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cavity, st ha:reﬁx&msgdtdhé)ﬁm@@fﬁbmmg B MherdGo bR b@rnotzﬁdsﬁlh}lﬂﬂﬁn&ﬁ@ﬂrtcbﬁkghﬁétﬂﬂﬂ

.the direet form nl%q process: The out put of the direct formng-process 1s .
only the ndfibgmg q@aasaﬁtheenoeaemtﬁvajlywpemmmmﬂm injectibmoubldirgiorn nt 0

the final QggLé ellets or
any ‘el ement's fdgﬁi pg‘gﬁlﬁg‘?gﬁ?ﬂﬁ BRllLEs %’ﬁgm?{a Sﬁl{,&é Eggm&ﬁ?%re& iod'ﬁl d, be .
-consi dered pempdsgofrﬁmmmated mtbdlmg]eMddmulﬁxﬂglmdBﬁkusmhpME&&l cal - .

- degradati on. Th S the se.can t'he feedstock on

dded y .
ot her wi-se convent1 h%rté?"’ e e pSHetrﬁ?Fl‘ﬁ’ée s dgﬁa‘%i?&% e@vseeﬂa"afeallﬂéhrz Yqlurge BE@Pet s

. for :furihermeld cavity, ttemhamaa:ewsiyuﬁceﬁdwast@mhhﬁhmgshesmh{g%m hdieBg
process results in ext rﬁ'@PF‘%@{g& d production cycle _tines. .Since the

direct for ng PEACESSs T; he,direct formiing-progases onlycthe nemtextiledatyic (e. g.
“only  the hfdbenty dﬁ@-ﬁs@ﬁts@d&dtﬁ@ nmnﬁﬁktu?eﬂﬂ{o%@ﬂﬁdéggﬁu‘eﬁ M[Bg af b chnBlL P an?/n. |

pre-heating resi and the 20 direct for are. very snall
. size to crsestation.t] énlﬁE\’—:llefSi grany clemnts formadhvenmm be pseddbithe &(bnlmsimas;ybdses

it er connecr g b 3RSt e il b ThdlR it F e dpeipion. Thus,

" .non- t extsi | ehdsabmbeadﬂhéezesily:mceﬂti‘eedmmlben oﬂneﬁﬁeéldoﬁdexﬂlenairxﬁjaﬁﬁﬂmﬂﬂddd with one
--_anot her at substantlgqr# EIE ?me ti ?hey are foried, thus ' ,
“el'i-mi nat i ndT95T0%E? PIA® 4 p% eLidoR EI RS IAMIRPSTESiRE el 'ements to form
the non-text.i| e Afditondly, thesdifedt forinthg phbsSs re%i&%r@xtfe'ﬂﬁaﬁ)aﬁﬁ rodlﬂﬁori{:}ﬂﬂé

as

-non-textile fabrjic sheet does not require-post fonnny

cutting or LIS, SEeg thehegt i OFB'“BlPFQ%é?W&B%TémlSﬂS ot creﬁ;emuﬂ;h hdabfmr&'rfe-m enly
. ded | f
needed woultgk gt st By ﬁﬁgﬂdsﬁb H@fﬁnﬂéuohfb?tﬁé ka"% )gi; e:fltﬁ%}egﬁu%l y it ' t

of adj acent and interconnéected el enents. ca
por t'i 0?8 ofdirget;faxresd: eleshenirare yetyomallja size t!fcreattelltnlelhelatdnemzt duefto thethiss, mold

overlying %gﬁfgsey%feg c;’i)hobeD&IﬁIetn%lyl s¥108r Afls%l, ifect ?'onnrnltgvcﬁl tﬁe elemerﬁ‘? 1rnI 1|nterconnected

: relatmnshlps sxmphﬁes the ﬁnal assembly of the non-textde fabric. The elernents can be '

e

assembled to mterconnect wuh one another at substantla]ly the same time that they are formed

thus elmnnatmg interim storage, ptckmg and posmonmg of elements to fonn the non~text11e '
25 fabne structure. Also in some instances, the final non-textile fabnc sheet does not requ:re post
' Vformmg handlmg, such as cutting or. shearmg, prior to further assemny since only the elements

needed wotild be molded and _]omed at the time of formmg o ,

: Further, the fit of adjacent and mtereonnected elements can be made a!most perfectly
7 smce perttons of adjacent elements form part of the moId cavxty for the overlymg plates and .
30 'partxally or fully set nvets '



More specifically with respect to a nethod of manufacture of a non-textile
fabric of elenents having nmutually engagi ng portions, one aspect of the
instant invention includes the acts of formng a first el engatapyi 2dpgat

| east one engagenent portion and form ng a second el enent having at |east
one engagenent portion in operable connéction with the first el enent by
nol di ng 5 the engagenent portion of the second elenent directly against the
engagement por tNgg sﬂsfmffcslﬁz Frie &gpect% Q%{%d of Barfulctlfedr aG6t-flklite tiRk@FNg t he
first elenment includes the act of solid phase formng the first elenent,
and form rigFRIchis hé‘éﬁ%ﬁ'ﬂmé‘ll%?ﬁmﬂ ROEEPSge pRect aEthe gtanignYeatighindudes Biertag t he

second el #i®RBing a@%&%le@icﬁgwﬁ{m'fléaﬁron@&%ﬁémeﬁf piti aRE ﬁ}?ﬁfﬁ‘g alsBO6RMEILBE
specifically reqardln a three-rol rocess, present invention

i ncl udes thAENgatieashmespgngrasmh goron inaperable er@ﬁcﬂoawstbélwrfastﬁbnwrby mpldipg r d

rol ler g ange éhghdehitht ﬁ%hibnro?ﬂieg&oﬁ&&l%@rﬁ dir&ﬁy Egaﬁrﬁsﬁ th8 Btha SR hritinor k! dr@r S
and a second nip r et ween the second third n|p rollers, at Ieast
épéﬁrﬁlﬁwqﬁ@l

one of thelsmsnt @Halagfheafnstﬁﬁmnfe%ﬁ}wqegﬂheﬁﬁpm phesa fpresnedhe sur f ace

thereof . AirftieletlenChiRIBAking e EQRbARLeRdnt tnbRAdsitheSdet &Y sBlid ﬁﬁk&ﬂmﬁ?ﬁte &cofFond
element is_ fornmed at the second nip region, with the second el enent being

formed in %625 jnterconnected nmanner with the first el ement. Regar di ng

anot her aspect pigalit@ aRbtBst8fecti R RPN inveRRG] hbGdally repSaRE dine-Rikour
roIIer process, the ?resent invention includes the acts of providing a

fast ri@l | gwocess, bgpissat pEetiap inclydesthe gts of grovising aafﬁﬁf reler.@$e¢oRd rqshelr, fhirdagng a
first nip bR 00 %8k Weessibdsenldeh e fﬁaqncs@ee&{aduﬂuonerg Qhd B5RondhisRERAD NI p

regi on bet ween the second and third nip rollers nd a third nip region
bet ween t H&tiesR thg serqpd a1 thisd ipip Fpllers 3t dgagt ong pf th%@@ﬁrs B%ng(ﬁpaftwémp@ ®¥ls havi ng

a partial Bled i BVhikef shrPdcBBdrebf) ARrsPs1EAEn ﬁ%rfnﬁ@ @t thé Bel Iﬁ?t'egloﬁ‘ ;In!dra%écoﬁ& ement
is formed at the first nip region, a second elenent is Torned at the

second ni [Fiegt i formet e theseenmd nin e tvitlidhcgeqnd elemigntibsing formad wranengagi ng

mannertsw tiftelcBshebted MhnneElREBR rst lkfhed. third el ement is formed at the third
nip region. The third elenment is formed so as to_interconnect the

i nt er - engagi ng HSeREnE AARINS aensei P! thedrrsent inventon fpeqificelly Fraading 8 o sallser aspect

of the pregs&Rts, ih@}Sf%El:tnt BPRentidn ﬂféﬁﬁ&sqné dcksof @h{mrfg aOfrstireiek il seliddl rol iRl @A S 1S
made of el'enents manuf act ur ed ﬁﬁ% solid ase

ormn In particular detai
each el erf@¥f: 3nd adpuibdoles a5 2 HEtiBiPreeion b&t‘gqeﬁaxe@rﬁsamcgﬁ@rndﬁa 4TS, 2 ApGfter
aspect of rﬁ;hl%gﬂaﬁ 85&84n thO¥Bsd A0 i ﬂﬂ%llér@raﬁﬁﬁﬂﬂﬁnﬁ;re?om&ﬁ)ﬂ{dﬂuﬁi dmabric of
|nd|V|guaI sol j. d hase fornmed el enents includin irst type of solid

phase Zor rFB‘&ﬂ’e’P%% i3t leagh gpe of thegolisstbpyine pyppitialgpold 54% fosmsd i anopicRrTRf S ent
wher ei n t Rgerddfr atfiraRnRRGOREmEl aﬁm&rﬂrstwﬂego@ra@e@ha a6hed i omeas: @BOt her to

allow rel ative novenent of each 29 ril 04 -7 element with respect to
t he ot her second nip region, the second element bemg formed in an inter-engaging manner with the first
element, and a third element is formed at the third nip region. The third element is formed so as
to interconnect the inter-engaging first and second elements.

25 With respect to another aspect of the present invention, a non-textile fabric of individual
elements is made of elements manufactured by solid phase forming. In particular detail, each
element is sized to be made from a single polymer pellet.

Another aspect of the present invention is the formation of a non-textile fabric of
individual, solid phase formed elements including a first type of solid phase formed element and

30  asecond type of solid phase formed element, wherein the first and second element types are

attached to one another to allow relative movement of each



A further aspect of the present invention related to the structure of a
base unit for use in naking a non-textile fabric includes the base unit
including a first elenment, a second elenent, at 5 |east a pgoWpanegd which
is formed while in contact with a portion of the fast elenment, and an
attachnment el enent for attaching the fi-Fst el enent to the second el enent
such that the first, second and attachnent el enent can nove with respect
to one another. In another aspect of the present invention related to the
structure of a base unit for use in making a non-textile fabric includes
the base (fHfirtent Widh igenepgo therothest el ement, and a second el enent 10 having a

portion fornmed ARirther dspe c@&ﬁﬁﬁﬁ&seﬁ%&%nﬁmﬂ@l%ﬁeﬂ%h@&r&ﬁ?eJﬂa'b&ste weh @R in the
second el enent further incl an integrally-formed attachnent el enment,

the att acHPREHRS 2d1oBTstite é‘BT?H%‘&‘quﬁljle bepggamt icliding p At glemgiip seprnd sepielate| ement

toget hgr agpgdt @;Ldrﬁlm di thldﬂ@s fotrh&itwiafath SRGERNGiE ﬁﬁ‘ﬁfﬂi&‘ theGirst @R)ﬁ%nt%ﬂdhmr espect
to one anot her. er al the benefits of solid-phase formn

cunul ativ é‘“ﬁ@“feﬂ‘eﬁ ‘-’t’ﬁ%ﬁ%fof piiechipe th dirsy plemest to thy sqcﬁ?qﬁl?{ﬁe“b?“dﬂ Hat thé, ?”éF connect ed

el enents. sihds@l dtdcaseh @k BB WIGESPed & ondafotk@modi ty  thernopl astic
f eedst ocks by taking advantage of enhanced e]astic nodulus, ultjinmate

tensile yield LBepashegaspectoftheprsens fryemnion Felqtedis dhestrasiare ohabrse Uit BASHhs t hat

resul t frqpaksld dnpb@sSatrRindhitgs the PRR %8It BRRAME Gifadt cehal dmti akédhd 88méR! P
make the non textile fabric even nore durable vvlth enhanced perfor mance

qual i t'Pes havipe aAgerfipn formed yhiledp gontact with a pejtion pfghefirsictaansnt i sepeadclemue

advant age fixthee BEORE b thteghdN FHMRRH afdchmert QIERRINAS attackBbht BleBBR rco:ﬂﬁ&tfr%r mance
t her nopl astics have been inpractical for w de spread use in conmo

consuner  ghoRkalcment and the ssed slemspt tngeiier grdlawing e fes spbieepidglementsig b,

per unit qg%swthlf&wwonela@&wse of the very high efficiencies (low scrap
rate, brief cycle tines, a%geexpect ed fromthis _ invention, such_nore

expensi ve mat erlP §553kile Q?B?@S lid-phase fogning aercymplgtive tfhe benefits of thedingef

addi t i1ges th@iindéaNEintetddBneadkl ElmErkts dBE saklBba08 foRiL BroB&t cdfise @Rkl These
cost saV|ngs coul d be used to offset the nore exgen5|ve engi neered . polyner

f eedst ockdPerppRiatie fesditogky Priakige piriagsoficahanredslasdgiapdubisarltinee tasle ¥igld aj | ows

the use ofsubight)and PwaGd h@ﬁkcmp%ﬁfm@fn%étrsﬁer@}ﬁ%ak £eSult frdin SNAHhiNeFsHELS, such
as conventjionally. injectio IIs 30 nuch_of the wall

| d
t hi ckness %S e@#&tﬁéﬁbﬂf?&i@ﬂ%&?ﬁ@g%\%ﬁ?ﬁ%ﬂa DHE Yo forTRrabls il of travel .

The wall &n%ﬁedﬁﬁenﬁdﬂb@@rmgso al so permt nolten thernoplastic to flow
into those areas, duri Pg mol di ng. . Al so, sonme wal | s, and sections_ are made

especi?dl I'y t hi Kditignalpvethediress fpmingaronsisean glsaiaks advanesRETREMREedr ticle i s

subj ect ed th@mupibitid ebmphds rsaeh Kibk befdigaide AErmsishcsatvaMReR 32404 (29 Apri |
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wide spread use in commeodity consumer products like luggage, primarily due to such materials’

higher per unit costs. However, because of the very high efficiencies (low scrap rate, brief cycle
times, etc.) expected from this invention, such more expensive materials may come under
25  consideration. Also, processing additives for preventing extruder degradation would not be
needed. These cost savings could be used to offset the more expensive engineered polymer
feedstocks.
The direct forming process is also beneficial because it allows the use of higher practical
temperature plastics. In some products, such as conventionally injection molded luggage shells,
30  much of the wall thickness is dictated not merely to withstand the routine abuses of travel. The
walls are made thicker to also permit molten thermoplastic to flow into those areas during
molding. Also, some walls and sections are made especially thick to prevent unacceptable

distortion when the article is subjected to unusual but predictable heating, such as



in the closed trunk of a car in the sun. These thicker sections serve to,

i sol ate SO”%B‘BM*E{]S of the injected plastic article from r&piROheat
reversion temperd as well as support the - article iB¢TA'SPAI9MB| vel y '
undi storted position unti_ | the unusually high tenperature situation has
passed. . The inventive process breaks free of this nelt tenperature trap:
The processing s tenperature can be quite | ow Wnen'-corrpar ed to conventi onal
i nj ection nolding of these. conpounds since the pellet :feed stock need-

not be brought al] the to nolten tenperatures for processing into
final shape. Wﬁ§f°swr"'ﬂggh‘lWi‘%@eélﬁ‘sﬂ'haﬂﬁéhldiermcgmsrsenvetq)mlﬂesqm-lpﬁﬁﬁh%fthe

i nventive pr dedsjgctedylastie kficlei et RhchiniHe w209, other sim.
products. Th%ﬁ%@ | et feed St ock cacnn% agig't%gsul?l{g% us bdrafh@l TSSHEH d| ng

in the, inve D B Felatively “ﬂdlifeﬂedmemmamttl theginaswakyt sigh teeip&tambarﬂtatoahwl cal
| uggage shel passer. merveh:mepe&ee%ealt@ﬁfe% 5%&&1:&&%% ns 5@0“%*‘ whi ch the
1d cavit cﬁ"tpe

thermopl agti¢c nust flow to fill t e. no PBFSH process

permits usi nGIRERYTE HEDROpiciewi eeemzamﬂdsc@rtvamtxmwllmjeduohmotdmcsmké el ement

f or ni'ng- ol d&mpdnuassneehd en&féehet%ﬁ i Lction ol ded
1 feed b p{ﬁ'ﬁmhl%ew erl WOBHELESS can

shells. O he? 51pect S. ggqtlures and -detal.ls
be nore conplEPEIGTE ingg, §W§dn§-§? hyafeanitingaasyouse hﬁugloinblowuitgm@ﬂ{eﬁt hed

descri pti.on nivermive pRE&E eathAR TR R, nction with'the -
dr aW| ngs and fro&ht he appended clai nsgegé%%adﬂ%&%ﬁﬁ ‘&Q'STHE DRAW NGS.
Fig. 1A.is a fro f"‘i"%ca@lbé\ﬁl"@t"lsﬁf’ttﬁld@meg ﬁnaéanngNﬂlthehmfeﬁt’ VEpravagst - of

the non. 10t eThé kerié alblhenﬁs PRSIl Ee PR BN b 20 B P 1 S

a representation ]ectlon of a rivet
el ements to l’fﬂ"ﬁl’l”’h@ Hisibermeplastis lm-’a‘dh“ctop'dhunmehl clityt mhe ph-&:sﬁinhmglpﬁﬂégsl on:

Fi 2Ais agugmgeﬁy“@f abric formed by the
prgcess of '?p t;:: OE]Fiesent ﬁ%(la]ﬂ?la%ﬁg&%h&%ta lfl%\e&gaﬁle&fnémécl”@l%ﬂwldga

" | egs- down pl- tofill the m%ﬁormjeqﬁlogmomadslella section vi ew t aken -
along Ii ne 2B- 2BOﬂibr5$1ﬂct83éhuué’s5aEd&tmI?Ffﬁ,§pl%s nelp];(er?ent at.ive section view

simlar to t"t“ﬁ g{ 2B, With the gnl:ael't%lnéﬂr?ﬁp%%h‘lded

rel ati ve %"StPP‘l/ referenge t°3h¢ @“awmﬁdqyiedslea:hetiqﬂ afin préferedembadiment fksn Of

t he' non- textmb&uﬁzazbénﬁlti\ﬂlé s%@ﬁ %P%dp f§Sent invention. rigs. 4A-C
are . representational section: views s e so o phase forming steps .30

used to nmake the | egs-up elem tDof the non-textile fabric, such steps
meking up a portlon of - 29 THBEFDEMRIPTION OF THE DRAWINGS

Flg 1A js a front perspectlve view of a plate element wlnch forms part of the non
textlle fabnc produced by the present mVentlon

. ' ee o Flg IBi 1s a representatlonal sectlon ofa rivet used to operably connected the plate L
| elements to form the non—textxle fabnc produced by the present mvent:on
Flg 2A lS a plan vxew of a portton of the non-texttle fabnc formed by the process of the |
present mvennon, showmg a legs-up plate eiement a legs-down plate element and a rivet. .
. _ Flg Bisa sectlon vzew taken a]ong lrne ZB-ZB inFi ig. 2A ‘
e | 25 | C Flg 2Ci isa representat:ve secuon view sumlar to that in Frg 2B, vvlth the plate
elements laterally expanded relatrve to the nvet , '_ , R
‘ -Fi g 3isa larger scale plan vrew of a portlon of the non—textlle fabnc forrned by the |
process of the present mventton - j -
| F igs. 4A-C are representatronal sectton vrews showmgthe sohd phase formmg steps
o '3017 7 used to make the legs-up element of the non-texttle fabnc such steps makmg up a portlon of c



-9 the process of the present invention. Fig. 5 is a schematic view of one
embodi ment of the equipnent used to performthe process of tbepr gment
invention, including showing a plurality of work surfaces forned on the
outer surfaces of rollers, and various processing steps both inside the
rollers and on the outer. 5 surfaces. Fig. 5A shows a portion of the
surface of the second roller, show ng the previously forned | egs-up plates
and the rqg@ﬁggegsgmeﬁ@gegﬂlﬂ‘gmgm ynmer pellets used to formthe | egs-down
plates. Fig. 5B shows portion of the surface of the third roller, show ng
the previously El@rsrféaschmatwg%w ofPna AEbedEYE g cpiRmeEsussd jogierfomn e act of
form ng t hfodebsvdTlhelResBialitlebdi, BLBLIS snoam@gm mﬁtﬁef@ork@am‘cbguﬁﬁédlo%he Fig. 5C

shows a portion of the non- textile fabric forned process of the
present i PR RETa5HF. of ellsrs, SrivRENS PECHINgistEPs Roth inside %rﬂ@% @rd ercibe pten he fjr st
rollers inglm@ing the | egs-up nDId 15 cavities and the recesses for
hol di ng t he peIIets Figs. 7A and are representational section views

showi ng t he solfig M%S?B‘Wﬁ”n‘@f‘-‘%@c%ﬁ%ce of the seqondoller shewinedbesrrerdoslyel ement  of

the non-t exinhddQeds B lafes a8d4BB r@bSBFoMRIdiflE diined pAREstds@No Brm thdRgPARGESS  Of
the present invention. Figs. 8A and B are representational SEC%IOH Vi ews

show ng t idatesol i d phase formng steps 20 for formng the rivet elenent of

the non-textil erif. 3B héws asp&rbrﬁamuﬂm@omeuﬂr&omrswa e p}é%ﬁmﬂw&ﬁl@@s of
t he present invention. Fig ows a top plan V|em1an% pi cal sectlon of

an al t18 ndegsow aéﬁid%ﬁfi??@hiflafé% Pfé’rtﬂ‘h? get oﬁﬁomatheﬁlawﬁgoléﬁw s dygepeRkled in
form ng thenmamatiogxtile fabric of the present invention. Fig. 10 shows a
top plan V|em/and ical section of an alternative enbodi nent of a plate
25 el enent havilig > F%g%%ssw%éhweaw% felgicrpimgd by theparsess ok the peeseiibr i ¢ of
t he presenhvanidention. Fig. 1 OAis a representative section show ng the
engagenent of the plate having the WO 01! 32404 10 29 April 2004

PCT/ US00/ 29948 %&ﬁﬁéﬂ”%@fﬁ%"“&%&‘q%k prfeeofibs frplgolaidngldingibe ssemymseldof t he

al t er nagt i avigsnRd tHRBlesssHRMRoIRg tHeipefets. 9 and 10. Fig. 11 shows a portion of
the non-textile fabric nmade up of .the plate elenents of the

Figs. 7A and B are representational section views showing the solid phase forming steps
for forming the legs-down element of the non-textile fabric, such steps making up a portion of
the process of the present invention.

Figs. 8A and B are representational section views showing the solid phase forming steps

20  for forming the rivet element of the non-textile fabric, such steps making up a portion of the
process of the present invention.

Fig. 9 shows a top plan view and typical section of an alternative embodiment of a plate
element having barbed edges used in forming the non-textile fabric of the present invention.

Fig. 10 shows a top plan view and typical section of an alternative embodiment of a plate

25  element having recessed edges used in forming the non-textile fabric of the present invention.

Fig. 10A is a representative section showing the engagement of the plate having the



alternative enbodi nent of Figs. 9 and 10. Fig. 12 shows a | arger portion of
the non-textile fabric made up of the plate elements of the ZAARHRRR4ve
enbodi ment BOMBYE 9 and 10. Fig. 13 is a representati vePGREGEOMAMEhowi ng
the solid phase forming step for formng. the lal et oviteeem pnf
Fig: 10 ha in;g. recessed edges using the plate elenent. h a portion of the
mold cavity.' the non-textile fabric of the present invention,

i ncorporating an integral 'y formed rivet i Fig. 14A and B show anot her

al ternative grrbodl ment of the plate structure for formng structure. Fig.
15 shows a s&aPrdrfieey andike plainbavingtthe wedssidreiigesfobthaelierinytive Babalihéit Sdwinie
enbodi nment - pll:%eggﬁlﬁl g. 14, prior to the rivet- heads being formed on the
rivet structure. 15 Fi 16 shows a section of the non-textile fabric
formed by the al trélg-n'eltsg(? s &prsinl ofdhe nongexdilefabric Biadg. up b the dfatedlerhdif of theet

heads are fomtloaem&auﬁénvﬁfr. ﬁtb%ﬁ&%e Figs. 17A B and C show an
alternatlve enbodi nent of % ate structure for form ng the non-textile

fabric of °t he. pr d8&nt shewsehlereerportiancitipomatténtije fabrid madegp af {hy plaeielidnts bF et

structure Utichigthiife am8adimint bEFik 96hadpd- @ separate cap.. 20 Fig. 18 shows
an alternative enbodl ment. of the“non-textile fabric: forrred by the fusing

together -of separfdg-dPys 4 ispiveantativesestinnshawing ghet sobd phascfopsiog btiefoe EgRmmg i Ch
operation.is pla@%fehﬁhf@‘i’rﬁ@ haﬁm'%' rE@egsed h@iemgg e Bfé% e?em%ht Igabﬁg %ar%esde tges as -

i nvent ion. Fi
- aportion of the mold cavnty

o 710 | o Fig. I4A and B show another altematlve embodlment of the plate structure for formmg
. the non-texttle fabnc of the present lnventton mcorporatmg an mtegraliy formed rivet
. structure , o .
_ ' th 15 shows a sectlon of the non-texttle fabnc formed by the alternatxve embodtment
- plate of Fig. 14, prior to- the rivet heads bemg formed on the rivet structure .
, 1‘5 : - Fig. 16 shows a sectton of the non-textile fabric formed by the alternative embodunent |
. - plate of Fig. 14, after the nvet heads are formed on the nvet structure , -

. ths 17A Band C show an alternative embodunent of the pIate structure for formmg |
the non-textile fabnc of the present mventton, mcorporatmg an mtegrally-fonned rivet structure
utlllzmg a spht retainerand a separate cap.. '

' ‘201 o Flg 18. ShOWS an aitemaIWe embodtment of the non-text:le fabnc formed by the ﬁlsmg
S .together of separately formed elements along thelr respectwe edges, w}uch operatlon is
- performed in the dlrect formmg process of the present mvenuon :
- F ig. 19 isa block-dragram showmg the prrmary steps m the process of the present
mventron - 'i : _- : . ‘ ! '
25 .. Fi 1g 20 shows a perspecttve view of a luggage case W1th a portlon of 1ts outer surface -7
. made of non-textl[e fabnc manufactured aecordmg to the present mventrorL ' |

DETAILED DESCRIPTION OF THE INVENTION o ,
| The present mventlon utrllzes the pnnctples of solid phase fonnmg 't"he use of sohd -
o ““ phase formmg tcchmques was summanzed m 1972 by the PlaStICS Techmca] Evaluatton :
o : 30 Center Plcatmny Arsenal Dover New Jersey, in Report No R42 tttled“Sohd-Phase Formmg




9i bl kmg. 1 s a oc -diagra showing the primary steps mthe process of
the present invention: Fig. 20 shows a perspective view of aagugyg& @4ase
wth a portlon of its outer surface made of non textile fabric 7
f.-manuf actured :according to the present invention: The present invention, '
“utilizes. the principles of solid phase formng. The' use of solid DETAILED
. .DESCRI PTI ON OF THE | NVENTI ON phase. formhg. techni ques was sunmmari zed in
,-1972. by th Ld"lgddmcrﬁ E |c,al Eval uation 30 Center, -Picatinny :Arsenal
Dover, sey, gt epor "No R42 titled"Solid- Phase Forming 29 Aprll
2004 11 ( cmrne frstant ingontioh aPiassiibadsheteir hiehidesthe ﬂtoldlﬂg-’,‘hli\plb&ﬂ obGacH@F el bed
“herein includes the %{Wl di ng;. m pl acg,” of each of the _I'nterconnected

el ement's mIBeFORNE ef“éentsy‘ﬁé‘ nogrextie type Ebrisssuch ag thay discdesed in I|='ﬁSlL)P§Ir“fntPat ent
-'5,.906, 873, 51604875 anldd). S atent 5%33 B3 %gtehwfatbhael naa@g%;eéttg' ding

t echni ques. Wiile the particular-form. non- t'ext | 'sclosed i-n
t hese peﬁtents is the preferred naterial to be produced by this invention

i s o1 o G Btk Por b Sbeal it Pho Ml Spenls Rl ©

benefit fr thenateo de pmttmzdd:yltlns twehtion) &.is d&rtéﬂi}ﬂatﬁ@ﬂﬂf @@tdtttelr Bﬂ'a}%ﬂﬁﬁﬁa%u&f
“the- present i es herel r1 th_re - the assenbl
of a’ non-t dUKF dgpapé t@?‘(f?ﬂ‘—’ eeaﬁﬂ e, gyt P‘efl’ttfég"’%‘?gb@ brig weld bresitt e | e

. fabricis -ﬂ,@a,saas@qﬁ,maﬁwsf ace for: Iuggage .or otherlike articles, where :

.a durabl e, flexible-outer surface is: desired to wthstand various types
ot physl‘bal apuskhe “W'&Blpmssslﬁé@ nretent meent:omadmnlteé herein with respect to -

N the assembly of a non—textlle fabrtc (NT F) One of the 1ntended uses of t.he nontextrle fabric i is.
/ ‘asan outer surface for luggage or other llke artrcles where a durab[e, flexrble outer surface is
desrred to withstand various types of physrcal abuse Other various uses for the non-textlle
fabnc are possible and contemplated
15 The mventlve manufacturmg process and resultmg productare descnbed heremaﬂer
An example of the product is descnbed ﬁrst to facrhtate an understandtng of the process by
whtch lt 1s manufactured - The non-textile fabric in the exemplary structure is made up of
separate plate elements and rivet elements mterconnected together ina partlcu]ar onentatlon.
An example ofa plate element 40is shown in th 1A, and an example of arivet element42 1s
20 shownin Flg 1B. An exarnple of the non-texttle fabnc 44 when formed by these separate
elements 40 and 42 durmg the mventlve process is shown in Frg 2
The plate element 40 in Flg IA is shown in a “legs-up” posntxon The followmg plate
)_ S - -st:ructure is one of many beheved to work in the formatlon of the non-textlle fabrrc, and is
descnbed by way of example The plate elernent40 mcludes a generally square main body 46
25.-. havmg four sxdes, each deﬁmng an edge 48 Each edge 48 extends a majonty of the length of
the side.. A curved cutout 50 is formed between ad_| acent srdes of the plaxe elernent40
basrcally at the comers of the mam body The rnam body40 has a top surface 5 and a bottom
surface 54, Each edge 48 curves away from the t0p surface 52 t0'extend at approxrmately 90
degrees relatwe to the bottom surface 54. Each bent edge 48 forms a leg 56 and each leg
30 deﬁnes an engagement structure thereon



fabric are possible and contenplated.. 15 The inventive manufacturing,’
process.and resulting product are described hereinafter. An 2HRe0ST. t he
product is M@eYRHEd first to. facilitate an understandi nBCT/US002$9d8 pr OCESS
by “which it is manufactured.. The non. textile fabric in the. exenpl ary
structure is nmade up of separate plate el ements and rivet el enments
i nterconnected together ma parti cular orientation. An exanple of a pl at e
el enént 40 is shown in Fig. 1A ‘and an exapple of a rivet element42 is 20
shown in Fig. 113 . An exanpl e of -the non-textile fabric 44 when forned by

t: hesezsep_ﬁr ate e'l“mgagmdﬁt s&mﬂuréﬂlcﬂﬂfsAa‘lgphh@SISDMﬁﬂ;lglfMﬁtopmggﬁ@sﬁ@vagpovm in
ig e 11 i S- up, posi tion.
The “f ol | ow ng’ %%'%EC% Ay {S(’gﬁ? plgte Wﬁ'ﬁ@“ﬁ@ht E%&SFGCWPR'"FIHCW
formation of w:tsehmgetaaxs slbpedfc&bsurﬁceemelnerﬁs delaserthdttoR)suMas SO G AR €
Four "sides. - TR BAMI5SroBudh o hord A8 blons” BBl st sy of
t hg l e n]gt hhofgrootnh& is sided to ﬁecewela v&c&:mmﬁmghd@ébshc&aﬁ adjsoR e ﬂlﬁ% l‘lﬁﬁrﬂerélﬁlzlréiﬁ gaE'Ej
sides of the emrent 4 si.ca atteconersoterraln ody:
The. i . bodyﬁﬁcﬁaii‘sf* ms‘tﬁ%;a% sﬁ;ns;e&tem{mm e crneiige
curves awalruduroen iesllis foamyewiR ahdstRIuRNN 84 deRRET. Vi oeli
degrees rel; d‘f% to t tt urface 54.. Each bent ed ee48 forrrls a%eg
56, and. each °eg % h@@ cnm% @éﬁ@?ﬂdh‘sﬁe’fﬂ' Wétl’ﬁhgl‘*éégf”theﬂda‘@ Apri |
2004 - WD. OllB&dld)uavE’@illfdedhﬂprBﬁB%e ﬂ&peﬁhﬁn@ﬂgﬁ:@eﬂ’ﬂfbtcuﬁkﬂ HERRE ahdlﬁle g&t@&e a top
ri dge- 58,,.hayi I wal | .and  si ‘perpendi-cul ar to the mai-n .
body 46, Of R lﬂg gaed'i#é%ﬁgfeorhfheeﬂ?ﬂeg@@a extends coincidentally with
t]het ﬁdge 48. A sI@méserﬂaﬁvesecﬁﬁcﬁtﬁDm?XMﬁBﬂﬁwﬁﬁt l»MFh igh vsthgnégatytﬁtgh@ee?iﬁ%e 54
0 e main ove or m t-he mai n:body "and exten
parallel to fi Re %ﬁl@%é g’li(t)?gmr%gél“ﬁ‘a% 6’%‘?’5%‘6]‘“68’?“@&%‘{% Ehe heads are -
: correspondl n@ixed wWge shdft.of -an adj.acent . pI ate manber therein, as descri bed
bel ow wi th respe nt- of acent:.pl ate menbers. This.
engagenent . - stru‘%f ﬁﬁ@“?@tﬁl %Eg’?“ﬁ%m“fft"&a A IpReiRytilRAaPeic 4hig shewr in FigsridA-Con as
detS| rg’dl 16ne Erguzhshmaplmtremgfmmafekmafabﬂw gﬂth‘ﬂﬁ'@esplﬁlmd K HeltEin Eﬂéélﬁﬁff bgoultd
extend | onge r e e e ridge ‘cou ave I ffefen
rof et heruPiysBae T oir bl A e te ioeute ionpingatnd e shatsdanigdloove. 10
coul.d be of alattblts‘lheheéllﬁgs dovae’ ;mcmtna\&cshoaeoposmdmblﬂer itésHaAPE SagAt at i ve
section of 't et..42..i.s sh neral |y, therivet 42 has
di sc-'shaped . Ouggﬁmglﬂ’ BSW'H‘?T&E% Flf ?IE’SPPP"G’BEE%%Mé 6 of the .
t her ebet wee nnvé[ Ideﬂlieehedumsroé the vertlcal (wrth respect to. Fxg 2B) motion of the plates40 In thts

20, . posmon the ad_]acent plates 40 are mterlocked together with their respecttve engagement
S structures in engagement See Frg 2B Bneﬂy, in the engaged posmon ‘the ndgeSS of the top
. no- ,(“legs down’ ) plate i is recelved 1n the groove 62 of the bottorn (“legs up”) plate.” The cam
B surfaces 60 of each plate 40 are restmg agamst one another and the ridge 58 of the bottom
‘plate is posrttoned in the groove 62 formed in the top plate As wﬂl be descnbed below tlus is -
o 25 . the posmon the plates wilt bein when the “legs do plate is formed i in the mventlve process. -
L Several plates can be attached to one another rn t}us manner w1th the engagement structure on B
| - all four sides engagmg 2 correspondmg engagement structure of an ad_;acent plate Rtvets42
o :are posmoned through the cut outs 50 at the comers of the plates 4010 msure that the L
‘ engagement structures remam in engagement and keep the plates ﬁom separatlng See th 3

30 The engagement structure allows the plates to move to some extent w1th respect to one”



fixed to the shaft. A section of the assenbled structure of the non-textile
fabric 44 is shown in Figs. 2A-C. 15 Fig. 2A shows a plan vi&frsil 206k
,non-textile fabric 44, with three plates 40 held in position by two rivets
[42.. The two outer plates are in the "l egs-up" orientation, and the shaded
: m'ddle plate is in the "l egs down" positjhon. Each rivet is positioned so
“that its shaft 58 extends through thhe aligned cutouts 50 of each adjacent

“plate. The sppesimdllbaansndidend fHbic @5 bédnd€ The nidr¥ fe ;flﬁi-,mean a0 \dlﬂafféépéctof
the vertical (with respect to Fi notion of the plates 40. In

20posi ti on,* PRRNokE e moredherens t%g@eg@c,cﬁ@ benddeige havessamatler radjusof t he| r
- respective QRGAESTR Ellandstlnlst'cﬁyﬁﬁ'gbé Slfaet > et ﬁgﬁtg%)fpﬁgﬁt&a&' faﬁ&c sr.{%ﬁ'a?hlﬁlare n

the -engaged posit ron, the ri

‘received i rsignifécagt. obbardpduratle othter sudfacedisplovistsd that Pyotedtsithe unérerbm@smfaeemf aces

60 of e ch t nst,_one er,.and th 8 of
ohe ot Bom GlehlsE e  £oleERbe 08B0 AT baRRE AR08 UBly 1BR A fitlRes
- As will be ldlpacts ovred hgdraurfadelara. s adfition, ts topgls himharlikearfideds Slso Ylb)hlnlebe

‘_-|n when- t he "1 E&e}ggown plate is forned-mthe inventive process.. Several
~plates canaﬁg hed to one anot her in this manner, wth the engagenent

.structure on alpig. fzoehoﬁsdeeno&ﬁﬁﬁhrmseﬁ&rt&ﬁﬂe%ﬂwo?mﬁgf&sm]asw Ere
cof an adj acent é)l ate. Rivets42 are positioned. through. the cut outs 50 at

_the cor ner $heft 63 akthp rixetd? inwmewhairxiandahltand resiliente Yy amextensitle stofiuoms

remai n. j,n &péeém t e t S | 30:. .
" The engg)ge?rée}%?gs rucrlgﬁdr?ghéz}ﬁ)ﬁﬂem aghg’lsg eg‘tglggn}beggfn%b&g%m (Z)?lle rﬁgp"l}\f?h R
r)espect t-0.dineetly 2% liXpral Hire266e] themataallhenpaging cah lsorfadeb60 aamipexité hpoﬁaiw c .
fo.bend. The: the - Iates 0 .can v spect . t e- anot her,
orocthe ndnoBR T el ER08 SECanTe St o il B BVES ppifioe Yes oty siding
eur vat ur-e) pldisesgeiing, aths&atchesshmaﬁ B9 E The bmeslas e thiiSat@fspadeaiphextil e
fabrl c such as this are ni ficant. A hard, durable outer surface is

‘provi ded tPRETPR.GE shavn lPH‘"ég aﬁd diheghails °§ dherrivetsy in m{ls@cplya@mmsrlee fQ#CQatOﬂh%cei
- of | :
-of 1 ugggge Htés%ﬂ%ﬁlﬁ&ﬁre%@&n&tﬂei%lﬁt{xff%ﬂﬁﬁﬁh@sw%ﬂd% %Fﬂk{(slt&ﬁﬁ'd hapact s :

_over a larger surface area. | s tou h e surface is
“al.so flexi lgnetheg thus P@Mﬂw@lﬂes FN@IdSmlmmch&d@Oenbndl 'ﬁhnt:ompressme/tensrle

textil th ¢ 4o
I‘S”soﬁémla?m%% £578%s it 82me B0 Bl Bert (Rt BBt ieflas 2
] ateral st rﬂemla rrgm,m is kel omlook xfet 1l and palﬁasmchkemhumnw@wdbmwmenely hard -

~twisting, . |l ed .direc tIy in alateral directron, the nutually
‘engagi ng c E P@é@g Spultancons y‘rlde Up on one -another. This creates a

tensilepforc e oDthdp 91a&hsi:fubﬁ€es fe doRriplat@l 15 iRk d&aﬂafel}ﬁﬁ%ﬂlhgl fHelnbnibiiid N
 fabric. Examples of these alternatlve plate structures are shown i in Flgs 0-18. These _
7 * alternative plate structures are made and assembled (d:rect formed) in a manner snmlar to that
‘ ) _— e ,-descnbed below for the plate structires shown in Figs. 1A-B, ZA-C and Fig. 3.
) Each plate and rivet is made from a polymer materlai that is sub_;ect to the sol!d phase
: 25 E :,formmg process. Conventlonal plastrc pellets are preferred to other forms of fced stock ‘ ‘
o matenals all other thmgs bemg equal The | use of conventlonal plastrc pellets can gtve the - |
,mventlve process great versatrllty and economy, sunphﬁes matenal handlmg and also assures
' »‘mlmmal thermal degradatlon of the feedstock Ofc course, if the partrcular thermoplastlc chosen .
e -does not lend 1tself to pelletrzmg, such ¢ as ultra—hlgh molecular welght polyethylene (UHDPE) '
bnquettmg is also an acceptable starter stock, o



pl ates together, and stretches the shaft slightly. The plates40 are thus at
a spaced-apart position, ‘as shown mFig. 2C. The shafts of t4%ARrl¢804,
turn,, appl yWaoHEAHr essive force to the 15 plates and, duecrausdoizes4s
geonetries of 'the cam surfaces60; tend to pull the plates toward. one
another, thus noving. the pl ates towards their unstretched positions. This
conpressive/tensile force balance effect makes the non-textile fabric seem
resilient (laterally stretchabl e) as well gs flexible. Thus, it is likely
to look, feel and performlike a textile and provide an extrerrely hard and

dur abl e ‘surface saﬂmlmmabfosth,etopmdb&%nﬁ;lﬁﬁﬁcdlﬂrﬁleﬂd&rh&dlcaﬁt%fgﬁztEHi ,
fa r| C.

cont enpl at ed ' ade non-textile -
gl s of -t PRSI {6 B SRR esif waiinh ot e B I sgmeinenoi g sxiegorrghe
These  al t.er nfibal pmdpétafrms sty Betmpoﬁsntfbe&umﬂ@oﬁ&q;l@éﬁaﬂ@ et difiGlend OF ME)

I n a manner SBHWQ Qé"“‘ﬁﬂt hat %esc I'bed bel ow_ for the 'plate struectures shown

in Figs. | A 109} 8ic-a thap the inngeplate. Thearaterial Eorithe -
pol ymer mas er éxadriot pkate ths sholilxj m:selet:ted iﬂ]ﬁoﬁﬁtelﬁo PRARIS Gt le£Pa cuﬁ‘f %ﬁsmn{'ﬁbl

m
process. - Conv nthlog) ets are preferred-to ot or ms' Of PTreed

st

stock materia ;f} atg -{)?{12)’,; df‘li‘l”ﬁ'ﬂgteﬁ‘ W, gmerg offer chagestasistics gmn elsobetnkqnanm

pl ast.i ¢ pel | eacs?m:amtgeie&cﬁdtlmfthdpbwmetﬁﬂfm&@etﬁl SediRAbIakEe" KRS i) 11&1%(%

oo i on b S R O E B BR e covn ey s ppies mpl%g"f‘. .

chosen . does protesdimgmwhénttielbds dpds mﬂhﬁp&hmfmade&tylfgrrf@nmgggegg &Rl ar

wei ght-. po et U uetting. is alsoan acceptabfe starter

stock. 28% H*F%%ﬂ%fgﬂﬁ“b éf‘d%rf't@dtfﬂz’gbaer haying adigher melting poinsror ohe

top and bottamqnt;mnes wdth tHecholyener ofthié 1egaaowrﬁl151&0qmll desEbéd Blemorgﬂ%hr %»ﬁ to
e

useadlfferent p lal  for the plate that is positione
exterior- of- the . ﬁgl'&b’tnga‘ﬁ‘éf"“‘drﬁ%agﬂ??ﬂmﬁe tt‘a PSBb’ééElPsﬁéeStqt@n@mrer
" pl ate-may - be. pod,)uutqrm chavadttirfsfi@paniculaith i ;ﬁ@dessﬁ%ﬁl& hinefRaBRAuAHERITBR (e.g

abr asi on, etc“) t han t he inner - pl ate.” The material for the . exterior pl ate
t hus shoul d be sel ected appropriately. to provide at |east a scuff resi stant

pol ymer {or t hos&hpinatmive protes 1s®9&t@j’;plﬁﬁdl hitde R ice @B EMRGerrld S hufactur
char acteri stl can alé &??"g,ﬁi ken in. to account in theesel ec}tlfl‘a%n“(])gf the

pol yner. f.or f arams WP t Byogsssmblyfoligrs heyinganip lipe dipepfcontagt)
undesi r abl e d:etwenmﬂntael&ast\atoiongs Ofn gteﬁhiall ﬂSSmdrCs\M&‘adéloag&ﬁ rdIRr A e AT
pl at es duri ng,{l&gtfsetect ‘50)0 c[W llh %V\Qen the l.egs up i,s used:as a portion of
the mol d cavi PO RV AU YRR RRFEIveS st Rlastc pelipts Teggasionsllefsiast es
shoul d be forsmsﬂalbffre@nedl rytmed Ianspogeda foingd) Qlid 1@Rhdell REmRR mrk s&acBfeach
|ncorrpat| }gﬁ% emotﬁon %ﬁe glff 1t he Il_%s down, plates. Thi:s 1.s descri bed
in nore- det ai e elfersis prefs %Wi’ﬂlﬂ%%ﬁ?&l‘?ﬁ‘ foepregisien laevepontwrﬁr s
to those Of trbweqbttmltesanothﬁr-aﬂholhél&qmpment Each roller i is generally holiow, and contains -

i ’ mtemal apparatus asdesonbed below, for recervmg, holdmg, formmg and marupulatmg the o

polymer pellets s

: _ 'I'he sohd phase fonmng process utrlrzed in the mventtve direct fomnng process is |
25 _' descnbed in Frgs 4A, B and C The basrc dlrect-fonnmg steps are descnbed here to facrhtate o
e _, the desenptmn of the entu'e process below 'Ihe basic processmg step occurs at the mp between |
‘ ad_;acent rollers Each roller surface forms a pomon of a mo]d cavrty'72 74 such that when -
' S posmoned m alrgnment together along the mp between the rollers, forms a complete mold-
‘cavrty (See Fi 1g 4A) A recess 76 is formed ad_]acent to the cawty mold generally radlally-

S 30 1nwarcl from the cavrty mold to recelve a polymer pellet78 ﬁom an earlrer step in the direct 7



pol ymer with characteristics particular to the processing and functi onal
peculiarities of the rivet's. . .15. The inventive process 2 Ay##£004

.explained with reference to a preferred manufacturing . apparatus which
.incl.udes at |east two assenbly rollers having amp line (line of contact)
between the at least two rollers. In genejal, the outer surface of each
roller is a work surface, and, at selected locations this work surface

.receives t rfeﬂphaptqce%péhb ebhme'ﬁfehqojbcﬂyrhex:pemﬂm%a ﬂ%ﬁﬁoid%@ﬂﬁfﬁe behefaG Bev €0,
' h

retarned [ of, and. r d frogmthe work Surface of eac
20 rol | ol BYitet 80 °8P*¥E'?Fé‘ Byqm a “l’gg lﬁP%‘f‘%?lEEl jagiaesaharenessCirto impace d
for pr eci erpmvmfowehﬂ‘info&ﬁ@ﬁﬂd Eit9 16 12RB6h AR s fhd\Gbid %?\‘rl ment.
" Each roller is qre hol | ow, and.contains internal apparatus; as '

“descri bed bel ow, ? t\e &mpld\eavity fogtiqng onrellers Agmdmamimd hlwh tig difie form
| 14 f
pol yner speld hipete Bldx @Yy ‘nhﬁﬁglgr@gg% {}%ﬁ%{]%? Plgteigﬁlgulré- ) O_FR% venI i ve

direct form ngl process -i s
~direct .for fig st’@ﬁ@eléﬁtésmrﬂobe@lmﬂweecessﬁﬁamthltlteestrﬂcet'h&d@ﬂ%ﬁg&gﬁgtﬁ@ Of the

-entire pro e [Qcessin occurs, at_the nip. between
“adj acent g’?lie;tr@ kﬁm’é’h El'lggrouglr gli al ‘H’?g"o P Gaxitiss 2tataf'r‘ihi’l‘ldl'-heav| ty72

. 74 such .t hattusioe8? ispassed koingectthabelin T8 ahd fcﬂélﬁtllﬂétlﬁ'n%l@c&m REPFRCH

the rol Lers forﬁ_tts acorlrjglete m)ls Cavrtg F§‘See Fi g: Arec

“formed. adBESH tedmp 5 sikardP plongwih fhe )’?ia%llcharﬂgtelimcw%e ﬂelfet'tam t he
cavity wol dnd e poSsiisle Hentell d?fﬂhif’%n%@tlﬁ%elllet, %ﬁé‘s tlllépel e?'lﬂone%t @3{: e

- volune of .the pol yner. pellet78 and t cavl are WY sane.
‘A striker Soformepidradaptder dpeef téenméri W“BZ The smaﬁﬂummmderaﬁhmaﬂﬂxet he

. Pecess 76 rce it mpl d_cavity to -
“take on thgﬁglﬁgiggp%? ﬂec%dﬁg}gélgfgﬂﬁle tg %"ﬂl‘l’@ml‘l’o Fayite o g step isrthe ons

on rol lers Sﬂl@msﬁomnmgalfrtl@rwﬂetﬂmn@ thetelemeﬁt 400disQUsEBd iR greateP ARAEHAoWD! d
_'_caV|ty ‘The m)lg g %LF to forma Iate40 simlar to that shown
in-Fig. | : %é %lrs‘%arl E‘H&"&'FM&’F?HH ReSPre deans angthenjandin this strr ker '

, head 845 engrahplgid dpposittl diRbtichS; thbeRidert 4R raRhad Rl Qﬂéhxlé&ﬁqg‘ggrﬁ %Qﬂ & %t r

_the two cayities72 and 74, the actuator 82 is caused to

.78 ‘and _f or C&59TRe.gqRns i%haﬁmea‘weéﬁ#ﬁw‘eewwss-ee Seprfg. %beﬁﬁsﬁ‘iketQOeanbaact

by the strr.,@rtg 1 #eQ t | ertstics.of th eIIet :
~78, 10 and the0 gpsesr bl gwnémag?gdtﬂ% ﬁlog%leo atilﬁg‘ma'e(lnl 8l1 ‘i hesel | et

78: to ent strike then wirectyintgthe rer:erss)?&nn meﬂaratlimtfor tdaavﬁ:@aaehef n&es mrh@l
cavity.. . twﬁtﬂrtiolsepﬁﬁem%%é)%toefepgq? C%L the sidewall of the nol

~cavity, I's exanpl e THREPOEHORt y: This step |s t he
solid phase forhlthg bafic exemmpeds the p?(ﬁ:els'sl;llt@s &l%ﬁt%]nd?ﬂuc%&?@%ﬁ&héﬁ

greater detail. bel ow, és the rollers A and B continue to rotat
res pect t oS Ypn %ﬂ?&t‘ﬂgl © SPfinuAuS Mpon of the rollers provide a very advantageous method of

forming and transportmg t.he formed part. Smce the use of rollers in hrghspeed producnon and

b o .manufacttmng processes is very well developed the control systems required for the precrsely-'

trmed forrmng step are known in the art.. ThlS process produces very httle waste and hasa hlgh
25 productlon rate
In partlcular the embodlrnent ﬁrst descnbed herem, as shown in Fxg 5 mcludes three
fatrly large and one relatlvely sma]l serlally mterengagmg rollers 1 2, 3 and 4, respectrvely
Each roller turns at the same speed butina d1rcctlon opposrte that of the adjacent roller A mp
region 15 formed along the tangentral line of contact between the adjacent rollers. The drrect

30 formmg Operatlon is performed in ﬂ‘llS mp regron between each roller to form a lme or rank of .



15 exanple in opposite. directions, the element 40 is retained in_the nold
cavity portion of roller B by sone neans, such as nechani cal2%April@P04gacuum
pressure. SeWOHlLg244C. The stnkei 0 can be used to expel pchaisedgesmnt from
the portion of the nold cavity on roller Aif required. The striker 80
then retracts into the recess 76, in preparation for receiving another
pellet78. The elenent 40 is carried along on roller B to the next formng
posi-tion. 20 In this basic exanmple of the ocess, it is clear that the.

sol i d phase form ng process in conbination wth the conti nuous notion of

the rollers preathee mmo&lrc,aw&%ﬂﬁcﬂglbﬁ thalBp R@fnOtn Fif 9y, mef&sgﬁ% iGISRE N9
t he fornmed part ti n and .

f t he ﬁ é\é’lo lers . in hlphspeed produ
manuf act ur i ng B é’e‘“'sew SFS i 3. g ketwse ollersieand 4nt r ol syst ens
required for the pEadi rfelteyerollereﬁﬁl: ah@ﬁt@iﬁ%ﬁnﬁkﬁ&rﬁb&é@@%luh@db{}fes%fEav-ﬁebS

process produce ver Ittle waste a has a hi-gh production
particular, a“'@n‘ﬁ%’& ﬁé‘h? 49 Rogiong@iths misiagirn glaaphisll teps molbogvitientorfor th,

i ncludes t e eq;lritesldoloy nbaf%h&ﬁﬂk@g@dré ﬁ&rﬁtbktll@l‘aﬁnéél@rhems Sl‘hh +? halves come
i nter engagi ng .t ol ! spectively. er turns-at

the sane s peecl Lot féﬁ’bﬁal’ség 4] WPE?EFFJ‘B%IEF@“{GH &k ‘h%)l"l’ bﬁeeemr;oaee prd arotheer . A
ni p..regiaon i geddg Itd’riedelﬁd oAb théiﬁ@ﬁﬁb"ttb latchihTFonPlhe AR, %.?despr% Wabe Wi

adjacent rollers Th ‘{ &t CLf & operation IS orned .in this nip
regi on’ bet weed® %’5@?? Asf- Eachrallen éﬁcfsrf&’%lhel"ﬁ'ﬁlé ipthat the jntepral M@lﬂeszvéthmorl I
2004 " -PCT/ Usoohe?reﬂér& ah stRBEIIE te Firhgles WPt ANk

regi on I n Fi g[%a hﬁgehailaﬁ a nj lp Ijr]e(-'j;gl onl bet mé%fﬁiﬁ%gg&r&k%%dkg’ﬂ%& ween
rol lers 2 %nd “H7 °alﬁﬁ prstonef thesg raliess bps negrahlimig fbut it shoaldra ldagtiescebdis an
out er ‘peri met ahe widtf ARG gdshid -te:&ﬁé B RiidiPo c up.one
of the two porttf)‘tc}*:;{l of thg %ri -ure cl arrtshel%'én[l?11Eje ﬁ\ﬂllﬁtdé?ez ﬂﬁ%%m?o orm
the $ plates 43 YPePIPAE eniramax be frmpd mﬂéﬁieﬂlékﬂwoeldfmmﬂnr@gen’énts
" These nol d._haligesentitmerrst 0get her: and. form.cl osed or: conplete nold cavities

at the nip between; rtgllers and ‘are, then ready to receive the flowable
t her mopl'asti ¢ “mat el ff°"Fl“8l"ﬁytﬂl‘é°eft§elnl“§t’ver}é}§wd@§@flhbehma%lﬁ@l\me@lmthr:@gasrd to

Figs. 4A-Qs Earpﬁpdsﬂiohaf theliip beser ToRR | BRI VtAGLSnd oF t.heh-;"l’dmernﬂqs foBh&l f#e

structures w T“E t he r.oll ers Whapes of the d 3 l-es or ‘cavi ties are
speci fi-c to.t hESSERPLPPYR 98 themin tetren iollers rand 3y his lefrovendiciament isfommedn of
these rollers nhﬁlgag‘bﬁleﬁmth thel: ‘m:ésyupb blemérit @Mf@te@ttebt%ﬁm%@e@gtoh{ﬂg e E h Of
t he | argest . n(ﬂp extts Eh ic article to be made. In the case o 'l
t hen, t he | elements togethe urmg processing. The rivet is then formed at the nip between rollers 3
L “and 4 to keep the mterengaged plate elemcnts together “The norrtexule fabric is then extracted
#4520 © - from the process ina fully assembled condition at the oﬂ'-feed from between roliers 3 and 4.
' | Each of rollers 1, 2 and 3 can have several similar stages or features that facrlrtate the .
7 direct formmg process “Roller 1 has six basic stages associated therewrth The first stage88 .
e mcludes the striker stmcture 80 mounted mstde the roller at the inner surface of the outer
( - ‘wall 86. The stnker, as noted above, is posrtroned and controlled to mteract wrth the pellet
25 'recetvmg recess 76.. Each stnkcr 80 corresponds to a pellet—recemng recess 76 and canbe -
L actuated between a retracted and fully extended position, and any position therebetween
_ The stnker 80 can be solenord operated for example, and must have several }
N '_charactenstrcs in addttlon to the abllrty to posmon the striker head as mcnttoned above ln -
- partrcular the stnker and its solenotd (actxvator82) must fit within the roller in a relatxvely

30 - small space Smce the plates to be made on each roller are Itkely arrayed on 4mrn centers a .



axi al di nmension over which elenments nmay be formed and assenbl ed woul d be in
‘the range of 100 centimeters: In the exenplary process, m artoVIi ¢0@dy, one
.0f the elements is formed in the "legs 15 up" position at the ni.p between

Jrollers 1 and 2. A second of the elenents is forrred in the. "l egs-down"
“position at the nip between roIIers 2 anq-,3 This "l egs-down" elenent is
formed. in engagément with the "legs-up" elenent as part of the

.. direct-for arlag:@amnmnbmmmega@e jess tean@in QPprokindORUR I BImE d nadncar

- processing. The riv the r ned at the nip between rollers and 4 to
keep the |ﬁEa§P@ﬂ'§‘H&gﬁlb‘b‘fY fl?”s hesiis easily acepmplishad-tnajew ofehe abric i s

then extr aﬁﬁﬁﬂmﬁ%&l@m%&:&’e@lﬂa&é fm dlst u%usmldilnxgafcbrme\é ﬁeasvgff rﬁ{)re%éﬂl ey pé%ﬂﬂ&s

or-features that facilitate the fromthe ess in a assenb
condi ti on #echanism$q ismpedgd thagis o@rlaldemﬂ:m ﬂhepﬂ!!@eahdtsémadem;rddmkédﬁrmyngf

-process, | t her ew he first -
.. st age88 i~ ng‘ankgttrasaill ll Eaa&l%rclé gr%és ruc%ugr%}hagﬁ?r@dﬁl%%pa % oagucﬁrﬁréecga)rpsnés. at the
“inner surface oTh¢ $tikerativatonfdmusBalso ifoee diersirier head 84 (ldé:ﬂljr Bltaiselimitad to,

PO LoD oA 5 R SRSl bl et Pt st Gresicalyidelorm,
and -

and can beﬂaqieuatce elnsad MREMe tholdéavitiek eq‘hegtelkéﬂuchvat&%&?é&ﬂ pRR3ts hhd¥in
-any position therebetween. The striker 80 can be sol enoid operat ed, %or
exanpl &, aﬁaolwémoaﬁ a\feneesfétsm snerﬁdhaml@rallstenaasmgi rallessiwill borapidly rotsingtte | i ¢ y

' to poshpio p triker
“and i tslbso leohig?e (ac li/eaﬂtng?g%a?n rrust Eequl%qﬁl{ﬁ SP h%s %l"lggéﬁ%lrﬁ&gm%gﬁal?l vely
“smal | spacmustsberw bried ipVigwad thcaelaovelpdmalbnmeahehnoldlchanesawﬂ! bd dighsd ankieayed
- @n 4nmm cent er.s ﬁQ April 2004, 17 sol enoid- and its connections: nust
occupy. | esglptlﬂgherg 1'grpprOXI mat e 8mm diraneter. cylindrical space within the

‘body of -each cyLastggthe stfikbSastetntities irluyt tCeasifipdfesdialin ivaridtis@ombinatiBe and -
“’mniaturization-strides nmade i:n dot matrix, and inkjet PI’I nter heads. |f

‘nore room PRRYSHREESRYNSE f-gomiss RRefRtehcariTql sigRalaqAgain past deyelaprertal dat mptr n
“the cyllndgfin bﬁ,](& RRE, B f Kl?aﬁfs i es
“could kle ugedteltso ljvg al %DS'[ ﬁ%hl(%ﬂl(%gpﬁg%&fagrﬁ?lﬁhﬁe mec arqlégqrr%&aa\"lwe
-striker actispesabef ®e ofprdinagy sigll, rAnoe theapplination of there dethBalogies bas Hegn diseloserot
linmted to St&&ljllé | der abl e speed and
f.orce, adequ%ll&ggt ght:;o l'Eal'gt I-ca %‘géllgs%?nnppl %)epfgél%géﬁpel lets into the nold
~.cavities. The stri ker activator rrust conplete its nolding stroke al nost

‘i nstantaneously Aalel tgtl"hégT 4%36 %@%ngrgwg@fe&%ﬁp&dgg gng}%esfl'résa?{?l’?%zﬁ“abri c

“rotating to 10, Rf)trud

- shapes 2o ThH&pohh&nddﬂiydh@&nﬁbﬂéﬂ}ﬁ) beTkish With 6 6IDEVRY wall ¥ bRdRf gell&78 and
Tel atlvely smal | time the mpld-cavities will be aligned at the -‘nip.in the
“rol lers. . thusnot make:a plate, or withdrawn into the recess76 to receive the pellet therein if aplate40

—3

-  isto be formed in tlus mold cawty In thrs way, pellets are only posmoned in the recesses76

l R : mtended to recelve pellets 78 to form a predetermmed shape of non-textlle fabnc -

L 7 7_ The second stage is a pellet hopper 90 posmoned and controlied. to selectlvely apply !

| 25 ‘pellets 78 to the outer surface 86 of the roller The pellets 78 are applred inan orientation to
' 'allow them to be recewed in the TECesses 76 as desrred The pellet hopper 90 is preferably -
' _pcsrtroned _]l.lSt downstream of the nip between rollers l.and 2. While Frg 5 shows’ a hopper or
- the lrke, it may be more deszrable to use electrostatlc placement ﬂurdrzed bed dlstnbutron, or

._'gvacuum deposmng fo posrtron a pellet 78 in each of the appropriate recesses 76. Fluidized bed

D 30 _‘ plus vacuum (a small vacuum channel in the recess exposed by the wrthclrawn stnker head)



Lastly, the striker assenblies nmust, be easi | y operated:in various

conbi nations and arrays in response to conputer operated corﬁ%@“'@p%al S.
Agai n; past oey@lsaqgent of dot matrix 15 printers, ink Jet, 19{’#41@5% and
t he I|ke m t he past places all of these nechanisns easily a A |sposal
of one of ordinary skill, once the appllcatlon of these technologles has
been di scl osed as: above. One such .structure is disclosed in U S.  Patent
5,126,618 , Returning tO Fig. 4, the strikers 80 in roller 1 are positioned
(e.g. the striker heads 84 20.. are p03|l oned by the controller) to be
flush with t hus  not nmake: a
plate, or wi ?‘ﬁ&?‘é\%ﬁ’fﬁ’t et{e%mlr‘ée%ieags ;gﬂﬁgga@é&ggé&%ﬁ%hén%@r BN R ein if a
pl ate 40 i s Selertisely pesitinndhe pelleta V& inthe disiredretepses fromtwithén thayollep bk @EletsTg €
only positio recge ets 7 forma
pr edet er m negﬁgdgg%&hgnhﬁﬁ%t%ﬁ%?m %aﬂg q’f‘hd% % %""%F’g‘ﬁ& F%eségﬁé‘llh%t -
hopper 90 postrikerdRedhisreuldatieviae &wrolderesaesmriatedeh;hth@mhsﬁ distfbupigidfet s 78 to

t he outer sSu le in an-
orientati 8n l(:)lﬁ%elsgﬁlﬁ ﬂ%nrgat@oslsg)gthf -elr_gcigelr\%gg “oR tﬁ’@"lﬂ{@?esrgeg‘i{c'f%m%? HESS r ed
The pel | et hegls&s789dhe secesef?épethewzeemsmeu\emur e pelletT8)nStduki®siEbd fohe ni p

bet ween rol |l er.or. .the.li it
be nor e -desi %cléjllveese’?éoig 1 HC%&E ?‘nglé%gtr?ceé%\g%eh%%eﬁ f"l?‘ lafei‘éedmﬁgﬂﬁws

di st ri but:i-onhowgver, uaemmeedm thagecess 7[50@1141 be)shapedpel-dcatre aifd penet eatiu of ‘'t he
appropriate [ReSRsfisr 208 nofHedl ch‘l'bgﬁgﬁp%y éléées ‘?&uﬁm érts ¢on g}piatedggatﬂﬁr i

channel in the recess expose drann StTTR
2004 W02 13pellst7ropldigisengidng tegewsy fran asiiate rolartrelgh afiopdninggn e al | the

appropri ate 0 I | e ct| el Si 1.he
pglol eltQ s 78 |§1lgfvgag gglz-?ceﬁ'sdﬁ@ ef:fggs rcgrﬂhdvl\’n% ts?lecr?v%lhble?loeld F‘Y #’ﬂ‘é é&é?&'@’t‘? 78
coul d be postqlreerweepltehmmmgmsmanmmmemr| ker - head 84, .and ‘pushed- -
“into the recess ﬁe%ﬂfsﬁe:ﬁﬂeﬁ%%acégemgﬂhg \gﬁ#led%a% Vi etr% %ﬁ%‘g?‘g‘?é)bl ens-

associated with the nass -di st |on o} surface
86 of the rotallerl (onitereopsctivg relleOrty| netsenrmanmngjthe pelreermuahexeqesuve peI lets

78. The. ngce | | coul d be
P ed oS} cRERR: 78, SR Rt el SERLNELBt e SARLREI B! il Qe
closely recetgethepellegaintodheirgspectivewmsesses 76ivwithbat acaddneillp perf@thirghay sdlide 1 ec ess

76 coul d be ﬁ]ﬂ%ﬂmhgh%%@grgﬁs tﬂ@)gnﬂg:tﬂe eligt%hape At 'Oose %ﬂﬂlaﬁ?rl‘?éﬁ%thgfé 10

closely received b I’S™CO
pel | et 78 coWPd peshiapy eaprused nﬂﬂtt@lmdseﬂusemﬁshdmmlﬁnssmwmtﬂﬁlpbltﬂtwilhrough

an opening i AnjiiGn E%é’aﬁlﬁﬁ“ e br Lol phe NS RPe it 4. Pe
sel ectively bl ockeg L p&% %?0 gé?'}t{eﬁsle?)peﬁ Vgon ﬁ%ltl’et from bei ng
posi ti Onéﬂ in thdhe Mgtagtﬁls a pellet remover statron94 to remove those excess pellets not

- properly posmoned in thexr respectwe recesses 76. Thrs pellet remover 94 can operate by

- contact (sueh asa scraper) or non-contact (such as by vacuum or the lrke) The removed

pellets 78 can be recycled o

7 The fifth stage is 2 heat source 96 erther external or mtemal to the roller, for selectlve
25 temperature condmomng of the peliets 78 prior to the sohd-phase forming step The heat
- 'source 96 can be eleetnc convectlon, radtatron, or any other heatmg techmque known or .-
. avarlable for such an operation. For sohd phase moldmg, much of the energy for shaplng the _
- pellet 78 or slug mto a final shape comes from the mstantaneous forgmg forces drssrpated in the |
' preform or slug during the operatlon However ms antlcrpated that each of the pellets should
3. beata conu-olled temperature pnor to forgmg s0 that opttmum moldmg can oceur The ﬁfth



The third stage is a pellet placenent roller 92 that engages the outer
surface 86 of.. -roller 1 (or its respective roller) to assist29April2004
_;posi tioning the pellets 78 in their respective 15 recesses 76. The pellet
.pl acenent roller 92 preferably has a cushioned outer surface to gently .
urge the pellets into their .respective rgé:esses 76 wi thout accidentally
perform ng any solid- phase formng, herw se deform ng the pellet-
shape. At | uld pus C

peiPer al iR sphApRiPhind bty ﬁle#g“@séél‘éﬁvt%ms? e BELe: W

remai n i n hehtingsygiems |aref possjbld lmiudmg fethppraage comtollg thedydindéritseif speRatinggheol d

- T ell et 94 h
oxvess polleBSH Rl B Eed fsthel o Bhetriiby R Roofhe faies vacionia dume g Thi <

pel I'et rerttct:m 94 can operate by contact (such as a scraper) or
the.like) The renoved pellets 78 can be

tact b
POy erEt (el Rl ek et tsres bestniss spued tertiviatfalteic the
internal t he: séild Sase fcﬁﬁllng%ﬁ&ﬁs 06?1'(1) ?V?}%C‘h thd TRRE E_ngo%ﬁ?éan%leoéy Egggteset he

- pellets 7 ﬁ) ior to the sol phase ng st.ep. eaf  sourc
- beel ectr ireller deptyree mpp ROt heagressany dor aptintlly smedtpclletseme usgofichemed riquigeosn or

“avail abl el&ﬁ%gawas?ﬁumweﬁllhgﬂv%ﬁg@ aﬁl?l i d phase nol ding, much of the

~ energy for shaping slug into a final shape comes from
- t-he instant aneduigrehier détaily Hig)r‘jaeandm&ﬁewaﬁsgﬁammtrlgh&e@mgfawﬁbwngsmaw| ng

. -t‘he oper ati-on, I tis an | pat.ed that each of the pellets should :
b2 DB oeSihes AR Gl Bolien B DG e aresertg Tty mwE mpaTian ol di ng
g ‘gan OCCUr ;probassei infatdiialsdfloviitfehéra@P RIm 1O L ALM 28 s HE: tlﬁt‘f‘ﬁb@h t the

|ng er eat’i'ng

+ Pat hing t he . eIIet hel d i-n the Tecesses prior-.to far

syst ens “afew eﬂW%?%d’etaeﬁﬂﬁElﬁavwl @llcbmthcpnrommmrtmyto aidén itself,.
. OF . heat ngomﬁgaméﬂsgﬁgmﬁv&éﬁldl zed bed just prior to placenent. The -
“‘heating:stage is discussed-in nore detail " below .5 Each roller preferably

has si mi | ar f eddlitherollgrs @ﬂ@gh@ptasshbb(nxacmnbntoﬁam\el/mtldsr 4) hateinindidda bLsrhdle

DAt ' gt akecaflel s BHIBG MY FRAbeTRE R PUE i Moo b B oo
. opti mal | y éseachdngef thesesreodsits 76 fxaceferadi in b elififle BF aldtiat Ry g&lhcsm ‘gﬂﬁgﬁa@@yﬁgﬁr S

| '_\gljglg;(rjalrrlnklellﬁ%f ﬂﬁ%éﬁﬁf&lﬁ@i%l &l“r’rgls e Cz‘gtf?gl lﬁf E;Iés@mab@rmvéd eayity prrent
| L?ﬁﬁ'eiigdl’ﬁ%‘t°§??2ﬁ“‘?3€“§ %‘22@?2??3%’?%‘%%%’?‘“?2% B Pt
: r oI | er s holfc'ﬂs'HP position. For roller 1, these cavities are shaped to form the plate with the four “legs”
- 20 ’ used to loosely link each plate with the ovcrlappmg plates in the assembled non-textile fabric.
. The plates formed at the nip between rollers 1 and 2 are in the “legs up” position because these
f‘plates once formed are vacuum transferred to roller 2 with the legs extendmg radtally
) cL » .outwardiy away from roller 2. Thls onentatlon isin preparatlon for fcrmmg the second plate in
. 3 A‘_:', 'thc “legs-down conﬁgurattcn at the nip between rollers 2and 3.
s 7 oas _' K - . The pellet receiving recess 76 as can be seen from the side in th 4A is preferab[y a
o o nght ctrcular cylmder to snugly- receive the small thennoplastlc pellets 78 from the '
' f‘j' ccmpounder The circular face cf the stnker head84 form the bottcm cxrcular end of thrs
. C recess. ‘This stnker head 84, as menhoned above, is operated by : an elcctromagnenc or
' ptezoelectnc solenotd or the like. This solenmd can posmon the face of the stnker head$4

. -‘_f 30 well w1thm the recess leavmg a Space for one, two or more such pellets The solenmd can also



| ower rlght of the drawi ng can be a sinple anvil roller wth aﬁt&rrﬁlgriate
cavities to aid m formng and/or setting the rivets 42. Al 20 Po%r s
"(with the pYoBHM# exception of anvil roller 4) have hundcgdscugessml | 15
recesses 76 for receiving thernoplastic pellets 78. On roller 1, as shown
in Figs. 4A, B, C ~and. 6,: each one-of these recesses 76 is centered ina
dinple or nold cavity. portion 74 forned in the outer surface 86 of the
roller 1 (in this exanpl e) See Fig. 6. Bach dinple or nold cavity portion
74 is about half of the miniature nold cavity. needed to forma-plate

el ement in tpeeitior the e afithe ptukerthmtﬂ aFo:rbeurqxtdItleeropJ:mng tmehereoasﬂdanésxtemhns haped
to formthe toI sel L.k each plate
with the ovetp l‘%ﬁ‘g‘l"l]%‘l”h? t7‘l‘lg’sefxa%et g?’g@"sts e °é‘bHeﬁ de osn é)tﬁglemt‘ ﬂnk E\i

pl ates for rr@tsoabe opetwedtas@xbe:ttmpms toable@eshejjuamlldzdplatetmorxﬁwlee42'fr@gks up" -
position be VL %?fwv@{ﬁe??omg&%e fornmed, are vacuumtransferred to-
roller 2 vmt ending radially. outvvardl y away fromroller 2.

Th| S orientati onAltﬂtelbnglpu@d‘rthe process, @clleisﬂlsmer;gmnhmds»edmrsdrf@hao of roller 1tHye

"1 egs- down" Nl e S |-et
recej ving: retgeéﬁlh%[)%be Iﬁielgggghlgfjp% Y}lﬁh OSI lgﬁlhn szzllegpmlf}&“’“%‘ﬁ{c‘? "er ably
a ght ci r culEhe excebs petlets 78 uesemxg'bg/byéeeelheremoealslmd:d94t [The pailpls asithen heatt | et s
78fromthe of .the stri formthe
bot t om ci’f cu a@%ﬁggﬁp l’%ﬁlgg %%ﬁs?ﬁe %oﬁﬁghas‘f‘fml(@gphoéga%ﬁmcﬁsa?ré’ﬁtnl Poned
above,” | s odehwemrbllbt;s land 2 keform drdipgeuptplar clepems ORlieadpwa deeribaiovidh * or t he
like. 0S the of the.striker head 8 Ovvel
wi t hin t e rrge)4 géggo ﬂﬁig@b ‘E"e Tt Qle%s'ult la?eoeﬁcemen IS5 %F“?‘h?f'g ﬂf&to"prgﬁlét ' The
sol enoi d caramaysidn appmmﬂ&ew\phe slamemaﬁw\t\@)ﬁﬁdnfiﬂmh BESFMHSG‘%%GM& #&Qs-posi t | on

t he face of 0 0 to the r 7
and -extend i ng@? aQttfltiétlg lﬁggagla%ﬁ?& ?ﬁg loga%é?(c 0“5 aléﬂ{}ﬁ%se'ﬁgefos“m?'gmfl?g‘lﬁg’@l ng

" deposited ttferelﬁcxﬁhencstmhumwsldgoﬁhsmnbemqﬁbmed as extract on pins to
(r:gl“e? §ea]t l] grj tl‘J zlﬁa [1916? %n%%&gﬁ‘gmg; |5h%l?tﬁlé’%e§?&é goe f)"le(%cge@oﬁ gf m)IYg are
positi on&d (Iepesstqe'?fsﬂufdrmohn&&: Iodild cofities forthdS{fegsiibven’ pelémﬂt, Wlinhrﬁpo@monehhe :

| 78. t I .
e excess Hefyedh B69ghil 1033 bhi Uolhis IUREL bhe BRRCLIARIED, SRLLE" 52
pel | et s ar e redeemas Tﬁe"afonnehndashmmt’egt &ta:tdfetolmhnatertge lomnageftﬁﬁpelrEhe solid
phase form '}chPsle ? ll&%%fe e§t t$lhe “Pegfn ’pelenpenls fh(é 8[?%3@1 and 2.to

formthe "l egs-up
deposnted on roller 2 between the locatton of the formatlon of the “legs-up” plate elements 40

B :to,__ : The pellets 78 are preferably posmoned the excess pellets removed and the remammg pellets
| . heated (smnlar to the stages on. roller 1) pnor to the formmg process at the mp between rollers
. 2and3” T b el T
o Altematlvely, the pel let dep051t (90A), posmomng (92A) excess. removal (94A) and | _
- heating (96A) can take place before the formatlon of the legsup plates at the mp between o -
EPY rollers 1 and 2, if so desu'ed as shown in Flg 5at the bottom of roller2. It is contemplated that
. | each of the steps assocrated thh the placement, posmomng, and eondmonmg of the pel]ets on:
- the outer surface 86 of any of the rollers can be performed in any order and 1ocatton as 1s L [, o
Ea benefic1al for the solid phase formmg proeess BT ' o
| At the nip between roliers 2 and 3 the “legs-down” plate elements are formed by the :
-.to sohd phase formmg process. See Flgs TA and B. In thls forming step, the “legs Up” plate SRR



10 respect to Figs. 4 above. The "legs-up" plate elenments are forned and
remain on roller 2, arrayed in approximtely the sane rel at |2\96A%§W40n I n
Mhich they were formed, such as is shown at Fig. 5A. Roller 1 continues
..|ts rotation t hr ough aII of the stages continuously. to allow for ,
~efficient and conti nuous processing of tzlge non-textile fabric. At roller 2,
continuing with Fig. 5, the processing continues. Roller 2 has pellet 15
recesses @dndi® v el ement, which
~are positioned aéggtdsv\%agtn&f?%eﬁgy‘rigﬁé hgdéén‘%g ppﬂ&erhéﬁgﬁenwp%ltlonecj on
the surface of Befrring tofig.Sde therpellet78Ads shunvnirig shd xwcese @6 A ywiltathe stikeFhgd in 5A

‘and6t0| el | e 7 on.roller 2 with
- respect totﬂ‘?ﬁﬁ%tgd B&% An%afdé%gef&“ﬁﬁ%r are §8f%‘8|PF‘Z‘§§% iﬁ%pﬂr&@p‘agﬁt ed on
r Io| | er t 2 gagvmes tﬂdemﬂ(fomtedqnartmﬂy trhelléeznmg Blmsl&fcntétlya ard ?@.&rteﬁﬂ} fopahe
. el enent.s ) are ra ositione e excess
pel l et r&HBPIEm a?ﬁéatﬁléerfﬁl’ﬁ?tﬁ@erb lF'@%sa“ (:S;Fglﬂ (A Wh?&l‘)‘l‘éiwﬁﬁéofst ages’
~on rol | er fajming eer“lagedbhs” plate BleRentis EHTRl legaﬁt b 1 sBri&d Y561k EShrfacd:
and 3. Alter niatlvel y, the pellet deposit ( osi t1oni ng. (rQZA . excess.

removal - ( Pipgile n%l‘dﬁ’dél“i'?l’g"f(t%,&?gsdﬁ’n element. ﬂhawo ity formation allews thon of

the | ” d, as
Loun” o el ddfabloboBIIRR0 ol B i e A0 b RRTIAEIAR, *°
't he st eps cating alatnm-engegmgdr@optmted sewndtyre dosing foomingowithiont nesdrdisepapate ng of -

. the p IIe er surface .86 of any -of .the rollers can be -
) :perfo'ralmed algsr?gg’rﬁ/(’fm@gl - ocat ion.as is beneficial for the solid phase:

form ng proces SJncAthetcbﬁxpretenn@ﬂw\ﬂgﬁs fothnkee b? th a@i@ﬂm@nttoﬁ'%e rhSﬂsca @Nﬂ I0|7 2'[ e q ~
i gs. and -

-él enments: are for the_30_sol i.d phase form ng process.: See
In thid F!ﬂ"ﬁ? n 1pliers 2 apg,3, regpectiyiely, the striker Qs js acnpted to fores dgent
acts as p ntqutm@m@sgmv RSl oW
" Referri ngqjt&oe Fi A the pellw%dﬁﬁA I S shown %%‘%ﬂéeté?@?:deg%th%Qﬁ )ﬁath

striker hddis Sohg Pbiﬁé foraipgaienciaclpdesithd Hrmatimn ce“rtlg,falgtedengaged titge andatotend of

th I | '
Lo, P! gl BEaRRhi bl GARAS S oMo kSRR 1"
~cavity at shdnmmrts dxmdﬁbposnmhtefoanﬁpeﬂdm&fﬂﬁaﬁc&ﬂ-faléof ileenmbﬁb@aiw ty fOf_

- fornming tli.e begs down" plate elenent is defined in part by thersurface of
rollers 27 ﬁﬂ surface of roller 3, and a portion of the "l egs-up"

_element. Thi's Mab stn@eué bthé oregeasm ;ﬂétl: e»emﬁ@em f&rsﬁat&gmﬁEWIﬁ tﬁ%‘%ﬁ.—m nt

- to be formed to fit precisel | egs-up” plate

“ Creating &R FliFmERts 40, gile Ay "6&"@% Fﬂl@é‘t?e%fldsl s ghowr in Iilﬂ-rﬁBlgThlo ﬁmqiilge\mwtﬂout
need gf s %Bﬁfaadn’?all generally clrcular hole formed between and through the array of plate elements40

~and 40A between the four overlappmg legs of adjacent- plate elements. These circular spaces
o . will help posxtlon and mold the nvets 42 at the nip between rollers 3 and4. The mutually
) ‘_ B "engagmg legs of the plates 40 and 40A have a shape that meets luggage constructlon needs in a
S _ .: preferred way. ' ' ,
) _25 " © As roilers 2 and 3 move, the jl.lSt-fOI'med “legs down” 40A and the exrstmg “legs- o
40 plate elements drsengage frorn roller 2 and adhere to roller 3, such as ‘by vacuum force n :
_.on the “legs-down” plate elements The overlappmg plates w111 hkely ho[d together adequately
" for transport on roller 3 to the next processmg step even w1thout mserted or mserted and set - '_
o nvets Tlus is because the mt:mate manng of mutually molded legs will adhere to one another -
30 -'v:a VanderWals forces S '



10 assenbly of individual parts. . Once the conplete nold cavity is forned
by the ali g% 132?%1 the nold cavity. portions 98 and 100 on 29Aprié2809 and
3, respective 3 e striker80A is actuated to force the rfél‘l"@@“’%ﬁﬁlnto

the nold cavity and adapt the shape of the conplete nold cavity. See Fig.
7B. This solid phase form ng step includes the formation of the inter -
engaged ridge and slot 15 . formation of the enbodi nent of the el enent40
descri bed above. The striker head 84A is 22shown in its extended positi.onto
forma portion of t he back surface of the nold cavity in Fig. 7B. The
structure of ‘the The w5 of autwf thepravieushy Pred lsgummplato claments4d asagottion of the t he-
"l egs- up"  emgaRMNS fetGoing MER b h 1 g.
5B. Thi spstructureﬁl eaves tlg olnélgsmogasﬁng?eqﬂéﬂgkgfrpg %e&%g‘r'%&?éoﬁ ﬂ\fMei ‘#’S%F
bet ween and PrfoFuga of terengassy (v@nnqsredl alaféwl,emne s\mtboutmmemd;s@pm;eplatehe f our
over | appi Ny 4@kt bARhRERRkede {.]ésse&ﬁ';l Gt £ ﬁ&hﬂﬁom@? Wl
ro

hel p position and nold the rive e np etmee ers 3 and 4.
The. rut ual | ylov@dgagnhlseserdd Rigte t«lﬁeerpﬁs mre@amoem elOpentscand not bsbrapea singl

nmeets | uggag@sﬁemﬁkﬁtl&hh%s :ltﬁ) al“o BErﬁé E\E "t\%j MY do nqtﬁﬁ o iRk %ﬁ%@g? e3

nove,- the just.forned "] egs-down e ex st.1 ng egs -up

el ements di SEPREEHE SFBPO‘HSF‘BP?@N for @népgaon@lste elgnqntﬂmgbe ansdmhmn@yﬂmacuum
force “on thgcludes ¥hat Risit nﬁla.:féHPl%E :

likely hold t‘(:)uéet elrﬁgdequatse e for tr’g%g%—tg?leq %{?Pia{}%éa%eﬂsﬁe next . .

processi ng sheforeasion ofhe l?éirﬁ‘O‘l”hBlé‘PtewaO’ﬁ Thﬁmf@l@dlean@lﬂémtlude ihmehslegsThl sis

b t
pecaloe 6 doblplel derehl otis Sonil bbbl { G Aol AAEHGR nt
PCT/ US00/ 299eg3-upplate plemegt 40; gkhis weuld mulpmetm lsgssdoprf &hnmtﬂOIAel@mgLfmr[ddat ®
el enent s40. agmperddb Wher tllefleésﬂlﬁ eleHRllld‘rOCiQV léfierftﬁr oll@%l&‘rnﬂ&nta*}‘é erle® gﬁtedf)

pl ate el enent 40A i s very advant ageous. the orm.ng :
© nt er engaged 3@@’6%8&58’59“ﬁh%tcéef@ll@r?éﬁwdegm—ment@q‘guld “bnglamhelaséﬁarthaﬁ pI ate
el enent's toamaeaﬁaﬁsmsnm tploms gmttnaﬂ la.gr.gsmtfgm i | mpor fant
for the legs 5. down 4 ate el el separ ate
el ement sandflonsnt 494de ﬁlé‘kﬁlt Eqsﬁbllf@dlng l!%ﬁ“d legls-ém plaggislamegt40hi The selevtiomofst ep. -
To insure theeﬁdlpneplﬁ}eéfdl&aﬂ&loffeh&eoffﬂa%& Bife efilehfiGne g&l‘i@?s' ng step,
it |S|rrportant for the legs-up plate el-enent40 to be- or e a pol ymer,
that - i nc| udedpReband theprachuing pammstersiamparitng, spaedi atg) shoultl alstfactoegethilown
pl ate el enentquit@esiuri ng 't he formation of the |egs-down plate el ement.
These propertles coul d i'nc)ude that the legs 10 down pl ate el enent 40A'i's
formed of a pol y Ffieexiaim pornigxfile fabrie opplicatioms, Torexemplp én wiativaly figidivgghgs panel

.20 constructtons some mutual- melung and non-permanent fusmg between the prevrously formed .

-|

legs-up plates 40 and the Just formed legs-down plates 40A ‘may be tolerated. The extra -
o stlffness denved from the occasional permanent weld Jomt resultmg from such mutual meltmg
will lrkely break loose durmg the subsequent assembly steps or ordmary consumer use.
- Processing speeds should be'set ata norminal rate S0 that such plate-to-plate welds are: generally
N 25 “rare. The amount of excess sensrble heat lefti in the legs-up plates 40 and imparted to or
" generated in the Iegs-down plates 40A should be. comrollable and rmmmal due 10 the sohd
phase formlng techmques discussed. henem. The processes should be able to'be contro]led at o
" precise enough levels to allow the use of the same type of polymer for each eIement SR
_ o Refemng back to Fig. 5, the arrays of overlappmg plates now pass to the surface86 of h
30 " roller 3 The outer surface of roller 3 forms recesses76B for recemng the pellets 78B, and a’ -



| egs-up plate element 40: This would result in the | egs-down . el enment 40A
being formed at a tenperature where the | egs-up el enent 40 i29AnH 204 ent |y

..solid and not in a softened state. In addition, the surface

' 104 al so for.the

~characteristics of the |egs-up el ement40 could be mani pul ated (hardened- or
- lubricated) after formation and prior t023|ts use in the nolding of the
| egsdown pl ate 15 el enent 40A to make it“resist bonding to the | egs-down

plate ele paggfe% ngg@é i?;fthe b gee{, Isoﬁrsléag Thbsuttpgupetédmﬁﬂémeach

~of the t consi _ ement
processi ng‘opmr[alMemlad (avmw‘halmﬁnﬂmkadaﬁmtofthe svasA2d 'l%liespellétaodesaesV&Bt h| s

requi renent rt.ai n_non-t r a ati o for exa

relar vel v fogpe it it BrRdes BB elen M ccindiEB afen il e HREmaM,

. non- per nanaviied 102 4ng 108 bVERP thd@igps erfme virtular 10638 and expfge/he BPdRfackbrand
~.the just fornmed | egs- dovvn | at es 40A may be tolerated. The extra stiffness

derived f kot kegsury oAl fnplats teltmne ingrear t9 baldiths qﬁ‘gacmtmlﬁteelewe%t ual

" mel ting Wighteghdr kel y break | oose during the subsequent assenbly steps or
- ordinary consuner use. Processing speeds should be set at a-nominal rate -
so that such pﬂ&?étag@-quaﬂﬂédmsd@néﬂepwmSlzyexqeatlemolml@‘lemdm%t of .excess

“'sensi bl e generat ed
‘m t he Iegls-.he%&nén%tlaﬂfg &%ﬁh%ﬁgﬂ%ﬂ&g}e grr?:krgl)l%lwdb"l %qhe ﬁn e to.the -
. solid phaytndrivahiiole IEtebdstwequmhfohrsnreﬂamﬂhglbﬁ(ﬁladjaca'ﬁteegs{xpaem&gshoul d. be, -
-abl-e to be controll.ed at Ccl se nou h | evel se of :
Sore t Poo AP RE Sefenis D TRS LR EEREHE progesh e Rl HECRA Bdhg owrall e
rrays. of sel\ﬁeal a&nnmmieat&&hmmmeoftme legﬁujﬁ-w &enegﬁd@tnm platelcfimedts. The
~.outer surface of roll'er 3 forns. recesses76B for recelving the pellets 78B,

j' and -a - 29 Ingis] orrzempszeveahqmabe%mr@emw@bior@epwceeéed elamepistctyes 42
formation SHED Kl Pﬁ’lPr H m§ldrrle@tﬁ§e59l)4 Fftde iy Jn%gﬁn%{gtth@heaﬁphﬂygg% I es.

_ on of e rivets42. T recesses are
~formed in:the. cﬂmltthbiegselpéﬁead legS-thboﬂﬂéezlatc hbmentsrfmpwtofahe mokimavity ate

_eI enents. .The V|t n 0 t'he e S e ul ar -
eLonenl shieaBle A o e A 42 VA BT e TR Rl uil 50
- plate el ?r@lIitlseslvﬁtcliﬂéﬂﬁt‘:t tb dzeﬁbl(;ﬂatloh&)f&dj l@&w:pbﬁte&l@hmnnmm{gameteg@ﬁd Ehe ;
'stages of pellet depositio sifiQnin SS [enpbva and heat
treat ment- R° PR r}dﬁe mgf)qocgygy A1pis e*fab erﬂ?l"&leﬁ{tls‘ldltl)g?fg' PR the
- appropri atxﬁzetscmldoeﬁﬁdtoetmdaehgsmk@tvhh bﬁﬁalemegsa&MM oPMELLAIUE Patel €9S Of
adj acent l.egs.up 40-and legs 10 down 40A e elenments. This rivet-form ng

 process, siemants during gz afieg thefagmation; ssepomam selectien of thewiveforming pelsmerand) i er
Lfor thg f Cllsrll?zlterllaﬁ' cﬁgradtdlﬁncsl sﬁgﬁldléens‘l&’er%éle Lagsa ?é’é\”lhé‘%pgla%soﬁlhs BEE& S.

elements the temperature of the nvet-formmg peliets etc.)
7 Flg 8A shows the pellet in the recess and the strtker in its retracted posmon in N
K ) R engagement w1th the rear end of the pellet As rollers 3 and 4 meet at the mp between them : | _
| .the comp]ete mold eav1ty is formed Nearly mstantanemsly, the stnker is actuated to cause the B
L25 peliet to deform mto the mold recess and adapt the shape of the mold recess See F ig. SB
| ': Again, the rivet m its final formed embodlment is not fused to etther of the plate elements
| The nvets keep the mter-engaged plate elements from separatmg by llmltmg the dlstance the
. plates can move away ﬁom each other. “The fateral ‘motion of the plates relatwe to one another,
‘is controlled by the engagement of the Iegs formed on the respectxve plate elemients. Ideally, . :

- .30 the polymer used in _the_rlvet allows for some resx_llen_ce to allow a greater lateral movementof



In this formation step at the nip between rollers 3 and 4, for the’ 8rocess
and eIenent\&%ructure ‘roller 4 has only partial mold recess8AMH2004r ned
thereon for YOPHHY the neads of the rivets. Both the | eqPCHpIsaRIs

and- | egs-down 40A pl ate elenents formpart of the nold cavity 15 _
corresponding to the shaft 69 of the rivet 42. As with the requirenents for
the pellet material qualities with respect to the formation of the

| egs-down pl ate el ement s40A using the legs-up. plate elenents 40 as part
of the nmold cavity, it is inportant that the polynmer used to formthe
rivets 42 ddbsplafes as explaing ahove.y The fly-fprmied dntarisagazedmonitadils fabriomataialt isr

| egs- up. 40B sphva f FagsCOR MBS 26U, 'al?dJs@Esﬁ-l:El gdtttga B&tﬂtﬁt&&f&;ﬁ@ﬁ@. ockdgai n .

sel ection of the rivet-formng pol yner an I'ts materia Raract eri stics
shoul d considgeribediegincriteria (e.g. the tenperature of the plate

el enents, the teﬁH@ﬁ:ﬁlH&@u&émk%n{M@ nr&lel’ésr%dﬁ%é Ekﬁbsecﬁleﬁ%;)susﬁd%ﬂa@A shows

t he peIIet In 'the recess and the stri Inits retracte rtronin
engagenerft \MieRsurfee qf@asectertsclbas ltgsegqae'me@pmptasd nerl-lewiile fatbnapldmes mibeff at the
ni pbet ween e R) readyt6r 130 BPHEH SssRBIE. - PRYEE Ynowi QU\%*%
|nstantaneouslyg}the strlke# |ssactgat%d to‘haa gbfﬁ hﬁvfg?otgﬂﬂeform
into the noWGmP@@égéﬂ&nd adapt.. t'he shape-of the nold recess:- See Flg 8B: .
Agai n, " the i vet jiidcokdesh fﬁgmuﬁgpgeg ﬁgﬁgg hpﬁﬁ of
the plate el emantsl -Thparl vets b :bgtﬁ@?e%{r(l);fggm%t te el enents from
separating B?“ﬁﬁﬂkﬁﬂﬁgShwemameﬂaﬁ@enﬂﬁeelﬁﬂﬁhesmddnﬂmmhemamuwnﬂﬂ@nmaﬂch
other. The hakgtalonBRickOBIQbr & fim {-u%?belt% Ele%lst'i ‘GSdlo 98&0@&94 -

egs vy pIate

controlled by the en agenent- o orne e re

el ement's. " | (EEESsipg tec qtehéfhpssewfercontwqus helttonbrﬂwpehéxasmbbewﬁt simrosding -
resilience

2004 - WO oﬁ’%ﬁcﬁfwgglh%% r%gﬁéttgje%&tk %%D%@gﬁés“. égneedx ?”R‘eg’“" do]?/%‘%séﬁ{
© ful i y- f or medemaip alisned s deanalding erssationss - f abri ¢ mat er i aI i's'. shown in Figs.
2A, 2B, 2C, 3, anqta‘is%oaﬁtehf,sﬂuseﬂmt Pm&lt%stc?ﬁ Ry veflfile gﬁtcegﬁ hé?&gﬁsss

descrlbed herein. The fina product exl t's etween r 4 and
i s subseluempl Bave tocke cylindripd. Manayde dstqmaecbﬂl@ifa roligr oedeup, Qflﬁbm &S sdctirgage: The

conmpleted n Qﬁtehcﬁnl‘gé leh%h»tr@@dcl‘dss ﬁm@@cﬂﬁ:? 1srtﬁh4ﬁc or thhpdoh% roth:ér 0 o Ogrh&{ted‘tﬁﬁeror

final assenbl C shows a pl an V|em19 a sma sec
conpl et ed fatqut’ere Ismrefprsede I fhsiuse elthe team “wllrd hergimis indicativa of B strugturg thated t o

facilitate thewiRAHTAFEIMifuRE pfol?&sﬁé’%&ﬁ%ﬁdhlsﬁ/ehfiwn ﬁ’uo%g'ﬁélt, e]%leﬁtred ?dllersFor

instance, if rollers are found to be.inconvenient or any reasons,
conti nuous (384 the like steisiFssnuUOUS. I|nk belts are believed to be appropriate
for suchygprocessipg, th@&ilb@t fIHSing pldkesy §Fth9¥)re§en? P04 B rdtiol Elf" el t
has*the: benefit of providing nbre space for the stri- er ruc ure

needed, - and SHFRSE Stagscthe foller, istriker il 2w offsF epsoriatedegragnater including roller

o spacmg or relatlve movement, is controlled by a computer havmg a mlcroprocessor and N
assoc:ated soﬁware (the “control system ’) The control system is belxeved to be enabled by the
currently avallable proeessmg control systems . ) o o _

- 25 o Several dxﬁ'erent types of polymers can be used for the inventive dlrect formmg process :
L For mstance ABS HDPE PP, UHMWPE and PC are beheved to be adequate polymers for
- use in the i mstant process to. dlreet-form non-textlle fabncs Durmg the soltd—phase formmg
L steps of the mventlve process the pellets are heated to a temperature above the soﬁenmg pomt -
| ... .of the partmular polymer and below its meltmg pomt To the extent this temperature ismot -
307 | obtamed solely by the phys:eal defor_matlon of the pellet durmg ,the_solld phase formatlon S



remain aligned for the nolding operations, ; It is also conterrpl at ed t hat
the.rollers used in. the inventive process denoted herein do 29Aprihd®0have _
to be cylindrical. It may be determned that a roller made up of short fat .
" sections extending | engthwise across the roller is beneficial, or that
some ot her type of segrrent ed roller .strycture is: preferred. Thus t he use -
of the term"roller"” herein is indi catl\/?é of -a structure that aIIows '
~relatively continuous processing, and is inclusive of continuous belt,
segment edPOGFsP-diean be spalemsaed byan axtormal hest wwrce ppdesprihed abdve. Eheastidle fRarimi ng’

" process. Etrfarhaws tsee?f&/ed Y A Plse fhﬁﬁhév"dM'B@erh bﬁaﬁ?%&%@éﬁ 1645 Jlrmdesﬁshrﬁllace '.

st ages, e roller he striker, and any ot her assocl ated par
i ncl udi ng‘qf?ﬂ‘la%?n °”§B%lé’P’|‘lb AJproptapy polymentons aeta the Chtﬁﬂem%tabteubtlbyreaummut er

having a meqlrsghgflge@ﬁs‘g%m@égg,“@%gm ated software (the "control 'systent).
The control systemis believed to be enabled by the currently avail able

proceséi ng confpethergmhadiment 2 theawartestileifabrie ablg o be giesst irmod by theripventive be

used for g C E,
PP, UHMAPW%’&Z%‘%%E%%.I%%W% 50 BB il bORAR N n o (.

i nstant pradatively.rigid ektimeststi 10 andrl lﬁ:mhattcenﬂ)elaseﬁlhtedlteﬁomﬁlﬂexi@ehhe—temlel d- phase
,form ng. f the,i tive cess s are heate ‘

t enper at u?%’%g‘ogg%wtl?t%b?g?fgﬁ?ﬁﬁt 18601 vmg&h?ﬁ%logghci AANGPESHHY ora’ﬂﬂmﬂel ow .
its melti a@npas pieferdbly Fhie eﬂgés?ﬁﬁdasbckette@dﬁ&lt BI2Uhevihg a B6rrespEndiRd Mivaaehtival el v
by the. physical -deformation of .the pellet during the solid phase: f'or mat:1.on

29 ApriP| . 2spixeror spekst aleng at least gpe B“e“ss‘l?ﬂ'ﬁllmwgé"éf-‘f@?g% dhe é‘FWﬁllts heat source.
as ‘descri'hrdpARqH hnﬂ_ mh%h 'aﬁ ther ift %rtitle-hﬁ’@édnglgﬂﬁﬂgtg Sl%er i'nl@edﬂﬂ‘lgéled’ l#a?lfs and.

Yol i-d- phase form Pl asti-cs;. Decent ovi des use
i'nf or mat i serkels actwatmqsbamtal cmmeensahﬂ} ceoptyntatelatlheto omenethemdcshde slnghay and

.char act eri inve ,OC t
Anot her eﬁ@%(?g%‘(ér?ﬂgfhﬁﬁcghn%c&\ Q{Eﬁ%&? 35’{? e dﬁ%c e§e8| e&ep{s g‘?‘ﬁed by
t hé i nventlements precgenasilylflag hmﬁglabattﬂl web poﬂibﬁm ¢cﬂ1sifﬂu§ﬁg mostlof the surfaces .
Thi senbodi des onf| urat n of _relati id -elements 110
and 119 tﬂg"?aacéghﬂ’ﬁ(? Eﬁﬁ% hlc’)lﬁ ch@ﬁg'lﬁ‘t&’“n\éﬁ“gﬁ 8‘?‘3"“? sdo thep ey e_~_-
is a barbeg eshamm&é&eabg\smesecm%bebeagsclsaéscswﬁ%%m end. or

a

portion al ong: i'ts ef erabl'y four- edges) and socket” el enent. 112 (‘havi'ng
- a_correspondi ngnli &gl‘ﬁm"&lﬁ fabtlﬁ)elemﬁ’etéélSV‘@ﬁedﬁbosedkfeﬂlePUngelﬁlpﬂ deesot one

of its COpdaRRP 9[9?1{3 one
anot her |?1 a tl. F@oﬁ@he con |gurgt‘c‘l A lttfgﬂ@ﬁ:t%rcclonnec g?}ﬂh A an‘dlmtil
socket's - debovasiesmribed nmbadxmeot; r&mﬁlemms arh dlreetbrrcopneeoed to ohehnoﬂeertathemlean

anot her. and de sl t] e.an erall onnect i.on, bet en
he. oy Bt oG o L onbulel an g & il fofed PR Ph%h |
havi ng. apmffoalsepehnﬁg)wolfeﬂmﬁﬂ%c@@mgtdtgeﬁgdgw most of the surfaces

- th 9 shows the general plan view and Fig. 9A shows a cross-secttonal v1ew of the

) N barbed plate element 110 ths 10 and lﬂA show a snmlar plan vnew and cross~secttonal shape
of thc socketed element 1 12 Flg 11 shows a cross-sectlon through a lmked set of two barbed
25 plates 110 anda centrally located socketed plate 112, th 12 shoWs an anay of elements
aecordmg to the instant- mventton w1th the barbed 110 and socketed l 12 elements formmg a:
checker board pattern Flg 13 shows thls embodtment bemg formed at the mp between rollers
2 and 3
“In F;gs 9 and lO the elements are generally square in shape (although other shapes

30 such rectangular tnangular, etc may be poss:ble) Along each edge of these plates are’:



15 of ‘each of the elenents to forman overall plate conflguratlon Thi s ,web
portion ‘extends to the edges whi ch are defined by either soP0cAnsil 804 ar bed
edges as deWOORBHM above.' Unlike -the non-textile fabri eaisiwenbs

di scussed above, the abject invention does not require a second headed
elenent (e.g. arivet) to hold the el enents together. Al so, unlike the
above-descri bed enbodi nent,. the elenents are directly connected to one
another rather than . 24 :. nerely reéstihbpg on one another and relying on
the rivet elenent to keep the overl appi'ng hooked plates from separating too
far and beomtdaﬁgndﬂmﬂmga@ﬁdedﬁn@harﬁbashwr&nhdo&mg;emnethabarbérﬁgnath’l 1©®Y\as. shéwsln i 9 9A

h f.th Iat el enent 10;-
o 1% o eSS leeb P R 2 robdied T2 Bt T b T ook e

: el ement . 1 kAlardedd gomﬂ:ﬁ llﬁlhi(W\&le a@b 0Sthe PRGIVIOAShaplyOdtG heceedge rrhﬂ.decfge,tagqﬁu byo
GG L RS CR TN e e PN B st e s
bar bed 1510 Fagtdosmmw),rﬂ:& otmawnﬁgs\avﬁaﬁm ﬂ&eﬁatﬁ BetgdeRE tcbeaﬂle lfcneéstoer n. CIFi39-
13 sh t odi nen at .t he, ni en rollers an
o i Bl B o e L o A e R ah e St
ot her shapeslire@ly: fm:m:tenrpemmutlaﬁnedrpfefmguloarprefawy a FRytoP6r gadaser bl €) . Al ong
each edge: of t \wo 01132404 - Zl?9e€ ril, L2004 PCr/U 00129948

26 ol ded- iA™ B‘E’ ?lﬁl’:‘l%fll??f’é‘l Is Y& d rtgach plate aad thes  hed
plate 114, daﬁtl§ol&hﬂbarhlandﬁbﬂwt;91m@bhrefeﬁﬂémﬁﬂgﬂﬂl i ncl ude an el ongated -

I d t ormn barbli6, us this. en]arged port ton |i nks
Co the b of ¢ RelepiiEd iy, 19- Bhasia s dp drpsiet] 8aae ShPUStORgE PS i || be
det Eu i edf {e[eﬁtéﬁﬂtlta 1§ib]?n£5!ﬂal“: hwatﬁmﬁaneaelyeeotnedsdly fa]g?% B@&k&eﬁm&dtmng me ZnaltOﬁcei
socket o ate o |
pl ates are %fﬂ]%y W@ﬁecfl‘jnl‘eecﬁg'i”rléwl’ 8%@8?%% nB’ﬁé%’l‘b‘l ?I?BF%‘E%°"‘P?V¥Q’F‘§r abl'y; this
’ Par bed Pl atoperatior. Efgnﬁdﬁﬁiowsﬁowdumalﬁefp&?gt?mel?gs :t@enea rogtaea{:gfewedhmeteldy froma

enperature co
coggounded ﬁ%lof‘g %mgl"‘?elb "ﬂ d;?PH'é’B%Ezyfge"d’éts"é'ﬁld@é‘@P l}g thus Thys

each pl st e nesvably Ittﬁercoim'eaedl;ﬁrt@letethlbaﬁglﬂﬁlﬁeﬂeeﬁ@rkmhstﬂ&ﬂﬁn Pis10 &n%ﬂtﬂ@' y
smald .- | o Refer.ri

cdge of t hedopreel ot g rmnon e A, RS FrbA S MR B di y
faci ng hOO leeade ﬁfmelahﬁﬁ]lﬁsrﬂalﬁcilhalh parttcular it is anticipated that the major dimension of each.
- of the plate like elements could have a maximum dimension of between 3 and 5 mllhmeters for
_‘T-example _ o o '
7 20, -~ ... Fig. 11 shows how a senes of a]tematmg barbed 110 and socketed 112 non-textlle .
. .‘fabnc elements can be assembled. Overall Fig. 12 shows how these alternative forms of plates
e can be assembled in a checker board pattem 'Note in each of the two conﬁgurattons the corner
lntersecttons of the edges are cut away ina partlctiar manner so that the correspondmg porttons -
" of the. adjacent plates do not overlap and prevent or hinder ﬂexmg of the assembled product if
) 25 . ‘such flexmg is desrred In parttcular, the barbed platel 10 has trlanguiar mdentatlons at each
- corner that in effect remove the barbed head from any chance of overlapptng or mterfermg with
7 A‘ the: ptvotmg along the axrs at nght angles to that edge (refer agam to Fig. ]0A for this plvotmg
o "'actton) The socketed plate l 12 shown m th 10 has a dtagonal tnangular ptece removed at _
| _the comer elumnatmg most of the headed socketed or the socketed portions in that area. Fig.

E 230 - 12 shows how these dragonal cuts of dtagonally adjacent socketed plates fit together in various



integrally connect to the central web of the plate in the solid phase
formng or nolding operation. Fig. 1 OA shows how this socke2d Awil 20k 118
is sized to | oosely receive the barbed portion 116, yet the nutually
~.engagi ng hooked portions 120 prevent withdrawal of the thus 15 novably
~interconnected parts. The slight angul ar,;deflection illustrated in Fig. |
"OA can result in a perceptible flexibility of the overall' non textile

- fabric, egpgebsdftdnsivhamd fieging P Dalfite the3BIR awasp poﬂﬁ@ﬂﬂhbﬂ& abrEVety el afd®bf

scale. In particular, it_is anticipated that the major dinension of each

of the pl aheasseridednemisnile febsigitht meold Gonptiite/an APenRg:-PrRasTRzs thrpughibe p1gngnd
5ol m?g;?'ilﬁ oRlte; ﬂéﬁgﬁéﬁgmﬁg&;ﬁ ?peg( %ﬁﬁﬁ@%@&%&ﬁﬁ%b@&xﬁ% cﬁ%& fdhati ng

~barbed 11 soc ete rec el enme assenbl ed.
Overal | Ficgustih@ie 8 perfsrmiance prhblsm sitice ehempenmgs drorelatively spiadltand thewdjanent

~assenbled in a checker tern ch. of .,the.two
e shilds BRERIEH B R BB hfninab iy ARG i SnahSirk e bending
partictar omﬂaﬁﬁg SO that the correspondr ng portrons of the adjacent plates
- do not overlap and prev t or hinder se Ie roduct if -
“such flexing i %“g’@ﬂ"rf%‘ae Rrﬂceﬁ%\raf‘raE'EYQ ldégﬁﬁfﬁt‘% W REde B angul ar
- indent at.i qagyedh rcﬁﬁ:?shl S DL ovlilRb ab@veﬂ.fnftt?fés &%ﬁ%s&%&%ﬂ&ﬁ%ﬂ rom.any.

. chance of: overlapl%r ng-or interfering wth the pivoting along the axis at
“right angThesatbus fesmed:plgtes predransfererhioyolies 2r-pngl pelleie? ase ptascélrphveqlmﬁfgl

. act | ai
B ece b ARSI Ao 0 el Bl oot 1 FIRRRNOE 1O
socket ed- mocrs’s-rsmmﬂlrbt@troﬂema an@ 3@t the Jfp ihBrebiboswharethcmald foii thegsotkbt cut s of -

7 oy oA PR LS RRRE b3S b A B F A Sa&%i’ﬁéﬁetﬁiﬁ’g‘_‘_

are very lgla tezd N6tER hethain pbRiodSF GEtheld cavty-it xinell Erofblhe borrédpandingul d
: constrtute an openi ng or passage through t he pI ane of the non textr | e

fabric. Fdndentationsofdimplss inihe akigned syriaceneldhe rollgnguieisuracess The edegsof two of
- constigut gh@atesa,tﬁr babRd @D%ngoﬁ'h@é:ﬁltd menw&vﬂgssoaﬁsee attheﬁséewesmﬂﬂ

. and the ad] acent” - surfaces tend to close u hese openi ngs unl ess the

~fabric is mpmdﬁng&fﬂlrgrneldtqaenesw&ndr @tjcansefnoeshowgl mrtlus Fige9pertés9theenalpof)cess
an arra f he
“roll ersyl%anb% Pageg ou?%fa%eéﬁg%’%&e%%ggphures EEFEQ% '?%e b rstm@ﬁ? 1 ed

- enbodi mentbarbed Eges sudpendedfin thieniold cavins His tmeﬁnsﬁaebedenagbs; thiemidld surBicesafd
“pellets 1 elected 10 rece roller.2 in

preparat i (Ztﬁe 'Foil : gﬁ?ﬁ%ﬁ’élﬂtgﬂ‘tdpgﬂ fo4 WA degsee the fron afjee&ﬁ?%ﬁﬁo‘i’%ke& once it

" Cr 0Ss-BectfhRes ih@E@ll@'lzI ) pi&stical®y GRfbra iftfo thd @oR Soristifuf the fifol PEavivy 62 the
nmol d for the soc | ate 112- has been formed, just prior :to.initiating

.~ the act uatfermms naCéarrscletqdr ntate 1 i2andithe reslting eay of socketed plates. In this way, the
' array of overlappmg {or more preelsely altemately embedded and embeddmg) barbed| 10 and

} '. | s socketed plates 112 form strong, tough and relatlve to the ngld materials used, ﬂexnble non-
7 e a-textlle fahnc shapes The dlrect formmg process of the present mventlon for this embodlment
25 e of the non-textﬂe fabnc requlres only two processmg steps (three rollers and two mp areas)as
T ' compared to three processing steps for the prevxously descnbed embodiment.
_ Another embodlment of the hnkable elements for forming the non-textlle fabnc usmg
- the process of the present invention is shown in Flgs 14A, 14B 15 and 16. Figs. 14A and 14B' T
L X show top and bottom views of the hnkable element 130 made by the sohd phase forming
.- e A'3d process The structure is snmlar to that of the ﬁrst embodlment descnbed herem in Flgs 1—3



pl ate 112 Notlce the main portion of the mold cavity is fornmed fromthe
correspondi ng- indentations of dinples in the aligned surface Ail2agd

rol l'er out er WaMsHees. The edges of two of 15 the al ready fcwmwsaodozy bed

pl ates protrude, into the nold cavity, so these edges thensel ves form a
portion of the nold cavity surface. Of course not shown in this Fig.' 9is
the other- pair of barbed plates arrayed at right angles to the pair shown,
these having a corresponding pair of bagped edges. suspended in this nold
cavity. Thus the four barbed edges, thenold surfaces of  ‘the rollers

aligned at tbwever, mermdndmmmbnmﬂ@@ IBlBBfl’.hé Rte efedfefd 28 cBintéhe striker,
once it 20 :. forc conforminto the nold,

et, 12 stl

constitute ST gaﬂ%t eQﬁIB s 1ntgg Yn‘éﬂgﬁﬁw% & RBteclement The strpighbedges he
resul ting al’lBhghgé)ée tﬁt@ﬁlkﬂeed) l@b@ﬂm@&lembﬂtslﬁlﬁtrﬁndmg lateRRy aprt! Qﬂﬂ&fenfb\ftﬁ’ﬁrleﬁ@m ng
(or .nore preg sel%’ﬁel Fenatelé enbeda éﬁ n&ddl&g barbed 110 and
socket ed pl §PEL"e et 138 isreayitsd and 1s2hlg to by inferlipked ig 2 l‘?ésl‘l? dFig-14B)
mat eri al $ uandh “Iégsanwl‘iﬂ @tgmmk) drieithiidrAusinglild dlre& probi@s & de@ibed Mo NG’
process - of tl_B IQ ent cgihgon fo h I'S en‘o nt 25 of the non-textile
fabric requireRE ?'e'l' §§tF$l§ﬁ‘§ EBEd‘(“feh is fosmedinong siggle pRAski p ar eas)
as 30 Cor’rpalﬁﬁﬂm'tgq)rdcbs’se&p (\ptuomaslsprqmaset:eaa cavity shadbR aild AMioRbiE!Y theGREdel e -

l.e_elements for formng the -

embodi nent . ., Anat of the linka

montext | b PUBPAIEF B o A} B aets Epcerss S5p e PO RbEATIeRsA Pls St |
Fi gs 14A, 14R) 1sftﬁ‘mﬂdldRélﬁnngﬁllﬁ§. 1544n g of eerlikB@Weg ”wmmlaotég@%we\/\s of
t he Ilnkabl i@#ﬁft t 130 - ‘X'{Jh'ge sol i d phase. formng 43 ocess. :; The
structur'® i & mf"BS?Iﬁ °“5'f e frtsezally Somsd rivet P4 4 sxtendingapviasibei n in
Figs . 1-3, V\Qetﬁédnaﬂéiﬂérlﬁﬂedﬁplﬁted ﬂﬁmray RO HSADSA0B SBhAR 1ot ATWRHRY steps heng are

no cam. surface he ed es- 1 ate el ements.for counter- :

engagenent , Thigx tﬂﬁé’???f’é{’ 1} Sopuplgte ﬂl’( %B'I‘QI prmipgHepphigh loﬁniﬁ%e’ﬁ?%fé’l%nent

" The st rai ghkhagisl g mﬂﬁ?4&hﬂﬂ@ﬁv@ﬁ&d&ﬂ@ﬁﬁ]ﬁtsub&qk&@ﬁhaB&s@fo@tﬂﬁ:@%ﬁ f g, novi ng
| at eraIIy apart.. In th| enbodi nntreﬂr}élﬁsmgugqeone shaﬁg of- el ement 130 |s '

requi red andoHd! f%ﬂﬂtf%ﬂtﬂa CISEMREET Elpachet tepirkenta fyrmofhariyet s | egs
down" -( Fisg- haaapﬁmmnmawesoﬁaedmngfothe ottief 81 phik Trhthgyreegss as descri bed
above.  The pl atI_e ei 130 th the El_9ra| |y formed rivet 132 is-
formed.in one sif§ll8 g‘ﬁ?&e ’6‘&%% Sadp up gf theseclements BpndR-e nol d
cavi ty’ shapRefenitg b togigu ME, eadhtwthe;rﬁmegesss bftRe ptataeleﬂlehﬂm&rgedgé&eﬁrﬁlgand
O : At the next gl% ffﬁslﬁ ste %\5& &4 i tel o]al ented pl ate el enent -
130 i's for nBHSR eeeeBt %t'&ﬁf'g‘f prderpssiobthe oppagielyip”  130A
and "1 egs. dpwitlonéd.bléteﬂanéﬂt.aﬂ"ﬁe arerdpes 53&%{1@1 il%l%dﬁe%réaﬂ: 4 MéchhridaP Sigakdnient -
f or med rlove 134 qF #%%war gby bet ween e.-merhnked plates. This
array_ i § 'th Wlﬂ’b htin ‘f‘&?‘gle"‘l%"r © 8pQthes whemthg rivets 134 are
- ‘fully formed Cut-outs 140 are formed at the corners of each of the plate elements for recetvmg
* the shaﬁ 142 of the nvet 134 wluch holds the two plate elements together.. The degree of
» ;"'"ﬂBXll)lllty of this embodtment is sumlar to that of the ﬁrst embodlment, and is somewhat -
o related to the length (and extendtbthty) of the nvet shaﬁ |
25 i Sxmllar to that structure as shown in Fig. 14A and 14B an altemat]ve embodlment is’ ‘
shown in Flgs 17A, 17B and 17C The plate element of this embodtment is 1denttcal to that in o
- | Figs: 14A and I4B however the rivet shaft 1441 in, thls embodlment forms a split- retainer

) havmg sloped semt-annular detents 146 on each separate portion of the rivet shaft 144. ‘The -
' ..sloped settt1-ahnuler de_tents fit into a conformmgly-shaped recess in the rivet head 150 to

C 30 seoure the'ti\tet io'an'etteehe'dlpos‘ition on the end of the shaft SeeFig. 17C. The rivet head is



non-textile. fabric shape is conpleted by a third form ng step which forns
the extending rivet shafts 134A and .134B into a rivet head 29%mwilgho4
-subsequent solid phase form ng step. This would require sinple conpression
of the shaft under inpact of the striker to formthe rivet 15 head, similar
to that described above for the other solid phase form ng processes. Fig:
16 shows the conpleted non-textile fabrj,c made up of these el ements 130A
‘and B Referring back to Fig. 14B, each of the four legs 136 of the plate

el enent hags @iuredlBAneetd & didshaf ahdisRey aiffitull@3ehove \ﬁi’ﬂ%@@dﬁ[{% sthgithe t e
-conpl enentarily shaped edges of ‘the oppositely positioned ate el enent.

“The st ep sidewighs 148:¢f the m&gwré@gesnssseme@e@nmmemesm iyashead20 to

[t bl el AT 1 SHIETRRR oYL i

. of each qiroctekﬂspiotﬁdeibeveewﬂna speciaily rsbaped wmald) caviityao shepé thesphit 1efaitehe ri vet

..1.34 which holds Iate el e S The degree of
flexiBility o:‘-[g'f’ Hfrgc pﬁgﬁessp@ llzﬁltj ?‘? gﬁﬁ'to t’fpr‘?é)%ﬁf’? Ll B3R ent |
-and is seueytiater-comletied glateldnheitd ﬁﬁﬁéchstﬁﬂﬂﬂy wsaembbé | THe)distRrbtid ' thdt VRt
.shaft. 25 Simlar tq éhat Etruct re as shown in “14A and 14B, an -
-al t er nat ifO@IBEBIWESTATgesigae stqfststﬂﬁﬁsnagee ly formed fmensﬂéZ glopg ﬂﬁ*rerefneat\@

el enent | s t
povmaer | g, TMIlsR sirhict dpichEop e 1ok onEhiiy ol Bl
* havi ng slaspleastnbmbcmrmd they deaveith iegBcolo oea@mthmiezrmwnpotmnadmmﬂ ta the - _
“rivet) sh f { noul ar ~det it.into.
conf of’mi ng ed %Ibse(rﬁr é’@sggggéesﬁs are geg %£°£E‘e§§l9“%g‘e§6m55t§5?‘t§atﬂbe‘taf%t in
)an attac laﬁfll-smt érigagenunt bfthe Eﬂﬁenfjmlﬁdﬁlﬁnﬁhc’mi de gs.3p¢Ei Th thik Gbodingent,ionebethead

s 29 April 200 us cured to_the en e t an I S ver
it cul tofpssserr‘oésntﬂtt%ﬂm?s%mssﬁf&qnﬁémsﬁa@hs a3l ageGpdeia Falpisst -
retainer atdfottheadPmiSdith thelfbiRt & the ﬁ?lbhﬂ?‘ceh%fef‘s‘ééoddrbna hsrdﬂou&s figad.  This

“alternative enbodi nent shown mFig 7A and B is forned plgl%/ the solid phase

form ng t¢ppRERYEs, fosmin e@ea%smmwleal prewier of thandippstimelsing rrossss torth;s
.- shapest he,sRlident ﬁ.tlee %seﬁﬁgems diffidd QUdile @@9&\?@?%@ s&ft@mﬂﬁoslaugt&

_ create anot her. type of non-texti ric ou er-connec

" el enent s séparatelyt femed| clemieptstio enmemaimmﬂl ofrmothies bnaltovothemn o bdsmltwitlhe :

~formng process is. dasi nedt ese ara d ele 152 -

ar ong O Bre I8 phepioRE St SN pra MR ERRNE g Hresd RS ol stgﬁeéflsz are
‘thus f usedelfged kanewhat fofformh uferfegten lﬁﬁﬂ’ﬁﬁﬁ@the&:&nﬁhﬁ&@ldrlg&ﬂe flgacive afjstehthey

~move Wi th respect to o %fher endi ng at or adjacent to the 10 fused

Fegions: I8 ARE é@&%&“ Oﬁl“’é”lj Epars Datyesadhe Slleﬁ‘ﬁl})tsf%@o’sléﬁﬁd‘l‘lé@labns as

-~ the bgr b-ﬂem“?OCket engagenent of the earlier enbodinment in Figs. 9-12. In

-t hi s enbodi nen one set of plates are formed at the nip between the first

_ ,and second r oﬂhgdgectéomtmmgog@g gﬁﬂlemsemfapph@ttlgscanbe utilized in the productton

of the non-textile fabnc for many different uses. The appltcatton of the dtrect formmg process ‘

) o of the present lnventlon in the manufacture of luggage, as an example, is descnbed in Flg 18
| " ', | The process is shown in'the. form of a flow dtagram havmg four prnnary sectlons pellet _
. 25 selection 400, dtrect formmg process 500, pellet recycle 600, and luggage case assembly 700
o _.,thle the process flow of Flg 19is contemplated for use thh the processmg equlpment
described above, it is contemplated that the inventive dlrect formmg process of the ﬂow o
- diagram can also be utitized with other equtpment capable of performmg the same or sumlar o
' _"operanons ' A ' o o - |
- ‘ 30 The ﬁrst step of the fiow d!agram of Flg 19 is the step 402 of supplymg pellets ‘The: ;‘ o



are formed and fused to the first -set at the ni p between the second and.
third rollers. The tenperature, farnming force, and other physi%pril 2004

par anet ers owotonez404 r ect nol di ng process for this L% enbegirhiRitneslgst b€
carefully coordinated to create a fused region sufficient to maintain the
separately formed el enents in engagenent with one another, but allow them
to bend wth respect to one another to give a fabric- type of novenent. The
fused edges are preferably overl apped mewhat to formthe region for
fusing the el ements along the respective adj acent edges Apertur es 156 can

be forned agrefehied Eéﬂéfkﬁesslﬁﬁé%ﬂ%t&aﬁn@t Sgﬁtﬁhﬁeé £r AL @Yot Rt E)I'dc&'g alrpe0

flexibility, The direct formng process of the present :app at1on can be

utilized i nfirstecisiop hlock #tconfimms that the pellet sige.ishape madymaterial ave cmwtendwrﬂt teent -

uses.” The aﬁahingataobsaa anotheddé;ﬁeptoxfreﬁt% Bhek RIRE&BHly afets @étﬁ%
|nvent|on i n the manuf acture of aﬁm@lg -as an exarrpf) ESCI’I ed in
q°ﬁm YPO6F

Fi g.18.: - THes gsiess sanalsode uned fpr WWSl%ﬁﬂ@ﬁ/Frnﬁ,égﬂmnmmfwglfour
Pr i MBIy §ecith@psits ehd Bial .S bffird Pl,m,% 500,
pel | et recy Ierbgrct)so and Iﬁé%‘gée caseh%sg%cgkéﬁﬁﬁuewlﬁéeﬁt& r%oggss flow
of Fig.' 1 ‘F%t@BHP%H@F%ﬁé -for- use with the processing equi pment

descri bed: above,Thk firsk Stes MthetTRLAL Ring ﬂ%&esi gtﬁ)rs ﬂa\é%%dﬁfo%ﬂ'ﬁgﬁlg eﬂeﬁétmorlﬂe "

process of the flow diagramcan al so be utilized ul pnment
capable of Werksuaee- n@tﬂlﬁétssafhepdlewsqsﬁﬂcebed@&eveamemledtscﬂwmkfsurfasc inst ep of
the. fl ow di pesadoR foreboli@plisSe folfing b8 he
001132404 25 Apr | 172004 P |%sodlngggﬁsﬂg%ea§§g?%‘?@@w %@%édéﬁgez’“h}hape and
mat er i al® nuffagsof flegollege At thisrpoinbdhepeliets prefapplied ﬁgthpwedcesse“acetih@y fugiber of
deci'sion bl gk A%asqg%bﬁéﬁpﬁhbﬁlonbpﬁmaﬁédE‘ehaﬁﬁl?cﬁn ﬁl@&wéﬁq%d@ta%r lap are
consi.stent wWith the _form ng process ecl si-on box routes back
to the suppirgferstlypetidonsd ipthe gcessapformed adiacentthempld|cpvties in the werlswrfaes. used f or
- normal . pol mrneﬁsﬁﬁ%@&im g?ﬁstl:l‘lé'pﬁilét b%onlr@%n'tlﬁcﬁl@ﬁﬁfaﬁ@tfh&resgmg t’l'ﬁgsteBar ts

of the final “product: firmative process conti nues

begi nni ng of °Ptlﬂ931cﬁ'l"%ﬁle PFWH@“ WB@S@Q shegpmk surfage, priay sl berrepﬂrlymosmenedum ect
for ni ng19r 0EeRBes3QAdfadent MShER caAes Fitned RIAhY WBE sREcL CitSndwRvir ere

surface. At this step, ‘the pellets, as described above, are apphe o the
wor k “sur f ac®¥°Fh P“’lb’l“;e?fél’%?‘-‘luétﬁ ae St RrpRerly Gripried R dieaederseniha gtep 9%%‘.1%%& thhie above

exanpl es, tp&ﬂet\’pastﬁorﬁhg £ aeipful ® cohset lﬁ& proBittid. 2R SQB of :ﬁﬁsﬁ@ feft this

poi nt, the pellets are applied to the work surface man er of.  ways,

such as by RSHpuPs eagheidens, pesleseioed phoveliby @ gushicnedyoprior aﬁIPUMPQan davisx ussed

above, and sajtfble foF B0 e ROS bpérzﬁl’oﬁ 906 1 16 RE1oVEMEERES pkMiEén efélvéb?t? nt the
nol d caV|t|es m t he wor k. surfa
- surface.’ After the pellets are apphed to the work surface, and adjusted 1f necessary, the excess .

p '; pellets should be removed from the work surface SO that they do not’ mterfere with the sohd
' _‘phase formmg step. Tlus can be done bya scraper structure or by vacuum techmque or by
o any other operatlon that smtably removes the unwanted pellets from the work surface.-
7 At operatton 508 which is the applrcatron of heat to the pellets, the sohd phase formmg
| 25 - process actually begms The appllcatlon of heat to the pellets is only necessary if the. heat
- T g generated by the solrd phase transformatlon of the pellet into the mold cavity is not sufﬁctent to
o . ereate the’ desrred temperature in the. pelleL In other words, ifthe heat generated bythe .
L | ,ﬁiransfonnatron from its shape {o that of the mold cavity due to the impact of the stnker is not '
h -sufﬁcrent, as described above supplemental heat may be necessary The ultimate temperamre
L 30 1o whlch the pellet should be heated is above the softemng point but below the meltlng pomt of



The next step 504 is to adjust the pellet positioning on the QP iﬁééace
I f necessary . This step 1is optional since the pellets, dzd%ﬂ

the work surface, may all be properly positioned in 15 the recesses

adj acent in the nold cavities formed in .the work surface. If, however,
‘there are excess. pellets, or the peIIe%s are not properly orlented in the
recesses, the step of adjusting the b et positioning is helpful to .

correct d can be

e A oyt TR RS ol or BRI e
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phase form ng step. This can’ 0¥ a scraper structure, or by vacuum.-
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pell et et St ki oS BSOS RR0 IR | ©
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it b f d h h t her
type B SHRTOGT Al Bt peltPirsl fied B B S helS Bk sy R ec s ey o
-i-s that tJtﬁwﬂ’e&kd the®ihelrivet t%@rbld(ih@hﬁﬁﬂatesf QEEHE Th thededond eaBbEnRhegBRAbOr

. use in direct formng a non textile fabric. This |inkable  elenment, such as’

‘the "l egsahgpe. tbﬁ@r@esewmﬂ bewsgeaiestivicesp fomn ths panel having thebarbsd gndsaad thesy rred
. ‘consecut| t}ﬁ@ :pé(nc? ort qu e bhifdad e:Ri’s‘ZgﬂE&dlﬁo%aPthgﬁ lgpke%& Edcg'&s tfe vt fi d@é

el enent s textile fabric cri above, rst
el ement: til\atfenbosinnﬁdasdﬁsmbed@bemil ary process is 10 the 'I €gs up pl ate

for meg at t he r e t tion
oo & ' AhE RECNEE 814 e A, BlagBREBRARE RlePte 1S opel HondBB . TRESHEL'
parti cul aspepdtidaris 4 depidisratiblock Gﬂzmmuhhg thelﬂ\elt(ﬁ'xiotﬂﬁnbﬁ-lwmbe fabiepaiel Bhi s

o ebe b AR e St BB dh BB e S e B oG SR |
form . regnnd for use in either formmg normally molded parts for the final product, orto be reformed
into pe!lets for apphcatlon at step 402, If the non-text:lle fabric panel is acceptable the next
25" -operat:on is at 606 where post processmg of the non-texiile fabnc panel occurs This post
processmg can include polishing, cutting, bendmg, or other acts that are required to be taken to
prepare i the non—textlle fabnc panel for use in the final product. After- operatlon 606 ‘the .
decisional block 608 inquires whether the non-textﬂe fabric panel is still okay after the mmal
post process. If for any reason the non-textile fabnc panel has been meparably damaged at
30 operatlon 606 the answer to the dec151onal 608 i isno and the damaged but partla.lly processed



a non-textile fabric panel out of the linkable elenents. In Hﬁ)e ‘?sfggg{)%
process descri bed above, 15 this process would need to be pe d? ree
tinmes to foWaWR0| egs up" plate, then the "legs down, "PCRmdsooLess t he °
rivet to hold the two plates together. In the second enbodi nent descri bed
above, this process would be repeated twice to formthe panel having the
barbed ends and then the panel for receiving the barbed ends (no .
additi-onal. third piece such as the riveg is required in that- enbodi ment as
descri bed above). .20 After operation 512, the flow diagram starts the
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.15 704 in the fourth generic operation region 700. For instance, the use
of the non-textile fabrics could be joined to one another atsfhghiog@dges
usi ng sewi ng or other bonding techniques, and the resulting three

di mensi onal shape could be attached to a franme or wheel assenbly to nmake a
| uggage chassis. Alternatively, the non_textile fabric can be used for

autonobil e interior accessories, or othét products. . 20 Although the
present invention has been described with a certain degree of
particularity; it is understood thatotxgRresent disclosure has been nade

by way of exanple, and changes in detail or structure may be nade w thout
departing fromthe spirit of the invention as defined in. 29 April 2004
-33- CLAINB Alpeiflod Bt Dashef AlringBMbf At FURE ofelBGRL 8%k Lrﬁmj‘aﬁfeagagiﬁg el enent s
having mutual 'y engaging portions including the acts of: Torning a first

el enent wiPeHioas inflagisg thgaets efigagerment portion; and forming a second el enent
having at | easts 008 LRIAIGTIRMNIPA1LsQRe R fRERM Bt @Nection 5 with said
first element by nolding said engagenent portion of sald second el enent
directly agai rfiemingg scad glapendrying atlessboneshgagpactt pergipn & eppsabie comectiynnet hod
as def 5nedyiinkafl il MethenWySEdiRy sai(pgngaga&e&%ﬂmh bof $id @LAIRMnehMlettfles the act
of solid phase formng said first elenent.” 3. A nmethod as defined in claim
1, wher ei r#gaing s§ié engagrmesbpatiged hedirdiclemerlt | ncl udes the act of solid phase
form ng sai dy 56004 deBARTEALim # whireflEt hod as defined in claim1, wherein:
formng said first elenent includes the act of solid phase form ng said
first el ement; famdng Jakfirptreipmens inchedes is@ctaf sotishasedermingessidifivet elegeniof sol i d
phase for i Ngms@bfasSREQAG d4Rinf] SiBRI: 5. A nethod as defined in claim4,
wherein: formng said first elenent includes forcing said polynmer pellet in
sai d flfrst nol domdng said seepnd glgmpnt indhudesthg pet ofsolid phase gqrmmg spiglseroadvi ty;

form ng saigesecond el enment includes forcing said polynmer pellet in said
second nold 20 cavity to adapt the shape of said second nold cavity and be
oper abl y éomq@ettl@ba%egwdslaplamhmremél ement. 6. A method as defined in
claim5, wher eigyia &iPROARATRI thl ARS Heal o Loifhbherbiity SlATRUenlAt By 3

portion of said second nold cavity. i i )
forming said second element includes the act of solid phase forming said second

15  element.
5. A method as defined in claim 4, wherein:
forming said first element includes forcing said polymer pellet in said first mold cavity to
adapt the shape of said first mold cavity;
forming said second element includes forcing said polymer pellet in said second mold
20  cavity to adapt the shape of said second mold cavity and be operably connected with said first
element.
6. A method as defined in claim 5, wherein said engagement portion of said first element forms
a portion of said second mold cavity.
7. A method as defined in claim 1, wherein:
25 forming said first element includes the act of molding.
8. A non-textile fabric of individual elements comprising elements made by solid phase forming.
9. A non-textile fabric made according to the method of claim 8, wherein each of said elements
is sized to be made from a single polymer pellet.
10. A non-textile fabric made according to the method of claim 8, wherein each of said elements
30  issized to be made from at least a single pellet.
11. A non-textile fabric made according to the method of claim 8, wherein each of said elements

is sized to be made from a plurality of pellets.



7. A nethod as defined in claim1, wherein: 25 formng said first el enent
includes the act of nolding. 8 A non-textile fabric of indigzddpal2oe4enents
conprising el enents made by solid phase formng. 9. Anon-textile fabric
made according to the nethod of claim8, wherein each of said elenents is
sized to be made from a single polyner QEIIet. 10. A non-textile fabric
made according to the nethod of claim8, wherein each of said elenents 30
is sized to be made fromat least a single pellet. 11. A non-textile fabric
made according to the nethod of claim8, wherein each of said elenents is
sized to Bé Aretpe-textilsfabriont fndiviquel, sofd phasefrped elogentgeamprising s - 34 12. A
non-textile fabrfirgt eokmid}shﬂwdmewlnh&nﬁmﬁgeatie@arasﬁasesmwegeﬁowpri sing: a
first type of soli Fhase ormed el epent having at | east one separate

recei ver; a s&cgyad t¥ppet otid ghase tprpedement@idd el enent; and 5 wherein said

first gnd secoRgheRitARMrstldPRZoRS fenithnt HFRQFL diacHRAR 8 AhdIRE bPihelsBRngecond
el enent type engagi ng at | east one of said separate receivers to all ow

rel ative © ogasingat leayt pushrid RpRarts reeshisrsto Al rekatiye mayementof each
non-t exti leenfegbiititredctdeited@dr.i n claim 12, wherein: said first element type
defines a _nain body form ng at | east one socket; 10 said second el ement

type defi ésARordsXilafalnr o geiined i dam léa¥herdie engagenent end: and wherein

sai d engagementsaig ikt BmeR e \i8fhek A %l HddF REKAL al RasBbicd6tkesai d first and
seconq el enent types_ together. 14. A non-textile fabric as defined jin

clai m®3, wher &piff sccend gledent prpg definghamaig Rt fogwpe deast onrgremesH 1% afl ng

portions to reGiekeh sl dgaembRaAd iseReived B sHDIRUETE B¥ack Bld firkPandAeddad- t extil e
fabric as defined in claim 13, wherein: said at | east one engagenent end is

bar bed t o BEEERF LS Flecei ved in said at | east one socket end. 16. A

non-textil1a, fAaRbiteiasaelef 4 aeghel th ddidi17) vidreiher ei n: 20 said at | east one
socket defines inwardly praqtrudi ng portions; said at |east_ one engagenent

end i s barbed:; S&A@ ‘€3t tngsAtkst Atpesipwly @ravyding pertignsdo eseivs widat gl sai d
bar bedsendnifpemtiiasd said first and second elenents together. 17. A

non-textile fabric as defined in claim 13, wherein:
15. A non-textile fabric as defined in claim 13, wherein:

said at least one engagement end is barbed to be securely received in said at least one
socket end.
16. A non-textile fabric as defined in ¢laim 13, wherein:
20 said at least one socket defines inwardly protruding portions;
said at least one engagement end is barbed; and
said inwardly protruding portions securely engage said barbed end to attach said first and
second elements together.
17. A non-textile fabric as defined in claim 13, wherein:
25 said first element type has a plurality of edges, each edge forming a socket;
said second element type has a plurality of edges, each edge forming an engagement end,;
and
wherein an array is formed of altemating first and second element types attached by the receipt
. of said engagement end of an edge of the second element type in the socket end of an edge of an
30  adjacent said first element type.
18. A non-textile fabric as defined in claim 17, wherein said first and second element types are
rectilinear.
19. A non-textile fabric as defined in claim 18, wherein an angle is formed between adjacent
edges of each of said first and second element types to allow more relative movement

35 therebetween.



25 said first elenent type has a plurality of edges, each edge formng a
socket; said second el enent type has a plurality of edges, eagaparizmms
form ng an engagenent end; and wherein an array is formed of alternating
first and second el enent types attached by the recei pt of said engagenent
end of an edge of the second el enent tyg; in the socket end of an edge of
an 30 adjacent said first elenent type’~18. A non-textile fabric as
defined in claim17, wherein said first and second el enent types are
rectilinear. 19. A non-textile fabric as defined in claim 18, wherein an
angle is ﬂ@rﬁéﬂmﬁéFﬁE@HSgﬁPﬁﬁEHFW“EE@@gaéﬁrgﬁﬁhf%ﬁméﬁﬂdeFW@WmHﬁd second
el enent types tairdlelenore rel ative novenent 35 therebetween. 29 April
2004 -35 20. A unit of elenments for use in direct formng a non-textile
fabric, said urfiSec®ReRSPEY; Hdpast apoptjonof which ipdpgmed yhile ingepragt Withemortiogef | east
a port pon sgifl fidieleehtSarddor med while in contact with a portion of 5 said
first elenent; and an attachnent elenment for attaching said first el enent

to said second 3BPRHIRBMENt nt fgpattaching @id firstofementde sHd seprfl demeat ik et el enent

can nove Whilhird 28686 bnd 2O8nPABh&R ban Bdve With4Bpkct &f orRlafdtRRL s as defined in
claim 20, wherein: said fjrst elepent is a plate; 10 said second el enent

is a plat&li Ansitolgemerthasdetpdn clage &y "deriy st plate; and said attachnent
el ement is a risy@tfirst @med i¥dpihte0f €l ements as defined in claim2l, wherein:
sai d %Scond elenent is substantially identical to said first element. 23.
A uni %7 el endfidsecqrd gemsm sk Rigte Bvaisdh Wi respad feveid frgtplateippd £ r st and
second el enent sadaRacBieM@@dnti9a Beeiof f set from one another. 24. A unit of
el enents as defined in clajm?21l, wherein: a plurality of said first plates
and sai d Sécérithtof gementsasdetipgdipplan thJde%® in an array to forma

non-textil e fakkidGecoddeletend i subsdintiGllyBiaBHHES t@Snidi@kd dh@ebnt.n Cl ai m 21, wherei n:
20 said first and _second e] enents each conprise: a main body having a top

surface, & botnghef slgmentes deliped B rlgwa22, 3ReK!%f said sides defining an edge
extendbng a Najseidithy aft sebdid ele@idgis AreQricmied @ ve @HRL Gbin\tBe BldEiRY.

24. A unit of elements as defined in claim 21, wherein:
a plurality of said first plates and said second plates are attached together in an array to
form a non-textile fabric.
25. A unit of elements as defined in claim 21, wherein:
20 said first and second elements each comprise:
a main body having a top surface, a bottom surface, and sides, each of said sides
defining an edge extending a majority of the length of said respective side;
a cut-out region formed between adjacent sides of said main body;
an engagement structure formed on the bottom surface of each edge;
25 said rivet comprises: '
a shaft having opposing ends; and
a head formed on each end of said shaft; and
wherein said first and second elements are positioned together with bottom surfaces
adjacent to but offset from one another, and with said engagement surfaces of one edge of each
30  of said first and second elements in retaining contact, one of said cut-out regions of each of said
first and second elements in alignment with each other, and said rivet shaft positioned through
said aligned cut-out.
26. A unit as defined in claim 25, wherein:
said engagement structure formed on the bottom surface of each of said first and second

35  elements inclhudes:



a cut-out region formed between adj acent sides of said main body; an
engagenent structure formed on the bottom surface of each edggapriZiposai d
rivet conprises: a shaft having opposing ends; and a head forned on each
end of said shaft; and wherein said first and second el ements are
positioned together with bottom surfaces adjacent to but offset from one
another, and with said engagenent surfat®s of one edge of each 30 of said
first and second elenents in retaining contact, one of said cut-out regions
of each of said first and second el enents in alignment with each other, and
said rivet shaft pogitop udgedavihg oflghop wal adaldeyabgependiaular to s2ig. matn vyt  as

defined in claiJg el n.. i gﬁnga I ure fornmed on the

bott om surface S?P%gg%%@%?ﬁgg?%aﬁnﬁlgqg% seg%%%gld%@eél enments includes: 29
April 2004 -36 a top stipdyarfacadxiegdiag frbmtsait oidgwalshid heitbmsjudieevadfisaid main

per pengi cul ar tbgd ghg main body, said ridge extending coincidentally wth
t he edge of sai %I ate; a sloped surface extending fromsaid ridge to said
bott om surface of saigloavaifemmedinisaidynaimbrdy acagtheanterséatiomeihaidisloped sirfaesi n body
near the int er%ﬁ&EJi?ﬂot&ﬁnsﬁﬁﬂ& sl oped surface and said bottom surface. 27.
A unit of elements for use in direct formng a non-textile fabric, said
unit conpra’siAngit of glemipnts for udeamdinget foanidg & @omtesiele fbvdic.skidwpit tothigingy a porti on
formed while i%fﬁ&%}eﬁ%ﬁt-ﬂdth a portion of said first elenment, said second
el ement further Tncludihg an integrally-fornmed attachnment el enent, said
att aciffent el errenatond clementthiayigg & pdrtiorf formsed veiileeenntagiwiithsapadticnad oaidi fiest enent

t oget her i i I : > | . respect
to one anget ee?J.’ L%@%&%‘dﬁﬁeﬁ%%hféﬁénﬁeﬂg&g%g%R%g?l?ntgﬁ%{atﬁﬁ%#gﬁem ge%e}ﬂ‘%@:% ein: 15
sai d at t acHabmentedaapanhtoniesting said/farst eddyzeit and29d sgonrhélemeyt togétherand allosnglef i ned
inclaim Q- I I I ts are held together by a
rivet cap%%gr%gﬁ%ﬁg%ngi% rlmfsltlta({ﬁé eggﬁé&%g?g%&uaﬁ%&bf el enents as defined in
cl ai m 28, 28hérwitref clsmends sidgBredgheltim 25 whersipl it retainer; and 20 said first
and sqgond el engnt.s, ke held.i09atheL.py a rivet cap received on said end

of

29. A unit of elements as defined in claim 28, wherein:
said first and second elements are held together by a rivet cap formed on said rivet shaft.
30. A unit of elements as defined in ¢laim 28, wherein:
said rivet shaft is a split retainer; and
20 said first and second elements are held together by a rivet cap received on said end of
said split retainer.
31. A method of making a non-textile fabric comprising the acts of:
providing a first roller, a second roller, a third rolier, and a first nip region between said
first and second nip rollers, and a second nip region between said second and third nip rollers, at
25  least one of said rollers having a partial mold cavity formed in an outer surface thereof;
forming at least a first element at said first nip region;
forming at least a second element at said second nip region, said second element being
formed in an interconnected manner with said first element.
32. The method of claim 31, further comprising the acts of:
30 applying a first polymer peliet to a partial mold cavity formed on said first roller;
aligning a partial mold cavity on said second roller with said partial mold cavity on said
first roller in said first nip region to form a first complete mold cavity;
solid phase forming said polymer pellet in said complete mold cavity in said first nip

region to form said first element;



said split retainer. 31. A nethod of making a non-textile fabric conprising
the acts of: providing a first roller, a second roller, a thbgdpfpidoar. and
a first nip region between said first and second nip roIIers and a second
nip region between said second and third nip rollers, at 25 | east one of
said rollers having a partial nold cavi t_)/ formed in an outer surface
thereof formng at least a first el ement’"at said first nip region; formng
at | east a second el enent at said second nip region, said second el enent
being formed in an interconnected manner with said first elenent. 32. The
met hod of cl ai repBlyinghgecehépolyasrpelies iavgpartiad matldogvityf forn®g oappil yécaed wellén r st

pol ymer pel | et I

aligning a par talﬁla ?#%gd\?ﬁg&b%ﬁ&gﬁ i@gﬁﬁﬁg%dz%ﬁl Igizllagé\il‘g%%g%?l al nold
cavi ty on ssepnd roller ngaid sesondpip urersx@ew thrpjarsgtond cgmpletginold cevityt orm a first

conpl etse nol d f | aid

conpl eFe nol d %gg(? }%%éspi %Hé]g?ch a?fé?@ad p(r%lryglepgeé%ﬁggm?g&%{ﬂg?%n{sag%ﬁh l?}g?ée | ement ;
29 April 2eewdnipTegippioyemysail sswad Aldmps|y preintepreimeeted menngr ith sdidifisshol d cavi ty
formed on gaid; second roller; aligning a partial mold cavity on said third
roller with sard partial nol d cavity on said second roller in said second
ni p regi ord3t dhe @ptgpfhofsﬁé%@ﬁa vehsrgi epast ofshid fiesholemgnt fgms pirt of spidasend or mi ng

sai d SeCOQ;Sm?R:eMHEﬁ&caQ;ﬁ Iet in said conplete nold cavity in said second nip
region to m sal d second el enent in an interconnected manner with said
first 10el et methal of Mukinge whwrtextle fdingicompBingitheactsiof a part of said first

el ement._or ms, BARiginf o 831 1 aCE0Rtha AR B0k Al Herlad dy fipTet od Of

maklnganont rrc co r-sing t eacfso provi st
roller, a rg@@bbﬂawmlsméﬁrstmsp@nﬂmplrelﬂers anerond fip gagion br:meplew woudand | rst nip

region betyeen ?cﬁfe% gﬁﬁuﬁrﬁé’ ‘ﬁ%@t@xe Sid tﬂﬁr&%{ ou.rﬁlh ﬁ‘%&,"ﬂﬂe&l Ordl PN

between sald secon |p ro ers, nip region (getween
sai d thi rdolémha‘vwgratpnmﬁbmlép@ﬂtyé@rmeéasml @F%S%fac%@ﬁr@f rollers having a

parti gl nol d cqgw Jt@éagi%q‘uét%leﬁ{én%gﬁéﬁl%%??e%ﬁmt hereof; 15 form ng at | east

a first elenent at sal first nip region ormng at Ieast a second el enent
at sai d second ainpng @dgaghs seepail dlement ahetidseeand mip regipmgaid pesprdbelernant being

i nt er-engqgllr&gdygﬂl ner. eﬂﬁa%ﬂgﬁl%&raitﬁ%d ﬁllsﬁ| r i formng at least a third

el enent at sai feglon; sald €l ement being formed so as to
i nterconnect s ép@lmmﬁtéﬁas@ﬂblagﬁﬂgm ptrsgid thirdhip regioncsaid) thirdeglement being formed

so as to interconnect said inter-engaging first and second elements.
20  35. The method of claim 34, further comprising the acts of:
applying a first polymer pellet to a partial mold cavity formed on said first roller;
aligning a partial mold cavity on said second roller with said partial mold cavity on said
first roller in said first nip region to form a first complete mold cavity;
solid phase forming said polymer pellet in said complete mold cavity in said first nip
25  region to form said first element;
applying a second polymer pellet to a partial mold cavity formed on said second roller;
aligning a partial mold cavity on said third roller with said partial mold cavity on said
second roller in said second nip region to form a second complete mold cavity;
solid phase forming said second polymer pellet in said complete mold cavity in said
30  second nip region to form said second element in an inter-engaged manner with said first
element;
applying a third polymer pellet to a partial mold cavity formed on said third roller;
aligning a partial mold cavity on said fourth roller with said partial mold cavity on said

third roller in said third nip region to form a third complete mold cavity;



20 35. The nethod of claim 34, further conprising the acts of applying a
first polymer pellet to a partial nmold cavity formed on saidybiansfodl | er;
aligning a partial nold cavity on said second roller with said partial nold
cavity on said first roller in said first nip regionto forma first
conplete nold cavity; solid phase form nag said polynmer pellet in said
complete nold cavity in said first nip=>%5 region to formsaid first

el enent; applying a second polymner pellet to a partial nold cavity forned
on said second roller; aligning a partial nold cavity on said third roller
with said part isalid pekadfogeiug sapd dird seliyvier rellgdamshid @inipbate mold savity is sadthdd ni p
region to f bEYs .50l mng said
second poll{l}pnllraeg? °§é ﬁ%gﬁgﬁq%&gg?%&%%rtrgﬁ ge?%)%ﬁe\ét %ch%@tlatln?/g?cﬁ&ggﬁgn%o second nip
regi on t o Yoihe waihdd sfadamadsevienamsaid firstalenmeant Srmepagad edd smomisompletedmadi d
first gel %E}; applying a third polyner pellet to a partial nold cavity
formed on sal'd third roller; aligning a partial nold cavity on said fourth
rol | er wi t3. 3hé vhethad of cddim36] wheseaw said/finsirand a¢cdnd ¢lerhents fomh bagt ofispid ghaidd t hi r d
nip regio ird conplete nold cavity; 29 April 2004 -38 solid
phase for %Oﬁglegegﬁ(gbt@%v?t?d pol ymer pellet in said conplete nold cavity in
said third nip region to formsaid third elenent to interconnect said
first and second el enents. 36. The nethod of claim35, wherein said first
el ement fornms part of said second conplete nold 5 cavity. 37. The nethod
of claim 35, wherein said first and second elenents formpart of said third
conplete nold cavity.



