METHOD FOR JO NI NG PLANAR SHEETS AND SHEETS THEREFOR
BACKGROUND OF THE | NVENTION Field of the Invention
WO 0®0AT88The present invention relates, in genePEl/US1006/047690
appar atus and net hods for joining together planar
segnents of sheet material (s), and nore particularly,
relates to a plane-to-plane joint having joinder
structures capabl e of accurately registering planar
segnents to one another for precise, fastener-free
coupling. Description of Related Art [0002] Various
nmet hods may be enpl oyed to formthree-di nensi onal
structures fromtwo di nensional sheet materials. For
exanple, U S. Patent No. 6,877,349 entitled METHOD FOR
PRECI SI ON BENDI NG OF SHEET OF MATERI ALS, SLIT SHEETS
FABRI CATI ON PROCESS, and U.S. Patent No. 6,481, 259
entitled METHOD FOR PRECI SI ON BENDI NG OF A SHEET OF
MATERI AL AND SLI' T SHEET THEREFOR, both to Industri al
Oigam, METHOD EOR JOINING PRANARSHEETS/ent i on,
set forth in conANBSIBEETSTHEREBO®R at us and net hods
for precisely controlling bending or folding of sheet
materials along fold lines to formthreedi nensi onal
structures. The sheet materials are provided with a
' ' ures along a desired fold

BA%@W‘%%%MW’@%& es wll produce folding of
the sheets along the fold lines in a manner that can
veFjelgoéthsBiventtioncontrol | ed. The fol ding structures
are typically sI its, grooves or displacenents that are
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segniehtsaemhlermnﬂueofc&lpsemsa;tfaumﬁnfmelmdpn@. but not linmted
to, electronic conponent chassis for conputers, audio
recei vers, televisions, DVD players, notor vehicles,
auPescriptions of RelateshArtier ospace, appl i ances,
i ndustrial, packagi ng and ot her

[0002PVa8bRChERS ﬁid&%eaérﬁﬂogéfpgsform three-dimensional structures from
two dimensional sheet materials. For example, U.S. Patent No. 6,877,349 entitled
METHOD FOR PRECISION BENDING OF SHEET OF MATERIALS, SLIT
SHEETS FABRICATION PROCESS, and U.S. Patent No. 6,481,259 entitled
METHOD FOR PRECISION BENDING OF A SHEET OF MATERIAL AND SLIT
SHEET THEREFOR, both to Industrial Origami, LLC, the assignee of the present
invention, set forth in considerable detail apparatus and methods for precisely
controlling bending or folding of sheet materials along fold lines to form three-
dimensional structures. The sheet materials are provided with a plurality of folding
structures along a desired fold line, which folding structures will produce folding of
the sheets along the fold lines in a manner that can very precisely be controlled. The
folding structures are typically slits, grooves or displacements that are positioned on
alternating sides of the desired fold line so as to define spaced-apart bending or
folding straps that precisely control folding of the sheet. The sheet materials

described in the above-mentioned patents may be used to provide three-dimensional



[0003] In sone instances, the folded sheets of the
above-nenti oned patents have been used to produce

w0 booge7sserensi onal structures in which porti onBCDUS100€047690
sheet (s) are folded into overlapping relation and then
are joined together to stabilize the resulting
structure agai nst unfol ding. The previous techni ques
for securing the overl appi ng portions of the folded
sheet (s) together have varied considerably, depending

upon the application, but in many instances the
ed together usin
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assemblyt hdies, aseé thet fasteaem@pinanid, Ymat bgfastidasecur e t he
over | appi ng portions to one another until the portions

are secured by wel ding, brazing, and the |ike. [0005]
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One major disadvantage of such means is that registration of the overlapping portions,
" that is, the precise alignment of one overlapping portion with respect to the other,
must be accomplished by other additional means. For example, clamps or jigs must
be used to temporarily align and secure the overlapping portions to one another until

the portions are secured by welding, brazing, and the like.

[0005] While other methods have been devised to allow Joinder of overlapping sheet
materials without the use of standard mechanical fasteners, such other methods also

require additional means for registration of the overlapping sheets with one another
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to Rapp discloses a nmethod of connecting thin plates.
The Rapp patent, however, fails to disclose any neans
w@e@viogkse2 on the thin plates adjacent the swagRCI/US2006/047690

connection which effect registration of the thin
pl ates to one another prior to swaging the plates
together. [0006] Wat is needed is an apparatus and
nmet hod of joining planar segnments of sheet material (s)
together in a manner that will allow fastener-free and
self-registering joinder of the planar segnments of
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there through for receiving the joinder structure. The
nfigured to cooperate
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in which the taper zone

belo I}ﬁ%‘@% ifﬂ‘ at i o zone,
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transﬁtidnga‘dm'le had %ﬂ%hﬂﬁfg%tﬁ-%'f%tlén\é@r&ﬁ t%@?]g{) g}nreﬁ{ L F130E 10-

1 g! stration zone may be
plane Jomt er includes the second planar segment havmg an aperture there
through for receiving the joinder structure. The aperture is dimensioned and

configured to cooperate with the registration zone of the joinder structure to register

the relative position of the first and second planar segments when the lower planar
surface of the second planar segment abuts against the upper surface of the first planar

segment,

[0008] Preferably, the transition zone does not contact the second planar segment
when the lower planar surface is placed against the upper planar surface. The joinder
structure may include a tapered zone extending above the registration zone, in which
the tapered zone is dimensioned and confi gured to engage the aperture and align the
aperture relative to the registration zone. The registration zone may be tubular and
the tapered zone may be frustoconical. The tapered zone may have an open top. The
Jjoinder structure may include a closed semi-spherical top extending above the tapered
3



the tapered zone nmay be frustoconical. The tapered
zone may have an open top. The joi nder structure nmay
wWOo paTes2a cl osed semi -spherical top extendi ngPEHUS®06/047690
t he taperedzone and/ or above the registration zone.
The first planar segnment and the second pl anar segnent
may be nonolithically fornmed. Preferably, at |east one
of the joinder structure and the aperture is formed by
stanpi ng, punching, roll formng, or enbossing. The
j oi nder structure may have a tapered zone above the
hat.ratl nd the.tapered zone may be
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[0010] The method may further include the step of monolithically forming the first
and second planar segments from a single sheet of material. At least one of the
monolithically forming steps and the aperture forming step may be accomplished by
one of a stamping process, a punching process, a roll forming process, or an
embossing process. The monolithically forming step may be accomplished by
forming a tapered zone extending above the registration zone. The tapered zone may
be dimensioned and configured to engage the aperture and align the aperture relative
to the registration zone. The method may further include the step of flattening the
tapered zone against an upper surface of the second planar segment to permanently

secure the first and second planar segments together. The tapered zone may be
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form ng a tapered zone extendi ng above the

regi stration zone. The tapered zone nay be di nensi oned
w@eah70msti gured to engage the aperture and al i BET/UR®06/047690

aperture relative to the registration zone. The net hod

may further include the step of flattening the tapered

zone agai nst an upper surface of the second planar

segnent to pernmanently secure the first and second

pl anar segnments together. The tapered zone may

befl att ened agai nst the upper surface of the second
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segnments in accordance with the present
whi ch the sheet material segnents are shovvn pri or to

BRIES RESCRIRUNEN OF GHR DRAWDeGSpect i ve view of the
pl ane-t o- pl ane joi nt of FIG 1, the sheet materi al

d FIG 3
01298960 5, D R P b s
matqriatbsegmed$ or eccondande mthtthk presenttisvéitiongin Whizh @IsHdep e

tepiabs 0015] FIG 4 is a cross-sectional view
Aty t%emg{tgﬁrgjs ok BRI D HMdeTof FlG 1 after joinder,
t aken substantlally al ong I|ne 4-4 of FIG 2. [0016]

[OOIE:, FIG> is% a%&%ﬁ%e %fe% oP 2: v :t\év Lﬁaj?)?ptloﬁ glgr bdbesheet

ane-to-p orn
materlﬁl/mmam b@nmhmnaﬂeﬁjbatdeshom in.FIG 1 and being

shown prior to joinder. [0017] FIG 6 is a
cross-sectional view of the plane-to-plane joint of
[0014 HG.33 iaf @pssesictioesl view of the plane-to-plane j joint of FIG. 1 before

joinder, taken substantially along line 3-3 of FIG. 1.

[0015] FIG. 4 is a cross-sectional view of the plane-to-plane joint of FIG. 1 after
joinder, taken substantially along line 4-4 of FIG. 2.

[0016] FIG. 5 is a cross-sectional view of another plane-to-plane joint in accordance
with the present invention, similar to that shown in FIG. 1 and being shown prior to

Jjoinder.

[0017] FIG. 6 is a cross-sectional view of the plane-to-plane joint of FIG. 5 after

joinder.

[0018] FIG. 7 is a perspective view of the plane-to-plane joint of FIG. 5.



[0018] FIG 7 is a perspective view of the

pl ane-to-plane joint of FIG 5. W[0019] FIG 8 is a
wpesogpesse: ve view of the plane-to-plane joint PET/BE1806/047690

6. [0020] FIG 9 is a perspective view of a three

di mensi onal structure forned by the fastening of two

pl anar sheet material segnents made of a single sheet

material utilizing the plane-to-plane joint of FIG 1.

[0021] FIG 10 is a perspective view of a three

di mensi onal structure forned by the fastening of two
of. a single sheet
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re
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respectively.

[0024] FIGS. 13A, 13B, 13C, and 13D are a series of cross-sectional views of still
another plane-to-plane joint in accordance with the present invention, similar to that
shown in FIG. 1, and being shown well before Jjoinder, during initial registration but
before joinder, after initial registration but before joinder, and after joinder,

respectively.

[0025] FIG. 14 is a perspective view of another three dimensional corner structure
formed by the fastening of two planar sheet material segments made of a single sheet

material utilizing the plane-to-plane joint of FIG. 5.

DETAILED DESCRIPTION OF THE INVENTION



i nvention, exanples of which are illustrated in the

acconpanyi ng drawi ngs. Wile the invention wll be
walemcnoidserl i n conjunction with the preferred PCT/US2006/047690

enbodi ments, it will be understood that they are not

intended to Iimt the invention to those enbodi nents.

On the contrary, the invention is intended to cover

alternatives, nodifications and equival ents, which nay

be included within the spirit and scope of the

i nvention as defined by the appended clains. [0027]
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ToOEINERPOR FOR it SEEEHER MR Wil BEND CONTROLLING
DISPLACEMENTS; 60/663,392 entitled PRECISION-FOLDED, HIGH
STRENGTH, FATIGUE-RESISTANT STRUCTURES AND SHEET THEREFOR;
11/080,288 entitled SHEET MATERIAL WITH BEND CONTROLLING
DISPLACEMENTS AND METHOD FOR FORMING THE SAME; 60/654,545
entitted APPARATUS AND METHOD FOR JOINING THE EDGES OF FOLDED
SHEET MATERIAL TO FORM THREE-DIMENSIONAL STRUCTURE;
10/985,373 entitled PROCESS OF FORMING BEND-CONTROLLING
STRUCTURES IN A SHEET OF MATERIAL, THE RESULTING SHEET AND
DIE SETS THEREFOR (now US 2005-0061049 A1); 10/952,357 entitled METHOD
FOR PRECISION BENDING OF SHEET OF MATERIALS, SLIT SHEETS
FABRICATION PROCESS (now US 2005-0064138 A1); 10/931,615 entitled
SHEET MATERIAL WITH BEND CONTROLLING GROOVES DEFINING A
CONTINUOUS WEB ACROSS A BEND LINE AND METHOD FOR FORMING
THE SAME (now US 2005-0097937 A1); 60/587,470 entitled METHOD FOR
INCREASING THE FATIGUE RESISTANCE OF STRUCTURES FORMED BY
BENDING SLIT SHEET MATERIAL AND PRODUCTS RESULTING
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CONTI NUOUS WEB ACROSS A BEND LI NE AND METHOD FOR

FORM NG THE SAME (now US 2005- 0097937 Al); 60/587,470
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RIS R Bl D AnRESRT Prsaron

d
Forrlag\éf '5{;”52{ é%ne TH, B TIGUE- R‘ésmmmr STROZGIURES ANTY

SHISH N EEOR PGS 00 S AE SOOI S\ Feryion

t ed ke refere
F 01€ E%E%UEICSN@ENQINQ OESHEBT iOF MAFEREAL S QSLFIfICSHEB@'Bd

FARIE A BN SHOCES S Fafabd entlel BT aBHoR PRECISIoN
BENIRBVG QI AcSHEET OR MMERQAL ANDESILI'IOQHE‘E*T‘ FhE ! The
ated b nunmeral 30. Wile the

e‘““j" Riises ‘?fl‘éység&e?%éﬁ F4hgxe-m ‘é?ns Reiers and patent goplisationy is|

mcoa:gqnatedihateém bialiis eeforefiber of three-di nensi onal _
structures including, but not limted to, electronic

conponent chassis for conputers, electrical boxes,
(00281, @umning now to the drawings, wherein like components are designated by like

reference numerals throughout the various figures, attention is directed to FIG. 1 and
F1G. 3 which illustrate a three-dimensional bracket formed from two-dimensional
sheets of material in accordance with the present invention, which bracket is generally
designated by the numeral 30. While the illustrated embodiment is a bracket
assembly, one will appreciate that a number of three-dimensional structures including,
but not limited to, electronic component chassis for computers, electrical boxes, audio
receivers, televisions, DVD players, telephones, wireless communication devices,
vehicles, construction, aerospace, packaging, appliances, industrial, metal and other
non-electronics-related goods may be formed in accordance with the present

invention.

[0029] In the illustrated embodiment, the bracket includes a first lower sheet of
material 33 having a first lower planar segment 35, and a second upper sheet of
material 37 having a second upper planar segment 39. The lower and upper planar

segments are rigidly interconnected by a plane-to-plane joint 42, In the illustrated

8



receivers, televisions, DVD pl ayers, telephones,
W rel ess conmuni cati on devi ces, vehicles,
WwW@emw3nraser i on, aerospace, packagi ng, appli anceBCT/US2006/047690
i ndustrial, nmetal and other non-el ectronics-rel ated
goods may be formed in accordance with the present
invention. [0029] In the illustrated enbodi nent, the
bracket includes a first |ower sheet of material 33
having a first |ower planar segnment 35, and a second
upper sheet of material 37 having a second upper
. e r..and upper. gl anay. .segnents
emtdBgs:, AEOEY dhiber % MRy AT porRRSte e r s pipnar
segment 44; in tubich thestijcitieg phinatsapmnints 39 ande4.006 seieatd BAs fold

ine Qg UBSIR0L bbb o e B Sop e o8 s aus
methots at4leseritedsianhe Alssigndeys Patbfts dnlipeRdifg PQ%‘fr' lg}?gga@ﬁs cited
y

aboonedg.r nor e b@gd-co trolling structures 48
1S OReraiee dergin buisderepesy ©Pne wilk aperecigieabateitbar slees of

matéridl npsisk Reldanth 6RE oS Atk Gt 1! d
i ncor,por a?g)(‘j/ herei n _by’ r g%‘? ence@b@gm\?\aﬁ???&g%%? (Seecﬁazf\?tgd by
correspopding; fRld lingsedeperdingrupen thel desingd beerph geometly of the resulting

r I . segnents separated b
thre Qftner el bLG? (THEYGORLANAIRCHNER s ath@tingtples
whicheangiiol prpséseeshest rodtetiflcfolding hiel seg fartly inencteriRt] BNMdsignee’s

bovat : -contraglli.ng structures and ot her
e pr'ﬁgﬁ%ﬂegspa\}\-ﬁ %Eﬁgg%t? l?to‘%‘p%%c blog% sheet materi al
folding are set forth in nore detail in Assignee's

0030P 0 BreTROSHA Sy R Appliiscati ons,
oosopey BTk Ae g, BakELE, BRALERY 0P SERL Lo e e
Howgyere phewill spnmscigiathet athersthest meterialdmfel@erenDmateyials

; j t..materials di fferent

o AR S5l B URL S S TSl Sl

utilizefl 4 e¢esdancs with thegmeshhinvegtiory eBorcXame, 16Ldduze Ghdid?
sent invention. For exanple,

mate?gg gg-ﬁ’%g%g ﬁl\é\é.eeﬁ %?rgarlfé(ﬁga%_ Gl relgtiusly thipgrirglatively thick

sheeIDatgrialgandeiedr sattable gitknesh Yhdeb hintdal 0684 Y ALY, Other

Sh%tshetet.lmat r&als and ot her suitable thickness sheet
e &r 5|anﬁé§/a“&é TS A §e usechisicluding butaneaiot Simitedrid,
stainlebeed], ARFHIRGS, SRYotBEr @b rH&%}édinanlo%ft ARGE Ol

| im é’gd 0, stainless steel, alumnum~an ot Pet
apPpPregiite thsf athee mptarialyymay be gged inalusing, bnenedilirhitetbtey, ecmabsites,

plastit$)ahagicbiRin SR SthbAbitabRYmBRrkged 1 ncluding, but not
l[imted to, conposites,

[0031] One will further appreciate that the sheets need not be of the same material or
thickness. For example, the lower planar member, which includes joinder structure as
will be discussed below, may be formed of metal and/or other ductile and malleable
materials. The upper planar member may be formed of any material which may
receive an aperture, including metals, plastics, ceramics, and other suitable materials.
Also, the planar members need not have the same thickness. For example, the lower
planar member may be formed of 16-gauge aluminum, and the upper planar member
may be formed of inch-thick plastic, provided that the joinder structure is tall enough
to extend through the aperture of the upper planar member, as will become evident

below,



pl astics, magnesi um and ot her suitable materials. [003

1] One will further appreciate that the sheets need
wmoedo7ioessef the same material or thickness. ForPERESPLE)47690

t he | ower planar nenber, which includes joinder

structure as will be discussed bel ow, may be forned of

metal and/or other ductile and nalleable material s.

The upper planar nenber may be forned of any naterial

whi ch nay receive an aperture, including netals,

pl astics, ceramcs, and other suitable materials.

: eed not haye the sane

O e BE R s eng P AN R GE Pt jrcbies

joiridgr gigecture Slowhivhgutends primanly apeatdhe owppEplans BEan an upper
pr OVi

P med. of inch-thic | asti c, e
p:“t 1?@%&@? S‘Fﬁ’d‘fé’rg{%Fi‘ﬁB?ﬁ”gﬁf’%&ﬂP| 0&%‘2}511#&&“%&% &haf upper
plandrsegmbntt Iewhpe thelippepplahiescgRRAF isht
se W!E,i ]%ego e identmge?ow [ 0032] wtﬁﬂﬁgr{e@gﬁ%ﬁ@%ar
EpeR- 3¢ frfigﬁé't t‘*ﬁuawg?r LRiGHER s monelithicgHy fomeed withehe first
planargegieles. a j oi nder structure 51 which extends

primarily upwardly out-of-plane beyond an upper planar
surface 53 such that it extends higher than a | ower

[00303 JaHilsr joinder afacthfe BtludePL radiBoR Lo RESBAL is%%ngg&‘{édtaﬂﬁ

dim4pBer | a segnment is resting on the | ower anar
"“SE%% S.“"E?}ré?té? syiot diect]yoganirat the wrner plasar segment 39. In the
illusreanal érhbodinlehy, thOrhARetiod fdheli ' -

di 5@233% The jeoi rﬁderr st;uct(ﬁlreelg?%%%‘gérsﬁgﬁ{?‘ra‘glﬁ%ﬁ?gggﬁm

Irebiih omactihe ppper Rlger segmend. Kneferible ted taesitisuzdnetibdisplaced
dowiniva8dl9 Frdie Lips L.Rlanar segment
O Y 3 L o o BP0 RS B
surface thereghdegsAbut againgt thihloaver dudscan®t ofithe eppéryplamiitsagihent and

hustddR f.erahl the transition
R R Rl R AL resr B e apd Teerphingy
segrponds fhenieg agseanbly, as egihbatorselevidematiclé e AlRReftively, fiRCe

: { ai nst the Jower surface 55 of the
trandifigh 6% A0 In AR L AHURE v e AdEn Forreamer sampios
punchieg pr ather suitablesheatsi on of the upper and | ower pl anar

segnents during assenbly, as will becone evident
bel ow, Alternatively, the transition zone nmay include
[0034] d&pj@sdeactemtye Qurtird et atdsanegistramsch BoneséPEmbmEng

upwRHRCHLAGhO trafliRBh 28 %%Péu%—o@p&}gxlsé from lower planar segment 35. In

the illustrated embodiment, the registration zone is a tubular region that extends

substantially perpendicular to the lower planar segment 35. Preferably, the
registration zone extends upwardly a distance that is greater than the thickness of

upper planar segment 39, as will also become evident below.

[0035] An aperture 62 is provided in the upper planar segment 39 for receiving
Jjoinder structure 51. The aperture has an inner wall 64 that is dimensioned and
configured o cooperate with the registration zone of the Jjoinder structure to precisely
register the relative position of the lower and upper planar segments, that is, precisely
align the relative position of the lower and upper planar segments, when the lower
planar surface abuts against the upper surface. Preferably the outside diameter of

registration zone 60 is substantially equal to the inside diameter of aperture 62
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[0034] The joinder structure further includes a
regi stration zone 60 extending upwardly fromthe

W@ e@ns7eseon zone and out - of - pl ane from | ower pPEMES2006/047690
segnent 35. In the illustrated enbodi nent, the
regi stration zone is a tubular region that extends
substantially perpendicular to the | ower planar
segnent 35. Preferably, the registration zone extends
upwardly a distance that is greater than the thickness
of upper planar segnment 39, as wll also becone

evj dent .bel ow. [0035] An. apert 62 i S provided i
preferhbly aYiRE (ofeinages gaﬂ%%fﬁf"%%e#yo‘%f%wl’?ﬁ %@eiso g preferably
0.019tifdHek b €esB,land MEst HpEfefabIE0.08S iddheb BAREs. WA the fusiiagdd

i's, di mensioned and configured to cooperate wth the
embpgigpeaty the RBFFTUS 364 5 Seies vadl i gUSt Al B a1y shaped and

exteﬂaseﬁibﬁ,t%ﬁanfgé@%ﬁaicma@tmle %Phyﬁpnmis&'gmen@f the | ower
and upper planar segnents, at 1s, precisely align

the relative position of the |ower and upper planar

[oowﬁwmm fogista@on bRe b0WRA apdrfte 62 A prefalblhubend Gak Ml
t he upper surface. Preferably the out ?\I de qﬂl anet er of
appregigiedhatibe segistimtiongone and theApsHtreInpy havf oliter geqmglric

conﬁéﬁéﬁ’(ﬁlsqhﬁﬁg%n%[ b nABekitdd 18, HAPSRIRS adY1¥nd\hapBE substantially

~ tol erances of "approximatel y 0.050 i nches or :pess, nor e
triangpler shafissysquarl@r replangwashapes; end/gn athep syitableshapes| v

Sirm?zﬁrgg WHiCRE SeAtrdtRBSonk Gnd 'ﬂaelaﬁehﬂ% &@%}Sg‘eﬁﬁngﬂl{%ﬁmially

f*aperture and Its I nner I's substantl
perpepdiculdr tocthk [pjansih sggnderdnih which by aralpsovided, dhdyyneed not be

. i cul t
resBG PRI B s OBl A0BR BYERI o LA
segnpngy. elnadvicyrdancanvithainepresdnt imypption) tht ecgiftadtiontmne and aperture

istration. zqgne, and the.aper.ture may have .ot her
shou G B0 Plente Y Spad nd S ABRIONEx Rl BroHaf PiiEise
regist@tion balwethahe planabieghgnshapes, substantially
triangul ar shapes, square or rectangul ar shapes,
and/ or other suitable shapes. Simlarly, while the
[0037 ¢ dhs fjoiaterntrugome fiativr iindudes @ritammoaviag taperesf zmaldi6yextending

s BRI GPrk AE BT Pl RSBSOS el o

aper@xgdlf p2 mitilmhb aegif]t@attdlﬁezonb an te joiQ ieasembled afd\in thtienma, when
obl i que to the anar_segnents.. lnh accordance wt

the WPREr plARRRSSEMERY S HPUBHL 1nth SOPIEG With 219 19WeL Blgansrgment. In

the iRpgfatdd @nbdditedt, e @peiel @8R isarhstyconiapasttehdthg away from
di,nensi oned sqQ _as.to provide precise, registration

the registration Z9ne aﬁfi é\qgmgsaé@meg_ end 69 terminating in a closed semi-
spherical top 71. The tapered zone and closed top may take other shapes depending

upon the shape of the aperture and the registration zone, which may vary as discussed

above.

[0038] Turning now to FIG. 3, various processes including stamping, punching, roll
forming, embossing and other suitable means may be utilized to form joinder
structure 51 and/or the joinder aperture 62 in the respective planar segments of sheet
material. For example, a punch die 73 or other suitable tooling may be utilized to
form the joinder structure. Preferably, the joinder structure and/or the joinder aperture

are formed simultaneously with the above-mentioned bend controlling structures 48.
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[0037] The joinder structure further includes a
narrow ng tapered zone 66 extendi ng above registration
wWQ@e/03822 The tapered zone is configured to alPQHUS1ve6/047690
inner wall of aperture 62 with the registration zone
as the joint is assenbled and in particular, when the
upper planar segnent is brought into contact with the
| oner planar segnent. In the illustrated enbodi nent,
the tapered zone is frustoconical, extending away from
the registration zone and having a narrowed end 69
Lfpha i.ca
For:eg(per edtth éﬁ%ﬁ ‘}t&%e%dﬁﬁ%g‘gﬁséer ageﬁrﬁé?aysﬁ%med

sxm@ép@@slygwubdre bﬁhﬂd QDhti‘pkhrngsmhmrequ $tam@irg) Gubdiing, roll
cussed above.

fort R B PR il heahf i i shse s goniroting

stru.cturembsngbsd mmsgﬂgxeerslﬁb@ht-lﬂﬁbntfoﬁhdl Phiehi¥ing, Pa%m O3 iBStions.
be utilized to form

oth
Ong ‘g’ RHE S%i% ?ﬁ’é’f’%& g‘&%@ﬁ%ﬁ Siner IRSTHERSmaypls stamped punahed

or dﬂﬁ@wﬁ@ﬁ’ﬁﬁﬁéd Mﬁhﬁ'r@dﬁ@étxx&%ﬂ&@&tsé @kngheet material . For
exanpl e, a punch die 73 or other suitabl e tool i ng may

be utilized to formthe joinder structure. Preferably,
[0039]dnj thé ﬂﬁ&tra&ﬁrdﬂﬂiddhﬁer&nt%gémti@ﬁsti’&hﬁg @hd m%m&e@ aﬁérﬁues

are il nﬁ a}%\gth t he above-nenti oned
(SR Sy e§t‘? Y i e gad-eonRtrelingsiractugese S]“Gh nmultaneous
fornsdtionahay eerae&& finihlige m&hﬁlﬂ%wﬁg%k&?@#@é&@& r{%f
o] crdres:

si mul t anequsly with the bend-controlling stru
stru ‘P{aﬁﬂﬂ‘ﬁgﬂwe AttAnsHures s welbasserge toamhummaamémnng

toleAOBEY betWktieSe m% béhﬁncbﬁtﬁ-oﬁlﬁ elge'ﬁjov$ etr FORNEAY

structures describ Assi gnes ove- ment i 6rnég
appregiats that T&’ﬁdoméﬁléﬁtucm Bmd:mm@msapemS mayrhmrfenaed s of

d PgLLur es
n e?%“rfb%@? O o Rl e I e oSl stepure
and/, or ﬁ]q:apmslegmﬁllt%e rriay [bg@'&@:]led efbiesor dfdeg ﬂiequ hfﬁnﬂcbongolhng
0 nder,. st ructure t he j oi_nder

S“’“‘Z{ggr %@sﬁhar%n? %& rF%‘h‘é’Sﬂ?r ORicEfmpigethe bend-

conttedhing stowdtuic icbulg l&tstaimddlr while HieGbindeithicAil@ QH8/or the joinder
to minimze manufacturing

apef{“g% fa‘?%‘g’gée ?{R%évﬁﬁ?ﬂ%fef’m%éfr fogmngthe jeindercstrugture and/or

the Jplﬂﬂﬁdﬁj’emﬁfay%ﬂgnaﬁjdéﬁéﬂdeﬁa serve to mnimze
manuf act uri ng tol erances betvveen these and the

bend-control ling structures. However, one wl |
[004@bArmacthad of ubiag pﬂdm—tpq:lartéqmrﬁmauﬁ hudcﬁ‘déwé wigh {HéSfresent

mverﬁf?ﬁréa}{rn%%v gaXescnbec? immmg now to FIG. 3, joinder structure 51 is
aligned with aperture 62 and tapered zone 66 of the joinder structure is inserted
through the aperture. As joinder structure penetrates the aperture, the outer surface of
the tapered zone will contact inner wall 64 of the aperture and serve to align and
center the joinder structure with respect to the aperture. As Jjoinder structure
continues to penetrate the aperture, registration zone 60 engages the inner wall of the
aperture, so that precise registration of upper and lower planar segments 35 and 39 is’
effected. In particular, the close tolerances between registration zone 60 and inner
wall 64 allow little, if any, play between the upper and lower planar segments.
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i ndependently of the bend-controlling structures. For

exanpl e, the joinder structure and/or the joinder
w@peromse2 may be formed before or after the  PCT/US2006/047690

bend-controlling structure, and with simlar neans or

di fferent nmeans. For exanple, the bendcontrolling

structures could be stanped while the joinder

structure and/ or the joinder aperture are punched. One

will appreciate that form ng the joinder structure

and/or the joinder aperture may be done independently.
joint 42 in

o o el e 31 Sy e FrmyPrenaupioce 53 of the

accor f he
IOW@Mmeﬁnrmeﬂ@wethgbofﬂrﬁr waill 6zpmed@srdo°\¢«ﬁsg%h e 5l
re 62 and tapered zone f the

““db%trﬁ& ?Fﬁ%ﬂ‘r"é‘%e{;e &L speface fit et upher mpmrtmgmcnm to

jOIn

resf d;mdgragsmumewppemte 38 8% 14W& ;ﬁ%{r*s ient! %f]
cont ac I nnéer

COZ. aﬁ‘c f the taFyered zone w ||
TOEU RO f9xpRtageoushobydgtcsthe megd ffgrgraatdr mmamesﬂ)hﬂveen the

dei e er ture.
P oSS L BN S

@ﬂ‘%‘lratl on zone 60 engages the inner wall of the
aperture so that precise registration of upper and
Onceqwe Pﬁﬁlan g segnments 35 and 39 is' effected. In

T lower ensats ase eronseygepisteress matexglahgneﬂwﬁn one
anoﬂenana@henﬂvdr%uﬁh é@é bf t
c O] Qi aPpa bl kafiont i oBioa Fe e e

anar s

he upper and
“PP? gﬁ’ 3l “5=7pla|nsr mgsrmnactbdmwmmdduye a9 e dpRehed
t ﬁlﬁ&a@ﬂm'é?» t he | ower edge
o8 f i nner %mérh?ﬁ%\ges Hg‘mg@i&“e 6&5@%‘31'?}8110%%‘3’5

0
fastqning mepps Wi Ramiculaweapersdroae 665&1cbényt PRtiR BEthelte S8R ktion
t he upper surface

zonesé&&ﬁﬁf%ggo‘}eq]lﬂé% %31 of rect h gg& allggle ReSAEaHsE thei upper surface

of thgqpaen ngmeobthuabesnaﬁhﬁtl? aeikihg Ehﬂlﬁﬁdr%@gments together.
.0l Nn er structure and

e e Tl e kiRt he pbry spomcrby sapmies, senchin,

erture a

rol fOEmeg, Daembnssnt@wﬁombfs#ﬂttﬁl@%rm@ﬁflg |P%W§§a1ﬁ$l%”§ Hﬁl’f‘chacfze 73’ or
i ster at is, aligned
othel §u?‘%§fe %Ogﬂ% g’el%’WéF d 9 flatgenethg sapsted #nmeupper  pl anar

ano
segnent IS abuttlng agalnst t he upper surface 53 of
oi nder structure may be

0043 [ the
[ d]h ?‘or 0 bg’pﬁu”%mt eprgﬁeJF 1 @H@H’t Rlangstpsplane jaint 4aus
similaihie plamdto-plianeljeing 43 @estABSEARIVG Bk includes an open joinder

structure 51a as shown in FIG. 5. Like reference numerals have been used to describe
like components of plane-to-plane joint 42 as plane-to-plane joint 42a. In this
embodiment, joinder structure S1a has a tapered zone 66a that has an open top 75. In
operation and use, joinder structure 51a is used in substantially the same manner as

joinder structure 51 discussed above.

[0043] In another embodiment of the present invention, plane-to-plane joint 42b is
similar to plane-to-plane joints 42 and 42a described above but has both lower planar
segment 35b and upper planar segment 39b formed on a single sheet of material 77, as
shown in FIG. 9. Again, like reference numerals have been used to describe like

components of plane-to-plane joints 42, 42a and 42b. In this embodiment, joinder
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fastening neans. In particular, tapered zone 66, and

any portion of the registration zone extendi ng above
wappen7gskanar segnment 39, is flattened agai nstPETES2006/047690

upper surface of the upper planar segnment thus

permanently affixing the planar segnents together. The

tapered zone may be fl attened agai nst the upper

surface by stanping, punching, roll form ng, or
enbossi ng or other suitable neans. For exanple, a

punch die 73' or other suitable tooling may be

strublukd 5 79hd D1dde bheuk b ARG £B08: 100821 d foper planar

anot presen
segipkning Sb @nfj B&hewhishrin tekBard moﬁbmhhcaillytfenﬂécaﬂani PsiRgRRBeet of
scri bed aboge but n open j oi nder

sk Tp 3P B35 and S, SRAAE: seeare 15 5 Vool o Pty the same

marmenes thegoiduesthralesigiccussed ST ER@pt A neO BRAYIN Sn Ak
pl ane-to-pl ane joint 42a.

to t. 42
shed? ﬁ??’ferﬁt*’sﬂaé ?@b""”erﬁeﬁﬁ” alppg ﬁfﬁéﬂl@ﬁ fole tging bsndrcprtzolling structures
48btepesRD FRMoBRE ahd #MenRSuRA t@éb?ﬂer 230 Bésed 18 sgaﬁfn%tt{;v%n

and use, joinder structure 5la’Is use

sepazaig shegts p mRierishe sane nanner as j o nder structure 5 1
di scussed above. [0043] I n another enbodi nent of the
pl ane-to-plane joint 42b is simlar

t
[OO‘%? st 1‘?‘6 inﬂ %ﬁ@) igent of the PEsERLiR¥entione plape-do-plae goint 42c
is sd’ihlﬁbr ftothe ?gegﬁ~tb%e JBklﬁ@@éSCﬁgﬁﬁﬁegﬁﬁgggﬂm@g s?tg ? Po?xrlder

segnent formed 'on a single
Stf“%reéw‘sm ithe M@ergpemga@c PrOVided o evspesiveriawer aldsupper

C
Plnl bR 58 2, ARy T0m ABANIRL S fspee mumerais
haveel?ﬁggdﬁs?fbm deSFBb?]hb‘? Sng@teunmofSnlbnatIﬂpﬁane julets 42p42d atde42b.

I
in th;’,{e egnnléérﬁ'lfsﬁ‘éﬂ 'rﬁhl{lgl%ggﬁhéﬁrdcﬁ Sfm cy g? ?T%ﬂg{l]l]%rg muglaer 9f
joindep ppertures ann farmsed il espdvtiet lcoyf/enmﬂarppei plahﬁr $epfienisi 338 and

39¢. 4B lélsa‘?ronj aa?lflrhqg omtt ! uc{z#{gﬁﬂgptﬁgnq%lg tF'B s3me manner as the

su b tanti
joints flisoessed abmda sm@s a@h&bﬁt\ye)f jedepitnichats haeGneRea n% the

erial .77 are folded along fold
°°“$P%’gl§“% ‘E@ﬁ’a hegrindsr sirpgguess prrdafparediBisepre the

planaw\segmamsmtmot her and then secured together as
opposed to securing two separate sheets of material.

[0044]0 In still a further enbodi nent of the present
[0043 JnTemingamw pd BIGS.t -0/ Deah@théd erdBsdiinSnSdthb ﬁfesbﬂt lhb\ﬁmon

1nclu9‘l:sag]§nt - &aﬁggyhto «HH t?matd 1esss%:€1}l§ret% t g 8lvare]e-kgg-tplarx]1%§01rxrlltjs descrzbed
above bu; mcludes a chamfered aperture 80 in upper sheet 37d instead of a transition
zone in the lower sheet. Like reference numerals have been used to describe like
components of plane-to-plane joint 42d as the above-described plane-to-plane joints.
In particular, the lower edge of the aperture includes a chamfer that is dimensioned
and configured to accommodate for the deformation that occurs between lower planar
segment 35d and registration zone 60d, as shown in FIG. 11A. In this embodiment,
Jjoinder structure 51d has substantially semi-spherical bulb 82 which serves as both the
tapered zone and the top discussed above, however, one will appreciate that a tapered

zone may be utilized.
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structure 51c and the joinder aperture 62c provided on

respective | ower and upper planar segnents 35c and
w@wy/0zs2shown in FIG 10. Again, |ike referenP€r/US2006/047690

nunmer al s have been used to describe |ike conmponents of

pl ane-to-pl ane joints 42, 42a and 42b. In this

enbodi nent, nultiple joinder structures 51c and a

correspondi ng nunber of joinder apertures are forned

in respective |ower and upper planar segnents 35c and

39c. In operation and use, joint c is used in
ibnts discussed

e s e S R

abov e, excep
60q "H%‘é’ﬁtselﬂﬂmﬂlaﬂyt dypakiorthe srpnmnmn guaapaet off 18 ap&gurtign t he

subl;tggl'r}&eiﬁr Qﬁ{’{)dgl%%lwe stiap f%, rrred gso @&%ée@ncu&é&g ;he

lowerplanarodelgarent n‘ﬁbﬂdm&mﬁ atnﬁl Emiiﬁglﬁr%n bf‘fégmrh%‘n zone 60d
is siml

a”"k‘ﬂ‘%l Ed i éf%t‘gg% e %rﬁf%%%i%ﬁ% Eégq?%m éheblﬁ‘glsmmamm and
effeat propeil SustibrARE b #é@%n%ﬁoh Bf tl\gﬁﬁfgﬁg é}?e%{ ‘C'}téq'eélﬁg?{e trogﬁ% gower .

eﬁtransmlon zone Inthe lo
she

Grthearper shest beanpligd &l thedowes shreieb @s Ishéren mmnnrn s of
Furthbanére! @reRbSi0Ratid i&e%ﬁnﬁ&st;{m%&qgégtr%tﬁ o e&%ggn dg,per

gqaneto pl ane joints ul a
and lgwensbeets ap fower Siurfemsﬁ;tsaad elahbwn in FEG. 1 1€, dlIowsd Sraside

a lgoccut(r:‘gﬁ%iejt%\iilj\l{le%g ﬁt&\@ﬁ&grgaggsglo ela%ﬁ{, I?ggd elawapa in operation and
use, jeigflen stanctuse 519 mauﬁd)dn selstatialip thesdmhdmanhedas ke folider
der structure 5 Id has substantially

stm&&%@@iﬁﬁ%d alb?{'egul b 82 which serves as both the

sem erica
tapered zone and the top discussed above, however,

[004\7}% lals c@ﬁ%%@é@tr@ﬁﬁaﬁ 18-& taﬁ‘ r gglstzrgt?ﬁ’e%%‘}%ﬂqgﬁ]eué%lﬁ%é %jve\rll\{lon

one

is the case w

is pa&;cé:éq; wf@bgu@dexn@gﬂvgx planarcsmrthom\'ﬁﬁﬁde@k&&o loBe another.
of the

Furt aper E"a %Hﬁésfgrgﬁ%%? i po A{)‘I Vérr’l?é] ?I%igq’ ’délla?qrr};“’g?& plEdcturgs avith

regisgrtiemdencsiib pamictiadly luge e fpRABkiaE AR alifn b Swb Weiar syrfaces.
nsigns and configuration o

Acco%xﬂgg{, ? gvnﬁ aggﬁglagc@agﬁp SoRIRRtIqnanes waly| beguidized tq index
and/qmagﬁ eweabramﬁ'etplwﬁr §ieeRaRtaa6brdhi® WRH U fraldn? Eh‘{eﬁ{iﬁ

pOSItI onj ng or regl stration

whetﬁé} Oé I‘nog ﬁEéPPr{}a%F ﬁrq,cgérﬁ ©fthe lgwer sheeayjieginched against the upper

sheet In such cases, one will appreciate that other fastening means may be used to
secure the planar members together. For example, adhesives, mechanical fasteners
such as rivets, and other suitable fastening means may be used to affix the planar

members together instead of, or in addition to, the joinder structure.

[0048] Yet another embodiment of the present invention includes plane-to-plane joint
42e that similar to those described above but includes a punched aperture 84. Like
reference numerals have been used to describe like components of plane-to-plane
Jjoint 42e as the above-described plane-to-plane joints. In this embodiment, the lower
edge of the aperture includes a fillet 87 that is formed by punching, stamping, rolling,
and/or other suitable means. The fillet provides the clearance for the deformation that

occurs between lower planar segment 35e and registration zone 60e, as shown in FIG.
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sheet as the upper sheet is applied to the | ower
sheet, as shown in FIG 1I1B. Furthernore, the
WO e@78t882% | on zone mai ntai ns proper regi stratiPCI/US2006/047690
bet ween the upper and | ower sheets as | ower surface
55d 53d, as shown in FIG 11C, allow ng precise
al i gnnent when joinder is conplete, as shown in FIG
11D. Thusly, in operation and use, joinder structure
5ld is used in substantially the same nanner as the
j oi nder structures discussed above. [.0047] As can be
e [ =.Co L egistration zone of . the _
lz‘dgp"r@?ﬁ%ﬁ@ﬁ%#‘?‘%ﬁrﬁﬁfﬁ%ﬁ%'r‘ © hagp §pbsiantialy ssmirgpherical
bull §6e,fubnne willappreeintathtin tapedciont M @Ngkher .
Furthernore, with reference to FIG 10, having two or
more joinder structures with registration zones is
[004:8r A gdin) weisjration Fate 60 issubstamipliyredual foghé RBniEn diameter of
AL r ) cordingly, one will appreciate that
the tEéwe ré ga?’g tefrxg%?g ﬁulz%g%g?ﬂﬁﬁgr%eé’dlﬁ“ qritg the loyer Ridar seamest:
Prefgrabiy; thevndius ofithe fillpisaubshaeils detaPBRQUGRINY Brothel ek 1
mer@lﬁz“%&{l rghnvetp‘tl on, &&fﬁt her or not the joinder i
ST tr 201 NE APy Qkethe Lruliing defermed pertian antarsonpensing the
lowenplenarsbgetnt 35¢ Mdahe Fstatiof¥Bndsbe sHARES rewélré‘&e of the
un tate?r fasteni ngsr rlrleans, may be used to secure the planar
P BPHUICRoDtacts the pegistaationsome and edierts propempositioninglof the
uppdrahtQnels r&yedt 1@ hed okt { | Lesfasteni ng.
FIGT@B rra%q bg used to af_f§}i!‘e>?@ tgﬂteﬂ%p‘{@%%@éﬁ{eﬁggsge@&@égﬂggm
i Ht-cBartRgrmosg, the registiation mone maintaing proymbe registration bedveen
the UpdeAdd | ' 0 he present inventi.on
Ryt Ay B8 Loep el ¥ se o haB EiiRe o with the
uppsr fBEaceieds p$ Beaivmbobils. H2C, aHowimbgereais@alghigeht RNt HInder is
compttte, b als have been used fo describe .
e T R TR W omsPiler P v Ipsded sty e s
useddp sylestardiadlyithe samé amen¢rasphajuindaristrusturdsiiiddiked above.
enbodi nent, the | ower edge of the aperture includes a
|let 87 that is formed by punching, stanping,

£i
[005910111 stHiyanosher/eprbogtiment shawnzb FIGNe2Aspladdeo-piahk Rfint 42f
incluBELY AR e for the defor ion that occurs
e _ub et ween Igg&g?gpfg @?&‘S’é‘agé’ S PS5 %HB%&& Pupching. stAmpips.
rollingg and/ge othien switable e@sl The fared bparnasbneiin@ides 4 SilAder

hi r so has a substantjally sem -spherical
whicf PR Srofer Sedluh DPthe HeRorBraR o qcburs bapracodowenplanar
segmemly3 YWand regiszaibn J0040F, 8GabWn ik @%St:@%%%ﬁ%fdﬁ%t,
joindeSstREE 3TF LA LY opee%%glla 738 by one will gggegiggqﬁgte; clgsed top,

with our without a tapered zone, may be utilized. In operation and use, joinder

structure 51f is used in substantially the same manner as the joinder structures

discussed above.

[0051] Turning now to FIG. 14, a further embodiment illustrates the manner in which
the plane-to-plane joints of the present invention may be utilized to fasten a three-
plane corner. Plane-to-plane joint 42g is substantially similar to joint 42a discussed
above, except that single sheet 77g is folded about perpendicular fold lines 46g to
form side walls. A first side wall 93 serves as a lower planar segment 35g having a

joinder structure 51g, while a second side wall 96 includes a tab portion 98 which
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the aperture, and extends substantially perpendi cul ar
to the | ower planar segnent. Preferably, the radi us of
wo b@70748ket is substantially equal but slightl|BRCUSRDE047690
than, or nerely greater than, the radius of the
resulting deformed portion interconnecting the |ower
pl anar segnent 35e and the registration zone 6Ce such
that inner wall 64e of the punched aperture contacts
the registration zone and effects proper positioning
of the upper sheet with respect to the | ower sheet as
ot hed. as shown in FIG 12B.
S A 3 ek B e iV ind T o GG Rt 2pFursy dissian be seen
in Ilflé‘vg 144 }rlati:rc-tmpbee jwistd2derovpifes a snplel m&m&l&@@hﬁa@sﬁm secure
r cones into utti contact with the
the EPIGNIPIEE. 238 rOEeTamonRES end Socingpeipud s simiar t
thatgescrilssd abiovgnnent when j oi nder is conpl ete, as shown |
in FIG 12D. Thus, in operation and use, joinder
structure 5le is used in substantially the same manner

[003] Wlii@n qontindest raﬁ)rmém 10rRIS, gnwﬁﬂg?%?@d{?ztﬁﬁ@ﬂablﬁanion
ok @ S R BR3P i o e batarwalt €3

ane-
91, which may be al so be fornmed by punching, stanping,

| ks het .sui table neans. The flared
(0058 Whild shldloRlanE hoifly ot e B Poianiion o AMaarly suited
for yreopith fadd da'aaapmlmléted Wihﬂ@ﬁ%ﬁe&?ﬁén@?dmh@}li@c&t Ht fcfires, one will
[ anar _segmen and regi stration zone
alsopBbHEe Al Bl MR oiBR8 i o1 e st siientins mayrertiizcd

withsfoldilinesrforiied by btifer 80it4e MchRR sAEH as With pas b¥Kek and other
wth our \’\)nt out a

r egi that. a c| osed top, )
°°“‘?e§§8?a§53§13?€e5‘=w- Keeeqidinglyeane will apseciricchatdnlil lines 46g
maylb#t, iepd nBt) @ficlGdd A6dibheR’ P -4 s tially

t he sane trjranner as %ﬂr{}e j%%{r?d%or%nlsé?lr céthg?%gggi&ggussed

above. [0051] Turning nowto FIG 14, a further
[005dirBodcaramhicnkt itséxNpidrasioh A8d ABARSE definMYnSR tﬁ@%ppende
clain?%,?}f‘eefto' Rl ane joints of the present invention may be

Ut i1 768 t P AstUWPRCE {98 pPradewens fiasideband toutside? aeaised
to dejsariitiet fedfgies oF thb Bedsamtih AddtdbnSi | Q) :

f tdi scgﬁgpjd b,ove,p except that l??%lg rghgigetpg?éé%f’%wfsu"h
calyr e 4 indhe fgwgs.cul ar fold |ines 46g to form side
walls. Afirst side wall 93 serves as a | ower planar

joinder_ structure 5 1g, while a

nment. 35g hayin A
[Oosgglg'onﬁ%"}éfea e%fﬂe Ig%c?lflﬁ%tfqy&ég the yagipusdiguresresanble those of
preceditigansdificatosarsiat e B&nd k@B RNcS SEREBRIS ﬁ)?l%»\]%ﬁ\gy%bgcripts g,

wpe QI [ erture. As can be see
b”, “c”, “F ’? Qg, r,]qf’r,]%ng p‘g” designate corresponding parts.

[0056] The foregoing descriptions of specific embodiments of the present invention
have been presented for purposes of illustration and description. They are not
intended to be exhaustive or to limit the invention to the precise forms disclosed, and
obviously many modifications and variations are possible in light of the above
teaching. The embodiments were chosen and described in order to best explain the
principles of the invention and its practical application, to thereby enable others
skilled in the art to best utilize the invention and various embodiments with various

modifications as are suited to the particular use contemplated. It is intended that the
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in FIG 14, plane-to-plane joint 42g provides a
sinple, fastener-|less neans to secure the three-plane
w@ooierss2The manner of assenbling and securi ngP¢DUSL1006/047690

42g is simlar to that described above. [0052] Wth
continued reference to FIG 14, one will appreciate

that the tab portion may be | ocated outside (as shown

in FIG 14) or inside of the first side wall 93.

[0053] While the plane-to-plahe joints of the present
invention are particularly suited for use with fold

| ines popul ated. with.Assignee' s bend-controll.in
scong;f R P BicR e adhined ty7iEe LA crpai o ang el
equiPhlefA®- t o-pl ane joints of the present invention may be
utilized with fold lines formed by other suitable
means, such as with press brakes and ot her
conventional folding devices. Accordingly, one wl|l
appreciate that fold lines 46g may, but need not,
i ncl ude Assignee's bend-controlling displacenents.
[ 0054] For conveni ence in explanation and accurate
definition in the appended clains, the terns "up" or
"upper"”, "down" or "lower", "inside" and "outside" are
used to describe features of the present invention
wWth reference to the positions of such features as
di splayed in the figures. [0055] In many respects the
nodi fications of the various figures resenble those of
precedi ng nodi fications and the sanme reference
nunerals foll owed by subscripts "a", "b", "c", "d",
"e", "f" , and "g" designate correspondi ng parts.
[ 0056] The foregoing descriptions of specific
enbodi nents of the present invention have been
presented for purposes of illustration and
description. They are not intended to be exhaustive or
tolimt the invention to the precise forns discl osed,
and obviously many nodifications and variations are
possible in Iight of the above teaching. The
enbodi nents were chosen and described in order to best
explain the principles of the invention and its
practical application, to thereby enable others
skilled in the art to best utilize the invention and
various embodi ments with various nodifications as are
suited to the particular use contenplated. It is
i ntended that thescope of the invention be defined by
the C ai ns appended hereto and their
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equi val ents. WHAT IS CLAIMED IS: 1. A plane-to-pl ane

joint for securing planar segnents of one or nore
wG@h@enrsset eri al s toget her, the pl ane-to-pl ane POI/N$2006/047690

conprising: a first planar segnent having an upper

pl anar surface; a second planar segnent having a | ower

pl anar surface; a joinder structure nonolithically

formed on the first planar segnent, the joinder

structure including a transition zone | ocated bel ow

t he upper planar surface and a registration zone

WHAW%EF&I .y fromthe transition zone and
out - of -pl ane Tromthe planar segment; an aperture in

t hel'secoAdplpnertaxplase jpiphior sopuringadandrsggmbets jobonel 6F more
hest ek e bei ng.di mensi oned and
e | EHfsQ%gétﬂé‘r, %Siel%rg{ea @ng{]%lﬁtecowséqg‘ ation zone of

configured to CoO

t hea firsit plawar stgmeant beeing anrpgesplanart fefacal at i ve
pl anar segments when

pos] tJ he fir and second

t h eél %éé:&g(ri ?’?o tgflgerg“%eﬁ }‘ﬁ%’@g §aﬁ¥"§r Blgaarrtaceie upper

surd maeder 2trudine: pbasiéthicalip lfereed o4 the Mkt AhRAirement, the
joingig\ih&;u 'M} .tged.tra sitjon zone does not contact tﬁe’

seco.n%_ pFé‘_ﬁc PR HATSIURR NS fReated Relowsthawnpes plahat surfase
and plregistathgaz ol extdinpaRvardly o hEihAbon Jonc It out-of plane
frOHEIaeﬁ-to-[glanejmnt of claiml erein, the Joinde

e R SeBmEMides a t apered zone extendi ng above the

I eQinSdpethicdn tBO8Rond ' i nensi oned

and ?gﬁf,i gured t o°3n|§g“é’té‘ﬁt é‘?ﬁ‘ggﬁ}ﬁﬁéﬁ% ghgmlﬁﬂertsﬁgcmre’
the aperture being dirpensianed endisenfigesied to aoomenate ovith thé regibtation zone
f tHelislet & [elR laj wheregjn,. the
O 1R o] AR o ettt e o LR B I b ssng lamar
segmenis vhen Hicclawer planhairfice nbuts agpinanthe juppéitsusface.! ai m 4

wherein, the tapered zone has an open top. 6. The

pl ane- t oFHRl AAYRE-100h1Bhe RfintdFM TG el n, thejoinder
structure incl udg% a Jf:blfl%sé?lgsﬂé‘n% wsi]’g{%’l}’i cal top
exﬂ%_ﬂﬁﬂmﬁglm dopgenot contact the second planar segment when the lower

planar surface.is placed against the upper planar surface.

3. The plane-to-plane joint of claim 1 wherein,
the joinder structure includes a tapered zone extending above the registration
zone, the tapered zone being dimensioned and configured to engage the aperture and

align the aperture relative to the registration zone.

4. The plane-to-plane joint of claim 3 wherein,

the registration zone is tubular and the tapered zone is frustoconical.

5. The plane-to-plane joint of claim 4 wherein,

the tapered zone has an open top.

6. The plane-to-plane joint of claim 4 wherein,
the joinder structure includes a closed semi-spherical top extending above the

tapered zone.

7. The plane-to-plane joint of claim 4 wherein,
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tapered zone. 7. The plane-to-plane joint of claim4

wherein,the joinder structure includes a closed
w@eew7/0%skeri cal top above the registrati on zoneCT/BS20061¢47690

pl ane-to-plane joint of claim1l wherein, the first

pl anar segnment and the second pl anar segnment are

monolithically fornmed. 9. The pl ane-to-pl ane joint of

claim1 wherein, at |east one of the joinder structure

and the aperture are fornmed by stanping, punching,

roll formng, or enbossing 10. The pl ane-to-pl ane

j oi 0|nde st ruct

| e s fSindet BRBHIRERE o HgSed Rl Pogiid e rsyesbive,
registratiompenad zone being flattened agai nst an upper

surface of the second pl anar segnent t her eby

per ganen the fi.rst second pl anar
seggrrgnt stﬂt}%é) %r%u{o %1 J°¥Hé’f|8faéw21n PB5Sitne joi nt of
cl athfir6t planaresepmehtund thp eéchdaer Iségrﬁérata;@ﬂa%%omhmﬁny

fbn?gglnst the upper surface by stanping, punching, rol
orm ng, or enbossing. 12. A nethod for securing

pl anar segnments of one or nore sheet materials
t og%t her The pianeerbnghegorm of siafg ISWRHSIOT |

I|th|cal f.or 0|nder strucfure on the
{7 PR st biEpt e Rloler Feiprirg aaA thpypertups s dormacst baslemping,
punthing] il nfdemirgd, bHeinbbesing)C! ud| ng a transition zone
| ocated bel ow the upper planar surface and a
regiost r on, zone extendi n upwardly fromthe
transiti OfC PBAE R J‘Pmbf’ Hpund wheseing he pl anar

seghe pindantutareinuRs aaﬁfé&&dl £6hd dbode %}%%Qfénﬁhé‘ﬁ‘ %ne, the
pl anar surface, aper

nment, havj a | owner
tapetS Cﬁﬁﬁ’eoqe%é?‘gﬂ@d a&ﬁ’dls%h‘fﬁnja sudagepfithe éﬁwed phaelar segment
thergloy peltiianshtly St iBg AN fidsP afPs Ba&)@an\ﬁ‘l‘ E{ku e together

regl stration zone Of t he ] Ol er stru o reg ster

rel ativ 05|t on_ qof the flrst and second planar
seér{e nt ?‘Wm‘g ‘T‘Fﬂap apGinintetalaim $Qmhsrinabut s

the tapered zone is flattened against the upper surface by stamping, punching,

roll forming, or embossing.

12, A method for securing planar segments of one or more sheet materials
together, the method comprising steps of:

monolithically forming a joinder structure on the first planar segment having
an upper planar surface, the joinder structure including a transition zone located
below the upper planar surface and a registration zone extending upwardly from the
transition zone and out-of-plane from the planar segment; and

forming an aperture in a second planar segment having a lower planar surface,
the aperture being dimensioned and configured to receive the joinder structure and to
cooperate with the registration zone of the joinder structure to register the relative
position of the first and second planar segments when the lower planar surface abuts

against the upper surface.

13. The method of claim 12, further comprising the step of
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agai nst the upper surface. 13. The nmethod of claim 12,
further conprising the step of nonoHthically form ng
wo b@7/078881 and second pl anar segnents from a sP@US2006/047690

sheet of material. 14. The nethod of claim 12 wherein,

at |l east one of the nonoHthically form ng step and the
aperture formng step are acconplished by one of a

st anpi ng process, a punching process, a roll formng
process, or an enbossing process. 15. The net hod of
claim 12 wherein, the nonoHthically formng step is

acc ki Lo t apered zone extendi ng above
£ he DR ARy uch DT Brsh ah G S0P a7 scasnemy from a sngle
shegtiofamaterialed and configured to engage the aperture and

align the aperture relative to the registration zone.

16.14The Q | ai further conprising the step
of ¥ att e RS RLofeibr 1z

attening §f&agai nst an upper
surddavst e ofthe samaiithiphIBRITHAOIET hnd hABRBRR e sic
are%%{iﬂ,% lsghc{a first .and second pl anar segnent's toge eif step
) EhePN8RE 8 2 StmPiREIRFORFSy & pHnchipg:pragpss; adolt forening
prodess,fokahteﬁibedsiﬂg?}mgs_the upper surface by stanping,
punching, roll form ng, or enbossing. 18. Ajoint for

segurin | anar .s nts of one or nore sheet

rraflg'ri a?gtpet'gﬁglf)ﬂé’&,%g?‘ﬂelszj‘bﬁb?f?i%onpri sing: a first

pl sheamoneljititenlly forBReGRs ibhadtdh g A n
exteAperture ther e,iyn; ,ang %loianderplgsﬁl’g‘g?g?wg%gn% red zone

e?‘ﬁég FF?%‘E the|regigira t thettpperpd rontdheing dimtdnsiomed and
confurahi btRUPeriuRer AR ' [ eco | anar .

segrrente?ga er eby ggi d j ol {%‘g%gg#ér}ﬁ%?ﬂeﬁgg‘llestogtgﬁg%§tfﬁﬁ’é’&

ZoM€and configured to cooperate with the aperture to
firmy secure the first and second pl anar segnents

whed t ha@hi ehétHEd ofélhie B UAiSiHes comprising the step of

flattening the tapered zone against an upper surface of the second planar

segment to permanently secure the first and second planar segments together.

17. The method of claim 10 wherein,

the tapered zone is flattened against the upper surface by stamping, punching
roll forming, or embossing.

18. A joint for securing planar segments of one or more sheet materials
together, the joint comprising:

a first planar segment;

a second planar segment having an aperture therein; and

a joinder structure formed on the first planar segment, the joinder structure
extending through the aperture in said second planar segment; whereby said
Jjoinder structure is dimensioned and configured to cooperate with the aperture to
firmly secure the first and second planar segments when the joinder structure is

deformed in such manner that the lower planar segment abuts against the upper planar
segment.

21



defornmed in such manner that the | ower planar segnent

abuts agai nst the upper planar segnent.19. The joint
w@boochzEsm 18 wherei n the upper segnent has a | POEDS2006/047690

surface and the | ower segnent has an upper surface,

said | ower and upper surfaces abut one anot her when

said joinder structure is appropriately deforned. 20.

The joint of claim 18 wherein said upper and | ower

segnents are formed froma single sheet of material. 2

1. A nethod for securing first and second pl anar

segygnt s . I terials together, the
oo T8 oA BRT ELRE Sl Aoct e
andghe lpyerrsegment s d#ni uppter pirfiavay saicd vedrtand s f1Gf228s abut one

rture in a secon l.anar se nt, the aperture
anoBE Wt Sl o Sl A B PR v | he
joinder structure to firmy secure the first and
secdhd Smm minsﬁ@mim $8 wlhﬁreim ka;’d julpbéhfhifd l:sbvéﬂﬁglﬁﬁ&né &re
[ AN Suc nner. that the | ower anar segnent
fo"ggéj?rgmgab%lpﬁlsﬁsﬂfﬁteo JBREFEl| anar segment . |022. The ?ret hod
of claim2 1 wherein the upper segnent has a | ower
surdlace Andethbé fooseenrisg free ahd becdndrplatap eégnaetts 8€6ne or more

id I r and per.surfaces abut one anot her when
Sheégxll e?%%ﬁ%% <& #‘Eé??fpg PRMBINFSSIEPRPLEI y def or med. 23.
Theformainigarjodides saucurelonheiRbtpladirdepbl and | over
seqmsnts are forned froma single sheet of nmaterial.
orming an aperture in a second planar segment, the aperture being
dimensioned and configured to receive the joinder structure to firmly secure the first
and second planar segments when the joinder structure is deformed in such manner

that the lower planar segment abuts against the upper planar segment.

22, The method of claim 21 wherein the upper segment has a lower surface
and the lower segment has an upper surface, said lower and upper surfaces abut one

another when said joinder structure is appropriately deformed.

23. The method of claim 21 wherein said upper and lower segments are

formed from a single sheet of material.
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