WD 2006/ 065568 PCT/ US20051043848 METHOD OF BENDI NG SHEET MATERI ALS_AND.. ...
SHEET THEREFOR BACKGROUND OF THE | NVENTION Field of the Invention joooi
This invention relates, in general, to a nethod of folding sheet materials
and a sheet therefor. Description of Related Art |ooozj Currently,

el ectroni c equi prent often includes several discrete circuit boards

di sposed i odddigg- di mensional -configuration, that im@hdnsRngl e Wit h
respect to one another in order to fulfill limted space requirenments. For

exanpl e, electronic devices such as personal conputers, stereo equi pnent,
television sets and the like often have a first circuit board di sposed on a
base thereof, and a second circuit board disposed on a side wall thereof
and general ly nounted perpendicularly to the first circuit board. Such
configuration requires relatively conplex connection systens to

i nt erconnect. the conponents of the first board with conponents of the
second board. fooo3i Due to handling constraints, such connection systens
.are often not installed until the circuit boards have 1 WO 20061065568

PCTI TJS20051043848 been assenbled to a chassis of the electronic device or

other internal frame pre-asse nblé Fu rthernDre electrically testing the

conponents is often di YETE tOF ade £ 3ﬁﬁ%ﬁ@ﬁ?§ are oftennot readily
accessi bl e once the boards haVe BEFHF |Wﬂﬁﬁ§ﬁpgd in the respective
el ectronic device. In the event that the boards include

BACKGROUND OF THE INVENTION
Field of the Invention

pooyj This invention relates, in general, to a method of

folding sheet materials and a sheet therefor.

Description of Related Art

fooe2; Currently, electronic'equipment often includes
several discrete circuit boafds disposed in a three-
diménsional-COnfiguration, that is, at an angle with
réspect to one anothér in order to fulfill limited space
requirements.. For example, electronic devices such as
personal computeré, stereo equipment, televisién 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 reguires
relatively complex connection systems to interconnect the
comporients of the first board with components of the

second board.

L

03] Due to handling constraints, such connection systems

‘are often not installed until the.cirCuit boards have



l
def ective conpone Heetmg-the-defective conponents is often difficult
due to the limted acceSS|b|I|ty and nmay sonetinmes require disassenbly.
-100041 What is needed is nethod of bending sheet materials which overcones
t he above and ot her disadvantages. For exanple, it would be advantageous to
repl ace the several circuit boards with a single circuit board that is
capabl e of WRAMOMHEFSEr fol ding, and in sone cases, is cdpA0FE%BH3H ol di ng.
BRI EF SUMVARY OF THE | NVENTI ON | ooasl In sumary, one aspect of the present
invention is directed to a sheet of material forned for bending along a
bend I'ine including a sheet of material having at |least: one dividing slit
extendi ng substantially along a desired bend |ine dividing the sheet. of
material into first and second planar regions, and at |east two strap slits
f or med throuéﬁemhés§ﬁ@b@€@ﬂxhﬁté$ﬁéﬁlﬁnpér%%Rnﬁ%ﬁfﬁﬂﬂ?lcdé§V¥@@<Eénd l'ine,
wherein the ihiap ShiLsalorimaaLendlogs abiop Hsnshetyeen, the bending
strap having_a, |ongitudina ap axis Intersecting the desired bend
| i ne. 100061 cArot-hécaddpettstoma beprespateiiy dmnt iodiens ddiffectldd to a sheet
of material for f b in Io 2 L0
PCT/ US2005/ oi’%§”§‘g’el ?{ﬁ% ?9‘% d’%“% gge OQ?Q‘Q “Otmer%%g? h§§§g§51blﬁ urality of
di vi di ng sI|tﬁuﬁ%thﬁdbﬂgr@yb&nanbeahlynat@hgxhJdesmeedesbeuduktne d|V|d|ng

t he sheet of t r|aI to. firs , seco a e a plurality
of substantlﬁ f83P8|3%Y“¥%ra§“s|ngeFﬁ? dﬂpthqﬁﬁb% gﬁ sﬂ% G nmaterial
intersecting delf@cd@ser edmpanthds, necpWhes 8y ntlﬂﬂ]c&@?@:ﬁ:ﬂ:lve components

is often difficult due to the llmlted acce551blllty, and

may sometimes requlre dlsassembly

o047 What is needed is method of bending sheet méterials
which overcomes the above and other disadvantages. ‘Fof
éxample, it would be advantageoﬁs to.replace the several
circuit boards with a single circuit board that is
capable of bending or fblding,'and in some cases, is

. capable of unfolding.

BRIEF SUMMARY OF THE INVENTION

wees]  In summary, one aspect of the present invention is

. directed to a>shéét of material formed for bending along
a bend line including a sheet of-material having at least
one d1v1d1ng sllt extendlng 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 materiai intersecting the _
-desired bend line, wherein ﬁhe strap slits form a bending
rétrap therebetween, the bending strap having a | _H
longitudinal strap axis inﬁersecting the desired bend

line.

tooa6y "Another aspect of the present 1nvent10n is directed

_to a sheet of materlal formed for bendlng along a bend

._2'_.



pairs of the strap slits form a béndrng“strap--therebetween, the bendi ng
strap having a longitudinal strap axis intersecting the desired bend |ine.
(0007 The sheet of material may be forned of a conposite nmaterial. The
conposite material may be selected from the group consisting of polyner
matri x co fiber reinforced conposites, netal matrix conposites,
cerami c Saﬁgﬁéﬁ?é and aggregate conposites. The conBPeVP¥EIHE4Erial nay
be, but not limted to, a fiber reinforced conposite selected fromthe
group consisting of fiberglass, polyaram d (Kevlar(r)), liquid crystal

pol ymer, phenolic, and carbon fiber conposites. (ooos] The sheet of

material may include at |least three dividing slits and at |east a pair of
strap sets, each strap set disposed between adjacent ones of the dividing
slits, andigaehistnagisfta RAMRY oat mheastat M-0anst kaplusditsy formng at

| east two substantially parallel bending straps. Optionally, at |east a
pai r of théh§ﬂﬁéﬁgsé%%tsé?@ﬁﬁ§#§gléPb¥Eﬁ%ﬁ%ﬂdﬁbﬁﬁéﬁgs%cﬁﬁ%%ﬁﬁ the strap axis
of a first,Qf theeShlARSe $rkS sRRLA! b eIndQ tihe %E@%%@ £lg a second of
the strap sets. Alternatively, at least a pair of the strap sets are

nonpar al | elsecengnelamor agiongchantae pheradtitap cdxissbotartiaklst of the strap

sets inter i t r WO
2006/ oesseéj%%é‘}?ﬁgng’%ﬂ FId48 %ﬁ’g&egt ?gfpé@i gkﬁagﬁge%?f?m@ate%eﬁ‘ﬂclagbout a
transverselmxessemhnm@iﬂxiemasrsdeEa@tlakLywmeaasmea@£a¢&nﬁhe desi red bend

line. looo9l Each ap..slit hav ubs antially straight internediate
portion. Aﬁ?&, aﬁf % OT- 24P 15 Iggéf %ﬂgmd? é L0y S%rag

therebetween, the bending strap having a longitudinal

strap axis intersecting the desired bend line.

o771  The sheet of material may be formed of a composite
material. The‘composite matérial may be selected from
the group consisting of polymer matrix composites, fiber
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, polvaramid {(Kevlar®),liquid crystal polymer,

'phenolic, and carbon fiber composites.

woos; The sheet of material may include at least three
dividing sliis and at least a pair of strap séts, each
strap set disposed between adjacent ones of the dividing
slits, and each strap set having at least three strap N
slits fofming at least.two substantially.parallel bending
straps. Optionally, at least a ﬁair-of the strap sets
are parallel to one another such that the strap dxis of a
_flrst of the strap sets is parallel to the strap axis of
a second cof the strap ‘sets. -Alternatively, at least a
pair of the strap sets are nonparallel to one anbther
such that the strap axis of a flrst of the strap sets

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



‘ Il
the strap slits ~“Frctade-aentarged stress-relieving end opening. Al so,
at | east one of the strap slits nay include a stress-relieving end radius
to increase the cross-sectional ‘area of an adjacent bending strap as the
adj acent bending strap nerges with a respective one of the planar regions.
Optionally, the at | east one of the. strap slits and an aU%acent di vi di ng
slit may b&vOXWAPESESBed by the stress-relieving end radi ESTVUSERM4ES0re, an
adj acent 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 neets a respective one of the . planar regions.
At least one dividing slit and an adjacent strap slit may be _

i nterconnected. tooioj The strap axis may be oblique to the desired bend
line. The stTlap sixiap waysextenie | egwetiian 4bowtth tmeespectset extthe desired
bend i ne. Alternatlve the sty al axis_nm Sxten W thin the range of
apprOX|nater f§tﬁ|F% F%E%%a?t Hﬁhé gegire bengW% ﬁg lrﬁgln the case
that the strb&ndnkanutlllzed as an in-plane actuator, approximtely 5-60.
Further still, the strap axis may extend within the range of approximately
7-45 with respect to the desired bend line. - 4 W) 2006/ 065568
PCTIU82005/Q@®84&mcboenrihesSHEGMQoﬁwnatarbabsnﬂwjmdia stgullghantial ly
unlforn1th|ckqgs§d g each bendlgg_strag ¥ ? a. n1n|n¥n1mndth '
di mensi on t ht ?naEdﬁg FeRQTH? *ubst'aRtfart y eq&gl t §°Fh&8"t hi ckness of -
t he sheet ofthémﬁﬁﬁapabllﬂb he&psindnelebendhhgr§éd aft vamy -ivedlingeéng conti nuous

surface extending between_the first and second
, ené é%en?ng, Aiso, at least one of the strap slits may

'include a stress-relieving end radius to increase the
cross-sectional area of an adjacent bending strap as the
adjacent bending strap merges'with a respective one of
the planar regions. Optionally, the at least ohé of thef
strap-slits and an adijacent dividing élit'may be
connected by the stress—relieving end radius.
Furthermore, an adjacent pair of the strap slits may each
incliude a stress—rélievingrend radius to increase the_.‘
cross—-sectional area of an adjacent bending strap as the
adjacent bending strap meets a respective dne of the
planar regions._ At least one dividing slit and an |

- adjacent strap slit may be interconnected.

wow; The strap axis may be oblique to the desired bend
line. The strap axis may extend less than 45° with

' reépéct 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,
apgroximatély'5—60°. "Further still, the strap aiié may
extend within the range of approximately 7f45° With’

respect to the desired bend line.



pl anar regions. The sheet of material may include an electrical connector
extendi ng al ong the conti nuous surface between the first and second pl anar
regions. Optionally, each of the first and second pl anar regions may =~
i ncl ude ap asg&&bl¥recess for locating and securing the sheet of materi al

during asS&MIPY %% another device. joonj Still  anotHeVUREPAEB4: t he

present inventionis directed to a nethod of forning a sheet of materi al
for bending along a bend line including the steps of: formng at |east one-
dividing slit through the sheet of material - extendi ng substantially along a:
desired bend |line thereby dividing the sheet of material into first and
second planar regions; and formng at least two strap slits through the
sheet of naweri @hei shessect imgetrliel desy rieave kesdbkLaetithkyeby form ng a
bendi ng stra fbet en the str ving a

HEGEp

p slits he bending_strap,h '
ongi t ddi naf > GET A B ST T GYbERF G THY tb el BERATTHAE The  method may
further inctidecihhe:stiepdimdigiont ARat ofiay g Iskepshhtt obefore the assenbling
step, mounting at |east on congonent_to at |east one of the first and
second pl a?’rﬁ%%t%@?%% Y {84 s/Lovébe alivt HEre s péc £h6r ShRgt present i nvention
is directegkhiialethodfsd ondl PIndishesiryf ~apt eredbaéos 5 WO

20061065568 PCT(US20051043848 bending along a_bend line including the steps
of : form nFAPPUPEF i Y- BFCiantarAgne | pesvaH: dughfirgt sheétsemdmat eri al

extendi ng suhshantédl bys al o andesi sedubend a1l kAg thergby gividing the
sheet of meaterial into first and second planar regions; and formng a .
plurality dflectrical connector extending along the continuous
| surface between the first and second planar regions.
Opticnally, each of the first and second planar regions
may include an assembly recess for locating and securing
the sheet of material during assembly with another

device.

jesrz) 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 élit through the sheet of material
extanding substantially along a desired bend‘line-thereby
~dividing the sheet of material into first and second
planar regions; and forming at leastltwd strap slits
- through the sheet of material intexrsecting 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. Thé
method may further include the step, after the forming -
steps but before the assembling step, mounting at least -
‘one coﬁﬁoﬁéntvfo atrleééfrbne of Ehe first and second

planar regions.

wo13] Yet another aspect of the present invention is

directed te a method of forming a sheet of material for



|

| substantially parallel strap slits through the sheet of nmaterial
intersecting the desired bend line, thereby formng a bending strap between
adj acent pairs of the strap slits, the bending strap having a | ongitudinal
strap axis intersecting the desired bend |line. 100141 The net hod may
i ncl ude, wh j LiQr to the formng steps, the step o l a sheet
of elasticaﬁﬁghﬂ%@%%gnable material for slitting. The ne%%%gkﬁgﬁh%gﬁclude,
prior to the form ng steps, selecting a sheet of conposite material for
slitting. loolsl The form ng steps nmay be acconplished sinultaneously. The
form ng steps may be acconplished by formng at |east three dividing slits
and at least a pair of strap sets, and each strap set disposed between

adj acent ones_of .t he dividi sl.i.t.s, each strap .set m ave at |east three
Strap olite R albreae ol L SntRaneTLAg S Ra b Obandi ng, st aps

t her ebetween.£doamy Therstanprsldit sifoanhqogs siep tmyubh aasospééshed by
formng at | east a pair of the,strag sets_garallel to gne. another such
that the strdapafirdestad $¥rRRHY cnesEerhpr 1 561399 fafaPiER9tB®the strap

axis of a secont ehelbsy SivaPiEflhe IHEestsAMSldtis1f @rAbNGistep may be
~acconplished by formng at |least a pair of the strap _sets, nongarallel to
one anot her sttth SERAPAtPEAREF QPHENTS/ of DA BOrMANG 20061085568 ©

PCT/ US2005/ 043848 ant i £ 51y Ofatdier St 5RPaS el 514 HLELRREHS thResALEAP.AXI S of a
second of the strap sets. Furthernore, the strap-slits formng step nmay be-

acconpl i shed Mptefrdphi byt et $apt gt hesganbred daid labeut therebnsver se axis
“h'Ch_eXtend%&nﬁﬂ%ﬁtQnﬁééﬁiﬁbtiéyﬁivﬁé§§eé8 55?%&%%% L&d.bepd Lige. The

strap slits, the bending strap having a longitudinal

strap axis lintersecting the desired bend line.

potg;  The method may include, wherein prior to the forming
steps, the step of selecting a sheet of elastically‘
deformable material for slitting. The method may
‘include, prior to the forming steps, selectinq a sheet of

composite material for slitting.

jpo1sf The forming sfeps may be accomplished
simultdneously. The forming steps may be acComplished by
fbrming at least three dividing slits and at'ieast.a pair
of-strap sets, and each strap Set disposed between }I
adjécent ones of the dividing slité, each strap set may
have at least three strap slits forming at least two

substantially paréllel bending straps therebetween.

wﬁa The strap-slits fdrming step may be accdmplished'by
formiﬁg at least a pair of the strap sets parallel to one.
another such that the strap axis of a first of the strap .
sets is parallelhto the strap axié of a second of the
strap sets. The strap-slits forming step_may be
accompliéhed by forming at least a pailr of the strap sets

nonparallel‘tb ohe another such that the strap axis of a



strap-slits formng step may be acconplished by formng each strap with a
substantially straight internediate portion. loorl The strap-slits formng
step may be acconplished by formng an end of at |east one of the strap
slits with a enlarged stress-relieving end opening. The strap-slits

formng sY@F'WEYSHE acconpl i shed by fornming at |east FREUSBHOIPHESStrap slits
Wth a stress-relieving end radius to increase the cross-sectional area of
an adjacent bending strap as the adjacent bending strap nmerges with a
respective one of the planar regions. The strap-slits form ng step may be
acconplished by form ng an adjacent pair of the strap slits each with a
stress-relieving end radius to increase the cross-sectional area of an

adj acent besidsngoStitap A drhecad) acentsdandithg strap axeetes a respective one

of the planar regions. jaobal The form ng steps be acconpl i shed by ,
sinultaneo&?F?“go?ékﬁﬁftﬁﬁga?tF§§§=reﬁq%§h9ﬁToéﬁdn?%%i?Efﬁgfs%lﬁﬁerConnect t he

at | east onerRinghecsd maly el hecansh Btheddj,2EERk1kl; Vi€hd19 s¥lddst .- The form ng
steps may be acconplished by formng at | east one interconnected dividing
slit .and adivaRehficttap Gt a7t rags e (e9568MPET/ ISF005Y 043848  X00191

The strap fQEELAG: SIER, MM RG2660Mp! isheld AYeqf QLM ng: fhe shrap slits such
that the strap axis is oblique to the desired bend |Iine. too2ol The nethod

may furtherstiragt ekt HeoBtiag, spep oray de tareompl kA stiepirrgabect i ng a sheet
of Conpos'kﬁchngﬁf%#fﬁiéﬁﬂg "9par ﬁ%ﬁ%fﬁ?'%ﬁﬂé!ggﬂ'Iﬁ%é@ﬁéﬁiﬁ%@ess’ wher ei n
It for npl i’ sh

the strap-s ng Step may be acc
portion.

{oor7] The strap-slits forming step may be adcomplished by
forming an end of at least one of the strap slits with a
enlarged stress~telieving end opening. The strapwélits
forming step may be accomplished by forming at least one
of the strap slits with a stress-relieving end radius to
increase the cross-sectichal area of an adjacent bending -
Strap as the adjacent bending strap merges with a
réspective one cf 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.

0015 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_féimingVat'least one interconnected -

dividing slit and adjacent strap slit.



1 !

by form ng adjacent ones of the strap slits such that each bending strap
may include a mninumw dth dinension that is |less than or substantially
equal to the thickness of the sheet of material. The nethod may further
include the step of, after the form ng steps, bending the sheet of

mat eri al abayd 200b8¢s8@si red bend liner The nmethod may f urthesdoscdsege t he
step of form ng an assenbly recess in each of the first and second pl anar
regions for locating and securing the sheet of material during assenbly..
Furthernore, the method may include the steps of, after  the form ng steps,
bendi ng the sheet of material about the desired bend Iine, and assenbli-ng
the sheet of material with another device such that a respective |locating

protrusi on extgdssf,0r ougl, each a8 Bl Yk PaRSScchWitbREaShy |, the met hod

may further i ude the step o formng steps but before the
assenbl ing stfepmimpubbeé ngti@coipdsentichottal gdst sewepohxtiheldirst and
second pl anar %& ionsto(g%g;déy%ﬁgpggg? ff Qending sheet materials and .the
sheets used therdtor “Pn"accordance™w th %%e’present i nvention have other
features and advantages which will be apparent fromor are set forth in

form a part o & 5006, DUbasy ACFTCRbobuT DRsedsY EhrE” cherrfi%hti on and
the follow ngtbet &bkeinPesvrift isedeot inhea | sheertt iodn comhipeht¢oget her serve to
LA 1 AL LT, BERSIL DD S BRLSE PESE P11 O T
accordance W tietbénptesestrapnediti dorming step may be accomplished
by forming adjacent ones of the strap slits such that
each bending stfap may include a minimum width dimension
that is less than or Substantially equal to the thickness
of the sheet of material. The method may further include
the step of, after the forming steps, bending the shéet |
of material about the desired bend line.. The method may
further include the step of.forming an assembly recess in
ecach of the first and second planar regions for locating
-and securing the sheet of waterial during assembly.
Furthermore, the iethod may include the steps of, after
the'fofming steps, bending the sheét of material about
the desired bend line, and assembliﬁg,the sheet of
material with another device such that a respective
locating piotrusioﬁ extends through.eadh assembly recess.
Further still, the method may further include the step )
of, after the forming steps but before the assembling
stepr mountingra component to at least one 6f the Ffirst
" and second planar regions. | |
Mnh 'Thé meéthod of bending sheet ﬁaterials:and.thé‘sheeﬁsf
‘used therefbr in accordance with the présent invention
have other featurés énd advantages which will be'appareht
from or are set forth ih‘moré detailvih.thé accbmpanying

drawings, which are incorporated in and form a'part of



100231 FIG 2 is an enlarged detail of the sheet material of FIG | taken
wthincircle 2-2 of FIG 1. 10024 FIG 3 is a cross-sectional view of sheet
mat eri al of FIG 1. 10025! FIG 4 is a perspective view of the sheet

mat eri al @%56 in a bent configuration. 109261 FIG 5 is a

Cross-sec ona A w, simlar to, FIG 3 of the sheetPGREBAISAHUISHH t he bent
configuration of FIG 4. 10027) FIG 6 is a top plane view of another sheet
material simlar to that shown in FIG 1 but having a nodified strap
configuration. (00281 FIG 7 is a top plane view of another sheet nmateri al
simlar to that shown in FIG 1 but having a nodified strap configuration.
f0029} FIG 8 is a cross-sectional view, simlar to FIG 5, of the sheet
material o st 9 WO 2006/ 065568
e Usaoosr Brbeh < TaoaN 1oy e he IRt o ng oSN ew, simlar to FIG
5, of theDsheeiptiatrercitabhef IFra@tiorshelhchnsead et wietrhenta chassi s and
havi ng congxéfgltr? tl'%s%’%%g herePnCheDETAé?EE DESCRI.PTI ON OF THE | NVENTI ON

100311 Ref érence w det ai l?‘ﬁentlﬁrneferred enbodi ment s of
the invention, exanples of which are illustrated in the acconpanying

drawi ngs. M‘Qﬂ:}? ﬁég%RIb@ygﬁtépnr%ﬁeldm%Nggscri bed in conjunction with the

preferred enbodi nents, 1t wl understood that they are not intended to

limt the invention to those enbodinents. On the contrary, the invention is
i ntended 9221 FIG. 1 is a top plane of a sheet material sheet in

accordance with the present invention.

(o023} FIG. 2 1s an enlarged detail of the sheet material

of FIG. 1 taken within circle 2-2 of FIG. 1.

10024] FIG. 3 is a cross-—sectional view of sheet material

of FIG. 1.

sy FIG. 4 is a perspective view of the sheet material

of FIG. 1 in a bent configuration.-

o026 FIG. 5 1s a cross-sectional view, similar to, FIG. 3
of the sheet material in the bent configuration of FIG.

4.

w7 FIG. 6 is a top plane view of another sheet:material
similar to that shown in FIG. 1 but having a modified

strap configuration.

poze] FIG. 7 is a top plane view of another sheet material
151m11ar to that shown in FIG 1 but hav1ng a modified .

‘strap conflguratlon

oz} FIG. B is a cross—sectional view, similar to FIG. 5,
of the sheet material of FIG. 1 shownkinstalled about a

‘component.



to cover alternatives, nodifications and equival ents, which nmay be included
within the spirit and scope of the invention as defined by the appended
clains. 100321 The present invention is directed to relatively stiff sheet
material s and net hods of bending the sanme. For exanple, the present
invention i sWsh20e/eas@rly suited for fabricating el ectropdusitofuBtssboar ds,
however, one w ||l appreciate that the nethods and sheet nmaterials of the
present invention are equally suited for other uses including, but not
limted to in-plane springs and expansion joints, fiber optic devices,
~nanostructures, radiofrequency shields, wreless antennae and ot her

devi ces. 100331 As noted above, prior electronic devices often include
'several discreb@ CEreui ¢ twar dscdisspesetbrdl aiehr eemdigens ona. 5,
configuration and require rel ativel compl ex connecti

. on systens to
interconnectrPﬁé$BEpéh%%?§mﬂﬁFlﬁlfP%sFI%Dér&hﬂﬁphleﬁﬁﬁbﬁﬁiﬂgigﬂnaasecond
board. The 10 -n\W0s2d08496RRE68 PEEHSROPE! 043848 1cBr €68héod NVENt i ON over comes

t he associ ated di sadvantages of the multiple discrete circuit boards of the
prior art, nanely in that the-present invention provides for a sheet of
mat eri al that pETacapabbesafIBTaoti 0§ DHE fadwiintgoand that is capable for
serving as a single circuit board that replaces the nultiple circuit boards

of the prior art. % 0341 Such.a fal dabl e, ci.rcuit board ul d save conponent
count , systen#%ﬁnpﬁ_g?fﬁem%ﬁﬂﬁépggg.giﬁ@%ﬁ%Jébnﬁéﬁégféo %%%t are to be
instal |l ed on pherktekdabimbriikeuitt boatke imrenkhechpserbhetkand ehéenrically
connect ed before _ . : ) . S -
B are illustrated in the accompanying drawings. While the

invention will be described in conjunction with the

preferred embodiments, it will be understood that they

are not intended to limit the invention to those

embodiments. On the éontrary, the invention is intended

to cover alﬁernatives,'modifications and eguivalents,

which may be included within the spirit and scope of the

invention as defined by the appended claims.

po3zr The present invention is direcfed to relatively
stiff sheet materials and methods of bending'the same.
Foﬁ example, therpresent invehticn is particularly suited
for fabricating electronic circuit boards, however, one '
will appreciate that the hethods and sheet materials of
the present invention are equaily_suited for other uses
+ including, but not limited to in;plane springs and
eﬁpansion joints, fiber optic'devices, nanostructurés,
radiofrequency shields, wireless antennae and other |
devices.
[0033) As noted above, prior electronid deviées'oftén 
‘dinclude several disdrete circﬁit béards disposed-in a
_th;eemdimensional configuration and require felatively
complex connection systems to interconnect the-componehts

of a first board with components of a second board. The
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fol ding, and before the fol dable cirecutrt—board-i-s-—in .ed.in_an
el ectronic device, the resulting circuit may be tested while it is stil
easily accessible to test equipnent. Any defective conponents may be fixed
or replaced at this stage, as such conponents would be readily accessible
as the fol Lrcuit board has not et been installed into the
electronigﬂggbggggm Significantly, the gbove manuf act uPCHES2003®ies| y and
testing steps are sinplified as they are performed on a substantially
t wo- di mensi onal (2D) structure (e.g., a flat structure). The flat structure
could be shipped flat for folding at a renote |ocation. Later, the 2D
structure can be folded into a three-di nensional (3D) structure (e.g., a
folded structure) for nore efficient space utilization or to allow the 3D
structure tgrddeht insédeicdn speetbhes W socaasbd Tad sidiginaweto the
drawi ngs, wherein |ike conponents are designated bé?like reference nuneral s
i

t hr oughout #hébe PatFRIE FiGeress & <hddt PoFcrat 8F i Bt Rye®ér 4FFy - 11 WO
20061065568, RETIUS20001043848 rdest dinaleed iby, bhevigd®ralr 30 shsekl | ustrat ed

in FIG 1. Sheet 30 is configured such that, despite being formed of a
rel ativel y & itff-eibdbribiat if Fapairl debsndipPafar fotEdiRe932, 33 of the

sheet maybe hent; sabouly, & BeRdsLineng 3n oTQihaghl ki aleidending; sheet 30 is
provided with a plurality of dividing slits"37, and with a plurality of
strap slit<hEg rephierp Berdingtipiaps ahdireberndenc40-hes prdeen in FIG 2.
(0036( Such,,a bendabl e sheet is particularly suited for electronic circuit
boards or othéer applications where

4] Such a foldable circuit board would save component
count, system complexity, and space. As the components
that are to be installed on the foldable circuit board
may be installed and electrically connected before
folding, and before.the foldable circuit board is
~installed in an electronic device, the resulting circuit
may be tested while it is still easily aécessible to test
equipment. Any défective components may be fixed oxr
replaced at this stage, as such components would be
teadily 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 éhipped
flat for folding at a remdte location. Tater, the 2D
structure can be folded into a three~dimensional (3D)
structure (e.g., a folded structure) for mdre 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
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\
mul tiple | ayers.of boardeupuld. be-useful—in that it would be possible to
popul ate the boards with conponents (e.g., conponent 42; FIG 9) while the
boards are flat 2D structures and easily accessi bl e using conventi onal
equi prent including, but not limted to, automated pick and place
equi pnent, wave sol der and other suitable nmanufacturing and _assenb
equi prentwoQummepepul at ed, the fol dabl e boards can bé’ @a’“i‘:ﬁﬂmhl eve
nore efficient packaging without the need for |ncorporat|ng connectors or
having to plug connectors into sockets, as would nornally be the case.
(00371 In sone aspect, the form ng and bending of sheet materials in
accordance with the present invention are simlar to the nmethods and
devi ces described in copending U S. Patent Application No. 10/795,017
entitled SHEET::MATER AL MILTH BENQ 10GNTROLL NG (DI SRACEMENTS AND METHOD  FOR
FORM NG THE SAl U.S. Patent Application No.. 10/672,766 entitl ed.
TECHNI QUES FERRDESICGNISNG AREY 1sNUEAET URR NG PRECIES! OFOLBEDre I @H STRENGTH,
PATI GUE_ RES| SIANE SERYCTLRES (AN SHRET - THERERQR oA oS ALt 12 VO
2006/ 065568 PCT/ US2005/ 043848 Appli cati on No. 870 entitled METHOD
FOR PRECI SI Gre9gBENDI3NG @ﬁ<$HEE$5Nﬁﬁ@ﬂlAE$lmsﬁkﬁﬁSHEEFtAﬁ[me@ﬂaiyﬁTlON

PREG 9 oN BERD ne G S et i i PR TR ER The

entire cont eptseaofitymuifciiaiopl ng atliiduss 3@dndapdtveirith ias pilmcel poy ated herei n by
this reference For ds agd deV|ces used foQ%fornlng slits

described in ??ﬁ? 13§ag§ﬁ§??%%piéﬁgggﬁg % t it %fegg gﬁ%%t 3% be used to

form seen in FIG. 2.

3] Such a bendable sheet is particularly suited for
electronic circuit boards or other applications where

: muitiple layers of board would be useful in that it would
be possible to populate the boards with components (e g.,
component 42; FIG. 9) while the boards are flat 2D
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 aehieve more
efficienﬁ packaging without the need for incorporating
connectors or having to plug connectots into sockets, as

would normally he the case.

100371 In some aspect, the forming and bending of sheet
materials in accordance W1th the present 1nventlon are
similar to the methods and devices described in copending
U.S. Patent Application No. 10/795,077 entitled SHEET

- MATERIAL WITH'BEND'CONTROLﬂING"DIéPLACEMENTS_AND'MéTHOD
FOR FORMING THE SAME U.s. Patent Application No.

v‘10/672 766 entltled TECHNIQUES FOR DESIGNING AND
MANUFACTURING PRECISION -~FOLDED, HIGH STRENGTH FATIGUE~
RESISTANT STRUCTURES AND SHEET THEREFOR, U.S. Patent -

- 12 -



~slits in accordance with the present invention. 100381 One will appreciate,
however, that sonme fold requirenents of the present sheet materials vary

fromthe fold requirements of the sheet nmaterials described inthe

above- menty.@nfgoapRl i cations and patent. For exanple, the folds of sheet 30

need not snap Into place and stay folded by thensel veBCT/TBR80F@Bsd8 need not

be | oad bearing, as the sheet, once installed in or on an.electronic

device as a circuit board, woul d be supported by the chassis or other frane

wor k of the electronic device. The fol ds need not provi de geonetri cal

precision so that the fol ded sections of the sheet line up with attachnent

poi nt's as necessary, as the sheet, once installed in an electronic device,

woul d be pagpiienethbyot heo same, RANS: ¢ 1 Whi & NSHRROTHCR bRECSHRSE in or on the
el ectronic device. 100391 In contrast, the fold configuration of the

present sHEWPING QR ¢HETVUATHRIAISe WiLeH PRVEF iAM) FASRICATEO%heet material s

| ncl udi ng, pRYERHO! dddTubedriBeqa POl YR PRELLX ySOMDOS,t 859 fiber reinforced
conposi tes such as fiberglass, phenolic or carbon fibef conposites, netal

mat ri x conpositked (MANEPD E@Raﬁﬁ%ﬁiﬁﬂﬁﬁoﬁﬁﬂ@gwéﬁﬂ?é@gﬁ@@ﬁt@F 13 WO 2006/ 065568
- PCT1 US2005(,0 r f ists of
X1 tﬁgﬁﬂgﬂzersﬁﬂéttgﬁg§Eﬁﬁﬁ gld éH 9 Bhase. o

particles rat e fold uratlon of the present
sheet i s alkbodcitormhicicagibos a&ihgauﬁytthe innmhpq}aﬁmxbeete1e.byforce

necessary fo d sheet 30 about i ne espe ially as conpared to
fol ding a éﬁe OfeRrEr i af © ?kﬁxﬁﬁé;ﬁ % é%%q? %eﬁfﬁ Sand strap slits

of the presesad fmwemmm@ng éDﬂé@cﬁnﬁmebﬂ &pmﬂesuﬁﬂﬁmihat t he fol ds of sheet
30 do applications and patent may be adapted to be used to form

slits in accordance with the present invention.

038] One will appreciate, however, that some fold
requirements of the present sheet materials vary from the
'fold tequirements of the sheet materials described in the
above-mentionad applieations and patent. For example,
the folds of sheet 30 need not snap into place and stay
foided by themselwves, The folds need not be load bearing,
&s the sheet, once installed in or on an electronic
device as a circult 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.

[Ue39] In contrast, the fold conflguratlon of the present
sheet is conduc1ve for use Wlth relatlvely brlttle sheet
materials including, but not limited to, polymer matrix
composites, fiber reiﬁforced composites such as
fiberglass, phenclic or carbon fiber composites, metal

matrix composites (MMC), ceramic composites and aggregate

_13._




provi de various other features and advantages not found in prior fold
configurations. For exanple, bending straps 40 provide continuity between
the first and second planar regions of sheet 30, particularly in the

~unf ol ded ,@é 9 t hat.the whol e sheet can be handl ed as one piece. [0041
Turni ng now Y8 PH&6¥Ehti guration of the sheet of. mmt er iPOT/URMSHL3530
includes a plurality of dividing slits® 37 which extend substantially al ong
a desired bend line 35, as shown in FIG 1. Al though the bend |ine appears
to be coplanar or coincident with the sheet in FIG 1, one will appreciate
that the radius of curvature of the bent sheet wll Iikely be greater than
the thickness of the sheet, in which case the actual axis of about which

the material sch@pskidd (hh&@éYtK&fﬁﬁﬂﬁﬁdr@hn@opﬁﬁﬁe(ﬁddﬁﬂbtsfbﬁn1the sheet
(see, e.g., bend axis BA in [ 0042 The dividing slits al so divide
the sheet of Rafet§ds IPEP%rf?W%ﬂ ?fécon% PP aridr Qﬁ% ons 32, 33 on either

side of the bgpdridai8ndosr B9 thaer®f saheeti 2% Wi Ghndhem Mo
substantially flat One will appreciate that two, three or nore dividing

slits may be wednG i the 1alding ooy (65568 FRro USHRISAD43BA8IOM vi de t he
sheet into t thcli,éE o %%guﬁegew %@&%)r eggg@élamﬁ ey chmgg,?@datpcpr eci ate

that dividing slits ext end ong a plurality "of bend Iines In order to
di vi de t he shéeidim @ ﬁhﬁee,Ofomﬂteﬁha¢en0§lRIQWldﬁﬁ(ﬂlqblaher regi ons as

open box 30" Sk Rt 3, SEHAT A 32 pRLIMELS, ﬁa'%%’-?ﬁfér?’?os”“““re -
f0040]  Cne will appreciate that the folds of Sheet 30 do
provide various other features and advantages not found
iﬁ prior fold configurations. For example, bending _
. straps 40 provide continuity between the first and second
planar regions of sheet 30, particularly in the unfolded
state, so that the whole sheet can be handled as one

piece.

o411 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 c01n01dent with the sheet in FIG. 1,
one will appreciate that the radius of curvature of the
bent sheet will likely be greater than the thlckness of
the sheet, in Wthh case the actual axis of about which
 the materials bend will likely be parallel to but offset
f;om the sheet (see, e.qg., bend axis BA in‘FIG. 5) .

po;  The dividing slits élsd'divide the sheet of material -
Alinto first and second planer regions 32, 33 on either

side of the bend line (e.g., portions of sheet 22 which
.remein substantially £1lat). One_willrappreciate thatv.

two, three or more dividing slits may be utilized to
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structures). 100431 Sheet 30 also includes a plurality of substantially
parallel strap slits~39 formed therethrough. The strap slits intersect bend
line 35 and adj acent pairs of the strap slits (e.g., 39", 39", see FIG 2)
forma bending strap 40 therebetween. 100441 Preferably, the slits are
formed by We2msmesssfs conputer nunerically controlled (CNC) devices which
control a slit form ng apparatus, such as a |aser, watePCT/pgmW)s/gesash press,
knife or other tool. One will appreciate that other suitable nmeans may be
used to form slits in accordance with the present invention including, but
not limted to, casting and nolding. As the configuration of all slits,
dividing slits and strap slits, can be preprogranmmed and effected at once
on or at a single workstation, it is considered that the slits my be
formed substiaridiealhy Sianil tlakeolskyfi(00481 Retordi mpmow to the strap

slits, eachg %’o% entopaifi1; O o5t %ggréaé & ?&%ag%g}f‘%ﬁé;déﬂ%“ rap 40

therebetmeen e bending strap ongltu in p axis 44

i ntersecti mgt I@atde@wmm@n@lhwaéiaﬁ sdmnt EiGes2in IrdafDt20061065568
PCTI 1 JS2005/.04 84§ q94 1. Prefgkably, eachgstrap slit has substantial ly
strai ght i Atermedrat ey HRT e i Bl edddCacP o5 <C T A “bend Iine. The

i nt er nedi aT;_ﬂaﬁ@J’rt u:@guqmw\slsda&sarb&ngérg of tot eramt saprididustyi gb has a -
substantiall unlforn1cross- %ectlon al ong which torsigon (e.g., twi st about

the strap YO URRy b BRSEr PhufEauFE 1Y yalﬁ‘nf:'fj@?n}??/x altbng the |l ength. In

the illustratedtaebodi rams,edt—&@bahggts&fuctm{eer bal othas- asubstanti al | y

uni form t hi ckness ( ? (see,
structures

03] - Sheet 30 aléo includes a plurality of substantially
parallel strap slits ;39 formed.therethrough. The strap
slits intersect bend line 35 and adjacent pairs cof the
strap slits {(e.qg., 39', 39", see FIG. 2) form a bending

strap 40 therebetween.

o4y Preferably, the slits are formed by the use.of
computer numerically controliled {CNC) devices which
control a slit forming apparatus, such as a laser, watei
jet, punch press, knife or other tool. One will
ap?reciate that other suitable means may be used to fofm
53lits in accordance with the present invention inéluding,
but not limited to, casting ahd molding. As the
configuration of all slits, dividing slits and strap
glits, can be preprogrammed and effected azt once on or at
a 'single workstation, it is considered that the slits may

be formed substantially simultaneocusly..

mmﬁ 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.

- - 15 -



e.g., FIG 3), however, one will appreciate that the sheet need not be
uniformy thick. Preferably, the bending strap may have a m ni mrum w dt h
dimension (0') (see, FIG 2) that is less than or substantially equal to
‘the thi cknes%d%rogﬁgﬁf_ﬁt he sheet of material in order to mnimze the
‘torsional resi STAnCE Bt the strap.. 100471 Preferably, therPsrusmsasgi S
oblique to the bend line. The strap axis may extend | ess than approxi mately
45 with respect to the desired bend Iine, nore preferably, within the range
of approximately 5-40 with respect to the desired bend line, and still nore
it preferably within the range of approximately 15-30 with respect to the
desired bend line. To this end, one wll appreciate that a sheet of

material may Qend Lasa o1) Al MO { adiks, ducuoNatie, before the sheet

will fail. I'S m ninumradius, rvature 1s dependent,” anong . ot her
t hi ngs, on thetmEgeti ahtandedintckpessioh ihedshdeextefds exampd €hea solid

. sheet of phe(rhol idc lhavi ng..a. thi.ckne es may have

P e, h? interme SaF%;pg Q{Q¥EH%%§&¥%anﬁg%1:C%
a mninmumra -%PS (%fl curvat ure | C Sshee an é bent  a u a bend

line to a mi ninwmtkadi 85iofwisevehals bnehiessanfidioy fireformbeyerd whi ch

m ni nrum the phenalic sheet wll fail. 16 W 2006/ 065568 PCT/ 1152005/ 043848

[ 0048 Skewi ng®GFe 5t FZB“%_XW@W ttf‘?rrségﬁeg?"i’tf t1HES eﬁgoﬁl}:ng‘e sE\ES to reduce
the effectivediisi AHN padilst Ofhukay @8k Urey TSy skemynghd he strap axis
subjects.the  strap to a certain anpunt of torsion that is distributed

al ong a | engt¥fERr helRt Fiap. 1S teRf et FPRCHIiTumtBF SPESF U3t about the bend
line may be redugediagad £esdtintially uniform thickness {T) (see,

e.g., FIG. 3}, however, one will appreciate that the
sheet need not be uniformly thick. Preferably, the
- bending strap may have a minimum width dimension (w™)
(see, FIG. 2) that is less than or substantially equal to
' the thickness {T) of the sheet of material in order to

minimize the torsional resistance of the strap.

[0047] Préferably, the strap axis is obligue td the bend
line. The sﬁrap 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 app:oximately 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 Ffail. .
This minimum radius. of curvature is dependept; among
other-things, on the material and thiékness of the sheet.
_For example, a solid sheet oﬁ_phenolic having a thickness
of approximately 0.060 inches may have a minimum radius
of curvature which the sheeﬁ can be bent ahoﬁt a bend
‘line to a minimum radius of several'inches; if not feet,

beyond which minimum thé:phenolic sheet will fail.
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anount of angul ar di spl acenent about the bend line is accomodated by such
torsion. Furthernore, skewng the strap axis at an angle O with respect to
the fold line also skews the actual mninmumradius of curvature (Rm na)
angle e %@“r%ﬁ? ct to the fold line. Thus, the effective m ninumradius
of curvat "#3r%e) may be further reduced by the sPEEUBIOMMHE 0 t her eby
to reducing the radius'of curvature as follows: Rmin = Sine(6) * Retina
(00491 In the enbodinent of FIG 1, sheet 30 has three dividing slits 37,
37", 37" effectively separating the sheet into-first and second pl anar
regions 32, 33 on either side of bend line 35. A pair of strap sets 47,

49' are di sposed between respective ones of the dividing slits. One wll

appr eci at egdats deWangt Bheest Fhx9s WRER rsipddi #g shit ge@yr iR utilized to
formone, two, three or nore straps sets. (00s0l1 In this enbodi nent, each

strap set FRIIAfdéS FoERCesthamiioriiye39inHemepdigenPhg t hr ee- bending
straps 40as, 3w | nEﬂch\.A%, (s?{%wngnghgegéﬁwa ti%aBuégeE:@T shwn) .- Agai n,

one will appreciate that t ree, four or nore strap slits nay be
utilized tetrawspecti eekyaiorancomg, oft porsidn ddadr isodessrilapsd here bet ween.
Preferably h I t,. ncl st o] I tr in order to - 17 WO
P0062 00050 B8 A B bBER o3 5eals Sivers, phle Toreian Solan i St er nunber of
straps, andddirust abactonhedatrel d igeeater banuhicedf atorskentaioosx) Wth
continued reference_to

one anot het" & & eaf]ﬁggégadilgsp}%\%f“%%gg??/g%%hgﬁégﬁl Zt%éia‘%ejésnﬂ aﬁg\rlglrlsgl a§<ios
51 such accommodated by such torsion. Furthermore, skewing the

strap axis at an angle 8 with respect to the fold line

also skews the actual minimum radius of curvature (Rminﬁ

angle © with respect to the fold line. . Thus, the

effective minimum radius of curvature (Rmin®) may be

further reduced by the sine of angle 8 thereby to

reducing the radius' of curvature as follows:

Rmin® = Sine(®) #* Emin®

w4y In the embodiment of'FIG. 1, sheet 3Q has three
dividihg slits 37, 377, 3&” effectively seﬁarating the
sheet into first and second planar regions 32, 33 on
cither 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, threelor

more straps sets,.

foesef In this embbdiment, 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

- 17 -



that the strap axis 44 of the first strap set intersects the strap axis 44
of the second strap set. Such a symetric arrangenent is advantageous in
that it tends to effectively cancel axial shifting of first planar region
32 relative %iﬁﬁg&g pl anar region 33 along bend line - 35. [o00s2] One will
appreciate th (Isr_ap sets may be asymmetrically ori eotesheafghizgpsen
parallel to one another in the event that axial shift along the bend Iine
is desired. For exanple, 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 fromFIG 6, the geonetric configuration of strap sets 47a, 47a'
would allow a Iimted amount of axial shift of first planar region 32
relative to sg (o] | A A in FIG
6. 100531 Retur%%gm{?goéﬁ%h %%s%%arpéajgﬁgfgﬁ@g@grcgypﬁ%/ﬁid Wi th stress
reduci ng strustdfies wt enmgempHerect ,grrateiry anocent s Heb str@ss-rel i eving end
openi ngs' 53. The end openings are provided so as to effect a reduction in
the stress concentration in the bending straps. The end openi ngs wll-tend

to cause any B®HedEldy & inpedprofgitee back Fntb tHe styEp seitfs,
18

dependi ng on %45‘ 17 03ding di %2951;9& of, the sheeter |dndvid e be, Ladgr st ood,
I WO 2006/ 06556 'PCT/ US2005/ 043848 however, that stress reducing structures,
. such as the emra?tfig@d:aéﬁdf @péﬁﬁ@‘@% alraartnat treqeieete fasrls €4l ispghi on of t he
! benefits of t g of s the Bresant, é&/ tion. ul ARe Ll lustrated
enbodi nment , e en open Ave a circular con uration aV| ng a di ameter
the strap ax1s 44’ of the second strap set. Such a '

symmetric‘arrangement is advantageous in that it tends to
effectively cancel axial shifting of first planar régidn

32 relative to second planar region 33 along bend line

35.

mesz) One will appreciate that the strap sets may be

asymmetridally oriented and even parallel to one another

e

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’ thét are
paiallel to one another. As will be apparent from FIG.
6, the geometric éonfiguration 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.

sy Returning to FIG. 1, the strap slits 39 are provided
'with’stress reducing structures at ends thereof, namely,

enlarged stress—rellev1ng end openings 53. The énd

e e e

‘openings are prov1ded so as to effect a reduction in the
stress concentratlon in the bending straps. The end
openings will tend to cause any stress cracks fo
prbpagate‘back'into the strap siits,'depending on the
loadihg'direction of the sheet. It will be understood;
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that is larger than the width or kerf of the strap slits, as best seen in
FIG 2. [00541 The strap slits may al so be provided with other
stress-reduci ng structures. For exanple, the strap slits nay be provided

W th stre§§05&kh,3%§g end radii 54 which cause the ends of the strap slits
to diverge away from bend line 35. In particular, eaclC&ad2msoissg di ver ges
away fromthe bend line and thus gradually increases the wdth and
cross-sectional area of an adjacent bending strap as the strap neets or
nmerges with a respective planar region. As best seen in FIG 2, the
termnal wdth dinmension (w) of each bending strap is significantly

| arger than the m ninmumw dth di nension wm  For exanple, the termnal width

My be twWoholBGEE, ®fat MHr@sst FaBSc]@F diruhaRethesfdni H3imne dt h di mension
of the strag. Moreover, larger termnal width di nension may cause the
ﬁ.r

def or mat i oRGRTBRACTHY WAEPESt BB PoreeIUgradudPr dird hrdemdi A§ and torsi on

so that strgsshetOPLENtIALLANLULL] ndHEdQAUCEE. t1BI SreplnCOUrse, conbines
with increasing strap width to transfer |oading forces and bending forces

nore evenl yovaRblehe riendibgdét leftraed shbedinknh, | Bwerenstress concentration
B5) As "'o%éhiﬁﬁ%é% o G el 20] 86201 AARS AT nILYLL Ds lckbs 37 and strap
slits 39 may be nterconnecteg end-to- end wth a stress re§UC|ng structure
such as cofihett ingl 495 N\Oh200816 66568 RET/MIBZ005/ 04384 8rary adilis 56. One wi l |
appreciateaghg%s£k§é§gyﬂqug s&its may extend to and term nate intersecting
a respective strap sfit, however, connecting radius 56 provides several
advant ages. ' '

[034] The strap slits may also be provided with othér

. stress-reducing structures. For example, the strap slits
may be provided with stress-relieving end radii 54 which
cause the ends of the strap slits to diverge away from
bend line 35. In particular, each end radius diverges
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.tefminal width dimension may
cause the deformation of bending straps to be more
gradual during bending‘and torsion so that stress
concentration will be‘reducéd. This, of course, combines
with increasing strap width to transfer loading forces

~and bendﬁpg.forqes more evenly into the remainder of the

" sheet with lower stress concentration

00ss; 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

- 10 -



100561 Firstly, interconnecting adjacent dividing slits and strap slits
end-to-end sinplifies the manufacturing process. For exanple, in the event
that the slits are fornmed by the use of conputer nunerically controlled
(CNC) devices which control a slit form ng apparatus, such as a |aser,
water jet, pHRGAYHPZEE  knife or other tool, the end-to-Rermusensiosgpas at i on
el i m nates the need to power down and/or renove the cutting elenent from
the sheet between the steps of formng a dividing slit and an adjacent
strap slit. Simlarly, since the dividing slit and adjacent strap slit form -
one continuous slit, there is no need to reverse or backtrack the tool to
conplete the strap slit. 100571 Secondly, connecting radius 56 elimnates

[ne onarP  PabMNLEN, WO 9, ALNGLRL 88 1 0. TAIIG I dibeadhy! 1A% 8L

linearly continued £o |n ersect t jacent strap slit anely, the sharp
poi nt that woulydebéehdr hedammh tdhminacat emaantgd%:tsurdieaoﬁ:esgehtim ersection.
(oo5sl The materl al ilﬁel 0 coan| dered lc? thr_ea lruess%%t ro@vggy on are capable
of elastic déférRaf T LROPEFET Ut ey Y ait PESY as rophically when a
substanti al sarewal aﬂv@ﬂvaasgasc def or mati on occur s. Consequently, the

torsion straps are designed to maintain the materials in a state of
substantially elastic-only deformation. The substantially elastic-only
torsion st raplsss;caﬁibet2@, V@@Oﬁﬁ)ﬁl@@ﬁﬁ@BgR@jwﬁO@ﬁ@Af@StI@ stbpsialel ed
torsion spri ngs. ?‘ tgtra&) contr |bu}nez a d t?n am ntwggn esi stance force
as the two pI 133 3 &% A ed “Abodt "t he 1b e‘I'hre I'mensional structures
can be hel dgriiesposi Fd)ﬁna)baynﬁlhae ﬁastﬁéleﬂgarﬂj’ wlagsuhe sefihodsre

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, the end-to-end configuration eliminétes the need to
power down and/or remove the cutting element from the
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.

[es73 Secondly, connecting radlus 56 ellmlnates the sharp
point which would otherwise be formed if the d1v1d1ng
51lit linearly continued tco intersect the adjacent strap
slit, ﬁamely, the sgharp point that would be formed on the

acute-angle side of such intersection.

wess] The materials being considered in the ptesent
invention are capable of elastic deformation without
‘failure but may fail catastrophically when a SuBStanfiaI .
amount of plastic deformation océurs. Consequently,‘the‘
torsion straps are designed to maintain the mategials.in

a state of substantially elastic-only deformation. The

substantially elastic-only torsion straps can be
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that prevent the rotational degrees of freedom of each

bend from springi ng

open. Printed circuits boards that incorporate the torsion joints of the
present invention can be held closed in the desired bend angle by the

tenporary or permanent docki ng of components that are

assenbl ed onto the

surface gf é) Q;Q%ane toosvi These el astic bend joints can be designed wth
egree o

a large
mechani cal stresses in service or conversely the joint

spring-back force if the bend joi iECUMP¥PISBBEbj ect to

s may be desi gned

with a negligible anpbunt of spring-back force if a surrounding chassis

supports the folded structure. Another consideration in

of how stiff to nake the elastic bend joint is the ab

t he design choice
lity to handl e the

unfol ded sheet in a planar formprior to and after assenbly of attached
conponent s:dagti dpkear tdns fodl dipR@ngé. veraeH awrher eentelmsidsc abend joint with

negligi bl e sprlng back force may be unable to resist_ t
forces. of tifiet8l AR

he gravitational

outth &t |eP§§ItF‘n6‘? FAF o5 TEE bHCWEH' $hE &t t ached

conponent sothReteipses tthesheal . ML e (esigRednwl t i r@ddiddsonak rigidity at

each elastic bend joint which nust be overcone by fast

ening to a supporting

chassis, &% b&dA lP%%ﬁﬁﬁ&F¢06rbﬁeFHﬁﬂ%ﬁﬁfﬁﬁéﬁ'ﬁ§ 6 C v Pesattached to
the surface.Qf ,8aebnardiculabedoRh ANty du0ugh r-bEgs, ¢ mmRsi onal closure of

three or nore planes, or through conpression or tensi

e nenbers that

tenporarlmﬁﬂdrffﬁ@r$ﬁﬁRQQMﬁw gekine tHot@asg@iagcudegrkeeanis fiheéédom of the - 21
0 2006/ 049505 ETLUS3AVTL043845, A L].0 hend,Lobgt -s i aast one bendi ng

strap may 1nc a contl1 nuous ace

"can be held closed in the desired bend-angle by the

temporary or permanent docking of components that are

assembled onto the surface of each plane.

[pos9] These elastic bend joints can be designed with a

large degree of spring-back force if the bend joint will

be subject to mechanical 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

sheet 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 fastenlng to a supportlng cha551s, through

temporary or permanent docking of components attached to T

the surface of each articulated plane, through three

dimensional closure of three or more planés, or through

compression or tensile members that temporarily or

permanently define the angular degree of freedom of the

_.21_



uni nterrupted surface extendi ng between the first and second planar regions
as shown in FIG 2. As the continuous surface extends obliquely to the
bending line, and as the continuous surface is not subject to creasing as
sheet 30 is fol ded about bend |line 35, the continuous surface provides a
path upon whi"OPP%P6&368ct rical connector 60 may be | ocat eRUTges2oms@nssube fir st
and second planar regions. The electrical connector may take the formof a
~portion of a printed circuit connector or otherwi se applied directly to the
- surface of the sheet. One will appreciate that other suitable electrical

conduit neans may be applied directly to the sheet such that the conduit
nmeans extends al ong the continuous surface (oa6ol For exanple, the

el ectrical cogpgetiOndray ARke. Usgr masezoeﬁlecgéemi@{ eptraiCahyt races that
pass between the first and second pl anar regions along one or nore straps,

occurring on dnelefe fprenkayerss ofuetang ££-1 BYet p¥imed circuit board. The

purpose of t hgse, CONRLLY §yr A &SGR hEABESELNNINY AlaRgahhe straps can
be the provision of power from one planar region to another. Another

purpose for thesendaidueri veaePretdd cliowrr age8IFs 2t héscéhpuni cation of
el ectrical signal§,0) OgQEEacé“éﬁ%ghﬂ985598hgﬂgiP$aﬂﬁgtkﬁ@hRQeEQnQ”Other-

Yet another purpose rovi di'ng conductiv ectrical traces across
articul ated ebdmdtac dendopointsus sswifecer ieahcorsuleapdcittl vecgontd nui ty
bet ween ground pl

electronagnet?%‘ﬂg%ﬁéﬁb{%éFEégge%$$%%%6%%gé%ggm%gﬁggggg%g%%a%gga g
surface provides a path upon which an electrical
connector 60 may be located between the first and second
planar regions. The electrical connector may take the
form of a portion of a printed circuit connector or
otherwise applied directly to the surface of the sheet.
One will appreciate that other suitable electrical

' conduit means may be applied directly to the sheet such
that the conduit means exiends along the continuous

surface.

0] For example, the electrical connection may make use
of conductive electrical traces that péss between the
first and second plana£ regions along one or more straps,
occurring on one or more layers of a multi—layer printed
circuif board. The purpose of these conductive
electrical traceswrunning along the straps can be the
provision of power from one planar region to aﬁcther.
Another purpose for these conductive electrical traces is
the communication of electricai signals or logic
switching from one .planar region to another. Yet another
purpose for providiﬁé coﬁdﬁétive-électiical traces across
articulated elastic bend joints is electriCal or
capacitive cbntiﬁuity between gfound plane structures
which provide, among other things; electromagnetic

shielding.

_22._



(0061( Because the process of formng the electrically

conductive traces i s

separate fromthe process of formng the strap-defining slits, provisions
nmust be made for registering the two fabrication steps in close

registration. If the automated process for formng the

boards and slitting

themis | K¢ Bfsosseanect ed, and nmaintains rotational apd translated position
of the board throughout the process, then co-registrat$BHBPHAESt wo
processes will be automatically enbedded in the manufacturing process.
However, if the position of the board is not maintained between the
trace-formng steps and the slitting steps, for exanple because the two
processing steps are in different |ocations, the design of the printed
circuit board nost preferably contains registration nmarks that can be use
by the slit%pr Hasguspr beeseracssceedl Forhngodia icdpalrieglsfrati on of the

board priOfcéﬁh&ﬂéibkiEQaCJQQﬁg:&Eﬁrﬁ%&'fﬂ&?ﬁﬂ&i%&%a&?§to%f¥%éﬁﬁ bl e

configuration of sheet 30 allows t sheet to

popul ated wth one or

nor e conponemt sst42pwhipFénite shidet bsovhsiems fivet benhadgerdeion. In the
event_thate%%§§§§ggeﬁaegﬁg @£§_&§%$gékg§%cfégg% é%pigggeon opposi ng pl anar -

regi ons, rical “connect or

may be used to operably"

connect t herepinporents. (0063(c Grtbnnabdypreacts dbrt Rerfiingttand second
pl anar regions are provided wi.ith one or.nore assenbly recesses 61 for
PR Uit atiegs *mtar i T2y

| ocati ng and&etufifg® e THat B RFTRG

55

ly with anot her

devi ce. | n gagntenbedieatioddie’ andassenbl yre€qrss tiakesst fige fiyansof a

plurality o

assenbly apertures 61 | ocated adjacent the corners of sheet

f
30. 23 throughout” the process, then co-registration of the two

processes will be automatically embedded in the

manufacturing process. However, if the position of the

board is not maintained between the trace-forming steps

and the slitting steps, for example because the two

processing steps are in dififerent locations, the 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.

62} One will appreciate that the foldable confiqﬁration

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.

@63y 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

dssembly with another device. In 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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WO 2006/ 065568 PCTNS2005/ 043848 One will appreciate that one, two, three or

nore assenbly recesses may be used and that the |ocations of the assenbly
recesses may vary dependi ng upon various design paraneters including, but
not limted to, the arrangenent of conponents popul ated on the sheet,

-whet her the ¥WRHg8e6/65%8 i nstal | ed on and about a subassenblpe6GRs2ide"
suitabl e device in an external -corner configuration (see FIG gﬁ, mieth

the sheet is installed within a chassis 65 or other suitable device in an
internal -corner configuration (see FIG 9), and/or the inherent spring
coefficient of the sheet of material. For exanple, if the sheet of material
has a relatively high spring coefficient which tends to return the sheet to
its flat configuration when bent, the assean% recesses may be _nore

" numer ous and PreoVidedA P IREE G theF PG (T XhENBBRACT I TV 15 SRERIHi ze

| everage in hQdisagsShgetnd mRliassd {10064ndAlbc8X88Rs &t ithd he case of an
external -corner configuration, the sheet may include one or. nore assenbly

apertures 61 3s6eabed presd TR Melieveby rARENHECge8POR VA LB AR Wi t h
assenbl y fas?%%%he@@ré ”id;%lql?fintgg %@'%@Qir&i@%d‘ 't?:)'léﬁ,el %kg@]?&flafngte&%ngyt er

extremties Irst an secon anar regions , rom springi ng back
away from sufaserpbhynies mupehH athatoshdet BGatet whathen ihs deat

configurati O,'}is 3% skLiyss roq‘% %%db)éltaéﬁﬁ Oa\"’s%ﬂa%o'éh& 85§ Shd@rly, in the case
of an internal-corner ~configurafion, assenbly ager ures a may be | ocated
proxi mal the svgndbl & néeticcec dopenatetewndl -asseris| yonfastmneror68&een order to
mnimze the Jikelihood qf th iLnner extrem.ties of first and second pl anar
regi ons 32a,E&§3ah#foﬁb%ﬁhﬁa F%S_ﬁ%ﬁ%ﬁwﬁffﬁ%? a%%gai?&%ﬁ%ﬂﬂa(§§%%§%sof-

65 or other suitable device in an internal-corner

configuration {(see FIG. 9), and/or the inherent spring

coefficient of the sheet of material. For example; if

the sheet of material has a relatively high spring

coefficient which tends to return the sheet to its 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.

{064  For example, in the case of an external-corner
configuration, the sheet may include one or more assembly
aperturgsvﬁl 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 its
flat configuration, as illustrated by Arrow § in FIG. 8.
Similarly, in the case of an internal-corner | |
configuraﬁipn,_assgmbly_apgrtures 6la may be located. '
proximal the bend line to cooperate ﬁith'assehbly -
fastener 68a in order to minimize the likélihood_of the
inner extremities of first and second planar regions 32a,

33a from buckling up away from the internal corner of

- 24 -
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24 WD 2006/ 065568 PCT/ U52005/ 043848 chassis 65 such that shget=30-returmns=
toits flat configuration, as illustrated by Arrow B in FIG 9. [0065] The
vari ous enbodi ments of the present invention allow designing manufacturing
and fabrication advantages to be achi eved whi ch have not heretofore been

real i zed. Watwegessdse ful | benefits of such design and ' |.on
techni ques as CAD design, Rapid Prototyping and "pick gﬁﬂﬁézgi?stédég&massenbl y

can be realized by using single 2D sheets of material to replace 3D
structures which heretofore:- required the use of nmultiple discrete 2D
structures. [0066) The configuration of the bendabl e sheet of the present
i nvention may al so be suitable for manufacturing circuit boards which
conformto non-orthogonal device packages. Cenerally, industrial designs

are of ten SPAFtad byt He tRBREIAT fAlarresrreantrectior ddafrinted circuit
board asserblikesufatieR) $s) i1Ther hendalleareopfh g ation of sheet 30 would

facilitate artisticall y' shaped devi ces "havi ng conpact designs with high
circuit density. For exanple, wearable electronics, conformal autonotive

or ai rbor NG| eehd QRGN EnSENBe i OUC kS MBYe s 1RO UIHR 1GQBR! eX- shaped
housi ngs that require circuit boards to be oblique to one another. The

conf i gur at.P8AC¥ ofe i inde ane 3 ¢veritidor Mo firE &3 owra ssivagltedes rcuit  board
take the pl.acgs of it i00r ABES 1RNId quel Yleg%k:?ﬁ&ﬁg bl Gilh 1Dogr ds. [ 0067)

Furt hernore, the bendabl e configuration o e sheet may be utilized to
provi de a AhugedtiRCEALL baneflts 2 PEBAL thatgmayndd dbaritcayaek and forth

repeat edl y . Bk SXAMRIe cap 408 ANeHapla BSCRLASAN dVenkLenapy be adapted
place” assembly can be realized by using single 2D sheets
of material to replace 3D structures which heretofore

regquired the use of multiple discrete 2D structures.

poss;  The configuration of the bendable sheet of the
present invention méy also be suitable for manufacturing
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
shapedbdevices 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 obliguely oriented

circuit boards.

wes7]  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

_.25_



25 WD 2006/ 065568 PCTI US2005/043848 wi thin a folding nobile phone or other
device which presently requires two or nore circuit boards that nust pivot
relative to one another. Such a bendable configuration avoids the need for

i nel egant hot bar sol dering and/ or expensive connectors between two

di screte cir ¥ 100¢a158s. (0068 Anot her advantage of the prem®sM0I/0YRAti ON iS
that one may be able to fold a circuit board into its own RF shield and
isolate RF circuits fromdigital circuits . cleanly and cheaply. The device
could be tested flat to verify functionality and repair any defective or

m ssing conponents w thout renoving RF cans prior to folding. pool An -
advant age of the interconnected-straps is the bendable sheet of the present

invention may .al-59,bg HSEM: ngMBiLEDSKLRPIC drdeknabogiesynfar exanple, an
enbedded |ight pipe may ext'end al ong one or nore straps to optically

coupl e the fimgesantlyecomigsisatde peghors Gircuifebshdds . tigc mugirbedded
| ight pipes “gﬁ%gtg§e93892i%DO%net5§ﬁ§ﬁ§%r"Eha%pglﬁeﬁagﬁﬁés bet ween the

first and sec anar regions wthout having to resort to optical fibers
and their highoodsturd@DR0lavondswihé appt etimtieefhgent hrolgdmmetri es of the

sheet  of the prasent, i IVent] a0 TRY; ol 50, e HLLLI 2ed. o, fagostructures in
order to produce ar Feutat’ed mEro= A rfors,  bionmetic ¢ilia, pi ezoel ectric
drive notors andcretdecinanat @ehndkogy devi ces. (0071] One will also
appreciate that the configuration of the sheet material may al so serve as
an in-plane spring 26 ’

[oessy Another advantage of the present invention is that

one may be able to fold a circuit board into its own RF
shield and isolate RF circuits from digiﬁal circuits
cleanly and cheaply. The device could be tested flat to
verify functionality and repair any defective or missing

components without removing RF cans prior to folding.

[oessy  An advantage'of the interconnected straps is thé
bendable sheet of the presént invention may also be usad
with fiber optic technologies{ For example, an embedded
light pipe may extend alpng 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 tb resort to optical fibers

i

and their high cost.

{ooe]  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~
mifforé} biomimetic cilia, piezoeleétric drive motors and -

other nanotechnology devices.

7y One will also appreciate that the configufétion of

the sheet material'may also serve as an in-plane spring

26 -



WD 20061065568 PCT/ US2005/ 043848 which allows |inear displacenment of the
first and second planar regions with respect to one another. For exanple,
the slit/strap configuration of sheet 30 would allow first planar region 32
to displace in the direction of arrow C (FIG 1) relative to second pl anar
regi on 33wenddaEsdgghe second planar region to displace in the direction of
arrow D (FIG 1) relative to the first planar regi on ¥O/HB}28%Y043d8 | n t he
direction of arrow D. Such a configuration allows the sheet to accomobdat e
expansi on and contraction of materials for various reasons including, but
not limted to, heat. Furthernore, the configuration of sheet 30 allows the
material to absorb a significant anmount of linear force (e.g., in the
direction of arrows C and D) with relatively little linear displacenent.

Such a cofiguzatibas Myedie divhkzeden dthenarat-aet 4i@ ffcorst rai n gauges
and other devices. Additionally, the spaces created by the slit formng
process nEABET FPPEARS LT FESEEEFat? | et OHNEE - t oF BB tSERIRAT i nher ent

vi bration gamaner stk the diRRLaRe,SPF i %L 36h@oRI§SeM oy | NVention. 190721
I n anot her enbodi nent of the present Invention, sheet of material 30a is

similar tofitrderlapadedided? abodéshlacy rel Gidesdpaeati@l wtrap sets 47a as
shown in Jf:h?(ﬁ)%l (L*@GY. t) %qtat%qrveegpog%é@g}néﬁégggergég?rgggdg i nvention, sheet

of materia s simlar to sheets a descr above but
i ncl udes arsi/irgl éhst paporsbtrliadidly kaglowihy dlsplenebéndiley straps 40 as shown

DS RSP IS B o e vretLopdeger i be ke
planar region to displace in the direction of arrow D.
Such a configuration allows the sheet to accqmmodate
expansion and contraction of materials for various
reasons including,.but not limited to, heat.
Furthermore, the configuration of sheet 30 allows the
material to absorb a significant amount of linear force
(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 formiﬂg process may be filled
with viscoelastic material to act as an inherent

vibration dampener for the in-plane spring of the present

invention.

po72; In ancother 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. In vet another embodiment of the present
invention, sheet of material 30prishsimilér to sheets 30
and 30a described above but includes a singlé stfép éet
47b including eleven bending straps 40 as shown in FIG.
7. Like reference numerals have been used to describe.

like components of sheets 30, 30a and 30b. In operation

- 27 =



27 WD 2006/ 065568 PCTI US2005/ 043848 and use, sheets 30a and 30b are used in
substantially the sanme manner as sheet 30 di scussed above. [00731 One wil |l
appreci ate that the nunmber and -configuration of strap sets may vary in
accordance mL&@ theﬁgresent i nvention. For exanple, each strap set may be
paral l el with"Orfe%4Sfher, symetrical ly arranged, asynmerGI/gsanisps3sas r anged
and so forth. Simlarly, each strap set may have one, two, three or nore
bendi ng straps contained therein. 100741 For conveni ence in explanation and
accurate definition in the appended clains, .the terns "up"” or "upper",
"down" or "lower", "inside" and "outside" are wused to describe features of
the present invention. with reference to the positions of such features as
di splayed in the figures., |0otsl I ny_respects th Lfi ions of the
vari ous figur%@gﬂﬁggnﬁﬁgeFﬁogéad?“%ﬁﬁ%béf%gu%%%iI?é%ﬁﬁgggkg%gf§ﬁgﬂasane

ref erence nunesahs ralrcowed dyesubBrrdipiassald angve . b" designate
correspondi ng parts. 16076! The foregoi ng descriptions of specific

enbodi ments of the present invention have been presented for purposes of
illustration amdidescr Wpli omppddeiatar ehadt that emdesk a0 be exhaustive or to
limt the invqui nl}otghe g ecége iéggns di§§£0§§d@KQP% oggéogfég many

modi i cati ons-“Ahd-IVarTat ssaf%PpossiHP% I'n Yid%t ot Fﬁe above t eachi ng.
The enbodi ment sh&vese iras enveadmtl es crichedxamp D degadio sthept sexphay n t he
principles of Ke LI Lon At L oReact Lshe APPL 63! h0MunLQal e €BY

asymmetrically, arranged and so forth. Similarly, each

strap set may have one, two, three or more bending étraps

contained therein.

074} For convenience in explanation and accurate _
definition in the appended claims, the terms “up” or
“upper”, “down” or “lower”, “inside” and “outside” are
used to describe featﬁres of the present invention with
reference te the @ogitions of such features as displayéd

in the figures.

wos] 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.

w76 The foregoing descriptions of specific embodiments
of the present invention have been presented for purposes
of illustration and description; They are not intended-
to berexhaustive or to limit the invention to the precise
lférmé‘disdiosed,'aﬁd'obviod51j’Méﬁy'médificatidns'and .
variationé 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

- 28 -



WD 2006/ 065568 PCT/ 1JS2005/ 043848 in the art to best utilize the invention
and various enbodinents with various nodifications as are suited to the
particul ar use contenplated. It is intended that the scope of the invention
be defined by the clains appended hereto and their equivalents. 29 CLAI M5
1. A sheewWogbosmwaises i al formed for bending along a ben@c&hﬂgmg 5RI¢ Sing: a
sheet of material having a plurality of dividing slits extending
substantially along a desired bend |ine dividing said sheet of nateri al
into first and second planar regions, and a plurality of substantially
parallel strap slits formed through said sheet of material intersecting
said desired bend Iine, wherein said strap slits forma plurality of bending
straps between an adjacent pair of dividing slits, said bending straps
havi ng a Iéﬁgﬁb@d@ﬁ%ﬁﬂsﬁﬁﬁﬁ-@%Félﬁﬁtﬁﬁsé€WPﬁ§loéa§Qﬁcﬁ%ﬁHQQﬁ bend |ine. 2.
The sheet ehngatglal Afeichalibl. Mheialaqehd sheele dpsmawegpal is for ed
of a conposite nateri eet mat er i al a|n1 wherein said
conposite maepaatlalslas:eluset edntemﬂaudub gri(bupscunsarsiadﬁghaﬂ: pbéymar mat ri x
conposi t es, rced.conposi t T es, ceramc
corrp03|tesSCO % aggrega giggn%ogg defi Ed¥§ %an¥ “md Eiof claim 3,
wher ei n sahdremnpmsituharateqmabaisnﬁsj| ber relnforced conp05|te sel ected
fromthe group consisting of fiberglass, phenolic, and carbon fiber
conposites. 5. The sheet of material of claim1, wherein said sheet of
material includes at least three dividing slits and at |east a pair of
strap sets, each strap set disposed between adjacent ones of said dividing
slits, and each strap set having at least two strap slits formng at | east
one substantially parallel bonding straps. 6. The sheet of material of
claim5, wherein at least a pair of said strap sets are parallerto one

anot her 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. 7. The sheet of nmateri al
~of claimb, wherein at |least a pair of said strap sets are

_29._



nonparal l el 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. 8. The sheet
of material of claim7, wherein said strap sets are symretric about a
transverse axi s which extends substantially transverse to said desired bend
line. 9. The sheet of material of claim1, wherein each said strap slit has
a substantially straight internediate portion. 10. The sheet of material of
claim1l1, wherein an end of at |east one of said strap slits includes a

enl arged stress-relieving end opening. - 30 s 11. The sheet of material of
claim 10, wherein at | east one of said strap slits includes a
stress- r@k MMA ng end radius to increase the cross-sectional area of an

adj acent bending strap as said adjacent bending strap nmerges with a
respective one of said planar regions. 12. The sheet of material of claim
11, wherein said it |least one of said strap slits and an adjacent dividing
slit is connected by said stress-relieving end radius.. 13. The sheet of

mat eri al bf clleshastdf malsarldprnadfontpdiog alonpabenddine seprigng:ap slits each

i ncl udes @shsai oéweteriahawng aglueality eftividiog slis xriendingsebstdmially elssg sect i onal area
of adesiel] keme hine digiddigrsgid sheat apmatsria dtal fisstpralcserrind ipémeli mgjiosyapl areet s a

- 1 es pplotalityeof ontestaofiallygiachlipl strapslits fginedithrough said Hieetsifeeteraf intadeetiical of claim 1,
wher giiddeired wad ting méedinvadli shgp silts formnglaalitpdf wading strgisbagvest it ar e

i nt eadjmangeireddiviing shlesakheatling traps hevingd loagitlimai fap axish@egicingai d strap

axi Ssdiddeahdd wpdelih® sai d desired bend line. 16. The sheet of material of
claim1, wherein said strap axis extends |less than 45 degrees wth respect
to said desirgde BRBcbiinaRial dflladig, Shaeh s@fl st Shabrid s BhRdHrd6, wherein

sai d¢ djoggﬁb@a%r%extends within the range of approximately 5-40 with respect-
to said desired bend Iine. 18. The sheet of material of claim 16, wherein

sai d strap axirge %Eﬁ?%téﬁal@dh&@ewh@&%md ebmpRRE MatcRBLiS blecla-rdth W th

r eSP@etrduf cSRlsndSiSiolask: AR ohﬁ';‘é‘mteg-%ber REFHORRrmPbsifR i Manff Claim 1,

wher gipthosigds beSEE LorRos iRt g{dla%%r cqnpodst antial ly uniformthickness, and
each sal d bending strap includes a mn| mum wi dt h di nension that is Iess

than or subst aff bkl of nERHAl of PrihRewhakiG KRG SSmMsits RlaflisNeRnQT material.
reinforced composite selected from the group consisting of fiberglass, phenolic, and carbon fiber
composites.

5. The sheet of material of claim 1, wherein said sheet of material includes at least
three dividing slits and at least a pair of strap sefs, each strap set disposed between adjacent ones
of said dividing slits, and each strap set having at least two strap slits forming at east one
substantially parallel bonding straps.

6. The sheet of material of claim 5, 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 paralle! to the strap
axis of a second of said strap sets. ‘

7. The sheet of material of claim 5, 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.

8. The sheet of material of claim 7, wherein said strap sets are symmetric abouta
transverse axis which extends substantially transverse to said desired bend line.

9, The sheet of material of claim 1, wherein each said strap slit has a substantially
straight intermediate portion.

10.  The sheet of material of claim 1, wherein an end of at least one of said strap slits
includes a enlarged stress-relieving end opening.
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20. The sheet of material of claim1, whereby at |east one bending strap
I ncl udes a continuous surface extending between said first and second
pl aner regions. 21. The sheet of material of claim20, said sheet of
material further conprising an electrical connector extending al ong
sai d continuous surface between said first and second planar regions.
22. The sheet of material of claim1l, wherein each of said first and
second pl anar regions includes an assenbly recess for |ocating and
securing said sheet of material during assenbly wth another device.
-31 .

11, The sheet of material of claim 10, wherein at least one of said strap slits includes
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.

12.  The sheet of material of claim 11, wherein said it least one of said strap slits and
an adjacent dividing slit is connected by said stress-relieving end radius.

13, The sheet of material of claim 1, 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 swap meets a respective one of said planar regions,

14.  The sheet of material of claim 1, wherein at least one dividing slit and an adjacent
strap slit are interconnected.

15.-  The sheet of material of claim 1, wherein said sirap axis is oblique to said desired
bend line.

16.  The sheet of matenal of claim 1, wherein said strap axis extends Jess than 45
degrees with respect to said desired bend line.

17. The sheet of material of claim 16, wherein said strap axis extends within the range
of approximately 5-40° with respect to said desired bend line. -

18.  The sheet of material of claim 16, wherein said strap axis extends w1thm the range
of approximately 15-30° with respect to said desired bend line.

19. - The sheet of material of claim 1, 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.

20. The sheet of material of claim 1, whereby at least one bendmg strap mcludes a
continuous surface extending between said first and second planer regions.

21.  Thesheet bf material of claim 20, said sheet of material further comprising an
electrical comnector extending along said continuous surface between said first and second planar
regions.

22.  The sheet of material of claim 1, 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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