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WD 2004/ 043686 PCT/ US2003/ 035935 -1 THERMOPLASTI C

MOLDI NG PROCESS AND APPARATUS CROSS- REFERENCES TO
WOREOADEIBSAPPLI CATI ONS Thi s Application for PatPCr/USB0#035935
continuation-in-part of Application No. 10/104, 394,
flled Nhr%q 25, 2002 nomboeﬁdlng,'mhlch is a

. 7;0 R%i?\%z&l’lgﬁ A

K ) efd of the Invention
The aneéenhlcatlmvémﬂatmt 1sea| @m@suatlon-al-mte@fr@pnlasmqnd\lo 10/104,394,
I r I
{Tﬁel\?émr?% |2§S ) C Ebgggﬁga\{fdﬁgﬁjf’safgﬁnslo%gl g}ﬁﬁ%&t A (LfyA}gﬁICQtlon No.
0$9merh6eﬁladjbedtymﬂﬂ& 1991, eablandomd havi ng adJ ust abl e gates
for varying the thickness of the extruded material,
which material is nolded as it is passed fromthe
BaXKGROWUNDAETHEISVENTIONN of the Related Art In the

past_.it s been common to provide a wide variety of

ol &%—E&?@@H" Hot 5 i el udi ng the nol ding of a

t herTmpprasht Elvérﬂﬁ)h Rel@tes & 4 BRFAGAsES hioldif® Prosss ladd ppakatus and
In vacuum_ nol g, a sleﬁlgaéconst ant thi ckness sheet)
FCIFBAct HRPTHSEP AP A8 BPITARS ASingp FERRICHR (REmIo gated die
hAELAHT EBI Lo aBdd oy A AR N RIE MRS drahy\Bedbd gafiBhid wiitd material is
t he heated plastic material to draw the plastic
mpelded ps i s Repted fropehegitasiontiti | arly, in conpression

ol dp QGriptdbnl R iatsd AR of preheated material is

pressed between two nolding forns which conpress the

mat elni & negt 8 kes een gemmoadiopetider WiigperieRephmedling systems

ke ﬂltdﬁl:étt BBidﬂ{g of-aPherf I%‘E{c%e Y\‘?bquthéﬁrﬁ) fB& tgﬂgg'él@ pAg:, 94 vacuum

i abandoned.

can “be seen n the our St ea t ent
miNbEng, 4,sER0c@Gant thickRdss Zhezt) of heatgd dermopdastic Makgiegl @Qﬁaced on the
vg;:rﬁgmvr\ry@ q? 9 Vacmlgl dr%‘gbet\%%e% tﬂealtn f&ta‘?ld %{eehe 8 »B%c material to draw
cont1 nuous erm) ormn ﬁ tl
ﬂmqﬂmtlb axhaté%ﬁtl |on1lo| thel inrodd. aﬂma}atlyumeaorr@qumgn \mcﬂdhng, a lump or slab of

pfehfréagééicdﬂ{!ltglgﬂ gSE%Q%FCSF %VFT% 06(? fog%% ﬁ l%%m}%ress tﬁe material into a

désiie@ part ksdpeso as to forman orbiting device having a
pl ug- assi nmenber engagi ng the sheet material about a
SUbS%u‘ﬁtﬁé—gﬂ%?C of wheel surface. The Wnstead " 964

pat epiort BAC heenid NIt afeafhldﬁn(ff@ﬁmﬁgJ of infit@ldb kyn B tseendinn@e four
and form ng nol ded (gr oduct s

VEREFHGBIBELNES Adebe B} O RBoy 1 0085aihs Pgead 712

abd ef&(j@)r ?ﬂé’iﬁ;‘; agD i fMapgatver hfstous Ghamdforang! s ehethaterial
pr oduc recy clln%the web sel vage faor further

miadmgsam@ﬁtrudpﬁ alogp ith srdiehingmeensang ¢ ml@‘ﬂ htee ¢fepals rade thereon
ahd a B1rRed o PPRENGANE HbiBEGAGI RNo form an orbiting device having a

plug-assist member engaging the sheet material about a substantial arc of wheel surface. The

Winstead ‘964 patent teaches an apparatus for continuously extruding and forming molded
products from a web of thermoplastic material while continuously separating the product
from the web, stacking and handling the products, and recycling the web selvage for further
extrusion. The apparatus uses multiple mode cavities in a rotating polygon configuration
over a peripheral surface of which the biaxially oriented web is continuously positioned by a

follower roller interfacing the polygon with a biaxial orientation device. The Winstead patent
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over a peripheral surface of which the biaxially
oriented web is continuously positioned by a follower

w0 odosmu3eBat er f aci ng the pol ygon with a bi axi al PCT/US2003/035935
orientation device. The Wnstead patent WO 2004/ 043686

PCT/ US2003/ 035935 - '?89 095 is an integrated
NeetwSd: %8P Eotit iHEHEE ymS‘;E"P‘il Wi sRytiPRwsie preTudings Vr‘ndenSItY form

tHeRBSTIRAE Batekig] dﬁﬁﬁ&hﬁﬁbmﬂﬁ@thf@%%hﬂﬁl' fﬂlgned articles therefrom.
t hree-di nensi onal fornmed articles therefrom The

HoweThe Hpvaell P patent. N 3.89838% ivatyinsheetthempoiorsive & fabncatmg a

f fa e
sy PR 56 5 SPALET R LSS BB i
H@W@i %ﬁlcamlnym Brigenieldplane fomormireating Gtatipo e al mpldamechanism at a

PR S48 5 Bl 8 TSI MR 8 g i

hqﬂkmaaﬁlalpp fomt tw® sheats vﬁthﬂumpﬂastmmagmalhw paving thei shee€ts of material

b M el A TR RS ey B R Plbes. 1o
miohd 1&1‘839 awdﬂm@t mgehhmdmapvaamdn beiulle®on tavh shak ¢ daabe/ies conform

b TN e e T
SSBHS@, af ai blewr @8IanR! aptﬁraitm| fd)r SOakaddy B&Sttlgﬂgkfﬂg:goﬁwé |r@tﬁ’t1ng molds
e a 'S

arti The zy
¢ “8&}\?%& 9iaige gé%s Fﬁ%‘&g 185 Mk ?fn@ tige yitfean \miﬂ&wnh@e diandle for
1020ih g ttheGoliD| Uike HGIO hhtohtO M| ¥,91 668, 11§16 ‘M}édﬁx@n 31:161&% Rhchine for

at a time with an extrusion die han
Hﬁuﬁlalaymdd 1hee soipy whichripsludes 3 tumiabledier rotatjsg 2 pluyalisy gfygolds grough a

plafhlityb bk AatidRd HirREniRGHHI %mﬁcﬁﬁ sHEElstes lﬂﬁé%ﬁ%lgc‘ BRent, No. 3,
sol es which includes a turntable for rotating a

3% iMBals wpther apparaes {5 rl@l@@twnalnglglns| af rdastie yshesfs. \iBrekLameris et al.
{
%rg,v\lﬁll& @Slgﬁ gﬁﬁ Q&@ﬁés@ﬂ%é%ﬁgﬁ %g@hg‘&ﬁ@%gﬁ@% %‘?Ieas-[la’?? molds which
canppe |r®tPfé@ tiboaligratet ngthoplagicamidcting moszdes. THge L\ésmara spaealnt No.
pat nj,ecti o
B o b ol o SR B ol BEBOGE: ApLIERORRD apd ymich uos
a pemprossametpipef mpldahlv@ncrmm pamvof ol ladtes @s Shllfﬁeddiet\mn positions. The

I e

Mac |p§§eh T\H) rérl;gr? 31@%% B reﬁnnagﬁ’ p?{%ﬁugg%f %P%lgmgctgl%t S&ﬁbé fglﬂémmplasuc
sMemt®1mm11m1mmdme$aﬁ Of axteakpl efki extudivpa W dab §irand to a
Bl B o TN oS BB g tom o
c@pquaiammp bertveqr ek 6 Which fieGo Bh18EISbsQke BdnaEMPREB&!T | C

% resi.ns which includes a pair of extruders,

Corfingst %S‘M dGiherbrogesses sl ab strand to a respective

r ol |@mpasi&s r@é YoateHAR fofthddefrom SSAMRME @F the\68 midrd %l)mponents that

I1ers whjch forma  consolidation nip between them

PTPRCRR QAT Vil PIRPHES 198 SYarsterision e o GeReHier o Ahose of the

inGRTIRShAES ANVt BipRARCER: ?ﬁ& t@@%ﬁ@ 'n'élﬁélyaarlﬁatnx component and
materials formed froma mxture of two or nore

TeHYRFRIARh CompangRi(s) p Matit componsnie areathe watdialsrthygdrind ths composite
toﬁ&ﬁér%%ﬁ %élysatré ﬁsctlaﬂ? ?éss Sifp tl'ElH Rfe feﬂ{fo&é}nénl? ggrﬁ]'gcg{entts Phese materials

I'ndi vi dual" materia conposites conp
arpasheped riadas| pressurentat | e&e@@n&p@mtaﬂam The matrix encapsulates the

reinforcements in place and distributes the load among the reinforcements. Since

reinforcements are usually stiffer than the matrix material, they are the primary load-carrying
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rei nforcenent conponent(s). Matrix conponents are the
materials that bind the conposite 30 together and they
wae®40s988 |y | ess stiff than the reinforcenentPCT/US2003/035935
conponents. These nmaterials are shaped under pressure
at elevated tenperatures. Th&-matri x encapsul ates the
coh@lomfnn rveiéiife nhes compgsitec eReinfdradingnts ithayt esmé he thawgsiddiffmeny forms
e| nf.orc Sin re
roigify PP KR 0 RE et PR gigt BF 1o HEREET o Rl Bt form he
coh@agitecar rying WO 2004/ 043686 PCT/ USZOOS/ 035935 - 3

co nent Wi th| n the co Rei.nf orce
oo e B R ior S MY SR pisPBnagign of the
mfcﬁﬁfrﬁ&ﬁre ol‘ Q/o&ablt ﬂh@ bRserdrhick 0fls sdaﬁﬂbﬁdék@dls itht @@ clificerad domposites

that formthe nposi t e, site structures
fopsd 1y B Gpd pRigelep e 6’?°d§’é]a‘f°g? RGeS TRSE e P fvolved to
mfic sBEotures Funll @S hAtel UK SefibctWRAEDIO of hhRnpbafkehabiidSs eéncrete.
a seashell reveals the occurrence of conposites _found

Differe fogme obgraciceditiatbisighias trbere AiviErpwsHte &orat dicicament acts
asNBY $naBSS %ﬁltléhalllcll&'s Y %le\‘fe%st tQ%et 108, Ry RileS The WaA U ToBSvef, QHM GtebIN act as

nature. A perfect exanple of a corrp05|te material is
reipdpreqreants. Cobpikfeanasiatwithombissand andorsmestianejfopasty agrpirong as concrete

m’cécgesitr%gtcelﬁéntt ﬁn@ Wd s Esf W&%nﬁpﬁ% M& ‘as Ittﬂ&l r@%ﬂéret@%ﬁforced

nmatri X, ements togdgeth er,
with steed, fahé algh:nd;es gﬁ“hwmhtnxamd reinforskmentanatertalsias concrete are blended,

poru%!dna{c rrﬁ:o?ﬁn{y%lcal Y & € WIII t‘ﬂe gme}(atii%ﬂ r&l R%‘%qn?de with other
CETTENt 15 o as S ong as concrete e from
COnBIURiI matsmlsj themhdpmfmmpOM| sd:thctulreror tpaltrt s, detegmimed baﬁle shape or

stron rete re OrC eel San
eQrsfed! B REThateTt Rkt a bl Froiedtin e bt SRR
onCI'}eteEararrﬁanblcEff&eﬁ typepaafr cechpagitds, mnd:lddidg playtid cahpogitésn Each

formstructure. In. the eneratlo of, parts. .na
g Fier Mo ol £8 bah Arerereiie Wdpash & RRHBbaY Hb dieren
reﬁif&’déiﬁétﬁ@cr};@z&e E@ﬁ}ﬁos?tis ek Giffﬁdiiﬁﬁlﬁbl‘)anichl&]nﬁhﬁhpﬁcab tpropéfiies. If one
geonetry of the_ np e or other tooli
Pt e BSbE! Pestnaime Ssies iy anpmiyipied that figure by
théll dulr@ee BE rélﬁﬁ?o%m@ﬁts GRRIRDE, RS nuihbi| 3idpdiehtinl a&ﬁﬂ)délte materials is
conposites, Each plastic resin has its own unjque

Stﬁﬁg@p@g t Plagtic qpRipesitefpaesrrlessifisd magingvorprinary eategopies: thermoset and
thgﬁ-ll, ag{l&gdmts%scr eate conposites with different
ani cal ‘and physical properties. |If one considered
t he Tnuheesse of therimeseticompesiiipsrafter dpplieatips pEkrabandagespurgniypermoset

re?‘é% h#m%lr% eéjcﬁelﬂﬁéal Elllaglgé %Y}Qé/h grg stlnﬁ rﬂ?(ﬁ culik structure Iof the material.

rtements ava e nu potenti a
Owamwlsd,t e thamesétapart |Csnn0$t‘ta>ggf@rq1¢@g Fflha@tqs@t plostise stiesigis higher

te%rﬁ)gr reasS Sr’1d Aarc?\g de\l\%rgpcélndlfn (Blrai LR Qﬁle‘lnelgl.ggtiltﬁ%ﬁglascﬁgg é)ecause of

nose IC conp SI1€S

thef tlglkt}yr msatnﬂcednmmresﬁoumf tie rthammbcrtc plaston  oFhenmeplasiin dmatrix
ress t her npset ns unde

R sl ARACtg RorBRaHAFeirRand P Rpy A fstaped

td%ﬁélaalhew pah Qoasncumerlix @nipbssniDRe tthqpmoplagtienmoatpokites include

p(glgpnrg}l)}qene (-IP—Iﬂer nDFye‘El’lyf?elnea St(ILESS pﬁyetl?eretﬂer%%one (PEEK) and nylon.

Thermoplastics that are reinforced with high-strength, high-modulus fibers to form

thermoplastic composites provide dramatic increases in strength and stiffness, as well as

toughness and dimensional stability.
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tenperatures and provide greater dinensional stability

t han nost thernoplastics because of the tightly
w@e@sm4ieBhiked structure found in thernoset pl aBCT/TS2003/035935

Ther nopl astic matrix conponents are not as

constrained as thernoset matérials and can be recycl ed

and Gonsfoajpe thatdrialscare atsed an memﬁlpasr tappl'@@uinm recnas raj road range of

inglgﬁrt%)e%p g,n %1 grc?r%g%%lrtgo % Teéﬁg@]? éésc Smidd Colf lrjl%‘teal ﬁ)oys or multi-

coployiedt hmtaﬂtshﬁdtktei menlél&EEKbl fatedempt other cohhetesrn pCampbsd:tSs offer
at are reinforced Mﬁth h stre

s St OTHIE Eoias o el R BotGg! mie s PEiPEY Miportant in

1ndlﬁs@rﬁ@tsh&1haslmﬁcﬁ1ﬁﬁﬁd8 ghmadiédpmgfvheralﬁg Bt of f:di@[&ﬁm ite Mateviddk kesults in

.as toughness an i mensjonal stabjlity. )

liglis RGBT O RIS ik S8 G TR %Jér pEctaf ayd; gjtgmobiles.

C&ﬁ&si’c&eﬁ‘lay rmwma&&gaeca&pkdpmaé W08, AkdElas aaqdert@adndsrart@emonal
i ndustries. y 05|tes are used t

mpt@gﬂgc”ghepﬁoggw@g ds m@aléhﬁ délptnsq 1h55;gayol?av%pglzicatlon for the use of
F%ém?)gf@ Nha @t fbm S tHHEEHIAES @é’ﬁ[r%mé egaidhilil fR]IPREN Sulmotive,
ot her connectors. Conposites offer sufficient
cogstrustignn, howe | eappliensedi mgrine.r edatetiplon hpnllinsi gedicglyj gmilitary,
teleSoRAlhib fHbn &N g}{s o PRIt 28 yabtd nénd%églléﬁ ries such as
autonotive and derospace, where the use of conposite
rrat eImgan@alr emog ethérratiributoh thermoylestic epmponiie enaterials are resistant to
t_an [

APl USSRk 0P mar

mamfhcamersx/\ﬂ‘hd fatrgheb]éfb géfers $o ‘énn Qemdﬁ rtinrectha atpaadiasw poieato exhibiting

oot BteiBehatr Sl e pRinfoP Rl sl 1@ bf g pay: to perform
tol spe@ficapian.t 3‘}’15‘3115’, édrﬁlmsnda;eurmmmza«s i a:pphtmipﬁ&whﬁe there is a desire to

erial s: ospace, tive,
o OB s TRAFIAE Potaar P HARAT Mgl ang apher desimbl
pidbértiePdithe ediingGanUhee atd Dmsnbek bﬁﬁeﬁﬁﬁﬁddatﬂoﬁnthatﬁlﬁbset composite
wast e managepent. I.n ner al , ot her attributes,
mpRERIGRE ASHGUEe BRTBYY t BBy chParisye YRl Felfrod g o advanced

cERYISRSMARBriAR Bnddré Biilide@ Bidstl oBieh GitBe hieS aH@Kér&ﬁ)aéehﬁﬂﬂsmes
partlcularly attractive for many manufacturers.

f at i Raduet idewloperest enginsersirad @éqque%ono?ngmeﬁ@é belieye ﬂaatﬁ%ffrtmplastlc
coBsRe RiateBhls WAl PRl i idordRinFBbRIth #lod¥AEcHblogical development.

significant stresS, to the point of inpairing %
Nati Hierrpopddstie hissiparare treg%'@lrw geyploped ande mong clamqvaﬁve methods of
m m%l&*a&@u#y are C‘E)QHQ %?ﬂr&dﬁcc'ed% qox%r thé é@s% és@oc@a‘%&i bvﬁﬁ‘trﬂa‘ﬁﬁ‘ﬁctunng parts

ere 1s a desire reduce the wei ght
mpde tfrau| mmmaltet nydtgriads. prbSutl‘JfP ragst Her sxtam@faqmn&rmrt@tmede with
th%ﬁi%d) n%ﬁ& %o 1}:18539[9 %{attérﬁg 12 ucg%jn(:t‘? efééref’r@%fgcg%ngglﬁttc c-gglg)gﬁtegﬁagcomes a
ot xeahlakcﬂuttdn&br any cguinteecia xm@nnéustml aﬁﬁreatmns ypes of
) S.C.ovanc{ed 20

ijs i 3bl Bt S3ften in the
m | |Ma§tyoﬁmé aﬁmﬁsrpﬁnya alvﬂﬂlh&t maﬁﬁ"actﬁmgdteclﬁnodi%yefoo phembplastic

neers uctio neer.s helieve th
G s A e O AP T TEPOeR s (T Oney gt Sinee these
nR¥RHs hid esigsddNer fedinsybtompata imicRabwea! B@bsifits and longer cure times,

deve| opnent.
certain 1nep ficiencies and difficulties have plagued the thermoplastic manufacturing process.

There are several methods of manufacturing with thermoplastic composites currently in use.
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New t hernmopl astic resins are regul arly devel oped and
nore i nnovative nethods of nmanufacturing are being
WO nionoebesed to | ower the costs associ ated w t hPCT/US2003/035935
manufacturing parts 25 made from conposite materi al s.
As the cost for manufacturing-parts made with
Sethe P meest cempenpirsPees keltds ¢ompsession yedding.tipisctipamelfling, and
aﬁt@c@e{\g[b%é%ﬁﬁgc aft %m%:'htc@ﬁ bp ‘ﬁ?é&“fﬁ?th@ rJHﬁEﬁonV+faQEﬁ—net shape" parts,

solution for many comercial and i dus tria

Lapparisdhati SGh%antwa domfornMiat the dlssi@drar elgsipned/shapd aftsir andldipg. Less
ccg{l)lgl&frglb%hgﬁst fo‘l: ngggg Ql‘?e!n]h g}ﬁasj%{@ bm $$Sltgg]§01(l‘18 ﬁ&él&{ %ulurél forming,

e man cturi’ng techno
digphregmrfomirtgesnd haspresd dggbmidudsr om net hods for pr ocessi ng

Ctrlﬁ LIRS &l GoNposi tes. Since these nethods are o
esin systens with nmuch | ower viscosities
and Camgressionumeldingnidshy faretht ahest iwiddspiead emhcgls careitly used for

difficylties_have plaqued the t
°%’H?f?%ﬁ¥ JPTRGCBTIEE SUC ‘agﬂb‘e‘i"‘&"@?s °s% g‘E’P%{% FOpRRGERIs. of Typically,
cothpiedspat moldig wilkidds th@rago Fﬁjlaasthérﬁlopl@.m@@MQS Dupbeitet lf:gmpnsmg
n u WO 2004 043686 _PCT 35935 -5 Sone
P‘?W@"Wﬁ@’c@ TotnioH %W@E&Q@E 15 E’i“iﬁg gbﬁ?ﬂ%‘%@’ﬁo‘ﬁ ﬁ%ﬁPEﬁ%n&ndomly
olidHtRAICA1AR LR dGMIa 1s6}ﬂ&1ucéﬂlbyi’ﬂhﬂv;ﬁrtp QL] 'c&ﬁpou%liérs Odnd sold as
whi ch can be used for the pr oduction of "near-ne

staplapkor qysipssize flat planksyobeandldrg; Usingsthig m-gmrwé@ﬁfcemmsﬂe (or
pleQrédg if8 %ﬁcfr@ gorﬁ’tﬁoﬂ? %hl%%ﬂleﬁ hﬁ9§ 1t@fh%§ﬁosgﬂ:équVQ19nt) lf28s of GMT

common net hods for process t her nopl asti c conposites

aerheptadidn puloyeny sng ihenylaidueme mepldinggnol. hgitephmatehed halves of the
mloffidB 1361 ABL14RLY yReE SFeat BRI YSiSing HTRERSHE G HiDhe enti

¢ nl{ogr ess?rgn m)(li Re %?ea g E%;dar thecmost Wi esp fgbt]g o enire
mobst dagtly.c Onecethe lpgxrt uss@aleﬂokt is remaveel feara theymeotd rmﬁlatb@ gsisiagee of an
J%Et{n#% lé’fuﬁ'hsrﬁ her nopl asti c conposite conponents.

Y conpression nolding utilizes a glass mat

t h e r(ﬂwt?dﬂsi the ma@hEg mohjrqgagcphs wsed Mh/ﬁﬁmgnﬂ@are machined from high
stpenﬁ%ﬁp néaeg Xéé %gl rurég Ir%}(l)eacg élglnuou% raag a{lon 8? qg;?é@ lc%n% pressurc-t: hWlthout
dégrhlatlsn Cidie in®1ds raﬁﬁmfteﬁdtcﬁ)\}el}t ]lmated-apdlbcbqled’mtaedfdldiéte cycle tlmes and

RO 5Es B B AP Lo R Sk v

csrmﬂmﬁé Maﬁuté&ﬁnngﬁﬁfbc@ﬁ@gwﬂs cydle tlfliletffﬁih@lng GRtsh \3 f0 Cald | ®Cseconds.
en uysin ts .t her ngset ul val ent ces of GVII .
Camrerah BRding 4PPSoBHIe %h@ﬂt%&tﬁl inyegimsit JONEI fypurchase high

cdpaeity ﬁ)rgﬁs@s 12000386 foasl oD pledsafe) @hd hﬂgﬁ pE&su¥® InfHlddg tHeRBdre it 1s only

are cl osed under great pressure, or Ci n t he I‘eSI n and
efficisat for %aagefnrwwflﬁwém% eLOWﬁbY(&mE%MftSW eReEs gnebeagnpfactured

ubiflg GRANRL nioids' ch &ENIRY ebsdes Q@kz{\;%esoﬁi‘élc@stw Ofet ﬁ‘i@advantages of the
assi stance of an ej ectl ngorrec ani sm General t he

PYPEESe r@&jlomﬁhﬁrrfgacﬁ@@l (30% e d0Yop ducharvisesiy n@b}frr@?/and the ability to
Hig%lafaﬂﬁqteﬁﬁé&iat{q&m sﬂf‘é«%r}gﬁ%i}esgt eel to endure the

cont1 nuous appl rcatiion of the high nolding pressure

Injection molding is the most prevalent method of manufacturing for non-reinforced

thermoplastic parts, and is becoming more commonly used for short-fiber reinforced
thermoplastic composites. Using this method, thermoplastic pellets are impregnated with

short fibers and extruded into a closed two-part hardened steel tool at injection pressures
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20 degradation. These nolds are often actively heated
and cool ed to accelerate cycle tinmes and inprove the
w@ohaewsd i ni sh quality. GMI nol ding i s consi dBCEUSINE035935
of the nost productive conposite manufacturing
processes with cycle tinmes T@&ngi ng bet ween 30 and_ 90
ussadly oaiing fr@o 0688 & Sh0Porsi Mgldd sesshented iip pdigrediigihflow and then
v
cofB8lrh by BERLREE g RS BRe it BHBREARANH, Hbidocan g??lgned
w}pchemldr Sbenoivith ,spechiy efientasions in wariond jocatipnef hut cgee?rtcalﬂ)o mjection

e .production
LA RER UL HE LI Rk R OLHIRR, AL nSRKL B onc-igh
(1/8Y1 Iohg, ngd fHeassdaum diBavaune mmtemstaboﬁlt%% A slight variation of this

m?twdva%%g%sssraﬁfg t%agefvﬁ E"@@C 'lg\;rl)gb:l{g fn{abg%c i) CHll?ze? matted

ﬁb]r;éﬁil thiltta}fe pl@clzed(iﬁ |a)/m<§lbtvﬁhdlhd1!s fiiic@ ggﬁgdxﬂtvﬁh (538351 mttdlyr Blgh paswre. This
i nj nj ect g | nj ect.i on_.no
methed ot pREbRESh oL HEVE QISP HEMAFLCHER ' g gpd e o i

lefp@}: rei nforced thernoplastic parts, and is becom ng
nor e connnnl%-used for short-fiber reinforced

t heFRiBH1ORSRAIEINg diibe ek ot b Msgmentisyc pecrses, and thus is generally

us&h%& RE AihCapBbdtRh$ sidh s hiihh&8R30& Bondihby %]o‘éb@ "the cycle times
bers and extruded into a closed two-part hardened

ra@geé@ltwqe@dp aaf 60 spesads. oligsiesBiglding alyo produrphighlygepeatable near-
neg g@gﬁ%gﬁg’/ ’H‘%s?og@y toqn §%§Auln)i 1ﬁ§ﬁ" Hifes £rﬂn&0]f§ mQaQé}lat @s another

are eate to achieve high flow and
adyvimgage. Emlhe,dnmeq:twamlﬁlyg eed RTM sengrellypiferdhe baghsurfaeg figsh of any
Bé%%d dynam c anal ysis, nolds can be designed which
proce
yiel'd fibers with specific orientations in various
| oc dthie prmessisiiscugped avdve aliieys frof e liovfations|vdtidesrasttt thersize and

BB OB D BB ISR i

mf)lidbafd oapdtmmf arguetion tnoldm@ha:uhhaed OPherefors) uhghneth{airhaabeamreserved
of t thod is. .k ransfer nD
fof Y 1 PRIV RGTBGP IR 1 VTS SR o AL gintoring
poites ﬂllleaﬁlﬁﬂatidii Bgditing thhleﬁithloS‘ réihforcealealr ﬁ‘mﬂ tlmttdan fbesised in the
. under hi ressure. This method has the advant ages
insptip %§B ®°¥o manual Iy orient fibers and use |onger
A&bagﬁgyb@ﬁgu@s 10 Injection nolding is the fastest of
the thernop ti.c processes, and thus is enerah%%,
Fl{}% Process

us e$m%1awe£r@@8%la 1t apngher dhereplestis sempatte JuAny

us@ﬁ‘g HeNRUERY. @‘E&ﬁ%pla&ﬁ%réb‘f@és Qvithl UIRBrectichADBORES MRS RN Mncs are
60 seconds. | njection nolding al so produces hig

1arde<p’§a@ givele sisied faol.n éﬁve@ﬁ dayexs of hpgeing nF?’Fé“%l 319 Plegﬁdtoaern%? arepreg
as@%m%iﬂ Gyl sﬂﬁﬁ:@tfﬁlshl}glp?éreﬁ@gclg@ endB RIS Vécﬁuﬁﬁ,@ty@%wn once it is
tage. Finally, injection nolding and RTM
plgwdsnathla}dtosfai/@r Inshis the sutodanef theecomipasitshmeiprial iy heajsl up and put
1F)Je§§1i%§s§lre t-gl'&gns!%! gactg and éjrb H)ﬁ%ﬁ«ﬂla%}g) Xfemﬁféggle Muifick g%lfn%%llon and

atrons w respec e Sl ze
injection molding, the tool is an open mold and can be made of either aluminum or steel since

the pressures involved are much lower.
Because the autoclave process is much slower and more labor intensive, it is utilized
primarily for very large, low volume parts that require a high degree of accuracy; it is not

conducive for production lines. Significant advantages of this method include high fiber
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wei ght of parts that can be produced by injection

nmol di ng, because of the size of the required nolds
wapa4o8p8ci ty of injection nolding machi nes. TPET/ESW0E)35935

this nmethod has been reserved for small to nmedi um

si ze production parts. _Most - Eroblenatlc froma

valympe Epetions apdssompelafitheyfibep opittton fer qupldingspeaiti Peifrial properties.
Tﬁ1§gﬂ69és§ Gs Ié‘a?tléu@aﬁ‘lgt Bsclfl fR1 PloRIpRIE Bhcdubd ke tt&@ﬁlﬁcﬁnrelatlvely
be ‘used in i nj ection nolding process. Autoclave
mPﬂE@@@%lng Aut ocl ave processing is yet another
Mol dRRMEE o THAABAS fceo%weeewl L R O RiBErs used by
the 1T ndustry.  rnernopl ast pr epr €gs’ Wi
uni dVengcefi thnairodessberdsscebed/\@hce'n afrebapabkv eff prod®éng aithermoplastic
sﬂ@r f&%tec? gg tf‘BQLJs ({ﬁegr%g‘@ tﬂaﬁya%guct 0 e—h%ﬁgiglzlﬁqmt remain
er|a are ace over e“prepreg ass
laggghyf mbeokbn Idulslhg the enqiding protess titsdk |t11ug is ap@bla”llg tﬂmaﬂ)ﬂ the @roduction

N R e Sl e S ek bt B b PR YRR G s
a pgt: Qhﬁhmpartyﬂmd@bumﬂi@ﬁlmept@ ccmp@dlb Iﬁﬂﬁﬁl&tlade) preheatlng of pre-
DiEh ) BB oo G on P el e alin o Hgpas fgred part
Tkig prd@&ss M verhl cﬁ$aﬁb@ﬁﬁagaé had 1biethe indiseel vebaiitiey fosProtikéng more

e res |nvolve are nuch_| ower. Because t he
oSRIge %ﬂ@aﬁtﬁ&%ég TNt S AU Rt nor e | abor

I Nt eNgd HiSadvhrtadeSs tHat thb %E&t—nﬂ[dlr@%rbée\és E@hotVRbduck AR of varying
| ow vol ume parts that require i gh degree of
thigkpeRs atyparts Feduising s flocpedsmuluel thernpaplastiy eRMRASIt® MateriplesThe thicker
th@'egt@ﬁcfeﬂ GReRE, nRoMERFEest Ris b M-S ABlNRck: 'uﬂi%rﬁﬂl}eth?du%ﬁ its thickness
ber WO 2004/ 043686 PCT/ US2003/ 035935 -7 vol une
tOf qrva@t nreblema pgodepd Fih thsf stupara faymptien plethe Snalaarti dior example, a
paqﬁfiﬂvli 13%ect @gl‘rﬁ;lcﬁﬂgﬁg @B@U}ﬂ 1y 164 Ql’?ertgﬂg) ?lﬁfac%;gly Refp argﬁrj)%ﬁion of the

I's particul or’ prototypl ng because t
pallsb Hiah ganingt be In@ﬂdedeisylg 4 hickpreertinded shdot técagseMbe ligstion of the
[ I q QN iLbers.
Py SHERERRS' R SubPIRA R BEHLALN blank® B, af 5B, FitPnot be
upfopgweentle boridoatahpipdeasftthecextrodadpbsdtt Otlree dlSiﬁd)’ﬂItt&gbsWBSZOhlated with
| ong f.i.ber an .about . one
o R p it or e oot P R iR sRas g Hbarent and
will b€ desribédsil mpret detadl bedove S ecdjadcliyn twithethé desciifion of the present
. duction of |large and nore conpl ex parts.
“%FﬁF%rlcally, a three-step process was utilized to
FTD| drigUgkesend ipddtition (id) ditebied dtoﬂa;fdﬁ Ya GeoI@iag ngkte@ @r producing a
g co glte formul ation; (2), preheating of pre

re
thee B PR BFTTORla e AmPAFIE pa{tsylsmﬁ SEF oYHOUR i PrgRfession

mORt Wil Srts bBing femdiféctiPtol thE MoRls BRIl AnestrRasd die W-Ehé %he thermoplastic
process has several disadvantages that limt th

slrﬂh il tefajmssth, beag apqd) ip hgating thqyyesias &, fuidiiate fog éwwl%(the sheets of

mlaﬁﬁglechﬁﬁ%ﬁ fhe Wi rdbichHif | Th@?k‘eseﬁi v&lidh @élatéﬁorhf BERRPRSC molding
One di sadvantage is that the sheet-nol ding process

proagsh cnd pApperake and Fggpqclagy t9 o yheprgoplastic process and apparatus using a
thermoplastic extrusion die having adjustable gates for varying the thickness of the extruded

material, which material is molded as it is passed from the extrusion die.
The present invention is further directed towards a continual thermoforming system

which is fed slabs of thermoplastic material directly from an extruder forming the slabs of
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t hi ckness, or parts requiring "deep draw' of

t hernopl astic conposite material. The thicker 15 the
w@zaionesse sheet, the nore difficult it is to reecmnek1003/035935

the sheet uniformy through its thickness to avoid

praobl ens associated with theSStructuraI formation of

m@ﬁgalf i p mydd thichgan B 50fpipd betyeerhsiptions. dhe .thsagnmées@w material is

ex@libd GhBEstP &h Qﬁﬁ‘ﬁgl&lu hl@r\mﬁcﬁ rl@ %ﬁgﬁbﬂa OBr 2 dbﬁatﬁ)ns from a
de draw portion o t hat nnot

ep
capstapigthickndss plestic € wu%é@labﬁéblchb@% e thhsurfage nﬁthecnlaastlc slab.
TR VLo BBkl o aa;%@tdggawgoﬁ o & rgggagﬁ%% b Al JFRLEbd Bntinuously
vamdfarsrdnsmcbr Thisalhws iferoenntinuqyis aneldinf drtbereroplastibethaterial having
d
dl?ilaf‘eﬁ{ %hlcg&&rg acr érﬁc éé(gﬁée%o ab aaﬁﬁ ‘lzfgﬂgi"f}gﬁe dmwﬁlé(g?ar{] control the interim
pami:}ﬁcdﬂnasstdf th& medded pas Sartbarthmtnoidmd pawti dah Haee dﬁ&kcon medspots as

adsBed PGy rtile Frist TAC PRt LavBihioh' S Bt Bl oo sizes shape,

conpositioh OWeiight 6l dteagthk bf taOﬂ\ﬁfréﬂS pat ihafactgred 5t teNek@iision molding
@r oducing a 25 thernoplastic resin of thernoplastic
fiPosi te parts using either a vacuum or conpression
nold with parts being fed directly to the nolds from
an extrusion die while the thernoplastic slab still
in heating the resins to a fluid

statg &@ﬁncfp%ﬁ@ %ldlﬁge %?@'ﬁ?tlﬁcl@cies m&&bﬁhstfch&@ﬁ%ntd?@ for the
extrusion die. The present invention relates to a

RS |aat§qm1@p1ﬁw%ﬁlafbgvrofﬂ%blé adjugieiie disipateanembaind.c., dynamic die
e%t%&‘écfo? lv&%’még Qh@thﬁc'ilﬁésﬁfeplh@%kir&deﬁ ef&ep 1@&1@&1@9@@&&%@ fhe extruded

USIG% ernD | astic extrusion die aV|ng
slalelj dbe disrmondastie @XWron\ﬁhfr Pisriy tringraert faf ewdivess the sikirpdpd thermoplastic

s1E b gﬁgthe%ﬁ)éﬁca&tmmh ﬁﬁ: ﬁlﬁfaﬂﬂw of{tﬁerHiBhlg rﬁ&idé \Vhic% may be

passe extrusi on rese I nvention
elrd@r fraguuhieer aimpeessied ntoddsaad sagh m@nmtadh onla mérablegflgfomnnepch as a

rogéln%é Cp tfo TFO@ nllo%mgxot eshll Eﬁ) § g tlmqut%ﬁlgcjs&%h t§ &?Ivg\b tﬁ‘érmoplastlc

sla® Béﬁ@&&ﬁﬁﬁd 597 ﬂHSZI&ﬁBbIﬂ%@ Céﬁtrus«& det ey rnalded) ipbud isafonpéd with a

S

| V%@%ﬁ{}%ﬁ%g% from %1?%%9 g&eéfﬁﬁeengyﬁlfaﬁgiégaﬁw g%g% feg still heated from the

extistod flic0 M plluealivyho faholdsSsar@thipuisie dbdol agpldtfaimpe el dhengiold into a loading
devi at i ons, nst ant .t hi ckness. pl.asti.c sl a

DS ok ok kB ool SRbLeorh e R e O Andra e gpold into a

reldaddpositibRGFovidfnoinl ehet fBintddHRA Frokihe kﬁﬁ)l@drwla@oﬁn%a}awa shuttle

partl cul ar nol di n% run_or can be continuously 5 va

ed
obg rofpting phdfornt and allqvs sagh meldecpst to g sodedhis #ygthsr molded part is

1dcBiOMBRRh@bpBstiR8! iAdtheRYiafte m&ldink %E&QJS il PHoGHBEBaing the steps
across the extruded sl ab _and through the nol ded part

of gplecting p dhermeppdastia eatrysipn ia pettinghinckeradance ith fee pppigig adjusting

t}faatﬁé glagméxtﬁgl%n Rl fe @aﬁiﬁ{gt thé Qﬂlc]ﬁﬁyseoit 1k %Ktrﬁ’({edtlﬂétéhal passing

pot s desired throughout the d part.
tlpreélgeutﬁh in giféement partsi of thecxtridad slad Télg thecn@ﬂzzs@c n'@tﬁ@pbls heated to a

ﬂﬁfargl) g‘ 5 ci galald%@{hgﬁlgh We 2Lkl Qﬂeli]m?@a&c%es ﬁg hQ@Béen adjusted for
anU ure extrusi on nolding process

varying the thickness of the extruded material in different parts of the extruded slab,

trimming the extruded thermoplastic slab having a variable thickness to a predetermined size,

and directing each trim slab of heated thermoplastic material onto a thermoforming mold, and
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SUMVARY OF THE | NVENTI ON A thernopl astic nol di ng
systemincludes a thernoplastic extrusion die for the

wezaionnsicsh of a thernoplastic slab profil ed byPCT/US2003/035935
adj ustabl e die gate nenbers, i.e., dynamc die 15

settings, for varying the thPckness of the extruded )
malding 4 priedgterndnedipartdn fhepmeld so dat theemelded pateiy feimed, withnae variable
I:C LR qd | of cutting
R T AR P A o B hoh b el 2
t her'fibjl estusionendldiog| procesisealsoA fypilifated ithey fafation of thermoplastic
c&r%%@ﬂg Eclruacﬁltr Crellforded wM‘ ho%h T8 J%%at £ lt}}ag %[)oﬁ{%%g-%mf %ch) because
conpression nolds, are eath I &8d on 4 Rovable
thpleatirdder dispesisshtheanoléen, thetnatpiasge @ingtobite matefiad throwshi thgdymamic die,
mol d. at.a tinme. i.nto a position to. receive .
PRI E S et g CofiO R b ofi HEF 3% fible with respect 1o the
pashitihrod fHeaB/hhmicelid. A9 Sbarhettie thefer!ldeek peldt refgs foahdeder half of

with riable thickness froma heated gl of "
o PR IOUE I Ve PO BRI AP T8 AP SR Py g upper
meMt réfSisQb thH €ppeShdlf bif @k infayched-mdn] @&hialvehitihe tdedred @hddmoplastic
platformt fﬁed one ni)l d i n!ggha | oadi n%, positjon far
P dppegVaen e MARSD PG foer Boldhatyes die 9mbietl i G ploppdy The lower
mBIImA; BN viPh dolldit 9 1A thé @e{vﬁ?%? tHeQRd18 ek vaBfing quantities of the
renmoving the forned part fromthe nold. The%ﬁla orm

. . . t
theeolastia campaste aesiabr For example; Hdhg paity clefnedhby Hielloey and an
wRE Mok BeLrRAEL a dePtadhofioRA Fandl] he IRRP LIV mIPbIQGwed down to
part is receiving a thernmoplastic slab. A o
receiee mopt axnlter thasmaplpgiicproswesite matepaloip) haldrerioni nbhet @aamic die
f ' I j t [ [
B o] oRoP St b PRI BRIME EF NE oPufbibten extruded
thetmeopldste porppasse inetednl toslion diffeserft graniisies dfivrgateried from each of the

i h tyu . | hng . .
" ST BRnShe ISR e ARE R EULEY PREFLOT ot joyrmotd n
a Thectibh penpopliadtr ite thadiredtioalit it mohiagt &te thornaopBBti¢ tambsite material

gy B P vRELOBE B G OLF DB o8RO gl e RisaGation of
atdéast fee pexcent (@) tyaveplitad ad much dsHEtyan sixpapdr&enof50td08s) by weight,

extruded slab, trimung the extruded ther | asti c .
W 265 G e e . e RIS S5 s ORBR Gy et material
giabiZfes ont e Wwee Glold) he@RUBY 1siatfdiratiedlly @fandpBatEHito a press that closes

t hernopl astic materi al tS)gfgto a t her nof orm ng nol dp and

thowpps ARl arse dis lprer/medd ipofermp 8 §9mPosity Pah| di ng a

pr edshe bfbiBeRddkordhgt BehePridcipRs tdfahe HhBedIOhERHoP Mcludes a
is formed with a variable thickness froma sl ab of

sygipmesndanethedsfor forygingian grtisle fraye thspnepflastip materiplend diber. The method

incTHALsS hERtinE UBLADp FRMA kA2 PP SGRS 2 8nSRen| BelhdgiRlE SndtdiB1 while
formati on of thernoplastic conposite structures

bleading with & fitier.\Thegnejiehithramaplgie aatasiel isthlandedsish the fibers to form
a %ﬁéﬁ‘@dlﬁpdﬁﬂ&ﬁgte AGSAGE déir&&‘&n@éﬁfaflgr%f @e? @lélgﬁt athﬁ/%r volume.
ol ten, tnrou t he

ernopl astic conposite materia
Thly meiterc cotihpgsity meaydriahmiap ghanhlee erdiuded giroughribe dymanonts ta form a
| ower | d that i I | spec the.
pisier SRGr! tleen AR, g b el BRRRTR 150 Mfen g ota
formingethe okl Theflews mad ttag bk disereteiyahioval in space and time at varying

sqr}?ésgwgﬁge&ggelé%ﬂé Eltg ﬁo&holfgzﬁlgg)&szt% %Pa?e{a%ﬁtté)ird%p&?ttaeprriecﬁaltenin%ed quantity of

molten composite material thereon conforming exactly to the amount of material required in
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nol d* refers to the upper half of the matched-nold
wi thin which the desired thernoplastic 10 part is
wo oooameeBessvhen t he upper and | ower nol d hal ves BECEUS2003/035935
conbined i.e., closed. The |lower nold may be noved
via a trolley to fill the cafi-ty of the nold with
the znold qagltyq ofthe lovieemobs Tih apper pertion of s tald meyrpopiessed against the
prP%ette?r n%d 8uan%ty gmeérl?én%g}nggmtte fﬁ?ateqrﬂe %’I{&o/ %%?{éa&gtg? ?&(;veg Bgmon of the
mhldrtoﬁmnntthdamdmge t he | ower nol d may be sl owed down to
receive nore nolten thernoplastic conposite materi al
in that region. The dynam c die 15 enpl oys flow
BMDE&CHPEI@IQWTIH}EDWE@S regul ate the flow of the

nol t extru t her. te mater

ol {75 PP eEes qRATERE GSPGR| oo Hil e phrfent from
tht hgitted dviRAaAOthe ErAiBRtn whi@hdep05| t the naterial

sel ectively across the WI t he | ower Id in

i r GBI b hemoR et M Yo PR eter Brfcetramce 1 g present
inV&fioh;ner nopl astic conposite material may be nol ded

Wi th long fibers greater than about one-half inch

havilf} B%c%‘ﬁéé#ﬁe #tion vigw dghespoldingapparais pFIEURE [;

( 10%[GJ@RE‘S@A9§‘E abeOpIASviBWE B @8 nfold bYFIGURESXT ¥ndP2 i @fbrent steps

(50-60% by weight, wth [owfiber-fracture rates.
of/the prpeestef theprcesnt Exentigled t her mopl asti ¢ conposi t e

mat §fGRRE O %‘éid% %reealo%meteta&udemmm 14daey;trolley

is automatically transported into a press thaf closes

t he HIGPRE sk deag plewationef fheweirudenptFIEY REgkm t he

co r. d

o1 RACURE, DAL ap BEBER UERMC BEERETLOM HRrldayoiding systom
acsyslingrio EHdURE 1 kvpcta‘tbl@to foun sfryegurapads;t i cl e from

RN A, g AT B A

GGdae)fﬁiﬂlﬂlaEﬁAc mat er| aI ~while blendi ng with the fiber.

{1 dlCURE 7 i SORErLuRIourY o r e SFRAFe o giGore oa

déiﬁsitlﬁgétﬂe egAcied bcﬁrﬁlﬁdsﬂ@m@ﬂ‘enillohe]ﬁe lbwemolg Iat suppolttearby the trolley;

vqu e.nolten osi.te materi,al t hen be .

exct rHTGLREL Y GRAGYE*EHEls Heth e Pt i Acggon-moiding process
thRt R8¢ bk Qﬁﬁzd‘d' PWosh aBRIRQEiskfictifl Pirtsdby adith Qll’dﬁ:&/ itk @t @Cthree-axis

onto a | ower Fortlon of a nmold for formn

cape for depomies [RORETIINS iR a5 U Keyes Bold oL RV HAB A

spacqcuRE §BNE aatanxﬁeyeﬁ%p1asp ﬂ@d,saﬁ\@mhefof SfRLMhE Gtrﬁ(ﬁ!lﬁal parts
flow of conposite materi al deposi t aﬁl&edeterm ned

ut@im the gxtaisionapldiag sgwem 68 H%U]ﬁ%t%\r yia|the theseggss control extrusion-
\%%;r exactly to the anount of material required
2004/ 043686 PCT/ US2003/ 035935 -10 the nold _
caV| KIGURE 9 ksean| exgmaplaryoleck ditgsamy ope copeniler of FIGUREN@A interfacing
R e S RS R BB b DR RE B o FIGURE 64
t he FIGNRE [bistaingre détailddexemplany Waskfdiagran bethe p@ntmller of FIGURE
6$RI EF DESCRI PTI ON OF THE DRAW NGS O her obj ect s,
eatures, and advantages of the present invention wll
be afi@aRENt] fisy emexemplary block diagram of the software that is executed by a

processor operating the controller of FIGURE 10;

FIGURE 12 is an exemplary schematic of the flow control elements and a lower
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the witten description and the draw ngs in which:
FIGURE 1 is a top plan view of a nolding systemin
waemendmsce with the present invention; 10 FlEBURESD03/635935
a side elevation view of the nolding apparatus of
FI GURE 1; FlI GURES 3A-3E are dl-an views of the nold of
mpidGhEh i seetioned inta adgrid; do denosis exipiled gpmporite mratirisb in appordance
L dN or IR A 1S a side el evation of
Wﬁﬁgwg§?§ﬁ%g?&H¥§E$GUR%S 1 andj% FIGURE 5 is a rear
el eVHEUBE G ist heopexiewuefethe dTovrt@UREcments aFlaligiRe ©Adepesit the
enpla A2n extrusion-nol di ng
Comaj ? &éemmg%%é?ta %&eﬂ?&l lﬁ?lg@ﬁ%{ 1 opér able to form
st r KIGURA 14panh sxenEilz(ﬁdB&sﬁfBuvestoa wewhafra exenpf apallebpodiced by
di ran1of the extr ding system 600a of
the e lmﬁgﬁﬁgﬁlyﬂﬁgﬁgémgxenplary expl oded vi ew of
t he fd@U&ﬂﬂSclm endf 198 GuREn Ga%emﬁﬁr}d @ﬁ@ﬁdctlvm Goftdte and top views,

extru co S|te mat.e ower nol.d as. ..
eSO &6 SRR 1 DRIBH R oo S exfouspeRgiting pystem of
Fﬂhgmgagagran1descr|b|ng t he extrusi on-nol di ng process

t hat e utilized to formarticles or structura

par thGH?% Sgansh Yakfre R sxepplay rE e, parts %H’tgr%?e“ﬁ dprmed by
th@%ﬂﬁfsiohtrﬂ&dﬁ@@ys%wmmm ghial onto the | ower rml d

of FI GURE 6A; FI GURE 8B _is an anot her exenplary f

di agfekREC} 1sragcraerpgysiow diagiom deseribing th Qpanarwmzfph@nbeddmg
arI H@er? XhHS aoﬁst@}?érdé@ﬂoﬁ Yot Lo Qfem': 11% GRuMhal ﬁzﬂ? &j;IIQlEaS those

hreé-axis control extrusion- rocess;

S@Wrnsn BIO N H mpnd Wibo atlizingthe @ﬁtu@ron@l@gm mterrmf ESGURE 6A.
FIGQURE 6A interfacing wth controllers operating in
conponents of the extru5|on nol di ng system of FI GURE

A S ) AL it ENAIIOND exenpl ary bl ock
?;agﬂ;"?g‘é‘e EH? Q% }%L %’stegfm Eﬂ&&ﬁéosﬁgs rg%ufgcltlg“ﬂgfmﬁﬁslstry that
faflxd oyiredddy pla)cesp mcomesspmoduop lalr@t thergnoplagticomniposgitel sauctom or parts

Fl GURE 10: . Fl QURE 12 | L h
S AN B SrOREHe ST S TOBAB A5 O0 g S delfacy and

1oRCiekstzd 0s3/ a&ﬁ:ﬁ%é moldihg MDhedprinddipleshof the geedehtomeehtiont@odde for
rid,

t extrgﬂed conposjte material in
st o Bou Pl Eirc PRSI R rmgpEi; commpite parts.  The
pﬁbe@sﬂgﬁr@&ltaﬁb ERmidl& High proiediod lvﬁlﬁnﬂﬁ of Paxtsf hadvnep prodade large

el enents as aligned to de%%3|t th
parts and structures with hlgh reinforcing fiber concentratlon and at low molding pressures.
Referring to FIGURES 1 and 2 of the drawings, a thermoforming apparatus 10 for
thermoforming parts from a thermoplastic resin or from a thermoplastic composite is
illustrated having an extruder 11, a mold exchange station 12, and a compression mold station
13. The extruder has a hopper 14 mounted on top for feeding a thermoplastic resin or
composite material into an auger 15 where heaters are heating the thermoplastic material to a
fluid material while the auger is feeding it along the length of the extruder path to an
extrusion die 16 at the end thereof. The material being fed through the extruder and out the
extrusion die is cut with a trimmer 17 mounted at the end of the die 16. The material is

extruded in a generally flat plate slab (not shown) and is trimmed at predetermined points by
the trimmer 17 as it leaves the extrusion die 16. A support platform 18 will support a
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conposite material onto the lower nold of FIGURE 6A; 5
FIGURE 14 is an exenplary perspective top view of a
w@enes36ed a pal |l et produced by the extrusi onPEDUMINE035935
system of FI GURE 6A; FlI GURES 15A and 15B are an
exenpl a per spective bot t ork?and top_vi ews,
trafVéhlpﬂeequ dialf, 19fdizgety apdesr fhehavirsignhdigden for meseivistgmagslab of
th%%ﬁ%@ﬁﬁ HPJe@ihQ thoRYRAETY 1% whELIERE A 1149 the mold half

6B are an exenplary structural parts
l%tﬂ\hengovedsfem Qlemh’tfmd 18yonta #eotatigrmiaifosm-Auslhivwmgrssyeld digf 197

W@Eh Esl %&es ot 2 ge:ﬂﬁallzljto H%t’ﬁ%sﬁ’a?t QZSfoﬁﬂ)teﬁféﬁ P18 llr}@ec glﬁ lr‘%)g%ea‘tr)]ldlrecnonal

'agram erations for e
arroms%]r’un FEGIGRE ds ﬁefratstlregﬂldat;form,@)lpwrlk haver se¢dnd madd batER3 thereon

S r shown
i B AT BB R SRS G DR Bt vt e
m6lishagfin ©Ofs dnl GepkthAn 185 DET]ﬁblldH‘BlﬂES@Eﬂ Bd képgoftbd dida stationary

I NVENTI.ON For h isted.in.th
PR 0 SRR HR PTG ToRbE BSgH g RRop ZOFR i mold half 25
mplirdsd @ toPind PS¢ 1OwWhES Shdomomufgeoﬂemﬁgﬁ tdkbeprep| Aisi the mold

onpo e str ctu at t rajes and |
radyer S pehe] &8 By g b B8 Lo et B £WPH’i“H§a%W“PﬂP1aS“°

sIAOhIRCHS 6BEYMAD Ual2 Ihaavng B 9&1‘5 UE@% o@iheaﬂbamlgalv&d halves 19, 23 has
mol di ng. The pri.nci esent i nvent

arpfrl%fwvopéoq%ﬁ fogs Aewes ﬁ@gmtlﬁ 5%1f @P@é’&@aﬁ% pl@ﬁ’gﬂra%ldonto the platform

1PEQAUEES stitsiint ﬂi@cfo‘fﬁ@dfa%t lhrféaﬁ@dﬁg&ﬁ:blt p cﬂtﬁ bk %ouﬁt@@ on the platform
rocesses are 'suitable for md hi gh producti on

18/49r condolling thedravelinggpeld hﬂyesrﬂf’@ﬁﬂuce large parts and
str li? Elﬂ)‘hﬁlsoevﬂot am i the eCex @ dri 1P %Eo&%Qﬂ‘ﬂJa@H'e%ded slab

and 'ow nol di ng pressures. ?errln to Fl GURE
stéh@br@lmﬁg theehadt amrgbg gntoghe hfevmg onehl rhglfaplm\fr &t lasdeh@red to the

cog;ﬂr?ssi%g &Q@L gr%)f and B?le@ ahfoS a Q{nv&ﬁ“th'btﬂte 51’%?{?% st IJeﬁeél'E &S 'sfl]eet of

ram a nopl as co rrp 0
thhmdphytitamaiemlr w‘demll alkp ba nmad tereinaftea mgealmccaupn (mthﬂGUaﬁa 4 and

5 ﬁlaep?gxn? S?ﬁ)ﬂn %1 alsﬁ%% 8 v able?h %1'2:36‘5 t r)gtué}gd its w tto .enhance the

themsofmﬂpam:mm@ﬁomehdmﬁlérl al into an auger 15 V\,here

heat rs are L astic terla

o Bl i FUFORRS Fa 0 O THEROIERS nioudtR S, B st
hdvaiaghéimefd Hahves €t puae 3 st dﬁn@é’bﬁesxﬁdﬁsﬁmﬂﬂe(@peﬁﬂlcﬁl o'lf@he press

at the end thereof. The E be| fed tfl u en
ing e VAT T HaYORaRR B rEe B g i g 1 hopper
14 fdeB "the]tﬁerﬁléidﬁﬁtﬁﬂeﬁﬁ of b ﬂlfatehﬁlelnﬂl 28 abfor l_ghﬂlere 1t is heated

material is extruded in a generally flat plate sl
b Dol ot dn O URE A eld Mol elemAthets By i being

cﬁa?é:édt\ﬁlltm& 11131‘5 Wrebil g fr@xﬁ\%ﬁ@ ekthRe£X1." S FRBURE 8Bl Ghe Mold carrier
support atforml upport a WO 2004/ 043686
/thjg@g@i@jab@g ®9gnd 23{ pn the rotatmg turntable 21. In FIGURE 3C, the rotating

turntable 21 rotates on the central axis shaft 22 (not shown) between stations for loading a

slab onto one mold half 23 and a loaded mold half 19" into the compression or vacuum
molding machine 13. In FIGURE 3D, the mold half 19’ travels into the press 13 while the
empty mold half 23 travels under the extrusion die 16 for loading with a slab of thermoplastic
material. In FIGURE 3E, the mold half 19’ is press cooled and the part is ejected while mold

half 23 is charged with a hot melt as it is moved by its catrier below the extrusion die 16 until
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traveling nold half 19 directly under the extrusion

die 16 for receiving a slab of thernoplastic
woraioensmBe The traveling nold half 19 has wheePGI/BS2003/035935

which allow the nold half 19 to be noved fromthe

platform 18 onto a rotating ¥-atform 21 (shown as nold
caeplgtelyghgrgedahi ch is nmounted on a central rotating

shaf peh& . :

o1 ai e SAECTURE 4k Snd PRt s ffatcd haying the die body
3 bheamfgnihmcmw 32 foh the decdinged @rfthidriedndddstic Adterihewitlothe auger 15

ob O BT Efeptl 0B FRURIERARRR Tl S b HBred of

themdpltasthaémuﬂed mmtdBal ﬁblﬁethﬂ’ﬂiodtlﬂ‘ﬁeil fTh2 3ie 30chas b plusalippelt gated plates

n st at nar t he co essS| 0 .
300l cBhRle agt et el T8 Eften B h BisPROF Folel Frphiph can be a
h}hﬁzlhﬂl_c%i pﬂéﬁthiﬁlicﬁdloto@ bzt B \illingraed Atsesn &G%Mbtﬂ rsi”&agbéfelnotor having a
no .. N operati on takes us, the no
C%lgpela?gifgfg 9.4 Tepfe § hff 4%bV§B %ﬁw%laetrﬂotgm ifateps to move
the PiatdTBS Gh &N olGo GaRt e itHigkndsst dTahereRAsHdsEc shb ?)Bssﬂ@ th& channel
the ot her pold hal is m)ldln%)é%3 art. Each

PUHER 1 MyPRERLY AL miyr obmo S0 be é%eelrmcFIﬁ{JB@rS grjving a

pltlﬁllilt};j(;ﬂ pldtg edchendiBled abdtifig b QBRtINEe, R Bdch PlhtdPEALb BddBeparately
onto the platform 18 or onto t he stationary

top‘lh@l?]ﬂbVW e plates P amthe chamelticEra p8lecrety ©f paitass & perducing a
sl W%uﬁo{h@tgu%umpogﬂ%nfﬁr heﬁ"ﬂ‘%t fhRlichds8 Gyt ?zh\f? a'c:l%gs HE' \g]ﬁth of the

al ves speed. 15 It sh d be note S poi nt
e}tméecbﬁlabu dBrwilll alse dudens thifethh meeoBSemrr belgganyhligh controlled by

1n§fg}lcidxah)g@?£%rgr Jellglll %Qt@ 1 g%ﬁl \%/)gf{éogélc%u%@tﬂ% ﬁ'lp:ﬁnésg %Y gllgl E&ﬂon of the

extpision U8 and damwlteteaivielyt e @analletd by & dvotrolldn éO M@htoan be a computer
eh er nopl. ast wi |l

oG Pl R hiBlent BEFDORRIAT, s SR Y B e copot s

demeld 5, the thernoplastic slab can also be of variable

t hi ckness t.hr.ou its wdth,to.e
| e AR R AR et R B R s fiGeting 2 hermoplastc
edthigoRER B@or3ﬁ)dfdr e é}dﬂﬁﬁlﬂiﬁ pf aﬁil:etrﬁop‘mﬂtld IsIaE, whpipia eatud®n 16k has an
st rate t he. mo

il 1 and 23,
‘%?tabil% | g@t@rm@&b%ﬁt gﬁymgo‘fhg thi fotE% dﬁi mé‘fer’f‘%’é‘ different

paﬁfs&fme exfruddaiCsPibd athe @rdéests hnoMa@s Qd]@ﬁﬁ% fthel tHéfﬁleo]a_&{é exEadibh die for
figure has the extruder 11 havi.n

variogythigknepre of H@rﬁ%ﬂ%lsm?@nﬁle@sa% ﬂheé%hrﬁb@ tnedﬁ%#élé pagts of the

elthided @b MAGREn H’e@tlf%beﬁmﬁiﬂoblabﬁ:c rﬁﬁ@ﬁa@ ‘fjo azﬁulh %ﬁ@éﬁru@ﬁk@glab of fluid
extruded. In Is empty

hnaplages Favgiel ol b Siaeilgied Mieied AharerIRgiexirsion die. The
th@rﬁ(?p‘fefshé’ siab Qﬂh@lh frirfhd eJ:t%d ohfd ﬂ%ﬁﬁh&ﬁopltaﬂﬁ ARSI into a

carrier noves the no fVes °19 an
thepnefoinrigg metdtapt 23 2 molded:m&REld:m, apphratus dB 40 ifory a part with a

t.al tes on the central axis shaft 22 (not
v%rﬁ@fm%%e% o

ween at| ons for loading a slab onto one
erI dIt kiaduid ®3cleam et thisltiosdied amhﬁndoﬂriadttb nio®ding prbcess el apparatus have
(Ze I qglo:%l Poi g)e 1 err%l\gle% 1nn %{ machi gltﬁraevgga%gth\'}:é]kﬁejsg%vith an
e}tthﬁlon eligpi/ichodrobehinfinud3sly béntﬁxlllsd tmdey the hlﬁcl&ﬁeisrdf gliiffdent parts of

di e oadi W .of. ther
g e R0 o e Sl Y R 1 AT repg e i g ghermoplasic
slep @ #id RAEd thetlatie Hedt @leRFIRSEh Maick@udidH Stocess. However, it should
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half 23 is charged with a hot nelt as it is noved by
its carrier below the extrusion die 16 until WO
wWQOMh®B68686 PCT/ US2003/ 035935 -13- conpl et el BCT/US2003/035935
charged. Turning to FIGURES 4 and 5, the extrusion die
30 is illustrated having thelddie body 31 having the
alethbé ﬁleatr 13@ the prefs¢ns ifvealdimig nof teabe ¢ansidene dimvitsp |ta dhej forms shown

I
oTBLBH S U B A IR L Ay, o

exttudet maﬂenaillabesoﬁbdﬁ sbimetimesysasgeneralix flatypdel slatp tieis ialb described as

rom t.he uth.34. The urality of t .
oS SRl et oot oS D Bt 10136 v
reﬁéatimg,r(ub)ya\ang atvarigbld thadkaess ﬁhbmghoﬁt? 1tSI\)hidtlh (ﬁﬁ nbehg achot melt when

r.ayl i.c or t t t I ated, j
cngfeeg e ey B0 LD Bem e pumara: (g e aaiEny of el Ses 35 o
szr?@ldﬂ it kh€ss dcfoRiNeHeewieNbf the%fru&e@ m&tblgag #adfn si(ﬁjf@d@eﬂt Rarts of the
the | N.an ou

0 371 ste oane | at
?f[ EE‘@ YofV) 1 FrEuding fgprgs U H&é@?l ﬁlgough the

séléfwedcaha aajaéte&@xtﬁ@foh ld@to4dhied amfalﬂiéﬁlla ithiykiRés 86 Ifawmﬁﬁed Thus,
of notors 37 can be seen in FIGJRE 5 driving

ths |egieder egnesrlyppayides @ malien Aovivf derapriest r?@mpﬁséte eatgrial through

th@lc@{lﬁmcad?g SRAGRLHR @ﬁt@ aCﬁ’lGIdf Rl §oSePRoRE Bl Variabl® quantities in the
théreby vary the plates 35 in the channel 41 in a w de

vertiedl plene a1 45eese bath hemonisl dtrgtionsgnahe meldb out t he
out a . .
PHfe Qﬁﬂsﬁ&gl?ﬁlﬂg% }.’)ﬁg&s taBdchil Séfl\qag & ﬁﬁ%a\ﬂﬁfagtlug%g medium

across the w _ extrude b. It wl _
toblerge| tharmoplasiic ctomaoogm gBicB8:s geinfoedriwifualeisy caben, mesitdl e organic

ﬁg% th ﬂ Ehl ¥ I ITXe eQFr?s@&f ﬁgldﬁlgt Froge%g qn eg aaré?mﬁﬂ r-(;r%)gtrolled

kness 0 on of
extrwloam&stenarthata:htegratmtandaiuyomaltm rogerial dﬂetnddlgbgr @mpounding of the

ntr t
nBRB R senell beios Rl BF afe G R tisilisd G difheh Yotuposite
miareel thategotietasdntor thé leveer hdEif raadatcifedtrheld mhp Ingstinent of which is

rocess |s ovi.ded whi ch i.ncl udes sel ec
e bR Vg ghecR P B AeBPRS Y e e ot feceiving the
1cﬁoet hAlS bﬂﬂhg qfolcafoté :ijﬁrssgﬁ)@{ha%bp& hSlfabthe\MfiHI@ Bgatnst ﬂide)\@eE rdifeo form

as an ajusta e | e ers r va t he

theyflesipadestractyre qrpartelhe IG?EY éﬁfa{'fggbgaaw%lﬁio @Pﬁr% Y mpYps i space
af tih 8t %lﬁ% g&@dssioaetﬁablg_ AR d%b@s@tﬁﬁ&ndté}&l Hﬂ%ﬁh@ﬁlyﬂﬁ tsloRspeed and

the thernoplastic extrusion d| e fo various thickness.

mere {hHaly eatt insfere apogdt eribg| theraeslaptiy ﬁ]?f@fﬂé%ﬂwgmbﬁi above is one
eﬁb(gcflﬁélﬁ%r RAHchg e &Iﬁ%smﬁ-ﬁd ocsés@bU 6oebdeg 'i‘eshle@xth'ldﬂgnay be

ath errmp astic materi al a ftluid an extrum

amy fbm of refgtind or @@eﬁqdéhmpplaw o, apHpRally et th@m%@r@nom és the matrix
&ﬁfé&%ﬁteféd q{ﬁ% Qq eﬁgxt Sldhcgp%ef gpﬂle fer® éfogng %lflﬁpre%fgrcetﬁaﬁ fibers

rnop aStICS Is t ntrime rrected onto
gteatst dun tehewt mophalétinch (2t eini letgth. nihe aommcnéfr mfe@phmmg be blended

BB TP TR, SBRRAELAR 9 b

hslif d)Qbedcdmﬁoﬂilng dhe catput bif the exitrudert N avithathe paesidping itei ngovement of the
lonwoelr gr{o?cgha}?{ 1%Crglsaave to(%h }Pd%l%on oy fhe e)?trueder 11, as will be described below with

the embodiments shown in FIGURES 6A and 6B. In those embodiments the lower section of

the matched-mold is fastened on a trolley which moves discretly below the dynamic die. The

lower section of the matched-mold receives precise amounts of extruded composite material,
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30 been provided which allow for the thernoformng of
a part with a variable thickness with an extrusion
waele@4okicsh can be continuously controlled to vBelUS193/035935
thi ckness of different parts of the extruded slab
bei ng nol ded and that the ndPding i s acconplished
andfi§ then mheedtintertheogoimpsession mojding §tafiont j | | heated to

B Y

precedsea lts Gorinethe IceaPOSlith amatetrhé inglude drermoplastintrésins dsginderstoedin the
arf CTROREARNGH: Fdsfib W of0, Ao eacSHQMe W GO oo of the

e ConSI ve ra an restrlc
préent i@xauiph enay &lidhi’de lagjn thelreoplaskit l‘elﬂnheﬂatmam be malted ad blended by the

o5 LS8BT R, W pBNE S R hETRbER 1 i

uIﬂBﬁfag&ing\hﬁcﬂl tBe lek meysled afeOndt hitetdudploeiss i Gf(bmﬁﬂted 1idt3 ahd that other
obvi

OB T 1 e G HS ey be P Paritee heisug P iizing

thé Bﬂt‘i‘@ﬁﬂl-maﬂfﬁgtSPﬁerﬂU|ﬂﬁdﬁlﬁdnﬁllﬂﬁlefthﬁﬁibplﬁﬁlceréilﬁyGETABLE 1 may be
using a p urallt%of gated plates 35 to vary the
usﬁﬁﬁle%‘éfslga%}’c‘“roé‘%naﬁlﬁ’és 8¢t of the extruded material

and paftictiaf f @h&MbpR@ct SndferibiBe R¥ngdegbimbBim! | p@ﬁ!@thylene
final Iﬁi/15 (v) extruding nol ten thernopl astic naterja

palythstriterkaiene, suolvesiesd RARBhETRU Sobge szw%sp@ﬁwaﬂéhl%de nylon,
p(ﬁ%ﬁé’cﬁ%e g@ly‘/xﬁfﬂa alla% Q:'rfﬁ%n E3yukdihdnB €arfd@ 'iﬁlx’dd%% nﬁgreofr hllt‘asle been

t'ruder “genera provi des a nolten flow of
espml’rtspﬂ@hﬁotth@@mﬂmntmomﬁg@rqcais t hr ough the dynam C

di eTh%ﬁl?e\fé Hat depsga as %é)reﬂ'l {%@ergenl? @!)rB%oqﬁ'entl BVRE ¢ lhalc composite

variabl e quantities | ane and across
malppials geoeraliomichide dhose onatcmvés that triap bm;ltdlzedr trereinforce thermoplastic

resl%'lnceg)(tﬁlgs ogtenql %ﬁl‘?&%le dd o&sgsﬁ a%?o%&dncg t%ﬂth \éﬁmm?)les do?adue present

NRnuT act ur i ng
inventiqromcinée, stithoot hmﬁa;tldne ighfsrcemban, vmethl zgidaxa‘kll,ralcmmbmis (e.g., flax,

COtg%%f!f}gﬁ%% ﬁl?)r ?)g:iﬁ gcogﬁglgjgber %ﬁ%&% egs gc% 11s%eld may Glso be utilized as
undR§pad @rthe et rAathbegh B tdidnsted of Shesfilemgbieadllyi istveglimited the fiber

and automates material bl endi ng, or co ound
ey OF TR G LA S GRS Trases BURFa b ALE A should
be RE@IdtdRI héwset, itiay E@f(}lﬁﬁdt&eﬁ ﬂfeqmel f ?ﬁhiyebe lﬁithﬁddpahdlil@ai a number
ravitates into the lower half o mat ¢ the .
of SRR MGRE JPRHN 1 of STUGHEY BRIt Tt IR, DRt sive of
strbRT paH, » et@Ndn aﬁfeﬁﬁf ahs lefiBet oY @iphdrembmt 6f0Medhical properties is
receiving the 20 |l ower half of the nold for pressing

magled Wi e BavingoF digmeterefjagprayiaiatrdt oneHd) tp gpzpxifgfety wipe (9) pm.
for fhe hbtfbed! gﬁﬁlraﬁ‘lgn@ bliEddih SheHbePALd is ndh&nbaWplimitad. fa&lever, a

t he nmat ched- discretely noves in space and tine
fibart bupdleyaf i g, 0@?3@929500@&1@11%1@ @ monefilhesoisiit sepprafy desited ffor handling

t
B
sﬂars: errttheremmlmgmnt f 'Bo ipprave ihei mtgrfach'@ bondmg with the thermoplastic
res‘%&dru%lalo?gle% oa%ren og ggrgsterl‘rjgﬁd %ﬁ]%ﬁ%ﬁ%ﬁ%g%{ Hla& \Q’Q lp&lﬁomled by a
thdrineplnatiol Alat iferniig polytren n@lublyng agdnb efiitrep Jefriceptpejd.  iSwmich surface

ol 8 e SO R AP B P BRRe Bl o e

surface treatment may be performed just before the reinforcing fibers are fed into the extruder
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greater than about one-half inch (1/2") in length. The
conposite material nmay be bl ended and/or conpounded
whyooheseext ruder 11, and "intelligently" deposPCEUSING/ 5935
the lower nold half 19 by controlling the output of
the extruder 11 with the gatl®s 35 and the novenent of
in ¢oider ®OUL Gweaximuidipieadss ta profdededhe peltemthetneoptrst¢ eorappsiye without

1nté1ﬂgg)t1§ﬁ( tni% rgi[lg %%‘tvv\vngaftn %J&%@gz&{d %ﬁg&}&e {s%\% %ﬂrﬁaﬂarfyhﬁmted as

it ie pbsshlerenprodidachd thammopdastic compasite atnd ehaped atields meihgl apg ratio of
ened on troll.e h et | h

conRuRat i oice StEthe Bl (RN EE o iy, af pRdp Scen

striic@gell supporp f@cCths etrmmallnlbestspﬁs eaderstodd dn @ sthé @ontent of fibers is

e HOVEECTH oG (e CBTRPLeO B nt Bl 10t BepfyePfgd Bt o

coﬁt&ﬂ o Bipéra $d geﬁ’aelﬁﬂ%r Edn)(lﬂ)‘DEtb&E\l'eﬂJ[yS(wh&frcd{ﬁNy b&ghlﬂ; bhd getbrdbiy forty
t he extrusi on-no copposite
pereRt#1°4) Y Welehbe %CH@?H]%I SRR Paeting b epdion of
1mé@gﬂw§gt The thernopl astic resins that may be
utilized in accordance with the principles of th

pr esElt2VeRge AR Iengtyofi the | fihae ’érﬁfeﬁtt"r’fet}’?%b Ao onE-RIg é?‘i]i‘ (172").
HB\p@Jer Qﬁﬂcal? SruPRlri19drtepdakleg B e eRudidemoils sydah 6dde utlhze fiber

es of such 'thernopl astic resins are provided

lerrgtgtn@naer Whanpbpyteone irde rlgmhléu bggnoted fhat (rhen EleAvp1aes ﬁh?féength 1s
Ehﬁtfhaﬁ Qﬁeeﬂgl? Ghd eshEd ﬂle@lﬁpﬂhleﬁﬁpéﬂ'le%tfor 1%&@ Aftads 19tdﬁﬁ5ult to obtain.

| ast’ic resins and rraterlasma be utilized in
Dptrdnmm pigthe ﬁbers iorthe thermadplastie cannesite mzﬁen@l is gémerally uniform so that

th?)ﬁﬁeﬂ;e#g%ﬁ? %gc Y { le(@ds%bagrbtg r\gllneéym&%% and com ressed The

Icresins o used
dlembumnnanydlsbmmmmw the gibers arcmdés a ﬁacetss buivhich the ﬁbers are dlspersed

frélglea{/sglﬁ% ? gaﬁg%t lg\geg% ?%vel o{ f:elzl fﬁgmgn(%s g %B%(ches §P several tens of

ere et one,
fipas)y Ih yhe élﬁbodilﬁd:r;t,damﬂlam af ﬂqoupﬁifeyﬁbemsydlre fdispd&rsfﬁﬂap chtﬂ’f;fﬁmency

gt Hetochicky B, efiss A it By el G eovserving

a fsedtioh e B tstrli@in@ Mbyme | ictogcdpe ane S&teniaﬁnn'ﬁhme frati@ 08 thdratimber of

serve as the reinfofcenment co or the
o BTSSP UGORD O G AT O RLPG Lh e Py opertlfyintorcing
ﬁBé’iQ &@taﬂﬁﬁﬁfet &t Sinfdadihg fTBts REburbled bZIBChr nford/@ial hehbe of reinforcing
thernoplastic resins, Fiber materials suitable fo

fibeye 10R) @ercsdtarteBicd ‘fallﬂe@ HPéO%‘P?dn‘éM Preagingiples 10 thy pisagf invention

relsflY ﬁﬂﬁdt orb @&h%ﬁmxwﬁ&m Wty %m&]@teo@@; arfll @88rall BEIBRMhirty-five
metal and natural material s , cotton),

PEteh 5%l one or in conblnatlon O her fibers not
li st 61@?5%9 eQ@mME bR Hhti8 dia rﬂ%}qﬁ et RRA- Ihaditng 8ystem 600a

art. ough the dia ter of t fiber generally’i’s
oprotblé rccnfctrmdstrumeal foater Thdueaﬁmcgrmﬁldrngmys@mr@op ap gemposed of a

r[’xﬂegﬁtgu%ﬁ g’}eteﬁ&{nﬁ)%gglﬁgﬁ% dJe%ﬁé&gt\g}& o ? at t@tﬁgal %ths négmrgomposne
maferibh eTHa damwnctmymbkad¢ amgpgeriat] agannhg mglttﬁﬁZ,aa heatdyerl 8, af extruder

@‘g Idlgeﬁé §/%lfleyf QEE? Ec%ne%fessﬁ)té}rplfé:sts %'{@ aP&) §hbntroller 612. Other

Sl ze
supplemental components may also be included to form the extrusion-molding system 600a.

The material receiving unit 602 may include one or more hoppers or feeders 614 and

615 for receiving materials M1 and M2, respectively, that will be extruded to form a
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structural part, etc. In particular, the effect of

i nprovenent of nechanical properties is 25 marked with
w@2doshoersshavi ng a di aneter of approxi mately oneCT/U2009035935

approximately nine (9) gm The nunber of fil amsnts

bundl ed in the fiber also | sl7dot gener.al ly limte

fic compasitgy et shewhdiPe vrdersiepdah additionsl G |maarP@rﬂt’élzed to

re@éwé@éﬂﬁtﬁéﬂaﬁﬁﬁf&éls'o? agﬁﬁ%satblﬁfm‘i{ﬁﬁé IR coRARHab.NGn the instant
considerations. Rovings of these reinforcing fibers

exgEplep éﬂatpmhf Mt au¢ MPurepigeaat theetartimenmategjalg.e., ﬁln&n@ddheﬂnoplastlc
9% NPT WE bR BT £
mg% %E 1?9 nltg htg t gf astic 30 (Peszl E{ﬁf%’?&k asldme e different
relnfom%themlasﬁc alapualy e dhermeplastic rsateriadcmay beemnfemd by fibers,
rfar y EHPI!I

su%ﬂ%s ?rlglssot? chﬁop?%eg ebsglrl]ltdéljgt?B i F%{;r I?tc%lﬂ{llq] cfurrpneégn%erstood that
ncsuhémwlasmcr materiginhaybeyutileed ér doorietei wittathe prieepie of the present
; gl of the treated reinforcing fibers or the surface
nf’? afment may be perforned just before the reinforcing

f i bex deatercsiRaielicnts ahd therneyplastitdmbteMids OO0 68he extruder 604 is

PCT/ 0Q3/,035935 6.n o r to.r ext

coPIS 0 e St ST Al 4 b 6 B sl etals M1
andl VD Gl an augeLEI0M PTHeRtruddd €04 Bifriter RELIMPE BhdrMBplastic materials. The
t her nopl astic resin and {llber IS not partjcularl

aygetp30gpgavgle helipalog artyo(ggqrﬁ ape toaer&li:ls i and dlow the corr¥pos1te material

thtdugh MRRIxA84dr 604 O AR @Rinider altslt harertkani édﬁb%a télﬁa!e %Qtnﬁﬁi/ 604 and
ratio of conposition in accordance with the final

is ghfigsdito garrythe compagie waterigldo p Ayipiedis GP4-i ci ent 5

str uﬂ{elﬂ'yﬁémﬁlﬂﬁbo@@méh?d'es bRiphd AiAAG boHR el@ﬁéﬁ@ 62434%624n (collectively
understood in the art, the content of fibers is

6endbalfloy dontyel qé@mzl@rﬁ% (B2y) bey igdividpalygatesy vadves, qr3diegr meghanisms
ot bR RN o R GO B o, e
thip pximeled lsompenitd nptes b625b16y 51 Gollsctivele 6_2@ntané54i®wltm}etric flow rates
R DX g S
vdlutbetric tﬂew_g'hths whgds HDEtheB]b emasommatg]lyeaioemd BO@paubduter hour. A more
pRFeR et B i 6y Fedc SEPPER Fieet BByt Gono ana 3000

patinds perehofit. e bne érﬁmgtnlmt |th’ﬂ’T@@Jt‘/ codimh elathents 6PN ereigheh that dre raised

shoul d .be noted t e avera i ber
oY i B S IO TR P B R 6o PP e by drauli
adt@¥itorb, ap@8matid b&rhR6rs 6r 6bhérf dckikdr dperablet @i dlter ﬂow of the composite
Di strjbutjon_of th%Pflbersmthetherrmlas

mafshploSh dhgradintiable ey qoahel demsnts pi% éﬁl%lé%ﬁlwgtw%ctwg The

fibw D&InSo P BRmehi8 r 93P 3P tHeCadiR8hily doniAtedSRPBFoHde RN continuous
mel ted and conpressed. The di'stribution or

scpproping adirasht flof comvel elements 624 cAliRraalivglypihg é@gfscoagrowlﬁlwts 624
9y r8Mp8si éhﬂ&i&rﬁlf &46dnt A1
o8 PP SRS Tl i 4 o
C@émb elgiments 9234 pfmairsi mafr@,tyd uptd th @m@@nﬂ’@ﬁﬁl SPmaﬁ-‘d pg mold. It
(0] r
SRRt o O 305 QRS . o
17.dagmesboflimeondsithegihventiyn, [l rewlmhl_lspameomb ynatsvis bngy pegdefifered to an
a%g{cl:‘ltgira?ﬁrhﬁlaced eg%%eg#tﬁ% lé)étfud?% grllnqg gh%s(%%gr%ica&g 606, from which the
composite matenal may be delivered into a lower mold using a plunger or other actuating
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reinforcing fibers in bundles of ten or nore in all of

1000 or nore observable reinforcing fibers (total
woeovbes368d rei nforcing fibers in bundl es of 10P@F/US2003/035935

nore/total nunmber of reinforcing fibersx100)

(percent) Typi cal val ues Uﬂ@duced by the principles
megghaniga. present invention result in not nore than

apprgyy| tgﬁ ?lé()S %331 Yo RRYEEHnARAM d &fbﬁﬁc ARNGTEdd Hhab @b Qbtruded

thirty- percent (35% i S an
cosypoRits Iaatyn@ éﬂé mmtaéesdp QQ’IS éﬁﬁ%ﬂedaﬁl aelsa’evm@pldrﬂwlmmsses below

thé)ﬁ A 826 a? p ﬁfeﬁ@daﬁmﬁé@i VeRicH Alihibe! e Yy 8& ﬁ'ff'sfaﬁce"?@e The lower

rusiton-nol di hg system 600a |Is conpose
molﬁ 630 defiings ea\a‘@mﬁéﬁ@m aretupgsitto form 4 srﬁltue@raépw The dxomdad composﬁe
m§t%1[1§i%5!3| ; ac{epgsatr ﬁ%'ég SPHL ?W&%}c{ &6 IR R x%ﬁum T&Zi& d by the cavities
onen e a rater| receiving nit 5
6306&&18110@&181;110]&“626 xahd audeppeﬁ@loﬁifﬁ@,’z t@ fcd"ylrthm@np:hsﬂe P06, Inal two-axis
ntroll

I 608
cc%lﬁgf_ledg%ﬁcéerss, ‘thse cr?&pgﬁé ﬁ‘l{‘laa?na ga maé/nl%e d%R%sacn P tgle Sver Mol F 626 at a

subktahtiatie dohgart ololiniche B rrats |fmm el di}lnb]lglcs&is t69m06 @Om@ss a vertical

The receivin nit 602 . may |nclude one or
i st S e BRIkl fe PEE 4R Fopfposite material
lap&taas gﬂ{éﬁg %?s@dﬁdallﬁ% rsﬁgg 4&ﬁdldn/ 04%@ Igy ,vomhﬁtaldéﬂo 8157 b%“gge% %)lane (P) to
xtruded to form.a
Aill fhe FiemS ) #s the OV RTGIPPE. m(r g%{g%n%é%g I folFssrasts pontrolled

plobRl, Mediohipesitl nhRafiehSy MRYddp6siteti dd ﬂﬁdlo%r n{(ﬂ@ ¥ et different
addi'tional materials or additives to for

velpnstee dlow eénvpumdie. dmamichdie 648 PaIeps th@ﬂ&ﬁwpbplane (P) to form the
cd@o@ﬁé ﬁhﬁanaﬁa@%Z%aﬁﬁE rdﬁﬁ?erl‘ﬁ: HidkGe Rt R Vol Jl'@ﬂgeﬁlle %I’tlcal plane

e., reinforced thernoplastic materials prefera

(8D i b eicaviiveA 0o icde ket ond upmseimpis g ko 2h s baw bonderstood
tthh{hfe LG qlB(lS cotiﬂarbl'ﬂaf ér‘c;ge{g 'h%grﬂgotﬁ 11@@& foc d(%]%glﬂ: eaéo];m Ué‘ﬁe material to

er nop [astic nmateri reinfo ers,
melds Ibhaahaxgl casitien63cabisariaily bth‘@nt lasiepﬂidleﬂstvsdmah marterpad that the

th?ee ax%shcon hﬁ)c?l“(lf gope%s m tbt%el{t ll%Hj %r i)ggf tqe 3081’(@ to molds that have

I e na
ca@nsﬁﬂ@ﬂmﬁwwwhhhphe pr|n0|ples of the present

i nv t| eate at t her
¢ ciearQrenooR Ao ndie e o8 et P R0 Biaap etone o
rali10536h E‘hé AHG36 eﬁdba?dsmlﬁl trdlEH 66810 rolp erebihehd dynamic did1€06 and into the
her no Sstic teria ML an vja,an au
g U, LGRS THEor 0 T e PP R e bl ol HEold 626
Bl tﬁéﬂgﬁ'tﬁe prifeles GRIprésft ifkRtidIEproald fodlredatedaBdice @(Brhﬁdf molding
shape operable to m x and flom/the comp 03|te mat eri.a

PRORFSE (e icmeensientl eoplshc mpldmE eSS G puth c??é’?ﬂ‘?élFe material

10928 ?oeﬁqg WRERH dePoditB® frerhtthd BRhmRQHe 808ko theSlowWtd lhbla &d6,ltRe force
carr he conposite material to a dynamc die 60

15
srRhed y Rirness @1 566 SREIHde SaTBE N BoetS G 6 0 Bt with tho
el @Jﬁen?‘ﬁer%ﬁaﬂ@z&ﬁkeisc@d R& by §él¥chv@l§'@ngag-gh eanﬁlcﬁ’ééhgaged with an

contro msnts may be 1 ndi vi dual gat es, val Ves,
upner pirface 6hefrabrise o) oftthrpress §¢9.alneantembeodinent fthet trpdley 608 is raised

bg ﬁagl,aﬂgﬁ cegt}béég WR)‘B §ﬁotv\§1) Q@tfpﬁ!d' fRtretf S tnhf WHB tﬂeetugé/srh"i’éqnﬁatgﬂﬁhe wheels
634 engage the rails 636 so that the trolley 608 is movable from under the die 606 to the press
610. When the tubes are deflated, the wheels 634 are disengaged so that the body of the
trolley 608 is seated on the upper surface 638 of a base 640 of the press 610. It should be
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the extruded conposite material 625a-625n

(collectively 625) varies in volunetric flow rates
W@e00994$3686 pl ane P at or bel ow the fl ow contr ol P€l/E8®NY/635935

624. The outputting of the different 20 volunetric

fl ow rates ranges between aé%roxrnately zero_ and 3000
unpessinets thatr otheru actugtedrsirecturply epraponphie PEhde pidized e engage and

drstﬁ%%gg%w&afs |6§2g’£1’6§1ts PR Qate%@gr b%paapaae ﬁﬁlw&rétl%ﬁ@ Bugage

our I n ohe enbodi nent
ang diseugae @k ewhe«sis §346134o ba sbgfentially thespmer Borrexprsplg, the ppper surface

63 %}rg?ﬁ;{ % set%o o? H’r%r ?ésg 6?(%11%%t é)lraﬁssd BUoRabtY e,e{)z%g gfaltecéaﬁh of the trolley

ors rau ctuators,
605neunat|c actuators or ot her actuator operable to

2 dbs SRITPY 617 BofiRTmne cEugs s Hatbus f Gy ot form th

exﬁ'@éld)rﬁmbld\&@ sy sterh 690, ﬂh@mmﬂbﬁ @b ieh @meeétssr-‘ﬁa%dd nmythbleoperates to

dj acently confjgured t rovide for a c
ordie e i et BB P e FEHFLE Bl e to conrol
theN:dn?rfoBﬁé ingﬁhé’l beidgeielf)d)sﬁwd aﬁmte NeVer@hddre2d by motlmgyemmmre of
configure separate Yy .such t osi.te mat
the pRIHRRLE PR atgamERE TPV ot © E @*ﬁter%rde CERERRIE T 635 he
po5BiBEhE Gnd RRALAMBFenbtit bf the NOw&ANTIOBLE iaNtat @blley 6GRIoeBE Ve the

on a nold. It 30 should be understood that the flo
exEBicrcomPefireel 623 ineoRBlT Ak s Jarenperal & Gopirahls heate

618 %o ntd? t@h&%@ﬁ‘sﬁ@rﬂ&tm@aﬁs t’['ﬂ@ cbﬁﬁbﬁ@tt 612"mayt ERAHOPIhE @4le of the auger
conposite material may be delivered to

628de mintain & subspintiglbocopeinnidlen afisempasite mréﬁrﬂgb@l@%h dhe gygruder 604
anq¥1§t§ mecdg%tﬁlc %%66(:?6{ :%Q%}n\aﬁﬁ*e?}h tﬁen;%n (919:?@ 9231'115? al@tﬂﬁ:rrht@ lof the auger

Ivere ower nD using a plunger or
62@tth ehterdbe ueltinaic fOW20649f0HS mop@rmwsz@iofm@ dsoadyuder 698 The

coggclli]er maygﬁlrth%ggmlr(gl(i{ htg%é (‘?(ﬁe A é@éﬁ%ﬂexb&ﬂ%h rthé @ﬁlamlc die

nam ¢ conposite
606atRasedabn GR5tgetasal pat bsing foroed, |asprd®msmrteér$e‘ro¢f mrdmpigss may be

B35 LB e b B GO T iR oo o

loGte) molihe26l OTVer paBaniandrsl nﬁ@ﬁ;edieﬁned&ﬁwh hait ttheeﬂ;ovﬁ B@nttoﬂ] atements 624

used t forma,stru al art T,
e fp etz Dnpuma) sl apBEeit oo s Y R, s papitonally
sytBHr6niGed6w 10 the |vbiuniett& i (s tzhfﬂaoﬂiﬁaf ¢ongdsitymhtegal dAvtdordasce with the

630 in the |lower nold 626 a nol d 632 to
capgieppithibatthsniiae the SBB?tt“al Ragt qﬁmtg\%ocgg‘? control | ed

Pr 0CARSrolle 08 Qﬁﬂgfoﬁtth& iABh®S 4 Bbatr b6t dRBWnP thatl i%p@‘iltrblw by the
on the | owner 626 at .a  substantial]y const

capigplieréi 2 ped F|opsyablatemeinin e éxtavﬁ%?ﬁnépoatt%mefﬁaalcﬁ% in a heated or
mBfdOstate. ATHE Eéﬂt&)ﬁér Qy BY az@ﬁln{gFﬁw réﬁﬁﬁ&ijsﬁéé’dsddﬁﬁé ﬁ&l%y, control the

nmovenent and vari abl’e spee S, to formthe conposit
trofely 08 afuring ayrewded Zompesiteripaterish 62 heipg lappliadHe ¢ tﬁéver mold 626.
| % 1d
ol PRAERAY P LURE LA Dk 620brtl a5el § giSgr mo
6261 cheeeamouenébz drhneaéleavollsy @Bnntozﬂnd Jess 6P OE @ntrpll@ hen signals a

OSlte
oGS G ] P 0, PO M0 8. L s o
scdﬂﬁﬁtheCpréﬂs%l@OﬁnaforceSthc tipper \nmld 632 hgamsariee [oR)er twld 629rwithout

d§£§ging the wheels 634.
FIGURE 6B is another exemplary block diagram of the extrusion-molding system
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15 conposite material l[ayer 628 having different
t hi ckness or volune along the vertical plane (P) to

WO pdoks/0s3ee6 cavities 630 in the | ower and upper POI/US2062635935
and 632. It should be understood that the two-axis
controll ed process may, be ut$91 zed to deposit the-

6eUnRloB I &R Frgter Thg cXtpisioppnelding 9xttern H08b dsgonfisneddgg gupport two

pl%b@§ %@M hifd JSDObQQJi%tr@HﬁeréHFe Qﬁfé&eﬁvé fhettﬁﬁley 868 'tlﬁt@lsuﬂﬂoﬁ@ ¢he lower
hat the three-axis control process

m&ﬂd 626zfecfom ﬂ@éﬁ"é%tmtal pae Eshped be encie@tcmél tha twh éltOllh}é\/@8 may be
Lﬁoﬁ@d’ 'b%r Ihtgr e bR @dilsV85¢Y sb Ras qg{);?]rgwdér "6 fﬁa-m 1#ge¥1u§rﬂ§e structural

cl ude wheel s 634 rovi
Cwmmnsntabv ersingleowxtyuder 6P4iand égemicTdie 69@ Whilg 6vheelabB4and rails 636

11%2 g)efl%l?%édte% epq'gxgcrlée g‘lg(’%‘li%lt l?%ﬁ@%lléh&gd% 6}1@ e?nb%dl?negp it should be

perates
updewcmdt thet afhgyenovement rﬁé&mamlmtlbmah de [utilisrd mdodtrﬁaﬁovement for the
h h th prlnC| | es _of .t he nt inventi
trgl\f O§e Cf]yog rexa BGPyeyEL, Suy pensufnh or %ﬁ(ﬁ( vg s§§er6 rnaag e utilized to
cmﬂmhmomamfdrﬂreafolltejne@mm astic nol ding processes due

hopo b RIS 617 r 06 e anrod W St e CH SFOUILRT pistgo tht the

eXiZfiontoidldib @ Eyaem 600 Ghityltah bRy ITeSS the E¥ferént Stiddulral parts via the
the wheels 634 if. left in contact

ffl cient tod e
aificrant s fLarang SEOD. HEper drontpller fhbisicapabinohHgpng gaameters

opEhREe td f6eh Yn&ﬁlﬂ@ﬁtﬁﬁnﬁeﬂ aflé, IR @RAAENLr W1 1 bha ?@1m151§3 B&¢r control of the
surface 638 of base 640 of the press I'n an

dyBdiseRe and trﬂélew % apd 6Oy hygltlﬂlamg &y Immers W9 geners| software
pfo@ﬁ%?‘ tHen&ty p%‘@mg f&Qh@f&ﬁaﬁ(ﬂﬁ{f%Q AR rdd dru R8I %smg a single

bes are’inf wheel s 634 engage the rai

ePGFBJGlefs@“t wdtdynﬁmtdﬂ%@%e;lt eoeld ke yndomisod tat edﬁlum@bpressheﬂo and
trgfl %@@g&? b%] B v@% §1bst§1]t9ﬁl?/ gm‘gﬂ]taﬁé%ﬁslg ggﬁﬁce%ﬁrg stru%tural parts via

ate S 634 a I senga so t
aﬁmalyeléﬁrudeh@4¢n|ddb’n3@ywé@8306s seated on the upper

o VBESORE) 03sheny Sty OB, g e

exttheled conypsitanbeesled s on rthadbwmalho]dcmp enauppertaidlyy the trolley 608. As

utilized to & And. qdi sengage th 4
SO pjf)rt g ﬁ %?? olTC?u g Bogu ?VF] & %i nhl ﬁﬁ%g%é‘nggﬂ {%Should
bé m@mm@ethatammdnlﬁe of ﬂg® cbh]lﬁ)l\btbﬁ&lns 83 4ndyetificrbssed or decreased

t ant i a e.u ur f
ag4aT0E Sportiog eeaGed e F BB TpanpisEhine che fgm, te
flowrtoated]l didnenBBotd 43¢ postidida aDdiffeReat hdightd &yas & {OEde TR or less
controedlﬂer 612 |$ el ectrical I%( couplﬁtﬁto t he vari ous
VelBREER Y 1R £ the PHYded compesiis SPURIATd 9speiRs with each flow
c6¥1 eldentaRAt 1ol éx@inpRl Aok ToRrd) tRERAESEN4a RAGRGIMAY 1ok o as to
operates to orchestrate the formn Tgﬁof t he ‘struct ural

proxent sompesits spagerial frambsingnasged threugh hyeeetaaofithe dmamicgie 606.

Thd %lﬁlﬁ@ipi@ Flolvera B! RlthédfoReleRasHR PRSI V{'i%gthe Qlots&?ﬂe@\éﬁ{trol element
nol d 626 by controlli 28 tenperature

6%43%rrp’81$q flew rpanieqlj edgmeny; 6P 4lhnist epiereds 100fﬁ3ﬂﬁ ameapeﬂurp theving a height hy,
th%i‘eg{/ %@ﬂdﬁ @Qélh&%uﬁahﬁtxﬁie féZ& th@”%n&ﬁ%z g&ﬁﬁdshé Q1 6250.

rate 0 novenment o ower no
Simibirly ethe 608 contrel gtemient634hds opened to form a larger aperture for the extruded

composite material 625¢ to be output at a higher volumetric flow rate f, onto the lower mold

626.
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extruded conposite material 625. The controller 612 is
further operable to control the heater 618 to heat
W b@4nkssseopl astic materials. The control | er GRRI/DH2003/035935
control the rate of the auger 620 to naintain a
substantially constant flowf- conposite materia
t hr cAgylindidated et the deeriatB@4ing shading Gfribe extineded yoosppsitedinaterial 625
t I r
wofito Y RRA o UE o 5B EABRR, 2 08 o Pl Bl Sl may be
dynatné:aﬂﬁ adjhseClonpiosi thestmatuesl ipait béing fornbé vie thierlosierand @gper molds

and 6?,9”%&?%'@?1%{1?}3% of{e cl#{ %183 Qltp:z]l%l bgmﬁ% Sled éigg?&%e@éhaw over a
ce&ﬁﬁdgmﬂ) teeflet cotdioll Elainelpta|624 by rbe aﬂﬁmﬁétﬁb aléer the volumetric flow

redet e d set . of ters.na e bl
o 5 e o B MR 2o G E NS R e and Upper molds
6250 ITR Oftiet WoldBtASddh t2hvities b3edeZided BMRE 10WRk nd@dfHer hblds 626 and
araneters my be defln%g such that the f]low caontro
3221 ﬁ%ﬁ?@p@zfa mafenal Haves 128 PR, 8P yVaped it  Biskress u dier topapple, the

cdn'itﬁ)sf@ﬁﬁféﬁéltlaﬁ rég'@l 628alib ednfe® thah ToRPSdite PG Al Yayer region 628b,
ynchroni zed wi he volunetric flow rate of

‘W@Ghﬁﬁ)éhlﬁl@f ﬁ%ﬁ%ﬁﬁpﬁnﬂx Al b 6paRneanvhishthse a %e@mrt ciréﬁs. than other

1082 fnk Bﬂhetcgﬁt}/j@fo' 8hd PRed %RP@M ah IR bwdPRl B8 extruded composite
produced. The trolley 608 y further include a heater

metgel layes R ISt%(mmlpaﬂlyC@éfﬁted éwpseé @npile deth ofthe eagiy ) fladined by the
m@ﬂ:lg 695] qfldl 2323 PR B el ol Bhd el xﬁ%ﬁ)nﬁ?lgc{d:ﬁg%ﬁ%g @%ﬁiet St being

25 In a heated or
pfv:fmm% b1 the ewtysionyold g i/ tigm 6&@;&, t@@utru@d oppedts nufteriahayer 628

| .
m%%%% ggx?{%melga tg{l{%l-edtlﬁ geé‘%lg ?ltﬂl%egoq%sézlu&i 0 t ﬁfeﬁﬁ‘rfe‘&gceﬁow rzlite of the
exd@fed cdﬂgmsltectnatphaéﬁfli)anddhe maed &(ctalveildxf ([hedm‘llp}D 6§08 e

mat et i al..62 a d,.626, th
concPurube BegpoaBRen T bRt fristE Ml moh Y pepifiommes
b il:ﬁhtro'ﬂh% the niroaht! & extriésl singposites matedol depotirdiis ﬂ‘w() dtthree axes

en t he wheel 34 fromthe 636
aGeR0ing of Pyl GAC % Sl AR oF o it Bty Samfol Gyt ghcvement of
the i@1lepRRY bevbirofidd alagaine Sikistofl endvemett tﬂﬁ&}ﬂ)m@aﬁ ettriidvdWomposite

danmagi ng .t he wheels 634. FlI %URE 6B i s anot he
maigaRlsp ARTous amoRntploge A s Afislepesit F9g F‘I?ﬁh%?’él’ﬁ gptrol, the output
oS it Sl &g%h%?@&@nm/ 5200300883 3Pow vfrdd Minedfs, thereby
FI GURE 6A. The extrusion-nol ding system 600b is
ProBidimegiar differcat ¥lppetie foWoratep febs sgulansqudn denoitnd antythe lower

m@fdealgl&efh@tblxﬁ ﬁe&;eﬁ@i@ﬁhﬁ/ﬁ thbaxik Pl R¥mEHS 1t Qlﬁiul@b@ﬁﬁlfe&s%ood that
| ower to formthe structural part.

Otbﬁbémbbfb@enﬁfh ey SEoade faaafl-exie of menpey sosnd tﬁﬂ%?pmt the extruded
é&@@nmmaaftc fjRaHchs Oh tl{equgr 3@ so as to provide

orn1ng l'e structur 5 components by a
Si nngse pewidingofor c@ﬂml ah dledytrﬂamaod dompma maipiial being egeilicd to the

logv%émt%ﬂig 1% alltt? %&g%e@%&%& éerg Eofr&ﬁ?\ﬁjn%?m Iy Mn%cg@ ﬂfyer toa

thimockehist dadslrbha)t elbp@eanyrtwweimamsmmlcshm thmﬁtm’ewddsmbed by discrete
dt t

méﬁng%ﬁz g cag%g% yerth ma\{enn? Add1 onalflgr Peca{l% cd)n 016018 gl}g vofume of

SUSPENSI 0 Irve s
. cotaposhe niitdrlal degbsitedl on a given area exists, three-dimensional patterns may be

created to provide for structural components with deep draft and/or hidden ribs, for example,

to be produced. Once the structural part is cooled, ejectors may be used to push the
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control novenment for the trolley 608. 10 The
controller 612 may be configured to support nultiple

W@ omoses@l parts so that the extrusion-nol di POI/ByRDEEAS935
600b may simultaneously formthe different structural
parts via the different pré¥ses 610a and 610b.

caedlated hiteriad arif pHitheemold1 2 The pnamlba: of dtie ptesant rgyention may be

déé%p?tg"% tt?}%t vaécﬁ ﬂ gﬁkﬂ}rg ﬁglféo}gagt]s I”EHM 'b? yﬁsro cgc?j CSE;%‘H uslz_)/T thereby

mbtimizinly pestuctichi efficiBficyahyl usmgl 4 mﬁ@&anmxduﬁ@ﬂd{anby)f composite
ut| lizing the parameters in a general software 15
tle %]ram t hereby providing for the formation of two
Vﬁiué MHWBer&ﬁfsuﬂhermltrunm-I\@jg@ ]PmCas single extruder
nam c d| 606. |t sho e un er s ood. t

604
addi th ﬁ‘?ﬁ/ Ao Y %%Syam l%fﬂ%r e%{?gi plastic pags may be

prfiided Z€Hnd £ndSdd RSB ipedcbgingicoris.t Béwﬁasséﬂ/th@ mﬂl@i@ﬁ sYgne provide
structural parts via si ngl e extrudfr 604 and
foy prigtpfered @a%lsewmpp@aﬁ@r?dch%}in%%@hﬁ o i) dngderisdeiexibility, (if)
depo@noPbrdeb8, AU &W-prefiufesf 65}@1 g?p&%éﬁlﬁdﬁgffhﬁﬁcy 2Qaterials flexibility
extruded conposite materi al 5 on the | ower nold 626
praxides fporriaes by bethanateriy (2a¢ nghine ggsts dfogwin-ligeheompounding, and
I
BT G AR S DTSSR S0k e i 0o
maigritedepesiticnl progess mihicd alleyve fas mase eomplipatpd lskapes (ﬂ@dsr@d draft and
. P | ai _
<), U567 SAAEE, UEPEIOLD0 SRS GUHLLET e AL b v
pre$sores coditectsd te rednendtngolding p@s%qusowhmh davesah the Wdarfoﬁléloelﬁhe molds
r{t‘hle%‘gvgtraa &e%bq%% I%C ] r?‘rﬁh%esgc o%{e slttrggtﬁ% féa 40 wg%;%gﬂn?e efficiency
pmsndes:foaﬂ&dlbmty t uaawho o mmre cmnpﬂbtelyl difftremendld62 dncdiorimprove the

fl ow.cont ais.c | ete .
oD B e R Sl iV BB TR st b PR P pghines to rum
prio@idlign PRSAKEh. tzhddi)lhtgﬁllj? hied mated4lideliveay syshegn shyeomirgio dhesprinciples
&86. The volunetric flow ra]Fe fa i.s.therefore zero
SBIEFSRE ByeRiiop fay e e uehvih BRP Britting mashiBtent  624a.

MbReiak IFxiseRt rol el enent 624b is opened to form an
aperture having a height hl, 30 thereby, prOV|d|ng

Vol et FRTESIpp-iding Bropes GOV IS FOBRRIIt Sigpdsior e compounded

ﬁ? &bl diffdrel: type@oﬂelsﬁrah&' fibdrh&rhé Eﬂﬂsﬁﬂ@&é’t&h I{%ﬁﬂﬁ&e parts with
4c i s opened forma larger aperture f

seygral egiag as é@fﬁlplefgu abaveraVith itrgflitignad éomer%%orblmlpi% pre-mpnufactured

thlafn%i)?efstl HBhnfon 6J1elvaavh%§ BlahiSs tﬁak&ngm@akamltm&s and desired
626.” WO 2004/ 043686 PCIT/ US2003/ 035935 -

addifgiies arcepurphasedBoman thaxmapkastia sheptapiodecen f Tiwﬁé Wﬁ,d@wver are
(#%Flgggcsahgeeth%pﬁag ga?slsedatﬁr%g%l?sc@gﬁi AR Wk a{hdeclg{\ﬁ ?ﬁ rrgénﬁtﬁséold in pre-

contr ment s OW contr o
dg@minelymixgiresd }B}autllrzaigltlye aqﬂqus;gn—gd)ld;%gdcqm a¢dowding to the principles

ruct ural I n [ . an
0 rrgﬁ Cpreselétzlélvgn% n,é‘%% (S;t(S; o g?l%‘g e&&eé}?e%g \é\i‘ﬁ-h{lﬁg«gﬁﬁ%ﬁﬁﬁg process
uslizingcthel ke mperibls bkeprodncd drermuict(lml garts viéept hhvmg] topexchaze e pre-

mggl]gﬁ%t’ gir ﬁ%t %éé%o‘r: ?ﬁ%%\l? Vyﬁeﬁg&s& S g1e @Fsgvé;rz?mahcal edﬁrc‘?eﬁ b%gause the

extrusion-molding system does not require ovens to pre-heat the material and operators to

move the heated sheets to the mold. Since the operator controls the compounding ratios as

desired, nearly infinite flexibility is added to the process, including the ability to alter
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rates of the extruded conposite material 625 over
finite regions of the | ower and upper nolds 626. In
wWo@rGven4388¢ ds, based on the cavities 630 defi nePCTHyYS100#035935
| ower and upper nolds 626 and 632, the conposite
material |ayer 628 may be va@Pi-ed in thickness. For
prepeaiies Ivéhiletrielding ompostette argdenl ciangeaip eplor.clgr orangkaaslse, unlike

t
R8P R ALl AP B BB B0 e
stiehgth,hgiiag the d;&eqnend@ddldx@lﬁtan Intdme remblodmwnt chs ezafustohenoldlng

th d
cvegr et e e R e proateel B apicisf TG of Rl il golding
sy %ﬁl&%@dalﬁﬁﬁsg@ xgglgﬁytw é‘fﬂ»glpmhteﬂﬂs Stilduding Edryor gussjafdu dnleaﬂ ﬁbers as

the S an 0
cpiived Sompator BHRIPGPREN PG BbE fiebsb e SRy ﬂgovef 50 percent

anRSEOARES Sbnk e foRK trichissl o2 TonEBl W85 ot6dne 6 BIGRA of tHadiber length
extruded conposite naterlal | ayer 628 15 may be

beingragntaiapd fFom e metprilio BRI L t hi ckness based on the
DY¥RLMBEPfc&sf | ow rate of the extruded conposite

material 625 and the speed of travel of the trol

608. Theepeasian sygemheccasdine o sy mBHplsiof drerpressn igyengpp, gllows for
varidfle ch‘P(E?mtg%a‘?erﬁPYa RRwRe i QEBEdof MY nfol ivhete lnhd28 nfabBial is to be

anount extruded conp03|te materi al deposited in_two
utiized for deepasrefs or Hisdemubsm gorowample, therbic mifrmizingaforce iiprg during
m?ﬁ%%l'!eﬁﬁg qalresg B%a”f‘l{%evah\gﬁe ¥t s?tQ Qﬁ rtéi’“ial la ﬁrhﬁwﬁ%&ﬁ? mgfe a%guracy,
be contro he axis o
fultervieolds) tand (ﬁewm ﬁdsmtshbﬂa’é asamtdlemtmd 1T dlmustharewﬁhﬂmlal gmpression
Wﬁp\égr%o?sés 3&2\1{1 t > la%lllt%\ew%oa:lj eallt%éfg rolglrﬁg?‘ %?r%g 18 ﬂ:or[lolﬁaieon both
sitidsiolf tlm&tractdmhlam as wlelEaﬁthaplawntehmfessefth owcorasinto dhe structural part.

el.enents v1d def r ent.
L e TERb b DERCRROTS PruSistent & ol reposfed i o
mb?éiﬁﬁtate reakd tH! malgh(ah i@p@gbcﬁ P BENE Peb- @Umhﬁnnded ihfoea abdes and then
of npvenent . shou e under st ood that ot her
PIgREO A Pl DS AR P 3 G SIS gmensional arcas
withdtk EQlind Rappedstckorhiig ubddsirablieelient@mposi te material in
speC|f|c | ocations on the | ower nold. By providing for
Lowwiesaitesof the troll ey and conposite material being
appl tiAntthopasic édﬂ%ﬁlté‘ﬁh@mal%ﬂlgﬁﬁbésﬁt@@ dﬁ'ﬁ‘ﬂ/% e efc@ﬁs‘fﬂ%%oldmg
on the lower nold, froma thi conti nuo ayer
propgse isouedhj mere é]ﬂlldath@ﬂ tha fsom p hgqtq:q ]gg-@omawylded sheet, thus allowmg the

thg}%’o s @%}9 03k SHARE 1 MRty ﬁﬁ‘éh BRicH 896 Mthd @i Yrhe ﬂu1d1ty of the
ete mat hemat1 cs can be traced with materi al

ccAnipzhstter ontetiblbeitpedepasited cint themadd rashlés ipotignidicagtly reduced molding

PR el S A 5REP L Oy Bl RO 7 18 g

olﬁemxte §t the cdnge af Mbnpmd&apﬂr squerd incly eempahed fvith 10 @punds per square

PR BT o, PO L8 s o

tHetkbin rédimﬂéﬁnﬂﬁfbﬂdr&é&fiﬁﬁotﬁ’(ﬂi'd WSRBOBKOBE 38&ss. -B&ause of the lower
consol ] eria nci ol es
p@ﬁsq%elnﬁtpgﬁ%frﬂeeélﬁ% gﬁ{eplotﬂo CBlé% o qua,}%%)% 0@ ,t%laathﬁ"[n\l}\%m mold,

c&JabRRIE 8004000 Elef) AN TafiBY nﬁﬁut@d’tﬁlﬁﬂl € @s itk $a0)eu dleys expensive

thereb
tooling alsg means more flexibility for future design changes. Since the thermoplastic resin

is relocated and formed on the face of the mold under lower pressures, less stress is locked
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maxi m zi ng production efficiency by using a virtually
conti nuous stream of conposite material. 5
w/ade43k8cled Benefits of the Extrusion- Ml di ngPCr/USME3/035935
Wth the extrusion-nolding system |arge |ong-fiber
rei nforced plastic parts nay2de produced in-line and
ingd the eragerib viepeby trading hpbatiesdisensient wicemcofnd Ios warpage.
VEXLRU n s stem provide for a reinforced plastic
roduction line that offers (i) materials
f | exBdrhhdetile eXttusjon-midfiag Ipt'OCess rpz[}Ofisesmo drithery molds running at the

| ow: ssur es nd .(i.v Materials, ..
ST 5 S eV e PRE SATh s nbatie et Bine Jrotuctiviey
adffid fIRE Mdle setofh$ Her egBlddnadd M(ﬁz@dﬂmﬁlada @g;ondl’tdold is filled and
furthe rovj des f.or .erial perty erX|b it .
cerme%ec{;o&hs%.ﬂaﬁqexmlﬁ}e%g@ S e il eglap mponents. In

oﬁbeaﬁscbcﬁmsm e Q& 88Hen Whikeah uﬂhzle@wss E%terggés?t@p @mhlt ﬁ@lﬁelgut other
e er nmateril a

shapes g% I arg raft and
eqqlmwntm sansghidated: mds .S%qﬁedobeqvvﬁﬁrg@q Aokt safs japd pay be easily
m@@ﬂf@d inl §¥8twa Vo aQEo%ﬁﬁéHa?esothé nftH1dse CiR G xbrRiSEHMGR Avery system 600a
nol di ng pressures, whi | essen the wear on both r¥
fqﬁbprd may eainteerated e hlilrrﬁélé magpfgctipied sacilidiey and texistng compresswn
]E}IIJ&PUY al parts. The nmachine
egdgsi% ljﬁi%gm@%ev&g{ or the ability to use two or
nmor eFIG@Wfﬁ A & an eiemplarefiow diaztis dascriregethe extirusmevelding grocess
i.ci Y of . t Si.0 .
t%%ﬁéna? éag UQII(EI}!I%G tr(])u n_%lérea)l(tgcﬁéé rr‘gc%“‘%‘% ?ggts 1‘&5‘8&1‘?@ ¥if oeg S\”? glgthree-ams
comel ddri depositgditiei anmlobite, mbfesalnatie thealowete Imalfda 1696.s yRib eaxtrusion-

I R R W

nﬂvhéletheﬁlh@ldﬁlemahhhi ind Hlaeled xtithuthe Gibenml sﬂapn@)Zptbdbﬁﬁa composite

@isgl a1 PPy B PO e g PRt i PG rovEh dre A dio o

giRXitdt¢! Shi A ISWé‘rt@dSIti 5aY. PoOMe Geo-pds bgrusohepsa\Réadbs, a fixed output

re3|ns as de ng ove. Wthtradltlonal

freminihe s sty Boltih 8- WerArSaROpssEdthe tReYspY 45 e trolley is

ma[H88icd at & QHRERAL Ypekdl Ok Mfee kRS ABSonEOIEbAEs, @ dyBThIB die 606

with fibers and desired 25 additives are purchased

ey Sfuglizeddn repipredion ¢vidnestingireltpy s mold pessds. pFerrhed the two- and

tHRQUWRYELxtru@bE coftdP bloteREARUSKeriBRY 608 iRy RRSRER LR AERnd time

several mddle-nmen and are usually only sold in pre-

wide weeiing thersosposite snatgsial tordopdopm g amppant of composite material required
¢ t I

S B8 T D835 BRPEOI0S B0 PUELD ip s

tlbylppetrenqlqh 632 nereseadgo thedpwer mpeld 626 to pressithd compgsitereaterial/into the

A 05 AR il el s v ot

Labo]FI(ﬂJrRE mcsrunrmemp]atysﬂcm diagthmdoipradmingestiudtyrat patsoitizing the

cause g t m does not uire ...
BFERE R F st Ot THPRF AP VMl BfsieRRget 5 Folaing
piobessh@hd srhicifd @ius ptodudtion prseke. stabls aCged §i6. mpete@t&bs thermoplastlc

R E PP B PPEPRAS e B b P Thseacg, T ore dmbodiment

tHeBdrmhdplAdictnt@eraDis Heht¥d tdda bk@l or (120 %&04&@&@ 820, fibers having a

PCT/ US2003/ 035935
predetermsl'ned fiber length are received. At step 822, the fibers are blended with the heated

thermoplastic material to form a composite material. The fibers may be long strands of fiber
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-23 properties while nolding or to create a gradua
change in color, for exanple. Al so, unlike sheet
woredodiossyse t he ext rusi on-nol di ng syst em does noPCT/E/M0I/@35935
the material to have a nelt- strength giving the
syst em added erX|b|I|ty #26ne embodi ment
fomat o Hors. sroppi g ITeset NPT MER f G BRSO SREFAGEHS  For

ex%ﬁgfér A &5 nééh'é‘ ‘8{ StelHASikHAN /2PRET - foJ;hﬁch@mﬁw Rte WPleAlR thay be

ystem SO use a variety of ber material s,
utlhn@dmdomgng:@ﬁmmr@lpag% and ot her f| bers as descri bed

abovig, c&%f)o%;tg 'n(hfté%fag R &t@tegcégbe\iﬁ‘%e xftljug pfb@ééé "Be auger

fractions®of over per cent flber one
620001 ®ther mmhassm) rutih@mbéq’ exirude 8& pempasie I@zrtefml 915 eqonﬁgured to
su%ca?r{ ah beroull % %gtm %epogrsrﬁﬁﬁlm @1@% éﬁ“%@ﬂ%ﬁ% ts%fé §h|bstant1ally

sitron Proces trus I on
msiytainede. @,C&Scpwhengoxtlﬂg}tet)e For examppd @sthetast o€ upnes emnew type auger

i nyention, allows f e om)ytena i
QORSRIBRRY TRePEGT oHevtet 6 e iFa TRCRe L Sk Mg, thercby
sub§taritRIIP evoidihg ddnzapthefthe fiskeep draf t or hldden ribs, for

exa by m iniziqg force %%lllze

ur |
nqjepa%.gs  heseiygd cpmROsHE PYRTA R0rpds g? g?'l Jyaputput at
di¥f§ﬁémd9<yl@1ﬁétﬁ8 Lﬂlcﬁﬁ rétt@s ABRbS g%&iﬁa@éprowﬁél Ebﬁboﬂml ﬁ)f depdﬂ;iimg the
ewer "short-shats" as understood jn t t
Xyt MRS PasERloT? S 1 i BIPB"c@@se ot a*&?dew may be
pdsRinalBIner88-Al b Q¥GiVethe bRtiiRd Cembkite %a@@lab 6290l @R€on to the
on both” sides of the structural_ part, as well as

t he
differmicHelpmetsr favs axtessacpssciae olne i at sta 830 Jatasy %mbodlment the
pdftfohal sghﬁ-ﬁ&ﬂli/a’tloﬁ'o@ G ﬁllaﬁl 358 ﬁrﬂe%nmsln%cﬁﬁhﬁkb @y flow control

very VI Scosl t It 1s being deposited in a
elmnwsa@wh@ttaee lopatas at héelgbu dHabue the HieBeet8: whighmay be translated at a

SLBEt? J;%ﬂgg&gsﬁql?gr Acﬂis b A {ég qlteozrjl & J)tlg] &8 de}%gl? %&%tén[] bO11& extruded

,.-

énter ri s and cover
cdna:rogxte datesal dayenals, aleetmiley 508 isimdved et yaubstariiplly capstrairage, but to
ecom und I
s
méy be APveda estdéwderr dastarmatel mg)ectp/leb'c: e&tsstaps%@utlh el?m'ud}?d composite

f] ui an.that f.roma he te re co ded.
mta‘m}gl 6&% hlmn\ r#émfeﬁiénto 'P}h g‘? pgslg {11 ma B Sltefse%l into the
mbldos26 bl €imeas thefmdpldstic hthﬁ:nm.'llrﬁlrt The sli'dolturallpiayt fadnitgpro@&s ends

conpoglte mat eri al bei ng deposited onto the nold
sEPFts in significantly reduced nol ding pressure

r eqUFIG@I@f&T@ & eﬁﬁé&émﬁl@@tbl@dﬂtﬁﬁgﬂfﬂ lodd BHthp cOMRISELS12 as configured to

Presses for this process geperall p e in the
CBRERCE VD GOBUINE PR Nl ORERNSEY ﬁ%ﬁ PEGsgR pyptem 600a of
FIGORE 6 RO YRS Sorf@llersdl P 3b:8muhidfibs With Me §&SuE Qontfoehs e bi- dlrectlonal

conpression nolding. This |lower pressure translates f

coramunigRign using HigHERRd/oB M%@Hmmﬂaamﬁ@énwswéﬁstp%m the art.
THDLSRoRAY obdtErity @ﬁl‘ﬁn tl% Rer®d mby'8e F&@&Eo@&sed operating open or

pressures, 1 nstead of nee |ng a steel tool that could
closmsitloqy emigDgditvaEDas understoadiit thn astoind opersigstslave gpmputers to the

ccgngx%g%gfg&)%fﬁe% ‘céve"l’}p %e%}{uaﬁrmwqun%’r@&sgopﬁas%céﬂhroflér? such as

s "éxpensi ve
analog or digital circuitry, that operate as slave units to the controller 612.

The feeder(s) 614 may include a speed and temperature controller 902 that is operable

to control speed and temperature of the feeder(s) 614 for mixing the composite material M1
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tooling also nmeans nore flexibility for future design
changes. Since the thernoplastic resin is relocated
wanw4Paweed on the face of the nold under | owePCT/US2003/035935
pressures, |less stress is | ocked WO 2004/ 043686
PCT/ US2003/ 035935 -24 into fhe material, thereby
and diben megforia) Nibt Therfoefiennsed widiPmporicaqpEolisr(e) 903gaay be formed of
sint¥d RBA%ultipld Ho LafrElS b&deRn SYot&ES aéﬁaehetaﬁﬁs) The controller 612 is

&t rusi on: ro Ing process may use two or nore nolds
opetahlei tagpedifyt drecomsepne the vidocitynsratejagd dempeeniere o the feedapi) 614,

Wl%}réggéa‘%}%fa% ixlfdytgméérgigreﬁ)étr@f& E?Z Ir)m }iec‘ fe'e@é'}(sﬁaﬁf %gp%r%blf to dexecute the
coamehnde raswigetl bmthlee:oatrcz}bc 81 Tl edam:sle,fbalsebdaah &admount of composite

con ressed
melljt Iil 1é1§ emcf‘l ﬁalea tP(Eé gﬁl"%ﬁ%’] Elfé?g%%gg&%oﬁgr 651§ S/ increase the rate of
theﬂiafmdalﬁMI andtMI2 being fedsntotheseyaumm ilizes a separate

Conce BHFSR” A sBriSais e ROTA el Lcolfalorgpe: The

codBolsSé 1|2yma}l'ﬁbﬂirﬁmﬁﬁtel d@nﬁafdataab ﬂqetmataﬁmrmmiaoe badeben feedback

nol ds. usi on a eI| 600a 10
e Wy Tohday éop R R
con@6ldr| 904eaeoa@6eseam ﬂa@dlﬁg’ r@éﬁﬁsmso ﬂhenn'ﬂied&)nﬁﬁ%rpdiﬂs SR§ issue
may be conbi ned, is an exenplary f

comraegada iiacts eqmig] é?éa Mhle? 8 )ﬁl“i' heatep RomHis et %Pé B r“%%f‘é‘é% the ipaperature

ofnﬂw HRgetibid. | Z‘\@t@mtaﬁ’veflyo e BEdidrCdoBfolRl 9ol It fé%@llateptﬁé ti&mperature
usi ng either two-" or three-axis control for

utd@pasﬂ feedback 1seuleteriser pt wndmstosd imibe gt o the frnpegiiie commgnded by
A R s e e
purpostHr m nDIten thernDpIastlc mat eri al and bl ended

W t hl“ﬁeh orft})&?gr 1? O@Hh%()%l t08 R o moﬁﬁ t&truder fpeed and

mat eri a ten conposite materi a

temsperdmlre vertedert 9@60 wgticht providgn agritol diver the spepdanfi thaitapger 620 and
2 h e .

T

opekdbld ﬂ)e@nublrmaiupmaxns svithirnz@®ss pf theextmadee 684 tndEorhenicate the

b 50 P Ry 8 TS Bl e e e

s&@cﬁandﬁ&ﬁpéiﬁutétcbhﬂrcﬂbd 906 meyOrY fotiadd o mmlﬁ;ﬂacon&buem g

troll ey or I ds, For both th

t r cbieseneol 12 SIS iy orumnrOuL YL & HRntbe Fortelgr 908 tht
cRBIsRY 116% cORYA GlohlenS FAL Of &l ?Ihzhrﬂﬁ diebU6l. ETHeRBBAndic ik controller

t he conposite material to conformthe anou

of . ...
9QETRBOICTae 1oeroBiel gachy of dls Hlovycontrgl %%%%Q%Wﬂmda &F indiiflually.
ARYmhdR1y, QUG 1180 boHPRESletB &34 B ¢habaduaty cSﬁtﬁﬂlegle' separate
At step 812, 25 the upper nold 632 is pressed to th
cangrallers ndiceprdinglyt e powtoder Ha ranpwEie © ipe epmmpndsip e dynamic
dite gntr&féwg()% g)n%‘i EQH%EIE%% E&%aﬁfgf %ﬁ %gszg%%gtr%i%en?ern%c@ﬁﬁn an open-
IOOp agmaen fFor e}pmpthu & istiappes motas mpy e upilizadsn v ppanzperymepst. Actual
P Xt%ornuo%leg& 1’1‘&% (%IHI% é’lXﬁ{zﬁéTBﬁPI%Qy 8{ Cr!:nllmte@%a& # thbController 612
?Sﬁree axli's con rusi on-nol di ng
via the feedback data 1022 for the controller 612 to utilize in controlling the positions of the

flow control elements 624,

The controller 612 is further in communication with a trolley controller 910 that is
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process. The structural part production process starts

at step 816. At step 818, thernoplastic 30 material is
w0 e@eioyisse The thernoplastic nmaterial is heat eBCHUSEDEMB5935

822. In one enbodi nent, the _thernoplastic materi al is

heated to a nelted or. nol tert/state. At ste

copplggrie thewiolgy £08 ddist ermblsety FoTHSH PP@H@% ot a*Pfé trolley 608 and
teﬁlﬁé‘r%i‘ée(q" thdowet %m%’-z%‘ The %oﬁ&dil’l%f 12068y Plodiad eshtm h@natm €018 to

heated thernoplastic material to forma conp
therdroley egntroliere9 ¥0j thetr aperpigs a5 ?eé‘fﬁ’gtos‘%r’r"ﬁﬁbl% trelﬁew ¢Q§eff> ttmposmons

co%?ﬁa‘yd&f" ?'? Lltbip498) %ﬁ?&?%ﬁw cadeoff Hﬁﬁingotfhe Qk@RRd @bmposite

er sti eni ng material ‘utilized to form arge
matenial 28 pato tbetow@r mplsk 626eresitisine theflperrmold 636 hecorsfingly. Although

th?&%tgﬁk%h‘;%g{}fégte( %lé“%’f‘ihz tr L @sf @Al is 'cﬁﬁ&ﬁtéd Gfto) th@ rIO\V%}rlﬁolldnG26 is

inoformn e structura
mp)lmmast theTtime of ip@sitive, iraermidal comp@:(te mpdied] lwelsﬁ%rﬂ@wed first
tewg t cﬁclwlgax }het I‘g’l 1|9 gxélsl c{: O )P{os&e Omatauaq %55 1s5t>e§ 8551’(?& h?ﬁelrefore the
cangolbed 16l 2 gwy&dnmcmmtehsmmitdaal ]IO;I 8 &y the ctrodiayra@tm@elt $i@ to maintain
fibers such hat tHe orig

the JERPLHPEC, PR )}16 ¢4, ngasq% néatenag éayr% %g%?ngiﬂ%? Gt a substantially
cdiilstglli’cetéﬁ‘LperEtﬁfe BARAPh &imd &F delpesm?caﬁﬁf hé exisuded camﬁcsite\matenal 625,

aqd}g}x é)éee t‘lﬁ]a?fh?‘}fcg"tf’%zg‘{c r;ré%?e%ﬁs ?q%b gn?agenag | ec{;eendstgtg temperature
reg HRstant Fé&a’dbéék%‘d@' 1020 ha ¢l proRidle RGrréd EnfgeRurs andlﬂat&i ofhéposition
t he extruded co te material 625

imtw f g teolie G98 ?teap?rﬁeweqﬁt he, lomighold %Zyﬁf odhpt the gogtroller

6 BGhASerBrR hARSeehRnPin@ Vi oY fuk@idhé 0l of depositi ng
the” ‘extruded conposite material 625 onto the |lo

ol ditszentratise 61 biadwrthes inrogmemiraiiomwith pdeaticod ﬁamrcg}ler 912, which
13%&‘5&% Q&F&%@@l feﬁlpélg at fﬂgﬁh‘ta% atﬁE/Bf é’cg)?%s o %‘%ﬁfrﬁﬁom-moldmg system

ferent volunetric
6GdaoWhe btat'socd cowiendlet W miyaneeiv the ccswrebda%tﬁlf% [fxprpthe controller 612

th ogrgrlgagﬁmthe llie@ﬁ?ojo?c 31%![1&] é”ﬁ% g&%%’t grk#)ﬁﬁi? anva(?fabﬁaq perature

ormed 1 n accordance wi ow contro
baabdamanat surlst dﬂlﬁattoar sudhoasathemhoptastic meteghlt Md, alnbiest teimperature,

trolley 60 be tr
AR BT DR Ay By e o
ccﬁﬂ&ﬂﬂﬁl %2 thay cRpolssybtem-leveh hémt amﬂ cdolead oreooimpad@dt-level heaters and

oSSBT G0 b B SR P v

c&ﬁ&é PR thd\onvolldHe2 afay pérforhanagaatne ﬁn‘mﬁ&i1toﬁng’rﬁﬁ16ﬂi0rﬁl

| ayer 628 he trolley 608 20 may be _noved at
or "t Bstaptrplar 612 okt gonpmiag e g BB oIS 914 Which is
ﬁ&lﬂé@@@o BRTRRSE toPerati® 8fid Mmperdturé datthd Gpded mid?d 68Dt OThe press

e extruded congosme material |ayer 628 is_pressed
coniollen Hé mpspbeia pedard corioHer thad t%@%‘ifb‘f%‘i pigthe press 610 suppies

élyecﬁrgé' s&10P @‘a'iﬁlﬂarig'h fhe %Serskj EddtloBlr Parhayf REINANL teRpRBASS controller
at step 8 is an exenplary bl ock

mmgrp]aﬂm gemoe@artmp wé ﬂ@olﬂmromplér%% 1 Aligmagey. i tha fegweratyre goptroller
m%g M‘ a% tcﬁit yvhﬁ Eltegs()éoht%lﬁér 9%@%&1&913%5 BlaBufacturer of the press

rrponen trusion syst em 6
910. Feedback data 612 may provide current position and force of the press and temperature

of the upper mold 632 so that the controller 612 may perform management and monitoring

functions.
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FI GURE 6A. The controller 612 communicates with the

various controllers for bi-directional conmrunication
waiging438gi t al and/ or anal og contmuni cati on chaP@EUS2083%035935

understood in the art. The controllers operating

within the conﬁfnents may béwprocessor based operatin
openihgcontgeliss 6 & Fheynuniestipnaith 28 sxigrdien ioberntioHer 916

thhR @Jehbﬁng) CRfloR bRrABo® |0ﬁéi§t1&19 L) %Cﬁdédostwgﬁlraqocompgnent In

contro Al'ternatively, the controllers may
remnsqotootbegsmollbaébﬁr%@ﬁmg dofifieagion ﬁsmhtha@esawanmgleb P14 that the

0%y SO gL 8o 72 B

1EBdkot thm@eiraitmn goa oaviniroller il 6 90 Anititat emcttmewfatbb enoltl@l structural
co%?p% en? fxﬁé’ g’m nf%ec{b?lcqpc? tazfrqigﬁna%{bew?ggiflﬁif%%)gggé‘é o];)gration of
thE’@I‘lré.dSﬂﬁ)@(ﬂﬂ 035 fRbfeedtidk datal 102D adicawt elat ahe dMractidnetool is having

d d t
S SRR PR ghng] BGRH SPuba8HE Pb eRbe! pb0E shpeighmolding
syﬁiéfrﬂiOOﬁ )nay’zi Bél nbrefsdelidt & problEneeGadny it the @k tr&lidn t®l, the lower or upper

er eC|fy nmrand t e velocity o rate
m3a 62y 2 AFchiEr 6Pt BERFG t S5oler10F el o foe? iR and
6B B dtw&hpwheor@@mlb@ bftﬁé edionfmdidigg kpeacsdos) 614 is
operable to execute the commands received b

contlf giopldrbegmdersipeg ’fhé%mﬂée cogHRle 6bhmey Be %%‘lémed &t be a master

ccﬁl@rﬂﬁ’é?sf& QactTR¥ G%flé %bmg@ﬂeﬂﬁ &X e Ukl sih- ﬁqoicﬂl?g QY 6(7)051' @at the
the control may increase the rate of the

cmaﬁ@fchr 6P @aw@eaﬁ@iﬁwddeumﬁgageethe FopeRPERE ined eteclitripe controller
mlﬂr@ r.CRNGH&! W&, @ﬂ@can%mﬁ&g Bhﬁ}{e cbﬁg&%mqmyc@gew@ a¥¥nbfd intelligent

heater control ' er 904 ontrol I'er 612 ma
cangailarnitait wse cibatrasAmeaias oftthe tshectimehpetts being rpspdused 4o Hompute
o&?ﬁﬁ? o?{%%nﬁgg;%%éeter} Qnéj1§§saas rs&@ 'tﬂsﬁqref dodnli&a WE ?5%‘51?])%51& 612

cont exanp nper ature o
tohpafoen « Gnectiol.| dt siggdd betfurdaas elsdfdﬁtwdwglat dedeongoller 612 may be

propm 3 teiggg \%ﬁ’:coﬁxl nda{ehf {fgrg nctraec arﬁ%%gnzf%gg?%{lﬁns ﬁ extruswn—moldmg

conmman e con
systent 600k Eor @@plet if theexteawe-nididing srpRer ﬁlOuw&:re ocfnﬁ@hned such that

oS 2 s DRl T S ey oves

mbRIgIZb sk hich nag pr asy veidercatislediol atrdlleg 608, tthdnathé bentroller 612 may be

t enper at ure commanded by _15 the control Ler 612 and
P d W?thﬁ PVERF b5 1 obPY GBI 06 Fih B movement
ofﬁéuangmm@rlng pur poses. The controller 612 is
further in communication with an extruder speed_and
t engdERIRE 10 i8 g pregmlasy b@%dla%ﬁm@ﬁtfﬁweW%@g6@oqftFﬂ%PRE 6A. The
caiBlierld1€ iRRBEa gfocésﬁ& 49 8bu éﬁé%QO aAMsbmdr TORY RdWk& iftbrface 1006.
the extruder 60 he extruder speed and tenperature
Tb?)hftef dnterégee JOBO My hser ool pareb P]QthQ_T)uCcé’ﬁElf% pndrkesppgh| pen-based
1ané?ﬁE§ro a &tﬁélrhsélolﬂfe?fa&g astd?l@ergds&f quﬁé a@o%h@fh%cessor 1002 is further
conmini cdte the tenperatures of each heater to the
cmbﬁrtglanempmtput t(I/@h ouik ande Uoerdgs unibdAlG Fat storps information in
?fﬁarslelﬂgﬁ rﬁfles ??’91 (qu OI Fyélrllgﬁ).c L ﬁﬁ%a@és l%qg Iﬁg}ybe%ﬂlzed to

orne e con
store control parameters for controlhng the extrusion-molding system 600a, such as data

associated with the lower and upper molds 626 and 632. The databases 1012 additionally

may be utilized to store data fed-back from the extrusion system 600a during operation
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The controller 612 is further in comunication with a
dynam c die controller 908 that controls the flow
wa@omigdesel enents 624 of the dynam c die 606. HEEUS2003/035935
dynam c die controller 25 908 nmay operate to control
each of the flow control el-@fents 624 collectively or
themohi vi dual | y. Alternatively, each flow control el enent

624 be in i n e S rat

contTBPTReb! Sog Pty A LR SRS PO g o conol te
vaﬂpﬂsrm)ﬁ@ohcmtsi (ﬁ&hﬁemunn-ndmdmgnsysﬂam a9xmand to madag the databases 1012.

contr 08.to £t th he .
e i 6r Gt R 9 00 ek ere ST el Gty o
ex@isiophRldig SisRrPE00anai dic IV(BythOGS ahd zZ@drol Bufb016. Control data

en-| oop ,man Act u 30,.posi fion of each flow
QI8 FUSBHEHENE BEPARyS Be B AP S BRBATS® erfgntrol bus
100616 1R &:8usibAZnoldih@ sjshen bemdbrekolaba uh@2goddhat B control bus
contraoller 612 to utilize in controlli posi tians

10dp mapyebe foymsd, of aplindt contiehbiess: whae byrggeh veB 518 pssgaigted with
a Jh?felfeﬁf dolfpondri o £AB BRI sfoRLthé18in stbnﬁ6(§(fa0 Id Biu1g BB ‘ﬁ[rﬂief @fderstood
that is WO 2004/ 043686 PCT/ US2003/ 035935 -
thefdwowows AR mapencafe wiiFingReerial oppapligpetecgl o nt rol
pOS A Té@@ba@fc b&@ 00" Rhick ¥naH B8 a%ﬂ@le 6&5&2&151%% Sruhurd B€operable to

| oner nol The contfol | er 612 provi de control
fegdbgeladata l@i@rmthe@h@usnwolélpg @m’qﬁtm 6®Qaeiun93 opargfipmn. The feedback
SAPRIBAER A5 aAE I L SR L S, oo
omhse@s/elnﬁinndmﬁasuwg fiohethe xtruspecnalding epstene 660a. Accordingly,
th?g/\(,\): éﬂlﬁ% qog %g GPC% %)P cén?elvﬁg f%ﬁt)a%k%éﬁ’ 10?% ?1]051 )éttng@on-moldmg
systempﬁﬂgit trel qvatnamicate thafeedbaﬁlﬁ 8ata QA2 tb ﬂledEmSSOt e@ozan e utilized by

g 35Ty T4 o0 J et B e Fhatt ia Yt gatpbege 1012 and

utdﬁp Gisd feedbatlt dsth 1022 mdSoritdl dﬁdon@ﬁnd‘nh;eoﬂ tht EKtnfsxinFmdédlg system

ofiRePorcarR By ke e Ohil TBATE GhTE U FHIE BPR I gge hoser

cdn&olleﬁe)ot’r t® kle36n&6IMr 160h| 1€ kheSd BpérBurebdfith@ héhtdk (5 18 Rcomes too low,
enperature of the extruded CQ osite nmateri

|
thelszﬁle centrailer 6 L% may &55es seimpand Yo thegratral feta l01p & B%ﬁ%%?r 618 to

1n91%§s%Qhé3t@m érﬂ@r&ﬁe@&p%'e%blﬁfbllef 61ch:§ c ?dhiéﬂﬁ(@ gCQHzH hfa? include
mat eri al and/ or based on other factors, suc

ary W}ﬁwa@fql eysian ey ydprsiond Fghe e fos perfeming the penfrah and rogulation
Oiftﬁbqwn{r%ﬁ&ﬁt s. Feedback data 1022 may provi de current
emperature and status of the position and velocity
of tlheoperetivt), dhe euBrolerdd Zanipe staxeLnoatrelf pardyeeiors fer pradiceng one or
t
el s WP E RSN bk by R Y, RO QAR dan associated
wﬁn 2aname1femr¢fhher mpkls G@frant b¥a sudireswimensipnh o thegwpities 630, may be
st?rggq%regr?h%t uafcaéyg%e]?lq% e)h stol‘n? E{pgeg_l,o F fgpa?%{ g for various structural
pats) thes thfusfd)'ﬁhﬁbldhgg $ysiblan6006(lﬂ&y ba'hmhh@htd daol the structural parts
ontr ece ve E §19m
bRl R aro BT TRt Eahd ot FeenE Bbe s 169 Wim me
dlﬁeféhf Qde{se of 9;3a2a1ﬁ<9er@ par glagllel t@ &pacite ctrocturdhrpaab| substantially

era
s1mu neously. %hat is, when one structural part is being pressed, another may be formed

via the dynamic die 606 by applying the extruder composite material 625 onto the lower
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20 based on a nunber of factors, such as thernoplastic
material M, anbient tenperature, characteristics of
W@ owotes@l part bei ng produced, production raPE€EUSBI®035935
The heat/cool controller 912 may control systeml evel
heaters and cool ers or conpdfent-|evel heaters and
ln@déﬂérs Feedback data 1022 may provi de current
r r
| RROANCS ARSNGB BBl 1G0T by
thasrpmcessam 1092 f uk]systemmman@sr THY is opernldlk [te maBdg2 \{agoxﬁaﬁsmréﬁr of the

ni.cation wth ol l er h
coFaFRTE" PSR 2480 RSP Gerth i s
mﬁbs1uo@aﬁdmﬁhdmﬁ&&mmghdipﬁess controller 914 may be a

standard controll e hat..h manuf act ur er. of .t he SS
10158 sperron w1078 il RO B ot g oppEREor the
exEO§bi-glol ddig @/lﬂmﬂ&}Oaitﬂ ebingg the b}&ﬂﬁﬁﬁaﬁdlcﬁlﬁg e@dni 6DOemanually or

to.control rature of the upper |d 932..
eSI&P}ISéer%&W%W%HP ?Sefa pcies TBGHY BT E&B%BPW ipfgfface 1102
coﬁﬁnﬁﬁ’o‘éﬁé@ ivathesl pistakh §él'@tcﬂ r1e6s, e, Mieh @hevibldlyiroph@add, allows

by the manufacturer of the, press 910 Feedback data

th eperpay toptelsgt Presiats rf@frﬁm‘ﬂ)%gigt the pirugHaalnaFis.e Kt camp'e, @ program
thit i€ SSatRkbdl 8 'ﬁﬁ%@é Y bRllet Hay B RIBAREVia MR chefidst inRrthddat102 by an

the controller 612 may perform managenent and
ODSEAITLSO 1P ﬁgconrrght@p egnsionylding aysteas 8¢k to produce the pallet as defined

b}P qe’s%ﬁ@r%@ﬁ‘{ gﬁaﬁéﬁﬁ_’ accoﬁﬁn%hﬁtﬂ@fo%* h&F uggéizmblés @Gr Jnh%‘32 In one
muni cation wWwth an extraction t control
erﬂmlmctnhaﬂle ipsognpre rsalefter i H0& maatelib belesks na@n¢rmwpl‘@g@rrathab pepduces
(0) . e ..
R 5P g5l UL AB AR n h SRR B Dt o
spedifit sais dfgrariotery foaborttﬂmﬁmgplnee@mp@n@ts’rw;sordmgm dihe grogram selector

11@% ﬁﬁ%yb?ggygﬁéﬁet Wgtﬂ foliatgeli]r{leetgroméecg)%/l (? g)é?ljl gO rﬁ?% g}lg@y the operator to

seteat brmiticatar 336 of pammeﬁtsatoefoﬁntzr paticdar efuctund pand aleldor edit the
structural one Acco di.n f eedback dat a

oG A PR 1 BT B LB PARor AR PRRVRP oy edio

1168t fag tiheffadeORtth thé databask emsdagek 10wt &rl&ﬂs@tﬂlg’l di patiadar set of

that the extraction.tool is havin di f.f]
PRTREE (oM FE oA HBEFoRt TR SPiaBlshBuHlahE ot he conteole 612 10

dﬂ?&%@& ofént HEahetthubidh MuldRY Siske 608X 8¢ Rith GdRFernTBiyudafal parts.
noti f J)t hat a roblen1eX|sts with the extraction

Farogiampicnhe Gaebasemangiar 1106 By HEveoomsesinp bt of parameters for

prgﬁlﬁ,%rfg(sg é{gllett heehigabsiord,Cae! et Rbuling® URREN oA thhO¥Rh of the
and = 632, or other conponent or function_ of

cquipenents plihE GRIUSISNANOIGng yrtembeoRay be copfetigddbyngeneric drivers and
thgm 'E‘Itafﬁgtg QQEtea\,ﬁirl ?ocfut'l‘ﬁg Q%ﬂﬁcrtﬁjaﬂ rﬁé}zalf@ﬂlehﬁhe%vm{rhof each of

con gure ster controller foor each
the copporents of the extasicaxmelding eysterpdiangeosdinglbm 600a, t hat

L he TROQMER! biflerd 1100 Ty BE WAL G UEEEL A AR OR0G Rens of the

nor e strl ute con er 15 nner.
e)lmlsmhhmﬂdmg) rsmqm vhéa eumidestdodris thef ait.h&or exgmamarindividnal system

dxggq?sraﬂ@? &y bgpﬁf%ed% e(%nlarlé) e g ederg g {4{ Beat eéet:%f& eqe‘gdeg §§4 tdgl?amic die

608) mRIEEG08, and press 610. The system dnvers 1104 may be customlzed by the operator

of the extrusion-molding system 600a or be a generic driver provided by a manufacturer of a

particular component, such as the press 610. During operation of the extrusion-molding
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operating and control paraneters and | ess as servos

that are conmmanded by the controller 612 to performa
wo wvenimse |t shoul d be further understood thaeCT/082003/035935

controller 612 may be progranmed to accommobdat e

di fferent mechanical configWations of the
sysiery @09 preduoing i sudurakyast Eie sseiom drives 1&Qhmpy atilijerthe parameters
felepus! gl SRR BORRWRE ofmBitieh Weikion-moldi
Set hgt ut%t‘ﬁgddggttgéu?&gf thI% extruger 686Bt reanﬁfgl?%% or ton-moiing
systeed0@k.se noved rel ative to a stationary lower nold

626, Whi ch. |ed . e

Co Y iy DGR b ] et e o1
artdretatmoal entréetibaok nidnegeo Ui Pudre oitilizddeo gxdvidedieedBd6canphfor each of

t han nov of the trolley 6 25 FIGURE 10 | s
e TP b el STkt B B i i P s may
feBdUBLIREhS Actudlnempeatuia olal e rterfbje?atinrCensteS(nat plicvad s SBised on the

e OB e R PR s et Ep oG] B8 %e heater

618 a8 hoRhe ol ids@éay thenehieitpadf tHp&Bathed8dn atddtdandeaeith the actual
or any other user interface as understood in t.

y 1e art.
(ePRETERES CRBYSHPIB02 4€OHHEDh ?IeTe STIPE TED Mn wiiea®o fedback
telrpBlafui® rddbiire, (Vel dolty, %i%ht,aib’lﬁitﬁn,sét@.[ 886acH RbtnpdhPaddistt composite

stores information in 30 databases or files . .
mafgrislawithin the exBisioaanqlding yystepy 992, i thequpse b8 esitigd) foilure of a

cdFRPonbR, Bkl h?aﬁ thet Rd-b&kOloCthE Bt SMer B aNEUEESed BY the status alert
control ling the extrusion-nolding system 600a, such as

fegdhagk masagse | Hlide df on alert istisemerviorbeayaaigh fsdnrentbe gusteap drivers 1104
T 12 addig b anRldovs 600 t

w3PSpFyn e PR M i Tt o v

dayage gmBBTarad or perspnabisiuay ito an \We2O04/1046H68se to such an alert, the

o3 BP0 e OSSO, s PO g

priokide nutireias trscoteofpenetrins ondtheérwaseext r usi on- nol di ng

syst and to nage the abases 12. n
contTERT e S3pPRER bR ke B R antd shipentiigpse-s2f ana
losief ot €26] Bhithde sertioneddhies gid 1R0RhEhS grid spacings are defined by the
BT 20 T B ot ot 9 8P
sﬁ@ﬂi’(@@llﬁlieCh&ingdhelkaxi@.alhashblalﬁbltﬁhﬁad&@tdb@ thafl) %ig(her ©euliiticdl for the grid
signals acyoss.a contr us 016 taq e ) )
gy OF GUFIBfH. {;ﬁbP@F% ey ewral g’lﬁwelgﬁ é%‘f alope thyeais el dpfining
sthAlRY shAtengs OMéilgOthe PHlgxis. 1 Wpeityg Bfor BlenBaticlar Bttt Part being
control busses, whereby each control bus is associ.ated
foxmedy highey; qrf lopan reselgHpnsniay bsfdestid and peramsisisnetiapliphpd by the

opetabeid B8R ¢he highShQUbWerEsolutiohd @by BOGEIa 00 coﬂt‘f-blfef'@fZ via the

he control bus 1016 may operate utilizing a serial or
dasahess menagpr 06 E@fuse Iy predugig die shuefurpbpeasts. whi ch may be a

sin Q’EEBEES %lota%%%%mpf%@r n(?#itﬂﬁlteéjﬁlgb ar&j: wil2B¢ Fo%h@olttﬂe comr%onents of

f eedback data 1€ extrusion-nolding syste
the@gBusie-innlyingpesten 660s. Sphafitadlydtba tibles genvide foxXhe penjrobdata 1018

£t SR tEoIMn d%% %bmé&l%gts ARd heARCL b 1822 Pe%gllvgd 8&‘ thevc%ht%iieg %12 from
qe 111‘, rﬁ‘essur or any

ve
the components. TABLE 2 provides for control of the feeders 614 that are used to feed

thermoplastic composite material M1, fiber material M2, and any other materials (e.g., color)

to form the structural parts. As shown, the control data 1018 includes the rate that each
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ot her sensory information nmeasured fromthe

extrusi on-nol ding system 600a. Accordingly, 15 the 1/0O
wa@Rios/01888 i s operable to receive the feedbackpdEUS2003/035935

1022 fromthe extrusion-nolding system 600a and

communi cate the feedback daB&-1022 to the grocessor
feetl@ 001 4 is dblivering miatediel thyhe exiesierompldinesyiomA00arsns the feedback data

fitware.1014 - [ .

1052 el o a1 e BB LS AR PRATKAERER:  Durbigporation of he
extrosidr-niboldidpesystompi®0a rihesratef ofttheemetetiplhsingrdetivdret]! frgmglesteedar 614

. 600a or. ex i n_.th r

s pireed g RETHRs mll0f 0RE pLEF hESRELAM offbr may be

no86dd botht hwelcanthd mhiegal i 1Rporisé td the int teedat 4itgeahingheninimum
heat er 618 becones toq | ow. hen .t.he . cant.rol.l er 612

it ot oregiman onts aoionab e Pt S B IR ha
heatI@ﬂ?leleI@ i§6 &.12 exonPlRA Fdle thet ﬁr&ﬂﬁ@rfaf] teirgpetahiae eqftrol leirélgaters in
controller 612 or conponent .(e.g.., ater) may include

the, AN | 1 5 R i S e S AP SR 90 b fof fqfiberature

zoh&¥ 1-Rehé @nifenfurtd for GRS Eélle AAYdbe 88 Wyatht @Rirudef tdnijRrature control
conponent. 25 In operation, the controller 612 ma

begtgongeé“mé@) 36 PETE P& EnBiak 0% cPYr O b ditfe iPRY O ASPEHIIC '“Fﬂ%sfamfe (not

shSivhHCTHE BledPRk (datalP2D RSry S ihatSihe R iRl @hpetafyesbLERcR B0 of the
For” exanpl e, data associated wth paraneters of the

exfrofla $062 6oemding3emperaireas N R Stiegrdebinto saeh gppiof fheextruder
60@%8(1 Iﬂgatgmgé?atul%g génggi 48 rdaB e el ARARE1AAIBus 1830 BEBE Edddroller 612

mul'tiple Sets of paranmeters for various structura
fopteedlmck cdmdrobxt r usi on- nol di ng syst em 600a may be

util t,o0..form.; r . S [

si mul'tane g ugl a?} . %%Eﬁﬁf E)a:;:) %2{3 %tr ﬁ%lg%r {;?gys ﬁ%)? e%b%?éﬁ% é‘ bk (not
shewh} dvivigg the ddgenb2hoptetuting dhi thé exteder @ét The fonteat datel @B8gncludes a

i n, pa lel to.formthe structural S L alsl .
R
thb &dedbpcRdaa 062 toathetysem divgr bd4fuwilinetito conteol tteerathyof dir anger 620

die 6 hy .appl yi extruder conposite materi al
e’@ﬁgeréﬁgow%/ﬂ’ﬁ CB%%@?%@@OOM 043686 PCT/ US2003/ 035935

- EO'ENB’EE{ f5 %ﬁneﬁ%ﬁ)eﬁaﬁr& somard] €xclivhteay iy thd dplendd digré@m The

of the software 1014 at i executed by .the .
capiea s 5 1519 be A bR e T SEr0C s 46 Syl to the
teRRAAR YHtoPUS RSHEGHS 6, tReheakP B8 Adyeinclode’healilig and cooling

syst em manager 1100 interfaces with an

' Ting and 10%s 0t £ th
cqniyplsrapg/on on o9 ofissptingsrfor opfrqlljng andforgasulaling the fempgpiee of the

JifRRA0SEne Wifhin TREaRRRIAER 606Nt REIAGRE1Y 1A fesibbidld HitZ@d22 may
to provide an interface for an operator of the

inehutle thei ashakismuppiatiresfps eegh o Gerazones wohin thy dyngaic die 606 for control
a8xbf usi on-nol di ng system 600a nenual Iy or establish
prograns and/or profiles for producing structural
par t EABIRé ispecatmplary itde faisentol @F thee priteoh elemen(p OR4 of the
a _progra el ec 1108 ' . i y. )
o B i o, A DGR A SO Kt o
pbsitionp farcbach figw tchugircd elementLi24 Irangang fsom Fen. Exchoylfl de understood that

t}%rfﬁ)gvr Somtrol elements 624 may have a nearly infinite number of positions. However, for

practical purposes, the flow control element positions are typically set to have certain
predetermined positions, such as each quarter-inch ranging from zero to six inches, for

example. In controlling the positions of the flow control elements 624, a stepper motor or
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that is established to produce a pallet may be

sel ected via the operator interface 1102 by an
wop@ratsses So as to control the extrusion-nol di POI/EFINEMSI3S

600a to produce the pallet as defined by a designer

of the Eal let in accordance 3Rith the |ower and u per
othes! iBe 6P Eosmdm&Bbe utilizegn eAccerdiely. b tfeedpank datan §9Z8nfor the flow

coaﬁbﬁa&ﬁémslé?ﬁm@ﬁa I RELRTositiBnISNES HEwRAQLAR:, {lé'ﬁfst 624 so that

produces peci |c structural parts by contro
anyisviesion ofspositiopbbistieprtyths penteind@a 061 heomyriri¢arddrity the controller 612

toscﬂc? 8§zrfa G 3606 ?Jaa%%rﬁ%%&%@ 5 ?Jedﬁa%ﬂﬁ&og' xé% {E}%rf%h%i%%data 1022 as

en‘is accor rogram sel
umiemmodnm‘abertvmth a paraneter sel ector/ed| tor 1110 that

al | er at o S ct r set

o SRR T i BT pR0rRiary Say af oy ReP B ol 3Bherd] g e tower
meldi 626t h@ shoaldabeuadesstboal thht ersirhite tplo aRgSbé ﬁmh:feﬁrtm dugtrol the

the str ural part ara ter se r/editor 20
il Thvaer 0K 21 Aoeho AP HES T (20 P P oRneged o &
mfisee 6f tdhgs - npatht:ﬂe QlUﬂttatfs aB@br @folerﬁﬂﬁﬁfﬁ@flﬁﬂﬁd 5] em%?ne tfo heat and

riet erent ar ter at a es a e

chﬁ@eclaﬁfrr BPIe26 e Sopghanged Gy the eantga) rdﬁ@n]éﬂgs %O@H@lw Teedback
ARX Y OISR Ffm {adi 1BO1h8 Yas hueMeRBSBtutOof BE M3vHrTth&l8 &6 so that feedback

structura arts. For exanpl e, the database mana

coptrolbmAERe Enehyetie cqnrolerdd? toreeyate Absiempaaiugsyof iie lower mold
62?5r QR ChAAp1 aE’ feleRtrudel cgﬁﬁﬁte %%Qp@ﬁqs afpiied fhe W lnfbde 626,

be understood that each the 25 conponents of
the yerpRegaters -afihed iom@r $90dd é%é G@Mé)e rragulyed e@pisrtbe zengs 59 regulate the

tegl;}%@%ﬁﬁé:ofdrﬁé YRFRie @B acfsﬁ@lnat%ﬂﬁ 1@%{ @f@??é’stéﬁ gﬁ‘ glm% GhE gthfepff(actors as

uci ng a structur art na avl or )
the gompesite mateziat tsrdsperatad Qntgfthet loeveeriold @A 6camd rrotitliha gptructural part is

re%é%‘fﬁ’??%ﬁ“@&&&&‘wgg The systemdrivers 1104 nay

O integrate with the conponents of the
ext risBIdn -8l di axpngmplat eablé Gl ImGVIdﬂSd&XbElpr,d comirol fperameters for

oirbming s FYRTRAT AF RS B Cd PRE T st Vil o, ana i
ccﬁnﬁSI foe gierttotiey 6@ 41t slehyitdbird undelisiood At addﬁt[dnhbgbnﬁ@l&iatﬁ]ﬁ)dS may be
. ss 610. . The, syst.em dr S 1104 be .custom zed
PSPl movgr oL HE Rbey HET R AP hef Sy S aty B0 oF Ineala
pdRRiod, &eclﬁ’cﬁérl @n@iﬁicv@htrwdaw ﬁeﬂ bé)utrlllazem ufoag ti)g Eich@hiza the trolley

articul ar co onent C as.the res

6&&@9?%%{ Prenithe lower m@s&' 80 %ﬁhoti% i ¢ mavlmtsfeﬂs%p e extruded
cdRipbsidIRNE31 @35 BSRg depddited Yob bRANIHA IS Wtedr Rb1R626. The feedback

structural part, the systemdrivers 1104 may utiliz
datt 023 fprthe frelll@ 608 anagydpcleferagtup Rogitier ancheirisnt Ppeed af dhe trolloy 608.

Tﬂ’@ﬁﬁ cbrdlldhtd Sndy ¥R lﬁﬁﬁapféeéﬁ%%e%dtdﬁ‘s%n%& rtﬁésdvﬁgéisr@h@f@l% trolley
m 600a. |In controll he conponents of the

S0t dirve apisiinag S st emed ooEposks AABATS 11 G Jove k626 and
R R
618X, reshestimslyr Udie auntualopaditiog of st leﬂwr@&cba feg-backesozaspb ensurhthat the
p{ggsaélﬁ 1§ 1%0513 ?g’%}e/eﬁ é%frfletﬁg flge%i(%\?fm C&i%ggae%g gﬁ‘eﬁl{"ﬁféﬂ E’n%cﬁalrlﬁma(e.g., air
tubes)

TABLE 9 is an exemplary table that provides for control of the press 610. The
control data 1018 may include lock control data and cycle press time. The feedback data
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nmeasured tenperature of the heater 618, a system
driver 1104 utilized to control the heater 618 may
W0 p@neees or decrease the tenperature of the heEr/Es82063185935
in accordance with the actual 10 tenperature
nmeasur enent. Accordi ngly, ot¥er sensors may be

1Q22imnayneludeposisien BEER trol&hens in thymeess é}%wmoeltwv ef the preys platen.
OWRE ol BRSELHLAR: pafdféters Qfdnﬁﬂ&lﬂz HARARENEA) gélﬁfm the press. For
conposite nmaterial within the extrusion-no
expywles tenPOBtre ¢antrohef tbfw@ebmhl B2 forasalf tegir¢sa 6 &0, @fc ,anay also be
mgl% nent, alerts may be fed-back to the controller
and det ect ed by the status alert feedback manager
1114TABEE a0 peivigies an sxegiwdare thbiecfoh eordrohef] 2w extragtionrtegl (hdighown)
ystem dri Ners 4
o SRR p 01eR el Pl R R0 308 03 B cBpgretion of the
pqessmgeanﬂ opifmﬂge cb@imgapr@bemee 1rofonpmgsth)enai~uctuml wait. tThe @ontrol data

CBL g 55 SRP g TR ang e Ry o U By el o st

erltﬂcﬁhlﬁtbblmbsihb@ Tt shduld e ﬂﬂl@rstol&ﬂ chat SR 1P dxBractdS tddds or elements of

corrective actjons.or. 0O rw se. Fl 2 is an

Atp ARy 3901518% P‘iﬂtzegﬂnis H@G‘F FOWE SWEFJ%E dé?*‘e‘ﬁ@’nﬁ% sensed and fed-
beR4athe diiraBis 1220 | ower nold 626, which is sectl oned
into_a grid 1202. The %rld spaci n%; are _defined by

f 1 oW IEORE bl 1s 8 fenrdsiy of o flow) cgpigple eptsé%as6?(4ﬂ él%?ﬂtgiﬂ?q t@dieposﬂ
th@%m%ﬁ@s?tb RferiAl ohto ARG dIE 0¥ FIEPRE msAﬁslﬁ)w%l @8 %low control
the x-axis. It should be understood that a higher
cleme G24 e Povitiangd afpmigdthe yeaxih eviieh afovidgs Bor thrderaxis epyirol for
%Iaglﬁn% h%v(\;‘xﬁ'ﬁ)c{éh anp@n% Wil @?A 01?{5 o&zglem}ﬁ'daé%s A@:@%dmggly, the

| er “spaci ngs a -axis. Dependi
XGpi6 nonttvé fcpaipmqsﬁmg dre egtm@nsltcgmabsﬂp materbéﬁzﬁgnwefmm by control

omhg %Rf?rg{:rg ogg'}? g%)lﬁllgg ﬁeééﬁéb&gﬂgtﬁlg%iéeet&g bggt?f'tﬁcﬁ HO\Q Iggmrol elteﬁments 624,

par ane operator to de
ﬂhlygﬂxmcootroll fovdepogitbgpthe extodsd exaypobite wbterid $25 may be provided by the

se na er 11
oGS ichs bRl Mol 8553 L AARE LHU0y ke aeBting e
extrdsp bﬁnmsdamatehalkﬂ%smmkuleﬁm womtkdlireckhé depooeiiibn of tHehestruded
co nent s t he _extrusi on-nol di ng system 600a.
Cgﬁ‘g‘;gq? ’i“&tﬁf‘?lffzs flons thsaT 8 Y5351 de for the control data
1018Conifd1 ffdirdeﬁ@mﬂgahé eteuded eorﬁme Aerial easdalﬁlséeﬂhba@ ky-, and z-

data 1022 y the co Ier 612 from
2SnfHeh Bt erforn @Sl@gpar o<t bhmigHtor GRS Y contoling the

V(f\lﬁﬁg@l[: Flobldtet e @E@o&i&ﬁﬂa‘c&ﬁhl freedhe Eﬂﬁfd@pmﬁlaﬁﬁ k2 rate of rotation
nposite materia fiber materi al and any

o PR aREFLY ﬁ?)aq%ﬁ?lén@ the rgig|of papVerpeht ofisiohe” St Dorsinda axis )

chfollf fgtlﬁsap%ﬁﬁ%f tht BE %ﬁt"(ﬁ{tﬁeoéxuq@ér 304 Q%(g ﬁﬁﬂé%éj ﬁ§w'§:®1ﬁrol element
rate that each WO 2004/ 043686 PCT/ US2003/ 035935 -

624 eapltiple4fldve capéo] elemprig) 63hpraratiag ungompy (4) lndmdually controlhng
th%xl%gllﬁ? 5w bt Gre ﬁ{sed@gfﬁgl?cﬁ %nﬁaﬁn% SREBAGK tﬁé‘&é‘ney 608 in

udes t ve mat er1al current In
maidtiphe :ﬁ}@e.d @aclﬁlfzthes@chhmgu@peﬁﬂmq tbet atlier (vagables are held constant. For

e}?;fﬁﬁ é’I%c ic g&? ng la%glin?%// tZl%tecg% ?\9:81% apﬁllaﬁ? bRthE eg%ﬁd&p §04 is fixed and that

thecrrdll_ep I6D$e traeisdat| acoopbtamg frate fhelomathe louiaht apartorthe ITBdenkBles(Z) assumes
th6a%' ﬁ'lelvglunrr%%%%o%vdfatet o'}%h o%gp%gl?e mi¥Edal l%rom the extruder 604 is constant and
that the output aperture of the extruder 604 is fixed. It should be understood, however, that
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5 notified of the level of the material in response to
the in the feeder 614 reaching a m ni nrum anount so

Wa bat/0¥3686 oper at or may apply additional nateriBCT/US20051€35935
feeder 614. TABLE 3 is an exenplary table that
provides for tenperature coA®rol for heaters in

thee fechnigiess 1694 be lcambined dapeovidea pdditipnale geniigl of tbmlap@nent of the

xRl SRS AR 52 Bhlo LEENE A HER GRS, sdisthad 3 rogard 1o

npera res or each zone nmay be set e extruder

FIGER]Eeﬁza,t where cesbhigots (10, G2 agl efarn e@lmblgedgeﬁngng@p ©) includes

pr«tvhcg{lg gétﬁg&ﬁ-am%nd%ax%f ogtg@r}%/ r?l w%gglﬁf?g{if bl%t 31 JJ%) gﬁ?%ﬁﬂr fotation
abatt agl ninfyep oF akes. € Byfpreviding zocte corftrol lower tiet lowelemoBO426 using

o BSEE PN ! TR AL 350975 80 5k B S ALSD bl Bncrvise
In S@ASEAE oRsAl Racktiol of thbearicae dlemerts birbe irG/Eﬁ):nteQ)rdchs serves a
cont roller 612 for tftgedback contr ol 5 TABLE 4

C”@R rfﬁlFalil glethBnglatl%? ¢ B’VF‘E@ PFQ‘_FFSSS*’&Q é @8911{@811 o‘f“ %ﬁesgr@d part

anH%levefaﬂ%ﬁoeralﬁh%VW} he@idoéssng t he auger 620 Oper ating in
t he extruder

The _control data 1018 i ncl uydes
spe&inalpnratsr tha poyglling mpyement & thpddyer o e glbeesﬁmded

HsileQRgerdfl 639 RaPBl Qéposit dnefla RaGdhaMi & md eckhaials26
coa% S1J£e102()2 ‘;1(6) thgygistpgm dr |nvear 1102wut |n? |V?§d15? using

mexirg peibutt #ertuigs Sont the (RxtradRy 046 Xpr cxamplgdePEoRergs traveling
alé SafCSH Jude n{%aﬁailc%f&ﬁcm?e%w&nﬁoﬁ&iftb rc‘lgﬁ)sft g comp051te material

erature control for hedters in namc die
in e@@ﬁcﬂhmousm tho llovebamzpld 628 Avmgnabegyder Mﬁ@ nppghanigieis a laser jet
P nter n wthin the dynamc die 606. Simlar to the
r{enperature control of the extruder 604, the heater
618 R%;nngmgaude FltféTdRE ng, theflow cgﬂltrqiu glemsmﬁ 624birs shavdy ipprelation to

th? ppgv 81'93%%%63 epas S fc?err tl%od;yper e ¢ 1@%006?]%@/ tfv?é *nlﬂ%ﬁjt cﬁéﬁ&gght side
coth Byt Gvithi the ﬁ@ﬁlon/ktf lor tﬂmll@gl@QS it ehdsemdbpestes dada thd@hamic die

may. 25 i ncl theatual a f th
SConts RPHF (316,7;8 Wﬁ ge l?fféqggl%e {I@ eycgggtdll’%l © H} ﬁevlyero old 626
belfiBkikalfer i thardtheeallEp| BSY TABLEST DI-1X @t &x@mphiry tidbdess iham/vprowde

control elenents 624 o nam.c.di e
PESHBRIFTS fqrﬁéeeéaﬂé e C%’EPLfOF ﬂmf{&’&y HFPI&}&%%G?% Tﬁs%%ﬂ?t%fs may
belutilizadd pr&ﬁ@é ﬁlb olfet Rz efthueion GMihObysehesoent 624

rangi n roml-m |t should be understqood.that .30 th
{ POMABHES SI o Ochoedngar e poRBOBA YRGBT bE RiepR e flow

Ji'lh%pgémgfts Qﬁls:h{d' thd ﬁmvé?ﬁ%’f@ ¥Ethe tfoBby 60¥. aB§f bfeBbstitiigOMs @fovement
[ ow control el enent pOS| tions are é)% | cal | ggset

betwednathe voepanionentpli e dynaris fed0pand EplsyS03)s Eh@r?x ded gopposite
mAtALL &5 xln?}’r:] Be Hﬁ{%?ﬁe{algat]:ﬁogi%ﬁseﬁlgngt fheSbwer! ﬁGIGQﬁ6 as C&bemﬁed by the

exanpl e ositions of the
valont obtheahwitientd @2e loa/es g@ptmpr mplds 626 and/g32. In other words, the

exﬁg@d'% ch"rr:i)lfog Qe 5%‘1%9 %3 ge%ﬁggﬁ%nt%tﬁg }c%e'i] ol 8 o%m‘frﬁfe Qiktruded

Accor eedbac t a 10
cdmypositd ﬁlafelnal/\layer 628 thick enough to fill the cavities 630 of the lower and upper

molds 626 and 632, thereby providing the ability to form deep drafts and hidden ribs in
certain locations of structural parts.

FIGURE 14 is an exemplary perspective top view of a comer of a pallet 1400
produced by the extrusion-molding system 600a of FIGURE 6A. As shown, the draft or
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control elenents 624 include the current positions of
the flow control elenents 624 so that any deviation
w@bhooposicsé on bet ween the control data 1018 conPeUSHDEB5935
by the controller 612 to the dynam c die 606 nay be
corrected by a feedback | 0og%vi a the feedback dat
depizz ofithe tBsa 3 of theallptrl 4phés shpllower Appthezdepth eh?nof a foot 1404 of

mggagfé?ge : o%g?&&ﬁg{ﬁgtt%@aémm&% of BB gkgtg&ungﬁlpgs% %Pa?érfapkzs onto

I't shoul . stood that
the legvemrinhcild 6tzamhhzinmhetxmmtpﬂdsu of gbie presend ievieotion; flasge structural parts
t ur e .of 6 0
havnﬁlggg,tlgr S, such %e% S:fo#eplﬁl{%é dﬂ!&ln% ;izepe%ﬁla m]s e%ﬁ§8$§$%{ of the
stmbmmépdmaﬁa@rﬂﬁ fanméﬂcusmg dﬁf@esmﬂalyalw @mllm@dstnand Bbaz$)-

zon a nd cool S )
comaiBESol 4 e oo P b dran T ar et ppgy and top views
reip%ﬁiﬂ@@(} lof adAiteorhOBR0 Mmaying hiddetl €ibf A502ahS02¢ (aodibctively 1502). As

tenp f e | ower . nol. d. sp that .feedhack
oS i Pty i 0Bt PRI 1600 SR 51 G5ty SOIGE over one or
mé@ Q:Hhe’@t ThbReoré, FIepitizendet ekthrled 0oRposi® hlteriBlPAS5 dver the zones
as_t he ext ruded co osite nate '

625 .
haagl,sﬁliwetac’ic%ea Tib &> 2ot IeTHoHE 6 sompctSHenia&eﬁ%l'e@étoef?feth%%newﬁhout

tht Q¥MAEn AB¢ G5(D26BERYsclife pREBINAT STD 1@@6@&8 a‘étﬁesuigl’@ﬁx‘éldé@ composﬂ:e
regul ate the 15 tenperature of the extruded conposit

StEIEST YSHIS th%@@rusezans@gé aytsin 904othe RiptioTR &30 BiS BN wegknesses
mttﬂbesg%% ag@sretm £51h @b RatdERARL &qmgﬁme ide | ower

until” the structural part renoved
Ingerion Tdebnigedsds 626 and 632. TABLE 8 is an exenpl ary

200 B AR 0 IR s s
thelaingo jz@lzBimstr@ﬁgﬂdmiomsg laigsparts pernels strlahnjal iprftg furthey are structurally
1n'{p%5]\fted fla?vgnétng erg é(g l 110 t? 0 t;h f%) f@QMegEb?as{éH%Sgeg%q CLtlffeners,
ingaatet] rod Iemhiedded rin @értdiln Rgﬁdnal IFB;/ eXghle, ﬁu'nctenehpzmsethat are to provide

%gﬁ%g%ﬁ%@% Ioﬁ?j! 8{1 ?%gxteelé ?Prrggn%{l%hpg ?813&?% (t:ong{%‘sneo&atgltlﬁ% provide
stoyip ahd elibkle idtdteorine@iohe yOnd8h steucprraipartliya périigmof ifoor covering

I r nmpld. 626 with res he_applicati.on th
el ire itmpo e ERTURE Sob SRR REPoH SRSLRE dfIn rofudes the
thefmplabid adtedial 0o02h@hicaWwedy pOFEm6@ 6! theherne@UbRcna®fial M1 and
data 1022 for the trol] ey 608 0rgray i ncl ude act ual

fibsasMRi a5 adfatienctif v hisp s A RE@r ol 1 ey 608. The

Lif tInQ‘Qt%lﬁ%’ theGRJoR cHRYin® €604, ilel 2 Q6het Q6®NE FBGtiGRE or configured in
he wheels 634 of the trolley 608 both

di sen
the dw«rrgnglé (88 iseithay tst extRdedegamnegistimetsHpl0RY S &2fdpraisi pond layer
1 &)%avﬁlpthg I?fstén@f”%% "f@ lrrgur@a?n@ t}ﬁzgﬁi)smgﬁ aRRdond TB I?lﬁ't}féi( EJCUQQH&: fastener

onposi t e nateri al into the nol
1@1420 vleaflads @omr@gst(B b@les (1@5% leceytn) vieay\be lrm\aﬂeéen dm fastener 1604 to

al?cﬁ;‘ hte e%ﬂu(gefg oélieg\'&abt r 58050868 n 13]9 Hdfes.t %uﬁlﬁé ‘WeCformation

ot ~activated until
prabese,| sstuB R4S mays b@l p@é‘tgg@gem thei lawerrmgoldi 626 termaindain ¢he position of the

e.g.., TAB n
g BT ol AR ok BB e
t}ﬁ&k&udeﬁ_loﬁmﬂiaytel mabmmi daylen 628 Batitl rimimodtat foren dt shasilldebe understood
thg{ t?lg %as%elngelEOI g?erﬁa%gglg ?ncal}s bg %(tn%igured in the upper mold 632.
FIGURE 16B is an exemplary portion of a backboard 1610 that is often used by
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WD 2004/ 043686 PCT/ US2003/ 035935 -34 1022 may i ncl ude
position of the trolley 608 in the press 610 and

w@ominiees of the press platen. O her control BEMUS2003/035935
f eedback paraneters additionally may be included to

control the press. For exaﬁﬂle tenperature contr ol
pagsimedise. (Fsehackhsianl bT9, s ffgmmed focweggr@@@n@ﬁﬁn @pg includes an

in§8Y1 6@14 %ﬁcakBSul t ﬁthlﬂg %S‘mpéltg_ 'ﬁ‘ﬁ'té all 15 18" Ok 423rt8B14 may be a carbon

exenpl ary or control fl an extraction tool” (not
fitghn mhn)so thhblﬂle ba@tkb%d L6y raasf msmﬁdnesis hightveightl anslarray tiepgpprent. In

ds 626
enﬁ?pgglgﬁ%%e 1nd°,ert acﬂ? 10@&%? H%H &6 I‘ﬁ%} 'ipalvg 'écl?tgégccélg So(re tgllﬂlﬁ)rlle l?ms malngun the
inseinie] 63 4 umldhcwwdhlepha d:xtruitd'dacompm;lteohatdwﬂ keyer1@28Gommsya bond layer 1616
i ncl a st t ext cIe an t
b g o R e S R BB S RE VOGRS o f Bl state, he
achiatsh ond/al fies mayglee sélacel tuvhtthanihd éxpludedexdmmsité matetiololager 628
r. el ements_of 10 an extractio oql, ,.may. b tilized
i Y Hol BBt (e PRUEBR Pl I g BE A ond gt g 1614
mBPRBK substafithifly @8 hfathib Ebaséiléh thE piadRkarlapplisation b gtruétueal paft being
the flow control elenments 624a-624i as aligned to
foFatfbsit  the conposite material onto the |ower nold
626 PEURECHRES G exdsphipWbw dherabd AV @BdckiBing @Bk efpetisns for

624 are positioned along_ the y-axis, which provides
emplpdding rg lngpRing 8% Rses) Slfcar as1 & TapigEs | SUPPRYL 195 O thSt Slemany into a

sﬁ@ﬁpﬂgyh& %tlﬂﬁh? kheAdxtfdign- %tlcﬁn% B%tehPWa JSTHIGURZO6A. The insertion

Accor di ngl X-axi s con for depositin

rones HeHSA3 00). 1 &1 Shat P dhe Bt 4 gn israg g o1TErB retigwer or upper
’15%26 Q)k 63?fA{ Q {6 e Hoied ?)% ed Edﬂlﬁo% 9(%1‘19%25 is de£081ted on

erent sp ee s bel ow t he om1contro | ement s
tht: hcewey xnzotd §26; oiﬂhfr ottruded caegrsiss matsyaltip é‘)l’élﬁd ebeié @t least a portion of

the drqsggs It ts? "[P?P§ rté] %L?u?g ﬁwniﬁye ’?’1 00{1-,]8 'trgﬁrﬁrgpé?& lgglgﬁ éoxgrhag. In one

stnen Oow con
embc&ixm&t ctherfaserdt i encaphajagesli ctnqoglptet@y 2baided injthd extruded composite

conposi.te terial S t fro ntr h .
mEHRaRe (5 Bt TR ety REL PEon bt P, P B b e
erabaddgl th ehex extarddd yeompesite Maatial 0625f or tidhe poportibm@xtehds from the

extryded conposite material 625 along the x-, y-, and
“Pw“ﬁﬁg &ay be performed using a variety of

t echay s@spelsao Ilﬂﬁiyl-bdpﬂlﬂts atelseCRROAMurd mg 1ﬁsl§l€m tHelowre62d & upper

flow rate of 05|t$ mat er i al extruder

0

0RO Bk HE TERESGHS FIRSES omepSPBetts, HBChR a@aa begispyatof syniolled,

sitpR bRbRREl HhR, batdthedf mEIMMER NapSile tdfesﬁ)f)&ltlh@ychémﬁseftndunng
a single axis; (3) controlll&% the aperture of th
depgsifion obthererirudsd; sampopiteomateriz a2 prip @’Fﬂ@‘f’%f ¥iplg§26, e removed

b@fgl%t #hOkxiRldgdR Gﬁlposﬁg ndriaMvtd Pseis frhRMh&ORt il 178h e MBBtektruded
4 operating uniformy, (4) individually controlling

cqmmsmmiepalelayqr 6@8 vweribe berdened hymasua px forgadrophng during pressing,
vz?c%ﬂltn{n%EJ) Ccﬂl%o 'TEBéljﬁﬁ)(ﬂl t%ffofnﬂﬁle tsﬁﬁ’c!tl!.rgly aﬁo %y' Igmo{fm% Eﬂe%luﬁports prior to

axes ese techni ques assums that o
theamxiradedemngositemhidrid dayst 428 beifg ha@gnadx amglréodwced:hh thgusapports

rr%as)f I%zlscr | grelgﬁ 31‘3&% tng ltjrtage%f tﬁleo&li)f)&i{s orq‘;eaf{ Q[?otse%lttﬁéjgﬁlctural part.

At step 1714, the structural part with the insert at least partially embedded therein is removed
from the mold 626 and 632. The insertion process ends at step 1716.

In another embodiment of the invention, an insert is encapsulated by a process of the
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the trolley 608 travels at a constant rate bel ow the

out put aperture. Technique (2) assunes that the
waedouoetesd ¢ fl ow rate of the conposite materi aPCT/O8W03/035935

the extruder 604 is constant and that the out put

aperture of the extruder 6048is fixed. It shoul d be
claimedinyension, Ihowevrar anglogaus (yihe poegss dgwgbed in FIGURE 17, an insert,
suag-z{s %@%gﬂegsg@@%ﬂ -o390thtie efe’r:n%ﬁﬂ'“ el %e”@ﬂcaﬁ%ﬂa‘t‘éﬂ ! Q\hﬁ‘le @xtruded

provi de ad ional control of t | acenent of

thmplastwd aerpbs itilizingatthe | elpingds e@imsmﬂh@ldmevvévstMI d In other
€ 60%9 n%nts%fs ﬁlusfn?e% g@tllﬁuﬁl ﬁaf ?erg f n@t%&e wa{ﬁmess may be
echn F 3 are conbi ned. chni que
depésited mnieu dEStop poﬁ)\ﬂnedlqli@r nui:thzmgl yhex chinnesl amhsymamlémg system.

stpar et Pon B st ety SRRl il ot fofovine
wiichns s&ondlagér dfhies éaﬁw&l‘r divdreht ﬂ%ﬁnqﬂasng matwlahisllmefbd(cﬁ)tpp of the

R oty SHLSEH L BB 5y L L Ty ot
FSOIXPUA A 2y PEib1b o@fnstebl@oﬁ/laj?drmg $heeﬂi1§lﬂ§5f& witlfa ste&tﬁid extruded layer.
i nventi Ve proceSS Serve er tl role.in,

This, el ¢ a 18y eing, fcap fasildate ,ﬂg?sﬁogﬂatﬁpé) ésqgugﬁla }iaﬁlélg multlple layers of

thOnRgsHd ARe@f], & tHE Sdnieest RFérbnt BRFoditid, OMERGE of d1fferent inserted
operablllty of the process. 10 FlnaILé rather th

metgials. o The HeFesring Aesetipim iRl 4 BRREITedsPYodEnt o dmplementing the
inGttibA Q6 the GOSPRQS 'tﬂeEimFEﬁﬁ&{ él@hld%ﬁbéﬁﬁﬂltéﬁ%yqﬁiﬁ’ @8dctifibnO K0 scope

a stationary or noving | ower using noving
ofouthsut pegsentt uinsentipp onist hinsesd r lﬂ?ﬁfle%oi’y Fée ef@h’ﬁ’lﬂéﬁ claims.
out put apertures traveling along rails or other
mechani cal structure may be controlled to deposit the
conposite material in specific locations on the |ower
nmol d 626. An anal ogy for such a nmechanismis a |aser
jet 15 printer. Referring again to FIGURE 13, the
flow control elenments 624 are shown in relation to
the lower nold 626 as it passes under the dynamic die
606 and the nunbers of the right side correspond with
the position of the trolley 608 in inches as it passes
under the dynamic die 606. The |lower nold 626 starts
ten inches into the trolley 608 due to the | ower nold
626 20 being smaller than the trolley 608. TABLES
11-12 are exenplary tables that provide paraneters
for speed and gate control for the flow contro
el enents 624. The paranmeters nmay be utilized to
produce the pallet utilizing the extrusion-nolding
system 600a. TABLES 11 and 12 provide for the
positional synchronization between the flow contro
el ements 624 and the novenent of the trolley 608. By
orchestrating the novenent 25 between the two
conmponents (i.e., dynamc die 606 and trolley 608),
the extruded conposite material 625 nmay be deposited
at positions along the |lower nold 626 as specified by
the volune of the cavities 630 of the | ower and upper
nol ds 626 and 632. In other words, the




extruded conposite materi al
| owner

625 is deposited onto the
nold 626 to formthe extruded
woraioe/nimBe | ayer 628 thick enough to fill

conposite
t he CRPOUT/UBHO3/035935

630 of the | ower and upper 30 nolds 626 and 632,
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hi d
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DT/ 1ICONND/ N

ot VKJ LUU’-FI U’-I-OUOU

Ond? t he base 1402 of

pdf Tl

nglie?e %refﬁtéga‘ies

1400

nal-l gf

paiphylalers cHidride t he depth d2 oioolgethﬂeﬁe wédPKkhaie
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structurat
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{dﬁn d-s tﬂ)?b;]hcgfdf C%Stai

nfEPIGURES 15A and 15B are an e
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argpslicy Aparbqrylic oprids it ABIRAtic |
diBggRyse the platform 1500 is
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hottonrand—top—vtews—respe¢tiy atform
nﬁ§%®§having hi dden ri bs 1502apT§ﬁEé I@bkﬁ i vel y
oth&QZiphatibiylogfiown, the hi dden p@@@héggﬁn@ge variable 1n
i ¢ ey Qver._one or nore
capg er®PBHE, BIPae Bt | PRfYFBTdMERE r uded
ccﬁ)elmié&!zéd&mﬂﬁfe%ghﬁhh&%ﬁi &\&fert he zones 10 having the
hi dden_ri bs 1502 and | ess extruded conposite materi al

he hi dden ri bs 1502.
formed as a single nol ded
he extrusion-nmol di ng

Otb‘Vs?(f@mt@@Qb{amtd@é pl at form 15

)mlmdé anides vveaknesses

Veln;éué &q%oweﬁgédgjr hHé?Hgd' ed—to

nsertion
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iques 15 In addition

dhrdh@nﬂbng structural

ndeod

parts
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Jﬁd)lmetthmm03| te materi al
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25ts further are
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f ast ener

s, and/or stiffeners,

i nserted or enbedded in certain regions.

structural parts that are to

For exanple,
provi de

interconnectivity may utilize netallic parts extending

te '$e materi al

to provide 20 strong and

(fo%krgﬁgétg [Tt er conmect T oTs:

a portion of a floor coveri

q&%dqagg 'g>a

tructurat—part—+s
or an ice rink,

m@démcuvwnam FI GURE 16A

ﬂh@dﬂﬁmmwﬁmmering 1600

-l

RGBT he ¢ nor mopl o

T2

whiech v
vvlll AV I | lluy

and fibers

A 2

1604, wh

Lng
F-ng

e t her nopl as{t
Rvits ofdfeed Mafesigt 2 ner

| Cdvel & MiQgimed of netal .
1600,

I'n

the fastener_ 1604 s

‘posi tioned or configured in -

Rate of Feed Material n

Level of Material n

TABLE 3 Extruder Temperature Control
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25 the lower nold 608 so that the extruded conposite
material |ayer 628 forns a bond |ayer 1606 with the

wo awiomsee 1604 to mai ntain the position thereoPCT/US2003/035935

further secure the fastener 1604 to the floor
_covering 1600, hales (not stan) may be included in

GovgofBateener 1604 to all ow the extruded conpBeidback Data

perrat—ta BlroRp tO o8 e hotes—DBar{ng—the
ormati on process, actudators may be configured in the
| ower nol d §Z6mpaoatmei nt aijn t he position of the 30
f ast ener 16| ugli ng the |extrusion-nol di ng process and

D
rel eased vi aéf"ﬁe controlller 612 while the extruded

Iconposi t e maHe4tiGdol | ayer |@28Offs still 1 n nol{ aswhloremp
H—shoul-d—be_understoed—thast_thefastener 1

b_unde that i 504
| ternative ye?fé&"’ge confi(aﬁpg%l in the upper Asd Temp

31 GURE 16B 1 gegltRXenpl arfopoftt1on of a backag%glpeg%,u
_that is often used by WD[2004/043686 PCT/ US2003/ 035935

37 paranedijes. The backBoard 1610 is forned| of

a4 .~ a ~

Lonposite Tdc@lo] 1612 OEctudes—am T TseRt R
encapsul atejﬁlgn i he COI’TDCgIﬁ{/e material 1612. j%htéldi%ﬁlp

insert 1614 may be a carbon fiber tube so that the
backboard 1610 nmay be stiffened, |ightweight, and
X-ray transparent. In encapsulating the insert, the
| oner nold 626 may have actuators or sinple pins

pt.ain th insert 1614 in place while the extruded
ﬂégi‘- éi]"’}g‘—dﬁ’:%gpf—g@%yer 628 forms a bond |ayer 1616

adnebeEDath h. Agai n, whil e the| exgtvdsdedaconposit e
' i | t he

- material layer 628 s in a hplten state the
e GPHOL SR or pins may bpAFEHSRSEPIMRIPF t hat t he

extruded conposSite materi al | AG¥AT.oREer Mbick TS T any
voids left fromthe actuators or pins t should be

understood that the insert 1614 nay be substantially
any material based on the particul ar application or
structural part bein 10 formed. FIGURE 17 is an
TARBES| Bynanfit Hie Thnappradure Cafibldescri bi ng t he operati ons

'y Al :A -: == =, ot Ot hh Ao o~

|9) 1TTUCTUUT 1T Ul 1IrSTT U111 allT T 11ISCT T >u

ontrpl Data 9 J '

(;asf’ener, support, or other elenent, into feedback Data

Bneuct ural pByhamiti | | zDirg GdA@ffext r usi on- npl di ng system
600a of FI GJEE 6@. Tor;e insertion process|starts at
step 1702. AR EB™%704, (the insert is copfigured in

el ther the | gemrcoer upper| dwoffol d 626 or bAwmalAfenpt €P

706, the mplten extruded conposite materjal 625 s

Xeposi t ed ohHeaf®ol oner nEMOB26. The ext [ Adadl Temp

3CONMPOST e TREENICHol TS T ONioAD0UT at T eask PRy 01
of the insert at step 1708 to secure the|linsert Into

the structufal part beingd.formed. In one |enmbodinent,

+ 1o HEY s el ot Al Aol ~4+ ~1 ., A aAASA
TS T1T1SCT apgoul dtl bUIIPI CU Tl y |[NL9A~] U 111
I\tlIhe ext rudeblﬁ?:%)g?(ggi te ra‘qnqulffal 625 (see Af%?’uf%mp

exanple, FIGURE 16B). Alternatively, only a portion of
the insert is 20 enbedded in the extruded conposite
material 625 so that a portion extends fromthe

TABILBGt Di@dmip Bd Flow Control Element Conirol

Control Data Feedback Data

Flow Control Element Position
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At step 1710,

the insert

if any supports are used to configure
in the | ower 626 or
WO b@4dusports are renoved. The supports,

actuator controll ed,

upper 632 nold, then
whi chPOEYS1963/035935
si mpl e mechani cal pins, or other

nmechani sm capabl e of supportdlng the insert during 25

Ideposi tion

of the extmmﬂbdlemnposite

mld 626
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Control 1 Heat/Cool On/OFf Actual Tenp 2 Heat/ Cool
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15.0 2 3 0.50 15.0 27.0 2 4 1.00 27.0 33.0 2 5 0.50
W33000/0468©0 2 6 1.00 45.0 50.0 3 1 0.00 0.0 1BCDUSBIOR035935
0.50 10.0 15.0 3 3 0.00 15.0 27.0 3 4 0.50 27.0 33.0
350.00 33.0 45.0 3 6 0.00%945.0 50.0 4 1 0.00 0.0
CRAIMS 4 2 0.50 10.0 15.0 4 3 0.00 15.0 27.0 4 4 0.50
0.3 .45 0.00 33.0 45.0 4 6 0.00 45.0 50.0 5 1
'w%%ﬁgc%ﬁﬁgi%.o 52 1.00 10.0 15.0 5 3 0.50 15.0 27.0
5 4 11. 00 A2ihetho@ Jor0forBing ag apirleafom thgnEplasticomited ang fiper, said
1.0,00 0.0 10.0 6 2 0.50 10.0 15.0 6 3 0.00
m%@?%“ﬁgﬁé“lﬁ 4 0.50 27.0 33.0 6 5 0.00 33.0 45.0 WO
2004/ 043 686inpCGhéruisPRER/ B3E/8A50 fdrvn a molten thermoplastic material for

blending with the fiber;

blending the molten thermoplastic material with the fibers to form a molten
composite material having a concentration of fiber by weight;

extruding the molten composite material to form a flow of composite material
gravitating onto a lower portion of a mold for forming the article;

moving the lower portion of the mold in space and time while receiving the
flow of composite material to deposit a predetermined quantity of molten composite material
thereon conforming to mold cavities of the lower and an upper portion of the mold; and

pressing the upper portion of the mold against the predetermined quantity of

molten composite material and closing on the lower portion of the mold to form the article.

2. The method according to claim 1, further comprising controlling the flow of
composite material to vary the quantity of molten composite material being delivered to the

lower portion of the mold.

3. The method according to claim 1, wherein said blending includes blending the
molten thermoplastic material with the fibers being between approximately at least one-half

and approximately four inches in length.

4. The method according to claim 1, wherein said blending forms a molten
composite material having a concentration of fiber of approximately at least ten percent by

weight.
5. The method according to claim 1, wherein said moving of the lower portion of
the mold forms a predetermined quantity of molten composite material of varying thickness

on the mold.

6. The method according to claim 1, wherein said moving of the lower pdrtion of
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6 6 0.00 45.0 50.0 7 1 0.00 0.0 10.0 7 2 0.50 10.0

15.0 7 3 0.00 15.0 27.0 7 4 0.50 27.0 33.0 7 5 0.00
W@3000/04580 7 6 0.00 45.0 50.0 8 1 0.00 0.0 1BCODUSBOR035935

1.00 10.0 15.0 8 3 0.50 15.0 27.0 8 4 1.00 27.0 33.0

8 50.50 33.0 45.0 8 6 1.00'45.0 50.0 9 1 0.00 0.0
thg moll \ejongaaingleasB6 PCT/ US2003/ 035935 45 CLAI MBS What

is clained is: 1. A nethod for formng an article from

thernoplastic material and fiber, said method

conpki si Age nBthedacrapiging e elawp l ashérein paidexirading produgesagnolten

_ io Lo . . ; ;

o BR3Pty YRR bl
the fibers to forma nolten conposite material having

a cgneen %@Heﬁ}%cel %]:ﬁc@%&é%e {gl c?%{mvie i;v%grtei.n tg? ér\r/a\llyig i i g%gv §h|e tcgmposite

nol ten conpos o forma
maetidrvidl a voBingtray flowtrata gulostandally theveame poatd therlowér portion of the
mnBId for formng the article; noving the | ower portion

6f" the nold in space and tinme while receiving the

flow of conposite material to deposit a predeterm ned

quantity . of lten c osite materjal thereo :
RIS BN R A I ——
mptetidliveith differtdieonMlettic fROrafRE 66E it oWBEpoHRREIT tRGhdIION of

the nol d agai nst the predeterm ned quantity of 15
nol ten conposite material and closing on the | ower

por tiipon qhe t RGP Acdr@nf OfoMtthine @Y fuktBbie cordprisli}e PRIIMME said
according to claim1, further conprising controlling
extyding [lQ)iiary the volumetric flow rate of the molten composite material being gravitated

onto the lower portion of the mold.

11.  The method according to claim 1, wherein the gravitating of the molten

composite material is performed directly onto the lower portion of the mold.

12.  The method according to claim 1, wherein the molten composite material is

extruded on to an insert contained within the lower portion of the mold.

13, The method according to claim 12, wherein the insert is partially embedded

within the thermoplastic material.

14.  The method according to claim 12, wherein the insert is completely embedded

within the thermoplastic material.

15.  The method according to claim 12, wherein the insert is encapsulated with

thermoplastic composite material.

16.  The method according to claim 1, wherein a first layer of thermoplastic

composite material is extruded into the lower portion of the mold.
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conposite material to vary the quantity of nolten

conposite material being delivered to the | ower
weoroioenssof the nold. 20 3. The nethod accor di POI/US2003/035935

claim1, wherein said blending includes blending the

nmol ten thernoplastic materi 4/ with the fibers being

bet ween approxi nately at |east one-half and

appnoxi ngp eln\éth%)@ UEco DS clhith | €RRHchein 3Reébnd ThRr BEHRRRbplastic

accordlngeto claiml, erein salcfblendlngforms a
materia erdayecinmdep ofsherfitseleyerl havi ng a concentration of

fiber of approximately at |east ten percent by

wei ght. 5. The nethod according to claim1, wherein

sai d8novirigmethot ecdrdingito plem il6nwbdrein3@ inbeet isgdlabed onrthe first
Il predeterm ned quantity of nolten conposite materi al

a%f varying thickness on the mold. 6. The nethod

according to claim1, wherein said noving of the | ower

portion of WD 2004/ 043686 PCT/US2003/ 035935 . 46 . {.he

ol 407 hePGUas Sragiiis BAIEm 1 MRS BeF s dOF It gribedded
witln HedHrélaker. Wher ei n sai d extrudi ng produces a nolten

conposite material having a mni num of approxi mately

85 percent of unbroken fibers. 5 8. The nethod

accopdi Ngnd An&Gh@l Medordibrab eélhint N8, GFRWIA ahidnehsérk OMScompletely

the conposite material with a volunetric flow rate
encheddadaithimthe first e ame onto the | ower portion of the

nold. 10 9. The nethod according to claim1l, wherein

the gravitating flows the composite material wth .

di f 28r enfThe oiethedtacsarding davcleim 48, Wharein arscondviyer 9é thermgpplastic

R thod according to claim1,

m%rrlilﬂsgl?%g%ﬁ%nrﬁag?%tgg?g%t%r olling said extruding to vary

the volunetric flowrate of the nolten conposite

mat ef,i al ,bei rayit. : t| .

o Re. ey ety B AL 5 syt B0 B he Rl oh @ Fber, sid
systemroeimprising gravitating of the nolten conposite

material i.s perforped directly. on he | '

o ¢ he. a1 1S et TR gHinBeed, e PEE ekt & form o
meh@r thérmoplasicmdtéreily conposite material is extruded on

L0 an LGSR ALY ML D LU U 214 0,80y WS
thbplaiembtetidl vaathd Abdryo Phadd@chf composite material for gravitating onto
a lower portion of a mold to form the article;

a movable structure coupled to the lower portion of the mold and operable to
be moved in space and time while receiving the flow of composite material to deposit a
predetermined quantity of molten composite material thereon conforming to mold cavities of
the lower and an upper portion of the mold; and

a press coupled to the upper portion of the mold and capable of receiving said
movable structure with the lower portion of the mold, said press operable to press the upper
portion of the mold against the predetermined quantity of molten composite material on the

lower portion of the mold to form the article.

23.  The system according to claim 22, further comprising a dynamic die having at
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within the thernoplastic material. 25 14. The net hod
according to claim 12, wherein the insert is

w@ oomplogiced y enbedded wi thin the thernopl asti cPCT/US2003/035935
material. 15. The nethod according to claim12,
wherein the insert is encapstated with 30

leaptemsdlamacanine] elempnssnd @perable te aontrol ghe fitve ofredriymdite material in a
V. QA ' : QN i r of ..
PPN L Bt WaRHR 1B dptieB b PTG roricg of g mota
| ower portion of the nold. WO 2004/ 043686

PCT / MSZOoﬁfeoséécgrﬁ 5acccinn% 1% 81-£F}§ %ge%ﬂgrg?ﬁs%%g%%%ug%t i%gludes an auger

claim 16, wherein a seto er o e
havdnger ittapad spating dngdermngh op biehd theembitensthetnytitic MatkBal with the

cecordin claiml6 erein an.insert is
ﬁg%}ggﬂgé géri:‘g?%ea% nloglg%agehf g%/eearna 2y PXIWgz@yrf%PWB‘&‘eé &rlghgthing
to claim18, wherein said insert is partially enbedded
withjn t first layer. 10.20. The nethod according to
ol o 18, TR B 1 SR 7% T A pded el eamposic
meadetiblilas b benckitrasibn bBFRF of aleastpoproma}Mﬁteﬁ%&%&ib? Qe dhit.
t ic 15

claim 18, wherein a second | ayer of er nopl as
material is layered on top of the insert. 22. A system
f or Zeor mThg spfen@bédofdingy for Mhint 2€ EFRRY Sodlprzind AL c%ﬁfr@ﬁer @&gpled to
fiber, said systemconprising: a heater operable to °
Sabdr BoReble SRCHrOMbapaahl; opoxs of caidranaveshl¢ strustire tenpasition the

10#Rr paibresr thé &ioPR! 854 b PredBitfkihad 'uaﬁg%%?%{og%g Ecﬁrﬁﬁéﬁﬂé Slerial of

to the heater and operable to nelt
vaRgng drrknesep thsgpaldt i ¢ material with the fiber to form
a flow of conposite material for gravitating onto a
| ower portion of a nold to formthe article; a novable
st r Wt ur dhe sysiine decpuiinghie dlame?2, pleteironidhotdablenbhcumriticludes

wﬂﬁ%&gghaegpwoagﬁpﬁmg%%%%uhau%pace and tinme while

receiving the ow conposite material to deposit a
predeterm ned quantity of nolten conposite materi al

t her,gon §q 1 N0 | d.cayities.of ..the | ower and
an Uoper pgff)?s.ﬁeg%] a%c]p;(ﬁlhgen% n%fug y%n%herem said extrucier 1ncliudes an auger
operable to produce a molten composite material having 2 minimum of approximately 85

percent of unbroken fibers.

29.  The system according to claim 22, further comprising a die coupled to said
extruder and operable to gravitate the flow of the composite material with a volumetric flow

rate substantially the same across a plane onto the lower portion of the mold.

30. - The system according to claim 22, further comprising a dynamic die coupled
to said extruder and operable to gravitate the composite material with different volumetric

flow rates across a plane onto the lower portion of the mold.

31. The system according to claim 22, further comprising a controller coupled to

said extruder and operable to vary the volumetric flow rate of the molten composite material
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a press coupled to the upper portion of the nold and
capabl e of receiving said novable structure with the
wO owe43886 t i on of the nol d, said press operabl BCT/0S2003/035935
press the upper 30 portion of the nold against the
predet erm ned quantity of md®ten conposite material on
frotrhthe ekipwidef apDgravitate thé nidien nwhpbsite nfateripd ¢rite therlower portion of the
The system according to claim22, further
nprising a dynam c die having at WO 2004/ 043686
PCT/ US2003/ 035935 48 | east one flow control el enment
and_operable to control the fl of. conpasite teri al .
n 32 vl dysie (REOTPE HB1 T dompUeiet AL SriraicpBpYy seid
mdVEblk VRIuEErd Qirddle bAWRIsaRiOEkth@Br Gbr blaeitdtidk Cthe exftudeliheomposite
system according. to claim 22, wherein said extruder
nmkﬁ@i@@@gwdﬁW%w@gwnefﬂﬁﬁwﬂ% a thread spacing |arge
enough to blend the nolten thernoplastic material with
the fibers being between approxi mately one and i
appPdxi méteptm gt formingransarfiple | feopy thermeptastiqppatetipl pre fiber, said
syﬁ&ﬁ%ﬂﬁ‘s@ngt.o claim 22, wherein the bl ended nolten
conposite " material has a concentration of fiber of at .
| east apmeaxi fonthebtingt Gampplash masrialviq depm ajmolie thppeoplastic
1n§¥%§§ﬂ%%ﬁ&9gqmﬂQM§ oflaim22, further conprising a
control'l'er toupled td said noveable structure and
oper abl emtansfonvtderdingshé wolmvtbertioplagtirmaenial avithghe fibers to form a
sition.the, |ower porti f (o forma
mlRBbpaiit gty ok BBl 0 C Far o
varyi ng mbhirskfoesextading hibe nbdlten ddmpdgite Thedersy 3o efform a flow of
accarding.to claim?22, -wherein said eabl e r re
cofiici i dehal e gHAmB BEP 24P A 5B L PRLT b panbedhe i

mo,

novea
St r uct ur gieand8for Twingythé dowaceetich ofythe anell dn np&2,and time while
wherei n sai d _extruder includes an auge 20 operabl e
gy DL P RSTPBHe BHBOR PRt e PR EUPRG ety Of molien
coffipBifuRatéal SRR X bifBinghy todRold ReVit&Nf tief lowatdndle@ pper portion of
fibers. 29. The system according to claim 22, further
thewask P4 ng a die coupled to said extruder and

oper abl e n{eQnsgﬂbﬁ‘ﬁeEﬁﬁgeth% h@pér:c I?Q)Wi&lf oft the nfoMTR@Sst he predetermined

material wth a volunetric ow 25 rate substanti al

queniély of meltar paRRsHe PRigHE a5A Clpsing on| thrderehBRttoh pf e n%qlfle% form

&Rkt 30. The system according to claim22, further
conprising a dynamc die coupled to said extruder and
operable to gravitate the conposite material with

di f f3§'r entyy Q#SWE&JO in%%ooﬁéiﬁaif?%ﬁﬁ g&ﬁp@sir&l AB6hs 3 Sntrolling
the l'ower poftion of the nold. _ _
the flow of composite material to vary the quantity of molten composite material being

delivered to the lower portion of the mold.

35.  The system according to claim 33, further comprising means for controlling
said means for extruding to vary the volumetric flow rate of the molten composite material

being gravitated onto the lower portion of the mold.

36. An article formed of an extruded composite material comprising a

thermoplastic material and having a concentration of at least 10 percent by weight of fiber
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31. The system according to claim22, further

conprising a controller coupled to said extruder and
wop@rakdees t o vary the volumetric flow rate of PEEUS2003/035935

nol ten conposite material WO 2004/ 043686

PCT/ US2003/ 035935 49 from fhe extruder and gravitate
hatilelengthd efut asqpasihsl€inedt eri al onto the | ower portion

of the nold. 32. The system according to claim 31,

wherein said controller noves said 5 novable

St r 8t urehedirti@€ hdcyrdiltovlamab e fetter caheprisfogrhidgienvibs. at i ng

the extruded conposite material onto the | ower

portion of the nold. 33. A systemfor form ng an

artsgl e TKeOaRit1B %é@&hgﬁ tlainirab ewhatin ahd affticlecis a sialedcomposite

system conpri sin ns iﬁ?)r heati ng thernopl astic
mafggiabhgvie sfrgctpt f‘ﬁa‘é‘r%?if ! plastic material for

blending with the fiber; neans for bl endi ng the nolten

t hernopl astic materj al with the fibers to forma

mol B%n cBpatisle accauging tp larmm 3% igrein @eﬁtf sront Qenlsypt e structural
featrBEdre BMatOBMINipp r&@lﬁ%fy oRé it ruding the nol ten

conposite materi al orma flow of 15 conposite

material gravitating onto a | ower portion of a nold

for ,form . i: X I fi

por #0:on " SRERhe aBfhdify 6okl 0 0 Ain TRNRIpkitn B YSIehL of s
fort the cdmhmsitomatoapodileast Ibaeeental to deposit a

predeterm ned quantity of nolten conposite naterial

thereon conformng to nold cavities of the |ower and

an ypper Thoettickenawbrdirghe eteild 36,awberdip tredergtif of fiber is at least

essing the upper portion of_.the nold against the

apgﬁ‘% @?m ned quantity of moiPfn conposite materi al

and closing on the lower portion of the nold to form

t he

article. The system a rdln to cl
f ur fher %BW'&F}CQ rf&mfﬁgar‘?i ?norexg%% r c?ﬂ%P?]Séte E’é‘!tetr lﬁlg Prgsing a
thétoplRsHRARitEre] BRhG véith fitrsy fie yrticlechaging hiddeyrid. ol ten
conposite material being delivered to the |ower
portion of the nold. 35. The system according to claim
33, 4BUrt BBE 2%RRRICERHIRY toTEIRMS 41, 0fhedi tHeOibetsiive $adigths of at least
means for extruding to vary the volunetric flow rate
thige inches Ia®8-t en conposite material 30 bei ng gravitated
onto the I ower portion of the nold. 36. article
fornmed of an extruded conposite rraterlal

rsin
t herdfopl dbe diclearcepidig ta : Az eg;lrb@lﬁ(ggm ng@tiog}notgﬁbers is at
1ot aﬂp?(gﬁllﬁaélgr 1@%’6&@&? by wei ght Of fiber

inches.

45, The article according to claim 42, wherein the concentration of fibers is at

least approximately 40 percent.
46. An article formed of an extruded composite material comprising a
thermoplastic material blended with fibers, the article having structural features including

different draft depths.

47.  The article according to claim 46, wherein the fibers have lengths of at least
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WD 2004/ 043686 PCT/ US2003/ 035935 50 having | engths

of at least one-half inch. 37. The article according
W eooglogdoss 36, further conprising hidden ribs. BCB8S20081@35935

article according to claim36, wherein the article is

a single conposite material5lhaving structural
appeximatedy thote witickdongnt dept hs. 39. The article

according to claim 38, wherein the different depths of

the structural features are greater than

appr4<8xi nithe Iayticd)snﬁccbnldﬂg to 1daish046, Ttherear thecdoacamasaiiurdomhfbers is at
e S? al ate16 erel n the concentration of wei ght of

# B%’F P 0P TS osite material is at |east 30

per cent 41. The article according to claim 36,

vvher gth of fiber i a | eagt 15 . .

appr i Ww? g RaTEim 4 i e coeenpafioneef Bhers is at
1e@ﬂaﬁx¢;ﬁmae@4©qjgp,@ﬁ,ﬂ te material conprising a

t hernopl astic material blended with fibers, the

article having hidden ribs. 20 43. The article

accandi N@nt ArifdlAl hAd ofh 8K eéxl&uaéae Johﬁsm haY&ial eQipiSing a

of at |least three inches |on e article
th%@@laéﬁl% gnategiat | tlended owvith e thnrge af dprsbrit Pattiognofofan element

enfcéﬂ%%lédHr?’th@textrdd%@%&mﬁ’&ﬁé AieARt el y 10 percent. 25 45,
he article according to claim42, wherein the

concent ration of fibers is at |east approximately 40

per (‘Sqnt TﬁéG artf‘{é a% 5&1191%% Eﬁm@ Vﬁfeéegl[ﬂ t}ﬁxetn{ﬂédﬁgnent is encapsulated

conposite materia rising er no
infeet extrinddd dolnpnsleednaigriah fi bers, the article haV| ng
structural features including different draft depths.
47. The article according to claim46, wherein the
fi bés hdue aﬁielegicb&dimg tatlainge 46,t whali2 GAfiE43KR6 lengths of at least

. PIC(:)T/ Ua Z2l109m/ 013 ) 51 approximately three inches
P r}fﬂn 28 MhEe Fcfngl e according to claimd46, wherein
the concentration of fibers is at |east approximtely

1 r . 9. . . . . .
0 %% Ce%e a?tlcle according to claim 50, wherein the concentration of fibers is at

least approximately 10 percent.

54.  The article according to claim 50, wherein the concentration of fibers is at

least approximately 40 percent.
55.  The article according to claim 50, wherein the element is a fastener.
56.  The article according to claim 50, wherein the element is a stiffener.
57.  The article according to claim 50, wherein the element is an attachment.

58. The article according to claim 50, wherein the thermoplastic material

comprises one or more layers of thermoplastic composite material.
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49. The article according to claim42, wherein the
concentration of fibers is at |east approxi mtely 40
w@eorgomess 50. An article fornmed of an extrudedPCT/US2003/035935
conposite material conprising a 10 thernoplastic
material blended with fiber® having at least a portion
of 3n elFwednticle e cignudStvdurdim theheneestt motke thyets rgd ob¢rmeplastic
rratel{?]i aj(. 51. The %rti cle according to claimb50,
mafgal have the SENS EPTRO 8 enent i s encapsulated in the

extruded conposite material. 15 52. The article

according to.cl ai.m 50, rei.n . the fibers :

of 611 ey idl G R NPeRF S it ReBoreo g e i blastic
matial 16vE IFREAE ini@siions:| ai m 50, wherein the

concentration of fibers is at 20 |east approximtely

10 percent. 54. The article according to clai m50,

wheg£i N A Reeth@N &6 Motdink 0N tfmdplRe¢ Striduidl cothg@sht, said method

approxi mately 40 percent. 25 55. The article according
comprigggi m 50, wherein the elenment is a fastener. 56.

The artigleyiaes HedhdibstiOmleghim 50, wherein the el enent
is a stiffener. 5/. The articfe according to claim 50,
wher ei n hendngthe thermonlastigmatgtitlachnent . 30 58. The
articl e AeaaRgAgs b ARninhEha IEhghihe
thernoplastic nateria conprises one or nore |ayers .
of t her ndpiding the fiborpibithechentad éreraeplasipmptrnia) g fomyEcomposite
PCT{l_USZOOBI 035935 52 59. The article of claimb58,
#H8Pein the one or nore | ayers of thernoplastic
mat er i al extading tivecosmosteqmtgpgi t i on. 60. The article of
claim58, wherein the.one,qr I - Of . .
t her mopl &E¢P Caﬁ% AUPERDE th%a&%@l[éilg ¢t g%g Ot%ltgoﬁlﬁtgg?lt 2 Jifferent
vofulnetrfs Mt facd atioss £ wamet Ng a t her nopl asti ¢ structural

conmponent, .sai d nethod . conprisSing:. rgcelyi . :
t her nopl E&Slt}oé‘algb“iyélfli’rg’in,z e 8}‘) A icf ?egfyw? ﬁig t F‘é&régm)c SF‘B‘S’E‘EG guateriel
in M tRhitéthe difegdit vologetic MiewIathaadresg the panegeiler m ned

fiber Iength; blepding the fibers with the heated .
{ hoprretngt St cmrstto meisral i, Hirpekig R e hemoplastc

structural component.

m

62. The method according to claim 61, further comprising forming the

thermoplastic material from thermoplastic resin.

63.  The method according to claim 61, wherein said heating includes melting the

thermoplastic material.

64. The method according to claim 61, further comprising selecting the fiber

length of at least one inch.

65. The method according to claim 61, wherein said outputting of the different

volumetric flow rates ranges between approximately zero and 3000 pounds per hour.
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materi al; extruding the conposite material; 15
dynam cally outputting the extruded conposite nateri al

wa@eoodioifoes ent volumetric flow rates across a PCEHOS2003/035935

positionally synchronizing a nold to receive the
extruded conposite material 3in relation to the
di f f 8- entThgoneihed pcerdingo(@ ¢laime §5,avhaein shideflgpy ate rangpd between
abr6Ssi Erlgg)%'te material into the nold
Ifi{) f%?%gjt%ggfﬁagr@ng%?g%dtg?c structural conponent.
62. The nethod according to claim6l1l, further
conpg Si f ] : lastic materi.al from ..
horvopl o SRR § IS, Wiiich, S St fonaly fpotronizing
mgludesiradslatingthe eiohl with wspeetb ithegrolunedttickass.mel ti ng t he
thernopl astic material. 64. The nethod according to
claim®6l, further conprising selecting the fiber
| engi®h ofThatméthads hecoriing RC blaind @16 furthdh€onigishOpredetermining the
digt%%o{\%ilﬁ? t}io claim61l, wherein_ said outputting of the
T ETEHECTIG BV Ales RREedr sy iParobims ofiffeolderinesthe plane.
approxi mately zero and 3000 pounds per hour. WO
2004/.043686 PCT/ US2003/ 035935 53 66. The net hod
accordi ng °f g AscaBing oo flainy 64.aphereingthe rfarnaing af ghesmoplastic
stinetund e Smp @i Rt i6idB FéningZbfile@nd 3000 pounds per hour.
67. The nethod according to claim®6l, wherein said
positionally synchronizing 5 includes translating the
ol d7owi t The i ' ; A
_method acc o?%?%gta% %@%ﬁg@%ﬁfﬁﬁhﬁ%{oﬁ@gﬁ%@ ?glllﬁr% B an clement
inShesgeidde b encarpulated by dhef qompesite masérisbet ric f1 ow rates
based on cavity volune of the nold across the pl ane.
10 69. The nethod according to claim®6l, wherein the
f or milng dhe medodmstading do chim ¥ét wherkincmidpdymemic outputting of the

G MAGS o diRHY 1o 0. The net hod according to
el a‘% m gﬂ%o lﬁlﬂlﬁqtt 2l gégﬁ%#l%iibx ﬁo%%o-rﬁfl}gg(ﬁ%ﬁjiegﬂ%‘ﬁc t’é’?f@ﬁ‘?‘ents'

in the nold to be encapsul ated by the conposite

mat esi al 1. The.net hod cordi.ng .to.claim@61, )

whergi n 2 Tt acofosgiib S BT Ve id Pikipg argieces @ composite
magiene bsvitgatrieserppalkinselped et codoynt&6ih bOfier BPweight.

di screte flow control el enents.

73.  The method according to claim 61, wherein said mixing produces a composite

material having at least approximately 40 percent concentration of fiber by weight.

74. A system for forming a thermoplastic structural component, said system

comprising:

means for receiving a thermoplastic material;

means for heating the thermoplastic material;

means for receiving fibers having a predetermined fiber length;

means for mixing the heated thermoplastic material with the fibers to form a
composite material;

means for extruding the composite material;

means for dynamically outputting the extruded composite material at different
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72. The nmethod according to claim6l, wherein said
m xi ng produces a conposite 20 material having at
wo e@s4mppr oxi mately 10 percent concentrati on PET/UE1963/035935
by weight. 73. The method according to claim®61,
wherein said mxin produce§4a conposite materia
VOhmtri@gltm rafes ae1pss, 1§xi mat el y 40 percent concentration
of fiber Qe%ﬁ iy é}%gﬁiona?l? ?xﬂ:hrdﬁ‘lzﬁﬁésdtrﬁmft@fecél@é' {5k B&rled composite
thernDpIas I'C structu onent, said system
magiapini tslatign torfieadiSerbwrvohgmgio/ nt%l)crvgrasﬁs ebresstbpplans ped
material 1’nean (ansr SfSI% llike&ttrhﬁ]&i do 051&%{1{9&11 b 'tlﬁa mold to form the
mat eri al ; Ao rece|V|n I'bers having a
tm@maﬁeﬁemnnmeﬂl&mhmnmﬁength 30 neans for m xing the
heated thernoplastic material with the fibers to form
a conposite material; neans for extruding the
conpesi t Ehd@isRid skordiias slafm 174 dfrtheri comlptiying utepnst foi figming the
t he extruded nposi t naterlal at different WO
m@%%myﬁﬁgﬁﬁﬁmb%ﬂp V45685 54 volunetric flow

rates across a pl ane; neans for positionally

synchron|2|ng a nold to r he. ext ruded osi te

ot 61 ol Th s RCRRinEgfo Sl PRHE SAHOITSHEYDf Beppgeludes
1n&ﬁ§ﬁﬁnﬁﬁﬁ@%&a&&ﬁm@hﬁﬂﬁnm&ﬂﬂ neans for pressing the

extruded conposite material into the nold to formthe

5 thernopl astic structural conponent. 75. The system

accgpdin g’ﬁé Qydd Al e[&x?rﬂmgftﬁ r&iel 740 Wﬁéﬂeﬁﬂ BAd TB&RAS HOpositionally
formng t thermoplastic material from thernoplastic

syn@hs¢mizing cipdes mRaes ﬁxygmlﬁtlag ehsrmen!éh iyith sespech fonthy yolumetric rates.
wherein said neans for heating includes neans for
melting the thernoplastic material. 77. The system
accaBdi nghe osysteai mcvardinghée e¢lainsaf4l fisthes eqgeprising means  for

pr?c]% elngqln(i)nat&‘le X}{%i?‘e%{]& ITIEJ%]CE% EQ\Q rétgscﬁ gtgite&n Jﬁﬁ]y\?‘ol 1é o{ the mold across

anst respec o the volunetric
the plass . 15 78 The system according to claim74,
further conprising neans for predeterm ning the
different volunetric flow rates based on cavity vol une
of t#e nmuhés@eno&sordingeo cih'ﬂn@l fihe? Somprhmgsyshefor setting a non-

according to claim74, furth ns f.or
SBoplY SeOAR PR RdpPaSkE A RO RO L o be
encapsul ated by the conposite materi al.
80. The system according to claim 74, wherein said means for mixing produces a

composite material having at least approximately 10 percent concentration of fiber.

81.  The system according to claim 74, wherein said means for mixing produces a

composite material having at least approximately 40 percent concentration of fiber.

82. A system for forming a thermoplastic structural component, said system
comprising:
a material receiving unit operable to receive a thermoplastic material and
stiffening material;

a heater unit operable to heat the thermoplastic material;
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80. The system according to claim74, wherein said

means for m xing produces a conposite material having
wW@rookma®Be appr oxi mately 10 percent concentr at i P€T/082003/035935

fiber. 25 81. The systemaccording to claim 74,

wherein said neans for mxi nﬁs produces a conposite

nat eri al A& aeurlcdde theapyerialirepgivinigyunitomg eperelrit to extrude the
coisRMnb@tidion of fiber. 82. A systemfor formng a

t her nopl astic structural conponent, said system 30

conpri si Adglynemiselicehivilg a puelityi of qelmvtaltly eltealeld Flewtoontrol elements

oﬂe%?é t\ﬂ%oﬁr&l Bﬁt@%k@%ﬁ?o%%&%ﬁa L and stiffening

mat er i al ater unit opera to heat the
t her nopl astndnlerramteqﬁeatble tvwsummm @3B 81 to be dynamically positioned

béfg,{hlel%gﬁg%/cg%w% 55 an extruder coupled to the

mat eri receiving unit and operable to extrude the
conposi t @ swatrelier alectr@alify aupled @i @idhaytantc diePdndr@bbileyunit, said

I I
co%&oﬁe?bq%grta?% t%:( C()ia L ﬁgzu{igatsal cfﬁtgorl%B}rﬁaﬁglpnﬁgttiﬁprq tgp extruded

co&mmm’natbml landlffemp'evcﬁlhh&mt flow WpDEdrosd a g gﬁﬁos’iﬁbnt&@ld mobile
a nam C I e,

o BAPobPER PO oL S L S it o vt

comjﬂsﬁmbatbﬁalldﬁtbttherﬁ@ldfhndContr0| | er operable to
dynam cal | ter said flqow control elenments to out put

I

t he 4% Q 6‘% © fghRiFESi stid mahtils upy pndypress the extwded composite material
indoahamweidri ¢ flow rates across a plane and position said

nmobile 10 unit in synchronicity with the altering of

said flow control elenents to apply the extruded

corrrg95| t h

o Fagel yo arsth Hepihe o Gedh 88, rR8ST R TR R AR wn

inglpdes ablepst onraferder-al  into the nol d. 15 83. The system

according to claim82, wherein said material receiving

unit includes at |east one feeder. 84. The system

accdfdi nghe sysighnadacporging taleine’d V&Sbaremh fairbleater umit s flisher operable

to lilgé{ttgléﬁ% t eglﬁ%?n?ater}a toh en%lted% t1'rn0p %sglo géaa? stic material

er no eSS The system
according to claim 82 wherei n said extruder includes

a dypam ment aqper abl e bst anti al | id
darr)égl ng’i’ltq%érspe{n 40P nﬁ éo ﬁ%{néle‘??,a‘fv erein said extru(%ér includes a dynamic
element operable to substantially avoid damaging the stiffening material.

86.  The system according to claim 85, wherein the stiffening material is formed of

fibers having a predetermined maximum length of approximately one inch.

87.  The system according to claim 85, wherein the stiffening material is formed of

fibers having a predetermined maximum length of approximately three inches.

88.  The system according to claim 72, wherein the dynamic element is a screw

having a thread spacing larger than the maximum length of the stiffening material.

89.  The system according to claim 72, wherein said mobile unit has revolving



10

15

20

25

30

86. The system according to claim85, wherein the

stiffening material is forned of 25 fibers having a
w@e@dessseri ned maxi mum | engt h of approxi mat el yPON®S2003/035935

inch. 87. The systen1accord|ng to claim85, wherein

the stiffening material is $ornmed of fibers having a
clementd eowpladi thadomaxi num | engt h of approxi mately three

inches. 30 88. The system according to clain172

wherein the dynamc elenment is a screw having

thremd SPeciystgmlaacqding thelaint BS whesditsaid nohie hmbfnckuﬁ@s at least

t
onS B e I U bR G0 b
2004/ 043686 PCT/ US2003/ 035935 56 elenents coupl ed
t her et 90. Th
e sl R ETLCSRET ShndpbeyehRl T Rus Aebshbe

disB@siké HRMeR@vial @¥BiRhts Gtk abidemsldleamijdg @osmmiledl ii1s exid)@cpes for the
t he revol vi ng ele nts. g 91, I%ﬁdsysten1accord|ng to
extgpded ﬁ?@@omt?\ﬁ’él‘eé‘?]ﬁ & PESEo e e is operable to
di sengage the revol ving elenents whil e said noblle
unit is ﬁfSltloned in said press far the extrud

conPdsi t Bhensystem; agrordine e clgim SLauhardp dhey %E‘Pﬁﬂfeoma%al dpformed

haxTiB%‘p a SUREAM B Gpeﬁﬁ&d?(gnétélbe b By wetbdt 6f siffemifg material.

conposite material is formed having a concentration
of approxi mately 10 percent by weight of stiffening
mat g§ i al FRIBAE o Quchull Fhid Grof B fakﬁcﬁha@ﬁd‘ltand fiber,
fro§§thernﬂﬁwgﬁ?lc ng%erlaf angh Ber Sgld met hod

saﬁmmﬂhn@mm@nﬁnﬁ positioning an insert in a nold;
depositl Eudedisconposite material on the
nol d; <%nﬂ8 ggp g% cogp05|te mat eri al about at
| east a mpmtlmglmol’tert dxgudedsemposite metasipl ergthe mopbirts, i f
any, usegd to co ur e 1t
conpr es Sfio';iramtgh e%(ledxe B(th‘g Il‘la%?lgf oﬁtrbt Iegﬁ agBl—tE)n of ghre r1r1]1se ;
t he struamuwa@sm@mﬁglﬂn@-ﬁ@dkenmﬁgngﬂmhmwgnmﬂctmﬂ@l

t th th t | t
tp ﬁre n;I)V: dcor@fgss{}qg er cgedl 023%8?1 nil]aéer%a Prmna%g%?c‘ijurgl p%m and

wher ei N gRiddingahé bin@Rirdigpadif witth ehei inseirat ldast papigily ermibedded from

in a lower portion of the nold. 25 95. The net hod
'm%E@E%dlng to claim93, wherein said depositing the

nmolten extruded conposite material is perforned

dynami cally across a ane. . e . .

Y 94. Thg method accordnrl)g to claim 93, wherein said positioning of the insert is

performed in a lower portion of the mold.

95.  The method according to claim 93, wherein said depositing the molten

extruded composite material is performed dynamically across a plane.

96. The method according to claim 93, wherein said forming the extruded
composite material includes encapsulating the entire insert within the extruded composite

material.

97.  The method according to claim 93, further comprising pressing the extruded
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96. The nethod according to claim93, wherein said

formng the extruded 30 conposite material includes
wenwapssBat i ng the entire insert within the exeeTusmo3/035935

conposite material. 97. The nmethod according to claim

93, further conprising pressbhg the extruded WO
cRuEStonaEEel iPE/B2003/ 035935 57 conposite materi al

in the nold. 98. A systemfor formng a structural

part fromthernoplastic material and fiber, said

syst¥m comsyswem fog formingassuchoil @entdng thekighl@fic intS@ial and fiber,

neans for depositing nolten extruded
Sgh&]r%tegp Omprls]tn%rl al on the nold; neans for formng

ext ruded rﬁnaﬁpmscdrﬁigﬂﬁt@ﬂlﬁéertab@ﬂtolcﬁt | east a portion
of the inser%aprreans o rerm# ng supports, if any

used to COHPS %’Oflﬂggm &y §xiged; gAY dnater@é)(’li*@ﬁﬁ@ld

for conpmeasi g fdrh@g@khﬁ&%%rr%@ﬂﬁ%ét&&l BB LI Rhst tcl?loﬁlon of the
formthe structural part; and neans for renoving the

M8¥Fuctural part with the insert at least partially

enbedded nidafifot ok duppbass, anny:rﬁb%d B &)‘hﬁﬁrg %qﬁs%%tqgth% %old;

claim 98, wherein said nmeans for configu

i nsert | SHS@BLAF eempressig| thneirugest Qqnm@SItﬁfmathlealrt@fQim thStructural
paldg@nSystem according to claim98, wherein said neans

for depositing the nolten extruded conposite materi al

i ncl udes MeaRN 01f TeMOHipA alhke crubtyral [pewti wigh tthe imsettr atdieakt partially

et d8IRRS eSndi@t eri al across a plane. 101. The system
according to cl'ai m98, wherein said neans for fornming

the extruded conposite rmterl aI i ncl udes neans for

en(:@gsul 3hb W t.hin.the extr 11d
nposi t e tee%hg Cgﬁ% ti(f gvg’f’ é?f‘fl et gyring of the
m&ﬁlﬂas PR 16 alio:vslvepomompfthsmngi rreans for pressi ng the
extruded conposite material in the nold.
100. The system according to claim 98, wherein said means for depositing the
molten extruded composite material includes means for dynamically flowing the extruded

composite material across a plane.

101.  The system according to claim 98, wherein said means for forming the
extruded composite material includes means for encapsulating the entire insert within the

extruded composite material.

102.  The system according to claim 98, further comprising means for pressing the

extruded composite material in the mold.



