‘this allows separate pieces of non-textil
it does Idot shapgs propesed lend ghemselmesto. hongwioanwsmmrfed%equtaearﬁanﬂhe non-textil e

27 I\/Ely 2005 WD 02/ 43955 PCT/ US01/ 44478 CONNECTI ON ELEMENT STRUCTURE FOR A
NON- TEXTI LE FABRI C Rel ated Applications: International Paten®’ Mgyl200ati on
Serial No. PCT/USQOQ 29948 filed 26 October 2000 entitled "Direct Form ng
of Nan- Texwo e/4asy i ¢ El ements From Thernopl astic Pell ets opct/bsosidge” is

‘hereby incorporated by reference inits entirety. Field of the Invention:

10 This invention relates to the structure of the el enents nmaking up
non-textile fabrics, preferably from forgeable materials, especially

~solid phase formabl e thernopl astics. . Forgeable materials and-solid phase

f or mabl e t her NOgIOANE CTIGN ELEMERTISTRUCPOREFORANON-TEXIW B FABRIaf orm t o

a. mol d when subjected to substantial mechanical forces at tenperatures

lower than the material's or thernoplastic's nelting tenperature. More

parti cul ar | RelatedApplicafionsiapes. proposed | end t hemsel ves to being formed in
pr e- det-ersm ned aHtélM&uﬁ&QFbaténf‘A 1&9{8?1%%}19%& 9C?ﬁ?50®7@bﬁ'§ﬁleﬁ!6 0RfoBL Y00
adj acent el enents directl each | ements al so provide fo

4-axi s bend|ent3t1@r“mr@ctei“tomggtoﬁNan-lTewl¢ Eﬂbl‘la Eimemseﬂrom beimpplastePellptseetent . 20_

Backgr ound fs one non-textile fabrics are
formed i nt oq“tlﬁ'l’ Hﬁe&&&q@é ?'5"33‘%&1’ %gelwé}?\% H@E{P’Ze di mensi onal final shapes.
It

I'n particular, I s uncl ear how t he edges of. the material are attached

al ong seans F ner. that is econonical,. strong, and maintains the
~benefits of ﬁ%m tle fabric structure (such as cut and pierce
resi st aride) . GleThMyVehﬁbmblﬁ&s tathd mmt'e oFthd diemdnomakinensnoprattilé Abfidss | Nt o

t he. desired b i ndust.ri al s ear ot her, conventi onal
i ndustrial ’pﬁ§ F‘o% é})I %B%léresl’ef"? hﬂ@h 3@'8’33{?5?3@8@55“85 'process
woul d  make Fofgeathié ﬁ-ﬂaﬁ:ﬂhl& and g‘ohagﬁasb FRESE MefuoplRtiteNthatd BaRat hohadip edge .

“to-anot her pjece of textlle -fabric¢_in _an econom cal way and maintain the

benefits of HoReandgpnipyiqgmo fla‘@F? gubjecisd t%seﬁantwéveffeneﬁ&faeﬁs 3t EREMRCEAPS. C Ut
edges woul d 18Gerlitin ¥SEmite@disbo o@ehopysmpe&em g&&%ﬁaﬁfe Nieve4Ricularid Guarhi | e

abric to be attached. toget her,

fabric. In tuﬂ&c@rﬂ;@otb&%tdng Qn(ﬂflertbg?o ﬁ}; Adfaddt bEnEAD Hira‘ﬁ:tl%%n{olqu?&ﬁer tthe use of

a clanshel | "opening frame I nst a conventiona i ppered opening frane

‘woul d avoi d clemenisetsa pravideifgshads kending oneatizg BEllowdonpnatBebBbReiieUS01/ 44478 -

usi ng conve?ﬁdvﬁﬂg{t zippers. However, neither of these nethods takes
advant age of the -~ ‘ . _

20 B : ‘ Background of the Inventlon

It is unclear how some non-textlle fabrics are formed into the deSIred two—dlmensmnal
Cor three—dx_mensmnal final shapes. In partlc_ular, it is unclear how the edges of t_he material _
‘are attached along seams in a manner that is ecoromical, strong, and maintdins the benefitsof
- 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 attaeh 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



I nherent characteristics of the non-textile fabric. Further, when
considering the attachnment of the fabric materials al ong the seans, it is
~al so inportant to consider the interconnection between el embhthAOGR t he
seans towasMinsihat the seam does not fail at a significapilogepiffHger ent

| oad than the inter-plate conhection. In known elenents for non-textile
fabrics, there are shapes or structures along the edges of the elenents
that mechanically interconnect with a corresponding or conpl enentary shape
of an adj ' 0 dj acent
el enent s t% acﬁ &‘ﬁﬁigdr]hppé';?gﬁo%}g?% 1@%&8@%&%2@#%@%% gi%gg&ﬁ%dﬁ?ﬁe overal |
“fabric togehfhelﬂChaWertﬁtlasqféimstomePttdﬁﬁa@'lqs 10 applied to the assenbl ed
fabric, these S A Far | e, in
the metal ot at & ug PRl abtind b ERRPRER. Bat MaRil BB vEdhi AR
Davi's bagsilsnepbdatt ltcotmnsrtlerrtbe insuhndcimsbdtecatalasmts ronaithd seammd ianed the

smal | t 0, the.corners of .t t -al s _whi.ch engage
the. meral paaieidm ST hitla ARG Hifendl il ol e PoBle S SR e

. the tensi Ilmoimretements foratvnitextitefabidsSthére afe sheped ionginicaresealang tndnaigéa'ﬁofthooks
The node of, fail tensile force in.the fabric is excee a

th
certain ar%%‘t s tF‘%t "’L‘fépg%“fa{)y trﬁeécc’é‘flf"ﬁf”&htaéﬂfrﬁiﬁ’%‘tmg PeComplipentagy;shape ¢ slip

out of engaipearelcmbsit IThubtheselintB@6ancctidg bhhhtd henmd}aeestteteeeﬁemaeﬁ ofggording
toU. S. PateBt Nos. 5, 853;863 and 5,906,873, the likely failure mode in this

tensile oASF dsdse eqnarction shapes hold the queral fabris tagethem gVhanradensily orcaisaf t t o

- where fghe ahpnéﬁeeﬂe%eﬁlmﬁdf&me ﬂabs%tsﬁe&e%atm;ﬁe%tn z@é}ﬁm%tetﬁt%tmssThe barb and
socket interconnecting plates. described in the U S.. patent application.

i ncor porat ed byor ¢ eeﬂ’ctbe wp8lndate ayghiingty peeghyin mkibfapn@so:hﬁectprupndéﬁbttmg ely

~ because of, fail,
a1 Dk bl Fashlol R L AN LO a8 BRASIep M chd s RN IBEKL |

portion sippregit thecpmatsiof Bk nctpd platcs wbish engdge thmtl@ﬂhmgﬂemyedgemt&apée tend to -
be the " W%ﬁjﬁeedt Bh‘i ' fhthﬂ%x%xgple ﬂ?&’éﬁsﬁ@f rdd M SabricEsu ﬂ?in ac%en lﬂg&' HSod fyenti on-

is to strengtheh the | nterconnect ng s apes SO. as or- prevent
pr eratldr e haplse Jimewnde ofifagfire; Wendl; 1 tansiafored mm&snmhexwedmaj&:rtanmnmht, to

hi gh tens'é@suh@f"ﬂé stralélgeduzgi theg-log)gsemlehﬂt\%tsli'égm Ven | ng] nd t aé%tsrr]rgnt: ' ‘as

~“instant invention was 5
-it relates to ﬁrh@eaom-mtlhémnceaccbmg}m &L Paht Nom 5186%863 mdeaQﬂﬁ;SﬂS,(thE’ F)

o e A H6AT kLR, OBl Ol
zi pper. st mhetath@hodﬁeahed@s bfithe plates ﬂlptpﬁpnomalandtmr i c industry type-zi pper
ot hepl %t lcor, THE harb ancF c@et ?\tgrccgnngcthng pﬁttes descl:rig‘)cfi tl?e u. S pe%ent apl}/hcatl
- ncorporated by. reference above whlle less llker to fail prematurely because of yleldmg at
the mterconnectmg shapes will likely stlll fall when the socket portion spreads by bendlng,
" thus letting the barbed pomon Sllp out ' o :
_ In all of these cases, the mterconnectmg shapes tend to be the “weak Imk” in the
25 . system Thus the ob_;ect of this mventlon is to strengthen the xnterconnectmg shapes so as to : -
: delay or prevent premature disconnectlon of the adjacent eiements when under norma[ to _ -

‘ J hlgh tensﬂe loads..

Tt is with these shortcommgs in rnmd that the mstant mventlon was d,eveloped

30 N - - | - Summary ofthe Inventmn o o
| | One embodlment as it relates to the attachment of two pleces of non—texttle fabrzc |
. '(NT F) aiong a seam or between lndmdual elements that make up: the body of the non—textﬂe
- 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



failure by backstopping or buttressing adjacent innterconnected teeth with
the next-tooth on the connected zipper tape. Wien the zi pper is closed,
each interconnected tooth is prevented from bending out of ggagagesent with
the mating tooth in front of it because there is another nmating tooth
imediately behind it. Thus, the node of failure of a closed zipper is
rarely tfadus blydadistogpmf ot h&tr&seﬁgladjabmmcomeamﬁedﬂvmth dresiektgodtboa eheat ri ght

angletothel nth of | osed d have.to.shear y t

i nt er end&GPHT &Jj\ﬁg °FWUF81°B$§F%°¥}D'§ 0@8%8%‘8?&’ ‘%%rﬁveﬁ’g\g:dapt ed to
non-t extfém bfa@cbﬁg @ﬁ otfengaganént with ﬁaetxhﬁtu@em&iﬁ-@m ofit bamskitiensis afiothdrese
fabrics al ong seans, nec e el nments that nake up '
t he non Wé@&ﬁ?@hwg@tepy%?ﬁﬂaétéﬁﬂ H’ge%[ B2 F1BRPT SRR %HE e havi ng
hi nges Kruiiiingof (RtediR! Rdddd, :Pﬁhésh%%x%ﬂé fbr&l dﬂﬁghtlﬁﬂglékd 108 Iehbihldr Rietldsed. and
correspondi ng receiving cavities can be used f both the connection

st r uct ur@ppeswoukkhage i sheariapyay Hs interengpgiig tagth W‘lscéﬁl}“‘?}aﬁl’o@mﬁ%@e&t ong the
free edog. 9k JAsRaf %'n@ﬂ-t@(?tle%w%% Al &he eo@@éaenmaﬁ&mme&@famg free edge

of a separate ‘portion avi ng ‘a.conpl i nment ar connection structure
formed tilengssams,\Ahérlso tormest the plaje elmlams thaislg up rﬂee riendeitilesfgbria. he

oppositely directed an edde of of ved in the
oppositely f aci nrglg 05€ tfogléng’l%‘f or red’sn an S e oﬁ%gnr?gégn%%geﬁt& %g e, and the

pi nties. particubalychinge mmaclesamtlipmslayd ccbrttsp:bryimglrmnmgmavmgs dah«bc asedi foi es to

fit the. tles. Thi 0C d n tio ss.set forth
ot e saRsstos SR B latisat s et R AL LR S B BpdBRE R O "
addi t i Onfred dilge b4 gortias 6f b:qu:\t@ﬂ[bvafo%@g aBheNi@nt 10 ehel ﬂdaedgla‘of&@qsmé i on

bet ween the pintles and cavities forns _a generally solid ucture wth

very | i tRqricn ik bavingrcomplimentappeonneciion firycture frmediereony Wheh t st uct ure
to flex @P{ﬁ%@d@ﬂh@ﬂ@ﬁfgﬁh@ﬁ{ucmes Fhd @yoglfa@ cﬁie@tfehF 1&:;%%%@@&@9@1&& om t he
r r

cavities. This cCreates back stopfp e essed structure | oosely
basetf orprareseivehin theppriositely {pias cavifies fermestaaan gdgey ap adjacent a}atgatarl iy

connect | ARudsRlhdiPin thé &fkés b gfclhwdimenﬁaﬁﬂg th@gamés% ficthe é%r gnishe

connection structures disen Y e e e her or bending. 25
Accor di rrgicyrs durifg ﬁlstfymé'p\mlolom‘o@wé sefrierdioimtthy mmtmﬁpgimmmwrmﬁeﬁm textile

fabric t Eg?&%ﬁeﬁ‘%s Iﬁadcil S e?nt%njfé li:em%kx?@gﬁg albe); hﬂ@éf cgﬁt&ct% | east

t hree si ese I nes a nect on structure for
connect i bﬁgweemdh@plhéfps agd ctm@ﬂs@umnt&mﬂaﬂh@hﬂamwe withaerydigheroemderithe f abri c

A L T R Sy UM T B

each of a connectton ructure as
assenbl ed dmn@gu fram ﬂlycayﬁtndsh'@hr& crestes ﬂr&d‘bmesmquecé’loebmtrbsemc@m ached 30

t oget her ctln struc At eat i ner to form
a non- telg?ﬁ byeb%%{g% %nmﬁlg éf’ ZpP g e ??F 8 GoBY SH& P?lnﬁcafggé} S:ach one of
t he t hr eékelfedodiiil byeshdhdivg: atersal betors ﬂigc@ne&ﬂhsﬁmrbﬁdxs@@yeé}om dérle t he ot her.
These conn&ﬁté}pg trurcwu(iles may include at |east a knuckle that defines a
pi ntl e AMORRSY SC%EY f&nment that has a recess for receiving the pintle,
whergby Rcolinflge fﬁ@ﬁbﬂ@ﬁ&ﬂt}ﬁ@r@haﬁt i an R grdoRtseen ek NEHERITIREQlnpARs & laye fitsr s of

adJ acent elgxrléltst;[rpeahn ghas Scfeast gu'ee s:desrrEacth of these sides defines a counectlon structure for connectmg

to-other such elements in the fabric. The. - non-textile fabric also 1ncludes atleasta
* second element having at least three sides, with each of these sides deﬁh_ing a connection

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.



3 27 May 2005 A second aspect of the present invention provides a
non-textile fabric that conprises at least a first triangular shaped

el ement that has generally three sides, each of these skdeMaha®®®hy a
connection structure. The non textile fabric has a 'second triangul ar
shaped el enent having generally three sides, each of these having a

conpl enentary connection structure- In this non- textile fabric, a
plurality of the at least first and second el enents are connected together
I'n an ark@ééor*d%spfe frthé%r ?xﬂ r{%/%#nlj rgw«ieg‘g) non-te 1%\{" ngthgt OXL]S'% stat lfezgsya ﬁr@aﬁ’gular
bendi ng axes, eac one o0 r  nmajor Ben ndi ng axes formn S
subst ant’i ﬁiﬂp@@ﬁneenmlathas lzencodliyghret bides cmmoﬁﬁxemﬂts hgvmg(esonnﬁcttdm rd aspect

of the pr vent i on vi,des ng..a . nan- t xtile
Pabric oueRte TN SR sRbaf bl o SRR Ly 1
pl ane whedirek Bided, al2hioEthes: }fabxagac@hﬁemerﬁﬁyebm'rm stnacgura Igpehler al geoeetric

shape that is_ in t of the non-t ext i l.e f bI’IC tric shape
is def§| nefgxtBy f2ape, Iaé’igﬁ“l( ﬂftgﬁats,l?ad'ef“&aﬁlggewf‘ g %goems(itdﬁ %g%% ei ng
adj acent {pyenfndRebhektirfabrichasag adpacnt ms]bdfenédgesesfe@dmm@f th four

approximate right angle to o t her .. of. t hese edges

i ncl udes BUCLRALRE ?’5’% frpynga ﬂarFlﬁfanéFct"ggﬁﬁ%gh‘frﬁ}gfe © me’lofarr%n gtg J‘(}“tsot her

el ement s A girl aperx bilue predat fh@%ﬁdrﬂ;ﬂ)\ffdaabfnieﬁmeﬂ m&ﬂnﬁgmﬁtﬁa&)dhﬁmibﬁt fudicthair es
include .15 a .nmeans for hinging having an axis of rotation generally in the
pl ane of Wk thamrextilafibeia se formepeencrally lays in pplesrsvhenithe abri¢ srflapithevi des an
el ene for for CihAS ing at
Ieastﬂ% hree si dgﬂmg thngQ ngh%géd"?mfl@ﬁg# acent ﬂlt%feé(;@a"netdd}4 tﬁe]ﬁdgﬁ%&ﬁ%%?ﬁ%d at - an
angle to 'Bneg@nwtrhmhandmﬂeﬁmdéb@tma@ﬂweﬁm etigas,mbjafcﬂmat sxddq@s benng ude a

means for i I Iar el errents {.0.
non-t ext ﬂ%(gf@g‘rg?% angt&%% an% 63?31 ﬁ%fna ‘Iiree(%gsnﬁg TAPE AT AP {? Elcwggct?n | ar
connect i nearather. Eacrr miﬁﬂesbydjmnad:jgas mohded aeummuon Rfueﬁmas fob hiyaching @€ .

mechani cal, hi nge ctur es i ncl.ude hi | e means. These hinge
enuck! e st fieyierliisi B8 e dheichghlh B o Fabes poiaction atv B GClh g
engagisng zazne:m@qbrhmgirfgafaen@fanaxﬁbmdtﬁronigbﬁmlymuﬁwaaeﬁeazlasamaa an adj acent
element. 25 A fifth aspect of the present invention provides a structure
defining a seamfor non-textile fabric. This seam conprises the first
portion infoﬂﬁl‘hsﬁeeodfihle ercfeatifiicttioh @romieh afi Elemanafr ﬁm:iﬁg/a wh-t@lile bl £ asugh t hat.
each el errtﬁ i.S connect ed by caonnection neans to at, |east one. adjacent
[

el enent i thiselementhayving at lsast fhireq sids edgemn 2rte fradiasantiside edeesdieingdogredal enent s

in that %rahgﬁ% &e M8ihet ®Xtil hsvuf 601 'I%ehﬁdlé‘d ac%ﬁ’tcﬁ&é%ﬁﬁ&&deodln%é’i’tﬁ that are
not connected.to adjacent elenents with n the first portion of non textile

fabri?®. THesedng ehersurilasly spaned elsments iofopm esontextHBpiar fovforraine aof .
el ements Iaéaﬁamean ﬁmge%%&éh%@lnﬂﬁ@sﬁmhg%m? BEELE Yn RRBRYchenl NI S POT LT ON

of non-textile tabric also has a series enent s at ~are not connected
t hat |nc|R§@feraQIYpﬂhasean¢uh§m@ﬁl hiwige grevciarercikélode lamg knoddemeansodhesethingknuckl es. A

Tine of - GRROGEHEAR Hhe JBaeq_lﬁ sRBALERE kR blefiRd nR HdahOfdr QiR uhER4 1 ! € fabric

and

. surface of a similaf hinge knuckle means of an 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 fomicd from an array of elements such that
each element is connected by connection means to at least one adjacent e]pment in the first
' portlon of non-textile fabric. A series:of elcments in that portlon of non—textlle fabric have’

30 ‘connection means that are not connected to adjacent elemcnts within 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



427 May 2005 WO 02/ 43955 PCTI USO 1. 144478 the second portion of

non-textile fabric that conprises interleaving hinge knuekigs xofpst he first
portion and of the second portion of non-textile fabric whereby at | east
some of twemismsses are captured in at | east sone of the reressessnf those
interl eaved knuckles. 5 A sixth aspect of the present invention provides a
non-textile fabric conprising a plurality of first elenents, each of these
first elements-having at | east three sides and each side defining a

connect i onthelsedsal podion 8 ndre@gile bR Blat EdMGpristd @R IIEANNERhEORRKIEHOHE Bt
conprising at last one hinge knuckle and at |east onhe gap. The non-textile

fabric al sBOltlﬂ%Prﬁtfzt'éhfa%ﬁq’@erqwf apn-texblsdebricy vémgshy at legsispme RhF pigtlas ark east
three si degapiitdiin@@felst3bmb BARE reebdESordifsh MtdMbaPedQRBGEL 1 ON Structure. Al
' east 10 two of these three. connection structures conprise at |east one
hi nge knuckl e and at |east one gap The f| rst and second el ements have
si des agl]j agﬁp{th Q. 3Pg are,ning g one anot t hose

adj acent  si y in e'r)rfsglat\}?vﬁgmﬂﬁ Sé&“a‘ﬁ" 'lgf Bs ‘U PR ‘gﬁ’flﬁh%f?ftsg‘é}w&s of

~the first &sHoldkesniie ckmennyiss atieest@tdqerﬂesascp«@dtssde dﬁfemgurcempcnarnﬁudm ails of

the pr esent LSO (50 oaBS TG RIPLEL Bl o NAGSL ST 800 B ohe B |

the follow tal escrip TS t
conj uncti ohastpnmgaphé?hdnawmgb fenid atsoomludeeaapmmyleﬂsecbmi d¢lamenBy, eazh. -

F foaf | ene
orool P lnile d R A luagl ke i Setifh ConhrioR sythutre i shemen

incl udithg avofdfitiske treetahiectiyparCRRREcHpA 6 ldattht hihgt kitkihd 8 atleidd oRPPOSI ng
|nvvardlyfaC| |nt%desfi)G ortion for connecting to a secgnd type of :

el ement . clemsptsdeve pidessripent b and age hingediy atfachegl tp Rae:

‘relative t:hioﬂiéﬂﬂ&fig thf)setd‘d_fac&ﬁ sidesty maaethtgrlqatklbhedeéapae@theagt{&%t &fked 8 the

connecti ng ructures.. 25 Fig. 3. is a plan view of second el enent or

plate for t&?%iégctndfst%?ﬁ r“r'ée“%{:nt?on textile fabric, said-plate including a-
second or fenal e-type connection structure (opp05| ng outwardly-facing
~ recesses in the ends of knuckles) portion for connecti ng tothe first type
of - el bhent. FiQreraspses, fawregeand ideigilpel theressmingensioniepiy be

Crelative tidekies By afferbite: f(p{h%tf&lOWI%)déﬂlﬂd déﬁn fich &¥ s rgll%rrgi| ({dlmerﬁ'e pl ate

goregmpleraly t he

of Fig: 3, simlar to the viewin exceptt te is shown

* flexi ng. ar'@kmRdn eodunstign with ﬂleaj[f?é’t‘lagﬂ@ é‘t@!@'ﬁdﬁwné?ctﬂ@g@nal axis. Fig. 5 is.
~a plan view of four.plates attached together with their connecting :
- .structures formng a series of interlocking rings, two of the plates bei ng

of the first type shown-in FM%@MW ates:being of the

seco ndZOt y pe sheym 1'1§]a El'ag v%w of a first element or plate for dlrect formlng a ncn—textlle fabric,

: 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 T ' '
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



~for making-the no

27 May 2005 WD 02/ 43955 PCT/ USO 1/ 44478 Fi g. 5a is a section taken al ong

line 5a-5a of Fig. 5. Fig. 6 is an enlarged view of a typi cal7 ay806i on
structure of Fig.5. Fig. 6a is a viewtaken along the line 6a-6a of Fig. 6
showi ng a Buobdz/emdss ng surface. Fig. 7 is a plan view of anremigdismrd of
the first elenent having a corrugated 5 central section. Fig.. 8 is a
section taken along line 8-8 of Fig. 7. Fig. 9 is a plan wewofwan

enbodi ment~ of the second el enment having a corrugated section. Fig. 10 is a
section taken al Q‘@Shis‘ﬁe&ﬁbn]tﬂceﬁﬁloﬁgﬁnoﬁa 5d&rkE$. 11 is a perspective

representative view qQf a structure aI on the. fre es of two
portions of non- £&&HilF & § 3 viexy P alepund W%“"?‘éﬁléﬁ%gly seani essl y .

attached toget herkig 6fisth vidw kaken dl6ngXhé€ liRSE- SHOLITER 6RO Ing b ibM@re§saplsufficey i ew of
t he interengagenent .of - the. connectjon structures, along the free edges of

Fig. 11. Fig. 12Figs74s¢plansiseintan P@@%@#|06H16\ﬁr%\fe}eaﬂrenth?§m&a|cwé@mdt y for

direct farmJgedB&tod> second plate or element with a connection structure
havi ng opposing outwardly facing cavities, prior to the direct formng
step. Fig. 13 isFig. ﬁemw@mtakmp@ngdl@wwqﬁﬂlaﬁ to Fig. 12 after the direct
formng step. Fi . Dol i enent
%%g % ex??@g%-fa%‘g %Hg acc%;rtt ?ﬁ}%‘gg&oﬁtﬁﬁfgm%{ngggﬁ%g:c%@d % |hon 20
Fi g. 15 showsctiohe. conpl enent: ary triangul ar errbodl ment of the second - '

el ement of the: n- extllef bric aec he present .invention. Fig.-
16 is a plan vi e\%l é?as%ﬁlqnt E:n%f’ L@;{)‘ﬁg&;gé non-textile fabric of

_intercormect ed. engmm&sSa;mspodstweﬁgarésmtiﬁm vilsvesndeamistradtine along theifige edges of
shows. the arra i'nt ercon e ts of th resent .in
T oner e ok porent Sl o Se Ebg Rn e & pes ik s ply BN Qs ot
- the present invemid ofais ammp%pﬁéa@m%sé&mhwiew Jfahy inrehpagemphtadfdle -

configuration. Fig. 19 shows a non-textile fabric nmade of the elements of

the present cpvﬂﬁémqsmﬁsﬁ@wnsgheﬁ?@%ﬁw@s& e fabric draped al ong a

| ongi t udi nal  bengdg &4 Bprefntativedclidrdfiew 8Pthe HINBcdvitd i Aled: @tnidgané abri ¢
draped al ong a second Iongltudlnal bendi ng axis Figs. 21 shows a

~non- text]|5l e Seensd platherplenemt Wik a egnapationstreqture fiavipe aRRosing pryartly Baing

cavmes, prior to the dlI'CC-t formmg step.
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: - P,
o ' 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”.
30 - 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”. -



elenment. 15 Figs

showi ng the non-textile fabric draped along a first diagonal bending axis
"C'. 27 May 2005 WD 02/ 43955 PCT/ US01/ 44478 Fig. 22 shows a 2DMayedibl e
fabric made of the elenments of the present invention, showing the . _
non-texti | &0 83343985 dr aped al ong a second di agonal bendi ng aREBUSD/44478i g. 23
is atop view of an el enment having cylindrical male connector portions that
covers relatively less area in the plane of the non-textile fabric. Fig. 24
is atop viewof arelatively larger elenent having the fermal e connector
portions. Fig. Zhg.i28 shoveaatonaextildifabrigimade dif tiof elérhants (T she medntine@ntiorn, he
l'iving hi nge at base he.connect or portions.to allow, letlonal
bendi ng at W&égalhc’&rt@}gﬁelﬁif’%c dr%e%iai n§a535 ctrtdgfff‘gf"f‘ﬁlh glaﬂfl of Fig. 24,
|S: how gg ahf ema: e mggeﬁs @mp%e@?ﬁan aleﬁ!agthaﬂlﬁg%gluﬁiﬁgﬂnﬁﬂe ctohlaﬁ:aectoatrpggtmﬁrherrent1
ig. shows |inke r o st and second el ements g shows the
range of rrot‘too?fsbquatl"ﬁ@a}??éfi’ieaﬁtt ]é'ﬂ%‘iﬁﬂgeg%ﬁﬁﬁllﬁ?%ﬁf’gure 27. Figs. 29 A and
29 B showy the pl w%nnmeﬁdleedne rMhMﬂBrg@ﬁé}&H&ﬂ hivih2Rgthile RRRRAM

A. and 30 show t he pl an vi ew and edge -vi ew of anot her
triangul ar SIWEHES element. Fig. 31 shows further triangular enbodinents of

the non textile F?é)%B s ﬂe%@ﬁrﬁugtﬁﬁf& F 1% ok aﬂﬂlsﬁ%\fsatﬁlgﬁfihﬁeﬁ?b &Qﬁe%’agtpoﬁﬁe

i nterconnected as shown.in Fig tr1an own i ncl ude

“one with al ICOFWTGOI@@W@HWa@bﬂ@nabmdlﬂaﬁéememaeglbs mal e connect or

portions. - 20, an 9055, WAl ol 8l /BB Niha kG POSEE A AYIHLONS:

Detai |l ed- SpeC| fication errin I gures, e T st hvent ron
concer nslot heinmdgmdﬁheiargeselemiture of pl ate i ke el ements 1 2 51, 52, 61,

62, 71, 72, 73, e.n tex e br i sheets (Firg. 11,
Fig. 16, etc.). u?é%a?e‘(‘j"é"éaﬁpa& ¥ &N s %‘b‘{‘ﬁ% on |ncI ud| ng Iuggage_,

aut onot i ve i nt er iFgy. 28 skovd thrtﬂa@e dﬁym@nofthesasoMﬁﬁ@tstdhewbenagnresnof _
non-textile fabri gonnectj on_ structure

associ ated met ho lﬁfﬁn‘gﬁ‘?‘ﬁ%" éﬁ]&"‘ﬁm"ﬁ‘ nV‘?"@&ﬂﬁ?\}‘eﬁé’ﬁ@‘fq@rgﬁng‘ﬂ?”ﬁ%gon
every pl at € eidniENt used in making up an array of plate elements to forma
non-textile fabrig¢, and when used selectlvely al ong the edges of a section

of  non 38 textil g*?éﬁﬁ@%@%‘“ﬂféﬂ'@ﬂ@@“ﬂﬂ* Fey i phasetheniriprsulas shaped pl ece

of non-textidigndypbric, and thus forns a seam between two pi eces of

“non-textile fabric. In this description, each of these applications will be
addressed ‘separ affig- 91 shows further triangular embodiments of the ron-textile fabric elements each -

trtangle element designed to be mterconnected as, shown in Fi 1gs 33. the trlangular elements
shown include one with all ferna]e connector portions, one with all male connector portlons o

20 and ones with a mix of female and male connector pomons

])etalled Speclﬁcatmn

_ Referrmg to the thures, the 1nstant 1nvent10n concerns the connection structure of
7 ‘; plet_e-h_ke elements 1, 2,5 1, 52, 61, 62, 71,72, 73, 74 used to make non-textile fabrlc sheets. =
‘ 25 . (Fig- 11, Flg 16, etc.) used in several different applications, including lnggage, eutom_otive
| interiors, and 'other tynes of nses where the benefits of non-textile fabries 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
o thus forms a seam between two pieces of non-textnle fabnc In this descnptlon, each of these

. applications will be addressed sep_arately

- i ConnectiOn Structure for Use in making Non~TexﬁIe Fabrics: 7



Connection Structure for Use in making Non-Textile Fabrics:. 7 27 May 2005
WO 02/ 43955 PCT/ CUS01/ 44478 The basic structure and fornmati o2/ by U85 sheet s
in a direct form ng process are described in the incorporated application.
- The i nst anwg ev@pdsi on sets forth another ‘structural opti oPCHGFSeLME7s
connection structure, and is shown in Figs. 1, 2, 3, 4a, 4b and 5 and

el sewhere. Figs. 1 and 2 show a respective plan and side viewof~a first
plate elenent 1 having. a 5 first portion of the inventive connection

structure. The rf%erbzlgs%&uaesnsesssﬁlnlormtsﬂéesmfaldeact FSEHIRY oRbPUIE - Ot her
shapes, such as triangular, pentagonal exar%onal octaggnal, or oth

pol ygonal s dagseibedin @mmmﬁs@m&caﬂosaﬁp iagaR dnvepion g f‘PFﬁl 4%10@6'&3”“8@1’4 nes
| nt er connect, k)ﬁg {oﬂh@&ﬁiﬁxec tt?r@ezﬁq'dfxé s‘ho&ﬁfum‘l%i 163, ngl rélb%ﬁd 5 BidWI&wirBdCK] es

4 ol ded at angl es T the case e ‘square plate as shown) to
each other. A sniigs. ltanldarsgmvarrewmmc plan hrddidegiew 9ﬁ%ﬁfsbplatﬂ819§lﬁﬂtlldmvmga

'extendin ee angle to the k | es to .
e 3 2 ol S o Bl S Bollibiek HE R 0RY b BESANITYEK) oo Lo
“direct for m e pid. Othet hupes s@h aeehe@larmmhgonahuhnxagem!mcmgbml [oF ather by '

srmothflllet r. the like. s of eagch

proj ection WYﬁ%W??@P@? arergQuicH %}?%%gdw’%‘?;é’?ﬁ’gwl% 051521 é "Srﬁéﬁ%‘é’s&l

rel atively spgpb ﬂltﬁdlﬂ)eélﬁbl RABOT clivdriod hings kinrkRas moﬁdedm fighe amlésduﬂiﬁe chse | ng.
t he dlrectformn ste As used herein, .a ntle js the I‘OtI‘LiS .
what ever t hef mﬁs@w Pl?‘ﬁ&% Shosml irsaghiothey- éf@gﬂ lﬁﬁp LHPRAViieS, B {fl°8"n or

knuckl e,jgandy GRABRE b2 45%0eRRR ahSle FPBEtWEELcIAYs astaeegﬂlemmsswomme cavi ty
or recess of second connecti on structure portign, as , des ed bel ow.

Thus, each s'ﬁhd@nf@ﬁ shape isintegrellemeldedto the cosnes during dirset fopwiag. #0 sut USof such
proj ections 4, te&ﬁyctgaﬁﬁl%e Wthd‘p&ht@% RinBith Bt BiGikEACH edge faci ng

i nwar dl y towar one ano cuate fin extension 6 i.s forned al ong
‘each edge of theTpeatdeobﬂchb:mmktCHmm@tﬁfma@i‘ojmﬁlanmﬁlgﬂe anbhe pintlggaghavs cover

an area expossd Bl e bt £LEANIERALIAR, 86 AHIECEN B2 Aise B hemSHD! 21 ned

in greater a an ow a respective plan and
si de vi es (cmrmgthg klh-ecaﬁ:dmmgmt@ s uaed hem@mmtlgllﬂhep@lremwhztemﬁh%awa

S ?C 0 nd por t Iﬂ%? hsethE%.Eiraﬁ)nBin \égl‘?etc l(\)/ne S % OEIJ,]I ﬁ&l’hglp?rsl&ﬂl%% )| al'@ COI]Ié%tS t@ é‘ ¥\4' Brcglﬁé(h

first plate, square plate 1
shapes, suciby sxmplehmigti @apedpmt;agmals of heccagdemingctioo Bmlgmnabemom, ast her -

Olemant i GEREPa]T9P TR g ot L RN ELRG 1 R K pe Sl ngiff’Sd

nol ded to thgoje@idhes ombRRgdgaedh a@ginties 5 b]hﬁg paeh edgh fotieminmirdly 130prerdmne p| at e.
The body_ of - th| S nuckl e parrows i.n o, the.fi B
the. 30 ra@pthgn jguat ‘E‘FF“F’P’P: %@”W%Irgfo%ga%b%ﬁg é‘ﬁ&gle'gsbel“ﬁf%thﬁ :F“F ow

- por tion to fdf h{hucﬁl'ey 288 isho® cover an area exposed by the mterconnection of adjacent plates,

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 octagonal 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 portxdn to fill any epenmgs
 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 of the second portion is shaped generally to
. closely recelve or match, the shape of the eorrespondmg pmtle Most 1mp0rtan’dy, the inner N

E:



formed by the attachnment of the first and second plate el enents. The ends
of this knuckle each have a cavity or recess 9 that receiveg7 Mag 2005
corresponding pintle 5 of the first connecting portion or knuckle 4. The
cavity or memess9® of the second portion is shaped general | pct/osoichosel y
receive, or match, the shape of the corresponding pintle. Mst inportantly,
the inner 8 27 May 2005 WO 02/ 43955 PCT/ USO1/ 44478 di anmeter of-the recess
shoul d closely match the outer diameter of the pintle, while the depth of

the recess sdighidtek dfthel reeetss shauidlcldsély hechfthesutdrenidierQF tHepmtie] wilileThe dephie free
| engt h of th s the length that is not connected to the edge

intle of
the plate. é‘ge regaspshoulliedust saygLiodhe,dree length ptihe pintle. Thadtge 1?@%1&*@@& face
shape gener & g IEhstiathht i9BotcBlRERN & BOHe of he (Rl Also, th £E8s ﬁ@aﬁ&aﬂf
al  ow easy -pivoting (actually, rotation about its own axis) of pintle

when recei vedlingrical @apis haggy S'Efaﬁ@*i?haﬁ‘h&iﬂémm@w& ling otating abpwet astentebifixgd avik ch,

h | at
Tovenent St A5 ER7 BivcRY (ReafE Rtk ol SR ERA'RE) Bflnd Bige R dkocleat of 211 VO
connect ed- t dbweine Any othegshahewpuld inhitiitthe placmn@; Wb@h, lmtvsrewt inrsege a@esjmajcbe bed
above. G Verhe%l%ﬁe cieB?Jd‘?n nq{l%]g}ﬁ?uqllt Bifr% aﬁ ée%lgge e%?@é%“] ge@tyad ¢ gﬁ?{ée“ Ion

structure portlons our frat is,
have the first - cf"agnﬁehdpws)fmuseicmmﬁs.noﬁnqmmdtwgnﬂ)er um@thtmentivetcheﬁﬁmr pl at es

f-th t th X t f th t
St uctur oy . STHENENGH el S VAR i T e G BB ot SorlenerBing (op

ri ght plHt esontieedbesruatubd fgtonsawo fwth% fRir\phitesite HRAEITiIREtyPX (that (sUMUVe B frhr ough
t he ~center of the al i gned ser |e of u kl es and pintles and the

t

. recesses. FEPIfEREpLFiugtureRaztion), ‘“P@WﬁWﬁﬁﬁqFﬁﬁﬁpﬁﬁﬁeﬁﬁmﬁbPﬁﬁﬂ(ﬁ
Fig. 5. The tﬁé/!%céﬁdé}ioﬂﬁon(lﬁ'ﬂleméﬁ&c%ﬁ sﬁ‘ru&ﬁ?&?effhe brfgaféient ABRY NdceRbayRdrh he
pi vot hinge.. This pivot axis A also extends t hrough the attachnent
bet ween adj derlstt aé@jg’eglw plptsecreptesiadringedrying g pivwb ot bonding gris npmisg dgough the
Li kewi se, t Rgnthl GHoRSaliEAR solBYE M AT BRA birkRs a{ﬁh@feeééaer p%mgt&ﬂ;e Jﬁs pi vot
hi nge (see axis B) running fromleft to right of fig. 5, between the top’
left andSbhotlbefAT smuingdin topge batightof Figl Shdie bie Pletsh cansheiesyith regpect to one
respectivel r ection
resp Yanothéh ddifd R pl{f&gugg ¥&¢, ﬂr@tsﬁ?sdA ais@@:ht\aﬁﬂsttﬁglé%ﬁﬁ% fac e&ﬂ

portions along-the connecte dges epresents t
t he conpl i mbAtwEeR pdjacshigsges ofdsdption left aitdénopnmtrlghwl@tfes t hilsewise, thte pdatesvent | on

portion f ' t VEQHE r&%@cﬁ H;@a!ngﬁgtta%ﬁﬁd Cﬁl%t%?n e%g.glsﬁ?&ﬂﬂa fpcﬁ{]ftgﬁ t I on
portion, are gen raI 0] %o pi vot
along t he Zﬁhimf\F@g Sabmveemhsatopﬂe@ amédboad:mm, aﬁéepmngtﬂmdﬂaemtm ngtalplavasew Fig.

5A. The BI r%sp%qelgecond portions cannot easily be disengaged from one

anot her "si nce intles are inserted into the <cavities, and woul d have
‘to signi f icant | ylmﬁgd:'r mhetdueved idabhodh |ihesin dlfe ﬁb@d&aﬂmdctxaspdnmrmmdﬁg tieo be

- connected edges represents the hidden pintles seated in the comphmentarlly shaped recesses.
R , :The pmtles of the fi rst connection portion fit within the comphmentary cavmes of the second
_ _connectlon 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 _f;omlbne_anether si_n,ce the pintleé are inserted int_'o the -
cavities, and would have to jsigniﬂcan.tly deform the sidewalls of the cavities in erder tobe
- removed. When the tWo Vinv‘vardly facing pintles are positioned-in the two cgrrespondihgly
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
mterconnected tegether to form an NTF. The plates include the first connection structure -
" portlon (pmtles) and the plates use the second connectlon structute portion (the recesses)

9
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renoved: \Wen the two inwardly facing pintles are positioned in the two

cgrrespondingly outwardly facing recesses, the knuckl e forndnpaytzeos
recesses is effectively captured by and 30 between the pintles: Fig. 6
shows acl osweupsnbsthe first and -second connection porti onscpiiséirsrs
vertically adjacent edges of Fig. 5 (along line A). This represents a
portion of a matrix of plates interconnected toget her to form-an NTF. The
pl ates include the first connection structure .portion (pintles) and the
pl ates use the H6GAAdeeRERREHRA §&|6h'§%&§ccﬁﬂéc§té&tﬂgétﬁéiefoﬁﬁﬁ SRAShetw® 27 May
2005 WO 02/ 43955 PCT/ US01/ 44478 ‘? first and second connection portions,
when connect ¥tk pigaginpEno gPW%PC%IW keepsfbe eqnaectignpartionsirer flegne wihgaps or
spaces. Thi h to
he. anot hor g era onfofRERAEHALNC FLARTY bHRSS hof theifotles Tn rETR AL

gr eat er det aal¢ng linglAofeg exqnpde, Averp pingdy amreect@u@pstmp ionkauskled isreasivsstinen

B he"adl adBREbfndcorhob B iRl sl oLt SRR Rl RUBREAL A 7 0,

ends of t h e hetweshtteshadk emisof thedhaakina 4 ommgagbmenﬂmgdgés the g5 degreamylgled ficatet
t 7 of_th I t f
o Sl PG o o PRab RERSH, BRSO e

“a tensile | dag isapjlied atlhgm englés tb lige Afypicaly 4 ﬁnsxle\wddhn theplana of e DR Fthigic] ef t

‘side havin [lin to.the Ief | nd t he ht sjde 10
e e S g insfesBE iski@ niviane Piling e tb i 196 FoAgytd hdhd B S8
formed by t hevmgrahgﬁmﬁ?ﬂﬁ@étbm it Fhgplied)Sthe 01 s68QNRGrERABR &l ON

structures does not allow the pintles to  deflect laterally W|th respect to
and di'sengadBterooBrrctiproldhs fust @é seappd pemestion s ugures does petallg@ahe pintles to

si gni fi cant |géfledtiBert®PRRE LRt t%taﬂ&' Qfs cd Soth 'tﬁ%‘acla%tlteso Whrd ﬂ)QYOaH I?@inf:ﬂcés%& and

second connecti on structures pu g]%at er al ap art, such
si dewal | s ofﬂ&r\h@aﬁtébésescognwepm%jruﬁmla filsely mfadsy thcef;wr#gd gegond mwom p| ntle

to escape. MgLSrek E@hﬁé’ﬁ&ﬁal arPl gtghpﬁq bﬁ N\ GelARs bff 6 reOlss § gé‘iﬂg ﬁ&’ct By oSuch as

the f.orces Fu and f es e the connectiron s ure form

"is.a solld Iﬂ%gétbal&m‘f‘diﬂpmﬂetwspwet he connectlon structure of one plate

ot easi ho { mcodMTERE 181, BEpHELYiShehe M AIMAREOL slfal WS BIALRYREL®,

-recess 20 9,redpactivalos bnad, mheormsctnbagtrwuréﬁn-mtls pemlidlmas:fﬁx,atcmhh,whhﬁmcause in -
- this exanpl ure re eral 1 rc
cylindrical ecomgt%m‘}g&%r%{eagé %r})ele e “ GSSI%@ 5?{9‘ Sh%‘ g&f aﬁj glpgmf:he

load is i ncmekﬂse’ﬂm@ugmsﬁng;amslp}acehbtean@mtlﬂmﬁngagemmmfmdphﬂlelmith the kegcedso fail

by the fj rst n 0 conngcti on. st r.es i I n.she
-opposed. 2|0to b P 'gtmsﬁﬁ?g'ﬁggg?%%% Sy PRYon %é”(i'b b[efaéhsgﬂfbl EWI%\%@& %&H’é‘d by an
~angul ar - sur fs&ﬂ&ur@s 4 igentgdtiytripht Civ@lar Sjlinldﬁcal in this area are elliptically shaped (Fig. 64).

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 surfaee 7 through the rear of the
~25 adjacént pintle cylinder, thus-fonﬁing an ellipse es shown in Fig. 6a, could be replaccd By o
‘other shaped surfaces, such as rounded edgeé 57 of the -ﬁiangular elemer_lts-Sl and 52 shown
B . in Figs. 14, 15, etc. This would simply require fhat .e'ac':h.mold.ed plate having the ﬁfst |
| gdnﬁection structure have one of two blittressing surfaces formed du:ing ;digpct;fehning 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 portien 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.

10



25 adjacent pintle cylinder, thus form ng an ellipse as showm in Fig. 6a,
coul d be replaced by other shaped surfaces, such as rounded2etigeg085 of
the triangular elenments 51 and 52 shown in Figs. 14, 15, etc. This would
sinmply reqwoez/43988 each nol ded plate having the first conmERU$MA4478
structure have one of two buttressing surfaces fornmed during direct-formng
to engage one another under the conbination of forces 'Fr and-# . As |ong
as the buttressing 30 edges replacing the 45 degree portion 7 act to engage
one anot hfer an]Ei' Refonsiy 'Eaclbtﬂﬂi%sag,_saimd 4&,%@@?oﬂd®ok1mﬁoﬂﬁmicﬁi mdﬁﬁeﬁ(’;ﬂinn'er .
cavities from,flexing. a n isen ing.fromone. another, n n be
for med by diPESHEE BERAIG e Rlffehending g T hih ertppEong] genterfipgeef the
connection  eidnidd€d UFig. 4 dhows th @len@niEbndmk RN itd\Hdrizbital cef@ink MEhisl Afwsed
flexibility along the hinge pivots. 10 27 May 2005 WO 02/ 43955 o
PCTNSOL/ 444 fBespelements;vgien aeRyed dn amglix vyth elgmentsd ang forming the NIEdodlskect i on
portion & defispRhefp dbBbrdMs as¥Rbdtd wHIR madlidsihing Ea%h?ﬁltﬁa ke igt&phendi ng and
stretching across both orthogonal centerlines of the eleéenent 2. Fig. 4b.
shows the el™®8ht 2 bending along its horizontal centerline. This allows.

t hese el enents, . My ' | . etragg% , Qi -t he
NTF, to flex or g‘}%ﬂgt@. %ﬁﬁélsbggb@éfeﬁgé%éﬂgganee %10%?%n%§ilﬁ%gni ng
each pint| e oxhpganal ditestionszpeomm/Ehe qogogation cRad awnrin thg other & pgh ofthe 8, 9 and
10, elenents vi ng.a _gcorrugatd,on,ll runni ng.imn..on t nal direction
are chown PRUCKSSARLREE OfRlN B o foral YUY xibOR Breh SRR sl &

.ort hogondl dnhact therbilityosf teqildtel tdutretth adem the assembledpon/exiilafatoio isdabjeated Thi s -

st ca. maneReRREr I i e el Bhotehe Rl bbbl S iR I

have benefi tifattids ey flodk is Bt sipsititkndbnoupli Rveicyme thie eredtirdl wgidiydf tehat -

this structure allows i's not significant enough to overcone, t h(f structural

rigidity of CPFFE‘?““‘?,‘})?‘FHE'_&‘{% dhe 5??%?‘%&‘&“1%@_ bé’é‘rdP BIUSHIrG B GFES QF CRCHRNG
doned strUucCtippRs, R ofiRF 4iRE siffctOMaEMotS Somd AEMIRS to @haicRBY natdelsiBénceiCt Ur €

that allows sone flexibility to enhance any natural resilience 15 or .

- stretchilfg o stetehing efithe pete atesipl. Tha corsugarions4te-oinsles,domed of piBgnskaped domed or
ot her _S'hapeq)ortfbﬂﬁ)tdf%%hat«%ls&llfh@pB%@én@s&h%ﬁse%{g%y%ﬁéﬁ%ﬁ? tielherie A9 by
enhanci ng the otherwi se mnute " stretching of” the plate when the -

~ zi pper - | i ke sfrefching ofjbe wisterwhea theednper-Hircdninstbstyyesn adigcentelamentsds stressedpy -
tensile for 10 £ 0f %Mﬁéﬁ s ke Wb §i y
bendi ng for %gcggr bglt%ngngc %Lr‘o%gtﬁf'tg%l% es to t %?g&bﬁ%llﬂ%tg %ﬁlflg)k%lssrkcg?x]ce d.lehgmgxﬁr?égperm t.
each el enmentalongspaicingles tp the jomim (hideldingivilhpermis cadhetpmrent, especiolly ¢lementase its

-di mensi oS if.: . 2l enen assewl e i o o
these s:)ilaghtSH'1>l/I|E€£F‘odél1 %@%ﬁ?’gé‘ﬁrfcﬁq%en@ncgny E%F éhg{gglne nt's E aIPFIIrl]tS g-ﬁe a?%%lgl?éfie E
and/ or  bendn my droyobsse shght pighiings réshi inNfiEy mat demensisharing thetiensidsand/or. . -

concentrati Qns.i n.the NTF,f abri ~and. st hus. enh i.ng. the Ll
“Gurabi ity SRPOEEAR e ARTTe At N ER AR PR R R T b

and thus enhancing the overall durability and toughness of these inventive non-fé)_itile fabrics. - B

Fig. 7 shows 2 corrugation along one orthogonal line of the plate on the plate having -
25 the fitst conhectior) stfuétﬁ_ré portion. | Fig. 8 shows a sfdc view, and mqré .part_icularl}; thé- E
*bends of the cb_rrugation. Fig. 9 shows a cofrugation along one orthdgbrial line of the platé :
_onthe plate ]iaﬁng the Schnd connection structure portion. Fig. 10 ShoWs a sid_e view, 'aﬁd
more particularly the _bends of the corrugation. Note that' the corfugé.tidns_“gll increase the _
| ability of the narrow waste poftion of this second connection portion to ﬂek and stretch, This L
30  phenomenon will help assure the pintles captures within the cavities of the secondrco_nnectiOn :
portion will remain seated When thé-plate is subjected to high tensile and bending 'forces.- a
- Note -the synergy betﬁeen connection elements or knuckles 4-'ér'1d 8-and tl;eif careﬁﬂly
matched mating or 'coxhplementary surfacesls, 7 and 9 result in precisely linked portions of a
'riug-like structure surfquric-liné‘relatively flat plates 3 and 10. ' ' E
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Fig.7 shows a corrugation along one orthogonal line of the plate on the
plate having 25 the first connection structure portion. Fig.28vaboogsa side
view, and nore particularly the bends of the corrugation. Fig. 9 shows a

corrugati ow@bpasgsone orthogonal line of the plate on the ptBUsothayisng t he |

'second connection structure portion. Fig. 10 shows a side view, and nore
particularly the bends of the corrugation. Note that the corrugations wll

increase the ability of the narrow waste portion of this second connection.

portion to flex and stretch. This 30 phenomenon wi |l help assure the
pintles captl re.,W| t hi n. t h _caV| i es of the second connection portion
will remaino¥8 IP R “>- subj ected to high tensile and bendi ng

forces. Note thetalé@eerceypae& meceewaesamareheaeﬁesdapeétﬂem&lbeasea oa@ﬁl 8
and their carefully matched mating or conp IemantarX surfaces 5, 7 and 9

result in pr@ersféwfﬁﬁhﬂe&ﬁwmaﬂﬁwﬂetslemp.bﬁgﬁqchﬁfb iggefly tor anodesthestatindi ng

relativelgy f
PCT/ Us,01/5y444rl¥§Ii }&fdgll%tgg’t% lrgsrl’% g‘?‘r‘%{gtfoﬁrrn o purrcdUBVInd o 3o O bR st hintle

and recess dsehiosomnset the plaics meking upthe NIF aspisundterindl For indangsdbe basband  out er

edge of 2 shealy RLoNHEoh R AL AN Ao SRRl iR U 6 REd il biklch ¢ O

anot her sheét aocorres 0 In this
scenari o, t Hecooposedstey rsferemce fmeslescnpmia ctfd;tns:mmw) addethe)pmﬂwdrmdesmg up t he

NTF are i oo I he barb and
lsed 1o conmuiriE s et B PRR rokelS RS BB anITIT Peibi Helusli ¢

| ncor porx eth;e ah@feesse @Eﬁ:tlix@,rwl&nﬁieﬁdbﬁh&'tddmﬁgeﬂfer TdbesSncﬁ hamhexscet)i andiish-t he
pintle and CESS str,ucturg E?ﬂntg used at t£ edge to connect two

sheets of Xy1g GRATpriIst ey 3B CPIIRGtpeto reese CIFHOP TG en
‘not ‘connect gRrtlageine conteRE b\ Bind R B pbiiorig, dn@atdnateave blbexbmiGcted

~characteristic such as when tﬂey are connected together, the two connection

structure gegcthepdiuing fhe droctionnies PRECSBy hand or by . post forning, and do

“not have to be CQH@&R&t@é’edgEQQﬁhélﬁfeet%rgﬁ%ll)l‘tl’el dil%@ll-fol'tﬂé(ﬂl'lﬁﬁ bPh s$in The
out si de edges of the sheet ei'ng direct-fornmed nust be

desi gnediSi n thedirepicfoming process inreaie e Hest aid seepndrcennestipmporfippsattemaingde cond
connecti on %ﬁfnge v ts?dete@%é‘afﬁat‘sdtét eangG&tB&ﬁ%%ateﬁl%o%Qﬂﬁfsﬁée%ﬂ\@ﬂitﬁade

edge can th tached 't o- anot her “she NTF t hat as a corresponding
outer edge Wias hcqrtsepoedmeloempd@wvth thg compirmentagy, plematingpinilerapd egsgss-

S opathar o RbGuSTRSY) Gl AR o b BRARL DA e lBRE
above. 20 Qwetges hadghe sitmgmtaud eerfarmnndaehsaweﬁ dbovd.orm " zi pped" - cl osures
bet ween oo fr eeoﬁ%‘ﬂ&? e SR'LGME §an béﬁlse‘%f% ! ‘%l}:.p&l” Gdrds Bt ”Qw%’lﬁee%ﬁge%”b' y

.process outlined~a
- of NTFs. An extenswn of the fornung and assembly process outhned above, any openmg in

the NTF shapes, or seams between shapes could be made to be zipped together as outllned
above. Such nppered openm gs would reqmre nelther conventmnal texttle tapes nor separate |
assembly of the zipper tracks to the NTF This process 1nvolves using. the thus formed free
25 plate edges with their connecung structures exposed (in the case of a 21ppered openmg
, between shapes) ora contmuous line of unset rivets (ift the plate and rivet scheme of the prior
art is used) to form the teeth of the 21pper. This could be accomphshed in at least two ways.
Zipperatooﬂted plates eould be used throu'gheet the ﬁeld to malée up | the entire NTF as
discussed above. In this scena,no, the: plates 22 would be formed with the ends already
~30  having approprtate znpper-toothed shapes 24 (Fig. llA) When these shapes are overIapped
' and held in place by rivets, the teeth act as in the ongmal dlsclosed in the above mcoxporated
application — permitting “stretching” as the slep in the hnks are _taken up or pushed together,
- twisting and the like. However, along unrittetecl edges, an appi'opriately'shaped slider, as'_ ina
- cdﬁventionalzipper, can briné the toot_hed shapes.t_oget'her. This Weuld allow the free edge of .
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the NTF shapes or seams between shapes could be made to be zipped together
as outlined above. Such zippered openings would require nei ph&ay 2005
conventional textile tapes nor separate assenbly of the zipper tracks to
the NTF. Tmimsozessess i nvol ves using the thus formed free Zﬁcntlmlac;e;dges
with their connecting structures exposed (in the case of a zippered openi ng
bet ween shapes) or a continuous line of unset rivets(if the plate and :
rivet. schene of the prior art is used) to formthe teeth of the zipper.
This could hweo hﬂﬁ‘@hqsﬂté ts the ditachedibgdtibars Thédsemipperyd tootli ¢ppacctivo sivemeespbalt &8
coul d be used thro t he f|eId to make up the entire NTF as discussed
above. In tRFgY %@e‘ﬁg g’ o IRerO%esS. byl d be formed. with the ends

al'ready 30 havi ngliamptieiy, h%péetal,lzﬁipetftoétﬂﬂiﬂ]@tés sdudpiasusgdoli-atthe fred dlifze if iVien
t hese shapes are ovyerl appg in place by riv the teeth act as

i'n-the ori g.wefieseneﬁtq ‘t§§édh fﬁeftt ﬁ@naeee}éweespr f‘eang';sﬁhteéat%ho ly of th
perm ttigg NefE bR, indtead d;tqgeﬂtaphcdn{prédﬁemg m%%szasha)etﬁhe@ pliRs erpr@ttaéted

together, twstin and t he . However, along unriveted edges, an :
appr opri at efZippetisgieen elll pheﬁ, sp@ssal plates ha‘@'@ﬁt%r@ﬂ’l’@ﬁﬁtﬁe%"%@d ans gf¢ used w@y the

t oot hed sha 2005
W0 09 43000 AOREHRARECE b SRbet M o fel) é@&’%éﬁgﬁe?g&%lgfpt’ ierfalt®Y 2000
zi pper ed t oolatesalongetlyithnedges ateome E@nwmwsmlblummemﬂfwbib’lﬁywﬂnm megeect
form ng pr ocﬁgﬁ%thcét&cgg gttl{evnﬁJf %r&eﬁs;\gae&t%?hcgt per toothed plates could be .

used .only at ree e I're to use a different connection
structurl@ for coAItemam\m@y This cﬂlldbeeonerwheharrhpdgthefeietﬂeats tofohdh Fhestebatr. Here,

i nstead - of a e, best shape for rovi de
et ot Bth 3By R MRk ki sseShar? BRBCa G e BisPisEonsl wB) S ot e
aL m ar e usedlz W&te}plae&ﬂ@?tge tiaB, led@.ﬂ&re{qﬁnr@ﬁgﬂﬁg@lﬁ@hnd'ﬂ‘ec&elw@lﬂeﬁlg[ s&!;:ldt}faemﬁjr aci ng-
t hese speci a r.. el enents plates a es, at ome poi nt -
of the asseﬁﬁt'ﬁygﬁ@e@@é@ﬂ“ }“étfae#’é‘ﬂi OpgrAtigny L %ﬂ"”ﬁlag@éheg?? Eess of
‘the i ncor porigétig dfeHe@Pbcidl PRdseatll Qs teemosegy il if68] e tobllied zﬁa@étluthuhey done

when arraylﬁg the elenments to form.the sheet,, or_this could be done -
P

after tHe shHapEetRdpitesduildheameygd fipp atSHeplgspféepfafi positignqd along ks shape sigever e
pl.aced in thﬁ‘dmddrtfoﬁge&tncwceqw peeeioRaalel @éwlmeqaeealntédht acing,

.steps that may unduly conplicate this initial form ng operation.: |If done
after the shpedargoling efitegrollenjpatriy pizaelfis gs describpel in ﬁeepaltcabweﬂeep@efeql d use
‘technol ogy ‘ﬂj{ FREbhck, ThRWdultCalloWOhRRHE ERRSEod é%@hgyer edge af S dbBRY Q&’é@ pI at es

woul d be noved. froma supply, oriented, positioned along the shape edge, -
and rivet ed lasatidrg Ageenli he phpostant tcrmektzsum)feﬂt thooppreet fed@edafms @etsilbtired Iﬁee be

formed QG aedg%%rftﬂe%ﬂé& fN‘i“P' g%t%@ﬁtegﬂh%%rmgﬁ%{qhé n\‘il%h l{j%’shml ﬁl?‘?ogza' bed -

in the.. pli1<ation 1 ncorporate nce [ ow au t|c
formatio n oﬂl ekl 12i bises 2 eigeofaonudetiondwsiiued opkigrkles 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,sert_es of -
| 25 identical knuckles, it s,hotxld be understood that every other knuckle could be a male er first
' ‘ connecting element and every other one eelild be female or connecting elemeht of the seceﬁd
7- type, just so the interleaved knuckles form a series of interfitting connectlons As detaﬂed
' - above, these mterﬁttmg knuckles themselves form a hinge conneetzon between the thus -
‘seamed together NTF porttons. In theery, a ‘product assembled in this way ﬁqm two-
30 dimensional NTF elements would have ne seams. The juxtaposed edges ceuId be made :
o undeteetable and as strong as any other portxon of N'TF in the final three-dtmensmnal NTF :
shape .
“In manufacturihg a NTF usitlg the direct forming process deéeribed in the above
-application herein 'ineorporated by reference, the pintle and recess connection 'struetu:t'e :
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| ocation. It would be inportant to nake sure that the zippered tooth edge
is the desired free 20 edge of the sheet of NIF. The resultipgMagtaegsal |y
formed zi pper mght |look as shown in Fig. 1.1 and 11 a. Here a series of
connect i onwgi ezmcbasr es or knuckl es 24 are shown with each mrativsmieppssitely
facing pintles.and recesses. Wen the knuckles are. interleaved together,
the pintles and recesses receive one another, and the next knuekie in line
buttresses the next to forma remarkable strong joint. between NTF

por i 0ns. - WikcbedFicicin b0\ QS 18 ForRad @irchedoitdOUM bedkd Javitieasme | ¢ |
shoul d be ongerstoo at eve%%/ ot her knuckl e COLi_@d brg E{Le or first
connecti ng SF&HR TAOF SR RPOPET Fisfta 18° 37°CRD RITEERS tHRf

el ement of tt&ineaqmuctm Rvingd M8 buidardlyBoip LANfiRdM esthleast i BinddhMea series
of interfitting_ connections. As detail’'ed above, these fnterfitting

knuckl es t h@g®lifpetformngstep gn ﬁg@lredhw@etdcﬁterbet fpeihe ruitichare fosmadising
toget her sNThqa0fdek ?Qﬁﬁ_téﬂ‘étﬁ@ﬁ'b%i%stﬂﬁﬁﬁﬂg HGW ﬂi’ego%?déﬁleﬁ@arﬁr&o&ﬂet Stalfi¥edi r oM

two- 30 di nensi ona enent s have no seans. The | uxtaposed edges
coul d be maducividembedimbhtds fred(seediigohgandiny ot her portion of NTF in the

final three- di oo aRabl i RSkl SRR AN s Tag ke direct

form ng process descri ove ion Rereinoncor porated by
ref erence, tftveiing siey. Chandhe moldsavityaidrfecte momct fouuing step, wittch foﬁﬂs tlm;ecﬁﬁtoo
t' CT/ USOI / 44478 re sheet

. cribe rein,woul d he.used to formthe e
but coul beeRtaRt e RifesfidGhg eBiiaralf HEHE el F Bbh R BaeNG )
ﬁ ean ng lﬂﬁ' t Ipuﬂlﬂgﬁddwtl [deshdt @hly oﬁfeewsmndls@irﬁﬁiﬁﬂdlh lc'lsfdyﬁl&d b@d&fﬁmlemgdstﬂoﬁleﬁﬁwckl e
avi ng 'the qutwar aci cavijies op _each e in the, next
di rect forni attye fF 17op ¢ $780 awagéteeﬁﬁ%t IP%&WCE Enedpiathes are
formed usi ngnotd HRi zgmtttthe& tRSShRI O tHRfmd10 Gavil 40 (Sroiid tHe pifilld¥l Lridl). (Re pRinIs.he
barbed end and socket attachnent -structure enbodi nent is_forned (see Figs.

12 and 13). Atthipgegs. thefisst pod sependsioments asq thycintereageged by thedirpt dorming, t he

el ement s '”Tde%@ssfaha&%réﬂd&%&ﬁeﬁtftﬁeﬁ'rﬁ}d%gssédﬁﬁythdhﬁilprddt}@c nold cavity 40 for
t he second formng step, which forms the second element with the knuckle

havi ng tlfe out walidfoyming dereperssend die rintleqthelsmenet thesideael pxtendsialong thepi nt | es,
i ncl udes no&)llﬂ@k&’Sﬁl%ﬁﬁ‘{F P@llhﬁnd)ﬁto%e%%rl'lﬁﬂ%e R ﬁfﬂ@ﬁmﬁhﬂ RevEhnpiiot | e

ends to define e cavl Duri ng e second form ng step,
t he pel | et ispaetiantisthat be m@le lawetlorwé in ttolr@ewmtw it Apvanadpaustethiseringhape of

the mold ¢ a\éﬁ %eﬁg' (\%Elﬁ ﬁt(éreﬁdﬁ' gnﬂl%tthﬁ%e s@&%ls ex%&% éﬁ{)ﬁﬁte{lﬁgalgngftgc?ﬂ 181oot age, |

the first. and secon man g are thus- interengage orm ng:
process and kespdt ffemdipping daéleﬁmgslﬂeva}pmb@sb@dcqsmI@lStChetempkﬂuﬂttptt!ﬂduct 15 1n

For M 19 1e 4E68RSr A0 UKLl defeca ISP e 1416, BldHBhat GRS 2! o0

t he be ove éng “bf the
pintl e. Hovvembsa,hsi@dﬂtﬁse feguirements. Of course this depends on the shape of the pintle, because if- :

the pmtle has a generally larger radius of curvature the SIdewalls would need to extend
further along the pmtle and if the plntke had a generally smal]er radlus of curvature the '
- sidewalls could extend less of a distance along the pintle. ' o
o l25 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 cawty
| o 30  (as are present in the general field array of the NTF, desorlbed 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 extens:on of the recess s1dewalI 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_slhence, the plntle portion of the molc_l cav1ty can be
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I nportant is that the pintle is positioned in the recess so that it has an
adequate bearing . surface for pivoting -therein, and al so 2hefaytbes
sidewal | s extend sufficiently along the pintle to keep it fromslipping or

flexing sisanaysosut of the recess. It is contenplated thatPdimese12rs
sidewal | of the recess could extend generally only la of the |ength al ong

the pintle, or nore, and satisfy these requirenments. O. course~this
depends on the shape of the pintle, because if the-pintle has a generally

I ?r ger L adi _Lt'itr}iﬁtfted(ﬂtfmé&f& ]tgdraﬁa bevity 'blsi mﬁhg s-'smewimhnﬂ[eieﬁng mela-)af/iegn grege_framy her
along the pintle, and ] t he pint -gener.a er radius o
curvature t Hathouiryipg therecess siucg: gﬁﬂa?ﬁd@ga%ws this EF%?‘%E?@*‘L“&P%% pﬂﬁl@aef[ ntle.
25 7. \Wher e rbdd8s PdhiMclieh RbufeR Bien Db bhlsabed @it@ﬁﬁ)p&%ﬂ B dhdMéedat OfhotnBe free.
edge of the NTF to facilitate connection to the free edge of.  another. NTP

‘portion thatPories of NEF havips & emreeranding pinfleapd fegpss conngelion) sEHeiHiedo FRAE theave t he

cavitiesson d%él?ed@h’atgﬁ.r edge. must be formed using a nmold cavity that already
defines the pintles therein. In other words, the free edge of an NTF 7
portion does not Thave-tgxtilefbric NEF)pf theeresprattinvenidion; frsl asigandrally and use as part
of the nold cayd .ag. ar r ' el d ak he
R A e b T s R
cavity, si ndeaphtcdardigereriemeds anfynwhere itds imdievdddimg suchheftedcdiaverahelpfal ger

radi us of cyrvature and, nininal extension.of .the recess sidewall along the
|l ength of tH&E™ 35 Iog?ad?’m@e”%?ancgi;}ng‘Wh?ﬂfetR?%eégépg'oP‘o be formed in the

' knuclkl e.lpand, hsi Reetatebbemtp'éfeaib%yﬁ%ﬁarﬂ?gymeanﬁrsmmmméﬂcbﬂdy_ and
resilience, the pintle portion of the nold cavity ca > 14 27 May 2005 |
(0 02/ 43955 cleenElbiEh S vacRRre inAFopSeg PAET 8 foraine R 3 hﬁ?”ﬁ"‘\%‘i‘mﬁg a

~sidewal | " anda@tabé 2ghapdrguck it When iRfeRbRficRR Your pinBB Hending BkddGird e B35S

structure. The NTF having this free edge definin th%éﬁl ntle and . recess
connect i on PFFIBtRFAGNE BHS smeantacbeatins gebingipg #xis bperaELE eleenthidatis 8¢ edge
of ‘anot her. pp@N&IOBnodfer PHifard BMATREE AiC Th bSRPATEM NprHeillyleRe R NBIESME] has

p < 1h b

connection Structure to create the- esired shape. The non-textile fabrfé‘

(NTF) ofl5t hénasy bensking axes, sineq agsontgimplated cephipdament gan dinge repfdeite iteaditopntshown i n

" Figs. 16- 33,15, fo Lk O ' AN nce to
_ elek&nﬂ@tﬁf‘eiéiﬁ’en%&g{/@% ?@é&f\%ﬁ E@tﬁfe%n%{srﬁtggr:@?’ Sm 1RRREIVeL Mol SIntb ROk

a particular figure is m ere It i Ieved that such reference

"is nore hel pbaitihostigligned smoites phthaheneloficnthlf e NIF dad ealy aFingleghimast ¢ he

descri pti on; .St at ' abl vy there are t ALSk A -
(et Bl omiriSuS AL R AR kS £.0LE, 1, 0 B
r epeat i ng - pasesepuldpernfioonnte flex MEFTF fiteortewn thelotherof two extluigohal eilimlesdrape such

‘that whog 1 Bheh GRRRS Abirk BiVind T BlinhaR WARE 8% Bimif ifed RERRS: cyfifdrical

orientations. These greater bending ﬁ_'éedoms, when combined with expected dimensional
tolerances when forniing the elements to 6né another, give remarkable bcnding flexibility.
~ This allows the plurali_ty of efefncﬁfs to pivot 'or'fotéte with fésbect to each of the ‘adjaciént- 3
 elements in such a way as to allow fh_e NTF to havc ‘a_ria_tura]_"drape-'] ike fabric or ]eath{a_r;. yet |
2-5 since'the elements are made of relatively hard plastic '(dr the like) the NTF is also tough sind ,

* abrasion resistant.

_ ' This three axes flexibility is best achieved by elements having overa]] triangular
. .shap.es,- as will be deailed below with reference to Figures 14 on. Each élément 51, 52, etc., B
| 30, hasa 'body:-53 that forms a right isoscclés triéngl_c (a triaﬁglc having two sides of ééluél length
" ‘witha right angle formed thefebet_wecn). The tip of the triangle at the _ihterset_:tion ofthe |
éqﬁal—-lengtﬁ sides is truncated (to bu'tt.urp againsf a "simila'rly' fruncated tip of anbthcr larger

" element when interconnected).
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prinmary bending axis is nmeant a bending or.hinging axis between NTF
elements that is not parallel to another primary bending axpsmal@op9i nt of
fact, a properly executed NTF panel, has 15 many bendi ng axes, since as
cont enpl at &b exshbsel enent can hinge relative to its adjacenrcnmsmmgmm, and
el ement s havi ng aligned connection structures can thensel ves nove in
concert about those aligned structures with other elenments. |f-an NTF had
only a single primary bending axis, one could at nost roll the NTF into a
spiral or cylindBach oE\m qmrfseaﬂl?fbeeléhmgt deaxesal mﬁnﬁeﬁoﬂﬁi‘mﬁ e%ré@ivfelaei(
an.NTF into one or _.the other of 't rt ona nder 20_spjta
Shapes.  An GPPSRAIHEFRRTAUED BRYHLT 96 DEHEH T8R4 Gt Fprit 7 14 b
cylindrical @kh@ﬁk@%h%ﬂ&%ﬁ@ @H%Eﬂh obemwoeqxfame RRles ¥hBOGOSEh&R
with expected di mensional tol erances when formn e elements tqg one

anot her, gi Vecssssekemrally evindrgelsare farmed ingepeh bﬂfﬁ?% vaith tBfESCesses BERIPGI i ty of

el em?nt55t01ﬂba\{-@l&a%g'ﬂﬁts§&eeto‘é4g5 é@@&@veén%@ﬁﬁ@kl@i the adjacent: elenents
in such a way as’'to allow the have a natural drape-like fabric or

| eather, . yet 25O0sithedenger sideof @lmﬁmt glemp@t, aeaaegsion seheiue yefoymedthd ip| ast i ¢

or the ik S best
giChI eved by%Tt%J%gﬂﬁgfﬁﬂlgﬁ’&h&?tﬁeq% @ﬂ%ﬁ@umémoﬁge@ﬁ%%é fsl]bl#e} %‘%’% ailed.
bel ow wi t h rtief connestien stmcﬁnrgorr&st\meqm! le@h bides. &rvemosm or k@yckles 63 are 30 has

a body. 53 that for cel n o
si des of eq IF"efj | ﬁagi’spﬁfﬁtongﬁ%qr dF 8?‘%&% %ﬂ?é‘?te e\i\&}esg?\%]% t| p of -
the tridaogl eyiddricklén shape,ﬁeﬁmhecbm eeéh bd3e Tlmupahmg eﬁ@chra:edesdmeeteﬂnmdiyed .
(to butt up ainst a SI uncated ti anot her ne '
Chon bt or o onARE Ratge o8B Bl imstt Be Gy A8 S BErFUREr A BER BN ¢ he
si des of - then&hereﬂgeseifermmgeﬁﬂémﬂezscaa b6 eTRRth @a felifaltClypé CoSetbi@ BBt @ a
correspondlng connection structure 56 -forned on the edge of the second

el ement 52, fAMRE@eans S RARFCKNGtoghe jegond igrampt gt heggeasses ﬁ%F 3o laaye Athgs sheprs ¢ wo

equal - | engt RosdudRe tPf bdnlfglor Fothting! (RN axmlj%eﬁge@eﬁeﬁ% tBERh &KbY structure
cylindri cal, are formed in each boss 58, with the recesses opening 5

i nwar dl yal @ﬁ&iﬂtﬂq@néﬁlfewpbweplgedpnﬂ@rr?@éﬁ%eﬁmtﬁnﬁﬁé QARERSRISSQUId bpverdhe | onger
side of the cBﬁléa%hag,E %amle r&e.ﬁ(%%ﬁﬁé i) aaal?yafaﬂl@er {a8d EQfeﬂﬁéilytv@@tthh%oss

centered on the m dpoint I s connection
structure i s’valllb#gleqowmae toa ﬁealbodlﬂ@eter @nd suelythickerbesh walk ’ft‘hmo@m%ﬂn l.engt h
sides. Two I beRlE&6kaR Yo thd's ged on .
either si delgo_ hgﬁ)meg%cﬁh eﬁﬁieﬁﬁ%@%ggcggg rﬁgeglneﬂr@a?‘% y°10 cg/ r%lcfl%aiﬁn'_ '
shape, is f@h&mdfthnrte:aish boss. The -openi ng of each recess |s directed.
[ nwardl toward - e

omaect 290" ot Lo FAR AR 305Ul REHBENA Bind FBR B8Rl NE: LBECRANR,
referr ed to t}ws:oane‘cemmlse'ud;tymermgmgleoeﬂatrvebrlﬂanmtral partibn. The bosses of the

. 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.
| Altematlvely, the main body 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 eonnectlon structures B
B 54 and 55 formed along each of it s;des See Fig. 15, etc. This second element isalso
" generally a nght lsoseeles trlangle The eonneetlon structure along each edge is basu:ally a
30, .cylmdncal knuckle witha central post or pintle 56 formed 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
o | R T B



forma nmeans for connecting. to the second el enent. The recesses can al so
have ot her shapes conducive to a bending or rotating (abouto>aMagposs
engagenment with the connection structure 15 on the second el enent received
in the recas®exn4398or i nstance, the recesses could have a cBaTUMI/gsEpE,
"With the recess tapering froma |large dianeter (and potentially very. thin
boss. wall) at the opening to a snaller dianeter (and. nuch thrcker boss
wal'l). The connection structure-on the second el enent nust of course then
be struct ur dewutidesmpakthoditidrsdetion affflscdghaldengtihsiges dofnot interseeions snoti2@, aach
elenment is re Ly ri d relativel t he.three,side
edges beari nﬁlua{llr n@@rﬁ%g‘? ﬂ%ﬁt %Re?‘é'é'leﬁsreé‘%‘yw P*fd’??‘?&lyém%ﬁea?‘l%gfeﬁsfofg? central
portion. Theniesedsoints oh e ﬁrstermeﬁts Iv\(hln s&arcuedtugah@n Théze chrinestionelremmed
preferably exte[}?gdabove and b | ane, of %H? mai n bod and t hus
“hel ps defl ect®# &’E%Srt"éfﬂha‘lo F=aB P‘i‘h‘? h ¢ gboug ¢ &rﬁ*’ét‘hﬁlnﬁe% Bgfructure 54.

Al t er nat |5/elseeptg§e1mdag@ggy can include an upstandi ng boss. or protrusion
(for exanple see 25 Fi.gs,29 A and 29B) which can preferentlally absorb the

‘wear and tear to WHRFeHCEtaR skFtureS4ds alfaetipehed to the mainhady aloag dplsheths Phe s al so
general | y trdoﬁﬁeabsgwcerétss%owot ?mﬁ@.@@ﬁﬁt éxﬁéhd%é;sﬁa gﬁtﬁ?«:ucfsél‘tl?é']&ugl? formed -
al ong each of 1t sid I's second el ement is also

general |y a Theghntleimusthae g applioawgt lengtiriand cwenrbapd tobe sropived invtee al ong each
edge i s basi ckl t tle
St or med ortfegn g et bn M SR U K ool BafEP A St BASS 1 fforfld

rel ati velly fduactlymgainet BSpintnshiapreindiny b ietrehmedufadygag podcesshthisgpeduich iel ement ,

t he connectlonlsatructu e 55 is preferably offset toward the

non-i ntersectt rl’gc%o eﬂﬁe ext-endi ng portion of each of the 16 27 May 2005
WO 02/ 43955 PCTI Eﬁm:élé:ﬁémsaﬂemucﬂsheai meatrecttlﬁemmgleoeaesgtzaxemustbetthlemequal

| engt h sides_do |nt rsect one ot her, - but rm so that -
the apex (i Hl‘sélfestg?:ttql%ﬁll Sl"l‘@"(ﬂ%ﬁ’é‘l"i}“ﬁf‘?ﬁ"t FIPPéOIm?E“ﬁ esﬁffs ofﬁ@q.ag runcat ed
poi nts on tmemtdnfsqbr, ﬁioed@eexeny\hemetd:eehied niea@adn e sec&tteseneremeeem@ :
structures .are at rees to one anot her, and are each at - about 45
degr ees o d%ﬂﬁéeweatﬁ%e e Py phg fixst el ensn*slee%ﬁrsemn{ th st g omigal, theicess
connecti on shéuEbslegidaft i's al so attached to the main body along its Iength
The. connection structure _has _a post or pintle 56 that extends beyo

either end of thésRhvRekindTigursRpans 73, the aigebmephpaveenéicdegy B%‘Flplh?%oﬁlfhﬁrgth and

outer shape cignhdaf ah@%'c&%chéh i85k SRPHGH S fhrffcl Hiba @h WEET0 thktRhy ©] ement
51 in a rotational manner. As.the recess is-forned 10 directly against.

the pintle depeliving binge pww wel-knpvwhdprhnigres in orgerip prowisls an pdditionglwedsuteon i s
~easily. agcorgp! !ﬂleﬁh‘iﬁﬂf The living hinge would flex when the relative rotation of the posts in the

recesses is stopped by mechanical mterference between the connection structures The llvmg

hmge would then flex or bend along the blocked connectlon sh‘uctures 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 dlrect formmg process as' descrlbed 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 element 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 1engﬂ1 sides.

" The connectton structures on the equal length sides of the second element__are,at right angles
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If the el enents are not formed in a direct forni ng process, care nust be

taken to insure that the pintles on the second el enents fitsaRpL@phsately
in the recesses of the first elenents (or, nore generally that the
connecti on weanssssn the second el enents fit rotatably 15 i nptieseipnaaction
means on the first elements). For .instance, if the post is-conical, the
recess shoul-d be conical. As shown in Figure 23 and 25, the att+achnment

bet ween the body portion 53 of the elenents and the connection structures
54 and 58 cato eb¢h JtherNTHe cohnadtidh Brhie dPtht ModlzerGeRit of iRy stchd leleieids Aiadxge Usi ng
wel | - known tc?chni ues, .in . order to provide an additjonal neasure 20 of

f 1 exi bi | ity. o8& apglg i e penngeionsciure prihe gawal Iangl sfdsf-at i ve rotation of the,

posts in the reqgsses 179nd | PRRAAhSNABE Rk CAheddditSiHR) R/TeRn BRIVIGEN. t he
connection structures. The |iving hinge would then.Tlex or bend along the -

bl ocked conni8¥Edy shayrsihemaiopbending gresvt. de Cs anddds Nots thatfcongipient rithdba ra -
measur e f b I F bl t ikRg . By
ool uderaitplof icEbAbhelele AR O AR AL b D A RN e b e or. k™
el enent s ar eofitipsermajop hendi@sixel nepresent owhole seriss ofpasallehbending oxdstiiead otour ei n and

2l L owe the oioRe 1R Booh Sl B8 cuceh g P phecl Sk BB, P 1"

first and. sEgonsllihenweht? illustratobdvethe MiFganel shovoecanivenddommitiese nesjeent i s
Il ' | t han t flirst gl t th o) (size), '
L R s S B B T A TR, 1 o

~allows fur tfivet aad sécdndrelcmentahitdltdpeihiets ®hlen formsinfbhike NORN@dbindthe Suf 4Rjdir €S

on the equal, |l ength sides of the first_elenent, 51 are at right = angles or
ni net'y degr-e%‘?g&lpgorergmr%mréw%ﬁ%ﬁeaﬁ%ﬁngewﬁ%%rpﬁmﬁrsgseé@é f &he I onger -
side of the infeich8igesdlefRns, add R to e ARMNE B0B6n AN @r indrd dMn@rRaAkiRE
structures oil the equal |ength sides. The connection structures on-.the

equal | engt HOSPURImYF otheeelemensrrions aarmise The Brshbengingiaxis dnigiresotation tpuily 2005
WO 02/ 43955 |BiaTdiaéa0k it 44c08d bRmBS NTIRIBEInd bERBnLARNS §lih Oatiin¥Git WeGoR) the
| onger side of the second elenment is at a 45- degree angle to.the.

connect i bn sidesef the sccond elpmentyihal arg effigt fom thesethatneks up e firstbending 26s-show-

the el ement S beRliGPRBERIEM HERAGLREL hObdBhTbd®. NHE third UellithE al{ cS{RS Lhe

, consistent wt

maj or bendi ng axes

~definition dptatiey) dhoutsbeeinnection seuctefornid on ongof Be shortisidsaf thepesoad | el to
h h ' f. et i . . r.ent. 10l 6. '
L1 220 o WAl T, 00 G SASRBEEF SRR e MR

of parallel bendi axes occur correspondi ng .

-to every. alistnetures fagihed omthe othevshortside of the serend elfingntr Fhe HeddingapesghariD
illustrafe ‘Ql?é,\ét% gﬁ}%{zs’gﬁ]}%‘aﬂ&ﬁg}m ‘can bend al ong these major  bendi ng

axes, and the othe an axes parallel thereto. The connection _
structures of th@hdfut mapt bendihgsmerlidweheimentoanatddztimenagemoer withdespect or med

into the NTE, to formth

16 one another in a -sﬁeéf 8ru_ a{rrar}%r?nr to replicate _tﬁe draping bhgractéri'stics ofa textile
. fabric. - BRI, - o
| Fig. 27 shows one of the first elements 51 'atta-_c':hcd to one of the second elesments 52,
25 . In '.this ihsfa’nce,l the long c_onneﬁ;ibn structures 58 of the first element are engaged "Wii:h.-fhe .
long ‘connectio;i struéturé 54.0f the second elemeﬁt. In defa.i_l,"the' pihtle 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 'elemexi_f, 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 for an exampie of the |
range of motion a]Iowéd bétwqeﬁ the two ﬁarts. The range _éf mét}on is ‘litn-itledr..iri béth |
diractions by mechanical ihterfcrenéé' of the web 53 on the second element Vwitﬁ_ the shouldér
~ portion of the first clement. 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 .
18



‘axis of rotation forned b nnectlon struct e Fi
bes 08 s

bendi ng or rotating axes, A, B, C, and D. Bending and rotating are used
herein as interchangeable terns, and refer to the relative ppita9006 one
or"nore el ements with respect to one or nore other elenments along an axis.
The first Mamoi/amyssaxis Ais in rotation about- the |ong sideeTokordaa7ssecond
el enents. The second bending axis Bis in rotation about the |long 15 sides

of the second e lenments that are offset fromthose that make up-the first

bendi ng axis. ~The bending axis Ais at right angles to the bending axis B.

The third benew @@ll%lﬁly&hfferer& shduldef Pérabn wmaﬁemmhemmgsgas ik kugdkigses
formed on one_of the short sides of . the seﬁond rrent I n. Fig.

17. The fourd Rosser ¢fghetimsteloment Whils trisgop sursfb%rf ‘tOﬁesoemrﬁeélf Bpge of
structures fdaRdnaicttiRd &t REr2sshebkushiRin bethien SROARBOEFEHENs midye

bendi ng axes C and D 20 are at right angles to one another. The four major

bendi ng axegreNidass smBeT jnikt wdihsetowghe NiBnt s to nove with respect to one

anot her. sin a sh (- I =gt 1 Cs
gf‘g‘s Ay lgﬂ 3"2%)(0»@ Qﬁcﬁﬁdr Qmﬁgdlln'eﬁfﬁéetﬂf?ﬁeg{ 1&%&&1 ChRlefnlcRls 75!

of a textlle ri-c. OWS one O enents 51 attached

‘to one of tH&, %bmdrﬂd of| Itlemnbtslnﬁ@ﬂ are2H right anglesisospelesirienglesiah eﬂth@wg)r?@onnect i on

St et br o s aplcle kT BREE Rm i OPRRReoh il S9PuGBREE”! 00

the 1ong cmﬂemt?blrasstlllpuﬂtmmk brimals comeetionestiuétnres bekmnklemqnmﬁiquf@ﬁsr ecess

e | onger e SRR i ks Sitnintet ABRE B R Be A e o

each el elrmentmde@segmbﬂgﬁsmgdaeﬂ@spect to the other el enment around: 30 the
an

28, 1.0
exanpl e of HEMeR &35S rgges ‘lOBWé’HO‘l)@l‘lﬁB’é?F rf?éF‘?ggsa“ﬁl@“ ®ange of

notion is |icBhieRford frubRitdd aldil%'l QbigRreigey, PR&BRT4 Gal ali RERE:H RIGRCEE the web
53 on the second elenment with the shoul der. portion of the fi rst el ement .

The shoul dercopwsetionsiruciresgionsall af eﬁfgge%lgerﬁﬁﬁ%@lqseﬁeéfterveeﬁfell%of &nd ext ends
along the ”gylr&}l&sdaodoﬂﬁél:nﬁ%\otl’d%ﬁneso'}sg&r 4§ 39hnd ferrrhk&eéaeheseﬂ&no&ehe%es 24

and 26. 18 27 May 2005 02/ 43955° PCT1US01/ 44475 show a sl |
di fferems: srthmoewnpeplemeﬁts 68 sarigaof hingerkspeldes @n@@neoameledye endtsmafaces

knuckl es Olto BR3ZES, n@,ﬁm%tatrpgm{,éd b sERED L aoh BineS: c]&rllél&es‘l?é}lab%@%‘a%e ;

I‘EdUCES sone e range O t1on chafacterize extra .

gri ppi.ng betedeevfthmmaemmneetbymps i lortke ganljer epbodimgaid, therervperpgréxapqaiu nt,
dth :
and thus, 2 SN olffes RoEhOBy aSheR i 23000 AIOHDGh SRR IR

al | right amgkemnersofihelsidss by pavgfespsadian wh sedEclpmdmdge emﬁd)uammhsahtb of

. Wi_‘_t h_ di lzfoer eg S an%%hﬂ’gl'ty%? Enuel(leg Olgep%ﬁdlllg cr)]n rrélgtllérs%ﬁe ol: tﬂe elerﬂérlt?gl'ﬁﬁhe C

~ ability to form the connecting structures with such preelsron and detarl a plurahty of -
_, -knuekles 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 connectlon 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 manufaeturmg 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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el ement 71 has all post, pintle, or male connection structures or knuckl es
along all of its edges. Elenent 72 has knuckles wi th pintlesyglagpgosts
shorter edges and knuckles with 10. recesses along its |onger edge. El enent
- 73 has recwssiedsgss f emal e connection structures along its Stavgss/4edges and
pintle connection structures along the | onger edges. Elenent 74 has al
recesses in its knuckle connection structures along all of its—edges.
.Fi-gures 32 illustrate the versatility of the proposed connecting
structures. Al soIntEégimsceﬁ)rﬁilng@mbes’ﬁzmhlfémtﬁédscaxhectﬂnemmmredcanibelﬁmiemomyof 15 .

th t I t f. h e Wt I, at
Shaped ond UL Eera e B SRASSERIPT HERLAFS et BB AN TP ABELYE By of

t hese knuckkemetionspacagts edrmriﬂrt@fﬁie%m ﬁiﬂﬁféf@rhal&h&uieéﬁo&m&tﬂtﬁ‘és el ement by.
gaps. In the earlier enbodinents, there were perhaps at nost two knuckles

separate by a si hgf RngHs axgsy(orrolafing axes) qreaieddydhe spnagriion phihe elements of the

i nt ersecsi OB&seﬁﬁnv%HﬁdﬁedH@wQﬁe N’hletosﬂoﬁeﬁerﬁléné dﬁﬁb Emﬁ"lﬁriﬂ%%stextmfaﬁru‘!‘@etstﬁ@ each
si de edge could have a plurality of 20 gaps_and a plurality of Knuckles.
Dependi ng ofelatislyrigidmpipdaldeslanets arp forapdatmeke teld TF vy reggpd plsgs to form
t he connecting s lurality of
knuckl es. and ga%gH@gﬂ e %Evﬁcég&g%as?géﬁ& ed(‘)‘?ﬁeagﬁglﬁ?egr%@afp Al'so, it
- is contenpl aarelduiamxltmhnadmtewbthetshwe@ntcbscﬂ@umlaﬂbwmwahy wag ofierdmplep of

one el enen Vi t1 havi ng
all female é%gﬁhc |3ﬁ¢£?ga1ﬁyﬁgg &bE%ﬁﬁgé%cﬁhgfg ﬁ%gﬁggﬁngﬁ étypes of
femal e @®Nnavention as defimekdin the appeadal cldmebi nati on of the above. The
manuf act uri ng of the enbodi ments described herein is contenplated to be
ideal ly" made by a direct fornming process where' each element is made froma
-pellet of polymer feedstock in a process requiring very few steps. The
direct form ng process can be 30 inplenented on, a series of rollers
defining nip regions therebetween (as disclosed el sewhere herein), or by -
belt rollers (also disclosed el sewhere herein). The belt rollers allow to a
greater ."nip region" and also a greater dwell tine for al l owi ng the.

el enents formed in the direct forning step to cure prior to nmoving on the

. to next- processing step. 19 27 May 2005 WD 02/ 43955 PCTI USCL/ 44478 In the

di rect formi ng process, the fenmale connection structures can be forned only
after the corresponding mal e connection structures have been entirely
formed since the male connection structures form part: of the nold for-the
fermal'e connection structures. The bendi ng axes (or rotating axes) created
" by the connection of the elements of the 5 present invention allow the NTF
to fold,. bend and drape sinmilarly to a textile fabric, yet the relatively -
rigrd‘naterial the el ements are fornmed of neke the NTF very rugged also.
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10 Al'though the present invention has been described with a certain degree
of particularity, it is understood that the present discl osg.};ﬁzﬂ g%ogeen
made by way of exanple, and changes in detail or structure de

wi t hout departing fromthe spirit of the invention as deflned in the
appended clains. 20 27 May 2005 C ai n€laifns A non-textile fabric conprising:
a. At |east 1a fi iStonSlegie flibrik 3k ﬁmﬁé | east three sides, each side defining
a connection structure; econd -el avin t ast three
21 es Ceach of said & Ableadiarl Hrpd Boine Ry Fek TER oeRU1ef Bk el bner of
a pl urallty of said at heamectionstuctyred at | east second el ements are
attache? t]99et hf[] sol @l y&tb?astszag&og@m&ﬁ]t AgvifE huféhwt%@?ﬁmeﬁ ea&l@laeailgngd
manner to formthe non- ric havin as ree nmmjor bending
axes, each one of said %ﬁédeh OOBne E{S‘ Str%f(%é orm ng a substanti al

angl e with the ot her. c2Whareiphplueality pfasauchbtrlp@t st ged atrleast pesord ghements
wherein: a. Said connechreosttashddueda¢tier anlebaibty did donedcdn@ ntructngdsues a

Knuokl e defining 2 bl i Mhrfer 50k GRRSSEED 3L EG: Mlsfled second

el enent includes a rece receivi ng sai %tp nge
connection is formed bBRiREdRN{iAE BXshrechimr ot vaid thiFe sagr ]E’Wélmf% %% and

second el enents. 3. A nfumminpdsubeadttbangle adthdefothed in claim2, wherein
said recessol S, Ol AdiekMRkRNds dstflcd ibLgih & beerg!  ndrical. 4. A

non-textile fabric as i,ned aim ai d re nlcal
and said pintle is c8n %QIC"D@CUW TS ?aé‘i E‘Sﬁﬁ? i‘fcﬁ"ﬁé‘ EI aim 2,

wherei n said recess anddafmirg qpintld;@endare formed so the first elenent and

the second el ement cag Sﬁ&%ﬁl@%@&k’&&@&ﬁe%@l saRPdedorfif elérﬁé’rﬁtmélﬁéi&ea Regdi ng

axes W th respect to eagch otner xtile
fabric conprising: a. Aorlrgcaeé‘fm%sf“i B ?’rW ?Fg'fﬁé‘n@?g%ﬁ%}fﬁ ésrrg *flavi ng
at least three sides, edwhensthdeomiettion siycaraoftedritond Sttqoud;ﬁlsm‘@ntSb At
least a secend t miRmaekias kibric haaeshe i€ BRM 2NANdr&a @l ré@asit cyiideRal 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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|

sides, each of said sides defining a conplenmentary connection structure;
and c. \Werein a plurality of said at least said first and sgt flag2005d
elenments are connected together in an array to formthe non-textile fabric
havi ng at We&e®{43¥58ur maj or bendi ng axes, each one of said fROUSME 4478

bendi ng axes form ng a substantial angle with the other three major

bendi ng axes. 7. An elenent of a non-textile fabric, the non-textile fabric
formed thereby generally resides in a plane when the fabric lies flat,

sai d el enent havi ngnaherghetvaidjgenreddes fornshgeapproxithate piklaragieto driee
non-textile fabric, e geonetric hape ,bei.n ast hr ee
CPde sdges. tan of BT PEE S isckns PR i iaf o Sfon Gt FRahachBiE o
02/ 43955 PCT/ USﬁ)ll %@lre‘an@mtd‘nlm elehieﬁtstd\ﬁnﬁdjeamﬁnhtaﬁﬁﬁﬁc tl&rdashd Hegtiod h
approximate right angle to one anot ad] ac edges eac

el oai ng. connact | SR e e = FRmiot Habh b S b AT A  the

el ementssto formt hgasion-textile fabric, the connection structures

i ncluding-a neans for hingin ng an axi s of rotation caenerally in the

plane. 8. An dl-eft ﬁlemettstew?eémeufwcfaasw iferthyig Claim F Brther ingludings #ird of ur t her
including a third gfig atsl@tlsgth?ée slcﬁ%ﬁﬁes gﬁgg%ﬂﬁctﬁﬂgﬁ'ﬁctﬂévﬂhgguﬂ eﬁ%@ dton

structure, the third edge being nti al ' orty egree angl e
to each of the tms%]aa%dmaféd}g'@ge dwemgelt@n@htofﬁetnononcm“e@dges e fabric as
set forth in @ alkglel%mm%'fghgn tt&ﬁlemﬁs‘l s&rforflpmr&lﬂgf Wher?iﬁltﬁedlﬁ da?ng fclreaSt one
hi nge. knuckl e and one space posi I°t] oned & Ive e

bei ng sil8ed to snu@glggugnmmeweleasthnmhmgd(huwldb end)dine s;mlqeqacsitionedsthmglaar

el ements of the non Qrm.n

o toxti 16 { abr i oRspiVa dde @80T b 4o f kIR reckBlo PR o, | oo s

in a plane when thedjacabr slmﬂareleméﬂtecbfmemmlteﬁilef&nt: havi ng a general 15

geonetric sha n the t he. na textllef tric shape
bei ng defi nedp@y‘l\ Flelnglggl’raffq’ﬂ?@%agf"él&xggéﬁ@c tthS\/Bc"b ‘egalgtc&egmgédgé Yei ng
~adj acent to one angédefal[lyrésltﬁslrvmplanﬂ\ﬂmllhe RBgeliadht, ko slemehiHatBigaRemidl € to

one ‘another that i-'s substantjall ety degr ee e two adj acent, edges
i ncl udi hg means f oMY ﬁ%‘*‘“g}fﬁré mﬁe’f@’;w%al“tgéoﬁﬁﬁﬁ‘cﬁ@?ﬁ??‘égf abric
.and means fOf fOf ”Hélﬂleébﬁﬁﬂ@%@tlﬁo%l&de edges, two of the side edges bemg adjacent to one -

. another, the two adjacent edge port1ons formmg an angie to one another that is
substan’nally ninety degrees, the two ad_]acent edges rmcll_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 mechamcal hmge having an axis of rotation
| ~ substantially contalned in the plane of the non—textlle fabric.
: ll An clement of a non-textlle 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 engagmg 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 perpendlcular 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 B - " 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 surfaee

o2
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20 hinge with simlar neans for formng 'a nechanical hinge carried by an
adj acent element, the neans .for formng a mechanical hingexhggiypgogn axis
of rotation substantlally contained in the pl ane of the non-textile fabric. .
11. An el eMsni2/43955a non textile fabric as set forth in C aiBATIOSOMHETBIi n t he
means for formng a nmechanical hinge includes. a hinge knuckle neans, the

hi nge knuckle 25 neans has an end surface, and the end surface~has a neans
for engaging an end surface of a sinilar hinge knuckle on an adjacent '
el ement . 12. Ald. dneferent offa ronriewiile Rltié dseelf fatth incClaign Sewhéreintthe dnd s@faem 11
wherein the end surf g e of the
non-textile fabric lm?'gueesiﬁgl?qrgﬁégﬁwﬁfp?gu %lgﬁwt’hg%t Selie%gsrilkéﬁ]%@&e%# orth in
Claim 11 wherein tHabrivi nge knuckl e 30 neans includes .a second end surface

that ‘ext ends agngral Ly, perpendionl aru! o AP Age.of, Whs aon Loxile

wher ei n tshe second igglades digbmeallyfaaaRall ddp@ssitin/ veitdst axtls emmlsﬁﬂme @nd &fhd i r st
end surface. WO 02/ 43955 27 May 2005 PCT/US01/ 44478 -15. An el enent of a .

non-textile fabric @¥%set forth in aim1l wherein the end surface

includes a gengx Ahleyen&aﬂbm{onnéﬂﬂé #5408 swre&mmrhﬁn EXWRAER thdentRgREane of
the fabric. 16. An elenent of a non-textile fabric as set forth in Caim-

11 wherein the end iagdpdesgenerallyjahemisphere projretien whese ralap s exdendsmdherlancon
whose axi s extendsol hel fgﬁmol ane of the fabric. 17. An elenment of a non

textile. fabrlc as set forth in Caim1l | wherein the end surface includes g
general |} a held éph:ém@nmﬂ;a r@attcmhe fabrirsas spidbal indlaion tikwherein theendiserfaseane - of

11 wherein the end '$ur &ne proj ection
central -axis extendllsefahrm he pl ane of the fabr| c 19. An el enent of a

the fabric. 1018 ik SRR QL MAPR B |l B0k Pulondtls HOd HaldheC 2l m

t. fo sur.fa
i ncl udes generz e erré f i}?d}oflé%ﬁm%fé‘g?ceasssgetél ﬂ%n cgrffvgce{f’mghee 48 acﬁds in
t he plane 15 of t héno‘haim igenerally a cplindeicalepriessidin \mdsecen&am:ﬁsl ﬁténé:bmme faeset

“forth |gSCI aiml | \f/ﬂ fel?rn the neans for form ng a nechanical hi nge.

means for.? f¥¥ssing the hinge knuckl e.
20. An element of a non-textile fabric as set forth in Claim 11 wherein the means for

|nclude

formmg a mechamcai hinge includes means for buttressing the hmge knuckle.,
- 21.An element_ of a non-textile fabric as set forth in Claim 11 wherein the means for -
buttressing the hingé knuckle includes a surfac?e is formed to engage a similar
20 ) o surface on an adjacent element, the surface beiﬁg 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. ' - o
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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21. An elenent of a non-textile fabric as set forth in Caim1ll wherein the

means for buttressing the hinge knuckle includes a surface i§7mg@gg5to
engage a simlar 20 surface on an adjacent elenent, the surface bein
formed to PE}eR4393%he surface of 22. A seaned non-textile fé‘SrTﬂéSOlféW&rl si ng
a first portion of non-textile fabric forned of an array of elenents, each
el ement connected by connection neans to at | east one the secone portion of
non-textile fabric, a series of elenents along an edge ofthe second
portion of non-t extdficentfeetinmibetveaw thedirss ponien of wm-iewie Bibrioendsbesreondgurtion
adj acent el enents i J: - Lext

connecti on neans i nog E‘S?eﬁ‘gﬁg% ﬁ?ﬂl’&ll%}%lglﬁ%ﬁl%ﬂn ?‘éég%gllﬂ %Sti)glglgggf on
sai d knuckles, a | moa—t@&leZlﬁbrm ansl(df the sedoné patiem df non-textide fabnis wwhpeby atdersiof
non-textile fabr | C, gﬁ]‘ esﬂo sai gge%en?@tﬁi t he ﬁgé acent elenment to nove,
when the non-texti Isngg ° @SS P RPUHOH 1961 PHAN SRE Bendi ng axi s.

al ong ansedge Zﬁ.Atﬂm-téﬁﬂsfabﬁ@dsdmpmmgf non-textile fabric having connection

neans not connected ements_in.the fir r of

o ext | o fabr i 6 &t AR e etk PRAPE S B POFRf AR08  hi nge
knuckl es and pintles @finsiiatofidectioddhusisleS st leAdt SRGTRE tRQE Edractih simiext i | e
fabric fornmed of an array, of el enents, 30 each el ement connect ed by

connection nmeans to atomEiEe ableast apy igernueklerdat et opygapay 2005 WO

02/ 43955 PCT/ USOL/ 444 5npking BPRER IRl R RiviliCat idhkiShreP Q4] Q0 B said
non-textile fabric and the Second portion of non-textil bric conprising
i nterl ed®i ng hi nge kntidssideBning a ednpedtion skrugtiese.taf bastdio Oﬁbﬂthr@ﬁpmféﬂﬁlabrl ¢ and
o ot o5 are captur ed silbaPRRobEAHA L L aRN ina BRI AbulEERD i 0T®, O 11E
fabric conprising: ¢a. Mclemaasttsmnebf sfaldr&”staedmnd slemereinvh sidesvgljamentieast
:Eree si des, each si de%e t{h«'ernalnggre?un &d EStnrelél,r(l:t eralonal:hosea z;[cerltm of .
‘the three connection s Aaerres -one _hinge Knuckl e and
‘at | east one. gap; b. s@dqslbynr&brildaymgknmkleemdi gpeoesil te adjachnt diges ofghehid east

t hree si.des, each of defining a connection - structure, "at .

| des _
| east twd of the threﬁr lcel?r‘lﬁﬁcc?llﬁ “®ructures conprising at |east ‘one hinge

knuckl e and at24. aash-tenite fbdk as(ﬂeﬁﬂhlﬂ&ii €laimaB whersi sakionemeats laed ﬁlahmﬂy flatand
second. el. enents haye

es adja one ot her and
i othed to one nodErepst e e i e het Gt Sk meRg
knuckl es .and gaps QB0 shidirbiatiat fit Ofly faas, Al wlhhﬁnﬁe%ledved the knuckles of the .

first elements and second elements form a substantially contmuous rmg around at '
| 20 . i least some of Sald flat body portiops. ‘
| 25. A non-textile fabrlc as defined in cla1m 23, wherein said first eIements have generally
flat body port1ons surrounded by said at Ieast three sides, said body portlons _
A . include corruganons .
26. A non~text11e fabric as defined in clalm 23, wherem said second elements 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 corruganons 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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15 first and second el ements. 24. A non-textile fabric as defined in Caim

23 wherein said el ements have relatively flat 20. 25 body post pMap$o05
surrounded by said at | east three sides, and the knuckl es protrude. above
sai d rel at WHI2(#3935at body portions, and when interleaved tHREKUIBKRIEE of
the first elements and second el enents forma substantially continuous
ring around at |east sonme of said flat body portions. 25. A nem=textile
fabric as defined in claim23, wherein said first el enents have general ly

flat body por t30eAgondeitibafabiischsidpfinediin Claim[23 adweraitvaiscknyrldesson thesidesndthe
portions include c i : -k exkl j. def.| in claim
23, wherein said sg%%)ggg%hg@ﬁ@ﬁgéé@wég%gﬁgﬁe? O?’F-Q{&I@lo y %ﬁ{sj'f Qﬁ%ﬂt
surrounded by sai d-tamitagesthe sitliesedthss firesizedsaengage thy npwew warst.i ncl udes
corrugations.. 27. A non-textile fabric as defined in claim25, wherein said

corrugations term nate at one of said sides in a gap. 28. A non-textile

fabric as defined in claim25, wherein said corrugations term nate at one
30, of said sides in a knuckle. 29. A non-textile fabric as defined in
claim 23, wherein some of said knuckles include a pintle and sone of said
knuckl es in include a recess sized to receive said pintle. 24 27 May 2005
WO 02/ 43955 PCT/ US01/ 44478 30. A non-textile fabric as defined in Caim23
wher ei n sai d knuckl es on the sides of the second el enent include narrow
wai st, and the body portion of the first element termnate a the sides.

MAth a fin sized to engage the narrow wai st. 25
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