WD 2005/ 099925 PCT/ US2005/ 012052 METHOD OF DESI GNI NG FOLD LI NES | N SHEET
MATERI AL RELATED APPLI CATIONS [0001] This applicationis a
Continuation-in-Part of U S. Patent Application No. 10/795 077, filed March
3, 2004 ed SHEET MATERI AL W TH BEND CONTROLJ/ CEMENTS
AND NETHdgagegwkﬁ%klNG THE SAME, which is a Cbntlnuatlon |n h of U. S
Pat ent Application No. 10/672,766, filed Septenber 26, 2003 and entitled
TECHNI QUES FOR DESI GNI NG AND MANUFACTURI NG PRECI SI ON- FOLDED, H GH STRENGTH,
FATI GUE- RESI STANT STRUCTURES AND SHEET THEREFOR, which is a . .
Continuation-in-Part of U'S. Patent Application No. 10/256,870, filed

Sept ember 26, 2002 and entitled METHOD FOR PRECI SI ON BENDI NG OF SHEET
MATERI ALS, SLI T SHEET AND FABRI CATI ON PROCESS, which is a
Continuation-in-Part of U S. Patent Application No. 09/640,267, filed
August 17, 2000 and entitled METHOD FOR PRECI SI ON BENDI NG OF A SHEET OF
MATERI AL AND SLI' T SHEET THEREFOR and now U.S. Patent No. 6,481, 259, the
entire contents of which applications is incorporated herein by this

reference. - 1 WO 2005/ 899fbtP JECDEYTERREOFEES 2L T KGROUND OF THE

I NVENTION Field of the Inventigg &@88r[MmaBHANvVention relates, in general,
to technology for designing fold Iines in sheet material and nore
particularly to a nethod, a conputer program product and a nethod for
designing fold lines in sheet mat eri al .

RELATED APPLICATIONS

[0001] This application is a Continuation-in-Part of U.S.
Patent Application No. 10/795,077, filed March 3, 2004
and entitled SHEET MATERIAL WITH BEND CONTROLLING
DISPLACEMENTS AND METHOD FOR FORMING THE SAME, which is a
Continuation-in-Part of U.S. Patent Application No.
10/672,766, filed September 26, 2003 and entitled
TECHNIQUES FOR DESIGNING AND MANUFACTURING PRECISION-
FOLDED, HIGH STRENGTH, FATIGUE-RESISTANT STRUCTURES AND
SHEET THEREFOR, which is a Continuation-in-Part of U.S.
Patent Application No. 10/256,870, filed September 26,
2002 and entitled METHOD FOR PRECISION BENDING OF SHEET
MATERIALS, SLIT SHEET AND FABRICATION PROCESS, which is a
Continuation-in-Part of U.S. Patent Application No.
09/640,267, filed August 17, 2000 and entitled METHOD FOR
PRECISION BENDING OF A SHEET OF MATERIAL AND SLIT SHEET
THEREFOR and now U.S. Patent No. 6,481,259, the entire
contents of which applications is incorporated herein by

this reference.



Description of Related Art [0003] A commonly encountered problemin
connection with bending sheet material is that the | ocations of the bends
are difficult to control because of bending tolerance variations and the
accumul at {hotdeobgaker ance errors. For exanple, in thepdpi§RbdAtsef the
housi ngs tor e ectronic equipnent, sheet netal is bent along a first bend
line wthin certain tolerances. The second bend, however, oftenis

posi ti oned based upon the first bend, and accordingly, the tol erance errors
can accunul qu%ﬁel Bi€olgNr €e or nore bends which are involved
to create t c assis or enc sure or the electronic conponents, the

ef fect of cunulaplve tol erance errors in bending can be significant.

Mor eover, the tdlieddneds thehdnvantiarhi evable will vary widely depending on

the bending equipnment, and its tooling, as well as the skill of the
operator. Thg prtr‘i’ﬂ' e'Ithfen‘E%hr eLhLpget ne, 114 10NiHg ¢ chl?i%'iggk' nes,
course, can occur connecti on Wt R may ot her t'hree-di mensi products

[ 0004] CheikppdeaahnnugtWpédpﬂmbéenlnashQEQHmaﬁﬁnmaﬁ temd oomerol the | ocation
of bends in _sheet eriial _thr the use of slittin r oovrng Slits
and gr oove®¥ & CUI?rHMDtQOSSWEggggs Iﬂ%ﬁﬁﬁ%ﬁﬁfﬁﬁ?ﬁlgﬁng%& din sheet
stock very mpmethsd ¥orf deseyaipgeroby 1ides use sﬁeeQ:OIi’ﬁaltleiamurTEI’l cally
controlled (CNC) devices which control a slit or groove form ng apparat us,
such as a laser, a water-jet cutting apparatus, a punch press, a knife or
ot her tool. Sucheskriptdbf gEOReRatdd\Ertbeen used in prior systens as a
basis for bendi ng sheet

[0003] A commonly encountered problem in connection with
bending sheet material is that the locations of the bends
are difficult to control because of bending tolerance
variations and the accumulation of tolerance errors. For
example, in the formation of the housings for electronic
equipment, sheet metal is bent along a first 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



material. For exanple, U S. Patent No. 6,640,605 to Gtlin et al. describes
a nethod of bending sheet netal to formthree-dinensional structures. The
bend form ng techniques of such prior slitting-based systens nay, however,

signifi cawd %P%@ggzgn the resulting structure. [0005] b@ﬂ%io&/?:zosgi gam ,

Inc. (101) signee of the present invention, is presently devel oping
new and i nproved approaches to overcone the di sadvantages of prior sheet
mat eri al bendi ng systens. Nanmely, by providing sheet materials with new and
i nproved slit . confjqurations, 101l has devel oped an. approach that allows
bendi ng of kf%efos?:r%ee ﬁaﬁ%‘ 2 S&PS%QVEWO? ﬁe?%égegl%’har}toyreé%ampﬁg "I ﬁya

t hr ee- di nendieonale S GSmpie effaviufgr edgEL ¥ Ccoritaesd lenpagaimnidestiesg the fol d
line. Such edge-to-face enga enent greatly increases the strength of the
resul tant tHHER FREFSloRaPIpE0RGCEIT DD FTMIAL RERAGE Usar USh| 88 ng

met hods. Addijtignal laywathr'-ae@%ELiﬁ%b atheNdiNg, Hes g%sg?sal tin
structures that nay be nore” rigid than traditionall'y bent structures that
are un- sl iknifeucrhetimere tobd.' sSnelw ahiks rpprdb\gbostast hdasi asn

advant ageous] y, r.educe st resggconcent rations.in.the.thr e%ﬁegi mensi onal

structure é’lsc‘)%lg PhETESFASYPREDS FB0BET T 1597 CGE s & to draw 101 Is
new and i npiameadals! i Fogorkagplal i ons. Wwaternthelst adand esketeh tools of 3
WO 2005/ 099925 PCT/ US2005/ 012052 convent | onal conput er - ai ded desi gn ( CAD)
systens, a CADINSE afmy IEPRYLPREL 2 dPEWRRY,OF 5’@51‘%'131%@ Si‘@&lti R§tahd shapi ng

i ndi vi dual teprpRedndnsaradmehkt snhhast seRsiiddit € THObehasSEbtmeAgf i gur ati ons
rather repetitive and
techniques of such prior slitting-based systems may,

however, significantly weaken the resulting structure.

[0005] Industrial Origami, Inc. (IOI), the assignee of the
present invention, is presently developing new and
improved approaches to overcome the disadvantages of
prior sheet material bending systems. 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-
glit. 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



chal l enging. What is needed is a nmethod, conputer program product and

system t hat

is able to readily allow a CAD designer to determ ne an

i mproved fold geonetry based on 1O's new and inproved slit configurations

and

invention is

ef fig¢jent Iy such fold geonetry to a sheet i ign. BRI EF
SUMVARY &@mgl¥%§%ﬁﬂl ON [0007) In summary, one aspectrr%g?mtszdéwgﬂg%ent
directed to a nethod of designing a desired fold line for a

sheet of material including the steps of defining the desired fold line in

ol d geombt P TREFLG SoBRY Gk Braedtobigs (R a0

i with a
s of

connected zgaes wQRff Ond eehan ddpoeidd oOnestatalmy,i wedldrddhend ol d | ine wher eby
upon folding the material _along the fold Iine_produces edge-t,
engagenent g pbrdividua heComr@imnd shapeshpdditte thedesptiifEteut zones.

[ 0008] The f@%hgdsf@y S herrdined e d e t5¢8h/dGn@nd/ or shaping the

cut zones to de

o-face

ine the conhected zones that "are along the fold |line so as

to enabl e tdieal belgeing- f disatengageesdad ded & uppdrad upsmfuiedi ng of a
non- crushabl e sheet_of

ial_al he fol d 4 . _Th J h
i ncl ude r el%lé%?]f%'&,plf%%%g% ierrléga?ﬁ?%?g ‘Tt‘kéagtmf% nﬁﬂl:ﬁn %;’%%ea%ﬁg,t of

may further
qgfﬁ% cut

zones to di$ptmAm edesdifneangd ofetSétbhimetamtin@astedN®olnf ddwnexannect ed zones.

The

met hod may_further include detecting weaknesses in the -

2005/ 099925P#RGF (2 0B} 03 202w and r BT ethe L Hin £ iatipns
and/ or reshapi [\9iedt1{ eAS51 PN EdRa QuBIRALEH ZONeSH WigRlage1 add

design.

BRIEF SUMMARY OF THE INVENTION

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

4 WO
&4l i ng

is

directed to a method of designing a desired fold line for

a sheet of material including the steps of defining the

desired fold line in a parent plane 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 weaknegses in the

- 4 -



and/ or subtract at |east one of the connected zones based on |ocalized fold
geonetry adj acent the weaknesses. The populating step nay define the cut
zones and connected zones to resist stress concentration, fatigue and

fracture ] ﬁobﬁtisbﬁ? upon folding the material along thﬁ‘cwﬁﬂg@dﬂ@?- [ 00091
may rurth

The net ho er include defining the fold geonetry based upon at

| east one paraneter selected from the group of: type of material, materi al

t hi ckness, strap width, strap density, kerf, fatigue strength, and angle

of material orientation. Tlgle t hod, may be iﬁ)l errené)ed as an adjunct to a
CAD/ CAM sy RE&FHa R 7GF0PPd ZRACGAFOTE" cEPIHT 11T %ﬁ?ﬁ?ﬁé’dnﬁay further
include pravildad dnd PFakhzatbale8bed NEokdd KAM SysitR8 t Ralg di splays the
cut zone and the connected zone geonetry as popul ated along the fold line.
Al t er nat i veind/ athsuttriesd arayeBeti ape edEntle”l sengftEd wianesa beABACAM syst em

having. 1ol 30l SARAH b 69 oTECATR Ntk TRLIAIINEY o] e

desi gning a creased sheet-nmaferia t g creased features,
wher ei n t hepaputl atdmes saeth mhy dedhnectieel cunesorere auperdnmeased upon t he

creased features. [0010] Another aspect of.,the present invention is

i rooted | O AENGRF LR GAFnGORCRELFT B ol SFIGHE AB & none cr ushabl e
sheet of meidtlrd Aelitdardohhepshepsl@ingtitid nghtremlaur allichy ehecut zone
configurations and connected zone configurations having differing

di mensi ons fodkd/ideshapes, defining a desired fold line in a parent - 5 WO
2005/ 099925 PCT/ US2005/ 012052 )

[0009] The method may further include 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 method may be
implemented as 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 creased

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



pl ane on a drawi ng system selecting a preferred cut zone and/or a
preferred connected zone which have a desired shape and scale, |locating a
preferred fold geonetry along the fold line, the preferred fold geonetry

i ncl udi ngulgRos/sdsdeCct €d cut zone and the sel ected connﬁ?ﬁ,gggomg,szand
rel ocating, rescaling and/or reshaping the preferred fold geonetry to

di spl ace, add and/or subtract at |east one of the connected zones, whereby
upon folding the material along the fold |ine, the nmethod produces
edge-to-fac engagenment and support of. the material_ qn posite sides of
Lhe cut zorkdnd o1 21 CFRY RS RYACRRY FTRTRErY reiRTE Brav g & Fast eni ng
mechani sm fa1d /ear @ Piiefgreedneehheste&d pordd nitidd ansredfa deereaterial with a
second plane of the material |lapped wth the first plane in association
with the fdheRg ged S‘Fﬁéef'aéf’éﬁ?hﬁgn%oﬂ%?ﬁ%‘?ﬁ%fq}éi SEoBetEy RLBRAYt he group

of aligneqol@ig hahs, that prapdrfOibidad IQbddiehefhnc1lddhgleet anot her
aspect of the present invention 1s directed to a conputer pirogram product

in a conputseleateddabite zondi andf bhe uselégted dammaatecegongg eydt em f or

desi gni ng Il fold_li or he of . i al o] er program
brodact | ndiUGRE RSy GEErRRe P or St el FHS prshaRs ST IR, &
parent pl arroaetay doadisglayel eatld amed /s tgultivaats atorlepepubati af t he fol d

line with a_ fold geonetry includjng a series_ qf. cut zones, that define a
Seres of ddinGOrEE L EReEoPBAT | BOF LebkPoTh i & o Bt RTbaL o t he fol d

l'i ne wher ey ghgoRnEOkENAY116hBS PRé GhdEhoR RGNS fedlgd -kbngapeoduces
edge-to-face engagenent and support of the material on opposite sides of
t he cut zo@gagement and support of the material on opposite sides

of the cut zones.

[0011] The method may further include providing a fastening
mechanism for permitting connection of a first plane of
the material with a second 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, 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 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.



6 - ------- --- WD 2005/ 099925 PCT/ US2005/ 012052 [0013] The conputer
program product may further include instructions for |ocating, scaling
and/ or shaping the cut zones to define the connected zones that are al ong

the foldgy] s to enable the edge-to-face engagepgpy ypport upon
olding o e nmatérial along the fo ine. The conputer program product
f ol di ng P Rfsped®, 10 o g the fold Ii he conp S%w"gm% pr od

may further include instructions for relocating, rescaling and/or reshaping
at | east one of the cut zones  to displace, add and/or subtract at |east one

of the connected zones. The conmputer program product may furfher include
st ruct | o oPi BRI TRT RERRAEDS BEORRCE NBPat S areL

i nstructi ongndrudtel AAtid1,1dRE Y, Necandhgraneshapimpind dragutone of the
connected zones to displace, add and/or subtract at |east one of the

connect ed z&PR&S Pesslplige thealcoragcrefdzgRemetist AfacENng feeneaknesses.
The instrugti @ns JorsP el 'e%%b%ytgggé&%é%&%? Zé}ﬂf;g{é?ﬂé‘i’ut aa@nect ed

zones to resist stress concentration nitlati on upon folding
t he mat eri adumpariy ugeen fodlddng wé. theOhdtehel colgng érthepriogdahipecduct may

further inclyude instructions for definin he .fol d. geonetry based upon at
| east one p %n%?‘@ustseéi S Y BiP HS{:QV‘%gp’%%Jth?‘Tglplégcgfu@errat erial, material
t hi ckness, Sigtiuodidins & aRldeasihy, r&ecdlidqtarglyorstdeangidingand angl e of
material orientation. The conputer program product g§¥ be _ configured for

i nstal | ati of weaFta QEDCEALSY SUENFRRSPNEC FHFRLAGRY AFDIFI/QFabilities. The

conputer pro@@fct at least one of the connected zones. The
computer program product may further include instructions
for detecting weaknesses in the parent plane, and
instructions for relocating, rescaling and/or reshaping
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
instructions for populating 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



product may further include instructions for providing a visualization or
di splay on the CAD/CAM systemthat illustrates the cut zone and the
connected zone geonetry as popul ated along the fold line. The conputer

program 7 099925 PCT/ US2005/ 012052 product } CAD/ CAM
applicatigﬁyﬁ%é&%ggfold and unfold capabilities. Thenggﬁgﬁgéygggggram

product may further include instructions for designing a creased
sheet-material product including creased features, wherein the cut zones

and the connected zones, are . superinposed upon desired creased. features.
[0015] A fuPFﬁéPcEsB%thﬁﬁlT@ﬁe%LQﬁ§Z%AM APE PFBEIPE gﬁV?@%t ﬂf@oa conput er
program pr ogHeb1 ENcAp&0IPHE B85 . I eatall iR dirUB-bgkaSBrbAudt dad@ Processing

systemfor designing a desired fold line for a non-crushabl e sheet of
mat eri al , t Aerebapuieelpdeginglprddres ifeel dgeagningser 0€ea®®@ for storing a

I it : ] i d fi ti
plural ity ofygUL£o0er SPLIGNIAL | ONS RIdoCepagCLad0Re,cONT i Qurat i ons

having differing apes, instructions defining a

desi red fol dheratni tha @at ezdngd arel dhea codnawtad syseenmnarenstructions for
selecting a ed connected zone whi ch have

referred _cut zope and/or a prefer
2 Gesi rod SRBEESHRGSed atieor R iRY RrsasRbr FFBEAFPRG o preferred fol d
geonetry along the fold line, the preferred fold geonetry including the

sel ected cut zone anq%the selec%g% onnected zone, and instructions for
rel ocat i ng, PPt Bl Frtiem) 3PS Es ithhithG PRESERE! LFYBBE18d 8 geonetry to

di spl ace, addrapdéartsubtédtutdr [Retradngrebiuct NencanBssbetezONes, whereby

Hpon f0|dlnge;2§bf2152éfim for use in a data processing system for
designing a desired fold line for a non-crushable sheet
of material, the computer program product including
instructions for storing a plurality of cut zone
configurations and connected zone configurations having
differing dimensions 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 edge-to-face engagement of

the material on opposite sides of the cut 2zones.

[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



along the fold line produces edge-to-face engagenent of the material on
opposite sides of the cut zones. [0016] The conputer program product may
further include instructions for providing a fastening nechani smfor

permttin pon of a first plane of the materi al - ond pl ane
| apped wi 6 b0 plane in - 8 WD 2005/099925 PCTFU S
association with the fold line. The fastening nmechanism may be sel ected
fromthe group of: aligned holes, tabs, slots and conbination thereof.
[0017] Yet a further aspect of t resent invention iis directed to a data
brocessi ng SPEPEIAFOP dBLH iy tididaried FUPAIRERBREDE BEHRMET s han! o
sheet of Mgl Bb séDNE&EER NErorh YHE JRARS offer  defigAkagdnhbies desiped fol d |ine
in a parent ane on a draw ng system and conputing neans for popul ating
the fold |iAéowPt And ¢orpippore riheraadl-uding 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 ed8li oYehce Ewgipperdrastt e theaPEPPERt oANYPPBEPR elsi des of the
cut zones. he.c ' %ggﬂﬁ t S shape the
cut zones tgggég%ﬁ% ? 692%%%%393 zoné§P¥K§?g§rgora§%%gg? e S%Id line so as
t o enabl e t Hestdgé- fold atine efigagemem-crpshabbdkedshgebf of hmatetiel al al ong

the fold Iine he copputing nea rel,oca rescal r._ reshape at
| east one o?nFﬁﬁgéﬁg'ziﬁkﬂFt FHS 9£R§éfé&&nga%ﬁ?ogeihﬁ?gdggﬂgﬁjﬁﬁést one of
the connect g Zopgsentd hElakdrGnitd NraEKGS sFBY et 8AE YERKMEESES in the

parent pl ane . . .
means 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 relative to the
fold line whereby upon folding the material along the
fold line broduces edge-to-face engagement of the

material on opposite sides of the cut zones.

[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



and rel ocate, rescale and/or reshape at | east one of the connected zones to
di spl ace, add and/or subtract at |east one of the connected zones based on
| ocalized fold geonetry adjacent the weaknesses. The conputing neans may

defi ne thgvrﬂc#)ﬁséé? s and connected zones to resist st?]gf@%@w%g&r ation and

fracture i upon folding the material along t ine. The
conputing neans nay define the fold geonetry based upon at |east one 9 WO
2005/ 099925 PCT/ US2005/ 012052 paraneter selected fromthe group of:
material type, material thickness, strap width, strap density, kerf,

fati gue stremateteneadnftedbifnom éhradrowp opf at AtelOY HYPrhe system may

further inc ; stQri.ng. .. | u ity d ined fold
geonetries %ﬁ%ﬁ%ﬁl{ﬁ%&;&gﬁg gé%ﬁbﬁéﬁ%ﬁel%ﬁ%ﬂgﬁr gzn%ff?e group of:
mat eri al t ypetioged estimngt,clemels spgder ap meidéhiaktoapentdenisirt.y, kerf,
fatigue strength, and angle of material orientation, wherein the conputing
nmeans sel ects one of the predetermned fold geonetries. The system may

further inchade BheCAYSEAW sayt Enrhaerninébhde amemanif ohebns agratyiinigt i es. The
system may furjher_ incluyde display, aps. for providing a vjsualization on
The. CADI ANt pbticrh i Bhatt s T B oL TRAPeh A 9 PR SRR sones
geonetry asa)Opdd Qﬂa@'&%iﬁwfelﬁ%rf gklebtog. £4he )StPMBugE e used in
conbination with a CAD/ CAM system having fold and unfold capabilities. The

syst em may PREeREHf ityiReed Réerdadi §hiakneser cts@P dHelthnettedbal product
| ncl udi g caeasad, f galiir 5 iBRECLE LASCE O | METBHE natiigETPOSeS the
cut zones and t connected zdnes upon

orientation, wherein the computing means selects one of

the predetermined fold geometries. The system may

further include a CAD/CAM system having fold and unfold

capabilities. The system may further include display

means for providing a visualization on the CAD/CAM system

that displays the cut zones and the connected zones

geometry 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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the creased features. (0020] Further still, another aspect of the present
invention is directed to a systemfor designing a desired fold line for a
non-crushabl e sheet of material including storage neans for storing a

pluralityw 064lb0edRNe configurations and connected zopgrsQubigyssat i ons
having difftering dinensions and/or shapes, input neans for defining a

desired fold Iine in a parent plane on a draw ng system conputing neans
for selecting a preferred cut zone and/or a preferred connected zone which
have a - 10. WO 2005/ 099925 PCT/ US2005/ 012052 desired shape and scal e,
wher ei n t hE&THAT iISFRFERS SCELSr c¥REr PR T PRI G‘f?%t“l‘gy al ong the

fold I'ine, 1d4ddy of eideadh@ld raeangiovet Agl iy dilie maleatied cut  zone and

t he sel ected connected zone, and wherein the conputing neans rel ocates,

rescal es ardiorrradsiraess fodd gppBebrY etne bidinge dhe rseliast@ids sivkce, add
d/ bt | f f ol di
andror su z[rc?rg% Oaﬁg& ttﬁ%a%t&l%@:%eg cEHS%EQQ@eE%‘gég,_ tzaﬁ-fg_lf%hé’iféﬁhel%e“pon ol di ng

the materia I"i'ne produces e ace engagenent of the
mat eri al orcomppasirice meiathas reflotheesyut regoabss i)Y rHehaperpihieng nmeans nmay

be configured to desi and/ or forma, fastenin chani sm t or rmtting
connect i on Rj® ’?’ierilf%gldaﬁéofi‘ﬁtifﬁetﬂa?ﬁ? O t %eaé'ﬁf/(]?ﬁd s"'}ﬂ%gﬁggof t he
material | appedadtt Rrich@ff ichet cBhABELEA zASSHC vdldrbhipdnt Fe1tehg | i ne. The
fasteni ng nechanism nay be selected fromthe group of: ali %ned hol es, tabs,

slots and cowbimrrednlt Rdoags theobebd Yrivee st ot edesi-§ei-Agcrol d lines in
sheet nale”éﬁgagement of the material on opposite sides of the cut

zones.

[0021] The computing means may be configured to design
and/or form a fastening mechanism for permitting
connection of a first plane of the material with a second
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,

slots 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
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of the present invention has other features and advantages which wll be
apparent fromor are set forth in nore detail in the acconpanying draw ngs,
which are incorporated in and forma part of this specification, and the

fol | ow ng ' Description of the Invention, whicBchRYSLERoHE VE O
expl ain tk@%@?’h@?’& es of the present invention. BRI EF DESCRI PTI ON OF THE

DRAW NGS [0023] FIG 1 is a block diagramthat illustrates aspects of an
exenpl ary system of the present invention for - 11 WD 2005/099925

PCT/ US2005/ 012052, designing fold lines _in accordance with the present

i nventi on. ‘g%%ﬁ?”ﬁ Cafxsozg:i]i]s1 I REGPEGABAR L kD rﬁi“ﬁs&“?%?%’ét aspects of an
exenpl ary p{R¢&edtisnor nethod of the present invention for designing fold
lines in accordance with the present invention. [0025] FIG 3 is a
schematic illustration of a sheet of material having an upper fold line

geometry thgsapasi@ Feldatd waloek ewagrbal tHYE {EBhstAess Aberdover fold
line geonetry that has a relatively higher fatigue resistance. [0026] FIG

4 is a top pf cawrexgmplanyainonsdsreoprt hetbpdedt e npressnt shown in FIG 3

after it h een. A pak el f ' ; FIG 5A s
an enl ar geg:fn r agrr‘g's)r‘rr:;{]jf aorlgbfecl)%lga&%% glgg\cliv %1?&]3% hlens%eg?]!%%}??reatvél&?éﬁf hown in
FIG 3. [0028¢sdnttC irpkentsianfurther enlarged top plan view of the area in
FI G 5A bounded by circle 5B. [00291 FIG 6(a)-(d) are elevation views of
exenpl ary

[0025) FIG. 3 is a schematic illustration of a sheet of

material having an upper fold line geometry that has a
relatively lower fatique resistance and a lower fold line

geometry that has a relatively higher fatigue resistance.

[0026] FIG. 4 is a top pictorial, illustration of the sheet
of material shown in 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 sheet 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 various

chracteristics of a sheet of material to be folded.
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joining configurations. [0030] FIG 7 is a top pictorial view of an

assenbled joining feature. [0031] FIG 8 is a schematic illustration of a
graphical interface that a user may utilize to input various

chracteri g sheet of material to be folded. - 32 y\9056Q64>099925
oo a0 b BB A 2TER B pack P o O THe | NvinTt B T g%aSZ?QRef erence
wll now be nade in detail to the preferred enbodinents of the invention,
exanples of which are illustrated in the acconmpanying drawi ngs. Wile the

invention will be described in conjunction w the preferred enbodi nents,
1 e BT OR Goef ey, S MR OB ec t ol Tt the fnvents on io

those enbodinents. On the contrary, the invention is intended to cover
al t er nat i vemo32pork fécaid®nsl dnchoegbev abdst $n debath vaythe i ncl uded within

the spirit and_scope of the invention as defined by the appended _cl ai ns.
[0033] The BFeterted Rridients @k églﬁeélnf’ﬁnﬁé?’ﬂod§¥am13%)%d§€rw}b’1%r am

products ang-sysi eiScfHedenl HHNAULBRpaAY1AB! &radfshged Thd idigs for a
non-crushabl e sheet of naterial utilizing various fold geonetries and

confi gur at | bagenptdmdringl drutdessiribedi tadcenjurpbten wikk|Wsed by U S.

oot el ed o o eqll SRR s Wi Erel St tosd AM s SV sreer
THEREFOR_andr@omo&lfhtéﬁdéﬂﬂtd*lima£48hg2SByéﬂEEQn_p@IE%mée U. S. Patent
Qﬁf : It fg;l ° ner%éd%n%r%? 56.’ 8 7Oon Ih8e7 %on%gglrly(,: aH’lg ”Z ﬁvérlltl: f gn S:]’.3 g t j?nr{:beer{de%G » 2002 and
to cover alternatives, modifications and equivalents,
which may be included within the spirit and scope of the

invention as defined by the appended claims.

[0033] The present invention is directed to methods,
computer program products and systems for designing one
or more desired 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
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METHOD FOR PRECI SI ON BENDI NG OF SHEET OF MATERI ALS, SLIT SHEETS AND

FABRI CATI ON PROCESS, U.S. Patent Application No. 10/672,766 (1766
application), filed Septenber 26, 2003 and entitled TECHNI QUES FOR

DESI GNI NGywil\Vidos/08004FACTURI NG PRECI SI ON- FOLDED, H GH STRENGSI0s/613d9: GUE-

RESI STANT STRUCTURES AND SHEET THEREFOR, and U.S. Patent No. 10/795, 077
[attorney docket no. 34093/US/RBC], filed WMarch 3, 2004 and entitled SHEET
MATERI AL W TH BEND 13 WD 2005/ 099925 PCT/ US2005/ 012052 CONTROLLI NG

DI SPLACEME i C ents of which
pat ent and’\%éfqgﬁl&'%gﬂgégg%ﬁwgg %r%@%dﬁ(ﬁgrlg%%&;tﬁﬁé reference.
10034] AdvaphMBeouhkyentheepeefaeshtsnyenihideh i Satkniecied patehechnol ogy that
enabl es the transfer of high, accuracy two-dipensional (ZD% conput er
nunerical cBRPLOFRFERRF 2Eft LPRGTPREARSE 035 et Yiiglm?/ WReer et

t hree-di nensional (3D) folded structure, such as those disclosed by the
above-nentioned 1259 patent and as well as the '870 apd _1766 applications.
I'n parti cul BP341 ¢ AEVRRERIPRUS e ftho PTeFCRE| 2B8¥SPaE ARetF i @lﬁ?ﬁﬁ'(grﬁﬁ ng to
determ ne arRrgHS16&Y thi©ol chaiady ithg @rahokdrf 88l hidRtddeur{®g)} d geonmetry”,
that is, a geonetric configuration including a series of curved slits or
cut zones thue-divengianged2dn epmpuker shyeenicad ¢esitred f(6NE) | i ne which
enabl es or L] j : o] i ak .alo ; jred fold
line. One \%\n&ﬁﬂé%géeg%}néﬁ e hgg %a?lgﬁlghi%c%agea%%r%ge ﬁg@%grgéigﬁ%iref ers to
programm ng (8Dy Seoldedgstaructopte moath s phodeemifsal cwedahbye tie par anet ers.

[0035] Geneg.gl)wlrg’-mgntg.grllgdl I‘EE’% égténe al.r|1 Ge well hs the '870 and

‘766 applications. In particular, the present invention
utilizes parametric programming to determine a preferred.
fold-enabling or fold-facilitating “fold geometry”, that
is, a geometric configuration including a series of
curved slits or cut 2zones that are arranged on either
side of a desired fold line which enables 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” is the plane of sheet material

from which engineered folds of the present invention are
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extendi ng al ong a sheet of material or "parent plane" about which a class
of bend, simlar to that produced by a press brake or a | eaf brake, is
formed or extends. For exanple, a desired fold line is the imaginary |ine

t hat ext I h the sheet of material and, upon ! desired
bend, isegﬁégégé}ﬁ%qgl Iy coincident wth the vertex of 1{%/\5’%22(%0&%?2 bend. One
w Il appreciate that a fold line may be straight or slightly curved. A
"parent plane"” is the plane of sheet material from which engineered folds
of the present invention are - 14 WD 2005/099925 PCT/US2005/012052 slit,

cast or ot i seadr mxd athexiyigediformedoin 3nbpAdéEive REnner to facilitate
bendi ng ab%bf{‘)}k%tfiq}(?d madd&- t@%a\@ig.:citgp_gr thaﬁﬁ?'; Qﬁgu{:hghéefglacr eased

features" nmay be used to generally refer to geonetric eat ures 1 ncl udi ng,
but not |i diimed t @nd otidd, appnesiater ¢hsesthei dgesw, “andasefier desired

geonetric %%‘g:fi urations to bgnftor med abﬁt thﬁ fold Line. %0036[ For the
pur pose of SseMPY RPe M5 =t HEEEPNEY *Carve OsPPPMtE}Grs to a slit
that is forfggunesatindleREhgQN®&uROhoki NeMALtga08B, r E618BapBend®) exanple, a
curved slit may be in the formof an elongated slit _having a |inear portion
and a ci r cHAREE 55Tt igesyc RNEs othgat d8PdEPEs8BOBGEERE “ 259 patent, a

compound CUHE i AUHIGE S B Toatieh 8BLEaLnROELI@NI 2pd, sl ler-radii end
portions such as those described by the 1870 and 1766 applications, and/or

ot her suitable non-linear geonet ri es. The term "_cut zone" shall include
curved sl %0‘56]3%'0‘9!9|t|hea§>u§lpb%% BQn'EhlesﬁgeQén@ LntbREedbn SEOREN Srms

“curved -slit” refers to a slit that is formed by at
least one non-linear geometric shape. For example, a
curved slit may be in the form of an elongated slit
having a linear portion and a circular portion, such as
that disclosed by the ‘259 patent, a compound curve
having a larger-radii central portion and smaller-radii
end portions 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
regpect to one another once the sheet is folded along

the fold line. As discussed in greater detail below,
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A series of two, three, four or nore cut zones define a corresponding
"series". of one, two, three or nore connected zones nanely, the portion(s)
of material disposed between adjacent cut zones. [00371 For the purpose of

the pr eseg;gdiog%@?%on, the term "strap" refers to thep&ppsRedAshszones that

are dispo en the cut zones and interconnect first and second

pl anar portions of the sheet material on either side of the fold Iine,
which first and second planar portions wll be angularly disposed in a

di hedral .angle with, respect to_one another once sheget is folded al ong
the fold I17BS A8 3?%‘6&5@5?% Greater” R it &ﬁﬂe 110 #9005/ 096925
PCT/ US2005/ 93052pp andaBsoflk $CtBS e by/ & theag 2hth Piah et it #dvenelB70 and

1766 applications, the slit/strap configuration formed _by the nethod of the
present invelt Fba pebhrdesltbhe REpRerh-IntNEiRfagiRhtdehd Rupport of the

first and nd,p r j | W:@Qp@ fgndi nggofy fhe sheet of
mat eri al ab%ﬁ?gt Eg %%{Q% ??ﬂééér?%%%%k{%;& 111zing par arrlet‘ri ca pr ogr amm ng,

t he present seconénplananaybet ises dorimmdnd uenerkerelione off there fol d
geonetries i ich a conputer. applicatian, .automatically determ nes the
scal e and pﬁg?#oﬂgomagﬁgga%ra%?g 'bl?eed%%i%e]d‘rteu't zones about a desired fold
line in a specific sheet of material instead of having to wite a new set
of instruct for _each snge.ci ficg,sheet. |In particular,

paranetric f"gﬁg‘?gm%g%v’é S é%ﬁ‘?t—irzjecd Re%3 mv%nz?'u(si: i SUCKAS a  desi gner,

engi neer orifPeRvieh NEPEbeCcasteéd €ONt¢adiBl generate one or more
fold geometries in which a computer application
automatically determines the scale and position of one

~ or more predefined cut zones about a desired fold line

in a specific sheet of material instead of having to
write a new set of instructions, or a new program, for
each specific sheet. 1In particular, parametric
programming may be utilized to allow a user such as a'
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 as 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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(CNC) programrer to vary the paraneters of a particular task, that is,
determ ne the fold geonetry for a fold |ine of a specific sheet of materi al
based upon the specific characteristics or paraneters of the specific

sheet, @R;L ties of the available cutting appa?éi&@um@&ﬂmﬁhe
reqU|red or S|re performance «criteria for the resulting fol ded sheet.

Such characteristics may include, but are not limted to: the type of

material of the sheet, the dinensions of the sheet such as |length, width
and thi ckness, the desired shape di nensions_ of the strap, such as | ength,
width and Fﬁiékﬁasgr09ﬁ€t6@§lPédtgﬁaﬁ?hﬁrb@ t S SR LFPEXPRIGlesi red  Kkerf;

the orient a%h@@h@i: ﬁHﬁ.eéonE%tEhe?EQS@eQr'&é‘fé‘%ﬂtﬂ‘leé’f 40§/ Shesthat the

termni of the fold I ne; the vec of materi al orlentatlon relative to
the fold whéncahegeometrVC)QeﬁiﬁDQQQQSaFEHTQwBZDGBﬁ0m2®5$he¢tﬁ dilvey properties

of the naterlgnaare gg&r th&il€§#§53&5§§4§“u§rq£¥ eir

deformitiesc anarsr© Eocal HetFTe ns are tound in the
sheet; the aﬁﬂébtngnC&h&bbbstleﬁ 6ﬁeth€sﬁltiﬁgr@plﬂﬁﬂﬂéﬁeétiﬂuhdﬂvﬂ r affect
on the cost of the resulting f ol ded sheet éi% the performance criteria
of the fol dsBesREEEOTBBSS] CAIESRPALF ® ?écﬁﬁﬁﬁ in accordance with
the present invention nay store predefined fold geonetries that may be

rel ocated, rescal ed, reshaped, and/or _otherw se nodified based upon the

char act eri s{%03% %fcampgbetlPtegsﬁeetr%#u%%t%ﬁ.%ﬁco NS AMETRINRE t he
conputer  ppeghant PLAGHAE i FRYMEPBESSE SREIOF i HEY ef@g.cgcgédnkgﬁ‘ﬂer@t

determ ne fold geonetries and/or relocate, rescale,
that may be relocated, rescaled, reshaped, and/or
otherwise modified based upon the characteristics of a
specific sheet of material. Alternatively, the computer
program product may comprise one or more algorithms that
determine fold geometries and/or relocate, rescale,
reshape and/or otherwise modify a fold geometry based
upon the characteristics 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
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reshape and/or otherwise nodify a fold geonetry based upon the
characteristics of the specific sheet. Further still, the conputer program
product may utilize a conbination of predefined fold geonetries and

al gorithrrgvo%ogs@g%grm ne the fold geonetry. A user maypptivkiofSors conput er
application to détermne a preferred fold geonetry for a nultitude of
different sheets by sinply inputting 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 tine
and effort “dgpidre grplticetione”lser Fof 0e¥ampBuc h coamutar program pr oduct

may be int it r,_u i ondi i an..WM i St

conputer-a&%‘(eogi&g:_egng%cf%%ga%g;?pﬁ?g%t?16% i écorrpﬂu1('.)lg’l__r‘>-[gar|£e(}eogg<é‘rﬁcl i‘?ljgeri ng

{hor bof (ol o6 vel y referred o as - 17 V0 2005/ 089425 PCT/ US2005/ 012052
ereof (co ively referred to as. -

"desi gn appf9 ﬁQQHéEPl1§8F1€?§Wpﬁg?haa%o%&ﬁn%éiiﬁ%éﬁﬁﬁn %ﬂp duct in

accar dance g1 ddie dar @sRlt byN¢aat seniamyriese corpdeEedas an adj unct

(e.g., a plug-in) to existing nodelin

applications, such as_the
SOLI DWORKS(Goncxosl  Masysleichasesfissorbhe bgOIvﬁg RS W \Amdst cediesr BYi on of

Concord, t D I Gait | l.n aph
Cor porat i Whvi l@p%ﬁ%éﬂﬁ%ﬁ?@%,r ?ﬁdﬁ)ﬁﬁngﬁeogﬁggﬁdpby

Dassaul t Sysipnes tGonpecdti by Dhsssul essesteresrimparat/ion bife
PRQO' ENG NEER lication by . P L] ' e f
e R L I BT AR R

Parametric Technology Corporation of Waltham,

Massachusetts. Alternatively, the computer program
product may be integrated into any one or more of a CAD
application, CAE application and a CAM application. One
will further appreciate that the computer program prodﬁct

may be configured as a stand-alone program.

[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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product may be integrated into any one or nore of a CAD application, CAE
application and a CAM application. One w |l further appreciate that the
conmput er program product rmay be configured as a stand-al one program.

[ 00411 Tur\?b%bsf%@%g o the draw ngs, wherein .like conpgRgitSeesRifsFesi gnat ed
by like reterence nunerals throughout the wvarious figures, attention is

directed to FIG 1, which figure illustrates a bl ock diagramof a system 30
for designing a desired fold line 31 in a sheet 32 of material in
accordance with the present invention. The systemincludes a conputer 33
havi ng a ceﬂWﬁ%lTbﬁongsFﬁgcoﬂﬁﬁ@t%@}ﬂ$ BLSGE et dntegbreendans for

performm ng_ oHas 6aSYSkEPbbeNEl BEQSEdSen BINANYHALAISLB1BIRSY Manage

executing application procedures e conmputer also inc es a nenory
source 35 tithati slidusessabeér by input GR¢ PEnEieedery source may include any
conbinationchgfas%OEag .that _is integgalﬁ%%a%xggrnal to the CPU and may

i ncl ude, buffg not -t '?%dofo? Wehe e f, random access nenory (RAM,
and/ or external virtual nmenmory on a data storage device. - 18 WO

2005/ 099925,  PCT/ 11IS2005/ 012052, 42] The CRU.i.s connected to a user input
interface SEW&QQ eagogpﬂéﬁ 0 $%ﬁh4%ﬁuﬁ1ﬂﬁﬁ%§?&eo t6VhER §&F€%%I%rneans t hat
allows a us@estigni applitheiParl7 ckhiadh LANVWACleQlictt-bas cohodedPegids ¢ sheet

32. [0043] The conguter i ncludes a suitable drawi ng system or_ design
appl i cat i on852ehnenial # ot by Miatifdde fiokg e§pMPeReeby 3901 H a wel | - known

Tenner. formguaNphs, $yr&Otishe WARING, Yok 8RReOdal LA and/ or ot her
Sul tapl e
means. One will appreciate that design application 37

may be one or more of the above-mentioned existing
CAD/CAE/CAM applications or other suitable design
application that is loaded on computer 33 and stored in
memory 35 in a well-known manner. Preferably, design
application 37 includes one or more well-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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nmeans. One will appreciate that design application 37 nmay be one or nore of
t he above-nenti oned existing CAD CAE/ CAM applications or other suitable
design application that is |oaded on conputer 33 and stored in nenory 35

ina well %@Wo%ner. Preferably, design applicatiopcpfsiod&didstes one or

nore wel | - Is which allow a user to electronically manipul ate the
el ectroni c nodeling of sheet 32. For exanple, the design application may

i ncl ude various design analysis tools, such as finite elenent analysis,
that allow the user to electronically sinmulate or "virtually" test the

el ectroni c FRRRY iy f diold mepgras 2§ Ravdrspraceredefingd fotcher properties

in mell-knq¥gbﬁggrgg j  Ft B8 JRSVOR aRPlugatd ! rably

i ncludes folfd an /ors “Jbﬂearﬁgqrgaé}p?g: ?dlbfiiles, t%atylas, a too?a t%abtﬂal ows the
user to eltectdasueined dihailpated efraedi figldrgbemnetnyg @ mitewt abwateeri al al ong
a fold line._[0044] ln accordance w.th the esent invention, conputer 33
is also pr oW%ecge%éqllpezfﬁ Jé’d(ﬂr[eia%ﬁéﬂ dSESbEaﬁgiﬁ‘ﬁrrel y a fold program 38 that

i ncl udes parametric programming that is configured to determ ne the
preferred f 0 . based upo he_specific char eristics _or

par anet er s [84‘@] %W?tﬁ)ﬁoé’é’?ﬁ%?gP /@S‘gb%% %YLZ%%%: ali%eseutc%fs Fol d program
38 may st orfopitasieldmestHed! duigedret neafst hakhisRydbeprmdidriiad and/ or incl ude
algorithnms to determ.ned the preferred foldégeonetry as noted above and

descri bed i HEAtESRIGNAIAL FelFWUIpOO45T TRl £ 17 it #eeS a di spl ay
unit 39 sucih@sdkrdBiddAngcHatietes¥bt 20k S FERNEat & Ch display unit

visualization of one or more preferred fold geometries as
applied to the sheet, and/or the product resulting from
bending the sheet along the fold line, among other

possibilities.

[0046] The CPU may also be connected to a device output
interface 40 which, in turn, is connected to a cutting
machine 41 that is 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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all ows display of a sinulated visualization of the sheet and corresponding
characteristics, simulated visualization of one or nore preferred fold
geonetries as applied to the sheet, and/or the product resulting from

bendi ng t%@?g@gﬁél ong the fold line, anmong ot her po??i‘/%kiobidﬁl\%islz [0042]

The CPU may connected to a device output intertace 4 ch, i
turn, is connected to a cutting machine 41 that is configured to apply the
cut zones producing the fold geonetry to the sheet. For exanple, output
interface may be configured to transfer the fold geonetry to a CNC cutting

machi ne or bPRePeEPIAMe ERRRTGSGHT dERAPTL haPlf sWHEhdabTR by the
cut ti ng gkl pge; FrENaLADly o it BRbotOA pLbanat erfcthe: il the geomet Ty

instructions to the cutting machine does™not “require further  intervention
by the cuttingtmeetions Ghechanifdldapmogent 88t hay béeldaded umt ians may be

transferred__in_ the formof vario Ll -kpnown, for i udi ng, but not
[ ted to, KR e e XK BbatEs pEPat PhoR et oi g ow to Fi G
2, an exenpimpYem@ithathd afiethitel @i r@ef prdskbhbesnveniatawr dance with the
present invention is schematically illustrated. One will appreciate that
system 30 may be utilized to inplenent - 20 WD 2005/ 099925

PCT/ US2005/ 0048Pp58 uddre nest hiagsitofvairieupr erepactavestion.ofone will al so

appreciate that a computer, program product _including the instructions of
the fold prB@?‘%}H‘?@rq‘r@é b‘%‘qpeﬁa&gd “@l’fe§ﬁaie§?s?ngo’éo‘?%t‘@%tthn%orrput er

network in gpegFates drilMite tHtemBiROSEqRE réfénts eSeNthd eaidon.
sheet into the system utilizing keyboard 36 (step 300).
For.example, the user may input the type of material, the
dimensions of the sheet including the thickness, and
other relevant parameters describing the physical
properties of the sheet. One will appreciate that the
system may be configured to 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. 1In 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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[0048] A user may input various characteristics or paraneters of sheet of
material 32 and/or the cutting apparatus and/or the strength requirenents
of the folded sheet into the systemutilizing keyboard 36 (step 300). For

exanpl e, ﬁﬂgfoﬂg&{gﬁz‘g&y i nput the type of material, the ngr)ﬁg%'glﬁdmggséof t he

sheet inc t hi ckness, and other rel evant paraneters ribing the
physi cal properties of the sheet. One will appreciate that the system may
be configured to automatically determ ne certain physical characteristics
of the sheet by scanning and/or other suitable neans. The design

appl i cat i onl09d0] | Theresee can allest rdowput tbeekyng of cheeroB? formingel | - known
manner (Stegr301%t'100491 TQg user th%n nt ers Ehghg?siﬁedchgqlline (step
302). Nanely, THe" R 2R n® &)gsi e oy(e,ﬁa?ac er I stiesCor 161 d 1ine 31

i ncl udi ng posmit&Hions hefie bd engidideaied/ aheat Heeidrshg echadwiret ers. I n the

event that the design application has enbedded or integral fold and unfold
capabi | i ti e3°R¢he d]g%“f giraumhs i QIS GHRiRE PREBIBEANTRY ke reRRaPYfodel i ng of

the fold |bpecs eph30Punl HINAYV LY 180t exGCkABed Ohe R5OIr am may
generate the electronic nodeling of the fold Iine (step 304). - 21 WO

2005/ 09992 5c@meab LS20D B Ping.0050] The user can al so i nput the type of
cut zone formng or cutting apparatus to be enployed so that any cutting
limtations can be consi dered when designing the cut zones. For exanpl e,
CNC cut ti nglopML hif izl ney deer foaprslvice petrametershaf pluackolded sdwadr, slitting

knives are g&%h as strength, fatigue resistance, and/or cost

limitations, can be entered.

[0052] In many cases, these various data entry steps can be
avoided by initial default settings for a particular
user, who, for example, always uses a CNC-driven laser-
cutting machine, or is always interested in the highest
strength, most fatigue-resistant 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
gubroutine (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). In this case, the fold
program 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
gside expressed in terms of start point, end point and

center point for each connected arc in Cartesian
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capabl e of perform ng. [0051] Finally, performance paraneters of the fol ded
sheet, such as strength, fatigue resistance, and/or cost I|imtations, can
be entered. [0052] In many cases, these various data entry steps can be

avoi ded by i njt] efault settings for a particular wu r
%@@g/@g%zg §8¥ms%9012§%a ys

exanpl e, al a CNC-driven |aser- cutting machine, or 1s a
interested in the highest strength, nost fatigue-resistant folded
structure, regardless of the cost interns of tinme required to cut the cut
zones. [0053] Next, fold program38 initiates a fold Iine subroutine (step
305) in orderotrdifedtier. a Outel eloragspondingebaethy #Reetfipon the
characteristjcs of .sheet and fald Li f pr.ogr.am may

deter i ne ¢ HESTRTH SRR Sho FHesirare, “Er 10 ne e ke PR or

dat abase 42 gfopsddiai ethd sk @Jfd pgedeebimesedn@tc agets stored in nmenory 35
(step 306). In this case, the fold programw | select a preferred fold
geonetry having a desired shape and scale (e.g., an arc set). For the

pur pose of t[oes4prESEsnd eIyt OtheafodlCps6ramywl T | disteermii rseeteef seri al
co-tangent arcs_that_bound a strap on one_ . side eégéﬁssed in terns of start

point, end poFeteLrRf Q¥ GGty P¥r UEALRZLRANR BIIHER dsi an - 22
WO 2005/ 0999¢9; HCHAS4Q05{ Ah2(ed i60ReAbLRRL €. (SBd@ £OFy espadivagito the

speci fic conbinations of connecting arcs and slit ends may be stored in
the form of pleearpridiatartdiadettyie Fodd4Pragram may veg yconHaunsidd pr ogr am

wi deternigg &ggérmine the preferred fold geometry by utilizing a
combination of the fold database and the fold algorithm
(step 308).

[0055] The fold program may also include a detection
algorithm 44 that detects (step 309) local weakness in
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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preferred fold geonetry by utilizing a fold algorithm43 which has been
stored in nmenory 35 (step 307). One will also appreciate that the fold
program nay be configured to determne the preferred fold geonetry by
utilizing a_ conbination of the fold database and the f m (step
308). [005%P 4K89%%8F d program may al so include a det ect'lpélﬂ[‘ﬁg(ggoirolg{]hm 44
that detects (step 309) |ocal weakness in sheet 32 and automatically nodify
(step 310) the preferred fold geonetry. For exanple, a detection

transducer 57 may scan sheet 32 and utilize the detection algorithm or

i nput det ectrelid@itess ttdnet Ieéedeb:euﬁ.bomodaligmicbflmha clisteotith dlee, recess,

or other local , geonetri i sconti Ult pre ent in.th ,The detection
al gorithm wig§* @ﬁts"l& 5] §§ gPSég e%h sjac}?d/ ?r S%q%#erj\fmn?e nodi fy the
preferred fald g&gr&lt B ite d@@fifﬁénéabﬁrf@épérm?ﬁig zesckwealoresses due to the

di scontinuity. 56! Once defined, the pref erred ;ol d geonetry is applied
to the el ectcl"QS?ﬂQ,C ENRG 6F §H§éPS3‘25(st'@'ﬁF FHE/HFEP wi | | appreci at e t hat

this may be 5&{&%% 19 U%,fngh@ @s%vd %éﬁgrﬁﬂ?'f‘aéﬂqfﬂét'& Jemdifying the

exi sting electro el i ng, sui tabl e means. I'n particular,
fold pr ogr arﬁaBE pogdcErests hedt seﬁpwrt hob Sersteandt ssidorsl pdeneat zones 45

o i 65t hEHET o c SREGAF! b PEbhe> I (PARES B0l S8 o its 45
| ocated on eﬁi&@heﬁtd&soffoﬂaled labaet Bdldvvm:m =l i tseelefd.re ,arFgarr espondi ng
series of 4, and FIGS. 8A, 8B, 10A, etc. of U.S. Patent Application

No. 10/672,766 and related description, the entire

contents of which is incorporated herein by this

reference) .

[0057] One will appreciate that the fold program may
further be configured to feed 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. In 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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connected zones or straps 46. The slit/strap configuration of the fold
geonetry facilitates edge-to- face engagenent and support of first and
second planar portions 47 and 48 of sheet 32 during folding and once the

sheet is fol t fold line 31 (see, e.g., FIG 4, A, 8B,
10A, etc. @P%ﬁ?%ggpﬁgtent Application No. 10/672,766 ant rezg(#@%?

description, the entire contents of which is incorporated herein by this
reference). [0057] One will appreciate that the fold programmay further be
configured to feed revised bend deductions and/or bend all owances to the
fold al gori tédws inotornderuatldy ddspilayel| yiph ovigea@nip riapte stattatfion t he
purpose of further refining th old algorithm [0058] Preferably, the fold
programis éﬁﬁquﬁu%ﬁ?QQ5954%@W°%FEe user to further nanipulate the preferred
fold geonmetry (step 312), as shown in FIG 3. For exanple, the user may

further rel e, . rescal e, reshape, .and/ or ot herw se di the preferred
fol d geonet ﬁ@’%ll fon&?si%?’@d,pre%&rﬁggi ﬁﬁgg ??ﬁ?r%?tf%el%@pqrﬁeﬁ?réﬂ (?g’faar, t he
slits my hegdmdidried nd@eQriter of0sHESP! 3T L, tivd el imar moded/ @ Ot her wi se

nodi fy the straps as desired by the user. Such nodifications ,ma\é be
perforned tdhe Aheainradddelfogermetsy is et tel e tdsRIAYny@er, 38r to a

model that Cﬁﬁgﬁgl&@.”siiﬂjdllétci%nf vhi¥ebP! QQ.QF] nghynfol ded as a part of the
t he

nodi fication an esl gn process. Moreover, modi fi cati on may be
expressed as input paraneters that 24 WD 2005/099925 PCT/ US2005/ 012052 are

not visual | yoddhS ArAed Wiehta BRBRREE §£PIESPUAINIYN connected to a
cutting machine 41, the resulting model of the sheet and
fold geometry is output in a suitable format to the
cutting machine (step 314) thus allowing the cutting
machine to apply the preferred fold geometry to the
actual sheet 32. For example, step 314 may comprise
sending instructions to a CNC cutting machine 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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of the electronic nodel. 100591 Once the preferred fold geonetry is applied
to the electronic nodeling of sheet 32, the resulting nodel of the sheet
and fold geonetry is output to display unit 39 for visual sinulation
thereof (s [00601 In the event conmputer 33 is Y erably connected to
cuttlng&ﬁggﬁ%ﬁhnﬁ the resulting nodel of the sheet? 204 1H)Sbeonetry
|s output in a SU|tabIe format to the cutting nachine (step 314) thus
allowing the cutting machine to apply the preferred fold geonetry to the
actual sheet 32. For exanple, step 314 may conprise sending instructions to
a CNC cutti ig62iaGairnénghabwctt sthe | ¢dmmabll iitrites bﬁetaetﬁaudspeegraﬂ by
sui tabl e nmeans.. includin ? bgt rig limted to ser c ttlng r-jet
cutting, pulGRiRYS 8PRRGFAGOLEP fQﬁQW%ﬁfleﬁa@H} RgY Pndt CEFEﬁ ng,
chem cal maghi piregtapdabbgill kerot GGl buApoReedri Rhe@naestLoBidh] N the
prior related applications, processes for fornln% the slits which wll

control andCPeetrE® yengineerefeipddiiafed® §Redt TOAEt BFi BENfnERakle such

processes aﬁaﬁ“ﬂﬁhhegomﬁiﬁgﬁé@%y Eé}ldlrfgorams?ﬁetnﬁﬁhlnahggiaﬂh @tchl ng,
chem cal inin I1ke. These "processes are artlcu

suited for Blghseredefghd bxnernbnuﬂ wWeege anprefieaired £bﬁdogghmehey also can

be enployed far,sh t €5 . relatively auge. The t hi.cker or
heavi er gaugeg bg s P§? tena%wﬁf'nor Iha &an?ageéﬁsﬁy sPP?nthb?%oved

usi ng | aser acekiriing Of mtezom@é £91tHaweg begl ppplted- ar8 tds 2805/ 099925
PCT/ US2005/ 012052 E0062£ Tur now to the gapab Iltles gf the fold
progr am series of con ecte zo es 46 define The te brake

- bend” refers to a fold or bend that may be accomplished -
by conventional means such as using a press brake or a

leaf brake.

[0063] Generally, fold program 38 may be configured to
allow a user to declare or change fold line 31 of an
electronic modeling of sheet 32 by several methods. 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,

- 26 -



various aspects of fold geonetries will now be discussed in greater detail.
For the purposes of this discussion, the term"engineered fold" refers to a
fold or bend that nay be acconplished by bending a sheet of material al ong

a desi reda&ghgogéog%gs about which a preferred fold geomtﬁé’rm&ﬁ’o%/og@?ﬂaappl i ed,

that is, mat eri al upon which a series of cut zones ve been
applied and thus a series of connected zones 46 defined. The term "brake
bend" refers to a fold or bend that nay be acconplished by conventional
means such as using a press brake or a |eaf brake. [0063] Generally, fold
program 38 ridie heegomkyysubgegoently ophangs err tueded sHirfey dihechange fold |ine

31 of an elﬁc%]g%(}%i %sm&% Iiirgg_of sheet 32 by several nethods. For exanple,
a user may W's 0 providé a sheet of material wth one or nore engi neered

folds, with one or nore brake bends, or a conbination thereof. Preferably,

engi noer ed 10PHe e ARl OHAThe' 25 bty A IREV T HARE BT

engi neered f y or . ~The "nmet hods by
whi ch such &dlal dycoardt rieabyr Baveanabious eyddnid tad cardbrsfdlomeqitenphky changed
i nclude, but_ are._no imted to i yse clicki,n of the

t | ri ght .on a fa
bend/ f ol d T Gt Mo APTeGH At Re CERFuPEE (B 1 (19 (& IR 108RE HREBL 1 oni ¢

nodel i ng of dike ceheeilinkl B8Rt tABUESE dﬁéﬁl@kdﬂlga GutitiePRRICPRRAt @centry in
design application feature tree, and or by a navigation-type operation

utilizing dresigmrden wailis thenguhl patludll 3 FNfe SR 1ngpsviséam eushand ot her
W ndows-typ f hware._ Leati . [e.g. S ef > : =ngi neer ed
Fol d) . Pref :arsZ%] 3}%5% 2BRLL A 1QBRind & & -wald1S 8> Aeet e abRERG!

and or other suitable means. One will also appreciate

that the slits may be formed by methods other than

cutting such as, but not limited to, injection molding,

casting, punching and stamping.

[0065] In one embodiment, curved glit 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 glit 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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WO 2005/ 099925 PCT/ US2005/ 012052 the user may subsequently change or
reclassify the feature as desired. [00641 Individual slits 45 which

collectively make up the fold geonetry nmay have vari ous geonetric

confi gur at
centerline

of t

WO will appreciate that the slits arep&pidipd with the
o%oggégt path of a cutting machine, for e&anp%,sqﬁmﬂ{sﬁ t he cut

path of a CNC cutting systemsuch as a |aser-cutting machine, a water-jet
hine, and or other suitable neans. One will al so appreciate

cutting mac
t hat the sl

its may be forned by nethods other than cutting such as,

but not

linited to, Acepedinghynoldvnintigustiery stanicsiligsade spanpeayirg00651 | n
one embodi MRty GUENCL SLLL A8 WAt Shag pRURSIARY ghly arcuate shape

with the convex si
slit is a eoppombdatilyvesi sushi chittnelcomdiotreqaids etibshensiallfpave

ends 49 int
Ceneral ly,

t he radi us

i nvention, &W§liAadnéoadipgdereintense fhaddc dpgdsas BychpbBiohi mate a

straight |
slits may b

er eof orilen owar

Generally, the

slit

erconnected.in a, co-tange manner by a, connecting arc 50.
EREUEPAT TeNiL RLYE SPdFadi b R iehrrar FHED AEELPES  cs ¢ han that
of the conpeelikRENAr§1i88 45bSEWbsigedtldd teBbeCabYektedapsr eci at e that
of the connecting arc may vary in _accordance with the present

8810000 ¥Y LDe COMAIMIGH Vi8N 8RR 4 5L Ray dng SLudld] B, Lhe
ﬁ 8 e 1.1 w

e confrgured for relatively'1o

atigue resistance applications

or for highoffatuguetnesi shancare apidteattiieddy Foaléranphen shatsofia are not

expected to

coPfedEPh§CLeds ! QoY ¢l GRlxl0BTN9 0L LBLEASE

or low fatigue variety, as illustrated in FIG. 3, can be
scaled to be wider or narrower by constructing these cut
zones from a central arc that is maintained at a constant
jog distance from the fold line and joined to desired
slit ends stored in the fold database, which slit ends
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
s8lit 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 is that

conventional CNC cutting equipment that will affect these
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27 WD 2005/ 099925 PCT/ US2005/ 012052 Accordingly, low fatigue resistant
slits do not require increased stress resistance and may be forned nore
econom cally as such slits do not require substantially reduced-radii slit

ends. In contrast, high fatigue resistant slits 45b ar o0 be
subj ect ed Y 20?,5?}’3?%23& | oading or intense static | oads.ﬁ(ﬁﬁﬁﬁﬁ@%ﬁfati gue

slits are formed with slit ends 49b having radii of curvature that are
substantially smaller than that of connecting arcs 50b. For exanple, cut
zones of the high or low fatigue variety, as illustrated in FIG 3, can be

scal ed to bewisdderequireacoanertby apast tolcéxprpddesenpiiind zoneesf.r om a

central arc that .i mai ntai,ned at a constant |joq distance fromthe fold
line and j oi%_"’tlc} EPPLEGL3SF; Fhéﬁdgtg?{)r'%%al?% "?‘W_e B Mpethtobase, which
slit ends tRmEddlee dotpoutd-20reei Bl Bt I skt adidis diialk,t her eby

reduci ng geonetric points of stress concentration. To w den such a cut
zone, the sl9Rligeds PlEmapeedPPlyhABEalfpariiganrueriyduncidons agénnect i ng

arc is set By neliRel ICBLILOAIGIMC S SfbdilnetaTRalgg di stance
away fromthe fol g\al I ne. F(S%l 7? grg%er a%%]y 1?%? pr ogrzjr% gﬂei S cgngggur ed for
"slit trinmdageged tleamdjsstt bbepebepssobfthemui mpren agxddes saperti on 52 of
slit ends 49h after ,a _connecting,a 50b . has %en de serjally co-tangent
with the res itt&é"t §F’Iet J8Has® ggi‘gh%%%siﬁﬁ:lﬂl %%.Sr{l%&p 3’)%51:5%1 8¥ excess
overl ap of tdiragoideeRtiithyageCadidssedtaentsgiinaid iahd)otif dor hangant (e.g.,
excess portion 52) is_trimed away wthin_the electronic nodel or the
gr aphi cal uniform fold condition; fold deduction is held constant

along the fold. Additionally, whether the cut zone is

constructed from stored segments with a connecting arc or

the entire cut zone is mathematically expressed, the

preferred geometry for a given material and material

thickness can be related to a stored database or a finite

element model that has been confirmed for the material in

question.

[0068] A strap axis 53 is the wvirtual 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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representation thereof. The advantage of storing conpound curves as arc
sets in a fold database is that conventional CNC cutting equi pnment that
will affect these - 28 WD 2005/099925 PCT/ U82005/012052 cuts require

connect ed gfo%0§/(§9ﬁ§pr ess conmpound curves. One will @5?015&35“ ot her
nmeans may be ‘use generate compound-curve slit georre ry, or exanpl e

splines, bitmaps, polynomals, trigononetric function and other

mat hemat i cal expressions that can be paranetrically scaled to adjust the
shape of the cut zone at the same tine that the jog is held constant, the
strap width [0969] sk aqned@mc@inm,adkmst'enlgasofmﬁe exbrawtishefetisn a non-

f f ol d faoldq.d hel d, I he fold.
/lighl 1(:)|r ?na?l yfcl%/)mnee’lf%{[lg? nﬁ h@%}:%txc%g %bggalgglﬁ%?e‘? uc dr?lonctm Sqarg%n tseSmeﬁt s wth

a connecti ngad CGatfre Ui PHddeFitetl ZoDe g@om@ﬁftﬁmtimaﬂﬂa fol@r essed, the
preferred geonetry for_a given material and material thickness can be
related to #&%taRase ddtbheshddeofodds PEPEEEM e R iehisthdd®t: Bt has been

confirmed fofad{igad@ies Wil Be U83EROIntd GRGRIrYA 38 TRP tadeS 183k the
virtual dinension (e.g., having no wdth or kerf). depiction of a connected

zone or  strke quewssl fasl @nl ieddigiept, gfast RolsAR talplawr alach row
preder i ned st A 2Xes Al SlEAdded ! Daihes ot Al Fhasmediie kg program

determ nes t rap axi I'um or  nharrow depende upon the

mat eri al anchsémlmgut&s fc:font it(heslﬁeéti pFograx aarpd egorrtempesetingmy | nput a
specific thickness the matetial and_the fo rogram scal the stored,
% §f 2 L Pres 3k &

appropri at e SR h(aﬁ'edﬁﬁ CtihEsg Breferre metry,

constant fold deduction, that is, an analogous
compensating stretch factor, interchangeable with a bend
allowance, bend deduction or k factor, that is
characteristic of the preferred geometry selected. With
reference 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);

(6, B VN S

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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the sheet as input by the user. The scaling can be the result of enpirical
stored data in | ook-up tables (e.g., |ook-up table 42) or algorithns

devel oped and confirmed by such enpirical data and theoretical principles.
- 29 WD 2005/099925 PCT/ US2005/ 012052 [0069) In one ' Xi sting
software sPPIAYPMYEYs, for exanple, an Excel (r) spreai‘g@@g zg%@tlf?ggd to
organi ze and store the predefined fold geonetries in the fold database.
When the fold programis first run, fold database 42 will be | oaded into
menory 35 so that it can be queried as an efficient, fast |ook-up table.
Each row i njoeip Theblwseorsiptls el inputeparamétare ame ohmctleaghi nst  user

inputs fromthe, fold or ondj, ng, ,out put.s that. de crlbe a
preferred fo?%ajg%%rnﬁrf Oﬂwﬂ%{c}i& E’bﬁé’ﬁi%{fl?m %%d?ﬁl? t%ﬁ]a

anal ogous cespersabbrgort reheh paekeetei eI Thangeabl ﬂe@uiheaalbend

al | onance, bend deduction or k factor, that is characteristic of the

preferred gedheth yNUBEEEE MRt PPt AT 1EP SFMIS RaFed matgh ﬂﬁélpnpﬁ?rdata
val ues t hat i u t . 2. Material
BQ%té)gep, Vx\{i%%é&ﬁ: tnes, UsBht BEL 98113“15\@ fL13

t hi ckness; h (e.g row, medium wde) 4 " Strap spacing
(e.g., short, nedium I|ong); 5 Kerf (i.e., the wldth of |aser or water-jet
cut); 6. Hgh or {ow halddue1SL eheeh hSsdco1dNtol el program my be
configured to default to | ow); . Angle of material grain orientation
vect or 2. Material Thlckness = 0.125 inches;

3. Strap Width = Narrow;

4. Strap Spacing = Long;

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 compensates

for folds in anisotropic material when those folds-lines
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(e.g., the fold program may be configured such that "0" inplies an
isotropic material); 8. A scalar of material grain orientation vector; and
9. Cutting apparatus. 30 WD 2005/099925 PCT/ US2005/012052 [00701 The user
supplied ingut araneters are matched against an "lnput Match Criteria”
side of tRHEOR2MSOP%F om top to bottom Each parameter WMGWURIPHEL equire an
exact nuneric match or use range based match logic. For exanple, the user
may i nput the following values: 1. Material = Steel A36 Cold Rolled; 2.

Mat erial Thickness = 0.125 inches; 3. Strap Wdth = Narrow, 4. Strap
Spaci ng = Laig otherKehtn=pl@rAl0el 6or Fgdimped iStulengtde thkeowateZiaAngl e = 0;
8. Scalar = 0; and 9. Laser cutter 00711 It i,s noted,that i sotpropic sheet
material s hAREERT 2 &gty APuedfBgorab é@&#%a%ﬁﬁ?giﬁﬁ &P 5Petﬁ€aﬁﬁt8£ial, by

definition. A sRkERLE Mmaterials, have sone 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 materi al

orientation pgft eptlienBleyentheOnREsE £4 2pN8% R ghiresShhaRshcEr OM runni ng
parallel to the cross grain_ direction. This can be accqngllshed by changi ng
t he match in the table and the supported values will be

available from a pull-down list. The Material Thickness

may be matched against a Low Limit Value and High Limit

Value that define a range between which a match is found.

The Strap Width may require an exact match, as does the

Strap Spacing. The Kerf may be matched against a range

of values also defined by Low and High Limits defined in

the table as well as the cutting capabilities of the

cutting apparatus. A Kerf Reference may be stored in the

fold database with each row in the table and the actual

Kerf may be compared to adjust the Fold Deduction

according to a gimple 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 wvalues 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);
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strap angle to a value higher or |ower than what would be wused in a simlar
isotropic material, or it can be acconplished by rotating the slits in the
m ddl e such that all connected zones run in the sane direction rather than

in the altgigabddidezsf Or ce-canceling nmanner that is cus{,@%gob%lg&?l oyed.
The software program conpensates for folds in anisotropic material when

those folds-lines - 31 WD 2005/099925 PCT/ US2005/ 012052 are other than
paral l el or perpendicular to the material vector, that is, diagonal folds
relative to the grain of the material. [0072] optionally, the Materi al

Val ue requires ar-exadloldr@edhctaonhe table and the supported values will be
avai l abl e from a pul | - i e Material Thickness mnay be matched

agai nst a Low Li n3i'[)'t Va ?ggr?g%tﬁiea%gl’_i mt Value that define a range between
whi ch a match is 4.ounétrafthérglregp Wdth may require an exact match, as does
the Strap Spaci %g Tgﬁf Ke%f may be matched against a range of values al so
defined by Low and Hi 9i5f%s defined in the table as well as the cutting
capabilities of the cutting apparatus. A Kerf Reference may be stored in

the fold d ase with each row i e tabl e and the.actual Kerf may be
conpar ed to?@aﬁugﬁ’et ﬁé’qléofadﬂtﬁéﬁﬁst P?)%{]e a‘E%recﬁtr?g’q'tlngqh 157985 &2REFPhnet i ¢

fornmul a. Theedd ghiliew] eatth@gie afBYnbe Juki£i e XAL tsnidaliC RhangegoAsdi t ute a
switch or can cross fromone famly of cut zones to another to another as

the fatigue WeGHer ¥ReNCSpQFafdRél TRRgeekor hhosamgiarighlest EhrEl Grain
Orientation MRCtQ s iFBY,De MBhehed-RIFEAS! @ range of values set by table

[0075] Preferably, the fold program is also configured to
generate one or more “joinder features” or fastening
mechanisms associated with either an engineered fold or a
brake bend. A joinder feature is one that facilitates
the joininé 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
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limts. [0073] The first rowin which the set of inputs fromfold program
mat ches all the Input Match Criteria values in that rowis designated a
true rule and the output result 1is a set of data that defines the

i at d fold try. The Qutput Val ' N RN
((ag!or opri at g siran ﬁ? o] geonetry e pu a ues%mﬁgsgw«; og
4

g., distance of the alit centerline to the fold lin
2005/ 099925 PCT/ U52005/ 012052 2. Fold Deduction; 3. Kerf Reference;
Strap Angle; 5. Arc Set. [0074] The fold database table may establish | arge
ranges for variables that are not sensitive to small changes and uni que

val ues or snaldturdxemyf We oD raari akl perinhakbntar eFsenskainpeef o smal |
changes. (007 er ab the fold programis also configured to generate

5] Pref ly,
one or nore Tq%%épcﬁea't lﬂdé%e'sWteSf'aé"fiEﬁgﬁ&e AEEHRS s ociated with

ei ther an engingeredsbakdrehgd obrsfgzbﬁ@ﬂ-arﬁajdﬂﬂe&emrfow ¥a@tknifge that
facilitates the joining or connection of two free sheet netal edges in a
pl ane or at mat may Pst essdctpomccenhattve shepieh&sigedNeyr p&i i ng one

pl anar porti f to another planar portion of that sheet or a
pl anar portiiﬁ}dagfagﬁgﬁﬁgs'sheet. For exanple, one formof a joinder

feature is a lapped flange 54, such as those shown in FIG 6(a) to FIG
S(eg;’r a;"";' gﬂ 46e6t%5j ;f‘r?%“'fialﬁhsgogréﬁeﬁéy'ée SRR PRk OB He3C el £ PhgWhen. two
tools to assist the user. For example, a “uniform fold”
is an engineered fold generated by the fold program that
has uniform strip and strap characteristics along the
fold line. For example, a uniform fold will have a
constant strap width and constant strap spacing along the
length of the fold program. Preferably the fold program
includes a “uniform fold edit flag” that provides an
indication of strap editing within a uniform fold. A
uniform 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] In operation and use, a user will first design a 3D
model éf 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 similar to that shown in FIG. 4,.but without

the engineered folds of the present invention. -
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j oi ned together. The | apped flange has four forns, flange |eft inside,
flange left outside, flange right inside, and flange right outside. O her
|ater forns of joinder may include tabs and conplinentary-shaped slots

that allow j<Ng engagenent of two or nore planar i nd/ or
di hedral in (2?032@{9%& of planar portions, as descri bedPFEth'S%dg%@ and ' 766

applications. For exanple, the joinder features nay take the form of

al i gned hol es, tabs, slots and/or other suitable fastening neans. One wl|l
appreciate that such joinder. - 33 WD 2005/099925 PCT/ US2005/ 012052

f eat ur es nay[ob78] t Bomerex s toimg AT ICAM deBdgneapppi eat i CCGEE-dWOTKEW

adhesi ves, adhesive strips, VE . welding, solderin or_brazing, and
ot her known F&8Yeh? n%fe?%%ﬁ%“ﬁ@lggiaggotéﬁcﬁsem? t<Hbts together at
a joinder fepitEen HRO7HL mdel Ao provdaam Byl det poove desl widdl eifher

editing tools to assist the user. For _exanple, a "uniformfold" is an
engi neered e gErEkartedly ahaaterdadr sFafPeRAL Lo NROWHT FMR strip and

strap char aca&fééégg%ﬁlﬁgﬂ tﬂahﬁra: J ot b RRouEOEhEXAIP] KeefedHd1RfgM fol d Wil

have a constant s constant strap spacing along the Iength of
the fold proof arire Rpedsertb| ynvand ifopl.d  Frohr 6AP/ ¢ deiesgm "uniform fol d edit

flag" that provjdes an _indication _of. ap 5] .t hi uniformfold. A
uni f orm f ol d* %%%/l(?%tclo?rbsor‘”gglel g ko) og\a%élgg ﬁgXSdgg%#%%¥ﬁ$r%ﬁ e f‘{)end feature
control panethe Qiteet htatfetithlharkecereatrymasi pubahes oD hearS,r ap Edit

| Panel ..g.,, Fl fl h h iti
Contro anewe1515 aé Seits ’foldGliQe’s ta?)gut 3gigﬁytlr?ee ss}(xaetetésomatteartiag e editing

must be folded to shape the desired 3D part.

[0079] . For example, the user may utilize the CAD/CAM design
application to automatically determine the geometric
shape of a sheet having a shape similar to that shown in
FIG. 3, which sheet may be used to produce the 3D 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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may no | onger be controlled fromthe Bend Feature Control Panel other than
to change the classification from engineered fold to brake bend to joi nder.
100771 In operation and use, a user will first design a 3D nodel of a part

that is toywgp8gebact ured by bending a sheet of materipghusksopy@nml e, a
user may utilize a CAD/ CAM design application, such as SOLI DWORKS(r) 2004,

to design an electronic 3D nodel of a channel -shaped part having shape
simlar to that shown in FIG 4, but without the engineered folds of the
present invention. 34 WO 2005/099925 PCT/ US2005/ 012052 Ei0078] Sone

exi sting CADRERRFERE] Yl vpge catiesrated dnteng dasignt 3Pkibedtifftcal |y

mani pul ate tge épl%rpdg%] gr&%ﬂ@jgl%et ?%oé?aﬁ‘?da to provide an electronic 2D
S n

nodel of the single eet of materia cessary to produce the
correspondi ng 3D part, but w thout the engineered folds of the present

i nvention. %@hgﬁgﬁw&%@m AR CAtbARS Y| LuatbalBd i gad | sp1det er mi ne

t he shape of heet material necessary to produce the 3D part, as well
as the fold lines Glivouwtsenhimndy tded estteengameered! fohdisfe be. fOIQED ty shape

the desired 3D part.. [0079]. For ex I he.u utilize t-he CAD CAM
desi gn appl?’%%t?%n‘gtf%a%u?%l tci'oélarl%;[p ePgémgﬁe%E%%Vg%)ohetéﬂll% Wls]‘rr}ape of a
sheet havi ngappséapetsithdarctie vadidoushaeans nmay| ke 3gedhteh sheet may be

used to prodyce, the 3D part simlar to that, sh .in EIG 4, but wthout
the enginee %%Ilib"?%%e ¢ HESH & SFtL SChy B8RP bﬂf:f'\ig@’r‘?%er%'? &t t he CAD/ CAM

desi gn appl i £ahi 088 "By, amtsBidve merusdetigh lbgebdhes namdest i | ocation of

fold |ines necessary
suitable means.

[0082] With continued reference to FIG. 8, the user will
then enter, or be prompted to enter various input data
values associated with desired design criteria. For
example, in the event that the user is designing a 3D
part of a particular type of steel, the user may select
wsteel 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”,
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to fold the sheet of FIG 3 into the channel -shaped part of FIG 4, but

w t hout the engineered folds of the present invention. [0080] The user nay
then utilize the conputer program product of the present invention to
custom ze the fold line in such a manner that allows q’%ﬁwﬂ’ Bf he sheet
material aVBAYPSORE23 01 d 1ine that results in a 3D part 5088 Ye-t o- f ace
engagenent and support along the fold line, that is, with the engi neered
folds of the present invention. As noted above, the program of the present
invention may be inplenented as an adjunct (e.g., a plug- in) to existing
CAD/ CAM desigrecdpml”i aad offaer,. - S8bap WA XMW HiD A PEHadSHE0 9§ 18652

alternatively,_ be integrated int desi gn application, or exist as a

st and- al one "yprfbﬁcz}'mon[ g(§8i‘]a‘tfeﬁ'1?ﬁe€}_é%/‘§fﬁeg§§1e s SRR s ey tgﬁsPﬁﬁer t he
fold [1ine, pie dtsqnz@R¥heebeshrendt deiesndtalhi(s GealtOthe Rydrway of
strap edit control panel 55 (FIG 8). One will appreciate that the various

nmeans nay bendeF spaciagi bpeateobhe prrdelinad sqglengangel §grPngd but not
limted to, . -d S i,al.o suitabl e neans. [0082]
Wth conti nulg{i%?leef gl\rggﬁgggtg oaﬁﬁéQLBQafﬁie(f%seg&r]%\nf ngrotrﬁ?r#llmtgnt er, or be

pronpt ed t o iewcaporatiedusni hhat pdagramvalres vasdoappired iwiteh ttdesi red desi gn

criteria. Fqr.  exanple, in the _even hat_.t he user_ is designing a 3D part
of a parti c&lhzfr Rryge 20t m?%’eg?,pfﬂgléi‘irw%_asgrég&ten' &Jg'g’ A®36" froma list
of avail abl evihebindl spadehchsices Ny thd PHovided wathemhestkt 8bl e
material s by way of - ) . ,

allow the user to input other widths and/or spacings

desired by the user.

[0085] Next, the user may input the desired kerf, for
example, “0.008” inches. The program may also be

configured to automatically calculate a desired kerf
based upon various parameters 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(s)

including, but not limited to, pitch, jog distance,
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drop-down nenu or other neans. [0083] Next the user may enter the materi al
t hi ckness, for exanple, "0.104" inches. Alternatively, the conputer
program product of the present invention may be configured to automatically

of the S0 RAHBEel] “tha user may then sel oct the do PEVOGIPER i dh and

strap spacing. In the enbodinent illustrated in FIG 8, strap edit control
panel 55 provides three choices for strap width including "w de", "mediunt
and "narrow', and three choices for strap spacing including "close", - 36

WO 2005/ 0999%2&e Hfeld WSR2, 0 E2@52 Stmedi edit acchtfal "parstl e&:s wiagt lbeand strap
spaci ng nmay be a fungction .,of materi al i ckness ase, the user
may utilize § Ci g'lf&t SEaneﬁprP%’Ea?‘éc hceh%a\(llm‘#ﬁi d‘/cgr' Spaci ng
based on a pgmeéﬁdy&dms gEHeawﬁfit_:;Qi:ed to ptdeidatahase and/ or cal cul ated
by algorithns incorporated in the program One will appreciate that the

progr am may ERATAMRAIEF IS Pna agr Sadupnpedberewt oX i ghdBpace choi ces,
or may be provided with means to allow the user to input other widths
and/ or spacings desired by the user. [0085 Next, the user may input the
desired kerf[°085brTth>&%ﬁﬁ31 gay" @lgggselaehe it impe t}ﬂﬁfoallﬁ fay al so be

configured tg %&g %3) ?f:e%%'n‘f:“ L3t epd 91‘? fa1 ba"%ﬁ?d:e'z‘ﬁo'ﬂ yari ous
paraneters such as nate type, materia thlc ness, or ot er desi gn
consi derati ofsld Ji0G86] Fﬁxewplaaythhemgmwed r@ldbsnafyedbef ati gue

“flipped” about the fold line such that the position of a

cut zone above the fold line is mirrored about the fold

line, and vice versa. Other means may also be provided

to reconfigure cut 2zone positioning to avoid

discontinuities.

[0089] Once the user inputs his or her selections, the
program the user may review on display unit 39 aﬁ
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 wvarious 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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strength. In the illustrated enbodi nent, the user may choose between
"l ow-fatigue" and "high fatigue". One w Il appreciate, however, that the
program may be configured to allow the user to input a particular value or

val ues ass@ghmkmshoy¥ th fatigue strength (e.g., nodul uspcefysedospdizoszi ty, etc.)
to further custom ze the desired strength of the fold Iine.. [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 programmay be configured to allow the user to
vary ot her PrepgBteinyentdons PHE 80t igometLrohteddA®y, but not linited

to, piteh, i0ardi3banss. reqddeaVR.AA0R4009025 PGULIS2O0S/ 012050, desi r ed
shapes, etc. Strap edit control panel 55 nay be ~configured to 11st or
pronpt for swedeecbdfabeeweshi the bendihe fHooce ard nHye bengiordémpd ed to

provi de suc aracteristics op an,_"advanced" nu di al,og box. [0088[
The user ma?ogpsgn el‘e“é@t uhﬁﬂ“ﬁget Btﬁwtghaopd?g%tonﬁﬁ%ivf%}bﬁés%nt inthe
sheet matericabsad aeedk HhRenk@bfali serudire€xanie bd@iendidesy ed fol d may
be "flipped" about the fold |ine such that the position of a cut zone

above the féPBdal PKeINEtnPEr BREHCHBORRTAPRESHY ARG IYRALNGENPWE d¥lversa. Ot her

means may ahgpibeqPEaYi dedapt Qeh8ERNT | GUFL, Gt 7 ONELPAS) td i g to avoid
di scontinuities. [00891 Oncé the user inputs his or her selections, the
program t hedegeeennptrapi angda desptaye ure tt1s® fold aliga r onfift &BD part

model i ng angégﬁgﬁgre%gﬁkgogigegy Epfgﬁg fold then a higher amount

of bending force must be tolerated resulting in high
strap density and high strap width. If a designer wants
low bending force and is unconcerned about the ultimate
strength of the fold, then a low strap density and
narrow strap width are employed. Intermediate values
can result in intermediate results. 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 present
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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nodel i ng i ncorporating the custom zed fold line, that is, the engineered
fold 9. If the user deens further nodifications are desirable, the user may
return to strap edit control panel 55 to edit his or her previous

sel ecti Oniﬂgg‘i"g/ '9g§5d the user is satisfied with the r%l.[t}[}s'b(;bg/oﬁggzi neer ed

fold, the y“output a 2D or 3D electronic nodeling 1 ncorporating the
engi neered fold(s) to cutting nmachine 41 (FIG 1) and/or otherw se out put
the nodeling(s) in the formof various well-known formats including, but

not limted to, MDF, DXF, ICGES, and/or STEP files. [0090[ In the design of
fold |ines imotshidenaiatiegiraks ©6 fréddot ard olrdomilElinles @i sysseonal
structure, accurac rigidity,.and strength are useful advantages of the -
38 WD 2005/%9 BaRFELYO5E) BRS0R5ES etegﬂé%‘ieﬂtr%\?élnt“}aé’n,elg 2 B5%Ke a

control | ed adetticdmehgtakkyediedotes et ndivienalliebenits faldesi gn
trade-of f between the bendi ng force, of the eri%i neered fold and the ultimate
strength of hdfdigpientbatnthe eroberpiet &0 1@ Mewsben SUPseAyeRtity. The

bendi ng for ¢ relngtAcREAIUG! aOFuYBRL OYS MAATR] e .ncl uding, but not
limted to, strap density, strap with, and to sone degree, strap angle

relative to the fold line. If a designer wants a very strong fold then a
hi gher amduipjegy) 0 dQ‘iQQbHSéELﬁE Cﬁ?guééfafaﬁéﬁlp%rd@tx%% @S hiel BgekBnpi gh strap

density and high strap w a_designer wants |ow bending force and is
unconcer ned iavent ithe antt Ehat at tendaniytdatobasee ofopde fiemerdaslow st rap

density and Rty pLiaReWed! NgAlsh fIP! Wikor Hethlrdiatg gl ues

expressed compound curves seek to maintain a
substantially constant engineered fold deduction along
any given fold. This may be important when a uniform
feld is edited énd manipulated that result in subsection
with strap densities or strap width that differ from the
original uniform fold. The jog, most preferably, 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
glit 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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can result in internediate results. The fold program nmay allow the user to
achi eve these trade-offs by directly specifying strap width and strap
density and/or other target parameters for strength or folding force would

result i na‘we}oo’%@;@% width and strap density being dri Wﬁs%#ﬁ?zrqgi 0091]

Tradition bending is able to hold the bend angle because o hi gh
bending force required to take the material through plastic deformation.
The present invention nmay take advantage of a | ower folding force and
m ght not be expected to fix the rotational angle of the engineered fold.
However, a @oggedorhreavdniense ohal exslansattione ahidxesctilrateot at i onal angl e

through the ,intersection of interlocking planes and the oyerall structure
is both rigﬁﬁféﬁaE%PPoﬁﬁ Fﬁetﬁ@p%ﬂﬁﬁfﬁﬂﬁﬁﬁg' fﬁ&t%grﬂﬁn PPus8¥makes maxi mum
use of the mgbeeiral svgewhloyedr1 e oppfituniahidesrightrestihsidey all - 39

WO 2005/ 099925 PCT/ US2005/ 012052  rotational degrees of freedomare
unavai | abl eangd Spyteipfel nagecesednee dfsdribee fgprbsEre PAVEREI on nay eit her

m x togeth Ln 3 oyt 4 idd @ralkhy begt f ghdsor oL, Lipdi cate
that the engﬁﬁggggdgﬁgggtagéd@%M%dﬂ%é%%%%%%y streﬁgt&eneh b? a ?using or
braci ng st efieak0082) adddispdapéd yin thlee Sdfowase program of the present
i nvention and the attendant database of preferred slit geonetry paraneter,
graphics, and/or mathematically expressed conpound curves seek to maintain
a subst ant {t94] y Inomsh@nrespgtneeried raglid ideddonsonfatbagvaahgugi ven fol d.
Thi's may befggggggaggsgggfeatﬁggécgfnpreceding modifications and the

same reference numerals followed by subscripts “a”, “b”,

“c”, and “d” designate corresponding parts.

[0095] The foregoing descriptions of specific embodiments
of the present invention have been presented for purposes
of illustration and description. They are not intended
to be exhaustive or to limit the invention to the precise
forms disclosed, and obviously many modifications and
variations are possible in light of the above teaching.
The embodiments were chosen and 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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fold is edited and mani pul ated that result in subsection wth strap
densities or strap width that differ fromthe original uniformfold. The
jog, nost preferably, is also held substantially constant al ong 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

i nterveni ng connected zone. The slit shape cannot be expressed as a single
paranmeter. One of the functions of present invention is to assist the
designer, in the process of nodifying a uniformfold, to optionally
restrict the fold nodifications to those that have been predeterm ned,
enpirically or through finite elenment nodeling, to have |ocal engineered
fold td that are conpatible with the rest of the fold
CIhermﬁ@%Rzlggggﬁca ;SToIded sheet of material may rotate slightly
relative to the electronic nodel from which it was designed and the overal

three di nensional, accuracy and . rigidity_ would suffer. - 4 WD 2005/ 099925
PCT/ US2005/ -1@65’2*‘0d[(1§(9‘993§m%?g€%??92913 hile @riarﬂoe-ysﬁfsgﬁlﬁ? st %forfaatar&!ur ate

definiggﬂﬁﬁgﬁ%gﬁgmﬁppﬁnded clains, the terns "up" or "upper", "down" or
“lower”, "left" and "right", "inside" and "outside" are used to describe
f eat ur es of defireng gidedesired fald En¢ incrpangnt plane b pdravang systens apdsi t i ons of such

features as_displayed dnthe .fi S, 094 J].n many respects.th
rodi 1 cat | oRGPBRERER SRSt PHlFeomld ity e 3R BB PG e §erie =
nodi i géids@nsonmBeted Ashes SaiTizur&f SdoSiEomdTelatiVStofsaidl foldethebyhepdbyapon pt s " a",
"b", "c", and "d" designate carresponding parts. . .
folding said material along said fold fine produces edge-to-face engagement of said material on

opposite sides of the cut zones.

2. The method as set forth in claim 1 further comprising manipulating 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, wherein said manipulating is

selected from the group of locating, scaling, shaping, and combinations thereof.

3. The method as set forth in claim 2 further comprising further manipulating at least one
of said cut zones to adjust at least one of said connected zones, wherein said further manipulating
is selected from the group of relocating, rescaling, reshaping, and combinations thereof, and
wherein said adjusting is selected from the group of displacing, adding, subtracting, and

combinations thereof.

4. The method as set forth in claim 3 further comprising: detecting weaknesses in said
parent plane; and manipulating at least one of said connected zones to further adjust at least one
of said connected zones based on localized fold geometry adjacent said weaknesses, wherein said
manipulating said connected zone is selected from the group of relocating, rescaling, reshaping,
and combinations thereof, and wherein said further adjusting is selected from displacing, adding,

subtracting, and combinations thereof.
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[ 0095] The foregoing descriptions of specific enbodinents of the present

i nventi on have been presented for purposes of illustration and description.
They are not intended to be exhaustive or to limt the invention to the
preci se fornms disclosed, and obviously nmany nodifications and variations
are possible in light of the above teaching. The enbodi nents 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 enbodinents with various

nodi fications as are suited to the particular use contenplated. It is

i ntended that the scope of the invention be defined by the O ains appended
hereto and ' ' o . T 1. Y

dosi ani ng. a >wos PEBA AP R in i {hndip sk R Scpte e IO st

conpr i andigorinbeted k@es tofesistefessdangersiation, datigue st ffaotutle Initieeioh mpen foddisgsaidpl ane
on a draw ng syste d populating said fold line with a fold geonetry

i ncl udimaer 9§8¥$§§gh#3@8? zones that define a series of connected zones
configured and positioned relative to said fold |ine whereby upon folding
said material along said fold fine produces edge-to-face engagenent of said
mat eri al on 6. Bigooethod asssetiéasthoh claire 1further gpmprising dafirangresichtodd geomettty forth in
claim rther. .co | Si i pul.af i sai fine id
connect R HBHEE FALPRE PG BRI Gl e Wit o7 o SRR 1Bl w7

edge- t avilithc@rap Aeasigekerf) tfatigue Rtrértltliand anyile Sfinkert@tc@ich@tioml ong said fold |ine,
wherein said manipulating is selected fromthe group of |ocating, scaling,
shapi ng, and conbi nations thereof. 3. The nmethod as set forth in claim?2
furt her Comnr i Metnbathd 8 fortRRicRith 31 Aeif Saib GRAHodI0 fnpl el & flgmenes to
adjust at |east one of said connected zones, whereln sal urther

mani pultavnegf a CADEA Mciystdmf hagimgtfbld agd oofoldéapalslivesat i ng, rescal i ng,
reshapi ng, and conbi nati ons thereof, and

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.

11. A method of designing a desired fold line for a non-crushable sheet of material
comprising the steps of:

storing a plurality of cut zone configurations and connected zone configurations having
differing physical characteristics;

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

selecting a preferred zone which has a desired shape and scale, wherein said zone

comprises a member from the group of a cut zone, a connected zone, and combinations thereof;
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wherein said adjusting is selected fromthe group of displacing, adding,
subtracting, and conbinations thereof. 4. The nethod as set forth in claim
3 further conprising: detecting weaknesses in said parent plane; and
mani pul ating at | east one of said connected zones to further adjust at |east
one of said connected zones based on | ocalized fold geonetry adjacent said
weaknesses, wherein said manipulating said connected zone is selected from
the group of relocating, rescaling, reshaping, and conbinations thereof,
and wherein said further adjusting is selected fromdisplacing, adding,
subtracting, and conbinations thereof. -42 5. The nethod as set forth in
claiml wherein said populating step defines said cut zones and connected

Fol ding sai B treared oA goanfy) et i e, S bRElaluid o ' 17

cl ai m indudingward epardizehéiandef i ning said fold geonetry based upon at | east
one paraneter selected framthe group of material, materjal thickness, strap

wi dth, st rapapipHlefipg saig areferredfpldgamstry oragdiust atderst appyeisaidrcoppgetsd;zanes,

ori ent aki . : i: i herel i od is

i mpl erre%r[\llf %gy géonat:]c;'flg%% un&;{?lqte?%l %ﬁﬁeg Jgﬁf fgm&%@ﬁc&/éﬁégﬁ@&{%gﬁeg}ﬁ%ﬁd unfol d
capabi kaitl negeriaBon dppesitesiiexbfagidset zdnes,t h in claim 7 further conprising

providing a yisualizati.on on said D/ CAM syst t hat displays ,said cut
ones and odPreUoHEEEUE s U SHESRHERPD eplRol R ne TGP | | ne.
9. The apRbdiR8in@fons Blerdo?ldnl vdréih @HidhdjustingiedeleciAitrbniRicheshp o didpRicaigent ed
integral with a CAD/CAM system having fold and unfold capabilities. 10. The

met hod adding subtrasting and cembingtiansithgredfer conpri si ng designing a creased sheet -
mat eri al product including creased features, wherein said cut zones and said
connected zones are superinposed upon the creased features. 11. A nethod of
desi gni ng alzleRiemesdhddodsded fortd i Olaind 1 NARther ¢siaBing movidingaffanadisg | al
conprising the steps of: storing.a_plurality. of cut zaone configurations and
con necmg@&%f%aﬁmgmg&ppwg% af3 figt rlang eferidrgateral ity Se&ﬂ%‘I planelapred; cs:

def i ni RGthAa G PisheliRh&otiafién With %l 1§ Hhe P! @ane On a drawi ng system

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, which when executed on a computer, causes the computer to design a desired
fold line for a non-crushable sheet of material, the computer program product comprising:

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

instructions 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 upon folding said material along said fold line produces edge-to-face engagement of
said material on opposite sides of the cut zones; and

instructions to store information related to said fold line in the computer-readable

medium.

15. The computer program product as set forth in claim 14 further comprising

instructions for manipulating said cut zones to define said connected zones that are along said
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selecting a preferred zone which has a desired shape and scale, wherein said
zone conprises a nenber fromthe group of a cut zone, a connected zone, and
conbi nations thereof; -43 locating a preferred fold geonetry al ong said
fold line, said preferred fold geonetry including said selected zone; and
mani pul ating said preferred fold geonetry to adjust at |east one of said
connected zones, whereby upon folding said material along said fold |line
produces edge-to-face engagenent of said nmaterial on opposite sides of said
cut zones, wherein said manipulating is selected fromthe group of

rel ocating, rescaling, reshaping, and conbinations thereof, and wherein
said adjusting is selected fromthe group of displacing, adding,

subt r agfih fige sédo CRABIE BRY E&E&&oiﬂi&r e%gﬁ embRt upm%ﬂﬁ{ghtﬁ%i%%na‘i&ﬁal EB_B% baign claim
11 further conprising providing a f g%enlng mechani smfor permiting
connecffold hinefwherdin said nanipulatiog iswledtedditosr thalgronptof lecatieg; serding) shaping.apped

W th saidbfifst ﬁla in association with said fold line. 13. The nethod as
set fofPHOPRIUSAIHRSY2 wherein said fasten ng mechanismis selected fromthe
group of aligned holes, tabs, slots and conbi nation thereof. 14. A conputer
program product in a conputer-readable nedium for use in a data processing
system whi &6 TisEAMPUESE progimpprodue gprpriferth inclaimds furher comprisiBg to design a
desire ' r..a; = Cr, 4.al er

or ogr amesyeis fr AR m ARG ol B3 3h oFARELw FonTHd Bt IOnCOTRI 2T 4 1 e
in a paomrtteplzams, wheraindaidiniger sneatpahating isstected ticonthe fgosuppdpelbertingg sai d

fold Ii ith a fold try inpcl i f cut t hat def |
2 ser i SCUMEBBLIE P OREINIAS {hETFOL NG wACE I e & sefeclfd Teom €8 o ol d
line WhRpbePHispReng! QldtieheibsabishgYBiddondinatoadGeaf.d fol d 1ine produces

edge-to-face engagenent of said material on opposite sides of the cut
zones; and instructions to store information related to said fold line in

the comput eﬁg.&ﬁ%%%‘ﬁteﬂg@gg%roﬁﬁct a{?& f@m‘&aﬁﬁ] 1%%895&[}]‘051@891&1&? as set forth

inclaiml4 her*co rnstructions tTor nmanip I'ng~said cut zones
t o def iimeustiond faraktrettgdeampsss inhvaid et pladeigngd &isttuctiohd férahghipulatihgzo as to
enabl e sai d egge-to-fac en%ag?n%nt pon folding of said naterial along said

least one of 3aid connected zones to further adjust at least one of said connected zones based on

localized fold geometry adjacent said weaknesses, wherein said manipulating said connected

zone is selected from the group of relocating, rescaling, reshaping, and combinations thereof, and

wherein said further adjusting is selected from the group of displacing, adding, subtracting, and

combinations thereof.

18. The computer program product as set forth in claim 14 wherein said instructions for
populating define said cut zones and connected zones to resist stress concentration and fracture

initiation upon folding said material along said fold line.

19. The computer program product as set forth in claim 14 further comprising
instructions for defining 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.
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fold line, wherein said manipulating is selected fromthe group of |ocating,
scal ing, shaping, and conbinations thereof. 16. The conputer program
product as set forth in claim15 further conprising instructions for
further manipulating at | east one of said cut zones to adjust at |east one
of said connected zones, wherein said further mani pulating is selected from
the group of relocating, rescaling, reshaping, and conbi nati ons thereof,
and wherein said adjusting is selected fromthe group of displacing,

addi ng, subtracting, and conbinations thereof. 17. The conputer program
product as set forth in claim16 further conprising: instructions for
detecti ng weaknesses in said parent plane; and instructions for manipul ating
at least o f said connected zgnes to further. adjust at |east one of said
Connect ed 2ofemsaeg g AL Biaddda el \AShetEh ofl coiPRereaknesses,
wher ei prégrar proditiIy aifighgedsidl fsaRaaclitta CADIEAMSsyshekdval folddndtuneol@r oup of
relocatiqgt,rescaling, reshapi ng, and conbi nations thereof, and wherein
sai d f GARAREHICEd] usting is sel ected fromthe group of displacing, adding,
subtracting, and conbinations thereof. 18. The conputer program product as
set forth in claim14 wherein said instructions for populating define said
cut zones agdl Bemoepued prgres ptoductes isettforsh medamc2infoethércatipoisingnd fract ure

initiat] f ol di id.material. idfold Line. 19 Th t
b ogr alf st togo et e R R or on it TP AN sfucrb iy Pl el Pt ons
for  defandbig coiitietted 0biks GEONREY ¥ fOREREIURAR sA fhiRARE. One paraneter sel ected

fromthe group of material, material thickness, strap wdth, strap density,
kerf, fatigue strength, and angle of material orientation. -45 20. The

conput er praggr r i I, 1 el N saj nmput er
program pr ogg'cf}ml cgh%g%? ?’5"35?%”3 S\Eogpai atrsl rs;?ta{{)] rltlg[nﬁ!cl)gnnnwfht Wﬁgl&%ﬁﬁk}ﬁgégt em havi ng
f ol d ampeogarh ptadluctoiagiadesla CAPACARlapplitution havitg éd pridgifaih qapabdlitids. as set forth
in claim?20 further conprising instructions for providing a visualization
on said CAD/ CAM system t hat displays said cut zones and said connected
zones geomehyyiaSoRfRi et bRRMci3Ad b th IR RherBprgARUL er program
product as set forth in clraim 14 wherein sald conputer pfbgr m pr oduct

i ncl udesstrctipns/fa@Aldsigpipigiacatasethshieatvinatgrifl pretiuanidcluding|cekaseaifaitintes t wisgein

said cut zones and said connected zones are superimposed upon desired creased features.

24. A computer program product in a computer-readable medium for use in a data
processing system, which when executed on a computer, causes the computer to design a desired
fold line for a non-crushable sheet of material, said computer program product comprising:

instructions for storing a plurality of cut zone configurations and connected zone
configurations having differing physical characteristics in a computer-readable medium;

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

instructions for selecting a preferred zone which has a desired shape and scale, wherein
said preferred zone comprises a member selected from the group of a cut zone, a connected zone,
or combinations thereof;

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

instructions for manipulating said preferred fold geometry to adjust at least one of said

connected zones, whereby upon folding said material along said fold line produces edge-to-face

- 46 -



23. The conputer program product as set forth in claim14 further conprising
instructions for designing a creased sheet-material product including
creased features, wherein said cut zones and said connected zones are

superi nposed upon desired creased features. 24. A conputer program product
in a conputer-readable nmediumfor use in a data processing system which
when executed on a conputer, causes the conputer to design a desired fold
line for a non-crushabl e sheet of material, said conputer program product
conprising: instructions for storing a plurality of cut zone configurations
and connected zone configurations having differing physical characteristics

in a conputer-readable medium instructions for defining a desired fold
I t
or o PaE SRR 0 R AN RS RENRA RN AU RERERL 09, 2,

zone cagalpeted frdomaherpiohp bf cddoatihg destaling tekleaping aid @fmtsnatiohs thereef; a connect ed
zone, or conbinations thereof; instructions, for ting a.preferred fold
geonet ry al Jueang ¢ 8P¥9 I Oﬁéat“g‘d]e]&teﬂr“éfbér"lmé‘ép‘ﬁ%?‘g%ffgg?ﬂ?gq‘rryygF}WcI udi ng said
sel ect chmé@t@ﬁreahﬂﬁé d@ul0B8d WRErefBidRId}READS sSiREtEd Prbﬁlftﬁé gﬁﬁi? foPhi@plQ@ngfEt ry to
adj ust at "l east one of sald connected zones, whereby upon folding said

mat er i addiag.onbtracing, @ndlcdmbimatiopsrthetecfes edge-t o-face -46 engagenent of said
mat eri al on opposite sides of said cut zones, wherein said nmanipulating is
selected fromthe group of relocating, rescaling, reshaping, and

combi nat i ongst Ry @afputer prdgkate biodast ab QetFoidh B dldimOIRtthetohfprigingd to the
mani pul ated fold geonetry in the corrput er-readabl e nedi um _and wherein said

adj ust ilRgyupdonsdorarreddingadpsteniag geerpisar for paplitiag gnectireiiglirskrignerdict i ng,
and co 'd?\?attér P vith AREEMd: p1 4R 1a yéﬁvﬁmmdtfﬁ& JRGh %&@5@&%& S sfb horth in

claim er conprising tructions or providing a ast eni ng
mechani smfor permtting connectl on of a first plane of said material with
a second pl |at|o with said fold

| a edvvlth said first ne
e PR s U Bk RO ER et TRk BT WA o G e o1 o Sai d

f ast enifi@harTs RARI Y ififons Bk %%L@d)ffan%mdtﬁa&s%w Blo&fanalcbMBREtifPIhERof. t abs,
sl ots and conbi nati on t her eof data processing systemfor designing a

desired fold line for a non-crushable sheet of material conprising: input

means for d%&' R'dgtg p?&'egs rgges%}s{eﬁldfof 8J:sggnn{g edésnec?fo?@flr?@for Blngg Erifatfe g‘lr QtWI ng

system and
of material comprising:

input means for defining said desired fold line in a 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 upon folding said material along said fold line produces edge-to-face engagement

of said material on opposite sides of the cut zones.

28. The system as set forth in claim 27 wherein said computing means manipulates 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, wherein said manipulating is

selected from the group of locating, scaling, shaping, and combinations thereof.

29. The system as set forth in claim 28 wherein said computing means further
manipulates at least one of said cut zones to adjust at least one of said connected zones, wherein

said further manipulating selected from the group of relocating, rescaling, reshaping, and

-47 -



conputing neans for populating said fold line wwth a fold geonetry including
a series of cut zones that define a series of connected zones configured
and positioned relative to said fold [|ine whereby upon folding said

mat erial along said fold |ine produces edge-to-face engagenent of said
materi al on opposite sides of the cut zones. 28. The systemas set forth in
claim 27 wherein said conputing neans mani pul ates said cut zones to define
sai d connected zones that are along said fold line so as to enable said
edge-to- face engagenent upon folding of said material along said fold |ine,
wherein said mani pulating is selected fromthe group of |ocating, scaling,
shapi ng, and conbi nati ons thereof. 29. The systen1as set forth in claim?28

wher ei n s id.co neans. f f. said cut
rones CoTRiHIER Bt ofeRNaaat Llifgis AR o 68 aBle oRABPEPRE 4k e her
mani pulsabttdadtng @he cd@binhtichthidiéofgr oup of rel ocating, rescaling, reshaping,
and -47 conbi nations thereof, wherein said adjusting is selected fromthe

group of displacing, adding, subtracting, and conbi nations thereof. 30. The

system as_s8h. fid Rehhs Shitbith APPSR erdilshaSOMBHE DB fRAR O S0t S

weaknesses in said parent p ane and mani pul at es east one of said
connec tvedkreses sn sad parentipdane aad jmentpubdtesla st omn of sid saindcted momes teefirthenes

based o] . localized f.ol. eonetry adjagent s akne vvher in said
man pulPBERS Fesre ol P sn pine Pha oo @feed T FABRE GlisetN S5 el oot | no,
rescal ivt@knds&@shaRdrsid saidharilRingahideoandcharBRd is seleeted8ithe ﬁ)@b@f further
adjusting is sel ected fromthe group of di sfpl aci ng, addin subtracting,

and corglperiinggascaling resbpping and TRabippidensheseo sand Whrein spid festher adjpstingtier ei n
sai d cqppiLi B m’IFé‘gl% gﬁgh.gﬁlﬁcn aﬁou%g1 s[upggd?‘ﬁg a@f&%ﬁ@%{&ﬁf&ﬁsﬁﬂe&&’f‘es to resist

stress concen re | upon sard materia
along said fold Iine. 32. The systemas set forth in cIa|m27 wherein said

conmput i ng defi nes fold eonetry based uypon at ast one
par anet er ggﬁre}@leéastfmwﬁjeﬂ@ l“b?,lﬁ‘"b% ngr@P.Saud COpRY g ‘é‘F’anStdﬁF IRgSFRLUt st 1 ap
wi dt h, ,shdsaRd g@x{h%l:ttebf zokRtd resfs%tfegéjé‘on%@r{tﬁﬂgﬁ Qnd aduRngtigi R u g&ﬁtfglﬁln lsaid

orientation. he systemas set forth in claim27 further conprises
menory mmabng)sald@lélmpl urality of predetermined fold geonetries based
upon at | east one paraneter selected fromthe group of material, materi al
thi ckness, strap width, strap density, kerf, fatigue strength, and angle of

mat eri al or BenfiatsySem A8herfBith irselhith mbnh%@dr&ﬁiﬁstlﬁﬁneﬁisfdeﬁﬂ@ seid foRi d
predeterm ned 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.

34. The system as set forth in claim 27 wherein said system further comprises a
CAD/CAM system having fold and unfold capabilities.
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geonetries. 34. The systemas set forth in claim27 wherein said system
further conprises a CAD/CAM system having fold and unfold capabilities. -48
35. The systemas set forth in claim34 further conprising display neans for
providing a visualization on said CAD/ CAM system that di splays said cut
zones and sai d connected zones geonetry as popul ated along said fold line.
36. The systemas set forth in claim27 wherein said systemis used in
conbination with a CAD/ CAM system having fold and unfold capabilities. 37.
The systemas set forth in claim27 wherein said systemis configured for
designing a creased sheet-material product including creased features,
wherein said conputing nmeans superinposes said cut zones and said connected
zones upon §§‘.@rh%fsg§ﬂﬁq 5@ 1S fﬁnﬁéf%ﬁ?}i&iﬁg dﬁﬁﬁg%aﬂélfo? Hﬁdiﬁ%‘;«‘ﬁ fold
line for a non-crus abfe sheet d? mat er1 al onpri st ng: storaBe means for

st or i ngisaalzhtioradn sayd 6ADCUAM systencibaf dispiayatsaidrest zmes arahwettondectahmnes
configurations having gjffer%qﬁléhysical characteristics; input neans for
def i ni BPACRASPPRYaEd ptpnesaid fol 1€ 21 ent plane on a drawi ng system
conputing neans for selecting a preferred zone which has a desired shape and

scal e, wherein said zone conprises a nenber selected fromthe group of a
cut zone, a3@dmesrsted ageridorth mrrdpimcifovteaein 6aid syshesm ésofsed itheandlination with a
conput | . geonetry along said fold |ine,
said pre e/%%%%ﬁ%gﬂ&g\gm%dﬁéﬁlﬁ]{:félggﬁélaghgg?‘d sel ected zone, and wherein said
conputing neans mani pul ates said preferred fold geonetry to adjust at |east
one of said nnected zones, . whereby upaon fqlding.saiqd material, al ong said
fold line pfb éé‘St@H@éSf{tg‘-’lﬂhﬁ‘é’la“@rﬁé‘&éﬁ%ﬂtsalgﬁy%%ﬁléF Soaligie for SigHABEi t e

si des @fea@isHect Mat RN BRI GiRg S@hdd TBRIrRY WAkielsdi B cordfltiRg hfdnd r Om t he
group of relocating, rescaling, feshaping, and conbinations thereof, and

wher ei pupsaimgposedjsaid tcuhgpnes arsldagbeondedtedozonthepogrtheigreased dbatyptsaci ng, addi ng,
subtracting, and conbinations thereof. -49 39. The systemas set forth in
claim 38 wherein said conputing neans is configured to design a fastening

mechani sm f 88, Aeystent for dgsigMnE e dédired 61l liae fdrraSionrasheblethezbtmaretigri al with a

comprising:

storage means for storing a plurality of cut zone configurations and connected zone
configurations having differing physical characteristics;

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

computing means for selecting a preferred zone which has a desired shape and scale,
wherein said zone comprises a member selected from the group of a cut zone, a connected zone,
and combinations thereof, wherein said computing means locates a preferred fold geometry
along said fold line, said preferred fold geometry including said selected zone, and wherein said
computing means manipulates said preferred fold geometry to adjust 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, wherein said manipulating is
selected from the group of relocating, rescaling, reshaping, and combinations thereof, and
wherein said adjusting is selected from the group of displacing, adding, subtracting, and

combinations thereof.
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second plane |lapped with said first plane in association with said fold
line. 40. The systemas set forth in claim39 wherein said fastening

mechanismis selected fromthe group of aligned holes, tabs, slots and
conbi nation thereof. -50

39. The system as set forth in claim 38 wherein said computing means is configured to
design 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.
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