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Description o f Related Art [0003] A comonly

encountered problemin connection wth bendi ng sheet
woraiosnyebs i s that the | ocations of the bends aP@r/us2005/012052

difficult to control because of bending tol erance

variations and the accumul ati on of tol erance errors.

For exanple, in the formation of the housings for

BACRGROUND oguTgREMfvENDEel nmetal is bent along a
first bend line within certain tol erances. The second

bend, ver, often is positioned based upon the
first b%%  Ofn#healBYPREAGRY, the tol erance errors can
accurmul ate. Since there can be three or nore bends

mbmphrm@ invehvednt ectheake the eha&aus % RS Ry
for the electronic conponents the effect of

kemdesiveing| épddcéinerois shebenmahgrgarl I@@d more
reoye he tolera ces_t hat
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0 piedt foandebigningl EBUd asneel inashtbe skickl-iaf .

the operator. The problemof controlling the

positioning of bend |ines, of course, can occur in

connamés@Piptibn N8y Rébgteghnee- di nensional products.
[0004] One approach to this problem has been to try to
control the | catlon of bends in sheet materia

P9P o fy HEQTROREE FRCQIREETRY B?Ola%%lavilﬁgcosm%laﬁdWlth

BHROMES Sanbe horoedaing §h€ﬁ£tSﬁﬂékl¥@5¥18ﬁgcb§ekﬁe bends
for exanple, by the use of conputer nunerically

aantdiof T et TIONG) denvirels mhcahseonfribeéndingi todberance
‘g{qgve forn1n garatus such as

| aser, a water-
T hg Sppa at%%cu%g%%%%%np?%s%?fgrﬂﬂF?eeBFOBFherFor
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systenms as a basis for bending sheet material. For

SRS U, e Parerita Not S 60580, g 02 Lirst bend line

within certain tolerances. The second bend, however,
often is positioned based upon the first bend, and
accordingly, the tolerance errors can accumulate. Since
there can be three or more bends which are involved to
create the chassis or enclosure for the electronic
components, the effect of cumulative tolerance errors in
bending can be significant. Moreover, the tolerances
that are achievable will vary widely depending on the
bending equipment, and its tooling, as well as the skill
of the operator. The problem of controlling the
positioning of bend lines, of course, can occur in

connection with may other three-dimensional products.

[0004] 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



Gtlin et al . describes a nethod of bendi ng sheet
metal to formthree-di nensional structures. The bend
WO 20051099923 echni ques of such prior slitting-basedr/us2005/012052
systens may, however, significantly weaken the
resulting structure. [0005] Industrial Origam, Inc.
(1d) , the assignee of the present invention, is

s esenhéd deveheptngrBew dadyi BREeY8d13pPPEeaChes e, by
over cone t he di sadvant ages o%, prior sheet materia
Hendivy of sterButfEnBrperbgapltvyvanhgoshedt (RHCer davdces

i n i d_slj onf lkgurations, | has
L oS BEE SR o P b TRy RBrar RS s Rugh 2
adlesdn) alwagen-§otdchtoenyhappaestlits hNpanch press, a
t hr ee- di nensi onal structure having edge-toface
Koy ee Rt ongCehe foreh| fhitsSeed eHgeves- harve been
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resul t ant Jf(%l'ﬁee-dl nmensi onal product conpare
mteriart sfor texgmpke hodss . ABdténhonmdbl ye, 6O, s0Beno

l.it-based pendin esigns result [n structures that
C%a%/l]ﬁje raeP‘r icg‘?%g?ﬂkéﬂst?arﬁ?if?%%aﬁ Sb%%ﬂ%ngt fﬂ@?ﬁr@%tal
dhaora & Hsd 1 d i mds 1 584 08 rud QhrSs NeWrRAdL AR B¥EH1 ng
slit designs advantageously reduce stress

i Dhssuh tivvel o1 r ekl Wers T loneed ssy stems emay ong

d . : ' it is ssible to draw
Hfet o g AT R M ot PSS PrS fie
standard sketch tool s of conventi onal conputer-ai ded
[ . Systens, _a D us y [f.ind_ that
[(g’rﬁgvm%ﬁlé%u | oclasll %‘,el%%%ﬂ %l%hd%%gg’l ngS nfTTeReE of the
premeoind-nvattapesh slid prdmintionsdddal @ 16d ' Sewl dhd
.configurations rather repetitive and_challengi ng. What

HOLEETe FHRE R THAhIR, TEMAR Prodhaia Praerycaret
pRASHEBHRA! nt ARl L I Eal | H AW Namely, by

providing sheet materials with new and improved slit
configurations, IOI has developed an approach that allows
bending of the sheet material along a fold line that
results in a three-dimensional structure having edge-to-
face engagement along the fold line. Such edge-to-face
engagement greatly increases the strength of the
resultant three-dimensional product compared with prior
art slitting methods. Additionaliy, IOI’s new slit-based
bending designs result in structures that may be more
rigid than traditionally bent structures that are un-
slit. Furthermore, IOI’'s new and improved slit designs
advantageously reduce stress concentrations in the three-

dimensional structure along the fold lines.

[0006] While it is possible to draw IOI’'s new and improved

slit configurations with the standard sketch tools of



a CAD designer to determ ne an inproved fold geonetry

based on 1O 's new and i nproved slit configurations
wapasedfeti ently apply such fold geonetry to aPGHES1005/012052

mat eri al design. BRI EF SUVWARY O F THE | NVENTI ON

[0007] In summary, one aspect of the present invention

is directed to a nethod of designing a desired fold

toneehot oaasheempoft gvateirdal dewiddi (oabhesgkepmnsof a caAD

defining the desired fold line in a parent_plane on a

WP et eV s§fenthadd Bepiing i P eel 191 dSFahéngi #Rda

4800 BGONRNEY 1 LIS UURDAREIALH O] St 200RS: ! BBhgtitute

efine”a series of connected zones configured an
TOBi ¢i shed cehdtipuerattd drize fadilcedt irepanhet Eby apan

folding the material, along the fold |ine_produces edge
QQ%Pi?ggéngngaggﬁEnﬂsaﬁf ort dfMeHROHat EPMRIEEK

OPBOBA ke SI of Qnes: 14 0998L TBe mBlhad 2110
may f%&t%g?gﬁﬁglSggp%ggi%?ﬁg, scal%ng andgor shapi%g v
a HehR udegbansrt &oddfkitmentine camniemple@‘f@@nésldhaefmeery

he Ld line _sqg as _to _enable.the edge-to-face
08 ntOlng Belna ayeh it or Sat RO ERheRaR &nd
sheetieht IRt epbaly aheng Adie) fdshdine. tdhe BREBEdmERKrial
further include relocating, rescaling and/or reshaping
d851¥ast one of the cut zones to displace, add and/ or
subtract at |east one of the connected zones . The
nmet hod may further include detecting weaknesses in

RRYdHar BrieF BEE FEYBYRIPNg, rescaling and/ or

reshaping at |l east one o f the connected zones to

[6b0$iP| BE ex1rRftd-~RN AL §§§éé@céfaﬁhée?§%%gﬁ€ Qn@eyg§on is

connected zonées based on |ocalized geonetr
ddjettad the viesikmes set . dghigpbpel at degisedpfohg line for

adegﬂeneec tolr!te n?a%erzfa[]fsir?gfluéfggetcltle?dsteps of defining the
desired fold line in a parent pléne on a drawing system;
and populating the fold line with a fold geometry
including a series of cut zones that define a series of
connected zones configured and positioned relative to the
fold line whereby upon folding the material along the
fold line produces edge-to-face engagement and support of

the material on opposite sides of the cut zones.

[0008] The method may further include locating, scaling
and/or shaping the cut zones to define the connected
zones that are along the fold line so as to enable the
edge-to-face engagement and support upon folding of a
non-crushable sheet of material along the fold line. The
method may further include relocating, rescaling and/or
reshaping at least one of the cut zones to displace, add
and/or subtract at least one of the connected zones. The

method may further include detecting weaknesses in the

- 4 -



zones to resist stress concentration, fatigue and
fracture initiation upon folding the material al ong

wo b@soedoes | i ne. [ 0009] The net hod may further PEDUSZHES/012052
defining the fold geonetry based upon at |east one
paraneter selected fromthe group of: type o f
material, material thickness, strap mﬁdtr, strap

j f, ti I t ; ;

TR R A e R G R
gt aheadfunpe 6 SheADbEARCEpst emniesyitng died sared add

|d capabilities., The nmetho further include
A 0b G BEBERLPE AF T 1 5PrEn S e ko BT Fe D rieg, based
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as popul ated along the fo line. Alternatively, the
PRPRbACHEY BLeri mprefehiag theegidl zanes andADcomdcted

yzten payLogetokd,and URLALA-GaRARL ! kLS theapt hod
may further include désigning a crease Shide
Eratienial iptodaciohnapodi igldieasetef eaterasl shene mhe

cut zones and the connected zones are superi nposed
%€§% fh%ecreased features . [0010] Another aspect o f
the present invention is directed to a nmethod o f
designing a desired fold |ine for a noncrushabl e sheet
[B00P] nhlrerTafhPAchayi AgrEhersiepsuger defaping he fold

j 0 g t] c

G T S AR e, FRashine baBenatt RATEELEd, syom
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] L ' d cut
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alaong the fold line, the preferred fold geonetry
qmgﬂqmﬁqﬁfqrﬁﬁ an adjunct to a CAD/CAM system having fold
and unfold capabilities. The method may further include
providing a visualization on the CAD/CAM system that
displays the cut zone and the connected zone geometry as
populated along the fold line. Alternatively, the method
may be implemented integral with a CAD/CAM system having
fold and unfold capabilities. The method may further
include designing a creased sheet-material product
including creased features, wherein the cut zones and the

connected zones are superimposed upon the creaged

features.

[0010) Another aspect of the present invention is directed
to a method of designing a desired fold line for a non-
crushable sheet of material including the steps of
storing a plurality of cut zone configurations and
connected zone configurations having differing dimensions

and/or shapes, defining a desired fold line in a parent



sel ected cut zone and the sel ected connected zone, and
rel ocating, rescaling and/or reshaping the preferred

wo edod/ogmehret ry to di spl ace, add and/ or subtr acPCHUS2005/012052
| east one o f the connected zones, whereby upon
folding the material along the fold |ine, the nethod
produces edge-to-face engagenent and support o f the

gﬁ&ﬁ@l@h angenR9sht 8vskdes QefictRengUty £928% rrd @M zone

he method may fufrthéer include providing a fastening
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Patpt il RERAE,  MbbRcdpg e OBR BeREd reakl ity a1 ong

tid dfblaelidbe tnst ppenrgrieaha@silanyeBhek 1§ Selaeidaeg the
fromthe group o f allgned hol es, tabs, slots and
TohBThadi 6Nt t Bereornd| bbeopeVertafochanessseczonet eme

Péfé@gﬁlhgve%lsegnﬁ daflg?g?drgggagm *h%f pRledd fold

product a conputerrea I'na
gm@meesyngos@$spMate; dédlgndﬁgrasdBSEaed b@ldebemeone of
for a sheet f materi The co

%?%d%%?n?ﬁE?gdégnFﬁstWﬁ@F?BKSUP8Pn38&SﬁPHBO ZQ%E§FFQ&

dnbgylime £/ aQ Pﬁﬁ@nttHEaHStHBda?QbaﬂbQQ BYGLER, - %Q@e
instructions for populating the line wth a

@ngﬁmﬁm@ntn@m@dsngpQISecfeshe fateriadnes DHEDSdEElﬁedes
e§u$ f connected zones configured and positioned

reI fve to the fold Iine wher eby upon fol ding the

mat eri al along the fold Iine produces edge to-face

nd Suppo f the . Oppos
GREE IR Mo Roa HRE ks hrpotSr TRhE bRpaRiRBhRosraRening
i cHRIeE siefof Up& hiel t £ D6l Udenhast igat bens EokstopathBlor
scal ing and/ or shaping the cut zones to define the
th Merlt S bkt hat seeend| Bhynehef the material lapped

with the first plane in association with the fold line.
The fastening mechanism may be selected from the group of

aligned holes, tabs, slots and combination thereof.

[0012] Yet another aspect of the present invention is
directed to a computer program product in a computer-
readable medium for use in a data processing system for
designing a desired fold line for a sheet of material.
The computer program product includes instructions for
defining the desired fold line in a parent plane on a
drawing system, and instructions for populating the fold
line with a fold geometry including a series of cut zones
that define a series of connected zones configured and
positioned relatiﬁe to the fold line whereby upon folding
the material along the fold line produces edge-to-face
engagement and support of the material on opposite sides

of the cut zones.



fold line so as to enable the edge-to-face engagenent
and support upon folding of the material along the

wo edod/ovd9me. The conputer program product may fRCT/H82005/012052
i nclude instructions for relocating, rescaling and/or
reshaping at |least one o f the cut zones to displace,
add and/or subtract at |east one o f the connected

Kﬁﬂ#sThgh@oﬁgﬁﬁ%kebr%PQghﬁ IQEQQ%CH@EHMiﬁHﬂﬂiﬁ”lnC%Ede

I nclude instructions detecti ng weaknesses in the
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l Lng dlor es n | east ne .o f t
%%ﬁ%%okgddggﬁgg F% dISp g%% &3neﬁd%or sﬁﬁ?z%io%% the
Feadt 1one sof asheocenagttedhzordgchasedaer logpldeRtht and
fold geonetry adjacent the weaknesses. The
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@Hg 88?988%@#%8 SSmt grba}ahﬁét ) %%%%%%C%tcl%‘q &on and

racture on u olding the materia
ihetfutdlbnaefokO@élbcahéngonmesealnhggaammeodu@mammﬁg

further include |nstructions for defi t he fold
Sbohetrs Bhceatubbh G| Ba8Rsole AaFRIBCEr Sedearedor
fuerribe groupast: ohépéfotfqe”%bﬁhle@ltedn%b%@sa' The
thi ckness, strap width, strap density, kerf, fatigue

SPRRAERHA, p@ﬁgramgpéOéﬂcﬁamQV|éurbhegnnapﬂude Thetructions

TRy e conf gured for
EOETA FhePLAT TERRASEED Y ellsr mAPRAVT IS RSt o oo
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fur i nclude instructions for providing a
Jﬁj%ﬁl%*‘zaceril% nobr tle spPayeshetnaceasy EaMiiFrl aretr hadd

aﬁ&p&f rabigsribe &ytléggs and &Ee g BSﬁthtégngoms based

geonetry a s popul ated al ong the I ne
@orreteliprdgfahgrodomet mayadneteade sh€ABE&RMesses. The

a%gkruékiéggh gén opuiatlng may define the cut zones and
connected zones to resist stress concentration and

fracture initiation upon folding the material along the

fold line.

[0014] The computer program product may further include
instructions for defining the fold geometry based upon at
least one parameter selected from the group of: type of
material, material thickness, strap width, strap density,
kerf, fatigue strength, and angle of material
orientation. The computer program product may be
configured for installation with a CAD/CAM system having
fold and unfold capabilities. The computer program
product may further include instructions for providing a
visualization or display on the CAD/CAM system that
illustrates the cut zone and the connected zone geometry

as populated along the fold line. The computer program



unfold capabilities. The conputer program product may

- further include instructions for designing a creased
W@ b@senogyes eri al product including creased featRPCEES2005/012052

wherein the cut zones and the connected zones are

superi nposed upon desired creased features. [0015] A

further aspect o f the present invention is directed

bRoAUGRITRMLEN NRNIQGIAR REGHGHY ia@pqim%rﬁrﬁfﬂ@' £o1d and

medi um for “use in a data processing system
dagirddi ngrabddsitried .f olTthed icoepfdrera prowmaw shabdect may

he o f, terial, the conputer program product
?H%E?b& ng nlgﬁ USSR FFPE dth é{eﬁ%ﬁ i%y° ]E)eé_fs%%t
Zneetcaateguaat ppdRuaid i6RNRILGETRI ZQRE P HUALd ONS
havi ng differing di nensi ons and/or shapes, _
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: r.awl [ ryctjons for
SPERITBLRAR BBe2, FERNLER TERe ABREATE e
connected zone which have a desired shape and scal e,

' ryctio for _locating preferred.,fold geonetry

P ot 5e2PBr e reRdet: hE° SRt B B ol d g atmatt v ¢
dhebodeagtbhe sehpated pubgzane paddudhe iselLdRbuter-
connected zone, and instructions for relocating,
FerdabPifgmaddror LPEsHER A BhEasrePEPCES AT yEdam fpr

&ngéﬁPhgcg'dég§réad%8gds§9héafgfg%ng%?%§r%@%d%f R et

connect ed zones, whereby upon mat er 1 a
af ongtehial ol thei nempnoducpsogige- proflace dmgdgelimmat o

f_the n&teria on Eg osite sides.o f the cut zones .
PBOTEFC ThePEofBbt B Obr odr AnPproaBetY ey Fifit Heps

¢EE Ugerh BSbhYCAhANSschAEcPEAY EhBY cBnfFagl8atASns having
mechani sm f or pern1tt|ng connection o f a first plane

Gl feRrngpféperpions and/or shapes, instructions for
defining a desired fold line in a parent plane on a
drawing system, instructions for selecting a preferred
cut zone and/or a preferred connected zone which have a
desired shape and scale, instructions for locating a
preferred fold geometry along the fold line, the
preferred fold geometry including the selected cut zone
and the selected connected zone, and instructions for
relocating, rescaling and/or reshaping the preferred fold
geometry to displace, add and/or subtract at least one of
the connected zones, whereby upon folding the material

along the fold line produces edgé—to—face engagement of

the material on opposite sides of the cut zones.

[0016] The computer program product may further include
instructions for providing a fastening mechanism for
permitting connection of a first plane of the material

with a second plane lapped with the first plane in



with a second plane | apped with the first plane

i nassociation with the fold line. The fastening
worembamosin may b e selected fromthe group of :PEl/UsRees012052

hol es, tabs, slots and conbi nation thereof. [0017] Yet

a further aspect o f the present invention is directed

to a data processing system for designing a desired

£8kdch kRechol 1 @nneneCirdsahli@esheah o fa g flnechanism

i ncluding, input nmeans for defining the desired fold

nppebensalpatent fpbanéhengxotpawiing $yfsmad awdes, tabs,

C nggtgﬂg means _for. _po %]%Iigg the fold line with a

for geone???gﬁﬁglﬁging a8°S&'es o f cut zones that

define a series o f connected zones configured and
Itioped relative to the fold Iine whereby upon

B 1EE T e ERaE BFE SR biig oG MFoPASFERE priiiiiaen is
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sides o f the cut zones. [0018] The conputing nmeans

desiredafeldséane Apd/ or nohapzuchabdet shaeses ofo mgsfeimial

apnect n a r .ong t fold.Li .
A e s et S P RS

inthepamteti plankosg thdrhalidgl sgetethe andnpahipnd ing
nmeans pay rel ocate, rescal e_and/or reshape at | east
BHRRE® FOFhBORUL2oREstRE dPipl adBe Habhardferdsgsorssey

9ﬁci§&§ﬁg09ese£iégeofoeaecgeﬂeé09ﬁ§t-déﬁgngoap%E&&%s of
nmeans may detect weaknesses in the parent plane an

¢ehnecated resesl eonhdduredeshdppoattiienstl oréacifret he the

d di ,_ad d/
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fold pesseprydadéacenet be-veaknesgagemdéhe egnpuki ng
means nmay define the cut zones and connected zones to
Takesiakt PRsIPRBRERAt FAERPONCANENEr EEURENEAIti ati on

upon fol di ng

[0018] The computing means may locate, scale and/or shape
the cut zones to define the connected zones that are
along the fold line so as to enable the edge-to-face
engagement upon folding of the material along the fold
line. The computing means may relocate, rescale and/or
reshape at least one of the cut zones to displace, add
and/or subtract at least one of the connected zones. The
computing means may detect weaknesses in the parent plane
and relocate, rescale and/or reshape at least one of the
connected zones to displace, add and/or subtract at least
one of the connected zones based on localized fold
geometry adjacent the weaknesses. The computing means
may define the cut zones and connected zones to resist
stress concentration and fracture initiation upon folding
the material along the fold line. The computing means

may define the fold geometry based upon at least one



the material along the fold line. The conputing neans

may define the fold geonetry based upon at | east
woreparaeet er sel ected fromthe group of: nmat ePCHIS2005/012052

type, material thickness, strap width, strap density,

kerf, fatigue strength, and angle of materia

orientation. [0019] The system nmay further include

a LigN [.ural i o f- pr t er.m-n
PPy e By St b gy B Sl Pl o' PR L e
sekectied thamknhkesgretpap Wwidtimt ertivalp Cepesitpt etdaf,
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the conputing nmeans selects one o f the predeterm ned

foldciéonetries . The system may further include a _
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providing a visualization on M system't
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eonetr s populated.along.the fold line. The system
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e configured for designing a creased sheet -materi al
PF bemkatiaRl udhagetrebbedcrERtLiBY, TRAREeiSBLlERES one of

' j ; t dth
Rt a0 Bl POt S Re el i8St 0T hRe S 2R ooy
Further shélldeaaoChpyCcaNpegtsteh hheipgesent bavenhifend

IS %ér cted to gPsysten1for desi gnjng a desired fold
TFRRCF ot E 5 Fon- ErasREBFeMshR¥t fTBFthaf ei PalviRc Adgragy

B 20 R0LoFBINSv I @In§t 8T DGud1 PLUE 8bhT ¥nOtheCBADZORR system
configurations and connected zone configurations

At gl e ¥4ee | Hge dewenzpoas and/ theshapesctedpabnaeans
Jégmetry as populated along the fold line. The system
may be used in combination with a CAD/CAM system having
fold and unfold capabilities. The system may be
configured for designing a creased sheet-material product
including creased features, wherein the computing means

superimposes the cut zones and the connected zones upon

the creased features.

[0020] Further still, another aspect of the present
invention is directed to a system for designing a desired
fold line for a non-crushable sheet of material including
storage means for storing a plurality of cut zone
configurations and connected zone configurations having
differing dimensions and/or shapes, input means for
defining a desired fold line in a parent plane on a
drawing system, computing means for selecting a preferred

cut zone and/or a preferred connected zone which have a
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defining a desired fold line in a parent plane on a

drawi ng system conputing neans for selecting a
w@e@beyexl cut zone and/or a preferred connectBdI/Es2965/012052

whi ch have adesired shape and scal e, wherein the

conmputing neans |ocates a preferred fold geonetry

along the fold line, the preferred fold geonetry

&QS&PQ&”ghQQS Qﬁhe%Eﬁgecu%hé?E§naEﬂetES g%%%%% theans
connecied zone, an éf el n the conputin
Ietocates, prefeakred ﬁnﬁﬁogeomehapealbhg phef €oiled 1fioled

eonmetr add and/ o ubtract at _l east. one
etREeg%ﬁﬁ% tgg& oﬂ@@meRHXréBQEH§6ﬁ9f6 §i f§lerked cut

Feterial ehongeibectal dohhberproduaes Sﬁaewh%relﬁp%he
engagenent of the material on opposi e si des of

NP Ziohes me@0@21¢1¢hetesnpUESﬂglneansdﬁay beshapes the
a f ast.eni ng ,mechani, sm

con desi gn_and

o e T Ra enRER R Sor L bfhPe. “RRdnanty CEh AR e
dBtEshat dhéhof SBE0BENNEAPEdOEohBS, NRherERY, h@@ﬁe$oldlng
with the first plane in _association with the fo

qh@mmaq¢%9¢hs%%%mﬁgth%cﬁ@hdshiﬂﬁypbéd§@ﬁ§cﬁéaefﬁ@nﬁﬁﬁ@

g n atian

o Co o n B el 0 gRRPe g e BRE P cue
=hreed. material of the present invention has other
features and advantages which will be apparent from or
are set forth in nore detail in the acconmpanying
[a2ami Tigs , covipahi g enesos padatied condbdutednta pastgaf
this specification, and the following Detail ed

Q% pteoH "i‘)ff‘“t‘%“eeIF%ﬂ%rﬁ‘?%lﬁanhﬁPcﬁo’Eo@%%”‘ﬁéFté@Eve to

&asmead&&beopra nﬁiﬁé%ﬁné her PERSeR L PYEDt 9P BRLEEona
DESCRI PTION O F TH W NGS

plane of the material lapped with the first plane in
association with the fold line. The fastening mechanism
may be selected from the group of: aligned holes, tabs,

glots and combination thereof.

[0022] The method of designing fold lines in sheet material
of the present invention has other features and
advantages which will be apparent from or are set forth
in more detail in the accompanying drawings, which are:
incorporated in and form a part of this specification,
and the following Detailed Description of the Invention,
which together serve to explain the principles of the

present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a block diagram that illustrates aspects

of an exemplary system of the present invention for

_ll_



[0023] FIG 1 is a block diagramthat illustrates
aspects of an exenplary system of the present

wo pwsnedoeh f ordesigning fold |ines i n accor danP€r/vs1005/012052
the present invention. [0024] FIG 2 i s a block
diagramthat illustrates aspects o f an exenplary
procedure o r method o f the present invention for

designifg bobd 1SS L Acearaance with WiR poRsel:

I nventio S a Schematic

infeatsbeet o f naterlal haV|ng an upper fold line
geonetry that has a relatively |ower fatigue

resistance and a |lower fold Iine geonetry that has a
oed4pt Fvel y2higher bilatkgaeagesinstanee i 10826k telsGaspdcts
s_a top pictorial, illustration o f the sheet o f

%ht 8P BKCEROARY| RERFELUZSaPEePeFNORaeThERR BEREAout

Iﬂ@eﬁw@oﬁaféklﬁEsi hgné @S§d ﬁggég]lﬁlghc%%& Aywith the

enl ar ged, fragnent lan view o T the sheet o
pre¢eentl istienhion. FIG. 3 . [0028] FIG 5B is a further
enlarged top plan viewo f the area in FIG 5A bounded

by circle 5B . [0029] FIG 6 (a) - (d) are elevation
[0028)\sF DG | Exéaphasyhﬁmhningimmnétgatabhoni al eb3et of

FI G 7:13 a tog gictorial vig an assenbl d

ToF ATyt AV urd. AP OBBRTT FF & g1fne §ooRRErur Foat has a
trélasivalyolofel Ra8igRBI £akiLpharEagRqt Bat oRelSeb1/BY ine
utilize to input various chracteristics o f a sheet o

deoradlery athed hae &ordbdt OFFAY LEDIDESCRAPTHAN OeEifHEnNCE.
- I NVENTI ON [ 0032] Reference will now be nmade in detai

to the preferred enbodi ments of the invention,

[02ahpF ES- of Whi ehtapepittosizaht edllusthetaononﬁanyengheet

é¥EH% gélayméﬂgwﬁhfn FIG. 3 after it has been bent about

the two parallel fold lines.

[0027] FIG. 5A is an enlarged, fragmentary top plan view of

the gsheet of material shown in FIG. 3.

[0028] FIG. 5B is a further enlarged top plan view of the
area in FIG. 5A bounded by circle 5B.

[0029] FIG. 6(a)-(d) are elevation views of exemplary

joining configurations.

[0030] FIG. 7 is a top pictorial view of an assembled

joining feature.

[0031] FIG. 8 is a schematic illustration of a graphical
interface that a user may utilize to input wvarious

chracteristics of a sheet of material to be folded.
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invention wll be described in conjunction with the

preferred enbodi nents, it wll be understood that they
wae@sngo2i ntended to |imt the invention to thPGEUS2005/012052

enbodi nents. On the contrary, the invention is

i ntended to cover alternatives, nodifications and

equi val ents, which nmay be included within the spirit

BF?A&E.%BF%%%'&%-I"I%W%" PR SNVEINTIRA DY the appended

cl al ns. he present 1nvention Is directed to
nmet hods, conputer program products and systens for
Wexi gRefigrenceow ifdr eode dier eddeolidh IdeteslIf dro &he

non-cr ushabl heet  of rial utilizing various fold ,
BeBHerF as SuRg R0 BRne GuPk: s SFHERGGRRY. BRI of vhich
higl L eduberatBasendicsel asedmByniBg B&bﬁﬂh%ﬁmeWHﬂméﬂthe
No. 09/640,267, filed August filed August 17, 2000,

ERY £ RE aNMEFHEDPEOREPRECPSPONNBERDI NGCOR OR SHEET e

NEoTar 5T Dapor Bel g dk Torh o BRrBRE RS ot ey
Abe A6L256:8RAel 8301apnki eaki anyenthivhed cSepicarber

26, 2002 and entit|ed METHOD FOR PRECI S| ON BENDI NG OF
LR ATERPRL §ReSEPRSREETSCARDBXBRIEGRT & 1ntended

EEAESS: B1 BerRaLeoE s/ \PRbEGRE QR 1 MRS é@i/d6é%vuzt%l(e'n§@§
application), filed Septenber 26, 2003 and entitle
WECHN QrFSPEORNDESHENI NGEAND NVARUBACTWRI HBA scope of the

PRECISION—FOthg. HIGE SéEENGIH FAéI ERESI STANT
S RTURE S AN SLEES TYERRFCRPPRRACD, S19AFent  No.
10/ 795,077 [attorney docket no. 34093/ US/RBC] , filed

3, 2004 gnd ent%%led.SH ET %ET Rl AL MQ H
B e Her B el Df SPEREERENTS. ARBENETACHPFERHAM NG
I SAVE, pirBeraRt I RAHELMIE Gsthehrpat 88Li18Rdng one
patent applications are incorporated herein b{ this
PefBPEfcdesired fold lines for a non-crushable sheet of
material utilizing various fold geometries and
configurations including, but not limited to, those
disclosed by U.S. Patent Application No. 09/640,267,
filed August filed August 17, 2000, entitled METHOD FOR
PRECISION BENDING OF A SHEET OF MATERIAL AND SLIT SHEET
THEREFOR and now U.S. Patent No. 6,481,259 (‘259
patent), U.S. Patent Application No. 10/256,870 (‘870
application), filed September 26, 2002 and entitled
METHOD FOR PRECISION BENDING OF SHEET OF MATERIALS, SLIT
SHEETS AND FABRICATION PROCESS, U.S. Patent Application
No. 10/672,766 (‘766 application), filed September 26,
2003 and entitled TECHNIQUES FOR DESIGNING AND
MANUFACTURING PRECISION-FOLDED, HIGH STRENGTH, FATIGUE-
RESISTANT STRUCTURES AND SHEET THEREFOR, and U.S. Patent
No. 10/795,077 [attorney docket no. 34093/US/RBC], filed
March 3, 2004 and entitled SHEET MATERIAL WITH BEND

- 13 -



[ 0034] Advant ageously, the present invention is

directed to technol ogy that enables the transfer o f
whe@h/oggoeur acy two-di mensi onal (2D) conputer nROEUSM8$/012052

control (CNC) cutting technology to a highly accurate

t hree-di nensi onal (3D) folded structure, such as those

disclosed by the above-nentioned 2 59 patent and a s

WeliTrRRIS, %e 9 ARevENPS ARB! Mﬁﬁ'hb%”%‘or{' FORMIN THE

partlcu present invention utilizes paranetr
ﬁAM@nammauynunxhnameGmta pfeWhnchdpbﬁb@{emﬁﬂ|pqﬁént
f ol |I|tat| "fold geome

ges c:lo&’ognf"’} rja‘%‘F%’ﬁp Jﬁ%F%é ﬁ@rﬁlgeh’&h&sf &’frerpCe -

slits or cut zones that are arranged on either side o
f a desired fold I|ne whi ch enables o r facilitates
a%HT A§VATSREBOYE LY mitisr PHESSong TR td6S riéy diTapted to

Eé@ﬁno@@%ywhhbta%%b%Qb%t%h%h%EaR@ﬁﬁﬂfkﬂ?QUEﬂpgﬂﬁHHPdH%
generally ' refers to programm ng for solving a

bwprdmansennplobﬂém tompatﬁanlgemeeriC@hr acrmteok (CNC)

5 i axi s,
Perho b eghiRldar Shact Biohif cridrtale  thEeentifndionar
a@put fohgeld atehessire,f nd.asidtAidss dDséDekelr pguead
press brake or a | eaf brake, is fornmed or

@ﬁpgﬁdglenrtépn@@an@@ RAtRS 12 129 416 heapsthRe 870 and
wg@' ABEY i glr&%&!gat et ends. Jhéulga&ghé 5 éygsgnef invention
na, 1 s

mat er | upon formng t esire
substapti @Iatqamedumm Qmﬁgmrmrﬂmﬂg]et@/edémrmﬁet hepkeffdrred

d. h i I I
Bbr AT B OR o o e A A e e o0 b iiRom e Fy e Ehat
pkang QeEm&'&Qﬁ"c %he:rllgairaftrlqm vm@ih&ﬂ% ngegedibgl dg o

f the present invention areslit, cast r otherw se
torved FAlaA @@ducmtv@%m%mataoare/eammdt@n either

éf&él Eagedgggg%@gf%ﬁ%y 1i gaJﬁgéL enableg or facilitates

bending a sheet of material along the desired fold line.
One will appreciate that parametric programming
generally refers to programming for solving an

optimization problem for a range of parameters.

[0035] Generally, a “fold line” is the line or axis
extending along a sheet of material or “parent plane”'
about which a class of bend, similar to that produced by
a press brake or a leaf brake, is formed or extends.

For example, a desired fold line is the imaginary line
that extends through the sheet of material and, upon .
forming the desired bend, is substantially coincident
with the vertex of the fold or bend. One will
appreciate that a fold line may be straight or slightly
curved. A “parent plane” isg the plane of sheet material

from which engineered folds of the present invention are

- 14 -



line. One will appreciate that the term "creased

features”" may b e used to generally refer to geonetric
w0 e@bi9®es i ncl udi ng, but not limted to, foldspPChEsNgs/012052

creases, ridges, and other desired geonetric

configurations to b e forned about the fold Iine.

[ 0036] For the purpose o f the present invention, the

: \Y; Lit" refers to.a.slit that, is fornmed
L Flel AL S Ag 7 1 BT e
subtiphet ideC wiavewisldd ﬂmn@w béedisgmBbudnthe fold

| ongated slit _having a linear portion and a circular
gb??lon Ong wi 14 §Rﬂﬁﬁc%ﬂ§ﬁﬂQﬁ%% bye ther® 59rpasedt, a

nC avi [ r |
SomPauagcHnyE I £ HARL-LAE SSE0F AL HEbhithc
festribediby lukid g7 @u&ndmﬁ?@&manpkﬂcamjoﬁsldandbehds,

ot her suitahle non nmetries . The term "cut
ShrEReBhar i aoR, deb GETer S S o SSRIFERLS of i1

EONPi b edt@chsakb Wenefr GO s: thSefbEs Pifiet WO,
three, four or nore cut zones define a correspondi ng

"series" o f one, two, three or nore connected zones

0698E! Yort PRePBULLEB( BF @He HRLA! bet yee
%djacent Eﬁt ggﬁgsge[%§37] For thgﬁ!urpose %g? %M@ Perms
bresend -Bhibft refiershéot er mltidt rtdmt rief efcsrttrl]@dt}h‘g at
c es that are dIS osed betwe t he cut

:§%%£§ éﬁ% ﬁ%gerco SR ESPESE Ln #8R%ond Tamfample, a
Qortédnsl ot f mhpebsheat that goird oM £ tdIRsngd e osfit he
fold line, which first and second planar portions w ||
MR ag gl hiRGadi BpEsaaT And & KéGMlam@er e, such as

UIRSPaE L0008 BYOLAE! 0Bee LR NeRl daind QlAPT {00
the fold IIne. I scussed in greater
hﬁﬂxmga@dlargedrsaﬂmsedehyraﬁepaﬂiqmneandeumhll&réﬁgﬂli
éﬁgjportions such as those described by the ‘870 and
‘766 applications, and/or other suitable non-linear
geometries. The term “cut zone” shall include curved
slots as well as slits comprised of all linear segments.
A series of two, three, four or more cut zones define a
corresponding “series” of one, two, three or more

connected zones namely, the portion(s) of material

disposed between adjacent cut zones.

[0037] For the purpose of the present invention, the term
“strap” refers to the connected zones that are disposed
between the cut zones and interconnect first and second
planar portions of the sheet material on either side of
the fold line, which first and second planar portions
will be angularly disposed in a dihedral angle with
respect to one another once the sheet is folded along

the fold line. As discussed in greater detail below,
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766 applications, the slit/strap configuration formed

by the nethod o f the present invention provides for
wedgsneo23 ace engagenent and support o f the fPCEUSHN012052

second pl anar portions during and upon bending o f the

sheet o f material about the fold [ine. [0038] By

utilizing paranmetric progranm ng, the present

iameentd lcaﬂg@yo@e@_y;eghéo\gggdggxe%n%&ﬁec & &4 ang

nore fold geonetries in wh conmput er application

adteemancal dat deer nilhessihe/stabp ao@fmgmﬂi?ﬂbﬁifdwmed
r re predefined cut zones about a desired fo

%th%%hngﬂgﬁ% i?ﬁct et SB°F nﬁPgﬁpﬁFOPn§F§5& § for

BAYNG d-Fad tehPadiemeset afdf slippbrHCLHIFOR%e &1 @stNeW g

program for each specific sheet. In particular,

FECRmEt M lenso e oS ndyrbne anfll bped beralingvaf the

gﬁ%tet%@“n@asce%t%relg:a?%gg? dﬁ&giggfg 9, conput er

nunerical 'y con progranngf to vary the

paranmeters o f a particular task, that is, determ ne
a_spe c sheet

fald try for a fold line o f L fi
[0 B eI T s T & TP e AR Ao LUl SErdent
onvpatdwe! @y bd ddwl specididi BhegénethecCapabidd Hese
E the available cutting apparatus, and_the required
gP He SEPER tFd o rimatE ¢t 13 efPEPEBRTt ABPE éSBLL PR

fotdrdcabaet ch ohatactard Sé(jf'gfe MRy 4 ?Sls;ﬂg?ﬁnb%tf one
are not limfted to: the type o materrar o0 e
shewpret prediefemsiconsito fortdwe ahoet sudbsaredl €Bgtihline

_ soditsamico: > shaet sudkobred) eogahi.
ThencpPRR EdGCRTREY i ot SRALTAT cRRoBeviRRoto

wWesteed spacisRg off itheSidwiind heodesi neg %f&&faﬁbefor
orientation o f cut zones; the edge orientation

each specific sheet. 1In particular, parametric
programming may be utilized to allow a user such as aj
designer, engineer or computer numerically controlled
(CNC) programmer to vary the parameters of a particular
task, that is, determine the fold geometry for a fold
line of a specific sheet of material based upon the
specific characteristics or parameters of the specific
sheet, the capabilities of the available cutting
apparatus, and the required or desired performance
criteria for the resulting folded sheet. Such
characteristics may include, but are not limited to:

the type of méterial of the sheet, the dimensions of the
sheet such ag length, width and thickness, the desired
shape dimensions of the strap, such as length, width and
thickness; the desired spacing of the strap; the desired
kerf; the orientation of cut zones; the edge orientation
of the sheet at the termini of the fold line; the vector

of material orientation relative to the fold when the
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of the sheet at the termni o f the fold line; the

vector o f material orientation relative to the fold
wob@s/0949e$ ol di ng properties o f the material aP@r/US2005/012052

ani sotropi c, whether holes, slots, grooves,

deformities, and/or other |ocal geonetric deviations

are found in the sheet; the cutting capabilities o f

FOTERbE P AnPREA ME HE PRCLEIRL, BBk RS
~ ghietéeia holfed hes ot sledgsbeet s, {i@(ﬁBQ}mAﬂé@rfplﬂIﬁ/or other

m roduct in accordance with the, present
P Reert BoRTIRe G o1 PR eHRRT nelef 6P fedRethFeshaRst; the

I Ip@ggte I £ 8 d/ h
gtaﬁgrivriln%sé%rmdi f%lce{jdl%iicg@ ﬁtg%nétﬁggghgr gg?eﬁ%;tﬁscgnd ft eir

af§9§@|ﬂn:&hﬂﬁﬂOﬂtfOfﬁﬂhﬁia$subtlegnﬁbﬂdeﬁyﬁhaa£, and/or
D B R B iR P g etrifeAc e Bal o

reI ocate, rescale, reshape and/or otherwi se nodify a

B, B ROt 2 B stk 10 coRpRERRIpRoN AR the

predeat AR etldilorZ ey N OatFOfe B1fielr eg@al [@,%@m%Qizqes
georretries and al gorithns to determ ne the

Bakelpy. b& gsdoamhedit iTeseaier, cbﬂ@h@ﬁﬁdapphdxlz(@pfi on

f .mul.titude
SpUShTRE Rt 1t TS SOOI AL B, UL e
spacz‘afuer Bhblets of materisdieet . Aceonat hgéYy, t BReUsBhputer

i S not %U|red to design the | ocation, scale and

RFQgE=B PLEAbRtclirY, GRIBHE © b ceT MiO5ensl oRHs thms that

ééﬂéﬂﬂlﬁ@n§bﬂgf%@U%éﬂﬂ?%éﬂghéyéprfefﬁbé@@ PREL Q1
the user. [0040] Such conputer program product may b e

Taskegpat addprh oghdir ass etpdifw enbioibd | @eomethy based
&%6ﬁttﬁg EHQEHE%rrﬁ%%lcs of the specific sheet. Further

still, the computer program product may utilize a
combination of predefined fold geometries and algorithms
to determine the fold geometry. A user may utilize the
computer application to determine a preferred fold
geometry for a multitude of different sheets by simply
inpﬁtting various characteristics of the sheet.
Accordingly, the user is not required to design the
location, scale and shape of each cut zone and
connecting zone thus saving considerable time and effort

on the part of the user.

[0040] Such computer program product may be integrated with
and/or used in combination with existing computer-aided
design (CAD) applications, computer-aided engineering
(CAE) , computer-aided manufacturing (CAM) applications

and/or combinations thereof (collectively referred to as

- 17 -



desi gn (CAD) applications, conputer-aided engi neering
(CAE) , conputer-aided manufacturing (CAM

wa@ppsiogwei ons and/ or conbi nations thereof (colPEDUS200$/§12052
referred to a s"design applications") . For exanple, a
conmput er program product in accordance with the
present invention may b e inplenmented as an adjunct

t d | ti
e Rt S P LobRi®”  FToB06HRaBNRT St amelbEs Byogan
pf@d@@ttlﬂﬂba&séoﬁaéﬂ@éawwn enk peaeend, iMeSHRGUSQflS be

the SCLID EDGE (r) application by Intergraph
R poreRton @F #unedyinre, (A dband, PLHE-ERTI Ao( existing

GRPLLERL Aol B Rn s B SRR FRUBRESY 900
ammﬂi@aii@n sylPabpnehei soTedhavkegyopopatabnonro f

Wal t ha Massachusetts. ternativel t he conputer
G Homeeesthoe FRECHPREBAEPHES arpioAatopn by

S OrdpR @&%@P@ti&ﬁ%@nﬂugﬁﬁmy Cﬁ‘lhgamandtﬂecéMI‘IAGD
appllcatlon further appreciate that

appipit i pr oy bdn py cdastandly Systevasi @qrpdraslan of

T Trd et (o chtpbRene iR et eacign bv

Paﬁ@né'@fi&ﬁ ensehiibl®g Rl Sotbopaghent ot hewyathaus
figures, attention is directed to FIG 1 , which

Mé}w%hlilff%%% r atestarprbtre Hy agk Bfn 6OPPYUL Y sPERPBAD
A es| r&%@e alrg@é%f%cﬁo%ﬁt% g@%énoé S0EEL o825 Oﬁim
t he

naterlal accordance wt esent 1 nvention.
agpﬂxnaﬁxmﬂkuﬁﬁﬂzappﬁqmmtwoﬁSanévan@AM gepltabtion. One

) [ t 34 or, other suitable neans for
P ot e e S e e e L Bor “RERGRaT daFgduct
n&hﬂQﬂgQxﬂﬂﬂuﬂﬁﬁaﬂea§x£cyﬁéﬁ& ADphé CgtbQPam! OCcedur es.

The conputer al so includes a nmenory source 35 that is
addr essabl e by
[0041] Turning now to the drawings, wherein like components

are designated by like reference numerals throughout the
various figures, attention is directed to FIG. 1, which
figure illustrates a block diagram of a system 30 for
designing a desired fold line 31 in a sheet 32 of
material in accordance with the present invention. The
system includes a computer 33 having a central processing
unit (CPU) 34 or other suitable means for performing
basic system level procedures, manage data storage and
manage executing application procedures. The computer
also includes a memory source 35 that is addressable by
the CPU. The memory source may include any combination
of storage that is internal or external to the CPU and
may include, but is not limited to, cache memory, random
access memory (RAM), and/or external virtual memory on a

data storage device.
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the CPU. The nenory source may include any conbi nation
of storage that is internal or external to the CPU
wa@pasoeye2s ncl ude, but is not limted to, cacheP@EIB095/012052
random access nenory (RAM , and/or external virtua
menory on a data storage device.[0042] The CPU i s
connected to a user input interface 3 6 such as a

igﬁﬁ?%ﬁg, cbeusag B6haeRcn Qher u%%lrtag@laglae;gg{tser Iﬁ};}aée 36

OwWs a user I'nput the particu ics
suthaaspeckéyboahdettaﬁch [sa@48h Bire ctdrputseari Habdleudesans

sui tabl e drawi ng syst.em or Si appl.i cation 37
?EhagEPHﬁsaePés rEﬁlénﬁH&elgﬁ % 32 in a

ME&&aKBQ%@sH@EBGBf Boépéﬁﬁﬁﬁbeshgétsgb'd model i ng,
wi re-frame nodel i ng, and/or other suitable nmeans. One

w || appreciate that design application 3 7 may b e

[g/mck%hé%% gﬁéekhﬁnéﬁa&@s@ngm%ﬁ&@' gﬂglgcsystem or

I cati ons or other suitable
@@@ignaapphlthatonSBWoadedhoaldowsu&éedtiqmm@ stodledd ng of

ne Y. nown manner. Preferably, ,

et P aobhi fabFbi-B5oMRc RaiBs Tond o6, <o Lral Yk et
rﬁ@@élsm@ j chigbl evadeUsBHe 9ngl, €6hHIBIC Jlche TR RYlAke
the electronic nodeling o f Sheet 32. For exanpl e, the

RGN d%%?lWblloﬁpﬁﬁ?CFﬁE?uéhaVaﬁﬁéagndé@@éﬁcéﬁastB§
I njke.gle a [ ._al.l ow

8 D P o8, ke ohE cxfipy TBBYer AR pEToRe, B sRirE!

@AEJCAEmEEMeappbhcatmnﬂelongath@rsbuessblstdabﬁgn

dis lacenent and ot? properties in well-known

Fation ottt cifa Oa@ﬁé a@spawpassm éat poA stored in
ﬁgﬁgﬁﬁfﬁ%Y1ﬁn§lﬁgf§ iﬂanaﬂgﬁﬁérbengr@@@@Qbh?I'9@81?Fy

t hat a tool that allows the user to el ecfronica
Q@Hﬁﬂqn¢ﬂ¢@lE?ngn©lU@@ﬁang orf mgheewell-known tools

which allow a user to electronically manipulate the
electronic modeling of sheet 32. For example, the design
application may include various design analysis tools,
such as finite element analysis, that allow the user to
electronically simulate or “virtually” test the
electronic modeling for stress, strain, displacement, and
other properties in well-known manner. In particular,
the design application preferably includes fold and/or
bend capabilities, that is, a tool that allows the user
to electronically simulate folding or bending of - sheet

material along a fold line.

[0044] In accordance with the present invention, computer
33 is also provided with an additional program, namely a
fold program 38 that includes parametric programming that
is configured to determine the preferred fold geometry

based upon the specific characteristics or parameters of
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material along a fold line. [0044] In accordance with

the present invention, conputer 3 3 is also provided
wowak/oge2addi ti onal program namely a fold pr opCEHOSB85/012052

that includes paranmetric programring that is

configured to determne the preferred fold geonetry

based upon the specific characteristics or paraneters

e 32 I a stor
R e T
gegnetihas thademaynbee&oahe1@ﬁeam@ﬁaifxﬁdiuﬁﬁnamngﬁthms
S ted above and described in_greater detail bel ow.
BO095T CTHASERUE Pes DEBREEREd P18 GoaSyTRy AR above

§H8hd@sér@b@@”hhoeraEthH%Ea% | i2hlg means, which
display unit allows display o a sinul ated

visualization o f the sheet and correspondi ng

(803 2Ehe! 8l €3, cBLAULALAd v gualllsiﬁtabfoﬂmgtf R a5 a
nore preferred fo geonetries a s appliéed tothe
sheetorand/ otheéhespiodbie meanbtlm@1EMOmub@HQWn@nhhe

t al the fold lin passibilities._.
gge aérﬂ%tgb% fhy2 3 PABU A5 Eo Nﬁé&a G7e%308 @dyithe sheet

aw&p@@rfééﬁéﬁagﬁ%4cﬁambearlgelbgr Ngih®1g@RRected to a
cutting machine 1that i s configured t o apply the

Yﬁﬁu%bhé%tp®@dgﬁlﬂgeth§ m@ré gﬁ@ﬁ@tt¢dt6Oﬂﬂ99§h6€¢rles as

in ace nf| dto
LA nen ot B¥bontty BF o  IELREoBuEl! ns akirse tzom
wemmtmg shit t slhéet devbng theafbmﬂﬂmﬁnbhabmb&gr6@@%&|e
by the cuttlng machi ne. Preferably, the format that
RYSFSPEF5E1BR- f ol d geonetry instructions to the
cutting machi ne does not require further intervention

by the cutting machine, One wil| pgre0|ate that the
Pk et | GRS TaY Bleot banspeppeiied Lo a device output

interface 40 which, in turn, is connected to a cutting
machine 41 that i1s configured to apply the cut zones
producing the fold geometry to the sheet. For example,
output interface may be configured to transfer the fold
geometry to a CNC cutting machine or other suitable
device in a format that is readable by the cutting
machine. Preferably, the format that transfers the fold
geometry instructions to the cutting machine does not
require further intervention by the cutting machine. One
will appreciate that the instructions may be tranéferred
in the form of various well-known formats including, but

not limited to, .MDF, .DXF, .IGES, and/or .STEP files.

[0047] Turning now to FIG. 2, an exemplary method for
designing fold lines in accordance with the present
invention is schematically illustrated. One will

appreciate that system 30 may be utilized to implement
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in the formo f various well-known formats including,
but not limted to, .MDF, .DXF, .IGES, and/or .STEP

WO 20088999pD047] Turning now to FIG 2 , an exenpiHD$2005/012052
nmet hod for designing fold Iines in accordance with the
present invention is schematically illustrated. One
W Il appreciate that system3 0 nay b e utilized to

PRl gReRbLLRe offek!?l%dzar%sfer}é“%ﬁfe%&%rgn TNyt i 0 ¢ %f?o
w uc

al so appreciaté that a conputer programpro
ppplcedinget baitnst mwotoudrs: erodreen fdtaiyrtogiran 3 fhg the

may. b e |l oaded on an existing conputer or, conputer
RBERBERCLANG: 88 6 (oM TelRYILD OAdRs on an
BkeseRhgl BYRRLLRR SHORARIA 45 8le tiRM MR MATL QUS
characteristics or paraneters o f sheet o f materia

dppipueste the vethiods afpabst pyremeditord misatsitarengt h
requirenents o f the folded sheet into the system
utilizing keyboard 36 (step 3 00) . For exanple, the
98481 Paysenpubyt hepuypsagibusatcdriralct etiestdioserst ons o

f the sheet i di_ng .t he .t hi. , th ,
PaFAOaR TR aPhnerErs JEsBPLEIg T ne. P Ealt e Sitings
Sppatheushegti/oonenw ki reppiec rak@ itrfdlerithe o3y HHRM A ed

b e configured to automatically determ ne certain
PR§SF cantenbhace¥prel vl izinge keyborrisy 3éc dmtiary 300) .

/ r Lt n The Si appl icati
B0 Skatible! BHe) 0R2 MRE"ToglR (HESkHBenBR WGk cne
dehérnkhoma ofinbbe ghtep 3In@lldinp0048] tFHekuseks,t bewd
enters the desired fold line (step 3 02) . Nanely, the
%gg?reﬁ?ﬂ?ga?ﬁepaE§WF58rEh§F§%Fé F§9i5§609h$§ﬁgaﬁine
SRop &t Udl Ngr PeREt EABetShapge ENAt Bpp2Rdiak OLRSE the
desired paraneters. In the event thaF t he design

PP e anrvnbhacorhbedded bp automatically determine

certain physical characteristics of the sheet by scanning
and/or other suitable means. The design application will
create an electronic modeling of sheet 32 in a well-known

manner (step 301).

[0049] The user then enters the desired fold line (step
302). Namely, the user enters the desired
characteristics of fold line 31 including position,
shape, length, and/or other desired parameters. In the
event that the design application has embedded or
integral fold and unfold capabilities, the design
application will create an electronic modeling of the
fold line (step 303). Alternatively, an external fold
program may generate the electronic modeling of the fold

line (step 304).
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integral fold and unfold capabilities, the design
application wll create an electronic nodeling o f the

wo edod/oddome (step 3 03) . Alternatively, an extRCTEE2005/012052
fold program may generate the el ectronic nodeling of
the fold line (step 304) .[0050] The user can al so
i nput the type o f cut zone formng o r cutting

to b | d t ti ,
A hEoRE e ancn B conerabite e e Glpriily 440 dprming
gdeneattkay axpAREEusCONG Sl kil RRENIRETHERY dh e cutting

capable o f cuts that punch presses or slitting knives
hielhatieapabhe bef cpastideriedg whedosiEsigimald \the cut

rma [ er f, the fol ded .sheet, such a s
b he O P rB B Pas PP a et LRI Gr TASEE T (i (e
cfAnchite ehaer pdnch0B22ksks BRNY:1GA%ESg KRESR sV AHOURHL
data entry steps can b e avoided by initial default
%%P?P%@so¥oPe§fB§WFP8ular user, who, for exanple,
al ways uses a CNC-driven |asercutting machine, or i s
al ways interested in the highest strength, nost
P8} ghienrbly st BRELPEMEREEeSPRYSNGEST S @%art(lilleeis?l@efd wtheet,

' f ki quij ut ut nes .
785831 ekt Robhy SbEelel e Rl 7 e fine
kimioatioes(step BeOShtenedrder to define a preferred
fold geonetry based upon the characteristics o f sheet
32 and fold line 31. The fold program nmay determn ne
[pi5e] prefeangdchobd, geharer yaut blikziagaacheel- Wpehbablan be

or dat abase, 42 o redeterm ned fold geonetries that
%N%?i%%r%ﬁ +%1E%ﬂ%r§e§aBlFs?@EtEG€f fofnat ppgtdgydar

%éﬁri '|fn gblgo Pre8F agx dinbl e S€h 8GLyE BEEEEL el a9+ BR0ABLLY -
cutting machine, or is always interested in the highest
strength, most fatigue-resgistant folded structure,

regardless of the cost in terms of time required to cut

the cut zones.

[0053] Next, fold program 38 initiates a fold line
subroutine (step 305) in order to define a preferred fold
geometry based upon the characteristics of sheet 32 and
fold line 31. The fold program may determine the
preferred fold geometry utilizing a look-up table or
database 42 of predetermined fold geometries that are
stored in memory 35 (step 306). 1In this case, the fold
brogram will select a preferred fold geometry having a
desired shape and scale (e.g., an arc set). For the
purpose of the present invention, an arc set may include
a set of serial co-tangent arcs that bound a strap on one
side expressed in terms of start point, end point and

center point for each connected arc in Cartesian
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desi red shape and scale (e.g., an arc set) . For the
purpose o f the present invention, an arc set may

w0 p@boem2s set o f serial co-tangent arcs thatP@DUSINOE012052
strap on one side expressed in terns o f start point,
end point and center point for each connected arc in
Cartesiancoordinates Dat a corresponding to the

ci-f ¢, conbi ions_o f _connecting, arcs_and It

ek ageE0s  Pah B e e PN e, P b Ed SRSt ar ¢
G@ﬁlﬁlné_@@5ﬂlﬁ Akt ephakicvehy, athe beld spregred@dindy be
deternmne the preferred fold geonmetry by utilizing a
foprcdl §br EhEmE2ry ®ii BHeRas cBBaRest 6ed Safsvenory 3 5
(step 3 07) . One will also appreciate that the fold
programmay b e configured to determ ne the preferred
004t Hebavrayiveluti Ehei Agld poebirast Wdd lo detetmmiing dthe

a h al gorijth step 3 0055]
PRSP e ot by aP B9 hER T e hEha S 4730 e 43
wh goh i hdg Bdehhatodetiegchsmémbep 3@9Xsk@©abOW3akn©ﬁ%|w1ll
sheet 32 and autonatlcall% modi fy (step 310) the
Bt TP ePRECE bR B gEBAEL Fe eideﬁﬁﬁﬁFém @aaeb@cpp@ﬁlgured

Eéa@é@@fﬁ{né7tﬁgyﬁ§€f@r§gaeko§a g@gngg o5 abE?llZlng a

detection algorit r 1nput detecte to th
Qnmbxmabmomlgﬁrthhnfold detebtasa boberheeceds, adgbrithm

ther ég@ﬁ geonetric discontinuity present in the
e detection algorithmw Il automatically

relocate reshape, and/or othermﬁse nodi fy the

red ﬂ@% eonetr onpens for .| ocalized
B8 EiCere f e PESTRE ek cohphine)ude Bodsfoanien
defdrechmthe preteasedcEs! dseggnﬁbéy néca@puésﬁnteest he
el ectronic nodeling o f sheet 32 (step 311)
sheet 32 and automatically modify (step 310) the
preferred fold geometry. For example, a detection
transducer 57 may scan sheet 32 and utilize the detection
algorithm, or input detected data to the detection
algorithm, to detect a hole, recess, or other local
geometric discontinuity present in the sheet. The
detection algorithm will automatically relocate, reshape,
and/or otherwise modify the preferred fold geometry to

compensate for localized weaknesses due to the

discontinuity.

[0056] Once defined, the preferred fold geometry is applied
to the electronic modeling of sheet 32 (step 311). One
will appreciate that this may be done by producing a new
electronic modeling, by modifying the existing electronic
modeling, or by other suitable means. In particular,
fold program 38 populates sheét 32 with a series of slits

or cut zones 45 (see, e.g., FIG. 3). The fold program
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will appreciate that this may b e done by producing a
new el ectroni c nodeling, by nodifying the existing
web®@snywes c nodel ing, or b y other suitable ner€BEUS1005/012052
particular, fold program 3 8 popul ates sheet 32 with a
series of slits or cut zones 4 5 (see, e.g., FIG 3
) . The fold programmodi fies the electronic nodeling o
4 5| ocated .on

.she Wi _t he series, a.f sli
@loidﬁgfrl %Is% i gtgeo St I%fctotlré? nlj‘lcnénoff,(lj\ﬂ% conf[ s%ﬁ}ﬁ SHRE]Y neteh the
setriespotidisng t$erised &t L0 e WikthZONERONo SIFENRS Phne
The slit/strap configuration o f the fold geonetry

f

Paci MPighe§ldd§e Sediitice % feaFermandimg aﬁﬁ}ﬁ(ﬁﬁ ?ffh t
' d or,ti on 7 0 shee
%3@%??%& ?gf’%?’nﬁma%?%‘ ce4:6lh'e ifl’}]lééetsﬁs%/f%%é}d about
tohfiipumet3oh pfeecheef@ld BleGmetry mwiﬁt:/e%?,zecg%éto—
QA etc. of U S _Patent Application No. 10/672,
%ﬁ‘dér sPdeamga5c PR FURPF e Oén i é te 5t M BG RAARAH
p&rtneaEPayabad her eirn hrethhs Heherenees aidPWBd M&
W Il appreciate that the fold programnmay further b e
ebaf fhaeedicofpédadr aboved fivdad 1deeudtl dsseandy.or. bt .

[ n to,t he_fol [ gori thm. rder .to , ,
Zon I}Qﬁugﬁa?'p?%\'/i éé'e?rB?‘ri S5 - d8Ea r or ?’ﬁ‘ée&&r pwEd iggtion
Noit t heysvef veengniiheel abddabigeti-t b ohQ0%8k entire
Preferably, the fold programis configured to allow
THRCEREF ¢b YhiERelSmhRFpLParateRehpreiar bad thdlsd

BEPHBLAYe(Step 312), a s shown in FIG 3 . For
exanpl e, the user may further relocate, rescale,
reshape, and/or otherw se nodify the preferred fold

PAMEORY wily I85pEE0;5a 8! BaL NOHE, EBY AT E3EE, 20, il
[gar icu a“r’, thgﬁg%lgt%array %ae FTD%I hftl e§ n gF er "t
disphearc ebe adon f sgbtedctoafdédr revised bend deductions
and/or bend allowances to the fold algorithm in order to
continually provide empirical data for the purpose of

further refining the fold algorithm.

[0058] Preferably, the fold program is configured to allow
the user to further manipulate the preferred fold
geometry (step 312), as shown in FIG. 3. For example,
the user may further relocate, rescale, reshape, and/or
otherwise modify the preferred fold geometry, if desired,
using input interface 36. 1In particular, the slits may
be modified in order to displace, add, subtract and/or
otherwise modify the straps as desired by the user. Such
modifications may be performed to a 2D, unfolded model,
3D, folded electronic model, or to a model that can be
partially or fully folded and unfolded as a part of the
modification and design process. Moreover, the

modification may be expressed as input parameters that
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otherwi se nodify the straps as desired by the user.

Such nodifications nmay b e perfornmed to a 2D, unfol ded
wor@e9993D, fol ded el ectronic nodel, or to a nMeCEUS100#012052

can b e partially or fully folded and unfol ded as a

part of the nodification and design process. Mboreover,

the nodification may b e expressed as input paraneters

h "on ' b oupr cosed a oo .
LD 88 DL U spl e e QAP et o

biie tpeekariced-dmald rgrret ry is applied to the
el ectronic nodeling o f sheet 32, the resulting node

o f the sheet and fold geonmetry is output to display

[ms;t] 89ckornd $ialF S8l aldien JdelRaly (S epPld -to the
0060] In the event conputer 33 is operably connected
edegteoniicngodedtinge of1 sheled BPesulthengamddling fmadml of

e fold nmetry i.s_output .in,a,suif.abl-e formt
PRECKRRRT, PR B ohel O U Mois R dhibEot REY 30
cott irfiguaachimelbe iappkheide mprefies ed ol d geonetry

to the actual sheet 32. For exanple, step 314 may
conprise sending instructions to a CNC cutting nachine

fobéy) cHt shel bivent 2ohpl@etrhezagiudlpeshenty 3bected to a
suitabl e means including, but not Nimted to, |aser

eutEing, mashéne) éd . chbe ﬁfg,rs]ué@ﬁ@m medest afpitds; Isheet and
0L GCiLtay TRCOLILLO (RO BuRtathIOeshat 3 s

I nNg an noted I n connection
et hihgemprhoner ésatpd3appl thasi aldpowihoc esseutding

formng the slits ich Il contral and precise
TEEALES: hE BERAVnGL0r DERCEF Tt aPLa) SPREFGTY Sauihe
HEOCEDSEReat BYNChERG, eRLAPRLENIstEp) b1f49wa1yn950mgrtiﬁee

machi ni ng, phot o-etching, chem cal nmachining an
sen@inghesatprotessestara gHEt cubkanpymachine that cuts

slits 45 into the actual sheet 32 by suitable means
including, but not limited to, laser cutting, water-jet
cutting, punching, stamping, roll-forming, machining,

photo-etching, chemical machining and the like.

[0061] As noted in connection with the prior related
applications, processes for forming the slits which will
control and precisely locate the bending of sheet
material include such processes as punching, stamping,
roll-forming, machining, photo-etching, chemical
machining and the like. These processes are particularly
well suited for lighter weight or thinner gauge material,
although they also can be employed for sheet material of
relatively heavy gauge. The thicker or heavier gauged
materials often are more advantageously slit or grooved

using laser cutting or water jet cutting equipment.
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well suited for |ighter weight or thinner gauge

material, although they also can b e enpl oyed for
webmsnvei erial o f relatively heavy gauge. TheCT/OF20R&012052

or heavier gauged naterials often are nore

advant ageously slit or grooved using |laser cutting or

wat er j et cutting equipnent [0062] Turni ng nOMItO the

b lities o f van
PR Sushels: Seb P e pBRBH EEhedaR ngr adigt Drddram,
*\d&t:&bus kepetbe par ﬂ@S@Sg@oﬁtetbhésdw3Q[ﬂS&bﬂﬂbet 3e sleRigBed
"engi neered fold" refers to a fold or bend that may b

B FEoRpPT sHela by - beﬁarneha BHERPSEST OhntEiisaligiceivg ion,
desi £ ednfold lt)hgsréao gb 9Efér9r€t>egr glttaoo‘}f bend that

geonetry has been a
may ebée ahcopopl whhel hysbenésng & shtezonésmdbelrawd along

been a i ed thus, a serjes o f co nect ed e
e DR S Tl e PR on o pP R PRETEE P e B etmltry

end.Lbat s 9pYibge @E&Q”Pé'SQeghQMtCSEV%BEEQHQH ﬁ%@&swhlch
such as using a press brake or a | eaf brake.

EGeeerada$ yoffohd peogeakt 3ganaybeer spniigdr éadt d;habl ew

yser dec are_ or chang fold. e 3 .
SrST0 b SRR Frg 55700, Babinsieey Ths crefhongaxe
HatdexodpPees BouUsefolAYow BEnd ot RAOVInGe Besheebmplfished -
material with one or nore engineered folds, with one
B SRR hRe2 beReRIS oFUah cdRDYAAEY of PKeFgoPrake or a
eferably, the fold programis configured to allow
the user to sel ect between engineered folds and brake
bends i ndividually or globally. The methods by which

BT defoltbonce gy tan D oAtent LAty
alxﬁw anouser cto ckenbaoa @rf@b&n@eff@hé bénd/ 8ol df an
JRALUE (& SoaePIud "o SLaulatod fOId 1108 O thods. For
example, a user may wish to provide a sheet of material
with one or more engineered folds, with one or more brake
bends, or a combination thereof. Preferably, the fold
program is configured to allow the user to select between
engineered folds and brake bends, individually or
globally. The methodé by which such a fold/bend feature
can be identified and subsequently changed include, but
are not limited to, right mouse clicking on a face of the
bend/fold feature (e.g., on the simulated fold line on
the electronic modeling of the sheet), right mouse
clicking on the appropriate entry in design application
feature tree, and or by a navigation-type operation
utilizing drop down menus commonly found in design

applications and other windows-type software applications

(e.g., Insert>Sheet Metal>Engineered Fold). Preferably,
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the el ectronic nodeling of the sheet) , right nouse
clicking on the appropriate entry in design

wa@ppbioewes on feature tree, and or by a navi gat PONUS20p&012052
operation utilizing drop down nenus conmonly found in
desi gn applications and ot her wi ndows-type software
applications (e.g., Insert>Sheet Metal >Engi neered

| d). Preferably, the er subsequent|ly change o r
FREi ke S, FioedlfertSl JRade e Biitiads hr Voo
Sllattsiré ZaMiechi @@l | ectively make up the fold geonetry

may have various geonetric configurations. One wll
appreciate that the slits are coincident with the

asd] errhidneriGiuka 1t RE ieW pathieH 10WddRgIRGHIAS ub OFhe

exanple, with the cut path o f a CNC cutting system

$@éH geomgtirys &BYe detvien ¥ anichish gecmavatier -cqrei iaunat heps .
hi ne; r..Qt her suitabl e .nea e Wl | so,

BRETUARL, BB iR T ) T G By A HOue e

ohberehhamrlduet iofg t3idc leuads patli ofota Iduddiety tachine, for

i njection nol ding, castiQ%% punchi ng and st anpi ng.

FHOBBL S n"aihE o dire AL e @y éd NG U 1 g S et | ssech
gssHbstantialky 1 3cHale i$karg Wattlért—la%tc@qu\’cgﬁr% qﬁcgline,

thereof oriented foward told line 31 Gener
shidt ok stheroppdtatdleumeanisn woneh widd erl sootdpreredsiate
the, slit.have slit ends 4 9. interconnected in.a
%%?Faﬁégn§lﬁ§ﬁn@?yb ea%ggﬁﬁchWh5E§%8 @timﬁbﬁgFﬁ1ly,
thetsht sepHsabaveud hadi USml tkdcubyatiwre dthan imcSlding,
| ess than that o f the connecting arc, as i s shown in
Frefi88, PHBCRLPE appr e&pEPANghat the radius o f the
connecting arc may vary in accordance with the present

i nvention, and in one enbodiment may b e so large a s
K086ShphrornfacBbadimeatghrurved slit 45 may comprise a

substantially arcuate shape with the convex side thereof
oriented toward fold line 31. Generally, the slit is a
compound curve in which one or both ends of the slit have
slit ends 49 interconnected in a co-tangent manner by a
connecting arc 50. Generally, the slit ends have a
radius of curvature that is less than that of the
connecting arc, as is shown in FIG. 5B. One will
appreciate that the radius of the connecting arc may vary
in accordance with the present invention, and in one
embodiment may be so large as to approximate a straight

line.

[0066] With continued reference to FIGS. 3, 5A and 5B, the
slits may be configured for relatively low fatigue
resistance applications or for high fatigue resistance
applications. For example, slits 45a are not expected to

be subjected to cyclical loading or intense static loads.
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line. [0066] Wth continued reference to FIGS. 3 , 5A
and 5B, the slits may b e configured for relatively
wo owshgoryue resi stance applications or for hiBgEI/US2005/012052
fatigue resistance applications. For exanple, slits
45a are not expected to b e subjected to cyclica
loading o r intense static |oads. 9 7 -Accordingly,

ow f e resistant slits do not req |r i ncreased
St gty ket ahlotty oo e BRte R PLSec Bk s aatryre
fhékéﬁ@%ﬂSétfésQOrQQKSEQﬁééf§n§uﬁ§yaﬁél@bk%ed more
reduced-radii slit ends. In contrast, high fatigue

eeienbprlliyias agphapbiespdetedtt @eﬁuér§u5}l@§ﬂi@@ttl©lly

S eindt PRt O R e PE Bl T s ng

I'gue sITts are Torned W

femﬂstamf Ui vat asie &i‘l@teﬁp@cﬁ@l@stanbéabhbjéfmbﬁelto
t han that o f connecting arcs 50b. For exang cut
FekcR] f1a@lng ot IR ERSR{ aERELE Yardety, Sush high-

fiéi&ﬁéeg énafgcfofhed ﬁtﬁ §l§€aéﬁgst9?g ﬁa@ﬁﬂgrrgﬁll

narrower by constructing these cut zones
Qﬁﬂnunwazuxﬁtthmt|aremﬁmbatmﬁd1allg smaklantthag that of
e fromthe fol i ne and%é0|ned to desired. sl

di st
At (S ol D b B 01 A58 £ 8oL End bign

derrwag £ 1 Cid r ZON, | s a1 T PESELSL £QDI HSFIBNNG! can be
t hereby reduci ng geonetric points o f stress
sorthtrathorivider widarrsoeyen kit copsleruehing| thegadsut

z%r?eg%/re f%ﬂr%r%gaé}c ﬁéﬁ%@ Jfgrrggin Qgﬁé'ﬁ ggngegg gant

arc 1s 'se t iee mmna arc
jdgadmy&andggﬁﬁdmaﬂﬂe:ﬁmhy T 110en 4he j@iﬂeﬁlﬂ@ déQ@ﬁéa
Preferably fold program3 8 is configured for "slit

A stRd i iR Rkt IsFenBhing ahibxeeds

terminate the cut zone in a reduced radius manner thereby
reducing geometric points of stress concentration. To
widen such a cut zone, the slit ends are moved further
apart and a larger radius connecting arc is set midway
between the terminating arc sets at the same jog distance

away from the fold line.

[0067] Preferably fold program 38 is configured for “slit
trimming”, that is, the process of removing an excess
portion 52 of slit ends 49b after a connecting arc 50b
has been made serially co-tangent with the respective
slit ends, as shown in FIG. 5. For example, excess
overlap of the connecting arc and slit ends that is not
co-tangent (e.g., excess portion 52) is trimmed away
within the electronic model or the graphical
representation thereof. The advantage of storing compound
curves as arc sets in a fold database isg that

conventional CNC cutting eguipment that will affect these
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portion 52 o f slit ends 49b after a connecting arc
50b has been nade serially co-tangent with the

w0 e®peeeye slit ends, a s shown in FIG 5 . FRCT/US2005/012052
exanpl e, excess overlap o f the connecting arc and
slit ends that is not co-tangent (e.g., excess portion
52) is trinmmed away within the el ectronic nodel or the

ar representitlon t hereof . The advan&ggg%o f
O R GRRTEs e b o SRPE S I b e -
Ofet Hallcappestiianal tGNE euhiimen-etid REENLd Radedd

af fect thesecuts require connected arcs to express

E%ﬂ%ﬁﬁﬁ@ §9WV@§ndCﬁ@rWﬁlBlaﬁpﬂ@@mﬁﬁéﬁmhé*nbﬁﬁﬁﬁﬁﬂéans
§€Y1He§ Ug gmg ﬁgﬁﬁ?&%mﬁgqgou%%l %%BH%E% é funcqlon and

onetry, nes, b
®thgnnmaehematﬁua¢te&prégélohﬁethﬂﬁth@matEC@arametrlcally

expressions that can b e paranetrlcally scaled to
?L%é FRe2ShHBE 5DF PREPEUPIZERE &Lt RONSaRed (ihfe same

H‘rﬁé thsti pHel §ogehg ﬁ@@at aBhsthhe Sthab o gx%tph vﬂrdth or

strap density aré adjusted as required an
sonapniénshtyobteceddisied, aﬁokaqu@d@dta@d.lsfhdnja non-

con tant a e _fold. _A |t| e r, the cut
581 ar PohfEs Png ol HhA0B LR ook, Chettne
D@ﬂ@Cthégf@lﬁ 0fAHHQt§thH§y9UWhé@ﬁérl%he cut zone is

mat hemati cal |y expressed, the greferred geonetry for a
@@%%rm‘f@ﬁi. Aromnatanedr paPMEREEKWAER safopnectdngt édc or

ﬁ£9£§d QetQB §€:9 L ehgmatasa§h§”§§§ gg@%' g, hak

een con |rne for the materra
féiéﬂrédsgeameaxysfSB asqﬁhenvmateahamlaadsmaneteag
ker depictio connect ed

n o di h or
oo f= et acPoLstryl Hol FnBcSTofedgtabrre CoAR. tAnite
Pl athaht tio@el Predehbhnedeshr apnaxencar eopl ekdedteRial in

the fold
guestion.

[0068] A strap axis 53 is the virtual dimension (e.g.,
having no width or kerf). depiction of a connected zone or
strap across fold line 31 (e.g., FIG. 5A). A plurality
of predefined strap axes are provided in the fold
database. The fold program determines the strap axis as
wide, medium or narrow dependent upon the material and
thickness of the sheet. For example, the user may input a
specific thickness of the material and the fold program
scales the stored, appropriate strap to the thickness of
the sheet as input by the user. The scaling can be the
result of empirical stored data in look-up tables (e.g.,
look-up table 42) or algorithms developed and confirmed

by such empirical data and theoretical principles.
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dat abase. The fold program determ nes the strap axis a

s wide, nediumor narrow dependent upon the materi al
wa@naspysoekness of the sheet. For exanpl e, the PCEUSI08§012052

input a specific thickness o f the material and the

fold program scales the stored, appropriate strap to

the thickness o f the sheet as input by the user. The

scaling can be . the result q f .enpirical stored data in

BB 0B DR61 SERAEGRY oGRS IPRbIRP IR IE PRI GRS

devebangg1and ag0middoTed bk 3t LMY hEAlg 48 &_Nhi ze

theoretical principles .[0069] In one enbodi nent,

exrfdsstpges shewpredefricads Hodids gefome tax@mplie, tde Balal

r readsheet i s to organi,ze .and store t

S EaERFRod Perd WRonetr BEBRAne o 6 “darabsd ® hen

tiheabakd program ibe flioasledr Uhtdf @lethcdat alBASRD 4%haM it Rean

e | oaded into nenn&y,s_S so that it can b e queried as

bA @ﬂﬁ?é?énﬁ? paseifdeiens t dbiE. 1Rk UPoW s e_t-heEaCh row

Hﬁbkﬁecegﬁi§t§oﬁs&ﬁ%§|%%SVEE%ESaE%a%ag&%Q%d%%ﬂ té ainst

user 1Tnputs fromthe fold programand correspon |n§

ueeputsptihat fdescitihke falpr efregrad haldd cgearetpondiwd h

a constant fold deduction, that is, anal ogous ,

SBFBBRSaTRAb SEFETRer S PSP ECEREs: Chay ST ARYh " th a

88ndtahl-owrnee ahansk deducthon 9é,kaha%H@Io#JE§ i s
characteristic o f the preferred geonetry sé€l ect ed.
Yprhenspérione e txe G £8ctor heinhpurhdags aldlaiesi tthaa bend
b i_nput_ b h ser_ingcl yde; . erial; 2
TRt efeferh temt At B 88 Biferter o b
oRdrHbLewide)ic JF .t1G rgpe sPaLeAggbem@trySllacted. With
medium long); 5 . Kerf (i.e., the wwdth o f |aser or
ﬁﬁﬁ@pePgﬁ to FIG. 8, the input data wvalues that may be

input by the user include:

Material;
Material thickness;
Strap width (e.g., narrow, medium, wide) ;

Strap spacing (e.g., short, medium, long);

Uk W N R

Kerf (i.e., the width of laser or water-jet

cut) ;

6. High or low fatigue strength (e.g., the fold
program may be configured to default to low);

7. Angle of material grain orientation vector

(e.g., the fold program may be configured such

that “0” implies an isotropic material) ;

8. A scalar of material grain orientation vector;
and
9. Cutting apparatus.
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cut) ; 6 . High or lowfatigue strength (e.g., the

fold programmay b e configured to default to low) ; 7
WO 2088099920 f material grain orientation vect orPCEUS2005/012052

the fold programnmay b e configured such that "O0"

inplies an isotropic material) ; 8 . A scalar o f

material grain orientation vector; and 9 . Cutting

ratus. [ 0070] . The user_supplied input paraneters
RoRt e R g e S ST
e indy e ramdiep Mdtebatt e r fachs ndk adet e Wehble from
either require an exact nuneric match o r use range

u ) ] ’
Eé?@ed—m%ﬁ:%gi Bachopagpaepies; wiHel abhemyreaparet ha
f.ol.l aw : . i al eel _A36_Col | J.ed;
sl el e i SYILEE) JanSke RacBdonRah, TRaFht o
exblapley, the uStgrmmaSpacipig: THoON1 Powikerdauds 010;

6 . Fatigue Strength = Low;, 7 . Angle = 0 ; 8 . Scalar
=0 ; and 9 . Laser cutter. [0071] It is noted that

i sotrapi c sheelrimt & ideelhass Tzl RoMlate; for the
angl e and scalar, @ f the material, by definition.

Ani sofropi ¥efrgirdaila i Heaas s e - ZeY88m1 ue t hat

i ndi cates the dj KECHPNL AR@nitude o f the materi al
grain. The fol d program and attendant database o f the

preseft. i n&mapospeEyitg ackdrdy;s mat eri al
5. Kerf = 0.010;
6 Fatigue Strength = Low;
7. Angle = 0;
8 Scalar = 0; and
9

Laser cutter.

[0071] It is noted that isotropic sheet materials have a
zero value for the angle and scalar of the material, by
definition. Anisotropic materials, have some non-zero
value that indicates the direction and magnitude of the
material grain. The fold program and attendant database
of the present invention may track this material
orientation vector to prevent connected zones (e.g.,
-straps) from running parallel to the cross grain
direction. This can be accomplished by changing the
strap angle to a value higher or lower than what would be
used in a similar isotropic material, or it can be
accomplished by rotating the slits in the middle such
that all connected zones run in the same direction rather
than in the alternating, force-canceling manner that is
customarily employed. The software progrém compengates

for folds in anisotropic material when those folds-lines
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orientation vector to prevent connected zones (e.g.,

straps) fromrunning parallel to the cross grain
walreosoedoen. This can b e acconplished by changp@myusives/012052

strap angle to a value higher or |ower than what woul d

b e used in asimlar isotropic material, or it can b

e acconplished by rotating the slits in the mddle

h |__connect.ed zones run j.n the sa .
AEoctiBl PheroPothad din he At Ty Vorge macerial
vancelr,i RGaBAREr dilkaforal EeSidyTefdlat ey athe Tain of
sof tware program conpensates for folds in anisotropic
FBEeFP&PTWAdN t hose fol ds-1inesare other than paralle
or perpendicular to the material vector, that is,

di agonal folds relative to the grain o f the materi al
I001280@2F19§ﬁi1ébra| e Masemredr Vall Walnsslyiams rees esmct
Rt [ I n t val.ues wi | |
fuoeh I8 e Pebds 20 BN R Y R BT o
Jhatkabie mMapmbaepmilicbBednaddistst Thel obitarmiadl Yalikkness

and H gh Limt Valuye that _define a range between which
B uPEnTRECPEtn 895 FRE SPr XE W A g ik A ortsigt ¢

VBIGA, tBa® €eesnths Shhak BRAGLRY: whiernK r%@ﬁ%%.Qéafound.
I I I ne

mat ched against a range o f values al so de by Low

The BghplLddt defy neekqihre hent eBbetamatwdl,| s ddwes the
tting._capabilitjes f.the cuttin aratuys. A Kerf
é%?%?e%ggc%€§"beH§F%ﬁgﬁr$nm?ﬁeg?owagﬁgggbggélﬁFFhae&@ﬁge
sDWwaluéBeal 8bl gednfetihpyatbwabnle i ghRy.ihi@ sCoRFanRd in

to adjust the Fold Deduction according to a sinple

the t hakl e caf ovadl aas ThBSHPYRE LB Fapﬁgééiﬁéﬁsrééuth@
A PR 528" PRI e PRy (LT i che
Boldedbbbbgae wegbi eembntropariametteyr table and the actual
Kerf may be compared to adjust the Fold Deduction
according to a simple arithmetic formula. The High/Low
Fatigue may require an exact match and constitute a
switch or can cross from one family of cut zones to
another to another as the fatigue requirement parameter
changes. The Angle of Material Grain Orientation Vector

may be matched against a range of values set by table

limits.

[0073] The first row in which the set of inputs from fold
program matches all the Input Match Criteria values in

that row is designated a true rule and the output result
is a set of data that defines the appropriate strap and

fold geometry. The Output Values may include:

1. Jog (e.g., distance of the slit centerline to

the fold line);

- 32 -



changes. The Angle o f Material Gain Oientation

Vector may b e matched against a range o f val ues set
whyoosaoes | imts . [0073] The first row i n whi B¢T/UR®05/012052

set of inputs fromfold program matches all the | nput

Match Criteria values in that row is designated a true

rule and the output result is a set o f data that

defines th propriate strap and fold geonetry. The
Cutpu?’Vhlﬁ%igngﬁapﬁgﬁﬁgé: 1. Jog (e.g., distance o f
the siit ceaterkipertacthe fold line) ;2 . Fold
Deduction; 3 . Kerf Reference; 4 . Strap Angle; 5 .

Arc Sét. [BDr7ap Pmwelfeol d dat abase table may establish

l'arge_ranggs far  variables that are not sensitive to
. c e&. .

smal | “ thanges and ‘uni que val ues or small ranges for

those variables that are sensitive to small changes .

7 Pr ef er.all the fo program.is-al so,configured
DA chat aretananbepans, EhTePhad ePkaRatall 1500¢ Wkgle
fostea-NgbheEehanhsNBrasa6ei akadivtiiB ebt Beklanchanges and

engi neered fold or a_brake bend. A joinder feature is
WhETYharatees| Prafeslinsafgrhi A§roFesRnEerLeR16St thRG

éf@eséﬂgfﬁiygt@h ggg§§ Eﬂaﬁggggne o r at an angul ar
that 1s, ne

I ntersection, , chanically joining one planar
portion o f a sheet to another planar portion o f that

QAP P e RO -0 90 B boPIGL TG oTUSCherBlsa co
demaget Sdonsuch asréhdvseistiewnfeattbr&e” 6ofafatochliGg 6

ég hényg%ghagg cggggétwygﬁne?tﬁggegnigngineered fold or a
brake bend. A joinder feature is one that facilitates
the joining or connection of two free sheet metal edges
in a plane or at an angular intersection, that is,
mechanically joining one planar portion of a sheet to
another planar portion of that sheet or a planar portion
of another sheet. For example, one form of a joinder
feature is a lapped flange 54, such as those shown in
FIG. 6(a) to FIG. 6(d), which may result when a sheet is
folded back on itself, or when two separate sheets are
joined together. The lapped flange has four forms,
flange left inside, flange left outside, flange right
inside, and flange right outside. Other later forms of
joinder may include tabs and complimentary-shaped slots
that allow for butting engagement of two or more planar
portions and/or dihedral intersection of planar portions,
as described in the ‘870 and ‘766 applications. For
example, the joinder features may take the form of

aligned holes, tabs, slots and/or other suitable

fastening means. One will appreciate that such joinder

- 33 -



fol ded back on itself, or when two separate sheets are
joined together. The | apped flange has four forns,

wo b@sgeoobeft inside, flange |eft outside, flanper/vsyhs/ 012052
inside, and flange right outside. Oher later forns o
f joinder may include tabs and conpli nentary-shaped
slots that allow for butting engagenent o f two or
nore planar portions and/or dihedral intersection o_f

prakarepoleyoRs, t&TRPETT PP TIAHE 870 BRY ?EETPLS,
?@g&tﬁé‘ﬂbgﬁm, %‘Effhe@&&!}@ ,e’%élfpe%ﬂ\% naer; Jeatgss aray
ta ol es,

e the formo al 1 gned tabs, sl ots and/ or
vt héingui sabllerfagt ennhreeany., ene withlerapmosri dsestening

t hat ch jojnder.features nay . b e tenporar r
et atErral PP BRAfES. S ORI PECRIEIT S bt rds 3t
hegtvmersteips. VELCRO, welding, soldering, or

razi ng, and ot her known fastening nmethods may b e
used to secure two sheets together at a joinder

ﬁ@ﬁfufﬁe_£9956%r gfa&ohgypbegbégw&agdbwgtar%%%@@dé@ﬂa1ng
other editing tool's to assist the user. For exanple, a
toml $§ oteon febdsti shanueayi ne€pzdekoiglgener dtwd foymt Held”

fold programthat _h uni for trip,.and_stra

LRt AT aTTEedarahg PRECFBI Y Pie - PRof cedansparay chat
e fon DFdphdswibp BAdesarepnshanrticskbiraptwedt Bland, the
constant strap spacing along the Iength of _the fold

HPEgr bime Pr eFeF akgmPhe  f 81 HIHFBFFakPAc Mides bave a
U Sk APkl 260 LhmllneLpesn MpLorhooki o e

strap editinhg wthin a uniformfo
Tenyg tmcof porat fobd opabgrami onBreeefaphgdthie ofiml dephegdam

TR G I NN

{83 0cat b oB) stthp EhagingywhtBiseh sQitBah thed. a
éﬁ!%égg fold may incorporate global actions performed
from the bend feature control panel. Once the fold has
been manipulated from the Strap Edit Control Panel 55
(e.g., FIG. 8), the flag may be set so that the editing
may no longer be controlled from the Bend Feature Control

Panel other than to change the classification from

engineered fold to brake bend to joinder.

[0077]1 In operation and use, a user will first design a 3D
model of a part that is to be manufactured by bending a
sheet of material. For example, a user may utilize a
CAD/CAM design application, such as SOLIDWORKS® 2004, to
design an electronic 3D model of a channel-shaped part
having shape gimilar to that shown in FIG. 4,‘but without

the engineered folds of the present invention. -
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may n o longer b e controlled fromthe Bend Feature
Control Panel other than to change the classification

w0 e@s0eags neered fold to brake bend to joi nderpPCT/082083/012052
In operation and use, a user will first design a 3D
nodel o f a part that is to b e manufactured by
bending a sheet o f naterial For exanple, a user may
utilize a CADI CAM desi i cation, _such as
88981 DReRRSeKA PL2Dg4 CAD Cad ﬂ&ﬁlgﬁ EPEALCEHICTSD gy the

a [ [ r &
TRet Shoanorn Py e fR TS, SRRSI I
fbhtdsen thehémeeéeﬁttpnpeWWud@ @0 ESclammiexi2gt mmglel of
ications.allow the u

CRECE D CaFl 5o habT pURAEE Lo SRSABAEY £d PFRAHSEn e

Sb-peegbnliongr api garan slhectfiencat2bhendelyigderidi® folds
singl e sheet o f material necessary to produce the
ebrths p@ﬁ@EﬁQtBDnB’&le ioput wiucho GRDY R&Me Agisdeer ed

e se n
05 Pedrighe wbl o SkehBrEBanny seteiural HY St
théhshééeemaﬂateanaheneeeasgryotprpﬁudecehhhers@amartas
a s.wll as the fold |ines aboyt_ which the sheet
Wat br 8l thestopde 1ﬁaﬁaeab98tsw&ﬁ€htﬁ@edégﬁﬁédm@ﬁeﬁa@#

r[uQQE %be FP&l&éé”Ebeshéﬁé UBEr gBY rilil hbZzgalhe CAD CAM

design application to automatically determ ne the
geonetric shape o f a sheet having a shape simlar to

(063} §89“§x&ﬂ féCitﬁe’uEQkCHaghﬁﬁﬁlﬁéé Pne %%%?chﬁ de81gn

produce t part simlar to that showmn in FIG
dopl wceéhoob theavhgmatercedlioddseomiinehehpr gsem&trlc

t . Furt t he, CAD/ CAM, | t
S b Ertat PR F PRt B P nEnERE HARbLRZald FBak: FoRvg in

Frdold |WH§§hn§ﬁ§é§aﬁMytb@ fiekd thepshateotheFhE pirt
into the channel - shaped part

similar to that shown in FIG. 4, but without the
engineered folds of the present invention. Furthermore,
the CAD/CAM design application may automatically
determine the number and location of fold lines necessary
to fold the sheet of FIG. 3 into the channel-shaped part
of FIG. 4, but without the engineered folds of the

present invention.

[0080] The user may then utilize the computer program
product of the present invention to customize the fold
line in such a manner that allows bending of the sheet
material along the fold line that results in a 3D part
having edge-to-face engagement and support along the fold
line, that  is, with the engineered folds of the present
invention. As noted above, the program of the present
invention may be implemented as an adjunct (e.g., a plug-

in) to existing CAD/CAM design application or,
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of FIG 4, but without the engineered folds o f the
present invention. [0080] The user may then utilize

w0 b@soeyput er program product o f the present PCWESL008012052
to custom ze the fold Iine in such a manner that
all ows bending o f the sheet material along the fold
Iine that results in a 3D part having edge -to -face

enent upport al ong th foI li,ne, that, - i.s,
SRR kn P neBEoatr st tht ife fr SesiBT AR R
Srnekedr ahave, sthaapae8haN@ohrhhe present invention
may b e inplenented as an adjunct (e.g., a plugin) to

exi sting CAD/ CAM desi gn application or, alternatlvely,

@@H]niﬁgﬁﬁéegvéﬂEotﬁedﬁéégnWQQHEbc@b'@ﬂst@hu%é’%%ea%did
stand-al one program [0081] In the event the user

Wisdesthe uasrom&zesehectobdgnnneredhéoaﬁeﬂewsy §é@@dﬁ by

engi n ered f ol "101") b y strap

Tt Epane o8t (pParral) phodl B8\ P1gS BAE: S L

dPSryal hoUStARANEhABRYaBecuseflchasl agll bkalgehecuser's
el ections including but not limted to, drop-down

heplbitaral BaehbBRes’ andcbeRbiobgi faBLEdABans U008
f%&bt&8”£b”Uagogeés&ﬁ”ﬁgngg Fh§51§ phRe sUSEH W%hkééta

en enter fo enter various I nput
sal uels]l asseanat ed Mﬁth desired design criteria. For
exanple, in the event that the user is designing a 3D
part of a particular type of steel, the user may
[pERpcwitist eeht Anl64 feﬁaranbéstooﬁlavaslabhe oeker wdlg
such as alum num titanium or other suitab

rRERrFRFST byOhal< oPraFBpetdohA RBRGT oV 251AEF ﬁEQH§ data
%%ﬁﬁ%& NexbciBE-HSHL ARy 60166 LBE8igR! eriakrihi CkRgss,

example, in the event that the user is designing a 3D
part of a particular type of steel, the user may select
“steel A-36” from a list of available materials such as
aluminum, titanium, or other suitable materials by way of

- drop-down menu or other means.

[0083] Next the user may enter the material thickness, for
example, “0.104” inches. Alternatively, the computer
program product of the present invention may be
configured to automatically calculate and/or use the
material thickness based on the electronic model of the

3D part.

[0084] The user may then select the desired strap width and
strap spacing. In the embodiment illustrated in FIG. 8,
strap edit control panel 55 provides three choices for
strap width including “wide”, “medium” and “narrow”, and

three choices for strap spacing including “close”,

- 36 -



exanpl e, "0.104" inches. Alternatively, the conputer

program product of the present invention may be
weonsiogreeed to automatically cal cul ate and/ or PGEUS1985/012052

materi al thickness based on the el ectronic nodel of

the 3D part . [0084] The user may then select the

desired strap width and strap spacing. In the

enbadi ment_illustrated, in FIG ,_.Str edit coptro

pgﬁgﬂugS BV é§7rhrg$§ﬁﬂnWﬁ§§hcﬁnin% Ry TRFCINg may be

BNeLM@iAen’ WidtateriadidHicidd s, Nard QMich akd hrege user

choices for strap spacing including "close" ,"mediunt

ey vtadize ShegpradiEm avd asthcap tsipadiing sl e the width
Lo f: rJ hi_c SS, ¢4l ' case. th

eyl el e R b et ored

thetwedtihtabdcer asigairnga1asa6 @l dypradei+tingdnscal e

range stored in the database and/or cal cul ated by

ARGBFPERRE SPN ST FECAPEPITIT-he Frodidrh a@Rragiate that
rec t e r b_e ' i

B Poreian Bl biC AR R &° Peatdetiick %

pidvhdeddwephcreahoitesal bownslye bes @ravd degputi tdt herans to

i, dt hs,_and/ or _spaci,ngs . desired hy the user. [0085]
RLEOP ERB e RRy 1P CEReTaudtiad REEY o1 gibactngs
e¥ampka, by0cB88usierches. The program may also b e
configured to automatically calculate a desired kerf

based upon various paraneters such as material type,

[wodser vaket htgkneser aR¢ 9hpothehedesizGRed kerf, for
consi derations. [0086] The user may then sel ect the
geanped, f 401 §08”sinehgesh. Thet beogrhms meat @d so be

' , . Lh r ho tween "Jow fati "
R S R S e
bha¢dt popr ograsusBpakateters such as material type,

material thickness, and/or other design considerations.

[0086] The user may then select the desired fatigue
strength. In the illustrated embodiment, the user may
choose between “low-fatigue” and “high fatigue”. One
will appreciate, however, that the program may be
configured to allow the user to input a particular value
or values associated with fatigue strength (e.g., modulus
of elasticity, etc.) to further customize the desired

strength of the fold line. .

[0087] The user may select a material vector to change the
angle of the cut zone(s) with respect to the fold line
and/or the scaler of the cut zones. One will also
appreciate that the program may be configured to allow
the user to vary other characteristics of the cut zone (g)

including, but not limited to, pitch, jog distance,
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configured to allow the user to input a particular
value o r values associated wth fatigue strength
W@ 2009/099920dul us o f elasticity, etc.) to furthe€T/US2005/012052
custonmi ze the desired strength o f the fold Iine.
[0087] The user may select a material vector to change
t he angle of the cut zone(s) W th respect to the fold

Line a r the s aler f ut z

GPES B FBErate Bhat 1| RETRFLATAE R SR, be
abhewgtreguser 1tl@tV@ﬁ:')’pQU?r®t Glhar @@t&f idesetediddes, or
cut zone(s) including, but not limted to, pitch, jog

ahet RNEETaBs MAwd behapad icsred sor AFoddide et ol panel
grQE%tegtgggfb%u%%d“%%V%h%%dgrH% E‘%B.]ﬁ%ﬁredct

arac eristics rth rogram na e cont
prOV|de such characterlstlcs on an advanced nmenu o r

0og, box. [0088] he us nax l.s el ect I|p to
@b%ﬁdgg dP?S%nPFHuF ese |§§tﬁe S eeVQ%a &ia

afdsaeantntiheyf plrésk-:me chheeme@Ite malthe-iengiaeeiesht the
fold may b e "flipped’ about the fold Ijne _such that

£Rédpbdnei onFeTf c&ABR Sz 018 ak5Pe NERE Colt® 4d may e
nkﬁ&gbgg"agpghttEﬁef?Bleﬂ Se B0CLViERVRIRALHENEon of a
means nmay a e provided to reconfigure cut zone
poSizaniagoVe aheldoddsdanE|nslnuegoreﬁoa&ﬂuujuhetﬂuid

yts i h | ect th t
D38 R B PEWYBReG <p PRy tn oSS GGG R e

par tebBdeh Higeandionzonl pbecireniag2ZRosheeti arodel i ng
i ncorporating the customzed fold line, that is, the

ehgraebieditekd-9 . |f the user deems further
nodi fications are desirable, the user may return to

strap edit control panel 55 to edit his or her
908 use the user inputs his or her selections, the

program the user may review on display unit 39 an
electronic 3D part modeling and/or an electronic 2D sheet
modeling incorporating the customized fold line, that is,
the engineered fold 9. If the user deems further
modifications are desirable, the user may return to strap
edit control panel 55 to edit his or her previous
selections. Provided the user is satisfied with the
resulting engineered fold, the user may output a 2D or 3D
electronic modeling incorporating the engineered fold(s)
to cutting machine 41 (FIG. 1) and/or otherwise output
the modeling(s) in the form of various well-known formats
including, but not limited to, .MDF, .DXF, .IGES, and/or
.STEP files.

[0090] In the design of fold lines in sheet materials to
effect a folded, three dimensional structure, accuracy,

rigidity, and strength are useful advantages of the
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sel ections. Provided the user is satisfied with the
resulting engineered fold, the user nay output a 2D o

w0 28B0egd9ext r oni ¢ nodel i ng i ncorporating the enPCTER008012052
fold(s) t o cutting machine 4 1 (FIG 1 ) and/or
ot herw se output the nodeling (s) in the formo f
various well-known formats including, but not limted

to, . .. DXF,, . IGES, and/or .STEP files. [0090] In
PRESEEG GHCIH 0 T ok | 1 shosth HEPLLEd! 8% of f oct
arbpbeeda1tify e didBNHONM nSt FYBELT €, TREEHI 3&Y 4 design

rigidity, and strength are useful advantages o f
thepeesdift Hanmaan dhe hending sfareenefothedeagdneered

[ tically reduced bending force. .There is a.design
?Pg e-acln'J’r%\‘a tkg%et vl\lgLeri”? dtee bsg:nrd?r%tl?‘ ocr’get%ag ?ﬁ%ae é’i%ﬁ]éélr &d
tobgednad e WimdmiordT engtbcutel hathéobdndihll Foxce

cl osed three dimensional structure. The_bending force
Ls8 & product ¢fF Wariis prrareters ineluding, but met

ki, ) I Qﬁgggl' t S | a tp_s
g%gr&%gg tst?)r'ap%tté% ere 1&%&{,\/51{%&}% &I%l dgﬁﬁing? %gﬁg
degirgrer swamnies aanoder ywestatoinge ftod dclhdiefiodd hi gher amfumat
f .bending force nust b e tolerated resulting in high
QP18 aan ey St Tigh Sl vt Che o gt Pk amotine
¥ENbHEnle Wb EREideg ﬂﬁ&%@%ﬂ&éﬁmnﬁ@éﬁﬁgiﬁ?oﬂh hhen
ultimate strength o f the fold, then a | ow strap

gdenspt feand tvaprewhsiighae twiant wigdtdh enpl byaddesigner wants
e ate es._C t. in.Jjnte L a .

$8h CPERA LA et B A R Pl B Tt g waeamate

acheayeht bésehker dda-Qf fthdiy directsyrspetehyi vg shaap

wi dt h and strap density and/or other target paraneters

?6¥r§Wr§ﬁ§PH WFdFélﬁﬁﬁ;qmﬁ%9¥%ﬂnncFWE%%W?di%t?hEalues
shhapewidthiand nslhaRr AeNY WeNBIY.  The fold program

may allow the user to achieve these trade-offs by
directly specifying strap width and strap density and/or
other target parameters for strength or folding force
would result in the strap width and strap density being

driven values.

[0091] Traditional bending is able to hold the bend angle
because of the high bending force required to take the
material through plastic deformation. The presgent
invention may take advantage of a lower folding force and
might not be éxpected to fix the rotational angle of the
engineered fold. However, a closed three dimensional
structure fixes the rotational angle through the
intersection of interlocking planes and the overall
structure is both rigid and strong in the same manner
that a pin truss makes maximum use of the materials

employed. When opportunities for restricting all
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driven values . [0091] Traditional bending is able to

hol d the bend angl e because o f the high bending force
WO emsioswes t o take the material through plasti cPCT/US2005/012052

def ormation. The present invention nmay take advantage

of alower folding force and m ght not b e expected

to fix the rotational angle o f the engineered fold.

RS Serto e B Rt S B § Byt
At aldcREkiaitPhanas ard Jhesaueralerst1ME L & S ROt Mnix

rigid and strong in the sane manner that a pin truss
rares heaxiemanngsgey! flallds ity i tatad idnipdrogdetly Weiein folds

rtunities.for restricting allyotati onal degrees o
PRSI CT Y shE e i A P e SRR St 1y
bheecpogsenied Myent ifelkiimy o helciix dwget her

engi neered folds with traditionally bent folds o r
indicate that the engineered fold may b e subsequently

posgnataerednBY 18, f ¥3en & ¥t WRHRACIHASHRP o 3R ]present
Additionally, the software programo f the present _
LRVeRrtien and the atteadamt @@%@W@ & mprafferred slit

j r raphi_cs, .
SRR PR b b A el o Henemar et 1y
aprntaspdacsupstiad icaldvesc eeskant erdimesred f ol d

deducti on ong an iven fold. This_may b e inportant
R B S ann R Pl af et Beoran EennAcH it e L ong

&85ULEvER gUbgeCt TR Wbl $kr aRpdeRsind e SifForm
width that differ fromthe original uniformfold. The
foyd #Bsedpreflepadl paniyudpsedhehatsuestudrnt ilad Isubsection

FRCR B0k BOBCE Y 1o Lot iR L) Tk A €
detigthabnuaoistantold .t hehehapg, onbsth@referably, is also
held substantially constant along any given fold, so the
primary variable that can be changed to hold the
engineered fold deduction constant is the shape of the
slit that defines the intervening connected zone. The
slit shape cannot be expressed as a single parameter.

One of the functions of present invention is to assist
the designer, in the process of modifying a uniform fold,
to optionally restrict the fold modifications to those
that have been predetermined, empirically or through
finite element modeling, to have local engineered fold
deduction values that are compatible with the rest of the
fold. Otherwise a physically folded sheet of material
may rotate slightly relative to the electronic model from
which it was designed and the overall three dimensional

accuracy and rigidity would suffer.
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slit that defines the intervening connected zone. The
slit shape cannot b e expressed a s a single
w@a0oa0eoes. One o f the functions of present i|iPWBENS1005012052
is to assist the designer, in the process o f
nodifying a uniformfold, to optionally restrict the
fold nodifications to those that have been
ﬁ&gdetern1ned enpirically or through finite el enent
bl FRY, CPBVRRGEFEcaP @ﬁ@ﬁﬁé@?é&nfépé FERIEE 6h

&é£9ﬁ§tigﬁt ﬁr%h%°§??Eh3E8 WU%Emkhet%%SEé%dé_JHbJQ£ﬂ

herw se a physic y fol ded sheet o f materi al
Fupate”sngbWhy pel &flbwert' o PﬁefeWeamdoﬁmagmmdm Wﬂnﬂmde"
gned .a d t.he oy

Ao e S B g B sl et &ff. (6603,

ﬁ?éséﬁBVﬁﬂveﬂﬁﬁohnw§%ﬁ|ﬁaﬁbk@ﬁcén@oa%%ér@b%l@@%ﬂ@‘dﬂﬂbuch
In the appended clainms, the terms "up" o r "upper

f@@mnre@ra5|dméplaYEﬂeﬂn"thﬁdflgugﬁﬁ" "i nsi de" and
"outside" are used to describe features o f the

present invention with reference to the positions o f
[90fsh Ieam@ngsraspedtspthyemOdﬁfﬁnetﬁbgﬁr@§ the0og4lidus

respects ations .
TR e PEetiplE R bR brrRdtrh, MiRA P keRiPas, 2ndy the
s &fe SBOEetreheeenaReRHIEr 8b316akHowedshpssulpe pag, “b~,
"a', "b" “c" , and "d" designate corresponding parts

“cf pooBf TG PepégBRRg He5EPPBPREARIOPRTEFec fi C
enbodi nents o f the present invention have been

presented for purposes o f illustration and
@@§br?%?|%ﬁregﬁéygadésﬁéﬂpFhP@ﬁd@@ gBepifiexrEpodipents

8F 4! biLboh e hDURDt LANL O BEC! BELSEALAN  or purposes

VIOUS y nmany modi ffcat ons an

NﬂrlthQDBaanenpaaélﬁéecrmpthght oTheyherabowe intended

L8N D0 108 SIS LB 2 En ORe n B 8n 8 thRe D i e
forms disclosed, and obviously many modifications and
variations are possible in light of the above teaching.
The embodiments were chosen and described 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 modifications as are suited to
the particular use contemplated. It is intended that the
scope of the invention be defined by the Claims appended

hereto and their equivalents.
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best explain the principles o f the invention and its
practical application, to thereby enable others

W@ Riosloex®23 n the art to best utilize the inventPORUS205/012052
vari ous enbodi ments with various nodifications a s are
suited to the particular use contenplated. It i s
i ntended that the scope o f the invention b e defined

by the Cl.ains apgended hereto and their
%%%Tv%?eﬂ%%?%@ﬁr PS CLAMED IS: 1 . A nethod of
designing a desired fold |line for a non-crushabl e

sheet1of matgetpbdcerPaESigdihBeastepsrel: reell Niikg for a
said desired fold Iline in a parent plane on a draw ng
Rt enyshadlpopheati a§ vardrisldopimAsiging &heolsgeps of:
georfeaéy%wﬁ “Qé?@ §e§§£é83f8§d°ﬂn§°933at g%&e%%f' E%n% on
seri es of connected zoneS configured and p Sition&

4 efleawimegt ©oysaéd; fahd | i ne whereby upon fol di ng said
material along said_ fold_ |ine produces edge-to-face

|
engageMent 2ot g af i dut et al 18R BppBsht ECSPdE8OBEE e

GH1ZONES o Zser]BE OBLEQC ASnsst FﬁQEtHeS?nE| 3 Bblies of
further Tonprising locating, scaling and/ or shaping
sainkced zommess t conti gueed adnid cooaigtiededonedathat ape

al o id fold line so as t nabl e sai.d edge-to-face
SRR L i b St Ep i e R i CuRbRE 160 ploRs
dold td18.18he JheauBEHosiGS- 661 FhOEt BngAgEhah® 8f said
further conprising relocating, rescaling and/or

nadsHa hPatorrasitoneldgs sar dtleat cybnesned. di spl ace,
add and/or subtract at | east one of said connected

zones . 4 . The nethod as set forth in claim3 further
conprd si ngfhe method as set forth in claim 1 further

comprising locating, scaling and/or shaping said cut
zones to define said connected zones that are along said
fold line so as to enable said edge-to-face engagement

upon folding of said material along said fold line.

3. The method as set forth in claim 2 further
comprising relocating, rescaling and/or reshaping at
least one of said cut zones to displace, add and/or

subtract at least one of said connected zones.

4, The method‘as set forth in claim 3 further
comprising:

detecting weaknesses in said parent plane; and

relocating, rescaling and/or reshaping at least one
of said connected zones to displace, add and/or subtract
at least one of said connected zones based on localized

fold geometry adjacent said weaknesses.
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detecti ng weaknesses in said parent plane; and
rel ocating, rescaling and/or reshaping at | east one of
W@ 200d/0e9phect ed zones to displace, add and/ or BCBHUSZ0$/012052
at | east one of said connected zones based on
| ocal i zed fold geonetry adjacent said weaknesses.5 .
The nethod as set forth in claim1 wherein said

popul ati ng fines said cut .zanes -.and conr

zonesgto rg% B‘%grggf'cﬁﬁ%eﬁffgﬁl&ﬁ G iy e, W §iEh saia
popaleEenhnistiept deF 1wReN shaldictd SRird TR | nad &y

said fold line. 6 . The method as set forth in claiml
EOPEReFOCcBREERSI §r@§ﬁiﬁpﬁ§aﬂﬁn§qwﬂnd Jedristusy ased
#pOBcaLe! eAst 109 RALANR ¢018ALECL I EAPLNR 0L sa1a
material, materi al ness, rap w , strap

Oehdi Lynekerf, fatigue strength, and angle of materi al
orientation. 7 . The nmethod as set forth in claim1l
wherein said nethod is inplenented as an adjunct to

one of_ a Cf\@é%%%at ag E@w re L@l dnand 2y al Cturth oF

capabllltles . The nethod as set forth in claim

¢®mphe$1@@nﬁefsnmggpsgvddﬁn@dagepmaath@ased opogaiad
ystem t hat di zones and s

connec e% %ﬁ%@egggng??gcgéépigama§§8 grong &4 Ea%ﬁqial

hateridl . tibeknesbpdsagapewifioht hstrapl defsl then@ink,

said method is inplemented integral wth a CAD CAM

Ft e T Ao EBr daBAdanai el afcmphBripdi esiengating .
method as set forth in claim1 further conprising

desi gning a creased sheet -material product including
creased f ebharmesthofieaei sesafdrcht irongaiand shedtein said

éérgggﬁféjfﬁgfgmgﬂgeéuggrégpgéﬁgnggogotQgecg%agegAD/CAM

system having fold and unfold capabilities.

8. The method as set forth in claim 7 further
comprising providing a visualization on said CAD/CAM
system that displays said cut zones and said connected

zones geometry as populated along said fold line.

9. The method as set forth in claim 1 wherein said
method is implemented integral with a CAD/CAM system
having fold and unfold capabilities.

10. The method as set forth in claim 1 further
comprising designing a creased sheet-material product
including creased features, wherein said cut zones and
said connected zones are superimposed upon the creased

features.
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features.11. A nethod of designing a desired fold |ine

for a non-crushable sheet of material conprising the
WGEL@p®9Iwes storing a plurality of cut zone PCT/US2005/012052

configurations and connected zone configurations

havi ng differing di nensions and/or shapes; defining a

desired fold line in a parent plane on a draw ng

syste sel ecti a preferred cut zone and/or ,
prefefied %oﬂﬁ%@%@dogoagsﬁﬁpéﬂghQvée§1§? 'FEH‘@H&&@ for a
R4 seabRapl 8cghbig 8rPhgterigd teldraeamef heallRps of

said fold Iine, said preferred fold geonmetry including
sai d sebetnedacpluranetindfsaid gehecredfdgmredtions and

zone: and rel ocati rescal ing_and/or,.r-eshapi ng.sai d,.
EPErFTed FO7G GRoRerPy ro P SHraceD add analgr o tensions
st saciéhabpes east one of said connected zones, whereby

upon folding said material along said fold |ine

pr odudeEieHyet - deaéecdnfagemaficof Nsdi BaFRNEr PdRnEnon a
i Le.si .of said cut zones. 12. The method as

%égwiﬁ#tﬁﬁ%ﬁgﬁfain1ll further conprising providing a

f ast emehgcimbchani spneferrpdr autt zogecendéotri anpakefarred

first plane of said terial wth second pl.ane
R i { AOR% HOF FReBaEP afedF R BER0ehaPPORR PRE d

foldiééﬁ%i%g a %P@f@?k@gdf@§d3§épﬁ@EEP bopbakBlib2 fo14d
wherein said fastening mechanismis selected fromthe
bwrp 9fidlpypedrhetiesoldageomstsysinadudsdnsi satidon

égfgéﬁgd g@t'%AhgogggtSg%grggiggkgaogﬁﬁbebgeg zone; and
conpu erreadablre nediumfor usé I'n a data processi hg

syst ere¥ocalebhgni fgsaalesgr &ddfoelkdrkshaptiay aaid

non- crushabl e_sheet )

preferred fold geometry to displace, add and/or subtract
at least one of said connected zones, whereby upon
folding said material along said fold line produces edge-
to-face engagement of sgaid material on opposite sides of

said cut zones.

12. The method as set forth in claim 11 further
comprising providing a fastening mechanism for permitting
connection of a first plane of said material with a
second plane lapped with said first plane in association

with said fold line.
13. The method as set forth in claim 12 wherein
said fastening mechanism is selected from the group of

aligned holes, tabs, slots and combination thereof.

14. A computer program product in a computer-

readable medium for use in a data processing system for
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of material, the conputer program product conpri sing:

instructions for defining said desired fold line in a
W@200810999p3 ane on a drawi ng system and i nstruckCDOS2008012052

popul ating said fold line with a fold geonetry

including a series of cut zones that define a series

of connected zones configured and positioned relative

to said fold |ine mhereby upon folding said nateri al
‘éﬁ%hg%ﬁﬁdaf grgirede Bﬁé‘d&&é@ &@ge &%(%L@Wre?ﬁeet

8ff satdr-agier Ak eBrPRRAeS L8 osrdes pHodte Wln

. The conputer program prodict as set forth in cléfm
14 f uinberucoapnesifry destindog ees of cedigrat ifig,d line in

L / id cut to def d
R ORECHE4P 2BEs it (APW BPoRg 44T B |ine <o as Lo

enabl engei-dcedegst @oﬁcagapamg@ge@e@Jalleap@a)ﬂdoll@r@ wifth a
said material along said fold Iine. 16. The conputer
peo@ranrpebaiicinadudénof or eRTILRSCI4 MUE5 ZomeEhdhat define

| J
§oaP5teh odn kb e R 2o s, B IBLRY RO ER M onea
tesat ace, taddaaddfandsmbhéawheaébWea@bnoE@l@hn@msild

connegt ed zones gonput er progran1product as

Bater ot hatangl aﬁﬁﬂléoﬁ-ér%ﬁaﬁ PERAMCEEN G S ons

{Ragehest i By weaknRsses LN %ﬁ'@pE@%%%% %ﬁ@%% ANdhe cut
I nSttuctions for relocating, rescaling and/

resdapi ng at | east one of said connected zones to
di spl ace, add and/or subtract at |east one of
sai dconnect ed zones based on | ocalized fold geonetry

adj ace®t The computer program product as set forth in
claim 14 further comprising instructions for locating,
scaling and/or shaping said cut zoneg to define said
connected zones that are along said fold line so as to
enable said edge-to-face engagement upon folding of said

"material along said fold line.

16. The computer program product as set forth in
claim 15 further comprising instructions for relocating,
rescaling and/or reshaping at least one of said cut zones
to displace, add and/or subtract at least one of said

connected zones.

17. The computer program product as set forth in
claim 16 further comprising:

instructions for detecting weaknesses in said parent
plane; and

instructions for relocating, rescaling and/or
reshaping at least one of said connected zones to

digplace, add and/or subtract at least one of said
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said weaknesses . 18 . The conputer program product as

set forth in claim214 wherein said instructions for
w@opalgworhig defi ne said cut zones and connect eRCHUS®E5/012052

to resist stress concentration and fracture initiation

upon folding said material along said fold line. 19.

The conputer program product as set forth in claim14

further conprising instructions for defining said fold

ﬁeaﬁﬁFde&Qéﬁ%&éﬁeﬂ qneélﬁca&'i'@%rfé?ﬂé% FeUPRRY czd] acent

trom thegeup of material, material thickness, strap
w dth, strap density, kerf, fatigue strength, and

angle of material orientation. 20. The conputer

pr ogr product as set forth in clajm.14 wherein said
Conmutlr prdr SATBFE AT ErCSaoh HAGHRE (2 Set foreh ‘in
engtial hat whe reinh sa i GABMAMEHSIRIE vt Rbdl £k Bl define
unfold capabilities. 21. The conputer program product
831defutorpRepn aghaiconne atec renesoisr ivgHgt stress

] Lons_f p 1 di A i zatjon id .
R e dp e R 2SS, it R Py e
nateechddazongs sgedneEbly ddnpapul ated al ong said fold

line. 22 . The conputer program product as set forth
in claim14 wherein said conputer program product

i ncl udes arADLCAM.RRR! Leabam Radagd oL 9] d

capabilities.23 . The conputer program product as set
¢bain LA Ehabhel4cbuprhed ngorpsitgiued lomst rfigat idefsirfiorg
ggfiggiﬁg a cregsed she% -mat eri al, product includ%p

27 edsed FedPUPEs T Y WREPE N B d A ut 876 Te ST P TATE ES
f@n@@cé@d fZzeReshar groupebirnpasesivpgn rdesiried ¢igagedss,
sggégrSEGth, strap density, kerf, fatigue strength, and

angle of material orientation.

20. The computer program product as sgset forth in
claim 14 wherein said computer program product is
configured for installation with a CAD/CAM system having
fold and unfold capabilities.

21. The computer program product as set forth in
claim 14 further comprising instructions for providing a
visualization on said CAD/CAM system that displays said
cut zones and said connected zones geometry as populated

along said fold line.
22. The computer program product as set forth in

claim 14 wherein said computer program product includes a

CAD/CAM application having fold and unfold capabilities.
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24 . A conputer program product in a conputerreadabl e

medi um for use in a data processing systemfor
waelewsgeiony) a desired fold line for a non-crushetl/Es2005/012052

sheet of material, said conputer program product

conprising: instructions for storing a plurality of

cut zone configurations and connected zone

confi ations having differing dinensions and/ or

Shapes i nPRUEETBNE o TEAN Y %6 fdsi 32 P90l EPTFheLn
ERa@mPane Rt Rhane Qi3 qng%ﬁIC%ﬂOﬂ@%&fJC&% ing a

for selecting a preférred cut zone and/or a preferte
conpeetiegheemie maltieah ala wercaludes i imed whiapze areh sodl e;

instructions for, locating.,a preferred fol eonetr
LPRRGYShy AVPSTa R RE Lok A FRSES A FEIYT GoT5Ad Zones
hoel 4dpBe i apodetiehipohedetdt-eeORe ARG S a hinptast ed

connected zone; and instructions for relocating,
rescal i ng and/ or reshaping said preferred fold

geonetpy t i , d/__or. subt.ract at |east
one o%ﬁéaig ggﬁ]ﬁggt%%dp%o%er%% \Rﬁfgrde C;}L‘ ulrglor‘?L fcgqmé:f%gersai d
ratdabak abdhgmsd@ibd Liskdih Be dpredptesctdgderg tdrstfatceEor

ngagenent of said material on opposite sides of said
J8t.96m8g. 22955 FREdcoRIGt ALBr SoTam FOSIGL e RIe Sheet

EOrhBrbpighal Bh24 EURLIRECRIBE R GRS J19y :
provi ding a fastening nechanismfor permtting :
connetrgbnuct ianki feotrpbanriol sapdumatlétivalofinidut @&one

T R T RN XA T —
@1 DPEATHhYr QdehsasnsehnligbhshBpekai m 25 wherein said
fastenpi ng nechanismis sel ected

instructions for defining a degired fold line in a
parent plane on a drawing system;

instructions for selecting a preferred cut zone
and/or a preferred connected zone which have a desired
shape and scale;

instructions for locating a preferred fold geometry
along said fold line, said preferred fold geometry
including said selected cut zone and said selected
connected zone; and

instructions for relocating, rescaling and/or
reshaping said preferred fold geometry to displace, add
and/or subtract at least one of said connected zones,
whereby upon folding said material along said fold line

produces edge-to-face engagement of said material on

opposite sides of said cut zones.

25. The computer program product as set forth in
claim 24 further comprising instructions for providing a

fastening mechanism for permitting connection of a first
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fromthe group of aligned holes, tabs, slots and
conbi nation thereof. 27. A data processing systemfor
waelewsgeiony) a desired fold line for a non-crushetl/Es2005/012052

sheet of material conprising: input neans for defining
said desired fold Iine in a parent plane on a draw ng
system and conputing neans for populating said fold

line with a fold geonmetry including a series of cut
PbABE Phafadef MAESH1gdr Meshop E6KEESt 8d3endepped with

i gt 0S|t i celat 0 [ |.d l.i.ne
T by S oR PPt h SaPRE B R 22 £ g™
i ne produces edge-to-face engagenent of said nmateri al
on opposite sides of the cut zones . 28. The system as
cet o8t THE cPRIRT S $ X WREPET ATs REGEGHp S 76 ne@rdh in

tpgahess whalesnandigr rabanasngaid chihizAnes R 1dekHide
said connected zones that are along said fold line so

Bsomotkapapteusabl adgeoned- hadesengabenestilotypomnidol di ng
ald materjal along said fold line . 29. The system

éém§%?a¥%??h{%%r%?grn128 wherein said conputing neans

rel ocates, rescal es and/ or reshapes at |east one of

said cut zones to displace, add and/or subtract at

| east2bne dfd3&p dPEBRRBELRE FYRES™ B0r FREeigPiremras

%@éiéé’cﬁtf‘oi £i 4k mEg) &hﬁéﬁéerﬁé‘iﬁggﬁ”@ﬂ%ggo%eﬁﬁ%erial

et ects weaknesses I n sai aren ane and rel ocates,
eagpal 5n@nd/ or reshapes at | east one of said

connerlss: senss, |god SpLoges a0d andi gl SPLLRE 1t 1
parent plane on a drawing system; and

computing means for populating said fold line with a
fold geometry including a series of cut zones that define
a series of connected zones configured and positioned
relative to said fold line whereby upoh folding said
material along said fold line produces edge-to-face
engagement of sgid material on opposite sides of the cut

zones.

28. The system as set forth in claim 27 wherein
said computing means locates, scales and/or shapes said
cut zones to define said connected zones that are along
said fold line so as to enable said edge-to-face
engagement upon folding of said material along said fold

line.

29. The system as set forth in claim 28 wherein
said computing means relocates, rescales and/or reshapes
at least one of said cut zones to displace, add and/or

subtract at least one of said connected zones.
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| ocalized fold geonetry adjacent said weaknesses. 31.
The systemas set forth in claim27 wherein said
wevp999ny neans defines said cut zones and coOPCEHUS®OS/012052

zones to resist stress concentration and fracture
initiation upon folding said material along said fold
line . 32. The systemas set forth in claim27 wherein
said computing neans defines said fold geonetry based
upon at | east one paraneter selected fromthe group of

mat er Lal , er.i hi_ck S, ap.w dth, ;
densi ?9 kgfﬁ%, S %ttieglug%s%rggnéftoh, rhaﬁé1 é:(rsitgalqem z%g %u‘g}eeﬁefla
gsiéntainpanind3meihe sipstemsawcsdndsardd im «dial madent

further conprises nmenory nmeans storing a_plurality of
Bt 208t BRHi HEAOFBLESyeSRECAIIES PrupSTraP e &l ‘Gt

BARLaget g5 1 §ebephedtbyosLhag %%OEHH 1R €T and/or

materi al thickness, strap width, strap density, Kerf,
$abtgaetsatehgebL end arfgleidf comhectald cores ddsmy on

erein sai.d.conput i means sel ects one of said
IPehtt 2ei rear BRamsE v R s hss Sl tafriy e
forth in claim?27 wherein said systemfurther
conprises a CAD/ CAM system having fold_and unfold
capab®liti Ebe §B.St$h1ea§y§?émfé§tgetlnf Gler T @2 7c Miiaredn

h |.S] i f pr.ayvi_di
L areuERPERboheans SEREr AR ¢, BarlRhey B ponnected
sandsctd zesestapdrsaidconnrattad isanesidyEapRiciyeas
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line.

32. The system as set forth in claim 27 wherein
said computing‘means defines said fold geometry based
upon at least one parameter selected from the group of
material, material thickness, strap width, strap density,
kerf, fatigue strength, and angle of material

orientation.

33. The system as set forth in claim 27 further
comprises memory means storing a plurality of
predetermined fold geometries based upon at least one
parameter selected from the group of material, material
thickness, strap width, strap density, kerf, fatigue
strength, and angle of material orientation, wherein said
computing means selects one of said predetermined fold

geometries.
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said systemis used in conbination with a CAD CAM
system having fold and unfold capabilities. 37. The
waymbemas set forth in claim27 wherein sai d BYEFUS2005/612052
configured for designing a creased sheet - materia
product including creased features, wherein said
conputi ng neans superinposes said cut zones and said
connected zones upon the creased features . 38. A
syst edff or THESPYALRE aSdEsitr E@tdl dN icde ifpR2 7y wherein
c I f .eri.al Hasd NG, ¢
FEaEyaren SurReel ShnPTisker s SN Motk 18iAng
fohdli gndatthfoidandpebiidctied.zone confi gurations
havi ng di ffering di nensi ons and/ or shapes; input neans
for defining a desired fold line in a parent plane on

a draygng syst efrepmpdt Lag weanrs fior 3elierfhlnG A-ther
preferred cut zone and/or a preferred connected zone
epinphihang didpibyeneshspéoanyrovalkdénowevdismaddizition on

conmput,i ans |ocates,a . preferred _f.al d geonetr .
SR Al Mo Ber PRe R R PYe 87 o e GnBER) and said
toehedi 88 s8hdssekenbedyClt popalanedsaldnselsedidedold
connected zone, and wherein sard conputing neans

t&Erdeates, rescal es and/ or reshapes said preferred

fold geonetry to displace, add and/or subtract at

| east one of said connected zones, whereby upon

f ol di g. safde mayeteal aal sry Sairdhf dhdcliade prodieesin
of . said, mater

edge-to-face, engagenent ial _on_opposite
UL BFESh 45 CHESdonBs OB MRhEORy Bibh Ao CADY ChBy P stem
hdv £hatl 188 Mherehhosal dapapRYttAgseans is configured
to design and/or form

37. The system as set forth in claim 27 wherein
said system is configured for designing a creased sheet-
material product including creased features, wherein said

computing means superimposes said cut zonesg and sgaid

connected zones upon the creased features.

38. A system for designing a desired fold line for
a non-crushable sheet of material comprising:

storage means for storing a plurality of cut zone
configurations and connected zone configurations having
differing dimensions and/or shapes;

input means for defining a desired fold line in a
parent plane on a drawing system;

computing means for selecting a preferred cut zone
and/or a preferred connected zone which have a desired
shape and scale,

wherein said computing means locates a preferred

fold geometry along said fold line, said preferred fold
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a fastening mechanismfor permtting connection of a
first plane of said material with a second pl ane

wo 2ppeehord th said first plane in associati on WECTUSRDE012052
fold line. 40. The systemas set forth in claim 39
wherein said fastening nmechanismis selected fromthe
group of aligned holes, tabs, slots and conbi nati on

égg&gg;y including said selected cut zone and said
selected connected zone, and

wherein said computing means relocates, rescales
and/or reshapes said preferred fold geometry to displace,
add and/or subtract at least one of said connected zones,
whereby upon folding said material along said fold line

produces edge-to-face engagement of said material on

opposite sides of said cut zones.

39. The system as set forth in claim 38 wherein
said computing means is configured to design and/or form
a fastening mechanism for permitting connection of a
first plane of said material with a second plane lapped

with said first plane in association with said fold line.

40. The system as set forth in claim 39 wherein
said fastening mechanism is selected from the group of

aligned holes, tabs, slots and combination thereof.



