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(54} Title: CONNECTION ELEMENT STRUCTURE FOR A NON-TEXTILE FABRIC

_ {57) Abstract: Non-textile fabric
—A - 51 panels (Figure 17) are either
formed and joired, or joined by

B
52 P Vs
X ? using plates or elements 1, 2, 51,
52 having edges with connection
structures  of  complementary
shaped and spaced knuckles 54, 55,
. 58 that interfit with one another.
. ‘ The knuckles inclade surfaces 57,
7 56, 59, that interfit and engage
~C similar structures on  adjacent
) P — / elements or plates. Aligned,
j—— | owpm—
interfitting connection structures
or knuckles can hinge along major
bending axes, giving the non-textite
fabric made thereby the ability to
flex and bend like textile fabric
or leather, Buttressing surfaces 7,
‘ 57 between connected knuckles
‘ help prevent early disengagement
of interfitting surfaces when the
' \ non-textile fabric is subjected to
strong tensile forces. Elements 51,
52 having the overail shape of a
right isoscoles triangle in the plane
of the non-textile fabric panels
made according the invention
can be interleaved in a post
- manufacturing operation to make
/, " strong and almost invisible seams

between panels.
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FOR A NON- TEXTI LE FABRIC Rel ated Applications: 5 Internati odaMapafent

Application Serial No. PCT/US00/29948 filed 26 October 2000 entitled

"Direct Form ng of Non-Textile Fabric Elenments FroanhernDpIastic Pell ets

or the Like" is hereby incorporated by reference in el d of
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maki ng TUp non-textite tabrics, preferapty fromforgeapre matertars,

especi al | hase fornable t her no Iastlcs For geabl e naterlals and
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provi de for 4-axis bending or rotating to allow for a natural fabric-1like

novenent. 20 Background of the Invention It is unclear how sonme non-textile

fabrics are forned into the desired two-dinensional or three-di nensional

final shapes. In particular, it is unclear how the edges of the materi al

are attached along seans in a manner that is econom cal, strong, and

mai ntai ns the benefits of the non-textile fabric structure (such as cut

and pierce resistance). One way to physically cut- 25 the two-di nensional

fabric into the desired shape is by an industrial shear, |aser, or other

conventional industrial cutting process. However, it is believed that such

a process would make it difficult, if not inpossible, to then attach that

‘cut edge to another piece of textile fabric in an econom cal way and

mai ntain the benefits of the non-textile fabric. One such way to attach

t he rough-cut edges would be to use traditional zipper technol ogy. However,

30 while this allows separate pieces of non-textile fabric to be attached

together, it does not provide a seamthat nmaintains the benefits of the

non-textile fabric. In the application of the non-textile fabric to

| uggage, the use of a clanshell opening frane instead of a conventional

zi ppered opening frane would avoid the security issues of
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‘to consider the interconnection between elenents not at the seans to insure

5 that .the seam does not fail at a significantly different |oad-than the
inter-plate-connection. In known elenments for non-textile fabrics, there

~are shapes or structures along the edges of the elenments that mechanically

i nterconnect W CONNEOTIGN E2NMPNTSTRUCPUREFUR AYNONIPEXTILBFARIICacent

el ement. Thus these interconnecting shapes hol d adjacent elenments to each

-other, -and.thus these connection shapes hold the overall fabric together.
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to strengthen t he 1 nterconnecti SO as ay or preven
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tensile |°a%v811n ¢S with these. shortconmngs in nind that the instant
i hventi-on was vel oped. . 30 Summaery of the | nventi on One enbodi nent, as it
relates to the attachment of two pieces of non-textile fabric (NTF) alonga

.Seam or 2Bet ween individual el e”ﬂ%ﬁgrﬁﬁ%oﬁﬁéﬂﬁﬁ’n&he body of the

~-non-textile

Itis unclear how some non-textlle fabrics are formed into the deSIred two—dlmensmnal
Cor three—dx_mensmnal final shapes. In partlcular, it is unclear how the edges of t_he material _
are attached along seams in a manner that is economical, 'str'ong, and méintéins the benefits of
- the non—textlle fabrlc structure (such as cut and pierce resxstance) One way to physmally cut
25 the two dlmensxonal fabric i mto the desn‘ed shape is by-an industrial shear laser or other
. -conventlonal mdustnal cuttlng process. However, it is belleved that such a process would :
- make it difficult, if not impossible, to then attach that cut edge to another pleoe of textlle
- fabrlc inan economlcal way and mamtam the beneﬁts of the non-textlle fabnc One such
. way to attach the rough-cut edges would be to use tradmonal zxpper technolﬂgy However
30 while this allows separate pieces of non-textlle fabric to be attached together, it does not '
o prov1de 4 seam that maintains the benefits of the non-textlle fabnc
In the apphcatlon of the non-textlle fabric to luggage the use of a clamshell opemng |

frame mstead ofa conventional zzppered opemng frame would av01d the securlty issues of



fabric, is loosely based on the concept of a typical fabric zipper
structure. Generally, in a typical fabric industry type zi t he
plastic or netal teeth avoid the bending node of . 2 27 I\/ayf'gdw ¥ Jure
by backstwppi/apsor buttressing adj acent interconnected teeihgthiibhe next
-tooth on the connected zipper tape. Wen the zipper is closed, each
interconnected tooth is prevented from bendi ng out of engagenent with the
mating tooth in front of it because there.is-another mating tooth

i rmedi at el I er is
rarely th ly“%%h |tllrlﬁalzlgp &EeH{’Vg%teE%gi]ﬂlegéfe ggeéﬁg rtrlg%dglfm\}(gs tgdg%m egf:‘ gérace at
‘right angliehftrenttCh@a‘ttemﬁgt:mf@ﬁertonéeﬂilaj@bm:lc zi pper woul d have to shear away the
i nterengaging t C u he ad ted to
non-texti e Tatirnd: bef Qo ifonolclh e AP REE ARRER prof hedfef

fabrics alsngpssanis cmdcﬂh@mtetwnmnmeeatweMIthmoehtemmS tdmturmake up

the non-t e fa i struct.ure havi ng
hi nge %nu?ﬁ tﬁc Seamt%{r?%‘“;rneOt kag'l ag%?l EEE ff“glyré‘gﬁeﬁ?“ﬁboag%’?ﬂglk ge'ﬁfa{]eﬁoﬁ‘et‘ff ?‘ésleand

. correspon dmogmretmmntsl fognondawitild fabric fherd @relsheyks hﬂﬁtrucbﬁéslhldrlgehd:@ig&e&ﬁth@ n
structure for n the field of an NTE, and can be used a%ong t he

free edge BYS tt%ﬁ?ttrl‘e(?ha%‘fa IK erequegt Pl 2egFrepaedjng ok 6o SPReCkHee edge

- of ‘a separaatjaeentemtenorrmt thlé%ﬁntbenmftemag sh@peelhbmeﬂ}aaémeeﬂeﬂteedéaeno%f ucture
forned ther When copnect ed i nterleaving the knuckles,

opposi tel f‘“g s dheseicqmngtiion shapps @‘6@&“611' aQ“ﬁ)FO.ﬁF@e‘l%‘?“eat%%]élﬁvéﬂlSl n the

- opposi figel %ppﬁ@ﬁbﬂ&&@ﬂﬁdd%rfe%@%@h%s%&Q&@nﬂ%s;ﬁﬁs@tglﬂﬂe%@% plate, ‘and the
pintles are. held in the cavities by closely dimensioning: the cavities to

~ fit the pintl edor Piply indhewmeis! plae parringape §hsin et irbricsohareterized Whiting f or t h
in the prigh.pabestandRhios akhg @udl{t&%‘fl@%&g equta%at&hw SENI6hERGRokd N
addition, the interface between ates along t 'l ne o‘l‘ .connection -
bet ween t Hernpidst the somacs of e mdaéslafeemh&ng@qéfmmty] ringh am,la}@ti bem\tl:en dewith
“very littl r [ e Fucture
to flex a\/fxt\/ajf&?{l“i)gP a{cgngtgﬁgtg%n ré @%thrfs lggv(ﬁt ltg f%?“r?t l%tr]alétg lh[al I;‘38 n%“ég%n #’F omthe
cavitilés.. hlihk% The eznde of faflure; Whenithetensile oite mrthdhbtic sss&ddsa cagiain aneunt, oosel y
based- on flcaII [Q
e o PP CARE 6l AR oo SR p Bl AL SRS RS
.connecti.on str Mcﬂmmee—ﬂﬂ@édgage:chmmgtom Pateot Nex. 518§3 85:ba¢1drﬁg9&1§r87bethell ng. 25
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30 - - | ' _ SummaryoftheInventmn

One emb()dlment as it relates to the attachment of two pleees of non—texttle fabrzc
. '(NT F) aleng a seam or between lndmdual elements that make up: the body of the non—texttle
- fabric, is looseiy based on the concept ofa typtca[ fabrie zxpper structure Generally, ina

. typlcal fabric mdustry type z:pper the plastlc or metal teeth avmd the bendlng mode of



having at | east three major bendi ng axes, each one of the three mgjor

bendi ng axes formng a substantial angle with the other. These connecting
structures may include at |least a knuckle that defines azpimt{ezepsl has a
second el ement that has a recess for receiving the pintle, whereby a hinge
connection is fornmed between the connection structures of adjacent first
and secofaturedlydatkstapping oR Butivirging Afacdht Bt ontdeasiiesh with ﬁteh:exq;m@h enthe
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maj or befippangronldchave ipshpargiay B intaengaging teeh janaussdrlire g &f@glerc@m%g a
subst ant Al 3Aghn Wirbhadidife @St HRIIRA iﬁ@k%cg&,a%ggau@ag%m@e fabiigd aspect

of the present ‘nvention provides an- e enent ormn non-textile

f abri c salckg schms, andiabsn ta mrzwbthetpbt@ ¢lemerits thei ma@@pmmde)g@-f@bm ly lays in a

pl ane when the f bric r onetric
shape that is i nﬁ{(hﬂe qoglr{{lgmohw cﬂ%neﬁ%%n%"%{fﬁ%%%% !}g’ 08@8?}% ri c shape
is dgfi Wldiﬂarbihlﬂgkd@hclﬂmﬂl Iﬁllﬂibs aﬁdig:ﬁﬁe,spcmdmgotcemmmvmeﬂambdgml fbei ng

adj acent, to_one _ang nd,. t ad d
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el enents t ormthe non-textile fabric. These connection ructures

i ncl ude Portiomothibi kaving a ¢omplimeptapzsanpestion stmefure fopmediherepty Whelier al 1y in t he
pl ane of o dnh&tdAlY iheriefridgQHE hﬁc@%?%‘éoﬂﬂfasﬁe'l}%li%t%&ﬁﬁﬂes'dﬁ\éﬁ%ﬁ utapiayi des an

el enent for forming a non-textile fabric as above, his e%ement havi ng at
| east? t haretecsivedindbryerpositalifaping qw%aqxwé@qtanmf@féag@sces@m@ adihged at  an
angle t r S cl ude a
moans 07D ‘b St by AR dionsipte UG AR RN FHASS THEC
non- t extaédcarsidyting ©e fypg femiatipwpioresy set fom@ﬁmwpatmtﬁgdlcﬂmﬂhﬂmmﬁ mlar
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el ement Jikeist todail by sHearing material before the connection structures d:sengqge from one

another by flexing or bending.
25 Accor-dingly, a first aspect of the present invention provides a non-textile fabric that compriées at least a first

clement type that has at least three sides. Each of these sides defines a connection structure for connecting

to-other such elements in the fabric. The. - non-textile fabric ais_o includes at least a
* second element having at least three sides, with each of these sides deﬁh_ing a"ponne_ction
structure as well. ' When assembled, a plurality of the first and second elements are attached
-30  together solely by the connecting structures in a repeating manner to form a non-textile fabric
- having at Jeast three major bending axes, each one of the three major bending axes forming a
substantial angle with the other. These connecting structures may include at least a knuckle that
. defines a pintle and has a second element that has a recess for réceiving the pintle, whereby a
hinge connection is formed between the connection structures of adjacent first and second

elements.



portion of non-textile fabric. A series of elenents in that portion of
non-textile fabric have 30 connection neans that are not connected to

adj acent elenents within the first portion of non- text2VeMdnab20@> There is
anot her portion of non-textile fabric also nade of elenments that are
connected together with adjacent elenents. This portion of non-textile
fabric also has a series of elenents that are not connected that include a
plurality of hinge knuckles and recesses on the knuckles. Alin e of

connect i oR (.S, Lhe fi [t f. - i ' 4
oy Shsm TS PO ABER bRl sl ides RO LA Bl BARGR ! Rl ARLLGRADE, | F
fabric thshapeieipndnt tet hasgendralinthieg sides) gehlofithesd sédes bivinhe cénnegtion porti on and
of the secon tion,of. n:t.extile fabric wher -at. | east so of the

ol nt 1o ST Yk BBl b stcont RBbbfipe Rl Blerh neifilecR @R, 0T 100
knuckl es. thie Aidsd, ¥dch oamBRGvial 2 theplphasan coineumnisingmurpr mhides a nees-t extil e

fabric.conmprising a ,plurality . of first el epents each - first

el enertt s WHUF ﬁﬁ“‘gl"‘ H"Eﬂ& OHW gtéeaﬁf asnd sepe g‘glﬁm‘%r{tsdaem 8°ex¥1fcg%dr{égeg}§egglnahect i on
St UCt Ur arragtio foBB S nok YetiR fatir@ating edesofoncmsjoonding wotmdsorcofpeifeirng at
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Drawi ngs 20 Fig. 1 i Lap view of a.first el enent late for direct
Form ng. s Pty oBoaRid B Ehfun bt TRt ihgNanBriSies el ot ype

connerst i oimédnk st thitiging Havihgah @Ris \OF EdtatidR RESAY in the\wime by thk&biridg pi nt | es)
portion for connecting to a second type- of elenent. Fig. 2 is a side view
of the plate of Fig. 1, showing the relative thickness of the central
portion of foiulieasgicaifen bregormarted ptogidishe clenrnpeibiniity Sdoh iRl EBSc asdvEi g. 3 0'S
a plan visftgi\gvai)f. ‘a second elenment _or plate for direct_ formng a non-textile
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connez%ti ng to.the first tzpe of el enment L o
engaging other similarly shaped elements to form the non-textile fabric and for forming a
_ mechanical hinge with such sirnilar connecting means carried by an adjacent element.
Prcferably, these mechanical hinge structures include hinQe knuckie means. These hinge
knucklg: means have an end surface and the end sur-facé,haé'means for engaging an end
. surface of a similaf hinge-knucklc means of aﬁ adjacent element.,
25 | |
- A fifth aspect of the présent invention provides a structure deﬁm‘ﬁg a séﬁm for non-textile fabric. This seam
* comprises the first faortion of non-textile fabric formed from an array of elements such that |
each element is connected by connection means to- at ieast one é&jabent elgmént in the first
' pqrtioﬁ of non-textile fabric. A series.of elcmenté in that portion 6f n_on—te;&ile fabric have’

30  connection means that are not connected to adjacent élcmcnts‘ w1thm the first portion of non-
textile fabric. There is another portion of non-textile "fab'ri'c also made of elements that aré
coﬁnected together with adjacent eléments. This portion of non-textile Vfabric also has a series
of elements that are not connected that include a plurality of hinge k_nuckles and recesseson
the knuckles. A iirje of connection is made between the ﬁrét portion of ﬁon—texti'le fabric and

4



'second el
invention. Fig. 16 is a plan viewin a small scale of an array or

~ non-textile fabrlc of interconnected el ementsaccording to the present
“inventon. qftl“g’j aspeptssfeaiiessand defptlsf thy Prespobiveion cerbe @P@rﬁ@m@b%}f t he

Cpresent i ﬂl&ﬂ%to@ﬂ‘ by Flef@‘elllo%rtélﬁ{e folbwitEiled description ofa preferred embodiment,

Fig. 4ais a side view of the plate of Fig. 3, showng the relative
thickness of the plate. 30 Fig 4b is a side view of therplates Fig. 3,
simlar to the viewin Fig 4; except that the plate is. shown flexing
around t hwophkasess | aterally extendi ng orthogonal axis. FiBCr/osedie® pl an
view. of four plates attached together with their connecting structures
formng a series of interlocking rings, two of the plates being of the
first type shown im Fig. 1, and tw of the plates being of the second type

shown in Fit@g'secdnd pdrlioyBYnatOile ¥}l a{aﬂmsgﬂterlgmﬁé‘ﬂlﬂg@kmgklgg of3Re St &

section taken alongfllne 5a-5a of Flge lg.. 6 is an enlar view of a

typi cal coRPEER pstPIdhe seensRortim of pep- mlﬂlf@“%@qf%byaﬁtha@\ﬁotnakgﬁealﬂéﬁbﬂfﬁ he
line 6a- 6achurkd §-at RastBONE BOMA rdebstd RSO the et @0GruckiBL Y- 7 s a plan view
of an enbodinent of the first elenent having a corrugated 5 central
section. Fig. .8 is a sectlon taken along line 8-8 of Fig. 7. Fig. 9 is a

pl an vi ew qf I rent the second el nt havin corrygat ed
sect’i on. Flgg lxel%p%lr@?%e RECt | mvem]torl ré“r’fgeé 89y 1S ”‘Iﬁonl‘ﬁm&? é @hty‘?f Sgerenly. 11

- is ‘a per spéth pirkesy ipelswens myipg e lopit éweorﬁesan@@dmumdpﬁmtg@rcemednom@utdue free

20ges Of | MLl AL ARt ogartt@mt AR of R I R F 2V y

seanl essly attache
secti on. vi isestofe gdpe ﬂhnnemmgag'dtmmtsomﬁcmdeeaphmt&y:bf moratelememﬂ exhal-ong-t he
free edgeshat F|

[ epr.es ative section view of the nold
cavity for a?%l?l‘reﬁ srr"gljgs‘t"’flilé1 eaﬁ% @B%SS ﬁlﬂ{ei)&%tlné“goar COUPEHORSIYFYTR: 4T {‘?Bﬁ’inect i on
structiBe hmofrﬂ@s@mpemn@coott shctires chRphstgt lag\ont lhﬁﬁge kilidk® anH Qt el ofH I ect

formng ste 13,1 s resentative view simlar to Fig 12 after the.
di rect f0r$ﬁD éljﬁg?iésf)a“q‘—ﬁeﬁon eﬁ""[‘)f‘é’ﬁjlfbg 5‘?5 Eﬁﬁﬁfoa‘t“dél%g'&g?@ﬁtﬂaﬁhcqtﬂéﬂﬁl rst

el enent f o:motmkalo@ fhbis ddpiderteMbd bySinteribaltid IGuBACOLH fPs b tHe R BE&RAS of

I nventi on. % FB‘? 15 shows the conpl enentary triangul ar enbodl ment of the
e'i]?'B st 1 sepnd elgRenisext i | e fabric accor di ng to the present

. taken in. conjunctlon w1th the drawmgs and. from the appended claims.

Brlef Description of the Drawmgs

120 g Flg 1 isa. plan view of a first element or plate for dlrect formlng a ncn—textlle fabnc
o sald element mcludmg afirst or male- type connection stmcture (knuckles with opposmg
- lnwardly facmg pintles) portlon for connectmg toa second type of element. ‘
. Fxg 2] isa side v1ew of the plate of Flg 1 showmg the reIatlve thlckness of the central
L portlon of the element compared to the connectmg structures ) _
.25 F1g 3i isaplan v1ew of a second element or plate for dlrect formmg a non-textlle _
| - fabrxc, sald plate mcludmg a second or female-type connectlon structure (opposmg -
' outwardly facmg recesses in the ends of knuckles) portlon for connectmg to the first type of
element I ' ' 7
o . | Flg 4a 1s a 31de view of the plate of F 1g 3 showmg the relatrve tlnckness of the plate
30 S | Fig.4b i isa 51de view of the plate of Frg 3 sumilar to the: v1ew in F:g 4a, except that
- the plate is shown ﬂexmg around the plate s laterally extendxng orthogonal axis. N
' Fig. 5 is a plan view, of four plates attached together w1th thel_r connectmg structures
: fonmng a series of 1nterlockmg rmgs two of the plates bemg of the first type shown in Fig- 1
' and two of the plates bemg of the second type shown in F 1g 3 '
o 5



Fig. 18 shows a non-textile fabric made of the elements of the present

i nvention, showing the non-textile fabric in a planar confi gaiMgyi2d5 Fi g.
19 shows a non-textile fabric nade of the el enents of the present
invention, wahmwissy the non-textile fabric draped along a | powiusuriisasd
bending axis "A'. 30 Figs. 20 shows the non-textile fabric draped along a
second | ongi tudi nal bending axis Figs. 21 shows a non-textil e-fabric nade
of the elenents of the present invention, showing the non-textile fabric:
draped al ong a fstgsammmmmﬁamb@gnm Sa 0f@ig. ¥ 27 May 2005 WO 02/43955

PCTI US01/ 44478 Fi 22 shows non-textile fabric nade he el enents of
t he present mveﬁgg édsa“?i?ﬂﬁ'e\ﬁdﬁ‘@e"fﬂ%a%ﬁaP@R‘chp‘é“?%?‘f%(’fg:?ga ed along a

second di agonal lpendh i A Sakethlongd theline?6h-6:50fF ik Ghu IR 2 Blitt@skir! safd!
having cylindrical male connector. portions that covers relatively |ess

‘area in the plan&iHf it fplapyiewaian Fm@dﬁf&ﬁﬁlogthcéirﬁlej’meﬂwal‘@g&CPES‘ﬂga&qdew of a

rel ativelsy lc@ﬁﬂe@ﬁecﬁbﬁmnt having the femal e connector portions. Fig. 25 is
a section through I-1 of Fig. 23, and shows the |living hinge at the base of
the connector p&ig |3G$1%S€t°t)01&ﬂak@wkm§dﬁﬂﬁﬁtﬁ’ﬁ]Flbé'ndl ng at extreme angles. Fig.

2 g oo S99kt s Py i P URUDR B SRl SESRIAID" P01 C

and second ekgiments. Fig. 28 shows the range of notion of the pair of

el ements shown i n. Fi gure 27 show t he plan view and -
edge view of anot‘n' ﬁ*}%ﬁ%‘{ﬂ@fﬁggﬁgﬁﬁﬁeﬁ@?gﬂéﬁﬁ% 15 Figs 30 A and 30 B show

_the planovi ew andlgdg@ apetspective ppdshigativeviangild samstragad aloak thediet edg%sgf 31

ach” 111 andi PBIGREM R SER G BIoNH o o DR BLT N e A aeh i GPRR 3

- the triangul ar eFgien & a cid3Q0P ripRBEHAR e QtBiowiviel dlthe mofmg@ememeﬂieor

portions, one with all - male connector paortions, 20 and ones with a m x of

femal e and FRNMECEIRHBERERS pethedtss edgssohFigedl- Speci fi cation Referring to the

Figures, the i nswg’mzﬁsra/@ﬁ%kéa&n@%a@dmew Beihe ﬁﬂiﬁ?@dvﬁt? Por Alrbdd Goriry RE
pl at e- 1ike el ements 1, 2, 52, 2, 71, 72, 73, 74 used to make

“non- t ext}’l e spegd pltatswréé&rsent \zfshaemngcﬂonfsuctwp@awms opRosing putpartly faping ever al

di f ferent aQEJnhEsa{)h&Q% médﬁggg{ggnﬁgg gtétggage autonotive 7
Fig. 13isa representatwe view 51m11ar to Fig. 12 after the direct formmg step
Flg 14 shows a trlangular embodiment of the first element for making: the non—textﬂe '
-fabrlo acoordmg to the present mventlon _' ' _
20 Fig. 15 shows the complementary trlangular embodiment of the second element of the h
o non-toxtlle fabric accordlng to the present invention. '
| : Flg 16 is a plan view 1n a small scale of an array o non-textile fabrlc of
; mterconnooted eIements accordmg to the prescnt invention.
o | ' Flg 17 shows the array of mterconnected elements of the present invention ina larger-'
25 scale S
L ' Flg 18 shows a non-textlle fabric made of the elements of the present mventlon
. 7 showmg the non-tcxtlle fabnc ina pIanar conﬁguratlon
- Fig. 19 shows a non—textlle fabrlc made of the elements of the preseqt invention,
showmg the non—textlie fabric draped along a longltudmal bending axis “A”.
o300 - Figs. 20 shows the non-textlle fabric draped along a second iongltudmal bendmg axis -
' “B”. e | -
Figs. 21 shows onon-t'exti'le fabric made of the elements of the present invenfion, 2

. showing the non;textile faorio draped_aloﬁg a'firs‘t_diagonal'bendingr axis “C”. -



interiors, and other types of uses where the benefits of non-textile
fabrics are desired. The connection structure 4, 8, etc., apdMay200bated
nmet hod of making and using, is equally beneficial for use on every plate
el ement us®D 02W3(8ki ng up an array of plate elenents to foPEA/ESHIGA4TBext i | e
fabric, and when used selectively along the edges of a section of non 30
textile. fabric where that edge will be connected to another piece of
non-textile fabric, and thus forns a seam between two pi eces of

non-textil e fabriRig. 2P shdws anodesile fabiiomadessftie ddémdntasfehe mexehtimehtians wi | |
be addressed epara tely. ctio tructure for L n makipng Non-Textile
Fabri cs: wﬁ}@ %ng%éfﬁg%?§ ngtﬂﬁ/d!ﬁg ‘7%]% JP structure and
f ormati on of NTF R 28 tisa top vRwAfae elembkHaving cplﬁmeasnaaecem&aﬁebﬂnbeﬂhatn t he

i ncor por at ed -appli.catjgn. The [nstant_ jnvention ets forth anot her
e or ol S eoRBR piiely 1% et G Bl PE BT RREEMEEPRRG | o Shown i1 Fi gs. L.

2, 3, 4a5 4b andF%Qﬂl‘ils@ﬂoﬁ@iéﬁ%ffﬁrelﬁﬁ\&%flaﬂgeﬁélgn&tﬁimﬂtﬁefeﬁﬁl@&hﬁéé%rm an and

_S|de view of a_first plate el enent having a 5 first portion of the

i nventive c_d??mf@ﬁ on structure. The main body 3. is generally a th|n flat

square plate. Qaaf)ﬁ
oct agonal , or oth 25 é%orlllzqﬂ%ﬂ%a %éf#l??@(‘%rﬁtslé%p at ggﬁg%ingﬁ cor ner (%1 t he

“mai n body deqonm@rpmene@mﬁeeedm@onaémpmsatq:meneasgiesm fic form of

cylindrical hi ng?%ﬂ&?ﬁﬁ&ldﬁtl%%% Iﬁdf&!é hh%?'mgedsfe&%ﬂgrécpgt f%qg&reacrn the

square plate as rirangu havgng a
f-ace or lacein edige of thxlomgedélergenat a 45- degr ee angle to .the two knuckl es

attaches the knu not he e |re shape isintegrally
nol ded to the co%l’ﬁé?dlﬁf’r"fsﬂﬂgﬁf OF%F%PW?_‘W on ‘ami &t hus - connected to the
L hi nkY\Bb of the [FALEeshywsimraide dﬂrﬂdtehlof\mf:@mrbme&hedmho\;mel Epas2pf each '
nuckl e termnate,i on or_pintle 5. The pintle can hav ny
shape as | ong as%llﬂsn%&A ‘?gqeﬁéllé‘?"{/ the plgHevarRe GI8T HEW ST augthpr Hﬁ“@\ﬂ&r Fe‘.%ﬂeaase
fromthe mdlgkmdat.during the direct forning step. As used herein, a pintle
is the protrusion, what ever the shape, _that is formed on a connection
structurld, portid 15 3P AFRI0 Bshowhe B'é’f*lﬁ’é&’t"’é“d FeseiRy panpbertripagylar shaped

conpl enent aregfensdpiped cavity or recess of a second connection structure:

- porti on, as described bel ow. Thus, each side of the first elenment or plate

1 includes a pai Figop! shes furdienfrisgulenrbedisients of fhe agptextilg fepriosimepisares 5 -
al ong each Qﬂ&%lé&&h&ﬂdés@ﬁ@dglﬁé lﬁt@e@ﬁlﬁc@@% ﬁlgvvﬂﬁpf:i@?@?: AR (A4 Hﬁ*ﬁerﬁérf?s

"extension 6-is forned al'ong each edge of pl at e “bet ween t e pair of
knuckl es, arHowisingldejoneovigalkemalg cam@atoencpemowml hale eereleﬁwewmoem of

‘adj acentyopl %gﬁnes%thdlﬁlx@f}?énf’a'lenﬁ dhlle BBk Spfighel | bel ow Figs, 3 and 4a

and 4b show a respective plan and si. de vi e trai ght and bent) of - a

])etalled Speclﬁcatmn

_ Referrmg to the Flgures, the 1nstant 1nvent10n concerns the connection structure of-
7 ‘; pIe.t_e-h_ke elements 1, 2,5 1, 52, 61, 62, 71,72, 73, 74 used to make non-textile fabric sheets. .
‘ 25 . (Fig- 11, Flg 16, etc.) used in several different applications, including lnggage, eutdm_otive
| interiors, and 'ether tyﬁes ef eses where the benefits of neﬁ-textile fabriee are desired. The
connection structure 4, 8, ete., and assoc1ated method of making and using, is equally
beneficial for use on every plate element used in lnakmg up an array of platg elements to
- form a non-textile fabrlc and when used selectively along the edges of a section of non-
30 textlle fabric where that edge w1Il be connected to another pleee of non-textile fabric, and
- thus forms a ,s_eam between two pieces of nen-textnle fabric. In this descnptle_n, each of these

. applications will be addressed separately.

- i Comiecti‘on Structure for Use in making Non~TexﬁIe Fabrics: 7



second plate el enment 2 having a second portion of the inventive connection
structure. As 25 with the first plate, the main body is gene?éaMay 280% hi n,
~flat square plate 10. O her shapes, such as triangular, pentagonal,

- hexagonal , wazézgassal , or ot her pol ygonal shapes are cont enPCalEs81/444The
connection structure of this second elenent is generally a single,
cylindrical, receiving knuckle 8 integrally nolded to the centeral ong each
edge of the second el ement type or plate. The body of this knuckle narrows-

in a conpliment agye. BRARGudRe bhEfdhRidAlof NTE shedik ih hldfbct EbreiiI Yrocedure fi n as

w |l be seen, engages this narrow portion to fill any openln s fornes
the att achrminacnbed in the ingorecrateghappieationd T lattsltstvsmssfs fortheansthgistyptug

knuckl e eaqRulipineu cifithion SicthR5E %s SohB FiLE L vLda uben&%ﬁoesmsaeng

pintle 5 of I TSt _connecting. portion or Knutk . The cavity or ,
recess 9 of the Egs.dml!dﬁmhowemeqascte’hal@emfb%d%nw pfa ﬁ@t pI@tPéb@Iﬁgt Irhsy@gge, or

‘mat ch, pe_.of e.corres I t nner. 8
27 May 2 osslhll@"'ﬁ‘ﬁl‘ 2@‘33?"&&‘?’)‘3 Eﬂﬂf? %‘?‘Q&P‘I“’ The MQ@ b°ﬁg§%réeﬂ h aethl'gg%tjss o
~shoul d cl oselyaréiplite hOtHeestapisesuch aanhngﬂargfentagmap|hnxalgenalvd¢tdgenaﬂ loe othept h  ~ of
the recess sh uld ust equal e free_len f the e free
gt heof -t MESEPTR Repbstes combrninet it enrner O 15 B pefl b Bfes sl of ©
the plate. - AhgRs intthespeci6e Kmi of cgiéeita hinge kackiend iriotded a(xtiglm'engl&. (h'ahe @ase
surface shape generated by a |ine rotating bout fl cen%ﬁl tX ? |s) 5.
to al | ow ea%f theisgwrs PlgteeéélWé’Dl%Fa"]l Ht |Acﬁﬁ“ eviat ROy ag(;g}gsa) agsror fpgt

pi ntle waen 7 &eplines: a45%g?ée%ngl@‘t3’ﬂ1@hlftﬂ£nu§lﬂ§%a&ﬂé§tlﬂ khﬁlfldlel@lté oel¥ofdki Ot i Ng,

whi ch, however, I n sonme cases be desirable depending 5\xge anount of
rel ative movdmentire ghape rse@tegretl e th eanper ﬂl*réﬂgé@reclfﬁ)@mn% a§ﬁ Ut our

el ement s conagibRfd ARLGE Y00t BG shOMERILR FARIREL T On  Structures as

descri bed above at t ere are two différent but conplimentary 10
‘connection strucﬂ"tneldpoftacbhsucktmmﬁatttlh@Pl‘(tlﬁﬂtlopperlé%e%r’@‘l‘fdl‘lntlewenh#‘lest type

(that is, | I L the
four plat es%§§ a8$ Iﬁegséssell:%gg&ﬁﬁ lf Q{Bt% E‘ H?&su%ﬁjéglg{ éﬂogg)(%%%gnd&l \;%brr?{ﬂgn of
t h]et con (rj‘ié;:t idnring the dn‘llbuilfc&inmgﬁt@ é\tsgmagﬁtmnt apingieds thelprobrusion, adgleverdhie Hapg, op -
left and top,Li ates cr [ is .
o g« hy i i BlatPufleRRt il hAS S8 AP RlecRl BR1CIRGAK °

pi nt I es and byhecomphesing. shmﬂ chvigtaammess of eeechbd dnmectiostruatura pertjod,@om top to -

Dot om of P e, 182,PLEY S A, VS AR B A8
attachnent. - ﬂa@t-weem aldba%ﬁ eage eilh e phftles helohpedch mlgeeihctmgmdrahﬂ)jt mwmdrqng ht
pla sfvot' B oo 0 G A B 0L
ot h eto IO | ef tof%ﬁﬁl:klé@ (ah@18 dsed fo.coRtdnr equogétt byathel ml‘]“.@édnﬁmt;bh gfﬁdjanklaq;mas,
s, explamed in greater detail below. o . |
- Tigs. 3 and 42 and 4b showa respectwe plan and side views (stralght and bent) of a |
‘ second plate element 2 having a second port1on of the mventlve connection structure. As
| 25-- ' 'w1th the ﬁrst plate the main body is generally a thm, flat square plate 10. Other shapes such
.as trlangular, pentagonal hexagonai oetagonal or other polygonal shapes are contemplated
“The connection structure of this second element is generally a smgle cyhndncal
recewmg knuckle 8 Integrally molded to the center along each edge- of the s.econd element |
type or plate. The body of this knuckle narrows ina complnnentary shape to the fin of the
‘. | 30, _ ﬁrst element, whlch ﬁn, as will be seen, engages thxs narrow portxc;n to fill any openmgs
 formed by the attachment of the first and second plate elements The ends of this knuckle
each havc a cavity or recess 9 that recewes the corresponding pintle 5 of the first connectmg ‘
-portlon or knuckle 4. The cavity or recess 9 ot" the second portion is shaped generally to

. closely recelve or match, the shape of the correspondmg pmtle Most 1mp0rtantly, the inner N

E:



20 respectively. In Fig. 5 the curved dashed line in the second connection
portions along the connected edges represents the hidden pipl May28eated in
the conplinentarily shaped recesses. The pintles of the first connection
portion fitwowi4sess the conplinentary cavities of the secondpCrosmeaiigon
portion, and are generally fixed in place except for their ability to pivot
al ong the 25 pivot axes as expl ai ned above. See cross sectionalt~view, Fig.
5A. The first and second portions cannot easily be di sengaged from one

anot her si nCcﬁarhéta dithetreess dosldichiely hRekhithd &térhﬁaméia\bfﬂie%ﬂea\mmemﬁegtmave
to significant %gdef rmithe sidewalls of the cavities in order to

renoved. W cespeiopid hedunt gauelioithryfres lﬁ‘lﬂﬂégﬁa‘? Bt sThs %ﬁ?éﬁlmfﬁmlﬂ%

cor r espondi ng i lerpit! havisthot chfebRdtd BE B2 OF thelphie. KNG, thEreb QL [¥igBkkrdi
recesses is effe%rgﬁ/el)} cap():tured by ag%% BOeng]eh?ev\een ‘the pintl gg%r ]ge

shows a cl oslipgyica}(thakis ys ¢ mrf%%@aném@teé&m@émr@ﬁtlwbwwﬂm fixpé ams)
verticall f'%gﬁ r s a
‘portion osf/ a@ﬁg%?x&g %a%al'ﬁ{ gc%taet%g(gﬁhlggt?g E%lgs):% egﬁkl%eﬁvgﬁlr{?%ﬁ}% F. The
pl at es i ncl ubkeirhdny Dﬂ@tsl@phweldcl uﬂlﬂblbthwmomwhpbrhqmer(mmmbe@)as maylb¢ he

| at es use t C [ece 9 27 ‘May
D005 vib 02/ FIEEE B ERRHRG Yt R Bo ) Ot SR RISRER T o
portions, when -c®igéchaws foogdemmtscohmcmd&o@ﬂierdsmgmaa:tuanmvecmrtebtmm ni-mal or
no ‘gaps or s S. ction portions fromflexing with
espert to OB b ARG Gfvef R i R oA R it PRRPBBH he
recesseslo | mogme%ﬁbxemudﬁtreapdmonsﬂtv@m@tﬂelf&ﬁ pl’atésQiire @mesﬂyp@{tﬁfft% Rive tHeiren
connection portign or knuckle 4 |s re recess of the connection
. portion 8 of OMFEHARTTYEW Fﬁpoéql‘g%?ﬁfl ?F%E?%{Pé‘ aﬂateaeﬁpééwéﬁ@néévw&fé@ﬂs nave

bet ween t he tﬁ@éékoxﬁi%&ldﬁfofftﬁ&mhﬁﬂdﬁ&ﬁ @ﬁlcﬂmré? NTROGRESMEAPAIoRNARRES A8 of 2

degree angl ed facet portion 7 of the other elenent diagonal | y di sposed

therefrom \RIsitandiopsight platessreatesadhingechaving g pivos onfspiling @xig runningrovghghes t o
line ‘A (typiceabdof i éli‘ﬁﬂéd defied &%ﬁudﬁibs%ﬂ@tﬂéir%ﬂﬁle?énétﬂ@rew csf %‘Qf nGanceleb h fOr

I nstance the l.eft side having a pulling force to the , applied and
“the right silige Aiomﬁanglfml ton tpbitiomef Rig S &he bve plates PWO\IErWIﬁp‘pﬂpﬁ@dq onet he

SOl i d St 1 Ul dB6 AR it REngk VS BABNER A AR, BleahdiSublfithe AR ON

connection structures does not erally with
respect to debvedn adirrgaipdzey fithe bhotowdeft aiddwitomirigheplates Libewtise, theiptateseas ed

si gni f i cant lyoue (i ; rEPOOSE b ARoBE Hd fe didr) W@'(%eetgglfﬁﬁsucgag ooty St 2N

second connecton ructures ;
si dewal | s ofrlghmfFu@éeb%WQenbb& ﬁog laﬁmﬂtlune«nindﬂﬁ il tbp etghlrayd bottah hginlalm pintle
to es c a% rcspectxvely 7
In Fig. 5, the. curVed dashed line in the second connecnon portions anng the -
- connected edges represents the hidden pintles scated in the comphmentarlly shaped recesses.
R , :The pmtles of the fi rst connection portion fit within the comphmentary cavmes of the second
_ _conncctlon portion, and are generally fixed in place except for their abﬂlty to prOt along the .
25 - pivot’ axes as explained above. See cross sectional view, Fig. SA. The first and second
~portions cannot easily be disengaged _fromlbne_another since the pintleé are inserted int_'o the -
cavities, and would have to jsigniﬂcan.ﬂy deform the sidewalls of the cavities in brder tobe
- removed. When the tWo Vinv‘vardly facing pintles are positioned-in the two cgrrcspondihgly
o outwardly facing recesses, the knuckle forming the recesses is effectlvely captured by and’
- 30 ' 'between the pintles. , ' ' _
| F1g 6 shows a close-up of the first and- second connection portlons of the vertlcally
adjacent edges of F1g b (along line A) ThlS represents a portion of a matrlx of plates
mterconnectcd together to form an NTF. The plates include the first connection structure -

B portlon (pmtles) and the plates use the second connectlon structute portion (the recesses)

9



Wiere the | oads are placed along the Iine of connection, such as the forces

Fu and Fd respective of line A the connection structure fopnMay2@050lid
line of material, with the connection structure of one plate buttressing
t he -connectwon/sdossict ure of the adjacent in-line plate. ThecbhbeukinRis ng

t akes place not only at the engagenent of the pintle 5 with the recess 20
9, but also at the 45 degree facet portions 7, which because i-n=this
exanpl e the connection structures are generally right circular cylindrical
in this arearmy fsihk sdohd sdon¥ctioh 3Bigidnd, When céifibeted WERES, ﬁ)ﬁﬁfa kAR trhSture
i-ncreased significantly, the connection structure s likely to fail by t he
first and sWEpmipiBaNTaeErRPr SPaceR t INEEepsihe Fongestion PREIARS ﬁ%ﬂé@p@ wih t

fl exing and

surface 7t nedoenoof S Ry bt hEFRLGa bhRGE o W ﬁ%ﬁ“"ﬂg‘kﬂﬁ%r i g
an el lipse aBongiingd for exingple, g¥ery emdmnmp@wm@@mn@ykmklhérls @h‘ap@un a

Sown T iebee e bOUIHEL AI9RRn T o Bl ek AR B Bl A0

pl at e havi ng)em@nﬂhertwk embmﬁﬁmﬂmmklasﬂronma elemesheagageetho s tegredampled st ng

corr oot oo BP0 il SR, s BRRR T SRR S P Gt

‘repl acing t Heacﬂﬁ aptﬁgdaengimaﬁglm”to En@4 (typangradledond xmﬂmtphme oﬁﬂhéleFfﬁl&mt
'buttressmg ces to t intle an caV|t|e from y and
di sengagi ng ¥ ian %ﬁfg‘? Egrsl‘ig?‘ﬁﬁﬂg EB‘hlhB% A ! F]d?l?pé‘ﬁ‘g a‘?‘@‘?‘rﬁ%%hey
are contmrrplmﬁmg al @lilin & fordd W $he I:Fr nagCthe §H]1d s&ﬁémk@tfwr@da&mm for a very

strong NTF that has the desired |I|t al ong the hinge pivots. 10 27
May 2005 WoRiszFonrestion eicths fystand &m& CQUDCGtRé‘fSB’P‘PfPTﬁ@d%@Rt atliew qRintlesto 42 and
4b, the secqoRfleqPRARH WiRRreBNE QR4 gls%fagéqﬁ&nﬂletclﬂhﬂ&e rWhéi\@ﬂr%tloaHI?@ﬁmcreased '
facilitates the plate bending and stretch g/g across both orthogonal

center | i nes sinifiqgatly, ghecpppaction siiciyre l&lbk@lh il by ghediretrpdhsccondranagation al ong
i'ts hori Zontsﬁ{lctﬁl%gksﬁhhé ﬁ%ral@kzﬁ‘; %&h cﬁa‘araﬁ% ﬁ?ﬂ‘ﬁgﬁteées W’Bg’]ﬂ ﬁfp@tﬁ‘ tﬁ in a

matrix with el enen ex or tto elp

“absorb I]éadsﬂeeimgrt@@dmﬂﬂmmﬂetwpmal n| ng each pintle w th| n its respecti vé

recess. Referri n%el?uogon ds%'ep dgaégl{kqhé'ﬁn oglvc\:ﬁﬁ%%cﬁl By apﬁleq’org%rﬁu%ﬁgdon 11 |

runni ng i'n one n-are s corrugation cou

~in the ot herrespﬁctb@tomxmAitllecormammngtnmmhredi)rmsa smlmishneof mmuhldwhbﬂxﬂl agonal .or
- sone vari ati T e ser to 1 n ce of the
plate - to st rcgﬁne{?{]% c%"ﬁe&é%g gﬁ “(t]tr eﬁ’“ ﬁ?nnlee SE'“ itole ng ace l@ﬁme _

tensil e for qdae. Thetmtivissihg takasepldee nefdntysat tiee dnpazementr afltie Iﬁﬁtrewc\mﬂr ﬁab recess

enough 18 ovbpuai S e 8 Bparkd Byl hitheSe e i exgld o SoBedn”

structures are generally right circular cylmdncal in thlS area are elhptlcaily shaped (Fig. 6A).
' Where the load is mcreased 51gmﬁcant1y, the connectlon structure is likely to fail by the first
-and second connection structures failing in shear, as o_pposed_ to ﬂe_xmg and d1sengag1ng. '
The buttressing surfaces , formed by an éngular surfat;e 7 through the rear of the
~25 adjacént pintle cylindér, thus-fonﬁing an ellipse és shown in Fig. 6a, could be replaccd by
‘other shaped surfaces, such as rounded edgeé 57 of the -ﬁiangular elemer_lts-Sl and 52 shown
B - in E_igs. 14, 15, etc. This would simply require fhat .e'ac':h.mold.ed plate having the ﬁfst |
gdnhection structure have one of two blittressing surfaces formed du:ing ;digpct;féhning to
engagé one lan_other under the combination of forces Fr and Fl. As lbng as the buﬁreséing '
X .‘3_0 edges replacing the 45 degree portibn 7 act to engage one another and transmit buttressing
forcesto keep the pmﬂe and cavities from flexing away and dlsengaglng frorn one another, -
and can be formed by d:rect-formmg, they are contemplated herem Thus, this connection

- structure allows for avery strong NTF that has the desired ﬂex1b1hty along the hmge pivots.
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connection structure. The corrugation could also be a doned structure, a
series of concentric ripples, or other such structure that arMaw20s8dnme
flexibility to enhance any natural resilience 15 or stretching of the plate
materi al . Weomedsugations (i.e., ripples, donmed or other siHzgEsb1/4poBti oNns)
of the plate also hel p prevent such unseating by enhancing the otherw se

m nute stretching of the plate when the zipper-like joints between

adj acent elenents is stressed, either by tensile forces in the plane of

t he assenbl ed noRefetritg Baek fodtigs. 3,, 4aihd BY, thegdonigohmet@sportidrohdefines aammaagl es

to the joints. Thi ] el .permt each ele C|al rrents
b0 s o " oo Betitases e leth hengin beerd e e AR pihenBe spaltes ot

el enent . Wiejknamp2 ”EE% shb¥s a;@)éleafeﬁm/benahgaen§ té tizopthiRdealeBs. TiaSalldwsi n
many nore el enents sharing the tensi]e and/or %I ng forces throughout

the NTF fi eltBEse Flapgai i Do ‘%%Wé’éﬁtwlﬁtqlmtsllrﬁn ropgthe BifFi e flex ghg thus
enhanci ng t hgisPaeH) elbs&l-H 3RS Ad de¥dedRchile WANNERE eRh plohle SBhinTKEDENRe ,
non-textile fabrics. Fig. 7 shows a corrugation alpong oné orthogonal |i-ne

of the pI at geesps-t he plate having 25 the first connection structure .
portion. Fig. 8 m]gat | 4 of the
corrugation. Fi gﬂége sows ﬁgge%\gtg#daﬁ]glﬁgg tgirltM neéa(ﬂ1 fg){%%g@n]n?ﬁxgg% t he
plate on tmthpgmbdlmmme sﬂowns'ﬂmouugatmnoouldmn1sﬂteoﬁteumequﬂo¢ftﬂmn Fi g 10
shows a side y

Not e t hat thét\(lg “5’6 tlo \/\?'ﬁ?g?ﬁl goen%g SPWEJ P?O'?&FP ﬁﬁh&gétasfrg%\%v{ Chast e
portion of tehhmceﬁteobﬂﬁt}mfmmqﬂite stieteh whemthe @sseinbled aaitdtesﬁlee‘&bﬁ:ih is shbjested®0

phenonenon will .he S hi n caV| ti.es of the
second conné‘&tat“ﬁlﬁtjo B%Sﬁ%w%ﬁtat’e‘?@ﬁ%‘isﬁo@ ?"é%{’gﬂ’t‘étf’fmi’r?@gﬂ At e FLe ?U‘Eﬁect ed
t o hi gh tenshd:éhiagehchueudiong isf ok sigsificanbedoReh tveovetiae thy shedrnanipidigurget i on

el enents or Knuckles 4 and_8 and their carefully matched matin

“conpl enent arcgnusgHenyteture. fhe awalggﬁ?'b%%iftalweaﬁfew%éwm ﬁﬁsféeSﬁgFQW%C of a
ring-1like strtfgret:. Wt Bthek/§ucR S iShaedI RS Y&thd/ dLitiity B @thfce dnp RsturdDesilidhbe 27 May
2005 WO 02/ 43955 PCTI US01/.44478 Connection Structure for Use at a Seam

. Thi's speldi alor glrsiehing ofitee plate materialo e serrugatians(ifetipples.demed s stharsbanedi cal | y
be used on aRricA Bhe eﬂm@a@th Srae&k s&t] uﬁgggtlﬂg%y%hhﬁl\éintglﬂﬁtotﬁéi‘@ﬁe mtnﬁltcpe

attached directly to anot her eq[heet of havi E{g a correspon i ngl'y formed
“outer edge. SFTPFGhlhg ef the platerthen ﬂﬁﬁ@?ﬁt‘@éﬁﬁ@“ﬁﬁﬂf@t @s’rﬂtetﬁmtﬁtlﬁﬁt@é‘wﬁect t he
pl at es naki socket -
B Ficture oo tyeltEugRfceBlntnd B S Elssonia oSSR, SRR g R socket
appl i cati on aldngeoatzogigs odh@pmtseﬂ"émsondémg wiill peretd senhicfsmieni eoteclta { gements -
structurg), I C e ter
SHeCt o e B € AL BB RL LIRS G Pl St o
recess strudn ﬂmeqrrawmwcmbghtymhimtr@dlt iragatyhmrp eldmetgs Mtlngtmeemﬂiﬂnd@h d and
non-

bending forces throughout the NTF field, reducmg stress concentrations in the NTF fabrlc
and thus enhancing the overall durabxhty and toughness of these inventive non-texttle fabrics.
' Fig. 7 shows 2 corrugatlon along one orthogonal line of the plate . on the plate havmg
25 the fitst connectton structure portion. Fig. 8 shows a side view, and more partxcularly the
o bends of the corrugatlon Flg 9 shows a cofrugation along one orthogonal line of the plate E
on the plate havmg the second connection structure portion. Fig, 10 shows a sxde view, and
more particularly the _bends of the corrugation. Note that the corrugatlons_“gll_ increase the _
abilit_f of the narrow waste portion of this second connection portion to _ﬂe)t and stretch, This .
a .7 30  phenomenon will help assure the pintles captures within the cavities of the secondroo_nnection :
portion will remain seated Wlten the-plate is subjected to high tensile and bending 'forces.- a
- Note -the synergy betv\teen connection elements or knuckles 4-'értd 8-and theif careftﬂly
matched mating or complementary surfaoes 5,7 and 9 result in preoxsely linked. portxons ofa

'rlug-llke structure surroundmg reIatlvely ﬂat plates 3 and 10.
' ' o 11




fl exing characteristic such as when they are connected together, the two
connection structure portions can be connected by hand or by7 pRgt206®9r m ng,
and do not have to be connected together during the direct form ng
process. Tihwoowanssde edges of the sheet 20 (Fig:. 11) bei ng ecTeserfemned
‘must be designed in 15 the direct formng process to create the first and
second connection portions altematingly along the outside edge~That
out si de edge can then be attached to another sheet of NIF that has a
correspondi ng outer edge with the conplenentary, alternating pintle and
recess strugture. This is called "zipping" the sheets together. Once

Zi pped t oget‘HRECclon QUG or /60 aLaSeA have the strength and perfor mance

di scussed above. TRQ sfdchi pinflel G 1BLdsH6dnHERDn SRtnRE catSRE dpecifieiifbe aidARAAN
cl osures between two free edges of NTEs. An extension of the form ng and
’faﬁg’ﬁ/_@,aﬂawyh%

assenbly pr dcv4es §dgsef p phrsto 126 pliet 1A §e pitpcheddirqqty-toaapesshegiiof seans
bet ween shapgfr fRitgd cBﬁ-e@H&n@? fRed h&&%&g&%@ﬁi? Slenddo, M dridi&drudfiye. Such
zi ppered openings would requife neither cdnventional textile tapes nor
separate agsedlolconustt thplates malking up the REMFage inheatorket. Fatinganse.gbebash fndyol ves
‘using the t %ﬁcei YR Eﬁiene%ée&%%é&e@tdcﬂeeglaééé gll!iuh B ﬁTﬁ gﬁ@%%%g@%aﬁéﬂ uct ures

exposed (inthe case of a zippered opening between shapes ‘a continuous
| i ne of unsdbcarporaedshy(referdnoefapldesripiivoh afithiettrustienanddhe pihide pudiregess art i s

used) to formthe teeth of the zipper. This could conplished in at
Soal too ubii i dedi bl Gud BB comtb BNt B A EETREL PR e O ¢ Lo
ma.kfadug_‘ ItO]t'le perit_tgiah@reﬁ%ﬂs]ﬁﬁctuﬂi ﬁl&ﬁ&xﬁﬁ?ﬂﬂ&ﬁ?«lso ﬁogéfdi&r,'rdbé§nc_ﬁhw%&hé sh,ligihh@n@i; at eﬁ : (212
wou e or t 1 e engs ajre avil - a r prlate Z1 er -t oot he
shapes 24 (lf{%’.ﬂg\ﬂ’?\flaf?ﬁfe.“?%%ﬁﬂ?ﬁ@ gl@ﬁyagggorgpgemgtgﬁtﬁ%p%gaﬁo %e?‘éﬁa@wrﬁl ace

by rivets, tdagicn&intbe @6inedfd b hiddor 8F peitFetninh, 86d @S K6t havk tohhe cabieved -

“I-ncorporate application - permtting "stretching" as the slop in the
links are téﬂ&eﬁ‘ebﬁ’fﬁﬁﬂﬁfgﬁé OHYerIvers>- twisting and the |ike. However,
~along unriveted eHI&RsidARPOHIRPIHARB! ¥iS NRRRheSiletoform@Pmiifl b@designed in
conventional zipper, can bring the toothed 'shapes together. This would

al low t Hé f rteediesgifermgng prpgess 1o eypafe the fisst andaeomdsgosstiponyrigoptieaatiglt wo NTF
sheets to beALLRCRRHCA8E NEE outsiBEaRe SAPRRE] b ORlRs SRRRE Shde O Hggt ures
coul d be pro(g%yce?ﬁgurej ng@'t'ﬂ% at r_ec?ﬁ?or mﬁng process. Alter ngﬁ}ve_y, ‘a
speci al , zi piees catsspandimg et edgerdi tbe ¢omplesrenitany plfergatingpintierapdraseiige if it

Plates in tREpSo TR & ool el Silpa MIELAADEad BhLE Spbio A IR
conpr om si ngdgdsdiatedbe stehgihend perfirmangeldiscesed abope.ovi de zi pper-teeth on al |
R A L T
zi pper el emei NI For An extension of the forming and assembly process outlined above, any opening in
| .the-NTF' shapes, or séahis between shapes could be made to be zippe& together as outlined
above. Such zippeifed openings would require néi_ther.cohventional texﬁlé tépeé nor Separate |
assembly of the zipper tracks_ to the NTF. This process involves using-thg thus formed free -
25 -platé"édges with their cOhhéo_ting structures exposed (in t.he‘c;as_e of a zippered ope_iiing -
, 'l.:et,wgzen' shapes) or a continuous line of unset rivets (if th'e plate and rivet_scherﬁ;': of the prior
art is used) to form the_'tee‘th'of the zipper. This could be accomplished in at least two ways.
Zippgratooﬂied plat_eé éould be uééd :throughbﬁt the field to maikg up“fhc entire NTF as
discussed above. In this scenario, the plates 22 would be formed with the ends already
~30  having apbrop’riate zipper-toothed sliapes"24 (Fig. llA) When these shapes are 'overIap'péd ’
' and held in place by rivets, the teeth act’—és in the original disclosed'in the above incorporated
. application — pénnitting “stretching” as the siop in the links are _takezi'l'_lp '_or pushe'd'-to'gether,
- twisting and the like. However, along um‘i_véted edges, an appropriately shaped slider, aé’_ ina
- cdﬁventional'zipper, can bring the ’@oot_hed shapes.t_oget'her. This Wduld allow the free edge of .
12




pl at es along onIy t he edges at sone point of the assenbly process,
preferably formed in place using the process of the incorpopameg2pesent
application. 10 Alternatively, This could be done when arraying the

el enments t wdevaspsshe web or sheet, or this could be done alF(tBUsdlhenshapes
have been picked. If the speci al zipper el enents 22 were placed in the
web, it would require segregating and precisely placing, steps—-that nay
undul'y conplicate this initial fornming operation. If done after the shapes
are pi cked, t&oBITFshestd torbg attdchtdegetipeCiThdse pippéred tootidotinession stactnslcogd be
directly _fromth 00t hed,. zi | ndustry. 15 The toot hed plates woul d be
nmoved from 3%&%1 ring fhe dige Efgmﬂ%?s?rf)?eé%ed al ong the shape edge, and

riveted or forgedliematitedf; @ speblif zippitesthédNitbecbuetigansed ol ut ttle RSP if or med
|l unh of .the roller matrix of nol.ds bedlnthe

ina -particul as des

appl i cati on Waﬁgeﬁxrﬁgtﬂatssa dififRrent genaeelipa siruche don fomReFing %tf%ﬂfbtﬁsttda of
formati o ofNTtE\Redti PRRY ind@8EoHertaPEcorifpdrhistls %fégﬁst sh%hitﬁ@plate’étd’}ﬁb‘hﬁh be

i nportant to nake sure that the z1 pper ed toot edge is the desired free 20
edge of t heZpperdeetippn Pttlxiatewéewéshtes hadng WP@PFVBMW’&M Fmgasedomht | ook -
as shown in r S or '
knuckl es 24 ag)lP ﬂlschegé?nsqage kulp %Hct?ﬂﬁ%\}l?d nlgﬁ%lt) o%‘?égetﬁ%?b g&:ﬁde e[c&%tslgaﬁd
recesses. Wplatesialoaglonlydhe elgesatsomeipaint Cé@lmsmd@!epﬂqe&&s, Perhe iwlfqtmlﬂém plerg o
recesses re n ckle in line buttresses the .
next ..to- fo%?rhh%ﬁwg’poece%nqgl e 'é?or‘go ﬂe&%?ent?g@thf%}&én NTF portions. Wiile Fig.

11A shovw a seri Acrofti’ly, Il“timmbuldaé dcbmwdiehesaylngthsletmuﬂedtshﬁoumdl&rvmbomd t hat

every ot her ckle co e, or e n nent and .every
ot her one. Gt obtS Rt e e Shainy hie BharRor” TS et Fapret gRBens et
3 ) th:a :j nte gt e&beqﬂadea itk @b, ?owmlareq&m &ETetgﬁtMghrﬁn&Ipfe:cishly@?eﬁ@mmthaﬂiﬂSy As
etailed abo selnter tin nug t hensel v orm

connecti on H& t?ételﬂi’tiuglmaét et f Y)ﬁhtglﬁﬂgsartﬂa]ﬁq gy, a

-product aSSﬁKY&h@Fdaftli% shedidl phiees cBﬁI@ﬂ%dtMn@l@gﬁﬂmlﬁQﬂﬁdheMEﬁleﬂh P&i‘”ﬁcﬁlst\fPU' d

have no._seans j uxt aposed edges coul d be made. undetecta and as

strong a8 anye bomed Pl tiogld hemayed from asmaply; ariented oswonsd alongiths shppagres;

shape. In naﬁwxfla&édsrlf&ge@m%eushé@pﬁeheoo@ieaeage SO0 s Ve FERRA HPSCT | bedin
-the above application herein incorporated by reference, the pintle and

recess conné&eticger cofumpeefitheroligranairx qfpoldy @s desgyipagiin #wapplicatqy ipsngraed 78
described hgy giffleqiRu hﬂls%uttﬁsﬁwtaqtctnﬂtm&hsn&mﬂtﬁ@mﬁh@ Blige aPHe dQs‘ﬁ‘éh Qaéee used

jUSt al ong one ed e of the sheet for mg ering to 'or seamng w anot her

sheet. The #nselénmd Itewetﬂé he ineppiant t¢ cheks swr atth@mkpﬁyeddoethwdm ﬁ@letdh@red degar dl y
facing ggvi Ea%%%f% sﬁé’eg Bfﬁ %“[.é ésdzﬁﬁgtﬁﬁgﬂaﬂ%w fhied gﬁg lﬁ?ﬁtq&’;k désgﬁdlhﬂﬂ ﬁé ep.

In formngt e seco type, orne
. 11 and 11a. Here a series of connect:on structures or knuckles 24 are shown with each

havmg 0pp051tely facing pintles and recesses. When the knuckles are mterleaved together
~ the pmtles and recesses receive one another, and the next knuckie in line buttresses the next - :
to form a remarkable strong Jotnt between NTF portions.- While Fig. 1 IA shows a,sen_es of -
| 25 identical knuckles, it s,hotxld be understood that every other knuckle could be a male er first
' ‘ eonnecting element and every other one eoﬁld be female or connecting elemeht of the seceﬁd
7- type, just so the interleaved knucldes form a series of interfitting connecnons As detaﬂed
' - above, these mterﬁttmg knuckles themselves form a hinge connectzon between the thus -
‘seamed together NTF pOI‘tiO[lS. In theory, a ‘product assembled in this way ﬁqm two-
30 dimensional NTF elements would have ne seams. The juxtaposed edges ceuId be mécte :
o undetectable and as strong as any other portxon of N'TF in the final three-d;mensmnal NTF :
shape .
“In menufacturihg a NTF usihg the direct forming process deseribed in the above
-application herein 'ineorporéted by reference, the pintle and recess connection 'struetu:t'e :
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5 the pintles as part of the nold cavity, simlar to how the barbed end and
socket attachnent structure enbodinment is formed (see Figs.2ARiagpd053). In
more detail, the pintle structure 4 is forned with the elenents in the
first direwoozoessi ng step. Then, the nol'd cavity 40 for treTaSVDORL4S Or M Ng
step, which forns the second elenent with the knuckle having the outwardly
faci ng recesses on each end to receive the 10 pintles, includes—-not only
outer walls but also inner walls defined by the pintle ends to define the

]gavi t 3(; See dEéhe@ibecﬂl?eireijhm&e (#1357 dte emqkmﬂh érﬁirdréhﬁe Wit e?ﬂd Eét@se@ Rist dngl @edi r ect
or ne into the no caV|ty an takes the s e .0 the CaVIt
(around t He efesfjtesshegt foraipperipgto oy graming WIﬂA%nOEaP%r ghegt, Jdg secp ehmegt

second el emgay ugrtﬁ'e kdheiRle hmlﬁge@geeem;bﬁécmgeaﬁl:taseﬁreaa‘h%%e) ROforndag Aes and
are ready to be urt her processed into the final produc 15 I1n formng the

recess ar oumgxttdifsctfprningsten. Ha famingthe segendgleraguape.dhe @iies e fnged H%ﬂg pintle
i s shownsi n gkl lﬂﬁdes ;li zﬁﬂq’ tl]regm&lg cmtgpéiﬁﬂané H)wrﬂteeqahﬁﬁ Shdlarffso l%?atﬁb

However , what or ant e plnt e 1s positioned In the recess

so that it h&ect@membedqmameS@emd(mfFl%ﬂialtﬁeli’i‘)or pivoting therein, and al so
t hat the S|dewal t C from
slipping or fl exf?rmg?édg ﬁy}f]lmktgtﬁ%ﬁeﬁ&f%gy%ﬂ%%iédlec?:l(t)sd Eahe a{aeréétt hat the
20 si dewal | fmtmmgmepr dﬁnee,stheemulldda\ewt%rfdr thespeped foyming ktgh,/whidh ﬂ}h@ ttleafgbird al ong

t he pintle, nd.sati-sfy these.require course.this
onenda. on cmeBRius R Rk e oRGRFL NSRS o pEPHIES A B ot 1
I i’ir ger Eadl lp&xtllet mudeeﬁd:roelytoher ﬁhm&ﬁl hhllsemeuhansraeﬁacbduag t}ﬁtﬁrﬁl&dncéd tordefimy
along the plnt e, e ener sl l er .rad] us
curvature t ¥ o2& dgﬁ%aﬁgs léoﬁvﬁf@éﬁ f@eegeffeea'ht@aﬂtereﬂ? ¢ h@tﬁt ntle.
25 Where' t hendid eivie amivlkdsQRehBpeHriHeGhOIR Bavidy 0T QOIRUhOPhNesabifY JebPid 18
edge of the NTF to facilitate connection to the free edge of another NTF

portion thatd thigstagrethe Sirst ardwsrend cleaentsars thus interengegsd be e furet orming  have t he -

cavities on Pdegss%d%rer&‘dg%oE%ﬁhd??rdc@dsgd?ﬁtd’t%flﬁa@rddﬁétd cavity that already
defines the pintles therein her words, the free edge of an.NTF

porti on ldoes not Iiaraing thegereasasonnd pheaniutle; theramenss thesideyall exterdslong dhe as part
of the nol d 'lsts:ﬁov%g? m(ﬁﬁs qggnd)fﬁ%%ghverﬁlafflﬂ% lgr?g@l%lfth e hihRl, q{cﬁterv?iy wﬁht it he

NTF, dESCI‘IB above s 1nstance, the pint portion.o
cavity, si ndmwpariseyis that e pintle stpositionedon thepmesﬁ sotlant nmm adeqvatedearing ar ger

radi Us of, Cuintl i 30l M Bl A GRM LRIl B QGRR BN HSHAL plioRO the

| ength of "t ow t-he recess t
knuckl e andkeep 1h&@nt5hmmmmreﬂexmg sideway's opoifyimeiecass.t Missonemplates tiat thet y- and

Ft et ey LR
si dewal | andndsatisfiyrigpse i'equn:anﬂntsy Ofpowtethisllepends on the shape of the pintle, because if- -
. the ptntle has a generally 'larger radius of curvature' the'sidewalls would ne'ed to extend
further along the pmtle and if the plntke had a generally smal]er radlus of curvature the '
o sidewalls eould extend less of a distance along the pintle. ' :
25 B " Where the pintle and recess structure are formed only along the free edge of the NTF
' o facilitate connectlon to the free edge of another NTF portion that has the same connectlon
| structure the elements that have the cavities on the outer edge must be formeéd using amold -
' cav1ty that already deﬁnes the pintles therein. In other words the free edge of an NTF
.~ portion does not have an adJ acent plate that has the pmtles o Use as part of the mold cavrty
| o 30  (as are present in the general field array of the NTF, descrlbed above). In this mstance, the -
' pintle portion of the mold cav1ty, since there are re-entrant mold portions,.should have a
larger radius of curvature and minimal extension of the recess sidewall along the length of the. :
- 'pmtle Thxs will allow the recess to be formed in the knuckle and, since the material is a
polymer wlth some f_lex1b111ty and re_slhenee, the plntle portion of the rnoIc_l eaVIty can be
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W thout ruining the recess structure. The NTF havi ng this free edge
defining the pintle and recess connection structure can the2v Mayeogaged
wi.th (zippered to) the free edge of another portion of NTF having a

correspondwwozismdd e and recess connection structure to crexBUShA44S
desired shape. The non-textile fabric (NTF) of the present invention, and

as generally and specifically shown in Figs. 16-33, is nade up—of _
i nterconnected el ements. Specific reference to-a particular figure is nmade

only where iektraciedfRin ﬂaeeﬁme@aatwteuylﬂemg e'@ﬁeelﬁldrﬁemhgtﬁeeiammlpreférhlﬂyn a study

of each of the references in Ili he ~descr.i stated efore
preferably t",ﬂﬁwg ramegt%eesmg ef Thaving thiz Pe ‘:—ﬁ%a dafo ipg the gintlg

whi Ch are i bQRECRARREEnbiircoah BRABE eii%ﬁ&ﬁ&/ltﬁ(zﬁbp%@d k) he frdeeeddld bF anbider t Wo
el enents each have a shape such that en _interconnected four primry

‘bendi ng axederios of Bifdavingy corsepanding pirtlsand tpoest FenmeeHoRsieruzs iy 6‘??@93 1§ or

hi ngi ng &xi %eﬁ?eh‘éﬁ@@ NTF el enents that is not parallel to another primary
bendi ng axi s nt of fact, a properly executed NTF panel has 15 nmany
bendi ng axes, sif @n%teﬁdﬂfabﬁpmwfﬂumsmtmmmem asigangsalbeandt i ve to its
adj acent [eat, an

t hensel ves rrgve llr%y%gvggéﬁg?qg%:‘ ggéﬁhfﬂ HE&E?E% lfg%s%&n&fﬁé}éeﬁ&cg

el ements. | fto aparhﬁiﬂarlfadreamnydeamw W@dreltpsbaimveyl thetbwv@rc@reaﬁelsmowbelpfohl d- at

.roll bendi
Coul d per m tageeyly O g off e IREOIShe 4B ™07 Too or thogona

~cylinderipor 20 snsnatedsaeneeprefefhblm&e heuivoglehnee st dlangnt behdicagndaxes, .
permits three diff ﬁnt .C I|ndr|é ori entatlon% rH Eﬁgg@ater bending
freedoms, wWSEHBLRBICH S MFrrnestsd it WGP PREeBHY form the & MM EIFME mi ng

~the el enent sadhthabdIesRAPOSURR that ehétﬁnte%ﬁﬁéeeaIf@rleﬁﬂememt]hﬁnx&latd fovmed. Byi S

allows the plurality of elenments to pivot or rotate with respect to each of
t he adj acentPtimenhading axipisieant abepdipe gehinging p inbtvere Wﬁ:elﬁeerﬁethét i8nfat ur al

drape-1ike faniiG Motdeepthay ’beﬂfﬁ‘ﬁg . Ih E&ﬂt SR8l ORIl Sxdufed TREEp L] has

rel atlvely hard pI astic (or the |ike i's also tough and "~ abrasion :
resi stardf. T benslingaxes sigeq aseqntpmpla etwél wt%rhmwaw tpjiepdi#reBt havi ng -

~overall tri %ﬂ:ﬂ‘}éh@é:hd é&fhgﬁle i vﬁ% H%deh c&ﬁe&ﬁn@hhﬁ&ep@n%ﬁﬂgt@s ﬁt%f/@fn%ﬁ@ertt o

Flgures 14 on forns . a

" right i soscebas those aliggedstiuetures Mathgatler nlamt:mtg HwoNIF dad only aéqtgéﬂ prmmgt h with-

a right angl
i ntersecti on&wiﬁggog}%&ﬁ%fgﬁgﬁ mewl}l%&ts?%%ltcogteyelg]d g@[ﬁ? r]tggkﬂgngéugnst a
simtarly:t exscatldgemiiponoto Seromi¥TF inty greror thelotivenf twmmqgnnzélcmtdqem ed). 15

27 My %805 spl}%) s}%%éﬁ%&%f Wn%% 64&;@ bendmg axes pemuts three dlfferent cylindrical

orientations. These greater bending ﬁ'eedoms when combined with expected dimensional
tolerances when forn_'ung the elements to one another, give remarkable bendmg flexibility.
~ This allows the plurali_ty of etetnents to pivot 'or'totate with tesnect to each of the ‘adjacent- 3
‘ elements in such a way as to allow the NTF to have a natura]"drape-'] ike fabric or ]e’ather" yet :
2-5 since'the elements are made of relatively hard plasttc (or the like) the NTF is also tough and

* abrasion res:stant

_ ThlS three axes ﬂex1b111ty is best achieved by elements having. OVeralI tnangular
: shapes, as w1II be detailed below with reference to Fi 1gures 14 on. ‘Each element 51,52, etc "
| 30, hasa body.53 that forms a right 1sosceles tnangl_e (a triangle having two sides of equal length
. 'With a right angle formed thet'ebetween) The tip of the triangle at the intersection ofthe |
equal—length sides is truncated (to butt up agamst a smﬂarly truncated tip of another Iarger

- elernent when mterconnected)
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Each of the sides of the first elenment defines a connection structure 58 to
receive a correspondi ng connection structure 56 fornmed on tyenpdoeosf the
second el ement 52. A boss or knuckle 58 is formed at each end of each of
the two eqsadod/asespt h sides of the first elenent. Recesses BOT/UgEmasmsl |y
cylindrical, are formed in each boss 58 with the recesses opening 5
inwardly along the side to a gap fornmed between. the knuckl es. -G+ the | onger
~side of 'the first elenment, a connection structure is formed that is '
centered on the Rhehudithitisidds of the firg egidiniaiefihdia hatetiod fthiture Shpecdeiven

structure is |longef than .the conn l on struc on the WO e | engt h
S doa oo, BOESBEME SRikaHb SRS LIorPg] e A AP S S BESG on
ei ther side pkndcdRR SBiigRAMEd at chel REE saoﬁ%ftteene eqlal lendil sTek bMNHE filgBdlerhént,
shape, is formed in each boss. The opening of each recess is directed

nwar dly  t dvErEesaS: spenlly SindgrHe ey rasiioss e vuthdle reppses pERiag od

connecti @n %ﬁ»@é%&lﬁ;‘dfo‘ﬁétﬂe%ﬁdéﬁgaggﬁ‘fo}ﬁgdﬁ‘éﬂﬁ@e%tﬁ’Jln{uBﬁes| arger el enents can be
referred to as a’fenmal e-type connector elenment, and forma nmeans for

connecting. to t Pa thedengen side ofiba first Flmentes eonseafion shuciirs ds formed thather shapes

conduci ve t 99”( ARTR
connection gf@u'??ﬁ’?%h@%g%oﬁﬁt%?esle @ﬁg‘%]&elcrlr%mﬁgr%é%g?@gg I n tEESl egte esses For
i nst ance, t it qoeneEtoesruchut ch fiatwo equablength silless Taypsehossuis toh kndviles 58 arss -

tapering froma,l ar er tentiall ) at
e oponi ng gt ERp ARl opdsA O sREFr Sk PR Fhighat, WNeBiaR 80 Sendilly)
connect il0n cglindiiclis shape) 1st ﬂ:enedam&eeh ieds& MEiiet opemiag oDéack eatesds ﬂlkmtedhxewardly S
structured to rk with eC|f| sha of the,recess. ﬁ ch elderrent
is rel atuvel‘i/‘”‘tr B OPeR AP %1’15 '%Féﬁr‘i IF fecerRgd FRRPEEHOD;S gctea@

beari ng th%n%ﬂﬂ@@stdfﬁ&ﬂa@%fdl&heiﬁﬁ&nfbe E’ﬁerF@ tdad efeetane\f@beccfﬂnaeommhehnd
portion. The bosses qof the _connection structure on the first el enent

pref er abl y d¥fehmeasreonmstingloghe serendnlamat. otherpeessessahaliriye oRRshapsss

hel ps. def | egbndubfie Wobendiid dr RMAtind{EBIBark i) ehda@Bédi &vitkRhEcdARstYion structure
Al ternatively, the main body caninclude an upstanding boss or ‘protrusion

(for exdfpl @nsheseomd elegent mopiveddp thexgmysennt e instaase,shearessescpii hjveabsor b t he
wear and te%m&ﬂ smtgh Ghitt (A8 rddds ep%nngﬂetneq&gsldlamg@ena S6RAGLISVERRNh bé?s |s

al so general | ngular in shape With nection structurés "54 and
formed al ong¥ )a@tﬁhetﬂpenmgsq eeealleseemﬁteg(amielucletheckerrbﬂseweﬂb&Fte cenneptiant |s _

al so - gener aj ourd of | QEca §3&§‘%‘. bt %%enﬂa%n&&e@&té tv&'ihﬁ&{tH&%JéElﬁca' ong

each edge i s basi ca _ ndrica nuckl e wth -a centra
pintle 56 fehape@f@inr@azsh end, and each knuckle connected to- the central

rel atively.flat plat 2y 5 - he e nt, ..
t he con%(ke)ct i-on s?%%c el??e glt Jfgéa aﬁ&ﬁp&é@%ﬁda% Hg&?? ?’lﬂ? hegﬁ}gﬁs':iﬁ&@dégs @aﬁﬂf
non-i nt er seds qogneemts strml;tereemngmgia rt@atpetytﬂamenu'al pediin. dhe bheses dfhe ST

. connection structure on the first element preferably extend above and below the plane of the

main body, and thus helps deflect the wear and tear during use, from the main body.
. A]temattvely, the main bedy can mclude an upstandzng boss or protrusmn (for examp]e see Lo
.25 ) | Flgs 29 A and 29B) which can preferentlally absorb the wear and tear to whlch the NTF is
o subjected |
The second element 52is also generally trlangular in shape w1th connectlon structures B
B 54 and 55 formed along each of it s;des See Fig. 15, etc. This second element isalso
_ " generally a nght lsosceles trlangle The connectton structure along each edge is basu:ally a
30, .eylmdncal knuckle witha central post or pintle 56 fermed on each end, and each k.nuckle §

'connected to the central relatlvely flat plate 53..

 Onthe equal _lengthr edgee of the second eleiﬁent, the connection structure 55 ie o
prefefabiy offset toward the non—_iuteljsecting ends. The extending portion of eaeh of the



27 May 2005 WD 02/43955 PCT/ USO /44478 knuckl es near the intersection of
the equal length sides do not intersect one another, but achufayyob9rm a
gap so that the apex (intersection) fits closely W|th t he butted ends of
the truncav@w/sesnts on the first el enents when attached tBgPUREr44478hese
“connection structures are at 90 degrees to one another, and are each at
about 45 degrees to connection structure 54. 5 See Figs.. 17 through 22.
The connection structure 54 is atso attached to the main body along its

| engt h. The knocidesarhi the indrsactionsfehd amaldenptisdidasrdomioninteesebitont hadthee)ttuends

beyond eit her d.of the k The nt | e.a riate
Cength and GURER Ga et oo BEF e S ol FieRion R P opBife hile BRBLTRE, . he
first el ementunbdied poifts botirtfirgrRncHRWhes attdhed hgethieC The connkaionRtuctilts

directly agai nst tdh Eﬁl ntle sg??ge I n th ref eréﬁd manuf act uy i Tg*cg‘l_ocess
“this preC| s%?\atgg CEE] P P A Iaflgﬁr&&a al?‘l’rlé“ eaTRIQ conpgetiop s Y in a
di rect fcgmgagpigsopmﬁmgﬁgge must be taken to insure that the pintles on
the second elements fi.t appropriately in the recesses of the first

‘el ements (or, nori&e @eﬁs?twmsyutna\rst54twrﬁésq%sﬁeémsﬁnsesb?éyswng e leagtho ke
~elenments fi tcoheécﬁ&ﬁlilwémléhdsﬁ polt®r gﬁp@?@ﬂﬁ%éﬁ%@%oﬁﬂ e:lkl%?erLd dtfe 1&;'11&?@ nts).

For instance, If the post s coni e recess  shoul d be:conica
shown i n Fi giheqinls musthaye theapproptiate leheth and pusensbaps tofbe rdseigd ’pdhﬁt i on-53 of

the el emmc%g@%}:@n&xllgr QNG Gl 1 efelxleﬂ%l%%%ét‘lmﬁl‘ﬂrxﬁﬁkC&é‘th@? éli%ﬂnéd" a

thin web 70t can orma i nge usi ques, in
order t olOpr alecky @amamthle pmﬂmﬂiapmahnprefeﬁéﬁ mﬁmffttmmumwss, thTs]aedtstm ing hi nge
woul d flex vvhe t he he b‘%lve rotation of the posts in the ‘recesses is
stopped by r?ec anrea Pt er ference between the connection structures. The
living  hinge woiftte tlb@eants hxemotfobmldnaldﬁag foriingprocdss dare anseirithlen to
structures t.o ress, rel and an extra.neasure of flexibility '
o gy B R des e Bt clomin 8 S B e Rts A bhhned
central por telaenf(of, hiRrd@neralipthy: thybiihectioh eneehsotiiik Secaiicelérféieft rhytauyZS :
di rect f][5r ﬂwprocess as descriped herejn apd thegsecond el enent

smal | er Phari® figgonnecion means gp fre firgtgloments). |Eor 5tpes: Hrihenastiigoriend tefreesy of ure
f eedst ock t anbiad Hseshidapr the formation of both the first and second
elenents. In other words, since the second el enent is.snmaller in | an t han

the first el ements shewmn nHEgws Adandols, the a‘(tsqhesslthese&stlea@dse@m@t 33 efthsed f or

each sized cRhRARRL tﬂe%nﬁé&h&rksn‘ﬁ@tﬂles 8k ah S QR bR'raMR i Pthid W& BthirRadrat eri al
to be used up. 30 The connection structures_on the equal |ength sides of

the first elfemeplivisghiggeusing welhkrownderhnigses in orierde proyisg eeedditienabmensurst her |
The. connget 'o@sesstlsp ﬂs?sﬁg wollfd ﬂ&%ﬁt@r%t@rohﬁ& %émée ,g ss% nt are

at a 45-degree angle to t nectl on structures oll
"sides. - = recessesis stopped by mechamcal interference between the connectton structures The llvmg
hmge would then flex or bend along the blocked connectlon st:ructures to prov1de stress relief
and ‘an extra measure of ﬂemblhty along the bendmg axes. The second element 52 may also
- mclude a tluckened central portion of the main body Where the elements are formed bya
25 dtrect formmg process as- descrtbed herein and the second element 1s smaller. than the first
element the thicker portion allows the same volume feedstock to be used for the formation of
. both the first and second elements. Tn other words, since the second element is smaller i in -
' plan than the first element, and the same volume (51ze) feedstock pellet is used for each sized
| | element, the thlck central region allows for the extra material to be used up 3 '
30 " The connection striictures on the equal length sides of the first elernent 51 are at'right o
i angles or nlnety degrees to-each other. The connection structures 58 on the longer side of the
first elernent areata 45 degree angle to the connection structures oit the equal 1ength sides.

" The connectton structures on the equal length sides of the second element__are,at right angles
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The connection structures on the equal length sides of the second el enent

are at right angles 17 27 May 2005 WO 02/43955 PCT/ USO1/ 4447 f1al,@088Ch

ot her. The connection structure on the |onger side of the second elenent is
at a 45- deyoersmsgle to the connection structure on the eqgeretvkangsrs
sides. Figs. 16, 17 and 18 show the el enents interconnected together to
formthe NTF.. Figure 17 shows the nmjor bending axes A B, C-—and D. Note
that, consistent with the 5 definition of major bendi ng axes, none of A B,
C, and D ar etopastadthe] Thocdnhection stuchirded the kg sidéfoftitaseondejedientiemdi4®y axes
represent a ‘#nol e seriﬁs of garal-l el bendi ng xg&l Efgat occur throughout
the NTF, eactfer5PREE futha ponpesion srestyre gn thg sawal fengh sidSfnect i on struct ures.

Fi gures 18 through?6,i1l7la48 1§ o thOMehbifs DibcoRAReld tofeap i ReMrFal ong

these maj or _bendi n&@gxes,_ and the other_ bending _axes parall el .thefeto. The:
connect i on s¥BYEddsevsthe mpjer banding axes /add Cs arbidd Netedhatrrogsigent 3ith theoget her ,

when forngd ddihfich I&?[ﬁ%?benﬁ\ﬁ}gfa%ﬂén@%f WOH! C B are ?%'aﬂél ihe Eadh%ﬂ%}.‘i @&Bax es,

A, B, C and D. Bending an otafing aré used herein as. Interchangeable
ternms, and refftkase mgjor hendinglaxed igpresent 3 Whole serisp of paraliebbendisk enesithag ogdut h

respect to rl.gago r : . 3 1S T l.[.st hending
axis Ais i nﬂ{bgggcgﬁt f)Hr% a C)E{L%tcﬁlgéss{;%ﬁr}{(ft g ?l'cf> 32 glclﬁ% p’leﬁé&fzcg%e%@oﬁ@%ﬁ? s. The _
second bendi Figurex1&thBuigh 22 illusiedtaihovothe 2ibtan¢e] skovocwy bihd dbmisthesefmajdre second

e o GBSl S

~bendi ng HXi Sfirk and sédand eleinsiits Stichtgether, Wherclofeihioake NTF, Ut fotnethe fout FRgbron

one of the short sides. of the secon | ement, as . shown. in Fig. 17. The

fourth bendistf?adIB&Prs“’B‘“i"_%a’F%4>o€5£ﬁ8ﬂl)a RAING M rRGHRRAE 1R et ures
formed on t hgte@hlgicallbRirhs, ShARA® to hOR1SRE AREHLHEIR I mold Werh@RAlifedeaS C .
and D 20 are at right angles to one another. The four major bending.axes _
al | ow t he i riP 8PS TREE Clyr ErpsrtTalang 4y axisy dbefirshbending axis A is i wiationabsuhide in a

sheet "or ar-naﬂzg?sﬁs&smese&aa tRAbRsI IR FERAR bRRISBASS iShrshidnSpal 1R thext 1] e
fabric. Fig. shows one of ‘the first elenments 51 attached-to one of the

~second eldenesifies obthe second elamenis thatjanselftiom these thatgakeamilfinsidending #ts.ur es 58

of the firstrehem®nt .-al & ;€00 i Lt 1ihe o nectinust L 54 of
t he second e%r?e?%ﬁg?’ﬁggéﬁ?@g@%ﬁg%mﬁéﬁdg@g?ﬁgh@ﬁ?%ﬁ drltﬁ_ %éﬂgFg{h%

- connect i on gPietien ahogt B conneqtivn sirictutes farnddeoncoe pEHp bt sidesioéthese®9d f or med on’
Y N

of the first ele connection s OWs ‘each e

-rotate with stregpese forned tinthe othheshodisidrefithe secoudhelerBéntt be bonidBigakesr@amsi D on
- formed %'t\tggé&?féﬁp&tgieg%&te%&ﬁ&re.'- See Fig. 28 for an exanple of the.

‘. Tﬁc four majdr bending axes allow the interconnecté_d elements _tb fnove with respect = .
| to one 'anbthcr ina -sheé:f or array form to replicate _tﬁe draping bhgractéri'sfics of é fextile .
' fabric. - S o
| Fig. 27 shows one of the first elements 51 'atta-_c':hcd to one of the second elerrients 52.
25 . In '.this ihsfa’nce,l the long c_onneﬁ;ibn structures 58 of the first e[efncn‘lt.aré engaged "Wii:h.-fhe .
long ‘connectio;i struéturé 54.0f the second elemeﬁt. In defa.i_l,"the' pintle at_éfther end of the
long connection struct‘ure' 54 is received in the corresponding r_ece's'_s 59 fortied on the end.
surfaces of the connection structure 58 formed on the lon'gei' side of the ﬁfsg elenent. The
 connection structure zill‘ows each element to rotate with respect to the thef.eiemen.t-arbund:_ '
30 - the axis of rétation forméd by the cdﬁnection structure. _See Fig. 28 foran exampie of the |
range of motion a]lowéd bétwgeﬁ the two ﬁarts. The range of métjon is ~litn-itéd;.ir'1 bc}th |
diractions by mechanical ihterfcrenéé of the web 53 on the second element Vwitﬁ_ the shouldér
- portion of the first clemient. The shoulder portion is fo:me'd‘ along the connection struct;iré, |
and exténds_ along the notch for'r:n_é_d on the longer side of the 'ﬁ;ét element. - Figlirés 24 an& 26 .
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range of notion allowed between the two parts. The range of notion is
limted in both directions by nechanical interference of thgypgb2b8s0n the
second ‘el ement with the shoulder portion of the first elenent. The

shoul der pwo onasess fornmed al ong the connection structure POTVUSKE/EIATES

al ong the notch fornmed on the |longer side of the first elenent. Figures 24

and 26 18 27 May 2005 WD 02/43955 PCT/ US01/ 44478 | ~. show a-s+ightly

di fferent shoutder portion 68 that is forned around and engages the

knuckl es  orshbwss %ht@!aﬂ@érertt lBioulidef Sdrtion 63mat ic foMiell erduhid mmgégegmeadmmes
reduces sonewhat .t he é%n]% cl) nmot i on ehoﬁgcterlze I n Flg\ﬂl he xtra
grhpplhng bet"&@gﬁgeﬁqﬁe&[g éig?wtggpt?w %“ralp(l"d&;ﬂéﬂs"&’e AR tm f th '
an us a LRMHdneh 38 ﬁﬁ%rﬁ% YR b ABOSHrH3 e
present invention. arThemg emal%ts 71 ,e and 74 of this enbodi nﬁnt are
al | right amyrededasiengesiointy igibisadousherNTR. t he prior embodi nents, but

with differ ent ool DA ABSHAL oRANPERbM ARG JFUR HE R infRfor Nl Rpts 71

el enent 1 has al " post, pintle ‘mal e connectlon structures or knuckles

~al ong al | 0f72j T¥andsdgd¢his @heodiment 72 aH aighkangiskisasselos tripnghisias Wit thelnsiey it s

Shortef  ege SR LGl IR D IO SREIS SR RSN LRl O e, B erent

73 has recesse tnal e connection structures a shorter’ edges and
pintle conmrtemdantTi ssnllpbsty mstigbonge td)lmattmnmuctawgesknuﬂklwzémg allboflitas al |

g ox a2 o0b e ROt PSR oo S PR el g RS

struct uri@s. rédesdes albh@its BAged bdgnd 32 iIIustrate a central phenorrenon of 15

Shaped ond. ARG 2 e BcaIg 5 BTSN ISTEAR APy RS AL AR BRI Ech of

these knucklcggndciorsRacaitbsaldan eleqorﬁgeﬂ&igequenett mmes Alr reaéaeséluaﬁs iglelent by
gaps. In the earlier enbodinents, there_were ps npst - two knuckl es

separate by cAnRScHen rughipes alpg all of ‘It\?quéei"l(ﬁ‘@@lﬁsé éll}%EE'étﬁ ﬂferVSW?tllﬁ-‘éoltHF ersections
or corners gir t@ec%hséeﬁngyueuf@s' m&f‘fgamsﬂaﬁ‘d?z HRstPRSs RARN phltifhBe98s coul d
I

have a pl ur y of. 20 gaps and aq}) urality of knuckles. Dependi ng on the
rel at i velSscdhecapnecting elementane serighof hivge knaekley (jthrappmopriately peapedendetrinoy

t ruct , fis s OudCHd

aaps cout tabrbspbEmAlRal ARoafilaChiRlon: oy B MR IRN, RRUCKUER ART.
that the el edenofdhergienguiar efeorent larsapﬁﬁnebseauleerm&mpmefth@were@mmt havi ng
all male Co'lll(?s?lwo%uz?lﬂél’ﬁ%gélﬁt%y% gfégﬁ% %;&le 1&9&?9% frcln‘?ll@'uﬁer%&@iﬂ&?t i on

25 structures eac e connect1.on
structures, Gmr:oraers obthbisides byonpaif oftghgs. alzmerwe see each side edge could have a plurality of

20 - gaps and a plurahty of kauckles. Depending 011 the relatlve scale of the elements and the

o ablllty to form the connecting structures with such preelsron and detarl a plurahty of -
_, -knuckles and gaps could be formed on each srcle of each element. _ ,
_ Also, it is contemplated that the elements used to form an NTF can be made up ofone |
' _ '_‘element havmg all male COl’ll’lCCthl’l structures and one element having all female connection
" 25 '_ structures or each element havmg both types of female connecuon structures, ora
" combmatron of the above..
The manufacturmg of the embodrments described herein i is contemplated to be 1deally
- ‘made by a drrect forming process where. each element is made froma pellet of polymer -
A- 7 feedstoek in a process reqmrmg very few steps The dlreet formmg process can be
30 nnplemented on a series of rollers deﬁmng nip regrons therebetween (as drselosed elsewhere
: ‘herein), or by belt rollers (also disclosed elsewhere herein). The belt rollers allow to a greater '
“nip region” and also a greater dwell time for allowing the elements formed in the direct

| formmg step to cure prror to movmg on the to next processmg step
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The manufacturing of the enbodi nents described herein is conterrpl ated to be
ideally made by a direct form ng process where each elenentgyﬁbgggg5fron1a
pel l etof polymer feedstock in a process requiring very few steps. The
~direct forwiongM4pesscess can be 30 inplenented on, a series @CTGS0LE#4S
defining nip regions therebetween (as disclosed el sewhere herein), or by
belt rollers.(also disclosed el sewhere herein). The belt rollers~allowto a
.greater "nip region" and also a greater dwell 'tinme for allow ng the

el enents formed nthé Hiecct for@ins prdoﬁfsﬂihﬂ@exﬁﬁe@nhentmn seudiuresodan be formed agyon the
to next proc ssjng step.. 19, 27 My 2005 43955 [ USQL/ 44478, I n t he
di rect forrria h %%Bd{nﬁé'@eeﬁ?ﬁ?eél%mﬂlﬁ ves ‘?ﬂﬂ(‘?{‘tﬁfF‘g orpgh sge WS PRy onl

after the ceﬁmsmmdumreavdrﬁ Iﬁﬂr@nﬂﬁﬁﬂa@f@&ﬁdﬁmueesmam she@megntirely
formed. since the_nmal e  connection structures §l(3rm part of the nmold_ for the

femal e connect i omi&ksdinggresdor reiRling exes) Giepteddyshy epnneclion oY the elsreats oftheat ed
by the cenn %&Eérﬁ hvehtidnBloRIHETRTE & i@fd b8Q ane dﬁb@ﬁﬁf'ﬁiﬂj{ PaBLiOnRbAL, lyeMhd he NTF

to fold, bend and drape simlarly to a textile fabric, yet the relatively
ri gid mater reitivelygigd @ﬁ@m@heenl@nm%&:r@@d ﬂﬁk@ietthFéNIﬁ'FﬂfVéligﬁe‘il gigjed al so. |
Al t hough the pre degree of -
particul arity, I;tiﬁgésughn@Y@é%@%%ﬁﬁﬁa@k&ﬁ%&g@%ﬁ I's P%sur?iagnbeen made
- by way of epmmiwty, inisainddrstpgrthatithe preseat disabesussthas becnmenderlly weg ofierdmplas t hout

departing fr ppended
Crams, e ORI Gl b ke E N B 8Pl 4% Sl B PP

| east albi rmemﬁcmrmﬂeﬁﬂeavmﬂgagienﬂabcﬁmmtshree si des, each side defining a .
connection structure; b. At least. a second el ement having at |east three

si des, each of said sides defini ng a connection structure; and c. \Werein
-a plurality of said at least first and at | east second elenents .are
attached together solely by said connecting structures in a repeating
manner to formthe non-textile fabric having at |east three nmmjor bending
axes, each one of said thr ee rraj or bendl ng axes formng a substantial -
angle V\nththe ot her. . ‘ I o
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2. Anon-textile fabric as defined in claim11l, wherein: a. Said connection
structure on said first elenent includes a knuckle deflnlng ﬁweg@bbg and
b. Said connection structure on said second el enent includes a recess for
receiving said pintle, whereby a hinge connection is formed between the
connection structures of the first anflaesond el ements. 3. A non-textile

fabric as defined hdn- @k@gm})&ccm fighp said recess is cylindrical and said
pintle is cylindrical, 4 xtrle fabri.c def ned jn.clai.m 2,
Pherei n sai o recess i & At epnenl Revife b Faf bt teh e Rhig
non-textile fabric as defemecidanstettien 2, wherein sal d recess and said
pintle are formed sopt h@}éabﬁ@be@h@@ﬁaﬂienaﬁ@lwﬁ@at ke Qhde 8ldegBdath 6@Raid Ot at e

about one of said at l?%éstde g%c% e%*lglgstgu)%%revgnah respect to each other

when in engagenent. conprising: a. At |east a
first triangularly- sh&p‘é@e@l@rﬁlﬁrahhmf syl aftleast st apchatdeast pegend clemgph si de
defining a connection saeugtadlicd], tdpethtt soRBstbyassi®conkectiig angutusss! - ahaped

el ement having at |east ¢t @guc@hgl% foﬁ@(ﬂ}fé Rc{ﬁﬂtﬁi‘tﬁlg fasdnqqﬁvﬂgfalt EHHE&QLP&S ai d at

conpl enentary connect i on
| east said first and saﬁ’&l%é}%ﬁag@‘éﬁ’e‘ﬁ?@ ongrof sagh Hues é%PJQTO H@ra’ﬁ'ﬁ an

array to formthe non-t éxirge subdtantial adigde with tletothe@ast four maj or bendi ng
axes, each gne O‘hliﬁ‘:'t‘éxtfl@'f‘a[bn@%géﬁneﬁ%ﬁ'gl‘aﬂxgl%ﬁe?e&orm ng a substantial angle

with the other three el enen non-textil e
fabric, the non-texti peémggpplaecp@} t et %&é iﬁﬂ?ﬂn ch@@?éi‘el%n“ic €a pl ane
when the fabric |ies fl dtfinirgm pinidd; @andnt haV| ng a general geonetric shape

;3 n ; Pel g;a?et ﬁ: ete he ggnsm%ﬁﬂe@ué@%&w&oﬂ%&ﬂﬁ&%{e 24 drélﬁrgerﬁhﬁﬁﬁdéégd ﬁ%ﬁf‘; i gﬁg
y S Si es i

2L 57 May 2005 VI0 02/ 456580 Sethp U BDGR ROAES FEMEET SO odans
form ng an approxi mate b@t‘gmnthcngrhrmectmrrﬂlmctum@fﬂwrﬁrsttahéswmdaht}mu@nt edges
each includBng canMCekiIB fbHE S HeiRE ih Slaind ! whdbil9aid recess is cylindrical and

said pintle is cylindrical.

4, A non-textile fabric as defined in claim 2, wherein said recess is conical and
said pintle is conical.

5. A non-textile fabric as defined in claim 2, wherein said recess and said pintle

are formed so the first element and the second element can rotate about one of
~ said at least three bending axes with respect to each other when in engagement.

6. A non-textile fabric comprising: _

' a. At least a first triangularly-shaped element having at least three sides,
each side defining a connection structure;

b. At least a second triangularly-shaped element having at least three

. sides, each of said sides defining a complementary connection
structure; and '

c. Wherein a plurality of said at least said first and said second elements
are connected together in an array to form the non-textile fabric
having at least four major bending axes, each one of satd four major
bending axes forming a substantial angle with the other three major
bending axes.

7. An eclement of a non-textile fabric, the non-textile fabric formed thereby
generally resides in a plane when the fabric lies flat, said element having a
general geometric shape in the plane of the non-textile fabric, the geometric
shape being defined by at least three side edges, two of the side edges being
adjacent to one
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|

the elenment to other elenents to formthe non-textile fabric, the
connection structures including a neans for hinging having g;nnglggg@f
rotation generally in the 5 plane. 8. An elenent of non-textile fabric as
set forth Wi@&495h 7 further including a third of said at B@EAE%014k478e si de
edges having a connection structure, the third edge being at substantially
a forty-five degree angle to each of the two adjacent edges. 9.~An el enent
of a non-textile fabric as set forth in daim8 wherein the neans for 10
hi'ngi'-ng i ncl ude at ahcﬁhesrtthetvm drdjamgmteldgudklndngatdapq)mhsntadghqmgiem oneed al ong a
respecti ve edge, the e be| si zed t elve knuckl e
of adjacent, sim Iagcl" 1 ntteﬁgesr%ﬁr w@y&ﬂe éo %Cﬁqné %ﬁ a‘é‘lcg’r‘i'ﬁnt
for formng a non- lﬂ@eﬂdtﬂl@t toanllieirelenrehs tdHonn Hexdoh textilafabiic tltearoﬁﬁétxt)ﬂler eby
generally resides in a QI a&e when the fabric lies flat, said el enent haV| ng
a general = 15 geondtyFECER B@ngﬁnleﬁ@fﬁllém@n%l‘a‘tlw Ffaotationeseperally i the he

geonetris shape beippge.defined by at |east three side edges, two of the side
edges bei ng ag‘# acent to gne another, the two adjacent edge portions

formng an angleAP&lemars of nen-fratiledahic as set farthniaiClaim Afurtperingledipe didels, the
two adjacent edges giifg e mgeesse@sgés%vsggestn@smswsﬁm%ettsfate'aﬁt sehrtgonm the

non-textile fabric and neans formng a nechanical 20 simlar
means for form ng auhﬁ@ehdh’ac’rsﬁy-tﬁwng@mnelcéee@p0§ﬁlcatnlpaee¢mtedsbenent t he

substant 1 al |y sonp SeBGURAhGRtode3aficls Yadker) chitss Shot sy,
el enent 18f  a :non- t &ingingéndhalerai teastsneshrnge‘lambkleamd@eapmemsmmqmgtahe means
for formng a nmechani udes a hi nge

n ne S
nuckl o 26 eans Mol et BE el asiilerd iy N p R AR ell 1O
engagi ng an end sudjicae siefilanelsmenits affihbhoigextdafibkit.e on an adj acent el ement .

end surface d90 SRAERG R RTOE pePRIdar, b b Iedulstums Tomegipusy o ¢ |

“non-textile fabri cgenbdllyfssides @EptineOhed tROBbAiENdsiflag sdid BleinenBfaviagh gfaﬂb‘i‘élh in

Cl aim 1] _wherein the hing knuckl 30 means i udes a second end surface
t hat exf}t‘iznds gener &F9mpLT b‘eﬁ?‘ |tm%llectf8wt‘l?8‘te"§‘l%itlﬁ‘é“%fhetg’?@nﬁ%‘ﬁ shapg being

fabric. 14, An el egefied 8) aflcf\dedidel diges! @Y dfeheideS@bes Ride hdjaBerfetcAdn® 13 -
wher ei n the second end surface faces In_a direction opposite to the flrst

end surface. 22 272HiFrABRBY0 oo Lt qﬁ@f?’@%ﬁm&}?é" one another that is

substantrally ninety degrees, the two adjacent edges rmclt_ldmg means for engagmg a
~ other elements to form the non-textile fabri¢c and means for forniing a mechanical
200 k " 'hinge' with similar means for forming a mechanical-hinge carried by an adjacent
| element the means for forming a mechanlcal hmge having an axis of rotation
| ~ substantially contalned in the plane of the non—textrle fabric.
: ll An element of a non-textrle fabric as set forth in Claim 10 wherein the means for '
' . forming a mechamcal hinge includes a hinge knuckle means; , the hinge knuckle
25 % -means has an end surface, and the end surface hasa means for engagrng an end |
| N surface of a similar hinge knuckle onan adjacent element.
12. An element of a non-textile fabric as set forth in Claim 11 wherein the end surface
extends generally perpendrcular to the plane of the non-textile fabrlc
B 13 An element of a non-textile fabric as set forth in Claim 11 wherein the hinge knuckle
30 - - " means includes a second end surface that extends generally perpendlcular to the
- | . plane of the non-textlle fabric. '
14.An element of a non-textile fabric as set forth in Claim 13. wherem the second end

surface faces in a direction oppos1te to the first end surface
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‘a non-textile fabri

“one 25 adjacent el ga,'?&g %Ipeml@% fyjenéfﬁ}p@%t,ﬁ]%l r S{}{Bﬁ[ ;I;{f%é,&én% ifang nﬂl?neoq‘

15. An elenment of a non-textile fabric as set forth in Caim1ll wherein the
end surface includes a generally conical protrusion whose axfagrbends in
the plane of the fabric. 16. An elenment of a non-textile fabric as set
forth in CWG48955wherein the end surface 5 includes a gerRGTAV$04¢d780oni cal
depressi on whose axis extends in the plane of the fabric. 17. An el enent
of a non-textile fabric as set forth in Caim1l wherein the enesurface
i ncl udes generally a heni sphere projection whose polar axis extends in the
pl ane of the ISalamietGmenDoﬂﬁlonAméft fabmigws seff forth ino@lame kt whereihdly énd surfacs et
forth in Clalmllwh n | es. I nder
proj ecti on whose cény CFeFa x’iméff’II )?tg%%%l %gltoﬁwrl]lg% e ol naflﬁgﬁ%ﬁiglr 0(Mle An
el ement of a non-teutrid e fabric as set forth in Caim 11l wherein the end
surface -incl ner al a.c r.i cal e ose entral axi s
extends in th(uafkgﬁﬁ% gtlc#/notnﬂ@x %E 18 59 totdﬁli éﬁ’é’ﬁ&%@?% TOHSUREE | e
fabric ag set fort lindlideblagemrally Addaical dpresifonmiaRe ativexterdds intiha flate oRRdani cal
hi nge incl udes maar}s for buttressing the hinge knuckle. "21. An el ement of
20T%s set forth in Oaimill wherein the neans for
buttressing thg, hh@&@néﬁ%%oﬁ-teﬂﬁéﬁa@@as%eﬁfd&ﬁ BCClain 1 T RREBR then@RGBLE 2
simlar 20 surface on an adjacent elenent, the surface being forned to
permt the surface ieghudes B@%}ya&@mspwéa@m@rbwm@%h@ﬂs PHedn Bribe pigag | e .
fabric is bent aboyfryotis:d han one bending axis. 22. A seamed non-textile .

fabric, conprising a rst portion of non-textile fabric formed of an
arr ay ofIOeI emel& énemt@ﬂmﬂcxtdwfahmaSQdfggthnxﬂnmli wherpip dlteent gurface | east

series of said ele ong-an Ion o ext
fabric having connelfabric.neans not connected to adj acent el errents in the

first portion gf .no Ie fa .t he n tio ans | ncl.udi.n
plurality of hi hé.geEe E?easnoﬁ %P tntbl%é a%ﬁlcw mtlgegg%rﬁa& portlon_

of non-textile fabrimﬂu&e@gmthﬂgfa c&l‘imﬁit:ﬁlalypmismml\d[mﬂt&traﬂﬁlm(dndﬂhmine

“connect by conne(r:?f§ N freans to at | east one adjacent elenent in the

second rtion of %‘?&‘:1 le fabric, a series of elenents along an edge of

the 'second paut e reldﬂfenmdoaxéxtﬂ@fasﬁd}xslset mﬂvmammnaﬁémlﬁmdmﬁsfda ot
connected to adj acent el enment s t he second portion of

_ n non
fabric, the connectPHHnE ﬁﬁléﬂ?“lcﬁich’%ﬁﬁll?%“désEF%HSJ?"IT'V“’G’F“‘WI‘HEW EE‘H?H ‘es and

recesses o n s a1dak fé!b‘ﬁi@n?@f a r@nlté}ﬂﬁ?e fabric as set forth in Clalm 11 wherein the means for
buttrcssmg the hmge knuckle includes a surface is formed to engage a similar
20 ) o surface on an adjacent element, the surface bemg formed to permit the surface of -
o - the ‘adjacent element to move whén the non—téxtile'fqbric is bent about more than |
_ -on'e bending axis. . ' . ‘ .
22 A seamed non-textile fabric, compnsmg a first pOl’tiOﬂ of non-textlle fabric formed of
_ an array of elements cach element connected by connectlon means to at least one
250 ad_}acent element i in the first portion of non-textile fabric, a series of said elements
| along an edge of the first portion of non-textile fabrlc having connection means B
. not connected to ad_;acent elements in the ﬁrst portion of non-textile fabric, the |
‘ " conmection means including a plurahty of hmge knuckles and pmtles on sald
: knuckles, a second portion of non-textile fabric formed of an array of elements,
) 30 ~ each element connected by connection means to at least one adjacent element in
| the second portion of non-textile fabric, a series of elements along an edge of the
second portion o'f noh-textile_fabric having connection means not connectedto
' ac_ljaceht_-elements' in the second portion of non-textile fébric, the connéption :

‘_ means- including a pluratity of hinge knuckles and recesses oﬁ said k'nucklé'sl,r aline
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23 27 May 2005 WO 02/43955 PCT/ USQOL/ 44475 of connection between the first

portion of non-textile fabric and the second portion of noni gl idhgsfabric
conprising interleaving hinge knuckles of the first portion of non-textile
fabri c andW§¥0%43855second portion of non-textile fabric, whd(dWlBIAM4478ast
some of the pintles are captured in at |east some of the recesses. 5 23. A
non-textile fabric conprising: a. A plurality of first el ementsseach
having at | east three sides, each side defining a connection structure, at
| east two of the tmfeenr@cﬁméaetweomﬂmﬁrswm@pegfnmﬂmle&brigaluitth(tmendmﬁanhi nge
knuckl e and at | eas] | h

havi ng at |east thr tgg&g?eég l%‘%abrﬁ cﬂéglgéﬂigaﬂ%ﬂ%vblp%m%%ﬁéi‘f‘%r??ﬁ%q%‘& gﬁﬁgg i on
structure, at Ieastnomtmtﬁn‘fabxﬁteanﬂlot‘ the seond patiboof noptiextidt f2bris whemehy atdeasy at

I hi k Kl d. I f '
cora 1Tt e scodeBr 8RBt HESR DR PR b EL RS anorner Sand are

hi ngedl y5attacmekﬁoe-te:nﬂeabﬁ¢dfte@r@hgng t hose adjacent sides by :
i nterl eavi ng knuckl es t he ace of the said 15

a aps.on al | e |
first and second elaen’érP?‘gaIHZ Pﬁrﬂ?qlﬁﬂfnfse?&cpﬁ "Fga?fg At eﬂg‘?sr??é iR O ai m 23
wher ei n sai d el enent sqdfmi & RhdcliBiicluledht ed0806 dFeettinePEombdtion isiagedy

said at | east three sides, and the knuck' es protrude above said rel-atively |

flat body portions, afREBRNSEE atleskpredunasdnpeide 1d it lpEonogadihe fir st

el ements and second, CAGRAS of QLHRIHHR! 4K iiilgot FANBLANS, G aleound at

20, least sonme of said flat” body portions. ) non-textile fabric as
defined 0n cl ai m 23, mﬁefmmsam;mwtnogﬁtrmwmtegstﬁwef thethegegppnectisn at  body

portlons surrounded b ﬁgi r ions

i ncl ude corrugations. Q@g&,}% %I]lt %[lkﬁtag: ?gg?ﬁfgégﬁglgk%%l ne%g?loﬁlggﬁdl m 23,
wherei n said second- er@mumldaet\wne afsagdivetrantl kgeond elemboelIyIVpeudcs aﬁnwentto
surrounded by said at_ Ieas three si des, .said bod |nc
corrugations. 27. A NON- e>5?‘t3 ?%nﬁeglyggac ?E"n"éla%?"ﬁ’?m ar H’f 081} ein said
corrugati ons term nat aedeeﬂ:ymﬁerleauhg kmmkllesmdbgapsmdl@apcba@ﬂt edgesmfmhetmdtl |l e

'fabrlc defined in erei'n said corrugations termnate at one
ggld sides in @%@%O\Qd% “MA non-textile fabric as defined in - -

c | ai m 23, Whe rBi, A monaextitd fabid 4 déﬁmﬁkﬁ E‘,iimh 28 hbeliresaid elements have relatively flat
o body portlons surrounded by sald at least three 51des and the k:nuckles protrude
. above said relatively flat body portions, and when interleaved the knuckles of the
first elements and second elements form a substantially eontmuous rmg around at '
.20 _ i 'least some of Sald flat body portiops. ‘
' 25 A non-textile fabrlc as defined in clalm 23, wherein said first eIements have generally
flat body port1ons surrounded by said at Ieast three sides, said body portlons _
A - include corrugatlons .
26. A non~text11e fabric as defined in clalm 23, wherem said second eIements have
25 generally flat body portlons surrounded by said at least three 51des sa1d body
o portion includes corrugations. n |
27 A non-textile fabric as defined in clalm 25, wherein said corrugatlons terrnmate atone
- of said sides in a gap.
28 A non—textxle fabric as defined in claim 25 wherem sald conugatlon: tennmate atone
30 © . of said sides in a knuckle, |
29, A non-textile fabric as defined i in claim 23 wherem some of said icnuckles mclude a

pintle and some of said knuckles in include 2 recess sized to receive sa1d pintle.
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pintle and sone of said knuckles in include a recess sized to receive said

pintle. 24 27 May 2005 WD 02/43955 PCT/ US01/ 44478 30. A nogngybbbg
fabric as defined in daim23 wherein said knuckl es on the sides of the
second el eYWH243958| ude narrow wai.st, and the body portion JACHHI4#478¢

element - termnate a the sides wwth a fin sized to engage the narrow wai st.

ey

L 25

30. A non-textile fabric as defined in Claim 23 wherein said knuckles on the sides of the
second element include narrow waist, and the body portion of the first element

terminate a the sides with a fin sized to engage the narrow waist.
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