Title: DI RECT FORM NG OF NON- TEXTI LE FABRI C ELEMENTS FROM THERNL‘PLASTI C

. PELLETS OR THE LIKE Abstract: An inventive solid phase form%’g‘“‘@ﬂl

and rel ated structure, using conventional pelletized thernoplastic corrpo-
',’s'iti;"ons to formthe elements of a non-textile fabric by coining a single
pell et or briquette of the polynmer into an individual element in a single
formng step. The s s of the process generally include: a) positioning a
pellet in or adj acﬂmﬁq @RMWQ&E NONEEXTELE FABRIQ EUEMENTS FtOM! O
contact with the nold suﬁm&g‘ | astically deformthe
pellet to cause the pelf to adapt @Mbﬁhgﬁﬁ&@F‘Cavi ty. The nold
cavity has a shape to formthe desired elenent, and its volune is

- substantially the sane as the vHEItﬁiaOBfTHRtH\I\ﬁENﬂ‘HDN The forcing step or act

““preferably use nd, s er el t he pellet superplastically
~deforns to -subs ian? %Pﬁ¥31$l §ito ng’él\l,\‘% eﬁef"ﬁtﬁlsals@a@ pgtigle Wuﬁmess
i s -repéat qatbcess, hnd tnerqqmrticulmlya'ela&ls mﬁietllwlaﬁdl phoREd¥RS cl‘é&trté%gnrg@%%e

order to fo i?erconnect ed. ﬁlf tes and rivets, as an exXx

‘,'T_lnal resBPy“ll’éF eﬁtsrl'oﬁ“trﬁ‘?{l SHEET%. The el enents for med

BACKGROUND _
. The1 use of plastlcs has become pervaswe in present-day products of. all types. The

processes by whlch plasttcs are formed into or mtegrated as Specrﬂc elements with the products '

10 have been carefully developed to generally max:mtze the volume of product output and

R

‘performance chatactenstrcs of the resulting plastrc products Typlcally, the polymer process is
o used to form an mdrv:dual product or element, such asa packagmg structure (plast:e bottle) or

an mdmdual element ofa larger artlcle (gear member for a low pOWer dnve tram, ora ﬁlament
- of thermoplastrc for combmmg mto yarn or synthetic textiles).

15 . . The u'adrtlonal and well-known plastlc formmg processes mclude among othets
m_;ectron moldmg, blow molding, and extruston “Eachof these fomung processes has several
 related sub-processmg techmques, but in the end they al rely on at least one common
characteristic: the plastrc startmg matenal must be transformed into a molten state for the
process to perform as desired. The molten thermoplastlc stream is generated by mastlcatmg
o 20 plastlc pellets (and perhaps some “regrind” from the off'al of previous moldmg processes) to
.work heat the resulting mass to molten temperatures Thts molten requirement mandates the
. use of relatxvely complex eqmpment, and the processmg parameters must be preclsely
N controlled for successful processing. These formmg processes are also somewhat lnmted in
:that there are hrmtatlons on thc type of products that can be made. The matenal parameters of
2 the ﬁnal products made usmg these formmg processes such as surface propemes chermcal

B res:stance, electncal propertres, opttcal properties, melt propertres tensile strength, shear
o 'strength elasucrty and ngrdlty can be comprormsed asa result of these traditional plast]c
_ fonmng processes Some of these formlng processes also creat substanttal scrap material that
K may | be later recycled into the molten plastic pnor to contlnued processing.



by the inventive process can have any of a variety of shapes and can form
base units fﬁboﬁﬁoj ormation of the non textile fabric of tweP ApMi2884or
nmore el ement s. I'S inventive process elininates the need RG/AS00/2984% or m t'he
pelletized polymer into a sheet or other - type of preformprior -to the
farm ng of the final .product. 29 April 2004 DI RECT FORM NG OF NON- TEXTI LE
FABRI. C ELEMENTS FROM THERMOPLASTI C PELLETS OR THE LI KE FI ELD OF THE

| N\VENTION This invention relates to.a conb?nation pol ymer processing and
article manuf act uripg ; and nore particularly relates to a nethod
and _processf or creat%ngﬁ{gﬁl%%a) SPeIpAy depo rtg’ﬂflvﬂl?ﬁl‘hee‘leélfﬁéﬂ@“ﬁrm@nofﬁﬂemmked
structure. BACKGRIXIND be fibxiblaginrable, mmgmmlna&s&mmcﬁat ¥ AGH- fé‘mlb Bbric. .

present - day y which plastics are
formed into 21? 9‘?#%%3?%% gérgsn Sp é‘(ﬁe?‘i'%ﬁefr ‘l’ ‘%lﬁ“lel?ftrl‘i‘éﬂfblﬁ trcqognected have

been careful I%lei@mtsethop\edhtmgemroﬁtﬂewhmeﬁﬁxmﬂr&l&lé/ﬁhﬂ%%tw OUt put
cts

and- perfogrmﬂgé sticsof, th resultln plastlc pro
Typically,” the = ﬁ{%n%r?rg%t?{i)@gg%msgm these tepighics gﬁ“‘l‘ﬁl}il\ﬁr ensgrample dimonor

el ement suchfe?a packagi ng structure (plastic bottle). or an.individual

I tf'I ar_menber for alo owerdretran or ‘a
Fi T anent ot he aaoEt e R pral Ry i Ahase mﬁgaswua&mw@m)

orhers,  inj %’;,‘?”“‘a“”m‘”“’“'g ) o kit PO TMAGEARERS) DT, ™"
I n g Xt rusi
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end they 4 | high heatolistertion Emeeraum:e, eRFUIIERTor poRbRs PAF‘(%@. %tﬁ:rdtfgralplﬁnﬂqas m(,ge
en state ss

starting nmat sforrred 0. a no
to perfgr m agﬂwgregfeﬂﬁ% °é¥lm’t'hél“i\r@5‘l‘d§§?l layered gmmiures Oébweoramrd by
masti-cating 2atglales i elapdipkets !S(ﬂﬂﬁdlsaﬁhmﬂﬁﬁ%&m&ﬁg (Hafflitafy n%ammn.a of f a'

of previous wor k. heat 't resul'ting-

eSS E:
" tenperatur esrml]llﬂilr g&ﬁgﬁ} T reﬁ%ff%@l?e“ﬁ?cﬁ?ﬁrfﬂ’a‘teé§ lugp, ef mefale VWhilerselidphase| v
corrfl erl eqw omning caaibel useli¢o preancpiasic pdpas omeges&xalmtmhe Y SRk Bk | dtthe
controlle rocessin ornm'ng processes are
sonewhat [ m rér v?l:l&g:ﬁ%g%ﬁ%d f?’ﬁ&?@rﬁ?e flsﬂll“f%lla?‘bfﬁgmdﬂ itseifchas perdeatutiizedact s |
that can be rfirekly meamiereombted)mﬂiﬁiers of 25 the final products made
usi ng these fornmi es ch ace properties,” chem cal .
resistance, el ect‘rq? tﬂl %pr SRapE g °S°d’3‘"€ ‘ﬂS@&@F%SPSéEﬂlahﬁbF subgrguedr t i es,
tensile st reril@tlhfactQMeps Eir irpepgiting ﬁﬁlfﬁﬁ{eﬂgfddycﬁﬁtg thel IRl Bo iR dl@ludes

conprom sed S t.radi astic -form ng processes.
Sone of these: hgrﬁnq?@rtgj'éporf%eégses PHdug. ﬁ“@%&ﬁg@dﬁl‘ﬁ’l"&m@bk&pﬁ fnatmndzat ist hat

may - be | &%r exmt&,éothmnhbortcommﬁlsp@aopj;@sﬁchgn pr| or to continued-
proceSS| ng WO 01132. 4(4 -
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SUMMARY OF THE INVENTION

The mstant mventlon as descnbed herein overcomes the shortcommg of the above- g

referenced polymer forming’ processes, and includes the moldmg, in place, of mterconnected
B elements mto a non—textnle type fabric usmg sohd—phase moldmg teehmques, preferably from -

L . 25 : ,eonventlonally produeed polymer pellets. This combmatlon is referred to as dlrect formmg
S The mterconnected elements are molded dxrectly into thexr assembled posmons ina contmuous
,web or other shape of the resulnng fabric. Fomung the elements into their final assembled
C structure that is mtereonnected with other elements eliminates the need to further handle the B
- elements in an assembly process, such as havmg to accumulate the elements and then array the

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



29 April 2004 PCT/US00/ 29948 2 These |imtations becone nore inportant
when the desired product made of the plastic is required to 4%ARM&W4l e,
durabl e, strong and easily assenbl ed, such as a non-textile fabric.

f Non-textile fabric here means a generally flexible web nade of individual
I nterconnected elenents, the web having3smany of the characteristics of
.textile fabric, but not depending on fibers, or fiber related processes
f or t hese ahsignificatiyseduced, aghefficienay is srigniﬁcraeﬂgmmah@l Qh g#in, moAtextile tibriceas

fabric. An stic for s |s aseform al sg caII'ed
super pl astllos%@ﬁ %I'F’r?r‘t'ﬁcans %§er§ﬁ’g1p’lqﬂ&§/elv8 hq’fgnnﬁﬁ‘ﬁ’m%% FrRENS; g5 ni ng
of . Pl ast i cwd¥ mavmgaﬁanymfﬂemhmaaﬁmos@he@ﬁmamc bhitvict degindthgRaRRrs R fihend

" process is d to crg}ateglastrc articles having 10 high: heat di stortion

"t enper at ur'€¥ te é’%‘i‘f:&?ﬁ&% esenstisfers with integrally formed skin, using
~.ultra hjigh ol el ifVentd ﬁh&pﬁ&h)féﬁrhﬁg AIREs R a8k tibnd ?}\éﬂef}"dﬁ#ehll 1idgs of -

“two or- nore nmaterials..:Arelated pr cess | sal so use ng of
- nmetal s, peROmpesitions ty form ithe lements of a non-textilsrigbric by coining msiniglepediet arbriquette -

' p'recisely n be used to =

- create pi astrg b %Hdglt%s t‘%‘%{lﬁh‘gdéﬁlél%l‘l@%s@ﬁ lgg&hmg%fgnseepsﬁg} 1%5"?@%“8&“{%5"15 :

_“previouslya Mﬂaﬂned—texﬁlerfabmgcap rvm}egealy,, bsifor purppdes s£edaniplé, ag expigigdd inhas '
“not been u l%llszefd to d|r ctl 1¥ ﬁle an,i.nterconnect ed.struycture. Another.
shor t coni rfif Jem cipde éa'b‘lBﬁﬁg'égarleém?‘ﬁ%‘tm?lﬁét%%equent .

manuf agt ur i ng stteraﬁept 8f thé Eﬁo@&%%&ﬁd?ﬂlﬁx'ﬂ@lnﬁ@rmsﬁbﬁﬁlgﬁ pell&tif of Rfadehi¥8la

enmbodi ment includes _further_ handling of the formed product. Thi's.further

~_handl i ng t/Bold€avityyprd Barcingfhe pctllebmmoqt@t Sithahpanldisuefacds of Hheimolt anty tost s
_and speed ]ﬂ;stt ?tlrlnocﬂe P%M%%] 3 géllé'l:'td MWE gﬁgg%? th'erh%l chv: 2 chl

“descri bed herer overco s t he shortcomn ove ere ce po yner
- form.ng prﬂ@E@smg shapedo iforol the desitet] eleneing |ang its mlupnleas:mhstaﬁttallyttbe aaemethied

~elenents i t e fabric sol i d- hase o

oo aue 2 IPEREE oA GRR pethrt el §% et gen i o

_ Thi s conbipeét superpusucenyederfednsue sabstalitialy filifthy volinge ofﬁheldldlt:@fﬁomsqir&e o
el enents are nol BEhgﬁfeCIl into their assenbled positions in a contrnuous_

web or ot'hEPed papticuiar element being fogpedtin the;ARProRyiate rrden tedemt s into
their finghtepsamichdthtesthd Wyt R anlelathple Swith " E&rtpél n%sh&a B Fabric.

el ement's, elimnates the need to further handle nts 1n an

.assenbl.y pr ocesl%angluwlﬂgﬂfl?ﬁmermeﬁteot meﬁmtmmméxmlléMs isprdvidedandr r ay.

“the 30 acchpy e arra et.her. .Thus,
time  |abor alﬁl scr pﬁ’gg%th?a lﬁprﬂ&ft %Bﬁaﬁ??&%&v nlé Tecess onycha.m%er in oné side

20  that normally opens mto the mold cavity. A wall of this recess is defined by an end surface of a.

ram or striker. The ram or strlker can be in a withdrawn position to expose the recess for
'recelvmg the pe]let, or the ram can be posmoned to close or ﬁll the recess and thus not receive
oy : . a pellet. Thus, by preposmonmg the ram, only those recesses OppOSlte the mold cavities- where
‘:plates or rivets are needed can receive a pellet, and thus will form a plate of rivet. Thié mold
EiE cavxty forms: the desued shape of the formed element Once the peliet i is posmoned in the pellet
-‘ recelvmg recess and the recess is ahgned with the mold cavnty, the ram 1s actuated to force the
_ . -pellet into the mold cavity. The ram is actuated w1th sufficient force to cause the pellet to i
| plas‘acally deform and substanually conform to the shape of the mold cavity.: -The pellet may
7 . need to be pre-heated to a softened condition depending on the type of pellet used. The type of
30 pellet, and espec1ally its chemlca] makeup, is determined by the desxred phys:cal charactenstlcs



3 are srgnlflcantly reduced, and eff|C|ency i s significantly increased..
Again, not t%(t?% ofabric as used herein means a general Ir‘y fa%&ﬂfﬂﬁge'@\eb,
made of .i ndi VI ual" 1 nterconnected elements, the web havi FGTHIAY2E the
characteristics of textile: fabric, but .not depending on fibers or fiber
rel ated processes for these characteristics. 5 The inventive solid phase
formng process uses conventional pelletized ther nopl astic conpositions to
formthe el ements of a non-textile fabric by (:0| ning a S|ngle pel'l et or

orquet te._of ofierRPhNIRS AohAeAlbalDdioddial oSl emnt maa,sinale 1ormi ng

step. .The el enents used orm R parti e s IOt vary
greatly, but ?l@iﬂeﬁbfﬂfﬁw@&tbﬂfnwxezm&bnas expl ained in det a|I bel ow, the

el errents i ncl ude pflh%t Seel t. are_int rconnect et her 10 The
steps of ‘the process %eﬁe%#&yﬁé%l’éagﬁmglmﬂ‘b% P& RPTHIGESL formed o

adj acent to. %le"lfmt)ﬂfd“E@\ﬂsﬁyaﬂeﬁtuempldfcawmﬁogthehext}ﬁehﬁrrgtstepnto contact with

t he. mol'd sirfaces i,trg'bg r;plig! (A Ias |y deformthe peIIet to
cause 't he gel | et tT(i)Hc dapt the s é’Sé’%%‘%" {P&e%%s‘e}?’m? or-Hifee BHSPSt cavi'ty
has a shape t®efemgbbn fold migusily enbrelgegmglto,llexan'rhemmﬁar vydindiioal $ubfaSe TSR Fodnb Y
t he sanme.as t te The f I‘CI or a referably:
uses an energ&gglgggtﬁgg'ggv%%swkh%fﬁ@‘mgﬁg |°8¥‘9%u§b?sg|a5§>ﬁ°§epf WBf or ns
to Substanti aﬁlde9°¢mq togathes atthé nipbetwieent ﬂleroﬁersc(lrmwf taygendybebwdeh QBB 5f rolldts
repeated withy t ropriate order
to form" |nter%§ﬁdjg%hhdﬂi+ega[ngsl:§n§ﬂ%| ve 35 Wkﬂémg%@lg"%\é{‘ﬂl?aﬁﬁl
result: beF‘hg laoklewﬂtf@stdp:%@ﬂlat)ﬂmder’slouteammmo'ﬂheseﬂtameérs teB@vath€P&Ris and the

i nventi-on, f ovi ded nd d cavity for
each fabric g.fuﬂ %rgerﬁl%‘aﬂgg@ég%&%yﬁtg%}éiy %"‘P"@B&té“’ss" Pmﬁsrf’égll‘?glkﬂ rl"’élf’éﬂéﬂ%e 20
t hat -nor mal | yscennd aEthessttres tolernpiotd amys o@platék nsedeld t@forrh B ifist 9SGVF Blates f ef | ned

byanendsur ~ S rlkercnbelna"‘
" Wi t hdr awn posff)lt%?o {Btg g&etf%@ggﬁb %ehﬁ“’e%%"s“g rdtr éﬁ'l}?l&ua‘ef’ﬁéys Plates needed top e

r alrr} c ?n -?-EJ pdaim the pesand layar bofeverlappirig plites; befelrabd}emnaﬁyldvdrlapyﬁngm{todh@gﬁjt}g/et ha
pel I.e S,o on 0 CESSES op osite:the
nmol d cavi‘ti es’ %blgwé%g?i%‘ggﬂ%?ﬂtf% Qﬁ?éﬁ%}r lgy‘?{eé—g‘égu a&w[g' ¢ #&faysand
t Eus Wi :c I tL orq;lé?dpd gea‘teés dinecthyi mmandmeugluhdﬂﬂésoveﬂe@mgtﬁtstfaﬁd faeaoﬁdh?ﬁm {alﬁgt
shape © e i.n.the, pell.e
receiving recessér%ndmﬁ %c%’@g?s'ﬁé‘l gnéid‘s\ilﬁh'rﬁﬁ &‘Bg?fs efs,Fan it igm i s
actuated to. “F*’(ﬁemdteh@’fﬂle sk ¢ Mtbmhmded substantHlig smmltaﬁekéuslﬂ_ With lie%fg 1h§=rt@d3t uat ed
~with suffici qﬁ}gugthﬁgﬁ ér?of(b"ﬂdde?e aﬁ‘? }j ﬁ%enrr%'ltc }: tﬁcfyﬁaﬁ@nggﬁ

substantial I'y confor to the s ape need
to be pr ezoheamle!dat?rdleesi tho fivesnacket owitigtto the ndep rdiongy ofthd ﬁtﬁ:—t&)&mﬁfa&lc dP@rldn&t

used. The ty@@h a i t.s che -

det er mi ried bé@’ Fes! red;“\a.&l ys}?gugﬁ]%pﬁar clctcéPngeFeg"W%JlVl%i?W%gﬂmﬁ tlﬂﬁlnl

2004 . pCT/ us tﬁgﬁmgand second arrays of plates that mterconnect dlrectly to form non~textrle fabnc '
' webs and shapes ‘ ‘ : o

_ When automated ina manner as wﬂl be detalled this drrect moldmg process w1[l
.25 prowde several advantages The mventlve direct formmg process prov:des for opt:mum 7
W process history for the polymer compound from whlch the elements have been formed. Each
S ,.pellet hasa mlmmum or non-exrstent thermal degredatlon from its processmg since there i is
_ very little heating i in companson to conventronal polymer forming proeesses, such as injection
T moldmg or extmsron While there is possrbly some heatmg to place the pellet above its
o ‘30 soﬁemng pomt but below its. melt temperature or just below the crystallme meltmg pomt for



of the final product. As noted above, the elenent described herein is

. either a plate or rivet. elenent for creating the non-textil4? AuBbeP4 This
process can then be repeated in a nmanner where portions of the first forned
“element are used as a part of the nold cavity for the next formng step.

- This process is best carried out with a series (preferably two or three but
most  preferably, four) nmutually - interengaging rollers. The outer

cylindri calsemsqmtelhee pélymersy this heatingois e a lethiperatureswensitiérebly bblogr thaey s of

' Iateform I e of ld cavit cone

Jtooget her at e rﬂgrp&gmbé\e ﬁltslr?mfp'ﬁ? @'XS é’g%Bme’%Fﬁw erytrchb‘ssbgf‘ B4S Y
.of rollers belibvegne detpiareatalle tmpm:t dteqaeﬂbﬁﬁehﬁé hhﬁdﬁreﬁeﬁﬁh&duéghmﬁ@t Eiefnents,
o cavity's sides on '

.|ncludethe ghanbesallét with each .| o. he
ool 1 nder s GRPRISC Pl B mOimep aias restlbng Bomibes JupBse o aepeemlestcr ars
and ramsdr i defdighisteatitiesmé efeteru?golmete@&%ﬁlmeetﬁagnéa%ﬁ &Eoﬁéaﬁdéttdﬁe)

.. The first -and second qf these three rollers nold arrays ofr plates needed
‘to form a fafitha mpligpamassof fiepmeplastisusually experientesign corventionat imjectibrembbding or

The second ex@figloh ok d,oﬁe'dleegpgmeﬁpéﬁte e%r@yefevﬁt&%ﬁwa@gdr P 58 Jorg gormt h'e_

second | ayer of overlapping pre par

-ont oand . belmgodeofammmt@mm xmeeﬂmrtmeldpigahdextnistdnmod‘essrest Iayer The .

~third andfourttin esrm p r ays ,of, hade vts directly onto and -
el Rl S bt

through ‘the t hus H?%BK‘F% dita antizlly sausldhe volgme gkthe

. assenbl rd aneldyt&vtqaﬂtehﬁshﬁﬁlﬁﬂieﬁfo@knﬂﬁcah%té brmmiR@ redulting! fhéin RRAMRE i vets
can be ‘set L. the cond e ﬁdtBOf the ri.vet- can be headed. substantially

_si mul taneOLfQW“ﬁP’EQ"?eﬁel §°PW§E‘P ¢ direst Sermring precesgisenly the n‘\m—m& fabric -~
N ternati. Y dfnerntd e poSiidrulanl %ﬁaﬁﬁ&h&cﬁ%&ﬁéﬁﬁ:ﬁﬁe&%ﬁ Uriadafid gfidid 9'?'&?%9&" y

| ater need the. rivets be set, owng to the. natura
. non-textil @rieagtion Iflrpypelies onapy klsmentsfomiddaannns bé osedefor thé\fabur:tshnpes, these

“alternate f »d rati,on t efl g
 and°second A S6idkced Weh e R b AP MEREUGE i icalfieriion s

“ fabric 15weltkesanah Wedeasﬂhmﬂmfeedmbledn omeawmneennaﬁat\m édnohﬁmdlﬁdal | ed,
~this direct _noldin r oc Vld several advant ages: The =

‘i nventive d’f?cgﬁstesf’%'feﬁq 85&%8@‘@‘? fBFﬁUT}@E "S‘ﬂ’t"‘i"i?ﬁﬁﬁ'i'g pr ocess- history for -
t he pol ymer " Comﬁmnﬁﬂﬁmemt&hf&ﬂmgﬁirmmﬂ%@x&%@fy ia'pi Blauckar fyeide! | et

~has a m ninum or_ non-existent_ thernal" degradation fromits proce55| ng since

there is e Since the diwest fPFFQmigrPf‘?,"GFﬁa‘éﬁ“h%fd'ﬁqltltFS everedies muehcheaperiesaye(e.gf onlyi ng
. processes, tdigdat é’:@atbd‘bfﬁielp%sc doR ke %ﬁlé@ falut? En%gre\m%t% ttegiﬁuag)ol id the '

possi bl y sone heatin | ace the pe I ove I'ng
 bel ow i2s dixeet fo ementaaare@pr)qsuetl meizew drbae hnlyﬂ;xtalmarmedueebthengaspcrmtt for

29 April S e i S he ng-is brief and at
- tenperat ur ggéll(':%n Qé %eré{) é@e{m& ﬁhﬁ’g rfs‘r%eaﬁ?‘il E(Hml"tgro r’{%ef PIREALS Iniptercqanegted
‘typical in relhtemxsh@m dnqﬂtﬁesthelfmebz&seiﬁbly &ithe noh ldxGild FaBKid. MEheleferAis can'be! i eved
to detrinent amg n‘gﬂact t he. er for n'ﬁlnce characteristics of the
dl fect - f or eS8 eg @ Jpterconnect th one another at substantta]ly the same time that they are formed
thus elmnnatmg interim storage, ptckmg and pesmonmg of elements to fonn the nen~text11e '
25 fabnc structure. Also in some instances, the final non-textile fabnc sheet does not requ:re post
' Vformmg handlmg, such as cutting or. shearmg, prior to further assemny since only the elements
needed wotild be molded and _]omed at the time of formmg o ,
: Further, the fit of adjacent and mterconnected elements can be made a!most perfectly
smce perttons of adjacent elements form part of the meId cavxty for the overlymg plates and -

30 'partxally or fully set nvets



O course there would be nonentary heating resulting fromthe solid phase
or superplastic s deformng at the tine of nolding. But there would be no
mastication, mxing or, consolidation of the nolten mass of 26 hgrinEw4astic
usual |y experienced in conventional injection nolding or extrusion, nor
woul d these pol ynmer pellets experience -8l evated tenperatures for the |ong
periods of tine associated with the injection nolding and extrusion
processes. | n adgllpRifical) Wdfrelge 10§ hefibd ¥OhMiBchute SesbaRgHietbric of
substantially equal the volunme of the 10 nold cavity, there should be no
si gni fi carftengatstavipg mpnuallsngesing Rosting. 99 29pE Af A @sgntiveptigngpehideg thsegiess:
The out putof@rmita&: flstreRrdent Wit NGstRINO ER8 SenlteRt HIXioh ahf BorRRD = 5b@¥ blkBediabri ¢

el ements pre-positioned and manufactured into the final desired shape and
i nt er connd@vBg2deskonesngagement porkipw inppppkle songection yits the fissi elsmenbymepldinhinot be

used f@r tiheensAliiett PRARRSE the kOB clembtd iflect) SeARNEE AhEGhentboritin'br tHEBLG! | al |
bei ng wi t hout ther mechani cal degradation. Thus, t hese can be
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Additionally, the direct Torm ng process results in extrenely rapid

producti o't e times. , Since the direct forning process neither

requires or crgaheindusdindasectOR BleGYeskt identRR] SecifiddBy REAkIng heateduly t he

pl astic deformation of the pellets phis any pre-heating residual), and the
20 di rl@ct Presesrelre areasbipyentign eclpdesthesety of proyidingadinst solier.@gewond raller, a teglat
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Al so, direct formng of the elenents in interconnected relationships

si npl i fi edetrren thegepondanddhin gip sllerspat logehone aldhs Tollers hpinea partipbmaldsadiit s can
be assentib@ekdliPad Ak@GEPRE BfcofM A ArsPAEMEN Al ed af the HREHiF Rplod] dnd alsh@ndane
time that they are fornmed, thus elimnating interimstaorage, picking and
posi ti oni rigfmest is et ptdha sscang mi resian etk tresepqng glepmsntibgine frmed i@t ure. ~ Al so,
M soMgs5i NShidReScted Mendet Rk tHe Gt Liexkhil € fabric sheet does not require post
fonnng handl i ngl%qgsuph as_ cutti n% or shearing, prior _to further assenbly
since only the knearingruotheraggel et hiswraen dvasioactedfially serrdae afow riler i ne” of

form ng. FesdefiCihe pleidi folvéntioh iRANAGRO et T Provith LRANEIGL A& PaTRE, 8 15AN be
made al nost perfe%tl si nce partions of adjacent elenments formpart of the
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of a n-textile fabric of _ elenents having nmutually engagi ng portions, one
aspectOof TP et ahleast prref thegplisrhaving s Pagiglimeld cayity grmed mpn oytensurfapes ¢

el enent Withdledt! AlRa%lenRiSs RNGSADR MR rst PR eion a38@nd AEMEA S BmRAGPMRE el ement
havi ng at | east one engagenent portion in operable connection wth the

first el egirnd Bip rRgipH thegeeond Alemen Geigs fsmed BEp integrrepeingienad ohdhelighent
directly agenshnd {1@ire BBAESR FRRFmdAQK the Mirdafip febin f THeShird 8LRGRRifornled s§ 4 t her

detail, formng the first elenent includes the act of solid phase form ng
t he to interconnect the inter-engaging first and second elements.
25 With respect to another aspect of the present invention, a non-textile fabric of individual

elements is made of elements manufactured by solid phase forming. In particular detail, each
element is sized to be made from a single polymer pellet.
Another aspect of the present invention is the formation of a non-textile fabric of
individual, solid phase formed elements including a first type of solid phase formed element and
30  asecond type of solid phase formed element, wherein the first and second element types are

attached to one another to allow relative movement of each



first elenent, and form ng the second el enent includes the act of solid
phase form ng the second elenent. Regarding anot her aspect of the present
invention, specifically regarding a three-roller 10 process29pal Fo0asent
invention includes the acts of providing a first roller, a second roller, a
third roller, and a first nip region b& ween the first and second nip
rollers, and a second nip region between the second and third nip rollers,
at least one of the rollers having a partial nold cavity formed in an
outer surface thereof. Afirst elenent is formed at the first nip region,
and a secdHienpyisherrec R thesthsed at t he second nip region, with the second

el enment bei ng fORMAG dspecBIY tHeprésehighveniinaehed dMORRIY Ifd bhid@ndt ikdrate 181 enent .
Regar di ng anot her aspect. of the resent i nventiaon, sp eC|f|caIIé¥1e garding a

four rol | grakingadopdextile fabriqipcludes the bassanit fnshding @ firsy elemeniea sseqnd elsmenty i di ng

a fast 55 olibfl a patichF Wheth i Olohdd, wiieliMédnthor Wil 4 mom@leairét%rntem ifdlaher; and a
first nip reglon between the first and secon lers, a second ni p

regi on bet cptrienieatoneftagiiae thefirgy clsment o the éfrcemf) “é?{%FﬂéS‘lcNhPHhﬁf’{ﬁt’r egi on

bet ween thecohbbﬁ@bt@agneapex&ﬁ&ﬁ&Aauﬁwekmhsespe&td aashotie of the rollers having
a partial nold cavity fornmed in an outer surface thereof. A first el enent

is formed at tHBapqthe psngetof the present inyention sglafedsto dhpespetye of ypase initior psgdn

second ni Endk@gaGidn-tdxAk fAREANIuRE 8RBAe ubRidBdh %@Eéﬂekﬂelﬁrhnﬁﬁts&fon@él&ﬁﬁitng
manner with the first elenent, and a third elenent is forned at the third

ni p rddi orfavisharetien fprmedswhilein pentach Wit partonef the first elament Bigsesopd elggent

I nt er - engagiRg irci®k aﬁﬂﬁkgﬁaﬂfl‘j(i'&%ee b@APBRES cledlontV¥ht BridcRRRR @FemE:Q conRbdiRr aspect
of the present invention, non-textile fabric, of individual _elenments is

made of el Ek et A P clgiperidpgeheptpdadiovise hedlst aphsependidesriafo det ai |

each el enBik vith répéRth i aR®hdyRde from a single pol ymer pellet. Another
aspect of the present invention is the formation of a non-textile fabrlc of

i ndi vi dual , sollP&egsrrhdle tearifeef selidpase rnpmgpisgrmglativertp thebegefiteof e dirget g
phase 1kor rf&%lﬂé SRS ihtertBAnecR eRmMSRE OTHE sbiidhadd fofiink Propdiaes sOEdmaRbdal ement ,

wherein the first and second el enent tipes are attached to one another to

al | ow r el APSREPIAYG dsrdsecks by Bking adgniags ¢fjcnbaneud clapticmednlss ulinpts tenglegadd ¢ o

t he ot her stréngfﬂu bhd R aﬁ&ﬁ@ﬁten%rawa@mmaa%ﬁa{gmswfb&mpﬁmﬁ sdlidtpBsketimdidpe
maki ng_a _naon-textile fabrjc includes

structure se.unit for use

the base ﬁﬁeie%ie % IelrhehRtpetristcs ﬁ?lp &a%ﬁtmn'féx@@@@ﬁaew&?&ﬂm BWITS | east a
portion ofenmbaj*pe;-fsnﬁgﬁeg@_ﬁha@ le in contact wwth a portion of the fast
elenegb and an tac ment el ement for attaching the first elepent to the

secondVel ement “ddtengliyathe diject forpae process CameisulAKe AWy inaeh fEFheeredrent can nove

Wi t h 1 espagdmbpsladdio Qoraftihiie ISucl Righh Bt fas m%ho&ésu&shﬂvweeﬁ PiffradiBy @t | on
related to the structure of a base unit for use in g%a non-textil e

fabric i nctifuRRecaf 1 1B&%mBWFYt°°PW€}eDHi°ﬁ‘&t%PkP|‘fggfgeell’réji’?éﬁ e Bl mekerigi g

el ement higher per unit costs. However, because of the very high efficiencies (low scrap rate, brief cycle

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

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



10 haV| ng a portion forned while in contact with a porti.on of the first ,
el enent, 3”3M¥9" el ement further including an integrally-f&HARd 2004
attachnent e the attachnment el ement connecting thdOIUsey29848enent
and the second el enent together. and.allowing the first and second el enents
to nove with respect to one another. In general, the benefits of

sol i d-phase forming are cunul ative to the beneflts of the direct 15
forming of.  the interconnected el ements. The solid-phase forning process can
use conmodi t){ h@ ﬁ'gotﬁ-la? %I c feedstocks by -taki ng advant age of enhanced

el astic nmodulgecigs &t 3 eandn the sup. dlhepe Fkﬁéﬂ@tlh)ssameltdmna:amhelpoglbnsof :
tenperat ure itrifjeitedlistio gitidR fidiiiead hase fo These
beneficial ch ﬁcterl?silcs hel p nahg[%?l%etr%{)egmt ggﬁjﬁga& Bﬂ"ﬁl H‘%ﬁt&l‘ -
durable wth Bl vpdjFtagercrosigomuntil theginugellyidgh tempélﬁful'eys;tuithﬁ heli rect
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wi de spr edd % felowarhen ﬁ%ﬁpamdddgmvsntianlenjémgga@mmgﬁﬂwl |y due
to such- mat eeorﬁ;lomndsshiceh@r emﬁ-ecg@ abecause, of -t he very

hi gh effici egﬂﬁl es’ (Jow s I:'ap r at i&%ﬁ?&a‘??ﬁm@%{%lmew@ glolt%?'agﬁwsf rom
thi s inventi 118 e Bnal shaps: lrb*@ byeneamittigsasyease ofthigh meldpdintolymers; the |
consi- deratlomverﬁivs rocdd 4rRRAKe rgventing extruder "~
degr adation woul got be neeg%lé@p%r&ngée/‘qg%ésgéaﬁ ?hersmel?%l Y68 used to
of fset- the nor e eXIERLt{ed Siaek rrade geitepiscqumsiuring ﬁmﬂmhmgsn th'EI‘imredllnfeQﬁclcess
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i nj ection rro %W@PIP%JC mustﬂquorﬁlhhe nbid cawityl Tﬂrhﬂﬁ&eﬂﬁﬁﬁmﬁr&éﬁt at ed
T cler . et ity it e BB Ut S a8 g
" nol di hg. "Al :‘aﬂ“@ ofHaw to il e w@f%mmp&mﬁdésleﬁpem al-ly- t hi ck to prevent
unaccept abl e - di sjﬁgrhg@asmstgﬁamig ted t.0 unusual :
predi ct. agl e h atln g, Such as WO 01/ 324?@38&5\?&" '@%W% 48 in
the clos Ffﬁ‘OB Yrefeggnce 19 thefollawing dqfwbslel%mpt:Mmfaspeeférrﬁreﬁrbsﬁﬁﬂﬁ, thlen

i sol ate somp@fﬁﬂ&%ﬁ&&ﬂ%ﬁé&lﬁ&ﬁ&ﬂﬂm@ﬁ%ﬁg é’:}rt i.cl ¢ fromreaching heat
reversion tenperatures, as well as suppor _ article.in a rel atively
undi st'orted position until J h|h te'erature situation has
passed. The inventive proces d errperature trap:

PTION
The processing sFlgetmﬁa&eﬂtperﬁ;&bﬁtnh&n&%ftaeplat%\lew&ﬁ@vhfcﬁ épﬂ]convent i onal
pel T et ee St 0%k need

i nj ection ounds since the . g

not be brogg'lh’?l"”%l’“‘ﬂl% @b%tbeﬁ’i’ﬂ“tﬂéﬁ"?“&ﬁperatures for. processing into

final ~shape. . ThuBig. By isparepredehiatichaPa5ion 638 rivks B o l;l)rf_lgc&n?c}_led%e S@i%ﬁ? |
ar

i nventive prpcess.c ter. stronger |uggaye
pro dUC i S_ . %ﬁl% é to f%l‘m ri‘t"l% non—tex%P fabnc produce Y the present mventron

Frg 2A rs a plan vxew of a portron of the non-textlle fabnc formed by the process of the |
present mventron, showmg a legs-up plate eiement a legs-down plate element and a rivet. .
Flg 2Bisa sechon view taken a]ong lrne ZB-ZB inFi ig. 2A

e . 25 ' Flg 2Ci isa representat:ve secuon view sumlar to !hat in Flg 2B, wﬂh the plate

) elements laterally expanded relatlve to the nvet L

-Fi g 3isa larger scale plan vrew of a portlon of the non—textlle fabnc formed by the
process of the present mventlon o ‘ ' .

F igs. 4A-C are representatlonal seetron v1ews showmgthe sohd phase formmg steps
o '3017 7 used to make the legs-up element of the non-textile fabnc sueh steps makmg up a pomon of c



The pellet feed stock can be quite viscous during final nolding in the,
inventive process. 10. The fabric elenents, relative to atypbogribomgage
shell for exanple, do not have "thin" sections through which the

thernoplastic must flowto fill the nold cavity. The direct form ng process
permts using many thernoplastic conpoufids that wll fill the small el enent
formng nolds, but would not flowto fill the nolds for injection nolded

shel | s. Chh@,na§p§g5€m3§ﬁ@ﬁﬁh§§1 and details of the. present invention can
be nore conpl etely 15 understood by reference to the follow ng detail ed

description of Hgpriet sbrmiceityoef 9ng gnbodinrn af the pauinsegntvsed fogisrfgim et he
drawi ngs apekels M @e BReRRIiInELAih FBhowR R dfurakFE SRR HhielNe b rmldden IRAW NGS.

Fig. 1Ais a front perspective view of a plate el ement which forns part of
the non. quskeyrfasesio liess, idaauious drasgssing stepshaiisiasite thetadlarsjaphon thpoytery. | B j s
a repr@gsenughdegnal section of a rivet used to operably connected the plate
elements to formthe non-textile fabric produced by the present invention:
Fig. 2Ais a plH# ¢ Bevor rytionrftheotage of E@S?R?Hd todlsi phowinghs previewsbined by t he

process Offoirhtd legdluf PREEs ahdhE Rlcb9e forbRIAI YblRnd: BER1sHRedth #irf 1R REEMwn 2
| egs-down pl ate el ement and a river. 1'g. 2B is a section view taken

al ong | i né138: 2B in Fig. 2A- 25 Fig. 2Cis a representative section view

sinmilar to thatrik sBRhEws ZFbrtio dffthd NfadeloR it thikl B hewiha iR hRlvicks1§ XRapged
relative to the rivet. FI%. 3.is a Iarggr scal e plan view of a portion of

. ; . P .
t he ndf-t d58Stupant kess-flows Rataerion fube s obformipg therixetdp hold theelates dman gpegghle 4A- C
are repres@ptafienal section views show ngthe solid phase formng steps 30
used to make the | egs-up el enment. of the non-textile fabric, such steps
maki ng up a poriig-cf sBews arprigirqf thexgpdextits fabyic fpmse by thegrocessof e axcsent
i nvention.infenfen.d 1S @ schematic view of one enbodi nent of the equi pnent
used to performthe process of the present invention, including show ng a

plurality of wdik osheystrastiang thisgvask surfaee ofghy fapt rellprsipgudingshe jegs-imeld and

vari oug priagiassindthesbRRss RPhNdibpaiedeuddie rollers and on the outer. 5
surfaces. Fig. 5A shows _a portion_ of the surface of the second roller,

showi ng the pr /ol Pyl Bemrererepiaidpnal gsetion xedis shaveng the slid pbass dymingstas| di ng
pol ymer pebi @hing &R tegh Gok R E18MEA 81 {18 d6n-AQMI fabBik,3h&Ssteps making up a portion of
the process of the present invention.
Figs. 8A and B are representational section views showing the solid phase forming steps
20  for forming the rivet element of the non-textile fabric, such steps making up a portion of the
process of the present invention.
Fig. 9 shows a top plan view and typical section of an alternative embodiment of a plate
element having barbed edges used in forming the non-textile fabric of the present invention.
Fig. 10 shows a top plan view and typical section of an alternative embodiment of a plate
25  element having recessed edges used in forming the non-textile fabric of the present invention.

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



Fig. 5B shows a portion of the surface of the third roller, 'show ng the,
previousty formed 10 Iegs up -and | egs-down pl ates pI’IOI’ to t4 0

form ng the™MO%N8¥¥M o hold the plates in an operable ~confPGRUSRBML Fig. 5C
shows a portion of the non-textile fabric formed by the process of the
present .invention. Fig. 6 shows a portion of the work surface of the first
roller, including.the |legs-up nmold 15 cavities and the recesses for

hol di ng the pellets. Figs. 7A and B are representational section views
showi ng t he s,olid hase form ng steps for formi ng the | egs-down el enent. of
t he non-t ext {Pp&ed edges and the plate bavingshenekdssey edgesaf fhe ebérmnivoémbddigenpEiRoagSs Of
the present iy S UndqQ; ‘Figs. 8A and B are representational “section- views
showi ng the solid_phase fornming steps 20 for forming the rivet elenent of
the non-textile flasftlcshosmwrsqrerfshmmgumabm waletupofithe hlatdWemdis@E i8S Of

t he present hIHRIRVE efibodithéht ﬁ:@p?\gﬁd%top pl-an view and typical section of
an aI ternative enbodi nent o ate . el enent’ having barbed edges used in

form g t Ae non- t¥&t 2 showslpiger RS’FﬁQIHEf e regdentild fabrenhademp ofihg plakQleafeans s a

top plan vi emeaﬁgngmppﬁg&dlﬁaﬁbfpi s.@f an@Npal ter nati ve enmbodi nent of a plate
25 €l enent -having_recessed edges us ag in formng the non-textile fabric of

the present inve ig.dd isa repgsen@timer:@lmhpmgdmnhdiphavﬁoﬁﬁiﬁg btepfos Aemingahd he

engagenent  oplafeRRmhEd e 04 1

PCT/.US00/ 299% bar bed ec es an ‘Q‘%ééégfgée toiﬁ éle gteﬁze"%@&%gﬂéa&égew the
al ternative &ReHeN ofthe mﬂ Sty n. F| gs.’ 9 and 10 'Fi'g. .11 shows a portion of
the non-textile. f@briy e ment of, the'alternatlve '

enbodi nent. of  Figs. 9 :-and ovvs a
non-t ext i 1-e. H&BPHT @Wﬁ@ﬂepfﬂ# Pltﬁw@t plverttren,ehmnmatengeﬁ mtdghﬁlyadarhﬁﬂ Radt ve
enbodi ment" ofipbgs: 9 and 10. “Fig.. 13 is a represent ative section show ng

t he. soI|d phase f or ni ng step for- farmi ng..the lal et ovtee
- Fig. 15 shows a sectlon of the non-textlle fabrrc formed by the. alternatxve embodtment

. plate of Fig. 14, prior to- the rivet heads belng formed on the rivet structure .
15 - Flg 16 shows a sectton of the non-textile fabric formed by the alternanve embodtment |
- - plate of Fig. 14, after the nvet heads are formed on the nvet structure , -

. Flgs 17A Band C show an alternative embodnnent of the plate structure for formmg |
the non-textile fabne of the present mventton, mcorporatmg an mtegrally-fonned rivet structure
utlllzmg a spht retainerand a separate cap.. '

' ‘201 o Flg 18. ShOWS an aitemanVe embodunent of the non-text:le fabnc formed by the ﬁlsmg
S .together of separately formed elements along thelr respectwe edges, w}uch operatlon is
- performed in the dlrect formmg process of the present mventlon :
- F ig. 19 isa bloek-dlagram showmg the prtmary steps m the process of the present
mventnon o _- : . ‘ Lo '
25 .. Fi 1g 20 shows a perspeetwe view of a luggage case W1th a portlon of 1ts outer surface -7
- made of non-textl[e fabnc manufactured aecordmg to the present mventlon ' |

DETAILED DESCRIPTION OF THE INVENTION o ,
| The present mventlon utlllzes the pnncrples of solid phase fonnmg 'fhe use of sohd -
o ““ phase formmg techmques was summanzed m 1972 by the PlaStICS Techmca] Evaluatmn :
o : 30 - ‘Center Plcatmny Arsenal Dover New Jersey, in Report No R42 tltled“Soltd-Phase Formmg




em pnf Fig: 10 ha ing. recessed edges using the plate el enent a
portion of the mold cavity.’ the non-textile fabric of the ﬁge%ﬂtt?oo‘l
invention, incorporating an integrally formed rivet 10 Fig. 14A and ‘B show
‘-anot’her aIternatlve enbodi ment of the:plate structure for  formng
“structure. Fig. 15 shows a section of the non-textile fabric formed by. the
~alternative enbodi ment plate of Fig. 14, Frior to the rivet heads bei ng
‘_formed on t rg. 15 Fig. 16 shows a section of the e
non-textil &@ach rgu“?@ %&%@7 the alternative. enbodi nent = plate of Fi g 14 _
after the riTheinstaeisenion af desorbbdtitrdih ichideethe Rioldifs, Uh flacd 0f8ach bf the B and C
‘show an al ternative enbodi nent of ’l‘ll?/ pl ate structure for. forni. ngate '

non-t ext i | dNEEIRRPEeiede ‘lq‘Fé‘tsp'Pé‘s‘@Htte B’Hﬁiﬁlll‘i‘ca suh as thatdisciased inU.S
- tntegral by-§ 060187 did\Bs. retaastasssszlt %t&h@& hﬁtﬁa@dlﬁgm el and a

c
separate cap.. 20 Fig. 18 shows an a rnatlv the-
hon-textile fabrl c formed by the fusing together of separately f or med

el ement s al Rife gla&chl?t?ﬁ)% df\ﬁgn-él(%l“ fhblﬁc %ﬁ%los e&% eln |1s Bre:ﬂr%!rrn%j mthe

d| rect foorm ng process resen s aoc
-di agr a shonatagaltthbe pnodmdpysmeps/enm.:tme waﬁmﬁ;aated tllah@tywmeﬂ'hy bfwilidtare]:

e S M oRERSRSEL i bl n%tteseam B tasaf ot B8
the drsclosed mnovanons

10 : The manufactunng process of the present mventton 1s descrzbed herem w1th respect to -
the assembly ofa non—textlle fabnc (NT F) One of the mtended uses of the nontextrle fabric i is.
as an outer surface for luggage or other llke artrcles where a durab[e, flextble outer surface is

desrred to withstand various types of physwal abuse Other various uses for the non-textlle
fabrlc are possible and contemplated

A

15 The mventlve manufacttmng process and resultmg productare descnbed heremaﬂer
An example of the product is descnbed ﬁrst to facrhtate an understandmg of the process by
whtch lt 1s manufactured - The non-textile fabric in the exemplary structure is made up of
separate plate elements and rivet elements mterconnected together ina partlcu]ar onentatlon.
An example ofa plate element 40is shown in th 1A, and an example of arivet element42 1s

20 shownin Flg 1B. An exarnple of the non-texttle fabnc 44 when formed by these separate
elements 40 and 42 durmg the mventlve process is shown in Frg 2

The plate element 40 in Flg IA is shown in a “legs-up” posntron The followmg plate
)_ S - -structtne is one of many beheved to work in the formatlon of the non-textrle fabrrc, and is
desenbed by way of example The plate elernent40 mcludes a generally square main body 46

25.-. havmg four sxdes, each deﬁmng an edge 48 Each edge 48 extends a majonty of the length of
the side.. A curved cutout 50 is formed between ad_| acent 51des of the plate elernent40
bas:cally at the corners of the mam body The mam body40 has a top surface 5 and a bottom
surface 54, Each edge 48 curves away from the t0p surface 52 t0'extend at approx1mately 90
degrees relatwe to the bottom surface 54. Each bent edge 48 forms a leg 56 and each leg

30 deﬁnes an engagement sn'ucture thereon,



made of non textile fabric manuf act ured : accor di ng to the present

i nvention: The present invention, utilizes. the principles & Amuil Qﬂolbhalse
form ng. Th&V@&E@2¥F solid DETAI LED DESCRI PTI ON OF THE | NVEQIFUSibi2e9ahase.
formi-ng. techni ques was summarized in 1972 by the Plastics: Techni cal _
Eval uation 30 Center, Picatinny Arsenal, Dover, New Jersey; in Report No
R42 titled"Solid-Phase Forming 29 April 2004 11 (Cold Formi ng) of

Pl astics." The instant innvention as descrijed herein i ncl udes the ol ding;
m pl ace, .of each of the interconnécted elenents ma non-textile type

fabric, such as t'ﬁlaengagmlemmdctm lncﬁdembpﬁﬂgﬁsﬂ%n@}ﬁua Yallasl siada0t

5, 853, 863 "usi di fec e the particul ar
f orm of non- tpg'%f&llj&nfﬁhrlc 4(§n3 Hiaq?l‘lé’g ™ %ﬂ?gfspgx@%cﬂf‘@fiwléd
material to brempmagew m;lopdmcmsmmsm etends Hown & tﬁﬂf&t@ﬁl&hﬁ&&@l bhnt nfahly -
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S structures in engagement See Frg 2B Bneﬂy, in the engaged posmon ‘the ndgeSS of the top
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o 25 . the posmon the plates wilt bein when the “legs do plate is formed i in the mventlve process. -
L Several plates can be attached to one another m t}us rnanner w1th the engagement structure on B
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o :are posmoned through the cut outs 50 at the comers of the plates 4010 msure that the L |
‘ engagement structures remam in engagement and keep the plates ﬁom separatmg See th 3

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



the side. A curved cutout 50 is formed between adj acent sides of the plate
el ement 40, basically at the corners of the main body:. The AP H88G40 has
,a top surface 52 and a bottom = surface 54. Each edge 48 curves away from
.the top surface 52 to extend at approximtely. 90 degrees. relative to the
- bottom surface 54. Each bent edge 48 forng a leg 56, and each leg 30

- defines an engagenent  structure thereon. 29 April 2004 WD 01132404
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‘As wi Il be 2028 prisEsERpiaptnsyi s
20 Other plate structures are contemplated to work adequately in fonmng the non-textlle

| fabric. Examples of these altematlve plate structures are shown in F1gs 0-18. These _
7 * alternative plate structures are made and assembled (d:rect formed) in a manner snmlar to that .7
‘ ) _— e ,-descnbed below for the plate structires shown in Figs. 1A-B, ZA-C and Fig. 3.
) Each plate and rivet is made from a polymer materlal that is sub_;ect to the sol!d phase
: 25 E :,formmg process. Conventlonal plastrc pellets are preferred to other forms of fced stock ‘ ‘
o matenals all other thmgs bemg equal The | use of conventlonal plast]c pellets can grve the - |
,mventrve process great versatrllty and economy, sunphﬁes matenal handlmg and also assures
' »‘mlmmal thermal degradatron of the feedstock Ofc course, if the partrcular thermoplastlc chosen .
e -does not lend 1tself to pelletrzmg, such ¢ as ultra—hrgh molecular welght polyethylene (UHDPE)
30 . j.bnquettmg is also an acceptable starter stock, -



25. the, position the plates-will be. in when the ".legs down Iate |s
formed m-the i'nventive process. Several plates can"be. atta

anot her .in tWQ8VE4MHner, with the engagenent structure on Pehhmhammsstdes
engagi ng- a corresponding.engagenent structure of an adjacent plate.
Rivets42 are positioned through. the cut outs 50 at the corners of the
plates 40 to insure that the engagenment structures remain i.n engagement
and keep the plates frontseparatlng See Fjg. 3. 30: The engagenent
structure allows the plates to nove to sone extent with respect to one 29
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25 _' descnbed in Flgs 4A, B and C The bas:c dlrect-fonnmg steps are descnbed here to facthtate o
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‘cawty (See Fi 1g 4A) A recess 76 is formed ad_]aeent to the cawty mold generally radlally-

S 30 1nwarcl from the cavnty mold to recelve a polymer pel}et78 ﬁom an earher step in thc direct 7



I nventive process great versatility and econony, sinplifies materi al

handl i ng and al so assures minimal thermal. degradation of t ¥ Amédddéck. .
O course, if the particular thernoplastic chosen does not lend itself to .
. pelletizing, such as ultra-high nol ecul ar wei ght pol yet hyl ene (UHDPE), 30
.briquetting. is also an acceptable startes. stock. 29 April 2004 WO
01/32404 PCT/ US00/ 29948 14 The material for the top and bottom plates could
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& e bae BBl bgte LBAEDIRIRE BISTR A BRnIRIRERS tnci || (ate che
descri @i on of. Ifthisdasic emnmtooﬁ&ephgbssv\&t i E1ear ki hife. slah@ﬁﬁé‘éé n@ﬁBgé&? urs
at the nip; bel?ween wrgrhlhacent roflers. Each roller surface a por

of a mol d o gﬁgﬁlnpﬂlg{ mer%lhOf the. rollers provide a very advantageous method of
forming and transportmg t.he fonned part. Smce the use of rollers in hrghspeed producnon and
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posi tioned m alignment together along the nip between the rollers, forns a
conpl ete mold cavity.. (See Fig: 4A) A recess 76 is for med.2%NprA2604 to
the cavity nmmyemerally radially 30 inward fromthe cavctistgloshs t 0
receive a polyr 29 April 2004 15 form ng process. The volunme of the

pol ymer pellet78 and.the nold cavity are generally the same.. A striker 80,
controll ed by an actuator 82, is positioned adjacent the recess.76 to

i npact  the pellet 78 and force it into the nmold cavity to take on the
shape. of the nold cavity. In Fig. 4A the nold cavity portions on rollers A
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cont act betvve n acent rs.The direct
al ectt Pormmg]process Rol(l) I%as six basic stages associated therew;th The first stage88 .

o mcludes the stnker stmcture 80 mounted 1n51de the roller at the mner surface of the outer

( - ' wall 86. The stnker, as noted above, is posrtroned and controlled to mteract w1th the pellet
o 25 'recelvmg recess 76.. Each stnker 80 corresponds to a pellet—recemng recess 76 and canbe -
. : actuated between a retracted and fully extended position, and any position therebetween
The stnker 80 ean be solenord operated for example, and must have several }
' : '_charactensncs in addmon to the ablllty to posrtlon the striker head as mentroned above ln .
- parncular the stnker and its solenold (actxvator82) must fit within the roller in a relatxvely

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



30 form ng. operation is performed in this nip region between each roller
‘to formaline or rank of WD 01/32404 29 April 2004 PCT/ USRS A9d48046
.€lements in nold cavities forned along that nip region. In Fig. 5 there is
a n|p region between rollers 1 and 2, between rollers 2 and 3, and between
‘rollers 3 and 4. Each. of these rol | ers has an outer perinmeter surface86
that.include dinples or cavities making up one of the two portions of the

-miniature eblemgidand its oohRecliohOmaR Otipy dess than Qi ApproRimate Shi BEmdE Slindricket S
- 42 that make- ug‘ﬁwe ng%,tgxtl l e fabr| .elenents. These npbld hal vés cone :

‘toget her afRfcf rcachybirdere T ‘8°%Sél\ll|at=‘l°§§3héh°dt*ﬁé’let’t‘l?f‘b‘et ween
rollers an%ﬁtﬁ&t@ﬂﬁa@@%&ﬁd&ﬁﬁ%ﬁh@ s'adi,v_thifm&%&s%hr@ thikd?
edard to ach rol Ier

fromthe pellet, as described above wth
differs frowrhansm8hisnseded thands avatlable witinthe cylindes beltsesade uphofilinkedwgrays of

rollersg cific to the '
. ‘oper at i ons Lg%e? %Bﬁgad&h%%?ﬁg% “P%dﬁﬁ rg%r"ﬁ‘g‘&ébl‘@‘l‘ t%{ ff)ﬁucd’fm cﬁ%rggns. ol lers
“"has 'no real - | i nThe stiikdr acttvasdr(salndlsaalsd mast ﬂemmdhdahettmeltlljr biit ohkmltéd @est
nontextllef i-c article be made. .In't se of |ug t hen, the
ol T e SRkl ehl b el ARGt oo B ol e lbgefame 0
‘the range efe pefit®rpeilyts MRY t8E siold éhvltlé@ Q‘h@Eﬁikél‘raléhﬂ{t&Qﬁﬁco RR iRYSIIThgW, one
-of the elements is formed in the "legs 15 up" position at the nip befween '
rotlers 1 skealmost istapkgeqyrly; siacedhe masually .eggagmgrreutert will heraprdbeg)satmam
" .posi ti a é/\@(gﬁ | l.e is
for med%l hrogﬂ‘geag{e%eeﬁtﬂw OfﬁJnllﬁ{%%émﬁ%%é fael;r%g:n ape & q'ﬁ"sg ?Iﬁlnggﬁ&le
~direct- for mua@qyeqcm in viewrof ehreamlptigely smhklztmieelmnom chuigied Mlbecb]rgnagat the
':;;processl ng... is.then'formed at the ni P between rollers 3 and 4 to -
keep the- |Hlpé|'" gdﬁ pl-at'e el ement s together. The non-textile fabric is
‘then extracted Emlbl e steikbd Bsanblics thusttk e3sibPdpeRildtin SaNGisHomibidtiby angt ages
"‘or features that facilitate the fromthe rocess in a fully assenbled

_condi ti on ZFASHRISPINSE MPIRIOBRR éﬁmFQl [Sieaals: Aggipgpast devgiopwent of éﬂlrﬁlﬁglx
“procesys Rplihters, .takgepnﬁte& RABE 1iké BORS p sstita%saiu%gtﬁéa@ ¥tt ms}ltﬂ yld at he

'stage88. i ncl udes the striker:structure 80 mount |ns
~inner surf disposaf ofiame obordiary skl ongthe ppplication k%thesea@hnd’og!ds hasdbeen disgosed

D et T s ChE Hlh iy at‘l%%‘%%%‘aml%%ﬁ P88 ci ving rocess 76

~.and tan be actuated bet ween a retract ed and fully extended p05|t|on and

, _2;]2”{;?2' t ;23 hﬂ Lobet Vlgg’nég/e gtle s& m ro ler ?rz}rebp%si?lghecl-'(% erlk%}' ﬁeadsg

20 . are posmoned by the controller) to be flush with the mold cavrty wall to exclude a pellet78 and
thus not make a plate or. wrthdrawn into the recess 76 to receive the pellet therein if a plate 40
- is to be formed in tlus mold cawty In thlS way, pellets are only posrttoned in the recesses76
5 R : mtended to recelve pellets 78 to form a predetermmed shape of non-textlle fabrlc -
L 7 7_ The second stage is a pellet hopper 90 posrttoned and controlied. to seleetlvely apply !
| 25 ‘pellets 78 to the outer surface 86 of the roller The pellets 78 are apphed inan orientation to
' 'allow them to be recewed in the TECesses 76 as desrred The pellet hopper 90 is preferably -
' _pos:ttoned _]l.lSt downstream of the nip between rollers l.and 2. While Flg 5 shows’ a hopper or
- the ltke, it may be more deszrable to use electrostatlc placement ﬂuldlzed bed dlstnbutton, or
._'gvacuum deposmng fo posmon a pellet 78 in each of the appropriate recesses 76. Fluidized bed

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



characteristics, in addition.to the ability to position:the striker head as
mentioned above. in particular, the striker and its sol enoi d-3%&prl2&04r 82)
must fit wt ReaoisBfgrol ler- in a relatively small space. 5ﬁﬁ?@ﬁ¥5 | at es
to be nmade on each roller are’likely arrayed on 4mm cent er's ﬂgrl

2004 17 'solenoid and its connections nust occupy |ess than an-approxinate
8mm di anet er . cyllndrlcal 'space wi.thin the body of each cylinder. This is
easi |y -acconplished in view of the niniaturization strides nmade in dot
matrix and inkjet printer heads. If nore toomfor the striker mechani sm 80

ded th l,t i nked
o avetef b Sinlaasieicnibhenithd &l ddpbd ke RN ISR D! | 1 (oo
space for suéfledtuelyapsitondhe peiets 48 mthtedeswmmsteofroﬁzwﬂusme adllsn Tho pellcid7e
triker head, t
striker head &fd b .Slﬁﬁlohéfdmhld ¢ anéet#al:tga oo &-83d84 %tpgstrﬁﬁlgg ﬁhgfﬁc%sgtugbf@

pel l et) at consi derabl e spee or ce, uat'e
the pellet ostrisend0eThisiwould alipdateranychrobiers asas:xateﬂhatlsthemksrdie&ﬂiunmrbr nust

om0 e Son PSR e LU R EOP o R A0 ARGR RN e ARG AR Y 1
of conpl et edPelsk-7BeThe rqeesseﬁ'ﬁ can @h‘apéto reﬁlimsmlytdme peiizt 78, ngeontdielsired U St be
very bl o e L vl Bl f B LS Lt |

al i gned-at ‘the ni ers {&s szt
be easi | y--op&pwaved 1t|1$10qmmplm§ thad thig irgvatsi76 nwldthdshapedrtamewetorre@mmsﬁxat 0

conput er. Ope[cfEEeeerﬁ%ﬁ(ﬂLt Bl Fegexéﬁ?ﬁﬁh?(x%@ésg'{ﬁgeﬂlg Oes”gﬂ@, gggateg%at trl_' x

15 printers, ink rinters, e pa these
mechani srif eaellet @!Ji b¢ensett@potsahe redesofien drfside thetirolir yhralghlak pp@mgen thee

P ot e 1 s MR e BEUR) T8l SRR 0 LSO R A t@gﬁfesaed the

strikers 80- lorlceﬂbﬂ’féletflomb@nngmDn@neme(re;egmt he striker - heads 84 20 -are

" positioned by th r t.h-the
exclude a pell et eg%%glodﬂfgh% a)pél& P Eg‘fglén?%ﬁe e%tt{enllat eﬁaggﬁ%%ﬂ'ﬁ?i\ﬁk‘ﬁ%ﬁ% ilt he
recess 76 t oralleclefoyis temctpelrol@r} to hsrsemrpomhomng)ﬂuabelleéos il theit Rspetiveor med in

this nol dsca n din.the

recesses% ﬁ%ste’esngng%%ﬁe}ﬁg‘gﬁéésgagg(%i e?zsﬁi %tgmﬁ fél h¥so ?Hs ‘° e%é’éf @’Fﬁ‘?%@@e%ape of

non textile Wahﬁm@elleﬁiewemnﬁ’CWameasg 76 vp&bﬁtebcnmmgpeﬁ&nﬁng&hy kadided and

controlled t \, I I outer..surf.a 86 of
frfri % o?lo&eﬁwﬂ@ déforti %Fﬂ%}lel%t%h thf g?g ﬁoif roller ot Hlei'g&/

the roller. The pe are app I'n-antori e % t hem
to be recei veeuld husvbwey W@@S@Hﬁtmmﬂ@hs&nﬁw& redelae 6passhrinig tha fe@elled Gill S

preferably Bﬂé‘edudn bet ween . r. ollers-1 and 2.
VWi | & Fig. SEEﬁSvl\g hopg%ttgeg?mh@ﬁ%%%deyﬂﬁﬂgs%ﬁp ﬁ&%"?t?’abl e to use.

el ectroshtic pl é[@eﬁ%ﬁfi@l stage \iageliee eniower sthition 94 tbuemmthcme exc\iﬁ(pﬁllﬂtﬁldﬁpOSI ting

to position lngitidk 4 reces 76. - F] uidized.
bed - pl us vaﬁcrﬂumly alsrrrgli l‘mvac%l”%ﬁ"étﬁ%%%%%ﬁﬁt lgté%%vgr&%ﬁgwt% the :
Wt hdr awn stqmtegt,{sqeéaa; scraper) or non-contact (suchasby vacuum or the lxke) The removed

- : pellets 78 canberecycled . ' - L e R

7 The fifth stage is a heat source 96 etther external or mtemal to the roller, for selectlve
25 temperature condmomng of the peliets 78 prior to the sohd-phase forming step The heat
- 'source 96 can be electnc convechon, radlanon, or any other heatmg techmque known or .- ‘
. avatlable for such an operatton. For sohd phase moldmg, much of the energy for shaplng the _- _
- pe]let 78 or slug mto a final shape comes from the mstantaneous forgmg forces dlSSlpated in the |
' preform or slug during the operatlon However ms antlclpated that each of the pellets should
30 beata controlled temperature pnor to forgmg s0 that opttmum moldmg can occur The ﬁﬁh
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.29 April 2004 WO01132404 PCT/ USO0/ 29948 18 woul d assure cong%te filling
of all the appropriate recesses 76. Another option is to sel

:;position the pellets 78 in the desired recesses fromw thin the roIIer The
.pellets 78 " coul d 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 ems associ ated with the nass distribution of 5 pellets 78 to the outer

surface 86effretBBws RldiAE heagéﬂg%;l‘lﬁgé ﬁ%eﬁlzelégi‘ ReiiGn kg rec%?s%% P{,& f0 g‘&pg\fmegr Zﬁﬁ ess:

pellets 78. The recesses 7/ 0 receiv
coul d ‘be dieaténg systems areeiossible dncduding teaipbmnse cdtnroslhrgmie cyllinleriREE S héktin &he

" :shaped to el | t it is contenplated that

" the recesﬁ b%gcoupgﬁgzghéﬁ%%é rl)(f B Eé‘éﬁ'\’/@t ﬂg" l'?ettagf’Ss ﬁrls‘&‘ssqddlié@r?rﬁﬁﬁé :
and” not . bebelkivasel y recel ved by the recess 76. Also; it is contenplated that
the 10 pellet l,e rted.into the recess frominside he roller

. through an opeﬁﬁ]@ "PW E@v&k‘l'l larfpatyygs oF sages gsspated mﬂsﬂvﬂ&énlfmﬂafc@hc d

be.sel ect ipaalclabbaikasdirklig pb saettem&mhehftga%ﬁesft A Qlthap ?eéafggf{#g

-_belng p03|t|oned in the recess 76 stage 1s a pel
Croll er 92 re¥prifeatvighmeay nethe nsoessary Sondptiowlis Sized pclletsoihb @se df c(jul&red bﬁquettes or

respecti vqogsglpb%grs%u@? ﬂljﬁb&vgﬁl%hjtilgm ng the pellets 78 in their

- respective 15'recesses | acement’ roller 92 preferably has a
- cushi oned out edn gieateadeail, FigSris hlyendmgﬁr didpgarp@ingehesexeMbRrf MBlding/ 50Ky 1 ve

76 Wit dent al'| 1i.d-- phase f :
ot her w2 Pt Hilhe ARBAGT I BEBENming e Rcagief tarreronyaion Thne
. 'é. ke woul grovdssed anyerainheveaRnaally ﬁbm@bﬁﬁ?ﬁ%ﬁtlak'ﬁlbvm t’[lll]ptfgtﬁ'tl{ ﬁ&ss‘llofvﬁatﬂtﬁase

ssurlng hat theeg [let will  remainin ace-until. forge or SO
ht ‘S@ drawineg ¢ambe acsavplsynvﬂmélet with eppropristrecavisies tpaitl liret

. renover: S i atforl Btting TGy e excess:pel |l ét's not properly positioned m
“‘their respective recessés 76. This pellet renover 94 can operate by - :

: cont act (such #dlthe sdkaqde\nﬂltbcpmnblemucmmn ofanmhoﬂer@}‘m@lﬂmﬂf@d@bfﬁxﬁﬂl i ke)

Toe AR LB B b, Pl B e

. t enper at uibgeach ode bf thasegcesdes vms qeatetatlﬁ a timple loﬁfnol&alrl@ﬁp&ﬁbthﬂt fbl‘tﬁécl?mftﬁé m ng
step.: . The heat be el ectric, convection, radiation, or any

. 96
other heafPRb® ‘Fgafﬁﬁé aﬁ@e Eﬂm (mythis sxample)y | See Fig- 65 Hagh dismplsios mold eavity For
‘solid phaserm diifghout s hofahe HikRaBRSHOM chiify SRa% B %rlt?f;r)late exeﬁféor il SZ 8. or

sl.ug into, a final shape conmes fromthe instantaneous _
: d| ss i p at ed legsrup’hposition. For roller 1, these cavities are shaped to form the plate wrth the four “legs”
- 20 ’ used to loosely link each plate with the overlappmg plates in the assembled non-textile fabric.
. The plates formed at the nip between rollers 1 and 2 are in the “legs up” position because these
‘ f‘plates once formed are vacuum transferred to roller 2 with the legs extendmg radtally
) cL » .outwardiy away from roller 2. Th1$ onentatlon isin preparatlon for formmg the second plate in
. A‘_:', 'thc “legs-down conﬁguratton at the nip between rollers 2and 3. ‘
s 7 oas _' K - . The pellet receiving recess 76 as can be seen from the side in th 4A is preferab[y a
. o nght ctrcular cylmder to snugly- recelve the small thermoplastlc pellets78 from the '
' f‘j' compounder The circular face of the stnker head84 form the bottom crrcular end of thrs
. C recess. ‘This stnker head 84, as menhoned above, is operated by : an elcctromagnenc or
' ptezoelectnc solenotd or the like. This solenmd can posmon the face of the stnker head$4

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



preformor slug during the operatlon However, itis anticipated that each
of the pellets should 30. be at a control | ed-tenperature pr|2§r R$2 QQ)‘l’gl ng
so that opti W@dP4i ng can occur. The fifth. 29 April 200£TASKIMSUre
shows radiant heaters bathing the pellets held in the recesses prior to
forging. QGther heating systens are possi‘bl e including tenperature
controlllng t he cyllnder Itself, heatlng the pellets ina fluidized bed
just prior. to placenent. The heatl ng stage is discussed in nore detai |
below. 5 Each roller preferably has sinilar features or stages associated
t her ewi t h t gpokitien the fart ef thhsrnkgehcad 841ak ar begaridithe q;iemsgtoftbemesmmdeﬂsmiw th
whi ch t hat | at ur es, may
not be necesggﬂre?)ﬁ?l%?ao %)&) Flﬁ&iean%gle eﬁﬁaﬁ(t%ﬁ) eep?lsgtgd o?recﬁﬁ%? ox Cabid
briquettes also Heopsae@mmtewmwmkwﬂelemm}e justwoldeé plateddroadivet 41 florgiteat er -
detail, Fig amm ng the exenplary nolding/assembly .
10 process an%e%qi'e%&ﬁ%gwé&%%og{agﬁ éd for. perfoorm ng thée process of . the
present ifwenti omth?lbeglmpng)ﬁehesprdcesameliqtﬂBsrermmaox@dloamlslnfaekB@m‘rbﬂértl Hyo

o be s o1 i eenttiph 45; fud Sl 7s 2L Mo blifion b BB e icing g 95, 1
and/ or ‘sett |’ﬁg exdess pellete 78 ard PemoAied by the pellet fegrosal ‘deviceH. tI‘hquﬂessarehh&n lmneept I on
P her mopl st it PN AHRL 5 IRy prd P R RERRER, fon bR SRR 0T
each. one of tetveserdllesdsné2 to/ B shed bags-wpplate alements. rtﬂhmtqrwamleﬁl:nbmitty o

portlon t k.sur f.a th 1. (i
exanpl- e)7 Serge)sl;p %‘%qo lbl 4E%°‘ﬁ‘ Zﬁl ¢ %S & p?a emen\flafef mb%raf'&f) rgﬁcéﬁout hal f
of t he m ni amuy@ ma;bpﬂo:omrelyyhe samedetatwbpos‘immm whigh dtceueleefommtl duth 4stie - :

y i | haped 10 f.ormihe
o SEE VP O e S ke BN 3 SRR,
" over | appi.ng fptfa’ﬁwtaudtdnenmsembdsadgmﬁhsnmexﬂlefabmbr1 c:o The pI ates fornmed
at the nip bet WeRrd r[l?'i %orgmumgre\qth% C%Irseth ro%es eSPing ?Oélgmfespl}%lrerg because

these pl ates; once % h the
| egs ‘ext eindlre@ssca%ﬁﬁafomyed iothaneeld cavitosdyr ther oegs-ldo*bvh eelerﬂent,meh am”poembmddl on is

in preparati | nathe:!

cont gurat | amuekloe AT s B1aB Rk B el b Bl FAIAR" Bec e g
recess 76, arsceeraﬂ?da‘efmmnﬂmntﬁm $A dwl thut‘ﬂ'ugte tneélpcanan pftbé peilabl.y a ght
circul ar cyI O s . | agti lets 78.from
.t he conpoun %%%%#%@%r?rg%{%wﬁfﬁgﬂ E‘{L le% '!? lénb %nggusg °#’§‘F"?ﬁ%ﬁ‘§ bottom
circul ar endlemsﬂednrsroikrrédzswen mllwamnofkmfomadn 8fthe ‘élgsnp’tplateelenlemb«mze is
oper at ed, by r [ | | r e.

Thi s sol- eugm g#%g}gsa?{?‘ S%h’gmg g%%eﬁ tﬁggﬁegg’%ﬁeﬁ%‘?&ﬁ dg‘}f ‘3‘63‘ g Pe%gt hin

t he T ecess, hesed/dsmglaatospametomroﬂnel) pmr)tocbhe fmmrneg Srucss apeltelmp bet\hreeiihdlexs -
sol enoi d carh&hgo S

o Altematlvely, the pel let deposrt (90A), posmomng (92A) excess. removal (94A) and | _
- heating (96A) can take place before the formatron of the legsup plates at the mp between o -
EPY rollers l and 2, if so desrred as shown in Flg 5at the bottom of roller2. It is contemplated that
: | each of the steps assocrated wrth the placement, posmomng, and eondmonmg of the pellets on:
. the outer surface 86 of any of the rollers can be’ performed in any order and loeatton as 1s i [, o
Ea benefic1al for the solid phase formmg process BT ' o
| At the nip between roliers 2 and 3 the “Iegs-down” plate elements are forrned by the :

-.to SOlld phase formmg process See Frgs TAand B. In thls forming step, the “legs Up” plate SRR



29 April 2004 WO 01/ 32404 PCT/ USO0/ 29948 20 position the face of the
striker head 84 at or beyond the opening to the recess 76 and%AREAB04 n  to
.the nold cavity 74 to exclude any pellets 78 from bei ng deposited there.
..The strikers could also be operated as extraction pins to rel ease the just
- nmolded plate 40 or rivet 42 fromits respective nold.cavity after
formation. 5 At the beginning of the process, pellets 78 are positioned on

the sur { acgerife bts K e tld chiiy, RENSEAL RO ARInOReailjloRE] | €1 78 are

~urged into position by t pel ['et “posi t1oni ng The excess:
pel | ets- 78 ar e Refarangte Eig lﬁh@mﬂlb@ﬁﬂlem inda/iecess P8A, Witle thestrilet beadrin

protess. R B0 tha thRP A L 1o A4 Br BR pel TR ThE RSOl "0

"l egs- up qah&bsa%aﬁﬂtﬁlﬂtfemeﬁlpaﬁmﬂy prollers 2 aelesg:feslli&dvely,talﬂe Aprie@ &PRR the Fi gs.

. 4 abov The fe bement s.ar rmed and_renmin-on roller 2,
arraye P%Matﬁ?emg ?{g’ﬂ?lbtogpﬁﬁeanggs,ﬁeys 5ig- T4 he 81014 grvity ferr e

- forned, S Lfﬁhmﬁg theS‘legsAoWn” pihte Rleghenbi defiddliff lparl 1% ‘ﬁfetshﬂh!@of' rbftert 9L @k 5\9‘?&&:

through al | of the stages continuously. to allow for.efficrent an
cont i nuou§fﬁ? is€ dsadrgpasion gfghe, degstupy element: Jthis mold;eqavrtpforetaueu albowe theui ng -

~with Fig. ﬁsm@n@ﬁﬁﬁ%dhgto%%h?ydqa fit Ei%l: gam%tmﬁg me%[ lr;?f/m&é ﬁfegﬂnr%§§ fes 76A L

‘formed in the nold cavities for t

‘posi ti oned;rcabegmeﬁerteheagmgcayemelcegssmqmurpldamg ﬁalmmgntr@qmoaee‘dmsqshme the S
: surfac e recesses 76A formed in -dash on Figs. 5A and 6 :
o |ndl| cate cp)l!? ?fm%?’%d?ellpg';sthe pellet recesses 76A on roller -2 with . =

‘respect to the Orlceﬂﬁ-cumple&hﬂ(ﬁml&ﬁﬁty Jttuﬁwdbhexe@ihluete@ﬂ%ﬁom%s%s' ted on
-r)oller 2betweentmglocat on_of the formation of the "legs-up”.plate -

el enent s A9rtions §8 gpch 1001 rgllers %@%?eeﬁle@f‘@l)aﬁleﬁ“H@53Q4 malate@he farge the s o
pellets r eeméteeA ifddhd heldrceﬁw dHdaffhd Fh oftl{flﬁ&tnﬁﬁeté glo'iﬂ Efity! 3ed F%r $hages

~on roller 1) prior to the formn process at tvveen

-and 3. Al tldusfelid phasp forntieg gien inelndesdhefrmatiamtthe lptr.settgagcd n@e(ﬂﬂ/s)qt excess
renmov ( ace, hef e. t|on of -
t he ggs ﬂﬁ“ﬁ?gﬁmg? ﬂa{l}hdlﬂxehtgow e\?\%@?\nt@(gglsg lfeg aé’ OYLC s%hk T lhe"’gjr i red, as
- shown m Fishowibireits dxteadélbpdsmnntlffomlalpertﬂm dfthel iack ewtfRERF Heanbld badity ach- of
~the stepsfa gﬁm ated with the placenent, positioning, and conditi on| ng of
_the pelle & the outer surface 86 of any of the rollers can be

_performed in amye sthifirc 3ffe FlRERAWRIY Afte el‘émgﬁtgﬁﬁA%lﬂledft@Enéaggmlthéj“l ase.

. formng progess: At the nip between rollers | at e

el ements APeclemenad0 glthe pip bSW@BFqlbf%w b showmin g cdbsThis Se@tllme@@veﬂA and
B. | I n gphi %nfyod' $Halg gé‘le?a‘l’ly chf\flar ﬂo%rdl&l be?hr@dneand through the array of plate elements40

~and 40A between the four overlappmg legs of adjacent- plate elements. These circular spaces

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

30 -'v:a VanderWals forces e '



29 April 2004 21 eI enent acts as part of the nold cavity, as described:in
further detapl w. Referring to Fig. 7A the pellet 78A i 29Am300H t he
recess 76A, Wt e striker head in the retracted positiRsTUue28Hgaged
with the rear end of the pell et 78A. The partial nold cavities 98 and 100
formed partially in rollers 2 and 3, respectively, are aligned to formthe
conplete nold cavity at the nip between rollers 2 and 3. See Fig.7A. The
mol d cavity for- formng the "legs-down" plate elenent is defined in part
by t he surface of rollers 2, the surface of rotler 3, and a portion of the
"1 egs-up" el ement! °m@%rfdhwerlwi}rhﬂmdlpgﬁ-rlpenlertevtsmemewasaegyocrgﬂmhe pl ate

el ement t o bolli @&} fortfrmlihgd th@f‘leg‘s.t&%y Wi dlerkdnPaoA Sgér?%&n&l; Mr_

thus creating an jnter-engaging or connected structu ng form ng
wi t hout needheforaiag gf mterengaggd feosraeter)plate elements withellt resuiiring the se@neplatee

conpl et e oI Gergemisitd yernamtaeﬁam %ﬁt@%@h&ﬂ%&ﬂﬁre@fr E%Fﬁ%ﬂfoplﬁﬁg e%o Ais

portions 98 and 100 on rollers respectlve str
actuated to QWQAeﬂ@eserr@cplaﬁsﬂemmtetqrﬁemmmmemmwsmd notchgpme éh%néfhape

of the conpl @t eRRkAt daNd ik fo Eé]g T071§suretmlt\§o Qdes%)ﬁ{?:ﬁﬁgi%% fOI‘ {h%p

i ncludes the forpation of the in engaged I on
of the enbodiAREFFNESteP:ihis lepmhﬁn@eéregeprpmlmw to banfored ofl@amlyrmdlamA is

shown in_ |t5int§%de§ﬁ@ﬁélﬂ&%tl’és@f‘p&n£&h{%§i?8t hemprr%gafd talamaerlfn oG fin )f the

nmol d cavity in Fi he structure o ts 40A
formed to erffafgendfion pf thalegs-flayrplaig glemente r"@m@fﬁt@nm cmlﬂrbmnIiUQe ﬂ)&ttlmbgls»r ol l.ers

2 and 3 i Wl&t&]éﬂlﬁt 4(5\'—3% f&lh'e& of4 piFrhkl d[ﬁaft Irl]x%gavlgﬁr %ﬁelﬁr%%mg étpl%p t he

general ly. circular. fornmed between” an

el enent s40° a&rdm@oxr qle@%@a 'ﬂWeW¢%FBS@W@rth‘abgﬂ-¢rgvﬂeégmnofOAdwrudgmwpt :ate
el ement's. The§gris mtethesr%sselemww lpelfﬁaaﬁ 'stntooad%ﬂn'l%ﬁenw&a et .42

at the nip- -between rollers he" mut ual engagl ng 1 egs o _
© plates 40 ariddifionthegyeacs chasagiasistiosof thedegssupl ﬁlﬁyg:ag@ could be mamprﬂeﬂad (’rm&tésedr na

preferred way lubncae&l) Eﬂerlf@rfrﬁngn eﬁﬂ Fgr {301 Sese fnllfe. o’lditn o?lhgfg ovvn" 40A

and the existing "l egs up" pl | ement s sen age er 2 and
adhere t & r glomsht A te make Jésesat/bqndee@mﬂwéﬁge-éowonlatemememga. dbwlecpbmoie

elements. . Thee QIGARPIHE Sorldikst Ml dr e/t bl tnibnds SRRIEAATANAL S Y for

transport on roIIer 3 to the .next processinhg step even w.thout Inserted or
i nserted andedi@Fment;apd the propRssingiparameters ((Rmperature, spdediete) sraulid alyo Gictorrint thial 1y
ol ded Iegs ,wilﬁ,gmaﬁlhere to one anot her 30 via VanderWals for ces 25

For certain non-textrle fabnc appllcations for example in relatlvely ngld luggage panel
R 20 ' constructxons some mutual- melung and non—pennanent fusmg between the prevmusly formed -
legs-up plates 40 and the Just formed legs-down plates 40A ‘may be tolerated. The extra -
o stlffness denved from the occasional permanent weld Jomt resultmg from such mutual meltmg
will hkely break loose durmg the subsequent assembly steps or ordmary consumer use.
- Processing speeds should be'set ata norminal rate S0 that such plate-to-plate welds are: generally
N 25 “rare. The amount cf excess sensrble heat lefti in the legs-up plates 40 and imparted to or
| " generated in the Iegs-down plates 40A should be. controllable and nummal due 10 the sohd
phase formlng techmques discussed. henem. The processes should be able to'be contro]led at o
" precise enough levels to allow the use of the same type of polymer for each eIement SR
_ o Refemng back to Fig. 5, the arrays of overlappmg plates now pass to the surface86 of ‘_ B
30 " rollcr 3 The outer surface of rollcr 3 forms recesses'?ﬁB for recemng the pellets 78B, and a’ -



29 April 2004 WO 01/32404 PCT/ USO0/ 29948 The use of part of the previousl y
formed | egs-up plate el enents40 as a portion of the - nold cad%Apri gp04
formng the "l egs-down" plate elenent 40A is very advantageous. It allows
~for the forming of mterengaged (connected) plate el ements without

- requi-ring the separate plate elenents tz% be manuf actured separately and
then assenmbied.. It is inportant for. the™] egs 5. down 40A and | egs- up 40

plate el erg #g_mttoﬁil LRI, ssn%e&stq% aoaat%oattgmmt beﬁgpa Pyl oS ed

~elenent d rmng ste I nsur e. use
"t oget her ct‘urmsr;g:rtﬁdhmolcpcayws £041§lstsfcmphe formatsorni ofpheneets42t d“rhetplaleetlresgssemiﬁﬁml at e

‘el ement 40 t 0, be do that . inclugdes properties th

ror menent Forne i B Sidler Bafbgs K Hetntel the cartis A SiacRh O HsTent The frh
.of the | egavitiesn02aindtie4 elelaphlic edgbEskthe beaantremsseendt engapethe dep §1natestdfe
-.legs 10 down Elate el ement 40A is forped of 5 yner that has_"a | ower

el ting t chmelerr 40 LIRS dam A0AgRlaisslagnenttingrdena bold e aprent AR HOMERTE|

"in the |eg qsgdipen . el ement 40A being fornmed at -a tenperature where the
- legs-up el errent 40 is sufficiently solid and not in a softened state. In
-addi tion, the Jbestages of pellesdepasitioni9@spasitioning 92 gecesyremovatéhiand heatul d be

“mani pul at t .
T DU o S B el 58 Bt AT AR s, L 00

. bondi ng tcnylﬂeﬁuchﬂgﬂesdeﬁvbetwleat each Ifmnmvbﬂ&p@mg‘llhg tsteidgneentde'gsoﬁ 40 hitkleps| ynrer s

for the f t h the t | ate el t | d d

T oqui 1 Brofownd0 s sEREnec Ikl e Gocs Siown in Fles PAnddh b pyepf e
: zhoul d. al %antaeéannedrbanm Sor tIROSIh NGBS the fe@ba mnetlegmﬁam %ne detintsc

.dpplications, for exanple in relatively rigi uggage panel
- const r uct i 18 #&s foswaonaeR A kherip PetigemR) fé rfewgﬁprorzeﬁsuan@elseevteencmne

-previ ousl ¥ HarRd ont gﬁﬂﬁhal‘ﬂofdl é&&&slﬁ?ﬁ]}% redﬁsl’or fo?ﬁnﬂ%clh%ﬁélﬁs gep Rkt es. |

" 40A may be tolerate e extra eri-ved e occasl ona _
- per manent ~wel d Both tht legesipH iand)legzs-dnwa 40A plate elatnents iformmpparvéfithe inpldatayityor eakr ,

R S RGP N s R AR o 5 AR Sl r g B TRt Rl

g El at eI t ]9- Ftilﬁﬁ&ﬁ\ﬂﬁlllﬂﬁspaﬁﬁo gertenﬁdt% oflttgarlegs-&rdtten ptameted t meks4OAAREE thelagd- b;l e
‘"heat eft Lnthe le ana .l arte 0 .or nerat e T
| egs- down R ae@e@%gﬁ gn&ato ﬁf‘emotdo‘fam't gpmneoaﬂeﬂtﬁtﬂtemalt%ea@sqﬁa ?tfe 'i*a i d

phase f or Ifivags 4 MRt pefmanenthCRES Rith ewr%angﬁmmeﬁngeum idebe abl e

"to be controlled at  precise enough levels to allow the Use of the sane:

type of pcﬂlgmats dqusing enafter éhecleEnation stepretgain salgetipn ok the giveiforming pelymergnday s
- of ) f t
Sl Pack) SR R S IR00\ 0008 S LABRI Rl ot e

.29 April. Zﬂ)ﬂtﬂen&Sﬂte temperature of the rtvet-formmg pellets etc.)
L ' th 8A shows the pellet in the recess and the strtker in its retracted posmon in

) L engagement w1th the reat end of the pellet As rollers 3 and 4 meet at the mp between them - _
- .the complete mold eav1ty is formed Nearly mstantanemsly, the stnker is actuated to cause the B
L25 pellet to deform into'the mold recess and adapt the shape of the mold recess See F ig. SB
| ': Again, the rivet m its final formed embodlment is not fused to elther of the plate elements
| The nvets keep the mter-engaged plate elements from separatmg by llmltmg the dtstance the
. plates can move away ﬁom each other. The lateral ‘motion of the plates relattve to one another,
‘is controlled by the engagement of the Iegs formed on the respeettve plate elemients. Ideally, . :

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



partial nold caV|ty 102, both used in the rivet 42 formation step The -
outer surfacg ﬁ rollerd forms partial mold cavi ties 104 al 9 Arsil 200
formati on of VPABHHM, et s42. The pellet recesses 76B are f GCFAEWH e
circul ar spaces left between the corners of adjacent plate el enents. The
nold cavities 102 .and 104 overlap the edges of the circular recesses and
engage the top surfaces of ‘5 both | egs-up 40 and 1egs-down 40A pl ate
elements in order to hold the adjacent pkate el ements together. The stages
of pellet deposition 90; positionin excess renoval 94, and heat -
treatment 9 sanleeﬁ@ewelawe abge.r g feﬁB-foelepﬁé@-&n&agﬁdﬁommmthfnlgwrmaietaslm n the
appropriate | 4l apﬁ:n | egs. of
adj acent | egsg&yuﬁ iﬂrpgés E‘S’ 2ﬂeg§e§i8£&o§)(\t7‘m 40%%?3@2&% ng{ﬁ%cg%%ggwf%et f.oorm ng
process, . 8Aand B, is overall the .same as outlined earlier

for the for”at'o'ilh@ﬁnalﬁ%duét@ﬂé ﬁtnte@wsﬂqolte?%fagsasﬂd égﬁbs%@h{fy LgpEgLs.  In

this formation step at the nip between ro or t e process and
el ement st r etepsusface ofgbjegts, suctsduggags Theconpletednondiexidle Ebie shapeproll offned

t hereon for rf)lﬂe‘i’ @1 Fadlty tfbleusb Slaﬁl%l %erhbl? F lg\alfﬁt §hov§9 llm%lle@v dﬂfglgsﬁlaﬂ Qecﬁgléof the

and- |-egs- down 40A plyate el enents.torm cavi t :
corr espondi rfgmplsted fabrighaft 69 .of ‘the Ti vet. 42 As vmth the.requirenents for

the pellet materyg conﬂh‘@lateﬁ g oﬁ%ﬁd&vfc@foqﬁ Bt uﬁl&e& lﬁa&fﬂﬁt@h{é Iﬂﬁmﬁxb%emf the

| egs-.down pl ate el ement S40A usi ng S--up. te el-enents as patt
of the .nol d neerextile fahiric shegt matgrial; Hor ingtanee, lf toélelpete;fwmd tBeidcenyerient forang

rivets 4g dq@agm{}p@mnﬂﬁ,bm’en@m Mﬁuﬁd&%?hn‘% i dis SleltDlved 3%e a@]ﬂﬁgr%?é% i 4Q4 or .

| egs-up -40B plate' enents durin ter the formti ain: -
sel ection owchﬁﬁlngwqiﬂeor%?%?qf@lcymowlt op tink- besthaaﬂtebﬁwﬁtcﬁmoaenerl stics

shoul d consi I 2)
el enents, t tltlgﬁf Seﬁratpagr%ggthg %%k‘%fs%ttg@ ﬁgn\?g%éal ﬁ%ﬁ@gg&%ﬁﬁe&@ gf[ﬂgh;ﬂlo@ &lveéﬁan shows

" the pel | et iTemaimaligned fs heginddingiepertionker in its retracted position in -
engagenent with ttfteatgo%ﬁtespsmstmt me rtﬁ@l‘sl bd inft "?‘%{"?Jdﬁe ﬁadtqméd figghagt the

ni p:between them the conplete nold-cavi t% or ne
i nst ant alfeod8l Bave forhe cxlindrigaly It '%aYah?tde@F@EECl at@olas mateurpes Sb@ﬂt fagsectionsdef or m

into the molegeh@; W&&%Pthe%lﬁr ﬁrb’éngéff Jﬁi of ﬁﬁt smtle%tl{e §§f e?ﬁ&téﬁ' Eﬂer8B

Again, the rivet |n|ts IS not o el ther of
the plate elstwaweds, Prefsfﬁté‘ r"flhvetls uréeefpiht fgem f‘wtl he'n!gagredwplvatoéa sttustreqithet 1 om

separating Ryodd ﬂ"élalwéhgc(lnhﬁudilt ?Fo@ésﬁﬁg,tahgls uR:Iliﬁlv@ of coRHnmibdY ﬁelt?\é%éﬁb{e&) FH]].%)@C h

other. The lateral ‘notion of the pta relative to one
control l'ed BydedkestnsWERent of the-legs formed on the respective pI ate

el ement sy | deal | xlso é@aﬁéaeosshg Bstesssﬁte bssénhsvs;fntstm&lct%e B&tatsg gﬁ}lp

resi | I ence to all OW a_ greater at-eral . .novenent

2004 D 01/ufarg stagrsthe otiey, thy srdkerp and any offienessesiatedparsmeieninebidingbaliee.  The
e e
assoclated software (ﬂch): “control system . The centrol system is belxeved to be e:?abﬂdcl)); e}']ses '
currently avallable proeessmg control systems . P o o _
- 25 o Several dxfferent types of polymers can be used for the inventive dlrect formmg process :
L For mstance ABS HDPE PP, UHMWPE and PC are beheved to be adequate polymers for
- use in the i mstant process to. dlreet-form non-textlle fabncs Durmg the solld—phase formmg
R steps of the mventlve process the pellets are heated to a temperature above the soﬁenmg pomt -
| ... .of the partmular polymer and below its meltmg pomt To the extent this temperature ismot -

30 | obtamed solely by the phys:eal defor_matton of the pellet durmg ,the_sohd phase formatlon S



descri bed herein. The final product exits from between rollers3 and 4 and

I s subsequently used as the outer surface of objects, such. 2] . The
conpl eted non textile fabric shapes roll off roller 3, ready for use or
final assenbly. Fig 5C.shows a plan-view of -a snmall sectiion of the"

conpl eted fabric. It is contenplated.thaf ot her devi ces can be utilized- to
facilitate the nanufacture of the non- té?tlle fabric sheet naterial. For

instance, if rqgllers are found to be inconvenient for any- 10 reasons,
cont i nuOUBOBEHHcap be supplemenied ey an grkemsk heatsourcs apdesirihpd dbave. Ble aatiqle Harti at e

for such péRsRaRE NAmbRREINE slﬁrd—p-hgﬁ f&%ﬁné)f M@:d&ﬁ) pfastﬂ:g e b Qgprhﬁcﬂjé ]ppe?l!llt

has the benefit of providing nore space for the striker structure
needed, affoTReRILEY PEIheAlEGHt 2Ry PolmRetihatpicets ttmcutesa erdrharacterstio quarngﬁed

for - the Mo GhsPielt IRREKIAL prOfSs issuilablel S @l so contenpl ated that the rollers used
i'n. the inventive process denoted herein do is not have to be cyllndrlcal

I't- may She -det eARPthetEn entjof thegionriextide fabrio able hobe direst fcseredbbﬂsmmumdl ng’
[ engt.hwi S§ |- f a t
segment ed P’ S‘mi‘llft%llhs%l‘lf’é&pltl%rlél s Sfnbden AR {Shabfolr

‘rol ler" l'elattarely rigad elenientatl 1 Q end1 12%:that can b assembledito fari oflaxible nah-texeley -
.conti nuou ocessi.n S | ve us belt; se nt ed .
rollers, %ﬁ’ﬁ{a ﬁ_ﬁ%rclll gg&g?‘fﬂﬁ?ﬁ?tgib @Umﬂl%agldgéa'g?cf%‘l“ eagsmAnh @85%‘? of
the presealon iy prefrably fourelipet) ae 4 Rekeyefdnid Pr2 @Avihpe coﬁésbhﬁdilé‘g m$lgtmn, the
roller, the striker:.and ah%/ ot-her associ at ed pararreter I-ncl udi ng rol |

spaci. rlg ofeceRpransoeketpioagatleast pae efiix somesnanding fanicdapm &he ﬁlamr:rtg a
M CT Opr 0C@REMmic gnemenetaﬁslhaqta .ﬁnéé%mgﬁﬁaet ' Phein éq %‘Fleand
y avail

'lcont rol .systemts” believed to be enab current
processi ngockéts eetals meghanienl comBetimsdhat Icaldplfvmalebmfe tqnp!esndheqmldwhde digbtin tdae

L5 ) e AR R 85 78 el SR 2

i nst'ant  pelemests ard genelialle flat, having noenttabwish bertioalbm Estititifig ﬂ@sttdfﬁtessulfaébsphase

{ornpertdt uPESBR o treleFindelit Bk oo Bl PtscotRiliien | ur s PaRyRervm e Bel ow

its melti eewmaharé,reeﬁﬂeawﬁmwmtta@orttemereagélrasdbﬁneetab%%obt ai ned ‘sol ely:
by the. physi.cal -def ormati-on.of the pellet during-the solid phase:fornation:

- 29 April 2004 l?elllsﬂfbees%-tewe fabric elémseleﬂlse\lﬁém ghgveithessibieqt invemion ﬁe@tnosour ce

o1 G pia B Sand REfted bt Bivep BRI Gferk S1op G /8o, e the
i nformati abo\mfdesdmned pmbodiment, rlhnaﬁlemerys q;rekl;teetly dehaectedﬁebse adrather rathey rthem and

Aot neb cHBSHY et i o eSlisn SREER O b et EL° esalelleﬁl‘llé qulea b)t

the i nven'fplatlﬁ from separanng too far and becommg dlsengaged. S

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

) N barbed plate element 110 Flgs 10 and lﬂA show a snmlar plan vnew and cross~secttonal shape
of thc socketed element 1 12 Flg 11 shows a cross-sectlon through a lmked set of two barbed

25 plates 110 anda centrally located socketed plate 112, Flg 12 shoWs an anay of elements
aecordmg to the instant- mventton w1th ﬂte barbed 110 and socketed l 12 elements formmg a:
checker board pattern Flg 13 shows tlns embodtment bemg formed at the mp between rollers
2 and 3
“In Frgs 9 and lO the elements are generally square in shape (although other shapes

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



process di sclosed herein is shown in Figs: 9-14. Thisenbodi nent includes a
configuration of relatively rigid elenents 110 and 112 that 294rh@004
assenbl ed tWOdBHM fl| exi ble non-textile fabric. There ixcTaisomzdead el enkent
110 (having a headed, barbed or engagenent. end or portion along its
preferably four edges) and a socket el enment 112 (having a correspondi ng

I nvagi nation;. to : receiver. or socket along at |east one of its -
correspondi ng four edges). The el enmentsqmechanically link with one another
inatile-like configuration. The interconnected barbs and: sockets act
as mechani cadldeicinnhetwisndefihddatechaiicapinwpdonnietios. Methe Ba@élﬁplﬁﬂmhﬂsh&ﬂﬁluﬁl i de
slightly t an pvergll. fl on ectjo bet arrayed bar bed
and socket. cei:(llgg ﬁ%’l‘ll BT mleé’l“éf?gﬁ‘ll%de"d‘faégeaé’ﬂ'él”ﬁl ?r?‘“lglvﬁlarl’lllgr&le?f’d‘se Scentral
web porti orenlhigéd pormish Lihksttd they wab of the blatehea SshedphcEFined edg&Brmé ed@8Cd vifl bé hed\

el enents to an gver te con uratio ) ortlo ext ends
Cothe.  eageenbhpiferdy B Fub 1 B @ics st ind b Stsopingl rnsd serab kg et

dﬁscub bead Fa@aoemreﬂdngemerommﬂfwmﬁ@mdeeﬁlwgeﬁﬁeegmenﬂesexeed above

t eaject I.on 0 e.a.secon e el enent

rivet) to é“%l SERP B"l‘&d’é{%g‘gi"a*% ogmed i SolicLP s dormipg BPRREEES | hod

enbodl ment drrle(ttlya'rcml ermnkﬁhﬁcﬁndltm:&ﬂ&)leforﬁgmﬁﬁﬁiﬁ&aﬁl?a%&oﬂﬁ@ol}&ler:’ at her "t han
4 . nere one not her. an re e ri e nent to

keep t he" ofgwll%‘ﬂ'gf“lﬁﬂgtognll‘lﬁdl“ﬁ‘lt QrEung RragesIs s F‘é‘?ﬁq%ao‘leog- l'SaFacéﬂ?l‘P Wgol?ﬁ ng -

di sengaged dEaagsoﬁheﬂsm\endtshecegmefrehremkame@eﬁau and Fig 9A shows a . =

Cr 0Ss- sectlonal

eM/of 1 he bar bed pl ate el enent Fi 10; and 1 QA

show a 8 nilar B‘F%ﬁ"\gl tatie ﬁd°’l:°r°6§§°e§lé"5flledﬂ9l‘fﬂld18 al°ﬁ%°3§l36‘l<9§1°2&l“5 diterent 112.
Fi 3 11's PameﬁcTIQSssfo&ﬁﬁit Byﬁt:olsftﬁlﬁétﬂlihtll? a\if!:iL gmgﬂ)seeigz)ﬁo%wp&emm thi¥ a}g es 110
and a centr, oca 0C e | oWs -an array o
el enent s. ad'&‘c’ﬁ%‘l n‘é’“l‘ed; l’glﬁ Blatsi 'Bll‘e\ﬁl’l?%"l“'f?eﬁs’ﬁ%‘l’%%’d“ﬁ B2and
. s?rtc) "St ed 11:aezeﬁm§gt soA slfoWIs hﬁw&uﬁd&%ﬁﬁcﬁm&@ﬁsds ﬂﬁﬁ&@rgﬂsel}ﬁb&wejtﬁew t9 hi sd
enbodi ment e ni ﬁ en. rollers 3 S an

the o adinnd 16,36 e ntal el mekatroRioan Lo e fontroieh et s
SEC“ g e T “‘“g@% d%l&ﬁ%“éﬁ'?gﬁéﬁi“é%@ﬁ%*é’w d*‘a"f
these -pl ates nol ded-in
ot her wi se. dé’lelcﬁ%tﬁ’lerlﬁ‘ll’é%? 851 Yﬁ‘glr‘@’grll?@(l"t esprfeliyhep gpiiiptplement 514, as
shown in Iﬁlag; u&;ela&lrdly i]ﬁallrsczﬂélg!a$art16ﬁlfn!,l€les @ﬁc@htemoﬂtte@lmﬁjal cﬁﬁemibme%dho ][1 .
formng a. ause enl ar ortio I n t.o_t web of t e
plate via -a??ﬁlﬁ lagel H‘éamtt@baé’e aﬂi‘?‘&“@ﬂ&@‘p f and 5 mﬂﬁme“”s for |

rexample o :

7 20, -~ ... Fig. 11 shows how a senes of a]tematmg barbed 110 and socketed 112 non-textlle .
. .‘fabnc elements can be assembled. Overall Fig. 12 shows how these alternative forms of plates
e can be assembled in a checker board pattem 'Note in each of the two conﬁguratlons the corner
mtersectlons of the edges are cut away ina partlcdar manner so that the correspondmg porhons -
E " of the adjacent plates do not overlap and prevent or hinder ﬂexmg of the assembied product if
) 25 ‘such flexmg is desrred In parﬂcular, the barbed platel 10 has trlanguiar mdentatlons at each
corner that in effect remove the barbed head from any chance of overlappmg or mterfermg with
7 A‘ the: prvoung along the axrs at nght angles to that edge (refer agam to Fig. ]0A for this plvotmg
o "'acnon) The socketed plate l 12 shown m F1g 10 has a dlagonal tnangular prece removed at _
| _the comer elumnatmg most of the headed socketed or the socketed portions in that area. Fig.

R 230 - 12 shows how these dragonaj cuts of dlagonal]y adjacent socketed plates fit together in various



detail ed, prevents the barb 116 (once seated, in a correspondi ngly shaped
socket of the plate of 5 Fig. 10, for exanpl e) from w t hdr avdSprih2eed t he
.pl ates are subjected to tensi le forces or bending forces. Preferably; this
~.barbed plate is formed at solid phase formng tenperatures directly froma
- tenperature conditioned preform nost prgferably a reactor or polyner
“conpounded pellet. This direct form ng process is described above. Thus,

| each pl at %e%@ﬁ's dfftensicheinaiflesin fobt]ﬁtebﬁersbc@mbaﬁ Bhs therelak Hifte@ MicheGR! y
eferring - to Fi one_can see that the socket 118 along each

edge of tﬁh%asmr@hled n@t-t@w%lﬁgabmﬁqt Fvoukk qepstityly ap RECINPRRAEIAE] 9uetﬁhe PAwEEd| y

{he plar o U RAAORURE e il o TRl oy ERAING ant SpefeERLES, 20 D0 e

how thi s soudtitute ppcnfmmmnd_enaomsmﬁmﬁd;etqpehmgsmyelmeebn smalltamdtbaacgmnt port i on

116, y t t nut ua ooke oort ent ra

The this e sl thdBRREH R RS bl dR b0 B oG Rbng Stk

ill ustrate,dﬂeﬁngl g. I OA can result in a percepti bl e erX| bi I | ty of the

“overall' non 't ile fab e eci al e is, made in

“relatively" smaﬁ"t Pryferre Rt"‘ﬁf’éts éHP&PHﬂr'%@at‘é‘ﬁﬁaéﬁﬁ:é)éﬂ att"i‘%“t?aj or :

- di mensi on pefweeRedlierof aﬁd’@as%ﬁ’i&d'ab&% \ﬁ'tl?ié?ﬁkfcﬁto%)élﬁﬂt—&@&ﬁ)eﬁ BFOGHIMERY. '

. di nensi on of between and 5 millinmeters for exarTBZZﬂmZi)F%iJm 11 shows bow
ptag :

“a series dihesd thesfﬁarpedwgiatgsmé@nsfmecbmo%@k@rtdduﬂs the selentadc

 LeTee SAbE BRI SRR Y S M e AT

~of the t V\mrdso-rséutxgn rt!a’bughmllerhé and Brathe niminerwetidn whee the déld fedbesockee cut

caway .in a; aner, so t hat, the cor | th .
B cent aRa L teS e g S b S SRR R R kR 2 o
assenbl ed ppit® ﬂjLEtNotfce Mﬁnf oR6n tesméla Shvisds forhed &okd 1Y bafrespbiiinar bed
- plate 110 has triangul ar entati.ons at each corner that in effect rem)ve

t he bar beddrations offiplps il akiemes swdaces ofips Frilenouterugasesy iThg cdgssiof twgal

. pivoti |
B Por 93, ThOMRhY rfe Bl (SO, B il 105 S LBEABRBLORID, |

~a di agonalammuheamtdmewsts&oee@fouurseh@tdmunﬂysl’m ﬂaaihngﬂwosmroﬁ t he

paded O SARR Vit e R 1050 8 B s Lidrespaifialigee o
various - Marbg edgesze@en&a in dﬁgmehts:aoity t'ﬁnelﬂoenfoanbhrbédeedgeg meﬁis;ﬂqbsmﬁacehﬁ‘se
“cut away .por

non-t ext i [ éogg,%,%gtg{‘ eﬂ%ﬁﬁ’\é‘géé}%{ng‘% ggrge:] 83"8 ﬁﬁelgg(‘gi?s%glgr’t%cﬁﬁgh the

- pl ane 5gf. . tﬁﬁe@&@p&lﬁtﬁﬂi%ﬂlﬂ%ﬂ@ colfrm'TRGthenBld, distiftsthé hRlPERRgRGe Of any
~openi.ngs does no constitute per f or mance probl em si nce .t.he openi ngs are

_ rel ati vel yoawag pachaaeketedeplatel] Eoandithe eenlting amyof speketed plateso 1a thisway,ghe hese
- ope nings Lé?ﬂa? P o&éi'ﬁp{nﬁg fdr(inoré pfe@gglywerﬂgte@)gn{b%g&dbﬁﬂghmgddmg) barbed| 10 and

: } L T socketed plates 112 form strong, tough and relatlve to the ngld materials. used, ﬂexnble non-

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



or flexing. In the preferred process, an array of barbed pl ates 110 (Fig.
9) is formed at the nip between rollers 1 and 2 as outlined 2@ 200¢#t h
respect to tW@OIBHME4 described embodi nent: . These thus forcmckophdies are
transferred to roller 2, and pellets 122 are placed in the selected 10 .
recesses -124 of roller 2 in preparation for forming the socket edpl ates 112.
Fig. 13 shows a cross-section through rollers 2 and 3 at the nip
intersection where the nold for the sockgt plate 112 has been formed, | ust
prior to initiating the actuator 124 and striker 126 to formthat plate
112. Not i g e hbharefrgtefe amﬁd ¢absubfheds bR ttmldglesqay bff,lle petefedmdfférrceﬂkér?e e
correspon in i n S.In ned surfaces. of the

rol ler outelp'g%aﬁ %A%E‘ nt r"f 'ﬁ Iel‘eglfﬂ'y'rl‘?ﬁ%‘%%ed

pl ates prot I’lB[Ilﬁ'tgagel’liné)aﬁdﬂfer fﬁilleép tha letngnts ﬁ@nirﬁ@&@ lﬁ@ﬁﬂﬁaﬁﬂe'ﬁﬂ*ﬁsveﬁﬁmdﬂleﬂl a
portion of: th[S' mol.d C‘%lf&ly slgb ace.. gf@ ot shownln‘ | g S
the ot her p&PY °BF shapeqfislemens; 13D isreqyired ondis ]elt‘? tegipkedig 2; l?gf (Blgr ﬂB%hown,
t hese ha\slh ngnda ‘aegseeeﬁomg I@\)ﬂﬁlleﬁtaﬁﬁn usb@rﬂht&dreadfaﬁﬁn ;éd@@ékﬁﬁéinbl&} doks ol d
cavi t Thu e rfaces o the rollers -
al i gn)ed -at ﬁ-lll%&ﬁﬁeﬁ Wﬁ ‘gﬂl‘ﬁ %Wa%l’e% ‘E“ﬁ’é %zrlé mgdinono §ngle phase st r ker
once it 20. fonnir(grpe@ass stebewﬂ&etlhb Qﬁprdﬂ'ﬁtettﬁolﬂlcﬂﬁttylsﬁ@ehﬂdﬁﬁl& Qs that Rodebiestdpp! d
constitute the mo &I formn eachs keted ‘ate 112 and the -
resul'ting afToxR B ’gs‘g@lﬁel“é )'pf‘éll‘§§e yﬂc‘e P?P@S‘ qriggted pl 38’\F1|ﬁ“le§bp| ng
(or nore pr@st s @rired RﬁErﬁﬁé&lmgaﬁbﬁmﬁﬁ oﬂﬂﬁerﬂﬂf@@dﬁgsﬂﬁ)’lm%d‘leélgo@lld .

socketed pl 2 -f.orm.stron drelative.to the rigid

mat eri al'd ug%(?plateée{nsrr%arﬁ ‘%}l}ﬁi‘ r}‘ér"?ﬂﬁ'ﬁ%tsl34*°f'ﬁ§te’éﬁ1‘lgé@t”a¥déﬁ mng

process of- béte:e@rtﬂésmt&t-hnkéﬂ/;ﬂﬁtés qrms‘@faymhs reembadwaemme%iio:effoﬁrtﬁg -pxtile
fabric .requires k% gp n l;rghree rollers and two nip areas)
as 30 corrpal‘%rﬂtet“g Penap 5‘183’ P’%’%sfo pe stepewiyelnlormt e prendingiveled -

" enmbodi nent . shaeemmndamdﬁdmmeteéadtﬂeeuéu bR Cene bRIBRHS fdr@ing kRPNTRY the.

nontextil e fabric usi, ng the 'proci_ Sgﬁf t he resent I'nyention is shown in
Fi gs 14A, 13{8uld jequiry Smple compression g gft yodsr "?ﬁmfﬂtﬁﬁmkafrfafw%ﬁwu ews of
t he |i-nkabl hesd] srtitnto thaiessateal :l‘.bbv& fwﬂﬁfﬂﬂieﬁlsdﬁh%ﬁ&eff oceeQceSs. 1, The

structure is si the f St _enbod; rrent escri bed herel nin .
Figs 1-3, WO Ollpé%ié&lt‘ 'J;ﬁa fekssorad on of these clepipmy 430A #8d-e are

no cam sur f Refesing lbadldwFlgdgﬁ eﬂc’ﬁ%fﬂfe ﬂnh&egsl 136 6f tﬁé pER RletchQas SrPéHgE @éfining -
engagement, and,the; 134 is .in raII d wwth the plate el ement

The st rai ghf Mg EEP L3gfor @ﬁ@%@’@“‘o‘ﬁg‘ fr"l “E?"l% pediedecsiobhe HP@SF‘?[bm novi ng
laterally. apauitioned platé Hlefert) nwwstmm s mmc)hgczﬁhee BrR&ied meh&&NEn ghetthen -
Goun (g oot ek Berun q%’éhlngomereeﬂﬁeﬁﬂ%ﬁaﬁgﬁe%wéé@ XN bed
aboy.'e L ‘fully formed Cut-outs 140 are formed at the corners of each of the plate elements for recetvmg '
' © the shaﬁ 142 of the nvet 134 whmh holds the two plate elements together.. The degree of
» ;':"'ﬂembthty of tlns embodtment is sumlar to that of the ﬁrst embodlment, and is Somewhat _ :
o ' related to the length (and extendtbthty) of the nvet shaﬁ |
25 Sxmllar to that structure as shown in Fig. 14A and 14B an altemahve embodlment is’ ‘
' shown in Flgs 17A, 17B and 17C The plate element of this embodlment is 1dentlcal to that in o
g Figs: 14A and I4B however the rivet shaft 1441 in, th1s embodlment forms a split- retainer
) havmg sloped semt-annular detents 146 on each separate portion of the rivet shaft 144. ‘The -
o ) ..sioped sen_u-a:mular de_tents ﬁt intoa confonnmgly-shaped recess in the rivet head 150 to
M 30 secure'-lthe'ﬁ\tet io'an'attaehe'dlposlﬁon on the end of the shaft. SeeFlg; 17C. The rivet head is



The plate elenment 130 with the integrally formed rivet 132 is fornmed in one
singl e phase formng process step (wWwth the appropriate nol @9c%yil 2§04&hape
-and anal ogous to that process step shown in Fig. 4A B and C: At the next
‘processing step, the oppositely oriented plate element - 130 is forned:
Referring to Fig. 15, an array of interlnked "legs up" 130A and "l egs down"
-10 130B plate elenments are shown with the integrally. forned rivet 134A
“extendi ng upwardly . between the nterhnked plates. This array is the result

of two- Ofndsheafed R eAdSThe hallaRBS: v T*"‘Hﬁ’ﬁcﬁlﬂ@ Tftd Without BlthpressHPARE 1 S
. completed by a third formng step forms the extending rivet . shafts .

" 134A and side3als 144 of the m%maodtsmmgﬂwalemesfmmtre@@ﬁ indheotiess degdor i ng

Ther vy s YRaEyE SRR R nf R S Reo b AL LR ARAE 1

. the ot herproxebs at rpt@%cfejwrﬂl mgaqomtlgehzmeé mdld gavityGo sllapemetspht einet.et ed :

.non-textile fahric de .up of thes enent s 30A B _Referr, back to
Bo 4B eac PoriteHaoumiE pigssk e SRR ed arufemofnae il et

- defi ni ng oufof ifieseonrited pma&léwntsemeeemmﬂwmattdsev@omacﬁﬁeaﬁe{ is'th(at ela.aped

" edges of the oppositely. positioned plate elenment. The step ridges 138

-al ong t hdO@YBRBroses s @csen torfuse the seraraiely &armed elements 152 plong theraesnegtive
-elements g Sﬁnfl‘hé§ep ﬁﬁ‘ﬁlﬁabﬁﬁleﬂlstIBZQﬂ@ﬂﬁg?ﬁs@@lotgm%flﬂgﬁoﬁﬁflﬁ% oée§4 are

fully for out's are-formed at t corners of “eac ate
* el enments asdcscnb@bahﬂvngndm rmvafwuhlwweof tome angthertby begdinghf arhdjaoftnllso thhe t wo

~apl ate eI S.to e exi ity of this enbgdi is
sim| b0 to a%lé%s?%%ﬁ%u#l@%esqgggr rfﬂly ha e?alog%#%mlgf eHUPL & the -'
_;!aengt] h ( an&seokheertgagement m)theﬁarhlaeenlibodﬁher& e Figs. 2952 Slmls&mbbﬂxrﬁdﬁa,tons lsertuct ure
s shown in Fi 4 14B, an alternative e nmen ' own m Fig
17A, 1780 RIS B mifﬁfgatglfaelabst“@ﬁeme pt @ﬁlsscoeﬂg@&mewl the deond Aetiof Rtes o
“that in féﬂ&ne&éﬁﬁﬁ%t&ﬂ%ﬁr@@é@%@ﬁem hRewded Be stbdtand fifhrd B1ER] FhENDOdI NENt

forns a split retainer having slo ed sem -annul ar detents 146 on each

separ at e '§Joperatie frmingforceyand oshes physieph parpmeterssofdhredirestmplding-urpesss fethint s

o fit t o
the P ecEaHat Badeta I ok RN, Ll Ik BLioR SRt B T O
" rivet heacparatelg Jovtymdi clen20in £0g:gemimeiioausrmgiten bbelosriemio bére witaf t - and.

is very diffi ut to t C ressin dewal 1 s. 148 of the
apiie T eftaprse phe HRuier BEAe ¢ RN ns l S ERRRY b Al U6 R meEbber hend.
‘Thi.s al t eveddppe®scidvlat HEdim ﬂ'th’dgioﬂlftﬁ'lfﬁﬁn%ﬂlyeleﬁe(ﬁtsﬁldr@ thofesR iy adiftemsol i d
- phase foe%%g process. as .not ed above with a specially shaped rmld cavity

‘to shape AFRFpres 436,54t fomms A iechorners hetivatp tr elemeass fpronide agdirionab { o
- creatg anpLiifftyt ype of non-textile fabric out of inter-connected plate,
el ement s formad simlarly to that above. The distinction is. that the
- forning procedbedigedtderminrgprocess plithe mmntwphtraat)ebgnlﬂ@tmeoﬂ il therprotlsctind 2

N alo ng t h%‘f the' n%ﬁﬂ%&ﬁé l’&%mc for many dxfferent uses. The apphcatlon of the dlrect formmg process ‘

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

B ‘ 30 The first step of the fiow d:agram of Flg 19 is the step 402 of supplymg pellets ‘The: ;‘ o



edges 154. The separately formed el ements 152 are thus fused together by
the form ng process as described above, and they nove with r 2004 one
anot her by bwodisgeat or adjacent to the 10 fused regi onspcthgufdegd eddes
154 are generally formed al ong the sane regions as the barb- and-socket
engagenent of the earlier enbodinent in Figs. 9-12. In this enbodi ment, one
set of plates-are formed at the nip between the first and second roIIers
and. t he second set of plates are forneq and fused to the first set at the
nip between the second and third rollers. The tenperature, farmng force,

and ot her phgfeiredpellDAsiRARafY hd HaterBEmS beproviald & 10 didPF ﬁlggﬁfcests hirge L%

embodi ment gost be carefull y coordinated to create a use gi on

suf ficient ¥iSt9eaision Blogk APfeontipnsthat the|ppllet sizpnshape aed material prg cewegémmew th
one - anot her gorbik palcésewtﬂxhetﬂetdema&mox%ﬁt& b&@&lﬁtﬁ&éupwgaﬁt‘s seg mleQ give a

fabric- type of novenent . fused es are prefera apped
sonmewhat t o’ lle(ﬂeH?“EFPéallS@d’FH?? ff?}'r“of‘lﬁll’ﬁ m@hl@@ﬁ%‘?&%t}%swfbﬁgmsﬁecﬂesfmm ive

ad] acent s eqlapardSTehd S prodRe EAMARIORIRACAL cdrlifuct & HELSHRELATER the

el erents to _provide additional 20 flexibil Ity. The direct ng process
of the pres‘@l’?f’tfﬁﬁlb‘l‘gﬁ@f’?seﬁ %an be utilized in the production of the -

non-textil e fabrpg f@ktepiie dichf B px'déé?«é 500Ti5Mhe %ngkdz%l Ap%ll}ufg opell%}.ﬁ hé ect

form ng process.. of the present Invention in the nuf act'u ggage, as

an exanple, Wtk sudace AbbE o, the Bellets, as described nbeves ats appliedt dharwark surface foor m of a

f 1 ow di agr-agrfRation Sor R Noli®pliaBBfoVmRE Sep.ORShe d%@l;é &smgés the WIrE Slrfall s 4R0.
direct:“formn % process- 500, pellet recycle , 'uggage.case assenbly

700. . WAP '€ 9fithsralles. ﬁtBwRsfnttthvelietisreuaepleémeeppdstsedaqe@r anygwmhendf t he
processi ng ﬁ@d'é&@l?&tby h@ﬁﬁ&hppt%ﬁmﬁlapﬁﬁdlzeébdd m}aﬁgﬁﬁ&@h@t@&&p&fe %'E O

i nventive direct forning process of th | agram can .a
with ot her Refgraplransit &bthefesvsseéwrefl ﬁﬁhﬁ@ntthemslémewms ie thaworl Suofp@r ati.ons.

- 30 The fi I StheSle @03t fsoh RGo hd [ 2.
supp! yi ng pellets eg'?he MOf%ﬁﬁ%g@lwprﬁog%éﬁ%%Sﬁ&gﬁé‘g érggprgf erred

pel | et si e ORtpRalsings thepelless when spplied ta éhepmsk/ purtage, gy 2il heprdparyposifienediimg
process s Thge rebasds aiR6dnBinGhe HbIQ %lﬂe%xﬁe&l {dl th&RofkValrack N Web&t thiteafe. Shape

and material are consistent with the formng process. t he deci sion

box . rout es TR Pellsts; oreh<RRYE gre et pragesly orieed i “@tf&le’éssoﬁlé step ofdiusied thet s can
al so- be uSeRilbGosiAeHIRE h PMfEF:BrrEEt ewem&tgs athetstab Bfdd Elgﬁn% $hOpeilelSt ance to
I na .

form other parts of the roduct : firmitive he” process.

cont'i nues tR?s‘E‘H’é“‘S)E@ltﬁrﬁ’PWga%ﬁeS‘t”ﬁéd shove by afceshmnﬁ@rwrrdee&er wBproof dgviee f i r st
step in theufiBiefek | e RERE mﬁ@@s is$o kﬁtevéﬁleexc@s@éeﬁé&f Ble¥iopg Ppellets

to the - 'work surface: f. {P E lets, as-d scrl above .are-
apphedt 50 it lfé‘rfﬁﬁ?r |{\ft§.mhp gﬁll;tslqrie applre to the work surface, and adjusted if necessary, the excess .

_ ;pellets should be removed from the work surface SO that they do not’ mterfere with the sohd
' _‘phase formmg step. Tlus can be done bya scraper structure or by vacuum techmque or by
o any other operatlon that smtably removes the unwanted pellets from the work surface.-
7 At operatton 508 which is the applrcatron of heat to the pellets, the soltd phase formmg
7 | 25 - process actually begms The appllcatlon of heat to the pellets is only necessary if the. heat
‘ R g generated by the solrd phase transformatlon of the pellet into the mold cavity is not sufﬁclent to
o . ereale the’ desrred temperature in the. pelleL In other words, ifthe heat generaied bythe .
L | ,ﬁtransfonnatron from its shape {o that of the mold cavity due to the impact of the stnker is not '
h g -sufﬁcrent, as described above supplemental heat may be necessary The ultimate temperamre
L 30 to whlch the pellet should be heated is above the softemng point but below the meltlng pomt of
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preparation.for the solid phase formng step. In the above e rg) gz %
work surface is the 10 . surface of the roller. At this point5” 2 BQ l ets
are applied to the work surface many nunber of ways, such as by hopper
application or fluidized bed application as discussed above, and are
‘preferably positioned in the recesses formed adjacent the nold cavities m
the work surface. The next step 504 i s’k o adJust the pellet positioning on
~the work gurface i ellets,
en"s ARl o AASARRY e sFILE S ARGk sEUTBILIGS RRL2T T,
r ecesses pifonmed)tthé avhiah mlﬂ@lﬂsmfommdrmemdperfbﬁnh& aw;reianou 51@&cEhe ddlid

however, there are ex or the Il ets, are not

or ot e PG g B BoeniEserbes inrear de G BBons: e B R ABEF PRI ng | s

~hel pful” togeri oﬁtbegﬁmmmlsog&he rbllers et BescAbedatlérdml bithy loiter BRelofbolid
positioning can one, as described above, by a cushioned roller or other

type of dévm:@mmﬁmatmeésmrlmhlﬁs Ongof e kwrehqn%;stthasﬁ@rrawlfmf tiplid phass
remove theg Eﬁﬁg(ﬁ%hﬂ?%h{él P c#fg?d&gwlg gdﬁﬂrtéﬁﬁ@fabﬁ@t?ﬁlsﬁzﬁga Hie!lets.

-.are. appl i ‘e e Wor sur ace, an I f_necessary, excess
péllets séembrd, sweh petheViegs bp cp’mte,rtbe fi\bgkdcswx’Masdaﬂtemt,amhifomd

-interfere with.t ase,formn asoraoer
oot orccotsdelabeld 53 i e aBHARGECE bl 8 Re nfiie R 3 Rab AR Rt Bl 0y
renoves-: tdaﬁnlu e @3 desdribed abdve i File elofickt 6 bt farard inthe @R@hFlalyqRo&RSis Whi ch
is the apvgél cation of heat to the pel-lets, the solid hase form ng process o

~actually gieﬁ%“P W@eﬁﬁmefiéh FBPPWW?F@éPCf’étWéEfRﬂ |rehless.j Thempext opriationdary
if the:hegt %Q rerv?&uegtepymtfbﬁn ﬁﬁ'rhﬂrlﬁﬁ@é&eﬁrérﬁ?ﬁﬁﬁé IS &aer&ttgmes kd et

--i:f-Pnto the no cavi ty I.s not ‘sufficient to.. create-tt deswed t rrperature .
i'n the peformthe mmbfoxtﬂefabmmsels |Thl:hepﬂhi@m lgéﬁmtedtaé&l%aﬁmn@lontﬁQMlmlesrat ion

rom itS BHARE Sl bRl ol Bl N okl e IBAGL: D, B e

scr Bove plenen € necessary.
“The ul ti rmhm-tegnbd’alaiclpaaeltom rmhehnltdbk ghahérd. . Iahhnﬂpdcrﬁeprmedseﬁsdrrbedihimwe t he

“sof t eni ng, poi nt " but eIo he |t nt. o 2004 31 the, -
port§ Bl S ity e et oo diheB Rt 10t el s e Bt i lemre
- pel | et” hagovagesnd Mex fie rvetto hbt&&h@ﬁmﬂhtemgaﬁerp hagR skéond eﬁobaﬁa{ehodbseﬁ&ﬂ I's.
" perforned.at operation 510, The solid phase form ng step ‘has been

“descr i-bedahonefhis procew; weuld howeatedémcqte fw@? Ehépa!@eé hiuﬁag @é?@ﬁ%ﬂ!flﬁﬁnd&wve
Cit.can. bethP?%ﬁeg ?%e&éﬁ?é‘@xem%e& Qﬁds?ﬁéa&ﬁu&ﬁﬁﬁfr F&Lﬁrag'ﬂ{& riviet 1s4§t¥1<u%21*}‘?r

type of so ormng structure as app |ca One of th eys here
i s that tmetmd&dimemmdﬁeﬂ@wbdvq)hase form ng is a linkabl'e element for =
use | dlrect [ . | ch as_
Vhe LB ect ARG SER (ASKYL URehA et R Pl 90 e P4

consecut i sekrationds i Hedisiériabblotined2 mqmﬁug twhetheoraot ﬂtembnmnw‘ fabitid pavlel isked

elerrentsforsg %;@e non- textir Ief&@ rlbe .above, thefjrst

el enent t HHECOBL B°=|%°Pﬂ“é“ ‘i)?%@s‘%‘e Tigpap és"qné'ﬁ%e PVIEIMat e

5 or mad at rekhﬁd iBrlQasé)ﬁxtéfﬁ&rfohﬁﬁg Bbfrﬁéllydﬁ&ld&?ﬁ&@ @olr he hﬁil%rod-ﬁl?@ of‘ﬁa)ﬁe rera%@& lon
' “into pe!lets for apphcatlon at step 402, If the non-text:lle fabric panel is acceptable the next

25" -operat:on is at 606 where post processmg of the non-textile fabnc panel occurs This post
processmg can include pohshmg, cutting, bendmg, or other acts that are required to be taken to
prepare the non—textrle fabnc panel for use in the final product. After. operatlon 606 ‘the..
decisional block 608 inquires whether the non-textﬂe fabric panel is still okay after the mmal
post process. If for any reason the non-textile fabnc panel has been meparably damaged at

30 operatlon 606 the answer to the decrslonal 608 i isno and the damaged but partla.lly processed



to repeat the previous steps to formthe interlinked el'enents, |Ig t%ﬁ o
particular order required to formthe non-textile fabric par?eq ."l_ Pg
operation | VQUAMEd at 512. Operation 512 requires thatPQisasobeyossmt i on”
steps previously described are repeated a sufficient nunber of times to
form . a non-textile fabric panel out of the linkable elenments. In the
specific. .process described above, 15 this process would need to be
performed three tines to formthe "l egsup” plate, then the "legs down,"
and then the rivet to hold the two plates together. In the second

embodi nent nelesstile fbrc paebiy agairt uskd topmake @& gin weprind atseepréopeHithendnviextite t 0 form

t he panel bed en the n ing the

bar bed endga%%l' &efd,a%h SHay Fthrr r%‘m%tajej%(’ B %'?I%S%Pser‘t%ﬁlegéq b’g P@xﬁgé"{?f‘ ed in

t hat - enbodpaehis taken tdem:ﬁnamdceadmgvtﬁ)the 1RA-téXtilecibriqmne bparaidnl 701. NEheffinalv
dragr,amst the cl e operat 0Q. The.first opergtion is a
deci si onal g’hq%%pé%d lh'{fﬁ? ec?fé @gﬁ Gpe t‘”ﬂ’c?@ %ﬁ‘ﬁ tﬁ%ﬁna(lgf&cps]s g ﬁ'rﬁr ¢ panel

i s sati sf antteytile fabnmmne]a,twmﬁraatnchﬁe ﬁﬂdaertxlaﬁne‘n&tnt ﬁ‘dhermffacteexﬁd i’uﬂhcrf abric.
panel "is cqnverte Jndf n rmn normally
mol ded par mcefs(s)lrlgfi ma?‘f’ 5?“'%?‘8'33 ?05 '6' f@ﬁ’nﬁ‘ﬁ t’? BWor =
applicati onpematlosﬂ@p Mt(iiperatﬁdn 'JtOh,etheternlﬂg(bf ﬂlemfrﬁbmlefabﬂﬁﬁdne]s&nﬂﬂﬁeﬁﬂaabl e, the
next 25 opera

606 mhere essr he n t|Ie '
fabric pan 5°d"°ttés rs° F°’|5'("5§§at" &d@&i@t‘ﬁe é?rPaF ‘%ﬁr “utting,
bendi ng, ohxggagaease@mtmmg amnveme:nﬂeq\umg Gdntmn@&chﬁmmotbacomﬁtm&rpﬁnbhe .
non-textil rrc for .use ‘i,n final After ope i on 606,
t he é%r srﬁ‘gﬁ’g{j SN Mﬂ@?’“&”l’tgio ng(ﬂu‘ﬁ'ghﬁgf‘%e cr"‘aﬂo‘rﬁ)’r‘{‘?%ﬁaneI- i's
stil . okayfrmﬁb@ufthdtﬁrg:mgﬁ:ﬂlfronptm wagié pﬂle&s-egehéraréd)ﬁt sepsmtrmaemt he -
nontextrlefa has beenrrr at 30 operati on 606
the answer ' to ?ﬁg Hg(‘frrhg’wcgﬁigfm%ﬁgnf Pﬁ%o g‘eﬂ' %‘tﬁpfﬁa‘%t*r’%

' processed wmmﬁtmmm&mmfam@raeaadfmasaﬁmm&& Plﬁﬁﬁnty?ﬁttalﬂbﬁr fabrr c

Pabri ¢ pandibme a5t fale Shefie; bbby oy s st el el 2 b 606
t he nhonst exd4 1hehcffarirth gmertmpehtmmglak‘mo tRar Inhﬁndej tﬁa{!selblfﬂiéeﬁﬁ-ltdigled‘ﬁbﬂche '
non-textil e anel - at The. fi S are n the
| uggage .ca$ e'ﬁ‘g'g tﬁ 8?)%“19 %ﬁ““rffﬂg°w‘f'%?e‘t‘ﬂt’e°ff‘t“ﬁ5"°“&rft¥c‘ Ctshﬁqo '

non-t ext i | esdltiy thma diarensianal shtape:dmutdam attivhbd e fianielodd @hed! aisembmmmam‘ a t he
surface, d fur t he, non- ext J‘abrr c ready for
final asse F".’)ﬁ?c T@&%aﬁyi&ﬁ%ﬁ Iigailé%" %‘BQFH{"F %a‘#ﬁﬂwb niSHAL At | on 704
t he assenbhcpessrbndsmmerprbchﬁctsj l-e fabric panels with the final product

per fornpd. For St t-he no tex e, fabr anel s uId be.a ached to
ot her “Tuggage ‘%‘:gl %gqbqg? ?rgseﬁtsﬂ"f‘?@ h‘t"rdefa'M‘gvﬁP‘h”geW Bve et ?‘%E’H’nr ques
to becone s drﬂerﬂbod]hﬁttthe(ﬂres&ﬂ disbbsmuhasrbeeuhic&dgvﬂjroaeﬂau@gaa@ei dha@es much as

t hat shown ned virgin-
oorind -t r s mal B r&#é%ﬁ%a Fartecin es‘irebgfothwsrﬁtr sosetondfl Snove

fl ow di agrﬁmapwndaﬂcmmpl e of one. type of specific product proceSS| ng
that : e , . ‘



can be perfornmed with the direct form ng process of the present invention.
Primarily, the flow diagramcan be particularized to a spechiagipsduct
type by nodifying the last two steps 702, .15 704 in the fourth generic
operation region 700. For instance, the use of the non-textile fabrics
could be joined to one another at their_edges using sew ng or other bonding
techni ques, and the resulting three di“fensi onal shape could be attached to
a franme or wheel assenbly to make a |uggage chassis. Alternatively, the
non textile fabric can be used for ayiQfpRi |l e interior accessories, or

ot her products. . 20 Although the present invention has been descri bed
wth a certain degree of particularity it is understood that to present

di scl osurg. metgg@fgr Yo fex X MR 6f c18RhSRIRE SRinlally efl8kRL | O

structure may be nade vmthou?@departl ng fromthe spirit of the invention as
defi ned i portiogs inginfiing hg@gds o33- CLAIMS 1. A nethod for manufacturing a

non-textile fabgiGof ff &éﬁ?éﬁ¥§1tﬁ‘ﬁ%a@ﬂan@'éﬁéé@éd1éﬁtﬁ&9&ﬂb&g portions including

the acts of: formng a first element wt | east one engagenent portion;
and fornmng a Jeworgk Ereweirmendiaving atdeast @&@g@ﬁ@erén@ag@mrableﬁ@m@qun

oper abke GARNGEIHrQRlenment \éMP'trxlfblcﬁﬁé did éné%m@ﬁt%@ﬁﬂh oPééxf@E&&'d RERA de@Rgagenent

portion of said second enent direct ainst sai d engagement “portion of
the first aé?*é??éﬂ@en@geﬂﬁnmwféi?@%ﬂeﬁ@@ in claim1, wherein: forning said

first el erﬁergmbtﬁgdégq;gﬁngdhgclgﬂl hesplid phase forming said first el enent.
3. Anethod as defined in claim1, wherein: 10 formng said second el ement

i ncl udes the aderming seis firgt Wg@n@@deﬁfh@gct@émild@éwﬁmm@ seifibist clementa net hod

as defined ifmehad 0 akiindEEST, Whelefk Ng said first elenent includes the act
of solid phase formng said first element; and forning said second el enent

i ncl ud8s the ademsng sasi se@pnsﬁlﬁgvéntﬂ@ﬁluﬁeﬁ@e@,%oaﬂélé@b%e formung|saigserond 5. A nret hod
as defineqidpcl aim4, wherein: formng said first elenment includes forcing
said polynmer pellet in said first nold cavity to adapt the shape of said
first nol d- fexppthygd asrdstipadig cleial § wheend el ement i ncl udes forcing said

pol yner pel | et ghiSaiath ﬁ&%mnmélgdesa{éa&%\fls&wahgse Ok Ogéamuﬁf&?e%npﬁmﬁal d

second nol d cavity and be operably connected first elenment. 6. A
met hod as defi ﬁe@nmgﬁatdsa¢q¥ﬁsl,emmém%idq5@aﬁﬁOéWé@ézrﬁémmmgrS@rﬂ@Wom* said first

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

is sized to be made from a plurality of pellets.



a portion of said second nold cavity. 7. A nethod as defined in claima1,
wherein: 25 formng said first elenent includes the act of npddpnRo0d. A
non-textile fabric of individual elenments conprising elenents made by solid
phase forming. 9. A non-textile fabric nmade according to the nethod of
claim8, wherein each of said elenents Js sized to be nmade froma single
pol ynmer pellet. 10. A non-textile fabrf%’nade according to the nethod of
claim 8, wherein each of said elements 30 is sized to be made from at

| east a S|ngle pel | et non-textile fabric made according to the
met hod of 1¢i él”r?f’ée"“\‘rﬁwfé‘i’réﬁ"I‘?“é‘é’é‘?ﬁ’abehé‘é’ihEFeé‘P@ﬁ%ﬁ‘F@em?%Onﬁjinilé& to be made from

a plurality of aﬁﬁétltﬁie%fsozlamefdma@aéme&ﬂa%at&amﬁe §ep¥hich&efvabri c of

i ndi vidual, solid phase forned el ements conprising: a first type of solid
phase for med elaéﬁ‘ié’l‘ﬁ“)ﬁﬁﬂsr?ﬁda}t’asF@é@?d%‘ﬁ%cnééﬁ%r ate receiver; a second type

of sol gd phase viﬂéfeﬁﬁﬁxdefh&fﬁﬁdlEmoﬁ%&nvﬁgﬁsatﬂﬁﬁﬁk@ tdf dnk Shotledd @y aRGevdd el enent
types are attached to one, anot her e second elenent type engagi ng at

| east one SRR DgENEAL éca%t@e%?ﬂﬁélﬂéena@t%«ﬁ%wsrt% PLRY (PN BRYREITRE Greadach

el enent VMd&mﬁﬁ@@ﬂ@ﬁw&QOH@@ﬂﬁiher 13. A non-textile fabric as defined in
claim12, wherein: d first elenment type defines a main body formng at
| east one 'Solaop-texii féléﬂcdiséé@éﬂﬂwé?%‘r@n‘t’heﬁ?be defines a main body forning

at | east one engagedeline he dafitts a WABI RN f o‘iﬂmgaﬁl@&@&%éﬁet end is received
in saHs socket to attach said first and_ secon el ement types together. 14.

A nonPextil e rafstendeenat iypedefing pmainbpdaiomypeptdpast onggp%rgarﬂeqt@aﬂsﬁndone

socket defines vwhanal Aidenpigeinbi Chdd rdeived ARSI b LERE BtadR sBd ikt Ad sk@agt one
15 engage nt end. 15. A non-textile fabric as defined in claim13,

wher ei n: nifypes dogetheryne engagenent end is barbed to be securely received

in said at14l Aah-tONR ERGK atfireAth cldif. 13 AvRednt extile fabric as defined in
claim 13, wherein: 20 said at | east one socket defines |nmardlé3protrud|ng

portions: sai daidpt ieashene saekst defigesyawaily PEvRIding Detipsda recgiigisaidat deastoRar dl y
protrueingmgg&ha@eﬁisecurely engage said barbed end to attach said first

and second elenments together. 17. A non-textile fabric as defined in claim
13, wher e 13- A non-textile fabric as defined in claim 13, wherein:

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

35 therebetween.



25 said first elenent type has a plurality of edges, each edge formng a
socket; said second el enent type has a plurality of edges, eagaparizmms
form ng an engagenent end; and wherein an array is formed of alternating
first and second el enent types attached by the recei pt of said engagenent
end of an edge of the second el enent tyg; in the socket end of an edge of
an 30 adjacent said first elenent type’~18. A non-textile fabric as
defined in claim17, wherein said first and second el enent types are
rectilinear. 19. A non-textile fabric as defined in claim 18, wherein an
angle is ﬂ@rﬁéﬂmﬁéﬁﬁﬁgﬁs3@P§ﬁ%ﬁ¥ﬂ“36@@§36@}§§EFf%ﬁméﬁﬂdeFWQW“Hﬁd second
el enent types tairdlelenore rel ative novenent 35 therebetween. 29 April
2004 -35 20. A unit of elenments for use in direct formng a non-textile
fabric, said urfiSec®ReRSPEY; Hdpast apoptjonof which ipdpgmed yhile ingepragt Withemortiogef | east
a port pon sgifl fidieleehtSarddor med while in contact with a portion of 5 said

first elenent; and an attachnent elenment for attaching said first el enent
to sai d second 2BREMBReEntslrEent Rpittaching id firstefemenide sHe seprf dgpRbHrR AR el enent

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

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

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

surface, & botnghef slgmentes deliped B rlgwa22, 3ReK!%f said sides defining an edge
extendbng a najs@iditky aff scbdid el ciigis AreQhricfied @ veBHRR Gbin\ae BidiRr, a cut - out

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

35  elements inclhudes:



an engagenent structure forned on the bottom surface of each edge; 25 said
rivet conprises: a shaft having opposing ends; and a head fosgRdniosogach
end of said shaft; and wherein said first and second el ements are
positioned together with bottom surfaces adjacent to but offset from one
anot her, and wth said engagenent surfaces of one edge of each 30 of said
first and second el ements in retaining #ntact, one of said cut-out regions
of each of said first and second el enents in alignment with each other, and
said rivet shaft positioned through said aligned cut-out. 26. A unit as
defined in clai m25,atophedgibavingafla t@mdb@dﬁidbwaltsmammdicalafmaa@dnaimb@m
bottom surface o £lements includes: 29
April 2004 -36 adg@%@@ﬂ%ﬁm@%@@g%&E ﬁﬂyhe&%g&%wf%gid sidewal | s

per pendi cul ar to saiadlaped swrieehxiending frdmyrspid gidgeetsad dottrgn ofaerifdadimalnl y wi t h
the edge of saiy Pkﬂﬁe a sloped surface extending fromsaid ridge to said
bott om surface o? ’said main 5 body; and a groove forned in said main body
near the intersecti greragive fuindd Bl saidethishady ace theantdsetipnlofreidspedurbece. 27.
A unit of elengﬂagmj it oSy gﬁ%Q direct formng a non-textile fabric, said
unit conpri sing: Irst enment; and 10 a second el enment having a portion
f or ned mlmehumt@@nbm@ns for vee nadiwtfom)lmg@ﬁoxgmtﬂlefabns,tsald@mncamnsmm d second
el enent further, 4 nelyding an integrally-formed attachnent el ement, said
attachnent el enent connécting said first elenent and said second elenent
toget H8r and alasevandglemertivaving 2 pertiemigrmasionnk ietatreivith 4 portionad saill fifst r espect
to one an SR ein: 15
said att a%%e%ge%% Sag(?seercrél rtli'téﬁ]e%n]isengﬁlp?é\;et S faﬂ%t%;ﬂ)ﬁggnéd%&%gfe%pe%ﬁ%%% defi ned
i n cl ai m 28achwientraldnrent eanedting sagt firatrienpatand daid sesnechtlemant togéthdrdnd dipestitger by a
rivet ca I Of elenents as defined in
claim 28p % é?%g?]@Qg%? %P{e\l}t\é?&mﬁ&%&hmﬁgm @]clémr)té% ainer; and 20 said first
and secon@Se%ewﬁNfsbmméshﬂkﬂmﬁogewh®37b@mamrlvet cap recei ved on said end
of sggd Sp"tsEﬁ%ﬁ&ﬂP&ueﬁimmf&Qﬁ@&?ﬂﬁpf making a non-textile fabric

conprising the acts o
29. A unit of elements as defined in claim 28, wherein:

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

region to form said first element;



providing a first roller, a second roller, a third roller, and a first nip
regi on between said first and second nip rollers, and a secgg\qk Ai #ho4egi on
bet ween said second and third nip rollers, at 25 |east one of sald rollers
having a partial nold cavity fornmed in an outer surface thereof formng at
| east a first element at said first n|p region; formng at |east a second
el enrent at said second nip region, said %’econd el enent being fornmed in an
i nterconnected manner with said first el ement. 32. The nethod of clai m 31,
further conprising the acts of: 30 applying a first polyner pellet to a
partial nold capblyipghseeoerdipdymeraeldet {9 a partial gioldeavity fampegron sgjd accpad tolled  nol d
cavity on said , %‘Q i1 nfdlid é’éﬂv&{‘oés%i&imﬁ)@fo 1A R g)paﬁi%t’:h&}{c Sflglg first
roIIerlnsald rrs ?I regl on oforma Irst co ete no caV|ty solid
phase for rﬁewgdsqiledmgmriywnd lpjemg@tn 9 formaiseeond pprhmietemald| cavitvavi ty in said
first sip regqi plying a
second%pol ymer Sgﬂ? #%tsgiﬁ%ﬁgggdgfseg&{d%nﬁ gﬁg‘g@fm%? %gkgﬁﬁ%;él cf, éé%gn

roller; ar¢ga m@geaorptarfwrsﬁaldmmoad elapeatyn W@moanepﬂqii pgrrep itk paigfitsh sai d
parti al mhggavity on said second roller in said second nip region to
forma second conplete nold cavity; 5 solid phase form ng said second

pol ymer peldl dhe mathedpigtlam gl vehcecimbpatt efasid fiyst Plamendiferms part oirdidisbgond egi on to
formsaid in an interconnected manner with said first

el enent . 303919%%30%%?9({ of claim32, wherein a part of said first el enent
forns 1|9ar t34oﬁ@ﬁh@Cﬁ@@bﬁéan@@wmﬂétf@ﬂmwpf@mthﬁywsw 34. A nethod of ITB.kI ng
a non-textile fabhkfe £ ollér' DGl diGome Lﬁlﬁd)on Ql\é'a%&gn@ué'{nﬁ%fwhi er,

second roller, thirdro 8 ?our 717 st nip reglon
bet ween sdpgior barweenssid ﬁsvé@tslrﬁdcqnd plprrelllqr%ﬂgecoed wip eaging baiwsen sagd sseodéndeen sai d
second an [ r hird
and T our t AP SR athi i reglEe S LNl B BRI CELRR R (il 1
cavity f orrpisis havinga p@tﬁl@bnoléawltaé@meﬁmwter%faﬁ@thﬁwfg at least a first

el emenis at sai %MﬁtIélktl%ffr&%le%ntaftg’aﬁ&r}‘dégmﬁ}egiogaﬁ a second el enent at said
second nip region, Said second el enent being ormed in an inter- engagi ng
manner with saifemfing aifeastacsaeond elempntiat spifl sgeondaipsresian, s#ifl sepord derpent beire sai d
third nip £e0aeN:, Sal Ehgra?h éﬁl&?%ﬂ%m@ﬁfsp@erﬁé?ﬁ .mted so as to interconnect

sai d inter-engagi ng |rs econ enents. 20 35. The nethod of claim

34, further corfpmiing sideastdhisbelement atapid|tirdmp eeionrsgid thied gerent paing fermedo a
partial mj,dg %@Htkﬁc%nﬁe& Eﬁﬁ%t&rbnéﬁg%r% ffrlstraﬁ& sdeBid &&nentsal igning a partial nold

caV|ty on sal d second ler wth said partial nold cavity on said
35. The method of clalm 34, further comprising the acts of:

applying a first polymer pellet to a partial mold cavity formed on said first roller;
aligning a partial mold cavity on said second roller with said partial mold cavity on said
first roller in said first nip region to form a first complete mold cavity;
solid phase forming said polymer pellet in said complete mold cavity in said first nip
25  region to form said first element;
applying a second polymer pellet to a partial mold cavity formed on said second roller;
aligning a partial mold cavity on said third roller with said partial mold cavity on said
second roller in said second nip region to form a second complete mold cavity;
solid phase forming said second polymer pellet in said complete mold cavity in said
30  second nip region to form said second element in an inter-engaged manner with said first
element;
applying a third polymer pellet to a partial mold cavity formed on said third roller;
aligning a partial mold cavity on said fourth roller with said partial mold cavity on said

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



first roller in said first nip region to forma first conplete nold cavity;
solid phase formng said polyner pellet in said conplete nolggayi3oha N
said first nip 25 region to formsaid first elenment; applying a second
polymer pellet to a partial nold cavity formed on said second roller;
aligning a partial nold cavity on said third roller with said partial nold
cavity on said second roller in said s#ond nip region to forma second
conplete nold cavity; solid phase form ng said second polyner pellet in
said conplete nold cavity in said 30 second nip region to formsaid second
el enent in an isnlidphasnigageg saxhihivd polwnerpeletiialsaid sogipleteheldemity imgpd thirdg a
third poly . ial i 0 id third roller;
al i gni ng al{‘%%ﬁﬁ ?zlt;{i i%}r{no%agd @g@?{e{r/ﬂﬂgﬁo gg%r%nﬁ%ﬁér#%ﬁ%toaﬁﬁgérioﬁ? S %' d partial nold
cavi ty on 3ailte methpd of olain |36, wherein sl difinstdlenabnhfopmy pefi af seid eechbusk qumpleteinold

conpl etze q%qg, cavity; 29 April 2004 -38 solid phase formng said third

pol yner pe t in said conplete nold cavity in said third nip region to

f or m sai d ¥’hiThelmethedrefitlaim@s, whessin sahfirst and agednd ¢lesentsfionn satefiseid diwnent s.  36.
The net ho | al b, Wherein said first element forns part of said
second co%ﬁ)ﬁlg]te%%&d&ﬁ% cavity. 37. The nethod of claim 35, wherein said
first and second elenents formpart of said third conplete nold cavity.





