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invention relates to a. conbination polymer proecessing and article
manufacturing 5 process, and nore particularly relates to a nethod and
processfor creating uniquely shaped polyner elenments in an interlinked
structure. BACKGROUND The use of plastics has becone pervasive in
present-day products of all types. The processes by which plastics are
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related sub-processing techniques, but in the end they all rely on at least one common

characteristic: the plastic starting material must be transformed into a molten state for the
process to perform as desired. The molten thermoplastic stream is generated by masticating
20  plastic pellets (and perhaps some “regrind” from the offal of previous molding processes) to
work heat the resulting mass to molten temperatures. This molten requirement mandates the
use of relatively complex equipment, and the processing parameters must be precisely
controlled for successful processmg These formmg processes are also somewhat limited in
that there are limitations on the type of products that can be made The matenal parameters of '
" 25 the final products made usmg these forming processes, such as surface properties, chemical -
resistance, electrical properties, optical properties, melt properties, tensile strength, shear
strength, elasticity and rigidity can be compromised as a result of these traditional plastic
forming processes. Some of these forming processes also creat substantial scrap material that

may be later recycled into the molten plastic prior to continued processing.
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20  expensive, both in labor costs and speed of production.

SUMMARY OF THE INVENTION

The instant invention as described herein overcomes the shortcoming of the above-

referenced polymer forming processes, and includes the molding, in place, of interconnected
elements into a non-textile type fabric using solid-phase molding techniques, preferably from
25  conventionally produced polymer pellets. This combination is referred to as direct forming.
The interconnected elements are molded directly into their assembled positions in a continuous
web, or other shape, of the resulting fabric. Forming the élements into their final assembled
structure, that is interconnected with other elements, eliminates the need to further handle the
elements in an assembly process, such as having to accumulate the elements and then array the

30  accumulated elements in order to connect the array together. Thus, time, labor and scrap costs



are significantly reduced, and efficiency is significantly increased.

Agai n, noWOMBA40& fabric as used herein neans a gener al | PCTUSAN29948 web

made of i ndividual interconnected elenents, the web having many of the

characteristics of textile fabric, but not depending on fibers or fiber

rel ated processes for these characteristics. 5 The inventive solid phase
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receiving the pellet, or the ram can be positioned to close or fill the recess and thus not receive

a pellet. Thus, by prepositioning the ram, only those recesses opposite the mold cavities where "
plates or rivets are needed can receive a pellet, and thus will form a plate or rivet. The mold

25  cavity forms the desired shape of the formed element. Once the pellet is positioned in the pellet
receiving recess and the recess is aligned with the mold cavity, the ram is actuated to force the
pellet into the mold cavity. The ram is actuated with sufficient force to cause the pellet to
plastically deform and substantially conform to the shape of the mold cavity. The pellet may
need to be pre-heated to a softened condition depending on the type of pellet used. The type of

30 pellet, and especially its chemical makeup, is determined by the desired physical characteristics



:of the final oduct. As noted above, the el enent desc”ﬁ?ﬂp
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to hold together as formed. A further alternate comprises a simplified plate configuration that

has the first and second arrays of plates that interconnect directly to form non-textile fabric
webs and shapes.
When automated in a manner as will be detailed, this direct molding process will

25  provide several advantages. The inventive direct forming process provides for optimum
process history for the polymer compound from which the elements have been formed. Each
pellet has a minimum or non-existent thermal degradation from its processing since there is
very little heating in comparison to conventional polymer forming processes, such as injection
molding or extrusion. While there is possibly some heating to place the pellet above its

30 softening point but below its melt temperature, or just below the crystalline melting point for



semcrystalline polyners, this heating is brief and at t
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cooling cycles can be extremely short. Also, direct forming of the elements in interconnected
relationships simplifies the final assembly of the non-textile fabric. The elements can be
assembled to interconnect with one another at substantially the same time that they are formed,
thus eliminating interim storage, picking and positioning of elements to form the non-textile

25  fabric structure. Also, in some instances, the final non-textile fabric sheet does not require post
forming handling, such as cutting or shearing, prior to further assembly since only the elements
needed would be molded and joined at the time of forming.

Further, the fit of adjacent and interconnected elements can be made almost perfectly
since portions of adjacent elements form part of the mold cavity for the overlying plates and

30 partially or fully set rivets.




_ More specifically wth respect to a nmethod of nmanufact ur, -textile
fabric, VOB épect of the instant invention includes tﬁgngé: 0212%19§f0rm ng a
first element and form ng a second elenent in operable connection with the
~first element. In further detail formng the first elenent includes the
act of solid phase formng the first element, and formng the second s
el enment includes the act of solid phasesform ng the second elenent. Wth
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20 second nip region between the second and third nip rollers, and a third nip region between the

third and fourth rollers. A first element is then Hirming at the first nip region, a second element
is formed at the second nip region, the second element being 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 nontextile fabric of
individual elements including a first element type and a second element type, wherein the first

30  and second element types are attached to one another to allow relative movement of each



el ement with respect to the other. A further aspect of th
inventionWPéﬂl’é%@g to the structure of a base un!ot for useg?ﬁﬁﬁ@gé#ﬁg a
non-textile fabric includes the base unit including afirst elenent, a
second el enment, and an attachment elenent for attaching the first el enment
to the second el enent such that the 5 first, second and attachnent el enent
can nove with respect to one another. In7another aspect of the present
i nvention related to the structure of a base unit for use in nmaking a
non-t ext i | dethaitwith respettud de diliee. base unit including a first elerment, and a

d el t ingl udi i ntegr.al | y-f t achpent t . the.
Sttachment o orbfiiebrRat ol iy PRal Ryentiph SHBES etht, SERARE be bRl o e n
t oget her aggkifg h A¥A-RattileTabrid includeyibe be Anl ikl v firstlemek, asevendwdléntent,

respect to one anqgther. In general, the benefits of sol|d-phase formng are
cumil at | veandgnyaachienbelement dor attaghing fediret slssnest fbe feconb clelipmtehatbed

el ements. Hﬁg&s&% a%@&g@%@%@h{ggpé&%&feme@%@uo%m&h&y thernmopl asti ¢

feedstocks by taking a enhanced el astic nodulus, wultinmate
tensile yield dnapothertaspeshaf tho preserd invegtion relntesk tathgrstruetrganfia base wnilgonuset hat

result from15.sol1id- f.Or M T halal St hel p
make the ngf® ér;g[arlimé]-tgg}@? ?%mg\}tggrl]%ﬁt%l}ee ulr“gﬁﬁgﬂl\% F% ﬁer% %Z%\ngeglr&ea%grﬁ %éraﬁgnce
qual i ti es. eldelitincluiing an infeprligifoedd dtachmeny elementethe attachneent elementeonketng age

of engineered thernoplastic cogpounds. Suc I gher rformance

t her nopl asthe &iEst plepen g ??ﬁ?'ﬁ'c‘ﬁ?‘%eé‘lt fqggther %@’&%‘B@ﬁ{% 3"°ra congt glermemes o
consungy %%{ﬁrésb&?tddiﬂ%&ﬁer.pri marily due to such materials' 20 higher
per unit costs. However., because of the very high eIf|C| enci es ﬁlovt\i scrap

rate, brief cylslgensrplythg bersfits of selidwphase formingateigumulatiye iy the fen re
expensi ve tefoin?llng PR iGRAB AR AR clerh@iS | 'ﬂfcrs@ﬁél—gﬂzlasg %xﬁﬁn%ﬂe%%@éaﬁi usé

additives for preventing extruder degradation wou not needed. These

cost savi nepmmaditydhérmoplastit feedstsicks by taking adwantage,of enhanced alasfic modplig, pol yner
f eedst ocks.,..25 The..dir f ] r | . ficl - |

al l ows t heulﬂglgte3?nsH? g‘f;'ﬁ g‘fst‘“"%%’(ﬁ“.ﬁg% aﬁg ﬁ%&r@?ﬂ%‘eﬁ% lﬁ‘?? ‘lﬁcs{sr 81'. oy t?%%e@&g?gd ucts,
such ass cosvlidqihasefaimhing.i These bewaficiab hbratteristigoleipmekethe pontentla fafricteven wal |

t hi ckness i s djctated nqt rel to withstand the routine abuses of
travel . Th@owéiup;b?eawghﬂa&g&?meg%g)ar{cgq l3’3‘5'per nt nolten thernoplastic to
flow into thosgddifigaflydhé dinet formitgprocell san alsuomlee advantageofibnginedredns ar e
made especially thick to prevept,30 unacceptaple djstorti on when the
BTl o SihemRsAsiIG Eoeov: e BT PRt BAERcahesmoBIaE oA Gavesbheh DRBragigsalfor
01/32404 PQ}%U&QQ& &%Qf}%om&odity consumer products like luggage, primarily due to such materials’

20 - 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
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.

25 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, 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

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




‘in the unk of a car, in the sun. These thicker erve to
%g(g %{ PEFUSEIRD04

| sol ate tions of the injected plastic article fromreaching heat
reversion tenperatures, as well as support the .article in a relatively
:undi storted position until the unusually high tenperature situation has
passed. The inventive process breaks free of this nelt tenperature trap.
The processing 5 tenperature can be qui8e | ow when conpared to conventiona
i njection nolding of these conpounds since the pellet feed stock need not
be br ouglin thelclosehtrumegf & ear imthe sun. t Brese thigker sestionsaiervysrto dsolatd s pariorsiofal

shape. u t

ot i v AT ipisd BESL bR RAMBE Gl relelibn einberB Y asfett (FBpor 86

pr o?lﬁct _s.art'EltemraeJelaﬁtIeljr aﬂdisiertecbj!osuxmmf dgﬂlﬂﬂiulhesuall? hrghstexdpt:‘remg: stimatainthnsl di Ing

in e inven roc a c el enent s | a e to a i ca

| Uggage SRSFL T MRRiE piocetibrrals ird gt Mrlf Roistityis fab. THE REGHgREMn] ch ¢ he

t her m3pl 3&hperatidédan bb qutitd Rw when Johﬂaafyaltsl c&?«‘éhﬁdhal udﬁ ﬁeq.‘dmg Sftheseg process

permts usi ng many thernoplastic conxoun s that w the small el enent
€

form ng semgeundssigee thspeletferd qtcrqlfwe ngt;be breyght #bﬂlegivqydp mqlilpemn@rmw ded
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descri pt ilnentive propese tar mekk lm}i!mtdstrmgd;r luga@eand othercsamjlenrodusts. wi t h t he

drawi ngs and om P ded, ¢ W NGS

B o 198 P a TP ariel SesPBRRRER e e Mg el malaine N R ik P RO ¢ o
the nEn TixfabliCelbMbiits GeRtivEtoCEs piayl lhég&gaﬁmmi e)talmfﬂé’]'fdb@xﬂt hat@ “thirg sedtiBnk s a
representatiognal, section of a r| v éfmlljs%tﬂ 0 op rably connected the plate

el enent s tiguglywhichthe themmaplastic musttigyy fodfilhing 3‘69’ t1he dispefarming ATRSESSi on.

Fig. 2Ai g%rﬁt&&sm’g HhRWh&imoplREE Edrﬁ’ﬁbxﬁﬁs ﬂxﬁﬁwﬂﬁm % lshiafl eie‘?:%t ﬁ)nfnﬁfgrfﬁ‘adpy the
process of the present 1nvention, showing a | egs-up plate elenent, a

| egs- dowbupwauld ret Sewie fill ke molds festinjestiopmalged shells.sect i on vi ew t aken al ong
line 2B-2B in g imlar
to that in F &gl fnkidndidi of eIttt ok Ear B RIT, T
t he risvetundéssipod By rdexancteap glsrfoﬁtming dptaﬁnd deéseniptin of agoeferrehernbodiinent, taken
non-texti.| e f.abric f. Otﬁeg ess of, i{ge resent i nvention. Figs.
4A-C are ’?8?)9-'8%%‘3{‘5‘(1 El rag%llg[s RS “solid phase form ng
steps 30 used to nmake the | egs- up eI enment of the non-textile fabric, such
steps nmaki ng up a porti oBRIEF\NESCRIBZHON GICTHETIRARMIBGE 9

* Fig. 1A is a front perspective view of a plate element which forms part of the non

textile fabric produced by the present invention.
20 Fig. 1B is a representational section of a rivet used to operably connected the plate
elements to form the non-textile fabric produced by the present invention.
Fig. 2A is a plan view of a portion of the nontextile fabric formed by the process of the
present invention, showing a legs-up plate element, a legs-down plate element and a rivet.
Fig. 2B is a section view taken along line 2B-2B in Fig. 2A.
25 Fig. 2Cis Ia representative section view similar to that in Fig. 2B, with the plate
elements laterally expanded relative to the rivet.
Fig. 3 is a larger scale plan view of a portion of the non-textile fabric formed by the
process of the present invention.
Figs. 4A-C are representational section views showingthe solid phase forming steps

30 used to make the legs-up element of the non-textile fabric, such steps making up a portion of



t he process of the present invention. Fig. 5 is a schenat] f one
Bt

enbodi men¥O813344 equi pnent used to performthe process Bsent

i nvention, including showing a plurality of work surfaces fornmed on the
out er 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, showing the previogsly forned |egs-up plates and the
recesses for holding polynmer pellets used to formthe | egs-down plates.
Fig. 5B shbu\p-oaespofﬂiecpreseﬁtm\hanemrface of the third roller, show ng the

previously fornped S-.u sd r|or tq . the_.act of
Porm g the 1456 558 Aeiethari gies] Shooe Sroenbohe EnBomat piep BEOM B8 ¢ sC
shows a PGrédeSlofthe H@&nﬂ ﬁﬂeﬁtﬁiﬁt idcﬂldfn%tshbﬁmfg(hrﬂm‘dh@)bfm Rirfe&soniéd dide
present invention. shows a portion of the work surface of the first

rol l er, i reetesgurigses ﬁ%wﬂergsaudpfaﬁevwroqesmaa&ws kath insigde thearoHers ands en the guter
hol di ng tt}gﬁg@e%l ets. Figs. 7A and B are representational section views
showi ng the so

t he non-textil &id. élarshowssmomoatoéph;e smﬂaq':enq‘ thesezondomiled, sliovahg theeprepaimlyss of

hon et HormediEh vt e RS- SPLEPnolRemRia SR LRAT P dhe BRaifl® o

the non-teidied.e fabric, such steps making up a portion of the process of
the present invention i g

a | an ew of alternatjve
enbodi nent of &% |5§t5é1°wéﬂem°nl9§§& %uﬁgcef%frthﬁ %&dnggrrﬁg\ﬁwmﬁb? Prévfpﬁ-ﬂy formsd

the prgseniodpvaRiiéRtown ;ﬂate%[ﬁ'ldr?to ﬁme%@ﬁéﬂf@ﬂm\ﬂ?%ﬁv%kﬁfho?d &@%laltésﬁﬁ a®A- 9A of -
Fig. 9, show ng the barbed edges of 25 the plate el enent lg. 10 is a top

pl an vi ewoptrable cgnfigurion ve enbodi nent of a plate element used in formng
(1 0 L1 BByl bl SRS LHE B R By ol RS’
the plateimtentiemt. 30 Fig. | OB is a representative section show ng t he
engagement  of tF}i]g 6% g\%se a f]}g 1|oxq %he wor sur%éc%% 814 fﬁgr hjesroﬁél%gmg %w legs-tp mold
' 15  cavities and the recesses for holding the pellets.
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 is atop plan view of an alternative embodiment of a plate element used in
forming the non-textile fabric of the present invention. _
Fig. 9A is a section view taken along line 9A-9A of F ig. 9, showing the barbed edges of
25  the plate element.
Fig. 10 is a top plan view of an alternative embodiment of a plate element used in -
forming the non-textile fabric of the present invention.
Fig. 10A is a section view taken along line 10A-10A of Fig. 10, showing the recessed
edges of the plate element.

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

id phase forming steps for forming the | egs-down el enent of |



: bar bed ed%es and the plate having the recessed edges of pichfssgbigigati ve
embodi n¥RO1EHGN in Fi gs. 9 and 10. Fig. 11 shows a portion of the
non-textile fabric made up of the plate elenments of the alternative

. enbodi nent of Figs. 9 and 10. 5 Fig. 12 shows a targer portion of the

non-textile fabric made up of the plate elenments of the alternative

enbodi nent of Figs. 9 and 10. Fig. 13 i® a representative section show ng
the solid phase formng step for formng the plate elenent of Fig. 10

havi ng r &erbed e@geedgbﬁlew@tmlgavmgethprm@eém@énf thtr@ltmgtwﬁemwrrwgéhomm a
portion q{lg Pgltl 6d cavity. 10 Fig. 14A and B show another alternative
enbodi ne e plate structure for formng the non-textile fabric of

t he present | Pyent lsbcrwsapm-noxpofmemg-temlaﬁabxegmaﬂdnypéfmerpliterélmentsa;ﬁthucture
Fi g. sowsasctlono textile fabric formed by the alternative
enbodl rre terngh ’l”—?"éo %p?ﬂodaﬁ to the rivet heads being fornmed on the

rivet sstruct U'Fﬁ%. li5thWQa ngb@iﬁﬁ oiit}ﬁ%hlté)ﬂnl@fabhbﬂ:aﬂeﬂp bfiheipldte é18REAS of
formed by the alternative odinent plate of Fig. 14, after the rivet

heads ar éheraitem@vmnbmmpmmftﬁese?ae@ #9-e. Figs. 17A, B and C show an _
al ternative e@?%@?ﬂ fgseﬂtﬁﬁre%& fo sﬁBMh%ttHé ﬁhﬁgi’hage%ﬂin‘ﬁgl y??of? Aetile

fabric of the esent nven I ncor n int r|vet
st r uct ur elateielementiofgrig 16 ;hbvmg r@tewedn edgea msingthyemaﬁ alemenalpnwrg(baﬁ)eg edg@ ashows
an alternative O?Ig()dl nt of the non-textile fabric fornmed by the fusing
t oget her e - ¥ied el enents al ong their respective edges, which

oper afgi on | s FpgarlﬁArama(B s}nwtdmetkﬁf slegihative eAbodinehDsflS plafe strileufdy fof fitining

i nvention J]g i.s. a bl ock-di agram showi ng the primry st?ef{)s in the
process dhke @%tem i of the RIpeRbRVersignoingorporgting AR ntegrally FopRR Hive: vi ew of a
| uggage Gag&u th a portion of its outer surface made of non-textile
fabric manufactured according to the present invention. DETAILED

DESCRI PTI ON OFigrHiE shoyveasmctipn fidie pprriextile fabrieformed by the altomativepmbadiment p| es
of solid @81@1:%7 4“899: tﬁﬂ?ﬁ.{:’é%&& b%ﬂ{g'hfgxlm&lhﬂ?g Fl%tréhﬂgmg OCh”' ques was

sumari z rn 1 astics uati on Center,
Pi catisnny Ar sd&igllp sh‘mwsaa sectiemothe pen-textile febpioformpid bR altetnativk' Gobddinétiase

Form ng V]\)(l)atg %{' %%4944’1 a;ﬁgr tﬁeu rsl%yh%g s4a§e fo]ﬁ]ﬁed on the rivet structure.

Figs. 17A, B and C show an alternative embodiment of the plate structure for forming
the non-textile fabric of the present invention, incorporating an integrally-formed rivet structure
utilizing a split retainer and a separate cap.

20 Fig. 18 shows an alternative embodiment of the non-textile fabric formed by the fusing
together of separately formed elements along their respective edges, which operation is
performed in the direct forming process of the present invention.

Fig. 19 is a block-diagram showing the primary steps in the process of the present
invention.

25 Fig. 20 shows a perspective view of a luggage case with a portion of its outer surface

made of non-textile fabric manufactured according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention utilizes the principles of solid phase forming. The use of solid

phase ferming techniques was summarized in 1972 by the Plastics Technical Evaluation

30  Center, Picatinny Arsenal, Dover, New Jersey, in Report No R42 titled“Solid-Phase Forming



(Cold Form ng;)F of Plastics.” This docunent is hereby incor$orat ed by
referenceVP®IBMBéentirety. The instant invention as descF¢HESNAME|
i ncludes the nolding, in place, of each of the interconnected elenents in

a non-textile type fabric, such as that disclosed in U S. Patent 5,906,873 .

and U.S. Patent 5,853,863 (which patents, to the extent they are consistent
with this 5 application, are hereby incojporated by reference) using such
sol i d- phase nol ding techniques. Wile the particular formof non-textile
fabric di YCoRbRsming)ofiPRetigzat Thisdoctmédtas Eérelf)eihé&ﬁoraﬁ&b? réféfenéeinhi epfiRbLCced
by this invention, 1t js cqontenplated, that any other. array of mniature,

|i nked pl a$hs istgpt inkentign @s described hegsin includss theimalding.dn plage, of pasdrofighes e d)
fabric wouhd DaR&Edd eldrth R intaiondbtid gg@@auﬂap%\sﬁu Basdisclfied REUTepaeact uri ng

process of the present invention is described herein wth respect to the
assenbl y o%900,873rand &)Bi Ratent 5,853,863 (Widyh patends, ¢6 theteatentihesnare donsistent wiithithis
nontext.il e Jco] L er f |y 1.0 ot.her | i ke
articl e§s, aﬁk@ér%og’& ulrl% ei,%?rﬁéé%? D’Ibgqig)%fe@?e)sug{n}ggge | gﬁ-p (l}%g in?%lgﬁ 6“\5/!;\”1‘1!%%% and
vari ous t y\While the pphigalac flrmalfnestexGlefabriv disclosed inthese fatents ik ehenprefeirekt i | e

fabric are possible and ntenpl ated. .15 The inventive nmanufacturin _
process aﬁﬁﬁ?’é"zﬁ? ?Wﬁgbggg’ﬁé@g? eﬁé‘g’e Ftilf)%?l‘t?ﬁ%?l@ﬁigﬁ %’ry:°the,&ﬁ”é¥<8 F’BgB'fe’ t he
product i ginites plabtchits itd formtadiekaeé, Inbheaxmea(fﬂomw baded) dbridwhldibRReRTRHRESS DY
which it is manufactured. The non-textile fabric in the exenplary structure
i s made uphedisclewddnnovatifsat e el enents and rivet el enents interconnected

togethgr in a | LERER I AR g;a.{m I is
shown fF’n Fi g. ﬁ}@&%@gkﬁﬁr@ggﬁd& sgtog?“b zf rﬁ%\;ﬂtelﬁ e lelrlrgsn('?%.czrﬁ)ieéR h%ﬁlsﬁgl\?m%%%g)l g 1
B. An exarth¢ sssahblylof amon-textile fabric NI Onedftikedntehdadmses dfithe hantextidefabriaise

el ements 40 _and 4 ' - i Ve DRLOC IS La, Fig. 2. The

pl ate el erfBAt %}dﬁﬁr %"ﬁﬂ‘g% g&qﬁégﬁgﬁ’ S Péﬁ'(g)'\t/\;%kﬁ aﬁﬁ%lgs’ ;%‘g"grse-audﬁJ rbg%ms}llef‘{%é)ené‘ﬂefﬁgrface 15

f ol | owi ng dekisddeto withstand varibus sypesief pHysicalubulie | Otheradrivas wes for ithie rdidnetektile mat i on
of the non-textile fabric, and,is, described by way of exanple. The plate
el enent 40%1?{&%8%5%7%@4&05@@1%%%e mai n body 46 25 having four sides,
each dgfini ng dmeasgtivmaddiuri@qRotss M resuliingtprodjctdre Hysceibed lgeihafiegt h of
the side. A cur\@g cut out, 50 %‘g torr’rpd bet ween adj acent _si dﬁé‘FOf the plate
el enent 40,40 gaaplepf the prodyet s deserihedstirst torfaeilitaie an underytanding ohikie RrAss0 has

a top surfyafén #% mahfRuled.t PRB nohlekE Eabrit in FRCReRAEAS rlcaty ¥ gmdawpyf f rom
the top surface 52 to extend at approximtely 90 " degrees relative to the

bot t om surseparate Blpte glementphand rivetigemangs interrennscted tpesber inndatisylar prentation.
defines any COQR0RTEN pisk bidalet 4 it BRWGOR Fid SlA, And'D Ot Rl bnag 9948

20 shown in Fig. 1B. An example of the non-textile fabric 44 when formed by these separate

elements 40 and 42 during the inventive process is shown in Fig. 2. _

The plate element 40 in Fig. 1A is shown in a “legs-up” position. The following plate
structure is one of many believed to work in the formation of the non-textile fabric, and is
described by way of example. The plate element40 includes a generally square main body 46

25  having four sides, each defining an edge 48. Each edge 48 extends a majority of the length of
~ the side. A curved cutout 50 is formed between adjacent sides of the plate element40,
basically at the corners of the main body. The main body40 has a top surface 52 and a bottom
surface 54. Each edge 48 curves away from the top surface52 to extend at approximately 90
degrees relative to the bottom surface 54. Each bent edge 48 forms a leg 56, and each leg

30 defines an engagement structure thereon.

TR



12 The e t structure includes a top ridge 58, havi p wal l
and si de\{/\l&a‘f@%gerpendi cular to the nmain body 46 of the p‘%}‘gf(ééo%?%gr. The
ri dge 58 extends coincidentally wth the edge 48. A sloped cam surface 60
-extends down to the bottom surface 54 of the main’: body 46. A groove 62 is
formed in the main body and extends parallel to the ridge58. The 5 groove
62 is sized to receive a correspondi ng rizdge 58 of an adjacent plate nenber
therein, as described below with respect to the engagenent of adjacent

pl at e nenber s. Thtengagemenystracture in¢lndestatorridgei8dhibvangifiatitdp edll and sidewallsay s

and still funct.iqn desi red. such non: | im,ti di fjcatign includes
Shat "t he PRI & iR ol 4g B Bl Bfber; e il s{Rliends ERipeiti

coul d havevith thé édged8niA $6edi dady sutface 60 expards 6aWh S4hE 366018 R FRL 56 YF MR G4

l i near, angsl}wép‘groovegéo oul d. be of ,a different size or have sl oped

|
b Qe 57 13 rmed in thy mgin gl apd gends parallebiaghpridge 38 The | B,

si dewal | s.
Gener als| y grddve 67 ised4d rdeaive ad mapd a
shaft 6538 &xt endi n the_rg%gt S\gehﬁ'&?ﬁg@iﬁgggg@%r@%nﬁa j}ggﬁﬁ%ﬂﬁg&g%ﬁ%&%

sect i on ofdescibechkasiewiwitharesneeio the engagemeng ofasijacentqilatt eneirtblors. This éngagenenn i n

Figs. 2A- ep I L e the non-.textile fabricd44, with
three pl atgtensm%rg CE%IF(? e?@%@%@ingaﬁ?ﬁ% S ?/\%yf'lf{ygftéonﬁ%@ﬁ*aegt Syeh %@'@’Pﬁ?‘gs
are in thenddifegtenintludes that the ridge conldletérrl Iohgd of shvreicthen theledis; thesridga t he
"l egs down" lgﬁ)lsiti@% Echﬁrg Eivet I s, positioned go tth its shaft58 extends
through t KIS PRYRARAEIREpRRbles Hheslopsd cpm shsfacecap by purved orffnsar ppd e girave ads
64 ando66 cedld bbef a Biffeednt 6i2é bNkaveRPpkd BidbwalRf the vertical (with respect to
Fig. 2B) notion of the plates40. In this 20 position, the adjacent plates

40 ar e i nt er | oAKERreseRiAtiva sectign of theribier42 is shrswm inkig el aGeneeally, therivetc2ihass i n
engagenenty; | £5d Bkibaf | i | 58 _of
The Lop. (e Shibefth 64 dh tekbRidOhead Surd AR B8 RENAT ikt Bone  ThS BT B

("1 egs up'fixeptogheshafthe cam surfaces 60 of each plate 40 are resting

agai nst one anqt i of .t he hottom . eis itigned in

t%e groove 62 80%%03 O?EHI? %Sg&f‘@ﬁ&i%?ua‘?%e ° e\ﬂof"ﬁe’%lie g@@f%éﬁ"%m&?%@' is

25 t hasposkigi 2stve agilat eiswwiflthe fvm-textileifebricafovith Bee a0 HldinosSioh 8y Med

in the inyentive Process. Seyeral plates can,be atfached to one another in

this manner,; 't ut€S-gh  orggntatiog, gnddpe g a
o riygty 2 Koe Gttt e IniBe clees-BR” orignfatiop anddherghededigice

cor r espongiatgis aGa gREBA6wWE position! Eabh riddt i9dAERRE soltat fs sHERYSErdnds ar e
posi tione throggg_th cut outs 50 at the corners of the plates 40 to
i nsur e t hitroyghdhe aligned ewtats 50 0f groh addiagent plats. nTheonpasing beads 64 anti6tefshe t he

pl ates freeSRARE Mellislts oPHRe Verkal ﬁwiﬂ?’gsﬂ_&?to%ggér@%o&ﬁo}fg%%ﬁtre&@|11|1 gus the

plates to nove to sone extent wth respect to
PCTI USEOQ POsid®, the adjacent plates 40 are interlocked together with their respective engagement

structures in engagement. See Fig. 2B. Briefly, in the engaged position, the ridge58 of the top

(“legs down”) plate is received in the groove 62 of the bottom (“legs up™) plate. The cam
surfaces 60 of each plate 40 are resting against one another, and the ridge 58 of the bottom
plate is positioned in the groove 62 formed in the top plate. As will be described below, this is
25  the position the plates will be in when the “legs down” plate is formed in the inventive process.
Several plates can be attached to one another in this manner, with the engagement structure on
all four sides engaging a corresponding engagement structure of an adjacent plate. Rivets42
are positioned through the cut outs 50 at the corners of the plates 40 to insure that the
engagement structures remain in engagement and keep the plates from separating. See F ig. 3.

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



13 another and allow the non-textile fabric to bend. The nore the plates40 -
can nove YPO3H¥M¥ pect to one another, the nore. the non-Pe¥PS10299%48h i c can
bend (e.g. have a smaller radius of curvature), flex and twist. As can be
seen, the benefits of a non-textile fabric such as this are significant. A.
hard, durable outer surface is provided that protects the underlying
surface70 5 (such as fabric in a piece ofs |uggage) from damage due to sharp
i npacts, and di sperses those inpacts over a larger surface area. In
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versati | i fotcébalarRe ffedtinakes tHe nbh-tefile abis dedin rBalctt (18@raly StrdlcRebl 28 Well 3s
m ni mal thernmal degradation of the feedstock. OF course, if the particul ar

t her mop! aflexiblec Jhus it is dikely t¢, Bpk,l feeland pedomm like piexiiletangd pmldew@ntrqsely hard

ul tra- hi gh, @S5k btac W%E et hyl ene (UHDPE), 30 briquetting is also an
acceptabl e .starter sat ocC 32404 PCTI USO0I 29948

20 Other plate structures are contemplated to work adequately in forming the non-textile

fabric. Examples of these alternative plate structures are shown in Figs. 9-18. These
alternative plate structures are made and assembled (direct formed) in 2 manner similar to that
described below for the plate structures shown in Figs. 1A-B, 2A-C, and Fig. 3.
Each plate and rivet is made from a polymer material that is subject to the solid phase
25  forming process. Conventional plastic pellets are preferred to other forms of feed stock
materials, all other things being equal. The use of conventional plastic pellets can give the
inventive process great versatility and economy, simplifies material handling and also assures.
minimal thermal degradation of the feedstock. Of course, if the particular thermoplastic chosen
does not lend itself to pelletizing, such as ultra-high molecular weight polyethylene (UHDPE),

30  briquetting is also an acceptable starter stock.




.14 The material for the top and bottom plates could be i é’og,%;%salthough
It may BO 012444 apl e to use a different plastic material Tor the plate that

is positioned on the exterior of the final product. This may be inportant

because the outer plate may be subject to different physical conditions

" and stresses (e.g. abrasion, etc.) than the inner plate. The material for

the 5 exterior plate thus should be sel ggted appropriately to provide at
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form ng and mani pul ating the polynmer pellets. The solid phase formng
process ul¥zed in the inventive direct forming process is 25 described in
Figs. 14A, B, amhe faventive phiteisds Best explhiaedwith réftrefce 18 apréfeged mbadadigrigy t 0
facilitate the descri Pt ion of the entire Proce_ss bel gw. The basic
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PCT/ U0 g9R48The motion of the rollers is preferably computer controlled for precision movement with

respect to one another and other equipment. Each roller is generally hollow, and contains
internal apparatus, as described below, for receiving, holding, forming and manipulating the
polymer pellets. -
The solid phase forming process utilized in the inventive direct forming process is

25  described in Figs. 4A, B, and C. The basic directforming steps are described here to facilitate
the description of the entire process below. The basic processing step occurs at the nip between
adjacent rollers. Each roller surface forms a portion of a mold cavity72, 74 such that when
positioned in alignment together along the nip between the rollers, forms a complete mold
cavity. (See Fig.4A.) A recess 76 is formed adjacent to the cavity mold, generally radially-

30  inward from the cavity mold, to receive a polymer pellet78 from an earlier step in the direct



15 formn s. The volume of the polyner pellet78 ang cavity -
are genergllqo'{’ggﬁz sane. A striker 80, controlled by an act ug{% &Eg%
positioned adjacent the recess 76 to inpact the pellet 78 and force |t
into the nold cavity to take on the shape of the nold cavity. In Fig. 4A
the nold cavity portions on rollers A and B are aligned along the nip to
form 5 a conplete nold cavity. The noldisavity is shaped to forma pl ate40
simlar to that shown in Fig. 1. The pellet 78 is positioned in the recess
76, with tfoaningrpintmss HdwdroBuneofithe pelymehpelletTs ak tH@monavﬂtwar'e geterallytheous| 'y
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into the recess 76, in preparation for receiving another | et 78

el ement 40dafarms and adagt @Féhﬂj’e@ﬁ thegpeld canint. ol herptrikeasd mp@?ﬂﬁeﬁglnp@%ﬂtth%n 20 In
this basi cgexamRirthetholdhaviey, F fiSexah Henﬁoof&gﬁ%nfoggk ggaec {Proﬁhw@e?ﬁ far m ng
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very advansolig pbass fommihg of e pelley 7 intg ﬂ@rﬁdbmmﬁ&,ptmmsn@ int greatéraiemﬂcbeimr t.

Since the use o i | t facturi
processes is veé‘ tﬁ]gk}lﬁ%@v g‘%& R'%h r%ﬁ%o }egé)ec 8%’3?’&% rr%rﬁh%tp t he
preci sed y- e:dampkadnbpposntagirmrxs,aheaelhnawno|1snretalmedan the anld sayityqoetion qftrelibn Bes

very little waste roduction r tch ) th
by men O PRB TSRS PHL s Rretp DR St o VERBPR e Set Big ACL HhnsEikpR) g
fairly | arged &ékpelnte &lenaht frsth theiortidn ofthé mald davity b FsIlROATF Feguirédl. |'FHeS 1, 2,
3, and 4, respectively roller turns at the sane speed but _in

directi on BEESP tﬂFHtrﬁ%ﬁ“SdfmttE"ereﬁﬁﬁsgée‘ﬂtp“?%{qnéfl Torgeseiving ?@@F“é Relet78. o'F‘PPed

al ong the élaﬁaﬁaba@éarﬁemoﬂgfmﬁen&mtomeh\e»aefanﬁlhg gdiigizent rollers. The
direct 30 form ng operation is performed in this nip region between each

rol | er2@ o for mlathis hasiorxampieofdhe pEces, BB Atrer tharhe)solid plasefrming process in’
combination with the continuous motion of the rollers provide a very advantageous method of

forming and transporting the formed part. Since the use of roliers in highspéed production and
manufacturihg processes is very well developed, the control systems required for the precisely-
timed forming step are known in the art. This process produces very little waste and has a high
25  production rate. '

In particular, the embodiment first described herein, as shown in Fig. 5, includes three
fairly large and one relatively small, serially interengaging rollers 1, 2, 3, and 4, respectively.
Each roller turns at the same speed but in a direction opposite that of the adjacent roller. A nip
region is formed along the tangential line of contact between the adjacent rollers. The direct

30 forming operation is performed in this nip region between each roller to form a line or rank of




-16 elenments in nold cavities forned along that nip region. In Fig. 5, there
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nol d hal ves conme together and formclosed or conplete nold cavities at the
ni p bet wegineRlsif hidl A& jthls Sorhit@Rlonk ¥ Yiig 1RgfoRC Bh PR, 5 Nerk i X! r8gion between
thermopl astic material fromthe peflet, as described above with regard to
Fi gs. - 4A- @llemnt pnd 3 betyeenireliess 2 and 3and hetweenzollers handdit t he i nt er nal
structures withi r , | L1 are
Speci fic tot et ReRIerEhy ¥ty SHARGS: Akt Hhithticg: Binpft bitlest
of these mudkirgrp dedftie tweglortiansiof thelminiahire slamsheall type mebisdavities tefdrm ttiwe

width of the | grgest -textile fabric article to be de. .I.n the case of
a8 ¢ tUAEs 0 Evgsad ik ok ub e g areeli Fabfic Eletpais Thre il Pkt esirn
assenbl ed ket alPror cldied bPR@I&GE moldehvitRl il K8 heY Botwédh rbllérs axeime sy
process, in an overview, one of the elenments is forned in the "l egs-.

_ 15 .
up" posi t ireadyde rachive eflayablachermoplastis materialfiom thepellel atdrseridadiibows witknt s
is for ”E,‘,j ré%:& %eﬁ S 4151'-@.9‘13:5&%& BASHs oRhR bteREintha RSk rl.'ﬁt{'&'p}r v%itl%nf‘nd
3. This "l €ys- O\Aﬁ el enent 1s forne I N engagenent wth the egs- up
el enent ashgqmiierspdndtshepediof tetdithplesontgviticpare spedific fortheopmajinge perférmed bgnent s

t oget her ri processi ng. The +ivet .is then faorned,at. t.he ni.p betwee
o erd 5 s TRE BRElPensloirotibet bollst helb e R ot 1 S fesbEERRE
non- Lgf(t ijlﬂae Whlih ofthé sargésemre?e?ﬁl?mgi&faaﬁblé Eodfa thilde. [1h deaase d’rﬂIu@gda@Z l:HeM,Ethe f
assenbl ed copdjtiaon at the off-fee om between ro rs and 4. ach o
rollers 1,axzapgmfn§°e aﬁerﬁg‘v&h clEfis mak PRigrIed ap g%égmuesw q pedn theapee o
facilitatgohhentimtitérect form ng process. Roller | has six basic stages
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Each of rollers 1, 2 and 3 can have several similar stages or features that facilitate the

direct forming process. Roller 1 has six basic stages associated therewith. The first stage88
. includes the striker structure 80 mounted inside the roller at the inner surface of the outer
wall 86. The striker, as noted above, is positioned and controlled to interact with the pellet
25  receiving recess 76. Each striker 80 corresponds to a pellet-receiving recess 76, and can be
actuated between a retracted and fully extended position, and any position therebetween.
The striker 80 can be solenoid operated, for example, and must have several
characteristics in addition to the ability to position the striker head as mentioned above. In
particular, the striker and its solenoid (activator 82) must fit within the roller in a relatively

30 small space. Since the plates to be made on each roller are likely arrayed on 4mm centers, a



17 solenoid and its connections nust occu | ess than an te 8mm
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easily acconplished in view of the mniaturization strides nade in dot
matrix and inkjet printer heads. If nore roomfor the striker mechanism 80-
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vacuum (a smal 1vac annel in the recess exposed he w t hdrawn
stri keo hemdjositibned by. the controller) to be flush with the mold cavity wall o exclude a pellet78 and

thus not make a plate, or withdrawn into the recess76 to receive the pellet therein if a plate 40
is to be formed in this mold cavity. In this way, pellets are only positioned in the recesses76
intended to receive pellets 78 to form a predetermined shape of nonrtextile fabric.
The second stage is a pellet hopper 90 positioned and controlled to selectively apply

25  pellets 78 to the outer surface 86 of the roller. The pellets 78 are applied in an orientation to
allow them to be received in the recesses 76 as desired. The pellet hopper 90 is preferably
positioned just downstream of the nip between rollers 1 and 2. While Fig. 5 shows a hopper or
the like, it may be more desirable to use electrostatic placement, fluidized bed distribution, or
vacuum depositing to position a pellet 78 in each of the appropriate recesses76. Fluidized bed

30  plus vacuum (a small vacuum channel in the recess exposed by the withdrawn striker head)




WO 0152404 PCT/ US00/ 29948 18 woul d assure conplete filling of all the
appropri a® (1824Mses 76. Another option is to sel ectivel WdUPa28H8 he
pellets 78 in the desired recesses fromwithin the roller. The pellets78
could be positioned in front of a retracted striker head 84, and pushed
into the recess 76 by the striker 80. This would alleviate any probl ens
associated with the mass distribution ofyg5 pellets 78 to the outer surface
86 of the roller, and would elimnate the need to renove excess pellets

78. The r ‘%ﬁﬁﬁﬁﬁurz @oﬁﬁl%télﬂhﬁ% ae4ll the aﬁﬁﬁﬁhﬁ’t@ r&BésEsWQ‘\IE&Mr%bu&B}s t®r coul d be
sized to recei ve sever al | ets. own, the recess 76 IS sha

cl osel y r selestivelycpesition IﬂPQaEeH‘FB 78 ip threslpaired reeesses Tragm withis the enler.nhhe qu‘é“?%c es s
76 could QSulﬁ%@%‘Sgn&%h diff 8t 6 H08GadiE dfiker HRad 84, nd bARSRINIHE Focl VS

cl osely recerve e recess it 1s contenplated that th 10

pel | et 78 strikat 80. bﬁhls me]rdtébvmtn:tany tpnéalmm:@smdtecbmthrﬂm rdessdisgribugionof t hr ough

an open| n I dewa ess ,76. ., This. oRenl n

sel ect i° ve&’fih‘gf zgg"e@e Bk}tef ﬁlg¥a§? %? %{f‘ é‘ﬁf f’fang&q"llde‘glm'f% E‘ée e%g(f\op}éﬂ%gf ¥

bei ng. posige|l&ty @8l The f0esséscTbaan bé Sizedfoareteivd shlp bﬁapellews‘;lopeddl&be siksadae ment
roller 92 that engages the quter surface 86 of 6 rall é% It respectlve
rol I er) tdesedeissyeralpelefs As thevmgthe secepiolig shaped tarless rtec“rl %7 15
recesses zr\@we;melt REonfimptted GIPRE rdced |7Grco€l’la BRsRi %aa@}&elbagn@ BTy mned
outer surface to gently urge the pellets into t eir respectlve recesses 76
wi t hout adeosd emramaen andmet bmlnsehgreaﬂyedsw the recssd6e Alsm, ifi 1 gontemplated thalihse

def or el | et r..t woul d
push arq (nggtur eguﬁ qelle%ptg‘fl hte? iﬁ&g§%51 Qttgg rngelic%ggg&’% an c@%mh# Iﬁ?thf hat the
pel | et WI | sidewalt msﬁthe rect‘esmaac’ﬁusmpeningfamntjﬂfb aetectmdly tlopkealsey thmktdkei-SOnf desired
respective Id C Viéém 20 Thefo Bpsta s a pellet renover station 94

to renove P K8 p?&“lgél%mﬂ?ﬁ in OFEPP{P posi tioned in their respective
recesses 76. Tl’llh& tied ét@ge ib @W@bla%in@rﬁ@ol%?% aiaeexkgagesctﬁabazei sUrfatess o a
scraper) or_non-contact cih as by vacuumor the |ike). The renpved

pel | ets 7go8ed (gpits @é%F‘?é%lm lepdo fﬂ?erE i Rasifipsinghe, pellets 78 4m thelf dePECHIVS; ¢t her
external Qeedsk@pNghe fééllert Ffacérﬁ’éﬂt Biler OPprefhtl§ hhd'LcusRront EHRET AttdELto gentlxl_ he

conditioning of the rior to the solid-phase formng ste
heat soururge the pelésts el mspﬁ@ve sevasses 16 without actidantally pesiorming any mhd-

heating te n I t I.d
phase ol (ﬁ%‘% f%%’img o:‘lgﬁ? e‘%?é%‘b (;dr?e éﬁ%ﬁ%ﬁggt@hﬁg%g Sbﬁ%uﬁrahslﬁggml nto a
final shapeouldpesh dny captuded pelheitahmtsaﬂamlthh thegeceys 760 assesngithasthp aeldd wikh t he
preformor_slug d n the itis anticipated that each
of the pelf F'élf"élqg Iﬁ’g’ﬁ aﬁglcfongg dcpgiﬁf S Holl\ﬁe%"it%%ﬁs%ﬁcﬁy%mﬁi‘f‘@y‘ ‘0 forging so
that ogtimum nﬂflﬂimﬂ't}ps'ﬁgquﬁpéllet Hifovier Etation 94 to remove those excess pellets not

properly positioned in their respective recesses 76. This pellet remover 94 can operate by

contact (such as a scraper) or non-contact (such as by vacuum or the like). The removed
pellets 78 can be recycled.
The fifth stage is a heat source 96, either external or internal to the roller, for selective

25  temperature conditioning of the pellets 78 prior to the solid-phase forming step. The heat

source 96 can be electric, convection, radiation, or any other heating technique known or

available for such an operation. For solid phase molding, much of the energy for shaping the

pellet 78 or slug into a final shape comes from the instantaneous forging forces dissipated in the

preform or slug during the operation. However, itis anticipated that each of the peliets should

30  be at a controlled temperature prior to forging so that optimum molding can occur. The fifth



WO 01/ 32404 PCTI USO0/ 29948 19 feature shows radiant heaters bathing the -

pel | et s welow32404 t he recesses prior to forging. O her heettT/OSooRYSMENS are
possi bl e including tenperature controlling the cylinder itself, or heating

the pellets in a fluidized bed just prior to placenent. The heating stage

I's discussed in nore detail below 5 Each roller preferably has simlar |
features or stages associated therewith to facilitate the particular solid
phase form ng process with which that roller is associated. Wile each of

t hese r : I ' ~Sl.zed | ets,
the use e SEUEERTRY, g felEES RAn HE ol b S9858 BB S Them
al | . | n hyating systeohe tami possible gnchilingstemperatule vontwollihigaly eylintdergiselfordieatinglthe y -

nmol di ng/ agsenbl ¥ . | ocess and the | pnept requi red for. perfqrning the
or ocess et fca Hridtzed Bl H6GEr ShPlademtent i TEbte FReh e pRGs n Beors BB 271 |
froml efdeldw ri ght as shown. The fourth roller shown at the |ower right of
the draw ng can b? a sinple anvi] roller with appropriate cavities to aid
in férning akdFlbr @b?&efe;%ﬂxbﬁé sipijarifeaturss ongtages gesogiated dhegewith tofacilifate b si bl e
except | ﬁﬁrtfbhla?gdﬂd pHaSd foﬂﬁin?)pr&%ysewmmfcﬁ%t Oé1e? {Bstociated. AWRRSERD 6B theY
receiving thernoplastic pelfets 78. On roller 1, as shown in Figs. 4A B,
C, and rellerdeaturepnay oot hetngsessary fersnptimallg sized pellstsethe ais¢ of canteiedbriguestes ool d
cavity porti j ter surface 86 of the roller 1 (in this
exanpl e;i(.’osgggagizrg.‘Jogiﬂﬁéalyhﬁ‘é‘?lpr%fhggzarlﬁml d cavity portion 74 is about half
of the m ni afngraepldait, Fig.t5)is ae extedetvaifgpammimgphedxemplagyrmoldinglassémbly .
"l egs-up" position. For roller 1, these cavities agre shaped to. fo t he

ol 2t wPrPeRT I fipRisgh Feaytied G et QO PYPoETS L CRFSCD) Y EHARc D¢ e

over | apRirfi@ssel alatsalsmévezeaaaRyRbmde erigif st Slodvrl. alttel féurth rbiier $Hodh@s theor med
at the nip between rollers and 2 are_in the "I " position because

€ I C ] : egs ., up” p¢
these powerdight ghthe drayringean beacsimple @nyil rallsr with aprrapriaic sayities to sidyipt h t he

| egs extfmh%gm{@lcgegjn Yhe Spdka@r dly away fromroller 2. This orientation is -
in preparation for formng the second plate in the "l egs-down"

confi gur at i orlkthe rdilerav(withithe pessibleraxcention of amyibroller Yhathbundedds of smalbei vi ng -
_ ' j . ; e b  ah
L afep 70 BN B R, O Al BIELDBY e )

ci rcul ar “cyl1 nder er nopl as 8 from
t he corépeachaae of these recessas7ais deateesdah atdiraple tor ol calvidy g@dionh 34 formké ibthet om -

circul ar end qf [ recess. . Jhis strj r head 84, .as, nenti,oned above, is
Cper it o) Sufos BB of e iR 3 in Y sRaribiE) G 365! A BRI Mo iR Pe: S
Thi s solpefiibnd4daabguoRalf ofthe hitiatufeafoldicatibeneetiéd todfornng pritdelcilenst thewi t hi n

the rec , | eavin e for one,. two or nor ch pellets. Th | enoi d
can al Sg‘fesgs-up’epc\)/slum%. %0? Poeilcer 1, tﬁese cavities are shaped to f%msl Ltfhe plgte w1t% tge four 9legSsQ’ nol

20  used to loosely link each plate with the overlapping 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
plates, once formed, are vacuum transferred to roller 2 with the legs extending radially -
outwardly away from roller 2. This orientation is in preparation for forming the second plate in
the “legs-down” configuration at the nip between rollers 2 and 3.

25 The pellet receiving recess 76, as can be seen from the side in Fig. 4A, is preferably a
right circular cylinder to snugly receive the small thermoplastic pellets78 from the
compounder. The circular face of the striker head84 form the bottom circular end of this

recess. This striker head 84, as mentioned above, is operated by an electromagnetic or .

piezoelectric solenoid, or the like. This solenoid can position the face of the striker head84

30  well within the recess, leaving a space for one, two or more such pellets. The solenoid can also




.. WO CT1 USO0/ 29948 20 position the face of t ito84g head 84
at or b;véléoﬁlg%ﬂg opening to the recess 76 and extend in p?gﬁftsgdéﬁng d cavity

74 to exclude any pellets 78 from being deposited there. The strikers could
~also be operated as extraction pins to release the just nol ded pl ate40 or
rivet 42 fromits respective nold cavity after formation. 5 At the

begi nning of the process, pellets 78 a20e positioned on the surface 86 of
roller I by the pellet hopper 90. The pellets 78 are urged into position
by the pesitien thefageof the striker beadd4 ay or beyprd theqpening e theaecessid andextedived by
the pel lighe rn?dﬁ’lff’\)iqz%‘fb EfcIodt anggﬁll@c?% Eloh BHirRy Jég@ﬁtetﬁﬁéré. tROdiikdroBadd at the
heating stage 96. The soli1d phase formng process then occurs at the nip
bet ween atsolbe @peratkd as eixteaction pins tn xelease the just moldep iplatedOcdraivetd Bfromlitss st ep was
described with ig.respect to Fi.gs. 4 above. The "l egs-up" plate el enents
are forﬁ?@eﬁwan?@%?vﬁ&?ﬁerr%wg?&z, arrayed i n approxi mately the same

rel atsi ve posial ki begihnity offthd froyessgetiets 08 arechosisiuddl @isthe Surfad890f flleF 1 By 5A.

Roller 1 continues jts_ rotati t hrough all, of the stages,continuously to
all ow flogPedet Rappeido. Thecpeless P Atsotee PloRasiiony See EosiHionerPRE by i o.

At 1ol | efe 2xces@pdlieRHigNe Wintdvel b thepellbBmBIARYIRE MY TIRYCIIBUYGF thEPhdaRr 2 has
pellet 15 recesses 76A fornmed in the nold cavities for the "l egs-down"

el enent conditienedat thehsating taee§6. Hhe welidphapefogmingpacasethen ggeuss atthe mpenent s
positio LLer 2. ; i n dash
e R L R L S O s e
rol | mr Z2espettho Fizspleaboveo ThéBleBd-epjSplatp tlealeatyand formdd arsd retrfaen @redollet 378 ar e

deposited on roller. 2 hetween the.l ocation of. formation of.the

T Bgs- TR SPRBHRAS i ame s ecLion de Shish o SHERLAh UG ¢ oned,
t he excegsswpel Figl FA.r ROMtEkontifibs it SothGsTRihiiugl all O bkl stagdeedritludiiyntolalowt O
the stages gn roller 1) prior to tEe form nq rocess at the nip between
rol | er s Topeffigigntind spRtapuqls PRogesying Of eheiontiext ﬂga&as-it (90A), posi ti oning

(92A), exces%t&@l[@?‘??&oxﬁﬂﬂiﬁ%wiﬁ{ﬂg; 1§68 progesifg Cdnthils, LR4Ry PlHACFelRREf Or € the
formation of the |egs-up plates at 'the nip between 25 rollers'| and 2, if

so ddsi rreegssea 64 fermediin the mold Savities for theolagsdown” elsment svhidhtarg positisnednpl at ed

t hat ' S ' . t it i ' , d
condi t1 Sarudh i g b e 85 AP Abfitu bd-fif R pASTHE of B0 2 SPOMAS STV
can be pesefses 764 formedriy dashder Fign GAland &ttb imiicate the locktioresf the péllet or t he sol | d
Phase | QL9788 98850 2Akich Nyl R BE-UEEN SLhERE Fndfle Behilira hegs- down

deposited on roller 2 between the location of the formation of the “legsup” plate elements 40.

20  The pellets 78 are preferably positioned, the excess pellets removed, and the remaining pellets
heated (similar to the stages on roller 1) prior to the forming process at the nip between rollers
2 and 3.
Alternatively, the pellet deposit (90A), positioning (92A), excess removal (94A), and
heating (96A) can take place before the formation of the legsup plates at the nip between
25  rollers 1 and 2, if so desired, as shown in Fig. 5 at the bottom of roller2. It is contemplated that
each of the steps associated with the placement, positioning, and conditioning of the pellets on
the outer surface 86 of any of the rollers can be performed in any order and location as is
beneficial for the solid phase forming process.
At the nip between rollers 2 and 3 the “legs-down” plate elements are formed by the

. 30 solid phase forming process. See Figs. 7A and B. In this forming step, the “legs-up” plate
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30 solid phase form ng process. See Figs. 7A and B. In this form ng step,
the "I egsg‘ﬂbﬂ%ﬂﬁte WO 01/ 32404 PCT/ US00/ 29948 21 el enmentPCAAIS80/2084%art of
the nold cavity, as described in further detail below Referring to Fig.
7A, the pellet 78A is shown in the recess 76A, with the striker head in
the retracted position and engaged with the rear end of the pellet78A. The
partial nmold cavities 98 and 100 forned,partially in rollers 2 and 3,
respectively, are aligned to formthe 5 conplete nold cavity at the nip

bet ween r gleineritaci aaPﬁt 3f thoemld tavityfas dEmlbe@hﬂfmw defaif B¥low.f Or m ng t he
"l egs-down" plate elenent _is defined in part by the surface of rollers 2,

the surface oRefPqugé? Fig. 7én@‘e&’e% / §1M§15b6f”ntlh 313’ IP%%'Z% wigy thegtpiker hppd in
mol d- cavi ﬁ%r@tﬂfc{@ﬂhﬂo@i ﬁ‘h}d)é’i‘% % ﬁl@g&rgﬂd’\@fthpbap] .C?Eig]%arﬁﬁ g formed to

fit precisel e‘g at e el ement Ing an

i nter- engeeg'ltwg 98and é@ﬁ@uﬂ pmxalbumuoléerda anth3, rbapemlw@/,\mt dligned tocfexin tife

separ sse ndLv aV|ty is
for med} by Wée 5In_f°g maﬁt?' at th’ebe ?e(? ??ﬂggo%‘f gﬁsﬁgéﬁﬁr&&fﬁ v’g' %Follers
2 and 3, foemfigahé &ﬂegsydovtﬂ’feplaté eleientdddefimed ¢ parabyethetsorficerof eollehe2, thedurfate 78A -

into the npld ca and a Lthe | e of the conplete npld cavit See
Fig. 7B, Sl L and hpprice & M iheh gpzasﬁewn (THiRTBHEY FRARITHoDs theye
i nt er engag -ddvdﬁ%lét@ Elemeftto b8 férﬁ{em ﬁpﬁeaéelfr Rith SR 98U RN 1K elbiBnethggent 40

descri bed above he striker head 8 is shown in its extended position to
form a pofteating agfinteengsaing ok cermgeted afucmedwmﬂosamgwthont neefl gf sep@rateThe
structdre plate el ements 40A formed to engage w th the
IegsEdj %sgéTﬂlgg’f dﬁﬁ%mgpéﬂ%he nip between rollers 2 and 3 is shown in Fig.
5B. Thi s struc®oreghé gamdstenmmty isfosmed byﬂg«ahgumédty»fﬂxenmldamﬂyol e forned
bet ween and thr e ar | at e eI d. 40 en .t he four
over | appi ?1 gf@ %‘P lggogé r%ﬁpg‘ﬁlé’ﬁ ﬁ'g(fé fﬁ?gi%g’ﬁcée Cwill

hel p posi pallefﬂmﬂltmiedndl&eamy\aaﬁ adaiaiﬂﬁtslﬁﬂaefmemob@lewmﬁldr@bkﬁrSeeii?lgmB.4.
The mutually .engagi | egs af t tes. 40 .and 40A have.a shape that .
meet s Iugt‘f‘1%§°ltd?¥ﬁ'§'?er{‘}g‘f‘1“§rfeﬂé%ﬁ CFI‘}P afa tiopof a'lfd’_"iﬁéi_ﬂga% ”@e ‘??‘8?5 ‘2 and 3
nove, 14 hefopMation’ STthEsmbddfiént @O MR’ eleﬂ%tm%séﬁ&d%bﬁi IThe strikefibeadB4A 4P pl ate
el enents di sengage fromraller 2 and adhere to roller 3, such as by vacuum

force orshowa in ftggxtendse pesifioniodomn apertion of thebagk Birfage of thg moldeavity §f | |
likely hoﬂ;lg 4@oet her adequately for transport on roller 3 to the next
~processing“step even wthout inserted or inserted and set rivets. This is
because t he i ntherstrueturesafithey legs-down platselemeniedlA Eymedia ¢ngagihwitle thedlegare
anot her

up” elements 40 at the nip between rollers 2 and 3 is shown in Fig. 5B. This structure leaves

20  only a small, generally circular hole formed between and through the array of plate elements40
and 40A between the four overlapping legs of adjacent plate elements. These circular spaces
will help position and mold the rivets 42 at the nip between rollers 3 and4. The mutually
engaging legs of the plates 40 and 40A have a shape that meets luggage construction needs in a
preferred way.

25 As rollers 2 and 3 move, the just-formed “legs-down” 40A and the existing “legs-

up” 40 plate elements disengage from roller 2 and adhere to roller 3, such as by vacuum force

on the “legs-down” plate elements. The overlapping plates will likely hold together adequately

for transport on roller 3 to the next processing step even without inserted or inserted and set

rivets. This is because the intimate mating of mutually molded legs will adhere to one another

30 . via VanderWals forces.
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t he previ or nmed Iegs up plate el enents40 as a portlon

cavity for formng the "l egs-down" plate el ement 40A is very advant ageous.
dt allows for the form ng of interengaged (connected) plate elenents

W thout requiring the separate plate elenents to be manufactured
separately and then assenbled. It is important for the legs 5 down 40A and
| egs-up 40 plate elenents to remain separate el enents and not becone a
singl e fusedThé¢ esearfipad of thegmmlsl}f formed lpgs-up plateelementsfOasalpertionofghat es do

t f t
e AT S P SR B, LT
t hat r esitstfopgingan mreﬁgagem@omdctedp platel @gﬁemk)m\hq}it adquiritigehesdpard@/plater i ng

the formati on of  the | egs- | at e .el ement i es could
i ncl ude elementsfie be mgauty e éﬁﬁ“ Flé(taédétfeér?éﬁ?fnbw T’§‘$ ‘??é’ﬁ ftﬁealeﬁi)l ymer

that Ras gawh Q¥R anfRlgsiv gotpw@eeﬁkﬂeeo thfih segeateleaﬁemuoaﬁlxﬁt BecdhRIBitgl40.

Thi s vvould result int I"egs-down el ement 40A being forned at a
t enper at fused glement dlh@lgltblg @mpneastmem ingorejthe wmlates dnnotyfusedpgetherdringthei n a

soft ened up

ol eront 467t . 136 ol cok 1R 1ALl e SAHEARAISE bE e B o pOGmIcP AL 0
and pri orindimies pmopensies that tekist panﬂndmemgfmingtm the depsddomn platt deriéntdDArdmning 40A t o
make it resjst bonln tothele -do ate el ement, 40A, The sel.ection of
[he. pol y i TPERa A ISE A PORG ST Shest PEPPETIGS Rt SeeB i I o o
consiger doWnlaté ElembntA0RE foraed of B PolyiiRe EaEhA3 IpHEAMERiRE ferifetitine tikinthe ,
speed, etc.) should also factor in this requirenment. For certain

non- t ext i¢gs-upaiate elemept40c éﬁhl%wguldmulté&ﬁwﬂ% downrelemgt4Qa peing firmed ahage
panel  2Q éﬁfe%eﬁ'@ﬁ% ’leg§ ng%xé;ﬂ&v@d isTSabrcidely 356k AN § ATHRALA feats] 1O

bet ween t e previ ousl | egs-up pl at es 40 and the just forned

| egs- downadgitian.dhe mﬁcmw@éertsepmféhebgsm element4d couldrbeyeanipulpted (hardlenedom t he
occasi onal t t g wll

T kery bPsABRRABDSHe: Miab b pr 36 e bidh MeMOIBHE Br B U0 BF plard D,
consuiser eieseent 40X acmsls ingesispbadingsthahd dgdhdowe plattelementdfiAaThe eleetiswof hat

such pl ate-t ds re enerally 25 rare. Th unt . of, .excess

sensi bl e ﬁ%%qqrg Efor"ﬁe{" %‘g%@‘ﬁfﬁ?é’é tegk&wp gf’@ggo’fsbd%ﬂ“s gener at ed
in the | egfirikdmiont, Qﬁcﬁﬁ@@r&@ﬁu’@’pﬁbﬁrﬁa&@ (emptratird, apéee 6.0l sHould 4180 fadtee it Mist he
solid phase form ng techniques discussed herein. The processes should be
abl e to BEAWEAERY| | ed at preci se enough levels to allow the use of the
same type of gl ¥dHaln A teRME Rl atloﬁe“f&re&bxﬂﬁlet?ﬁ@éfaﬁv@ly':ﬁﬁd lu'_ggaéé]ﬁn@lr rays

of overl apping plates now pass to the surface86 o
20  constructions, some mutual melting and non-permanent fusmg between the previously formed

legs-up plates 40 and the just formed legs-down plates 40A may be tolerated. The extra
stiffness derived from the occasional permanent weld joint resulting from such mutual melting
will likely break loose during the subsequent assembly steps or ordinary consumer use.
Processing speeds should be set at a nominal rate so that such plate-to-plate welds are generally
25 rare. The amount of excess sensible heat left in the legs-up plates 40 and imparted to or
generated in the legs-down plates 40A should be controllable and minimal due to the solid
phase forming techniques discussed herein. The processes should be able to be controlled at
precise enough levels to allow the use of the same type of polymer for each element.
Referring back to Fig. 5, the arrays of overlapping plates now pass to the surface86 of

30 roller 3. The outer surface of roller 3 forms recesses76B for receiving the pellets 78B, and a



30 roller The outer surface of roller 3 forns recesses76B for receiving -
the pell e‘f"?“f@é‘““and a WD 01/ 32404 PCT/ USOQ 29948 23 par PEBRIUSIHAMSCavi t y
102, both used in the rivet 42 formation step. The outer surface of roller4
forns partial nold-cavities 104 also for the formation of the rivets42. The,
pellet recesses 76B are fornmed in the circular spaces |eft between the
corners of adjacent plate elenents. Thepyiold cavities 102 and 104 overl ap

t he edges of the circular recesses and engage the top surfaces of 5 both

| Iegs upI %It&ﬂﬂldl(ﬁ@ﬁﬂtﬁgm bbfrused i e awemrfoﬁnatmngfegerrhé euthpég\gfawef@db@cent
p ate e nts er. t age pe eposition posi tioni ng
exce ﬂvwam%gécavam lﬂgéfs ?‘E tg%?%ﬂtt‘mtﬁith ¢ Bveisd2. chhesllereqesses d6B3 t o -
pr epare Rk rormedintie 'E:ir&ﬂﬁtssph&s 1&%&«%&&9& tthérs of dehdéﬂf p,u&g'e t}@h@s ﬂh@%ﬂ
an down

bet ween each four overl apﬁ)wg egs of adjacent egs
40A pl at ecapitiest and rpHuos'era ¢ edgsp Af thg cirewerssecssesiandangage fhiedep sBfacesd B, i s

g\égr ialelgstlg@l leﬁ?ﬁ&ﬁ%? acfl‘g {jenen(fﬁf)ia{ Jler{; ts ﬁm}tbgcrigr E@ﬁ ﬂg ad%{cet r})?zﬁ%el%ﬁnﬁﬁjtg 40

bet ween rtogdthars 3 and 4, for the process and el enent structure,, roller 4
has only part mol d recesses. 104 for e reon for f t he heads of
the rivets. Pﬁ%s ?fré’ g ttﬁsﬁp‘iﬁf’ GE p%sggonmgtﬁ 2¥Fﬁssp‘ie5'f’?éacigz1e?‘?gﬂle§ form part-
of the mt}ednﬁ@v% Xre peﬂ'oﬁﬁfdrcﬁﬁﬁml 16 @rdparel oL md uid m@:?s Rfthd dpprdprivet 42. As
with the requirenents for the pellet maarial m&a ities with'respect to the

f or mat i orfybndriqabhqlesjsft hetryeen eaghdow avedanpinglags afi adigcentdegsup 40 and legs-at e
el emept s (ﬂi@n%ﬁxp;ﬁﬁ'& eRinehfi® THR! rl et ftning protess, %hi)\m? ?H tSA[ %ﬁtB H{:@&@L%lge r

used to formt rivets 42 does not per manéent

| egs- dowrsame as outlineskgarlias forghe fﬂma’feomfdhehgsum‘tﬁ anddewdtam@A plate eleprentst | on
step. Ag I ' eri al

char act e(rgllh ?gos"% s{lu %lopo %éirl]mg E@hlfegdef%{? 'gﬂ iaf[gg(atfe1e g“’g?sﬁ Qq &% e&azf%rﬂ?tgr of the
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at thg nlcbrrbgbwﬁg\tdﬂheamaﬁ 6% dfehcHvVIUEL As mlhdh@wquirmaﬁs fof tHegdlletNairial :
i nstant aneazsly,. .the strike |s actiha?:t[il %? cause the 25 pellet to deform

into t he MRltEsPEthaEspeghin thefappationot ateclamentsdfAsing Sedegsyp g,
Again, t Rk E@Ents B0 bd Sarf f1R¢ mbRY iRy, qm%p&wﬁ that fhe ﬁseryniepﬁefa tb Sorfii thbier of .
t he pI at e el enents. e rivets keep. ‘the inter-engaged plate el ements from
separ at i fiyetsyr2|dops rqt permanently Wpeyyith cithes thejegs: erdogs-up P platem each

th
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controlle gagenent o
el emeaot s.its IMal 9haracter1st1cs should consider these criteria (e.g. the temperature of the plate

elements, the temperature of the rivet-forming pellets, etc.)

Fig. 8A shows the pellet in the recess and the striker in its retracted position in
engagement with the rear end of the pellet. As rollers 3 and 4 meet at the nip between them,
the complete mold cavity is formed. Nearly instantanecusly, the striker is actuated to cause the

25  pellet to deform into the mold recess and adapt the shape of the mold recess. See Fig. 8B.
Again, the rivet in its final formed embodiment, is not fused to either of the plate elements.
The rivets keep the inter-engaged plate elements from separating by limiting the distance the
plates can move away from each other. The lateral motion of the plates, relative to one another,
is controlled by the engagement of the legs formed on the respective plate elements. Ideally,

30  the polymer used in the rivet allows for some resilience to allow a greater lateral movement of




.30 the polyner used in the rivet allows for sone resilie w a
greater PRYAHM nenent of WO 01/ 32404 PCT/ US00/ 29948 %’ﬁ%’”@%’%‘?es, as

expl ai ned above. The fully-fornmed inter-engaged non-textile fabric nmateri al
is shown in Figs. 2A, 2B, 2C, 3, and 5C as produced in the instant
directform ng process described herein. The final product exits from
between rollers 3 and 4 and i s subsequently used as the 5 outer surface of
obj ects, such as luggage. The conpleted non-textile fabric shapes roll off
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beneficial, or_that sone other t%/gle of segpente roII% structure is

r.
pr ef er r e@on-igxtile fabmpgsheetamajerialy, Eof instanoe, fjrpllers aggdound o be inconyeuignt for agy 5
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of continuous belt, segnented rollers, and the |like structures. 20 Al so,
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cont r ol | ecindiy abgred fputhe mokbing oppratioms.cr opr ocessor and associ at ed software

(the "control ,system). The.conhrol,system s .bel.eved l.ed by the
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for useexisnging En macmsaggggl%s bmeGel poibR 1081 qther tyRetseginered fofer ng

the sol i dpiiaRgs prefefiedd Ths, BeSus@ bf tHeRerh 481N Vifreld 19 Gffidativé BLa RAlchAE hafll €
heated to a tenperature above the softening point @ of the particular

pol yner- alewseelasivelyicentimiops processing; andipinchysive of eantinpoysdeltespgrentied rdlers not
and the like structures.

20 Also, the direct forming process of the present invention, including the operation of the
" surface stages, the roller, the striker, and any other associated parameter iricluding roller
spacing or relative movement, is controlled by a computer having a microprocessor and
associated software (the “control system™). The control system is believed to be enabled by the
- currently available processing control systems.
25 Several different types of polymers can be used for the inventive direct forming process.
For instance, ABS, HDPE, PP, UHMWPE and PC are believed to be adequate polymers for
use in the instant process to direct-form non-textile fabrics. During the solid-phase forming
steps of the inventive process, the pellets are heated to a temperature above the softening point
of the particular polymer and below its melting point. To the extent this temperature is not

30 obtained solely by the physical deformation of the pellet during the solid phase formation



30 obtained solely by the physical deformation of the pellet during the
solid pha¥™® ¢1324fdt i on WO 01/ 32404 PCTI US00/ 29948 25 pr oc®ET/USDI/29948n be
suppl emented by an external heat source as descri bed above. The article
"Part performance is inproved via solid-phase formng," Mdem Pl asti cs,
Decenber 1985 is hereby incorporated by reference in its entirety. Alrnst
any polyner that neets the criteria and,.characteristics required of the

i nstant inventive process is suitable. %5 Anot her enbodi nent of the
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20  merely resting on one another and relying on the rivet element to keep the overlapping hooked
plates from separating too far and becoming disengaged.

Fig. 9 shows the general plan view and Fig. 9A shows a cross-sectional view of the
barbed plate element 110. Figs. 10 and 10A show a similar plan view and cross-sectional shape
of the socketed element 112. Fig. 11 shows a cross-section through a linked set of two barbed

25  plates 110 and a centrally located socketed plate 112. Fig. 12 shows an array of elements
according to the instant invention with the barbed 110 and socketed 112 elements forming a
checker board pattern. Fig. 13 shows this embodiment being formed at the nip between rollers
2 and 3.

In Figs. 9 and 10, the elements are generally square in shape (although other shapes

30  such rectangular, triangular, etc. may be possible). Along each edge of these plates are




"30 such_rectangul ar, triangular, etc. nmay be possible). edge of
t hese pW&“éE‘%%{’ge WO 01/ 32404 PCTI USOQ 29948 26 nol ded- |¢Tﬁﬁfﬁ%§€e def i ned
mechani cal interconnections. In the barbed plate 110, as shown in Fig. 9,
-all four edges include an el ongated enlarged portion formng a barbll6,
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ri ght afigheglatedikeiplgmentipould-have a meximymdgnensipn f bewe%? apg, p guillimeders foF
action) ex socketed plate 112 shown in Fig. 10 has a diagonal triangular
pi ece renoved at the corner elimnating nost of the headed socketed or the
socRet ed porKigohlsshowstbiwta sgriesof aitexpating barbed 110 and socketed 112 non-textile

fabric elements can be assembled. Overall Fig. 12 shows how these alternative forms of plates

1Q
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can be assembled in a checker board pattern. Note in each of the two configurations the corner
intersections of the edges are cut away in a particuar manner so that the corresponding portions
of the adjacent plates do not overlap and prevent or hinder flexing of the assembled product if
25  such flexing is desired. In particular, the barbed plate 110 has triangular indentations at each
corner that in effect remove the barbed head from any chance of overlapping or interfering with
the pivoting along the axis at right angles to that edge (refer again to Fig. 10A for this pivoting
action). The socketed plate 112 shown in Fig. 10 has a diagonal triangular piece removed at
the corner eliminating most of the headed socketed or the socketed portions in that area. Fig.

30 12 shows how these diagonal cuts of diagonally adjacent socketed plates fit together in various



30 12 shows how t hese di agonal cuts of diagonally adjacent socketed pl ates
fit toget W& a1 i ous WO 01/ 32404 PCT/ USOQ 29948 27 de8FZAS043994%nsi on
and flexing. Despite these cut away portions there are very limted areas
of the assenbled non-textile fabric that would constitute an opening or
passage through the plain of the non textile fabric. For nost applications
t he presence of any openings does not ggnstitute a performance problem
since the openings are relatively small and the adjacent 5 surfaces woul d
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forming each socketed plate 112 and the resulting array of socketed plates. In this way, the

array of overlapping (or more precisely alternately embedded and embedding) barbed110 and

socketed plates 112 form strong, tough, and relative to the rigid materials used, flexible non-

textile fabric shapes. The direct forming process of the present invention for this embodiment
25  of the non-textile fabric requires only two processing steps (three rollers and two nip areas) as

compared to three processing steps for the previously described embodiment.

Another embodiment of the linkable elements for forming the nontextile fabric using
the process of the present invention is shown in Figs. 14A, 14B, 15 and 16. Figs. 14A and 14B
show top and bottom views of the linkable element 130 made by the solid phase forming

30 process. The structure is similar to that of the first embodiment described herein in Figs.1-3,



‘30 process. The structure is simlar to that of the first_enbodi nent

descri be®Wh®2#4 in Figs.|-3, WO 01/32404 PCT1US00129948 POHUBMEAME, tnhere
are no cam surfaces on the edges 132 of the plate elenments for count er -
-engagenent, and the rivet 134 is integrally forméd with the plate el enent.
The strai ght edges 132 engage one another to keep the elements from noving
| aterally apart. In this enbodi nent, egly one shape of elenent 130 is
required and is able to be interlinked in a "legs up" (Fig. 14B) 5 and a
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futlly formed. Cut-outs 140 are formed at the corners of each of the plate elements for receiving
the shaft 142 of the rivet 134 which holds the two plate elements together. The degree of
flexibility of this embodiment is similar to that of the ﬁrst embodiment, and is somewhat
related to the length (and extendibility) of the rivet shaft.

25 Similar to that structure as shown in Fig. 14A and 14B, an alternative embodiment is
shown in Figs. 17A, 17B, and 17C. The plate element of this embodiment is identical to that in
Figs. 14A and 14B, however, the rivet shaft 144 in this embodiment forms a split retainer
having sloped semi-annular detents 146 on each separate portion of the rivet shaft 144. The
sloped semi-annular detents fit into a conformingly-shaped recess in the rivet head 150 to

30  secure the rivet in an attached position on the end of the shaft. SeeFig. 17C. The rivet head is



30 secure the rivet in an attached position on the end of the shaft.

SeeFig. 1WOMBRW4 | yvet head is WO 01/32404 PCT/ USO0/ 29948 PCTAISHR894% ecur ed

to the end of the shaft and is very difficult to renove w t hout conpressing
the sidewalls 148 of the split retainer to disengage the detents fromthe
recess in the rivet head. This alternative enbodi mrent shown in Figs. 17A
and B is fornmed by the solid phase forr{hng process as noted above with a
specially shaped nold cavity to shape the split retainer. 5 The direct
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The direct forming process of the present application can be utilized in the production

of the non-textile fabric for many different uses. The application of the direct forming process
of the present invention in the manufacture of luggage, as an example, is described in Fig.18.
The process is shown in the form of a flow diagram having four primary sections: pellet

25  selection 400, direct forming process 500, pellet recycle 600, and luggage case assembly 700.
While the process flow of Fig. 19 is contemplated for use with the processing equipment
described above, it is contemplated that the inventive direct forming process of the flow
diagram can also be utilized with other équipment capable of performing the same or similar
operations.

30 The first step of the flow diagram of Fig.19 is the step 402 of supplying pellets. The

T3t anqihet tyae af nonciedtle ffgicgenent




.30 The first step of the flow diagramof Fig. 19 is the step 402 of
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be used for normal polyner processing at this time, for instance to formb5
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of tldoe stuwfadeeAfiestheqiellets are applied to the work surface, and adjusted if necessary, the excess
pellets should be removed from the work surface so that they do not interfere with the solid
phase forming step. This can be done by a scraper structure, or by vacuum technique, or by
any other operation that suitably removes the unwanted pellets from the work surface.
At operation 508, which is the application of heat to the pellets, the solid phase forming
25  process actually begins. The application of heat to the pellets is only necessary if the heat
generated by the solid phase transformation of the pellet into the mold cavity is not sufficient to
create the desired temperature in the pellet. In other words, ifthe heat generated by the
transformation from its shape to that of the mold cavity due to the impact of the striker is not
sufficient, as described above, supplemental heat may be necessary. The ultimate temperature

30  to which the pellet should be heated is above the softening point but below the melting point of
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application at step 402, the non-textile fabric panel is acceptable, the !
next 25 tegpangk ﬁObrpcﬁlylrrattheebﬁebwwaq@@éﬂltﬁ@pdd@s%plﬁ@e gch antbe giypLis sauiredinf abric

panel oGgUL ﬁﬂmi{ﬂieﬁteﬁ%gcr g&gg@vgfl ng can include polishing, cutting,

bendi ng, or other acts t at are required to be taken to prepare the
non-ext i | e fAdter operptione12f e flowadiagram starts thezpellphrochiels operatipr 60@ pEhedfiisbn 606,

the dec' gx'aﬁ?r? d[egﬁeﬁln%ﬁ??cgcl%ﬂ ifdifind \ohdb: of 6t AORGH-RXkite FbrlcqiahiGs Panel 1s,

still
satlsfactory. If no, at operation 604 the failed non-textile fabric panel is converted to virgin

regrind for use in either forming normally molded parts for the final product, or to be reformed
into pellets for application at step 402. If the non-textile fabric panel is acceptable, the next -

25 .operation is at 606 where post processing of the non-textile fabric panel occurs. This post
processing can include polishing, cutting, bending, or other acts that are required to be taken to
prepare the non-textile fabric panel for use in the final product. After operation 606, the
decisional block 608 inquires whether the non-textile fabric panel is still okay after the initial - -
post process. If for any reason the non-textile fabric panel has been irreparably damaged at

30  operation 606, the answer to the decisional 608 is no and the damaged but partially processed
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luggage chassis. Alternatively, the non-textile fabric can be used for automobile interior

accessories, or other products.

20 Although the present invention has been described with a certain degree of particularity,
it is understood that the present disclosure has been made by way of example, and changes in
detail or structure may be made without departing from the spirit of the invention as defined in

the appended claims.



1. A nethod for manufacturing a non-textile fabric including the acts of
form ng avboussso£l enent; and form ng a second el enent i n PEBEUSN20948
connection with said first element. 2. A method as defined in claim1,
wherein: formng said first elenment includes the act of solid phase form ng
said first element. 3. A nethod as defined in claim1l, wherein: formng

sai d second el enent includes the act 0{3 sol i d phasé formngsaid-seeond
element. 4. A method as defined in clal'm1, wherein; r.ni said first
el enent includes the act of solid phase form ng sa”ﬂ“@ﬂﬂ@ ,ﬂmm’ and
form ng said second el enent includegrtogg@ct of soll« qi g said
second elenent. 5. A nethod as defined in claim4, wherein: formng said
first elwhaidclaimeasdes the acts of positioning a polymer pellet in a first
nmol d cavity; conpressing said polyner pellet in said first nold cavity to
adapt the £ hrfiodd@r momsaitetify # xin-textild fabaiciinghudifigtheiacty ofai d second el enent

i ncludes the acts of, positioning a polyner pellet in a second nold cavity,;
conpr essi ng §%F‘Hn$)6ﬁ§rﬁt1 ""’ﬁgﬁ; in said second nold cavity to adapt the
shape of Saif&xﬁﬁ%ﬁ’@éioﬁ@kl@m@ﬁt\&hweraﬁlé cBitheafigi! with Yaié Grvteleinest. Wi t h sai d first
element. 6. A nethod as defined In claim5, wherein said first el enent
forns a 2ok tiethodas defined inelend, WhgIF®: cavity. 7. A method as defined in
claim1l, wherein. ' : | il ai nst

o d Tt or i S Ao ERARR FUGREThe Adtof RRHRa forRg Sel e Sl g
sai d firistA eletens defweddidekim Aewhereinof nol di ng. ~~11 WO 01/ 32404

PCT/ US00/ 299 gmlmlaé Isa1 se%%% e :eL:mlerlltl inéllllciels ﬂlleI aclt' H’ dolit leS% foxq’ﬁling said second

element.

4. A method as defined in claim 1, wherein:
forming said first element includes the act of solid phase forming said first element; and
forming said second element includes the act of solid phase forming said second
element.
5. A method as defined in claim 4, wherein:
forming said first element includes the acts of
positioning a polymer pellet in a first mold cavity;
compressing said polymer pellet in said first mold cavity to adapt the shape of
5  said first mold cavity; '
forming said second element includes the acts of
positioning a polymer pellet in a second mold cavity;
compressing said polymer pellet in said second mold 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 first element forms a portion of said second
mold cavity.
7. A method as defined in claim 1, wherein:
said second element is formed at least in part against said first element.
. 8. A method as defined in claim 1, wherein:

forming said first element includes the act of molding.

A



. 9. A method for manufacturing -a-non-textil-e-fabric including the acts of

f or mi ng WOOLR2P4 ¢| enent; forp ment; and f 8F 9948 r d
el enent such that said first mﬁm@ﬁmﬁ IE ﬂd el enents are operably 5
connected to one another. 10.% I ined in claim9, wherein:

formng said first elenent includes the act of solid phase form ng said
first element. 11. A nethod as defined;in claim9, wherein: formng said
second el enent includes the act of soli é‘ phase form ng said second

el ement . 9124 mAHIB FQHaFaciengRafbnltaxiflt Bbic IncliMifg BeRctsopr M ng said third
el ement includes the act of solid phase formng said third elenent. 13. A
net hod as def iforating afiest glement; wherein: form ng said first el enent includes
the act of solgid.: DG Sa8 d first element; formng said second

el ement incl ugéérg“t %%’8{“9%1?)“2‘%“ phase form ng said second elenent; and 5
form ng said tftrmiog &thirdehemeant shchdbas saiddirstcsecofid ansl thid plements farerapierablysai d
third el enent 14. A nethod as defined in claim13, wherein: formng said
first el SERReted iR Pt

fie acts of positioning a polyner pellet in a first

mol d cavitigy ;A metkpd esaéfMed iatleinP9| wieeéinpel l et in said first nold cavity to
adapt the shape of 5 said first nold cavity;. formng said second el enent

i ncl udes the dermingsaid Hrst plemsnt ipgjudes tha acker Solidi phase fopming said st elament.cavi t y;
conpr essifg Sakthol Qs Y&ied RELILR] 9 whet@hd second nold cavity to adapt the
shape of said second nold cavity; 10 formng said third el enent includes
the acts of fowiing sad sagord glenentdncludes thetact of selid iphasg forming sadd secpnd
corrpressierl\?q%e §i d polynmer pellet in said third nold cavity to adapt the
shape of € 'third nold cavity and be operably connected with said first
and seconi@. \WOmethod 2¢ Qefire@Tn ISP AEEn3S5 | 1T ITTE TETEEE bhrji Pt 1
F11]

forming said third element includes the act of solid phase forming said third element.
13. A method as defined in claim 9, wherein:
forming said first element includes the act of solid phase forming said first element;
forming said second element includes the act of solid phase forming said second
element; and
5 forming said third element includes the act of solid phase forming said third element.
14. A method as defined in claim 13, wherein:
forming said first element includes the acts of
positioning a polymer pellet in a first mold cavity;
compressing said polymer pellet in said first mold cavity to adapt the shape of
5  said first mold cavity;
forming said second element includes the acts of
positioning a polymer pellet in a second mold cavity;
compressing said polymer pellet in said second mold cavity to adapt the shape
of said second mold cavity;
10 forming said third element includes the acts of
positioning a polymer pellet in a third mold cavity;
compressing said polymer pellet in said third mold cavity to adapt the shape of

the third mold cavity and be operably connected with said first and second



cLs el %@{@0“15 A nmethod as defined in claim 14, wherein said first
el ement fo portion of said second nold cavity. 16. AEPH948
defined in claim14, wherein said second elenment forms a portion of said
third nold cavity. 17. A nethod as defined in claiml14, wherein—said-first

el ement and said second elenents form a portion of | ' avity.
18. A method as defined in claim1l4, whesein: said SE‘EH n |L Eﬂformed
at least in part against said first element. 19. A s in

claim9, wherein: sdemerthird elenent is forned at | east in part against
sai d seco | enenis., .20,. A, nethod, as. def.ined,in aim9, wherei.n:. said
Thi ol e TR s niclafB, Yy Siiin S Nt alseol ofiof  plrlonof sad s

el ement s. molifleavily.non-textile fabric of individual elements conprising

el ements nmade by solid _phase. formng. 22, A non-textile fabric of claim
21, whereil® Adeithesasdsfipedingiaim: 14, wherginsaid seepngeelament farms apartiogiof gaid third
pol ymer pﬂol@éavi§3' A non-textile fabric of claim21, wherein each of said
elenents I's sized to be nmade fromat |east a single pellet. 24. A
non-texti 1% Aamethel asfdefibed imcluim Idhwherein seidirsteelensent ande$aidhsacond ¢lemeity foamt o
be made from.a | ural it f lets. 25. A non-textile fabric of

I ndi vi duaf“’%ﬁ“gﬁé’ﬁfas‘& @’6%4?@%‘53}%1 first elenent type having at | east one
separ at e 1&cAinvehad asalefipabindlamddpwhereinpe; and wherein said first and

second el enent types are attached, tq one anot her b he.second 5 el enent
type engagi ng %’Eg‘{é&%‘é‘flelﬂﬂ%“tbsf ogmedjatdeqstinpag %@B@isﬂ%rﬁi’s&e&e‘%ﬂm'ow rel ative

movenment of AGRGHoEsIBAALd Wicldimesiberein:t 0 the other. 26. A non-textile
fabric as defined in claim25, erein: said first elenent type defines a

mai n body f or nsaiththird elegeat is Soraned it least;in part against spidiscspedhelpmentipe defines a
rlriulgllio?%llz(}?Aﬁ%da#ldeﬁaﬁm%%%%g%ggzts end; and WO 01/32404 | 111111}
said third element is formed at least in part against said first and second elements.
21. A non-textile fabric of individual elements comprising elements made by solid phase
forming.
22. A pon-textile fabric of claim 21, wherein each of said elements is sized to be made from a
single polymer pellet.
23. A non-textile fabric of claim 21, wherein each of said elements is sized to be made from at
least a single pellet.
24. A non-textile fabric of claim 21, wherein each of said elements 1s sized to be made from a
plurality of pellets.
25. A non-textile fabric of individual elements comprising:
a first element type having at least one separate receiver;
a second element type; and
wherein said first and second element types are attached to one another by the second
5 element type engaging at least one of said separate receivers to allow relative movement of
each element with respect to the other.
26. A non-textile fabric as defined in claim 25, wherein:
said first element type defines a main body forming at least one socket;

said second element type defines a main body forming at least one engagement end; and



~ element; a secon

"CL S 36 wherein said engagenent ‘end is received in said socket to attach
sai d fi W@0HRd0second 5 el ement”'ﬂm 27. A nBFRL/PE948 fabric
as defined in claim26, wherein mmmEM”me socket defines inwardly
protruding portions to receive sai'd Gt Y edst Ssone engagenment end. 28. A
non-textile fabric as defined in claim26, wherein: said at |east one

engagement end is barbed to be securehy received in said at |east one
socket end. 29. A non-textile fabric as defined in claim 26, wherein: said

at | east oneyxpsikQhides %dg@ﬁ&ntleﬂu@srﬂbéiv&f iatshidbosleet ROAtabPSbid first @hdlsedénd east
one engagenent end is barbed; and said inwardly protruding portions

secur el slemeny ypes tagetehar bed end to attach said first 5 and second el ements
togethey; 2Q n-‘?é)éﬁ 2bB&hd de n@@{?{dlaﬁma?é q§.‘fe jefed in claim26, wherein: said
g

first e erren type as a plura es, each edge form ng a socket;
sai d second saideatiaast mppecmaéefmepinwm{dlvmyotntdmgjgmaqnseamwdgmd ftleast noe an
engagerrent eng nd 5 wherein an array is fornmed of alternating first and
second ¥ %@fges attached by the receipt of said engagenent end of an

edge ofzs h&n&@@&ﬁqbﬁhmﬁhmdmmtm“me&hﬁt end of an edge of an

adj acent said first elenent ty 31. A nan- textlle fabric, as defined in
clai m 30, wHeidatieastong engagsmeamdgﬁ%heﬁ 91 bersesiely yeretved ipsaid gdeast o6ear . 32.
A non-tgxidilegafabric as defined in claim31, wherein an angle is formed
bet ween adj acent edges of each of said first and second el enent types to
al | ow n28.eA meh-extilefahiyaydefined imaaigh2G, wderein:33. A unit of elenents for use

0 di rect fopp iR BADS R ek fod ARy prSRhdtl BhiGRIPT i Sing:  a first

enent an a enent for attaching said
first el enerﬁa:da)leaaucmesengzgemenﬂaﬂnmbarbed;land hat 5 said first, second and

attachment €] equa)we\rd(l"y proggx gg VpMoxttlong gesé re 3; entgggeo sna?d gargécp e%rd'to attach said first
5 and second elements together.
30. A non-textile fabric as defined in claim 26, wherein:
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
5 wherein an array is formed of alternating 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 adjacent said first element type.
31. A non-textile fabric as defined in claim 30, wherein said first and second element types are
rectilinear. _
32. A non-textile fabric as defined in claim 31, wherein an angle is formed between adjacent
edges of each of said first and second element types to allow more relative movement
therebetween.
33. A unit of elements for use in direct forming a non-textile fabric, said unitcomprising:
a first element;
a second element; and
an attachment element for attaching said first element to said second element such that

5  said first, second and attachment element can move with respect to one another.
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said first elenent is a plate; said second elenment is a plate inverted with
respect to said first plate; and said attachnent elenent is a rivet. 35. A.

P

unit of elements as defined in claim34, wherein: said second el ement 1s

identical to said first element. 36. Aunit of el erreni ' '
claim 35, wherein: said first and second el enents are m’m" ﬁuﬂﬂvﬂ(w!ﬁ set
from one 3anc it of eléidentsasuietibedin cRliBBBNWaereth: def i ned in~cl aim =€i n:
a plurality of said first, plates and said second plates are attached
together in aﬁmgﬁﬁﬁlqr&?t\sérﬂwﬁ non-textile fabric. 38. Aunit of elenents
as def i ned 'n_sﬁésed@fﬁ@%ﬁhﬁhtis%?!ﬁeﬁ%ﬁéd»@?&f’re’é PR dafdl i, 4@ch conprise: a
mai n body havi qg a top surface, a bottomsurface, and four sides, each of
said sides detifpattaphment elergentds@tvali ng a majority of the length of said
respecti\é% %Q.Sioﬁele%né 's%iin&ﬁ?ic?a@miﬁrwﬁ Qxet ween adj acent sides of said
mai n body;" “ah engagemen% structure fotned on the bottom surface of each
edge; said rissidksecondpleineatsis identi¢uhtd sakdfiistegempposi ng ends; and a head
formed on,_each .e of sai haft; . and_10 wherein said first and second

el errentsgérg%&wﬁqug’@é?%;m%@%sb\ymrﬁﬁ surfaces adjacent to but
of f set from oggd %@ LAESecordslembntl aVrdned €ABCHTRRE frott dnaakihgf one edge of
each of said first and second elenents in retaining contact, one of said
cut - out PBdgitownit ¢ffelamnts asidefagddn claim 3¢, whereisecond el enents in al i gnnent

W th each othgry, P &did ik 5 | 4 | | i

cut-out. 39. %p uurll-iﬁ '?9 gs?déeﬁsng%{efn&%%?d %ﬁ@&g%@?&%ﬂé@ﬁg% gﬁnﬁlﬁ ag‘ta?ﬂ {aﬁre

f or med odomhendretextilmfaric ace of each of said first and second elenents

i ncl udes ‘38. A unit of elements as defined in 34, wherein:

said first and second elements each comprise:
a main body having a top surface, a bottom surface, and four sides, each of said
sides defining an edge extending a majority of the length of said respective side;
5 a cut-out region formed between adjacent sides of said main body;
an engagement structure formed on the bottom surface of each edge;
said rivet comprises:
a shaft having opposing ends; and
a head formed on each end of said shaft; and
10 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
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.
39. A unit as defined in 38, wherein: _
said engagement structure formed on the bottom surface of each of said first and second
elements includes:
a top ridge having a flat top wall and sidewalls perpendicular to said main body,

5 said ridge extending coincidentally with the edge of said plate;



-S 38 a sl oped surface extendi

WO 01/ 32404 PCT/ USCQO 29948 Lhiji it 11t * CL
e to said bottom surface of
said main body; and a groove forned In said mai n body near the

I ntersection of said sloped surface @a&s8d said bottom surface. 40. A unit of
el ements for use in direct formng a non-tetile fabric, said unit
conprising: a fi#slopesl wides extendingfrar suid didge tmwid battes] sufangyofsaid main

I ntegrall y-fﬁ ﬁ ttachrrent el ement, said attachnment el enment connecting
said first eP® and said second eI enent together and allowing said first
5 and second el emegtcmvé formed én sdid inaindsydg abartthe imreseatian bitsaid sldped Aurfaviet  of

el enents as de d In 40, wherein: said attachnment elenment is a rivet
shaft. 42. A DML PRSPt s as defined in 41, wherein: said first and
second abemﬁﬁoﬁu&n&@ fdr hRas dhes fHming ahsﬁiteﬁerfaﬁrw sidlusnconipribing: Vet

shaft. 43. A unit of eleqents as defined in 41, wherein: said rivet shaft
is a split refisstelementgddsaid first and second el ements are hel d toget her
by a rivet c g t hod
of making a %g?]cro? g%ﬁ% t@@lgﬁﬂlg ng’%‘% f&ﬁltga&mhn{en{‘?&ﬂ%@g{%ddﬁﬁah@h I rst
roller, eh:nmﬁt:mmdeatmglseud first didmewamd)saﬁdasepommemeritmgthen apl allpgiingsaikfiseen
said_ fi r cfl ot? g % tand a ﬁ}egcond nip regi on between said
second ﬁ‘ﬂ SetcﬂT‘ ﬁleWFrbs OFPET ¥ r?sg?(?h Of%¥hst a first element at said
first nigp. maghmfelénefrﬁmdagna{lnlmwhelamsecond el enent at said second nip
regl on, said second ele ein Eormad in an i nterconnected manner wth
said first efafafiachmente %ntmﬁgﬂs #t.clai m 44, further conprising the acts
of . appl42| ROuridt df distherROAYd¥Rhed Rl 418 WhERin partlal nold cavity formed on said

first roller;
said first and second elements are held together by a rivet cap formed on said rivet

shaft.

43. A unit of elements as defined in 41, wherein:

"a top ri ngaflat top wakl-and -si dewal I's per pendig. aid main
body, ggggf'gﬁ?“l dge extendi ng I!! mj!m“!mnm;h t he edge,ll}(;'%ﬁosl%glg4 pl at e;

said rivet shaft is a split retainer; and
said first and second elements are held together by a rivet cap received on said end of
said split retainer.
44. A method of making a non-textile fabric comprising the acts of:
providing a first roller, a second roller, a third roller, and a first nip region between said
first and second nip rollers, and a second nip region between said second and third nip rollers;
forming at least a first element at said first nip region;
5 forming at least a second element at said second nip region, said second element being
formed in an interconnected manner with said first element.
45. The method of claim 44, 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;
5 solid phase forming said polymer pellet in said complete mold cavity in said first nip

region to form said first element;



aligning a partial nold cavi ty—orrsal dsecond roller with said partial nold
cavity orWeRa404irst roller i egi on t o POF/HPW/2P948st
conplete nold cavity; 5 soli d mﬂ [urlmﬂlm mui pol ymer pellet in said
conplete nmold cavity in said first muip mMegfon*to formsaid first el enent;
WO 01/ 32404 PCT/ US00129948 * CL N S 39 applying a second pol yner pell et

to a partial nold cavity fornmed on said,second roller; aligning a parti al
nold cavity on said third rollerwith said partial nold cavity on said

second rol | er#@,ﬁ Lgecﬁ,ﬁ&f&n?mgﬂ Re1E ng(%ﬁagni‘o?cf &@?&%B%m%&%b%& rélRr.d

cavity; 10 so ase ng “sail In said conplete
mol d cavity |ahgnmgda pastiat ool cavpy mgaldrthrrd)romermﬂssmdjpmdmd eavdtyemsaidn an

i nt er connect Wi t fir e hod of cl aim 45,
wher ei n 5P Tq“FE‘Ln S@’Idegﬁ%%‘? nfporreﬁ}sonﬁojgmbz} & g&{c]éom onal-ggf(;%ap te rmold cavi ty
47. Romethod gflidphkderfameingedid beshd pelyiebpéllet incsaidrdosiplege bkl @ity indaid
providing a first roll er a,second roller, .third roller ﬂbGH{ urth

rol | er, Sacandynipiregion toiferm said PWH“@E?%BH%"BF‘&“FP‘P‘?PEQWE@% %SY ol I'ers,

a secondegfng ¢ €gi on between said second and third nip rollers, and a thi rd
nip region between said third and fourth rollers; 5 formng at |least a
first el d6refbe methedpficlainy 4% whersin said first clement fagnspary of£3\d sscand complel enent

at said secpnd.nip region, said second elenment being formed in an

i nter- en qu SYanner with said first el enent; formng at least a third

el ement af. Aandhﬁwﬁrﬂamigjanmgiemﬂpfduiccbotﬂpﬁshigehmmf being formed so as to

I nt erconnect sai |nt agi n can met hod
of claim47, PV H‘@ra ﬂ?’s? "g‘:%f’% lg&ts{r]%f(ﬁl% ?9? é{ﬁe mper ﬁaﬁgpﬁ ro

pel | et t;bgﬁm%méealsmamrﬁ afi@Yécod hiproRets Gsebaridchip regiin beokdenrsaid seédng ahdig a
partial mold cavity on said, seconﬂ)Frol | er \Imtng Sﬁ}g%ﬁlt lal nmold cavity on
said fi thigd mbrqlksfs and asthird njn region bepveen §rid thiy P F¥st conplete mold
cavity; 5 sol ﬁﬂ%@ifeaﬁt‘&@ﬁ%xﬁéﬂﬁtﬁﬁiﬁﬁ?ﬁl 9?1&1@'[ in said conplete nold
aV|ty i n sai t ni ion to formsaid first el ement; appl)éﬁng a

second pol y rreforpmr;l b leagtc sacqndrelqmant poaif see@ndi P Fegine 8pid pecond element
011 er Sl B0t RALAell malflef Wi Wil Yirf Richith] thi rd roller with said
[ Fﬂ) g & y on "

partial formmg at least a third element at said third nip region; said third element being formed
so as to interconnect said inter-engaging first and second elements.
48. The method of claim 47, further comprising the acts of:
applying a first polymer pellet to a partial mold cavity formed on said first roller;
aligning a partial mo.l'd 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;
5 solid phase forming said polymer pellet in said complete mold cavity in said first nip
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;
10 solid phase forming said second polymer pellet in said complete mold cavity in said
second nip region to form said second element in an inter-engaged manner with-said first
eleme_:nt;

applying a third polymer pellet to a partial mold cavity formed on said third roller;



- second %&@r {n said second nip region to forma seconq,cclgmloﬁg nol d
it g Eisss

cavity; d phase form ng said second pol yner pell et conpl ete
nold cavity in said second nip region to formsaid second el enent in an

. inter-engaged manner with said first elenent; applying a third pol ymer
pellet to a partial nold cavity forned on said third roller; 1'll WO
0152404 PCT/ US00/ 29948 40 aligning a partial nold cavity on said fourth
roller with said partial npld cavity on said 15 third roller in said third

ni p region tdligaingapartial meldesviy en saiddourthaalienwith said partiplmeld codlyangidkai d

third. p [ n?}e' I | idysal d third nip region
to fgsr molglg?g&%eglﬁ{rﬁﬁhgane t gﬁﬁ%ﬁﬁ}]‘ﬁ&g m?%}t’édrh %‘lldrcg}tnﬁgnd second el enents.
49. The net hodlidphase fomingsaiduhindgiotynsexipelllétiin s#id edompletetmdld candtypasaid tirds ai d
second canpl et e wherein said

ld.cavity. 50. .The nethod.of claim4é
Firet arib Rty B i it somein e FRGroTBest §oe frw o8 afihpe oelBRG T o cav ¢y,
1111111149 Ixkirhethdd dflcldilnl48, Whereld said first element forms part of said second complete
mold cavity.
50. The method of claim 48, wherein said first and second elements form part of said third

complete mold cavity.
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