; e3ebl X6TbX2 5 SEP 2002, MANUFACTURI NG SYSTEM AND METHOD FOR ASSEMBLY OF
+COVPUTER SYSTEM I N A BUI'LD- TO- ORDER ENVI RONVENT BACKGROUND OF THE | NVENT O\jl
5 Field of the Invention This invention relates to nethods and syst 2P o0
manuf acturi ng and assenbling, and, in particular, to nethods and systens
for manufacturing and assenbling conputer systems in a build-to-order
envi ronnment. Description of the Rel ated Art 10 Traditionally) inng
systens have been designed and constructled based upon a build lﬂi@“@ﬂlﬂ@ﬂm‘[mw
nodel where large quantities of identical products are asserrb
forecast ed demand and warehoused until that demand occurs. Such *166166*
manuf act uri ng sysHMaNURNCPURINGSYSTENEANDIMETHO® NORASSEMBLY OF | ar ge

quantities of idegOMEBUTERISYSTIMS DRA BIALOPTOORFER FWVIRONMENTY the speed
wi th which 15 each manufacturing step is conpleted. Because build-to-stock

manuf acturing systems rely on known product configurations) each step in
the manufacturing process is known in advance) and so the nanufacturing
systemutilize ) [qques to optim ze each stage in the
seri al assenbl3~ z e. g. a conputer systen) that include
sensitive conponents, progre55|ve build nanufacturlng 20 systens can be
carefully pla of e to protect those sensitive conponents. Once

t he manuf acturing system beconmes operational, it will build the sane
product repeat edl yThiasivegianheateptoimmritodslarsitspysns fblowennéciuringiard t he process is
adapted to bUI|d dlff rent uct r djifferent version,of the sanme
product, the rﬁ?ﬁ? 5\):8"[%?#?%@?& %EW?éE’aﬁﬁ%crﬁ%ngra@doptl mzed to
ensure that tfh@sc&x%ﬁﬁgecmrr%lcl-’sys{lﬁ@ﬁrﬁ&&ﬁld&@-ﬂﬁbidn%rﬁﬂﬂ@onentS Mor eover ) 2
5 S E P 2002 2 since the progressive build process is serial, each stage

depends on tinely cpnpletlon of .the previous stage, and thus the entire

process is suﬁ%ﬁ-ﬂ—@ﬂé—ﬁ#—%ﬂm, inefficiencies, and failures in any of

the stages of the system Additionally) progressive-build manufacturing

systens opk¥rating Trrditiopally) panufacsiring kysteempibptsrinerdesignedraad pasistadtade| y

inflexible) Ii i I fill small
Hﬂeltd 9& Qﬁld%’ stoktt éﬁo?efl whi€1 %HL&&E%J §a¥ B@g&%&?o

orders econonica to control invent i ncrease
per formance i rassprrtbgdesmatéorbmtl:djdqnmdlﬁmmwﬁomgd pmﬂctlesécamndscdncs i ncl ude a

process step Whi c identical kits are ?%‘] the conponent s
needed to asségr;f‘ﬁ W‘?élﬁ? s%?v%fﬁ?noﬂﬁ g“@% Etugona parfi cul ar 10
t uanuf act uri ngyusdtiies oﬂldbn’h&ll Snivad SR o@ﬁmtzh@bﬁxh&&sﬁ@%bée)d witGaHighed to
select parts for a particul ar, product or manufacturing step can be reduced,

and some n’énuf%@l‘ﬂ%ﬁ“ﬁ@mﬁl%ﬁép isspmpipied TBesayse huilieorsiork mamkiastyring sysemsocat i on

or by one 0perrayq;;h%mp;srgazet&fnﬁgmmwasleg%@gﬂmmxnng%rogessw I ndustri al

robot). For exanple, U'S. Paten 190 di scl oses the use of

aut omat ed and knawmmladkamcc.|an@505ﬁ1agxe@1f4c©mnpmmtﬂvgesmogrd@mbtu’dl kits for

aut onobi l e su sse van i dentical s is that it
o Ferati very BATIRE ol o IR el B B ot ek PRI B

particular pr Qdmpmterawemytﬁaemlldcrseﬁsmc kdriigonénts)pogiesiivevalid madudeigingut
because each kit should al vvays have t he sane set of copponents. As an
al ternati V@ t §YPFEUrRR 8 raRU plrmed AT es QPG g*ysetsemwmrewna% of t en

Once the manufacturing system becomes operational, it will build the same product

repeatedly, using the optimized steps.

However, when the process is adapted to build a different product, ora
different version of the same product, the manufacturing system must be modified and

25  re-optimized to ensure that the system still protects sensitive components. Moreover,
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20 faced with the problemof |arge dwell tines, i.e. tinme periods m@ﬁ;g 2002
‘product bei ng assenbl ed nust wait before noving to a subsequent ass Va
stage, some nanufacturing systens have be%r; shifted to continuous flow

manuf acturing (CFM nethods. In gener al) M net hods errpl oy a demand-driven

Besenbly. procostie RSy S8 o dfie FRF EER o0 SRIRIRAAR bAbRIT,

i nventory cont reflthepievioReaeRhd thGHq(l:ahts—epmuchrsnscpanadpnabmeds manuf acturing
contiguous flow production |ines. CFMsystens, offer cq nuQus fl ow of
val ue added actPefifirdiss adifaussin sy ‘iﬁ/é??tsé”ée%‘ift“?eo‘%“a’ﬁd Hé!/@?’IAH{"l mes. O her

terms often Useﬂo%r%wggMIdﬂﬁﬁ £A8urih St obefiBnd il o BlilRANSRGh TGy, FI oxi bl e

and Agil e Manufacturin Synchronous” Manufacturi ng and 30 Demand Based
Conver si on. 5 ZaISYeBUEclP"ﬂb@@'Sanwomweabtblmefttb;ﬂrlB&nu puripg systeowt Stlamalbns,

port abl es, ste r. ter systens are typically
assenbled in mﬁgﬁrgsc[oﬁ?rplﬁ@sysagg? [}glm en for build-to-stock

envi ronnments. A typical personal corrputer system i ncl udes a processor)
associ ated nenory armuemniodmlsedltogicmaaqﬂrfammcﬂiﬁlpragfcspeerh@!ﬁaraadzfadavxigces t hat

provide input and out | /,0 for the syste Suych peri pheral devices
i ncl ude, for expé?ﬁ?Fsés W%Iél‘é?‘)‘l’ff’%%s fenig ‘%H‘f}vg]"r?é‘ﬁgi‘i) (Rwemﬁg athpldts) hard
di sk drives) f'&%%néi&sﬂéediﬂ'td’ﬁ%tﬁé‘éj é?ﬁéb% )pFB%ﬁ& o?EonoﬁQ!%te‘%ep\éhﬁﬁ‘lﬁr such as

tape drives, conpact disk recordable drives or gl tal
vi deo/ ver satq | guatiufietutimy/eyp. dnitieway mnpffah,ettmq n@gndbfrrpmre t°§yls<tt®m§S foecones

Seps ar e changui SuebpaRRE ofamhfush B beS Bio il dfod o SRR FEATRGRER, 05073

bui | d-t o- order sedpycamicre eisilpbepeioenedidions lepvheaby o oppianetgiice gener al | y)
are manufactured or, assenbled only after an _order for that djoartl cul ar
conput er systerﬁ‘ﬂ’éﬁg"‘%‘é‘%e%‘\‘p&’é@ﬂ(" 3A§“’z§3 dystrigl rabot)s her exemrield->-diagnt N

manuf act uri ng sygitsqes ano&emeaé@afauwaledfaed E%abkihing $taBesF6dRIduEny i r onment

and can 1 S lint the ability to fil orders, require extra
i nventory) Yendfentiealkiss for WP%OIPIHSBIP@@E@@)CSaﬁGC%Yb’a@}«ﬂ@baml% identisal kits ed by

t he sl owest pr i vers and
new t ool i ng vvhce}ir}lﬁ?:ﬁa?%agnglgI%}gz%ﬂogp?a&fg&ig afr{s%g%al Jé%as A Fe aﬁﬂﬁﬁ i nprove
the efficiency médmawmsmomadhc mﬂuﬁsuﬂg@mlgncswstmshmh biesuldelwayduce t he
nunber of corrp g?ansp din advance of orders. By limting such 20

i n-process inv \Ehfz)s S5t ¢ cREPght *thange configurations nore easily as
orders change, However, this schenme is still limted inits efficiency for

smal l er orders in tWSabHitdrﬁht'tlﬂfoqj’rﬁbiéssﬂ%hﬂd)mﬂfmﬁcmrﬁg@)&ttﬁe vehivhate effen sy st ens

manuf act ur ef.s ve .eco ni hat .a pbuil d-tq. order Vi ron

advant ageofz0 R‘gcegfv{@ﬁheg)o{ %Pf@%epg’éﬁflmteﬁ'fﬁémsiﬁé‘(%s q%%nqauéhb% pr oduct
desi gns and cuskQn@ledniBewhidbdfRl fotiig MdLsubkdiBER adsmBly BREL sdne Pr ovi de

manuf acturing systens and nethods that nore efficiently integrate with the

build-to order %@&mewéte@ﬁbwbﬁglﬁw tp Fepringays floyynangfagteing (EFM product s
are produced. ndySEE 200 Er SRR CETEE LMENTLE bipgoloen

di scovered that para organl ze unit manu arirng and assenbly
systens and rretm@ds)r)fmnuclcnmutoemaysfmoamb iotohley aspandtiuproessa dhisthageousl| y

Integrate | nto o st OF B et B B tor oo S v et Ssmlso
supports mixed-model manufacturing continuous flow production lines. CFM
systems offer continuous flow of value added activities, eliminating wasted motion
and dwell times. Other terms often used for CFM include Just-In-Time (JIT)
manufacturing, Flexible and Agile Manufacturing, Synchronous Manufacturing and

30 Demand Based Conversion.



5 received, kit trays are prepared that each hold the conponents nerxgeSER Q002
*build an ordered product. The kit tray is transferred to a work cell where
a-team builds the product. The product is then tested and repaired, with

i nformation regardi ng any problens provided to the responsi ble work cell.
Accordingly) one aspect of the pr esené i nvention provides a build-to-order
10 product assenbly system i ncl udi ng control unit, a killing unit, and an

assenbly unit. .The control unit is,capable of, receiVvi a_product order
descri biyng a ptPSHWfCQ"bO“EféS'éﬁeéwpgaégﬁem%?*ﬁ' BT‘E"L?HFC{]%?tﬁ%‘? es a list of
product coiReoenperlsPiterh e PpiesllyChsetndled én MEREThIiRg systd® dédifdeing unit is

coupled to the control unit and receives the |ist of product conponents.
The | ot ti rfgr kusldito-staek enaisanreentst dy piral persgnalgompuicasusiemingides al i ty of 15

stored prafielsof aUBaRES I%,gggdgon%ﬂgg&gh&fmgﬁﬁt ofibitfal gt ay device. The

product conponer I st evi ce pl ays t st of product
conponént sha @rdvidetinpmt kidtoutpuadl/O)ifdrthemysietuc Suchgreppirehtisvigs inkkde,f rom t he

stored product conponents,. an ccordi ng t e .product, c onent |i st
di spl ay dedi @@melsn %@“ﬁtdé*ﬁé?ag'd’%yﬂ@%é&é?fgpwéﬁ%s' ﬁasfgé’abg‘ll % to the kitting

unit and rff‘ofﬁ?} 48R dA RS, aRA BiRET R4S L«brta%éda@»ecsfsruamstm dfivkd, botpabid The 20
assenbly unit” has a first work cell incl Udlwg(?aa wor k "space for assenbly of

t he productcomdabled CPHR) doiverchudigitelofdsotvematte disloa ¥ Pedriyeepared kit tray. In
anot her aspect of the invention, a manufacturing systemfor assenbly of
conput er syste I o TTTR e R o j; j i d. The system

i ncludes a | ot mgﬂﬁﬁlﬁ%ﬁéﬁﬂ%ﬁ?B%Crg%gs‘ﬁgﬂg‘]@@tamnﬁﬁ%%rﬁ@%@?gm conponents. A
| i st of0 cddqmticad mhiss i2Bectaasedand probdss stepsare charded edordasphahgs, bethef em i s recei ved
by the kitting unit. The |lLst.qf conpongnts s, displayed to at |east one

G i ng opdhatss e o SRl PUE e roTeal ¥hs SRR SIS i h comput er
syst em Corfauenlgenety) 4B mamifalRireorGostRle bnls ¥abamoRier RidtHat Ng sel ect ed
conput er system conponents fromthose housed at the killing unit. The

syst em al serticnler cpanpytensysigahanbiop plapsd: As@rewitube eanvemsiopdcei ve prepared kit

tray 2 g%ﬁ b N | : sl nit has a

pl urali tyff%aﬁu%cc)lraﬁ ﬁeésgégérpgg gwflzﬁtotpt}é%”:dg? Fard&g-é}ﬁgg@ﬁ onedycavx#)r k cell

provi dés imrikthe pEibty tafil smalbbrders,gequire extraanteorm, génevaty iorgetokk-mper at ors t o
assenbl e an order.ed uter_s em using the cQ t.er syst.em conponents
froma pramrei e Pay coreled by et alntfs SREV TUERoR i ogr at od qui ok
test, sharefhildylimichiastersie nol RelingWhds cEfig is requiml.| OXé Atefiyit6k t est

operator tqQ test the astig | ed conput er systeﬁ]fqr basi c fuynctionality. The
syst em al #8620t Aed 9dmBroxhthe giiskaepteenventiprtimanyRe pripg: sleme Basietei ve assenbl ed

conput er %X&H@{&héﬁ&m&JS‘EE‘co}’x‘@EA%nG%Hpémdi-m@vﬂéWé‘éﬂs.t@?ﬁmﬁiﬁé‘wchpr ovi des work
space and tools to allow at "l east one extended test operator to quality
test a@¥seritvbrodess invpriowy the line eapshang@canfigwatidns merroseibt asesiseschangf. t he
'Pve“t'onﬂo%ve@rt@&fl }%e"ﬁ&ﬁﬂﬁileﬁ%%ﬁﬁéié @g?ogs% %rc{éFsFiHHa%tbui'lcﬁ di scl osed. A
i st of conponénts Forcasse I'ng an or et & product 1's recel ved and

di spl ayed.to-fcdir énvirorayent.ncl udi ng product conponents is prepared. The
prepared kit tray is transferred to an assenbly unit operable to receive

o ebar o0 K11 e TG 50BN s b RSO Vg 2000 U

aspect of ctdeeedviveRntrt yadvantdpeddsdnd efedreaehetenidiny tethe spted @1t which udes a
chassis, a processor supported by the chassis, and a nenory coupled to the
procesSor PropMgt dstigns@nd gustmrs EXReeiAGnGE ehangsy theesnds # 8eeddeBivkided by a net hod of
assenblin bl s & O ' ' : iving and

di spl ayi ngnagu%g%fksiyﬁg& %?n%%ﬁdgﬁkﬂsa ??8§¥§¥scgzgun%wér% 5%( ﬂgh g‘%llj%aettgﬁ or der

conput er oyt mael (Rjlc prsepeg thatdigh gualitytdefyt freapraddétnerelpuridueedt 0- or der conput er
system conponents; (3) transferring the prepared kit tray to an assenbly
unit operable to receive prepared kit trays; and (4) assenbling the ordered
product in the avail able work cell using the build-to-order conputer system
conponents fromthe prepared kit. 25 In yet another aspect of the
invention, a build-to-order product assenbly systemincludes a kitting
unit) an assenbly unit, and at |east one of a quick test cell and an
extended test unit. The kitting unit receives a list of product conponents.
The kitting unit includes a plurality of kit trays, a plurality of stored
product conponents, and a product conponent |ist display device. The
product conponent |ist display 2 5 SEP 2002 6 device displays the list of
product conponents so that a kit tray with product conponents pulled from

t he stored product conponents and according to the product conponent |i st

di spl ay device can be prepared. 'The assenbly unit is coupled to the
killing unit and receives the prepared kit tray fromthe killing unit. The

Y I | o - r I T



includes a plurality of kit trays, a plurality of stored product SEP 2002
‘conponents, a first product conponent list display device, and a se%gnaE
product conponent |ist display device. The first product conponent |i st
di spl ay device displays the first |ist of,6 product conponents so that a
first kit tray with product conponents puf’l ed fromthe 20 stored product

conponent s an@UMMARY 0F THE INCENTION product conponent |ist display device
can be prepared. The second product conponent |ist display device displays
the second Iist of yRROGUEL;isGITROREI PafallgDridAdkd EniSBC@CmidutactutiAyand t h
product conponents pulled fromthe stored product conponents and accordi ng
to the secondapenblycystourapdmetitods fosconiuigsbysiemgand etherpmiuple prepared. The
product conponents of 25 the first .nrepar it t t st one
difference wif ﬁvaf‘%gec’ﬁﬁléﬂéfﬁ%gl’at?;g'#?p%luélﬁi@Bgdlg F&ﬁ@‘%’&ééﬁ%?s%°§\é‘§%fbe°é&ﬁ?t tray. The
assenbl y ugi t rdcsived) kRlagh drOprefreedihdt lehdhtholdithd compbeenaseedeikybuildiah i s oper abl e
to receive the first and_the second prepared kit trays fromthe killing
unit and has &rdREsipredast Thekit wey s slamse ko Ak &clt whergg amibridssbe a product

using the pro C [ : repared kit
trays. 25 gé’gh%ggpga@gg%ﬁ”g%ggﬁ %g&mgﬁwylﬁlﬁg’?ﬁp ﬂé gco?%orqgnts for the
product are i prabkenspnevidefl td therekpansibleawvak ssicond prepared kit tray. In still
anot her aspect of the invention, a build-to-order product assenbly system
includes a kitting,unif an d : A unj eceives a
list of product coﬁ%%ﬁ%‘r‘ﬁ%%?‘%@%?f@?hr)géscﬁ{r}ﬁn%erﬁngﬁgﬁaggéss aabr&gflgérlg%df{y of kit

trays, a pbur gataduat asdemblyayeéen ichding &z cemirgb aie akitingamit, andpn aderably asicponent

list display vi ce. The prodquct conponent |ist display device displays the
Li st of produ e&%ﬁﬁﬁb‘ﬁéﬂf&%@"? é"te‘vgyﬂél?’°‘§‘+°h‘§f§%dﬁ?“ﬁf’6éﬁ@ﬁuﬁ nent's

pul l ed from t haegbrRa ethdioR Ghit GRMBANARE éfp?émc@@ﬁgmhﬁgort& pr&cpioduct
conponent |ist display device can be ﬁrepar ed. 'The assenblﬁ/dunlt is 10

coupl ed to théemisembledy Theikittingehivideipled o thheonpplymitrand reksivesithadist ¢f om t he

lotting unit. T enhl N of:,.nas_ .. o . oncl udi wor k
space for assgf‘f%ﬁ%}%%ﬁp (gltgrﬁ) odiuc mﬂglﬁwgm{:lh&eétﬁrpgg{‘jﬁ&?cl)tjntrpag%éﬁﬂgh?}?%?n t he
prepared Wit stosd produet campeaithisyandagrudacticomponentrlidedisplaydievics. e pradutier  of

st eps reduci ng damage, t he, produgt conponents. In still another aspect of
the inventi on,%"'ﬁp%’ﬁgﬁﬁg‘?‘?fﬁeﬁrd& Fe %F’g@ﬁ&‘ﬂg%&eé’mﬁ%ﬁ‘ CTEP%VE'F@??&’F?PC)F‘UE@S a
lotting unit nE pAfludTeRPSelts Billdd-fromltestdell biolGkt BothfoneREIdUREording oSt  Of
product conponents. The kitting unit includes a plurality of kit trays, a
plurality of &heqrediciropaorent ks %ﬁ@?%%%ﬁédﬂ&“@@%’b@%ﬂ? li st

di spl ay devic b \Grit ¥ LA v e SrbAYeR 1 SpAdifthyLat. e of
conponent ret gfpﬁébgggtndr es.lt T%e §8mocrfgrf?yr ettglﬁk?ggﬁ?eét Gges are operable
t o reduce 20npasstmbly upit bakadirstoompomlantleding Dwerd space foz asser@bly of aptadhdti ng tray
novenent. The product .c onent, List, di splay.device displays the |ist of

pr oduct corrpoﬁgpﬁ °§6°df"gg?m%°nﬁ?tfhf"?‘é}f/ewpfaﬁe%é#to lict conponents pulled from
the stored product conponents and according to the product conponent |i st
di spl ay devi ce caninzeotheresmeced thelinentss e mahyfaanging sysens Gupssedblyoft he kitting

unit and recei ves the prepare, it,tray from.the, kiftin nit., The assenbl
Init hae Bor et R A bE - aeRon e el TSl b, oo™ Y
product using kf-rdi}% &Ht%@b@ﬁé L&ﬁ&&)@&ﬂ%&pﬁt@%t&ﬂ%rﬂ?&ﬁ%ﬁﬂ 1t df cbhpdhend he

S

assenbly occurs in an order and with a nunber o t eps reduci n(lgﬁdgmage to
1B3106vi de t hat

the produ@® cérpenehling anTiiereseomanisr siptemisierroued bathedditiegjerituding _
a kit tray i Se ;Son@rqtg ggi?sgﬁgéadr}g aﬁ%&?%l kYttigé gp%rarf'oqt(o Qﬁg} r@spléawc lkit%@yscuc)der IS

received. After “an or
be prepared with computer system components for the ordered computer system by
pulling selected computer system components from those housed at the kitting unit.

The system also includes an assembly unit constructed to receive prepared kit trays



2 5 SEP 2002 s received,.'the kit tray is prepared wth all of the
‘conponent s needed to assenbl e the ordered product. In this respect 25I$§P 2002
kitting stage is both pulled and order-driven. Additionally, each prepared
kit day is transferred to a work cell where one operator or a team of

operators assenbl e fthe or ed c the 5 conputer
syst em does Wﬁébi“ﬁ“glh‘?tt %%{?SF‘:“%%B%?gﬁ?f °£\”/"81§1°3B7 %Oefa&lct"he work cell.
The teamis q:raaahblemlc@straﬁéR&m%lapﬁwumaresﬁac%dm@aﬁwstem%ahbm/ as an
integrated part of the assenb rocess. If there are any problens) the
teamis di r ecell gpasasers tansspible @ eredrromabletaysiem seieg the cepipn sXsIE™H gher
production s er S e f of
conmponent s) fQ g&g%negﬁgx%ﬁoarpergq%xggéﬁ e dﬁ%rth&ki%ﬂrc lg&?mé metépa%%‘?cg ef ficient
handl i ng of seslsharat et feagtione aﬁdl\'ldrIOCEHl toadmlt;ag}east oBRhtEHoDES(ERI PTI ON OF

THE DRAW NGS The, pr.esent inven be bet und rst od, and its
numer ous obj L&Y P@é%!?ﬂi-l‘@ﬁ“%é’ gﬁa‘\f‘gﬁ%’%@%@ Sﬁﬁfﬁh ?dﬁsf‘rhose skilled

inthe art bsz{cﬁcfc@rt&?&hf&ﬁu*&@ta@?&@&ﬂ%%ﬁ:ﬂglc@E&H}Su&g sﬂcﬁms'ﬁ‘o&%@wéfk' s a block
di agram of a manufacturing assenb% system for produci ng conputer systens
s

(and product Se@ﬁer'félpaxttqdydtenttaltlpm\d Workap@eand‘ta@htom&iowmlgut@cz is a flow

chart illustrati is aflowchart illustrating
a chassi s prep%?‘pe |t?fh°‘i§?6°cfés%‘%'?flt e'ﬁbledscog’pfl Wtﬁrﬁ%irt illustrating
assenbly and quick testing. 20 Fi gure 5is a flowchart illustrating an

ext ended est, Fi fustill abotha aspefd ofthedimanton & nethbdd cftassembing il to-pr ocess.
DETAI LED DESCR PT@%]\I |d9u e 1l schematically illustrates,a nman facturl ng or
Nt b5y L’é 5‘?

assenbly syst%® ot ¢ By oLeorappeaisyforgpse ogdered pIOQUE R ut er

systems in paEdeived i displd e@/buhh inBludimg Pro8RE cdufShdn®is prd; dsymeemls
controlled by control Sn?t 110. wh %;ch pr%@?des ggﬁ ut erp lb\E%:S SEP 2002 N

syst em or der Frepated kit ty5 SRAHRTCR 0 2neastRmlY Wihwperakinto reqeise pregered Kigd from
conput er SVStu% Q%Fd%rcﬁgoﬁﬁh&ﬁé£9¢iﬁl’clgédtxnﬁ§gfsgrgglggf§€}§sgﬁegﬁh9ﬁder frgation unit 135

Al t hough not cont uni t can rel at ed
i nf or mat i1én tcOmmntafxdmahdprqfaretdhm el ements of the system as needed.
Control unit 110 is best inplenented as a 5 corrputer systemthat integrates

with or includes anpLdar. Lokl nenoYSLAM: ARiNdLabeoesn dglow control

system 110 can al So provi ect and °dir ect o con various system
units. Inst eantl\mlksadrasshsna aﬂbdast;or@uppbncd:bynhes chassisnand almenfdry @aplad afth¢ he units

of system 100 can e ont rol subje nmuni iOon anong sone or
o110t the  ulreesor ghe b rore? Pt SRt aest S A BB RAE Ve or der
information dise@blidg/a HuileM-aideiott@htcdf steAkhon@ingy S redéividgaa efiaghya at i ng the
need for control unit 110, and directly pass information on to other units
as needed? listof components for assembling the build-to-order computer system; (2) preparing a

kit tray including build-to-order computer system components; (3) transferring the

prepared kit tray to an assembly unit operable to receive prepared kit trays; and (4)

assembling the ordered product in the available work cell using the build-to-order

computer system components from the prepared kit.

25 In'yct another aspect of the invention, a build-to-order product assembly
system includes a kitting unit, an assembly unit, and at least one of a quick test cell
and an extended test unit. The kitting unit receives a list of product components. The
kitting unit includes a plurality of kit trays, a plurality of stored product components,

and a product component list display device. The product component list display



Figure Z illustrates the kitting 200. In step 210, kitting unit 139

‘recei ves product order information. Conponents needed for assenbly ar 8EP 2002
identified in 220. Next, the conponents are pulled to build a kit. Once
prepared) the kit is transferred to | 8 the assenbly unit 150 as shown in
step 240. Referring again to Figure 1) kitting unit 130 receives conputer
syst em conpodevitestidpra@sihe fistpdpedict satpaents SBthatwtkitalay vyt pdu@ war ehouse, a
truck delivering conponents just |n ai me, or the |ike,, COEIPonednts are
stored in ki f¥mPRgcRinpyied Som %‘%5‘1 Proflusg componeit d F9ording (g e BERdEt g Ki tti ng
uni t 130 al seorhgba!:rggk?ﬁ@agdwi@a/&n%prigékcgnﬁQ &me@&ﬁgmmam ghie OF

substantially all onponents'required to fi an order for a

conput er syskisting uliasq retdiees khetprepared kitdray fromahakdaing anit. olks asenPamnitent s and
features puilt into the tray.such as a lLip to,support chassis on top of
the tray. > adbts Bitdiery iR doRinfe o Rark PR PP TrGHES Can i ncl ude
soft materi aF@dﬁdﬂ@&mﬁﬁer{t@mm pRépated kRItAY.LThe qLGUKPALE €311 iSdtapledmoqreTPONENt S
that are pulled and @I aced into the 25 kits, Kitting trays can be designed

to provide b8fstwprkselbandds prembiedp recsivp theassemplet arpdeds AT eHh i s

provided by L6, GRASRIR d Rl ALNE RRIHARERLnd bl belya bR ol | ed

Protecting the conponerits contribut'es to the production o 1 gh quality)

| ow def ect cesspuoblennisaystieom®rablé tb tdceige theiatsemBlod plodart fmlthedeemklytinitng st ages
132, each_havi one ot all t he copponents needed tq prepare a ht tray
for a p_agpi cﬁ?ﬁ%’@ﬁ“% D’t‘%spgé?gf‘%i’ﬁ‘@f“g&lp.gucﬁ‘h aéEéﬁP%%(’o{J@%Eg‘% _
responsi bl e £QranBelekidgdealtdst @it ik BerabletoProvid iffdRHatibR aRMPRREHf tRe f Or & gi ven
order, or conponents can be pulled fromone or nore of the different stages
(i.e. progrekspogévatesyin theifigverieclki ts)) thereby filling out the kit tray.
The list of conponents needed for an ordered conputer systemis provided to
a conponent | i st di@PAReHRYEE B th hﬁeﬂ%wﬁﬁlﬁfto-b}d&tpr%é%s%&b@ew ce, 1n
turn) displays S the Iist of conputer system conponents to a’lotting unit
oper at or. Theystsovipdwisn e kitingtungtj andlagpssdmblycwitc e Miging fuot reesvanpfissy a pi ece of
paper listing_t S) .&..C r stem.screen displ aying

t he needZ(gfl cg%’gﬁrgn@ggﬁ?ﬂo g%rt’%%g%r} %%%‘fl?}gsgtr?? §B§§,¢§ eﬁ qnﬁlﬁ%gﬁﬁ% g\g\ Wt t he
storage for mohipanghirslity ef gt traysed plurality of stodet proludt tormgpnadtagdst | n t he case
of a pick-to-lights system, contral unjt 11Q can suppl onponent list . 10
i nformati on Bff (t,’ECTTPO\PI‘H“ ‘ﬁéj‘sﬁraéflgfz‘f%e-’ﬁ‘? i¢§°‘g‘3P§?J;‘ﬁHC°E‘8?%é§5%TPE§Y an oper at or
can assign addiide. TREErst fRoducBRRRPohdnt likidisplaly AWvideQlisphilyt @ At lisyef y each ‘tray
can have a pernmanent bar code assigned to it). V\ﬁen t he ogerator scans the
bar code) a Biawt farePopenieso thas afiss ki viay With Prodagt cerapongwepulish fom ke

pi ck-to-hhgh £l [ r : ' conponent s
to pick g?/ |%‘g‘ﬁ??ﬁg@%&‘ﬁﬁg?‘g‘g%’grag%d{@‘g%%ﬁj‘%?%ﬁ”f’%%i i glESt}{{gﬁ@;ch needed

conponent , i devingcaebegirepared Whhsesarshprpduckdompheenpliss Kisplay ddvightlisplaysst em wai t s

for pick confirmatjon he oper at or .g. t oper.gt or, presses a button),
and once rec$ﬁ°6°e°8,‘i%5?8}3%%‘%“§“ﬁ°8pﬂ°ﬂ%ﬂt%s£t a??%%wﬂcggf”%t Qrgdugte picked. In this
manner, all emgoheCRIBORERA LR stddEd FodRE SRR HetsHh uéRFdifts e Beare pul | ed and
placed in a kit tray) thuys preparing the tray, for transfer to assenbly unit

| y
150 using, fBPduskepmyoaent Ystalsplay dgugasan baprepytdhl haiprodyst comeongndfonent s” f or
an Or der ol CRETRH GlepSAFAM, G0 Rfeal AU UARMNLA RS FRlYe: W dondlloy Ki t1ing
unit 130) it Is also deS|rgbIe, in some circunstances, to 1 nclude chassis
prepar ati on ihas¢coiBFepsedkanttay oTheasserahly 240is c@ipdesido the pitdqgamnat Thm 300) as
illustrated in Eigure 3 ins wth ste 10 where chassis 25 preparation
unit 135 r ec%?’ls?%b%)gwtdaﬁ%elm%g%&éfcclvﬁi"}bcrfsﬁﬁttagg N S&H%Hﬁ%aﬁidg“ﬁ]@é ' for assenbly
are identifi@@kitthg3d and\ex b worlbeellGRAROAEN S kP Re MitlabeMbigRba grogltassi s is
prepared It should be noted that chassis preparation unit 135 and chassis
prepar at i on BOE teaprodusteampengsyeisem ant ofih 296 s¢card perpasedikB 2% addi ti onal
conponents such as the conputer system notherboard. Chassis preparation
unit 135 and chassis preparation 30 300 are particularly suited to
prepartion of conponents that require special handling 2 5 SEP 2002 11
(e.g. a notherboard, a processor) and nenory)) require extra tinme for setup
(e.qg. installing the flash nenory BIOS for the conputer system, that.vary
little fromorder to order (e.g. a power supply), or that can be installed
in such a manner that the conponent will not interfere with or conplicate
the installation of subsequent conponents. Once prepared) the chassis is
transferred to the assenbly unit 150 as shown in step 340. Control wunit 110
can operate to coordinate the delivery of information to both the kitting
unit and the chassis preparation wit so that a prepared kit tray for a
particular order and its correspondi ng prepared chassis are ready for
assenbly unit 10 150 at approximately the sanme tinme. Alternatively, either

A NN o o . 1 N o .



15 format and an el ectronic format. \When both the prepared chassis ?(re% kge
‘prepared kit tray are ready, the prepared chassis is added to the p § 2002
kit tray, by, for exanple, placing the chassis on the lip of the kit tray,
before being sent to the assembly unit. This is acconplished in joining

area x40 whi chssérsbly begidsaehet all bithdicdipohéntsfouthe prod &0 amrinl the asditls fpstepar at i on
unit 13S by conpveyor lines,or other appropriate devices. Note that 20 as

bet ween vari 6t 5°§§%‘{’§Fﬁaﬁd HRYs such as joining area 140 and killing unit
x30 coupl i ng enconpasses both physical coupling such as a conveyor) and
systenmatic associ B dtifiRnskRsRet A tHRakRnfioh, b baSthkder pedEet hisepipne unit to

the other. Additionally, joining area 140 can include a scanner to confirm
that a parti chitem ingludesarhijingwait and gapesrably apit.cReedditiag bait Geryves sljgoher . The

j oi ni ng prcoc r 01 o t ' nual Iy by

an oper at Sr)%gfduﬁ‘?g?g%ggbfﬁﬁ% kﬁgﬁf’gﬁt fc?#] R‘?ﬁ%ﬁ“&@@ﬁf‘gﬁ‘r’%@' 'Hl@%éty?fow chart of
the assenbl y spraigesdicd@fhpordentssingp pdtidct campsRpeltsedispliyt ddvicayTheprgdactned wi th

t he appropriate prepared chassis, .as previous|ly described in relation to

j oi ni ng ar ea ewponendist displyy dsviepdiapiays thalist /f Rrodigtrompanmtsso drkalst@yid in a 30

gqueue 14S whey ] i | r I i uni t 150:
A3 5" aep S0 5 APk By RO, BN pledhl ot B ARBRRR K T e
dependi ng on thdprodvetuspensniiss divflaypdevivaiohybapregare 5Thasdedthpuptiysi cal | ayout
of system 100. For exanple, .a single gueue |45 (as shown), may support all
of the wd’k GB‘I’HI%“‘BP“m“Ea%‘éﬁEF?“ﬁ?ﬁ‘??PW“E@M‘&W&@ Phiogatic Hebe

mul tiple qUe'el?s%mbﬁ%ﬁ,h%‘%“fﬁ&@dr@@cll@&ﬁud?ﬁ DwHRIsBa MBI s L BblyDf ,angBGuc@U”ber, of

j oi ned prepared chassis and prepare kl% trays in a quele IS also variable
dependi ng upaesing the preded sompone e frapghecarepaBiddiit t 30 Thewssaetleesctrhitanonce a wor k
cell is avail aple,, t-he work | operator or teamfor that cell assenbles
Che comput or CEbEENT R MBPE & Stps PREHE el iRt BlcaferSner ator s Lo
assenbl e the conputer system In item 440, a quick test of basic conputer

system | O functiIanllkfdthdr Sspp&iof e idntioAdalbdiidasatdeyprotiet &kdnblpat e wait tine
by an operator or, team and to, optim ze the assenbly process, a queue can be

desi gned Po SPEHRIREIER akiting Wit 3nd 2p pysepblypypit ( EPPRRting yait eceixspdstdfe kits can

be prepared E}d@fﬁétfc@rﬂngc?%gxgtk.YT}le l'tlﬁhéMiﬂﬂlclU&Es][api‘xﬁﬁitﬁ‘{iﬂdmﬁﬁ,:amtgalﬁyo&pmer

systens can be asse sinmul taneously 1fthere are multiple work cells.

15 Consequensiory psadyetenma@ents,and b pedues comprigeidistdisplaypcaics oftdeastane syst ens i n
parallel) in : i e-huij | : J a single
conpl et ed coﬁ%@?@% sg:%cgur#é?ﬁgﬁﬁ@'#gSoﬁgUnse%erg%ﬁfﬁg I Sﬁgé%g? P%ngpggef%?)l y unit 150
i ncl udes a qudtdking fatures @lelopdratle 10Qeduzk ithR8t to paidhct Lo parfits brered ciaeinned wit h
work cell 152, quick test cell _154 can be associated 20 wiith | a single work
cel I, or28s %“‘%W?Vé%mcéﬁPfi’é‘éFt&W%éﬂtglﬁ%‘@&ytﬁ?v‘f%w&ysH‘ﬁre wor k
cells. Item ﬂﬁ%fé%h&% nbd1@do thit a%‘ig?%‘iﬂ?&&%ﬁ%mg&%@gﬁ%@%mﬁe qui ck
test, the procesS proceeds to item 460" where the conputer systemis
transferred storedprodrtteonipuhestesid agenrding lthe prodech commmpitistdisplagt em fail s t he
quick lest in i.tem 450, item470 termnes if the.failure,is.a system
Gonponent 1 aPFFEe PorR P ~ae Oy Rel Boarirss bRtk w fartedacs of t he
failure is Id@@trdpﬁﬂe@ﬁicbyy@orﬁiaﬁlmi@uﬂmmhwssemm?wﬂmasm\wormm conputer
systemfailures that are not system conponent failures (e.g. the failure is
caused by3 aningjydingeavorkespresfyr assamddy efisepredvsipingthepredushsorporsatsfiemur ned t o

the work Cel |neGAdheehit by, "The aGOMBY oBurdN Sh Ber A2 \ALARLRR FR the failure

is also given
reducing damage to the product components.

The systems and methods advantageously provide that a kit tray is not

prepared.and assembly does not begin until an order is received. Afteran orderis



work cell. Alternatively the work cell operator is called to the quixk SE€sR002
cell to 30 provide feedback. In this manner, immuadi ate feedback is provided
to the work cell 2 5 SEP 200Z 13 operator or team and the probl em can be
remedi ed effi ciently. Mreover, the duick feedback hel ps the operator or

team | carn LLABIELE 1) o1 BGSs D] S ARG IS, RERELL e and ol ving

t he operat OI’ or tea owner s Focess SO pI’OVI des a

| earni ng envdereiyreduct. VIR G ErebpEpy mvemlmzdgmm mxtlacndudld”rwavle& 5 quality. As
indicated in item 480) if the conputer, systemfailure in the quick test is

caused by ddditionali, centperpersd kit oy ’él“@mf‘tq?é @ dirptcell W§9f§t°é‘?ﬁﬂcéaf(t"|°énsf erred to

a repair uni r substantially
all of the%é{;)a'nll ngr ré; g%ﬂé%égﬁ%tkédgﬁﬁ Lg&(% dﬁmﬁa% lS'eo.hhghe wor k cel |

i ncl udes acmmpktcsgazeet daBhof Bagirlihtit d(bt:csnp@eadede dailatds kit workleell.conput er

system Conyeyors, Iea fromkitting unit 130 and from chassis preparation
unit 135 t(ﬁ‘f’ fcémat?nt*ﬁatlc Wél%%e*t 3}4°P§“¥qi§ﬁ ¥UPGERKEPERSI | y
transferreds m%%ééﬁ%l Cpr&'fesst hﬁh&@%‘éﬁ?&roﬁ%ﬁ{s isWleciiPREdhntiBleess al | of
t he conputer system’conponents nee e conput er system are in the
kit tray. Ilahd eamqmmktmecmcifscdde:kebtugheepro@cmmépcmegdcatep&satfor obtains a
repl acenent copgponent er directly or by re esting that another

oper at or obt4Q %’ﬁ@“c@ﬁ%ﬁﬁ%ﬁ%ﬁ”ﬁ"ﬁ&‘é’e% &iyeniagpd G‘ﬁf“to gdt8& not operate in
a progn@ssis ? Q@k&ﬁi@&@%?ﬁc;&hﬁn&!ﬁgo‘f”s&x&]l $8s ek efitdMea lent can be set

aside unti l e repl acenent conponént i s obtai ned and anot her conput er
system can be assenbl ed from another kit (taken fromthe queue) in the

interim 2@pikersrs SRIMION 6ETHEPRAVINGN Of two operators, one operator

prepares a conponent for assenbly while the ot her oper ator is installing a
di fferent conpo [ rn and ring
conponents unti ?ﬁ?%ézscgggwﬁthgéé’%@st%ﬁﬂsﬂg%ﬁ%g’t‘ OUdggjg‘iq%n to general

assenbl y t fanges)gndadowitsiesimbde ppeEmtothsse saﬁlsehihhg/art B}Siel'dnﬁh'tiln@l}ﬁ specific to
t he conputer system bei ng assenbl ed can acconpany the 25 conputer system
conponent s 2FRMPARYIRG ¢3¢V 18y) or can be provided directly to the work cell
by, for exanple) interactive electronic work instructions. Wth electronic

work ingtructi opghréy GAEMEklaglath 6f|36r‘ndﬁﬁfaktuﬁﬁé/iss§r?o'fy diseplfgy instructions
including detailed figures as determ ned bg@/t e information associated with

the or der egroduripaicempuisrsysamsdpnd nrediclsigenaralbyyin adpilétmpiderfeding. general Iy, and
el ectronic work instructions in ' 30 partlcular are designed to reduce or
mnimze the nughgt. fsa%m&@nhﬁraﬁxlﬂ?fa r&gss 2 5 SEP ~ 14 handl ed by an
operator and the nunber of tines tha any ne conponent nust be handl ed.
Thus, by reducing the nunber of "touches," a conputer systemis less likely
to be damaged oFxgerﬁ)nécﬂspswo}mraglsxétﬁbnea):hqseaaemqrﬁegpetceSSr educed) and

t hroughput is increased. 5 As noted above, the quick test cell 154 can be
part of work Ceﬂau{@?xs%%\&‘ﬂ&%ﬁﬂk&%é&&ﬂﬁ [aTet2 xﬁék%stﬂ% t he quick test cell
and the work ce may be the sane opeérator exanpre, a conputer system
that is particularly conplicated or speciali zed may better be assenbl ed by
a singP@ oper at BigufaSiseflovsdat illystatingamgxtended tssich a case, that work cell
can include the quick test cell so that the operator initiates 10 the quick

test on an asseph| edy Q%Wcﬁhﬁ (}?J ngﬁpegi ns to assenbl e anot her
el ng perfo

system whi | e t he ®qui ck test s Those having ordinary skill

inthe art will readily recognize that a variety of combinations of quick
test cell SDE"‘ﬂrnk_, £bES gApsoci ated operators can be |rrpl enented in the
present mamufacturrng and-assenbly met hods and syst ens. S Fi gure 5

describes the extended test 50Q In item51 t he ex ended

per f or med on thé‘TW@Path'tlgﬁ tFFlFE’B“B‘t‘fE) °é?15ts%ff‘{’l§ s;tsteghélﬁlgb ring the
assenbl ed gt%arwtgsa va?hé%tcﬁ’gtddgct?ab&‘éd?nﬂu&r%y%@ﬁs%&ir@cuﬁiﬁn%%@dﬁoer systemis
connected to a networK and det'ailed testing of the conputer systems

qual i t 95 i soder faghioredlhe Tystemmiseottradlnd by canitmburtitid 0 abkb phdvedds compitsr er syst em
fromassenbly unit 150 to extended test 20 unit 170 nore efficient, a
stacker can be used to stack several conputer systens for |oading on to a
cart. The cart is then transferred to extended test unit 170 for insertion
of the conputer systens to be tested. Item S20 determnes if the conputer
system has passed the extended test, If not, the conputer systemis
transferred to repair unit 160 as shown in step 5S0. 2S Additionally, item
560 shows that information about the failure can be provided by the
extended test unit to the work cell responsible for assenbling the conputer
system Such information can al so be provided to the work cell by repair
unit 160. If the conputer system passes the extended test) additional
|nstaIIat|on st eps can be perforned such as those |nd|cated by |ten1830
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designed to elimnate wasted effort in the extended test process. For

exanpl e, the smart burn-in nonitoring system di splays a screen indi catih@EP 2002
each of the positions in 10 extended test unit 170 in which a conputer
systemis or can be placed. Status information such as which conputer

systens have failed the extended test? whi ch conputer systens have

conpl et ed EYedencedtr indenmptioh pedfor|cepaengnidistsdpraved froaf@daittlest have been

o1 SIS RSP MR PR RSB L Byt ot

repal r process as performed in

repair uni shaliQcontroPunita10 carndiogadvéde driateldiddeinfoangioh erang wsd #hdfs probl emi s
identified and repaired. Since dc%uter,éi%/s,t m can be sent to repair unit

160 from efbt"_ﬁ feg &ﬂp’éﬁys_l“é‘blas?:%? frpjanig &8 Gestiimpiespenisd a2 repair unit
1 64 maysr eeshMRerlsphah HBRL inQPrales Ot ikﬂ%es%g{dm%ng%}%ﬁ.eﬁs W gssi st 1 n

6t
probl em di agnosi s” and reparr. Once the problem has been 20 i1dentified and
repaired) feebtlawkcontroksysgerhditrapfalsp pfoyidaindiren ambdivtt dotteol bhivariowse i s provi ded

I step oot eiEoRBRRr aya piionds cERPrAl 1o Bk e BE 4R 170 (For the
first tinme100cahhevelasecditrobsubetieltimSiGtiarkdglsbe rlllh@e @Rai r unit from

a quick test Celllﬁ])é. .?host of ordinary skill in the art wll readily
recogni ze Ferpxample kiting stage 13P icod meeivgerfes informptomdiresbnkomaserférned above can

oe | MPheenkg YOG ol Bolithidt HAKLEY Blooflulif 136,50k sRLAPJHEL 5) and not Just

conput er syst scription of the invention set rth hereinis
i |'lustrati informatiori en thother wtiteasheddddo |inmit the scope of the invention as set
forth in the following clains,. Variations and nodifications of the

enbodi ment s di SLeseduNSLAL B R0 TBAS. 035 8fling iClsPRRAgQ0: 16 on the
description set Port erel N, W ErHout - depar ing Fromt he scope and spirit
of the i nvpwtuardasinfenatioar Compimehha@cdded foowdseribly haiidertified 228, SEP 2002 a

2 cont rol ' e SERnn i PUlsi PG 0 BEPeErder LSRR & pr bduct Lo
?ﬁes ass etk @elemby@nR 250 4sQhowintsiebRgd.udi ng a list of product conponents for
Referring again to Figure 1, kitting unit 130 receives computer system
components from component source 138, which may be a warehouse, a truck
delivering components just in time, or the like. Components are stored in kitting unit
130 so that they are accessible for pulling. Kitting unit 130 also includes kit trays
20  designed to accommodate all or substantially all of the components required to fill an
order for a computer system. Thus, the kit trays can include various compartments
and features built into the tray such as a lip to support a chassis on top of the tray.
Additionally, kit trays can be manufactured from or can include soft materials such as
foam so as to protect computer system components that are pulled and placed into the
25  kits. Kitting trays can be designed to provide better protection for computer system
components than is provided by the chassis in which the component is ultimately
installed. Protecting the components contributes to the production of high quality,
low defect computer systems. Kitting unit 130 also includes kitting stages 132, each
having some or all of the components needed to prepare a kit tray for a particular

30  computer system order. Thus, each stage may be responsible for pulling all of the



product to be assenbled: . a kitting unit coupled to the control unit and
Teceiving the list of product conponents, the kitting unit includi NG 585EP 2002
plurality of kit trays; to a plurality of stored product conponents; an(f a
product conponent |ist display devicelothe product conponent |ist display
device dis ' he lis f t t id tray with
pr oduct co%p"g}\réé%%séorpgﬁllvgﬁ&fj ér%b%QtB ﬁg&hg{]%?%? %p@%gﬁbﬁgﬁ%gﬁéﬁf? cEand accordi ng
to the pr odiffefenstagpomenirodréssiveld baiplirgythalats), derebpiilling oprtbpkit €ay. and t5 an
assenbly unit coupled to the kitting unit and receiving the prepared kit

tray fromthe kitting unit, the.a nbl nit havi a first, work cell
i nci uding a wor ei’ taogéom%qnergggg%qs@g%qwg%%a BrBYHY g&u'gli'%fo ‘ﬁ%“ Br oduct
conponent sa édn@dhédt EstdispRadedcd the cbrhpdnentdisdiisphg devies, id dg, &isplsgs work cel |
includes an electronic work instruction display operable to 20 receive

i nf or met i othe HB@fEorppter sy R EMRCAeNHE0 2 LXK QPLREr- t hedPapensyt lishst r uct i ons

about the agcpg%%gé&@m&% RP SRR LB ARy FRE e ABlded KRAbaLAIS ' UCT T O

display is to the unit recelves theinformati on about
t he pr oducdontpotebsystasserdoh didp!iyingthabecHalxstmpanretsadr atpiuk-to-dights efstermi t and t he

prepared kit tragy..,25 2. The build-tg-order. pr.oduct .assenbly system of
Bl o 1 whialeEel e T S e SRR P S SV BB 0 185 L AR ud ng a
chassi's, acabd SfagIkOh-1gHRRBAdnE dodiio! L€l 10kRAPRpRY cafigbnentBNOr Y. coupled to the
processor. 3. The build-to-order product assenbly system of claim2 wherein

each ot0 t hiafognatjonldirestlyge theipickttp-dights systemu desexample] agrapeitatoy cagfassignam | i ned tray
conpart ne @gﬁq ; SEP2002tg
alipto g%%f)%%eq?%? C ’azté?rsaglEbga{?%%%g&ﬁﬁ@f%&%%a%aﬂgﬁﬁ%-to-order

pr od:Jcél as&dﬂtﬂsggn&y@ﬁt?xrmm&gmbabe;i;at&sbmﬂgéagr@demrsb&_iﬁ@rmisex_t ended test unit
coupl ed to t.he ,asse ni t he extiended test unit s receiving an

assenbl ed BIFFIHS a@éi’{%‘ﬁ\aﬁﬁs Wtcﬁ'éo'g@%%f’?pﬁ?ﬁﬁds HadrHele M ng a plurality

of eXtend%ei‘a%ﬂvh&‘ﬂ%bﬁqb&ﬂﬁtsft&ﬁﬁdﬂ&&ﬂighﬁﬁg AnaRditaR af ¥8h PRIWLBL feyyStem 5. The

bui | d-to-order product assenbly system of claim4 erein the plurality of

ext endbd teash nqsded qompareny iresusenstiorn | Wiskieagh picknbhiti Rick-tedights systefmart to burn-in
noni t ori ng,, i b .ndi j.di t est

"t or mat | o Saes e BEENDTL L G B s SREE Bl REMGSWD

bui | d- t 0- cmderecpralipotecdsoendiaye thymixeimmoto be piked. In hemeinar, tlhef smart burn-in

d-t cmtecdsidniia: bymcmmo art |
fai s a 1 outeamperhs B ] o B bt S R B G Supbl 1 e o

the first thuspreparing the tray for transfer to assembly unit 150 using, for example, a

20  conveyor.

Although all of the components for an ordered computer system can be
provided to assembly unit 150 by kitting unit 130, it is also desirable, in some
circumstances, to include chassis preparation unit 135 as part of system 100. Chassis
preparation 300, as illustrated in Figure 3, begins with step 310 where chassis

25  preparation unit 135 receives product order information. Components needed for
assembly are identified in 320. Next, the components are pulled and a chassis is
prepared. It should be noted that chassis preparation unit 135 and chassis preparation
300 can include preparation and/or installation of additional components such as the
computer system motherboard, Chassis preparation unit 135 and chassis preparation

30 300 are particularly suited to preparation’ of components that require special handling



work cell. 7 The build-to-order product assenbly systemof claim5 fuyr 3%5
‘conprising a repair unit including a repair work space, a conputer s?sftl 2002
that fails a test in 20 the extended test unit being received by the repair
unit fromthe extended test unit, the repair unit being capable of supply

i nformation about the conputer systemtldat fails a test to the first work
cel | . 8. ThdeBu metherboasd, deprogssse #d MABYPAYICSFER WHE BF sevmledh 2 further zs
conpri sing: ; : i reparahi i ANt it and
Fecel vi ng i KO e FERRLPIGICERE Lo ANPL ) ok M AR ol

i ncl udi ng: ao pider (@lgi 4 yovark sephd ir that campbe installst;in auet aanacha dist the pr epar at i on
wor k space in which a chassis i, repared fqr conput.er ~0 system

accor di ng t GOPReR; &yl gt ‘“m&feﬁ“’gﬁ?ﬁgﬁé‘ﬁ%;ms&ﬂﬂ“ r%gé‘i'bﬁ?%@“tar ea coupled to

the Kittisng chRpdneARdoh& S GN@S ShalsiPls GRATRLE RMhd/Bidmblf i 150}9i Ng area
receiving a prepared chassis and a prepared kit tray, the prepared 25

SEP 2002 19s wistepBdd.ng added to the prepared kit tray before bei ng sent
to the assenbly unit. 9. The build-to-order product assenbly system of

claim 8 wher ein_ bt ui0Rid Gh obllhk 1fiblHElShed vy StinRim REAGLEY, comPONent s

to the chassis preparation unit a Irst tine, ‘an e control unit
del i ver s t hehdkising ofit prdabeictassispryparaéiog enitso thaheprepdréd kigrayforta at a second

time, the first !ti rrg and.the second ti mquei.n%pselde?ted bé the control unit
so the pr ep&?‘é‘_ﬂ“&‘?ﬂi <8 ﬁﬁ‘&?@ﬁé’“%?%ﬁﬁ?"éﬁ FP AP artrive™ ¥ ur¥e | oi ni ng
area at 1appnexatmpbRkimatdhPhe 34MBe théTBAltdnatiddy, eilire kidiHgl it i1 90 &cHkispr oduct
assenbly systemof claim1l wherein the assenbly unit includes a quick test

cel | coupl edreparatioreuny i3§camennizolowicn terptheopat sispesst bsgineewsigrel whva assenbl ed

product, th%e“o%e?@}’Féx‘oc{s@'ﬁouﬁd‘o‘%’g@%ﬂgﬁﬁt@ouﬂéﬂk EJé;Eat:gdf]%t %rahd fpace for testing

of basic functiona 0 e as I"ed” pr od S providing at |east
one of i nf ocom¢spanlimgpoetarddahissis ercoéady hmppesitnaefy thasie timenkdepnal i ty and t he
assenbl ed pr, ct to. the firs rk cell when the assenbl ed product fails
Che test of MALRERFERERTORET 197 Drmeipis BTG G Boff MRGBHLCL assembl y
system gf Clferiat d4d aRRE®IIC foRBatl Wheh b&ﬂmfe?sue@éﬂassﬁmhufi%pm@mw ck test
cell. 12. The buil d-to-order product assenb ya%stem of claim10 wherein

the assenbl Jayperedyrthhrrepasetibrssisasadded tedheqrrpaiie kit e by, fifpe® to t he
qui ck test %ungmcégmg'ou%ﬂg,&M&agp&f&e&& T ynDEkirpagRd vork cel
0o t t COIT’S rom e

to assenbl e"the product usin he produc onents prepared kit
tray, the qdhisksdcestiplesbed infeining ash ddeehithyis tdupleflite bath kigting woie k30 add t he

second work cel.l: and.a g, operable to cunul at t. le e prepared
ki vt ray andiis pieaRe e S P B e Baes & A6 et Bhieest Rl k' cor
and t he 26ecantktwednlvati@lslsyster elbentd fieh Bjointhgtaea Q4 @I@1d KiXtinghutt138ssenbl y system

of claim1l wherein the first work cell, incJudes a first operator and a
second operé?‘ﬁ’tl‘f‘gf’PfémPﬁS%Stb°3b%}W§‘E%F°‘iPH§?¢%\"F#‘i‘sr?gf%"eﬁ"r§‘idtsé$ﬁ§“%§’lc t he product

conponent s LabQaddA&us é%@%ﬁh 1Withs€er §t88s from one unit to the other. Additionally,
joining area 140 can include a scanner to confirm that a particular kit tray and a
particular chassis belong together. The joining process can be performed
25  automatically by machine, manually by an operator, or by some combination of the

two.

Figure 4 is a flow chart of the assembly process 400. In step 410, a prepared
kit tray is joined with the appropriate prepared chassis, as previously described in
relation to joining area 140. Next, in step 420, the kit and chassis are placed in 2

30 queue 145 where they await an available work cell 152 in assembly unit 150. A



2 5 atN 2002 Zo second operator prepares a second product conponent ?grSEP 2002
*installation into the product. 14. The buil d-to-order product assenbly
system of claim1 wherein the s product,conponent |ist display device is

one of a pick-to-lights systemand a conponent display screen. 15. The

bui | d- t o- or daretpofaiffirent gesmgisthersy siebe infplaicaieddgpending esithe t he kitting unit

is coupled to the assenbly uni conveypr. .t 16. A ngnufacturing
system for 5@55%‘7"% ngssﬁ'_B Hf“éﬁ?og%/?g%r@yf’%ayfa%y %uﬁff)sc’(-s%lc}ro g’rerforenvi r onment
conpri si ng: exampld, b sMgle didut 189S bHdGml by Supporsal PaTdheO@TRGEIBOSf St em
conponents, the kitting units: ~ s receiving a list of conponents for
assenbl i ng aﬁe@blmen@&@@mwslérmgyg@@ﬂml&w ¢eugs| eagh sHpperties oriedr of

o ho pr Spardtr Wit AR bt s BERAE iR P RMEERPEI B corput o1

system by pyhduk Dl R6AEM Etp&RAMPUHEK the YiEdde of tROsyRens Step 480 paickiepse housed at
the kitting unit; 20 an assenbly unit constructed to receive prepared kit

trays from thakoner e worcrell i availablrethe svodmsil ppamiptorram fagthat ot ur al i ty of work
cells OperaQJss%PifIQs 89&}% &k s s?eh.'pgc’?:%&k 2 fealtQ KudS o’ or RV B Ags or k- space
a ED m C;{f se e gn 0 d!

and tools to Ow a téea wor k operators to as rdered conputer
syst em usi ngss¢hisle drrprip@er sgyah ehnivangioeqiick tést ofbasic 2empreppsteet kit tray;

and providing an jntegrate iick test, .shared. hy at |east one other work

cell, td0al Mﬁ?%aﬁﬁilwﬁg@@g- %é»ﬂa@ . to glipwate waRdms by @ABPEHOT S nput er syst em

for basic f | bibYor bds to receive
{é%tah@{badé:;t/@%/zg n@@?se%l@é&?%?%@ﬁ%&@ lrdksﬁg:{ee %@'&H&to‘ﬁ@

assenbl ed conputer rom s, the extended test unit
provi di ng wbrskindpsteoet @HD)tbesd.s to al |l ow at | east one extended test operator
to quality test assenbl ed conputer systens. ~ 5 SEP 2002 21 17. The

Tanuf act uring sYStmeAOL ARl Y, 0f. OTRNESE kUSRI sb il d to-or der

envi ronnent of c conpri si ng sSI'S preparatron unit:
recei vi ng acdmysiter ofsteaiiassbeasseontbledaine zbaasldiftenpoamlipldwirk adisenbl i ng the s
order ed %OHBUt er sigtem and displayjng the list of chassis and not herboard
conponeht s FoRsEiuens systesh0deRlsiopr fé"p'&\“&PlF BYMRIRE SYHSHS 1 B#RlEhiit i ng chassi s
and not her b%ﬁ@st@&ﬁmﬁ-@éﬂb%uifld Semb 3BT PrRRL aﬁ%ﬁ%ﬁ@&fc@ ceApRanent s housed

at the chassis preparation uni't; preparing the chasSis by assenbling the
chassi s andsyssmeéebodr d conponents io for the ordered conputer system and
a joining unit operable to receive prepared chassis and prepared kit trays,

(LA 18,0 s 4L 10,50, AORONIIAR L IRL0h s s, o1 oo
tray bef or etetthell 154 qah &p eonstrinddiwithtwal célsl S@pquickitest tid 54 sachetpkyocianil t .
20 wii.h 'a single work cell, or as shown, quick test cell 154 can be shared by two or more
work cells. Item 450 indicates that if the computer system passes the quick test, the
process proceeds to item 460 where the coraputer system is transferred to an extended
test unit 170. If the computer system fails the quick test in item 450, item 470
determines if the failure is a system component failure, for example a motherboard
25 failure. The cause of the failure is identified by a decision matrix. Item 490 shows
that computer system failures that are not system component failures (e.g. the failure
is caused by an operator error) cause the computer system to be retumed to the work
cell that built the computer system. Information about the failure is also given to the
work cell. Alternatively the work cell operator is called to the quick test cell to

30 provide fecedback. In this manner, imrediate feedback is provided to the work cell



18. The manufacturing systemfor assenbly of conputer systens in a build
‘to-order environnent of claim 16 wherein the notherboard conponents 2h&ERd202
a not herboard and at | east one of a processor and a nenory. 20 19. The

manuf acturi ng system for assenbly of conmputer systens in a build to-order

environnent of claim 16 further conprising a queue operable to accumulate
pr epar edoREFaTOF £33 anchthe progismean bhismedisd effiaiemty. treyet tigiqucy of work cel |l s.

25 20. Tﬂ@%yzwiV?ﬁcwﬁka@r59/@&@%%@&%&%%59therewp&wng%éems ina

bui | dt o-order environment of claim 16 erei n the quick test operator

pr ovi despraducliesmsiti goire thé opc(alor pr fearh greatat ovorershipmftthef paddess dhisf t he test of
basi ¢ functionali .and (2) a senbl ed ¢ uter stemto the work cell
Chat *aseBient R i S B e oA AL BPoRst e fal 15t he
test of hagiyC Alsiiiedate@Madda ¥80, if thé comphteMRy8H ZaifdZe id the qLIR té¥BRUf act uri ng
system for assenbly of conputer systens in a buildto-order environnment of
cl ai m 16cauprdbgiasyssam samponent frduisf thecompiker systant ig treasfested ieatea#itl a di spl ay
screen iEm. d in the displaying the list of conponents. s 22. The

manuf acturi’ng system for assenbly of conputer systens in a buil dto-order

environment of claim 16 wherein ones of the plurality of work cells
i ncl udes an éVerktelblfi2ds duvigked saghat st od substahitigliyt &bofolparoaiphter t o recei ve

i nformati on _about, the ¢ ter stemtq.b ssenbl ed and to display
st r uct YOG BB FrRe BBt S bl i BB spes 2oy "rhe
NMaNUf@Ct tdbls AE:dSY S LeRFImbRItheADHMPIRS dysterh. CORTRYES Tead Yr5iQiting ihiga3oui | dt o- or der
environnment. of claim 16 further conprising a repair unit: receiving a

conput erangyemhassisprepralionsunyt 188 ko the orkicell gcthatiibradt rayds quiskly ; repairing the
conput er T T eTo W] lewi ' ' q uter system
t hat fai?n?ét%%lg t est fibA?ﬁg’H%rfE‘}e?g k a%ﬁg{@ggggﬁgﬁqgg&t"hggc%%gﬁt er system
24. A nethhounpier getentimpagens Hoedel dorttie-comglater systenhizot indlorkittiagi ng: recei vi ng
and displ.aying a i f conmponents from.a prqduct conmponent |ist 2o

i ol ay daerEErrn e E VBT PP AR e GO onent di ool ay
screph fgtheahzaiidrbpgeqasting teyacthgoperd @t obtiih &eabinpshedt. Kidcet ray i ncl udi ng
product conponents:. transferring the prepared kit tray to an assenbly unit
oper abl e2seEblp 158 dpssagkeneratadn # Progieysive bl maanesdBekibMithiet he or der ed

product ddfeclifecofDefiEPlat bl Bt bsidSidtOiht Rp1RERGVESm LA N M df Fom t he prepared

kit. 25. The nmethod of claim24 wherein the assenbly unit includes a
pl ur al i tandehothay ckmpmtrisgstampeandislassenbled fomlahether kitfekendfidmothef ur t her conpri si ng

routing . = it trays to one of the work cells; and wherein
prepari n‘gkﬁﬁzf@?{“‘%ﬁ’gy i ncludes: pulling conponents froma plurality of

stored conmponents and according to the list of conponents for assenbling an
or de?@&d pr odYéhere thangorkicald hasg team dfdeto oparporscane opdrpfot prepakdsta tray.

component for assembly while the other operator is installing a different component.
Operators alternate installing and preparing components until the computer system is
completed. In addition to general assembly training provided to operators, assembly
instructions specific to the computer system being assembled can accompany the

25  computer system components in the kit tray, or can be provided directly to the work
cell by, for example, interactive electronic work instructions. With electronic work
instructions, 2 computer in the work cell can display instructions including detailed
figures as determined by the information associated with the ordered computer system
and its kit tray. Assembly steps generally, and electronic work instructions in

30  patticular, are designed to reduce or minimize the number of components that must be



2 5 SEP 2002 23 26. -The nethod of claim25 further conprising: routing a
‘prepared kit tray to an available work cell; testing the assenbled @g 2002
for basic functionality in a quick test cell associated with the work cell?

s transferring the assenbl ed producti4o an extended test unit operable to

recei ve asseiil@dyRf 8e4shSindAchuRBES Fified hatangl YAt édnpoh@E ustibe assenbl ed
products in the extended test unit. 27. The nethod of claim24 wherein the

ordered probwgiedi Jhys, byreducies the puREs PERQUCHSI G RGUEr WhiaRds lss likelpr ocessor
supported by, &%EL%&?S& Ie%bnc%lg%/ RsdTRIRY Yoo EEHE Ll el DG4 Hﬁ-&gﬁ@ﬁ fr. 28. The
er conp 0

met hod of claim ur t'her Fising. preparing a chassi r the ordered
conput er syficemedi s transferring the prepared chassis to the assenbly unit;
and joining the prepared chassis to a corresponding prepared kit tray prior

to assenpling the ordered grodugct. 29._The nethod of i,m 28 wherein the
prepar i rrIg t he ki‘gs‘ﬂql%ff/‘bﬁ?‘n% eﬂélcgksbcfaﬂggfaﬂﬁef’%@‘h%fg§{§IL%&@8 r in parallel.
30. The net baideqbni (B SpetdorioftHe Gtk forn bed MYwakaldll Ry B tkeasd one prepared
kit tray prior to _the routing. 25 31. The nethod of claim 24 wherein the

list of conpesmien Sor eamalesepamauiegsaiemoheldy etiqyladly gemplicstedPs pl ayed by one of
a pick-to- #&5&&%&3%@&&%%&%%3& I GRfort o Ahea Ribag gl clalm 24

further co Ising returning t se roduct to wor k cel |
wher e t he assbabhiseghprvadkicdll caainchids thrighiek tesdreth sd thet thsserddrédtipesoduct fail s

a basic_ functionality test. 2 5 SEP 2002 24 33., The nethod of claim?24
furt her léonﬁnﬁﬁ%ﬁ% i2s§ehgted F?f“l?‘iéﬁéﬁ‘e‘%‘idt“,‘e“}ﬁg% goeﬁﬁ"@g* aﬁ?@sfuct t hat
fails the eyiepadadieitBsduickidst isﬂ%ﬁg%@ﬂf&ﬁ@dﬁh&éﬁsiv'iﬂg%diﬁ#%%%@!ntﬁ@ﬂpri si ng

providing information about s the failure of the asse product to the
wor k cel | whileadilyaecagrizntbrleiapety dfieambinationsas auipk test celds workipellsret hod of

whor oi n- t hotsaeReb R (BB B MRl cRE I BORUAPR PR EN (7 " Ccconbl ed

product ar easpenblpmeeddbandapstaper at or. 36. A buil d-to-order conputer system
conprising: a chassis; a processor supported by the chassis; and i s a

TeTOrY. §9UD! ©d LS ALISEAROLe. hUP TP S AL I ASSEIBLE] bY:

recei ving and di'splayi ng a onents fromacon unit for

assenbl i ng pdrforiaed drckhé Gortutks Ey sCe@iyIH Siro@ysSneiis triistpdvig th@lassentbldd t r ay
i ncl udi ng buil d-to-order conputer system conponents; trg&sf erring the
prepar ed ki T°”fﬂ”éf§153fséf"hﬁ?a§§‘§é’ﬁﬁ?“\§“@ﬁf°t OPEPHISE &Ysterr 1F EUBEY 198 prepared kit

trays; and petwork and detailed testing of the computer system’s quality is performed. To make
transferring the assembled computer system from assembly unit 150 to extended test
20 unit170 more efficient, a stacker can be used to stack several computer systems for
loading on to a cart. The cart is then transferred to extended test unit 170 for insertion

of the computer systems to be tested.

Item 520 determines if the computer system has passed the extended test. If
not, the computer system is transferred to repair unit 160 as shown in step 550.

25  Additionally, item 560 shows that information about the failure can be provided by
the extended test unit to the work cell responsible for assembling the computer
system. Such information can also be provided to the work cell by repair unit 160. If
the computer system passes the extended test, additional installation steps can be

performed such as those indicated by item 530. For example, software that was



assenbling the ordered systemin an avail able work cell using the
‘bui I d-to-order conputer system conponents fromthe prepared kit, the 2®rggp 2002

cell including an electronic work instruction display operable to receive
i nformati on about the systemto be as$ nbl ed and to display instructions
about the systemto be 2s assenbl ed, erein the electronic work

i nstruction di splageridforbeipdmemiter systetnecap bninstolleduiile therramputerdystem is stflor mat i on
about the systemtao h ssenbl ed .f rom.at ne.o he .centrol, unit and
the kit tray. 37. K" Qﬁ%‘li %’o‘-ﬁ? ﬁé?rg&mg?md%u%% g@%@%ﬁﬁﬁf 5569@?%% %glrar% ’iﬂécl ng: ~0 a
Kitting unit recedowiptiigr s¥stbrh pocedds prieei s whergitenipster $y3@mKks sHipped. AR t
including: a plurality of kit trays; a plurality of stored praoduct
conponents; and indigptad byfigurg 1, shiphing Qpynie sPBRIREINHSED: Phigpingraipl8ragevi ce,
the product ComPORGRLe alviidy B Sk A0n AEHIE BrefirsRhAN b Wlpd- B driliatfindr OduCt
conponents so that a I?i‘)taﬁt#g{/ %Ltg% prg ugrtegcorrpgh%ntgépuﬂieng[?b?gn t he
stored product cdpdingntith odrdordeeditansyendpackapmgpr oduct conponent |i st

di spl ay device can be prepared; s an assenbly unit coupled to the kitting

unit and receiving th r red.kit.tr fromithe kitting.unit he
assembly unit having g‘“? ?dreeg?esﬁl\%ﬂtbbééslcf"%?or‘%? 8&? %"émab%?wgnﬁgéggg ?y(g{cmassenbl y
of a product usi nggsigded ipelvsings wessdpoio id te Extaded et ppsceaFetexsinplef thay; and
at |l east one of: io g qui ck test cell ,cqg})l ed tq the first work _cell, the
qui ck test cell OPBRABMENFYNIEgsYsEm digplays aserpndprizating erch cARE PRYEYS it a

test of basicidf unglch@aadst bt 96 if VEcRS SRS & sREACUELn bR PN sexfended test
unit coupled to the assenbly unit, the extended test unit operable to

recei ve the asseribfoauktipn aghes whicloeanputer sisteasbhse faitadtthemittngest iEgrwhiths a

quality test of the assenbled product,.th t ast. .one ,of i gk, t est
Corl and an ext erfigE TactoT T ERTUNGH 0 PR bR RSy ha fe ot b
failure of the rdapegtnenfl@sd addowviittepdsitibsd in WRlekiefdzlitest E&fit ard eant is

bui | d-to-order product, assenbly system of claim 37 wherein the 20
information is ust®¥SA-the first work cell during a subsequent assembly of
a product. 39. The build-to-order product assenbly system of claim 37

wherein the iy ormati Piruréss WaadedhelréRirfptdcsds 600adpcEBIMedliRrcpaPadif 16ohe
assenbl ed product. 2s 40, The buil d-to-order product, asse lé syst em of

clai m 37 further leBnPindicags thar bpeampuirapystegpurrallet it igentiied adrepdireds senbl ed
product that failgn@at&Rbutdrlydddcdlbels&RES reMMnRI1 60 HOMI eflferh@Rick &8 deidpd an

extended test unit, and operable to provide additional infornmation about
failure of the rdbputsniaddest awt, rapair 80t 1Gfandyirecsive informatien from eitler 6f B2 2002 26

41. The build-to-Qrder product,assenbly system af clai 7,wherein the
assenbl ed pr oductsgllugcséo %B'ﬁ%ﬁf’ &P %smy(g?gé‘?ngsl aﬁ%:élrffﬁfr'nén%f ¢ rg@??,hasa B ocessor
supported by 20he iddhndSal B4 rapaick dafeadbari iyt ticedfoph efdnfoAnitior apruothessilure iss 42. A

bui | d-t o-order produ assenbly system conprising:. a kitting unit cei ving
a first list of M&‘%&P %6Wﬁngﬁé%fép%‘g?°3°'gg%ﬁﬁwugf $istes 25518 tritgbionent s,
the kitting unit rjged 658 A6 corpur Yyt fs¥eR to éktehddd tasl Snit froRkds il firbtingfin St or ed
product conponents;
the case of a computer system failed to the repair unit from a quick test cell).
Those of ordinary skill in the art will readily recognize that the manufacturing

25  systems and methods described above can be implemented when building a variety of

different products, and not just computer systems.

The description of the invention set forth herein is illustrative and is not
intended to limit the scope of the invention as set forth in the following claims.

" Variations and modifications of the embodiments disclosed herein may be made based



~ 0 a first product. conponent |ist of display device, the first prodgfé

« conponent |ist display device displaying the first |ist of product SEP 2002
conponents so that a first kit tray with product conponents pulled fromthe
stored product conponents and according to the first product conponent |i st
di spl ay device can be prepared; and isla@a second product c%ggsnent li st

di spl ay device, the second pyoduct In thd &bpecting ppiayo i ce displaying
t he secormlt}lcickscrbﬁoqﬁcbffﬁbﬂ‘ei?wﬁﬁ%lﬁ?%@@gﬁﬁat a second kit tray with
product conponents i brinss or ed product conponents and accordi ng
to the sé@@ﬂﬂ“ﬁ?dﬁd@ﬁl?gﬁ%%ggﬁ$gIist di spl ay device can be prepared; 20 the
product conponents of the first prepared kit tray having at | east one
difference with the product conponents of the second prepared kit trays;
and an assenbly unit coupled to the kitting unit, the assenbly unit
operable to receive the first and the second prepared kit trays fromthe
kitting unit, the 2s assenbly unit having a work cell including a work
space for assenbly of a product using the product conponents from one of
the first and second prepared kit trays, assenbly begi nning when all of the
conponents for the product are in the one of the first and second prepared
kit tray. ~0 43. The buil d-to-order product assenbly system of claim42
wherein the assenbl ed product is a conputer systemincluding a chassis, a
processor supported by the chassis, and a nenory coupled to the processor.
2 5 SEP 2002 27 44. The buil d-to-order product assenbly system of claim43
further conprising: a chassis preparation unit receiving the first list of
product conponents, the chassis preparation unit including: s a plurality
of chassis conponents; and a chassis preparation work space in which a
chassis is prepared for a conputer system according to the first |ist of
product conponents; and a joining area coupled to the kitting unit and to
the chassis preparation unit, the joining area receiving a prepared chassis
and the first prepared kit tray, the io prepared chassis being added to the
first prepared kit tray before being sent to the assenbly unit. 45. The

bui | d-to-order product assenbly systemof claim42 wherein the first

product conmponent |ist display device and the second product conponent |i st
is display device are the sane device. 46. The buil d-to-order product
assenbly systemof claim42 further conprising at | east one of:



a quick test cell coupled to the work cell, the quick test cell ggoggﬁgls o]
- receive 20 the assenbl ed product and performa test of basic fun |'[{9§/
of the assenbl ed product; and an extended test unit coupled to the assenbly
unit, the extended test unit operable td’receive the assenbl ed product from
the assenbly unit and performa quality test of the assenbled product; 2s
the at | eaWWHARASOELAIMEDCIS:t est cell and an extended test unit operable to
provi de information about failure of the respective test to the work cell.
47. The buil d-to-order product assenbly system of claim42 wherein all of

the assenbhy of Al hgIdRiREMEr prsdnd a%E@rriB‘i;P%ém_céHm@'&E? s fromone of the

first ~o and second prepared kit trays dccurs in the a senbly unit. 48. A
bui | d- t o- oad@Ntet odil capablecfiregeivingt & prachuep ordarmtgscebikigta progluehtd beecei vi ng

a list of produ onents, .the kittin it including: 2 SEP 2002 28
a plurali tgs%qzmﬁfetd‘?ﬂggg?trg ‘B]'UP&HUF’{QQ %f'g%%r%“%r%%‘?’?%ﬁ&ﬁgﬁt s; and a
product CoppsHifitto besdssehfdy device including a pick-to-lights system and
a product display screen, the product conponent |ist display device
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conponent s | | r h tor .oduct conponents and according to the
pr oduct coﬁ%@‘rﬁ’gﬁgnhﬁ%B‘t@bqsgﬁ'tﬁ&'}rcﬁg&can be prepared; and an assenbly unit
coupl ed toatm@raln'ty(t)ﬂmgtrgﬁ;t and receiving the prepared kit tray fromthe
kKitting unit, the assenbly unit having a first work cell including a work

~0 spade f8rPlasdibnel stoetd ArogustieemPaseni§: 8¢ product conponents from the
prepared kit , ) CHL L i r it unber of
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Processor prepared kit tray; and wherein:
the first work cell includes an electronic work instruction display operable to
20 receive information about the product to be assembled and to display
instructions about the product to be assembled and the electronic work
instruction display is coupled to the control unit and receives the information
about the product to be assembled from at least one of the control unit and the
prepared kit tray.
25
2. The build-to-order product assembly system of claim 1 wherein the
assembled product is a computer system including a chassis, a processor

supported by the chassis, and a memory coupled to the processor.

30 3. The build-to-order product assembly system of claim 2 wherein each of
the plurality of kit trays includes:
a plurality of foam-lined tray compartments to accommodate the product

components; and
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i mpact to pripduciupporithe@hassistarr op dfiee &iag. from kitting tray novenent; 2
5 5tr ZU02 29/30 a plurality of stored product conponents; and a product

conponent |ist display device including a pick-to-lights systemand a
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54. The buil d-to-order product assenbly system of claim52 wherein at |east

one of the plurality of conponent retaining features includes a
mechani cal By i ndbedilddorarder pepduckgssernelyiystam b clairmdy wpemin the ageehbl vy
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work cell.

7 The build-to-order product assembly system of claim 5 further comprising

a repair unit including a repair work space, a computer system that fails a test in
20 the extended test unit being received by the repair unit from the extended test

unit, the repair unit being capable of supply information about the computer

system that fails a test to the first work cell.

8. The build-to-order product assembly system of claim 2 further
25  comprising:

a chassis preparation unit coupled to the control unit and receiving the list of

product components, the chassis preparation unit including:

a plurality of chassis components; and

a chassis preparation work space in which a chassis is prepared for a computer
30 system according to the list of product components; and

a joining area coupled to the kitting unit and to the chassis preparation unit, the

joining area receiving a prepared chassis and a prepared kit tray, the prepared
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11.  The build-to-order product assembly system of claim 10 wherein the first

20  work cell includes the quick test cell.

12.  The build-to-order product assembly system of claim 10 wherein the
assembly unit further comprises:
a second work cell coupled to the quick test cell and including a work space
25 allowing a second work cell to assemble the product using the product
components from the prepared kit tray, the quick test cell being shared by the
first work cell and the second work cell; and
a queue operable to accumulate at least one prepared kit tray and provide the
prepared kit tray to one of the first work cell and the second work cell.
30
13.  The build-to-order product assembly system of claim 1 wherein the first
work cell includes a first operator and a second operator, the first operator

installing a first one of the product components into the product while the
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second operator prepares a second product component for installation into the

product.

14.  The build-to-order product assembly system of claim 1 wherein the
5  product component list display device is one of a pick-to-lights system and a
component display screen.

15.  The build-to-order product assembly system of claim 1 wherein the kitting
unit is coupled to the assembly unit by a conveyor.

16. A manufacturing system for assembly of computer systems in a build-to-
order environment comprising:

a kitting unit housing kit trays and computer system components, the kitting
units:

15 receiving a list of components for assembling an ordered computer system; and
displaying the list of components to at least one kitting operator to allow
respective kit trays to be prepared with computer system components for the
ordered computer system by pulling selected computer system components
from those housed at the kitting unit;

20  an assembly unit constructed to receive prepared kit trays from the kitting unit,
the assembly unit having a plurality of work cells operable in parallel, at least
one work cell:
providing work space and tools to allow a team of work operators to assemble
an ordered computer system using the computer system components from a

25  prepared kit tray; and
providing an integrated quick test, shared by at least one other work cell, to
allow a quick test operator to test the assembled computer system for basic
functionality; and
an extended test unit constructed to receive assembled computer systems from

30 the work cells, the extended test unit providing work space and tools to allow at

least one extended test operator to quality test assembled computer systems.
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components to at least one chassis preparation operator for pulling chassis and
motherboard components from chassis and motherboard components housed
at the chassis preparation unit;
preparing the chassis by assembling the chassis and motherboard components
10 for the ordered computer system; and
a joining unit operable to receive prepared chassis and prepared kit trays, the
joining unit:
identifying corresponding prepared kit trays and prepared chassis; and
placing a prepared chassis on the corresponding prepared kit tray before the
15 prepared kit tray is sent to the assembly unit.

18.  The manufacturing system for assembly of computer systems in a build-
to-order environment of claim 16 wherein the motherboard components include
a motherboard and at least one of a processor and a memory.

20
19.  The manufacturing system for assembly of computer systems in a build-
to-order environment of claim 16 further comprising a queue operable to
accumulate prepared kit trays and provide them to one of the plurality of work

cells.

(3]
W

20. The manufacturing system for assembly of computer systems in a build-
to-order environment of claim 16 wherein the quick test operator provides at
least one of: (1) information about failure of the test of basic functionality, and
(2) an assembled computer system to the work cell that assembled the

30 computer system when the computer system fails the test of basic functionality.



10%&' ()- 10%& ()-310%& ()-10%& ()- |13t10%& ()-' FS109%&' () - AB@b E3E¥C 2002
-~ 109 109&' ()-10%& ()-F Y10%&' ()- @O0%&' ()- @O0%& ()- 109%&' ()- D"DDD-EOEEJEYNC
10% S*10%& ()-F ( 109%&' ()-F %40%&' ()-F #MLO%& () -

F109&' ()-y10%&' ()- EEEEFFFFFFdYNC 109 %® 10 10@10%&' ()- 3l 10%& ()-3
,2910%&' ()- 0 109%&' ()-3 -10%&' ()- FGGGHH WIA<YNC !f 10%s& ()-!f

1098B&: () - 209B&The- mamofms&lr(g)smroqﬂa&ags)emmgq@&o putsmsgsterbliPp[ayNC

oviba () BPPIIHSRA BT Sen GBS Relets ebiaselbye o1 Bt ich Llw%ré)"su

and a dlsplay screen is used in the displaying the list of components.

5 22.  The manufacturing system for assembly of computer systems in a build-
to-order environment of claim 16 wherein ones of the plurality of work cells
includes an electronic work instruction display operable to receive information
about the computer system to be assembled and to display instructions about

the computer system to be assembled.

23.  The manufacturing system for assembly of computer systems in a build-
to-order environment of ctaim 16 further comprising a repair unit:
receiving a computer system that fails a test in the extended test unit;
repairing the computer system; and
15 supplying information about the computer system that fails the test to the work

cell that assembled the computer system.

24. A method of assembling a build-to-order product comprising:
receiving and displaying a list of components from a product component list

20 display device including a pick-to-lights system and a component display screen
for assembling an ordered product;
preparing a kit tray including product components;
transferring the prepared kit tray to an assembly unit operable to receive
prepared kit trays; and

25  assembling the ordered product in the assembly unit using the product

components from the prepared kit.

25.  The method of claim 24 wherein the assembly unit includes a plurality of
work cells operable in parallel, the method further comprising routing prepared

30 kit trays to one of the work cells; and wherein preparing the kit tray includes:
pulling components from a plurality of stored components and according to the
list of components for assembling an ordered product; and

placing pulled components in the kit tray.
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27.  The method of claim 24 wherein the ordered product is a computer

10 system including a chassis, a processor supported by the chassis, and a
memory coupled to the processor.

28. The method of claim 27 further comprising:
preparing a chassis for the ordered computer system;
15 transferring the prepared chassis to the assembly unit; and
joining the prepared chassis to a corresponding prepared kit tray prior to
assembling the ordered product.

29. The method of claim 28 wherein the preparing the kit tray and the

20 preparing the chassis occur in parallel.

30. The method of claim 24 further comprising queuing at least one prepared

kit tray prior to the routing.

25 31. The method of claim 24 wherein the list of components for assembling an
ordered product is displayed by one of a pick-to-lights system and a display

screen.

32. The method of claim 24 further comprising returning the assembled
30  product to the work cell where the assembled product was assembled when the
assembled product fails a basic functionality test.
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product was assembled.

35. The method of claim 24 wherein the available work cell includes the
quick test cell, and wherein the assembling the ordered product and the testing

10 the assembled product are performed by an operator.

36. A build-to-order computer system comprising:
a chassis;
a processor supported by the chassis; and

15 a memory coupled to the processor, the computer system assembled by:
receiving and displaying a list of components from a control unit for assembling
the build-to-order computer system;
preparing a kit tray including build-to-order computer system components;
transferring the prepared kit tray to an assembly unit operable to receive

20 prepared kit trays; and
assembling the ordered system in an available work cell using the build-to-order
computer system components from the prepared kit, the work cell including an
electronic work instruction display operable to receive information about the
system to be assembled and to display instructions about the system to be

25  assembled, wherein the electronic work instruction display is coupled to the
control unit and receives information about the system to be assembled from at

least one of the control unit and the kit tray.

37. A build-to-order product assembly system comprising:

30  a kitting unit receiving a list of product components, the kitting unit including:
a plurality of kit trays;
a plurality of stored product components; and
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from the kitting unit, the assembly unit having a first work cell including a work
space for assembly of a product using the product components from the
prepared kit tray; and
at least one of:

10 aquick test cell coupled to the first work cell, the quick test cell operable to
receive the assembled product and perform a test of basic functionality of the
assembled broduct; and
an extended test unit coupled to the assembly unit, the extended test unit
operable to receive the assembled product from the assembly unit and perform

15  a quality test of the assembled product;
the at feast one of a quick test cell and an extended test unit operable to provide

information about failure of the respective test to the first work cell.

38.  The build-to-order product assembly system of claim 37 wherein the
20 information is used by the first work cell during a subsequent assembly of a

product.

39. The build-to-order product assembly system of claim 37 wherein the

information is used by the first work cell to repair the assembled product.

40. The build-to-order product assembly system of claim 37 further
comprising a repair unit operable to receive an assembled product that fails a
test in the at least one of a quick test cell and an extended test unit, and
operable to provide additional information about failure of the respective test to

30 the first work cell.
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a kitting unit receiving a first list of product components and a second list of
product components, the kitting unit including:
a plurality of kit trays;
a plurality of stored product components;

10 a first product component list of display device, the first product component list
display device displaying the first list of product components so that a first kit
tray with product components pulled from the stored product components and
according to the first product component list display device can be prepared;
and

15 a second product component list display device, the second product component
list display device displaying the second list of product components so that a
second kit tray with product components pulled from the stored product
components and according to the second product component list display device
can be prepared;

20 the product components of the first prepared kit tray having at least one
difference with the product components of the second prepared kit trays;
and
an assembly unit coupled to the kitting unit, the assembly unit operable to
receive the first and the second prepared kit trays from the kitting unit, the

25 assembly unit having a work cell including a work space for assembly of a
product using the product components from one of the first and second
prepared kit trays, assembly beginning when all of the components for the

product are in the one of the first and second prepared kit tray.

30 43.  The build-to-order product assembly system of claim 42 wherein the
assembled product is a computer system including a chassis, a processor

supported by the chassis, and a memory coupled to the processor.
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a chassis preparation work space in which a chassis is prepared for a computer

system according to the first list of product components; and

a joining area coupled to the kitting unit and to the chassis preparation unit, the

joining area receiving a prepared chassis and the first prepared kit tray, the

10  prepared chassis being added to the first prepared kit tray before being sent to

the assembly unit.

45.  The build-to-order product assembly system of claim 42 wherein the first
product component list display device and the second product component list

15 display device are the same device.

46. The build-to-order product assembly system of claim 42 further
comprising at least one of:
a quick test cell coupled to the work cell, the quick test cell operable to receive
20 the assembled product and perform a test of basic functionality of the
assembled product; and
an extended test unit coupled to the assembly unit, the extended test unit
operable to receive the assembled product from the assembly unit and perform
a quality test of the assembled product;
25 the at least one of a quick test cell and an extended test unit operable to provide

information about failure of the respective test to the work cell.

47.  The build-to-order product assembly system of claim 42 wherein all of
the assembly of the product using the product components from one of the first
30 and second prepared kit trays occurs in the assembly unit.

48. A build-to-order product assembly system comprising:
a kitting unit receiving a list of product components, the kitting unit including:
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list display device can be prepared; and

an assembly unit coupled to the kitting unit and receiving the prepared kit tray
from the kitting unit, the assembly unit having a first work cell including a work

10  space for assembly of a product using the product components from the
prepared kit tray, the assembly occurring in an order and with a number of steps
reducing damage to the product components.

49.  The build-to-order product assembly system of claim 48 wherein the first

15 work cell includes an electronic work instruction display operable to receive
information about the product to be assembled and to display instructions about
the product to be assembled, the instructions including assembly ste‘ps ordered
to reduce damage to the product components.

20 50. The build-to-order product assembly system of claim 48 wherein damage
to product components is reduced by reducing the number of times components

are touched by an operator.

51. The build-to-order product assembly system of claim 48 wherein the
25 assembled product is a computer system including chassis, a processor

supported by the chassis, and a memory coupled to the processor.

52. A build-to-order product assembly system comprising:

a kitting unit receiving a list of product components, the kitting unit including:
30  a plurality of kit trays, at least one of the kit trays including a plurality of

component retaining features, the component retaining features operable to

reduce impact to product components stored therein from kitting tray

movement;
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product displaying screen, the product component list display device displaying
the list of product components so that a kit tray with product components pulled

5 from the stored product components and according to the product component
list display device can be prepared; and
an assembly unit coupled to the kitting unit and receiving the prepared kit tray
from the kitting unit, the assembly unit having a first work cell including a work
space for assembly of a product using the product components from the

10  prepared kit tray, the work cell including an electronic work instruction display
operable to receive information about the product to be assembled and to

display instructions about the product to be assembled.

53.  The build-to-order product assembly system of claim 52 wherein the

15 assembled product is a computer system including a chassis, a processor
supported by the chassis, and a memory coupled to the processor, the plurality
of component retaining features of the at least one of the kit trays providing

greater protection than the chassis for at least one product component.

20 54. The build-to-order product assembly system of claim 52 wherein at least
one of the plurality of component retaining features includes a mechanically

insulating material.

55.  The build-to-order product assembly system of claim 52 wherein the

25 mechanically insulating material is foam.



