WO 2005/ 082112 PCT/ US2005/ 006646 1 SHEET MATERI AL W TH BEND CONTROLLI NG

DI SPLACEMENTS AND METHOD FOR FORM NG THE SAME RELATED APPLI CATI ONS Thi s
application is a Continuation-in-Part Application based upon a co-pendi ng
pat ent 5 W@pe6sH8xidDN Serial No. 10/ 672,766 fil ed Sept ecivas2@&posa403 and
entitled TECHNI QUES FOR DESI GNI NG AND' MANUFACTURI NG PRECI SI ON- FOLDED, HI GH
STRENGTH, FATI GUE- RESI STANT STRUCTURES AND SHEET THEREFOR, which was a
Conti nuation-in-Part Application based 10 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, which was a Continuation-in-Part Application based upon co 15
pendi 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 AL AND SLIT
SHEET THEREFOR, now U.S. Patent No. 6,481,259 Bl. 20 TECHN CAL FI ELD The
present invention relates, in general, to the precision folding of sheet
material and, nore particularly, relates to preparing the sheet WO

2005/ 082112 PCT/ US2005/ 006646 -2 material for bendi ng using punching,

stanping, roll-form m.lar processes. and then bending
or folding the shé&t™ ﬁ?@% %Fﬁeﬁgﬁhng?@lf et JLLSPLACEMENTS

AND METHOD FOR FORMING THE SAME

I-

RELATED APPLICATIONS

This appiication is a Continuation-in-Part
Application based upon a co-pending patent
5 application Serial No. 10/672,766 filed September
26, 2003 and entitled TECHNIQUES FOR DESIGNING AND
MANUFACTURING PRECISION-FOLDED, HIGH  STRENGTH,
FATIG@—RESISTMT STRUCTURES AND SHEET THEREFOR,
which was a Continuation-in-Part Applicatioh based
10 upon a co-pending patent application Serial No.
10/256,870, filed September 26, 2002, and entitled
METHOD FOR PRECISION RBENDING OF SHEET MATERIALS,
SLIT SHEET AND FABRICATION PROCESS, which was a
Continuation-in~-Part Application based wupon co-
15 pending parent application, Serial No. 09/640,267,
filed August 17, 2000, and entitled METHOD FOR
PRECISICN RBENDING OF A SHEET OF MATERIAL AND SLIT
SHEET THEREFOR, now U.S5., Patent No. 6,481,259 Bl.

20 TECENICAL FIELD

The present invention relates, in general, to the
precision folding of sgheet material and, wmore
particularly, vrelates to preparing the sheet



5 BACKGROUND ART The present method and apparatus are based upon slitting
and grooving geonetries disclosed in depth in the above set forth rel ated
applications, 10 which are each incorporated herein by reference in their
entireti eSVORMSOBELE rel ated applications several techPairasemsonceds

manuf acturi ng processes for formng slits and grooves that will precisely
control bending of a wide variety of sheet 15 material are disclosed,
including |laser cutting, water jet cutikng, stanping, punching, nolding,
casting, stereo lithography, roll form ng, nmachining, chemcal-mlling,
photo-etching and the 1like. Sone of these processes for fabricating 20
bend-inducing slit geonetries can be nore expensive than others. For

exanpl e, |aser gHtékrDngl Vbt lﬁéﬁﬂfﬂaﬂ hshﬁ§0|ﬁﬁnéﬂﬂh§'(”E%aﬁﬁ¥ﬁg as conpared
to, for exanpleragrnghlngggr mgnglqg ]g$!%f%3fhlng and stanmping may not be
particularly 25 rESErt e Predt et MWofa FERGIRASE h gauge.
The preci sion behdhngoahdinggecmet Fbeding tite ashewe-i depdi fitedkg-el at ed

applications may s§9n€f §$% y applied to numerous structures which
are fornmed fronlre ativ I N gaug e sheet material'. These structures

tend to be nore driven MD 2005/082112 PCT/ US2005/ 006646 -3 by the need for
conpl ex and preci se bending patterns than they are by strength or fatigue

BACKGROUND ART

The present method and apparatus are basged upon
glitting and grooving geometries disclosed in

depth in the above set forth related applications,

10 which are each incorporated herein by reference in
their entireties. In these related applications

geveral techniques or manufacturing processes for
forming slits and grooves that will precigely
control bending of a wide variety of sheet

15 material are disclosed, including laser cutting,
water djet cutting, stamping, punching, wmolding,
casting, stereo lithography, roll forming,
machining, chemical-milling, photo-etching and the

- like. Some of these processes for fabricating

20 bend-~inducing glit geometries can be more
expensive than others. For example, laser cutting

will dinherently involve additional <cost as
compared to, for example, punching or stamping,

but punching and stamping may not be particularly

25 well suited to sheet material of relatively heavy

gauge .

The precision bending slit geometries of the
above-identified related applications may be
30 advantageougly applied to numerous structures
which are formed from relatively thin gauge sheet
material. These structuree tend to be more driven



resi stance requirenents. An exanple of one type of structure whi

formed of a rel

atively 5 thin gauged sheet material, and yet requ

preci sion and conpl ex bending, is electronic conmponent chassis,
conput er s, Wauaeiis®s21izcei vers, tel evision sets, DVD pl ay@Ca/usetos/nossd As is

noted in prior
which are slit
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rel ated application, can have el ectricak. conponents nmounted to t
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recelvers, television sets, DVD players, etc.

As is noted in prior related application Serial
No. 10/672,766, flat sheets, which are slit or
grooved in-accordance with the teachings of that
prior related application, can have electrical
components wmounted 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
degired posgitions inside the housing. The ““pick-
and-place'' techniques greatly xreduce cost, as
does the ability to fold a £flat sheet into a
precigely dimensioned enclosure using relatively
low-force bending  techniques. While  such
electronic chassis can be formed using laser
cutting or water jet cutting, there is
considerable advantage if lower cost slit-forming
or groove-forming technigques 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.

if | owner
Thus,
| -form ng

the slits
12



Moreover, slit-formng techni ques, such as punching, stanping and
roll-formng, can produce slits which have essentially zero kerf or slit

wi dt h di mension, while |laser and water jet cutting 5 renove material and
product sl W&206s02mg a neasurabl e kerf or w dth di nensponusBShe@sashavi ng
zero kerf slits have the advantage of being nore closed along the bend |ine
after the sheets are bent. Thus, they do not tend to open up as nuch 10
during bendi ng as sheets havi ng neasurabfie kerf dinensions. This makes the
zero kerf sheets anenable to coating with a protective |ayer that wll

seal and close the bend line to allow themto be used in applications in
whi ch el ectro-magnetic 15 shielding is required or in which, corrosion

resistance, attraotddfedPPeaBNCEorlitidS Reednliguele coBhahnedyy
Accordingly, it is an object of, the %:dgsent 20 invention to provide a

met hod for  prepdiytistbet SEABPLRF aP o P Piledi ¥iHA b enehgPEPEHES a bend
line, which nmetdioitkd s whélcht i ety lkewenBigddy ad-ovhicehf asgapkabke to a w de

range of applicatigns ,enploying et -material,. 25 A further object of the
present inventid%ﬁ#%bt%ﬁégﬁégﬁdieé§¥i§N%§§§F ﬁgéh§3%F3r36Fe85&Fﬁﬁ sheet
material $or berdimyye whinghenbzhodahd capalluetofl slgrsri skavbmgli ng free of
cumulative bendiferpise @ Houilall ahehsoep! exppend Advpayterns, and

requires only mninmal torce_to effect bending. WO 2005
PCT/ US2005/ 006648ere kerf slits have the advantage of being more

cloged along the bend line after the sheets are
bent. Thus, they do not tend to open up as much
10 during bending as sheets having measurable kerxf
dimensions. Thie makes the zero kerf sheets
amenable to coating with a protective layer that
will seal and close the bend line to allow them to
be used in applications in which electro-magnetic
15 shielding is required or in which, corrosion
registance, attractive appearance, fluids need to

be contained.

Accordingly, it 1is an object of the present
20 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 vrange of applications

employing sheet material.

25
& further object of the present invention is to
provide a low cost method for preparing sheet
material for bending, which method is capable of
precise bending free of cumulative bending errors,
30 igs suitable for complex bending patterns, and

requires only minimal force to effect bending.



-5 Anot her object of the present invention is to provide a shee

materi al for
nanufacturigg
be seal ed¥0

bending in which slits or grooves are formed using

t of
| ow cost

processes that are capable of 5 prOdUCLEQTE%%§%&§%£S whi ch can

8082412 d-ti ght, corrosion resistant or

appear ance. The bendabl e sheet material and bend-inducing 10 sh

met hod of the

present invention have other objects and features

advant age which will be set forth in nore detail hereinafter in
foll ow ng Best Mbde of Carrying Qut the Invention, as exenplifi
illustrated by the acconpanying 15 draw ng. DI SCLOSURE OF THE

nmet hod of preparing a sheet of material for bending along a ben
the present invBRetbar 2ebjectcompri e, Hn€sshity, invenhaost ek oftof or mi ng at

| east one di spl ggepeat &h dilt WEkiess: Y efdsd OBendinkhensheglrof naterial
with the portion, of the periphery of the dlsgéacenent cl osest t
OB

line providing 8hiEfge %%nd

setF? acEODH

ontEdied Lt SHEs

attractive
eet form ng
of
t he
ed and
NVENTI ON The
d line of

o the bend
itioned to

produce edge-t oméaafacenghggneptoobstbe shhet ofaramt echphbleri @ bending.

The di spl ] f er ab) d . usi f '
N rormmg. erodedlfy * drder B ntah e 807 e Sl o

roll-forin ng,

0SSI Ny, e

st anpi ng,

i'f 30 whi ch

di es, machi ne tBbhid-bidhtf ecorrehepm cabsliayant foor musts| haver aghear |ine of

zero kerf or a

10

15

20

25

30

aOEPRVEITE dfiseshagle material. Wen dies are

The bendable sheet material and bend-inducing
sheet forming method of the present invention have
other obijects and features of advantage which will
be sget forth in more detail hereinafter in the
following Best Mode of Carrying Out the Invention,
ag 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 compriged, 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 oppoged face
configured and positioned to produce edge-to-face
engagement of the sheet of mwaterial during
bending. The displacement is preferably formed
uging 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 sglit or shear line of zero kerf or a
groove in the sheet material. When dies are



WD 2005/ 082112 PCT/ US2005/ 006646 -6 enpl oyed, the periphery of the
di spl acenent caused by the die, which is closest to the bend line is
sheared at | east partially, and often conpletely, through the thickness

di mensi on of of 5 material proximte the bend
CFeragty oRReRa areits s R e e,

preferably, a plurality of displacenments are forned alo
with alternate displacenents being positioned on opposite sides of the
bend line. In the nost preferred formthe_ 10 periphery which is closest to

the bend line is, in fact, superinposed™n the bend line so that the |jog

di stance between displ acenents on opposite side of the bend line is
essentially zero. The displacenents, however, can have a jog distance in 15
the range of about -0.5 to about +0.5 tinmes the thickness dinension of the

sheet. The displeeekamd dis prgimer a8t ithel 1Idispéroementbyaudipd sets to

produce the opposhyngrrdoaiandwhaes ist UekuEes +URGE bsadi ngind hegsheet of
material 20 may nq% frqfture or éﬁgture ong the plastically deforned
di spl acements, sd®19ed et b&RaShi PR HEL hi nfBAnRETER SOPPdrHeLY ght

conti nuous st r uctusougil ohfjet hildndski nE memrsiion nef thpt Wleedo pFovide a

face and opposed gdge sim | are he 25 Wi le it i eferred to
di spl ace t%e t ongues ]ich%gpgg epgned??%sig%gr%g gﬁfF% or gr@%g s, it
al so i s possibl e REefHEHate the Blessliliongrf udfhablyceremioen ahe slits or

groove and stillrachiceveaedng-t enbacecpuecisien bepdsn  aiternate

displacements being positioned on opposite sides

of the bend line. In the most preferred form the

10 periphery which is closest to the bend line ig, in

fact, superimposed on the bend line so that the

jog distance between displacements on opposite

side of the bend line is essentially zero. The

displacements, however, can have a jog distance in

15 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

20 may not fracture or rupture along the plastically

deformed digplacements, 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.

25 - While it is 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 precigion bends.

30 Moreover, the bending direction is preferably in
the direction of displacement of the tongues, but '

if lower precision can be tolerxated bending can be

in the opposite direction.



30 Moreover, the bending direction is preferably in the direction of
di spl acenent of the tongues, but if |ower precision can be tolerated
bendi ng can be in the opposite direction. W 2005/082112 PCT/ US2005/ 006646

-7 A sheeVO3PO5(#8%182i al suitable for bending along a BEFFPSPI0HE0G4 3] so

provi ded which conprises, briefly, a sheet having at |east one displacenent
in the thickness direction of the sheet, with a 5 portion of the

di spl acenent closest to the bend |ine-providing an edge and an opposi ng
face configured to produce edge-to-face engagenent of the sheet of
material on opposed sides of the portion of the periphery during bending.
Most 10 preferably a plurality of displacenents are positioned along the

bend Iine on alA esneit ngf wedesiafl thdthbhd Ifiore behdioR i Aneg 4 ayer of
coating materi g:lﬁ ccfm e %I aced og t he shee%e‘$efo e . bendi ng,to further
insure that restitd ng - b¥nd w11 2B pePFPYINES i ghELRor FBEPOASFEsi st ant. and
attractive. Theowiefilyaceresliset nhaning et ledst naber dabptaceretiend partial |y
through the shegi phe GHTRhELELY ditie@iglnl lor fglt BRsREEY, 4N be bent ' i n

the direction di spl acenent's for maxinu precision or in an opposed
di recti oh by r @SHHPONCLt FBeobliFRIGBERIn L7 s £ ddie rbend he
preci sion. Optional | pordwildirRss atesieta! yandheanshegboBigbeshent in the
opPosite direction sty hS BreghebonaRkevatbe Mhdasiie fape bending
‘ 'the sheet of material on opposed sides of the
portion of the periphery during bending. Most
10 preferably a plurality of displacements are
positioned along the bend line on 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 bénd will
15 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
20 precision or in an opposed direction by relying on
the obligque Dbending straps to control the
precision. Optionally, but less desirably, the
gsheet may be bent in the opposite direction when
the precision achievable by edge-to-face bending

25 is not required.

DESCRIPTION OF THE DRAWING

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

invention.



DESCRI PTION OF THE DRAWNG FIG | Ais a fragnentary, top plan view of a
sheet of material having bend controlling displacenents 30 formed therein
in accordance with the present invention. WO 2005/082112 PCT/ US2005/ 006646
FIG 1B YO 243814 ged, fragnentary, end el evation \ACAWS2008/08s6e6S Secti on
of the sheet of FIG 1A, taken substantially through the plane of |ine 1B-
1IBin FIG ITA 5 FIG 1Cis a cross sectional view corresponding to FIG 1B
with the sheet having been bent by 908-degrees fromthe flat condition of
FIG 12. 10 FIG 1D is a cross sectional view corresponding to FIG 1B of
an alternative enbodi mrent of the sheet in which a protective coating
adhered to the sheet of material. 15 FIG 1E is a cross sectional view

cor respondi ngpto. EhGis1n0knl BebENtreamiatSteclosl HlGacdBy FIG 2A1s a

fragnentary, togrplan, schematic view _O S mat eri al correspondi ng
to FIG 1A 28LGlt hi8nISFoessi Bofeieh spt abBReftest HeaFEd-t dAgue bei ng
shown for easeakénumdbsstantiahly ChERugl?BlndpPimar e£viigws a@rresponding to
FIGS. 1B and1%CL8fF£@e fgeet shown in FIG 2A 25 FIG 3Ais a fragnentary,
top plan, schématic view of a sheet of material corresponding to FIG 1A
with only a single displacenent or sheared tongue WO 2005/ 082112

PCT/ US2005/ 006646

FIG. 1C is a cross sectional view corresponding to
FIG. 1B with the sheet having been bent by 90
degrees from the flat condition of FIG. 1B.

10 FIG. 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.

15 FIG. 1E is a cross sectional view corresgponding 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

20 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.

25

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



-9 bei ng shown, which tongue has been sheared and displaced beyond the
sheet thickness dinension. FIGS. 3B and 3C are views corresponding to FIGS.

5 1B and h§oebostokaisheet of FIG 3A FIG 4A is a fragmeni@byosobeess pl an,
schematic view of a sheet of material corresponding to FIG 1A having an
alternative enbodi nrent of a single 10 tongue having a reinforced central
tongue deformation. FIGS. 4B and 4C ar gg_vi ews corresponding to FIGS. 1B
and 1C of the sheet of FIG 4A. 15 FIG 4D is a cross section view taken
substantially along the plane of line 4D-4Din FIG 4. 20 FIG 5Ais a
fragnentary, top plan, schematic view of a sheet of material corresponding

to FIG 1A having an alternative,enpodi nent of .a single taqngue which has
been pl asti cal | y%@ﬂ)rﬁ%(aw%hd Wh&icé"plng%%l‘? ni‘taﬁe ?‘?ﬁ%k%&’?@rﬁﬁr et on of the
sheet. 25 Fl GS.di5®lamgdsBegpedvibessibert adpcorthesy domrEnG$on.1B and 1C of
t he sheet of FIG 5A. WD 2005/082112 PCT/ US2005/006646 -10 FIG 5D is a

view corresponding to FIG 5Cin which the sheet has fractured or ruptured
during bending. 5 FIG 6A is a fragnentary, top plan schematic view

. FIGS. 3B and 3C are views corresponding to FIGS.
5 1B and 1C of the sheet of FIG. 3A.

FIG. 44 is a fragmentary, top plan, schematic view
of a sheet of material corresponding to FIG. 1A
having an alternative embodiment of a single
10 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.

15

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

20 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
digplaced in the thickness direction of the sheet.

25

FIGS. 5B and 5C are views corresponding to FIGS.
1B and 1C of the sheet of FIG. S5A.



of a sheet of material corresponding to FIG 1A in which an alternative
enbodi nent to a di splacenent having a continuous periphery is shown

partially Xoskeasae t hrough the thickness di mension of pkhfisBeREss F! CS. 6B
and 6C are views corresponding to FIGS. 1B and 1C of the enbodi ment of the

sheet of FIG 15 6A. FIG 7A is a fragnentary, top plan, schenatlc view of
a sheet of material corresponding to FI 6A in which the displacenent in

t he sheet has been 20 sheared only partlé?ly t hrough one side of the

peri phery and conpl etely through an opposite side of the periphery. FIGS.
7B and 7C are views corresponding to FIGS. 25 1B and 1C of the sheet of

FIG 7A. FIG 8 is a front elevation view of a bent sheet of material
havi ng di spl acenents of the type shown WO 2005/082112 PCT/ US2005/ 006646 - 11
in FIGS. 2A-2C with a bend-covering shin guard, shown in broken |ines, and
illustrating upsFafdi P decur engpW t@bhscespcEldEngd te #TGndsel dvati on vi ew

of the sheet of I‘Jﬁr 't@:!e Qéfhé:éteh%i V\ft% Elyﬁ%éhb:g .g{_‘ ?rtgg_'% llllllr}lgnso! I d

i nes nmounted to t € securenent ta is a el evati vi ew of
an 10 alternatiP&ndiB8di ment of bent sheet of material with a shin guard
shown in broken lines and an attachnent structure. FIG 11 is an end

el evati onsvi ew of the sheet of

FIG. 6A is a fragmentary, top plan schematic view
of a sheet of wmaterial corresponding to FIG. 1A in
which an alternative embodiment to a displacement
having a continuous periphery is shown partially

10 sheared through the thickness dimension of the
gheet.

FIGS. 6B and 6C are views corresponding to FIGS.
1B and 1C of the embodiment of the sheet of FIG.
15 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

20 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.
25 - 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



15 material of FIG 10 with the shin guard shown in solid Iines nounted to
the sheet by the attachnent structure. FIG 12A is a side elevation

schemati c wowsafszaz 20 sheet of material fornmed in accargeoosokdd t he
present invention and positioned on a fixed tool plate for bending by a
rotary cylinder and novable |inkage. 25 FIG 12B is a side elevation
schematic view of the sheet, of materigl;_of FIG 12A after partial bending
of the sheet on the tool plate. WD 2005/082112 PCT/ US2005/ 006646 -12 FIG
12C is a side elevation schematic view of the sheet of material of FIG 12A
after a 90 degree bend. 5 FIG 13A is a side elevation schematic view of a

sheet of material_f d i ordance wi th. the resent .invention and

posi tioned on a #rllxgr&%doléh%;%t glE%r ab\é%%%_gcoovf al%eﬁﬁh i @Y5&Hdi ng

bl adder. 10 FI G =shaB:i $nabsplen el bves i amd chdnsttiza biingw ugpfe tilmelingheet  of
material of FIG gddf-afdsr a0 degree bend. FIG 14A is a top plan,
schematic view of a sheet 15 of material that has been grooved in
accordance wth the present invention. FIG 14B is an end view of the sheet
of FIG 14A. 20 FIG 14Cis a side elevation view of the sheet of FIG 14A
with the half of the sheet above the bend I|ine shown bent outwardly of the
page. FI G5 14D iBIGn énd.sviaw ehdt bdeghbitn agibentofi nthe sheet of

material of FIG. 8 with the shin guard shown in
solid lines mounted to the gecurement tabs.

FIG. 10 18 a front elevation view of an
10 alternative embodiment of bent sheet of material
with a shin guard shown in broken 1lines and an

attachment structure.

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

gtructure.

PIG. 12A ig a sgide elevation schematic view of a

20 sheet of material formed in accordance with the
present invention and positioned on a fixed tool
plate for bending by a rotary cyiinder and movable
linkage.

25 FIG. 12B is a sgide elevation schematic view of the
gsheet of wmaterial of FIG. 12A after partial
bending of the sheet on the tool plate.



25 FIG 14C. WD 2005/082112 PCT/ US2005/ 006646 -13 FIG 15A is a top plan
schematic view of a sheet of material that has been grooved and provi ded

Wi th stress.fsgkdifyi ng features in accordance with anghlsSflalsdsie enbodi ment
of the p‘?gs%n't% l?i nvention. FIG 15B is an end view g? t%‘fe sheet of FIG

15A. FIG 15Cis a side elevation view of the sheet of 10 FIG 15A with
the half of the sheet above the bend I_'ile shown bent outwardly of the page.
FIG 15D is an end view of the bent sheet of FIG 15C. 15 FIG 16A is a top
pl an schematic view of a sheet of material having shear lines controlling
bendi ng and having the areas between | ongitudi nal adjacent shear |ines on

the sane side th end line, 20,displ aced to pr.oduce edge-to-face

bendi ng. FI G %%‘igzg PR BLO0CH ORIy B IShaBe' Pt M8 16A with

t he upper hal f sbéet hefshedtersieownof bBRG. | ARA tdftgrage. 985 ddd@eel6D is an end
vi ew of the begén?heet of FIG 16C. WD 2005/082112 PCT/ US2005/ 006646 -14

FIG 16E is an enlarged, cross sectional view of the sheet of FIG 16A
t aken substantially along the plane of line 16E-16E in FIG 16A

S FIG. 13A is a eide 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 pneumatic bending bladder.

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

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

with the present invention.

FIG. 14B ig an end view of the sheet of FIG. 14A.

20 FIG. 14C is a side elevation wview of the sheet 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 sheet as bent in
25 FIG. 14C.



5 FIG 16F is a cross sectional view of the sheet of FIG 16E as bent by

ni nety degrees. BEST MODE OF CARRYI NG OQUT THE | NVENTI ON 10 Reference wil |
now be i il to the preferred enbodi nents of the present
inventigﬁgszgggjﬁﬁ%s of which are illustrated in the R&E@Eﬁ@ﬁﬂ?ﬁﬂb dr awi ngs.
VWhile the invention will be described in conjunction with the preferred 15
enbodi nents, it wll be understood that_they are not intended to limt the
invention to those enbodinments. On th@3tontrary, the invention is intended
to cover alternatives, nodifications and equivalents, which nay be included
within the 20 spirit and scope of the invention, as defined by the appended
clains. The present nmethod and apparatus for precision bending of sheet
material is bafe@-ugdP the 22508 Plepngcheprbiei vdedi od] asethéat t he above
identified pries reheéetaBppihiatat hogs behi Chradvag | BGAN POFS B Jer ei n by
reference in thek& ntireties. WO 23?5/082 12 PCT/ US2005/ 006646 -15 As
noted i n conne&idn ﬁﬁ?%tﬁéﬁﬁ%WﬁHQ' SRR CEa M | AR B ses for
forming the slitis wiiternatliizeconembbdamentpr ecdBel yrh@caterddwnt bendi ng of
sheet material ;i,0eLyggysuch processes 5 as punching, stanping, roll-form ng,
machi ni ng, photo-etching, chem cal machining and the |ike. These processes
are particularly well suited for

FIG. 15B is an end view of the sheet of FIG. 15A.

FIG. 15C ig a gide elevation view of the sheet of
10 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 FIC.

i5C.
15
FIG. 16A is a top plan schematic view of a sheet
of wmaterial having shear lines controlling bending
and having the areas between longitudinal adjacent
shear lines on the same side of the bend line
20 displaced to produce edge-to-face bending.
FIG. 16B ig a side elevation view of the sheet of
FIG. 16A with the upper half of the sheet shown
bent into the page.
25

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



| i ghter weight or thinner gauge material, although they also can be
enpl oyed for sheet material of 10 relatively heavy gauge. The thicker or

heavi er gayspsdypferials often are nore advantageouslgcg@giby&%&‘rooved
using laser cutting or water jet cutting equipnent. 1 &ESCFI ed in the

prior related applications, one highly advantageous application for the
preci sion bending of sheet material is_jfo connection with electronic
conponent chassis. Such chassis often are highly conplex so as to 20 enabl e
the positioning of a nmultiplicity of conponents in three-dinmensional arrays
inside the eventual housing for the electronic equipnent. Since |aser
cutting and water jet cutting are both sonmewhat nore expensive, it is
particularly 25 desirable to be able to formchassis for electronic
equi pnment, and nunerous qt her |ower cost housings and the |ike, using-Iow
cost, high- proft@ti dAEt déhriuRl AL asCEepr hfagtierahpihgy ofol | form ng
fand the | It k]ge. bTﬂ@eFEﬁééﬂt o30 =) i ceh Oaakélltl?rsgiat@&snt'&!lah%ﬁ?t Ealclb% h,hOW these
ower cos abrj.cati.on processes .c applied to relatively i nner
gauged sheet nmataTi ig%én?#: 96333§§tégeﬁlﬁm)%@%5/082112
PCT/ US2005/ 006646 -16 Turning now to FIGS. 1A-1C, a sheet of material
general | § designated 21, is shown in FIG 1A having a plurality of slits 22
positioned proximte and along a bend line 23. The slits can

FIG. 16F is a cross sectional view of the sheet of
FIG. 16E as bent by ninety degrees.

BEST MODE OF CARRYING OUT THE INVENTION

10 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' desgcribed in conjunction with the preferred

15 embodiments, it will be understood that they are
not dintended to limit the invention to those
embodiments. On'the contrary, the invention is
intended to cover alternatives, modifications and
equivalents, which may be included within the

20 spirit and scope of the invention, as defined by

the appended claims.

The present method and apparatus for precision
bending of sheet material is based upon the

25 slitting geometries disclosed in the above-
identified prior related applications, which are
incorporated herein by reference in  their
entireties.



5 be seen to have ends which curve away frombend I|ine 23, and the curved

slit ends define therebetween bending straps 24 that have center |ines
t hat extyamghogtdiguel y across bend line 23, in a nan@?fmgﬁﬁ%wﬁ@%d in
substantial detail in 10 prior related application 10/672,766. As wll be

seen, longitudinally adjacent slits 22 are positioned alternatively on
opposite sides of bend Iline 23 alongifhe Iength of the bend line, which is
the preferred arrangenent, but is not 15 absolutely required. As al so 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 20

I ustrate heopashiden 0f Lhenbentod | ARl Ntbe ipsl prsberhed form of the
i nvention, when | auge materrals are being pre %r ed deendl ng,
slits 22 wil |a15rél§%%%%4a|p§0%%ﬁf@ﬁ f&ifmlb@ndtlhleneSZQtSThls i s

preferred becahsenit w291l agbhkialesahhe @&éc@%ewe 33eBedi ecpgts for a

w der range of sheet terial thicknesses described in prior related
appl i cati on g%?’?‘g Ng% SR, BT Jt%e ingHude §PRERNAFITEERESN slits 30 22

i s def fned asa$hepmnnhnng,chsﬂam@aagbetnﬁiikfémmfﬂgtssmymna@gaglte si des of

the bend i d d th
present appl | RATT O CRBILt o BeriheY) AU AIELEet oD 2008 GasEs

PCT/ US2005/ 00588e P¥¢0F3§S§ab§tr@nt9%1ﬂl5¢t@@@ély t%elzlersultél@t fps the slits
are positi onepi phesk SR ¥gin Henchile 23R Whlrial, although

they also can be employed for sheet material of

10 relatively heavy gauge. The thicker or heavier
gauged materials often are more advantageously
glit or grooved using laser cutting or water jet
cutting eguipment.

15 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

20 enable the positioning of a multiplicity of
components in three-dimensional arrays inside the
eventual housing for the electronic eguipment.
Since laser cutting and water jet cutting are both
somewhat more expensive, it ds particularly

25 desirable to be able to form chassgis for
electronic eguipment, and numerous other lower
cost housings and the like, using-low cost, high-
production technigques such as punching, stamping,
roll forming and the like. The present

30 application, therefore, illustrates how these
lower cost fabrication processes can be applied to
relatively thinner gauged sheet material with
great advantage.



there is no lateral spacing between slits on the opposite sides of the bend
line, except at the 5 curved ends. As indicated in the prior related
applicati S, gZlge %og di stance between slits relative to bend line 23 is

pr ef er abl DOSsEI t he thickness di mensi on of sheetPCIUS205PP@eG] y, a | og
di stance of zero neets that requirenment. 10 Additionally, as can be seen for
slits 22a and 22b at the right hand end of sheet 21, a negative jog

di stance al so can be enpl oyed. As wil |-18e seen, slit 22a extends across
bend Iine 23, as does slit 15 22b. This is acceptable within the teaching of
the present invention and will produce the edge- to-face bendi ng al ong bend
line 23 that is desired for precise, controlled bending. For the thinner
gauged nateri al“émrgamganw &mp| DL | BAel@®ct Romihee20’ oBquapaendl chasses, the

j og distance bejremiShi t Yesddnks greﬁgrat}my idhdhe rangeqaf abput -0.5 to
about +0.5 ti s t.he thlckn ss% di rerensM g Og% i%) g?esheg)? 21. As the
jog distance b sfitP g | ea§;h Py rmeyat PeEibiere@5 about -0.5

times the thi clgm&nm‘tet h?&ldShﬂthgO%. veateliak, ZBher@héSS§1E§nQ§ﬂ'Cy for the
sheet tos bend 0 bend |ne bends are sitione t he

edges of*the slf fgg?rﬁi\tl\ﬁgr Ei'ﬁw %l%\%}%bgﬁﬁvﬁ r’f‘@’aﬁo C?"bn]%%ln‘get ween t he
edges of 30 thdlsnatSZBAt @m@ht ithes t ewesed he sflhicck neesds of defiwge sheet, for
exanpl e, the twhdienddidae BLSAOIEENAcDas:PeeN SASD GRACCYLAEd, O- 060 sheet

net al .
lines that extend obliquely across bend line 23,

in a manner described in substantial detail in
10 prior related application 10/672,766. As will be

seen, longitudinally adjacent =slits 22 are

positioned alternatively on opposite sides of bend

line 23 along the length of the bend line, which

is the preferred arrangement, but is not
15 abgolutely reguired.

As also wmay be seen in FIG. 1A, =lits 22 are
positioned in a laterally displaced positions from
bend line 23, but this has been done primarily to

20 illustrate the posgition of the bend line. In the
most preferred form of the invention, when light
gauge materials are being prepared for bending,
glite 22 will be substantially superimposed on
bend 1line 23. This 1i1s preferred because it

25 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
30 - 22 ig 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



WD 2005/ 082112 PCT/ US2005/ 006646

enpl oyed with

slits 22 having a zero kerf dinension, the slit

relatively closed along its length even after a 90 degree bend.
is 5 fornW@ 20450082142 kerf, for exanple, by |aser cuttin@CT/Gesaoaegati ve j og
di stance is enployed, there is a tendency for the material on opposite
sides of the slit to separate or "daylight'' upon bending, for
90 degrees. This, however, can be 10 efit/irely acceptabl e, dependi ng upon the

appl i cation.

As will be described in considerable detail bel ow,

preferred approach to punching or 15 stanping slits into sheet
di spl ace a tongue or enclosed area of slug in the thickness dir

the sheet by dims sbsnratiean
related applications,..howev

r, t
lines or slits 34 vﬁ?%htﬁ‘irﬁcg PEeCHRe
by using a knifftere athenot Ranexadi epalcdthgalketwedins pilaces @ pehéi on of the

spta

-18 When a negative jog distance is

will rennin
If the slit

exanpl e,

t he nobst
21 is to
ection of

uagheet zeich, WhhPgsuUndgeste9dsfrom pri or
at i%lts gZﬁglﬁq can be 20 forned as shear
ERENt 18F the Thebbatfor exanpl e,

sheet. One of t Advant ages f ' i ac in.the sheet, 25
rat her than slf%ﬁr%g It mf?ﬁ agﬁ%i€%?1?%n?hgfg&%dggggngaégzs ?%ing of

mat eri al > on oppgBYvest

SPRES. ofAs| ipdiogted indided prioemt redgueded. The

di spl acement ofagdla celft@ehnsyl sanedupgs taeshand Ndoeipe&ss sepuired by
i nsuring that %Qﬁh,.edg%xgngegg Eace wi.ll, nove in the right direction during

10

15

20°

25

30

elative ine 23 is preferably le€ss than
the thickness dimension of sheet 21. Obviously, a

jog distance of zero meets that requirement.

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 seen,
glit 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 thicknesg 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 iz a tendency for the gheet to
bend along two bend lines, which bends are
positioned at the edges of the slits, rather than
a single bend line positioned between the edges of
the glits. At about 0.8 times the thickness of
the sheet, for example, the two bend line
phenomena has been seen to occur in 0.060 sheet
metal.

to



bendi ng. WD 20051082112 PCT/ US2005/ 006646 -19 In the preferred form slits
22 are fornmed by displacenent in a thickness direction so that a portion
of the periphery of the displacenent closest to bend |ine 23 provides an
edge 26 WRRIeH8BI1dpposed face 27 configured and posi tRIMRR0GSH066HF oduce
edge-to-face engagenent of the sheet of material on opposite sides of the
peri phery during bending. As shown in FIG 1B, a D shaped tongue 28 has
been downwardly displaced to provide a8ace 10 27 agai nst which a | ower
corner 26 or edge on the opposite side of slit 22 fromtongue 28 w ||
engage when sheet 21 is bent. As illustrated best in FIGS. 1B and 1C, a
portion of the slit periphery is superinposed on the plane of bend 15 |ine
23. The next sikhén whi akghsiiat ojddie diagenced [ GenrddBo@s aishm | ar

D- shaped tong [ . een_do rdly displaced to provide a face
27a agai nst V\/nulglc &gnﬁgd%vfglgsvﬁpl e’é%g\g%\g% Wﬁ?%ee&%lsgétbent, f or
exanpl e, by 90vdelr eegalnedyetapbreDba qliosed anbumal arik edgagehfaces 27, 27a

at about a m dpaipt drpethes f agesg depding ¢ [ S,qt:hey;act as opposed
fulcru whi ch_are apo,sei tioned one%éé%d Iine923 ?ﬁagﬂgan‘glﬁgségn in 25 FIG
1C to have rotERBERHYWHS Ffe ) .Eomh g&ampdpmodl lawedi SHEE§NEs t he bend

begins, the edged a2ficdhoides ejogt dlelandé 0OienNgRAPLHPEY, WhEréaces 27, 27a,
with result that Beadlng ks:Veht REGUASLY off ST {PaQFCyE about bend
the slit to separate or ““daylight'' upon bending,
for example, to 90 degrees. This, however, can be
10 entirely acceptable, depending upon the

application.

As will be described in congiderable detail below,
the most preferred approach to punching or
15 stamping slits into sheet 21 is to displace a
tongue or enclosed area of slug in the thickness
direction of the sheet by dies which ghear the
sheet. It will be understood from pricr related
applications,‘ however, that slits 22 also can be
20 formed as shear lines or slits in which there is
no digplacement of the sheet, for e;;:ample, by
uging a knife, rather than a die that also
displaces a portion of the sheet. Cne of the
advantages of forming a displacement in the sheet,
25 rather than glitting it with a knife, is that
edge-to-face sliding of material on opposite sides
of selite 22 is reduced or not required. The
digplacement of the sheet also reduces the bending
fForces required by insuring that each edge and
30 face will move in the right direction during
bending.



30 obliquely oriented bending straps 24 pull and nmaintain edges 26, 26a
agai nst faces 27,27a during bending to naintain the fulcruns in contact
with the opposed faces. This edge-to-face engagenent WO 20051082112

PCT/ USZ%g%ﬁg@gﬁg -20 is described in even nore det@\%&n%@nﬁo@?&?” or

rel at ed ifons. The illustrations in FIGS, 1A a are greatly 5
enl arged in thickness to enable the edge-to-face contact to be nore clearly
illustrated. It will be understood, hgwever, that sheet 21 can be
relatively thin, for exanple, 0.060 inches, with tongues 28 downwardly
~displaced in the thickness 10 di nension by only 0.03 inches. These

di nensi ons, however, obviously are not critical other than to indicate

that in thin Sgge% nateriflz%%f di spl acenents _of the tongue material are
not very |argd FBeAPTRTerERe s&QRTt G 22C, 2 RIgEOTIEN 2 tend to  be
hel d by strapsiizplisttemetritghtn eagadeimbmieswi tdi rdaces 202 taatThus even at the
slits 22 the . teri on . Ldes of e periphery of the 20 slits
closest to th %gﬁéj i e v;qqe béggﬁgggkgac?g m%gﬁ eg&ﬁgg?ﬁéwe%Rer the |l ength
of the slits. cipsest dmddand dlingw2ghproehdes haet efoe bzé used am
applicagions, $M-LXAMHLe Wi € BLeCLPERINg géc 883i€£€1§é@| I, required or

even in applications 25 where fluids need to contaln t 1s preferred,
however, in oRISIAUE f BFEReFO1FRGR eeBIagement of the sheet of

material on opposite sides of the periphery during
bending. As shown in FIG. 1B, a D-ghaped tongue
28 has been downwardly displaced to provide a face

10 27 against which a lower corner 26 or edge on the
opposite side of slit 22 from tongue 28 will
engage when sheet 21 is bent. Ag illustrated best
in FIGS. 1B and 1C, a portion of the slit
periphery is superimposed on the plane of bend

15 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.

20 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

25 FIG. 1C to have xrotated by 45 degrees). Thus,
almogt immediately as the bend beging, the edges
26,26a are rotated into engagement with faces
27,27a, with result that bending is very precisgely
controlled to occur about bend line 23, The

30 obliquely oriented bending strapse 24 pull and
maintain edges 26,26a against faces 27,27a during
bending to waintain the fulcrums in contact with
the opposed faces. This edge-to-face engagement



fluid-tight bend that a continuous, preferably flexible, coating materi al
bonded to the sheet across the area of slits 22. This 30
the present invention can be seen in FIGS. 1D and 1E, which

correspoagyk@mﬁg 1B and 1C. A continuous |ayer ogg?g%%%ﬁﬁﬁé%sealant or

be adhered or
enbodi nent of

coating 29 can

e seen to have been deposited, WO 20

PCT/ US2005/ 006646 -21 adhered or bonded to downwardly facing surfaces of
sheet 21 across the slits. This is np pref erably acconplished whil e sheet
21 is in a substantially flat, but sHeared, condition, as 5 shown in FIG

1D. Upon bending to the p05|t|on of FIG 1E, the coating 29 will
crushed or conpressed bet ween faces 27 and 27a and the
t he sheet of nate

tend to be

under neat h si de of
such as epoxi es and

t Epg% ﬁrotect|ve coati ngs,
paints, 10 wilt b SSFRFPEFent Py YL BPES afi®t@dtpr £8sithe PSLoECconmpdat e

t he conpr essi areldided enmb nigzanfi ofae

sheet wi thout fracturing. Thus, coating

29 will insure that there is a continuous surface that is be quid-tight.
Qoviously, it would also be 15 possible within the scope of the present

invention to sinply spray a coating on the bent sheet of

many appllcatlons ag Iylng coating 29 to the flat, but punched,
WerEabiener irdFSFRee 1Bh@ngerkE 28| gesakBycan be at

conpl exsi nt erigi1dpat i PAS thfi@kne%ult@ t@}m@ £Re CRALALLEE,HENDI NG, IN

cases where full covergge of both si

rol | -fornmed she

10

15

20

25

30

be more ¢ eariy 111ustrated It will
be understood, however, that sheet 21 can be

contact

relatively thin, for example, 0.060 inches, with
tongues 28 downwardly displaced in the thickness
dimension by only 0.03 inches. These dimensions,
however, obviously are not 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
slite 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 1is
preferred, however, in order to further insure a
fluid-tight bend that a continuocus, preferably
flexible, coating material be adhered or bonded to
the sheet across the area of slits 22. This
embodiment of the present invention can be seen in
FIGS. 1D and 1E, which correspond to FIGS. 1B and
1C. A continuoug layer of a flexible sealant or
coating 29 can be sgeen to have been deposited,

FIG 1E, but for

ﬂammdor



street wwth a flexible sealing coating is desired,

25 one generally applies

(prior to bending) a flexible coating 29 to both sides of the sheet in the
enbodi mrent of bent D shaped tongues 28 as shown in FIGS. 2A-2C.
clearly sgebposnéliee bent tongue 36 rotates w th respeetTivgzdofesssdseet 30

about edge 38. This | eaves the coating in tact

upwardly facing surface of the sheet, while the coating on the
downwardly facing surface is conpressegi-under tab end (37) as noted in

FIGS. 1D and 1E. WO 2005/082112 PCT/ US2005/ 006646 22 As wil |

one skilled in the art, the displacenent or tongues 28 of FIGS.
be readily formed by punching, stanping, enbossing 5 and roll-form ng

processes. A selgidrdi €5 Gidh, h t 8 with a
portion of the pefﬁphery fOﬁﬁf%gﬂfﬁg“ﬁﬁﬁﬁﬁggangﬁﬁﬁn§H§E?§e§2°F1n t he

opposed edges

T acedl " ASCERBAN RSt hélilifawi ng,Thise phant vest

As can be

and continuous on the top or

under or

be apparent to

| A-1 D can

ine 31 is

not a clearly Ifreliddiadr shaubriplished whillbe Hpidt af whichyt opgue 28
reaches the top qua e af th% sgeet aﬁg Q9s e%ﬁt been ,downwar dl y di spl aced.
FIGS. |A1C shdW %%nﬁii&ybr dPSpl aReherfi ¥ Sthi cFORSdtdeBent 28l 1y  been
hal f she&red byshdver pundtithg 1di.es ort hendihg £6 thpepositiageodf the

di spl acenent s

i ch causes

of the edge to ¥HEmesfRsy batweesnpifacesf adds andand7@7aand the

i0

15

20

25
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underneath side of the sheet of material. Most
protective coatings, such as epoxieg and paints,
will be sufficiently flexible and compressible to
accommodate the compression and bending of the
sheet without fracturing. Thus, coating 2% will
insure that there is a continuous surface that is
be fluid-tight. Obviously, it would alsc be
possible within the scope of the present invention
to simply spray a coating on the bent sheet of
FIG. 1E, but for wany applications applying
coating 29 to the flat, but punched, stamped or
roll-formed sheet is more preferred sgince the bend
lines 23 can be at complex interior locations that
would be hard to ceoat 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 sheet in
the embodiment of bent D-shaped tongues 28 as
shown in FIGS. 2A-2C. BAs can be clearly seen, the
bent tongue 36 rotates with regpect to the sheet
about edge 38. Thig leaves the coating in tact
and continuocus on the top or upwardly facing
surface of the sheet, while the coating on the
under or downwardly facing surface is cowmpressed
under tab end (37) as noted in FIGS. 1D and 1E.

sprdeus bean, disalaced dasevelthy L ool Rog el | Lhe

t hi ckness di nensi on 0

| ower hal f



20 In FIGS. 2A-2C, the process is the sane, only the punching or
roll-form ng device have sheared displacenents or tongues 36 downwardly by

the full wodRbodsrass, t. of the sheet. Thus a face 37 ri phery of
di spl acenent. or tongue 36 is now displaced until the@é%ée}rﬁuséaﬁgoggof face 37

Is positioned at edge 38 on the opposite side of slit 22. This tends to
produce a point-to-point contact at egige 38 with the corner of face 37 30
during bending, as showmn in FIG 2C  Nevertheless, the edge ful crum 38 on
the edge of face 38 again precisely controls the |ocation of bending,
together with the opposed tensioning of oblique bending straps 24 al ong
bend Iine 23. WD 2005/082112 PCT/ US2005/ 006646 -23 In FIGS. 3A-3C, sheet 21
has been sheared during punching so that a face 42 of displacenment or
tongue 41 is now down bel ow | ower surface 43 of 5 the sheet of material

Edge 44, theref8r ¥1lisPfoRPParRityde it Bpgdsia énf &ke 42tandbhwi || not
engage face' 42spuaéagedendin@ondtcbest N dsFeemiin ELG p3C | nstead,
control of the goaLilo of %pe bend relative to bend l'ine 23 is
acconpl i shed by=2%H %p%ﬁ"{e By iRRNEk  eRERPRL IDen GMRgSSiRgps 24.  Use
of bendiSng strapd 24llefoomimplptdeesguasi tiDnieg of dhesbesd BE the sheet of
material i1s | preci.se hHh n achi eyed .t hrough edge- taq-face
engagenent of g%%%s%%@E%ﬁﬁ%hq%?&fh%ggg??sl gp@?%ghéTgpaﬁF Y Bgnding.
Nevert hel ess, bb¢ipeeiphery forming the bend-controlling slit 22

in the opposed edges and faces. As shown in the

drawing, the phantom line 31 ig not a clearly

10 defined shoulder, but is the point at which tongue

28 reaches the top surface of\ the sheet and has

not been dowm\_rardly displaced. FIGS. 1A-1C show a

tongue or displacement 28 which has essentially

been half sheared by the punching dies so that the

15 " 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.

20

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

. 25 ~ 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

30 during bending, as shown in FIG. 2C.

Nevertheless, the edge 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.



bendi ng straps 24 can produce reasonably precise bends that require | ow
bendi ng forces and the bending straps do not excessively tw st or stress

duri ng bengbdasesaacor di ngly, for applications 20 wher pctfi€iogs/006648 NOT €
tolerance as to the dinensional requirenents of the resultant product,

over -di spl acenent of tongues 41 to the FIG 3B position can be enployed. It
shoul d be noted that sets of dies canphe used to progressively shear 25

di spl acenent 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 exanple, it is desired or necessary to be <certain that the dowwardly
di spl aced tongue has 30 been sheared conpletely through and yet is
repositioned so that the edge wi || engage the opposed face upon bending, a
two-station operation wll be perforned. WO 2005/082112 PCT/ US2005/ 006646
-24 In the enbodt nBRES of 3Br&E, &b@ﬂb 23 thas oedreaskepretl sgivtesent or

tongue 51 is s mng:hsocomaaﬁpendﬁaé@ T4I2e bl |d:l. Acedfentheotongue of

FI GS. 2A-2C. Tqngque 51, however AA-AD with a

downwar dl y def Gehtr &P f+°é0€ Olﬁé%%r??i’iﬁ%?“ﬁﬁ?? fovPles for
engagenefit bet viden dloesr cdget26iwilth fdge 27, athareforseriorngei nt | ocat ed

on bend line Z?é sdé}gﬁéh[ Jr:H-_rl-I rkggep%q\m a(yey& ﬂvﬁaﬁ?dl]ge +ral gortlon 52 of 10

tongue 51 insure over e shéet
face 42 during ben ing, as best can be seen in

FIG. 3C. 1Instead, control of the position of the
bend relative to bend line 23 is accomplished by
10 opposite, obliquely-extending, bending straps 24.
Use of bending straps 24 to control the
positioning of the bend of the sheet of material
ig less precise than can be achieved through edge-
to~faee engagement of opposite gides of the slit
15 periphery during bending. Nevertheless, obligue
bending straps 24 c¢an produce reasonably precise
bends that require low bending forces and the
bending straps do not excessively twist or stress
during bending. Accordingly, for applications
20 where there -is wmore 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
gsete of dies can be used to progressively shear
25 digplacement 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.
IE, for example, it is desired or necessary to be
certain that the downwardly displaced tongue hasa
30 been sheared completely through and vyet is
repogitioned so that the edge will engage the
opposed face upon bending, a two-station operation
will be performed.



Turning now to FIGS. 5A-5D, a displacenent of the

i s shown. vhemiogkihas been downwardly di spl aced at

edge 63 on bendrhi pRa23 B3B3 RchP Efgﬁggl_yé ophr ol th

uctil'e sheéet

bend. This approach I's best suite

sheet material to provide
an edge and opposed face 15 by plastic deformation,

r at

her than sheari ng,

( . . _ 6 bciniRbdbShdcKasDY
stanping or roll-formng dies that are not provided with sharp edges so

that the downward displacenment has resulted in a plastic 20 deformation of
area 62 of the sheet. Upon bending, thexending strips 24 will again be
tensi oned or bent and thereby pull the sheet on opposite sides of the bend
line 23 together so that area 62 defornms w thout shearing or 25 fracturing.
In effect, a virtual face on the end of displacenent 61 engages a virtual

| ogation of the

nalé/risaeaé:r? it has the

30 advantage of f&Splacement a o ui BORIWRt Bénd. 1W0 201851082 Whd ch
PCT/ US2005/ 00664€crrdSpdidd| Go SEhanrall erdiiahvegEs tﬁéomgoﬁélu%miogh

fracturing or ru ing ogcurs at face 64 sp that the virtual face becones
an actual face 6§i&$h %t“‘e”%r%\s of 15PEEPsiNn bEAUEYEL - i £5doEQT AR Atter 5
whet her 06 not fFB@$ur etS4hceuth and dedgwatdliys debmehdy efdhteklan act ual

¢gnent fgfr t ongue 61.

face 64 or a vi r{‘%ﬂﬁ‘{’f]‘%ﬁ? ﬁgpépgi d gfz_domn\nﬁ{gsad

|
In FIGS. 6A-6C an I spl acenent s have 1%98?03'%% periphery or

are formed as sl eR@eIImenatetwren Havesr edgswaiardth dassl aGedton
alternative sidesofiepend Ipdint?3iotitdd | boPbend line 23.  Even
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further downwardly displaced central portion 52 of
tongue 51 insures that over bending the sheet will
be limited.

Turning now to FIGS. S5A-5D, a displacement of the
sheet material to provide an edge and opposed face
by plastic deformation, rather than shearing, is
gshown. Sheet 21 has been downwardly displaced at
61 typically by stamping or roll-forming dies that
are not provided with sharp edges =0 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 80 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.



under st ood t hat

for ease of illustration a plurality of these sl

ug-type
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In FIGS. 6A-6C and 7A-7C, the displacements have a
closed periphery or are formed as slugs of
material that are downwardly displaced on
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
gide closest to the bhend line 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 various 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



seen fromFIG GB, renpte side 72 is in the oval 10 bore punched into the
sheet so as to support face 27 during pivoting of edge 26 for precise

| ocation of bend on bend line 23. FIGS. 7A-7C are simlar to FIGS. 6A-6C
only the wémensiton of periphery of the oval displacemertusorsombisg 81 on
bend |ine 23, nanely,.the bend controlling slit 22, has been sheared by the
full thickness of the sheet, while renote peripheral side 82 has only been
hal f sheared. Edge 26, 20 therefore, pixygts on the upper corner of face 27
in a mnner simlar to that shown in FIGS. 2A-2C. Al though not shown, oval
di spl acenents or slugs 71 and 81 also can be conpletely punched or stanped
25 out of sheet 21 to | eave oval holes along the sheet. Such holes wll

defi ne obliquel yexdeNdig1@ aﬁ@n@% skeped Lo, opposihgsdirections
at opposite ends o{ each‘$f %i} es These bendi n straps extend acr oss
the bending |iné&%23 n %g%ﬁ?\a‘ﬁ?‘bﬂu@gaﬂer@ﬁﬁé%wt@enﬂl ng line 23,

but  without edged Gdraceengageribiud heanacs ef dhess 2 £CBStWderl € NOW
gone. Wile prO\{:I dIgI&bsl ess; premsil on, Sk ch an_e o rre&t%?vm || Jgzoduce
2

reasonabl y accurat® pendi‘hg al ong bendi ng 17 ne® 23
PCT/ US20 /00664ﬁSpla¢emﬁnFl$L 8-tk NeUétteifmatelsxsenelibdndlyrreinhs of the

punched or stanpedeSheeta 4418 Rfdeb et ﬁ.%‘tysent N o aé’g %@V@é&Ml ch "shin

guards” have been added 5 to the corners o ent Erl or
rel ated applicatifon Ser FEPCRS. F8L672, 766, Ofhetlie periphery

displacement 71 that also is sheared. As can be
seen from FIG. 6B, remote gide 72 is in the oval

10 bore punched into the sheet so as to support face
27 during pivoting of edge 26 for precise location
of bend on bend line 23.

FIGS. 7A-7C are similar to FIGS. 6A-6C only the
15 portion of periphery of the oval displacement or
glug 81 on bend line 23, namely, the bend
controlling slit 22, has been sheared by the full
thickness of the sheet, while remote peripheral
gide 82 has only been half sheared. Edge 26,
20 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
25 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
astraps extend across the bending line 23 and will
30 again produce bending along bending line 23, but
without edge-to-face engagement because the slug
faces 27 are now gone. While providing less
precigion, such an embodiment will produce
reasonably accurate bending along bending line 23.



of corner coverings over the bend lines so as to present a snooth corner
surface was described. Such coverings are referred to herein and in prior

10 rel at edwoappisigatiz ons as "shin guards,” and FIGS. 8-phuishbossbgsad € t wo
enbodi nents of the.manner in which shin guards can be secured to the
corners of bent sheets. 15 In FIG 8, a sheet of material 21 has been bent
at a right angle. Sheet 21 has a pluralzty of tongue displacenents 28
constructed as shown in connection with FIGS. 2A-2C. The upper corner of
faces 27 of such displacenents are in edge-to-face 20 engagenment with the
edge 26 on the other si'de of the periphery of tongue displacenent 28.
Punched into sheet 21 are a plurality of outwardly extending securenent
tabs 91 which are used to couple shin guard 92 around the corner of the
bent 25 structur%naﬁégﬁcr§§§1beﬁ&q|ﬁ%§efgatﬁﬁetﬁ@boéﬁE@EFﬁeﬁﬁ $héwn in FI GS.

8 gndh9 shin guﬁlllscﬁ@d bﬂﬁbﬂélﬁ@e@ @laa/eﬁs/ S whdrgisd f ﬂrﬁré’rﬁq@nxel tag 91,
and the cavity prefer as pet entrance surfa ch leads to
an outwardly 30 ?Eﬁlﬁg ﬁpdg%lgg tH%% @&ﬂﬁﬁ% %ﬁ %%F Sci ng

shoul der 98 on tbhe ttdbs @brnEhle s@fnthguabdntthﬁmﬂﬁmwe CBm snmﬁhy be
posi ti oned over B%fgté@bg ﬁﬂléﬂgﬂ&bﬁﬂﬂéﬁg?q“;°W§V%75h%6%enkkgh%%5 21 to

cause shoul ders to sna r'dl’y ‘faci‘'ng durfaces 98 of the
tabs and ther et9E sEEURETt KOVEREAIGUSVELL &hehév%wr rﬂe?neéﬁ £PeaWDL2005/ 082112

PCT/US2005/00664§reséﬁk a smooth corner surface was described.
Such coverings are referred to herein and in prior
10 related applications as ““shin guards,'' and FIGS.
8-11 illustrate two embodiments of the manner in
which shin guards can be secured to the corners of
bent sheets.

15° - In FIG. 8, a sheet of material 21 has been bent at
a right angle. Sheet 21 has a plurality of tongue
displacements 28 congtructed as shown in
connection with FIGS. 2A-2C. The upper corner of
faces 27 of such displacements are in edge-to-face
20 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
25 structure and across bend line 23. In the
embodiment shown in FIGS. 8 and 9, shin guard 22
includes a cavity 94 dimensioned to receive tab
91, and the cavity preferably has a tapered
entrance surface 96 which leads to an outwardly
30 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
35 inwardly facing surfaces 98 of the tabs and
thereby secure the shin guard to the corner of the



bent structure.

the corner. In FIGS. 10 and 11,
sheet mat ewoahosds2@apnd a shin guard 103
necked protrusions_ 104. Protrusions 104 are urged through openi ngs
that an outwardly facing i nwardly shoul der
facing surface 107 of 10 the bent sheet 1. Again,
t ongues 28 are constructed as shown in connection
the inportant features of the slit or

Alternatively, the shin guard may be slid in place al ong

openings 101 are periodically 5 provided in
i s provided hawdgd2eabadk and

101 so

106 snaps in behind i nwardly

t he di spl acenents or
with FIGS. 2A-2C. One of
15 di spl acenent geonetries descri bed

in this application, and the prior related applications, is that folding

of the sheet of ﬂgﬁg

rg@f?ééﬂﬁ.reSA1{§¥£§€§031 snal | %ﬁgrces. endi ng straps

24 preferably conpfise I'esS than a fajoritydf e
bend |ine and theg ak&dtin plkare adngeshedapkngrbendi ng of the sheet
material. The ful crum between edge 26 and face 27 and the

“al™34| ong t he

| ong | ever arm

of the sheet on both_sides of the bend |line, nmakes bendi ng of the sheet
with 25 rel ativefy Fo#Pt ofle ey 1si pprEBinge [81pedsi mexiodigmldyanple, to
pl ace an gdge of prbeidd®eini shéet shaierdalgnaowadand dhien fradaklby apply a
force to the opp site eggg %p easik¥ beng thg she%t. I n~ nost, cases where
the sheet material ®oald 8NE"90 “PBPTER BPRcIFGREE BEIUS1ioffe sheet can
be bent by handl04t i Puuistugicaieritdd, atvwevged thrbeghalkipentiagger formthe
bending in an auf@{aLLCeniRC NG iRk 8TEN 80 REOISRAral Y BXRTRLS 1N @
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106 snaps in behind inwardly facing surface 107 of
the bent sheet 21. Again, the disgplacements or
tongues 28 are constructed as shown in connection
with FIGS. 2A-2C.

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 bending 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 chasgis, 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



progressive die assenbly in which the sheet is 35 prepared for bending at a
first station by form ng displacenents along the bend Iine, and the sheet

WO 2005/ 05gdbdosRezih3/S2005/ 006646 -29 is thereafter novuRgiQe@Rfchier station
and then bent by relatively |lowforce bending apparatus. FIGS. 12A-C show

a nmechani cal bending apparatus in 5 which a fixed tool plate 110 supports a
sheet 21, which has been prepared for hending in the manner described
above. A bending cylinder 111 is nounted to a novable |linkage or arm 112
for downward di spl acenent, as shown by arrow 113. As 10 cylinder 111 is
brought down agai nst sheet 21, an edge 114 of a notch 116 in the cylinder

engages sheet 2 i t ate t Lnder,and linkage 112 in a
cl ockw se direc%%%ﬁ?ﬂigggﬂgéﬁlﬁﬁ&ghet%EZ c%%%%%u%gaFﬁoﬂnjﬁuﬁogﬁﬁ%rdIy,
cylinder 15 111h@@ﬁt@HU5§1ﬁ61W6ﬂﬁt80Wof®mﬁﬁFhﬁﬂdﬁn%1&ppanaﬂms. to form shown
in FIG 12C. Alternatively, the tool plate 110 can be novable or both tool
plate 110 and g%k%gder 111 can be novable. 20 An alternative approach shown
in FIGS. 13A an BiréfoSiP¥oR Festeni Lt Bendied aaphetaes cinbl adder 121

posi tionefl over widgh B2 Xiofed heodlogplate atd Asppdmddes dided s2ipflated to
Sheet 21 and dr Tach HRgb et et L et At hE haFesf 155, The.
| ow bendi ng foldegcikdhedr edboyeef f ech t hengénd ofyHBler 13BLWi liseasily
permt the use @buPReHMELC & movable linkage or arm 112 for
downward displacement, as shown by arrow 113. As
10 cylinder 111 is brought down againgt sheet 21, an
edge 114 of a notch 116 in the cylinder engages
sheet 21 and begins to rotate the cylinder and
linkage 112 in a clockwise direction. As the
linkage 112 continues to move downwardly, cylinder
15 111 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.

20 An alternative approach shown in FIGS. 13A and
) 13Big 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 ghown in FIG. 13B, it engages the
25 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.
13R will easily permit the use of pneumatic

bending systems.

30
Other bending equipment suitable for use for
bending the sheets of the present invention would
include a press brake.

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

machining, chemical milling or photo etching of



bendi ng systens. 30 O her bendi ng equi pnment suitable for use for bending
the sheets of the present invention would include a press brake. 35 In

FI GS. 14A-14D and 15A- 15D, the use of machining, chemical mlling or photo
et chi ng ofwo@n@@8hiD82112 PCT/ US2005/ 006646 - 30 gr oovexTiust@siimsds heet
using geonetries of the prior related applications can be described. In
FIG 14A, a sheet 221 is fornmed with.a plurality of grooves 222 along a
bend Iine 223 as above 5 taught in connekkti on with di splacements or shear
lines 22. In the preferred form an edge 226 of grooves 222 falls on or is
substantially superinposed relative to the plane of bend Iine 223. G ooves
222 alternate on opposite sides of 10 bend |ine 223 and bet ween

| ongi tudinal |y aghieeesd igt00ViEse 22AcaKe @ﬁ}fg ngegﬁ,gg%egﬂof wWakeh will be
C and_B, sheet 221

has bean bent olTHE T8 ERESS 2pRTi ekl O TRRR Y (emdr frGbyos Iz, The
result will not BEGedyéAt oaf abeetngegenint fafmedciiicgh ﬁutamuﬁﬁltg pr oduce
preci se bendi ng,opuggo %geaéizzt hglgggdlepgbghh J]q]% Oﬂﬁgd bg Egvequal

tension on obli n stra prod%ce 8|ng
substantial |y al lﬁénanlCﬁ@nﬁgglonTWéH&wﬁﬁ%ﬁlﬂcameﬂﬂﬁmWhgSb@&ard t he

grooves will notihes qppte as @oRd M%readtcbe el evgd mdd ssgesrto-face

bending, but the precisionis quife

on  or is  substantially
superimpoged relative to the plane of bend line
223, Grooves 222 alternate on oppogite sides of
10 bend line 223 and between longitudinally adjacent
grooves 222 are bending straps 224, which will be

geen to extend obliquely across bend line 223.

In FIGS. 14C and B, sheet 221 has been bent out of
15 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 eqgual
tension on oblique bending straps 224, which will
20 produce bending substantially along bend line 223.
The precision of bending toward the grooves will
not be guite as good as can be achieved with edge-
to-face bending, but the precision i1z quite
acceptable for many applications, for example, in
25 connection with electronic chassis components.

In this regard, it should be noted that the
embodimentg of the present invention shown in
FIGS. 1A-7C are all shown as having been bent in
30 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 bent in an upward
direction, that is, against the direction of
35 displacement of the tongues or slugs during
glitting of the sheets. Such reverse bending will



acceptabl e for many applications, for exanple, in 25 connection with

el ectroni c chassis conponents. In this regard, it should be noted that the
enbodi mentygg efosfosgPr esent invention shown in FIGS. 1AcTstogoedbds shown as
havi ng been bent in 30 the direction of the displacenment of the tongues or
slugs formed in the sheet during preparation of the sheet for bending.
Those sane enbodi nents, however, coul d3al so be bent in an upward
direction, that is, against the direction of 35 displacenent of the tongues
or slugs during slitting of the sheets. Such reverse bending will WO

2005/ 082112 PCT/ US2005/ 006646 -31 cause the bendi ng straps 24 to control

the precision of, the q:eHéd ﬂqlrgm g bg%ge%to fta(%:ﬁe en emenh%Sbut t he

straps will give a reasonabl y i né 5 Sheet
221 of FIGS. 15RrESDSHEs b@‘entbﬁeﬂ@ﬁréb féathgéndqhzvgl bgdgeobvifrgewith the

grooves havi ng mel, i evitnGHeands ]fiQas af x%}gl Agai n, the
grooves 222a doe’?}%’%%g\et hr uggat he 10 é%%iéol e}t e t%ll cknesgé%j%ot he sheet and

t hey define beﬁ’&‘eﬁd P&H B9t Fag doMeg#e ‘t o bending |ine 223a.

Agai n, the sheet has been bent into the grooves, rather than away from
'ong bend 11 noSshE Al fehofiat? SR GRS 1BAY helhellen Bk "or Pt
present inventi benidinghoby igrashiicls .t he wittler ithle grooves having
stress relieving lands or areas 228 at each end.
Again, the grooves 222a do not go through the
10 complete 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 away from them, and
straps 224a are used to control the position of
15 the bend along bend line 223a.

Turning now to FIGS. 16A-16F, an embodiment of the
pregent invention is shown in which the material
between longitudinally adjacent arcuate slits on
20 the same gide of the bend 1line is displaced,
rather than the tongues or slugs defined by the
glits. In FIG. 162 a sheet of wmaterial 321 is
shown having a plurality of slits 322 positioned
on alternating sides of bend line 323. Obliquely
25 extending bending straps 324 are provided, and
glits 222 define tongues 328 and intermediate
areas 330 on each side of the arcuate slit 322,

Unlike the embodiments previously described,
30 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 wmay be
35 seen in FIG. 16E. Thus, during the punching,
roll-forming, embossing, stamping or the like, the



bet ween | ongitudinally adjacent arcuate slits on 20 the sane side of the
bend line is displaced, rather than the tongues or slugs defined by the
slits. invosesddfiza sheet of material 321 is shown hagrfgessksical ity of
slits 322 positioned on alternating sides of. bend Iine 323. bliquely 25
extendi ng bending straps 324 are provided, and slits 322 define tongues 328
and internedi ate areas 330 on each sidg-of the arcuate slit 322. Unlike

t he enmbodi nents previously described, 30 however, D shaped tongues 328 are
not displaced but remain in the plane of sheet 321. Instead, the materi al
or area 330 longitudinally adjacent to or between tongues 328 on the sane

si de of bend lbﬂ@aﬁ2§hhéhu?%&gé¥sd f:?l,sa% ﬁﬁb@é& E’rrraByzJ)@iaﬁ‘,EzGl seen in FIG

16E. Thus, durin unch ormn enb055|ng, st'anpi ng or the
like, the WO 20657"98@11?1'1?@}‘/ usyooafhe@hmereasz 330earl avhiww ces slits
322 and faces 337sp3adsd ﬂ@mr dnsh aanzenowmgﬁaear 821330 P %fb@&dl y

corner or e 326 of

di spl aced fromthe plane of. sh gg %% The | owey, %
upwar dl y di spl at84" FeQ 38098 pebr Sfot Rty F&P“F&c@???? Rs the sheet
is bent sto thebpasit bontht EbEnet6Bf ddge 326.wi ks t3ld ddhedowis ace 327 and

bend bending sty t3%% t%%?cbé iylggogtlégba gﬁ%gc gﬁééngzgrﬁﬁéﬁpe 323. The

resul tant bent Shéét so"shown 1 n ugh they are
rotated-by 90 degieées dqv@, afage £¢7F@d 1brndadendinmhontraesdidhed i n

connection Wt hpt-88igely about rotated bend line or plane 323.

The resultant bent sheet is also shown in FIGS.

10 16C and D, although they are rotated by 90 degrees
relative to FIG. 16F.

As was above deacribed in connection with the

other embodiments, the embodiment of FIGS. 16A-16F
15 employs a displacement process in which the

sheared glits 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
20 punching, stamping, roll-forming and the like.



ot her enbodi nents, the enbodi nent of FIGS. 16A-16F 15 enploys a

di spl acenent process in which the sheared slits 322 have geonetries
according to the prior related applications. Preparation of sheets for

| owforce precise bending can be acconplished wusing | ow cost fabrication

t echni ques such as 20 punching, stanpifg, roll-formng and the |ike. 33 The
i nvention ch, imed is: 1. ﬁ.rT_Et hod of preparing a sheet of material for

bendi ng al o EGHWS’%W‘FIFIHF Bonprising the step of. formng at |east one

di spl acenent in the thickness direction of the sheet of material with a
portion of the periphery of the displacenent closest to the bend |ine

provi di ng ah. edgé& methodrmofqpgmsiad af sheet oftmateriglufoe beadidg pomigtd baeidlinco pr oduce
edge-to-face engagenent of the sheet of materjal during hending; wherein
the forni ngc%‘PB‘gﬂg%gg‘F sStEEmé’%:sﬁ(EEtm%fat (r)lﬁ‘isérqnﬁl dlsgé??m%’rtl n El'l?r gucgweﬁ s

t hi ckness dj 1,0 h - an h i ; jn the
formng st egﬂgﬁggr gf ?hgr%ﬁgegfgﬁét%%leﬁ&all Esﬁ?rp?{l:i @ﬁ&y pteﬂp%l%wlﬁgé

t hi ckness diisplsémentadlosegt tchéhepberidi e pfovidieg parddpheinyd 4o oppasdd dace r act uri ng

through the entire thjckness di nension of the sheet of material upon

bendi ng. 2. CaFEURR RRs PREtioRAd e BropRee: pdgentp fash epadepmentyel ﬁlﬁr-ﬁi"ﬁgogt ep
plastically r e : ] t i d n opposed
face confi gumrag%fapggﬁ %%%ﬁ%(ﬁﬁg’o&}j %@Pﬁ%g{)fﬁiﬂ gu%?ﬁ%%\é%s?ﬁﬁeg%ﬁgs%e I ngﬁlzi on upon
bendi ng of phrdiaBndebughtits ehitlaless dimehkion rabdrgoitie gortibef ofthd periphdrgj andl wher ei n,
the formng step is _acconplished using one of a stanping process, a

punchi ng pr 3degy the fgming step; s,l;ﬁarsﬁ}i%@ egd ofgnateual sHGCkplY digugledheand an

enbossing p fi Lo i bt ggFing t he
form ng st egﬁa&%%"r rdr%‘}%%n-g%%p?i‘ébgﬁﬁ? %%gﬂﬁdpgp agéﬁ@ﬁ?%@#rwégﬁee mat eri al
al ong t he bdirdudh the entivetthiclewssh dinsiionof tdndhedtan ingerial ppon Bdreling. porti on

proxi mate the bend line to provide a plurality of edges and opposed faces
for edge-to-face bending of the sheet of material.

2. 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
s0 as not to fracture through the thickness dimension upon bending of the sheet

material,

3. The method as defined in claim 1 wherein, the forming step is
accomplished using one of a stamping process, a punching process, a roll forming

process, a shearing knife-based and an embossing process.

4. The method as defined in claim 1 wherein, during the forming step,
forming a plurality of displacements in the sheet of material along the bend line
with each displacement having a periphery portion proximate the bend line to
provide a plurality of edges and opposed faces for edge-to-face bending of the

sheet of material.

5. The method as defined in claim 4 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.



5. The method as defined in claim4 wherein, during the form ng step,
formng the plurality of displacenents along the bend line with each

di spl acenent having the periphery portion substantially superinposed on the
bend Iine. 34 6. The nethod as defined in claim4 wherein, during the
forming step, formng a plurality of dfsplacenents in the sheet of naterial
with the periphery portion of at |east one di splacenent being positioned on
each side of the bend line. 7. The nethod as defined in claim®6 wherein,

during the feor m NGeSheMod RO&LAHANinNBlal e Qﬁf}é?ﬂe{lﬂri&%)rtﬁé @&nﬁ{,]g %ﬁp' acenents
on opposite side of the bend Iine at a jog gl stance Trom each ot her |ess

t han t he t hifokwiegs plirmbifys pbdisplacerhents ghthetsheét ofameteriall witB.thd peripherhod as
defined in clagim erein,.during the formng, ste .form ng the peripheral
portions of p&%@ﬁl Ogégﬁéﬂt%egﬁpgﬁﬁ% Hbeing ppsitio, ?d ?’i"n@aﬂ%‘eﬁhi? oﬁ{bﬁgengm&efi ne

bendi ng straps oriented to extend obliquely across the bend line. 9. The

nmet hod as defined in claiml, and the step of. after the form ng step,
adhering a [7ayer Tht wothvidng defiredi ml claon thevishawt dafingrdlice foralingctepss t he

portion of the periphery of the, di .acenment. 10. The nmpthad. as defined in
Cai 'S whePEMHORGE AR, BFARRG POTiSH GloHiRACRIee 5 i) ARRSIGE et 185 DPRExi bl e
coating mat gpbah 4 j%é;digiﬁﬁcenﬁ&ﬂoéﬁcﬁ%ﬂ%?fléﬁecﬁaﬂ et fdiReSs axiaﬁhﬁbg;ofc{ﬁé' ng the
form ng step, shearing the portion of the periphery of eac i spl acenent at
| east parti ahéey of matesiah t he t hi ckness di nension of the sheet of material.

12. The method as defined in claim1l wherein, the displacenent is a tongue
extending fromthe sheet of material up to the portion of the periphery. 13.

The nethod gs defyped jhaqCdsal ELBIf j smnqtg ' rea
| ongi t udi nal%ly a&}haceﬁt tgést Héeﬁﬂgg\r,\% gn of6t er%%rl ph )@i%‘f{%ﬁrﬁ%@%% hod of
preparing afeteef thd pedgheral glorfimrs dfedishlagnehtsnen appesite sideserf3be bendrpri si ng

the step of:, for g .at ] east one displ ace t ipn the tgng ss direction
of the sheetlngfo H%ﬁ]@rheaﬂlnm#rﬁpsaor&@m '8 ﬁXfapggﬂléqtﬁgf aopers the b e
di spl acenent closest to the bend |ine providing an edge and an opposed face

9. 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.

10.  The method as defined in claim 9 wherein, the adhering step forms a

continuous layer of flexible coating material.
11.  The method as defined in claim 4 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.

12. The method as defined in claim 1 wherein, the displacement is a tongue

extending from the sheet of material up to the portion of the periphery.

13.  The method as defined in claim 1 wherein, the displacement is an area

longitudinally adjacent to the portion of the periphery.

14. A method of preparing a sheet of material for bending along a bend line



configured and positioned to produce edge-to-face engagenent of the sheet of
mat eri al during bending; wherein during the formng step, formng a
plurality of displacenents in the sheet of naterial along the bend |ine

wi th each di spl acenent having a peri ghery portion proximate the bend |ine
to provide a plurality of edges and 8pposed faces for edge-to-face bending

of the sheet of .material; wherei.n during the formng step, formng a
plurality SPUEFEEE a@@nﬁ?ﬁ é’\elln oRHas saﬁe]@f‘s_to‘?ne ﬁ&?@f?‘&F&V\H fhe ﬁ'@dﬁﬁj? phery
portion of gabedast @AesiibsRFamerRal Wit 29 phedht bPRR &3Chr shde of the

o c
bend line; wherein during the form ng step, positioni npge he peri phery
portion of diipbptmeatinensest om tioppesi tire prajediof anheddeeand hi roppadedafapog

di stance from each other. .l ess than the.thjckness di nensi of. the_sheet of
mter ol ;| CORE O AR OFHETRDLP BB SR s R ERUSHRGRODRABISEE Of . 5 1o
about +0. 5 ptdnrRs dufifg btemiﬁg;rlwﬁéeﬂ' diﬁﬁg'ﬂti’é‘hg&%ngﬁ S, Ofhing! gxg%agﬁg( ﬁﬁ . 15. The

nmet hod as defined in claiml4 wherein, ng step sah sheet of
mat eri al palisplastingnts x thegheéttod nhdiercit abmg thk bemislirewih each digdagearent on of t he
peri phery. .16. The .net hod as defined.in claim15 wherein, the.formng step
shear s theha‘élﬂgé'tpe nﬁ?fﬁ_tpé’ﬁ% pr@ﬁ’t“?ag"eﬂ?rl’teﬂﬁllgﬂﬁfp P’i‘?@l‘i%rﬁ_ RS5O fd%8hsi on al ong
the portionn@fophbed faekd RifeEdbe-tdface bdRIMOHr Me PIRPRF ififledalS Weglenpf materi al
for bending along a bend Iiné€ conprising the step of. formng at |east one
di spl acenenurihg thd dotniing ksteps Jornaiing e plupalitp foft displadeaentsoin thet sheeabf wi th a
portion of the.perjphery .of the .displacenment closest to.the bend,|ine

provi di ng S é‘”gﬁ e:ﬁ{?nB 8&’8&1%@2&t6}%h?1?eg@1‘15@80%@t 6EtRosHe8ed o produce
edge-to-f agg SAPIREhe Bend MEeSHREL ﬁéh Mhfthi | B Ghe Wher ei n
during the form ng step‘,3 fgr m@ﬁﬁ’g%heup{iﬁns age%ﬂ?gﬁ%%gg?gﬁﬁggﬁi ng rib
ext endi ng ipariphady rpectioronf dppsedente onheppodite etlei afinthofbenmtidinti stph geenent . 36

18. A nethod of preparing a.,sheet of terial faqr bendi al.ong a, bend |ine
conpri si ng dyRcE ¥ eet?*‘:(’%?eﬁll‘??ﬁﬁbméﬁ%ﬂﬂ? (RS v i o R@@B%ﬁt"f "Race
structures ,n@xfiRRGH R b8 Wdded N8l ¥ R drBb& -oherlird: L@.@gﬁné‘s%?eng a

plurality of edge st ru%t ures extending in positions opposed to t face
st r uct ur es thigkwkssidimiangioniod the sheet of material.

15. The method as defined in claim 14 wherein, the forming step shears the
sheet of material partially through its thickness dimension along the portion of the
periphery.

16.  The method as defined in claim 15 wherein, the forming step shears the
sheet of material entirely through the thickness dimension along the portion of the
periphery.

17. A method of preparing a sheet of material for bending along a bend line
comprising the step of: forming at least one displacement in the 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 during bending; wherein during the forming step, forming the
displacement with a reinforcing rib extending in a direction opposed to the

direction of the displacement.



formng steps, formng the edge structures and the face structures to define
a plurality of bending straps extending obliquely across the bend I|ine;
wherein the formng steps are acconplished by formng the face structures
and the opposed edge structures in positions and with configurations
produci ng engagenent of the edge stri¢ctures with the face structures during
bendi ng of the sheet of material along the bend |ine; and wherein the
form ng steps are acconplished by formng the face structures and the
opposed ed st : i i f nd line in
positions ﬁgviﬁ%qggyggﬁg%gjgﬁ%gEgg%§§§q¥ﬁ§£ﬁggég??%@f%?n gﬂﬁgggggabout -0.5
to about +ébniprisinpethet dtepst bf: dneing D blurdlity sifeleid-pmipertind facd Strudlngesmet hod as
defined in claim 18 wherein, the form ng steps are acconplished by
di spl aci ngeXtensing, fngitydinglly groxamatenthy herd Juise dermping e plwsality oot ¢sesduce t he
plurality L : e . The met hod as
defined i n%cg’?%ei)gg%igé (llail{ ﬁ,gmﬁﬁﬁejs %g?cggjl %gg@?eztsﬁ’#‘gﬁl%g’c%gn%% |m Ql usi ng one
of a st anpfongingr seEs SormaAnpuhe Ridpg spuccees ind ahe dhde f@uotirey to Mefitesas, a

nd an enbossing, process. 21. The nethod as defined in

pressi ng process fa . !

claim18 M@?@i}h? bending,geaps cyteadimg abdiquely @giost therkead Jgenyhewsin € st anpi ng
dies, a kngfe: p i LS ] i | - 1 ies. 22. The
nmet hod as q&%ﬁ}nﬁeﬁ%g&g %glgdnrg @és h%??fﬁ}ﬁfﬁ% ﬁg@Z%gZS%F{ugégsﬂgfémo go%'f] D- shaped
and oval - sétgpaductdiks id pesitividad with derdfigvestions pedducing kBgudeedent of thehe shear
lines are el o&t ed 37, along the bend |jne and extend substantially

. g | { .
paral | el t¥igerduplEs WVithdhg facy stgptures) duripghemding fdthe sheet fgnageriali ons whi ch
curve away t d_lj 4 b i mat eri al
conpri si ngal{)éémgtﬂe}ggq@?’. ajidoglﬁnerr%gl thg/%%‘{gﬁﬁg(raﬁ’ %3@?1?‘?@?%@3%@“‘% t he
t hi ckness tlerfaet dtantudés dddeths ppdsedicdpabtendiaks W allerndic pardppositeadiddshe
peri phery of each_ di splacenent closest to the bend |ine_ providing an edge

and oppose®f tha&endting inRAstwns AAVIRG 31199 SisBaca #1e sk benddisentthstweste
engagenent t i j i of the portion of the
peri phery E(‘Jgjrult ndfb"Z%??%E@gé{r@éSE%én Ic#é%sﬁ)@ﬁ%ﬁé&%@r%%t%ﬁ%t erial along the bend
line; wherein the formng step shears the portion of the periphery

partially through the . . . i
19. e method as defined in claim 18 wherein, the forming steps are

accomplished by displacing the sheet of material in a thickness direction to

produce the pharality of face structures and opposed edge structures.

20. The method as defined in claim 19 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.
21.  The method as defined in claim 18 wherein, the shearing step is
accomplished using one of stamping dies, a knife, punching dies, embossing dies

and roll-forming dies.

22.  The method as defined in claim 18 wherein, the shear lines are one of D-

shaped and oval-shaped.

23.  The method as defined in claim 18 wherein, the shear lines are elongated



t hi ckness di nensi on of the sheet of material; and the bending step fractures
the portion of the periphery through the renai nder of the thickness

di mension of the sheet of material. 25. The nmethod as defined in claim24
wherein, the formng step is acconplished by using one of: a stanping
process, a roll-formng process, a pgpching process and an enbossi ng
process. 26. The nethod as defined in claim24 wherein, during the bending
step, the akihgeahe bénditeandatxtesd hmstanhaﬂlyt pealikl te ¢iid Bohddine inea cbingfal acenment s.
27. The nethod as gefl ned in clai.m 24 wherein, during.the bending step, the
sheet of rmRPEIoNANdhavecparions F]éﬁtwﬁﬁwéb‘ﬁ’@%@e 6“‘?%’&6 direction of the

di spl acenents. 28. The nethod as defined in claim?24 wherein, the bending
step is acconplished by noving at |east one of a die and a tool plate

t oward eacli4ot her met&ioﬂtbftbleﬁdmglaeﬁheelfofm@ttma]abmfmungelﬁh sty efb&drimen on t he

tool plate with the bend ne sup nposed over an edge of the tool plate.
38 29. Thé le‘ﬁfﬂh‘a&fééspé?éfﬂinﬁ’éta i Hleéﬁlakmﬁswrwt@naf e tlwet fanateny vttep i s

acconpl i s h%%o?t ABh9 gﬁfgﬁe]%elrg pP Eacﬂ’tﬁsp‘?:{ce&eﬂﬂ @9%‘3 Wg@g lt);g?& 04 pRl i, t ovar d

each ot her the mat eriral” noun WEEen on t ool

plate wit hahtmlge ke dopposel faRecdnfigosddaminpasitieiédetooprotihe: tdgd-toplaed .  30. The
nmet hod as defined in_claim?24, and the step of: after_ the bending step,
securing acBEAZEMSHLPH the shes @h@éﬁenﬁlato@rqp&losﬁ% siggt ohthadrogien ehdhvend | ne.

31. The ne ﬂﬁp'% t

conti nuoustpplqa&er oﬁl%%ggéhﬂéé] aﬁbyfﬂégﬁé%@a {eas?{egﬁlegéﬂg ace gfﬂnt@he sheet of
material  addbiefss thehferdingiarsamnttbe pation o€ theepulipheryepaafidlpr thidughhlndi ng st ep.
32. The nethod as deflned in claim?24, and the step of: depositing a

cont i nuous thigkness dmension; off the sheatof gnaierialy pagd ﬂ@rbeél@mlgeﬁ@% fr@q;tgreg G]W ace sheet
mat er | %ﬁrtfao%r AR dbgl‘;fptgs efl ngtggerfﬁgtrgmglﬂgeft%@%Me&%‘ﬁmﬁ’%@ﬁé‘%ﬁﬂ@ bendi ng

step 33. In clharm 24 erel ing step is
acconpl i shelediaNihalerl. 34. The nethod as defl ned in claim24 wherein, the
bending step is

25.  The method as defined in claim 24 wherein, the forming step is

accomplished by using one of: a stamping process, a roll-forming process, a

punching process and an embossing process.

26.  The method as defined in claim 24 wherein, during the bending step, the

sheet of material is bent in the direction of the displacements.

27.  The method as defined in claim 24 wherein, during the bending step, the
sheet of material is bent in a direction opposed to the direction of the

displacements.

28.  The method as defined in claim 24 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 therebetween on the tool plate with the bend

line superimposed over an edge of the tool plate.



acconpl i shed using a press brake.

38

29.  The method as defined in claim 24 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.

30.  The method as defined in claim 24, and the step of: after the bending step,

securing a shin guard to the sheet material to extend across the bend line.

31.  The method as defined in claim 24, and the step of: depositing a
continuous layer of coating material on at least one surface of the sheet of material

across the displacements and the bend line after the bending step.

32. The method as defined in claim 24, and the 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.

33,  The method as defined in claim 24 wherein, the bending step is

accomplished manually.

34. The method as defined in claim 24 wherein, the bending step is

accomplished using a press brake.



