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i nventi EE%E(FFR{}] in general, to the bending of sheets o?T@gﬁéﬁg% and
nor e partlcularly, relates to slitting of the sheet material in order to
enabl e precision bending. BACKGROUND ART 10 A commonly encountered problem
in connection with bending sheet material is that the | ocations of the
bends are difficult to control because of bending tol erance variations

and the accumnul atiion of tolerance errors. For exanple, in the formation of
t he housings for electronics, sheet netal 15 is bent along a first bend
line within certain tol erances. The second bend, however, works off of the
first bend and accordingly the tolerance errors accunul ate. Since there
can be three or nore bends which are involved to create an enclosure, the
effect of cunulative tolerance errors in 20 bending can be significant.
One approach to this problemis to try to control the location of bends in
sheet material through the use of slitting. Slits can be fornmed in sheet
stock very precisely, for exanple, by the use of conputer nunerically
controlled (CNC) 25 controllers which control a slitter, such as a laser,
water jet or punch press. RefMETHORQFPR PRRGISIONa sheet of material 21 is
shown which has a pl ural iBENIGINGS|OFt & SBERT iGGnMATERIANd WO 02/ 13991 -2 16
FEB 2005 PCT/ US01/11712 t o-&NB, SkbacedEdpaitRFEIRat i on al ong a proposed
bend Iine 25. Between pairs of slits are bending webs 27which wll be

TECHNICAL FIELD

5 The present invention relates, in general, to the bending
of sheets of material, and more particularly, relates to
slitting of the sheet material in order to enable precision

bending.

BACKGROUND ART

10 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 electronics, sheet metal

15 is bent along a first bend line within certain tolerances.
The second bend, however, works off of the first bend and
accordingly the tolerance errors accumulate. Since there
can be three or more bends which are involved to create an
enclosure, the effect of cumulative tolerance errors in

20 bending can be significant.

One approach to this problem is to try to control the location
of ‘bends in sheet material through the use of slitting. Slits
can be formed in sheet stock very precisely, for example,
by the use of computer numerically controlled - (CNC)
25 controllers which control a slitter, such as a laser, water
jet or punch press. Referring to FIG. 1, a sheet of material

21 is shown which has a plurality of slits 23 aligned in end-



plastically deformed upon bendi ng of sheet 21 and yet hol d16tFe8 ﬁ]ygpet

t oget her a§ (&gl e nenber. 5 The location of slits 23 in ;/ ,can be
precisely controlled so as to position the slits on bend Ilne é W|thi n
relatively close tol erances. Accordi ngky, when sheet 21 is bent after the
slitting process, the bend occurs at a position that is very close to bend
i ne 25. Sinee-&ld, t spaasd b@ah:aifb]ﬂli@ﬂtakﬂhgﬁaf@ﬁpc&i@@ebeﬁa Iniateepb al

preci sely, t etCUW'p%;frvs,eof SA9Es | -G d; 68S LB SHoh B 8LT Lt} popbased
bendi ng process s ‘conparédto ong 1n wii ¢ bends*oclui in a press brake
with each spbsﬁqwdtlybéﬁﬂommglpposbﬂdmedOﬁySheéierzalncaeld Q’etthéolér ecedi ng

bend. 15 Nevgy %:t'gqleee%s,to ven.sldd ti an?esggmgggdl ng of sheet nmaterial has

its problenms. First stresses In Ing webs 27, as a result of
pl astic deformation and slitting at both ends of webs 27, are

concentz at edppThiSead fid USES 52t cyebs 24 GABeLOGRAUoaMDEEOWRECikheyS! its do
not necessarily produce bendi ng 20 of webs 27 dlrectIX al ong hend |ine 25.
¢

Thus, in pri®fRaral eﬁ??ﬁsnboé’roéééé%§hﬁh%hﬁrso%é?ﬁ% ARl 8 8rror in
the bend | ogaldtGrehaschesn troeduale@las.buAccscsfcej&ﬁgqunwnahrﬂteem 2ands somewhat

t b d I bj ect of th t
hvent | on t PS5 br B0 I8 T T e i DLAAT BEE OF SREBESTOR mat er al
usi ng i nprovedatsliist reng dleckntouendwhinh 250t hSrrmhusélsBrem becdaténtrati ons
at the hend yeb o"’}—[‘da %@%ngﬁeégeo@ﬁa%re%géo()freéjhgel Yie A&‘%Uig'{; 9hj ect of

the present Tnventionis F oVi Precision sheet I'Ng process
and a sheet @i’rq'mtlérIﬂathﬂfﬁS@hlha%lC@JeénS%itlttlnfgobaBeﬂdbeﬁgimp\mr:éﬁscan be

used to aCCOMbSreQWbHQ o wﬁf‘&?%% n@f Jnious 4 Bi-ekpessas @ndno
various types of materials. 3991 16 FEB 2005 PCT/ LJSOI/41742 A

further obj e%%crbfs‘{br‘?@%lﬁégeﬁ?n@rﬁﬁé'ﬁ‘tg BRstsienpd iy itfE cxrensReEP BBAdI ng
met hod whi chpr&sddilng; bana. bent product having

15 Nevertheless, even slitting-based bending of sheet rﬁaterial
has its problems. First, the stresses in bending webs 27,
as a result of plastic deformation and slitting at both ends
of webs 27, are concentrated. Thus, failures at webs 27 can
occur. Moreover, the slits do not necessarily produce bending

20 of webs 27 directly along bend line 25. Thus, in prior art
slitting processes the problem of cumulative error in the
bend location has been reduced, but stress concentration and

somewhat erratic bending can occur.

Accordingly, it is an object of the present invention to

25 provide method for precision bending of sheets of material
using improved slitting techniques which both reduce stress
concentrations at the bend web and enhance the accuracy of
the bends.

Another object of the present invention is to provide a
30 precision sheet bending process and a sheet of material which
has been slit for bending and which can be used to accommodate
bending of sheéts of various thicknesses and of various types

of materials.



i nproved shear |oading capacity. Another object of the presepts myentl on is

to provi g9 Method for slitting sheets for subseque and t he
sheets t g)n(ggﬁv)gs that will accommobdate both press brak?cﬁgﬂﬂ“gﬂg

bends, is adapt abI e for use with existifhg slitting devices, enables sheet
stock to be shipped in a flat condition and precision bent at a renote
| ocation wi tm(ﬂmtctﬂlerthﬁjam:e odf taeppessery akﬁ',enaﬁldneli]baﬁﬁeﬁrcaxsiskntﬁ y or

nount i ng of Conpone ltmsﬁ Iﬁlgdﬁg dhqtcelr ogulq:f gcéoééﬁﬁespr%eet %e/ ndi ng of

the sheet st¥tk reC|S|on ndi and
the sheet sntrmrI@Vé@rMﬁ dloasltuml CFﬂfE@@Ili-‘rVG)n bendi ng, of the pr esent 15

i nvention has other features and objects of advantage which w | becone
apparent from or are set forth in nore detail in, the acconpanying

drawi ng and Areshep| PEIRHY esErd pﬁﬁe@ﬁntof-n’(%t%tl%"de B¥fo yWhg Qut The

I nvention. 3GLECERE R dtNMENTEN LG ok Ns G ASREC benbR8gMEAROd HOT

preci sion bending of a sheet of material of the present invention is
conpri sed, bHSeEFythenelRs s{8pE Btl¥ oarcrﬁor‘fﬁ‘oéaEFUPSFFt?r%?S | rRJi% udi nal |y
~extendi ng slidng tdagoughtt bensbeetlsi adaptialley Spacest relohi enistina

di rection extengn Ion and roxwra end l.ine 25to]?a§:f|ne

bendi ng webs S3s (s,enet en8§ d’fe pa?trosdkog t ShlP??s aﬁdf Fmng a
stress redumdngllsioucamnl epEicigach bént tdte aadjemotnt lendsioh vhehqei rs of

1S e, SHILagIGAUCLD0.. ShiNgl UL, SARNE.Pr oVl gl Py opsnings,

transver sely ‘exte referabl'y arcuate, slit end l'ine
30 and open|Qfgc@fﬁpqwtlsoﬁﬂibadm’félrll?réﬁt @n‘dl@ﬁjl@ﬂ ﬁ@rm%é?Ys]Pﬁ?@%ang r educi ng
openi ngs havyg aptr gnsmerssecw dt h di mensi on which 16 FEB 2005 WO (12/13991
PCT/US(I11/41742 -4 is substantially greater than the transverse wi dth
di mension of the longitudinal slits, and the arcuate stress reducing
slits are comeexetiod fb pettiidnabengiddetbendt tgnaehisal  Aahdriter step of
the method ! %ete@estsgc?cofoémebcfa?gzlf %%c&’xh;?rescqes§on bending, of the present
15 invention has other features and objects of advantage which
will become apparent from, or are set forth in more detail
in, the accompanying drawing and the following description

of the Best Mode of Carrying Out The Invention.

DISCLOSURE OF INVENTTON

20 In one aspect, the method for precision bending of a sheet
of material of the present invention is comprised, briefly,
of the steps of forming a plurality of longitudinally
extending slits through the sheet in axially spaced relation
in a direction extending along, and proximate to, a bend line

25 to define bending webs between adjacent ends of pairs of the
slits; and forming a stress reducing structure at each of
the adjacent ends of the pairs of slits. The stress reducing
structure can be provided by openings or transversely
extending, preferably arcuate, slits formed on the bend line

30 and opening to the longitudinally extending slits. The stress

reducing openings have a transverse width dimension which



5 material substantially along the bend |ine across the beh@th@0swebs

bet ween \\H@,$fhfss reducing structures. In another aspectpct/pgyByod of
the present invention includes slitting a sheet of material for precision
bendi ng which conprises the steps.of-#ermng a first elongated slit 10

t hrough the sheet of material along the bend |line by formng a pair of

pr oxi mat e, tilsamso,serasaliy&@pa@mhmatman paeat tabsencte vWdigh tddensd dry

extendi ng. L' #he S1ddo IR (i LA8AL, o COMALL! aDayerse plane by

a transverse y ext ng slrt se rfen ormng a secon ongated slit
i n substantisdity ase| epgyexdinal @lmqtglr@d mnlgoﬁg:et SenAing yweraced

relation tgq ghedds Ste I&p%teeﬂe@{ddt 1sTé}?e %Tteﬁ & pLanm ¢ Hehensacond
el ongated slit also era%ﬁlls acconplished by formn a pajr of

pre

pr oxi mat e, feaRsiek §€P§t§’ﬁ’éh %ﬁéﬁ"ﬁg tﬁ‘ﬁr%@@%lllﬁﬁ(fcqoﬁﬁgq %B??i%’rrf%/

ext endi ng, skbt Begnt sHORReebedraRATing 2@raobubss L ransverse plane by a
transversely extending slit segnent. Thus, instead of one continuous

el ongated slit, each slit in the pair of slits is forned as a slightly
stepped sl ilh pmocheat easaaem:itdpdihet mﬁth;dab cbnbhaegrkengt hiofetheors| it

segment s. qhél&%eéjcélq_rt%?x & i A :gehf@n Jl“{f%&é’g}é@? %5139&5'9:%&‘9 t hat

can be positione preC|se use bending of” the
“bendi ng webshioh ecoradisss] yhal BIRPS Plﬁef@eﬁmg iandirsh ¢elmandst prferred

- form jiphe steppegh SHd Shedf G @hSeePIOVidRAMED ﬁ‘é?ldawﬁ@' h%ngo%ﬁ@ ngs so as
to reduce stresS concentrations at the bend| ng_we resent

i nventi on alasl’(’)a%?1@Ifuléi“é%md“%br?eeFrﬂsYﬁS@r%YaFP?%?ﬁ’Té’d’arForpaﬁﬁaééie ¥ bendi ng

conpri sing aosfeetahaningert ongaisdsi bt tss_l\m@émeafte §&&€&Qe@pﬂéiri n
end-t o- end reI ation and in substanti al gfra?lnrrent f e benJcSi | i ne, and
stress redufi AR rd@HVES Sat p??\%e érdé RECEPT1s T eln dtteeS st ess 35

concentr at i srgmeht); bind frestingr efscred dlomyedtlke sheetnofubd®a0R14BB91 -5 16

FEB 2905 PCTLM R0 i d 1Yy hrtdnTa! SRh2hohI LRSIy (e otk Lar Lorgpd as
PP to the first elongated slit. The step of forming the second

elongated slit also preferably is accomplished by forming
a palr of proximate, transversely spaced apart, parallel and
longitudinally extending, slit segments connected near a
20 common  transverse plane by a transversely extending slit
segment. Thus, instead of one continuous elongated slit,
each slit in the pair of slits is formed as a slightly stepped
slit proximate a midpoint of the combined length of the slit
segments. This structure produces a wvirtual fulcrum upon
25 bending that can be positioned precisely on the bend line
to cause bending of the bending webs more precisely along
the bend line. In the most preferred form, the stepped slits
are also provided with enlarged end openings so as to reduce

stress concentrations at the bending webs.

30 The present invention also includes a sheet of material formed
for precision bending comprising a sheet having elongated
slits which are spaced apart in end-to-end relation and in
substantial alignment along the bend line, and stress reducing
structures at the ends of the slits to reduce stress

35 concentrations. In the most preferred form the sheet of



whi ch proximate, transversely spaced apart, parallel and {pirgptydinally
ext endi ng. Lt,.segments are connected proximate a trans [N medi at e
pl ane byag‘?}rlésn)slversel y 5 extending slit segnment so that %gﬁgﬁﬂg‘@géurs at
a virtual fulcrum During bending, between the longitudinally extending
slit segnents tabs fornmed by the stepped slits slide on supporting edges
of the sheetypeshihioneds o0ss the shits rbreaa tde 4alpeqlQ1 B} Em

DESCRI PTI ON gi THE DRAWNG FIG 1 is fr%g}%e tar%, tOB gl@g Vi eV\(/iof a
sheet of nmat'€rCRl PTRAVIAGSs| FI329%7 Y FEPSCR B9 24EcoPRARTE W T prior art
t echni ques. 1enGitddisaHly r agrentiany, t ol il amegmencof @ r espoadied to 15
FIG 1 of a > i it > it h ifent of a
first aspectps‘%?Jc g{“ﬁgé pﬁé%r%lfq g%ﬁ\éléenjtr}egr%.m %éﬁ%‘g%%?lsewggffar‘a%%él%?gg%ifop pl an
vi ew correspotghAgngos HiGsegept aoshiet emdimgertelrsvditclh Masteren slit in
accordance gyithy,g secons, aHRodh oRM Dl Hhewlid Stnaspeslyiehathig pf esent 20

invention and in accordance With a second aspect of the™ present 1nvention.
" FIG 3B is &% ragibatdiy, sIPEssarrRs Eareet PEsPEnartRPCoS i s119%f a sheet
of material ophbehpbasi REefgss idr tRc sk tdpBseriMmddadrsecand aspest of the
present invention, 25 FIGS. 4A-4D are fragnentary, top plan views of a
sheet of nat @M GPSwWhiR%r has been slit according to the present invention
and is in the process of being bent froma flat plane in FIG 4A to a 900
bend i.n FI G - DA~ _are_fragnmentary, cross sectional views, taken
30 subdt ant i%‘ﬁ% g#%%lﬁe&spgnég’zd? THes SAC5A", in FIGS. 4A-4D during
bendi ng of tH&.shdet aoframteathal, U@ PEBN20GE oG Eheet 3g0nhapPeTialSO 1/ 41742
-6 FIGS. 5B1aRinqake;tEagBRil @ ¥he L Q5SS efddRaahcyi GY6H tAKEY art
substanti al Ity %In(i)gge; he planes of lines 5B-5B"", in FIGS. "W 4A- 4D.

ec .

FIG. 2 1is a fragmentary top plan view of corresponding to
15 FIG. 1 of a sheet of material slit in accordance with one

embodiment of a first aspect of the present invention.

FIG. 3A is a fragmentary, top plan view corresponding to FIG.
1 of a sheet of material which has been slit in accordance
with a second embodiment of the first aspect of the present
20 invention and in accordance with a second aspect of the

present invention.

FIG. 3B is a fragmentary, top plan view corresponding to FIG.
1 of a sheet of material which has been slit in accordance

with a second aspect of the present invention.

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

plane in FIG. 4A to a 90° bend in FIG. 4D.

FIGS. 5A-5A" are fragmentary, cross sectional views, taken
30 substantially along the planes of lines 5A-5A", in FIGS. 4A-4D

during bending of the sheet of material.



FIGS. SC-SC'' are fragnentary, cross section views taken 15&55ﬁﬂﬁtially

al ong thgohhases of lines SCGSC'', in FIGS. 4A- 4D. FIG fctmasdyi@w pl an
view of a sheet of material which has been slit accordance with an
alternative enbodi nent of the nethod-6f the present invention. 10 FIG 7
is an enlarged, fragnentary, top plan view corresponding to FIG 3 of

still a furttH&S. aFBeFRat ve feadwsditAent ofoshesssitilonghedieds halersent
invention. Ei@sc8ntsatny RoRbahybeunol & 3hesd sal sgat efd alrgahi gh. has  been
slit in accordance with a further alternative enbodi nent 15 of the present
i nvention. BEST MODE OF CARRYI NG OUT THE | NVENTI ON The present nethod for
preci sion bending of sheet material includes two primary aspects, each of
whi ch are capahle o 0 being used al one, but which aspects preferably are
loed t oget naEh.; rishe i LAERESE ] et e hoP SE IR PeTS EPrted af the
ends of5 t he ssibistantbadlif edbng e edsnes arfciteatiCoaCl edirctFIGs .i 48+ he
connecti ng Q di ng webs, while in another aspect, the slits are laterally
or transversely 25, stepped slightly over their length so as to produce
bending about a virtual fulcrum The nost preferred nethod and resulting

slitted sheegliy havesboth,SlHiGRAt LYesioPRednsbt tSe RN, SkAeRE; LRONEE
structures at the ends of the stepped slits. 30 Referring nowto FIG 2, a

sheet of mat&aflll FICARGRAS| Wit twAPCRL EHEF1VEt cBRYEMETYF Phet PR esent

invention hagtheanorerd QeGenf Phidm@lidny, of longitudinally extending slits
33 16 FEB 2005 WD 02/13991 . PCT/US01/41742 -7 are fornmed al ong a bend

line 35 in a manner simlar to the prior art technique showmn in FIG 1.
The sllicts 3FIar.e axi akl yanspackdgmdd eXtegokralaanyy andpprpkamatei¢w bend

[ 35 f | i d h ; Li ) 5
bendi ng webe oy RBrhREE ahP st ndk of 55T 14 “OpREfey o Ragbeh e R I N
embodiment of the slit sheet of a present invention.

FIG. 8 is a top plan view of a sheet of material which has
been slit in accordance with a further alternative embodiment

15 of the present invention.

BEST MODE OF CARRYING OUT THE INVENTION

The present method for precision bending of sheet material
includes two primary aspects, each of which are capable of
20 being used alone, but which aspects preferably are used
together. In one aspect, a stress reducing structure is
formed at the ends of the slits to affect a stress
concentration reduction in the connecting bending webs, while
in another aspect, the slits are laterally or transversely
25 stepped slightly over their length so as to produce bending
about a virtual fulcrum. The most preferfed method and
resulting slitted sheets have both slightly stepped slits
and stress reduced structures at the ends of the stepped

slits.

30 Referring now to FIG. 2, a sheet of material 31 is shown in
which the first aspect of the present invention has been

employed. A plurality of longitudinally extending slits 33




In the inproved slitting nethod and resulting sheet, a stré&b<$EBr8uci ng
structurgol S/ pyevi ded or forned at each of the adjacent ghggs@figpal rs of
slits. Thus, for slits 33a and 33b enlarged openings 39a and 39b are
formed at the adjacent 10 slit ends. ©penings 39 are each forned on bend
line 35 and open to or conmunicate with slits 33. Openings 39a and 39b
have a transwer fermedtdlaigrenbeod MineCc A5 snsubsammen iy lagreat®re than the
transverse w.dth. o4l 'EEBﬁhP@Jé)Ehé\!vﬁtlﬁ @f@l andrn33h.; 0% 3 WQJLEal iy an

al um num sheet havin hi ckness 15 of 0.070 inches and _slits with a kerf
or slit wi dt¥Padcherrd nex’iﬁnd() UG RIMESPTOpEMtTyst B9 LERA HE® 13D i nches
in dianeter. ﬂéfé(f@rEBDﬁlléi%)ngmlsm oBlshd H@s@ﬁ@dﬂhlb@g& B&F]ém lelo cﬂ@ﬂ%jt@@ Ej he |
stress concentration on hendin s 37 over. t ic s, .produced sinply
by for i ng TEFORBSTEIS HoPEHUGRT P RFEnS Frds0 B 0@ toBRALAGS 90 w ||

in turn, givi the ibprbvefiedt t8ing geedderarst renglthn@i sheet he denskd i ne due
to the result stress re i0 b esents vention, it
is preferabl e@uh at9shi c%‘“33.1'ﬂdehave &O‘}ld%% b i rren5| on%%esesact ttﬂle t hi ckness
di nensi on ofadileens ehdetofofratuseprfaplitnd (THaus, tﬁereﬂlatgehB@taré%s

reducing opgyy €E§a%cf‘%ﬁ8n§n§f! %Q A4BRsi oh tf'&%easatgrt%t £854ba: the
t hi ckness di nensi o e sheet -of material. Slits can Tange_froma

kerf wWidth diliénsrds- of°PBLBI% 39 Gse %ngﬁﬂryled|%%sb%wﬁar%lpﬁe3%mr&<ness of

the materialopeWhes @ HdnktihDgaBd WiRhf €11t Bsed, opdieirild B9acssendwl Iy have
no, or zero, transverse w dth, Si on.Si nc&gﬁ mat er |: is.renmpved from
y

the sheet ddti“ifg %I5FEENG"“Mmt' ‘g% ERSAPY & LB hEubgFaeE it BAd t he

opposi te si desapkrt tiearsithe tmyeveask winlth dbenisien oftdlieachlataet. Wien a -

| aser or wat je w.l |l be_a. ker r slit
wdth 16 Fes Fo0e ohe s Ta00h Borl Lo A s S g, h T RArT <

resul tL1of neatefi QVO Beichgsranvoredts SiEhs karfpkelis virdshsAowans ol GS. 1- 3B
and 8, whileme kesfiScAES, oPRAWAGE B oFE&GDLe3 14b iRch8s 3R ameter .

Upon:bending of sheet 31, the openings 39 will reduce the
stress concentration on bending webs 37 over that which is
produced simply by forming narrow slits as shown in FIG. 1.
20 Enlarged openings 39 will, in turn, give the bent sheet 31
greater strength along the bend line due to the resultant

stress reduction in webs 37.

In the present invention, it is preferable that slits 33 have
a width dimension less than the thickness dimension of the
25 sheet of material, and that the enlarged stress reducing
openings 39 have a width dimension that is greater than the
thickness dimension of the sheet of material. Slits 33 can
range from a kerf width dimension of zero to just slightly
less than the thickness of the material. When a slitting
30 knife is wused, the slits essentially have no, or =zero,
transverse width dimension since no material is removed from
the sheet during slitting. Material is only cut by the
slitter and the opposite sides of the slit move back into
contact with each other. ~ When a laser or water jet is

35 employed, however, there will be a kerf or slit width



The nost preferred fromof stress-reducing opening is to hgv¥El mgeni ngs 39

have an \gpGuais shape on the side thereof facing the opppgiigoilibgned
slit. Moreover, the arcuate shape of the opening is preferably centered on"

the bend line that the stress reduci ng®structure provided by openings 39
also functions as a bend i nduci ng structure making bendi ng of web 10 37
nor e Iikelydﬂ@e@%EHFt&ﬁtth%éhéﬁau%Fﬁg gaterial deippi se@Vet-hatltali ng an
Oﬁeni ng wit h:lie@rzfarf% @f:_eae!fh@ﬂlﬁ&nf actag 1-he andjgcenilshid Kegfbesse desirabl e
than a circul ar_or circul ar _openi ngs since corners or intersecting

pl anar maIFQOWBUFafﬁgﬁé éé”réin%rdgﬁgg'grress concentrations along 15 bend
line 35. A second enbodi nent of a stress reducing structure is shown in

FIG 3A A f er i i d. Wi t rali i gned
| ongi t udi naﬁ?‘;g/q%)xs% e%]g?én%lr%ﬁa% tf géég s%%gg;ﬁ |e\r%félcgf1§nog[pelanqﬁl§n%£ I)Efaﬁlréa 5. Slits
233 ar & t r appesines P 920ave eppedciate shaprern \itlicchige | thareafeSaeinsed in nore

detail herehpabtels; f20sitLARAds B¢  headbagent cighds-Lfacsl hepd 3k are
stress reducing structures 239 ich in the enbodi ment of FFI)G 3A are
provi ded as tPRARSAENSely REATSFAPAY SIrtered) Anthe RERE DS EBREYR] for m of

slit-based gkiess reduein®n ssl-tbdelitd ep2dPidddens! idpenahgst riansyeisel y
extending arcuate slits slits 239 As will be

, .such.a shown b and. 239h.
Saen t hosa GRS o614 (ETEL0Ru I SRR RS IR e BRgTedl nal |
~extending  si7i ter233kedywho cleciltepnarte bendelimesd 35Thust itshbedtieess 30
duci : o a di , Faci ! Cate
bondi no want ghnars B Gfaue Wi BnbShIEt T AR Ot EI TR =L E
notch 232 atdgdern341dt shéetlosd dardrebéecadfhenta arcdugliéast rass

reduci ng sl igkn238rcadypRaih§s 9indd ido$n239aor 289 rskothEB 008 r VWO ‘
(12/13991 PCT/USQ1/ 41742 Stress reducing arcuate slits 239,.239a, 239b als

can be seeiaLbS prEFEr 5BRY TR SSOSEEPOREY SSF e FRatOr R SR ESt 21 ance
bet wears ar ckahe Bind 8239a, 239b, or between a slit 239 and

A second embodiment of a stress reducing structure is shown
in FIG. 3A. A sheet of material 231 is formed with a
plurality of aligned longitudinally extending slits 233
extending along a bend line 235. Slits 233 are transversely
. 20 stepped. in a manner which will be described in more detail

hereinafter.

Positioned at the adjacent ends of slits 233 are stress
reducing structures 239, which in the embodiment of FIG. 3A
are provided as transversely extending slits. In the most
25 preferred form of slit-bBased stress reduction structure 239
the slits are transversely extending arcuate slits, such as
shown by slits 239a and 239b. As will be seen, these -arcuate
slits curve back along the respective longitudinally extending
slits 233 to which they are connecfed. Thus, the stress
30 reducing arcuate slits are convex ih a direction facing .
intermediate bending webs 237 and 237a. Bending webs 237
are defined by an arcuate notch 232 at edge 234 of sheet 231
and the adjacent arcuate stress reducing slit 239, or by pairs

of slits 23%a, 239b.



a notch 232, will be located substantially on bend Iine 2356 FEB2AQSs

provi deswaoﬂi:f)ess reduci ng and bendi ng i nduci ng structurepcimbs@lrnor e

preci sely produces bending al ong bend |ine 235. Considering arcuate stress
reducing slits 239a and 239b, therefdte, it will be seen that

longi tudinally extending slits 233 connect with these arcuate slits at a
position bePBieteittdTifEneresate sHKE 23A, RAPRe aBeharksx|gansbe30a, 239b

are closested® t@%ﬂgﬂé@l yabe peedtidm 232 hakaihd Bigosieppeisdaargi t udi nal |y

extending sJits 233 on 3A, linear t nsyv rsely
ext endi ng, }E?Wé%esn aFEHﬁ%ienﬁl’stlslgtzg%BQ%:"Q%QPrGP%t‘%W i‘lEsgre3 PR&ar siits
are 15 sonewhaitdhegs2 prefldr bedlaaatteldasubmtaraellryobna:sarﬁ 11'3@& i2868. in

| nsuriag be’f’zl%'r 801 délsesto sfsh ain a%éQ r%%ﬁu&t %t%ggm "9 20b

slits. 71t wi eun stress re ucl openi
and stress vel¢lviang iretsseBp, prx8gep3bendong cﬁllyelgsbaeédllzea gBEghtly by a

thin web fremthe snds ofcthe lepgitudiaably, extending slid $338,and 233

and still provide protection against the propagation of Stress

concentr at | BRCEFERYes Heidsd Peperrh ﬁ@atwéeegetfu Byrextrddna £14486 | web is

shown bet wegss do'ih@.el:@r\»@l.ﬂ}ﬂ@hé@é aslcubtend i233ar andot hei it bessw educi ng slit
25 23 andlsllt EE and trapsverse slit %h]gd i FIG 3@ whi ch woul d
essen aI ly f%‘?lz H’le Bar t2of WBehdi ATHHE § eb{}3 R&n 3¢ fe

| ongi tud| natlysext endieaghsbthe?233E: $e@ndt hatei233 s connect ed with the stress
reduci ng structure slit 239a or 239d and prevent further stress induced
cracking or 30 crack propagation across webs 237a and 237b. As used herein,
therefore, Foe Expresginnd lovghtedini] lvhaiktendangassitesid3 madideng

~structure waighe QReBSc£ @16163A0r1ghteaglﬂaa!ﬂe&eeéteepdéﬁgmd%gt Alrelshe start,
or during, bending of .the sheet, as well as stress reduci Jgtstructures

whi ch are sHFEFEHEhEINCE| 238° 35 Aot ReSHUMYi t HAPFRIL INIREsS EHFa8Tf0 prevent
or bl agk crackeultatFER sE0@%e t¥EY R/ 13 Ihh tPEheYSAtE4hd4 2as - df qptapagat i on
across the bendl ng tﬁ even if hhe}t hi.n, web

n insu 1ng ending on the bend line as are the arcuate stress

reducing slits.

It will be understood that stress reducing openings 39, 39a,
39b and stress relieving slits 239, 239%a-239f could be spaced
20 slightly by a thin web from the ends of the longitudinally
extending slits 33 and 233 and still provide protection
against the propagation of stress concentration cracks across
bending webs 37 and 237. Thus, a small web is shown between
the longitudinal slit end 233a and the stress reducing slit
25 239a and slit end 233b and transverse slit 2394 in FIG. 3A,
which would essentially fail at the start of bending and
thereby lengthen the longitudinally extending slit 233 so
that it is connected with the stress reducing structure slit
23%9a or 239d and prevent further stress induced cracking or
30 crack propagation across webg 237a and 237b. As used herein,
therefore, the expression “connected” shall mean a stress
reducing structure which opens to the longitudinally extending
slit at the start, or during, bending of the sheet, as well
as stress reducing structures which are sufficiently close

35 to the longitudinal slits so as to prevent or block crack



bet ween the stress reducing structure and |ongitudinally &ktFéBdilg slit
does notwgeyifzagt, fail. A further reduction of stress capchgsegeoepl i shed
if opposite 5 ends of the transverse stress reduction slits are provided
wi th enl arged openings, as for exanpl el@re shown by openings 240b and 240f
on the opposite ends of slit 239b and slit 239f. Openings 240v, 240f
prevent transyveyasetdoaclkprssaghei bandinsmwathe s¥gas 16f thhe tBiRewsPreduci ng

slits. Wil e,showy oy §0FedO aldifci2398capde@d9fand t1dMdilcdentnger st ood
t hat openings 240b and 240f could he provided_at the ends of all of the
stress redu@fiRpdinct 1A deedmPaspictaot thvdlpresent precisi on bending
invention is illustrated in FIGS. 3A and 3B. In FIG 3B a sheet of 15

material 41 js forned with.a plurality of slits ner al | desi gnat ed 43,
B ong a bend- IiRERAE r&iqataiet BRkrd sfp 52 BFomSElHR i L arPSE i and: ng
and in ®&nd- terdnoisphced rrebutTon stgesasrednatebnnel bendiney pwelisddd bet ween

pairs of sli 4 o) . in F 3 3 i are
provi ded 20 ‘%m%kh%gtl?ggégr lf!cﬁngg's%ﬁgfuér%{é%{bg? %ﬁ%%hfﬁgr%%%ﬁ%gﬁégy slits
239 and operd$Rfz2angd, 24Uspaciie/ ePRosiis agds @fesfidcP3 8l raduztioR3fn the

stress concefdtig@nzisy, Pensk paePeRS t23Rs Ak Hérabt prdbhbabodipdenst ood

fromthe description bel ow, however, that _ stress reduci n% structures such
as enl ar ged OHefPAGsCAFhS s55epF EeUSIBAF ) 55ts Wad g ARy EomK faFe not
requi red forslitcabBbbath®re3sit,t be vienebé mdekstbed seaanshasiest 200bt he

present inventiaqn,.as ¢ be seen fro e enbodi of FIG , 8. For slits
233 of FIG 22% fsﬁo 284%6 &rolx—rll&edfg;, ttE‘(e)’m%r\l/esf ,Ofnggae%échth[eoﬁ'glr?ﬁai nal | y
ext endi ng slr¥edusdingeerdithe slit ends is laterally or transversely stepped
relative to bend lines 235 and 45. Thus, a slit, such as slit 43a, is
formed with a pair_ of longitudinally extending slit segnents 51 and 52
which are positqEredspeski ahtldra dreaant prrddrapryberiigihosiveetsPes 16 FEB

2005 WO (12{4399LPCHUS01442742. 321knd 3B. In FIG. 3B a sheet of

15 material 41 is formed with a plurality of slits, generally
designated 43, along a bend line 45. Slits 43, therefore,
are longitudinally extending and in end-to-end spaced relation
so as to define bending webs 47 between pairs of slits 43.
Moreover, in FIGS. 3A and 3B, slits 233 and 43 are provided

20 with stress reducing structures at ends thereof, namely slits
239 and openings 49, respectively, soas to effect a reduction
in the stress concentration in bending webs 237 and 47. It
will be understood from the description below, however, that
stress reducing structures such as enlarged openings 49 in

25 FIG. 3B and slits 239 in FIG. 3A, are not required for
realization of the benefits of the second aspect of the
present invention, as can be seen from the embodiment of FIG.
8.

For slits 233 of FIG. 3A and slits 43 of FIG. 3B, however,
30 each longitudinally extending slit between the slit ends is
laterally or transversely stepped relative to bend lines 235
and 45. Thus, a slit, such as slit 43a, is formed with a
pair of longitudinally extending slit segments 51 and 52 which

are positioned proximate to, and preferably on opposite sides



of, and substantially parallel to, bend line 45. Longi tudinglg FE§ 1085
segnent s wajoafep2 are further connected by a transversepyrgxhepding slit
segnent 53 so that slit 43a extends from enl arged opening 49a to enl arged
49b along an 5 interconnected path whiXh- opens to both of the enlarged
openi ngs and includes both longitudinally extending slit segnents 51, 52
and transversg, shitswegaehiaby, pSiatilledrto | beryd Ladeddl. Avdotradsnelse slit

segnents ar esﬂ'\?W%e'g%eEEQ 513A.R81 ¥t hgrk efdydopRysl bdshZ33 ar 8ycopposed of
three 10 | ongitudina extendl ng slit segnents and two transversely

ext endi ng sl Hars‘%@%ﬁﬂly SHYERELREt POH afREREIFamiagss Btrtsuthitst &fped slits
can best beeuulelStrood bﬁuﬁjear epeRidd 49aC80 4Atdfyemndpt BEong ol espondi ng
FIGS. 5A-5C to SA""-SC', wherein the bendin 9 1?5 f a_sheet oi mat eri al 41,
such as®shownPFerI9Haecs5d] pach | 1hie a?%?flsat aPPousCst AiRs SHATETG  4A,

. sheet 41 is opssandd aslridy ’lditudas bhahmlmngfdxﬁlrﬁalyTbetendmga glfd erence
bet ween FI GS, 32 nd i n.that e on of
renoved nater?%Tenat 5?11 2 v?ﬁ'dl t@an %rée the §§Aeg% %9| S § rg\i/\}l Wi t hout
any kerf, aslowadtwhdi@apr @ml.:d:efdnbyeiase slliitt segperist are THevaf lacFI@uri ng

bendi ng, howeyepniis 1RSSR aldy Eb?téa"l??,a%@et herpiRar &fser eRege nuneral s
will be enployed as were enpl oyed i B. Thus, sheet 41 is_shown in a

flat cbhdi tl%)?flﬂfézf"cﬁrléla%ﬁcﬁ’ﬁ&n@%glﬂllfl Eieg‘ﬂ‘?iltq_éﬁﬁl tYRIiCHARPFYS B2 BAdi ng sl it
segnents 51 amekb#imy e1shoveynghtEl. G 4A and in the cross sections of FIGS.
5A-5C. The positions of the various cross sections of the sheet are also
showmn in FIG 4A In FIG 4B, the sheet has been bent slightly al ong bend
line 30 45, Thwhifoinatdnnbest dbastepes miFIsG8h SPtpAd .slAsscaanbeesieen in
FIGS. SA" angd.5 J 5 n en p a0l t r edges
and the por P?%n%r*deis%% eé?}ﬁmﬁ%eg%rg%ty%n%% Egﬁgn bAen I|%§&45h|?€ referred
to herein asco¥zgPPBRinghBICH ovidy-561 tROBAOM S| dé”h%’ﬁ%@r §hel hengng2a of

t abs 5bs havespoyedn¥E: 08213904y +ah2 41, such as shown in FIG. 3B is

illustrated at various stades. In FIG. 4A, sheet 41 is

egsentially slit as shown in FIG. 3B. There is a difference
between FIGS. 3B and 4 in that in FIG. 3B a kerf width or
section of removed material is shown, while in FIG. 4A the
20 slit is shown without any kerf, as would be produced by a
slitting knife. The effect during bending, however, is
essentially the same and the same reference numerals will

be employed as were employed in FIG. 3B.

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

sheet are also shown in FIG. 4A.

In FIG. 4B, the sheet has been bent slightly along bend line
30 45, which can best be seen in FIGS. 5A'-5C’. As-can be -seen
in FIGS. 5A’ and 5B’, slits 51 and 52 have opened up along
their top edges and the portion of the sheet which extends
beyond bend line 45 is referred to herein as “tab” 55. The

lower or bottom side corners Sla and 52a of tabs 55 have moved



16 FEB 2005 PCT/USO 1/41742 up slightly along a supportip§Fg§ 55ib and
52b of t [ of the sheet on the sides of the slit qug§5?®lyg t abs
55. Thﬂgsgggﬁﬁgcenent of tab corners Sla and 52a nay be bettéf'lseen in
connection with the sheet when it is-benrt to a greater degree, for

exanpl e, when bent to the position shown in FIG 4C. In FIG 4Cit wll be
seen that tap corgiely SlenqardséReottaig ey ctltupwer Sikly odn thappiges ng edges
SIb and 52b of . phesectl on0BLORPARId ReSLAES: Pl bR ikACAScadhuss there i
sliding 10 contact between tabs Sla and 52a and t'he opposing supporting
edges 51b af@#is2ibigrlacreestief it 9 BeRdi htp it $28 raivnge Sct will be
occurring atekaGat t&MSe Mgy t8gWHHESt @dn i8N OPRASI & asyeescf central

bend line 45 if longitudinal s]it segnents 51 and 52 are forned in equally
spacedsposiFF8ﬁ§61§%6he%ﬁH§lﬁ't@ %Fdﬁ%ngo PPFhElﬁ%f35§”%HBv§FqW1 FIG 4A

The result 4cs that there are two actual bending fulcruns 5l1a, Sib and
52a, 52b spaced at equal distances from and on opposite sides of, bend
line 45. Tab corner 5la and supporting edge 51b as well as tab corner 52a
and support iIngFRB. édget 3281 be ctheoe tbandialy cofrnbeady g amsb537 bosut a
virtual  fubgrum ihat-qhies b@&g&% it Lyad d ul.f 4k grdscan. by

superi nposed overE%ghd ‘ing 45" The %?ﬁg§ result of a 90,b2nd_i§ shown i f
FIG 4D and°lcOPRREPFEnELAGS cPbdPErsedtPEnsS SA'TIBE " thagewlf| shedifsen, the 25
sheet 1:@|ot t O@bﬁil;sj@c %Stﬁéiéﬁ&.%s5§§am sgétqsldmhegé@d;?ggsgspppﬁ@%g nb
partially overl app r lon to, s orti.n eage Lol mia , bottom
surface SZCeﬁgﬁFr%gi§n§n§%ﬁﬁgh%ge %gﬁpﬂﬁréﬁgoeﬁ?gﬂﬁbedI@éﬁd?i?%ﬂ%’Bending
web 47 has keabactpailimabkyudefny redldya edrendhhgh alenggand Lgpeert sur f ace
of 30 the weh 47a and pl.astical | onpr.essed .al o I r.su e 47b of
Neb 47, as BesCURTT UGt PALed ph ref R LR B BLENLRE, ETG
4D, the tabsportsiegnenps Sthandhetre hamed/ in qoelilyeps8d phsthiang end over
the center bhngpzaygq@et beasheRt behd Bildd asarfs RAWWheshi figs ORASUPRAY ting
edges Sl b and b.

result is that there are two actual bending fulcrums 51a,

51b and 52a, 52b spaced at egual distances from, and on
opposite sides of, bend line 45. Tab corner 5la and
supporting edge 51b as well as tab corner 52a and supporting
. 20 edge 52b, produce bending of bending web 47 abolut a virtual
fulcrum that lies between the actual fulcrums and can be

superimposed over bend line 45.

The final result of a 90° bend is shown if FIG. 4D and

corresponding cross sections s -5c".

As will be seen, the
25 sheet bottom side or surface 51lc now rests on, and is
supported in partially overlapped relation to, supporting
edge 51b. Similarly, bottom surface 52c¢ now rests on surface
52b in an overlapped condition. Bending web 47 has been
plastically deformed by extending along an upper surface of
30 the web 47a and plastically compressed along a lower surface
47b of web 47, as best illustrated in FIG. 5C. 1In the bent
condition of FIG. 4D, the tab portions of the sheet, namely,
portions 55, which extend over the center line when the sheet
is slit, are now resting on supporting edges 51b and 52b.

35 This configuration gives the bent piece greater resistance



35 This configuration gives the bent piece greater resistatéetfQig2/ 13991
-13 16 REBo2905: PCT/ USO 1/41742 to shear forces at the bercriusnimtgal |y
per pendi cul ar directions. Thus a load La (FIG 5A") will be supported
i ntermedi atel y bendi ng webs 47 by theléverlap of bottom surface 52 on

supporting edge 52b. Simlarly, a lgad LI, will 5_be supported by overlap
of surface 5Pc SBeauptraScngtled§de B nter Aedrat & b@sIPREWEHE7. The
| ateral |y steppethdrs st agger ed sddd 3. 0flFibe présentilli peestippsrtdder ef ore,

result in substantij.al_ advantages. irst, .the | ateral. positioon of the

| ongi t udi naff* e’é‘&?%rﬁﬁeﬁé’ %ngl g &€ ﬁe%&s ) YHa 85°% %’ b%% PRl y

| ocat ed on eachass e onfsuppodtingesdfs SAbt h Stimé lpesyl ta fthad I heildend wi | |
occur bout._a_vi f c cruns
equi di s’:’?ant Efr (S)#ﬁ%%dqr#yo%é%gl?é ng%?o% ) ?ﬁg: %Eln%\ﬁgplg%.yﬂrhel&sglgpr eci si on
bendi ng r ed@ébsinfremisdirkat eendbnacelsultdted tol erance errors since slit

positions can be very precisely controlled by a CNC controller. It also

should be noted, that_ press brakes normal Ie%ljoben,d by indexing off an edge
of a sheet. T#fi d2hakEL et dTIRFht At BRAEF o THES HeethedeHiT S i cul t
-using a pressvéntken, Bemshtdpry,ecteally 20natsupBghasidDd theastwsis .edge,

however, can.be_acconpljsh readily ILng.the. prese slitting process.
Addi ti onal | 3,”8??12{: erergﬁ‘:ﬁang pﬁgﬁ?lgﬁe%ﬁj%ﬁgslgﬁ%ls?‘écﬁ rfa%tllyyeh%%r%éoll\%ecg strength
agai nst0 sheailit cadimegtbetlaasd Theaovier bappédel phcanddedgeschpyioiuced by

the stepped oggiduialdy extandhog-shif: SSENt. p2Bashippordedie sheet

agai nst shear loads. Referring now to , an alternative enbodi ment of
a pi ece of abpeet amatetral dulsrvek afhidchrImBeEasesat 7P s&e®dance with

the present shn¥etd Qfui &i SNOWN £rSRCQNA6In icppbah BB Melshort f itwe had | i nes
62-66. In each case Tz%eppeql s|lits are forned 30 al ong the bend |ines and
have pairs of2Fongi tuditnaPt§CL EQendCERGIBE t T t 8Tpo§H tToHEESr oxi mat e

to andson accumulated tolerance errors since slit positions can be very
precisely controlled by a CNC controller. It also should

be noted, that press brakes normally bend by indexing off

an edge of a sheet. This makes bending at an angle to the

sheet edge difficult using a press brake. Bending precisely

20 at angles to the sheet edge, however, can be accomplished

- readily using the present slitting process. Additionally,

the resulting bent sheet has substantially improved strength

against shear loading because the overlapped tabs and edges

produced by the stepped longitudinally extending slit segments

25 support the sheet against shear loads.

Referring now to FIG. 6, an.alternative embodiment of a piece
of sheet material or stock which has been slit in accordance
with the present invention is shown. Sheet 61 is formed with
five bend lines 62-66. In each case stepped slits are formed
30 along the bend lines and have pairs of longitudinally
extending slit segments positioned proximate to and on
opposite sides of bend lines 62-66. The stepped slits,
generally designated 68, terminate in D-shaped enlarged
openings 69, which in turn, define a central bending web 71

35 between a pair of slits 68 and side bending webs 72 with



opposite sides of bend lines 62-66. The stepped slits, geh@grf&Blmos

desi gnat e¢) @B339dier m nate in D-shaped enl arged openings 6PcTARHGN7iN turn,
define a central bending web 71 35 between a pair of slits 68 and side

bendi ng webs 72 with WD 02/13991 -14 184FEB 2005 PCT/U SO |1 /11742 notches
73 in opposed edges of sheet 61. The arcuate side of the D shaped openings
69 reduces steedwscddcent prpPord edaeswebssirketand - 72Thamirduateani¢he seen

that the outgf OREMNGS LD Res@ns90PS! ALR: Mt Qteégyaé&mr@{&la@%@ in the
sheet edge 5 so that stress concentratl ons in webs are mnim zed.

Longi t udi nal % “eReehHialg ¢Fi tabdhetits ?fefﬁﬂt%térh@ EoFe OPERITBY S- shaped
transver sel ys@@%@dbagpéfa&e sAgEatSudte nbscnes 731 he eRsesHat kdgasverse
slit se§ment s 5 transverse ext endi rgrgL sl.it segnent 77

i ncl ude” a | efiyt a\ﬁhlsgﬁefﬁ ?%n%%%§a§hoF5I Y B géd?ﬁﬁl%lrmt Re bend Iine

over a substantial portion of the transverse d| mensi on of segnents 76.

The "S" Shapfoﬂ t% gﬁgrir%regftgﬁ ggjﬁ'ée&ﬁ\alqgs W4ta{}1cfi76 a?éegon% c}é\@éer j et

using a numeric confro aser ind Wat er et SIit cutting
techni ques abpe Sn@hameﬁlt@mm&:%&tw@m&#m@ﬁe&@%@@ e '28"wahape

al l ows transigd Qaisadsobet Mean dhe ls,@ﬂglééé%aeglys ex{ engs NGl segnents 74
and 76 and a transversely extending slit segment 77 W thout sharp

corners. |t FPENsYereGed SHranding; §1RF GrepeRksir MM d9eqr LeRgth phich

t r ansviey sel yieXkepsht ag: i 11ty s]_@@fmidlml@;e Eldb&lhantbe’ﬂdl ylLipey persh cal ar to
t he bend I|ne LQver ons sotthat th t abs

703 . 9f }_oe ?ﬁs"tera%%v T R o
formed by t e {tEpFed sPris % e eﬁﬁg‘ae AadSprvot- 6P ?ﬁe opposi te
supporting €tge Tife t1$ sheee @E aratesulad ofl fhowing mletrtfser6|8nglelmgagenent of

25 the sheet aq.ﬂ:rort)ﬂo LEE,S é’r.esué)lf %Qenﬁ&@ﬁsé’?o%‘gré 1L SEQIRAL 1 ,Copnecting

| ongi t udi naI y_extendi ng s It segments /4 an a transverse slit
segnent 77 vifiEhWateratiedn sdd§l 6ubthey tedhmddoest are I“@q:)é\i*ﬁ}ll Foéted

il lustrated id dhed afordde@Rt, and the “S” shape allows transitioning
between the longitudinally extending slit segments 74 and
76 and a transversely extending slit segment 77 without sharp

corners.

It. is Dbelieved that it 1is highly desirable for the
20 transversely extending slit segment to be substantially
perpendicular to the bend line over most of the transverse
dimensions so that the tabs formed by the stepped slits are
free to engage and pivot off the opposite supporting edge
of the sheet of material without interfering engagement of
25 . the sheet on opposite sides of the transverse slit segment.
Connecting longitudinally extending slit segments 74 and 76
by a transverse slit segment 77 which is at an angle other
than 950° to the bend line is illustrated in the far right
slit in FIG. 8 and has been employed, but generally, it
30 results in contact along the transverse slit segment which
can affect the location of the virtual fulcrum during the
bend. Thus, it is preferred to have the transverse slit
segment 53 or 77 connect the longitudinal slit segments 51
and 52 or 74 and 76 at a near perpendicular angle to the bend

35 line so that the virtual fulcrum location is determined solely




slit in FIG 8 and has been enpl oyed, but generally, it 310DFEBgUkts in
contact st@mgisbde transverse slit segnent which can affeecttusei/kogati on of
the virtual fulcrumduring the bend. Thus, it is preferred to have
thetransverse slit segment 53 or 77 thbhnect the |ongitudinal slit segments
51 and 52 or 74 and 76 at a near perpendicular angle to the bend 35 |ine
so that the R¥ ragR9sfEREr G FBRatFOIFI-Egat 8F nPPRIFSS R d2F18991 - 15
16 FEB 2005 RGH WSt ./ 41742 by engagenent of the tab corners on opposite
sides of the bend line. In FIG 6, the difference between the slit
configurations along bend |line 62, 63, 64 and 65 is the transverse spacing
5 of the | onip tRIdi.nd | yrhextdéfifengned idetsegnehhs. sThuscdrféguspatomy i s

i ncreased fr [ o.the.great est. i n j 65. At
bend |i ne 6€?ﬂ%ﬁgggphsﬂgﬁgé%éssgéé%gféalg%é’_%3%agg%g$%g% igﬁ%ggﬁ%ransverse
segnent> 77 v cihehaPrSitvelia a8yt REECTID g & LiSuRGencRes t r afRES | BRCt 0 t he

| ongi t udi nal 4y, @xtendiingreakid rSEQAMRALS] itk 80Eo/bhe bR-LBLIL 688€indt W I | be
seen in FIG 6 that the transverse slit segnent 77 is |ocated at

appr oxi mat el ¢ F&NildpPGi At- of the conbined | ongitudinal Iength of slit
segnents 74, 76. 15 This is the preferred formfor slitting sheet materi al

of the presgent. inyention hecayse |§ results in.the tabs, suc as tab 81
and tab 82 s}§ m%e%%{ Eéﬁa I#%he%gj@ hés\sli nsgq‘apseugq‘satsanlfefeéjl |rye% aeceéa Iaength
di mensi on al panpeatride chdnd YrameverFhusgmane 7 7t el dlohes coonpes ¥8othatabs 81 and

82 engpge th&;QTOtQﬁI?%?.: Itt;% %%QBQFH&Q d9es Q%P%P éﬂ%ﬁﬁg@&@éhé‘l n the

opposi te side of , the Iength availa or pivoting and sliding
engagerment vwiiit iseoggpseantiand yeequal on both sides of the bend Iine.
Bendi ng about a virtual fulcrum between the corners of the two tabs wll

be nore reproduci bl e 25 andvpr?cise. It . wll be upderstood, however, that
transver se In each case, 1t will be seen in FIG. 6 that the transverse

slit segment 77 is located at approximately the midpoint of
the combined longitudinal length of slit segments 74, 76.
15 This is the preferred form for slitting sheet material of
the present invention because is results in the tabs, such
as tab 81 and tab 82 shown at bend 1line 66 having
substantially the same length dimension along the bend line.
Thus, when the lower corners of tabs 81 and 82 engage the
20 opposite supporting edges of the sheet material on the
opposite side of the slit, the length available for pivoting
and sliding engagement will be substantially equal on both
sides of the bend line. Bending about a virtual fulcrum
between the corners of the two tabs will be more reproducible
25 and precise. It will be understood, however, that transverse
slit segments 77 could be moved along the length of slit 68
to either side of the center while still retaining many of
the advantages of the present invention. In the embodiment
of FIG. 8, the far right slit has multiple transverse slit
30 segments which define longitudinal slit segments of differing
length. Thus, the transverse slit segments are not evenly

distributed along the overall slit length.



slit segments 77 could be noved along the Iength of slit 6§ frgoyei t her side
of the cgpf@rzwhile still retaining many of the advant agggtRls ;,iﬁe,&resent

i nvention. Ir} the enbodinent of FIG 8, the far right sl Ft has) mul tiple
transverse slit 30 segnents which defiise | ongitudinal slit segnents of
differing length. Thus, the transverse slit segnents are not evenly

di st ri but ed Takontffddtecvecaddsishi thd bagtinl ¥Warokid 89Ibngliéudén&EBR 2005
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| ongi t udi nahﬁ;ﬁ/%ngﬁ%ﬁ%‘lﬁ %seggmtﬁ gegrrent 74 and 76 reoatsclﬁl\%e to t%len%end l'i ne
is to tailorist ke behHimG EsPartinttdcon sPnsheer dhidlasesshicikeastal ly, as

the sheet stRekrhDCyeasetHeN shBbekBESS: fh@-&adedr finofntiBRnELE] Ege desirably
i ncreased. Moreover, the_ lateral spacjng of the stepped or staggered slit

segments  al’§gEprét &PsbISy 18I ightefiraktvasBaredicd s d¥STParte tthave the
| ongi t udi nallayeexl egshdithesldft thegpeabsed edmtdderigereldoseitct aeffhenbend |ine
so that the virtual_fulcrum.i re 10 accurately.positioned.. As the sheet
Thi cRens. | naMsger STk Eidhe TRt o BT T Bt "and 7
i s requiredthantorgigruddneil lkenftengiihy =l itowegonaetberaliaig viediyockosde | ower

corners of the Ek?é)sbexpn?ghﬁ]néolsgngﬂgiec apgl sk de, on .tf*&‘ic%wﬁp%st | ig-£dges of

the 15 opposite side of the slit. In this regard, it w be seen from
FI GS. A" argcsBrtehatbosdliieBeders Sla and 52a slide upwardly al ong the
supporting edges 51b and 52b to the positions shown in FIGS. SA" and SB"'.

Thus, the lower. corners . of tabs 81 and 82 al so are di | aced i nto contact
e he 20 R AL S e e VB, Jhe s FIRGEL Sl e aratiane A0 he
| ower cor nemenshhdeoflurdbzg 7ihanbensli g acess, upntioaapgreavet | apped

position in which underpeath sides of Qﬁet % are supnorted on L he _
supporting €dges on t he opposita side - of the 1ongitudrnal Iy extending slit
segnents. 2%ebAnFEG. effgagd rndeslialet enndhievsuppbotdingnedets aoEhelee of

15 opposite side of the slit. In this regard, it will be seen

and SB” that tab corners 5la and 52a slide

s

from FIGS. S5A
upwardly along the supporting edges 51b and 52b to the
positions shown in FIGS. 5A” and 5B”'. Thus, the lower corners
of tabs 81 and 82 also are displaced into contact with the
20 supporting edges on the opposite sides of the tabs, and the
lower corners slide during the bending process up to an
overlapped position 'in which underneath sides of the tabs
are supported on the supporting edges on the opposite side

of the longitudinally extending slit segments.

25  In FIG. 7 a further alternative embodiment of a sheet of
material which has been slit in accordance with the present
invention for precision bending is shown. Sheet stock 91
has been formed with laterally stepped slits, generally
designated 92, which terminate in, and open to, hat-shaped

30 stress-relieving enlarged openings 93. The openings 93 can
be seen to have a convexly arcuate side 94 which are centered
on bend line 96. Extending outwardly from the convex arcuate
sides of the openings are lateral extension portions 97 to
give the opening its hat-like Shape. Each slit 92 1is

35 comprised of a pair of longitudinally extending slit segments




mat eri al which has been slit in accordance with the presentl§ REBvAeRti on for

preci si o penadbylg i-'s shown. Sheet stock 91 has been forngeppkédyhaterally
stepped slits, generally designated 92, which termnate in, and open to,

hat - shaped 30 stress-relieving enl argéd -openi ngs 93. The openi ngs 93 can
be seen to have a convexly arcuate side 94 which are centered on bend |ine
96. Extendi P c@twdPdrontstinct RE 2 oA VEFEBat Bl Sicgdensf LPhe oPehi ngs are

lateral ext qrbﬂgqeuaehalpﬁ%&znagng Five sdmanenivnglits Rl tbkepshape. Each
slit 92 is 35 conprised of a pair of_ longitudinally ext ggd#ﬂalg?sllt segnent s
n
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transverse slit segnent 101. The longitudinally extending slit segnents
will be seen to open into openings 93 at one side or the other of bend
line 96. Both the curved enl arged openings 97 and the S-shaped 5
transverse shath seyenuri®d eahab@edeepenigdse 97 eendf tHivar p-elorgrst s so as

to permt ”t%‘arnsfv%gétéﬂﬂ; ‘é%%;ﬁlgntl. ASAr cGHidd %QenaPQ%@tf‘i%e%fté}%ﬂ ke.

During bendi ng of sheet | ower corners of tabs 102 and 103 again
engage Suppot¥iEySedyes Gﬁ PHEVgpSosiE f @rgEdorouding Hessri ¢ukielditent s from

t he tabs. Tmﬁgrg@ﬁgeb]s &ld dexal.ong the supporting edges to an upward
over | apped position, as above described. During this process an area 104

of bending web 106, which is shown in cross hatching at the left side of
FIG 7, w | IDenpl ashitad |of defeatmed, JhxislowsreaolfiérdiSobetaeem dzhe two

convexly ar cua n 4.0 st in 11 _undergo
bendi ng t hat® Vé%o? S%al(r%les%fl%a% ﬁ%?p%éla?ﬁ acdg]%%ac]ﬁ x?rg iolpgégr??ey\%]a

confi gt at i orf bhe e liffesdmmeditagt rdmwr ke thhs - bEeess evpveds S'ithéleaaﬂeag 107,
shown in cross éﬁ%@@tggg aédéége ol glat gw&lrc@fox%r@apéedbggw@@{bﬁ hed ateral ly

20 extendi ng portions penin however, W || be elasticall y
def or ned. Tlﬁﬁovteh@?sﬁltk]edexdaﬁlé‘ﬁc hb%ﬁHPﬁﬁss it RER2 Y 8FR$3EAT it~ and
will resiliend yobe @hS¢H @ee@hown in cross hatching at the left side

of FIG. 7, will be plastically deformed. Thus, area 104
15 between the two convexly arcuate portions 94 of the hat-shaped
openings 93 will undergo bending that will not resiliently
displace back to its original configuration once the bending
force has been removed. The areas 107, shown in cross
hatching at the right end of FIG. 7, between the laterally
20 - extending portions 97 of openings 93, however, will be
elastically deformed. Thus they will experience bending
within the elastic limit and will resiliently be displaced
in bending as the sheet is bent. Areas 107, however will
generally resiliently flatten out once the bending force has
25 been removed. Obviously, webs 106 at each end of FIG. 7 have
both a plastic deformation area 104 and elastic deformation

areas 107.

It has been found that the use of hat-shaped openings 93
allows the lower tab corners of tabs 102 and 103 to remain
30 in sliding contact with the supporting opposite edges as a
result of the resilient elastic deformation of areas 107 of
the bending webs 106. In order to control the positioning

of the virtual fulcrum, is highly desirable that the lower



in bending as the sheet is bent. Areas 107, however w || 1gd@grglsl y
resilienyow2fibaiten out once the bending force has 25 beepctgRRPVAEL2

Qovi ously, webs 106 at each end of FIG 7 have both a plastic deformation
area 104 and el astic deformation areds3-107. It has been found that the use
of hat-shaped openings 93 allows the |Iower tab corners of tabs 102 and
103t o renmai -0 copnst$ dviverle Angace Whehopkes Sup poiRHaRy iogp6sPee édges as a

result of thedesit @nbrelast bppdel @rambbepi 8f e@ftg%%sdllgfn@fbenﬁhﬁ bendi ng
webs 106. In order to control t%e posi tjoning 0 the virtual fulcrum is
hi ghly desi re5Pe°f haR™ 43 1I56MePT 0B 02/ Mid04 3 1- £l SBUPESIGHS 2T PCIPUS01/ 41742
t ab cor ner s paeict be Bpgagieyridde wapposha gdedippgdr beng etgessalo not |ift up of f
t he opposed supporting edges during bending. Loss of contact can produce
virtual fulcrunms which are not precisely aligned with the desired bend
line 96 5 As shbwwminoFl BIG7, &li©dig2, Tnd padtipadtidyladle tbagitudi nal
slit segnent L aNaVRY, | eapnt e 0 wdth
di mensi on, ve)nin%ﬁtaggﬁlgﬁb% t eé re\s{’lgzlstse}g?_afntgr r%?ti on vﬁ‘tj%%gegﬁgt??% kni fe.
it will be SA996REt b theale £RFS Yid®h|dimgnsérenmatitch epidseRtati®n and 10

that slits 92swan, faRraakeph itwhizLhsimtenbalkdiger emovedyilpapsi cul arly

for thicker sheet stock. The,enpodi ment of the second aspect, of the present
i nvention iulnlréﬁ§t°‘}:8?‘gcf:l¥iarjf IE}?‘@ g ioﬁ‘rc{gfuae%cw}aitéﬁsr@’??s TSt 8FF ons
i || ustlrdat i ngHahest arge20tas] iHatvieng jedhdnpllel @mplaagedal Sheetendbedf nmateri al

121 incl Udeia%ﬁ%‘égl%%%Sﬁorg%%g&yéﬁg%% %%%tc?{d 122, 123 and 124 which are

posi tioned I'ne can be seen to be conprised of
four longitudinally extending slit segnents 127 which are connected by

three transygr sghyqSedendE NheSEEloSeURALE J28nFREDOf ¢ SiHvkng@osegment s
127 are substantially the same |l ength and are spaced frombend |ine 126 on

opposi te si ddduehERred By FHFosBahbfafdgs various slit configurations
illustrating the range of slitting principle employed. Sheet

15 of material 121 includes three slits, generally designated
122, 123 and 124 which are positioned along a bend line 126.
Slit 124 can be seen to be comprised of four longitudinally
extending slit segments 127 which are connected by three
transversely extending slit segments 128. Each of slit
20 segments 127 are substantially the same length and are spaced
from bend line 126 on opposite sides thereof by substantially

the same distance.

Slit 123 is similar to slit 124 only there are three
longitudinal slit segments 129 connected by two transverse
25 slit segments 131. Finally, slit 124 employs longitudinal
" slit segments 132 of differing lehgth.andtnultiple transverse
slit segments 133 which are not perpendicular to bend line
126. Moreover, longitudinal slit segments 132 of slit 124
are spaced farther from bend line 126 than the longitudinal
- 30 slit segments in slits 122 and 123. It also will be seen
from FIG. 8 that bending web 136 between slits 122 and 123
is longer along bend line 126 than bending web 137 between
slits 123 and 124.



the sane distance. Slit 123 is simlar to slit 124 only t hef SERABI5t hr ee

| ongi t udiwipak/ vkt segnents 129 connected by two transver secg®pssi/iibysegnment s
131. Finally, slit 124 enploys longitudinal slit segnents 132 of differing
length and nultiple transverse slit 9€gnents 133 which are not

per pendi cul ar to_bend line 126, Moreover, Iongti tudinal slit segnments 132
of slit 124 IltawdlipReednfsrehesd  iomh bindY ifEThes CRERIPARIITHAT udi nal 30

El ifj Segnegﬂ§n§ﬂ%§ciidas_ &aia enghsh23sel 12t Ssilag\t\iielkﬂtsbﬁnﬁmcihg@f%fcllnﬁ 8 that
endi ng web_136 _bet slits 122 and 123 . i onger alqn en ine 126
Chan band! g RS TR RE ST SIS A 158 TPt 008 02/ 13091
PCT/ US01/ 11ib2entildh | t I dtddre tundbtsimaotkpidedic$bil ¢ | befndgist, hboweoemhi nat i ons
of | ongitudinpal g ver.se i acl end |ine
726 canbe Cho IR RS Ph s St S BFREL S RO L e "Fo
obt ai n r epr GdueRHstd tsendides pgweherbersl thee | dignEyeraalssit segmeent s

preferably are pacediequally 10HeRRASKHES Sidesrf ctheshand Lidy
transverse slit segnents _are perpendlcular,toé%gg bend |line, and | arge

transverse $f8pSmathd'eifaNetWErE Be IeTH athldc sl FPT eRR™P¥Or*%exanpl e as
exi sts at wekiiBd,atremnaB7pr etersied. prk@eriem t he above description it wll
be understood that the nethod for precision bending of a sheet nateri al
along a bend |ine of the present invention is conprised of the steps of
form A® a plFupal thy dfoteonigstcadphabhyitexticnldieg widerstpnd Bixdtalthe spaced

relation inacdbdett] onoexd endhogaplong 2ndeLe ROt e dndenkidd ne o

define bending webs between pairs ) . . I'n_one aspect of the present
met hod st r eddDpedficHifg PreprnEt tRENt innc AsasoBpEhT Lot hgr Btee A its, are
formed at eaghify &hgladiBCeptoentsnftudReapair 8xebnsliid ss1ite riaduce
“stress. In %nogggr aspect oﬁ t he nget ho%.of the present, 20 %nventl n, the
| ongi t udi nalf'y ¥e§ﬂﬁjcr’?§1 SPHBET AP R A AL FBF BT B TBHESt 8aPHaIT3F ext endi ng
slit déegnentsokhaitare beadneédthedto define bending webs between pairs
of slits. In one aspect of the present method stress reducing
structures, such as openings or arcuate slits, are formed
at each of the adjacent ends of the pairs of slits. to reduce
stress. In another aspect of the method of the present
20 invention, the longitudinally extending slits are each formed
by longitudinally extending slit segments that are connected
by at least one transversely extending slit segment so as
to produce a laterally stepped slit that will bend about a
virtual fulcrum. The number and length of the bending webs
25 and slits also can be varied considerably within the scope
of both aspects of the present invention. BAn additional step
of the present method is bending the sheet of material

substantially along the bend line across the bending web.

The method of the present invention can be applied to various
30 types of sheet ‘stock. It is particularly well suited for
use-with thin metal sheet stock such as-aluminum or steel.
Certain type of plastic or polymer sheets and plastically
deformable composite sheets, however, also may be suitable
for bending using the method of the present invention. The

35 present method and resulting sheets of slit material are



by at | east one transversely extending slit segnment so as 16 fiBadilce a
lateral | §os42RR[d slit that will bend about a virtual fupgg 4he, nunber
and | ength 02? t he bending webs 25. and slits al so can be var}lﬂgbl/
considerably within the scope of bot+e@spects of the present invention. An
additional step of the present nethod is bending the sheet of material
subst anti al Ippliongarhe wEd siined atroeset el drehdndgnawets. 13hatiastshod of t he

present i nventi-0n 6an.ihe ANRLEd LOMALEOUSnS3Poh PSR PheoBES sl o0k. It 15

particularly well suited for use wth thin metal sheet” stock such as
al um num or Psl‘teéélseWOe‘f’%‘éli‘?Ptt ypELBE H a§¥13%5 oPTaEPymer BHéet 31 51tP

pl astl cal 'y r0pf 0nEBbS €2 £ MRASIIsRrs heSkSingh §¥B Ve op Al 0 bEBY Qlee@ig tabl e
for i ng usi ng t he net hod, of the present in entl 9 'I_;%e 35 sent
met hod and rESEPEE N EHER S SRVEFT AP nalEeeg P SEHB 66% 2/ 13991

PCT/ USO / 417e4921 a—l%@: per tplreabablrykmebéntswatsedvefmr apr eltis of\o:bemhartg at

| ocati ons k% ego t@ﬁe séallbtrtl%r + oD al&hes bterpds ?O& ocdouced
precisely w at' usYng a press rake 3 €3 r| cators and

encl osure fchemShgpp@@ Fhepgled @emsghée@@ﬂigwahm ﬂravibngdmmarix/est in a
press brake., §le&1$té %ﬁhfél’:@&ﬁn&%@té't%oc&ﬁ‘pll%rt%séhé’ %@o?@ﬁé poediel | as

slit, for later bending by t fabricator. This allows the sheet stockto

be shilfped iRFadker |Randsy Wfés]telbecéﬁﬁf@ﬁratqb@ﬁ 3l th&Fdidg SQt Ehatr éhot e
manuf act uri ngnihatten COAPIR! & d@afNed Qe ro Paessn k0 theakerbends will be

stronger tha it bends, so that ination of the two_can be used to
enhance t he % sm%?élﬁgfﬁsug'flrﬁ(? gé“ﬁ%tl‘ﬁjgtrrg t@ﬁuefesﬁmkﬁ‘?&t&’lﬁéeﬁ?%s S Hthke bends
bei ng posi tdasiedpntdy éxanphempatonglome siwethadgesiges, ont yonbartially

bent to Opegva%#géﬁgglﬁlerﬁ:l %h’é’t 191: '}%tl Sﬁ'rﬁfigqh%'igeéé th%{? St éﬁé%és be nest ed

for shi pping. “bent” produ overlapping t and
supportd ng edgestihénbsteppeat ﬁqrt §ha§°@1réhpl oyed. This enhances the
ability of the product to withstand shear forces. |If further strength is

required, or for cosnetic reasaons,
The bent product which results has overlapping tabs and

supporting edges when stepped slits are employed. This
enhances the ability of the product to withstand shear forces.
If further strength is required, or for cosmetic reasons,
20 the bent sheet material can also be reinforced, for example
by welding the bent sheet along the bend line. It should
be noted that one of the advantages of forming both the
longitudinally extending slits and arcuate slits with
essentially zero kerf, as shown in FIG. 3A, is that the bent
25 sheet has fewer openings therethrough along the bend line.
Thus, welding or filling, by brazing epoxy or the like, along
the bend line for cosmetic reasons is less likely to be

required.

A further step in the method of the present invention which

30 produces substantial advantages is to mount, secure or
assembly components which are to be contained in the eventual

bent sheet, for example, in an enclosure, to the sheet
material after it is slit, but before it is bent along the

i bend lines. Thus, while the sheet is flat and slit for
35 bending, or partially bent and slit for further bending,



20 the bent sheet material can also be reinforced, for ex ERIE d%y wel di ng
t he bent ywshnegizoal ong the bend line. It should be noted ti tr/(gnzgumhzthe
advant ages of formng both the longitudinally extending slits and arcuate
slits with essentially zero kerf, as-s8hown in FIG 3A, is that the bent 25
sheet has fewer openings therethrough along the bend Iine. Thus, welding
or filling, BYycBrzetiy EF6RRoF2Y Y OCRET BTG FReCHRRP |S9FETREr cosnetic
' easons s |ﬁ?ﬁn&écﬁ(e&ﬂﬁts@egﬁlediS@B“t'h%dslgé?tf lé{ﬂdh@hegégﬂiéﬂ tiﬂé_esﬁtéEIEOd OI the
present inventio ic roduces substanti advant ages .i s.to nount,
secure or asgﬁﬂbg'ﬁm@S%oﬁﬁ?ﬁg ‘%fﬁ é‘?n&lr 6 688@%‘%1%%? r%?"?r?%tlﬁzlggent ual
bent sheet, Bendexamftesr ithearocepnchasty eyret pobheloimbtas ndsdred| iafter it
is slitg but f LLads. b : d.li T ile.the sheet
s 1at%and SRR S nat oty Bert s Shire PornEd ther
bendi ng, WO 82puihoihe XionpCTEeUSs 1/ Ut Ye st 6FY £19 ntadtidriacabPnopLot her
conmponents cafebg, $60HLA:. mounted or assenbled to the sheet and
thereafter the sheet can, be bent along the bend line resulting from
slitting. Bending after the conponents are positioned as desired in 5 the
end product ahhgmyl 1 he equi B_@H{Htfe@.[\)@!l&isuﬁﬁlé @tb@i%ﬁt maglle Bélgimﬁatf%e .
conponents, greatly Si i fyin rication of the e roduct. Finally,
TETM T be PR T CRRFPL SRAP DR e B AAEO A AP HRLRI | PHUEr at od!

ar cuat e0bendsocamwralsseppedashi m,edacimisit &6nflgy amonasé eppednsllutls, each
slit can be arauale ADALIACUGRA I S5 AEEUELT ORSLELGLUE 818L st he ends.

For stepped slits, | Tongitudinall'y extendi ng segnen can be shortened
and curved PEAdSCRFITUSERRLWAI SREeRdanFos T FRESNERE BarsibE teekideded by

l'aying the stepped rshaktod eaalh WichSafuhotl RROshAE] *baUst & chiavband |ine.
Whil e the present invention has been_described in connecitzhon w th

b
i |lustrated BYP¥rEd-tnBbeRrRwhtaCTt LoRPTY Shet8RtErStBBYthe arcuats
15 bend line.

While the present invention has been described in connection
with illustrated preferred embodiments, it will be understood
that other embodiments are within the scope of the present

invention, as defined by the appended claims.



that other enbodinents are within the scope of the present invention, as
defined by the appended clains. 22 WHAT IS CLAIMED |IS: 16 FEB 2005 I. A

" method for precision bending of a sheet of)paterial al ong a.tﬁﬁ line
conprising the steps of: selecting a solid sheet of elasticall Ar7A05
plastically deformable material; formng a plurality of longitudinally
extendi ng cl osed-ended slits through said sheet of material in axially
spaced relation in_a direction extending along and proxi mte said bend
line to defineVHATISSELANKEL K3, ng web between adjacent ends of at least
one pair of said slits; formng a stress reducing.structure at each end of
said pair of slits, Asmiethodsfor yztaisien thendigg fodr arebeed rofsmbtdriblealdng i anberantine
connected to saj 1S ng of said sheet, of material substantially
al ong said ben‘?qq‘?lﬁgéﬁ%%gi S%E?ggs sai d bendi ng web between sai d openi ngs;
and during sai d benstlenging aeplid shegtef dagticgllyaand nlastigally deforneable pagsipbr m ng
sai d sheet at sai diphypludIfRY ep%@ﬁgﬁmﬂabpéxt&mhﬁgtddeweeﬁd@é sp@ kg &diq Of
material on opposit sides.of said slits. 2. A nmethod. as defined in claim
1 wherein, sai dFoPhigeEtleds aé\aﬁya@es‘#pmlgm ihyp (dYPIHORgCXERdng | 3leng @hd h a
kerf | ess thanprokiigaté biigbers ineto &ind as hast orefbemaing vl betvaduh fdpac@highds af d
slits and sai daﬁt [EsS. raelzrduici ngstructure in a sheet of netal. 3. The

met hod as defified I A ch A ~—and the step of prior to said bending step,
mount i ng a conponenformingoe st agduenighsirustirel at rraeh endfofnseide piul ofadliter sadi d
bendi ng step tﬁnﬁﬂirgbéilﬂg%nﬁéfd IR bl 1iné and\cSBlbed t@daifblitd,t 1 ng a sheet of

mat erial for precisjon bendi nqg al oqr}g a bend line_ conprising the steps of.
forming a first el obguingiofsiaid shegh fugnieaali sybEpuRly glongespid haud ling andiagigs i n
a direction | gi@béidihdvatt petdleemnghidapainpenghd i ne, said step of formng said

first elongated slit.being, acconplishe formn .pai r. of proxi.mate
transversely spaceddlgb%ﬁ' ?@gb%‘ﬁrﬁnﬁg‘f’ eéansgc%%'n@dt @]81? ﬁgﬁléﬁgxqegoﬁ‘l%s%l&?d
slit segnents atorankweedynetrengagammnbiof solidndgesrod ssaidl dnet dfymatetialaors vpposie vy
extending slitseqimpigs;and formng a second el ongated slit through said
sheet of material in substantially |longitudinally aligned and

| ongi tudi nal I y_spaced rel ati%g tqclxsali.d first elongated slit to define with
said first el ohgat et 8¢thed 25 45dmad HyCtBb! Pier¥bet ween, said step of forning

said forming steps are accomplished by forming said slits with a kerf less than

the thickness of said sheet of material, and forming said slits and said stress reducing

structure in a sheet of metal.

3. The method as defined in claim 1, and the step of:
prior to said bending step, mounting a component to be contained by said sheet

of material after said bending step to said sheet of material.

4. A method of slitting a sheet of material for precision bending along a bend line
comprising the steps of: '

forming a first elongated slit through said sheet of material to extend in a
direction longitudinally along said bend line, said step of forming said first elongated
slit being accomplished by forming a pair of proximate, transversely spaced apart,
parallel and longitudinally extending first slit segments connected near a common
transverse plane by a transversely extending slit segment; and

forming a second elongated slit through said sheet of material in substantially
longitudinally aligned and longitudinally spaced relation to said first elongated slit to
define with said first elongated slit a bending web therebetween, said step of forming
said second elongated slit being accomplished by forming a pair of proximate, -
transversely spaced apart, parallel and longitudinally extending second slit' segments

connected niear a common transverse plane by a transversely extending slit segment.



sai'd second el ongated slit being acconplished by forming a pair 6eftB 2005
proxi mate, transversely spaced apart, parallel and |longitudinally
extendi ng second slit segnents connected ar. a common transverse plane by
a transversely extending slit segment. 16 B 2005 23 5. A nethod as
defined in claim4 wherein, said steps. of formng said first slit segnents

and formng said se i s.acconplished by formng said
first slit seg%entsgéﬁ%h@%fﬁgﬁgfgﬂbc?P??“mggﬁhents proxi mate to and on
opposite si des of ssaiidl stepr bfl ﬁonmng@mdAﬁr@téln@ctegsemtefmdefdrmmgcéaad econd aghid
the step of. eHg @ a%%x%égst{e ddglﬁk&%@ta gLtk sin s¢ ChsOn nd £L|?<I1 ?Eo&’ﬁp”ﬁﬂe

ends of said f| ongat secon ongat e I ning
sai d bendi ng vﬁé"BmCl?tS PEO¥HBYKO 289 OB ePPeid Sidﬁs @f%“hb@ldvmrel n, said step of
form ng said stress reducing structure is acconplished by forning enlarged

gpenlngs |nfsa%d ?hﬂﬁﬁah?&hm@ﬁﬂg@hfamndsgﬂﬂﬁhﬂﬁqﬂbﬁate{ t han g wi dt h

i mension of the figst.elongated, slit and the s el ongat ed. s

Tethod as def i ned i (PTRITH CAGHEIE SAE DR PR and ot iy
openi ngs i s acdomgrtédsdiednd baid Seponil elpngaedislitale@ninggsiddientling webape pr oduci ng
bendi ng al ong said bend |ine across said bending web. 9. The nethod as

defined in claym8 whgLighdas &Fndd 8 QRinPE wWhefei N0 sai d enl arged openings is
acconpl i shed by formng sald oqpenings with a substantially circul ar

opening side, wth Q%S@H(?ftf%?tm%ﬁ%@ aﬁrﬁ:ﬁér%méeﬁWEUWelS&cwwlaﬁhe%Béﬁ?%ng

si des of axi al érﬂarggd afpeﬂlhggpﬁmangsrléealhhvmg suwbgtradinhélsion grRagfitllan Rewiith |
line. 10. A ne sai d tep of formng said

stress reducin HEF?BEPgﬁgl A@E%%ﬁ ,E%EgﬂhgégéaﬁFﬁﬁmegf%uate slits

connected to each of the prOX|nate ends of said fist elongated slit and
sai d second el &ngat Adnethod as defingd &y Jaiat @ wilereis convexly curV|ng away from

sai d bending web. Jlq st-EP%frf%tnlﬁHQ s e@lpafrgéaeppénm |1§h€@oﬁ1 d)nforﬁﬁﬂéjsald
formng steps are_acconp eon ate slit an

i shed ornln sai d %WﬁL
sai d second el MfgHiEEAVih atshape HTOQH%‘ES GRAIAG 2HNE P! 1%‘? {osY Said PeRging 5j g
form ng steps,wbgndi ng said sheet of netal along said bend line. 12. The
met hod as defined in claim4 wherein, said steps of formng said first

elongated slitgand $4l 53690 dcMANGRLA sideift! ©
said step of forming said enlarged openings is accomplished by forming said
openings with a substantially circular opening side, with the shortest distance between
the circular opening sides of axially adjacent openings falling substantially on said

bend line.

10. A method as defined in claim 6 wherein,

said step of forming said stress reducing structure is accomplished by forming
arcuate slits connected to each of the proximate ends of said fist elongated slit and.
said second elongated slit, said arcuate slits convexly curving away from said bending

web.

11. The method as defined in claim 4 wherein,
said forming steps are accomplished by forming said first elongated slit and
said second elongated slit in a sheet of metal, and the step of:
 after said forming steps, bending said sheet of metal along said bend line.
12. The method as defined in claim 4 wherein,
said steps of forming said first elongated slit and said second elongated slit are

accomplished by forming said transversely extending slit segments to be substantially



acconpl i shed by forning said transversely extending slit segnmentd btkkBns05
substantially 16 FEB 2005 24 perpendicular to said bend |ine over a
substantial portion of the transverse dine fl on thereof. 13. The nethod as
defined in claim4, and the additional ste‘g formng a plurality of
additional elongated slits in end-to-end | ongl tudinal ali gnment with and

in longitudi nfﬂe‘g‘%éﬁ dy Eﬁh%gﬂ(@l & Qer g%&&tﬁftlgfe}gn@&g FRe $@hdeld rd?r%ensmr*

el ongated sli secon ongat slit Wherein sard

form ng sai d phereaf.i ty of additional elongated slits is acconpli shed by
formng said addition elongated slits with slit segnents as defined for
said first elongated slit and said second elongated slit. 14. The net hod
as defined in & ai s whdpdiandefgwddn slagp 40dnd tbe miltigomdisgp ofir st slit

segnments produces afohﬁgxgoﬁlﬁﬂ’@ a@(iltI&?éldelm{gafe?lt sIRtb ik eﬁ@gg‘éﬁ‘&s{oﬁélﬁildﬁ]al
mati ng support edge on.an opposite Si said, first slit s

said step of f& gt Withepnd; lPs‘Pn%‘F‘idinag'égﬁﬁ’é?ﬁdsreif’émaée’o‘?ﬁﬁh|°§]Pf‘écfngyt°fsé‘rdnﬁﬁb
said first sldlén@wlrwlmhﬁdmd@éc@d&lelengeite(dsmgarﬁinxgﬁgelﬂent of a comer of said

tab with said nmatin
raver ol 15 the: 1Bt SEP BLFmifkagi At AR RP R SRR e mptisheg
slit is fornmedywarmingeaidfaddiion gherigatedfslied vrihyatlie deghertts segnﬁmﬂdsforrsaxdn figt a

tab on one si deqoﬁgateﬁaslllda,p@gbddLécgﬁ\d?@qgﬁe@gﬁport| ng edge on an opposite side
of - said bend line and the other of said pair of elongated slit segments

having a tab on sai o it si.de of ald hend line and a supporting
edge on said oife mﬂée%‘f’t S?ﬁ"ﬁéh‘dc lajp R@Whef@n. The nethod as defined in
claim 15, and the sdagpstep of bﬁﬂl(ihg”lgild&ﬁrsd ththmem‘s pmiuaes atabadrowge siaé of §did st
el ongated slit e nt d S I ted ne roduce
stiding engagefnﬁpgmo?e St %%daa matt]rlllg Bp‘”guegé oL ng %Dd)téléesgglﬁ Oor}tpsﬁbés:ﬁ Jg Sglgdes
of said bend Iaeg@efﬂ@rar@endl ng of said bending web along a virtual fulcrum

bet ween t he engagedsai@a%? Mo SURP Al M8k §HGESmerkd is REmPBITAbL ARG g8 1N

claim 11, and the step nount i ng nponent to said sheet “of materi al
prior to said ts’eb“to%egﬂ’éﬁﬁl gpro%qeds IidingatEdBoEt et AFOPO R SEA e BARGEA ne.
18. The net hodnhamgabpoeddgadieingibehdinplos£d sheesaf Mastielp of formng a pair
l ongitudinally extending first slit segnments is acconplished by form ng

more than two 1ongifydh 0abh Y fhRAH Bdinh i 4 Sheithd ! SegMent s
first elongated slit is formed with one of said pair of elongated slit segments
having a tab on one side of said bend line and a supporting edge on an opposite side of
said bend line and the other of said pair of elongated slit segments having a té“x;b on said.
opposite side of said bend line and a supporting edge on said one side bf,§Sé;d bend

line.

16.  The method as defined in claim 15, and the step of: ‘

bending said sheet of material along said first elongated slit segments and said
second elongated slit segments to produce sliding engagement of the tabs with the
supporting edges on opposite sides of said bend line for bending of said bending web
along a virtual fulcrum between the engaged tabs and supporting edges.

17. The method as defined in claim 11, and the step of:
mounting a component to said sheet of material prior to said step of bending

said sheet of material along said bend line.

18. The method as defined in claim 4 wherein,
said step of forming a pair longitudinally extending first slit segments is
accomplished by forming more than two longitudinally extending first slit segments

and by connecting longitudinally adjacent pairs of first longitudinally extending: slit



and by connecting longitudinally adjacent pairs of first |Ong|ﬁ£d|£%pm%
extending slit 16 FEB 2005 25 segnents at plurality of common pl anes by a
plurality of transversely extending slit $§gnents i9. A sheet of materi al
formed for precision bending along a bend Tine conprising: a plastically
and el astically defornmable solid sheet of naterlal haV|ng a - plurality of

el ongat ed cl osed- enﬂstq % 8 %tlherel n s acegj nd-t o- e]nd relation in
substanti al al Y§AHER 2 'Y, Bys ‘EP“B'EWHP ya ‘(‘fagyl? tr‘lﬂ’é"?féef'c?l"FFé‘éln\&stllﬁ a
kerf width |esgntentsn a thickness di nensi on at said slits of said sheet of

material; and stress reducing stnctures in said sheet of materi al

posi ti oned at gqds Qfsheé%'@)‘%ma%ﬁmd?ﬂleb %r%reéﬁgﬁjbéﬁdﬂggalog%a bl @S inrRing:

material as defined in claim19 wherein, sal ucl ng strucptur S
are provided by enl %r@%‘%ﬂlcélﬂﬁéﬁpﬁg%la%ﬁ’&%lﬂbhgiefqm&h@véqlsde shielitH El‘laF?Elﬁbll’@W@g a

greater than t@l&rillﬁyaﬁﬁyleﬁgﬁed/\tldﬁdﬂ SHAB® Bists Atseiffsp st dipstt il end-fnehdefdtioh g a
bendi ng web there The sh i i

t . of t def 19
wherein, said sSu[ %Eé:wea @Hﬁeﬂtgalg?%ﬁ?lﬁ?’g%d EP%ns?‘rd:?r‘llgg ?1§§|f9}$%";9?‘§ﬁ‘a:aﬂij%lsf%iﬁ
termnnating i nl_essetlhbma@adcmpedmwgsioabt @pposs oiesaghdeet Fanatériatpariod for
preci si on bendi ng: ° élﬁ?ﬁl }e%rlh%h aéh% gofamt.?t%ﬂgl édsﬂgmeg%pgﬁdsstl)lﬁgn& he

steps of: formng ongltuma slits e rou sai d
sheet of nmat e@ﬁe&lngilﬁtoa%lélsll‘;? spaced relation in a direction ext endl ng
along and proximate said, bend Iine to define at |east one bendi ng web

bet ween adj acerd. entse Qfeetadfﬂlzﬁéﬁzll a@ﬂ@ﬁﬂbﬂilﬁ cmmsaivdlesélhts form‘ ng arcuat e
slits at each of said, adj ace sai d d| nal.

said arcuate slits ¥& f§°toh %gﬁlflgcf%iu(‘i Ui 8 E fc{ead}% SPLReS: h?Y}P%g
back® al ong eaotsveoke sadtt ditenssonsfgoeatdrigenethl magmrsap@dtm@meamomapb&and ditends

of said ar cuatﬁldsdeuftnﬁ,f dH%’\QéH“tﬂel% etk sheet of material substantially
nd a

al ong said be 1 ne sal bendi ng meb betmeen sai d

| ongi tudi nal slits. d for precisjon g g of a sheet of
material al ong’h beF]%F ?heﬁte"f“i’:%ﬁﬁbarllaéfj??&‘eph’éc B r‘?‘ rming a plurality of
| ongi tudi nal 'y ext esuid sgesslrediwiddhstaighes aedrabeatelpfexteningrsliad termirakhglin y

spaced rel ati o rgf(f‘arg mog%td §%Pn§ﬂ%%' ng al ong and proxinmate said bend

line to define a I'ng Web between adj acent ends of at |east

one pair of said slits;
22. A method for precision bending of a sheet of material along a bend line

comprising the steps of:

forming a plurahty of longltudmal slits extending through sald sheet of
material in axially spaced relation in a direction extending along and proximate said-
bend line to define at least one bending web between adjacent ends of at least one pair
of said slits; ,
forming arcuate slits at each of said adjacent ends of said pair of longitudinal
slits, said arcuate slits being connected to said longitudinal slits and curving back
along each of said slits;

' forming enlarged openings at opposite ends of said arcuate slits; and
bending of said sheet of material substantially along said bend line and across

said bending web between said longitudinal slits.

23. A method for precision bending of a sheet of material along a bend line
comprising the steps of:

forming a plurality of longitudinally extending slits through said sheet of
material in axially spaced relation in a direction extending along and proximate said
bend line to define at least one bending web between adjacent ends of at least one pair

of said slits;



16 FEB 2005 26 form ng enl arged D-shaped stress reducing openings E%EH%QE%
of said adjacent ends of said pair of slits, said openings having a convex
side defining said web and being forned OQGSaid bend l'ine and connected to
said slits; and bending of said sheet of material substantially along said
bend I'ine and across said bending meb bet ween sai d openings 24. A et hod
for precision bendi rla al-on

conprising the st epg)gr(l)1 Jg 1%{%%8 aBFur a slstrf/ducfm% nélln}gﬁc?g ‘fq 9f id adiarsry
slits through ewis®fshidenainpf Slﬁat S@rd epenings deivalgl 3 cepar sillerdslfiaingonaid weh and

direction extendhpehralald s%ﬂ%eﬁ&ﬁﬁé%@on%@étgd tdP&MslidAfqt 0 define at |east
one bendi ng web between adj nt ends of | east, oné pair., of said slits;

said step of form neFrggde ail gleFts"fa??étSﬁi’Jl ﬁugﬁé’dl%l)' Frensarpbend lineand agpess

slit wth a fsaidberding web betorgn sdidlopalidgs. ext ending slit segnents
positioned proximate to and on opposite sides of and substantially

parai el to sabg bendhchioiCror SALALENGLAE! N2) ko ot 80O B, SEATTALS

further haV|ng a pair ongl |naI OX|na e ends‘ connec
transversel y esaneprehingythsisteps sbgnent , and oiie of said |ongitudi naI |y

extending slit segnppind %rﬂhﬂﬁw 39 ]@ﬁgﬁﬂm‘ﬁﬁ?c’édtén%u%”%ts fiRf ol Gaf sl a,rfged
stress reduci ng openj ng at said;” opposite end of said slit Segnent, said

openi ng bei ng PateRRMoRial spases selatiomen mdirehAR sxicading ¢lang apdgprpximate said

segnents; and ll%iﬂdiri&go e%ﬁﬁaatdeadn e6d b@ﬁlmaﬁ bélvesubdiicnt ¢k loy agleadn @né em@l
bend I|ne and in cl

‘wherein, the s? Sﬁ“ oﬁﬁlt? hS? fﬁta g dgsl}% Staéd S%gs ca(%o(?rp‘fmsgﬁ(?%y Eﬂ%?ﬂlﬁﬁt 2 ol
axi al | y adj acewith adfirist paat ohlpngitudindiyrrktdnding lio segmentapositéiasd porrdmsteitb andai d

axi al I'y adj acegy oﬁ;lLdsﬁteQ?dé@g)ffﬁ'drg%gstantﬁl %ﬁ'élfb@% s&ild b%%ﬁ\qm%t 5418384 191@5131%" t
to have a pair ongl tudinally extending slit Se‘ ment s onnecte

transversely e@?‘tt%fhjd‘ilﬂﬁd 1§Iﬁ¢8m§’ét§nfé’ﬁtﬂ’er éﬁd‘n&na i PG danEpEHIalY PrRxImHe efﬁlﬂlsof
said axially ad;rae@ai bsl a &raﬁfm@emaéﬁemﬁlg snaegdldhr cdndsetiedo O ped il oigziatinsdl d
opposite end of %al d web between the

ea
- openi ngs. t%df%s ltfsggmel}t%gelr@fnddn%%t i 5061 sheet of material along a
bend |ine corrprl Si f@gmmmarstelp&edfstreﬁsmedmm% appling al $aid; opppositeregd tod gaidaglit

slits having sgegﬁ;eamgaﬁi bYferhf %eﬁlgrfonﬂgw on 4 ERGANGnt hnaughnadld e Ragt sief

material in axi space refation 1n a direction extending along and
proxi mat e sai OFGB@ﬁHtSI #Me to define at |east one bending web between
adj acent ends of atbdndagsofadl fakr ofdhatsailcublthfittelly along said bend line and across

said bending web.

25. A method as defined in claim 24 wherein,

the step of forming said slits is accomplished by fofrning an axially adjacent
slit along said bend line to said at least one slit, said axially adjacent slit being formed.
as defined for said at least one slit to have a pair of longitudinally extending slit
segments connected by a transversely extending slit segmenf,;‘ and an enlarged opening .
at an end of said axially adjacent slit proximate and spaced‘ from said opening at said

opposite end of said at least one slit to define said web between the openings.

26. A method for precision bending of a sheet of material along a bend line
comprising the steps of: |
forming a plurality of longitudinal slits having substantially zero kerf and -
extending through said sheet of material in axially spaced relation in a direction
extending along and proximate said bend line to define at least one bendmg web
between adjacent ends of at least one pair of said slits;
forming arcuate stress reducing slit structure at each of said adjacent ends of

said pair of longitudinal slits, said arcuate slits being connected to said longitudinal




form ng arcuate stress reducing slit structure at each of said a&ﬁé@gﬁm%
‘ends of said pair of longitudinal slits, said arcuate slits being
connected to said |ongitudinal 16 FEB 2005 ﬁ? slits and curving away from
sai d bendi ng web and back al ong said Iongig dinal slits; and bendi ng of
said sheet of material substantially along said bend Iine and across,.;
sai d bendi ng meb be émeen sai d ogpeni 27. A sheet of material formed for
preci si on bendf!Hg 23 6MyIng HehgiPpia gtlfr?ﬂﬂgs‘i"‘ﬁgand hackipdne wd leagdndiagl shitsyi ng
a plurality ofaml ongated slits thereln spaced apart in end-to- end relation
in substantial alig ' nd ress

hat - shaped openi ngsg‘?ﬁ rEsgdg%ds‘?u% ?} aet & Sugfﬁalﬁ)%asllytal i %eng 3 a%gfacroe?ﬁd
openi ng into, S@dtkqwmgsﬁbbawwﬂhaﬁdghameﬁ openi ngs haV|ng transverse

di mensi ons greater than the transverse di mensions of said slits and

defining a bengjng weshaeettohr%aeé}eaﬁ Yseid f&adr@kmaﬁb&nﬁ@gegogg%emémgxﬁlng

convexly arcuate shape on_.a t her eof bendi n

sheet of material f&rueEdof B?ateﬁ’tagh‘?"é‘%ﬁpb’éﬂﬁly R € !ﬂ“gﬂtﬁgéhtﬁémelplsﬁ%ced apart mn
conprising: a aheeterdfrelzdbefin aibsdaﬂtval raggr&n@itutoanlglstam lﬁhd(hhal‘@at ed slits
therein spaced aparf in

| ation in.subst J.al all t Iong
said bend line to defﬁsﬁéedé“’%‘éﬁ?at B ape e“{ﬂ%éﬂ ?vx%ee%ogmg ltg'oé E%%e d
transversel y exf emdlopaping infes siid sem sidhateshapsd apaniogs havnpgmmswmedlmmsmeads

of, and openi ng.it Qhaxﬁa{edtr@hs%eetcﬁﬁhe%la)ﬁssof S&lddsifts aaﬂgvceﬁﬁlgya%eﬁ Web

slits terminating in enl arged openi ngs at opposite ends having an openi ng
wi dth greater theKhetvess radf H\WFIEﬂPﬁd PPERBEY heYadsaverly yaredate sBReg OB 13 gide
29. A sheet of therbedéfding o4id®endih@wetpr eci si on bendi ng al ong a bend |ine
conprising: a sheet of material having a plurality of elongated slits
therein spaced2@par A shBet@fehdi€a@ Ritmee f@tpredisibm bendisg &1bhg aberdd g dBRPrislgoNg
said bend line, each of said slits. belnq formed wth a plurality of
lateral Iy spaced. r&phget gbmagenabbayingenaluralify of eloeﬂgtie@ S Aagreip Sé%teér?@iﬂﬁgn
slit segments GHAE dﬁgﬁtdelgla;tlﬂh Gh mltﬁl'ﬁgl zﬁ%@%ﬁ Qloﬁ q%n@thne t@@éﬁn@gﬁendm
transversely extending slit segnent tress re u0|ng openi ngs

sai d sheet of wel trerebletwaesi éndoned at _opposite ends of said slits and
opening into said sllt segnents. 30- The sheet.of nm as, d f|n

Pl 39 wher ern. | BT FUF RIS REchcaEeditoin G SerbpyREgar R ined

extending sli tatS&ﬂe‘&m snd@bBefag FhtbEhaid e®r@aeh Pitd)ehidoRaRPEE) tektenddpssing
and proximate to sai d’ bend Ii ne. 31 The sheet of material as defined in
cl ai m 30 wher elepminating in enlarged openings at opposite ends having an opening width greater

~ than the kerf width of said transversely extending slits.

29. A sheet of material formed for precision bending along a bend line comprising;:
a sheet of material having a plurality of elongated slits therein spaced apart in
end-to-end relation in substantial alignment along said bend line, each of said slits
being formed with. a plurality of laterally spaced relative to said bend line,
longitudinally extending slit segments connected intermediate opposite ends by at
least one transversely extending slit segment; and
stress reducing openings formed in said sheet of material positioned at

opposite ends of said slits and opening into said slit segments.

30. The sheet of material as deﬁned n claim 29 wherein,
longitudinally adjacent ones of said longitudinally extending slit segments are parallel

to each other on opposite sides of and proximate to said bend line.

31. The sheet of material as defined in claim 30 wherein,

said sheet of material is bent substantially along said bend line.

ormed in



said sheet of material is bent substantially along said bend |ief%b208E8
2005 28 32, The sheet of material as defined in claim?29, and a bend forned
in said sheet of material at a position ot P?r than said bend line. 33. A
met hod of slitting and bending an elastically and plastically deformable
solid sheet of material conprisi ng t he steps of . form ng two el ongat ed

slits through é?e sliu%grsh eftofra% med La ga%nsid t (Fei ng laterally offset

on opposite sides of a desPre ne an elng ongi tudinal |y _
di spl aced rel ati ve edecrhéormedar Sasdl slteemfongtesdla@ameﬁtlom pther themsald bkid Bne.
having a kerf w dth dimensioned producing interengagenent of solid edges

of said sheet @ maiekiclododf slﬁﬁﬁ%’%hﬁ%e%ﬂﬁﬁ%sanogla&%aﬂySdnﬁtﬁaﬂiéﬁllﬁ@eﬁffﬁgbl@g
and bendi ng Salé‘ﬂtdzl]’ﬁet of materl al. about a virtual fulcrumaligned wt

said bend lin Frfaeadennl sevpesig dheaitepsofc def or mation of said sheet of

naterial along sai dforbﬁmgzlt\m BRngateld slivs elirengtadenshivét affmaatiiaj veith eathedig@sing34.
The net hod as

sai d bends by gat erfié Offsn én aqlprﬁqméﬁdfﬁes gff t‘ges“g Ib%fl ng a ongélggéoéﬁ ;lfn a():/![ Rg
bend line wt hdgp]@xgd_ relatlve to the other sht along said bend line, said slits having a kerf width
dimensioned producing interengagement of solid edges of said sheet of material on
opposite sides of said slits during bending; and
bending said sheet of material about a virtual fulcrum aligned with said bend
line to produce plastic and elastic deformation of said sheet of material along said

bend line and interengagement of said solid edges.

34. . The method as defined in claim 33, and
after said bending step, reinforcing said bends by at least one of welding along,

brazing along and filling the bend line with epoxy.



