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SHEET MATERI AL W TH BEND CONTROLLI NG DI SPLACEMENTS AND
METHOD FOR FORM NG THE SAME RELATED APPLI CATI ONS Thi s

wappisiosatizon i s a Continuation- in-Part Appli cRCTMIS2005/006646

based upon a co-pendi ng paté&nt application Serial No.
10/ 672,766 filed Septenber 26, 2003 and entitled
TECHNI QUES FOR DESI GNI NG AND MANUFACTURI NG PREC

SI ON- FOLDED, HI GH STRENGTH, FATI GUE - RESI STANT
STRUCTURES AND SHEET THEREFOR, whi ch was a

Conti nuation-in-Part Application based upon a

co- pendi ng patent application Serial No. 10/ 256, 870,
filed Septenber 26, 2002, and entitled METHOD FOR
PRECI SI ON BENDI NG OF SHEET MATERI ALS, SLIT SHEET AND
FABRI CATI ON PROCESS, whi ch was a Conti nuation-in-Part
Appl i cati on based upon copendi ng parent application,
Serial No. 09/640, 267, filed August 17, 2000, and
entitled METHOD FOR PRECI SI ON BENDI NG OF A SHEET OF
MATERI ABHERD BBRIERIREEWITHERENOR CONTRALISNCPOBIRLAGEMENTS
6,481, 259 Bl . TECHNI CAL FlI ELD The present invention
relates, in gener®® MBTHOR %Q%CFQ\QD@EN‘FOFHFnﬁAHF sheet

material and, nore particularly, relates to preparing
the sheetmaterial for bending using punching,
stanping, roll -form ng, enbossing and siml ar
processes, and then bending or folding the sheet into
t hr RELATED REPLICATEINSICt ures. BACKGROUND ART The
present method and apparatus are based upon

This application is a Continuation-in-Part
Application based upon a co-pending patent
application Serial No. 10/672,766 filed September
26, 2003 and entitled TECHNIQUES FCOR DESIGNING AND
MANUFACTURING PRECISION-FOLDED, HIGH STRENGTH,
FATIGUE-RESISTANT STRUCTURES AND SHEET THEREFCR,
which was a Continuation-in-Part Application based
upon a co-pending patent application Serial No.
10/256,870, filed September 26, 2002, and entitled
METHOD FOR PRECISION BENDING OF SHEET MATERIALS,
SLIT SHEET AND FABRICATION PROCESS, which was a
Continuation-in-Part Application based upon co-
pending parent application, Serial No. 09/640,267,
filed August 17, 2000, and entitled METHOD FOR
PRECISION BENDING OF A SHEET OF MATERIAL AND SLIT
SHEET THEREFOR, now U.S. Patent No. 6,481,259 Bl1.

TECHNICAL FIELD

The present invention relates, in general, to the
precision folding of sheet material and, more
particularly, relates to preparing the sheet
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slitting and grooving geonetries disclosed in depth in
the above set forth related applications, which are

weawk/os21enr por at ed herein by reference in theiPCT/US2005/006646

entireties. In these related applications severa
techni ques or manufacturing processes for formng
slits and grooves that will pmecisely control bending
of a wide variety of sheet nmaterial are disclosed,
including laser cutting, water jet cutting, stanping,
punchi ng, nol ding, casting, stereo |ithography, rol

form hi ai.ng, ical -m.llin -etchi .

andnk%gefggg. gg%é g%ggﬁggg 8%38‘sgggn%%gggabrggﬁilﬁﬁg'
bendrollAdGeirmgnsl.i tergusming exnd anibel avr prexpessiove and
FhantﬁgﬂerﬁenEQﬁgexégp!E@l&§§§r @ﬂ@t'gﬂbé%llinto three-

i nherently involVve additional "cost as conpared to, for
exanplBeNgERERLN§ LFSUER/Si -ng, but punchi ng and
stanping may not be particularly well suited to sheet
material of relatively heavy gauge . The precision
bending slit geonetries of the above -identified

rel a l.cati_ons nay be advantageously applied to
nune&gg§8ggbh§tékgg which are formed fromrelatively
thin gauge sheet material . These structures tend to

be Mphe Qraiby wRenREdahar HYEHNANHrRr 664583 upon
bendlgg Eatterns t han thgy are by strength _or fatique.
resi SLAREANPeq e MRV EHRT EF 1F° onelE§pes in

strudepth whi ehecabde: fostreflootharedbhatdveppltkiations,
9au9%gi§ﬁeg%e”%gﬁﬁl%ncé¥§%9§%eéeﬁé§£§§ by reference in
their entireties. In these related applications
gseveral techniques or manufacturing processesg for
forming slits and grooves that will precisely
control bending of a wide variety of sheet
material are disclosed, including laser cutting,
water jet cutting, stamping, punching, molding,
casting, stereo lithography, roll forming,
machining, chemical-milling, photo-etching and the
like. Some of these processes for fabricating
bend-inducing slit geometries can be more
expensive than others. For example, laser cutting
will inherently involve additional cost as
compared to, for example, punching or stamping,
but punching and stamping may not be particularly
well suited to sheet material of relatively heavy

gauge.

The precision bending slit geometries of the
above-identified related applications may Dbe
advantageously applied to numerous structures
which are formed from relatively thin gauge sheet

material. These structures tend to be more driven
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~as punching, sta

preci sion and conpl ex bending, is electronic conponent
chassi s, such as, conputers, audio receivers,

wo edosws™iiDn sets, DVD players, etc. As i s not ePlCT/IS2005/006646

prior related application Serial No. 10/672,766 , flat
sheets, which are slit or grooved in accordance with
the teachings of that prior rglated application, can
have el ectrical conponents nounted to the flat sheets
using "pick-and -place '' techniques. The sheets may
then be folded into enclosures or housings in which

all of the conponents are spatially related.in the _.
desi P¥d Eg§itggﬁ§ e G si%‘&é TRES Pt ERanfSnding
pl acgattéenhni dues grisay | \aredise eastengah does tfheigue
abiljty.tp_fold . et in a | sel
dineﬁ%%%ﬁg%ngécFb§&¢2k3§$ﬁﬁ§TeIa IV%?%%§%§F orce © type
bendbfg stecietivgge sth g | easudie efecnedniod chassilstéasly

be T0hIRd Uslhal asebefUl bidih:Of Al &nd oLy EUt kBGuires
there I's considerable advantage 11 |ower cost ]
sl i tPTeEhFhgor a§FooVvePB be¥i n§enddRai quelsS cafilpetronic

enpl 8¥@fondAbS, HRWaN COoStshalr i gat,i onedineasses SHeRio
| ing, .roll-form.n o& the like, wll

be hFgREYVaBTant8yeBusSiPs 8§ESmAPN%r8|§¥F€§Vy€i n

gauge material if they do not | ose the precision

advant ages that the slits geonetries of the rel ated

appl i cations can produce. Moreover, siit-form ng

SR SVl 35 DU SLAR ANy cerian
zer Nker flof6 & 166, £flat sheets, which are slit or
grooved in-accordance with the teachings of that
prior related application, can have electrical
components mounted to the flat sheets using
““pick-and-place'' techniques. The sheets may then
be folded into enclosures or housings in which all
of the components are spatially related in the
desired posgitions inside the housing. The “"pick-
and-place'' techniques greatly reduce cost, as
does the ability to fold a flat sheet into a
precisely dimensioned enclosure using relatively
low-force bending techniques. While such
electronic chassis can be formed using Ilaser
cutting or water jet cutting, there is
considerable advantage if lower cost slit-forming
or groove-forming techniques can be employed.
Thus, lower cost fabrication processes such as
punching, stamping, roll-forming or the like, will
be highly advantageous to use with relatively thin
gauge material if they do not lose the precision
advantages that the slits geometries of the

related applications can produce.
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wxeoof/osa112v dt h di nensi on.

wi dt h di nension, while laser and water jet cutting
renove material and product slits having a neasurable

have the advantage of being nore closed al ong the bend
line after the sheets are bent . Thus , they do not
tend to open up as nuch during-bendi ng as sheets
havi ng neasurabl e kerf dinmensions. This nmakes the zero
kerf sheets anenable to coating with a protective

| ayer that wll seal and close the bend line to allow

thegyggeg%egsed ' (?fﬁgﬂin ﬁg M@i&@ an mﬁucﬁ as

el ectro-nmagnétic s |eI I'ng | reqU|red
cor rpehehingsi stiaapinat Bkt roélaﬁpémagce can ypgeduce

needgf9.he &Hﬂ&ﬁ'QQQNBA%%@@ﬁﬂﬁﬁﬁﬂy"Eek% aﬁeQPJQﬁ; Qflit

the present_invention to provide a method for
pr epdi-fky §H@@P%ﬁ9ﬂﬂl%ﬂl#Qw1%ﬁ%%l%ﬂ@nwﬁéﬁﬁl A§talcyidy iag
bendrbinBee Whighereihodaing rehaddvety lawdan cestisgd a

whi ch adapt Ie to wi de, range, of applica
el B5RRE o i i Rende; cobhBRtappaving
preseatdlkaﬁﬁlghits haver dvieleadvhawagestofirebaddgf aore

re i sheet L r di [
Capapteoir’ oo el Aot 38R0 Al S B g e
err opsnti.s Sﬁmm%mlbhéﬁrd@0ﬁpﬂbxt©@ﬁdtngcnaﬂtemhsaSamwch

requaﬁffi?gnlyemmgﬁl ad OLRBet ehdeehgbendi Ng- AN Nk £

obj ect of "the present invention is to provide a sheet
of nﬁ@@?iﬂﬁﬁoﬂér bendPi§ | RaBEchtERi t e8P gkddes Sheets

for negleHsbng |t €68ting with a protective layer that
will seal and close the bend line to allow them to
be used in applications in which electro-magnetic
shielding is required or in which, corrosion
resistance, attractive appearance, £fluids need to

be contained.

Accordingly, it 1is an object of the present
invention to provide a method for preparing sheet
material for precision bending along a bend line,
which method is relatively low in cost and which
adaptable to a wide &range of applications

employing sheet material.

A further object of the present invention is to
provide a low cost method for preparing sheet
material for bending, which method is capable of
precige bending free of cumulative bending errors,
is suitable for complex bending patterns, and

requires only minimal force to effect bending.

Sheets having zero Keet/US100%/606646



manuf acturi ng processes that are capabl e of producing
structures which can be sealed, are fluid- tight,
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appear ance. The bendabl e sheet material and bend-

i nduci ng sheet form ng nethod of the present invention
have ot her objects and features-of advantage which
will be set forth in nore detail hereinafter in the
foll ow ng Best Mode of Carrying Qut the Invention, as
exenplified and illustrated by the acconpanying

dramﬂﬂﬁotQE§CL€§ BEtCFoEHEﬂH Thﬁjgg%b 15 géhdto

preparing a shee materi a for
line BFOYﬁéepraes%H?eFn@éntm%ﬁfﬁlf%ajcoi&prl $ehdioig efhywhich

of thelstep odrfopFobgeat |pLast spl Egynt _
t he thlckgesgzglrgctloﬁ of the sﬁggﬁgg¥ &%%er 10% fost
the pOTtTPORCGFLLRE phTPHe?Sedf thetdi sﬁrﬁcerﬁsﬁfnable of

cl osestotiucihg bendukineepr owhélchg @anedB% and;88d, are

oppos C fiqured and positi pr oduce
edge- ?guigcg %gaggﬁenC$%OQh£e§ﬁ§g?n f‘ﬁﬁt@??& have an

durln@t%éﬂﬁthge Fphpedirsptacenent is preferably forned
usi ng one of a punching, stanping, roll -form ng,
enbossing, chemcal mlling or etching process in

whi ch dies, machine tools, a knife or chem cal agent

forn1 sI|t or. ggear %ﬁne of zerg kerf or a groove in
the s hetdp &f diedeaiiddnplasydd, bem@- inducing

pen;ﬂhﬁqtofofMEngl&ata&aﬁbmtt%@w§¥édéh6*Eh&%ﬁhld@'ﬁgve

I'S dé%ﬁ%% 5§5ég€sbeng Egg%ures of advantage which will
be set forth in more detail hereinafter in the
following Best Mode of Carrying Out the Invention,
as exemplified and illustrated by the accompanying
drawing.

DISCLOSURE OF THE INVENTION

The method of preparing a sheet of material for
bending along a bend line of the present invention
is comprised, briefly, of the step of forming at
least one displacement in the thickness direction
of the sheet of material with the portion of the
periphery of the displacement closest to the bend
line providing an edge and an opposed face
configured and positioned to produce edge-to-face
engagement of the gheet of material during
bending. The displacement is preferably formed
using one of a punching, stamping, roll-forming,
embossing, chemical milling or etching process in
which dies, machine tools, a knife or chemical
agent form a slit or shear line of zero kerf or a
groove in the sheet material. When dies are
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WOoreos0sdh2 proxi mate the bend |ine.

sheared at least partially, and often conpletely,
t hrough the thickness di nension of the sheet of

plurality of displacenents are fornmed al ong the bend
line, with alternate displacenents being positioned on
opposite sides of the bend lige. In the nost preferred
formthe periphery which is closest to the bend |ine
is, in fact, superinposed on the bend Iine so that the
j og di stance between displ acenents on opposite side of

t he bend line i essent'all r The | acenent s
hovcBrLoEat: nhbe. REPagarel Srodtis ITRolSryacer Spgned
-0. ¥ OtB_bOLﬂld-O ﬁhid:thESst hﬂotsfasntkrtasstﬂenénsmbnlnie is

th |
dof THEEE e oL (o b btk | AR srdth o Sag Ly
f acetstoughurtdss thoakbeadi rﬂ;jlmetltﬁel@he@tf ofhemtsdyeied] of

may rRa?E {1 ast “r§r8{c1ﬁ1&9éuret%0n9béﬁﬁ p| @%él‘:a'b' Y Most

deforne di's enments, so that the bend w
mai neee heralhsya flPui IigHhtEHnt PhuoWs SARITATRE %l oREe

the popdehi NQ1 Bl | teRHAY Hebidur eliﬁepr ovjide, a aeerande
opposed edge si mgi to sheared shaﬁ . Wile it is

pr ef $+FREAEBTANER| Af@el%ep?shaaege iTh QPPOFhettdes
i nSige the %$lnlds 1dmegr oomesthet mdlksso dree feassidl Botw the

di spl th I d t
o1 oGRS SRR SY | P BB By aGBTt 55 AE pra of B bbhe™®
Mor ebwvet , tdn@dnemd:qayddloactufm bengr éfmbsy ithat the

jog distance between displacements on opposite
gide of the bend line is essentially zero. The
displacements, however, can have a jog distance in
the range of about -0.5 to about +0.5 times the
thickness dimension of the sheet. The
displacements also may be plastically deformed by
die sets to produce the opposing edge and face
structures. Upon bending, the sheet of material
may not fracture or rupture along the plastically
deformed displacements, so that the bend will be
maintained as a fluid-tight continuous structure
along the bend line, or it may rupture to provide
a face and opposed edge similar to sheared sheets.
While it 4is preferred to displace the tongues
which are defined inside the slits or grooves, it
also is possible to displace the areas
longitudinally between the slits or groove and
still achieve edge-to-face precision  bends.
Moreover, the bending direction is preferably in
the direction of displacement of the tongues, but
if lower precision can be tolerated bending can be

in the opposite direction.

Most pr ef er edit/ys2085/006646
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the direction of displacenent of the tongues, but if
| ower precision can be tolerated bending can be in the

bendi ng along a bend line is also provided which
conprises, briefly, a sheet having at |east one

di spl acement in the thickness_direction of the sheet,
with a portion of the displacenent closest to the bend
line providing an edge and an opposi ng face configured
to produce edge -to-face engagenent of the sheet of

mat erj al, on_opposed sid of .th ortion of the

per | &we?lﬁe%lﬁrlgﬁg%ae%lf , %é‘:{:ag}gf P&blrbe%d%ﬂ“%ré‘llppﬁ a
of ditspicacebtmés dse pdsid i omedviadedg whechenddrge o,
alte t si de f.t j conti nuous, | ayer
of cggaﬁﬁykﬁu%r%%gegaﬁgﬁgggfégg 6%% he"'§h é@é%ﬁ%ﬁh?nt
bendilmy tlef wititdmassudérepbionesfl t thg rebtwi | Wibk a

flui didicqldn, 687 rQsd oaiggiaaeaehtar@l@ééé@cttioveua!h%end

di splacenents i n the sheet of material can exten

par t a1y EFVUGH1he FheetdS? CcBAPI eBBI y OPRPSAGY | thace

and e rikrateCatobgreiicd Nnetife -dbrgeticone@adbfent of

di splgacema ts _for _maximum precision or in an ogposed

di r ¢t fon®B§SFel §F ndt bt i obMY qBBPBERGI ngtSeFapt ¢ &he

cont polrttibe poéci shen pe@ntdrenat | yurbng | essddagir abimpst

t he Ry .pe bent in t-he oppgsite,direction when

t he %?%?ltey on ygchlgev %‘Ie:kabl;ﬁ dgeE;?o-f(]<lallcs ]g%%%‘fl%%t‘?s are

not pegditriethedDESIRIRTI ONeOPLEHE DRAWENGon alternating
sides of the bend line. A continuous layer of
coating material can be placed on the sheet before
bending to further insure that resulting bend will
be fluid-tight, corrosion resistant and
attractive. The displacements in the sheet of
material can extend partially through the sheet or
completely through it, and the sheet can be bent
in the direction of the displacements for maximum
precision or in an opposed direction by relying on
the oblique bending straps to control the
precision. Optionally, but 1less desirably, the
sheet may be bent in the opposite direction when
the precision achievable by edge-to-face bending

is not required.

DESCRIPTION OF THE DRAWING

FIG. 1A is a fragmentary, top plan view of a sheet
of material having bend controlling displacements
formed therein in accordance with the present

invention.

Sui t abPET/I182005/006646



10

15

20

25

FIG IAis a fragnentary, top plan view of a sheet of
mat eri al having bend controlling displacenents forned

W0 b@s@esa11i n accordance with the present i nventPORHUSI0E/006646

IBis an enlarged, fragnentary, end elevation view, in
cross section of the sheet of FIG 1A, taken
substantially through the plage of line IB- IBin
FIG IA FIG 1Cis a cross sectional view
corresponding to FIG IB with the sheet having been
bent by 90 degrees fromthe flat condition of FIG |IB.
FIG _IDis_a.cross sectional yiew caorrespondi

ng.to ,
FI G FFB- of Barl St ST AAE LR BT G 1 henShebevphion
whi ctriawpr alrectroes ceatidtngradber ethet ostider shéetrFrf. 12,
material . FILG _|E.i s-a cro ction ie .
corré?%gﬁdﬁ# SanEﬁ§i¥ﬁ;%%E$%§§b%%? @ggﬁgd é%e%%n%le_

FI G 1BDinFFB3.2RAi.s a fragnentary, top plan, schematic
view of a sheet of material corresponding to FIG IA
with only a single displacenment or sheared tongue
bei ng shown for ease of understanding. FIGS 2B and 2C
are views corresponding to FIGS.. IB and 1C of th

sheeFIShowfr i Pl GTFK §QQ§1QQ?%sy%FWr%@ﬁE%?%?9$iP8pto
pl anprechemat Wwd th evhef shedeehasfingmt beeal bent by 90
corresponding_to G LAwWth.onlky a si e
dispgﬁgﬁﬁﬁﬁtQSPmsEbgrggaFoﬁﬁﬁg gﬁ%& g%o%%?'wﬁ@dh

tongue has been sheared and di spl aced beyond t he sheet

t hi ckness di nmension. FIGS. 3B and 3C are views
corresponding to FIGS. IB and 1C of the sheet of FIG

3BA. FI@. 1D is a cross sectional view corresponding to
FIG. 1B of an alternative embodiment of the sheet
in which a protective coating adhered to the sheet

of material.

FIG. 1E is a cross sectional view corresponding to
FIG. 1C of the bent coated sheet of FIG. 1D.

FIG. 2A is a fragmentary, top plan, schematic view
of a sheet of material corresponding to FIG. 1A
with only a single displacement or sheared tongue

being shown for ease of understanding.

FIGS. 2B and 2C are views corresponding to FIGS.
1B and 1C of the sheet shown in FIG. 2A.

FIG. 3A is a fragmentary, top plan, schematic view
of a sheet of material corresponding to FIG. 1A

with only a single displacement or sheared tongue
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FIG 4A is a fragnentary, top plan, schematic view of
a sheet of material corresponding to FIG 1A having an

wa@bdaosnosati ve enbodi nent of a single tongue havPeyUs2005/006646

reinforced central tongue deformation. FIGS . 4B and
4C are views corresponding to FIGS I B and 1C of the
sheet of FIG 4A. FIG 4D is g.cross section view
taken substantially along the plane of |line 4D-4D in
FIG 4. FIG BbAis a fragnentary, top plan, schematic
view of a sheet of material correspondi ng to FIG 1A

i RO DEBRYHr ot LR |y WG B an-Ails 1 ACBR 4 and

t he thHisgkressl dbayemd duheofshduﬂ.: dieietknedd (ﬁmermcamd
5C are views corresponding to FIGS . 1B and 1C of the
sheet of FIG 5A FIG 5D is a view corresponding to
FIG 5C in which the sheet has fractured or ruptured
during bending . FIG 6Ais a fragnentary, top plan
schefdGSe \/?'«Pemﬂefi 3Cshriet wiewat eldriesmsmEsEbnEPng IGS -

FI' G 1BAaHa Wi &F ahedldtRidtatdsverenbaegi ment to a

di spl acenment havi ng a conti nuous periphery is shown
partially sheared through the thickness di nension of
the sheet. FIGS. 6B and 6C are views corresponding to
FIGS. IB and 1C of the enbodi nent of the sheet of FIG
6A. FIG. 4A is a fragmentary, top plan, schematic view

of a sheet of material corresponding to FIG. 1A
having an alternative embodiment of a single
tongue having a reinforced central tongue

deformation.

FIGS. 4B and 4C are views corresponding to FIGS.
1B and 1C of the sheet of FIG. 4A.

FIG. 4D is a cross section view taken
substantially along the plane of line 4D-4D in
FIG. 4.

FIG. 5A is a fragmentary, tbp plan, schematic view
of a sheet of material corresponding to FIG. 1A
having an alternative embodiment of a single
tongue which has been plastically deformed and
displaced in the thickness direction of the sheet.

FIGS. 5B and 5C are views corresponding to FIGS.
1B and 1C of the sheet of FIG. 5A.
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FIG 7A is a fragnentary, top plan, schematic view of
a sheet of material corresponding to FIG 6A in which

wao b@sasapt acenment in the sheet has been shear ePICDOE2005/006646

partially through one side of the periphery and

conpl etely through an opposite side of the periphery.
FIGS . 7B and 7C are views cofg-esponding to FIGS . IB
and 1C of the sheet of FIG 7A. FIG 8 is a front

el evation view of a bent sheet of material having

di spl acenents of the type shownin FIGS. 2A-2C with a
bend- covering shin guard, shown in broken |ines, and
illustrating upstandi ng securenment tabs . FIG 9 is an
end el evation view of the sheet of material of FIG 8

wi t hFiRe sHPn iguard shewmn dormzssipahdinges toouRf@d t%C in

t he zUEe j r LN Vi
of el Farat | DaR e C et 6 bt neato Bl hat Sratio
wi t hbgngRng -guard shown in broken lines and an
attachnment structure . FIG 11 is an end el evation
view of the sheet of material of FIG 10 with the shin
guard shown in solid lines nounted to the sheet by the
attaﬁggent structure_. Flgi 12Atis azﬁide IevaELon .
schefti-c &0t elf of A SHEEPCBFY nmafSF H1br AEASPRE1C view
accooflanc ehwietth dfhengiregsientt cowsrdpandang posFiGongd in
on 8, xgd Looly plabe for BABSLIRCRY 3d O A sBYbbHEh:
and novabl € Tinkage.

having a continuous periphery is shown partially

sheared through the thickness dimension of the

sheet.

FIGS. 6B and 6C are views corresponding to FIGS.
1B and 1C of the embodiment of the sheet of FIG.
6A.

FIG. 7A is a fragmentary, top plan, schematic view
of a sheet of material corresponding to FIG. 6A in
which the displacement in the sheet has been
sheared only partially through one side of the
periphery and completely through an opposite side
of the periphery.

FIGS. 7B and 7C are views corresponding to FIGS.
1B and 1C of the sheet of FIG. 7A.

FIG. 8 is a front elevation view of a bent sheet

of material having displacements of the type shown
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FIG 12B is a side elevation schematic view of the
sheet of material of FIG 12A after partial bending of
plate .FIG 12C is a siPE&r/US2005/006646
el evation schematic view of the sheet of material of
FIG 12A after a 90 degree bend. FIG 13A is a side
el evation schematic view of ajgheet of material forned
in accordance with the present invention and
positioned on a fixed tool plate for bending by a
pneumati ¢ bending bladder. FIG 13B is a side

of

el evatio hematic vi ew, of the sheet of nmateri al
FI G %Aﬂaéger n%“@%)c d¥git8e %ekrt]f’&.n CEVerAA] sSjipopuard,
pl anstechenat i brokew dbinassheatl dfl Inetefitdlng haisthasding

been groqv ' cordance with the present invention.
PG STiD Iegr%ar%@e@aagos& ew of the sheet of FIG 14A FIG

14C is a side elevation view of the sheet of FIG 14A
with the half of the sheet above the bend |Iine shown
bent outwardly of the page. FIG 14D is an end vi ew of

the shregt @sibendniBnfl G1lAC G vish b ahOPBLaR of
schemati c view 8f a sheet of mmterial .that has been
[

gr ooVeF SZid Ipr 8% ¢ wi § hWadtPedd§ eFP&Ri M) 3 ¢ht GPeYD in
accorddice Mirtdr amwaltee! nad itke: erdadiamiit of ahde

present invention. FIG 15B is an end view of the

sheet of FIG 15A. FIG 15C is a side elevation view

of the sheet of FIG 15A with the half of the sheet

above the bend
FIG. 10 is a front elevation view of an

alternative embodiment of bent sheet of material
with a shin guard shown in broken lines and an

attachment structure.

FIG. 11 is an end elevation view of the sheet of
material of FIG. 10 with the shin guard shown in
solid lines mounted to the sheet by the attachment

structure.

FIG. 12A is a side elevation schematic view of a
sheet of material formed in accordance with the
present invention and positioned on a fixed tool
plate for bending by a rotary chinder and movable

linkage.

FIG. 12B is a side elevation schematic view of the
sheet. of material of FIG. 12A after partial
bending of the sheet on the tool plate.



line showmn bent outwardly of the page. FIG 15D is an
end view of the bent sheet of FIG 15C. FIG 16A is a

w0 opsp8Am schemati ¢ view of a sheet of materi aPCTTEHY1005006646
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shear lines controlling bending and having the areas
bet ween | ongi tudi nal adjacent shear |ines on the sane
side of the bend |ine displaceg.to produce
edge-to-face bending. FIG 16B is a side elevation
view of the sheet of FIG 16A with the upper half of
t he sheet shown bent into the page . FIG 16D is an

end v 0 he _bent eet C. Fl 16E |
enl arg?e%, grgsgssgct ohal® ]Velo\{ea\l/vé:lo?%t%q‘%rﬂae%{c Yl'TZY”GO% the
16A, shkeh Sdbstaperably ofl onNEGt hd2pl amEtef ki N0 degree
16E- 185.,4n FIG 16A. FIG 16F is a cross sectional

view of the sheet of FIG 16E as bent by ninety

degrees. BEST MODE OF CARRYI NG QUT THE | NVENTI ON
Reference will now be nmade in detail to the preferred
enbodi nents of the present invention, exanples of

whi clFee e iBhusity aaecd;lid@ tdleaacipagyhaga gdi aWhi@s: of a
V\hlletheln nt| cribed in unct. Qn
with THeS pr e?‘lfgrrr“% eléﬁ% dlﬁ%rrﬁ1 it vﬁ‘?“?oaﬁ‘g %ﬁer’“@ttg'bdthe
t hat pheyert e invenitritoendald t polsumibnbhle omventiioted otool
t hos ffg@ i t o th vent

i nt ere? ed ?gf%%\%gn%%%rﬁgt %vgéé%négl %I gg |Hon lb(id‘ld er.
equi val ents, which may be included within the

FIG. 13B is a side elevation schematic view of the
sheet of material of FIG. 13A after a 90 degree
bend.

FIG. 14A is a top plan, schematic view of a sheet
of material that has been grooved in accordance

with the present invention.
FIG. 14B is an end view of the sheet of FIG. 14A.

FIG. 14C is a side elevation view of the gheet of
FIG. 14A with the half of the sheet above the bend
line shown bent outwardly of the page.

FIG. 14D is an end view of the gheet as bent in
FIG. 14cC.



10

15

20

25

w@e@siogiion bendi ng of sheet materi al

spirit and scope of the invention, as defined by the
appended clains . The present nethod and apparatus for

slitting geonetries disclosed in the aboveidentified
prior related applications, which are incorporated
herein by reference in their .gntireties. As noted in
connection with the prior related applications,
processes for formng the slits which will control and
precisely | ocate the bending of sheet naterial i ncl ude
suchpppoc €s; 2s p r m. ng,
nmachi ﬁlbng?lsﬁhot% etc gi;gc ergnégg ?’f%gh rﬁeﬁ” %‘Ehd thé1eet
IlkeOfTH@%%eﬁiééeéé@%ta ab?EéuI@¥¢9V@élknsblwewwmded

| ghwehw@t&lgsénrrém@vfﬁgg%%u%tseri@' acé{ﬁagﬂaa with
they al so can be enpl oyed for sheet materi a

rel affvel ¢ HEFARFdaTge. SFHRPIHIRKer offheather gRFgeent
mat efhgkst@bhen are nore advantageously slit or

grooved using | aser cutting or water jet cutting

equi pnent. As described in the prior related
appl i cations, one highly advantageous application for
the precision bending of sheet material is in

connBEGi. ohSRi tik eheendoniiewe orfp direntsheleds ifs FIGSUCIEBA .
chassis often are highly conplex so as to enable the
positioning of a multiplicity of conmponents in

t hree-di nensi onal arrays inside the eventual housing

for the el ectroni c equi pnent.
IG. 15C is a side elevation view of the sheet of

FIG. 15A with the half of the sheet above the bend
line shown bent outwardly of the page.

FIG. 15D is an end view of the bent sheet of FIG.
15C.

FIG. 16A is a top plan schematic view of a sheet
of material having shear lines controlling bending
and having the areas between longitudinal adjacent
shear lines on the same side of the bend line

displaced to produce edge-to-face bending.

FIG. 16B is a side elevation view of the sheet of
FIG. 16A with the upper half of the sheet shown
bent into the page.

FIG. 16D is an end view of the bent sheet of FIG.
16C.

i s based PEDOS1008006646



Since laser cutting and water jet cutting are both
sonmewhat nore expensive, it is particularly desirable
W o00be8Alt e to formchassis for el ectroni c equP@ITESL005/006646
and nunerous other | ower cost housings and the |ike,
usi ng-1 ow cost, highproduction techni ques such as
punchi ng, stanping, roll forri#g and the like. The
present application, therefore, illustrates how t hese
| ower cost fabrication processes can be applied to
rel atively thinner gauged sheet material with great
advant age. Turning now to FIGS. 1A-1C, a sheet of
mat eri al generally designated 21, is shown in FIG IA

having a plurality of 2 positioned proximate
and g&gng hehd 19he ’?? 9‘?219 SFPES SHrtierdenvigw of

havetaadsshdatc hoﬁurEv_re; awagafr m}mndsdlb@mﬁ&aanﬁ Eheng

curvgﬁavg bt end% q ”%5%?%2&? ing straps 24

t hat EERt & I'ines that extén 1y across
bend line 23, in a manner descrlbed |n substanti a

detail in prior related application 10/672,766. As
will be seen, longitudinally adjacent slits 22 are

posi irgned gal tigr natd Nl é&@ﬂa@éﬂ@léwdsﬁ eﬁebgﬁéet of
line_23 along the length of the bend Iine, which is

t he EF@feﬂ?@daérpgﬁﬁe niNEHY 9eIF&ESabsol ut el v
required. As also may be seen in FIG I|A, slits 22 are
positioned in a laterally displaced positions from
bend |line 23, but this has been done primarily to

BEST MODE OF CARRYING OUT THE INVENTION

Reference will now be made in detail to the
preferred embodiments of the present invention,
examples of which are illustrated in  the
accompanying drawings. While the invention will
be described in conjunction with the preferred
embodiments, it will be understood that they are
not intended to 1limit the invention to those
embodiments. On the contrary, the invention is
intended to cover alternatives, modifications and
equivalents, which may be included within the
spirit and scope of the invention, as defined by

the appended claims.

The present method and apparatus for precision
bending of sheet material is based wupon the
slitting geometries disclosed in the above-
identified prior related applications, which are
incorporated herein by  reference in  their

entireties.



10

15

20

25

30

woreaossAdhs are bei ng prepared for bending,

illustrate the position of the bend line. In the nost
preferred formof the invention, when |ight gauge

will be substantially superinposed on bend Iine 23.
This is preferred because it facilitates the use of
the sane die sets for a w derlj-ange of sheet materi al

t hi cknesses. As described in prior related application
Serial No. 10/672,766, the jog " distance between
slits 22 is defined as the |ateral distance between

the gkitgoeBgoppasi &§n§é8€§oﬂf W en bendd, | 'ﬁ}ﬁgﬂ N8 ted

nost preferred formof the enbodi ments in resent
appl PERLAGARL 1ORS ef FROCIIREY ogft @ff st BpERiRY the slits
subs{anthal Imlmualcoh@réer Oandhatpitsaiddie, sl ibsaBke the

postLLgnedree! i on,bend i ne 2t a0 el T o

of the bpndchung” exteppbial, theodeiedmen@s mAchining,
'F‘d'gﬂg% LR bAgpri Eeﬁl§|a§§e ?Ri%fﬁ‘%' ofl%y YO8 J‘ig.ke
0 ben

di stance betweeéen éll sre [T he
pr ef €habky preeetdad ﬁmgtﬁﬁmkna&ﬁrﬂﬂewgﬁ®1$m18©@eﬁor

21. @éh%?:' Yoe ?Hto%ld'tﬁjiﬂﬁ?@r ofad éomaggk;a&haglthough

requi r enent ionally, as can De seen
22a ah@yzzﬂel%@ £hra rb%h?mﬁ&ﬁdeénd‘f@f sheet mategrial of

negat-&YBtiog19 Skanee Yas@etan heenphoyrEr A Webhier
be seen, slit 22a eitendgsacross bend |Iine_23, as doeiy

sli tgﬂﬁeéThF‘étF?é EepPabF8 wWithi nMPhE t@QXﬁPES%PUS
t he gléesenrir i gwesteQnuattiowildsqar oduceihbe cadgeiter jet

face bgg hggeahggge %Qd line 23 that is desired

As described in the prior related applications,
one highly advantageous application for the
precision bending of sheet material is in
connection with electronic component chassis.
Such chassis often are highly complex so as to
enable the positioning of a multiplicity of
components in three-dimensional arrays inside the
eventual housing for the electronic equipment.
Since laser cutting and water jet cutting are both
somewhat more expensive, it is particularly
desirable to be able to form chassis for
electronic equipment, and numerous other lower
cost housings and the like, using-low cost, high-
production techniques such as punching, stamping,
roll forming and the like. The present
application, therefore, illustrates how these
lower cost fabrication processes can be applied to
relatively thinner gauged sheet material with

great advantage.

sl i PGT/ER2005/006646
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for precise, controlled bending. For the thinner
gauged materials typically enployed in electronic
the jog di stance between sPCT/BESDB5/006646
is preferably in the range of about -0.5 to about +0.5
times the thickness dinension, t , (FIG 1B) of sheet
21. A s the jog distance betweén slits becones

i ncreasi ngly negative over about -0.5 tines the

t hi ckness of the sheet of material, there is a
tendency for the sheet to bend along two bend |ines,

whi Cfrr&%@itﬁ; aﬁswpoc%tt@asd ata tifre egges‘iqégtbt Be %ﬁaeesmal

rat he a single bend |ine positioned et ween
edgegsrenaid %| |4%319@%t%0@t1 0. 8% i MWhe ¥hi clﬂféss 1A

of thesheet ,aforpmmi@y thﬁft\/\@l@@@d 2 pe RS eed
has been seen to oc i n heet _net al
negaﬁ’%?é{ﬁ“@d:edlasl?cgrﬁrtoril% %nB‘F% ilwat R3sl | tr‘@ezfelﬁat\ﬂ Ao
a zeme keséndickersaosa, etnhle s&hic}wl bhrﬁrenaiway effabinvv &and
cl osed alon |ts | e even 9a degre ben

| f tﬁ&nﬁ it e f&?ﬁg ﬁPFh a‘g fgr xan%PeS ééflne
Iasertlrxaxtetbatg\zeandbazndegletw@r@p@ di4st shet ibkave center
enpl gyed, t ISRl %uéﬂ{) hie ! ardal Pine 23,

opposite si eso the slit t arate or T%ﬁi .
"' upon Bernmimgerf clessaihad, 1o svbabgnbésl gail in

howeyer; o+ C ake e St hﬁ)ﬁh){céﬁ%ﬁt abl/&7dependi ngsURAN1 be
the application. As [ descri bed in conS| der abl e

det aiSieeHel owloflﬁfétﬁﬁslﬁlaﬂlléff er f8d25pPFoachl t bSpunthi nGre

Of positioned alternatively on opposite sides of bend
line 23 along the length of the bend line, which
is the preferred arrangement, but is not

absolutely required.

As also may be seen in FIG. 1A, slits 22 are
positioned in a laterally displaced positions from
bend line 23, but this has been done primarily to
illustrate the position of the bend line. 1In the
most preferred form of the invention, when light
gauge materials are being prepared for bending,
slits 22 will be substantially superimposed on
bend line 23. This 1s preferred because it
facilitates the use of the same die sets for a

wider range of sheet material thicknesses.

As described in prior related application Serial
No. 10/672,766, the ~“jog'' distance between slits
22 is defined as the lateral distance between the
slits on opposite sides of the bend line. In the
most preferred form of the embodiments in the

present application, therefore, the jog distance



wo b@sesmer by di es which shear the sheet.

10

15

20°

25

30

stanping slits into sheet 21 is to displace a tongue
or encl osed area of slug in the thickness direction of

understood fromprior related applications, however,
that slits 22 also can be forned as shear |ines or
slits in which there is no digpl acenent of the sheet,
for exanple, by using a knife, rather than a die that
al so di splaces a portion of the sheet. One of the
advant ages of formng a displacement in the sheet,

rath ry tPﬁg dd e, .bs.that

edge%t ace g}(ﬁ¥%? %qﬁg%erlaggg% oﬁ%&%tﬁfﬁl es olts
slitrE pesiletored erasssalequer ebenthd idispPacerernthat
of thesheetsahso raduces EBQCQESd'H&JéHrPe§1£@Qu'oﬁe%he

by insuring that each ed and face wll nove In
ri ghtoRA ofit8&E N3t b nBenﬁn¥¥ﬁﬁpréﬁéﬁﬂ§d gbr mghe

3I i ts:tu&zfeai ee]{lﬁé ?Ed Mdltl&mlafa]gﬁm ihn teheth hpgkagstsrr]elated
irectiagn s at a portian o e perip 0 e

di splaﬁ’é’gﬁéﬁ%l&n&’est B befd | ﬁiﬁes%%‘%? ovg8£§’e§ﬁ‘ edyeits
26 a&@hmtxmmo&adbém&aImh@onﬁ|gmwykeﬁ&kah&ytﬂ@@@dﬁhan
Prodyse, ol A EngRaeTER! AL Lhe sheehalpory,

mat eri a posi t € si he pe phéry “duri
bendijog. dm§uﬂmmquﬁwzan9 nets ihats hepmdi teongoe. 28
has been downwardly displaced to provide a face 27
agai nst which a | ower corner 26 or edge on the
opposite side of slit 22 fromtongue 28 w Il engage

when sheet 21 is bent. A s illustrated best
Additionally, as can be seen for slits 22a and 22b

at the right hand end of sheet 21, a negative jog
distance also can be employed. As will be geen,
slit 22a extends across bend line 23, as does slit
22b. This is acceptable within the teaching of
the present invention and will produce the edge-
to-face bending along bend line 23 that is desired
for precise, controlled bending. For the thinner
gauged materials typically employed in electronic
equipment chasses, the jog distance between slits
22 1is preferably in the range of about -0.5 to
about +0.5 times the thickness dimension, t, (FIG.
1B) of sheet 21. As the jog distance between
slits becomes increasingly negative over
about -0.5 times the thickness of the sheet of
material, there 1s a tendency £for the sheet to
bend along two bend 1lines, which bends are
positioned at the edges of the slits, rather than
a single bend line positioned between the edges of
the slits. At about 0.8 times the thickness of
the sheet, for example, the two bend 1line
phenomena has been seen to occur in 0.060 sheet

metal.

It wWedT/URm®05/006646
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wa@kdos/o824int ch is into the page in FIG

in FIGS. IB and 1C, a portion of the slit periphery is
superi nposed on the plane of bend line 23. The next

| B, has BCEHUSI0H006646
D- shaped tongue 28a whi ch has been downwardly

di spl aced to provide a face 27a agai nst which an edge
26a wi Il engage. Wen sheet 21g8is bent, for exanple,
by 90 degrees, edges 26, 26a pivot around and engage
faces 27,27a at about a mdpoint in the faces . A's
bendi ng continues, they act as opposed ful crunms which

I d Lj be nin_ .
R PR s i g e e s EU S
i medildttdl y2as e nsend Feginskerhe ddduess 26} 268har eslit

rot akgd 1i nkergRgaageaeat vt i fae8sed?, 278ngW it 1 estden
that bending is very precisely controlled Yo occur .
abou?vﬁghdaEFﬁE 23 ﬁ”ghéeSEP@qu€F9dorieHﬁ%dtBénd$¥&F is
straferddpuitand ket M} af or edgesp26, 269 aAgAASledaGes;,
27, 27a uriqg¥bgﬂging to yqajntain the fu£cruns ig '
cont € it tHTRe bppoSdd FEf&dCeri s elgLoveds akdere is

engagenemdenaestorbedha Mmaveni abr ended@dsite t Bedes of

P oS kelates applicationsoche tllUsheoll onsl BELS.

are greatly enlarged
t he &@geexggPleacdcdiit adegrerde nBhéscl bawkyer, can be

i 11 usheateds It webbppapdader st g ver, !
sheet 21,ca¥,be reIaFiver'thin, gP'e%%hpleP&%&b6o the
i nch@BPlifekitBngues 28 downwardly displaced in the

t hi ckness di nensi on by only 0.03 inches. These

di nensi ons,

As will be described in considerable detail below,
the most preferred approach to punching or
stamping slits into sheet 21 is to displace a
tongue or enclosed area of slug in the thickness
direction of the gheet by dies which shear the
sheet. It will be understood from prior related
applications, however, that slits 22 also can be
formed as shear lines or slits in which there is
no displacement of the sheet, for ekample, by
using a knife, rather than a die that also
displaces a portion of the sheet. One of the
advantages of forming a displacement in the sheet,
rather than slitting it with a knife, is that
edge-to-face sliding of material on opposite sides
of slits 22 is reduced or not required. The
displacement of the sheet also reduces the bending
forces required by insuring that each edge and
face will move in the right direction during
bending.



however, obviously are not critical other than to
indicate that in thin sheet material the displacenents

wo@Rooshg1tongue material are not very |arge. A BCTUK100He06646
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seen fromFIG 1C, edges 26, 26a tend to be held by
straps 24 into tight engagenent with faces 27, 27a.
Thus even at the slits 22 the-Kheet material on both
sides of the periphery of the slits closest to the
bend line will be in contact with each other over the
| ength of the slits. This tends to allow the bent

sheet 1ho bige usebfAdiranpl ifeatd, ons1iter exanple, PGS by
electronagnetic Ehieldin is required or even in

I S ,
appl | FAPPORSSHABFe ¥ PSR 2R b TedSO) (thas
pr ef epoetiohowefer thien qredephexyf urdhertha@sufi€splacement

fluid-tj bend t ont,i nuous, . prefera
fIexi%%é?gégagpnggﬁgtégpélgéepgﬁﬁgfg%;5?163%ﬁ%d2§0a?ﬂean
sheetoppessd tliecar e@70f coriffig@ad HEnd epboti hemneédof to
t he [ iqQn b in. FIGS 1D and |E,

ah o EaFRbe HETE (R G PRaSESRe 6T (R iogesT of
| ayermdferipl eRRbPerecatantidesc odt ity 2= chpherey séening

to hayendesy. deposi sdwadhar edpr pendgd . rﬂgﬁ%yﬁ{
facin surfgces of. sheet 21 across the sﬁ??%. 'S ?é&ue

nost 4% efeF aBF§radeyRpRrrdhEd dmPlaceredio Prawide a face

substznt hghlinst! ahichuta sheaedeo£eedi bE0Br AHRNWN the
in FIG IDW:Upon endi géﬁotthg posi tion of FI | E, |
the CHRIFHES9 WHF Fnd t'dtheér ushER of OBBHPr ed8edvill

bet wesngdaeegh@d ahdef7aiamd bkeat. As illustrated best
in FIGS. 1B and 1C, a portion of the slit
periphery is superimposed on the plane of bend
line 23. The next slit, which is into the page in
FIG. 1B, has a similar D-shaped tongue 28a which
has been downwardly displaced to provide a face
27a against which an edge 26a will engage.

When sheet 21 is bent, for example, by 90 degrees,
edges 26, 26a pivot around and engage faces 27,27a
at about a midpoint in the faces. As bending
continues, they act as opposed fulcrums which are
positioned on bend line 23 (that can be seen in
FIG. 1C to have rotated by 45 degrees). Thus,
almost immediately as the bend begins, the edges
26,26a are rotated into engagement with faces
27,27a, with result that bending is very precisely
controlled to occur about bend 1line 23. The
obliquely oriented bending straps 24 pull and
maintain edges 26,26a against faces 27,27a during
bending to maintain the fulcrums in contact with

the opposed faces. This edge-to-face engagement
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underneath side of the sheet of material . Most
protective coatings, such as epoxies and paints, wll

wheoososfiizi ently flexi bl e and conpressi bl e to PCT/US2005/006646

accommodat e the conpressi on and bendi ng of the sheet
wi t hout fracturing. Thus, coating 29 wll insure that
there is a continuous surfacezphat is be fluid-tight.
Qoviously, it would al so be possible within the scope
of the present invention to sinply spray a coating on
the bent sheet of FIG I|E, but for many applications

appl ¥igng L 29,40 fl b ched amed
or r§1l d%%?%e%ggkee% éﬁ%%rgé%F%fg%FggH5|ﬁ8e ?%% e
I|ne§32§h9ﬁwaﬂphﬁcaﬁﬂqﬂﬂa<|nter|or | ocati ons that

woul d be hard to coat after bending. In cases where

full coverage of both sides of the street with a
flexible sealing coating is desired, one generally

appl.ies (prijor._to bending) a flexible coating 29 to

bot h1BRdes s FHat West & ?‘n HYGS -embod PRent L Bf ABEnEASat LY
-shapedatgm@MesnZ&haﬁkﬁa3M1t@ Eh@ﬁleZAﬂ&Q e@gEJEﬁlﬂ%%e
cl ear| n e bent t es with respec
to the ¥1tﬁé:et é%ou? eoge égﬂg$ﬁ} %rﬁﬁg oat thg ¥
tactbandundREBMQ@@s ohotles etrop chaMpwah@by f@ai ngan be
surf agg,0f L £O2! 196" 1NE LRI ¢y,

or domnmarg' faC|n sur#gce | ressed ér-tab
end EQmpugs ﬁBieéOWﬁWﬁIééyI@l%@kﬁ¢@dAsmm¢heb@hlckness

appaagﬁbng@oan%f kéﬂésﬁdol 03t he Rkl t h?hgéépﬁéﬁl‘éﬁgribns,

or tongues 28 can be r eadi | forne
punchpwﬁvegtamawﬁ?u 0§§¢n§ot critical other than to
indicate that in thin sheet material the

displacements of the tongue material are not very
large.

As will be seen from FIG. 1C, edges 26,26a tend to
be held by straps 24 into tight engagement with
faces 27,27a. Thus even at the slits 22 the sheet
material on both sides of the periphery of the
slits closest to the bend line will be in contact
with each other over the length of the slits.
This tends to allow the bent sheet to be used in
applications, for example, where electromagnetic
shielding is required or even in applications
where fluids need to be contained. It is
preferred, however, in order to further insure a
fluid-tight bend that a continuous, preferably
flexible, coating material be adhered or bonded to
the sheet across the area of glits 22. This
embodiment of the present invention can be seen in
FIGS. 1D and 1E, which correspond to FIGS. 1B and
1C. A continuous layer of a flexible sealant or
coating 29 can be seen to have been deposited,



and roll-formng processes. A set of dies can be used
to punch down tongues 28 with a portion of the

w@eeospsmry form ng the bend- control |ing slitP@RUBIN05/006646
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t he opposed edges and faces . As shown in the draw ng,
the phantomline 31 is not a clearly defined shoul der,
but is the point at which tondgie 28 reaches the top
surface of the sheet and has not been downwardly

di spl aced. FIGS. 1A-1C show a tongue or displ acenent
28 which has essentially been half sheared by the

unchiduge #b@Sos0pbhatat ke l&éﬂ%

ngp| cenent5028 have been dis Iacegagﬁhmméigﬁurﬁaces ot
aboutSR¥fet - half AFQHH ckhBss &lﬁéﬁblon oThEHe siseetqost
whi crpmwesﬁbme s RSN Sihe | Qrmaehaéﬁee’é ti@ %@elho

shear nplete faces 27 and 27a.
2A-2 @uare“’a‘%aré}loac@% ﬁ%e Site, YHidrede p”mfeciiﬂwg%r as
rol | stawymm hy EE@tCEDhavepsheaeadldgsmba@ﬁgﬂﬁééfﬂlon of

tongyeg; 36, ]ghus X ?égtg tES hh gFP Eg?;i%ﬁ crué%ed or

t he sheet. ace
di splcremreanseast tbﬂEWQEGG fsCﬂSMIaVSpbadedzmMIIaﬁdmathe

upper,eine,oft f age37 cséz egs! tdiongd égso das d:l‘j' LON e e

opposite side of slit 2 IS tends Ce a
poi nRHA-S5Gi e ceRRhEnIat e 38swianexties candemadmts,

face 37 1dupé ngub@meuegtlgrs Showhiid L& c%FFrpres iple to
Nevert hel ess, the ge fulcrum 38 on the e ace

38 afSPBIREE el onFPB‘P§ef3ﬁé°Poc§{1ﬁiorP%lﬁgbléﬁd|?1fg the
t ogetshere tM wht hdwet oppesedrtiersi ONTRYsOf coating 29 will

insure that there is a continuous surface that is
be fluid-tight. Obviously, it would also be
possible within the scope of the present invention
to simply spray a coating on the bent sheet of
FIG. 1E, but for many applications applying
coating 29 to the flat, but punched, stamped or
roll-formed sheet is more preferred since the bend
lines 23 can be at complex interior locations that

would be hard to coat after bending.

In cases where full coverage of both sides of the
street with a flexible sealing coating is desired,
one generally applies (prior to bending) a
flexible coating 29 to both sides of the sgheet in
the embodiment of bent D-shaped tongues 28 as
shown in FIGS. 2A-2C. As can be clearly seen, the
bent tongue 36 rotates with respect to the sheet
about edge 38. This leaves the coating in tact
and continuous on the top or upwardly facing
surface of the sheet, while the coating on the
under or downwardly facing surface is compressed
under tab end (37) as noted in FIGS. 1D and 1E.



obl i que bendi ng straps 24 along bend line 23.In FIGS
3A-3C, sheet 21 has been sheared during punching so

wao bat/oselince 42 of displacenment or tongue 41 i BCHUS2005/006646
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down bel ow | ower surface 43 of the sheet of material.
Edge 44, therefore, is not engaged with opposite face
42 and will not engage face 422during bendi ng, as best

-can be seen in FIG 3C |Instead, control of the

position of the bend relative to bend line 23 is
acconpl i shed by opposite, obliquely-extending, bending
straps 24. Use of bending straps 24 to control the
positioning of the bend of the sheet of material is

| ess precj t han _can be achi eved. t hrough edge - to-
f ace Bhotbbneit DPSBhRos: 6 Shdes o LeHo el (e azt) the

per i phesplaremieng: bendicogguNevers heFesgenbl iMUED can be
bendi trap an, produce reasonabl reci se ,bends

t hat Iﬁ%q%lllr}g I%gwﬁﬁgind? g I?%rr“gté%n%hd 5 i n§HISHNY
do nemndexeekbi ketyingi stooessesess Adduretngobeddengcan be

ACCORAgl Yo LRMAPRILGA! LORSMICr £ LHFLE 15 BBLL on of
tol erance as, to the dimensional requirenents he
r esulthentogpriathirty Branring sphackepdt coftrohdday 41 ito 22

the BhG+3B BpsbLLaNce@RDURIPERYEL. | tashombghbey 1o
note%.that sets_ of gﬁes can be used to progreSS|ver
sheaP*@fi%acerBfit BrARbAuel 4 t 31t héSpoRPEi oh GLlezmly

and idesi rdics pltaad deanguutd 1i sipyle dpyiat acseeesd dikigue
cxanpre, - TRCFES GEBe dbr CHEGECEar | bBe Shirtal APRn kRS
t he downeed dairs@atled diosmlecdds FIGS. 1A-1C show a
tongue or displacement 28 which has essentially
been half éheared by the punching dies so that the

- upper surface of the displacements 28 have been
displaced downwardly to about one-half the
thickness dimension of the sheet, which causes the
dies on the lower half of the edge to shear away

and complete faces 27 and 27a.

In FIGS. 2A-2C, the process is the same, only the
punching or roll-forming device have sheared
displacements or tongues 36 downwardly by the full
thickness, t, of the sheet. Thus a face 37 on the
periphery of displacement or tongue 36 is now
displaced until the upper edge of face 37 is
positioned at edge 38 on the opposite side of slit
22. This tends to produce a point-to-point
contact at edge 38 with the corner of face 37
during bending, as shown in FIG. 2C.
Nevertheless, the edgé fulcrum 38 on the edge of
‘face 38 again precisely controls the location of
bending, together with the opposed tensioning of
oblique bending straps 24 along bend line 23.
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been sheared conpletely through and yet is
repositioned so that the edge will engage the opposed
a two-station operation w PECT/D82005/006646
performed. I n the enbodi nent of FIGS. 4A-4D, a fully
sheared di spl acenment or tongue 51 is shown which
corresponds to the full shear-x3t the tongue of FIGS.
2A-2C. Tongue 51, however, is formed in FIGS. 4A-4D
with a downwardly defornmed central reinforcing portion
52 . This provides for engagenent between | ower edge
26 wth face 27 at a corner or point |ocated on bend
line 23. Even further downwardly displaced centra

portion 52 of tongfe 51 insures that over bending the
sheet1®i FlLGe 1381 i%d. shreehi Rg e t BernGshesassh, during

di splpeesethgofsd herhsheeh Medesi alo t @ Pr QyLHeaBmeHEe or
formation, rather than

and opposed face, by plastic de

Shear TS s 4dhcid. TBHod FaLoBedHRRwRFaRGS 23 of
di splaeedshteblofyphcakliylby Stampisg athdw@dfcdtdr Maonot
di es that e n rovi ded wi_th shar dges.so that

t he J%%ﬁﬁ%%% H%gélaggﬁgﬁgehafﬁfés tgagi%lZIMQﬂﬁi%Pgage
def orfirte or 20f dar Bag 6begilinge sheethediponaherish ngeehhein
bendipigs StEEPS 2hatichla, A0aUHL0 [8ASLABCH QN REN Ahdipe

t hereby pu the sheet on opposite sides™o
| i ne B4 ogelAbiveo tichdtend ed1B82 &ef of frs agicohpdtished by

sheardgybicd F ashyt Hug1yLlBxebhashg,a B/éﬂaﬂ‘?g{ Eg%apgn 24.

the %nse of o%l SpLgﬁ gggt 6sltre<s[];g9§ge$24a Vlt[Dt uacor?tggl 3 the

on
positioning of the bend of the sheet of material
is 1ess precise than can be achieved through edge-
to-face engagement of opposite sides of the slit
periphery during bending. Nevertheless, oblique
bending straps 24 can produce reasonably precise
bends that require low bending forces and the
bending straps do not excessively twist or stress
during bending. Accordingly, for applications
where there -is more tolerance as to the
dimensional requirements of the resultant product,
over-displacement of tongues 41 to the FIG. 3B
position can be employed. It should be noted that
sets of dies can be used to progressively shear
displacement or tongue 41 to the position of 3B
and then displace tongue 41 upwardly at a second
die station to the position of FIGS. 2B or 1B.
If, for example, it is desired or necessary to be
certain that the downwardly displaced tongue has
been sheared completely through and yet is
repositioned so that the edge will engage the
opposed face upon bending, a two-station operation
will be performed.



bend line 23 so as to precisely control the |ocation
of the bend. This approach is best suited to ductile

wGeh@ensatet eri al and it has the advantage of reBCI/UBI995/006646
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ina fluid-tight bend.In FIG 5D an alternative is
shown in which fracturing or rupturing occurs at face
64 so that the virtual face beBbnes an actual face 64
In terns of precision bending, it does not matter
whet her or not fracture 64 occurs and edge 63 is
bendi ng of f of an actual face 64 or a virtual face at

t he end d plac t Leng
ot ohe %ﬁ%ﬁﬁ Srenr ol Pl sbeared

peri phéFHL BFEEHEBLT or B asORYYys ofl natier i alshowat awbich
dOV\ﬂV\@éﬂJ:&sﬂbﬁﬁlsaC&Q eheal FeInatdnedy:si des Ohe bend didecr
% é% %% (fnderstood t hat for ease of
|IIus TGP orf & 9t ur al FPY9%F tHeselSFEYetypels formed in
d|splﬂb@sentsAhamexmnﬂabeendsh@waxdbyt HgﬁbrW@ﬁ|dﬁEﬁtral
osit oW | FIG. referably wt
bori prarefoRs4a8 ond ThhE paAaYisiRal | fo

perlp era cl 6585t Fo e bend
super¢m®@3@menélhetwﬁenolbwad edge 2. Wﬂnﬁ1ﬁa@é3maped a

di spl acenent $,,0r sk Hgs ]]%&}tree@dbhy Jabl; 3. Even
punchi ng, stanp % ormn sim ar %
pr odue4 ¥ oReT | éwwgrdiabdnl@mla@ﬁ%plc@mms pdﬁhle:usrll ug2 of

may t@dkegvar s eusngh@pes thae! WdeRd Handi$hpR:H@Ntheet will
non- nlforn]sh%pes t hat produce di agonal™ straps and

edge-0-¥HREt@hgagenent. In FIG B6A sheet 22 . has
been formed with an oval shaped di spl acenent 71 havi ng
a portion of its

Turning now to FIGS. 5A-5D, a displacement of the
sheet material to provide an edge and opposed face
by plastic deformation, rather than shearing, is
shown. Sheet 21 has been downwardly displaced at
61 typically by stamping or roll-forming dies that
are not provided with sharp edges so that the
downward displacement has resulted in a plastic
deformation of area 62 of the sheet. Upon
bending, the bending strips 24 will again be
tensioned or bent and thereby pull the sheet on
opposite sides of the bend line 23 together so
that area 62 deforms  without shearing or
fracturing. In effect, a virtual face on the end
of displacement 61 engages a virtual edge 63 on
bend 1line 23 so as to precisely control the
location of the bend. This approach is best
suited to ductile sheet material and it has the
advantage of resulting in a fluid-tight bend.



peri phery 22 closest to bend line 23 downwardly
di spl aced as shown in FIGS. 6B and 6C. The downward

waele@plosaenent or shearing of displacenment 71 pPOHUSHS5/606646
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face 27 agai nst which | ower edge 26 across periphery
22 bears. A s the sheet is bent, face 27 pivots about
face 26 to the position showHf- FI G 6C and obl i que

straps 24 between the ends of |ongitudinally adjacent
oval displacenents 71 are bent as described above for
straps 24 between tongues 28. Since this a half shear

of dirspl aoRienisy/ Lad Ny RSl de 4w esmentdglly e SalPen
as that achieved in FIGS. | A-1C except there is a
r enpt@ 3G THE AT oY t BEPPEEBHe OF B sdiapl Breqent AP that

t hat t@iesoviﬁtﬁélEarf%d}e Abéc@ﬁé‘s b@nse@@txfl&pmflélc@ B, 1n
r enot e S|de is ipn the bore punched into the

sheet*%¥8Sas 03%5%5b?fo?a BEARGY | d§ pfO6Ei ngobf ®fgeeT
26 fmmepzmm ser | neat :fomaﬁuﬂwnm Obcbam@ Ialxme ddge 63 is
FIGS 7 are. si ar_to C only

portlo ]fg%eﬁﬁhhe y:%fa?%%a%cg%cﬁl Eeﬁe%ﬁﬁiuﬁﬂlﬁfce
81 omtbéme leinde of3 davarvelnd dﬂ&pl&n&h&nﬂﬂw@l&omguslGn
22, has been sheared by the full thickness of the

sheet, while renote peripheral side 82 has only been

hal f sheared. Edge 26, therefore, pivots on the upper
corner of face 27 in a_manner simlar to that shown in

FI GSImAISE - AAtiuditolAsHewnthevdl sal spraearente vy a
sl ugg1étednd gilridisrgancbe egapl Qid?ﬂrdécpun&QedsQﬁ s of

stamped.gyt,of gheet 21.to leayve ova holes aon ec{ he
alternative sides of bend line 23. It will be
understood that for ease of illustration a
plurality of these slug-type displacements have
not been shown, but they would be positioned as
shown in FIG. 1A, preferably with the peripheral
side «closest to the bend 1line positioned in
superimposed relation to bend line 23. Such oval-
shaped displacements or slugs are readily amenable
to punching, stamping, roll-forming and similar
high production, low-cost fabrication processes.
The slug may take wvarious shapes including D'
shape and non-uniform shapes that produce diagonal

straps and edge-to-face engagement.

In FIG. 6A, sheet 22 has been formed with an oval-
shaped displacement 71 having a portion of its
periphery 22 closest to bend line 23 downwardly
displaced as shown in FIGS. 6B and 6C. The
downward displacement or shearing of displacement
71 produces a face 27 against which lower edge 26
across periphery 22 bears. As the sheet is bent,
face 27 pivots about face 26 to the position shown
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woppssstie2 ends of each of the holes.

sheet. Such holes will define obliquely extending
bendi ng straps 24 skewed in opposite directions at
These benpPCTIYS2005/006646

straps extend across the bending line 23 and w |
agai n produce bendi ng al ong bending |ine 23, but

wi t hout edge -to-face engagemest because the slug
faces 27 are now gone. Wiile providing | ess precision,
such an enbodi ment will produce reasonably accurate
bendi ng al ong bending |ine 23 In FIGS 8-11, two

al t erRative esBodhAERLS 1 Bétagg%ﬁ%%ﬁ ends

sheets of the present iIn ntlon e s own in
shi n%ua%@@gltﬁéwa%é@n FYRern helcodhepdacemehes 71

bent sshe@isnt 48 BEkekibebat@haPpEbsakien §ef24a' reen
10/ 672, 766, the use of corner coverings over the bend

| i ne$OBGIES t o?Pr esent SEISFpotHicor ndr  dikfaceshgar  of
desc&uh@dacSu@mtcoverungﬁearfegﬁierrﬁ@ tébé&ﬁﬁﬁéﬂfwﬂithe

| ds, "
Fr cBoogier 75 PR T RRa EF6 e iR0a: 1 o 81 e neRaRherthre

whi chsshiam guamdsecansibdée sedar edofo ttlm copaeiphety of
bent §ggteenekl FG tI?IaF aieel s SbnflRlen 21 21 188 e
e. %|IF

been t at a right an has pl u
of t&RGHe fdﬁ%l%l:@neﬁBs 2esoiest #lde ed2asi sshwnthe oval

connggt0 dﬁdﬂééquiothgcéhgg% @%“HSC 5 NEhpBbrtadeRe

27 of suc% di spl acenents are_in edge-to-face
engaddmEHE 1Nt I iied 18y & 266@.91%%@ bPHePrerdseoflogadion

peri pliepgndf chobgue digpel agement 28. Punched into
sheet 21 are a plurality of outwardly

FIGS. 7A-7C are similar to FIGS. 6A-6C only the
‘portion of periphery of the oval displacement or
slug 81 on bend 1line 23, namely, the bend
controlling slit 22, has been sheared by the full
thickness of the sheet, while remote peripheral
side 82 has only been half sheared. Edge 26,
therefore, pivots on the upper corner of face 27

in a manner similar to that shown in FIGS. 2A-2C.

Although not shown, oval displacements or slugs 71
and 81 also can be completely punched or stamped
out of sheet 21 to leave oval holes along the
sheet. Such holes will define obliquely extending
bending straps 24 skewed in opposite directions at
opposite ends of each of the holes. These bending
straps extend across the bending line 23 and will
again produce bending along bending line 23, but
without edge-to-face engagement because the slug
faces 27 are now gone. While providing less
precision, such an embodiment will produce
reasonably accurate bending along bending line 23.
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ext endi ng securenent tabs 91 which are used to couple
shin guard 92 around the corner of the bent structure
I n the enmbodi nent SPOIAISI005/006646
FIGS. 8 and 9, shin guard 92 includes a cavity 94

di mensi oned to receive tab 91, and the cavity
preferably has a tapered entrayce surface 96 which

| eads to an outwardly facing shoul der 97 that engages
with inwardly facing shoulder 98 on the tabs 91. The

‘shin guard, therefore, can sinply be positioned over

the tabs 91 and then urged toward the bent sheet 21 to
cause shoul ders 97 to snap_in behind inwardly facing
sur f agesFBESef &Hd it dbeC apdtenepbbyeseobodineamtshiof the

guar ot hdg 69 BeknBhdt Rekerls I UHdNSesent invention
Alternatively, the shin guard may be slid i1n place

al ondtheStolher™ MEYAGS. SPETasarEls Gpdrvigaen afded
peri ath calHey RIcAvieded bfi sbeet waier isHestk and anshphior

uard 103 | royi ded. having.t apered _and necked
o of AR aT 1BRBY BPS108: SAE1 504 Nare 10t A HnRugihe use
openkﬂ@scdﬁﬂesoddvﬁrﬁngsnmvwwdthefm@nﬁ;IIWEwdb% as to
shoul a i ehi Ln facing surfac

107 (?fd‘eg{%éergcgeﬁ%] Bhodt 120%35%@{%5&8?3pﬁ’%%eréen?%“o ed.
t onglpgerertemst auet cefasredome heredmneotd om wihor

FI GS.r2A128 %ﬁl%awsngna%rtﬂ@hihew ,gf' thes shids .

or displacene geonetries described™ n thi .
appl ifdth okl LAABTRRE Prior cFePairEnEFplAfcathengianner in
t hat wigldh ngh D dhergbeetnobematenirald L@JWHELorners of

bent sheets.

In FIG. 8, a sheet of material 21 has been bent at
a right angle. Sheet 21 has a plurality of tongue
displacements 28 constructed as shown in
connection with FIGS. 2A-2C. The upper corner of
faces 27 of such displacements are in edge-to-face
engagement with the edge 26 on the other side of
the periphery of tongue displacement 28. Punched
into sheet 21 are a plurality of outwardly
extending securement tabs 91 which are used to
couple shin guard 92 around the corner of the bent
structure and across bend 1line 23. In the
embodiment shown in FIGS. 8 and 9, shin guard 92
includes a cavity 94 dimensioned to receive tab
91, and the cavity preferably has a tapered
entrance surface 96 which leads to an outwardly
facing shoulder 97 that engages with inwardly
facing shoulder 98 on the tabs 91. The shin
guard, therefore, can simply be positioned over
the tabs 91 and then urged toward the bent sheet
21 to cause shoulders 97 to snap in behind
inwardly facing surfaces 98 of the tabs and
thereby secure the shin guard to the corner of the



relatively small forces. Bending straps 24 preferably
conprise less than a majority of the material along

wao b@shgnd | i ne and they are tw sted and bent dRET/DER005/006646
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bendi ng..of .t he sheet. material . The ful crum between
edge 26 and face 27 and the long | ever armof the
sheet on both sides of the bend-1ine, nakes bendi ng of
the sheet with relatively low force very sinple. It is
possi bl e, for exanple, to place an edge of the sheet
in a slot or groove and then manually apply a force to

t he [ o easil ] e sheet. |In nost
cases aﬂer%€¥§gg§ﬁéét %%FS¥P§?9%EEQG EQQuﬁnl?(ﬁu%ﬁg may
el ecthordci¢has spbace hel sheetheapoteebent by hand. It
Is nost preferred, however, to be able to performthe

bendi ng in an automati c nmachi ne- inpl enented process,
for eXanpi@S- i Ala §cbgrlessPReEnHnNes ad8énsinge ivewkddhcally

the shestidey prepaned:fascbendingiabng b rs‘ﬂirﬁtg’ﬂa{&ﬂ 103
d line, and the

Sheetis ERRTLIPE oRoaRE L aiket HERdSOREHSA. b imenions
bent 1oy rel @dotadusilonw {04 carbendiq@l appababus . ofdiEhgs
{1 xed Todic pFARE Tlo USROS o EhoaY SEvagren fiilder
been lfréeparaget fon behdndginwatfey mianeéngdeserfideed 107 of
o BB 0 20er Lol T oLy 8 TR oo
by artORFURE3.23\ sreylcongdrutied adhroughe dowraymatsion
sheetyiz}, mAeedga B4 of a notch 116 in the cylinder
engages
One of the important features  of the slit or
displacement geometries described in this
application, and the prior related applications,
is that folding of the sheet of material requires
relatively small forces. Bending straps 24
preferably comprise less than a majority of the
material along the bend line and they are twisted
and bent during bending of the sheet material.
The fulcrum between edge 26 and face 27 and the
long lever arm of the sheet on both sides of the
bend 1line, makes Dbending of the sheet with
relatively low force very simple. It is possible,
for example, to place an edge of the sheet in a
slot or groove and then manually apply a force to
the opposite edge to easily bend the sheet. In
most cases where the sheet material would be bent
for an electronic chassis, the sheet can be bent
by hand. It is most preferred, however, to be
able to perform the bending in an automatic
machine-implemented process, for example, in a
progressive die assembly in which the sheet is
prepared for bending at a first station by forming

displacements along the bend line, and the sheet
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wa@omsiosales t o nove downwardly,

sheet 21 and begins to rotate the cylinder and Iinkage
112 in a clockwi se direction. As the |inkage 112
cylinder 111 coPCT/OBE95/006646
to rotate to the position 21 so as to formshown in
FIG 12C. Alternatively, the tool plate 110 can be
novabl e or both tool plate 1109and cylinder 111 can be
novabl e. An alternative approach shown in FIGS. 13A
and 13Bis for tool plate 110 to have a pneumatic

bl adder 121 positioned over edge 122 of the too

platgg Aéhgkégﬁeérl%x}éd' g %ﬁ&ﬁ@rt %%a%%g-i tgﬂgi then

shown in engages the unsupported por

of skest @y éﬁ&a&rwaééf |1tovmmmeb hepd ehtappsraton.
shown in FIG 13B. The | ow bending force required to
effect the bend of FIG 13B will|l easily permt the use

of phelrat CAHEndiiy 3 sTerBaniephePepehaongreqdaimentin

sui t abliehf er mee_ci or.ogen@a@get na_bcs hqu;_s?ﬁfslz } he spleesent ,
nven i ncl ude_a_pr.e rake.. In

an B a4l BPRR BR3P i, {Rnhec qenner
m | | degcodibghkiot ebetwehi ng o&grbenésngntoyﬁhadsheeﬂll is
us'n&ogﬁegétrhgs f B@@E%ﬁ'orl ﬂﬁg 3ﬁ§.c%%r

be described. I'n a sheet Fbrne
a pl dpanwwdofdl@mm a@@nghawneﬂw |a1mov22313s, As

aboveyt aygBt I1r1100me5£bgghw e %@ﬂ%ﬁéﬁenéﬁeé’ﬁ shearyy
l'i nes 22 In thg preferred form an edge 226
S

gr 0076882354 af Ebh“BFCPs]§dbs%%nFﬁ%ISNllnder engages

sheet 21 and begins to rotate the cylinder and
linkage 112 1in a clockwise direction. As the
linkage 112 continues to move downwardly, cylinder
111 continues to rotate to the position 21 so as
to form shown in FIG. 12C. Alternatively, the
tool plate 110 can be movable or both tool plate
110 and cylinder 111 can be movable.

An alternative approach shown in FIGS. 13A and
13Bis for tool plate 110 to have a pneumatic
bladder 121 positioned over edge 122 of the tool
plate. As Dbladder 121 is inflated to the
condition shown in FIG. 13B, it engages the
unsupported portion of sheet 21 and drives it down
to the bent position shown in FIG. 13B. The low
bending force required to effect the bend of FIG.
13B will easily permit the use of pneumatic

bending systems.

Other bending equipment suitable for use for
bending the sheets of the present invention would

include a press brake.

In FIGS. 14A-14D and 15A-15D, the use of

machining, chemical milling or photo etching of



superinposed relative to the plane of bend line 223.
Grooves 222 alternate on opposite sides of bend line

wQ2®sasxd1bet ween | ongitudi nal |y adj acent gr oovEGT/B2R05/006646
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are bendi ng straps 224, which will be seen to extend

obliquely across bend line-223. In FIGS. 14C and B

sheet 221 has been bent out of3pothe page in FIG 14C or

toward grooves 222. The result will not be

edge-to-face engagenent of actual fulcrunms to produce

preci se bending, but instead the bending will be

caus e I nsi n [ t raps

54 S Showi (1 prodbce Bandl nd ubbt dnt ATy 4 oRg TS

bend REIR¥ 298 at?ﬁe ampécni%qtolrprm geRdiby @@mrubeﬁe In

groom?evw 1iapot bﬂlééﬂ t@z@S 1800thAaseL£api ba %Cfbﬁyle&ilty
%ggeto- face d|n but the preC|S|on IS quite

acce bﬁﬁongsnd% iht Pon&SNforl M@anpikd, pf above

connegctigirte with cejmretcrtxmmn: whaﬁs@lsmrazwﬁﬁ@s b tdh&ar

regar qt EJ fgoul%an:noted %hat O%gpg%%gggésgg%ﬁ%pgjf

presen FFhveht i on shomn n

as havanyeseen2Beént iEnlike donectqmn afs t hesubstantially
di spl Sed Necigpgyes 9S04 n

sheet durin f% argt?on ofigae%h% 2? ? gegﬁ%dbgﬁg line

Thosé&23ane ﬁB@H?ﬁerﬁ@ abheveprtecom drvewltbe BedteS| pf

gn U{b\éﬁfdd ljitﬂe@?D.tQﬁn;atntdh%eﬁvﬁee@g?bﬁ§§tfj??ﬂ.g'lg?aaiéﬁ%égnt
IS acenent O e €S or slugs
of Fﬁgc’?ﬁ'@@tsz %u%ﬁer§9g‘a§é‘9b§ﬁ&iaﬁ’gq v@?‘%caﬁ@écbhé’lﬁ be

bendisegns ttapst2ed obddnfudlly therdqdLBsidn oie thes .

bend, rather than edge-to-face
In FIGS. 14C and B, sheet 221 has been bent out of
the page in FIG. 14C or toward grooves 222. The
result will not be edge-to-face engagement of
actual fulcrums to produce precisé bending, but
instead the bending will be caused by the equal
tension on oblique bending straps 224, which will
produce bending substantially along bend line 223.
The precision of bending toward the grooves will
not be quite as good as can be achieved with edge-
to-face bending, but the precision is quite
acceptable for many applications, for example, in

connection with electronic chassis components.

In this regard, it should be noted that the
embodiments of the present invention shown in
FIGS. 1A-7C are all shown as having been bent in
the direction of the displacement of the tongues
or slugs formed in the sheet during preparation of
the sheet for bending. Those same embodiments,
however, could also be Dbent in an upward
direction, that is, against the direction of
displacement of the tongues or slugs during

slitting of the sheets. Such reverse bending will
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engagenent, but the straps will give a reasonably
preci se bend along the bend |ine 23 . Sheet 221 of

WO-L@BS08215A- 15D has been prepared for bendi ng bRCT/US2005/006646

grooving, with the grooves having stress relieving
| ands or areas 228 at each end. Again, the grooves
222a do not go through the cogpd ete thickness of the
sheet and they define bending straps 224a that are
oblique to bending |line 223a. Again, the sheet has
been bent into the grooves, rather than amay from

th t s 0 tr th QSiqti

of e:nﬁea%k%%s g é éﬁél ne %%?a u{nlgé nGw I%r% Gg: ©
16A- P@}ECJ@H%@ m*élme Senche prEbent thwrentadgw:sa face
showe riga gédieatt |t heu Bt gEl @ltrla%tsw%m 0@94,%%' qaelbals\bdqably

adJ acent arcuate slits on the same sid

| i ne PF&disSpIRedel 2 oihdha and nelt®myties or sl ugs
defined by the slits. In FIG 16A a sheet of nmaterial

posi E16RE Dh el EePHat g S GbiP o RerltF 41 nézgpgred fox

ol i tpeeldingxt bwdi ggobemdgng stwaps 32 arrquvsd déthving

and ' t S [ rnedi at e
ar ea%lt%%%sgﬁlz%g% gl Qggaghg?tgrc Zge gltzl%t oCagh shst-
t he Agpddi.nephs FE@Q@YB%I%I Y 24¥@s chicbedothoyeverhrough  the

D- shapggh1@RIUER Sk8=8L € J1ot AL SRIacad Bul gﬁ§§¥ndé%1ne

the pl ane of sheet 321. Instead, the materi area
330 PERGLDGdI PEF?BS adi2ddentleh @roephedaveonyuedensing
on thensane s de afgdignd the sheet has been bent into

the grooves, rather than away from them, and
straps 224a are used to control the position of
the bend along bend line 223a.

Turning now to FIGS. 16A-16F, an embodiment of the
present invention is shown in which the material
between longitudinally adjacent arcuate sglits on
the same side of the bend 1line is displaced,
rather than the tongues or slugs defined by the
slits. In FIG. 16A a sheet of material 321 is
shown having a plurality of slits 322 positioned
on alternating sides of bend line 323. Obliquely
extending bending straps 324 are provided, and
slits 322 define tongues 328 and intermediate

areas 330 on each side of the arcuate slit 322.

Unlike the embodiments previously described,
however, D-shaped tongues 328 are not displaced
but remain in the plane of sheet 321. Instead,
the material or area 330 longitudinally adjacent
to or between tongues 328 on the same side of bend
line 323 is upwardly displaced, as best may be
seen in FIG. 16E. Thus, during the punching,
roll-forming, embossing, stamping or the like, the
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line 323 is upwardly displaced, as best nay be seen in
FIG 16E. Thus, during the punching, roll-formng,

wepwessiiny, stanping or the like, theshear whiB¢I/US2005/006646

produces slits 322 and faces 327 is an upward shear in

. which area 330 is upwardly displaced fromthe plane of

sheet 321. The | ower corner o82edge 326 of upwardly

di spl aced area 330 bears on the corner of face 327. A

s the sheet is bent to the position of FIG 16F, edge

326 wll slide down face 327 and bend bendi ng strap

324 RRRGIHSI APGMdL&S ed1 Peadsbhngngr splane ¢
Pio . g? n .fﬁﬁ%gsggfgés an

The resultant bent sheet is also shown in F
and BPWaz% hoiRFAE heyNar ¥hristat &Xasy 993 8egises upwardly

rel abiyplt@dd GrdbFehd p1vas AFowhddascipbed ithe 1ower
connection with the other enbodlqgﬁts, t he enmbodi nent

of FFEENFsRT 18R98npL8y &Ta WG AenghEPprEeesgnes 330
whi chetire sheatlesl sbrher322 lfave PSONEt rAeStaeC@hdatd is
to t rior | at ed i cati Preparation
shee?%ngoﬁxfo%gﬁﬁﬁ?ﬁfggé%i8% %g%%inggganﬁége %6 wint
accosplidshedowsi Mpdeow3edst ahdbikesat | bantliéchni suesp 324
such in anp o} Lz for

li ketp ?éﬁﬁ%%%@a%}??g{: rgP.E:Lj,%\:er(r{et h%ﬁaﬁofﬂp#%pg%?n%fgn%hgezt&
of naberizgsybiapendeny aflagt a ilsendl $¢ nehesmpr L8i AYCS.-
the skepagly o, 0rdlidb@h | SR %&QE@@?B?”@_O‘ MdNRes
thi ckness .direction of the sheet of material with a
por t FEN35-VEn&p&riGné®f -of the di spl acement cl osest

to the bend |line providing an edge and an opposed face

confhgured.and BOS! L Q08d; 194 P AU nnection with the
other embodiments, the embodiment of FIGS. 16A-16F
employs a displacement process in which the
sheared slits 322 have geometries according to the
prior related applications. Preparation of sheets
for low-force precise bending can be accomplished
using low-cost fabrication techniques such as

punching, stamping, roll-forming and the like.
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during bending. 2 . The nethod as defined in claim1l
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partially through its thickness dinension along the
portion of the periphery. 3 . The nethod as defined in
claim2 wherein, the formng $B8ep shears the sheet of
material sufficiently through the thickness di nension
al ong the portion of the periphery to produce
fracturing through the entire thickness dinension of

the sheetg®fici@imgsl al upon bending. 4 . The nmethod as
defined in claim2 wherein, the form ng step shears

t he sheet hfmeehedi af prtpreliygt br abglett ket tip €dkBSE for

di el 1 h

et na Sl (b e PR O 6L LB REEL BRI o Rrige ot
plastlcaJI@Onm#mgrnﬁttuﬂeﬁﬂﬁn wfe naiispldcemept ovine the
an_eqas aiban epposedohace Gond i awad se ﬁ%t%gladx with

fracture through the thickness di nension upon
of tife BREELORat 8F] awheaperm?élw h8d abhelefd el aqement

cl ai 1bashes eid, theebﬁe@lﬁmlrhgzestﬁbvfd ogh!l 3hed ang an
usi ng_one o st anp es nchi ng process,

o S, ot EBn] RREET i kbt L pAdel tan e
enbossigey tar-oess . eﬁga@b@eﬁethﬂﬂ 8Redeftigw@d bfi Ghaidpilal
whergd}idguﬂéﬁafﬁgaforning step, formng a plurality

2. The method as defined in claim 1 wherein,
the forming step shears the sheet of material
partially through its thickness dimension along

the portion of the periphery.

3. The method as defined in claim 2 wherein,

the forming step shears the sheet of material
sufficiently through the thickness dimension along
the portion of the periphery to produce fracturing
through the entire thickness dimension of the

sheet of material upon bending.

4, The method as defined in claim 2 wherein,

the forming step shears the sheet of material
entirely through the thickness dimension along the
portion of the periphery.

5. The method as defined in claim 1 wherein,

the forming step plastically deforms the
sheet of material to provide an edge and an
opposed face configured so as not to fracture
through the thickness dimension upon bending of
the sheet material.
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of displacenents in the sheet of material along the
bend line with each displacenent having a periphery
WwW@eosioga11pr oxi mate the bend line to provide a PCT/DS100%/§06646
of edges and opposed faces for edge-to-face bendi ng of
the sheet of material. 8. The nethod as defined in
claim7 wherein, during the f-84mng step, formng the
plurality of displacenments along the bend line with
each di spl acenent having the periphery portion
substantial ly superinposed on the bend line. 9 . The
met hed as qqgf et dd o Qié?i%é’&‘efﬂ?'&a'%rj[ NdDEin,
formng step, fornming a plurality of disp acenents in
the sheet tde R @R skeh ineaperrphéshegorsios eneatof

| east opeaflbspbaGerBdsHELi ng Egﬁ'bh&ﬁ edppc-ga6h sddeoyl
of the bend line. 10. The thod as defined in_claim?9
wher &CFTIFSFr | RGCEREST or i ngPSTePRY pdttiomared hend  an
per i phéogspost paocefssdi spl acenments on opposite side of
the bend line at a jog distance from each other |ess
than the thickness dinension of the sheet of materi al

. 117.TheTinet hetihasl def idedd nied dlmaiahalitn vihevted e the

jog dista S | h bo = 0 ty
+0.5 ti rreg%? I:%l%t Iﬁhcinggéﬂgllgﬁe%izie n ;éoﬁ%lgjgghgeetpag’% slity
mat ePifal dispiacaprntet Hod BBedetiasdd PA dhafiewirl along

wher ehe, Huhinalihe forth nedeP qif1ldihd® having a
peri henak Eortlons,of dlﬁplacenents on opposite
Berlp ery portion proximate the bend 1line to
provide a plurality of edges and opposed faces for

edge-to-face bending of the sheet of material.

8. The method as defined in claim 7 wherein,
during the forming step, forming the
plurality of displacements along the bend line
with each displacement having the periphery
portion substantially superimposed on the bend

line.

9. The method as defined in claim 7 wherein,
during the forming step, forming a plurality

of displacements in the sheet of material with the

periphery portion of at least one displacement

being positioned on each side of the bend line.

10. The method as defined in claim 9 wherein,
during the forming step, positioning the
periphery portion of displacements on opposite
side of the bend line at a jog distance from each
other less than the thickness dimension of the

sheet of material.

11. The method as defined in claim 10 wherein,
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sides of the bend line to define bending straps
oriented to extend obliquely across the bend line. 13

WO 2008821t hod as defined in claim1 wherein, deET/DRIDHEN6646

form ng step, formng the displacement with a
reinforcing rib extending in a direction opposed to
the direction of the displacessnt. 14. The nmethod as
defined in claim1, and the step of : after the
form ng step, adhering a |layer of coating material to
the sheet of material across the portion of the

periphery @f. t hegdisgpl-acerents 1p. &%%reifgagrtlé]e?gggs about_ -

defined in claint14 wherein, the a forms a

cont i uC | FYRYE of O F P ekibpe Ebat ithg chmesrs alimerkBon of

The meihashas: def iaddiixrcl aim 7 wherein, during the
form ng step, shearing the portion of the periphery of

each di splacenent at |east partially through the

t hi ckizess THdrensiton ofs tder ishaetiwfc @@l § herdin, The
net hod as(ﬂPfJned %%.clai 7.mhereiq% durigg t he

form ng step, A astical | y & ngtHe pedipiempg  the
por t iperrighesadhdpspt acraemit witlbpltcemeartisngoh hropgaitite
t he 0 [ Th as, defined in
cIai%?%ﬁﬁ%eégrﬁﬁﬁ{H@é%?séﬁgg%ng%?%%%ﬂgmio%%ﬂglng straps
ext eRFLFR e R Ifatemek okdfianatler iadrags tthe Heepdriion.
of the periphery .

13. The method as defined in claim 1 wherein,
during the forming step, forming the

displacement with a reinforcing rib extending in a

direction opposed to the direction of the

displacement.

14. The method as defined in claim 1, and the
step of:

after the forming step, adhering a layer of
coating material to the sheet of material across

the portion of the periphery of the displacement.

15. The method as defined in claim 14 wherein,
the adhering step forms a continuous layer of

flexible coating material.

16. The method as defined in claim 7 wherein,
during the forming step, shearing the portion

of the periphery of each displacement at least

partially through the thickness dimension of the

sheet of material.

17. The method as defined in claim 7 wherein,
during the forming step, plastically
deforming the periphery portion of each
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19. The nmethod as defined in claim1l wherein, the
di spl acenent is an area longitudinally - adjacent to

wo b@spsait: on of the periphery. 20. A nethod of PCT/US2005/006646

preparing a sheet of material for bending along a bend
line conprising the steps of: formng a plurality of

| oad- supporting face structur&& extendi ng

| ongi tudinally proximate the bend line; formng a
plurality of edge structures extending in positions
opposed to the face structures; and during the formng

St epg shAHAR A & BAG5 S LERCI MRS @ggotgﬁ tAECsheet of

structures to define a plurality of eh%ing straps
ext eA@ERFIGH i quel y across the bend line. 21. The
met hod as defined in claim20 wherein, the formng

steps_are_acconpli shed i sp] aci nq the sheet of

mat ei|8al iT%‘ea"{%i @Sgs% gt o PrbducEsIRn .
pluralitytbfe facepbicandént edsand opposed @bdgending from
stru re . e as,. defjin in_clai.m?21
mhergb%, %%%g%i§%$a%|népg %pﬁgé é%cgﬁﬁﬁigﬁgglﬁgiﬁﬁfoﬁge
of apstappeny .process, a punching process, a :
rollform ng process, a pressing process and an

enbossi ng %Tocess .23. The nethod as defined in claim
20 wA&rei Ahet Rethedhiary efdpedada sdediplli shatesyn,
form ng tReef agespl bUehEhes ARd dhe 29pROSEEng488dinally

structures in _posittions and with_ configurations
adgacent t% he port%on of the periphery.

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

forming a plurality of load-supporting face
structures extending longitudinally proximate the
bend line;

forming a plurality of edge structures
extending in positions opposed to the face
structures; and

during the forming steps, forming the edge
structures and the face structures to define a
plurality of bending straps extending obliquely

across the bend line.

21. The method as defined in claim 20 wherein,

the forming steps are accomplished by
displacing the sheet of material in a thickness
direction to ©produce the plurality of face
structures and opposed edge structures.

22. The method as defined in claim 21 wherein,

the displacing step is accomplished using one
of a stamping process, a punching process, a roll-
forming process, a pressing process and an

embossing process.
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produci ng engagenent of the edge structures with the
face structures during bending of the sheet of

defined in claim23 wherein, the formng steps are
acconplished by formng the face structures and the
opposed edge structures to alBérnate on opposite sides
of the bend line in positions having a jog distance
across the bend Iine of between about -0.5 to about
+0.5 tinmes the thickness of the sheet material. 25. A
met hod of preparing a sheet of material for bending

along a bend line c rising the, steps, of: shearing

t he %‘?e‘et © Mg ‘P‘g{g’%t&?%“a%?gp]é?t? iy 3hreugEeiRe

t hi ckness wierehsinmef stéps sheet aetonpteshald dy0nNEH@ning
lines_configured and position

plurality of shear d
alongjfhe %gﬁ& IiﬁErPg%HFgauceg%%ge t %-fé@%yaseg edge
engagémemttwfes henshpesibfiomat exndl wirtloppesiftiensiadeisons
of t iﬁﬂ&gr [ ] ding. T, od_as .
defiﬁg. In éngﬁﬁgggaﬁéﬁgiEﬁ?t%@gshe Fﬁn%€§?§EHF§S with
accorgila shste (i rigcoecof der bingpi hgndieg, of khef sheet of

PUNCRiAG4IAS o IRPSHO b ES @ rol | -form ng dies.
27. The nethod as defined in claim25 wherein, the
shear lines are one of D shaped and oval shaped . 28.

The mat.hodhas ndefoedd M aidd 25 Weriel B3 theshaar

lines arefﬂé”%ﬁ%ﬁ%%é“é%‘ ékg%geggcomplished by forming
the face structures and the opposed edge
structures to alternate on opposite sides of the
bend 1line in positions having a jog distance
across the bend line of between about -0.5 to
about +0.5 times the thickness of the sheet

material.

25. A method of preparing a sheet of material for
bending along a bend line comprising the steps of:
shearing the sheet of material at 1least
partially through the thickness dimension of the
sheet of material along a plurality of shear lines
configured and positioned along the bend line to
produce edge-to-face engagement of the sheet of
material on opposite sides of the shear 1lines

during bending.

26. The method as defined in claim 25 wherein,

the shearing step is accomplished using one
of stamping dies, a knife, punching dies,
embossing dies and roll-forming dies.

27. The method as defined in claim 25 wherein,
the shear lines are one of D-sgshaped and oval-
shaped.

24. The et hod BGI/US2005/006646
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line and extend substantially parallel to the bend
line in a central portion and have end portions which
29. A net hod oPChERIOFIEP6646
a sheet of material conprising the steps of: formng a
plurality of displacenents in the thickness direction
of the sheet of material wth-3&-portion of the

peri phery of each displacenent closest to the bend

i ne providing an edge and opposed face configured and
positioned to produce edge-to-face engagenent of the
sheet of material on opposite sides of the portion of

the periphery during ben di ng t he sheet of
mater%% hﬁb%d“?ﬂéo et q?‘?ﬁgnegsbn ?ﬂ%lﬁe?ﬁouhﬁ§eln'
defined i ncled ashe2d waabglhrdr@léﬂg@t@@ &H%ﬁg‘&he bend
accoqfllshq%ingygngg ne. Ofﬁﬁﬁ&itrg%%n pert.‘{;cPn the bend

rol | -form ng process,
enbosisingy pno@ssentsal 'Iﬂtefttm:orlnodnds ltefe nedd npetad dhs
29 wher £, oAk f&ﬁg oot Shonsalg figeportlon of the

peri phery partiall hr ough t ness di nensi on of
t he sheet of naterlal and the bending step fractures

‘the poytion ofedr PeSH Phma idy ough dher e nql%:té)éial

the thickness dinension of the sheet of materi al
The ﬁﬁ%%% SeétFSRF @%i m 29 wherein, the forming
step i s acmplicghaed glurality of displacements in the

thickness direction of the sheet of material with
a portion of the periphery of each displacement
closest to the bend line providing an edge and
opposed face configured and positioned to produce
edge-to-face engagement of the sheet of material
on opposite sides of the portion of the periphery
during bending; and

bending the sheet  of material along the bend

line.

30. The method as defined in claim 29 wherein,
the forming step is accomplished by using one
of: a stamping process, a roll-forming process, a

punching process and an embossing process.

31. The method as defined in claim 29 wherein,

the forming step shears the portion of the
periphery partially through the thickness
dimension of the sheet of material; and

the bending step fractures the portion of the
periphery through the remainder of the thickness
dimension of the sheet of material.

32. The method as defined in claim 29 wherein,
the forming step is accomplished by
plastically deforming the sheet of material



plastically deform ng the sheet of material w thout
shearing through the sheet of material; and the

whendiosry1step i s acconpli shed without fracturiPQI/UR®05/006646
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sheet of material . 33. The nethod as defined in claim
29 wherein, during the bending step, the sheet of
material is bent in the directldioon of the displacenents
. 34. The nmethod as defined in claim29 wherein,

during the bending step, the sheet of nmaterial is bent
in a direction opposed to the direc#?ondof thF g
di spliaceimpnt s. i a iped.in claim?29. .
whefein t he §§%%5332§t2§£?§g§c§§%g|ﬁgﬁﬁﬁ bﬁ%ndv?%%r%?l’
Ieasﬁuﬁ%e of a die and a tool plate toward each ot her

with the siieet wéndBat@ri atepounted 4 @?1téﬁgﬁ1‘%ﬁéﬂﬁht
tool plate wth the qud Ilge superinposed over an

edge FFRTHE 17501 Tt atheeBef TRt et dbd as defined in
claim 29 wherein, the bending step is accorpl:shed by
novi at .ea ne, of . a. bl adder, and a, tool pl ate,

towalrr}’ 'eacllnheot eet%oﬁ 5 t%eeélsrheecgtlrbfc Br 3 vhetfted

t her ebet webiriow t heheoolbepidhtrey Wi shephe hﬂng |s$ﬁet of
superiiRgsed on;an of .t he | pl.ate. .37.

nethgﬁ'as efiné% in c|ain% 9, %@% tﬁé?ﬁﬁﬁ}qﬁ: Sfteﬁhe
t he @éﬁmhﬂf%ﬁﬁﬁissecuring a shin guard to the sheet
material to extend across the bend

34. The method as defined in claim 29 wherein,
during the bending step, the sheet of
material is bent in a direction opposed to the

direction of the displacements.

35. The method as defined in claim 29 wherein,

the bending step is accomplished by moving at
least one of a die and a tool plate toward each
other with the sheet of material mounted
therebgtween on the tool plate with the bend line

superimposed over an edge of the tool plate.

36. The method as defined in claim 29 wherein,

the bending step is accomplished by moving at
least one of a bladder and a tool plate toward
each other with the sheet of material mounted
therebetween on the tool plate with the bend line
superimposed on an edge of the tool plate.

37. The method as defined in claim 29, and the
step of:

after the bending step, securing a shin guard
to the sheet material to extend across the bend
line.
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line.38. The nethod as defined in claim?29, and the
step of: depositing a continuous |ayer of coating

| east one surface of the sheetP©f/US2005/006646
mat eri al across the displacenments and the bend |ine
after the bending step. 39. The nethod as defined in
claim 29, and the step of: depgsiting a continuous

| ayer of flexible coating material on at |east one
surface sheet of material across the displacenents and
the bend line before the bending step. 40. The net hod

as defd nedyl l.ah,m429 L0 gt benrdi.n ep._is
accorrpl'isﬁ%lJl n@ﬁ%&?%&.a%25k$ﬁgegét%6d%g§l ef?%edai the
cl ai MtEP viifer ei n, the bending step is acconplished

using a Picgsgodialy 42 . conf®hliadsof 189091 NG, A SUGH ing
of material conprising the steps of: fofmng a

pl ur FFHSFIGHL shRart itRastal Ry sHaTcsxiofat Bha lsdwet of
ILnenamﬁzﬁggjtbQﬁﬁgfglt@bnaﬁﬁgngf@me?gEosgﬁg s&?@s Mna
t he hen ine to . define ,a rality o endi ng straps
ext eﬁ&inﬁg §qUets l?aecnr‘%fs%é)t%{_eefbend line; and bendi ng

the sheet of material along the bend line. 43. The
e S S LIEL] PR RRES Pea bR T B e
step of:
depositing a continuous layer of flexible
coating material on at least one surface sheet of
material across the displacements and the bend

line before the bending step.

40. The method as defined in claim 29 wherein,

the bending step is accomplished manually.

41. The method as defined in claim 29 wherein,
the bending step is accomplished using a

press brake.

42. A method of bending a sheet of material
comprising the steps of:

forming a plurality of shear lines along and
proximate a bend line and positioned alternatively
on opposite sides of the bend line to define a
plurality of bending straps extending obliquely
across the bend line; and

bending the sheet of material along the bend

line.

43. The method as defined in claim 42 wherein,
the forming step is accomplished to configure
and position the shear 1lines for edge-to-face

engagement of an edge on one side of the sghear



and position the shear lines for edge-to- face
engagenent of an edge on one side of the shearlines

wowdos/oselizace on the opposite side of the shearPCT/HER05/006646
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44. The nethod as defined in claimd42 wherein, the
shear |ines extend through the thickness di nension of
the sheet of material . 45. THd-nethod as defined in
cl ai m 42 wherein, the shear lines extend only
partially through the thickness dinension of the sheet
of material. 46. A sheet of material suitable for

bendljngqeask oRg td bandrhiae CﬁpnﬁhbS|(5]Lng§l§gee§1dg of the
mat er i.al vjng at | east one displacenent in

thlcﬁﬂ%éﬁr Qé%lon of the sheet of materi al mnth a
portion of the periphery of the displacenent cl osest

to t VIdI an edge a pposed ,face
conflgureglql Eﬂ%% |one§g¥%n%$o%ﬁc f%ﬁ@e 8 @ begedn.
engagenmentthf shearhddmesf emﬂ&ndathnuughp@hdexﬁidmﬁess
of tha Redi D Hf Ellﬂf Qﬁéét?hc?f I%f%‘ y bendi ng. 47.

The sheet of nmateri as defin aim 46 wherein,
the sheet of material is forned with a plurality of

di spleacenemes magidd e diad e the denty ! ineyndfe;Jhe
sheet of teri,al as_defined in_claim47 wherein,

al t er nat i "G<diEHiak ehiies g¥kepdsphilgn@grtially through
| ongithieditmaldky ead 0 R reiehs oh apPagid eslsddteso Pf maberial |

46. A sheet of material suitable for bending
along a bend line comprising:

a sheet of material having at 1least one
displacement in a thickness direction of the sheet
of material with a portion of the periphery of the
displacement closest to the bend line providing an
edge and an opposed face configured and positioned
to produce edge-to-face engagement of the sheet of
material on opposite sides of the portion of the

periphery during bending.

47. The sheet of material as defined in claim 46
wherein,

the sheet of material is formed with a
plurality of displacements positioned along the

bend line.

48. The sheet of material as defined in clalm 47
wherein,

alternating displacements are positioned
longitudinally along and on opposite sides of the
bend line to define ©bending straps between
adjacent ends of displacements extending across
the bend line.
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bend |line to define bending straps between adjacent
ends of displacenents extendi ng across the bend
as defined i n PCHURMB006646

wherein, the |ateral jog distance between the portion
of the periphery on opposite sides of the bend line is
| ess than the thickness di nensiZen of the sheet of
material . 50. The sheet of material as defined in
claim49 wherein, the lateral jog distance is in the
range of about -0.5 to about +0.5 tinmes the thickness

di mens on THe t BRegbeels GlatBitRfl aks ééflﬁgﬁeyﬁe%lﬁm 48

materi.al as defined in claim50 wherein [ at er
jog dI'§t&ndt i s about zero and the portions of the

peri phery tdie Sabstabt ijald ydbspetidcappbeedeen tH BheHLcion
IlneOf'SZthe e;gégérof mat er.i al s def L ned | clalm
46 wherein, t In Bt PREOFE |ph%+ée%f‘% he bend
dlspﬂadéhehﬁ iLlesshezraa paEHtﬁﬂqkﬂdHEn@hméﬂelon of the
t hi ckigss digrension; of the sheet of material. 53. The

sheet of material as defined in claim46 wherein, the
portion of the periphery of the displacenent is

shearsed comp eézeéattmc_ometﬂ%lt msckagﬁfngams'ﬁq i 49
t he sheet .of terjal . 54. The sheet of materi
deflﬁgﬁrq+Qﬂéﬁ spteral jog distance is in the range

of about —0.5 to about +0.5 times the thickness

dimension of the sheet of material.

51. The sheet of material as defined in claim 50
wherein,

the lateral jog distance is about zero and
the portions of the periphery are substantially

superimposed on the bend line.

52. The sheet of material as defined in claim 46
wherein,

the portion of the ©periphery of the
displacement is sheared partially through the

thickness dimension of the sheet of material.

53. The sheet of material as defined in claim 46
wherein,

the portion of the periphery of the
displacement is sheared completely through the
thickness dimension of the sheet of material.

54. The sheet of material as defined in claim 46
wherein,

the portion of the periphery of the
displacement is plastically deformed without being
sheared through the thickness dimension of the
sheet of material.



wherein, the portion of the periphery of the
di spl acenent is plastically defornmed w thout being

wa@b@angxd1t hr ough the thi ckness di nensi on of thRCEHOE®D5/006646
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of material .55. The sheet of material as defined in
clai m 46 wherein, the portion of the periphery of the
di spl acenent includes a reinfaBcing rib extending in a
di rection opposed to the direction of displacenment

56. The sheet of material as defined in claim46
wherein, the displacenment slopes upwardly from a
maxi mum depth at the portion of the periphery to the

pl ane. of the sheet of material in a direction away
fromthe ﬁafa Phfgt 5f mAfesitdetasf dpfidaedalinaglain 46

def i n@tkrdtig) ai m 46 wherein, the displacenent is an

area disp“gged %% gybstanti II¥ t he sane thickness

di mensi on over T ©itt re %dr eatl58. RREIBREEY of of  the
na:ediﬁpkﬁnem&mmednbmu?éai?tﬁk?ﬁﬁ@f&ﬂ%gt%ﬁbﬂ§¥g?ﬁﬁ%ng
mat er;i s .ong en i ne. . e sheet o
nateffgl %s gg?%ﬁgggﬁn 5&%%% whigr eFfS t R r&rddrror of
mat edigpliscdrant i n t he

56. The sheet of material as defined in claim 46
wherein, ‘

the displacement slopes upwardly from a
maximum depth at the portion of the periphery to
the plane of the sheet of material in a direction

away from the bend line.

57. The sheet of material as defined in claim 46
'wherein,

the displacement is an area displaced by
substantially the same thickness dimension over

the entire area.

58. The sheet of material as defined in claim 48
wherein,
the sheet of material is bent along the bend

line.

59. The sheet of material as defined in claim 58
wherein,

the sheet of material is ©bent in the
direction of the displacement.

60. The sheet of material as defined in claim 58
wherein,
the sheet of material is bent in a direction

opposed to the direction of the displacement.
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direction of the displacenent. 60. The sheet of
material as defined in claim58 wherein, the sheet of

wordossAll2 i s bent in a direction opposed to thBCT/US2005/006646

direction of the displacenent .61. The sheet of
material as defined in claimb54 wherein, the sheet of
material is bent along the bead.line . 62. The sheet
of material as defined in claim46, and a conti nuous
| ayer of coating material adhered to at |east one
surface on the sheet of naterial after the

di splgcenment, i . ...[Re sheet . of terial .as
defiﬁgd inc a?%%%5n§geﬁg%ﬁr%rka%%eg?f%Peﬁgﬂgri atny 54
bent vAlegiggithe bend line without fracturing the

cont i nuous.aYehe &f ggama%fmtlefﬂsa'dbeéé- 2188 S*%gq%t 194ng
material as defined in claim5b58, and a shin ggar
securldd®®-0 the bent sheet of material and ext endi ng
across the bend line. 65. The sheet of material as

defined in,.claim 46 erein,, the displacenent is |
Iong% udi 9 yPRRG aceht ™ bt iR p%?ta8ﬁ18ﬁdtﬁé claim 46,
peri phery.

a continuous layer of <coating material
adhered to at 1least one surface on the sheet of

material after the displacement is formed.

63. The sheet of material as defined in claim 62
wherein,

the sheet of material is bent along the bend
line without fracturing the continuous layer of

coating material.

64. The sheet of material as defined in claim 58,
and
a shin guard secured to the bent sheet of material

and extending across the bend line.

65. The sheet of material as defined in claim 46
wherein,

the displacement is longitudinally adjacent
to the portion of the periphery.



