhﬁs@%?&féﬂtmt h the
|dent| 'eﬂaglgépiing"t‘ﬁ?ﬁéﬁta}‘t Pre bRﬁ‘é@% '|H§’tnt1rL nstep | g'? 5’8V| gg lo the Accord| ng

to ano € presen venti on g sy

i ncl ude aopefrstoeviava bunmtertdisplag tébtﬁh@lﬂn a’«hqunemivwiith\a fahgti® (o ﬂwonat)
systemis operable to tinme the packaging of each part for an identified
oper at or ©of pagkaging material generated by e packagingdnptesiabgeneratot.edha t hin the

P eat es_aPagkagiB YRR Felieis PRcnabiiig BRRR L bitAtha B AR Bobtaing] | o°"
provi ded pRd3Re PrSYer Qmountsed?bé@éa@lﬁg)ménam(?mﬁ&éﬁi}ﬁﬁl Vekdess Risteful

preferably includes an average tine required to orm one or nore
packagisng packagingwpidsrare elirminated| injadditionnthendetaiied nachagm imstryctiensa and
stored in a

t di t d
tat abace. Mo The g B NIGHy ESRETRNEER OpFRROR, SINCR TR CANtAING EMANAS) | |
to Figuregf hadiading material, the sequence with which the packaging material are

generated and the manner in which the packaging material is to be used for
efficient packaging is dictated and explained by the packaging system.

20 In accordance with another aspect of the present invention, there is
provided an inventory monitoring system in which the materials consumed in the
packaging of parts are monitored. For example, for a particular part to be
packaged, a predetermined container and a predetermined amount of '
packaging material will be used. While the packaging materials are being

25 consumed during the packaging of a part, the inventory monitoring system, for
example, decrements an internal inventory list and compares the updated list to
one or more re-order thresholds. If one or more items on the updated inventory
list (i.e., a consumption list) satisfies a re-order criteria (e.g., falls below a
minimum threshold), the inventory monitoring system automatically generates a

30 re-order request to ensure that packaging inventories are not unduly depleted.
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packagi ng system and net hod according to the present invention is shown'.

I n Figure 1, the packagi ng system 10 includes a packagi ng materi al
generator 12 for generating packaging nmaterial to be used ] E% i ng
i dentifiedWaMP886663  According to the present invention, thg’(jfrgqﬁgﬁ ?t s"

I's broadly used to include a 20 single part, a kit including a known _
arrangenent of parts, and various itens requiring shipnment, regardl ess

of the natyyr : ltéaﬁ‘tow ' 1 LGl aggbgﬁ ; i ece,
etc. The dgc{dggﬁ%%wrr% eria thre‘gtgrf %tagfg"%&i én\ncq Eées g9 matgg%l?rﬁgﬂ?@?@hi%?f or
control | i npohhering siystem apEy alsob monitarwthenpatiading suppliesguch as product t he
generator 12 as wll be discussed in_greater detail infra. A packaging 25
syst em corliteratuee asspaiated with the identified pari warianty gaeds, packagisgdape, 12 and

comuni cat to the packaging material generator 12 via the controller 14.

The patkagi ng systemcontroller 16 is also coupled to an output
periphegal 18 apdcordingto ancther Bepestsiithe ptesentdAvastion) & pacldiding Systeai abl e
to retrieve a predeterm ned set of packaging instructions In response

to the i demayfincudeaprodustivity manitorag systemk dhednroductivity mopitering abl y
identified via t.he in

e T oy’ Spetble tBHimd i, Backating of pach partfor Anddeutiad.Arerater
pr ef er abl yas @ idritepdhé 'Eiﬁ'éeféqluéregﬁﬁgﬂﬁrﬁplé@éaéﬁ'_@!@;}wﬂﬁﬁ%b%irégcfiﬁéd‘ the

packagi ng systemcontro r comuni cat1 on network and are
sel ect i vel paciaging coutine. cbhe poddustivity monitaring systemutheontcreates@her al 18. The

ackagi ng instryctions sent he controller, 14, 5 preferabl relate to
e oy dproslychyity GRart b whichhe areraior SaraaHetjtyds Brovidsd i dnieasyrif or i a
in a parti c I i Jid ' iﬁlﬁegl,' : reater
det ai IO [ nf%'aﬂez pac 'aglhﬁgd} Pﬁgt&r“h tigﬁgspnré@ér%agﬁngrﬁalsﬁc udeérgggtt m ¢

gener at i onreppiiieddonerfortreonalor morepdokaging steps) bit magadsircluderani pul at i ng

t he gener at ed packaging material for particul ar packagi ng options such
as coi | i nghemalig oﬂ#ﬁtl\@%bﬁa@tamtrsndmpnmnpaﬁ&ay )a desirad) which

The packag] | r ' | are sent to the output peripheral 18
(e.g., a g@%&ﬁ%g{o&#‘gﬁ §w+§c%r) are preferably detailed explanatory type
i nstruggi ons wWhiRgferfing ridve tORRY aiawing® iri det=ill hndiisitiallpRrRigarew 19, d he

identified part. The explanatory instructions include, for exanple,
expl anat or packsging systeoy apd mpethgdacoondiogito fhe presaent inventionjashows. e

Packaged. e 23° ka0 Gkaging Tl 3 intllGes U &idGing Faferdlgerrar 12 ¢ "o
for generating packaging material to be used in packaging identified parts.
According to the present invention, the teﬁn “parts” is broadly used to include a

20 single part, a kit including a known arrangement of parts, and various items
requiring shipment, regardless of the nature of the part, be it an article, product,
component, piece, etc. The packaging material generator 12 includes a
controller 14 for controlling the various operational components (not shown)
within the generator 12 as will be discussed in greater detait infra. A packaging

25 system controller 16 is coupled to the packaging material generator 12 and
communicates to the packaging material generator 12 via the controller 14. The
packaging system controller 16 is also coupled to an output peripheral 18 and
an input peripheral 20, respectively, and is operable to retrieve a predetermined
set of packaging instructions in response to the identification of a part to be

3o packaged, which is preferably identified via the input peripheral 20.
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peri pheral 18 clearly illustrate the manner in which the packagi ng materi al
engages the parts to be packaged and how t he packagi ng nmaterial engages the
packagi ng %gggdgﬁg to properly and efficiently secure the pagdrikdsithsost he
20 container. Such instructions may further include video type 1 nstructions
including audio data, as may be desired. The packaging instructions may

al so I ncl ude pre and/ or post packagi ng information such as instructions
for selecting The pmbetenntnewp@cmiﬁg instractions hife b?éferébl??éﬁie%d%‘rdrh%er
tapi ng instructions, shippi I nstructions, etc. Turni ng now

to Fi gur e MEMORE (M@@Yﬁ)gasﬁpﬂaiﬁd mtlbmelmqhasrng amterrumgtroner t®hora

referred ' S IIus ackagi ng
Cyat em 10 SRARGnEEln iethF Bhf 8 seleFBlY st the poniroier i anddng ng
materi al gRAPUEHEpHETE] $8 P ThHeopatkagMie Hsﬂ*bc&én§§§ﬁi tdwfeEéoﬁtFale?%kag' ng
system controll er of Figure 1. The personal conputer 16 is coupled to an

i nput 3‘0 prefesablyaelate to the genevationsofparticular lengtbs (dr amounts)afde reader, a

nouse,

for enter f"r?é’kﬁglng matenahin ARartisylar seauence- L’bﬁﬂﬁ'ﬁ'@ﬁv ?L%W'@ESI%QF%'BGEI'@d to
a di S rautePRIstAIPIne? O paRiaGhh BRIt orisInbY JuRKSPHEIRE poder 3 18 of

Figure 1 and may al so to a conputer networ he i nput

peri pher algateramh packaglagdnatdrmymampmlatlori&oatrel signdisffor mmﬁparaﬁhg the
i nteracti on W t he cushi oni.n conve

i on nmachine 12
cushi oni n§ aﬁkm m?éegél foF Bﬁaﬁiﬂfypaqlﬁgwwegp@ms sHeh a8 CO“'"QJ‘Efon

whi ch e lifn I nmbly 25 are nounted
and a Ergcﬁs‘%é @l&?éﬁé}ﬂ edf?[()i\%k éﬁ?cﬁ%\églfﬁ 8@"@% schematically) for
controlling  Thepackedingmstouctionsavisichareseht fb?th@oumﬂt béhbﬁeiélem
conponents of the 10 conversion assenbly 25. The frame 24 has nounted

thereto ol€iGhch saBputaedisplay monjjoniaseiprefasably c&siaded)eyptaaatwwue ng a web

Sepr ot ngRa oA 14968 peraBt B elafiBlent BRCRS I A0 iR
25 into a hTﬁé'dStﬁlaﬁiit | inktriBgdnssineivde, fJuhi»kample| ek EHa?é@Gte nver si on

assenbly 25 is conposed pl ural conversion assenbl |es 11 including a

f or mi ngp a@&@nmgammg 9ramlrm¢tumme&the@pranbatpapkagegpm packaging a feed
exanpl o, APAGHR) 358 Fonkiiogt, o8¢ FLprabijcaafnteipass yatbeamoyt so by
a peripheral 18 clearly illustrate the manner in which the packaging material
engages the parts to be packaged and how the packaging material engages the
packaging container to properly and efficiently secure the part within the
20 container. Such instructions may further include video type instructions
including audio data, as may be desired. The packaging instructions may also
include pre and/or post packaging information such as instructions for selecting
and erecting a particular container, inserting a liner, taping instructions, shipping
instructions, etc.
25 Turning now to Figure 2, the packaging system 10 of Figure 1 according
to a preferred embodiment of the present invention is illustrated. The packaging
system 10 includes a cushioning conversion machine 12 as the packaging
material generator and a personal computer 16 cohqstitutes the packaging
system controller of Figure 1. The personal computer 16 is coupled to an input

30 peripheral 20 (not shown) such as a keyboard, a bar code reader, a mouse, etc.
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clutch 40. Also provided is a post-cutting constraining assenbly or outl et
42 for gui ding the cushioning material fromthe cutting assenbly. 20
During the conversion process, the form ng assenbly 30 causes 5 _

| ateral edfR3/34563 he stock material (not shown) to turn invvgpa’}l% YU m a
continuous strip having two lateral pillowlike portions and a.central band
t herebet ween as such stock material is advanced through the form ng )

assenbl y ¢ 1. \ 19/ ' b ' ' shed 25
Goar 11 Ko eftorgyald dr Konbhie. ARGt EnatporhBiter 1610 o B 982 o e,
per f or s display enargtorel Sowhichutdrrezporidstotthe mutputreriphegalt 18ofBigurendous strip
through the nip of the two cooperating and opposing gears o

f th
f eedi ng/ ARehERYialeP ReLonpegtehbiag camputennetwork: JoR inpwtper: thfﬁfzﬁlQﬁdt he

i 50 MSERHEY ﬁg%'ﬁ%?ﬁ%é}%@gl?@?%t%%%Z‘éﬁ"@@ﬂv@cﬁﬁﬁ'iﬂﬁf:f "

f eedi ng/ convension machine 12. . .
assenbly 32 additionally perforns a "cannecting"” function as_the two

opposed gecthe cushigningconversian mashiner1 2 preferahly incides & fraped4 | t

ownet r clper i helyBrious cothbribri ot acediiveiHinn 2BsbPhE25 8 phiitBd o™ ' ©
assenbl y 4 & WiscHiRe cohtrofler 14 Awhichas ilivatated sehalfaticaR) feti@ntroliifigese cut

sections exit fromthe post-cutting constrai ning assenbly 42 and are
t hen avaithelcushioningisenversidremaabinegl 2 inalidding ¢he companents of the The

hi trol.l 14 | f I ] d . bl
Cont 1 3 | GOTYBEE08 asAmbILES - Mecteme 24hgs ARiniea taselat mclydestihBtein on
Seri al /54]?3 : j 7, ﬂ%ig 22,
1834:’jl rs?f)%tgtglﬁve y,“P%%ﬂﬂg%célat ﬁéﬁ’%?h@%&?gg’i@gﬁ\?ear?%on @Eisri\%&wv\hi ch
ar e i ncorguppatriisarni@ot showy) wiiictt hakds.a fdikofrstotk (&g paper) foe conviersion r ol s
t he peration of, the various conponents, of the,  cushioning conversion

machi ne the cqnvegsionagsemily 2Rdn ﬁB&hbﬁB‘Qa%@éﬁ'ﬂﬁ';‘ﬂ@zs,_hQW" norhe
Shect 3 coFfegoh Bhseoi 25 B Voot e TRl in Hsefibice”
parti el dncludirgi & fornming GseefTbI¢ 80)\a fEeding/uthPeciig @esémbly 32 powetstiby
i nputs. Such control signal inputs may include inputs from machine
sensor s, afead metordhandaiseyeting or sgém assanebly S6pewergddy; fakasure pad
example, a cut motor 38 selectively engaged with the cutting assembly 36 by a
clutch 40. Also provided is a post-cutting constraining assembly or outlet 42 for
guiding the cushioning material from the cutting assembly.
20 During the conversion process, the forming assembly 30 causes the
lateral edges of the stock material (not shown) to turn inwardly to form a
continuous strip having two lateral pillow-like portions and a central band
therebetween as such stock material is advanced through the forming _
assembly. The feeding/connecting assembly 32, including a pair of meshed
25 gear-like members (gears) in the illustrated cushioning conversion machine,
performs a feeding, e.g., pulling, function by drawing the continuous strip
through the nip of the two cooperating and opposing gears of the
feeding/connecting assembly 32 by drawing the stock material through the
forming assembly 30 for a duration which is determined by the length of time

30 that the feed motor 34 rotates the opposed gears. The feeding/connecting
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| ength formation, for exanple, and inputs fromthe personal conputer 16

(i.e., 20 the packaging systemcontroller) via a control |ine 44.

Speci fi cal it is desired that an appropriate le i8¢k be

f or med, thgbrrgas)gﬁi&'rale controller 14 causes power to be supp |e§;stlo t he
feed notor 34 for a duration which is sufficient for the conversion
assenbly 25 to produce the desired | ength of pad. Power to the feed
notor 34 hgsémbly 32 adbitohallp performers fiomhecting' function ks the taelsssosede cut
notor clutch 40°to engage the cut notor 38 with the cutting assenbly 36

to se\éer g?awnéﬁema rakband of the, gontinuous strip as it passes thﬂgemlsclzugbtqsi g ]lc,ll‘ e
: . _ . 1
B gure. 1 Jarmtn eitiee SBd TR eoNeaRH FRLPR dounsted B ThERIGNAE of (he’

present i puaiih )%Bnnér&%@a%a&b%z,n&b%g)ﬂﬁgyabéééthﬁry_ IS tRetRp #tbY

I ncludes a central processing unit (CP ) which’is coupled to a bus
-19- 5 sections of 3desired l@mythorTheseceutsections exit fiom the post-cuttingral ity of

, h_as a Pentiym/[err], a . Power PClerr], Sparcl[ery], or
Dy ot hor ConsirRiginG,assermhiyAS and re Thes) pualakis Torwre Freimadkaaing ohia o
perform v?g ous operations described herein as well as carries out

a

ot her ope ions related to the packaging system 5 controller 16. The

manner in whi cThelmaCRidebéontroilebd4yis pueferalsy a micraprocessor based he functi ons
relating to the present invention will be readjily apparent to those

havi ng or Bregiapnraable contrqlies syeh asdbatidescribed ipLa-ewpeddh S Fatedted ner ei n.

adr oses PRIFatdf SEHEFNBST ORIE2 0¥ Bhd TepArt 14D R ik T, SR N0 ey, oo

bus conpopant g4, TrRpkltivélyBsthserstitd tCUs CUHversioh Machine il S8
(including a random access menory ((J_RAI\/) 60 and a read only nenory (ROM
62) and aape incorpefated hereindy referepcec diemachine: cordroller ildtgontrols the

i nput/out put _(1/ O, devices which collectively. . . conprise the autp

ber | pher aPPeEtnt B et BiufPafignts o soe Bhiuipning GNErsRpanschinlls, | 5o
serves as t 8&8h [ SRR ' be
execut ed @'@:"ﬁgécfgu 5 Ifeg‘rqncar rilé%égg?%zﬁg{ rf’ﬁé}% | onéﬁ?gggpiégg%‘d mabrtélﬁn.
The RAd 664, haddhe cutting’8ssemblyHi6, aryperesspecificaliydhe cut motor, dde.) to form

Dt edet or e JRBEAGAE Of RSN IBHAtEJ8 et rdANTH W AAMBRRE PLCATROIpar
E ﬁebgar ‘s S{ggﬁﬁgﬁﬂﬁg Sulch &t Sigridl hglAs ¥l mIudeShpUts fr8fmaghingsPond to
sensors, such as maybe employed to detect jams or accurately measure pad
length formation, for example, and inputs from the personal computer 16 (i.e.,

20 the packaging system controller) via a control line 44. Specifically, when it is
desired that an appropriate length of pad be formed, the machine controller 14
causes power to be supplied to the feed motor 34 for a duration which is
sufficient for the conversion assembly 25 to produce the desired length of pad.
Power to the feed motor 34 is then disabled and the machine controller 14

25 causes the cut motor clutch 40 to engage the cut motor 38 with the cutting
assembly 36 to sever the pad at the desired length.

Referring now to Figure 3, a detailed block diagram of the packaging
system controller 16 of Figure 1 is shown in accordance with a preferred
embodiment of the present invention. The packaging system controller 16

30 preferably includes a central processing unit (CPU) 50 which is coupled to a bus
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20 packaged through a | ook-up table, however, other storage and retrieval
techni ques such as an algorithm c search engine are contenplated as falling

wi thin the scope of the present invention. For exanple, the hed.
packagi ng i"H@PP&¥6? ons may be stored on the hard drive 78 orggﬁﬂ‘g%ﬁ{fg%g

st orage medium (e.g., a CD ROM and be accessed by the CPU 50 accordi ng
to 25 programinstructions within the RAM 60. The ROM 62

cont ai ns t ' r ' el ' stem
(B1'CB) 1 orel FoGH OBrptbLepdt SOGINbBarly 61 ity of prociReblebas ) 7
stored i n Péstiuth™, @2Powen PCM Sparc™por ame othter similareand esmpatiblead a
boot program The hoot programw./l| typically he executed en,th&a

220 | " processor. i G S0SyBEkRRs Y ROTAITR Varaus OPsalions desAriBed nen

The. 170 adieih 85 weiCas canBR\Aine, GuarbRbhe PRI tothe tadBafidRtom,
f1oppy gi sesntrélrea6drThe marider iOWhichthelCPIUSSS cantbe progfathivedl toycartyheut / O

devices 5 communi cate with the CPU 50 by generating interrupts. The CPU 50
di sti ngui sthesfunctiens telating tothexpiasgnt invenfion wil begeadily apparenhta thoseal

dovi ce. | nehaving@eanary skilfgthé 8 HRs3o, oL deskBtioh Bovibed RoreB, T8 e ot i ng
the inter r%ﬁ 2 ih&lLI8ES eblurality Bﬁﬁfgﬁéﬂiﬁéﬁ’&ﬁ?&%d?ﬁrepfn@VédB?ésée@s,@}ﬁtgﬁhdt he

CPU 50 to erent 1 nterrupt” handling 10 routi nes.

i nt errupt centrolroetveendbe RSO and ampmben of8ystemibts gamponentsoithep) of

th kagi { troller 16 ti f. the.Bl CS,
- ospondBe. BIRr RYSISRbY COBTRRAANLS ARG AJHPEORASS (BEHIIRB BIaCHAPosP om

e 0 | LAmRRANFB0 4 o A TR oM PG B ST e o
routines. forconnestibmto a varighe ofiimpiut/oatpiit ¢HOY tevices iwtieh colidctivelyt or s, t hey
are stored in the RAM 60 durjng operation of the packagi ng syst
cont rol | ercamprise the output peripheralcthand the WE@BHF?'@? Bﬁ. Eﬁﬁpég%‘Y%Maﬁ'lrﬁ?
gﬂje Lg,s gtn@#ﬁ?ﬁigg@g&w%ﬁgﬁégﬁe@né fnd) stofe SPPRopAat ofbla¥ifig cot tFM
15 be executed by the CPU 50 for carrying out the functions described herein. !
The RAM 60, hard drive 78 or other type storage medium provides
program instruction storage, working memory for the CPU 50 and the
predetermined packaging instructions associated with the particular parts to be *
packaged. Preferably, the packaging instructions correspond to the parts to be
20 packaged through a look-up table, however, other storage and retrieval
techniques such as an algorithmic search engine are contemplated as falling
within the scope of the present invention. For example, the predetermined
packaging instructions may be stored on the hard drive 78 or other data storage
medium (e.g., a CD ROM) and be accessed by the CPU 50 according to
25 program instructions within the RAM 60.
The ROM 62 contains software instructions known as the basic
input/output system (BIOS) for performing interface operations with the I/O
devices. Also stored in the ROM 62 is a software routine which operates to load
a boot program. The boot program will typically be executed when the
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20 The disc drive 72 works in conjunction with a renovabl e storage nedi um
such as a floppy diskette or CD ROM A hard drive control subsystem 76

bi - dir, | ly couples a rotating fixed disk or hard girasseg815989 t he
syst em bus vEgs’h/Q&%éThe hard drive control subsystem 76 and hard drive 78

provi de nmass storage for CPU instruction data, for exanple. 25
The di sk drive 72 and di sk control subsystem 70 may be utilized to

downl oad Opfici iﬁ@%??@rﬁ%ﬁtrﬁﬁeﬁ% B powéreds aH\bt (henlinitishizatioref thedr i ve 78.

For each part ection of parts, for exanple, data relating to the
proper packaging system controlier 1®is peededyi ng, the part identification

nunmber, the a i ng material, generation control reaquirepents (both
Che anbunt and THedadeNihandholHa el andtes vt 3 e Stk Sl (@ing
text, grapfy e : i ). ; : 1-
phot os and?bmfjggg' ??tea nvr%e,y DeR;ghcqsi B%'é’. dl‘?’ﬁse'reé?grgyg'scatux'ethp?a% a?gﬁvh%esz
r equi r egentemamamigateowiti tie CRU S0 negenserating intgrruptsd The BPWSOkaged, the
packagi ng systemcontroller 16 can b

term nal cdminguisgeséqwmt%&ontam@% tgéﬂ&ﬁn Qé‘a’JFlﬁgﬂ%(‘j’%bg’q‘g&"% imﬁ"HPBéi des
Cockives i hpieS UbPidhelthaRts) KesbinsEtT g Ry S0tV hBuiceifompts

i nput may giffe?, Amopgtheethihys, drithie deévigesigenerating the dstefruptsisintenrupt her
type i nput peripherals such as a bar code reader. In addition, the

i nput devi ¥ectzps may alsp benpravideditondicecs the &PY 50 teslifterent iptegupthandling

I nstructions .and be processed by 10 the CPU 50 according to voice
recogni ¥ ofPYtinNgs,; gues as is well known by those skilled in the art.

Further, the inpys i@?e%rh%ﬂfe%'tor@%r@@én@?ﬁbﬁ%rﬁhg&iﬁlﬁ%ﬁzﬁfdd M.a%t.,e_doot up)dfsp! ay

such as a capacitiv h screen. "Any type of data i nput device is

cont enpl at #te packagihgsystém icontroller t& by @xetutiore opthesBIQS| Benausen.

A network adapter 90 js vj ded faor cqupli t he kagi controller 16
15 to 8 nefaspanses itha G2 © dadte iteBupinaynePddols trndslidm bus s2
and al ks p gl ﬁ%ﬂb\%i [ I'g;éa,?l It I t her
| ocal or ltlﬂY@F%Jnﬂér:ng, E@l{rﬂ%ﬁg%c agl ngrﬁg g’?g%t? . ﬁdgﬁgﬁ%grﬁ%ﬁugﬁ@pes of
conput efs ordévafocdiract tha CRU $0 todifferent ntedupthardiingusutifes Fdio alleanfdre, a

o ovi ded by RORERHRN, OtADe,alars VEREEB:SY 4re SR B AW SRkdiring,  der
requests t o LPNEIH 8f the hadkdghy Sfstem controller 16.
A disk control subsystem 70 bi-directionally couples one or more disk
drives 72 (e.g., ﬂobpy disk drives, CD ROM drives, etc.) to the system bus 52.
20 The disc drive 72 works in conjunction with a removable storage medium such
as a floppy diskette or CD ROM. A hard drive control subsystem 76 bi-
directionally couples a rotating fixed disk or hard drive 78 to the system bus 52.
The hard drive control subsystem 76 and hard drive 78 provide mass storage for
CPU instruction data, for example.
25 The disk drive 72 and disk control subsystem 70 may be utilized to
download one or more pieces of data to the RAM 60 or system hard drive 78.
For each part or collection of parts, for example, data relating to the proper
container to be used for packaging, the part identification number, the
packaging material generation control requirements (both the amount and

30 sequencing) and user packaging instructions (including text, graphics, digital
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for updating inventories in the event that re-order thresholds are

sati sfi ed. Turning now to Figures 3 and 4, a nethod 100 is

provi ded in which the packagi ng system 10 of Figure 1 provides

packagi ng WR /56683 and packagi ng i nstructions to a user PCHES%EIMBd 100
preferably begins with the entry of an 25 identification nunber. of a known_
part to be packaged at step 102. The i dentification step 102 may be

carried o | Ofi 4 I PRI ave a part
et 11 olppih AndBE VRS0t 5 brofded Therefore K Riidodig T

packagi ngrégsitettiea tHatigecor ddditibsalipits avereqniéd kb bedackBged iheds by
typing the part nunber into the system using a keyboard or keypad. 30

Al t er nat i peciagingsysters contrelet16 candyrdynaunisally updatedput peri pheral 18

c(:grrgut e£ hgi spl Qsefﬁﬁ'}d&"ﬁ@&ﬁggwtﬁ@i%isaa'ﬁ%&ggpﬁg tPﬁBelbﬁ%Lﬁz ﬁ%‘?i pheral 20.
The pulsl - RWIdEE Butgitto the biififutperiphbrdl 18 piédly £ CRIMmRiMBF, 4ty ch have

associ ated sets of predetermned packagi ng T nstructions In the packaging
system éLgre@iv?@:mnnsb' from Eenpmual_imuttﬂav_ ; ti¢ef12t)|§ucbusla HwboarflnMal?ialg Eﬂe 5
nouse, e r 0, be packaging is identified. n not her

Al ter hat | FPURTIAY 1SS DS RIRVNE By APRIRFiRe Hsvice sushiasa mouse orgber e my

i ncl ude r | ey 1ol WA | deFMR". : ) S
associ at eW&%&%&arge%’t?Qs pgégre%?ﬁ% usi ng agfdg?tﬁ{’ Eﬁ'mg’g&%i%dn devi ce
such as a inciutie a enidrophonesfoy retsiving voloe insirtictionst ardibe precessed b
recogniti (r)‘ir?.y 10 In stil I.panot her alterpative nmethod, .the i (r?gut eri pyheral
20 may'0 néhe G4 50 amﬂf@'ﬂGdﬁdﬁ%ﬁq wcogaitionteabnigues as ds wel knoxiby thosear t

TRY ¢ e 1 S hmer, 1 e bEFAGE) DAYl B A AGNGAR"
acoustic gipMpsach abraoapaditve ficaloted. Any tyhe of BataiApuldielice fent i f i es

the part using voice recognition techniques. For 15 exanple, the m crophone
may recei gontetaplated ssifalling within theiseane et thetpresent inventians i nt o anal og

SLapals and, el AP0 BdaghdPof ¥ o ey P Y ot MG 16
o) 6 BNERorc| e henirR aefonod s camamB A shha e,
the part alldwsfoeprividingcommupicatien linkagetad othersiystems eitherdocalorof t he
233?3} n 5?%’%%%%@5]%5?%59 sygé(r\'rﬁb.h?n |E‘z'ugfzhttioin.so rgr%;%js’ ot‘I é]c?mgl.'n:tgrSO’

hardware may also be connected to the bus 52. For example, a modem 91 may

be provided for transmitting, according to instructions provided by the CPU 50,

20 various pieces of information such as re-order requests to inventory distributors

for updating inventories in the event that re-order thresholds are satisfied.

Turning now to Figures 3 and 4, a method 100 is provided in which the
packaging system 10 of Figure 1 provides packaging material and packaging
instructions to a user. The method 100 preferably begins with the entry of an

25 identification number of a known part to be packaged at step 102. The
identification step 102 may be carried out in a number of ways. For example,
the part may have a part identification number on it which may be manually
input to the packaging system controller 16 via the input peripheral 20 such as
by typing the part number into the system using a keyboard or keypad.

30 Alternatively, a pull-down menu illustrated on the output peripheral 18 (e.g., the
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Instructions within the RAM 60, retrieves a packagi ng control nethodol ogy
whi ch includes a predeterm ned set of packaging instructions which are
associ at eqyylohRRedehe 1 dentified part as step 104. The data usRensoshgsosi eved
from 25 an assocl ated nenory such as the hard drive 78 or a data recording
medi umin the disk drive 72 or the network drive. For exanple, the

I nstructions may be stored on the hard drive 78 or on a CD ROMin the

di sk dri veomputedtiisplay) mayass acoessediusing arhotse bs the iRitgséripheral@d) 50
retrieves the packagi ng i nstructions associated with the part at step
104. The pull-down menu may include a list of all the known parts which have

up tabl o BrSGHAER s of predaeinERataskA T nSturtdin e RRcSABIG i nod
packagi ngsygtehi ¥g.! %Ieéﬁhéﬂ@‘pa’h Rkibed in &3 Buldblvn MBRE using thed to an

address space which’contains the packaging instructions assoctated with the
5 part nmoduse, thehpartito becpackaging istidenlifiecksses correspondl ng to the

"t Foati ons” i it Aot siSiabia et aRtan s hehat i Bedsicioesd,

i nstruct

natruot | b Ty Egﬁ{eﬁfe%l?"@‘p*réﬂz%f?%@g%ﬁ'%'ﬁﬂﬁﬁ@%?Efeﬁ?ﬁ*@‘%ﬂgg 1
used to baem&nate@ablawmquﬁsepépemmkwsmgtmpanenkmgmtm devitem and

may include, for exanple, a packer, a custoner, a_ user supervi sor,

etc. such as arhar ¢pde wdﬁM§ videoimanitaravithaptical rcéamet [Rqesaition. ng

ot or 1 B L APAAGHHE: ShefibiveTneirba, B i §§héﬁé5#9q%?v5*ﬁ%3§%éagb??at e

anmount  of nﬁév@mhacfoﬁpéca‘wuﬁg aua;d §ignais arkd heepant ATMEDE @ntdred RXriEelisg | N
the preferred enbodi nent of the preéesent I nvention, the packaglng

mat eri al glmtdrthemamaumbea mtoﬁhemcrqphmw@frtbecpackagmgrwst\eme10 | o suehy a
case, the contr i nstr ct i on he cont,rol |l er 14% cht how

many cushPdfSRy HL‘C'PB BPSJEE%W?% ﬂﬁﬂﬁ%ﬁ‘ﬂ? $pHNdspD ?ﬁ‘é‘ Qper
l'ength fog, 1{@?3 BOAWIREH iddrtifiesdRE paft JsiAY GBI ﬂeeogﬁmsh té@l?fgl aé& ‘F'o'r' be 20

produced. ore the retrieved packaging i nstrlctions om the CPU 50
will 15 pxample themichephone maly receivedhe achasficsoundsandicopvedthe or at
step 108 gfourfclig w(tg analog signals and then transmit the data to the CPU 50 which
converts the audio data into digital data using, for example, an A/D converter.
Lastly, although a few methods of identifying the part 102 are described above,
it should be understood that other methods exist for identifying the part and
20 each is contemplated as falling within the scope of the present invention.
Once the part is entered, the CPU 50, according to the programmed-
instructions within the RAM 60, retrieves a packaging control methodology
which includes a predetermined set of packaging instructions which are
associated with the identified part as step 104. The data used is retrieved from
25 an associated memory such as the hard drive 78 or a data recording medium in
the disk drive 72 or the network drive. For example, the instructions may be
stored on the hard drive 78 or on a CD ROM in the disk drive 72. Upon
identifying the part to be packaged, the CPU 50 retrieves the packaging

instructions associated with the part at step 104.
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4. The CPU 50 al so sends the instructions directed to the
operator to the out put peripheral 18 (preferably a conputer display) to
provi de step by step 25 explanatory instructions at step 110_t0 t hat
t he packagMfQoHE663 | al generated by the generator 12 is ’5?88&%7@%%3%
I n packagi ng the part and that the part is béing packaged in the proper
container. Preferably, the instructions consi st of text and graphics

data which are ys | : . i 18 and
ther eby provi e Srv e Tpiograt the ehbscil iblition, siER o Tieel Wobk-

i nst ruct | aStable oraidlgehniio &ehrch engink 40 setricee the breddtbpmipiedy i ded in a

- 24- sequence which correspond to the order in which the
pﬁckagi ng packaging !nsyudlongehb§mfha.f?1¢ﬂ'\9ﬁog§¢h pag nunebeyris sigddatatli ment  of
e b o oA A8 wic BRI o PR R ORL ASSRAR i e o
| ncl udeg Vi glap nafhe?! THCPLASH AudiRg tﬁéladéresasgear@gfmﬁéihgqatthe Bddredyy form
of packagi'ng 1 nstructions is contenhplated as falling"™wthin the scope
of the pr espaue, retvienes tive instructions and dissriminates whichdnstiuctiansi paftgiate t o be

Kk d ' h ' f cushi oni be, d, i
angt he. ofbabkagings mayaRalgsnierstor soptol B Uctans and Siet ais FUSRGEPNE ons
Wh' h i . . L i o 1 12n
Cushi on neoRA Tkl BelLioNt. 'hbco IR inGhredht HABRIGH tietein, ©

text ual expperatorol Wediovbroadismheahanydhe atdrfacing witle the packaging kage t he
part wll be provided on the display 18. Once the operator takes t he
12" pado tsustemsandmaygnelideefarexamplena packer, agusterser,RUseidi ti on

(pref erabl%%é%rlro%gh yse of a sensor) and then automatically generates the
next 15 p {4 'leé *pad) according to the predeterm ned packagi ng

i nstructions, Wrht€PU 50PsénddtheCinbtriuctions! difddtéd to\phbkAFIAg Matarang text is
provi ded on the display 18 to illustrate how to properly utilize the
gener at ed generaterstantrol § the conisollarcidnef thedackaging malerial ggneratobp tat or

the |l ast pad.i s, produced. b e cushi oni ng _conversion . chine, 12 with
its associ '&Eq?ae i"g%gpﬂﬁﬁqlﬂ%ogc}ﬁetarp@rﬂ?'é’u f‘é@"‘?‘ﬂ“i %Iafé:g?gﬂg 'Hg%’ta& LY ol et e
the pa%agbﬂ?é?rsaﬁﬁéﬁce?%?%ﬂaﬁi?lé Yin thé BreéfeREAEmbOSIRRINt O tiRNprEseRt - that
t he proper packaging contalner and the proper amount of packagi ng

mat eri al i investion, thetpeckagirngamaterial igeasratdehRiis asatishinning convefdioni on, t he

machine. In such a case, the control instructions to the controller 14 wili dictate

how many cushioning pads to produce to properly package the part, the proper
length for each pad and the order or sequence in which the pads will be

20 produced. Therefore the retrieved packaging instructions from the CPU 50 will
provide for the control of the packaging material generator at step 108 of Figure
4.

The CPU 50 also sends the instructions directed to the operator to the

output peripheral 18 (preferably a computer display) to provide step by step

25 explanatory instructions at step 110 to ensure that the packaging material
generated by the generator 12 is properly used in packaging the part and that
the part is being packaged in the proper container. Preferably, the instructions
consist of text and graphics data which are used by the CPU 50 to drive the
output peripheral 18 and thereby provide pictorial outputs with accompanying

30 textual instructions. In addition, the instructions are preferably provided in a
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packagi ng system 10 provi des the proper anount of packaging material in the
proper sequence and provides guidance in the packaging of a part within the

25 proper ‘?Wk&gr to ensure that the_part is efficiently Wﬂlsgg
I ndependenty 0 t he experienced | evel of the operator. Furthernore,
t he present invention results in the elimnation of waste packagi ng
mat eri al, enabl es packagi ng consi stency and reduces packagi ng damage.

I n the abgequeieééWiich BoREsHoRd tthecorter irfWhlth e pdikagify Hiatérialgs t he 30
packagi ng materi al generator 12. Although a cushi oni ng conversion nmachi ne
IS generated. Although the preferred embodiment of-thg-present invention used in

e S ARk AR R o B e 7
mat eri al %&Fégt@riﬁsﬁﬁctgiurﬁg@%?%& further indludé wmga/g?anato dtasbAtHY S

and/ or sers, e-wWwap generators a | spensers, alr pad
machi ness, packdgingfinsiructions: aAny forfreofjpackaging instrustiors! isecontemplatedArs/ t ype
of packagi mat er.i al eperat or apd/ or . di spenser is contenplated as
falling vvlf?rH T‘Q“{'ﬁ‘é" g’?ﬁ)ﬁﬁofbg0P presept IVEAtOR-nyention. In addition, in the
above exanpl e, ' | g ' r lJuded to
i denti fyi ng thd Hﬁ%@%ﬁg’%@ﬁb@aﬂ% %’?zltaﬁ?E%rpaa"#ag%%\?vé&'m'é%g‘%?ﬂ?‘?&zéﬂﬁ]e
gener at ed cﬂéhi@m‘hglﬁad@w bedjerierateddl lengths &F 12" f 18'ami1 5", réSpedtivendhegi ng
instructions may, however, 1nclude additional instructions such as

speci f yi ngpaskrging: inpteuctionsawhichi arg retligyedrbystbgl @PU G0 wilkrasyltdn@si ng t he
contai ner, how to sgal,Ah ont aj i .t t hef,. document ati on
Toto o agheralich AE4 13 BRsARAE B Wi olatical iisrdiBhatn AR g | abe
to use. | mccompHifyirg xtudliek R8N SThow' i3 1SE tHe 12" PaY th PFd,

pre- packagi ng instructions 15 such as instructions relating to'the

sel ect i on pactagedbe pant will hehprovidgsbon the displayal ieOncettbe operator takes | n

dditi to t f f Fi 4, th th 0 | sq..J ncl ud
revi w1 die 128 page g Fusiaing Edrve sioh Pladingyd deleuS e faRiton t o he
Kaned P P .
P ckag ng (Rrefefaty Bfoliahthel o Serth) afd thér Suldmattall Honefifes thahext
104), tse padlthe 182 pad) abeording tethespredetermined padkaging insthections pwhile

peri pheral 18 which allows the operator, to .. viewthe jdeptified part and
al | the st®gEsnhical iilustratipnwith aeeqmpanyng texids prayide ondhe dlisplay 1%&9
preview f qiidiffte HowPiSpfdpRr@Ritlizt Me benYRited HalihH38Y, Sftel'fl dd¥Bnd pad
is taken by the operator, the last pad is produced by the cushioning conversion
machine 12 with its associated instructions on the display to illustrate how to
20 complete the packaging process. Consequently, the present invention ensures
that the proper packaging container and the proper amount of packaging
material is used in the packaging of an identified part. In addition, the
packaging system 10 provides the proper amount of packaging material in the
proper sequence and provides guidance in the packaging of a part within the
25 proper container to ensure that the part is efficiently packaged independently of
the experienced level of the operator. Furthermore, the present invention
results in the elimination of waste packaging material, enables packaging
consistency and reduces packaging damage.
In the above example, a cushioning conversion machine was used as the
30 packaging material generator 12. Although a cushioning conversion machine is
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proper part has been identified at step 114. For exanple, if after
review ng the 25 di splay packaging preview at step 112 the operator

determ nes_that the wong part has been identified (i.e., th

i dent i fi caVPIR56Mber was incorrectly -~  entered, etc.), tﬁgﬂﬁgp’i{as% can
return to the beginning of the nethod 100 and repeat the step of

i dentifying the part to be packaged at step 102 (i.e., re-enter t he

ifying the | ( . . the
her cby. ouar i el pintiicifien) pr HRIFISEN VKGRI RACRARR, 7™ ™

t hrough usgstem 10 may also be used in conjunction with other types of packaging
of the preview screen that the identified part is the correct part at step

114, the Materiaganeratess o Aispenssrs s¥chias sytofoamaaanut geaermtersard/ar ned

for tho pdEREhBers. bubBRKPAD bBheffors arilte flspBhass! BiriiRAcings iy o
Fi gur es5 filkgehbtitbrsiecd, hintefigidtfeddeis) étc:’imt?bé@)ﬁpﬁcﬁaging mateeap! ary

enbodi ment of the preview display feature shown I n Figures ba -6c¢c and

in the flgeneraior and/oFdippenser isrcaptemplated asdallingavithiathe scope of thecr een on
th t put ,pheral 1§. FH .6 ferably includ W ndgws -1
d tirf’z%p“pre"ﬁ%%{t ieinfions do adeffiang in heabove Exatple e BRSFoitin PaitoS ..

| € DOX 3 § er
packagi ngoﬁgt% al ne?ye\kﬁéﬁ)!'@ﬂéd%%tmggﬁg tgge'{‘%ec i genq ??‘:‘tgg‘ég??‘ td.%%e
i nt er f acetd atiliZethetgenerated packaging maderial to phek thaidentifiedpart.aTheer to

2 kAo e SRR AR e
o502 “Spaing DSt bl wbb AR T gl 1T 1

for each ep ep ntifrer
packagi ngcontaiérahowtolstal titke obntairer UsHip theatapendhetterdibcumensthtion € ®at es
t he nunber of pads required to conplete the identified step, and a

packagi ngbe included within thecenfainesand what type of faaifing iabielde useo I ncl udes a

preview a n s ' I . . lew ng the
previ ew wgﬁgg@ﬂig'& p?%k%ﬂg%tﬂ:@ﬁf)ﬁgﬁ%@c%% ‘%&{aﬁﬁi @gfrygﬁéﬁsar e
correcfs (sdek aptingtredtionsireldting tbrthée Sefection dridrection of the proper Once the
part to be packaged is entered, however, the CPU 50 retrieves t he

packagi ngcPntainercetsns and i nputs the various pieces of data onto the
oo oS, 37 AAAlgR 16'AY SatlRe bF FighRe W fhd HRAd 168 aRb hbiGde o
preview feature, as illustrated in Figure 5. Once the known part to be packaged
is identified (step 102) and the CPU 50 retrieves the packaging control
20 methodology (i.e., the packaging instructions, step 104), the CPU 50 sends the
packaging preview data to the output peripheral 18 which allows the operator to
view the identified part and all the steps involved in the packaging process at
step 112. The preview feature allows the operator to verify whether or not the
proper part has been identified at step 114. For example, if after reviewing the
25 display packaging preview at step 112 the operator determines that the wrong
part has been identified (i.e., the part identification number was incorrectly
entered, efc.), the operator can return to the beginning of the method 100 and
repeat the step of identifying the part to be packaged at step 102 (i.e., re-enter
the part identification number) prior to generating any packaging material,

s0 thereby avoiding potential waste. if, however, the operator verifies through use
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25 the box nunmber wi ndow 126 and the nanme of the part in the part title box
124. Preferably, the nunber of parts to be packaged is manually i nput
into the 28, however, the present invention nmay aut do8A 1408
receive 358 %&5gg}mhen readlng the part identification nunber or,
alternatively, an order, job or |ot nunber. In addition, the preV|em10t
t he packagi ng nmethodol ogy for the identified 30 part is dlsplayed by the

CPU 50 i nof fife ptdm»vs&:?ééﬁ fhat tise identifibd partis thé eorreet part at step 114, the
-27- One manner of identifying the part to be packaged

i s sinpl ymﬁthed 199 candinues ang thei GBL: 50 seads the piadetermined insteuctionsda 122.

11 st rat 08 Eon@Pfar B afs Wplal 18 eyt o ol g s BPRadindididfe. - doun

menu. A ugfdntifiey pdien sel ect the proper part fromb5 all the known parts
whi ch are Ilsted W thin the system 10. Once sel ected, the CPU 50
retrieses the gheduethod 180 of kigurgisnis musttatedmgaaa@tecdeﬁadcaomrmngne an

e el Ao dFodhd e hos iy i e KB 7
the i QﬁhrlH‘iﬁé‘ﬁBﬁ/ ﬁYar’Ple‘Hé%tré?g F‘ugﬁreoéﬁ’é sw(?%ﬁ%](ﬁgplgggc?é‘ér?ﬁbl ng "the

proper 10 option in 't revifew acceptance wn t he

packer setite batpu%wipheralm 8. hRigore 6a preferallytinclodes'arwindowsdypé ltlisplay
packagi ng, system 10 begins the ackﬁ%l ng process by usi nlg the retrieved
packagi ng intafaca d20d1rving agart identifieatiqiawindow, 3222 eartditleemeidd andid and

et rufh S g wirk K26 sa dabighaTheltiabef badatia BAFEAN Fhieh, .. ons

regar di ng cop@spends to tid ldentifitd @:aae nm@m&fm t20 Ifurtméfqhemuéb a Witldow
post - packa%@ng I nstructions such how t o seal the container

and wher e 128 whigh allowsca npeetmmdmagw many (oﬁttl@Jem&dmrtsmg to be

|
1507Fe" | | PabkpafRanis BRGAY vlodBly el b Thlaedtes amrBleh SERE T onerar b
di spl ays %cﬁag?‘zggﬁgcééé’ lhashcisted with the idendnd baft. "Phe Pravidw windowetatp! e,

two graphi cal regions 146a and 146b and a text expl anation
r egi onisl4dncludés, for epth steép incthieqrackaging pmmte&d,ﬁa)stapyldenhﬁ&rsﬁ% &ne or nore

a1 Sl it e i il e
used tO Sefiidh n%?ogé eﬁ%ﬁ%%nﬂﬂéﬁe ffktnaéﬁtlﬁé?ﬁstéﬁ' 5hl Sp&ckdging'e’ - The

text expl anat e
illustration box 132d. Lastly, the interface 120 includes a preview acceptance

window 134 which allows a user, after reviewing the preview window 130, to
20 verify that the packaging instructions are correct (*Accept”) or exit the process
(“Exit").

Once the part to be packaged is entered, however, the CPU 50 retrieves
the packaging instructions and inputs the various pieces of data onto the screen
as shown in Figure 6a such as the identification of the packaging container and

25 the box number window 126 and the name of the part in the part title box 124.
Preferably, the number of parts to be packaged is manually input into the box
128, however, the present invention may automatically receive such data when
reading the part identification number or, alternatively, an order, job or lot
number. In addition, the preview of the packaging methodology for the identified

30 part is displayed by the CPU 50 in the window 130 for verification by the user.
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preferably identifies which step within the packagi ng process is being
execut ed, whi ch pad for the step is being illustrated (when nmultiple

pads are ' d for a single-step), and the |l ength bei ng
pr oduced. Qﬁﬁ%@?ﬁ on, the wi ndow 146¢ may i ncl ude furt%&ﬁ‘@%fjﬁs

instructions to further aid the operator in 30 the packagi ng of the
identified part. Lastly, the packagi ng di splay w ndow 144

_og. . ) L . : . | ows
the user to st S fTEANERGTIdbAtRARY the b3l 1ot packagends Sl britahifg the |
conpl et edpart identification frurhiberinty the Window 123 Witednatively, onehay aldd usees

text and graphics to comruni cat e d explaip, the Backagi ng step to the
oper at or . 3RYAMR Meny usinga mma&%ﬁgﬁ inEiguse §byhy sP[P'l?'PQEPPiaRQ ude

V150  andleh RN 118y rerh L SASIAR oy SRR AR R

n e
I nclude a"video | g i packagl ng proce

audi o isnsthll#isé kaown partewhivh aredistéd within thessystem 10.00hee Wetscted theat es the
stop/finish region 148, the CPU 50 returns the operator to a display

wi ndow 1264} 50 retrievesrthgpredetermined packaging éengtions associatediwith the
illustrati he steps involved | rqvl.di t retrije ackagin
: ns'tJ ructi %&"ﬁﬁé’ﬂf {%Bg‘l @\rédn\ém&gg%t ﬁﬁ'ﬁ%&gﬁ&' ﬁ’é%’??'é'”"\é%)g%}ér g![ o? 12

and 10 1 hpopHiafied i hiritdisiis 1245126 aRBOMIOICThe Dbt idfythén vEfy (HE 50

begins at 'the first part to be packaged at step 150 In sone cases, instead

of si npl y insinictighs byevaluating ther previewwindow 1130aind skdeclingatheopraperwi | | need
to be 15 paﬁkaqe (see.wi ndow 128 of, Fi allfjﬁ 6a). The present invention
cont enff aOREON N the Braview AccRRIANGEWIDAOW 134.ci t her a single or multiple

parts to be pa desy ; QW S t he
first step of mg%cﬁ(k%g Fﬁ{fdw%éé?ée@hﬁﬁg‘é%igﬁéﬁ%élt ‘g'g???' tié
provi di ng pabkagiaglsysterg 10s¢gins the packaging iprocess by usingsthepetrievede

packagi ng process at step 154. As illustrated in Figure 6a, for 20 exanpl e,

the first PRckpoingyinstrctians torontel the gackaging matedalgenaratari? and engt h

Pt °7 Lnilofia@dhe dMaPrifiRHohd Subh s privibitf PREIARS fitiicfighs °© 1 M
conj ungd i @dchidsithe selddtion of the propepositainerdinstratlions reyarding Hdweteut put

peripheral 18 to the operator, | the CPU 50 transmts the appropriate
control siujlize the generated packaging matesial, anshpost-pepkagingjpatruetions such

ener at i ngARHLES R Se sy ehRRER R bl 1o birld 1% fmpinted bABka.,

(steps 108 and 110, respectively). One exemplary display instruction
corresponding to step 110 is illustrated in Figure 6c. In Figure 6c¢, the output

20 peripheral 18 displays an enlarged packaging display window 144 having, for
example, two graphical display regions 146a and 146b and a text explanation
region 146c. The graphical regions 146a and 146b may consist of one or more
pictures and/or textual annotations which illustrate how the packaging material
which is produced by the packaging material generator 12 is used to secure the

25 identified part within the selected container. The text explanation window 146¢
preferably identifies which step within the packaging process is being executed,
which pad for the step is being illustrated (when multiple pads are being used
for a single step), and the length of the pad being produced. In addition, the
window 148c may include further text instructions to further aid the operator in

30 the packaging of the identified part. Lastly, the packaging display window 144
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the CPU 50 determ nes whether all the steps are conplete at step 158. Since
t he packagi ng process for the part in this particul ar exanpl e incl udes

t hree %g@%ests% packagi ng steps, the nmethod proceeds to sSpepukosi1idher e
t he CPU 50 Increnments to the next step of the packaging process (i.e.,

step 2). :
In the second step of the packagi ng process, the CPU 50 provides the

packagi ng inghidedd s@pHirish fikdtionaregivh P& Wwhidh allews fielusésto dtbptheat ed in
Fi gure 6a, the second step may include the form ng of a single pad

havi ng a | pragess oF indicatecthat theopackaging atep ipicomplgtedie coil in the box so

that it al ' t h 5. g f .th t t Kk d Wt hi

the cont ai ner . PrEEEARY-18 RAFkagiTy disbiRyfinnhy 1 4E Lies Rt Anl ¥raBRIE S ons
; B _ . !

to the out pylRRitRBSHR e tragfqﬁgrﬁid}fagﬁg ste tt?gfgé iSEbFatbheAftéﬁi el the

control signals to the co n-ste accordance wth the
packagi Bg packaging irnstructiong enay further fireclage video and/or audioedatagindy nat eri al

L0 50T ks 5 Haechind e SR el s ks g™
e SR 550 sl P ok e B iy g

respect i veptherwise activates tNe stopffinisitragidreti 48 thef CRU 50 retaenstiepopettater CPU
50 determ nes that the 15 steps are conpleted at step 158 and then the

packagi ng to adlisplay windowt120 simiar ta Eiguse 6gart i s conpl eted and the net hod

ti t t 6 ' h . U5 i . A th t
Chat neBd to beAdctaten ioH et ilfiating fres3bs TN it Prayiibg e | ', Bhmi
to be packpgfidved bﬁcﬁ&éiggqnﬁﬂmtidﬁﬁé(fs‘tép% 1088nd 440) to tlﬁ‘ﬂaé@?hﬁ%&@ﬁal

increments to the next™ part and again begins the pack.ag__lfng 0 g_rocess step
at step 15genefatat 12 and tpdhe outputiperipheral kBisgprovidedin dtigarea. JheCPU 162,

t he CPU 50 nti,nues. . to.stie 66 and.the ckagi rocess is .

ool ot g, 50 begine S theyarst BBet S berirsadBat &4 150, 18 BB eishs. instend

nst g : . . ) o
hasoci at eqoppIf BackagRigts inplé fart, #RIARYYE ideHdap baE Wi HBLatS pal!l < 15
i nst r ucisi opackéged (seeewirtlow ¢28 of Figurb6a) hdheriresént inventipo contenplates
identification of the part to hbe p ot h control

1 of | é I ackaged .i.ncl ude
i nst ruct i oREOVIdingdRstruttionsdop githek a sinala of H&leemsﬁ%gbbe packaged, as

may be desired. The CPU 50 then begins at the first step of the packaging
process (step 152) where it begins providing the packaging instructions for the
first step in the packaging process at step 154. As illustrated in Figure 6a, for

20 example, the first step may include the forming of a single pad having a length
of 80" into a coil and placing the coil in the packaging container so that it
underlies the part to be packaged within the container. In conjunction with
providing the packaging instructions on the output peripheral 18 to the opegratof,
the CPU 50 transmits the appropriate control signals to the controller 14 at step

25 156 to generate the appropriate packaging material to complete the first step,
that is, generating a pad having a length of 60". After completing the first step,
the CPU 50 determines whether all the steps are complete at step 158. Since
the packaging process for the part in this particular example includes three
separate packaging steps, the method proceeds to step 160 where the CPU 50

30 increments to the next step of the packaging process (i.e., step 2).
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material generator 12 and operator instructions to help the operator
properly use the generated packing material so as to efficiently
package the part within the 30 specified container.

- 30- WO 98/56663 In addition to the above packagi ng iTfSYYSPEMAI¥Es,
t he packagi ng instructions may further include packaging nmateri al
mani pul ati on instructions whi ch provide control functions in addition

mter s al man pulhiRseqine S6E 8 packadRbHroBoes The HOEY frovidts 88710, 0°
a col | er tgatiiding instlttionsrier gRfsedtrkf stspatists 154, AW iideteatddin Figere

packagi ng nateri generator 12 and forma coil with the pad for use in
packagi ng 6agthesseconid step may include thenfprming ef asingle pad having a length of

Al ternativghy, .the ni pul ation i nsfructi.ons ct, vat . pi ck-and- pl ace
appar at us Eb @?@&%'@J)Bk%ﬂ ?‘@E’“SL@‘&%?%E‘@'ﬁ%‘é‘ﬁ&ﬁﬁgeﬁmﬁaf and 10
pl ace it i ; | ' it d @y . I n yet
anot her tsaI P Ee’ﬁ'no?l‘t ngﬁ@%g%@gﬁa gout orrgi[e e%&gglg\%?néﬁ%ggﬂgﬁﬁ g‘rﬁ%ﬁh as a
pi ck- and- psendingithepeckaging instractians to thedutpaeperipheral, $8 diner@RUEO used i n
conjunction with an operatoQr to i I Vit

rove th d th Ki
station. trangmitsdbe raparemater@ntggéwé@#%wef&\pﬁ&%ﬁﬁ"ekJéﬁagéﬁ%ags %ﬁt 'rg?

functional | : | ' mat eri al
rani pul at i BRevefn it 8 Babkdting HRtAER: £ pchbrdid e BpRRrRAS ™D 7 7o,
i nstruct i opackaying/matebial tocompiate the seoohdistep: oAftenpdmplatingthé second
within the scope of the present invention. Like t he packagi

i nst r uctoi oftep, the GRI B8magajn determines whatbern all thenstepsare @ngtleg?%t step

PG 50" 1t hen B aings fe BAERAYRR Tottdd st B chiite ! 1 riethéy KBnfifoe v
properly ety $60 and again provides Waﬁﬂa@iﬁp’iﬁﬂnfét?!ﬂ&%t%teﬁs i5aundhess, i s

di scl osed which illustrates an exenpl ary fl ow di agram by which the CPU
50 retrieveaspeativelyckagi ng i nstructions which include the packagi ng

man putat i on | nditiesdhe sRavRIGon 8F B Bitfeisiertdie s 4SRRIk,
additio lts.f‘?r?a?@ c&rﬂpﬁaftéqa%féms haHtRer the bHé%%@ﬁQ%r@céBﬁﬁ?%éﬁo by

whi ch addi contro unctronality 1s provid using the retrieved
packagi ng particuiat partis completedhandeherhethod cantidues de step 162owhetein the

L:tc ngégs aﬂ?g épcgt?&?ega\%hg&e‘r%ﬁltt;\gcgaln%ntﬁamégg t %gpeasﬁgagdta?etc%?nﬁg{et. i be
additional parts still remain to be packaged, the method continues to step 164
and the CPU 50 increments to the next part and again begins the packaging

20 process step at step 152. If all the parts to be packaged are completed at step
162, the CPU 50 continues to step 166 and the packaging process is
completed.

As stated above, the CPU 50 retrieves packaging instructions which
constitute a packaging control methodology which is associated with the

25 identified part to be packaged. The packaging instructions which are retrieved
by the CPU 50 in response to the identification of the part to be packaged
include both control instructions to control the operation of the packaging
material generator 12 and operator instructions to help the operator properly use
the generated packing material so as to efficiently package the part within the

30 specified container.
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the control instructions to the packaging nmaterial generator 12 at step
108. The 30 packagi ng instructions al so include the packaging nmateri al

mani pul at i ) -31- .
|nstruct|o(r)1§'°9£{563 ep 172, the CPU 50 queries whether the natgqléjlsg%]is%% S
bei ng generated by the packagi ng material generator 12 is to be coiled. If

t he packagi ng instructions indicate that the packaging material is to
be coiled (YES) |n additionttd) the'aboVdl gatKagirl iﬁ%{m gjé%h; the
packagi ng materi al generator 12, is 5 ctdljvate é??g 58' d the

gener at ed nstkiotiong rmy further inclade mckaglalghaterral manipulatiorl dnsteuctions t he
ackagi ng i structl ed at usi n the coil er
gppar atus Weh pf%‘" HQF thfcé'F'PbO'&%Hb?‘i‘g‘?EB Jf? ﬁ@e gee @é!wfrmpmatmagmg
ener at or t C W
gepend upor'lTl attﬁgé{:oﬁ?rr@%rﬂg'e gﬁ'gétqlﬁ%%t%ﬁglcmé ég%ﬁdrfﬁﬁt@@@éﬁﬁ;g&kagl ng
mat eri als i include instruations €o amtivétetd coiler tb take pyushivning padwhich)hds¥éemnd

utilize the coil t he packagi ng of the part at step 178. In another
case, the 5‘2&&\@416\/ mpaelaagteamatenamneratqru@eand forza Ac¢ail with $he padi ons

T80 The cdoh SesrTRETKERHY HeCPg st Mo BRORIN Brnidther vni ch i fows

the pi ck-and- pl ¥ierpatveigitie man“pamuohhﬁste@cttio?fé AagRbvae ma(.aaa plake 15

automatically place it wthin the packagi ng contai ner.
Al ternat i vapparatus 4o eﬁeewaieantamor)‘ngstgm tostakea generaiedmmd ancht ai n any

R Ot B S A hdholnd cORBHE WithdiR 148 Heafl ARt badiater Bt abl o to
t he oper at @hoftdr alternath éﬂa%&‘ﬁéﬂt Hh ét%rdéiéﬂ afck M@Eﬁaﬁfsn?%ﬁ@g 185

Al ternatively, however, packagi ng | nst t1rdns may 1 nc control
i nst ruct i opick-and-piace apparatusya robob opagad msertmmsydtememayrlm asedirf or use

oi ck- ang- p PEDETSHAS WA &1 Qp@rtor o Frrbie o produtiity o the packing ddtien.
detail bel t I
agpglr at ug g\\ggog (r:‘oar%?“rl]gg OEéE% 2%?d laedsen%ﬁarﬁ%n P%ﬁﬁsq?ﬁbeé%ﬁlﬁgyaligo may be

physi cais y peovidetias tvo examples Hopthelmckagmg)ma@eﬁaloﬂanmlatm ihgtriefdng,t s
strated in Figure 9b. The coiler 250 i ncludes a

&Uts thLeng Pa JJD@EP%@@%@ w%tpf'abmaalmtt%mgtryﬁtl@m may alsodeninslutiedn
e ) 1Al AN ARAE W o BT 55 2B ok B! R R ke e
in the packaging instructions, the packaging material manipulation instructions are
predetermined and are associated with the particular part to be packaged and
20 therefore are retrieved by the CPU 50 after the part has been properly entered.
Turning now to Figure 8, a flow chart is disclosed which illustrates an
exemplary flow diagram by which the CPU 50 retrieves the packaging
instructions which include the packaging material manipulation instructions and
how the packaging material manipulation instructions are utilized by the system
25 in providing additional control functionality. Figure 8 illustrates a method 170 by
which additional control functionality is provided using the retrieved packaging
instructions from the CPU 50. As discussed, the CPU 50 retrieves the
packaging instructions which correspond to the part to be packaged and sends
the control instructions to the packaging material generator 12 at step 108. The

30 packaging instructions also include the packaging materiai manipulation
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30 Figure 9b, to allow the coiler 250 to be noved into an out of the outlet
pad fl ow - 32-

path as maybe desired. A rotating nechanism 254 is rotatably nount ed to t he
frame 252WO9%366630out | et pad feed path in a first position, é

frame 252 I's nmoved fromthis operating position, the rotatlng rrechanlsm
254 is no | onger aligned with the outlet 42, and the cushi oning

ot ati no e ACStEPLI 12 e S SR whoel e Hsoamticn's T
0o U9eS Beifd BhbRéte awme%délaghq fiiatbiid) detidraor 2 is ¢ bl QUlietCIf i coi !l er

250. A ture eV| ce t ached rotates wth the shaft,
and a pomckagmg:mstructldl%mchcatedhaﬁihe pankagmgamahgﬂalhsts befdolledWEﬁ)x at | ng

3?2&?2?&%& amwhich & Sstonalt puties fo the Rbging fratenal gatarator 12, '”ha
T

shat ¢ 5y ACHRA BEetBOr7Pand sﬁ*;é’énéﬁ@? Wséé‘ﬁ"éﬁﬁa%@ T Eﬂé #ﬁhgt )
conver si caccordamm'chethé Packagingapstroctiohy i eoiRiDat ﬂeﬁeﬂ&ﬂadgtthe cofénir e

the | eading end of 15 the strip of cushioning when the coiler 250 is in a
ready-to annaratusrmh\chdﬁfunwgnally couplest tothePackpaincmatenal geregatoc| udes a

Cner o r orktchfeifdisofec 2 Sion, 118, twp oy ERsf WHIEh 2p3Aa listiie i

rot at abl Vingiristdhs?Vin dritecadefthe cbiled wugmgrmataraw iSfmply enade

symmetrical | ositioned to extend fromthe hub into the outl et pad feed
pat h. 120 availableptathe oparatardoraanually @kg@ndaumnzedaemtlsn the packagingrofve a

L oauet the B e s@p A O SRoheY 680 thibatketiNg Pl Bids fltfr e o)
When t he &dpitrdt Wnﬁﬁﬂ:ﬂbﬁs hWhieh initiateS® kktﬂ'ld;-ﬂldcecffm‘gtdé éﬁparétﬂg foppture

menbers 262 of e capture device 2 are n a plane which is
per pendi omtampleoahstepam ifhercmntrol instrictiops dictale a cehtrohioutjneswhichal as it
Is emtte fro t he cushionin er5|o

| eadi ng ckandsplgre tﬁ?%g'g 'Pﬁq pa%}%’nig?qt,gggtﬁl %’P@
L rﬁﬁ&ﬁiﬁg@ﬁfgﬁé@ﬁﬁg&t@@%@&%ﬁ@ i b
t he r emai nNAlgrnativelyp ifatstep HZ2the mckagmgein@tuudt&ﬂmtdmneacmtam any
control signals requiring the generated packaging material to be coiled (NO), the
generated packaging material may simply be made available to the operator for
use in packaging the identified part at step 182. Alternatively, however, the
20 packaging instructions may include control instructions for the initiation of a pick-
and-place apparatus for use in an automated packaging routine at step 184.
An exemplary coiler and pick-and-place apparatus are illustrated and described
in greater detail below. .
Figure 9a illustrates an exemplary coiling apparatus 250 according to the
25 present invention. The coiler 250 may be physically attached to the cushioning
conversion machine 12 near its outlet 42, as illustrated in Figure 9b. The coiler
250 includes a U-shaped frame 252 securely attached to the cushioning
conversion machine 12 via a bolt assembly 253. Preferably, the coiler 250 is
pivotally mounted to the cushioning conversion machine 12, as illustrated in
30 Figure 9b, to allow the coiler 250 to be moved into an out of the outlet pad flow
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- 33- The power source 268 for driving or rotating the
shaft is nounted on the support panel on the side facing away fromthe

outlet 42 ushi oni ng conversion machine 12. The p r 268
is prefer ag‘h&@&ﬁé’t or, nore preferably an el ectric not or?&ﬂ@%@gmre
preferably a | ow speed DC torque 5 notor. The power source 268 having an
adj ustable current [imt is preferable because the notor torque is

proport | ofith 8 HRYBE deslred ! rthiid RechBRidh 26311 rotatabll thbuh@a¥pigha! | v an

adj ust abl e torque Setting to contro e tightness o spirallcoil.

Not e t hat frtame 232.intthé loutieb pad desd patmin afiystposition: apdashen the frame 252
control of the packrz’iéibng systemcontroller 16 and thus ma roduce
|

spi r al / coil$ Mayeddremdghisseperating; nasitian, the sotating mechan ischejangercs in

accor dancey; : C ' ' Bt tihvel a

fluid- powg rh%%gr‘@g?m% %“‘i@‘p%?ﬁé‘bmh@fjﬁ@?méﬁﬁ &%’c&\'ﬁe ﬁﬁﬂ]@)’ PEnt may
al so bes utyseidagithouttheltoilepR600N is to I ncorporate a slip clutch into
the drive to maintain a constant coiling tension on the strip of the

cushi oni ng pr odlhg rotating mechanismg 254; is#otatablyrmouniedi toithedramei262 and a

t api deyj t f . [ t . the trajli d
of "the st ieieS A roRid s ol igRhE e oldirefar s iegier 550 Arey be
desi gned feaptifedilics! 26098 attaehed té BAdraffledWith the R And™ aS%?EEPPée the

tape on the coil, however, an autonatic taping device I ST possi ble wth,
and is cor268nisiprovidedyfor ratating the shaftn Tiet rotating’shaft extendscthrough ani | of

. Dot oRRRNNY oASLRROGHRNE) SPPTBISCEN 7 Aeclien whioH fransverse fater se
directi onogg@( EBCfgéH'b%tﬁ.Uppo” panel . This pulling is easily
hed, gsp [

acconplis ecially if the capture nenbers 262 of the capture device

260 are i n Thecaptny deviced260 isdfbidblyattatisedtd they prjectitly engslof thex pl ane
per pendi cular, 25 to the travel path of the strip of cushioning material as

it is eniShedt 214 whereby it isalgned Witiytheoauliat42.ef thecoushioningcanversionl y, an
s 7R ARt i Eabture AL 108 P oniily ¥ AR B ASOR LR
As prevs odhé strip ofcastioningwhen the 6oierR5IRVIA S reaidlydocebilncoridition.CThaes 30 a
controller 14 which controls the operation of the cushioning conversion
illustrated capture device 260 includes a connecting hub and at least two
capture members 262 projecting therefrom. The hub is an elongated rod or bar
attached to, and rotatably driven by, the shaft. The capture members 262 are
symmetrically positioned to extend from the hub into the outlet pad feed path.
20 The capture members 262 are sized and spaced so that they have a length
which is approximately as wide as the strip of cushioning product (i.e., the pad
produced by the cushioning conversion machine). When the coiler 250 is in a
ready-to-coil condition, the capture members 262 of the capture device 260 are
aligned in a plane which is perpendicular to a travel path of the strip of
25 cushioning material as it is emitted from the cushioning conversion machine 12
so that the leading end of the strip of cushioning product will pass between the
capture members 262. When the shaft, and thus the capture members 262, are
rotated, the capture members 262 will capture the end of the strip so that the

remaining portions of the strip may be coiled therearound.
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- 34- machine 12. In addition, the controller 14 also controls
the coiler 250 based on t he packagi ng instructions provided by the
packagi ng system controller 16 of . Figure 1. In one aspect of tﬁﬁ
present i nYQBH5e93 the controller 14 operates in conj uncRGHHSREF8,
strip-production indicator which preferably includes a strip 6 sensing
mechani sm whi ch senses whether a strip of cushioning product is being

emtted fromt f | ond LO: ' nthis
cmbodi ment ¢ hd S e seied 268 for BB RN SHATTRO0NER ofnd |
(not  ghppont panel 68 the shieoficiry away drom tihe Batist 42 ofthie Bustiibaing Whet her
the stripis present at an upstream |l ocation at the outlet 42 and a

downst r eafPRYETSiOEMasHine1 $2.2 The\pawer saurse 268Hspreferably asmoter, morgr esent  at

(oSt 1 eam BOTPIAY 8h et ptor A5 RLFRThore PRIGEBNEA 10 sPBHAC (v si on
machi ng 1ghdtbeeThe pbverddiies 268 Maving 8n Rijistable curfettt linfit R srefsrabley

mounted on the coiler frane 252 and in thi S nmanner, the downst r eam
| ocat i on because thexmaton torques is propostionai 4o Imeior cyrrent] wherehy the cugrent 15

e, U B8 A0S b SRR S B Bt el P b BB
energl zes ts&i?ﬁl/éﬂiﬁ ‘No&%agihe adjé%%lé %I%Hé% ha) alkb b plabbdunder the

sensors (the upstream an wnstream sensors) ‘sense that the strip of

cushi oni ngoptrobiofcthei pagkagimesystem contiollen 16handitinis maynprodade spiralfedilt he
downstream | gcation. This_ensures {hat the 20 | eading end of the strip of
t he cu%hi GANfgurations with diffepntaushipning chameteristicsdnaggordancegviththe apt ur e
device 26 ; s Siri i Qi | nough to
coil . The?’cazgn 'hpﬁé?t}%'@tgécﬁté\}é?g@?hgﬁc‘sjgila Pg{rvgggg&%eéﬁhﬁ%%r&sg‘t‘@eam

sensor sepgqiatdrdbr iorqué adjustmient hfaycalsbibenutilized! insther Bptien isfeger present
(i.e., Its trailing end has passed the upstream|ocation) after a

peri od of inqafporate esliputohdniathedrive tmajntainoa capstant geifingdeasionran t hat
e Lot | s BE d honipa gl =115, Of cushi onina product s ool ed
the cojd i ng apadeaddifer 260 mBY aiftioafly iRclo88id @pinddevicé inot showi®) for
cushi oni ng conversion machine 12 to provide additional manipulati'on control
30 to thesppplying tapertatsacuse the: tralingrenthotthea striptafeusbhioning produet tatheng .
coil. The taping device may be designed for manual dispensing of the tape and
manual placement of the tape on the coil, however, an automatic taping device
is possible with, and is contemplated by, the present invention.

20 When the coil of cushioning product has been completely formed and
possibly taped, it may be removed from the coiler 250 by pulling the coil in a
transverse direction away from the support panel. This pulling is easily
accomplished, especially if the capture members 262 of the capture device 260
are in the ready-to-coil position where they are aligned in a plane perpendicular

25 to the travel path of the strip of cushioning material as it is emitted from the
cushioning conversion machine. Alternatively, an automatic ejection system
(controlled, for example, by the controller 14) is possible with and is
contemplated by the present invention.

As previously discussed, the cushioning conversion machine 12 includes

30 a controller 14 which controls the operation of the cushioning conversion
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-.35- I nstructions by the CPU 50. The operation of a coiling

apparatus is also described in U S. Patent Application Serial No.

60/ 071, 164 entitled " Cushi oni ng Conver si on System and Met hod f%; é\ﬁki ng
a Coi | of ®RAFM+hg Product”, which is incorporated by rF&TRYRAL
herein in its entirety. 5 As di scussed supra, an alternative

packagi ng material mani pul ati on apparatus may include a packagi ng

o k- and- naEARECEP AP aaGHh e GohudiBr 14 166 CAHR AR ddlef pBUiagkn T
i ncl udes tthe paekhigny NStraetivds providedbhithe pbék?ing systerel \Controlien 46 df

pi ck-and-pl ace assenbly 302 having an outfeed ive unit 304 10 which feeds
a gener at Jtiguteshi dniong asnect of the present inventiencthe ceitrollen 1doeperates e

ouffeed drive unit 304 cgntact .produced pad.at the outlet 42 apd pulls
the pad aveBnHgian WER AafprRroguFieh Meicaiie bictPminanblncfisess Shin 306
The conyey g‘ﬁq i 'Wﬂeﬂi’ﬁsa - H rgﬁag - and
a conveioré%neslsﬁ?[@ 06 h%\%%r@w@ggiabg?a pro ucgg pad férH(')dn}??% oulf@(e‘gge('ﬂq ve
15 unit 30emitted fromthecoutlet 42 oftbiedushipning conversicor maehine392b In this | oadi ng

station 07, where a pj ck-and-pl.ac ni 08 is Jocated, as illustrated
in F: gure quPd'ﬂ'Ent» the 5&9@"5’%&%#‘9@@?ng|&“& %Qest&??@rsﬁ'e@gasm'ith gr abs

t he produ%‘?@qo' s Lt ' Enﬁ'ﬁe?ﬁe' FledH G

| b) and rotaté€s qﬂ"eéglrjsrrtl“gég@%ggi er@r‘?ﬁ%@ﬂﬂé v@ﬁglé'csghgé%%l ti oﬂnmgoﬁﬂyfis

i |1 ust r at gsreisenf-apan apsfreanniodatioh &t tes outiet 42 dndtahdowAStreamcstrip sepsopad in
a container (not shown). In addition, the conveyor belt 306b preferably

i ncl udde R2Thwhichsenses whetiwrdheystrip iscpresent at 3 donmstreamjacgtionndhe  hol d

Staging arBeeRAT e Sehad s Snbunte il LR AAREHRN shhd BfePbRBaRBheR, ™
pads _tén e BishishmgednveeSiohtRaskinB! 1Xitdelf. aide HownstRaStripy Sehst? 7. 25
Al ternatively, the pick-and-place system 300 n% i ncl ude a pick-and-

pl aﬁe ugl 1200 & prefexablyy moaunted ondbaicolevirame: 252 andrin shisimanners the t he

pi ck- and-

K dewn B 10k R R U e85 AL RS el S5 BB P '
e SR Ry FSIRUK orectEgRORES MBI 0 copuiRYFALd 00
packagi ng syst ethe @ontrolieel4 attivatestthacoiter 280 (i.e., energizes the motor 268 of
the rotating mechanism 254) when both the sensors (the upstream and
downstream sensors) sense that the strip of cushioning product is present at
both the upstream location and the downstream location. This ensures that the
20 leading end of the strip of the cushioning product is correctly positioned relative
to the capture device 260 and that the strip of cushioning product is long
enough to coil. The controller 14 deactivates the coiler 250 when the upstream
sensor senses that the strip of the cushioning product is no longer present (i.e.,
its trailing end has passed the upstream location) after a period of time
25 corresponding to a time period necessary to ensure that the trailing end portion
of the strip of cushioning product is coiled and a capture device is properly
aligned.
In this manner, the coiling apparatus 250 may operate in conjunction with
the cushioning conversion machine 12 to provide additional manipulation control

30 to the packaging material in accordance with the retrieved packaging

-35-



- 36- to the controller 14 of the cushioning conversion nachine
12. The controller 14 al so controls the notor 304b of the ouffeed drive
unit 304, the conveyor belt 306b of the conveyor system 306 and the

pi ck- and- pvao®seesst 308, respectively. - Oher types of pi ®CTARIBHINEe
type systens are also contenplated by the 5 present invention such as the
one described in U S Patent No. 5,749, 821 entitled "Cushioning

A o e e
e P i S PR RSpledtr SN 80071 o e OB .

di scussedConversion System and Methwd foriMaking 20Coitiofl C2isfionivy Produdi
pi ck-and-pl ace, control system 300 of Figures 9a-9c and Figures 10a-10c,
r espect i vvhich isHaserpesateddryntefatance; hereimim ifsealitebh control features,

o pafati on camdEpissed SR, AphieHiatVé Gackiting MetEnatEnb IR . ¢
for aut onapparatas kv melude éﬁckéﬂtmgggt@fal plokoarRplEvel syeterh @09, asd

mani pul ati on techni ques include t| di scharge and insertion
appar at usillustratedaind-igure 108 0 henpickandrplagasystem 80P acenrding faone0/ 059, 290

filed on September 18.,.1997,. ich.,.s hereb i ncor por at ed rein b

bt or once SEMPIAY ariBodiment; intlides thd, cUshiching canyaisR ReghEE 266, "o ne
ackagin o ' f g \ \

o] oact | piUrE(2 dng ER¥lcRAndlpiaEe FaSEhibly 302 Haviha B ofiBck o ik 3041

f eat ure ewhichifeeds ageneratedesishioning padito @nrindexinglcopveyorsystema3086. or

OS2 il G ohE e e R e ABT A e,
al so be uiid h2adyif) PEMASHABNRS oY A offd ¥ torkePbr G 44k ! racks
e consunptl on oOf “varl ous packadl ng Itens or materral S"1n conjuncti on

with its autonfdhed 2 systenn 806 prefarablyfincludey astpponting framie 306a One
exenpl ary nethod 350 of providing such inventory ntrol (which may

al t er nat i 28A\A eRN\AYeSIbe NP WhIGH feseives dpraducediad fCS&)" the outfeed drikg: 1 at ed
it ubh 304 nd WBERTE e BSR4 e Bailhct Tl 0 e & e Bsbon 0
307 where a pick-and-place unit 308 is located, as illustrated in Figure 10b. The
pick-and-place unit 308 has an arm 308a which grabs the produced pad in a
first position 309a as (illustrated in Figure 10b) and rotates the arm 308a 180° to
a second position 309b (as illustrated in Figure 10c) and releases the pad, thus
20 placing the pad in a container (not shown). In addition, the conveyor belt 306b
preferably includes a chain belt with 306¢ which create a 'pocket to align and
hold the cushioning pads on the belt 306b during transport to the pick-and-place
staging area 307. The conveyor belt 306b also allows multiple cushioning pads
to accumulate between thé machine 12 and the staging area 307.
25 Alternatively, the pick-and-place system 300 may include a pick-and-
place unit 308 directly at the machine outlet 42. In such a case, the pick-and-
place unit 307 grabs the produced pad at the machine outlet 42 and rotates the
pad 90° and places the pad into an appropriate packaging container. The pick-
and-place system 300 is controlled by the packaging instructions which are
30 retrieved by the CPU 50 of the packaging system controller 16 and transmitted
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- 37- CPU 50 retrieves the packagi ng control nethodol ogy _
consi sting of packagi ng I nstructions at step 104. Using the packagi ng

i nstructions, the packagi ng mat erial generator is controll p
108 while MO B¥P&x or is concurrently ~ receiving graphi cakci&?%&é%gal
packagi ng instructions on an output peripheral 518, such as a CRT display, _
at step 110. As each part is packaged, various itens associated
with the ' r ‘ : - le, '
packaged dpEhe oliigler 1267 e SubhiBnig uiRreich MndlifED” TR ERgRBIGr AL |

uses a spessd centrorthatmeofor304kosf the outfeededrive anit 304, thédtdnvyor belt
packagi ng of the part also includes the use of a 10 specified anmount of

packagi ng 308bofthecanveyonsystem 386 andi the rickraadrpiace upit 308, respegtivelyas
th t ej al h the, | ' f d fact
oo a bt i Ot s PR RSE e Ryl gby caBlefiotuea vl o5

packagi fig gsfﬁggﬁ@[ iﬂ\lénﬂéﬁ sGER B4TRE ohe déstribed iR S2PientNECS 740,821 |

i nvent ori ese itens are depleted. The present invention nonitors the
15 consunentitieddCusihioning £dnvgrsighi Systemdiod Camverting Raper Stpokdnta es

e or v s apMHAT R SRR Rk 5Tk b Pl bR P
i nvent ori ﬁéﬁﬁﬁa%e{’#gl’éf&%%@’@eﬂ‘ its.edtﬂ%ﬁﬁ?o” une tines. The

met hod 35 ors anount of packagi ng terials consuned 20 by the

packagi ng mat erThe pgekagingmatetishmastipylaion contrel featuref afrthe)prepént, t he
packagi ng systemcontroller 16 keeps track of_ the nunber of each type of
packagithg ipventionmbas beep discussed inonjungtion with the seileis @00 and 258 &gy ng

Var i ous. paDRRiRkahiiee EoRfoleydem G of bt Ba StSliia Fidlis Ypa e 2l I
of the praggpectiveignThese piicRBgitymaterke mmigﬁﬁtibh%ntrbﬂeaturd@hbﬁ@véﬁ,
i nstructions have been retrieved by the CPU 50 and confirnmed by the

oper at or . @erfoeraly expapitanyiang this featute extends 4o othen manipatatian,conteol

monory. s uchngtiond 86 3k torfe ANl ptuehaTEy e iBirEed phckading; ' dhe? °

T L yBE 08 o BEIIAR A rbio i il e Bl
discharge and insertion apparatus shown and described in U.S. Patent
Application No. 60/059,290 filed on September 18, 1997, which is hereby

incorporated herein by reference in its entirety. In addition, although the

discussion of the packaging material manipulation control feature was disclosed
20 in conjunction with the cushioning conversion machine 12 of Figure 2, this
feature extends to other types of packaging material generators and/or
dispensers which are contemplated as falling within the scope of the present
invention. . .
The packaging system 10 of Figure 1 may also be utilized to provide an
25 inventory control feature which tracks the consumption of various packaging
items or materials in conjunction with its automated generation and supply of
packaging material. One exemplary method 350 of providing such inventory
control (which may alternatively be considered a monitoring of consumption) is
illustrated in Figure 11a. As discussed previously in conjunction with Figure 4,
30 the packaging system 10 identifies the part to be packaged at step 102 and the
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- 38- packagi ng material to be generated and used for the
packagi ng of the identified part (e.g., three pads each having a | ength
of 60" in Figure 6a) the CPU 50 cal cul ates the total anount of

packagi ng Waweséed that will be used and updates the |i RCTHWSBIEBhe
menory. Lastly, for each identified part, the packaging 5 instructions wl|l
preferably dictate the amount of packagi ng tape to be used as wel | as

whi ch addj.t I 'tems uch war r nd docu |on are to

be Pack?gb&d%gﬁh' Srﬂ%ﬁﬁﬁsm %r@f%rﬂ['ﬁa‘&’@% E’& r\sl'?gE p rnmﬂ"}%\ﬁkaglt Rg
i nstructi pyatry a rLQﬁET within the
menory is conf?'nﬁgggleﬁgg‘at ecfﬁéhm %:Pél{hs%ﬁ?a es e'gg tednézéle(ﬁhpﬁgn the Iist
and 10 comateaal géneratortis contratied atstepd108 whildan m;lrera@drds d¢onecutréntly

cont i nuousl erjodically bed ired. If an itemin the
Updat ed | Fageidngiaraphical and fextuslpackaging Nsyichns op.an evipxt perphewihol d.

t he CPy SQ? G@E;%E?Scwa'sﬁ@e5§gteg jfHluest at step 360 (Figure 11). In

addi tion consunption report using the

updated |ist alAsséach ﬁﬁ& :é packaged;wamus&terhmaéﬁda&drwmt Tﬂéekaahhg the
re-order thresholds may be adj usted as be desired. erefore if,

for exanpPEOCEssAIEreansimed.o ot exampla; past tsmachased withia acpartiaglaray be

her cby &%‘ﬁk@élﬁﬁe%@iﬁsbﬁﬁ&oi e STl UBbs = LSS aiyol Bt pppiaind = °

t hr eshol dgndtBliaf! Roaditich, Hhei sfadk%gidb‘v‘oﬁﬁé%r! BRb ihB18dEs the s idplad is a

function of the packaging rate. For exanple, if the packagi ng system
cont r ofol espeafedamommﬁkagmtapre dsepenthmg phdhe specifiedoondaingr size of

e Z%r;"“se@%f oM Tateral sich 338 YRSt ph MartenR Samlec Lo oncur e t hat
e not  unEfe A UobanRRbRIGH, M AR Y Aol R AR PRY ol ow 2

pr edet er nvardus packaging materiais haegcugswned eluring rthe plalckaginhg progesk;cr ease one

or nore thresholds tQ ensure a re order request be enerated at a
| ater ti mihventedes phthesedtens are Q&P Thegqresanat '{‘ﬂ%nﬁ'% amiteEs thevent or y
o o o, JeBAbmeRBA drtHasd bsxesamam%éand autdRiSEEAllY dehdrfél S3rdRr

requests when the inventory control level of the packaging material has dropped
below a pre-set value, thus ensuring that inventories are not fully depleted at
inopportune times.

The method 350 monitors the amount of packaging materials consumed

20 by the packaging material generator 12 at step 352, wherein, for example, the
packaging system controller 16 keeps track of the number of each type of
packaging container used at step 354, calculates the amount of packaging
material used by the machine 12 at step 356, and keeps track of the other
various packaging items at step 358, respectively.

25 In one example of the present invention, step 354 is performed when the
packaging instructions have been retrieved by the CPU 50 and confirmed by the
operator. Since the packaging instructions preferably identify the appropriate
packaging container, the CPU 50 updates a list within a memory such as an
inventory database to indicate that one of the identified containers has been

se used. Similarly, since the packaging instructions will dictate the amount of
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- 39- According to the present invention, the nethod 350
may provide a re- or der request I n various ways. For exanple, when the

CPU 50 det hat a packagi ng item such as packagin s/ieg be
re-order ed%{"%gg&q he anmount of remai ni ng packagi ng tapeg f‘{gg bel ow

the associated re-order threshold), the 5 CPU 50 may send the re-order
nmessage requesting that packagi ng tape be ordered to the output

per i pher al pdckaging/matéfhiat toi lfé)béuérai@d ahatusedfop iy péél(ag@r@of the idleRtfiad cat e
the re-order request to personnel in an invent ory cont rol depart nment.

Al t er nat | veay (e.ghdhrepads eagh hayinggaﬂmthaf\ﬁ@r'm Riguse 6a) tiie &6PU 50 Fi gure 3

h | | h
pur Chasi ngPRigaIes e ol Rt el matsril aetufia e fhd kpdatcs,
aspect th@fllsrt thity SR flerhdrye rLdéW; fdr%cﬁ'?&éﬁﬁf é?ﬁiart Uhe'Hacka m for

exanpl e, transmt the re-order request directly to tHe appropriate
i nvent osy idstruciidns will preferably dictatedbé aglomtrcﬁtpackaglngrtapembewsmd asr

production annln purposes. I n an event, sent invention

provi des ¥ h M&P W‘Fﬁ?ﬁ ?LEJ]seﬁfE; cyrpgntation are to

cont i nuou n erials
and re-or Cs]ﬁ p?&ﬂééé&‘ti eria gfg]pédl,ﬁc;fraﬁ 0 t% ?pc;ao%l d%?ﬁeg ﬁﬁéﬁ?‘éér?pac'(adm

Pr ef er abl yinstroetié#Ad) thén updatessa listwithinihe mgmory.c Asdhe list withinithes ti nes
i nstead of continuously. For exanple, instead of the CPU 50 decrenmenting an

amount pap@emeRylis cortinuously pdatad; the GRY 50dakes each iept withindhedist angt h of

cach 6 s pofRgre et Wil pBceflrhihad Fe-brsdr BlbRls e BRI AED oo

by a new I géiodically, 84iRag tededitel) 1M ifdin 3 IReLbdAIRd 1RY satiRASR! uh ch

Identifies the end of a o Simlarly, the CPU 50 can update the
packagi ng assaniatedsetarder eatema omibreshaid, thefCPU 50 generatesa melordet v

met hod_ssoesiiest atstep 360 Uibits 110 opadibs dbr Rl R dehe @A gl o
backagi ng g lio SRk o til-.a ‘updated lisatlte 36298 VIS BRTRAY KR! al i ng

the updated |1 st nput er’ net wor nki ng
packagiiag desiredn Eceferaﬂlyehhe rb@ontbr ﬂaebholds ray begidjusted asamaybe As each

e ont Adstady Thptatoeil for exampis, prochiement procedures change o that re- °* ' °
ordering may be made at lower inventory levels, the re-order threshold may be
adjusted, thereby making the packaging system dynamic.

The re-order thresholds may also be dynamic in the sense that the

20 threshold is a function of the packaging rate. For example, if the packaging
system controller 16 via the CPU 50 identifies that the rate of consumption of
the various packaging materials is above a certain rate, the packaging system
controller 16 may increase one or more thresholds to ensure that a re-order
request is generated soon enough to ensure that inventories are not unduly

25 depleted. Likewise, if a consumption rate falls below a predetermined rate, the
packaging system controller 16 may decrease one or more thresholds to ensure
that a re-order request be generated at a later time since the time required to
consume the remaining inventory will be greater and thus prevent excess

inventories from being generated.
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- 40- An exenplary nethod for nonitoring the packagi ng
materials (step 352 of Figure 11) and inplenenting re-order control is
illustrated in Figure 12a. According to this method, the packagin
system 10 WQ98/4$6663CPU 50 stores a val ue representing an PEVVSBMEount
of inventory for various packaging nmaterials 5 in nmenory, representing the
anount of materials available. As the various packaging nmaterials are -
consuned, the CPU 50 updates a consunption list b decrenenting the

number associ atAecaiding toftbejpresentin R th?&?etBQér%?pé“aVPm‘" de@ '1°L'y (50)
1
| obat i on 08K PGSR AbGs Bas, o BBHIE Xuhervihe PRI B8 defonifBORat | 1

di ctates tdpackagingfitehisuély Bs-phckaginadape mustttm recoricred (é.gl,ithedmédngt CPU

50 decrenments the inventory nunber of type-1 packaging containers in

mermory t o of remaiping-packagingtapeTfalis belowsthe assaciated merordenthweshald), the

BT o~ or for CEM ST fehd e resprdd? Fhoifipds alBiMG thas BeRRagS obBlher ™' =1 ©°

t hreshol d) 6 Hetd eApREISEN 8T(BY. Sthie displaf) sGBRItARE ioplefat
At step 36%@%% CPU 5?)‘%&2 erFr)n nes V\,h(egﬁer |tl F|Js§)|sm:3 to anal yzgr\c/\ggt her

a re- or dercamiunicateitbe sevorder mquesttmpqsonnehnlamnvemey anaqulm s tinme may

consun‘eg;) "Gpanmbns, AliemaEvel e BBULS0 riB fisit fHe et ARpplraaS ooy,
etc.). FlBﬁﬁé:Bl‘flraEf%n%Ptﬁiﬂéémé??éqﬁ‘éﬁ%@cﬂ?rt]% W2 \?gtﬂ?%?ﬁﬁl bPtHg Uctions in

t he rrem)ry to analyze ory, the U 50 checks

one or 1601 purchasingadepdriraentsover 4 loeal networkein yetanother alterinative aspeebr der
point (i.e., a re-order thresholq’l t step 362. If none of the itens on
the i nvent @k the presentinvesntion.dhe GRY o maY; PS'HQ%@PQ?BH foexamplegy ger

of 1 ho re. ROPICEe peord6r eBliest oot WosfiApMioptite INHHRSA gispRidt or 8L

re- or § paeRagingFhatsrials malnuﬁkﬂ:tﬁmcfcffpm@ubﬁo@b@rnmwputpdgees mta tep 363
and transmts the re-order list at step 364 via, for exa e nodem
91, the event thewpresentinvientior prevides anautematerinvestargcon @ent

01726 oM R v NG RS B b e,
PL;’?UCt | ONitErals AhdrELAIASE the materials prior to their complete depletion.
Preferably, the CPU 50 updates the packaging materials at various times
instead of continuously. For example, instead of the CPU 50 decrementing an
amount paper each time a cushioning conversion machine produces a length of
20 dunnage, the CPU 50 may alternatively, decrement the amount of paper each
time a roll of paper is completely consumed and is being replaced by a new roll.
Such a function can be effectuated by a sensor which identifies the end of a roll.
Similarly, the CPU 50 can update the packaging materials list each time a roll of
tape is completely consumed, etc.
25 In yet another aspect of the present invention, the method 350 of Figure
11 may operate in conjunction with multiple packaging material generators 12.
In such a case, the memory containing the updated list is shared over a
computer network linking the packaging system controllers 16 of each
packaging system 10. As each packaging system 10 consumes various
30 packaging items, the global list is then continuously updated.
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According to a preferred enbodi nent of the present invention, the CPU
50 allows for the operator to manual |y adjust one or nore paraneters within

t he inventory list in the event, for exanple, that one OE’ 2,5% ﬁi al s
i s i nadver ERPHSP663  destroyed and canndt be utilized in thed 3%8 _

process. In addition, the CPU 5 50 decrenents the inventory list each tine_
one or nore packaging naterials are consuned, however, the inventory

or | ! ! . ! X n
Cont enpl ateq xs TPaMIERY ridinGd Y6 inBhifofily the pacKadiid Riathfis (biei 384 ¢ oo
Anot her al Figun@ti1y anddmpiemeantingeélorder controdis lllasiraled incFigakt@a.ng 10

materials (step_ 352 of I;i?aure 11) is illustrated in t?’reater detail in
Fi gure 12bAceerding tasthis method; the paalsaging system 1@ via theCPURD storgsaupdat ed

the 'var i outSBIEbresrlRg . initel Smai aritttBRfor Yanfid babkiding MakRals N,
yet beep Cipivmeffsty, tdpfe¥ésithg tHeeamBblint of materitls availablé 2 Astheivilriougs t he

| ength of packaging material” (e.g., cushioning 15 conversion products such
as Padpak[ packaging materinist anei consumed,ithe G 5%0@&368 lai cansumption list byt he

i ndi,cat t.hat kagi ng_.materi h .et b d, .. At
Step 374, SSHieTReRATALNG niTPET BeRreiRtRAIME the RIS rReTar - o EREple. & o
K ani . ) :
G scusseq, T (SOXYbEEoaUAdIRg carathers de A INRIEYE0 Pl 4 ey
amount 20 luicatienlasgooiatedh withi type-1Atorstainers)/dénd tHeepagkading systetre$0t he anount

of packagi ng material consuned by taking the present anmount w_thin the
merory 10 diciategithat opg of the tper ﬁa%amag qogtawer&rkﬁ utiized; the GRU BBount ¢ he

f ' i al ' ' = | e,
"the pacRegreRiEn@hEnyBHSG, fumbsFAtiybs.T BaBRAAE BALThGR in emBHFHE’ ©
cushi oni ngfarflKies@de). ThedDPU, 5@.5théh%ithen@bhstahtlﬁ onpeliedicailptRécks i sewul d

be updated to 60"at step 376. Once the length is updated at step 376,
t he CPU s50whetheribe updateddnvantery ligtsatisfigs a re-opderseriteda (@ ga falls belpw a

e BB Ana e pLorab RSB Sl ol Bl 1 Xeoe e @
conpar i,gonabyﬂggriéqa can be performed periodically, as nay be desired.
e At step 361, the CPU 50 determines whether it is time to analyze whether
a re-order criteria is satisfied. As stated earlier, the analysis time may be
constant (i.e., each time one or more packaging materials are consumed) or
may be periodic (e.g., each hour, each shift, each day, etc.). If the CPU 50
20 determines according to programmed instructions in the memory, that it is time
to analyze the inventory, the CPU 50 checks one or more inventory levels in the
inventory list against a re-order point (i.e., a re-order threshold) at step 362. If
none of the items on the inventory list meet or fall below their associated re-
order threshold, the CPU 50 does not take any action. If, however, one or more
25 of the re-order criteria are met, the CPU 50 makes a list of items to be re-
ordered which may include specified re-order quantities at step 363 and
transmits the re-order list at step 364 via, for example, the modem 91, the
Internet, facsimile, etc. The re-order request may be sent directly to the
operator, to inventory personnel, to a packaging materials distributor or to the
30 packaging materials manufacturer for production planning purposes.

-41-



Once the packaging step is conpleted, the CPU 50 at step 382 queries

whet her the packagi ng process is conplete. |If the packagi ng process is not
conpl et e ( N®)Q 98796663CPU 50 goes to the next packagi ng step at mirepsssidsoznd
again updates the list within the nenory in accordance with the anount of 5
packagi ng materi al used in the next packaging step. Steps 376, 378, 382 and-
384 are repeated until all the packaging steps are conpleted. The nethod
352 then coMiGoRIRiBgie %@r@&ememgmd?ment ofibeqmesent inventiors ithe GRIh of

L SuPL 50 g0 St g g6 BB O Adablio R heD)

to be packiashtory Is0ir ﬂwmﬁtftﬁeﬁ@rﬁpﬂétthhhanémﬂﬁéﬁétéﬁils .@ﬁimﬁ% Vg“ ous

one of the sel ect ed cont al ners has been consuned ew se
packagi ng §estspyed apdgannot bawtwaedagthegpadmlng\pm@ssy In additione thee CPU

tilize t ent are al so updated in
;J hla : |Zs% at% Os‘fbecﬁg%é@@fg'ﬁw?? f'ﬁ I{?“P&"ed?'é ore p?ﬁ'&?@ﬁﬂrﬁ'ﬂ%‘g"ﬂs aeep
385, th t t he
Vari ous supprromed; hEeer e LYY MoMSATP LS B Biidey ha Vgl &t "7
predet er m different wawsthatraresdwhcmntemplated asrfalling withia tiesl scopw bf thie do

not neet or exc e re-order thresholds, the CPU 50 does not take any
addi ti onal P ®™ he nethod precedes. 1f, however, one or nore

suppl i es %.p%? re-order

t hreshol d, the &%ﬂg I’ggtnera es aéﬁoﬁﬁﬁ’e ggﬁl@%éﬁfg@g@tep 380.

| n addi foi omatenalsc(stamﬁz bﬂFigmeSIu i illastratedan gréater dktAr th*IQufé)‘mBe gon of
all the stePepgt step.382 (YES), the CPU 50 al so queries at Step

whet her al Btep 37Q,4beGRUSQ initipdizes the listdorhe update mﬁunmmemaryatblzerbe

arts have od 352 ends, t step,390. If
Iﬁowever ' qﬁ£&dt he er}urwﬁéégg{oq.gépﬁ?%a%?w {q?a‘(a roMs a5sGeiate ‘E}éPPB"?semal nto
be pac kageﬁ\(ﬁé@hthéﬁ@or@ﬂf fH supplie8tave yetbendaBunted! LiReRfl B?%EP('J a
step 394. Therefore_the packa |n st eps for the next part to

p?gtﬁgl nlg aPat sten 572@@2&!5?'& e lmﬁhtmfrpaixflrfeatggtggmatenal (e. gc,cmtshmmng as was
anent o&yyﬁgh?%gﬁwogh %}@? %%Pékaﬁﬂep?ﬂﬁ "f%ﬁﬁ?'i) §R.tﬁat tY"ue updated list

-43- within the memory md:cates that no packaging material has yet been consumed.
At step 374, a packaging step is performed in accordance with the retrieved
packaging instructions by the CPU 50. As has already been previously
discussed, the packaging step includes the consumption of a particular amount

20 of packaging material. At step 376, the CPU 50 updates the amount of
packaging material consumed by taking the present amount within the memory
(at this particular time equal to 0) and adds to that amount the amount of
packaging material used in the packaging step. For example, if the packaging
step involves the consumption of a 60" piece of cushioning conversion product,

25 the length within the updated list would be updated to 60"at step 376. Once the
length is updated at step 376, the CPU 50 compares the amount of material
consumed to a re-order threshold at step 370. If the re-order threshold is met or
exceeded, a re-order message is generated at step 380. Alternatively, the

comparison function can be performed periodically, as may be desired.
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According to yet another aspect of the present invention, a packagi ng
productivity nonitoring systemnmay al so be incorporated in the packagi ng

system of Fi . A nethod 400 for -providing such a produc}j
noni t ori ngwoq’g}sgﬁ[féabi lity as illustrated in Figure 13. As diéﬁ@éﬁw 1598

previously, the packaging 5 system 10 of the present invention identifies a
part to be packaged at step 102 and retrieves a packagi ng control

met hodol ogy vi ﬁ‘hé)ﬁﬁgﬁ i FANNGA ostqga\@?
associated w tﬁbt e | eén?ﬁq'é%gfoe?refts éagtmpslte é%dz?ﬁgwﬂgdcﬁ%‘ EH réens
transm t swhetherethe pacikcgiey pbratess is completel dfithe patkaging procedsds nbt t o
provi de appropriate control of the packaging material generator at step

108. As 16ompleted(NQ) theiCdid 0 gogs tq the nexdpackaging stepiat gtemd84tang part

packagi ngSoplIbGedates i 3ist il & oty ih SkBafiRRce it} i AERRREREY: om ror
det er nighi peickagingi riaterizl used dn tive next Packeying Skp) S$16pai37e, B78)38R dnyl t he
time taken to execute each of the steps in t he packagi ng process.

Accor di ng 364 amegepestashuntilalithei packaginghsteps are sompieted. | Bre ewpthodd52at a i s
o acct o ing BRhUESS B S GhChn Ui R b0 fhets cact & 8 SIANR"

Figure 13 ' M@m | kil
packaged, “{Pﬁge%eé{ﬁg’ém%%ﬁ?myﬁ? gt es, ?rgtritéﬁgfétgé& ,ﬁapgrgggﬁ’pg%ctbggi ng
ti mer at specHiedpatkagingcomtainerferpackagieg therpard tolbe packagedds ti ne

requi red to packa 20 each part. .I.n one enbodi nent of th resent
i nvent 1°on,m%rem€rmg§§eéha§§&$eﬂatsd list ingigates thateng ebtheselected,cd. 1 n

ackagi ng SapnpEAZAEeq B e, kafite, 16 ads pacidtifio ipplies Sien,
the CPU S@sqseckaiginitapd, wartantl cards; tete.nitilized ik tite packagingfofthaidertifiedr ed
to conpl ete each of the steps of the predeterm ned packagi ng process for

the 25 i dP@rt are-aispaipdated in the lisjat step 385. Eachdjme the suppliesgreng of t he

top 408, BManSe BBl pBo e o AR 90,1 519 20, gitBAAs o cbatelr iR oo
t o packfgen WHitH tHeevariolis sippIRs ihltRe Rpeiatad list WithinaRé niévnbry &re
conpl eted, the CPU 50 takes the tine data for each packagin art and saves

it 30 i n £ompared topsradetermiredheg-arderitbeesholds. Kithe varigus updated supplieso t he
tinme data

'do not meet or exceed the re-order thresholds, the CPU 50 doet not take any
additional action, and the method precedes. If, however, one or more supplies
in the updated list meet or exceed an associated re-order threshold, the CPU 50
20 generates a re-order requeét message at step 380.
in addition to incrementing the supplies (step 385) after the completion of

all the steps at step 382 (YES), the CPU 50 also queries at step 388 whether all

the parts to be packaged have been packaged. [f all the parts have been

packaged (YES), the method 352 ends at step 390. If, however, it is determined
25 by the CPU 50 that additional parts remain to be packaged (NO), the CPU 50
begins the packaging of a new part via step 394. Therefore the packaging steps
for the next part to be packaging are performed and the monitoring function
continues as was previously discussed. In this manner the method 352

provides an inventory monitoring and automatic re-ordering function.
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the CPU 50 al so records other pertinent information such as the packagi ng
mat eri al generator identification nunber, an operator identifier, and a
code whi ch i ndi cates which predeterm ned set of packaging instructions
are ad¥OAeB/56668 with the tine data. "“The CPU 50 may then EGTYSIRIAR
saved data in 5 generating the productivity report at step 410.
Alternatively, the CPU 50 nay be programmed to tine-stanp and date

ti o st amps. ¢ ongEpapng KU aRoftE AgHBe of the'WeBbRiiGntlal Alfiekdbig, [ cpor
gener at edpasduckiity fridhitoingasyesnh ray alsoobe iricofperated rgﬁ'nédbédk%bir@ ed in

i
Figure 13. In generating such a report 412, the CPU 50 1 perf orns
mat hermat | 8ysteopef Biguomd. ok mathed 400 foe prenidingrsuchapprtahuetivity trhonitoring

programed instryucti.on o, .gener at e, addi t.i onal productivity characteristics
it oh-ar ccpenaity=s HoaFalerifG0E far &° drieduRvipusiv, I paREAARG { or *t he
packagigng | i\ Hth Ba6k st stby may be
cal cul gt eﬁ%@@ofgﬂgg‘% Eyiéna(c?\}vr'l teciﬁﬂ?gﬁggﬁé[szagg&g%\ﬁe av%r age stﬂéﬂr)nepmlzt t akes
for 15 aagdvetrievesmapackaging control mettionqlogykviai anpredeterminedisetbfir part. In

addition, a . average tine for eac tep of. the packagi process my be
ol cul ar eBaCkaging MTBGORS RS oF Bied Witk tBe R NS Rt a6 SR b o o CHI
packagi ng : | vV, gi ng

P oduct | vepyfet yafEthisiine retCRTSAARRHHY ItrbEions Y@ Grte 14 147
docunent aprovide® appoprizié cohtrobofihe packagihg naterdal yenerator at stepl 18,9481
certification, etc. In addition, the col|ected tinme can be

nor mal 10z e May-be appregiatedy the time required i paskage andithe past conaists péthe

normal i ze | h hcu | [ OCESS Lguely
0T el |2l i3S o edbt it hdSosspry BRCKATAGBigoofis ety
conpar i soffventibA Provides AEmRRLinREhARIsA fsrtfiemminiiy the thne feqi@ired #° One can
focus on the particul ar packagi ng processes that need the nost

i npr ovenrepackage each identified part anddhe mentaken|to axecuter @ach of thetsteps i i ous
operators,to allow for direc coggar,‘igstﬂns bet ween vari ous, operatpors who

per f or m die BAGKAGING Pracess, APHT B PTERRA 1QVEnion, §ashy B O%tor
exampl @, gollected tithe'Bilflis' difvedhh Anidty'A4BoRMEK WithtHe OPY 50t dnd et | ©

nunbers greater
to generate a productivity report for productivity analysis purposes.

In Figure 13, when the packaging system 10 identifies a parttobe -
packaged, the method 400 initiates, via the CPU 50, a giobal packagirig timer at
step 402, which is used to determine the amount of time required to package

20 each part. In one embodiment of the present invention, a timer 50a associated
with the CPU §0 is utilized. In addition, once the packaging instructions initiate
control of the packaging material generator (step 108), the method 400 initiates
via the CPU 50 one or more timers for determining the amount of time required
to complete each of the steps of the predetermined packaging process for the

25 identified part at step 404.

Once the packaging of the identified part is complete at step 406, the
global timer is stopped at step 408. The global timer thus indicates the amount
of time required to package a single part. After the packaging of each part is
completed, the CPU 50 takes the time data for each packaging part and saves it

30 in a memory such as the hard drive 78 of Figure 3. In addition to the time data,
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than 1.0 would indicate a productivity |ess than average and nunbers | ess
t han 1.0 would indicate a productivity greater than average.

Lastly, th ed tinme data may be dated and used to gen

producti vi f\)\;ﬁ??)gn %ng information to nonitor changes in pack?ﬁgs”ms”
productivity 5 over tinme. Although the above exanpl e di scussed vari ous )
steps within the process which may be neasured with regard to tinme, the

present i RNCPY50/aksd record® B!Wéﬁ@%ﬂmﬁyﬁ[ﬂﬁﬂr%@%ﬁ@&%é@a%% such

characteristics which may be associ at
char act er | B@terialgenenatomidentification ininbery aniaperator identifier,sanba coldet he
present i nvs%i ioaibcakn addi.tion, .while several exenplary 10 mat henmati cal

oper at i onsW R Whichpredetermjped seb pf packaging inptiuchions argener at e

roducti vi &?ﬁb WSt §i i t f_ .
gt atistica ysf ec n?%@giﬁlgﬁ%é?%%haﬁécjgﬁgg?ﬁﬁ {or{né? “@?gghgﬁgauﬂoﬂ;?&/ed to
pr ovi des ot emeragingtheproductivityirepbst atstepa¢0r Kitephativelly, the BP0 dsulﬁi& ftféf m of
producti wé%gmaasurement and data mani pul ati on are contenpl ated as 1ya i ng

15 within ramgprd ta time:stamp; and dats, stamp each step and further programmed
met hod by ' | S 0,m|y oonitaot the tine required
to execut e%@%eéggbgggﬁgg%@ﬂ‘%%%ﬂo%l]q(ﬂ%teﬁg% ﬁ SS (step 404
of Figure 13) i ¥helprodbétiigtepbriyeitrafediatisibp 410 rhi q:'%ﬁ
CPU 50 has retri evedd. t he (ggkg i % i nstructi oﬂr)ls as’gggi g?géé\?\nst oré{‘&lz
i denti fi ed@®ilustrated i Figues 1304n generatingesuch atréportdd25the GPU B0i zes t wo
counti varjiables ('i" .. whi ch represents_t{he nunber of parts_which need
to be Bgc k@%}ﬁ%f“&%ﬁ‘é‘!‘e"\mFewpefaBP%Bes%&m qh@ datajeaceprdangewithqui red to
package easfpgpain Huen its the
retri eveda?)ﬂgckagi n%&?nr?st r ug#&gé{\%ratt%gﬂ Bﬁ%négﬁ{q%%ﬁ‘éﬁlﬁé%&%@%ﬁgackagi ng
mat eri al gwhishaarerhedpfubin evaloating gremtee pesdutivdp. Foe eramipha)ifgthigt eri al for
the first Agaart (ii =_1) usi,&g fI,He first step in that packagi ng process
(i =1). chkaging pf a plyrality of idgnticalpatts, naverage global time maybe  ti mer
at step 4 Lt = T 5 ni.t.of s
o ethe? At abodrd Rl s BB S Byl SRS W ks for
When i t1si sa giwiircaperdtdritatcanisiete th padieiging bea particular partC Aabaiien, a¥ES)
the 30 CPU 50 stops the timer which is nmeasuring the time duration of the
first step@verage time for each step of the packaging process may be caleulated.

Therefore the report 412 allows one to analyze which packaging steps need to

be addressed to best improve the packaging productivity. Lastly, the

productivity data may be used for the documentation of various processes and

20 procedures such as SO 9001 certification, etc.
In addition, the collected time can be normalized in several ways. For

example, the time data may be normalized with respect to the particular

packaging process uniquely associated with the identified part to allow for

productivity comparisons across various packaging processes. Using such data

25 one can focus on the particular packaging processes that need the most

improvement. Also, the time data may be normalized across all the various

operators to allow for direct comparisons between various operators who

perform different packaging processes. In such a normalization, for example, a

1.0 would indicate an average packaging productivity while numbers greater

-45-



(step i = 1) at step 428 and store the tine value in nenory. The controller

14 of t he packaging naterial generator 12 then continues to the next:-
packagi ng ste at step 430 (j =j. +1; j = 2). The CPU .50 then

i nqui r es aW%?séﬁﬁ@BZ whet her al | the steps of the packadiGTUPAL®8s are
conplete by conparing the incremented 5 variable j (in this case, ] = 2) to
a threshol d val ue which when net indicates the maxi mum nunber of steps’

are not ool d Wl S48 o BRIV st 6 ayendd G5 flmbers figs bl 5 °°°
val ue, and phkeoutdindidateld proéductivity greatep tiidrraverdgeand the control | er

w || generate packaging material tTor the second step (j = 2) of the first

part (i = 10 1)Lastiykthe cellected imedata may bexated apd used toggendrate cont i nue
(VES ar s PuBauSHIE mening drroRBafips 16 Malitor ehanes I Baetiting Browehily ch
ot a1 oo B A AhGHah ¥ abBle el Biitussed Vel stopByilti e 7. 11 <
AR s i bt s il bl negiin oy S A
122y CheTRIatep e TR VAT & Athet SRATRSIPTITIGE AT TIaY R apsAGiateo b
B e, VAT pRESIAGRTT Edefsuch tharadlBBLHHE|s CortBriiB slialing HiRIRHE) '

conti nues scope!sfithe predeit inwéxstion. nirt Additibh) While sewsral éxemplagp count er
variable j back to j = 1 and 20 begins the timng process for a second part

at st epo 42nathgmaatical operationsare; disclosed (and performeth by theiGR)J §0) the vari ous

Aot ho dTTRIBREPII Ry heracterai s K UG RErnat sy et sr “25755; o
434 ¢ oughati@ftatectaunles sad aRhematohl opbiatichs iy 186 1 drpled to

packaged are conplete (i = the threshold val ue at §teE 438) and the nethod
25 404 endwouidesotbpr types afiprodectivity measurement chiteria. neadasuchifivromofias been

e o Rl B R RS o RIS el ortal ey e Op e
G 15, AT R s MRIUBRE. L 1127 FLOUS L ) 0 cystem
10 of the preseAn exempiaiyomethad byl whiclothe packaigingsystem thmay menitor -
SAr the time required to execute each step for each part of the packaging process
(step 404 of Figure 13) is illustrated in greater detail in Figure 14. Once the -
CPU 50 has retrieved the packaging instructions associated with the identified
20 part at step 104 of Figure 13, the CPU 50 initializes two counting variables (“i*
which represents the number of parts which need to be packaged and “j” which
represents the number of steps required to package each part) at step 420. At
step 422, the CPU 50 transmits the retrieved packaging instructions to the
controller 14 of the packaging material generator 12 which begins generating
25 the packaging material for the first part (i = 1) using the first step in that
packaging process (j = 1). As the first step is initiated, the CPU 50 initiates a
timer at step 424 for parti = 1 and step j = 1. The CPU 50 then monitors
whether the first step (step j = 1) is complete at step 426.
When it is indicated that the first step (step j = 1) is complete, (YES) the

30 CPU 50 stops the timer which is measuring the time duration of the first step
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packagi ng of various parts by identifying a part to be packaged, retrieving
predet erm ned packaging instructions associated wth the identified package

and using WB%sfs?és?i eved packaging instructions to provide cyiosRisoghe -
packagi ng materi al generator and provi de graphical/textual packaging s

I nstructions to the operator via a display. Yet anot her
enbodi nent in which such functionality may be provided is di scussed

bel ow I n (ehép JIRCH) dtistep DBl tbRe Uititielhalld i ARG Thedbortidlier 14 of

packagi ng system’10 general |y, and specifically the functions executed by

t he plhepackaging materialgenaratar 12 theni condinues itd e bextpackaging step wi t h
i tq 10 fl hayit e | din the Fi 15a-15d.
ot yat epad BBl BA s e CEEL S0 iR lnduines AL sfbR 432 Hetper e
o _ . . .
Per | pher e/ Stepici e palckAging brogedd BRY by Eoifisarftly etintitrfidhted .
to i dest i variabile j (in thisacase, § =2) toca thrgshioldualtre whidhywhen met indicatesthie nunber

as well as a,nunber of 1 such parts, toq be packaged. (As used herein,
sol i d | i nE@XimMupLRUMDEH,OF Ateps in t ep@mﬁ%rrnatg@smapwqpesﬁé\aﬂmrbf t he

Vor cover . CRpdEty ARMIAG SR Aot ChBlelene variable') il i 18 SludTEIBET™; .,
t he pur potinesivbiddeses, arid the methdd 404 will réturrsto stepotizand the tonthélier

programis _preferably executed in an event driven manner with st er bei ng
20 execuwibgenergte ppekagipg énatgsial for the second step (j spdrofithedfirsh park(iion of

Do kadPng T nEiseRlise. 3668 328428, 428 4dr End 352l Captnus FFS & HBRS IAY o,
s provi dath packdiing o e fitsh PairacsRRsieli (YIRS BRStep4a2y) dt which point

initialization o gs, pointers, counters and/or other program control
var i abl esthesCPY 5Q stops thedtimer whigh seasums:thetotal time reguinedto packaget e t o

e Do oo 4T 434, 1 i PeobrR H58 b 51636 reRuBAR° 50,25 on
ot oo, PALERIY 8% et pER R okdn K0r0H e BARKERS Ll ORLAR Ml .,
501 and pTheictatriodler 14 ther cahtinuesito thecpadkiaging obthe rexd pateatcstep didén(i of t he
PAL "N LT, 2P5) 3hdthe G 0 inquires af Ste 444 Andther aif the parts to be
packaged have been completed (i.e., whether i is equal to a threshold). If all the
parts to be packaged are not completed (NO) the method 404 continues to step
440, wherein the CPU 50 resets the step counter variable j back to j = 1 and
20 begins the timing process for a second part at step 422, whereini=2 and j = 1.
The timing of the various steps for the second part (i = 2) then continues
with steps 424-432. After the times are measured for the various steps of part i
= 2, steps 434 through 438 are again repeated until all of the parts to be
packaged are complete (i = the threshold value at step 438) and the method
25 404 ends at step 442. The CPU 50 then takes all the data which has been
saved for each step j and each part i and saves the data in the appropriate
memory for use in generating the productivity report at step 410 which may
have a display output similar to the report 412 of Figure 13.
As discussed above in conjunction with Figures 1-14, the packaging

30 system 10 of the present invention provides for the efficient, optimized
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description may be in the formof the nane of the part or preferably an

| mge of the part to be packaged. The operator then confirns that the
program has identified the correct part to be packaged at_s and
t he progr afPP&GF6S the process of producing pads (in th Q%%R%ﬁége t he
packaging material 5 generator is a cushioning conversion machine) and

I nstructing the operator I n the proper or recomended packagi ng the

Phe. i spl Rpckaing[orvarioyd diy b lenting b (it i G BRBAdRY. S ET, <. T

begi nni ng ppédétermirmk Fpmmm instreigtions assdciatedowith the itlentified paskageen
checks, as shown in ure 15b, that 10 the required nunber of parts have

not yet b&sd lpﬁ:lﬂﬂlzﬂ@ﬁtﬁtaﬁvw ppckaging instr U@@ﬂﬁﬂﬂ@@‘ﬂd@ contro} effier ed nunber of

Pt ¢ mbeEhraitmafaai BRGPRASH ndBiovige arfibabibitady Rikfe . (1o curromt

step ccymmqgmﬁgmgtbqhg%e?étoﬁyﬁpaafg%;aweanl ng that the correct nunber
of pads of the correct lengths are to be produced for the first 15 step in

t he process of Ynicamghugembednmttmfwmdw such furidtionalitytraay die prowidedrisvi ng
the *Cc disesdsiob 3 CaBuEHER Wilh Fighres TA1BHaciiR,oRer Stﬁgééﬁai‘?ﬁg”
th .

ree pac?%@:kan ggmtg syst rﬁpgﬁzgéﬂgra“{)eaﬁcEéﬁ%%:ﬁ&al@fthB"’l’Qﬁcﬁ&sb& ut t&g‘ihés

greater t I's provide machi ne
control | erpahkaghgsswber‘a%ntMer 16 is deseribed hetow @i detall wittk refarencede is to
I nform t he, machi ecotro to begin | ooking for the appropriate

i nstrutti dhe fiomoenartsll Hﬁt‘fﬂ'&el 'Héhgﬁlﬂ'@'ﬁﬁ 15a-1%ht rol 1 er 16. Previous to
rocel ving (e kg RyGE o ARSNGB 0 ALl Hetryctiohd witfih thg"or @ 2y

codes, such as y generate noi se i n port of

t he mach| r;mkaghg%ys%mlébmmuéme% displé)aIsepr@vwedrbmtffb"ldﬂl%u&pérlﬁh‘eﬂam 25 the
event that noise on the |line would natch one of the instructional codes to

t he machi ri8 sugh as | ERTanositepinstep 50Acpramplingathe wrawéomnméhe sent to

| ol aront GRS b RasRhadt, sibTass) prdudbB pal PRI B WRE B Hninbterat ng

igﬁ grcr?fgrydcﬁl peits ffbe pacRaged.NEAsTBSE Rereir ddli Hirss |A4hélf|9v\/:6ﬁawnl cating
represent generally the flow of the program steps and dashed Imes indicate the
flow of data or messages. Moreover, while the program flow is represented as
linear or serial for the purposes of description simplicity, it is recognized that the
program is preferably executed in an event driven manner with steps being
20 executed in a time-slice fashion.)

Upon initialization of program operation, a database 501 of the part and
the corresponding packaging information is made accessible at step 502, part
information is provided to the program in an accessible format 504 and
initialization of flags, pointers, counters and/or other program control variables is

25 performed in step 506. The operator can then indicate to the packaging system
10 the part number of the part or parts to be packaged and the number of parts
to be packaged at step 508. Based on the identification of the part to be
packaged, the program will retrieve from the information for a packaging
process from the database 501 and provide to the operator, as a confirmation, a

30 description of the part which the operator identified for packaging at step 510. A
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The handshake function includes starting a timer at step 526, waiting to
receive a nessage at step 530 fromthe nachine controller 14 and checking

any r e/ oRdeg¥ESSage to determ ne whether the recei ved nesisesssnhsost he
I nt ended nmessage, for exanple, the word "Ranpak"” at step 532. In the

event the 5 nessage is not received fromthe nmachine controller 14 wthin.
the appropriate time, the timer wll tine out at step 528, an error

code wi || degceptioh avsyrbelin tHeeform of théhame of tive pat lor prefaralsip antimaje 66 Wi | |
inquire to the operator whether it should try to reestablish

comuni cathe pan torbe packaged. néhe operator memmmtbpttwaramdnTs 538. |If

th t t t abl i,sh t f t ' traql 10 14,
the or ogr IHPIELI Gorfeia boik i PRERAGRR! eGP BHARIT e RIOGTRITRORES ar (| ng
with step tﬁ@%cl) ss of 4produciﬁ§5pﬁﬂd“6n thetase Whepa i &?%a;@g& hyatdriar om t he

machi ne cont er 14 at steps 530 and 532 befo tirmer tinmed out

and t hes mgenegatords atdushioningippnarsion machine) gnd instrugtingitheioperatos e m
controller, 16 will instruct qt*%i: 15 nmachine controller 14 as to the nunber
of pads tdhePropeRIFesomnended pagkaging the paft. generati on (step 540 of

Figure 1 5c). L ar | P Vel ; h and

t he nunber of QQE}‘Z’ ?gﬁ%ﬁgﬁgwggulgeég??%oﬁ%éwn%c'hlgir?g&bon F%?F%4bﬁ%i n one
step, the meonitarot8 héas mot beemthen epdatedoe reflect thedegimning ofthé papkading

whi ch the machine controller_14 is instructed to produce one pad of the 20

appr opr i atsequengeiat stemaig. tiherrogsamdben ghesky asathawn ieFiowre d8b, thatber of

rachi nid oo rEbied offfus 28 rarfS 1B &8 £RER ERRORY AR ISP Rlucnace
function Assunhing4Bst tHeaRyuiréd HumMIissIcsT gutts h@vermd:t?ettbéernh@a hakd

function descri bed above relative to steps 524 through 532 to confirm
that the rscinithis example, this i9the first timedhieugh the program, theoprogeamuwilier of

pacs L9, DS RaRE B busenttep coyrf A bl o o8 BB B B o' L
oh<Tnar " STV PR o ofec g an A B e h fraf 0, L
step 546}. stép in thesprapessof packagiag,the lidentifledpaet. STheinumber of stepsHaviag
f’gf)_er m ne bV\e'heent gfercdtéd \f\ﬁﬁ'let Sgcliangtir?gn %?gcerégsig%?eeri.e;anm}n@ds at step 520 and if the
current step is less than 4 (for a part packaging process having three packaging
steps) and the quantity of pads to be produced is greater than 0 at step 522, a
wake-up code is provided to the machine controller 14 at step 524.
20 The purpose of the wake-up code is to inform the machine controller 14
to begin looking for the appropriate instructions from the packaging system
controiler 16. Previous to receiving the wake-up code, the machine controller
14 will ignore any codes, such as those randomly generated by noise in the
input port of the machine controller 14 so as not to take any unintended action in
25 the event that noise on the line would match one of the instructional codes to
the machine controller at step 524. Once the wake-up code has been sent to
the machine controller at step 524, a timed handshake function is implemented
through steps 526 to 532 which ensures that the packaging system controller 16

and the machine controller 14 are communicating correctly.
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case, the intended nessage nmay be a carriage return 548, for exanple. If
t he timer tinmed out before a nessage was received or the incorrect

nmessage ceived, an error code will be displayed a of -
Figure 1 S@Oa?ﬁﬁ‘s{ e operator will be pronpted as to V\he%ﬁé‘?@ﬁéiﬁs
packagi ng systemcontroller 16 5 should attenpt to re-establish

comuni cation with the machine controller 14 at step 536.

cont ol Ler 14 THeRENdEHRIEIERGHG IER G aaHth o bRiEr o $1eP 536 \Faiting 1o,
first receie &l messagy at stepl 580 froni thedmhchipaciontrotier§ 4 sindrcheeRing

appropriate display 10 wil| be presented on the nonitor 18 at step 552 and

a pi ct ur e regeived messagedpfetermingashethenthe-aseivedynessage ist thedntended wi | |

For thrs SiasHos’ i xhiteie. the Wefd, Rabie.at st 53z, i e olBatBe el oy %l o
i nstit i egnédsatferiB ot Pebived frohi thePiaicHin® édntidIRr AANItHIR tRE 2ppro aged in

accordance with the next step in the packaging process is 1 | spl ayed at
st ep 554. time; thetimaravilltime out at stepH2s, am ercorgodeswillbe Hisplayed at stepper at or

e e AT ot Borolir 15 ohiks 6 5% bBe RS Rheer B
step ?&t@%ﬁéﬂﬂﬂgh %?nrﬂ&ﬁ{gation witthhtgezrga@ﬂﬂ% \Hongroliey 144at Qtegigﬁﬁoqayl ng the

picture o e part being packaged, packagli ng systemc | er 16
wi || begi randeS38:sifithg opleeatorndbes aot reastablisty cdntrol of the nmchirie controlient er val
to provide it with the status of producing the requested pad, or pads

( st eps 5534 thpprogramuisderminated, atherwisadhe Reraramwil veir again startings
570-76), %rpéﬁéﬁwd above. If the nessage has been received fromthe
machi ne con}ro er 14, the nmessage is exanmned to determne if an error has

25 occurred imsmmingithﬁtéhﬁbmgeakaﬂm&i?ﬁoﬁnﬂeﬁﬂﬁcmhelﬁo@n%ﬂerlwat|f no

error has occurred, the nessage will either indicate that the
cushi oni n§termb30 angrb32 befase the, times timed put and the message was Pheoduci ng a

DR O P ShekShE ALY B g WA SRR it GRG0 e 20
558- 5769  yAthing (coRBrBIEL ¢4 ad3b the nbATberbtpads do broprotifBed AnBaRsir bftér been
produced. The tiner is then disabled at step 582 and the _
-51- of generation (step 540 of Figure 15¢). Alternatively, instead of providing-the
pad length and the number of pads to be produced to the machine controller 14
in one step, the section of program code can be executed through a loop in
which the machine controller 14 is instructed to produce one pad of the
20 appropriate length as many times as needed to produce the correct number of
pads. Communication between the packaging system controller 16 and the
machine controller 14 is again coordinated through a timed handshake function
through steps 542 through 548, similar to the handshake function described
above relative to steps 524 through 532 to confirm that the machine controller
25 14 received the length and the number of pads to be produced.
Accordingly, after the machine controller 14 has been instructed to
produce a pad of the appropriate length at step 540, a timer is started at step
542 and the program will monitor whether a message is received at step 546
before the timer times out at step 544. If a message is received, the message

so  will be checked to determine whether it was the intended message. in this
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packagi ng systemcontroller 16 will continue to the next step in the
packagi ng process by increnenting the packagi ng step counter at step

584 and sety display flag to indicate that a pict e doghi@spart
bei ng packa‘ggg’gliséagurrently bei ng di spl ayed at step 586. %ﬁe machi ne

controller 14 will then begin the 5 process of producing the pads for the
next packaging step in providing the packagi ng recomendation to the

operat or ( gh8@sthedftentfed message may beé & darfiagéd retariP848 ofdr eRtafiples ifithee been
conpleted for the identified part, as indicated by the step counter

bei ng equatimes timed out befe@ message wasreseived s the ingnsrect messagewasunt er

i s decrement ed step 588 .and. the,pgckagi S 0 co ol | 16 will
det er i ne M'ﬁ%‘ﬁ' an Fﬁ'Bf cpde “E!&hs dd%ﬁ?%eﬂﬁegtegﬁfgt%@@ggb ancg{henot (step
516). If n mmps [ hbl ' !gﬁgﬁquﬁ
nec)essary g’gﬁéétgﬁ | ngWﬁ@?ﬁéggggh%%btpﬁgg@%ndat [ ons@"le? 1gl | 1ike
parts s Ishoaldattemphiceezestablisie cdimplinigation with tbe npachipe coptrollert 14.at i s

returned to, the di splay pronpting the operator for an indication of the
next part %5%- be i s packaged (step 590, Figure 15a) and the process is

repeated for t h%\é&%ﬁigﬂ%@% appropriate messddelWis f‘é{eﬁf?cgggﬂ{j{%%cﬁfnet he

present invention, th stemrs u I nconjunction with

one or nor gowtrolier P4rdind the packiniing systerh sontraller 16 isexelsatihg the fistr uct i ons
is associated with each of the part nunbers or identifiers a [

nd is
retrieved fPaskagingsstep Jor the parbimbe pagkaged abstep; $50.itba apprepriatg display be

oystom 1 Wil b ERBRAE B rERRbr 38 o 8ferf 553 20y 4 BRI dtdne BefiicinG, °
this cont ejackafed accofting b tiafifst ERY Wil Bepdispldyedaitiste 5649 I¢Hidis not

pr edet er mi ned packagi n I nstructions associated with the part, do not
resi de wit the figst time v the program for this partitohe-packaged (NQ iab stepy589) adive

di h I I, 5 enbaodi h i i ,
oo 19, e iy b Bl 3t FEP RS BorS nd eV ol BEBNCT -0 anc
uses the 'ng@éa% QE@&%S'O 'EH%ﬁ&d%@é&iﬂHr???cﬁagfﬂéb%eskh@“ retrieve)

an optimz kagi ng nme ogy for packagi e part. According to
t he al t es nalisplayediabstepes54.oThepurposss ofithis five secamd delay is sodhat theor who

OO o P ot Vo e 9 ahire s sty Bt e e B rbang g i "
- 52- before the display is replaced by the display corresponding to the second step
of packaging the part.
Concurrently with displaying the picture of the part being packaged, the
20 packaging system controller 16 will begin requesting the machine controller 14
at a set time interval to provide it with the status of producing the requested pad
or pads (steps 558, 560) and again bégin the timed handshake function (steps
570-76), as discussed above. If the message has been received from the
- machine controller 14, the message is examined to determine if an error has
25 occurred in producing the pad at steps 578 and 580 of Figure 15d. If no error
has occurred, the message will either indicate that the cushioning conversion
machine is still in the process of producing a pad or pads (steps 578 and 580),
and the packaging system controller 16 will again inquire as to the status of the
pad production (steps 558-576) until it has been determined that the required
30 pads have been produced. The timer is then disabled at step 582 and the

-51-



si mul t aneously avoiding the use of excess packaging material, thus
mnimzing t he packagi ng costs for a given part. I n
accordance_w th _another aspect of the present invention, once the

optim zed YB3y et hodol ogy is determined, a packagi ng PrVPERI18s
provi ded on an out put per| pheral such as a di spl ay. The packagi ng previ ew
allows the operator (i.e., a user or custoner) to view the determ ned )

ackagin olo
e appr opmagkaBiri&stembotfiaist 183 SoRfiniE e IHE He4 436 KR Bedidifiio) ooy
i s deter mmedesé by mcrerrmhﬁqm@a@xagmgl step iebanteridt etep584 andssetiing e Wi th
both the packagi ng and 10 the shipping of the part and all ows the oper at or

to accept displayflagdgiindjcatethat a piefupp ohthe-part being packagest isvarsenlyscont i nue

packag) ng 108 gisplaved,at e, SRR NAes AR Epbrler (EwiERR BadlbR 1, T

det er mi Qecbreeésﬂf-ﬁfbducrnggﬂtie‘gﬁﬂdélﬂarrtﬁé aslopackading BRI in e wera 4 ng

mat eri al generator and th operator via an out put periph The
packagi ng padtagmgtemmraeadatmdta the operatordsteps 520-880).0pri at e anount of

k t f f ' ' t h
part - concur  orl Ry e pERRRGIREHieR Lave Eeen rompletedt 'tﬁ‘ef’aaqcrﬁéti&%meestep
by st
& spl oy, 15 BRRARA by e *%“t@‘i’?‘&iPﬁ'@fﬁﬁW‘?ﬁ?’eﬁéﬁﬁgﬁy."#s‘{"? 1P ons

i|lustrat q:aﬂt)qubnmytcmunterpsrdeprMehtetbatétep@&araiﬁ'ab packeginggysteteri al in
securing the par properly identified container, thereby

i nsuri g t‘Fﬂi’tt"Q"ﬁé"ﬁé!\"t' dﬁtermlagavhgther all eam@amem rischaveheen parkagacthe

deter M el 18K AB) o A58 contaley 14 il RGNS e 2P

det er m nesnedeseaty padsdndadtagititbe mpbtatdﬁmyecmmmt@t\sﬂf &kliles paﬂsst em
The expert systemincludes a know edge base which consists of

pl ural i t y have beer paekaged, she display opdhe stkputipesivheral &isgetysped da ﬂte) dat a

conel Li?orﬁ'f@"%x eHBRRg e HesetoR sch iy it he S PaBRE RS, (e

rul es paKEgeY (Qfeé: §éo tFIQﬂre ﬂsb)eénd fhé bﬂt&ﬁs% F@déh’téd Y6r thid! riexg pARITES

such as the usé of be used instead of, or in conjunction
with, the "if-tlmethe first embodlment of the present mventlon the packaging system is
t)r53tmr o utilized in conjunct 58 With'She B Are Kiowh &Sh 'Anér%g Brmicedis Sl S the one
packaging instructions is associated with each of the part numbers or identifiers
and is retrieved from a memory in response to the notification of the part to be
20 packaged. In another embodiment of the present invention, a packaging system
is disclosed in which the part to be packaged is unknown. In this context, an -
unknown part means that the part, along with predetermined packaging
instructions associated with the part, do not reside within an associated
memory. Instead, the packaging system, according to the alternative
25 embodiment of the present invention, identifies one or more characteristics of
the part to be packaged and uses the identified characteristics to determine
(rather than retrieve) an optimized packaging methodology for packaging the
part. According to the alternative embodiment of the present invention, an
operator who does not possess packaging experience can employ an optimized

30 packaging of the part which insures the prevention of packaging damage while
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characteristics associated with the part. Such characteristics may include,
but are not limted to, the follow ng: the size, shape, weight and

fragility afolobmsssenrt, t he net hod of shi pping and a pref pcanssaiss
whet her the packaging nethodology 5 is to be optimzed with respect to

packagi ng or cost. - According to still another aspect of the

present invention, the packagi ng system i ncl udes an inventory

moni t or i ngsigwitaneously@vaiding the nse of excess packaging materialy thus eninimigingAs
erials are utilized in accordance with the

vari ous pagckagi trat
det er ni ne %ﬁa%é%ﬂfﬂ? GRRRSO0R GENRAMvar i ous parts, the inventory 10

noni toring syst | i st h ed
Arounts Lo one. Maciiafige Wit Arbifie] Stect of e BreseAtliVeition, Btd e

t Er es Eo: g optimmdcbadk_aginlgamﬂmddlegy kmueétﬁrrginedeatpﬂclkatgidgepier\]ﬁéwhﬂs ?d) .
threshold or alternative . greater than or eq o a threshgld), the
packagi fig REP¥ ‘A'I!l?Br}%{{tpétaP?@pr?eraPﬂ&‘b?%?éi!sﬂaVeH‘ﬁﬁﬁﬁcmﬁfe\@@”pr event

A packag; PSS HEbRERSNE £ ter S stomBRC AL e ekt batkaging
present i nyitessto verify thas thed@@rinindd mleglr@mem@dmgya@hp?g%émﬁ%

i ncl udes a packagi ng systemcontroller 592 which is coupl ed
packagi ng additiaa: encestheyeplimizedrpackaging wethadalegy isrdgterminede e di nent  of

o E ur o padkadin SHRERTalsicls A Kol AbdetRés Wi Bofihe iiialing ahd” sy ot o
cont r olsper thaSshippging of the PairiParid BROWS fies 8perdtoridyaddapt thie patRagihg BHE
P y @gg

conponent s and preferabl I ncludes a freight cost or post neter 18a
f or gener ashippingeosts op alteiativelydjscontinuestheqpropess.age i n response to the

I d I fied shippi d Il nat i d th Lght 25 of th hi t
o1 ST Sl e e, He S e

t i al). . iti . . I: 1 i-NE es a
i nter 1 apfovidéhackind ateictiotis Beocialedt i 1o BeEiAeY Yplifipdd

i nstruct i opackaging desthbgology to bothotier pacitaging aidtgrialigeneratortargkthepher al
al so preferabl% I ncl udes a di spl a such as a CRT for providing step

by st ed8gr QREhaeRN Via A ?@Wﬁﬂ?”&?@%‘-ﬁ%ﬁ? Pagkaging instructions are used to
;?3" n thedSPeTate aRHHrbptiatd! drobAEorFKaRing Matdridi iF Rl d Seditirfdd @ O
for use in packaging the part. Concurrently, the packaging instructions are used
to provide step by step explanatory instructions to the operator, preferably via a
display, in a graphical and textual format. The explanatory instructions illustrate
20 how to properly utilize the generated packaging material in securing the part in
the properly identified container, thereby insuring that the part is properly
packaged in accordance with the determined optimized packaging process.
According to one aspect of the present invention, the packaging system
controller which determines an optimized packaging methodology includes an
25 expert system. The expert system includes a knowledge base which consists of
a plurality of rules and data related to packaging which are applied to data
supplied by the operator which relate to the part to be packaged to form a
conclusion (i.e., the optimized packaging methodology). Preferably, the rules
consist of "if-then" rules, although alternative rule schemes such as the use of

30 “frames” may be used instead of, or in conjunction with, the "if-then" rules to
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packagi ng of the part. The packagi ng system 590 of Figure 16a

al so includes an I nput peri pheral 20 which is coupled to the packagi ng
syst em conyQslsfée3©92. The 5 input peripheral 20 may |ncludqnﬂﬁﬁs 11408" €
conponent s ang preferably i ncludes a scale 20a for nmeasuring the weight
of the article or part.to be packaged. In addition, a dinension

measur enment apparatus 20b is preferably I ncluded to identify the size
and shape gghetdte daafdusﬁaa@asnagcﬁaa Hsterndl Qata anditAB dnedt MBS U ement
apparatus 20b may be a sinple device such as a ruler 10 which neasures the

part's heicharacterstins-assasiated with thespastt Such\chagicterstinsmay inclpde byt
however, have ta t hr ee- di nensi gna es cu

mor 6 conpm n&?ﬁaﬁeﬂﬁﬂ e lpRIRG:, erizs. aliape, B ik an raginf g Hask

exanpl e, P%Qﬁg?n

con{rgct a ura ???%P’garq gﬁgbdo ‘t%f%'%@c%g?t"ﬂgerﬁ Iﬁg‘cerr @oca |onsB¥f t he
vari ouss 1Esto)beaxptmpzedw'ﬂ'\rresbeetatocbam:aglrrmancosiace (x, y, z). The

apparatus 20b, in org{unctlon W th th&% U 50 of the packagl ng.system
control | er 592 Acsordiag,ig still anotheragpest of thespresent iventioastherrackaging and

size of t @ga%?ﬁ linclucﬁla%’ 5{'! m&mﬁj monitofl a#?g%{ﬂ Which ﬂ%nrﬂbﬁ%ﬁ ipgreasur enent

appar at us I'nc neasuri ng system provi ded by

Quantr oni pacRaglnanaté?% A8 vE@nbusPcRaﬂlnlgtmbte‘iﬂb?ére utilized! in accordance The
i nput peripheral 20 may al so inclu eyboar d/ nouse type | nput devi ce

20c or t oiith therdetermings packaging mhe@olegmﬁ@rmqnm

vartould o donifbrific SRR raatag i€ iRk 3R HR %éﬁwr?i%a?i? Upedtad Loed <o
access 25 gi¥biritsSoioiel ortAF FEBHSertArdsHORS. " If ah) OIS fe-ordérMirésticnd | ¢ ers

Wi thin a database which are simlar to the part. In addition, the
keyboar d/ condéionsarematistied {e4., equal to iessithanya thiveshold mmaltgmaiweiy]at i on,

hi ppi ng ARERBT e REGAHE! & fikaRill theacBasingeplemptomateall ¢ 2ba. the
Toge " m%r%*%iﬁ*ﬁé@%ﬂ%'a@f%ﬁ?ﬁﬁ G BRg el fventory from
char acter ibeeoniing pmduly déleted. pi eces of data including, for exanple, the
wel ght, size, Sl-r\1 %ggkggnlggfsryg elrli I59)(/) according to the alternative embodiment of the
present invention is illustrated in Figure 16a. The packaging system 590
includes a packaging system controller 592 which is coupled to the packaging
material generator 12, which in the preferred embodiment of the present
20 - invention is a cushioning conversion machine, as illustrated in Figure 2. An
output peripheral 18 is coupled to the packaging system controller 592. The
output peripheral 18 may include one or more components and preferably
includes a freight cost or postage meter 18a for generating the proper shipping
cost or postage in response to the identified shipping destination and the weight
25 of the shipment (including the part, the packaging container and the packaging
material). In addition, the output peripheral 18 preferably includes a printer 18b
for printing a mailing label in accordance with instructions provided by the
operator. Lastly, the input peripheral also preferably includes a display 18¢c

such as a CRT for providing step by step graphical and textual instructions in
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Figure 16b is an idealized side view of the packagi ng system 590 of
Fi gure 16a. the packaging system 590 includes a Wndows personal corrputer 5

as the pac | stem control ler 592 which underlies a deskj ea
RO saReds FORS 10

593 for packaging. Al so under the work area 593 is the printer
cushi oni ng conversion nmachine 12. On top of the work area 593 is the scale
20a, the dimension measurenent apparatus 20b, the display 18c and the

keyboar d/ mpiapaiiel With theSgeretation owépaéwné%tansn t® 418" e QF? paroel ed bins

10 594 for housing a variety of packaging contaliners or boxe not shown).
At - one packaging ofthelpartior k areas 593, is an exit chute 596 for the;

120 O™ "9 PR e psichaaind SyelB, 460 5 Filjra A ARG INEILARE S0IRYE for )
I
in the 1l o@@"ﬁgefé‘mﬁifgﬁsﬁ’b%?@? e e HaraQite Sustol Rl 202, The' (e”

step of & dimputfperiphesal20 may mchdehmqmr:kmyedontpmts and préférbbﬂgh t he
is used to describ step 602, it should be

d d f
ﬁﬁ&er s![ 033%@&@23 ASCAA A6a fmeagwwﬁmwgym QSrﬂ@%é rticle or part todee of

t
be. packaged sanaed;, by BHAERE BAirEhs B fisabiiRimeiNBrisirgts 2l p%?ér%% e,
20 al t houglindlided te Richlify thysize a?ﬂ%ﬂp@éﬂh@%farbtb B packagad.! Mhe enough
data to fully identify the part to be packaged, In many instances a

full ident idimensioprmeasurementapparatusi20b may beaimple device suchas a naer

Rt o oo D Batred e pdfis heioRt Ieiidth Mo WiRDT TeRfectVery S aRi¥org ©
fragility. papts, howev@f‘%Jéﬁﬁo?@&étdnl&d'tﬁ@ﬁ—ﬂﬁﬁ%,@ﬁal e84Ran tSEt od 600

proceeds to step 4, wherein the packagi ng syste contro er '592
t akes the dmore o:mhplextcbmemsnon measumnmmanm@b maycbel etilized.nEoan

optim zed packa | nmet hod {up di scussed in greater
Gotarl i nt EXaTHe Be ARRATARI: BTAVABHU ang OEGISTe FoBoH aes 1high
det ermi nes cbhfacﬁ%t blm&lﬁ?PP?ﬁhé%%t E}Tébpﬁﬁ%ﬁ bcbid e lﬁﬂaﬁéﬁ?& the3\9ar? em

Al ternativel owever l'ogi ¢ nar crsion trees and neu
-56- 15 ccntact panlshm«thiee—dh;eﬁsbnﬂhépacedx; Y\ HhThecapparatgs ﬂebgeinm nat i on
process, and each are ntenplated as falling within the scope of the

present i nFeRjyngtion with the CPLAW &f the,papkaging sygtem caatiolier§02 éordalw iBned
at step 604w Bfocessor) identifies the shape and size of the part. In yet another

alternative, the dimension measurement apparatus 20b may include a
Cubiscan™ measuring system provided by Quantronix, P.O. Box 929,
20 Farmington, Utah 84025, U.S.A.

The input peripheral 20 may also include a keyboard/mouse type input
device 20c or touch screen type display, as is commonly used with personal
computers or a microphone. The keyboard and mouse may be used to input
various characteristics of the part to be packaged and/or may be used to access

25 various pull-down menus to identify the part or indicate items within a database
which are similar to the part. In addition, the keyboard/mouse 20c may be used
to identify the shipping destination, method of shipment (e.g., truck, ship, air or
rail} and other types of shipping and/or packaging preferences. Collectively, the
scale 20a, the dimension measurement apparatus 20b and the keyboard/mouse
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packagi ng net hodol ogy is displayed along with its associ ated packagi ng and
5 shipping costs at step 606. Step 606 is simlar to steps 112 and 114 in

Figure 5 see al so Figure 6a) since the packagi ng net hodgl e
previ ened é 663  operator. Although the determination prggggégﬁ%gfep
604 is preferably perfornmed using an expert system such processes are _
limted in that rul es may " not exist for every situation which may cause

Va the i nadr SRlketyRERls pites ol italiibh sehve fEndtaclolfre eart sleco o,
base its copebydfaatLmciting! P exdaiple, theaeight, ek ahiape 41 fragiityo 9y

di spl ay step 606 therefore all ows the operator to _provide a "sanity
check" to i nsur Figuret16bts ameidealized;side: view ofithe packagingaystem 8§88 efi ni ned i s

adal t1 on. FRMIBISRadhA pacyeDin sate oo Pobps EuliuGe Bamaral pomattée
packagi 49 BB Baekadihiay Rl cHRBILAEEZ whth ARG4AEL HEKSH WHHBHEAND

t oget her the co ected contal ner, the cost of generating the
appr opr i at 893 forpacieigimgic Alsp understherwark ared §9%isdhetprimter/ 48 and theher

0L iR R . OF 85 i S RIAEhR, T
and e S8R gmer Hiclebro i Abfo B 2t oheSdbpEYod dnapig 1 oL e (e

costs on t keylosrdimbudé20c! Kiso on theavarkareas $98Mrecpseri¢s of labeled binsceed
at 608 if the operator determ nes the costs to be accept abl e.

Al t er natoi v60¢ for heusipg ravariettof peskagingicontainers,er boxes thatshowin)pédioneagai n

packag ng_ BNAR5 gtihe wark aras SR IERR xR Reb Jal R ARhIShRE A5, .
packagi ng m&w)ﬂﬂ% Eﬂsu@bd%fmeﬁ&ﬁshioningtcbﬁyémdfmaimwsnem control l er 592

(via the CPU 50 en sends packagi ng i nstructions which are associ at ed
with the det er niAmethod 6a0ifogpackaging aoginkpowropaitaising fobexamplesther si on

machi ne 12 at, step 610 angd to. t.he oufput . .
-57- packagmapyﬁ?%% °f1%'9‘dfessi§$agﬂ ﬂ.ﬁbﬂﬁé"‘{ﬁfﬁiﬁij it 8‘9 fley.shart ons
sent to,t he; | Qi ' ' ; 4rf!
ot gnal s B BEFRre 17, PO et eBHeghts itnihe Stapof HorBgaare; |
respect i ve tb degidrkaged dtistep 602dithough thewordf identifying’ isniised ta desdribe
description provided earlier in conj Li_‘nct"-lon \%\tg

step 602, it should be understood that the method 600 contemplates a broad

function of ascertaining one or more characteristics that characterize the part to

be packaged while not necessarily identifying the part itself. Therefore,

20 although the step 602 may in some instances be able to gather enough data to
fully identify the part to be packaged, in many instances a full identification of
the part will not be made, and instead the packaging methodology will be
determined based on the several pieces of data which characterize the part
such as the weight, size, shape and fragility.

25 " Once the part is identified at step 602, the method 600 proceeds to step
604, wherein the packaging system controller 5§92 takes the data collected at
step 602 and uses it to determine an optimized packaging methodology. As will
be discussed in greater detail infra, the packaging system controller 592
preferably determines the optimized packaging methodology using an expert

30 system. Alternatively, however, fuzzy logic, binary decision trees and neural
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5 Figure 7. Likew se, the packaging instructions sent by the packagi ng
system controller 592 via the CPU 50 to the output peripheral 18 are

cont rol automatically generate the proper a

post age vi gvr}ﬂf’és‘ﬁg’stage nmet er 18a, generate a shi pping |g§'g/ﬁ1tsg\§9{1ﬁ9§ he
appropriate address via the printer 18b and provide step by step )
packagi ng i nstructions on the display 18c. The 10 packaging instructions on

R Lot o0y Hethibd b8 blikzed | #ehAGRING dptermindti 55E844 drt'Satfl bfF

|IIustrate |ze e gener agi ng mat'er 0 properly

secur e t hecgritemplatedias faliingwithinfthedcopetofithe present dnviritionn, t ext ual
expl anations are_al so preferably includeq to further aid in the proper

packagi ng of ehﬁ!q)aaﬁkaa@smqtm@wggm%réagﬁw@,%tw&ﬂﬁ tBel er 16 via

modem o1 crapgia fithodoRa iy BREfeyec inG i s bEtodeibd naiebfifand .

The step Oéhlpﬂihgtmﬁts ag stdiﬁSU@r Stép 606 mmimarqd s(éﬂsﬁﬂ@%h 113 inl Figaid 5t ed

in greater tail according to an exenplary enbodi nent of the present

|t nvgnt i on k(seedaIStt) ﬁl@fﬂ&%)&ég& a'lﬁ Mawwf methodology may bwlepr gwewgdtb;ethear t

o be packaged.a sin or exa sca

pronpting ‘Pﬁ erRlﬁl?&i'Q?{bmeg R proce ng* gﬂ%a& rﬁﬁ@r The

wei ght val 0 of
e packad aoimed BingaF exppts 59“"5“%‘%‘#"3;’3@%"5*@“*“9“" “‘i"éﬁ'e'éf"‘a% e 3).

Next, the nohexist fonevery sstuatidnewblcbenayldauhapa)mocbrretbta':oncluqmt Inre

rreasured and/ or provi ded tep 652 t he operator.is a d fo he 25
i s, 18noddipa! & Bome ot B datas PRAIGRRE VR BEIAP R RRAIRLE0 MEoTiecti) o

the o PSP LGRER? BTy HAOUTS LORLLIGIER e Wi Ut O7fb Tons! oS

of the nmensi-on rreasurerren apparatu and hen

query the packa(}mg méthodaldglyai«gﬂaylstép 606 tivereforestlony theto;(e?atbr tois it a
cube, a pyram 8 ere, etc.). Alternatively, descri bed earlier,

a robotic BYideasaniy checkdoinsuretthatitne mwasmgamathm wihichohas heedbj ect .

' 0gY! AnOblfEmitdd | Brtadhpriby 18 Hie ogneration of anvpeckasing materialy  o; o (he
gener alygshape ofn hfdition, t@pﬁ@éagiﬁg §9§t§n558ntrd¥ét 592t bpenylemiinmgithes t

neasure or ascertain the size shape of part i s contenpl at ed as

fal l'ing wi packaging meihpd atistep 604, eeleulates the pmkmlngwcoss by addinge next
step In 1dehi el he ddit of e stidcftd SoMaie? Sink tost of §enttafing'the® P2"!
appropriate amount of packaging material and the cost of various other supplies
such as packaging tape. The packaging system controller 592 also utilizes the
20 shipping destination, the combined weight of the part and the shipping
materials, and the method of shipment to calculate the shipping costs. Upon a
display of the packaging costs and the shipping costs on the display 18c, the
operator has the opportunity to proceed at 608 if the operator determines the
costs to be acceptable. Alternatively, the operator may choose to end the
25 process or begin again at step 608.
If the operator chooses to proceed with the packaging of the part in
accordance with the determined optimized packaging methodology at step 608,
the packaging system controller 592 (via the CPU 50) then sends packaging
instructions which are associated with the determined packaging methodology
30 to the cushioning conversion machine 12 at step 610 and to the output
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at step 654. This step nmay be acconplished in a variety of ways, as

i1 lustrated in Figures 19a-19c. In Figure 1 9a, the fragility of the -
part is identified using a plurality of pull-down nmenus. A first .
pul | - down rW¥O@8/86683 ncl udes a |isting of general cat egor iP&F/EI/1IFBNi
which the part may belong. By highlighting one of 10 the categories 664a
(e.g., household itens), using, for exanple, the nouse 20c, a second

cat ogori os PEUBNGR) B sieRB1g. (Ths bawalre instlElishs sShtk Me aihioiba,
furniture conv@iforkiachitfe'P2 &t steh &R Are EoRIEIY |Q%ﬁ€@ggé§aﬁﬁg§iumiéﬁ

operator may t sel ect one' o e sub-catégories
ki t chenwar ef cushiogingmadsotosproddice pthelrrespedtivenlengths/and ¢heiporderdfspl ay to

| th detailed list of .it 66 . (e.g. .pots ani ,
(i shes, o EgnuTARuEe. St  theydescrition ALpvide saniin saryinction WH oe;
oot the. | AU
packaged | 119Tel % LikBise thd plBkagit ifstrictiohsBerf by the oMeIBGn RSl | | .
pul | - dontrolienss2 via the<CPUS0 toytheSoutpet/ pedplierab 1 8idre controhgigaalkahiatt ed

with the part 20 which is stored within a nenory assocjiated wth the
packagi ng @teraptically genarate the-proper agaynt of nes{meowa the postagemeter i s

Accor ding. (152 0BPeRls Ashianipe RSV abSDPRERE BEaRRS I e pfifich A48 00
fragility endiprviéustepiby étépiﬁbﬁdgih? ihSrictions orfthe dispiaym8s Theeasure of
the 25 maxi num acceleration (i.e., the rate of change 1n velocity over a

measur eth packagingdnstructions)on the displayctic preferabhninciudergnaphicatur r i ng
damage (G is calculated,., .as,the, rat,o.of cel erat,ign of the packaged
s o ¢ niSnidsniatnE dphic il noi o utiize 168 GebhBitelhabkablha MRIERIT. o
factor, th i } ; i i the G
actor %E??%@Féé&ﬂé?hé igmﬁltmﬂrtﬁe sE;gcgiggjcontalﬁéﬁmeéﬂdltliiﬁ.n!é%ual e

factor for v parts 1s determ ned ectlng
-59- explanationarare alsqoprederably incluresctoi fasthef aigh indhelgropeppacleging e

ahi ch damndih t Paf Lasty, the Packasln: Rtomeanstpler 1Bofa e G S Ay '8
uhi ch damagt* e packagigt A SRRt i
cat ogor {5al O4lY AL pbopithfatons R (o . dHpnddin Pt fn G

fragile) tdintehface®d)to ik ymthe paclageditgped), using six fragility
categories 669a._An operator, by selecting one of the categorjes 669a w ||
see a The step of identifying the part to be packaged (step 602) is illustrated in

greater detail according to an exemplary embodiment of the present invention in
Figure 18. Step 602 begins with either weighing the part to be packaged at step
20 650 using, for example, the scale 20a or prompting the user to input the weight
via an input peripheral. The weight value is then saved in the memory
associated with the CPU 50 of the packaging system controller 592, such as the
RAM 60 (see Figure 3). Next, the dimensions (i.e., the size and shape) of the
part are measured and/or provided at step 652 or the operator is asked for the
25 dimensions. This step itself may include one or more steps. For example, the
packaging system 590 may automatically measure the cubic dimensions of the
part using the dimension measurement apparatus 20b and then query the
operator on the general shape of the object (e.g., is it a cube, a pyramid, a
sphere, etc.). Alternatively, as described earlier, a robotic apparatus may be

30 used to map the outer contour of the object. In yet another alternative, a pen-
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variety of exenplary itens 669b which fall within the sel ected fragility'
cat egory 669a. By anal ogizing to the exenplary itens within each ’

cat egory, at or can approximate the parts fragili Qb?ﬁ

sel ect ed, %?8%3%350 saves the G 10 factor associated with t%ée‘r’gar f%athe
menory such as the RAM 60. As - illustrated in Figure 19b, the six
fragility categories may be categorized as follows: (1) extrenely

fragile ( ?gg% tﬁpg,gré{as Gra T&%RWW bé ulitized ¥ Skiél%RQHé g(%zlggﬂtsha?_eg%ﬁées ; | 1)

delicate 40-60 G s noderately delicate
(V) noder abjéct atistep 652a4Any miethdad and apparaius t¢ vheasurgardascertain thelsize s

and 15 up). te that the categories 669 rovided.in Figure 19b are
morely - And e bl e i GenSRP gied A fallia Wi e Seepa i the RIes as
necessary.in énﬂ&h pref erabl e, however, that the.nunber of categories be
sufficient 10 avoid excessi ve "educat ed guesses" of fragility, since an

esti mate G f actThe nektstepsn identifpingl the paetsis| deteiminingothelfragilitycofithe part
desi gned, and thus unnecessarily 20 increases the packagi ng costs.

Li kewi se, atrstep£p4giThis piap mayke accomaplishad Bp vadety of wavs astiliustmateduct

R bt ng i FiowdS, 1960 5 FgUTE 1 oBl he AR EnEarR O Ged usi a0,
(step 654)plgfalityef pulkdown menus. A first plll-dioth menhieB2 mciities avistirR) of

aut omated techniques are utilized. The step 25 654 begins by view ng the

obj ect usigeneralcatagares Gb4rwithis which the partanay belong. By hightighting onefs70.
The dat i.ch ' he i h t is th bj ect t
vari ouds t GPRERITOTHER 05 U2 B D onOI ISme b sing,Tof SXample, (i Shoiise 206,
processor 4 gebdlidlisting af 5&5@5&@%&& Mﬁsmﬁnay@d,tharew bﬁé&a iof @\?é ghpons of
fragility at step 672. Suclt 1 mage processing may I nclude, for exanple,

segnent at i categoriess666 iare relatedhto tie earlier sslected categoryS@da (dng.,dutnitucei mage
or inmage s

ts th h . . -60
trained claM kXshanware dre beth copsidsred househelddiems)e The.opstar Maythefage

el > el .
Cacoyn 1} et bnali barlgofis dola L ReriEiY) LPRINE Bl46 20 or
appl i casi calterhatively ithetsudrodisplayto revesl anothercmore detdiledrlist of items 668.C) .

O her alternatives may include, for exanple, 5 binary decision trees_ and
use of fuz#yg- RS @nd pang dishes, ele).sThis precess may be £ontipued undil

i £ § ona) AL BRI I REQAERERTNY pdittidh L ARl KT prtitape. .

process. Spadkaged in terms of fragility. Each final object which is displayed in the pull-
down menus on the display 18c have a fragility rating associated with the part

20 Wwhich is stored within a memory associated with the packaging system
controller 592 (e.g., the hard drive 78) which is subsequently utilized in
determining the proper packaging methodology.

According to a preferred embodiment of the present invention, the
fragility of a product is measured in terms of "G's" which is a measure of the

25 maximum acceleration (i.e., the rate of change in velocity over a measured
period of time) the part can withstand without incurring damage (G is calculated
as the ratio of acceleration of the packaged item to the acceleration of gravity,
G=a/g). Therefore, the lower the G factor, the more delicate is the part. in one
exemplary manner, the G factor for various parts is determined by subjecting the
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gueries may include, for exanple, "lIs the object solid?", "lIs the object

hol | ow?", "How thick is a piece of the object?", "Is the object nade of
pl aster, c ] r 10 glass?", etc. The packagi ng system co 2"
then util iglrensﬂ%sﬁsesgi nf or mat i on provided to conclude the f?%fg@%#@s%? t he
part. Note that the actual fragility cannot be determ ned w thout
destroying the part to be packaged which is obviously undesi rabl e.
Therefore yaoyy Srodtictd 18/4 8kHES of §RidudNy MBRY Severs tdcal to
infer the frag"l%lrl ty of the ?tem Pf, égfn?er the queryi ngé‘?g@ﬁg%'fional
i nf or mat i oshocks) irherderrto detérming dke towestwales at ivhich damagesoecursti ng within

t he dat | ysj on to, be d ified d i
cortainty the Dagthasmethod of deleunining e pan Saely Bdfustenia Earer o he
" e . holld . ; i
oF L e pr ol Pl fHProlilies & eategorizRieR of BN roRP i hiddt afioate ™D Y
cont act sa @.el,vextremelyrfezgile) & theelcast delichtei(hoqiru dr?pusmgtak ility
e

Returning now to Fiqure 18, once the fragility of t part is determ ned at
step 654, ¢ategpties 8§9ag AN eperater by salectingone gf the eategedes 669 will see a

operat or rearieth BF eRBRERRHT Haink bREb WHleR s MR R sofc R Radiiv gl '
manual |y | 6§04, Byea zify todhe Ex fla%igémkﬁvitﬁih%abﬁﬂa@g&w{ﬂesepé’%pr

touch type display. Alternatively, i oper at or does " not have the

3 hi pBi ng dean Spatdximatelthﬁ M'Bdfagtilityl.e Qrfmselagtedl. the. GRS 50&8ar\llasghgﬁ

v e . | | dr 28
o 5 oo RAREIIFPORpSH WtEIS Aatt iy moBiary sHeRia the KM epcds ' he
appropri at ﬂggﬁ'ﬁfédrlﬁtFigﬂré Téﬁ’rtﬁﬁgs'i)ﬁeﬂangrﬁyééﬁﬁbﬁég%fﬁﬁa@%% agie CPU 50

30 saves t data I n e Wor'ki n such as th
-61- follows: (l) extremelyrfedgiiesabput 15256 adl) vers delicate{8boat 28-4Quer i es

oper ator t B9 86HHE (ABpuALRESST AN Rdaratel dalRIE DA HPRS BRd
1 ' | ' f
{ailored t S 00Rerae BBbPE aBR 85 1IBGET SN ufied Podll 118 CETnd.

f r ei ght1sor up)i Nptenthat the eategofies 669d providethinstigare 19b ar@enetelyn i n the
wor ki ng menory such as_the RAM 60 for use in the determ ning of the

opt i mum pa@XIPIREY.rand iRwekRROreatRr Gateaores Mmay keipeavided psawsessgry. Itis
subsequent v eBeni THdi&Tbr! thal ThE hilhiberdtcatiSddtiis b SaMlnt T WG cduct may

be

excessive "educated guesses" of fragility, since an estimate G factor which is
too low results in a package being over designed, and thus unnecessarily
20 increases the packaging costs. Likewise, if a fragility G factor is estimated too
high, the product packaging will be under desighed, and damage to the product
during shipping may resuit.
Yet another way to determine the fragility (step 654) of the product is
illustrated in Figure 19c, wherein automated techniques are utilized. The step
25 654 begins by viewing the object using a viewing apparatus such as a digital
camera at step 670. The data which comprises the image of the part is then
subjected to various forms of image processing using, for example, an image
processor to identify attributes of the part which provide indications of fragility at
step 672. Such image processing may include, for example, segmentation and
30 filtration, as well as the passing of the entire image or image segments through
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dropped during shipping as well as the vibration effects, which will be

di scussed 10 in greater detail infra. Such information may then be utilized
i n det er m w3566 proper packagi ng net hodol ogy PCTARS8/ 1408 t heE
packagi ng system 590 all ows the operator to sel ect an optim zation
option at step 660. For exanple, as will be discussed in greater detail.

| ater, in sone cases several packaging options nmay be available. In such 15

cases, by tffihed classifiers askis welikruwn by 1hbseskilled iretrrnart of imageiialysis.
optim zation preference, the packaging systemw || select a different

packagi ng Sﬂgmelassnﬁsahon for euample, ray. include pattern racognifion (step A72a).i on

pref erenc | alnt threshol d
et or muser ¥t afefei (R 720 B deeibafor of e ds ISRBRBIPE g o
cushi oni NtheliiralRetwditks! (stepi6T2c)e OtRePAltermatives ma?,ﬂinbmd% we@é mplé, es for
determ ning the proper armunt of packaging, etc. sel ectlon of one
pr ef er enc dinary decisiondreesiand useof ﬂpzzyrioglm lnraddmmhtmatepgﬁ?z theur ve,

will be di sq#(ssed i n.great

erboat nen RGO morﬁm)%ﬂtﬁ%érmav s the,gPaGtor of s (et §S”°tng§or
eterm ne éd’éﬁt @?agr 24 Cer i ﬁé@é’ineﬁve &ESénﬁbé‘néH)ﬁ\fév%n%é ;gg&ngg%zsﬁchgm |

I nsure a hi In preventing s

the ot her quermstmayzmlude for exanple, ‘ﬂsttteaobjebesdl&m"eﬂsdhe@hjéalhwbw?ﬂ
preventing, shippi ng damage while seeking to ninimze the packagi ng costs.
The packagHew 39@ i ih2 pignre of therobject?!' i the abiest made: of pipstesnceramic ot

o al 1 gt (S1as e et Tia Mekkadie s Horolpr 362 ffgh Bt it ©

net hods. Tﬁ?@vﬂe‘dﬂ@r&onclude the fra?lhty of the part. Note that the actual fragllm{ chrnot
invention thus allows the operator substantial flexibility in selecting an

opti mi zat |bmdpt$me,d1whaut QBSQDOSGBQ the part to be paakagﬁd Whmﬁl istohyiguskagi ng

T red) sariitestable. . fiptetir thedredfhfimvERfitn nses 16 gBRYe Penibintl Retned L
the anmountiohiifed thé Héh Hi}@fﬂ%‘l?ﬁqu‘taﬁe?tﬁe u%&?@l ftWélelhBhél mfomfa?ﬁh“re a

safety margin may be achi eved package i ns nce purposes,
exanpl a5 Thesomroliey 582 dgtermings uhaﬁtheegap@exwﬁmg)mmgihegdmrevent/\aer or

Gesi 1 od. - Gorlcision 5 b daunow Hif 2 SR dEttes Sf FeRaelY. the PBRKkRORAd  he
shi ppi ng | gYsteBddrifbller 592 sends a message to the operator via the display 18c that
a conclusion regarding the fragility of the product can not be drawn and which
requests the operator to contact a service representative for additional
20 consultation.

Returning now to Figure 18, once the fragility of the part is determined at
step 654, the packaging system controller 592 queries the operator regarding
the package destination at step 656. In many instances, the operator has the
shipping destination information at hand and can manually input the data using,

25 for example, the keyboard/mouse 20c or touch type display. Alternatively, if the
operator does not have the shipping destination information, the user may
access an address database residing in a memory such as, for example, the
hard drive 78 or a CD ROM residing in the disk drive 72 (see Figure 3). Once
the appropriate destination information is established at step 656, the CPU 50

30 saves the data in the working memory such as the RAM 60.

-61-



10 is ascertained and saved in the nenory associated with the CPU 50 at

step 602 of Figure 18, the CPU 50 (alternatively a specialized
processor wn) whi ch operates in conjunction wt )
determ nes&tB%tglsgp i mzed packagi ng nmet hodol ogy at step g%é%?%qa%?e
17. According to a preferred enbodi nent of the present invention, the

opti m zed packagi ng net hodol ogy is 15 determ ned using an expert system

An expert syst egrd i 5@{? HERE tes

deci si on maki ngﬁ%ﬁmﬁlyiﬁﬁ ne @ﬁﬁ%ﬁmwgﬁﬁs?. ng é’eg'#e)??éflgrtl%aedge.

Thus, an regardingrthexesired method ofshipmemnt bygiremptiegi themperator tg selectn ar ea
wher e feco%%i@ed expert{s do better than &ongx erts._ Consequent]|y,
expert sysiQffX gr @ne.of pirs trueking: ShippMa-and ik $tgR 658 cEhe selgstioni zed
packagi ng ' . | | clpn PRt se
and experi Ig%?egé‘ggpen&%9@(%}%%29&%@@@%%%&% re 8&?‘.' gé? eé%{ﬁ%gls g

net hodolsogidentiffing! ties particular freightonshippitigecdmpanyli Thei CPUSB®thetsanads t 0

contain the part, and then wa surround the part with an arbitrary

amount of fhecdalq ingheyvarking msﬁtpor;ss@btaﬁeﬂ?eeﬁ%wﬁ@ﬁ‘w useinthe determining

{oagiiity BEeestnft pateling iatAauteloTie data qdiBEf 0SB MY . 0
wei ght andshisiddienthfife BARKADI) WetERNIRANEAERUTST WhichaKBbAMct may BeoCks

are sufficiently absorbed by the packaging nateri al cushi oni ng

- 9
pads). | n doappedodyring phipping agwellasthenvibrationcefiatis t whichl will et diseussead 30
consi deratjon such,as.the compressive.creep gf the packagi material, the
“aas 1™ In'Greatsr adig anfra SLRhdnERatich e ther. b8 sfiired Bhdéisminihg the
cushi oni ng i del ; :agi ng material, the possibility of
buckl i ng aﬁﬁélrlﬁéa‘ftk? 'n e Fg‘c?dsd? ie present I nvention takes the expert
know edge and daastlyrtheipisttagingesystemesadilows thropemtogtoiseleghan s and

Con unct i oRPUIEFRUCRORIARLtH S0 AAt 4r S¥AMDie AR beHiScuped i Gomes;
con unct i ofPUMation _ _
opti i zed SRR @FhEickegs paeft backagiS ARKFHRHY tealiiefls” (Fgldf

present s nwagéé,cb(}l seledlinpa parkabing optimigation preferehed ot a cospoptimitation
nmet hodol ogy based on the data it receives fromthe 10 operator. The

concl usi onPreferensg, the packroing systess wilh select adiferend pacisaginganethod. For
example, a selection of the cost optimization preference may allow the system

to utilize a lower certainty threshold in determining the product's fragility.
Alternatively, when applying a cushioning curve residing in the memory of data
20 to a set of rules for determining the proper amount of packaging, etc., a
selection of one preference may dictate a different point on the cushioning
curve, as will be discussed in greater detail infra.
In still another embodiment of the present invention, the packaging
system 5§90 may determine two packaging methodologies, wherein one is
25 opfimized to insure a high degree of certainty in preventing shipping damage
while the other is optimized to provide a reasonable degree of certainty in
preventing shipping damage while seeking to minimize the packaging costs.
The packaging system controller 592 then displays both options on the display
18c¢ along with their associated packaging and shipping costs to allow the user
30 to compare and thus select one of the packaging methods. The present
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acconpanyi ng data provided within the expert system (which is often called
t he know edge base) to the data or information provided by the
operator. Thus know edge in the expert systemis a conbina

i nstincts, WQB(36663 | es and procedufies that guide acti on§(§r‘$&aﬂg”
deci sions. According to one aspect of the 15 present invention, the

know edge base nay be constructed wi thin an expert system sheII whi ch

s comrer oiyflerfith s BB ME!ondtAtor bRl Hekbing  blsBhg an o7 cal! on

of an expert System pr ogr ammed

nodul es foropgmgaﬁ‘dmprefémwutstep:sam wel | as nodul es for perform ng
cal cul ations and presenting various pieces of information to the user 20

or operator. In"addition, the packagingssysterm thpayse include sovariake usera

T Chan. ASTEBM (pf altphiel tpd S3io Mo ofich IaiBTRR N iR et ool .~

particular fciddyes thefarhbust byl Bipredeterfifiiddarhdiiit ¢b.¢5, Z0%).SWitH thide
drawn. An exenplary rule of the ‘expert system of 25 the present invention

may be il | Jeatusecal saf&tv ohargimmay be achievedifer paekqge tnsumqa purp@sesj fore V,
THEN k h V

e onei Harasampld. it SaRfy drain iy e Bed By 468 BeckAding Shtem s ara: o
packagi ng %rarﬁércrﬁy pg&gé%sbhawaagﬁ érpmi)é‘faeﬁe&wmén@. hEnaY BeU¥sireyar! e,

all the data nee

- 64- Onté the varibus characteristivsi ofdhle ipart ared dresbippinmhfahmtrdi& of
Figure 18. I n many cases, however, the expert system of the present

i nvent i &h \Aﬁlaﬁcﬂﬁé'"gé\ﬂfﬂaﬁave '%%'B&m asspciatedt Winthe CRHA et stepfQ%n

tcﬁgdg;:??gt Liorcfﬁa{glg'%t e'r e?‘ore res gerpar'\t'\ée&%esﬁ%\aseyp'ﬁﬁ?ern%eﬁ&m‘ ped by

syst em m ghvhigh Operates intonjigictiohevite tise Clm50)?deternﬁﬁé§tﬁé’opmhmddat a
w thin the database plus other rules. Lastly, the expert syst em may

actively sdackaging methedalagy abgtep:fds ¢f Figure i sAerordingsta ameeferredand/ or
syat om of 9i0BadbRtotthé sreren uifion, the patimizad bEREASIRG toetdfgRi e’
pr obl emys ThastamAmed fsifg @ egrst systefrilow edge within the  know edge base
to draw i nterimconcl usi ons based on whatever information is
An expert system is an information system that supports or automates
decision making in well-defined situations requiring expert knowledge. Thus, an
expert system supports or automates decision making in an area where
recognized experts do better than nonexperts. Conseguently, expert systems
20 are well-suited to packaging design since an optimized packaging design
requires a substantial amount of technical expertise and experience. For
example, in designing an appropriate packaging methodology, one does not
merely find a box which is large enough to contain the part, and then wrap or
surround the part with an arbitrary amount of packaging material and
25 subsequently fill in any remaining voids. Instead, an efficient packaging design
takes into account the fragility of the part to be packaged as well as its size,
shape and weight and tailors the packaging method to ensure that expected
shocks are sufficiently absorbed by the packaging material (e.g., the cushioning
pads). In addition, a packaging design may take additional factors into

30 consideration such as the compressive creep of the packaging material, the
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currently available, even if the information is inconplete. Wen a

concl usi on cannot be reached, it uses the know edge in the know edge -
base to flgyre out qguestions to ask or determ nes what data to retrieve
in order t¥Q¥86¢%hre 15 progress in reaching a packagi ng coRET{HSPRHS8

As stated above, if-then rules may be used to represent know edge in the
knova edge base. Not only may if-then rules take on the form provi ded above ~

fnetor | iEagPor adite AAtipERAtG confifiond BF thel RN ARAY ofE"! | 2 1Y
li keli hOOd abldé%ﬁ@ rﬁﬁté?faﬂ fthb%sitﬁlltymﬁubkhrig aﬁﬂellm&bﬂléﬁebtg aFhe prégantt hen
be used as anot fact and may be applied in additional rules to

arrive at inventiondekes t@mexpaﬁgnowledgeraadméa prevdded byiexparieobed s

oftenti mes _inperent,in nmuch o rk.that Xpe

Anot her ¢ y BECKRORAASTaITRIS, aril st 8 BseriiRion ot BB%E SEaI8E Wit st r uct 25 a
know ed kRes | t W

type ofgfnowl egigghyeprgést?ﬁﬁa%aﬁgﬁﬁt@ao%&ﬁg ed " ;dfugnggiﬂpvﬁﬁéﬁvgag;léées

i nf or mat i oﬁoeoofrﬁiguresﬂiwhmh cHaracterizethe ipant torhe pdekagedd) tordetenminpdheed

features tha B &? rovide a way to organi ze data about
specific OP 'E?"t-'% '"9(5?‘ + when you enter a room your mnd

processes the V"ﬁ'}@% a@&'(t) ngét%n'?aflth‘éoﬁ'i’@%ﬁfldvbnﬁan \WrEdu e CorBiiloRs Wik -

Further, your expec

- 65- dictate a pdckéghgnhethmd@ldgwbaﬁd byitise data itreceives fionsiteapl e, when
you wal k into a kitchen expect to see a refrigerator, stove, sink

and cabihetoperates Erbemnclmtq"ow fromdhgcanplication of Ihe setwf lessand i | i ng

cabinet in

ci  cunst anaseompanS g pig ChRE Bl sber syt et " albd B
repr esent s kpowiddde basem the data or iffoRRaEbn provided bydthadperdit?. Mhuse
consists of fields which identify the attributes for that kind of
entity. Eacmowledga nethesexpatt system iz g@mbmat@amf mshnqts;udeamwns and

D o Bk AF AR B3 e, Hellood 5 o it b fle,
T bt sty s
fragility system shell whiich isscommmerciahssftware: prashuch thatallpws-foe ey effidient
packagi ng ré?éa ?gn%? gll’l ee§<pert system. The expert system shell provides pre-
programmed modules for entering rules and data as well as modules for
performing calculations and presenting various pieces of information to the user
20 or operator.
The expert system may represent knowledge in a variety of ways.
Preferably the knowledge is represented in the form of “if-then” rules. If-then
rules are stated in the form: IF one or more particular conditions are true, _THEN
certain conclusions should be drawn. An exemplary rule of the expert system of
25 the present invention may be illustrated as follows:
IF the part occupies a volume V,
THEN no packaging containers having a volume less than V should
be considered.
The above rule is used in determining the appropriate packaging container for

30 the part to be packaged. In the present example, all the data needed to draw
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parts having specified attributes may be utilized as a starting point for
desi gni ng an optim zed packagi ng net hodol ogy. Although if-then rules

and frames Wwgygsddgs been described as exenplary rules and stru .
representing know edge wi thin a know edge base, it is undgég@g%c/iﬁ?%sat

ot her structures or methods for representing expert know edge may also _
be utilized and such structures and nmet hods are contenplated as falling

within the theahchisiohés proviésd biythe Hpepator at step 652 of Higusers! -
structure for the expertpsystem 00 of the pr esepnt invglq‘?oﬁmé)oﬁp?any

i |1 ust r at edcasesrhgweyeptherexpart systomiotihesresentinvesntion wilkuse severalyst em
700 ' Lt hi,n the .CPU 5 f _Fi. 3,. | st t
or ocessi ng. APPIOAGHES FerU\gnininG WhEtE: R aiNSTy CajefoniS bne: &S showh sbope, -
Figure 16, (heaidtuffiay be alrdaty SIOvdE BR1hé BRLHAr Bnll TUleiiecelRREN D2

dat abase 704, an inference engl ne nintertrace
expl anat § ordatabase. Atlernalively,ihie systemanight 28certginposhsthientie tbaditionmenent s

hysi cal | t ; ts,. |t t d. Instead, th
component s BYE PHAISING data Wtbin fhe datahase pulis othar dulesd Lastyxthe expart onal
t i Aok YR : ' nbodi ment
The” oxpor . sty ingy RicBEh telc addifbha oAy kil i RbIIB quesihe™ ™
interface S ndlor aséotheorulestediawa domhssion. Figure 3, thus making 30 the

I nput / out put peripheral a dummy-type term nal. ] )
- 66- Preferably,the expert sysjenvekihermesest invention islike a hesmary

such-as PSRRI oG an.a gPaEnT THE e st it e ipdoe Pl e °
whi ch are skhgwleage basartockdW interiitonclusiGnBaséd dRAvhatedBPINRSImatRff ison of

menory used to store facts and/or s characteristics of the part to be
packaged pr@uTerily available,@vendif the infarreatjoniscincompidtet Whenmmiconatusipher al s
20a- 20c. In_accqordance, wi,th the present invention, th dat apase 704 may
cont ai n thec%q?&@sreﬁcgegsRéﬁseﬁéﬁﬁ?‘@Bﬁl%@%H‘ﬁ\e%@%3899 hase to figyrg Qut 13,
as il ustr adesstionsibHekeo S5} i : WAl

dat abase 78(51 I ncl Sge, butrz(?iertgﬁﬂg} Ilhﬂjg t@%ﬁ'&%&g?’@%&%‘%&t'ﬁgﬁz,
package 140 progeess inredehing a ipackagimgdonoh)sigi4, fragility infornation 716,

package hand|i ng .infqrmation 718 package transportation information
720, and ot her ss?ﬁ@aé %r%gég‘eﬂdb!{@édpﬁg keused torepresentknawigdae i the

g;?:paﬁgt \"ji’ lgwrog\tlllegﬁg%%rsét. Y46t &l Shiy ifithBA'rIR)s GREIN the$Bhh 18lidedUtoye’ "9
(i.e., naming conditions and conclusions) the rule may contain a certainty factor
(e.g., 0.75) which indicates that a conclusion has a particular likelihood, but

20 nevertheless is uncertain. The certainty factor may then be used as another.
fact and may be applied in additional rules to arrive at a conclusion and thus
mimic the uncertainty which is oftentimes inherent in much of the work that
experts do. ,

Another type of knowledge representation may also be used to construct
2s aknowledge base for determining an optimized packaging methodology. This
type of knowledge representation is often called “frames” which organizes
information to make sense of the information and identify any unexpected
features that are present. Frames provide a way to organize data about specific
situations. For example, when you enter a room your mind processes the visual

30 data and compares it to what your mind expects. Further, your expectations are
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information. In addition, the data characterizing the part to be packaged
may 15 include a cost/packagi ng optim zati on preference 724 and dynam c

cushi oni ng curve data 726 for one or nore types of packaq’l ng material
and packagiWg 98/56663at eri al configurati ons. The i nf é’r'g‘?%é’lé??ﬁi ne
706 applies the rules and data within the know edge base 702 to

what ever facts are provided in the database 704 to 20 deci de what question ~
to ask next ,.either t he, opergt or _or back to the database. .. 7 nd the
now edge bAEETerRI diferRt hRSIdhufomd: ot ample g ERERE nfo 4 Kfighed
engi ne 706 Q&Pféﬂ?eéﬂ_@%éehﬁ ré#i@bﬁﬂbr,%!é\lre @fink AAd icabfHetd C ¥ ot 'l RBt, Hdvever,

For exanpl e] | he | nference engi ne 706 has identified five different
facts that expectto seesa computercor filingraabinetdn the kitchermalthoug either imight

hypot hesi s, the inference 25 engi,ne 706 nmay ask those five questions in
turn. If an§Xighip %mgﬁ'@'ﬁsﬁ‘amﬁﬁa negative, the inference engine 706

R R i e,

The interface 708 nmay consi s I spla nmouse

20c and r epeoncaptsitémrortclassi| The fiamevegnsists/df fidids ivhichkidentifisthet attribi@es 30
Interacts with the gperator, if such action is necessaré/. The interface 708
nmay for that kind of entity. Each field has an entry or vaiye for each attribute wiigh is ¢

as a set of t Lan . . ' Qr

conbi nat i ons’é@@ ?fgt%?cgéé’égr z:dan%?eéhzxi Ep%gﬁg?i'@?‘?‘%ﬁ‘dﬁ@ag%%'@gﬂfgﬂal and is

not i ncl udegnkRowR Dait 19y ﬁﬁdiﬁg #fran@ Whith rabst dlessly epphdxinates theopart.The

expl anati on_nodul e 710 is nmade available to the operator via the display

18c as GSwoa What isoa fragilityvalue maythe assigned tp anpginknown part domsubstaotialor f act
uest,i on s ,bein fr%éﬁ'ﬁfd in order to

i nf d i,cul
ol ai n- t honumpss it atfbufbs el sikitaflo. § WER ARG & K yailig:
concl usi on. gimilarly, framefWﬁtElﬁcé’r%pi‘Ee Phe-He8Ned Packalfid nidthéddlbgies for

determ nation flow di agram 800 whi ch il"TustrateS one nethod i n which
the expert padsdavitgospdcified atiribsiestmay bentilized as alstarting point for designinged

S g Bbange PRk o5y, AR PindS iR hd ks e o
o B beofSSHREI BRI NG SR SHERTLA T repredtihoiitied 7 21
by obt ai ni ngithirvakneiwedde base gtisaindersioodethabothetistructuyes orinhethpds fort o
representing expert knowledge may also be utilized and such structures and
methods are contemplated as falling within the scope of the present invention.
An exemplary structure for the expert system 700 of the present invention
20 is illustrated in Figure 20. As briefly discussed earlier, the expert system 700
may reside within the CPU 50 of Figure 3 or may exist as a separate processing
component within the packaging system controller 592 of Figure 16. The expert
system 700 may include a knowledge base 702, a database 704, an inference
engine 706, an interface 708 and an explanation module 710. Although Figure
25 20 suggests that the components are physically separate components, it is not
required. Instead, the components of the expert system 700 may be considered
as functional components within a processor. In still another alternative
embodiment, the expert system may be remote and be accessed via the
network interface 80 or other communication means of Figure 3, thus making

30 the input/output peripheral a dummy-type terminal.
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15 be packaged (see Figure 21). Using the data of Figure 21 (i.e., the

dat abase 704), the expert system 700 applies the data to various rules
within th W edge base 702 as illustrated in Figures

Initiall y?‘”?ﬁé’sﬁﬁer ence engine 706 elimnates one or nore pé%(ggﬁwég”
containers 802 fromfurther consideration using the size and shape data 714
20 within the database 704. For exanple, if the part is 24" long, 12" w de

and 12" dee t ' ' | S
fhan 24° x 12+ e iiiyBAYSAREROTE &RRLAM B mshbfyeohiafirid Bnd f mdrac,
and t hus i sets ofdatatretatingdtmthe pafokagmymterialdecbtascthe dushivhing pads apidven
the desired nethod of shipnent and the shi ppi ng destination data 720,

t he i nf er eAdiu@ily abrules agdior frames nhiciy arg aeppliasy pasxpes The any

Cer tai n-ci eties b holer Biblioh BFtheFobiyalaas o @b R o 0" .G

remai ni 39 gNatdciéristiceWTithe PRIrfto Bé packaged pesvided bVQhé %e?é'tﬁf‘vﬁ%fﬂﬁoﬁ@ to
anot her anal ysis since additional information is needed in order t'o nmake

further  of theoimpeit perinherals 20R620¢. nig am@amwnpatbe@ges@tonvemam the The

above teD o802, <30 76 Mk baneSHeIH Sl efBY or ek G5t Lt 93 604 oF >

Next, the g{ﬁiﬁétw&t.ﬁmﬂ&%gﬁtﬁgmm fr svyrmasgﬂén of@&hwmnmét may

encount er ng shi ppi ng so that substantiv al ysi's may proceed
r egar di ng databaseci0d include, st aretnot linfiteduteh package weitht\data 712, packige t o

I h The d I b h f
engi ne 15’ dgestsion at Eismelameshéé’ T4 Ferailed s¥Grrrntion 76, baeksieso 704 and
the_DakaGRanging fichitfoh 718! Babkétl Fhsnbliath WiGmIRREF R0 kPt

I nformation I nf er eterm ne er one or
mor e i ndi vimigeélangous dackagmg:daraWMsuch bbrwmmssive dree;hdata and in
conjunction with the weig i nformat i can |dent|fythe pr obabl e

drop hei ghtemaérqju&aﬁe@tsqumamogffm) ﬂétﬁi @ucmlnmdataeamiwb

bty SRABETe HBARD, B B b B .
the  ssheigiMidéh c«mzacka@ngeb"dtﬁﬁﬁaﬂau préRfifid 724 bindimdhae @aéhmﬂy gh
(e.0., about . However, if two individuals are’carrying t

pac kage anguive datat2@ foreana or morgdypes ofpackaging m:alepalmndspacmlmgu ght in

whi ch the be,.15 i nadvertently dropped is |less (e.g., about
oy 1 1 RASRE eoHaHENOnS o

The inference engine 706 applies the rules and data within the
knowledge base 702 to whatever facts are provided in the database 704 to
20 decide what question to ask next, either to the operator or back to the database
704 and the knowledge base 702. Which questions are asked next by the
inference engine 706 depend upon the current goal of the inference engine 706.
For example, if the inference engine 706 has identified five different facts that all
must be true in order to confirm a current working hypothesis, the inference
25 engine 706 may ask those five questions in turn. If any one of the responses is
negative, the inference engine 706 may then abandon the current line of
reasoning for another.
The interface 708 may consist of the display 18c and the keyboard
mouse 20c and represents functionally the way in which the expert system 700
30 interacts with the operator, if such action is necessary. The interface 708 may
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i nference engine 706 using data wthin the know edge base 702 and the data
provi ded by the user in the database 704 determ nes the potential drop

hei ght the part may experience in.shipping. The drop hei ght data may
then be useWORP56663 {he nference engine 706 in sel ecting thedPVErEA1598
dynam ¢ cushioning curve data 20 726 in the knowl edge base 702 when

determ ning the functional cushioning requi renents data wei ght at step -~

cushi oni ng OPeraifdS ¥ SPESCERFal e d RieReRicr PRY pEPERAR IO ) ¢
pref erabl y_pembiatish) s may desired ThiesNsanatPioAQe 70 Rooptiofl sfids Of

pi eces of information. According to 25 an exenpl ary enbodi nent_of the
present i nveatinsiuded ipitheprefesrast embodinaentof the presentdaventionanThe aphi cal | y
as Figures 23a-23p with,the, reference n ral .810 consi s f ta 726
Yasi ding 1 neXREnEhgtoe Aot 886 Suallie b 17K Aherator d8 the Heplay TB5 s
eval uated a ' crdl \JHi |

mat ch thg dgsﬁéarjn{drtgge?rpop héif%hi‘s@f@?g?d%%?lgf%@%lgggﬁrééﬁﬁéte\gs? Pg%]"?ﬁrt her
30 consi der ar why partictilanduestionds beifigwasketicin ordet to explain the sequenicerof
dynam ¢ 9

. . . - 69-
cushi oni ng infetrnces thatproducgdiaesuitingrenaiysions,. 23n. Typical ly, many rore

Hi oni . 0l . " ; _ o
rop o heignt - Figu 2 s pf Ekeiplsty eXKBh sybferh BeferiAEfi AbASHAGEE BOZ
dat a at dr owhich illnstrateissong nitdfod irewhiohstheengeért systém Z0lhoktheqresenl ysi s

undertaken by the 5 inference engi he 706. . A dynam c cushj oni ng
curve 819 j investipadelempines anertimized nackaging methadology usipahackaging

The our ves BIEteliE! aetokelt b BusERRY Borerddon hRicHle ZRA TV o7 own
wei ght's ont Bb&mmhg%’d@y forogh QAKMGVIN patt. ONs dizenssed ?t&vi&iﬁry\m céntiection
measuring 10 the anpbunt of shock the sanple allowed to be transferred

(i.e., tranwitrfriguresH16-21, the:ppekaging suétepaﬁﬁa@@)tiﬁesﬁhemtqmd pg;:kagad

d tests sj,mul t h t_bej d df i t t

Ot TS cTHBHS o o tBfit Bl ot o8RBT MO AP RES AR e g
a part ofg kaemhewageat(séelﬁigmﬁwi f&;@?%éuéfﬁ SF¥igire 21 (pagtﬁé)aata@iéﬁgt i on,

and how nuch shock™the cushion w ow to be transferred 15 to t
product . Th&O#Ahfthe@xpertsystera 7006applidsi thedata éo Varigis rulgs evithin tHes and

O 2 | Swiade abs 98 M M3diaedd T Eijuhds bhSaRPgg 00 o ronsion data
Initially, the inference engine 706 eliminates one or more packaging
containers 802 from further consideration using the size and shape data 714
20 within the database 704. For example, if the part is 24" long, 12" wide and 12"
deep, then any packaging container having a volume (V) less than 24" x 12" x
12" (3,456 cubic inches) could not contain the part and thus is eliminated from
further consideration. In addition, given the desired method of shipment and the
shipping destination data 720, the inference engine 706 searches the
25 knowledge base 702 for any shipping regulation data 804 which may either
preclude or require certain classes of shipping containers, thus further reducing
the remaining available containers. The inference engine 706 then moves on to
another analysis since additional information is needed in order to make further
progress in the selecting the proper packaging container. The above step 802

30 is merely exemplary and may include additional rules, as may be desired.
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t he dat abase 704 to eval uate what cushioning pad configuration is

sufficient for each orientation part (since each side of the part may
provi de a gnf t static | oadi ng val ue). 20 The lgélls,{} [ .
curves of ngfg%g@g%a- 23n were devel oped in the fol | ow ng ex%%lggr%y
manner. A 10" by 10" by 4" weighted pl ywood box was utilized to )
sinmul ate the part to be packaged and was packed inside a 12" by 12" by
12" corrugat ed it ah8¥xpeHesysterm 700 aerimites e drepiHdighttha® fha

pl aced in the bottom of tphe cyorrugat ed contai ner ang t he wel gm%eg&gro uct

was h_25 t heantpx?jmued?gring stp_ipﬂing salscs(;nm gu_batalafim :aloalys'g; pay. prtegead \% -emﬁl ary
cushi oni ng_pad _,con ratiop i ude a_spiral/.coil configuratio ichis a
| engt h I"&*"’é\ﬁ@ﬁwb ?@‘)Hﬁpsersﬁa?swéf’cﬂfsﬁ?‘ésm%'f‘&?a\dﬁt%‘h %s'b??éﬁ&1§91ape, a
cross conf ' ' ' i leQnl o0 al
crossing egéciwegytfgrateacrt\éhgﬁhﬁh E@%P"%ﬁ?%}iﬁlﬁlgﬁf@%ﬁﬁw%@g@ gaé}%tuﬁér ality
of hI engshs708 t?mnmemmmfenhagom (‘jlﬂmlniﬁﬁh gm database! 04 ahd the gatkage

ot her type configurations and ipndividua a . .

2voc P handing nramatien 216 WRing ki packiting hasding infomalion 748 e scope
of the pr WAV ' Welgl ener at ed
For each oPteienicl éiling 706, carictelti hefies Bibr of it R vif

conver si oncamyiayi ol thtdwingithe package andyinicdnjatction withithe welghthsformation

differing tﬁes of paper weight. For ex.angl e, a 5 three ply paper stock
30/ 50/ 30 cbHhéi eanidentifiuthe oo deon:beight thepaciaged part wmnkgaxpme dnd a

box vt nis HarediadverteniiSdRbel Wiie ATEBRE, el skaphlf i ppelietss
pounds per isSeitAfiRg the baelli’ﬁ% hnHQhélQad%Rdgé% (@\ﬁl@.&,%eutt maom&m&.zﬂ% dat a

at different Static |oading values. "An accel eroneter was attached to
t he producheight abwhichthecpackagemaydnaderiantlyrbe drapiped(ishigh ¢8.g9f, boaich

drop. Th ted tai th five tipes f

0 op, T 80" 9kl i BRI 5 e Rt S R r by

m i mum of (.Y Gk 5L A0S BBEHH e WRighL if which té Babkag@fifdyga Vel e used to
generate each 'curve (usin no curv Itt1ng t echni ques and t he

r esul t stsof inaderertently dooppel isdess$ ¢e.geaatioyt2dd)icin thei alivtvevaaanéh thecor ded and
averaged. The peak accelerations rsus the static | oadings (PSI)

Mere Chen ISHANE pie OPASING AataWAI BeKnaMioRgs basa AAZsam e data
Using the Ligfidd by tatRef ifthd 4dtaBab8 Yol dlanined e potsitidl drdf fieight

the part may experience in shipping. The drop height data may then be used by
the inference engine 706 in selecting the proper dynamic cushioning curve data

20 726 inthe knowledge base 702 when determining the functional cushioning
requirements data weight at step 808.

The determination of which class and configuration of cushioning
materials will functionally be appropriate (step 808) is preferably performed by
the inference engine 706 using a variety of pieces of information. According to

25 an exemplary émbodiment of the present invention, a plurality of cushioning
curves (shown graphically as Figures 23a-23n with the reference numeral 810)
consist of data 726 residing in the knowledge base 702. The cushioning curves
810 are evaluated and if any of the curves contain drop heights that do not
match the determined drop height of step 806, they are removed from further

30 consideration by the inference engine 706. A plurality of exemplary dynamic
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cushi oning curves 810 are evaluated to see if the cushioning pad
configuration provi des sufficient cushioning to absorb the potenti al

shock for an identified 20 fragility. One exenplary manner of naking such
an eval uat WO’8/5€663| | ystrated in Fi gure 24 which il | ustr RELUSHSNI598

spiral/coil cushioning pad configuration for a 30" drop height. The
fragility data 716 within the database 704 indicates, for exanpl e, that

Ths 5 noPieBfning 4rES 33D 418 drputiRadh Ttk 235 241 Ty, amp Y FRHS. 5
curve 810. cli$hibRgCelirves B10 Wil et hdWevar irPthidexample the Wsterfiteal dHo'Pne

812, then it is confirmed that the cushioning product (the spira
conf i gur at height im30hand thereforeranly thenoushieniogicurees 810 paving data atidropr oduct

can w thstand, undep.gertain. tatic |oading conditions. Thep, one or
ot e vert 1 BEION RES05SES Spisidermeinthe subSSaueE arias YRIBHRKeE Bisthe wher o
the horigzo cbaf% il hreshol d 812 intersects the 30 cushioning curve
810. The5 vgif?'ileé{al |dr=2%y’gtls3 establish the highest and the

-71- A dymamic cushioning lcaeeg 810 ilkistratesdhowia packaging material (ford
configuration will provide adequagt e protection. In the exanple of

i gur o 24, adarticylar PRcKagine mateRL R igusation) Reheyes Ay differant FaRass evele y
Not e t hat | ' | ' ; he
part to beﬁgc%%agh@ﬁgggagﬁﬂﬁgg % @E#Pg@?%“&% aa%%lrstsg@( e r‘errri ned
by di vi di nyeidietswritg 2t cushidning paticonfigurationusdmple (abt shewn) drd dhedsiging

part which is engaging the packaging naterial. Note that since products

often 10 theamaunt of sheck the sampie allowerdinbe tragsiasmd ¢.igoitransfeseddei on,

Using the Uio partipEbaSRagERY, fh Blheliviorh. PERFE PR il dseine paf g, 5™
and the si agg ﬁpﬁﬁﬁ@e%ééete&Qréﬁﬁelgﬁt%t%g%@ﬂﬁdm péift B theicues from

further consideration any cushioning pad configurations that cannot
provi de adezpresents howdnuchidading apadtcofdnawreweight vili apply todheicughidhing

et on ne BagGREAH, 2D o A ddk bR SBhIoPE bl L8 Fragstaress

cushi oni ng whi ch
is 15 the wej h h A : ' | ; inthis
case | s eor e bretiyct  TRherencs EASINSYT (0 G he fopme) dad TR R

i nference ealgiutetes @ite stdtic loadingedata 816arding theapackageddintension data T4t er
Suahi oni oo the Batabiass 104 15, Ovalugta vbat cyshioning Pad Confguration is suffcientfor <=

each orientation part (since each side of the part may provide a different static
loading value).

20 The cushioning curves of Figures 23a-23n were developed in the
following exemplary manner. A 10" by 10" by 4" weighted plywood box was
utilized to simulate the part to be packaged and was packed inside a 12" by 12"
by 12" corrugated container. Various cushioning pad configurations were
placed in the bottom of the corrugated container and the weighted product was

25 then placed on top of the configured cushioning pad. Such exemplary
cushioning pad configuration include a spiral/coil configuration which is a length
of cushioning material which is coiled into a spiral shape, a cross configuration
which includes two iengths of cushioning material crossing each other and a
star configuration which includes a plurality of lengths of cushioning material

30 crossing each other. In addition, other type configurations and individual pad
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protection and thus reduce the packagi ng costs. However, since the present
20 invention allows for a cost/packaging optim zation preference to be

sel ect ed, gher cushion bearing area may be sel ected

static Ioagl%%sls\fg#s whi ch increases the packaging prot egﬁ/@gg%

that in Figure 24, the |east amount of shock is transferred to the part
at a static |oading of about 0.1; therefore an orientation of the part

on the spi rlé’ﬂgetQQ’Hré%g&‘é pdleds mg@m@@g&ﬁ? s?!dﬁgd?t Tedertifiian’ 2 e

may be sel ect ence eng ag ng optim zation

pref erence dmﬂsdmxcmishidmm curves may be g’émerateddomfeadhtoﬂtmsrb ng the
functional cushioning requirenents (step 808) . further includes

consi der i nGonfigurations; Furthesshilctbe; %sh@mes conveision materiaiitsgifiegnhe er i al

'he Toss ofonen Y ifg. 5P 4@l Sired PSS U ekt Wilnt, fror Simpla!a

- 72- 5 three ply damlmmsommwns&scﬁf dutsifle sheetd coristifiyf o0 Ccreep is
too large (in this exenpl ary enbodi ment taken to be about 103&ercent)

tC ?geabh gut ; yveslghbpawraqd a mr;zr;mqecmggmstlparqf 505wzlg‘btapapur mdal cHe ve
| U W |

nai nlto ai ned Ar ﬂd?ﬁebcbﬁlwéféﬁﬂ%“ﬁé@ﬁ 339@”"%%%@%? R Jwg%*'gﬂb?%p?ﬁﬁdéﬁﬁgar es

the conpr e%u\ﬁasgfér%tﬁ}e irith (psmgasén poufds (08 36'PS) thaﬁgrwaﬂgf%étg%t' i mit

818 and if "'the conpressive creep xceeds t t he
packagi ng mwemt staticdoatiagnmehies, nAstamelerometémds attasliéd tathe ploduct he

i s B i S it . i . S
packagi ng %ﬁ&%ﬁ&%s\_;ggn Wiy s S Reioft Bf 98¢ Bne aro AbldHftor ! ¥

t he i nference engl ne es I nto accou npera

ef fects i n ehoheasimutated produdtunsighbnAlminimbhoof g differentprodct waights:
i nf erence engi ne 706 uses tenperature effects data 722 which is a

function of(statie Ioadmphmeaguﬁg tegenpeate.gach qunie {using kaownceune fitingmpl e,

pr ovi des. ¢ NEPRBOESL AR e SRS ot AN ot b sor OB R HROMersy 1

pad’ s cuyshirgBbriedPaPavéraRedO Vitie peak heoBRIRIOHSYG’ é)* vérsgs ke Qféﬁ&%adiﬂgé ne
706 determ nes that the thermal coefficient Is too large (positive or

negative), (PSihweretherf piottaddo gegeratetbe dw-anuacashmnmg curvpacBlaage
transportation | GLaLTRL ik Saf P18 Uit the H5teRRSE Yo, olBh GheAs™ O

cushioning curves 810 are evaluated to see if the cushioning pad configuration

provides sufficient cushioning to absorb the potential shock for an identified

20 fragility. One exemplary manner of making such an evaluation is illustrated in
Figure 24 which illustrates a spiral/coil cushioning pad configuration for a 30"
drop height. The fragility data 716 within the database 704 indicates, for-
example, that the part can only withstand up to 35 G's without incurring
damage. Thus, a horizontal line 812 is drawn at 35 G's across the cushioning

25 curve 810. If the curve 810 passes through or below the horizontal line 812,
then it is confirmed that the cushioning product (the spiral configuration) may not
transfer more shock to the part than the product can withstand under certain
static loading conditions. Then, one or more vertical lines 813 are drawn from
the point or points 814 where the horizontal fragility threshold 812 intersects the

30 cushioning curve 810. The vertical lines 813 establish the highest and the
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20 in the database 704. The package transportation information 720

I ncl udes, for exanpl e, the shipping destination and the shi pping nethod
(e.g., rail or truck). The inference engine 706 then uses the package
transpor t at WOP8{56§63r mat i on 720 to efimnate any cushi oni RETAROVELS® hat
wi |l not provide adequate protection. "For exanple, if the

packaging location is in Arizona and the destination 25 location is Al aska, "
dth ' i,al h h | - ffigi . . h

fhe mter; oty =i yaien 5t bhERENe Rinh P configdaton vt iogee

and the net Bggq@ét SEHioh. | 1R th eiariie UF Fiiiré 28Nthd SBKETbading VaRlet af®

I nference engine 706 wll elimnate cushioning options that are near th
maxi mum st afil3 and§.24, respectively. cNote thah theistatic hoading is Hefired astheforce

CU51TON "9 308 P R oINS S olonturston s s
o, DU e by RRAIR i SO TATE W i g BB ™0

Wien buckl i pgrtoeitioch 3s ehyaging the packsging matetial. oNotenthatsirte prodaets often
di stributed evenly throughout the cushjoning 5 pad, thus resulting in the
potential fBAvE dﬁ@ﬁﬂb?” areasrdepending,upan their ofigntation; their statie he part .

Buckl i ng oc . . . . cushions o | pNn
BuCk 1 09 O ey i QR 5 Bl e A A oG
whet her buctatiedoadingdata from e weight anumtamzwinwze@ﬁafae@awmazo

of each renmi ni ng cushi oni ng ad Qonflguratlon with respect to the expected
10 statite | thalinferesgrianging 98 eliminates diam further donsideration asy fcushioming320 i s
a ratio of the area 8 f_ the cushioning product.configuration and its
i cknese. oBad cpAobfeibng taaCoanindd aibide Silsteli Snctar ity ik HElestined .
25 whi ch T esigiRI0ading B16. knowl edge base 702. Since the inference engine
706 knows the static”|oading, t he engi ne 706 determ nes the buckling
coefficient 820 Jhephferehte engimet706:theh usedst thpldata cbllectedfffomitkat by t he

o det e m nEUHIRNIGCROMREIABUHBT0 o caleulats ThoGatiae hegriocraampach s
Unoeen o DUl of s bR ABEA 1A SR G s cond RIS =1
buckl i ng (i value bétaeendh08iagdrG24NNTo Wptindizé eosts] thepinfereree Engine TOGWI
desired 20 ggloelctw.cgrtmftl]g;urations which exhibit greater static loading (and thus the lowest
cushion bearing area) because less cushioning product will be adequate for
protection and thus reduce the packaging costs. However, since the present
20 invention allows for a cost/packaging optimization preference to be selected, a
~ higher cushion bearing area may be selected using a lower static loading value
which increases the packaging protection. Note that in Figure 24, the least
amount of shock is transferred to the part at a static loading of about 0.1;
therefore an orientation of the part on the spiral configuration which produces
26 such a static loading value may be selected by the inference engine 706 if a
packaging optimization preference has been selected.
The task of determining the functional cushidhi'ng requirements (step
808) further includes considering the impact of compressive creep of the
packaging material using the compressive creep data 722. Compressive creep

30 is defined as the loss of thickness of the cushioning pad under a constant
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The expert system 700 may further evaluate the inpact of vibration using
the vibration data 722 within the database 704 using data such as that
shown in kde8S 26a and 26b. ' As illustrated hgnF

and 22, the |n erence engine 706 uses the 25 data within the éﬁ&ée 904
along with rules and data within the know edge base 702 to draw .
concl usi ons regardi ng whi ch packagi ng net hodol ogi es are accept abl e and

whi ch are rioadingf ¢ver aipedodiofting. t Hithd anwumeréépﬁblteﬁllél@e (in tHigqui renent s
at step 808, a variety of packaging options will nost likely still exist

and the i nfexemplansegibediment taken tﬁé&iab@%mpwm theahilitytaipsepery f ur t her
Fos 39 ungbriof ibart 1€ Irbhfba. The CBifbRisEve'deepUalsls Hlialdf 3" ©

contai ners a 74-

802 may be dsyddidted mdvm}%kg@ﬁ?matenﬂgaﬂmtmarmﬁaéb iRthé RoWRITg Ve

cont ai ners avail abl e coul ate the remai ni ng packagi ng options.
| n addi t 5 onf02.h&herinference:engigentld mplmthemmptesmmreep gfitké er ence

et hor prHiRRiBeadeRiaha, 4 Brade e bl S A itdhe "é“k""&w&z CERRR At
danmage ?k&ééd% the l%lt%‘?lta' Eﬁé@gck‘é&i% @pusn ,usmhgméerh%sz g@%t he

| east anmount o mat et al S providi ng an accepta

anount of daadgxg 816 (anﬂ:ﬂ‘ntsﬁmtlgast arhoant otnpaa:hagalg material) iv eliminated and
provi ded, t ex ert system resent invention_ selects an

. 700 of the P
opti ni zed ning GUEvessusing & lawer static loadingB816 are mainfained.| es my

al so be ,yused to t For
exanpl e 1blt he i anﬁée %Ekégﬁpbs&%}ﬁé%r@yﬂggﬁ %?(BF ﬁ%%%gﬁggo gha I'hg%et hodol ogy
that will rparticularly théﬁnfeﬁéh?de enging(70d, algntakes ihldcactouit e fnperature
conversion machine (e.g., which results in the fewest nunber of packagi ng

materi al gefieats |lrbﬁet&r€mmgdhetfu@ctm@ustnnatng requirementsie Thedsferemeaint  of

my al so_ beendine TR fenmib B SRR etk £22 KBRS Rintiehamihene scope

of the pressidkaging hiztenal lf-t-iéd (in this particuldY éXxsirple, iﬂ@c@é?tg%ﬁﬁ'nge%e dRdjedi ment

of the present |nvent|on utilizes an expert syste r types of
i nt el | i gentmadetafpapengteak) o ine knaledye b2set2 prvidesrthermatl caefficientsat ed

fall fth re n nt on. For exanple, the
evpert syorWhickshamtenes e dependafite of M prds cushibning propertics over

temperature. If the inference engine 706 determines that the thermal coefficient

is too large (positive or negative), then the inference engine 706 evaluates the
package transportation information 720 provided by the operator which resides
20 in the database 704. The package transportation information 720 includes, for
example, the shipping destination and the shipping method (e.g., rail or truck).
The inference engine 706 then uses the package transportation information 720
to eliminate any cushioning curves that will not provide adequate protection.
For example, if the packaging location is in Arizona and the destination
25 location is Alaska, and the packaging material has a strong thermal coefficient
such that the material loses its cushioning capability as the temperature drops
and the method of shipment is by truck without any thermal controls, the
inference engine 706 will eliminate cushioning options that are near the
maximum static load limits and require adjustments to the amount of cushioning
30 material to optimize the packaging design.
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network type intelligent system A neural network is an information system
t hat recogni zes objects or patterns based on exanples that have been
used to train t he neural network. Each training exanple is described in
terms of aMRMWHE3of 25 characteristics, each of which are iEGHESHBHPa
separate neuron or "node". The neural network then conbines these

I nputs in a way that distinguishes between different objects included °

and di scr  m nat JECORRRELY A ATl b bR (ino the WERiR bEH ",
assi gni ng FRERYitHIA theVBhtdbdset 7048 Fighha 24 Bricklihg #Sdeflith as 8tk RBHL al
networ ks nay operate well even when sone information is m ssing.

- 75- uniform compressiomniof sheicushianing materiab Mvhen huckling esdussiithent , t he
neural network is

packagi ng FBEFHGEN ﬂb‘?‘a‘tséﬁé&ﬁaﬂiﬁ%se F‘ﬁt Q'Fﬁﬁ?‘ﬁé&) %&tﬁp&ﬁﬁg"e‘frﬁ? I@ﬁen ?’H\%%b%lérmt

rul es digscagegualRkaIthg in the BORNAF I lgiiatdy dmBuRKBRIRockiBdiRg 700. The

expert packer t herefore™s nicates a nunper o systemlnpu s to the
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mat eri al s eonfigaration(which isdmongi)ig deterorine hiow witkésandbow long the pad
must be to avoid the undesired buckling. The inference engine 706 then further
removes any remaining packaging configurations that pose a significant risk of
buckling (i.e., those configurations which fail to provide the minimum desired
20 pad width).
The expert system 700 may further evaluate the impact of vibration using
the vibration data 722 within the database 704 using data such as that shown in
Figures 26a and 26b. _
As illustrated in Figures 20 and 22, the inference engine 706 uses the
25 data within the database 704 along with rules and data within the knowledge
base 702 to draw conclusions regarding which packaging methodologies are
acceptable and which are not. After determining the functional cushioning
requirements at step 808, a variety of packaging options will most likely still exist
and the inference engine 706 will need to apply additional rules to further focus
30 upon a single solution. For example, the number of available containers at step
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packaging materials list. The inventory nonitoring systemthen conpares the
packaging materials list with one or nore appropriate re-order threshol ds
and automatically generates a re-order request using the CPU 50 to

repl eni sh WRI66Rpl et ed i nventories i'n a tinmely manner. PCT/US98/1150%

di scussed above, the packagi ng system 590 of Figure 16a determ nes an
opti m zed packagi ng net hodol ogy for a part to be packaged. The optim zed
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utilized and are contemplated as falling within the scope of the present
invention.

Although the preferred embodiment of the present invention utilizes an

expert system 700, other types of intelligent systems may alternatively be

20 utilized and are contemplated as falling within the scope of the present
invention. For example, the expert system 700 may be replaced with a neural
network type intelligent system. A neural network is an information system that
recognizes objects or patterns based on examples that have been used to train
the neural network. Each training example is described in terms of a number of

25 characteristics, each of which are input into a separate neuron or “node”. The
neural network then combines these inputs in a way that distinguishes between
different objects included in the training examples. The neural network performs
identification and discriminates between various available packaging
methodologies by assigning numerical weights to many characteristics. Thus,

30 neural networks may operate well even when some information is missing.
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In the previous enbodi nents of the present invention highlighted above,

t he packagi ng systens primarily addressed the packaging of a single part.
For 25 exanple, for a single known part to be packaged, the packa ing
system 8/3668%%es a pre-determ ned set of packagi ng instr’%& 6?%@1 28
associated with the part which is used to generate appropriate anounts
of packaging material. In addition, for an unknown part to be packaged,
t he packagi ng system.identi acteristics V\/fIICh

characterize t hd"H3&ccCo @&%amﬁg?%? i ngr‘ﬁﬁ\?u&ﬁ' REWOrK ISy st em

having a k
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e

packaging system 590 of Figure 16a. The inventory monitoring system may
operate in a manner similar to the inventory monitoring system of Figure 12, for
example. As each operator provides a part to be packaged and proceeds with

20 packaging, the inventory monitoring system accounts for the consumption of the
various packaging materials ufilized in the packaging process by updating a
packaging materials list. The inventory monitoring system then compares the
packaging materials list with one or more appropriate re-order thresholds and
automatically generates a re-order request using the CPU 50 to replenish the

25 depleted inventories in a timely manner.

As discussed above, the packaging system 590 of Figure 16a determines
an optimized packaging' methodology for a part to be packaged. The optimized
packaging methodology inciudes a set of packaging instructions which serve as
control signals to the cushioning conversion machine 12 and explanation

30 instructions to the operator via the display 18¢. In addition to the control signals
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shi ppi ng order, such as the weight, size, shape and fragility of each of
the itens. 25 The shipping order itself also contains additional data which
may be us packagi ng system such as the shi pping ' hN
and the rreeﬂ’&)% $§shi prent . The packagi ng systemthen ap]r’) |@§b§)ﬁrgb§
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determined packaging instructions are utilized to provide automated control of
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the packaging material generator 12. Alternatively, the present invention may
20 transmit the determined packaging instructions solely to the user or operator
who then uses the instructions to manually control the packaging material
generator 12.
in the previous embodiments of the present invention highlighted above,
the packaging systems primarily addressed the packaging of a single part. For
25 example, for a single known part to be packaged, the packaging system
retrieves a pre-determined set of packaging instructions associated with the part
which is used to generate appropriate amounts of packaging material. In
addition, for an unknown part to be packaged, the packaging system identifies
one or more characteristics which characterize the part. Using the
so characteristics and an expert system having a knowledge base, the packaging
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25 make a judgenent as to whether an error in the packagi ng process has
occurred. If acceptable, the container is sealed using, for fe?(arrp: eb o
packagi ng and the packagi ng systemprints out a mailin abel in
accor dance Wt’h%?%é destination data supplied on the shi ﬂ’ﬁﬁﬂs%fldﬁs and
prints out a bill-of-Iading whi ch contains information which

i dentifies, for exanpl e, the shipper, the ship to 30 address, the nunber of °

T2g. " 1S ysteRFugR ARG fetian M ink ot and e Inehetarmined .
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alternative enbodi nent of the present invention, the parts to be
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the prek |1 Setontaind a Kiaiads bafe, fe perERingsystom oBBmInIRIG mor e of
backag ng. ph a2y Hetfuchand Wil raFtbEsitan opfimizd Akiing mdtigAGbay 16F
pl aci ng t hepackaging theoplhunality of pastsd subsequently renoving the itenms from

t he tote and, packagi ng themin the sel ected container. 15
Accordi 8 to yet AE tethevaiterpative embegipeatefthei presant ipventior, the

kagi n o | & X | ). The
Packagi ng SyaqiEing sRetent & GyizEaptor SRAmMIE kel it afiafoffén 1t cc the
order of theompahy or atwarBhoussdisteibotiors fgility Wﬂﬁ?ﬁﬁ!‘g drder aPeYeRied Y%
anount of packaging material at the | ocation for the picking of the

appropri at ecqﬁéameaw@%es_tmga\gltﬂa&m ofiitems Ge: ,eparlstie Ppw_(akﬁhowﬁaamana.ﬁemem
[ [ ' | . t he..out ripheral to en
P ekage L ne BB Al g HiiBbing arrer o BR1RHE A eftciert I8hRyal Sringr " ¢ e

packagi ng Mdridusiiterns. MWREh Hes reieved REMRhIAVE at 3%Hdtkagind stationSfHeCted and
i medi at el y packaged wi t hout being placed into an 1 ntefnedl ate tote. 25

The packagi PRckefimplaments.alpickdist verifioation,in whicly archeckccuesrtovenstire that
all the retrieved items match with items on the shipping order. Preferably, a tote

in which the items are retrieved contains a bar code which reflects the shipping
order. The packer, using a bar code reader, reads the tote bar code and a bar

20 code on each of the retrieved items to verify that each item on the shipping
order has been properly retrieved.

Once the pick list verification step is complete, the packaging system
uses the shipping order to retrieve data associated with each of the items in the
shipping order, such as the weight, size, shape and fragility of each of the items.

25 The shipping order itself also contains additional data which may be used by the
packaging system such as the shipping destination and the method of shipment.
The packaging system then applies the retrieved data to a set of rules and
packaging material data in an expert system knowledge base to determine
packaging instructions which represent an optimized or preferred packaging

30 methodology for the plurality of parts.
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accounts for the receipt of material into inventory and accounts for

I nvent ory consunption by updating a packaging materials list. The
i nventory woodl@g@0enent system conpares the updated packagi pgrRRb&1is9ES -
list to one or nore re-order thresholds. If any of the re-order

threshol ds are satisfied, the 30 packagi ng system generates a re-order
request directed toward the depleted
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t he war ehouse managenent 02 when a packer 904 Teceives a
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e ot e, A obasidH et HsiiateIne Aptie i Balk S e hcgie e
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i nvent i en. ahdéontextiabgaidancedgdhepackes viana 8idplay to aidsindhe prope25 recei vi ng
W th or der BAKBIRELGIIhe SEHOUS e, nEL LRI, B¢ clspiay,wilbietateherrder
shi ppi ng ofg§@ackaging of the various items and their proper orientation in the specified
container along with the way the generated packaging material is to be used,
thus making the packaging process simple and clear.

20 Once packaging of the items into the proper container is complete, the
container is weighed and compared to an expected weight which includes the
expected weight of the parts, the container and the packaging material. If the
measured weight is outside a pre-selected tolerance, a warning message is
provided to the packer which allows the packer to evaluate the situation and

25 make a judgement as to whether an error in the packaging process has
occurred. If acceptable, the container is sealed using, for example, packaging
tape and the packaging system prints out a mailing label in accordance with the
destination data supplied on the shipping order and prints out a bill-of-lading
which contains information which identifies, for example, the shipper, the ship to

30 address, the number of containers in the shipping order, and the total weight of
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and information relating to each item such as the weight, size, shape and
fragility of the item Using the information 907 provided by the warehouse

managenent syst em 902, the packagi ng system controller 901 determ ,
-81- WO 98/56663)ackagi ng i nstructioris 908 which repr esentPS'F(‘%Wﬁﬁ?szed
packagi ng met hodol ogy. The packaging instructions determ ned
by the packagi ng system controller 901 have several conponents. Sone of
t he packag; i Cthyd i - 0, S

ar aph car | et ThERaciaghi frdtefh MG SHRH e phige AT et .8
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transmtte

' f th ified '
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cushi oni ngmethisdology detienmines theaerdesidf the pididlist anddtherpackagirmgematedalon. The
instructions 908 al so inclyde the ecification of the pecessary tape

| engt h 90sHeneralon geReratas in agyancekall fa packading maerakneedad i Backage! a

shi ppi ng | ' ' le QU0 f or
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packagi ng sglected conthaingriatong e pickdsutenfusinig, fooéxample)a crticand; afterani f est
system 912 and nonitors invent oré' consunption. If any inventories drop

bel ow 10 §electing ahart aceording:tmhepick fist, packagesthespartdnthe gontainerr 901

ke ora”s ehB o g of Bt Bitioes bf defiefaByiidedling mérdhidl. TRTHY AbRAL, o
one_enbod ARitinedf theadKaQHRNbrdcBss i hidie indfe BAREMIy elimirbihp IR $1dp Ry De

used to keep track of th stination of the packaged parts for tax or
ot her pur ppiasing ther parts into ¢he tote and subsegquently semoving theciterss frorn $he 25

DO oo 8 SRS I 1 P OB odfBiprmtcr ol 5, The mant fest
anmount gf According to yet another embodiment of the present invention, the
packaging system is portable (e.g., on wheels or on a portable cart). The-
packaging system determines the packaging methodology and thus dictates the
order of the pick list. The packaging system produces the appropriate amount
of packaging material at the location for the picking of the appropriate part along

20 the pick list route. The packer then uses the packaging instructions provided by
the output peripheral to then package the part in the selected container. In the
above manner, the packaging material is provided when needed and the part is
selected and immediately packaged without being placed into an intermediate
tote.

25 The packaging system includes an inventory management system which
accounts for the receipt of material into inventory and accounts for inventory
consumption by updating a packaging materials list. The inventory
management system compares the updated packaging materials list to one or
more re-order thresholds. If any of the re-order thresholds are satisfied, the

30 patkaging system generates a re-order request directed toward the depleted
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packagi ng materi al used in packaging the parts so that such information may
be efficiently used, for exanple, for conpliance with the appropriate

tax provi &Sﬁﬁ’sﬁ‘?%ure 2 3A bl ock di agram of the packagi ng gé.?{(ﬁgg,ﬂggs i's
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packagi ng system controller 901
- 82- coupl ed to the warehouse nanagenent system 902 and the

packagi ng dl?@lfh%iéi‘lsure thmﬁgs;rﬁbﬁés %ﬁ rggngﬁiisﬁefd A% ti.%@lfﬁfa%br.pmm(?r\%hy, 18

i's coupled to the control may 1 ncl ude ‘one or nore

post age nethersysiem mayp pesiodicallgicheck the inventospard ré-drdermat predetemtined
peri pheral 20 may include a keyboard/ nouse 20c and 5 a bar code reader 20d.
Q her i npuﬁ"T‘Gﬁt put peripherals may be included and are cont enpl at ed by

the present invenli : : | lurality of
[ terrg i n one or?ﬁ%rpg&kag'ngosr%sg?rﬁeéﬁéﬁgé}ggﬁéﬁgg?@é?ﬁgﬁﬁﬁgéfgﬂfgi*vent [ onyi S
i | | ustr gt egraduchivigy frioniteringlsysteim whickh eollestenini SumgnatizelsWatousy of itens
to be packaged is received at the packaging 10 station, the packer reads an
or der nunbRroductivity atatistios.: For axampisygheatprodugtivity mooitoring system ocollestainpl e,
the bar code, reader. 20b. The. packagin ste controll.er 901 of Figure
26 then useeta R varads PrekiaREErita Sud 3¢ Bltnot Egied fo,the mimetlce
MRnagenent ofsts PACKEN theGithBerst ftef?y phadksd, 308 totalveiiit!dacked, tHee iterms in

t he war ehouse as we as various pieces of data assoclat g(?wth the 15

i tens suchaveragedime pee ordér ancthe averiagecamount aDpackagimg snateriakhape and
wei ght of the ,item 1008 and.the item s fragilit 010. The
backagity SSRBEGEBRT PEETen GRAIIATL Yarious e Fames Stdaa maybe aglested ' and
1010) al on it Ed@gg TeTe)! | QL : +Shi ppi ng
order to dg?%ﬂra%%gfn%gg agl ngarr@ rtfﬁ:){teﬁ%r‘\s #dgﬁémé‘f#%}\&gsgﬁ@gp |Etrrq§i ed 20
packagi ng criteriapprowidé trendirgyamalysiseetcl012. Once the packagi ng instructions
have been deterpined, the packaging systemcontroller 901 uses the |

packagi ng i AYMing Movhte Flgure gy an anaraticnaldlaw, diagsaey etthe packaging 12

S oot 108uBAonn R i ek IRAF LA 1 IEsBRRAE” TRE i S8 .,
(step L4g02inefudestal packaging sysferh Icontrolier 901 iopedatiiiaty ciripted (préférablyvia 30.
The process begins at step 1020 when t he warehousSe facility recéives an
order for anelectenjc data likgdoamwarehouse managenien system@02atTheg st em 902
assigns anpgcr:lga?g{ing légisjt%?n E:gn{rgﬁeroé&fa transmits a tote bar code number 903 (or RF.
tag reader) which represents a shipping order to the warehouse management
system 902 when a packer 904 receives a retrieved number of items to be
20 packaged. The license plate is read from the tote and the shipping order is -
determined from the license plate using a look up table, for example. The tote
contains the retrieved items and the license plate is read with a bar code
scanner or reader 906, however, any type of reading device is contemplated by
the present invention. The warehouse management system 902, in response to
25 receiving the tote bar code 903, provides the packaging system controller 901
with order information 907 which includes a list of the parts in the shipping order
and information relating to each item such as the weight, size, shape and
fragility of the item. Using the information 907 provided by the warehouse

management system 902, the packaging system controller 901 determines
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The order is then arranged at step 1022 by the warehouse managenent system
902 to optimze the retrieval of the various itens in the shipping order. A

| arge 30 reglouse has many itens | ocated in various, diverse areas in the
war ehouse. YO 98/56663 : _g3. PCT/USI8NIS8 T

m nimze the amount of backtracking, etc., the warehouse nmanagenent
system 902 contains |ocation data for each of the itens and uses the data

to arr he . : Molol r s r nd optimze a
pi ckc 11 ot PackagiiG ihsRiRich S0 whitpT RS A SRR cdoBMienc v ar i ous
i temrs. Themethbdold g items corresponding to the arranged pick list are then
retrieved at stt_a‘_p ? 24 and brought to the packaging station at step

1026. heragkaging instrugtiors determined byltbﬁpahbwiegrmﬁs@nnent system
902 i h \fied in the follow t 1028. A
0025 PRSP BEE, SAGT b SRS bRt
from the bangacHe ptevides téhé packer %%gy?aﬁﬁi%gffe&tﬁhél Iﬂ‘?st{tﬁtfohgw?ht €ms.

The packer then reads the bar code each ere eve em and
mat ches t hillustratenhowdoi usenthecgenerateshpackaging materialdo prepedy packagitiy® of

| Lom i m vanegs TR, cPi peckrdind mtpistionsatias clude Meiclionsinsd |
t | 0 ien g Molude insicions P
o o oy 160G I SRR Hllahihy < 16 BELARY kbR Hhirks anelalf

syst em contransinitted folavanidn éreetor 09 fon cohstrubtiorof the! sprecifiscbomtathers.
managenment _system 902 at step 1030 with a request to retrieve all the data

resi di ng iﬁﬁﬁm%sm\%&uma%megi&@mmmgd te the packaging to the
par L, o1 FGHaR Mate o G055 EO Ao A BpgbidmdEhid B ] .

wei ght, 20 size, ape and _ _ ep of
det er m ni ngignats 908 AtictydickstetHe hupitser(sriclength. 8f Qﬂisl‘ﬁbﬁh?ebads to?Srodute
preferably provided in the sane manner to the steps illustrated in Figures

20- 26b, whapavell amtheipsequencs efgensarstiank Tbel instjectionsc0@8 alstainaludel thei ng t o
th kagi N ' dth ts t d to det ' d 25
opt i i sed- BRERTIRRGH Bird Petersahy tans length oBBT &5 Aitpe serlardfl.gent “typo

S T ai mad InSHRELBRs GO0 6 g Shton T & B it e A G it o, AL e
28 of the insiictions 808 forgenesgtion of a bill-of-lading to the printer 18b. Lastly; the
packaging system controller 901 sends the bill-of-lading data to a manifest
system 912 and monitors inventory consumption. If any inventories drop below
a predetermined threshold, the packaging system controller 901 transmits a re-
20 order request 913 to a distributor via a communication link 914 such as an EDI
value added network.

According to one embodiment of the present invention, the manifest
system 912 may be used to keep track of the destination of the packaged parts
for tax or other purposes. For example, in certain European countries some tax

25 provisions exist which relate to taxes on waste materials. The manifest system
912 records the destination of the package (container) and the amount of
packaging material used in packaging the parts so that such information may be
efficiently used, for example, for compliance with the appropriate tax provisions.

A block diagram of the packaging system 900 is illustrated in Figure 28.

30 The packaging system 900 includes the packaging system controlier 901
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alternatively, or in addition to the use of if-then rules, incorporate
cubing rules in 30 the knowl edge base. Cenerally, using the cubing concept,

t he packagi - - 84-
system co%agwsg?‘:’%l ascertains the cubic volune of each itgm"\ﬁsﬁm&scupy

when properly packaged. The expert systemthen utilizes the various cubic
volunes to determne their location and orientation within a sel ected

packagi ng | L0 [ e

Feduce 1 neoyRUE I8 ML RarfobtirdneGehidht W5 609 did el Baad mialeal,
i mpl ement igeherltst 1) In additibh)as odtputiperipheralct®is coupled bthe contréllerPat ent
5,430,831 entitled "Method of Packi ng Rectangular Qhjects in a

Rect angul H#0aed reay islude ppepsiaeng aha postage mefen-tia apriates18band a

whi ohvar iiaiBY the dnd 8 TRE L PEITREERE udt i cHieE 8 Kefboapymblie R it ' "
di fferent 3BYPcoHPe TBAHER Z6d.! (RhermpaYLLEpIPdriphersly iy belinailided afd dte

Fi gures 3la-31d. In addition, cubing optim zation products are
comrer ci aldontempiatediby the present inveatinPAK[ err] by Advanced Logistics

Systens, Inc., Roch .98250. ch cuhi ng product may be

i ncor por ated i ﬁ@?ﬁ@ﬁ@@%@%@cﬁﬂﬁ‘% &ura%@%m‘ &SmséP OrMR® efore in the
above nman i ki ’ 0

fer ehouse SmaBRroBELAnRIICYE, sty IiveRioh I3 WRAURHA iy Pl 200 Whe o

i nstructi dote toataining raeplemality of itpmsniozsel ppekager isyeceiveddat thepackaging
Figure 32 is a functiognal block diagramillustrating, additional packaging

syst em1® uritationsthepacker reads apurdae pumber agspaiated withdhe itemsatsterl ¢ he

D0 cont ol 109 b, B et e B ¢ode cder 208 T backafipg R, oy
| abel at séatitroller 901 Figuro28 tisem Usss the béderaiurhbebatstép. 1004@acoesst he
packagi ng system controller 901 uses the shipping order data to print

out a bi [ |therwateiongeanapgagement system whiciycentains: a databasghcontaining alhe

hi ppi t.i nat i d th d wei ght ictated.by th

dot ot i e BAEas 1 e WarsHiERE Wellias yaridli Pisbe 2r Botd BhSdadEd M ey
al so gqperigdms suth ¥ hRumBeF éﬂﬁeM§iiﬁ%¢éiﬂoiﬁf‘gt?@%Qhe sizéT®hape Hd whightour e

28 at step 1104. The packagi ng system contro 01 al so gener ates

pr oduct i orofthetitenn i1008zant the itemisfragliyn1@1Q. control at steps 1106 and
o ar T Rel e The nackagingcvstem Gantrolier 801héR Used thd data (6., data 1008
and 1010) along with, for example, shipping destination data from the shipping
order to determine packaging instructions which resuit in an optimized
20 packaging control methodology at step 1012. Once the packaging instructions
have been determined, the packaging system controller 801 uses the packaging
instructions to control the packaging material generator 12 at step 1014 and
provides instructions to the packer 904 via the display 18c at step 1016.
The step of reading the order number (step 1002 of Figure 29) is
25 illustrated in greater detail in Figure 30. The process begins at step 1020 when
the warehouse facility receives an order for a variety of items and the
warehouse management system 902 assigns an order number to the order.
The order is then arranged at step 1022 by the warehouse management system
902 to optimize the retrieval of the various items in the shipping order. A large

30 warehouse has many items located in various, diverse areas in the warehouse.
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30 Figures 11 and 12 and may be perfornmed for each packagi ng station

I ndi vi dual |y - 85- :

or centrally for all the packagi ng stations through conmunication of ,
Wo URIS801 ¢ o

i nventory ”ﬁfﬁ@urrpt ion data from each packagi ng system coft¥
t he war ehouse managenent system 902. Simlarly, the packagi ng system
900 may provide productivity nonitoring as illustrated previously in

br oduct i on TS mHE 4@ dof e BscuifeRing: Bie, the WEkbyRA maRedRRRt 1 oo
of order pggteth BOR cohtding ilddation ddtafoldaéh of theditsné ARdassey thadiath té he
I tens packed per unit tine at step 1122. In addition, the packagi ng

syst em con@rr@ngerthedtems oo the shipping form toogenerate ghd optimize axpighltisted at
10" The  avendiel BBHHiEES e Hed5AHREA 1 tFiielE 1t Vatale pames, Ths vARo& cps
1126 5 aftdmyslédires ] ﬁ{é’arran%ed ick list ARE tHErEfAéved 4ESepOIDZY &4 des
for the effective and effTcient packaging of parts. Since the packagi ng
system pr ob'rmmd trtﬁdha@ianga?:l_gtgtam? ahstep(lz‘POZﬁntehor nmor e par11:53, ant

i nexperienced pagker, efficie ackage the one or re arts

Wi thout wast | ng Iechisk st arnerated by the Baiibuss mangoesiant systen 2081 about
25- 50% ; IR ' ' %ﬁé Aot iy th
respec(; tothen vggﬁ?cﬁntn pre 8‘?’??dé£%gmn S, '?‘?%.{bs"g?g?ﬁoas hat e't]w vél ent
al ter at i on20dneads thaoddérn manbenforlicehse plate rueniwer froen tHe baecoden908onar t

upon the readi ng and 20 . under st andi n(g_ of this specification and the
annexedtodr e tRje whigh eantains the retrieved jems. { Ihe packerthen seads the barcode

et erence ) ea86 R FothBREH WBE 4fid TRAEREL Trem witr 8% AThERrhESIBNRE G
to corresponder mmh?siﬁe OP©Y 50 6fehe Trpaljtcﬁagmg,sys_mmrmntmnepm.o e natéh &

perforns the specified function of e descri bed conponent 25 (i.e., that
i s functi ot fguns wnifar item isdnissingn the) &AL B0 arwarebouse ynanageraentnt t o

1 ust 7 ot oavstem BB drBrdles e waihiod riBesali WHER S Aiotiled 16 tiShBeReren wni 1 o

Dok, e Y 10, i SpRUAN \engmu OB A ckapng 1
conbi ned wisystesm eontrotien 80 bsérds thenordes nupiber back to the warehouse - -
management system 902 at step 1030 with a request to retrieve all the data
residing in the warehouse management system database that relates to the
parts on the shipping order. Such data includes, but is not limited to, the weight,
20 size, shape and fragility of the items. |
The step of determining the packaging instructions (step 1012 of Figure
29) is preferably provided in the same manner to the steps illustrated in Figures
20-26b, wherein an expert system uses a knowledge base and data relating to
the packaging material and the parts to be packaged to determined an
25 optimized packaging solution. In addition, alternative intelligent type systems
may be utilized, such as binary decision trees, fuzzy logic and a trained neural
network.
The packaging system 900 of Figure 28 of the present invention may
alternatively, or in addition to the use of if-then rules, incorporate cubing rules in
30 the knowledge base. Generally, using the cubing concept, the packaging
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system controller 901 ascertains the cubic volume of each item will occupy
when properly packaged. The expert system then utilizes the various cubic
volumes to determine their location and orientation within a selected packaging
container to maximize the packaging efficiency and thus reduce the need for
void fill and extra boxes. One exemplary method for implementing such an
optimized cubing concept is taught in U.S. Patent 5,430,831 entitied “Method of
Packing Rectangular Objects in a Rectangular Area or Space by Determination
of Free Subareas or Subspaces”, which is hereby incorporated by reference.
The manner in which various cubes (i.e., parallelepiped volumes) are arranged
in different ways to maximize the packaging efficiency is illustrated in Figures
31a-31d. In addition, cubing optimization products are commercially available
such as OPTIPAK™ by Advanced Logistics Systems, Inc., Roche Harbor WA
88250. Such a cubing product may be incorporated into the packaging system
controller 901. Therefore in the above manner the packaging system utilizes
the parts data from the warehouse management system 902 and determines
the packaging instructions that represent an optimized packaging methodology.

Figure 32 is a functional block diagram illustrating additional packaging
system functions. After using the determined instructions to control the
paékaging material generator (step 1014 of Figure 29), the packaging system
controller 901, using data from the shipping order prints a shipping label at step
1100 using the printer 18b of Figure 28. Likewise, the packaging system
controller 901 uses the shipping order data to print out a bill-of-lading at step
1102 using the printer 18b. Using the shipping destination and the expected
weight as dictated by the determined packaging instructions, the packaging
system controller 901 also generates the proper postage using the postage
meter 18a of Figure 28 at step 1104. The packaging system controlier 901 also
generates production statistics and performs inventory control at steps 1106 and
1108, respectively. _

The inventory control of step 1108 is similar to the inventory control of
Figures 11 and 12 and may be performed for each packaging station individually
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- 87- CLAI M5 1.
A packagi ng system conpri sing: a source of packaging material;

and 5 kagi ng system controller for providing pac '
instructio‘ﬁ?ﬁ’é?@ged to a part to be packaged and instrﬁﬁ%%#@s
source of packaging material to provi de the packagi ng materi al .

2. The packagi ng system of claim 1, wherein the source of packaging 10

mat eri al | ' | £ ] : :
The packadh raf 16 APHEESBing SioRE rolish Caphifiation of inyentory
gener at or cohsdnytionsdataifrom gaeh prokdgingsysteraisontrotler 904 b6 tiiewarehduses e

fill packagi ng nmateri al igngrator or dispenser, a bubble wap generator
or 15 di spafARagemgntsystam:-90 ﬁﬂl‘%!l'%é@ﬂ@la&l‘%mgrsyﬂt%@ﬁgdﬂ,ay Srovdgul p

ol ded productivity monitoring as illustrated previously in Figure 13 and which is briefly

5 summarized in Figure 33. The generation of production statistics (step 1106)
includes the counting of the number of order packed per unit time at step 1120
and the counting of the items packed per unit time at step 1122. In addition, the
packaging system controller 901 also monitors the total weight of items packed
at step 1124 and calculates the average time required to complete an order and

10 the average amount of packaging material consumed per order at steps 1126
and 1128, respectively.

The present invention provides for the effective and efficient packaging of
parts. Since the packaging system provides packaging instructions for one or
more parts, an inexperienced packer may efficiently package the one or more

15  parts without wasting packaging materials, thus providing cost savings of about
25-50%.

Although the invention has been shown and described with respect to
certain preferred embodiments, it is obvious that equivalent alterations and
medifications will occur to others skilled in the art upon the reading and

20 understanding of this specification and the annexed drawings. In particular
regard to the various functions performed by the above described components,
the terms (including a reference to a “means”) used to describe such
components are intended to correspond, unless otherwise indicated, to any
component which performs the specified function of the described component

25 (i.e., that is functionally equivalent), even though not structurally equivalent to
the disclosed structure which performs the function in the herein illustrated
exemplary embodiments of the invention. In addition, while a particular feature
of the invention may have been disclosed with respect to only one of the several

embodiments, such feature may be combined with one or more other features of
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generator or dispenser. 4. The packagi ng system of any

preceding claim wherein the packagi ng system controller retrieves the
packagi ng .instr ions, which are 20 predeterm ned and rel a par t
to be pac%ﬁ@ﬂ?yﬁom a nenory assoCiated with the packa&?ﬁé@&é{%?n
controller. 5. The packagi ng system of any preceding claim _
wherein the packagi ng system controller determ nes the packagi ng
instructi bahi e
packaged 5 oY dnbBdFherts asialy b Gedifl afq SblaliehedleudraRybhietr ™
any pr eceganiculapapplidationber conpri sing an expert system associ at ed

with the packagi ng systemcontroller for determ ni ng the packagi ng
i nstructions, wherein the expert systemincludes a 30 know edge base
containing the rules and data associated with the packagi ng

- 88- material, and wherein the packaging instructions are
det erm ned based on an application of the rules and data to

i nformation provided regarding the part to be packaged. 5 7.
The packagi ng system of any preceding claim wherein a plurality of

parts are to be packaged and the packagi ng systemcontroller determ nes the
packagi ng i nstructions based on a cubi ng packagi ng techni que.

8. The packagi ng system of any preceding claim further conprising 10 an
out put peripheral for providing the packagi ng instructions.
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9. The packagi ng system of claim@8, wherein the output peripheral
conprises at | east one of a display, a speaker, a printer, a packagi ng
mat eri al mani pul ati on apparatus and a postage neter. 15 10.
The pa_ckagi‘ﬁ&gglﬁgﬁt‘sgm of claim8 or claim9, wherein the Pﬁg@ﬁgmﬁﬁs
systemcontroller is operable to communi cate desired system functions
to the source of packaging material and the output peripheral in )
response to the packagi ng instructions L?QMS . 11. The packagi ng
system of any preceding claim wherei ncf e system functions conprise at
| east one of iterative packeifing systemi incorporating a dRBIGHING @onversigii hodol ogy
preview for at |east one identified part to be packaged,. Eost packagi ng
8

mat eri al gemachineforeonveding stosk majefiakipte cushioning maateriah aamprising:
automat ed i nventqry orderin roduct i Vid.y.. urenent and anal ysi s,

consi gnment  bi | | &%cﬁﬁmoﬂ}'}gg‘zﬂ&egﬂgﬁlna#ﬁ'ﬁ%%i fication. _ 12.
The packagi ng syatgaa@fgi@a«fy&éﬁf?&%tfweﬁlf@ providity Sackdditg instruetielis gelated

i nstructions conprise at 1east one of selecting a particular container,
gener ati ng tomat lzastone pant tosbe packagadyand insucting the pushipningecenversion
or der,

an i ndi cat i BIRGhIRRIQPRAUGS the sushjaning materia) far the %nggsmﬁ'? Eagftoﬁgckagﬁzg

material in RS term ned manner. 13. The packagi ng system
of any preceding claim wherein the 5 packaging instructions conprise at
| east one of a video output, an audi o output, a printed output, a text

out put and a graphical_out put. . . 14. The ﬁacka I ng system of
any prectding cl &m fihe packagingsystemof claim 1, wherein the packaging system

controller retrieves the packaging instructions, which are predetermined and
related to the part to be packaged, from a memory associated with the
packaging system controller.

15 3. The packéging system of claim 1, wherein the packaging system
controller determines the packaging instructions based on at least one
characteristic of the part to be packaged using a set of rules.

4. The packaging system of claim 1, wherein a plurality of parts are
20 to be packaged and the packaging system controller determines the packaging

instructions based on a cubing packaging technique.

5. A packaging system, comprising: .
a cushioning conversion machine for converting stock material into
25 cushioning material;
a display for providing packaging recommendations to an operator; and
a packaging processor for retrieving a predetermined cushioning
material requirement for a particular part, instructing the cushioning conversion
machine to produce such cushioning material for the part to be packaged, and
30 causing the packaging recommendations to be provided on the display.
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an input peripheral for providing at |east one characteristic of the part

to be 10 packaged. 15. The packagi ng system of cl aim 14,
wherein the“i@%?“&eri pher al conprises at |east one of a a .
nouse, a bar code reader, a m crophone, a touch screen, 5%%‘9”
measuring device, a pattern recognition 15 device and a part di nmension
measur enent appar at us. 16. A nethod for packagi ng at | east
one part, conpriging the gackagiry system of claim 5, WH8Hih thié ﬁﬂ,ﬁi
characteristic of a Part to.bg r‘|§iac){gaged; pr oeﬁgfﬁr}’gbpac ea%é'ﬁg

i nst ruct i ondustsationeaf the packing technique ot thenpart being packaged. i nstructing a
source of packaging material to provide packagi ng materi al I n
conjunction with the packagi ng instructions. 17. The net hod

of claim 16, whegein Whg}ﬁdgkgﬁgwgf'%@ gu%'b&(ﬁige illuisﬂ%{igﬂles age step

of displaying the packaging I revi ew. The
met hod o8 ctamprisés arpackaginglfrevigwilkistrating apechnaigiuedf packagiig thetgaans
i nclude an jdentification of a container for accomodating the part to
be packaged®®BH RARAGEHi cation of an anount of packaging material to be
utilized for securing the part within the container, an illustration of
an order in which the 30 packaging material and the part are placed within

the container, o8, an Theysickagingsystem of claim 6, wherein the illystration provi
- 90- of an ori egt ati}:)n in which the part and the pgcié%ﬁg

mat eri al ar@ Sigie paciaging step assogistedwithipackagingdhe giartbeing packaged.
19. The_nethod of any one of clains 16-18, wherein the step of 5
i denti fsf’ng at | east one characteristic of a part conprises identifying the

part, and 9. The packaging system of claim 5, further comprising a database
containing packaging information for at least one part to be packaged.

10.  The packaging system of claim 9, wherein the database comprises
15 a memory having a plurality of instructions at various memory locations and
wherein one of the plurality of instructions corresponding to the part to be
packaged is selected using at least one of a look up table and an algorithmic
search engine.

20 1. A packaging system, comprising:
a packaging material generator;
an output peripheral for providing packaging instructions;
a packaging controller for retrieving predetermined packaging instructions
related to at least one part to be packaged, instructing the packaging material
25 generator to produce packaging material, and providing the packaging
instructions via the output peripheral.

12.  The packaging system of claim 11, wherein the packaging material
generator comprises a cushioning conversion machine.
» B
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wherein the step of providing packaging instructions conprises retrieving a
predeterm ned set of packaging instructions associated with the identified

part. 20. The nethod of any one of clainms 16-19 .o the
step of 10WPQ98f§Pﬁ3yi ng at | east one characteristic of the pé’ﬁ’%@%gﬁ
packaged conprises the step of determning at | east one of a size,
shape, weight and fragility of the part. 21. The nethod of

any one of cl ai 1 ) ' < of bl | £l 2 t one
characteristic 5 ¢ nirgpARagRp SN S e 11, wherbift e qubIfpdfiphéidt

det er mi ni ngomprdses atleasboné of atdisplaprd speakisr| andiapackagirsd imatenal net hod

for the part. . . 22. The nmethod of any one of clains 16-21,
wher ei n t Hoapipliatign appamaidsti fyi ng at | east one characteristic of the part
to be packaged conprises the 20 step of determ ning whether a packagi ng

optim zation or a cost optimzation is preferred for packaging the
part. 14. 2The pHeRaginghyeteth ol elaimes, Miharei the packaging'Rftelial t he
step of provi di ng packaging instructions conprises the step of

det er m ni npanipylatorpapparatus;comprises aicoier.usi ng the information in a

dat abase. 24. The nethod of any one of clains 16-23, wherein
the step of determ ning the packagi ng instructions conprises the steps
of . #5P! y1 § peRagin forh o @faifnC1 3, Whetkirl #@Spadapi eri
characteristic to arrﬁv at g gorgy%oncl usfaon; éw a ing material

-91- manipulation apparatss comprlises ahlelast one of a pitk ahd placeapparatusyrz
packagi ng o%t Il ons. ] ]
10~ robot and a pad insertion system.

16. The packaging system of claim 11, further comprising an input
peripheral for providing a part identification for the part to be packaged.

15 17.  The packaging system of claim 16, wherein the input peripheral
comprises at least one of a keyboard, a touch screen, an RF tag reader, a
mouse, a bar code reader and a microphone.

18. The packaging system of claim 16, wherein the packaging
20 controller is operable to communicate desired system functions to the packaging
material generator and the output peripheral in response to the retrieved
packaging instructions.

19.  The packaging system of claim 18, wherein the system functions
25 comprise at least one of iterative packaging instructions, a packaging
methodology preview for the at least one identified part to be packaged, post
packaging material generation control, inventory consumption maintenance,
automated inventory ordering, productivity measurement and analysis,
consignment billing, and production planning notification.
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25. The nethod of claim24, further conprising the step of accessing
data relating to the packagi ng materi al when applying the rules.

26. The mejwiassseéeac! ai m 24 or claim 25, wherein the step of apnl sﬂ
the rules further conprises the steps of: determ ning a hei ght
fromwhich the part may be dropped,; identifying a plurality of

cushioning curves of various types of packaging 10 material or packagi ng

material configupe!i oTaelptcka e SFUHAIAT I "Whérin
hei ght' and rebt’:ﬁgr mgmé}%v\het her the type o : mphac %‘Ejalﬂg %étﬂgﬁlsgl

or the pac k%ﬂergtor comprises aicontro ergnrczqmw\umaahbawﬂgtheopammngsbomllag
curves absorb. su ici,ent s

i ded, f i | t
27 “tho mloRBBPSMENTE paOkHGtng matefalSateraiar SEairml fiictiond jn frspotise to
i nstructi ngcérhﬁ,aﬁﬂgrﬁ&nqﬁep@kg cmikﬂlbka' corrprl ses the steps of:

dictating a quantity of e portions of packaging material; and
dictating an order in which the one or nore portions of packaging materl al

20 are produced. . The nethod_of any _ one of clains 16-26,

wherein the st epzi')f The.mﬁgm wt?'ﬁé’fﬁlﬁbgodﬂhg&t’kﬂ'@ packaging matenai

o e RGP ARR oI DI Rhi B

i nstruct i ong selected amount of packading matefiall sevedny tl‘?é‘ﬁa@l&agihgldﬁteﬁﬁt Hhd
wherein the step of controlling the i nstruct | ng conversion nmachine

further conpiovigiag the packaging materig} tos pagljagingdhenat ieast onepart toobe of
k |, t dt 30 predeterm ned packagi ng order,
Pgtz:_agl ng nﬁé(ﬁ{dg%d. 0 correspon 0 a p p gi ng

22. The packaging system of claim 11, further comprising a memory
coupled to the packaging controller, wherein a plurality of predetermined
packaging instructions are stored in the memory, and wherein one of the

15 plurality of packaging instructions is selected based on the at least one part to
be packaged.

23. The packaging system of claim 22, wherein one of the plurality of
packaging instructions is selected using at least one of a look up table and an
20 algorithmic search engine.

24.  The packaging system of claim 11, wherein the packaging
instructions comprise at least one of selecting a particular container, generating
one or more units of packaging material in a predetermined order, and an

25 indication regarding how to utilize the one or more units of packaging material in
a predetermined manner.

25. The packaging system of claim 11, wherein the packaging
instructions comprise at least one of a video output, an audio cutput, a printed

30 output, a text output and a graphical output.
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30. A method of illustrating a function of a packagi ng system for

packagi ng at | east one part, conprising the steps of: I denti fyi ng
at | east ope characteristic of a part to be packaged; ing a
dat abase hy\ﬂs%“?éckagi ng design rules’to determine a 5 pa&@é‘i’%&ﬁ‘fé‘i

met hodol ogy based on the at | east one characteristic; and

di spl ayi ng the packaging instructions for review 31. The

nmet hod of claim 153, wherein the characteristics of the part to be

packaged conprise at |east one of a weight, a size, a shape and a

fragility. 10 26. A methdd of gackaginyopants, comprising the steps'af; 16- 18, wherein

the step of identifying at | east one characteristic of a part conprises
i denti fyi ng t heideatifying at least one pagdo be pagkageski of packagi ng parts,

conprising the st f. P ' tifyi rt tq,be packa X
retrieving pac k%ﬁﬁ%@ngrﬁ’ﬁﬁ@ppdﬂgﬂﬁtg’%’ i%ﬁ%&%&ﬁpﬁﬁbeéﬂ?aﬁcp%pﬁgg‘kaged:
and 5 be pag éd®ldrid'g a packaging material dispenser using the

packagi ng i nstructions. 20 [err] '

-93- controlling a cushioning conversion machine using the packaging

instructions.

27. The method of claim 26, further comprising the step of providing at
10 least a portion of the packaging instructions to an operator, wherein the
provided packaging instructions indicate a preferred packaging methodology for
the at least one part to be packaged.

28. The method of claim 26, further comprising the step of providing a
15 packaging instructions preview to verify that the packaging control instructions
are appropriate for the at least one part to be packaged.

29. The method of claim 28, wherein providing a packaging
instructions preview comprises the step of displaying the steps in packaging the
20 part.

30. The method of claim 29, wherein displaying the steps in packaging
the part comprises the steps of:

identifying a container for accommodating the identified part;

25 identifying one or more pieces of cushioning material to be utilized for

securing the at least one part within the container;

illustrating an order in which the cushioning material and the at least one
part are placed within the container; and

illustrating an orientation in which the at least one part and the cushioning

30 material are placed and secured within the container. -
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dictating a quantity of one or nore pieces of cushioning material; and
dictating an order in which the one or nmore pieces of cushioning naterial

are produc 37. The method of claim 26, vvherel
control l'i n&%ﬂﬁs‘“% cushi oni ng conversi on machi ne conpri ses ope?lzﬁl ng ?he

cushi oni ng conversion machi ne to produce a quantity of cushioning
materi al dictated by the packagi ng I nstructions. 10 38. The

met hod of clai mgyy, mﬁﬁﬁ&hw%fﬁa%ﬁ%fﬂliéétﬁ td??dentlf%ﬁbsé‘bﬁﬁ'tag

conver si on rrachl ne f er conpri ses e step of ordering t formation
of pieces Cb‘epaatagadmmnpasesthd stepsm:rrespond to a predeternined

packagi ng order. The ngeth f claim?27, wherein the ste
of providing padRa'gﬁ'ﬁg apaﬂ.mw&sseﬁ@tefgw'ﬁet rg]gq)g COMpHteE AN P

i ndi cating a pr I Dta@‘gg
40. The net hod g"ﬁ}% ﬁ@é&&\?\ﬁaqge‘?rwme stepagbag‘rgtoeﬁanngﬂbpgc ag| ng 20
I nstructg or&;ﬁm@hmaﬁgﬁat or conprises indicating a quantity of cushioning

material required to package the part. 41. The net hod of
claim 27, wherein the step of providing packaging i nstructions to the

operator conpris proyvi di N QF i. t] r . '
cushi oni ng mat ery<l V\ﬂt’?‘n qﬁ°@&it"iﬁ ﬁﬁ%? \hﬁ&eﬁ{ thoengteB quR{)&Pﬁg tﬁé
clai m 27, VfhBbrcdhPrists Bt Riask bAlidl iehtermiy tiRObag numberwrﬁglatuemaw t he
operator conprises providing an orientati on of the at | east one part
wi t hi n t he associdted with the computer, reading a bar code representing the part number
10 using a bar code reader, identifying the part number from a parts menu on the
computer, and identifying the part number using optical character recognition or

video pattern recognition.

33. The method of claim 32, wherein the parts menu comprises a pull-
15 down menu and the part number is identified using at least one of mouse, a

keyboard and a touch screen.

34. The method of claim 31, wherein the step of inputting the part
number comprises:
20 speaking part identifying information into a microphone; and
converting the information into a digital signal corresponding to the part
number using voice recoghnition.

35. The method of claim 26, wherein the step of retrieving the
25 packaging instructions comprises the step of accessing a particular set of
packaging instructions from a plurality of packaging instructions stored in a

memory.

36. The method of claim 26, wherein the step of controlling the

30 cushioning conversion machine comprises the steps of:
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30 - 94- 43.
The nmethod of claim27, wherein the step of providi ng packagi ng

i nstructions_to the operator conprises providing an order for packi ngqthe'
at | east W°8?{é“8%rt using a plurality of pieces of cushi onPkJUMEBAIF8 .
5 44. The method of claim 27, wherein the step of providing

packagi ng I nstructions to the operator conprises:

identifying a c kART, t - : e

i denti fying one%(yr’@rt#@gea é%%@g%ggﬁg%rw(@% Efgﬁengioglrclﬁgﬁlb{@@ggﬁgﬁ% 9@% for
securing the at dietatihg@meonerin whidh thel dree opniore piecesléf cushionihg whaterial N9
an order in which the cushioning material and the at | east one part are
pl aced wi t AR RrAdueRstht ai ner: and illustrating an orientation in
which the at | east one part and the cushioning material are placed and
secured within the container. 15 45. The nethod of claim 26,

further gonprisigy mm@méthw@fbmnpze%%ereinmeétéﬁ!ﬂf%hﬂ,anmttﬁéi al .
46. The nmethod of claim45, wherein the step of mahi pulating™the pi ece

of cushi onioughinning canhversinl nachinestamprisesoperatingdhe oyshionimg ednvensictd
packagi ng the at |l east_ one part.. A 47.. . Th hod of claim 45,
Bher orn ¢ hanaiipe d6 PO, » Eianyt ofcushioning cuatgrial SGFated b JhdackegIng
conprises tiR& ﬁ,g,g of : transferring the cushioning material to
a container; an 5 pl aci ng the cushioning material in the container.

10 38. The method of claim 37, wherein the step of controiling the
cushioning conversion machine further comprises the step of ordering the
formation of pieces of cushioning material to correspond to a predetermined
packaging order.

15 39. The method of claim 27, wherein the step of providing packaging
instructions to the operator comprises indicating a preferred container for
packaging the part.

40. The method of claim 27, wherein the step of providing packaging
20 instructions to the operator comprises indicating a quantity of cushioning
material required to package the part.

41.  The method of claim 27, wherein the step of providing packaging
instructions to the operator comprises providing an orientation of one or more

25 pieces of cushioning material within a container.

42. The method of claim 27, wherein the step of providing packaging
instructions to the operator comprises providing an orientation of the at least

one part within the container.

30
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48. The nmethod of claim 26, further conprising the step of nonitoring
a consunption of one or nore materials used in packaging parts.

49. The claim 48, wherein the step of nonitoring t _
consurrpti%@%%?%%s counting a nunber ‘of containers used inptgggﬁg%ﬁlﬁggs t he
parts. 5 50. The nethod of claim48, wherein the step of
noni toring the consunption conprises cal cul ati ng an anount of

cushi oni ng mat er 4l ' #@5? " ... The
met hod of cl ai mél%, mgg?ér?hf)ﬁgfgéeip 0 m%%‘%?%%é%%ﬁ'&“’é’é‘?%&ﬁ%@%ﬂg
conpri ses dastrudtivnsito the opsrator comprises! previdirse dniorderfot ggicking the athéast
parts, wherein the supplies inc|lude at |east one of packagi ng tape,
operating ©One pagiusing a piwralityehriaegs ehrushioning matar@als | abel s and

i dentifying where the parts are desti ned. 15 52. The nmet hod of
claim48, further conprising the step of generating a consunption

report igdicatinggt heTie pgetiBl ioTtidiin 27 OWRBRIP the B relvidin i
53. The nmethod of claimb52, further conprising thee%s(?’g‘?)of se%g?ﬁléaglﬂg

consunpt i orinsteyetiansito the apexator comprisesh i nventory supplier and an
| nventory 20 pr elg'erc\hfy?nrb 8 lc%gpael{lér for accommodating the at least one part;
identifying one or more pieces of cushioning material to be utilized for
securing the at least one part within the container;
10 illustrating an order in which the cushioning material and the at least one
part are placed within the container; and
illustrating an orientation in which the at least one part and the cushioning

material are placed and secured within the container.

15 45. The method of claim 26, further comprising manipulating the piece
of cushioning material.

46. The method of claim 45, wherein the step of manipulating the
piece of cushioning material comprises coiling the cushioning material for
20 packaging the at least one part.

47. The method of claim 45, wherein the step of manipulating the
piece of cushioning material comprises the steps of:
transferring the cushioning material to a container; and

25 placing the cushioning material in the container.

48. The method of claim 26, further comprising the step of monitoring

a consumption of one or more materials used in packaging parts.

0



54. The nmethod of claim48, further conprising the step of generating

a consignnent billing report based on the anpunt of packaging materials
consuned. 25 55. The nmethod of claim48, further conprising the
steps of: WO98/56663 conparing the consunpti on ACHUIFAB,,
nore materials to one or nore re-order threshol ds; and

generating a re-order request if one or nore of the re-order thresholds

are satisfied. 56. The method of claim48, wherein the step of
nonitoring the consunption of the one or nore materials conprises the
steps of: initializing a variable representing an anount of
cushioning material in I nventory; 10 cal cul ating an anount of
cushioning material used in a packagi ng step; decrenenting the
vari abl e representing the anmount of cushi oning material in inventory by
t he cal cul at ed a#®unt The metbhdoficlajm48.cwhertein the step of monitariag they t he

decrenent ed_variahl e of cushioning nateri.al tfo a, . ackagi ng nat.eri al
e- or der t FBRTION.GRMptiSes countinga nirberof cantaigpekseq Ja eaekaging fae
decrenent edhared i abl e neets or falls bel ow the re-order threshold.
57. The nethod of claim48, wherein the step of nonitoring the
consunption of the one or nore materials conprises the steps of: 20
initializing a vgai abjl_e re reser}ti ng a_nunpber of packafgi ng, cont ai ners used
in invenfory; . he method of claim 48, wherein the step of monitoring the
consumption comprises calculating an amount of cushioning material used in

packaging the parts.

51.  The method of claim 48, wherein the step of monitoring the
10 consumption comprises calculating an amount of supplies used in packaging
the parts, wherein the supplies include at least one of packaging tape, operating
instructions, warranty cards, and address labels and identifying where the parts
are destined.

15 52. The method of claim 48, further comprising the step of generating

a consumption report indicating the consumption of the one or more materials.

53. The method of claim 52, further comprising the stepof sending the
consumption report to at least one of an inventory supplier and an inventory
20 prediction planner.

54. The method of claim 48, further comprising the step of generating
a consignment billing report based on the amount of packaging materials
consumed.
25

55. The method of claim 48, further comprising the steps of:

U



decrenenting the variable representing the nunber of packagi ng
containers in inventory when packaging a part; conparing the

decr enent e\go\ﬁgfské%gl e to a packagi ng contai ner re-order 25 thfs&?}ﬁ%ﬂ{'lsﬁpd
generating a ré-order request if the decrenmented variable is équal 10 the

re-order threshol d. 58. The nethod of claimb55,
wherein the step of generating a re-order request conprises
automatically placing an order for additional materials with at | east
one of an inventory distributor and a production planner through a

comuni cations link. 5 59. The nethod of claim53, wherein the
consunption report is utilized for production planning purposes so that
an inventory producer can produce needed i nventory before an inventory
supplier orders_the neeq€% I nvent thod of claim

Y. . h
55, Pwher ei 1 heCRBANGH 18 CERUMIRGoN o7dhe e or moré mptetdis 5 a5 argmore
61

provi di ng @ sRiePtRdshoRrS apg on a display. The net hod of
claim 26, further conprising the step of nonitoring an armount of tine

of one or nore geremtingsre-arder requestif onewr mare ohthelre-ordeh threshglds
conversi on machj ne .using the packagi ng instructions, thereby provi di ng
an i ndi catdrs#isfigloduct i vity. 62. The nethod of claim 26,
further _.conprising the step of nonitoring a nunber of packages packaged
within a predeterm ned anount of tine, 20 thereby providing an indication
of productivity58. The method of claim 48, wherein the step of monitoring the

consumption of the one or more materials comprises the steps of:
initializing a variable representing an amount of cushioning material in
inventory;
10 calculating an amount of cushioning material used in a packaging step;
decrementing the variable representing the amount of cushioning
material in inventory by the calculated amount of cushioning material;
comparing the decremented variable of cushioning material to a
packaging material re-order threshold; and
15 generating a re-order request if the decremented variable meets or falls
below the re-order threshold.

57. The method of claim 48, wherein the step of monitoring the
consumption of the one or more materials comprises the steps of:
20 initializing a variable representing a number of packaging containers used
in inventory;
decrementing the variable representing the number of packaging
containers in inventory when packaging a part;
comparing the decremented variable to a packaging container re-order
25 threshold; and
generating a re-order request if the decremented variable is equal to the

re-order threshold.

RN O AN 0 o



63. The nethod of claim62, wherein the step of nonitoring the anmount
of tinme associated with the one or nore steps corrprisealht he steps of: t

a) initiat mer for a step of packaging a part en an |nstruc i on
§03 25 packdgégﬁgs'{she part is provided; - (b) st oppi REVHES(1IS,
when the step is conplete; and

- 98- (c) calculating the ampunt of time used to
conpl ete the steps using the ~timer; and : (d) proceeding to a
next step of packaging the part and repeating steps (a)-(c) until the
part is conpletely packaged. 5 64. The nethod of claim 62,
wherein the step of nonitoring the anount of tine associated with the
one or nore steps conprises the steps of: date stanping the one
or nore steps, V\Elgereln t he date starrp i ncl the tine and date at
whi ch the one ord%orelhke hQ@@f ﬁaarmbﬁ%rvwemtf@step of generating airesprdee

anount of t 0 n

55 The mipHageLorpre aBloncR FIRIN A Hob fortidftona) e with gt
a product i \east arepef an ind sﬁ'i%htbrraﬁdié'ﬁ?@dﬁéhdrhﬁlaﬁﬂ@?'ﬂfrbh Yhla/ Of
packaging the 15 parts including at |east one of a cushioning~conversion
nmachi ne i d&@mmugicatigns link. operat or identifier, a packaging routine
identifier, an anmount of tinme needed to corrpl ete all the packagi ng

i nstructlons, an anount of tine needed to conplete

59.  The method of claim 53, wherein the consumption report is utilized

for production planning purposes so that an inventory producer can produce
needed inventory before an inventory supplier orders the needed inventory.

10 60. The method of claim 55, wherein the step of generating a re-order

request comprises providing a re-order message on a display.

61. The method of claim 26, further comprising the step of monitoring
an amount of time of one or more steps associated with controlling the
15 cushioning conversion machine using the packaging instructions, thereby
providing an indication of productivity.

62. The method of claim 26, further comprising the step of monitoring
a number of packages packaged within a predetermined amount of time,
20 thereby providing an indication of productivity.

63. The method of claim 62, wherein the step of monitoring the
amount of time associated with the one or more steps comprises the steps of:
(a) initiating a timer for a step of packaging a part when an instruction for
25 packaging the part is provided;

(b) stopping the timer when the step is complete; and

)RR I 98-



one or nore of the packaging instructions, a total nunmber of packages

packed per unit tinme, a normalized productivity value, and a trending

i ndi cat or. 66. A packagi ng system conpri sing: a
packagi ng rrvg egzr”?%ssgener ator; and ) a packagi ng systpe%nc’%gr?{lrlgﬁsl er
for providing packaging instructions rel ated to a part to be packaged
and instructing the packaging material generator to 25 produce the
packagi ng materi al . 67. A packagi ng system conprising:

WD 98/ 56663

PCT/ US98/ 11598 a packaging material generator; a

di splay for providing packagi ng recomrendati ons to an operator; and

a packagi ng processor for retrieving a predeterm ned packagi ng

requi renent for tjcul part, Jinstructi t he pagkadi mat er i al
generator to 5 ﬁbgﬂa@glé@hﬁﬂ%pgﬁﬁmﬁd‘sgg iW@ﬁgﬁ ﬁ%«:&gaﬁﬁﬁmg the
recommndattjnqi\s ang Pe provi ded on the display. 68. A

met hod of packaging parts, conprising the steps of: identifying a
part to be packagygrodeeding to aaienitestep of packaging the pattrard repeatingstepsit ed

with the part to be packaged; nd controlling a packagi ng
mat eri al gdAk(@xuntil ﬁé“t'ﬁ@omfﬂﬂ@& Rackaged.nst r uct i ons. 15 69.
A packagg ng system conpri sing: a cushi oni ng conversi on machi ne

for converting stock material into
64. The method of claim 62, wherein the step of monitoring the

amount of time associated with the one or more steps comprises the steps of:
date stamping the one or more steps, wherein the date stamp includes
the time and date at which the one or more steps begin and end; and
10 calculating the amount of time of the one or more steps using the date
stamps.

65. The method of claim 62, further comprising the step of generating
a productivity report including data relating to the productivity of packaging the
15 parts including at least one of a cushioning conversion machine identifier, an
operator identifier, a packaging routine identifier, an amount of time needed to
complete all the packaging instructions, an amount of time needed to complete
one or more of the packaging instructions, a total number of packages packed
per unit time, a normalized productivity value, and a trending indicator.
20
66. A packaging system, comprising:
a packaging material generator; and
a packaging system controller for providing packaging instructions related
to a part to be packaged and instructing the packaging material generator to
25 produce the packaging material.

67. A packaging system, comprising:

L



cushioning material; and a packagi ng systemcontroller for
determ ni ng packagi ng instructions for a part to be packaged,
instructingvthe cushi oni ng conversion machine to 20 produce cushi oni
material i MWRe¥H&ince with the deternihed packagi ng ins?FﬁGF?Bﬁ@@sand
provi di ng a packagi ng expl anation to an operator. 70. The
packagi ng system of claim 69, further conprising an out put peri pher al
for providing the packaging instructions to the operator. 25

71. The packagi ng system of claim 70, wherein the output peripheral
conprises at |east one of a display, a speaker, a cushioning materi al
mani pul ati on apparatus, a postage neter and a printer. 5 72. The
packagi ng system of claim 71, wherein the cushioning mat eri al

mani pul ati on appar atus .conprises a coiler. 73. The packagi ng
system of cl ai m&Rackaging materal genaratar ng mat eri al mani pul ati on

appar at us conpri : | 0, . obot
and a pad inser tqs‘g%p@s{tog%%\"&ﬁﬁ ﬂc@gﬂf@g@%ﬁ%@é&%%@@@éha&& claim
69, further conpy packubing prodsssor for RieviMis ajiredetermined Padkading | east one
characteristic of the part to be packaged. 15 . 75. The packagi ng
system of ¢equirerent furer pariculas pank instpwstingrtbe packaging material generator to

5 produce such packaging, and causing the packaging recommendations to be

provided on the display.

68. A method of packaging parts, comprising the steps of:
identifying a part to be packaged,;
10 retrieving packaging instructions associated with the part to be packaged;
and
controlling a packaging material generator using the packaging
instructions.

15 69. A packaging system, comprising:
a cushioning conversion machine for converting stock material into
cushioning material; and
a packaging system controller for determining packaging instructions for
a part to be packaged, instructing the cushioning conversion machine to
20 produce cushioning material in accordance with the determined packaging

instructions, and providing a packaging explanation to an operator.
70. The packaging system of claim 69, further comprising an output

peripheral for providing the packaging instructions to the operator.

25
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conprises at |east one of a keyboard, a nouse, a bar code reader, a
m crophone, a touch screen, a weight neasuring device, a pattern

recogni ti oo og/s6g63vi ce and a part dimension neasurement appapatiiSes/1159d
76. The packaging system of claim 70, wherein the packagi ng system

controller is operable to communi cate desired packagi ng systemfunctions ta
t he cushi oni ng conversi on machi ne and the out put peripheral in response
to the determ ned packaging instructions. 25 77. The packagi ng
system of claim 76, wherein the system functions conprise at |east one
of iterative packaging instructions, a packagi-ng met hodol ogy previ ew
for the part, post packaging naterial generation control,

-101- i nventory consunpti on nai ntenance, autonated

i nventory orderibgg a : LM r : LSl

78. The packag? s s;‘g}e P %lﬁa@érf’ilgﬁ%tgé'l &mgrﬁ@?'r?’ ta{ﬁ;é? %'H?ﬁlgc‘)%{?ﬂbt pségﬁjp(?ﬁ@ersi on
nmachi ne cogompriees at fextiond 6fa displayaspederoa coshidninemateridloi ng

system controller for inplenmenting cushioning conversion machine control
functi ons Mmanipyptior apparatysna pestageometercandisirintely syst em control | er.

79. The packagi ng system of claim 78, wherein the cushioning 10 conversion
machi ne controller functions conprise at | east one of initiating a

5 72. The packaging system of claim 71, wherein the cushioning
material manipulation apparatus comprises a coiler.

73. The packaging system of claim 71, wherein the cushioning
material manipulation apparatus comprises at least one of a pick and place
10 apparatus, a robot and a pad insertion system.

74. The packaging system of claim 69, further comprising an input
peripheral for providing at least one characteristic of the part to be packaged.

15 75. The packaging system of claim 74, wherein the input peripheral
comprises at least one of a keyboard, a mouse, a bar code reader, a
microphone, a touch screen, a weight measuring device, a pattern recognition

device and a part dimension measurement apparatus.

20 76. The packaging system of claim 70, wherein the packaging system
controller is operable to communicate desired packaging system functions to the
cushioning conversion machine and the output peripheral in response to the
determined packaging instructions.

25 77. The packaging system of claim 76, wherein the system functions

comprise at least one of iterative packaging instructions, a packaging
methodology preview for the part, post packaging material generation control,
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generation of a selected amount of cushioning material, severing the

cushi oni ng material, and providing the cushioning material for

packagi ng .t he | tified part. 80. The packaging syst of
cl ai m 69, Q'HSP)ﬁ‘g‘%ycorrpri sing an expert 15 system associ at edgﬁr‘gﬁﬁllﬁ'@sp
packagi ng systemcontroller for determ ning the packagi ng

I nstructions. 81. The packagi ng system of claim 80, wherein
t he expert system conprises a know edge base containing a plurality of
rul es and data associated 20 with the cushioning nmaterial, and wherein the
packagi ng instructions are determ ned based on an application of the
rules and data to information provi ded regarding the part to be
packaged. ~ 82. The packagi ng system of claim 81, wherein the

plurality of rules 25 conprise if-then rules, wherein if a certain
condl ti on iNVeRton:CORSIHAPHOR paintenapce, automated inventory-ordgtag and

The wherein the data associated W th
the cushi gﬂsﬁggwgﬁgg%s!{%ﬁ%m%@smﬁ&?gast one of dynam ¢ cushi oni ng curve
data, static |oading data, thermnal coefflci ent data, conpressive creep data
and buckl i ng dat a. The packagi ng system of cl ai m 80,
wherein the i nf .mat The packagmg\ayatam Dégwrmﬁag wharepnehhe cushionings at | east
(r)rgte hg; %f ‘Ga E@ ﬁ'n%aedhlne cBMpnses a cé‘rﬂrolfer)(ﬁ cgrtrllln?lmlg&lodnevsv}th Qﬁé nggkggr}gg

system controller for implementing cushioning conversion machine control

functions in response to commands from the packaging system controller.

79. The packaging system of claim 78, wherein the cushioning
10 conversion machine controller functions comprise at least one of initiating a
generation of a selected amount of cushioning material, severing the cushioning
material, and providing the cushioning material for packaging the identified part.

80. The packaging system of claim 69, further comprising an expert
15 system associated with the packaging system controller for determining the
packaging instructions.

81. The packaging system of claim 80, wherein the expert system
comprises a knowledge base containing a plurality of rules and data associated
20 with the cushioning material, and wherein the packaging instructions are
determined based on an application of the rules and data to information
provided regarding the part to be packaged.

82. The packaging system of claim 81, wherein the plurality of rules

25 comprise if-then rules, wherein if a certain condition is true, then a specified
conclusion is made.

A



10 85. The packagi ng systemof claim69, further conprising a
deci si on tree associated wth the packagi ng systemcontroller for

determ ni ngddadeses Packaging instructions. 86. poriiSosAasdsagi-ng
system of claim69, further conprising a trained 15 neural network

associated wth the packaging systemcontroller for determning t he
packagi ng i nstructions. 87. The packagi ng system of claim 69,
wherei n the packagi ng i nstructions conprise at |east one of identifying
a particular container and 20 generating one or nore units of cushioning
material in a predeterm ned order. 88. The packagi ng system
of claim69, wherein the packagi ng expl anation conprises at |east one
of a video output, an audi o output, a text output, a printed output and

a graphical out : fl Kk Al 69,
wherein the pacgggl ng ep aCka&'%s¥§§W 8%%?‘??2&%9@5‘3“@tdgi%ﬁg%%@ew
packagi ng withttheéetshioning matenémdmﬁﬁses at least one of dynamldﬂﬁféh'iémﬂg cufvk
shi pping the part in accordance with the predeterm ned packagl ng

i nstruct i odata, static loading dataothermal sorffigient daja: compressivei ereep datg and a
cushi oni ng olgver$| on machi ne for converting stock material into
packagi ng ata.

5
84. The packaging system of claim 80, wherein the information
provided regarding the part comprises at least one of a weight, size, shape,
fragility, shipping destination and method of shipment.

10 85. The packaging system of claim 69, further comprising a decision
tree associated with the packaging system controller for determining the
packaging instructions.

86. The packaging system of claim 69, further comprising a trained
15 neural network associated with the packaging system controller for determining
the packaging instructions.

87. The packaging system of claim 69, wherein the packaging
instructions comprise at least one of identifying a particular container and
20 generating one or more units of cushioning material in a predetermined order.

88. The packaging system of claim 69, wherein the packaging
explanation comprises at least one of a video output, an audio output, a text
output, a printed output and a graphical output.

25
89. The packaging system of claim 69, wherein the paékaging

explanation comprises an indication of a packaging cost and a shipping cost for
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a display for providing packagi ng recommendati ons to an operator; and

a packagi ng processor for determ ning packagi ng requirenents for a
particul ary, %}56665nst ructing the cushioning conversion machigagqisdghiseguce
such 10 packaging material in accordance with the packagi ng requirenents,
and provi di ng the packagi ng recommendati ons on the displ ay.

91. A packagi ng system conpri sing: a packaging materi a
generator; and 15 a packagi ng system controller for determning
packagi ng instructions for a part to be packaged, instructing the
packagi ng material generator to produce packagi ng material in
accordance with the determ ned packagi ng instructions, and providing a
packagi ng expl anation to an operator. 20 92. A nethod of packagi ng

St O i oS v ool 9, '
packagi ng ﬂéékta@ﬁh‘é irfRcAeR®ci ated with the part to be packaged using

the at | east one characteristic; and controlling a cushioning
conversi on machi ne using the determ ned 25 packaging instructions for

produci ng cushi Qni ng matci(r@i al . L 93. The nethod of
claim 92, furthe? cofRakaging sustemeFoRPTiSING:i di ng at | east a portion
of the packagi ng .| b. S gfd& | ab i

expl ana?i on, mgfg?ﬁ%@ pr ow'%@('ﬁg%@@géﬁg&?%ﬁ“ﬁ | ong’hla%&a(':!ﬂt% how t o
properly peadiaging hmtedalt . 5 94. The nethod of claim92,
further conprising the step of providing a previ ew of packagi ng and

shi pping costs & asaf@cprwm_ing packaging recasomendationsdeyan @peraior;and ons to
confirm whet her, 312 -QREH3! fbcddsiSr AQeRRfiiRg hatkSging requirements for a

particular part, instructing the cushioning conversion machine to produce such
10 packaging material in accordance with the packaging requirements, and
providing the packaging recommendations on the display.

91. A packaging system, comprising:
a packaging material generator; and
15 a packaging system controller for determining packaging instructions for
a part to be packaged, instructing the packaging material generator to produce
packaging material in accordance with the determined packaging instructions,

and providing a packaging explanation to an operator.

20 92. A method of packaging differing parts, comprising the steps of:
identifying at least one characteristic of a part to be packaged;
determining packaging instructions associated with the part to be

packaged using the at least one characteristic; and
controlling a cushioning conversion machine using the determined

25 packaging instructions for producing cushioning material.

I



part in accordance with the determ ned packaging instructions. 10
95. The nmethod of claim94, wherein providing the packagi ng and

shi ppi ng cqsts. preyi ew conprises the steps of: di | e
packagi ng 88§9§B§§§ociated wi t h packaging the part in ac?@#@%ﬁ@gl%ﬁth

t he determ ned packagi ng instructions; and 15 di spl ayi ng the shi ppi ng.
costs associated with shipping the part in accordance with a sel ected
shi prent met hod and a sel ected destination. : 96. The nethod of
claim92, wherein the step of identifying at | east one characteristic

of the part to be packaged conprises the steps of: 20 determ ning at

| east one of a size and shape of the part; determ ning a wei ght
of the part; and determining a fragility of the part.

T oI T 8. TR S S BB S BB b
det er ni ni ng®2eL ARSI B s, BacEHing HistlisioRs 16 8 dpistor a packaging o

The net hod ggpighation, eheidhetifa provided packaging dwsthuctiphs inditatedrow to  one
characteristic of the part to be packaged further conprises the step of

det er m ni ngpraperiypackagedhaedaiy optimi zation or a cost optinization is
preferred for packaging the part. 5 99. The nethod of claim
96, furtfer conprising the step of nodifying the determned fragility

to provide a saf giy "hgi Meth¥ieorigin 02, fRthdricotnprishey tid step of prévidingpaer
than the initially determned fragility.
preview of packaging and shipping costs associated with the determined
packaging instructions to confirm whether an operator wishes to package the
part in accordance with the determined packaging instructions.
10 .
95. The method of claim 94, wherein providing the packaging and
shipping costs preview comprises the steps of:
displaying the packaging costs associated with packaging the part in
accordance with the determined packaging instructions; and
15 displaying the shipping costs associated with shipping the part in

accordance with a selected shipment method and a selected destination.

96. The method of claim 92, wherein the step of identifying at least
one characteristic of the part to be packaged comprises the steps of:
20 determining at least one of a size and shape of the part;
determining a weight of the part; and
determining a fragility of the part.

97. The method of claim 96, wherein the step of identifying at least
25 one characteristic of the part to be packaged further comprises the steps of:

determining a destination for the part; and

determining a shipment method for the part.

RO HR D 105-



10 100. The nethod of claim96, wherein the step of determ ning the

fragility of the part conprises the steps of: providing a Iist
of categories having varying degrees of fragility; rovidi nR% an
i ndi cati on YO 6%} ypes of itens are associated with each PCHUSMBHFP: 15

requesting an operator to select one of the categories; and _
identifying a fragility value associated wwth the selected category in

response to the selection. 101. The net hod of cl ai m 96,
wherein the step of determning the 20 fragility of the part conprises the
steps of: (a) providing a |list of generic itemcategories;

(b) selecting one of the categories which nost closely corresponds to the
part; (c) providing a |ist of sub-categories associated with the
sel ected 25 category; d) sel ecting one of the sub-categories
whi ch most cl 0seB9: cohespethes ool 9Brwheesin the step of identifying at least

- 106- e Wl er. list syb- cat egories
associ at ed \?\Iln k?hsa S %tgpset('lc thgp pérﬂocﬁégélk:?%l@%q fl.gﬂ’{egfcogq;gge(s&}l,e S eT 0?

f | ecti i | St b ;
Cor rosponds o e Dt aine H Pk agiRg) oo Br o TS BpisHiEh [ s
t he oper at oforipaokapigthetpart.part or a

5
899. The method of claim 96, further comprising the step of modifying
the determined fragility to provide a safety margin, wherein the modified fragility
is greater than the initially determined fragility.

10 100. The method of claim 96, wherein the step of determining the
fragility of the part comprises the steps of:
providing a list of categories having varying degrees of fragility;
providing an indication of what types of items are associated with each
category,;
15 requesting an operator to select one of the categories; and
identifying a fragility value associated with the selected category in

response to the selection.

101. The method of claim 96, wherein the step of determining the
20 fragility of the part comprises the steps of:
(a) providing a list of generic item categories;
(b) selecting one of the categories which most closely corresponds to the
part,
(¢) providing a list of sub-categories associated with the selected
25 category;
(d) selecting one of the sub-categories which most closely corresponds to
the part;
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part simlar to the part to be packaged; and (h) identifying a

fragility value which corresponds to the identified part. 102.
The net hogy@bskdeas M 96, wherein the step of determ ning thepdPnish@fiishd ty Of
the part conprises the steps of: requesting an operator to
provi de a description of the part; I dentifying at | east one part
characteristic in response to the description; and

determning the fragility of the part based on the at |east one part 15
characteristic. 103. The nethod of claim92, wherein the step
of controlling the cushi oni ng conversi on machi ne conprises the steps

of : dictating a length and a quantity of one or nore pieces of
cushioning 20 naterial; and dictating an order in which the one

or nore pieces .Qny r T 104.
The net hod of c@;f’%hgw@?}é‘%ﬂsﬁ I?«tgg?‘é;ﬁt%ﬁérﬁedgo é%g#faﬁ%a W'nksggcte&ﬂ'f#oni ng
conver si ogldgifivationsfEisp ¢S operating the cushioning conversion

machine to produce a quantity of cushioning nmaterial dictated by the

packagi ng i(Aaelestingoone of the sub-categories of step (e) which masteclossiiyiod of
cl ai m 104, V\,herela ?’l% _ of controlling the cushi oni ng conversi on
machi ne fmfﬁéP% Fq%? he step of ordering the formati on of pieces

t he determ ne
part similar to the part to be packaged; and

(h) identifying a fragility value which corresponds to the identified part.

of packgagi ng n S ﬁa}t@g éieg.‘,?@‘]&ﬁu*m%nﬁl PROpHAN idifies the plrféh ed by

102. The method of claim 96, wherein the step of determining the
10 fragility of the part comprises the steps of:
requesting an operator to provide a description of the part;
identifying at least one part characteristic in response to the description;
and
determining the fragility of the part based on the at least one part
15 characteristic.

103. The method of claim 92, wherein the step of controliing the
cushioning conversion machine comprises the steps of:
dictating a length and a quantity of one or more pieces of cushioning
20 material; and
dictating an order in which the one or more pieces of cushioning material
are produced.

104. The method of claim 92, wherein the step of controlling the
25 cushioning conversion machine comprises operating the cushioning conversion

machine to produce a quantity of cushioning material dictated by the packaging
instructions.

gy



106. The nethod of claim93, wherein the step of providing packagi ng

I nstructions to the operator conprises indicating ahpgrt}cu:ar cggta&ger
for a | he part. 10 - 107. The met hod of claim 93, erein
t he steplo01‘%(|%‘%§‘%g | ng Backagi ng instructions to the oper BEHPSEHAN ses
I ndicating a quantity of cushioning material required to package the
part. 108. The nethod of claim 93, wherein the step of

provi ding packaging 15 instructions to the operator conprises providing an
orientation of one or nore pi eces of cushioning material within a

cont ai ner . 109. The nethod of claim 93, wherein the step of
provi di ng packagi ng I nstructions to the operator conprises providing an
orientation of the part within 20 a contai ner. 110. The net hod
of claim93, wh instructions to

erein _the step,of providi ng packagi ng ] (
t he operat or coﬁ’ﬁﬁ-se %F@\?’F&' Hﬁcéﬂnﬂ%w inghe step ﬁ@CmeéollﬁgltheTh u5|t Egd
a pluralit : o} b Q4 | : e net ho
3, PLUT ! | & BRI Esn s EAEy IR FE AhrisdBine sfep of crdedia g o ™
the oper at dorneatigrr ofspieces of packaging material to correspofifitbid yadkaging erdér ner
for accommdatirégbthe i dentified part; ]
dictated by the determined packaging instructions.
5
106. The method of claim 93, wherein the step of providing packaging
instructions to the operator comprises indicating a particular container for

packaging the part.

10 107. The method of claim 93, wherein the step of providing packaging
instructions to the operator comprises indicating a quantity of cushioning
material required to package the part.

108. The method of claim 93, wherein the step of providing packaging
15 instructions to the operator comprises providing an orientation of one or more

pieces of cushioning material within a container.

109. The method of claim 93, wherein the step of providing packaging
instructions to the operator comprises providing an orientation of the part within
20 a container.

110. The method of claim 93, wherein the step of providing packaging
instructions to the operator comprises providing an order for packaging the part
using a plurality of pieces of cushioning material.

25

111, The method of claim 93, wherein the step of providing packaging

instructions to the operator comprises:

g



i dentifying one or nore pieces of cushioning material to be utilized for
securing the identified part within the container; Il lustrating
an order in which the cushioning material and the identified 5 part_are
pl aced wi t WOP8(58863cont ai ner; and : illustrating an %‘FT’E%{%?S% in
which the identified part and t he cushi oni ng material are placed and
secured within the container. 112. The nethod of clai m 92,
further conprising manipulating the piece 10 of. cushioning nmaterial .

113. The nethod of claim 112, wherein the step of mani pulating the

pi ece of cushioning material conprises coiling the cushioning material for

at | east partially packaging the part. 15 114. The net hod of
claim 112, wherein the st ep of rrani pul ati ng the pi ece of cushi oning
material conprises the step ransferring the cushioning

material with aﬁeanaé@mmpamr@commodatmg the idenfifiedpad: t he cushi oni ng

The step of det GRANIE opkdr more pieces of Csnienfig Fatktf 0 s Wtizkd for. "Cf oo
of : securingPheYdestifstEpat withirethe béstalrierf he at | east one

characteristic to arrive at a concl usi on; and 25 using the
concl usion to ellustrating:anmsder iniwhish ibe icughisping material and the identified

116. The nethod o her nprising the step of accessing
data rePatPHY a{%pi da‘ﬂ@ﬁf‘éﬁ?ﬁ&" ne |a§% when applying the rules.
illustrating an orientation in which the identified part and the cushioning
material are placed and secured within the container.

112. The method of claim 92, further comprising manipulating the piece

10 of cushioning material.

113. The method of claim 112, wherein the step of manipulating the
piece of cushioning material comprises coiling the cushioning material for at
least partially packaging the part.

15

114. The method of claim 112, wherein the step of manipulating the
piece of cushioning material comprises the steps of:

transferring the cushioning material with an automated apparatus; and

placing the cushioning material in a container.

20 _

115. The method of claim 92, wherein the step of determining the
packaging instructions comprises the steps of:

applying one or more rules to the at least one characteristic to arrive at a
conclusion; and

25 using the conclusion to eliminate one or more packaging options.
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117. The nethod of claim 115, wherein the step of applying the rules 5
further conprises the steps of: determ ning a height from which
the part may be dropped,; identifying a plurality of cushioning
curves of WOMEEE3 cushi oning material - configurations haPCAFSa¥E8
corresponding to the determ ned hei ght; and det erm ni ng whet her
the cushioning material configurations relating to the 10 cushi oni ng curves
absorb sufficient shock for a provided fragility rating. 118.
The nethod of claim 117, wherein the step of applying the rules further
conprises the steps of: identifying a static |oading range in
whi ch at | east one cushioning material 15 configuration absorbs sufficient
shock; and cal cul ating a cushion bearing area using one or nore
static | oading val ues within the range. 119. The net hod of
claim 118, whertl6 t e methodiof algimyl 15 fultiker cdmprisiog thestep efacdessingps

of : j dentifyin thermal coefficient, of, the cushi oni ng

mat eri al ; data reia?mg t°é%%ﬁ§$ﬁﬂg'%méiﬂa?m'@w wngitheuleSoer ficient to a

t hreshol d val ue; accessi ng shi pnent destination data and met hod
of shipnment data if the absol ute val ue exceeds the threshold; and 25

adj usting the s{HLi cTheméthgd\oiblaimifw,lvdwerbimﬁhverﬁte#mb'rpmm thelailesand t he
met hod of shipnent data indicate the cushioning material wll be subjected
to a 5 tfHEhERFOMRFISES thesigpsAfer than a predeternined threshol d.

determned 11 agi PPt B ianttirh oo 9 b e BRUGMRSE . "o ¢ ca
fragility is identifying a plurality of cushioning curves of various cushioning material
configurations having data corresponding to the determined height; and
determining whether the cushioning material configurations relating to the
10 cushioning curves absorb sufficient shock for a provided fragility rating.

118. The method of claim 117, wherein the step of applying the rules
further comprises the steps of:
identifying a static loading range in which at least one cushioning material
15 configuration absorbs sufficient shock; and
calculating a cushion bearing area using one or more static loading
values within the range.

119. The method of claim 118, wherein the step of applying the rules
20 comprises the steps of:
identifying a thermal coefficient of the cushioning material;
comparing an absolute value of the coefficient to a threshold value;
accessing shipment destination data and method of shipment data if the
absolute value exceeds the threshold; and
25 adjusting the static loading value if the shipment destination data and the
method of shipment data indicate the cushioning material will be subjected to a
thermal variation greater than a predetermined threshold.
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greater than the initially determned fragility. 5 121. The net hod

of claim118, wherein the step of applying the rules conprises the
steps of: conparing a conpressive creep character i

associ at ed Wi PH5656% cushioning material to a predeterm nké&f'%r’%ﬁg?d
and adjusting a fragility characteristic if the threshold is
exceeded. 10 122. The nethod of claim 118, wherein the step of
appl ying the rules conprises the steps of: - identifying a
static | oading value for a potential cushioning materi al configuration;
15 using the static |loading value to identify a buckling coefficient;
using the buckling coefficient to establish a m nimum di nension for a
cushioning material configuration,; and conmparing the potentia

cushioning configuration to the mn di mrensi.on to deternm ne whet her

the potential cd@Q.gufhe Mh%@ficl?é@ 151&@6“%@@9”&8&’99@%@9%? buck! i ng.

machi ne' { oreteRBBH TRgty 58 Paiide Hsatety, marain, whieafio MR dfpd RRYRAV 1T o

a packagin r& felr YA B TrtidIRy détefm yiltyng packagi ng instructions for
a plurali t% parts to be packaged, instructing the cushioning conversion

machi ne to produce cushioning nmaterial in accordance with the determ ned
backagi ng 1 NSt UFE] Ond RibtRod Or Haifh P18 WG e 2Bp B UppRing théfutes
comprises the steps of:
comparing a compressive creep characteristic associated with the
cushioning material to a predetermined threshold; and
adjusting a fragility characteristic if the threshold is exceeded.
10 .
122. The method of claim 118, wherein the step of applying the rules
comprises the steps of:
identifying a static loading value for a potential cushioning material
configuration;
15 using the static loading value to identify a buckling coefficient,
using the buckling coefficient to establish a minimum dimension for a
cushioning material configuration; and
comparing the potential cushioning configuration to the minimum
dimension to determine whether the potential configuration provides sufficient

20 resistance to buckling.

123. A packaging system, comprising:
a cushioning conversion machine for converting stock material into
cushioning material; and
25 a packaging system controller for determining packaging instructions for

a plurality of parts to be packaged, instructing the cushioning conversion
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124. The packagi ng system of claim 123, further conprising an output 5
peri pheral including at | east one of a postage neter, a printer, a display,

a net wor k adapt or and a nodem 125. The packagi ng system
of clai m 128094666Ber conprising an i nput peripheral i ncl”lfg"l’@sﬁﬁ”eas't
one of a bar code reader, a keyboard, a nouse, an 10 RF tag reader and an
optical character recognition device. 126. The packagi ng
system of claim 123, further conprising a war ehouse managenent system

i n communi cation with the packagi ng system controller for providing the
packagi ng systemw th a packing list of itens to be 15 packed and data
associated with the itens to be packed. 127. The packagi ng
system of claim 126, wherein the data associ ated with the itenms to be
packed includes at |east an item weight, a set of physical di mensi ons

of the itermachinartoipreduce agshioning material in accordanes withrthepdeteayineg syst em
of claim 123, further copprising an,. | nvent or nagenent system

associ at ed Rﬂ%ﬁ&%’"ﬁﬁﬂﬁﬁ@ﬁ@"@ %5‘?‘@5’”18&19??}?"?@?9, g"%f\ﬁﬁeg@f’m ﬁ@eme nt ory
managenent system nonitors a consunption of packagi ng nmaterials and
provides an indication if any of the packaging materials 25 fall below a
pre-determ ned |424l . The packaging system of claim 123] Z9rthéihcompriking argoatpastem of
claim 128, wherein the packagin materials includes at | east one of
packagi n§ cRﬂﬂRi!%@lr'gP'U@maUﬁ?ﬁ&%Pfe?ipélsFaQe meigrd aﬂ@ﬁ&@i%@'%?

network adaptor and a modem.

125. The packaging system of claim 123, further comprising an input
peripheral including at least one of a bar code reader, a keyboard, a mouse, an

10 RF tag reader and an optical character recognition device.

126. The packaging system of claim 123, further comprising a
warehouse management system in communication with the packaging system
controller for providing the packaging system with a packing list of items to be

15 packed and data associated with the items to be packed.

127. The packaging system of claim 126, wherein the data associated
with the items to be packed includes at least an item weight, a set of physical
dimensions of the item and an item fragility.

20

128. The packaging system of claim 123, further comprising an
inventory management system associated with the packaging system controller,
wherein the inventory management system monitors a consumption of
packaging materials and provides an indication if any of the packaging materials

25 fall below a pre-determined level.
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5 130. The packagi ng system of claim 128, further conprising a
conmuni cati on apparatus coupled to the inventory managenent system for
transmtti & B/ &aé)rder request for one or nore packaging itens if the one

or mor € packagl ng itenms are determined to have fallen beP&AY$98/11598
pre-determ ned | evel . 10 131. The packagi ng system of claim
128, further conprising an apparatus for identifying where the parts
are desti ned. 132. The nethod of claim 128, wherein the

I nventory managenent 15 systemis operable to generate a consi gnnent
billing report based on the anount of packaging materials consuned.
133. The packagi ng system of claim 123, wherein the packagi ng system

controller conprises an expert system for determ ning the packagi ng 20
i nstructions in di a selection .of at |east .one partjcul ar packagi ng
cont ai ner, ghga 0\ Pagiaging systep otﬁ'éﬂﬂc"i g“&ﬁﬁ?'&ﬂh?&@kﬁﬂm hs of
cushi oni ngnigbRAIsFhcludes &b e SFBHURE s i ! he
plurality of parts ?n t%e at ggsb'[ oﬁ‘en acktgfgl nd %%{@?ﬁé?ﬂé@%g&
134. The pandpgickggingstapen of cl ai m 133, wherein the expert system

conpri ses: a know edge base containing a plurality
of rules and data associated with t he cushioning material; and
5 130. The packaging system of claim 128, further comprising a

communication apparatus coupled to the inventory management system for
transmitting a re-order request for one or more packaging items if the one or
more packaging items are determined to have fallen below the pre-determined
level.
10
131. The packaging system of claim 128, further comprising an
apparatus for identifying where the parts are destined.

132. The method of claim 128, wherein the inventory management
15 system is operable to generate a consignment billing report based on the
amount of packaging materials consumed.

133. The packaging system of claim 123, wherein the packaging
system controller comprises an expert system for determining the packaging
20 instructions including a selection of at least one particular packaging container,
an amount and order for producing appropriate lengths of cushioning material
and an arrangement and order for packaging the plurality of parts in the at least
one packaging container.

25 134. The packaging system of claim 133, wherein the expert system
comprises:

-113-
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an inference engine for applying the rules and data to information
associated with the parts to be packaged to draw concl usions in determ ning

t he s packagi L structions. : 135. The packagi ng system of

cl ai m 133, a‘&h@?’éb{gt he packaging - systemuses a set of cu&"ﬁé“?%(‘é%”t o]
dictate the |location of the parts to be packaged in the packagi ng '
container. 10 136. A packagi ng system conpri sing: a -’
packagi ng material generator; and a packagi ng system controller
for determ ning packagi ng instructions for a plurality of parts to be
packaged, instructing the packaging material generator 15 to produce

packagi ng material in accordance with the determ ned packagi ng
i nstructions and providing a packagi ng explanation to an operator.

o ! RSN i Bl Bt e abmsieront
oot or ety SRR BRarer L2 L0 B2 BRLKR0S L o e
packaged using tareinferencewrigime forapplying dheirtlestand datatte,inforthation
controlling a packaging material generator using the determ ned
packagi ng mpatewmgbegn?@s. tozue packaged to draygconelusiepsiia detemaininathes?,
\é\l{’]g;gl gf% hepa%ﬁ(sain%finbﬂﬁgﬁér{&' ng the plurality of p(ilrl'zs conprises the
135. The packaging system of claim 133, wherein the packaging
system uses a set of cubing rules to dictate the location of the parts to be
packaged in the packaging container.
10
136. A packaging system, comprising:
a packaging material generator; and
a packaging system controller for determining packaging instructions for
a plurality of parts to be packaged, instructing the packaging material generator
15 to'produce packaging material in accordance with the determined packaging

instructions and providing a packaging explanation to an operator.

137. A method of packaging a plurality of parts, comprising the steps of:
identifying a plurality of parts to be packaged;
20 retrieving information associated with the parts to be packaged:;
determining packaging instructions associated with the parts to be
packaged using the information associated with the parts; and
controlling a packaging material generator using the determined
packaging control methodology.

138. The method of claim 137, wherein the step of identifying the
plurality of parts comprises the steps of:

-114-

RO R O



readi ng an order nunber using a bar code reader; and retrieving
alist containing a plurality of parts associated with the order nunber
from a dat abase. 5 139. The pethod of claim 137, wherein the step
of identifyVQ§8/pees3 plurality of parts conprises the stepP@HUSIS/11598
receiving a pick list for a plurality of goods, wherein the pick list

contai ns an order nunber; arranging the pick list to
optimze a retrieval of the plurality of goods; 10 retrieving the
plurality of goods from a warehouse using the arranged pick l'ist;

sending the retrieved plurality of goods to a packaging station; and
verifying the pick list by conparing the retrieved parts to the pick |list.

15 140. The method of claim 139, wherein retrieving the plurality of

goods conprises sel ecting the goods and placing theminto a selected

cont ai ner. reading an onier nimberusing advartadenreseier; amedrei n t he step of
f

identifyin Lnf or mat i,on_associ ated wi,th he parts .t e.packaged
conpr i sgs 19 he st’%%?"!ﬂg. agﬁpcorﬁalmri\g]ﬁﬂp{q{i@ Qtp%ﬁéﬁsﬂﬂﬁ%éfwggébﬁ .025% with
the plural niyndr fRethlaSdatabase. war ehouse managenent system

I dentifying each part associated with the order nunber;
accessing a data base containing the parts to be packaged and

| nf or mad on of (188 pahemedhest PEEBM 137 Wheroiythe:stap g identiyingithe ¢ he dat a
base. plurality of parts comprises the steps of:
receiving a pick list for a plurality of goods, wherein the pick list contains
an order number;
arranging the pick list to optimize a retrieval of the plurality of goods;
10 retrieving the plurality of goods from a warehouse using the arranged pick
list;
sending the retrieved plurality of goods to a packaging station; and
verifying the pick list by comparing the retrieved parts to the pick list.

15 140. The method of claim 139, wherein retrieving the plurality of goods
comprises selecting the goods and placing them into a selected container.

141. The method of claim 137, wherein the step of identifying
information associated with the parts to be packaged comprises the steps of:
20 inputting an order number associated with the plurality of parts into.a
warehouse management system;
identifying each part associated with the order number:
- accessing a data base containing the parts to be packaged and
information associated with the parts; and

25 retrieving the information of the parts associated with the order number
from the data base.

I



142. The nethod of claim 137, wherein the step of determ ning the

packagi ng i nstructions conprises the steps of: appl yi ng one or
nore rules within a know edge base to the information associated with
the parts WQ9FG66%e at a conclusion; and 5 usi ng the RSTAPPS1LI8t o
elimnate one or nore packagi ng options. 143. The net hod of
claim 142, further conprising the step of accessing data relating to

t he cushioning material when applying the rules. 10 144. The net hod
of claim 142, wherein the step of applying the rules further conprises
the steps of: determ ning a height at which the part may be

dr opped usi ng data relating to a nmethod of shipnent;

identifying a plurality of cushioning curves of various cushioning nateri al
15 configurations having data corresponding to the determ ned hei ght; and

det er mi ni ng whet4Zr Tie mathod of iclaimtd % whereirothie sfepafidetermining theg to t he
cushi oni ng curves ,absorb suffici.ent sho% f(%.r a provided fragility rating.
145. The gaingringfructions,qomprises the sepsQicp of appl ying the rul es 20

further conpri Sﬁ@ly}ugg otiee 8 midte pules within a kdcﬂﬁ?&éé bhgg 18 b bfmafigd N9

range in which st one cushironing nmateria guration absorbs

suf fi ci entassboiated with the parts to arrivelatd ednalgsiencavsdi on bearing area using
one or nore static | oadi n&ﬁ . values within the range. 2 146.
The nethod of d4singrthesongltsion

D) . 5 -
te elinate-pne or gyre\nackaging eptians.
conprises the steps of:
143. The method of claim 142, further comprising the step of accessing
data relating to the cushioning material when applying the rules.

10 144. The method of claim 142, wherein the step of applying the rules
further comprises the steps of:
determining a height at which the part may be dropped using data
relating to a method of shipment;
identifying a plurality of cushioning curves of various cushioning material
15 configurations having data comresponding to the determined height; and
determining whether the cushioning material configurations relating to the
cushioning curves absorb sufficient shock for a provided fragility rating.

145. The method of claim 144, wherein the step of applying the rules
20 further comprises the steps of:
identifying a static loading range in which at least one cushioning material
configuration absorbs sufficient shock; and
calculating a cushion bearing area using one or more static loading
values within the range.
25
146. The methoad of claim 145, wherein the step of applying the rules
comprises the steps of:

iy
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identifying a thermal coefficient of the cushioning material;
conpari ng an absolute value of the coefficient to a threshold val ue;

accessi Ng SPHREBEYss desti nation data and .net hod of shi pnent da{’ﬁl‘ 3
absol ut e val ue exceeds the threshold; and 5 adj usting emé%%itllggc

| oadi ng value if the shipnment destination data and the met hod of

shi pnment data indicate the cushioning material will be subjected to a
thermal variation greater than a predeterm ned threshol d. 147.
The net hod of claim 145, wherein the step of applying the rules 10
conprises the steps of: conparing a conpressive creep
characteristic associated with the cushioning material to a
predet erm ned threshol d; and adjusting a fragility

il m 14 wher dentiFinbiH RSt oBrEe e cyshibning magfiiah s oo e o eps.
of : icdPiparing a8 absdhaé valueapthedcoetfisient &5 ahieshel value;

cushioning material ~ ~ configuration; using the static | oading
val ue to ident i faccessingishipmentdestination datzoand methad iof ghipmeent.dathiifihe

coefficient to estaplish a mni numdinension for a cushi oning materi al
confi gur at AB§OILER yalue exceeﬂtﬂggﬁf&%q@ ML potential cushioning

confi guration t dilnird thie' &4t ' ' Eﬁﬁg '

pot ent i aI@ confi (?u ‘gﬁdgn pr oe%l'%lqusadsil'l\uqr??[cﬂlegﬁttﬁ@SFl res@sﬁ%@@%@%&%%ﬁﬁ%g 25

149. The nenéthodaf shipmentidata indicate the bashibningoaterial will bersubjécted to a
packagi ng i nstrtict I ons conprises the steps of: _
-117- thermal variation greater than a predetermined threshold.

147. The method of claim 145, wherein the step of applying the rules
10 comprises the steps of: _
comparing a compressive creep characteristic associated with the
cushioning material to a predetermined threshold; and
adjusting a fragility characteristic if the threshold is exceeded.

15 148. The method of claim 145, wherein the step of applying the rules
comprises the steps of:
identifying a static loading value for a potential cushioning material
configuration;
using the static loading value to identify a buckling coefficient;
20 using the buckling coefficient to establish a minimum dimension for a
cushioning material configuration; and
comparing the potential cushioning configuration to the minimum
dimension to determine whether the potential configuration provides sufficient
resistance to buckling.
25
149. The method of claim 137, wherein the step of determining the
packaging instructions comprises the steps of:

-117-
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appl ying one or nore cubing rules to the informati on associated with the
parts to arrive at a concl usion; and using the conclusion to
dictate an Loized arrangenment of the parts within a s J £
cont ai ner. "9@%/226@ 150. A nethod of illustrating a fun@’?ﬁé‘&ﬁg’félsga
packagi ng system for packagi ng at | east one part, conprising the steps
of : Identifying the at | east one part to be packaged;
accessing a database containing information relating to the at |east one 10
part; provi di ng packagi ng instructions related to the at | east
one part; and di spl ayi ng the packagi ng instructions for review
151. The nethod of claim 150, wherein the step of providing packagi ng 1s
i nstructions conprises the step of retrieving a predeterm ned set of
packagi ng instryctions associated wth the, | east one parf. .
55 Fhe’ et hod BRPANG AREIaIo EHbng rlis oS idormation asnaciladwith the
I nstructi Oﬁﬁngr}i@?%tra"@onﬁkﬁﬁoﬁfa term ning the packagi ng instructions

e I nform e data

using 25t ifon 1nt ase. 153. A nethod of
illustrating a fusing thencohclasipadbatictate ag optimized arrangemeht of the parts east
one part, caonprising,the steps of: I dentifying at |east one
char act er i ¥ittin grspecifiad coptamerpackaged; 25 accessi ng a dat abase
havi ng psackagi ng design rules to determ ne a packagi ng met hodol ogy
based on the at |east one characteristic; and di spl ayi ng the

pf'ﬁ g?gi ng i nstr ug0. onA nméthotifiilfustrating a function of a packaging system for
packaging at least one part, comprising the steps of:
identifying the at least one part to be packaged;
accessing a database containing information relating to the at least one
10 part; .
providing packaging instructions related to the at least one part; and
displaying the packaging instructions for review.

151. The method of claim 150, wherein the step of providing packaging
15 instructions comprises the step of retrieving a predetermined set of packaging
instructions associated with the at least one part.

1562. The method of claim 150, wherein the step of providing packaging
instructions comprises the step of determining the packaging instructions using
20 the information in the database.

153. A method of illustrating a function of a packaging system for
packaging at least one part, comprising the steps of:
identifying at least one characteristic of a part to be packaged;
25 accessing a database having packaging design rules to determine a
packaging methodology based on the at least one characteristic; and
displaying the packaging insfructions for review.
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154. The nethod of claim 153, wherein the characteristics of the part to
be packaged conprise at |east one of a weight, a size, a shape and a

fragility.wo 9856663 155. A packagi ng system conpri sing: ?crms9s/11§98
packagi ng materi al dispenser; and a packagi ng system control

for providing packaging instructions rel ated to a part to be packaged
and instructing the packaging material dispenser to di spense the
packagi ng materi al . 10 156. A packagi ng system conpri sing:

a packaging material dispenser, and a packagi ng processor for
retrieving a predeterm ned packagi ng requirenent for a particular part,
and instructing the packaging materi al di spenser to di spense such
packagi ng material. 15 157. A nethod of packaging parts,

o TE evi ng. packBHt ngT i Eetepof laim, AR Wheldif e cPRtcpafhes e %%Eﬁgged

and 20 pe paa(ag"ea comprise mwemlm ofed Welight, 8isiAs Hehaps and d figgilgckagi ng

i nstructions. . A packagi ng  system conpri si ng:

a packaging material di spenser and 25 a packagi ng system controller
for determ ni n cté |nstru tions for. a part to be packaged,

I nstructing the ﬁ &aﬁg ysiem dpgm(’-ﬂ ‘to di spense

- B a packaging material dispenser; and

a packaging system controiler for providing packaging instructions related
to a part to be packaged and instructing the packaging material dispenser to
dispense the packaging material.

10 166. A packaging system, comprising:
a packaging material dispenser; and
a packaging processor for retrieving a predetermined packaging
requirement for a particular part, and instructing the packaging material
dispenser to dispense such packaging material.
15
157. A method of packaging parts, comprising the steps of:
identifying a part to be packaged;
retrieving packaging instructions associated with the part to be packaged;

and
20 controlling a packaging material dispenser using the packaging
instructions.
168. A packaging system, comprising:
a packaging material dispenser; and
25 a packaging system controller for determining packaging instructions for

a part to be packaged, instructing the packaging material dispenser to dispense
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packagi ng material in accordance with the determ ned packagi ng
I nstructions, and providing a packagi ng explanation to an operator.

159. A ”EthPgE ackaging differing-parts, conprising the -
i denti fying asQﬁf‘Sg%st one characteristic of a part to be paci%‘g‘gg‘?ﬁ;ns”

determ ni ng packagi ng instructions associated with the part to be packaged.
using the at | east one characteristic; and controlling a packagi ng
mat eri al di spenser using the determ ned packagi ng instructions for
produci ng cushi oning material .

packaging material in accordance with the determined packaging instructions,
and providing a packaging explanation to an operator.

159. A method of packaging differing parts, comprising the steps of:
5 identifying at least one characteristic of a part to be packaged;
determining packaging instructions associated with the part to be
packaged using the at least one characteristic; and
controlling a packaging material dispenser using the determined

packaging instructions for producing cushioning material.
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