METHOD O F BENDI NG SHEET MATERI ALS AND SHEET THEREFOR
BACKGROUND O F THE I NVENTION Field o f the Invention
W@ oweiopsséhi s i nvention relates, i n general, tPOI/ES2005/043848
method o f folding sheet materials and a sheet
therefor. Description o f Related Art J0002]
Currently, electronic equipment often includes severa
di screte circuit boards disposed i n a threed imen s
i onal configuration, that is, at an angle with
respect t o one another in order t o fulfill limted
space requirenents . For exanple, electronic devices
such a s personal conputers, stereo equi pnent,
television sets and the |ike often have a first
circuit board disposed o n a base thereof, and a
second circujt board disposed o n a side wall thereof

and general | t | e MPTERIALSe first
circuit board. Such®¥BnfHEEFaCHBREF@Ruires relatively

conpl ex connection systens t o interconnect the
conponents o f the first board with conponents o f the
second board. [0003] Due t o handling constraints,
such connection systens are often not installed until
the circuit boards havebeen assenbled to a chassis o f

BREK RN B Crifte Vi Tonot her internal frame

pre-assenbly. Furthernore, electrically testing the
conponents i s often difficult because the conponents
are gt pft theadinvpnddesssi bl e once the boards have
been installed in the respective electronic device. In

hobie eveny itrhatnhdihe Q@@%@%stnghu@%neral, to a method of

folding sheet materials and a sheet therefor.

Description of Related Art

ooz Currently, electronic equipment often includes
several discrete circuit boards disposed in a three-
dimensional- configuration, that is, at an angle with
respect to one anothér in order to fulfill limited space
requirements. For example, electronic devices such as
personal computers, stereo equipment, television sets and
the like often have a first circuit board disposed on a
base thereof, and a second circuit board disposed on a
side wall thereof and generally mounted perpendicularly
to the first circuit board. Such configuration requires
relatively complex connection systems to interconnect the
components of the first board with components of the

second board.

0003 Due to handling constraints, such connection systems

are often not installed until the circuit boards have



def ective conponents , replacing the defective

conponents is often difficult due to the limted
waewemeishs | ity, and nay sometinmes require di saBCEDRI095/043848

[0004] What i s needed i s nethod o f bendi ng sheet

materi al s which overcones the above and ot her

di sadvant ages. For exanple, i t would b e advantageous

to replace the several circuit boards with a single

circuit board that is capable o f bending o r folding,

aBdni As8QAB168SES, al 8n&8PABI &1 Oche Ul diNg.c BRIERe or
SUVWARY O F THE I NVENTI ON [ 0005] In summary, one

aspect 1pterpRé presenprenvesehlohyi & whitheoimdra.o a

e T Rer it ng o Shtor 6 ToRRI R Al agl a1 agett

breadsei thrgcsiponext enairagoSudstrant imdddi lal engeasible

desir bend_li'ne_di vi di ng. t he et .of mteria
OREs FleoBotrtt Bedha trinsb Fablhe® i FHChePe
thacstoapcsbetscé or ned i oegdnt hehgheete G da vt enhicalide
intersecting the desired bend line, wherein the strap

SPFESTHYPNFEm PRt hy STPRPA ST it Wsdective tsoraPrRgnts
$krapr8avingrach ongitdididal h Sty ap @ %dd@s%&%qqtﬂt?g and
the desired bend line. [0006] Another aspect o f e
PrEseATCr hpeft Femires disaeseatbtyo a sheet o f

material formed for bending al ong a bendline including
a sheet o f material having a plurality o f dividing
8ioq1¢ SW]é%f—e_ﬁﬁi peedebstants@red of éff?@ld&_n@eﬁhﬁ@ petgrials
rh 880 CoYL AL 0ed NS NBRLy D nd"ld: A ldakQ bk gk 52N dro
second planar regions, and a plurality o f

syhspbat i at | yopht did eldstrzgyesiig sof aepidcehrtbegheteal
89?5&1@ gog?égr&f%h a single circuit board that is
capable of bending or folding, and in some cases, is

capable of unfolding.

BRIEF SUMMARY OF THE INVENTION

[poes) In summary, one aspect of the present invention is
directed to a sheet of material formed for bending along
a bend line including a sheet of material having at least
one dividing slit extending substantially along a desired
bend line dividing the sheet of material into first and
second planar regions, and at least two strap slits
formed through the sheet of material intersecting the
desired bend line, wherein the strap slits form a bending
strap therebetween, the bending strap having a
longitudinal strap axis intersecting the desired bend

line.

(o006} Another aspect of the present invention is directed

to a sheet of material formed for bending along a bend
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intersecting the desired bend |ine, wherein adjacent
pairs o f the strap slits forma bending strap

wo b@setsssveen, the bendi ng strap having a | ongP@Titib208$/043848
strap axis intersecting the desired bend |ine. [00071
The sheet o f material may b e fornmed o f a conposite
material. The conposite material may b e sel ected from
the group consisting o f polymer matrix conposites,
fiber reinforced conposites, nmetal matrix conposites,
ceram c conposites, and aggregate conposites I%P
aitpoditieidiileri shefky ObeMabaE I Abt PRT M ¥ ed RO R Fipett
Ji8} N« gc%fii%%”%]g%'ehai%%' gchedahir oM i hea gbRYPa desired

consisting o f fiberglass, polyaramd (Kevlar (r) )
haridquiiche djigtiglinpolthreshephendl Reteahdl chrbonf ¥1perand
conposi t.es. he eet rial i

£y QHFgégtrfﬁ£2%8§%€§diﬁégs?iFgugﬁg§§9tb?eég?ggéiﬁﬁéﬁgy
gaisiriag setrep eddhsstfoapesethdbspbsede beheeeno adjatental
ones o f the dividin lits,, and each stra et havin
Jafltteﬁseeafsft”’tghltg& 9??&%% }"Fé‘df g%ﬂ%hgwgefef%g% 'J"i‘?/f/?;r‘?t °
Sbsd A iald yrpapalkhek sbeadinng senapsg Sptapnal ly, at
| east a pair o f the strap sets _are parallel t o one
dotRataseh that PeRE1SOr §5TaRI BB RY a1 ir?%?l‘bWi?lreﬂ"rﬂe
St né§§E§iht§rE@E%ﬁh%|theogﬁg§r§&r§@néxl§n@.f a

sec f the strap Sets. ternatively, at |least a
pair o f the strap sets are nonparallel t o one

APt Rele sych «t Bat pbhe 3bhaRagxbe Botma@afbfsé @dpddece

strap sets intersects the stifap axis o f a second o f

nate sitalap Foes CPRpostitapreses imhyndy ePSyhRbeeied aborut

% ér%9§¥eﬂﬁ%s é%inWhb%hggigﬁggswgyp§£a@&hﬂ$£¥tes, fiber
ransverse to the desir en Irne .

reinforced composites, metal matrix composites, ceramic

composites, and aggregate composites. The composite

material may be, but not limited to, a fiber reinforced

composite selected from the group consisting of

fiberglass, polyaramid (Kevlar®),liquid crystal polymer,

‘phenolic, and carbon fiber composites.

000s) The sheet of material may include at least three
dividing slits and at least a pair of strap sets, each
strap set disposed between adjacent ones of the dividing
slits, and each strap set having at least three strap
slits forming at least two substantially parallel bending
straps. Optionally, at least a bair of the strap sets
are parallel to one another such that the strap axis of a
>first 6f thé strap seﬁs ié barailélkﬁo"the>strap axis of

a second of the strap sets. Alternatively, at least a
pair of the strap sets are nonparallel to one another
such that the strap axis of a first of the strap sets

intersects the strap axis of a second of the strap sets.



[0009] Each strap slit may have a substantially
straight internediate portion. Also, anendof at
wo ems6Be o f the strap slits may include a ePCHUS®OS/043848
stress-relieving end opening. Also, at least one o f
the strap slits may include a stress-relieving end
radius to increase the cross-sectional area o f an
adj acent bending strap a s the adjacent bending strap
nmerges with a respective one o f the planar regions.

@é' 155.aalcysettsh%1 tbé esiﬁn'inec& %;/; aivo'ill%e SEEQHS§%%E§ %Qgs

ana ent dividing b e connected
Bmxessexmﬂndausup&ﬁaﬁﬂuamlustrﬁuswhesﬁome thendadpaeént
air f the strap slits may each include a
?%sg T%lieving end radius t o increase the
cross-sectional area o f an adj acent bending strap a s

the cent__ben str neets respec
DS FAAE - RHON0 i AR E BB gk aREERI Y o PRE st
Imfé&m&&ﬂﬁteﬂpdntxﬁnt lnmﬁob ani Bher egnaecledst| eae0obr

The strap axis may b obl ique to the desired bend

FieS T oPHe Sstirtap T s“W&;}‘dgxtaeﬁBlFé%dt RaRea% wPthevVing

RS PSSIn ity t haidesi red 1keRe bhaeorAcher Bagayegyltg hgay
strap axis may extend wi thin the range o

Hpprede matsdlng S5 @qungegpécraﬁéwshéOde§¢¥%@s@ehhle
éf&gé 1oﬂéf|§%é5a%% %%aBdQQSeﬁErBBgéégg % egsatﬁe

|n pl ane actuator, approxi natel
adja¢enulh§mdmn@ps$map m&ygextemdhmatheapehelvangeeoof

a}g)% d rrate 7n45 Wlothlr %s ct ﬂe5|{egngegg the
PP eI oS e ory PRAREL | hhendly fvs
Steobegd antiical layyurinf @rdjwabaheka@sgdla@dsea@ hndende ng

trap |nclude a mnimumw dth dinension that may b
quqgg;qp% stress-relieving end radius.
Furthermore, an adjacent pair of the strap slits may each
include a stress-relieving end radius to increase the
cross—-sectional area of an adjacent bending strap as the
adjacent bending strap meets a respective cone of the

planar regions. At least one dividing slit and an

adjacent strap slit may be interconnected.

[o10] The strap axis may be oblique to the desired bend
line. The strap axis may extend less than 45° with
respect to the desired bend line. Alternatively, the
strap axis may extend within the range of approximately
5-45° with respect to the desired bend line, an in the
case that the strap are utilized as an in-plane actuator,
approximately 5-60°. Further still, the strap axis may
extend within the raﬁge of approximately 7-45° with

respect to the desired bend line.



substantially equal to the thickness o f the sheet o f
material. At |east one bending strap may include a
W@ omwbioerierls surface extendi ng between the firsPCHO005/043848

second pl anar regions . The sheet o f material may
include a n electrical connector extending along the
conti nuous surface between the first and second pl anar
regions. Optionally, each o f the first and second

planar regi ons nay include a n assenbly recess for

| ocat nd sec shee 0 I Lng
aGEarblS ST St dd 18% redioua) Sebr FRbshat s
anpeetm G:Iflct]h%ﬂ,GSﬁni' dare ilein@inig stdapenbgdihchude a
method o f forming a sheet o f terial for bendi ng

BEBHYS HeHd 19T HAUENRG R SCepgsS8f FRfBr fifng a t

E@]@%ar@d"ﬁaﬁ% Lo Sﬂd teHehrouak ke sheeheoshebmt gki al
extendi ng substantially along a desired bend_|ine

make ekl di Vidi FRptthernshbenddny witrépi BRYi hE61PPPSE and
ﬁﬁ@ﬂ% m%ft 49 e f QLM g A chel easkt wgdsggeend

slits t eet o f material Intersecting the
désnaeddyeinthd i nefhd hreelyy ofform@iteg ialbeadi hgcdudapan

the strap slit t he be d|n tra avin
?gﬁéﬁluc i haio rcgcporaxelxs P& sectl tf‘ﬁe gg'é.l?g gBend
£t ALacel e tmidrod-Hayr ifrgrt hewd s@@b@@epuhﬁasteagiaﬁber
the form ng steps but before the assenbling step

Ak g & teé}fébsqf die ddmsénend tseﬁoadtpit@aér 6?‘:818“?
hbe {AéfﬂdéﬂH%f%%%EM%ﬂy R s FHoNS ocal PREF3hndetecuring

anot her aspect o the present invention i s directed
the shendt hod r@tfelflcﬂlmowglalgsﬁéétem@lﬁf whtlrpaapther
&ggggpglng along a bend line including the steps of:

po12] Still another aspect of the present invention is
directed to a method of forming a sheet of material for
bending along a bend line including the steps of: forming
. at least one dividing slit through the sheet of material
extending substantially along a desired bend line thereby
dividing the sheet of material into first and second
planar regions; and forming at least two strap slits
through the sheet of material intersecting the desired
bend line, thereby forming a bending strap between the
strap slits, the bending strap having a longitudinal
strap axis intersecting the desired bend line. The
method may further include the step, after the forming
steps but before the assembling step, mounting at least
-one component to at leést one of the first and second

planar regions.

0o13] Yet another aspect of the present invention is

directed to a method of forming a sheet of material for



formng a plurality o f dividing slits through the
sheet o f material extending substantially along a
wale®snetdohend | i ne thereby dividing the sheet PCT/US2005/043848

material into first and second pl anar regions; and
formng a plurality o f substantially parallel strap
slits through the sheet o f material intersecting the
desired bend line, thereby form ng a bending strap

bet ween adj acent pairs o f the strap slits, the

bengi g Stdap NaydNg 18 deoRGich udiingl +Hkr 8PepXi 8¢ :
intersecting the desired bend |ine. (0014] The net hod

faymime|aide;wniiertel pipdiod diedt ke ifter fhRgusbepss fheet
e el [ I b

Sh 8 ol 10 S MRy PR Ac I LB o SELPLTRObEna

1Dnéfmhénﬁhprﬁ}vmdﬂng el stkengod shéetrialfigbapdskbe

material for. slittin 0015 he f.orm ng. steps. nay _b

Fhidnd dara mifansouery. HreetPhlh Ry EERrs e

@@b@@&mlﬁhqﬁ&mém@mmg altlt|se&$ﬂrot1§he€héi yhdebgof

slits,and at least a pair. o f strap sets, and each

%%F%ﬁﬁ%&leﬂ%ﬁﬁ%ﬁ&ﬁ%%ﬂﬂﬁéﬁeééfﬁéeﬁﬁnénéén%lftPﬁéebY

£ ¥h i g %Jédo&ngeas@}a% RBRweeh HAY Bawe philsast three

strap slits formng a | east two substantially
parap | Llitsendihwy hsamdaglsy sheppbbewean. a[ bong} tadenal

st for te c I dby
?%%%?n&lasfi S R SR SR (I
o one anot her such that the strap axis o f a first o f

Shetilou 'n?a arahlgl tonEhe 5t Lap,AXLs Prl A
J{ < %h aprgef% "The st%apEsF?ts ?orn%n orming
stems;nnhdasieqncrﬁqﬂakﬁmﬁdnb ¥ %oeatngfae1a$936alaypalr
éggorma fglﬁg%é¥¥éﬁ for slitting. The method may
include, prior to the forming steps, selecting a sheet of

composite material for slitting.

00157 The forming sfeps may be accomplished
simultaneously. The forming steps may be accomplished by
forming at least three dividing slits and at least a pair
of strap sets, and each strap set disposed between
adjacent ones of the dividing slits, each strap set may
have at least three strap slits forming at least two

substantially parallel bending straps therebetween.

po16] The strap-slits forming step may be accomplished by
forming at least a pair of the strap sets parallel to one
another such that Fhe'strap axis of a first of the strap
sets 1is parallel to the strap axis of a second of the
strap sets. The strap-slits forming step may be
accomplished by forming at least a pair of the strap sets

nonparallel to one another such that the strap axis of a



nonparallel t o one another such that the strap axis o
f afirst o f the strap sets intersects the strap axis
w@2docmcsexond o f the strap sets. Furthernore, PETES2005/043848
strap-slits formng step may b e acconplished b vy
formng strap sets symetrically about a transverse
axi s which extends substantially transverse t o the
desired bend line. The strap-slits formng step may b
e acconplished b y formng each strap with a
ubstantial ly straight i.nternediat ortiagn. _(eqn] -The
sz%b-%%iﬁé@f%&?ﬁ?mﬁ%ﬁ%ﬂ§q%%fﬁ?%§§a%€%nﬁﬁfg eSQEQny A
EerphdH @ thenstoap wets.| eastrtorandre,t heesttappskiliss
with a enlarged stress-rel.ieving end opening, The
SPFRENS| § 2P fiof i bRy AT ey 5 bé’cé8ﬁE‘FP§hg&erysets
E?ﬁuﬁ%@gi@aiw eASEuONE & ndlE s 180 sShvhti snWekReads
stress-relieving end radius t o increase the .
crbssanieal bnalranee s tan thg) sesirePehandgléfrap a8
di acent : b Snechive.
e b S A
stelp neyah wl @b conplbsheed ilm\ f eroriaighé Anddiraednatte
ai{.o f the strap slits each with a stress-relieving
RE-T4Yius t o increase the cross-sectional area o f a
n adj acent bending strap a s the adjacent bending
strap. . neets a respective .one f the planar regi .
Bt 1611 T FOR i -SSPy T SEop! FoReipLy S by
soal dqneousty dorad ngdshe sl ess-thel sevapgsendsr adihsa
to interconnect the at least one o f the strap slits
55"y T

SRR EFP A} HcRht Tt ViR SN OPARE For mTAG Sté
eoAREUP i Shefh P Ve FRIIBRA i&Hed @ASIFoRRENng at least one
interconnected dividing slit and adjacent strap

ofi th¢ 0DWRP Thil &t reig-lf ¢r Mtygsstae dgyipgeend radius to
ﬁﬁgfgggésyﬁg 5&3%s—sectional area of an adjacent bending
strap as the adjacent bending strap merges with a
respective one of the planar regions. The strap-slits
forming step may be accomplished by forming an adjacent
pair of the strap slits each with a stress~relieving end
radius to increase the cross-sectional area of an

adjacent bending strap as the adjacent bending strap

meets a respective one of the planar regions.

pois; The forming steps may be accomplished by
simultaneously forming the stress-relieving end radius to
interconnect the at least one of the strap slits and an
adjacent dividing slit. The forming steps may be
accompliéhed by fbiming at least one interconnected

dividing slit and adjacent strap slit.



formng the strap slits such that the strap axis i s
oblique t o the desired bend line. {0020) The net hod
woreyehesseher i ncl ude the step, prior to the foPeI/NER005/043848

steps, selecting a sheet o f conposite material having
a substantially uniformthickness, wherein the
strap-slit formng step may b-e acconplished b vy
form ng adjacent ones o f the strap slits such that
each bending strap may include a m ni mum w dt h

L IeNnsh.an [ . 2SS n r i al t
e TR Sitinaes o P T he” Shaer b 1 rarer el - ke et hod
ey nfinct liée istcbkpdelihe stiep bhat afhersthwe farid Ng
st eps,.. bendi the.sheet o .f.material about the
3& Ret] %8n§%%iﬁgél?ﬁ§ %%?ﬂoﬁlﬁ%y further include the
step o f formng a n assenbly recess in each o f the
oSt A p2ee0nd, Bl anar JEgi ons, [or Jocali or to
éeduring e 'shetYo f raterta uri ng assenbly.

Elkt Hernmnhe, sthespesbbdctiygi acshuse: tde sdgpss iofe
after the form ng steps, bending the sheet. o f

Rt Eriiail HBGU00 He HEST PRUL o T 1P HOS A  ng
tWhersheethe krmapesiat wbthiAgoihey wloyise sdtedngdihahed

respective |l ocating protrusion extends through each

&ysémByngeeddscerur enef 8fithe themmethid it uther
%g%huﬁénhE%gSEﬁgggfmaniﬁ&l&@é éqgfﬂf%hﬁ“ﬁ%ﬁ%ﬁ“&imension

ore the asse i ng”step, nounting a conponent t o
ahalteast lese bhfnt be fubstamniakecambiapl amarthredilgrdness

L0 ThggTeLRot B L o0t g shast Ly 31,000 15
ithvestiepn oliaverethethé ead thesg astbradv asdradiasy WheCltheet
g%lgagegiggpg£ggg the desired bend line. The method may
further include the step of forming an assembly recess in
each of the first and second planar regions for locating
and securing the sheet of material during assembly.
Furthermore, the ﬁethod may include the steps of, after
the forming steps, bending the sheet of material about
the desired bend line, and assembling the sheet of
material with another device such that a respective
locating protrusion extends through each assembly recess.
Further still, the method may further include the step
of, after the forming steps but before the assembling

step, mounting a component to at least one of the first

and second planar regions.

&

ooz The method of bending sheet materials and the sheets
used therefor in accordance with the present invention
have other features and advantages which will be apparent
from or are set forth in more detail in the accompanying

drawings, which are incorporated in and form a part of



fromo r are set forth in nore detail i n the
acconpanyi ng drawi ngs, which are incorporated in and
wo eooaessprart o fthis specification, and the foPCDUB2095/043848
Detail ed Description o f the Invention, which together
serve t o explain the principles o f the present
i nvention. BRI EF DESCRI PTION O F THE DRAW NGS [ 0022]
FIG 11 s atop plane o f a sheet naterial sheet in
accordance with the present invention. 10023] FIG 2 i
s a n enlarged detail o f the sheet material o f FIG
thitsakegreqdiftivian iohy ched2theofelipeing Detgpad FlG 3 i
S a crgss-secti.onal f het ofvdlie 1
B THoBeE B & G 4o el e T o T (he Shoet
amdletialt e fprElnGlplelSn odl béatpc@ﬂﬁm@u#@ﬁ@wmﬁ 0026]
FIG 51 s a cross-sectional view, simlar to, FIG 3
of the sheet material i n the bent configuration o f
HBRIEF OESCRIPIIPNFPE, THE| DRAYINGD pl ane view o f
anot her sheet material simlar t o that shown in FIG

[éPE?t ving a aanl ﬁggnﬁt%@pacgﬂééguﬁéﬁéﬁﬂal[éﬁéﬁﬂ in

s atop pI ane view o anot her sheet nateri al
éc'tcmzfcaatnde ovitthatthehewesient Eh@ntipnt having a '
nmodi fied strap configuration. [0029] FIG 8 i s a
cross-sectional view, simlar t o FIG 5, o f the
(@;IzwetF:maI & iiad am ferBla@getl showhli st Aheeahapbypatlerial

ocgsnjt oé OBO%JSll:tIhG fgcj_lrcle r9sss sg%l opal view,

the sheet materla of FIG 1
shovvn installed within a chassis and havi ng conponents
[&gﬁtaéigd ihereocross—sectional view of sheet material

of FIG. 1.

@2si FIG. 4 is a perspective view of the sheet material

of FIG. 1 in a bent configuration.

o2y FIG. 5 is a cross—sectional view, similar to, FIG. 3
of the sheet material in the bent configuration of FIG.

4.

ppo277 FIG. 6 is a top plane view of another sheet material
similar to that shown in FIG. 1 but having a modified

strap configuration.

0028) FIG. 7 is a top plane view of another sheet material
" similar to that shown in FIG. 1 but having a modified

strap configuration.

0029y FIG. 8 is a cross-sectional view, similar to FIG. 5,
of the sheet material of FIG. 1 shown installed about a

‘component.



DETAI LED DESCRI PTION O F THE | NVENTI ON (0031]

Reference will now be made in detail to the preferred
wepdvemessesit s of the invention, exanples of whiROI/ESM05/043848

illustrated in the acconpanyi ng drawi ngs. Wile the

invention wll be described in conjunction with the

preferred enbodi nents, it wll be understood that they

are not intended to limt the invention to those

enbodi nents. On the contrary, the invention is

dolty ensted to ;couer rakkerBatiyes: Wogifisahinns @ndic. 5,
equi val ents, which nmay be included within the spirit

@ﬁ]otls&t@ﬁeeectf nefieriiatenti 6AGasl defpredi byt heed
&ha' 5 4 %&%Lfl} cBEl?%?x@trxtEni’ﬁ?@{é?fe&stﬁéf@&ﬁ ed to
y s shee

Tve material s and met hods of
bendlng the sane. For exanple, the present invention

BETRRLED %ﬁsﬁéx&ﬁw o raE TRVELSEOLNG el ectronic

circurt boards, however, one will appreciate that the
nmet hods and sheet naterlals of the present |nvent|on
e Rpfdignasuividd NEW SHehBpdasel @ﬁEPhHlE@ thiut not

éf%&éf%%&(%Mq%&QR%%%SSB&'Qﬂé ANG-KXPEAST 8Rah©9l &Y Sof which

opti c devices, nanostructures, radlofrequency
st el Uy sintateldess dheerraengadybbiedrdeinges .WiLpg3djhe

A s noted a prior .electronic.d

%%%?nﬁﬁm%évgﬂaledﬁfgféﬁg %I%Eu? H o§¥g£8§|§£%§2t 9n a

ﬁf@f@tﬁ&dﬁﬁMﬁdayMen&@nfugumaREOBeanddeeqUOoe thﬁtuth&yy
mpl ex connectjon systens_to, interconnect

%‘f’ﬁrp%"enlt%t%fdeéi 5% dtidatdewt PRER bAPBnERt %h%?e

SRS Doas d. dEhQ@k@%%ﬂkrb@genEh@nl@V@ﬁ@QBﬁslif&htended
assocli at ed di sadvant ages o the nultiple discrete

t@r@QWQrkﬁﬁﬁqﬂpaiuve@hengxh@pcapgons and equivalents,

which may be included within the spirit and scope of the

invention as defined by the appended claims.

00321 The present invention is directed to relatively
stiff sheet materials and methods of bending the same.
For example, the present invention is particularly suited
for fabricating electronic circuit boards, however, one
will appreciate that the methods and sheet materials of
the present invention are equally suited for other uses
including, but not limited to in-plane springs and
expansion joints, fiber optic devices, nanostructures,
radiofrequency shields, wireless antennae and other

devices.

0331 As noted above, prior electronic devices often
include several discrete circuit boards disposed in a
three~dimensional configuration and require relatively
complex connection systems to interconnect the components

of a first board with components of a second board. The

- 10 -



nanely in that the present invention provides for a
sheet o f material that i s capable o f bending o r
W0 olodiosigesand t hat is capable for serving a s aPGI/H§l0e5/043848

circuit board that replaces the nultiple circuit

boards o f the prior art. (0034] Such a foldable

circuit board woul d save conponent count, system

conpl exity, and space. A s the conponents that are to

b e installed on the foldable circuit board may b e

install ed and el ectricall onn . , '
Eﬁﬁﬁ%ﬁﬁ(ﬂQ¥Qﬂ%%QPoP8§5F8mS¥r§%?tg%%%?ﬁgfégrﬁaéﬁéﬁ%ig?%%f
8¢ Nl eGlTanie deviceeret bercesul boagdsi oLulte muyidy ert,

tested while it is still easily ac ible t
e P ey 6T SEEOPE ECORBONERTS NEYBIE £ Yed ¢11°°

reRlaced & tothi § Stagen1ascsusbngongonent sldoud caryl e
readily accessible a s the foldable circuit boagrd has
tioh t yt dyeerd liendical IsedvilAgo2Ehe 81 BELFoRT ECHEy i1t

ignificantly, .th : ct Upj ansk
e S i
Ara.substantially two-di mensional (2D) structure '

(e.g., a flat structure) . The flat structure could b
e shipped flat for folding at a renote |ocation.
@ﬁxlerslém@ 2 D stirlc tairreud anbbaedf sbyéd pave gomponent
t hree- di nensi onal (3D0) struct e. 0

SOROET uP B L T C BT B e Bt gé%s%é O, FobObOfdonent -
pnak! gvethe 1B DrsdtAictay ent taef ifbldabildecarspitipoerd

vol une. 10035] Turni 1 he dr aw '
PhkebEopORERISS A1 ASGRACEALY 5o e Pr BPENCE. |
%8?55%5? gﬁﬁcﬁgﬁg¥g {he foldable circuit board is

installed in an electronic device, the resulting circuit
may be tested while it is still easily accessible to test
equipnent. Any defective components may be fixed or
replaced at this stage, as such components would be
readily accessible as the foldable circuit board has not
yet been installed into the electronic device.
Significantly, the above manufacturing, assembly and
testing steps are simplified as they are performed on a
substantially two—-dimensional (2D) structure (e.g., a
flat structure). The flat structure could be shipped
flat for folding at a remote location. Later, the 2D
structure can be folded into a three-dimensional (3D)
structure (e.g., a folded structure) for more efficient
space utilization or to allow the 3D structure to fit

inside a specific volume.

0035) Turning now to the drawings, wherein like components
are designated by like reference numerals throughout the

various figures, a sheet of material, generally

_11_



various figures, a sheet g f nater:ag,o .
|l ydesi gnated b the nunera .

W(i?gdr:)a;i?ﬂseged ig FIG 1 y Sheet 3 0 i s confi guPETIUS200$1043848
that, despite being formed o f a relatively stiff
material, first and second planar regions 32, 33 o f
the sheet may b e bent about a bend line 35 T o
facilitate bending, sheet 3 0 i s provided with a
plurality o f dividing slits 37, and with a plurality

Od%sﬁbh@ﬁe@]bzstg &&593f93@2$d|qgus éﬁ%%%'%héﬁG

t her ebet ween a s seen in
behGal! é0sheecontigared Csuilcahlt;hasul trd it @8GY @Bkfed of

ations where nultiple
chl Sulkchoalgs. o £ olieg, appl gations where uitinle
posgiibhe 88, p@@lﬂ’ﬁttﬂlé hehdwamds, Wet Be6@MRBBERt 8 £E19- 1ine
cgapongnt . 42: . Fl whil e the boards are
?ructures ﬁ%ﬁlgé%?%V£536§bsﬂﬂa§tu§pngSc@ﬁ@emﬂ&?nmith a
eglipaBnty i £l Aidiig,n P Nt 7 i dw‘i? S‘“{;E MBLEO., of
pi ck and_ pl ace equi pnent, wave so er and 0

sﬁFF%ilﬁi L hehuthdianing éﬂ@dldaglgeﬁbhfypequhpfrehétw&m&w as
popLh af @dyrd¢ he fol dabl e boards can b e folded t o

achi eve nore efficient packaging without the need for

i ncorporating connectors o r having to plug connectors

saeket ul r oal .e he, case, [0037]
:ﬂﬁﬁone asdiéféd%ﬁg%fggﬁ?%gggnégg %U%%r%yfsgh% for

r%]t%%%qfslq qirawd 6r Yancdsworhot her paeSEta b IWEN LYo

t hod d devi ces described i n
e 0 kP E R R oA WS Fol) oty 1t would

aret IHdS@ikSHEETE WER&& YK Ho BEND GENFRQL )&Nﬁients (e.g.,

FOR FORM NG THE SAME, U. S.
dﬂgﬁﬁ%EgEugia?&%%NETFEE&le the boards are flat 2p

structures and easily accessible using conventional
equipment including, but not limited to, automated pick
and place equipment, wave solder and other suitable
manufacturing and assembly equipment. Once populated,
the foldable boards can be folded to achieve more
efficient packaging without the need for incorporating
connectors or having to plug connectors into sockets, as

would normally be the case.

(00377 In some aspect, the forming and bending of sheet
materials in accordance with the present invention are
similar to the methods and devices described in copending
U.S. Patent Application No. 10/795,077 entitled SHEET
MATERIAL WITH BEND CONTROLLING DISPLACEMENTS AND METHOD
FOR FORMING THE SAME, U.S. Patent Application No.
10/672,766 entitled. TECHNIQUES FOR DESIGNING AND
MANUFACTURING PRECISION-FOLDED, HIGH STRENGTH, FATIGUE-
RESISTANT STRUCTURES AND SHEET THEREFOR, U.S. Patent

- 12 -



10/ 672,766 entitled. TECHNI QUES FOR DESI

MANUFACTURI NG PRECI SI ON- FC]_(DlEJD, H GH STRCE;\INIG%C—I;, D
WO-2006/BASFRESI STANT STRUCTURES AND SHEET THEREFORCT/US2805/043848

Pat ent 48 Application No. 10/256,870 entitled METHOD

FOR PRECI SI ON BENDI NG O F SHEET MATERI ALS, SLI T SHEET

AND FABRI CATI ON PROCESS, and described i n U S. Patent

No. 6,481, 259 entitled METHOD FOR PRECI SI ON BENDI NG O
F A SHEET O F MATERI AL AND SLI T SHEET THEREFOR, the

_entire contents o f which applicati '
Appdorpoianetio hek&f 256 §74 TR %%_Oﬁ%ﬁik%ﬁ%ﬁé?w

e et hods and devheesr 41Sedh, f0rsHEGrMAG SIAHRS CATION
¢

scribed in the above applications and patent y b e

radapsed tnd Beecuskedtin ¥ of mBAtans N e ddiddnce

W t h t. e nt _in i [ i |
%‘t&?:éaf@trﬁﬁgv\tgiér %f;&?#]%\??%%n%%@l\] r eq\gj? réglr?éEr?t g Fo f
Mg anesend sheet sABE®r TAERERGR y flromittHard gloagptents of

requirements o f the sheet materials d ' i
wie\Ve ARpAticahaarapprfcae Fons h%gingca(fré)ﬁf.a OCF%%faer:rLgll Bglg,e

hhe falds 0k shest 3xOmpesd nod satamdstandldEcs card
stay folded b y thensel ves, The folds need not b e
Jdeoall fivearfiorging §1ERE dpeeFibehce iR 7% in o r o n
q\aﬁél }'ecl eccltd)rr%ma%ddg\clllt%ﬁtaméyabé' &b tedods he Wdd b &€orm
or t e y the chassis o r other frame work o f the
#liagd rioniazcdedaces Thehf ohdspneseh hot YoV e
geonetrical precision so that the folded sections o f
the sheet line up with attachnment points a s
SEesmas Wild spprecshéet , honeeer nstd b et 4

LR S S 50 IO, SoREPTAAOBERL T 1 s e
£ BELF ORI CrRVIGE of the sheet materials described in the
above-mentioned applications and patent. For example,
the folds of sheet 30 need not snap into place and stay
folded by themselves, The folds need not be load bearing,
as the sheet, once installed in or on an electronic
device as a circuit board, would be supported by the
chassis or other frame work of the electronic device.
The folds need not provide geometrical precision so that
the folded sections of.the sheet line up with attachment
_ points as necessary, as the sheet, once installed in an

electronic device, would be positioned by the same means

which supports the sheet in or on the electronic device.

o39) In contrast, the fold configuration of the present
sheet is conducivevfor ﬁse withwfeiétively brittle sheet
materials including, but not limited to, polymer matrix
composites, fiber reinforced composites such as
fiberglass, phenolic or carbon fiber composites, metal

matrix composites (MMC), ceramic composites and aggregate

._13._



10039] In contrast, the fold configuration o f the

present sheet i s conducive for use with relatively
wheibhbdsesheet material s including, but not |iPCT/ER008043848

pol ymer matrix conposites, fiber reinforced conposites

such a s fiberglass, phenolic o r carbon fiber

conposites, netal matrix conposites (MVC) , ceramc

conposi tes and aggregat econposites (where the

rei nforci ng phase consists o f particles rather than

fibers) . o the fold.confi ] 0 reesent
GHBASHLES 4", 8rgoﬁgﬁcf$én OSC?§%3%$%get%%n%%%gfng

%@f@fcj(és Gathber ceanecassasy .t dlfol thehéetd3 0 about
end line 35) r especially a conpar e 1
cheltgwrFtieat @ é}lhené’treﬁre\é\?i aéaesﬁ’% ?gseé,d?%ﬂg%%g‘;%n
SLEER; S 1 e Gfidibg present(ilBYentbose (6648Fatneanifdld

appreciate that the folds o f sheet 3.0 d o provid N
ymeébu300ﬂhe¢‘&@@ﬁbd@@eaﬁé)adﬁéﬁ?ﬁbéélﬁo?sfﬁﬁﬂﬂaﬁ% ©

rior fold,configurati . g4 hepdi fige st raps
go%gb?%v?dgmﬁghf%ﬁggkf %ﬁmgg% ?EggF?rst and second
alanaing egionsrad sheet o30thpaprpeanar Lpvenkl¢he
unfol ded state, so that the whol e sheet can b e
handl ed a s one piece. [0041] Turning now to the
eaaf i gue atidn apdrddie tshédato thenfipéfrapf gheet 30 od°

includes a plurality o f .dividi [ Whh €hfound
E%Pﬁhaesﬁﬁﬁiéﬂﬁi%ﬁq%% %ﬁﬁfﬁfsdgggrégbégﬁgg%fne 35,O%§s

shoppibp F@ donfiAuthatighhd he Fbendxhinpéeappeadsng o b
e coplanar o r_coincident wth the sheet .i.n_Fl 1
sheampl| rloawm‘@aeaweort‘wa{iu%%tbre&a’re&é‘ 50 c?&ﬁ-’\s/gt u%r‘% gegond

nt.sheet W ldnddkely, haetgreatenyt hanthbeunfolded
% ?85§e§%§aﬁﬁgthe sheet, in which case th% gctual axi s
ethtabogd Whtghthe whole sheet can be handled as one

piece.

00411 Turning now to the configuration of the sheet of
material, sheet 30 includes a plurality of dividing slits
37 which extend substantially along a desired bend line
35, as shown in FIG. 1. Although the bend line appears
to be coplanar or coincident with the sheet in FIG. 1,
one will appreciate that the radius of curvature of the
bent sheet will likely be greater than the thickness of
the sheet, in which case the actual axis of about which
the materials bend will likely be parallel to but offset
from the sheet (see, e.g., bend axis BA in FIG. 5).

00 The dividing slits also divide the sheet of material
into first and second planar regions 32, 33 on either
side of the bend line (e.g., portions of sheet 29 whicb
‘remain substantially flat). One will appreciate that

two, three or more dividing slits may be utilized to

_14_



the materials bend will likely b

(;ffset fromthe sheet (see, ng.,ebgﬁga;Lsg EoAthn
W E((Bﬁ/otissys . [0042) The dividing slits also di vPCEUS10e5/043848

sheet o f material into first and second pl anar

regions 32, 3 3 on either side o f the bend line

(e.g., portions o f sheet 2 9 which remain

fﬁbstantlally flat) . One will appreciate that two

ree or nore d|V|d|ng slits nay b eutilized ,

todi vi de the sheet 3%9 t Elg g sgconsh pt anar

diegilonshe Gieafi 1Pt ﬁgFgcla a? dividing slits

r%g%?ggggflﬂh £hang aalFHdJra@ﬂpﬂe¢laté bbﬁd Hiveding otHe? t

e sheet into three f our e. S
mﬂprexpémm&ﬂiﬂégﬁbm§Q¥%%%Ekl felef é %lne¥ in %?ﬁ?grto

tri st t a r 3
ASEARE O B rtarey ol aead- fjbf 3D structire,
naag@ege@lmtwomesgd ({G043[EOSHEaT 3 braragiiar o

includes a pluralit uhstan
S§KPF§UF%'9af%$%%ﬂet¥ere{ L?ougﬁEa %Eﬁk§¥¥§%b§:F?| strap
s %%Eﬁ%t beatoséaecdbs 3inds tadjtosift, w PEhETE SPhe
strap sl its (e.g., 39", 39", see FIG 2 ) forma
smfmmtmgeéirap 4 0 therebet ween. 10044] Preferably, the
slits are formed b y the use o f conputer nunericélly

controlled (CNC) devi wh j ]
pparsicat Shoehea e Taehy s URTE Q) Shins g v
psa[rj‘ﬁ'ail el rst%ﬁe%ﬂl@%l 390ﬂ@rmedilt1a@m1em<am@ 1 hdiheptdraP

e nmeanhs may b e used t rmslit

:ﬁgf@f?ﬁﬂfﬂjﬂﬁ&hbﬁﬁé-éﬂ€§eﬁ? ?ﬂgeﬁg?%n |n€%% né?fkﬁﬁe

SOHHY LYt 05 F a1 "l Te, aivi dng sitie o bending
its iV

o0 therebstusen. iding slits and strap

poss) Preferably, the slits are formed by the use.of
computer numerically controlled (CNC) devices which
control a slit forming apparatus, such as a laser, water
jet, punch press, knife or other tool. One will
appreciate that other suitable means may be used to form
slits in accordance with the present invention 1nclud1ng,
but not jimited to, casting and molding. As the
configuration of all slits, dividing slits and strap
slits, can be preprogrammed and effected at once on Ot at
a single workstation, it is considered that the slits may

be formed substantially simultaneously.

[0045] Returﬁing now to the strap slits, each adjacent -pair-
of strap slits 39 form a bending strap 40 therebetween.
The bending strap has a longitudinal strap axis 44

intersecting the desired bend line as seen in FIG. 2.
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slits, can b e preprogramred and effected at onc

‘Nsh&mgéﬁzsshgslg goggstagionb it i s considered tﬁa? "
rmed substanti [

10045] Returning nowt o the St?;baglytgingggﬁmsﬁﬂxMywm&w

adj acent pair o f strap slits 3 9 forma bending strap

40 therebetween. The bending strap has a |ongitudina

strap axis 4 4 intersecting the desired bend line a s

seen in FIG 2 .[0046|] Preferably, each strap slit has

substantially strai ght internediate gg%%%ggi4 6, whi ch

p@xt endsfacaloby, terctheticrad kel tTHE S f Fafe Porti on

rovides.a_len f r 1 '
DL SLEES| B BN . fpd 8 3 0 Bk, Wibahibancaca: b
bfégid?lli_/név\l! ?Th%bomtetmdisatreamc%i@n rPé;‘?VBdésdiasllFPgﬁ ed”
uni f or .al oang the l.enath.: n ol
chaboaL AnE L CE gl s aiTs 4 L Ry

Uit R Myt Bhgkigssh (Tdrf{see, (€. g., FIGE 3pouroBFestra
one wi | I "appreciate that_the sheet nesd nat, b e ’
aﬁnﬁﬂomﬁwybﬁhﬁéﬁFFFP%F%faﬁ?&fl¥ngﬁgﬁ%}Sb Strap Eﬁ}
1&hgEn Tl BHE E%ghgtgét@@sér%bc@ﬂmmﬁ, (tDee shele. oF )

ss t

_ n or substantially eqyal
rdtcaknasbabTr substhatipbby %ﬂ%f%ﬂ?g‘ﬁ%ﬁueﬁtsgr@? e5e

mnimze t t orsi I [ C it
Sobary o L, LB S 0 e
i@ nTie bet map faxindynalyiekt enBre ey ltign the

apppoxinately 45 with respec . '

e TG 35 BT ST, Pl LA e ha g e e

@&J,‘Wﬂ@t el)y 194 Qs Wekb ERapeot bubstdret dekly edltfehd-©
|ne,‘and still nore preferably wt in.gfe.ﬁqggg o

?mrmmﬁéy B- 3¢ Wheh S!h8§|5e§g f“agephe desi fed bend

migﬁkigéckﬁg”é%fgﬁ%négn%é@ikkanCe of the strap.

047y Preferably, the strap axis is oblique to the bend
line. The strap axis may extend less than approximately
45° with respect to the desired bend line, more
preferably, within the range of approximately 5-40° with
respect to the desired bend line, and still more
preferably within the range of approximately 15-30° with
respect to the desired bend line. To this end, one will
appreciate that a sheet of material may bend to a certain
minimum radius of curvature before the sheet will fail.
This minimum radius of curvature is dependent, among
other things, on the material and thickness of the sheet.
For example, a solid sheet of phenolic having a thickness
of approximately 0.060 inches méy héve a minimﬁm radius
of curvature which the sheet can be bent about a bend
line to a minimum radius of several inches, if not feet,

beyond which minimum the phenolic sheet will fail.
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appreciate that a sheet o f material may bend t o a

certain mninumradius o f curvature before the sheet
wawaok/06568 . This m ninumradius o f curvat ure PCHUS2005/043848

dependent, anong other things, o n the material and

thi ckness, o f the sheet. For exanple, a solid sheet o

f phenolic having a thickness o f approximately 0.0 60

inches may have a mninumradius o f curvature which

the sheet can b e bent about a bend Iine to a m ni mum

radius o f several inches, i f not feet, nd_ whi.c T.

4 niRe Y Hed p%%oﬂ’éa%f?é@ts VR J%.ﬁSPe[CGoEQ] %ﬁe%eﬁa 1ne

Lhe,strap $%ﬁﬁﬁbré¥ﬁgggldé euitrhenherdahige ogerves t

0 reduce t ctive mninumradius o f curvature.
Eursatwreskeﬂﬁngtlhe %hQWﬂFQn@h? sibjeecegisheubtiegpst the

a,certain_anpu t i - St L
SFS%% %9Ieng?ﬁ€al? ?ﬁ‘g{ fﬁ% é‘J ?gg?IEE %F%?%ﬁﬁﬁged
bhloagi aslabour ohettberdt ddme ﬂﬁyabﬁﬁeCedueemlalgua of

certain anount. o ul ar di spl acenent .about th nd
FRAGUS 2P %EEoﬁﬂ%d%ﬁ%ggﬁ' efofépgﬁ dFﬁFtﬁern%F§§
5&6%6 Jothgngtiap @ﬁé{ﬁlaﬁ:éme&lm Anglte theWbbhdr edpecti st
othe fold Iine also skews the actual m ni mum radi us. o

peeorvedared (R auah )t q it eEEpEEr X6V RE tne
s‘BkQ%' 108y %muén 1 l@fé %H’dhv%é'@ﬂ@d@%r adicUscadf 1ine

curvature e further reduced b y the
silne skéwanghe qct@@lehyrwmnnneﬂhcﬁh@ftﬁ@rﬁéﬁuﬁ§ dRfnin®)

cur s_foll ows (q

f@@i@] I%lfﬁ r%ﬁ%%%?h%%ttQ$f %ﬁq;% %% &hgﬁsgkgghas

threet dv¥i @i ngmehi t8d 35 df?quﬁﬁﬁk&&kf&@hﬂmé)ymay be
anar

separating the sheet into fir d ée%% g
fagrbps 3odused bR B¢ S| FopEnd FEREYaSC A
RablicPnd ShEapagets ﬁﬁ’curvature as follows:

Rmin® = Sine(8) * Rmin®

049 In the embodiment of FIG. 1, sheet 30 has three
dividing slits 37, 37’, 377 effectively separating the
sheet into first and second planar regions 32, 33 on
either side of bend line 35. A pair of strap sets 47,
49’ are disposed between respective ones of the dividing
slits. One will appreciate that two, three, four or more
dividing slits may be utilized to form one, two, three or

more straps sets.

pos)y In this embodiment, each strap set includes four
strap-slits- 39 thereby forming three bending straps 40 as
shown in FIG. 2 (only one bending strap 40 is shown).
Again, one will appreciate that two, three, four or more
strap slits may be utilized to respectively form one,
two, three or more straps there between. Preferably,

each strap set includes two or more straps in order to
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4 9 ' are disposed between respective ones o f the
dividing slits. One will appreciate that two, three,
WO ou06/065568 nore dividing slits may b e utili zedP€T/UST005/0a3848
one, two, three or nore straps sets. (0050] In this
enbodi nent, each strap set includes four strap slits 3
9 thereby formng three bending straps 4 0 a s shown i
n FIG 2 (only one bending strap 4 0 i s shown) .
Again, one will appreciate that two, three, four o r
nmore strap slits may b e utiljzed t .0 respect]
fietmibnée ttwesichr e8epH # %?@ta[r%lb%bef%e(?% #e%%l/\%e%.
Pr ef er abl a Lael ugdesnt Wt otor sroee-
iy, aSteap setatael veesr
aé’tdr/é)ﬁs%lo %Cg%gﬂg\lra t odisfribute torsion over a greater
nunber o f straps, and/or t o accommpbdate a greater "
amount. .o f iR r£@Q5LhcW tb eoat i huedhe e$erapceets
Lo = @\tlt% ,Cotq{éwL Strap sets 47, 47' are not .paral kel $,0
one srother rard parelilgdt &d O8¢nARBPFRTAI Py af r anged
about a transvers I SpRul suUehahBatrtbeasisaplaxiish4
AR Y safrrsat%lg%)é zdet St ersects the st rag axis
At e thergecons dur af sée. fuek ats§RmEPH ¢

arrangenent | s advantagequs. | [ tendsch @

elig e%‘tlf%la}ﬂjc%m%gl O%Qitzl S%Cfotrﬁl?inté’teggg fSiEFst pl anar

%zr%é)tfk?@ Lol Atdaredt G secbrthiplgmoas iegkbat3il &PBAF ©°
nd Tine 35. 10052] One wi || .al._f) rgtc:ifaltr it Biaﬂa the region

stfapt et by negndele At idd) {jo ri-énted and even
ral|el.t_o_one angt hersidr theyerent bhangavieald $hnft

g?oﬁpgi#ﬁlev%e%g ?el ne i&?adﬂeagi rﬂetgg. For exanple, FIG 6

Bkl ustrates a sheet 30a that includes a pair o f strap

sets 47a, 47a' that are parallel t o one another. A's

will b e apparent fromFI G e
pos2] One will appreciate that the strap sets may

tersects

asymmetrically oriented and even parallel to one another
in the event that axial shift along the bend line is
desired. For example, FIG. 6 illustrates a sheet 30a
that includes a pair of strap sets 47a, 47a’ that are
parallel to one another. As will be apparent from FIG.
6, the geometric configuration of strap sets 47a, 47a’
would allow a limited amount of axial shift of first
planar region 32 relative to second planar region 33 as

illustrated by arrows A, A’ in FIG. 6.

os3} Returning to FIG. 1, the strap slits 39 are provided
with stress reducing structures at ends thereof, namely,
enlarged stress-relieving end openings 53. The end
opeﬁings are pioVided so as to effect a reduction in the
stress concentration in the bending straps. The end
openings will tend to cause any stress cracks to
propagate back into the strap slits, depending on the

loading direction of the sheet. It will be understood,
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6 ,'the geonetric configuration o f strap sets 47a
47a’ would allow a linmted amount o f axial shift b f
WO prspeisbanar region 32 relative t o second plBEEDS2005/043848
region 3 3 as illustrated by arrows A, A' i n FIG
6 . [0053] Returningt o FIG 1, the strap slits 3 9
are provided with stress reducing structures at ends
thereof, nanely, enlarged stress-relieving end
openi ngs 53. The end openings are provided s o ast o

effept a reduction in the stress concent ' '
hbeadeng Sheipstrahe %ﬁ%P%b%%iﬁH@l'%ﬁeﬁbL (#pgnégggihe

any Sthess  Chaeksnds Oa Pk ORagateqbacdd o tdwel statbipn of
en
SEI{§, depené?ng o&n the Ioadin% direction o f t€§§
thkeekbnelf it swolf| the ebendbrst BB HNOEX00 5742 3843 Honever
AL SERESS LEPHET 09, SLENGLUG eSSt 5 il @ndar ged
ﬁ i'ngs are not required for realization o f the
dpenehigss have theibentiangcanthodration Heapirgentdiameter
invention. In the il]ustrt d | t h '
Pﬂﬁ&mlﬁgéaﬁ§F§ 5 éPrk ?awlééﬁfngggg;gﬁphgz%ngtﬁag stitss
A ymtersdhatin r3cl.apger than the width or kerf o f
the strap slits, a s best seen in FIG 2 . [0054] The
strap slits may also b e provided with other
lﬁ%{fsﬁﬂ;gﬁg@@n@lgt@umhyraSsoFbe pxanptied vhehseEhpr

s may b e provided with st - i evj i
e sl S " SRS SLbCy LR goda e
rtﬁé%%&%%\;@%ié‘cf Q:hend rbiske r35.iekAngaehiicubdii Bactwhich

ra ~diverges away fromthe bend |ine and t
gradtualile enty edsddet vé rardsh i&3d ter 83¥SEEEL F‘Qﬁ%ﬂ ?’g‘?“éa

o f_ an adjacent_Db ' r
@ﬁﬁ%l 3613 m rdk gg#ﬁggigxgpe%cﬁ the shrapsMeevsrges

away from the bend line and thus gradually increases the
width and cross-sectional area of an adjacent bending
strap as the strap meets or merges with a respective
planar region. As best seen in FIG. 2, the terminal
width dimension (w%) of each bending strap is
significantly larger than the minimum width dimension W'
For example, the terminal width may be two, three, or
more, times larger than the minimum width dimension of
the strap. Moreover, larger terminal width dimension may
cause the deformation of bending straps to be more
gradual during bending and torsion so that stress
concentration will be reduced. This, of course, combines
with increasing strap width to transfer loading forces
and bending forces more evenly into the remainder of the

- sheet with lower stress concentration

{00s5] As illustrated in FIG. 1, adjacent ones of dividing
slits 37 and strap slits 39 may be interconnected end-to-

end with a stress reducing structure such as connecting
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pl anar region. A s best seeni n FIG 2 , the term nal
wi dth dinension (w) o f each bending strap i s
W@ e@nioéiseant |y | arger than the m ni mrum w dt h dPEETS10051043848
wm . For exanple, the termnal width may b e two,
three, or nore, tines larger than the m ni num w dth
dimension o f the strap. Mreover, |arger term nal
wi dt h di nensi on may cause the deformation o f bending
straps to b e nore gradual during bending and torsion
so that stress concentration will b %re uced. Thij§. 0
rhdéoar §6, conbi wekl WRPE¢HER eadinfg St wiidth'® "o
trans | padi d; bendi g fof cescrgmer-teven| y
PRt szt%édr gﬁa%ﬁgg&%@?ﬁ%g@sheet Wit h rIQJ:)Wer GJ;gt%,fress
sceapesliati bnwé0O551cansedtingtiadiats i3 MgVides

at\j/j acint one? 0 g dividing slits 3 7 and strap slits 3
S§VR&EF1h 26 VPRt8PE8nnect ed end-toend with a stress

reduci ng structure such a s connectingradi us 56. One
wi |l _appreciate, th Lyi ding. shi tgi Ry extand 4 and
9%l tFél‘r%itﬁé’fellnE égé’é%tggﬁghg ?%j;i’é%ct ive st rlargj(s.l it
ShQuWeV e teorneetbrgniadiup 1 5f e privve desnseyeryfing
advant ages . 100561 Fir st interc ciqd g j acend
pgioFedisng St §Xaﬁ‘8}§t r ap %Y‘?t %V%%%-’gg%l‘gn%ﬂ‘%i ?1%% fies
dNe M aglURisedopr e6Rp&teFofuRXapPhEl Y i cot treo B\aght
that the slits are forned b y the gse o f computer.
(E0NFBrT idealilopsc omi el FeatEenNch aevt chRrHhPEn i ant T ot° a

éﬁéﬁ formng aop LRLYS 5e8UCBuACcE Bréaserknivet esr j@ther
punch press, Khife or ot.ﬁer tool, the end-to-end d ¢
tetf,i giiteatdron te-emidnares iohsahéed €1 8MHoAERS dbin Need t°
and/ or renove, the cutting,el r bet skest

h %H?Q%né_ OM:-hBE: SPEH the

Fﬁ%—f‘f%é#?“frhéanﬁ}é) srgmfovlgor%m ng a dividing slit and a n
sheet between the steps of forming a dividing slit and an
adjacent strap slit. Similarly, since the dividing slit
and adjacent strap slit form one continuous slit, there

" is no need to reverse or backtrack the tool to complete

the strap slit.

00577 Secondly, connecting radius 56 eliminates the sharp
point which would otherwise be formed if the dividing
slit linearly continued to intersect the adjacent strap
slit, namely, the sharp point that would be formed on the

acute-angle side of such intersection.

0053 The materials being considered in the present
invention are capable of elastic deformation without
failure but may fail catastrophically when a substantial
amount of plastic deformation occurs. Consequently, the
torsion straps are designed to maintain the materials in
a state of substantially elastic-only deformation. The

substantially elastic-only torsion straps can be
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adj acent strap slit. Simlarly, since the dividing
slit and adjacent strap slit formone continuous slit,
W0 b@r©63568 N 0 need to reverse o r backtrack tPeT/Usm5/043848
o conplete the strap slit. (00571 Secondly, connecting
radius 5 6 elimnates the sharp point which would
otherwise b e formed i f the dividing slit linearly
continued t o intersect the adjacent strap slit,
nanfly, tre shgrp point that would b e formed o n the
acute-angle side o f such intersection. [00581 The
P ardatr el ganiyg Corfsderdsd i EﬁCPhéthPBs&hPch%E‘?? on
%Iﬁié@p%xﬁqto I elastdie def eprabi a8 whthewb paihsseare
ut may fail catastrophically when a substantia
?ﬂwmd oyt ddte deadef-or MresnddBenrd oneongbguehtFys <2
tprsion str i.0 Lht ai
ot P W B DT are, oBl Gepreranryiods
ﬂf&@rpﬂéw@m%1ﬁh£xsubsﬁanuﬂabbyrebaspﬁcf@ﬁE?Omoﬁéi@@Ch
straps can b econsidered tqrsion sprin E r
et r F bot e3P E- 19 MY £P5itbunt réngefiegilsrtcglﬁ%g ?gggég aélgat

{heotporptanas e Jiotrated naloutt the beedent invention
Three-di nensional structures can b e held.in

posi e ore b yckared ddt dihglos i eel 55ie & llﬁogg Fhgt
g%ﬁ%gfégégg%rﬁgfﬂdﬁgﬁﬂ fleariees o¢ tohpeedamsothataghe

_ springing open. Printed circuits boards that
assenpbedt enthe-ltorsioirjoiodt saghf PRESpr esent
invention can b e held closed in the desired bend
angle b y the tenporary o r pernmanent docking o

eonpofenss ¢hmitir dauseiindg 6aro Penélesirng eW6EP a
SRED a0ty LTI R B5p Hmdionmie sennd o
bbesbendci ot fitmadldnical stresses in service or
conversely the joints may be designed with a negligible
amount of spring-back force if a surrounding chassis
supports the folded structure. Another consideration in
the design choice of how stiff to make the elastic bend
joint is the ability to handle the unfolded sheet in a
planar form prior to and after assembly of attached
components but prior to folding. A very low force
elastic bend joint with negligible spring-back force may
be unable to resist the gravitational forces of the slit
sheef itself or in combination with the attached
components. Therefore, a sheet may be designed with
additional rigidity at each elastic bend joint which must
be overcome by fastening to a supporting chassis, through
temporary or permanent docking ofwcomponenfs étﬁaéhed to
the surface of each articulated plane, through three
dimensional closure of three or more planes, or through
compression or tensile members that temporarily or

permanently define the angular degree of freedom of the
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b e subject to mechanical stresses i n service or

conversely the joints nmay b e designed with a
woe@biogishd e anount o f spring-back force if a PCT/US2005/043848

surroundi ng chassis supports the folded structure.

Anot her consideration in the design choice o f how

stiff t o make the elastic bend joint is the ability t

o handl e the unfolded sheet in a planar formprior t o

and after assenbly o f attached conponents but prior t

o folding. A very low force el asti |0 M4 h

el GG Eeéldséroilﬁ%-'bagig 1?8?85 Pay %gréggﬁgb%%%) re}lsi st

the Wav tahiranabukokeesasef sshershttishest itself o r

I'n conbination with the attached co onents.. .. ang

THerefonpted shede crap heBIUREi GREUSH t h™adat 1T onal

géé%é&:ﬁg%}éi S glsasts 6nBRAdihoknt . wWhl chagiustie b e

OVEerco y fastening to a supporting chassis,. :

¢hrolghouemportacg extepssmahéhtuabrkEAgthe FRLuhhente

attached to the surfa each art LgHbatedepl @dasing

TN dﬂ@ﬁl€%f§61dfﬁ%ﬁ?i%%gﬁagﬁog%rg of three Or nore

P ageSet B ithriougled eipuesbeod dinet 8Rsi Fee ngpdlFuous

that tenporarily o r permanentl.y, defin ; ul ar
gk aee PFOHESUMRE T (&S gfs?tl?é% %Ie‘n %%Pﬁ%?g% t
Least-ohe aending SR ey beRakede taecontbhuang second

surface 5 8 r that is, a n.uninterrupted surface ., .
ekaendi rep betswee T tehe€ ¥9Gt<H Cahd COBEEAGCpl Bidr "7 65i ons

go SmSQPV‘Qt#OIQ—_iF Go a Hifidlie cgepliiRuedansutbacer
xt'€nds O I'quely t o the bending line, and a s the
cont Fnleasapirfat elirecshat toulshecturdaceeasi heasieet -
sheet 3.0 i s folded.ahou nd. i 35c1therical
QBﬁtth%u%p%ﬁﬁ?¥ﬁ§§z%ﬁggi gggg %gﬁﬁgﬁéonemhicﬁlgan

" gbgahii cabaconnectd Hfbneyl hiiedasdat é@ bbewebaethauch
first and second ,
that the conduit means extends along the continuous

surface.

0os0] For example, the electrical connection may make use
of conductive electrical traces that pass between the
first and second planar regions along one Or more straps,
occurring on one or more layers of a multi-layer printed
circuit board. The purpose of these conductive
electrical traces running along the straps can be the
provision of power from one planar region to another.
Another purpose for these conductive electrical traces is
the communication of electrical signals or logic
switching from one .planar region to another. Yet another
purpose for providiné coﬁdﬁctive electrical traces across
articulated elastic bend joints 1is electrical or
capacitive continuity between ground plane structures
which provide, among other things, electromagnetic

shielding.
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pl anar regions . The el ectrical connector may take the

formo f a portion of a printed circuit connector o r
wo@rdlvenvisee applied directly to the surface o fPETES2005/043848

sheet. One will appreciate that other suitable

el ectrical conduit nmeans may b e applied directly t o

the sheet such that the conduit neans extends al ong

the continuous surface . 10060] For exanple, the

el ectrical connection nmay make use o f conductive

electrical traces that pa e
@@Hon%e%?%ﬁ%qu%d$r% fﬁféﬁ;fgﬁéwggﬁtb%rgﬁééﬁgﬁgggly .
EEYHLEE NG O Qs 0L ¢ Japae dtay érsno theapmakbess| afeforming

printed circuit, board. The pur.pase o f thegse
EbAdEEE PR e bRt o | rad VARG MR %n R ?863

Qég thrﬁnﬁ @K@Vﬁﬁ%<ﬁhﬂkﬁcdﬂmMﬂ'éﬂé@@ Qﬁecmbaear regi on
anot Anot her purpose for these conductlve

ebgittiaalon r acks the aHenadmlmreassen L6 f ToFBEPPi EAF
[s_ o 0gi C [ n I reggon to
ER%{ﬁgranﬁb%ilgé%%%mfﬁ&P:ﬂg ff1omLoNe orplanasn, r ad

ano pur pose for prOV|d|ng conduct i ve
&b@ﬁtéhﬁﬁ|r®tatﬁsnabr®$$ Gnanaﬂﬁﬁﬁdﬂrq§ﬂésppcOﬁeﬁae board

ints i s electrical h&@ w
EQFQEQHOQFOEB% %¥%%%S%Tr ufesH%ﬁf%ﬁggggéﬁggkygﬁgns °
%EB%ésEEbnﬁﬁlle&@Céuﬁ%ﬁ&ﬁﬁﬁdkﬂjﬂumﬁaﬂday (oothei

ecause the process o f formng | ectri, aIIy
cendbeErvEL Py AR BICESE- séﬁéﬁ‘ea‘fee‘f'fr]of% epﬁr%gégs §tf the

fb%r d”@st Rt shi aRe 9ef i DI id it SshP QU RS mAUSt sbeps
for registering the two fabrication steps in

ah@seheeglsttangoﬂtepsf fdle AATSIER QP FrUGEesEef GO
ggﬁﬁgggéégeg %Sgdgrgngngﬁifféfgkﬁrﬁ%gdtﬁ%n'Ulhﬁ% design

of the printed circuit board most preferably contains
registration marks that can be use by the slit forming
process to recall the positional registration of the

board prior to slitting.

00621 One will appreciate that the foldable configuration
of sheet 30 allows the sheet to be populated with one or
more components 42 while the sheet is in its flat
configuration. In the event that the components are
electronic and located on opposing planar regions,
electrical connector 60, shown in FIG. 4, may be used to

operably connect the components.

o063} Optionally, each of the first and second planar
regions are provided with one or more assembly recesses
61 for locating and securing the sheet of material during
assembly with another device. 1In one embodiment, the
assembly recess takes the form of a plurality of assembly

apertures 61 located adjacent the corners of sheet 30.
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mai ntains rotational and translated position o f
board throughout the process, then cg-regi strati oahg f
W b@souisepr ocesses Wil b e automatical ly embeRdBUSI005/043848
the nmanufacturing process. However, i f the position o
f the board i s not maintained between the
trace-formng steps and the slitting steps, for
exanpl e because the two processing steps are in
different |ocations, the design o f the printed
circuit board nost preferably contains registrati
omar k1t happrapidte UsE BNEt K& % % F6r ﬁfn’aoﬁ?oégggmkt%y
8gaLL; 1 he, Pos LLonalnd egl-il ald abcarhiohheobioand pri or
rttrng. 1 ] One wll appreciate that the
akekapblerconsgurmay omny fd ing oQP| Y& LPHE SR&&ET

t o b e populated wth one.o ;I n
CARPTEUERE SHECLSrPd (0 CT ST ToRt ot gt ron T hothe
Og\r/] %gglpgh_@htg hlgop‘@n@@erte nirs taree lesdt.r omiethaind thec shegt
on opposing planar regions, electrical
1§hamtaﬁlﬁgc9n4a?dnﬁ‘§f> Fé Ul Soe“bbgléfr g‘é?&@i%&%&%ﬁ Oi he
SR eNHS i c£0963hn ot ONad 1ycomeah crff igeraftiost (grd
second planar regions are provided wWith . one o_r pore.
rIssemdl y whetbsseshe ahedt 1ok’ iyt W% | g TS5
Cel Qnb MRLERLBLo eI NG angembl o i 1analther:
evice.” Tn one enbodi nent, the assenbly recess takes
ddier ff@ramcach dspeuratity) o dnddeenbhy Hp@iitesRsE "9
| ocat ed adj acen% tlggﬁc,grg rs. P.fisheetpor example, if
I T 93200534 58%8 SCR-. Wi T 1 " Appr ecr at e t hat or?e, t wo,
Ekﬁg 68,1 JOHatassanbhysrecessesivayy highusad and t hat
the locations o f the assenb

I
WOPOHGI R0 CVaPBES BRSFERUTD ChS shedt td Xeb flat
configuration when bent, the assembly recesses may be

more numerous and provided closer or further to the bend

line to maximize leverage in holding sheet in place.

oo64y For example, in the case of an external-corner
configuration, the sheet may include one or more assembly
apertures 61 located proximal the corners thereof to
cooperate with assembly fastener 67 in order to minimize
the likelihood of the outer extremities of first and
second planar regions 32, 33 from springing back away
from subassembly 63 such that sheet 30 returns to 1its
flat configuration, as illustrated by Arrow S in FIG. 8.
Similarly, in the case of an internal-corner |
configuration, assembly apertures 6la may be located
proximal the bend line to coopefate with assehbly
fastener 68a in order to minimize the likelihood of the
inner extremities of first and second planar regions 32a,

33a from buckling up away from the internal corner of
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garaneterstincLuding, but not limted to, the
rrangenent o conponents popul ated o n the sheet
wob@bhessst he sheet i s installed o n and about PET/US2005/043848
subassenbly 63 o r other suitable device in an
external -corner configuration (see FIG 8 ) , whether
the sheet i s installed within a chassis 65 o r other
suitable device in a n internal -corner configuration
(see FIG 9 ) , and/or the inherent spring coefficient

of the sheet o f material, For exa | h
¢h$83ﬁ§téﬁ|émcﬁa§hétréP%?Fv%@yrﬁFﬁﬁngp ?ng coé¥$§cfeﬁ$t

A ll'&;utr%rfq%n Qsr ?ﬁ!’éﬁgtt_’gﬁeéhﬁﬂ Atr®wit sid lBEG. 9.
configuration when bent, the assenbly recesses may b e

nor e nunerous and prOV|ded closer or further t o the

[Rﬁégd THE LA JIBX b3 ihEMEEAEE thd ﬂﬂﬂéﬁd&mlg ﬂtreautlom
0064] For exanple, in the case o

Aaldce«r rchdsncmm n@@nﬁag'mdaf-nananﬁhéa?,ﬁﬂe%i‘twg/ e eRges
Sbec archrgogv%tq?%q.@?l Y,29RERLUr 88 rBLokosatiese Pr oxh NBted.
orners ereof t o cooperate with assenbly
?ﬁ%ﬁﬁn?ﬁaaiﬂu_nxnmdam5t06 sphnidzeigheand kKERPREBYE BT
outer extr ties o f f| t
ERghpifiies asy C%\r& oeat gnl,l n E% gggoggaﬂq? Qﬁ@naﬁlck and
F§?§§Qﬁ%&émﬁi%Sﬁa&hbbhaéasheeﬁ ByOusengrﬂsngl© PPgsheets
onfi
134 @aigerlgi?un{qaallfqop{])aqaen%%léltgzltgr a%%g ghxcﬁr ﬁerel@okof‘e
reé&%ggﬁ SoL nesL o canfhayighiconi saseerbby apeunttuness6la
e located proximal the bend line to cooperate

with assenbly fastener 68a in order t o mnimze the

Lkgel 0908, 0 f 5N i INQF @Hd ednda@d eoshebir st ahd
ond pl anar Tegions 32a, 33a from buckling u
prosetheinvert hat w@rscb ey savigable for mgnu@a \éa¥1ng

circuit boards which conform to non- orthogonal device
packages. Generally, industrial designs are often
limited by the need for flat or connectored printed
circuit board assemblies (“PCBA's”). The bendable
configuration of sheet 30 would facilitate artistically
shaped devices having compact designs with high circuit
density. For example, wearable electronics, conformal
automotive or airborne electronics and other products may
require complex-shaped housings that require circuit
boards to be oblique to one another. The configuration
of the present invention would allow a single circuit
board take the place of two or more obliquely oriented

circuit boards.

00671 Furthermore, the bendable configuration of the sheet
may be utilized to provide a hinged PCBA, that is, a PCBA
that may be bent back and forth repeatedly. For example, '

the sheet of the present invention may be adapted for use
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chassis 6 5 such that sheet 3 0 returns to its flat
configuration, a s illustrated b y AcrowB in FIG 9

W 2®65¢55¢he vari ous enbodi nents o f the presenPCT/US2005/043848
i nvention allow designing manufacturing and
fabrication advantages to b e achi eved whi ch have not
heretof ore been realized. Thus, the full benefits o f
such design and fabrication techniques a s CAD desi gn,
Rapi d Prototyping and p ick and pl ace" assenbly can b

e realized b y usi single 2 D s S Lal to
Pot Mo S SHLACAE WCCR Rer SEOT6r 2o equ Fan T he
Y5Es On 1yt dipl @ dirser efre meRestriuctiireboat@s6ehaTheust
configuration o f the bendable sheet o f thgﬁ resent

phveht Fok FEye disene @ndiitedbl e SPGP AuREPEEPUFi ng
' Eﬁazﬁﬁ%&r f'é_éeﬁsa&’%ﬂ] G TIA tro@ RABieghhegasal bdevi ce
ayes a

pac : ner y, industrial designs are often
bbhil¢ethd gndher reakrfdrvef Ienng GtogsnRBEYVEFBA LPPi nt ed

Lrcuit board asse jes ("PCBA 1 s"). The bendabl e
%ﬁﬂ%ﬁéﬁﬁ%@%@%%?SO\WMdfadHtMe
artistically shaped devi ces having conmpact designs
weth bigh clresit densidy .« o, Lxanmpl ¢nveaanahl es that
@F@ctg%%g%%? %dﬁ?brﬁgicgﬁﬁbﬁ%gﬁve 0 T airborne
ghechagnbesaland ot hizrl praoducte ifapopaduilngo its own RE

compl ex- shaped. housi ngs. t hat, requi re.ci. it ' t
SR RP Ao BT g1 oo Sistineye Ty BaGrrel baRoaite,
Eﬁ@a9[§3§ﬂa ERYSALY on moul dbaldeoowonlsi bgl eesicecuiftat to
board take the place o f two o r nore obli,

verefvefuerk tantl Hoarard .rﬁ@d@?]afﬁurdteﬁgf:ﬁﬁg’g,eloty[hé‘issi“g
I O Y
wos9} An advantage of the interconnected straps is the
bendable sheet of the present invention may also be used
with fiber optic technologies. For example, an embedded
light pipe may extend along one or more straps to
optically couple the first and second planar regions of
the sheet. Such embedded light pipes would be capable of
transferring optic signals between the first and second
planar regions without having to resort to optical fibers

!

and their high cost.

©070) One will appreciate that the geometries of the sheet
of the present invention may also be utilized on
nanostructures in order to produce articulated micro-
mirrors, biomimetic cilia, piezoelectric drive motors and -

other nanotechnology devices.

7y One will also appreciate that the configuration of

the sheet material may also serve as an in-plane spring
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that may b e bent back and forth repeatedly. For
exanpl e, the sheet o f the present invention may b e
wadmpvessed or usewi thin a fol ding nobile phone BCT/US100&043848
devi ce which presently requires two or nore circuit
boards that nust pivot relative to one another. Such a
bendabl e configuration avoids the need for inelegant
hot bar sol dering and/or expensive connectors between
two discrete circuit boards . [0068] Another advantage
of the present invention i s that one may b e able t
wpibhl 1800k 1 birida hokh €3 AIts CGws IR £ < oPdand o
isolate R.F circuit i gi [ [
SO SeBiRaS ML Fedom i il s ebeashympod,
hungtiienakihy endr repaitiany Hefrestti v gould $diRY

component s w t hout novi n F. cans i Of; :

flgisdi Rg2"PO0BYY A nggdib%n?gsg’gaocef %Iqhetq{én%rﬂceg%ﬁggt gg
Straps i(pgct he) beadabl ec sheetewd tarpresemion 33
invention may also b e used wth fjber opti.
an@dhmoh©9|§§?0F@rpb§%ﬁﬁlé?g%9?lQﬁﬂﬁﬁﬁﬁﬁf 9 gn tﬁfpe may

xt end al . : )
d al QRg. N, Opr (FBEE Bf I APBativie o itdad |Hi reau
iiﬁ?%f%%t an segond(planar;regioﬁg oa?ithe é%éet.ple

ptigﬁsrferef?@d@@dtbi ghspprpesinotine i aibl ¥ &0 P
i , :
%ﬁgﬂnﬁjﬁﬂﬂiﬂgpggéégnségmgk%opﬁém@ﬁ%b%rEbfdééﬂmﬁﬁﬂéte

\ : PonS W t hout having t o resort t o
é%gdﬂéﬂohfk@ﬁﬂ&oﬁﬁﬁabh&bh highatestalf 00TO] Ve UA | |

appreciate that the geonetries o.f th t
praser dneniren Ra) BPbolbietli fizateh

NANGSE LUGLAN €8i BoprEdehrht@opr oduseear t3¢ubhit@ds the
mecromrrors, biomnetic cilia g%ezoelegt{ic driyve.
mwter s larkh cbserbnansteehRdragy #BYY RO Hiriear roree
(e.g., in the direction of arrows C and D) with
relatively little linear displacement. Such a
configuration may be utilized in the manufacture of
strain gauges and other devices. Additionally, the
spaces created by the slit formiﬁg process may be filled
with viscoelastic material to act as an inherent
vibration dampener for the in-plane spring of the present

invention.

o721 In another embodiment of the present invention,
sheet of material 30a is similar to sheet 30 described
above but includes parallel strap sets 47a as shown in
FIG. 6. 1In yet another embodiment of the present
invention, sheet of material 30b is similér to sheets 30
and 30a described above but includes a singlé strép éet
47b including eleven bending straps 40 as shown in FIG.
7. 1Like reference numerals have been used to describe

like components of sheets 30, 30a and 30b. In operation
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[0071] One will also appreciate that the configuration
of the sheet material may also serve a s a n in-plane
wapiosieisbs ch al | ows |inear displacenent o f theCT/USEDS/043848
and second pl anar regions with respect to one another.
For exanple, the slit/strap configuration o f sheet 3
O would allow first planar region 3 2t o displace in

the direction of arrow C (FIG 1) relativet o

second planar region 3 3 and/or the second pl anar
region to displace in the direction o f arrow D (FILG
dnd usdatsheets G0shentli p8P pranared ey oPR T SH g the
in the directiq fLarr u configuration
SO e ?ﬁeg?‘et%to 320%2%@?? gg%g%éi on and
contraction o f materials for various reasons

i ncl udi ng,. ,ku ;i mt OynhheglimpEHr fhernore, the
WGh ;Jéérh(?' gﬁlgnggggtegﬁg?te ggaga]dll%ws the material t o
absorPu s tsiognioffi camepametst neyf viFHedkr FOFLEIFEY. V1t
the directiqon o f .arrows, C ap ] r | ved
?@?t?@??%a’rfw&i%oé%emn%ﬁtr. %Igﬁlé’ \(l:\%%] Pg%lggtf% osﬁé rmrr;/a%
e Utd +d ZRd i thhenanufoactur, esgmnfie St i ad hlyaanesn el

ot her devices. Additionally, the spaces_creat b
ahgm@¢trquﬁﬁﬁ,n@15p65§§gaﬁgys gorgﬁ Sim aé%%, dach

Fed™w

g\‘:?&fg%@@tn{aﬁy L& ifle 1 @1RCt tArSeabri RBEEEBEnViby at T 0apsS
danpener for the in-plane spring o f the present
toneat ned. tHeO®A2]. | n anot her enbodinent o f the

present invention, sheet o f material 30a i s simlar
to sheet 3 0 described above but includes parall el

Bt apFset o i e s Howe Xl app&ios 2nfn aGetrahdt her

odi pent .o f_.th j ti sheehs o ip”

; endS %ﬁﬁgﬁcﬂﬂﬁ%%, @Re sOVhp” or
ﬁ%‘?éﬁgﬁo%dbn it sﬁ_’?ﬁy ar t o sheéts 3 0 o
“upper”, “down” or “lower”, “inside” and “outside” are
used to describe features of the present invention with

reference to the positions of such features as displayed

in the figures.

wo7s] In many respects the modifications of the various
figures resemble those of preceding modifications and the
same reference numerals followed by subscripts “a” and

“b” designate corresponding parts.

[0076] ‘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
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and 30a descri bed above but includes a single strap
set 47b including el even bending straps 4 0 a s shown
WO p00k0&s568 . Li ke reference nuneral s have beenP@iFEs2009043848

descri be Ii ke conponents o f sheets 30, 30a and 30b.
I n operationand use, sheets 30a and 30b are used i n
substantially the sane manner a s sheet 30 di scussed
above . (0073] One will appreciate that the nunber and
configuration o f strap sets may vary i n accordance
with the present invention . For exanple, each strap
setthayabe p@rb¢$blUb¢llﬂ%ﬂﬁ?%ﬂhﬂﬂ%ﬂt19§yﬁﬁ§tVPE&PF§

as 05fertlited to
§P Oggm?htse%c ?%g€$£%fmﬁgfﬂﬁgggﬁgﬁga%tao three or
ﬁnéepbendcngastna@sc@nmmmphﬁﬁxtheﬂélns ipgerdpdrshat the

l
SOV 06, Ry SAPLT O DRSO (IS0 ot

hdowr'c Qﬁd"k@@@f"equiﬁ&lé&ts and "outS|de" are used t o
describe features o f the present invention with
reference t o the positions of such features a s
di splayed i n the figures . 10075] | n many respects
the nodifications of the various figures resenble
t hose of preceding nodifications and the sane
reference nunerals foll owed by subscripts "a" and "b"
desi gnate correspondi ng parts . (0076] The foregoing
descriptions of specific enbodi nents of the present
i nvention have been presented for purposes of
illustration and description . They are not intended t
0 be exhaustive or t o limt the inventiont o the
preci se forns di scl osed, and obvi ously many
nodi fi cati ons and
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variations are possible i n light of the above

teachi ng. The enbodi nents were chosen and descri bed i
wo2endesses o best explain the principles of thRCT/US2005/043848

invention and its practical application, t o thereby

enabl e others skilledin the art to best utilize the

i nvention and various enbodi nents with various

nodi fications as are suited to the particul ar use

contenplated. It is intended that the scope of the

i nvention be defined by the O ains appended hereto and

WHAST 1S GHAAFESh (IS . WHAT IS CLAIMED IS 1 . A sheet of

material formed for bending along a bend line

conprising: a sheet of material having at |east one

dividing slid @t endiigesulst a0thab! Yo ont thdlesised a
bend 171 ne dividing said sheet of material into first
et Secencguipanarinrgegi ons, and at | east two strap

slits fqrmed throuygh.said_sheet _of ri
interasecgﬁerjfg Oé\i u%@ iaﬁegagéﬁg ?né?g\%\ﬁeé!g% NN
si1ap:aldds dpranms thendiangyshlapgt hedebetavddnendal the
bendi ng strap having a | on i,tgdi,nal §tra axi s

AhY EVERE (TG SIS PEdeheRd FIAS. 13Tt Alfoarcapd

Ig'?zgr%].i %egficgrf@,d 4R hendirg ﬁb@ngt@apeﬁﬂité NEormed
conprising: a sheet of material having a plurality of

diwowingasid tsheadt erfdimagesdbdt AREPAPPGEBIGNg? & ddSs et

Bepd 4ine dindding said 3hapt ok camsEhal oL AG T Strap
R sedord planar regions, and a plurality of

shbsémntvadd y gmairdldesidisgr aprsbi heviiognedlehybughisal d
sheet of material intersect, sai Lred bend Iine,
WRBRRI o Htets i e gélgaggséfregpggﬁ%itg foima

bendi ng strap there

2. A sheet of material formed for bending along a
bend line comprising:

a sheet of material having a plurality of dividing
slits extending substantially along a desired bend line
dividing said sheet of material into first and second
planar regions, and a plurality of substantially parallel
strap slits formed through said sheet of material
intersecting said desired bend line, wherein adjacent
pairs of said strap slits form a bending strap there

between, said bending strap having a longitudinal strap

axis intersecting said desired bend line.

3. The sheet of material of claim 2, wherein said

sheet of material ‘is formed-of a- composite material.
4. The sheet of material of claim 3, wherein said

composite material is selected from the group consisting

of polymer matrix composites, fiber reinforced
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bet ween, said bending strap having a | ongitudinal

strap axis intersecting said desired bend line. 3 .
wab@csbrset of naterial of claim2 , wherein sapdI/Bbmes/043848

of material is formed of a conposite material. 4 . The

sheet of material of claim3 , wherein said conposite

material is selected fromthe group consisting of:

pol ymer matrix conposites, fiber reinforced48

conposites, netal matrix conposites, ceramc

conposi tes, and aggregate conposites. 5 . The sheet of

demipesiiak sof meftallMmaty inhepepes Sat e cHfosit & MR T

is a fiber reinfor cegecorrposi te selected fromthe

i

ProGHIEcEHSI St CRGVSr T Ber gl ass, phenolic, and carbon
flaﬁr c_on'pos!fjes.h 6 . The sheet of material of claim?2
, erein said sheet of terial .i nclude :
t hr e®-di vitdien§hsritt §faﬂag§Flf‘ a8f %lf%%?r?’o?‘s%%}?%%{ said
éo%gys-%%a%terﬁ@_ls% di sppsedrbehreeteddiauentiones of
sal ividing slits, and each strap_set hav'ing at
$alagsttednd Iy dfres OiresPf 6PRSAG AT gszl%%’ég assy

Sebstanti ally Rl eholendoRgositaps - 7. The sheet
_ erial of claim6 , wherein at |east a pair of
said strap sets are parallel to one another such that

paraltel | (5% REOS &5 ARSI La betona ol sa'd Strap
i}féerté gft -néa-ﬂ"tgriifeflestncﬂﬁldlmt erti akast thaeen 6ividhegeshits
aond at leasé)a péir‘%%lit%%%a%eigtsegé QQQQSrQELe| to
disposed between adjacent ones of said dividing slits,
and each strap set having at least two strap slits
forming at least one substantially parallel bending

straps.

7. The sheet of material of claim 6, wherein at
least a pair of said strap sets are parallel to one
another such that the strap axis of a first of said strap
sets is parallel to the strap axis of a second of said

strap sets.

8. The sheet of maferial of claim 6, wherein at
least a pair of said strap sets are nonparallel to one
another such that the strap axis of a first of said strap
sets intersects the strap axis of a second of said strap

-sets. -

9. The sheet of material of claim 8, wherein said
strap sets are symmetric about a transverse axis which
extends substantially transverse to said desired bend

line.
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anot her such that the strap axis of a first of said

strap sets intersects the strap axis of a second of
waaidoeissap sets. -- 9 . The sheet of materi al POF/US1005/043848

8 , wherein said strap sets are synmmetric about a

transverse axi s which extends substantially transverse

to said desired bend line.10. The sheet of material of

claim2 , wherein each said strap slit has a

substantially straight internediate portion. 11. The

sheet of material of claim2 , wherein an end of at

| east one of said strap slits includes a enlarged

stressrg el i NG eRd @PERIRG1 2120 r TR $HE8! Qherein each
material of claim11l, wherein at | east one of said

stxigh sfinams 91lidl haes aasytblsé@@-trléllilévﬁﬁgaeﬁhtr hoFasnediate
gﬂgg age the cross-sectional area of an adjacent

ending strap as said adj acent bending strap nerges
with a respective one of said planar regions. 13. The

sheet ri a|n112 wh n.said | east
one oﬂgsargﬁ§i iﬁ mﬁ%& AR lad] ageﬁ%md%Vigﬁﬁﬁe%Tiqn
isnCament ek %@led o$t @Sst lselheviDgtendneadigs. a 14.
The sheet of material of claim?2 wherein an adjacent
e d At eSS &F Ldrvi e Je &EH PRENLBES a
stressrelieving end radius to increase the
cross-sectional area of an adjacent bending strap as
sai d ddj -acdite érditngfsmegpnivdt sfactespetti vehehelmfat
[ | anar n teri 0
P S g M Sl o S MR P Bl e ving
atjaacenti st rap islkcirkagke the cross-sectional area of an
adjacent bending strap as said adjacent bending strap

merges with a respective one of said planar regions.

13. The sheet of material of claim 12, wherein said
at least one of said strap slits and an adjacent dividing

slit is connected by said stress-relieving end radius.

14. The sheet of material of claim 2, wherein an
adjacent pair of said strap slits each includes a stress-
relieving end radius to increase the cross-sectional area
of an adjacent bending strap as said adjacent bending

strap meets a respective one of said planar regions.
15. The sheet of material of claim 2, wherein at
least one dividing slit and an adjacent strap slit are

interconnected.

16. The sheet of material of claim 2, wherein said

strap axis is oblique to said desired bend line.
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i nterconnected. 16. The sheet of material of claim2 ,
wherein said strap axis is oblique to said desired
whewdobisee. 17. The sheet of material of clai mPCT/US2005/043848
wherein said strap axis extends | ess than 45 with
respect to said desired bend |ine. 18. The sheet of
material of claim 17, wherein said strap axis extends
within the range of approximately 5- 40 with respect
to said desired bend line. 19. The sheet of materi al
of claim 17, wherein said strap axis extends within .
the rlahge Bfe apedxiofar@lberied. o8ochpih FespBifetly said
' esire lyi.ne. . e sheet erbakaph
Siha 5oL TRaPEI E0G (R0 P07 RAPELrOpeRaset
Gadisteadtbeld yliwei-f orm t hi ckness, and each said bendi ng
strap includes a mnimumw dth di nension that .is |ess
‘than or substantially equal to the thickness of said
sheet1®f materdnalet 2k mbherdheebfotlmiteii’al wberelai said
2 , whereby at |east one b nding str%p includesta 5
SO RIS SUrsEe "hEPeRdITG BelREcR SaPE PIPSEEahY

@?‘C%@tkplJ?éb%{eétegﬂoo%%-idzaesﬁﬁ@dsbéﬁﬁ ofingateri al of
claim 21, said sheet of material further conprising an

el ectrical connector extending along said continuous

surf betyeen sai d 4 i1st-.40d gecend;ipl anar whegk PRSsaid
23. %ﬁg'sﬁ§g$ o€§ﬁﬁ?gifgﬁxgggblain12 } mherern each %?l
sSatab faxss anckrsiecondhgnarde regoensfi apbudasnapely 15—
assenply reces

87" e | 5ERRR G 6ognBI A EhOBRA MePSdevi ce. 24 . A
nmet hod of form ng a sheet of material for

20. The sheet of material of claim 2, wherein said
sheet of material has a substantially uniform thickness,
and each said bending strap includes a minimum width

dimension that is less than or substantially equal to the

thickness of said sheet of material.

21. The sheet of material of claim 2, whereby at
least one bending strap includes a continuous surface

extending between said first and second planar regions.

22 . The sheet of material of claim 21, said sheet
of material further comprising an electrical connector
extending along said continuous surface between said

first and second planar regions.

23. The sheet of material of claim 2, wherein each
of said first and second planar regions includes an
assembly recess for locating and securing said sheet of

material during assembly with another device.
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bendi ng al ong a bend |ine conprising the steps of:
formng at | east one dividing slit through said sheet
wo@boornesss al extendi ng substantially al ong a deST/DE05/043848
bend |ine thereby dividing said sheet of material into
first and second planar regions; and form ng at | east
two strap slits through said sheet of nateri al
intersecting said desired bend |ine, therebyform ng a
bendi ng strap between said strap slits, said bending

strap having a longitudinal strap axis_intersecti
sai d desi Pedelidnd Pifn§9fQ5‘.‘qTﬁesﬁ%?anfo‘f‘até?%}r‘?'i ngjqr

al g f tam%%gf U bhen 9ouer Lshpgithegstee ofepatser the
k?orm g Ssteps but before the assen%I I ng step, nounting
at | ezstuione acofpeséntreodaviiengt sohe bRreuyly $3¥dt

and second pl anar regiaons, - of 1 £0r M NG & red
Jtrett OF MRCERA oo Rand %gbaﬁaﬁgﬁgfgﬁn%lme te
KO sl g Hdre st epsiofingf entidinghaepl ufahatygrpil into
dividing slits through said sheet qgf materi al

iy SQtamlicditYy '8P6RG5A 88Sired bend Iine
there@%ﬂgﬁﬁjQRnQe%%kdt%BegtrQﬁ gat esi ahrbagh faidtsipaet
second planar regions; and formng a Bl ur.al lt%/ of b
slbstemtial i tsaraatdnoserag SPPEEefhPalight SaTy Sheet Y
?fmgPte“z%eAJE§§§%ﬁ%!,%e%@bgnd§§ﬁﬁegt?ﬁﬁdshiﬁg, said
ererb%/ % orm ng "a bendi ng strap between adjacent pairs
wénsaigl sirap Ishiirg; asdicdighéndiing lsttapPhavifg a
| ongi tudi nal strap, axis jnters i.ng said desired bend
I er Lt Hife Sr?é‘t‘ﬁéj(fsdfregl %lerrﬁdZZ?Lk\?her ein prior to the
25. The method of claim 24, said method further
comprising the step of:
after the forming steps but before the assembling
step, mounting at least one component to at least one of

said first and second planar regions.

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

forming a plurality of dividing slits through said
sheet of material extending substantially along a desired
bend line thereby dividing said sheet of material into
first and second planar regions; and

forming a plurality of substantially parallel strap
‘slits through said sheet of material intersecting said
,desiredfbend line, thereby forming a bending strap
between adjacent pairs of said strap slits, said bending
strap having a longitudinal strap axis intersecting said

desired bend line.
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formng steps, selecting a sheet of elastically

deformable material for slitting. 28. The nethod of
wW@b@siv3368 sai d net hod further conprising the BCEPS2005/043848

prior to the formng steps, selecting a sheet of

conposite material for slitting. 29. The nethod of

claim 26, wherein said formng steps are acconpli shed

si mul taneously. 30. The nmethod of claim 26, wherein sa

id form ng steps are acconplished by form ng at | east

three dividing slits and_at | eagst pai.r o f strap

sets,2and %ﬁﬁﬁ@%ﬁWQﬂaqgéﬁlﬁﬁgbggédWﬁgfﬁégnpgﬁfgcéﬁtthe
?8%%19 sl g diyd ding 8 2t SheeacChrsknaptseblbavi ng at

east three strap slits formng at |east two
debstmmitialhatearal | €T BdAditidi9%st r aps t her ebet ween.
31. The nethod of claim30, wherein said strapslits
form ng step is acconplished by formng at |east a
pai r p$. sallte stedpodets Parial 126, tseichecihothénrsheR
that the strap axis of a first of said strap sets is
GIPRFF & Y o ¥ he® st ap axis of a second of said strap
sets. pB2or The et hosknofnclsaians30,sedkerteéng sasteet of
strapslits formng step is acconplished by form ng at
Pé@@?sét%am?t%¥l%gj%P%ﬂ%%ﬁf@§éﬁ% nonparal l el to one
anot her such that the strap axis of a first of said
strap sets intersects the strap axis of a second of
sai d 89r apTetseBBod The mhetibd ©of "legiehr3gaighéramang

i L A
axi s whi ch extends

30. The method of claim 26, wherein said forming
steps are accomplished by forming at least three dividing
slits and at least a pair of strap sets, and each strap
set disposed between adjacent ones of said dividing
slits, each strap set having at least three strap slits

forming at least two substantially parallel bending

straps therebetween.

31. The method of claim 30, wherein said strap-
slits forming step is accomplished by forming at least a
pair of said strap sets parallel 'to one another such that
the strap axis of a first of said strap sets is parallel

to the strap axis of a second of said strap sets.

32. The method of claim 30, wherein said strap-
slits forming step is accomplished by forming at least a
pair of said strap sets nonparallel to one another such
that the strap axis of a first of said strap sets

intersects the strap axis of a second of said strap sets.
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substantially transverse to said desired bend |ine.
34. The nethod of claim 26, wherein said strapslits

WO enorioerfest ep i s acconpli shed by form ng each BEi/tiS2005/043848
strap with a substantially straight internediate
portion. 35. The nmethod of claim 26, wherein said
strapslits formng step is acconplished by form ng an
end of at |east one of said strap slits with a
enl arged stressrelieving end opening. 36. The nethod
of claim 35, wherein said strapslits formng step is
acconpB i sheee by fwrdhiafy cde et Uﬁ@rﬁ?nsﬁ?gds?Fgﬁp_
S#ﬁ‘lﬁg WD & StrEssrd eldewidid sRd L3dkyYsmt Agl BEFEASSets
The Cross-sectional area of an adj acent bendi ng strap
agmsai di @] by extoberdimgrsteagemergeswirii €h gxtends
respectjve. one_of said pl.anar .regi.qn 3 he; pet hod
6?b€F%?B+%%?Ym%%?ETﬁ“%ﬁfJ%%??ﬁﬁg%F§g§?8r%?Ré g%g%'is
acconplished by form ng an adjacent pair of said strap

slits_each with a stress-relieving.end.radius t

i ncredse t%%ecm%@§¥£é€§fﬂﬁﬁﬁlg#%a%gFrgﬁnaafégeﬁ?rap
bendingoshidp secsaid adiagantskendiyngoshiap seehssaid
respective one of said planar regions. 38. The nethod
etrepavihtiB7a et et iy omfing tsiepgrypgiate portion.
acconpl i shed by sinultaneously formng said
stress-relieving end radius to interconnect said at

| east 36ne Dhe sacichasdt rap sldins Znd vasradpaceid Gt¥RET ng

slit.39. The nethod of_ claim.2 rei L, d foeangs
§tps g?’ém?a%‘goﬁ‘ﬁfﬁ’ sted By @olrsquer%% S't %ngi?‘ boﬁ% et

LAt ecgennest edr divi dli ngrd i 41 iand wvddjhacernhlstrgap skiess-
"40. The nmethod of claim 26, wherein said strap
relieving end opening.

36. The method of claim 35, wherein said strap-
slits forming step is accomplished by forming at least
one of said strap slits with a stress-relieving end
radius to increase the cross-sectional area of an
adjacent bending strap as said adjacent bending strap

merges with a respective one of said planar regions.

37. The method of claim 26, wherein said strap-
slits forming step is accomplished by forming an adjacent
pair of'said strap slits each with a stress-relieving end
radius to increase the cross-sectional area of an
adjacent bending strap as said adjacent bending strap

meets a respective one of said planar regions.

38. The method of claim 37, wherein said forming
steps are accomplished by simultaneously forming said
stress-relieving end radius to interconnect said at least

one of said strap slits and an adjacent dividing slit.
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formng step is acconplished by formng said strap

slits such that said strap axis is oblique to said
wale®siestobhend |ine. 41. The nmethod of cl ai m 26PCHEBIH0S/043848

met hod further conprising the step: prior to the

form ng steps, selecting a sheet of conposite materi al

havi ng a substantially uniformthickness; wherein said

strap-slit formng step is acconplished by formng

adj acent ones of said strap slits such that each said

bendi ng strap includes a m ni mrum w dth di nensi on that

is less than or substantially equal to the thickness

of said shegt of.mmnestal; e odhe mmthod of; o126

sai d netho urther conprising the step of: after
fs@episng rst epsombenshad bhef@tmmngcﬁtrmﬁaaﬁ akmabout

ai.d _desire f a|m
3B et RGaCr O et Do T F i Mo e o 28t g -an
assenbly recess in each of sald first and second
planar regions for | ocating, and securing sai d sheet of

mat er FAF ddPF M ERRE Dt yChA T Ty YT TofS adida St 4B,

gai-ehi ABt Bedpf g theEoROIMPEhSd NGy tMA-StRP LBfilg %fttr%b khets

form ng steps, bending the sheet of material about

sach 8Bafr edidenrap e i aske it ifpes did sehektdegfired bend
?ggg(lal W t h anot her device such that a respective
ocating protrusi on extends

41. The method of claim 26, said method further
comprising the step:

prior to the forming steps, selecting a sheet of
composite material having a substantially uniform
thickness:;

wherein said strap-slit forming step is accomplished
by forming adjacent ones of said strap slits such that
each said bending strap includes a minimum width
dimension that is less than or substantially equal to the

thickness of said sheet of material.

42. The method of claim 26, said method further
comprising the step of:
after the forming steps, bending the sheet of

material about said desired bend line.

43. The method of claim 26, said method further
ccomprising the step of:

forming an assembly recess in each of said first and
second planar regions for locating and securing said

sheet of material during assembly.
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t hrough sai d each said assenbly recess. 45. The net hod
of claim44, said nethod further conprising the step

wo@becabéIses the form ng steps but before the asBemnbbiong 043848

step, nounting a conponent to at |east one of said

first and second pl anar regions

44. The method of claim 43, said method further

comprising the step of:
after the forming steps, bending the sheet of
material about said desired bend line;

assembling said sheet of material with another

device such that a respective locating protrusion extends

through said each said assembly recess.

45. The method of claim 44, said method further

comprising the step of:

after the forming steps but before the assembling

step, mounting a component to at least one of said first

and second planar regions.
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