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Related Patents
Prior U.S. patents which use thermoforming of material can be seen in the four
Winstead patents, Nos. 4,420,300; 4,421,712; 4,413,964; and 3,789,095. The Winstead ‘712
and ‘300 patents are for an apparatus for continuous thermoforming of sheet material
25  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 the product
30  from the web, stacking and handling the products, and recycling the web selvage for further
extrusion. The apparatus uses multiple mode cavities in a rotating polygon configuration
over a peripheral surface of which the biaxially oriented web is continuously positioned by a

follower roller interfacing the polygon with a biaxial orientation device. The Winstead patent
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25  Composites and Qther Processes
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
individual materials. Most composites comprise two parts, namely a matrix component and
reinforcement component(s). Matrix components are the materials that bind the composite
30  together and they are usually less stiff than the reinforcement components. These materials
are shaped under pressure at elevated temperatures. The matrix encapsulates the
reinforcements in place and distributes the load among the reinforcements. Since

reinforcements are usually stiffer than the matrix material, they are the primary load-carrying



are shaped under pressure at el evated tenperatures. The matrix encapsul ates
the reinforcenents in place and distributes the | oad anong the

rei nforcenents. Since reinforcenents are usually stiffer than the matrix
mat eri al , thwp 2004maidde primary | oad-carryi ng WO 2004/ 0436B61/1US2003/035935

PCT/ US2003/ 035935 -3 conponent within the conposite. Reinforcenments may
cone in many different forns ranging fr-émfibers, to fabrics, to particles
or rods inbedmiﬁpimbmtmt‘mﬂ&hmam;bmm h&eirfforemenisemay ompe Sh treany Gliffprosti foems
structures have. e s

f th
5 microstructUreso éfﬁ%‘ﬂ%g 5 g%%‘g%# ggdso gddggas?lg e eveaFEorI?'theé) ©

occurrence of:ompmqnsasmes found in nature and indicates that nodern

conposite materighs, th@,vﬁ a?.fzpmle xtemwﬁgmt&gfﬁ%ml&m% rﬁi&l}n‘ﬁ{aﬁ@{,ﬂﬂé‘d in

nature. A perfect osite materi S ‘concret ferent
forms of donuncafbmahlfe@rf mnd pribe gimeramcs o alseasheiieveabsrtveonomrence\olr dompTites cenent

acts as t he 1'1 %gatufé’{%g hrit%'c% eg %haﬁ. Bfod&h %Eﬁ?@&sﬁ%%lﬁgé?ﬁl? fhve %@éﬂlugﬂ Q}%Iv%@@od

gravel, and scf eeI rei nforcenen h only sand
and cenent |m1mmtsu1uaane‘s fmaé isnatorg A perfohetaaipls of rachmpositenmatenios it cons:atwd and

stones, Wi Cliyerl b o LeRlorAPahliaNYs AS0bHGEFohelit WAKO TS demdth Ly ST €

sand and st ones I X and rein nt na concrete are
bl ended, poas éul meatdx, wilickebhldst theiclomiehty tagather, fxbientist saud tamvel, ahdistedieact as

gener at{ 98 OfciAlckHoilR Lonlich Il U onfS AU bEndIPABEL BTy s Bn B! 2

conposite structure or part eonet ry of
the nol d, di enade fromhemettto@hd regd gtoads, wbwh,onmrm hen@@ﬁptmgt@ osnmtetrmfelsed There

are many di f%ﬁtﬁ%ﬁ% %a%ﬁ‘iir?d Qbnef OFRORE Fnd ﬂeﬂﬂr&%gﬁﬁﬂéﬁaﬁ dt%o%grs ib\lla‘ﬁ;d"eﬁ, Each

pl astic resi S OWn unique properties, en co
different reburkbamienddads typicelit 8 adompysicuss Inihe gentirtiop o€ partsmerdh aith other and

hysi cal I '
X! ot ence. t ouapbliSmalcinl ¥ ERYT dahRlsid UGN Sho 8 ool By BRIMAEGS 11
rei nf or celﬁemgsomhalowblnmld dieer nthatterling fusgdde @mﬂwlcompoqnosmc@wsat erials is
staggering. Pl aStil%reCQM%Ptd?ﬁera{t%@%tL gg%&{lﬂo@‘t{’eh"\!nhﬁhlﬂg ancﬁédn%&YescaéaQQO“ es:

t hernoset and thernoplastrc co
conposi tes, afss@Er resplhag aits @Wnofmlh@amﬂmnﬁeqarwhlsmr‘ehent lembrose twithr differemt

under go a c h Eﬁ?&ﬁﬁzkmgﬂ@&gﬁe céﬁﬂ?}o@@es%ﬁls(ﬁfféﬂerﬂ K&cﬂﬂﬁ:aﬂ@i él 1 Hﬁ%&ld% Ufe Gnd f the

mat eri al . ce cure ernoset part cannot er noset
pl asti cs resicensidaiediike mtrldwpef Bl?&ﬁlpeﬂsiymm ip ewistente t@ﬂﬂanémumpmmbﬁmw by

stabi | i tygt haQ MRsder to?%lﬂﬂmeﬁ’x@x?té Ca§a1ﬂﬁlga S Suftber 3#1 otéduqhk$1§po§ﬁé>ﬁateha19 ked

structurefound In thernoset plastic. ’Terrmp astfc matri onents are
not as const slaEgesds. aglaﬁttveqomgmes pg tokas$i g dswithand tweoapringasy pfé@goub%dﬂlmsq’t enhaped

thermoplastic composites.
In the case of thermoset composites, after application of heat and pressure, thermoset
resins undergo a chemical change, which cross-links the molecular structure of the material.
25 Once cured, a thermoset part cannot be remolded. Thermoset plastics resist higher
temperatures and provide greater dimensional stability than most thermoplastics because of
the tightly cross-linked structure found in thermoset plastic. Thermoplastic matrix
components are not as consirained as thermoset materials and can be recycled and reshaped
to create 2 new part. Common matrix components for thermoplastic composites include
30 polypropylene (PP), polyethylene (PE), polyetheretherketone (PEEK) and nylon.
Thermoplastics that are reinforced with high-strength, high-modulus fibers to form
thermoplastic composites provide dramatic increases in strength and stiffness, as well as

toughness and dimensional stability.
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New thermoplastic resins are regularly developed and more innovative methods of

manufacturing are being introduced to lower the costs associated with manufacturing parts

25 made from composite materials, As the cost for manufacturing parts made with

thermoplastic composite materials reduces, the use of thermoplastic composites becomes a
more viable solution for many commercial and industrial applications.
Molding Methods Currently Available for Thermoplastic Composites

Most of the commercially available manufacturing technology for thermoplastic

30 composites was adapted from methods for processing thermoset composites. Since these

methods are designed for resin systems with much lower viscosities and longer cure times,

certain inefficiencies and difficulties have plagued the thermoplastic manufacturing process.

There are several methods of manufacturing with thermoplastic composites currently in use.
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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
25  efficient for large production volumes. Lower volumes of smaller parts can be manufactured
using aluminum molds on existing presses to save some cost. Other disadvantages of the
process are low fiber fractions (20% to 30%) due to viscosity problems, and the ability to
only obtain intermediate quality surface finishes.
Injection Molding

30 Injection molding is the most prevalent method of manufacturing for non-reinforced
thermoplastic parts, and is becoming more commonly used for short-fiber reinforced
thermoplastic composites. Using this method, thermoplastic pellets are impregnated with

short fibers and extruded into a closed two-part hardened steel tool at injection pressures
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20 point is the limitation regarding the length of reinforcement fiber that can be used in the
injection molding process.

Autoclave Processing

Autoclave processing is yet another thermoplastic composite manufacturing process
used by the industry. Thermoplastic prepregs with unidirectional fibers or woven fabrics are
25 laid over a single sided tool. Several layers of bagging material are placed over the prepreg
assembly for surface finish, to prevent sticking, and to enable a vacuum to be drawn once it is
placed in an autoclave. Inside the autoclave, the composite material is heated up and put
under pressure to consolidate and cross-link the layers of material. Unlike compression and
injection molding, the tool is an open mold and can be made of either aluminum or steel since

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

conducive for production lines. Significant advantages of this method include high fiber
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with will be described in more detail below in conjunction with the description of the present
invention.

The present invention is directed towards a molding system for producing a

25  thermoplastic resin of thermoplastic composite parts using either a vacuum or compression

mold with parts being fed directly to the molds from an extrusion die while the thermoplastic

slab still retains the heat used in heating the resins to a fluid state for forming the sheets of

material through the extrusion die. The present invention relates to a thermoplastic molding

process and apparatus and especially to a thermoplastic process and apparatus using a

30 thermoplastic extrusion die having adjustable gates for varying the thickness of the extruded
material, which material is molded as it is passed from the extrusion die.

The present invention is further directed towards a continual thermoforming system

which is fed slabs of thermoplastic material directly from an extruder forming the slabs of



the geonetric restrictions of an extruded sheet having a uniformthickness
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one nold at atineTinto a position to recelve a therno stic
* variable thickness from a heated slab of thermoplastic material being fed still heated from the

extrusion die. A plurality of molds are mounted to a platform to feed one mold into a loading
position for receiving a thermoplastic slab from the extrusion die and a second mold into a
release position for removing the formed part from the mold. The platform may be a shuttle
25  or a rotating platform and allows each molded part to be cooled while another molded part is
teceiving a thermoplastic slab. A thermoplastic molding process is provided having the steps
of selecting a thermoplastic extrusion die setting in accordance with the apparatus adjusting
the thermoplastic extrusion die for varying the thickness of the extruded material passing
therethrough in different parts of the extruded slab. The thermoplastic material is heated to a
30  fluid state and exiruded through the selected thermoplastic die which has been adjusted for
varying the thickness of the extruded material in different parts of the extruded slab,
trimming the extruded thermoplastic slab having a variable thickness to a predetermined size,

and directing each trim slab of heated thermoplastic material onto a thermoforming mold, and
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One embodiment according to the principles of the present invention includes a

25  system and method for forming an article from thermoplastic material and fiber. The method
includes heating thermoplastic material to form a molten thermoplastic material while
blending with the fiber. The molten thermoplastic material is blended with the fibers to form

a molten composite material having a desired concentration of fiber by weight and/or volume.

The molten composite material may then be extruded through the dynamic die to form a

30 prescribed flow of composite material and gravitated onto a lower portion of a mold for
forming the article. The lower mold may be discretely moved in space and time at varying
speeds while receiving the flow of composite material to deposit a predetermined quantity of

molten composite material thereon conforming exactly to the amount of material required in
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witten descri Pt RgsuREds &3 %ea0 bRWBRSf théle a4 B FIGURERE 1 is a top plan view
of a nolding systemin accordance with the present i'nvention; 10 Fl GURE 2

is a sidelSl evat i BFUREGAGS anrecTplami sshemasin siagrams of an pxigsive-molding eisRms 3A- 3E
are plan vi e‘é@coﬁimétb@lé@kﬂl%%erﬂlﬁé‘?ﬁ%sh@tﬂ&ll%r&” different steps of the
process of the present invention; FIGURE 4 is a side elevation of the
extruder of Fl GUREGURE.fR ipanother eupplasy block diegum off e skingiongpolding susieny uder

of FI GURE 4; ¢b@ drietdiez 6A. i s an exenplary schematic diagram of an

ext rusi on- rml di ng s stem_ according to FIGJRE 1 operable to form structural
parts; 7 is an exemplary exploded view of the dynamic die of FIGURE 6A

20  depositing the extruded composite material on the lower mold as supported by the trolley;
FIGURE 8A is an exemplary flow diagram describing the extrusion-molding process
that may be utilized to form articles or structural parts by using either two- or three-axis
control for depositing the composite material onto the lower mold of FIGURE 64,
FIGURE 8B is an another exemplary flow diagram for producing structural parts
25  utilizing the extrusion-molding system of FIGURE 6A via the three-axis control extrusion-
molding process;
FIGURE 9 is an exemplary block diagram of a controller of FIGURE 6A interfacing
with controllers operating in components of the extrusion-molding system of FIGURE 6A;
FIGURE 10 is a more detailed exemplary block diagram of the controller of FIGURE
30 6A;
FIGURE 11 is an exemplary block diagram of the software that is executed by a
processor operating the controller of FIGURE 10,

FIGURE 12 is an exemplary schematic of the flow control elements and a lower
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ext rusi on- nol Stem of FI GURE .
For many years, a gap has existed in the composites manufacturing industry that

failed to provide a process to mass produce large thermoplastic composite structures or parts
- at the rates and labor efficiencies of compression or injection molding, with the accuracy and
20 low pressures of autoclave molding. The principles of the present invention provide for
processes that closes this gap and produces such thermoplastic composite parts. The
processes are suitable for mid to high production volumes of parts, and may produce large

parts and structures with high reinforcing fiber concentration and at low molding pressures.
Referring to FIGURES 1 and 2 of the drawings, a thermoforming apparatus 10 for
25  thermoforming parts from a thermoplastic resin or from a thermoplastic composite is
illustrated having an extruder 11, a mold exchange station 12, and a compression mold station
13. The extruder has a hopper 14 mounted on top for feeding a thermoplastic resin or
composite material into an auger 15 where heaters are heating the thermoplastic material to a
fluid material while the auger is feeding it along the length of the exiruder path to an
30 extrusion die 16 at the end thereof. The material being fed through the extruder and out the
extrusion die is cut with a trimmer 17 mounted at the end of the die 16. The material is
extruded in a generally flat plate slab (not shown) and is trimmed at predetermined points by
the trimmer 17 as it leaves the extrusion die 16. A support platform 18 will support a
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a thernoplastic conposite is 11 rated having an extru 1,
exchange 5t aarfopn2ll in FIGRIRE; 1 c@hi)lfo@élgﬁ olatfernl 21 willhaven secod mﬂdélalf%ﬁ rﬂm@ﬂ has a
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mat eri al to moldfhalfi 1} iswnche pltfor 1& Themaldgsif 335 c#ﬂebqjmgomd @l pefgfiana | engt h

of the extr stfo ?&hﬁhﬁ c%péglmmuéamu%&e&ﬁa%m;nh&‘g@sﬁ}g 36 HRRf half P3€
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rotating pl a§g$;ggngglllg§m%v@lﬁggmdqmng;;pegdg ) Wwhich is nmounted on a central
22

rotating sha for Fotation as indicated by the bidirectional 5 arrow 21’

in Fl GURES 1. The It shouldibagotsd atthis ppinbthatithg ¢xtryday d1 aroduces fhe hewpdicxtraded siab
thereon whi ghy %&1% fh@qlehtnén‘arg?: *h%tocﬁgﬁfa%iﬁ;g Qﬁblmhl‘i"mﬁﬁresﬁ ad aé?ﬂerl@ td ggown as

nol d hal f 23") 'S on platform 18. The nold half

23' can be SWF‘E@ 189ld a1 apd |17éﬁ1@ﬁdymtfplﬂatl%r“ﬁﬁh2‘lt hayinghto é@ﬂﬁr%ssbﬁﬁt!irpfst ation

directly bengghf ﬁst‘i‘c%if&'fhl PRS iwiitaido Bé%@teﬁﬁérgmﬁ?& {n RnecHBHAREFL 4;di ng
pl aten 26 where tphe nol di ng operation takes place. Thus, the nold 10 hal ves

19 and 23 cah feHbenmoplagiesled samialscdierch variablebieknessdhroughauidts widsh toenbanse thag a

t her nopl agti &enﬁf@gemaﬁa&%npﬁg%ldml d half is nolding a part. Each of the
traveling nold halves 19, 23 has an electric notor 27 for driving the nold

hal f from the rotRuingtoFIGURESHAIEothe thermeplgstiamolsiing apparatus 10 is illustrated

having the mold halves 19, 19 and 23, 23’ in a series of positions in the operation of the press
in accordance with the present invention. Each figure has the extruder 11 having the hopper
14 feeding the thermoplastic resin or composite material into an auger 16 where it is heated
25  before being extruded. In FIGURE 3A, mold half 23' is empty and mold half 19 is being
charged with a hot meilt directly from the extruder 11. In FIGURE 3B, the mold carrier
moves the mold halves 19 and 23’ on the rotating turntable 21. In FIGURE 3C, the rotating
turntable 21 rotates on the central axis shaft 22 (not shown) between stations for loading a
slab onto one mold half 23 and a loaded mold half 19’ into the compression or vacuum
30  molding machine 13. In FIGURE 3D, the mold half 19’ travels into the press 13 while the
empty mold haif 23 travels under the extrusion die 16 for loading with a slab of thermoplastic
material. In FIGURE 3E, the mold half 19’ is press cooled and the part is ejected while mold

half 23 is charged with a hot melt as it is moved by its carrier below the extrusion die 16 until



18 or onto the stationary platform?24. A linear transducer 28 can be nounted
on the platform 18 for controlling the traveling nold hal ves speed. 15 It
shoul d be noted at this point that the extender 11 produces the heated
extruded sl g 209k/bdzkssCcont ai ni ng the heat energy onto the pigrasasosogseso! d hal f
where it is delivered to the conpression nold 13 and nolded into a part

wi t hout having to reheat a sheet of thel3oplastic material. As will also be
not ed her ei namipdately chaggednecti on with FIGURES 4 and 5, the thernoplastic
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by a gate actyater motor 37 which can be a hydraulic or pneunmatic notor

but, as illustrated, is an electrical stepper notor having a control line
38 feeding to a réthstreopdaht moldingprogessiirehdedarhichtingludeh eclevbiops thefmaphstist eps t o
nove thegpl ' | . tic
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37 can be seedjujtzhledicigRe npmbeisviphypreing the thickness of the extruded material in different

parts of the extruded slab. The process includes adjusting the thermoplastic extrusion die for

various thickness of the extruded material passing therethrough in different parts of the

extruded slab and then heating a thermoplastic material to a fluid and extruding a slab of fluid

25  thermoplastic material through the selected and adjusied thermoplastic extrusion die. The

thermoplastic slab is then trimmed and directed onto a heated thermoplastic material info a

thermoforming mold 19 or 23 and molded in a molding apparatus 13 to form a part with a
variable thickness in the part.

It should be clear at this time that a thermoplastic molding process and apparatus have

30 been provided which allow for the thermoforming of a part with a variable thickness with an

extrusion die which can be continuously controlled to vary the thickness of different parts of

the extruded slab being molded and that the molding is accomplished while the thermoplastic

slab is still heated to utilize the heat energy from the extrusion process. However, it should



plurality of plates, each nounted abutting the next plate, and each plate
controll ed separately to thereby vary the plates 35 in the channel 41 in a
wi de variety of patters for producing a slab out the output portion 34
havi ng thi clv@sm4dsessh can vary across the width of the rettUsaeedIntab. |t
will also be clear that the gates 35 can be manually controlled by 15
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(i) containing heat energy ,when delivered to the conpression nold 13 to
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more thinly at faster speeds. The thermoplastic apparatus 10 described above is one
embodiment for practicing the extrusion-molding process. Unprocessed resin (which may be
25  any form of regrind or pelletted thermoplastic 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-haif 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
30  lower mold half 19 relative to the position of the extruder 11, as will be described below with
the embodiments shown in FIGURES 6A and 6B, In those embodiments the lower section of
the matched-mold is fastened on a trolley which moves discretly below the dynamic die. The

lower section of the matched-mold receives precise amounts of extruded composite material,



sel ected and adjusted extrusion die to achieve a variable thickness in the
part formed. Thus, 10 the extruder generally provides a nolten fl ow of

t hernopl astic conposite material through the dynamic die, gravitating onto
a mol d hal f g h@M8dssd0! d in variable quantities in the yeihdpalospsane and
across both horizontal directions on the nold. The "extrusi on-rm(gll ng"
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of factors, including strength of structural part desired, density of fiber desired, size of

structural part, etc. In particular, the effect of improvement of mechanical properties is

25 marked with a fiber having a diameter of approximately one (1) to approximately nine (9) um.
The number of filaments bundled in the fiber also is not generally limited. However, a

fiber bundle of 10,000 to 20,000 filaments or monofilaments is generally desired for handling
considerations. Rovings of these reinforcing fibers may be used after surface treatment by a
silane or other coupling agent. To improve the interfacial bonding with the thermoplastic

30 resin, for example, in the case of a polyester resin, surface treatment may be performed by a
thermoplastic film forming polymer, coupling agent, fiber lubricant, etc. Such surface
treatment may be performed in advance of the use of the treated reinforcing fibers or the

surface treatment may be performed just before the reinforcing fibers are fed into the extruder



under standing that the exanples are not intended to be a conplete list, and
that other thernoplastic resins and materials nmay be utilized in producing
the structural parts utilizing the extrusion-nolding system Additionally
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fibersx100) (percent). Typical values produced by the principles of the present invention

result in not more than approximately sixty percent (60%), and generally below thirty-five
25  percent (35%).
FIGURE 6A is an exemplary schematic diagram of an extrusion-molding system 600a
operable to form structural parts. The exirusion-molding system 600a is composed of a
number of discrete components that are integrated to form structural parts from composite
material. The components include a material receiving unit 602, a heater 618, an extruder
30 604, a dynamic die 606, a trolley 608, a compression press 610, and a controller 612. Other
supplemental components may also be included to form the extrusion-molding system 600a,
The material receiving unit 602 may include one or more hoppers or feeders 614 and

615 for receiving materials M1 and M2, respectively, that will be extruded fo form a



5 structural support for the structural parts, as understood in the art, the
content of fibers is generally five percent (5% to fifty percent (50% by
weight. It has been determned that the content of fibers is generally ten
(10) to sewpBhyoalodidks PErcent by weight, and preferably frrtys2ensent (40%
by wei ght to achieve the desired nmechani cal properties for the production of
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t her nopl &st ireinfowsd theduoplstic wetsralatTae fisomopiastic materidlzime hp reinfercefl byTfilers,

distributio r..dj f | I ncl g the
fibers are ?@p%%@gw‘f%m%e% ar?g gﬁ‘%ﬂl’ _a@r?tﬂl;el\'t/le. E{dgneg[l @g\‘gg degs},m“nﬁat i ple
filanments (inoetherrhopladtie matsfialseaycheaitiliveshio apfordanedowitls the principles obib preisenént |
bundl es of ahaut five fibers are dispersed to provide efficiency and

structural pertormmance. Further, the "degree of conbing" may be eval uated by
observing 20 a sAdteatentld prelivets sher theymaplastio ynaterislsdvibswbia. divd extorder A4k ng t he

ratio of,th I i ' | L. rngyin all
of 1000 1c())r %B%%S%&\%‘S{%a%?éﬁoirﬁgioﬁéé&%tl%t@?gg?{g%%‘g@ m?ﬁ%gt%ngterg%ihﬁ% orcing
fibers in bundM?sviotn d€enf20oThe/dxtridet 6Gdufrtther nodfits thei thérmoplastig matdrisler $hd 00)

(percent). Typi a . Qrodu i.nci. fa.the pres .
i nvention raégeﬁl%?‘gl i {r’l% e%ﬁ%iroggrfyﬁog%r g%B% %%fa%ngettgrnﬁ’?énﬁqo& %%F%m ne fe(‘ﬁ%%}sa,l and
gener al | y behrovgtithe extpdéricde AR Sxtpeenmiput (BB 622Hk GulfpedGd\the sxanlcettdrapd ar y

schemati ¢ di.agr f.an r usi,on- i t 0O0a operable to form
struct ural 5%1r I%G.rg%ﬁ%@ﬁ?é@?@ﬁ?%ﬁlﬂogﬂgg}g'%(%r%e@? a is conposed of a nunber
of discret e conp@hedynsmichii 60brincludes myltipledliwtcontral elershis 624acf24h (qoledtisely r om

conposite eridgaly T n i nGl . terial receiving unit 602, a
heat er 618, r&g@ ex erfbo e?o%@oeg%%n%ar& 3%2%18 (li:l%g‘f@“aggaé?s’ gﬁ Fot 0%/“@5 : s

conpr essi on tiut epmaté klcontoldhaextmdddreonpesite GhRrial @2 dom theidyplamivadi¢ 606, wharponent s
may al so be jncluded to formth Xtrusi on- ool di system 600a.., Th

mat eri al recdéel E\’/Xitrrl\lgeeducr?fripo%tﬁf' aﬁ%’f}{s? %f%%%e(cogfr%%hvgiyddr%gf e %B’pvg’}uéneg?c f}c’éverégﬁ s 614
and 615 for acweei plamgP abtrdrelosl the Hbw amerol/Blemewds p2C t Theaduyputting af thei differdne

ext rude o forma 2004/ 043686 PCT/ US2003/ 035 -17 .t hegnopl.astic
compos: 128 °veRE 9%, 88T ol TR BT SRR e i 000 adbe PERIBD AR e
to receive pfeinble oangt forshevolaharioflovadds tangm detweed eppradiaitely @500 ardeyon0

compounds. lp%ul:[lcﬂ%erl ﬁ‘o%tr.%]tone embodiment, the flow control elements 624 are gates that are raised

and lowered by separate actuators, such as electrical motors, {e.g., stepper motors), hydraulic
actuators, pneumatic actuators, or other actuator operable to alter flow of the composite
25  material from the adjustable flow control elements 624, individually or collectively. The
flow control elements 624 may be adjacently configured to provide for a continuous
separating adjacent flow control elements 624. Alternatively, the flow control eloments 624
may be configured separately such that the composite material flowing from adjacent flow
control elements 624 remains separated until the composite material spreads on a mold. It
30 should be understood that the flow control elements 624 suitably may operate as a trimmer
17. In an embodiment of the invention, the molien composite material may be delivered to an
accumulator, placed between the exiruder 604 and the dynamic die 606, from which the

composite material may be delivered into a lower mold using a plunger or other actuating



exanple, materials ML and M2 represent the starting material i.e.

reinforced thernoplastic materials preferably in the formof pel I ets. M
and M2 may be the same or different 5 reinforced thernoplastic material. The
t her nopl astwo 20miesésel s nmay be reinforced by fibers, suptwresog/@sssor
carbon fibers, as understood in the art It shoul d be further understood

that non- therm)pl astic materi al ﬁl Sutilized in accordance with the
princi pl es widerstped phatsether agtppjesn firus Ta]N%&‘F@F Bs B wiplizad Jo rgege and

t her nopl ast hlge,,ggéf%a Phedls¥aa ﬁ@ﬁl ﬁ@}gm—ﬁﬁ Che@eliL b8! bub Bt 18 fundforalig i @gageo t he

f eeder channel and operabl e m x the heated therrm | astic Srr;r}? terials ML
and M2 vi a end dissagage BIEOVheqihéyelﬁltql?chéﬁ’St"@E%ﬂthhﬁ' e Foraxpmp h@e PRRST 5B Cast i ¢

materials. Fier S 64072 tlbRYesD 610 Ry Yedhisdlio @d?:‘thc%@ﬁisegﬁmZ%P%@fbﬂ@ to mx
and flow the conposite naterial through the extruder 604. An extruder

out put chanf® 622 is coupled to the extruder 604 and is utilized to carry
the conposite mafiRrdoftrollef 682 @&va@éﬁc@n}db&pﬁ@% theSvalib®s ShipRRdHEs AhEfoff Ghel NCl udes

multiple flow control elenments 624a-624 &col | ectively 624). The fl| ow
control el epnsigngphiingsysten G0RdiThe ﬁR?HPHe@é %is 2 RonerreEsbased unt HakoPRRER ni sns

t hat oper at grchdtrft® He fOimikd16f B brud el pARMMP S, SreBRhRdlieR b1 Deperatds @ednttel dynanmi c
die 606, where the extruded conposite material 625a-625n. (collectively 625)

varies in viesaspesite meiera) hemgdeposiied erdthe lowpy mold 686 by coptrolling damneraiing oo\

control 16! efRRbRpSA matbhel, CuthrRetil NG radd oftthiLexilddiRbRPbsite DakePiaiPB! dnld @hel | OW
rates ranges between_approximately zero and 3000 pounds per hour, A nore

preferabl e Peipaingdpd e of BvaRsat Plcths logar malde&éawg@g tiglexeRSio ZpRsive Fienmt el y

2500 and 30QQrudBPibiibdsiahatéifal 625, Ine@&ﬁmﬂéﬂmimmer obdiblé oo Mol HRAtere! ement s
624 are gates that are raised and |owered by separate actuators, such as

el ectrical Abt©hsat thethgrmoplasticypaterialsn T @ptmlm&%w gontrahthe, e ,ptthe PEEUMat i c

actuators, @fo @tmm@ammﬁa@n@ﬁ@m fov Gf &Jrﬂp%ﬁtefﬂﬁéﬁapﬁwédgﬁ t‘rié%mﬁlﬁf @ 25
mat eri al from t he adj ustabl e ow control elenents 624, individually

col | ect Vel god infodhe dyngyicdif 06 o Altematively e eppirolias 911 mayafes e Tate 9ft13‘?)ﬁ‘ﬂf’rgur ed to

provi de for ¢z @0ikel 1o QblBmesSie Afdkvarale N tiRCHod &lﬂc& nfate@4! BE tHeOxtrBde GBN Breb24.
Alternatively, the flow control el enents may be confi %ll.ll’ed separ ately

such that t FRATOHFHIERY: PEbhsheowrql dpaters Gipf ﬁtj""fl} l‘)"rﬁ‘%ﬁ’ft‘éﬂé%frﬁqun@ e QB gl

el enents 62404 eARed on BRPANALAHpatbdilg ﬁ)H@dCQFﬂéﬂﬁéﬁnﬂleH%Eﬁff|;@ﬁnﬁ&f ¢On a
nold. It 30 should be understood that the flow control elenments 624 suitably

may oper at e esjablighed fot,the dynamic di, 606, tocapply dhererirdest cqmposiisatsrial 425 o ¢ nol t en

conposi t9 NMfRE indld Y DR Hhednicwed fgy bOdéHed afeﬁtaﬁmklfetmw cEHtRE BmbRS gg3en the
extruder 604 and the g&gamc die 606, from which t gBosMe mat eri al may

be del i ver ey hecelectivslyeposiiioned shsh it ghe,movraept of thettff@@y $ dnPesitynaiy
2004/ 043686 sRfcHrohizi0RE B3 98BMetric HBw rate of the composite material in accordance with the

cavities 630 that the define the structural part being produced.
The irolley 608 may further include a heater (not shown) that is controlled by the

25  controller 612 and is operable to maintain the extruded composite material 625 in a heated or
melted state. The controller may, by varying the required speeds of the trolley, control the
irolley 608 during extruded composite material 625 being applied to the lower mold 626.
Upon completion of the extruded composite material 625 being applied to the lower mold
626, the controller 612 drives the trolley 608 into the press 610. The controller then signals a

30  mechanism (not shown) to disengage the wheels 634 from the track 636 as described above
so that the press 610 can force the upper mold 632 against the lower mold 626 without
damaging the wheels 634.

FIGURE 6B 1is another exemplary block diagram of the extrusion-molding system



understood that other actuated structural conponents nmay be utilized to
engage and disengage the wheels 634 from supporting the trolley 608, but
that the functionality to engage and di sengage the wheels 634 is to be
subst ant i alyy 2bdiR4E8E€. For exanple, the upper surface ‘S8uszbosassbase 640
of the press 610 maybe raised to contact the base plate 642 of the trolley
5 608. The controller 612 is electri caI'I29 coupled to the various conponents

that form t 6802 ek FIGISR® 6AnoTRE FrrusigRmelingoystenr 0k dn ponsigpisd 1o $pPPRE t%0
processor - Sﬁgsges Lhribzllq aﬁf'@ito‘o(mﬁ af §RrabRR to Qéc@lb@ %{er IRy 60§ a0 EuPpBss BE 1dwe

structural he controlle operates to control the

conposi te meneld 624 tobfgmgxe@gp@grpk@@t dﬁSItOH]é bPé‘ﬁéﬂFSt?ﬁS‘I thatgyg Welleys S8 mM3Y PP ng
tenperature g {_,Jp tbga qg@@,sg ealﬁvésfsrsoaLs toV BloViaB L bt GortiViubiph Qfuckulbi
site erla 2

extruded conp 5, and the positioning and rate of_ novenent

of the Ioﬂ/\ercombl@n@m a\singler greruder §P4 and dynnie dier686.o Whilepeheels 634 snddald %36 rmosi t e
mat eri al tﬁﬁgﬁ {o%rhﬁae Brblerhent fdz' rtﬁeh@dnep B6S ﬁmne dufbodiMinf, 9f shbil@ pheat er
618 to heat t ernmoplastic materials. The controller 612 may control t he
rate of the Lmégetpod @zoothe mevemenli TRechanissSpay el wiliesd worestrelmovemsyy fof the
conposite t 4 d9 I e 606.
Al ternati vg}a&c)%% ﬁ{)as c%hrﬁéghﬁﬂg mecogﬁyép%ger?gr %ﬁrga?g?‘le of e’?’%ﬁ%&’z’wgo to
alter the vd%ﬁ@tmqvémﬂt@%mh@ét@%ﬁost he conposite material fromthe extruder
604. They, cont rOHﬁl@Eodﬁ%nerfmmgrbe%elmgﬁeh t@ﬁ@?&’f St suD BOMM darls o kiRBmEX T r uder
604 and the dynam c die ased on the ructural part being forned, a
predet er mi nedtrgBen-weldmgsuvien 6005 may\pingdtancoushpiorn dectiffgrent stprdurghpasnyiethgi e 606
to apply thedﬁé’rEﬁtlﬂ:?é%&s%ﬁ)Mﬁ'ﬁWo @Jcﬁfsé b oSNk 18 "'s,ecaBQoIé nggﬁﬁnégr@ The

parameters nmay be defined such that the flow control “el ements may be

sel ectivel y {(§mbleite fiem mutple stuctural partsyihy spmtrollentl 2ipry simply [aligr cgnigol |°§the
posi tionall Ydm%faqm@@'aﬁ@gom?& BogaABd UGBIblB%EI'idnfg ihd }[5%5&&@ P ¢dnb81 oRAPESI te

material in accordance wth cavities 630 define the structural

part bei hy pregEchererrroyidise |fwh€5f5’8mﬂaa9 of H‘quﬁwmﬁe}lﬁa@l perisaiping ¢ sipglst

shown) that dguss rsbx 9hd &RaR¥ did1606. %szﬁ@mtbe %&e@gtooﬁltﬁata.a&kubm gies‘s@@@ioeanao
mai ntai n the extruded conposite material 625 in a heated or nelted state.

The control | Elleysips nwb\?éﬂﬁweﬁdo evetantigy pimalpnepslysodyre TRt STHEPRIRALS Want r ol
the troll eyam%aé}go‘eé{drd&gﬁﬁtcggrgggy te material 625 being applied to the
| ower nol d 626. &on conpl efion of the extruded conposite material 625

bei ng applied toH @Rﬁﬂm}éranrﬁfpaplﬂ@z%?bti‘ﬁ‘e“%ﬁf ths) dyepmigidie §0¢ dengsitingother of | ey

608 i nt 034 heephgRITof: %Qsmm?enﬁeroﬁltllleQBW&%‘dM 8103 %:oaeéﬁy R &3Ag) 608) got
shown) to di seng%g‘3 he wheels 634 fromthe track 636 as descri'bed above so

that the pre%® aamicshicQ06iprdudgyhe multpledlogrontg] glemsnts 6pfe-42dindt shawiid 626
wi thout  danBOinaGrsbb® e Be htmB3 4 ﬂEh%R%I BlBmérds 8UChRPhe BXRRGH BF YechthREK

di agram of the extrusion-noldjing syste
depending upon the resolution or détail of the structural part being formed. As shown, the

flow contro] elements 624 are positioned at different heights so as to provide more or less

25  volumetric flow rate of the extruded composite material 625 associated with each flow
control element 624, For example, flow control element 624a is completely closed, so as to
prevent composite material from being passed through that section of the dynamic die 606.
The volumetric flow rate f; is therefore zero associated with the closed flow control element
624a. The flow control element 624b is opened to form an aperture having a height hy,

30 thereby providing a volumetric flow rate f, of the extruded composite material 625b.
Similarly, the flow control element 624c is opened to form a larger aperture for the extruded
composite material 625¢ to be output at a higher volumetric flow rate f; onto the lower mold
626.
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extrusi on-nol di ng system 600b is configured to support two presses 610a and
610b that are operable to receive the trolley 608 that supports the | ower
nol d 626 t oybandaohdses structural part. It shoul d be undermtwostotdnassss wo
trolleys 608 may be supported by the tracks or rails 636 so as to provide
for formng nultiple structural 5 co_rrpoﬂ{ants by a single extruder_ 604 and
dynani ¢ di e 606. Ayndiatedheethe vedation ia shadingsolbtys exirpded mompesitei Baeral 625r ovi de
movenent fopsdhged Gath by PR oW RBFoIRIERRAL BB the fidw SRR dbnifts 63N ERT 84 0Od

that other novenent nechanisms nay be utilized to control novenent for the
trol | ey 608 dywRaricallyadjpsted basedonhaspapturalpasthsingiformed yie thelawer aad PRAST BYE em nay

be uti 11280 ch@and O TiQborRUSI A dulfie kibiBubal Pl SingS0nea Qg TpaRA oot d o7 612

may be configured to supﬁo mul tiple structural parts 'so that the

ext r usi of- mePHimEpEiopst mwrrnhslem%ﬁ%an@ohﬁsadwsgé torites ghegyoftymesiicflow
structural pacd s gy é}trg%fﬂecoO#&sft@&%ﬁal%ﬁ?%&?%nﬁé@éﬁoﬁs’lﬁ ﬂ%péaer JRe GRS Bolabe

controller 612 1's cap storing paranmeters  operable to formnultiple

structural (526t othenaorlsrhapediondie cgifies ) defined by thellevesr anbynpeinolds 6265ed
dynam ¢ di 65§96m@£bg bée! B¥iSridd Q83 g@@' 80 Diiedt iy ekl ! Wor RUAPBLGES TN a

gener al softwa’re. rogram thereby providing for the formation of two
di fferent steupesite matgpak layver gediony628a 43 thiymer thaneampgeife BYariad layeripaiantedhdi e 606.

|t shoul §) DeiRThipR do WhfticAO it AN Birp 6562 Srhidh fhs AGheply! Bt B4 AP Y De
utilized to substantially sinu taneously@produce more structura parts via

a singl e extlpagtiens cdlp camidy GRhiartheclowremeld§26.FIrGuiRe worilss therextmdedisompssitex pl oded
vi ew of the gyhap he bkl : ' erial
25 o t ho o B e B B e b S P

dynami ¢ di e "60& §26cind @83 {nbothrdiettmpt ends thisovasip sentelled proprsses sagblenf boing . | t
should be yadehahQdhd dAahsidddSoBipRAkenPbook | RYeSRAES wmp%éiﬁgg{a%rﬁ ﬁgﬁ} 6?ﬁg be

i ncreased or decreased dependi ng upon_ the resolution or ¢
structurgl peayvtbeybynpmgically; shisepd imdermp ghyicknese based gy theovplumsttricefleiate ef B24 are

posi tioned akglichbehadile Relellsss S RSsphdl RLAN) SEnIRSIRy 808, €SS 25 vol unetric
flow rate of the extruded conposite material 625 associated with each fl ow

control el ement Bgpositingth decomppsiig medsmiel et Sedasertmad meybe pederpiedt el y

closed, so Joﬁtrolﬁﬁgeﬂa%rhﬁndﬁ%’tg&é}oé&rh%d% Béi@'mitérﬁ?}d&%%i% 194?5 Qf il Qigh that

section of the dynamc die The volunetric flowrate fe is therefore

Zero associ akwdxnewn therreruptprgbpagt Heing predypads dior gl!eéw@;ﬁxis C*BIZ‘Z!h .theflrwemm\nf control
el enent £R4hyd 1%01&9 %ﬁ?%etclgnt’;d%mﬁﬁ% %9 gﬂfﬁ& tu% Roh@khi'@ Rpdd& it xidied c?aﬂgssﬂ@r eby

providing a volunetric flow rate e extruded conposite material 625b.
Sinmilarly, treieral Byyagigys anesunispiong e agi3af deposip pEardlr trsefanis spairol. dhayartowiper t ur e

for the extrgtdfd extruder may utilize a dynamic die that includes flow control elements, thereby

providing for different volumetric flow rates to be simultaneously deposited onto the lower

mold along the axis perpendicular to the axis of movement. It should be understood that

25  other embodiments may provide for off-axis or non-axis contro! to deposit the extruded

composite material in specific locations on the lower mold,

By providing for control of the trolley and composite material being applied to the

lower mold, any pattern may be formed on the lower mold, from a thick continuous layer to a

thin outline of a circle or ellipse; any two-dimensional shape that can be described by discrete

30  mathematics can be traced with material. Additionally, because control of the volume of

. composite material deposited on a given area exists, three-dimensional patterns may be

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

to be produced. Once the structural part is cooled, ejectors may be used to push the



conposite material 625c to be output at a higher volunmetric flowrate ff
onto the lower nold 626. WD 2004/ 043686 PCTI US2003/ 035935 -21 As indicated
by the variation in shading of the extruded conposite material 625

associ at ed wbhbvaeasshs of the flow control el enents 624, tHex/632009/035m% r ol

el ements 624 may be dynamically adjusted based on the structural part being
formed via the |ower and upper nolds 62% and 632. Accordi ngl y, based on the
structural parsohdamdrngatémlrﬁﬁd giegmold.d el mmamle@\péﬁhmp@se@éwamnrw bh), the
flow controls.glg TRhpdie Bl SO0 @ biBlychd S ahIBRLL| frolebP W
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defined by the Lpwer and upper nolds 626 and 632, the conposite materi al

| ayer 628 may e var| ed in th| ckness For exanple, the conposite nmateri al

| ayer redi oYaBe d Beneifitsrob fpldine Processt eri al | ayer region 628b, 10
which is thlcker t | eper
draft than ot her o%%%ﬁuﬁlgﬁwd g‘;dy%:tgr\r}l?igeg f?b\r(;:rthe I%Mmg?ﬁ?rglggssm? b
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al Lered baseel PRiEIPRL Bhpbliis Shbn 30 e Ly e ndihty, (70 and

632. In both t e-axis contro roc sses capab bei ng
per f or med ordemwétoemvoa@b &) heyt-piessgresyand div) GoQbine teﬁ"'@leE%t r b@mab dbﬁtbﬂiti’ e

materialy l a vidd q'?rl vfﬁ?y P %o yf;'%gla?%d )ﬁaé’ilu%eéo@g ﬁrd?n tlr?fnﬁEBco%poEJFH %%ﬁ $s based

on the volunetric ate o extruo osite mater and the

speed of tr fudler pfovidnefor myitarial prepsty flowibdisy. tThﬁgdwmhMP@deﬂmm the

mat eri al on unt of

oxt ruded gorusiPaenfifin FBc, Tk Ao Roht A6y MiBiicblod (el BEABEUTL 1
structural p@e)k better meptesiad dloweand ee of Welusiop ofijarge meamtsrinithe mpld. nBwelawnt of 20
the trolley iRhes RN bfloddlfiiding fiesed Svifth IERACHE Bhar'o tABAASHbIAL N

extruded corfposite naterial in various anounts al ong the axis of deposit.

For the thr apd thrimpckipes: ansl locks Mery dittle Stuess ingst the ptauctusal parthe Thermpchine effficiancy

dynami ¢ di e Jthales kI GheiRTy I BVRPR RN o RlRiIE itrerch! BEIG g or

di fferent v %umet r(%}c eﬁ% &yrat es to be Cél r?u aneoﬁs{}%geﬁggﬁ@g&%ﬁ%t he

| ower nol d eﬁlicmgy eftihe entiugion sssai, Bprebi J;ﬁducms thmqlawﬂgumbernﬁmmﬁ tormma shoul d

be_under st 0gghdith dperabll CARERANY, BR Y ferHRALRES W it h&ordilfo el ptinBipteRON- ax1 S

control to dep 05|t the extru nposite matértal In speC|f|c | ocati ons on

the | ower noif éhe psyerﬁmmnnmwfbepntmﬁfﬁdrvmh reAny elstingmeachiags: and conposi te

mat er i al%obelﬂgemléﬁgh%p the |ower nold, any pattern may be formed on the
rom a

| ower continuous layer to a thin outline of a circle or
el lipse; any twoTht extrsionmpldiagpieecsy plows casion compesite ibisads t9ybedtogppended

using several different types of resin and fiber. The extrusion system may produce parts with

several resins as described above., With traditional compression melding, pre-manufactured
thermoplastic sheets, commonly known as blanks that combine a resin with fibers and desired
25  additives are purchased from a thermoplastic sheet producer. These blanks, however, are
costly because they have passed through several middle-men and are wsually only sold in pre-
determined mixtures. By utilizing the extrusion-molding process according to the principles
of the present invention, these costs may be reduced by the in-line compounding process
utilizing the raw materials to produce the structural parts without having to purchase the pre-
30 manufactured sheets. Labor and machine costs are also dramatically reduced because the
extrusion-molding system does not require ovens to pre-heat the material and operators to
move the heated sheets to the mold. Since the operator controls the compounding ratios as

desired, nearly infinite flexibility is added to the process, including the ability to alter



30 mat hematics can be traced with material. Additionally, because control of
the volune of conposite material deposited on a given area exists,

t hree-di nensi onal patterns may be created to provide for structural
conponent s wiotznoschamss dr af t and/ or hi dden ribs, for exanpb@r/US2008/438939r oduced.
Once the structural part is cooled, ejectors my be used to push the WO
2004/ 043686 PCT/ US2003/ 035935 -22 consdlidated material off of the nold.
The princi ppegertiés while polding ot o ereaine gduainalensein edos; fon expmple. t Al wdike or nore
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| ow pressures, chine efficiency. Materials flexibility 1
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The thermoplastic composite material being deposited during the extrusion-molding

process is much more fluid than that from a heated pre-compounded sheet, thus allowing the
thermoplastic composite material to flow much easier into the mold. The fluidity of the
25  composite material being deposited onto the mold results in significantly reduced molding
pressure requirements over most other molding processes. Presses for this process generally
operate in the range of 100 pounds per square inch, compared with 1,000 pounds per square
inch of pressure used for compression molding. This lower pressure translates to less wear,
thereby reducing maintenance on both the molds and the press. Because of the lower
30 pressures, instead of needing a steel tool that could cost over $200,000, an aluminum mold,
capable of 300,000 cycles, and may be manufactured for as little as $40,000. Less expensive
tooling also means more flexibility for future design changes. Since the thermoplastic resin

is relocated and formed on the face of the mold under lower pressures, less stress is locked
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fluidity of the 25 conposite material being deposited onto the nold results
in significapkyibp wtiigadde goniictipmyith varying trolley or mold speeds. For both the two- and

three-axis extrusion control process, the lower mold 626 may be moved in space and time

while receiving the composite material to conform the amount of composite material required
in the cavity 630 defined by the lower and upper molds 626 and 632 af step 810. At step 812,

25  the upper mold 632 is pressed to the lower mold 626 to press the composite material into the
lower and upper molds 626 and 632. The process ends at step 814,

FIGURE 8B is an exemplary flow diagram for producing structural parts utilizing the
extrusion-molding system 600a of FIGURE 6A via the three-axis control extrusion-molding
process, The structural part production process starts at step 816. At step 818, thermoplastic

30  material is received. The thermoplastic material is heated at step 822. In one embodiment,
the thermoplastic material is heated to a melted or molten state. At step 820, fibers having a
predetermined fiber length are received. At step 822, the fibers are blended with the heated

thermoplastic material to form a composite material. The fibers may be long strands of fiber
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mold 626 to form the thermoplastic structural part. The structural part forming process ends

at step 834.

FIGURE 9 is an exemplary block diagram 900 of the controller 612 as configured to

25 communicate with controllers operating within components of the extrusion system 600a of

FIGURE 6A. The controller 612 communicates with the various controllers for bi-directional

communication using digital and/or analog communication channels as understood in the art.

The controllers operating within the components may be processor based operating open or

closed-loop control software as understood in the art and operate as slave computers to the

30  controller 612, Alternatively, the controllers may be non-processor based controllers, such as
analog or digital circuiiry, that operate as slave units to the controller 612.

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

to control speed and temperature of the feeder(s) 614 for mixing the composite material M1
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The controller 612 is further in communication with a dynamic die controller 908 that

controls the flow control elements 624 of the dynamic die 606. The dynamic die controller
25 908 may operate to control each of the flow control elements 624 collectively or individually.
Alternatively, each flow control element 624 may be individually controlled by separate
controllers. Accordingly, the controller 612 may operate to issue commands to the dynamic
die controller 908 to set the position for each of the flow control elements 624 in an open-
loop manner. For example, a stepper motor may be utilized in an open-loop manner, Actual
30  position of each flow control elements 624 may be communicated back to the controller 612
via the feedback data 1022 for the controller 612 to utilize in controlling the positions of the

flow control elements 624,
The controller 612 is further in communication with a frolley controller 910 that is
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controller 912 may control system-level heaters and coolers or component-level heaters and

coolers. Feedback data 1022 may provide current temperature and status of the heaters and

coolers so that the controller 612 may perform management and monitoring functions.

25 The controller 612 is further in communication with a press controller 914, which is
operable to control press operation and temperature of the upper mold 632. The press
controller 914 may be a standard controller that the manufacturer of the press 610 supplies
with the press 610. Similarly, the press controller 914 may include a temperature controller
to control the temperature of the upper moid 932. Alternatively, the temperature controller

30 may not be associated with the press controller 914 provided by the manufacturer of the press
910. Feedback data 612 may provide current position and force of the press and temperature
of the upper mold 632 so that the controller 612 may perform management and monitoring

functions.
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the controller 612 to utilize in controll Iirgig {Ehe positions of the . flow
REIGALEE

control el eferfxgacgon tookndf the fpgdbrakdiatagiz2 {98 the; extragiiomiseldad e with a
trolley contifdulipextbling e ndided WA BHIREE P GRS O0BE B3RRBR-maldlf coupl ed

to the trolley 608 and 1s operable to control position of the trolley 608
and t enper 8stFPed08% may be nosified thapy proio exivth with Bisexiwrctian togh the et gt WpFge

control 18i gRRIGE 63048 832, thehfest 60U, RYhebiONd:BbILESF tRelGhpehad loRBEhHAIH 36 @R & Servo
to drive the trolley 608 to the positions, conmmanded by the controller 612,

which, in tﬁ%leh@%ﬂré?m%ﬁmtﬂr%mtqf&*eéﬁwsméaoléiw?m 0% material 625 onto

the lower nold 6R€houR®S uhdediiSodithe Whl¥BE cofbler 82D mas 6OERNREEY to bRlatd@gh  the
extruded conposijte_ mater Iﬁglﬂ&?lfg er 628 that is deposjted onto the | ower nold

626 is ol FEOHEr foRsah &'t opthe ppfsianmolingd systsih 8892 dhatdicer i al
layer 628 deasildra2 falh Bt codfROfE t6 Make@l the 36mpdienth 8 LhoRdistitdemd eaATANeSi t e
materi al. 625 is bei ntggd‘gopgm t ed. Tp?ere%fore, the controller 612rﬁafw
conmuni dat e TEBREr Bt O WPTe e Goptrelises of by qogipoRsgisipay) nsrateprsnere HEiFIhi n 10
the tenper atetRl@é thdleusexthé YateheGATHO et Grubiatal phidd béiaygmcﬁz&t t€dhigge at a
substantially constant tenperatu based on tine of deposition of the

extruded coRPBYMEandeAnpl naramelass anﬁgﬁﬂ ARV URTRomiadsd by e eopiolleg 12, s

t her nopl ast i péfein@rd @lncfibn, M §REIdSEAfuRhdraRREEBSA Rt tHCEHAbIRAE D SmayFRedback
data 1022 may provide current tenperature and status of the position and

vel oci ty of Progemued|tp asropmodaln diffessph Bechapiral coniisuptiongglcthe RETUOB MRS { hat

the contol k@kem 409a 6 ker diBNpREF 1R RHIBAAISIBE bysRI600R Rt Dtonfghrbd 16k tans. The
controller 612 is further Jn_comuni gatl n with a bga,t/cool controller 912,

which is oP¥ér¥ArEk e cuftdenPOs Bensiaied of pleryrse fRRyed FatiyR dp BSteHEsnelowes or t he
ext rusi on- maoti 679, WNisk MAY or may not be coupled to a trolley 608, then the controller 612 may be

programmed to control the movement of the output of the extruder 606 rather than movement
of the trolley 608.
25 FIGURE 10 is an exemplary block diagram of the controller 612 of FIGURE 6A. The

controller 612 includes a processor 1002 coupled to 2 memory 1004 and user interface 1006,

The user interface 1006 may be a touch screen, electronic display and keypad, pen-based
interface, or any other user interface as understood in the art. The processor 1002 is further
coupled {0 an input/output (I/O) unit and a storage unit 1010 that stores information in
30 databases or files 1012a-1012n (collectively, 1012). The databases 1012 may be utilized to
store control parameters for controlling the extrusion-molding system 600a, such as data
associated with the lower and upper molds 626 and 632, The databases 1012 additionally
may be utilized to store data fed-back from the extrusion system 600a during operation



600a. The heat/cool controller 912 nmay receive the control data 1018 from
the controller 612 that commands the heat/cool controller 912 to operate at
a specific or variable tenperature 20 based on a nunber of factors, such as
t her nopl astweo zemabewsal M, anbi ent tenperature, char actRETVERPSHITIBS
structural part being produced, productlon rates, etc. The heat/cool

control ler 912 may control system| evet2eaters and cool ers or
conponent - | tigwedf. heat ers and cool ers. Feedback data 1022 may provide current

tenperature and §kalddssGf 10098s RBEHKE So RAuieCRANRIESIAQ filidld tdeof@niteol | er
612 may perform managenent and nonitoring functions. 25 The control |l er 612

is further vasiopugempaneinafdhe exfrusionamoldipg ySE@rﬁOPQ)W}déP mgnage thefletahases10lgper apl e
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press and tenperature of the upper nold 632 so that the controller 612 may

per f or m mana§diEnt cosmgnsrbpf tb@?%hﬁgonmw&gu syt 66Re HobayldhaBeiger understood

PCT/ US2Q93/ @3bR3smtolRs T@ﬁs:ﬁ Séﬁ{ellﬁﬁzlﬁglgsehﬁl ok Parh I prokddoicOMMIUINi cation with
an extraction tool control S operabl e to control extraction

operations on a “riedeagk by LR?PUWI?EPI‘ B RsohdRale ormultinle B stwewss, iswaerabipior ol | er

612 recei vi Rgquaelt iftd C3birRm the %&ﬁﬂu&!ﬁ%&yﬁ&ﬂ%@duﬁﬁ%géeﬂaﬁoﬁaﬁhéﬂaé‘dba&r ess 610
has conpl et ed E)r essing operations, the control]er i ssue contr ol

signal's 5 16881423 maydessusprdetapfiich aLEMpEFIE OFIEPD, 9@80%1%’% PEHIE OB act i on
of the nol d@ﬂet%ﬁdéﬁ_\l #foRatidhGRRAARE from ﬁfé%’lﬁ&bkdﬁ%dddm& SReR60ad @Ic@or&iggl may be

utilized to indicate current operatlo he extraction tool

f eedback? dathg byt méﬂweé@qﬁarﬁcet‘fﬁéheefﬁqdi%t%d 02 Gpm; the Pramﬁlﬁ@rmoéﬁmgr iculty

extracting Eﬁ&m”ﬁd@ﬁiéﬁh hintimiddicdhe RAITRRBIA 02200 (1RRERELE 100D 18 Butilized by
ext rusi on- mpl di ng st em 600a glébe notified that a problemexists with

the extract Fb@ﬁow 1h lhp solbyare 1014 gpay storepthe ispdhacis dada yihe drtabase 1942 prdess 610,

the heater g@flizamd ﬁ@dlﬁ&k HAE 10808 colfroll tRV\EUmpdRdnth §2fe 8thsioBIoldify sydleRer
conponent or function of the extyusion-nolding system 600a. |t should be

under st ood £#%t FRheiearlenis thosass Bqtp‘éPmB‘irEmM ﬂ}&é‘%‘%ﬁ-ﬁﬂ”@fﬁk@*@y fhe hsatamast er

control her t&froB@04ad tHehRnE€AP SNE it e &inpeliaﬁreee@tthyﬁéa@aaﬁwbédoﬂﬂs f63bwm 6004,
that the controller 612 be confi ured to man g he conmponents in a

a
more di stri BGR&H "@B'i‘ﬂqebﬁpe’lnzﬁ‘ﬁs‘}?&rﬁ?&’lm 4 Fia therfaptr ‘@sm“? focthe Beater 8L By s of
t he conponemcfeadthle RPGHAIR BGedTDTRe éodirallek 6Ed component (e.g., heater) may include

an automatic control system as understood in the art for performing the control and regulation
of the component.

25 In operation, the controller 612 may store control parameters for producing one or
more structural parts by the extrusion-molding system 600a. For example, data associated
with parameters of the molds 626 and 632, such as dimensions of the cavities 630, may be
stored in the database 1012. By storing multiple sets of parameters for various structural
parts, the extrusion-molding system 6002 may be utilized to form the structural parts

30  substantially simultaneously. The processor 1002 may execute the software 1014 with the
different sets of parameters in parallel to form the structural parts substantially
simultaneously, That is, when one structural part is being pressed, another may be formed

via the dynamic die 606 by applying the extruder composite material 625 onto the lower



controllers that use the parameters of the structural parts being produced
to conpute operating and control paraneters and | ess as servos that are
commanded by the controller 612 to performa function. It should be further
under st ood whatostowssseontrol | er 612 may be progranmed toPEHESGHNFIENSE

di fferent nechanical configurations of the extrusion-nolding 20 system 600a.
For exanple, if the extrusion-nolding S%‘t em 600a were configured such that
t he out put BPld636 extruder 606 translated or otherwi se moved relative to a

stationary | owerprGomigth 16¢6én eydmpraby HlBMc @hgrdR ¥f e lsofBeare Q0 tBat it excouttd W | ey
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r alle r topol c
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drive the components of the extrusion-molding system 600a to form different structural parts,
For example, the database manager 1106 may have access to a set of parameters for
producing a pallet, I-beam, backboard, etc. It should be understood that each of the
25  components of the extrusion-molding system 600a may be controlled by generic drivers and
that the parameters selected for producing a structural part may alter the behavior of each of

the components of the extrusion-molding system 600a accordingly.
The system drivers 1104 may be utilized to integrate with the components of the
extrusion-molding system 600a as understood in the art. For example, individual system
30  drivers 1104 may be utilized to control the feeders 614, heater 618, extruder 604, dynamic die
606, trolley 608, and press 610. The system drivers 1104 may be customized by the operator
of the extrusion-molding system 600a or be a generic driver provided by a manufacturer of a

particular component, such as the press 610, During operation of the extrusion-molding



ot her sensory information nmeasured fromthe extrusion-nol ding system 600a.
Accordingly, 15 the 1/0 unit 1008 is operable to receive the feedback data
1022 fromthe extrusion-nolding system 600a and communi cate the feedback
data 1022 twobsRops@cessor 1002 to be utilized by the saftwmosodfist. The
software 1014 may store the feedback data in the database 1012 and wutilize
the feedback data 1022 to control the cdhponents of the extrusion-nolding
system 600systeFnf00a pamipting 2 simoctud perdgbe Btemlivers @4 meyiptdlizg fthey nsEmeiess er
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1100 is operable to nanage vari ous aspects of control ler 612. The
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drivers 1104umaRCts dufffDASfordRNAAREy &Aoo, AMGEBLAE tb by £P98 102 i S

utilized to provide an interface for an operator of ext rusi on- nol di ng
syst em 600a SYsene seppsst 11Gfemay triggss B -oppiater injeriage t1ded Go@aplmﬁ\aaﬁaqhye épd

establ i sh pragiRmBti@NdidonBERE bdiRas &inepti@duci ng structural parts. The
oper at or |nterface 1102 . communicates with a program sel ector 1108, which,

when previ ously PIOHER s eXpmplag sghymatie obibe dlapgontre) elameats62a- 64 ams £ or
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to produce aﬂog/acl; | et may be selected via the o t]j%oer ator interface 1102 by an

ontrol elements 624 along the y-axis (identified as spacings 1-5) and defined by

spacings a-e along the x-axis. It should be understood that a higher resolution for the grid

may be attained by utilizing more flow control elements 624 along the y-axis and defining

smaller spacings along the x-axis. Depending upon the particular structural part being

25 formed, higher or lower resolutions may be desired and parameters established by the

operator to define the higher or lower resolutions may be stored in the controller 612 via the
database manager 1106 for use in producing the structural parts.

TABLES 2-10 are exemplary data tables that are utilized to control the components of

the extrusion-molding system 600a. Specifically, the tables provide for the control data 1018

30  for controlling the components and feedback data 1022 received by the controller 612 from

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

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

to form the structural parts. As shown, the control data 1018 includes the rate that each
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temperature control of the extruder 604, the heater 618 may include heating and cooling

controls and/or on and off settings for controlling and/or regulating the temperature of the

different zones within the dynamic die 606. Accordingly, the feedback data 1022 may

25  include the actual temperature for each of the zones within the dynamic die 606 for control
thereof,

TABLE 6 is an exemplary table for control of the flow control elements 624 of the
dynamic die 606. As shown, the confrol data includes flow conirol elements 1-n and
positions for each flow control element 624 ranging from 1-m. It should be understood that

30 the flow control elements 624 may have a nearly infinite number of positions. However, for
practical purposes, the flow control element positions are typically set to have certain
predetermined positions, such as each quarter-inch ranging from zero to six inches, for

example. In controlling the positions of the flow control elements 624, a stepper motor or



10 tenperature neasurenent, Accordingly, other sensors may be utilized to
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extrusi on- m&ﬂbmaf%e?e%h%%-mmﬁﬁdﬂef §81h Yepulhfd Ghd tBRhe Stutl 0P e dvdr Rloidt he

control data 1018 for controlling the conponents and feedback data 1022

recei ved by 63 o grmm, pethe gaimded enmnosite rexierishersrie applivh the pwsr woded8. f or
control of uhe.feeMdstrtdioWianoRl 26U the Rullftd acrb I GhdTRieA % feguis@RROSI t e

material M, fiber material M2, and any other naterials (e,g., color) to

f or m t hd3st farpeaia offhe exdrudodscompgiily marial layss 62 paserhomy timo o0 pthet| ferdIs 2%t he rate
that each Ve2000404 3686iaPE HehRAOMORE W3 noRsTseRd antiPhé sk Iphi & | Ng
material to the extrusion-nplding system 600a and the feedback data 1022

i ncl udes t h&emaygbiiomn theppldsf26 apd ng. currently in each feeder 614. During
operation of thera®mpgt rRURI &nex’éﬁlpﬁgggbﬁ)/ﬁ&teﬁfbﬁ@ﬁaexewﬁr}f Sdr@oP bathii@edBber i al

bei ng delivered fromthe feeder Is controlled and | evel of the material
in the feed&suroBing thedroleneQd &5 showrns thssantepl data KA insdndss prsition; peedotnddifle | evel

of the mt ethidol fob tHe@DNANEUR. IOsHLNA bl Bndehifooll BRESIIIRAS oRRA LRG0 MhyhTUM
anount so that the operator ma additional material to the fleeder 614.

appl
TABLE 3 is #5ludskinsratrg} mosipp af %ﬁggﬁeg%@&i Huexpmpple.agsalrastion, sotation pit qughlart o

heaters in position, or other dynamic control data may be wutilized 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

25  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 exiruded 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

30 press 610 is not activated until the wheels 634 are disengaged via the 1ift mechanism (e.g., air
tubes).

TABLE 9 is an exemplary table that provides for control of the press 610. The

control data 1018 may include lock control data and cycle press time. The feedback data



the extruder 604. In the case that the extruder 604 is defined as having
seven tenperature zones 1-n, the tenperatures for each zone nmay be set by
the extruder tenperature control 10 being defined as being set to heat or
cool , on orwof2fg4/azedé or a specific tenperature (not shorgiyus2ios03sBedback
data 1022 may include the actual tenperature of each zone of the extruder
604. Accordl n tenperature_ sensors aP2-i nt egrat ed |nto ch zone of the

ext ruder %aIﬁEV mpladg posisien af the E%“eé’éﬂg Bheypressiod @ ambpasition 8 fEessPASack bus

1020 to the (ﬁﬁﬁ?tcéﬂﬂoh &itd 6ckiBackipRfamkRadiadibnat lay 8t incihaedtdBbdtrof the resdd Foxenpl ary
tabl e that prow des for speed control fo‘ri?ﬁermtor (not shown) dr t he

auger 620 oFSHBRS:ERerptyre eondrel of theop foresr Rt/ R prepa 640, £ise Y ﬁif? h‘aes

speed contr ghcngeéting to drive the notor. Actual speed and |oad of the notor
are fed-back via_ the feedback dat a 102&{}&0 t he s stemdriver 1104 utilized
to contrdl the ratBLEOPrRYIdss gLeXeRPYTY @ &e?ﬁ%e ar, $xkragtion toqd (19 $1O%F At a

1018. 20 TABbFexfrashRkiaBfmdin@udt@aPeiitfidth EeGRSIES 616 01630 8R4 ofpietlod HEthelynani c
die 606. The <control data 1018 may be defl ned by zones 1-n within the

dynani ¢ di e DEENE &deplignalivy ceqlisg Pf@ﬁﬁs%*rlat forming B strupturglfpatth dhe gentiphidsta 604,

the heater 638 pRY ihdiedeld Gtalt @RkdcREn @ ﬁﬁ?lofeb(ﬂﬁck QRARNDP! SadnAtiRle LP8ngfnd of f
settings for controlling and/or regu tlncﬁtat e tenperature of the different

zones wi t hi rfxiracEioRipabpasition ¥ skryld beAE’é?thﬁ‘i’ ?@“‘?ﬂ"ee’?“@%é?ﬂls Ffplegery?d may 25

i ncl ude fohe AGkiakiod BRPRER LY (BAPanEaEH sesoly e dbMAERIANE bt Hy R ¢ die
606 for control thereof . TABLE 6 is an exenplary table for control of the

f1 ow cont r olbagh @ ke ERIAIHEI t he dynani c die 606. As shown, the control

data includes fl eigumomis gl uqJ |66t the flow c@iel elﬁﬁ&ﬁdZQﬂSZJi%al%ﬁ&ﬂoﬁb@%Cont rol
el enent 624 ranging from l- It shoul d be understood that he fl ow

control el erfhtospsdte %?lah%ﬂ;%thﬁ lovess mold 626 of RIGURT O 8 shownpihe flpy sppirol

However, f Orelenibhﬁcdmcﬂé pBdifidiRE @%ong Lhe yfak@WwﬁiéﬁtﬂrWﬂe@|f81n'ﬁﬁ'ée-a&9§é6ntr&nﬁjr are
typi cal If/snset to have certain predetermn ned ﬁoleons such as, each

quar t er - Pncifiepestige i pPBdadLompostits matskial 7S nato the ipwer meld 760 Accordiaglis the) | i ng

the positi onsa@f cohfi® fbr deposRig iHeQirfded B&ﬂﬁoﬁlt@rﬁﬁteneﬁ 633 RRPEY profRd by bntdD
2004/ 043686 PCTI US2003/ 03593 -33 other type of notor may be utilized.

Accor di ngl y,oftieamevemap Al thedellsy 4453 diffrent FF@B‘?SI bsipw e Hoy (9Pm€’|] espats %4

i ncl ude the tg}-hANEonREEoE dcpBsitind thd S@rullddompetE kflerifll TR e 9%41d§&b31ﬂﬂ@t any
devi ation of position between the control data 1018 communi cated by the

control | er e@pstmegt pf,ghe rpRitodslemsig %ya‘}ﬁ'e‘héoﬁ’?xé*c‘E%Ob@fadeP%H'ga@k | oop
vi a the feediftded Famposhd 2ritedisl 625 mbydesuRtfRarconioltiRe te dbposition of the extruded

composite material 625 along the x- and y-axes.

Control for depositing the extruded composite material 625 along the x-, y-, and z-
axes may be performed using a variety of techniques, including: (1) controlling the
volumetric flow rate of the composite material from the extruder 604 via the rate of rotation

25  of the auger 620; (2) controlling the rate of movement of the trolley 608 in a single axis; (3)
conirolling the aperture of the output of the extruder 604 having a single flow control element
624 or multiple flow control elements 624 operating uniformly; (4) individually controlling
the multiple flow control elements 624; and (5) controlling motion of the trolley 608 in
multiple axes. Each of these techniques assume that other variables are held constant. For
30  example, technique (1) assumes that the output aperture of the extruder 604 is fixed and that
the trolley 608 travels at a constant rate below the output aperture. Technique (2) assumes
that the volumetric flow rate of the composite material from the extruder 604 is constant and
that the output aperture of the extruder 604 is fixed. It should be understood, however, that



TABLE 7 is an exenplary table that provides for tenperature control for the
| ower nold 626. It should be understood that a simlar table may be
utilized to control the tenperature of the upper nold 632. As shown, the
| ower nol d woGesM3dae segnented into a nunber of zones pdefysiifszgzgeat ers
and/ or coolers may be applied to each zone to heat and 10 cool the | ower
mol d 626 as commanded by the control da¥e 1018. Accordingly, feedback data
1022 may pr theitehnfqoes thp bacowhined donpravide additiofal tepetrdl onficthe piacem®? 6f dke t hat
feedback COALGO! Yool rRRHAPEIR tubiind Eb%ze?%?d 8hd &5 BAGLLWIEIMLRA & Lhe

e

tenperature 0 For exa , e extruded rrp05|te
mat eri al 62BIGURE6H, indgret technigued 6\)»6?2),m’§ldd4132!@ COHIthGdt eFepligue Uk ﬁlf)'fUdGSne | ower

mol d 626 obﬁm %QP‘% Q,fe“ é{ﬂ%é;g?agggﬁ%gegg{gmkaﬁu%ﬂw@éﬁ rﬁqmag%cture of

t he extrude OSI on tine an tors as
t he conpbsi a‘t@utranﬁnmaberlczf wteqmogwtm@m@m sudhheniravwesier sl WweR GobintRouwting t he

Z;relrjrgf ;; ;‘/d taglflﬁql{ ﬁ?fgg%yﬁéﬁﬁ%r%&%} g%t;? %tﬂ%gﬂrag%gg ers@%‘rtﬁ &hcont rolling

the troll eylngos, thﬁsv@hlbvmpweh eontrohofithd vadigtseclen@®hs of ﬂmhmdaﬂveppwasmsmes aspeed,

Zggi ![ : ](c);al Zg%n% C}h Jof%?%n&[&]%ggx ? B‘j E(.:'Je ?o con C%ﬁgtgf%?]%o déaEPt
trol |l ey 608andibe omqupbléb!ha!cxf@ie@tmpsson rotation or angul ar position, or
ot her dypamc c I t r ngfar

troll ey)wGOB tooﬂgé‘ﬁ%’ ik ZtF{}gﬁor?rﬁgM# o%e‘%ﬁgm @: @%&‘w& lﬁe@%&@% %’Em{i%e
appl i cat i oncafipostematetial lﬁaédlay bofqrositet entatsatiprery G2Boviey logerkegd $2¢ asingor
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troll ey 608 may in ctual position and curre | ey
608. The | kibtg agnor @hermmnmlysnbdmtmﬂylbzsmﬂﬁeémghgaltah@mgahg:a@aak he

wheel s 634 r ri t

conposi te ng{s Iraélhg }og%hﬁgn ¥h}§2§’r‘%\j\ﬂ}t§§h %I éﬂl %?glgépﬁk Edﬁﬁgsnggc%%nﬁﬁhlg)ﬁe%%ded
conposi tlé npxded al | ayer 628 into the nolds 626 and 632 via the press 610,
respectively. T : : f

cnstre that i he SeanE B IGURE 1§lad i dhith Rkn®: £E Rl B g

di sengaged thedowdrandld 626 aydtirases yndef the gynamig die 69@@@5)«: nupBtspof thei righhgide

exenpl ary t@&#&%&@%ﬁﬁpgtﬂ&a o e, B 66H inGhct chw PHRSS Wi o B am B HY 1 0!

data 1018 mm control a an ress tine eedback
data WO 2004%@4@&8@%@@6@%%%@68 H@thqmﬂew@ﬁ duade thadowrsannald 626 of t he

trolley 508y 16%5@911@1:%&11@1901 GoBOSTABIEL @f-13 Uk PhR '%réequ‘at p(q:)%)ntrol t he

control and pararrete additional 'y may be I'nc
press. For paxmeaipisdor spesdpad gatecantreldnm the flow fontthkelemants 6240 The B82netekonaye of t he

press 610, ¢l ﬁt‘ilize&r&ypr@duégthp fallet utilizing the exirusion-molding system 600a.
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

25  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

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

FIGURE 14 is an exemplary perspective top view of a corner of a pallet 1400

produced by the extrusion-molding system 600a of FIGURE 6A. As shown, the draft or



I ncluded. 5 TABLE 10 provides an exenplary table for control of an
extraction tool (not shown) for extracting a fornmed structural part from
the nolds 626 and 632 after conpletion of the pressing and, optionally,

cool i ng prag@essdesdsts form ng the structural part. The carimgdossabsss 1018 may
include a start extraction cycle and feedback data 1022 may include a single
extraction tool position. It shoul d be inderstood that multiple extraction

tools or el @qﬁ’ml@fdfe b6 G2 ek the avtiat dP0tin Slallomsy thea the depthBPLadertdt¥eef sensory
feedback dagap E‘i?el’ 51?;9‘&%%&199 tﬁeQﬁFoslﬁﬁ)ﬁl%f e &Hﬂe@@%ﬁ&h& ‘ﬁfateﬁgﬂ%ZS RhfgURE 13
is atop viewof the fTow control enents 624a-624i as %_ue to deposit
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flow contro I ¢ fiHeOVi des
for three- ai%v?s c%}gnffﬂlrg%)ssu%?s LS ?°°gg§¢sﬁ Ith?ﬁgéj% ﬁg@gg?éﬁgegn ?glr?c S enggall?{eefl al 625
onto the5| ommrﬁépwsmbe;ﬁ@rmd gsingyitiffener materigl M2 (esp. . dongtstram ﬁ‘@rs)depom ting the
ext ruded CO”pos'ﬁIQUﬁtsefﬂ#ﬁ? lan®33BNRY éﬁeeﬁgﬁg\/&%ﬂgﬂg&ﬁ@ﬂ&&oﬂl an‘f)ftoﬁ hewepvement

of the trolley 608 at erent speeds b ow contro | enents 624,

the y-axis weneetivshy, fofe letfoon 50 bavingehiddenrribg d§02eokPhem (cobeativele 1P®)- 685 may be
provi ded bygl08, madiddst Hﬁé‘iso@ et%%aﬁlé %&@Etﬂuf’hav‘élaedgﬁﬂﬁév%e oWRdnd e Z-axis
control for depositing the 20 extruded conposite material 625 may result
from contr ompterfgnqs»h dhersfrss by idenpsigipg MR cxituded gemposiompietalioas gugrdhg 29nes625
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mat eri al 625 ng t y-, and t- axes nmma ormed using a variety
of techni quis hlddn@rlbwﬁ& ' Bepyuse gt plasfornigoq is rrncdmemngﬂecmﬂlﬂmmmo@teof t he
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auger 620; contr Ing the rate of novéne tro In a

singl e axi sinthajtruciyesrropphted toc nl3ttorm Pt s formedof middploparsut  of the extruder 604

havi ng a si ﬂgéﬁoﬂ:?&muﬁ__t rol element 624 or nultiple flow control el ements
or (4)

624 operating unl i ndividually controlling the nmultiple flow
control 18] emrent sIn@Q@horachowg swefarabparts gngrerminefitegnaterigbhaving) fibets bimded n

mul tiple axggre;Fa tbvfﬁe &a@%%&&mw ﬁ%ﬁﬁ%&%@ﬁ%&w%s&&wm re held

constant. For 30 exa techni g 1) assunes tha he out put aperture of
the extrudetmmpowdiby hquéwdothwdcomﬂa@enwt echt as itieeynegts g fagtenprs | apd/gr stiffeserist ant

rate bel ow {lg:AW Riibedies i Brfiin EEEiGﬁb“'FHé%x (Rple, SRR parks MRt abd o pfQigyTELri C
flow rate of the conposite material fromthe extruder 604 is constant and

that the ouintreonagsariimay wilize metafierpitiedtendng fiom the sompositermaieriali focpreyade
under st ogd, s%ﬁ%ﬂ@fehaﬁl@ fherdibh QO Qs ORE itk @ﬁg&fg& a flogPedvin

t echni ques may be conbined to provide additional con t he pl acerrent of
t he 1600 for an ice rink, as depicted in FIGURE 16A. The floor covering 1600 includes the
thermoplastic material 1602, which may be formed of the thermoplastic material M1 and

fibers M2, and a fastener 1604, which is formed of metal.

In forming the floor covering 1600, the fastener 1604 is positioned or configured in
25  the lower mold 608 so that the extruded composite material layer 628 forms a bond layer
1606 with the fastener 1604 to maintain the position thereof. To further secure the fastener
1604 to the floor covering 1600, holes (not shown) may be included in the fastener 1604 to
allow the extruded composite material layer 628 to fill in the holes. During the formation
process, actuators may be configured in the lower mold 626 to maintain the position of the
30  fastener 1604 during the extrusion-molding process and released via the controller 612 while
the extruded composite material layer 628 is still in molten form. It should be understood

that the fastener 1604 alternatively may be configured in the upper mold 632.
FIGURE 16B is an exemplary portion of a backboard 1610 that is often used by



extruded conposite material 625 onto the lower nold 626 as discussed with
regard to FIGURE 6A, where techniques (1), (2), and (4) are conbi ned.

Techni que (5) includes providing not only x-axis and y-axis control over

| ower ol d Wag8ausflHss@! SO z-axis and rotation 5 about anypdwidessaiezexes. By
provi di ng such control over the lower nold 626 using technique (5), a
variety of structural parts may be forn¥d that nmay not be possible
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11-12 are exenplHEYREab] ds an hexempleryy fleie diggrana @6k desctibing she ederativds dort e
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At step 1710, if any supports are used to configure the insert in the lower 626 or upper
632 mold, then the supports are removed. The supports, which may be actuator controlled,
simple mechanical pins, or other mechanism capable of supporting the insert during
25  deposition of the extruded composite material 625 onto the lower mold 626, are removed
before the extruded composite material layer 628 is hardened at step 1712. The extruded
composite material layer 628 may be hardened by natural or forced cooling during pressing,
vacuuming, or other operation to form the structural part. By removing the supports prior to
the extruded composite material layer 628 being hardened, gaps produced by the supports
30  may be filled in, thereby leaving no trace of the supports or weak spots in the structural part.
At step 1714, the structural part with the insert at least partially embedded therein is removed
from the mold 626 and 632. The insertion process ends at step 1716,

In another embodiment of the invention, an insert is encapsulated by a process of the



-36 depth d1 of the base 1402 of the pallet 1400 is shallower than the depth
d2 of a foot 1404 of the pallet 1400. By controlling the deposition of the
extruded conposite material 625 onto the lower nold 626 utilizing the

pri nci pl es v 200dre43pBeesent i nvention, |arge structural p&CTSIS200a033935
features, such as the foot 1404, havinqﬁa deeper draft d2 in specific
regions of the 5 structural parts may -Jé fornmed using _stiffeper material M
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ended therein rovide strength in formn arge parts, s structura
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structural part is ortion of a floor. coverjn or .an jice rink, as
depi ot ed | HTPPELTRAMBACOPHE! the BYFUEE SEPISTg! DecuBH R Riitssseriien. TIRSRsMSpI ast i c
nmaterial 16452, thehi pleseiBy ild@nficd Ml Gistehde defiRgdNOPBY asthé C BWRE al cldihs.and
fibers M2, and a fastener 1604, which is formed of nmetal. In formng the
fl oor covering 1600, the fastener 1604 is positioned or configured in 25
the lower nold 608 so that the extruded conposite material |ayer 628 forns a
bond |l ayer 1606 with the fastener 1604 to naintain the position thereof. To
further secure the fastener 1604 to the floor covering 1600, holes (not
shown) may be included in the fastener 1604 to allow the extruded conposite
material |ayer 628 to fill in the holes. During the formation process,
actuators nmay be configured in the lower nold 626 to maintain the position
of the 30 fastener 1604 during the extrusion-nolding process and rel eased
via the controller 612 while the extruded conposite material |ayer 628 is
still in mlten form It should be understood that the fastener 1604
alternatively may be configured in the upper nold 632.
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TABLE 2 Material Feeders

Control Data Feedback Data

Rate of Feed Material 1 Level of Material 1
Rate of Feed Material 2 Level of Material 2
Rate of Feed Material 3 Level of Material 3
Rate of Feed Material n Level of Material n

TABLE 3 Extruder Temperature Control
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TABLE 5 Dynamic Die Temperature Control

Control Data Feedbeck Data
Zone Dynamic Die | On/Off
Temp Control

1 Heat/Cool Ow/Off Actual Temp

2 Heat/Cool On/Off Actual Temp

3 Heat/Cool On/Off Actual Temp

N Heat/Cool Orn/Off Actual Temp
TABLE 6 Dynamic Die Flow Control Element Control

Control Data Feedback Data

Flow Control Element

Position

11
st al



copolynmers of aliphatic nylons further polyether imdes copolynerized with
terephthalic acid or other aromatic dicarboxylic acids or aromatic di am nes
ot her aromati c pol yam des pol yam de i m des various copol yneri zed pol yam des
pol yi m des va@hotsaidegnat e pol yuret hane pol yacetal pol yetimErsamsdesss

pol ymet hyhnet hacryl at e pol yester am des TABLE 2 Material Feeders Control
Dat a Feedback Data Rate of Feed Materiadl 1 Level of Material 1 Rate
Feed Materi a1 2 Level of WMateri al Pasitidiaaltm of Feed /thhtaosiﬁomevel of
Material 3 |Rate—of-—Feed-Matertal=n- et—of—ivatert TABEE—3—Extryder
Tenperat ure (Gontrol WO 2004/ 043685° ?(T?fllllTSZOOSI 03503%‘“391‘6’680 ftrol Data

Feedback Datjg Zone Extruder On/ QPbsifleniper at ure Cqriumneht Poditibdeat / Cool O/ O f
Actual Tenp {(2—Heat/Cosl-OnlFi—Actuvat—Ferp—3HeatFH-Cool—Or-OH—Actuat—TFenp

ctToaal TCTTo [N viciiaaw viv)) AT | ALl Ual I

7 Heat/ Cool |On/Of Actual Tenp TABLE 4 Extruder Mtor Control Control ta
Feedback DatlagySpeed Control Signalpodgdiiam Speed of |Murent Poftibmal Load of
Motor 5 TAIgl?{E_,S_Q/_nam_g_Di_e,Jen{epature Control

TABLE 7 Heat/ Cool Mold Control

Control Data Feedback Data
Zone Mold Temp | On/Off
Control
1 Heat/Cool On/Off Actual Mold Temp
2 Heat/Cool On/Off Actual Mold Temp
3 Heat/Cool On/Off Actual Mold Temp
4 Heat/Cool On/Off Actual Mold Temp
N Heat/Cool On/Off Actual Mold Temp
5 a
TABLE 8 Trolley Control
Contro] Data Feedback Data
Position Control Data Actual Position of Trolley
Speed Control Data Current Speed of Trolley
Lift Control Data Actual Position of Lift

TABLE 9 Press Control

Control Data Feedback Data
Lock Control Data Trolley Position in Press
Cycle Press Time Position of Press Platen

10

TABLE 10. Extraction Tool Control




Control Data Feedback Data Zone Dynamic Die On/Of Tenp Control 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/Of Actual Tenp 10 TABLE 6 Dynamic Die Flow
Cont rol El emamtoodlosstgsol Control Data Feedback Data Fl owrCanisembioBbesnent
Position WD 2004/ 043686 PCT/ US2003/ 035935 41 1 Position 1-m Current
Position 2 Position 1-mCurrent Posjti 3 Position 1-mQurrent Pasition

N Position 1-Gen@oiMagnt Position TABLE [Feeidtack Dat€ool Mol d Control Contrq
Dat a FeedbacW—fm—ﬁﬁéT%W'tual
Vbl d Tenp Aty eoo O f Actual Mol d Tenp Al Cool _On/OFf Actud
Mol d Tenp 4 Heat/Cool On/Of Actual Mold Tenp N Heat/Cool On/Of Actual
Mold Tenp 5 TABLE 8 Trolley Control Control Data Feedback Data Position

Control Data Act uaI Positi on of Trolley Speed Control Data Current Speed of
AR o0& 158 ( 1ol ¥E

Troll ey LifTAE igieterson of Lift TABLE 9 Press Control
Contr ol Dat a—Feetdhact

Zorig ”@ontrof’f&/ ) Rate (f/min) | Start Position (inches) | End 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 15.0 27.0
4 2.00 1.67 27.0 33.0
5 1.00 3.33 33.0 450
6 2.00 1.67 45.0 50.0




Lock Control Data Trolley Position in Press Cycle Press Time Position of

Press Platen 10 TABLE 10. Extraction Tool Control WD 2004/ 043686

PCT[ US2003/ 035935 42 Control Data Feedback Data Start Extraction Cycle

Extracti on {a9loollossssi on TABLE 11 Troll ey Speed Control PRINGRSEE¥3IYone

Control (% Rate (ft/mn) Start Position (inches) End Position (inches) 1

0.506.67001002200167100156} 3 1.00 3.33 15.0 27.0 4 2.00 1.67
A { Oy ; '.

27.0 33.0 AR L) : 2 arielgy 1. 67 45.0 50.0 WO 2004/ 043686
T oty R S A i e
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2 6 1.00 45.0 50.0
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3 5 0.00 33.0 45.0

3 6 0.00 45.0 50.0
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4 6 0.00 45.0 50.0
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WO 2004/ 043686 PCT/ US2003/035935 45 CLAIMS What is clained is: 1. A nethod
for formng an article fromthernoplastic material and fiber, said nethod
conprising: 5 heating thernoplastic naterial to forma nolten thernoplastic
mat eri al fowo 9D43di8ag with the fiber; blending the nolt BATAURMOBISPRSt i ¢
material with the fibers to forma noltenp conposite material having a
concentration qof fiber by weight; ext r udi ng the nolten conposite naterial to
forma flow%i-@hposite material 10 gravitating onto a | ower portion of a
nol d for forwhiigs didigedisti cl e; noving the | ower portion of the nold in space

and tinme while receiving.,the | ow of co site mater.ial  t. Pt

pr edet er m ned quintit r‘g"‘fthﬂﬁuff”f P&ﬁs&ﬁﬁg‘r’r‘%ﬁéﬂwﬁ‘m? ﬁ?FeeglnglgggD%%trs%ﬁlng to
mol d caviti efetidd dobgridisgyer and an upper portion of the nold; and pressing

t he upper_portion of }he | d agai. nst, t. r edet er.m ned ant it 15

mol ten cohposite mat e}?qaﬁ?gnglﬁﬂn@?“ﬁé‘i figte ?qet? ﬁ%m} Bﬁql{yﬁgﬁwgﬁasgg nf%eéﬁ{rr% dto
formthe ar til&ldig with tHhberet hod according to claim 1, further conprising
controlling the flow qf ..copposite.material to.var. h uantity of. nolten
conposite materi al beﬁﬂ&‘%ﬁrﬁ? :ltél?jﬂ"[e%m’tphém PG 8 r#’? §Rgf')?) ioﬁ% arrrlg)?lt(??l 20 3.
The met hod awapbsiic Matdrial iaviag Mcdncentatine of fitsabydwdiglendi ng i ncl udes bl endi ng t he
nol ten thernopl astic terigl w.th the fibers bein tween approximately at
| east one-half and a%”g’%gﬂﬁt%?lé‘?nf’mmﬁt%%‘é%ﬂ ?’rﬁrfgﬁgl?’ﬁﬁﬁgm%’%ﬁ %terrlrn':’gt hod
accor di ngo t ograiraiing dato moerspaitichadfd nivldfotfonging te agtick; nol t en  conposite
material having a concentration of fi bﬁ:r of lﬁlgrpr oXi n%tnel%/\ﬁg{] | east ten
percent by weight. 5™O%AR HPRFPOHORSE derfgoll & tnags srdsim CIRTES Bmovi ng
of the | owerflgsfdoaposife madddial foclepaitd predetmmiredpjuamiey ef moltee doprang mutgridf

nol ten conposite material of wvarying.thickness on the d. 6. The nethod
nocor i ng | GHEPa RO A 8P “RAiK S Bb G B TS anr Bt ol BF vo

2004/ 043686 PCT/ US200p€&3zABSuppébportion of the mold against the predetermined quantity of

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

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

lower portion of the mold.

20
3. The method according to claim 1, wherein said blending includes blending the
molten thermoplastic material with the fibers being between approximately at least one-half
and approximately four inches in length.
25 4, The method according to claim 1, wherein said blending forms a molten

composite material having a concentration of fiber of approximately at least ten percent by
weight.

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

on the mold,

6. The method according to claim I, wherein said moving of the lower po'rtion of



the nold is along a single axis. 7. The nethod according to claim1, wherein
sai d extrudi ng produces a nolten conposite material having a m ni num of
approxi mately 85 percent of unbroken fibers. 5 8 The nethod according to
claim 1, whavaeasbdsessgravitating flows the conposite naPEATEERIGHOINS
volumetric flow rate substantially the sgnme onto the | ower portion of the
nold. 10 9. The tqod accqrdiing to claiml1l, wherein the gravitating flows

t he conposit@emﬁﬁﬁ%?f’%ﬁaw 8 fferent volunetric flow rates onto the | ower
portion of the nold. 10. The nethod according to claim11, further conprising

controlling said. extrudin o vary the. volunetric.flow.rate. of t l'ten
conposite materiat bef[ﬁegma'?’ﬁ‘iﬁ/fl‘fcﬁfdé% o f@mb?ft %@ﬁ% STI%%'F“VME)I SRS ]B?lhtégorml d.
11. The net haghpasieanakriaghdvingal mintinudn ofishpoxeinatelyt8s pgreentiof atbirekgn Gbert.he nol t en
conposite_material is perfornmed directly onto the | ower portion of the nold.

20 12. The method accor di ng to claim11, wherein the nolten conposite
material is extrsuded Thomethodurccondmgtd claimnk, svhereid thd griwinatindBowsahecompositei on  of

h | d. . Th h [ ' Lwher gi he i [
par 151 1y enBBRHR T VRERERAPh e praCa b el B o Ly vOTRR bl o,

according tomeldai m 12, wherein the insert is conpletely enbedded wthin the
thernopl astic material. 15. The nethod according to claim 12, wherein the
insert is encapsulated with 30 thernoplastic conposite material. 16. The
met hod aceor di ng % o clThs nethpd sdeerdeigho eaifa I, sthedeimythy grafitatihelovophasinposite

conposite materi.al_.is.extruded i.nt,0 the | ower. portion the, nold. WO
2004/ 043686 PAFISIBEETTY %me‘}i‘?hi“f.‘atefr?ét"ﬁ%tlﬂ‘%%’P&E”c"Br"g{hﬁém?do clai m 16,
wherein a second | ayer of thernoplastic material is |ayered on top of the
first layer. 5 18, The, net accordin o claiml16, wherein an.insert is
pl aced on the fi ?lgt ﬁ%@/enrmnﬁ%g? ¢ %ép%c?ﬁ%an a{dc%ur ?fna‘”? oCrart %f]élflgvﬁ%éir ein
sai d i nsert edrudmpto edry theewhaatedlowmaterf the tnixdtef torspositameterial being gravitated

15  onto the lower portion of the mold.

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

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

20 12,  The method according to claim 1, wherein the molten composite material is

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

13.  The method according to claim 12, wherein the insert is partially embedded
within the thermoplastic material.
25
14.  The method according to claim 12, wherein the insert is completely embedded

within the thermoplastic material.

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

30 thermoplastic composite material,

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

composite material is extruded into the lower portion of the mold.



10 20. The nethod according to claim 18, wherein said insert is conpletely
enbedded within the first layer. 21. The nethod according to cl aim 18,
wherein a second | ayer of thernoplastic 15 material is |layered on top of
the insert. WQ2004/08368¢ em for formng an article from therP@RBUSREIFE5MEL eri al
and fiber, said systemconprising: a heater operable to pre-heat reinforced
thernopl astic material to forma 20 nolten thernoplastic material; an
extruder coupled to the heater and operable to nelt and bl end the nolten

]E her nopl astic nmatigri aﬁh&"fnteiﬁo& beofditeto cua]gmfwr w?egeiﬁ Iacufee@ﬁ I@ﬁﬁﬁﬁ&bmlpmﬁcer i al

or gravitating . onto a lower_portion of a nold to formthe article; a
novabl e stru@ﬁ@?@lﬁ:]%?déﬂt?lb@tﬁ%é@gWﬂ‘ portion of the nold and operable to
25 be noved in space and tine while receiving the flow of conposite nateri al
to deposit a predeterm ne uanti.ty of .noJten conposite. materi al, thereon
conf or ni né to nol 'ca\[}'F% i‘"@gmgiacc"f‘;ﬁ@foow Jaﬂt'la"hﬁﬁﬁ“hn%b‘élferbﬁr NG O’BFhetﬁét nol d;
and a press p@gépled to the upper portion of the nold and capabl e of
receiving said novable structure with the |ower portion of the nold, said
press operable to press the upper 30 portion of the nold against the

predet er mi ned quamt i t Themeiol b&brdi@Np @kirh €8,eHeesin did fa8ert Rartlaiynembadadd i on of
the nold to formt article. 23. The system according to claim22, further
conpri si ng a“dPRAATESRYE-havi ng at WD 2004/ 043686 PCT/ US2003/ 035935 48

| east onggfl ow control el enent and operable to control the flow of conposite
material in a varied, _anmount of nolten c osjte materjal bei.ng deljvered to
the | ower portiontOof (A% TR accopmerfy, °§%t§m‘§?&%’?&aﬂg“{sﬁéf %PWPE%

wher ei n sai deg¥ddasdheithin el &seran auger 5 having a thread spacing | arge
enough to blend the nolten thernoplastic material with the fibers being

bet ween approxi mately one and approxi mately four inches in length. 25. The
system accordi ng 210 cltaé methdd avdoading to dldia 13| eheteid angebdrdriayee op deinicplasticat er i al
has a co;{gentrat.i qQn, of fiber 1[1 %tﬁ%%east approxi mately ten percent by

wei ght . p@atexiplds layered.on R QISP o ¢l ai m 22, further conprising a
controller coupled to said noveable structure and operable to nove of said

moveabl e struct urs t OAps(,)ySs e;[nl i fotnr}%lg an article from thermoplastic material and fiber, said

system comprising;
a heater operable to pre-heat reinforced thermoplastic material to form a
20  molten thermoplastic material;
an extruder coupled to the heater and operable to melt and blend the molten
thermoplastic material with the fiber to form a flow of composite material for gravitating onto
a lower portion of a mold to form the article;
a movable structure coupled to the lower portion of the mold and operable to
25 be moved in space and time while receiving the flow of composite material to deposit a
predetermined quantity of molten composite material thereon conforming to mold cavities of
the lower and an upper portion of the mold; and
a press coupled to the upper portion of the mold and capable of receiving said
movable structure with the lower portion of the mold, said press operable to press the upper
30  portion of the mold against the predetermined quantity of molten composite material on the

lower portion of the moid to form the article.

23,  The system according to claim 22, further comprising a dynamic die having at



| ower portion of the nold to forma predeterm ned quantity of nolten
conposite material of varying thickness on the nold. 15 27. The system
according to claim22, wherein said noveable structure includes wheels

oper abl et owgmeedsb@s TOveabl e struct ure. 28 The system BEBHFHWOHBSNS cl ai m
22, wherein said extruder includes an au 20 operable to produce a nolten

corrp05|te mat eri al _having_a m ni mym of__appr oxi.nat el 5 ercen f, unbroken
fibers. 29. Mrkoug dowgonirod @F’&P‘ﬁgfg"lf SPERble “2’2“01;{3? ﬁﬂ% r"%(? qu}tg % |
coupl ed t0 Swkidd afihint idBsltea D6nERRE Mbleal being dediveredioathd herelfﬂoﬂmnaffﬂtefmmld
conposite material with a volunetric flow 25 rate substantially the sanme

across a plane onto the lower portion of the nold. 30. The system according
to claim 22, furt?her TRTRsiemi dvgording o @laing 22]i whetesinl pdié dxtnider ﬁ'ﬂludesemtmxgder and

oper abl e o ravitate the. c osite rial wi.th differ ol fl ow
rates acrbssP{8% aﬂ)ﬁ?ﬂ?m@ﬁg‘%? ghen ga &@P‘i‘)ﬁwd?d{eﬁ 13“% a&f Pgﬁ%ﬂ?yst em
accordi ng tOﬁwdrs?udngBtwe‘émﬁphﬁmaayrpne ﬁﬁmﬁpr&{imﬁtﬁlyl’fmlrlne;heﬁﬁmgﬁd to said
extruder and operable to vary the volunetric flowrate of the nolten
conposite material WD 2004/ 043686 PCT/ US2003/035935 49 fromthe extruder
and gravitate thesnol Emm&@%bﬁmgmt@ﬁhmz ohelint the blendal mpen ¢daiposife t he
nol d. 32. The SX em acco dl ng) %’E a11 n 31, wherein said cont. [ggl | er noves

¢ vos

said 5 novaBfE ‘E"B?eé‘ B i O (FuRFELY WY t ati ng t he
extrudedigonposite material onto the | ower portion of the rmld 33. A
systemfor form an._article fr h i c material sai d
system conpri si ng™ 10Tﬁ%§'ﬁ§mf”8f’°rﬁlé‘§§ ﬁ %e%’r?&‘fﬁ %‘(’E’tpf"t?n%tc%lf Fr ‘EOB%%P
mol t en t her neapd asiéable simbtere aad cfpenablbltemdwagf WAidl ndveedld sthueture twepusition die
bl endi ng the m)lte l.ast.ic |aJ th.th bers ta form nol t en
conpos! Lo el BTRYRG OB 40 R Mg e o By Gp e ATl g
extrudi ng t hearping tukneoopmisidold. material to forma flow of 15 conposi te
mat eri al gravitating onto a |l ower portion of a nold for formng the article;
means f of” movi ng the lower portion of the nold in space and tinme while

27, The system according to claim 22, wherein said moveable structure includes

wheels operable to move the moveable structure.

28.  The system according to claim 22, wherein said extruder includes an auger
20  operable to produce a molten composite material having a minimum of approximately 85

percent of unbroken fibers.

29.  The system according to claim 22, further comprising a die coupled to said
extruder and operable to gravitate the flow of the composite material with a volumetric flow

25  rate substantially the same across a plane onto the lower portion of the mold.

30. - The system according to claim 22, further comprising a dynamic die coupled
{o said extruder and operable to gravitate the composite material with different volumetric

flow rates across a plane onto the lower portion of the mold.

30
31.  The system according to claim 22, further comprising a controller coupled to

said extruder and operable to vary the volumetric flow rate of the molten composite material



receiving the flow of conposite material to deposit a predeterm ned quantity
of nolten conposite material thereon conformng to nold cavities of the

| ower and an upper portion of the nold; and 20 neans for pressing the upper
porti on of wbeowmmksbsagai nst the predeterm ned quantity mfroséRnsBeOnposite
material and closing on the | ower portion of the nold to form the article.
34. The system according to claim 33, f43r t her conprising neans, for

cont rol | i ngfron® Shetetruder ond pivistthomblie wmpesit alataiel enie thetléreer purion of heof
nolten co te material being delivered to the |ower portion of the nold.
35. The s;ns)'tgglriﬁ according to claim33, further conprising neans for
controlling said neans for extruding to vary the volunetric flow rate of
the nolten conpgsite i al ugrﬁwv; t | QWe rtion of
the nold. 50 325 A Tn%%%ﬁwg?w?@r%% % t'hér n}%pﬁgssgﬁc&g%@%étrgr af S%grrponent
sai d methodmexahier §tgicry: dirgcdly dielown gaid ﬂbﬂh@dentfpﬂ auwitatingpthe rekanided eoappsig t he

t her nopl ast I ers having a predeterm ned fi ber

| engt h; bl eﬂﬁﬁfﬁrgggﬁﬁgﬁfl?%é Sﬁfm\{bﬂﬂ%%‘gﬁheat ed thernoplastic material to forma
conposite material; extruding the conposite material; dynamcally
outputting the qxtr Uﬂes?st&ﬁ @Pﬁ)ﬁh@g 'mtaﬂ{cﬁcaﬁ'onai‘tthegdnéﬁﬁﬁg Qfﬂgf\ﬁﬁ éﬂﬁeﬁﬁe} Csaﬂ:il ow
rates across a plane; positional Ty synchronizin to recei’'ve the
extruded cotypowicompmsngerial in relation to the different volunetric flow
rates actoss the pl Jt%:ié elolgyelelsy fpsi into

t he rml? to formthgatg%ng?ﬂngg%hggﬁ%&%?élgﬁfﬁﬁa g?%r?pone(r}?.)ﬁe 7. T%gfaarr{gt hod
accordi ng tmatcﬂl%l!fqnblb@dmgmthﬁerﬁbmorrprl sing forming the thernopl astic materi al
heati ng 1 nol udes. mel Eria forifengbp e dEnR ho MLl ot iy el o HA©1 1 91 €
accor di ng tmolmnapnm%eﬂiawmlﬁevmmmemwQiéibe:dmwht,he fiber length of at

| east one inch. 40. r o]

outputting of the di P }-erent vggdl%?% gio ﬁdgﬂe?xa}?’%ﬁ}g\g@ %egﬁ‘hd()f

appr oxi bt efonpesieonaigrid] SBGOLpDHENS loper pqlmilrof a mold for forming the amcle

means for moving the lower portion of the mold in space and time while

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

20 means for pressing the upper portion of the mold against the predetermined
quantity of molten composite material and closing on the lower portion of the mold to form
the article.

34,  The system according to claim 33, further comprising means for controlling
25  the flow of composite material to vary the quantity of molten composite material being

=

delivered to the lower portion of the mold.

35.  The system according to claim 33, further comprising means for controlling
said means for extruding to vary the volumetric flow rate of the molten composite material

30  being gravitated onto the lower portion of the mold.



41. The nethod according to claim40, wherein said flow rate ranges between
approxi mately 2500 and 3000 pounds per hour. 42. The nmethod according to
claim 36, wherein said positionally syf@hronizing includes translating the
mold with respect to the volunetric rates. 43. The nethod according to claim
36, further conprisi predeterm ning the different volunetric flow rates
based orfécavi# sether f@!‘rgJf@fngtaﬁbermgpieﬁtla@Trrmaltch@l)weafn gaid gathodrepmprsngod
according to 19 rgga‘?tﬁermwggtﬁlnﬁtér g formng of thernoplastic structural
conponent inc formng a pallét. 51 45. The nethod according to claim
36, further d‘smgﬁlmth@m@blﬁﬂicgwqrﬁb an element in the nold to be

encapsul at ed Qy; g% Ibggrﬁg,gﬁ sregagrgﬁdeglﬁberqglgtghe met hod according to claim
36, wherein salg nani c uttin the "extruded conposite material is
performed by biofng &elﬁbnrg vdil"@ @@@d&empé@m mefprial fetppn B sompdsite RETipet hod
accordi ng to .clafif #b¢q Ql'ie%ﬁeéa@' d m xing produces a conposite nateri al
havi ng at | east approxi 10 ‘percent concentration of fiber by weight.
48. The net h@dnm@@wﬁwﬂm %¢ akimded compasiteintesial of diffsienigvoireritie 8aw gates
conposi tgmggaat‘%de having at | east approximtely 40 percent concentration
of fiber by wei ght. 49. A systemfor formng a thernoplastic structural
conponent, s @Diﬁtlwﬁt eymclronigmg gined to rereivm Shefeatruded cempdsrigmatetidlén rebsbmstthe

mat eri al astic material; neans for receiving
fibers ﬁé@%@SOQUJ@Q&g?‘%&%c&@%hggﬁﬁ eﬁéth means for m xing the heated

t her nopl ast i gravebgtheaxtreded rombesite inpgarisl tntn Iﬂlammlchtocbrrpdm thermophastigrstrattprahreans
for extrggg the conposite material; neans for dynamcally outputting the
ext r uded rrp05| te material at different volunmetric flow rates across a

pl ane; nmeans for positionally synchronizing a nold to receive the extruded
conposi t %7“%@ In%Jtholdn cc(grﬁllngttl %Hur;l %Gt pu?thdl f0f e{'l%n% forﬁul n&lté rtfmrmo as\{vc attenal
across the Iane M reans 't or pressing  Che et er

into the m)l droothéroroplastivaediner nopl astic structural corrponent. 50. The
system according to claim49, further conprising neans for formng the

t hernopl astic material fromthernoplastic resin. 51. The system accordi ng
to cl ai m389, Thaaietiod asairdingrencisinf 3, wheini safl heaidguideladeyaadiingf the themhdpladtc

material.

39.  The method according to claim 36, further comprising selecting the fiber length of at least one

inch.

40.  The method according to claim 36, wherein said outputting of the different volumetric flow

rates ranges between approximately zero and 3000 pounds per hour.

41. The method according to claim 40, wherein said flow rate ranges between approximately
2500 and 3000 pounds per hour.

42.  The method according to claim 36, wherein said positionally synchronizing includes

translating the mold with respect to the volumetric rates.

43. The method according to claim 36, further comprising predetermining the different

volumetric flow rates based on cavity volume of the mold across the plane.

44. The method according to claim 36, wherein the forming of thermoplastic structural

component includes forming a pallet.



the thernoplastic material. 52. The system according to claim49, wherein
said neans for positionally synchronizing includes neans for translating
the nold with respect to the volunetriflrates. 53. The system according to
claim49, further conprising means for predetermining the different
volunetric flow rates based on cavity volunme of the nold across the plane.
52 54. The Jhemethodeecordiimty clagm 3pafiurthet gomprisingrenfigusing an glemgntnie Aresngld fo
setting a no@eE&%F%@dao%ttﬁ&conﬁ)hﬁﬁgﬁhtteriap the nold to be encapsul ated by the
conposite nateria The system according to claim49, wherein said neans
for m xing produces a conposite material having at | east approxinmately 10
per cent - ganc Rt il abrdile 8 <laff: 36T WhehS LEM BREAE ity 6f M Ridea
wher ei n sai d means m Xi'ng produces a conposite material having at |east
appr oxi nat el yomwsﬁ@m@@ﬁ@l w;mg)gmdrtytqomrplbqg dijcrrsy flovsgontial dgmentsn for forning a
t hernopl astic structural conmponent, said systemconprising: a materi al
receiving unit operable to receive a thernoplastic material and stiffening
mat eri al ;47- a Theanathoduscerdpgeipatitio 3o Wheeein s4id mikieg moqsluasst # compasie ineteriabn
ext ruder COUR kel BpRRaR 10 SRGE hBRHLr AR LORRIARI © 10 extrude the
conposite nmate ynam ¢ di e having a p ura sel ectably
alterable flow control elenents operable to control output of the conposite
material j;ea n r.ab t y
pos 11 onel bar pur Pl oo @ fin! S, SURRA ko o0 (AMck o REnBRIERERELY ot o
dynami c d| e éaﬂdnmmab@pgwmnateésaﬂ(dp%@ntq00¢eln3atlomméﬁbérlb€ weight. dynam cal ly alter
said flow control elenents to output the extruded conposite material at
different volunetric flow rates across a plane and position said nobile
unit in sﬂ?nch‘rxynﬁemiftnyfomlihglatlhencaﬂlatsw itwgtutai congmncht fshidwygentemprisgigenent s to
apply the extr . to the mold; and a press operable to
recei ve said'r etﬁ”egemﬁg rmorplagéc% %“agkt ruded conposite material into the
nol d. 58. Thm&ayﬂbelmaangzthe diemg)plasti;r:mtemal,57 vvherel n said material receiving
unit includes_at fl ast .ong 1'13 6’9t a%/ nléaccordl ng to claimb57,
wher ei n sai d "ff&&t & uf’nllPg igery avf”ﬁ@rpre 6&"&‘5‘? b °A&dt the thernoplastic
material to aneamd foednikingrtho hbast therngiplibtes. mé@rial Thigh shesfilem ac&omi bgnpiositc| ai m
57, wherein sfeu d extruder includes a dynam c el enment operable to
substant i 57 avoi d damagi ng the stiffening material .

means for extruding the composite material;

means for dynamically outputting the extruded composite material at different volumetric
flow rates across a plane;

means for positionally synchronizing a mold to receive the extruded composite material in
relation to the different volumetric flow rates across the plane; and

means for pressing the extruded composite material into the mold to form the thermoplastic

structural component.

50. The system according to claim 49, further comprising means for forming the thermoplastic

material from thermoplastic resin.

51.  The system according to claim 49, wherein said means for heating includes means for melting

the thermoplastic material.

52. The system according to claim 49, wherein said means for positionally synchronizing

includes means for translating the mold with respect to the volumetric rates.

53.  The system according to claim 49, further comprising means for predetermining the different

volumetric flow rates based on cavity volume of the mold across the plane.



61. The system according to claim60, wherein the stiffening material is
formed of fibers having a predeterm ned naxi mum | ength of approxi mtely one
inch. 53 62. The system according to 5 aim60, wherein the stiffening
material is formed of fibers having a predeterm ned maxi mum | engt h of
approximately three inches. 63. The system according to claim57, wherein
the dynamc elenent is a screw having a thread spacing |arger than the
maxi mum SN, GhrekiiEodilind (RGN Aoy nkaf: BY SHEE 4R Clai m
57, wher e{;n s%% fcmll}lf | % has revo ev?drrln_ "el'&ment si%}c/oup l%hother e?agt
The syst elamerd dothelimalyl to be eﬂcapsﬂaﬁd,bymowpwtsalawlnbbl l e unit includes at I east
one dynam c positioning el enent operable to engage and di sengage the
revol ving el enents. 66. The system according to claim®65, wherein said
control | & i $hopstabeordngdiosdagatie whhesin sagl gearisrigr elidng ptoduwhial @npasit
nobil e u t uded conposite nateri al
to be prglsttserelécljﬁl ﬁ%aﬂ ag&%gﬁogﬂn%% %Tﬁé&zlﬁzs}%ﬁqrg@gé’?@%g to claim57, wherein
the conposite material is forned having a concentration of approximately 10
per cent f ffe h f form
structur g%/ parE?Q]}‘Stre%lrﬁ1 Ct%h pI as F@t r%rvrraltqte %lrnl 33?08 %]]S?flg {)én?’gn%gfoguces A Co%pgsne
conpri si mgterigdgying utmantgapamxxmm 40 panceat qvotadfratthapd fib¢ri ng nol t en ext ruded
conposite material on the nold; form ng extruded conposite material about at
| east a portion of the insert; renoving supports, if any, used to configure
t he i nsefl. i A syhen ﬁmlfdming}tﬂmneplakthgtrnmraleoompumbad szidmptmi ¢ompnisihgri al to form
t he structural art an the structura art. he in ]
| east part i af PyREMsksrRate yPOHRARE Yh e € bRl PRGH- ot Solg DA%l m
68, wherein sﬁeaﬁbrpmsoliemaﬂu tngeavihetthnembpﬂssactnateaalperfor med i n a Iower portion
of the nold. 70. ccordi.ng to cla deposj ting
Che. ol { o ol PUEEE EORGEST (& TRarEF 1S Ui P piretb a1, RUPIEs o
pl ane. T7haterTle et hod accor di ng to claim68, wherein said form ng t he
extruded co site terial | udes engap ul ati theetlrelns t within
The. xt r udech SEMIBS REeMrhieer pupiivesl isSbitRicnle 1B seololdrhe™ oheria h oo,
f urt her ca@apsutsik afghmcemm&gnitélﬁuext ruded conposite material in the nold.
a mobile unit operable to support a mold and to be dynamically positioned below the dynamic
die;
a controller electrically coupled to said dynamic die and mobile unit, said controller operable

to dynamically alter said flow control elements to output the extruded composite material at different

volumetric flow rates across a plane and position said mobile unit in synchronicity with the altering of

said flow control elements to apply the extruded composite material onto the mold; and

a press operable to receive said mobile unit and press the extruded composite material into the

mold.

58. The system according to claim 57, wherein said material receiving unit includes at least one
feeder.

59. The system according to claim 57, wherein said heater unit is further operable to heat the

thermoplastic material to a melted thermoplastic state.

60. The system according to claim 57, wherein said extruder includes a dynamic element operable

to substantially avoid damaging the stiffening material.

61. The system according to claim 60, wherein the stiffening material is formed of fibers having a

predetermined maximum length of approximately one inch.



73. A systemfor formng a structural part fromthernoplastic materi al

fiber,

nmeans f
for for
i nsert;

said system conprising: neans for configuring an insert in a no
or depositing nolten extruded cemposite material on the nold; ne
m ng extruded conposite nmaterial about at |east a portion of the
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nold. 74. The system according

to

76. The system according to claim 73, wherein said neans for formng
ruded conposite material includes neans for encapsulating the entire
i nsert Wit hi Tht hsteoxdccoding te olamo §7,tvehersitt said @bbile/Ahit hibh e:vslyhigedanaasebaplély t 0

. yrther conprising nmeans for pressing the extruded conposite

material  in 'the nol d.

65. The system according to claim 64, wherein said mobile unit includes at least one dynamic

positioning element operable to engage and disengage the revolving elements.

66. The system according to claim 65, wherein said controller is operable to disengage the
revolving elements while said mobile unit is positioned in said press for the extruded composite

material to be pressed into the mold.

67. The system according to claim 57, wherein the composite material is formed having a

concentration of approximately 10 percent by weight of stiffening material.

68. A method for forming a structural part from thermoplastic material and fiber, said method
comprising:

positioning an insert in a mold,

depositing molten extruded composite material on the mold;

forming extruded composite material about at least a portion of the insert;

removing supports, if any, used to configure the insert in the mold;

compressing the extruded composite material to form the structural part; and

removing the structural part with the insert at least partially embedded from the mold.

69. The method according to claim 68, wherein said positioning of the insert is performed in a

lower portion of the mold.

70. The method according to claim 68, wherein said depositing the molten extruded composite

material is performed dynamically across a plane.

71. The method according to claim 68, wherein said forming the extruded composite material

includes encapsulating the entire insert within the extruded composite material.
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72. The method according to claim 68, further comprising pressing the extruded composite

material in the mold.

73. A system for forming a structural part from thermoplastic material and fiber, said system
comprising:

means for configuring an insert in a mold;

means for depositing molten extruded composite material on the mold,

means for forming extruded composite material about at least a portion of the insert;

means for removing supports, if any, used to configure the insert in the mold;

means for compressing the extruded composite material to form the structural part; and

means for removing the structural part with the insert at least partially embedded from the

mold.

74. The system according to claim 73, wherein said means for configuring of the insert is coupled

to a lower portion of the mold.

75. The system according to claim 73, wherein said means for depositing the molten extruded
composite material includes means for dynamically flowing the extruded composite material across a

plane.

76. The system according to claim 73, wherein said means for forming the extruded composite

material includes means for encapsulating the entire insert within the extruded composite material.

77. The system according to claim 73, further comprising means for pressing the extruded

composite material in the mold.



