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WD 2005/ 102663 PCT/ US2005/ 007505 THERMOPLASTI C MOLDI NG
PROCESS AND APPARATUS CROSS- REFERENCE TO RELATED
WORBEN@AGE ON [ 0001] This application clains theChesmsbieo7505

of U S. patent appln. serial no. 10/815, 310, filed

Mar. 31, 2004, which is a continuation-in-part of U S.
paTHERWPMa‘ETIﬁ MENL.BING PROCHS® ANDSARR ARANOAS

13, 2002, which is a continuation-in-part of U S

patent application serial no. 10/104,394, filed March

cros wrRIREABI R RS 8 12 O,

[OOOIflgﬁ}sa Blicati9f ¢laioMeRABGITAIS. Fidt&itlAppin. Jdrfal hb\l\fi@@tmo filed

002] The present invention relates to a

1h 2P0 pihishiica mt@uﬁtgolpmaét;@f ibd patgpiapaticasionrsgrial .

10/29%8?‘}119& Név i % A ohﬁm?z{t%ﬁgﬁ%)aﬁ%(?[ﬁggﬁﬁ&tt "UBplication
proprreée ar’y nam

serial ﬁ@lj MEI(BJ*;B% ﬂlﬁiﬁMaﬁﬁ:ﬁ QSVNQZL Agw UR6,7h9 SKneﬂﬁclofs d dieisional of U.S.

extruded mate ch. material is ed as_ it is
appllcg%%%entﬁwltme0&99$ SL0.dHediDec. 1§A&?&§R@N@ axdonegt

I NVENTI ON [ 0003] Description of the Related Art 15
FIELi)QQﬁAﬂHE‘iNVENPﬁ?N it has been common to provide a

wi de variety of nolding systens including the nolding
[0002bThe ptelent mysEntien relateeti athermepladtie mmalging proaessandoappatagus and

part . n va m__nol di const ant thi ckness
especi@fil 3 W REAE PrOTres mopinaraes RS P Plery PtERe Bffed dic
having Ekgust!ﬂ@lé BifEs R vAnAREthe tHRRARSEbE TR tri@ddaeterihl) VhiaH Haterial is

a the heated plastic material to draw the pI astic
mOIdWQ?IFQBSSG%ﬁ@HH%éeW%OH demilarly, in conpression

nmol ding, a lunp or slab of 20 preheated material is

g forms which conpress the

BACI@&?@?ﬁﬂPbéﬁ”igﬁﬁ Ny}%l regNBart or shape. [0005] Rel ated
[0003 PBiesoripstiquOaI0thiE Related At S. patents whi ch use

000 0B S5 S 25 SRS v

1nclud‘iln3%ﬁi§ n&ﬁdmg %!PQ ﬂ?bn%%ﬁla%resﬁrtﬁ' a%ﬁeﬂo%ﬁsﬁ@%mﬁéﬁte% In vacuum

atents are for an appar atus for continhuous
moldmgm@rsmif (eonstary tlutklmh@siteet)mﬁtheatadxthermelblasmq'rgatanalex plageiben the
Wit h stretchln nean

vacuutl 0 My aRbieR rabil Ber R8N et At Betealla B Braggrial o draw

the pl4stia Msatéridl Shlol tAK BbIE Sidslally ih @bbaRsioh BidldiAg LaMip® slab of
havi ng a plug-assi st nenber engagi ng the sheet

prehegigd mafegial ﬁm%ﬁﬁecbbegws@ﬁ v malding orEs Whidetompyggsithe material into a

gad ' 964 patent teaches an apparatus for
demrea—%g?l nuoi{?sl y extruding and 30 form ng nol ded products

froma web of thernoplastic nmaterial while
[0005) Reladtedi Patenys separ at i ng - 1 WO 2005/ 102663

./ 05/ 00750 duct fromth st acki
l0006§§§°#§r2§wﬁt$5t8t il iePioToune DL ot iR Y the Hour
Winstesd %(a%&ﬁ 0.8 pdtUNbd) Q,f42©>9fot)u§ oD 717;e4 @Ds%itr ahd'3,746 @95 The

'€ node cavities in & rotating polygon
Wmstead '712 and '300 patents are for an apparatus for continuous thermoforming of sheet
material including an extruder along with stretching means and a wheel having a female
mode thereon and a plurality of plug-assist means interlinked so as to 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
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configuration over a peripheral surface of which the
biaxially oriented web is continuously positioned by

w@2doshbxmerer roller interfacing the pol ygon w tPCHUS2005/007505
bi axial orientation device. The 5 Wnstead U. S. Pat.

No. 3,789,095 is an integrated nmethod of continuously
the preductthinn thel web, sekini apd handhng s progeeis.tand reaycling the vegbdselvage

nuf act uri ree-di i f.or rticles
for e AEEAEAN! P KRS A JE R BE mdue L IRe fd laiihe poygon
configifratdort 9¥ci apetipherhhsi fa6é of Which ftley bihably 6Aénted wab id\ednkiauously

. plastic agbject froma pair of heat-fusible . . .
positipped: b follomcs ralisa sateriaging thepolygea with 2 Diaxigl prcnttigndeyice. The

. r i . . j . i .
WinsGQTPS, 015 0109 18008 AR SEALAGRY g ow
densityafoantthertdoflastRamateNal arl 1G9 f7@8ing randiampsioadlferrhat articles
thelreﬁ{acuum formng hollow articles fromtw sheets of

?8r mopl astic material by passing the sheets of

mat eri al through_a heating zone while in a spaced . .
[0007] dihgtHowalhH - KAt %énﬁé&#ogwé afyingshegl themnoformgr fapfajricating a

L

moveiltis acespentliorzontl plasofram 4 leeating statiomhtl 4 molduntélaingm at a

.The Budzynski. e al ., ) t ,.551,860, is a

formipg aw%fﬁ}eﬁlgelspfﬁa%m}&& Pate %8538??54 1gan magfﬂuﬁfﬁiéfacuum

formihQhelibw ArtiEdsPorf Wb IsRAERLST thertUp®stiO thatdHal ﬁﬁﬂlaésﬂ{g tA8 sheets of
one nold at a tine wwth an extrusion die andl € for

matetia) slsiongh & heatmglzdne Whdle Hu p ispacpd redationshipand gtweeNidgwo mold halves.
3 5,608, ,is an.injection moldin chi ne.for .

The rig} BAGS gie el e thsf ot 2ol  mifledBE Shchnprlta guse it to

conforfito te shiapSf s SpdekivE Aold Yo &ftoiRd1d3 HobWU@Hic18. The Budzynski et
plurality of work stations for continuously noldin

al., Ugh &at. g %é.Sl,%ﬁés oW gnqiding appargiussforpagkinggpottlgs which have

i 3 . US- L ni ' ' f. .
o B on B BRI S6ink e SRS BT R i
handlbkdor 18adiRg tHARoldt The Hafik patenty oSt RanrNord, 2l 5§08, ismhinjeetion

having.at_|east two | ds which can pe rotated_for .
moldipg TeaeiN o PEF-AYARKihos HIECHRY n Péw_taﬁﬂﬁf‘efovr%tmgaa
plmaﬁ@t&@ﬁold%uggﬁgi 5plun%liﬁ(t]ye G5 WER sBtibns ot c@nﬁﬁlﬁh'sﬂ)erlnf)l‘afng sho%l soles.

manuf acturin d plastic notorcycle helnets an

The Iwidwa g patsats UsS. Ratp¥ @ SSs 802243, peanathed apparatus ¢or injepadn mobfing of

plasf B T Pambede o s, USLFERI0 44 G5 1ol 1 jgm motding

machRieQfV g |dabil the HbRIBHXTh dal De FBiatedTH1 ﬂgéa\!ﬂleinh RhithGlastic injecting
resins which includes a pair of extruders, each

nozzles«{Ihg i iprgara patent, EPaBatsNpahe0§,901a iy empeline for majufasturing

The, .ol i . r . .
moldBE FEHR oo ABIRRES and MR NseE B b Bl LR Fpich 2 pair
of mdldhhalvedis sBifted defweehaositians The Kiashni pgentherS. HaQ QB HK,304,622, is

Conposites _and Ot her Processes [ 0009] Conposites are .
an apparaisifen produsingthigk dahsof thermgplastig s tigresips which includes a pair
o i
of exERIRE SFEH Surhidfls o BAPEUE Erdh T8 EepB i) ielle AR P fBier
assenthies hA 2t rétetd WERAIHAN @ cowlidativti nip et ecrahean iraivhich the two
st conposites conprise two parts, nanmely a matrix
halfsi‘/’gﬁﬁfﬁ@ﬁ’@e‘ifﬂﬁeﬁ'ﬁeéi nf or cement conponent (s). Matrix
conmponents are the materials that bind the conposite
[0008] AC6thP6dite8 B d [Oth¥r Précevsal |y less stiff than the

rei nforcement conponents. These materials
[0009] Composites are materials formed from a mixture of two or more components that

produce a material with properties or characteristics that are superior to those of the
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are shaped under pressure at el evated tenperatures.
The matri x encapsul ates the 5 reinforcenents in place
wansdosts | butes the | oad anong the rei nfor cenpait/gs$2005/007505
Since reinforcenents are usually stiffer than the
matrix material, they are the primary | oad-carrying
mdwldwmﬁ@'mls Wash pwmpcbﬁetee ePIppEse /0 [RESaorel reratyx pempponent and

re1nfo¥cegl pomn;%)%ntgé) onflggﬂlgtsra?%egxgat%ﬁglg EHO %ﬁrtﬁe gnl(l)g(osue

es orro
togethehaid they ﬁﬂetdaﬁalc)omiff than tl[dl@ikﬂd)rcéiﬁeﬁm‘bhi@nsﬁtﬁ UlHesé¢ Biaterials
have existed for mllions of years in, nat

are shepedHndar pressuss atielryated {RTIBFERE fou L PEBITEN CHRaBRIAFS e
reinfoR Rl iR B AR B g SRR e
reinfonemgatiareusmatlp suﬁkrsthhmthe rests® mateidl ythey alie\tb@jpmmary'ntbnd-carrying

structures found.i erfect exa of .
°°mp%'tﬁ%&tﬁwéﬁﬁﬁ?r@m%ﬁe SRkt Gaaty PR BSRE 47 BREV AgfstentJprms ranging

from ﬁl%ﬁ& & Ebrief, [t6 badfdlds b8 k&ﬁtmﬁéddéa iheWhé RlafiPHaerRmite composite.
wor K. The cement acts as the matrix, which holds the

ifiBAof RafYA! t

10010 R e R EED Yoy R S g of e

microstncture BEMood or thetbiowaarhigs afa s&ashﬁigreaeals:memcemmencmd eomposites
f.rom cenent,. san ones,, which,, in turn

no
found ju natupe s mdicatgs ity b{neg?@l RPBPRLMARFIRK h@tf%s%sen%aéﬁr&vaﬁad to
mimiS$RRAes HRd Bldrirk. A& éifaﬁbféed}?argo tsﬁé hratediaP{s concrete.
concrete are bl ended, poured and nol typically in
Differantf forms ef canctete efferian inightgpsiie hawrglnqucermms wona ddewempnt acts

o e AL R UP TBASHL e 9 R0 Ry RO

reinfoSRa1ERts! ¥ofdrefeiRad¥tlith ofly@at arl de@ient RQlot Aarlis&GtloBg as concrete
formthe co ;;go& te structures. [0011] There are nmany

made §off eqman, and sfones wiugh, t i, 1k BelASisHgNS pugenceete reinforced
t

with s‘t:er%g%gr? %Igi:stoﬁoi;lhe A gﬁ( dcr:lg iﬁ?}dégerg\?ﬁ ﬁlj‘ gé:t}a? > 0L CO! SN are blended,
poured andlﬁmldean@ptmlly ireaf@ncargase.tiashegdnbratiioh fof pertd made with other

nmechani ¢ physi cal ropertles If .0 consi dere
CompoHig %?Fbﬁ,?’ t qﬁp‘ag f €098 %}Wéf@cmﬁ’ i HE@ ‘ii?yéh?os ape or
geom&H} &f tRE i, (db: ctth&%ﬁ@ln@’ used td REmHEBShp&iite structures.

rei nforcenents avail abl e, the number of pot enti al
[00112?@9@?&% fn ??hﬁfe'rél{tay(ﬂé ofé&ﬁ Qs?r{gé riﬂclu{’hggidsﬁc CATPOsiHeL GFach
plasti¢ tesinrias éts oamdmlqdeqmammm Whmhmhmmﬂbeﬁed wilh alifferém t he

case of thernoset con tes, after application of

remfog@g%engrfdea& gQrapgsites W grgrllt mechanical aalﬁd)@y@@ald)roperties If one
considet&dthe AmbBAGY R astiM oS &S ﬁ?‘é(létéﬁgésto&zléﬁafn &6Pli&d that figure by

structure of the terial a t hernoset
the mmbret of remrfotcementsanailabde) theThenmeépoqnhadtqoumoslecsmtenals is

oeratures reater dj nmensi
stagg i PlapS PTG LTE S PROFRD B B Tt SleBapes: ffygmoset and
thennb?lﬁhlddbn?ﬂo@ﬁés" i nked structure found in thernoset
astic. Thernoplastic matrix -3 WO 2005/ 102663

[OOIZEQ-{HE%%&Q% Ol co R&e DR aﬁgﬁca@ﬁh o??ie% angf&bﬁ}@,dthermoset

ernoset naterial's and can be recyc
resmsnmﬂb@p actheindcat cleaige, \a}unhmrqs&hnks the diB¢cuCorstroctuneadfrtha material.

e SO b LS 2540 e MBS 1L S0
tempe?élﬁbé@ bhepRIVIR e8It BmeREE ! sBBHit) afMost RREABPlagRdsibeSause of

are
the tlghtly cross-linked structure found in thermoset plastic. Thermoplastic matrix

-3-
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5 reinforced with high-strength, high-nodulus fibers
to formthernoplastic conposites provide dramatic
w0 nimsaeses i N strength and stiffness, as well BGI/US2005/007505
t oughness and di nensional stability. [0014] Conposite
materials are used in nunmerous applications across a
compigpesys)aed1eg as esmstrained)as theenosetpgicriglsiapd cap hp eesiveled apg eeshaped

¢ 9] %fn&& pl ace products nmade of netal alloys or
°<xe{% B%ﬁponent metal structures assenbled with

10013 35iBh FyeRloy FemGtneR R AT o Tlor et dfit b pctVhropylene
(PP), \fyﬁl)@hiylen'Ef(PE) ipSlyltietdtidtk &bhe/ (RERIQY dndityldn) ThemibpisticE that are

such as autonotive and aerospace, where the use of

reinforeeshwith h@hnﬁwegﬁhah@hr@@dnlw%ﬁws tq fogntthqmopb?étvé?ommtés provide
dramgti’kte %ge{ G gtpér@pglfﬂ%fﬁfegy TERkRl %Jgﬂg tan&‘hgﬁ{rg otnaﬁﬁg)lhty.

nmposi t es ﬁay al'so esi gne

10014y RerB Rzl S e PRy aplirdionf pp s bodd e of
industridUEYpit A5y, EHdbodiRY aRkaied aPRblacabiddict ade BE mesa albyslér multi-
| arge parts made from thernoplastic conposite

commaeréﬁn%tal§tma@rqs§p%é)lechmtb Aestenges or atlss sppneetqrs rCompasites offer
r {
s B B0 0 Sl A TRy mporant
1ndusW%ts&clﬂwag@ﬂ6tm\te andGRidspadel) wgemhahse @ronpositdaterials results in
ri butes, nDpIa tic conposjte materials are
light qreélﬁtgf é’?ﬂretﬁt? v sistan ﬁmamwéw B 2ireriefigind apfoprabiles.
r
CompttPay AR PRk © healadh O FE HbURILsSnd Bl iore raiona
matemndls tTheéol‘l«IMmgas paamal bt tod iplustores th;lt ealyibiaiv¢ appication for the use of
1 mat er i a meqé Sgnlflcan stress, to theﬁ$0|n5 of
arge pas afy, fom hermanlasiic cgmposile matprals: aepaspacsy ptomgtive,
constﬁféﬁ%hfh&ﬁé applianchy Riafifk, | Mate G ATRASHAL tnedic@l, Whilitarged i n
appl ications where there is a desire to reduce the
telecqpainghicatggnsatranspertatisnandyeaste mamagemgniovi di ng t he
strength and ot her desirable properties of the
[001¥XngEnergl, pumong offigeatéribartes, dlenunjdestiqxfonmsitsnnmdialsfaromsistant to

t.her nps 0 Sit 25 material s that
corrofigf at per 1S8R B0 v iyt maRing dhsrt pa ity Akt fErmanye
manuftt@rsa WM Rtigte lifHRIS 10 Be PBEST bftiifie Ba€a phe lziétsl prick@6lexhibiting
nmost often in the mlitary and aerospace industries.

matefig (MG} oPpigaificant$ross) oohe peing afimpsaring e @bty efideipex to perform
to speecn@l,ea?igg]r"I:y]{/fmgalllb'?%qqnaé&g%s 561{% g&lﬁ?g&c;ﬂzégﬁcatl%ggﬁ/gé}e thiere i ds a desire to

redudegbdriveighpoCapartdenial papiwehile proMling ihe rsﬁ‘argtlasﬁd &héﬁ&dsﬁ‘ﬁble
ar.e regglarly devel oped and nore i nnovative nethods of

propesties Rfi{lis exstifg mgt Xh@rem wgumper f pare made Mogybiermesst composite

e84 ARSPALBLRN! RO A0 Ly RS g houancs

comppasitd matmdls and tate uthzedoplstefténcin thedmilldaROMd/adhiRpsice 1ndustr1es
PCT/ US2005/ 007505 conposite materials reduces, the

[0016] Frodict dbRdlopIdm ShEiBedd mwpﬂouaaldiﬁmgmarsa)enwahw thérn®oplastic
sol ution for nan commercial and industria

compgpitt materials el p{lmvewmqq@gwgleﬁg@god@ﬂe@lmqlggwal development.
New HEHbHLE, 8, AASGUBDNZRIu SR IRERIL s IR

manuffmtmiﬂgea’.rﬁbplhgsmtmﬂuc&l todopesihe esstvassoaideediveich lfnamlfactunng parts
roc

t hods faqr Ss t her noset conposites
made QI8 SORBPIGILEH S a‘l‘e%f?lﬁ est ff ?romaw—;fg?mngsjgmaffa ¥Hh fhsoplastic

| ower viscosities and | onger cure tines,
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certain inefficiencies and difficulties have pl agued
the thernoplastic manufacturing process. There are
wa enweneadessret hods of manufacturing wth ther nopp@sUS®05/007505

conposites currently in use. Sone of the npbst conmon

processes include conpression nolding, injection )
compegitednaigrialg Friuges, tiguse PEETRIR 2B LORPOsigs begpmgh piere wable
solutifl® o1 365hy BmrhBeiaPARONALIRN BhlicARAL - net shape” parts,

I.e., parts that substantially conformto the desired

or designed shape after nolding. Less conmmon nethods
[0017] Molding-Methadsdrurypnths AvailahlefosThesnoplasticdeéomposites

trusjon, vacuum f orim i aphr form and hot .

too18f dst 6F oAy s B aam i BB ot S e e
comp&sHER RS Sl fledRbMI H&hbds BY plodéssinpahsmedsetdonfsorit@adince these

met hod currently used for commercially manufacturing
methogs arecdasisaed foraesin pyierns with orgsbdpwer vssasiies and longer cure times,

- TyDi-€al 0 [ ' il

certanil %e rfﬁ(%g cé%st almg c{}g\?ﬁ.ﬁl‘céé g%pe@%glgﬁg%%rehglgﬁgstﬁ Iﬂ&ﬁﬁrg‘ct&%g process.
There®é yavieeud yethindls of nansfadtukag wiki thestmdplaticicempbsited @drretiynin use.

conti nuous or chopped, randomy oriented glass X
Some(of Hae HOSLEOMMAN RIPefsRSIACIBYe tamprassier 1plding, apipeiion molding, and

I X 8 i "

stos§TBREPARE o SF AR08 oo L AL ey,
i.e., partathassubstafitially qounéorprteghadesired ios desigredcbapeoaficy noddihg.dess

when using its thernoset .equivalent pi eces. of GVl .
commgnnefedsii prresss BBIRP ACIOR RS ES g el Py wgpuum forming,
diaphfagaifonmﬁgénmo@ﬁe@mehﬁaﬁeé.es of the nolding tool are

clfosed under great pressure, forcing the resin and

fibers to fill the entire nold cavity. Once the part
[0019] Lozapression Mollingr erpved fromthe nold with the

ot . . : :
o020FS ARG A 28, AL, R0 s o
comniedifll yghamifactiaag sthadural theinepdisticebmpositdcaiaknts OTypically,
endure the canptinuqQus applicatjon of the high nolding
compyesHeR fpoddigg tHHzRs 2 glasgmaa éliqr@ﬁplaﬁ*re@% COEPAFIE COPPESING
L | =y |

roRfAIE AN EEN Ak FCEIREALE QU oy
oriented ghhsn Sbeter @M Tow prasfucedhby thusltpartyodatetiahengOunderpowiliseld as

nuf acturin cesses W th cle.tinmes rangin .
standal o cUsTora 512 i bRER o gRo e st B impreetalyd gpmgosice (or
pre-pre8 @ itfi§ ndr&EEimeAR! daBéd WRMESIAE s theRAVERY 8Guivalent), pieces of GMT

pur chase high capacity presses (2000-3000 tons of
are hegtedds gn oy emnad thegHaid vagsmeldingtoak The we afatehed halvesof the
.on - 005/.10 PCT/ : 007 i, Cl .
molaifg 341 27 SRS er R Mol R i 408 i 80155 6T epeive
mold paritys Onae tHegareEn bddled, i ie demorddnfgora thiinoldnw o thdsissistance of an
. .existing presses to save sone cost. O her
cjecting mgehahges of the process are |ow fiber fractions

iZO%to 30% due to viscosity problens, and the ]
[0021} §yenenajly; the matehed ainlding toals wseddar GMET fraling gre suachied from high

srengih AT Endutpiie Coplips sl ot s elen Pofhe RRsFy bifou

degral fonn Thesegh 6189 fre@ften bVl RaAcd Al qdBIddSo addelerht® cycle times and

) becom nfg nor e corrT_anIl\</I used for short-fiber reinforced
improve the surface finish quality. GMT molding is considered one of the most productive

composite manufacturing processes with cycle times ranging between 30 and 90 seconds.
Compression molding does require a high capital investment, however, to purchase high

capacity presses (2000-3000 tons of pressure) and high pressure molds, therefore it is only
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t her nopl astic conposites. Using this nethod,
thernopl astic pellets are inpregnated with short

wo pdweneeend extruded into a closed two-part hapdposmos/007505
steel tool at injection pressures 10 usually ranging

efﬁmfmtgfrr? IR AT R g eSSt VARSI gn{; S o B manbfctured
usmg %tﬁﬁlﬁﬁﬁi'rﬁ&ds b 'e%tllfl% Biegse Y@L §oﬁ9 @bé&si)tc—her ERLERNEREs Hthe
designed which d fibers with specific
procegydre mvaﬁbcm&aqmnv 607 tes30%)cdte torviscosity probleersi aml thy ability to
ectio | d arts are isotropic. The fibers in
°n1y%ﬁ%%nf?tme%%?ﬂ%ﬁﬁ¥g‘i‘f&’%{ie| VHSZ‘F% no nore than one-ei ghth
(1/8)" long, and the maxi mum fiber volune content is

[OOZZEl!ﬂj&néiQMomuﬁgl i ght variation of this 15 nethod is
as resin transfer nol di ng_{ogRTl\/p RTM

[00234dnja¢tipnmekding isthe megrevalenbme & gnanufpsturinedopnereeinforced

emlgBiCT, M Shekp RSO SR H St
thennab]aetld conippusited. [Usimgy thismhethod) ehlar_mplismpelletmg*e imprelarated with
o R el 008 e o s
usual afgih %froh@fﬂ@OO’ QI 30m0oaRpNISIAL hx%'h%af%ﬁ%‘ a&ﬁe%gﬁ'ﬂbw\éﬁd then

suner ‘goods. The cycle tines range tween
coole@ (hstamtly 60 nEeinu neldistortigre Sisingrfluid Hyimanglcahaltymp,rmdlds ean be designed

whicl] ol AP i e B eHLadtRt D UERS |B3Hb s pESaraReqtly Hiection
moldé%ﬂ%ﬁ%e a&&a;nb a0 fibdrs Mahé ﬁnallﬂ?ﬂ'@@ﬁl@dllyrﬁ% 6 Ribréfidn Bhdleighth

nerally offer the best surface finish
(1/8) ong.ce8 the povasym Ther REDe 6ot an & tarmis 40%BIEbLTaristion of this
P
meth(\IAc/{e 1|9 gh%@g kés{q ﬁﬁ{ Eg?r‘?%lé\fﬁg E]éﬁ“g/poggé/[eéﬁg{lﬂ?tﬁﬁéé %tlﬁge% matted fibers
that afepladeddn ab@@la twteiclofs thenecharged with rebia undetigle ﬂregﬁlrmﬂl‘ Hismethod
and capaci t)[/) of injection_ nol di nxg machi nes. W‘zﬁgefore
has thewﬂgmﬁ%&eﬁ Q& oring aB’@éﬂ magual}y erient figersand juse fopgerifes igneths.
production parts. Mst problematic froma

[0024sltlms@ttqmapld¢ra inftlen fapigg) of Mt thermaplastie proaessest andrhus is generally

used fof gﬁééj{a& Pﬁgh@a%g}lp 1{%&1 as %hﬂ&an;‘i&@ gﬁ&' EO)IS'IJBl%[‘ Fé)%gt ’]l'ﬁea&cle times

I'on Mo

rangeMtv@&dnmeanBrdmcsesmdsgInﬁ!au{)ﬁ)ﬁﬁ}’dmg\ul&opf@meesdnglclgsspdagubl&ear-net
yet angt her . ther C co osi t e, manuf act uri ng

shapedpagte sldie abylify tpyp Bsertsy y hoieh BRdhepIe Fatera bﬁr%}f?ﬁl@@gdvamage

Flnalfg'vfélﬁbcﬁﬁh tHdi ﬁ& 'aﬁ&‘ﬁ’l“l\f[ gpﬁe&zﬁl fféWHce st Q%dc%sﬁngsra g)é‘lahgbﬂ)cess

a S|ng sided t everal [ayers of

0SPG8 g s v

weiglitiofipaits thitocaprtevproducsd bg ijegionanelding, beabseofahy aczex ufmhb @equired
be drawn once it is  placed.in an autoc]ave. Inside
molds ¥ caprgB efval ecfe%ne@%@ﬁl%n%amm&r&.t@s mesthedhas Segmeeserved
for sl to A oo oo B R L R g S plibforcing
point nsthe ihngtatlbh eegaatihg the lengtiopEreinfoicdmantfilpathds eambelesedfin the
t her..al um num or steel since 5 the pressures
mJeCtFQ’i‘\,’BPk‘}B}g RIPE*SHuch | ower. [0028] Because the autocl ave

process is nmuch slower and nore |abor intensive, it is

[0026t~]'tAdtb@lﬁde PPédeSsing |y for very large, |ow volune parts

hat require a high degree of accuracy; it is not

100274 dnumiawrpmssmgmm@then theraroplastig epmipesitemanifagturingeprocess
used Qy ‘thte%d%s%t ’Pl?errrllogr)]fﬂiistliJ repr gs w1thl?ﬁd1rectlonal fibers or woven fabrics are

laid over a single sided tool. Several layers of bagging material are placed over the prepreg
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vol une fractions and control of the fiber orientation
for enabling specific material properties. 10 This
w@emseex63 S particularly useful for prototypi necbesanser7s0s
the tooling is relatively inexpensive. [0029] Ml ding
Met hods for Thernopl astic Conposites Requiring "Long"
assemblylfer surface Ga6h, tNawevent stidkeng, and tosenabledewasninhda ba ldayen once it is

placed T inARRERNE PoigE R odH sy e BB Y hitefal SRRRET L g o

under pRsuratd congéligatd Lt croekuikithe Jayety gfhitedsibUakecdtbipresifon and
the nol ding process itself; this is especially true

injectipp mal¢iag,the LAt ts arppeBmeld apd cammbe madeolthsr aluminym er steel since

' ' -step process was utilized to
ﬂw;n%%@%?éh@ﬁ%héuggyg?ﬁ>1 “third party conmpoundi ng of

e-preg co site for. ion: r ing of pre-..
10028 BEGRAE e SREBRYR bl SR hler ol e BEBE e R s rtizea
primafiBifef Véty lirBe,doWblothrh©pirey thatdreléifd 4 Kigh Iﬂa%xfee of d¢busgacy; it is not
process has several disadvantages that limt the

conduriwe destprgdustio liaes. iSignifjcan pdyanbgge phigisrpetaod ingludsighufiber
slur 3580 RGBS KL G 5 B A TR properis

This ppsceseis partiznladly usefad forpratofypirtg lebavsaithe togling isirelktieds,

) or. parts requiring "deep draw' of thernoplastic

INeXpOsiYSosi te material. The thicker the extruded sheet,
the nore difficult it is to re-nelt the sheet

[0029}JMJ1@fn§1MetthBa§>P&hri;éﬁnadlmi&r@&ﬁ?wtesMhmﬂg 0pbRE"

associ ated with the structural Tormation of the Ti )
[0030bBone ofthe procgsssh descaibed abryie|asg capabliernd prashicingya thempapdastic

compliSH 3R ok L5, KPR 355 B i

largely tintsrsRén @itingUBethotdifg praeesdissk; thivds beyeoially e ddr thBproduction
pall et feet requires a deep draw of material in the

of large\andmqrg complex arts Jdistogically; @rthregjstep nipgesp@as uilized tpymold such

o pore Y F Ol R Sk Bl B B0k p e AR G O profalif of pre

preg nizarial irc bvemn snd) f(3 pinsation nfimdltahmeaterinbin axgokl torfofmor desired part.

. _thickness are, apparent and. 30 w.l| be descrjbed in_ .
This e M8 SaY FaSHTNAT RESSRT AL TS mHSEY s TR eHG dPT pfiging more
complgk 151%@ S%?Wﬁtsufﬁc'i@(ﬁ Birh@iral relnf¥feerield/ 102663 _
PCT/ US2005/ 007505 [0032] The present invention is

i ( r. i o i .
0031 DAE B8 210 a3 BN SRLCnE A% i of vy
thicknass, ngpartstrbquririag Vdeepnave't ofthennropdasiio compoditt matehalp@hd thicker the

extrudi st LR T UAL 3t Ro-2iashe heeT g G SRl iekmess o

avoid Pl%%‘i’elﬁﬁsg&fﬁtb@ YithNRe §BRAS1 foPm#idd o tHe BhAlgart Pbr example, a
ormng the sheets of 5 material through the extrusion

pallet Hadng Tast exruskingperpendicularbynfromithe top surface islhaaleap grasspartion of the

paltet {34 bEFREER DoBRouRRRE Hiaed el e Yordtdh of e
pallet e fRRESS Hech R¥W 0F Phabetiall irPthe aVérfitalplines bad) 8 sOEH, K811 not be

~_for varying the thickness of the extruded material, )
uniforghoen theehosizpaial plgnerof the gxtgedeadishpel. Qthes disadvagiagesessociated with

e oo bR B eSO AP b Aghe
will baiéseHbédsinfracke etfilbeldw ihemjietias With thedevctiplionlof the pregent

. froman extruder form ng the slabs of
nvention.

Fibers
nal
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material onto a nold which can be rotated between
stations. The thernoplastic material is extruded
w0 boosagdacan extrusi on di e which is adjustabl e POr/US2005/007505
provi ding deviations froma constant thickness
| astic slab to a variable thi ckness across the
[00373 Urhfeaesept inyentiop) ig dirpeteds foxrards armelding systsmefor predusiga
[
them%g&ggcﬁ {e?ﬁiuégﬁéﬁ% %)garseg?ﬂnel @Jltte glﬁ%ggglt%{%gva'é#@n Y c?ﬂpressmn
mold et pansdiemgnfod diraglyctb thehmbhispﬂom tn extowdi@r dialwhik\théthermoplastic

differen hi ck across the extruded s|ap and
slab sfifl,rgtais thekeaty f‘g‘éaiﬁ%\tf"cg thg reseitp ity §t3§er¥JP’é%rW1m%ot§F pheets of
materidl tRI60EE ek trhdiBn HP:' §6€ pRREt 1§&én¥19ﬁ‘¥elﬁt€§tdﬂ)ﬂh@ﬁﬂopﬂ§§t{c molding
can have thick or thin spots as desired throughout
proceshandagipdetuspadtespetindlygo @dbenmopiastia pro@nsm andapparhiugiusing a

as.to size, i ti t or,stre
thernibpigsSe PfiSiondte Ravine SOTHARl S e 13 BRAER B fhe Sriruded
materfdl, Whith @%dteriaPidMMBId¥d Qs_‘ltﬁ'gas‘sé&/ﬁbﬁ thDet AR did

t her nmopl astic nol ding systemincludes a thernopl astic

r Ny
1003 B BEL BFt Pl Eieis Hither GPANE 1A Sk REATR TG g system
whiclg ysrfadmlabsioﬁthesmnlasng satérod dueetlyi fngmtah@xtrhderl{nmg dlie slabs of
Xtru terial iffere

mate) opfpib OSEVLITR o bhtothhd Priseh SPlioRE ThE Brmip et material i

extruded mmrmfe@fmﬁaﬁ Hienghith & éil}ﬁs‘tébﬂ’@ﬂ)r&)i’&ﬁdlﬁg ldevitdiéns ﬁdna*a
fromthe thernoplastic_extrusion die urality of

consiapiahiplpssa siastc eb s v iRgcsacres fisahripeg ol plastic slab.
The gﬁ‘ﬁ]k‘%gﬁ gﬁl tge adél?gt @?Fﬂ% g%?&??%l?)%l %[?1"0%3:{;}& be contmuously

varledfﬁé desed ATHib BRoWwNfod contiidus imdidihg of meﬂmma@c matenal having
t herpppl astic _slab bej n%?trl med_ fro

differepithipkpessacioss therextrudesdslgh and t}s\r%hd%memefi pRg te gentER the interim
part t} ckhes® o?ﬁle\fﬂt!ilh@tpt:zﬁ't §J1 ha @L@%‘T’ol{l&gﬁg@c% G1E thist 85 spo s as
st

ernmopl asti c erla el ng heated from't
desmzktlhmmglhout tte mold&dmartr &he plyssem‘t imenten srmet boutet @d td sizg shape

tform n l.d i nto a | oadi osi.tion far.
comiR RN HghCoreREnsB oF ACET gt R e DuARE Srehisiagn dling
procedfld a second nold into a release position for
renmoving the forned part fromthe nold. The platform
may be a shuttle -8 WO 2005/ 102663 PCT/ US2005/ 007505
SUWB%QFaTHEg‘WH@N and al | ows each nol ded part to

041 TS P, BB ol B5OLIL A B

extrugion of detctrinaplasty dldtepotitpsy zﬁf fussatledieigat members, i.e. dynam1c die
t her nopl astjc _extrusion die gttl ng.in ccordance

settingg,dop pagxing i thickness:qf te e)%tﬂ@e HetsTish ndifferenb Rarts of; tb%extmded
f
slab. q‘h@ tt{e%o%l@gt% ki lr'ag ljl'ie{]’ﬁ kar}g?l??égrfgxtn ?ﬁnﬁ%ﬁh& Lég?gd@h%ﬁﬁlastlc

slab ﬁamhrthﬂdthdrnscb;ﬂtstlc'éhwslhle dieo Al pstiality ofahfﬂmoplastlsnimdm;t wilichanay be
a fluid state .and extruded through the s%bect%

either, Yach g T SOTPESSEIPR M, Araf2eh mosnted o ipe¥pbiplatigay, suphyas a

rotatih§ plat BHAKRS ffovitlg dridem&idlat B Rk iHRS £pdsiton B réleledd ﬁ@ﬁnoplastlc
parts of the extruded slab, trimming the extruded

slab hefireg tmpheds from the therhaplistiy extruaion alig. & mhldcd ped gs foomed with a

variafls OEHER PR BealSt st e e Bl il s P iyl rom the

extruiBh die. wuﬂaﬁlm 1Hb1a8 art R6@HEd & IHIBESMPRY feed Bnd MOl MtSa loading
so that the nolded part is formed with a variable
position for receiving a thermoplastic slab from the extrusion die and a second mold into 2

release position for removing the formed part from the mold. The platform may be a shuttle

8-
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thi ckness froma slab of material heated during
extrusion of the material. [00351 "This

W@z2d0sa636631- ol di ng" process al so facilitates tPer/us2005007505
formati on of thernoplastic conposite structures

reinforced with |on i bers. (greater tha bout
or 2 rpfang Bl f%rlﬁéﬁsi aB%W%%%C@ melded B&t fakicho ﬁﬁds Jroaothenanolded part is
recexﬁﬁék%nﬂoﬁﬁaﬁﬁ@ﬁhﬁ% Hfénﬁ@ﬂﬁ&ﬁﬂ &Sld[n%{;%ée%k idy Bﬁﬁg@hmﬁ the steps

ynam c die, 15 gravitating the eri al rect
of selactinmethemmd)rdas:thao(trusorrdma#attmg\m atcordmige G\tlthttbe amaratus adJustmg

the th%osI ! I {]?Dq%g['uglpgfig%/tgam Sird ET’ H@?ﬂusedfftng%)%'%{ied %erla? passing

thereﬂﬁ?dd‘éhfiﬁl difidrentipakte ohe @Rtrh el JIAH ITAS themdBladtid Mhtekisl is heated to a
directed. Simlarly, the term"upper nold" refers to

fluid state andsairuded h@#ghﬁhmsw@ﬁbmlwlwdwhwhmtheqnwéjusted for
varyqug{ tﬁ%k{rl&‘ir h a%géd m gt%l:lgl ﬂisdltff 8{;?&“3\8?%#08 ergldgrﬁ)_ glg,

trimntigpveie eX@ruded dleﬁ’ﬁgfplbsilclﬂab&dwmg& ‘aariablbl thR¥nése td h btedetemined size,
cavity of the nold with varying quantities of the

and derﬁ%tm&)iﬂché@mélaé)&f&@gqe@ thegmplastin maiegal Qe ?rﬁlleémfmlrgemold and
Y t [
mold a! é}éd%%ﬁlﬁgdj%%ﬁnat?ﬁ oRYES tggft%g AblacIRe! ! 'IP+1§’ed d With a variable
thicklmy fioen s klabvefinctenial heatedr drmigweatmuipe ofrtﬁetmatenal
t hernopl astic conposite material in that region. The
[0033]y'Tais extitlsen-rRoidingy prdckavilsofatilitdtessthe fafiasioh ba thevbplastic
or. regulate the flow of the nmplten extruded 25

compopis WM%% reinfersad yathileng Hoes (gpaterthar pbaud ongrbak dpchy) pecause

the e wfsb&ﬁ:.e?{ e FIRh l:nﬁ%ﬁuﬁ%sﬁlp% érﬂﬁtenﬁq tHi¥%u gﬁ Mid &namic die,
enment, eost t teria se ectlveyaross

grav1tahag \thedhhtenﬁl dli'aetly ontera lowlerimioid that idinneableomith respect to the

.perpendicul ar .to,the directjon it, is novi
posilo o R eI Gl BT i BF 1o "I TR EhTerado epywer half of
a mat'cHé'tgmBl@ﬁf&wﬁﬂ:ﬁ@ﬁérﬁfopfa@@é"m@@:ﬁ'df isiecteal §1nhﬁﬁ? thB " Gipper
a concentration of | east ten percent b

moldesfesto th uppenhifotibe matqhydmlé Nityn wbitbahe desbrod Gpspnoplastic

.by_wei.gh agture rate After. t.h
par if Koot abochon BBl 2R S oot B, T Tower
mold@iaMbd abes] \atharolleg td Aletie diitd of tHeanbldabitieyarking quantities of the
automatically transported into a press that closes
thermoplastig) s@mp%%dn%m% Forexpwples ifithe epvity degped by the lower and an
ore RSt Rl A LR RTL R A 3885 o
recelvdmommekmt themnepistio momposhtedesteaal 18 yisit e¢piam T herlyhardic die

for_formn n article fromt Iast' rraerial d
empl Y3 CED] SR Wﬁqma%@gh et 81 dlieh piruded
them‘l’@ Rfik @J)mb@sﬂ‘e%ﬁéﬁal W@hél%f hirer MRS tes o@'ﬁ{a?éria?frowl%a'cﬁ of the

ending wth the fib The nolten thernoplastic
flow parttesd iebeimeing, té Heprogi dhe/mahnamwctlbdyszcm@s fherwndth ef tholowen mold in

2 direE R POBHAR I (A GPiol dy i meviney 2 TP OR oK e materil
may E@ltn@Idea lwitFEdéng FBErs l@gfeseéi thafl @Boutione it ihd1 havlﬁgmc@néién&auon of
form a grescrl | ow of COITpOSIte mat er I al

at leagtrtan pergenrtd 16¥) by a/ellgmm aqcmmh anfilgy toesixiylpgraent (50f®4%bl ygweight,
with fsog‘gfégérzafrr] tufere r;EQs? ff/ég ;el rﬁglten %?ﬁggg \}%‘f‘fﬁé}gl 4 eI pﬁaﬁ? wéiﬂenal

gravifate2\nes tlmmoaanbla e t@llepis atworﬂamayltmﬁsmd @its alPrése that closes
quantity of 10 mol t en conposite material thereon

the uppsr mAldPRY thstoster ol ta feamdhocampesite pater i al required
in the nold cavity of the | ower nold. The upper
portion of the nold nay be pressed agai nst the

._‘K.)
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predeterm ned quantity of nolten conposite materi al
and closing on the | ower portion of the nold to form
wo b@saolesx| e. [ 0037] I n anot her enbodi ment of P&EUS2005/007505

invention, a nolded thernoplastic article is provided.
15 The article conprises a fibrous material enbedded

[0036] Ore embadimpntascordingdeitie prenciples ofthd presentgnygssipe ghalydes a
0 I

systeJrrTlD a\[ﬂgﬁ'lb&ﬁ‘(gdr g) ?(glgrﬁﬁg 6\1 gﬁlgie I?I’?er?{olq algﬁc H&Pe aP a\f)cfsf l?c{rel‘he method

includds Hebﬁ!ng thesticpladtictrhsterial ltol ﬁdnax tnlouble tl&hﬁoﬂﬁﬁﬁirﬁﬁteﬁﬁi&ﬁhlle
about  60% of theiy pre-nolded | engths. The fjbrous

blendpg with the fabsrpFhespgiten @swﬁlaﬁnﬁén%tmaaps wgn@ﬁkwma)fhetﬂb@rs to form
a mofé%ﬂ?:wbgﬁ niZtetal ﬁfvmg%‘?ﬁésntetﬁﬁn@éﬁ%ﬁo %Qtr %l:ltba‘?lﬁﬁ)r volume.

rous mater In the 20 astic
The moltdncdommsi&e onatesiat mdy ihentbeextraded ﬂircn@htth@dynaaud dierte form a
erties of the rticle.in
prescibed o o3 oftpoeisGal 80 gl Pos oo PRSI Tejdor
formitg CRAAHiCR! TR RPRRE hidk$ mal bk RescArdly phdved ri@ sp%@@ ghdtiineak Y ¥rying
ani sotropic. [0038] In another aSpect of
speedsnwlg}qrpcmvmg tlmﬂ@w;s)g c¢mposyp enederial do deposit @emiedetermmed quantity of

her mopl ast rticle C
ol GRPPG pletel B sl BBl ShettFrlo bt RePLAGTREafi geauired i
the méid €6 oif BRSloWeemSIE The @f)per@brtﬁ@i &f the AR BY p?essed against the
m xture of a thernoplastic resin, a fibrous naterial

predejgraningdyquapfityi Qfﬁmlte&@emp%l&ma@nﬁlgm closiig emthigrlowprpgrtion of the
mold%&?cﬁ'}%thg)artgffér“d' ng the m xture through a sheet
rusion die using | ow shear extrusion; c) depositing
the extruded mixture into a first half of a
[0031]dnianomb1a¢mlyedimeahifehﬂinveﬂtém a 3ibldal diermopdptic axticiatsgirgvided.

The e POt s ARG Bty ed i BB BB R Snc s
prepa&é@bmlm Sitbar PRIcELsS UhB 14i@s SRS AHES Befobe fbRIiM %am Qb&it

100-71, 000 psi and substantially little novenen

0.5- 3A®hev®1%0w mezmmm@mm e rEeided artielerarg greater than about

Lure are uir e onsolld at
60% Bt bt Rl e ol B SR R ogR s R roal weigne
of thd &tﬁnpdimaéu tn@)ftutbalLebﬁthdh abmgcoi%s@ﬁﬂe fibers of dtfibrohomatenigl in the
praocesses and, sheet formng processes. BRI EF
moldes-thepmentpitiq a0iicly e QieAtRINGYISsasuBur-tion.ed thaymeehagical properties

vant t n [

or BRI SH A2 S ARSRIHCBAAD of T i

meclﬂnma\h properties aﬁthehrtlc[eCHM@t}bstnﬁall)lamsotmmcap pl an vi ew of
a ol di ng systemin accordance Wi th the present

' ent Q0 FIG.2 1is side el evation. view of .
1003411}8 SRoMEY srgech e by iish. 1 Brsdess R prepeiiitos Mefdsd HorRlopjasti
articlé 'iseprB{'ﬁEd VIB#BroRéssifbepréparthgtthe Hdided therdibpladtit Article generally

fferent steps of the process of the present
comnrxse%tﬂwust@ps of:0043] FIG 4 is a side elevation of the

exg) e tecromﬂtouﬁ(li@ a mlxalrg og a thermoplastic resin, a fibrous material, and any

optional additives using a low shear single screw;

b) extruding the mixture through a sheet extrusion die using low shear extrusion;

c) depositing the extruded mixture into a first half of a horizontally-movable matched
mold in approximately the general shape of the article; and

d) compression molding the deposited mixture with the second half of the matched

mold such that pressures in the range of 100-1,000 psi and substantially little movement of
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[0044] FIG 5 is a rear elevation of the extruder of

FIG 4, [0045] FIG 6A is an exenplary schematic
walcagnesssof an extrusi on-nol di ng system 15 aceoOr/uswgs/007505

to FIG 1 operable to form structural parts [0046]

FIG 6B is another exenplary bl ock diagram.of th

the molteR quix e 6 reAdirgd 49 SHBRlelORSidation ap @Aldn[l@eﬁttlf thepoplastic
i, PGSR BkRLAYE Ul OE ARy e o
sheettfbening\pescesses.d as supported by the troI [ ey; 20 [0048]

FIG 8A is an exenplary flow di agram descri bing the

[ ‘ may be utilized to

BRIFE T RIERY F TRIEDRAINGS 7)) "loing e ther tuo-
[0039r OtHRf 8§jed| feathRB] 4rdl advfnﬁﬁ%dg%@‘ﬂfd restat fiventesWRBhd %parent from

nmaterial onto the | ower d of FIG 6A, [0049]
the wgitten dlesamiptinn and thealrawpgainwhichy di agram for pr oduc:| ng

structural parts utilizing the extrusion-nolding
[0040Q)yEiGe hish tdpl iihan gikwoiza mhldingsystemami ascordangeovith the present
. xtrusi on-nol ding 25 process; [0050] FIG 9 is an
mveI&?é‘rrpl ary bl ock diagramof a controller of FIG 6A

nterfacing wth, contragl]ers eratin onponent s
[004UfFIQ1@1§§tS%6§ieéfﬁ“?be‘&W thgmp e oneradds @fl/}F &[ 6051]
is a nore detailed exerr%I ary bl ock diagram of

[00411@% ﬁt’\r%ﬁ peerplagt viewssof e mold pf (g ohars) 2 gpdjéfsrent steps of the
Pr°°{gfﬂ{§§995%%35?gph[ 0052] FIG 11 is an exenplary

Iagram o e softvvare that I's executed by a
sor a f F| G 10; [0053]
[004ﬁ }961?"9% ngldgﬁ?e é?}bg%% % ei’fl ow contr ol
t.s and | ower sectioned into a
004 1 3i3a e slvetan o iR Wﬁﬁbﬁﬁ material in
accordance with the 5 extrusion-polding system of

[004%, [3G. §A is pp gxempleryschematic diggragho typioppolding gystem
e eposit the conposite
accm?a%‘?ucﬁall(}h epEabe 8 o“&“e%tm%‘&t“;m 6A; [0055] FIG
t i Y
jonadeic o1 ST AohylY BRSE 5t B G By RSP co0n o
FIG.BAG 6A; 10 [0056] FIGS. 15A and 15B are an exenpl ary
per spective bottomand top views, respectively, of a

[004 7 Fid. riaf exdrslafy S@eided visy mhaaglnatiﬂlctdli@ome 6A depositing the
extrusi on- rmlnz}Sl r?%e'stem of FIG 6A;, [0057] FIGS. f

extrugpg cqrewsatreéméwaéfee lemgr B101d a8 WpBPTtHERY thetmlierg
inserts formed by the extrusion-nolding system of
[0048] FIG. A isand¢x§ropBgy flgw diagtam descaibingxbepkizmsyorf-molding process that

may b SEH R € Jof i ok SfuskRl ARG SRE R " BrEfaff conteo

for depUsRing thé Etfiposite mAeidl onfoUhb Icieerinfsla ©f ETGVen, i n FI GS.
16A and 16B, utilizing the extrusion-nolding system of

[0049] FIG. 8B is 2 hdth & hrptdr) b WCdth &ohm oEp &GRS it tural parts utilizing

the extrusion-molding system of FIG. 6A via the three-axis control extrusion-molding

process;

[0050] FIG. 9 is an exemplary block diagram of a controller of FIG. 6A interfacing with

controllers operating in components of the extrusion-molding system of FIG. 6A;

[0051] FIG. 10 is a more detailed exemplary block diagram of the controller of FIG. 6A;
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[ 0059] For many years, a gap has existed in the

conposites manufacturing industry that failed to
w@e@sieeea process to mass produce | arge ther np@i/asions007505

conposite structures or parts 20 at the rates and

| abor efficiencies of conpression or injection
[0052]nBiiCHi1 A g amexemnlery bleck diagrgmanfdhe safiwape that isrexscused by a processor

operatﬁ#\}ﬂg%o%\ﬁ%llg%fjhg% 1PThe principles of the present

1 'on provi or processes that closes this gap

0053 JodE 4 Ererii cmraetieny Tt HovGoRRGhe pheantd lpwes mold

wh1ch‘@ée@ff&$ed%to¥h3%ri to AésbsITRYtridd ACHREh Osié sﬁteriaafnta&c&rddnce with the
structures h high reinforcing fiber concentration

extrusighcneldingaystem of G- pAessures. 25 [0060] Referring to
FIGS. 1 and 2 of the drawi ngs, a thernoformng
[0054]apighrlatisis tapOviewrof th&ﬁqmbmrqﬁet@nqnm assalignedricedeposit the composite

.ther l.astic froma thernoplastic conposite
matenﬁlzontﬁ?ﬁﬁdg‘fv?ralpg[?e#ﬁpn Aan extruder 11, a mol d exchange
an a conpressi on. nol d st at i

ion 12,
10055@13‘5 J4ds amgxemp %ﬁ’ﬁéﬁpe%"eﬁ% NiedpolFcarpy & &rpaflstéapﬁlgces by the

extrusion&hsmR 5ﬂeﬁl(;qumn6gr conposite material into an
auger 15 where heater$ are heating the ther nopl asti c

10056RICH. 154, 8 13p e o Skl Per Y tfioh P tHTi s rospectively,

of a pletfértnibaving hidderl fibgiforinbé bg itk dxtesoaimolding systear ofHIG. 6A;
being fed through the extruder and out the -12 WO
[00572PI038. 162664 16ETdrb/an L& Plarbdctueipatts h@ﬂnﬁ ireft$ fothied by the
with a trimer 17 mounted at the end of the die 16.
extrusipRempdging sysiem of FIgxpAuerdd in a generally flat plate
sl ab gnot shown) and is trimed at predeterm ned _
[0058]oBiG1t1 ipgn exdmlwylﬂmedlamnaéespubmea ersttong forr ayshedding an

insert, SP% %s a[ %16 ener’ %.1 :jn 18 W' ny n%étppc%ﬁglt%artt Fuch a those shown

in FIGSi €6A Gnfl 96B/ @tﬂ&lm/g mg eﬂtrﬁélﬁbnﬁﬂdlﬁg EYHeriOPFEGLGA.
material. The travel ing nold half 19 has wheels 20

allow the nold half 19 to be noved fromthe

DETAJLED DESCRITHON D8 SRR INGERTION, m 21 ( shown a0 ol d
15, b A0 45 R ooty
failed txi provide taiproass toamass\pradiice ilargé-th@maplastivecomyptoaité stguctures or parts
at the fetand ehok ionsies o EoPpReSian ap el Aalaia: wit b zerupey and
low pr@%ufe%'%‘f\ﬁﬁtoéﬁvgﬁio@dlﬁ |’lfh n}n;il‘éy dfehd séﬁ@ hrﬂ/eﬁﬁorhﬁof\lldlﬁ‘or

is on the platform he | d hal can
processesghairalesgs gris aarsarnimrodmey s'mhathﬁmrcmla@nc compmh@ parts The

proces%gsrg% S ?qb? ri?is' ﬁ"‘& %Hlﬁg @ncf(ﬁ} %f o?&u&ﬂ% 'rmmEf ma9 ggod%ge large

parts ant etréctifes with 1dph ecivfoding fibér doﬁk@ﬁraﬁbﬂﬁﬁi at'ﬂbW&nolﬂh% pressures.
nmol d hal ves 19 and 23 can shuttle back and forth so

[0060[ R@fenm"%?ormbs £ and b%f %mrmn@g AhbRESIORRIng Pbé‘rat%k ab for
other nold half is nolding a par
thermoefheming pags fnom mﬁieunMW@sesm or ﬂgmrm&wlamrdm@tcpmos_lse ls

1llus'cragD %ﬁ{vdggﬁrg%tgﬁl%Y ﬁgngﬁawn%%ef t18? ggqmgtah(ie%&)orgsasgdn Hold station
13. TheleRtrb @t day a BbFedr Q4 Mhaithtedror top € febdin g 8 B RlopRSti€ Alinke
nmounted on the platform 18 for controlling the

compqsrtamqnﬂg i@ Py anggr J & vhepehenters agdiepting ths esam@plastigpatesial to a
fluid ng%(t prial avtehaf%;qmg%uéeg?slttie%&]ﬁ% i dn Olﬁé 1%#1&{1 g)?crc'ucfepﬁatﬂ ?{?‘L&d

nt al energ
extrusioneli¢ § Guicthe egd thetabf el mwhﬂalebelﬁg fied tld‘ehgh/&lbeﬂtrtl@ertah& out the
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20 conpression nmold 13 and nolded into a part w thout

having to reheat a sheet of thernoplastic material.
w@s008i1bde6ml so be noted hereinafter in connectiprr/vs1005/007505

FIGS. 4 and 5, the thernoplastic slab can al so be of

vari abl e thi ckness throughout its wdth to enhance the
extrusipre fieds ewtieidh 9a'rmm|ﬁmbﬂem°r1@wmah@emﬂ @of thegbie 2$. Thermategal is

|
extruddl i Bonerifly ot S GEIRRNAT he i TRlfih I PRIt dints by
the tri2r3ner2137 asiinleavesah¢ estrsionadisil 6] AHSBppdirt lblht‘fomp &8 atill suppokt a
the pPre accor ance w th t resent I nventi o
travelﬁ&rﬁo{q *@3@ fe‘? izectly we Ithe gefmsiopye lﬁ AB ifPfFerHENE 3sbrot1 4
themifogagwﬂla%em tr'ia@ m@a lshb@ Haﬁsl' ThRwHREPDSIiBh T8 thehold half

to an auger where it 1s heated before being
19 to bg imayee droni the lfolat;formAl 8 antd a rdtatling platfoins 2 & fghoynaasangtd hdlf 197)

whlcl} 15 dmutrﬁ@ %}(I}? $ rofim% sg:a'ﬁ_ﬁ%tfgﬁrgtaQﬁq@gﬁtb 1@?%(%1?}? fhlg%idirectional
arrow DIV 8SFLCNE . TR fbtatthd Whit&itn 2D wallHave3 se@bnd AB1d RA1823 tHreon which
turntable 21. In G 3C, therotatlngturntable 21

can be &dan@sthg gompressior molding ateiien & tshownzas mdd hali g while the mold

e i O |
e 9905 AR BLATE o8 IS AR R o 24
in the\b@mmsiml stitiog directly behedth.a ddﬂmﬁb@omﬁ@ﬁx&mmomhalf Iminbunted to
19" travels into the press 13 while the e

t | d
a moyipg plaen 3G where themalding mratloyéalmmssh@ng@%ng?l halves 19 and
23 ol RHERRRAIERN S B b APl o Rt oSt e
other inad1d half & mokhrpg'zepm &ach eﬂtlmtdwt]lmg mald haleesd9e23 bak an electric

' nol d hal f edvmthah nel it i
motony, i dying e ok etk B RN R Gt Ghotoaha Bl 1 or onto
the st&t%ﬂii')e%ﬁ{%m@ bar Q¢ ear tB6RIcerd 28 BANEE tBumib&on tifk Fiort 18 for

he extrusion die 30 is illustrated having the die
contrgbig tigltravslingimiokdhalies sphechnel 32 for the feeding of a

fluid thernoplastic material with the auger 15 of
[0061F1IGsHhould ewbt&d stithiseohtt dheg theoextrutire] leproducss dire lodatadrexitruded slab
. 33 to oduce a sheet or slab of.  ther Lasti
still 3R el B G PR R ek IR TR i 18 ey apebtohe
compPésb'lbﬁ Inhd1d 19%and HotdbdahRt £art WwRhARGAVIRG RS fhkfith dhRetfof
t hreaded shaft 36 driven by a gate actuator notor 37
thermgplastic materisk As wilhadsodhd natedherpinafierdniconnastion Wil FIG8s4 and 5,

v TR LS B PSRBT A Bl e

thermdifdretedPpan midedrdo ehemabIAl 37 in steps to nove the
plate 35 in and out to vary the thickness of the

[0062) hﬁﬁﬁﬁ@ k@ F1GS. 334-3b, tha Sisdrmeplabiee ﬁhmg,sa paﬂ@ﬁst 10°8 ithdstraf®d having
plural ity of any nunber of rmt ors can be seen in
the mplcr;.lal\Besdﬁs V9'ragd 33 p23u ibd paries 06posptl@nses thesepsmatipmafitgipress in

accorg%rbcg wi terf)?eggn %ﬂvér)lg@r)} e@/&&cﬁi}?&uﬁg ﬁapslt clt: gyt(rng%o TL 'h?wgg q1e hopper 14
feedn@@ﬂx@ Rigdrmdplaktic Resit dtRomipbiitd Matefialdatd 8Y fugkO16 Wherdutishgated
sl ab 15 out the output portion 34 having thickness

beforWhPl@E cxandada I Flke Bés mlqll balf23tim egptyt and rasddhglfdg is beigg charged
with hotthel ol Gn Rl i, RGNS oI o the mold

halvegd9 and IB'Q)nahdrdnaﬁngttOnﬁa"b]elSI hiRGt BCcthaestating tuaityble 21 rotates on
portiqn of the e>i¥t9r“e§| on die and _can, _ alternatively,
the cqggrab it shafl 2o ReseR statizes {leadingehsgponto one mold half
B q a8t R th firemBld rg % afnd 1 :
23 ang% t ﬁe ex(tﬂr ug 391 P S%mpwrg%ror%tmég%gnt r on esire " FIG
3D, the mold half 19’ travels into the press 13 while the empty mold half 23 travels under the
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20 [0064] A thernoplastic nolding process is provided

whi ch includes selecting a thernoplastic extrusion
wale®sAaees 30 for the extrusion of a thernopl aBtT/US2005/007505

sl ab, which extrusion die has an adjustable die gate

menbers for varying the thickness of the extruded
extrugignali¢ Ko fardoading with gslabpd thesmgplastieematerial, die H1G| 3, theppeld half

r A
19'i rQ&fcgs?leh\r/&glpﬂge‘j@ar?ﬁ %égg%l%%}ﬁ?ﬁhﬁﬁﬁﬁﬁg gﬁégg ?ﬁh H@k a1t as it is
movgaHssitearti érevedd v tleugylrusion did feeweailicompldtay chargbe 25
extruded sl ab and then heating a thernoplastic

[0063E rhingl to FOGS. 4 hid §, thdextausionudle B idilbtedte®havihgihd die body 31
thernDpIastlc mat eri al through the selected and

havinghe shanmel frefordhs fgeding oz fluigsthemnen] a_stlcmﬁéenal with the auger 15 of
FIG%EZa{hggR‘Pﬁrgﬁ{r&@aS ! tHe%xid1§Bn EfxéﬂHéF% ﬁﬂS’ro det %h%gt Q18 oF

I'c material 1nto a er nof orm ng
thernmopll abtit @x truded3natedalrfednal €k mouth 3d0Thi dig mﬂmaa@lurshty&f gated plates

forma rt wth var.iabl e thickness in the rt{, .30
35 echéesl}ecf tpdtmeadadsheft ag dnyen E}Waﬁ BBy gmotgr 57 Which can be a

hydr&hx%rdifgﬁlaﬁﬁ&ﬁ&mﬁ% 8109 ARSEAeS @Qﬁi eﬁ@l?ﬁﬁlasttéb%epﬁl\')?or hBGEB a
pr ovi I'ow for the thernoformng of a part

contyl tihe 38 feadingltd e rethotelcnntzallanidd rwhach cmmmehp opotoli 37 istepls to move

e BTy GRS O e S L oA R By
portiend1 tAgturilt9 oﬂﬁh hidbédrof AftrSBl7icah B s¥d ihFIGNS driving a plurality

t her nopl astic 2005/ 102663 PCT/ US2005/ 007505 sl ab
of platgs, sa¢h mopwigd abutting theinektplatehandragh plateeenjrofled senarately to

ey SRS AR 3o b iBE Uy oP AR B BLGRLins o s
out the dsntpﬁq)oh@ort Iehdvadgthickhessrwhivhcahvaay across the “ﬂ@uh&ifcﬂl&r @&druded
i.llustrative rather than restrictiye. For_exanp

slab. 2t wHalsmhbe Flgar thakthe gates %%?%kl?edpa?‘?lldégﬁ'i‘?lﬁf@d)ysl@ﬁ’é(ﬂ%&
threaﬁﬁlgac:a?ﬁ3 E?zé Meb 36.?5 bt 1o RURKEMS ItlﬂElme's§ of &h V\%rggistﬁé ePGshion die and

cont-ai ni ng ene
can, gledrnativeby be oonttxdledduyprmerokbﬂ 400k hiich 8ar be @ bompiter program to vary

the tfpl{(?‘lgfat{af YI{OH‘?’I) h@é ﬁ)&uﬁl ﬁé albabl e thi ekpq?%;} %%S}r%out

rmld half fromthe extruder 11 V)
l006ﬂ| rﬂaqrmoy agtic @@f@ﬂg prosgssds povidgd %?Iym@ﬁ@e% Fﬁl?%ﬁé @éhemoplastw
extrufGp e 16 BSOS (e bR o SiAAAIBHIaRE b ynidhbion dip bas an
adjustable dictgatednemgbers forevaryihg thechicksétss of et axtrudéd mhteaalin dlfferent

RORLRTIETE SR I R PN ER TGN

vano@%( tHiMIEREs SIRAS ERtrhded RN A Bassthg MbieBRohdIOW dfferent parts of the
t her nopl astic conposite material through the dynamc

extrude@ slal aad/theathﬁwgl&mﬁl@n@pphﬂtld natérial ¢o a flyideandraxitryding a slab of fluid

R SHATbLF e e B o ST S BRE AT e

thermépidstid $1aBhs fHieh diMehed RHQ AR6Gedioftoa &ﬁﬁd&ﬁcﬁﬁﬁplaﬁtm fhatkial into a
for manufacturi ng medium 15 to | arge thernoplastic

thereefppaia mrold P @ 24 pad moldedrin p seeldingahparais 4 3 te frrponpart with a
vanam%ttﬁiclq% %91%34 fi fibers to nane a few. The

ext T Us! on- I process |ncludes a

(0065 RHoHTA b et s S FimsTh A Rer g s GENDOE et B pRaratus have

been PRévided @Hl@h ral?nb*l@ff&r the ﬁf&ﬁﬁloﬁi’ﬁiﬁl@m part Wit aSRAMSIE tickness with an
profiled quantity of nolten conposite material that

extrugioadie which capbe centinupnsii comfzaliedde varyithe dhekamepiliffergat parts of
the emm%b E%fu%bﬁﬁd b&d et 2 %5181n§qg a% P‘lg?lsﬁe%?ﬁﬂé Y tﬁé?r%oplastlc

a conpression no

recei ving the
e
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| ower half of the nold for pressing the upper half of
the nold against the lower half to form the desired
w@hoosabasse or part. The | ower hal f of the nmatchedusmbsioorsos
di scretely noves in space and tinme at varying speeds
to enable the deposit of material nore tthkH¥ at sl ow
0

slab lsﬁdbhpamﬁido utibizetherfienl sneegy frem e expsiageproogse However, it should
also btelg am ﬁ'xt%ﬁs;ré:seﬂplﬂ%rfl olﬁsis illgt tﬂ %e %{) Q&&ec@ Hﬁl\ft%fi ééth%r}gngsg’shown
e ex rusron-nol di ng
whlclpa‘re m‘:‘Bcs coﬂs’lﬂermﬁast&dlve esther thavhrestricting. Roe examnplef althasugtﬁ the
regrind aqr pel]etted thernoplastjc i,onal |

or
extrudeddpatgralis desgubs %@nqtmesr?a@raeszera xsﬂﬁbwmstlwbe& 1§ ?11% d%scnbed as
follows ﬁﬁ ontRini ?Ene‘i’éy {Ren Sé‘ﬁvrei’éillecb ’th@écﬁﬂﬂe%(;rhmold 13 to ol‘;])v1ate

rei orce nt bers greater than about one-half inc
reheatidg, 21i) having zewg‘(afble fhhécncssnbmggh@t ita vadihaliiijrbging e hot melt when

charge g e g TEMB O A - (0 b6 AP of B plgs 35 o

vary the tlﬁMﬂﬁQﬁid&&lS'thé‘ﬁ'ldtﬂ of féteRtthd & mhddHaeardlit defferdrk p&h& Bfthe
the gates 35 and the novenent of the | ower nold

extrudegl m@gmh gl firplyH®) pesidingmolien theaneplastigdaaterial thraggh the
d h
sl bt R, ERSEE HELEAA o0 TR TES pR ST

the e)ﬁﬁl@bﬂ gbﬁxefhfllytﬂiﬁ@vldéwd glokeh fIow df ilerinaplastiecbn@sbsite ifatdriabthrough
whi ch _noves di scretely bel ow the dynam c die. The

5
the dynermodis; avigmematy ysinddBalber/igysr mOé%)r variablej yaniesip ghe
vertlcggélﬁllfbegld%k'&s oot o\f'f‘z%nﬁ[ &i?éc%l% S%Ii?%tlﬁ%lgf extruded

osite materia Ren moved into the
[006 " r"g)?tﬁda At a,cfjﬁé’ﬂ)agée%g hg%nbécf%%l@:e dﬁ%altt?ﬁﬁl%@#aa%ﬁhg medium

to largexthethSopdastioRbipBsite @mﬁﬂé‘ﬁeﬁ‘lfdr@ed withgldss, caciompfietad or organic
mat eri al _ i ncl ude therrmf)l astic resins as understood. in

fibersitp @ams afpy. Thyextrysiannsplding precesg dnckdes g gpmpiiprgentrolled
extruéﬂ)ﬁ L A tHapl fed! Qx%ﬁlté%l%t}as bR blﬁﬁ&% %F g@%{)&nﬁx Sg of the

ent 1 nvention may | nclude any t cre
matnx land retifordementeddngpbnentd th ispehsd alpyofilné qumttty aflmoltérd composite

materigl R R VHRIER TR 1 ONEEPAL LIRS EAION S AT atich i
contrélﬁard willeSRed fing ShdRaferiaD AR & E&mpression ﬁﬂﬂ’dlh@ 8fati6h Rfreceiving the

errmlg)l astic resins and materials may be utilized in
lowerpha&nfct sgotchier pressiog theaipppeinal Eof the mold agping thenlewer half to form

ext nol_di st Lt | I I
the acSFd WPl BF pilc By Bl bafiiPapplots fhereeely ppoyeg n space
and tihe a&ﬂﬁryﬁ@ﬁiﬂee@d to@Asblt ey pbsit 610ABB HalABeEhitkly at slow speed and
Ther nopl astic Resins polyethyl ene gol ysul f one
P

more Hunly st &as{ar speedsol Rathernapdistic appasetup &P doscmped abavsds epe
emboﬁﬁl:léﬁ? ﬁ]ﬁr%ﬂﬁl Bg Q%&%%@Iél%ldx%é %Xéé&ybh&%ﬂ sgy}e?fnh(%lch may be

ene terephthl at styrene po ycyc exane
any fa‘i‘nedbmgnmbor pedlettpd theahagplestic or, optionally, a thermoset epoxy) is the matrix

component fed into a feeder or hopper of the extruder, along with reinforcement fibers

greater than about one-half inch (1/2") in length. The composite material may be blended
and/or compounded by the extruder 11, and "intelligently" deposited onto the lower mold half
19 by controlling the output of the extruder 11 with the gates 35 and the movement of the
lower mold half 19 relative to the position of the extruder 11, as will be described below with
the embodiments shown in FIGS. 6A and 6B. In those embodiments the lower section of the

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

-5~
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styrene-but adi ene-acrylonitrile pol ybutyl ene
napht hal ate copol yner nylon 11 ot her pol yesters used
w@s00sableesegnents nylon 12 thernotropi c |i qui BCZUFBOR007505
polymers nylon 6 pol yphenyl ene sul fide nylon 66
pol yet her ether ketones other aliphatic nylons
lowepgsclien pethe suatehsegoldgegssyspmspciscammaunisnfanided sasprosite material,
and 1§’ﬁle}{‘i{1{{lﬁéﬁ it BES grggsﬁc?ﬁlho Ayl 1 zed with

¢ lactd onatlc dlcarboxyllc

oo o Pmorf s SRRl Rathr e FOAR h i RiaRL Eaing

proc@@és&tb foretethe cpRipySias MaRALEinplaly thefrhbslagic x’ésihél af@idetstood in the
ether am des polyneaﬁalnethacrylate pol yest er

é‘ﬁf‘ op q_lm@g}s thag may bg|wiilized iy aepridanae withrihieqiringipdes of the
preselnpfﬂvkﬁﬁ1 it e dg% Pgﬂh{ &%ltg%i%% be melted and blended by the

ton ers
extrurlaj Mc @xbmph:& ef syxhl thmﬂvpllashb egsimdare pmlvfded in ﬂ)‘AlBUEI fwith, the
ynet | ate, acryli ret hane a m xt ures
undefsfpmigthatiihd exagailes arg 8plia %ﬁ?@@hﬁ %%méletﬁg t@Hg that other
thernﬁgﬂs rz\{/sgé g%ﬂ%s@h?féalﬂn zﬁgé {é’lga %Etut%%&n%glﬁ%odqﬁfng ﬁl@@f'r&ctﬁll&?ﬁarts utilizing
the extnesioroplokbng systamrpﬁukﬁﬁi@allzohmﬂummmasmcgmmd TABLE 1 may be
diE)Iudethose rmtxerlﬁT fhat may be utilized to

used plong OF Ay GeERaNeRs fegeol. o wo 2005/ 102663

PCT/ US2005/ 007505 resins. Fiber materials suitable
[006%l5r use in accordance with the principles of the

present invention include, without |[imtation, glass,

carbon, netal and natural ﬁéni.al s (e.g., flax,

cotton), either_alone or in ilnation Qher fibers

not listed may al so be utelpprgcRedrs understood in the

art. Al thougBt®e..dl aneter offd&.T1ber generally is

not |imted, rdvbrepyifnt ber 5 di armnvewlelfemlderml di ng | arger

structural pERtR.A¥HRRal 1y r JHIEEHELMEEn 1 and 20 m

It should bewuﬁderstood hOWE#Eb¥M®hamk¢he di anet er
of the fiber §terIP1¥mdQ§aer%En91§r Qiﬁg"gﬂm LN 2 nunber of

factors, inckdadimitg strength structural part
desired, dengﬁPy of fi ber de$ﬁfqﬂ”w%¥§é”ﬁ*%m%ﬁructural

he ic liquid tal polymcrs
part, etc. Imwpartlcular th@ﬂg I; gGtus@l 1'MProvement of

nmechani cal tenew fi ber having a
di anet er of ?ngﬁﬁgﬁgkyxnsonéolﬁgwﬁs appr oxi mat el y

ni ne 10 ( 9) ffpyther copolymerized with
terephthalic acid or other

aromatic dicarboxylic acids or
aromatic diamines

other aromatic polyamides polyamide imides
various copolymerized polyamides polyimides
polycarbonate polyurethane
polyacetal polyether amides
polymethylmethacrylate polyester amides

[0069] Particular thermoplastic materials, including polypropylene, polyethylene,
polyetheretherketone, polyesters, polystyrene, polycarbonate, polyvinylchloride, nylon,
polymethyl, polymethacrylate, acrylic, polyurethane and mixtures thereof, have been

especially suitable for the extrusion-molding process.

[0070] The fibers that serve as the reinforcement component for the thermoplastic composite

materials generzlly include those materials that mzay be utilized to reinforce thermoplastic

16
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[0071] The nunber of filanments bundled in the fiber
also is not generally limted. However, a fiber
whovdheses 10, 000 to 20,000 fil anents or nonof PCBUBWDF007505

is generally desired for handling considerations.

Rovi ngs of these reinforcing fibers may be used after
resins.dlibgrapatenialesuitable fopysedn ag¢qraancegyitiothr drineiples of Hig present

T e i al

1nvent?%qﬂélud gw{hﬁ.ﬁ{ qléﬁatﬁcnl ﬁh@% %rralfbgﬁaﬁ apgrﬂfjﬁeﬂ?rﬁe C%Qté‘ﬂgF 84 flax,
cotton)) @ithﬁsdl@fe drés usmbﬁluriéxamhérrtaﬁrmthsmynﬁealp@bé atikied doy

a thernoplastic filmform mer, caoupli.ng, agent
undersmqsléfl ﬂpwf idthopgh Q"tecdlafsﬁtéhog'gl? E@e%geqefaéldtlﬁgﬁtt hr%ﬁvig e fiber
diameff f‘dcr?ﬁ '15} é‘ﬁs‘fﬁ'&ﬁﬁal%ﬁ& Q@néx@l?y %gémt\tv&ﬁ@f &h 20 %m It should

orC| ers or 't surface

rein treat nent may
be undesstdogly hmde\;em,sxhathhé drametdref thei filfens miap e ﬂarge'rd;epamchng el a number

ext ruder der to run t
of factyS e balnecr s ithatt s huah 5 ahSreeorsiy SCEPE FoiBb sz of
structd%ltﬂﬁﬂuétc 20 pard RMrUik 'eﬁ@ct o-fhx%pf@tehfénp@ﬂrﬁ&:%ﬁm'fcﬁl%ropertles is
hernopl astic resin an i ber is not particularl
marked iwrht aegbeaélavmg aj dsarp@mfkﬂperqxanpﬁew@mefi weapproxunately nine
©) t her nopl astic conposite and shaped articles using any
Fatio of conposition in accordance with the fina

1007110 Fheiirmesiot Bispesiy burged g dh el S poresnp@ly diited. However,a

fiber buR@IGoS ﬁ@@do k126,060 Alamentsh rﬁ&ﬂ)ttﬁé}ﬁerﬁi isfdeR&raBy Wesired for handling
generall'y five percent (5% to fifty percent” (50% by

conSIdmitlgm Rowvings af tlwe@rclmfetoem 1beye mayde userbalps surfmeatmatmﬁnt bya

silane 8&/0%1'8 qulil?)ll ga%eern 1§p§§Yé&gér}tF%amglvbe gxtgﬁmlg %%@?%é: o oplastlc

resin, R legdthples Omaﬁélc@v th pelydsiet fesial, SE€da rme@taienpmp ®etpefbrmed by a
for the production of Ilarger articles, [0072] The

therrmm}?eﬁtlagiémffpwg|peh@m ePlipS aggnbliber lubrigautaeter Sughayrface
e B b MRl o ok OGN S Y0, i o e
surface yreatmenﬁm@;abel petdforneedfjusideford thel rem@trbmgl fﬂuemre lfehhmto the extruder

about one inch. It shoul d be not
in orderf@ %&efeﬁg@oq BRGEN to grq%@g% theqmy tegﬁ ermpé) Stlf ﬁ%mposue without

mterru‘Bﬁ% FAR 8RS BaWeEtheRhQRRIPIdsES rdsif arl PGS iPHdt ipaitRalarS limited as
ficult to obtain. Distribution of the fibers In

itis pqsnbletth @rcrd»lpe ﬁ@tthemw&q@ns compouteanil shapied agtégies using/any ratio of

ifo
compaifiondh RkcoRianeE itk e AbalFices BEiee, HELERE, Broviak Shpe?
structuSIGp A& fife Shd¥eiciP2HAlts O3 il Brstadid Sh EHetk, k¥ cotent of fibers is

di sbursenment of the fibers includes a process by which

generallydiveipserest @Pe taifidiyareseeat (S0P okhyaweighty ltchas bremdaiermingdthat the
contenft 8f Q‘Péa % ngltallp‘%r# h8 ﬁ) {e%tﬁﬁ?@@}eé&r%gw vn&}étgﬂﬂlaglg dp{f%rgbly forty

percend (40%)11!# wéllgh’etofacbrews t}&r®SEJ¢cBmed§}mcbat propémies e the production of
efficiency and structural performance. Further, the

larger agfi¢lfSee of conbing” may be eval uated by obserV|ng 5 a
section of the structure by a m croscope an

[0072]qEkeaveragerdiber leagthafithe Bbers Fegraatabihan gout Péﬁ-ﬁﬂlfmth(é/Z")

b [
Howoye b Ral o PR R BlodBi B e Bl Fria ¢Pba piie e
lengthﬁ mngélouhem aisbult heimehi B shatild befotell tHdd whien vy ail'etagba’iber length is
nber of reinforcing. fibers.times. 10Q) (percen

less thqay qu:léqch ALB$ g%sgreg msghanepl wogeﬁt@srfp; l,%gepqrggleq)}s dgﬁ')@ult to obtain.
Distrififtifi 9 the! fibe anitn tﬁ@theﬁﬁ hdtic &){I@J%%/})tm%% enerﬂlg/ u%lecrrm so that

approxi mately sixty p cent era
the fibedsi antiyha‘nmplaitﬁb pencioot 6§EY8te when melted and compressed. The
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[0073] FIG 6A is an exenplary schematic diagram of an
extrusi on-nol ding system 600a operable to form
wa@hoosabassml parts. The extrusi on-nol di ng syst epe 50805607505
conposed of a nunber of discrete conponents that are
inte ted to formstructural parts from conposite
distrityfioR B dysburppgent Sinchides NarosesibEv igh Ureokesry prqglispersed
from d§lhgle GliZmerd lé‘»%ﬂ(ﬁz{ 16941 f rANtE 1A EGts &153 Gc%cneg gx&@m& fens of
die 606, a trolley 608, a conpression press ?
fibers); fmonoembedigent, bandles of aé)upqoﬁwﬁbma arecrbsp@meém pravide efﬁc1ency

50 L ! B8 R B b Bacring

a sectlloﬂ off tetestRRIrOby HedierobeupRAhg deterrhBRAEhS rﬁﬂe"oﬁﬂé’nmﬁﬁé of
Qr receiving materials ML and M2, respectively, that

remfowrpa fibgrs axbyndds piten ergnerean el of AHQ0 arsmpr@ abspiye mrenfolrmng
e
e SBH s SRS BRI 0 DR el
fibers. ath:ésﬂ OO)a@etoenﬁ)DTprléﬂt/elués lﬁlf)dﬁcﬁdtbyqﬁa'pﬁﬂﬂﬁﬁes of thetp&sent invention
nstant exanp mat erials ML and represent the

result 5y Bt ofg R AP mpte ‘SiXty PPTeeBY B8t ¥k gepprelly bplow thirty-five
percemjga%} als preferably in the formof pellets. ML and M

be the sane or different reinforced therrmpl astic

r T
R e R T -
operabie; twfmaimrs&hotmhl iparts. The @k trusibii-neiiditf Gysi€m 6004 RYomposed of a

b ?ﬁrst ood that 25 non-therno CEI astic material may be
mumbe 3f FiSSisle fAmERTCEis A GEs oeFriehio foFm stpeinesd pests frov@ composite
EF Th

el 8 e ) A i RSN
604, ad&n@h@cﬂw 606, grdlley $68, ctrampressidilfressnGl Op pat aborerdlier 612( Other
s RS B T 1 o s

erm)Iatlc mat eri The 30 auger 620 may
(00741, B¢ a3ty mgm&ﬁ%%r%qyénalaé? abt & FeraAoppaN @ fyedys 614 and

615 fot RR aleHigls MR &6,
o RSy 5 0 <5, Lyt RRRS f
thermagdastig @dmppstm {tishpuld betundersiony that edahtmmlfe&dersrrai)ebe: atfilized to

102663
receivi SO B) GGt iyey Bl eat chreposme T s
example) nidt¢Hts M1undoan Fd‘p%seﬁt' tﬁgﬁﬁhﬁlgqﬁﬂt@nﬁladen r@ﬁ?&r&&?&bﬁﬁﬁlasﬁc

624). The flow control elements may be individ

mateﬂglapéesferabbﬂ i e fopm of pRldgts. Mt mmay bh the soperoaidéfferent
e nat.eri,al
relnforgg@ng{r%ﬁgoglgsglc é,&li'%imglrleg@lg{%ﬁ%lés% c.m &%xaalé ngg ir?xggorcedq)y fibers,
such as1pliasy oradartedFibets) 2nufdepdtb&L ini thel‘n}t B 80uld BE Figthel inderstood that
vol upetric fla?w rates, 5 across a plane P at or bel ow

non-theolastig massial 812y e e nARordre witk Hetnringiplestofithrepresent
inventidhf ferent  volunetric flow rates ranges between

approxi mately zero and 3000 pounds per hour. A nore

P h olurretrl Io ate ranges .
ou7SIPSBEBEDLEE Rt esh B YRRl hOINEE R NGRS oo

coupledi o teefeaith oktinend 16 afrmp%fa@w 0 Qi tRd h@dt&mﬁeﬁmﬁ%ﬁc Aerials M1
afes that _ are raised and |owered by separate

and M a8t 620, dpe xtrucles 604 fusthier miio s thermnaplastie magsials. The
{ t ctuato

i R R I TR —

througie trepaxsiiutier 604 Aarexariddriontput bieanmd] 605X ia bb@plé«i fWhe eRtnider 604 and

ments 624, indivi dua{toa ragltl;)l(lie%to%vely The fl ow
C aie

.. el
is utlhzed%o carry the composite materi
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control elenments 624 maybe adjacently configured to

provide for a continuous separating adjacent flow
w@onsnaesxe! enents 624. Alternatively, the fl owcCDos100$/007505

elenents 624 may be configured separately such that

conposite material flow ng from adjacent flo
[007 61c15hﬁ dyamic die 9 nelydeszaulpipledions cantiod p&p@atsbﬁ%m&ﬂh geollectively

620 RO LT PR AP A TR s b S il ecppoms

that opepate p@matobtheexauted compositd mataniab625 fromate dpmimioidie 605, where

the exgﬂé(i/ %h%s?%ggwggg%@%g&fm gyega égg 3l ét%;quﬁlgetnc flow rates
across% 1aredest cﬁ%ldw{ﬁetﬂb‘%v é’dﬂ%‘ﬂbl@m@hﬁ 62967hd 6%%@ %htﬂehﬁfferent

nposite material may be delivered into a | ower
volumamcrty)varamsuaggs b@twqgnhpproaunajglmmg) a0l 3000 panndsper hour A more

771 6 db .h
prefergilo farie ko iné kOBl RSy T el Tef e St g 2500 and 3000

poundE"Béﬁfduﬁ' In®48 efibddinicht,8Be flow@bntrsl cl@h@Rs b2 arekates kiQitare raised
nmol d 626, which passes below the dynamc die 606 at a

and lopered dysepiratechotiaiars, sush 4 leciieal maters, (ecs: cyienpesmalese); hydraulic
actuat(lgjrg,)ep € O%P!: Q(V,rﬁ{étogs;?t (gt glrzagzrﬁ?cfr O{Bglsa]i)ﬁeat\élatlt'te ﬁ(a\g 319 tﬁehc%ﬂng)%{sﬁe

materidbfromttes adilistdAd flos dﬂ)ﬁﬁOBeléxﬁdltS 84 oﬁdlt/fdaallpmcolrmimhlﬁzmle flow
to fill the volume defined by the caV|t|es 630 in the
controf glgayenig§124 meyebeAtrcsRtlY pIdisuFRd ta PERde forpcopiipyaus separating

adj aceﬁpﬂm%bﬁﬁol%rhenté FZ% fgf’éﬁla@éélg,ethng Q(Htxg)‘ij eﬁﬁ‘%ﬁﬁ%ﬁg V\rgil}ﬁo

nposite materi a a may eposited on the
confi gutddd;eﬁ@ﬁtegt sugh tlsat st Gomipoalt¢ matecinkflawingodm adfacdnt ﬂblwcmmtrol

clemefyf 4 < Do 2uatue el Sl $5 SR shouid be
undersmﬁra&lﬁt thé BoWoRtrbElemeRtR 834 5itabB} @ay Bperdf Asaxﬁrm&%a 7.Inan

havi ng substantially the sane thickhess or vol une
embocamsntgoﬁth@mvenmom she rpblafmecomaosn@mafqual mtam de dalivaredio a30
sy Bk By O AR 30888, A 38 o P
compd¥RY niierihe ﬁ@?lbfe&léh%red hﬁo h Qovedr rﬂ(ﬂhdlsﬁn%& plingbr bf ethefdctuating
vol unet ri low rates fromthe dynam c die 606 across
mechanfgl.verti cal pl ane (P) to formthe -19 WD 2005/ 102663

PCT/ US2005/ 007505 YTEOSI te materi aI er 628 havi ng
[00771The treket 6Q8rm@kh@g@vg¢ enghilythe dynnngy ({@Otthetathe prteusled

comp%ll) % Sa?eé-?g% gragrggt%v t(J)I‘elg de?ﬂ glt%(POﬁ Qg%vgeg}ﬂ\%cgg %Qﬁh&{?ﬁ?ﬁ Rasses below

the dyhiﬁtﬁrcaiid: 606 &Y predétethined et tical diyanee, the I'drop a@htztmc'd@p OBtid lower
he conposite material tqQ nolds that have cavitie

mold @Zﬁodems% eayifags030\that srsissd to fomeegirustyral Rage The Pﬁn@&ﬂ composite
maten%ie é‘zl}fils @?g?g@élkzé BE 1%5%210}%2% 6 i the lvbrﬁ}grllegcge?ftﬁﬁg tﬁy Wcavities

deposit t conposite to
630 inlthe bwet andld 626 aﬁBﬁh upper modd §32 to fdapithe cdnyibéBe pdihdn a two-axis

rolley 608 may further. jnclude mh el s 634 that
contmﬁJﬁgmﬁéSSf e compesiSpgHe AgNa be; PpSitgdeon t vpeginpold 626 ata
substa.gt:fﬁlf%gaﬁﬁvélﬁﬁeﬁfc‘ﬁdvﬁ’atéﬁ&nttﬁe H%dmlg %'Ike(%dbrtalaﬁ)ss a vertical

namc die and Into the press . The press 610
plane (:R)elnabde sn tltscmt&emsvd:meltlaqu&anahbé spe6d to fdrm thh eoinpesite material

layer (MBSO TS s S Biskiess o yPhicRs §5ng tng VigicRl Mgt () to
fill thdXéRRRT$3D mﬂleqewxeml wppa mblas 60® _hd 632 . dn ARA@EASis controlled

processes due to the conposite materi al
process, the composite material may be deposited on the lower mold 626 at different

volumetric flow rates from the dynamic die 606 across the vertical plane (P) to form the
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| ayer 628 being directly deposited fromthe dynam c
die 606 to the I ower nold 626, the force applied by
wo b@spoxss 610 is still sufficient to danage tpher/vkmesen7sos
634 if left in contact with the rail 636. Therefore,
the wheel s 634 may be sel ectively engaged and

compogite Batgagblayer €28 lmmmbgpremsthsqmﬁm vebengalong PrgsiErtsabplane

(P) to ﬁi;ll ﬂgé“ch E{e§%§0 frﬁ%(e %{}eﬁ[hdg@g g@@%ﬁ ?6%%.3p%1‘§%1](§9§uﬂ&rstood

that thé bed-akie csﬁtrdlteﬂtpmdfbem niahebetuuheal tardeposif thatcemhpositeamaterial to
634 engage the rails 636 .so that the frolle
molds%ﬁwée siics SO sY H¥ corgipnt it dendlo i V@ﬁ@aﬁ?l atd that the
thr %lso 84 pldCedsURRFb ARG 8L gttﬁé"&m’ﬁ%%ﬁé&ﬁéfd Wk h
e §§ﬁ§gged£soethat t he Eody olﬁake trolley 60 Fs e
cavities 630 dtht warytihdepthper surface 638 of a base 640 of t he
press 610. It should be 20 understood that other

[0078)aThetas b 68y futthler mohyde mheéls 68 yhdderaviidd foz edndlation along a
age.and di sengag Is 634 fr n1su rtin

rail 63 ROIPR IS (B TN 08 FrRTHSAERR BB Geghgaghinto the
press ?@gTﬂé E‘Q@ﬂﬁoﬁe?ﬁeé’\{&gﬁles% tﬁ@éppﬂe? niddd @?2& S ﬁ{eal%bﬂnbb& 626. Even

For “exanp per sur 638 of the
thougthths @rifdiples fof theeprpseat mvedtbnmyvide fwraﬁélmdtfarcc dortthe moldieg

ft trol 608. 25 [0079] Th .
process g1y B T ogADFEARIESE FIRLIPE§resBiist e 100 AmpSie gyera
layer mmem_g&nie‘éuy Bagosited Kol e dwarﬁlusih@mml tHé REver Y1531 826, the force

he controller 612 is processor-based unit t hat

applied bE ﬂmmSStQiO ipstilh ssfﬁp@nbtwdamag@ thei wlaeels 634Hé left mlf@n@ﬁfawlth the
rail 63§h eref&r) 7y e ﬁeel% gel“?‘i 121?9%56 ?ér%écetf egl(])%‘ggggf ecﬁ%e%%?%e%%lwgn upper

surfac€638l026ash 640 off tHeqredsed Of Brapesmbadientf thettftdleg 60& @sriafsed by
material, volunetric flowrate of the extrude

inflatable fbesi(net shawa) conplebibereimip thatavhen the S4hes ars lﬁﬂat&ﬂdhe wheels
634 er%g Eth ralf%é%%rﬂlﬂ:q{le {:Bfey) &Y&g& n{RableFin \ﬁh@erttﬂgjlﬁe%é?é kShe press

to receive t ext rud conposite materia
610. Wi the itbeohidealefléted, the wheels 1684 ampchswlghged © thatrthe bodyt dfsthe

ot RS b one s PSR G PR e

understébd BatBtRirhcRiafed REtuaitdl %bﬁl}ﬁoﬂé?ﬁ‘ssﬁlﬁﬁbe HlﬁﬂédQB ch gte
mat eri al through the extruder 604 3 WD 20057102663

dlsengpgmh@msmefm sumdtmgnﬂlg troHey 69/81 évm thatithe feggionality to engage

tern on
and dlﬁefng?%e gm K 68%65 ttoo aﬁﬂl!) t{ahlgq tFr% E)?arnilﬁle Ghd P}éper ]surface
638 oftth€b&R GA0 Dif tife pradsedli0ghay lsealrﬁsfeaa) eoﬁtm dﬁ"b&@ﬂlatérm of the trolley
controller may further control heaters (not shown) in
608. the extruder 604 and the dynanic die 606. Based on

the structural part being fornmed, a predeterm ned set
[0079bThepeantnelles k2 imslecticaly eeupled toshe sarias comporgnts that fatimethe

extrus{60'%2m<t:'>11%8}/%{))1I %{ﬁt é&ﬁ% t r & qlé:éggg)l%sa trgc%ggfetrbage(g%?lgﬁléigoperates to

orchestrd€dthé Pornind6f the stacronl f)ﬁjts ﬁdﬂ%‘mﬁéccﬁ&@)lleiaMZ &Qrates to control
sel ectively positioned such that the novenent of the

the compesiteapateid beingylpppsitedia thy lovesy mald §30 by gonlrelling fraperature of
f
e colhISAA o U0l ph P GOTEM TSI fladh 3, nd e

positicgingaidragl of pasvientzat afthp loskrersid 626 vidh8bllén 608 toaletsive the
608 may further i ncl ude a heater. (nat sho that is

extrudeg) ﬁ?mevql@dn%w% 108>- Erstangpllero1g1is Tuther pReraple/te sprirql ghe heater
618 to%gltn%g 'tlgerntngﬁlaﬁlg THREs CPRPQ b fer BiDGhAREorftro? thetaft of the auger

620 to maintain a substantially constant flow of composite material through the extruder 604
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melted state. The controller may, by varying the

requi red speeds of the trolley, control the trolley
wWeORsdwssng extruded conposite material 625 bePEmUS2005/007505

applied to the Il ower nold 626. Upon conpletion of the

extruded conposite material 625 beln% applied to the
and infofe dypasnig dis6Q5p dltemmavelynthe spnigelies £32 giaypiisr theaate of the auger
620 tolalitel h]%%oﬁ&’l?euw Owirie o?rt}?esc%rrﬁ}oglt Hl?er%?ﬁ%&%& %J&rr%d%‘? B04. The
signal's a an| sm ( not ? to di sengage t
controlibraahy filiftér Eomrol hbaters (antlsh686) msthel esteudeb 604 abthe dysamic die

that t ss. 610 Qanfor eth er . nol
606. B&@%‘ﬁ’s e?&%@’&b\}éﬁ‘“ heing fm mwﬁafegﬁwsﬁaﬁ "I%Qa’[aﬂbeters may be
estabh‘émo? tHe abeQﬁ&koéf = p@ﬁtﬂe%xﬁﬁ@é@%mﬁéﬁgﬁla?éﬂél @ﬁ;‘?ﬁ)kthe
di agram of the extrusion-nolding system 600a of
lower ﬁjo@l 6ZﬁATh¢'merame¢qrs|mamlpew}gﬁu¢dqag1chMtelm o9 lgomntgol elements 624 may
confiqured tp s rt two sGa d60b hat
be selfely Bt Fn g AR e O Torbd PR p1ES 40F Uiyt s
synchiofifzed QM@IthéDblEnRER fiew kfae Ufﬂfé%onﬁ)bﬁlt@ﬁlwfeﬁbl 1ﬂ&6éordéﬂce with the
shoul d be understood that two trolleys 608 nay be

cavities g3 P dhat the dsfine itee strugbial pagrbeing prodw3d. so as to provide
for formng nultiple structural conponents by a single
[0080cXhe woldey 6080nayafwithdsmalvide adicates (Bt sl\an)éha/cheecm;rOGsd by the

controﬁglfl 6r aéldtslf. g%%g@a&gla} Etllghlléez%(ﬁlal i)’és‘?ﬁ%g%ag%”ﬁ‘égg’e btgg heated or
melted§iste! Bhcd@trollat may, g varyTRY ¥R uifEDads DTthd dIdYEcontrol the
utilized to control novenment for the trolley 60 For

trolleye08ruriag extradndcopnosite matesiak $nbeing appligd o HieilowermoldeR6.

. . ' |l
pon Ep O AR SRS mBYSIB et B Bfermor
626, tisgonadllenilRtdriviee tifettrdllel G608 lintp alid }&eﬁm 10h@he tdrtrol@Pthen signals a
extrusi on- mpl di ng system I tanequsly form

mechanisa (iof shavay to disprgag thy Wb%ﬂ?ﬁt @,34v %mtt tra%ﬁ 43033 fcnbed above
) thalpth@ gge§§ 6008/ BRE tBd APper RaAAYSE a%eﬁﬁst @1%”12%{ h®id §362witBout

e of storing paraneters perable to form
damagmgﬂllepﬂmeb'téﬂéct ural parts, the controller 612 may
sinply alter control of the dynamc die 606 and
[0081} FIG.168yis afibRer exeehpha§ !hldmjc didgrirn 2if g dxhesipamctgingrsystem 600a of
neral .software %2005/ 102663
FIG. eSsRsonoPiyBe ssfﬁtfa@ﬁ ISt RBREHF 1 BAPPAFt Y0 paTssesifd Oa and
610b til&ra??t)b&mefto tspive meft%lee,tso%ttw%%ﬁo@is tﬂ@fo%r [Ty 82640 form the
sin extruder 604 and nam c di e . shoul
structlumldmﬂs {tebdulid ﬂnatundctdﬂobd dmaltwq» ﬁeﬁsmoﬁmasabmsuppmed b)ythe tracks
..6 may be ut.i d t.o subst.anti ally sinultaneousl
or railp PR TiLes rarevits ff Sormite e SpydiralecEpmtien S By el extruder
604 arRQfynamic 4i¥ 6661 Whilt &/hee18 635 ahdLHER1636 nfay be dtﬁlz@dﬂ to provide

exenpl ary expl oded view of the dynam c die 60
moverdergdet the trglleh 60&%in angcembodiraenios shauldrbg @mdeasm@@abwhcm e

. {
mover e TRk P {35 SHARELL B D AL B0, 008 o,
exampl€)atdodl ey, &iEEnsion 2etardeR drive kyst&h mdyd)ehmhe&dﬁf@dneeumovemem
that the nunber of flow control elenents 624 may be

for the trelley£98d or decr eased dependi ng upon the resol ution
or detail of the structural part being fornmed. As
[0082 Bhawontrobler 6120may bv\p@rcfrgumﬂ tosupparhmwlt@delstarcgural parts so that the

oSl t oned at f erent ht.s 0
extrusA Ol Gim ok Sl EROs i B PrRB P s gfs via the
differdi@pRiéealo 1062 nBSHBC Baéfde Metddn@aldt d12@¥\capable of storing parameters
operable to form multiple structural parts, the controller 612 may simply alter control of the

dynamic die 606 and trolleys 608a and 608b by utilizing the parameters in a general softiware
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control elenment 624. For exanple, flow control elenent
624a is conpletely closed, so as to prevent conposite

woredosne2abs f r om bei ng passed through that secti®rm/o$20051€07505
dynam c die 606. The volunetric flowrate fa is

therefore zero associated with the closed flow contro
progragy, thesehy prowidarAar thefarmation of swe differantsirapiura pams psing a single

exud PRS0 AT E R0l B i B PRl bt SR an
trolleys Gﬁﬁ)ﬁﬁwﬂae unibized foasubg2itially sBhultdneohsty ptddacd moye stowrturall parts via
. .elene .S O ed to forma |arger aperture for
asmglt: ﬁé ng ddX‘éﬂ’i’BSQ?"t@%t erial 625c to be output at
gher volunetric flow rate fc onto the | ower, nold
[00831611163 agan ewaq lanyexploged xicagofghe timamlaﬂilf‘aéf?%#ppﬁtmg the extruded

compeSEfleblp B RIS OERBUL RS ke BBRu0s ag o e
dynamiddie 606 indtadus tiod meltipieefiow coRdolrabymerts 62HaARGH. dakliq,uld be
uncersi Rl Rambeiogaer vl et i g
depemgﬁ% mPoxPﬁ‘letrQs%hﬁ{oﬁllb?thfaﬁlofﬂ?crsttruleﬁiril%aft%'e'fﬂ’gdfoﬁﬁe(ﬂ As 8GR, the

over a certain region), the flow control
flow cantertetensenE6R4vay phstiomtdia differers haighty sotdsdo prividremoiecor less

fl. 25 t f t t d ite mpterial Q2
votumggp Hort G of e SFpHES SErPRES BABRALey e Beacday
control ﬂeﬁEﬂQ{ZW\PbldéoanW mwodbnh’ﬁﬁel@ﬁﬂéhlt 62243 iSedplefely@8sddy so as to

the | ower and per nolds 626 and 632, the conposite
preveniompesile metgusl fEPEbeiAg PRBCY drpeEh thAl seniioknibs dypgmic dic 606.
The vcﬁﬁ%%ﬁﬂgﬁ]ovﬁ%ﬁe fégg Hi@roe? rtg %ﬁl&?&s%élﬁgq gv?t}érqﬁer 5e18% Ofﬂgggglﬁrdl Zlement

624a. T fibw icenfrdii dléiﬂént 69415 isfd‘pleﬁdademtibymfan Iabextdrre hevivj byhelpBOR,
whi ch_has a deeper, draft_ than other, 30 | ocati ons, of

thereby peovedipg ?y’obwtﬁl% flowdate dneh thesKgudpdeompesits materightZfd.

im0 X545 ORRR) 2e TR B Bty o

composSBOnuiefriah62bdxry behmatpulmﬂ mgﬁaﬁlo&mdetﬁﬁ Zlow mateofpbhtot the lower mold
two- and three-axis controll ed processes capabl e of

626. being perfornmed on the extru5|on nDIdlng systen1600a

t he extruded conposite materi er 628 -
[0084] 288 Bydieasasiay the yAlrmegs shtsteg) th ﬁﬁgs H%Pr?ﬁléf‘a!nF‘S?“al 625

assocufl%r& aﬁmahmogﬁe BwldonkBi g&g@ﬁé 6DASHE ABH éonﬁotfglefﬁ&gtg ggg may be

ow rate of the extru conposite nateria
dynamid¢edlysydpsteddfased en/ihe sictutabpart bblhgfom vi§ 0©@8&Yer and upper molds

si,tin eextru dco osSi t r|aI ontg the
626 ang g, ARSTEInRLY PR Er RO RGOS IR EntecR Bagover
ceﬂa.mqfegf%m rth@ﬁ@w%@ﬂ@&%lérﬁerﬁ@éﬁ maY bel a8jRstel eslalter tﬁé’%lﬁﬁlemc flow
hree axes 5 depending on the structuranggrt bei ng

rates 0¢5 thecaxgmded eunpastie majgna 225 ovarfinits|regipneoithe hwmtanéﬂpper molds

626. Inn%k@gr w%ds elyasgﬁé%s I%tc%\gﬁltgg g!’»é g%%lgl%&gfﬁ% gogyc[arléhé H’ﬁéeé' rnll%lfls 626 and

632, theltoripokite mattialiayér GA3ANEY bdweariediis tiEkiée Fot bxanfisle, thére
three-axis control, the output of the extruder ma

compogite maieélab aygiEegion 6282 i thinner then geraposiiegnaterallaysr reg)llon 628D,
whxch?% hic ra eS i?c%rggy 1P IRV c'agf @30 Whl ﬁas%ré er‘ﬂ?éﬁ'{fﬁh ohftr

nmul T anmeousr eposite
locatione ‘o€ thervakity 63 @ircthe lcﬁvd:rlmoldxiaé Inmtm Rebrds) lthee exttndedh eompos1te
axis of novenent. |t shoul d be understood that

materigy B R8T SIRCAAICERD Haged OF HOAEPs Q5 ihGATI30 defined by the
molds 698 5h@b33.Gn BERORL twd-NiRd et YIRLEREMAB bEesses capable of being

performed on the extrusion-molding system 600a, the extruded composite material layer 628

23-
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material in specific locations on the | ower nold.
[0086] By providing for control of the trolley and
wa@eovpasicte nmaterial being applied to the | owepCTobzbps/007505
any pattern may be formed on the I ower nold, froma
thick continuous layer to a 15 thin outline of a
may bgidyparaically alterpd iptertagof thigkness bases; anthe velwmsdri¢ faw ratgef the
¥ i ' raced
et e p T ) e e RO e
I - of » : . Tl e .
10085} BB 1 SRRGE ull NS hlerHERRE O BE I B B e
by confifaingithe fagfouat ¢ fsxitruded canpasite artaidlMdeposited in troadrithree axes
and/or_ hidden ribs, for exanplLe, to be produced. Once
depengmg ogithe,strusturpl part beingprodptedqglordhe v enaxispeytrgle thegaeyeament of
j . ' f . .
e 9 o1 AR BB TR RS lntll oy 18 Bt i
matermbint vagibus mnounts along theaxigief qzaosis Foathetbrepraxtumattol, the output of

[ | t anequsl t her eb maxi m zin roducti on .1
the exEdgt g, YRR o ot Pty Don e b emeRitchsrchy providing
for difFGERADIUrRetri@ TN 1afds-to bO g%ﬂﬂlta?(éidd@fd%%@ﬁfédaﬁﬁ?fﬂetl%&f mold along

t he Extrusion-Mlding Process 25°[0088] Wth the

the axisqrerpepidisnlantd thermgissafnaevement digshoplsihe ridgestoadehaifathesed

| astic part e . produced in-line and at very .low .
embofli3ls Snh o RisEr ol B G chBiralsp et Bt ol cBMfposice
material RMdpdéific ieationd & a6 w@dneldast i ¢ conponent s

production line that offers (i) materials flexibility,
[0086% Biy)proH&RGIbtt ¢RroPbLHE Bdlley hkd dorhHNite nBS&H B8ing @Pflied to the

iv) machi'ne efficiency. terials flexibility

lower prade),j agkg pattenn may/bafpsmed ob dreHowar mpldalfroane thigkc¢dntiguous layer to a

. costs.fromin-Jine conpoundin d 3 urthe . .
hin o 3% BEa kYT P B oA SR AR B PpR e F Ssporibed by discree
mathe@RHOS tdn K tr4ved GESSmadHs. Kalitienally, bbeaus€Béfdl aF the volume of

deposition process, which allows for_nore conplicated
compaeifg peaterial dgposited pp @ gifearareaggxdsts, thuge dimensiqnal pateres may be
| j O i dde e | :Sadnitlsh

el o S L LHRLHEN O3 LRI RS b xampl
to be protiulied gOpcecths strectnrahpart s doekdeejetthss meyabe usedbo push the

| ds - 23. 05/ 63 PCT/ US2005/ 007505 and th
°°ns°ﬁgaé?ff wa ,ﬂahﬁ%) °$ gtﬁ{g‘}‘géf Be H’r@“%“fl?l‘és %E ‘Bfé QEESFI?ﬁ‘BV"t“ﬂen may be
desigreh s ¢ihdd k@b oP ﬁfotr§uni;qr@§pdm(iﬁé}n§e ﬁ%ﬁhé‘éd%ﬁﬁltarﬁb@ély,%éreﬁ?r
the ability to use two or nore conpletely different

maxinmigingpreductinn efficeenicynby asimgtahvartuadlyf Goptiowens sgeamieod composite
extrusion system thereby reducing the required nunber
™t machines to run a producti on operation.

10087} Yl A3 epris of Bus s d10iRints BURE on oy be.
[oossmiﬁgﬂaefe%u%ﬁ-mdmﬂg sk {11 1&?30{‘15&%infox{:99§1|%%jtiicnpgans may be

erials Flexibility [0090] The extrusion-nb
produggddodie antllabvierydow poonessimgpensts: Ecdtiieen 0§ theexbasion system provide

conpounded. using several .different_.t s of.resin .and...
for a rEipped R Sha et PEBrich b haTormt BS Fuafirialffebiths
deposhRYiPrédess, ) ISw-PpPesdBes; ahd GFf) Aaekifle eMididhcy ! RdteiaRkibility

conpressi on nol di ng, pre-nmanufactured 10 thernopl astic
provides &ensgvings imprth aterphandimaghing rests fiem indimgicampgurding, and
it 357 B G LS g RERA BT e
materidl €eposition process, which allows for more complicated shapes (e.g., large draft and

mate

ribs), better material flow, and ease of inclusion of large inserts in the mold. The low-

pressures is directed to reduced molding pressures, which lessen the wear on both the molds
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costly because they have passed through severa
m ddl e-nen and are usually only sold in pre-
waledosnoesed m xtures. By utilizing the PCT/US2005/007505
ext rusi on-nol di ng process according to the principles
of the present invention, these costs may be reduced

and thgymachingspand laeksevsimp Btileditises intohe sguctaralparts. Tha gachiae efficiency
prov1ﬁ§sx¥:oﬁﬁxteea[)il ?o 1%5% tqulr(illgx?cgcre E%R%EJ u#‘ J{élﬁ-” it §e %to\gfcé E) lg{a)rove the
efficienvy dmmSmsyﬂem; meadbs'aedirca’fgahe eajuirgd m&duheledf machines to run a
because the extru rml dj stem does nqt require
produglien epgratigfy dddiigna b Hrtsrah el ieey DSt pcseEdipg to \%ﬁ@@mmles

of thetﬁ}@seiﬂ?ﬁls etictRgY Be iftedried WMthdnany G Siy ghﬁadﬁﬁfers at or

contro the conpounding ratios "as sired, nearly
ity is added to the process,
[0085“erl"H!lr}a?S f[e ig’l“a ility to alter 20 properties while
[0090) Ol i dxguabnmlmhg Pprccess gtoa&mbtoﬁhmmsne bealdoto bed @mpounded

exanp, Al so, un]i ke | di n he }
usmgémreﬂsqe iffatenbivar rgvgﬁgﬁn%g s#ﬂe wsaent ey praduce garts with
sever% Q'egllﬂ%% FesBRbdd abdlE. 8N H W& rt‘radﬁfoﬁhl%nﬁﬁ’@ss&)ﬁ%&mr%dﬁlgzqnanufactured

Ity. In one enbodi nent e extrusi
thernppiseersheats, cimnouky knoemras Sénks et cembine prresin watht fiters and desired

adaitypd et iens ayeimopiashs e bfuses, Prost blakh gowever, are
cosﬂ;ceécla@éb thél) Rve pAdehioash bdverd] sniddle FReraRiCare BQMIIFIAKEs0ld in pre-

for reinforcenent with achi evable fiber vol une
detemmtm@me%Bywwlmhp exteusian-mglding prioegss [aeenyding to theqmimciples
to ineh
of o el AR A8 cLRTAEY bR RS Sl e loces
utilizing thé ﬂiwsimeténaa Itd prdducd the skapratdl phesiwitheddrneingdo Paichddeahe pre-
ext rusi on S£stem according to the principles of the

manufaciured sheets, babqramnd machiigcopts are algp %maafﬂ redpssd esause the
had ol f
oxofEh G5B 0l e 1 80 6 G o o

moverthb beatédsheets doHeanokihBineb thenmiperaterziontyolfs dtheeompaundimgdatios as

. during . nol di,n nd. pressing. The variapl e.co Sit
desireghy pegrfintipus gty ixaded g fe peqcgsss Bieliing the 2Pl ig alter
1dh S & 4 pabediTha® Hesil%f%p A)8o, unlik
pmpég?%sdﬁ%%ﬁgmdtﬁ t;/t&c?g c%%pre?& Sh o224 WO 2005ﬂ]?[0266’s}ml °
sheet p@Eiding2the sxOsiGBHOldDE sysmgn plpmm S@Bure\t@n natsriel to have a melt-
be, no

srenggy G En il s e e Ay g o iguine

systefl rASLIRMe tiérmiosaatdifis O pré@ic@shd thuetirhiepasts! Tied éNtalsion-molding
part. Lastly, since the material has a relat|vel%i1
systemidngy alemuss aswﬁx of filerimaterialy, émq%'gdlel&%m&aﬁs @ng other fibers as

descriBRlaB0ve F&HrEin Eﬁ}%lgﬁ&c%f va’cﬁg.m‘éq}&ﬁb f gver 50 percent

pre-conpoun e presse
and mt hgthk bbemestoafber mbhces drd)oms whtja 8Srieatent OlﬁﬁgMd)f ctlm/iélser length
e.di nensi onal ar ﬁl@\gf@thom getting trapped or

. la
belngdg Fineg from s %kPart 0093] Low Pressures

ﬁ0094 The t her rmpl astl c conposite material being
(009 pepssition Rrgcessg t he ext rusi on- nol di ng process is

[009 i te'{% 10I1I g%t%gtﬁggrd{l%tto t&%&?}}lé?l?r%gf he P%egrétgﬁg&?%ﬁdaqgws for

vanalilatcefnlpailtetlﬁatéhﬂWaYFdﬁhnﬁerE@bns off the trfodd Wbkt mdile@naterial is to be
fluidity of the conposjite materjal being.depqgsited

utilizgh fq5 degadigfioy hiddenribs, fop exanaple.ithershy miniizing doregitiligedgluring

molding and pressing. The variable composite material lay-down results in more accuracy,

fuller molds, and fewer "short-shots” as understood in the art than with typical compression

.
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pressure requirenents over nost other nol ding
processes. Presses for this process generally operate
w0 moshaesange of 100 pounds per square inch, cepapasmds/o07505
with 1,000 pounds per square inch of pressure used
for conpression nolding. This | ower pressure
moldipg prpspsse® sY arigbleday-dowa also allgws ferrlarge featuigs e molded on both

sides @h?& zﬁ’p a0 Well ok i ée‘iﬁe ggfl*n%n ee(%lr doet infdRhid Ft?@ctural part.

ﬁressures stea ng a stee
Lastlyi; siate ﬂieailatemﬂ lhds g edativelever$200 vﬁH&Gslt)eers 1lsbeingulepoxited,in a
tpabl e g 000 c ({_ 3’5‘3 and rra nuf acﬁéred f
molten tafe qntp eagol A oRpeSed 1@ “%Sﬁg deganto d'then

presse'ﬁ‘?ﬁﬂ'c‘)sa HBId, ffﬂe?:?(érg 'aBlettb{ ehQfy dntdrHiR aﬁ@ %b\%‘ 14+ @Hﬂl‘i‘érsronal areas
Since the'th ernmopl astic résinis relocated and forned

withowtrgetting tapped of bedominghndeginakly orignied. pressures, |ess
stress is locked into 20 the naterial, thereby
[0093] Laski-Pressurebet t er di mensi onal tol erance and | ess

10094 b Brabiasicchomposis Beistiohhgn dgbastiet Birtnicing chpeien-molding
processyS HuRH nftre AOR tha iRt rbiEa héa%r&eicén@oﬁrﬁﬁﬁ(‘shéé? NthualidWing the

average cycle time per part, thus increasing
thermpplastictompiosite materighto ﬂow stuchwhglersisto thaynobd Thedluditpekthe

compésg%/agggqﬁ%em&l Bgsﬁfe é’n&( Fe&ql@ ﬁesHh% gﬁdwlgvgrglgﬁ]educed molding
pressu#é rdquirmefiis OvEBrhost SEhER @adlding PRRLRERE Fresskd for @IS process generally
enbodi nent, the extrusion systemutilizes a separate
Operat;grlesly eage 09 newnds pessauase irch, cermparpdiith 1,90 peunds per square
n RSG5 305 AR RAH A e B 5800 T o,

therebyredscing ﬁlﬁlrweﬂahmmlbbth ik wields uad yhepredseBeclSaof the ldwer
may .be integrated into current. manufacturi

n

pressyrgs; i"?ﬁ"etaﬂr% nsrridne& F'§f~‘]1 tag! ek Roukeashaves 2%9%@ agfguminum mold,

capabl%r(ﬁsﬁ)@%)o l@? qgar[t@@o%gﬂed %r(%?, 1fide 5§$@:b00. Less expensive
exenpl ary | ag am descri bing the

toohng)alsroumann rrmn¢ ﬂexrgllmy tordetire design dmpgdseSuce thezberniaplastic resin is

relocaisl g Toisné b g o the g i ebver RessErdS i sBEis b o%ked into
the mABHS! ilRteb9Néid® He&@ﬁdm{éﬁ&l@nﬁzgleraﬁb@and less w.
extrusi on-nol ding -25 WO 2005/ 102663 PCT/ U82m85%007505

0095 Se Bifidneyat step 802. At step 804, the
[ Fﬁgrm) asftﬁ‘irlc Xaterral is heated to formnnolten .
[00961 lﬁlecausp Itlwermtmsmtml'd'aig paockshimapisiecitwa otmoteanélidp emnatg at the

tep,802 to 03|te eria ste
same flrrg hs1eisA e 8’% P’c ?rér‘%‘? A émagrr %ﬁ@&“%‘ﬂ?’%ﬁ%’?ﬁ prRductivity
as thedEHbIA s Bay Be B6¥d A Rmo¥Bd While hQUEIndRIE iSBfled Iy
the two-axis extrusion deposit ?r ocess, a fixed output
compressath Alse, Begktrusiay-maddingisystora atilipes minimel redtandapt enseppgents. In
one C%Egdl rﬁ?ené( SIO%I sétéﬂth%‘l Xs i g’eg f?ér%éﬂ%g ez?cth old but other

spee usi on con

equlpﬁléﬁlCﬁSSBbe Soripliddred artd ﬂraﬂ&ﬁaeﬁﬁﬁéenhﬂe tiold $eteshd mﬁly be easily
conjunction with varyi n&ﬁtrol I e¥ or nold speeds. For
modifiseh i spRwarae acearemedite athsxmeldsy Theextaiionagd deliyery System 600a

I
o SRS AR S PR TR i bR
moldscamdfpressed inay beoombined. conposite material required in

the cavity 630 10 defined by the | ower and upper nolds
[0097§¥@G38ld iPAPe:@pdirg BloSldiagriin (Hs@fﬁblﬁ% the dxbr@sighRRs1dimg!plocess that

632 is pressed to the lower nold 626 to press the
may bearibiged tosformartiqles orisiruefural partypuapsing githes ﬁw- or three-axis control

for depos:ting the composite material onto the lower mold 626. The extrusion-molding

“25-
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nol ds 626 and 632. The process ends at step 814.

[0098] FIG 8B is an exenplary flow diagram for
w@emduaaionyy structural parts utilizing the PCT/US2005/007505

extrusi on-nol di ng system 600a of FIG 6A via the

three-axis control extrusion-nolding 15 process. The
processistagistat ptgp 8PArAt ﬁmﬁﬂﬁb thedhermqpéaégg nat%rrad i heatedite forgnmolten

them@ﬂ@fﬁnqg?é&% anhl% g/?tﬁ @bZ 't(? erJD agé.:o\ﬁ?ﬂ)sg% te}ﬁatenal. At

step 7@8yhhelmaktat comﬁcﬁsnehﬁmermMﬂ dkﬂlvetbdrthrtoﬁgh ﬂie d}&laimaadledo braviate
[ted nolten state, At stenp 820, fibers. havin

onto a{F @a%meﬁfﬁ%ebw the &y o axisGRITUSIPR dPRASEPFRGESS, Al fixe o fpglégom the

die mdy e &) aslnaart%voba)&m%éesw thb rﬁdﬂv%m@ﬁ%ﬁﬂe trbhsar mlﬁltaiﬂee ata

teria forma conposite material. The fibers may
constané spe@dglnsa ﬂlmemtlmxtmlsbemomlfmomsi aﬁyngmaséle (606 mdyehe utilized

fenl mate utilij.zed ar est ctural
inconginelinf WidhvergRg rpfley StmpldeBPedirabalh UBl1E8, S thidreht® extrusion
control %fo%eas Hi2 IbRef A1 628GHBPbL thoyedin dﬂiﬁé@aﬂdﬁlﬂlé Aat1b réRwikEthe
ilized in form ng the structural parts. [0099] The

compesifgpanienial toreenfpina the amannt pfepsapasite srasqyiad pajuired in the cavity 630
deﬁne%)i) tﬂé io ng %??e% 6%01?§6%J%%r632 % gte 8 18t R? te;lpg i;i' %ﬁé &;;Ber mold

Utl IZE O ex € conposi

632 isGREdse@ty the 1dveer2hold 66 t@ﬁﬁeb@ﬂhb womsomé rdaﬁﬁ@ll i th&ower and upper
fibers such that the_ ori inaI fiber lengths are
mddss@l?ﬁnér@?aﬁlilpmﬁeéﬁﬁ{l% HekpBddg. , 85 percent or

heéJ For exanple, in the case of using a screw
[0098] ¥ & ifean exgmplary flewtdiagram ferpionnejng streciirabpasts utibizing the

cxrul AR SRPERATING B ARSIMEE Rl GG Ringpmoging

proce§st The aﬁﬂ;turhhﬁarepﬁ'bﬂubiﬁd pREUTROSthtLatSRIpeg liGa AL 62P 8m&ythézmoplastic
dynam cal ]y output at. 30 different volunetric flo

matenaﬁtSégcewdoZ@e ﬁleﬁnamsttcenﬁ%% ifBeated atem §29) Impne embodiment, the

ti r
themgﬁgafeo%t?ﬂ% F' eaégﬁé{.o #ﬂgﬂ‘?&éﬁﬁr}&#p atg.g/%@g n’&?é?b(g %@cﬁ'ﬂa@lng a
predetennired dibat leygthyancteceimed ekt stap 822¢ thefiberswre blendediwith the heated

therm QP HERARD Sup & eaRPoEsermtlo Ty fifert oy bedorg Gt of fiver
forrneh'@)f ?ﬁs@@&ﬁéﬁ'@?ﬂknﬁghﬁmer@ﬁ u%@z@@@%ﬂrﬁ 2688 structural parts. For
US2005/ 007505 osi ti onal é nchroni zati on of the

examm,l fabeg dangihs qi @ncﬁalfemm (/24 up tadtone nches (4F oronoxedn dength may be
4 that .are | ocated at a height d above the
utlhzﬁ%lgﬁl@émgg}f Str\}\lﬁ%ﬂﬂ %‘ﬁy be transl ated at a

10099&‘5%%315%5 b S ol 828 Th Fod S dipess, the auger

620 oP@tﬁEﬂ%bé’lﬁn{EﬁI RELARH td eAldeMRScorhpiditt ntdrRY 1B fibsredmy ed
a substantially constant rate, but to 5 increase or

substa@éaﬂle a\sced damagiop theefibers sush t@tﬁhmndd}b@ Qngths mﬁ smbistantlally

malntglp&f g ?5 peg{:gntto? gt%s%tf(v' eelxynp%t I tlhg 6X%d us&nﬁ a screw {ype auger

620, tRxthrétdapaciffmoeldcted t6BE Rirbé thfPe Udtdth bStht dibeRJthertb9
the extruded conposite material |ayer 628 is pressed

substanfiglly aypidinggiamaging thefibegs.m t he t her mopl asti ¢
structural part. The structural part formng process
[0100f Ad step 828 sthe px@died wmppmmpteﬁam2Maxbadyman@lmput at

aiffergy Yo i PRR BN AR RIET LA B Hog e e VR Ry e 2
extruded EBAPBSTtSmalerih 62 5eohitd theilOWerss1deIPebPR@loWer mold 626 may be

positionally synchronized to receive the extruded composite material 625 in relation to the

different volumetric flow rates across the plane P at step 830. In an embodiment, the

26~
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FIG 6A. The controller 612 conmunicates with the

various controllers for bi-directional conmunication
wa@ig00sgodsyi t al and/ or anal og communi cati on chaP@BUS2085007505

understood in the art. The controllers operating

wi thin the conpaonents 6;2% be processor based o&sratl ng
positigpal synghrorszatiop o the eld a26rs performsdinascordance Mdidy figw sentrol

e (A BRHIREE BmEuhotF, EOBALS: 1 P g

substama}lp tacess or adjagtatle cajeltl?om lekamnple, wulsbosita cansedno gr ﬁat extruded

ital .circuitry t erate gs_ sl euntsto
compe% %PIP%I é%{tba ﬁ Yl s danve @&7 by F?fﬁt%éat% but to
1ncrea§9 SP&’ec?é’ng Hfé'mﬁﬁlﬁé Hf‘ fhecRnhdL do%po%f?@nfa&"i‘fal 1a5e 0P, ﬁﬁ' t?olley 608
to control speed and tenperature of the feeder(s
may begnoveidxit aglqwiae ot &stmsatc,eesmctevqlﬁlAtMtep 822, thecextiubed compos1te

B R ] R S

mold 6261td Okth S thenSlticRtrubit bhd) T Wb RR4IQYattSEbrmihl ?)rocess ends
controller 612 i's operable to specify or command the

atstew8¥bcity or rate and tenperature of the feeder(s) 614,
while the speed and tenperature controller 802 of the

[0101] #¢Qe? {ssAn eXerhplasy blvek dixigeam §0@ eEthgtcontrolder 6d 3 ramaomfsgured to
recejved by t control |l er, 812 based. on

commEaig g ST BT B e ORbip B PRl G CRRpT g aeg] 6ooa of

FIG. 6 ReTKBdvafoRerd 12 @fmurib@escRith 2l VatlbuddentFoiérd fOf bEdisétional
the rate of the materials ML and M2 being fed into

commupication mag digitoband/griapslog TrEmawsti¢ation (chanrgisasi undeigtaof dn the art.

co
The o SRAT A ROl A cclind S8 Ll e AirMas St open or

closedl&i@b%nﬁolrﬁolﬁ@ak@is WHidrsharide tigenart aslifiaeite aslslhve cangitsiedo the
fromthe heater controller 904. For exanple, if the
contrqlier 42 Altgraatiyely, the snntrellers srydsmangrpessserdisebeqnielless, such as

analof 4f &%ﬁalf&x%ﬁi &?S{;&Bﬁ%@ Slavk Pﬁ‘.{@s {gﬁﬁe contdiRt bps. 612 may

ssu commands Vi e cont ta 1018 to the
01077 1 Faf D S0l R S OpL BB Rp At EIREIR Y paph opra
to corfifdd speyl ahé Gethppdratuiensl the fgderds) 61 ¢ fomhndmgthregompbamihaehal M1

and fpgpRPHELNE. Lo Rl Sy A Ao SyiTs S 902 may be formed of
single’¢ &-%M%Q%{lggﬁé‘gﬁ) c&rﬁ‘x%l ﬁf&% Iah@ Bea@%rﬁ )eTike Sdffil¥r 612 is operable

report -t etenperaturetot contr er 612 for
to specifpiiot cornmgnd fheryederity or f4}¢ 8dd teperatunetof thd feeddilsp 614, while the

th trud
speedlfyRBsTeibes UMD oH §12 olgbt reedar oA i oeaanie Byier B the
comnPNBs rdcBifed B At htrbl1& FLIRSr &dfhpd) BasedldRTRE hbititdfRbmposite
t he extruder 604. The extruder speed and tenperature

materigd heing ek eudegioga theydymamispdie §06.¢he eonsealler 612 mal tingsease the rate of
heat e on f r 604 and
the mét(?ﬁ%u %Itl& Mzﬂjem% %ﬁpﬁ ]%‘g]ugxes Jgkg(gch heater to the
shoul d be unders ood.that the
o103 e GRurotles S Bimen o mpematisalon snt Of hen ety 4. The
contr(ﬁlﬁ:"r B8 nfly cOHInhir e S6HRO!1 Qhth 86 fhe ﬂe%p &n&hﬁer 9@1‘52{5@& bf feedback
is farther in comunication with a dynamc die

data rc@qud’mm thed@ater igemtrolled 904 fior ekampleeif thetemperature Iof the heater
nam c..di e 60

contrflef BFBlEerpises flyind Go RN S G oS wieh e fotlib 612 fiaiisSue

comxﬁa!ngswlegm dliclﬁitro‘i? UsE8 01 § tShé hestkt QsitroMel 90406 increase the temperature
i ndi vi dua
of the heater 618. Alte>1/'nat1vely, the heater controller 904 may regulate the temperature

utilizing a feedback regulator loop as understood in the art to the temperature commanded by

77



10

15

20

25

30

Al ternatively, each flow control element 624 may be
individually controlled by separate controllers.
w@emonalosgyl y, the controller 612 nmay operate tBCT/ES2065/007505
commands to the dynamic die controller 908 to set the
position for each of the flow control elenents 624 in
the ccmﬁroéis@w 2and| sypplyrrapers the trperatusnisl the contsllep pi2 fargpepitoring
purpddBY. be utilized in an open-1oop manner. Actual
position of each rom1controI el ements 624 may be

01041 ARR 83 51235 Bt W AP A pptlr biteo pog

températu€OEdrtollet 95, hh@cmﬁvidle@mn@ﬂ otzdsrethe §peewof dietauger 620 and
el ements 624. [0106] The controller 612 is further in
temperatrg of @apxwe\ﬁﬁ% LA sPegshanddemperatre C?m&ller 806 may be

onersl SRS Ryl O SR S 5o RREOIE U e e
temperhtutdseo fleavieheatayital tiEa®ntréHer ﬁddnlt ishoule be Gi@erstayd frad thedx truder
trol signals 101 IIe controII gr 910
speeq a{@ttela}a%r@ befcoreolier 304 gy b T tiple iy 6‘6%)8 to

positions_.commanded by the controller 612,

ch,
[01 05] ﬁrhew@ntfalé@ &2 laé»%@r tq GRgTRpRIcaion Wi d W@m @ntroller 908 that
Contrpﬁ&%{ ﬂ(?r\lvo | ggtngl%'i@xlg cor Qﬁ"\ﬁé d%%trﬁo ug 60262 q.tﬁ ext r u El}g(g)ntroller

908 mangesite & coitret eacth df abﬁEﬂO\ﬁ ZSnWMaﬂemmtdéxmmlleedV&}yl poindividually.

Alterigifsb RO 1O FRn el b 3y O e ey shmtligd by sepgrate
contrdB&S. SAéc%FhlﬁgI?Sﬁlc CB&F&F‘J 692 ﬁﬁ?lop@ﬁté 38sduBlcBmnNlE WHRE dynamic

conposite naterial 625 is being deposited. Therefore,
die cortieollec 808 toctet the p@&lzonﬁo;r qaolmofithe mm cl@meua't@4 igagopen-
0 the_trol troller 910.t0
loop apgty gn ramBle. f RGPEh Bas e B TR Ch dabpet dfon mgmer. Actual

posni@ﬁ%,f el eV caitrdl efnmts26l4 dhy Ve SSh@anRh@Aback to the controller 612
nperature, based on tine of deposition of the

via t@i@m@ad@@ﬁﬁ%&fqréhwnmlaq 6183 utilize Hy eamtigingdhepositions of the

r such as thernoplastic material M
ﬂow‘% éﬁf grf&&@t‘terrperature requi renents. Feedback data

["10‘%0@?%“1°B¥T°ﬁ #o> 5686 TonuS TRk B ERouSh Byt hatis

couplé@ |t@ﬂiettisbll@§r 608 and fsApefiblERZonnel ERITRANFithd €olddy cdgeand
| ower nold 626 so that the controller 612 nm erf

temp?faﬂlageﬁ@ﬁﬂm&mnwérﬁ%omwmreli@télén@ay provitr|confie SIgnals 1018 to
[ t

the trﬁﬁé;’ §08%118 rcglﬁrhgtlscrﬂeﬂft A ’a de Wﬂioctﬁ 'HH\IIE tlg@tgéla 6 8 tQ titk positions

commanded by tlieermm&bﬂéltﬁ 12, ohidheat the Saﬁnﬂ/deposmn’g the Sxtfrmiedtcbmposue

mate e S B e S S R S5ty gous
the eitptﬁieﬁ‘?:ﬁfnggéﬂeelﬁat@ﬁgl L2628 o§1ﬁﬁ dHR&HeA8REr mold 626 is

contr ol to operate at a specific or variable
molténeatpler ane o€deflvagiod, tha eatrmlﬁdbmmp@fsltef meteoiaklayen 18 chposued first

tends ) SpaIdedbs leke cRbfed Dmpbets AAHa] 02378 PRI eiiited Therefore, the

conﬁ@ﬂMthMdn%ﬁﬁcatS contrdliataNRAB S BR trolFe?%bﬁ@J)l'le@@l 81#maintain
control systemlevel heaters and codl ers or

the temmpamr@mf thegrdtudad soropesitgmantarinl daysr 628 cithercalasvhstanttally
curret te readstatus of

consiRAFmPEaRtt, DA GEort it SE beroSRR of i APy hrtpaie Rasérlf 625,

and/oR ®aéedr o JTREIIBEOBNSuchd tﬁ&ﬁbﬁﬁﬁtimafeﬂﬁpMIthen st4d RBiperature
The controll er 612 is further in communication with a

requipgeasis. Feeddech datp 163 mayprespds qurrent temperature and status of the position

-28-



10

15

20

25

30

operable to control press operation and tenperature of
t he upper nold 632. The press controller 914 may be a
w@e@sderses control | er that the manufacturer of pdEUPIETS07505
610 supplies 15 mnth the press 610. Simlarly, the
press controller i nclude a tenperature

and vElgeity of g trofley 6%?&4 smprTe Sffherlawer wolsk 620rie thiihe controller
612 H@i}ﬂﬂ%ﬁﬁ r%eﬂa Sh&akLLY &l 1toI’1E§fL£I fpgy ature controller

SSOCIate e press controller 914
r :
[01 O7E "I‘?lébactgol c% t6 Zslgﬁﬁgrfy ﬁ%‘})%ﬁ% el(?%lg?l P@H‘Fﬁ ﬁec'a‘?/c?giocrc]mtar%léer 912, which
is operable & a@htrohenipeessre aftlcdterspad/at UdScﬂeIfoort the ex tipdei-mobliflg system
632 so that the controller 612 may ?erforn1na
600a. 0

A heatoebremeplisnd 4 may resitye ttlmm] tifa 186%#93161%@&0@1021%12
that cbiin{ad ﬂl‘l%rhebtr/bo%i)%fyll‘é@ﬂ% bfeﬁ‘e &' Eﬁ'@ F'vgﬁ‘aﬂl@%lmperature

con er 916 t 1's oper eto ntro extraction
basedamer lannlom&f davtars, ot esithstmepd dssucahatemalhd heambleﬂtrnemperature

response to th troll er 2 recei vi flca 0
charaftER SN sisfestoal i boing proued Prodaeiion (s Aec iV HeR
contr&mh%ﬁa@ RBhESEIySENOReE A chRBSand! B 1eF O Jo%ﬂo%enmé’el rrieyters and

i ssue control signals 25 1018 to the extraction tool

coolersoheqdbptledat® 1622 may prqvucm qurient femperature aid statusrad thidhaters and
A di back d 022
cooe GG SOEPELE RhgpBE0Y Baplbind SEFIBRANIE And 8.

ractj t he feedb k dat,a 1022 i ndi
10108] e Soiect 675 et BoMTETREN RGN e PieFe e ler D1 which s
operaBeith 36htkd1Prés8 @paratishe Sndlefipetatirdlof GRPPELMbIA 692. The press
operator of the extrusion-nolding system 600a may be

contrg] |9ﬂ14 athytbieaa standardotsingiellerdhat tbe manhfameere»ftth%mes&ﬁi 0 supplies

with tilg gre‘ss Ei}g §n{nﬂ§rl¥igé? B ongrgg may Wg%ﬁgFmgFraF%%?mmller to

contrdilﬁhéiteﬁﬂﬁrzﬂﬁlé of @A pef m@l(h@n (Ammgﬁeaty e téripethtuedcddtroller may
t he extrusion- nDI system 600a. -29 WD 2005/ 102663

not begsppeiaisd yathaby Brsss CC[ 61914 Prewisad & S mARIAGHEsS & thRress O10.
Fesaik 15513 5 b ek 3oRt y R26L AN Bl e of

upperenod1d 682 g -tha ke mtre}lext @ 1680perfdrimahaidgemenionidrmbnititing
612 may be configured to manage the conponents in a
funct ‘HB?e distributed controller nmanner. In other wor ds
controllers of the conponents may operate as

[01 09ﬂ rT h@|cr>n@%1|lﬁr 642 ifyrther Incommypgation avithyn ¢draghien ook cmrroller 916
that id %ﬁzréﬁlé Redd eﬁ%ﬁg? Qgérﬁltgoxﬁ 9%%81‘&8& ?m?é?ﬁ@%(ﬁnellqonent. In

ati ng an contr rameters an €SS as Servos
respohdead tinr eontrottemfiPadcdiying metificationdtdne theGir2ss doatrpierfadd wha the

f ion. It should be further understqod that t
press 5401 rnIctsd BroRRE GBCTaf g 1 FABHO S Gl QSR canirol signal
1018 € fhe %&ﬁﬂ&mﬁ%&l%hﬁél‘ler@‘ilfté gihAat bR teh oﬂh% molded structural
extrusion-nol ding system 600a. For exanple, if the

compengnt. u$¢oom1n@lb'dfen@3a@k datanh082 mayvivnéllngd]tq @dtcetsb cmucht operation of

the oxiRion ool e dteibarkons S0 dR i e g oS s Ravine

diffic@BPextydetiff tHEaMolded BRYCHIAL codfponehtd ke Bpdrtod of thelekBisiffléholding
then the controller 612 may be programed to contro

systemr@Omayrbemptlﬁed thata prablam exststith thg extgensiondod, thgdovegr or upper

0 1 Fl.G 10 |
moldd G IFRBTBY e 310 i b BoBREoL R PR o) usrpRgh 26 and
632, d?b@aer@émpﬁ‘il@t or function of the extrusion-molding system 600a.

N
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15 controller 612 includes a processor 1002 coupled to
a nenory 1004 and user interface 1006. The user
wo nioendmee 1006 may be a touch screen, el ectroP@T/US2005/007505
display and keypad, pen-based interface, or any other
er interface as understood in _the art. The processor

(0110} Fshopid bengpisiood dbsi prhéls thecepirollanel? may pacortigusyd igrhera master

con 810 APGE0E Upbind 9 b ek 8 BT 6, v

controllee 6 tnalp ds esnfifir2d toayateeethd ¢campahehs i2@ nsdre dﬁstminmd aintroller
arfaneters fo contr I 1 t he extrusion-noldin . .

manndy Ly SWherevorgs. the Eontillegatifie soigperienisdRaY, PRatete s Mioggpitelligent

contrd’il%gs tHRARE tﬁ@ﬁﬂ&n@t@@ dﬁﬁ’e &ﬁ%m&ﬁhﬁn@ deR3T6SuctE Wcompukte

addi tional | may be utilized to store data
operatingand mtrekparammrs anddessras 6emas that mgoomamapd byi the controller 612

o pertaff Roctly Pt AR Sp ol i PRIERLS iy be

progrifidink® USaceompudan diffefent Meckmidalisdriiguratiots 60the kg ir@ston-molding
600a and to manage t he dat abases 1012. In controlllnghtht
ch tha

systerp §80% FoF gxange.bf |qxgu§9§w%dmg@astemr{>@0§ Srerergndigurdsu

the oGPl Ml e SRR RO o S Y LT R ower

mold 626,avhicH fhiay of magmotibe caipded t\blaardlhyzﬁOBat!hkleﬂ& canttblier 612 may be

anal control signal s ross a ntrol bu
progryTgeg 1 FAmTob e BPVTHG! ggﬁwmeg&eueﬁﬁgmlﬁ%é gher thin movement
fﬂlqﬁgﬁ gbgod that the control bus 1016 may be 30 fornmed
orthe ngltlple control busses, whereby each control bus

o131 SRS B BB o SO 8105, o

contralled 61 3 imehdiet b ptodesser 1002 ¢cuplediv s mMéhérynidp4 ané lusﬁrenterface 1006.

uti.liz] seri al araIIe rot oco
The usqsgntenaco V6 WWWBﬁ%?%G ec{%em i@%@ggﬂ&m@ Besbased
interfade28h an tﬁé} B inferate 84 fllefstdYd iilthd Mlﬁlet}iﬂéce%;tufrngy {Cfurther
Is operable to feedback data 1022 fromt
couplai(toraqrsmput!cmmtd i(HQ) syt aadra 6t0Cagedmrti 11040 thae stamsonforﬁﬂhteon in

BT N TN TR T A NGO

store édiitrol ﬁilﬁﬁifete?ﬁb‘i ebitrdINA@tHERkirasion BRI ding dy §taﬁmot)51 &uch as data
extrusi on-nol ding system 600a. Accordi ng 5 the |/0

associgtgidiwitlpthe lweroqaértmnprem@bls 08¢ and 632. @efd@@bb%ﬁéwé%\@@fhnonally

may b]qunir%rlﬁ%& g)a t t%ﬁﬁlxt% RHP%Q %;ﬂ%b%svfs&m ﬁ&ﬂgiruglg eratlon

thereof0D02 to be utlllzed by the software 1014. The
software 1014 may store the feedback data in the

[0112§ dtha PascRssbP 1802 bpetibid th 2ReduiesdfoRAb 0K Ghalid 16 2énttd) the
control the components of the extrusion- m)ldln%F stem

variogompopents ek dsreausipprmaiding sysers 600h and @rpanage thedabgbases 1012.

ol 58S 8 i Wik e L BE OSBRI v e
extrué‘\@&hﬂldlﬁé. Sysnen GU%vﬁi @lge 1/Owinit 1008 And bentedbus 0016 Coﬁﬁfal data 1018

i ssue. a command via the control, data 1018 t
is conweame@te@ Yi2 datp packets and/er apdog eanyet signgle a@rﬁave%ntm*rhwés 1016 to

the ex%%@foﬁ%&lﬁfng@%gteﬁ%dbﬁ M ORI bé ﬁn&rs&o&?ﬁﬁ?g}k c %lgﬁg lrltUij@ may be

an automat "c control system as understoo
formedaf npdtiple contnal ltuhms,cwhdzreb)jr eaa:hd:on‘eqltbmhs mocm)tkd twhth a different

compRRgt 8f GeexeBrona ?)%8 B 00 of %Bﬂ@&@%@te% cftood that the

control bus 1016 may operate utilizing a serial or parallel protocol.
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nore structural parts by the extrusion-nolding system
600a. For exanple, data associated wth paraneters of
w0 b@snmmlees 626 and 632, such as di mensi ons of BEEUS2005/007505
cavities 630, may be stored in the database 1012. By
toring nmulti Ble sets of paraneters for various

[0113§t4€9961 ok bus J 929,svhigh, mag be asingdhonmpHiplybusstusty & dpeperable to
oo BN o 11 Rl Ll Ak R ! 0l hefon. T ecac

data 22 anidyebd shaﬁscﬂ'yfdhmamhh@ feinpdrathret, pesitich, vekcant lewsds presxhre or any
paraneters i.n parall to . formthe sﬁ .uct ur al

other SGsOTE IR ion PEPatiFS SREUHE Y sifEmoldng istem GG Atcordingly,

the I/@tlfl’ﬁ}tclt(j@B 3 o;%i‘ﬁﬂle tosregﬁ'vé‘ theRe&fbase datﬁﬁ@ﬁf‘ %m”iﬁh‘ e?@uswn—moldmg
formed via the dynamc die 606 by applying t

systemxi00a dad coompoisategherfaedback)dagB)23 1o thet mgcesswdmm tie utilized by

SN RCENTN Y e C R

utiliz® tHBEFHALK 4483 Ozi\tosdb‘hh@mhmﬁﬂﬂﬁﬁelﬁé@@thb %x@@s%ramowlhg) system
nmanage various aspects of the controller 612. The

600a. ﬁpgﬁéwnlsnwbe case Of therfemperatise offheheatar bgieg faddyack by the heater

cony 30835 G AR 3Pt UERd U e B0 1 RS oo o,
then the icbmtzaalier 602 pag\issiie aadbmnitndvizaihe controlatatoBab die Infater 618 to

. the 30 extrusion-mldin yséem 600a to control S
incregsgith tempsratiye dherepis g %@%era HeQfpommpnght (c.gg hgper)apay include
rof
o o B R I O ST W o¥hol and regulation
of theacqmummgpentin sel ect or 1108, whi ch, when previously
programmed, allows 6e operator to select prograns for
[0114)rIadyetation,ithecaitrolie: 61 2nap stotscontiol parametrefor prqduoimgaite or
-31 WD 2005/ 1 2663 PCT/ U 005/ 007505 that is )
more sucihral RREGLY eﬁ?‘%ﬁ}%’é mo izfag yster§{)0%, & ok gxarpple(lag associated
with H}EmQQFSr SHRE moMs®2bang 6%% %%cf?)is eﬁhen%% af ik c§ﬂt1@s965(P may be
control the extrusion-no system 600a to producé
stored frethpdhtabased 9 1 2By stedng bmltmld eeis ghparamétetsfor pariduststrisctural

cordance h th r_an er | ds,,626 and,632.

parts, € GhaRGEpblink s ten; R maE e B T Rt e s BRL B s
subst Sl G tsEm At BRI Y. CThe Weawrtlb@z il UG RS the soRWalef 1034 with the

structural parts by controlling the extrusion-nolding

differgplsetspipaoandisrs in parali¢lrﬁ<g foym thp stpgtpgal partsssubstantially
r 0 e n
mmuﬁ%egunq% el‘rchga}nfssgv C e &Hfillﬁgl éfagt ylS @g’%ﬁeesg%ﬁ? afrilgtﬁ?rr rggy QJ: Yormed via
the dﬁﬁﬁlﬁﬁﬂieﬁ’o&t@ Hphyatig thaiekatuderkdthpbhisd maleliaM62 5t dio the lower mold
operator to select a particular set of paraneters to
6. forma particul ar structural part and/or edit the
“nlﬁaraneters to alter the process for formng the

tHlGe d Uisean gremplaryhlock sliagnam of theso8upary I Mdi th@irls gxpcuted by the
f
proodB 1001 4 4056 sl o0 B Pt PAAGGE BABR it o

contrldl@érl&llz}/l“l@é sytehf @iafdter P 20RINESricegiaitAh lopératoy aitbrdided 102/ system
the controller 612 to drive the conponents of the

drivegsid 104 sansia ¢atabasmasager 4 W&®00a to form different

structural parts. For exanple, the database nmanager
[0116] 10® apsatérdvierface EYR is atth@etp podvigeamintarfacs fargn OPerator of the

extruBgR GG s Ty B 16085 to.combof e A BT8R Hidlaing sFstarh 5p04 fidnSay or

estabBat prafia@it-dnel ol pPefiley/ fok produeing strayube p&ed) thhe lob&dtd?¥nterface 1102
generic drivers and
communicates with a program selector 1108, which, when previously programmed, allows

the operator to select programs for producing the structural parts. For example, a program
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that the paraneters selected for producing a
structural part nmay alter the behavior of each of the
waevpaosnt s of the extrusi on-nol di ng syst em 60Ber/US2005/007505
accordingly. [0117] The systemdrivers 1104 may be
utilized to integrate with the conponents of the
that iscegtaplishedrio praduce g paljel meay: leoGlected vwmﬂ@m@f:m interfagpel 102 by an

operat%¥ 1% %f t ctogﬁ'g g%%ctg'lsg%lﬁtﬂr gcﬁﬂé F?s*’e%ﬁ er i pg%ll}é%rtﬁe %a]lf%f’as defined

bya d@éﬁner@f&lﬁdlp‘tﬂret B cordynenvith thedowedmd uppet melds @28 an@682. In one
ress 610. The s stem dri ver s 1104 may.be cust &g’jF é@g
embogjinenh ghespropramysel e%qr k198 msrely selests araﬁpmﬁgroggﬁgt gees
r
specill %t*ﬁ?c KHRRE bl ColfIKRE U rLlof iolaihe TR IOEF uifting o
speclﬁmfctsaif parenodters er @xtolizigdhe cohphnegtssiysirdingb0The program selector

roduci ng.a, structural part, th ver 1104
1108 By COfisdS Wik paramst d eaecioyogly éiﬁ@@ﬂa? Bl1g¥ S fhscweian o
select%tﬂaﬁﬁl‘}'a[rélet cﬁfﬁa}arﬁ&erg ko Ycﬁmt%ﬁarﬁ 19arttdn@/or edit the
ext rusi on- ding system 600 0118 I n controlling
pararrtetees ok ﬁ@mrgcm forHermeing thpsﬂitmnumdlp@rtnﬁh@p@@@mes clectordeditor

1108, A s Y B S PO
parameft®s fomRONERtSodiffelat parhibiet 8atafit didilibRyfot i coafiéller 612 to

For exanple, the heater 618 nay 30 feedback the actual
drive therpempaneite ofjths eatrusipprerolding sysiwn §pa forform gliffeant structural parts.

R T
produ611h§ amhylet -besraplseekbsardete. dasheuidise urelesercal thateach of the

comp A AESHE RIS TGPy TR L e S gencii devers and

o OB Sk, OSSP s i o ofcach o
the comgiogbnts of thei exirusion-aadding systen &R0z mqwhegw and/ or

conposite material within the extrusion-nolding
[0117% Tht eysté& @aivedsri 104 magla:&mtﬂx&echtoumdgrammmahd: compafents of the

conponent, aler may be f ack 0 the control
extrug ey NG SERT B0 dME IR IB A O SRR Bt L stem

drivert 4164 nlaly tRMutiGiL&d fo doﬁ&gﬁtﬁg?éédE@ (ﬁﬂ Readt®i628, &xdiuldey 604, HPfamic die
system drivers 1104 5 may shut down one or nore

606, todley 608 vl éssttif. Ehe systenmodrivens 81 ¢dgmey be ewst@ozad by the operator
pr rd persona [
of thes i Pl TE g 00 PEBS it SN EF Povidth S pappflrarer of a
particiRP 88ifiporieht) Querpds the b8ge610. Maurkige ia‘ﬂlbnlolﬂﬂ%efxmﬁloﬁl@@dmg
to display the failure and provide notice as_to
systera §PPaprodyeing etstrgefyrad parstthe systese dripers 1994 magutilize the parameters

e Bt 8 Qo 5 AU A PO B i

systerhi®00a.a grid 1202. The grid spacings are defined by the
flow control elenents 624 along the y-axis
[01 181 Ilﬁi %ﬂ&&llx@@ﬂ@%oﬁ@aﬁmgéf the S} tr@fi¢h-ARIdiNe sk B0GK; addfabase 1012

ng the x-axis. It should be underst ood that a
and stmug lakert feefizalclq managerdd 14 pee wilized taaprosisedeedhneleepntisy for each of
the colilltlchnleétls gg gxe aee 1019 ogc(rfrlél | sterg|6%65 Hop eﬁgrﬁglﬁeg %‘8£t 65618 may

"Arhg - spacings

feedbickatkk actualetampdﬂaﬁge uﬁm”temberanaé bér3ut @bt Siow)! Baisal on alié measured
bei ng forned or |.ower 15 resol utions nay

tempqy@gxerﬁdh@h%ﬁt@érl§n%wfe§n daverdi104 mzed toraqatralbe a@%ﬁr 1§ may
incre 1€ bt B&rLRE ufl tgﬂlﬁéraﬂfre of the heater 618 in accordance with the actual

temperzature measurement. Accordingly, other sensors may be utilized to feedback
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| ower resolutions may be stored in the controller 612
via the database nanager 1106 for use in producing
WO b@sabxeect ural parts. [01201 TABLES 2-10 ar e PXEDP1085/407505

data tables that are utilized to control the

conponents of the extrusion-nolding system 600a.
tempegpiues, pressurgyveladity, walghb pogtiensicie, dimach pempenent end/ergomposite

f AN

mater i s Ry 8T Lk bl 062 TRRIPS 0P St B RR ot a

compodpalatimay BARIdEb a2k o6 ﬂwcdﬁﬁolﬂcﬁ%laaﬂﬂ defected biyhlee status alert
re.used to .thernopl astic

feeders 614 tg‘?t a} L‘g
feedbpckniparager ! ki &t analerifs deemsd fo e Brajon fanpre, the qysiery drivers 1104

ey LS5 s Afyinn O 6 s GRS SO v

damagatoehardlm&re@aphrsbm drgury 6 b opsrathe] Invrespange tresueh ianlalertp the system

managet 09 sy ig5er I PATROT NGB JAD2 5 oY fit B8 provide

notlc&wtb%ehleawerhcﬁaﬁibrf&ms&14 During operation of the
extrusi on-nol ding system 600a, the rate of the

[0119@’%‘2@ i?l agﬁéx@g;pfiﬁ% b?h%hg&it h{éﬁfg‘at%ogflccg %ferrﬁelaf’sf%zét 624f and lower
mold 624, wisichnisassotiaad intoa gmb}%)tZoTharrgxyd B;mclrrgstaref deduhed by ttieeflow
material. i.n r onse toth [ e eder .
contrgf iemesst 634 IoRE Hent-in I CeReS Sepcimes S adelsted BY Srcings a-e
alongRY x ARR! it sREHH bl WNAérstEBY Bt @ higher F3SIutiR U4Rthd ¢rid ma§%e attained
WD 2005/ 102663 PCT/ US2005/ 007505 TABLE 2 Nateri al

by utlﬂiem@en@recﬂ@m ¢aitrobelemeris &8 atougthe ¥-axiRaand definfgethaller spacings

ter |aI Level of e.i e of. Fee
stonglft S Beiil v BEbEp B kBl b AL Hfr o lower
resoltfondaiabealesided 4Rl Rardthetérg @ctablished bglthélopeemet toafefine the higher or
Material n [01211 TABLE 3 is an_exenplary tabl e that

lowergesaltipns may be Hegsd imthgcenteelipr 64f viathe dagbasegnangger HYO for use
mpm?{g ﬁlg(ﬁgﬁr%ﬁgﬁg alfirdshe case that the extruder 604 is

vi‘ng seven tenperature zones 1-n, the

[01 20@ o rrpe#% er%sarf Q er%@(é‘%’ cgael t%.ld Il?ﬁrée %}hzg%el Eo%tr%i( Ehe%%’gl%onents of

ure con

the exifiRionahold@y syseth 600a0$pecifesatly Qhe 0ab$¢%€mb'flltlé fdrﬁtl‘i@edrﬂiolll d&ta 1018
(not.. shown). The feedback data 1 i nclude th

for coa&rPUmg th%ﬁ%ap%nemwéffe@&ew Jaim 0% TGPPR!CX Bihe s@aioligi12 from
the cd%gl‘/‘cﬁ{egfs nﬁAﬁ},E{ .ﬁg&g&é& lj%d'gcroﬁﬁglscﬁ'rt e&«%ﬂs B1% %a@trneeqlsle&‘ Pfeed

zone o e tenperatures
thernmphs&dcmpaosﬁtemdnm Mi dibbhmafeaaﬁh@c kndarsy dtﬁé’r(mntenalhee g., color)
troller 612 f eedback ‘i nt r.ql TAB E 3
ol @i 1008

cO
to forBJE‘F SURsturpL RYES: éﬂf EWBAE FRIILr iglydes the ratrfhpt each feeder

614 is delivering material to the extrusion-molding system 600a and the feedback data 1022
includes the level of the material currently in each feeder 614. During operation of the
extrusion-molding system 600a, the rate of the material being delivered from the feeder 614
is controlled and level of the material in the feeders 614 is measured, the operator may be
notified of the level of the material in response to the in the feeder 614 reaching a minimum

amount so that the operator may apply additional material to the feeder 614.
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15

Tenperature Zone Control On/Of Feedback Data 1
Heat/ Cool On/ O f Actual Tenp 2 Heat/Cool On/Of
waedosabedbnmp 3 Heat/ Cool On/ O f Actual Tenp WFCT/US2005/007505
Heat/ Cool On/ O f Actual Tenp 10 [01221 TABLE 4 is an
exenplary table that provides for speed control for a
nmotor (not shown) drivi ngTABLE 2auger 620 operating in
t he extruder . e conirol dara nclrudes a
speed control setting to Y e notor. Actual speed
and | oad of the Ruotrbfeare fed-back ¥ideckDethe feedback
data 1022 to ther&ysdeMudiihver l&(:)é%m&mlzl zed to
control the rateR 6 o truder 604 via
the control data’ ?&?ﬁﬁ%ﬁ%%E 4 . lt}%tansig Mot or  Cont r ol
Control Data Fee8tratied Bt Speeéﬁv@efmatrfeilﬂ Si gnal Act ual
Speed of Mtor Actual Load of Mtor -34 W
2005/ 102663 PCT/ US2005/ 007505 [0123] TABLE 5 defi nes
[0121]hEABéE;§elS angxemplent table th@irprwéd%efpstqmpermewnam for hgagers in

the eg e\g\ﬁ g{?ﬁ In?l%q1 2ase, hﬁg% & g}%&é(fg%){s @gf ?gin?%eve%qg%peraMe

zones Bmipﬂfeaémp@aﬁlﬁd%tfbﬂéacﬁfzoh@ ha§ bt setdsrthe Gﬁtrudeh €erfydtafe control
618 may include heating and coglin 8 cont,rol s and/ or

beingdefingd a@bems getiip higat or §pole omer off I A FREGFIC tapRAraiura{got

showHETEREREL HE 1072 I i e pAlAL ERRRAN Hle s of e

extrudeny6(4n Alccm“dm ghh eempﬂratafe denspe a&tmtegratemtin&mbh abnd bfthe extruder

nes vvlthlnthed die .6 t eof
604 aflﬁé\l@eﬁlpﬂﬂﬁ‘érﬁ? sengpdar ?ﬁ{@?ﬁ&w e dsitack Dus B0 iheganipolier 612
for fdMPaM onfbe Zone Tenp Control On/ O f Feedback Data 1
Heat/ Cool On/ O f Actual Tenp 2 Heat/Cool On/Of
Actual Tenp 3 Heat/Cool On/Of Actual Tenp N
Heat/ Cool On/O'f Actual TenprdlE24] TABLE 6 is an

exenpl ary tablefor—comtTotr—gf—the_ftow contTof
Extruder Temperature Control
el ements 624 of the

Control Data

Extruder
Temperature
Zone Control On/Off Feedback Data
1 Heat/Cool On/Off Actual Temp
2 Heat/Cool On/Off Actual Temp
3 Heat/Cool On/Off Actual Temp
7 Heat/Cool On/Off Actual Temp

[0122] TABLE 4 is an exemplary table that provides for speed control for a motor (not
shown) driving the auger 620 operating in the extruder 604. The control data 1018 includes a
speed control setting to drive the motor. Actual speed and load of the motor are fed-back via
the feedback data 1022 to the system driver 1104 utilized to control the rate of the auger 620
extruder 604 via the control data 1018.

TABLE 4

Extruder Motor Control

Control Data Feedback Data

Speed Control Signal Actual Speed of Motor
Actual Load of Motor

34
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20

dynam c die 606. As shown, the control data includes
flow control elenments 1-n and positions 10 for each
wo b@wicwet rol el ement 624 ranging from 1-m |t pchostods/007505
be understood that the now control elenents 624 nay
ave a nearly infinite nunber of positions.

[01 23r] &A%Lﬁétdeéiaﬁs th tempresatyre qangro} fosRicaterstin ghe @memthe '606. The

contr@lo(ﬁl't % & Zléﬁﬂeﬁ% lz%nésef Rﬁtlﬁﬁ‘ﬁf& Eltn?d die 606 Simjilar to the
predeterm A posi trons, ch as ea quarter- Ach

temperatugge antifol ofithe ex’ﬁrudlar 694 xthe hezttels61 &y mchmplheatlﬂgland coolmg

controlling t :103| i ons the flow control el enen
contrejs and/gr gp e%b%& SsibogY o Fomcﬂfépg #gdier f&ﬁ“@@%ﬁ%?‘“ﬁ%@‘“ﬁ%"f the
dlffeﬂéﬁﬂ idné@%thﬁctﬁé’ H%aﬁ‘xﬁh ¥ie 608 Afc@@rﬁk}%‘l"% tEkafeBdTHE Aafa0r028 Moy include
[ ow control elements 624 inclu the current

the aqmailttmmratuoﬁ for kachf dfdhe panes mothiretherdynamsicglie 686 fartvantralrthereof.
devi ation of position between the control data 1018

comuni cated by the controll g,5ple to the dynamic die
606 may be cor i

f eedback data 1022 as u LS er art. TABLE 6
Dynanmic Die Fl ow Contr ol Ehgment Control Control Data
FIl ow Control El enent Position Feedback Data 1

Position 1-m Currgpt Po%{f@,ﬁﬁ 20P881 ti@B.dpm Current
Position 3 POSH—I-Gﬁ—]:-m—e:rH“Gﬁ't—'PG'SH—I—Oﬁ——N—

Position 1-m Current Pogkfidn voB5 WIL2ide/ 102663

PCT/ US2005/ 0075053 [OlZBﬂaaudaABLE bn/Ofs anaexagapl ary

table that providgs for fenperat g Cont Loz ﬁor the
lower nold 62

simlar table rray be uti lized to control the
0124 efllgﬁtﬂts%ﬁn rh troPofthe ABWSINANDI el i
[ |Jm 626 rrayg{‘ee s‘te]g nt e 1|n‘:(nytnooa eﬁ?er o z%%@gnﬂsgn of the
dynamivatie 606 A eshovwaim thewontrolodata mcheys fewappiroledernents erand positions

for e ot hatFobsterRa: Gasiapet AR 1o hepft s tneffgpd hat the flow
contrbegéthamk 62145‘?11@?' haPlZnéRY iRFiNNE A8nb& oftpbsitidsd. MRwever, for practical
tenperature of the lower nold 626 so that f eedback
purpaseh theflow gentrelelgmesnt Qpﬁe@lnswe typacatlyrset tolhage catain prgdetermined
f 2 "
pos LA LR o SR04 B 05 P, 6

contralmmlg iﬂeazbdsmotnb efttreVﬁﬁw cafiv] 6RMments624, & eﬁﬁﬁraﬁdtbleoﬂfthém?pe of
be requl ated across the zon

wer 626
motorf @@M Ps%h%% Afeorfie}sbé the feedbagk datael g dorthe élol'}’d?r?ﬁ‘E}'Ql glgments
I
62 EASE B e GonS DERE N PR (REARE oo o
position Ibdtvﬁﬁ:ﬁ t]afmi)nltmt dataflBE8 sdmmumcamﬂ byadhd cantrolleed@edhe dynamic
die 665’ may Q %oggc!tg ?eeﬁgackqggp v;:lAEeL Feegback data 1022 as understood in the

art.

TABLE 6

Dynamic Die Flow Contro! Element Control

Control Data
Flow Control Element Position Feedback Data
1 Position 1-m Current Position
2 Position 1-m Current Position
3 Position 1-m Current Position -
N Position 1-m Current Position
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Heat / Cool Mol d Control Control Data Ml d Tenp Zone
Control On/Of Feedback Data 1 Heat/Cool On/ O f Actual
woblodnimep 2 Heat/ Cool On/ O f Actual Ml d TenpcT/852005/007505
Heat/CooI On/ O f Actual Mold Tenp 4 Heat/Cool On/ O f
ual Myl d Tenp. N Heat/Cool On/ O f Actual MIld Tenp
101251 é" é@é}E T AprEexgmpdary tabds dahpravides £ temperature,eeipiod &y th lower

mom%l Ah%éio%%&k og%ﬁm?s&en%ot%ﬂ ol “dat amlzg%dl nc 0hgles

tempemmnetofm]m: uee ﬁtd),ld 631 Asishbwngthatowedr rhald 626 endyrts degmented into a

608f, It shou e under, too t hat addlpﬁ*ﬁgnal on
numbergtzones Eny erS catprsan d’éa"‘t BTSR PP F‘bﬁac fZOP?]E’ heat and

cool thd R&lwle? @826 EOSontiARA %a' tﬁ&é‘&itﬁ‘)‘l @h#aQ0138. r&é&?dlﬁ@ypfeedback data
angul ar position, or dynam ¢ control data’ may

1022 ivay pravidertod ﬂtecﬁcmi/@rrmer@}m@tﬁ thenliower miedd 62Gsd thyt fegdiack gontrol

may bR pefiSimdd By nddobdine i o ARABOEE 1ubetp RO GRS 1erisitid 626,

For e)mipng ad SROSdtuEEd B mBsRY intaddred 6951i§apiplned toothe Now@! o 2626, the
The feedback data 1022 for the trolley 608 na

temperatutepfdhelomien modb 62q mey bapulaied aressghezenes fo {cq%_zélate the
tempeﬂra[t&le ogx}éeﬁ%ﬁg.\ldgé- E&géé)&{e %2[1 q’%yeg gggb%& toﬂgin{ljér %\H (étgg th&ors as

the coﬁ%sh@hﬁte@hur isrigpobited dhiol the lowertniteld €26 anidi antilaherpawitiral part is
material 625 to the | ower nold 626 and pressing the
remo"éﬁtff%éh?@%]ﬁﬁé%‘f’?%‘iﬁ%’t erial layer 628 into the nolds
626 and 632 via the press 25 610, respectively. The
actual position of the Iift TaByehe fed-back so as to
ensure that thepress —-30 WO 2005/ 102663

PCT/ US2005/ 007505 610 i s"Hot-acttvat ed until the
wheel s 634 are d.lﬁ.e_n.g.a.%ﬁu!ﬂ!;a_t_h.e_] i ft mechani sm
(e.g., air tubes). TARLE.§ Trolley Control Control
Data Feedback Dat@c Posiditgh Comipol  Date@schntaual

Posi tion of TrolTey Spaedi Contget Dakd fwrd.ENt Speed
of Trolley Lift Contreéat/CBata Agbtial AResMddTen of Lift

[0127] TABLE 9 isjan ef2iff ary J/gb! e XliaioHigivi des for
control of the press 610.. The control b5.data 1018 may
i ncl ude | ock cont¥ol dEF€=and OYefe [rwsldfimge  The
feedback data 1022 may 1 nclude position of the
trolley 608 in the press 610 and position of the press
[0126p TABIE 8} freexentpdary tablle thatiploeiidh azﬁnplafymmtrer parameters for

itionally ma i ncl uded ¢ ntrol the ss. F
controaihng the trolley%OS Xs é)hown the control ata 018 includes popsgtieon speed, and lift

control for the trolley 608. It should be understood that additional control data 1018 may be
included to control motion of the trolley 608. For example, acceleration, rotation or angular
position, or other dynamic control data may be utilized to move or synchronize the trolley
608 to properly align the lower mold 626 with respect to the application of the extruded
composite material 625 being deposited or gravitated onto the lower mold 626. The feedback
data 1022 for the trolley 608 may include actual position and current speed of the trolley 608.
The lift control data may be utilized to engage and disengage the wheels 634 of the trolley
608 both during depositing of the extruded composite material 625 to the lower mold 626 and
pressing the extruded composite material layer 628 into the molds 626 and 632 via the press

610, respectively. The actual position of the lift may be fed-back so as to ensure that the press

236
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exanpl e, tenperature control of the upper nold 632,
force of the press 610, etc., may al so be i ncluded.
W@ 2mkE0%363 Press Control Control Data Feedback BEt/asicosé07505
Control Data Trolley Position in Press Cycle Press
Time Position of Press Platen 10 [0128ﬂ TABLE 10
610 is pphagtiyated antibthe yhesls 3¢ am disgngagedyig th [y meghanism (e.g., air
tube )ext raction tool (not shown) for extracting a forned

structural part fromthe nolds 626 and 632 after
conpl etion of the pressipgand, optionally, cooling
processes |-#—+erm-rg—the—struetwral—part—rhe control
data 1018 may i ncl ude aldivgewolextraction cycle and
f eedback data &QPo.aBY i NCl uglemaa sk Ngl € 15 extraction
t 00| pOSI t I osition ata c osiion o l t I pl e
extraction tooEpsede&moeﬁaerrent SQQ“fmsp«’mfﬁa(ltyF action tool
may be utilizeH® &me! e her sefgdPytifelddback data nmay be
sensed and fed- back to the controller 612. TABLE 10

Extraction Thol nt | . Control Data Fe back
1012718Té¥3?~%‘é<{5ra&a"@6‘ﬁ iaplF thatraEdFS o PRRiFol %Rf&ﬁ%ﬁbﬁ control
data 1671 ﬁnaé ;)hc'llﬁiealoélp&n‘fﬂoﬁﬂétgfan& Bge1d kn%\éé ﬁﬁ’l@t TR fe8AMIR LA 1022 may

241 as aligned deposi 20 conposite
mcludcrpbsnmabf thettollen 608 cmkr: prask 616 261 pésitionDf tBapressplstenwther

he I ont r ol nt 624, are, po |t| oned .al on
contro} it {petok PaiateLsrs pROPTAY Py o6 eLBEdid LoHbRR iR e opor
examp;d@ W&ﬁbérbﬂ&% écﬁﬁrol BRihe WPH& HEI083I fobcd BHBE preks R ek nfay also be
the I ower nold 626. Accordlngly, the x-axi s contro
include7 WO 2005/ 102663 PCT/ US2005/ 007505 for depositing
the extruded conposite material 625 may be provi ded by
control of the novenment BYBLEHe troll ey 608 at
di fferent speeds bel ow t hg,kl.Qw control el enents 624,
the y- axis control for depositing the extruded

conposi te ol
adj ust ment of t ek dehgmarcont r Dhleydhipentss 624, and t he
z-axis control FBFEiSsi t i nbriRE Pe= B yded composite

material 625 may result from controlling t he

o128 FRBTE | EPkoPiach A7 SRS SFols 50, ORRRE PP Gy B8 eotgpowm

for exﬁri&m@ﬁtfbﬂﬂ&ﬁstﬁ&f@@l%iahefrdiﬁ&lﬁmalds %26 andl 682 aﬁére:ompletwn of the
and t- axes may be perforned using a variety of

pressing#hioptienally; eralingiprpesses jn Pomineshe ﬁ%ctmbpmv dihgeentreldata

r 1
ots GRS By LUBCABTERAL b D MRl i
extracﬁomtddb bbsmqn tIhshonht tee Lﬁfdemmodrthzlttmuﬂhptefmtmctmri teyls @D 8leirents of
an extractlon 900? m%)}('lbe uthlzgd and other sensory feedback data may be sensed and fed-

back to the controller 612.

TABLE 10

Extmction Tool Control

Control Data Feedback Data

Start Extraction Cycle Extraction Tool Position

[0129] FIG. 13 is a top view of the flow control elements 624a-624i as aligned to deposit the
composite material onto the lower mold 626 of FIG. 6A. As shown, the flow control elements
624 are positioned along the y-axis, which provides for three-axis control for depositing the

extruded composite material 625 onto the lower mold 626. Accordingly, the x-axis control
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30

controlling the aperture of the output of the extruder
604 having a single flow control elenent 624 or
wonlosiimess f | ow control el ements 624 operating PCT/US2005/007505
uniformy; (4) individually controlling the multiple
flow control elenments 624; and (5) controlling notion

for deppsiting:the eyirpésd GwEpdste matarial P2 xmay be pravidad by canfrebef the
move@%ﬁt&{i‘gﬁ%&éﬁm dﬁﬁ&%ﬁﬁ%ﬁ)gﬁs bR ﬁl@lf%% &ifirdl @ieqlenﬁ 624, the y-

exa t echni assunes
axis cblliteol(fui geposiaipg nltamudfzd térapesite mederial 608 may Hel prevdidedibly the
trolle 608tré%els t a constant rate. bel ow

adiustinigt 6@@5 Wo9RFTOL FIEMERS Gaf e Z7xizSoniiRsior fgpgsiting dhe

exmdéa'cuﬂﬁbglt&nsdeam 65t BaPfestif GorPEBRBBIIE tﬂaas;;dsﬁionfdf@ﬁe extruded
he extruder 604 is constant and that the out put

compeqmrmalcml@fzStalmlgdchudE}ry-m is fixed. It should be
under st ood, however, that the techni gues nay be
[0130% Qohirokfdr tiepqaiting the extddietlicompbsitanatenl G5 dléreg the x-, y-, and z-

| acement of the 20 extr conpo er| al .62
axes 7 UF RAPTISAYSINGS V(?“Gt%"fﬁ%"?’&oé‘{?gg%‘éﬁ‘g%t ’dnavgl
volun{:egﬁgoﬂo@ﬁate ool Hfé?e%af fdm thedxtnifRf 664")11aalﬁ@rate of rotation

I ne Tec ni que (5) 1ncludes providing not only
of thexaugsi 620a() contasdiiog dmﬂatemf nmemvemenbefkthe trolldy 60%in dhsingle axis; (3)

S0,.Z-axi s a r ot atl about nunber. xes. B
contrdf g 1 REr &g an TP BT Rpa e TO i s BRI clement
624 of ﬁﬁh{ﬁl&ﬂ@w(c%hsropelemaﬁg 62y oﬁératﬁigrluﬁfowmw (PRbEidERy bsntronmg

formed that may not be possible otherwse. In sum the

the mgbptwféqva contea) s ¢ apd(5) spntrolling srationof ehetrallpy H08fin
multiple %x%@ ! 6fv e rt?ﬁ%‘f@x? GLYifhe (fat %rtﬁeﬁ' 'v&%blé@ z%r% éleidrkoﬁlggnt. For

oor 1on O rusit on process an
examﬂégédﬁﬁqw(lﬁ)ﬁss&nﬂe Shat e quaput apd&'rdlré bethe@xauddrl 604 is fixed and that

oi)fg{r abi l'i t))é of the process. ;10131 Fi nal | ;i, rat heé2
the troliexp08 havels ot aﬁanm%h?lomt § APHOAREF Ui TqClgue (hassumes
that tVdiAGH: MRIRRShe BB 6§11@|maqgr?dé%\‘n e SR8 doads OdHsint and

a stationary or noving ovver 626 using 30 noving
that theudubpitt apgréurt of ds a‘xumldmtdﬂé ig fiked deshoBlidhe Wmlerstocainhbdeever, that

e tflifhth o becerTRe @ ARy SpeRiGHEY bl of beipement offbe

extrud‘éarﬂéﬁ'gyioﬁi@e Flictial 635 dilo N8RS n6ld 62%Adsi didtasRA witlereb 486 FIG.
nmol d 62 anal ogy for such a nechanismis a | aser

6A, where te@nn?ciueel(l) (28 42wapm@@3Tmmzcbmpw¢smvldmg not
only)l %égé.ll(% gR %é ' rolnﬂ'gl etrQnoF h %2? ]b%’t a{ Q% 1so¥ﬁdcr8&'ﬁog aP Out any

are ovvn Inre

numb@26f 2X8s. By oSk w&ﬂ fbntidl®velytha m\xzerdh@ldfme wding tédhaique (5), a
nunmbers of the right side correspond with the

variety of piracivrabparisaay bo fqragd gmg may nohbspassiie pthepyyse dg sum, the
overall Qgﬁ‘lﬁ)u E@orﬂ}’d} %ﬁnﬂfe \Qa.'n%us %gﬁientgggtﬂ QWEdntive k:ﬁoﬁggsfsse?xte@r tcgltlcal role
ten rnc ey ue to the

es Into the tro ower nol
in the&aﬁrcﬁldmanrm@ tlenaxitiusiontpioaaesd dxel the prodeytidaD& a deABedEfarl Andlthe
@ ry tables that provide paranmeters for
overa ﬁggra é

WEPRISH rol for the flow control el ements
The paraneters may be utilized to produce the
[0131,1> Jpnaéle/ ather thanrgnirplling mevgrieptofithe inwry mgld 626 tho oxruded
compgf\éllgat(]:&al-@églr}lf}y bes@e%%gitegod?ltté g Eta{: gﬂm} fflro%ln%t 18%kr Iﬁgﬂi 626 using
moving output apertures from the extruder 604. For example, output apertures traveling along
rails or other mechanical structure may be controlled to deposit the composite material in

specific locations on the lower mold 626. An analogy for such a mechanism is a laser jet

printer.
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Zone Control (% Rate (ft/mn) Position (inches)

Position (inches) 1 0.50 6.67 0.0 10.0 2 2.00 1.67
wd0d/1dBme 3 1.00 3.33 15.0 27.0 4 2.00 1. 67rCTUS2005/007505
33.0 51.00 3.33 33.0 45.0 6 2.00 1.67 45.0 50.0 -35
WD 2005/ 102663 _PCT/ US2005/ 007505 [0133] TABLE 12 Fl qw
101328 sferang pgaanionkIGod B athslomscantngt elements 624 age showan ingplghien to the

lowerghd1Bi836 bs 1Rkt Aud (RERTRIICES!dloAq (RIS ofinl sdnPlae
correspobd with .the @asition & the trolDEy QIR 1 i1B&hed as & pBsses BOIGIhddyifantic die
1.00 45.0 50,0 3 1 0.00.,0.0..10 3 .50 10.
606. ﬁ@ﬁ@we@nsldcﬁ%cf%. ten E‘?%%F m§> the ¢roblgy 5@‘% 6%3%. tge ?ngs IIeP.q% 626
being %&aﬁeﬂtﬁm@tbe%o@leQ 6089 PABPESG1012 e éx@nﬂgrﬂagleg- tha protide
0.50 100 15.0°4°3 0.00 150 27.0 4 4°0 80 27. 0 35.0
paramgtegs fprgpecdaind gats. q@ntral Hr theolow somgrad @lements 6240 The parameters may

be utifligéd()to p?oc?ucé‘ thoeopaﬁgf lgilil'z?rigothe extrusion-molding system 600a.

TABLE 11

Trolley Speed Control Parameters

Start End
Zone Control (%) Rate (ft/min) Position (inches) Position (inches)

1 0.50 6.67 0.0 10.0
2 2.00 1.67 10.0 15.0
3 1.00 3.33 150 270
4 2.00 1.67 27.0 33.0
5 1.00 3.33 33.0 45.0
6 2.00 1.67 45.0 50.0

-36.
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530.50 15.0 27.0 54 1.00 27.0 33.0 55 0.50 33.0
45.0 56 1.00 45.050.0 6 1 0.00 0.0 10.0 6 2 0.50
wad0810%B60 6 3 0.00 15.0 27.0 6 4 0.50 27.0 BAr/052005/607505
0.00 33.0 45.0 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
01333, 0 7 5 0.00 33.0 45.0 7 6 0.00 45.0 50.0 8 1 0.00
0.0 10.0 8 2 1.00 10.0 15.0 8 3 0.50 15.0 27.0 8 4
1.00 27.0 33.0_8 5 0.50 388 ¥5. 0 8 6 1.00 45.0 50.0
9 1 0.00 0.0 50.0 [ 013 codldBUxbrnSaribdiesand 12 provi de for
the positional synchronizatiog,betweenghe flow
control el enersus 262 4eiggitighed hesiipmivedre estigfinceshe tr ol | ey
608. By orchestrati ng obdhe noveient 5 bebween the two
conponents (i.é.,dyndfj c die ¥06 and f¥ol ey 608),
the extruded cenpesites materigm 625 be deposited
at positions afond thg3) ower A3 d 626 &3 specified by
the volune of 2the cavwities 639 of thes¥ower and upper
mol ds 626 and 632; |n o8t her wadods, theiseextruded
conposite matedi af 628% s depd¥ited onflg the | ower
nol d 626 to foem she exd ruded ssoconposi tse mat eri al
| ayer 628 thick efoughd o fill¥gthe cavigsi es 630 of the
| ower and upper 1@ nolds 626 agpd 632, thereby
providing the 4biLity ko formadeep draffs and hi dden
ribs in certan Focatlifons of Btructurdl parts. Q0135]
FIG 14 is an exenpl arogp perspeati ve t omovi ew of a
corner of a paflef 14Q% produgEd by tBd
extrusi on- nol disng4+systiem 600azef FI G 6A
the draft or dépth d.sgb.1 of dhe -43%8
6 1 0.00 0.0

. . 10.0
0.50 100 150

As shown,

6 2

6 3 0.00 15.0 27.0
6 4 0.50 27.0 330
6 5 0.00 33.0 45.0
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 0.50 270 33.0
7 5 0.00 33.0 45.0
7 6 0.00 45.0 50.0
8 1 0.00 0.0 10.0
8 2 1.00 10.0 15.0
8 3 0.50 150 270
8 4 1.00 270 33.0
8 5 0.50 330 45.0
8 6 1.00 450 50.0
9 1 0.00 00 50.0

[0134] TABLES 11 and 12 provide for the positional synchronization between the flow
control elements 624 and the movement of the trolley 608. By orchestrating the movement
between the two components (i.e., dynamic die 606 and trolley 608), the extruded composite
material 625 may be deposited at positions along the lower mold 626 as specified by the
volume of the cavities 630 of the lower and upper molds 626 and 632. In other words, the
extruded composite material 625 is deposited onto the lower mold 626 to form the extruded
composite material 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.

[0135] FIG. 14 is an exemplary perspective top view of a corner of a pallet 1400 produced by
the extrusion-molding system 600a of FIG. 6A. As shown, the draft or depth d.sub.1 of the

40-
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WD 2005/ 102663 PCT/ US2005/ 007505 base 1402 of the

pal l et 1400 is shallower than the depth d2 of a foot
wdd@4/1ad663 he pal |l et 1400. By controlling the PCT/US2005/007505

dep05|t| on of the extruded conposite materi al 625 onto

626 utilizing the principles o
base wm e pailge M(?Oolﬁ shallowgs Uit et 2 AR faotHa04 ﬁgthe ‘pallet 1400,

By co%?r@%l Hggﬁ %ﬁ) i{on¥ tﬁel']es( £80d ¢ 12 kite \férgﬂ 635 SRBRAE Iqwer mold
raft °d.sub.2 1n SpeCI iCc regions o e structural
626 uphzmg tite primycifies éftherprbsers iimgntion,flamga etructatad paréd havilng features,

strand fibers Fl 15A nd 15B
such a5 the ot S0 ing asrRS Gt §UBeR ECifrreeisps of Brstrictural part
may HeSPRRE] LR Wifferff nﬁte?ﬂaﬁMZc(reg‘ 1osthavi Mdrd)i dden ri bs
1502a- 15022 (col | ectively 1502).” As shown, the hidden

[0136] 'Fl?és 1POR 2R €51 A ﬁlbéx%nipgarg gg&ﬁéwg Hh &‘ﬁ\éﬁd %fﬁg{vg ' ﬂeﬁ)ectlvely,

vol unme over one or nore . ere ore,
ofa pmmmu 1500 aving didsben ribd ¢ 8026 Msi(tallevtively il 502)625 shwve, the

h 0, hi.dd bs 1502 d |
hiddepybs | U St BLR i Mgk PruevE 35eBU s valfme By RearesgrumRgzones.
Theretf&% lli‘}' géiﬁ)@mnﬁ 'n}i)@re lt)ﬁlgl?ded%%ﬁ@%ﬁ?e iRkl &S RlePhbofed Baving the

as a single onposite structure using
hldden hné)s e1>502 ad Isss erdiuded gomp@ut@rmz&m 626 ImerermhatZOerwmlmothe hidden

rivs 1502 BT REREIERR SF0L 8 v Tl Fuo F BB Srbuure using

the extASRINthEIingSSBiRhO60D3, the plLfbad]1500 hasl vaJidr Wéahﬁés?»ééﬁﬂlﬂtgstructme
structural parts usin osite material having

compgredde g pltéonmdhat is f%ﬁ@gﬁfﬂb‘tm@w@e strength in forning
| arge parts, some structural parts further are
[0137§t1nsmti9na’lfd¢mqunproved by having other conponents,
ner.s, and/or stiff

o138} 15 Bo§RgR k¢ PR Rl BallP Bt o RGP Sleaickili Haing fogrs blended

thereifitté pEdvidedtrepgthtifi foidhg Birge ptsPEE Steuctural parts further are structurally
interconnectivity may utilize netallic parts extending

improfved iy hRsing G#ss SPEoRAR{se P astaaghmanty dastaness, prser wiffeners,
insertg(? %% ?rpbgddeﬁfu%éifap}g %Edn@ "For e%p%6 Stguc?ﬁr%fl&&&rtﬂit apé{okprb%de

ron o coverin an ice ri
intercafnebeipity eay utiszh@talmﬁ]é\artsdemnfdhfgdi‘om ohveecannpsiké Bfdterial to provide

i nc es the ther.noplastic material 1602,
stronsa%m# @? 13blg I@Frcm%ecpﬂ%f s isuch structirplpars amﬂwp G %T%%rcgvenng

1600 ¥ andBrifik fﬁ%&ﬁ%ﬁ 1&@&4 16401148 ficer E@Jéi‘i%g 1800 [Ridles the
[0139] In formng the floor covering , the

theMabBMmtmD%Okaa)obm&rmcd oﬁﬂfeltgfam@plaism mageriah®1 and
d 60 e t corrposi te materi al
ﬁbersll\gée?m{g%s%? ﬁ@g ‘ﬁgﬁﬁlﬁ {é% pdo {_:l WI th the fastener
ain the t o t her To f.urther
[0139i Sﬂg‘?'@“{‘& éﬂ\é‘?ﬂnglléé ) ‘isFFé‘C’F f&%‘rls PeviHPR rf@Bfégured n
the 10'39:} ﬁﬁ)l(ﬁ 504 soSﬁHQWBE ereG%oE%‘)%l@ﬁgtehﬁl lta?& 6‘2§5f5ﬁ1'i]se£ bdRDyer

| ow t he extruded conposite mater | ayer 628 to
1606 fmlhl the fastemer Hdldde mabtninithe pomtidrothesof. div fuphmssre the fastener

1604 o So g B iesapo e Bymakie vatacTan heaneg 1604 o

allow!thé exided ToRBosR Iﬂht@ﬂalﬂﬁy@? @38 1A ih BlearRiRIDUHAg tSormation
controller 612 whil the extruded conposite materi al

process pefua®psmay be p¢nﬂgurfnl indhe lowver orald 626 toshaintadn the position of the

tood that. the f tener 160 Lternatjvel .
faster}%qg(gzﬁ %‘8 ei(tﬁustl% 9 g(%%g PIoGess agé éealea52<1 Wﬁhe Eontrolf2Y 612 while
the exdfifded l%ﬁ@teﬁﬂéﬁﬁi@Sb@@Ys@ﬁ in molten form. It should be understood that
the fastener 1604 alternatively may be configured in the upper mold 632.

4i-
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[0140] FIG 16B is an exenplary portion of a backboard
1610 that is often used by paranedics. The backboard
wd 6i8/10%63 or med of conposite material 1612 andp@nUb20d®607505
an |nsert 1614 encapsul ated in the conposite nmateri al
The insert 1614 may be a carbon fiber tube so

101491@9 108 1530 Ry Pottirthefa haskhqard A @ Hb that isjoften Resdypy |
csX Tfl@l‘aéldbegrﬁpﬁlg% fonln@d of ERFERRE b IBi}frxﬁmﬁlﬁfutdes an insert

[ ower nol have actuators or si I ns
1614reaca1mal|atedtm the aqmwstte ﬁﬁﬂeﬂal o132 Abe inskit|1614 hmyé»ctarqadmlh fiber

co I ayer ond Ia er 1616
tube RGP bRcKORaE 410, B e eiud e Risba PG ransparent. In
encapbala@in; Me ﬁl%f? rth@l%svek fold625 MRy heve sdhdltérs of Bighple pins maintain the
actuators and/ or pins may be rel eased such that the

inserekildun place sripledhe @ctmiteé epmpositgyeatergidayer P8 Sorms aabwld layer 1616

there{yﬁégég%ig,g\%h{lég}@ eg(Erélde%lﬁéoe Ogﬁ%fl%{e{%i %é?/r f%)feS i3 E‘r? Y hl%lt%ﬁ state, the

actuatot ah@bt pids aydeyeloBded sucl thhrthe exindddrenpasitd muieﬁal layer 628
plication or structural part bei nrgh f or med.
'

app
fills ipjagy voidsileft fAmdhe Aplatets ot Ipgs- Hishowld wéersweéél@qt menlgsert 1614
my bESURAIEN B0l AIRETH 10 pilcyh SFOA L0 8PS o b
formed.ructural part utilizing the extrusion-nol d| ng
system 600a of FIG 6A. The insertion process starts
[014HtFISS. @P islén dxEiblaritflont éiagrht D700t deecribifg tHe dpsrations for embedding
configured in either the | ower or upper nold 626 or

or ingsghing uy insegt, SPEch FoBlasiener, Fﬁnppénoré%h?rlf&@aer&dﬁm styyetural part
utlhzg% tﬁé g)@ljrusﬁgx?rﬂo?dl %%@énﬁ 6605t BIBS 6A0‘f°§5 1rE91{tJ gg&iegsé s-éli?x‘?saat step

osite material i's for
1702pAt step h7@4, thdmmmse:ohﬁgured; fregither @f lotver sraqxpleerrbhb626 or 632. At

sp Uloteufleh gosh i BB 25 LRt Roffpr o2
The e%ma&ii@&inp&nte ffﬁn@rﬁl ‘ié%%ﬁe& %ml@at feSst ra%%ﬁdrﬁéftﬁg ﬁlseﬁ @€step 1708

for 20 exanpl e, 6B). Alternatively,
to seqpwe theansest intchtdse |sﬁ9@mtal part berhg fletoredi In Qneeené;qdnm@tédthe insert is

enca e n et saeldpig) oo BphSh FERIRS &

examDUh PUG! BB AltdiRdvélo, cﬁﬂ)jﬂﬁ Egtﬁoﬁ df e inbé&reistenbediétEinl thyvextruded
26 or up 632 nol d, en the supports are renoved.

comppﬁlée §@E9,§'@F§%5 scmat:mp?rwn 5@6&«& fiermdhe ¢Bictural pag
i mpl e mechani cal pins, or other nmechani sm caﬁabl e of
[014251u1ppsien l?wlg) uihaelyu shpRarts amusngo zenmgﬁwtmmt infthe leaver 626 or upper
|te mat er.i

632 53}, HF he QROR A sRbe’ Fhe SEppRS it fiay deRbutRr Controlted,

simpl&Bh&dhagical FIMS lor 6&R2r mcmméﬁﬁblﬂoﬁhﬂﬁbrﬁﬂ§ the ildegt during
extruded conposite material |ayer 628 may be hardened

depogifiom af the grtraded eomanogite materiabOenta sheplowss meld 626, are removed
beforégflfé{‘&ﬂé{&gd c8&3§%§§pﬁ&%ﬁ k8?8 Es‘haﬁé’é %?%Pﬁ?ﬁﬁﬂhc%‘ﬁé gktauded

reno € supports prior € extr

compositpntdrial ytelsahay by kardéidd Hyaiangaharfdree dooliiepduring pressing,
produced. by the supr}}orts 30 may_ be filled in, thereby .
vacuvr@alzp PIOtHer qnexationdp ferpwthe sERGRERL PHt- Beramaying the SWprag(s prior to

the e&&t{i%ﬁtcﬂﬁ@om@ﬁxtatenaﬁ{ayét@@ b%?l#i 12 <fe§1}§d gk“gltogl'h@ﬁ%I d Bt supports

the“insert at least pa erern |
may befilledenh, tHerehy ledvangmd thaGexd thenshp@ﬁﬁs off weak spoéy initheistructural part.

B o ok P e om0 i gemoved

from'ttiri]lé/ﬁﬁtd 62 ar@532NPRE insérfiof PRRESWNAS Sfjstéb’ 1A16rocess of
e

42
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claimed invention. In a manner anal ogous to the
process described in FIG 17, an insert, such as a
wo 20500863 support, or other elenent, nay be PCT/US2005/007505
encapsul ated with extruded thernoplastic nateri aI
utilizing the clained extrusion-nolding system
(0143} Inanoheberabediment off the [vention, ga el s enpapsylged by am@ss of the
[
clalm%ﬁ ig(%ﬁ&f? %hgﬁﬁ@héﬁgeﬁ%&ﬁﬁ Itéﬁ%&??ﬁg?%esgﬁ%%gﬁ%ﬁ ¢4, fisert, such
asa fhstéme:tssmpantrtdrcht]n@ ebonsdne, maySpeaichpsuddted with ektrnddd themesplastic
thernppl astic material is extruded into a.lower
mateﬁ%‘l yilizing %G\kaﬁﬁe‘ﬁﬁ?"&ﬁ‘% e@@wmﬁ%ﬂl giher ?f@bods‘%“c?if the
inverfoh! ﬁ_’hﬁiyle 12DE5 5P RlAsHAl 6f Vﬁf&ﬁ’g'tﬁkkﬁés h%?@e%p@ﬁteﬁ @Be 8f top of the
the tirst layer. In certaihn nmbodi men of the
otheri utiligimgi theclabmed exsmisionrmylding qo'lstame Spemfically, affirsthayef bf st

thern e FagerP f oot kB ot el TB iy wh Rl or e

same drAV@éremahernfoplastia eatdriapisaydred &ofdg%ﬂ tROfifsk lafyer. In certain
structure having nmultiple layers of thernoplastic

emedBm@mB gf theanventipa, anainserbimay pe placecthen Wrﬁfdb‘? firs pxtrugled layer prior
to or Vegaﬁ X g ga gguslé ih rﬁ{ laggréglé%? gecg\ﬁlé %{iﬂr@&ne%i&%#eg lfh.lli form dof "layering"

can fadiliatd the E‘(ﬁﬁqaltlaﬂ lofig seadtuct HadingagultiplerlagersloMbBRhEP1adtic matenal of

features. A non-limti n? l'ist of these raised features
the sapeondiffeent Fergposiien, and layersif dififorarf intssted materipls.abs.

$0145 The articles may optionally have interna
[0144]epdyastageowsly.iBepresent en\f?nbvm pamagdneldingf artialeghavingysolid raised
threeam eﬁ§15§a1 ali]uregxg% 1|n rh@f Htﬁés%lrgige(d H%ﬁlrr%s ar@%)ﬁnd l’lPS posts,

€s, 1ods, arnd nesh

rnomﬂu@gﬁkk,aﬁrwmgure can be used to prOV|de t he

reinforcenent. The reinforcing inserts can have any
[0145!]mee iclee R op¥oRdl1ystave Gitetingl rem@rceARRrR to phsvidd AfRigtional

0 sectional appearance of the reinforcing inserts can
stabibty apidstremgth. Enamplep nérdinfarcinginggrtssie pibgs, reds, and mesls although
any 3B AShEIGH T LA B0 QB R Bl B
remfﬂietr%I lﬁserlsy:ﬁg hetd @), ty]pé aﬁgdoﬁ&try@r sRugar. (Fgﬁ ubahglegﬁs cross-
as wWoo [0146]. The inventiqn can be use

sectl%ﬁ aprearagee af th@éﬁeforeas fnsggs Fmﬁscwcef?gelaemlﬁebﬁr’@ab stpgsghaped, or
squate!! w1tﬁ6ut|r€§%ﬁét el"}%freﬁ}?&c 'méérts cafl Ql|s5 bQE frdxﬁ‘ any kind of

particular enbodi ments, rge artic aving 2
matedalysurdi as warblooymetals; Isnymhellc‘s qddstic® ofreaa,mcmubsﬁncfeseudcarwood

be obtained. The large articles can also be heavy,
[0146)Thcianedtinecande gistd @ dbadie largdiaems, Guélbas itdnds Joapér thad @5 feet in

enbodi nents, articles with MEIght reater than 20
at leashanechf ez s B4 Rienesr &pearticnlan embeimants; laresagyicles having

dlmegxﬁgﬁﬁ ggé}ttﬁarpf fcgn? {)e@f’ %H(tl B%%Et%lli48 aﬁr@ﬂa"lﬁmar%é %ﬁe? €an also

provi Exanmple 1
be hdamy,candeaty hah"mﬂnghbgreathetham 10 ¢bst In patictilao embodiments, articles with

ol Ie e.res P3541) from GCeneral Polyners
We‘g&é#%&ﬂg @sgg?ﬂébs;(ag AEFP2EEr ew, 4 92" di ameter
ext ruder F&@I pped -43 WD 2005/102663
[014HAddioral smbgdnments of the inventiorewi] beyappsrad frgmythg Examples

PET screw) with %" |long fiberglass fiber
prov%l[ﬁg% gvdfrom Johns-Manville. The resin/glass m xture

[014§]0E§Allsl})leeq of 70% pol ypropyl ene and 30% gl ass. The
[0249] In an emboediment of the current invention, Polypropylene resin (COP3541) from

General Polymers was compounded using a single screw, 4 %2” diameter extruder (equipped
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extruder zones were electrically heated and controll ed

at the follow ng tenperatures : Zone 1@50 F; Zone
wQ@FA0dep3 Zone 3@00 F;, Zone 4@50 F; Zone 5@FSGI/6$2005/007505

Zone 6@05 F. 5 A coupl i ng agent (Polybond) was added

the gl ass resin e at the |evel of 2%
Wlthé‘n’f ARE TGS flwga atfm‘taﬁe &Tﬁew).m éethan& herglas fgber (740DS) from

J ohnﬂMd'n'vﬁle rRd R/ g@& HEaLe QOﬁgléﬁijﬁ (W@%o%ﬁﬁ@%n@ﬁnff@@% lass. The

an unobstructed transfer pipe to a
extrudgtl zanegwereckledtoeal lydreatzdlapd nommlbd asﬂeépllwmgusrnpﬂawW@ Zone

@33 oty F8a 71 b cokoL9hp B (8% BEREF: FBR ezt Futane s@sos

A col [x@k@knﬁ% beAd Bwasl{iRed® thertlakd rédindhiNtere\WR the level of 2% to
rrlgl nt al ned gyt 505F within the gated die throughout thoe

enhagserhondingrefitheglasssfiberhio thedsiematiksi n/ gl ass extrudate
was gravity deposited onto the horizontally noveabl e
[015@inThdlesateddnixhat fwas passedrby arads nf)mdunO‘ﬁh'euctmbtnmStﬁrrmipmto a heated

th L. { t I t
mulesfhied kgl eiisd Beef RRisert 8¢ sfth enp et donfPyed eates
capable bRy girzBe thifkRss SOH Ps@m& hfélttéit&uﬁ&ﬂt‘hf&iglh%‘ﬂch gate. The molten

nmovenent of the horizontall nmount ed hal f of
mixtygtvdsenpintiamed a5501E voithin rthﬂﬁaéwadle tlugugi@ubthetepstmgan process. The
molt%{]regl gglgsr% Ex@?art% gllg% Eﬁr}%\‘llﬁg% eé Ssﬂ%\dﬁégtg) ég%h&?z%%harﬂ& rlqu%\lzre%{)lfe and heated

half efpticRéd MoRY rraauaptséltﬁhﬁsﬂtm fmdlten ﬁﬁithfeodlﬁs dodtrolled by a
orchestrate the precise wdth, |length and depth of the
ombipptionrPfieReRIpg And ¢lasing efdhe gates enythe B?mtaléhntonated sheet die
r Sl
°°uprﬁ§st P e St R AR o Mo Sy 8 PRITS the atched die
The mmmmﬂtcéosmg‘mﬂ the patésen theate amh&p a‘tovlempdmﬁthematdhed mold half

duri ired final 20 nol ded}ﬂ Bd‘ﬁ 015}41 U% ical

““I’@&E‘E)F’étt‘fs&m‘ RJPCESH &as AECHMRHSRe Hﬁ‘ﬂé OBIPLLSE PEREsYL;apd glectrica

contr®ls tb t&)?chﬁ%@@tlté‘ (e e sd W] r1@rlgth hieddpth bede B?Alfen%at&rlﬁﬁ depos1ted at
mat ched i s mechani cal | y transferred by nmeans of

each peiit peyhesgusﬁaemf the napve@lﬂp medd,i Toiso deimgsthp gesuftinganolten material
depo&tgq%fsm s ftg? Hlo%] {Fﬁ'egter:ﬁg 6 rné g ed‘ngta near %léapn’cle Elé‘\ﬁ%%g}he (%Sltr%d final
moldetl padduo| ded part, the f| naI conpression nol ding 25

step with the other half of the matched nold can be

[01 SﬁPQE&PEérﬁﬁléﬁorﬂbft}i@F‘Medr Pt Qfaﬁé?sx%ﬁél ddpodiiBRRBE the réfif/glass mixture,
m ni mal novenent of the nolten resin/glass

the filledt half of th&c,rezttplmﬁdrrgplﬁ is méhaln@uhlwt@np%rrcd byl mgkngof a trolley system
toa cro?ngpts cgsrsg)ﬁl ac&sg r}alt f %;ﬁ %anohgﬁt% t%r;%tﬁe mo OAe%jpr)aﬁl glngg tﬁé/ ﬁlled half of the

mold rieples¢hts\a t‘xﬁbaf h€t dl’(@[bd’ &t tRofind) ﬁlﬁtﬂ&é&ﬁ@l Hefirsal Bbmbwsﬁon molding
descri bed ab in a "near net shape" |aydown. The

step with |ﬂafdoth%rrm|1fé>f;sb¢ matshed moldyeanky @cmghthea ﬁngﬂ@a pagysures
r
(<20 DRl i o0 bt b R RGHERL B REATP 551y, the
femald puttien of d reetamghlar hmtcﬁled)fnoﬂdlwltﬁahaﬁtedlamidvdymsunng 12” wide by
» conpressed onto illed femgle half of the matche
24" lgpg ond 4 deen Was ﬁ{]r?ffm‘Itéh"s‘P@ en AHEPTRBY Iang(glassyapug desqribed

above tﬁf‘a W2 A0h 068} vﬁ{r Gmp it e?/fggﬁég ioh QP RImPR \9%(! 124 ferred

The resul t'ant neas apprOX| mat el y
meclaicallg 492300 i, W'hnee pmainthéid cproptessirh ptﬂss eqhippeel with an 8’ by 9’

st L s B RGEL 5 b R B P B b2 v e

filled female half of the matched mold in a final molding step. The mold was held until
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Axial 5 Direction 6.63 0.71 12.53 Transverse
Direction 6.73 0.67 11.56 Note: Average of (5)
woreasuaoxeent s each on (3) separate panel s. [ 01B@I/u3tws007505
the nol ded panel exhibited nechani cal properties in
machi ne_and transverse 10 directions wth

cooleéfbe@a% ROGF nEhe tepitant elotqrérpen@rreeqﬁerari|a9pr9m@%t?tyd;%”zs 2% v, The
mold[:&)é%]sxlﬁbﬁéﬁ'ﬂﬂe?&f%vﬂﬁgg 23?1 n fromthe nol ded panel

analysis o glass fibers revealed

[015?**6“ HOGIEKRLARE rdzgefTetl ok el (7, TPelah B0k 176

ersus
Axi
resents 85% retention the initial
Dlre‘t‘@ gth in ?%3 final nol ded Ogrfl oduct. 15 [OlL%?fExanpl e
Transyers§156] A pre- conpounded ABS
Directingr y| oni t Pi’Be/ But adi ene/ St¢-féne) resin conthbhi ng 30%
Notephverags offi5) ofcag@emenss gaal and(S) s¢plaate pansis. LNP was
extruded according to Exanple 1 using the follow ng
[0153 xXEhsdke mpbied panel edhibittd mpehanical peopertico metht n@hinernd transverse

F; . Zone 4 F;. Zone 5 @
d‘recé%s ‘ﬁ%“‘%ﬁ%’ ?&92@ T@‘ef at‘g‘?z‘ﬁ%%ﬁ"éﬁ ‘Er‘?ﬂélyé%ﬁ?gﬁp‘ctsr ng 20
[01 Sé]p%,b ?Féggﬂ&‘? rggn Ifr;}nQEtig %1&%11 paﬂglsg’n%gﬂxptlée élrpszg t]éq.,rgmdual glass fibers
| i » i &5
ro e e B A e R L e At enath
of 0.%b dbisuspredends an 8!5% adtertionDdifitbe initon fibeORNGthIH tHeXfi1eh nibldedd
dTransverse Direction 7.53 0.77 10.96 0.60 Note:
Prodyeler age of (3) neasurenents each. [0158] The nol ded
anel exhi bits nechani cal properties which are within
mﬁéd%%‘”@&ch other 30 in the machine and transverse
o1 56]' A%?é b&lﬂﬁ ouRadd 'A'E@ c?%l%nftﬁ'l%/BTREd]é’&/@t?tean &Qﬁrctoh%nﬁg §0% by

I sotropic. 159] A burn off of the resin
Welglﬁterﬁ’fZ’f. loag ighdssl ﬁblertfmm ILl\thasacvettqud gcapirdinp ¢o Exarnplgd! using the

fib d t t b
rollo Pkl e T s 2 16097 ST (e b G0 zone 3
@428 Fb26nd 43@17'3 F;Zbac W%%Q@FF/ ¥3266 3 BE3/ M@?&ﬂ%ﬂr&ﬁ@@%wlﬁ Using
[0160 1] A m xture of | ene and

l'e
the saype molghes mr teaLsa m&mheﬁ&ppesrlmﬁtf /f?gt sk’ X Voavas
prepared and exhibited the following properties:

[0157] Tensile Flexural

Strength (10°)  Modulus (10%)  Strength (10°)  Modulus (10%)
Axial
Direction 7.02 0.95 12.96 0.71
Transverse
Direction 7.53 0.77 10.96 0.60

Note: Average of (3) measurements each .

[0158] The molded panel exhibits mechanical properties which are within 20% of each other
in the machine and transverse directions and therefore the mechanical properties are nearly

anisotropic.

[0159] A burn off of the resin from the molded panel and analysis of the residual glass fibers
revealed that the average fiber length in the molded panel was 0.30” or 60% of the original
fiber length.
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by wei ght) were processed in accordance with Exanple 1
usi ng a wooden natched nold to produce a rigid, solid
WOo edwbaaesmadone cover with di mensions of 12' | o;gr/xs®05/007505
vvi de x 1 thick 5 and weighing 120 pounds. [0162]
anple 4 [0163] A m xture of polypropyl ene and 1/2"
[0160] Eﬁgnml%%r glass fibers (70%resin/30%glass fibers by
b amal/

0161} ke 7 G1yPLRFRAE I V17 1G6E AOHBRGE Fblrs (578 BB Eoh sloss e
by weggheaene prodesgpd in addorddnde withExahpihe) 1 wsing asebodin matched mold to

di a al ..10.reinforcin s.and we pun »
produgA BE1E el PEL TS §pYex b RSIBne Ry |k ¥ Poue k 1" thick
and wERARIA20RMART s and 1/2" long glass fibers (70%

resin/ 30 glass fibers by weight) were processed

hdy to Exanple 1 using extruder zone and die
ml&f?r%gg&h{]ur es at least 100 C above the glass transition

[0163] Anpixtadewf olyprdpytene aad /X" dorigsfilpergiscbears (7% xesBU30% glass

/4" 0166]. Exampl e 6 .[[0167] .A.ni xt fo.
fibers by waibL piia R RRSEHE 2 SRece Jrth Bxamplnd e tif agpigum
matched 311841043 Gau&s E’% A Hi%ﬁ% PYwiaexEong V\ﬁﬂ?sohd diagonal

processed according to Exanple 1 using extru er zoné
reinforging dbeand weighingt?22meynds. | east 100 C above the gl ass

transition tenperature of the resin to produce a 20
[0164L Examp2el5 x 1/ 4" panel. [0168] Exanple 7 [0169] A

o165 airiiie ASARRLS PTOS R L s BB 112y e B ot 0

resin/B %ﬁ%ﬁl%i‘s B %fgﬂ't)r\ger% %r@é%'ﬂ laBcokditg ith BxEapleUdRing Stfader zone
tenperatures at |east 100 C above the ass

and dmanmraium at mpremca plovgfthe plasy arisiandepperdtvee ohthggesin to

2 W anel. [0170] Exanple 8 [0171] A
prOduFﬁSa(llg 36 xrﬁz{ ﬁpgpyl ene and 3" long fiberglass fibers

L O%r SI n/ 20% gl ass fibers by weight) were processed
[0166 to Exanple 1 to produce a 12" x 24" x 1/4"

[0167P mhxture[&%%ilem%i@ﬁe@k&o& @FEHKO A1 " Aorp e%&wﬂfﬁtsérs g70% resin/30%
pol ypropyl ene and 1/2" long fiberglass fibers

carbop Ebens/by396ighthwere droeaseest appondin ot xaml@I pmog ests@dﬁr zone and die

tempe;s%w‘” o s 750 908 OBt P Bedovfatots Fpti producea

2'x Bvappuepddel[ 0175] A m xture of polypr opyl ene and 1/2'
long fi gergl ass fibers (80%resin/20%glass fibers by

[0168)VEixdfiple per e processed according to Exanple 1 to
roduce the two halves of a materials handling pall et

[0169yA) wixtursrad polyisthstptlearketong GBIED and 142" deendar fabenwt /6P easy/30%
Kevlar ?’Bers bygvelght) were processed according to Example 1 using extruder zone and die
temperatures at least 100 C above the glass transition temperature of the resin to produce a

12" x 24" x 1/4" panel.

[0170] Example 8
[0171] A mixture of polypropylene and 3" long fiberglass fibers (80% resin/20% glass fibers

by weight) were processed according to Example 1 to produce a 12" x 24" x 1/4" panel.

[0172] Example 9
[0173] A mixture of polypropylene and 1/2" long fiberglass fibers (45% resin/55% glass
fibers by weight) were processed according Example 1 to produce a 12" x 24" x 1/4" panel.

-46-
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5 pallet with di nensions of 48" |long x 40" w de x 6"
hi gh and wei ghing 63 pounds. [0176] Exanple 11 [0177]
waousnbasse of pol ypropyl ene and 1/ 2" | ong fi bep@it/as®05/007505
fibers (70 %resin/30%glass fibers by weight) were
processed according to Exanple 1 to produce a
[0174]Hixamopleilfy beam containing a 1" square |.D. steel
t 0
101751 X BRxhalS 6 S rBb ke Jnfdsl/bqugégbaﬁgas% BBerR28% Ry 2006 glass
fibers b\ﬁwgi@f) w0 pasvesydd ac%&lngt@Et{aﬁlpllea togrodige bl&ﬂlWo halves of a

serted into the nold durlng ?qm)ltenresm/ gl.ass
maten#é ﬂlanc%lmgmaﬂet Whigh wergsubssiently ingd teprodycg ﬁ;smé%%frl%handlmg

pallet \gﬁix Qirﬂéhs UP QS’bﬁﬁg‘x AP 148 x %X ﬁ@l' aﬁld]vgelgl%gl% l%%i pbunds.

m xt ure o pol yet hyl ene and [Fong woo ul ose
ers (80%resin/20% 15 wood fibers) were
ml%l%kﬁgeglfe g according to Exanple 1 using extruder zone

[0177]aAghigliuge of solpmopyleneandal/2! Mgtﬁbkfglﬁésfﬁlmnse(m %rdsﬁﬁl&()% glass
| ass _transition ten‘peraturﬁ Blgroduce a 12" x
fibers By weighBryesre prasegisfl agsoadipedo Fxampledstp pAO%Cﬁ@@P%p%?m&mm

contalélﬁgwle @gﬁ:ﬁ@:{ B gteéﬂnﬂéjfd d Jlgxgé ﬁs/ l%gg/%hé%na thd l?eﬁgmehad imensions

I bers % r ass r
of 20’ lmag ghtt2)' hwgneG pwmmlmlmndso The atepl @bd haang geen

1nserte§l fpfo ég ﬁf $ di t : ngﬁé?%}r&g@ﬁh{l!ﬁ gtgs t@gﬁ} Bgfgaeat?lg \fi%al

compr@is%%@ldﬁl ]&Jthé(bé’af‘n X 1/4 panel . [0182] Exanple 14
A m xture of PPS (pol yphenyl enesul fide) and

1 fiberglass fibers (70% 25 resin/30% gl ass
[0178] ]é%a *s)ﬁg% wei ght) were processed according to Exanpl e
[0179]1A msixtuge ekpalyctByleng amk] "alodg dicedfcelidescadnaddibeas (80&astin/20%

woot (085 58 P el BB s B e na
tempexlﬁﬁﬁt&oitqea&m(ﬁm&fb]ové\tﬁ@ réditd rg&s@frm?sgl&f@hyﬁﬁtm@ RepRHud s 12" x

| ong fiberglass fibers (80%resin/20%glass 30

24"X1‘/4bpa®1 by weight) were processed according to Exanple
1 using extruder zone and die tenperatures at |east
[0180]1BarGpkelddve t he gl ass transition tenperature of the

sin to u a "X 24" x. 1/ 4" panel,,-47. VWD
0181158 GaitoisS g B PR etoe Bfioit Asbuorige) vy BRhE2iing pgFetass fbers
(82% 1REIAOBYS clasy bkss BY we[ghgo»o% PRoLeEsciabborii@ t6'ERaMPle 1 using
i nvention is conduct at substantially | ower

extrudenyape @sd disrteppersbuess least A Ratbeve thei glass tyansitiew tamperatere of
the res%rhn% SrBJiLYcefa %g{% %‘(gf/?“éiﬁél these | ow pressures permit

RIES n-Tfet'a nol ds, such as wooden nol ds,
i ch Id general ly not be able to withstand the
[0182]\% tl‘\*glssures used in the 5 industry.

[0183] A mixture of PPS (polyphenylenesulfide) and 1/2" long fiberglass fibers (70%
resin/30% glass fibers by weight) were processed according to Example 1 using extruder
zone and die temperatures at least 100 C above the glass transition temperature of the resin to

produce a 12" x 24" x 1/4" panel.

[0184] Example 15
[0185] A mixture of PC (Polycarbonate) and 1/2" long fiberglass fibers (80% resin/20% glass
fibers by weight) were processed according to Example 1 using extruder zone and die

temperatures at least 100 C above the glass transition temperature of the resin to produce a
12" x 24" x 1/4" panel.
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[0187] Any type of fibrous material can be used in the
present invention. For exanple, the fibrous nmaterial
w@anshaegd ass fibers, fiberglass, carbon fi berBgT/US2005/007505
synthetic fibers, netal fibers, natural fibers,
cel lul ose, or wood. £01_88] Any ki nd of thernoplastic
[0186]; Bl molding precess eendustadrin gesardance wathethe presertdayentiae és conducted

T o I e

Advanpgeyasiy thdse tow ppssbyteapdraritytha useraf nanshetaflid isldy, saoke as wooden

acrylonitril e/ butadjene/ styrene si.ns, ol yam des
molds.yigh w Hg&ne ey by ablsds trfistandfhs et ereSousgy ed ethe
indusngf?' yacetal s, polysulfones, poly(organicsulfides),

ol y(organi coxi des), polyesters, polycarbonates,

[01 87]%1:?/ hfsﬁ‘e%?gibro&%a}{&ﬁ&&?ﬁ@ﬁsegﬂﬁ '(riﬁ(eeﬁﬂé?e&]ﬂd?v%ﬁ . %G example, the
res , styrene/ malei c anhydride resins, and m xture
fibrouslmatehial €mfbe d185s3krs] Fiberighws, waghoadibiers, s@aheticcibery) enetal fibers,
singl e ﬁol ynmer, or a mxture of two or nore polyners.

natura) ibess, celllgpe, or ¥988di ments, the thernmopl astic resin can
conpri se a honopolymer, copol ynmer, random copol ymer,
[0188]aAny kindiof ﬁl@er@@p@ptgm@pl’n @ndems O SIRAES grtlg}egﬂm accordance with the

r 10U I . ' e
pesnEARSA P b B R g T fr RO et
polyarb@aticsy b6y (dikenstaromatics),goysteend, asdytonittile/butadighe/stgrent rains,
virgin resin and recycled resin in ortio

polyarmides, mylann BRIy (8 Fhoxy lfeg?iﬁz)nacg%tﬁmewgﬂxeﬁ% : oDstélsapoq'ysulfones,
L N L A S

polyurpthahes; polybtheretherkbtanestesing dtymers/maleivsanhydtid coresips,cad anig tures

th uch as wall panels and nodul ar conponents, pipes,
ef”gi llars, and piling can be successfully prepared 25

according to the clajnmed invention. [0192] The
(0189} TR herRePIRRUS PR ERHPF § &N Pg?wf’éf%ﬁwt&%h&wpr@mn%r
polymbf3P I PEith B erhBSdimleRiée i dtmopRgid REin%GAREmBksé A Bomopolymer,

I nvention should not be limted by this description.
copolyTiee, modqre copdlytier ajtemmting copplaner block sopalgmen grafed¢dpobaner,
. ..b e follow ng claipg. -48 WD 2005/ 102663
hquldﬁ’%f#a f’(ﬁ)ﬁ%’g’é r&egﬁwgep Sis clainmed is: 1. A
| ded t hernopl astic artjcle conprising a fibrous ..
(01 90@@%&%@@%@&%@ Chmhbea m@flﬁﬁ%wsﬁefxclecgrééﬁnn%m%e_ of a virgin
resin 2hf18 r@é}lcléal BsiR iR BRY SidpBitiont. MRV HIRIRBHIaR eSS HPERIdnalIPY
the st'eps of: a) rreIP conpounding a m xture of a ]
comprisaeraepplizsagent whichrenhatees borstingef thr fibrausimatenial tethe resin.
optional additives using a | ow shear single screw,
[0191 MAeticdésrsutines palets, bsamd, dbbs, fadbaes cofisttuecton prdaductssuch as wall
materi al before nol ding .gre abouf 0.5-3 inches.long,
panels g m@laricsm@ege%tp&qsamﬁaréoqml e Cal BePEs Ry Priasmd

accordﬁ?é@%e ehihdEinseRpunded m xture; b) extruding the
mXxture through a sheet extrusion die using | ow shear

15217 IB R e R SR B e CSECnE Hf Emiy e

invention, and the scope of the invention should not be limited by this description. The scope

of the present invention is instead defined by the following claims.

48-



nmold in approximately the general shape of the
article; and d) conpression nolding the deposited
worRoosuoxwen t h t he second hal f of the matched poi/dsmosbtn7s0s
that pressures in the range of 100-1, 000 psi and
substantially little novenent of the nolten m xture
are required to conpl et eCLMMY i dati on and nol di ng of
: Joplastic article, wherein: the |lengths of
“nmt%Egu#$§grs of the fibrous material in the nol ded
1. A meidaedchemnmplasge eﬁt:brcdxﬂmmngedaﬁbrbuﬁﬁ%ewifal ¢tnbédded in a thermoplastic

. - npl ded, | t h bout 20% of . the fi
resin BgfixiTRe ARISRTETHEL BY S FHEH RESSAD: QOutPTIHE Mo SPRRPh e
aé)tmat SorApSun@ing& YhB&ure b h fﬂl@erﬁ@ﬁﬁst‘i’é FeBft t}@rﬁbr@ﬁsdmaﬂ@ﬁal and any

nmechani cal properties of the | ded arficle in the x-
optiongl addan@s psipg adew sheas siggleticrew, M@n theslehgtbs pbthe fbersifghe

cor to .l erejin t [OGESS s
fibrou e PO TRk iy iS5l BRS Ry
compribes 31589861 the kaalaﬁagmtcbfmge ¢npduatied ixtwhgrei n the

extrusion is conducted through a nmulti-gated,

hraxsgding| thgfm#@fmtb@ugh ashect gxirusiondiegisme dpy shear extrusion;
tﬁi ESQHSQ %f(ﬁ'&rl"écf rﬁl)étlﬁ'g ugc@ta%a Wa%or%%nt‘éﬁ%%’écgtggfehﬁatched

ness ure extru eac
mold i .appoairastelyche gareead shapegpfitie m'ha]enmfd V\her ein the

r sin/fibrous te ial mxfure is | sited
SORPIESIoR Toldg Ee %pqswéﬂwﬁme é&f‘q?ﬁpé)éjéhe matched
mold .J,u@H %Wgregguréﬂﬁ tHP{aﬁgg of B0-1 ObE psi-#hd s\i@;tgrggﬁ&lmgvement of
PCT/ US2005/ 007505 . The article according to claim
the mdlienfmixtune areqoqmreddo ngmpletensomselidatign ahé nrodding bf thierthermoplastic
arti 1material m xture through a transfer pipe prior to
16 xtrusion. 6. The article according to claim 1,

WRBERIind the fibrous material is selected fromthe

group consisting of gj ass fibers, fiberglass, carbon
f the é?rgth@frﬁhmﬁwr& of {hgdibsousrpaterialfin Kre molded artigleare greater than

about%b‘%%{f?heuc}? (N lﬁécﬁen . wood. 7. The article according
o claim i i i

erern e thernopl astic resin is
skkethae dbdut Q0V4 dfthe ﬁberp of ﬂmrﬁﬁrsms' material inahgy/mbkIed nissrmoplastic
pol yhal op] ef i ns, aromati cs,
article g Qrientedbint %F%ﬂ%\&‘?‘@g‘ | ystyrene,

ﬁﬁﬂ%%é&ﬂbﬁl&}l f?(é%?% %f?ﬁ%ﬁfcﬁég %giﬁ:lcr ShO3R-, %ﬁ@%lgﬁé are within

oxyl 1 c aci yam
mﬁéoﬁemwsnhﬂrs pol yacetal s, pol ysul f ones,
poly(organicsulfides) poly(organicoxides)

2. The' By llég ?utéc(eo%cing oocl ?]’e‘f’ﬁ%}?@t h%gligggsgﬁ%c?rgl&cﬁg substantially under low
sﬂwm@ﬁﬁmnﬁhglc anhydride resins, and m xtures

thereof. 8. The article according to claim1, wherein
the thernpplastic resin is a honppol yner
3. The article according to claim 1, wherein the extrusion is conducted through a multi-gated,
horizontally mounted sheet extrusion die with independently controlled gates capable

of varying the thickness of the mixture extruded through each gate.

4. The article according to claim 1, wherein the resin/fibrous material mixture is gravity-
deposited in the mold in step c) in a molten net near shape laydown of the molded

article.



copol ynmer, random copol yner, alternating copol yner,

bl ock copol yner, graft copolyner, liquid crystal
w@odogmexesd or m xtures thereof. 9. The articl e PCOSBONY 7505

to claiml1, wherein the thernoplastic resinis a

5. The peficls hesoshf Iq Qg EchsicpoptpHsiiE (FAns erhs (o reip rous material
et RIBubIS 2 GARSHCHBE pAbr @ dx&lmBRAt ure in the range

of 300-700F. 11. The article according to claim1,

wherein the optional additive is a coupling agent
6. Thewrticle acconding teelaind havheyeinfthe fibrous bnatarial ifesetacted] fram thergroup
L RRL P A Rrres D SSRGS o8 Al s

Ngdturabfibérk,i ce11010ké] .and &@odm ¢ nol d, or a wooden nol d.
13. The article according to claim1, wherein the

tensile strength, tensile ul us,, and .fl exural
7. The grticlp agaerding fhelais 4 4 %heéemﬁﬂgﬂ)@na&msﬁtwgﬁﬂnﬂ% selesled fiam the group
i .. i i 0 Q r - -
REHheOEn Ty ol PEBLARHCADS, (ERERaRhRR, poly ikl i Rromatics)
t prdystidere, aacoflonitrde/bifadiens/styedneresihs, patyanndesyniyibad
article are greater than abpuf 70% of their pre:nol ded
ealyeRDoRY iR e Ss B3 Deter e Bees Do AR TR, The
di GRS FollyQrsirdd dRides), Slefs, bOIGcArBOIRLELS pSlyimides,
?%eyg‘b:r ers of t)ﬁg()?’l(bkr)gous ma_tsze\ryiaglre ° nbt 2?5 m)l_dedp_glsllml %
apalywethanese pglyetherstherkeioneissins, sguonainaleitednhydride repingcd
| engt h 16.. The article according to claim1l, wherein
t‘ﬁ%g}“g%&}eﬁ%"fof the fibers of the fibrous material in
the nolded article are greater than about 90% of their
8. Thepirticleatcdeding enghins 1, illereihitRe thetrhoplastiaesin dd aformopalimein

1, wherein the nmechani cal properties of the article
aywolangssradem sPPYLymsT, agemaHn .COPPéquThBI%FPPEQIEmer’ graft

WelolB ' i th of the
Zﬁi)igw‘lé&i lr%&lg? %@g@) &lgﬁn\gﬁgj;r%{nﬁgﬁéﬁ?gégg and z-pl anes
is greater than about 0.5 feet. 19. The article
9. Thearticle déaogding ta¢lainml Iwhexpiarthé thettheplhsiivgesin of a vingin resin, a
arrtcicﬁlcg in at qustdgge f the z-, vy-, and z-pl anes
i SO ELTEY: PhARABEUT D feet. 20. The article
according to claim1, wherein the |length of the
10. Thafattiolé gccording td daigt 1,0vleeréih thd\etiision iy conduotkdzit plidig@Sature in
is greater than about 2.0 feet. 21. The article
abe sangerdd 308-780F-m 1, wherein the Iength of the

article in at |least one of the z-, y-, and z-planes
11. TheSrti@ABrdih S RN CIFRPY wikr&n tReptiohdl adﬁﬁkﬁveaiﬁ fB'ctG{#ging agent which

according to claim1, whereinthe weight of t
agrthiant¢as bopdigg @4 ther filrbwmatedal to thdthetrsopl2Bic 13w, articl e
according to claim1, wherein the weight of the

12. ThS ra%‘tic <|3 gcc'o?diggr oactlg’l;n {,hveﬁ]ergig%et mo?d0 1s Iat%rslétallic mold, non-metallic mold,

ceramic mold, or a wooden mold.

13. The article according to claim 1, wherein the tensile strength, tensile modulus, and
flexural strength of the article in the axial and transverse directions are within 20% of

each other.

14. The article according to claim 1, wherein the lengths of the fibers of the fibrous material
in the molded article are greater than about 70% of their pre-molded lengths.

-50.



24. The article according to claim1, wherein the
wei ght of the article is greater than about 25 |bs.
w@20s5/Tbesearti cl e according to claimi1, wherei np¢1€52005/007505

process is an insert nolding process. 26. A nolded

thernopl astic article conprising a fibrous nmaterial .
15. Thg gpidriaesording to ¢lpig hopherginithe lepgthy ofhe fibers ofiihs absous material

g . £ .

il BBl g0y S o 5 TR g

fibrous material conprises 5-55%of the total weight _
16. Thefartidheacsording trddeim b wharein the lengthe nfjthedibefs aflthe fibtows material

gpabit Bl fte B B pal ans I alPuibesBini B g

about 60% of their pre-nolded | engths; |ess than about

17. The@Pficdd addopdihg teeelsinDt, wikdeihitly @uchaifdabpioptrtieslof the article are
nol ded .t hernopl astic article are oriented in the same
asubstantigdhy amsairopife nechani cal properties of the nol ded
article in the x-, y-, and z-planes are within 20% of

_ : . . L ai

18 T B hling [, ANE 1 MO Sy AR B L MR ome of the 2,
gy-oapd z-pbmss stgremyerchamitwss05ifbetr s, fi ber gl ass, carbon
fibers, synthetic fibers, netal fibers, natura

SR T e R SR
sel a6d 29110 drbter tBaPAOUEPOFE&! | Ng of pol yol ef i ns,

pol yhal ool efi ns, pol yaromatics,
polyﬁalken_laronajics), polgstyrene, L
20. Thg @ptiglypgoording rpelpiay i oHesraip yhelsaethof ithgsarticlg dp ptlgasy ene of the z-,
/| j } 89)fetpOl yam nes, pol yet hers,
B%r&@%% g#ééﬁiggﬁéﬁh?f%ﬁégééggty(organicsulfides),
pol y(or gani coxi des), polyesters, polycarbonates,
21. Thpattidleractesdingtsl glaimet halmesin tixolepgthiodithet dricledn atleast one of the z-,

Gty ool B BB, o0 o, ang e

wherein the thernoplastic resin is a honopol yner,

22. The Q1Y sdordih@ Rl fint O pBher iR the wbight Rthe BEicLOR @kdaba than about
bl ock copol ynmer, graft copolyner, liquid crystal
pH?Vﬁer, or m xtures thereof. 30. The article
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25. The article according to claim 1, wherein the process is an insert molding process.

26. A molded thermoplastic article comprising a fibrous material embedded in a
thermoplastic resin matrix, wherein:

the lengths of the fibers of the fibrous material before molding are about 0.5-3 inches
long, and the fibrous material comprises 5-55% of the total weight of the compounded
mixture;

the lengths of the fibers of the fibrous material in the molded article are greater than



each other. 33. The article according to claim 26,
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wodosnombs in the nolded article are greater thanusiwos007505
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31. The article according to claim 26, wherein the resin comprises a coupling agent which

enhances bonding of the fibrous material to the thermoplastic resin.

32. The article according to claim 26, wherein the tensile strength, tensile modulus, and
flexural strength of the article in the axial and transverse directions are within 20% of

each other.

33. The article according to claim 26, wherein the lengths of the fibers of the fibrous material
in the molded article are greater than about 70% of their pre-molded lengths.

34. The article according to claim 26, wherein the lengths of the fibers of the fibrous material
in the molded article are greater than about 80% of their pre-molded lengths.
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The article according to claim 26, wherein the lengths of the fibers of the fibrous material

in the molded article are greater than about 90% of their pre-molded lengths.

The article according to claim 26, wherein the mechanical properties of the article are

substantially anisotropic.

The article according to claim 26, wherein the length of the article in at least one of the z-,

y-, and z-planes is greater than about 0.5 feet.

The article according to claim 26, wherein the length of the article in at least one of the z-,

y-, and z-planes is greater than about 1.0 feet.

The article according to claim 26, wherein the length of the article in at least one of the z-,

y-, and z-planes is greater than about 2.0 feet.

The article according to claim 26, wherein the length of the article in at least one of the z-,

y-, and z-planes is greater than about 3.0 feet.

The article according to claim 26, wherein the weight of the article is greater than about
10 lbs.

The article according to claim 26, wherein the weight of the article is greater than about
20 Ibs.

The article according to claim 26, wherein the weight of the article is greater than about
25 lbs.

The article according to claim 26, further comprising one or more optional reinforcing

inserts.

The article according to claim 44, wherein the reinforcing inserts are selected from the

group consisting of tubes, rods, mesh, and combinations thereof.

The article according to claim 26, wherein the article has one or more solid raised three-

dimensional features.

The article according to claim 46, wherein the one or more solid raised three-dimensional

features are blind ribs, posts, mounting posts, or tabs.
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