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(ocosj  One approach to this problem has been to try to control the location of bends in sheet material through
the use of slitting or grooving. Slits and grooves can be formed in sheet stock very precisely, for example, by
the use of computer numerically controlled (CNC) devices which control a slit or groove forming apparatus,

such as a laser, water jet, punch press, knife or other tool.
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o111  One embodiment of the Office dA or Gitlin, et al. Application is shown in FIG. 2. A plurality of slits

31 is formed in a sheet material 32. Slits 31 are linear and offset laterally of each other along opposite sides of a

bend line 33. The slits can be seen to longitudinally overlap so as to define what will become bending splines,
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SLitti@gel SRINREe.d ParddDESERLE RL, l%rzbm%%?(h@f% aléorhls@aggég Nl bg,famg&ecfmw al

weakeni ng and the pronotion of future points o tructural l'ure
sl i tt iR EsIPIRneS n?tﬂﬁs 3l e diksang the yis of grprg foxce frampduet confeolled Rasindposriad ve and
di ffi cidubed cldiesanpwiialingr t net hods, therefore, are less suitable for
fabric n apabl e C r owabl e
mat er | @ff QS%%%%F‘%‘%egéortS% énd%g %’fg tgmgl?g‘%wegfirgl:;]e ({}tmna% % queéfeatlrl?'tweakens 4‘
stren g‘lefh‘ltlag %éT“PFEFé I Pr’iﬁ‘?lﬁo%‘lﬁ% ta@rlilt“i cenablm@qmé EopreRdey bmitna IDCCSIH Eetrushing thd

parti crudtaraiaﬁosmmstheﬁens ulasieavat, ivadn smhﬁgqme&a theéerpneﬁmé @a{allh sRlbERS 1t is
hlghly d Si.ra e to ?ﬁe ab orce, for

exanpl BB VRSHEE WY PORP ‘°“h°;§‘8““[p86‘fs S“B?mr\?\ﬁr}‘ oV‘fF ?‘“H’Eﬂaé‘r g PR ed
t ool s. Semehbﬁbmtrdﬁwgewﬁmtvnmtdldlfﬁlelﬂtarhesdme)tastme@lbdscthcnefge, arplos ewtalge fat er

pr obl eficattnd dRturel matamgm@ oP3RERhg Pfiuid HRoRIEIEM il NVENtion the ability to
over conme prJlor ?rt deficiencies in slitting-based bendi ngl o f sheet

mat er 81 1 ST BISP O PO EPY SRR 1 R ACiOHETEET I Iog R p o Bheg bending
fabri cadtdl erett, echnitiquiet shrd of fubstatil hirkitse b maﬁﬁaﬂphdaﬁ@s el ghfyr dediablf {8(324] A
vel | kpawn, R | fnaﬂ sfed wﬁtﬁgw}b (8 L £ rbgﬁagﬁmgo 9,1' gtotol@ roeevlﬂ% ensLonal
structures 1s cess 0 'ng or A rts from sheet
and norvepdiaels. n%lflelrepcailg ofﬁimé,(gmeﬁgshaq%ﬁdofwewrm wges g@wermmbhgls and adhe5| ve bondi ng,

or rTB.C[liMsﬂl g alﬂﬂﬁr ddﬁdcﬂg tte @&Eéﬁfﬁﬁx’eﬁu&l%elaﬁht@ td &Q;@Jnﬁk@ﬁm%\(ﬁﬁﬁéml@ 2 QHBEBaBAr L S
has pr.e gn exte d to fabricate ee-di mensi onal

usl vely used
el i et S e B N b M e e N e
accur esrectgestresilting thenefiopi. ggi ng of the individual pieces; the |abor and

machi NgLy reaul k86 bidr %@&mh%ﬁpr@dumgxqﬁ% t&@{@%nsﬁ,ﬁal @ﬁ{/&@%s ls‘?he rd Lipa's the

quallty controql and certification of parts , Wwel di ng
has t H& P&wﬁéﬂ"é‘mg tfﬁﬁ%‘fﬂ patts fm st and aptothegt mé‘ﬁ%éla&ﬁ‘ﬂ m%’gek&%u@@@lwn he heat -
af f ectadisizobvadiof, ot Ih@hl‘ﬂﬂé ﬁhd[u@lﬁ@ﬁiten?r@ adbih topstiak sewahidistigre pdrts Hﬁtp&kf@usw tebn

signi féxfégs%lym%?J it catg rlglg Eu‘ 1men510n H_Lc'li " éé ﬁ‘%}@i cgs\é %9 we9d1Xg, H)% Iexqulg,%rpg-o%lem

arises in the accurate cutting and jigging of the individual pieces; the labor and machinery required to

manipulate a large number of parts, as well as the quality control and certification of multiple parts.
Additionally, welding has the inherent problem of dimensional shape warping caused by the heat- affected zone
of the weld.



havi ng bevel ed edges often made by grinding or single point tools, which
add significantly to the fabrication tinme and cost. Mreover, the fatigue
failure olvoheattoadshect ed netals is unpredictable for joiporaSevenas729

| oadbeari ng geonetries rely entirely on wel ded, brazed or sol dered
materials. Fatigue failure of welds usually is conpensated for by

i ncreasi ng g Es k?f tfhe conponents, which are wel ded together and the
nunber “&f éaglt“?\na eldprof meialy vith gipnulicapt materal fickesssia tyalfyrsier e by g prty er

desi gnhavsl,g bepfeled erigesadien maie b sinding wesingla pointt@02 GhichAkdd kigrﬁmﬁﬂ@ads thé Abadkasi vel y
bondi ngmshaghs:. %ge(@@lnﬂ@ﬂﬁﬁlte fJ‘i‘ﬂJe%f el aff@clte(ar;'r%fa hseungrg%agbleafng omé %ﬁosep di screte

conponents, a |l em ari se accu a € posl ?l oni ng t he
severa eaﬁ%ﬁgce%meéfr‘f"a ‘qlVoan‘ieHQn 3 Fld?fjt '?:fﬁzﬁii Pfgi"lfl"r’i"éirﬁ‘af‘eﬁalbl Eggigue flpielof weids ustidtis ng
mﬁt h]?d Conx)eﬂsﬁﬂq.’)ﬂoﬂiy?ncre[aﬁﬁg&}z% ma%ﬂﬁttﬁb&bmﬁdn&ﬁéwlﬂiﬁh 43 welded &fg&th&r SRR fkBS adcel ated to
t erTa n n structures. are Pr ot ot in

t hod ggpltll_('l;_oﬁglg gfglldsg CThE %‘[eg(gmte I}sg a %a 2 9 such ov%rli!les ign is, of of RUE ex(g?ss%%\ﬁ pr oc esggs ?n
Whl ch 87tles Mg rireopp etherdely be’squmgheat Wnﬂ@t masriahadbng He ediat ad feprédemtat i on
of t hecaiipbhbats Ual‘pﬂ)bleﬁl 258 Borh @he UM @ BUMERIBFsitibriingliSeRETH L A LS Pt ract i on

of matgrial until. the ruct ure | ete. Prior art Rapid Prototyping
€1 in lac

t echni quepsmgar e u tllsﬂéel HE® nééh(ﬁﬁfs Vgﬁ%‘?’ subtractive. [0028] The probl ens
associ ared Wwhatker Slﬁﬁbpfhalet driiechiayss vlafed Gttiotfyhpicatign efglirbrodiseraibal sthatired diedie ar e
wast ef EleuD[frotB@isnﬁ'gr théthols. I Theds h@ﬁd@st&éo%%gr%hy mta%gét@}otﬁaﬁr@&hs@s 19(Vh3199&e?1h1pfs ng the

entlre Ly uggg and th narelatlveﬁy expensi] ve spee I ni ng
center? C? “&’ﬂ% § BeRUPa A pPrrrtion eéE‘fC“*[‘erfé“Sﬁ‘éPtdnlfF eﬂ“@’é%‘&éhe of the
unwant ectsiltlnmreuhhacttxon PO vrilols setrBurail Sdnplil Biioratt RRpi@PbBtypiag fechardhs bleve Rapi d

Pr ot ot ¥iQit-LLhAR A Shacapeci fically, most such techniques are optim zed
for a very narrow range of materials. Additional I(é nost require a
e

speci al¥%ed lfeé’&’rbfeé’éﬁﬁs‘lfﬁted &ith subtrach Rapid Sppeanping mydeds piediat hey asovase®pdndence
Wi t h t heethitibthita plocise| Iﬁ‘fateﬂg cztpblﬂe &&f)ﬂtamlﬂ_ghﬁe e@ﬁ'@ birt 1¥ @semltﬂn Efe@drt@etl)y&béﬂgve

t I d
pr Ocesﬁg? @Jd?na%lln? centgr 19/ Ie ulrn% to acc a{;lglnpl?anﬁ 8115 uféetpalﬁ%y[ r&rpci) I‘ the ﬁg&@? %2]‘ al | y

usual l'y dd not e use o ruc
in thely | onolé?ftlS alsp it @vith préor arg pridisive EalptdthtfngmmtecgmmsuSpgnﬂoallyemadmmh sheet

bendi n@chhﬁﬁes pie Ogtingad rhends nan‘&ﬂ'r&h@e saGkerifi Q&d@fn@&ll? [Wols] réﬁﬂge ass]iagc%ﬂ%;i h necessary
tural f‘g‘gﬁl cations. such prior art sheet bending

for co

t echn: ATEE B0 bt R b oltpaiaeos 5 b PRI Bt B BB o
decor aRépriderdppiigpatceson sie sbuchrydsnied i lifptseateef the 3 hieldpRard ubaDpdb naspeetise0f t he
pr esends sindeny iBike mhithgisef ore, it is an inportant object of the present

i nvention t8 e able to bend sheet material in a very preci se manner and
yet pri&dflce BN the RRFT R thegefers shemt sitting or giopyivgte prabje digpydending hesiprdderadii ng and
i's 1 eshesdsantiichtigk ftapiegision zfnabﬂreldgtﬁﬁecesB@ﬁBQdonﬁd@@faMﬁctﬂQja?@fcatfaﬁs t’[hllsssu@ﬁi?ﬁlct o f

t he pr e b RV ] g [ endi

shoet o o orspDEEH Qe ke et B R T A GG SR CHALREE™ he

pr eci s{ePs eflPf¥Re | ocat i on of t he bends, the strength of the resulting

st ructuses ]ala(ﬂroﬁcﬁﬁp@ﬁofﬂfeb@&ﬁtlhﬂﬂ&{ﬁ&g&r&@b litdg e%simpc{rtgxg:é%]:ct@fmgﬂ?c%gnt %pénﬁ&{to of the

presenb falalg%%re]ﬁds et erlaﬁmErOVI reci.sion sheet bend 1. .Nng e\%I’OCGSS and a

sheet of materia é{%ryﬁré‘éﬁ’?“? t a“Slyet@FOS‘Ef\‘iéBe“fi’o"i‘h“ﬁ‘ésrfdP i obsyePofitEch can
b e uswbitanipl ediepanddatsistaigentdiigng fadfressheet s of vari ous thi cknesses and of
vari Ol.{&st yp&&th%fobﬂ%fﬁlfsldﬁﬂég% e IS}PSEIﬁHV tlgﬂ 1]§ 3’903/%1‘) ‘3\98541 te [ ré)cb egénd{x)lf he

presen gentl n.i1s to provi de a I tting U sequent

bendi MicBRATA e S ‘%&V&ﬁfmﬂg irebrayes W@clmwaycqumeqsm p%th@lpcapmoéthe badhs whi ch

faci | ithestrengthenidic Feuliirgtstrgbourdd @iid radutEditk-iddGee@ ANEO!  the | ocation of the bend.

%g?gﬂ [(g A ?L&%&ﬁpo% &%% thQ %resteﬂ T rtlr%rz gsgg pﬁ%vgc}s{agg%lgggn slhget Pgldllljlge prggalsseancg a? shet:)e? cr)]fd sheet
material which has been sht or grooved for bending and which can be used to accommodate bending of sheets of

various thicknesses and of various types of non-crushable materials.
(0034  Another object of the present invention is to provide a method for slitting sheets for subsequent
bending that can be accomplished using only hand tools or power tools which facilitate bending but do not

attempt to control the location of the bend.

[0035] Another object of the present invention is to be able to bend sheet material into high strength, three-

dimensional structures having precise dimension tolerances.
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structures having precise dinmension tolerances.[0036] It is another object
of the present invention to b e able to bend sheet materials into precise
t hr eedi mewei2o0salo2asbr uct ures that are easily and i nexpengcvaisgoos@ed7ed t hus
enabling the contai nment of fluid or flowable materials. [0037] In a broad
aspect of the present invention relating to the use of slit-based bending
to enhance fabrication_an S nj i t _of the

pr eserdt™ nVERETGET EISE %Wrasénta Vgg\ﬁgﬁa 12 19381%3%% matenalSl e pA(f&/aﬁrced Rapi d
Manuf alixhensibraistiiegadarthay ere edsityend ewp)lemyvslyaeal@d thes qndﬂlgetheﬁonmr@mwéﬂlsd ¢rncl udi ng
many tPatuidhgests ucturally robust, does not enploy specialized equi pnent
ot her than what would b e found |n any nodern faﬁb1 on f C|I|ty and can
b e sd¥ed Hp bErd HeRiPLthe Piefa’ “F“eﬁ*ﬁ"f‘éelaaf“g s e pf ity ?j‘eclcﬁe g e %‘E‘a [0038] It
is anahﬂaextmﬁ)mdaﬁstemmfz tet}hiqsesawacdbjeotfofthhereqantes»emton torpravitke ia 0¢w RapidRraetypdg
featur ?& W&hﬁg aim%a T%QJC ﬁ{a e%l 10 Qa \pldgta&% '3% m&tgéfs 1rﬁ Tlﬁlingl:naﬂyr&la; zi?@

accurate a conpo prior to and after the sheet

nat er |S§P°“if§1yt§@wﬁt dOESG’GB@]PlOASHeE}?ItZPFb‘?q“‘BBFéE*Pefé‘?an f"h”éwﬁ‘f'l‘é?efﬁ‘tndlulfﬁ?éﬁf"?e% isto
pr 0}/ :c dleo(;a?tfoamih@a;nuemmia@ﬁb drlétm 15 @k R8s c&%e@utﬂ@é}ﬂoc&@h&lﬂape structural
scaffo npon arr 3D space i ect

rel at |[‘8ﬁbh%lsta%°ther &hecml? E1*P5S O%te? "hec lr% %f) %{él PRI {%amies geesél%%tr process.

[ 0040]matdria] tg babehifhat #peist ipth¢ %ﬁeltratwfddtﬂhfeahsm@ﬁgéqf Pommwﬁﬁ)rlerrﬁo g afyyr g Fltﬁet a net hod
of fabpdigatis hg: wel ded structures that enploys a snaller nunber of separate

parts and wh re sel f | o t he | h of the bends and
whose $8h- b‘%ﬁ’t“%‘gcﬁgg d’\?‘?sﬂémf’eé‘ti?‘%? g%vﬁﬁf p‘*gré&?(inlr?egtog PisgaT Ayt SAT“E! anpi ng
i N pr eparaticorel caffoldver Idmln;ge colnporielts raggr inedX spack inj the opa¢ct @htdnbldy toedsh etbtr of t he

pr eserﬁg éfﬂl}!@ﬂltheod?l ﬁlgdgrDo&égl%epr&eéuperi or rret hod of jigging sheet materials
for & that dramatica reduces warp %]E and di nensi onal i naccuracy

caused™y tlﬁé a\ﬁ&hﬁ"ohl@“ﬁftb‘t%?%m invean e P“?é‘fie%l Y of aispiingrveldpd gy g ent

i NnVentdn®lvys Ssotallerfpludbet fReparak @yelandvehdedds ateRELS jigamt alpgaht letgth o tibbdndhd al
Ioadbarln erties.that in all
dogr oot OF PREGREANER sl pf bl Bl Bhubife P%?ehafﬁ chEF g 00

cycl i caahtextfitag yepanethes objeqs pfithe Rﬁser{f Wéenf@staplioi’lﬁ@a SPPﬂﬂéremﬂioﬁfﬁ ﬁg@aaﬁetwfen@% ure.

[ 0042)fors;vdlcln|1g tBdd Qﬁaﬂﬂfcalgmd@&'& wﬂ{nnﬁ ha dﬂﬁeﬁﬁ&@&nﬂcﬁ%@ﬁ&ah@ﬂ by the (veldipd PWdedle a
superi or

r.et art ui.red to
Fabri CROL arQeRBRG R G PR R aaties ao i SaPRERE: ARG
St r uctluadehearag gro@yrtids taioaptirly orphm@ffrpgedaow@saﬂtdegms ngfreaflﬂm o élnlpbmgrpm hod

for theumiadil 15&% st?éngﬁ §ndQ:§rcht::h Q'atgﬁegét& debe %ﬁ!ﬂ%&lﬁ@é _SR&siosd kedddr € that can b
e acconplished 't hrou bent and unbent es of the present invention

r esul t!°fty |$P“ai‘n‘l’tb“d‘\é‘?ﬂ°&%f§'%e PropnbRERiSR P 8OV ibt SI“BeéIP’i B Héthod. [00431 It is a
further apjeeicingihehirtbepstabeatt part watitet] @Tattrivats donglegid dmphdiodllyotcufabiieecat i ng
a W degvard %tlytm%refaln&u d containing casting nolds for nmetals, polyners,
ceram CcS an osites in which the nold is forned froma sllt bent,

sheet of Zhamhfrrqnay P Rosifonz andlaning mebpdiprte wripws e the destdititc at i on

pr oCeS@mesioh# btfuctuid (1t @A Be RSonlightd HGhhHR! be@bnduinbdnOeiges0OMP AR R invetiod he

fini shed tObkxeé 0044 Stll klb {mt h(ﬁlr obj ect of the present invention is to
provi d&H"8 HEdeVhaRul Ry HeE RO T AAEML adapt abl e for use with existing
slittime del lscaélsrthelmhﬁbbé@e wrew inveitiork ptoyidba wethddiop pbibaiing agvidel vaetnt fleidi | ed

condi t{,9RimAR gas@%‘q&’lcﬁ R thedS %lyﬁit:rs @e&ﬁﬁp&ne cdoated mm% th@ Qfdfd il Bncligon Pf a
press brake, enhances thé asse nmount i ng onents within and
HRAs B

on t hesli G shestof pateyigh whichgag pg ier gemoy Eﬁse%dlﬁceﬁwwcw I 'SR GS Df t he
sheet shaekl cabirfate conpgpainente fafshddobjedton to the sheet stock. [0045] Still
anot hef, gbl ﬁtﬁ{angtaertgga B h LB 8 Brobfe § Qe bW feRod £ & bR kP! di ng

technlqu can
use with existing slitting devices, enables sheet stock to be shipped in a flat or coiled condition and precision

bent at a remote location without the use of a press brake, and enhances the assembly or mounting of
components within and on the surfaces in the interior of enclosures formed by bending of the sheet stock after
component affixation to the sheet stock.

" poss)  Still another object of the present invention is to provide a precision folding technique that can be used
to create accurate, precise, load-bearing folds in sheets of material, including but not limited to, metals, plastics,

and composites.



to create accurate, precise, |oad-bearing folds in sheets of material,
including but not limted to, netals, plastics, and conposites.[0046]
Anot her oWpeocds/wbosbhe present invention is to provide apprast@com7btol di ng
technique that allows folding around a virtual bend |ine and requires
considerably less force to acconplish the fold than conventional bending

t echni ques 4 t her obj t he presen tl 0 ovi de a
pr eci é‘ig’ﬁ’n f‘Ad{ g‘F éefté’gﬁ‘ﬁl’raﬁﬁ’%} “fvjﬁlg 15?0 per%vgfeaeﬁ IR oﬁdmﬁ T/le Bl aﬁ “{)?01(%

i ndependedd Yiuabbend lie ahdmem#cpﬁ@swd@nablmeesrf@vsq tp u@@mlalll the fv&#tba@tC@fWPrélPﬁab@n@Fg t he
mat er i gh;[ Q048] Anot her object of the pr esent invention is to formthe
geonetri es described herei n whet her %% ttl @lrem)va thEl)roce I

sever g priotodeedEsrt obihe sl FYPToYE 9P §§re°‘élﬂlb 8 oG PR RS }ﬁt ages
her ei ninelely edaiable thdpendamy of telthekneps3O 4@ osMeturdriptabigistiohf bematgfal t he present

I nvent[&ogﬂ I&no&hgr éegt olf g}n@’sept I}f%h Qi t{)ﬁ)xll tqé &Gm&rﬁ@s%ﬂcwﬁh&% wﬁe@lemyrig a

non- crushabl e ria he m crostructure of the material renains
subst eﬂhﬁmatemyvabwew&ng@@n% 0G5E of Piernpdiitye Proptss ed 2 rfe atﬁ’&@taﬂﬁa'égeé & Wi scret e
teChn'@b&ﬁSedbeEmyd&&d: gni ng and precision folding of sheet material, the
fabrication,tec ues therefor. .and the. struct. ych

preci SI'6h beEREHG o ¢ oIt hE ¢l B eyt PRV rlgvé(?l %\gltélg%fgﬁénlg% (ﬁuioégmg%d obj ect s
of ad mmcageblmatemal mhlichﬁemm@pmfémmaferl@ ymagp suhptentigliyrunghageedrarpugd fher e

det ai lgjgn the followi ng detail ed description and acconpanyi ng draw ngs.

BRI EF SUMVARY NVENT| ON 1 a_.she of

mat er i @F fo—Fhel’j‘lfﬂ‘aiIr?@d ‘iifcfieﬁede g"‘%l’@%ﬁof S le‘é%f&gﬁ R 1?“%?31%?%(’:%%%6 R ﬁg

st r apdibricarion ¢peistiqueschanefersanfl Gie pradtuienfotried ﬁsheeqh prefifien tepdiggpt ﬁepiemﬁgfesttorl uct ures
are pol%al/é %tﬁpﬁgmxtepanq%{)ﬂaé&%f %a&tﬁ@%ﬁml@@@ bg.%ﬂlg !aﬂ%grer?ttﬁﬁl%ﬂ)r bid sdt AR SNERE detalifte ST T ap

having a |l ongitudinal” strap axis that is oriented and positioned to extend

acr osst ‘E%Eovﬁ’égrf&ta}l?drﬁé““%?é‘@\%@mpat“ﬁ‘@g eV defining structures are

conf i geret SNIMMARYIOH THIRINVENTRONdUce bendi ng of the sheet of material al ong
the be[nogl ! Iﬂlallnho[ag) ?s?e%]t ash@:ﬁ%ﬁggtg‘gf fo?b%R(ﬁﬁ;gt onga B&Jxéd%\%dgx q’igé &aﬁe%ﬁﬁng{ sWED- sheets

of mat'er| al mat er | al T ormed bendi n ong a
pl ur al defiyingfrugtiressformed inghe shesh dThp pigadetips ﬁ‘&\ﬂuff@ afap‘ﬁ}“ﬂ’i‘eéltq qefjuegt 1‘3%9?& ng

strap- &%&mﬁuﬁg“gm%rshlﬁi e &&p Eﬁﬁlg&lcﬂgl&dlnﬂlé@plaﬁﬁﬂla ioaekednndl pdstiench @ndiedd nes,
with the b f|n| str ures nf i dlng
al ong Y& tgglheﬂg |enfé/%’ P"ﬁrholsﬁrag m | K Srrercr% g'ﬁe(galdd %ﬁ%‘%ﬁpo p(?ﬂfg&]ﬁ‘) ie%h% sheet
of nat eitheaheet df@iategal blore thetienhignef | rst sheet bend Ilnes to a second sheet of

mat er i @Jsz [ ngﬁgtﬂer bs é’c@ra hé\ﬂ)@/tbbﬁl{ m@@d@@% shedi oSXASKE ITed tﬁlst sheeRBMOIIK i 1s itdtdides a
S|ngle sheet of F

erial forne ndi ng . al.on ur al.i
1 has Tortasiss e b SR OL PR et B R R PP S B i S
st r ap- pleitibietl pRxishie dh of tesbepdidied, wolntelbepdioxitiaptidinmg gtuctofes Qm@ubémrﬁuwes and
t he bendi. r ni K ng.
e Dol 103, RCATLLIN UM Vo8 2N QULRO, d BhRIMS SR NS
of str ‘tsb‘?ehl?en%r?ﬁ)é?rassecofl@)%%anﬂ‘Fé‘ reC| si on-fol ded, high strength,
f at i gugesd €S inSePunbthd biptid tatl ERSkeRADRBR @K ufch&d’s@fsﬁgle Obet pheatdpinefsrend for teudimg i on
has ot er f ages. whi are set
forth flﬂng r?ﬁ)fuéeﬁl ecg g n??mesa'?lhap tog materlal 1s(formvﬁ thap?mﬁl%po\%hglﬁlhg Eat{l‘ gg%fﬁ{: gr por at e d
i N andstfugns gosifenct pokimaty pash gqal@dqemd 1@9@5 w@rﬁhe barﬁidlglsfrﬁé dpistinesiioRers BeceaiiEEe
Descri Qtplr&aece%@ndtng ERLINME BL ERE of hlrGa1dng BR bRRANInGREME it O SieRbitiofsihdi@al
principles of the present invention. BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0055] ™PPRES- 1 js a fragnmentary, top plan view of a sheet of material having
slits apnd grboresiohdsldsschighkedneth fatigne-resistant structures and sheet therefor of the present

invention has other features and advantages which will be apparent from or are set forth in more detail in the

accompanying drawings, which are incorporated in and form a part of this specification, and the following
Detailed Description of the Invention, which together serve to explain the principles of the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

oss]  FIG. 1 is a fragmentary, top plan view of a sheet of material having slits and grooves formed therein in
accordance with one prior art technique.

jossj  FIG. 1A is an enlarged, fragmentary view, in cross section, taken substantially along the plane of line

1A-1A in FIG. 1, of the sheet of FIG. 1 when in a bent condition.
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accordance with one prior art technique. [00561 FIG 1A is an enl arged,
fragnmentary view, in cross section, taken substantially along the plane of
|'i ne 1A- IW0i2006Al0gds91, of the sheet of FIG 1 when in a lpemtus2006/009729
condition.[0057] FIG IBis an enlarged, fragnentary view, in cross
section, taken substantially along the plane of line IB-IB of FIG 1, of

t he sheet of, -F 1 en.in a bent condition. [00581 FI 21s a_.

f r agmenit ar yl],;IGt LB[C)%S Bt AR SRR e BEOSTCHigY éﬁﬂ(gwbsr?a%lﬁ ong they p%l"%l‘l"fihfl? of
slits PoihefdI§ Heofdieshagsdf Hif. Awheal it @benedondionconf i gur ati on known in the prior

art. [Q9p9)rllGsa rhefita@ oS FlhAk a SHe r v'- utzhi i-s i .of the
e A

sheet of Flg 2.be(g&"gbé. a?'r(l)

cr oss- EBEFT BRAFUYG FENBTHIB APoSBHLESmPT 4l |y al ong the plane of line 2B-2B in
FI G 29 [ 00613A &hiGnlaeeil Sagmehtirg gitieaidvatiof vietv 0 pthpshast o162 1ahd 18 abduest Of
materi gh.gl it in accordance wth one enbodi ment of the present invention.
[0062] FIGS. 4A-4D are fragnmentary, top plan views of a sheet of materi al
whi ch g5 b’éIQnZleFﬁfm%iéeca?ra?\ﬁav teksn puheansipfysipng hia plarsfof ine@B-28 inHE- Whi ch is in

t he pr@aessFIiaf3 iaei&m@lebcgm top FleAiesy cfflafaﬁeepifaﬁeriail Rt il dzordhdbe tnth ane%})&hﬂﬁkrne&s bend
in Fl ! FI GS. 5A-5A are fragnentary, cross-sectional views,
taken%ﬁgfrghg?ng %’y al ong the planes of lines 5A- 5A, in FIGS. 4A-4D during
bendi ngsof FIRE 4dddare bfzmegitrgripalan vie@OE4 shepy oafbmatgrial whigh happeepblimecariliegtoof a

sheet o qnﬁﬁﬁfﬂi&ér@t af FI68] 3 dnd WhicB ﬁﬂﬁ%@s@ oWetnb béht §(§§9ﬂg pﬁﬁmml@{o a0 dégha@s
present invention. [0065] FIG 7 is a top plan view of the sheet of FIG 6

af ter Deil ngﬁgent by about 90 degrees. [0066] FIG 8 is an end view o f the
sheet ©f1 nelfleP.5al-5A0dre Rig@entaty, cropsDe@ighal Fib G, taBeA sitstagtialleaidng tig @lnes efitheselAgvat i on

Vi eW, 3 inHiQS IASSul it bendg of BEsiENGBLafy ML erial of FIG 7 taken
substanti a#rﬁl ong the plane of 8A-8A Iin FIG 7 and rotated by about 45

degr ed¥%% r 152 tog plan yigp gfceyshaef e maigrinl slit inpqeogdanes iifh @ secpnd gmbadisveataf 88 vi ew, in
cr oss meottingetiorof t he sheet of material of FIG 7 taken substantially al ong

the pl[&%g OEIGBﬁ_S §%p%}ﬂnﬁ£‘v@0ft€e sﬂéggof%%.%‘tagegbebn‘%?e% 9%%% ddgem%r ees fromFl G 8.
9 p plan v of “a shee

[0069] FIG IS afragnentary top I of material slit
accor di"ffy tiJCa8 if e wh ziew af thetherhefimpisrid @b rent of the present inventi on.

[[30050] wof7rl G FIG(BA iS argen&ggd@ e RVaioh GBw,\h QWs %ﬁ:ﬁ%@:ﬁ“ R h&@%of ehtedfcll GRIQ 7adiber

endi Qut e S.. 7 Fl is afra tary

Cross L gbesgl t leagﬁg{fmgfvt?eep\?\?nf %%gﬁ\s‘ﬁ B{s??gﬁ’f]agrgf‘tfd;%ya?%%lﬁ@g cfeﬁréesﬁ'io %ﬁgf line 10A-10A in
FI G 19 [ GOGHB iFnGnlarged, prgl elpviftiomyjems it @osy sectionpof e alrpetvoif avverial of FIG Ghederat i C

I epr es@itaalalp No@fthebidobl b gnesB iRbices RAtbHe IRl s’ L @bm@isheet of material
havi ng st raFF_Bgf’%!THI n% tst rucf ures constructed in accordance with the present

i nvent'{*8h. ary foR PIRR VigW phashevht raietial sl gocpding ta A fuherationgatise i ¢t of t he
conf i gunbedimanofkequasent ivdati€e. 11 whi ch has been formed using a rapid piercing
laser Gt timg. 170%%%%'& {987 ‘chegﬁe@of%%. b§fte?befﬁ1%i]ﬁ‘§l§§?a@tu%é’de Lgp plan view of

I bef into a &

one sheet of materia ore bendi ng and assen urved box beam
[ 0075|°H) G FI930pds afragmepiarpqresy sactionpl Weivddhenfubgangallyplong tholans eflive &Mt iact ed
from tBM. 1Isheets of material each being slit as shown in FIG 12.

o721 FIG. 11 is a fragmentary, top plan view of a schematic representation of a further alternative
embodiment of a sheet of material having strap-defining structures constructed in accordance with the present
invention.

wor3)  FIG. 11A is a fragmentary top plan view of a slit of the configuration shown in FIG. 11 which has been
formed using a rapid piercing laser cutting technique.

o74)  FIG. 12 is a fragmentary, top plan view of one sheet of material before bending and assembly into a

curved box beam.

[0075] FIG. 13 is a side elevation view of a curved box beam constructed from two sheets of material each
being slit as shown in FIG. 12.
0076)  FIG. 14 is an end elevation view of the beam of FIG. 13.

{0077} FIG. 15 is a top plan view of a sheet of material formed with strap-defining structures and configured

for enclosing a cylindrical member.



[0076] FIG 14 is an end elevation view of the beamof FIG 13. [0077) FIG
15 is atop plan view of a sheet of material fornmed with strap-defining

st ruct ur ewoaoek/e0sbi gured for enclosing a cylindrical meobars20000981 FI G 16
is a top perspective view of the sheet of material of FIG 15 as bent al ong
bend Iines and nounted to enclose a cylindrical nenber. [0079] FI G 17 is a

top perspecti ve, | oded vi.ew of rru for ing a
sheet ®F mel'Sr 16di? tf”@?%‘éf“?’%"”é"c"(fﬁ?&‘&ﬁt f&ﬁ%qg? %tﬁ%gn%lhven °f ad‘n [ 0080]
FI G 1@ounsd & chade peispiodinember. expl oded view of an alternative enbodi nent of
a shee 079Pf FBL £l éatlop 5696&)5@% E)?lo@éﬁ%mgﬁﬁmyt&igss&ﬁﬁy RERAGhe d sHiEHnaRAal [ 0081]
FIG 19 is ato l'an view of the slit sheet used to construct an

al t er nigteg & 28 {’:ﬁel’f‘%thfheﬁ‘fesea“ﬁ"(??tfoﬂgat ed deck prior to bending or folding.

[ 008200k} G. FI2018iiSa tﬁp bedpediier, Spradd viess of hﬂlﬂexﬁitlvaertﬁmﬂﬂm&ga}f edhees hibeterialfordet k
CO”S”“C&%%an‘éeS%m d resmﬁmgm@heet material of FIG 19. (00831 FIG 2 1 is an
enl argea P perspective view substantially bounded b y line 21-21
in Fl GresipQ, Flpot?sm) tonrplea wmqtith%htah?e@mdd? gpagructiap alfprratitegrbodinegipt 5F‘§ﬂ‘g‘iﬁdew
SUbSta&tﬂtlﬁloH{)bQﬂu@dﬂdldw i ne 21A—21A in FIG 19. [0085] FIG 2 2is a

schemati c, d, el evation view d a en .9 ng a
corru g[&of é d g[ e%() 18 %ﬁowﬁrsg?chf/e VI?VY’Iata cc()ﬁug%?dé%e[ %éeclk CCC)IHS% dusm Qf'lse cf[lttsﬁeegrg%tyral
cyl i ndefifg@ll9form [00861 FIG 2 3 is an enl arged, fragnent ary, side

el evat j@n VFI%V\Q Qs fa eﬂlal%tﬁa ﬁggngﬁtaﬁ%&ﬁife&t@é v1§x1/ b%st&dﬂal@%&fdmﬁe y.) S FIUEZOP resent

i nvention and havi ng tongue or ace

bendi nf [06[§7711All‘f*t§e 1§2€1 lﬁggn}fnt?ré’d ’H‘V‘e rfﬂbsgf‘téa%}é?%%ﬁg?' E’%ﬁ%‘g 95 q:g%eet of
FIG 2B.during bendi ng. [0088] FIG 24 is a fragnmentary, end eI evation view
of a sheet Bl; AL SLL u§ ﬁdtelefa;no@oie@@éacgﬁ&%n@am&@oer &n;ulaaeaqlsa Echligdie sheet
and shown duri n en |1 frent ar% angle. [0089 Cf 25 1s a

si de e?héﬁkfé}f“i“ﬁﬁ" eﬁ%ﬁétl é“dr?@pﬁcégdéﬁ’tké‘t‘?%ﬂl“éﬂm foe -to r eel sheet slitting

| i ne apkangEd. 23s aﬁeﬁmfgelﬁnﬁgenemﬁym& lBlevafis12B&INIS a istivwiei nkterl sift BABDdarel Gith 26 1S a
top pe{h rgs%rgtllr}(/g t\(l)lll gnWhaVI %t(():nOI l egalla.%lh e1aec%d tgfensurrlatp%rilctgllle Vgﬂ!hg has been slit, for
exanpl e, e ap argatu el rocess of being
roll edtocmut alﬁdmenm rerlmdae@ clertienviely pfgrshshdFIG 23 feing beding.0091] FI GS.

27TA- 27 fgel eFIUOﬂ 19@5%1%&&& \eBd Mdvaius vREy ofla $hBR 6 mARdrial Bl 2854 Blique @pgls epigd i n
accordance wth 6\8 |nvent|onas t is being bent into a
fine pogs

Ccross- @é&‘ﬁ“’%%‘%@&t § ORCEPITSYRY 3BE- are top perspective views of a
sheet pks NaFSr 25k 2 SGrevation sedmitin rpeswtatare ereglto-Feek shest fittimg Biptarringwddint | on as

it is gbgérgggcmigqhep%&tﬁv&g&sm s for support of conponents such as
el ectrical ng)onent s. (00931 FIG_29 is perspective, schematic

r epr es&H at FI@ G 2 B eer@ﬁ%ﬂwﬁ*é?ﬁa ogjfed éﬁﬂ%ﬁﬁﬁtﬂf)\g‘a‘fhﬂ%‘re&n i O PBRPIFGF RS

bendi nge aparbted AFIEY 2Dindtidie ths biotesssdib@ig roffed blt@ndieais@nt thieadabii@nlstrfc@941 FI G
30 is op r A . £5 tQe o | ment of
sheer Dbl RGSorRrap oy RSN eGs bERASRR LAk Ol AL PR T 51
is a fpwtmvargwawwam elagwosb‘ﬂaqeﬁ@’qbﬁ%%r active design, fabrication and

assenbloyy, pr peRsBaSsE e téplpblpesiie efewd"ﬂffa SHebiadl m@c&[hdctdﬂgru&fsd ih B@orﬁir@&ﬁfhtthe
i nventi on. ectlve vi e a sheet of

1t o § BPSESHETPO S Db R A Tae e PR PGB FsGeReT SPaBnRy | <
bei n g bemt Fliat 2P iaa ®©p pospedilve, Sdherdadie representation of one embodiment of equipment suitable for

low-force bending or folding of the slit sheet of the present invention.

posa]  FIG. 30 is a top perspective, schematic representation of another embodiment of sheet bending or
folding process of the present invention.

oss]  FIG. 31 is a flow diagram of one aspect of the interactive design, fabrication and assembly processes
for slit sheet material bending of the present invention.

{0096] FIGS. 32A-32E are top perspective views of a sheet of material constructed in accordance with the
present invention as it is being bent into a stud wall/ladder.

os7]  FIG. 33 is a top perspective view of a curved corrugated deck or panel constructed in accordance with
the present invention.

[0098] FIG. 34A-34E are top perspective views of a sheet of material including swing-out bracing and shown

as it is being bent into a swing-out braced box-beam.
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(00971 FIG 33 is a top perspective view of a curved corrugated deck or
panel constructed in accordance with the present invention. [00981 FI G
34A- 34E awe 2epiopmpspecti ve views of a sheet o f nmateri acTiusedos@darge

SwW ng-out bracing and shown as it is being bent into a sw ng-out braced
box-beam [0099] FIG 35 is a top plan view of a sheet of material slit in
cccoriaiee MR NGRS L. VPR AP LB IS SIS B ¢ o
35 as ibsutingjapingle dit erfioflimenthousi ng. [00| oii FI G 37 is a fragrrent ary top plan

Vi 6¥V q«foxo@-t ShgEls 15041801{]%55 c%\?gtemg)\é%l@gteglofflgr 35’119b4?@1’ﬂgt |rdll@ﬁ10ﬁ&(gm Pat | OR 5![ It .
configurati is a erspective yiew of a sheet o
mat er i ‘§i°! Erotgt?dlcatf?ém? DHERBPHATEY a\?\ﬁ‘eftt‘l’?g‘ﬁtg‘ %Eag‘é’%ﬂ‘ffer?rﬁ FRLPORTIBIGYE bei ng
bent |qotxﬁzuau@lsta55| s. [00103] FIG 38B is a schematic, top perspective view
of a j&ﬁﬁt ﬁ& ﬁﬁtl@drtb@ﬂersge%t&eane@ o@a sh%éAf Iﬂitérﬁfcops@u&& @&@&dénggvgth%equﬁl S.

[00104] FIG 38C is a top perspective view of several sheets of material as
in Fl @‘VGB‘QAbePIFE?mgd)éWh‘ﬁO%@ﬁiml nto a transitionary formof a chassis and

st ackg@os [ 0OGOBB idal sChemARAop Berspedtiopvian @wsiabt of Wwetertanged HGOFS Anafttrebeingbent

const r.Ly gtaglgsstn accordance wth the present invention before being forned
and jorned into a curved beam [00106] FIG 39B is a top perspective view
of a oty e dFIE AR oRRSHBTCH R R @ borerel cheals albmrésiales tF1IE HEA pite Burgtbentinjent i on

from arash@ﬂtryﬁnﬂbﬂ@hasglpanhb@tke@hom in FIG 39A. [00107] FIG 39Cis a top
perspect | ve, %}&’mat%p c%rs?ed hoI | ow. urved eam const r.u ted |n accor dance

with t(ﬁ)mS] éheet materl%%onftgtctgl e (fcgrr an[ce Wiﬂ}’lt peres \X/%n LBl G
39A. [®®lﬂ8]ngﬁ>rr@dammn¢41apecwdbﬁectl ve views of a sheet of materi al

const rugl edFIG%BQsCaQBmBEé%nW vie of DEurRE SHERE condthEEH ih RoBREOKiG R Meksid Phases
of bein into ructure. [00109] FIG 4 1is a

per spe‘B‘?P\P& f’i?tné\ﬁ‘ef)tfs‘ laEtBFIﬁ'esso“ﬁb‘PF{Cbﬁ %f a skeletal structure according to
t he pri@sentFIGB9Ea tarpelspdctiveerieardia tlpsed) hei®esuetd Heah ngstfuctedid decofdaot wid] thd=1 G

42A rétex@ﬁltatt&&t&ra«@otlﬂeetfvsmar@otgcgt; msme%é g as shown in FIG 41. [ooiii]
FI G view of an e ot as shown in FIG 42A [00H2t] FI G

42C i 88 si ie- PPdlrrppersapeiiyg e 9ht se%éﬁﬁdtféﬁﬂﬁ%ﬁtswedmceebecewbthe PREO113] FIG
43A | sin@nfidaefvic @l iDphases seRf fobfed Htaakdladl siomst r uct ed in accordance with the

pr esent |nv1§i§t on bef Qre bei for med zts%elgtﬁl I ed ex nl§oethet al _structure.

00 1S 2 pers ec 1Ve VIEW Of & cormer ortlono accor résent
[ 00H4]F! 1S A Per spec |ve View o i a ©'as shown in

FI G mneqﬂtbefprebfeilh@ateepﬁbemgf%@) a curved exoskel et aI structure | oons]
FI G 4o i SFi8. m@sa\/ﬁeeytc@tevewrmtdnenp&ttones sbeeh raf amaterial simlar to that

shown in ef ore hei curved exoskel etal structure.
[00H6][°°ﬁ1’GP(?§44%§§” ldﬁe’l""gﬁg e?%é "?sg&?wé‘f‘yéﬁo‘?ﬁ‘er sheet of material forned

i nt o acotthr G2 rside Mm@t ofdnralighatreanbpdiment efon ddpacslet Wi t h t he present

i nvent,qn. QETAA@ORE@%%E’Jéeg}tn%naTttﬁsduWEMtc%ar{cQQW&w RetRLFLMe, Wi | | now

b e made in detail to the preferred enbodi nents of the invention, exanples
of whi Refprehems formeddste %tf“é‘ﬁdF’??SItet‘?@ISgEﬁ‘&ﬁpanyl ng drawi ngs. \Wile the invention
W || boody deRIGr43Bech deRpeciajvidROF 4 dibet Wi rhdferial as shown in FIG. 43A after being formed into a

curved exoskeletal structure.

oo11s]  FIG. 43C is a top view of a portion of a sheet of material similar to that shown in FIG. 43 A before
being formed into a curved exoskeletal structure.

ootts]  FIG. 44 is a perspective view of another sheet of material formed into a three dimensional structure in
accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

po117;  Reference will now be made in detail to the preferred embodiments of the invention, examples of
which are illustrated in the accompanying drawings. While the invention will be described in conjunction with
the preferred embodiments, it will be understood that they are not intended to limit the invention to those
embodiments. On the contrary, the invention is intended to cover alternatives, modifications and equivalents,
which may be included within the spirit and scope of the invention as defined by the appended claims.

too118;  The present method and apparatus for precision bending of sheet material is based upon the slitting

geometries disclosed in prior applications, U.S. Patent Application No. 09/640,267, filed August 17, 2000, and
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the preferred enbodinents, it will b e understood that they are not
intended to limt the invention to those enbodi nents. On the contrary, the
i nvent i orwd0éentogosded t o cover alternatives, nodificati egs/mwpeeporeyal ents,
whi ch may be included within the spirit and scope of the invention as
defined by the appended clainms. |loons] The present nethod and apparatus for

preci si i i h geonetries
di scl oélgt?rdl n prior ap%%?sgay:g%ﬁgh&%b@&%ﬁ? ?Wa o%hllt\ll]ogﬁg%gl 640, 267,
filed TIERIFOR]apd UBORAgent Anvdestion NHd. 2308 TG Smmlbﬂeézﬂgq)?@nﬁ BRI METHRSID A SHEET
OF VAT MOM%MM@FSHEMMER%@ YrBsubiatseiND Appicaaionon No.

10/ 256, 87 filed Se ?éer 2% 002 ag entitled METHOD FOR PRECI SI ON
BENDI NGUFS o TRe8: Oy ST eRIReF 1K FABRI CATI ON PROCESS, whi ch
ar e i neos podwteatiodireenesfithelpyecisied @il &i3t grength bdnding preassiandspyaratiis@bihe Hese@ne

enbodi fRMionQhn deliescRE 6 r%fegﬂce@me@sgﬁ 12 FIGE D 9Ll BERAL A0 R 9GRS smﬁmmampar ﬁt us

of the present invention can described by reference to

FI G 3f&endipg ferdplinngriicpss, “AthEE C?Sg Slﬁw%%fa“weilwafad B tlPrgiaibesd ha? 450§HH |4r>rg

st r ap-ttaéfbia] anorpittidiatiydxe@sding and mhh@,toea@@a@h telafion gesnte déefint yendies wepa ait seaps4 3,

a' ong g &N dJalrJ‘oersﬁ?m %}1*1&53 Hids 43t S)I;o% 424 %gh BLE i@ 's&&é%egé‘éeka& i@xhLendi ng_and
in end-to-en ced Fel ation so as 1o de B S or straps 4 7

bet vveef}?mﬁla(lola%“néﬁf 49540jag ig eyt a regpcimnn thBStfe@ICPl%CSn“H@nafr ‘@n‘i}’f‘&)‘%bﬂ@d Wil ke stress

reduci Lﬂlﬁﬁr&&d’dl-ffbtnlﬂﬁe&ﬁscﬁﬁtloﬁﬂa&ﬂ whexaohat stfbasrteduymg)mamesg@cm& em&@e(ﬁ@erhxcgs e hect a

Lﬁgg:’:tllfl g dlalfrg In%tngtuxrs;letdrfg E%gz(r:ﬁ H-An[)%lgﬁits cr;lf tfl n relgl%{c]nq lb gxfl%sgftem {>t7the Spresent dwtlanuct))ng e

st ructeres, Fgﬂ@hmwlr@nﬂoéslw e H§s3 AQNqVPr, dﬁtl@ngsuduaﬂxeem‘dmg ithstweed f or

real i zgt gn@shdpis 1ekefBly blecagsfv&rg g@rggpédfa&aﬁpf @%@n@a 4@61}%5 AGitSHSH 8 Qﬂé?% fsg&mﬁf esent
di nen of | S shown i n owever ,

i nventi gn. 120

each |G 11"‘[56?1 4‘ ﬁ&?"é@ﬁﬁf‘%t %?T?‘tsﬁéf%eséﬁf’htC & BISIUPPg RSPS9 B%er al 1y or

t ransvmefm%lyecstdetam@d oprebi@bidesef, pl shiesmtidlly pedicibd, berfing45. dogditdinal gisch as slit

438, SehQiTR b Gt hoabine Al QR Rablihe G LERGLAT. S i SEQURALS 5 1
and 52 Ich are positioned proximte to, épre ferably equidi stant on

oppos i fran wilqgged opsping A3dp @isfpsd cnsripsdop 9lowa4t‘fr@|nn%d PAEHch opg tofgth of the

Longi t énthirgdd bpefihgstanS @GR oth 1bngludaially &zndingslif d4phda s 1,60 aaah®elsdyliysegnent

transv%rsely extending slit segnment 53 so that slit 43a extends from

enl arged openi ng 49a to enl arged opening 49b al ong an interconnected path

whi ch opensThedulstimiandidvinigesohfudly gropedolie prnrkeps beamderitoed PygEesengsde RGS. 4A-4D,

| ongl td4d Itm&rlreypogaqﬁgemds na-s8lth SA-S@ gmeﬂair@he%lndué%r @mﬁhg bf @B&V&Tnﬁfénﬁhll Lsugegment

nction and adv e its best b e
et SUOGHIIC Aot LPEHHET e AT ST L REs T B soarty F s oA 5
t o 5A-BEre iwhdff@ence telveedAidngd &k infliok diFHY Sefkewaliioetecctoh ofenered aktedlis such as
shown §h9wE Iwgile 1§ Fi§ 4A Itﬂe YRty sﬁ(gv@lqavlat)ut \«{1@" 1469 Us W%I@Qa%?oduéeﬁ b}z A s‘ﬁttméﬁufe%hﬁﬁgh 4 1is

essenti al | fys It as shown in . There is a difference between FIGS. 3
and 4AThestieghdiring pengipgshowevey, lk@feﬁmw&i@ﬁ%x’f theleerf vadih is pmallesmonigh that g reatqrial onj s
shown, thWS’ppb:&te bifles bof the slidifketeh@ gsdutitig HeBdisp) O sathetrdTatiice Rmraksarill be caplog@ithd b e

produc sl i r punch. The effect during bending, however,
IS ess@% fcaswe;e nlgn}ée Ptl?hﬁ kerf width is small enough that the mat erlal

on th etomgipoﬁn{seh@t ﬂe%shewn in p fatgpridition prfare kandingjio FHU A4 nEenpigid bty xterding siame

r ef er eRg@edbTeAE SrcWhdvn iFIE. mhm&résaseao%f% SLseSTagbSRpRyed in
FIG 3. 0012(2)5!‘:| Thug gﬂheet %lﬂl S. ?cg\ﬁ/n in a flat condition before bending
in FI GR TPTRYT bR shertgreake ‘éﬁ‘ﬂ% T'f't segnents 5 1 and 52 are shown in
FI G 4ivzandin HiG t4Betheshos bas b bendsighthfaldal BB LisAS5Qich Phrebegbs sebn BAEIDPAL he

var i 0U§C CAQaSbe3h il B108. sQfand B1E sBh9Gha &v@ép@&dﬁpﬁm B tJﬁ'e@es é}ﬁthe[p%&%’f] I'n

FIG 4B, the sheet has been bent slightly al ong nd 45, which can
best bhesheetaich priqadsgyond pend Ky 45 As ’i?&ﬁedoté mslé%r?a‘iefﬁ NP1 6@%1 2@5% 1a?ﬁ6|U§BPate§f its 51
and S52AfavgiodNenedsa 0 along” it for the pkesiyemisang with atcpafitoliiahntoh wihe sheet
\ghhgg %ge cgrﬁsshatfl%é reLf”é(l? % “ligl ?ﬁ T/llle ?)wer or bcl;tt%}cnes{dg eec%eStS(?a éng 5%’ o%lips%%thgv@ tmoblc%'

’ ’ up slightly along supporting faces 51b and 52b of the sheet on the opposite sides of the slit opposite to lips 55.

This displacement of lip edges 51a and 52a may be better seen in connection with the sheet when it is bent to a

greater degree, for example, when bent to the position shown in FIG. 4C.
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Application No. 10/256,870 as a "tab" 55, but for the sake of consistency
with |ater enbodinents in this application shall b e referred to as "lip"
55. The |Iwoenoen2d3ottom si de edges 5la and 52a of |ips PcH/usass/onarged up
slightly along supporting faces 51b and 52b of the sheet on the opposite
sides of the slit opposite to lips 55. This displacenent of lip edges 5la
and 52a may I, Seen in nn ion Wt sheet nit is bent to
" or et HagIE Al bS5 eies SR R B O PE TBRSHOR TR G

4C. [ 00522 4] shéend IRInGppodi@ sides ofibdnk li 4. Serthahiatlidad gescGtavearndss2te anddk anbved
upwar diy opg&‘.mé HL%ESH&Q s §1@9§§52§ of tpe sﬂ%ﬂ%mﬁﬁg @lﬁ?s%thng co%tag)c@vﬂ@mgéﬁﬁr% 281 des of

bend line 4 here is slidi contact bet ween edges 5l1la and 52a and
t he oplﬁ‘ii‘g‘i"ﬁ@'h‘ékfﬁff)ﬁi“ldisﬁ@t op gRReEte §ies 05??8“%%“18?3 Prifdongjtydina I"ﬁeﬁ@enﬁé h@ﬂ‘dr?@;. Thi s
slidi rngefaﬂxfetiao:tluany kﬂaceb@osﬁmmﬂnropmteamedcmaatinlﬁms aslhoe irelTe. @qwihﬁihgo*.oamét on

opposi aﬁs% c?n FRink d%gyﬁl{;r?cl ?t%% dfllemOeg or seéar{tsf prlop g{eﬁ L’legtlng QIIL or%:) S egnents 5 1

and 52are forned t@gce positi'ons on o te S|§es of bend

| i ne 491t asThs Frswrefitis srrll(@re aﬂeat 1 % $79 aerhbading %ﬂcglelsé&nﬁba@i Faceh ireegted by a
| ubri caaaiuamistab@és Asthasd dhe@pdalﬁe sfeadfRAdSinD A 3. Allip &d@e $1R@hd suspRithng PG 1P, 20kelDRNdi Ng.
[00|2 h esu f IS structure s that t e are bendi ng
f ul cri1 eg%e% a"é Sll‘plgor?rrlﬁlft ﬁ§b PiSdHe behd Cg%?ﬁdmé Wﬁ%{lﬁé?ust alﬁt‘é%}é@ rr%tﬁ#%gsnd on
opposHwewgﬂuﬁgmdﬁmﬂb@hdﬂNMHwumEmedpbedgeﬁﬁmadawmbgﬂpmﬁﬁt|ng face 51b, as

wel | aﬁmk,l pn@qhg«s ré@%f@@@id MPRQE IsisRenfipae. 204 RfQRNES ReNdidgs Rf sdeqndi ng
web 47 out crumthat |lies between the actual fulcru and

I
wil | ’ﬁ%f&’iv 9?"'152 P 3y E"‘%‘ﬁ@? PTIPEE UL U8 BEFUBISHHE A PO FT 287 Fhe fi nal
resul t in girualy Qﬁbrlet@gd eletidneq) shippgtigtfann2t (RIG-FAQ. Siblady) ddge 6taraes paomndismfrcciloss

secti Ofd% e§g% égnd f@s chzch: 5 ﬁ) ift anso%grﬂlppeﬁ I@(ﬁﬁ%ﬂo@@% 5§? %em v@gtﬁ Qe Ise@f? tOQI[c:lV surface

52¢c now are |nteren ag ed or rest on, and are Supported in partla Yy
over | a‘iﬁb‘é&iasP‘é‘l%‘i’eif%‘ﬁedt% exteadRd FIORE FHEPF sEiacems the el 12 s gjasticglfomgiessss 2ldgge 51a

and bObWﬁ@M&ﬂﬂﬁ&Gﬁmﬁﬁ@aﬂﬁﬂhﬁﬂ@ﬁ@MﬁmeﬂjreStS on face 5 Ib in an overlapped

Condl t I (frzl th%:'“ber% g}namcé r}(likp gDWEebl FS’ eportlons o he &%et n%{n%é pgmgr% ng wqgmei axt%}d%s'[ ically

“or exten ong ‘an’ up surtace of asﬁlcally
Corrpr e@%@aterallnewgenéhel sbRREi sl%rernaweesmfmn Bfopenkis fapgs 514 gndpgly t Thig eﬂ&iﬁst@wfaa@ ed in FIG

5% E 0&&«%2{11?& Jhdfslkb@?rb&ﬂhg aggmla w_hiaﬁl al@fnated a%ng MIverddhie dnite tcmirgiltuh@a sh\k.ﬁh i t?ﬁ

shee nane ortl] ons .C qQqver nter | ne en e
Sheet” R preuch OB in e BEhEar 6 e bt T sty Bt T

edge- tmsiftaceo gngdgenvetrike tamihr Supip ontualhpeipagictlediteetioe; Tivsiaddad & FBY. A4t wd al ong

the bepdud.baQ b!:t@eetnm@ndﬁlg wsgv B@M %ﬂa%fs@w@eag@ ﬂﬂﬁd ﬂﬁt@%’ktﬁ'ﬂce PE %%ﬁﬁm?r eater
precision_in_bending or gi ves the bent or folded structure

gr eat 7987 Vi Siibe Pyl ls I(\Féﬁrmf) o %‘cbé §“Pa‘frtefi H?é‘)‘ﬁ‘é‘"ﬁ’dm%“r“g‘fgﬁlﬁi“ phiberffgeoar iy
per pendgifed b Broncipp@dig faeS1b bl diate bcmamzlg webs@Fl G 5A) will b e supported

bet 5 . f

SSc“ﬁﬁ“sﬁﬁ”ﬁk%‘?ﬁ%?%m fordp R <dgP o RAS TRl b BN R ema R 20

suppor%@twenstbegqnaﬂ i dheslif§n e et 1tlal eiﬁngﬁh@tawgéthsmrealmthsoﬁw b S‘S““:L%f on

ts u pﬁorthé g 1t wi0®e %nght@d @4 edtal ewéaemi dA 1488 BPmékd thad M&ﬁas el'guts S1alafd 52@}‘ erred
O her el -10 a nt, a emarl al on

L opor antufty RS tikyiih B%an GHRC IR Th St R o0 e Bid Pueng e i o

al ong lswstianefifat Fip anhEbelfithe shectlishag by lessfthan fi@ degtehathe Gpadgliofmes e slit. |t

will engag@rgegxlf el Bt ad atrﬁt@itlnnnkcflatﬁpﬁﬁ; thélstal't %é‘namg %Gttonﬁrthe o8 qu%gfm(herﬂ%.e than 90
es 5la_and 52a woul ft fi faces b and 52b and t he

degr ees,

under n@&stsnppgﬂ Pioae 8de it sliqpthy Q%ef\ﬁk?mbadesm&d 8 i) ﬁé&ett%&c%f“&aﬁf‘énePW%?“P@tﬂfg’és of
face Sk iard sfp@ificatibd antl Ihe clsifiB.eAs willibs ddseibed Ha;emlam Sn()ﬁ hlﬁd‘ﬂy Sreclbgdodt filne edge
still e at e af t he
start SPRSCLENFRERARIRIL St Lyl A6l BREu B TRE el MR BBt o 1 e
si de ofestepido &¢ sheeton t he ot her shall b e deened to b e "edge-to-face"
engagegmest wnﬂtb%m@qﬁips 8SweuS&thaldteddia sﬁd@@@hsfah@salft b@ust@ra@lfoﬁmorphﬁlme thés Wil |

b e described reinaf.ter ree S ort of
edges %% SNy n%ﬁmP%EggwEﬁgngﬁﬁmgxgﬂﬁg %@@ﬁﬂﬁ VW%FW%?ﬁﬂglﬁﬂg3§%%et at
angl esofdiivipekenbinentinof thadlitsA@ fohegt @d gositonddleasshipreduce an edge-to-face overlap which

provide s substantial additional strength to the bent structure over the strength of the structures of FIGS. 1, 1A

U“U

and 1B and 2A and 2B, which are based upon conventional slitting or grooving geometries. The bending straps

of the present invention, in effect, pre-load the bend so as to pull or clamp the sides of the slit into edge-to-face
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[ 00129] Wil e bending straps or webs 47 have residual stresses as a result
of plastic deformation, and while the slits cause a substantial portion of
t he bend wot2odeniobose directly coupl ed together in the sliptThas@dobendi ng
system of the present invention, the slits are fornmed and positioned so as
to produce an edge-to-face overlap which provide s substantial additional
strength to the b tructure ver t he gLien of _the structur S of FIGS.
1, | A GE¥PE a5 %Efngail& the atirg PP ARE PRRog RS e(§h eug%)%theg e So{élsg "V *Fting or
gr oovi engreglitdemethr Predoadiihef thyehaa hyghesqsxdaqzb gngdn in ﬂlle stppp elsetnds jorpyeent vibmtioni n

ef f ect perRbSml Q@-gigg Qﬁc}p@ﬁd l(ﬁigedqgalﬁspthpﬁdée whéth a&ZJ ﬁ%eé&ﬁ@heﬁ)ﬂgﬁ&e@ftﬁ dg slit into
edge-t o-f aceengagenent over substantially the entire en |n?t8§60cess and

at the"®hd YPrevie SIBw iy cdgss Bp mermeaeghtihAe Rros Her At aPtéa Rt of thyy [gpagh of e
Pr e- | odiki lngis of antl hewill@pidnisly ortilver pisticdilyalefotre baiogistiaps 47he isstercap falispritrertds t o
pf even hm‘ﬁ %dré%l@n 5&%@3@3% he éJamL &%%fem{ %Hd is Mgdgtelyqaﬁgged%gme Bk-id-he

face s as a her. sid Mor eover ,
si nce faﬁén@@aﬁtpé?déwldﬁf@?éﬁ%&éﬁuw P‘H’hf’cﬂ’i@enlt 5’(‘5‘3@0%%}” %a“g%Fﬁéﬁé’ﬁ‘?‘?%ss portion
of th ESeEt&ﬂQE@m&flné 4@ o84 twlissed ahd1aghsy shékseﬂ@ﬁiapl_zb ra8iiltslin AOprioE iirtkﬁ)hﬁghfatliﬁnﬂf e
pl astlgeiIA me‘?”ldé ng Ftraps 47, as is the case for the prior art
slitting tonafnl ura OGP Gs. 2, 2A 2B. Loadi ng of the present bend is
i mredi et yleplpmlm@tIeIWytnEéatee?élgetenpeﬁ @e@ggew@ageaﬁﬁﬁprembm@@é twef?rhe
slitti RetisabiinGl 8dvaaged) GFer)crtﬁeSIQt&tal ﬂoﬂﬂ&ﬂff{h@r@mglfuaﬁnh@rext&{aﬁ@ slivRdgBleds 41 ad t he

crosssecti onal nectin area tressed strap, as
outt & Sainr [PEgn e S Ty an it SRl bbb s bR RSP DS
al .  apflcrureds b omseqhapondf t\irmtuelrfhammmﬂlsfenﬁbm,yanﬁgl dpatsée sdek yf, e bpp - Bris

st aggeﬁl@éiisw%lblaﬁdﬁlg QJduJeb@r emamtcuhma@moleaﬂ@e em%ﬁ(feqm%osﬁogwh Be Ty iy ant i al
advant ages. First, position of the |ongitudinally extending

slit sé"d‘?‘r‘éﬁ?gy@uﬁlnﬁﬁl?dlcg‘zhlﬁtbﬂﬁdrbve‘éb%@&q g e’i ocated on each side of bend
i ne 4basaywi tthlsd dheuld &ioted, thahgtss biales bendlywedd by dgleting «ifro udge af assheet okah f ul crum

gisdgscg,{as%&ﬁ#ﬁd‘ Eleoﬂ'%I AR s)a?iI%LH glaléefrs g%:n?% %g}é ééjt'rl}ﬂh@é?fed Cgegtme s?ﬁlﬁcﬁf‘us 905| te

O m na
accunupas ek &ewmeeew@y ¢t rades & Y @atgqeﬁs)tof 6 sheet coErshaErer tsarebe\f@ﬁrovplrw@c is eI y

cont r olehdie udidp the ﬁéd&rft klft‘@g @edse eadattivlly, s rédtlivesntanggt 1as @Bﬁnﬁﬂmﬁmbdee r.

I[ 28;5?%911%1% %ngs she%fqoadmg an% loz1fq‘| gbn§tn91%tall3gp)?es Sdlcl?l ara lgcgs &cause% %‘Ia?pe? sy and

ran atur e(s).
Thi s nﬁtkeea;rommﬂrynlg: Ixaﬂtsenaﬂlt enfjbueatipes stiipert thi ehett awg@uﬂéeﬂd&lr e(s) difficult using

a presgouhr akgean B@QQH 1.8 erﬂﬁﬁﬁﬁeﬁt@f the Q&seﬁkm&;%n L@ sHRWY infre@$. uIse (pfotucef pr&clﬂsﬁ)ns heet

edge, howeve e acconpl.i shed readi usi ng, t resent_slit

proc esgendl%‘bflsﬁpﬁ)% SR arg spstapiady pepepge “gaéf‘i’t fl‘%bﬁ %{?QE‘IJ‘E?‘F%{WF P qlﬂ?nqtu?\gpr oved
st r engtthpggaiues slgxsﬂimra mlaktmamngagonaahdg thoaudliidvgr b enfycemiitha attabyes pelt peigdiicut ar
axes beaNSSontlife éﬁyﬁglheaoqB&Qnﬁ%%éoﬁmuipa%ﬁébeﬁa 190%9 Bi-;ﬁutwfe Shdpf €sent sl it

conflgur t1rons su eet agai nst suc oads. | ool As can b e
seen, %@“‘Bﬂ%ﬁﬁaﬁséﬂﬁ mgguet sifailaplo dhedprds plikedgipprdiculansgrans RS Int P‘E‘SS‘. FIgS.5¢

pr oduc &33P e ipSh b BRI Gk in® idicdB&kirfg of inbkth&BedabiRiofdhlpStid el Rk bithe other
perpendlg gl ar to gh bend line. Such an orientation of the bending straps
pr oduc B&ederdisrepsed Stf?fl%{gtl c elongation along the outside or top surface of
t he st pag@, dke preldrtaggomsh ghoivh inddGR. 26B rPeneSis comedting sigpd Tdgaraited todle bewd Hpot t om
surf aCquQisuﬁs*?:?slg?ﬁchx{?plaJ bﬁmgﬁg&ie BB%ftQJ‘snfaﬁleA[sﬁ 11§stp'1a¥t‘?‘c|%st%l§%léfkm9§5rpend' cul ar

straps I1n_a manner sim| ﬁﬁﬁ& bends of per pendi cul"ar straps. of

FI GS. teyifsantyghangss tfpwwstrscwr?)@e@gnafeﬁé ajopyl %@664 1“’611 opspyshibe jiapstdg atddlyi nt o

i nt er| ackdrRPmPthe bﬂiﬁoﬁfe@xﬂ@&»@ﬁdsﬂé& linitd interdsdagdd raMtioh oeiBe fedieofatfe stith eStiitilaer pl ane
for i ner.eas d..be 0134] The or art ap h shown in FlGS.
2-2B oftHTPEO RS e?(gfo 2 {gg%& thes ?pvgd%ﬁanﬁara élé‘flepfrge tﬁgp%e’ﬂ%idlftfrﬁ%be%e “results
i n si gslitf ileadi2 spthaistrdatr flanibdity indeside bOhatmbd doangdf cat berckitvedps. Al so this

PLast i G &fshin ] QUTBARiS) bl CaRL ot ARRRGER ol AEWIHE G AR bE bifilibd Of

t he materla aroun | ine. Moregver the straps do not fully tuck or

cl anp fREnsiRbEE F‘%Vént%%ieﬁ%gcrlb?d ip Hembpdiments; of thg Presspidpvaptipa dlaticap By itz thélf t he
| engt hsieét ittt by bt $r lesStitiah D0 depiedsh @hie lipiwhich extenabaetishBébend fineFlilGHide @tddud33 t he

strap \é\ﬂggge Qhe%&%si% fgce ‘é%ﬁdn% smgl?ge%d Qn%ﬁs |a1¥d s%h SBPI‘%)GO d%ngalgésr}le%p Wi ﬁ conﬁn}’é%? n

large, 90 degree plus, bend angles.
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slits 51 and 52 so that greater flexibility in design of the bend strength
can b e achieved. [00135] Wil e bending of sheet nmaterial by 90 degrees has
been il | uwsbnraseed2isy the drawing, it will b e understoodptchats2emesbored t he
advant ages described in all enbodi nents of the present invention also can b
e realized if the slit sheet is bent by nore or |ess than 90 degrees The

l'ip Wn'[oﬁ‘\lg e)ftthg{}Q& f@’lﬁld%§thé Qﬁ)op o 1t o} Iilgg 3‘@(3%&3 1ss ‘J)elstdsglteg ?gr%seavagl rgz{?gqggﬁ 11e

opposite face begi nning a
engage MSAImaipE Asdheatngal ba‘tomeﬁalragjér an@@“dle@ﬂ%esemnésmb@emt laprgﬂelessi [ 00i 36] It

has beem:nf O \fHe etnhﬁcﬁmexft\ Gf tﬁd"ﬂ?&grlt EmEHtIOIQJ}lOH 991636863 agtldg%orh%%tloﬁlﬁ ernﬁ%g) dor use
W th re {uvel yclduc

bec S harder and
| ess duc & orelamps the : eet % alr‘r‘ggf‘tefeggaéﬁﬂé‘flaé‘f’? %‘E&’Oth[ng}@i‘fﬁlf sfity af“ﬁage &SI ment
of the bfndes &irap plpshiy éqf@rmetwnghrtjhnev@alr‘srr@sln tig-s88s.aadoivrt this gmigdinfehigiso altowen i s
enpl oy ad sl l“@dm th H@%ﬁe&ﬁda?érﬁéﬂﬁ? otdk%og&r%%e ULREE1 iR land me 'tﬂa% R%&rﬁﬁi&%e

relatio nd al so reduces bendi strap plastic
def or mitP %ﬂ%ﬁﬁ&fﬁtﬁﬂ@ t*rei’gfrddﬂafm fsrssegcorlﬁnr%ﬂ erlraﬁeectmreawfthe gt ef

enbodi metatial el epposité didpwef thtendslineap wi dth to be varied independently of the

J 09 di 5hanc kRER v tsenAfd 1d & NG LGBl A dNELSARR | § POt

directions fromthe bend |line for SS concentrati o
connec {325 A PBPRECASY the thertes hending éffapfhfﬁf@ﬁ HFCHA. Mpsirolsformeation deegs of t he bend

| ine. bReWpitled A ;JQ@ Bﬁ“w'fbﬂ igaﬂ@pth%f%t} bkl §en@%ﬁ£ 2O e LR L8 %@343' A€ thb Smount

npl oy e[;rj whi.ch a} estrag eg b e increased, as conpared to
the sh8rYEredesg Yy ‘?‘fdr ésrfgmB‘Tredl'—‘ @Spar 16]5?&’%’33” 1655228 MOgker G hepaiwal 1jF & | s
acconpbprofiedidésif qbasiﬂt artbtuyketl WitSiheiagiaganaitieth the tae opativBluyliybiye dagre thqigof tslii S t he
case | EthJt%starﬁalSal@gbﬁal SP sugsp&la%léqgeégét ogW}zStl ng is greatly reduced, as

conpar ed paral I'el "straps B. Moreover, the material |ips
on oppéﬂg?”'t eAg‘ithe%“YO‘P ﬂteﬁ@b%dll‘}’etnt hpwn in GEGSe 6 8B rieclif canfisriaionairsiesnt copfinuhust he
faces ameug uvdrdrngagahénybewben ﬁiﬁl&ial[ & dpecrgga de0df theRBts Glrink b&@ink, Ralch SkbRpABIA

addi ti &t st ess ) dran does oa o(():ncur i.onally, in
t he en%% Isﬁ%n{ g%tﬁ MEI th& Ra h etn?e‘| TQ tt es o ony S’e[ gﬁte 519‘%“[5?52)8% (gs a
cont i néliding swpertijuripg thaead, e/htjhg?eri’fe pta l@eﬂtunéem anm lesrs |5@dssfdrberelp1g@§m endingles of

the sl iags. dus énﬁb@dlb@rﬂdé MGn WRICH 6 8B 1R% Y BADTBRE whE 9B GSRES aad i0RG abdig S! i t
fromtpu%hasheg b g t he ends. The faces on_one side of the slits act as

beds for &ITAIRG }3@ SPERIEF Y58 SIS ST BB ke sl eEP# S nore uni f or m

and a lweas gtfcremmﬁcmeﬂdﬂﬁi@ ©$B, talhigctivd matbrind)249 tto txpbent o fekinhadidraint as shown
in Fl Gﬁuraﬁcy &Eiengtumﬁ{aﬁ; Qlefdin %ﬁ%&ﬁm}{\é sruklct\ﬁ&e&rch Mﬁtgﬂ’jailo %Q%End iR 4%33

ducti | gh as heat trea | 'unmi num of even sone ceéramcs, and with
t hi cke a°1§ﬂ B S oPtiorateravae Pf°[”6611%t§*]enlpiérdérf?sr Frijevdisend trepings 209, P Fvesnd6- 8B, a
sheet eef:udmnser Wwiadh v nd 10 cdnseanb eirtss d@icksit@proiRgatd SicH 0 BRE245] aebenamg)bdkh@ ity of

Ionlt SEH in efi.ni.ng .s t has slits
24 39 a E%ﬂng&%t&féﬁfgéetg%g%?lgg s e% t?le sh?%{ t(ae mdlm tl I(') Iﬁ§$ 6u anggB aano Stﬁ])’ SQII ded
with eF‘Ht éhergeﬂcoef Foged 4n 3 ene Proderinghending e twgwlgzﬂ@hq‘@iy @emmwehhgemw g¥ct i on

249a, ybfaht(hhlrwhﬂf&lcrﬁtﬁ E@eﬁtﬁbo@eﬂ%ﬁ SendMiie B5 I BB Soldip@elon aﬁ@oﬁﬁ&ﬂ@?%@sh@aﬁ&u&ﬂy 0
hee

slits 2 endl i direction of the

seen, eﬁoél ) %’O%?lggﬁe ang%% gﬁ dﬁ?eﬁi" eslgfe ot %ateéﬁ]dmz?g"’é‘reé‘dﬁ%‘tft@ﬁ‘é‘b‘iﬂé‘&k but

t hey apréo wotfiitganredgt-th-facaintrengrerd rpntopddipi dnglgb)ernldlgngloa nebfekablystigengfaod obl i quel y
orient ﬁQreQ%Egﬁeﬁtg)ccﬁﬁJ tﬁ'géghaﬁ’ ale @Qfalt'c; 1ts%oﬁ{[51£tltohl ai!’:ut fﬂl#:l jg%_lchg;gn eH:Bg Lérfggﬁ) ﬁe sglcc%}i tb end

i ne 245 e configuration and positioning S, 1nc

sel ect POMCOTETRE] BT UpSFamE Rl the Rt ?ff%baltdh‘”hl%h e teé(étsrs@sremese@h@e@

mat er i @hus,anuseipeedi, the expreskiis: “adring Bédmb'i it GeahQo indlGde cQfe-tb-BachBWE R nAM any

edge- t&a%%ﬁeﬂeﬁl& erengaged rel ationshi p during bendi ng. Most preferably
edge-to-Tace | nterengagenent occurs throughout the bend to its conpletion.
But, t W) oyhin the e @menichaer dnd deseribbd in FEIS. €88 end %t 19Apreodiuntppeddirecttiquef ace

I Nt er eAGAGE e Brhiboditledts &l6-48Had 51184 EanBf cduldBedGitne s%ﬁtﬁ@ht%rlﬂguﬁ%gf FI@SI.'Snsur e
pr eci sgc ndr n ression "during bending"” is
0

meant Pneg’ebor%%zﬂete%dgfo g@%“?PH?%fféﬁag‘é’@gﬁ‘éPﬁ r&fvedny stage of the bend.

[00142] As shown in FIG. 6, pairs of elongated slits 243 are preferably positioned on opposite sides of and

proximate to bend line 245 so that pairs of longitudinally adjacent slit end portions 251 on opposite sides of the
bend line define a bending web, spline or strap 247, which can be seen to extend obliquely across bend line 245,
“Oblique” and “obliquely,” as will be explained in more detail below in connection with FIG. 11, shall mean
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[00141] Wil e the enbodi nents shown and described in FIGS. 6-8B and 9-1 QA
are not stepped, the oblique straps of the enbodi nents of 6-8B and 9- 10A
can be cowbioesoresbh t he stepped slit configuration of PCEBS286/064329 Thus,
one or both of the ends of the stepped slits can be oblique or curved.
[00142] As shown in FIG 6, pairs of elongated slits 243 are preferably

posi ti opposi t s _of and proxi t o ben 245 so that
ot O T frgial sy afif e ah e O B o pier 8 a bt Bad PP - e of
t he beHRds,|erahelitded porron a5 lpvederayanbbm baglling 45 er tha the agnte@ 4, of Wh stoh ischewelhore seen

to ext @deueQQ& Beq(!ﬂﬁé ¥s \@Cﬁ%@%tl?&?@lﬁ sﬁﬁeocguz}? Alth(g%h h&uﬁabs@ﬁ}greqmlnkrg %eelffXGt as
w | | e explained in nore in connection with FIG 11, shall

nmeant h%ﬁ“ P a‘FCB‘i‘ftﬂcf THich tReA et Y PP éf)&’”ébeosFentﬂh‘éSl‘éstzf‘%ﬁe lopgedipdlly pyraleRping; r ed
bend Ialmgbatdlaﬂmsngl e other than 90 degrees. Thus, each slit end portion 25
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preferred embodiments of the present invention will be less than 1. That is, the jog distance usually is less than
one material thickness. A more preferred embodiment makes use of a jog distance ratio of less than 0.5 material

thickness. A still more preferred embodiment makes use of a jog distance ratio of approximately 0.3 material
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[ 001521 Moreover, it will be understood that slits 243 can b e shifted
al ong bend line 243 to change the width of straps 247 w thout increasing
j og di st awmoeo@d1opdsbch the slits are laterally spaced frearasedcobdves .
Conversely, the jog distance between slits 243 can be increased and the
slits Iongltudl nally shifted to maintain the sane strap t hi ckness.
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6-8B, the central portion of slits 243 is substantially parallel to bend
line 245. Sone non-parallel orientations, particularly if balanced on
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of be nﬁﬁsweforfaﬁttwl@)@%‘mgso P%ﬂ@@&’éﬁowntatﬁemi forg@hS 4o ecsultingl imresifiabrediliegivampinh e

bendi ngrck Agthkiging m@tnte%lgéé&ﬁent l@tv@eldm@la%rﬂ !)o?utetslﬂﬁg of @R sf‘t@tngE aeehuk! y deform

plastlcll mer s re flexible

cer ami ‘€& %&@8?@6@8%%3 %2 R o 3fe- o4 b gowa “reaﬂ“‘d]éppb‘é%ﬁg‘i%h*‘gj‘g"rsé%ff”ﬁtéhﬁ n the

el ast i wppoeyE frees toldnaye granptiedt e bénd kel retuee tendingrsgapancramentlsres bmigadgppoi thg acti on
that ig,gistributed over a long strap of material. Low angle straps provide
bot h aspects. [00159 At the end of the bend of a plastically deforned
sheet , "HBwebhscmbdipaneshg in FIGS il and 104 fsgpsial cassiof he pltliaeq siar s0od@6r nat i on

t endi n@sdnaedpm&ohneeﬁkgevﬂﬁmsjm Hgathasmlqiﬁea&@s 2% Foraatbylcemplbtbly Arguatenlits @81 dual

resili ﬂﬂg Fclongﬁgj‘aggl %hggnﬁgs arE?(L,Lp Jr 9egx]1ﬁnq QS Pﬁularptv%hgulgg‘ g)egc%?m%ﬁ)uecker I%Q?SITB'[ erial

on opposite gl'astic resi he sheet
bei ng et miplisheets dpigxtnle Hienipo and Voirchstselglabondut he over | appi ng sheet edges

agai nsgoct hewsdspROLE brn,gcm@gewe Qre RS iR shsdt memtobpcaﬁe sidaeorBendinand, peduce

bendi ng_str cr enent st.res I f end 001

embodi lgr:‘lr’étlr?f1 ° &E ol hget I’—Aih@gm@ld v gengﬁ’&e 4%%& th ‘% %eﬁ’é@‘l‘ g‘lﬂg %rafg‘%‘“%onp %Cﬁg Sl i que
strap M@dﬁsr’ﬂﬁmt ageta pf dadchrquate g pirtectait of bewdingh Ll pG8lonG5 8 Ben $Hde feont the obl i que
St I apScedbfr ELh mﬁar@dly u&&m&h@%ayes @5%6@51@ 't&w%rcﬂtﬁe?‘sht éﬁﬁé = S§Jp§ 347 are twisted

conflgur tion, own as a circular segnent, is particularl ){ suited for
bendi ngd PHY c%?roafﬁ%awf %‘%‘%“gc?éE‘FPlPSémWébFéth°§lﬂ%%?e§ is I%%Heﬁ%?ﬁdb%s it ﬁtnﬁ%%?namn and Wt
i nch sthadbre pbats@tablatbr bgnding @ﬁjessdqcul\%\helnhlagbcmmrﬁls (GlanGayl thndbdidént bF1ES1 8- ar e

{ e TE ol Bh LG Rk o1t O ARG S IS8 B BERL, Lol i Aaquover%e Qs 453 of

t he sheé i'ch extend over I ne to s I'n tucﬁlng or
slldlﬁgméﬁP@ﬂthe 455 of the tongues 470 at a center of each arcuate slit

at L heposit; ar $tit exfds Ju@mdmglo doinbt Ha@ thd segk&reﬁ%fgogmgﬂ@d&r f-aamu Eﬂ?z@%ﬁtf@dﬁs of |

eac S t rt| ont n e aces SSIve t owar the slit

o b PR Gt ot AP Byl i e R Eoonig Bl SO SRR W e R A o |t he

| i ps oMitreovehise defprostion gf ftrapsald? is swotegmduabduriesehdihg onhat duessshricentretivd sviltlst9, and

ther efx%eemﬁl@ o buts@ RbiBbife? %&Pﬁ&gdsﬂgstﬁ%wldﬁﬁ&r {%bidﬁxg%}% s Ll GleEE rggmt er i al s,
e Sili

t han say t he embodi nenf of ts havé straight
cent r aPorpoERly 5‘??§heafﬁ‘831’éqerrr‘lflﬂteé}i"Fé*o"(}§‘ll‘We§ﬁt'ieiié‘“tﬁﬁmétfﬁlo the faces over the entire
st rai gies pOTHeivarions n0diGiits SitetpresstieeddBing Bndfptdovind BvéGoMlibw Baging he

Stress; z{nﬁilaétlﬁ}ﬁlg 0% t?tﬂﬁmog g(ﬁ/ara %gs to z{chleve Hf?:l?lgavee t%gl?ere%éligrg‘ bf%L reEfize . Thus, the

full benefits of such design and fabrication techniques as CAD design, Rapid Prototyping and “pick and place”

assembly can be realized by using sheet stock formation techniques in accordance with the present invention.
Moreover, standard fabrication techniques, such as welding, are greatly enhanced using the strap-defining

configurations of the present invention.
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6-8 nor the curved ends of FIG 11, but slits 443 are nore economcal to
cut or forminto nost sheet stock. Mreover, the deformation of straps 447
is nore gwecualiockspi ng bendi ng so that stress concentraPcensaeosioodres
reduced. This, of course, conbines with increasing strap wdth to transfer
| oadi ng forces and bending forces nore evenly into the remainder of the

sheet wjdh mwa5¥ RS OGS L ch@tn a&ggén@@&uthe bkl m%gaon Apedi ments of

t he present shee itting groovi ng I nvention a esi gni ng

manuf adbGrEhy C%‘WEF“P%W*} %la%np%w“aa \ealnicug esbasions pielding hhee dendips pete theapysenh ot

her et oheh®, boeeample avdids &d matituttring f6blén absofi@nBiiinthendBhe SkiGHe ;ii&§ h@Rasand

fabri Cﬁé n techni ques as CAD design, Rapid Prototyping and "pick and

pl ace” As enbly can b e realized b y using sheet stock formation techniques
i n accerdantddifgntly, thhenishessefithe prespeirnvirian inlthich ohitting,is etpéoyetbaanlbef vedied dextzi on

t echni gelgks, AS Usitbe &8n mt@hmg forddkinl, Riad 45Y aRh@nERd 45548 4531{%111%5 Vappdefining

configuration ention nt ages of
usi ng she SE\tmonf% }(l)a?lrsre(%ggoﬁ Y&¢ 1615 nlg%ﬁf lng\nortIWC}fl{;f’ég fegé’é-f{fo pilaﬁ?/%%?lﬁ? ?f%fﬁ“ R

ill ust Hlepgelis #43 ag hamentFl@ A 04 ¥Mbreeventin edgatt-facei enggetn@cm i sidesagthd)shsdt on as

wel di N&bp osﬁpﬁ@ets ﬂm{srlg eitfe%i ﬁgwﬁégg JlEBl@ﬁ(%@fomidH@%e slte@trpo%l?s%eﬁer JaY; 'ttg:s the

manuf act |8% ‘%f‘ | ens associated with mul tlﬁ‘f) parts, such as

jiggi niel P ESromedrma s dpoed warpig %é?ﬂ““?ﬁ%té?r%byéfeatﬁyﬁ “b"tde%léﬁ’?d’inﬁ%séﬁ%ll on in

whi ch ®hurdcy rebipvéddy erptosspedittingprotsss mhtaieaﬂl dadirgniee weldhgStep.t The alGateGBB alde Seen

VCshapid oy neu LB POMp Rae f B AR Fh B e O SRR i ng

i s reqbittrselfering Yzing andpdigsiveiiiligpalibpieh Rhéﬁﬂal {igierion igpspaily neflajseripusigsBe Asmapfiown i n
FI G 1£3Aesividor eover, the edg_e to- face engagenent of the sides of the sheet

o0, QPP e BREELe WOBElL ol BB R e PR PPl BB

t her mafhpsfs of fhe prsedt lwaptmnﬁd)e f@@@d 19119 ethlfm‘.reﬂ lel@lhelrl@btys glewibloynategialsi CBds, band t he

dl NMENSIhed dlclofie& Wiaedh RGEH 8VBeh MYd-EREmEC e Rlthe Sbdihd il bBLOLESRI beMRI Nt ai ned
duri ”9p1tch§ e\ével ing step. The arcuate slits also provide an easily sensed

t opogrABHFE P84Pare for robotic wel ding. These advantages al so accrue in

connecitoison Aietofi ths sk wifrantadyantageaaf usige ehiiquepzit egtionrlf curtelipgovalot ieughst thher mal

di ST Orhfite béhatiShiahs Iayebm;gla 1B SRS R Ry L n@ﬁxmﬁﬂl&@a%ﬁa&a&%%fi]

Filling of the sli wel di ng, brazing derin ound

adhesi V&% 257 ﬁMStrtahé47b’eﬁ[1G Wa qngvegsely fhl"i‘?églﬁgﬂeé”@ﬁt slif g 4t 4ng e p‘at it 43 &mmed

i Nt o etickpswuneds twdlied ohdnsferfthelsirebses arstrfy 4ztwanbla¢h eﬁaaﬁlﬁ ltie@dnSainddtvGe sh@Bla Sheet
encl osy orm.f | ds. with the sheeting
oi t her @E?dng%?cgﬁ%v Qﬁmﬁh%le ?\stth% aIc oIr radlus 0 ]J:l%e sﬁts dacn‘gﬁ ﬁlf/ﬁéef%eﬁxcre@fs again ',
si gni fallewing 2 Befhen indengedsntddiloving of e éfb‘P F@Eﬁemnséﬂ@ﬂﬁﬁaﬂip b@dl Sich pilore yandbe  gr ooves

or sl idofbin&d Wihdhe sri@rd o Shahdek agu%em cﬁstaharaﬁd ik Rerfdb MEhd ifMfendd thd fiEnghOI Nt at

whi ch t onpect to.the r s eet Thus, area 450 of
strap %E}i){)l g‘i E{'}fapr"’ilﬁgl 1°5§§‘b eé’lg§/° ﬁ? ?f&o"ﬁg‘?&gjéﬁ?sl it end 449 and the
next goisyi 4WBile tﬁ'dnbhquebvwemgetnexaoftﬂemmbodtmndef HIG&r6-80and FIGSNS { xesutt hﬂul%taht&SSeS in
strap 1&612)%?&11@@&&: eata ) l‘u@ﬁé?h %ﬁ@mﬁ&%isﬁg{% 8f #f beglgﬁuﬁ‘ﬁce %thasj }Jger?fo&d Ih chlg he

unconcentrated manner. As the arc or radius of l'Tts Is re
di ver &t &l ity %@é@nemég’a'iﬁﬁ“la‘w|“b%ﬁw&wa with faighsy cap propspierdidshe staideiieng of t he
st rap sshetes skds e fighef anaeuas dit.t Avuskigiadin, ‘Skicde’ Tsl&ﬂﬂn&ﬁﬂ 4hg uﬁﬁﬂb mcﬂﬁlaﬂalaﬁlﬁd with

one org. e f]]or(fafltuﬁlﬂ %ﬁec{eé? t égnﬁzﬁ O%% }(Ejaﬁmg %Jffé)rmg raflh Prei%r%bl rghe afcgatcf glts OH%IP%)E} 2d in

further In Fence e stren
t he dderigalatyrlytdgs radiij(3sgomppreg taybs/deet tickiepsi.as lilnsﬁai"ﬁ@mlmsﬂl Whuls,e stektef obl i que
bendi rt&téiial’ﬂll)San%f: p&h@ed@ﬁ?ﬂ@@lufﬁﬁ@%?coﬂﬁect%& (e rﬁhsar(ﬁ&gsl@ %eral%/ &9 {é&%ﬂzt in

substa ti v nt ver al treng gue reS| stance of
the béent=® g%“?‘ lhﬁ%‘? E“’i“’f %5?525@%?{ %ﬂﬁlan ally &t%ﬁgF ?fﬁafiet @tf A St Gistencer

i mpr ovesrerrddetwprautitcicenirarilagiadent slito dlmedbiddine 3tahd fl@tatiyele are 6Bppbete BeRbEkEd i f
the sStyeaPridd€id, HiaGnner described above in connection with other embodiments of the present invention.

Arcuate slits 542 define connected zones, which are bending straps 544, and disconnected zones, which are
provided by slits 542. Only the right hand slit 542 in FIG. 11 shows a kerf or slit thickness, with the remainder
of the slits 542 being either schematically shown or taking the form of a slit form by a knife resulting in no kerf.
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structure takes the formof an arcuate slit. A s used herein, "arcuate"
shall nean and include a circular arc and a series of longitudinally
connect edyotargenishal arcs having differing radii. Prefecahlsyoosiobe2ar cuat e
slits or grooves have relatively large radii (as conpared to the sheet

thi ckness), as iIIustrat ed in FIG 11. Thus, a sheet of mat erial 541 can b
e provided th a rall e era

gener af¥%} dEEEGH Sﬁlélsg%‘ﬁgﬁegﬁﬁreﬁ?tﬁe@ngﬁl g%ﬁt’:?f:’ﬁtpt1 éZVhéCFarte 03’3?‘ ‘F ef erably
ar e | osnghotlindat raaﬂ»elm; osltqagtgéméuhg bre 533 islgkewedin abigmatihd dettions, sstakip decrivedabareed

bet weep, f big sﬁzecE&IdQ{o%a@fa c@%laaﬁ:@ﬂé podtion 586 AN REN ) hfEveadin: BRYsPddoe Nati vely
are on opposite sid bend line 543, in a manner cribed above in

connectM8rPo ¢4 OSF‘ﬁéVF“a@ﬁbtoEP‘h@ﬁt"gs Uf a‘f%‘éayﬁfl%*éﬁt’“tyﬁ?é’i‘h‘ﬁt “h‘ﬁ‘ agpuehsalers| j ¢ s
542 defdineofcamnec thedazanesmilai alendisaek Hagdicportisd 4apsd fhddl, teraindiedlings onnect ed
zones | vided by slits 542. Only the right hand slit 542 in

FI G 1’fmhlggm?’gl%ﬁrg§ “or slit thickness, with the remainder of the slits 542
bei ng @itihel valbheapra: theadprr yhabiradipe srr T4k datinet bethe B¢ paripns o8P pithesise af by a

kni f e Geagitd lide3gB dnf attke eK@BdStfthe[sQ@)lﬁ)gﬂte treua@ lehdditaad 349. &d'jtrﬁﬁtﬁxﬁlitraﬁ idthSoc&nék?

defi ne the ebet stra [ nbodi ment
as bei %eg OIE) € arcua SR ptc)nl%on %4(%1 g arrthws an dn I\!YEVGWS aﬁ? ﬁftg alr Of?olnﬁlgldlclialfyec tions,
as al sulades Eittsl) blédwmbm@ SSEaéIhwrsthmtlghaerWt BAdighamjnipppevidih @féln:tStr@L it gowddibet e

porti ogteﬁﬁ;ﬁ tnetaexﬁéa 1i6H YREI65d BNaY3 fiheum RERGinieh g Gd84. fhgyBaa dﬁgf% 8¥ayPOi Nt

547 of ortigns 548 al so dvant ageou

ar cuat % OPW“ mﬁ‘ﬁ%’ﬁ a’é‘fr%a% I“bEbr q‘r 8‘?“6%9 figp %HF\?%W&W%’? %@‘ﬁsaé’gmf”h F es to
ext endshbaokomlsidnof bamdding 43tis @meBidBio asrdorfdippibi 356 bethasherabredie eppositasidernibend| y ar ¢
porti OﬂmeE_B@Blby S[I%Z 0l]he lntreﬂnk |w1dla1 0? st?ag 8l i m E&Iﬁ Blﬁet:%ﬁfrontt m@hmlﬁﬁ pﬁLJ B2l 544 is

defined by t arc portions on either sid bending |1 ne 543 and at
the endusst the ﬁt@p é"tbFéﬁE‘e"Eﬁ‘} fq th%resgﬁ%u%%et %%%Pnbéﬂ*‘taf“b?fé aegops the pendlipg iy prdery gp

w dt h @h&tgr&tlbeﬁum&es&lsnelnare@uafaegtﬁkdsfstarpart| ons 546 at arrows 552 (shovvn in
FIG 17, . ) ji.acen

center 1] nefs&a}gg‘lp?sgst 5 % 11t ra(E)“t)Jn %ﬁagr%h%\%\li;sslﬁg‘@%% ﬁétc qtc?n&ﬁ‘l }riﬁtf% \[}lvlggll eas{nF

st r ap, Width ofhg btepp plengsis epntrelepgitidial seanxis 553 |CP?EP1’@$ @)%‘beékpoﬁéﬁélﬂi bygeesU3 at about

t Pe m ﬁu:rea.gmg Sitap RiRitVo Slfcbt pBidn 555bY a@mﬁxm idieY$zgeH v nds kOBAvcORGdst udl nal
str ap rec

o e oo B eepfha Rt BRSO el ST R B AL b BB th 4 B iR 2
secondbgrabihdwisi&bad bint, rdter biveelely ovisttdywhidpposidues siceies infhe bopd Strpsye IBA8 by
strap 94 flod B8osk BE b&A Hrddgh 4 SHhlkc@d mSitd.06 téét&apl @y ded Beredd ik t'eﬁstlanomprtntagm t he

m ni mum w ne 552 cay ses the cted to.the respective
sheet ﬁB?t"?%H%P %"% cand t‘%‘%‘@ e fgged at‘%éenbgﬁ%la“filgﬁ‘émﬁwa‘aﬁﬂé%ﬁ‘é? Bl TER gt Eat |y

r educe$t9s Thessllandii biws 62ised S48atdvgh @ smeg teibgdtivg eway| G Flgrinkgstr@ubcpages of
fur t Negedd il 3@549%%@90&% 1@%9%& sizhifafe ot 60 da bR GTRNSLLEL © the
i ncreasi ng he strap a ts ce onltuma strap axis
553. cﬂqu lrtg P‘é’f“’“é RleEty lwrwlewls@ztogsk;}eraﬁ mé?)‘@?‘ta]ﬁ‘é ?l@&g PIrREFS éxar vy thtk ReBiROTS 0

sheet gy thé Rige ﬁﬁﬁarbs?](ccﬂnp‘éﬂe@'io|t1&|’1ﬁa}érlhllﬂﬁdkg@@|nf1©e Sle§sA1d \Wokltald tsesrtdﬁuetr fadii @EdICe
stress. Ori e.c r t.udi na a 4at an

bl § qui e PG of AL il we PR SHE PR 1R EEp Pl SRl B R Wtk 20 ana
bent, siatidert vihdiireotaptey mion srckitg is whit bkehate seur erdluwgotsct bmted ﬁom e

St I apSglit Blah &S Bwrl the 1503 B MEEId, ol OWpAGIEYSul 1§ FREE onkifRb:0H 4R LB RISRRBECT ed
materlglj ({ U‘pe strap. Cyclical stress in tension, the prinmary cause of
fatigu a8 % | ow t hrough the tw sted and bent strap and generally

par al | @h7zjt oTheetregfingrsaghi shapa sleswil dfluanckhSdGribulidieos siressed 22fosy thhiend. OFheAtheS 55 1
and 5 . 4 Y, S S i ng
ree s Roouhf By TR DRl o Rtk B i RIS LRt BB 20,

st r essS PRS- | nther jse tepdgpoy fonibis ginipt Emension & aghaga hiRter sskepdine afthacertyy | ar ge

circl es t]leQ;trﬁiﬁ‘ Gudnagsd Aabwibg %Ilmlkﬁhlo&ﬂﬁli pR&tic QL& lafh 204 stidds GSncbratidn WaKe duiat

posi tiops the arcs 0 red thic Ss) in
t he st rglssﬂ? P95 ¢ § a b%g?lncf&useétéesséash‘a' 'l(tg HE% oél?eégapaagé%é’glt‘?@%teb ége”tagggg
m ni m @é%dwedéqwﬂeqfr&te@traphe parent plane away fromthe fold line that the

Slit i GouhOr Athowd RUSG. 15)ahd ase;wéfeneatsuwme@tasﬁ SirfBAHS SRR Sh QoS5 ACKI NG i S

most |ikely to occur, will Q t to be propagated_from one
providing the desired strap strength and then gra ually dtverge in both directions along the strap with any rapid

divergence taking place as the strap terminates into the sheet portions 554 and 556. This construction avoids the
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slit to another down the | ength of the bend, as can possibly occur in a
failure condition in the enbodinents of FIGS. 6-8 and 9-10. [00172] The
bendi ng swoapossthage al so will influence the distributi orcofusstoc@eses acr 0ss
t he bend. When the bending strap diverges relatively rapidly away fromthe
narrowest strap width dinension, e.g., w dth dinension 552 in FIG 11,
therelsatendencyfor this mnlrruqu n?lonto ac a wali

weak e fEPis of fryingen prduly surorsirarataist He st %S"ﬂ @?&ei‘f“art‘éliﬁ‘ ?%W% rc\?ﬁ alnfl al | ow
| ocal iE@dcefiings iaterdighdismifiting thera Bdnlg hlomsBe lethod Kt st iamhintp shettipertigis S&fand r at her
than tfig desired distribution of the stresses over the full length of the
strap ‘and into the sheet material 554 and 556 on either side of the strap.

[ 0oi 73jn7n SThereseis sidmoffaisty, thatds, the prstionef thepqsrblase deftned RthesgpnoavesidpPidfer abl y a
m Ni MuRui elit, hendé mawa&u fﬁﬁﬁer@ﬂ&%bsdl Tigs rhakes tBkaGigheideat fof Btisd Eangltht and t hen

gr adual l &edl V Al@tacl?xmténrt] or 1%n§r%¥1tl h?)f? no%ﬂeq tﬁa? atg &/{thac}?he oﬁcﬁ%é%&rﬁg#'t I ons 554

di ver gencep?r ce as ermnates Into
and 55Bamplusi EICc blrfsltllvsm;t?ﬁ nositioning pﬁ\satetrﬁém @H#serrﬁubfaplﬁawwg heles Sah#rdP° andher ow

strap wWeahssssaksidhid. Mﬁl&lherw Holes zﬁ@%ﬁ@xﬂtaf @He@lab mdlsa@e@ﬁhdgm thﬁtTe B B@ckfflﬁll’uﬁeﬁﬁ ) an 19
he length o

pr odu fa| I n di st n enI
the st f’t gfqemébtwé’ﬁg%‘fa%beg?‘ia fEhY s Af”e %‘%@g%m ﬁ’rc %lehsgue side of a
slit, ltnhatanu tsredich éhe poal tasion lagef ort aeer-paguéing bwhlaﬂéoweﬁrplr@d V@yﬂmﬁt@m@mave si de

of t he{ooggl CUGSf gk lnt)st bén asi)&tsl%f fie ﬁr%%t%@tﬁiloﬁ IRCIES: th@dl%krl £ St SBthe hktkd1 mMakes
t he ton Ideal for locating features that cut into the p are{;tgglane

At t achf th@ Firapp ang sty @Feeeé“gagﬁf‘enh?ff}l’? tageng foaguesefite st tAcSRHErddbhnect i ng
geonet mannd iiewiachaigrhiesstrubhreof tid nfetdribll autiihd t¢ @ad pdsld tsiegnitialyy wéhavgad @r - j et cut or
| aser C%Hl ansgnQEhu? SLBlStgr[tlgll cﬂgn @19 lth%?mé(ggu ?ﬂ?eidofﬁgénﬁpbefuh)?fotkﬂglg% s?r?éan@g oxsl it 546.
Rapldqg rce re sofewhat 1rre ar an wher e m% fnitiate a
crack deged efskarmnpss P%iltgi cgiEntionsh bynfligg teqhnsquetsves degpribeg Rdheipfier apto B tiedeidfioptihpi d

pi er ci tﬂegsn’apzlae&thaéd@e @hbwangagéaﬁmmf ﬂm ms&euch@}oeﬁesarcemiblmﬁm dfaikting endroediisge t he
total o%r%an?xfl wLe.? %rlal\q\%e?t thaJc %aﬂY 1o ucesqgl %gs% ?x%t%ned tI?e bW agtil E:rv%slt J Is very tine

consu cral aspects pr esent
i Nvent migrestiugtute lofithe infteriatiaering rhebmld essentiallyngcherfged. h‘@hmqrémﬂaﬂal lteedﬂfigdfﬂqmuﬂ‘h’fe st raps

and th&ﬂ@q&g@r abtQre u@eq%ef'emg@sqgsmﬁm cnaﬁgemﬁe thicRsredd of @NEMESI muna hevsliftag i s
acconpl in a manner in

e DT B adedt b b Beeall ot i D S e b e g he: S etant | ol

changes,BA, Bwed hdcr ost ructure of materials bent or folded to the sanme angle

or deggee Ofg éﬁ@é&ﬁﬁ;&smmc&&aamwhqml enlgsdmén&g)f&leﬁ@;am%@%m Afis Sescr i bed
in the prior art is the relationship he straps and the edgetoface

engage‘ﬁ’éh‘t"e gpir Eﬁﬁéle@ﬁ aﬂtgrefwﬁ PLCPRRdat  iride raag%ﬁﬁwwaﬁf?%?ﬁstﬁ? Thegs astthafgpedhd
bendi ngedl ehterialahic10i batdie Bltetdd cor MBthiekre@ts chigdion trehfifthagttantids yf helbucasotbhe

stres Stal"f1 ré%iutrpld etorrrlxetryl o(:f‘ Qn%lea"s it§ SJZec%'Y ﬁalﬁge %g feg %l; i %:éég S‘ht g;In cMﬁ? é E%ta]? fid o@llset around

t he behd e5seh When®onvert r oha ues of the
prior ¢istancyPd. 105 bdgltuﬁ@rlepaplsg gong hend tigh 4 alhedmighigd of the ftlﬁémﬁh@rbe %aﬁgﬁétaafi e of

E} 8 € q rmirh@fo b ailstalﬁf ﬁ %stttﬁ%emgﬁl?dﬁ&ee% El@sddﬂ%mme%ldg@cﬂ&le béd lﬁn&:aiﬁ t’@dlt&e(( f’I(PxEse exa rrp | e,
legr ees on i Nsi 0 e bend, as s anpl e

B, SEHEE T B B G (OB T O B S b By et € St o ot her

enbodi testesstiodf the ibendpn@@esmrtabihty\f«amsd invarios| sirtctur 54 Of gyael ify@vienct i éie shapredtiet r i es

al ter e?cutafe SIAGEAH; HPC‘HQJ ﬁt%é’%f&&neﬁ@dﬁ&?seﬁ&g m%géno‘iﬁg Lagtigristics. Thus, as the

type of sheet TRt er i al IS altered  of its thicknesses changed
or st r@gt hit Srdsaes of e grepepiinysptiophergiosn dhatthestipydgfinae $1i or goeyss c2p helelsgsivet r y

of sm {o@heSilatetis béﬂg?beﬁtaja fodded aldm’(eam@eue ta"B@prJ)cﬁEHgt Itis ;Jossﬂ)&,f foPAetipl§ kd dmpiiliychange,
as can_its otfset i

al b d |
543, _I.tﬁst slﬁaets 0 tglvelil_fnaterfa??v.ﬁ%lgifferrnig i c’knesses w%nagc {1)1%l Iﬂgﬁs in W 1%& € a%&meitxﬁers]gave erlen I ne

can a
di st andenged shgbtb'r T the tlds@nsyempfisk p ﬁeulbeftrvl@edﬁrsgepm@n@nmnp@ww@ bg Me%fdcﬁr t he

bend | §if§ing aBtetal £ atﬁltﬁe%fngﬁiical INESReMRY dPY e heh WRICE ddMehd cam\fﬁnﬁ'm ‘&Eécd% on the

eonetry and orientation of str 44, which in turn wll ect
9 gut as to the sheet of material being bent an% its thir%:mess This process is particularly well suxteﬁ(gor

computer implementation in which the physical properties of the sheet of material are entered and the program
makes a selection from the computer database of empirical data as to the most appropriate arc geometry for use
in bending the material. The software can also interpolate between available data when the sheet is of a material

for which no exact data is stored or when the sheet has a thickness for which there are no exact stored data.
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the strength of the bend and its suitability for use in various structures.
O equal inportance is the shape of the arcuate slit in conjunction with

t he af or ewenbesonemdoseal i ng and positioning variable. [O0@ETA]S2006/00%29
feature of the present invention, therefore, that the strap-defining slits
or grooves can b e tailored to the material bei ng bent or folded and the

str uct[(w,sf t e Bes@n chgféﬁfagc‘n Ihe !ms, %,L, tﬂLﬁmﬁ rmk @an QudRbingal |y test

sheets o glrven mat er | eI’I ng arc slit deS|gns
in V\hll‘?}‘ﬁtht"ﬁ”ebe@‘élﬁﬁé’c ﬁ“?°€§ﬂ°ﬁ%{%@a‘k¥é@ﬁ the Héﬁkgféﬁoféheu%ftquwte%ﬁlmtgﬁ@ beddingns

conpr i Aemaivbigiripeotisuadn etk sk 1ijeQiehahgcas be Hiliral t@ic@&ﬁﬁﬁatéiﬂdﬂ lileae repeat ed

I/\Iﬁ:’ di l%éer : VQ%legﬂgt}[,] ag %ﬁp%‘%ta%t %S?I?:gsgée gt%bas etldgl;lelz %gil?]tancclg‘ %m%{osvgrr?ern s%f ?_lpere aﬁ;[v%l 1%8, e from

mat er |t@| slﬂb@ brig cHIEpHTatigrrchlsp £ be Firish fegryide Fifffprent ﬁ?%@@@@ffﬁ@ ipeorbingtioh githy  wel |

Sui tedm{,r@{ed@tem@mlﬁrfadgﬁe}gmw ation in \/\hi ch the physical properties of the
election_fromthe

sheet of nt er ed nd t he ram sS.a
oot B ot e i bl Fps RS RS E e i e g bt “Geomet 1y
f or useesinhiniratdiirtlat the ceswltedeida bt folflae r@@wm@, pirintgrhddly andexemplyl &teep bet ween

avai | a)@lllcﬁ eﬂ@l%éh &)ﬂpﬁn@@f o%ggé?ﬁ; stx'uc?tur@to an@he%u%lleafhug QEre%kaﬁé“beﬂ@te% % data is
stored or when the sheet. has a thjckness there are no exact

st or edo¥dader TypA Reseatin iyt fhy hendr Wé%‘i’rf‘fﬁ“‘dﬁ‘?‘%he .b'aﬁ StB‘Ff”FHSé"“éﬂkéé" 2B ¥ hus the
conneckanply, il &PS:,is @pled tedding tb eotaraihé @t sahadngabbiiehelaeigd Yend) the enb@netutk caae t o
acco f ] 0, he
pend 1 AR fTACARES. 4o b0Splel EERET B codt B BE bl el LW i T g
or b é’el%déF%%?UQ@OWSI&%%%WQIE@%@WU‘F| near | oading. Wile not as inportant
as t heuosd r enmghﬂmtﬁm@mﬁwe sIgtor BB b&ldaR Gadsl allPlsQNPIRE: Sf t@a‘présae inPén@&aBbe _
o B PR SAORL R PO R B A B et B o
f at i gueshpodogy ef ogigared or foldetrppdr cmﬁm{cmﬁ %wkmhaagehmmwhl falé@rpa@sstwtwm tide

var i oUusieREBQsIHIRMcSfoPheit HELSHBRL besh ddviibiRE a@y%ﬁmsq?effohesmeﬁg%m i nvention
is that the result] bends or fold ar e reI % fa%og&ﬂc ternally
and exXTEFRE TR VigR ¥%egf)‘8ﬁﬁ‘éaué?f85‘itéap§li ?fﬁ@n% fi ﬁé BYFE DR uct ure t o
anot hegreast thancatfeil. GhusTérigemi faldgysbss ublaﬂxskcenrtoesugbottetguﬁﬁcmdoddmg r twiveleghngies bave a

notic Q)%QAHQ ate %}Q i ®a %&pelt Jggstrm%{aﬁis set\fmﬁﬂn %W%%MWD@EF Mshlxr }[ﬁ.\bils%af; oupl ed

to a plate, for exanple force iIs pl i tending to rota bent
str uctbléilF ety opis: If‘ﬁ@"é?’éﬁ‘é?@ B@nHXTI%E%E Q%Ircr't&wé‘t P I%&aﬁa’fﬁi@&%‘f}ﬁﬁéy fromthe

pl at e.StRiig Rutdisio gy Pinipay, KENDRQR2. [ @esal fivdnjior th@Rndbfes § e dend o2 shar p,
as it a\ﬁﬁl{god(sﬁgxg f chtt}Q%11(Pz?gtnaq§ %)englﬁéjlln%jfmragdefs rl%gg h%?emr!lge sL‘tggtu %d %?gr%tarmsc:{éa{egl ng

schene e abl ds all ows
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t hei r ogipawabisehstruttery @ilbeempadevishmppaios ddnifemt edst ur i es of effort. Such origam

St I UCthRS ,An\emll nﬂer&ltu?é*@Ll% anf EBHAR N poldHAL lemlz@aﬁylﬂfag t a%&lsﬁmgsf bei ng formed
fromnmetal sheets of i ckness greater gam _fol ded

sheet LORflaqns v ComAen wp%?a}dtl’r%?t@mgﬁvdc%emd Ma@afeﬁ“ﬁgg, P’T‘i‘?ﬁilaé‘é{ i aétﬁlaﬁ‘iﬁ’l "Bk of
or i ganid Bisee” édaporfentaddétbnpap anpl@ed Ripidbiofpisg &GRaIfld)mﬁfdcﬂnngQa\M@E&c@m GAM "

Buf f a and
P e acR b PR AT oLl BOR S (b Qe Tk BB, O
CorparfiysignNyspeqqvely, |t€rﬁnmﬁree Jimensiond Sbricationn Vieerdedignar epinsswithnalpdiredviguahibige-c| ass of
ori garﬂuﬁdﬁ%rﬁgstrd&nﬁb gﬂ’b‘ﬁlglﬂ{% cu‘ﬁlnﬁhvehtlilﬁ tosénhﬂlél(dﬁﬂl P@dl&{yp@.%nt@lé O8p sethedsHdessr i bed
substituted for .ori Eagx&gg The sg) eet Sglttl ng or

her ei n, ar cre

gr oownt (ﬁ?‘%ﬁﬁl@%ai SURFUIE R yp-dimg b} ?g‘ﬁ“ lpga SHPSIOPEHTE 58 even

al | ovx&hetehte podiceltha desidd stretied. Thbeet sanlloy ddn8 h RbgigMeesfaaurink addg GAM. | Qteee bypes Thus,
nmany s EAGh M ER H:r%nhﬂé hie? EEIQ gTI% l)ﬁl@’rt]a prﬁc%@.@ Ec%nﬁ Catn#l %Q?IOPMJQ&%HQ&@? b}$J sing sheet

net al haV|ng t hi ckness wel |l beyond e resulting
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dimensional sheet drawing in the design process, which thereafter can be implemented in the manufacturing

process by sheet grooving or slitting and bending to produce complex three-dimensional structures, with or

without add-on components.
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[ 00182] Another interesting design and fabrication potential is realized by
using the present slitting configurations in connection with Rapid
Pr ot ot ypiwg 2aewdioRmpi d Manuf acturing, particularly if auromaiseaesh®Rizek and
Pl ace" conponent additions are enployed. Rapid Prototyping and Rapid
Manuf acturi ng are broadly known and are conprised of the use of CAD
(comput er - assi sted design) an ut er-assiste uf act ur.i
desi gri“"‘“r‘ espedd; \/@Ia&%ok“f’g’“ ASBT ‘f"l‘ﬂp Ié?ntgp%ﬁrsﬂ“g??ﬁﬁds#o q?clgga ‘{egﬁesu e desi gner
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I nven tf’rd)ﬂnzohx onbl %&)@ dRARL fha ﬁfel?f»l%ey}ghﬂ)g a citddR bdafor %ﬁtﬁa\’@a’f @mé&ﬂf Pheddbolifde

I me

t hree Tonal Structure to a two-dinensjonal (ig Q C]E(HP chates t he
slit pearethargrmgys B aR abpEtegFing ﬁﬁe‘@ﬁéé@ert“éplﬁg B‘ﬁ&rége FhreSgR HiFEY RAF uct ur e.
The saRRmbIRRasbed lﬂ@[}ﬂmﬁnﬂd Rppridg fbvuiaehts i Nfpt tshag TOANe (@hdidoarisypetbeof
software T e nreecs sely bend, and
to t alqlacecflflﬁe € d1m nsslc,)[nlgllglﬂés%nﬁ ai“t%l;he Fﬂ&%d})lﬂg as?é?ﬂbcfhgs%lbae%]rgcgsﬁand bendi ng Strap
Wi dt hgoosg] | fzatv@ectrw laewgﬁwly P@n?té?fﬁ’@?d @ﬂbFrtt §1tq arf‘“?%‘%}mﬂﬁ%ﬂ thers 4%odi nensi onal
S heeth déﬁl@dﬂelgigaré Roldago @l@wg laf tﬁé mﬁﬁﬁgs Mopdiv& [ pribitesheades lar bedifl hvelaakeqxhede ment ed
mterranuacurln sheet,grooving or sl ittin ending to
pr odud®EERB ?Sélxle i %eg e‘r‘%érhvgtlmgna LU %’%CO%\RAOI{GW G Séu%mrtaﬂahgr}%atgd on
conpo rreqrbtlesqs{ Broif@8ie Bberddt yn the houping 1&49 %temmtqd@eab@@rﬁ% Ipék edmsentebolies to nto
Ci I cui, WRAY Heurd MetrGlcR6hFRMCn B8 Wb RS, UST NY hl gh Speed pi ck and place”

aut omat ed conponent t echni r obot an._pi ck
conpori®Kis ¥ ?1WWP6 8ﬁt§“ﬂ mg% ﬂﬁﬁpf/p”aséélﬂ’ﬁtggené tﬁcaf‘ ﬁeé?’@?f’ltaé%oés iy ﬁsé%séﬁn%‘éa%‘?r cui t
boar d maths sdmslbemdstmelanommslmam Tinethe pigston pessible eliove canhietivanronemumnint t he
subst r gt Usi &9& %%L fio aﬁgxlngﬁ{dzﬂagthplh}égdlnilﬁm&ﬁl chdi€s 1L foked, PR cirBiick and
pl ace" asse limted to placing the conmponents on a
flat s‘ij’laﬁd&@@me 3%, fdf‘qqé“t‘b? ’in%fﬁ Fl‘insenﬁ?&ff”d‘?“?ﬁjst b e placed in a

t hr ee- [d,ussre NSlie@B3n aﬁtnu@uﬂagurag pitestchef thepraddat Andtiql, Boeverasdepkiionizsdsheen

C onpl el;[ qzﬁd mlt Ogt ancf‘r t%ienﬁnrme%l W1 PP vegl th9 té?cesnl%i 8%&/5{@& 2% 1SCiﬁ’Iﬂ929éd 11IPF fﬁAqgﬁi or bent

nto a‘t mensi ona nents are secure to e wal |l s of
the hoThs. @ousmrae@véqslgnqéran@ut frase it emé§21f2@ﬁ higleppgedrirk adaace a)éw@ﬂuSﬁqqté

preci siQy eSS bMp@ne‘ﬂﬂs t(',h tol alﬁﬁorg,[l e eafls Jr PMBH Eﬂcmﬁhrélﬁkﬂ tlﬂﬂﬁ@ﬁ@ af Qb heQhav s

conmponen ructu | ens. . Pre-f bending up the
housi n’ij‘nh%l 1y§’ﬁ‘§?“é‘¥ac#“§° d‘?’lerfﬂ%f’ag‘é‘aﬁ%“ tg R RIST procesﬁ(“ 3{)( face robotics to
b e usednt OAssowrie Fi. 884, siori %1 h@n@mveem@schectmetmnﬁm lnag@ng, proforaBig by high-al so

shoul dy e HRLEEALEORL. B8 s51iE ARSARY BSE Bl &8 Rlcus il oifaR mb BlAdMaRt ageous| y
used as conductive paths across bends in el e trgnl C}@F}Fl i catj and the

preci sfsignepGet E?F“éreﬁ@cf\%‘?%ﬁ SREY iRy ey S Gangg; S?ﬁ@ﬁctﬁbr cui t
boar d eeivag sfoalsee dn Fit 28B ahekipa e beenfoamn albﬂ’ge)eﬁdhme@rldaaumtgaltdbr%a‘i tobhdigdacsl | s
forme dOutwardlvmﬁT; 6}%%{ & lé!(t_PﬁlR Qﬁﬂg & 191% gﬁﬁh ¥ 8’%{ a%d thglll ﬂﬁ%vkrr&gﬁpoﬁerﬁe 2 fon, H@ e

conformati O n a rranu acturi ng lgquocesses t resent
i nvent lins$33 héle¢en. w@%lﬂéngpﬁ flag besmbagiealang beng lipe B4 Bipadty.shassis %lfip‘tmfalr?é t hen

f or mediswéd: hpvfaﬁih;aahdng BdnYl like®a7 fnﬂl’t&be 824Q&| ifgrtdd MEOIMERDT s@E td Gabild digicsdesuadne@al of N
FI GS. 2 desd ned %Qd cut froma flat sheet
CS C dl I{

8A-
821 an ﬂ?ﬁl‘f‘%‘é"p@gﬁaﬂewng gaceas? otam(‘:u"s USBd“to rapidly secure
conponemskis, OGjiously, immyst eﬂsesalpluragtmf oaipbrente £ wauld bbwscuesddd hssi B, beferedending, housi ng
or co m@&ﬂﬂon&lﬁwo %arpc@ Bechrefro@RR4id 33 Q@Q&ouk MR nﬁhe@éﬁ(ﬁ’i%p%cgﬁ@ MiPRabusshape
after the pick pl ace process is conpleted. [0018 As shown in FIG
28A, sﬂ’éfé‘tesﬂfﬂfchaégs conponent C secured thereto before bending, preferably
by hi gissipeBIkSr BASE @lsd ittadite 6 fi@damefdhleiedignatibess ghiftois fimpienioyted @siersheut ti ng,

vat er Len& Cl’lfllgt{lod o% &13 r SCBtIH{-\]/gntlg{l (anz%f Jééz- @gst ¥i4 %eheftg %ﬁt ﬁ§$&%§§%€%&%&gﬁﬁt§§&§ rzgs and

822, conp recel ving openi ngs
t abr ec@plmtthgmsrll ek stegy Using roryertiopg shostrissk bepding)techaiquen davievBlefiies Bt epabe B&hd | i ne

831, CHA3] NPinRickieRieBiRAved hedl pitibhs SPleACRithy PotasRSIHeYreschti@veniipabes) @w&&% by bent
FLG 2 CO0 ent C ong bend

alon bend n over
l'i ne 83?%50? A t%’—el a&htyé%]@' oA %‘tr%rileg' ac??ﬁ?ﬁbtggﬁglgprﬁ%‘ge ek p%ge]l?le{] 3 O(I)l?lsé’q}tl)end li ne
834. Fbmaingsyquioohabsi sbsendithpliietwilbpre@8I§ align in the bent structure, as well as mounted

components and the coupling to other structures.

o1so]  Moreover, the precise layout of bending lines and chassis or enclosure features is only part of the

advantage. The structure itself can be bent using relatively low force, and even by means of hand tools. The

-23-



is bent upwardly along bend Iine 837 and tabs 824 are inserted into slots
827 so as to enable rigid securenent of the sheet into a three-di nensional
el ectroniwe 20bwam308s 838 around conmponent C. [00188] Cbvirowalsyoosiomw7aodst
cases a plurality of conponents C would b e secured to sheet 821 before
bendi ng, and conponents C also can b e secured to chassis 838 at various
steps in the bending process and to varioqus_surfaces of the chassis.
[ 00189pippaie: ofzseﬂm%l&caa?%bﬁnfi Pigrs epdde s foseerbending srohies de @S PR EEIes whi ch i s
i npl eeRhattoton phifidllyshaget. Dendhmige ireblhadelating depqeesienhg hadweiddifigntionOne of
t he ; f fnit hem on
shoet 124 BaRAN Rt sth o WD g AP AL FARRRRCH el Sl IR b et
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heretofore partia realiz e technique_ involves selectin corrponents
havi ng® eﬁﬁtécag%%‘? fe%l\%tm‘éf% bestree. onerepBis CP?VG%HOPF@WH%%O}EWH%%?&@ npipe el eley g

ar r angedioh of btit@iz@adsibe fvjth the plag@sSh®ntiod dAestcailyaatraatet the Sdipipotidehca Yettvéth fheSheet

porti of, i onponents as positioned
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" Cadprdisdetofripisin e ol bofitieede ik it B PR SRR S e SRS e nor
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desi gRgedEmaidisml RMubitle SHRR pluk8W of QiccBd RERHATLR; &R ihe® 5@4@11m§/09 ot
practical. The present slitting-based invention enables practical

fabri C¥FPIH- of this theoretical CAD or CAM desi gn technique. Prior art CAD
or CAMegkeSiMdanrsoverpititeetdimedsiopd] ehabspasd ythdd etryolayes di@aki have @adld tigen whiclr @al

mat er i { cause,
R s i A N s g
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t he st uP?)e "tj1 eg'ar e(a 87Pbeam HSI?‘thhe slilttm%%([%fs éflgc}/ sé?%e% fsthe rve%mvw?waactmége
[OOleFSCthqdhgrefeWece\IaFIiG@Lﬂ@ Brebd - ﬁe&h@%ofoﬂatetlhié%hel@mmﬁlﬁtlﬂﬂigt lgs tvgbemwlvi ng

techn llﬁéé%%z gﬁ%@zr I REMid 8528 plaamﬁaftamn@ws Svh gﬁopF@ngs@de9$fb%dqﬂy§ézs Agan be

f or med. 41? limtation enuneratio are
along bend line 562 are sma ler arcuate slits 564. The shts 563 and 564 have the general

positione
configuration as described and shown in connection with slits 542 in FIG. 11, but the length of slits 564 is
reduced relative to the length of slits 563, and slits 564 will be seen to be positioned at the apex 566 of notches
567 which are provided in the edges 568 of the sheet of material. The bending straps 569 defined by
longitudinally adjacent end portions of slits 563 and longitudinally adjacent end portions of slits 563 and 564 are
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exanpl es of products which can be folded fromsheet material using the
slitting and groovi ng schenes of the present invention: trusses, beans,
curved bemorposopised beans, beans within beans, encl osuresjuspaspbeds ons,
stud walls, beam networks, envel oped beans, flanged beans, indeterm nate
mul ti pl e-pi ece flanged beans, machi nes, works of art and scul pture, origam
t hree-di nensional structures, nusical _jnstrunents, toys, Si nﬁdul ar
connectieBiHdy the saoiednreatievrsen. arwithsigndinedifferepess wiibe lethobbe slity 53% ?f@f‘ﬁf’s i dges,
el ect r witlat scanclighsdise sljffefen@ ldieb ere@uckmeutr difrenb] buishandigdsaps Mooribvave gui des
and d“% g%a]nﬁ\nﬁﬁi’}h ﬁ’&?eﬁ@&%@th@id fﬁ&ﬁ@reg&in't‘&bwhﬁés R 3 Mé’{ﬂoﬂb@nﬁ @R s632- 30 and

Formati on of "a curved ean1u5|n s |tt|ng process and
sI it shet Ote of P afypragate the Rlpesment ohslis 44 Eéhatré%?nfi@efamﬁy WSt ke to FI GS.
12, 13pra¢aglau&4 whith Shueiekcudit agsmésesm lnodi@d 5475 Tsmyfmsus neaveEbﬁnge}Qsm detnedigs t wo

bend ! 1'10'? 5§’$5ca %e ge ? gobexaxaglia .into or§8t20§§12 asgg% aa90 ugeaailll ! Xxi tg othg arg%egﬁf%hey its 563

on op p05| 8 si'des o osi t1one I ne 562 are
smal | eytrugivre ghetld regpife; Jhe@uiral m@néva (B 1cBRi3 uath‘tpl%xlf theshest erh\éhl@@#@rlérs
confi gge@t i on as descri bed and shown in connection with slits 542 in FIG

11, but the | nth f I|t 64| uced r i ve e |, th of slits
563, e ppERde i e Sehaner ot Skt shlng e SE sl ey
not c hetghtstehd winvaciertanes7p ﬂ@vﬂldedhkershts Hewe dgeigu® 68t whd lide€6% Heatallgfthatmber i al .

The begﬁjxje@gld%%ﬁ1@1g%7§§9nd{i§sfde&§ﬂe D¥fne RAEMB ] oL nsaldaE Ebe B Qltd e8NS Of
slits 563 and | ongitudi nal a{fbﬂ,ﬁbflhacent end Eortlons of slits 563 and 564

ar ees s@’ﬁls?‘hll‘{eye“ﬂlﬂ%“ Loy dpetifem gfulP A24B o SHEE FRfiret thﬁ&pﬁfhf’?"éf"éﬁ es in
t he | esigtatd 297 aie legtirdy adequat 68gagin the Biférencd hawen wiitd 176 bndess 73 Bt Bd dnghdr sighiape

di fferge@ggse(g#ﬁ] $9..8 8&‘9&&&&? nt differences, but bending straps 569 wl|
b e essenti a ni ormln t hen: streng@h and fatigue-resistant

capabi lispii eQnog IS]éTrF@“E bd cprdis §enty aleye bseHBe Py sp fhaiehegerpes Sf baprdshencp an Bgle fusk
advant age aeg@a‘es feRfved BE QRN bor@n 53111t S0BEKE roed fhhlalbnﬂahﬁf}ie flientbng Ben€ DRtsEL N any

stress n% CS) fl }Rave %agz?r;[lel s a{})b tl\ll\,gls Ct@e%;ivqge tger% 8'1'5{)56?%nd%8 or sIst%E%%nc? §77 nREs%Es%l%% o567.

The vafi eaves “of f or
exanpl EMIM@négurms b}#nqrm@YM{ye’ﬂlﬂb‘:ra a@@nfemgifoe'emamﬂl@n asghovingn GGhEx Té‘hgl es
i Tt hepgikd iRt WhbbanREibr FRS. 120 @ E&Ndifrébnt QQE&nﬁQRatéZs&ha@ﬁ@sﬁtﬁi@ﬂo{hsé n the
pl ane of t he. sh rawn ]ﬁ£00197 A plurality of slits

576 anﬁt@‘?‘?“dﬁ’lgg?%fﬁf“f“ierb%@dccﬂdélﬁﬁWQ%@BWB“HéWB‘?t line 563. These slits have
much t jogpat eThesladgnciud foenatior dfia ourgedbéBbehinasing thve staeteslik, akwdowd intls flgthoG. % oxi mat e

first pﬁ@g?éserf@@d é@&mec%{h%éy 13 antmthgfasmgwom&ge ROFRGES LS PEZ A3 € not

as desirable as nore open- end OI‘tIOS used 1 n connection with slits
563 antySEB4s dwé@éf} %aH@L érgiéhe s%lfé Fna%Fd’éiIF?t 6 lgantisajlygsdaid ppbin theslesigpracesier 9 stress
fract ucap, AN bSotif syktags. tA/queret iR Weant, @dnerdilyl deSigaitd SAN stowil 1naﬂﬁ;heﬁﬁde§1@ie§/

adequatu%a db?ne%lUnsha egl %ecg S;Zfa?srsg rﬁr%?tobaﬁs%éégf si l I t Bt égc? enﬁggq EZiZhelgté_;ﬁ 6\&1&%} Once

smal | ef een ‘use

slit, ?h'e@ﬁtm 8. Band HethpBugers g leavep %M@Vq bieﬁ’efd%@o%m[eﬂé\? outsifle of thalingers §71 - can

g7§ b?{aavesh mlarlnaag Lﬁesstﬁ@ﬁe)é§%&(3red:ﬁﬂ}eﬁ&mﬁﬁé @ 10)e8indsG61aN$538; eazbraad 5608 I"tHisoN |
sNnou or Ima nd an

T g DS OSSR DT Ll Sl 300G Ol 02 and

564 or the hatehss ibFGscanbile3hedncluded angle poBEhds b€7btdecrembexin ti brta 83 of hglorggttdimhs, but

nor mal Léﬁa&@&*b@ad!s'l T c%ltﬂappoﬂfé%(s%%a%@ 5726 Qfﬁmr@hé@t a&eﬁahﬁ% 28icBRQWR: &) FIG 12,

The purpose of | ustrat ed enbodi nment Is to show different

slit cww’rwﬂﬁfa??néﬁ% Wtﬂll?&tbué?hé& alilpaptdprodi %rareegféﬂ‘ifwet he bendi ng of sheet

mat er i @dooji nTEdIBlQé’diﬁd&t‘semﬂUeké&u&&lﬁge{ﬁfee‘t@&fifbts B33\0e behdr QUtabl¢ AOESY]adicbiees@esi gn and
o ey KRBT 0, RS b ARy 1 1
desi gnFlabld a1 5¥e Taclootipr qfﬂllqenﬁn@g\s 5&?0 @lee preciCIXIvptdhihe cagpf cuzisd emBgwrdtiped earl i er,

and th @etesﬁ.ﬁx%m RRAS il Javélb@&ﬁaertéﬁg ok 6i2hihisG80 day b@}§>51h@1§ai lg%ﬁugl 1Bcatidh€ardesi Ig In
proces (0] r.o er . rve (0)¢ enerally
desi gn %rg%%egtgeﬁwﬂh{?@er%ﬁ%ﬁo?sﬁo than Bhgln%geé m a curvature tﬁat 18 1ndgtermmate or

established in the field.
pozer]  One application for indeterminate curved box beams, for example, is in the aircraft industry. Difficult

to bend 4041 T-6 or 6061 T-6 aluminum is designed with the desired layout of slits and then provided in

completed slit sheets as shown in FIG. 12. The sheets are then formed in the field to provide a box beam having

-25-



cut and bent U shaped sheet 572a is secured to a second designed, cut and
bent U shaped sheet 572b. As will b e seen fromFIGS. 13 and 14, the
fingers owol2e@ym®z08871a have been fol ded down over the owtgiudeoosfhodrbe
fingers or |leaves 571b. In both cases, the apexes 566 are closely proximte
the fold lines 562a, 563a, 562b and 563b. This placenent of the apexes
?LLFYJ\%egr%a drle n%ch %d?tt%r%mg %ﬁ éiglg,i f%rcegaemré)rlg lt>y thn gt%%e% a Orr]tgGZP nt 1 lat]n%?/glc% f eno t ches
567b dewetbe ep@@reﬁ riTHe w0 pessethas P & boxfearh g gtlrted@h fis adetyenvdion gf thyf skiy@étm 581. The
cent r alpiRR WhicP RS berh AR andl il 1R fikih R e RS atRY BliledbnrBRVRIoRs L REMKNESS t hat
wll acco g%te bendi ng wi t hout buckling, at least in radii that are not
extrer?ﬁwe‘{[%m ¥] The fol ded sheets can be secured together b y rivets 583
or ot her s Hehdily of the Egtee prfingsrs Hd hagie es with sifngls bawi taely, drech by pud sndfiskh as

We' di r}getﬂlgqse@fo%fd% cm%&@ bitEsbok QJamtb?‘ﬁmﬁgﬂﬁ p?é‘f%&&d(ﬁé‘i@s REs Q{ cﬁs HPl IR tha@s shown
he | ocation of enin s can £reC| sely set if

t he e>(‘é38‘id ity e & SRserspl F*‘ﬁPi‘dSﬂy“i‘gst]ﬂ%’tSB“rePnTﬁ@d Wﬁnﬁl ‘i”f‘“éﬂ plistser gt~ -

bendi n;ge;ngthrstnmmammg $-6a8himaibob beampasieicistmefdmiet aci@nditicabd ds @Caipiatgudnd

t here . Of ets

t oget rafer &lln%nltlgog%agr% aeFt uf%sge% gfibd slkjn%gté'pglép?a% &r%%%tléo%?s Ctélts]%g%%wsr %glg]hle rsifﬂt e field.

[ 0020 Ifraigytedes pysn peabet C@whwf S°| ﬂm@f Brgiceidiedovh o ¢ & BbBhicrearagent fepaits esrdfpl e, i s
in thamaércraft industry. Difficult to bend 4041 T-6 or 6061 T-6 al um num
Isisl ?ez[(lhzgsé ts enEhe long\ﬁldmael?yllf}‘l%gd llfgxg uthas as%ésdletterrmrg?eq? If%tucpma cdu.lev(éitufenlea%?np: St Sg
provi chefizgels éklab@hiﬁwatv bdpdinaclby pefehay i le wiviah thi fifggrs d@qr@mme ieesh with ¢peh fthesnd,  f or
exanplg, dsalgé/ 1408, eflﬁé*{fxﬁﬁioﬂl[c@ &k sRiec RAsthaPLe Qxﬁooﬁ'ln@dvﬂfhﬂﬁt%ﬂ&xm‘éb' ch nust b e
repaire

that, formthe rved tof t under a
port i d'bf f’tsﬁ%"“%‘k‘? ﬁggflztlﬁék’&ﬁ?”ﬂ’ln%lg(]é b8ﬁ§%5‘sﬁgg]‘é 8 é’é’tﬁ‘mggﬁd then t he
ski n imatdibleegdthight fell tices REchnd §63t Frds atse pospiblk topewihdedamgBidRalhfcutviribog traxnebly box
beam SLQQgg%}ooﬁggrg%nggmpedfbe&dhﬁesl eaves or fingers 571 can be done with sinple
hand tools, “or even by hand, and field riveting used to hoId t he curvature
of t hé™Wbx paddifioptoyhe surverhpepm gmbodigents deseted phpvecotispexamplen f ghEed figtRb| es t hat
ar e drrdolbatlark muﬁehetelyeﬁpae:m )] refsultnag €nply Qfying @ behidtle £t+ay4dﬁgunfg ehdads shgetnd Thus,

W th le h ru [ 41 T-6
A uni i A AR hdop, AIERLLBE R Gl JASLIADS B SMLE e
struct%}?vgdthre?)ﬁﬁ'@ﬁ@mlStf”é‘imesubsequent fasteni ng of the skin of the ai rpl ane

t her etgg ThiusuiddBw @ 1abs. 615 akdOlls, LKRNFnteriflidetgbled AP 6@@6%&% fﬁaﬁ@ghna@nbat
at the ne. ca r nanent

conditjo t t
Cone 1SRt R B B0 et B ouhi i U P gRE e am has
pr edetsérargwedd dpnglengitmlinabyngxichdigti fold lines Gt2zat 6Y3e Fulhesslitiag o gfopvigerstalsila and

571b Cp’i‘d”c'e ghtﬁnsd&ﬁél}nﬁgnchlyg tﬂlﬁﬁxﬁé’s‘%ﬁ BB Riad1y. h@ppfoée@%ef e%gés@I&foQlegééquaé or nesh
with each other in This wi || produce beam side wal |l s that

are srfystas aa%ﬂplwlt%f@f’td&ﬁ élr? afr‘gfgnmf Bopersie sKe e%gﬁmme PhpetrpeRuplingtabyof flange
| ongi taxdis rﬁainécyat cisrendd teakeetr@apie®rally fasifiBtef aduﬁ@,d)pmr;gs benittratgritidheviis heet

mat er | 21&1 Hit ?&u%ﬁs%ﬂln% ;{?9 it 3& %ﬁ!&% cﬁ?zsﬁ?%q gr§$\% 624 oft'h§’?r€é FQRPRS! Dl e to

produc beans groovi ng al ong

cur veoPn@@meenF PfAESS. 9 pol09 b&je bpen pasitivngd dpne f 1¥1Pfé1%*é¥7vé*d“’bb%wﬂ@9rmééiafrﬁéﬁp’s
descr i hadesaby§pe BEMEH 0B%AAPI@Sn@ EoldHe\La) 0)‘5:H ekt the edopmma@fe&nﬁmnnon

i nmedi at el r nt a are out

T e | R SRR Bl E Ny 158 e et HE AR o PR PR SIBAS. o
fol di rvg0d3posb®ndumrg63alshmg iisKIGh1 6h Bmtending esgts @O abng&@@esﬁmwheetﬂb@wﬁes a
cur Vedfolti&'l ?o%ncgtb %Q)gé %ﬁﬂrmﬁ%%ﬁ' Egleas SI‘L)QIQ%% 1§Ufﬂé'cﬂ&1a98¥\éla%%o§ !)ncﬁ(Sj otk and 16,

a sheet of material esl slit or roove
t hr ee-HehBndmeignedds oy raﬁhlés W&&@wpf Bith i af olyrpp 631 @?&é@ﬂ%%w apd 816 shown.
Sheet ddded ddtiatg he estchdemugacchtier) whilehe fold lines 614-617 allow the sheet to be folded into a

square configuration around the column 631. The bent three-dimensional structure which resulis has a plurality

of planar panels 636-639 which provide surfaces against which other members or structures can be easily
attached. Folded sheet 611 may be secured in place around column 631 by fasteners through openings 622 and
623. The configuration of the grooves or slits 624 causes the folded sheet 611 to become a high-strength, rigid

structure around column or post 631. Securement of folded sheet 611 to post 631 against vertical displacement
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slit or grooved along longitudinally extending fold lines 612 and 613.
Further slitting and grooving has taken place on transversely extendi ng
fold |i newoGdds/106089, 616 and 617. Opposed side edges 61@cofusstvemis2611l are
circular, and a plurality of notches 619 are fornmed in opposite side edges
of the sheet. A coupling tab or flange 621 is fornmed at one end of the
sheet and preferably has fastener receiving oRenlngs 622 therein which wll
al i gn Wrbrhoswhehig o renss fit hetwesp proeiciedece AiF 8¢ heppeetndisy e usepf BLengs gr ooves
624 of adbddBed W¥PRENS B@XY dr fhe llilde ariipaske BN has @fanyFipifsatioBs @irich stBe thaprebidyeen

positi 591 s%ggue{l coupgnfpo(?l turap ésmbgl%% a6c}7?ndrrrlétl thlnle 'Phe%xawgg%gﬁmog auf'?éxs §cjt Its or

gr ooves 0 own I n ot nts cou | oyed within
the sceobes mfenttah@srmﬁeslecwengl ihiy @ prruciTe! roirp@iEte brieerspindricab indiggtiEedr g hown i n

Fl (? 1120k S ﬁﬁﬁlbﬁﬁ&ﬂm& Bha@ifiRle Bt OF gr6Jved sB&Cand Irfétiﬂ)d d'f e Ipﬂa&in;] iredimniso ey as a
ro PoOsS eet s

L i o Y. I ng fold
li nes ‘éi(}z“’ Figna %rgtcogugf'ffgﬁaﬁlmbdec asfe(%%gesaqugs nd af' 0 elgl% [5s8°Ey ?éltecfrp%ne?
menber as§Bblica thasdawpadesigne i@, conbBucted lpengdheapparagys argrmathefleof ﬁ@ rpfeFf@hm‘GIE‘S’no Buchhe

sheet %Ee%bﬁés@@'ﬁ&h&ﬁ%? eﬁ’é@ﬁ@%\lﬁ‘oﬁdlﬁgagéh%ﬁemlt&ael 18Ss, Watake shdabiapf col um 631.
Not ches 619 cl 0se up and the ed es defi n{hg)gj[mg gthnotcheg abut ach .ot her,
I

whi | e teffeiapes Py Hrﬁé‘E ingquionsrpadily pq W‘fdﬁté by BETFEE ST S §° BOUYTar e
conf i gofaadcheent @ssound t he col umm 63 1. The bent three-di nmensional structure

whi ch resul ﬂ&x@fﬁ V\t’?'a ﬂ{;]eu{ t?rh. alte)f)rogfde(pxlvl‘ﬁ&%gn RARELS 3B @%Quth&JBnﬁgaQH}Q&

sur f aces agai nst er nmenbers or structures can e easlly attached.
Fol dedtodiseiepar ghpgt, vhily HFIE- $deby Pavineifastenst HEdving oBengs *EBPrﬂYﬁlF 63 1 by fasteners

t hr ougja@pPenRiFgs 7, &%Reeemhaﬁaa 641Thaebeennik brguroaetdlamg loﬁgltndmugemmegfomrlmsl its 624
Causes&& 7In%ccccj)redgnces Qq}xe% 1§a %J%g t%ﬁh berecsgn%%u ?mfl g(gnal%n%gurah gtlalg 6§§ﬁayec ture

around  ¢ol unm or renen 1 to post 631
agai nsbeeybrddelahs @délpft 3 cate mdcodn Trbeo4P e cytéssipet 64 it thysamp tip *fsé?r@ﬁé’é ofjt

b S L WeE{he &t dd @&)@ve@d‘g %ﬁ)n;,ﬁtiigfoﬁirlﬂest hﬁuspm-'%hapédr&ﬁv 691 is FdBedus Se@fa f BHaLKIRH The
adhesi ve S,

| .din i ng.or .the.l e n
appl i cJEF SR tli‘%co%@\f C‘Erﬁglo’b?h%’l‘ %‘rlﬁ:‘[ég% Bas %?ﬁ'ﬁlé’n(f%“ @W?IXIH ?Sbfq g‘ls?tv)rhtljct ur al
menber sxtdnd atan englei frodrthecatticd tvhendblding occith ® famdimpbrugefont: b@@bs Q‘Q carrtg b6 fipy  not
only aarpﬁglgmoklﬁén t99§mehf&al$l>§tg)q|a@gmwhﬁn 3 b?a §150£e Etléfe transition p' ece
between cylindrical and rectilinear fornmns. The d(gs%%nsﬁ %ﬁ
manuf aler e dbedplfisd opporypasidegt G EoFm fC: ﬁéf?‘i‘&’& at{'ﬁchefl e SBPBLRHE PHE &Gt i on al so
may b %thlSl&daﬁlﬁ‘ald@Sﬂ s 65TNfdrnfed MhReO BittIEfd e dogitnel anddimelBiokedassaingly reedve F| GS.

17 and I15 64b ere 0 Léh %Vhe e&%gé 19%@7&@9%9}?13@ &ﬁ%ﬁéﬁ%?éﬁ%ﬁ%@ﬁ tﬁ@&9mlﬁen&lﬁ§l gned

and COI’ISSI ruc aratus an resent 1 nvention.
Such asns@wmlnsbfs 6% Eaﬁﬁéﬂﬂt @ae mlarlqtvfe@me@éwwts 67 1P PGV thP ﬁgets together, or tabs 649

hi gh- stdn@B8nho b Qoriweitd B&sﬂfoﬂbﬂ 1QSted A0d: alvBicad heab SCEIQJE dé @ she@® bt eBab@ho t he
prese nt, i nv

rea cCco te both f of .the corrugated sheet
and t h&SYPB, Fé"inﬁ 0“’81an Ste?%eéiﬁtﬁghﬁ?%? 9@" o FH62H9 “gr 2 s thi[;k “attachment tabs
are pr wude@p&dnabha semd eettefidaterhl, wglkvws,l ot b aftesheddeip bwerside ebfelulpat ed sheet
to the ccmugzﬂé% she%hﬁﬂwng%s ga?so & shdwie) wﬂ1§1 arr@fgl%leh"é}f bi\Bect mni%ﬂ%rthers@tﬁ@ ofi ng

openings are provid In FIG rial .641 has been
slit oPfORRERasEs- anﬁﬁamrddh?jr W}ﬂ Brarorpd @ﬁt@é’ﬁ%ﬂﬁhﬁ If]cr?@fi af’ffuﬁ%%ssgf‘é@ L

accor dagegbedinicbhntdien vighasbdet 65g. of t he present invention. Additionally, a
plurality ofy s o o NG 7 -
Tabs GHSY]ar ferhcru ﬁl%%?sgil%qge\ﬁgtg%&q A8 gﬁg{lg% }RQQ Q(Jﬂqgaltiéd?%llftpégﬁ ktg)séé? he slgll ts or
gr oov e gands uspd mingimeoysiarprlicasions- Ilnes Thus, a U—shaped cut 652 is forned in
sheet Qad; SQA bhahted\an aisheolphant  Bcfoldad c&rﬂr&t&@as@ﬁlfﬁnﬂ@&ﬁ@dﬂu&l&mﬂltﬁel on

shown in FIG t abs wi.l u 649 wi | tend at
an anglaﬁer’f‘b%‘fgfcfzg&v%ﬁeig eat ga\\{/\ﬁﬁélhee%éfﬁflﬁcgs %@V\@%gjéﬁa ntl)es i taﬁd 7RI tg%ﬁls ons,
but t al663. 348 66have orreedifiomisheet @iningrmaaney bimdar trodidt tidserived i cennepsion withetatt 64&,a)lnly

posi ti qg, 66@%10&@%1&1@%@11&% o&%n% 6B, b&&%ﬁm 15bk 663-ard fORIdbwd 3G nfLheBshear

corrugat ed sheet 641 shown in can_ be attached to a second anar
sheet  BSHORTRA ALY ty2 m%%%&w&%w aéli‘is?fé’e‘b‘s?"“f“’c%‘f}‘é’ﬂtht“ﬂi’é PEr M thedporipiag 7 ar e
posi t i @as@in,andctéanBaaskdnechplea setaid shgl of niaefig icyEhatiadhBstadSedelvip efdningaigh. When

she et %erem §heetoécb)lg %gm’cQ)QMO %%ngerﬁggrgd?l Q%B %gh gp%mggeé%4 Sagg ﬁ&en@% :!u'e uled posse(ﬁée%h wi |

exte

two sheets together. As described in connection with FIG. 17, a third sheet can be secured to the bottom of the
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up through slits 657. Tabs 649 can b e in interference fit with slits 657
to secure the sheets together, or tabs 649 can be bent to a horizontal

posi ti on WO 20e/®k@d about a vertical axis to secure thepCwwsivendsE 29
together. Tab 649 al so may be bent down and secured to sheet 656 by

adhesi ves, wel di ng, br azing or the like. [00212] Optionally, a second sheet
of materlal not can b e attached to the |ower side of folded or

cor r ugeragpied ﬁl?é?étt“‘%&lihoﬁ%‘l thicfieprs Hess pefisy HoreustnataPs Gidioe e ptmissk AP out  of

sheet Gddigathdrtienigplt he slitting or grooving process. The second sheet would b

e secu t .0l er

Gescr 89 | SR BB ol LR LM B B0, o

hi gh- sTYBHYE # 20fvatisgived p euTugtiediieckeanernrliaghmihierag it fesnedighithddvopangdiinor  deck
assenbéuynngh&fgodaa’alghbIesldth%&dndliahgtuwagmus appl i cati ons. [00214] A corrugat ed

panel assenpl n. be constru .1 n _connection
with t [ﬁoe“'assenb 2%4“ r@@‘ mll—’o %ng(’fca(ﬁ: PIUEAE & a%gg?n%%%% %C%J&%g’e a

pl ur al fornged pfing thy S(Ht ﬂhﬁqﬁ@@l @& efited peesppk pveationt wombvqr a8, FIanb%225ie®ﬁapse

f or medmt §t@ﬁ@tl§ﬂeﬁltag@%mh Bandbe Bﬁzﬂﬁk@rby sehddh bBhe aﬁ)ﬁltytt@ﬁgkegﬁaﬁﬂ{ehﬁ%gfoldg tthQlQ\Q:eCt ion

with tab 663 | defa ner eivin

Add ¢ SRR oof St BETAPE Sl B Ao e LS WS Desie hepgerico,

r at her intefierk a dighdet! eheet imealighsgergihdbke- qumsmnad)mucta:s described in connection with
tabs 6@, | Brid BeweliRlohet lf&aﬁlgtonaga%édtpa&wor iRR oﬁél%a&asef@ed%uﬁaﬁ%a&ﬁgQO%BL@ a

second sheet of nateri al havi ng fastener receivin eni n
t her ei hdesisqbigh legd g7 Rerceninge phohes aytedsd torthepveralraps! ﬁ’@te‘@éﬁeé‘F?’ghﬂ\?\P‘E‘PPS?)‘ifétﬁl ng
664, anebingstierpiise b @olds €ith thOmBRALKE rﬁal@saequm 16 hre@hsisi 104 ekl Gfbeand afe

descri 0 I hj eet can b cyred to the
bot t omltag tﬁgg%? é}ﬁ%g}%ﬁ tmﬁﬁer P %’gé’ Of}onf Cthﬁrdg reln{l T tﬂ? Comtlfrméng oléget‘?'\ec? Hlslﬁow t he
secur eRismresingiBecn@gEAnablss ¢ fess bﬁ?@@tﬁﬁﬁe‘éﬁha@ureﬂ at hrewéfcfprrwg%ée@@ ety ig greating0215]

Agai n, rify, sesp, Ilwwa@t Sruptildd @dticinybe @fan@iRRMESmQEntiSikoud &ilH ﬁ&sﬁi&t@mﬁd chrfibact
accor daqcfo i nvent.i.on, crib ted

resent S u
ook ot el demPl STAR' T Wb R SR B LRI o Bt MR
has go@dlefsa‘thprgweldmesne@t%ﬂaelba:nﬁo fadurk.i ght wei ght. [ 002i 6] FIGS. 19-22

i1l ustgate m&%&hamﬁm@@h n@ﬁgﬁngqﬁe p@es&@menmﬁ%@m 919% mq% q@ iPARelaor deck
whi ch can usi n he slit and pr esent

i nvent Y%6%° ben*ﬂ?ge%\rf}iqgn ‘d%iﬁfé‘?ﬁ a@ﬂm&ry@ésubi@tw pﬁﬂailihgﬁtnﬂ B‘?eé %22[1%6 agpiteEheft h
advant digestinghicaa stiaM23yesitintdsnvppbsivysideedsieierdfiindsh@desibd dbliguglyterreritig etraphar p
bends &EWJCIQ]L %osqtpﬁfelgrtgﬁy & '793{-'&1];1 lcaﬁ@tgé foggﬁqlre%ﬁ‘tg Y 6% ﬁgleiah%%aeﬁls %;Tllédl

further, th ustrates t use
i nt er | BEkeet72t g Elé‘ﬁfa%thé@fbs |7%f't‘6‘“‘%§ epErgtPuRidly g tha topge eertiens aeshisi7ghand ast r uct ure.
[ 0021 7j1urBlity OFkeRhdle like GFbRingH RS, d)pzmﬂgsrvgs ﬁepcrsiﬁg@a adlipRielasob 8enks of ten have

suf fer ed fr I it percent age of

chord 'mai 'erl a @QIAPﬁe 8\‘?”%65?8“% ex{fl acrofsebf? a}ne 9%61%59;2 5 e[ltal?iso&f)ur 'pose of the

webbi n@erpfsreteﬁe@ewaf fie tongu eld@:(rf@htel @3nwKehholdppenirignT2dad 2 qule@t wmsgtwesehm thed to

ac conmphhgab silldttiid 23 kvhich hé@@%ﬁg’iﬁﬁoﬂ @Hn!nﬁféne@rto Meldeds 'fZ@rH%rcfeMEreHeﬁﬁhé hi cker
chords rel at onnectj ng b between t hem The

top and bat

present’ ok ?f\?%ﬁﬂ%‘i‘?"‘é’ﬁ‘é%‘lnﬁéfer d ‘("E‘%‘J’é’ §he(5’¥’w‘?f ¥ ?‘ﬂ&é?defﬁce 8§t F“&&Rpﬂ?“é &idg ‘Pfé‘le sl-8vi de for
Wi de desihGho & brexiiiddii th¢ §p dide oftheditsi 728 Thug it entisd @725 la0lv 30 cgfrhd Blly dicdrur s

t hat C@%ng%d%ﬁ%e%ﬁéefgo%t k9 GRBE LQHAR fflkSmshi@nsported 1n a compact

coil form a easlily forme I nterlocking nature of this

enabl etf28mbBdiGref the &%‘iwa%n\lz\eﬁ F&? nla haﬁtbeﬁtnﬁ@d@etﬁ%?ogtmm@ ﬁ@mmt%namj of dgck

especi zl yansuybq; Relhdet Vet gttt 727 ax{dQﬁlE&.&]moﬁh%t Anml% kedd mﬁsﬂel hashhieens ski t
entio fl at sa bef ore

using fthe v,

bendlgng ortg1te "W req \en Ovefpl %g esné% FH panTlﬁ?%ﬂﬂ? %HPB?r Slgﬁﬂ@ lﬁr\?"i’eéfl P g‘ﬁr al | el
bend |napddo pmzle Iquloas cbek rehand Dffacas. {This nmstirwgonaffmdamaeel §16 greatly@Bapessi t i oned
oN OPPRShde fod bxdRisle Of behdBy, BRAFhnIL A&Hich A HEFIRE OB %ﬁ&t?’ u?eé%%h@id@&ﬂ?d&hr aps

skevvedlno%omtedlrectlos lits 723 can take the formof slits in
Fl GS. %e 1'8P rgl oiito(sormdé)?g%q)aée eélsc obpzwéldan be further reinforced by adding a sheet of addltlonal

material (not shown) which would further improve the ratio of chord material mass to the mass of the entire

deck or panel for superior strength/stiffness-to-weight ratio.
oo221]  FIG. 21 illustrates in greater detail the bending or folding scheme employed for panel 726.

Commencing, for example, with end flange 729, web 727a can be bent down and back at bend line 722a down
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in sheet 721 are a plurality of tabs 724 which extend outwardly of the
tongue portions of slits 723, and a plurality of key-hole |Iike openings
725. OperwoQ@soe/id20sar e positioned in aligned relation toptahs20084097290219]
In FIG 2 1A tabs 724 will be seen to extend across bend line 722 from
slits 723. Tabs 724 are, therefore extensions of the tongue side of slits
723. Key hol e openings 725 is a cut-out or negative tab in the tongue side
of slitP3 107%1%? hpapcty eheet matsHEL TG BEn Rt ferivard ASiewhing 7428 ardedeif ySaeends 724, I n
order ih mopglfameﬂ dirdchéh onee ksan@rfpaﬁawém fifzbd 749, QL&A IRG7 22 W BI7TR B i€6baib tllenbiYip t he
upwar d| g bacf( &)Q)ﬁnac‘lcline 752@ ?wlg&fpoin chOIQBE)g%IIS bf&t (I)rgv%".rlcﬁ'igr];d etx{‘| ?1 %oleblet c? line %Z%ORKFQ]ZZ%SO IS

prowcfnd I'n ntire area of 725 and
730 i sis @mbeetrbelckfaaberl@h@aﬁdd? bangd lllreéﬁ%/é?éls Hepding cottimucs hloeg thalensttrpd panglgB& sozp4 can

b e i ngpblRea fomwcomgaeeh%em&ﬁiﬁ@em z{rQQ]a&Qﬂty biftndloGad aQrdts Bevokl t8d to zhlaet 721 of
FI G lb?; has. been_f into.a continu corrui%ﬁet(i«i;l panel

Panel °P3%" piik pﬁ‘beéglh%%e Sﬁ%"‘t’att"idé’ﬁ £OPHSHIEA, oPee 8 ‘f% - ‘Eb%pa{)ﬁq 0I‘hebe seen
i N paretralyREel netvay distiveRBigh fee a high okt to—verxﬂt raputting r eI ation over the full
| engt hooQIl t’hx% aﬂﬁ@ﬁ)l fold8 sIQchBl fngl@aq}m QI@SE) fo?dsqgngatﬂgsl&tﬂgpxjo&Wf the 'px(éQntqgveLtnﬁ panel

to provi de continuous hi s construction affords
panel alows theeger | léﬁt?’(a‘?i‘élgd" eESt 7r2é ﬁ‘tj‘tch°rdsf78§ toé?i Efll'FﬁYeéV sharp anddy b pagjtiongd i Flogsanel s

i N whi abiixtisy rklatioh e A #lednstvd Iite @analedd BIGST B-211Giks \yabs ana dhddds ofdyodl tkagtberedtiaog h t he t op
and ba ] e forced
I R T S i e L S e
|rrpr0\/@01tlﬂrﬁf§sﬁrale‘il"6n)d?°s%rd mat eri al nass to the mass of the ent| re deck or
pialnel dof2f) swm&rmeeerarértuhﬁ;gngy%wfcmm% fagel Wed @?Be dg@&dd@mt[ueazi&lﬂsmﬁdle d2f 1
illustrates ater | or. fol din ed for
panel %7 g‘l ﬁfgmrcll e hf)or °eem abp%ﬂa‘fdﬁg&mﬁ%lke?' el ig{} W “30 a tan be
bent d@mfamtlmﬂlemndbeﬁtﬂs line 722a downto a Iovver si de of the panel.

Sheet {mx.erm& 7242 JorleRandpld €4 RGMMed f)ﬂagepcrr%@;p&@tﬂ dfu@eabzgzhe@radtvﬁﬁagr06511¥28a

extends in a di na tio ara el to f 729. At
Xt e SmBngub gL Al £ TRELLO0.0L e shancla Bot allehy Loyl gRs, 120 A
whi ch tgoi7?ia rokoridth? B@izoitd plent fldoge War ds wesdeait BOAN Al omipopehinn®@5 2220 V\eb
727 is h&ﬁ%‘gbgﬁﬁl F‘I&ﬁ%h ab 79& W%h Jubxp‘?ab 324%‘{’0 e QPolEnh ih b;{% d% %%CIfe;r H%bb?ﬂﬁk ng

conti nues al ong panel sO as to

corr ug"éte%léfg‘iﬁ’d‘ﬁ%il or e Tty FIE l‘be mélrl@k arte C%P%ffdlw &eir F‘?“‘tSPP*’é‘WQS ?zéﬂ’é‘ﬁhl aScamsfaevs on

bot h tdiee tadpapiiddor dddrloawithfan bdjerp piael Tmm@hooafngre&ﬁpﬁﬁaa&tﬁﬁioihbb e RBAEI Ng

webs I ral,l,panel nass
i s re|‘§t?’|g%@%§§%?%ﬁé BE B0k ﬁ@i‘t" °fh‘@51“ﬁ- T}(Seh‘\i%.a‘é Bonided a6 “‘%\f 5055519 he abi |1ty
to folmefﬁa@)hﬁmot7‘21]?n$1??e‘éﬁaff’éuceﬁn’é‘i€1f§@0¢féfl ds using the slitting process of

the presg ntxntememg bfQdbs ad4l aameﬁlhga 7@%@&&310@ etonse Bad &gaﬂeﬁ@s afdhe and

chords 7 8 to to 05|t| ose, abutting
o o ot SaePe of fe it e i S B Rl AP RS e Retund ds. of
equal thabmgtch sehesddhesyeegelilihgberiad orttheihbmghlelsommaﬂmls:ohaxelamkpdapex i s about 120
degr ee@ml ASIn\Md by l&ne%héé&ﬂﬁﬁ%n@@&dm%&@%ss%?ﬁfs 1295 1r1§'59ﬁe‘ida9£1139§19ﬁ?§sr {F]p‘?iéd @l €

equal | ;@gosm re are nunerous fol ded
panel rmatiep fa %éléértfﬁlé%mbﬁ T4l thpriaerelt T A Herdt 748 %qu’aﬁf‘raét"it B‘Wd liges gdaf er r ed
et hodhd IScatigns 6N 1@yd trdbsledteiko amdhemtmdsn@ theaiyilROla@iusorae ik ﬂgﬁermﬁelﬂlbﬂgtﬂ thin0 Sheet
721.d Uhd dﬂgr d&bﬁ@qﬂef’ﬁdﬁ?i 74% hp Qndf4pgl“a§% nIi r%g)g%nﬁxglx}aé%suss%dzg ﬂf) the C ords exanpl e,

are provi aser or wat 0 ex outwardly
of slimdwen gtUbfsdeﬁlreé gefipunige dvngdwgrﬂn@e\ne%memfahe ppreipl apdbthe el cvlgxd«tséﬁlt

downwertd Iraéumg@ymﬁéama{uy cdn®e BRA @or lexabBle. /4 2 hght&a@@ hi R.Q&ngtﬁ eaqanﬂl drPost. he _
best. see t|ngﬁopen|ng

hori zont al | ane flan

s oot B R SR meah e it SREORPI P el Bple i 0 et PRr RS o b
e posidshipteth! thivkepe conmgncE@bnt of h‘enctmozhll twdmaii@lly bvas tizrongwd atay edtibvedtheslit end
734, tb@egmpaldwtﬂe chg&kdﬁsnopgga&a%%@gn Re %pms ifie JFBL glﬂgwagﬁﬂé gﬂ&%mzt&ﬁhl much

as a gsaw pl ece can Ca ture or interloc an a &acent | ece
interl 16’6’13 ‘Y‘Flj’ thia apddhedeedf affh it & SpRLF 2e0 ¢ BOvtexss dhe b gprtipng of

will move in the wrong direction and thereby effect the precision of the bend. In order to remedy this problem,

e slit sheet occasionally

it is possible for the tongue portion of the slit to be biased in a direction producing predictable proper bending.
This solution is shown in FIGS. 23 and 24A.
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mati ng openings in the top and bottom pl anes of the panel. The tabs and
openi ngs do not need to be, and preferably are not, dinensioned to produce
an i nt er fwoeneeiobosh. [ 00225] Interlocking of tabs 724 amdtapessngs2925 al so
occurs along the bottom side of panel 726, and the result is securenent of
the fol ded panel in the formas shown in FIG 20, even w thout additional

secur epgt A%é‘t'&k&l&l&ﬁl 68§%Cf9mf'é§fo@9e|ﬂ&i§ B6R 2 Mﬁ‘e‘o@béﬁg hnem’8§-3§1d%gheQiESI§nQ§dl i ke,
whi ch optlonal y .al so can b e used 8 the sheet slitting

and b Wﬂ@“ﬁ%@é&‘%"%‘f‘e REjseasnvepgony fr‘i“%te %‘E‘Wé%fﬁ'ﬁ f"é‘ﬁ?di ‘X}““é‘l‘f"oqm t"&%“e%ﬁ% hebd to the
for rratwm@hdafaloﬁg@yésingmescﬂaimgmemmemftﬁélsheet#@aubendlmebm 742 and chords 743 are
formed OQQO%Fg?QQL He SPmAld s 6a b99e@1574 th}?be% b%]*t‘ﬁla%\%ivad %c%oé%i ﬁéﬁ& &

th £ 2% el qi 4 b gth t

t hat e cho inner ra are ort iIn
t he chlaraaews(ﬁwah@t brind bipe O8R dfpegase7agues 034yt Jorawsrdly digplacydy g loa’ﬁ’thEP&Pi Cr‘?gle’épenl ng
my b &8 u&q;dem;vm alelkupidﬂeeﬁ:ghgamss eamekm@m 1n|aﬂnabﬁb@wﬁ%*vﬂ[l@d)dﬁﬁ@ﬁdu@léf@késon

dependé88?1[ nfaces (?90t lﬂx Ce!é%es ??8 n eac tﬂge %en% hn(%é82 wrlfjbe dhsgl]aceg upwan%btf) Cl}{il I ntqer 741.

The res cylin ruc
| i ght \A@lwgmrdly megﬁmeueeﬁ&jﬁh thethlensiing alput qﬁedshne 6§m®WPIyrpwdwesqhdlemﬁc§meﬂmt s of

t he prﬁ&@n{e BB b toagues ﬁ@@ dRREd ditHoRldrdg bR @ind fodtkli Ch the sheet of
kness,. co ncenent of ben

mat eri al ub t hi )

ot ot o) Tk iR PR T DRl SO Pl T O LRSSt T Db BEB ™ o s | de
i Nt heslic@rtcstangling die tancitso algsically defodgorfzaes €840 2 titvevepplosiitreonside of tefbetdie sl t .
Wen the ﬁ@&&&ble”éﬁ&xﬁg’ df@!igte l683 chﬁl% el 568 liYind J?J);Jér ARGioh 1 KEE fur@f ndalkfe Sthat thk S

smal | or zero, however portions of the slit sheet occasionally wll
move | WiplHWCRPOgPRAsiceides efﬁheéﬁal l%e&“@wuceplreeabe%% apelty dighirm alignepend.
| N or deith tefd 1fne G320 Thé dispiacqairtaighed Also Will ciieSin PxSadr bd t6 the @ropdr ldecti@Tebenda@r t | on of

the sl t ndi n
" bt A o8 gl ARG 8 R1 i) 30 R aRGLE L 0
1 is fHeheduglesr Thraperany 2atratitod f th magtent By enherrgn pocoraneiay S‘lﬁ%l’fﬁ\éﬁ' Vt’bh‘éstt!]em gn and
sheet sdihidihihd@e atdeﬁifugbsqmluedge td- fae daﬁt% emm DA/ @ Bérld OFlaboud'7§ leteds iSHlilduseHB3 ar e

formed whic efin e al on 0 s during
bendi n'§~8f g%sﬂ & S eet ° ‘fnab@ | ne it (fg% v} g’ﬁb °ft ﬁtgaﬁ f’%? 03 pabg'%ggt of
mat er i @Bre®80 the p!em Of)‘ée% éﬁeln (4 sorjegpopdenglsion gle bbertside pf bandimvﬁ%atbd cl pr7/6 degr@n, as

i ndi cafegehsn u@ﬂh@ 5}3%51@&%&(91[3@1{& sh@xﬁr‘rﬂfé dich Iﬂﬁlt}ﬁc&a}ustﬁﬁﬁféu@ﬁm%%ﬂgg&n@gﬂlﬁr e

downwar dl y  di t he | ower ed ges or .corners s 689 wll tuck
up andlmé‘?’iﬁﬁfjég‘? %3@&9%% S o T AlERe® Yok 6% oR PRSP PSR feaﬁPf‘ad?fcclsgrgea di ng
of edgceshe(ﬁ&&»haiemarg aﬁ@adesht&%&mfﬁhbwedty%e ®8 8f theshed plaxisatel edgo fi94baimbe | | ne 682
Wil b di.sRlReed, Hi ok J8rQlhhdre downwardly pre-set tongues 684
so t hat bgngltng aeog\té\&% % {l??\eg 682 epr edi ctably produces sliding of the
edges ¥P8nglpengshrosgersfal lpsspcuttghyithe weranehle offuling bath Riastics and el 995 t he
bendi ngad. p]['tﬁﬁ%&we{re@@%@}romeﬁses hﬁ&tg e@&nknﬂcsmﬁla&ﬁne,dvilmﬂe b&@ﬁhhlagnpix&hﬂ@.t for

exanpl exists?‘od c?c‘)le P 31 H{ QG& m&%fml %ac\ﬁh foa coﬁ‘ S’l‘bé% aeel—to-ree et cuttmg unx nt MG otin f,anpi ng

di e can ormtongue 'TEct1’ofR on side
of thequetr?qunPrﬁeUyanbb!Pct abl e sliding of edge 688 aI ong face 690 in the

proper ol r emela@aamuge okroq%uﬁuminagedmd h&gne%f?anfsﬂaihtﬂelaﬁltﬁmf%lpregeﬂ { crums on
opposite side end i roduce precjse bendi g alon the

0
virt ua’F‘V‘“‘f"tﬂ“chEst‘ﬁ é‘iyt‘*ﬁ%é’de f‘ﬂﬁ“PEeﬁ‘H"‘P‘?tf?g"“é‘Bsé“‘C R BPEpriged ?"so will
cue antheppr-atgrerad Sruttaed dagbgreoikelintela cogpick drm.f @ice Delvctbilg, cofnﬁ){d%fh], thhhi | e many

|
«V':;ppl i glg;,ibg @gnrsmng% Jagre ggnegeggyr, kopﬁm ik eﬂamt.de tﬁ%irc g ralgéaaﬁgauqc%%ﬁﬁ oagﬂg%e sorme

pr esen?PoRAviEH ] ot %E@dﬁ‘?ﬁﬂ‘?ﬁ{%’es %‘Iﬁ‘éﬁd H@r‘?&@ oxfldgdealape fhe pendlinas digiated tng t he

de ant sa@maqusugpuﬁtdd b?dg Qrcﬁ'cg% s1i21aeﬁ1 dBIdik acfaps cut ifito tle GaetaBl# or Rastkeypebt. Of abo ut 75

egr ees is {e a

oo obeeh® e SR ES e P ko R o G SIS i o B SL S mon i eS| ces

t 0 t heregiteareel P@Fessheel?aseme wyA Vorly egpdledioughsit influsgnart Ae-bet ler cutérdd of bend

l'ine 6@y aps0 TedMirstBpprdach LM S8 Sn &Htend%lfgmged IEEextJﬁﬁeer?qu%ﬂ &ﬁergftﬁeefﬁﬁdlpiﬁxd' s not
shown for Si rr@ icity of illustrati on endi ng downward | ower edge

694 of* Vifjnesgliof {S’E"Egl“%ﬁf%‘ of prflally fuppae ti‘b ’ﬁiaeeere% a%ﬂ%ﬁ@ae t%@?’““@?’ce t he

bend rlgatdnd pin bOGIgeagtheessiration features are cut into the flattened sheet. The sheet is aligned in both X
and Y axis by physically docking the cut features with a jig attached to the laser cutter bed. In this way, piece-

5

wise advancement can occur including the alignment of slit-assisted bending features of the present invention.
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or the conplinentary angle to slit angle , the |ower surface 698 of the
sheet proximate edge 694 will b e coplanar with and evenly supported on
face 696 wO 2véwerota3ague. [ 002331 Today nost comerci al | aseruseassines7ao wi t h
power capable of cutting both plastics and netals are sheet fed. There is,
however, supply- roII fed | aser cutting equi pnent connercially avai |l abl e,
but su at exjsts .today does e cut_material back
R A RSO PRy e SRS & BT relie. o
comrer witlathd applvatdnlofipit Bend pOARBY feaflitve ofalghpeandnbigesntdn tha brlablf &a-forad, iecigglyc onbi ned

W th alogépédlméﬁggg@mlbmrﬂolgeésggmggnt ext o f the present |nvent| on, is that
very |arge or very npl e information-rich structures can e designed in

CAD, cli¥ aﬁdeGP‘P?é‘ﬁPff’%E§é° W@C%# HeRuhofasst i Ujnedhe %%H%W%te%w 9ad into a
conpacpowetunmind Qpecut 4ad phver @inded, conpact form they may b e transported
nore c en I o] d r..ar | aunched
nto oy ARdy st 08 oSS RIS 2R efhilys BhachiE B 6 ol BRI, ' 2

uncoi | e 1sEiRE- %Fetfrmeﬂ%lamdli wgurtdﬁ@mtﬁm&v opil F@sanéﬂ@t“&fl@t?mé(wpw elftural |y
suppor trd cltey708 REoioddas Enfplisits foriheloidd frahtef HhtE@D$01C ENCichke@703REn tERUA! | C Or

plasti guttgrn)?g %v terLcQ %13511>nn-£9 gndsc:gqre}led%o cu tthe Eeglr lat% an\éll ncgﬁh%egV@lr %tfter c nd met hod

of the®present PHvent ron can b e i ncorpor at "®rocess
in at $heddQl is wovmdonimgod 704N del y avai | abI e throughout industry are flat-bed

| aser ot eglﬁcle)llemyt sloYiP88n willi8vefalchifilet RRPHORE b aQ%ltfng@teﬁgﬂﬂ:ve% %ﬂ%ﬁ@nd of a
flat- bdlaseraé:utt thelasgﬁge\?cutt er inthe nmiddle and a wn roll

for refGARFAEV AR 7%18 BLPHIA PRSG st 7Osanede Aiyen thyqygh the pragessife I‘P%byé’ﬂ\?}énced
t hr oughlierh®7 sydsdrieenmizory atrvaitsd 02md 704 and edditieghfjgatndlecTior egi stration features are
cut i Mhido hgnefrl:a@ésllttﬁﬂﬁeglﬁ be%ﬁgmce;mghaé Q&%Lenaoﬁew@&siyg@e%qs &Aﬁ dg%gas A or¥i S by

physi cal ock |nc9 he cut features wt g aser cutter
bed. |Wtfﬁ|fe§mwa§fn tgintelachi agﬁsnawaiwe@mefd%ye%aﬁ w9 eal?ori 9 V%Pwule%wlm fgnment
of sli Iow&fSrSd sit-eesthiiat Bguéseatht pre@niGiveiideenables Bhlxble AY 6iTlab OThe TG addorel ty is
in the strati O|l and

coili n]reg'soci)l @}éarll%a]ﬁ V%[l gﬁ%ﬁﬁr@rﬁ&h P}ES 16 Hags elngglfl %enualfl&[orlﬁe ‘Ymcgegncaﬂ pr oduci ng
f eat ur @sth%‘ﬁ capfhpuspd @ gddatss thisvesust Pomis thhage Oéthlama@ly Irepygy §ddiaesetabsir eobmetioy withcat ed,

hi gh Steke0g Hcda@nhethnd GhedBEd ShERIGIIAE RS0 th&@@%&@d: f&dﬁ@@éaﬁgks BRI RAGh is to

advance a.c a |l aser cutter us techni que of a
power i b S o s eop BRI P troors Feltod RPPUM AT gRch s shown
i n Fl QanB, to b¢-windp bdymser aets 98 otth coilddht Webio8ishovid be tbughnsdot tasilywpiutdurddogeh unwi nd

and 1 eginne agcsh% roﬂﬁén@ﬁdd%hlyzt%ilenle§e%m%é}ulfeﬁa9rm%uppl y coil 702, and the
not i on and or i cs of C cutter 703 is controlled to conpensate for

the rofing ’Fert q‘l‘}ff"rﬁ’ﬁ’feéﬁ“i‘géﬁw thrguehpuepieeek iprped progesrinesysiemy isdhegisy ofdass cplfst t er or
a wat ev03jhetingouiittperiastrbeansdoranttngCioddlit- mdteldlotvcforeaﬁend fagurekas the @dseﬁtl ihfentfpat t er ns
into Sﬁﬁ& le gggﬁgar&f gugl{ as (fs%h&\#nqg FIG$ ; ?éefl] Zage]ral b&d"é@#@ a?ch%te SI(iS tlhz%t ﬁr?% (a)err'anésldo 02381

Si nce col eet stoc ten w 'l "have a coi of a

| evel i Priplleiteihe enil's wardingidpestiens phertardasredipad et Multipls fiber disig fqg olapplp Rt 13 an

opt i onlinkShe@theSh@BdicAlGlnd *RbsOBotHh | bdﬁealei 195 Qﬂg& _]O%Ilgﬁ nEéEHaﬁx d?sfaﬁ, &lthlr&%mQM pi nch
and ona

rollers 707 drive and I
rol | er e "ﬁ%ﬁﬁ@’]m&ma 8étﬁ%‘?1ar2\u%§fnd? aetéble - t’t"ge‘i"hllﬁl"@ﬁré??? ‘I’?%eé’enrqé”tt been
pr evi owstioy agistich sysenishad motive canttgléss car prasiocetatl uther cof fedthies, weh ascmmotfsl&abdgms t end

to int ﬁtﬁ‘zluockhe%gm&srlﬁ(ga §fat§sl'{;f @h@%h?ée\ﬁ%la %é%r&eé%fng SMHLL, ges&f?)e&):ﬁo&:oé #’nblg%fl
particularly when the force slit-assiste features o pr esent

i nvent VEHE eelﬂ‘éb‘i’“émé f‘F‘i‘ii 'H%tbsrf@gfh&sndof?a“ﬁs gifhe PFF?&“WF“;?"%&’P"BP clag @BRTPdupiE rrat eri al
701 wi frdém beemng td laddem kebuilltieg Guitand phssy@dmsf th apHroexd} @i, @wagx_amyua&ohw #0® the

Use of bl ac b lELBORR AT R By Bt Bl BTk M e R ME e ARG coi
of net prﬁﬁoreﬂeﬁévanmoginw%@tf@m éfhlstethmtw h@a%hqah@wsp@wm be méltaf}@indl ng

f eat ur @snicial 2@ rd@lﬁ@ﬁﬂ"dﬁnstr@‘ﬁ@ﬂinﬂ Ql@nytolﬂﬁt lnctuﬁ'ﬂg vihere @% L6RAnd £FRME Q:ﬁmé ewound coi |

t angent i al A seco FIG 2
9 materia s¥o a site are proﬁllgltnr/g?y expenswe ang dl?f%ﬂt when parts are a15eady in an assembled state.

[oo242)  Optionally the reel-to-reel processing line of FIG. 25 can also include a pair of hard-tooled die cutters
709. Using male and female stamping shapes to stamp out the arcuate slits and drop-out features, the die cutters
also can be plates and apply incremental material handling techniques, but most preferably, they are hard tooled

rotary dies 709,
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nanely, to co-wind a polynmer web 708 onto coil 704. Web 708 should b e
tough and not easily punctured, yet thin in gage. Polypropyl ene and

pol yet hylwoeoarm®2dsat two useful exanples. [00240] One t eclnisqes/odeom9

i ncreasi ng the throughput of reel-to-reel processing systens is the use of
| aser cutter 703 having nultiple | aser beans for cutting the slit-assisted,
| ow-force bend features of the present invention. Foldable box beans, such
as i s PsHowThs #ivinfags of fip CNCeaing wperddite Buiaing sl epempeedfp dng e wetihat ar e

arran @ﬁﬂxoﬂ@ép@tItIv@featﬁr@s JrcI&m@@fo%raﬁde ﬂﬂdltl&@utdhg’ 2&kds Ohe aﬂhﬁﬂdge i thel e d toeled bend

I
rrIe ch arsltlalgp,odl% cpr r&ar& d1%uttmé a%({a;sﬁo ﬁlIu%}gﬁ In%ngu Qen?dr crt) g&ou? Squl repéﬁﬁge f4 glge%t J;Ige%lally

necharnii cal
systemeawrwttfhsha, @i brriffeciontit inager control | er, can produce aI I of the parall el

bends (ofbha; R §@a@§t Heﬁem% of Widufn %ﬁﬁibutIaﬁ&ﬁ(ﬁllw hdy bk E@ﬁ@cﬂfﬂﬁﬁ‘@ CNU,'Bﬁttuﬁgﬂn

actuation syst tion cantroller oduce
f eat urFgE maé‘%/ft ?‘é@ I‘PI‘Ié"OrIITthSté‘FI%‘Bg ydwet yffgfjﬂi’il] ln%Yéte‘IIéNtltIlrg(tII f°““ag Steﬁs Iéca‘te‘[dus of
t he t heesntieahwinding @é lewpring ggs iofitfe Bystse ishatembinédsedena biush es shevorib Fisedd-wi t h

the Iq h%&ﬂﬁ&r%%&%nﬂv&%%{a&“gth bend features of the pr esent
i nventi on, abl e cl ass of products, glm eaggt&cto | adders, .to bur | di ng

stud &P | &“%t25 §I‘}§"ta§ﬁ?smeﬂﬂ°8 o B vped eyt th’i?‘f) frgglon BES SR PEYEaY fled and
f ol dedochiithoreflet eftid ibhatdniaCwidd BN hdISis 6ift andiyp patdly vserstladpdbdnts Bedndingit@®grity,
when an cIl.catlo Is aI:I%Xlar t&espg ﬁlg?%rléaIlsnle tlgeg rﬁﬂﬁe?i;lonﬁf s%&tggs 119 Sutulr Ié[ﬁges Qﬂﬁénﬂ&/ n coil ed

form ® nique has a Ications I n space t he Itary, In
comrersmhaIruCalFPﬂ are assgrphdad i} qfer eaw@m@ffq ‘BW“&‘H’&PIWQCI’&" d’reﬁérneraHﬂ%w pgellyher e t he

cost s ramehdfif Qi speée ORd préulgh Wiat spick @kenblyQs taatsuetr@daéseeqarrom udesirave Iaiyxmea( pensi ve
and difficul.t rea an _as

are e t
Q)t io ﬁ)gmhi;ne %téle payig O'rlcp (g' 8Ib%al ace IIFEIG)I&I(%SS glyrﬁtot%fei ong pio leIIEI é\g %Bécafa (In in o+eQ CQJI%I I’ICI ude a
pai r dpenhilzt de tOd@tee‘dre(Htoeformdm&herr@gfmgree @SIFWQHW@W&PIEP\’? mpfehlbltl‘é?bﬂi‘fﬁfg shapes
to st gpppayt AbdIGer %ﬁ&@-&/@h éI;eIrrpo@f 1@@906@519:@ aﬁb&atécde\aﬂlu L2k parf d3ht Qld%gﬁlﬂsfeﬁb'r s al so
can b e plates and ap er| aI te but nost

i ncr epent | i n c S

pr ef erraBt-yOn gy hagdd ﬁ‘é%’ﬁr ‘E°5‘8Ie"§3‘°?'g‘fs§‘f"§7 gindan “? iogﬁi gﬁt%e fPdge of
t he Cliahdchirdiiferg dappaokicdvf tumsbabled matulenigs ceiltbd mmupamgurm@rlmﬂ tfstghedi Ng
structyres is that non-repetitive features are easily prograrmed into the
cutting process. The advantage of the hard tooled stanping or rq die
cut ti i§appr8EERS amlé@%frshqeﬁfwé?ﬁ% P E5hovgvhich RtsibRGaened d pryyifed wij s tI/tl ve
f eat ureegrooRs P 8dnld Yinds BE5. BB 65 2%b fdrnBed vitPpdings Bbfahdhientd perivdieldy [ 002441
The grea

advi s é)qu 1o%ecIsl?r(I>)x%Q%\? posec?s{hee%esm%I %ég IlHt%'BB%ﬁI% atII\Iagt%%A| I;'lIs t£k¥ t g@%}f@urﬁion

N CO |nat|on Wt
st anpiangiowh & Fé@t& pagilkhs amr@raad atviliBA i mhishdyeomprpt anlﬁlf"é"@‘[‘ f?r rherrwmg okthefhs
| ocat gghidygt WeeM4t B& bbl Bwhdadii Glitand, Jpefmg@@atsmgd ﬁssejns aeiveltdaetharde@ecsﬁmcuhrm t he
conbi ned system as, shown.

tes to
AN e CUNECE U MR A R RN = P
f or m tpnrcessinglimeABIGO2Pa [Thedoiledobast ie gexf mmspaga bpasnam:whlalp foyan gtiter| Smabpa@ﬁs renot e

of theshLng cjérplIﬂenaote uIII‘I;Il'Ieg I&o{n*a&r b raH&?&m&ewmﬁ b&hd Jmc@l@d%ﬂﬁer&?f@rt &@Ahkacaa%genbl ed
pI’IOI’ to |cat|on|s al’tICU arlr Interest is

fabri daricys bgrnggﬁrdé Lspf %Irgafe&yrpawer%% tP‘tI%P’LPrBéE’e? HimgRsioaY S5 REe Suféﬁﬁrbrl&@ﬂ?fr % such
str uctaldcroﬁfphm&yasﬂe»giﬂieembeﬂ afon®bkne lines pasCad lﬁyruamlﬁghxbe e4gdntrepraingedb somdul es;
t hey QIock n% ely 1na Ihree Ia%fens?%il"é% (I]X Juapars b %%Il Iaegmg% & sh e r1 %anlarsfa?I)tem with
space aSse 1% ha ies requr an undesirabl e unt of vol une
i n t hefFlgaApl oad of orbital space veh| cles. Her et of ore, one pr oblemw th
I;]_abLI C[?&I] On?sjhsﬂov'?ﬁﬁ E1G. g@ﬁﬁ@mﬁ@% I@Q@ﬁf(ﬁon@hiﬂtbez{nhﬁiﬁﬁ Dehrgulbedd é’e&d)g teen, InQﬁrﬂ Ible

i gh-stren ree-di mensi onal structures have been ar ge
and blﬂ‘)@?ﬂ%ﬁw FEYF ISt 88?3 RUR: exggg ‘I“f/‘oIaIiSpgcﬁélEuec EHA™ ablﬁ% III%‘ e *“hith a
hi gh pandingsttmtfigarntonhvf gih pfgstiersion semplbyed@achtolfi the bands educed abibd fejtermelahits
conpl ef,e wﬂPHéII:r?o?y 1II<§I1Yd% 1REeGR ﬁ%ﬁ&%ﬁ o@tﬂ@'sh@e@%t%@@h&lp&ﬁ%% the lQﬂdsthl}ﬁbIQ bher

hand, heretofore, dense packing of unassenb mpdul es has resulted in a
hi gh p%_l]:hfsta%]g ﬁlfbstérﬁral lPﬁde‘ﬁ @Ia/équ@ﬁé)ﬂler(’lﬁ% 'tmd structural configurations, such as the box beam of
FIGS. 13 and 14, the deck of FIG. 20 or the column of FIG. 22, can be produced by folding along bend lines

having slits of the type described above.

(oo24s] Moreover, using the slitting and grooving method and apparatus of the present invention ensures the

precise positioning of the opposed edges of the sheet 341 and openings 346 and tabs 348 so as to enable closure
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[002461 In FIG 26, a coil 339 of sheet material 341 is shown which has
been designed and provided with slits or grooved on two bend |ines 345.
Sheet 34iwo0@dmeosbor med wi t h openi ngs 346 and tabs 348 ppeniseaicoadzby

posi ti oned proxi mate opposed sheet edges. As will b e seen, slits 343 may
advant ageously take the configuration as shown in FIG 6. As will b e
appreci ated, coil 339 is a highly conpact configuration for the transport
of shebsrIgEEea)-olf the sspygsure toshe formedicps & e Siuideightind %%‘“%“E iseawloved, thedisedsi ngs 346
and t Qﬁ’&iu&ﬂ%y slAS349dnlbe @cﬁlesﬁﬂefiﬁﬁf otEHRSikd faldd, Sbriekk@iplel B wddagtoub@bng. &tis 0 _
ear t - BotRdo 08 il th%rnck',s]m LS fal AR S AN, RAYLRn, { Sl A RTRLE,  uST NG

processi n e co eet” 1 s next
trans mblattlwdw O@hypédd@nd/@hﬂlaep% afen edge ofifhesshecs ilreside greterddhy. v bt 204 can
then bgpgouprolled fromcoil 339, and either, while bei ng unr ol l ed, or

t hereafter e sheet can b e ric han moder tely
power éﬁ“f‘oo‘?%"m‘s’f ﬁfnb éo}i GrpEhigh ﬁﬁ%gﬁes tﬁ Xg’fhjlfy Og{dﬁ F ara% pfoc%s? ?féléetﬁre(%?]?l s
acconphvyestirads shown i ENLH 27g- 2t7ﬁenashleetcroasloowym;rtb0kbwes 345 and by bendi ng tabs

348 i e, OP&RLIIBBart AP0 ] sﬁo%mtnpmb% s bsngsshﬁﬁ&nﬁ béhd@inds fébzeﬁa di3RBEH AR/,
structure such as a_triangul ar beam 3 own at the right-han S|de of

FI G 2guwalinpefunsyergshits BN rqyideq whichgll b"s‘ESF‘HBP{?P"QC bty Ci°§,s Drng FSHEaTeY beam
with asoBrBa:ﬂ@glbaheecxom&So Se@t-bared 6@ hearh BO7LOHIM 27 isshevavip khe seqhadceotf RETURES
structyipesst o produce conpl ex three-dinensional space structures and

habi tats S\hen t he sheet bending slit configuration of the present

i nvent®sH | sk e gy edhe skegidnviegthe %‘@S‘B@thﬁ‘Efﬂlﬂi‘é@%ﬁnﬁeﬁéﬁﬁ’d?@dﬂ@?lww slits
343 WG 2p)13 efes, allsyeed 1§1l§bhﬂ-hdﬁg 5&1@1@@1 863-tb mehﬁélﬂie &w@ patd 8@ of Fite2 76 iRkt somiser i al

whi ¢ h n bent u?ben%ﬁne%ggrtio the %o oq’ Fﬁg g ;[hg 1s bgtg al?oupb uc?lhn 8?)5? %ng%gi beam

Qbvi ou eam and sk uct Uraf “'con urat| ons, s
of FI G ‘GS 123Eam:?7ﬁ,4md fitaly diktsdlknge BOFHp @ntmn@)t’ﬂe ghies e phgpbersiflingpQad togppodugegn b e

producgdn By dretdlbng BieRE cR8R gladel REedhay emneikagt(amar ard f0fneli Mﬁgr{dﬁscr i bed
above. %00248 e slitti ngiea oow

th
S par AFHETGH R THTRL ST ShoUAEP Brro @ e Sehl e Ao AP BAERG™SF ¢ he
oppos ed ttedgeanfio frivdceshieaturSWicharill ng perdiongdol8 4Eam B0 Wil bsseBi8 traoor gaptur

enabl € S:tL A & -sh§1§eﬁ Urggs"%a%l %chténﬁmé Q&g%ﬁerbUﬁH e Egubg)talﬁlalﬁ)per m&d@@eﬁ . to b e
fl ui -tlgtan slitting 1s e d, bends produced b sllts 43 can

e
be adhd&Fsremsty bgh- %@rwwg%htfwrp% raf%*rbo’é&a&wflf’éef“wawdaﬁl B fgpediony. 1t
is al sa)suig&&mebcbfenateﬁalmmg\/thmoca«nﬁhop:&emﬁdvamomI osure configurations or

fasteni g SEhEBRanl Ak g&i iy B0 o RithLd B, BORGS R Noet 341

and over appl ng-of an e et W t e use of
t abs amethagrof fhame@nfemnﬁowmme cm‘m ‘Hé‘i‘m B HF PO Chesa e silfiehover tetist r at es

the flgxiRishi {oxéff&iaJnta,etham;aa@wﬁvemqer%ﬁaaﬁ STH, Ltsb@ecpghﬁasgem gloR¥eHaiea i S

shown in FIGS. 27A-2 ss or | f-br 002501
Sheet Bf° ﬁﬁs Sﬁd‘c%ﬁby a‘§°“§9§g¢/\% ‘%as‘ﬁc &EPlBoRy: g"é 6’8‘%‘?’% s‘is“’?s L F‘ge“"‘“ béehrllla li nes
802 angha@O8L0 cAwletithctadiivalabtip or @erpieflechiteits grodyke demﬂiweffes@ ag welt as tf&@@l(hmepap?r ovi ded

whi ch Wiikdtiol) (Sortb3BAnd/ R 1REQY HEnDSRT GhAS Srik AR mcosmeén eaa;cre'tmgan{%m
Bendi ng. of sheet 801 into a cross-braced box beam 807 n576) is shown

in t heothss firsrireengpnapyreghig= g\ ioehed Singuaripggn gt lﬂ%tfansf?rﬁ&rosg .ﬂaee  the sheet
havi ngpdde BrthsSosbiraed big bednessy omGsmmsw&Gl& cEadbriving shretportbm 8D6ige pasiot | on of

FIG 27B. G(N%%(;qftﬁgm“?sg 2 Q:l?e% ézﬁ)e ed%gga%pl A t ged ble p%gg begéelh&g Oéﬁo&%r Cross

braces™8 out ‘ t he
posi t i emroath tehehrpciyy of Tyetushlaging il%%%mllsarb@ﬁ?rerbéws is “ccrf‘é@losevzlbg-aﬁ gheg02¢c i n
Fl GS. nand 27F, and finally side flange 805 is bent up and the sheet

bent about d li 02d to pr.oduce beam 807 Fast eners can be
oF aced T ofER: My oRal h So0 CURF S DRREE Rarveuee o Ff M AFRRE o

r el at i weightsaviigeabut8 0l §IG. Jucihed §1 layveesslionsingdirgvmsnt oemtidn véthasbicliyof sadur e

si de fiuiwg@ 80 gtl?h;s%h&%@alcmd@&alﬁged m@culm op@agnt Laqmgm%%%@ &Jdrug&wur .

whi ch V\A not bend or unf ol Beam 8 e seen to or cap
in order to provide bracing of the folded walls of the beam, a plurahty of swing-out sheet portlons 814 have

been provided which can be bent around bend lines 815.

pozs5]  In FIG. 34B swing-outs 814 have been folded or swung out of the plane of sheet 811 around bend lines
815, while in FIG. 34C, the ouiside edges 816 of the sheet have been bent to a vertical orientation around bend
lines 812. In FIG. 34D one side wall portion 817 of sheet 811 has been bent again around a bend 812, and in
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at its center an X-shaped cross-beam array extending along the beamto give
it substantially enhanced strength. An extrenely high-strength to wei ght,

i nt er nal lwohoacwadosbox beam therefore, can be desi gned aod/Usesssmab7es om a
single sheet o f material using the process of the present invention.
(00252) As an optional step that can b e added to many different structures
forme SI p t he at us net hod of th resent _invention rotective
cor neﬁ’ Pherdﬁggggpomg 2‘1”5@32“7‘2%)“ AR 8 %%ft%t‘é‘?éﬁ%ﬁlzé‘%/‘é)fnpt‘iﬁﬂte’b& DR s 802
to ef f8e8;t a snmoot h and/ or decorative corner treatnent. Thus, L-shaped shin
guard @10 6§pP.H venadgded n£19e1>b€éi‘ﬁih§£’<7m th@@onhglﬁdtﬁﬁ‘&@% BYp & tﬁé?\éﬁnﬁ ?cQusesacBQL

secured I n place by, for exanp hesi ves or fasteners. Shi uards 810
can bePOWetSéﬂt toevela&gftdlceserswesreﬁs %fq WeHepy Both epy & fiends e e w4t tae effects,
as melﬂrovaﬁdmm@mxdcelvtngp@aahgsmmtvﬁeﬁ witl Decotn® alfpn®It buperinitod af the IB@als or pot

the c %dlla ded ¢ n@? g[grz E%mtcﬂlog tﬂf {:egsoxg %%'ﬂ 8{%0% YEI a8GE d}r SpoLs?Dle vbh%n Q ]tﬁwm%rﬂre%zl%e r

three structu guards can assl's
t r ansfiefacehepdingsteqhpigueiog e BfesePtG'U’ZIBIB]l Thys, fqﬁ@neéﬁs Bekasiivele e derpxnds Bar- 8gTbeof

FI GS. idséibid 2§ pehilles 10 kDB RE mgogetneeganﬁo&ntfdm@sofwﬁl 8a9, anbte Bdcurt Qmﬁ?g]outsx
confi %gﬂat ion and..t

apture a thin the f
o ovi ol B 3vige BEPMORRRRinall ol PBBER w1l P hErepPite B SGRoBE Rt e
havi ngeam] 4sceihbe appdréng thierpurdbef $iracing syhgaewssay momaenﬁbmﬁlaeﬂwwrgn éetllugheét
porti QiBedith&d Zéﬂie sk 68Bwing A BbEcd ddjabdt %Ak & difftfentiiBeOas HPIdABonQ_Harr aCi Ng 1 N
anot her box %tsbhat al so has a pattern of weight-saving cutouts. In FIG
34A, SHedress ?L” O%RBR s it using the present invention with a plurality
of bengksi i rasighdw (SHES129 AiBOhBrmdfantapdief lowd@re sheet beodingsdnaliiquiebgl thaiptekenic ut out s
or el ko B4R 4 ORRA! A %é—%shmqweﬁ%h' Yol RUAEE 2 iRy GH4lcA: BaC N9 of

the f eam a plura SW n% out  sheet portions 814
have t?ééf?ﬂpeﬂdwe‘éﬁd W’?FE‘HW?‘&IWI fﬁ?OtﬁP qﬁ@ﬁteda%ﬁ*ﬁt&nﬁ%m 13 frrmasheet B4 cprygesgy |
FI G 34dBnpadhetisip los-Oitdiedtaresbeen fol ded or swung out of the pI ane of sheet

811 ar ound 1 whi | e El ? the, o 8 16 of the
 heel D e s L PO S ver ol shln b B B e ol SacOUE S BSO8R )

FI G 3umtomeashy pepdiop|An apiaater diyen glungpr Y carhe emplgyed ¢r diagrupseticetseypted &’@HPIh
ar ound: vacub@nsldiSdid ,thra@ﬁlcdnﬂﬂ 86 usddt B ikb & Rt hs: m@bfd&emh bo dRogab tseét;m&lﬂon has been

bent araund a 8 12 to.co ete t 002561
e | dethadins i Elian B nerindysity Pﬁta‘gf%wsﬁtﬁ R G L R I
t o t hdt ohmPisked, focusade, brigeviperitdeaingpisl(fot i vol@rthepp arfte oltrstispreway- out s
814 t QndVfikds BfbpedBRidl4. eﬂgﬁﬁe)&%%u@%u@ Wi sﬂa@tt84§;t4he(é9&esboe§veafsg%§ fledrtd h

fastener-recei ving openi ngs 9 which wll become aligned or superinposed
as thé*beamis folded to the FIG 34E condltl on by reason of the high
preci sisn depadiny ipayhepassilbtisy tvxend eThibloayss ngegatie: paged deonteicsas waindi ng
techni sﬁfﬁ‘ae&‘io S;{w];ﬁ ?m%‘&‘?%ﬁn IMM%& trfa 5rei§£t;t§la s1ﬁe§§£ﬂ§eﬁ% RS INER ofd 4G

SCrews, I nserte eni n to secure e &es 816
t oget H@ﬁ*ena]@ﬁ“ﬁ%et Stfntaonatﬂ? ‘i’t’=‘gls‘?5‘f°r Tsaiss Efﬁfe“h@ﬂém% 0 secure swing-outs 814
E) oget hén t cBohrsmytad Be Wk Eor egmptetamrtmetut fodnlall cmlrt F&gﬂlsﬁdlﬂ a@tthe ¥k dosm@huyt htraTb
eam cing ross eam Wi e appar.ent e nunber
of or darn R Bh AEna R et BEu iR el ereRn PRSI R IR ot cc
enbodi adeantage @mgmhee dls etaruﬁmgswm glfﬁcuttnsm@sidnrcade agldjvercran tt issaikebls to low dhist, f er ent
pl anesyRasoARRh ﬁé’slzév&nwﬁtﬂhﬂ%m’ch%gﬁ H&Ir&étﬁ&&h&ttfﬁ@{hlsm%c@t &Q&‘sh%@ﬁ% Bfens 4 Q€57]

Turning now to e "advant agles of force sheet bendi ng
enabl dtrt g g igokiede Brauentiy ralate o Fhitin ppesially prolgretic attﬂedievet%met edodde 3 sheet
of matpesduallife@4de Wirestmyrhaiiges &burlbefbre the Pindl ldesigntigych@bn. o thatderfialty tvsh B g f or med
al ong V. Folation, 9 o] 3.from
shoet ‘BITt walifkifed e Bl R ARG R BRELLARR ucTR TRl Iabﬁu’éeﬁgamssl
Sheet asmcftaaﬁlglﬁéfefhsaﬁwlwwxmwemlrnagmemwhmeﬁ éesenehaamartdh@rtfpmsipct ifedes 847
of t heydpaetnsd ﬁfﬂblehﬁ;ﬂ&@&b'%;rdgresswe die stamping has to do with accessibility to the underlying

components for diagnostics or repair. If a significant fraction of a chip batch is faulty and may need repair, a

two-piece RFI shield unit is employed with a low profile fence, soldered to the circuit and a “shoe box 1id”
covering it with an interference fit. This disadvantage is that the fence below take some horizontal “real estate”
away from the circuit board and two pieces are always more expensive to manufacture than one. Another prior

art solution to accessibility is the method of using a row of circular perforations in the shield lid that can be
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bent to upright positions. An actuator driven plunger 848 can b e enpl oyed
or a vacuum source coupled to apply a vacuumto die 846 through conduit 849
used. Litwbeoavionsocl anpi ng of sheet 841 to die 846 is pPequsced 0oy y
positioning of sheet 84 1 so that the bend lines are in mating rel ationship
with opening 844 in the die. This can be acconplished, for exanple, by

provi di ng indexing pins_ (not_ shown the top_surf f the die proximte
the colerEide FevanEeaKige Qél? beesd; “ﬁ‘%ﬁ“éqg‘iﬂ?iﬁ °Bf sﬁ“g \WS}&PG ’@ﬁﬂ) éap§ﬁ’é‘g‘t"m§§ﬁ’e at the
apexespdssttiNupefitond R $eaB 7 and it isdiffiet!t 1§ dd and[r8625@}id. Dependi ng upon the materi al
bei ng po%ﬂt l‘%}qiﬂ f%l(t} Qb %Q/@§ Shlutifn B%Q%olre\lr@ntﬂ);l%dﬁeﬁls %ngqgqu;ﬂhlﬁuegcﬂghew Il b e

sufficient to pu% et 841 down into the die and there X bend S|des 847
up, or PIFSEF invEftipk érrhe %E’F’és BHYReREOHE lamhaéﬁ Hf gssited be‘ﬁ’l‘%r‘i‘&@f’ S balso b e
used Oﬁrotbt@lﬁw iRkt Kagd t&flifn@ﬁdingbﬂm\d] slSlgem foD@:2igHInd BN CBABnL@beets sechdseker f Or

exanpl | I cui monl y
f ound cl:urt%erhgor%(ﬁ: to &8 regmfe? shaﬁ% cr?g garezﬁhlgacc iy hgheﬁg}gléag%toglﬁgqge t@b?llc%t{ag ec@{ﬂ%?né%ﬁni que
of pr oﬁﬁe@m ve di e stanping. The advantage of progressive die stanping is

t hat SM)EGi] I CTH% rﬂztmpﬂfp@&fuﬁ b@ﬂucﬁ@fba@be@c@ﬁ@h&&ﬁﬁnﬁmgel& By h&r (Sluintg abln@ial oducin COSt
Mass pr ¢ t hat (geg(%e this

R
mar ket ¥ %We%‘ﬂ'ie% Oﬁntffé]%e "éaﬁlg'r rIéOEf u’i P S Stf“ﬂ&?g tf’?c}%to ﬁmﬁ‘ B m’tt &8 F"‘aseg %Bg“e'tafb? equentt y
repl actegeoibtiyslisilgsed sqoée febttidaipd furiopihe mepiup phese thiinitgdy s IS@phﬂérw a €Nd Cl@tf t he

producispkibd @, G QJa? tﬁ@’@@s’f 6t dIBEY rafmpaf) gﬁﬁpr&ﬁ@t%ﬁ ek Rfrell RBtild DAk cfh@SipiBrick S
chosen. Another dif |cu%¥?wth reIE(‘lI on hard tooling i s that the

r anp- u?f“[at‘j“‘*? r progrsyErLRYIVSHFS s matiict™dnt i | the hard tooling is avail abl e.
This cemsb Snodsr auchgad tieipgint weaks,is twhbuilhiniascess @by e xqreirisg thepaitnwighinraiyk et
with r ﬁpénq fﬂg sta eﬁlaaggﬁﬁs ﬁ?gﬂlﬁxﬁ%ée s@gsqg Hﬁf{[‘d é4l3fa§id ha E&Fé&%d}%&d@?&%@é&:@m Wi th

t he progr Ssive die st under | yi ng
conpon t°§th‘f o P@flﬁg‘?ﬁ’ﬁ&‘i‘*’é §°Xc§f‘3 fodfsesirpuit bpgrd, éheé’i““@fh?“loloﬁ%ﬂ’itg“%‘ ‘ia&Eftl}“@Ffl ¥ a chip
bat ch uegreésa@lhtow f@MdnpoRaYy saeiedacteeep alten r@aﬁsmwcpmlﬂae tHefil ofSfahe B4b cokibetclobal

oL 0) S i B L LSRR8 RSk B UL 20 B st oo
fence tyeﬁtsmvntﬂakleansmbefmhd}elhz*emsmps farﬂeal estate" away fromthe circuit board

and t Wonddi €RE3G.30 8 sl YiSps T SviBX REIDISA $8et 861, WRBMHaRBdehIS1R ad-bAiRg B AR pref¥AOL her

prior art solution to acc bilit met hod of using a row of
ci r cul Brepdr ‘faBi"%chipBer‘}é‘pF’F?"t é“g’é’ﬁlaé’f%‘m%c t{‘aﬁgetr CAR"D &8 &ered to all ow an area

of thephdid Sleeti3okis liowgédh flapfaem @ tielldirsgle oftke squese ofiFIGs30p Shdetita tseid fadoio
appr Oagthn&ﬁ @E%wﬁl&pﬂa&%é{ & Odlédtta/geﬁ;r a%g@hrﬁazﬁl ﬁ%%%e@mf Lities 863 Hinb bilegiyt t tO

cut and reseal I'id ows a solution to the
af or en®ritill brserer ﬁﬁ?aé%‘F Bhe bﬂ§ s Ffﬁm?‘h éhftetcﬂéh ﬁ?“chﬁ éfgnsmm% Rdbesphsieniplly fahungewh.  The
RFI  shbethelst: enantihaetuh@dnditéng daueiad, ogptd dp tamhs thick-@thehannalibagsdretdiads can be
rapl dl wi_t hout -hard J SYsb el Sfesl.gn and a
?flf, R %lh(t)ﬁangi ylﬁ)e o(il the se&ueﬁlce T@us 1rt thg 9 8(5 %oﬁ%}t Uy ‘51%%62?63 %[1)3 %X ﬁ% %m&rpg%lu?\r%e 5 shape
c an b enevreaézeﬁ qr yydaa@b@ ypriaiisg H@aerﬁylg h’%ﬁh‘?}t §6d stagires prly phe maml feggtpostiars tpewhent  of

FI G 281eol{11@&b3)62dkng-5%sraﬁp up to full production can be acconplished
the initial roductlo nmes required to

i mredi ately cutti

enter b grdititpi bl te b Bnb Ry toBsr BoRG Ehute S RRmbdehg

t ongueintligdts! by ercre @64, dowitilte cgeoinmethrayplagir selraset poeion Bo7Tef flaBblc at wdwmdis i ng t he
ramp- U&pﬁé&%&&c&o‘ﬁ%ﬁpﬂeﬂ? lghd afi’lh h¥n t'hégr&HeHPiré x%Q've@Xpaﬂ a%l@c&t&liby%%%ts'é%}ml I gkdi s

way, the esli , &g production can | owered rel ati ve
to the‘sé‘ﬁlﬁ'rdﬁﬁlfdef)ra%@f"i"’bﬁﬂﬁflg ?f{dﬁ%df%ﬁi 3Br ogr essi ve caV| ty dies to b e
manuf a@ddir eglnoﬂ{eeﬂﬁﬁaah ifX0 asdiein eaﬁysaﬂﬁba@eere@ ihid €he R ghELditeridaiMBR s GBwi By t he

built-in for _servic Rarts W t . the straps
dof | ned By Ei s L8n e SEb R Serb Bu R o by BuaR B 0

previ oindited pg@lr@éqaéﬂorédfg@éw%ls @ndghe bok éfaql%w Pivtenfléd) op banipt tey g enditionsboevgti e t o t he
ci rcui ;lghb%agideaflpﬁ; panel 840 of box 843 can be hinged 90 degrees to allow

];326 E::H OI’ a]éé %g rézz\gll b% gect?'rgc? S%hse co 1g1?rer1]t1o£1§ owln I';ts theail;g%t h%r?ci‘r}) (Je o} I§IG gOrl)e tjor example panel

welding, brazing or adhesively securing side panels 863 at corners 872.

{ooz69] A further advantage of the high precision bending or folding process of the present invention is that

geometric information may be embedded in the planar material at the same time that the low-force, high
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again and re-soldered at the corners. Mdst netal alloys suitable for RFI
shielding will allow for eight or nore accesses in this manner before the
hi nged stwepsodmdss [ 00264] In FIG 30 a series of stepecrassienmrn which
a sheet 861, which has been slit according to the present invention, can b
e popped up into a box using a pneunatic bl adder or vacuum grippers.

[ 00265preSietenddfp birhcBurds BQ\WBritadATHiL ﬁforrfldﬁ{)mn@lbeta&ﬁra{e@faﬁd ﬁéﬂc@dbglfcogmnﬁucaéﬁl uence

of FI G, . 30. ct,.two identical sheets whi ch have been
coupl eﬁltoanantfc}?ateh[&p%hahﬁh“i“%%%g %% he outer edges of sides 863 of the

sheet s{gs m thy pajicsymybrds aah pramelrit cansentibne hipe keeh gsefl orompdy inSinesion &6dt tiean b e
t r anspessdn®; dr BirdcfiRs. m%ip@{t' bidd Igrysettt kr@tznﬁ%ﬁ i@-ﬁﬁt tﬁmm}n QR foﬁcﬂ'% 1J1$§'I1ctt101§ r}rg J the

sequence a q % gt th*g use site, E‘ ree-di nens onal box
865 shOWR™At™ Phe P%“ij ﬂ’?t Frgmarrphat e Sffﬂf‘etméeé%fu Fease forﬂ?fis“ﬂﬂ Pendingslifsiog| d

f or mat BosvenfAllboxtivB§Soldaginketi@asiy te iBEEedp ke Shigarts thbupg a RREMEE pio&s QEh

hydr aulg p?ﬁtu@el%li%eort@@n%em&ﬁ 19finBAEES I&g g&g%gg@? A Herd B %@Adn;ﬁ' force

necessary to the o ng str fechni que
woul d DSttt assspblyproesseetsl arbfrpr%i@er@?ﬁt wtﬁrﬁ%?réhewammp@qrtsafr@ m\ﬁé@d as
i ndi cabxﬁdadoyldarmam&l&ﬁﬁnond@mﬂdsl nto contact with a pl anar central sheet

portiop, 867 « ! 0RO ous A Lacuum, i d to su p 864 and
then t N 7$lgr F%Sear%rsa ar é’§t%‘\’/“88“’ apare aZH s%ﬁ%?" Na etg%?n%l %kéﬁ)ﬁh il box 865
i s ful Pyten Sptdsfplded inta top ngWﬁormmSts hréth faldghup edadAB prdlelpédffd WEhdBws, 30ars 400026 7]

Anot hegleppirboas banibs etﬁ&ddeﬂSﬁfhpsuﬁﬂge@ﬁﬁaﬁﬂﬁfo%ﬁornhaggﬁ a@@gsdbﬁﬁ@nttfmgingiﬂdght Iy

di stended.bo arro i ns i.on can e acconpllshed
bef or et T RNS I)ft%tr g 1 ﬁV\‘Q F oniv%‘tl?rhlga V‘%eéft%’hshg#gﬂﬁé?un ‘P the ftﬁlé?f“’ igipdicafizecpt
pneunatlpaihl cyndmt thhtydli latat beglabddyd thraghttiecholo 0 A rgundickunaekdd yqudie hible ndgik inficatdent up

t 0 t heomeineid: | lxgper %EQW&T sRuldttl Easgédgﬂgugﬁ] ﬂl@ Japind ﬁustIray Ftlllecﬁeaﬁﬁé)lﬁ n&tggg gngd@ X 865

can b&rgecurg he confi guration shown at right FI G
30 by, " B PER B Vefyxﬂéﬂ“&feh’dfan%ﬁ‘%ﬁtwffa‘ft 386?\%@?%4 apd Gedly srhgongprdenspanel s 863
at cor eremsmigaio th@OROAE, who ful mdsthezblva:dkﬁ&ﬂhea;gﬂmﬁsfl eﬂehﬁn b tB buPdiRG vdréeibendi ng
or fol &ytlﬁgesgr{té?&gt%ﬁthm(e sttnﬂﬁlfeo 'i\ﬁ)?e%wr clo%gr}&a'h? n of f';_luch n o%tnatgx? Qnrtg%‘]%)%és e![tﬂg Qr mat i on

my b e anar mater
| ow f oPee@e s Pﬁ“&ﬁ’ﬁ? é’é'i ﬂ@ﬁY&ﬂ n‘ﬁé’ﬁ’é trgodify priaenair éhs stmc@reraatm thrgpdetbeir iMftptapcture

i nf or nitoughnhdtayldiky. € accurately and predictably communi cat ed i nt 0 an

anti ci ed | at | 9 ship_.at very | 0 t he past,
synbol s [90%1 F%SO%%?F gfu?:%%\?éﬁ BOS e oh g oLl Whﬂfgé%iﬁ?itk{?g 53 ec? et on
about @ﬁ@lah‘@%ﬁﬁblgﬁeféﬁnd%w@@@u?fé@ pr@pméingmpee tn IS 1336-3pF esanbptivmbentida | S

t hat ttbﬂlu@t&'f&ﬂp&ﬂlg@ér tﬁeQikgj{ng’l dr@ﬁ‘fe&&@%b%ﬁed@ﬁ&&h@pe@ tol cmjlﬁlcealg Mét;bﬁl 1% a;[j parts
W endil ng

of t he ? nt‘)a eri Eil ) nE

slits OF % SOVELRY 8?4?&9\“% Iﬂ§7 eftosf‘@fl%lfjo‘ieﬁs ftF]EP(‘ﬂdlaB?lEe Wﬂﬁféhfi fHgudshest to
the fleftFipaLE enihedughiud walbeigruias jpinpd ©¢@ssor 8 Liader RitlSrufis jodetl RGide kaabel i ng, or
t aggi Nghyys Adghidih OB BId 384, dnbd: erﬂﬁérfa%l %%e&%lltgppggﬁ?r% éﬁ; pbfiinld i @lnfi@r M that s

intended to instruct the asse Eérsi)rocess 0 reci si on- bent

st r uct greatonse a puEwallpr Badsr sgetyr- g 2 fosmedppdpdstipisd 8 tﬁﬂg iderelart and future
art f aiwerkicamiFomh 32tk aﬂkswan[peﬂ&%bbz &Qventmaﬂmd & lad@er ﬁﬁ@bd?ﬂlﬂ\@b’éenﬁ&@ed(ﬁﬁ leﬁgeer ed

wal | o ol s g in t of materi al
f ol de %%%oyéog% m?%t SE 9t0c1)m b onle)étt S tq[arﬂ 1“%?”0%8‘% eg? tfkor siap ports {)Qﬁ ‘H’ﬁt ed
wi ndowisnd ks §0% asaﬁh‘@}well B 33 dlll FligoX2@stheigiats btéadelnbatd defhrafoldphupsioogbendgirenet ri ¢

i nf or mfﬂblaﬂdﬂﬁﬁaﬂy ﬁlbﬁlsis)rﬁlg maarr'etfolti&fagéhl%@%%%e Bﬂ'ﬂh@93z%n9‘m@ﬁ§?m3éa¥ﬁé nto the
e in

bui | di n?rgn Qnve 3 prg)¥ est bI i shed that a round

st r uct FreeEs 14 rﬁilsi gto S‘E’F@EQOF‘? dnaligped Qefgpisterpdalptionitq qpepings 813 (BIS- 3 eaded

t hr ough sitihrealln 802ef théstndstmmgs WAr Festeads, Sqhiarvethal sae\lmnﬁblﬁed toisbogednt }oRvefls hot

vat er ReRNES sudlRe sbbﬁénaﬁlaeig;ls@c&e e gg@%@%mg&%gﬁgmg AWdionl Bt dly S VY, the

feature i s not on | ocat e S very Kot at el y
t rans! 4tdd Wh@tnd‘“éaﬁ]é%dff 1 908 IarétVFIB?i‘éth’ﬁendlaglﬂh1¥e|“H‘ﬁ$ 90 aredigridontelo fiheritstdomn s

a stud wall, joists 908 are horizontal and studs 903 are vertically extending. As will be appreciated, the

rungs/studs and rails/joists also would be scaled appropriately to the application.
to0276]  As set forth above, most uses of the slitting process and slit sheets of the present invention will require
that a plurality of slits be placed in offset relation along opposite sides of the desired bend line. This approach

will produce the most accurate or precise sheet stock bends since three will be two opposed and spaced apart
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comuni cate to trades people, who are not involved with the structural
erection of the building, where their activities intersect with the

st ruct ur ewolbeczOY®P, conmuni cation of such information aotrivsb@abes24 he
trades people's activity so that they do not have to nodify and repair the
structure as they thread their infrastructure through the bui | di ng. [00272)
FIGS. 32A-32E illustrate an enbodi nment of a stg) ﬂ%fan be hfoI ded
out ofctupl icaps dhatmecisely goseHat RoFifiop of fe vyl fifleumg i 8?“?5%%8%‘3“ *HE8 °8F° t he

pr esentsirkdBéedlideon. I n FIGS. 32A-32E no attenpt has been nmade to illustrate
openi n%s OrWlLlQ erle|1skat(:"ve},\'h blo@go%b&ﬁﬁggég idh, &9&&&&9@%&&%@9@9@& chiPalso be

conmufil ' Cat € | nf or mat | can preci Sely | ocated during the
sheet esblpyeiusieg a;frr@@elstgnd Yepdizgfeps qondigwes B P@d%?eéam% Pidte sShEPEIBIER O feet  of

FI G 32R i5amngd dabeib-the ngRechibm @ tedhbet Phrtidhs Sdrdseithe jlibbdoeel Tis supleshiterding& | adder
withr j.O ide rails [002731 Turning to FI G 32A, sheet of
P HRS. aih

mat er i* slit along a plurality of bend |ines to enable
f or matdon df Fig. 3% articovefintateginl 9 bid ehern sviicly bas e slit o gending ino agrheel rdlerhoringnd

posi ti %?&gf aélghﬁédgm 2868 i Fid. 98 28114& 94 1Nndiddéa a B3 folﬂEen&thﬁ' elﬁ@h‘l abp@ibkidons 902

of evéntual studs or | adder run a b i nes
004 f HBHYH0I A Wllbaatn-disie s ATkt ¢ ]%t“dgf)%bﬁ ‘%l lé“e?‘g&ipg‘is%‘i qq%gp ad ?‘?eéh%{}g‘é‘lnd val |
or st eghy@ertb ﬂml@@sﬁma khengliledmdingisnaps %Tvﬁhagu%mmrim 9F9 @811@2@3 Italgp il G 32D
the jqLs sGaph O4sdRhbbdhe & RRhENG6lid BosRAPskeRdud

fi nalﬁj ‘%%reﬁmgl sts %aéfrnﬁédﬁ%%(g%rug facl)) | ded aga(?lre\ al ongg bend Ifbﬁ?as 9>gsli in FIG
32E. P%lmllsast fold causes openings 912 in joist/rails 908 to b e

super i @gpHs efhdnRardhd EB@dm@I’thel’p&@i ot REG 6, dbidua btraps948 evilbipadund ¢ygst 9dd3t hEsa@e 32D)
in side CoaPd i g R 957 dn\iRlbSay0"
screwd ntggﬁll%r drawol %ont eear s1 e ?ﬂ%b‘éj&%ﬁl?&é}%agl ﬁ&g@ﬂ%ﬁéﬁace%lf' % ¥ ?S e }803 and
t her elvide otthelie ifhnsesleigxsecfzﬁgﬁc;zfamna@gfr@e&aagb@sﬁm%%ﬁprréaéowf RRHET bSALPE B m 914.

[00275j48\ébl%t1};§ggiaa§sﬁpadadder rails 908 are vertically extending while
rungs 903 are horizo

hori zdWeal HRd° Itlﬁﬁ%tﬂeéﬁf?mgll‘;se&\a}ré?at%l (?récﬁufgyﬁts X mg%flw%me w,'&sgaﬁfa? ?ppgsggﬁfg%%rd &Ci at ed,
t he rumgsAstudsoddrbendiiglssins @ats’tléplam%ed&@{wfdcelbe@lngc%ﬂf bepdiap predpfifit el y to t he

appl i &sr{lﬁaﬂ slit bm%%ggos@@at SRtend Watplarn@lt?.ﬁt\b@? hdVE En éiéil@t% eIQ{f 958 et cSrhlbxﬁets it process
and slit 'sheets of

resent_ inven Yl\ll %g é??f""'?“ 2 raI ity of
slits duate praPedo Aefing$of E‘iue PRdiRg SR V4P b‘ %‘B’B‘%?g? ! P the desir ed
bend |doftRn 93 dosbiag it aciniemil dnd m%mhﬂeﬁnetah@hmbsnaladwwedsgam?%pr eC| se sheet

st ock bends Since. o & ; - 30ins RRAGEAnARAbICt ual
fiilcrUfe t a Q%?efg%s rﬁ-ﬁwétjéotlﬂlsgsugh 2! ?%ﬁgco?é}gh% Vi rtrBagsthf ulcrumto be

bet weemzsel h eSlaéﬁ‘jaﬁ fomgfl esrapEOdHAge ﬁ%shg%‘é? FERPISEHHE 9485 amd P FOPHHIEE t here
IS a VekYe dﬂldﬂ@ |beddﬁ>\§ 5(*&193c 9488 I’Hﬂxhﬂl'@ly REBSdoOtrates igh i@dﬁmm«ﬂqmlabs‘ht oldefinpr esent

t
e i Bot TR RITE DR L SO PO B Shigs

whi | e %dgredeﬁmcfoawelyen@&géﬂémsmsﬁl%é sheet portions across the slit occurs.

Thi's S&oELQI' eTlﬁe'slnEle Qlﬁ@ﬂb&&gnehtsof ‘:hLe bfééﬁlf a@ﬁa@ﬂus'aﬁﬁ fike@as ﬁ&u&éﬂngﬁi 34 @@2!768/}18.“ n FIG
35 a sheet of materi al it for ben into a

wheel hiﬁ|preélﬁe'ﬂ8ﬁ§?8ﬁ’gnmgg‘éfﬁl&b5‘rdi°§‘ ﬁgquﬁﬂéd’ﬁgga‘e 3&‘2%31%&" %‘%I%Y PR a§ " Sheet
941 i nehnydesicaions i thdctire Hluberdinic.0b, @axle 9 foradiior62 besrd thrqugieopgds As wi | |

be S hl, St 1 35 Shlch o0 SRS ulGimf: JRENG 41 L ARDAR kAR L 943,

Never t hel ess, I nc u es two ders 947 that define beg ? straps
948 wi hqw@g%@af HGeld Thoinglesh cohgliggmt, éheiefm@ﬂél prqdpoefpndy Wil qre il gu i}?}’g en

t hat tﬂ%‘cl&amreﬁalbleax@&%%f@%mﬁgeaeh DG aid 963G willdkBa fouw romiidiby fantingh ke ivskirtivgy | i ne
946 in op ?é Eewed directions. [00279] \WWen ear 944 is bent into the
page f 9 ]ﬁ t 0‘5 1ique straps 948 will bend and twi st and at the sane
tinme puddn ofn Rj@am Heidlin@ BPmipgtion preedgsantleess wlated fo thelslittinggaaess aud anpagrts RElg e ment

W th the  fagenh alb aRoNed 9§ghegm)f bohv6ri oM Vs s'ﬁbvdr@wﬂlfﬂvta b&d Shek b72-9FBUSTits Bl @i NQ

g? ?:p;fongglgr? thS ?h%gglgrgﬂg beg l('lai{esn asldgsc:lp begg}g{)%ee dT nge 88% ?Qleé%le slﬁoul Lclaecon% ere(!l ng

when designing the slit layout because it can influence the positioning of the slits.

(00285]  On bend line 972 slits 981 were given a length and spacing such that a partial slit 981a opens to edge
082 of the sheet of material. This is an acceptable bend line termination strategy. On bend line 973, partial slit
981b again opens to edge 982, but the partial slit 981b is long enough to include arcuate end 983 so thata
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948, correctly scal ed and shaped. [00280| Sheet 941 has ot her exanples of
arcuate bending slits which conbine with partial opposed sits or edges of

t he sheetwbDeo@royisde bendi ng straps that will produce edgeAiseedsaceE29endi ng.
For bending line 956, for exanple, slit 943a is opposed at one end by a
partial slit 957 having an arcuate end 958 that conbines wth arcuate end
949a to define an oblique bendjng strap._ 948a. t he op osite end of slit
943a drndiectipo84 eatjéenbta PRROPeRSEN ST 75T %%9%"?%158%%&% EE P £ {88 *049a to
def i nepaneiobsxiapiposidsehy/slis Kpamis 388 isapthQdsgal pdrOG284i 987hed thesfole twilbfot t he

conf i UI‘ taln(t-iy 8§§%§e‘tb%&?l% sﬁé}ﬁ@sd or 9%(1&)?whﬂt Jﬁ@&%dglg%‘]g&erbgn out bend Iine 956.

[ 0028 as a mrror im of slit 943 a with an arcuate
edge amﬂpa@lt fead ling|974, sl Blsdpsap pragrtarcad HRmhia tﬁ‘ﬁrﬁvat&ébm%ﬂiﬁw“?f' rafe 948b.
Si mi | adblife b&ldink st} 862, QOMPIRK FofStryVik $hBwiRfor ﬁldgﬂdarmlddMBﬁtblaQ%STlnetusd@ani&l@é ne
obl'i qu 94 hat ensure .ed 4shal 1y, slit
943d cgf’;g;?[g? %a%‘aax ‘E‘%Bsﬁ ctf:;rﬁgosgr R 3518{33'@[(1 % eiCt(r%t)O(Ia1 0 gﬁg&;ﬂ%ﬁégnt ed bendi ng
st r apsabO48ercrifed0283] The single slit enbodi ment of the present apparatus

and m%EuQQ d 1@1%11&/ Ioln H%rhﬂé e aﬂcﬁhté: édgé poaﬁn s cS@@iﬁﬁAhﬁﬁh kRRSerdHACIH SR 9B I td he
pOSItlonln

desi racy
is notdeg‘i‘eg“‘%f‘ﬂ‘ Pé aTt't“S FIB’re ﬁ?‘orb% Ir?qﬁlé?fgﬁiay‘q’lt Whlgkhlhvm stfllﬁ%:t{lﬁttr(éml Ior?en af ogd in
FI G 34t 9sadargbilluetrd@8 thaf the finito hdnes ofIB2lip maes thitldgs fivtsdp emmbifye \@@Blaywt and
965 ( > Gbbs UG Lo Qe Ads SOITE R MRR RestARED 194 krhiSatb@Biteddent O t he
hr ee- %&#énéﬁﬁéﬁr%gl ﬁousﬁ%g 94zeso %f: !’35 Stg% Tl#te Si ﬁgl e slit enbaoldl me?nte
theref%ﬁ@ w || produce bends which are still sufficiently precise as to
enabl e[ooﬁlzli gmrmnthexaﬁpeamemi: presnt@63ntiok) Bdschanadti@BHshben iVFith B h aanefhedis phgidglandt hs
of an in | pserti L90284 ke e 37, bend
l'i ne ttler%rcn rftt{“e 1men81°38nm% egﬁhg ﬁlrgse%egtlﬂg&?&@t gﬁg" c|11 tlln tIruocg\ss and
appar ainypdvepn ipiid sgratspdite of inpeines bndsiee @$¥H§?¥§ﬁ@ﬁid%ﬁgﬁ%¥t°8?‘Wﬁ?§r|al 971

| IS sh Oﬂwesyﬂhtyhprf)dleé/cﬁmthﬁﬂép 708 85370013 wRiEB CABlot &o&p&glmﬂérﬁbnfe@ fd¥tling taket hleces hﬁet .
al ong nes €. c efore o i ou
58% ?‘g ee\%eétﬁtg &glzelet o? materla? n% it§ Pu efs ntal? Cgl? o] %\%% QJ ? ﬂl?lg% ‘?I? dé]s r%ﬁ

b e co gni ng ‘oecause It can ce the
posi t i geps Bitpbof370he slits. [00285] On bend I|ne 972 slits 981 were given a

I engt h,afd RPAGLOGeSH . t:,h@tmeae@galrsteb@jvobstnutzvc%&an&msmmtm@mee Q82e@f the
sheet of material. This is an éa&g l.i ne ter gtiyg%b tﬁt rategy. On
bend | T 2ggmmonagproachis sul-fige 35@’15’"2’@“ C%Q’r‘i‘? {egeniygaty 4B parti al
slit O9ffdeneis Altcmmngvetynm siedB 7019, thadebigrchen brtwiliap &y encksH8B beding Hiztt flagenedi ng st rap
984 i Sm%?s&{étc?n 2550 ARBRTE- B%Qﬂieage St15AR 1286 111?’45' \;fhu,%ggsuﬁ:@tgb ﬁbl%oPIchﬁlelﬁeen to

have a rectangul ar openi ng 9 extendlgg acr.oss enlng 988 is in
t he ceﬁftﬂimdllmpﬁw?‘?sbﬁlf’s‘é’tedélﬁt qr gg’svrs afbe rrgs e‘f’ﬁ‘P%“WP‘t °H%tt“°§% g 4RER v

i nfl yeme4d@eﬁﬂhm§ht&kﬁtqps70&84 or 986, nor wll it effect edge t o- face

3;[]'(1:_]2 o'zsw‘[ ?%gegcfem Iprr]ocess P theI }Iger:]sgl%t ?n?fgﬂngrgc!akalsogb%%gs'e 3% %16%&’?;1%& mgtgtgr o\M" ch
simlan CgE@mare;prqggms ﬁ@mterpé?%stmqng gplurplity ofgipee HEF P %@w?hsémhse of

an edgg@fenat s%b-%;%]sﬁo% @&ﬁf& lttfalsétééte rtta@chﬁvéﬂtﬁerwvra,gdesﬁdaa&lgn,smbcsmmm oyed in
connection with

ove d crlbed [00287]
Fi nal | {Pauigss eale of ‘iuhéte@gﬂ@%é]i‘ed’ﬁ‘éts Ediyﬁtgrs?%’baﬁe ’@t@ﬁﬁ%é%per ates with arcuate
end 99poaf S)hctetdeéia@ed the néxostepaf 4 diging brrmv@@s?tep IVbuws:ferdblydy edpleyiear@Gn 994
reqw fg&,ffa%ﬁan fivd as}{égysttocm&% hﬂt}é&%tﬁtﬁ Ld shio-9& F73Ldaka! r@;?ﬂ:stexnﬁg 8k hapiadbeR of

ustrates t finite nature the slits re UII’GS
t hat eé@@n@fstﬁéet%oomese%%ﬁ%fiﬂtféufre’a R 9 SPMgsteito ¢ HREC sqnirplier: TR copgel*r cases,
slit | &B@&olﬂtnﬂﬁdﬁttiﬂgarﬁbﬁ@hbﬂn)étx@diep&fbﬁﬁb duBing#na dibeieatib dequiheat. r dutepd73t, ne

j[ erm nat | Bre t?xe ﬂa% %? is ormeedl ufu;g ldggw 8(§nlold{nglc%tl];1§ I.;,ttirre"oe ﬁthcﬁa?ﬁrzér sﬂl];tragtnlg (s fgﬁ%e for

i nvent own' I n I's provl
form nguttlrtg) @eewtlngémmmttamngub«t qfting) fabyipasion feghsiquest ep is designing the

t hree- szﬂ? n@p%@ﬁy, st foHﬁJdWa@shceI&h 2lso undergo such steps as surface treatment 373c, affixation of

components 373d, testing 373e, and storage 373f, usually in a flat or coiled condition.

(00293]  Often a transportation step 375 will occur before the sheet material is bent or folded at step 377. The
slit sheet stock is most efficiently transported from the fabrication site to a remote bending and assembly site in

a flat or coiled condition.
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involves an initial sub-step 370a of inmagining the design. Once
conceptual i zed, designing will often, but not necessarily, proceed with a
step 370bworo@&/@eosbn whi ch CAD or conputer inplenented gesiugpioagodrakes

pl ace. The step 371 of selecting a sheet of material and its thickness
optionally can occur before or during CAD design steps 370b or 370c.

[0028 9(]10294461‘3 §§1@1n£)orq*01§1§§§‘7 7 1srbré: lsg;hnd%]w fogAq:cﬁi ﬁlgét gtﬁlcﬁ;egpe%dxﬁg &pur ﬁ§ Zgﬁlhﬁra n

i ncl ude various_alternative sub-steps. Thus, a conmon proach I's sub-step
370bi  Pibeiifingsing ¢flen coptivepntibife gationg ﬁf tP%Sh‘E?ﬁ*F? fbuting, gt vrblfemnfém cqnrhg qoupled
f | at t etagether Alhk esurip pargdny ofthe htce pdid aZgldﬂdaﬁ-bedﬂﬁg tiBe-difiensonadsthittide it step by

succ es?fQVsé%nB@r{lgé J&chﬁp ga%tbggecv%&ﬂg 2 thpee d %%nlgad bgt}%é gl%i}%%%}ﬂ S ignin 2-D

and decl ar ocate t I nes, S su Pl acenment
of t heensplepingrsten hish squrlgetls @Né‘éipaﬁtlt?gﬁ%ef@YeI@F%&és of the present invention
can b @)zgelonawab;srﬁwgaan BOfst B £ leasBihreS LiRRgid( TOthe HEschRIERh, yheaﬁgla d7e féid ©Rot37 05S.
L0 D Oh ot v B ke 6% By L B S s P B PR Fu S ffSEC uPon
370ci =y <am1|9¢t areabfictlge tofacaxngagerpbntosd myrisulanulort fmma, 85, shcwpen BA24AyEteem can

t hen, ﬁxrgm%wac}sftﬂa@s gé%%yama@@w dt Yeask ARe BRNEGKIE P1aRAS I sbfe AEHIWGY R nbhe new or
desi red desj dification is c{%tggl red. Finally, at sub-step 37Cc3 the

part | %P ta’é*aeﬂsclvhff%’éﬂ%ﬁ Yendepep Bes¢P 4 aliepafp aleth‘fdoﬁé@”wg BitEctesi gned,
t he nentatighiepgle § ngdsl Ont inprgodas to goldidystnghus b@jnsta 7&srenpe gfueta bf knotyanguipl oyi ng a
CNC cofaffiibilidnd foQk BlE %g(s?mmﬁ@é bﬁﬁe%m &Laht:swegg b@mgcvahlug solaremag or dthchfiyD- St ep

373a data, representing & designe or grooves,
are tr&Meralshia guards srifie Rrdecapyttde o étn%theé nle%locéls NS aeotﬁ%rwbqﬁrl@we fThe
cont r olidfiedd ahgmenfoﬁﬁmtdrba{dshe&hudum AGman, dhamts lednvdlramahternstait @RS THiOkcdntie cutti ng

and fa Ret{m%ast refd 1%6&].%? 1lf|1|tl{% S I"ﬁgl agﬂabr%c 10n§{o§e[gs g?a%‘l of tFRJeF?be %rengehnuTeral%BGa an t s

formed using Ive st er eo or sut tractlve

(slitttihi gmb<@memi of gfjvelepmonk the m“fewgr ey mmclm lpftjin plaged Sy in seinecagaytitdida d) the
f abri cmdh@@mmggmyﬁ@@sut{salqa@;geang@@I ly, the fornmed flat sheet can al so

nder go suc te S as ace. treatnen ation, of onents
S0Sa Tt | s BB st s ot o ke it « R B
condi t twgture pOBA9Bnt DF¢ntion witht ar fanv el pea theiomy 9t BY BT fevnkd bydkegpmsedbafatien, t he

sheet %&[&r@lor é@elmtpm@sror Ingtlllﬁje‘g@ltﬁh a&gh@ﬁu'gcuc F-Ep&alﬁlhé (306 h@ﬁlﬁsh%tte%koﬂes nost
efficiently transported fromthe fabrication site to a renpte_bendi ng and

assenbPiyaay TaPiry’ %PW“&PESGF the Febling feayi R EREIRPTIS 8% PrepsatiBy A o0 &P ng 377
i S prealws 6ahd edvelpedl by &dled ot 6nDSt st ruct ures bendi ng occurs al ong a

p| ur al foot29¥] 0%@1‘%’&% V\%}ésp n\%ﬂ)gmgrrt ha%%cc%p %%1 H&%culdg%alrel tdg\pet\p %ﬁ Ho%pﬁlorg fmoaL[; sheet

are abutting e cou er at the ting
por t i offdolés piaﬁé%ﬁ'@é?n qf@@,ﬁf@@f@ﬂ@@nt@nrqr ?tﬂeepaw B@E?rcprﬁ@nmtfrt@émavd?éﬂsqsbna|
st r uct ede@mRtureSF &me&?l&e cc%&ubmak {hy preset nvEdiibal Clind ﬂ@eezaaﬁbnborﬁl Po&EdRAIREkutaBy G

t hr ee- i onal a nf i urat| on.b vel o whi ch
Coupt cETROoPSH Bepnd FPeng gbbdrs Mgt Sehltn i B ObSuaRRe B St can
b e usedoipbeg m@ceﬁissa@ﬂe arhpthod ofbiniag tegqﬂ@smultlme piéves \pirhel%mhlgh rAyeeTf BuceRss thatt he angl e
of af Qﬁ]egno't 1%((1i Tsecbrﬂlﬁr? 'E:ﬁf%gd tlﬁ aélﬁusttrggltsg @ng ti{syncp[iomc’thé éa?acl:t}h@}‘tthe p%ém ﬁn;entxon to

(Notvmthstan technique of using a slit til | e to affect nmaxi mum
cont act lgafaé%fm@rf a&’é“ﬁes“‘”thc?s P%{ES a‘@ﬁg%ﬁ%éﬁf 2 gfhod of jgiming F"éEfP%PY YRS 34 o] di ng,
as showmssii NTHelpaces2 df. the pfdaent anglkien il al@dndiudé ol ittratise sgpp A&Y. ahé ybilily o taitedwby at

| east ¢ ﬁsehalﬁén%ﬁaﬁ)ﬁaﬁ ns@ném} 339@% mbdbd B0 & gei ﬁl@g&mﬁ luR@égﬁug?léSblfﬂot y to

interloc ree ort depen ent p an an a met hod of
def i ni figekghadsgigrrheforeaettling ot predyaliondetighe i s needed. One nethod is to fold the

Ist r EC: o8] amlsH&Iase%eidﬁfg%e&B@ﬁmd&ﬁﬂaMﬁlE bR ﬂsenkﬁﬁéﬁﬁorﬁa?@d%a@fe ofﬁmxﬂr&ng hi 8 and
ocC aanes| v 1 Nng,
sol der?eﬁ Yoe tglf ra’f(élcte% rr"?g“PLS?f ﬁ%ﬁ%tlagqaugﬁﬂhe"&ﬁ‘éerpﬁmt%“ é‘ql\#)s‘fl%é C?f‘lff? 5i degof

the f odeexammiotaﬁpeqr mﬂﬁmd cigr, sempiggor amching d¢, bk thesttends shich are pfodwdef wiieel angul ar
form aﬂgatela%g:tb logs lﬁéhegauaﬁc% Wi OMEnd With dhaBbcopiSpdi® BEMEd BRst hd¥Bod Sb&iel OF

structure. hi s SE
an can be achieve usmg a press brake and a highly skilled operator. One additional advantage of using a

stamping die is that the die can be wedge-shaped to compress the slit transversely or in the kerf width direction.
This will compress the sheet material locally at the slit for better fatigue resistance. Such transverse

compression also must be considered when designing a kerf width to produce edge-to-face contact during
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method is referred to in the design and fabrication process diagramof FIG
31, b y reference nuneral 376a,b. In this enbodi nent of envel opnent, the
interior wenrtiemysh € |eft in place (376b) or in sone caega;S2006/0097ds i n the
fol ding process only and is subsequently renoved (376a). [00296] Anot her
use for envelopnent is to capture, which is the process of docki ng toget her
a fol ded _sheet stru%gure of the present. invention with a tLHP “ aI part
that mgdieg ko Spavdld PRIHEY By chkt %F‘E%t@'rﬁtraf‘sﬁ?}%eﬁf?’ﬁrﬁmmﬁ?/ &t ol'di’ng or
envel opddpgshpad stamping dirodedhese Mtigueirasisamet her structure. For exanple, FIG 16
il USt{E 1esMQIlé5vexo Qﬁﬁ%@ln@ﬁgyendlﬁﬂhéﬁe%f thQBPSQIKttlIHant)ﬁ %t&érarfc&%rr@r@@é)ﬁo't ng feature

of envel opnent resent 1nvention 376b. col unn 63

envel ofyeH e ‘FdeOH]éHe @ﬁ@éft foppress prakep @me%?ly’gﬁélfth@ﬂ"@]’eé?é‘ bﬁfasb%‘?@|d8cl)‘ﬁr§nt can
OCCUT , a 3W6E Bf IGMDINAIBE Edsta Se-@fmensithd eeliBd WEBP a thatr-1iR¢ exppsieér anfightha seeddd td 'gl ded

pl ate {:%n;tructl on of the present invention, or between two or nore
conmponents that include at |east one structure of folded plate constructl on
of t heoolesWhile waskiegvifhorpterizin of netymi@ossRPifeR BICESPIC Fisniqnd Ripr faEingmxtydso

f eatur &)&Ix‘foﬂl’y ARd id the R1dYF aitadelebEaRE ind MBMS ik eie@s BiRdgrdpAy Q1A biclii, m@(béfbdem ed

with the_enyel o nat u of t Qr _cou Ilng process, enable a
met hod§fe ﬁfﬁﬂ‘ﬁféggﬁgﬁ%‘%"ég‘ RUPEi P 5 emmlwe[é%xstrer\?\f "4 very high rate of success
t hat does nB4ther élmmmub@wﬂ@alﬂyar@m Sbafndf rhatarial t9jpepstnqee vy et srophgs ot i, @fbst | net

fromt ﬂ:qmgé"ag aed ge)ﬁ alny@nﬁBﬁ&ﬁﬁ" EHapédWﬁme‘s&@ CJanlﬁitiog hdfugsatiet ngvfasﬁﬁ-'&lﬂd’ es,
such as_ hol es, Bs

and sl ots. of j oi
Wr appi W@%’rbﬁ%ﬂow[“e‘ﬁz%fovfﬁéeqﬁ?%é@ Bresﬁ?t g ’gﬂ;&%ﬁ S‘{’]ﬁ&gmthl?g"ﬁg g??tsﬁfso
i ncl udeetsinorplagticat i ve step 380. The ability to create | owcost

three- 9(!3059 ”?Abﬂ&ﬁ!mt c% 1§es Hﬁfl tﬁota%ftné ﬁ%&{ﬂméﬁ%m @ tnglhﬁi&tem%dpla@aebqgﬁg the

practical |uxury o design before sett on a

pr oducthf gt ¢ ewpth sol{@@m@% mf‘émzsr ‘ifetam}:&é%@evﬁ’étﬁﬁfaﬁegcoﬁ%?‘}’?oad‘dém’ “ﬁﬁb‘a‘?l‘g‘ftus of

t he praﬁ&[gts shdﬂuepitrtsg)m}afeﬁ aﬁlapabhsecamfcmguog:bdnmdqore0| se bending tol erances. The
or | gl nal i:t rsntl%%gove d scrlp%on qé’c‘:)twd’l\‘bé lbndg)&%od%quathBe?% §Jt gﬂheurﬁétﬁ)q &t r(;l:\igor[mcm ne
to co {ro'l Tor R T S tte anpi ng_or punchi ng
die, abmidingef ab@nﬁ@tqmll%ﬁe alle@nfpm@mg@lu@ﬁs the S‘HD o fwwae é]dfawytoﬁlon&#“@%yl nches

LO | er a%ﬁdﬁ‘l@éhlts%r %B«S\}éé i gxx?lﬂytsfhcm&t@ﬁ@rpﬂu@ct@ﬁ&&eidmg ahcbn% ahcﬁpr&ﬁmdteﬁeaﬁﬁd las t)good or
etter .tha

hi eved n h
oper at 8fe & Y58 e&f’ eeﬁWéﬁ ’&g“cg‘?aﬂﬁ%dsaﬁen?ﬂ%s ?naone embOdﬁ“egt &ylo?%wa%ma{ﬁﬂe di e
can b extawdidggissirapadortred Lopmitedwlly brtendihg dit ©epments et fge(coynemed byrat fepseoriker f Wi dt h

di rect lcr%versllp 'e:ﬁen\%lg brit CBB:! eﬁlsa sgcbﬁ‘d S8 ket Slith 8 grdoRG @lelads éliha‘;er}ﬁd &)Hlo'hs for

better fat ere t ance. ch transverse conpr
ons GEMEH RSB 1150 Ao o o Ot BB oD bt i S ot

dur i ngbeinttrdagng ih tmdfhl Sitbolitenibodimbrn, the ttaps ool prodicd tesdng about weth fuljnets vétit ting b y
a tran ?e\s{ I’ 2 eecé%a ce € QrHenpgf tlfegge:sg%ﬁtérh}ggn oggl gltevé’ﬁgsg)? th§ Islﬁso e[%e nﬁ)@ﬂnﬁ' gnéillll & to

enhance e reS| ance when using the bending schene
of t hethsb@é@mtrapwémmélﬁs ortgrf@vetss!swaahwgedéﬁvseﬂ%blaarlt%the sfepaftiie gte¥t as woul d

bet hﬁlvéhﬁ&e lfhgﬁvldﬁq oPE@&%ecBB@kzﬁea oAl Bd’nﬂlﬁg éu‘dﬁﬁ a)(d th$ ‘%s@fsb HiSer@hicePr HOMABs can b e
cast or mat eri al ft%eonal menber

nt i
havi ngalé" %aﬁ e‘fa“T‘% P %?g’h%fl%e a%sry SB35 R eexr‘neede afl‘?“%‘qs P 81" 0030 1]
Whi | e wethéd inbending ¢f tmtle@rqfaiaenaifsubﬁt@amllwﬂ(mg ths bavg liee agrossrifpecremstingoysb-c  di mensi ons,

ot her iosaxs{n R HRLA Qe ;%E’s@ﬁ%kﬁﬁoh‘@a%@e apghédh@vat—lb\g k}gesq)ffsuat%a@ |Iﬁ§;§a&iéﬁlhx®$ and
MEMS such e-beamlit orag and et ching used to e

r equi r &gl @’é@irfé‘t‘ﬁs?w@f meta) e steeke ftch P RRERRUTGH R tvwliw]ésafl#@ﬁé“bé@efﬁ{@&’wss FB7302]
Rat her virkafof mpurgmr atainplg, 2indhas®on deenon6( anmiste @tth ©T6 tmpee sorad eratis prdoduce

cur Ved I’OOVS S am%}ép.agé'gla %%p}?og)ﬁ%me&saa d LS%Q 11? &R)%ﬂlé)&ﬁ%l)sﬁe &8&5 b eL/&d or

shaped Forie qesiy I'gu I on an grooves or s

wi t houelshueyrhe soigdpfonbendifhusing @Wthp@efaherpéeﬁ@h%en%ﬂe% mEop§rtigrekibese ﬁlﬁtéﬂa#méet
f easi bh@aif O 2 bivebm@augeins iefla8ord {n ijealufe ity bPleqiled ©Snake a particular material

suitable in the context of the present invention. The present method and resulting sheets of slit material are

particularly well suited for precision bending at locations remote of the slitter or groover. Moreover, the bends
may be produced precisely without using a press brake.
030s]  Sheet stock can also be press brake bent, as well as slit or grooved, for later bending by the fabricator.

This allows the sheet stock to be shipped in a flat or nested configuration for bending at a remote manufacturing
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[ 00303] Fabrication techniques in the nethod of the present invention also
may i nclude steps such as deburring the slits or grooves, solvent etching,
anodi zi ngywoto@atopesg t o prevent surface corrosion, and applryuse@scoosrpd i ant
coatings, such as paints, polyners, and various caul ki ng conpounds. [00304]
From the above description it also will b e understood that another aspect
of the nmethod for precision bending of a sheet nmater ?,b (1; Ele pr esent

i nventsitolf cpmRrigty feclpis Btegsbrass b@fﬁ*r%’i"??jﬂ%ligﬁlﬂﬁff‘&?rflf‘ regtsit SRGI? Bfitnal 1y

exten d;brﬁlgneﬁlbdl $3heGko Gh BOMES 0 eham kha kstepgts pAtachultied productnwiththapredi praletbemln

ext en Ilg osmgneg fgin:Qa ﬁeoé% eShddt éagenglesﬁt%r %rgo@@génﬁkecalpﬁmerﬁgmﬁfyrb@rﬁ the bS

bet ween palrs of |ongditudina fl {acent S I n one ‘enbodi nent

| ongi toemqlia‘{ardyySéﬂtltﬂéﬂﬁ‘?lﬁgucélshet’f%caaﬁé Reetpd e ERPEby | ongi t udi nal |y ext endl ng
slit seeyentss b&nlﬂ@"bduaﬂ‘tﬁs SOMpEiet &de-0-Nte algagedas bndaGpoitr BHiSanBanss khy aiky endi ng

slit se r%dpi,%t tmq%tﬁn ga% ngorg U}I)‘I%QS cgloﬁs 1tlf'1§ t?%rh&c%nt?&esgﬁéog%gﬁen% stﬁjésc ¢ OF have

end pcfli’et PAre ge away i ne bendi ng
st r apSurthahtretrgtteis eqtpqedafoeﬂoactwlsryeﬁe @paoqsuee bet %h%maeﬁacw@hebeaﬁafow% fegsmAg in
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det ai | Qﬁovﬁccorwé‘tgla%&a& ispdat m{eQBﬁmﬂf@ @Qé:r@)g&'l%ref foﬁﬂﬁlﬂpﬂbk@vﬁmﬂmwaﬂg& form .

I oadbearl ng nmenbers formed froma %eg a nolg sevelre Al g ggmeot%emFor
exanpl @4 atﬁ%@@“‘ﬁ’é‘é‘ﬁ‘é"f afpidedsivgle hartvey eotF‘ 5 F%?‘tﬁ‘ﬁée U813 “€ah p gi

ex0s k ehetrih FIle®AgrIG. 40H, @sselettiohoofiemeinbles dfitgrastweelnge - tShﬁpedNéll «glm

advant %%edgﬁnﬁsaﬁnfe@f%b%&b% A0 rﬁlguog s&ﬁamr%d&g BTENQKedo 40 bilseaat t endant

wei ght ns can_have corresgondl ng stre th but
| ower tiesiggkrtshappd and e hangd Cfgﬁé?‘itl‘l’ﬂﬁvl a5 Wil 35 difiproegftendent ndige wdiqryiquglgie

descrlﬁeaglcoadlg@v(ﬁntelﬁc@@&g%] FIG 40A-FIG 4OH illustrates an exanpl e of

formn et al r arew I n sone
aopect 4t HACRREr af e Bp et R A0 it ShelBAD o LPPTTe
by trmbbamdeshownmfdwﬁe -FLG-|408 ¢ Fletembodinenip EG. 4D hotsiies lﬁﬂsﬂe%lécms&* %Vﬁ*ga

si mpl i §ikedy SendiibCdnl 'Eo@sm[ﬁ@lrrfgldﬁié& B irhe StHifiesht &k sektichFeomletrk EFIST 414B6 thoesa FI G
40A shows a single sheet of material prepared for folding. As a series, the

subseqffﬂé‘%’Sqq}“‘g‘ﬁﬁaé§)sfﬂrotw¢t°ﬁ’€”f°81°ﬂl ng process that results in a
t hr ee- l@hbs_nenHGonahov@!“D’sadpeﬁmmmodmortiéhﬂﬂ14(31Amre1 @ss eOMn@prios b hendiligesi n t hat
the de{%{,, ':?119?3&17{??&3%% e15all #A3 ﬁi&lﬁéxﬂgb $416 UGHE §& 1@i40§39et hend thidaa edke not

shown i ments of suc tructures are descriped in detail
above. sl§tOHI32 FIG | e strapdqfipiag staetpes layaleng the hend Ingsdiphyrearipiet 5 °GHY *1%01,

at t achgBal sdhabsical Odwn hashemed:s exi@aR] Mbipghedpie hea.gSee 103 or terilslasltd tved 1404,

f ol ded ort'.ons 1405- 1407, and cl asps 1408 are shown. In FIG 4Q0A the
sheet d¢fip STEMFEG wit h bending strap-defining structures and bend |ines
as desmmzlbehlt HIG 48,61 atbss adstweportivhssldl 1 resalirfome Hending tlpngrpge beadlinerang are Bgehy” cut  out
to enafle RidnlpBfibnsfif ﬁ%ﬂoﬁl@nt%ﬁJM%MG@Ot Redonttast, 6 QSREMRGNFIG! A dcfudesbut

ot herw se open [00328]. FI G Fl G, ﬂl .| u§trate 1q)nedlenb%{ ﬂt of a

f ol di nepeunekfirshicgion 14 3fyidsd “H@Bhee¥ %ff?féa‘“g {ujpgaiong several bend les. " The XS, as

shown, is a closed box beam, which has different bending and torsional rigidity than “L” cross section portions.

Including such box beams as cross members is advantageous in supporting heavy transverse loads, for example

in an equipment rack. Alternate cross section shapes, such as polygons, can be utilized in accordance with the
present invention.
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1405 are bent along bend lines 1404(b) to forma nenber with an "L" cross
section. Likew se, FIG 40C FIG 40D show fol ded portions 1406- 1407 bent
al ong bemsol2oswe®208404(c) - (d), respectively. As a result pcrasbewsooms h " L"
shaped cross sections are on top, bottom and m ddle portions of sheet 1400.
Conti nui ng the sequence, the two-di nensional sheet is fornmed into a
t hr ee-gli, 0 I | |
1404( ;} ﬂﬁnﬁb énaa!) e)sifflﬁira%sg foltﬁ% sg&g%cﬁag%/ sxx{n?alr%tﬂgPlﬁgngggth%?gFﬂG jb%[SI-tI achman ¢
t abs 146241é§et5@ﬁfd4lﬂféﬂ%v@1dlwg@qnd fines 41 3(bhtebscradinastel Fich AhBIc) serkthing hat
f ast enefmali@oe chahimlicresp ewiicagsrtidHD32. (Iseepﬁh&ilar éﬁ&mﬂexﬂ sk, p@&i‘oﬁ&(‘oh&ﬁm{el waabs |ine
up. On rs. i nto.th st en recei.vin opem ngs
and ol as e ARE e G SRR n B SR HEE B Rl ol P31 T s
unf ol oﬁl%sgl‘“‘?vé?we mitedet fgerensuch af.dor eg@@lﬁ?%‘gt maychhy inrodyiced intp mtbsletseup@ssm bI e and
can b @emahrbzagldltyns&qqerzdamr@4mﬁ)hn&bé‘etaﬂr esent invention. [00329]
Accor di ng ct of the princ escribed here, form may

nc

a
fol I oWt |Go4n1 CF% g Wsa W‘?éasf’%};%S%H’g“gzgf"i’“%rﬁagﬁsrkletFldfﬂiﬁ“fV° GFege g ded singl e
sheet stragurperigidifyl M@@jmtrmtab it 16 rdecbeniSmio poFgen aong hgpld éipe 43, tévplegsnb 6dicadnt shown
!' n' Fl @e&mgﬁbr‘: dncl;kll 14tg1|1anrféf (9§s§ se§t§)§1tpbr95}§149£ wﬁlﬁ%as%m%%s aosfcregvl'er?ot %h;o@ﬁge Wg%h are

: shag I n ot nmbodi nents, framework nenbers have ering cross
sectl e i;f“ﬁlfltaﬁﬁ]flﬁ 05 VIR FIG #fbisearofipg °°“tt'f’“t°§ frpyiagthe ?‘W%‘fhﬁ"tﬁl #rcWhaped and
box- s hegséher, teelsystissotingdnss and sicvwsink thastrudtufefsei‘gidhg ftih BIadantonherneivag and
tor'Si @b G @lnh b pordbis HE QLAY h: P RURL: 15, wltgoga;’tQ%tﬁer%ﬁm@h L shows

a corner portion an enbodi nent r amewor

to t hePeiibippireipe thétWBWfO‘iSﬁ‘thFll O@ﬂamsé\sllfft@mwmay Hestarbpdiiemmndn FI G 41,

lr;owev Qeogas) i rﬂﬂbm&ﬁl@'&lﬂb@l{o& domii on g cddief ﬁ@ﬁ@l&tm@&&%lﬂﬁn@Mk bodineRtal FIGI gl di ti es
Yy VIt I sect.i o tr sho

fol din g%q%nsqows cﬁ ]al? {AH? sheet surface ?419% 11}'/16 g%?ﬂrfa(ifl % 15434 Q%%:@RNS

shaped4&t. edes slgterals b‘ﬁo ﬁ@cht“bi)lr‘?él 1F4(i 4ZB-FL<F1 é%@bw éﬂ@}b grogmslghs edge spporetipofor 1412

bend |tvpesbolifiksts.andn M}lfﬁpbhc{ 82B-FIChNEw éﬂ@é diot 14hY Sedgé?sﬁott @anrf@ﬂ)t ankl s 1416,
ot 141 ot 1417 In FIG 41, bend

surfac 14 dge

strap- géfllﬂflqﬁlﬂmg’?} CEJ%?% ‘i}&é’feé‘ﬁ‘&]l?#é’%g‘éﬁ@ ?‘Ptﬁ’@gs g RCAE ko f¥ed f or
clari tlygleﬁdi42i3n§t&1e@de$®hekmu cally shown as centerlines extending along the
fold |[6o£3§5 As%@rlﬁéaqy&e ]‘faamgm@pks%mﬁ&ow 388 % $f mpthg%kvﬂuﬁ S&:nv,%eur es.

[003313] " cross Ssection portions 1411 resul ndi ng
al ong ot 6é’f¥ﬁl"?5| nH@ 14%11rF&ga§F‘§ andjppsging fhrough ceuespanding F%CCﬁBFtlﬁHn §ngepmaged gnd
enbodi atigiet], asisew sich a FveéBor &4Crew (1ot owt) i be, plickitinte e adic@ithce@hd ddbGlotddo 1

i ncl u%ggagf gﬁgﬁﬂ?&f sfof xg 3\'[ +1f?é?mé éi;'r%ﬁ Qccgirgnq {E] %qgregtq,e %odm%e%.?sf %ouple 419 by

bendi ng severa I ne Osed box
beam affPrdapre4d thy P‘le?eéfrlé‘ﬁflﬁ% arvely egabarrd n@W@i tbqraﬁultm Hiuetiue y5 cpmmuveu' mege 0SS
secti aigortions. Including such box beans as cross nenbers i s advant ageous

|n supporti vy kT e | oads, | i pme rack.
H‘Patsg CP:‘}Q J}ES ec 1{30‘%821 uétmg Shwo SRR & ?‘% 3%%@%” € ‘Benélﬂﬂ‘ec{?‘rgi sg%‘lﬁie‘i n
accor degie 1432 rhedgdrdot prisdé2: Timﬂ.helnder BRiofsQE3@BEd Fh Brse gortlonaf edy} slotlihlTsihd at es a

f ol di ngv&Re4d 0sé of revbilh ehQpihd Ve N N&E-. ot & H In
FlG 41 a%zhf?fﬁgté‘%ﬂ% o ST B i S R SN By 406

14 IS
accor ditigt ghops g altgmate H?b"@)“e‘i‘té‘%’mhf’%ﬂ‘irﬁf%lﬁ}s AEasi OSFFgB?lOté‘ﬁ]éFnlr‘}é(? Té‘F 4% section
por t i opgidhd dBhe danwhlberepantd ¢ ubae peiinekidaeddt 18l1au proviRhtiaGd Sifade td:ﬂa@ﬂeel wal |

1415 e, %qaaﬁaga angd #g)litgm gppgghég ,iqh{%s hggc%%ver%%ﬁs S QP e L engragg% | Ghmte as

shown W th corres ce nat e ener such
as, fdf2Galengfiedenst Offeid ot HHY/ Byostembesiorsts daribing Srdadinthe lefvellproritncr ease t he
structfu;teamglsrnbtgie&bswbeo&@ecrﬁh@lwzﬂiaArsFLﬁm42C for nore detail. [003341 FIG 4

to 1 naadod 8@ GG pERBR S bR imath Bt eSS B RerghedoBR | nt o
posi t iconwilllapprefidtreind curved sttt Brerdosplag by wak Offiel engrodigsnts include a framework of
curved structural members formed from a single sheet. In one example, FIG. 43A-FIG. 43C show an
embodiment with three curved channels. In other examples, such channels may be secured to a second sheet of
material to form a hollow closed structure, as described above. Further, such hollow structures may be filled

with a stiffening filler material, which is also described above.
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section portion 141 1 to channel cross section portion 1412 with a fastener
such as a screw (not shown). As with attachnment tabs |ike those shown in

FI G 40, wbisoccoupbi ng contributes to tying the entire skelustalsiosimuct ure
together, thereby distributing |oads and increasing the structure's
rigidity. As in FIG 40, contact between attachment tabs and other portions
of the stru ture i S_sheet surface to sheet surface with a fastener

t her et MP8ugh's: BRI 3 EpisPretivelt b trashechef et delae ﬁ‘éjraftﬁrvf%lfhfl%fﬁ pEamE Heet

porti oaxsskntayl flamewdrh st teprediménsion] dunicé chamriBeBoth [ifl0S Simjw shde(343¢ %ﬁhx@heréZ C show
det ai | 5 gﬂa%em@mndm&u% &Ldu?glnﬁaps&gﬁluﬁg ﬁrhctﬁrgm? aﬁne Z%&dﬁegiﬁ i FIG 4

1 b). hows annel et sur |ng l'ine
1413( b§436 aryl fngerdabs 1457 HIg1 A sherrydheshestaliyformationggibe ‘éﬂné‘tlg Hap-ffining Syctugnia nubs

1421. ik $Beet 4R1B- BBy (zéﬂﬁnsdﬂpéhb\dﬁﬁeahfeédlﬁlétﬁiéﬂﬂ cirftd ced@lare! Bhdiieed et 161y t Wo

ol ot Vil e ngbopel, b R ety sk v, BB R Sl iy °°
regi o nlS°3414 28s @PV’VII n&le d?}b C@P@!S e ar@ufveﬁﬁﬂld Fitagd o 28he prizingl Iﬂdnanéhqeé]dBQ) ns 1423

of theaf@ﬂggd@ aﬂHng wa bdnd cur{zeQQta&@]papﬁmyqﬁeste e REGar @O MR, beddnell NG so@ntite pOSi tion
shown i nvol ves

e B RN R Y W/

Once nmtated orderckr dégreg dendnding oft angtedah propestiss fryeuty ¢fbeid coresar wessieywr fmoingshown) may

b e plaeftkdidleRdihd Bord Bl dursdd! ARG SnAE: e%ﬂ»%m@dtQltﬁGM@A%ﬁgagﬁhaQ%aBﬁeR%thOf sl ot
wal I's 1420 in_differing manners according to different enbodi ments. Coupl ed

in accOPEREREARENS C’EOFFée‘iS‘P’Es%‘?ﬁ erpbdimpR lﬁ‘ﬁe SORVeIgRE CHATATR PT AP s, t he
r esul tdongreitercbiminels d c@vegingdiveading\chinyeld1Ine will pieciatd 040331} debifmtried 2By Bnd FI G
42C | ILlsyds&lgégrgantcg\glt%%gﬁgmnﬂqe 42B shows an enbodi nent incl udi ng

shoul der reqgi ons e slot walls 1420. The shoul der reglons are

| ocat st HCptSehpysdepisnt %)Gren@éﬂj@ms?félte eqosheteta famgsrodiin HE- £8- d#kd B34 he
pur posfd efc. nEE §ic! MﬁtgshaMh&ﬂglaglsﬁk@t pRrifha§ 1 831eMlangd g 632( tead cu&laé)m.') berki®p exanpl e

arlve alternat

ool orra g fihihyed Hy SR, B RASEAR S TR R REPRAGHE ) ¢
are | o@aW@dffaungalbbbﬂéé fingpr tab emmog 1439 gud eyfvod fifg4rizh mzmstn 4OV eliesfoze, fidtaals efd

sur f ac@e teRdihE&EH-IRing §ASHENEE oniiQordBri. SCrew (not shown) . Applying torque

to the scre ts in re hreads en ot walls 0 along the

| engt H"8H! e’tvﬁ\‘l&iﬁ JE)TPO’i‘ﬂ’f?? S%Feﬁ\{vﬁhgfl"e g?’?ﬁbe&’log%%? g’g“ g‘ﬁﬁ‘ﬁ?bﬁé“t h?%%ﬁﬁ‘%er {3 t he sl ot
wal | pamelde the Harfievotkamacognmogataigdtet ddoesidas egpebieitadsOenatibasun ef thewakihal pddefibs t hi n.
[ 00338edr! ffat é%'ﬁbﬁ: of 2 Gheb phibSh bAkRe &&%@@VX@H A%EGPQ@W&@? of Bkl NCI ude

| i near st r uct ural nenbers, however, one w | preciate It§%1at curved

st r uct RIFEPOIHlorAd pdagerio 15ptivgy digh ceyatas PoétF?Bb%ﬁbﬁ"é‘ﬁ‘f‘? 1#Re [nfeerpodimeelfdPk of
Cur ve3st thelgitdidsadefordiibes Srokimnin@atxiisirepiond 45, MgteRdigine Shger thid lm&r@lﬁﬁ{ﬂil ®, FIG
43A— FI tgje neﬁlﬁcf‘e %&OWt perq%@n%gmtsr%oweve\{mlﬁay malﬂ?e mgergaé)(s: ag(r% é{éreﬁtr})?%ddﬁlfmal fa%a(t)l?nlsal to
for m aden@ﬂmaw@w %’?ddgft’mﬁ%ftnure as described above. Further, such holl ow

Zt r ucﬁg&gs N&Yis llailen fméla@day&lgeufﬁla@% infdﬁfﬁnhgwanb%mh&r@srofe@tear hdleworthigh is al so
escri pe

43B, S tiy show a sheet
o PR B UE B SR I3 Sh e R e aor B RGLY S Blel e o k- of
t hr ee- Hillmesindadimertuiaveechenls aagive thet. is Bat bolfgogul thesths hixhe @ibeditert 430G. 48heet

per i phﬁl’ Ya range o@&%&nrlrﬂgam nQﬁMgﬁrHE Y. lﬂ(él% raﬁg '&Q&r&g 1§Jer %hg bI lﬁc'eng
structures 1434, channel s 1435, nexus reg i on o, chér tabs 1437.

FI G 4SAUSIrRRsths Il-liksiiee is{qrped and @Pﬁ%ﬂ"in?ﬁﬁo ffﬁel‘feﬁgu%’é% amlgemsstl hLd®s ¥ ng

St r uct dsamesls.i Thetsﬁﬁuﬁdnﬁahbersﬂa(ﬁbe A438Red 10 yhe GENPRALSCITR aboSd) OME nifukdBus ways that are

t hr ee- ig ric thcu‘r,e\I/l d channel after bending the sheet al ong the bend

| i nes. tal s'of the bendi ng strap-defining structures, however, are

omi t t e®ps4in b%@ePPflbf?dgmbeélmleofe pleglefat gﬂme["@@mwpe Hghlystroedh In PR le@hodi®RYs, ashannel s

1435 ad ofMérY Bith 0 6r @xdreneay Incme chil8 foFtiof 1448 bt WP OFuch DERYed DAL idf t er
bendi ng_al on }he be curves at,. | east pa I’él aII due tg t he curvature of
t he be &anfaﬁ g§ or sRme &1y entf IP.Féause it better accommodates sec ring to another curved piece; for

example when forming a hollow closed structure as described in detail above. With a curved portion, the distal
ends of finger tabs may follow the same or similar curvature as flange 1432 when the framework structure

extends out of the original plane of sheet 1430. See FIG. 43A-FIG. 43B. Without such a curved portion, the

- 46 -



deformati on out of the original plane is profound in this enbodi nent.

Al ternate enbodi nents may deformto a greater or | esser degree depending on
mat eri al woapevi@s, | ayouts of bend curves or pressi ngpromr/usSes0siong29

unrel ated to bendi ng al ong bend curves. Also, while the enbodinent in FIG
43A-FI G 43B has channel's wi th convergi ng-diverging cross sections, other
enbodi ve channel

channel e R GG Pl e bral A bkt il gl SERNERTREE,

var i oukpadionetthd degreqefyuriatee Qf§1€d>v¢rﬂls&@?§6|ﬁdfaw with the present i nvent| on.

[ 0034 1]p:.f7! Gn séhdenBheMentstat 3} 1{1&6 @fn e Gfaﬁbtﬂ’ngér tdb€ 030 fre Bthmieh eSt@uRGloal afral

framework in Fl 43B eet
1430, %‘P(é%lf"f?ﬁ’érl%i&haér‘v“ Tﬂ‘tfl(sia‘ e %{ﬁéﬁ%@f %Q%‘E °%‘t%’ °r%§mBllfrla\‘}°e&SI_’Lﬁ§'%3§ Eggr/]@ ﬁ‘%

st r ap- tkeshéeninngd sdund edxus (@shubi8zion 1dMawithelkespect HFBger trbx 17 Préxgleweﬂm%m&nd

f| ngerdlgs%%bg&;ﬁzed In addition, FIG 43C shows stl ffeni ng r| bs 1438, finger

b opening 1439, and curved f| 4 ils of
e bRl naT iRt or s suruetaret b i cateah. B afrefrunSid) |y
FIG 48&) wmomé ifpasf offfesipad shdABCltkring ehe g mrossesmegbomejryf &ramaftirmges  t abs
1437. Ihe efia rhﬂf%g gdd%%%l‘r:%ﬁ%h% %HB Q?uﬂfexgl%mr k to accommpdate sheet

def or mﬁl on, “especi al ormat1on out of the original plane of the sheet.
That i@t hia dﬁfe&n@n@?dlw@ siffening rigF PR bedqgatprAlre Repd (s d 438 2pg/or glopg finger tabs

Accor dinagl phe ehbtRlintehi G BIG. hfcbsaovasraen@ernmg €6 pokipatk @bEedina t§33,cedin sibstantiel at i vel y
hi gh cyrvat rtions af: G 43C,
t he graLe{ §¢j %et %breﬁa nleolﬁlq?lssmgance aStQﬁem?gor nge:%l(dl\f!'énnal gom?begm%fggg%%@)g or ¢ |F}Jngl Y,

fi ngerhlglaiuyatmﬁwnﬁauseeamﬂdﬁwﬂht“é stiffsaing; & gheetreagibele: Ot her enbodi nent s,

howev €lhonas) malﬁkéwﬂfel teesstiRER rstlffeﬂxt@ rﬂ%tlocﬁi:bcf ﬂr@ﬁrﬁzﬂ to @4 wﬁldﬁjﬁﬁgbx(}ﬂta l14370@athin@ns,
dependi.ng on the desi

s a
range OIS afEEnpay F?PEF"I""EB C%WE?E F?é)ﬁ‘{‘s OUS‘?%M] SﬁcN%X fpegge e ltué]i&a‘? axeg(lﬁe
conpar telstiflenitgwibs intexiue at @ géyom! A dista¢nGof tBfugergath évs FERBYcivagssit guch aw’faaoqmr e

el lipt hagﬁie efdct &lfgr&lﬁ%?rﬁmﬁﬁ%(ébﬁmﬁ?gﬁﬁnﬂw falghd tho, Qﬂxt@éxp&ﬁ&@g{o%%tb‘é ach@ﬁf%e@s nexus
region t I'S rmreg %onal than that of the e In

yet an®f wwpleriaggess gt Hingefrber hefrnbpdinen mrFé%.“ga ”Ffé‘deé arh?]’ﬁm?% RE gtween .
separ abdoenffdfhn§ €ibsah Engat @R EwhidAfid delicvediid be ddvio@gevaxinSormeng e odlymit-lie stugtorelin the pi ece
is for 2 r or

mger t%‘l cbtlge{ I‘ u % ?1melr1}$1%015&% fin ge? Ei)svhgvx.gé s'%lﬁgrﬁrﬂgr s?{% u.g& @Rﬁ Essﬂ ﬁ%g bn A p E&}H&

channe ura atta ub as descri bed
above, ofghe finger il pesirbers: %mly@eﬁlh@tan%ﬂgemnﬂ rlh%:‘(f‘&“baaﬁﬂg%f% ?fﬁeffpllﬁéallﬂﬁ‘%ﬁé%tl on.
[ 00344},wRserdeshtdskas. enbodi ments of a skeletal framework may b e highly
curved. In sone enbo t ny one nore t f bs 1437
i ncl ud8*@ur 3@8‘“%6% “’g ﬁgﬁaﬁeaetad I%a{{ensdonaltsa?lct Bkc 4@ @lﬁl%\?tee kvnlgkr% fﬂ'(é)(ﬂ is
advant gedlbs fhtcheets ofmataizh Gi¢lerd firmevtygcidibsie inj the fatafe ﬁta@d@bwﬂwgm se Wakuring
to anotf&noCuiy %thnhe%é‘e and B¢ toﬁa‘r@me% YRRt Qs Mterdhl Jﬁglhksmeencar&ﬁiedwﬁt ructure
as descri bed in detail above, W urved tgﬁlrtlon t he FI g}ds of

Pl 08

fi nger bynd fees i manpr siglari Batdisppsse ?b"%‘i JORP TEEegaft RLboREsS B when
t he fr a6m W kdneShdetidfindtetial Exin&hidl tho bidse i formdiie Oned thy tasel angrthasheet bfve bdembant 1430.
2ee T Songt %-bﬁﬁﬁpfsﬁg%n&}g %%531&%&&u&s%y\sgqsseﬂﬂlsd Oet ik BhediRds Of

finger may dequate for securing the
fi nger femgyvorkol 44h Jiuing asmnékyethe *aweﬁtﬂp L) a@ﬁedtbﬁémﬁa'é@fa%@eﬁfmé BYEE: dff&WSof t he

overal hm&lﬁﬂlbe&saidhésrvesrmktherk&t@ﬁé%&and n some enbodi ments, one or nore than
one of the 7 ar

i e e S n for m e tion
1440, 3%"50\/\/6%‘} tﬁ?u‘%"dﬁ‘i‘egﬁ ﬁ? %Hl'é‘tem?(s) NG ure& ?a ' gf ﬁx‘%¥ The ¢ gg#gt?{%‘gﬁr&% ane of
sheet o 30ar parelssperrgsiembly bfike ohadbase. nFoaw@malpdmld%Iemed(f@m aflabpect efgi on 1436,

Wi th respesho dﬁxﬁte& OGN RS  hhder @kt 13Qilsbﬁ§eWa§cQ/e Me%ﬁ@%ﬁb&ﬁ‘on@lbﬁ& e b e
utilize odi nent o SCaIsomc de stlffei)?lngrlbs

1438. PF@F%}’ Blpay Fo ?}%@Plarpéne%k“é%e%maﬁif pPlangeRapel pues fp afeEhy t R 08 PPET
sti f f epinegi4thdevadpe et aréd of warbdge 144 gnck ieendOgadffied 6apps exts plieps geGmBt Y3, ad n an

al tern %‘%nl b\é %een in FIG. 44. In particular, the panel 1443 warps such that its leftmost surfaces conform with the

uppermost surfaces of leg 1445, while its rightmost surfaces conform with the uppermost surfaces of leg 1446.
As legs 1445 and 1446 are skewed with respect to one another, the surface of panel 1443 warps in order to
accommodate the non-planar surfaces of legs 1445 and 1446. With reference to FIG. 44, panel 1443 warps

significantly in area 1444, however, one will appreciate that the panel may also warp, in varying degrees outside
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material may b e added to the sheet to forma stiffening rib. [003471 In
different enbodinents, stiffening ribs may be | ocated al ong bend |ines 1433
and/ or alwogoddg/ogmp tabs 1437. The enbodi ment in FI G 43Cralsoos/060729
stiffening rib proximate to a bend line 1433, and in substantial alignnment
with the bend line. In this instance, a stiffening rib is advantageous
because of the conparatively high curvature of nexus region 1436. Wt hout
sti f f efieg 44 Qe vélharerecifia patitee ki‘e and ldtpammlsp MR W asimilappgsnerREnLigo s
stiffembug. ribs |ocated proximal to and within finger tabs 1437. Wthin a
finger tab iffening.ribs refera r..ent ed
such it ,Tg%comt‘ ERVCRR RO u%{d%%%ﬂ%e)?gnse o tx%li%%au# ? gﬁ?er? OPSh lsngt‘?rrl]a?sedr) sect at
or beytbcrvdfoawmam and thuy @luco»f fort 4edef Varigfee! d@se@s haaigg mrmlemg@eg@@ d@@k §enddiggsh

;)r Ibe n\t}ﬁiﬁ AR BRtial Bne & &@&Eas@fuf &Hmpﬂ%ﬂ{%d'ﬂeﬁtaléﬁgeth&ﬂjedﬁﬂﬁ% Bf@hd lresuntihe i nger

a ich experience s vant ageous ansferring stress

wi t hodtseBRiedbnife! Tf‘ﬂlt"tpﬂé‘& m‘%‘?‘il%paélﬁﬁlgaa’in%oﬁ'fp f‘ﬁeoﬁeées "g“(fom ‘I udes g?auﬁttaogem ng

i N betawbepest W estripfef @gis ngf8randBH49 tact skay ewrves.dles is, ophypcihighglo b@lhp mpaPlag: b e
advantgg @ﬁ%prleé"atef tQJt Eﬂcﬂg“v@ar&@’ WS HRp ke mdy Belb@iliddh for b Ridt BictyloP@RE-dil@RbionsX her
enbodi ment s 1 ncl ude fger tabs ﬁaw ng stiffening structures such as

fl angégucﬁ‘lffsa‘l‘dlavﬂ?evér‘%? PR SRR finger tab periphery. Such openings and
sti f f qi@dsang The bisrimitibidnt wait df beg@ing ttabs mayrvany elonghelewth df b gingdsnd-lnefeeer , are
not esv%r olf%ﬁ%)ni 19833'411%1& v;;ﬁ{um ggle QQ&Q’ oEf%et&L ﬁthe[}%al f@rcé J@%ﬁ@d ﬁl{ ﬁﬁdhﬁhq{@éﬂ: Skel et al

frarrevvor ustrate f or med eets of
mat er iresidual Skeagth piihe ‘fﬂrf@lﬁféﬂ%ﬂ@ndléfﬁﬁxi‘@lﬁ> PPJ%CFI% feP‘B‘fefﬁhﬁana& ‘ipa?fﬂm‘ftﬁéﬂy i ncl udes

abase f&ﬂzézilat%iadan@ tnRRs tiléﬂeadm@;ﬁm of theprbsag envadiidn ﬁmﬁb&apﬁl@@h&fe ®eddaine@dlokdlom f | at
sheet s mat et

bee ded with ben n JRRer
siml éli; ih%netaﬁ%lt r@mg t$:trags aépbeétg%r\r}lg&" wxﬁlnless %rerﬁélenc?{'netar the ag)g%a hin ?e%tu{'e%r xglt pOSSI?b| e to
f or m tsheps tooprirftaimphnplie obatentakpéesiel. of material from whi ch the base is forned.
Once tfig;, basgupad b&dmm%tbl%ﬁéftﬁaqsve@enbﬁ@ﬂud%mbeallsgylglbtelhefrms ﬂem | i nes to form
t hree- di nensi on_structure %/Chare asse

i 11 ustPEr e ERerRS 49 SaSSBﬂPl g UHETEHE Y, mﬁ%l? Hted hh“ 06t S fe%("h“g 8 tixed b
y Sui ttedshet hastak ieasbesnbimdaist th et seet materehsip oftantbs stalmditetzﬁd lotitsor e‘e@d mebgsicite s,
and/ o Fa bg cf}@syersﬁl'lzlnﬁ ﬁl@lleﬁ’tem %Qﬁ thr({quQS?’éQl) 01] hbrd J}l:l@s Qﬂi? Q@M@Qﬁimg Eh@oﬂ%ﬁi@@&f a

mat eri al are configured allow for and to accormmpdafe an/adgl
pl anars %4‘9“%ﬁ%%d§’§§%‘ﬁﬁ}dy‘gdfanﬂpﬂ@“?‘t?ﬁd rigndingebe sepepy S‘@xglf‘ﬁff‘sé oLPgp a2 | s

f or medhish ekaPleastrhidtats tsrambenodnd Bat 108 redyclipientbratrechsaftite sizenchtdrinnedreinpved manner

t hat |s di sc%ussed above. According, all portions of the top are originally
planar = exanple panel 1443 is originally a planar panel prior to
assentsby  ier pomgpnigacs imesplgnation-and poowrale dr igisgrein 415 eppshficd plaims. e 1WA FEGY 1444 once

its en(ilﬁpeta’r‘%o@f ok x@fert, Qnd;'c[épﬁ{d “Gnde” &E ude@@vﬁes’l:ﬁ%&eaﬁiﬂdﬂ ofifidfesei@ Tvadon Witle seen
in Fl vvarps such that its | eftnost

artic t he
sur f acré%re‘&CSFﬁtger‘%fW”f ﬂ%lsf‘%‘eféaﬂﬁﬁé? ‘?%’2 dsutﬁtrh? ates of leg 1445, while its
ri ght nost sthefaceng donibtemypivpecictmbodimpie phtbstressi infvertiowhays bepregyesquietidor As | egs
1445 %ﬂ)os"aéléfqmﬂﬁﬁloém\ﬁ@sgnﬁ%ﬁ Rruk dﬁﬁ%@&teﬁ&d% cARRLRE to lﬁhﬁheﬁhkreﬁtﬁ)ﬁﬂ) #f panel

1443 warps 1 n order to accommodate the non- PI anar surface % EQ: 1445 and
1446. Mo Py dvletrand ehviopsdy mapy mofhifspapns dofetiafignse roflIf T It é?ftﬂﬁ? TR area

1444, tb@m@gl €lhe erfibd@imahtt weraﬂjaﬁee@m@ie&nlbehatonﬂeha bpmv@lamrt&;pnahﬂes ofithe pyention var yi ng
degr ee and %‘I [%[rgcltlg ?:gphc%fl(%ato %h%%ﬁ'y eng‘ﬁeé% sI Sk]ﬁpcﬁ{; && Ez‘ﬂo%esttt'(?{z hg en&%%?d% 1445 rra y

al so war nner ng anounts e con guratlon
of fr aﬁ@m@mkntsl%ﬁ'()’aWF mpdzfé;@nqnms areé}ué@si w&q W“FHPTWSWPtFmR%Wp it IPté%de%‘Flatélﬁeet

mat er i .@J)p% of Be AldnBN vk Qéﬁn%yﬂﬁgﬂalmﬁdbgenﬁé’mﬁreﬁ'ahmnf Qtivadent de variety of

desi gns havi ng conpl ex geonetries. Wile bend |ines 1447 are substantially
| i near, once base 1441 and top 1442 are bent along their respective bend

| i nes and assenbl ed, base 1441 and top 1442 include panels having conpl ex
geonetries w th conpound-curved surfaces and edges. For exanple, edges 1448
and 1449 trace skew curves, that is, curves which do not lie in one plane.
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One wi Il appreciate that such a "warping" configuration may be utilized for
a wde variety of three-dinensional structures and a wi de variety of
geonet ri owb 28dvaped9 [ 003521 The distribution and wi dth etThspesng7sd r aps
may vary along the length of a given bend-line for a variety of reasons
including a variation in the trade-off between the |ocal force required for
bendi ng and the residual strength of the un-reinforced bend. For exanple,
adj aceWHATdR CUABYEP B%t may be opportunistically forned at the same time as
t he bendi ngi.st r apsc@bf hhiQiapoeBeiig d ivedinkmBinadeycapproact stihsed emapribinpe so
cl osel y t hag shctaelgc?f ngl e%ill’l?lgvti t%e nga!lip f génrﬁlgg ﬁraﬁ—ﬁ&inplg §&uctfug£ gﬁged\eﬂet'ehl, 4h§§1% fr eq!'le ncy
near the approaching feature or wt ihner Straps to maintain planarity
of t hedefang stmeresrbeing positiond H3iimeiaphialiy of brdingénss e@ﬁ pepding fesdavipe adidefnhr esent
ian gnt Ju@ﬁ]dérfri%:ﬂg Qﬁct@t@ssd.e?ﬂﬁng‘knﬁ&ﬂ{g- strz]y}iaﬁngad lbpieditaNdt@@axes dﬂiex{h (%] aﬁt_[lﬁﬂsiti&teﬂ ]Ic;cbct ures to
e di sass ed or unfabricat or transport to another site or for
recycl ?XF?Q‘???“’FS e %’@E%T%P ?‘%‘Im.ng R %‘éé:?]nﬁig%rﬁ(ﬁa&'gf) ?fg’tonet%ﬁ%pr%@ﬁ% sheet
mat er i @hdigean the fleetrof atgiabdlengitlghediieds; out, or even subject to a bend
reversal, %r%ﬁéﬂ%ﬂﬁeﬁﬁee{ a_@o'ng%tfol& ﬁ'r[e?fyl‘gthlcé at 185tk %npﬁ@feﬁstxﬁéfﬁlil%&meﬂ@)' S
all ows bending or fabrication of a structure at one site and then
unbendi ng, transportation and re-bending at a second site. The ease of
unbendi ng at.so enabhef gttt isiiefed inoldm & whebie ntleaatrtde bahtinetion tgnd @eycl | ng
center, {9 a&ggggwg%m%he_sheet material and renoved conponents. [00354] For
conveni ente I n explanation and accurate definition in the appended cl ai ns,
the terns "up" or "upper", "down" or "lower", "inside" and "outside" are
used to desgri berf-apkivraste@ addanepiRS@Al whétgnt i on with reference to the
positions on SL%chrIieatfureisheasof i§ﬁ£ay%g,3n the figures. [00355] The
foregoi ng d&4& 7 BYTBS B PSPt ¥ enbodi ment s of the present invention
have been presented for purposes of illustration and description. They are
not intendeg to PnBnLXxtauEtdl ¥ ietled illdih Mwheréile i Nvention to the precise

fornms discl gsed, .and obvi ously many nodificatiqgns and variations are
possi bl e ingTF@ﬁngPgﬁﬁﬁmﬁﬁﬁe “¥%@%ﬁpﬁ§@m#ﬂﬁw%ﬂﬁéﬁ?ﬁgﬁ?ﬁnﬁbre chosen and
described in order to best explain the principles of the invention and its

practi cal appl i Catd i ortielI 8! £RYaS ML e wakhgr s skilled in the art to best
utilize the invention and various enbodi nents wiith various,  nodifications a

s are suit efe 8l herre ko Aimersipn 4pd Jgg dstes RS cdgederacy eqsemthoidhi B ¥hat t he
scope fiftedaNen dppisRIHideOsT i skts dedp badinpofihetshret Cnmiend. appended hereto and their
equi valents. WHAT IS CLAIMED IS: 1. A sheet of material for formng a

t hree-di nensi onal structural structure, said sheet conprising: a sheet of
mat eri al hai ng Zheshast ofimaterjal o5 defenddn Prgm d theipidef i ni ng structures forned
therein, thegegpbapgdekstichgs &t 5Uslcbioftedied g RESkitidg @tboukthel shbdt BEmAerial.
plurality of bending |lines, each bending |ine having adjacent
strap-defining structures defining a bending strap having a | ongitudi nal
strap axis @ri enfTedhahd npesiles Ghied it daimt tvdereinacr oss the bend line, and the

strap definl kol b U EiThe LRl AEAERALAHEEHoRAE RSN lkdRERAh Sficiie Qgbace
bendlng of the sheet of nmaterial_ along the bend |ines; wherein bending the
\]

sheet Bindngolithaheeit gateriah glangiheyit!®es- at | east two nonparal | el structural
el ements. 2. The sheet of material as defined in claim1, wherein at |east
one bend |ige | s RENG LIS AiNLAZAnIRenear portion. 3. The sheet of
material as defined 1n cla mil erein, at l[east a portion of a periphery
of the sheethepxpskelgialtigicturgis athpgsisheet of material as defined in claim1l
wherein, the strap-defining structures are slits forned to extend through

the sheet Of9. mat %[16! s%el:e't of material as defined in claim 1 wherein,

a plurality of bend lines are positioned such that the structural elements are configured and

dimensioned form of a curved channel upon bending of the sheet of material.
10. The sheet of material as defined in claim 1 wherein,

at least one bend line is configured and dimensioned to form an open structure upon bending of the

sheet of material.
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5. The sheet of material as defined in claim4 wherein, the slits have a
kerf di mension and jog di stance causi ng edge-to-face engagenent of the
sheet of wetesdmboson opposite sides of the slits duringroengkengood2¢ he
sheet of material. 6. The sheet of material as defined in claim1l wherein,
the strap-defining structures are grooves forned to a depth not extending

t hrough the, she f a £ f material as defined in claim
1 wherein, ?5 plﬁ%e ﬁﬂ&%m%nyas&%gaHJF%ﬁgggééggcon |g red and di nmensioned to
(ol

forman ex dsloednétr@m@?mé@mp bendipepf threshrtf of goatstial basan brsaged B9 FE1B PR al ong

t he bgggmgmaﬁgmeﬁmdmne sheet of material as defined in claim7 wherein, the
exoskel etal structure is a chassis. 9. The sheet of material as deflned in
claiml1 wherein, a plurality of bend lines are positioned such that the
structural 12l endhe seapimaroinfah dufineldn eleich 1diwherisi oned form of a curved channe
upon bendi pg OBJII smﬁlréstgﬁﬁ& u;Q)L bBIE b (R sheel Srmath nish@einnshap@t st @ttioas defi ned
in claim1 wherein, | east one bend line is configured and di nensioned to
forn1éﬁméE@H@§?WU@PB?@hﬁﬁon bendi ng of the sheet of material.1l1. The sheet
of material as defined in claim1l0 wherein, the open structure fornmed upon
bending of j§he SReGhe fmdBAK b a&inemélmﬁnolwha@laped cross section from bending
al ong one bend I e sheet of material as defined in claim10
wher ei n, t Hie shaseincledes foeenddngscinfred upon bendi ng of the sheet of materia

has a channgl op&h;&ﬁlﬁde BfR8 Spod B&iding bf the heat biemekrinighasd “Cupghatt wossb@tich frammes. 13.
The sheet o{ mg %m1 lnsas defined in claim210 wherein, the sheet includes
four BENFepe ?' the open structure fornmed upon bendi ng of the sheet of
material has a top hat" cross section from bendi ng al ong four bend I|ines.

é4 dTlhe shegt OfThef?k&lbmAterﬁsasd&ﬁkmdwﬁm&%&km 10 wherein, the plurality of
end |ines conf | oned orm a v pon
bendi ng oftFﬁgnﬁﬁﬁngﬁ%mﬁﬁT§WF§FeETém 6 "Shee oFlﬁg?gPﬁglgggglﬁ%?ﬁed in

cl ai mile sdeesfeateriala pl urality of bend lines are configured and di nensi oned
to forma hollow closed structure upon bending of the sheet of material.
16. The sheet of material as defined in claim1 wherein, the plurality of
bend |ines dre cOHeiegaf weeray defirrREPEHEES f orm a hol | ow cur ved beam upon
bendi ng of dphgalBEeind tifies AR tenfipatd and dimerklvacdsh deh a bfllowsloed salctuggipetef i ned i n
cIa|n11 i t et of material is further formed with a plurality
of attaéﬁ%@ &cggtgp t%gP the plurality of bend lines. 18. The sheet of
material as defined in cIa|n116 wher ei n,

16. The sheet of material as defined in claim 1 wherein,

the plurality of bend lines are configured and dimensioned to form a hollow curved beam upon bending

of the sheet of material.

17. The sheet of material as defined in claim 1 wherein,

the sheet of material is further formed with a plurality of attachment tabs along the plurality of bend

lines.

18. The sheet of material as defined in claim 16 wherein,

the attachment tabs include fastener receiving openings therein.

19. The sheet of material as defined in claim 16 wherein,
the attachment tabs are formed to extend through attachment slots provided in a second sheet of

material to secure the second sheet of material to the first named sheet of material.

20. The sheet of material as defined in claim 16 wherein,

the three-dimensional structure is a skeletal framework.

21. The sheet of material as defined in claim 20 wherein,

-50-



the attachnent tabs include fastener receiving openings therein. 19. The
sheet of material as defined in claim 16 wherein, the attachnent tabs are
f or med t owexb@md2dshr ough attachment slots provided i n arseaspehemrees of
material to secure the second sheet of material to the first naned sheet of
material. 20. The sheet of material as defined in claim 16 wherein, the

t hree-di mensi onal structure is a skeletal framework. 21. The sheet of

mat eri al  ashoPkHSHEAMFYPICE AFB50 wherein, t he skel etal framework is a
chassis. 22. The sheet of material as def| ned in claim1l wherein, the
plurality of, benﬂlesﬁe%%ﬁagrﬁ ;stapﬁmte@mtciaﬂmhep@fr allel to, and equal |y spaced

from each other materials bent tqo _have a gdar%ﬂ
transver se hyrbgitsefbenddies a§ﬁEPSYa9%u3éWEfél‘Elé?ﬂa‘i‘daﬁq1‘a§ly ﬂa%fﬁﬁ‘lomsaﬁg]e%r 1 fat eri al
secur eedt & nARAASHnEo Bivel € GigAf trink@rse bre@kecadn, st eri al to provide a corrugated
assenbly of s And shdeBdr Rk Révidrrt eri al
forned for °Sugetan%ala?'lp\?anarAheetSIouran?ﬁ%é%?(?@%&sﬁéﬂ(%w bend I nes, Oét?hvé first
sheet oprrmiedrsseaiblylpphegs-f ormed with a plurality of bending strap-defining
structures positioned proxi mate each of the first sheet bend lines, and the
bendi ng strap-definj structures being configured to produce bendlng, and
the first sheet %kal‘?ﬂ%@r’?%ﬂnprﬁ&ghg bent, along the first sheet bend |ines;
and a secondirsiieetof ohterinh foemddzér bewling plovk 4 wurtlieofffirst hect bevd dipeshe Gretskeeiodl t o

form am&&famglg Mé%hg%ml%ywﬂgngﬁﬁﬁ Hdtdab! &ru@hgﬁpdé\ﬁbﬂeg prox?lﬂ-late dhr ot fir@w beam
of claim 23, wherein nd |ines are bend_curyves

t li n d1 de n es.heing co dtg pr ucg% ngin arQ:lC%F tjlrltnear
por t i ofieet heyd lipepe "’f‘ih‘i"éafl ‘égnsé‘éli GRing ey “lg§ efd BPSRGe PRE™S PHSE EHeet bend
CUr Vesshtdofftfiabfliblbeingbeno pley, thecflist vt bedudinesednd 25. The hoI | ow beam of cl ai m 24,
wherein t hea Je!: ! §Eheab>%%£ter91 segﬁ?etd?cr fg@*'ust] sﬁeep& %teﬁilw J@hvted fodbw §Jl§ﬁ15v1§g,end

curves to produce an open, curved channel wth flange portions. 26. The
hol | owsobempissie willii m 24 V\/nerel n a cross-sectional area of the channel
converges. 27. The hol |l ow beam of claim 24, wherein a cross-sectional area

of the Channglal I?\iﬁg(gngtrseargggclafl y?f)vg remt 2§éndTpe§ aQ%d'ldQWvg%Mgad%ogﬁrfw'aped in

claim 23 wh ura efining structures is a
pl ural pwnmndglbﬁtssshtehefn@@mﬂmhgﬁ aloppifie fﬂquéh@é‘?,ee‘hﬂm@hf@éf"d?%@ 2 M For bendi ng
al ong guplurality of second sheet bend lines, the second sheet of naterial
being formed with a plurality of slits theret hr ough positioned proxi mate
each second sheet bend line, and the slits being configured to produce
bendi ng, aneb.t heTseobovdbesinestain?4, watrein ihalfirsbdia of trgmiel is behiodngs thhErsseesdnd

sheet 9&9%—%‘5;&' S80dued O&H%uﬁgiéhgwelmmn%@p&%nkned in claim28 wherein, the

slits In rst s eet of material and the slits in the second sheet of
material are configured to produce edge-to-face engagenent of the material
on opposit e2&i deshaHollbheeamlof dlfm da rihargin b eroshisagionaBea of the ciaotel awvebggam as
defined in claim?29 wherein, the slits in the first sheet of material and
the slits in the second sheet of material are arcuate.31. The hol |l ow beam
as defined 2h cl Zhaholaw biamobslsim 2¢.iderkinp stossshignal g 9ide eharadl cogyriest #d second
sheet gfepBterial are configured and secured together to form

28. The hollow beam as defined in claim 23 wherein, the plurality of bending strap-defining
structures is a plurality of slits therethrough; and the second sheet is formed for bending along a plurality of
second sheet bend lines, the second sheet of material being formed with a plurality of slits therethrough
positioned proximate each second sheet bend line, and the slits being configured to produce bending, and the

second sheet of material being bent, along the second sheet bend tines.

29. The hollow beam as defined in claim 28 wherein,
the slits in the first sheet of material and the slits in the second sheet of material are configured to

produce edge-to-face engagement of the material on opposite sides of the slits during bending.

30. The hollow beam as defined in claim 29 wherein,

the slits in the first sheet of material and the slits in the second sheet of material are arcuate.
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a curved hollow beam 32. The holl ow beam as defined in claim28 wherein,
the first sheet of material is formed with slits positioned to extend al ong
opposi t e wodess/@bosa pair of substantially parallel firstcshsedoshesrdo!l ines;
the second sheet of material is formed with slits positioned to extend

al ong opposite sides of a pair of substantially parallel second sheet bend
lines. 33. The holl ow beam as defined in claim32 wherein, the first sheet
of material includes a plurality of notches extending inwardly from

opposi te edges Qﬁeﬁoh&nﬁéaﬁ@&de‘ﬁh&ﬁﬁclﬂfrﬂﬂ&zh@émal to positions proximate the
pair of first sheet bend

t ond t t I | udes a
plurality S‘F’ﬁFfbschEeﬁéfsmaéfiE‘fﬂeaﬁﬁ hﬁ@“‘?"ﬁ%&? tcﬂlP o rrlag?ﬁe 806% ugei‘%itagﬁéac gestgglé\:‘h@ftt%tg&g econd
sheet aofvddmbldmvibadm.t 0 positions proxi nate the pair of second sheet bend
lines. 34. The hol | ow beam as defined in claim33 wherein, the first sheet
of material and the second sheet of material are each bent to have a
U- shaped t Pansv Sbslolley bea a8 dedingddp claimel "hergihs e cur ed together to form a
f our - si ded ie@ks: Oeet bDxatdiaBbiETorB3&E. witklaigs proitibrodtolvatan apoe dmbita sidesiofia refraf m 32

wher ei f1 épat erial and the second sheet of rrat erial are
bent tS‘%Stanual\%'epafahatﬂrsfﬁlgg Il§ al ong the bend |ines,. and are. red%ft oget her

to forma chsseeerf @H‘Pf-“saifeﬁélds foeer B BisseonEed to SESRIFGRE B ef)% dras defined
in cl algauyhisngisiondpetnatGhes in the first sheet of material and the
second sheet of material are pie-shaped, and the first sheet of nmateri al
and the second sheet of material are secured together by a plurality of
fasteners. 337. Ame bollowkedmeds defint¢ inmleipi2kvhere®npri si ng: a singl e sheet of

material f QffRd feQior RRAG ﬂgu(ﬁL Qﬁlﬁkalﬁy Bt racBds bdtahd@f inbenaly fotnpositetehiges sihet  of
material being formed with

E %ﬁ/ o Leepben&jﬁnnsg trap defining structures
posi t|fEﬁéﬁetﬁFW‘?rﬁhtf’8°S§‘385r?r8‘l‘ma“ht ‘Blgr? Ti*hes, e bendi ng strap- def i ni ng
st ruct ur es thabdgd dednbi gumriedndwlegyrdaaliteof betelds W@ndlmwﬁfﬁéﬁgfhé@?s"éﬁ getieri al
bei ng pent % JhS 08 PichisRRintR tRY REHEE0R dukapRWREd. of structural

menber tsesecﬁg&lh% exolglk Pée!ila b rarrev\orpﬁ of claim 37, wherein the sheet of
material is bent along bend Ilnes into a transiti onal stackabl e form 39.
The exoskelgtal T anRWoEKn afde@icaintlad33 wikeinei n t he framework is a cl osed
framewor k OII fs Etrs}lféctt ratemala rzit%l%sgconcef Qoct dAMRENARNELBER ko Hal AIRWRSH v@isvddeal M 39,
wherein t he St ae flnear structural menbers. 41. The
exoskedret abtmfl,raaMWFq(edjf’ge&lFfdP Fﬁﬁs?fouvm@flé?l}?wtbﬁ’ébe%ﬁeet of material includes
st anped zones. 42. The exoskel etal franmework of claim 37, wherein the
framework is a s _havi ng.a,st cross section. 43. The exoskel et al
framework of cl aﬂ??‘%df W?Sdgfﬁneflf{w?g’?gp%}\lﬁo?nk is a chassis, and the bending
strap- def i nhafystshaetnf tratens amtee ssdond sheet phrantesinkasediont 1§ e frpeinidiallyglonaie  at

| east @ec? Qm%es@(;ureﬁ%\g%g%ﬁ)ﬁiJJﬁgJe(§ﬂ§1€sﬁdedﬁdTﬂwﬂa&@oe&ﬁeet bei ng bent al ong

t he ben |nes to at | east partially enclose the sheet.

36. The hollow beam as defined in claim 35 wherein,
the notches in the first sheet of material and the second sheet of material are pie-shaped, and

the first sheet of material and the second sheet of material are secured together by a plurality of

fasteners.

37. An exoskeletal framework, comprising:

a single sheet of material formed for bending along a plurality of bend lines, the sheet of material being
formed with a plurality of bending strap-defining structures positioned proximate each of the bend lines, and the
bending strap-defining structures being configured to produce bending, and the sheet of material being bent

along the bend lines to produce a framework of structural members.

38. The exoskeletal framework of claim 37, wherein the sheet of material is bent along bend lines

into a transitional, stackable form.

-52-



44. The exoskel etal framework of claim 37, wherein the sheet of materi al
includes a plurality of attachnment tabs along the plurality of bend |ines.
45. The ewo<ke/wemb framework of claim 44, the attachnercTidbasionbude at

| east one fastenerreceiving opening therein. 46. The exoskel etal franmework
of cl.aim 45, wherein the attachnment tabs are fornmed to interleaf such that
at least two fastener-receiving openings align. 47. ,Th(le exoskel et al
framework 8% cl Ahypxesieletplifameyeik efiioat h Fpgsinte Tameperkisiy'ay aé{’eg?rgﬁ%ed zone.
48. Thecaxoskaket al franework of claim 37, wherein the framework incl udes
structural nenbers having differing bending and torsional stiffness. 49.
The exoskel etal framework of claim 37, wherein the structural nenbers have
cross sect #ons Thompdtlealdrmaporopf clindd wiat thefactualRIbeT A gt ST hes |
open regtangul ar channel -shapes, and cl osed rectangul ar-shapes. 50. The
exoskel etal framework of claim 37, wherein the bend |ines are bend curves
and the structural nenbers share at | east one commbn nexus region of the
sheet. 51. 4The &xoshkdtletiftambvakeivin3bvhotinhasB of wHelebingudehwnpplagpesof
material is bent such that the structural nenbers are curved and extend out

of the original plane of the sheet when the sheet of. terial is bent along
the bend cd?vesT ??XOSFﬁlétaléBé‘%Wﬂ‘éﬁcéﬁlm??”é’ﬁ‘ﬁ%wﬁﬂﬁ?ew(?g%ﬁ %%gﬁls'h?/‘\%’éra &t he

si ngl eroshembn. i Nncl udes at | east one stiffening rib proxinmate to and ali gned
with a bend curve. 53. The exoskel etal framework of claim 52, wherein the

at least one stiffening rib is forned by stanping the sheet tg% alter a
| ocal cr os¥3sec Thososlewlfamserk of clagy 37, Fheein o SRBIEEAT 2 FPSiteOPKPBI | ai m

50, WREhekfhitehBuckidd@leqlis R hastinmteiRsluangd| ural ity of finger tabs di sposed
al ong at Ieta]?t one bend curv eg‘%ocgnm_date sheet deformation. 55. The

0.a
exoskel et al® FPEHBIBPRIBE T eéii?orﬁ&‘%sﬁ‘? Wherein at |east one finger tab includes
an openi ng tichiedtehe butHong5ie, berfHimesdy ejddet Petigdly epdlosnBodedt of cl ai m 54, wherein
at | east one finger tab includes a curved portion. 57. The exoskel et al
framewor k of clai m 56, erein the cyrved pgrtion_is at. istal.e of the
finger tab.?*58. Theogdslse pak OFﬁﬂﬂgwﬁﬁelgg‘eEkfeatic’?nm%t%r,lag mahé%fa? lmglfty?fceiast one
f I ngerattichlient Al alvdethe plupbty of tohd istes.f f eni ng ribs, the stiffening ribs oriented
such their respective |longitudinal axes intersect. 59. The exoskel et al
framework of claimb54, wherein at |east one fin er‘cﬁ b includes a pair of
%‘éﬁ“ gftlea

|
sti ffeni ng %i bs,The presksteiat fFagisipry of 71458 44 the@tigchyers PEEHE e
| ongi tretdivid@bpeaixeertinit er sect .

46. The exoskeletal framework of claim 45, wherein the attachment tabs are formed to interleaf

such that at least two fastener-receiving openings align.
47. The exoskeletal framework of claim 44, wherein the attachment tabs include a stamped zone.

48. The exoskeletal framework of claim 37, wherein the framework includes structural members

having differing bending and torsional stiffness.

49, The exoskeletal framework of claim 37, wherein the structural members have cross sections
from the group of cross sections consisting of: L-shapes, open rectangular channel-shapes, and closed

rectangular-shapes.

50. The exoskeletal framework of claim 37, wherein the bend lines are bend curves and the

structural members share at least one common nexus region of the sheet.

51. The exoskeletal framework of claim 50, wherein the sheet of material is bent such that the
structural members are curved and extend out of the original plane of the sheet when the sheet of material is

bent along the bend curves.
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52. The exoskeletal framework of claim 50, wherein the single sheet includes at least one

stiffening rib proximate to and aligned with a bend curve.

53. The exoskeletal framework of claim 52, wherein the at least one stiffening rib is formed by

stamping the sheet to alter a local cross section of the sheet.

54. The exoskeletal framework of claim 50, wherein the single sheet includes a plurality of finger

tabs disposed along at least one bend curve to accommodate sheet deformation.

55. The exoskeletal framework of claim 54, wherein at least one finger tab includes an opening
therethrough.

56. The exoskeletal framework of claim 54, wherein at least one finger tab includes a curved
portion.

57. The exoskeletal framework of claim 56, wherein the curved portion is at a distal end of the
finger tab.

58. The exoskeletal framework of claim 55, wherein at least one finger tab includes a pair of

stiffening ribs, the stiffening ribs oriented such their respective longitudinal axes intersect.

59. The exoskeletal framework of claim 54, wherein at least one finger tab includes a pair of

stiffening ribs, the stiffening ribs oriented such their respective longitudinal axes intersect.
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