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WD 2004/ 028937 PCT/ US2003/ 030248 1 TECHN QUES FCR
DESI GNI NG AND MANUFACTURI NG PRECI SI ON- HI GH STRENGTH

wWo-200k/GR#83RES|I STANT STRUCTURES AND FOLDED, SHEBJT/US2003/030248

THEREFOR S RELATED APPLI CATI ONS This application is a
Continuation-in-Part Application based upon a

co- pendi ng patent application Serial No. 10/256, 870,
filed Septenber 26, 2002, and entitled METHOD FOR
PRECI SI ON BENDI NG OF SHEET OF MATERI ALS, SLIT SHEETS
10 FABRI CATI ON PROCESS, which was a

Conti nuation-in-Part Application based upon a

CO- PEECHNTQUES EPOR apip$ IGNING rAND IeNUEAJTUR K @i&:cﬁ@:ou-
fi | eOLAEYSHIGH , STRENGCTR) (FEIt GUE ek s NETRIPD 7 8RICTURES AND
PRECI S ON BENDI NG OF A SHEET GRENRFERI AL AND SLIT

SHEET THEREFOR, now U.S. Patent No. 6,481,259 Bl. 15
TECHNI CAL FI ELD The present invention relates, in

general, to the designing and precision folding of

sheets of material and the manufacture of structures
therefrom More 20 particularly, the present invention

SREn SRR AR ), "o e et 0 T
h t I r.d .t
LB BT R LA e 0 Rttt

f paskeapi Gpbno-4li rRIIg it nlg0 hbéﬁ@ d§ﬂ§D§¢éﬂiﬁn\N@erlal No.
2004/028937 PCT/USZOO3/O30248 2 folding of hi

stlloéﬁé@h 870at iffled Sgriames5t3Qct 02, opnd a@@‘éh’él@@sMETHOD
BAGK! '5115% SONEOOEY sAREQUU B AUE™ $1T  sHEETS
Connectlon Wt endi ng
FABRICATION PROCESS, which was a Continuation-in-Part
Application based upon a co-pending parent application,
Serial No. 09/640,267, filed August 17, 2000, and entitled
METHOD FOR PRECISION BENDING OF A SHEET OF MATERIAL AND

SLIT SHEET THEREFOR, now U.S. Patent No. 6,481,259 BIl.

TECHNICAL FIELD

The present invention relates, in general, to the
designing and precision folding of sheets of material and
the manufacture of structures therefrom. More
partiéularly, the present invention relates to processes
of designing, preparing and manufaéturing, including, but
not limited to, ways of preparing sheet material, in order
to enable precision folding and to the use of such

processes for rapid two-dimension- to- three-dimensional
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sheet material is that the | ocations of the bends are
difficult to control because of bending tol erance

wWe 20a89ens and t he accunul ati on of tol erance BPCT/USH03/030248

For exanmple, in the fornatzon of the housings for

I j h I h l o
Fi o aong PrndtehP tenab oA i s oo eiiares or

bendssémbpkies, often |s posi ti oned based upon the
first bend, and accordingly, the tol erance errors can
accunmul ate. Since there can be three or nore bends
whi ch are involved to 15 create the chassis or
enCBACKGROUND AKE el ectronic conponents, the effect
of cumnul ative tolerance errors in bending can be

significant, Mreover, the-taolerances that are
achit eSABRRALY | N GRINE SF IR %ﬁmmmfmqq@%mmg bending

CAUREBNIna A8 d | 54 oD% n tHe |
the 20 oﬁgIator One a prgé to E%IS pro IenIﬁggg%Eg e

to diffienkborite ccromuhel | oerceet i son aoff masmtimg rtclkaaince

t hrou e use_ of Jtti r oovi ng.
I%ILPEI gr ooa\Q/Igds tI:Ilan aoCCII‘anI']Tﬁsscdlqrh rg & fRors. For
ver@/xafmpebe,seiry tHorfeomeamilen d¥y dHee H&l%l@xfgs‘:@&meqrectronlc
nunerlcalhﬁbsontrolled (.CNO) deV|ces which contro

sl i RABYPRHIHov S i SHpday Rt adeng @s 4 rstadbend Tine
watef+ 1 & ’ceﬁL’If‘aELIh FH&L%%arﬁ’HJ e qI'heOISI%%ronltdo%fnds boyever,

Referring to FIG 1, a sheet of materia
WM|Qﬁte¢mESzpqﬁnnxﬂHGQ/hﬁsed|up©nonﬂg!dﬁm&$ ®2nal,i gaed

e art relation along a proposed
bendy |ne é%f%éﬁéIﬁé%qgf S Ao FgiceidBr&aumplate.  Since
adj tacerd cSaIritkfe Whr@eodre oM 2ROH02B33A are involved to
PCT/U82003/030248 3 are bendi ng webs, splines or

st IS tE the GhaRsis v epcdesugsl (fprdsher mdectponic

be el R, tssheectheZJeff\%kEs 7 I L. hoget her

as arg?%glé nenb When o%bgy%@lgF% ggﬁgrﬁnc errors in

peﬁEHKHHEJKhﬁb&@hsswmaELZBnare tlorleoyed, the-tolerances that
are achievable will vary widely depending on the bending

equipment, and its tooling, as well as the skill of the

operator.

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.

Referring to FIG. 1, a sheet of material 21 is shown which
has a plurality of slits or grooves 23 aligned in end-to-
end, spaced apart relation along a proposed bend line 25.

'Between pairs of longitudinally adjacent slits or grooves
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5 sheet of material is also held together by the web

of material behind each groove. The | ocation of
wQraawe®3pr slits 23 in sheet 21 can be preci Bet/YS2003/030248

controll ed so as to positioh the grooves or 10 slits

on benqﬁa} e wi thin relatlvely cl ose tol erances.

4}1 W%héﬂ ey OQHSHraRst & Whéd chr wddilnge
0prﬁéﬂﬂddMlj”dE¥3¥heé'1 J%“Héda& gf%fa%h@eQ°§ht'°%ebs 27
that is very close to bend l'ine 2 Since slifts can

be hodid tha shaeta Hdogtthetreets @f Srmtgélel alenpeeci Whle;n, grooves

th tjve r nuch I such a b
pr %gléé;gsngogsﬂo\cﬁco%}reed‘l%to ARl ﬁ %&n8§eaﬁg‘pfe[8¥ﬁa the
by shegrtess hredeniali tils agaeh h%ublseq»lg@mhebeagi BBeNgeb of

p03|t|on%gsgy referen e to the preceding bend. 20
Va1 §8PC§-based or slitting-based

bendi ng of sheet naterlal has its problens. First, the

stresses in bending webs or straps 27, as a result of
pl &8 dQQ@ﬁéﬂwapﬁb@r@pvﬁﬁeOWEbélaﬁd2§Inntshgeatzmothn be

, t | trated
For PS5 0e s O CTCRASE, FRSERe tBnPPRA hiCoF P SBBATRA oF

orsdntbhen becki dide @b whehghoeveadhiee1@relose tolerances.
st anti.al andwéery concentrated. Thus, failures at

coF ddngiyy ﬁPnaheﬁFogéeészgeﬁﬁnaéééﬁrthﬁb@é@@ﬁlng or

th%lgrtm S pRocelkist, s td a
bendi ng o &kbs 5? dFrchﬁghaP§%g§§ 5%6%d8§9985§% tha% is

t h¥ego6viong Srobesd ﬂsnsléﬁ/analncacshststemm be laid out

. I qulearly point.cuttin
groov%sfqL oS@?ES,th@Pg 5%3 Pgeﬁﬁ?eiﬁ g?%e%ﬂ?ggﬁtlve
commeoci dls mseh WOs2004/ 8628A3% EEH&LE@0§§6@§Q§48as4céﬁpared
can be seen |g FIGS. 1A and 1B, if sheet 21 is sl
as £ &N€hdiin Aich3ReRAg) BFegfaEved, b&sashéﬁﬁsabr28©q with

an@abheBubQ%QhenEethagb$§H§ 33§1@9gn§5bb¥”£éference to the
experi ence p astic
preceding bend.

Nevertheless, even a grooving-based or slittihg-based
bending of sheet material has its problems. First, the
stresses in bending webs or straps 27, as a result of
plastic deformation of the webs and slitting at both ends
of webs 27, are substantial and concentrated. For
grooving, the stresses on the material behind or on the
back side of the groove also are substantial and very
concentrated. Thus, failures at webs 27 and/or behind
grooves 23 can occur. Moreover, the grooves or slits do
not necessarily produce bending of webs 27 directly along
bend line 25, and the grooving Process is slow and
inconsistent, particularly when milling or point cutting

V-shaped grooves. Grooving, therefore, is not in

widespread commercial use.
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deformation and residual stress. For slit 23a, of
course, 5 material will be conpletely renoved or

wageaanesh3al ong the Ilength of the slit. For V-BOBpSZH03/030248

groove 23b, there will be 4 thin web 29 bet ween
ove 23 and the convex tsi e of. bend, . but it
gﬁ ﬁPPI eSﬁFHS%PCEFF§ %%dl%. rﬁ fy 21 1s slit, as
stigsgﬁswnTBe beadahayoV- @f@@@&dgr@@vswmé& 4%b, and then
normal |y be in a direction closing groove 23b so that

t heengj deendéng vohe 2ogedPr27RsWihbwwxper Rmze JsBlastlc
L08dERBEmAL: ohNEnlePLs SUNEISEFLOL. Pl iy aNshd B b dhurse,

a ver I'ca orce Fior i zont al “ToF e
pImaEethalbomtﬂl bai tomp het ekbpkeenonged | ot ssanehf et along the

3708n68n 08 hE PTAE “ThoR Vith s iR e Ayt 1Ll

Stbssﬁ thah! WeB 20 bBEwesh T yESONE 281 | ad€ Cithie adon R¥EToutside
force levels than if a non- slitting or non-grooving

beﬁﬁlh@epbéeéssbuﬁslgséhso2@1%hoﬁ¢m91%ﬁ#kﬁﬁ#¥2wd%ﬁﬁﬁmed and
| t
S h&éhfgrég}:{eggﬁ' a?‘ﬁebt?&%nﬂor N@Ss %? c{;?éc%/@%ﬁ?%'&ll

Ittrng techniqu
prndnmalbgnoe ihoaedirecwiasn dekogireg gypsovar2lly ¢® that the

oA HEarFoRE FABeFGRRFT AT A beth BLSuethy | Ading of

aSthétbéﬁhl Bericefifet be beads ithesmel Mesei@yes heaical
structurally reinforced by beans. This stitched

sclippear Bv vared £¢hi it zan e fgweydinkwilisenhpee the bend,
t a 9 e i ng
teaEhlqofe; vBhiharehi e g POE SaS R e E s
Papemsti\ppllilgzaﬁéomﬁedLJs&aﬁ@Ozﬂ OdH4O3IBT Al ,2Tbldshesdll as
cenber 02, (the, "Gtlin, et al
Ee’aa‘f’?}an %rsﬁigﬂ‘ ‘Eﬁ’éa%%e 2SS ShoviAre of the
de§€£h@€9ré”w£ﬁ.‘§ @é@htcgﬁlp@w@ptféi@@ Qéwechéwlﬂoya non-
Contenporary Wrld Architects, pp. 15, 20-35, 2000

2O@MGQBQQ7OPOT¢QJSQOQQYOS‘E)2M@101519:II@S?CGZSS ovR AN B of
the present drawi ng show one exanpl e

Another scheme for sheet slitting to facilitate bending
has been employed in the prior art. The slitting
technique employed to produce bends, however, was designed
primarily to produce visual or decorative effects for a
sculptural application. The visual result has been
described as “stitching,” and the bends themselves have
been structurally reinforced by beams. This stitched
sculpture was exhibited at the New York Museum of Modern
Art by at least 1998, and the sheet slitting technique is
described in Published United States Patent Application
U.S. 2002/0184936 Al, published on December 12, 2002, (the
“Gitlin, et al Application.”). Theksculpture is also
shown and described in the publication entitled “Office

dA” by Contemporary World Architects, pp. 15, 20-35, 2000.
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of the stitching technique enployed. One enbodi ment of
the Ofice dA or Gtlin, et al. 5 Application is shown

WO p0oHI0gg932. A plurality of slits 31 is fornedpcTUs2003/030248

sheet material 32. Slits 315are linear and of;set

at |y, of, each her_al ong opposite sides of a

porkt S n a2 it AR (& P B BBO CFarOriG ChaM SRRy example
oveﬁ athes & s A0 rile T S Vil \einid1o9ReQe bendi ng
splines, 10 mebslﬁitraps or "stitches" 34 between the
overlapped sllt ends. FIGS. 2A and 2B show an

enl \Y of 0 one sl,it

ins eet 32 ﬁgﬁﬁ; bééﬁﬁ g?b%g@%gﬁd |%n8133

by PQib]de:g?(tew JZ:B’ldsl'Bd\rHetlrp(ﬂItG OrZS 35 panadalftgnof slé.ts 31
opposite sigdes of the ben | re 15.i.nt erconnecte

oo el & & e rataniad 320 33140 5l At dihear and

or stfidenh lkatavesn  her %&ﬁ%ﬁ%rSBQ%hgp%‘bblg%@%e §§d§§ of a
The architects of the New York Miuseum of dern

scmﬁ% He Necolpni Zhe 1t st I8y dsulserngy t@eﬁ@ngstndugally
Le
A 1 M e SRS LU BB B s,

20 partial ly hidden beans 0 e scu
t hevelsnext nagrst icoe S' sofi tediels 03 4t be tekiehc hae beea‘sapped slit

Slnce sli IIe to bend_|line 33, straps
qﬁhlck%gﬁéo%%ﬁﬁgmg Eo PPN &R0 FREATBEANShARt Rlevation

dl RERSI OF, oM endb dfMcHeL @19k Bhashied! BY, d@meEﬁeﬁabnbeen

torsion over their length, with the resul t that at the

ené]’ec'a‘ft 2lomdbdemch Litnec 18 3s bye 98f delsesss apnénghges portlons
ack 33 ond he ‘q‘d&%rsft' de; 4@k 3l ‘thélggt dpﬁ?s' Liogn 37.

uch engagenent Shéet portion y 2Ffom
faamt&&cwmn&heetimqwtmentaﬁstaﬁ aermpbloas“Etytagego 34,

d. 4 th I d d further stress _
ot “PHETS i g P s BFEWBER, RBS DR dEFRGCoPhaEF apart ions

343@0@61heﬂHef%k%%li%cE@eo%thefNEQeYopﬁngubéuﬂ prModern
G over the length of slit 31 between sheet porti

352g1hd scad®tage TRicouad zedr §pstothst reshdsitg kM)’ld is not
20%% %%%%%Elﬁ?T g%%Og% %%824§nd they have incorporated

partially hidden beams welded into the sculpture in the

inner vertices of each of the stitched bends.

Since slits 31 are parallel to bend line 33, straps 34,
which also have a constant or uniform width dimension, are
twisted or plastically deformed in torsion over their
length, with the result that at the end of a 90° bend a
back side of the strap engages face 38 on the other side
of slit 31 at position 37. Such engagement lifts sheet
portion 35 up away from face 38 on sheet portion 36, as
well as trying to open end 40 of the slit and producing
further stress at the slit end. The result of the
twisting of straps 34 and the lifting at the end of the
bend is a gap, G, over the length of slit 31 between sheet

portion 35 and face 38. Twisted straps or stitches 34
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6 force sheet portion 35 off of face 38 and stress
both slit ends 40 (only one slit end 40 is shown but

WO b@4o28¥87 St ress woul d occur at the other slipCERrus2048030248

of the slip 31 shown in Figs. 2A and 2B). 5 Gaps G

ar t h slj al the  ength . of ben .

| i ﬁfe&%géjon ait?é)r naillovne jsgl éif ooffo{%ecebgﬁd 3L SELRSS ?’O%h slit

at egath 4 i tordl ysheet gloirtt iegndl 149 fier chdwanwdyitl RG® same stress
with a slit-defining face jnstead of bein

SO 145 o B N O 4 i SLA Ot Gl tBEpBarp By, shown

theif aeiys. M egerapiand very inportantly, the
slitting configuration of FIG 2 stresses each of

straps 34 to a very high degree. As the strap length
Ieﬁ éia&% ‘??‘%e:% (;'};B%dtcee'wtatf %fa > sq\‘i%r |3§p aqt%h\éeggﬁgggngth of

sof slits 0 attenpt to reducCe
f r drartdvisitien @ Jalcon @ ltteer reitriae Isdnigish oft lhBefl @@ line. Thus,

trying tq resilientl ull aqr cl.anp a sheet portion
ageﬁtn%acg‘n Sglplﬁoﬁ r?tghqyeé:gé’orré:&lﬁ’@e&S AFEFselgy &&08t fgptact
| engitdh 34 J15 tderfaasey faWeStindgechar 88 B¢hg Fﬁqliéd' Bnto
the 20 constant width straps with resultant “stress

ri St acindithhe agehdihars doddi suprost bie thestfede.

straps is that they are overstressed. This tends to
conprom se the strength of the bend and | eaves a

noMid reauy elrg arinag viearyd inb rAavedlyi, cahef eléet (Y tBnFhQuration
2B) gng e% t%lrsheet port i o% 35 wilL inmediately | oad

twiog'fl and StTESSEF §Erdp©34StraRd BéchAse VREvehigha
gapidgrieRe shisaphw Isht rRiaskhehl Ys daEecasEHr t{hRE Mafig%h of

| oadi ng and can fail or tear before the sheet porti
35 qve rdiagp bategedowhet gndsgademtatswilh 80 ahtempppoot reduce

on fac . [ l; . fo FH_sim_lar] Wi tend

thRCE 38 A Lk 200t bRab15M6Eh

to Crush the |ong|t%g|%éPﬁyg§§F8c5ﬁ? gtrap 3509 ndgHe force

sheaty isigr ap 34siinikEhGly2Bnlheber elgap & sheetopedt 2sf

the sheet portion 35 is supgorted on the opposing slit
against an opposing face reduces. Conversely, as strap
length 34 is decreased, twisting forms micro tears in the
constant width straps with resultant stress risers, and
the general condition of the twisted straps is that they
are overstressed. This tends to compromise the strength

of the bend and leaves a non-load bearing bend.

A vertical force (Fv in FIG. 2B) applied to sheet portion
35 will immediately load twisted and stressed strap 34,
and because there is a gap G the strap will plastically
deform further under loading and can fail or tear before
the sheet portion 35 is displaced down to engagement with
and support on face 38. A horizontal force Fy similarly
will tend to crush the longitudinaliy adjacent strap 34
(and shear strap 34 in FIG. 2B) before gap G is closed and

the sheet portion 35 is supported on the opposing slit
face 38.
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face 38. WD 2004/028937 PCT/ US2003/ 030248 7 Anot her
probl eminherent in the slitting schene of FIGS. 2-2B

wano4orse3G tlin, et al. Application is that thecT/US2003/030248

constant strap w dth cannot7 be vari ed i ndependently of
the 5 di stance between slits, and the strap wdth
cannot be less than the material thickness w thout

st resstigr t peoisl émpenhd Lerithei ©xiKe L i Moy Yddenadbf FIGS.
are parallel to each other and |ongitudinally

ovef TERPRRY, LRAECSE Y Wl H] - PRisiGatiiGron,s mhat the

eq p. ; ; S

e ras (Rl RO, ol Phafiae el Ndnika ielhiienc1y of tne
st rdcstrrde | betdiern oflithe, sAndipshe Sitiddp fwirdthercande® be less

slits termnate wt very other, slit end bein

a1 1 il U e A DA SRR P e S S, the straps
at tespthe &EFaidr €, WHeh reduce i rHsS garsAne 18 each other
m cro-crack 15 propagation from occurring at the ends

of M@ LPrgktudihpl by Qi aprindnddh e &t rapask dilde by

| oagli . dhe s b g4 ' t] FLGS. .

20 L Ohe e et Sh M G i o petien suics.
decBiris i Menbendshe biltexitbiilsi t YA mate sapmiimef [thes bWicn@d for
for_bends I ch nust provide significant, .structural
sup%%]f'f&a‘ﬁ%ﬂfﬂr ;lt? greosﬁ) S &F Pfire Gtiiln fyrther, the
Appsiped i tsrrel e d eaiche e, fat it %fndc%‘i%% aligned
slits (in FIGS, 10a, 10b), but the slits again 5

par@itd élizechad dPviaitt thaetdwn.hatThere visdnie efttempt,

bendi PS-d St xt end al on
oo b SHEPS SRS Mined A S R 2000
St rrapspaEyat 1dn ftced daTurdre nextaternahe tehelsshoift teeds 1€’y and

to direct,mcro-cracks and stress concentrations to
t head]rfe%&edsﬁltl,t SR K agfpIundsd dRatdiGhes

enploying a slit kerf which results in engagenent of

the opposite side of the slit, at 37, only at the end
of Thfe ¥&at slitting configuration of FIGS. 2-2B, therefore,

can be readily employed for decorative bends, but it is
not optimally suited for bends which must provide

significant structural support and fatigue resistance.

The Gitlin et al. Application also teaches the formation
of curved slits (in FIGS. 10a, 10b), but the slits again
parallel a curved bend line so that the width of the
bending straps is constant, the straps extend along and
parallel to the bend line, not across it, the straps are
twisted in the extreme, the slit ends tend to direct
microfcracks and stress concentrations to the next slit,
and the application teaches employipg a slit kerf which

results in engagement of the opposite side of the slit, at

37, only at the end of the bend.
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WD 2004/ 028937 PCT/ US2003/ 030248 8 A sinple |inear
perforation technique al so was used by the sane

wareaehiot®sts in an installation of bent netal ceCT/URD03/030248

panels in a pizza restauram in Boston. Again, the
bent .sh component s by linear perforation were not

t c
de gﬁ%é‘aﬁge o e REFRHE e tardadsse: édsronas aisedgby the

t hesh@NdsechiVddtS 19 QQVahstRANLRLAN 87s be%”ﬂla%%tlaggiling
score lines also have been used in various patente

sy fedfsl sasina aslizzaf gestisardintg ishBetstont.er Agkinl). Bhe bent
Pat_ent 799 1q. Q al .., for exanple, .
uség&fﬁiéﬁﬁ%é%§%§§gﬁr?é?%%%q#@r&%rafépg Ugrs gggegeapgned

matter itdant @ ifgrifizamntc uosapporded Joade albnfi Lher behfs.
U.S. Patent No. 4,628,161 to St. Louis, score lines
and dinples are used to fold netal sheets. In U S

Pa@ﬁﬁksNQgﬁ%d%ﬁ%yo%érk%rﬁEQQQ%U’d§hﬁﬁ§sagﬂdlgco e lines also
perforations are used to bend plastics. The enalng of
c ohaygat@gnc asgisodnd vagiinyg ss batenteddsgstems as ahbawsis for

a3 B el R R L SO e v

t 0 e@r ellel, €or ealxampie,3uze8, 38grvevihgchakedeted@hnique to
Bendi.ng of 20 paperhoard sheets al so has been '
fadlt &Ped B8t Ofi RgEerasl soshewm pnmirsovwpaeenave guide

NoSr Fi692:r672 thoukidnt pat3n86R0179, 59gVW ds 9751121
to Carter. Published U S Patent Applfcg?igﬁ ﬁgf Eéﬁgs’
208£re810168sARNg dompiles| esesuaedntbakfobénéthgl sheets. 1In

hni [ [ ' tch d.25 the lik
and Tha tacent ot o8 2R8r DA% bopPhaNREncontP LI B

pl astriforbitdwnandreedseadter Bekinglasdivei Nkih&@0behBing of
of these prior art bendin% systems, however, the

nost 9 . .
beRQTFUPRERY cacAhPate Yring jldkakersdifeckesulsislgown in

30pskr Uphiba: Rb.PEEERSI 8A9bgRdSpatephnt i f
being formed, or bending oc%ﬁ?spgg E?ggﬁ?%8§$%gwg 91/24221

mater Yakoyamgneandi deSof PahenbeNds . Mby 662499 whenGrebel et

S'Ehtigﬁdi§,5§§9358 to Fischer, et al. Bending of
paperboard sheets also has been facilitated by slitting,
as is shown in U.S. Patent Nos. 5,692,672 to Hunt,
3,963,170 to Wood and 975,121 to Carter. Published U.S.
Patent Application No. US 2001/0010167 Al also discloses a
metal bending technique involving openings, notches and
the like and the use of great}force to produce controlled

plastic flow and reduced cracking and wrinkling.

In most of these prior art bending systems, however, the
bend forming technique greatly weakens the resulting
structure, or precision bends are not capable of being
formed, or bending occurs by crushing the material on one
side of the bend. Moreover, when slitting is used in
these prior art systems, in addition to structural

weakening and the promotion of future points of structural
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these prior art systens, in addition to structura
weakeni ng and the pronotion of future points of

wa@toobsesal WO 2004/ 028937 PCT/ US2003/ 030248 BCT/US2003/030248

failure, the slitting can nake the process of sealing
a _bent structure expensive and difficult. These prior
ar faiddfaddhe [faidtdng, canempkes thgi Paprespopf sealing a

f atréneatémcﬁfﬁeuekpeeéﬁ,'aafaner @;¢2Rabhe of Tﬁeggawteg art

a fluid or 5 f e material. The proble

pr@@ﬁhqg$ bé@@nqjoaﬁd aeeeﬂesensoﬁtabﬂeeﬁgthfabE1uuthng
# stantl mhen bend sheet s

partr

TSP eet?rgfcgﬁssggn |aF°PﬁF&Rﬁ8§s ?guﬁﬂ or

mafyl cajailleC aiait@id ailt, is highly desirable to be able to
bend netal sheets with |ow force, for exanple, by hand
with only hand tools, or with only noderately powered

t 0ghe pBYBN ehen@rfngretzlehbﬁkbaﬁh% gShgat §et8flt$8#{1§f’

poses greater proble 15 I n anot her aspect o
pr§§eﬂmgW@v@ﬁE|@wchh@0a5|Bubytaot1e&ewbenebpndmngametal

(IR WAL T N —

material i § &

priIer mamnty m@pahchahbneaﬁtomstﬁ@bnuguaesaﬁébléeto be able to
structures _20 resultlng therefrom A well known prior
ar PEPECAitGde SPERTSr YabE Agvr fgraer nfes eapmehS; oRwl hand

St kMGHUILES o $iahlkie 9gess 0 t LPLNj,N
t oget her p§Lt§ Prg%?s%ee?ragleﬁo%hggeg?gﬁg%g%¥glgoggred

Jrgqug angumbl Bendingl afpkhgcandetdhesheet bpndingounse,

i_n u5|ng Easteners to join together severa
%rea st b Shs
cre e “part R previously been extensively used to

fabrlcate r|g|d three di mensi onal structures. In the

case of welding, for exanple, a problemarises in the
acdir 3Rethsy ééPﬁFﬁgogthFlEﬁﬁﬁanéflﬂﬁ@“th@ﬂvt@%aﬁblllty to

Pi 8¢8ScoBephdBRr art deficiencies in slitting-based bending
of sheet material is applied to eliminate deficiencies in
prior art metal fabrication techniques and the structures

resulting therefrom.

A well known prior art technique for producing rigid three
dimensional structures is the process of cutting and
joining together parts from sheet and non-sheet material.
Jigging and welding, clamping and adhesive bonding, or
machining and using fasteners to join together several
discrete parts has previously been extensively used to
fabricate rigid three-dimensional structures. 1In the case
of welding, for example, a problem 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
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and machinery required to mani pul ate a | arge nunber of
parts, as well as the quality control and

wa@eootiotsosat i on of nultiple parts. Additional | BCT/US2003/030248

wel di ng has the inherent W 2004/ 028937

PCT/ US2003/ 030248 10 pr.obl em of di nensi onal shape
vvalpﬁ:ioi’éeé‘hl? edizwnlsl'?émﬁ‘éats-haé’faf Yere3dofausedt RY hBepgheat-

Tr adifidcaral 2a2ledigr] tofe RRUALLS Wi th significant
material 5 thickness is usually achieved by using
parts having beveled edges often nmade by grinding or

[ :RQI | s, [ si.gnifi . t he .
P AOLERI Ry Lnd B SRS SRR B
f aithircknefs sheat usfifaddiye @ chietvelds biys usipgegactabhaving

bn TR, SR Rod e e B4 CRATATA) OF PAPAgECPOLAL

faidagne , ofvharids dés algnd fligantapessahed thBEiBYtion time and
i ncreasing the mass of the conponents, which are

welS@sd -t offlereavednd thice fatkiiBee 4adluspt Rfoheahizatfected
iwgfm%lths% Nt rdbgadyapt 3ggpeémgpgge°xsgdgs§g99ng

of “course, excessive we respect
adlgesimetini elsoredilyy esltdee lgndnnerlskdet brantdr o2l sal8aged

t he _edges .and faces of _di.screte _co nents, ..a problem
ar z§gﬁﬁ&ﬁrth a%&ﬁ&@iﬁﬁliﬁaeaEéquﬁ SZBSHB%iVigﬁing
t he cn@episal eRRitlox ihelrdhBEner takamBs8YoENeAt EBmponents,

pl ace until the bonding nmethod is conplete. Another
cl #93chf apei welsed tegrthguedndekheedunberhand depth of the

fabricati o f ree-di 1S ugtur are th . .
AL OB A TR 008 S SR ek Mesion 55
| i fogoaypisy ,arccasisdse ekighber processes in which a

design is produced using a CAD system and the data
representation of the structure is used to drive

eqWﬁ@ﬁe&bsb@thQoag@hEEQQeQP b8HRLhECEhEBL Ok nABLEAL S cet
until the structure is conplete. 30 Prior art Rapid
Pr BeseyprAgatearnitigesdaee asdafhgesi ofiediscrete components,

a problem arises from the handling and accurate
positioning the several parts and holding or clamping them

in place until the bonding method is complete.

Another class of prior art techniques related to the
fabrication of three-dimensional structures are the Rapid
Prototyping methods. These include stereo lithography and
a host of other processes in which a design is produced
using a CAD system and the data representation of the
structure is used to drive equipment in the addition or
subtraction of material until the structure is complete.

Prior art Rapid Prototyping techniques are usually either

additive or subtractive.

The problems associated with subtractive Rapid Prototyping

methods are that they are wasteful of materials in that a
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additive or subtractive. The probl ens associated with
subtractive Rapid Prototyping nethods are that they

weare@4na®Beful of materials in that a WO 2004/ 0PSO 8F2003/030248

PCT/ US2003/ 030248 11 bl ockiof material capabl e of
cong apRk ngrt Lye LS . a . .
$§b8k|8f REtEPLLY ﬁ?%%@lé OfQ§%%ﬁ?ﬁ?H%§%§g%t%ﬂt%E§ part is

relatively expensive speed mac
reqébeedand tbenrateéyaniveélmnekpensive ippgh-deed machining

re f.the unwanted material .. 5 Propl ens al so

e St T by Fo AT ot T U & P by g the part by
t echamoe®s . oBpelee fuswdhted Mstesitch, techniques are

optim zed for a very narrow range of naterials.

Addi tionally, nost require a specialized 10.

fabpiopidng SEYh Cexidat, AiSRanses [ -
correspondence %\/I th %]ﬁew%dat a repr eé%t%l{dnagitﬁw‘% r?glptl.d
ThePrefeelt Yo g Regthh Fywt ot y (@& pey g iorzdssgs n&:lrsﬁ: @md

ver [ 47] [n the scale of the part envel ope an

usu% ?@M&&ggo%r%a%eth TG S L?ct‘fﬁr% IRRLI¥udange of
matedteatisalds Geieiwidnally,t sy iqaide o RYRfiangeq
sheet. slitting or groaving to enable sheet bendi ng
hasfe%%‘a%ﬂz%borbé#d‘él,cmw Jifpenass pradeirdiadn iand

St rEeNtds LRSS Yo il 1 (GRMENG t .ur al

appl i cations. Thus}éﬁwh prig%gg%Pégééﬁﬁg@'6gﬁdpﬁ§t' The
t eciididuieze Rap bdrotichypding pelcegstsed taael isgﬁw, gapge
met-al_.endin r decorative. applications, such as
scu%alpr%l&r%g rg tglheorsoca eas?pfeglhegfpatr e HVESORE PRPeHEPBALY do
t heref otake idse 2 sk rtuRANARoLRIte Gt 1khe .

present invention to be able to bend sheet naterial

in a very precise manner and yet produce a bend,

g B G e AT aLotY, Tonee? ™1 Weing or
grooving to enable sheet bending has produced bends, which
lack the precision and strength necessary for commercial
structural applications. Thus, such prior art sheet
bending techniques have been largely relegated to light
gauge metal bending or decorative applications, such as

sculpture.

In a broad aspect of the present invention, therefore, it
is an important object of the present invention to be able
to bend sheet material in a very precise manner and yet
produce a bend, which is capable of supporting substantial

loading and is resistant to fatigue failures.

Another object of this aspect of the present invention is
to provide a method for precision bending of sheets of
material using improved slitting techniques, which enhance

the precision of the location of the bends, the strength
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30 Anot her object of this aspect of the present
invention is to provide a nethod for precision

wheondiozsy3of sheets of material using inprovedpe/UE1005/030248

techni ques, which enhance 12he precision of the

| ocati hends, 1t strenath 2004/ 028937
rei b d 348 Bt e S8 Eelos; Phctarad nnged
r ediecel wtgsess-i nduced failures. Another object of the

present invention is to provide a 5 precision sheet
bendi ng process and a sheet of material which has

beethsdndr Vb ¥ 20Wd iy PRI 13 nMiogh i%a@os Beovide a

used to accommodate bending of sheets of variou
t hirkerdssicon @heedf bendings pnpgessokndon- shesiablfematerial

mat arJ ot her. ject. of ¢ nt. _invention
o 18] 4391 9 Sl B PERRGRhl INETHREEN can
subsequsent tre rdicogniddatt ec diendi@ gaodorhiesbed fushRgous

only hand tools or power tools which _ facilitate

beﬁﬁ? 5t o ot Ve YSo teBser OF PRE-E5UsBakiron
of gredend;. Anot her object of the present invention
is to be able to bend sheet material into high
strength, three-dinmensional structures having precise

di j t @l.eran +20 1t is.another .object of the.
prgggﬁ?gghfgh%f%n%?itgé ggﬁge%Fol%&ﬁatéﬁge&SHEPeprgygde a
| nneetiieLiferr tlriee-idigneheleesalf orstubebyuestt Bahdahg that can

eaﬁily and i_nexpensi vely seal ed thus _enabling the
co

QML IEIRUNE 168 PPdXahPEonkOeLPaPE. POFST| hogls which
br gad jasipetle erldiegPheselb hBYe@EE@HPEekBtEBHtEBltgﬁe

use of slit-based bending to enhance Tabrication an
asslafatiarestfnitigeSendt: i s an obj ect of the present

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

structures having precise dimension tolerances.

It is another object of the present invention to be able
to bend sheet materials into precise three-dimensional
structures that are easily and inexpensively sealed thus

enabling the containment of fluid or flowable materials.

In a broad aspect of the present invention relating to the
use of slit-based bending to enhance fabrication and
assembly techniques, it is an object of the present
invention to provide a new Rapid Prototyping and Advanced
Rapid Manufacturing technique that employs a wide range of
materials including many that are s£ructurally robust,
does not employ specialized equipment other than what

would be found in any modern fabrication facility, and can
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i nvention to provide a new Rapid Prototypi ng and
Advanced 30 Rapi d Manufacturing techni que that enploys

wa@2e4aessange of materials including many thaPCBU82003/030248

structurally robust, does18ot enploy specialized

equl ul.d he f in any.
mﬁ%n@%]b% 2% i%ﬁ@oa%ﬁh yt\,weanld'mclgzr? %n%@&lcﬁ%@é’ﬂ process
PCTi4432003/ 030248 13 be scaled up or down to the

limts of the cutting process wused. It is another
object of this aspect of the present 5 invention to

prom des fARuHAs WM{dith dhamshealsRi-tmaie rl:'h]%! re2che
bent that assist in the accurate additive a |§hnent

of FHRPIHEM S PRaVvide dadtafmesy witbiohéde whieerti alf material
be r | 4 .Qf e _pr t i_nvention LS

t orgpc? o%?&ﬁéd;y aetﬁ iag'%l% l?r’etttr?%d & C%?%£§r9 difdvg alignment
nearf redmsinepe s frilet wealansc afffrelrd ther shigkti ph€erial is
cor%)rﬁnts arranged in 3D space in the correct

reltt'onshi p to each other as defined by the original

CAD design process. 15 It is a further object of the

present invention to provide a method of fabricating

we Pl i mthage olpies t theppopseat $nsehgionuibetooprovide a

e B or R AR s 8L S0k, bear T35 Snges

pr ot mle theratluses fifledtd ffaai mutlatelei gghpgnandschaw@h§ed in 3D
in pre ar.atigt%for wel di ng. ILn this context it is yet
an(ﬁ%‘i’éfe dtj &OF GPHRE tprEdBht oNAvRt FBneRBhpPERRPEeaS adefined
SUpSY itie BBlikAGhaQf dADIGeRE gahpebcrREErN i @l s for wel ding

that dramatically reduces warpi ng and di mensi onal 25

i naccuracy caused by the wel ding process. Yet another

velded s & ieEeRer BB Rebt B8, kRebartl BHeRe :8n 8 proviae
a method of fabricating welded structures that employs a
smaller number of separate parts and whose edges are self
jigging along the length of the bends and whose non-bent
edges provide features that facilitate jigging and
clamping in preparation for welding. In this context it
is yet another object of the present invention to provide
a superior method of jigging sheet materials for welding

that dramatically reduces warping and dimensional

inaccuracy caused by the welding process.

Yet another object of the present invention is to provide
a novel welded joint that provides substantial load-
bearing properties that do not rely on the heat affected
zone in all degrees of freedom and thereby improve both
the loading strength and cyclical, fatigue strength of the

resulting three dimensional structure.
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beari ng properties that do not rely on the heat
affected 30 zone in all degrees of freedom and thereby

wo opro®3bot h  the | oading strength and cycl i ceET/US2003/030248

fatigue strength of the rasulting three dinmensiona

st ryct.ur e, 2004/.028937. PCT/ US2003/ 030248 .14 Stil |

ano %ﬁicﬂﬂ%} CLPRIRE I &R PAFEST Con iVERLdOnp isy Qe

a pHeeridy dredupst far mebhodedeai:ng t he number of

discrete parts required to fabricate a strong, rigid,

di mensi dnal | yrefitqing dhenngabes gifndiscesie pargst uequired
and. 2)e Mherant |y RLQdi 09 8 O giieaas LRl

nmet hod for the vafﬁ%ﬁgqgigggqof tﬁee gé?%ggﬁ?h%gggga@g three
di memsirgiainalt ratotuataitehatandan be acconpl i shed t hrough

the be and ynbent ed%ps of,.the present, inventi

resulti%@ 10 IHSF e 66§PﬁlﬁﬂgﬁeP°§H§P8nﬁaarPBE?F&ﬁmPing

metntdathod tfds thd wadiRfusokjidels of the BeeseBH three
invention to provide a nethod of fabricating a w de
vardigepsdona sk riGitidienithgt €ast PRgarsraplishedethrough the

POIIRY Sncf SIS M]3 cCRRBOPLLERNEN HDLARBAC HBL Tt s ng
is formed froma slit, bent, sheet of materia WAL €
carnrb@ diowegr quertpvdd ohfereyiehd fsblridatioat method.
process or left in place as a structural or surface
conponent of the finished object. 20 Still another

objrecti sofa tfiue-tieas eibtjeictvelit the pgekentPiAvVEARi8nSPEChrovide
bendi ng nethod that is adaptable for use wth o
exiesfiERgod okt ifeprdenities, aehapre¥aghety sfofkuid pentaining

shidaRed rig nd1fdAte @ me@iahgd m}segg}n&gn eegaﬁiggi Shan
bent at “a renote [ocation wthout the use of a press
br aloaposid €25 ionwaicds thkemaddenbl foemedofinbinng sfit, bent,

conpanent s wi_.thin and. .on the surfaces in the interior
of rgg‘ﬁ&eﬁo 3r g?tre&rlﬁ@dwﬁlfrcngﬁBi ES SFtSﬁE thpevedi gtker the
af tsell ielaFReaenbnabiiceakis0Brt Qe fthenSPERLeSLOCK: structural or

surface component of the finished object.

Still another object of the present invention is to
provide a sheet bending method that is adaptable for 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.

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.
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30 Still another object of the present invention is to
provide a precision folding technique that can be used

WO 2004/02893t € accurate, precise, |oad-bearing foPdBU$2003/030248

sheets of material, includfng but not limted to,

nmetals, plastics, and conposites. WO 2004/ 028937

PCT/ US2003/ 030248 15 Another object of the present

| NV 108 | o Jee DIl itdRe Brd¥e@® SinR gl rigs LRChRQYRe a
that al]lows folding around a virtual bend |ine ang

r ecRﬁei‘Ce’s‘”e‘Hhsﬁ%ﬂé'rldkg yEa s qusr ddato aal@@@oﬁfplllc@hngt heound a

foI c?r:'Lt 'rﬁenacJ cb% de:etse%% 'sTé%?:ab&g tegesr force to

object the present 1 nvention Is rovi

pr emcsmmulzfsﬂ diheg ficdlch ribgue ddmzterntaoe:sslebtanaﬂihy_; techniques.
linearly scal abl e independently of the thickness or

m crostructural 10 characteristics of the materi al

Angirethébj@tfedt daHY @xRentN@REN@A ohS 10 tHo L R8e a
geonetrjies described herein whether b

sI iREG g FUhARAd1ing: Sesddianes dhart ﬁ@ysﬁéeéﬁaérlyb}lanarly
CE&APQBﬂﬁ‘%ﬁ?%?ﬁ#ﬂE%EE@ Y lhe %1%&%e$%vggt ?sgfuctural

herel n descri y any “route. anot her "o Jec

t hehpresdr iishianst icdn the tratprdeilde a preci sion

fol ding technique for folding a non-crushable
material in which the mcrostructure of the nateri al

20 ArREHeYS cpiewitariti ahley preclargedvaneysy tBecbokdrn the
The net hods and di screte techniques for designing and

préE*%ﬂQﬁ?#ﬁﬂ(ﬂﬁﬁ?népegh@@ﬁeﬁﬂt@hﬁéherthﬁ fabBlitathgrhremoval
CHPYQES &9 5 ?@o%%% %EUB ULES 8£g?deé%ocess, and

such 25 precision bernd ng o ep eSent Irnven

have mdtieerat fthat advsnidadesbhectsnoticadyabtagpywhhohroute.
wi ||l beconme apparent from or are set forth in nore
detail in, the acconpanying drawing and the foll ow ng

?63%&{QHOQ%§%fobh%ct5©$ttHQdﬁrQEeﬁérEMVQStEUB 1be, provide
nvention
a precision folding technique for folding a non-crushable
material in which the microstructure of the material

remains substantially unchanged around the fold.

The methods and discrete techniques for designing and
precision folding of sheet material, the fabrication
techniques therefor, and the structures formed from such
precision bending of the present invention have other
features and objects of advantage which will become
apparent from, or are set forth in more detail in, the
accompanying drawing and the following description of fhe

Best Mode of Carrying Out The Invention.

DISCLOSURE OF INVENTION

In a broad aspect the present invention, bending strap-

defining structures, which are preferably slits but may be
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DI SCLOSURE OF I NVENTION In a broad aspect the present
i nvention, bending strap- defining structures, which

w@aem4ped8er ably slits but nmay be WO 2004/ 02893FCT/US2003/030248

PCT/ US2003/ 030248 16 grooues are used to configure

Cnisiyetn B el ot BB estndrosng sheet

| ocatt Irﬁt@fﬁhlsuhﬁtﬁmatﬂld ythewecm\teehelee:ndoswa@@tlh\pr%ved
Briefl in a preferred enbodi nent a sheet of materi al

i s PSP ith TheiReng iaradion jangd swbstangially improved

posidi®nadedfiat i ve to a proposed bend line and
configuredeiéﬁgIIOM/ bendi ng of the sheet of materi al

precisely al ong the bend 10 Iine as a result of

edgf% Of }QC%_n E{D%eer%eq:t cI :Lment %p%SI %emglt%%‘cial is

tS durlng Increase
st riﬁngﬁdrti arnotrdlmmaimmtwcumrsamts Yhatc ﬁ:ﬁc'ef poalty ohbd
| on itudjnaII adj acent slits are 15 equa
tr 6 A RFPRATSSh R G éléﬁedé‘éldoFOPI%gb‘éﬁG‘ to allow

i %dﬁﬁfdmer@wé& Y g drah e&teeaequl %%'gythe bend

acr oss e bend Iine. The slits are preferab
ar cigte a@ teh regorter fsiaglges-do-1fgcer e@lgegemlentto dfhmaterlal on

|nc&)égg§:|nl%ﬂ%% 3brec Fg%%528ﬂen8|ogeﬁﬁébgeﬁgkrggcaeased

constrants tetigtly egidriinehdik@alsticapsache slits al so
preferably include crack propagation resisting end
portions to further reduce the |ikelihood of stress

fa'MdH@%re?&rH?ﬁW@HeoqJn%ﬁt]%ﬁ%%‘aﬁ'l?rna ga%ﬂ.@ Qfifs are

sheet of nmateri al t he present I nvention IS
corﬁﬁqasleld/ tmansiversedfy tspacsdepn opbobdtei sgdes of the bend

PR Lo e LSOO L SoUD0 RS, LGB across

extdrdibundalldng. armheprsQiitEniaeet pre@ebandyl bReuate with
convex side facing or closest to the bend line so that the
width dimension of the straps increases in both directions
from a midpoint, or a constant width region, of the
straps. The siits also preferably include crack

propagation resisting end portions to further reduce the

likelihood of stress failures.

The method for precision bending of a sheet of material of
the present -invention is comprised, briefly, of the steps
of forming a plurality of longitudinally extending slits
through the sheet in axially spaced relation in a
direction extending along, and proximate to, a bend line
to define bending straps or webs between adjacent ends of
pairs of the slits. The slits are further configured and
positioned during the forming step to produce edge-to-face
engagement of the sheet material on opposite sides of the

slits during bending of the sheet of material. The method
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30 to define bending straps or webs between adj acent
ends of pairs of the slits. The slits are further

wa@oovitioggesed and positioned during the form ngpeL/ER2005030248

produce edge-to-face engagenent of the sheet naterial
of the slits during bending of

on os te s S t he
R At i S Tlte R0 BP0 AR0S5G3 7 neet of material
PC—E(lle@%OQ::Hé)m 1ikhk aﬂos%r%@%den%h'éﬂe tr'é%1§t3.%ﬂ—%§1hanc1ng

bendi ng the sheet of material along t bend I'i ne
prGﬁ&@gﬁﬂnﬁ@qﬁwﬁﬂQﬁqwmﬁﬁh&ﬁb¢ﬁ§ mé&@élﬁd bac@ppOSlte sides

en I site sides of the

s|??§ t oug :gﬁéggéykﬁ} t%%lﬁggﬁe enbodi nent, the

slitting step i's acconpllshed by formng two

el qngat ed sl.it itudinal,ly.shifted along the bend
B0 g hR g LrCiP SRR 36 rGATPIARGAA by

dl RITH8Hh AWAG [d10Rddedend tsi ﬂ%n@@tﬁﬁ@\ﬁ'ad@yasﬁ@frteéoalong

of adjacent slit portions on _opposite sides of

bemile el mr@w deftineagh sBAitghaveagdanglétr apd portion
ey h reasing.w,dt
RA%QT l’P d'l re ony%&r om ?‘hlth%enghh %éR%Tﬁg gfclgt"lggr? palr

an@ﬂ @@3amemmamdejbgkmﬂamnsppnsbp@oBdW@ gfidascu&t €he bend
slits ar d nsi oned. and positiqgned to produce

i nteéh Zﬁéﬁbﬁique a5 &8 3 gﬁgdéﬂgeFtSPpnﬁﬁgﬁngng

ON Q1R sH A DHbdme 1SiHd with Ehc@e@%ﬁﬁgouﬂjhﬁ shesbAf
material on the opposite side of the’slits during

befdingg.t iamst %ﬂ%ﬁé?@bmﬁnﬁhélgﬁltsTharélatcharé and jog
20 f
pr%‘i‘éct%tn%%mb'e@&%‘é% g;‘i’;{y%ﬁ%r ?‘%\Sﬂl V?rf] arggg%%t nﬁﬁgﬁo?ﬁgn

an opposi n
ed@ame&suandd emb'poshaﬂpaddand bebducagahBstehBBgement of
opp03|n faceg& a substanti al Eortion of  the

G &

| ef hgeti RS Bekarhgli 8P eBAt pbfeopft e slits
berazdltmlg aPTFRIES 03N taRd s%%n%rrﬁqet;eeﬁa&hsnS%énebBoQite side

the 25 bent sheet.
of the slits during bending. Most preferably the slits
are arcuate and produce continuous and progressive
engagement of an edge with an opposing face, with the
result that the edge is resiliently clamped and held
against the opposing face over a substantial portion of
the length of the slit during bending for control of the
bending precision and enhancement of the strength of the

bent sheet.

In another embodiment of the method of the present
invention, the step of slitting is accomplished by
forming a first elongated slit through the sheet of
material along the bend line, which_slit is composed of a
pair of proximate, transversely spaéed apart, parallel and
longitudinally extending, first slit segments connected
near a common transverse plane by a transversely extending

slit segment; and by forming a second elongated slit in



10

15

20

25

30

I n anot her enbodi nent of the nethod of the present
invention, the step of slitting is acconplished by

wé ovoiongy3a first elongated slit through the sheer/usfo03030248

material along the bend Iine, which slit is conposed

of a_ pair of proximate, transversely spaced apart,
parsabsgianddid l Yo dginaddiusdrey lyx edAgneg, apdr dengifpdinally
Seapaly GUINAGE( cohefl &1GANMRIChEARBUCEIEER! alReDktep of
a transversely extending slit segnént; and by formng

a degoricceltdregsteadns ietl onganed26804£028887preferably is

PCT/ US20Q3/ 3%ﬁ48 lf18 subs%antLaII¥ Ion%Ltugina%Ié

al ISGITEHPARF NG §% FATHROEY @ EBake§tr BESFIBR Po FRANSVersely
firspaceloongaired Paralléheasdeponyithainbnyyt BetegEOAY, slit
el ongated slit also preferably is acconplished by

f oSRITE A SHEAN NG S0 RCREt 8, CPFEREY EF3BFYeESEpREaAe by a

aplan RAA1§ AREnHIRG Kudiknakbnenxt engdhng, §B§E%§daof one

segnent s conneéct ed near "a common transver se pI an
t r mosdmswiug edioagdited slit,segebnslithis, thaspead of slits

one nti nuQus _el Qn d slit ach.slit in the pair .
of 5y RPN G0 o ed19REE0, BiebhppS§T4f btokfre e Bhidpoine
pr @fi fhlee cdmbiidiea Nend@hobft hheceMbitnsdghengkh of the

slit segnents. In these enbodi nents, a virtual fulcrum

is provided upon bending that can be positioned

prq%!%%@%ep%nkg%i%%ﬂ@shiBeviE9u9§u§ﬁlEFﬂﬂiFg g£oﬁhﬁed upon
bendi ng straps or webs nore 15 precisely along the
bebendimg. thed denabkegosdnceptdopretheelirbnathe bend line

ful.crumis descr.i bed_below in the Best Mde O

CarF s B g e Ehg e Ras G, PERbRE OR ebs raga

W plteeflsarigedlend @penbags, 19he MY THEN M8t BACKdOBoncept of
thensel ves so as to reduce stress concentrations

pr GRenyie t2g Lt faleenBi g Aessrakadr bsisy #nckbecBagk Mode Of

Pr eR3g3tindn out! Ananehiehepodi sRAt 55 s50 | Lrb9
provi%ggn%?t# bendi ng straps tﬁgt 3ré coﬂ%?ggée%r%glded
pukiithhendhegedorndt hpehdngsi derofiayheubeadbickeon
to%%rdtqg slit to maintain \ .
emselves so as to reduce stress concentrations proximate

the bending webs and resist micro-crack propagation.

In another embodiment a single slit is provided with
bending straps that are configured to pull the sheet on
the far side of the bend line toward the slit to maintain
edge-to-face engagement during bending. Obliquely
oriented bending straps having central axes which converge
on a side of the bend line opposite to the side on which
the slit is positioned will produce such edge-to-face
contact. Sheet edges can be combined with arcuate slit

end portions to define such oblique straps.



25 edge-to-face engagenent during bending. Obliquely
oriented bendi ng straps having central axes which

w@orneegys7 on a side of the bend |ine oppositerPtDUS1083/030248
side on which the slit isipositioned will produce

%ﬁ%ﬁﬁ?iféﬁfarc E%OB??%# gh:ﬁg Sggffoﬁgntgedeflne

such obl i que straps. WD 2004/ 028937 PCT/ US2003/ 030248

19 FESCRI RE @GN foh ghidh tRAW NopFb®anlviswaokr agBRaLAr ¥ £
top pl an V|$€ of a sheet of  materi al haV|ng slits and
Y 1PFesdith Si AndagEsrysscEonmrer Eherpginoin

ar%ck%&@%h&%ew1%th§e PRibs aRteRbargeduef ragnentary

view, in cross section, taken substantially along the
plane of line 1A-1A in FIG 1, of the sheet of FIG 1

wh n n I n. s_an enl ar ged,
frggﬁ%ntarQ% Bn %gﬁg %eg f%gggFGEarytgk%w, in Cross
substcarniional It)akahongtslnanmhameyoélbh@etKB pBanéf ofl Gine 1a-1a
1, .of the heet og in a bent condition.
151 EIG 's Rt F &nﬁﬁ?SFyOftgﬁGplénwb?BmFBfaabghEet

of cop@ti®hioal. having a plurality of slits forned
therein using an alternative configuration known in
the prior art. 20 FIG 2A is an enl arged fragnentary

Si el eya i;0Q Vi the_sheet . of FILG

abgﬁg 9§%dg rggsegﬁ%ggeg %ragmg Sggysgﬁ?ybnh? QF%%F

t akentdohst aakeal bubsabnaganmy plang ohel pnendBoBrike 1B-1B
FI G 2A 2 FI%. a fragnmentar top plan view of

a gﬁe the sheet of FIG. 1'when in a bent

condltlon.

FIG. 2 is a fragmentary, top plan view of a sheet of
material having a plurality of slits formed therein using

an alternative configuration known in the prior art.

FIG. 2A is an enlarged fragmentary side elevation view of

the sheet of FIG. 2 bend by about 90 degrees.

FIG. 2B is a cross sectional view taken substantially

along the plane of line 2B-2B in FIG. 2A.

FIG. 3 is a fragmentary, top plan view of a sheet of
material slit in accordance with one embodiment of the

present invention.

FIGS. 4A-4D are fragmentary, top plan views of a sheet of
material which has been slit according to the embodiment
of FIG. 3 and which is in the process of being bent from a

flat plane in FIG. 4A to a 90 degrees bend in FIG. 4D.
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material slit in accordance with one enbodi nent of the
present invention. 30 FIGS. 4A-4D are fragnentary, top

w@b@a/oxsoews of a sheet of rmaterial which has PeROSBN3/030248

according to the enbodi nent2o of FIG 3 and which is in
the process of being bent froma flat plane in FIG
4A to a 90 degrees bend in FIG 4D. WO 2004/ 028937

PCTF 1R 006X 0530248 a2d ftdgmerftABA. ore sfercﬁﬂ'@{étlaﬂrﬁ'ews,
cross sectional views, taken substantially along the

pl arkebisYbTiaantiably | alon@h the gd.anes 4f dmne@g 5A-5A. .., in
be ofat 2k 6 1 0]
nldi ialdw é%:letgg rrat i% s éh(éet ofS ma r@.gl

pl an VI ew of accordanc
with a second enbodi ment of the present i nvention. 10

FI is .ato view of the sheet of FIG § afte
et T by HSRBI Gl Srleds BF AR teagal shit in
Of ddeordmrie Qilﬁfﬁt£r331iorﬁf drifedifrentl D fFhBe elsendn

enl arged, end el evation view, in cross section, of

t he YL Y- material of FIG 7 taken substantiall y

al ong the plane of 8A-8A in FIG 7 and rotated by

about 45 degrees fromFIG 8. 20 FIG 8B is an

enlBi@ed, iend eicewa:tliam Wijee-wofi rther cheetsedt iFAG,. 6f after

theO sheet of er| al 3{9 7 taken substantially

al g Th P glfleé 7 and rotated by

about 45 degrees from FIG 8. 25 FIG 9is a

fragnentary top plan view of a sheet of material slit

ac&gﬁfu iy 1t 28 ARd Ydrevalofethar isheetenonrend adf of hEIG. 7.

present invention. FIG 10 is a side elevation view of

the sheet of FIG 9 30 after bendi ng by about 90

dediléss BAFIIG ab0Anlsargek, agmenkdreyatioas vieat, i @nakross

VI%&QH%E%H of the sheet of material of FIG. 7 taken
substantially along the plane of 8A-8A in FIG. 7 and

rotated by about 45 degrees from FIG. 8.

FIG. 8B is an enlarged, end elevation view, in cross
section, of the sheet of material of FIG. 7 taken
substantially along the plane of 8B-8B in FIG. 7 and
rotated by about 45 degrees from FIG. 8.

FIG. 9 is a fragmentary top plan view of a sheet of
material slit according to a further alternative

embodiment of the present invention.

FIG. 10 is a side elevation view of the sheet of FIG. 9
after bending by about 90 degrees.

FIG. 10A is a fragmentary cross sectional view taken

substantially along the plane of line 10A-10A in FIG. 10.
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substantially along the plane of line 10A-10A in FIG
10. WD 2004/ 028937 PCT/US2003/030248 21 FIG 11 is a

wo cagoesIsary, top plan view of a schematic PCT/US2003/030248

representation of a furthemal ternative enbodi ment of

a etqpf; e | ru res
coni??uc%gd ﬁéaﬁtﬁ# ance ﬁ]aﬁﬁ)e pr e@eér%“tg %ventl gﬁnatlc
5 Flr@rqaemt@taom rfa@rmrﬁlart;hetmpalpﬂeamanm emdEndntofof a
the %eonfl t on own. i n scéei' i.ch has been

forfred usi ng ‘?)‘f]é}%l%tgra]pa UG g ructures
te&hnnﬂﬁﬁucﬁébFﬂﬁiadébidhﬁtéfﬁﬂﬁﬁ”ﬁﬁﬁl@rééﬁhﬂﬂfﬂ%éﬂﬂfﬂn

of one sheet of material before bendi ng and assenb

into a curved box beam FIG 13 is a side elevati on

Vi f r4cta!
e ®f mLuyed pox each ax ngt%gf'%lalh %h o%ma \ggllé of the

sheets of nmateri aI it as
12, ccm@gqmatnsorarsrmm ellrE\EéItG .0 1v ivghi b rtah;ebkasea:mf@frmed using
.pl an view of a sheet of

anIat%erIlli? qo‘?ler nvﬁt asetrap %SRS ur es and

configured for enclosing a cylindrical member. FIG 16
is a topéerspectlve view of the sheet of material 25

of Ha 45 1% aoeﬁﬁagéfred\’fgwé'endtqa @é@nam;%@rft edet 6heet of
eNGANSE-i A DAY IKAqiMRMRels ok taop:uerd box

perspective, exploded view of a corrS’gate assenb
f og@M.usi ng a sheet of material 30 formed in
accordance with the present invention. FIG 18 is a
top perspective, exploded view of an alternative

emradi .nErE iof 2 ssheetelevataber valewl @FMdcufved box beam
accordance with the present invention. WO 2004/ 028937
PCHUSIFOStesh Lapm Spo sheets of material each being slit as

shown in FIG. 12.
FIG. 14 is an end elevation view of the beam of FIG. 13.

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

enclosing a cylindrical member.

FIG. 16 is a top perspective view of the sheet of material
of FIG. 15 as bent along bend lines and mounted to enclose

a cylindrical member.

FIG. 17 is a top perspective, exploded view of a
corrugated assembly formed using a sheet of material

formed in accordance with the present invention.

FIG. 18 is a top perspective, exploded view of an
alternative embodiment of a sheet of material formed in

accordance with the present invention.
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FIG 19 is a top plan view of the slit sheet used to
construct an alternative enbodi nent of a corrugated

waoleak/029987 or to bending or folding. 5 FIG 20 PST/@S1000030248

perspective view of a corrugated sheet or deck
constructed using the slit sheet material of FIG 19.
FIG 21 is an enlarged, fragnentary perspective view

10 psepstianti ald wpowided v iore tad- %11'tnsﬁleg’t 4%ed to

FIG 21A is an enlarged fragnentary, top plan view
sumrmﬁmm wm@}maﬁ_\}wa gEbPUANRDA ol E| Gorrggatsd deck

t4,C. evation view of a
CyI 351051 eh f %@q .

er construc? d using a corrugated
sheet S|n1lar to that of FIGS. 19 and 20, scaled to

define cylindrical form 20 FI.G 23 is an enl arged
f r dchtr n?zapr VS & ROPeP&FSRSGT Wit W S8 © g ghgglrrggateg sheet or

natcradlalc&isttrddteap%&%n%ewstmtt keeBECRERErial of FIG. 19.
invention and having a tongue or tab displaced to

ensure predictable bending. 25 FIG 23A is a reduced,

en tig [ fr .1.Nng...
bend%% %ﬁFﬁ%?E%a%¥%%hg%?§g§gﬁ gﬁ&?arﬁdSEF g ??%kevyéﬁy
of saiksttestt iafl 1 ymiiommideld ®lyi tliae 2n-abl iqueIangke.to

the plane of. the 30 sheet and shown during bending a
to a conplinentary angle. FIG 25 is a side

el eviaf.i OnA SEheRln arRREeS eRhahieaR a®l;, atobeﬁhahovisﬁl
sheet S|Ittln%4|lne arranged in accordance W th

pr ésdat anhiadtliyokroungego b/ 318837 meiwszooslesozas

23 FIG 26 is a top perspective view of a coiled sheet

of material which has been slit, for exanple, using

th&"IGappza dfsus afchem@tizh and keSeivatiba piewess af

bei n | .ed 5 ou% and bent into a three-dinensiona

stfﬂ%t ical member constructed using a corrugated sheet
similar to that of FIGS. 19 and 20, scaled to define a

cylindrical form.

FIG. 23 is an enlarged, fragmentary, side elevation view
of a sheet of material slit in accordance with the present
invention and having a tongue or tab displaced to ensure

predictable bending.

FIG. 23A is a reduced, end elevation view of the sheet of

FIG. 23 during bending.

FIG. 24 is a fragmentary, end elevation view of a sheet of
material slit at an oblique angle to the plane of. the

sheet and shown during bending a to a complimentary angle.

FIG. 25 is a side elevation, schematic representation of a
reel-to-reel sheet slitting line arranged in accordance

with the present invention.
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FI GS. 27A-27G are top perspective views of a sheet of
materi al constructed in accordance with the present

woOnsankgen as it is being bent into a cross-brepcedsox030248

10 beam FIGS. 28A-28E are28op perspective views of a
sheet of material constructed in accordance with the
present invention as it is being bent into a chassis

f OrFBEPPDE tid 5% Of o QPOHESE S FIGH A8 oF @C1ddi0@ld sheet of
conponents, FIG_ 29 is a top perspective, .schematic

r egPasehtat iWH Gt hanhesmodiHontf B ex@rpdeentusing the

sui g f L dpvwfer hending ; or ol gl f t slit

sheet” o at‘ﬁge pr ese(%t Cél%nventiloryﬁ.l[g(f%l 8(1]0%%8%5 oérh?:&}ng rolled
pergpecand drerst higntet i tleprestimeatsiomadf staneithefe.

enbodi nrent of sheet bending or folding process of the
present invention. 25 FIG 31 is a flow diagram of one

aspEDES of 212 Ttaracidp e i @ive alwealdon ahdet of
assenbly processes for slit sheet material bending of

t Pkt FIREIGRD Arcacopzaager #iidh ghe present
perspacti M f heet : terial,

constr uc%lecgn idnse\gcsztcgirsdg:ne::ie 'btel%ftt ﬁéqgrgsg#togsi rk?\}:gr(fteldoﬁox
as beans being bent into a stud wall/ladder. WO

2004/ 028937 PCT/ US2003/ 030248 24 FIG 33 is a top
perspective view of a curved corrugated deck or panel

COMBIGSICt2Bh -1 IBFRCGY A @eMside dtheePk88eRt ofl BVERLERN £
5 FI G 34A-34E are top perspective views of a sheet 019
et ie 13 h qUE Ty i dgrogcaorsdensg andhs benpassent

| S 1 RAING R 15 O A pRWHIO R Brgge R8T &
35 1s atop S{an Vi ew o\f/fnggsheet of'q rrgt g?ll)ég ?Lssl.if Ij gupport
10 cfc comgamembe tsudhhe spredsenir iicalerbimpBnand si. ncl udi ng
a single slit enbodi ment
FIG. 29 is a top perspective, schematic representation of
one embodiment of equipment suitable for low-force bending

or folding of the slit sheet of the present invention.

FIG. 30 is a top perspective, schematic representation of
- another embodiment of sheet bending or folding process of

the present invention.

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.

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.
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FIG 36 is a top perspective view of the sheet of FIG
35 as bent into a roller housing. 15 FIG 37 is a

woragmesysary top plan view of a sheet of nat ePCBIUS2003/030248

having differing bend line2term nation slit
configurati,ons. 20 BEST MODE OF CARRYI.NG OUT THE
I N@;éjlél RSF & PP BRTSPESEWVEe Ve Of n2dEHAVRd: GOFFugated

Pr efeddk @F pRIRAdIENET Rt eldhgni A¥EBEHAAceC%ARR! €ReObresent
which are illustrated in the acconpanyi ng draw ngs.

whilingepdon-nvention wil | be described in conjunction
wth the 25 preferred enbodi nents, it will be
understood that they are not intended to linmt the

i NFE®.1 G A-G4fhese ¢upogerspestivenvihescolit naskicethef
inventign.i s intended tQ cover alternative

rodRfedat ot e A LA SVAPERPET RAPER"Hag " BeShPREI BRedt is

W it gt BRnPiiitlo an@wisgpeuel bkheetnysentbeamas 30
defined by the appended cl ai ns. The present nethod and
apparatus for precision bending of sheet material is

ba upen :th Lttt i es 0Q4/ . .
Pt ian00a5aa,Ter Piad, SIRNCLE SoHELEP0f HaPdr oy c1it in
Sericgloranc@omé40, 268, preiseed Angestidrd, ad@0dncanding a
enti.tlid I\/ETHOI)F? ,PRECI SION BENDI NG OF A SHEET OF
MATERCAE AND tSEMPOSEBERTHEREFOR, and Serial No.

10/ 256, 870, filed Septenber 26, 2002 and 5 entitled
METHOD FOR PRECI S| ON BENDI NG OF SHEET OF MATERI ALS,
SLIFEGSHBET S SARD tPRBRECAPEONL PROTESS, ofiht 2 aheet of FIG. 35

i ngQr t er.ei r e intheir entirety.
Cn%%e%%% iﬁgﬁ? gfrgﬁgggrgéﬁéﬁgﬁ'and hi gh strength

bending 10 process and apparatus of the present

in ti can_b descri bed by reference tg FIGS. 3-5,
In%ﬁ Q.%g &ssﬁezfégpenﬁﬁf¥rF8¥ HiaPsz%Vn% i thegt of
Pl adlirik10haRend A4 r¥bkdAy bend line termination slit

configurations.

BEST MODE OF CARRYING OUT THE INVENTION

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.

The present method and apparatus for precision bending of

sheet material is based upon the slitting geometries
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defining structures, in this case slits, generally
desi gnated 43, along a bend line 45. Slits 43,

wohenmbose, 15 are |ongitudinally extendi ng anBCTMWS2003/030248

end-to-end spaced relationsso as to define bendingG
webs, or. straps 47 between  pairs of slits 43. In F
3,i;§Q¥P§ﬁ?zﬂQaRﬁkﬁﬁ(ﬁﬁPkMQQ¥lQ§Fwe§§rﬂédu§png09/640,267,

St riuctdd efuflsends, tszfe{oe,ofa,nd@m'ﬂel%g 'EQ%DA'%ORS?IRg;IsION

to effect d reduction in the stress concentra
i n BFaHUINMg Qfelfs SHEET tOFMMATEHRE Alin@diDs 15330 SHEEM THEREFOR,

gesa‘H' RLd O, P& OW., JoeY &l t%ﬁéﬁ?‘fqég%igr' %%‘;'9%9 2002 and

tructures, 'such’ as‘enldrged oy (
ar entniat] e METHOD fROR PREGIZZONO BEND INGE olpergkErs opf

h I Si hendi tem of the present
e g Lo e R e FRaceRsnmhach are
Fl Gncdrpg¥MRNR] herRATh dyongiseydinal Ly %&%déﬂgiﬂek&.
between'the slit ends is laterally or transverSely

stepped relative to bend Ilines 45. Thus, a slit, such

as slit _43a.. is.for Wi th 30.a pair, of )
|(N§§%l?II%ﬂﬁ%fnnggﬁS%ﬁgngFﬁs§86n€HgSg%ghaﬁargggth bending
whiprtocrisss posi tappaed tRsOXIfMRhe FQeséﬁd RheEREEBhY can be
equj di st.ant on opposite sides of, and substantially
patRAiheE WedEliersEces tOLERGSt udrRal $hi FIGegheat sheet of

51 nz3rG 5 e ;faur. Cc cte Lrapsv : _
o T 35 S0 W BBbakrosbuagt BRIy strap
segediinisy s¢rucdurelsit ia34hést ends éﬁmnsengangedlly

[ 4 enl_ar ged _openi,ng.49b ong.an
R ERPLTREECod S5aPh O 8nCaBEnairs B3t h SHithetd, therefore,

enbategadngaeniings 1§ndxieabudgs ahat inl eAglty9eRd! ¥aced
extending slit 5 segnents 51, 52 and transverse slit
sedfeRt 198 SPhést tRcErbAngnBerddaat Hees of straps 47 between

£ RIS, B st e e oL 0 D" L0 i

5Astres@ redughegeshrtheéures at ends thereof, namely
openings 49, so as to effect a reduction in the stress
concentration in bending webs 47. It will be understood
from the description below, however, that stress reducing
structures, such as enlarged openings 49 in FIG. 3, are

not required for realization of the benefits of the

precision bending system of the present invention.

For the embodiment of slits 43 shown in FIG. 3, however,
each longitudinally extending slit between the slit ends
is laterally or transversely stepped relative to bend
linesl45. Thus, a slit, such as slit 43a, is formed with
a pair of longitudinally extending §lit segments 51 and 52
which are positioned proximate to, and preferably
equidistant on opposite sides of, and substantially
parallel to, bend line 45. Longitudinal slit segments 51

and 52 are further connected by a transversely extending
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10 bending or folding of a sheet of material 41, such
as shown in FIG 3 is illustrated at various stages.

wo Rolog937 4A, sheet 41 is essentially slit as BODWS2008/030248

FIG 3. There is a differenée between FIGS. 3 and 4A

in ' kerf. wi dt section of renoved

e e 51 SPInEhE 8388 EarI BT Bl ietih ret euiaraed
shoopenihbodbaaty &elérgas ypethTthdes |s asduarg by a

slitt] ng kni fe or punch.  The effect during bending,
howbvt?, C?%“%%E%ﬁtﬁg%ﬂl’ yWREeh QReRS %o thrtkaf wlicitanlarged

smabbegREgNatHa teg il : : ite sides .
of the slzlglt iltrlflta]eir%%}glg%g@d]ﬁﬁ%gl%%%%%g&%hee}&seéwging slit
r ef epe@ReRt HuPEr aP2 and | tbansnpt sy el itn sdgn@Rt 48 .5C, ,

as were enployed in FIG 3. Thus, sheet 41 is shown in

a flat condition before bending in FIG 4A

LonDihé ufinmet 1 gn extienaliventsdgds segmnrids oy A3 t32 can best

are_shown in Flg 4A and in the cross sections of

FI G wdexst DOSTR RN thd WaTi dds 4Bhosd the
secébPREsind iy B! sHea@lgo sghowjan F D

FIG 4B, It&{}% gﬁgeet‘ has been bentﬁts]'l‘i'ghgt 'y 'é?grp;é%ﬁér?d the

30 herding onnfaifliguh dest theeteaf matllrGal 3A,- 5Gch as

As Gan, seRh i F .+.5A, _and, 5B,, slits 51 and 52

have opneglg}j up a:folnégCﬁhle%srtﬁagﬁdetfgeé'a&ﬁ&ulshétﬁ‘&etsi'on In FIG.
of 4Ae sthest 4thiich esdeardis ey ad therd shiohg 45 wag. 3.
referred toin .  US Patent No. 6,481,259 Bl and U S.

AppI 1R i o et HienRy oo etomses 7 166F 3520034836248 hat in

27 NG . /236 &7 QiR 1R od ARt i bbb G23858 29T 1 s
consistency with later enbodinents in this appli cafion
shathowip eiidre da tFlGas 44 itfte 35.itThe lsbowen eithoutoany

Si g 52a of 11 55 have noved u
slﬁgﬁ?ﬂy%ésgﬁﬁH%pgﬁb 5¥¥$ﬁ§m£§?é§ §?B%§ﬁ895 Blgﬁ PRepunch.
shebte @f fidwr dppiosy terdlides dbwebers! it BBERLES1LY the
l'ips 55., Thiis displacenment of |Lip edges 5la and 52a
rraf‘%’@ gt ity &&&f width is small enough that the material

on the opposite sides of the slit interengage during
bending. The same reference numerals will be employed in

FIGS. 4A-5C,. . as were employed in FIG. 3.

Thus, sheet 41 is shown in a flat condition before bending
in FIG. 4A. Longitudinally extending slit-segments 51 and
52 are shown in FIG. 4A and in the cross sections of FIGS.
SA-5C. The positions of the various cross sections of the

sheet are also shown in FIG. 4A.

In FIG. 4B, the sheet has been bent slightly along bend
line 45, which can best be seen in FIGS. 5A -5C,. As can
be seen in FIGS. 5A. and 5B, slits’51 and 52 have opened
up along their top edges and the portion of the sheet
which extends beyond bend line 45 was referred to in

U.S. Patent No. 6,481,259 Bl and U.S. Application Seriall
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in connection with the sheet when it is bent to a

greater degree, for exanple, when bent to the
10 FIG 4C In FIG 4C it »tasme3/030248

seen that edges 5la and 52a7have noved upwardly on

supporO/Rg 6r 836s a51h amd 528 50f pgheel 41, On_opposite
N ?érs#Pﬁiﬁ@g§50f

ScdesiQ d line. 45. Thus, t
cont act ftgg? gﬁtg‘déé§eglﬁmﬁﬁdlls€atanﬂnt tiei 9PRES1 N¥at ion

sGppélt bagréseese§lboagd 652b pf-the slit. during
e8 Posng f_P‘ét E&méll @éeojc%‘ﬁﬂim kvt tom

bgng n%. Th%s slidi ng conta

| 5cati 6REeHnP&a anded ué i 51PNt 5 DM DEPASESEy S‘%Fgei .ogf3hltly

cabbngl sheHelrt | | f-].ongi tudinal slit segrren

and 5%_ are for%’g% ﬁ‘%c?%) %Jq%a‘%@ FPaH tesighiadts o the

OPYORF e s¥irdes of f bietnel $1ine o;?p%siac% shown 4 £l G A,

i b Ng- SUHAG . allu‘sﬁo can be facilitated By 2°- This

| ubricant or by adtesT orlascaidai?e mayi G bR tkhei Loy

St t¢annaqt i handi Rhe ShERG r;”%%%l t of, this structure

Eg%gtlj%t tthere are two bending tul ¢Fuds $AL Sobaapdeater
. 52b "SfalEdmRl Sequhien Bestanceshtr pak iR, 00, .

@dpasidice sides of, bend line 45. Lip edge 5la ang"”n in

supporting face 51b, as well as |ip edge 52a and

supporting face 52b, produce bendi ng of bending web
lies between the

44 abgut 4 Lriu ul crum t hat
actugl fu C¥En§lghd£ﬁﬁF?e%et@ﬁ@e¢@¢©®d516)iﬁﬁ 52a have
Sepedi wpesedly over shspert 004/ 028937
%’géé?gSOOS/ 030248 28 The Wné “%es Bid 22D afegreet 41
endPy 5ot 495 G bardl itk oupr espandi r;;gleqeo? .
settadNodAveen Ldges %Afa erléiz he seen, ‘sheet edde 83409
anlgl bott om si de or® surt&cé ézr‘?'o\ﬁnoblt@_ei Ppposiggged
VIPRUSH 6, Tages drld supp@Aed s B3 %ﬁrittl %lt‘lﬁxn 4
1ngglgﬂﬂ§§%g%kgtlon tq, .supporting face @FP@P ing.
SA. ). St ISAY Cteddd Iobs andubotihgmasun bage ; '
are eonidi 88i8n§ which
quidistant on opposite sides of central bend line 45
if longitudinal slit Segments 51 and 52 are formed i
n
equally spaced positions on Opposite sides of bend 1i
45, ; ne
.as shown in FIG. 4a. Sliding contact also can be
facilitated by a lubricant or by adhesives or sealant
s

prior to their setting up or bonding

The i
result of this structure is that there are two actual

over bend line 45,
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now engages and rests on face 51b in an overl apped
condition (FIG 5B...). Bending web 47 will be seen to

whasa/obmen pl astically deformed or extended al PODUSZV03/030248

upper 10 surface of the weh847a and plastically
ressed .al on wer_surface 47b o 47, .as
o AT eRh I, o8 & 905 depTeRn b eRent Sc SRart: of BEC. 4D
Fl@nd4Boﬂ3§%pddaﬂﬂ§Wdﬁ8§% @lecthenslBasheesc nanel X5 will be
portions 55, which extend over the center [i'ne when

thé%ﬁ@eeﬁh@?QNQQQe éﬂ@ Rof Pestiong sédesagpenrifage 52c now

facgs g C n a
support urlné %% ben e%%h%ph a%?e?ﬁgtgﬁggg§ggd EQ
bemarﬂuatiyrmwaniapmaﬁ gelattion $bowauppothéndramp6952b

o) O great r-eci,Si on | ndi ng or fold

d*é%@ e 'ven aF&VdegdgFrggFuFQ QQFQW s08face sic
reskﬁi@m@@g@@ %m@a&e%Q@cpa abcetB@bb@ﬁdaaro§ek@aE§ed

mut ual | y perpendi cul ar directions Thus a | oad
(FIrgnRagkion) (GIG- B8 .suppor BeadpBowWwER 4Bendilhgbeebsen to

Sur%xbt%%e%V a@ngglﬁ@ed%? %méézOén%xﬁgﬁggﬁbg§gngoga upper

e 52c n supporting e
Lbsu@ﬁb@e SE. thaMMdb Hdasappdoplledthhygadigr bappasdsed along a

t d f
SURGYEE RYTEAcE 4T CinbBPnddrare BERG: holHshEaked 8o FIG.
Th5€ is.referred to herein as "edge-to-face"

engagenent and support of the material along
substantially the entire length of one side of the

sl il Q%et%%ﬁgﬁggﬁhﬁkl%boﬁg F?Ebsﬁﬁntkﬁk' éﬁﬁp?ﬁibﬁ of the

| engt h of t er side of slit
appheemateanehab pofrtsbest 581 whiehberted® 2084/ OR893dnter

P LUSZO 3/033 2% Qr f %ged b nore than 90

dedr@&s "hEGgddes Phegha 1525 1hbul 8L PPY LESHERJt AR Supporting
fa@%&eglﬁl%n@n@232@nd TBQSU@Q@Enﬁéthacéuéﬁégﬁéméﬂg &f

52c woul d be supported by the |l ower edges face

an§uppPRrt| duriads ket begdpenhip) méternatas9glong the bend

line in the configuration shown in the drawing, produces
greater precision in bending or folding and gives the bent
or folded structure greater resistance to shear forces at
the bend or fold in mutually perpendicular directions.
Thus a load L, (FIG. 5A,,.) will be supported between
bending webs 47 by the overlap of the edge 52a and bottom
surface 52c on supporting edge 52b. Similarly, a load I
(FIG. 5B, ..) will be supported by overlap and engagement
of the edge 5la and surface 5lc on supporting face 51b

intermediate bending webs 47.

This is referred to herein as “edge-to-face” engagement
and support of the material along spbstantially the entire
length of one side of the slit by the material along
substantially the entire length of the other side of the
slit. It will be appreciated that, if sheet 41 were bent
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5 degrees the edge still cones into engagenent wth
the face alnost imediately after the start of

wheodiongy37 but only the edge engages the face.pdhius2003/030248

support of one side of thedslit on the other shall be
de t-Q "edge-t Q- face’ ngagenent, and _support _as
use ;jan]t%%esb eCl riecarﬁagln%gnéiee?%e%ﬁé @Idgleﬁs.s‘iﬂsa\%dl IS%"‘1 would

be ldeftcnighexf thathei Mafdear 51moRmdl Fby andegheeubgRdseath
with full support of edges_5la and 52a by. faces 51b
car® We 365+ M J5G woyd S he SheBeriedakyl E8e wAKen edges

ar e Nctac DY gl 80%.t a1t %es:%%%'ét 13 %hltebge?gigglg{.han 90

straps or webs 47 have residual stresses as
of deigragsc tdef dugt isdid 1l lagdmalsi [iotohengkigemeosugéthathe face

i al Al f d be di.r I
CodarRlr s AR g t2E, RS B e b4y R BBenbur only

t hechepreeRgnterigagest itbie, fTah:g.Sl iTthﬂ([;&pb@&ﬁ?dfaBﬂe slide of
positioned so 20 as to pr ce_an edge-to-face overlap
whidiE gridvi #2 §?’es%i’€£ms?‘éllila5’&i fesRed &er bRgi'Rdge-to-face”
t he rRAertntUGHE uRpeirt bhe uskiengt Rngf i ficat]
structures of FIGSP%f,rlA and 1B andah%Asggngé?a&ﬁ?ghand

ar &hsasdd@ imson &envwddtli bealkdesiciribedghereigabfberngnon-ninety

ge I es. e di st s _of the present 25
i nve I%gh%%ﬁége g@tFﬂg}eFFgﬁar?h8%b88§e§ogg§ £8dpaff by

or faddeanmslbheasi tes achithedsbiyt siit@ieggehtoshaée at angles
en enment over substantially the entire bending

pr - aZgg Nt e 2OcAgISLeEhEOhERE, SBOBE -

substantially the entire slit length. Pre-loadi ng of

the bend by the residual tension 30 in the strap al so

t eMdrs leo benehiagt stirbpat ponwbbswé@nhakie rebitluetigstresses as

whi_ch_ i re-l .against _the face i ch.ac as, a
M T L MAT L N LR
PC¥ Y5pB@an83a2480r8@oNbbEOYRE, behacRot heoeBgeq: aegt 1y

interen%aged W th the faces_ over a substantia
poFENEE6f tOREtPERGER bhet Réisrbaged beadingasyptiempof the

W blreR@bhtChugBnehohUr ther sphast bead! k¥ rmed and positioned so
as to produce 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 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 engagement
over substantially the entire bending process, and at the
end of the bend, over substantially the entire slit
length. Pre-loading of the bend by the residual tension
in the strap also tends to prevent vibration between the
slit edge which is pre-loaded againét the face which acts

as a bed on the other side of the slit.
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def orm bendi ng straps 47, as is the case for the prior
art 5 slitting configuration of FIGS. 2, 2A 2B

wahoadiongy3nf the present bend is inmedi ately sSPOpUS1088/030248

by the edge-to-face engagement produced by the
present i nvention, rather

litting techni qgue of the )
T nalpniten B the SoaesheERoARt LSRRI L ahokhef faces

a toMest @d b thinthla) Por@seed o¥0 thkr aBng@h beSYhbSshits,
the prior art configuration of FIGS. 2, 2A, 2B and

t hdaads ila enpdaly Wbl i vl iomsiTmr dwddieremlastically

e ' ral l d qr a r Slit s, of e

o Al e BHTER) S ERRRT o 25, 250PRE) §re° chborfln, Phfor art
addnittagesy denfdigu rattd dnatodr &lIIGSosR2t, i @A, 0RB.t hkoading of the

o R Ao SaP Tt BTG B P 2958 co-race
Wi tdhgddeendn®s Wrioduala Hyeth%ngl%klin@ce@Eha@aPte 8f the

virtual” fulcrumas a consequence of fwo actua
f ulrRzasen t2 4 neguitdiost ama tthegmt handmenedgpbyi thescdess

O 5ddt N0 doricr 1Y 8 REGIES 508 B8RANNGfeANGRTy OL b ressea
el im nates accumil ated tolerance errors since shit
posittriagns asamrelsalter in hecipsdby aaht cohffédubytion of FIGS.

cutti devi ce whiich j.s._driven _by a CNC controller.
25 41t r%'sg\ésﬁ&ﬂ &he G|3r<5§llé6‘, etthétl'%@gfygﬁ‘a?@g' normal |y

bend by indexing off an edge of a sheet or an

exi sting bend, or other feature(s). This nmakes
beddiengmpoddneaiglearloving lakesrldsgetepredr egsptaggered
di ffi.qul t hng ress . . 30 ndi recise at
anévés%tgfgﬁb%fggfgﬁg sfgggﬁﬁﬁggéhggfgeggﬁe( ﬁ%ﬁgégr}“
carsubstantdeql aslvadtgadi.| y Figsng the lpteseltposition of

slitti pr.ocess. .Additionally, the resulting_ _bent
Shéde ﬁ%§g§38995ﬁtlilé(l i FBGealiéFréﬁgF‘ﬁn’éﬁa?ﬁsEnd 52 can
shear r%%q|s%9¥aﬂ@c|aQ@@| 06 8heRJsAHEUBE! ¥eREr PEAMI 85! afith
WO 2004/ 028937 PCT/ US2003/ 030248 31
the result that the bend will occur about a virtual
fulcrum as a consequence of two actual fulcrums
equidistant from, and on opposite sides of, the bend line.
This precision bending reduces or eliminates accumulated
tolerance errors since slit positions can be very

precisely controlled by a cutting device which is driven

by a CNC controller.

It also should be noted, that press brakes normally bend
by indexing off an edge of a sheet or an existing bend, or
other feature(s). This makes bending at an angle to the
sheet edge feature(s) difficult using a press brake.
Bending precisely at angles to any feature(s) of the sheet
edge, however, can be accomplished Leadily using the
present slitting process. Additionally, the resulting
bent sheet has substantially improved strength against

shear loading and loading along mutually perpendicular



axes because the overl apped edges and faces produced
by the present slit configurations support the sheet
wa@gai4/n38937 such | oads. 5 As can be seen, the enPOUUSBEING030248

of the present invention, 3as shown in FIGS. 3-5C. ..

ProT Uoesaps ect lsé bl deTt) o} r 47 which are

Subst ant i a‘%]l%#per pendi cuflngjr tdgﬁeaqpqgéc‘r?d:q% RFodycel &y
ori et Ao 1% Heonyerati neg isimsa psipporad UeRS sheeot gainst
signifdLmnt pl astic el ongation al ong the outside 6957

top surface of the strap, as well as significant
conpression along the inside or bottom surface of the

st nd_ occurs on the relatively short
per(%grn ;E(r:]ue%‘r%’stt%z?pf RAAMERANEE §hei baesentt bhaveeadsn,
1-1B, but in

agf shiowe pder paodi.cal-ae strap | GS, _
" the | E'SSaofédg%ng anelPior ubRRELnGt @f
8

SE&GS. g 5 %C
"AEEPI Gdki*Rg ChoRTRnEEPEhgRLEELE ¢l B rpashi Byt Ny ntq%e
btagelehet hesgkthe r increased bend strength:
pgggngi or _artigp%?oggﬁggﬁéﬁﬁo? nole’&‘? berging | sttapd he
86i AggBifapanBippasedd &bl syd e, be ' and |
ofegylht §ur£9c8i gPiA{i cant plasti CIQ%WE?x?n%‘ﬁoJle# o%}ﬁatqwlde
of the straps. % THTaP plastiel t vists ingn idefeyrat | on
cemnpne $ s tamt & Yoigd af1ge Si 4 ' tructure of the
S{Rteri a* ar ounlg@t he blen%hedeﬂo‘r:fre.%s KTV face af spe do
HotP f ul 182 1R Reeuzaern hde aelesiitve 1S d83,@f the
ation over the length of

peaeeidi A ) ged rel
the sli ts%trglﬁaeé‘%ﬁlqhgar P e S18HISdi fentthef bENES. of

the Rerpeni atlaap sticigs &N Fgsvaniged Eggeggn?ﬁggl y _of

Sd,het]j%gg i stance between slits 51 and 50 -3
greater TIRx?bi?tt97¢ plrns gis dfudies hiend Sﬂﬁt@ﬂ%‘%ki&@

orcdmthe caghi I | endi ng. of sheet material by
degr ees %laag%\g:gﬁl\gfﬂllfﬁggﬁgt %gpnthﬁeféfla\mﬁgthétoméf

Plpgefgar éneoeaskalt bemastteénghg, advant ages descri bed
in all enbodi nents of the WO 2004/ 028937

PCT/ US2003/ 030248
The prior art approach shown in FIGS. 2-2B orients the

?onnécting straps 34 parallel to the bend line and results
in significant plastic twisting deformation of the straps
Also this plastic twisting deformation significantly .
changes the microstructure of the material around the bend
line.' Moreover the straps do not fully tuck or clamp the
Opposite sides of the sheet into interengaged relation
over the length of the slits. Still further in the
embodiment of FIGS. 3-5C the Strap width can be varied
independently of the jog distance between slits 51 and 52
so that greater flexibility in design of the bend strength

can be achieved.

While bending of sheet material by 90 degrees has been
illustrated in the drawing, it will be understood that

most of the advantages described in al1l embodiments of the



10

15

20

25

30

32 present invention also can be realized if the slit
sheet is bent by nore or |ess than 90 degrees. The

wo 2m4wbssh extends across the bend [ine will BET@S2003/030248

onto and engage the opposi3ke face begi nning at snal
bend angl.es, and such 5 support and.engagenent w |l
corﬁﬁensueg“%tlrf‘éer ,oré(?ltfé’gr‘%% LS lfse,alk}é% &ESF@& slltlt. sheet
hasi desh i apdndfatod he semrodin®nt delgreleES. Fh2Clip Which
best suited for use with relativel uctil e sheet EO

materiends aErese the and éComdd lhaddee on§ol agd engage

ducty J 5 ' I Rr I

et A BT N aoa e T el Sind ApbiRs, and such
6- 8Bippetti tancheromydmpurtatiidd icongripluey edt Wairgle ,t @0kslegree
or .15 CH%%B% thg%sheet materi al into interengaged

relpéﬂsdn 0 1P STes of the slits, and al so reduces
bending strap plastic deformation and the residua

stress in the straps. Moreover, this enbodi nent al so

al IIBwdhashdean dpuwidithato thse epoddmentdeoge fd6At | p-6€~ is

the j di st apce between slit Q_and to have the

st P S R i e HedardoR s Ref3df hesbend
i netdferidess Sid asfe eReelilanalbeedne’s hRedecOBRAEC LS
portions of the sheet of material on opposite sides
of AW Pehd 3 isReoh erbdigiend dtr ®FekkireRdi-s obl i que
to the bend line is enployed, which allows the strap
| ength to be increased, as conpared to the shorter

berdi nthesteradpslioferfl @3, theS@resenk| dstvientdehoshawhodn FIGS.
al so j.s acconpl. shed i art .by .twisting, rathe ha
ouri9E By DR e Ry 184S g oppashhach tichs or
butcltdhgp Annitsifet Wadtdiigli S ndloeahl rehgdyeddredstion on
conpared to the parallel straps of FIGS. 2-2B.
MorRSversidafe Hfattdrd H1litisps apdl ggesiredusegebepflipgestrap

o 1A D IR OIS ASERS serape.
Moreover, this embodiment also allows the strap width to
be varied independently of the jog distance between slits
and to have the strap width increase in both directions
from the bend line for less stress concentration in the
connected portions of the sheet of material on opposite

sides of the bend line.

A bending strap which is oblique to the bend line is
employed, which allows the strap length to be increased,
as compared to the shorter bending straps of FIGS. 3-5C™.
Plastic deformation also is accomplished in part by
twisting, rather than purely by bending, as is the case in
FIGS. 3-5C"", but the amount of twisting is greatly
reduced, as compared to the parallel straps of FIGS. 2-2B.

Moreover, the material lips on opposite sides of the slit

are tucked into interengagement with the faces over
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33 virtually the entire length of the slit so that
substantial additional strap stress on | oadi ng does

waooebo4oo6ur. 5 Additionally, in the enbodi nent pehvuszuos/mm30248

FIGS. 6-8B, the slit confisguration produces a
contjnuous sliding nterenqsgenent bet ween materi a

n Goplddd by sikreRtixgelength ©fjdhien$ Wendinghakhi ch

lntﬁﬁﬁﬁﬂﬁﬂﬁf t Ae t
m ddl e tomﬁt%@%@ﬁﬁ%%ﬁ% 10 o?dor%gfagl gqé;t fa%es not

t hec®styls act as beds for sliding support during the
bend, which results in a nore uniformand a |ess
stressful bending of the bending straps. The

entrodt inteindn 6ls] yshawn tine FInBSdie®B, shivamefior eszggan 6b@B the
use mnth heet material that is |l ess ductile, such
%ﬁ?Qﬂx?FQﬂqﬂﬁﬁuﬁn99“té@@ﬁu§oﬁéldlng

Cerﬂ{Hecxse @d’lﬂarr\/ér{@ pethldeth o
ReferrlnélspeC|f|caIIy to Q%E%%qéiggk g% %eé? Fldes of the

materitd dupding dandinent “@noﬂuolmé@rueslgfageneahtvvptrbgaesses
pI Lgl% égéych%f SZ.I.(%JJ qﬂ% It l{%‘ nal; lé%i(l’. ;grv]vg:r §4§ngg| on"gl‘hg faces

fining ™ struc ur es,”
ben:(h ldree 4t Hadthe Qi‘llS‘Jsl et243 Qléﬁlsoﬁdr' % 1ABY nB€support
proyvided with enkgrgv stress relieving end openings

9j % T R it§5Ul5504n Ghmerewlnt fosndand a

Caq&ﬁxﬁQM:%kkﬁﬁﬁ.Qﬁﬁﬁﬁ 2 r nto
slits 243r dependi ng o%g:%g §8§ ?%gg§§§r§§?F8§ ofTPﬁ

shé@@odwﬂanﬂIaﬂuﬁmmmmlilﬁ§G§llﬁsBBt thereénbedluantbe used

of Fl n noL  st.ep

coﬁthﬁfé%eﬁnqgﬁghnﬁgr %ngdglﬁﬁsﬁeﬁa ﬁé ﬁndsPﬁPs??nBeat
oftnﬁﬁuaﬁyﬁgﬁﬂn&h&ﬁmw@mbe&demgSSbbﬁESc%é%m@@@%&aﬁdTﬁlth
virtya u crun1super|npose on ben i ne

cotfigled isheeten®fpdeterdnilng of the slits, including
selection of the |jog distance and kerf MAdth, al so

causes the sheet nmaterial on opposite sides of the

sl iReferg ingclepecitfd cadty to FIGS. 6-8B, a sheet of material

241 to be bent or folded is formed with a plurality of
longitudinally extending bending strap-defining '
structures, such as slits 243, along a bend line 245. Each
of slits 243 optionally may be provided with enlarged
stress-relieving end openings 249, or a curved end section
249%a, which will tend to cause any stress cracks to
propagate back into slits 243, depending on the loading
direction of the sheet. As will be seen, the slits of the
embodiment of FIGS. 6 and 8B are not stepped, but they are
configured in a manner producing bending and twisting of
obliquely oriented bending straps 247 about a virtual
fulcrum superimposed on bend line 245. The configuration
and positioning of the slits, incluéing selection of the
jog distance and kerf width, also causes the sheet
material on opposite sides of the slits to tuck or to move

into an edge-to-face interengaged relationship during
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into an edge-to-face interengaged rel ationship during
WO 2004/ 028937 PCT/ US2003/ 030248 34 bendi ng. Most

worekpe@abt y edge-to-face interengagenent 0CCUPET/US2003/030248

t hroughout the bend to its3gonpletion. But, the jog

di nd kerf can_be selecfed. .to produce edge-to-
fa?%ggﬁﬁé bn&éﬁ%ﬁ&ﬁ?%ﬁﬁ%ﬁiﬁ 9 ?5%%ﬁ%9% Hq%gqﬁ%qigement
whi edcirsv tHrdwedttbu® 4Hs WehdPreriise Remblre i chNUS BudS the
used herein, the expression "during bending" is neant

t o JPhF ISRy AND-feide Gait AempdGsient tar Parpluseagdge-to-

of ¢ . i t i h d .
descéltrkig}ebe}JEJIJH)Cinér%el:r?&l s Gé-Ig:B J@n@%%&?%&%%o?@t@%p&?d’ which

t heviobl i efnd st dgsswie tpreciaehddindgmgs ofTh&is§Baandsed

9- comhi.ned. w t h st epped sl i.t

con %%l?gt iq%lne O{Q%HE% lv&on- Séuhr%.n%%)ﬁg!%lgﬁe d° 660 &P

t heireridsieofeddee- tst-efzpad islticdreneryeheneblaitquayOostdBe of the
curved, As shown in FIG 6, pairs of elongated slits
24§’eé}de' preferably positioned on opposite sides of

and proximate to bend line 245 so that pairs of

| ongi tudinal ly adjacent 20 slit end portions 251 on
opﬁ‘gsli]tee thid 1mean Ysersdrovinn@ndddeisge ithedendi B§GEeb6-8B
splj W oSt T , i an, be een to, _extend
obl‘%r{%}ﬁe%)&oa%cra%%s%%éntf%p%%d&gbe" %’ﬁﬁ&ﬁg" SLLARS of the

" olsnikopekiimen't sao fwid-8 Ebanex P-aioae dahnbeDEemBEhall wihehovhe
i n connecti (1n wth FIG 11, shall nmean that the 25
| origiTRGh &L lopration cfeFdEPap3cPbsses t BBus, one or

degdied otb@nd ldnde ale %@eQQQEE %thﬁiEgaEagobgeg5f§SUe or
Thus, each slit end portion El di verges away from
besdrviede 245 so that the center line of the strap is
skewed or oblique and bending, as well as tw sting of
the strap, occurs. 30 Although not an absol ute

redusi istioemt iho Faftf.eqt, pendisneri Bloagsoedanceryi phst hee

pr%&%%%rgg inkbggtibké@ g% ggpgggge 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 éonnection with FIG. 11, shall mean that the
longitudinal central axis of the strap crosses the desired
bend line at an angle other than 90 degrees. Thus, each
slit end portion 251 diverges away from bend line 245 so
that the center line of the strap is skewed or oblique and
bending, as well as twisting of the strap, occurs.
Although not an absolute requirement to effect bending in

accordance with the present invention, it will be seen

that slits 243 are longitudinally overlapping along bend
line 245.
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that slits 243 are |ongitudinally overl appi ng al ong
bend [|ine 245. WD 2004/ 028937 PCT/ US2003/ 030248 35

wdnbdsloessstits 31 in FIGS. 2-2B and the prior ar¢T/US2003/030248

Gtlin, et al. Applications which are parallel to the

be ] [ re I nj ng bending straps 34, the,
di \r}%}igie%eﬁc}ft% @ aisr} ﬁfs%’egmg fri%or%%oqgr%"% PhéCFagrt citlin, et
resul t Appl iodd ti igire, bendimagre HParalddihalo dbeN®end line in
require the extrenme tw sting present_in the prior art

of ch}eegreg 2% ng gnsiigg aqt_ra&§p|3i4cattihgnd1vergence of the

Moreomed ,2 4 ef kliny HeaRNA8 ff A9 b4 S ri?imogtq.?%gléai Bending

245 results in the MAdth'dinenS|on of the s
i ndfteEERghat dhaoh mgsigenidet ewtiemehéwietdngderesent in

Oftﬁﬂf : . [ icreas] Wi .enhances the., )
trans z%ngﬁ;fgggfﬁb¥§§¥gséﬁe§%ggﬁ%ﬁgkgéna§ tgﬁreéﬁgélcatlon'
st rl\gsnsemme;wreﬁtdimwg@tmtet Ag)f isrlciltﬁassz ﬁ?@Ubeﬁd line 245
resi stance .o e straps,. was the case for the .

fi rrs‘%s"gl;{‘osodﬂmt&ﬁ v glimepsips Ofst_%PePéFasﬁylﬁgweaamg as
Wi dife Gt dnnedtd Wik E%%n§%%b§%db99ofdb§E@@Cg41fo This

across the bend |ine between slits is dinensione

pr ddFEE AT sHgdde fahansiessithet transfieal ofodoceppogi beross
Si Lit s duri bendi_ng. sli.ts 243

can B Helin S £ SoAEF Rt g Rave sbigRprantyolszand to
Zerimdeerfse drattigey cesikawece gfeaher skeapswhi ch stil
produces i nterengagenent, dependi ng upon the thickness

of the sheet being bent. Mdst preferably the kerf

W i Was thet Blseatrelh EB@”fﬁQ@ﬁtegbgdgﬁgﬁﬁ,tgfiF kerfs 243

material thickness, and the jog distance is no
gr @aedenabdy AByet a1 wodtihngddémepEiphe, mandrthe transverse jog

hi nbodi f GS.
e R Y18 AE ReR 080 bEnt! i no

248limensliohe24 3tol bpoddbd shidesnghgeindes YP shéa€ematerial
255 of a tqngue,260 on the 30 other side of slit 243
i f PhOPRESH Y §LASSnALj 6§edSethficduring bending. Thus,

slits 243 can be made with a knife and have essentially a
zero kerf, or they can have a greater kerf which still
produces interengagement, depending upon the thickness of
the sheet being bent. Most preferably the kerf width is
not greater than about 0.3 times the material thickness,
and the jog distance is not greater than about 1.0 times

the material thickness.

As was the case for the embodiment of FIGS. 3-5C. .., a lip
portion 253 extends across bend line 245 to slit 243. Lip
253 slides or rides up a face 255 of a tongue 260 on the
other side of slit 243 if the kerf width and jog distance,
relative to the thickness of the maéerial, are not so

large as to prevent contact between the two sides of the

slit during bending.
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relative to the thickness of the material, are not so
| arge as to prevent contact between the two sides of

wo b@4/038931 duri ng bendi ng. WO 2004/ 028937 PCT/US2003/030248

PCT/ US2003/ 030248 36 If tie kerf width and dog
di SIANCRe aker 50wl 3t WCahHA og CONS B DA YL tG-dd Rpat

portion 253 and face 255 0of tongue 260 does not” occur

t heCBRhaCbrbebveed theelimiPorsion |25hare samee 53 kef tongue
I Mpp ey edoskr t f obligue 5 bendin _
straps, %%% ?ﬁgsﬁ%ﬁg¥ﬁ§%§%%@t%§réog¢leed oS J‘bllgll still

f ul kavesséwe dEndhegimmréned dershigih aldrhbens ldMeblique

2451? bgcorres | ess predictable and precise. Simlarly,

' REISTRY SREERT 1 g S TR S e G 4B no actual

whi £l éounst foPesEidaie $drauah vdirisheeh &g %ﬁ{iﬂ'ne 245
g

the grooves will 10 define oblique, hi'gh-stren
berlfFFHRT rkpEs BRrdidqhl®-anhawrastist.ng Sdrlillandly, if the

oc : [ t oQve i.5 .s0,.de as
to%%%? rougﬂ;S dgl}%% endiarn}ge ac‘%rtfo 5ec &h3q p.do not
TRlISe,bn@gmm_ dtb’rmrgfd!nltl&f mdwowmt@id itaeﬂb‘t%isem%&b%v%fs will
t he, bendi ng straps .w ave inproved stra

st rEHgte ecgae%q‘?é)'eableqk{'o{{fra?@@tg&’ﬂﬁ%%%%ﬁ@ﬁro@@@r edge-to-
Ancidwes 1 ablmwihiIChob Idod BSAGAERS Minh ua 1585 rhe
width that is too wide to produce interengagenent oft

| | EEOHE i t3P RS a5 % b negkgidgoRgh idurtihgt behding and

regddan peant; 20 t rial, will not have.a |i
edge support%;[dl%n ZIIB%S ‘i {ﬁt glgécf%lgnloésgltvﬁég%ﬁ&yi §rg°"ed
r eleattiodsimerdxt rogfimeheo bemding defrhape &ismmhhkvar th%‘;ﬁved strap
angsl e between th_elétwo sides of the bent sheet.

ion

noted 19 b MYESt itdn SHIoER tond agei Bending dppst nag occur.

approach, this wll result in inmediate further 25
stressing of the bending straps upon |oading. The
pr B Bl Lest wWhd chs widdebe Bssbhéasedapith a kerf width

ComME hah P D py AR BB D1 L 2o

di stidc &atoesb@ SSelodctedguesi R0r €s that the resultant bent
sheet material will not have a lip edge supported on a
slit face, unless the bend is relatively extreme so as to
define a small arcuate angle between the two sides of the
bent sheet. As noted in connection with the prior art
slitting approach, this will result in immediate further
stressing of the bending straps upon loading. The problem
would not be as severe in the strap configuration of FIGS.
6-8B as in the prior art, but the preferred form is for

the kerf width and jog distance to be selected to insure

interengagement of the lip and tongue face substantially

throughout the bending process.

It is also possible for the slits 243 to actually be on
the bend line or even across the bend line and still

produce precise bending from the balanced positioning of
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I nterengagenent of the |ip and tongue face
substantially 30 throughout the bending process. It is

wa@bkea/opsyssi bl e for the slits 243 to actual |y bpCcDUS200br@30248

bend Iine or even across th3 bend |ine and stil

Pt A 280 7oL oEu bR RGBS GultE P T e Y0 253
fulslmrﬁ@céseﬁé&l@mgi tw(xje mogest il [dimRGEhtaR)d difglits 243
i.sa

real on ofenti al ant age of its 243
bor i 0 e L ST H o ddns2 4% ihdakn an air-gap
al Me @aPd Mhléﬂnrﬁé@bébrbeéd@aemfﬁﬁgﬁuc?&@@dzﬁﬁce MPRir-gap,
An air-gap, 5 however, may be acceptable in order to

faclPW%‘éﬁJér %@ms@amem%%gm s mdo Seidritege
%%ﬁé%ﬁ&'ngldfﬂ 'fbeEfHd 98P der 1 "gﬂ%égive fllllng

ventln It p03|t| ning to'create an dir-g
desor abf earf emt tirgapfis hieginesknfor iverdnirigan \m;art pOSltlonlng
subsequent, bend rei nforcement,is, e

| oyed.. 10
RS | R H vt o T P 18 g S e oo G Heaf Ghe present
of itvent Dol es | oS SgUENEBIHS 11 ey deefadd risaleknployed

%€$es of freedom except rotation, on the connected
oslﬁo‘é%‘fﬁlitorﬁr B e aof “ﬁlldstﬁﬁmi ItyD ddfegemad 1 of

St Fr=108 Jf]J % 1@1?|§@q Ol F 36 5ld LS fl I'ﬁt degrees

cross t i'ne*that produce edge-to-
enga@eﬁm&ﬁdwmif&xnepn1nnvatxyno dﬁ(ﬁﬁe'ﬁodﬁed&édﬂ&dn&Bor

illustrate the sheet 241 as be t, t a 90 degree angl e
Al SR BErtP 1T TS TSR Pt Aty B 140 deEoF TR BIEE3P 247

8A BNdi SBi1 a9 pasd e edge s%':'aﬁeofsllllﬂ% 233 thagoss ItﬂeUBend
on face 255 of tongue 260 on the opposite side of th

sl &l%&hast i RRERAUIR) RAXP divd Eaqsp Sngag emeaiteor thaut an air
vegiéy force, F," therefore, as shown in FIG 8A is

sup ted by the overlap of edge 257 on face 255. A 25

hori zontal force, FH, as shown in FIG. 8B simlarly

255tlIG§)e { esé St8e£‘9 br}/d tg%e i eurslta ate t degesh%ese?: %rl]l 1f ggebent to
a 90 degree angle along bend line 245. As best may be
seen in FIGS. 8A and 8B, an inside edge 257 of lip 253 has
slid up on face 255 of tongue 260 on the opposite side of
the slit and is interengaged and supported thereon. A
vertical force, F,, therefore, as shown in FIG. 8A is
supported by the overlap of edge 257 on face 255. A
horizontal force, Fy, as shown in FIG. 8B similarly will
be resisted by the overlap of edge 257 on face 255.
Comparison of FIGS. 8A and 8B to the prior art FIGS. 1A,
1B and 2A and 2B will make apparent the differences which
the p;esent bending method and slit configuration have on
the strength of the overall structure. The combination of
alternating overlapping edge—to—facé support along the
slits and the oblique bending straps, which are oblique in
oppositely skewed directions, provides a bend and twist

which is not only precise but has much less residual
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Conparison of FIGS. 8A and 8B to the prior art FIGS
1A, 1B and 2A and 2B wi |l neke apparent the

waolbdiee®ares whi ch the present bendi ng net hodrandsmhs/30248

configuration have on 30 tI38 strength of the overal
strycture._ T nbi nat i on al ternating overlapping
edg%]{eS% aacngglfp(ﬁb aﬁ t?hé:haéll ﬂr&O&n&%ﬁﬁél&ﬂ i que
benﬂnf&igﬁﬂ&ﬂxbnsMwﬁmliyﬁbdﬂaé que in oppositely
skewed directions, provides a bend and tw st mhich is

not only precise but has much | ess residua

2004hRR057 FIHSPIIA02A:3]. Shusss 0 gﬂbgg%e

strength t'han pri ittin config tlons
pr mtmw ncikemqugneﬁ ttloe aknhnéwegnﬂhyapf itRe

OPRRRIE R o o P e Bl IOh A EET 1 RACNLREe B s an

sha@bt&@bucsmytenl%qtr@am@rﬂat@rb&bw1ﬂbt%En%h@ §E§$b”9
of the strap Iongltudlnal central axes tends t

cancBii bl NG diee: RadSr Fal CRBCRSL stress. If the
'S%%%%Q'%aﬁgﬁ?ﬂlngso thgggQEbge élgkghﬁﬁ Soknghglobllque

sane direction can use te prereren
gr&ﬂﬁa@ﬁfe@tghﬁnsﬁme GErecitabn cAhtbenasbmety,négate
the straps in

% %%%E 3:ﬁgﬁgggk%sﬁggﬁcénrgpﬁtmégeréﬁift|ng

al@ﬂge&hatbﬁ%dﬁ iE@roﬁsthoPQEtbﬁ@%toﬁaﬁg§1§mee5kéélgg of
opposite sides of the bend line, which shifting can

usé&eféﬁrﬁpéd&@|ﬁ@easp@@kﬁhgeéhgageﬁéntpﬁpdhca thladive
I h t r t b and
Pn§2$5F§#% aﬁ%nﬁgth@ 8eha ?983 bE ﬁﬂ%tsogoaa%%dof ghe sheet

anount srde’s
Th@ngeppesnyeoﬁldhe offl thaebshdt $ins, suhhchhahlfheug can be

ben ?grtmnst over a iegkon that tends to, reduce
re5|8ua sPFESYCIRYt Rel8FFAPINEPERPENeRE YhEN pdj HRird plane

wheneht Be ahi intksfeetntBaked 6F LNEaBlLAR SPBPELLEL tion by
to the rest of the sheet. Thus, crack propagation Is

r eih€e@MONBE SO Agdenshift produced.

The geometry of the oblique slits is such that they bend
and twist over a region that tends to reduce residual
stress in the strap material at the point where the slit
is terminated or the strap connected to the rest of the
sheet. Thus, crack propagation is reduced, lessening the
need for enlarged openings or curls at the slit ends. If
the resultant structure is intended primarily for static
loading or is not expected to be loaded at all, no stress

reducing termination is required in the arcuate slit that

produces the oblique strap.

Moreover, it will be understood thaﬁ slits 243 can be
shifted along bend line 243 to change the width of straps
247 without increasing jog distance at which the slits are

laterally spaced from each other. Conversely, the jog
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25 need for enlarged openings or curls at the slit
ends. If the resultant structure is intended

wQreoamessBy for static |oading or is not expecpernusmobe30248

| oaded at all, no stress meducing termnation is
r ired in the arcuate slit_that produces the

ogl HUEPRTT 47 T REMT EBYRI243 tCaR IRC R Ghfdeest G the slits
sl ilengfucain ey ohifted @l g fend ldHe 24 tRrap

change the width of straps 247 without increasing jog
di stiakelness whi v idies kY ihathrgharngssercan yes prcked tior gmsign

ea t S , ' 0 028937 .

PCTC‘?T%z X %ga/dll%{}gtnﬂcg&b\ﬁ@v\eée %ﬂs ARPLpation-

be increased and the slits longitudinally shifted to

mai nt ai n the sgme stra hi.ckness. Qovi ously both ,
Ch TR Y e ade T4 i iF A Vs BidhaRniRd from sLit
| engd hetix et dic@pifd Gatdtthed JeRRIAld1M e e thatl k]ng

of the transverse distance fromslit to slit, or

t wi e Hes dissherrad dio gife 119 1 Ja9 t-he Thendatliionefi $he jog
r ef e, j:09" . T A f .t i.QJ .

di sﬁ%ﬁ%ﬁil%a{/%%{eo t ethrrea{?rgart{e%[latqhi%c lr'?z(glsé si%n J‘tnhé: hfo

pr ef e featreahimdiottimentsf dfheher geestentn\denkened on Wi 1bebe

l e th 1. .Th i,s,. the_ joq distance usually _is |ess
ha A AL dh Pt ciendle %R%&létﬁflé?reeﬂlﬁee ly is less
enbaineiie nEleas diseifcihdsed dinstRRee phatre? rel lreglgédiment

than 0.5 material thickness. A still nore prefer
enfdigteitsel ® ek deash sdfangg ggtdiosrdndessathenod. 5

ap | mately . ter, AN e] SS ependi ng, upon
thgﬁc éﬁ%@tgﬁéﬁéﬁﬁgg% Zi%%négegﬁgicp%ggggfgg 8388 afgnt
t henadiedt hsseofoft lee jstg afistanard rialte okertl agbrersnafely20. 3

The w dt.h .of _hending straps 247 wll influence the '
anﬁ&#ﬁer%ﬁ¥fQﬂ%§ q%g%ﬂ|4§?QH§%H§h&pPHet§ﬁe§ha£ﬁ&t€ﬁa§tlcs of
cane spidi§d c material used and the widths of the straps,

and the kerf dimensions.

The width of bending straps 247 will influence the amount
of force required to bend the sheet and that can be varied
by either moving slits 243 farther away from the bend line
245 or by longitudinally shifting the position of the
slits, or both. Generally, the width of oblique bending
straps 247 most preferably will be selected to be greater
than the thickness of the material being bent, but strap
widths in the range of about 0.5 to about 4 times the
thickness of the material may be used. More preferably,

the strap width is between 0.7 and 2.5 times the material

thickness.

One of the advantages of the present invention, however,
is that the slitting configuration is such that bending of

sheets can normally be accomplished using hand tools or
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by either noving slits 243 farther away fromthe bend
line 245 or by longitudinally shifting the position

w@booufessstits, or both. Generally, the wi dth oPCDbk20gsre30248

bendi ng 25 straps 247 nmosuopreferably will be
selected 0 reater |, n.the thickness of th

% mela&hvegx Y 35 ROHERE S nThRE 5H§eb8fldmg
ab(tlﬂoler e @bqu,t b hud®s flheet Risckpess rabtt Bending and

mat erial nmay be used. More preferably, the strap
wi diH Ste rsetofe derolingand r2ps 2ides the¥ Aat eptahaveoto have

th's‘il‘fﬁ%%enl?qg:é:‘efert '%% advan %%ﬁ%r%fl EEE REEE€%6n of the

i nvention IS that
coﬂﬁnghramumhlcynsumﬂ umamehen¢edgfot psheEEd maphines, such

Lol SER LA M08 MSRIBRLE R ke e wien

r e|s@iﬁﬁi@1§édt0\ﬂo&@\éers©dasﬂt@3 cohlﬂeob;eladenglocbe%ﬁ Beedhe
only so nmuch force as to effect bending and tw sting

of Bsadti ndnstthepPresent AByeasiedr haveves habe location of
sufifjc %gxtd aewonsceoaaerdo 33%%05 thg! eﬁ%gefasof nslﬂsly

5 bend uch control is re |red powei €éd nathin
su@@geﬁsaﬁﬁe@svbmamesonwﬁacb @BénpntbppnauEE|athQ be the

bent f t f L Lh
OBt bt B nd M5ENGT o n T Opr BB CPRYREABATed need only

howy &he tWhe dhocaini @F felct beedbegdofsseeabgomd Ryt
the actual ful.crums, nanely 10 edges 257 pivoting on

fznﬂ?%ﬂ?3Q94n6pﬁés¢P@ §ﬁ@@s oﬂhﬂﬁelsbeﬁerpmﬁéy important in
Th%J fyaitqb eCt %ht%q?hr%ﬂ?%ﬁ@gggﬁgge?nL801Qeaggenot

can e |ng of” straps
posmmwbdwn@vaﬁlaheebeﬁ@r Easpile, exhr eneky bppoet aptin the

| t|on ich high strength power tools
r & ia0e TRt u gt oN, 0 et trae EXanpl BSDFRCBORER Who do
SPaRR Bavieh slk® hfllgﬁl-@oﬁa@%ecehueameﬁtstrwaisé gi18%s low-
fabricators who do not have such hi gh- powered

eqfiggigentshert Pesdian ewsipaents osuehspeecobendahgd
eq@aQ%%%%rdSB%%dﬁﬁgC% C%Q%%§9 bladders, vacuum bending,

hydraulic pulling cylinders with folding bars, and shape-
memory bending materials, to be used to bend metal sheets,
as will be set forth in more detail below. Additionally,
strong, accurate bends are important in the fabrication of
structures in which physical access to power bending
equipment is not possible because of the geometry of the
structure itself. This is particularly true of the last
few bends required to close and latch a three-dimensional

structure.

The most preferred configuration for slit end portions 251
is an arcuate divergence from bend iine 245. In fact,
each slit may be formed as a continuous arc, as shown in
FIGS. 9, 10 and 10A and described below. An arc causes
the material on the side of the slit to smoothly and
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cardboard bendi ng machi nes, bl adders, vacuum bendi ng,
20 hydraulic pulling cylinders with folding bars, and

we bapm2sssenory bending materials, to be used tBCD®8ZH03/030248

metal sheets,. as will be st forth in nore detail

bel gy fgggtd%ﬂyﬂ abrﬁ@gﬁgggf ceunale Jrergdg %owﬁue along an

|rrportant I'n tlono structuresin
physiasteagedds ey ipavieng kae:nchelmgeZS ofquhpneititi andot

ble b f th f .the t t
PO 15, Tl TR, 2 At ee e

bentithgeaqw T etirigd g epe cmédgRt os7a ohhlfaeedaﬂsnaugrﬂﬁb
structure. 30 The nost preferred configuration for

sl ke pANd dheredy iiss lgssasduses tuilv engEheebendimg
bend Jdde ZlbéidlthOfn%(‘ltl’y Q%Q:IE; Sl 'aﬁlqa$f8@gnd%¥g% gﬁai’aces

contil nuous arc, as hown in
desord H@ﬁ%@r@me Anv &rtcrecs&u@@slcemmartmt:eri ah thet he

d . th it t t MD 2004/ 02893
i POI6946T £1 SR od 2861 TRy SROVESJpPERbiPRCRE Slits

su dzeaaoflst haidseRgitd aallgngpadiallaictat @epat hikegbnBi, Ngsdhe non-
center of the slit and progressing_to the ends of the

sl iRarapdied Pé&@@és‘ittlﬁésrdmérlcaflaﬁébrgFﬁgbaﬂ;aefseédgé either
25% 10t fACR 5Dt 19D RERILAY b

stfgésful on thg bend |§g ?dg%sa%%ggtgﬁgﬁaﬁp §§§8e the
r adidsudft sc glesiorédesuhaedsn. are | ess prone to stress
concentration. In the configuration of FIGS. 6-8B,

the central portion of slits 243 is substantially

paral ladlsd wovaad blel pes24bleSene faem &Adpabatlichs 251 to
orientations, particularl %él f bal anced on either side

of Ci%’—r@@ncfrlowée%;llﬁé ceptabighfnangiedute the bend
e gRECHelEreLR J4ed By anga) hecke
245>emdmggr$ttrapgrt@sttt cotuhel bendonl-bbélqnd,tlne thetslits did
of S%'H%n%% ud{%ﬁ 1¢O%L%r %%IneTge disadvantage of this
approach is that the bending straps 247 tend not to bend
as uniformly and reliably and thereby influence the
precision of the location of the bend. Additionally, such
a geometry eliminates twisting of the strap and induces
severe points of stress concentration on the inner and
outer radii of the bend and may limit the degree of edge-

to-edge engagement.

The bending straps in all the embodiments of the present
invention are first elastically deformed and in
plastic/elastic materials thereafter plastically deformed.
The present slitting invention also can be used with
elastically deformable plastics that never plastically
deform. Such materials would be secured in a bent or
folded condition so that they do not resiliently unbend.

In order to make it more likely that only elastic
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bendi ng strap that could be non-oblique, if the slits
did not longitudinally overlap. The di sadvant age of

wo hom/2@ppr oach is that the bending straps 247pCEwd2008030248

to bend 20 as unifornmy anmd reliably and thereby
i nf i sk on of. f1 fot bend. ..
| nf haenerat Pen pé@ﬁﬁlsé,onlfp id t{f{‘réfecxaaﬂlon tcf')attwh:g‘iel %&n&lng

Addi tional Iy, suc a geonet el '/m nat es
t hessrarp ledf¢rmed esi tls exvartergioi IdrgyidfudiitnadSs $trap axes that

concentration on the jnner .and, outer r.adi.i of the
benacil%]anéalﬁan%yerl 2" Ogrtgbe aerég]@‘@ lf@et’o'%preferably’
engag edegteed her bpask Ng e apsvdn tHd 4 £Mod MBRS r the

of the present invention are first elastically

def br3eld AhCF ntvhietd Ghatastqinfaad dihe tissiegafther
pl astd ool by Sefidd®thg 3% kg Juasent Nﬁ:!rjetoltv:e&q the lower the

i nvention al so can be used wth 'elastica

defangdhl etlpt dstghosr tihet bedimglmstiusalthpt defar®. Rigid
Such erj al ul d be secur i.n a bhent or. faqlded
conmaallftnéﬁ‘%)lna o %ﬁ%ﬁj 4%&? d & 56T sy i o pgskdcaliy, such
or dey iy ihksol ymd i © diigse] Wndthal, @Ney r@lr@stiiexMB1e ceramics
2004/ 028937 PCT/ US2003/ 030248 42 deformati on occurs,

it 30 TR rGANROI IS 1t K@ b divdiargtester g gse beodipg radius

W tih, agd r g Al e a re.at _a .
small I angl%iatgo@ltraﬁegéf)bgn [ ngsllt}{e%g,&?rloétlts%r té:fjel%é:(éltf;, a tgrsion
degredsigyt irgs sspriimg lamkeiornt ltdaandlse dishe ibugbear ot/Be 5 long

fr%q{riaon oé tvgnst.i g that occyrs and the | ower the

fraction of Berdify t hatt"olldrs. SWPESVBrOVERE behkr aspects.

the angle, the higher the bending radius that occurs.

Rigid materials that do not gracefully deform

pl g‘stt itha 19pd Qfctheabendgiod gopyasits cadilyi defrermed sheet,

nof, I bl 11GS d_.s Ltes an .

Lol Ve e s I5GS Band: rotedn oc SoEsSTHE Eph T ppE C1astic

r egiefermfidonc drenalisg tol euafleedgborSi7otowar abwi 8kt NGace 255
that is distributed,over a long stra

Spgﬂgg %E}H%nn 1 esi e g' i P

of ot &5 AT w Eh JPE 1S PApS SOV PRE FoRMPARBeEPECe
maintaining the interengagement between material on
opposite sides of the slits. Thus, the elastic resiliency
of the sheet being bent will tend to pre-load or snug down
the overlapping sheet edges against the supporting faces

to ensure strength at the bend and reduce bending strap

incremental stress on loading of the bend.

The embodiment shown in FIGS. 9, 10 and 102 is a special
case of the oblique strap embodiment described in
connection with FIGS. 6-8B. Here the oblique straps are
formed by completely arcuate slits 443. This slit
configuration, shown as a circular segment, is
particularly well suited for bendiné thicker and less
ductile metal sheets, for example, titanium and *% inch

steel plate and up.
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15 At the end of the bend of a plastically deforned
sheet , however, there will renmain a certain resilient

we@baairs37 def ormati on tending to pull edge 257pdDwWe2003/030248

agai nst face 255 and resul48ing in residual resilient

cl gyl nai nt ai ni ng t.he in engagenent .
betvveerpngarr%c?lcgea??%lo%ncﬁlgpﬁfgsﬁ]tlg:ssi@?;aoq%t FMgd i sheet 441
Thusy obposliast isddessidsi apeyd dinthassheeatihehds:bomd 453 of
wil | teg% to pre-load or snug down the overl appi ng

shedt® e¥yest agihish Fﬁéegepﬁg’ietri mFhcde t4lensar elits 443,
st nengtd @ﬁcﬁiﬁbk%%“%fqﬁﬁﬁﬁd&§€ob?ﬁgén95§tBSEt?ﬁetongues 470

increnental stress on | oading of the bend.
entfidi dreprnstowdt | adh GBrcgataOsahtl 40Aths atapeciodl bending.

ca f ; [ p dinxent described in _
coﬁ’ﬁgtg%ﬁ%m&?% %ﬁ&%héﬁ%ﬁ%%r efr;r:te()llwne OB i et r@pseach slit
ar earftoraiedy byp c emtloet edrygee ciatess|dds @hsgrd$é svslyt toward
30 onfigﬁati on, shown as a circular segnent, is

partiTuf b Fy ORESI & FEERPr 48endiny EWizked and lbesd. The

dugiiderdBfidle ThRGLISg 03 » JnithaR I i
inchh geslﬂteell |§I ate a%ng up. t%v\gagg A%f/ 8%1'5%3%‘1’1%”‘0958s%n6 faces is
PCReaSS209Bre39uB on3 thwers hirtcuands 04 46i,r andartiséréfore more

44 I med jn . 441 n osite si.des of bend |

| | %éﬂ %‘gl%ri pg%%rt ?’%21?&2@3 o?to tﬁgggheéjtuf:%\?vch’@ch %‘%i?enﬁhlcker
ov era tiearich llsi, ne b slay shiet embé3imeh@gb FUCKI.NG-8B, in which
sliding onfo face 455 of the tongues 470 5 at a center

of & fch afttte sPFY‘_aat ShE34PRH ofcBeddilng. PeFpions  and
POlinNE ahedulshen s11idke (1?30"61{'&? ¢RAL &3 Qs eggp)lflﬂl{e entire

partially up onfo tongue Taces 455 progressi
t owkir@1gthte Polritiioands as straps 447 are tw sted and
bent. The progressive tucking of the lips onto the
opposing faces is 10 less stressful on the slit ends
449, and therefore nore suitable for bending of |ess
ductil e and thicker
Slit ends 449 in FIG. 10 do not have the stress-relieving

openings 249, nor radiused ends 249a of FIGS. 6-8 nor the
curved ends of FIG. 11, but slits 443 are more economical
to cut or form into most sheet stock. Moreover, the
deformation of straps 447 is more gradual during bending
so that stress concentration will be reduced. This, of
course, combines with increasing strap width to transfer
loading forces and bending forces more evenly into the

remainder of the sheet with lower stress concentration.

The various embodiments of the present sheet slitting and
grooving invention allow designing manufacturing and
fabrication advantages to be achieved which have not
heretofore been realized. Thus,'the full benefits of such
design and fabrication techniques as CAD design, Rapid

Prototyping and “pick and place” assembly can be realized
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materi als, than say the enbodi nent of FIGS. 6-8B, in
which the slits have straight central portions and

wa 2omloesseousl y slide up onto the faces over tPer/€Bi00s/@30248

15 straight portion. Slit @mds 449 in FIG 10 do not

haye the, stress-relieving,. openings,249, .nor radi used

by G SEREE. SEarofoREE L ahr SEatBabesr 1 Gaccordance
11wikut skhes 443eseft NMOrEneGAHGA Cal 20 Mo el  standard
forminto nost sheet stock. Mreover, the deformation

of febragatien i $eebndayeaduaruahri A§ bERAFARY, soarRat greatly
oL LARANCAAC AN LAY | AN éér%?-&eeﬂ%% pZBhgtiﬁﬁ[rgtions of the

course, conbineswith increasing strap w

tr prekent lioaentdgohor ces and bendi ng forces nore

evenly into the 25 remainder of the sheet with | owner

stress concentration. The various enbodi ments of the

present sheet slitting and grooving invention allow

desi gni ng manufacturing and fabrication advantages to

be Thehireurad adivaht igewe 06t uS@nbersticaftar efdyesdd in accordance
realized. Thus, the full, benefiits of such desjign and

f aBiitCat i I t ePRAFGHEs ANVERDIPEsi T Rapfd illustrated in

Pr elbeh¥RitAgnangi tRi ck R u¥a2¢QriagsefblhnsdlePes pasic as
realized WO 2004/ 028937 PCT/ US2003/030248 4 by using

sheetldingek f dihest ohendéhai quasisnd nthecopdesert wiethod, for
th r nt _i tion. .St anda fabricatipn .

| DSAFEIE0" <AL AL L S0YED; 1 5hoRER Fepl AUCLERLLELS wich
ushagdiiegsmudpigekl pargscoshtpuast jogging.the 5

present invention. The many advant ages of using sheets
formed in accordance with the present invention can

be illustrated in connection with a manufacturing

techni que as basic as 10 wel di ng. Sheet bendi ng using

t hadgriesenklngt hathe fdint @Y oMH&SpEd®ent invention in
manuf act uri ng probl ens associated with andl i ng

nukbilghe sgdititd nds ich P ljqvsgi mpn be welded along the slits.
As can be seen in FIG. 10A, for example, face 455 and end

surface 457 of tab 453 form a V-shaped cross section that
is ideal for welding. No grinding or machining is
required to place a weld 460 (broken lines) along slits
443 as shown in FIG. 10A. Moreover, the edge-to-face
engagement of the sides of the sheet on opposite sides of
the slits, in effect, provides a jig or fixture for
holding the sheet portions together during the weld and
for reducing thermally induced warping. Set up time is
thereby greatly reduced, and the dimensional accuracy
achieved by the present slitting process is maintained
during the welding step. The arcuate slits also provide
an easily sensed topographic feature for robotic welding.
These advantages also accrue in connection with soldering,
brazing and adhesive filling, although thermal distortion

is usually not a serious issue for many adhesives.
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Addi tionally, the bent sheets of the present invention
in 15 which slitting is enployed can be wel ded al ong

WO b@4mbs9Bs. As can be seen in FIG 10A, for eremvpbm03/030248

face 455 and end surface 457 of tab 453 forma
V-shaped cross section that is ideal for welding. No
grinding or machining is required to place a weld 460
(broken lines) along slits 20 443 as shown in FIG

10AilVengover, the esipetd o-Hyaceelaigageneehzohgt hesoldering,
sides of the sheet on opposite sides of the slits, in
ef PEELINGr GAMRING | PF SAhESAVESe FdPY ot P nfenke sheets of

sheglk RIS 1 RA&IESn dEbi BE k%%m@%|Qd¥Hjeﬁé&osuE%§ which

reduci ng thermally i1 nduced warping. Set up tinme i1s
t hardby fieddsy ordidewabdied mhtediadasi ondlhusccubaoy sheet

achieved by _the pr nt itting.pro IS .naj nt.ained
duFPﬁgogﬁggﬁefﬁ?ﬁgggggp}ﬁ#héggacJg eggﬁﬁts ﬁ%éfklgﬁ% molds,
pravicte than slasétingepsieteropegmphiandwat ube fleft in place
robaotic welding. These advantages al so accrue in
coﬁﬁé@?i@ﬁlﬁﬂpg'soldering, 30 brazing and adhesive

filling, although thermal distortion is usually not a
serious issue for many adhesi ves. WO 2004/ 028937

PCT/ US2003/ 030248 45 Filling of the slits by welding,
brazing, soldering, potting conpound or adhesives

al Pofs dhhetprneighddicapt advanfrmassntof nueanborrltld e, and

fo - cl whi | d_f1 uj r ﬂlowqﬁ
na?g??ékgﬁg¥ﬁgs,Qﬁgﬁﬁﬁgheéﬁ&xgﬁc os%%esgggﬁgevéﬁ be dt  the
usedsudtiogmiddndicig | ghtapsl dsse ditvbrghegsheaetthg point at

ei t her _being renove r lLeft in place fter | di ng. )
oV BREnOEn Bl STRREE: dion e ARSI P RBet diaterial.
andhuRyr tdrdd anby o Veekar 09ves norpsti t $0i Sid hgtatbersely

resul ting bending straps are diverging at the point at
whAéHeraepIc dIffetaen o Sthé retd ndéP And hehehergext slit 443.

??gﬁg%:P%gﬁ§ggﬁceaE%%d%5QCPQEQHH%Q W AR 1W0hd Sstresses
in strap 447 at each end into the remainder of the sheet
in a diffused or unconcentrated manner. As the arc or
radius of the slits is reduced the divergence increases,
again allowing a further independent tailoring of the
strap stress transfer across the bend. Such tailoring can
be combined with one or more of changeéito strap width,
jog distance and slit kerf to further influence the

strength of the bend. This principle is employed in the
design of the slits on grooves of FIG. 11.

While the oblique bending straps of the embodiments of
FIGS. 6-8 and FIGS. 9-10 result in substantial
improvements of the overall strength and fatigue
resistance of the bent structure, it has been found

empirically that still further improvements, particularly
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15 diverging between slit end 449 and the next slit
443. This divergence tends to deliver or transfer the

WwWGebRoam3®37 in strap 447 at each end into the repOBURZI®S/030248

of the sheet in a diffusedéor unconcentrated manner.

As {Rec@hkeOf 8 s -
dlverg%nceeln%?£2§£gﬁ g%tg e E%ﬁobg E%ﬂﬁ Fhl% the strap
i ndépeimiony $arhoreng békehethetfapmsbfeaa h&&n&tersllt. As

across.the_bend. ,Such a”Iorl can onbi ned with
mu?%ﬁdng?geb?’chgﬁ 8§ fo §FP§g\m%ﬁW1anﬁognaigésn@e01rcular

ancasd i ankenf ge;nfégta@r 1bAbliveacRal b c%hh%@%la Oftan ential
the bend. This principle is enployed in the I g
of 31 sihavdngn §i6608ngf Fadiial, Rﬁ?lf@rﬁhé}'obltf@we arcuate

be@aiﬁbSéfa§§09$e§hﬁa@%??@igfﬂbél?flagégsra?1§ hSompared

9-10 result 1 n substanti al npr ovenen
ovetrqalﬂh%tskeefg:t rtka:rmcrfcms)guasaalrlessitsctaare@b iof IR hant Thus,

b h Il
Furd el S b, B RPES S ey W sted ogbeara plurality

PCHS200M O3O2A8  Borgé ceaaegtloarahhbefa%ugeg C%@nerally
be achjeved if_the strap- defining structure takes t

f ordRfInEF et cvdde SLPRY Rend skin®iepédn, "%lf@m%"sllts 542
Sh%ﬂef@xaébl%ndaf@chHH?leuaﬁ.ﬁQPhgt ?rgéeggg rsecgfg (by an

| ongi tudi nal'l y connecfed, tange arcs having
(ﬂfdﬁ#ﬂ&ﬁ;dE&manC¢WEEesabe9 beligeanc udiee c@ﬁtéﬁsObf adjacent

gr QQV.&s have. r el | arge radii (as.conpared to
theé’s eetE%(”%kng g&ﬁﬁ | 096 ald ,ﬁlﬁpggafiveiﬁusare on

a S‘dmﬁ:tsﬂj‘e RS aif L meqlweO\su@ed iW BNm@nner described
plurality of connected, large radii, arcuate slits,

gerlq \in (PR Hrktedi 542, ORhoRgeBeedinemes 548, the present
A“?L‘i'ﬁ)te%tsildnts 54@rc@z§1§£erﬁtitys akg |0&‘QJE{HQ' nall .y, ected zones,

staggered or offset offse di stance mBasur
betwhsah t beecdmrdsnof stdjaacent44s! idsd aldingderetddde zones,

543 al ternati.vel re.qn osite_sides of the
ben@ﬁ % r§4§row&q§ th}l&ésgagbedOn 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.

Longitudinally adjacent slits 542 defined therebetween
bending straps 544, which are shown in this embodiment as
being oblique to bending 1line 543 and skewed in
alternating directions, as also described above. Each
slit 542 tends to have a central arcuate portion 546 which
divefges away from bending line 543 from a center point
547 of the arcuate slit. End portions 548 also may
advantageously be arcuate with a much smaller radius of

curvature that causes the smiles to extend back along arc
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15 above in connection with other enbodi nents of the
present invention. Arcuate slits 542 define connected

waonemd2893mhi ch are bendi ng straps 544, and di SEODUDSmOE030248

zones, which are provided4by slits 542. Only the

ker f I
B sk R7 NG BRI KSR Shldrary are

bapq;t&ddmﬁSEahenat|calIy shown or taking the form
of a slit formby a knife resulting in no kerf.

Longi tudinal ly adjacent slits 542 defined therebetween
25 bendi ng straps 544, which are shown in this

enbodi mrent as being oblique to bending |ine 543 and

skemedwiinl abd eseah, NGl refdionsthas aeeddescritked 544 is
above.: Each slit 542 tends to have a central arcuate
KMNQQQﬁPQQHPMWﬁ%ﬁla%ﬁv@Qﬁ%%°%%a§4§r8ﬁ1Béﬁﬁ?ﬁgsﬂﬁﬁe°§4@endlng

framma cem esn@ohpt tAQ 244 It the e ' theFl¥chate end
portions 548 al so may advantageously be ar uate wth

a meattisamnd | 248 v adidusnpiimyur shrape wilkdth causess t hetween the

snlles .0 nd b ck al e ALC WO 2004 8937
Fﬁ%f&ﬁéf%%@i 4V)por |on P 543t BRES f$g§||§hown in FIG. 11

tekﬁin@ﬁ@dleﬂtahahﬂM@kdhy &f Clopgitu@nSbly hbjuebhtb@1its).

seen, therefore, that hending strap 544 is 5 defined

by Iithe aFENPBFt (RS 2A6 ohS egf-'ﬁ@P shgeugh weigweg 552 at the

l'i Rf Bddinpngi8tnt ke epgde ofsethe, St{@p%glﬁﬁ.dt NSe ALEURt Ehat  the

end portions 548. A nlnlnun1strap W occurs
betasedrent héinar @I&S@e§l ikerpbr Lioas BUB at aboows 352 minimum

(sh wn . in Fl t t he I ft han air,,of
Iongltﬁﬁlnaf$§ adj2éent sl it §f’ 109?5 add¥kEaes i pvay  from

553 oy idrawmatihr @tgﬁpar BeWS 5B33at ihhepolhni BYFeWtdbAs  from
of the strap, it would be seen that the center line
cr JSSEa e fF 3 &' 15D R0 2abodhUshe anPREfien §bAapf the sheet

W dhh 892 s3lde apo@"’ﬂeﬂﬁve.l.rlg?es gYay ; go%ml)@&gécﬁuql nal second

strap axis 553 in both directions fro
portion 556 of the sheet on the opp031te side of bend line

543 by strap 544. The increasing width of strap 544 in
both directions from the minimum width plane 552 causes
the strap to be connected to the respective sheet portions
554 and 556 across the bend line in a manner which greatly

reduces stress and increases fatigue resistance.

For purposes of further illustration, strap 544a has been
cross hatched to demonstrate the increasing width of the
strap along its central longitudinal strap axis 553.
Coupling of sheet portion 554 by an ever-increasing strap
width to sheet portion 556 by a similarly increasing strap
width tends to reduce stress. Orienting the central
longitudinal axes 553 of straps 554 at an oblique ahgle to
bend line 543 results in the straps being both twisted and

bent, rather than solely twisted, which also reduces
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15 mninumstrap width 552. Thus, a portion 554 of the
sheet on one side of bend Iine 543 is connected to a

waeaangs3porti on 556 of the sheet on the opposPCEUS2008030248

of bend line 543 by strap4844. The increasing w dth
of stresdddid endalh id ectyns ddomM g Ng, MY QM flow across

wi dt h pl ane 552 causes 20 the strap to be connecte
t hdehespead vehspeah gdiet | opsnessadamatzstialkr ofs the. strap.

be i n n re reduces stress
angg{ nlclrllgaalseg ¥Q$Q gé \yés%gtog'rﬁcgz e>Iéop Pl posERUDE 3t fatigue
f urfidhicrund | ustioat | ohrosghaptk5élf4a;dmd3£eﬁnd25b§ﬁﬁssstrap and
hat ched t.o denons a]re th i ncreasi,ng width of the

st rgfﬂ’%ﬁaoﬁ@' |Q%r%}e{ﬁ F°I AGPPUdPAAL Sthodp 264 s2BB3549.  The
Coupld NG of rRAat RE t keBs554shY aRqevelg i 'l‘ffc?\?lsdéma smooth

strap wdth to sheet portion 556 by a sim
i ndreEasitg o5t r ayavni dehmt eblie tprimauye stress. bearlng free

()'§Hyf%§$€egfcgﬂgr Bd3%490 t%glnﬁeﬁ Eswsegxgs experience

st raps an ob i'qué “angl e to°
r esuldgrs fiircdrite Sttn‘@efm bedwng bahh dhiisstwdly anthe bgRtuate slits

rat her .t.han sol e (%fst ed, which also _reduces WO
2064/ 16%%0 I$6Y48 aTHS Siredess Jiodnede together by

St maRh sHdERsesci feide shegt é'ﬁ\ﬂfé%g S e
t hrough the connected materi acI: of the s?rgggg E}ggﬁglofls only

st itdss argenAdii anes p£¢<m@§'r@<éu3e bhef mbitguéal thlckness)
f ais I ur fg&z\é%g ?H?Tdt ?anw %d g?dsbent ];trag%fgll 2cs as

genera par a o | arge’ r &40
The:ormrm:ltloe:rs r adli Iml(mfln‘a.IZ@S Od AepthdBiptOVitde dparent plane

snmoot h éransmlo %dfromthe r|rrary stress
bedMid¥g ¥ }i%%r &s‘s fesddiaindtBaospat d6 dorrmed.  Thus,

t hgnae! s £XPE i GACEN §t9etsél Bl el %S d | @hcldhg is most
this way, the arcuate sliits 10 are |ike portions o

verlyllqeéb’gé”-Q:HP(éqllesf jeihkdtendenbér toy banpiopagdtet from one
cLugles 8, qgsida e (el peslins enly e

ge ra arcs (cornpared

| npbhelbﬂ.lye&'ﬁ:dUIG| inf laO\ﬁ/alal]Q‘eU?zﬁﬁuﬁlt&'dnerlr{ aghé BmBSdiments
as

of FIGS. 6-8 and 9-10.

The bending strap shape also will influence the
distribution of stresses across the bend. When the
bending strap diverges relatively rapidly away from the
narrowest strap width dimension, e.g., width dimension 552
in FIG. 11, there is a tendency for this minimum dimension
to act as a waist or weakened plane at the center of the
strap. Such rapid narrowing will allow localized plastic
deformation and stress concentration in the strap, rather
than the 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.
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connectors to mnimze the depth into the parent plane
15 away fromthe fold line that the slit is forned.

wadbeog/n2893t it ends, at which stress caused m crPCT/US2003/030248

cracking is nost |likely ta@9occur, will tend not to be
propagated fromone slit to another down the |ength
of ASheSBeNB, B’ &&F- pddsi bR oddur ipn Rreferued, strap 544

congidd iR, the ' : 20y : ; .
o T R na T o RARsh 2 UaHT I PP e Fighing the
di stesiied et wip sttreyspEsh aordstshemegbaddal Wedivbege in both

bendi ng.,strap diverges.relatively rapidly away .from, :
théﬂlﬁgFﬁgﬂgstagPpgp Bt P f RN & .,Iﬁﬁﬁfﬁ divergence

di neidingn p33cd5 b Fthke ldtrdpererdmiratdandants f @he sheet
this mni mumdi mension__to act_as a wai st or weakened
pl A& tdOCNEhe ocént 8Rdof She stTHFP S@Stragitdon avoids the

na i hED ralli | ggaljzrd P! ' '
e Y | IR RLES SraThRgRe At 52
t hethdebi redl Ui stomdsmtizateof behading r @sskestoivetihbe Hrces and
full length.of.the strap and into the sheet .material

5P oSR Yo £ AR neFEEREE M B PURaRY © them evenly
20040038%He REHJEH M3/ 1) 248raph %arfs ShOYNsh8e ! Fortions 554
and as _is preferred, strap 544 preferably a m ninmm

wi d°R @PRensi on 552 providing the desired strap

strength and then gradually diverge in both

directions along the strap with any rapid divergence 5
taking place as the strap term nates into the sheet

portions 554 and 556. This construction avoids the

pr dbRerhiFTIURavs hde a furdlus Yihar tbatstismp taespoatti®h2 of the

SR R BE RIS, S N LT e cuace

10salhiong tdredd engt hbeof itshe astedapt ol itRhgidkeettress. This

portions 554 and 556. The tongue side of a slit, that

i sTMAKRE EgFtF8HgBﬁ fAgal for locating features that cut into
the parent plane. Attachment or alignment holes, or
notches that mate with other connecting geometry are
examples. FIG. 11A illustrates positioning of water-jet
cut or laser cut, rapid piercing holes 560 and 565 on the
tongue 555 of slit 546. Rapid pierce holes are somewhat
irregular and elsewhere might initiate a crack failure in
fatigue. In FIG. 1l1A two alternative locations of rapid
piercing holes are shown. Rapid pierce holes are
important to reduce the total cost of laser or water-jet

cutting because slow piercing is very time consuming.

One of the most beneficial aspects of the present
invention is that the design and cutting of the material
to form the straps and the edge-to-face engagement of the
lips and tongues of the slits is accomplished in a manner

in which the microstructure of the material around the
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parent plane defined by the concave side of the
arcuate 15 slit, tends to be isolated fromtensile

wGeeam®s893Thi s makes the tongue ideal for | ocatpPOmus2003/030248

features that cut into the&oparent plane. Attachnment
or alignment holes, or notches that mate with other
cor‘ﬂf?&f? fg@&weltsffsaeélt@édrrmwham@d MlAcomparlson to the

il ggg OSiit t . Jasex
Ut TSR O RO O, Enel B st oY plEfaats vent
55 mffalded 5¢6. tRaplsdmpl a@ehahesda;mesoaf\lvha‘arpness using
|rre ul ar._.and .el sewhere m initiate a crack failure

AR A ﬁquﬁdgq &?ﬁﬁ?%ﬂ%ﬁ?vnéﬁ| JescEikerord &he prior
rapmi pi Bt cisgthel esl1ana opkwp. JRARHE PiEFLHes hohgSthe edge-
are 25 |nportant to reduce the total cost of |aser or

vattfase  RRIFIRPMReausé sItW pi BtéFag Wwhigdry propides a
CONYHYiMGt i9he Hf E@fsf@ﬁ% Qﬁﬁegﬂeﬂcﬂlngasc%efcuﬁaqaérp when the

present invention Is tha esi gn "an
th@ahmnyakﬂls36enb ﬁmﬁhtgme&ﬂlﬁpsedndeshahe stress around
fa e e enent & t he, s and tongues of the

sI| s i ?ﬁ%ﬁ?n %ﬂﬂﬁﬁﬁ STHGHITh Phe the material

Wl@&Qﬁﬁﬁwﬂﬂmﬁfbéﬁdté&%éﬁﬁfﬁlﬁ9 @ onhdde Wehen conventional
2004/ 028937 PCT/ US2003/ 030248 50 bend or fold is

esPERGLAY \EaflvHapd Ph EBSpATisen ank tage used there is a
Su@%&%&%ﬁ%&agegﬁgiiﬁkéﬁe HECEH%&%%%Egc%ugf ﬁglmaterlal

bent or fol same angl e or degree
shalrprmewsis tﬂsen@encbnyénturmabebendjmgmaeehmcqubé Afarp (for

descrlb h rior 5 ar is . the_relationship
g@ra& $%§%%%Se88egﬁ()*Qﬁ%ﬂ%n@ggéﬁﬁntQﬂ dst RS shown

sl Ifb& w&la ?mr ewi gegsa -s@onbi ngli g, ofpt Yhat i pg. and

bendi ng def or mati on when the material is bent that

greatly reduces the stress around the bend and | eaves
the mcrostructure of the material 10 around the bend
essential |y unchanged. Wen conventional bending

teaBni gues gbnkha1RYyl OhedkliBER USRI EBRAE-ESoR with other

substanti al "change in the mcrostructure o? fhe

mae@ppgdiments of the present invention, slits 542 can have
their geometries altered to accommodate a wide range of
sheet characteristics. Thus, as the type of sheet
material which is bent is altered, or its thicknesses
changed or strength characteristics of the bend are to be
tailored, the geometry of smile slits 542 can also change.
The length, L, of each slit can change, as can its offset
distance, 0.D., or longitudinal spacing along bend line
543. The height, H, of the slits can also be changed, and
the jog distance, J, across the bend line between slits on
opposite sides of the bend line can be altered. These
various factors will have an effect on the geometry and
orientation of straps 544, which in turn will also effect
the strength of the bend and its suitability for use in

various structures. Of equal importance is the shape of
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around the bend if the bend is made to be sharp (for
exanpl e, 90 degrees on the inside of the bend, as

wehaman2893b for exanple in FIGS. -5A. ., 8, 8A, 8BCBWE2003/030248

10A. As was generally descriitbed in connection with
other enbodi ments of the present invention, slits 542
can }h%vérctuﬁéier ig]édhetlfll EOTHUNGHE@™ oW el ovedaa forement ioned

W d€- & B ﬂgﬁ hegd ﬁ&ﬁ ics. Thus, as the
type of eet n%terl rf ‘a# %e is altered, or
its thicknesses changed or strength characteristics
of the bend are to be tailored, the geonetry of smle

slits 542 can al so change. The length, L, of each

slify can ghfggﬁurés %thEtgh% e%%t1%§e%%§§%2?%#ﬁ§%ere, that

or |ongitudi nal spacin bend 1
heltgm stt—t;ap)-fdefusustgtslldmt cat srdeeveshargethe aiid 1dR to the

di sta ross the be ne between slits on

oA TR GRslae  HEEehd | Toiiedin S0e ster S8 rumiEse to be
varpmé@;torsmm ik possianeffest kdnpA LHeopstr,
and 30 orientation of straps 544, which IHG%UYEEMA pirically

al SEF FEreets hef sarghyen @ﬁt?heaﬂaeﬁ@taﬂdflfteglng thicknesses
sui I ua
|n'pvfnﬁ}{an%£¥| s the%télgge of{%%%%&/ gsg?éOmequeGS have been

PC’KIHBSKIELB/ 830gu8ly51 Hute aheua:tees:sjrist toMEON$ENGE | PAmily of
he(ﬁforenentloned a+ g and €05|t|on|n

varlaq 5 ?r?sg%PW%ﬁﬁ{ﬁ% of 'TRhe BFRSeRf FAleRei sfpeated for

t h&fl@‘ﬂlﬁﬁlnd hadtebidhe, shhap-wdef | &hporstit SdQﬁ:agrsocgzv in a

can be tailored to- the mat eri al bei ng bent or fol

and AP asts uEE O e Whé Che desrictceean | bej srqtcistsa\mce bésed upon
examplg L9 QHP'Eh%a'éﬂeﬁﬁe%hfSH§€£§12§ G*ngFnt and its

material but differing thrcknesses W
deﬁhyﬁkna$wm|chhihepgeOHeemnxsﬂuxﬁidnﬂyrly)ﬁ@BDdelted for

slightl but the designs conprise_a fam
e STl O Bieks it PRV bpeht soperties

forof djtfé Qiﬂelég: e eat@lrSal1anRg el ke terRy hadl tHa Brogram makes
St%r%iiékéaon 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.

The design or configuration of the arcs, and thus the
connecting straps, also can be varied along the length of
a bend line to aecommodate changes in the thickness of the
sheet of material along the bend: line. Alternatively,
strap configurations along a bend line can change or be
tailored to accommodate non-linear loading. While not as
important as the strength and fatigue-resistance

improvements of the present invention, the slit or strap



10

15

20

25

30

dat abase from whi ch designs can be retrieved based
upon input as to the sheet of material being bent and

WO be4b2898Ni ckness. This process is particul arl pcmeb1003/030248

suited for conputer inplesentation in which the
physical properties_ of the sheet of material are
entHEd BhR t i r 84Fam Gkebe variedt iton P¥ovideedifferent

CONIK Sifa 1@} abas e Of s €N Tt idatid, %en K ng&gg Hgé.& strength

appropriate arc geonetry for use in

mataard datithes softisdramazan al so i nt er pol ate between
avai | abl e data when the sheet is of a naterial for
which no exact data is stored or when the sheet has a
thickness for which there are no exact stored data.
25 The design or configuration of the arcs, and thus

t h@nmcﬁdmt&tgeapmlcml s oxare she roar it&é a@igukhe

e | i ne to,accqnmmdat e changes in the
thl%&’ﬁ’é@@e&% t?&d NGt Fadditie IYSHET RE bBRgPresent
| ngywveNtiymatd alas thed rr@@quaBlgg%%HSO% %qegaile
bend |ine can change or be 30 tailored to acconmodate

non:elhartéairehxbédiar@ Weithe ingeragllympoct guteapaihy. Sharp

st I f at e r of .t

pr esen |e%{\?7lcei)n elaogrllcgﬁ% e S|?) 113 gtfr %%%%02%6555356 to

PCHEHdS2R03/03024R1reh 2 Thaus, i @umtelsenbralkeomaﬂ lbends to be
decorative effects in

varlqﬁgio provi de different
coMIURRASD P iNAYS FprRFdGeeblengefiugndts sheghend. When a
I egrdsiNGfra e Niher adeariage \Mam?he@t:%uss phhed t gy

vari ous enbodi ments of the sheet slitting system oOf
t heXampdent an%\ﬁerﬁqm iis epatlieke teaslingi bg bebdseokthe bent

fmg{fﬂ*ﬁuf Lﬁ?kbe %Eﬂatgobgndnt%%na LXF ﬁgrBFtBHS can

externa ends “enabl € "st'f ong coupli

bembcﬁupkﬁlﬁﬂbﬂ(lhﬁ)pﬂ%ﬁbherS&thGbub&plIhqscaﬁ PEEEE more
br ake .hend tends t%em% rounded or have a noticeabl e
r afafe ERdaWegfeS8apPakasShéft Widdubeufer the

iskﬁéwﬂgfyéédlﬁidﬂ #r®m 18%ing the present slitting scheme.

The ability to produce sharp or crisp bends or folds
allows the process of the present invention to be applied
to structures which had herétofore only been formed from
paper or thin foils, namely, to the vast technology of
origami or folded paper constructions. Complex three-
dimensional folded paper structures, and a science or
mathematics for their creation, have been developed after
centuries of effort. Such origami structures, while
visually elegant, usually are not capable of being formed
from metal sheets of a thickness greater than a foil.
Thus, origami folded sheets usually. cannot support
significant loading. Typical examples of origami are the
folded paper constructions set forth in “ADVANCED ORIGAMI”
by Dedier Boursin, published by Firefly Books, Buffalo, NY
in 2002, and “EXTREME ORIGAMI” by Kunihiko Kasahara,
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exanple, and a force is applied tending to rotate the
bent structure about the arcuate bend, the bent

waosoRsssE can 15 decouple fromthe plate. SuchCT/US2003/030248

decoupling can occur nore sgasily than if the bend

wer e sharp, as it will be for the bends resulting

fr SRRASi P Ry piteardning |Bublilsl 1eh ERBPanyhe N¥pi NYt yn 2002.

t 0 THDPICE SHRAT I RN tSdrd R 1RGN %281 &isO! d?le%o cﬁl lng%ft B€igami-
process of the present 1 nvention to be appl ed

st mangtlgesesgrch imavhiatetthfeorsd idtlingbead benmidgf metthods
papg f0|Is namne vast t.echnol o of

o PERAE i It e A S E oA eT EhtgREs ERPe

di mensi onal fol ded paper structures, and a science or

25 mat hematics for their creation, have been devel oped

af ff&e  sh&RturS IS toM R oo G oogiaN BEPGESS ofr theupsssent
\M“|d%edﬂfﬂﬁmﬂﬁbdﬂdggﬂgharﬁsB@hhﬁ %ﬁe Bokncanabl.e of folding
being forned™ from netal Sheets of a thickness rea?

t h@af aeft@il shefs byorMB@amegfr@bde@rsheeksousmabbyf Thus,

cannot suypport 3 nlflcant | oadi.n
exgﬁp es%gaqﬁHr gmy tefﬁ§t1P8|8§&gg§6e¥gn5%rUCtl°ns can be

COﬂSkkU@@rquSﬂﬁbtfakkhllha%AEMAHCEﬂlﬁﬁhﬁéylweIQYbeyond that
Dedler Bour3|n ubl i shed by Firefly Books, Buffal o,
Nyofi g Zod: éﬁ’di theTRESE LERNGARKL 0B i KRABRAK St ructure will

Co i Soy i e

2002. The present i nvention thus enables a new cl ass

of or| am -. desi,gns in h, t he I|tt|n and .
behd §e§éﬁﬂb&§e%§é§ rF%gdgﬂerg %aPﬁlga %PPtEPgﬁan?l 1s
orm@amlz@ﬁea@e&sﬁigThaesbeebeﬁtlEuhﬁﬁlﬁg gbReYH0%ations in
process of the present |nvention produces sharp bends

an&oéﬁl@ﬁtélol“o\ﬂsltthhé{aﬁ’éldd PRgtob¥PiBgapndhBapsdplangfacturing,
a%%%c%ﬁaQQ§qunauk%ﬁ bkeqTR¥Sck gﬁayggg§§ctgéﬂb5Xent

er esting origam constructions can e usin
shedﬁlmepab kel egpd olyleidckRepsdwekbtbeyphdgt aall Rapid
Manufacturing are broadly known and are comprised of the
use of CAD (computer-assisted design) and CAM (computer-
assisted manufacturing) design, respectively, to enable
three-dimensional fabrication. The designer begins with a
desired virtual three-dimensional structure. Using the
current invention to enable Rapid Prototyping, the CAD
software unfolds the three-dimensional structure to a two-
dimensional sheet and then locates the slit positions for
bending of the sheet to produce the desired structure.
The same can be done in Rapid Manufacturing using CAM.
Other types of software for performing similar tasks. The
ability to precisely bend, and to tailor the bend
strength, by selecting jog distances and bending strap
widthe, allows the designer to layout slits in the

unfolded two-dimensional sheet drawing in the design

process, which thereafter can be implemented in the
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of a foil, and the resulting origam -based structure
wi Il be capable of supporting significant | oads.

w@\n@itoesy3T nt er esti ng design and fabricati on poPe€nuUsEN3/030248

is 15 realized by using tis¢ present slitting
configurations in connection with Rapid Prototyping
andnaRatfiaf taridica emedesg, bypsheetubiePying aut skatédng and

A e i T
knmmtlramck arie houitp aidsednoicompen2dtese of CAD

(conput er - assi sted design) and CAM (conputer- assisted
manuf act uri ng) design, respectively, to enable

th@ﬁﬁingenawoqé alaly iKedwinORo 5B8eABSELIBBMPBABHRS onto
with a esired virtual three-di nensional Fructure.

Usidigaid beamdentfamediecitaenic deipresrRaping high speed
t t CA r
v St AR PG AR Tet B ol leRt i RablEi g, pechniques.

shamm$an®s$hmmlWO¢@b@$sthansbubkposmpbnastéofroheadmpgnent
the_desir d structure. The

f th heet .t
SRRy BEdoRS FRORETS RAAGEaEDER A GsPAGCRAM board or

O hebdrtRee ofr thhiksware fQhePQBBQEHbBgsébﬂkEaEhEaégﬁponents
The 30 ability to precisely bend, and to tailor th

bert® dthee syt gy es &isd o ﬁgsj‘t@geasst gaddsrand pém:rmgs or
St rap, q}hSSu@H Qﬁic&h%ngeﬁﬁgggn SEQXQS hgllhgen largely

the  un o ded "t wo- difeEnsi ona get draw n
deaugntemrm©e@aacWh@chhbhebm@bhehteannbe EptesapEgde.
he WD, 2004/ 02893 PCT/U82003/030248 54
et den G5 e es OBy IShBEE tgPEoRL AGeEr 18] At ENRGE-

anqim@el@qlomlt %o&%@%@c%f@%@@pkﬁé bpreg- QhHEB%QQa' assembly
structures, wth or "without add-on conponents.

Br@@@l@eemtCp@pdﬁ§@dknomn to assenbl e conponents onto

circuit boards for electronic devices using high speed

"pi ck and pl ace" automated conponent handli ng

t ecimnieqees ronfkubouasagybuyube0bot sagAdt pbekf60aRANEAt Bent

frqn1conponen

nto three-dimensional shape after components are

secured to the walls of the housing. Moreover, prior
techniques for bending have lacked the precision possible
with the present invention and necessary to solve
component or structural alignment problems. Pre-folding
or bending up the housing has, therefore, limited the
ability for pick and place robotics to be used to secure

electronic components in the housings.

It also should be noted that the straps present between
slits can be advantageously used as conductive paths
across bends in electronicAapplications, and the precision
possible allows conductive paths or components on the
circuit board to be folded into alignment when the three-
dimensional chassis is formed, or when circuit boards

themselves are folded into a more dense conformation.
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supply devices and then place themon a circuit board
or 10 substrate or chassis. The robotics secure the

wooempep®ats to the substrate using fasteners, PCT/US2003/030248

sol dering plug-ins or thesbkike. Such "pick and pl ace"
assenbly has been largely |imted to placing the
conponents on a flat surface. Thus, the circuit boards

rruslth,eb.e d@sgﬁgd p%ﬁ‘d a,ﬁﬂu%ar%ﬁ%yrqﬁgg%gggls sg%]ljls(lé g&ﬁ‘fet/_\ﬁ%resent

the "pick ace" asse €en - c

el egtweorti iorhobsiweye rys waladbl eC prreti sienf bkdad @b Bentlaid out,
intq .a three-di nensi onal shape after .components are 20 _
se £B8Y NSt FOT8R S nEt Houdisd@G t iVsidoveew draxsies being

t echiiduRs,f 04s berdi noy howeadacked FRPreSEB8LO98E.  Thus, a
possible wth the present invention and necessary to

solhpusig@hpsterte cfeskgngd and eut gfremta pfbbt esbeet 821 and
Pr e-.f @] _di . ' h ' ,.therefqgre,
1 R e, gl g NGB SRR, £ oFPBL8L§ secure
be asggdriemtsgcule eloectangni orcoapdnestis | wallhe of a cube
housi ngs. |t algg houl d be, noted that the straps

sl

pr &<k et sHes RARSHRI a@Farf RNy Ghegsas can be

CORGLGUIYW B! N tF) ACERSSe beftsnd Tord BRI Cafter the pick

C
applications, and the precision possible allows
corfddc PilpeeprrRsess ésnponpAesedn the circuit board
to be folded into alignnment when the three-

di mensi onal chassis is formed, or when circuit boards
thensel ves are folded into a nore dense conformation.

WD 2004/ 028937 PCT/ US2003/ 030248 55 The desi gn and

madsf eatann ngn pFéGes 28 of shdmt pB2%ehts icomgninieont, C secured
however, e e precision bends to be lLaid out, slijt )
TR Eor ARF & SR TLRG: | BEPoeF SRt ofded i apapd  ropotic
i ntelchedquas.i s SHdarstgat edsi Forhes pBARRE JUSin® water
housi ng can he desi gned and cut froma flat sheet 82

and ®thir-s fed Pt e Pl e Fopotwith ugkeel designed cutout
rapiedkyiregcW®, component-receiving openings 823, tabs 824

and support flanges 826 and tab-receiving slots 827. In
FIG 28B sheet 821 has been bent along bend line 831,
causing a tab 824 to be displaced outwardly. The sheet is
next bent along bend line 832 in FIG. 28C and then bent
over component C along bend line 833 in FIG. 28D, while
side flange 826 has been bent along bend line 834.
Finally, chassis end portion 836 is bent upwardly along
bend line 837 and tabs 824 are inserted into slots 827 so
as to enable rigid securement of the sheet into a three-

dimensional electronics chassis 838 around component C.

Obviously, in most cases a plurality of components C would
be secured to sheet 821 before bending, and components C
also can be secured to chassis 838 at various steps in the

bending process and to various surfaces of the chassis.
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conmponents, C, to any or all six walls of a cube
encl osure, and the housing or conponent chassis can be

wa@oamzssy bent into a three-di mensional shaperal/sz003/030248

the pick and place process6is conpleted. As shown in
FI G 28A, sheet 821 has conponent C secured thereto
bef ore bendi ng, preferably by hi gh-speed robotic 15
techni ques. Sheet 821 is forned by | aser cutting,

watercs et2gatagli £1 St Nes 1 add& | fdiRiaMdrdt 1N Qesign process
deS|gned cutout features 822, conponent-receiVving

eriiels 893 impliemeszed A thepsheet! dregeskiBpenetivod of the
[ 827 I 8B sheet 821
?f%%‘%%y o reh Bl ®r ! okl of | Gl o8P rebatezs 3 siept vays
be @ﬁSﬁmppmmterVEwmbgneﬁhs sheeb mdunbBexhehebh aheR® stock.
J]ine 832 in 28C and then bent over
coﬁ%ﬁHEﬁt 5°§W8H5188ﬁ& | i FREBB3 SAOEKG batsiing | £echniques,
$(¥b$é¢ﬂﬁﬂfé%@%rﬁ@tb@ﬁ&b?@”%l%ﬁ@”Qeﬁagdahﬁng g%ﬁcate inter-

Finally, chassis end portion 836 is bent upwar
al oFRAVS pEIREY iR 3N sand Theb dearl rgyr @ rioreest @df ititeo present

S| tr?véggo L ?ﬁé toh%\pg'pég rbgl (%‘e%%%# E%h%ggégfgty to lay

sheet 1 nt I rens{ on el éc
83®wdr oshilt sogpORENEl €. acebva@esyythatrﬁﬁﬂlC@ﬁ@éu@e bend in

pluraluﬁ¥ L oqﬁonents C.woul d 30 be secured to sheet
82 Pt or%e bRAUTHS afil E&AToRRATSINGS ral QEF QS beslots, tabs

SEHHELOHhO QmﬁésW§l§3%r%kl%%ﬁonﬁJ§ﬁ?p§n'@héhﬁent structure,
bendi ng frocess and to various surfaces of th

Ché@%lge W0220 ATl 7c PaTP YSPOD 32 080 248 dﬁhﬁﬁiﬁg to other

ﬁ?ﬂ% % illustrate a fundanental design process
mhlc I's 1'mpl'enent ed by the sheet bendi ng net hod of

the present invention. One of the nost
space-efficient ways 5 of supporting conponents is to
nnunt t hem on sheet stock. Using conventional sheet

S GRS PSS ) IOV 8089001 SOOI, s
pordd @ifcloHierdeMetitig dy OGLSSnOf pdver PELSERE advantage. The
structure itself can be bent using relatively low force,
and even by means of hand tools. The combination of
precision location of bend lines and low-force bending
enables a design technique which was only heretofore
partially realized. The technique involves selecting
components having the desired functions and positioning
them in space in a desired arrangement. Thereafter, a
chassis is designed with supporting thin sheet portions of
the chassis necessary to support the components as
positioned being designed, for example, using CAD
techniques. The bend lines are located to produce the
supporting sheet portions, and the chassis unfolded
graphically to a flat sheet with the necessary feature and

fold lines, as shown in FIG. 28A.
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i nvention does, however, by reason of the ability to
lay 10 out slits extrenely accurately that wll

w@raduoedsbend in  precise |ocations so that opeOI/Og®N3/030248

cutouts slots, tabs and the Iike mﬁll preci sely
n.n the b nt st.ructure,

as unt ed
e SUCR S TP A GRS it BeRRr CeoErAPEd, Sefoms in CAD

lvbrm/lejn M&ﬁt&pﬂese dray @D indendi RS fAthvagse @ﬁdggrams, they
chassis or enclosure features is onlg part of the
éV

Mﬂ%geﬂo'q'hehe’é?'?%@‘?me bese| f e64ACBaVBEHt émPAgmented in
rel%}{s}}%ﬁhe co f‘?:rh‘ée 'mo dfgtﬁgﬂe%éﬁ of, ban ge precision,

ination o recisiom | ocaftion
berﬂdaw-tﬁtascearmrhdn/mg‘ orLesheedi ngtakspabvéesnat dpsagnlcal . The

t echni s onl r et,of or arti al )
reﬁﬁezscgd"et Thé5 ]et\(lz)ﬁlﬂ l?é"yﬁehcﬁol vy & 5’3:1 &%tl n&na%ﬁﬁoneﬁtr§°tlcal
havi gy tduee idasi r el fb_lﬁilsl ORthedF@tAesill | @NMNY of he@rMN design
space in a desired arrangenent. Thereafter, a 25

chdeghniqugyesi ghed owi tﬁr§up§6Pt|ﬁ§ tFhMh ﬁ@étgns could not
pord.i t . r

Doy, W ISR o QiU bl igts o the
u&swgne(:@cur@:lmlaqyeme e doyertd dailn€R Do Icamatre:dietlobecause,

th t heet. port d t
et T Sro 30" T A t%n%r'l%”?tta?%rh%%% GPERd not be

thQu—ﬂQL‘eSS'Bﬁé' Heat U fordndf HehdihyNEsssdB18 QBRI 'Ehe present
FIG 28A. WD 2004/ 028937 PCT/ US2003/ 030248 57 Wi |

sucdivestHfirque SirRBRE i6adh YdestRFbeaisef ortdid n QAIreSPOHdence
de%e%héért efd ubgp 80 cehD and o éottémgshtéogf)i‘et physical

t hey ave not heretofore been eftectrively I nplene
i n fcamytflimdpenit shieetnositesiinpllse desi gns because
precision, 5 |owforce bending of sheet netals was not
practical. The present slitting-based invention
enabl es practical fabrication of this theoretical CAD
or CAM desi gn
Moreover, the bending need not take place at the pick and

place or rapid prototyping site. The sheet with attached
components can be transported with the components being
formed and selected to act as dunnage for the transport
process. Once at the fabrication site, which may be
remote from the design and cutting site, the chassis or
housing sheet will be bent precisely, even by hand if
desired, and the bent housing secured into a three-
dimensional structure, with a plurality of selected

components being secured thereto internally and/or

externally.

Moreover, three-dimensional chassis and other structures
also can have panels therein which are attached by straps
along a bend line to provide doors in the chassis or

structure for periodic or emergency access to the interior
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technique. Prior art CAD or CAM designs coul d not
previously be physically realized in real materials to

w0 b@4bB893ANME accuracy as the theoretical CAD opCTM8003/030248

nodel because, for exanpl &8 conventional bendi ng
tolfg# ces could not be held. The precision of
n

ber POSETBFEUEF t h IFRATFE SROT iTNgf jasiPemblies are

dr agred 61 | &1 { LK £@SES the correspondence between the
CAD or CAM nodel and the achi evabl e physical 15 form

for bent sheet materials. Mreover, the bendi ng need
not take place at the pick and place or rapid

pr [ Si ; : WM attac onponent s, .
cagdéi;jt'ery r;&%gpo‘?%ldgﬁv&et %Htsﬁgl}g%hggneérﬁspﬁgi nsgl f%?f‘éamg or
andysebeiciedtechadtjuas digatagdddr heheihy anspoektremely wide
progess, ce atd t he fabrigcati.on sidt e, %\,hi ch rmi_be i

r ot r 8 EHFEWESTqrFHh e utPrRGdsi t M1 thUhddBisation by
or erhoustaigi heethav £61 bewbedt apeeeksfbYese¥enphddRd which
if desired, and the bent housing secured into a three

25 GRThePRi RAFedt fxomysheali MRt miak ap$iyg otheelsddtedng and

COMPRNALy beldiemecuned Lher eé{geggxtlgrnﬂln nfU 0T trusses,

external ly. Moreover, three-dinensrional” chassis ‘and
ot Heramst,r uctuves 3famd socoaheHavisegranel pebher evithin beams,

whi ch .are attached. b traps along a bend line to
pr SHYS TISHY | np?hgp{%ﬁﬁgg 5 olSt:‘s’Er Ut f orP@RR; odiegworks,

Or ANRIIGNINY BeeRss Ol ddifed Nbeknd, WAL P2893Y nultiple-
PCT/ US2003/ 030248 58 of the structure. Separate door

hi Rj& s felrtgass kaams + macdhyesi mordse®f Egitngncheculpture,
vard,Q! ngrrq_qﬂ;ggarg- fes S litting ar :

gr oovilb%g t echni quelzne esCr %ble%%%télfzcluﬁeséng‘é“)?tlrcggellysuumentS'
w deys,angel@is pr ododt s5acancoenéot ireds, W phekages, pallets,

limtatiqgn by en ration, tﬂg ol l ow ng are exanples

of _Pprrogc&?g'tlsv%hi%‘hgﬂg%%% f of EI%‘P?’B% shBEtd@@Eer i glectrical

usiemg liddireld,t tRNYsBNE1d enclosures, EMI shields, microwave
guides and ducts. A few examples of such structures are

shown in FIGS. 12-30 and 32.

Formation of a curved box beam using the slitting process
and slit sheet of the present invention can be described
by reference to FIGS. 12, 13 and 14. A sheet of material
561 is shown in FIG. 12 that has two bend lines 562 and
563. Bend line 562 has a plurality of arcuate slits 563
on opposite sides of bend line 562. Also positioned along
bend line 562 are smaller arcuate slits 564. The slits
563 and 564 have the general 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
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groovi ng schenes of the present invention: trusses, 10
beans, curved beans, coiled beans, beans w thin beans,

wenmiosseses, pol yhedrons, stud walls, beam netpOr/ks2003/030248

envel oped beans, flanged béans, indeterm nate
mul tipl e- gi ece flanged beans, nmachi nes, works of art
an®dgan ptef eof dhiggatheethr eé- mavendrdnal Bhe ubendéng straps

sy gal dia@.sﬁhfeanetwS’lo]\gétgﬁ%ﬁzpaihgnsadﬂ? t*f end portions of

connect i ons, packages, S, “protective
encdlogdis e$63pl anflorhengitudigesllyel edtjpiceak end portions of
encl osur F shield cl osures, EM shi.el ds,

es ,
m ¢t e °§di de¥'And “flct s2TA f SFEUTREY of thEch same  in

St I iRy AT i®n ,SNEYEwi Ph &t &Rdid@- 39£@BBeBes20n the length
Formati on of a curved box beam using the slitting

pr deddie &dt8 (303 maet 364 -t h&hsres @it li beesomen s¢aght shape
be i I (o= 2, 14, A .

heaE o o LR B Mo Mits pe® pending
t westraps |3 6eswHbl bed e25e583alByndidi frrernb62n hakedir strength

pl ural i of arcuate _slits 563 ,.0n opposite sides of

ber?dm! i %ét%gﬁ?-m&sﬁagh i%?’%%la]t%r?gépsp b&HaNEi nkhgglength of
ar peminen idec s slits 564. The slits 563 and 564

have the general configuration as described and shown

in connection with slits 542 in FIG 11, but the 30

length of slits 564 is reduced relative to the length
of slits 563, and slits 564 will be seen to be

Pogird opedtat ddie $68¢ of npot.ehes. ph i WREChaf, i
provided i n the WO 2004/ 028937 Pcﬁ;uszoosl 0%54%1‘31%% 64 is
edgéatsoighey thadsHeetcofitabn eprnyl sthesdhendhok stoapgation,

56 fin | ongitudinally adj nt _end portion f
s| ?Vthg'% GSSQHSXI oon‘gl ]‘{Jdlg%al 54} aggﬁt %ﬁd "ﬁ%ﬁlﬁe&nsgg?‘ The
sl ivax iDG3 dreh vt ar efesgensi ahlLy diffd ng@my Mdtches 567 can

confi %gjr at i OE, not wi t hst andi ng di fferences in the
| kGt PER%r t ABTSISHAET ahAtE62T TPIEF eOhi INheePagpeto a 90

sl igghfreeNalfyle, or to other angles if the structure should
require. The central portion 572 can remain in the plane

of the sheet on which FIG. 12 is drawn.

A plurality of slits 576 and 577 are positioned along
second bending line 563. These slits have much tighter
end curve portions 578 than the arc-like slits shown
proximate first bend 1line 562. Generally, the tight
curved end portions 578 are not as desirable as the more
open-ended portions used in connection with slits 563 and
564. Nevertheless, for ductile materials that do not tend
to stress fracture, slits of the type shown for slits 576
and 377 are entirely adequate. Again, the difference
between slits 576 and 577 is that the smaller slits have
been used at the apexes 566 of notches 567.
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di fference due to arcuate segnent differences, but
bending straps 569 will be essentially uniformin

w0 b@un2®BT engt h  and fati gue-resi stant capabi | PCT/€S2003/030248

along the length of 10 bemding |ine 562. One of the
advant ages of the placenent of slits 564 is that they
tend to contain any stress crack propagation, which
coul d occur at apexes 566 of notches 567. The 15

varjous leaves or fi rs 571 defi ned not ches 567
Voot e Beels BRY o he hEREopinS. kR e, 563 so
a Yatdegicelangks, 501 tearwt Ber vendl & idntBRgle such as 90

structure should require. The central portion 572 can
r e G SOF ted a¥idife tofthehseskaad sprfAPEhSERG, T2 should be

dr%‘M’c;eszééép'&Hﬁ:Hltl OEJmi'eJanil ns?%cﬁrlelfg%%_%%fne 562, and 563

positione ong secon eseé SI1ts

hawe lfuchaté ghher saared shape, pahbitonss ,578héhawitlie either be
arc-l.ike slits rQxi_nma first nd Line 562.
Geﬁ@ﬁgﬁlf%3tﬁ@dfg§#F°fgs@&F?eggénanéoP?ﬁOns §78Sapgssible to
Nomias §BSt r @ong ignrkite ol e bwpenoendedyParid NS wi3$8d be no
in connection with slits 563 and 564. Nevert hel ess,

f oPf@etPoe nBFeRi Mikimeat themnAs t ERawnt oiwt Fd&s 12.  The
f5 [ Yo sl# t spaf -tﬂ%gtyﬂ%ec@%b{,ﬁ{emgw%ﬁ&ean% is to

are entirely adequate. Again, ference 30
betshoen &l fiferGite ahit 5¢dnfsguhativhe shmakl erresl stistable for
have been yse at.the(ggexes 566 g% noiches 567. WO )
200%F02803 7 BCTHS883/ V302285t 6B2EREEAL| (1N AFRRIdaRAe with
camhlee pherknal aRgeheAdnl.i ne 563 so that the | eaves
571 can be bent to an angle such as 90 degrees

relative to the central portion 572. It should be 5
noted that normally the slits along bend |line 562 and
563 wll have the sane shape, that is, they wll

?Ltrﬂggscihisliéﬁlt io$1§d5§§rﬁ8€i5§4 o Sl bhsved 6pald b 1.|1§ing two
sheets slit, as shown in the flat in FIG. 12, can be
described in connection with FIGS. 13 and 14. The design
would be accomplished on a CAD or CAM system, as described
earlier, and the slits made in sheet 561 identically as
laid out in the design process on the CAD, CAM or other
systems. A curved box beam, generally designated 581, is
shown in which one designed, cut and bent U-shaped sheet
572a is secured to a second designed, cut and bent U-
shaped sheet 572b. As will be seen from FIGS. 13 and 14,
the fingers or leaves 571a have been folded down over the
outside of the fingers or leaves 571b. In both cases, the
apexes 566 are closely proximate the fold lines 562a,
563a, 562b and 563b. This placement of the apexes allows
bending of the sheet, by permittiné notches 567a to have
the included angle of the notches increase, while the
included angle of notches 567b decrease in the area 582 of

the longitudinal bending of beam 581. The central
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mx slit configurations, but normally there will be no
advantage from m xi ng- themas shown in FIG 12. The

wa0oopepsse of the illustrated enbodi ment of FpC/US05/630248

to show different slit comfiiigurations that are
suitable for _use in the _bending of sheet material in
accRPEEheRS withea t B@dor 848kt PHvelts osheed Tmetdeiagn have a

ande f PERRE $ 9N R + a6 ﬂﬁvggcgﬁﬁog?ggl%%h%ggﬁyﬁkgﬁﬁgﬁgE%uckllng,

slit, as shown in the flat In

desat i bealst nixoradtt | Orewidte AEGS.exttYamed 14. The

design would be acconplished on a CAD or CAM system

as described earlier, and the slits made in sheet 561
identically as 20 laid out in the design process on

the CAD, CAM or other systens. A curved box beam

gerEhal fyladmdi gnettedd Gl beé ssechosd ticyedtiarh N&ivets 583 or
desi ned cut, a bent U-sha ed sheet 572a is secured

to % &% ond® i rlg]n‘?é Yrent Agh&Hiaffsy siget fastening

S72tbe cHipi qdd §Eb§e§§ @é@ﬁlﬁ%cﬁhdlgrﬁﬁgn 4, %%ehqﬁgﬁ for the

fin ers or | eaves 571a have been fol ded ver
out’AYELRFL T hean| n@ermr%fqr@mﬂesaembownnlmtwcmsbz at 580.

t hepp ap Lo e the fold

562a ¢ ﬁ)égété%&grf tg‘ %?be\ﬁ accearPe oPr?ﬁésefy set if
apebm akaows cubeadi m@ndflgmlretsb&eth byetpefmiidd Ngr known in
not ¢ 567a_t 0 nge 30 the included angle of the

notac eas“?%c‘?%agg M?reotthF’elnr’r@igﬁdeﬁﬁoan‘@@% B¢ Resikésned in

S6 et rasecatiéhe 8h8a tp@eQirtelN& d NG {tydi ngk
bendi ng of beam 581. The central WO 2004/ 028937 er drilled

Pcanszods? OB@‘Z%th%lt‘ﬂ@r beahsssegas ahdgBTRbrofint ke curvature

T A A S S P

not extrene. 5 The fol ded sheets can be secured
together by rivets 583 or other suitable fasteners,
adhesi ves or fastening techniques such as wel di ng and

br%ﬁkﬁgangfgégg %or 1ndeterm1nant 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 a curvature which is
determined in the field, for example, by the curvature of
a portion of an airplane which must be repaired. The two
sheets that form the box beam are curved to fit under a
portion of the skin of the airplane which has been
damaged, and then the skin is thereafter attached to the

central section 572 of the curved box beam.

Bending of the leaves or fingers 571 can be done with

simple hand tools, or even by hand, and field riveting
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fasteners can be pre-forned as shown in FIG 12 at
580. The | ocation of the openings 580 can be

w@r@aios®By set if 10 the exact curved confi gur PCT/OB200%030248

determ ned or known in adswance of bending, or
ope steﬁgs 580 can be positioned in central |ocations
andP reaf beldusde wunvatazs of | Fhedbopolbeam doy oising the

éM¥J¥HgdsﬂE¥%§ ngggﬂgg H%safgywﬁg%g§ %ﬁ%ﬁtare drilled

eterm nant or establrs |nthef
appJn ctate oheéwem ndetfamngieranto i urhve dubder beang, fédded sheet.

ex |nthe raft jndystr fficult to
boriiso it @ ot PAts At aRd & liessgnad WP strength
t heswdesdtatl |aymutrof éﬂdﬂi&uﬁﬂ%d&h%@aﬂf@%hd%@ bﬂstom formed
conpleted slit sheets 20 as shown in FIG 12

shédtds BPélf-h@ﬁeP‘orafﬁadaPn ahplane| éttrycﬁpémldecmnment for

f|gﬁgg% r exa %gﬂiggiq%;%ﬁhb%%t?:gg¥ghgeglkplggg Fhereto

an Thiirspl aae \dnatlierrusfobe exeymgilegd. fi]'dabdtmpaalireetmder even

that formthe QX beam curved .to fit unpder
(AR o t%lpé' G5 BiénkhiceR ks fﬂ:@lﬂ!ﬁ to a site

darmgemmamq;etﬂ&metdte relpla risS chhebeahhae .at t ached to
the central section 572 of the curved box beam

Bendi ng of the | eaves or fingers 571 can be done with
30 sinple hand tools, or even by hand, and field
riveting WD 2004/ 028937 PCT/ US2003/ 030248 62 used to

holghdrhe Q%@VatmbﬁgQEuBBﬁa@Q§ beam-PYqUSit t N@eam  has a
pre-fornmed holes 58 as guides for holes that are

dr ifirlegkg t einmitniesl I@avésown fllomg@ﬂisldohaﬂhetummuqa ngleaves or

f ol h d I ]
Iolfg‘f1 esfraéeﬁgl?g 2 T I?%na C?Pr Lffaéj%%tﬁclgl S‘Qbﬁ nifh which

boxhkeeammgaemmf@mimmdoramasaosﬁlttlhor&ctra%@{br in the
ai rpl ane structural conponent for subsequent
f aSCEG R HPe t he TOiSn WOl HRr ¥ aRBalherieeo wal sthat are

CaR R end Wi tERPLBenlihgsd repairs under even

Box beams, whether curved or straight, also can be used in
exoskeletal designs in order to provide high strength-to-
weight advantages. Thus, rather than using a solid beam
with its attendant weight, hollow, folded or bent beams
can have corresponding strength but lower weight. If
desired such hollow beams also cén be filled with a foam,

including a metal foam.

As shown in FIGS. 12-14 a longitudinally curved box beam
681 is produced by bending the sheet material along
straight fold lines 562 and 563. It is also possible to
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conmbat conditions so that the plane can be flown to a
site 10 at which permanent repairs can be nmade. Wen

wo b@4logsagi t udi nal |y curved box beam has a PCT/US2003/030248

predeterm ned or known | ongstudi nal curvature, |eaves
or fingers.571a and 571b can be defined by notches in,
whi REP9ECE hed FHFHE fadler oFgFYed e%&x nBSRMG Y eféhtting or

ot heFobifideal SRFECREARE . bt SLMdd . produce beam side
walls that are snooth and w thout openings. Box

beans, whether curved or straight, also can be used in
20 exoskel etal designs in order to provide high
strength-to- wei ght advantages. Thus, rather than

usifgr-i $9! idWoeay wEd. i tis aghandpgt i hol L ow .
f ol ded J??bent beans ~can have corresbo%ﬁi%gggFre%%tﬁbterlal
butdé¢signedwiagil . s1it desi groovedh floal | Holdiags adldsoa three-

ca ' w_th .a,foam 5 i.ncludi,ng a netal foam .

S tfen i drih Ul B e hoR acks . EREN Y Bafeeq Taspectively,

beantre 68howa . prodheed hylibends ngehe $heRind@t €bi de s1it or
fold |lines 562 and 563. It is al so

al on st rai ght

poH e &%‘@Obﬁ?@é@@@#ﬂfﬂé‘}/ Ussbendong2igldelines 612 and
r e | ' i nah k \ b b ity

progiuce | aRgidridi ngh k¥ g4 %gd o&r#ﬂa\?ﬁf‘% ¥al aoﬂe%g(g_{ace on

groovi ng al ong curved ben I nes- g now
15 tarahsierselgheexteondimg efphtl 15ndesiejrigd @1, s6i6 and 617.

groved for_foldi an t hree- di mensj onal structure

P Rrs e % arRdePe gl e dpet el L b, CSRGGtar, and a

61 has hesn desigiwtd 6loe Hd tchfmechiQp\é%i‘)o%'li%%g side edges
n :

Ion%%tudinally extending fold lines 612 a .
Furtherlg | $hefhg afid cuedingg teds amkelengeace2bnisoformed at

tr ey &Ikelor edendidy f i 5, nd__ ..
617. Opposed Siege A gesaq'lélggfoe'f}%:rﬁgé Sh%]fl fg?sé%n%r receiving
ci cperdmgsanil2 tixes ivlyici wolkhedigdwatk bpeflkflg 623 in

iop t?fegg%ég%iéggegg?%d s feetther .eet 'Sl’?.\t%o%e:l ignxgoch?ebs 624 of
the type shown in the embodiment of FIGS. 9 and 10 have
been positioned along fold 1lines 612-617. It will be
understood that slits or grooves of the type shown in
other embodiments could be employed within the scope of

the present invention.

The sheet of material shown in FIG. 15 is designed to
envelop or enclose a cylindrical member, such as a rod,
post or column 631 shown in FIG. 16. By bending sheets
616 along fold lines 612-617, sheet 611 can be folded
around to enclose cylindrical member 631 as shown in FIG.
16. The circular arcuate portion- 618 of the sheet are
dimensioned to have a radius which mates with that of
column 631. Notches 619 close up and the edges defining
the notches abut each other, while the fold lines 614-617

allow the sheet to be folded into a square configuration
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one end of the sheet and preferably has fastener
recei ving 15 openings 622 therein which will align

wowdon/oggeni ng 623 in  the opposite end of sheebCH182003/030248

Slits or grooves 624 of tle type shown in the
enmbodi nepnt of FIGS, 9 and. 10 have been positioned
al st d t361esCBIYNB17631t wi | FhBe DsAder dthgwedimensional

Sl idtSridt f p§.sh h
enbodlné%t§98%§?%9bgégﬁéEgyggaggﬂh%#%%ﬁéég,g£ 8}an€ﬁ panels

pr e5E4Tt6 3 Shwdritdho R r oftieles Myt f agfe satgerdingt sidwihn iothelrGmembers

rortor S CEbeHT et o orBl 2 2L "5 B8R oo Wnsheet 611

FI 61a§2l6be By camndidngi s heetageb lor alrangcbd0lifin! ig¥3S by fasteners
612-617, .sheet 611 can _be fol ded around to encl ose

cyﬁhﬁﬁqqgﬂ°?Eﬁ&ﬁ956§fza§39uﬁ@§1n ghg ¢ Qilgﬁﬁ?tlon of the

Ci Il e AT G HROTdJ ORa LS @l B 13R8e KAk
dlégﬁgloned to have a ra& us mhlg% mat es mn%h tﬁ&l tP become

30 xohiigh-88rengbhehasi G skovetupearardured edgésmn or post

def ng esca ch.,at her ile the
I|é%§'614S%€€rém$§€m§thgg ggtgpgebeepgrgﬁﬁ ?ﬂ?% ggh against
S quare icarif idupdiscemed® 20040228937 rBeTAYS20030030248 ference
64 around the colum 631, The _bent three-di nensi ona

st WiHee RLYS T $9988 £181 ardl the 8Psplasad/or the use
Pana Fas®30re®39 WIS IRQVI dR1S4h Eacﬁ§a§ 3@”3& @ﬂ CIilke, and

ot her menbers or structures can bé easi atta
Foltded asiseab 1yl has meyybeppddgrcdons phachk abduedthe problem

col ym te t hrough aqpenin 22 and 623.
The conglguféF%gi ogg?%lln%ro8ges %Fuﬁt%F§q624“ to a
t heyfldinded caheett ikt ure .becrie® exanplagh-st rengs h, 151 ghd 16 is

structu;i around col.umm or post 631. Securenent of
f ol"P&d e @PfePGlﬁ&sFOGthéﬁaFﬁéﬁdlegve#Flééla structural

d'%ﬁb%%ﬁ%&%h CPr R the ??lfﬁhffgéﬁfegggceregkgllnear

bet ween arcuat e edges 618 and t post, and/or the use
of floagwseners, adhesives, wel ding, brazing or the IiKke,
and

The designed and manufactured slit or grooved sheet and
method of the present invention also may be used to design
and form corrugated panel or deck assemblies. FIGS. 17
and 18 illustrate two corrugated panel assemblies that can
be designed _and constructed using the apparatus and
methods of the present invention. Such assemblies are
particularly effective in providing high-stréngth-to-
weight ratios, and the sheet folding techniques of the
present invention readily accommodate both folding of the

corrugated sheet and the provision of attachment tabs.

In FIG. 17 attachment tabs are provided which can extend

through slits to couple the corrugated sheet to the planar
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the assenbly has many applications which solve the
probl em of subsequent coupling of structural nenbers

wo eooda/oidstyl i ndrical structure. The exanpl e of pE/GES2001/830248

and 16 is not only a potemsial cosnetic cladding, it
is a structural transition piece between cylindrical
anccheglti | vhéde ifror FEG. 20 8Thealesihgvésganflastener receiving

ma A it . grooved sheet and nethod of the
QAR L Gl e s

pr al’so rnay be used to design and form
corrugated panel or deck assenblies. FIGS. 17 and 18
illustrate two corrugated panel assenblies that can .

be desi gned and constructed using the apparatus and 25
nmet_hod ft present .inventiaon. .Such senblies are _.
parl{}} cEFgr‘I ylhgf f Sctsfekbeeeti n°pr d\lﬁttﬁﬁfga%hl Sﬁisﬁ}%g fefo-slit or
weigtdovert | on@nTohdier wdieed 1 Tl ek fend BednF gues19hetN€42-647
present invention readily accommodate both fol ding of _

t helN RFFUFRGE SHedt Bl tprchingi of okhef Paesaekndnvention.

t ahg4i30 I iAkG 47 Alhaahmgnt of al*%%b%f e 9 Oiﬁiag%d WAL EN £ormed

can extend through'slits to couple the corrugated

shedtongp thkd planar 640,2004% 02893 B4PCT/ US0936@30248 cut in

65 sheet, ile in FIG 18 tabs_havin asten ,

r eck eve:scngd\gp%ﬁi ﬁg’? &8 r B eds %ﬁrgﬁ%{mﬁ}?,o a Hifeeplits or
of grifdsal 65U lahafgbede stditd OIinds gr oqwes ,aldNg-shaped cut
longitudinally extending fold |ines 642-647 in _
acé%’rzdaht%e fRgmed hént sGRthgbhl 3% pResemthdmvehei gtheet is

Addi {4i [y, j f b e
O EAIRRR 1 cffe PLbERLRYCD B cTE] BAENIREN RN, the
sheetbs644ilat pihet sade tpwerddyf or fabiso®4®f WiHd séxtend at an

or 10 .gr opves 1 along the fold Lines. Thus, a
U SHEIE £Lem gg% iv§rftgrcﬁ’gd ‘Yf}?%hé%?g’eﬁ‘i SGCURSt Sthehorm the
t h%ﬁéwf;ii%nﬁf'm ed ttadshecsor rdigat s ¢ t EPBMShWNangled
in , the

position to a near vertical position, as shown in 617, by

a subsequent step.

The folded or corrugated sheet 641 shown in FIG. 17 can be
attached to a second planar sheet 656 which has a
plurality of slits 657 formed therein. Slits 657 are
positioned and dimensioned to matingly receive tabs 649
therethrough. When sheet 656 is lowered down over
corrugated folded sheet 641, tabs 649 will extend up
through slits 657. Tabs 649 can be in interference fit
with slits 657 to secure the sheets together, or tabs 649
can be bent to a horizontal position or twisted about a
vertical axis to secure the two sheets together. Tab 649
also may be bent down and secured to sheet 656 by

adhesives, welding, brazing or the like.
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tabs will protrude upwardly. Tabs 649 w Il extend at
an angle fromthe vertical when folding occurs to

wo esomordve7 15 corrugati ons, but tabs 649 can berOEWS2003/030248

froman angled position teéa near vertical position,
as shown in 617, by a subsequent step. The fol ded or
coPRidRNéd lhedt BrPshdlesth ¢ @aterkaby bRot 2phown, can be

at%%%%%%é&)ébs@ﬁQng%géfngﬁdgh®% A% i Gh Q@gsé%?%ed sheet

plurality of slits ormed therein. Slits
posidtli oreth@ntakds néadisonechtt osman ngvlpickceiree ficalveed out of

649 . ther rquagh. Wien sheet 656 is | owered down over
CoPPEh T ofHEEPENEE Rt hABs ShoTPPriBg, BHPCEyS. The
25 dyopughssbét s wald Teds edhrean 6 ithd NbetEEhEMFE folded
fit wth slits 657 to secure the sheets together, or _

t alsPgAgatesh shestent4t olB RoMardyftal d9ysiikash bp connection
tw d t vertical axis to secure the two

shéé#? f@%%#hg§§'Tab 649 al so may be bent down and

secured to sheet 656 by 30 adhesives, wel ding,

brazing or the like. WO 2004/028937 PCT/ US2003/ 030248

66 Optionally, a second sheet of material, not shown,

cam.he hed .t ot he .l aw ' of or __.
CoRe AR BRI B dpae! LY Shrcsstane and
whildyhawe iightmed raugackd pheel 641dduki agsthrlgl whitRgcan be

or groovin rocess. The 5 second sheet woul d be
se@%@@dlpo%P%SrBBFtGHPEFCPBFBBE' corrugat ed sheet 641
in a manner described in connection wth sheet 656.
The result is a high-strength, fatigue-resistant and
10 li ghtwei ght corrugated panel or deck assenbly which

can be wused in nunerous applications. A corrugated
pafiel CAEEeADFSA sPRedr 3BSENEY 1718dd ae t@oddG-uctéd can be

1S SRR EOUECL G D ARSI 113 Beneny o
FIG. 18. Folded corrugated sheet 661 includes a plurality
of fold lines 662 and a plurality of tabs 663. Tabs 663
are formed from sheet 661 in a manner similar to that
described in connection with tab 649, only tabs 663
include fastener receiving openings 664. Additionally,
tabs 663 are folded down to a near horizontal position,
rather than up to a near vertical position, as described
in connection with tabs 649. In the horizontal position,
tab 663 can be used to couple a second sheet of material
666 having fastener receiving openings 667 therein. Sheet
666 is positioned so that opening 667 align with opening
664, and fasteners are used to secure the two sheets
together. As described in connection with FIG. 17, a
third sheet can be secured to the bottom of the corrugated

sheet 666, although the figure does not show the

securement tabs 664 on the bottom side of the corrugated

sheet 61.
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of fold lines 662 and a plurality of tabs 663. Tabs
663 are fornmed from sheet 661 in a manner simlar to

wo bats/o2sdssCri bed in connection with tab 649, opdYUSZNS030248

663 include fastener receié?i ng openi ngs 664.
Additionally, 20 tabs 663 are folded dowmn to a near
hori zontal position, rather than up to a near
vertical position, as described in connection wth

t absgs¥9, b@,téa@mllrz@ngableggm of tg%bocﬁﬁés%g? slits 668

be-used to couple a second sheet o mat et |
havfﬁ{}n?%sf-@népcpé@lémenglépemhngpr@@mtherrmemtl@meetas above

25 j sitjo t ning 667

oncirect 2aBdn! d CRBL:AGaE 08" SRS BY Dendl, M stblypcan be

sheéalsrlct@‘gedihe:vhm% descrvicrgd htighonpAct s0ReMgtR, FI}QS good
third sheet can b secured to the bottom of the

corF%@%?%% TRRELRTARED, 20 tHolgieh e k9 ur e does not

show t he 30 securenent tabs 664 on the bottom si de of

t heroes s ugabed2 sheeludilrat@ 2904/f289%3¢ embodiment of a
PCT/ US2003/ 030248 67 Again, by enploying a plurality
of GPROVBIORF SPrrEIets penedd 9m deehr ddricd viarh blae formed

presefg i PYENLE 9P, 5 nﬁ§e9b9M8 mggﬁ&i' Red, dc\%?rs%%x%t dnvention.

deck or” panel asse can be abrlca €
\MNNDRﬂqﬂern sthengphnehasogooEIGBatlg@ezeesuauageeates the

and_jis | .. 19-22 iIIu trate a _further
enbodi THH %‘I@V*’q‘“cao‘-’n‘ﬁ %&éﬁ Pass byr rgesen of the
Whi a8 Ioiaty beo fred et halgd Herdde oil 'ﬂolﬁ&e%tha%nqila%t @;?.%nificant

of the present invention. 10 Mreover, the panel
FI G9ad =arying Fanrakid itHies -st Sdrigtlh fali\téllﬂrag@ev\hmbbdlment

0 I
o g o b et g, B! LY S rsonn o

sharp bends or i can

carfrodidey capadit i tieso Stil hifhrt betrengha emﬁq@baaaheHSlonal
of FIGS 19 22 illustrates the use of tabs to

|nter ék a 15 fol ded sheet into a hi gh strength

t hr ee- di nensi onal

Prior art techniques~forming corrugated panels or decks
often have suffered from an inability to achieve a desired
high level or percentage of chord material to the overall
panel material. Generally, the purpose of the webbing is
to separate the chords with the minimal web ﬁass required
to accomplish that task. I-beams are rolled or welded
forms that use thicker top and bottom chords relative to
the connecting web between them. The present invention
enables a class of corrugated structures that provide for
wide design flexibility in creating rigid, strong, low
weight structures that can be manufactured from continuous
coils, transported in a compact coil form, and easily
formed on site. The interlocking nature of this enabled
embodiment avoids welding at the corners where welding is

especially subject to failure.
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structure. Prior art techniques form ng corrugated
panel s or decks often have suffered froman inability

WO o00aoksseve a desired 20 high |evel or percenp@mesmni/ 30248

chord material to the overaBl panel material.
General ly, the purpose of the webbing is to separate
the chords with the mniml web nass required to
acconplish that task. |I-beans are rolled or wel ded

forgmedtatmatser {41 Cker1 t aa AN t YDGNoNdS el eV present
to 25 the connecting web between them The preéesent
i NVERE§THorenidd edS a sbPyBs iof Fdérr Udatd &t Elastuseste before

th jde.fo i desj gn fi.exi QLl i in creafing, .
ri geﬂlst o(rc:)é:, fcc))\l/vei\il‘EI ightAgt r{lcqurgé t%% Mrcaft b‘g{uragllty of
maraMfletanteica ¥yonpegoal lalobendcdiidres t 72nsparvkedh | pattern of

conpact_cqi.l for]{% a%(fj asilé 0 forned on site. The )

i ntEr 1T hA R S T POFLEBEG PEnOPRPSiES sides
veldl nghat ddii COEABES t1eaes b dighd iighe 185 PESE & 4 ¥

subject to failure. WD 2004/ 028937 L saTo0er Sdthe straps
68 SHAMad bR eOPHOSAEE HALretelPrs i t Bt t h23presentake the
I Ngi{ 0gsa S LN 19 i flat _state

befor e gfen?fi%r?g %ri]‘?%vlnélhngﬁl(%sf ng| Iogbzg’segﬂf: g¥ample.  Also
pl Uicalnietdy ph Slsadist 2Bl aldey pampdhirell ikendoti REHs7224 which
have a pattern o allgeernati ng arcuate slits 723,

posiHhS d"bwao‘ifbd’si? heOnGHe (PR_r biers | Pheglits 723, and
defd neL okl 1 Oue! ¥£ exbondbng $5kaPSpetkeWad 7% OPPES
directions. Slits '722 can take thé) fo\r@?’n of the S?{e{igngs 723
i n 3MEGROsE tgroned figr adigmside reApsdon0tbokabd TA4sheet

721 are a plurality of tabs 724 which extend

outwardly of the tongue portions of slits 723, and a
plurality of key-hole |ike openings 725. Openings 725

are positioned in aligned relation to tabs 724. 15 In
FI & HIG + abiA724bwi |124bevisldlenbé oserhend aortassd bettbss bend

liﬁ§n2227550w%r%%£t%1§%%' ;§§§ 724ngg’ ggﬁreggg? therefore
extensions of the tongue side of slits 723. Key hole
openings 725 is a cut-out or negative tab in the tongue
side of slits 723 which have a configuration dimensioned
to receive tabs 724. In order to prevent the neck of tabs
724 from being interfered with by the upwardly displaced
face on the opposite side of the slits, a notch 730 is
provided in the lip side of the slits 723. Thus, the
entire area of 725 and 730 is cut and falls out or is
removed from the sheet so that tabs 724 can be inserted

into notches 725/730.

In FIG. 20 the flat sheet 721 of FIG. 19 has been folded
into a continuous corrugated panel or deck 726. Panel 726
includes web portions 727 and chord portions 728. As will

be seen in panel 726, chords 728 are in end-to-end
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extensi ons of the tongue side of slits 723. Key hol e
openings 725 is a cut-out or negative tab in the

wo o0vgese3si de of slits 723 which have a confi geeBUSN3/030248

di mensi oned 20 to receive tabs 724. In order to
prevent the neck of tabs 724 frombeing interfered
wi B3PURE e IphakHey @ves dteel fpidde lemathe ofpddiet epanel on

Si ' , ot 7 i Vi in the |j
4ol e Shpks Al el A0 AR L8 i LBy o
an@prz8ides cuvntimudas| sdeak oror s 2borénpsed flace®.t he This

heet t hat tabs_ 724 I ted .int t ches
TGRS Euc Hore S e i DAL s foet T59At by ERbRRggdnasrength,

beardf obdedpléNt Gra BOAHEAYPUDEDS r%SﬂéEg_ panelh®Eh all the
deck 726. Panel 726 30 includes web portions 727 and
chér@nsoetisenvelm. anre BpF| Jpénsdekyi $hegidsl orpeboth the top

ch e<{ h. epqd- te-e 200 2
Pc%”%éz%%%‘%‘goszﬁ%e gg ;tqb)lﬁt trtlg"1 r?\géqr'el a#%nﬁg\%gr it can be

| erfgtrthefr t e ipefivaicesh Mot haddiengipper shelet andft hadditional
| ower,_ si.d f the panel tqQ .provide_continugus deck or )
P Tiadas® FHOUM o nIerLUBRI SAFORAE. SEREPVSsBhe ratio
gr et Ishahancesk 4T engéd, t& tae axaelpPlos dHe bendi A, deck or
over panels in which all the transverse webs are not

j oPRE@ o o&h @ réRrbeitrenaEhy spifAnaspotoonesple vatio.

the panel. The deck or panel can be further

rei nforced by adding a sheet of additional material

(not shown) which would further inprove the ratio 10

of chord material mass to the mass of the entire deck

or FIganeklf okl bugplerators stimengreaserf fdesail o-hed gbending or

ratd.q.q: Fl | | S AN great.er tail .the .
beﬁlflgiqr%ngr%?%ﬁ]mdél néﬁ{éé{%g%rg &1 %i/aenaelf o?gganac%“cmg' for
Comxenpileg, wWiath lén@xdlphge VI2hH argb f12angeciRO.beMbent down
727a can he benh down . and_back at bend |ine 722a down

t 0289 site Sf‘drﬂemepa?l%?a.‘ dauBt teaterigrer2pide of the

theankent fonaes dnatePeR¥ 721 is then bent forward at bend
line 722b and chord 728a extends in a longitudinal
direction of the panel parallel to flange 729. At bend
line 722c web 727b is bent to extend up and back to bend
line 722a, at which point chord 728b is bent forward and
~extends to bend line 722b. Web 727 is then bent back at
bend line 722d to bend line 722c. The bending continues
along the length of panel 726 so as to produce a folded
corrugated panel in which there are a plurality of end-to-
end chords on both the top and bottom of the panel which
are separated by connecting webs. The mass of the chord
material in the panel to the overall panel mass is

relatively high for avhigh strength-to-weight ratio.

The ability to fold a sheet 721 in sharp or crisp folds

using the slitting process of the present invention allows
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line 722b and chord 728a extends in a | ongitudinal.
direction of the panel parallel to flange 729. At bend

w@0oosiopsd3722c web 727b is bent to extend up aneBChasioos/es0248

bend |ine 722a, at which peint chord 728b is bent
forward and extends to bend |line 722b. Wb 727 is
théweo@fﬂemmalc beewgeni kbe7aglst d 20emdd et PPc728 to be

The. [ e f an 726
so ég%?g”%% duc f%?%egg Z}ru %dgaﬁgl fﬂsﬁh gRutting
the:reelaa;riema pIHsalultlyasdzfra&md—to:heenplandabr d€ @Id®t h19-21 has
t he %ﬁﬁ &B g1 a whi ¢ are separated
by “& eéplng pgs f @ thordeatdngr i sAuihateral

th&ﬂ%ﬁﬁﬁlédJimewﬁiehwéadﬁﬂﬁﬁeﬂai§'ébo&@'?ﬁbV@éﬁrees As
hi gh for a high strength-to-weight ratio. 30 T

abiMiiltly R ynder staatbetmam eEhehaeprongatien gepmgtrles are
usidagahfi process of the present invention

al e\ ?6’52%‘52%937 PCT/ US2003/ 030248 70 the apexes

731 between the webs 727 and chords 728 to be

relatively sharp and to be positioned in close,
abutting relation. As illustrated, the panel of FIGS.

l@ast é’%é)taflgdnﬁﬂg gﬁs ual Ieﬂgé - %.g%ié{]gpanel 726

equ ater TTangles rnowhich each” apex
12@adegbeesechyedn llh ke uhdeéSHmménsmalOtdiﬁfflguratlon, a

corru atlo eonetries are equally paossible. Wil
{ NOFE AT SHURET60S sy < q PHNISh FAttiete baedl Mbing okeyhole

car&?@%ﬁg@ur% I Bu@ LREee s‘?HéE%nS‘VQPaBuEQHé %ﬁ%at%n %f the
erre

pre nmethod is to enploy tabs 724 and nmati ng
keplepiddngopéhitdgs 725 cut into sheet 721 during
formation of the bending slits. 15 Tabs 724a, for
exanpl e, are provided by |aser or water jet cutting
of the tabs to extend outwardly of slit tongues from
flange 729 into web 727a. Wen web 727a is bent

Tabs 724a, for example, are provided by laser or water jet

cutting of the tabs to extend outwardly of slit tongues
from flange 729 into web 727a. When web 727a is bent
downwardly and rearwardly to bend line 722b, tabs 724a
remain in the horizontal plane of flange 729. As Dbest
seen in FIG. 21A, a mating opening 725 cut into chord 728b
and aligned with tab 724a will allow tab 724a to be
positioned in opening 725. If each tab 724 has an
enlarged head or end 734, the tabs will 1lock or be
captured by'their mating openings 725, much as a jigsaw
piece can capture or interlock with an adjacent piece.
This interlocking resists separation of the tabs from the
mating openings in the top and bottom planes of the panel.
The tabs and openings do not need - to be, and preferably

are not, dimensioned to produce an interference fit.
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downwardly and rearwardly to bend |line 722b, tabs 724a
remain in the horizontal plane of flange 729. As best

w@0om@esy3tn FI G 21A, a mating openi ng 725 cut PCTVUS2003/030248

chord 728b and aligned witi tab 724a will allow tab

72 to be  positioned in_gpening 725. |If each tab 724
haglarhtr?r]e?ﬁ d%heaPR? drid 7%28 tIRERAWES W/PP |dkke occurs

or diengaphsr ashtiont hgife MY nﬁaﬁefniﬂlgﬁ, 23R4 TN ASsuit is

a jigsaw 25 piece can capture or interlock wth an
adjsRemensindceot Thies fotded opkhag riesithe Seopamr ats oshown in

of taghs f t in enings Ln the to nd. .
botE:%rGﬁ p?ghes&géﬂ t Hgt%g% .a%d%icelotnaa%s iﬁﬁuﬁﬁ%Wﬁgge&inques'
notsuwedast adiessiand ,preébdihyy breimet,ofi FRRSI DIRE,  which
toc_é)r oduce an interference fit. 30 WO 2004/ 028937

P lyzee cpp &S€8cki ng of tabs 724 and

openi ngs 725 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

addi tignal securepent techniques, 5 such as adhesives,
wel'd nBIChr £AmgtBe t3heat kElikkiee ) i baaALpgalmercess of

capmifs used-2hn FLGsdiand e Sht Fs%%&ﬁtigg. lied to the
bendi ng process of. FIGS 19-2T is schematic y
shdwrmagd igppl ¢ dat eylliedricaflommmibern dd1a cydaids,i caébs 742

ne 741. Aga webs 742 and chords 743 are fornmed

ab%t)nt%r bé:% 5 isnelszqgndafﬁe é‘?%‘&% io?q%o‘g"f tZCPF’é"Oge neSpegnd the
selleclaed o8¢ Wfatt Heh@egliondseen setibeteAned E8diUshé44hords on
are sharter in their_length than the chords on the

outt®f rFadisfs AR BT TA idRersiemte sy Bheiuslemgtihgthan the
OP@MRYTRY RGHISEH 10 AN hot d in

t he desisr ed configurati oaﬁfll% ezgnéc:ii(% %Yw %gfﬁf% ’nesgabS and
of mathagnmpeniialg awy thdee used itof Loyk i tider cHddds Thed webs in

gi;?}'&f g&‘eqsajsé’%cl'é‘grﬁkfé"&rgé{éjrﬁt U6EpSR0: 88 45T Uhickness of
the material and the radii of cylinder 741. The resulting
cylindrical structure can be used, for example, as a

lightweight, high-strength column or post.

In most embodiments of the present invention, and
particularly those in which the sheet of material has a
substantial thickness, commencement of bending will
automatically cause the tongue or tab portion of the slit
to begin to slide in the correct direction against the
face on the opposite side of the slit. When the sheet
material is relatively thin and the kerf of the slit is
small or zero, however the tab portions of the slit sheet
occasionally will move in the wrong direction and thereby
effect the precision of the bend. 1In order to remedy this

problem, it is possible for the tongue portion of the slit
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I'i ght wei ght, high-strength colum or post. 20 |In nost
enbodi nents of the present invention, and

w@aooiogssBar |y those in which the sheet of mat ep¢BUSIVES030248

a substantial thickness, cdemmencenent of bending wll
automatically cause the tongue or tab portion of the
sl i 9288t P55 1 8| fdserhipne Peeduednadinrastiicdiable proper

agahosdinge TRES 9H14P o&@&s%ﬁ&éi:ﬁ? Gé.hezflajtr{ge 24A.

When t he Sheet naterlaf Is relatively In and

kerf of the slit is small or zero, however the tab
portions of the slit sheet occasionally wll nove in
the wong direction and thereby 30 effect the

pregi si of .th al der, to renmedy this .
o bl SRR oL "B TR VR ST CEok Rengingreanout o
sl iplame 2007/ a28eB7 1P6E/ USZP03INI0P4G&he’2dbeiBa bhaged sheet

in directiqn praduci ng_predi ctabl e proper bending.
Thisgl“s%‘f’tﬁﬁ’ o%%dg‘% P F"re*t%. Preseft 24RvVeptipBet ofArcuate
materitd 683 iavef of dEfkd OkhbendiyagiaRo pgupe ;
bend | ine 682 using the design andlgﬁeg;to@sﬂ%t%%g tggt will

t echhidfie28PNEhePRReSEHE £AVEAt idnring chendingl idfs 6B&8 sheet
ar eag&{grqgewif#méjeggfe tongues 684 that will slide

al ong opposi ng Taces during bending of the sheet

about bend line 682. 10 In FIG 23a, sheet of materi al
681 can be seen as it is being bent in a dowward
direction, as indicated by arrows 687, about bend

[ 68¢- Bsgause,tongu 684 ar war dl y L
di gg] aced; ?%g’l %\;\I/éerete es"d e%loare]neggmgénopelﬁiﬁ“psas it is
68Daiid Harok irp Antbwengage diaeet i) @fs LeRrAWes iy arrows
man e{ which will produce sliding of edges 688 al ong

fadddr 68ROV hePEBGes1bB8 ofBRach dierawde bdmhduase 684 are

Sg\%ﬂmd\ﬁgrddaﬁ)?ﬁp% g@g%?&@gd,um‘.vﬁédll%v}e(} Séé&@s ogt rE:eorners 688 of
lips 689 will tuck up and engage faces 690 of tongues in a
manner which will produce sliding of edges 688 along faces
690. The edges 688 on each side of bend line 682 will be
displaced upwardly to slide on the downwardly pre-set
tongues 684 so that bending about bend 1line 682
predictably produces sliding of the edges along the faces
of the tongues in the desired direction during the bending

process.

When sheet 681 is formea for bending using, for exXample, a
stamping process in which a knife forms slit 683, the
stamping die can also plastically deform tongues 684 in a
downward direction on side of the bend line. Predictable
sliding of edge 688 along face 690 in the proper direction
will occur during bending so that the actual fulcrums on

opposite sides of the bend line will produce precise
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tongues 684 so that bendi ng about bend |ine 682 20
predi ctably produces sliding of the edges along the

wo amam2898f the tongues in the desired directi oPCDUB2008/030248

the bending process. Wen73heet 681 is formed for

bendi ng. usi ng, for_ exanple, .a_.25 stanpjn ocess in )
m{bgeh’p‘g“k%i FEoRg, FRes Vil tagd fS T %%@%u ¥ithpbend line
al st8pl asrhealliypdatedmticnaess 0%b ivi Bl SQUNWAT dperator as
direction on side of the bend |ine. Predictable

sl it AP IRRRF cHFedtcny fade be9ing -t he proper

direction wll occur during bending so that the

actual fulcrunms on 30 opposite sides of the bend |ine

wi || produce precise WO 2004/ 028937 PCT/ US2003/ 030248

73 bending along the virtual fulcrumaligned with bend

| i Athileggmansharhkiftaddans ofgidse Airssent lineatdon will call
op 0O§pa t pe Lregtion ndi,ng. . 5

Whi Og'I n%%y%ae p%ec;}%rg#g’ 0 O@%e%’grlése% ﬁ n\%gﬁt ibo‘%“ﬁ |§t other
caldnglegr. 9(Thoe grpgen deangs ,ansbme thidd ofalthef @reends iatrention

ot her angles.dTge a raéus and nmet hod of _the present
i nvét i BHECBERIAER o t 8°8gEh ®hild JB3iptaining the

Maigtaintidye s her adyan tof-rhdd &dgesdo-fagqy rig.
contact.ﬁQ% FIG 24, a 0 bend of about 75 degrees(%s 24, a

i | hehd gfe@bord showegreeshdet idflusareaitied. 691 is

formed with a slit 692 which is cut at an angle of a

of about 75 degrees to the plane of sheet 691. (A
corresponding slit on the 15 other side of bend line

693 al so cut at 75 degrees but skewed in the opposite

di Asctstwn,s aoshektwoff onatesiigl | 69t yisf formed with a slit

illgstratign.)_ Ugon bendi ng_down dy,. lower g
GQE%%f |ﬁ§hﬁ%§t€%€sagn?8 §H89§IP e f%ﬁﬁPtGgg g?grees to
t ongee HDIne Ovte theebemdireachas dDE- &9 Resg 06120 on the
the conplinentary angle to slit angle a, the |ower

suPfige Bote oP Lt penschekingr 63 nalsoedyet 694 WiSl |degrees but

coplkapal With the opposite direction is not shown for
simplicity of illustration.) Upon bending downwardly,
lower edge 694 of lip 695 tucks onto and slides up face
696 of tongue 697. Once the bend reaches 105 degrees, or
the complimentary angle to slit angle o, the lower surface
698 of the sheet proximate edge 694 will be coplanar with

and evenly supported on face 696 of the tongue.

Today most commercial laser cutters with power capable of
cutting both plastics and metals are sheet fed. There is,
however, supply-roll fed laser cutting equipment
commercially available, but such equipment that exists
today does not roll the cut material back into a coil.
Thus, reel-to-reel laser cutting equipment is not in use

or commercially available.
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and evenly supported on face 696 of the tongue. Today
nost commercial |aser cutters with power capabl e of

w@200a02898Ng bot h plastics and netal s are sheetprdEUS2003/030248

There is, however, supply-74oll fed laser cutting

equi pnment commercially avail able, but such equi pnent
that exists today does not roll the cut material back
into a coil. Thus, reel-to-reel laser cutting
equlhaeatdvastage bfi ustl3Bedrceoti®y ctahbinay il el £ coil
WO 2004/028937.PCT%U82003/030248 74 The advant age of

rol PEFBANEET i A EBRLFRBECHF t AL athdiPreserhatnesntion, is

t hetraot e¥kyoiathe Bresen &&Hﬁmipr‘in!ﬁér 4080n VeI &
| arge or very conplex, information-ric B S et Ures

canSbEugkdrghedannbesdestgmed ainl €Aen ¢lteseand then these

pr e;engl r n ecolled into a

DL opEORRgERS- gl LEHICER SO SRS 00 o compace

mayfden. t ramsgoib ethencei tedy exvrgiddty, £4:06, Pty Wb
at-bed  truck or rail car or |aunched into outer

f |
gpa St TN r&?’??vﬁ‘l’g‘lé‘?nﬁfétlﬁbcaﬁqlbrﬁ’tﬁnﬁﬂs%, qrhe flat-bed
materwek 65 HALDI ¢8€ oANThbeHePridtd dap 8l %{_ﬂ%déegs Ypon

bend |ines dictated and structurally suppo
ar A EVal i35 BiRl befatien of regss dute imsttertikd is uncoiled

metald i ' The sheet slifting or
gr oov(%1 nggerg%p% g?%jé&%%zaefrée’}gng)tgxepf %rﬁgellﬁ’reess crated and
| nvemntionoehl pesupoar pat #yed Hetardudtels1ties 88ld oblique
process i ncqa‘% | east, three ways. Wdely avail abl e

t

t hr Uit dURE? Ehe detadlite @1 pdastdq shestof many

types. The first approach uses a coil- on one end of a

20 flat-bed |l aser cutter, the laser cutter in the

mddle and a winding roll for reformng a coil of

partially cut material. The material is advanced

t hr hSI{er?é-‘ S/t tdri) Ot SFPoFH@IpiapPer agtige andt tlethod of the

;ﬁgﬂﬁéﬁﬂqunh\feégf’éiﬂrﬁgaﬁgﬁ)ggl:[itnrc]:o'tr)*%:o%a;@a hhaLt gn%%el—to—reel
process in at least three ways. Widely available
throughout industry are flat-bed laser cutters of many
types. The first approach uses a coil on one end of a
flat-bed laser cutter, the laser cutter in the middle and
a winding roll for reforming a coil of partially cut
material. The material is advanced through the system by
hand and pin or edge-notch registration 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-
wise advancement can occur including the alignment of
slit-assisted bending features of the present invention.
The novelty is in the combination of the registration
system with the uncoiling and coiling of material-together

with the application of cut bend-producing features of the
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wth a jig attached to the laser cutter bed. In this

wWoRy4/0psssTe- W se advancenent can occur i ncl udPOmyusives3/030248

alignment of slit-assistedsbending features of the
present invention. The novelty is in the conbination
oprehenteghSEnatbnntBGtsgsbbmemﬂoh fhecencpfétngeayd
coi ling of erial -toget her t Ilcatlon of
COPCBeRd pPOBNC P ePELRPRS T op Tt FELIET 2Dbh 65858
PCT/ US2003/ 030248 75 present invention that enable

| ow-force, precisely located, high strength bent or

fol ded structures. A second approach is to advance a

coil through a laser 5 cutter u5|ng t he wel | - known
t BcRRFGNE éppéoaéﬁeﬁsuﬁﬁnﬁévang?oﬁ eut Bhaopeher laser

reweRd: AstiBgr dhaPRe?achnbinskeWAniQuEl & 25 o&&r unwind,

enploys a snooth, continuous web transport, th both
ustiopd and and pewemdreshadt material 701 is unmound
fromsupply coil 702, and the notion and/or optics of

the CNC cutter 703 is controlled to conpensate for the

rolling franme of material 701. CNC cutter 703 can be

a laser cutter or a water jet cutter forned and

canthdlrdedppooeah tikestewnr éd LGt 25.palteemplopsoa

sheet 701. utti eet 701 i wound ont o

crPorhe. cenhaBUels HEBIREaNSBPEEx Bt EBrORER uiHyEdaend

CRhripatl. Cgheet mAEewsal0f0a hevehivbgnat €poRr shpyeli 8eil
paratus 706 after 20 unwi nding coil 702 is an
spﬁonanghééﬁ Begarn7enddgn BRt4FFVER ERROEYA sﬁéter 703 is

g, g R AR LG Fhmal Py 800 FrlE, pyfeterial

- 230ne C@&santtbat70éebahobeeellpsecesatngrhas aovater jet

b d h t . of
CRBLSGE. TPGPeReRrtr COEERATEY Fi GHF oER®aHB SRag BLLE
SPEEReFNEe into sheet 701. After cutting, sheet 701 is

wound onto coil 704.

Since coiled sheet stock often will have a coil-set curl,
the use of a leveling step or leveling apparatus 706 after
unwinding coil 702 is an option. Sheet stock 701 can be
driven through the processing line by pinch rollers 707
and drive motors at coils 702 and 704 and additionally at
roller 710.

One reason that reel-to-reel processing has not been
previously used is that the edges or contours of the cut-
out features tend to interlock and snag as successive
layers are would up on coil 704, particularly when the

low-force slit-assisted bend features of the present
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| ayers are would up on coil 704, particularly when the
| ow-force slit-assisted bend features of the present
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a foldable tab or flap. Th&sévery act of recoiling
material 701 will tend to nmake the cut tabs or flaps
exﬂéW@nﬂaﬁ@e@m@ﬂlﬁyatéOﬂN@bWﬁn@ahgOeofﬂameoThetheds act of

CaQ %1%3%%’&%t%qqrﬁs% llltaégd %geme g%S&A?ﬁbs or

I énov e hang- |na
rwaﬂhawsn@xaemmlka@bemetaulgndootherwﬁngndgnabenLaI$wo
t hat ve theie | owforce foldingpfeatures of the

préeeﬁe ol SERatOt BAFTEGSekPéfd 1 FFBRr t h@ne is the use

re%ﬁﬂ@%l%O'basﬁ@@g%@hbﬂbhyhaAgS%SBQd1HEEBﬂglh§t§89mQ1th
in FIG 25, 10 nanely, to co-w nd a polymer web

onﬂ@W@@qlnPO@ cpdB ofogesrdupadbethedghiand m@teeaslSythat
PURG %es%eﬁobhggrcg f%ﬂ&? P9E¥9593¥689e ﬁgcﬁresent

pol yet ene are two use exa
teamwemmaohomhhmcmeaﬁlmg eheehhrﬁmghpuheofewe&hdt001l
r eel proces ng systens is thgpgse of | aser cutter 703

ha$ﬁﬁ§eﬁﬁﬁﬁuﬁwe | Bs&PcpBgnEetBPdc ift PRgWRALN FIG. 25,

sl ifamR3 i, Sted co-kawdf ar pe1hpad (et uogsoRtot KEiPr 68Nt web
i nventi on. Fol dabl e box beans, such as is shown in

FI 3081 3honded bepgoyehepad beﬁdeagslgtpngchuneeteystutsin in

oi St on PoRREEEY1RET A pREyE Ry EEht \Ar) B Prgepoeru

| assrampliear. exanpl e, that are |inked together

nmechani cally and whose notion controller is a single,
j oi ned, mechanical system wth a single 25 notion
control l er, can produce all of the parallel bends at
the same tinme, while other |asers with i ndependent

Motnen tachhakbuen £ayst etk eaBdngotheNtEOBLERPLET §£CABe]l-to-
produce all other cut features, such as the notched
edd&€el BEOTRESABOhSYIStERE ApphPat useopit hasenreatter 703

reglavlify fitiple laser beams for cutting the slit-assisted,
low-force bend features of the present invention.
Foldable box beams, such as is shown in FIG. 12, need
several bend-assisting arcuate slits that are arranged
parallel to the coil’s winding direction, about a desired
bend line. Multiple fiber lasers, for example, that are
linked together mechanically and whose motion controller
is a single, joined, mechanical system, with a single
motion controller, can produce all of the parallel bends
at the same time, while other lasers with independent
motion actuation systems and motion controllers can

produce all other cut features, such as the notched edges.

The methods and apparatus of the three reel-to-reel
processing systems described above, combined with the low

bending-force, high strength bend features of the present
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processi ng systens described above, conbined with the
| ow bending-force, high strength bend features of the
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i nvention, enable a class df products, from beans, to
| adders, to building stud and g’uoi st systens, to be
f or EENt IR RP2RID e Rl W IukRESdUEd sand Hos1 degnisat o

det ISt i 4 [ iye I ur al
R e L Pt et 537ty ®o Be formea,
compacted stauzgpquant Iansporitl edh apol Ifed dedr mnt®hi s

tec&erki %Jrr?ir{]ast' ap inll catJ ons gﬁ .space, .in the mlitary,

i n Conercal - Hhd N R % EERSESITS S TGS Urady

ot hiatt ddichsy r iwiferhieice wHdi® aoRdys aard mefeddeidt a@fter compact
getting materials to a site are 10 prohibitively
expErfiade fHd IR Mh&eiget £oare  dihdsadpchrigne has

ass‘ﬁfﬁﬂli%éitcﬁ{se-irggéﬁél 1 e 'hﬁqli't_ta‘}.é/r,egln commercial and
processing line of FIG 25 can also include a palr of
harzegigigrddi afi ecangttmrcs 200 andsimagy o5 heal éndndtirdéerl @here

o G R e Yol Bl MBSl be Spfatesare

dr op-ou eat ures, er

ane albi i ineslanenipain gibtee aindl digdfdlcung WheRNbawes, are

but nost preferably, they are hard tooled rotary dies

70® 1 28R & i A ASRFFGES 1563ERE cut ting approach to
fabricating coil-wound engi neered fol ding structures

is that non- repetitive features are easily programed

into the cutting process. The advantage of the hard

tool ed stanping or rotary die cutting approach,
whé&téonadiler ihe areloto2zeednpirrgegsings lihat of FIG. 25 can

repatd { i features,.. e i_al,l rcuate,slit .
ca% éeotel %llél?%nﬁ %r%ﬁ:d?e%ﬁgdg%gé?ggt% éngPi%FSrSﬁw‘ Using
memiathematniar diegiteiet sarathp ihige shbipkist Yoy ale advi 88kl &rcuate

usi CNC cutting in 30 conmbination with the

haSd o g 50{1%%/ e tUGEEr n§P o1 ROCP02r 628039 can be

PCH162220¥ 8@ y incremental material handling techniques,
but most preferably, they are hard tooled rotary dies 709.

The advantage of the CNC cutting approach to fabricating
coil-wound engineered folding structures is that non-
repetitive features are easily programmed into the cutting
process. The advantage of the hard tooled stamping or
rotary die cutting approach, whether intermittent or
continuous, is that repetitive features, especially the

arcuate slits, can be efficiently made.

The greatest benefits of maximum throughput and
flexibility may be advisable using CNC cutting in
combination with the hard-tooled stamping/die cutting to
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78 yield an inline systemw th both form ng steps
| ocated between the unwi nding and rew ndi ng steps of

wo b@4peesess. | n the conbined system such aspchoszv03/080248

FIG 25, each formng tool’8operates to its own

advantage. 5, FIG. 25 illustrates a nethod can be used
to Bflo?]rfgt"’}ﬂ e L i grehist thmn v iddy Rathy dormdngyséeps located

pardd Gl et |ﬁh@tur{vpﬁﬁhr¥§‘%nd' RS A I%‘%e?%c%tf' Welbrocess.

whi ch the structure is slit and/or parti
as sentihed qmlmnqda E‘(}Eﬂtcﬁnng Su@he aB0 shepini dat |Fd|G i 25¢f each

par r the f.abricati Rl
thrfedﬁ‘g”?%ns%]ﬁa eIiart-'uec: ul?:roesl *n < %l V%%@fge "Currently

such structures are assenbl ed |n outer space from
three- dimensional nodules; they generally are not
actually fabricated in outer space. The problemwith

B 201 SIATARRECES KBRS oo Mabiadoofomm chree-

or@jmﬂnsmmﬁai\sﬂﬂuﬁUﬁtes H@&eh@%ob@rtﬁ&ﬁla&99|§ﬂ1$bEBtlons
fabrication in outer space has been that the tools

r ed&MEE F fEmInREiony @fgthich: khee s§rnetyrenap slit
St Iaied A e 1A% 0GR BN brebY kB! 88089n8N0 BHLKY:

Anot her problem w'th assenbly in space ca
as s@rilacad iwint 1 sa afi g:larpauculaarunntaureslm gk thst €abrication
co the one ha near, conpl et e nodul es
ot iba e G SR U ENag S BePHErE SRacRe Currently
oth@mhh&m&uctMQ@%t@&@r%sséab&@dp@ﬁkbﬂﬁlesHB@éSgggheghree—
nndules has 25 resulted in a high part count and high

&S 108Gt modug e they, ggnespil133eref neheactually

natf%mlca &l ii%, hews s gab%h "3Re0peBLIER 0P 8hdce

provided with slits or ooved
Sheetsesirl yi ssawbatfmhRBMOﬂMﬂESSQeqpenénga 3d48eabdabddSamount

cagf ARG T KHRC X133 pe SRELERY, sBRGa T anLobSPy

taherbhefQQ%ﬁl@u@abEQBléﬁ ﬁheﬁﬂfhﬁrfbgilon in outer space
has been that the tools required to form high-strength,
three-dimensional structures have been prohibitively large
and bulky. Another problem with assembly in space can be
associated with a high part count and high fastener count.
On the one hand, bulky near complete modules have been
launched and fastened together. On the other hand,
heretofore, dense packing of unassembled modules has

resulted in a high part count and high fastener count.

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 lines 345. Sheet 341 is also formed with
openings 346 and tabs 348 periodically positioned
proximate opposed sheet edges. As will be seen, slits 343
may advantageously take the configuration as shown in FIG.

6. As will be appreciated, coil 339 is a highly compact
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6. As will be appreciated, coil 339 is a highly
conpact WO 2004/ 028937 PCT/ US2003/ 030248 79

w@oofiogpesat i on for the transport of sheet nat er@BIUS2003/030248

Sheet 341 can be formed w7¢h slits 243, openings 346
andebabsgupdBiofSeyf! Inas oLlighodesid edh sl yetural ) - o oy

features; at an eart oln op havi'ng u

fabBHl;acimnbeqf@pne@twiﬁhfQlimazvpjs,e,opéﬂjn%.ct h®16 and tabs
reeé-go-reel P{ocessi ng line of FIG 25. The coiled
shedf®1 s2RekE It ranspoiteesi 2ol pHicaictidin ki keaturem at an

out @sr sRASCUh@CSHh b nhaéiﬁﬁtuﬁ%@mfﬁﬁﬁtfﬁﬁk%%ﬁﬁ%ﬁﬂ‘%%ﬁ%ﬁment,

fromcoil 339, and either, while being un
t hef @Bf ¢32MP e UHERY the Prelatwirerledracssaidmidik) of

t 0Ok Or d ely; 09, jnt.o . a three-
di nenal o%gar]D g{}?éucét;%lrggd\%lﬁ%éa 4risiz:ea’{tlnot(r){:alnsSpOr ed by a space
accm@id:béleﬁo d(tjxy dene ngpade Shwmetial ongHwnd 341Ne%n then be
345 and ndi ng . 348 {nto openings 346 so as

to ‘Il%ﬁ‘ﬂlf%% ’ﬁ%‘ét&?# ?f?hr 1 fES o4l ke hgding einrolled,
Suchir aghérdd f gl @ie haar B8Rhn e as ot

ri ght-hand side of FIG 26. A shown 1n Fl é%t'zy,ﬁng hand

st riReF eoBswIerately dryianas Hemrhs wiitnt ca at rtheregs ar

cr ' ' rn, l.ed, .to ather ,

st :rjcarc‘zhtléurr%:efsdrtg;(raEL gsf%dd uéctl'reh%é(j'rrplsetgcei} ﬁffaLeE%-lé:laMQ difa2csemplished
spave trdictgirgse aitkdtabd tats bathen ithke S1setnkend Banding
slit cogﬂsgu.ra%?i on of, the present invention is '
empt e *® At FPSHE B o@fcd® dCthéhsasheet in a

of tides-BidnensiiddaPrfialse idhude Eh%rggaghﬁgif%%gm 350
support of the sheet material which will nake thé !
bertfs Fepyablat dFhep 3 ighthdremddisigles oifs Fa6t.i 6.1 oadi ng.

Qovi ously, other beam and structural configurations,

such as the box beamof FIGS. 13 and 14, the deck of

FI @s Zhom time Eti@.umﬁ,0fstE:|u6tur%2350aﬂsb@npéQ@H%§QeQYbeam

fol di al.on beq@ lines having slits of the type
degeﬁﬁgéﬁtg uldyd cross sectlion can, in turn, be coupled

to other structures to produce complex three-dimensional
space structures and habitats. When the sheet bending
slit configuration of the present invention is employed,
each of the bends produced at the pattern of slits 343
will preferably include the edge-to-face support of the
sheet material which will make the bends capable of
withstanding substantial loading. Obviously, other beam
and 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.

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 of
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Mor eover, using the slitting and groovi ng net hod and
apparatus of the present invention ensures the precise

w@omitheoeT ng of the opposed edges of the sheet pGHUSENE030248

openi ngs 346 and tabs 348 80 as to enabl e cl osure of
WD 2004/028937 PCT/ US2003/ 030248 80 structure 350. |If
t hee STHIUHLT 22 b § drltfe o tasdi o tse Per (fgiraned gigeds to be

ande sl d4d ight R omading he ke%m%?f%rdo‘j%(h%d b sS birtSiuced

343 can be adhesively or othermnse
exdmpl®Litsy 3l dtamy ber aaﬁ@zam@lm ©on $>té)le$011p@sflﬁlledt,o for

fars)etrrpa\ﬂlﬁee n rvpel“ﬁ.sdl%td;eqr % r 2 Co'?[f qur %élsgﬂsgo%m.ble to

ening enes dlng al"o

abtp:tovm:leed'g_mﬁem:fus siheedr Mbs&ﬁ:(é @oerfligppiatd odfs @& fastening
%g:of the sSheet mnth side wall and the use

R eHEN 5hf S‘Puﬁ&%n@eﬁﬁﬂes of
V\'hlsﬂfééd |3i131t raﬁicﬁ%vter}:Qafﬂpﬁ IPidE Y eBifget I&% @g@a ?{eg% with a

and process of the present 7invention’is

FI GB.d@mrld7gnddihd yse @fodabesr asxell/forbrfaeeenem.
beam 15 Sheet of material 801 is shown in FIG 27A as
being slit along bend |lines 802 and 803.

Addirtdtorea |fiprma off oad idepm ehichandvesseaskist $h80418kebility
provi ded mhlch will be used to provide beam
cr QRPG ISt ARt Prosessoet BBRIPAGSENt dRweption is

80 o] 0 2 |
SOk 38 0 et 0k e H0LA5Cor2TE) e bl o

si dkeadf- t he sheet having the cross-bracing sheet

portions 806 can be bent to the position of FIG 27B.

Next, the sheet is bent along bend lines 803 to

pr et 25 tlaeeariads 80nades sBOGnoinFFEG2787ASheebe8A s1it

|s then about nd line_802a to the position o '
%?ﬁl@‘ Lpest 8'%§ BaAt 88Bout AB‘QHHlPPﬁEéYSOQbPéﬁéallty

80%g:|& [~ 7 d F n y g
L Tk b e e TR o e

80pgowgd§r@@@@ecmggﬁrggacgﬁg sheet portions 806. Bending of
sheet 801 into a cross-braced box beam 807 9FIG. 27G) 1is
shown in the sequence of FIGURES 27B-27G.

First, the side of the sheet having the cross-bracing
sheet portions 806 can be bent to the position of FIG 27B.
Next, the sheet is bent along bend lines 803 to produce
the cross bracee 806 of FIG 27C. Sheet 801 is then bent
about bend line 802a to the position of FIG 27D. The
sheet is bent about bend lines 802b and 802c in FIGS. 27E
and 27F, and finally side flange 805 is bent up and the
sheet bent about bend line 802d to produce beam 807 of
FIG. 27G. Fasteners can be placed in openings 808 and 809
(which are formed in aligned registered relation in sheet
801), such as rivets or screws, can be used to secure side
flange 805 to the remainder of the box beam to produce a

structure which will not bend or unfold. Beam 807 will be
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30 FIG 27G Fasteners can be placed in openings 808
and 809 (which are forned in aligned registered

woebmoee7i n sheet 801), such as rivets or SCPEWHS2003030248

be used to secure side flamge 805 to the renainder of

t he box beamto produce a structure which wll not
beRFVY WhftdaP Besnrgorenat 16 BeNLeT4A02893Mhaped cross-

PCH A2 WA VAR dth S G980 theABedin CAPLYLE 4L 1 €S

center an X-shape am array exterdi ng~al ong
t heUsdranta i lye drtharsgds tsdreingithy  eAhaecedeskel@ngtgh-

An extrenely high- strength tq.,weight, interpally
brﬁ%ﬁﬁ”ﬁgﬁlﬁﬁh Jﬁ“%?e gfn§q&5n£%§cﬁgs QKef3fg therefore,
f orgeed He' @8 A giig) i s ITeeinedl fBimehl @lingdel BHebPCof material
process of the present_ invention. As an optional step

t haSi%h the RFPEE TS dfatfedPresesst inyepgdenres f or med

usi ng the apparatus and nethod of the 10 present

i nvention, protective corners or shin guards 810 (FIG

27@s @an opd igmniedc isddpovbatbean ber neded802 mangf HeéEferent

a s oEﬁ q&gy 5 decpor at.i ve gorner trgatnent. Thgs, L-
shEpEH SSHET S b G818 5¢RY 58°a48Ba 26 USedRgBethgd of the

I ngireatead dnvamtdes,82Rotard isecubeder8 BragRilygqubhPls 810
15 exanpl_e, adhesives or fasteners. Shin guards 310

card FH& 2A&alqanc bst adtrehsd ever pentecprerso8protiaceffect

deGOrsHot® 2ld/RT Stecdta¥glb @?rhgrpEggggﬁebgpac&hus, L-

protection, to snooth and/or to seal or pot fhe
coshepegesdisn Smiardg8aNdca8lbecaeddddevenbeani 80le &ke

b r._oth t hree 20._.di.nensi,onal structure. Attached
sﬁﬁﬁhgﬁégﬁge@ na§§§V§t8?R’ FBgdsFFﬁﬁgﬁanaE$6§§ PRe for

bergamplle,t helhelsavesbbacgdsbexebgam 8A7n05uEL&S 810 can be
27A-27G, the_ cross bracing sheet portions 806 are

beReted 146 Prastsceohf PYERarFéheahdventn papduceddecorative

trappedew tRisn Lhe Lokde t ig | |

braci ng. Anotshgr apgroachgr?gﬁ%egggég?{n ?81;%?{81’?, to

st smobtheaniddwirngoadeatent paktl shencorner bends. Shin guard
810 could even encircle the beam or other three-
dimensional structure. Attached shin guards can assist in

load transfer across the bends.

In the cross braced box beam 807 of FIGS. 27A-27G, the
cross bracing sheet portions 806 are bent to an “X”
configuration and then captured or trapped within the
folded beam to provide internal bracing. Another approach
to the bracing of structures having adjacent walls in

different planes is to employ swing-out sheet portions.

FIGS. 34A-34E illustrate the use of swing-out bracing in
another box beam that also has a paftern of weight-saving
cutouts. In FIG. 34A, sheet 811 has been slit using the
present invention with a plurality of bend lines 812.

Sheet 811 has further been cut or stamped with cutouts or
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different planes is, to enploy sw ng-out sheet
portions. 30 FIGS. 34A-34E illustrate the use of

wemmg2oEt bracing in another box beam that aPeDUBE®3/630248

pattern of weight-saving @atouts. In FIG 34A, sheet
811 has been slit using the present invention with a
pl wedlghty safvilpendpeniegs8823.Shaddi8ionhadyf uihhetkder to

been cut, or__stanped W th cutaquts o 004/ 028937
RS PSR o8 the: GreaglrRy18oeh e Beam, 2
Ad‘ﬂjltdmr’ﬂﬂyy,ofl Bwahdebutt0 shpeeV pdethbasi BY40hatBebeen
fol ded walls of the bea a plurality of sw ng-out
ShEGOHSIRA e 9L §Rabe bEBS SpPuprabandnlEneeaRibe
bent around bend lines 815. 5 In FIG 34B swi ng-outs
814 have been fol ded or swng out of the plane of
shdet FEGL Siduswibgroutisnéd48hevenwbeks fnldEHCGor34@ing out

o Ot CF B Lo OREaC GR CaPolnaThoRY PLhBs 1935 PRosgvRiLe in

FI @1R34B4@)e tHiedoutalidepedteansdt’ ogf thBeehe8E1nBAE been
been bent again around . a bend 812, and in FIG 34E
th?Q@FhéP asVes tigPL PEAENSAtEPR RASUBEcheRdniinesuBl2. In

¢iriger 0endnl 'ﬁﬁes%%lﬁopsggﬁbﬁt@%Wthbgﬁ Q@aglﬁlﬁas been

15 The | ast bendi ng step, nanel endl n rom
cobhnguﬁaﬁu@naabUFﬁGa B¢DﬁtQlﬂhaandf164EIGcaa$Esthdgether
portl 6 _taq,quer nd ause out.s 814 t

bvar vaid rodiaet 818 8RS BRERGRsTF 87attinagathe? bend
pr Q\iln@eQIZ\MtToh doapllener thecbbyi Bgampensngs 819 which

w Il becone 20 aligned or superinposed as the beamis
folded to the FIG 34E condition by reason of the

hi g ePReGt S'b%?ad%gg giu,gacxame@ S| Bleﬁd‘fi‘ﬂ?”f%ﬂ' PyLNY

t he edge-to-face g technf que he present
i neomtfiignraTthos, ofafféneB4P suchhas pEva#E, oausesesdge

h d 819 2
cobs &6 818185 BYREREP 2B RERoaRT BRANAGOEFS oik to

81%verlap. Both edges 816 and swing-out 814 can be provided
with fastener-receiving openings 819 which will become
aligned or superimposed as the beam is folded to the FIG.
34E condition by reason of the high precision or accuracy
possible when employing the edge-to-face bending technique
of the present invention. Thus, fasteners, such as rivets
or screws, not shown, can be inserted into opening 819 to
secure edges 816 together against unfolding of beam 819,
and to secure swing-outs 814 together to provide bracing
between mutually perpendicular walls of the beam, as well
as bracing across the beam. As will be apparent, the
number of bracing swing-outs can be increased from that
shown in the illustrated embodiment, and the use of swing-
outs to brace adjacent walls in different planes has

application to many structures other than box-beams.
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and to secure sw ng-outs 814 together to provide
bracing between nutually perpendicular walls of the

wheaai2es7 wel | as bracing across the beam Asp@i/Ub2008030248

apparent, the nunber of br&sing sw ng-outs can be
increased fromthat_ 30 shown in. the illustrated

enbodf TER?, "ARAER nElGSe o7 and g, dits 3 Bitages of low-
adj peeRt ¥Rbes hongihd eéﬁ%%%frﬁ%}ﬂi@%ﬁ?ﬁ%%ﬁﬁ%&%%o% can

many structures other”than

PCTPe)SRbDR? DBobed. 8Bn THEGE 2P noaw shedt GF mMeanichl3®B41 is

t he foes | ow, force sheet_ bendi ng .enabled b

thes}gg‘éxg%t | nv}ggn i%rplc%%aflbtey i(fflfs]icr"hatdceedgsll sFIB(‘;I\d2 Zé'é,rmed

aI S:h‘lbclexpg dn‘>enimtl?;hﬁ@ekt :&4|1a itrSargséArzko}lﬂbdMBa(HSééml kfédb. dFormation

pluralit afcuate slits ormed 5 al ong bend _

i et bok a%%nf%‘?m aRRRE itk rGaiede ERSa @Fcamplighed using

843) éwoFe Bheate 8l §@dls be easily acconplished using

| ow-force techni ques. Sheet 843 can be pl aced over

opening 844 in die 846 and 10 the four sides 847 of

th { ul ent_ 1o upri.ght si.tions.

actesl'}g %trséd‘{r?fjvée%pgfu g%ar&éj]ﬁfém%:earn éenlgﬁ;pl 0 ec}nofﬂ§ o and

vacthen Sour cel dei8 41 dO @pplho:a sdaslwanedusdive B8 to

t hrough .conduit 849 used. Little or no clanping of

she@R Tt RO s | St EHHHEPT SRLY SPoPLUNG G 48f can be

15 elgRdy&ftlos % thatudesfgnd |dd‘u‘lfﬁe"ﬂi" &d 1 %&é{l 9 vacuum to
he d e &

rel ationship with opening 844 in ie. n be

ac bl § Shddirqugh eseniid, AP prsedi.di g titdeeximgopicismping

1t f f. the di i.mat e
S Lo O e R B FRstinad, Ry Tl ReSidaraing of

engageetsitellt M40 athd embaxessbetreeen &iadesg847 gf

sheet. 841. pendi ng upon the material being bent an

it %%ﬁ%ﬁ%’&ip Wit QREVE T Béds dne the dagdui Thesocan be

Wi 1dcdnpiufidhiet, ettot @ xatle S Ak 1 hAe b

di ecand ptSIher eby bend sxi ngs e25 3’2?%@’@%@%6?‘%&%@5&1“ (not
shéé}@rand)rstmg@p rtdiicel ©f the die proximate the corners

of opening 844. The indexing pins would engage sheet 844

at the apexes between sides 847 of sheet 841.

Depending upon the material being bent and its thickness,
a negative pressure at conduit 849 will be sufficient to
pull sheet 841 down into the die and thereby bend sides
847 up, or for thicker sheets and stronger materials,

plunger 848 may also be used or required to effect

bending.

Box 843 can be used, for example, as RFI shields for small
circuit boards, such as the ones commonly found in hand-
held cell phones, have been made by‘the prior art
technique of progressive die stamping. The advantage of
progressive die stamping is that sufficient precision can

be achieved and it is suitable to low cost, mass
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pl unger 848 may al so be used or required to effect
bendi ng. Box 843 can be used, for exanple, as RF

wabiglod®sfor small 30 circuit boards, such asp¢hEesmn®e30248

connDnIy found in hand- helsd cell phones, have been

made the prior art technique of progressive die
st M‘%’d} Liffe adlPaifvage o thpithgr 881 ¢eChRBISt ARpPRgducts

i s drhat f&éé'éﬂf%“ﬁd?k@% SinQR %ﬁgelgedégﬁgﬁ§$ge399rétthat the

is suitable to | ow cost, mass WO 2004/ 02

PCTyaysl 008Y1G36r 48 mcme@dtllc/t replapedevelhiwi ik ehpecially
rapld hange in duc that face t hi.s rket

shite %'e3|dﬁée¥£é%}r§&?ﬁ ﬁgpdo€ogﬁa rBQucg life
frexy:zﬁret lwherep naesd . chBhige si @ce&mebeabw taéobhﬁamt HEsign is
at the devel opnent end of the product life 5 cycle
wh&EOSREny SRSTRET Fadfl hetsr Hithe TRLNANIIEE; BArAstooling

ChQ%ﬁQhaQnQ%%e&dmﬁuuﬁ3%ltYuWUtBrB@bEthnoﬁugergalt until the
tooling is that the ramp-up to full production nust

waihta nghttido ltitng  ilsaayatidebileg |§ha$acaabbe aghinscbaasbeight
as a i ght, ks, which is.very ex sive. in_a,
WQESQVA§%I é% W%E‘ exX ens ve in gngagﬁsgtwaadﬁePld

mar Ket Y ApiT desi anges

| i foesivet r?mmtgfw angr @Ebdoem mbbutghlelﬁzfegr eSﬁtVQndi:Ber
stanplng as with acgessibility to the

un®@&RyY &6&p$%@h?§°96ﬁséﬁgﬁn€é?|§§amBFn9eBa§rt°I¢°anth
S'%@ce@%@%ﬁlﬁ&@ckbp%h%fuﬂd%?ﬂglgetEBmFéneﬁﬂglE¥ra§gagnost1cs
may need repair, a two-piece RFl “shie uni t

enpiroyepaiict.h d1 @WSplgoﬁnflleaﬁenéeacSmbdeoédatohipebatch is
shae box I|d co

Fk?%ﬁ#kyénce'Pay nepdl £eRRdAavan gaep?gc?hE%Etﬁﬁl?%ﬁC%nlt is

beleawlogke sQrg ahqrolwzmballl r eéahcest abBde2¥@Ytbr OR2 circuit
the circyit board and, two pieces are always nore _
exPBfsPve SheenkRif adfiir EOVRAANZO1 BneitAnahhértprference fit.

e At S Rt

caholyé zopteded realaklstateafi awvew ﬁfothhéldlrcult 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 1lid that can be severed to allow an area of the 1id
to be hinged upward along one side. This perforated door
approach crates the possibility of some RFI leakage and it

is difficult to cut and reseal the 1lid.

Box 843 of FIG. 29 shows a solution to the aforementioned
problems using the techniques of the present invention.
The RFI shields manufactured using arcuate slit assisted
bending methods can be rapidly prototyped without hard
tooling using a CAD system for design and a CNC cutting
process such as a laser cutter. Folding to the required
shape can be readily accomplished by hand tools or the

fabrication equipment of FIG. 29.
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to be hinged upward al ong one side. This perforated

door approach crates the possibility of sone RF
woeakagesand it 25 is difficult to cut and reseal/ustm3/030248

lid. Box 843 of FIG 29 she#ds a solution to the

af orenenti oned problens using the techniques of the

present invention. The RFI shields manufactured using

ar oprad er Shh 4 i hendiy SLan . :
rapidly pr%t%‘?itg%?l\;\nmlt %%ut harlgﬂ’ {%3{1?%3 s ﬁ“gelalséﬁs '
systierrdiatelesip karkm NG ing ttihey indtdeds predaktdsna

| di to.th i red h b
e s AR 4y e S0 PR o Lopst: Feati sifamping
equiquientt®fstdnd Ak NN 2ACHLLEINGURCTHE20RQ34R30248 the

85 The ranp-up to full production can be acconplished

i nrﬂeeo?f%l‘ife?ngg Cgkﬁcflé%fe%d G195y Tk licatedadugiegusheomamp-up
volgiese ratd rag di1ent afs th I 0 t .
stanping 5 tooll S tlo stri'tarrpS oﬁ)%lﬁg'&glﬂ)gslgd&?gnggg fsgl%gtlon'
neddedhig waw Yeomsiaty afi selsdged campbepf, abnidcgtreduction

durd - at_.initially is supplie L
by R G BrogR VR, Wk gy Temt pEefthPe' 8 waiting
desiayn prayredsi veanth vitgdddkisort o danmbBauFavenedq.

relative to the current practice of waiting 10 for

progressive cavity dies to be manufactured. Another

advarags %fddé?&a%"ee%%ntthien¥>§%%ieﬂ@ iiﬁ_vEE.‘EiBHi bt bfle puilt-in
access door for servicing the parts within. By
sev@dafs ddesr floraperddliinmgd thy shirts 842hanoundyt beeering

[ i el. d, hayi revi,ously sol dered
i e L
t hehdieeuigd hoard, hathiegppirel i84819f sBOYe84d €85ebe850 of

hi nged 90 degrees to allow for tenporary service
acd&&s 1A et ofdgsi reckragudapl beg, 848nto] theogipaniet board,

R it i e L

wi [floraltiepwofrar yeisghivioe mocesacce®Whes rapabis are complete,
the 1lid or panel 840 can be closed again and re-soldered
at the corners. Most metal alloys suitable for RFI
shielding will allow for eight or more accesses in this

manner before the hinged straps fail.

In FIG. 30 a series of steps is shown in which a sheet
861, which has been slit according to the present A

invention, can be popped up into a box using a pneumatic

bladder or vacuum grippers.

Sheet 861 is shown in a flat form at the left side of the
sequence of FIG. 30. Sheet 861 is, in fact, two identical
sheets which have been coupled togeéher at bend lines 826
at the outer edges of sides 863 of the sheets, as will
become apparent as the box is formed. Sheet 861 can be

transported in the substantially flat state shown on the
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manner before the hinged straps fail. In FIG 30 a
series of steps is shown in which a sheet 25 861

wohiah29vas been slit according to the present PCT/US2003/030248

i nventi on, can be popped um6into a box using a

pn er or_.vacuum grippers. Sheet 861
shg§%P%r§ég q} B 4 t S|de oftSﬁeus§OSl%e' popped
Seqqennf'KﬁeFﬂﬁieéﬂhlﬁﬂhﬁﬂodﬂilbdx gigd fsdolvn BOthe right

i dentical, sheets which have been caqupl ed.tgget her at

betP1d REBRF the 13pausncs- edfes n-$hgsfigdd dprmasion of
shasd,s. g5 M lbdesm rawo%rgﬂl%%ebh%se% bﬁehﬁageés or

Sheet 861 can be transported n the substantia

f 1 driydnatle ghdwransea HheNDe2GEH002898heet 861 requires only
PCI{ S%?Qﬁ@%ﬁgééggisgeé% sé?} E%fb%%%t%%gu%giﬁq%gdbendlng
trwsﬁrabmmn5|onal box 865 shomn at the right hand

side of the sequence. This in-the-field formation of

box 865 can be easily acconplished using pneumatics or

5 lopl sldd i dPecRga due Weend re @b %h@%yfi%cfc%w 68Svacuum
only the mninmal force necessary to bend the obli que

berfth iRpers r&fds whash Baedimeyececiasi dondigetied by sorows 866,

1
oS R d SractARUEH & 019hehPRERcREt, BREEE RbErion 867
W tdf aal*rﬁe&:rre%lclentpg alacsieeti spapipilaed8§d Sg&tibﬁgbtrﬁﬁﬂ;ers 864
A ied to suction gri ers an en
Tt IS 18 TP Sa B TONESh RUPEAY oA ShNOaFABRE bY
868 pithid X BRI 1l %JXU|8|6\5 q.'sStf%'i(i?dd1§§e§B@Wn %E ;ﬁown at

the right hand side of . Anot her approac

i nddre Qﬂgh§qﬁ%ﬂﬁkﬂh§ebwédd§ﬁ 86 |nto t he sllghtly

di stended box, as shown by arrom1871. Such insertion

can be acconplished before transportation 20 or in the

fi elroht HRlradgerc3Gd iis ttl‘cberirﬂs@frkataﬁdexpﬁﬁsllifB'lECBh.bMd@E 869

vhydraulrgeltﬁ.and t he box gradual

ightly distended box, as shown by arrow 871.
Such insertion can be accomplished before transportation
or in the field. Bladder 869 is then inflated
pneumatically or hydraulically and the box gradually
distended or bent up to the condition shown at the right
hand side of FIG. 30.

Box 865 can be secured in the configurétion shown at the
right hand side of FIG. 30 by, for example, welding,
brazing or adhesively securing side panels 863 at corners
872.

A further advantage of the high precision bending or
folding process of the present inveﬁtion is that geometric
information may be embedded in the planar material at the
same time that the low-force, high precision bending

structures are fabricated. This information may be
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di stended or bent up to the condition shown at the
right hand side of FIG 30. 25 Box 865 can be secured

w0 pootloesosoNf i gurati on shown at the right handper/ds2008/030248

FIG 30 by, for exanple, wsFding, brazing or
adhesi vel y securing S|de anel s 863 at corners 872.
30 KFALRdY Advhmregd e We CRIMGHTpFEEPS| 6AtBeAB g

Or arfraldigag Rl B8P SHaRl; NG HLEIBALKEBVAR! LARYT S0kt .
geonetric information my be enbedded in t g P
material at the same tinme that the | owforce, hlgh
preci sion bending structures are fabricated. This

i nformati on may be WO 2004/ 028937 PCT/ US2003/ 030248
871%9 %faggkx ary 84 ghab! %oﬁgggHE'SéhsgnEFE§Fgg%¥e been

anti ci pat 3D s atlal rela Ionshi p at very
Inuﬂa@ masmongﬁwbamioamatgennebout tbaveasemhiyhate

been used to_conve infor ion_about the a

of SR ol O OBl bl O ehrobpRastl, LR AR ANt fsthat
t hathe beadiegdiord fendiagdingtiristibaki ARG Haylﬁﬁarted to the
inparted to the flat parts of the sheet materi al

t hé le&nmpatitge ofh&he ?ﬁ@?tamétﬁéiﬁédaﬁﬁ?hebéﬁmﬁngl@¢|that
O +HQO%Ue2- f%Qmébt%f?ﬁ;b%ﬁhxn fQE?tEQ k”&LEHSE%O”S may

be inparted to the art rou a“secondary
pr@d@ssnsmaheas,pfpﬂdupg 1nbabebtmgnsomayagg|nmparted to the

tionall nf ormati on _ma enbedded ipn the flat,
fOPHPENBRTEY FhiRaBa ot SoCHBtRY: PEAGSSassurbI §o printing,
praeess igh, Sbﬁlha@bXngreCAauQelsﬁall§tryﬁf9£ﬁ§t96n1£5y be
t he ad10|n|ng of parts from non- f ol ded prior art and

f ueliPedded fabtheafilel kermofbatFos bxbepied ko instruct the
Fosi Py PLBcead Beckel el ShEUCLISHPIRY Deructures o

f oltledadibdantiog afidpbetsofirpai sbs-fbldefiopdedr uprt and
C|pa%ed MAndoggé doors and el ectrica

boigiuggnagga?tbrlca ion meth

For example, a continuous pre-engineered wall structured
may be formed from a single sheet of material that is
folded into top and bottom joists with folded-up studs.
All anticipated windows, doors and electrical boxes can be
embedded as physical geometric information in the flat
part for subsequent folding and assembly into the
building. A convention may be established that a round
hole in the structure is indicative of electrical conduit
that will later be threaded through the hole. A round-
cornered square hole may be indicative of hot water copper
pipe that should be passed through the wall. 1In this way,
the feature is not only located in the flat part, but it
is very accurately translated into correct 3D
relationship, and finally, such conventions communicate to

trades people, who are not involved with the structural



enbedded as physical geonetric information in the flat
part for subsequent folding and assenbly into the
whoeosarsygr A convention may be established thabCBUSIOSGB0248
25 hole in the structure I 88i ndi cative of electrical
condui t. . that | at er be threaded through the hole.
A rotfgtion SBSrH%‘F SRS HOIE el Ve iafdi kit iRs dintersect

hot etk efhé?0§9§15cttﬁ’fé’e Lt e Shou! %&ﬁnm%sae&cfd“fo%%ch

the wall. In this wa the feature I s not.on
I ocm’é@rmchtme Mtathqaates Ume |ttra&l:es Pamrle aaccaﬂtatveltw so

281 By 8 SO EEle 3D AU D Rp AN MR Yiceure

suc conventi ons comuni ca e
ar easothéwvioh vead w Hdu i tﬁﬁﬁd&&&ﬁt&ir&@t&%ﬂt@%&@%mldmg.
PCT/ US2003/ 030248 88 erection of the building, where

their activities intersect wth the structure.

Mor eover, conmmuni cation of such infornmation

antici pates the trades people's activity so that they

do Fmds hazza+ 2ol fys @t d effidmddig nfdntU Gfurze s’iu@S wall
they thread their infrastructure through the buil ding.

FI c%ll@z@asz@t | flkdedtitap fe b sdinediet séxfeeé; oifuchafglrial
whi gy £ the érpéegtggol ngr%tn%tgto'?g gfét%e Us MR 808N tion.

usi ng t e sheet e pr SNt
i NVIEMtFIEGE . 1A G ax&mﬂ$ﬁEhm$ akﬁaﬂnmadhaiobdﬂﬂustrate

made to. illustr enln or the |like which are

pr gocp SEPHodh tﬁartﬁwe]dl & P&e&&m%m Pgsétioned and

| nfairamdd atn dhﬂmdﬁﬂﬂhﬂ&ﬂﬁhﬂﬁﬁméﬁiongr%@ks%hbhl@%@Be@an be
duri ng the sheet slitting process. It should also be

notRIF IRl ¥ Negadisfe dwrHed the sheet3zgigaangspeioches. It
be ehsifuf Mpdd tdbt%tdigﬂdto't Bed £:9. egl' %.B%e%r o% FIf G32E can

| adder with rungs joined to SI rai urning -t
32&1itdtmetbefa mdtuat I\AmllQMtImaStlmelen jelinked @boH@isdts or a
p'%?%ki of .bend lines to Enable formation of a 20

st ud oreh FARSS JOHREALEE. SERE LS are formed

and p03|t|oned as taught herein.

Turning to FIG 32A, sheet of material 901 has been slit
along a plurality of bend lines to enable formation of a
stud wall or ladder structure. The slits are formed and

positioned as taught herein.

In FIG. 32B the side wall portions 902 of eventual studs
or ladder rung 903 have been folded up along bend lines
904 from flat sheet 901. The next Step is to fold up an
additional end wall or step portion 906 along bend line
907, as shown in FIG. 32C. In FIG.' 32D the joists or
ladder rails 908 are folded up along bend line 909, and
finally the joists/rails 908 are folded again along bend
line 911 in FIG. 32E. This last fold causes openings 912
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In FIG 32B the side wall portions 902 of eventua
studs or ladder rung 903 have been fol ded up al ong

wheod/obgoses 25 904 from flat sheet 901. The nPEI/US108§030248

is to fold up an additional89end wall or step portion
906 al ong bend line 907, as shown in FIG 32C. In
FI Gn 33>2L§tt ails 908 &o uea@ep@nerrlalp%eglosnaaé1gaedeer

é@@gﬂ 9 I lgy =t oi I
908 are fol eé%gggﬁ%%aﬁong €3ﬁ35§09¥;n2% 1 ?%Béléb 3ide

32mallis S02%sf frbled stadsdsungeniodgs 9F2sWen2ee4/ 8A8A3Es

PCT/.US2003/ 030248 89 t
supe |%ﬁb§§ﬂ 555 <4° |§ﬁ@d%§L%S% ?té%gﬁrﬁe%gFl dpipg/rails 908

opaiy ng:: %Eﬁd&?&ﬁmg%2@b3lﬁn@ldﬁer&@b'%eQQEeOEhEhﬁssembly in
studs/rungs 903. Fasteners, such as _rivets or screws

cart Beass gv&atr&ngeacarr@erﬁé"ye&sgma&. fergo8l4.to the
studs/rungs 903 and thereby secure the assenbly in a

| oad bearing three-di nensional form 914. Wen used as

a ladder, rails 908 are vertically extending while

rungs 903 are horizontal. Wen used as a stud wall,

10 Whens usegh@sare 1RgiEeXontal 1and 08t ads YeBtacally extending

VeRh{#ﬁQ' d%ét?@%'gge ﬁ%OIZOBtQﬁSapRBSﬁBQESS ghg stud wall,

rungs/ st uds “an rails Ssts al'so wou 8- sC3l &d
approdtisatodigy atre hb31zapmbﬂcahdoetués 968 hoet heabovelly

nost .uses of the slitting process and 5 slit sheets

oF e TgREGent AonUdi bR APPFeragtefe ERg: 2ungs/studs and
pl Waalhist/y cafstsl alisob@onhaced bBaQEBSQEpES#EEEQQl9|989the
opposi_te sides of the desired bend Iine hi s approach

\MI@PH&%&§G@@nthe nost accurate or precise sheet stock
bends S|nce three will be two opposed and spaced apart

ZOA%C%%%l o 4 ?nghathEeﬁ%§Ee¥fC@H§$ &Egtggélﬁkggess and

of the V|rtual I'cfumto be f ween e ac
fubdn&n&h@etshef thIpedsbendlhvaatiU%IWEllheequLSeathat a

Ve%&d? 1ty %> glts gdlngagrgchgi8?fsé@erelation 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
actual fulcrums that precisely cause the position of the
virtual fulcrum to be between the actual fulcrums on the

desired bend line.

While there is a very minor loss of bending precision, the
technique of the present invention can also be employed
using a single slit and bending straps configured to
produce bending of the sheet of material along a bend
line, while edge-to-face engagement‘of the sheet portions
across the slit occurs. This single slit bending is

illustrated in FIGS. 35 and 36.
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25 techni que of the present invention can also be
enpl oyed using a single slit and bendi ng straps

wa@oovitiogeesed to produce bendi ng of the sheet o0PCT/US2003/030248

material along a bend lin@®p while edge-to-face
engagenent of the sheet portions across the slit
occurs. This single slit bending is 30 illustrated in

FIGS. 35 and 36. WD 2004/028937 PCT{USZOO3/O30248 90
I'n i @135 B sheglet JRIRRIR 2945405 18hAWR W LA 2R 4 been

been slit for bending into a wheel roller housing,
gersdridl 1fpr degidjmat dahte42 whsedhowd lem FbGsidg, Gheerally

941, i ncl udes slit 943 for di of ear 9 abou
ot enEtER 342\ e SheA Tl nate | ShRGtepAL SRcludes a
t heslsitd®4d fenddndieg 246 cappogadabous! bbn343ine 946. As

Nevert hel ess, ear 944 includes two shoul ders 947 that
def¥idd BendieRg sttheFs 948 @i sRitapBushe ehadepeft bend line

9494 ' o ld1id] 93w | regt .t .
ce%i?ifﬁgigﬁgéix%f 6§ndigg sbsggglgggeegfeg% I?ghegpglUdes
berdionghldudsled46 947 dyads idedlineskenddngdsteapsofd8 with
When. _ear. 944 i s hent intq the page.far F 5, ]

obBEGUE te1 51k %31@28%% PQbéﬁ&gaﬁégrm L‘E éiaoaif’ltlﬁebe
samppar@atpthlat @hedicawtlriaD 95ds981t B Bahdshgesetaps 948
slit 943 up into engagenent with the face of fongue

9536 OPHd WEdFOs PGB d3Ng LaBesPEp. imhapposhfFalgskewed
edgg1fia¢g engagenent again is produced by reason
of oblique bending straps 948, 20 correctly scal ed and
shaped. Sheet 941 has ot her exanples of arcuate
bending slits which combine with partial opposed sits
or edges of the sheet to provide bending straps that

Wi radyce qdge- S.g e ngin . Far ndipg Iige
95®%e§or exanplg? %?P? * géatﬁg ﬁg%sgaraF?gheéghdoB tque
a partpal 94Bi wid37bkadi agdatwiatcaatieaengh@58akhbatime pull
conbiges W, t. h %r uate . end 949a.to )
or draw 1lip 952 on the ear side of slit 943 up into
engagement with the face of tongue 953 on the body side of
the slit. Thus, sliding edge-to-face engagement again is
produced by reason of oblique bending straps 948,

correctly scaled and shaped.

Sheet 941 has other examples of arcuate bending slits
which combine with partial opposed sits or edges of the
sheet to provide bending straps that will produce edge-to-
face bending. For bending line 956, for example, slit
943a is opposed at one end by a partial slit 957 having an
arcuate end 958 that combines with arcuate end 949a to
define an oblique bending strap 9485. At the opposite end
of slit 943a an arcuate edge portion 959 combines with

arcuate slit end 949a to define another oppositely skewed

strap 948a.
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define an oblique bending strap 948a. At the opposite
end of slit 943a an arcuate edge portion 959 conbi nes

worda/3d3arcuate slit end 949a to defi ne anot hPCT/US2003/030248

oppositely skewed strap 948a. WO 2004/ 028937

PCT/ US2003/ 030248 91 The result of the configuration

of straps 948a is edge-to- face bendi ng about bend

line 956. 5 Slit 943b is formed as a mirror imge of

sl ithed4des it fo At healdoiiQuadds NG Matirapls S4igh is edge-to-
cooperating to define oblique bending straps 948b.

Si hacs 1RENdING aeNt hegshdiareddbi-th an edge and

partial slit to define oblique bending straps 948c

that ensure edge-to-face bending. 10 Finally, slit

943d cooperated with slit portions 960 to define

obliquely oriented bending straps 948d. The single

sl istllé?ntﬂvﬁﬁhrelrﬁ formeske a5 as @i ragpafaggs oinglite®4dd with an

as j [ [ I preci,se. 15
A e e B 3 o B E L 3 ent
| i mdplisnte tdemdiogs sdfrapec 9ddby | Simdfl azilgni ildanvaBer

man applicati.qns.. In the structure_illystrated in _

Fl GOORETanES XAED g8 AGE AR BPTSeslnaddts tohASEdRe oblicue
OPRINH PGTraet 948kd t98% ehlsGradldybleb-FHek 5QHRing.

into alignnment when sheet 20 941 is bent into the

t hifd@adi lyen$ildital? 4R6u siongegatedt WL, s136. pPheiohagPE0 to
sli odj . r.ef iLli.pro b whi ch
aréﬁgﬁgﬁiq%gggpgl n?fﬁegﬁggigghgé gogg%ggfegﬁgﬁrgnnent

of openings 963, 964 and 965 to within a few

t housandt hs of an inch for insertion of axle 961 25
therethrough. In FIG 37, bend line term nation or

dge- ef f. I h i tti d
A I R

apparatus ot the pres I'nv
sheethold @Bt enilalst3dteds 180 FSBowssWi EhsbingRhkendekbsngsecise

972-976. Slits 981 are forned
in the positioning of the bend on desired bending line,
but the loss of accuracy is not significant for many
applications. In the structure illustrated in FIG. 36, an
axle 961 for roller 962 passes through openings 963, 964
and 965 (FIG 35) which must come into alignment when sheet
941 is bent into the three-dimensional housing 942 of FIG.
36. The single slit embodiment, therefore, will produce
bends which are still sufficiently precise as to enable
alignment of openings 963, 964 and 965 to within a few
thousandths of an inch for insertion of axle 961

therethrough.

In FIG. 37, bend line termination or edge-effects related
to the slitting process and apparatus of the present
invention are illustrated. A sheet of material 971 is

shown with five bend lines 972-976. Slits 981 are formed
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WO 2004/ 028937 PCT/ US2003/ 030248 92 in the sheet
al ong the bend lines as descri bed above. The edge 982

w®@booshews7 971 shoul d be consi dered when desi gnPayus100&030248

slit layout because it can9tnfluence the positioning
of the slits. 5 ben i,ne 972 slits 981 were given
a |Je’hg'i*h a%tbeestpaag1 fsdtlf‘ctpe}rﬁjat lines, a5 gesgripeggppove. The
opasdge tasedge SHeetofotheshsiNRebOfcomtitidraly whas d'e% gning
an acceptable bend Iine term nation strategy. On &
i il ihaayant Neqawsy ticaagding logars ft@ee@@@ltlonlng
98 t rtial slit 981b is long enough to
i nc ugg{afgﬁggg end 983 so that a bending strap 984
is present to oppose bending strap 986. Slit 987 can
al so be seen to have a rectangul ar openi ng 988
extending across the slit. Opening 988 is in the

egerfg)rtl'n%n §37f2 ]salséé t98%811e%d gtlrxlr ! eggigg\gtgllsé?lgt spacing

S|gn|f|cant I nfl'uence ~ bendi ng straps

norswaH Ithatt d fpett iedgesitia- f%aa olpsemhjsngo Sdgkend2l bethe
974, slit has an arcuate end 989 which 20

def MRSt H“ dde Spdrt i20n 26§ EPLARPIEI bend line

bendi g naHilcp SQ‘.Q:%t | Mgrat, glaori%%y 973,5he r
slit 98{h éhd edgeeﬁgftlon 95% The use of a%Qg%Q Sl%t 281b

a SN (P TSy tqoalelckged@f&?-nebaltbéﬁ@l pgré;tLlaépSIlstal%d)b is long

as aQ%§g15g> g@@?l %Qﬁ nalﬁbge L%%d%F E g@nélhg strap

ar Bt 6 segge seortt |t@n oPPbsec bepeiagestwaphoapcuateiendg7 can
996 _of §§©t 981le to define strap_997. Thus, the ed

portiSh Beo£e8y iy beve & |rfec§9nlgé’3}66t ORRN&RTI 468" ?§gendlng

sl idc ke thieomtite Obp%l?ltlfﬁ | 98 g0 SV, 2004/ Q288321
O AT Sanaay orRMAY 9Ba0ks portion of
slit 987 and therefore will not significantly influence

bending straps 984 or 986, nor will it effect edge-to-face
bending.

On bend line 974, slit 981c has an arcuate end 989 which
defines with sloping edge portion 991 an oblique bending
strap 992. A similar geometry is shown for slit 981d and
edge portion 993. The use of an edge of a sheet to
partially define a bending strap is also employed in
connection with the slits of FIGURE 35, as above

described.

Finally, on bend line 976 arcuate edge portion 994
cooperates with arcuate end 996 of slit 98le to define
strap 997. Thus, the edge portion 994 requires a slit

layout which inverts slit 98le from the orientation of
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slit 981d and illustrates that the finite nature of
the slits requires that edge effects be considered

wob@a/obsayi ng out the slits. In nost cases, sl|PeT/USIVIGSB0248

can be slightly adjusted 9® produce the desired bend
line termnation or. 5 edge effect. In a further aspect

of The" ptekdmnd nikhistoratas thathdha ifdaite diomre of the
FIl G13ds @edpihod ﬁﬁatpréaﬁéejgéjf{ﬁ(%ts gy IBorllmgsic:leredldvhen laying

t hr ee- di nensi onal struct first stepi1s
destyhi te t$hbl tshy eelnlimestsicards,staludt remgthhican be slightly

i nvol v initial sub-st 370a,0f 1 i ni.ng the
dost e d s didind s P38 sind, T oration or
buteduyd efestsarily, proceed with a step 370b or 370c
in which CAD or conputer inplenented designing takes

pl ace. The step 371 of 15 selecting a sheet of
material and its thickness optionally can occur

befote &r @urtRgrCAR N &t ePeha370Pr85ed¥0CinyvBition, as
can be seen in FIG 31, CAD design steps 370b and 370¢
carfFhrmatdiecaldry oslown t R nEELve 3dub-strepshodhiis, paovided for

COMFmM, 5 ch i -sfe L0 which the .
concepf%gia%@é?gngl$§niﬁ§#%ii%tgggg%iégéndfﬁﬁ%nglrSt step 1s
f | ate¢ssinpdinl tke nathineel-diatensibep 137 ctihre deshgs involves
can be, bujlt. up gy succ i vely . bending sheet flanges

orﬁﬂnf?b%%?l UOE5RCR st MesPGniPAdinifgatdededssikan. Once

or daRit dd1g 2eNd ddd18hinthivah 1l 2R, 2Bt eR 3 H8R3ssarily,
Pl acenent of the proper or ‘best-designed slits or
gr aRResest iHd g esee 3Hlenef od’7@anibewddab CABr ougkomputer

soﬁfﬁﬁr t 7 or nual at the step ,370b

30 e%%ﬁgﬁﬁfpﬁgfg'%géﬁ tﬁgﬁsgesé¥?c?hvenfﬁ5% SHEP §71 _°f
al select ibased dpet ofSelsaeidien, ansudktlsy thy ckerRYt 8btionally
or a CAD WD 2004/ 028937 PCT/ US2003/ 030248 94 software

pr SGTaRCHT QRSP AL EbAY Sesigrastepsof70b or 370c.
stored designs and/or parts. The CAD system can then,

at

As can be seen in FIG. 31, CAD design steps 370b and 370c
can include various alternative sub-steps. Thus, a common
approach is sub-step 370b; in which the conceptual design
is built in 3-D CAD and then flattened. Alternatively at
step 370bp, the design can be built up by successively
bending sheet flanges or portions. One can also design in
2-D and declare or locate the bend lines, which is sub-
step 370bs. Placement of the proper or best-designed
slits or grooves of the present invention can be done

through software, at step 370b; or manually at the step
370bs.

The design process of the present invention can also be

based upon a selection, usually by computer or a CAD
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sub-step 370c2r nodify the selected part to achieve
the new or desired design, if nodification is

woeaguioe®d? 5 Finally, at sub-step 370c3 the parPCT/US2003/030248

unfol ded by the software i9to a flat state. Once

designed, the next step is a slitting or grooving

st SRIFVRIHRAG LMy By EnPreyERg 3d OcnCagengr ¢l |rkuxality of
10 gry 11,5400 r S ,

s oy S50k PR ddied0 PR b eyt o8 ppen, at
desiudpred eps| 316cor meadbies thar esdlreartsfcerpadt f tomddteieve the
CAD or CAM stens to a CNC caqntroll.er. The . .
CoREMol Bdr (IS T60ht P5Fa e L n5‘°3ﬁ§18€'ﬁéfmf offat FeAuired.
st eanalary,t het cyubi-BgepnBAcc,f ablié Cabirty BIULARBIHedAby the
sub-step 373b, therefore, the flat part is forned

usiSRG t¥ddiear iPd o FoifdPhgStéssti ng, stereo |ithography)

or subtractive (slitting, cutting) or severing

(punchi ng, stanping, die cutting) fabrication

techni que. 20 Optionally, the forned flat sheet can

al so undergo such steps as surface treatnent 373c, _
af Pnggt | dos PWnebnpshentext378keprt dst i d1gsdisédngndr grooving

st e f,!£§£§4 i fl . ile ndj £i.Qn.
25%8%%en§z§f r nsporlia)abtlly;nggt e‘%ﬁ% ;gylvfn{:qol aog%lﬁ(? %é)#‘éc%é)ller to
t helrivieeet simetedr istlocks shéntiay Bppdedtast.st ®husd/7at Thab-step

K heet stock | t efficiently t ted from
Chd T3FaTTEat GREGERETESn Mot IBENAA anddaddnbfig=igned

Si k@ its &P g;ﬁdoaﬁesqr £0¢ | @G 6@Fdirtrean. £ M6h 2094/ 028836 cam
PCT/ US2003/ 030248 95 Bending or folding 377 is
pr yis§emgndol ewlhNer centredlasst Ther gentiresleentheg controls

ORI AP oS S000, LLOES. A8 BELSMtting an
fabricating equipment. At sub-step 373b, therefore, the
flat part is formed wusing additive (molding, casting,
stereo lithography) or subtractive (slitting, cutting) or
severing (punching, stamping, die cutting) fabrication

technique.

Optionally, the formed flat sheet can also undergo such
steps as surface treatment 373c, affixation of components
373d, testing 373e4 and storage 373f, usually in a flat or

coiled condition.

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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abutting, at which point they can be coupl ed together
at 5 the abutting portions of the sheet to produce a

WO kgis@2898Dad- bear i ng t hr ee-di mensi onal st ruct UPET/@52003/030248

step 379. Optionally, the9structure can be secured in

a t.hree- di mensi onal Ioad bearing conf | 3&r ation by an
rbcg’r’?% °"st Wﬂ cH copIREEFiIRE fdIH rce. For most

t‘Xﬁ%fﬁﬁtﬁb@é”ﬁéﬁ&iﬂfgocéﬁkétalgﬁgeéoﬁﬂﬁpélfey B® B84 1ines

for at |least three rategies. In” the presen

| n\ﬁmﬁ!l ohtenheoatdnuest untfidl dtvs potrtllnfler mefd thy sheet are

slijt hat forml Not wi,t hst andi n
tec |%é/ulexp ‘Jﬂésiﬁ}égaﬁs PenE Itth é’(gqaé] i a??%%i‘ ara%’ﬁﬁﬁr‘er at
15 wdont abutaies Cﬁoﬁdgﬁqliooﬁacﬁuén%ﬁgéﬂerﬁol:r gro@uce a rigid
articular angle of folding, as _shown in
%é%ﬁ ”E%cht hpeq-@inensdnnad] | Prtauctired B atstep 379.

| easit {dH L0 § Nt @hloCkt PEctRE8NeSan | HheSOUB-G28QS %Qerae three-
IS no opportunlt to interlock three orthogonally

i ndbjesTdrEimn gl aneead sbeaming aqnﬁu@mnaUnmwmmyoén enveloplng
def tatd an eed
. %{E&{‘ s&l ocer?o Odﬁﬁweds %r 30 (l}ragedaé’gi |3fst getﬁl‘ ?’é(nt?@c”cnng

st ritct ure of known angul ar relationship and Iock the
angl e(s) into place by nmet hods of adhesive(s),

wel di n ri or attaching structural
%‘?gl%‘&sc%& i)r?e %%f %é’ ortodesiSde threenstratggies. In
AnQﬁﬁﬁ rdBRIMOd nverftd dAS e ti b%bQ%'%& al FRGhuLg 9%5 informed
def i neé) angul ar  form and bend the structure aroun
| t byt hehe i @e@@etemepép slifte itdtedr i Hyrmstituct ur@otWhithstanding
S I f d_t t, des n, and
fabr| cﬁnq%dgcgg ia %r am%ol téli% g% Ly affect maximum

rekﬂnﬂna& nunaiaéfSéﬁgebtolEdd@f%nﬁﬁgﬁﬁéﬁﬁ“féﬁ a particular
envel t.he |nter|or part, §¥ be left in place
ot 6

(3'?6‘(9) |§?1§dﬁ€'cé‘§e§ O"”P aPd&§Ifn 2He)f olBEngngle of each
Pr geass il d%&%%%%ﬁ”ﬁé Yaf efoyed £§Zgé)in¥£Elocking
2004/ 02893 PCT/US 003/ 030248 6

planes. In some cases there is no opportunity to

interlock three orthogonally independent planes, so an
alternate method of defining a restricted rotational angle
is needed. One method is to fold the structure against a
reference structure of known angular relationship and lock
the angle(s) into place by methods of adhesive(s),
brazing, welding, soldering, or attaching structural shin
guards to the inside or outside of the fold. Another
method is to use an interior structure of defined angular
form and bend the structure around it, that is to envelop
the interior structure. This second method is referred to
in the design and fabrication process diagram of FIG. 31,
by reference numeral 376a,b. In this embodiment of
envelopment, the interior part may be left in place (376b)
or in some cases, it aids in the folding process only and

is subsequently removed (376a).
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Anot her use for envelopnent is to capture, which is
the process of docking together a fol ded sheet

wGatogoRsssEe of the present invention with a fupCr/usasn30248

part that may or 5 may not 9be fornmed by the present
i nvention, by enfolding or enveloping parts or
nmodul es wi t hi n anot her structure. For exanple, Fl G
16 illustrates but one of many "capture"

oprHdtHELt | €8 Off crheeRRalidnighf epd ueg Qﬂ‘ap%\i% ORWP{‘éh is the
in the present invention 376b. Thus, col

eniTSIRES 20 Bpckdinde ot agatdters514 . f\?iétdealn(ﬂﬁmsrt clsasscture of
of %Vﬁf’é’é@ﬁ‘{ Eﬁ‘@egggﬁﬁ wiPEN 5 u&l%(:}cltola% S aarx('et n?hat may or

bet weert Tt wo OF nhore nodul &5 -of 3f
comstyr umu obe off otrle dpibas ertte |pswmnton1n@énb£w¢eey tAfolding

two or onents that clude at | east one
stﬁﬂ%t?ﬁ%@ %ﬁlqglaéﬁtﬁl&Fér%ﬁﬂQﬁ?de%%ﬁﬁ%faPﬁEhEFe§éﬁPCture
| NvRsHt ieamp 1R)e fiity,ea-¢li MBSl sPeRit! 'o?\%alofaﬁl%lﬁ'i/ac‘%apture"

of features fornmed in a planar materi al
pré§§Wquﬂk§ﬁ9%NPf Ebﬁb?ﬁéblmDGhfBHQUGﬂveI@ﬁlegvelopment in
I I coupling praQcess,

rorihsy st et o SHeninl AhbRd BoREEE° gatn 2 Snderoped
veiby Eo@@emamme@& fldcess that does not require
secondary cut and fit adjustnents. This is distinct
fromthe capacity of the present invention to align
fastening features, such as holes, tabs and slots. 25
It is a nmethod of joining together by w apping around.

Theepr ocesstindr t helpegsenit | NYERE1OPnERD akse | NEYUPe  yhen
an iterative step 380. The ability to create | ow cost

thF@é‘neGltﬁ‘é’ﬁél GF&l M3&et SetyrRy tHe premene methdds of folded
2 %Q%@% tdien 0 dlesi erth &$§éé§ |.1H§%5¥1§R,belngbetween

ble to tweak the e se
pr@d@cpromOdesb@mpomemZGOﬁhGESQBElEGE/562®83é636848structure

or SZr L0 CRIRSH B CpUth bf o GHS. Breaes  Tvention,

bemdbngthree -dimensional positional accuracy of features
formed in a planar material of the present invention,
combined with the enveloping nature of the closure or
coupling process, enable a method of joining together
multiple pieces with a very high rate of success that does
not require secondary cut and fit adjustments. This is
distinct from the capacity of the present invention to
align fastening features, such as holes, tabs and slots.

It is a method of joining together by wrapping around.

The process of the present inventiqn can also include an
iterative step 380. The ability to create low-cost three-
dimensional parts using the present method affords the
designer the practical luxury of being able to tweak the

design before settling on a production design.
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tolerances. The original slits can be laid out with 5
extrenme precision using a CNC machine to control, for

wez@apb®37 a | aser, or water jet cutter, stanpiPQI/0s2003/030248

punching die, and the bend$7which are produced will be
| ocated with 0.005 inches tol erance while working

W th nmacroscopic parts. This is at |east as good or
better 10 than can be achi eved using a press brake and

a highl y1i6Kbds€dboReI A Ohet kVE 8Ad1 bpPARLLALVRR 288 present
of using a stanping die is that the die can be ‘
wech‘é‘l%’%dp@U t #r&conpeesdlehe ofit Riambyer staciore i nbending
th idth  dbggcti.on, . I S WM C ress the .
Shost Rl 1 obhfly ainh Retikh, PR B affd oue wicn
f atéxjurenrees pseanséonSughing r ans@ﬁ@smamfmfeesgbgrb@{*éﬁbl, for
must__be .consi dered when designing_.a kerf width to .

pr SR ISHge-3 0- 13 coffact’ @i | A§ thefALTGT I t SkRgping or

i s postiile d0ef Oldnev tRSebets Walidh | 8teCWAIRARY 11 be
transverse conpression of the slit 20 with a wedge .
sh npiHy di 8-08%erimahes ftaliefiance edhstanwerking with
MO LERQME, dm j th di png _sc f _the present

i nvention. tecne Ity%*ggéncgrsrﬁg]r%gs agohﬁégsgc%ﬁnﬁdg_ ,Ohgbetter
25 thaul dcbe thdee gabieVed aspngssabpakss P%raematamelah highly
the slii.ts, or _gropves cap be cast ,or nolded into a .
sh&dr 164 n%?%wg?rt)r cQ%‘? Pﬂ%ég-lapﬁénﬁ%mtmgf using a
haw egiie |ike epdenshen ghief l@pnthd RR tQped t
be fug%%g@ Wiile working with materials of negfré":é shape _ °
m GOFREEFISc she30SkilEr oSEVpPECHSNSi @S, it Hdve  kerf width

f ' hodspes | ield of .
TSI o PaTBELY sl A0 WELS flypnipy socanty
an@tet difieng shyt befasedbettetf edta ttilm WD RO 1OARR3 7 Such

i d geonetry of the present
T EATEGRLRR b el RS e gy TSt ¥ Be ' ConBldSred when

designing a kerf width to produce edge-to-face contact

during bending. It also is possible to follow laser or
water jet cutting by a transverse compression of the slit

with a wedge shaped stamping die to enhance fatigue

resistance.

Moreover, when using the bending scheme of the present
invention, the tolerances errors do not accumulate, as
would be the case for a press brake. Alternatively, the
slits or grooves can be cast or molded into a sheet of
material or cast three-dimensional member having a sheet-
like extension or flap that needed to be folded.
While working with materials of; near microscopic or
microscopic dimensions, other forming methods commonly
used in the field of microelectronics and MEMS such a e-

beam lithography and etching may be used to effect the
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Rat her than mani pul ating a | aser beam (or sheet of 5
material) to produce curved grooves or slits, such

whean®2896aN al so be optionally controlled or shaEpes2H030248

the desired configuration%nd used to cut grooves or

slits wthout be%n1nnvenent. The power requirenents

pr elé%?llfﬁ/e(?mﬁsof“ﬁi LY st thRadmeISENtor 1Y iQuuayéth extreme
shegtsupdcyetal s or 10 plastics. Fabrication

techni ques in the nmethod of the present invention

al so may include steps such as deburring the slits or
grooves, solvent etching, anodizing, treating to 15

prevent surface corrosion, and applying conpliant

coaddtiglsy SUfdh @ i nol yner s, i OUS

caﬁliéki ng conpouﬁlaég?lﬁlyr%rﬁltmhge a o?@%&gc%"} on'qg Sheet of
al seet@rialbe wadprstdvod tchatved?2@mmotdseromspeitspf suBR beams

net ecl.Si.0 ndi ng ,of heet ,mat eri al of )

t he&g?egslg%c% Iq}:renvé n Ji({)}lnabllelnycIcu é:smc]ﬁeedztoerp Sh(?lpeF{)rtrﬂ &y desired
pl wreal fi tgueft langahddivzdd ytextendi §806vésS o0 slits without
grqoves in axially spaced relation in a direction

ext AW VA -and 5 BaWRH & SFWdsienitise Preseaitilye make this

benrgH ; S we ir | opgj i nally
adjaéﬂ%té@%ﬁ?ﬁ$§$n:§ﬁi eﬁ%%@?ne%??é?hegﬁ%%g?tu knaPF§als or
exttdfdfitigss| its are each formed by |ongitudinally

extending slit segnents that are connected by at | east

one transversely extending slit segnent. In a second

30 enbodi ment, the slits or grooves are arcs or have

end WD 2004/ 028937 PCT/ US2003/ 030248 99 portions

whifab rdicadrige awechinrigmetshe ibendhlei neethodef bffe the present

beqd%n t§trapsl whi ch are frgferably oblique to the
bend " FIME and FAcMEdsi hY°t 1 % GERPS| ot has deburring the

enyQditEe S, g tdve S1 I SPBv &N PEORIUES, PERILEDE: REOUL reating to
virtual fulcruns with 5 resulting edge-to-face
eniGRPtt oFUFrh@CSheetont®®ioml omnd applying compliant

coatings, such as paints, polymers, and various caulking

compounds.

From the above description it also will be understood that
another aspect of the method for precision bending of a
sheet material of the present invention includes the step
of forming a plurality of longitudinally extending slits
or grooves in axially spaced relation in a direction
extending along and proximate a bend line to define
bending strap webs between pairs ofblongitudinally
adjacent slits. In one embodiment, the longitudinally
extending slits are each formed by longitudinally
extending slit segments that are connected by at least one
transversely extending slit segment. In a second

embodiment, the slits or grooves are arcs or have end



10

15

20

25

30

opposite sides of the slits. The nunber and | ength of
the bending straps webs and slits or grooves al so can

wdeoosw2898Ed considerably within the scope of tPer/Us2003/030248

present invention. The wid?h or cross sectional area
of the 10 bending straps and the transverse divergence
of R ioneapdichi 84 veagepavaar faam fbepbRBEntipeofot fefine

Ur BRSVAMRE sRAGSNT wh %hm%&% e&éra hyaddht bgnak oSLRR pend
be? ¥ ge? oP

of the present netho he s
waﬂameabn@ub@baeasahby1a|@ngththerebdthlambaddmestshethe
ben d of [ ntion

oAb S BroHe Rl ng, sbBSsPVERENa 1L PUEREUPE pith

parndtdsedltamnlgy e\a@lel—toslﬂab@d ehgbgemenw bli fRbtakh&Beehaterial on
stock, such as aluminumor steel, which can have

su6§ﬂﬁﬁﬂﬁﬁlSﬂﬁﬁékﬁés§h&n§l&t§arlgb? DUMBETt @RPelsngilr of the
exyR Ang? stBGRC FBAN 271LEN 1 £8OBE g?bu Thaugiebt B4 48

tenper, sone ceram cs and conposite rta ypes

of velrdsd comsipeirpidly shebtis &heé pkapei oél thie present
def.orma Ie co S|te eets, however, .al so may be

suitta5te +flor ﬁdVﬁS%B ﬁgcfﬁésnﬁFHBHOB?gtﬁ§¥6r8§eﬁPe

I Nedie sthaps2angr eper tirassobrkbeaevaryental 6fatBe straps
relative to a given tenperature and fluctuations in

t eRgSPatcdle ﬁayaﬁéedr éaelﬁpéad?atﬂfak@fatbar trenpH¥prse spacing

MRk Rlensdntiall e R ghaltgegg gt@P B?etﬁéeﬁﬁ Eent method

i nvention. The present net esulting s eet
sl iits w@mdunglOQrthasheeMIaflmametha30sahstedtiaily along

reci sion bendin ns renote of the slitter
gr%§F0b$8P.%&BFe%€§PSS %geb FBELREy“ER" pr oduced
preci sely without using a press brake. W 2004/ 028937
UsS2003/ 030 100 Sheet ,stock,can also be press
Cﬁ% ggOdaQ%mgPF RIeSPPt ipvegFbgiedantbe FEPaiod to

beﬂ@kﬂ%u@Yt&B@sf@QrbﬁééQrstgeks §£|9§5p59€155f351y well

stock to be shipped in a flat or nested
suited for use with metal sheet stock, such as aluminum or
steel, which can have substantial thickness and a variety
of tempers (for example, 2 inch carbon steel, 6061
aluminum with a Té temper, some ceramics and composites).
Certain types of plastic or polymer sheets and plastically
deformable composite sheets, however, also may be suitable
for bending using the method of the present invention. The
properties of these materials are relative to a given
temperature and fluctuations in temperature may be
required to make 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 Eends may be produced

precisely without using a press brake.



10

15

20

25

30

configuration for bending at a renote manufacturing
site 5 to conplete the enclosure. Press brake bends

WO aov4ppeso3st ronger than unreinforced slit bendspepDustums/o30248

a conbination of the two ¢@n be used to enhance the

stren%th of the resulting product, with the press
br 2kECheSFOKeicRG 2368 PRoREESST Brakgahpnt, aFowglihas slit

shget g9ed, ThS Shi 0 oygd.hen y b, .
partig?%y bent to oggﬁ} ggﬁﬁg?§|¥9SFPgh??9£gga?ﬁ%f This
sueh loweetbecshesti skobé hesbedshippedhippanfilafher nested

bent._pr.oduct .has .overl appi ng_edge-to-face_engagenent ,
15 S2RA GUBESHOT TR PERRARTOE L R BBPFF 1 JoBr I gREUEIRg site
pr educbmpletel thet andlbsadeny PreBsVBEaRESHLEKASCLEARNSe

wi t hout significant stressing of the bending straps.

| f StEPPAEE t8ePeRFLRIPEOrEqdi Fodt BEndsr seothetie

regspBInaki8nPekt theheah Eﬁheﬁéaksgantéléﬁhgﬁce.the strength
reinforced, for exanple by 20 welding or otherw se

at pdchheg rasvhitinguprddortbenitbhtbe paesagbtake bisemds being
line. .Lt uld be noted that one _of the . adyantages .
BBsiiaBor EotheRRhBleenrialpy c6, 6 REF{ cdges ¢ nipe slit

of *rormng sfits w §S

t herbgebosheebehds teneondpepengsrthel ey hpenghtal

the bend |ine,  Thus, welding or filling along the bend
25°PFHBTASY E6iABELY PeatBAE FuchesBeptrefgnistbbl be nested
regdir fipphihgWi Il be noted that while straight line

bends have thus far been illustrated, arcuate bends

can al so be achieved. 30 One techni que for producing

CUTMdeggngEBB étiﬁa§h82§ri9%%fiéi?u%?—ggﬂFi & %ﬁéﬁgement

| ayout ntical strap-defini ures aron
cuanddshppdrti neThost behanceésathefabtl ity dalthoptddict to

desir ed d_centerline. WD 2004/028937
PCH 5583705639809 1670BERF 1981 Hheeebons | vitheh

i depghealcahtt 8t 982s VG CHE afBe DOSELIAPNEC Hhs OPPEST £t her
sides of curved bend lines 933 and folded into a
coPFugREEl panepdusreds OB2fa¥ ecedmobi@sreasons, the bent

sheet material can also be reinforced, for example by
welding or otherwise attaching a shin guard or bent sheet
along the bend line. It should be noted that one of the
advantages of forming slits with essentially zero kerf, is
that the bent sheet has fewer openings therethrough along
the bend line. Thus, welding or filling along the bend

line for cosmetic reasons is less likely to be required.

It will be noted that while straight line bends have thus
far been illustrated, arcuate bends can also be achieved.
One technique for producing curved bend lines is shown in
FIG. 33, namely, to layout identicai strap-defining
structures along a curved bend line so the virtual

fulcrums fall on the desired curved centerline.
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having a formsimlar to the sits of FIG 6 with a
central 5 portion that is |linear and di vergi ng or

W@ oniopsy3away end portions. Slits 932, howeverPCT/@R®03/030248

Iai d out bend lines. As radius of curvature of bend

s 933 eases, t enagth of slits 932 al oang
ben $Fhe éj]se)%?a 2?1 sg&rfd:rt 199 thesidte S sy $dsahdch are
t hepsdli tvEondd dnt @mwelthebesf&H§%ﬂ Ratr e Hedld li%te%d 933 and
sheet. 931 has a hat-shaped cross section which iIs

of tihldedinknt e % mrrmtmeﬁ ragelugatsdd tsadd2s arghehown as

us t t construction not
asq%ey rabéfje as t ffligoér{})tr Ftr?l?ou@slscpsa%rﬁs ErI#;CFI(% 153‘ central
bemns‘a@‘hdﬂdaishesetllpman ansl 34 myilng econpiuirsd nabeway end

TR 1L Has SAR/aMoo fn B o R @0 Begd Lines.

matzey irldivd o sasend drRCY Bedd LR sUSB3 decreases, the
non i denti cal strap defining slits to shape the

AR s tdapslite Fvdedeny Hepst Hinesr Y83 IsandbeTisbortened
bencto Z%S@c{efmagp%%a@g g:%%l sfaces on  both sides of

the b I ne.” I f steppe its are used, the
| ongi tudi nal | 'y extendlng slit segnents can be 25

shart ened.. The tr tion.and width of b

stﬁ; qﬁﬁV‘LEFV 6%3 etP§n§PWr89a§e&|FgﬁeﬁegéllPﬁé a
f omaa \ATdpRicY dlfossr SRePDn AGiLH NG dr¢an #bh,an kR EBQl
trade-of f between the 30 _|ocal force required for

berdf@TF R PRI AtES Pamelstr eWien used ps a decking
l“Wéﬂde <0 hand .« JFQk YERARLE 5 2 ggﬁcgg E?EQE?F ag the
ormed a

that may be ‘opportunistically f e sane
s cord‘tetrbmwa wgrstlr afs FAG.t RO, pbesanisei otienti 6ReBBYportions

ac the bend-|i o closely that the nearest
bordin é’”s?t r56@%%62’}’6‘%8§§?‘%é#u%geo@’%eékspaﬁzeé mass,
ar%uh€3k1EQ&ﬁ&ddeﬂchQ&%n%rQQUQBQYaﬁ%ﬁBtEBQS and requires

approachlng
less material.

A second technique is to use non-identical strap—defining
slits to shape the bending straps to produce a smooth
curved bend. The bent sheet will have curved surfaces on
both sides of the bend line. 1If stepped slits are used,
‘the longitudinally extending slit segments can be

shortened.

The distribution and width of bending straps may vary
along the length of a given bend-line for a variety of
reasons including a variation in the trade-off between the
local'force required for bending and the residual strength
of the un-reinforced bend. For exaﬁple, adjacent features
that may be opportunistically formed at the same time as
the bending straps of the present invention may approach

the bend-line so closely that the nearest bending straps'
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feature or with thinner straps to maintain planarity
of the bent material. 5 Finally, the bent structures

wobootloesopr esent i nvention can be easily unbenkPCT/TB2083/030248

all ows three-dinensional s$@2ructures to be

di sassenbl ed or unfabricated for transport to another

si P edr fumad ivigoflasse foisapencyaneairalthel appasaching
be : t rial .ca ten
R R
r evdres dentamch teheradaf t er re-bent through 5 to 10 or

nore cycles. This allows bending or fabrication of a
structure at one site and then unbendi ng,

tr angRANtat ite Pt &t RRAGIRE Af ahsepRdesitt 8nvEA®ion can
ease of unbending al so 15 enables structures to be

untsenteasid Ys éband-a lddyclAlAgwsc éhrer—Hdmensidonadf
the sheety B 9d 3e NG ars%%qu sgﬁmsgggfﬁgg@i for.

conveni ence i n explanation and accurate on’in

20 tirfzen spopended aglodihes, stite ber fer" wptyel ihappéEr the sheet
"ar, "laower", tinside" and, "outside" are used to
|ﬁ£§aﬂéat3Fe§a&f§ﬁﬁ§ %P@ggn?hﬁgv%ﬁﬁigﬁ“ﬁﬁ?ﬁeet material
r efcaire REe o Hh & t rpahitiepRs oLit§Ueh E@ahULEBi8t to a bend
di splayed .in the figures. 25 The foregoing ‘

ded&MieFtSedns g ShesiepitEeanbsdbrakt shsPugheSptesdAtor more
!PFSQH%%Q_h%%ﬂsb% ﬁo@%@%@ﬂhggggﬁgy@Hﬁggégﬁigg of ,a stxucture

illdstration and description. are not I ntended

be atexhaustitee apd ttheni minbendéngnverthepotreathen and re-
prgci%e forns _ disclosed, -and gbviousl% nang .

mo&FFEEE 6 2af§CPRE &iiténs TB6 §PESpBSshBPending; gheo
of ehb®12Bove rieachiergtoThe am@eeltnsﬂasS%EGtGhQSEQC;?‘?ﬁing
described in order to best explain the principles ©

t heendeenttiosn ravgei o phacsheat mapprieit kod, removed
th le others skilled in the art to best
ut?%ﬁ?én%ﬁggrnvention and vari ous enbodi nents with WD
2004/ 028937 PCT/ US2003/ 030248 103

For convenience in explanation and accurate definition in
the appended claims, the terms “up” or “upper”, “down” or
“lower”, “inside” and “outside” are used to describe
features of the present invention with reference to the

positions of such features as displayed in the figures.

The foregoing descriptions of specific embodiments of the
present invention have been presented for purposes of
illustration and description. They are not intended to be
exhaustive or to limit the invention to the precise forms
disclosed, and obviously many modifications and variations
are possible in light of the above teaching. The
embodiments were chosen and describéd in order to best
explain the principles of the invention and its practical
application, to thereby enable others skilled in the art

to.best utilize the invention and various embodiments with



various nodifications as are suited to the particul ar
use contenplated. It is intended that the scope of

wo b@4/02899ENt i ONn be defined by the clai ms appenBerius2003/030248
hereto and their equival ends. 5 WO 2004/ 028937
PCT/ US2003/ 03 2%8 104 IN THE CLAIMS, 1. A sheet of
mat SFFAPUPoPREYLE6ALHERTI AY aFBnF At ednt® Fhpeparticular use
compbhsemplabed. sheet i6f i FRERAEQ! t AV e 8 PhYE 8bE tihe
of slits formed therethrough, the slits belng
posiBVBREdCRePEt A9éined Ay deke reth bendpperdedichereto and
configute e bending of the sheet of
natg??gF gﬁgﬁgggﬁgygénd line with edge-to- face
engagenent of the sheet of material on opposite sides
10 of the slits during substantially the entire bend
of the sheet of material. 2. The sheet of material as
defined in claim1 wherein, the sheet of material is
formed with at |east two 15 elongated slits positioned
proxi mte the bend line in longitudinally displaced
positions relative to each other along the bend |ine,
each slit having a slit end portion wth a pair of
adj acent slit end portions on opposite sides of the
bend |ine defining a bending strap having a 20
| ongi tudi nal strap axis extendi ng across the bend
line. 3. The sheet of material as defined in claim?2
wherein, the slit end portions diverge away fromthe
bend line. 25 4. The sheet of material as defined in
claim3 wherein, the slit end portions are arcuate
and curve away from the bend line.
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30 5. The sheet of material as defined in claim?2
wherein, the slits are positioned equidistant and on

wop@asedss7 sides of the bend line, and the sliPeST/aR®03/030248

posi tioned in |ongitudinallddy overl apping relation to
or ignt ltgfgk’g_udi nal strap axis of the bending strap
to ﬁt%‘?ﬁj é\ an oblique angle to the bend Iine. WO

2004/ 028937 PCT/ US2003/ 030248 105 6. A sheet of
materi al a%‘%%%ﬂ‘%%d“%%rcﬂ% rhOEMfte fG Pen@iay along a bend

edgerid-dargsr @digagenent occurs along substantially
the full length of the slits during bending 5 of the
sheet ofa rtest f1f MatemHalshestingf anmptlawriad i tas ofefiliés

in i ' h t; .Qf ial..i.s farmed .
u Fo A R g RS, S s ondd Fative
pr oo reatde sk dbeopp dsiirtee asidd eonl quir etdh& ob@rd dluicee biehding

| ongj tydi nal Iy st red positions. relatiye to each

| ongh el naldar PR oS e Bl Y5t 2 - to-
subsdantdrifdgentdit AR HeORHe@Ur Al aRteMibh bheop§bb&te sides
on one side of the bend |ine beln% inverted relative

t o ¢hehg igligs e iahsubsiteatéplilye thengntiime. beBdgof the
TheS topfmar%tﬁrailal as defined in claim?7 wherein,

the slits are symmetrical about a central transverse

axis. 20 9. The sheet of material as defined in claim
metrical about a central

7 erei the slits are as ) ; ,

(r ditoverle BT, ofometRa Ieileet SRLtREEr 18 CAaiBefi NBgrein,

in clairmhke Wi Bf md2e@islist $oeael Rava g?dlegst two
en

portions and the |ongitudinally adjacent sli

poraliByea t@sk isdd tise PisA¢ Logedaps caimetigi hheabeodslihe in

g?pggkgzﬁgﬁﬂﬁﬁl@r%i%%qg%gﬁi%%gitﬁgggtrglgggggt%gigggh other
along the bend line, each slit having a slit end portion
with a pair of adjacent slit end portions on opposite
sides of the bend line defining a bending strap having a

longitudinal strap axis extending across the bend line.

3. The sheet of material as defined in claim 2 wherein,
the slit end portions diverge away from the bend

line.

4, The sheet of material as defined in claim 3 wherein,

the slit end portions are arcuate and curve away from

the bend line.

5. The sheet of material as defined in claim 2 wherein,
the slits are positioned equidistant and on opposite
sides of the bend line, and the slits are positioned in
longitudinally overlapping relation to orient a
longitudinal strap axis of the bending strap to extend at

an oblique angle to the bend line.
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30 11. The sheet of material as defined in claiml
wherein, the slits each have end portions and the

wo eengiokgesd? nal | y adj acent slit end portions defPOEUS2003/030248

bendi ng straps extendi ng &&r oss the bend |ine that
are asymetrical about a central strap axis. WO
2004/ 028937 PCT/ US2003/ 030248 106 12. The sheet of
mageri ap aﬁe@efb@eQaterghﬁlledghfﬁ@anln ¢heiml i tSherein,
each have substantially the sane |length along the
bend | i e sdgg-tPhéasheengagemantroatuns dkdnged in
, h e r Le .

a1 SuBstalEanY; ok 2ut) 13pRPHCAE, th" LlPl PPNy penaing
debfnedelBheb&inflmaheréhm, 10 the slits are provided
by a plurality of arcuate slits alternatively
positi oned on opposite sides of and |ongitudinally
shizf.t edrakoBgebBechendtbiNgl hBedarcHadein Stid SmbPEilerein,
convex in a direction facing the bend |ine and
def i ni n§hBeRBEAT @frap§eﬁa@?ngssf@érpeéx‘éstléx@*énmmt 1Bwo
obLi c t My! : e e . .

e oir gt ea 52 s A e e rodna R aRTRh Bhpogite sides
nabérmab bentol ired mhtmoagptudahhlyyoéta@@érsdo¢051tions

| ongi.t udi nal | ver | ing.slits positio )

| R ar et aReR AP RR o1 one BeBBrRa T e drndathpeslits
Obbb%Hetherb@BEEQn%Eé@PYaﬁﬁé sdfle Jbﬁf§@@§$t96n, with the
material as defined in claim15 wherein,” the strap

axéélér@no@DﬁqgédﬁoofhéhﬁehﬁndlheneanSH@pp@%¢t@¢® relative

?' gglghE%CEhogﬁe é@he?h§1§%68£ Eﬂer%%ﬁﬁ | @S

Clarm edch hiave end
ortlons and the Iongltudlnally adj acent slit end
portlons def | ne_bendin traps having, |l on |tud|na
st?ap a;@? & Fgﬁdpﬁgma ?Fhﬁil?s geflned in cfaim 7 wherein,

the slits are symmetrical about a central transverse

axis.

9. The sheet of material as defined in claim 7 wherein
the slits are asymmetrical about a central transverse

axis.

10. The sheet of material as defined in claim 1 wherein,
the slits each have end portions and the

longitudinally adjacent slit end portions define bending

straps extending across the bend line that are symmetrical

about a longitudinal strap axis.

11. The sheet of material as defingd in claim 1 wherein,

the slits each have end portioﬁs and the
longitudinally adjacent slit end portions define bending
straps extending across the bend line that are

asymmetrical about a central strap axis.
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across the bend line; and the strap axes are oblique
to the bend line in the sane direction to produce

wo ebmtonsss7 di spl acenent al ong the bend |ine of PODUS20081830248

of said sheet of material @% WO 2004/ 028937
PCT/ US2003/ 030248 107 opposite sides of the bend Iine
upon bendi ng of the sheet of material. 18. The sheet

of 1t el eddeldMahtd?ighabl hetigEs e,
slits have a kerf width which is guffﬁgleﬁtféaag | fherein,

so as tdﬁEheﬂﬂeR%dgeﬁtémWaC§UbﬁtenenQAQQWEhe ehmbhéength
sheﬁ} YT Q1d fg_rglfgpposue sides of the slits

durlng bendi ng The sheet of material as
defined in claiml1l wherein, the sheet of naterial is
prOV|ded sheet of one of: a

def or mabl e
and >a §§¥ %69500 frretsndad 66 Hﬁ?épﬁgll&scééﬂmnédwbﬁrelnr

clai m 1%\@1@1%@ hak@ tcﬁefels}ee b nBRhS" hdbnkS
provided by a sheet which wil b onngebe e?ag i caf) jond Line.

def ornmed during bendi ng, and the slits are configured

tolque%%e %ﬁe&&n%En%a%%rggﬁ a%td%%1 bllgﬁggigghel wherein,

whi'ch is su cientl to preven
defornatm@nsdﬁtsaedeSbeebldédnbyeélpﬂura@lgi ofh8rcuate

sheet, of terial g defined in claim1 wherein, the
sIFﬁétﬁréqgﬁﬁPP§&W@ Ytgoééﬁégnﬁﬁ eRgerspPsike sifest off and

”Htl%hlgaltu@h%q1@”%h%'f@%doélbhe %hlet Beh8 €1 égethén? cuate
slide™along a face of the sheét of material alon ke

ZSSéﬂﬁerb§ﬂ@@ gonviex ehlﬁsdduechObeﬁdcmgg 2Re Ehed line and

sh [ a defln din c
slﬁgglgre f or dgn %trapstressn?eagﬁﬁﬁgaxgan?FgEngP%n
at obhdqeedy afcrblse shiet bend pontkions. 30

15. The sheet of material as defined in claim 14 wherein,
the sheet of material is formed with a plurality of

pairs of longitudinally overlapping slits positioned

laterally equidistant from the bend line to define the

obliquely oriented strap axes.

16. The sheet of material as defined in claim 15 wherein,
the strap axes are oblique to the bend line in

oppositely inclined directions.

17. The sheet of material as defined in claim 1 wherein,
the slits each have end portions, and the
longitudinally adjacent slit end portions define bending
straps having longitudinal strap axes extending obliquely
across the bend line; and |
the strap axes are oblique to the bend line in the
same direction to produce relative displacement along the

bend line of portions of said sheet of material on
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23. The sheet of material as defined in claim1l
wherein, the plurality of slits includes a plurality

w@boogloeges7 al ong and proxi mate the bend |ine ceaf/ugoo®es0248

to define at |east one bendi ng web between adj acent

slit end portions, WO 2004/028937 PCT/ US2003/ 030248

10PRROFEK SRS 9f tthreibapd dipe s@eroeadiingstofpdie sheet
of of gpidadinal |y extending slit segments positioned

proxi mte to and on opposite sides of and

substantially parallel to the bend Iine, the

| ongd t udi.nal | xt endi 5 slit se nts .further .
ha\r/h'?én'g gll%aisrryeo%q: Ioof]nérfafnc%cﬁlr?; V2 %%gg’ieﬁatlél gdm 1 wherein,
connect ethdlys 1ai 89 ansmers et fextientl Rhidh tis $e¢8Rbiently
24. The sheet of material as defined in claiml

whet@lnl SO R% He Shstrordurdo-drces iaéereagagemgnt of the

Coidrfbt MUt hal’dn Hppoed! sQliemier ikak %a.its during

defined in claim?2 wherein, the ratio of aj

di Srenssiadbet ween slits on opposite 15 sides of the
bend line to the thickness of the sheet of nmaterial is
| ess than about 1.0, and the slits have a kerf |ess

tham .abdiie Ghddy s nidrertibilckress fohetihgensbe8imOfl wherein,
material . 20 26. The sheet of material as defined in
cl ai m 2 tgerséiset afh&atexdedudsnireyidgdabene daderoable

th%hgejtt $ g £.a ge%itgg,stahapaeﬁ?gggii g across t he

bend Iine; and the bending Sstrap s formed with a
wi dt h di nension equal to between about 0.5 to about

4. Q0 t t hi ckness _of _th heet, of terial. )
2720 e dnest oh B8 Il abr FREdteH chafirss 18 wherein,

wher ei nthet b@edtdidt darerskoniefl pkBeiBeAdLYIaSEhERtI §hich
bet n abo%t 0.7 tg about 2.5 tines the thickness of
théﬂgﬁegpldf egglﬁggépp&py deformed during bending, and

the slits are configured to orient the bending straps
at an oblique angle which is sufficiently small to prevent

plastic deformation of said sheet of material.

21. The sheet of material as defined in claim 1 wherein,
the slits are configured to cause an edge of the

sheet of material along one side of the slits to engage

and slide along a face of the sheet of material along the

other side of the slits during bending.

22. The sheet of material as defined in claim 2 wherein,
the slits are formed with a stress reducing

configuration at the ends of the slit end portions.

23. The sheet of material as defined in claim 1 wherein,
the plurality of slits includes a plurality of slits
along and proximate the bend line configured to define at

least one bending web between adjacent slit end portions,
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28. The sheet of material as defined in claim1l
wherein, the sheet of material has a plurality of

wa boous289pDsi tioned along a plurality of bend | POEES2003/030248

posi tions WO 2004/ 028937 P@B/ US2003/ 030248 109

producj ng edge-to-face engagenent of the sheet .
mat® | EaHn OHpoisit PSP Eaes O ehd igiskr sairy of
of

f&{’;?iddcﬁ%ll ¢ e!}?cifﬂl e SRRl
al ong 1t he pl uralexint yXéof e deﬁ[lll%'gs to Efodgggélgqoq’%g
t hrreotiinadsitohand tarucippasites AdlesTiod sineetsubfstantially

mat er | s .def.i.ned in,claim erei.n, ..th ,
t hrpea{eIEa |lrreglnst|°onta © g%ernu%t S gt T )?gﬂ‘é:éll%mﬁ‘glyTﬁé‘tendmg
shesti ofsatieartal fuasthaf inmdng Llpaiih 28 WeeiitdindQ 1y

the three-dinensional structure is a cross-braced box '
bedROXRMAtHENGfeGoBIe Tk NYal2 4 2SVSAEG Livh extanshipg slit
\Mugéﬁgbntjhe t hree-di mensi onal structure is a chassis

for 15 electrical conponents. 32. The sheet of

material as defined in claim28 wherein, the

t hrge- difensi,onal ructur.e . s a stud .l . 20.33.. The |
shért- of e to; e Ae dehimesh l\ﬂh&ﬁ@ilﬁ‘, 1 F’E‘&remr
t hree- dittensiml ot mitddirianli 9 sAReRuirgadNiinf ar Koi 134

The sheet, of material as defined in claim?28 wherein,

t nEMHE W nensi onal structure is a corrugated 25

panel . 35. The sheet of material as defined in claim

28 wherein, the three-dinensional structure is a
cordugatie steladmef 3Gt3¥Giad sisecefiohedntier icdbifio2 wherein,
bendi ng ,al ong .a desired bending |ine conprising: a )
sheet oﬁﬁﬁhteFfﬁ1 avi H&gad6F§F§Fet§e8Ve8 n&ﬁﬁ&g on opposite

sides of the bend line to the thickness of the sheet of
material is less than about 1.0, and the slits have a kerf
less than about 0.3 times the thickness of the sheet of

material.

26. The sheet of material as defined in claim 2 wherein,
the longitudinally adjacent ends of the slits define
a bending strap extending across the bend line; and
the bending strap is formed with a width dimension
equal to between about 0.5 to about 4.0 times the

thickness of the sheet of material.

27. The sheet of material as defined in claim 26 wherein,
the width dimension of the bending strap is between
about 0.7 to about 2.5 times the thickness of the sheet of

material.

28. The sheet of material as defined in claim 1 wherein,
the sheet of material has a plurality of slits

positioned along a plurality of bend lines in positions
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strap-defining structures forned therein, the strap WD
2004/ 028937 PCT/ US2003/ 030248 110 defining structures

wmeiong29985i ti oned to define at | east one bendP@yusionags0248

in the sheet of material having a | ongitudinal strap

axis oriented and p03|t|oned to extend across
bemF A9Ud N sdigend Osttags gePRIERGNSt Péc?t}ﬁe§hse[§emﬁ§erlal on

confdppyiad %ridje%owt leqed o tfottaaoglita%a@%g Bg Bfenhhtmes, and
sheet of material along the bend line he sheet

of mat ertihgl sheedefofnaa@tierielabmidg hheteahongthbe plurality
str is ru are Lits d to
exten q%ﬁigu t%e gh %%gf n&?éFﬁaFlg l?HglsﬁgﬁPCBFre

naterlal as deflned in cIa|n137 wher ei n, the sllts
causi

have a k i mension and ,j Qg di st ance
eddge- toT%§b§%§ﬁ FaQdnBRt e a 3h§ssﬂégﬂn8§ ﬁﬁt@ﬂﬁém 28 yherein,

opposi t g hg Q%%e%tdhﬁﬁn%hbh%ld%EEH@tQ?@dhggaOEokhSeam
sheet of nmaterial. 39. The sheet of naterial as

deflned |n cla|n137 wherein, the slits are el ongated

ar Lt ee%oo%?matt%%lztesg bgTREE" iR 22 i0Chh"Gherein,

in’C alm & archat e sl

si des fammngh&he—heménshbnel Bﬁréktufbelsheebregs braced box
material as defined in claim36 wherein, the
&5 def i ni ng structures are grooves forned to a

depth not extendi ng through the sheet of nmaterial. 42.

The sheet of material as defined in claim4l wherein,

30 }lhe §heovdesesr efehoigatied ascdaﬁéngdoéneslad@ 2%heherein,

sheet thEaE% e%ldg%e%% ngq Egeglgaggﬁésrggr 8ﬁals Pgr

arcuat e grooves have conves si
| R&.ectii2@04c02BD3énkET/ US2003/ 030248

32. The sheet of material as defined in claim 28 wherein,

the three-dimensional structure is a stud wall.

33. The sheet of material as defined in claim 28 wherein,

the three-dimensional structure is an origami form.

34. The sheet of material as defined in claim 28 wherein,
the three-dimensional structure is a corrugated

panel.

35. The sheet of material as defined in claim 28 wherein,
the three-dimensional structure is a corrugated

column.

36. A sheet of material for bending along a desired
bending line comprising:
a sheet of material having a plurality of bending

strap-defining structures formed therein, the strap-
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111 44. The sheet of material as defined in claim4l
wherein, the grooves are forned in the sane side of

wohe4sbemst of material. 5 45. The sheet of maPeT/U8L003830248

defined in claim36 whereimo the strap-defining

struct.ur.es dgfin% straps . havin 'a_,mﬁgth din¥nsion

wh e P OTe SEEY T T6Gt Re4PPebPPoRiCRPENGPadetine at least

| oBglet BendahgsstaRpaxhs theoghabeubramatdpohnt nebihhea

10 length of the strap. 46. A sheet of material fofned

f oA OBgAduAd nalos§rarbends praentedpandi pgsikichedt tofextend
materi.al [ Lural i sli 1

(harECARonah Fa"SodtiPonand ShenariandePBEEe, pyruccures
bebe inigneontthgusiedt sndapbshaibngdoppoprbdueadssentiing of the

coRPERr 8 HAUeRoat FOREH EBopPBBACL BENdi ng of the

sheet of material along the bend line. 20 47. The
sheet of material as defined in claim36 wherein, the
sl Bt/s af&easheptacivBpyepsdlt psndafdRedppBsFieinsdgegherein,

of the d.kine, agi tudi La t LLS
it end Sortrons o TBtnd nraG EuBERarEs siEE e PRy co
wi éxteddnthgiooghwihehshentr eéismatasiahe bendi ng strap
extends away fromthe bend line. 48. The sheet of

material as defined in claim36 wherein, 30 the slits

ar ggeacirhkoshedtWotthmat ket f1dhBEASE@Re@Ntnacl4 P8 37 wherein,
di stance dinension relative to a thickness di nensi on

of the $heefléftsnhp¥ei al kpréddénapséaneard- jagedistance

en t _partians e | a :

CoOSGBIRG. cqfl-D0- DSl OBCRPCEE BlGTREEL e Olhcersan
on opposite sides of the slits during bending of the sheet

of material.

39. The sheet of material as defined in claim 37 wherein,

the slits are elongated arcuate slits.

40. The sheet of material as defined in claim 39 wherein,
the arcuate slits have convex sides facing the bend

line.

41. The sheet of material as defined in claim 36 wherein,
the strap-defining structures are grooves formed to a

depth not extending through the sheet of material.

42. The sheet of material as defined in claim 41 wherein,

the grooves are elongated arcuate grooves.

43. The sheet of material as defined in claim 42 wherein,

the arcuate grooves have convex sides facing the bend

line.
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WD 2004/ 028937 PCT/ US2003/ 030248 112 49. A sheet of
material formed for precision bending along a bend

wo eva/oggeapri sing: a plastically and el asti cal | pCT/US2003/030248

deformabl e solid sheet 5 oft material having a
plurality of elongated closed-ended slits therein
positioned in end-to-end relation along and proxi mate

to oppostie sidtas of ridtehend dd nesridd agchiglind 41 wherein,
having slit end portions diverging away fromthe ben
line, withe prieavest arghdiaumsichain \:hedjsageniside0 oéndthe sheet

porg 4 Qﬁbsiéj:.ejf [yni ng bendi ng straps extending obliquely
across the é%nd line. 50. The sheet of material as

defined in claim49 wherein, the slits are positioned

on glternpati Ides of the. 15 bend line and the slit _
en ‘ortﬂben.ssr}gerezt aq.’tiﬁﬂftt@rd'r?& @ﬁr\?@r}lé\%ﬂf‘rG tRe 3gegerein,
l'ine to el igterpldequielinOidtaniced el T i9ECWRFab] having a
alternating directions to the bend line. 51. The

shabdtdy dimrensiqn adigds iimedeases dnmbeghwhdreictiong0along a
t hg fditsSi A 1ar e X _SI facing_t

ben iﬁg'line. 52. T ea%ﬁ%egﬁﬁﬁlE%?é&iglhggpagﬁkngg ?ﬁe

cl diengtth wifertdien,stralpe bendi ng strap is oriented for

both twi sting and 25 bending during bending of the

sheet of material. 53. The sheet of material as

defdened A shder) Bt hateeriailn formel ¢ok deRBARL0R18hgt Bepend
bendi ng strap is greater than the thickness di nension
of UE SR 1SNt eri al . 30 54. The sheet of materi al

as definedycl @ rei.n,.. the hog. strap., has
a thick%%%yﬁﬁﬁ@ﬁzp%%%r igh%aﬁﬁggegs gﬁggi?gg Bgngﬁﬁgs
st faprext ehds edbayughorimt pesibéndisngrbkigat¥and along the

4 .
Zogééggqﬂ%é,PgﬂgU%%qgg/%%%% gaving opposite ends which
diverge away from the bend line, and the slits being
configured and positioned to produce bending of the sheet

of material along the bend line.

47. The sheet of material as defined in claim 36 wherein,
the slits are alternatively positioned on opposite
sides of the bend line,
longitudinally adjacent slits have slit end portions
defining a bending strap with a width dimension which

increases as the bending strap extends away from the bend

line.

48. The sheet of material as defined in claim 36 wherein,
the slits are each formed with a kerf dimension and a

jog distance dimension relative to a thickness dimension

of the sheet of material producing edge-to-face engagement

of portions of the sheet of material on opposite sides of

the slits during bending.
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113 55. The sheet of material as defined in claim49
wherein, the plurality of slits define a plurality of

wheondiozsy37 st raps extendi ng across the bendi ng PETESAN3/030248

oblique angles 5 to the bending |line. 56. The sheet
of material as defined in claimb55 wherein,
aIter native bendi ng straps extend across the bending

[ The sheet of
materl aI as ae;| neg i N ngl % m %‘%\ﬂtefgo% g)?:ectlﬁ‘éo% &nd&pg
mataekorey @ end Heate afonmrﬂsm'ﬂgr opic material. 15 58
The sheet terial as fined in cl aim55 wher
a pIurmqtéﬂ?égaqﬂ}%%ﬂﬁW%§S§FF&§§l&ﬂed§§€%@@ blg solid sheet
eXtéﬁ“ﬁéﬂHﬁEﬁitﬂghfﬁﬁ“H'ﬁldﬂéTitPno&h%l%%ﬁgtgﬁr%g%%gabended
59. The sheet of materi al in claimb
whetite thereie pofddii asfedydine eingl- tlos—e@dn@f@llas;otonopilong and

6 UB% qel f [ ef.i.ned in

ﬁdx}én V\tlne(r)céf m, Cﬁgels |S?Ls<,je§?e p&%et %%Rgdllne' and
subst antdaadd wmlm\&n@edltorenﬁh@mn@wst eiviedgsngf away
t he. bendi.ng.lin ro e 25 ben of, the bending.
str%ﬁ? gﬁﬁ% erHfﬁﬁf Rt ESulb: tgﬁpﬁéFpﬁlnally agjacent
supefd HRASEGHN déﬁrﬁ@fcbdﬁégldl'n@e’st@}ﬁ%s WheL8id? n hgbllquely
transverse di stance between sli'ts across the
| i fenosshétheghemderd iMgan about the thi ckness of t he
sheet of material. 30 61. The sheet of material as
defined in claim49 wherein, the slits are forned to

CodﬁEraﬂmeMdM@e&h@fbamdkmgalshsaﬂefﬁnéﬁsmha@Qaﬁhe49 wherein,
sheet of rmtgrl o on oppqsi.te sides WO 2004/ 028937

PCT/ US268S/ arg) positirged PRsasterprténgaginent of the
as Yol hamdi ReOftHeh@15Re@hd portions are arcuate and curve

away from the bend line to define obliquely oriented

straps skewed in alternating directions to the bend line.

51. The sheet of material as defined in claim 49 wherein,

the slits are arcuate and have convex side facing the

bending line.

52. The sheet of material as defined in claim 49 wherein,
the bending strap is oriented for both twisting and

bending during bending of the sheet of material.

53. The sheet of material as defined in claim 49 wherein,
a width dimension of the bending strap is greater

than the thickness dimension of the sheet of material.

54. The sheet of material as defined in claim 49 wherein,
the bending strap has a thickness dimension which

increases as the bending strap extends away from the

bending line.
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of material is being conpleted. 62. The sheet of
material as defined in claim49 5 wherein, the sheet

wokooamtsesi al is a sheet of an anodi zed netal . pEBUSIHNF030248

sheet of material as defined in claim49 wherein, 10
each slit has arcuate end portions at opposite ends
of the slit and the arcuate end portions are fornmed to

cur [ I ecti away .from the _bend l.i ne, 64. The .
she%%e' 01& h%a?sé’relea s “E?é:ﬁymﬁ(?& P5 SF&EREEaiRnELatR 4-‘515hereln'
the arcuaiee pAnha0Ity @FS s@titendelrankeanpnatr@latyl 8&Shending
the end of a zone of plastic deformation of the

berthifPs S¥ERAIEE apTOsSshdéde BRNRENer Llaneagtdebiliaye angles

i N+ 3lH8 42 nhelfinine .20 the sheet of materi al
defining the slits has been outwardly conpressed. 66.

The sheet of material as defined in claim49 wherein,

th li ar r,C [ pe_and .t he tongue_on e
25‘?5063'nv291x%esisg"ée 0 %g %\aécgés’f?ggngssthftlpgddeQpFZSéH‘ 58 wherein,
| at er al la) teunaafi vehdeplddng et rope sheendohcBker kAk bending
prior tq bendin of the sheet of material in order to

bi ds ehe THiPRASESh sdrevelde fdirRGtdP Ehe sheet of

material. 30 67. The sheet of material as defined in
claim49 and, one of: a rub, dinple, contour, opening,

f1 age, Tiheb shaed @fomeserdededsi defipedhést cdhim 56 wherein,

mat eri al,_, 68, The of. terial ,as, def.ined.in ,
claim 49?%1%?‘&% %ﬁg‘ﬁ?&ﬂ&ggé%aPé*PF%§2863P836§8§r°P1¢
11matteeigllits are forned to extend through the sheet

of material at an oblique angle to the plane of the
sheet of material. 5 69. The sheet of nmaterial as

defsgned 7ie. GhaldP 4F WARKSA)1 as defined in claim 55 wherein,

a plurality of the bending straps are skewed to

extend across the bending line in the same direction.

59. The sheet of material as defined in claim 58 wherein,

the sheet of material is a non-isotropic material.

60. The sheet of material as defined in claim 49 wherein,
the slits are positioned substantially equidistance
on the opposite sides of the bending line to produce
bending of the bending strap about a virtual fulcrum
substantially superimposed on the bending line, and
wherein the transverse distance between slits across the
bend line is not greater than about the thickness of the

sheet(of material.

61. The sheet of material as defined in claim 49 wherein,
the slits are formed to cooperate with the bending

strap to displace the sheet of material on opposite sides
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sai d sheet of material is a sheet of cast materi al
having the slits cast therein. 70. The sheet of

wordenesg7 as defined in claim49 wherein, 10 pboERUSIWw®030248

of material defining the shiss has been at |[|east one

of : deburred, electropolished, solvent etched,
anstfi Ade thidat et @fr chgegementogisotheakgnding of the sheet

el e atiel s’ bei fy mterial as defined
in%cj]xﬁwl, anlds 1§la ﬁ?ﬁ%&%ﬂ'c | ayer bonded to the
sheet of material across the bend line. 72. The sheet

of terj.al as defined.in.cl.aim71 wherein, _.the

ol £D ondUt, SHes ot Trbediglon® S6E35CTHE SAeeR of9
mateid@dirgs defined in claim71 wherein, the

el astoneric |layer is reflective. 74, The sheet of
mat er i althes sheathef materdioh 45 whebeek, of2gnt paodhaed
of y@tgrial is a material having a thermally actuated
shape nenory. 75. The sheet of material as defined in
claim49 wherein, said sheet of material carries an

ad ive,stri 0 thereon.. 76. The _sheet .of terial )
as et i nes isrvoec%aiolﬁqff@1 55&,‘3& gsggglf.&ng ri-B Sggﬂrﬂt ési yherein,
secur ed dazH ha isheels efrcudleckndl peverohBeabeBEpbsie ends
WO 2004/ 028937 PCT/ US2003/ 030248 116 77. The sﬁeet of

matdr itdie &3 idefdindedhien agicaiae7 6nghepstionst peegfiarmed to
St rd, .S SEecur, A Sl f e e f..pateri al
avvadyl%“}re;nlw%v\k% c qtekglgﬁeggl%g?fﬁgﬁeﬁgl Blggat%l €5 bent.

78. The sheet of material as defined in claim77

wherein,, th ard strip.i§5 secured tq a side, of the ,

_shgglt‘ of 1§ 5% al B\ﬁ&e&l\ﬁ/ﬁ[i il Hﬁglgﬁgef‘nof:gﬁéinep' ayfherein,

is to bemkenrircuate end portions extend to terminate at least
the end of a zone of plastic deformation of the bending

strap.

65. The sheet of material as defined in claim 49 wherein,
the sheet of material defining the slits has been

outwardly compressed.

66. The sheet of material as defined in claim 49 wherein,
the slits are arcuate in shape and the tongue on the
convex side of at least one slit is displaced laterally
out of the piane of the sheet of material prior to bending
of the sheet of material in order to bias the direction of

bending of the sheet of material.
67. The sheet of material as defined in claim 49 and,
one of: a rub, dimple, contour, opening, flange, tab

and groove formed in the sheet of material.

68. The sheet of material as defined in claim 49 wherein,
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10 79. The sheet of material as defined in claim49
wherein, the sheet of material is fornmed for bendi ng

wahkeng@37plurality of bend Iines each havi ng BCT/US2003/030248

plurality of slits therealltsng configured to produce
edge-to-éace engagenent 15 of the sheet of material on
opposi t e8¢ ¥ 0 4R 9ined tuEdtEIskAdinaRgheEheTisheet of
shegicof i amter il @51 Aald nafid «f aifo P ahergin, the
plurality of bend I|i nJ_(éHsﬂ are positi onedzjgr?d Zﬁ%ori ent ed

t o eMabiRedbrofmtmatesiala hol | ow cl osed structure upon

bendi ng of the sheet of material. 81. The sheet of

material as defined in claim80 wherein, the

pl uB%! i tThefstssd df nestarialpes derieddant 2820k Q0 @derein,
to enable formation of a hollow curved beam upon _
bendi ng %?l‘fffg’a%éifoé?atrﬁléﬁ S, dgBheffte ofhgastomaterial
natiesd g asndefined dasiclaidpeiy Wherein, said
plurality of bend lines are positioned and 30 oriented

to enable formation of a corrugated structure upon

bergh ng t f tagrial . .. The_sheet, of ,
rra?ﬂ(;r"l al'lq{aes %%fﬁg)? in%tc ala% \%e%fi s, l\lﬁoﬁalm 49 wherein,
2004/ 028987 PEHHISTOGRIA28 dekiRihke tedges ik lhag been at
sheet of materjal are forped to mate. with a curve

suﬁfea‘?csé:. BE, Of'JHe é’trr@I‘j'nﬁtl&Citélopﬁélé@iepmeéoilﬁeﬁlta'ﬁﬁphed,
83 ahrritldl, trddtePdersfudeh@othest off gﬁheégéktggglated.
formed to mate w th a cylindrical surtace, and the

hol | ow cl osed structure is a polygonal structure

f ored | ur.al | f .planar surfaces of .said

she@e{' o@ﬁrfegtsglﬁ%atﬁ obfte%éﬁéc%ﬁl %easpfjﬁr%épfaﬁylfif chang 49, and
l'ines. Hh &Fasthmestieetl agkermbbatiedl tastHef kAEti Bf material

cl %c@oégs Vt\:@)%r %Ie?l’d line.

72. The sheet of material as defined in claim 71 wherein,

the elastomeric layer is decorated.

73. The sheet of material as defined in claim 7i wherein,

the elastomeric layer is reflective.

74. The sheet of material as defined in claim 49 wherein,
the sheet of material is a material having a

thermally actuated shape memory.

75. The sheet of material as defined in claim 49 wherein,

said sheet of material carries an adhesive strip

thereon.

76. The sheet of material as defined in claim 49 and,

a guard strip of material secured to the sheet of

material over the bend line.
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the sheet of material is further formed with a
plurality of attachnent tabs along the plurality of

woeod/02893mes. 15 86. The sheet of nmterial as Betiun®sd3/030248

in claim85 wherein, the até achnent tabs incl ude
fastener receiving openings therein. 20 87. The sheet
of material as defined in claim85 wherein, the

at 7achmeme tseetag materdalloaeXxteREnthAr 9H9B1aim 76 wherein,
attachnment slots provided in a second sheet of

mat eri al e veash strie iécergusRdetoop mbder Pl the sheet of
t heaftlerSth 1NARE GeLnQEnMREE! kBLker 238 hegt

of ﬁhﬁerial as@dg??neg ?n clain1§%e&héfeﬁﬁFgP?ﬁz 1S to be

pl ealti.ty of bend lines are substantially parallel

to, and equally spaced from each other, and the

sheet of materials bent to have a zig-zag transverse

Crass 3Besetleetnofandtbwnasubst aakiablyinl angdinsheeliferein,
of material secured to opposite sides of the sheet of
nat eri alth€oIYREG géraP d&r paGHEed Besanbigeopshbet sheet of

I; .
YORSRCHSEEREGTUSIICETRAS, S0 BIoLL o o ene
bending along a plurality of first sheet bend Iines,

thefir sheet . of . material bei forned with a )
pIE?aIi?&eoﬁggﬁthmeﬁﬁgFé? rSﬁgﬁgﬁbg?afbﬂeﬂi%}%x?%aY%ereln'
each of thBeshekst oghpaterbendiki serma@ddrbhepshiiisy along a
bei ng configured to produce bending, and the first

sh@éPra#iﬁateﬁiEﬁnéeﬁﬁgeseﬁ@9hah@ﬁ§pgtﬁeplmrelisﬁe@f slits
be@ﬂekbﬁ?%hﬁgcgﬁ%gegréae€5 BgoggégréaﬁeigéﬂFQCéOéngagement

bendi ng al o
of the sheet of material on opposite sides of the slits

during bending.

80. The sheet of material as defined in claim 79 wherein,
the plurality of bend lines are positioned and
oriented to enable formation of a hollow closed structure

upon bending of the sheet of material.

81. The sheet of material as defined in claim 80 wherein,
the plurality of bend lines are positioned and
oriented to enable formation of a hollow curved beam upon

bending of the sheet of material.

82. The sheet of material as defined in claim 79 wherein,
said plurality of bend lines are positioned and
oriented to enable formation of a corrugated structure

upon bending of the sheet of material.

83. The sheet of material as defined in claim 80 wherein,
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10 plurality of second sheet bend |lines, the second
sheet of material being formed with a plurality of

W@ boo®2898her et hr ough posi ti oned proxi mat e eachpGEUSIVA3/030248

sheet bend I|ine, and the $17its being configured to

produce endlng, and the second sheet of materi al
bei ng bérfte HERy Ahdhes sheedn @ fs Fede niadd aiendormadd to mate

t heyfig cﬁhﬁféd ofuieierial and the second sheet of
materi al bei ng secured together to forma holl ow beam

90. The holl ow beam as defined in clain189 mherein 20

th [i figst .sheet of naterl and _t

sl |98t4§ |ﬁ%nshsee§:on NRE&T 16 RS g]elf&pe énc&]riallﬁ‘upéd‘”hereln'
to prodige eiigss tof ftaee s%@&g%rfemat@frltahe ahFat %'rﬁ\ledo'@o mate
opposite sides of, the slits during bend a 25 91. The

hoMidW Be & dh dFdiGade $Urs ageai mnglot\nﬁeh@ll ow chesefits

in f rical h
oD e pdlygtied Rl SogBbll By B bifigaLity
beawﬁ a)slada‘n rﬁetrﬁan:e@l &fms8d dwisbeeitn of3Gatkeifilr Between the
lf g .the second sheet of nmteri al
con ¢iF&a together to forma cured
hollom1bean1 93 The hol | ow beam as defined in claim

89 wherein, WD 2004/028937 PCT/ US2003/ 030248 119 the
fi Bt shost shreetaodr materd adopsedefinRdsipt laim 79 wherein,

posi ti 0Re (dhe2¥! 8drak@ngagpR smtﬁgg ﬁo%ea gg{éﬁ gf

substantially parallel first s ben nes

sebdndadlidat odf atdeshinehti saber a@dnyi thespltugaldty of bend
po§|% %ned to extend al ong opposite sides of a pair of

subs antlally paral | el second sheet bend |ines. 94.

The hol | ow beam as defined in claim93 wherein, the

first sheet of material includes a plurality of 10

noBéhes T8t Sh@ehg OfnWateryair am ephbsrdeindgbainf 85 heherein,

the attachment tabs include fastener receiving

openings therein.

87. The sheet of material as defined in claim 85 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.

88. The sheet of material as defined in claim 79 wherein,
the plurality of bend lines are substantially
parallel to, and equally spaced from, each other, and the
sheet of materials bent to have a zig-zag transverse cross
section, and
two substantially planar sheeté of material secured
to opposite sides of the sheet of material to provide a

corrugated assembly of sheets.
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first sheet of material to positions proximte the
pair of first sheet bend lines; and the second sheet

w@boosmess? al i ncludes a plurality of notches pXI/ERDNOB0B0248

inwardly from opposite edges of the 15 second sheet of

mat ggi al ,, t.0 sitions proxipmate the pair of second

she%%' be‘br\oh?ff]%‘%.b%%’f‘ PEPHOT 18 beam as defined in

cl ai m 94a wher st nshéde bf nidcsneet Qfrndd #d@lpdidd'%10ng a
second sheet of 20 material are each bent to have a

U shapedtt Harel e Sesterahaet kand ohiineshd tdie Kawmir etheet of
: ' | . . 96.
oueiterido beum syt o WA JEn B0

The hol | ow beam as erein,

fi rchesddutowsh rmeeit ddnahdprdieirsgeorticthedt tife first sheet
mat.eri al, are bent to curve longitudinally along the

bend ™ i ShF e su];;llﬁse&’% tq?é‘:}altgdyrfe& S BEpdpsE
fouwsenaimgd drad | arve boxr KeafReed0 ¥ mabled iRl AW REHBAS a10ng
defined ijn claim96 wherein, the notches in the first

she"etfe_3 oF 4w ethent hrnd Helnasgcond sheet of materi al
are pi e-shanethq alfbdihef ifaile SBCt G AR n%q_%gy along a

the second sheet of nmaterial are secured togéether
a @rzd ity off festantbrsheaDIROU/1G28337 the second sheet of

P S2003/ 030248 _ 120 98.. A cross-braced hox _heam
cg—rgépar%egﬁolnag%: %ae ls’}(r]eeﬁorétfe(ﬁﬁfletﬂ & Hi&rﬁ&&tfyoro Thé&rditsg
al artge et Haug igos iafi dirndl Jridi@smatieh@ aehedb c®hd sheet bend

material being 5 fornmed with a plurality of slits
t heridtsr Gigh tglf‘sistlil&?ed)elmgoﬂoml@%@@h tof privdulgendending,

[i dhe s i i di_gu 0 dug
erhg ot R e T ekl KR Edepa the
t wos ok siveadi dprehadingsor tingns posi ti oned i nsi de

t he bea n hent tqQ a _three-dinensional form 10
the cr osrpsh m&gcrisﬁg s&ﬁé%t Oggﬂﬁ%gﬁgagiﬁgﬁditgﬁ SEFRBEnSheet of

material being secured together to form a hollow beamn.

90. The hollow beam as defined in claim 89 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.

91. The hollow beam as defined in claim 90 wherein,
the slits in the'first sheet of material and the

slits in the second sheet of material are arcuate.

92. The hollow beam as defined in claim 89 wherein,
the first sheet of material and the second sheet of

material are configured and secured together to form a

cured hollow beamn.

93. The hollow beam as defined in claim 89 wherein,



alternating dianmetrically opposed corners of the box
beam 99. A continuous corrugated deck conprising: a

WG bmen28987 mat eri al formed for bendi ng al ong a pdBUS2003/030248
plurality of bend |lines, th® sheet of material being
formed with a plurality of slits therethrough
posutuoﬁ@G fa¢§%|ﬁaﬁ@teaéhm@terhélbeﬁdfprﬁeg wihl shéts

[ n d_t r n of. .t he . _ .
ShEbitibRdd ETLIMNES 22008, BHEE L PETELAGs 00 Hopair of
she@bsmamthaﬂéyapamglzalbdﬁhsa sbpetaindeadbdiheay si de

of the ck when bent intqg a  three-dinensional .form,
Do provitie cERCPRLGHeSHocr MahPFiehel SahALSRI o bh Pyits
of pRAReChedd teekxskedt apenki epposhebWeelebh8fChOpEir of
sheet portions. 25 100. A chassis for support of

compereRng igddyr Peiradlelaserend shemhit BePdl 1iBefed for
bending along a plurality of bend Iines, the sheet of
material being formed with a plurality of slits

th@Methﬂhaghoﬂdgwtbeamdaprdkfdaed ¢achlefimt B8 Wbadein,

l'ines, d the sli g 0_confi ed to_produce, a
chass! s the FLEsE: ShRECcRIBALAT Lab HHBUTES® AP IRERLIEY of
an%o&@%e%héﬁteh@hﬁ@ baabraugngrbmeoppasltén@a 9 8F the

| east partially enclose the sheet. W 2004/ 028937

PCEAUSL063RE50248materisd1 LOAPREL hbENGT PEPRiNARE Bhe pair of
Sh%ﬁ&s%fsﬁ%%%rbghdfﬁ ngndhgg along a bend |ine

conprising the st formng a plurality of slits
throughthbesebeeﬂ sheemabérmatemhamhlacéup95|alpmedallty of

relatiyve to the hend d confi ured t r od

boRACRGSR GG SPHe Berd PEALYWEL AT BRBESEBer 5aabs "6F “Ene
engagerRnknhettt B¢ makeriah es gsegﬁhBESSpg8§lm9£ethﬁe pair
slits upon bending of the sheet of material. 102. The

metfogegonderhged pengl aiRes01l wherein, 10 durlng the
formng step, formng the slits as arcuate

95. The hollow beam as defined in claim 94 wherein,

the first sheet of material and the second sheet of
material are each bent to have a U-shaped transverse cross
section, and are secured together to form a four-sided

hollow box beam.

96. The hollow beam as defined in claim 95 wherein,

the first sheet of material and the second sheet of
material are bent to curve longitudinally along the bend
lines, and are secured together to form a curved four-

sided hollow box beam.

97. The hollow beam as defined in glaim 96 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.
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slits alternating on opposite sides of the bend line
wth convex sides of the arcuate slits closest to the

woead/02898ne. 15 103. A nethod as defi ned i n cl PCTU$D3/030248

wherein, during the form ngostep, each slit is forned
with slit end portions diverging away fromthe bend
line, wwth a pair of longitudinally adjacent slit end

pOrglai ON [ i de > i,ne defining
a ggﬁdi%§Q§¥¥§%E§%C%§t§ﬁ%iﬁggéb%ggggﬁggnéénd l i ne, and
duri ng tshehfeatmiofgmaseepalf dorived tbe bkhtdsnyi Abofg a

kerf w dt.h di si oned _and ransverse _j og. di stance,
b PR ISt 0 PRt 5 nEBFQABREENERt MOFF he LREsa
of FAhRId it 0PRSS t '@QSleEsthﬁe§EtB§oqg?'ggsitioned

bendi ng. 25 104. The nethod of slitting a sheét
maP&oxdmater easlin@tnghgs beari Adaesn andi kheosliherbehng

t he g Re S tep ';J'r.%dﬁ%%(’ﬁ»ghidiﬁgd oY chQ" BhAGe! e8! b1 Box peam
wi th sl'it end portions defining a bending strap :
exwandi rg l8@ssbitwguelrpsaecbessinhesheatd pbreioA®5podbeioned

met.hod as defined in . claim 103, and,the step of
vaﬁ?ﬁﬁ&etﬁgech&?@’sg@??oh&P%aFSaéthFﬁE'gb@EH?h@ng%rgﬁrm'
by teRargGiodg diralceast saeetobokheohadedtshansg ¥Mween
2004/ 028937 PCT/ US2003/ 030248 122 between Slits and

t heljesneiténdodieRetsicad 1y orgoshe pendersi aé. theebox beam.
The nmethod of slitting a sheet of material for 5

bendi ng as defined in claim 101, and the step of:

priodr. t @ chetfioauwusgcstrepgasededecRgcampolistingheet of

el astically and plastically _deformable material for
Sitting SE6°T09T TRESKaPROACReE] FOF| AERA1RReatoRs
mabehirdll ikt9" of bend lines, the sheet of material being

formed with a plurality of slits therethrough positioned
proximate each of the bend lines, and the slits being
configured to produce bending of the sheet into a
corrugated deck having abutting chord sheet portions along
both a top and a bottom side of the deck when bent into a
three-dimensional form to provide continuous deck
surfaces, and a plurality of connecting web sheet portions

between the chord sheet portions.

100. A chassis for support of components comprising:

a sheet of matefial formed for bending along a
plurality of bend lines, the sheet of material being
formed with a plurality of slits therethrough positioned
proximate each of the bend lines, and the slits being
configured to produce a chassis; A

at least one component secured to the sheet; and

the sheet being bent along the bend lines to at least

partially enclose the sheet.
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bendi ng as defined in claim101 wherein, the formng
step is acconplished by formng each of the slits in

wa@2@asegsson to longitudinally overlap along therTsrg3/030248

l'ine; and 15 forning each st wth an arcuate end

portyj,on at d.aof the slit to define an
ob|PHUePyﬂgﬁﬁﬁﬁbCﬁnS&éﬁ&eﬁg asehggthetwBaherhglefigr bending
Poratlicers 0bdrenaiinedicealry sadiyaegBt stabi bg: 20 108.

The nethod of slitting_a sheet” of material for

bendi ng f&smdag ﬁe@lpﬁaéﬂﬁww9£0$lwﬁéréhﬁOUQhetherﬁhﬁgt of

St%%ﬂ lf¥¥: cﬁ§% gh%g Egﬁaﬁayéetgenggfpﬁgd line

| atera set on o 03| fe 'SIdes o
mnEhmtemmEMguﬁeqaonptbdnsesbbaﬁanglaﬂbygpahalbehdtmine with
the , 25 be |ine. 109. f tting a sheet |

of SHgSer© ?%9§'en§@ﬁgﬂﬁﬁ¥a§fgg |n5‘8g ﬁléhaPﬂ1%9@°S%H§ sides
f Ol RGeS tsQA tisS upeROBRhUS Agd oy ther heatt Be shtbsia30

with a kerf producing sliding of edges on one side of

the slit on faces on the other side of the slit

durigng ﬁ%@dhﬁQhoBQagoﬁbkﬁﬂgﬁtﬁﬁ e99¢R h815H989§£ggg

relation to the faces e sheet “of "mat er

opposi t dugiidgs toe ﬁbemshgtsteﬂurfngmbagdthg sWhs as arcuate
200 289 PCT/ US2003/ 030248, 123 .1 The net hod. of

2 RirRe 2 b nat 156 i QEPAFLEE: SipERAPRAFRe Bebfnbane with

Inc@h&bm EG%ecsand the stepaek: safitsrc1658s£0£H1 Ple bend
step, bending the sheet of material 5 about a virtua

f uldP&m al i gned with the bend Iine to produce plastic
and el astic deformation of the bending strap. 111.
The nethod of slitting a sheet of nmaterial for 10
beddidngAagetbbidned drfchadmitOt)lawhet @l nwherein,

during the forming step, each slit is formed with
slit end portions diverging away from the bend line, with
a pair of longitudinally adjacent slit end portions on
opposite sides of the bend line defining a bending strap
extending across the bend line, and during the fbrming
step, forming the slits with a kerf width dimensioned and
transverse jog distance between slits producing
interengagement of the sheet of material on opposite sides

of the slits during bending.

104. The method of siitting a sheet of material for
bending as defined in claim 103 wherein,

the forming step is accomplished by forming the slits
with slit end portions defining a bending strap extending

obliquely across the bend line.

105. The method as defined in claim 103, and
the step of varying the cross sectional area of the

bending strap by changing at least one of the jog distanée
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the formng step is acconplished by formng a _
plurality of slits as defined in claim 101 on opposite

wGeaa®oB7t he bend |ine al ong substantial |y thect/ub1003/030248

l ength of the bend line. 18 112. The mat hod of ;

slitting a sheet of terial, for hen as define

i n RATESRUL AL @thdha B9 sdtionr odr %flértﬁl AdC8gephe bend
bendiqig the sheet of material about the bend |ine. 20

113. The nethod as defined in claim112 wherein, _

during the forrri ng step, formng a plurality of slits

on h ral ity Qf ters g he ines;

durlﬁﬁé the ben %Oa dsft eSlqL tll?l %?lhéaQsﬁl% E‘gtferlﬁg for
nathemcblngalamgiﬁldeeﬁsm tdﬂaallnem@ll i aes thepeuépcefa
structure having nytual |y intersecting

abut t i n@T iR Tarks té'\?eéfte%ﬁ’gl S$tepng steﬂr§°§tl§‘ﬁ 8f S°lld sheet of

serdstg da e gidsudldal 1ivierseahbng &a@@lcfiaunfor

abutting relation for nutual “support. 30 114. The
metHdd tdhiwef i ned in claim 112, and the step of.
after the bending step, filling the bent sheet of

material at the slits by one of a welding, brazing,

SolldHri e maitthidﬂg cdnd lddhdsigve thekitngfsinaper¥®l for
937 P USZOOS/ 03 248 %24 115. The nethod of

sI i ‘ﬁﬁ‘ élllmf ¢P1 HQﬁHFﬁﬁlas def i ned

in clai rﬁh%O]fo\M’rﬁrn%' %,tegquf QbR 13k8Rd! gya%%@hgsaséh of
at a first location d the Ssteps of: "after

f orthieng lditep int pamosditiiiong tchdoshgésudohalnt evealapr abhong
thethfl rb%tnd qc‘i%tl o%ntdo a second | ocati on

forming each slit with an arcuate end portion at each
end of the slit to define an obliquely extending bending
strap between the end portions of longitudinally adjacent

slits.

108. The method of slitting a sheet of material for
bending as defined in claim 107 wherein,

the forming step is accomplished by forming the slits
to be laterally offset on opposite sides of the bend line
with central slip portions substantially parallel to the

bend line.

109. The method of slitting a sheet of material for
bending as defined in claim 108,

the forming step is accomplished by forming the slits
with a kerf producing sliding of edges on one side of the
slit on faces on the other side of the slit during bending
to position the edges in supporting relation to the faces
of the sheet of material on opposite sides of the slits

during bending.
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renote of the first |location; and after the
transporting step, bending the sheet of 10 nmateri al

w@abkang249e bend |line at the second | ocation. BABHUSH0E030248

met hod of slitting a sheet1sf material for bending as
defined in claim115 wherein, the transporting step is
acconpl i shed by transporting 15 the sheet of nateri al

i n Dr@. ofhe (Motiod | gt LONAHHPYE Hetd HOIL8LGrial for
condition; and (c) a partially fornmed condition. 20

11PenHengrerhotpbined 1 in igip i didfet aoid rdteersitalp fodi:
bendi ng Qﬁtgffﬁﬁ]eedféﬂnﬁlfgq%ab%%’i%gn’thaef ts re B:h%f material

formng step and prior ransporting
r oldabout tdhevsthaetl oful ewmirerd lalgnieat ovixhc@ibe, beerd Qlifiendo

the transporting step, 2 ile the sheet of material .
| R PR TRARR S Fiatte Ao om odhave sRnding
mategdagd. at another location prior to performng the

bendi ng step. 118. The nethod of slitting a sheet of
material for 30 bending as defined in claim1117, and

th te : ' t qﬁl#g N ep, r.form.n

t h:l]gle'ng"';&n% mes%d. Q:%:lél e%%letah%gle?g' g)éff ﬁ%é:& rilr‘?lcggfm
11&edtbmg gs \We 200:H (28234 iRCTOUS200:3+-@30248 125 the
transportation step is acconplished by  transporting

the coi I%tF sf?eré'{lrté) erftpeﬁSalacFPm?&sPrePspy E8&BLNGnaon

t he sird1aas, ot the rdAeR Ahebh@ne@ibhnt 908 oH€ i

Io?a,ti on iq'?outer space. 5 158. Ttrwle et hod gsogegpﬁgglte

i n 4SOt & hehdredion Lifiee ajeongi sybsteptiielaycohpl fshédlength

by fendidgdde Shget

112. The method of slitting a sheet of material for
bending as defined in claim 101, and the step of:

after the forming step, bending the sheet of material
about the bend line.

113. The method as defined in claim 112 wherein,

during the forming step, forming a plurality of slits
on each of a plurality of intersecting bend lines;

during the bending step, bending the sheet of
material along at least two bend lines to produce a
structure having thrée mutually intersecting and abutting
planar sheet panels; and the step of:

securing the three mutually intersecting panels in

abutting relation for mutual support.

114. The method as defined in claim 112, and the step of:
after the bending step, filling the bent sheet of
material at the slits by one of a welding, brazing,

soldering, potting and adhesive filling step.
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of material along a plurality of bend lines to produce
a structure having three nutually intersecting

w@b@nmessosand 10 the step of securing the struedDUS2003/030248

agai nst unbendi ng. 121. A mmathod of form ng a sheet of
material for bending along a bend |ine conprising the
step of: 15 formng a plurality of bending

str d | rAEtr 8 t
BP5 JCPRS ik hd 1 éjl at |I&e ahesh%%e beng‘al i ne atl for

whi ch are positioned
defberding I%%\siE@m;ECbewdlaﬂ@lnsthﬁp wherneiam,sheet of
rmterlalt}p alo |tud|nal str.ap %orlentedt

extend acr oss e hehd 8 i e, %ﬁ?@?&ﬁsﬁﬁ@éé‘ d@hfﬁ'lrr?& location,

st raued Wies dsdprg fonfi gured and positioned wth
edge-t o- f%fe enga%&q ment of the material to produce
bendi ng IS fiedri HraNspegting Baed shiees. of

12Zp5 e St hsh ahdefingd lJl:aQ:ll@nmtl:)Z]a Whaes %ﬁn'lo%gtlon

the formng step is acconplished by form ng
st rmﬁcd‘eﬁf infi rtglestfrlutﬂturlwaa:sxosi i taslckext endi ng t hrough

the she 1 3 Th as ined in
claimi1 er el nq:rllf%’stqw i §pSt g)ﬁndéngcg%ﬁpls?@ﬁéd of
by rﬁmmm tdleors) it Héhchd\ielea aterhedis@ersidon o2ad 1 bag

di stance causi ng edge-to- face engagenent of the sheet
of material on opposite sides of the slits during

be g f | 2004
Pdryluégzolgge/ 6‘{3%5’?%6 I, LT %r?lhg H S {“3%??% fer

cl drendiizng \ﬂﬁercefnnetclhern‘ orl@iimg 1d65ephiesedagonpl | shed by

form ng the sllts at ed arcuat its

The net RO as 2 &’Hg ek ﬁwslé‘ifC\%H‘BreLéFhedt héé transporting
forﬁnmg;rfgeep dfs na(t‘éﬁfﬂaﬂl smednly offer m ng the arcuate

slits to have convex sides facing the bend line. 126.

The met HGd a$ deRtn&@H tdicairm 121 wher ei n,

(b) a coiled condition; and

(c) a partially formed condition.

117. The method of slitting a sheet of material for
bending as defined in claim 115 wherein, after the forming
step and
prior to the transporting step, rolling the sheet of
‘material into a coil, performing the transporting step
while the sheet of material is coiled, and the step of:
uncoiling the sheet of material at another location

prior to performing the bending step.

118. The method of slitting a sheet of material for
bending as defined in claim 117, and the step of:

during the uncoiling step, performing the bending

step.

119. The method as defined in claim 118 wherein,



10 the formng step is acconplished by form ng the

strap-defining structures as grooves fornmed to a depth
waebo4/oesoBendi ng t hrough the sheet of material . pdRUs2006r30248

met hod as defined in clai m#26 wherein, 15 the formng

step is acconplished by formng the grooves as

el ongat thartaatspogremies st2. 1§hacmembmdsa&ddb i ned

in.claiml27 wherein, .the f ste cconpl i shed

by FSHRERF 361 f%%éhﬁg 5%8 f pakg 5éaioﬁ€éw 8 fagst
féﬂlduhﬂﬂhhkvﬁ“iﬂé @%rfa%%gofTﬁﬁe”%hEQGCQSo@eEh@egagEB to a
claim 126 mhereln the formng step is acconplishe y

f orSfAGRc C%ﬁ%ﬁﬁu&?|Q¥tﬁﬁes§éﬁ€ side of the sheet of
material. 25 130. The nethod as defined in claim121
wherein, the formng step is acconplished by form ng

t he 20st Ty d@‘uhqm@$ﬁeﬁdmde§nt cldefi dad@9stwhapeihavi ng

a width d| .0on whi ch. |ncrease§ iB asgh glrectlons

al ong a 3% Igﬁ PGaiSTEP dfr R5CSTPL 1PREH B¥okending the sheet
M @Poimatt edfi dlh@longnat blokralheysbrapend3iindBetBebb8duce a
as defined in claim121 wherein, WO 2004/ 028937
PCHLISSEOSR036Y489 threehautyphilngistepspsting planes; and

acqggpg%%gp@fby formng the strap-defining structures
as arcuate slits defining tongues on a concave side

of the secwatiegslthes sdirspitacedageihsof uhbengliage of
the sheet of material before bending. 5 132. The
met hod as defined in claim122 wherein, during the

f orrAing AsteRholiobw FGrinkagShi EReds @ECM§E§r1§i'E§r bendlng
alternatlng§9n opposite sides of the bend line wt

AHORIsPd@engf liRe grrRateispgi tbef atepgofhe bend
line. 1Q,rming a plurality of bending strap-defining
structures in the sheet of material which are positioned
relative to the bend line to define at least one bending
strap in the sheet of material having a longitudinal strap
axis oriented to extend across the bend line, the strap-
defining structures being configured and positioned with
edge-to-face engagement of the material to produce bending

of the sheet of material along the bend line.

122. The method as defined in claim 121 wherein,
the forming step is accomplished by forming the

strap-defining structures as slits extending through the

sheet of material.

123. The method as defined in claim 122 wherein,

the forming step is accomplished by forming the slits
to have a kerf dimension and jog distance causing edge-to-
face engagement of the sheet of material on opposite sides

of the slits during bending of the sheet of material.
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133. A nethod as defined in claim2121 wherein, during
the formng step, each slit is formed with slit end

w@ootioosys7 di ver gi ng away fromthe bend |ine, we¢ivusm03/030248

pair of longitudinally adj@amwent slit end portions on
ﬁﬁ?ﬁo te SI es _of the bend |ine defining the
i IRf G (HEWerdd Y Mhe redng

durlng trneefﬁwmm; &P i S AP 1R 1S AWIN R the slits
kerf wi dth di nensi'oned  produci ng i nterengagenment oF

t hessrlanggtemtardudterslidposite sides of the slits
during bending. 20 134. A nethod of slitting a sheet

of material for bending along a bend |ine conprising
t hel 28 e[Bhofmetdaldald rip A e iih shedn QR 4mhereah, for

slittin and formng a plurallt .of slits along
desir edgcﬁéenofd%“llr}gnes%pt HSa I sdyeick §Yalf@ﬁg‘1pﬁe the

bengd-dydte kaiing ﬂpsl'lat\}eo%%v%& als H%rsn@ta'cqglgS'tﬂ%Sbgfqd line.

the bend line and during the form ng step,
each slit with a central portion substantlally

parald elrid AN f8lad ALIAlY o Biambhe bend i ne

Wth arcuate st en por ti onsg

the sl i ttheurficd mg rapwast pr d® Bleeohend shiedebgo fotkhdhg the
adjacentép s of arcuate slits define bending straps

extSért@H e IS TRGTILESt RE BERFVESnEORMER to a depth not

| NE:8RFIdIGg HHRRgM ¢ @h@%@%@n&aﬁzer%&h sides of a
m ni mumw dth di nensi on. WO 2004/ 028937

PCT/U82003/030248 128 135. The nethod as defined in
I 1 [ [ i,shed
iz R o HECOEN B9, Shgkel BoRCRRIRLLETS

usi'ng ‘a’l aser i'ng apparatus

kerf wi dihe Fodimiersisceed 1&0aﬁbﬁﬁip@%h@ﬁ%?n@@gﬁmﬁ?t tRE
t he sheet of qpterlal on opposite sides of the slits
duPrRgVEEnditn G 1 ONP86 S ITRE CHBL B0 PRVEFai m 134 wher ei n,

128. The method as defined in claim 127 wherein,
the forming step is accomplished by forming the

arcuate grooves to have convex sides facing the bend line.

129. The method as defined in claim 126 wherein,
the forming step is accomplished by forming the

grooves in the same side of the sheet of material.

130. The method as défined in claim 121 wherein,

the forming step is accomplished by forming the
strap-defining structures to define straps having a width
dimension which increases in both directions along a

longitudinal strap axis from about a midpoint of the

length of the strap.

131. The method as defined in claim 121 wherein,
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the formng step is acconplished using a water jet 10
cutting apparatus to cut slits having a kerf width

waloveinssssned to produce interengagenent of therchestoos30248

mat eri al on opposite sidesizf the slits during
bendi ng., . 137. The nethod as defined in claim134, and
the stegitf :TaBnifg sitamd s @GRMPldsded Bandiorginge the

sheatr Qf-d@BEA{id <@ QG e Rend diane 138 -&Ié%.ining
nmet hod "as defined in claim137 wherein, the formng

st dpernigne cunp i atrezh vy sfigleniofg thiee aglduiag e 20 iwist kiiaplaced
kerf W di mensi on a _transverse.jo I st ance .
betov\lfetenodftslhfi S proc uc?tﬁ&q]sﬁ istctﬁer?éc ot g\aglr?d‘%&gn% °6F Qﬁndmg'
edge of the sheet of material on one side of the slit

with a face of the sheet of material on the other

si dof Thie meihed &6t dedildsdain S1@ s 12ke vherging

step i s AGGHP!dreheth v lRendicdd e mIhget neok 1TREEL A

about a it Ul crum’%ﬁbstﬁtiqlly S tosed Eerpstarcuate
t hes lnidred &l trrar s dtrtentors lapgiosg tientsddersg @afe rbet behdedges with

and_ f of . t he et Qqf t eri,al__produces, pl asti .
an%oer} as icldqee%]o()rf?rag}eor?%o %e B §'C§P|ga§§.e %@n%:%é.lne‘
The nmethod as defined in claim138 wherein, the

formng step.is acconplished by form the slits

al Ini 2 PRI P DRSS eet Fg ferid | PRESSiand WO
2004/ 028834 RCHWHESZ03(:030248 ,1%%&1][‘%19%”%” oth€8 With

acconpl i shed by bending t'he sheet of material into a

t hrsde-tdiansh fiqridlorst dictemgd nigavivay fireme&hienbendedtineg with

pl anar..are ext endj i.nto _abutting .relation; and

the St o ddindinatty’ sRiasenk atdEcErrgPriagps on

ar expdsiget helded @ ff Ahd desidabligestedchihg. thd0behB&ng strap

met hod as defined in claim 138, and the step of: _
extending across the bend line, and during the forming
step, forming the slits with a kerf width dimensioned
producing interengagement of the sheet of material on

opposite sides of the slits during bending.

134. A method of slitting a sheet of material for bending
along a bend line comprising the steps of:

selecting a solid sheet of material for slitting; and

forming a plurality of slits along a desired bend
line with alternate slits along the bend line being
positioned on alternéting sides of the bend line and
during the forming step, forming each slit with a central
portion substantially parallel to and offset laterally
from the bend line and with arcﬁate slit end portions on
each end of the slit curving away f;om the bend line so
that adjacent pairs of arcuate slits define bending straps
extending obliquely across the bend line with increasing
strap width dimensions on both sides of a minimum width

dimension.



after the bending step, filling the slits with a 10

mat eri al producing a sealed joint at the bend |ine.
wd4db4/038987 net hod of cl ai m 140 wherein, the filPbPdDygSmOEME0248

is acconplished by one of:128(a) welding; 15 (b)

brazing; (c) soldering; (d) potting; and (e)

adhesive filling. 20 142. The nethod of claim 138, and

t he 3. epnef metfPlfotderast R fIgRd B9 S18Pm qgt?e@ﬂb?gihbe
sheet of nmaterial. 143. The nmethod of claim1l

mherelnth25fpﬁ@lm®rmh%@ sﬁepcpgmaécehpdlghedgby laser
Pr g shbgacel ol ng.beadino st aRsaOfLent 6,

relative~to bend I ne o opp03| _
obldigem sdnglees tol p4odlice Hetkednghgemanm d43tWeeEREBL of

h lished b rovi di ng
oLy 1901 PAISPRARING FOAGRL G, A Cs BLaBe aRuS D8 BAnding.

relative to the bend |ine at angles of about 45 and
about 135 at opposite ends of a slit. WO 2004/028937
PCtP6s28bg/ pethed in3gleids. 1R4nehhsdias defined in

claiml Is f acco | i she
Se|eCtI§§e2Q%|§€ﬁg %E@ ng%g%g OEE?ESh% ndr hg s?rﬁﬁger jet
pr cttrtiing apgesated tannuntsmﬁtéohaelngqalk@ﬂftﬁlaﬁnd
th .Sheet, ofgngterlal 5 146. A nethod as set forth in

LS4 ORf PnprPHQCFoFﬁFﬁﬁeggéﬁewgnécegnﬁh?sﬁhﬁebyOf

Seh@%bkﬂﬁlaon”bBbGBﬂk%4g&aeg'8?n§h9n519fst8§r$ﬁ§dbggd1ng.
straps which is greater than the thickness o he

sheet of material being
137. The method as defined in claim 134, and the step of:

after the forming step, bending the sheet of material

along the bend line.

138. The method as defined in claim 137 wherein,

the forming step is accomplished by forming the slits
with a kerf width dimension and a transverse jog distance
between slits producing sliding interengagement of an edge
of the sheet of material on one side of the slit with a
face of the sheet of material on the other side of the
sheet of material; and

the bending step is accomplished by bending the sheet
of material about a virtual fulcrum substantially aligned
with the bend line so that sliding interengagement of
edges and faces of the sheet of material produces plastic

and elastic deformation of the bending straps.

139. The method as defined in claim 138 wherein,
the forming step is accomplished by forming the slits

along a plurality of interseéting bend lines; and
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10 bent. 147. A nethod as set forth in claim134
wherein, the formng step is acconplished by sel ecting

w@200a0z895umMm Wi dt h di mensi on for. the bendi ng SPCEPS2003/030248

which is 15 less than the1®hi ckness of the sheet of

mat eri al being bent. 148. A nethod as set forth in
cl ai m 13hevRsneling tster Giﬁrnaﬁgogpéesﬂ“@daédo#ﬁpdsnedtby sheet

Sl A0 fHey EnadlhydirRishan %&utcfe%r%eﬂgbggg

straps which is in the range of about 6. 5% 0
t|rﬂhraduanﬂﬂnﬂauﬁmngﬁplaﬂaz sireets ekteadéngalinbei aputting
bent 49. A ne Q set orth in claim?148 wherein,

25 Iier}ea sl&nectainﬁltg e? EC conpl i shed by selecting a

M ni MuMsdcliri nef ﬂH&Eﬂﬂﬁé@ Ngtelrisers ihg BeabatWaeRal. fogether
to 2.5 tinmes the thickness of the material being

berfto M aa SFHE SEFUEE T ort h in cl ai m 134 wherei n,

30 the form ng step is acconplished by configuring t he
bendi ng straps to be oriented obliquely to the bending

| i Al G .n Thepowsittheldy ask eledd ngidr éot icdadm 1838, Angethedsasp of:

set forth.,in clai 150 wherein 2004/ 28937
PCT/ usz@%/e&s%f‘fs@efﬁ’%“t%étfeé’rmfﬁ 1dpgythg slits with a
aceRRdishep iyduedmiy Gursedd edhgoibénditnghst baps L@ne.

di verge from proxi mate a m dpoint of the |[|engths of
the bending straps. 5 152. The nethod as defined in

cl aigy 1%ewﬂert%e otfheletlﬁpa4%f wﬁekg%' ng the sheet of

material  and forming a plurality of slits are
acconpl itdleed itld imgodte® isnlgcempdtisbedebgr vati ofi : of
t he sheet of terial during bending. 10 153. The
met hod a deﬁnﬁg&nln cl aim 134 wherein,

(b) brazing;
(c) soldering;
(d) potting; and

(e) adhesive filling.

142. The method of claim 138, and the step of:
after the bending step, unbending the sheet of

material.

143. The method of claim 134 wherein,
the forming step is accomplished by providing slits
defining bending straps oriented relative to the bend line

to oppositely extending oblique angles.

144. The method of claim 143 wherein,

the forming step is accomplished by providing bending
straps having longituding strap axee oriented relative to
the bend line at angles of about 45° and about 135° at

opposite ends of a slit.
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the formng step is acconplished in a manner
produci ng sliding edge-to-face engagenent of the sheet

wobhoo4weges7 i al on opposite sides of the slits, POEUS2003/030248

sliding 15 engagenent progidssing froma | ongitudi na
center of the slits to the slit ends as the bending
st AdPs & aetthiost @¢ deddnedntin €34 imTh84nehboding

def i ned,i ' 3 erein,_ 20 _durin he fornm n

Cep 10k EetnThbod cBaoLE! AecBhpliEhAY bYrspleetifl  wiacn
di stizetsioh €achthki behridngt Berhpsdprbineingnd Hbgired

width of each slit are selected to Eroduce a desired,

st PEVRYO R& “GekGWdrefnEocBRPEsFifoRNERE of material.

t hi ckness of said sheet of material and the forces to
25 which the bend is to be subjected during use. 155.
Thé 4%et Roineshogl asmsed4 femEheiln, cdaimng3d hehévening

step, t di agc i . n ine.is

oot nnet e TR O aseE ar rebukliphdR BECSaLeEFing -

156u nThemmetinat dimehaionl¥érwbbeebeanddngi sgraps dheph is
of formng. the ﬁlitgh khe slits gre fornmed to have a _
geGrEREFTWON3B0 162893 FKPEFF B2 058P 080998 ClWatprial being
t epdstt 0 reduce residual stress in the sheet nmaterial

at the point where the slits are term nated. 157. The

nmet hod as defined in claim 137 wherein, 5 the form ng

o 807, peREaNEl SEcdBychoch o8 LSl 143 eLoten

Cross- brtaeedolrminheateppds bheodinplished Byrsaetbeng a
bendi ng step, gegdin%Fthe sheet of. material into a
pr@%gigPchédE x bBERT 128 fBB;FWﬁebﬁ%?hB@ BETHRS | wedch 1s
i n1gkal RhA37cwhetglBknths £or PhgsRLEP bF RECOFPL] SBEf.g
bybfogn1ng the slits

ent.

148. A method as set forth in claim 134 wherein,

the forming step is accomplished by selecting a
minimum width dimension for the bending straps which is in
the range of about 0.5 to about 4 times the thickness of

the sheet of material being bent.

149. A method as set forth in claim 148 wherein,
the selecting step is accomplished by selecting a
~minimum width of the bending straps to be between 0.7 to

2.5 times the thickness of the material being bent.

150. A method as set forth in claim 134 wherein,
the forming step is accomplished by configuring the
bending straps to be oriented obliquely to the bending

line in oppositely skewed directions.

151. A method as set forth in claim 150 wherein,
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along a plurality of bend lines arranged to produce a
conti nuous corrugated deck upon bendi ng; and 15 during

w0 be4loesydi ng step, bending the sheet of naterpal/usTD8030248

a continuous corrugated deekd. 159. The nethod as
defined in claim137 wherein, the forning step is
acconpli%hﬁquQmMﬂﬂwﬁﬁﬁﬁ tilse agiciomplizbeg| digcanfiguring the

p| t g(gt gﬂ? éh%ﬁ%eﬁﬁ%agg%% h%o&&ﬁg%geaamld801pﬁeof the

conponen suppor assi s “upon g; and du
bendinyy st eyf thendenglinie sthrepts.of material into a
conponent support chassis. 25 .160. The nethod as
defined in claim137 wherein, the formng step is

ac ) iThechdBhdOHY B AiRR S liint T1ad3hongsawRky¥eahi ty
of bend |ines arranged to produce a stud wall upon

bendl ng;thendt@ps wf ied sas&Adianghet epeeendi mgteméal and

qﬁot éﬁ as %Ofdllﬁnt %ﬂ %lycloglt %11?&? v\%er elcﬁomﬁ)}ingl §3gB37duce

PCT#USQGﬂﬁkﬂﬂQ2¢&fot&%tuba fodr hieg sheep o§ material during
gﬁ%!shed by formng the slits along a plurality
N%'nes arranged to produce a |adder upon
bendlng, ‘and during the bending step, bending the

sheet of 5 material into a |adder. .162. A nmethod of

f orliidng The meddodh mensiednardsinuctaia lédnpheseay, t he

steps ofyy, f I ] acpl it

ctraot s i Sel 3 bEcngl 1R TEh' o BhbRdy

of phentidiag |sltiatiingg edgle-tiot-faes begagementi gir edeasHeet of |

positioned relative.to a, plurality of bend |ines to
pr SRS @§REPSikE SAEES 8% t?‘?ﬁt éﬁilﬁfsfaFBﬁgstlﬁglng
?e%ddg%ntb@l@g%stsﬁ%gyf%%h af 16RG¢ELalnah OBEnger of the
irs end
slits to the slit ends as the bending straps are twisted

and bent.

154. The method as defined in claim 134 wherein,

during the forming step, the minimum width of the
bending straps, the distance of each slit from the bend
line, and the width of each slit are selected to produce a
desired strength of the bend for the composition and
thickness of said sheet of material and the forces to

which the bend is to be subjected during use.

155. The method of claim 134 wherein,
during the forming step, the distance of each slit to
the bend line is less than the thickness of the sheet of

material.

156. The method of claim 134 wherein, during the step of

forming the slits, the slits are formed to have a geometry
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15 line; bending the sheet of material along at |east
one additional bend line until two portions of the

WG b@an20B7 material are abutting; and coupli nge¢DyS100£030248

two abutting portions of ti® sheet 20 of material to

pr oduc rigid |oad bearing three- dinensional

st r“glc"t‘%r 3%}&&3%% r(ﬁduﬁfp;f@rsgidh‘&.lt [FrEESSditRe kPO RRREL

| oalitee:i 63t e BYid e rdeiheed1iRsChakbML8finated.
wherein, 25 during said formng step, form ng sal 8
bend facilitating structures as slits having a kerf

pr i e f . duRion bendi n

0t o5 10 R A el U, 43 P e Re e

struct urthe 3> mimy istiepy itshacsbepd ished By figrAtihgi Bha slits
CAD .syst em | ur.alit f bend- facilitatin

st ﬁ}é%/"l?r &s QidPrﬁ‘g‘ yaé%e/fd%el’?daqéﬂgét aEFanﬁﬁfie%PaP,rofjHGe a

pl Wrdgd-brefcdie Wb ¥ pbnnBepliingt URgs bei ng

configured and positioned relative to a plurality of

WO 2004/ 028997 theThesgdoy 63ep4gbendinpestiel shestt of -

al | [ t e f ri al ong the bend
li rq%\gqun%g Pglrt%f r?g%ggi%% %tér?g-epgg?sgi F%Iﬁnﬁg structures
in said sheet of material identically to the way said

stryctures 5 are laid oyt on said CAD system such

th&?“%mé“ es&\%*%jleé‘ts % }BSHt 181 Ghg B %@a%ef%nbend

lines twhed@drinity @ftepaiid a%BSﬁleshEdeya?HHﬁHg #hd siits
said abutting portions may be . coupl ed together t

pr Gdeed & pilgirdlisad ofeRendglinpsearganegadi bnaproduce a

str

I f rti h di nensi onal
sy dnBefaPeR: T BacUORECK, Bk beRaltal AR
conpr i sidug inlge thteependdhy step, bending the sheet of

material into a continuous corrugated deck.

159. The method as defined in claim 137 wherein,

the forming step is accomplished by forming the slits
along a plurality of bend lines arranged to produce a
component support chassis upon bending; and

during the bending step, bending the sheet of

material into a component support chassis.

.160. The method as defined in claim 137 wherein,

the forming step is accomplished by forming the slits
along a plurality of bend lines arranged to produce a stud
wall upon bending; and

during the bending step, bending the sheet of

material into a stud wall.

161. The method as defined in claim 137 wherein,
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| ayi ng out the design of the product in two 15
di nensi ons, wherein said product is to be nmade froma

wo ododeeosheet of solid material; and desi gni ngp¢res2003/030248

configuration of and positiasning for at |east tmo
slits to be fornmed in the sheet of solid mate
with eadfSsifArmigdhstiep: dtedcrRmRL Ilﬁfl@FjaPVnyGméflgsEbe slits

posallwn%n aO@lmqsilttyeo% %%%doﬁlﬂegeaﬂ—sﬁ kang 'b?Sﬁué‘Qd
to be l'ongitudi nalI'y displaced rel ative to t he ot her

sIdﬁd@ean@ppmeh@@@dﬂq,n@ndthe slits to be configured

to prodyce_intere enent . of sal | g of . said
sheet of" sl ?ha?%?lal oﬁtgspoge §15|d§§ o?hFﬁg,Of
sl infak edurailng nte kendidagraf the sheet of solid
material. 166. A nmethod of making a product conprising

the steps of: laying out the design of the product in

twg godi HRRRILARY YT Forhesly af tHRber aainené%ﬁsil gPkRgture
the configuration of at |éast two elongated slits to

becpmpnaﬁlmm tthe sttems of:material with ea?h Sglt ;
b I I ff [ .
el N0 | BLralley U380 100, 0BRORERS#hdes ol andesl ety e,

bend [|imneé an ng [ongi i na Irsprac

toitnhe soiclkeer osfl lntat@rarag t haebpadrhilney bliebshdtSacilitating
bei ng conflgured WO 2004/ 028937 PCT/ US2003/ 030248 135
t 0 SHEOFFE S PSSy £OSTFEALTEF 8B Rosdgaense rRdakh¥etto a

of I | Si-de e dUYEi
DCRIBSY 0 ARONER L SRR e oot of

|nneh@rshéeﬁl@mgwah@rb@mdaéln55de3|gned and
posi ti oned;,.and %en he% get 05 d terial .alo
1

g
t he bengqnq%QQ() forn1the pr °N¥nhd ﬁéfﬁg bﬁgd
deflim@d in claim166, and the 10 addltlonal step of:
prior to the bending, step, shlgplng t he forned_sheet
bending the sheet of material along at least one
additional bend line until two portions of the sheet of
material are abutting; and
coupling together two abutting portions of the sheet
of material to produce a rigid load bearing three-
dimensional structure capable of supporting three-

dimensional loading.

163. The method as defined in claim 162 wherein,
during said forming step, forming said bend
facilitating structures as slits having a kerf producing

edge-to-face contact during the bending step.

164. A method of designing a three-dimensional structure
comprising the steps of: ,

laying out in a CAD system a plurality of bend-
facilitating structures to be placed in a sheet of
material, the plurality of bend-facilitating structures

being configured and positioned relative to a plurality 6f
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of material in a flat state for bending of the sheet
of material at a renote |ocation. 15 168. The nethod

w@szoodeisesed in claim 166, and the additional BCEPSDD3/030248

bendi ng the sheet of materid at the renote | ocation

about a virtual fulcrumaligned with the bend line to
pr FRck ldersr &t Addonr benrdigreet shendhéfFapfamahgriak along

20 thnddridng iakd ; |rétngrengagerrent of solid edges of the
sheet of material. 169. A method of folding a sheet

of isot rf@mmnmatsemabendl-éaglaltaltdng| abruohpresi hg said
the st ps. of . , 25 f a rality, of arcs_on the

Shebte Ymmaretial’ TuteSeBu i b i v Rk Rat] SPRuctures
plwﬁwluaﬁdobuQOBﬁeehed zabesyshemywesichngBaef whBf said sheet
arcs, the arcs belngﬁs ymretrically and |ongitudinally

spacelpt 43pBSi et drass SWOtH@ngoﬂanF?nEWO PAgtions of said
00%%%tte%aqn%% thmt@agsghapgagzﬁt seqtegng?bgge%xs%y be

across the fold line; and folding the s
nam@up&edaWQggthh@ tolarpdnee a12®glahéoaéthedrasg three-

ef d whe 004/ 028
Pt URISUSP Y65 K5 o 40, RECRRH RG SCBROPsLng three-
aceamehisilbbed1byobdingng the arcs to define straps

aligned in opposite directions along the fold line so
that the planes of the sheet of material on opposite

si dg3 ofy h@%h@@lgflH@%l@ﬁlﬂataSBkgﬁgﬁﬁeEOQBﬁlgiﬁgeﬁﬁe steps

of material is folded afong the fol
metofed as deflned |n clai m 169 wherein, during the
forn1ng ste % the arcs tgpgro u connect ed

zones exﬁgn |ng udF§ R, 8Es epfgﬁﬂcF h8 M9 in

th@l&@ﬁe16hB$CWhéﬂe1ﬂn§addrpBgdﬁb@ bendbnge sh@€Be from a
allomﬁn%.the sheet of . material _on opp03|te si des of
t héoLged srRett 8fsaptid material; and

designing the configuration of and positioning for at
least two slits to be formed in the sheet of solid
material, with each slit to be located in a laterally
offset position on opposite sides of a desired bend line
and to be longitudinally displaced relative to the other
slit along the bend line, the slits to be configured to
produce interengagement of solid edges of said sheet of
solid material on opposite sides of the slits during

bending of the sheet of solid material.

166. A method of making a product comprising the steps of:
laying out the design of the product in two
dimensions on a sheet of material;
designing the configuration of'at least two elongated
slits to be formed in the sheet of material with each slit
beingllaterally offset on opposite sides of a desired bend
line and being longitudinally displaced relative to the

other slit along the bend line, the slits being configured
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longitudinally along the fold line. 15 172. A sheet of
material formed for bending along a bend Iine

w@opne®BNg: a sheet of material having at | eaBCT/USEN03/030248

bending straps formed to #&6tend across the bend |ine,
the straps having a m nimum w dt h_di nensi on proxi mate
t hé b EF@INCRe ipearaIRAEREASI A§ FALIWAJEAJIBSneAstba akeet of

th s t y [k t [ f I i um
R0, B EocReR) sLa oL byl 05300l bPERT LY o
r eltaei wheed afdesteedalend [ine and being confi gured

to prodyce plastic deformti of the straps at_the

bend Ii%@r@ﬁBH %@ﬁd?ﬁ@géflPhgﬂghéE?egsogfmﬂﬁ?é+?$|as

al eegignedband bosetidhAdd;Aafgt hod of bending a sheet

of non-conpressible material along a bend Iine

conpri sPRYIERE shepsheet ofomatagial pprleagitheopend line to
cogggﬁggqeagggdggtgaid sheet, 30 each of said arcs

creating a connected zone and a disconnected zone in
sai d sheet, wherein said arcs are symetrically and

I Lt udi nal | d ,al i d d ine, [
satdTconhBorehnoBnes ARERSH: Apechitbstbha; anderte |
| i aadig@Adnwheseep s@i:d di sconnected zones have bi ased

WO 2004/ 028937 PCT/ US2003/ 030248 137 tabs that remain
somewhaPrder| Eet Ehej ReBA&nef SheHowhMPRIINGr tipwprmed sheet

bi g¢ fn.'éQgE,SLQELdiﬁhSeEﬁHQQQtQEQdEQQ'b%‘lgziégrtu%az?gctehe sheet of

assisting 1n correctly Initirating e

engagemenl abdf asaendotestonattord zones throughout the
l ength of said 5 bend |ine upon bending; and bendi ng
said sheet along said bend Iine such that a plane of

saiiggshert mbthba ael abkyBedoisatla AROL 66/ Ph@NEne Of
said sheet along said bend line. 10 174. A nethod as

seﬁdﬂéFiﬁnPh EF8PnPE73 wherein said deflected bias of
sai d taBénBiﬁ¥egﬁé §ﬂégtt§PSm£E891al at the remote location

about a virtual fulcrum aligned with the bend line to
produce deformation of the sheet of material along the
bend line and interengagement of solid edges of the sheet

df material.

169. A method of folding a sheet of isotropic material
along a fold line comprising the steps éf:

forming a plurality of arcs on the sheet of material,
each of the arcs defining a plurality of connected zones
between ends of the arcs, the arcs being symmetrically and
longitudinally spaced on opposite sides of the fold line,
the connected zones forming straps extending obliquely
across the fold line; and

folding the sheet of material along the fold line.

170. The method as defined in claim 169 wherein,
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sliding under or over the opposite face of said sheet
thereby preserving the integrity of said bending

woreams®37 15 175. A nethod as set forth in cl apor/U82003/030248

wherein said bending occun® in the opposite direction
fromsaid deflected biased tabs. 176. A nethod of

pr epar i fde SHEEN Dfstert disi aiccongd liskegdobynifprming the arcs
el [ i r nd| ng : ag L

oy (a6 R elE Ao 1A e 3 8N 3REREnS' ATong tne
corfiedet dd nd argehaadithe planesnofaittiesbeeket edchatbérial on

said arc creatin connected zone and a, .

i SEER T e Fite Gin W51 dOLendaPe fRePEinbiFY Hpes the
ar g HREETRIF intAldnt aand s2F ohaleal kudhhgakhy gBaeedigkong
said bend |ine and wherein said connected zones form
straps across said bend line and wherein said bend

[ t erg rfac S| ae of
on Do B HAR, o Uetnpl 1ACE10ATRESSLNE 8T,
nmet hod afurdng rohe7 €oximéngi stepi d fbreénguthacertcs tanproduce

exterior edge wherein sai.d bend.terginates in one _of: _ .
B Gty S AP ngoaP LA BB BoAtF AP aFhBAgeLa Line
W tifh r@ePeGine Aigeict ibandahne; WO 2004/ 028937

PCT/ US2003/ 030248 138 b. an interruption of a

di sconn&rdd gz she Herdisg siepa.bardoring hbar shepbndf

ed hqa Str ; [ LpLe ti a i
ooRRCUAI o ERORSLngRass U ARLEREYE 167gand sai.
pedpagditodiae lly sdiodgbehd fbhd; 15ne. a significantly
non- per pendi cul ar angle to said bend |ine where the
angle of a bend line is used as one edge of a

tenmmiznat RGeSl dF mdte@RatXt6ihen RPeRALEAEENEf aRoRY " @Pbend
is near a radius corner, where said last arc is

r oldNed COFPEE SHI:10 form said strap at said bend

edge; and e LY HaBBli81Cnb01ALCE! PehDE hOCheRfSy
straps formed to extend across the bend line, the straps
having a minimum width dimension proximate the bend line
and increasing in width dimension as the straps extend
away from both sides of the minimum width dimension, and
the straps being positioned relative to a desired bend
line and being configured to produce plastic deformation

of the straps at the bend line upon bending of the sheet

of material along the bend line.

173. A method of bending a sheet of non-compressible
material along a bend line comprising the steps of:
forming a plurality of connectéd arcs on said sheet,
each of said arcs creating a connected zone and a
disconnected zone in said sheet, wherein said arcs are
symmetrically and longitudinally spaced along said bend
line, wherein said connected zones form straps across said

bend line, and wherein said disconnected zones have biased
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bend line so as to coincide with the curvature of a
radius corner and thus forma final strap of said

wdeownd/026b37 178. A net hod of precisely bendi ng aPCT/US2003/030248

non- conpressi ble sheet of13mterial conprising the
step,of : bending said sheet in_a manner such that upon
beh@Pfgthedi geTRdst sppehgtvenfdegied o enarphedsdeynward
t N8rbeRdartnBiall ¢Lon! LHehULRBL 3BbA PBAALAG! said tabs
undergoes very little 20 change in conparison to
beagisagtdaipd isheerroftimt énitliatdngseddgeandi fidty eéhgagement
sa degree.of sharpness usin conventi pnal . bendi n .
¢ oBn g ads i3 rgPRCRER S5 " peGRRERTE LRSI hESAEh O said
nopepdnpigesiupbd behdshget apll material conprising the

step of; bending said sheet in a manner such that upon
bendi ngPe8gdifdsRasf ehegtgprieRJangid Bendhbippesychnthat a

t%ﬁ@ﬁ%ﬂ%%%%%ﬁﬁ%@@ﬂa@ﬁlm
undergoes very little <change in conparison to ben |ngp

sabd shégt sbeerapdprngl sedd3bendbiinatially the sane
angl e of sharpness using conventional bending

techni ques. WD 2004/ 028937 PCT/ US2003/ 030248 139 180.
A mruhod ektHesi gsi Bgtarpath HAdeloimnDN3 CORPrEessi H4 £d
sheet _of material for bending along a bend |ine,
coRpELerkg§ct Rdast 8p 8pid| hpbrgPsaYeREsS| sakd taps from

begﬂ&egnathﬁeérierse@@?dtﬁeaeeﬁssﬁggsﬁgééqgf L2 3tifhet

al ong a proposed bend line in "~ sal eet of materia
sutherbbly paecdeghéng dthemantegaltywpf| sbid phasdical pyocess.
deforned by both tw sting and bendi ng wupon bendi ng of

said sheet of nmaterial, whereby the bending is made

easi7gl. analethedmakeskal fostht ignglhemnetd74 1hatong 4ed
bend line. 181. A nethod of naking,a machi ne _
coﬁﬁP?éPﬁgOFﬁér§téBstBF:OpﬁaﬁFﬁa treehsen ofjeom said

cogreneptaf i heeABERLRE. Where

176. A method of preparing a sheet of material that is
only elastically deformable for bending along a bend line
comprising the step of: forming a plurality of connected
large radius arcs on said sheet, each of said arcs
creating a connected zone and a disconnected zone in said
sheet, wherein said arcs are symmetrically and
longitudinally spaced along said bend line and wherein
said connected zones form straps across said bend line and
wherein said bend line terminates at a free surface

comprising one of an exterior edge and an interior edge.

177. The method of claim 176 wherein said free surface is
an exterior edge wherein said bend terminates in one of:
a. an exterior edge at or near a perpendicular edge

with respect to said bend line;
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that conponent is made froman elastically and
plastically 15 deformable solid sheet of material by a

woredobozBosDNpri sing the steps of: a. form ng twOI/US2003/030248

el ongated slits through t hesssheet of material with

each sllt bei n terally offset n o S|te si des of

a desir el be ‘SHQIJrrh t)zllt? q?ga Idcq}r?gﬁ q ypone across
di Siﬂﬂt&ﬁbﬂcﬁlmrié/&dé& thaerd f&%’gé'vﬂﬂtl‘ﬁ'ao%g: bRGRen said
I|ne sai d sllts h%/%'rgakerf wi dt h dlnen5|on

oS PG IR rdaHY mernst eslge dué@g@@l@k begicd
sheﬁérﬁgndf@heéﬂ Ar Uk ﬁi)etrﬁ)ﬁﬂ%% 19 %heet ciftbend line;

during 25 bending; an I ng sard
mat er i alc-abow agmrﬁmaintlfwlrmnﬂpeaiplegmmd:mmtrh as@ilé to said

be eto odu platlc nd. el i.c deformation
riDSal d eet ?h?ﬁ era}naﬂsl gﬁn%s ef§ FiSn&sgRdasoone
i nteﬂ@lgﬂg@mﬁrnﬁfnm@ sscﬂnag; edges and assenbling

al | conponents necessary to finish makin t he
machi ne.3-Wo FE0EGIEFIPE BENUSHIE3PE30248 rapd s18RarAa

methed of desdpi %eareors%q.ldﬁtla‘\scﬁn'@“ S'l@g r%'%%t%‘iﬂe@% as to

of : laying out t'he desi gn of the produc
di rfears eesid Wiarad 1@ ts aiad dp beddic tedige ; madiel of an

el astical | 5 and | asticall eformabl e so Sheet
of mat e% aIy réné‘g’ia NG 5{*@3 S tPwbhEl B Streélde of said

sl idemd N itrke sﬁh%%t to0fcothicarlealyitht BheaelrebttirBeb®9a radius
laterally offset on opposite sides of a desired bend

| i ROTARF BEhFhusodgirud Adney gitsppraeddsapébabend.to
the other slit along 10 said bend line, said slits
having a kerf wi dth di nensi oned producing

i ntldBendagembiod off palcicd sedgebeaflingi d abaetompressible

sheet of material comprising the step of:

bending said sheet in a manner such that upon bending
said sheet to a given degree of sharpness in the bend, the
microstructure of said material undergoes very little
change in comparison to bending said sheet of material to
substantially the same degree of sharpness using

conventional bending techniques.

179. A method of precisely bending a non-compressible
sheet of material comprising the step of:

bending said sheet in a manner such that upon bending
said sheet to a given angle of sharpness in the bend, the
microstructure of said material undergoes very little
change in comparison to bending said sheet of material to
substéntially the same angle of sha;pness using

conventional bending techniques.
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mat eri al on opposite sides of said slits during
bendi ng of said sheet of material. 15 183. A nethod

w@boodmssogni ng an encl osure conprising the stepsr/v52003930248

Iayi ng out the desi gn of s&d9d enclosure in two

cl ool TP SR o Ble T YPaIdr T ME 0l2d shesompiress ble
20 SFRd e | o ,ma?ﬁefﬂiinﬂgr Berddidy] 1Pl 0%%%9‘1 il LS

in the sheet of material wth "eac it bein
| at@QERY S gITF Sdie o?temmfom te SI des of a desi red bend

line an a .aced rel ati,ve

the ot hglrlﬂglrln‘ig l1long dalssgcl en r{%{lﬁlg SEERR 5 it §pa°ed
hadpeyta deet folvli idfue mam}n dllsm@wee gildﬁﬂéf%ldo'&%gld line in
roducj nqg interen e t of solid edges of sai

gheseal sqr}?aetrLe “%35?%]?2'053‘{‘3@ dibgds sgds gihgetspift paterial
dur gt il 13) JARAMIN B SR K 33 sTARY GheBend
as wnlgfc:leg?]agjé forl 30%% he nunber gfs bends cont a}ﬁneg inonornd

salucp%h ofgpaiml mdraedd off madleirdig lan weeckbyutae
ed ay rrrfaQ:ié yeas%.re% R3S th%aHa e%elfa H{%bl %rengtgened

sheet mat e npri sing e steps

20@41/0012_;8&3% E(e’h{dJSZﬁt&a/ 030248 141 1) form' ng at | east
two elongated slits through the sheet of material
with each slit being laterally offset on opposite

si des .ofa seded &F hrnd g réem%@:ﬂllﬁ%' EQ Ir?i.gghég agl:éps of:

di spl aced relative to the other slit ben
line, s&akifg tg H&ﬂsﬁg ocaek eofnpaingniy arﬁdtpegmadhihancehere

ol g Sneore ol & KRR STRR0R Brefhaturveaf Blatticarny

sai d shee nmat er al” “on “oppo
sl idefotmaiblg BBendidnghe2) oEpeatieRgast Bp 4) m88hBBNYomprising
VTR agpeeeysary for
a. forming two elongated slits through the sheet of
material with each slit being laterally offset
on opposite sides of a desired bend line and
being longitudinally displaced relative to the
other slit along said bend line, said slits
having a kerf width dimension producing
interengagement of solid edges of said sheet of
material on opposite sides of said slits during
bending; and
b. bending said sheet of material about a virtual
fulcrum aligned with said bend line to produce
plastic and elastic deformation of said sheet of
material along said bend line and

interengagement of said solid edges; and

assembling all components necessary to finish making

the machine.
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10 the nunber of bends contained in said encl osure;
and 3) bending said sheet of material about each

WO Reos24937 ul crum al i gned with each of sai d benBCT/USB®3/030248

to produce plastic and el atic deformation of said

she of , material —along each of sajd bend |ines and
imgé%hg%g‘aﬁéﬂ?d 95 S SWM PG A iRF Comg i sdngetthsd steps
as ofi: claim5 wherein an additional step conprises:

sealing the enclosure so that it permanently conforns

20 to theRYing <Pl EaResionffl i inradust 186 twh

met Hoee9f i t - conpressibl e ,
sheet of lrr%&?%r ir\g?@?éc?{ bse{}%iljﬁgoéﬁlgcnﬂ;%} gnean(f G &R elastically
congid sphast hea bl pleform@blor eadliing sitedteast nad@rial; and

bendi ng aps. i n spaced .apart .and aobljque relation
al ong a c?)ér%%gslerbg baefg?‘elaf%te%"f? seaﬂiod’g%r?éegld’ftsnﬁtr’er‘-ihﬁ sheet
SUGHE thetesi Xl wiheeteandh naatiar ikdding 11atea-a1ahastdscal! ¥
deforned,Qy both tw sting and bendi ng upon “bendi ng oP
sai RIS ot1dRit &f A  demigiashpanse liasdiang beid@ nade
easi §{q 2N e mpterdAlad ened.along,the ..
bend .|gl ne. 187. rgi shtg’eita oefii ?aetrlg}%yl% Eg)r rtr%& E%rheﬁeﬁ&ilﬁgalong
al crgich el liriene sedprslsitsg haw@n2004/4@289%1dth dimensioned
P 003/ 030248 142 a sheet. materjal, which is
eF&é%%%éﬁﬁ%?(ﬁﬁ%ﬁﬁ%ﬂﬂﬂgeq$.'lﬁf &9 P@r&ﬁﬂ@?l8¢ SPiifssheet of
eacta el 20 oppod ifleUrsalddsy o fOfsaliangitivdi Bakliyg bending of
connected arcs on the sheet, each slit being
corfdigrtein P Isteirddd relative to a desired fold 5
line to produce a connected zone and a di sconnect ed
zone in the sheet wherein the slits are symetrically
and-83.odgimeddiosaldfy depdged ngl angehbeotakrd toRerabing the
wh %% n the connected zones have a relatively snal?
angle 5% 6m't he

1) laying out the design of said enclosure in two

dimensions, wherein said enclosure is made of an
elastically and plastically deformable solid sheet of
material;

2) forming at least two elongated slits in the
sheet of material with each slit being laterally offset on
opposite sides of a desired bend line and being
longitudinally displaced relative to the other slit along
said bend line, said slits having a kerf width and jog
distance dimensioned producing interengagement of solid
edges of said sheet of material on opposite sides of said
slits during bending; and

3) repeating step 2 as many times as necessary for

the number of bends contained in said enclosure.

184. A method of making an enclosure from an elastically
and plastically deformable solid sheet of material

comprising the steps of:
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fold line. 10 188. A sheet of material forned for
bendi ng along a bend |ine conprising: a sheet of

wordoane®B7 having a slit forned therethrough arpdr/us2003/030248

positi oned proxi mate a desi4led bend |line, and a 15

bendi ng rap.at _each_end of the slit, the bending
strap b fng EOFPIRAr 2t 1825t dehR C IRIMALRA oflite through the

shesheof oﬂ&ﬁ&féﬂiaﬁJﬁi@htéﬁbﬁﬁgﬁﬁﬂiHEiﬂ@tfhtera%ly offset on
edge-to-face engagenent of the sheet of” material “on

oppoRPP &l ke dekdes ¢hea stesiredirbend suulm a?;;ISdgadej%]ng he
' . h terial. ) e .
ShensRgpeRsi L P ubieRlc A AR 18 € i 14t along

t hesaidtbérd bind, evatiposlitnshaliMer Gi NgEaN SIHPBNLRS og
t he  bend Iing. and defini ng one sjde of each bending
st rap° TG, TR SHEL PTG I rengAgement 9 fciSailihd

18%dyberef nsaidiesiddt SNhPULHANDABRAGUY &1 of saiq
curve?g?;va from 30 the bend Iilne. 19f%§§r{1e sheet of °- S&*
matTFHEF GG ikrRAingcl ai m 188 wherein, WO

2004/ 02 7 BGH 52003/ 4 he .hendi ng straps
ext end %’Igi qu!g% ac?g%?s %%eﬁger‘% %rlalthﬁ/e.tlﬂ?f._ &fesresary for
of the erindie aw fldfdnud dontdiaied HAl sal dveeiiodurdehe and

bendi n traps _ar.e skewed in opposed directions
convergi‘ﬁg tg?ﬁd}‘%megacsr? foiesin of segerdelt Rbopéngach

|'i el rapposidie ddie asﬂi?nedl%i]t%-ea-gﬂe oFNe8h dObeMRt §5h3k to
as defined in claim 188 _
produce plastic and elastic deformation of said sheet of
material along each of said bend lines and interengagement

of said solid edges.

185. A method as in claim 5 wherein an additional step
comprises:
sealing the enclosure so that it permanently conforms

to the finished shape of said enclosure.

186. A method of making a part made of a non-compressible
sheet of material for bending along a bend line,
comprising the step of:

creating at least two bending straps in spaced apart
and oblique relation along a proposed bend line in said
sheet of material such that said sheet of material will be
plastically deformed by both twisting and bending upon
bending of said sheet of material, whereby the bending is

made easier and the material is strengthened along the

bend line.

187. A sheet of material formed for bending along a bend

line comprising:
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wherein, a side of one bending strap is defined by an
edge of the sheet of material. 15 194. The sheet of

worzioenzsab7 as defined in claim193 wherein, theCEU$1003/030248

has arcuate end portion ati4«ach end and one end
portion and the edge of the sheet of material define

an obIiqﬁere§§t%ﬁg?ﬁbabé%%+%@ % redpsbicably degformable

shepbvohgMat gLiah1 a6y def | 0 & ne £diai RASS; i, -
t he shee? pfsm_ateri al has been bent gﬁongsf eec{f;népd plurality
| i nef Pengdbudinablvioeowiedied ars wheste ofhewmt erdath slit

for 0 ' Lbend Line conprisin he,
LB p PERIHEO L ORI DO 1 00 df¥rea cona
sai His¢ito peodgceositommest el Bine eand A diasidetdery zone

l'i ne_and bejin 0 configured to produce bending of
thelghgl%? %‘Fe%’ét‘z?‘?’é?l%|%?€g $het Heie |FEsfigirally and

'edgﬁoﬁ@itf_@&ﬁnﬁpg;? t d of1dhe trshess1 ofy 1T ‘;z{ricglvﬁ%rel:ein the

opposite sides e slit during substanti

ent FeRNPeRed oFonde Raewta ofekatiierdlat . smAl RGOW IR EIDM the
PCH%&@@OP?@Q30248 144 197. The nethod of claim 196

wher el n, e forming step is acconplished by formng
said slit having end portions, each of said end

' definj i de of bend
ot My SRS Ieh PARRIO (fREmes sl Hensindl agomtha bend

met ok ofofdh A M A7 wherein, said slit is arcuate with
a convex side, said convex side of said slit being
cl osest @ cshert behdndtiersial having a slit formed therethrough

and positioned proximate a desired bend line, and a
bending strap at each end of the slit, the bending strap
being configured to produce bending of the sheet of
material along the bend line with edge-to-face engagement
of the sheet of material on opposite sides of the slit
during subétantially the entire bend of the sheet of

material.

189. The sheet of material as defined in claim 188
wherein,
the slit has slit end portions diverging away from

the bend line and defining one side of each bending strap.

190. The sheet of material as defined in claim 189

wherein,

the slit end portions are arcuate and curve away from
the bend line.

191. The sheet of material as defined in claim 188

wherein,
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10 199. The nethod of claim 196 wherein, the formng
step is acconplished by formng the slit proxinmate an

woedg®eB7t he sheet of material so that the edgeuanm3az24s

arcuate end of the sheet o3 material define a 15

bendi ng sthaperilthg &ﬁ@ﬁp%}gge,{@ﬁ&@dﬁ%l sheet oItﬁ’@ bend

material for bending along a bend line co ﬁ95qﬁf
ine. . ) ;

step ot= laying out a slit on a sheet of material,
said slit 20 being positioned relative to a desired
bend | ine and configured to define wth a structure
on t#ﬁ?fﬂ%ﬁﬁ,Shfetbenﬁkmx;enﬂaﬂnaﬂ d@@iﬁeﬁnQnOElhﬁﬁ §bht
ori gMH84% k0 produce edge-to-face engagenment of the
sheet of ndterial on opposite sides of a slit upon

bendi ng d¢het benslieet sefrads aebesial,cdusin . .
substantially the entire bend of the s%éegpnged directions

mat er 1 al - 9207, CPHEIAePRGH efhekapm 208idkeosi thetbend 1ine

| ayiopgostitestBr k$jacconplished by formng said 30
slit having end portions, each of said end portions
defining a bending strap that extends obliquely across

t hejghend; Li ' posjtely. skewed directions that
conve?geggg Qge%grggi%%kﬁflgkea%e%%f4m¢ﬁa1nomiahm 188

sl i vhey®i 2p04/ 028937 PCT/ US2003/ 030248 145 202. The
nmet hod of c%gin1 01 wherein, the formng step is
acconpl i Shet Dy° ¥ P RERMNG | $tramsi andefioisd @y ldrd edge of

Wi tthe sHeveXosimecdei g positioned closest to the
bend line. 5 203. A nethod of form ng a sheet of

material for bending along a bend |line conprising the
st ey of :Tl{é)rgngégc aof_pImuartaelriitayl of bendi ng strap-defining

as defined in claim 193
wherein,

the slit has arcuate end portion at each end and one

end portion and the edge of the sheet of material define

an obliquely exXtending bending strap.

195. The sheet of material as defined in claim 188

wherein,

the sheet of material has been bent along the bend
line.

196. A method of bending a sheet of material formed for
bending along a bend line comprising the step of:
forming a slit through a sheet of material, said slit
being positioned relative to a desired bend line and being
configured to produce bending of the sheet of material
along the bend line with edge-to-face engagement of the
sheet of material on Opposite sides of the slit during

substantially the entire bend of the sheet of materia]
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structures in the sheet of material which are
positioned 10 relative to the bend line to define at

wotvea/obesdi ng straps in the sheet of materi al par/us2003/030248

opposite ends of a slit th#ough the sheet of material,
t he 19¢ndiThe stertapsi edch:, NaviRG FhkRgitudi nal strap

axi s ori%nte% to.extend across the bend line, the
strap-defpﬁ §TEGc t5theds 1peprgomBlishegbyedodfdng said slit
pos htaivangd enal loir¢d oha,t kg fl |  Brgdyce . .
edge-t o-face e%ﬁ% ement %?Cﬁhéknégé i &M90RC5ppe8Ft defining
si dé&e §fdehefspi edddhggsbeapiegtéﬁdihﬁ §B§§§ueiy acros

. : ; s the
mat gephal 1;484. A method of slitting a sheet o
material for bending 20 along a bend Iine conprising
the steps of: selecting a solid sheet of material for
slittgng,.,. and ormng a slit along a desired bend
Iin%baitﬁhg m%E&??anp%%?%%nlgﬂbEMQMQimJIy parallel to

and of fsedidl atecatyafe ;oend Line and with
arcuate slit end 25 p%rt'i?%%lésnglngga%hc%rh‘ée’bfs%'d s34 convex

cur¥ty ahag2idopd ihebe bendclosmstsad hate LRl e .
portions of said arcuate slit define at |east part of
bendi ng straps extending obliquely across the bend

| i MO tThe moztetasd ngf sd X WgH Rynhddidiensi ons on bot h

si des of_.a 'ni@yn1mﬁdth.dinension_of ‘30 the straps.
b it e e
St epoxiddat

| ayi ng out the design of thé Etégdﬁ%tgmia Sfwgl so that the

di FEPS &gl aphersiua tsaieddpoddiute ishebe Be ma@%rEEQWHinne a
f oldediisheet ,of, solid material; and designing the
configuradtion 8¢ and positioning a slit 5 to be

formed in the sheet of solid material, said slit to

be cated i | aterally offset position along a

deggorﬁédk B‘?ﬁg‘ogi RE, designingt at ehbet cofif ngueedal Ofor bending

pradvfag a bend line comprising the step of:
laying out a slit on a sheet of material, said slit
being positioned relative to a desired bend line and
configured to define with a structure on the sheet, a
bending strap at each end of the slit oriented to produce
edge-to-face engagement of the sheet of material on
opposite sides of a slit upon bending of the sheet of

material during substantially the entire bend of the sheet
of material.

201. The method of claim 200 wherein,

Fhe laying out step is accomplished by forming said
slit having end portions, each of said end portions
defining a bending strap that extends obliquely across the

bend line in oppositely skewed directions that converge on

a far side of the bend line from the slit
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I nterengagenent of solid edges of said sheet of solid
materi al on opposite sides of said slit during bending

wobtoo4b898he sheet of solid material. 206. A nepdmUusmn3/030248

desi gni ng a non- conpressibhs sheet of nmaterial to-be

bent al ong a bend |ine conpr|3|ng the step of: 15
| afiOfg dbe Fedhod 8§d0&aB@napﬁgW £E8pNon each end of

the slitpan i e%&e nig %EEB%E}%HE?dtB tfHEﬁQngnthe slit

bendi ng the sheet to glven an rpness
t hesbemd archvie tenmsdioswitibt ar ecofvekheighebeing pasétiahed

und r ttl.e,change in conparison to bending
the §%§?t %P %5en§F8 | FnFO substantially the same
angl e of sharpness using conventional bending

technlques 207. The nmethod as defined in claim 206
F@$h8ﬂ off §PEMAZIt Re SEREEL ORi PAtEREAS| fPrakending

[ t g e eh¢al ong the
i o a8, e g o

conprlsﬁngmnne ate@gradﬁtysoflbyndgngustthg defignngf

the pro uct in t si.an wherein saj d_produ

o SRRt ege 1y Shea ShPBRG o] " TreBPtat UniPh alRoPpattioned
andedesiigli &9 the b@ﬂﬁlgmhattendetlaedaQOQWblBahagng straps
slit to be fornmed in the_sheet of solid material,

sail@ §|h1et sheeRDOE0NAL6788372PCPPRSsAbS/ 686948 2471kt

| ogate nt@elék@@elbx agtégaaQOSkkéoeeQHQHg gggsggrsgch

ben I| e, said slit to be configured to pr
inhewémgaged@nglcﬁdsoaﬂd59dgesaaﬁssardesheéttofesbéhd across

na osite sides aof .sai.d slit durin endi n
E% %ﬁ@ s&é ’thgoF aaRHESFFQan s%rucgureg gegng g
conflgured and positioned relative to the slit to produce
edge-to-face engagement of the material on opposite sides

of the slit during bending of the sheet of material.

204. A method of slitting a sheet of material for bending
along a bend line comprising the steps of:

selecting a solid sheet of material for slitting; and

forming a slit along a desired bend line with a
central portion substantially parallel to and offset
laterally from the bend line and with arcuate slit end
portions on each end of said slit curving away from the
bend line so that said end portions of said arcuate slit
define at least part of bending straps extending obliquely
across the bend line with increasing strap width
dimensions on both sides of a minimum width dimension of

the straps.

205. A method of designing a product comprising the steps
of:



10

15

20

25

30

WO 2004/028937 PCT/US2003/030248

146

laying out the design of the product in two
dimensions, wherein said product is to be made from a
folded sheet of solid material; and

designing the configuration of and positioning a slit
to be formed in the sheet of solid material, said slit to
be located in a laterally offset position along a desired
bend line, said slit to be configured to produce
interengagement of solid edges of said sheet of solid
material on opposite sides of said slit during bending of

the sheet of solid material.

206. A method of designing a non-compressible sheet of
material to-be bent along a bend line comprising the step
of:

laying out a slit and a bending strap on each end of
the slit on the sheet in a manner such that upon bending
the sheet to a given angle of sharpness in the bend, the
microstructure of the sheet of material undergoes very
little change in comparison to bending the sheet of
material to substantially the same angle of sharpness

using conventional bending techniques.

207. The method as defined in claim 206 and the step of:
forming the sheet with the slit and bending straps:;

and

bending the sheet along the bend line.

208. A method of designing a product comprising the steps
of:

laying out the design of the product in two
dimensions, wherein said product istto be made from a
folded sheet of solid material; and

designing the configuration of and positioning a slit

to be formed in the sheet of solid material, said slit to
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be located in a laterally offset position along a desired
bend line, said slit to be configured to produce
interengagement of solid edges of said sheet of solid
material on opposite sides of said slit during bending of

the sheet of solid material.



