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preheated material is pressed between two molding forms which compress the material into a
20  desired part or shape.
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 fo 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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synthetic resins which includes a pair of extruders, each extruding a half slab strand to a

respective roller assembly. The roller assemblies have final rollers which form a
consolidation nip between them in which the two half slabs are bonded together.

25  Composites and Other 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
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staggering. Plastic composites are classified within two primary categories: thermoset and

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 constrained as thermoset materials and can be recycled and reshaped
to create a 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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composite materials will play an ever-increasing role in modern technological development.

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,



nore viable solution for many commercial and industrial applications.
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improve the surface finish quality,. GMT molding is considered one of the most productive

composite manufacturing processes with cycle times ranging between 30 and 90 seconds.
Compression molding does require a high capital investment, however, to purchase high
capacity presses (2000-3000 tons of pressure) and high pressure molds, therefore it is only
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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for small to medium size production parts. Most problematic from a structural reinforcing

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



Aut ocl ave processing is yet another thernoplastic conposite manufacturing
process used by the industry. Thernoplastic prepregs with unidirectional
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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
are apparent and w1l be described in nore detail below in conjunction with
the description of the present invention. The present invention is directed
towards a nol ding systemfor producing a 25 thernoplastic resin of

t her nopl astic conposite parts using either a vacuum or conpression nold
with parts being fed directly to the noi&ls froman extrusion die while the
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" 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
receiving 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 extruded 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



20 slab being trimed fromthe thernoplastic extrusion die. A nolded part is
formed wwth a variable thickness froma heated slab of thernoplastic
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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



a direction perpendicular to the direction it is nmoving. The thernoplastic
conposite material nmay be nolded with long fibers (greater than about
one-hal f inch) having a concentration of 20 at |east ten percent (10% by
wei ght to as nuch as fifty to sixty percent (50-60% by weight, wth |ow
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and 2 in diff Q 4 e present invention; FlIGURE 4
is a side elaé"gcg@?%tr?%ﬁg?ﬁel Jé’f{{”?ﬁé@r"ﬁg?t%@f%@ﬁég 1 and 2; FIGURE 5 is a rear
el evati on of theFEX{RE @8risghothrGyREplAty Wéskdia@umi of fhei sxtrasioremeldipi aysiem
schematic di@gg@f@lgm%Aext rusi on-nol di ng system according to FIGURE 1

operable to tormstructural parts;
FIGURE 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



FI GURE 6B i s another exenplary bl ock diagram of the extrusion-nolding system
600a of FIGURE 6A;, FIGURE 7 is an exenplary expl oded view of the dynamc die
of FIGURE 6A 20 depositing the extruded conposite material on the | ower

nol d as supported by the trolley; FIGURE 8A is an exenplary flow di agram
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FI GURE 6A.

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 paxts, 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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pl at f orm 21 ont o Tutwngpb FEURES 3A-3E, the thermoplastic molding 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. Bach 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 melt directly from the extruder 11. In FIGURE 3B, the mold carrier
moves the mold halves 19 and 23' on the rotating tumtable 21. In FIGURE 3C, the rotating
turntable 21 rotates on the central axis shaft 22 (not shown) between stations for loading a
glab onto one mold hailf 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 half 23 travels under the extrusion die 16 for loading with a slab of thermoplastic
material. In FIGURE 3E, the mold half 19’ is press cooled and the part is ejected while mold

half 23 is charged with a hot melt as it is moved by its 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
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w t hout having to reheat a sheet of thesnoplastic naterial. As will also be

noted herei Qg&%ﬁ{d},ldga%g&nect ion with FIGURES 4 and 5, the thernoplastic
slab can al so be of variable thickpess throughqQut jts w.dth t nhance the
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adjustable die gate members for varying 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 adjusted thermoplastic extrusion die. The
thermoplastic slab is then trimmed and directed onto a heated thermoplastic material into 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 conirolled 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
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extruding nD!at}denr}nf} a'%%%%%' s%gédls % er;r]‘%lg I;:llleadepc}sg ro?ynggﬁglr}r?ore thickly at slow speed and

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-half inch (1/2") in length. The composite material may be blended
and/or compounded by the extruder 11, and “intelligently” deposited onto the lower mold
half 19 by controlling the output of the extruder 11 with the gates 35 and the movement of the
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
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resins are BL Qﬂeg%gd,ih%wléﬁ,"tﬁat :lrhevﬁiirpetéra? the fibers may be larger depending on 2 number
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) pm.
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
the thernoplastic resins of TABLE 1 may be 10 used alone or in any

conmbi nations thereof. Particular thernoplastic materials, including

pol ypropyl ene, polyethyl ene, polyether-agherketone, polyesters, polystyrene,

pol ylcar bona{neord@?t Yol 8y Eﬁhﬂsﬁﬁj{pﬁhﬂess m{ Eﬂaﬂuce tm@ﬂnhyllmttheﬂmpmﬂcxcmbdmae wythat te o
acrylic et hane an m xt ur.e er.e ave .been ui tabl e
for the ext F{{fﬁ“ bﬁW&’éE‘? Pﬁfg ?’esﬁeapg dt nc§é’ cgl%\g']lt“ﬁ god 2
rei Inf gr Cfﬂeﬁhs ﬁ@ﬁibmelrjimc{uw the hl&:rmlilﬂasnapbmmg@?mw;mwsrr{amgmnﬁlr@ogéner ally
i ncl ude those eri.al s o reinforce ic
resins. Fi bETRAFHER 1% 2808 P'f gﬂ%tg g’in‘usoe"’ﬁ"c cor 3‘%‘3”\/&0@{&&@ '?g%i pl es
of OIt he prﬂaisﬁtﬂicturalrsuiﬁj&ﬂ fon therbn:cuftdﬁl pantsf lmundeistom‘i hlathecmtl,, tig! mtant ofafiteonis net al
and natura s (e.d, X C Q el al.one ,hation.
Ot her fiber 5‘“}‘?@ ﬁ?’%f’@ 4P ggyggrciﬁ%k-‘fqgéﬁ Wé’ég%ggﬁh?‘isobg%g led eart .
QI t ho;Jgh ]E h @or@lénd GBS ﬁfgeﬁd%ly{t&bﬁ?) weseny (ng) ﬁeﬂ:eﬂdﬁy Welght,tmd prdfdgﬂotly foloig r L an
i ameter for str.uc r es wee an
20 pm It sﬁﬁrﬁ?“a?‘iuo/g B ”H%ggtt%ﬁﬂ"evﬁg%‘%fé%ad groa?rﬁgpeﬁléﬂmedyo RO :}ber s
may be | ar gédiged eqpielesli ng on a nunber of factors i ncl udi ng strength of
structur pa%t g(?lswed gg ? f fi%[{?r JolesweddHaél ze, of h l?f" part,
etc. In particul BV Fac Fipeg dpn RS RTS8 rRERlT RARCADRRS e a?‘&%é s is 25
mar ked wi t h Howévee iyphvalitnctual phira prideced by ttmpmrmﬁnnmlahgmwm €003 utilize fiber
appr oxi mat el ine (9), m he nyr bundl ed i fiber al so
P or | ganer lrdhts endsy faf wooud i B 1 Sl e mofT R gy 8 s Tt e 0
filaments orlessahef ci»ﬂeam}mm desregembehamidayprdmuws dol lhuge ahiglesllig difficult to obtain.
consi der ati ons t.hese reinfarc flb s, sed after
sur f ace treaﬁﬁgﬁ’ r}ghs @1 fsdﬂgl 3?3“8? C %aéﬁtgy F’Fguy T tﬁ?{e
interf ?c 1l tharfu:{eﬂgandn m&rﬁobmsﬁcpasmu{ﬁ actt siepantﬁé) wlﬁﬁlmblteﬂ Qd emﬁxgtmgsed. i Thet he
case of a po er sur reat nen Vi @
t her mopl ast i @{tf‘ﬁ t}%nfof)&%r?%mﬁgﬁ O)]/c%fﬁbef%lﬂfg‘ide%bpr%%%ﬁy wﬁelbélf BPgrp pre digRsedet ¢
Such surfac efrortl mesafgtmﬁihmerayevbbtopelb%d) bfrmdlt]ph fhatwenrsoe. ofmntdhe ofl mezﬁf tefishel

treated rein flbr a eat nent roed just
before the rarH o?‘g?rﬁigmf Ié'TGEt Ea{‘rmél ¥ mfgvet%bers 8% TORT Xt‘i%m% @P‘&%"P’ to run
t he extrusi oandptrmslsperfmmm:hfmaherhm I‘mgiteenf ctoh&mgbp:la}ahe: walmtedppeﬁmnvm t hout
interrup on, The rat n .t r.mopl as | s Mot
parti cul g?l Nl 3eC t101£1 gtﬁe @u%[‘u.r\/\’ee%y a pl%r%s?}e ang da e 1%1n£eiﬁ mt“ﬁer rmicol Per otn
conposi te annbn-zfcbrmpgdiba's tin bﬁrﬂksuﬁltemgora:we maall of F00 oz ompe shservable ireinfacayr dance

Wi th the fi nﬁ’é)er O&tgl ger o'fre%nforcmg & in l;[u%dlgsr c%\ib%lem%r%;tgtl nl.ulenrllagr of reinforcing

fibersx100) (percent). Typical values produced by the principles of the present invention

U-«

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 extrusion-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 wiil be extruded to 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 seventy (70) percent by weight, and preferably forty percent (40%
by wei ght to achi eve the desired nechanical properties for the production of
| arger articles. 10 The average fiber l-angth of the fibers is greater than
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pounds per hour. In one 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 elements 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 molten composite material may be delivered to an
accumulator, placed between the extruder 604 and the dynamic die 606, from which the

composite material may be delivered into a lower mold using a plinger or other actuating
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rail 636. The rail 636 enables the trolley 608 to roll beneath the dynamic die 606 and into the
press 610. The press 610 operates to press the upper mold 632 info the lower mold 626.

Even though the principles of the present invention provide for reduced force for the molding
25 process than conventional thermoplastic molding processes due to the composite material
layer 628 being directly deposited from the dynamic die 606 to the lower mold 626, the force
applied by the press 610 is still sufficient to damage the wheels 634 if left in contact with the
rail 636. Therefore, the wheels 634 may be selectively engaged and disengaged with an
upper surface 638 of a base 640 of the press 610. In an embodiment, the trolley 608 is raised
30 by inflatable tubes (not shown) coupled thereto so that when the tubes are inflated, the wheels
634 engage the rails 636 so that the trolley 608 is movable from under the die 606 to the press
610. When the tubes are deflated, the wheels 634 are disengaged so that the body of the
trolley 608 is seated on the upper surface 638 of a base 640 of the press 610. It should be



mechani sm The trolley 608 may be noved beneath the dynam c die 606 so that
the extruded conposite material 625 gravitates to or is deposited on a
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The trolley 608 may further include a heater (not shown) that is controlled by the
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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
trolley 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 is another exemplary block diagram of the extrusion-melding system



trolley 608 is seated on the upper surface 63 8 of a base 640 of the press

610. It should be -19- understood that other actuated structural conponents
may be utilized to engage and di sengage the wheels 634 from supporting the
trolley 608, but that the functionality to engage and di sengage the wheels
634 is to be substantially the same. For exanple, the upper surface 638 of
the base 640 of the press 610 maybe rai-28d to contact the base plate 642 of
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be understood that the number of flow control elements 624 may be increased or decreased

depending upon the resolution or detail of the structural part being formed. As shown, the
flow control elements 624 are positioned at different heights so as to provide more or less

25 volumetnic 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 h,

30 thereby providing a volumetric flow rate fy of the extruded composite material 625b.
Similarly, the flow control element 624¢ 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.



so that the press 610 can force the upper nold 632 agai nst the | ower nold
626 without damaging the wheels 634. FIGURE 6B is anot her exenpl ary bl ock
di agram of the extrusion-nolding system-20- 600a of FIGURE 6A. The

extrusi on-nol di ng system 600b is configured to support two presses 610a and
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material in various amounts along the axis of deposit. For the three-axis control, the output
of the 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 control 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 pattens 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



624a. The flow control element 624b is opened to forman aperture having a
hei ght hi, 30 thereby providing a volunetric flowrate fb of the extruded
conposite material 625b. Simlarly, the flow control elenent 624c is opened
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be understood that 25 other enbodinments nmay provide for off-axis or non-axis

control & s Flewbiliyy ¢ r yded conposite material in specific |ocations on
the lower nold. The extrusion-molding process allows custom composite blends to be compounded

using several different types of resin and fiber. The extrusion system may produce parts with
several resins as described above. With traditional compression molding, 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 usually 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
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Low-pressures
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 fool 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



25 additives are purchased froma thernoplastic sheet producer. These

bl anks, however, are costly because they have passed t hrough several

m ddl e-nen and are usually only sold in pre- determ ned m xtures. By
utilizing the extrusion-nolding process according to the principles of the
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may be utilized in conjunction with 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 at 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 thernmoplastic 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



process is much nore fluid than that froma heated pre-conpounded sheet,
thus allowing the thernoplastic conposite material to flow nmuch easier into
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nmold results in significantly reduced nolding pressure requiremnments over
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process, a dyatenul 625dhe i66med into the extruded composite material layer 628 is pressed into the

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

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

to control speed and temperature of the feeder(s) 614 for mixing the composite material M1



may be utilized in conjunction with varying trolley or nold speeds. For both
the two- and three-axis extrusion control process, the |ower nold 626 nmay
be noved in space and time while receiving the conposite naterial to
conformthe anount of conposite material required in the cavity 630 defined
by the | ower and upper nolds 626 and 632 at step 810. At step 812, 25 the
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speed and temperature controtler 906 may be formed of multiple controllers.

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 trolley controller 910 that is



I ncrease or decrease the volune of the extruded conposite material |ayer
628, the trolley 608 20 may be noved at a slower or faster rate,
respectively. At step 832, the extruded conposite material 625 that is
formed into the extruded conposite material |layer 628 is pressed into the
nold 626 to formthe thernoplastic structural part. The structural part
form ng process ends at step 834. FIGRE 9 is an exenplary bl ock di agram
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and sinply report the tenperature to the contro toring
pur poses. characteristics of structural part being produced, production rates, etc. The heat/cool

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 controiler 914, which is
operable to control press operation and temperature of the upper mold 632. The press
controller 914 may be a standard coniroller that the manufacturer of the press 610 supplies
with the press 610. Similarly, the press controller 914 may inciude a temperature controiler
to control the temperature of the upper mold 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.



The controller 612 is further in communication with an extruder speed and
tenperature controller 906, which provides control over the speed of the
auger 620 and tenperature of the extruder 604. The extruder speed and
tenperature controller 906 may be 20 operable to control nultiple heaters
wi thin zones of the extruder 604 and conmuni cate the tenperatures of each
heater to the controller 612. It shoul d2Re understood that the extruder
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mold 626, which 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 a 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 to 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 6002 during operation



15 612 may perform managenent and nonitoring functions. The controller 612
I's further in communication with a heat/cool controller 912, which 1is
operable to control tenperature of heaters and/or coolers for the

extrusi on-nol di ng system 600a. The heat/cool controller 912 may receive the
control data 1018 fromthe controller 612 that commands the heat/coo
controller 912 to operate at a specificqer variable tenperature 20 based on
a nunber of fackors, such as thernoplastic material M, anbient tenperature,
characteristics of structural part_ being produced, Broduqtion raﬁgﬁé%etc.
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increase the temperature thereof. The controller 612 or 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 600a 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



controller for each of the conmponents of the extrusion-nolding system 600a,
that the controller 612 may be configured to nmanage the conponents in a
nore distributed controller 15 manner. In other words, the controllers of

t he conponents may operate as nore intelligent <controllers that use the
paranmeters of the structural parts being produced to conpute operating and
control paraneters and | ess as servos tB@at are conmanded by the controller
612 to pertwidezs. function. It should be further understood t hat the
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parameters from a variety of different parameter datafiles avaﬂable for the controller 612 to

drive the components of the extrusion-molding system 600a to form different structural parts,
For example, the database manapger 1106 may have access to a set of parameters for
producing a pallet, ]-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 conirol 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



A feedback bus 1020, which may be a single or nmultiple bus structure, is
operable to feedback data 1022 fromthe extrusion-nol ding system 600a
during operation. The feedback data 1022 may be sensory data, such as
tenperature, position, velocity, level, pressure or any other sensory

I nformati on neasured fromthe extrusion-nolding system 600a, Accordingly, 15
the 1/0 unit 1008 is operable to receiv8ithe feedback data 1022 fromthe
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flow control elements 624 along the y-axis (identified as spacings 1-5) and defined by

spacings a-¢ 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



communi cates with a program sel ector 1108, which, when previously
programmed, allows 10 the operator to sel ect progranms for producing the
structural parts. For exanple, a program that is established to produce a
pall et may be selected via the operator interface 1102 by an operator so as
to control the extrusion-nolding system 600a to produce the pallet as
defined by a designer of the pallet inimccordance with the |ower and upper
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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 control data includes flow control 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



feedback the actual tenperature via a tenperature sensor (not shown). Based
on the neasured tenperature of the heater 618, a systemdriver 1104
utilized to control the heater 618 may increase or decrease the tenperature
of the heater 618 in accordance with the actual 10 tenperature neasurenent.
Accordingly, other sensors may be utilized to feedback tenperature,
pressure, velocity, weight, position, etg., of each conponent and/or
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operat or nnypogtlon or other dynamic control data may be utilized to move or synchronize the trolley

608 to properly align the lower mold 626 with respect to the application of the extruded

composite material 625 being deposited or gravitated onto the lower mold 626. The feedback

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 extruded composite material 625 to the lower mold 626 and

pressing the extruded composite material layer 628 into the molds 626 and 632 via the press

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

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

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

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



5 notified of the level of the material in response to the in the feeder 614
reaching a m ni nrum anpunt so that the operator nay apply additional

material to the feeder 614. TABLE 3 is an exenplary table that provides for
tenperature control for heaters in 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 bys4the extruder tenperature control 10
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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)
controlling the aperture of the output of the extruder 604 having a single flow control element
624 or multiple flow control elements 624 operating uniformiy; (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



any devi ation of position between the control data 1018 communi cated by the
controller 612 to the dynamc die 606 may be corrected by a feedback | oop
via the feedback data 1022 as 5 understood in the art. 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 632.3#7s shown, the |ower nold 626 nay be
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time. T
parameters for speed and gate control for the flow control elements 624. The parameters may

be utilized to produce the pallet ntilizing the extrusion-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 drafts 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



1022 may include position of the trolley 608 in the press 610 and position
of the press platen. Qher control and feedback paraneters additionally may
be included to control the press. For exanple, tenperature control of the
upper nold 632, force of the press 610, etc., may also be included. 5 TALE
10 provides an exenplary table for control of an extraction tool (not shown)
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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



that the output aperture of the extruder 604 is fixed. It should be
under st ood, however, that -35- the techniques nay be conbined to provide
addi tional control of the placenment of the extruded conposite material 625
onto the lower nold 626 as discussed with regard to FIGURE 6A, where
techniques (1), (2), and (4) are conbined. Technique (5) includes providing
not only x-axis and y-axis control over3tower nold 626, but also z-axis and
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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



certain |locations of structural parts. FIGURE 14 is an exenplary perspective
top view of a corner of a pallet 1400 produced by the extrusion-nolding
system 600a of FIGURE 6A. As shown, the draft or -36- depth dl1 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 u884izing the principles of the
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t he hi dden mwihish ak8@2d lfBecefibesameer diffstehtthermbbldficinsatdriat ivdajemd oa tepi vfghe nol ded
conposite r Ny L on- ol di n 00a, e tform
1500 has fe\)%ésﬁ ﬁ&érgklﬁé"glzde% gmﬁﬁﬁ?ﬁﬁg Bsttltfﬁ%gl?ﬁl{r@n’cag nl%sae?té%a&?b 0 pga‘%?é’? ?%rom at is
fornmed of miist exptudedlaydr priod moeinsenhof Teehng the st e withaddédnt exntded fagerm ng
struct ur,gl t b APQSIi:I 8- rl al ..havi ng fibers. bl ended herein to
provi de lgt r g%t‘ﬁm}uﬁf ? %F ‘?n’g%ﬁ :ftarcgl(;f‘ﬂ%E’;tl"r%tf&sl,%latsl%nrr%tl S ﬁt(':%eﬁhragﬁng ;%‘??pge %%r% ﬁfer are
st ruct ur al | yhermophastw sdtetial, bfaths sagneatr ifferanoeqpareitiors and lagdrs af differeniGhersead s,

f ast eners, Or i f I r. r e . 1 N rtan ipns. For
xanpl o, st PASFR ) s OFBORE descl ARSI 36 3her BN BB, KRR OIS, 77
met al | i ¢ paiinventiont addiesgorerod thetiivenibanrshodd ta bertiméed iy this desoriptiond h@&opd r ong
and reliabl eci r 8g$ﬁct' - S st r part | Q-@or i of a

fl oor coveri%lrolg%‘%ng or gﬁ%@%%nk#&%g dg%?%(?eﬁyi n IGB@I% A. El?h?r% fl oor
covering 1600 includes the thernoplastic material 1602, which may be forned
of the thernoplastic material M and fibers M2, and a fastener 1604, which
is formed of netal. In formng the floor covering 1600, the fastener 1604 is
positioned or configured in 25 the |lower nold 608 so that the extruded
conposite material |layer 628 forns a bond |ayer 1606 with the fastener 1604
to maintain the position thereof. To further secure the fastener 1604 to
the fl oor covering 1600, holes (not shown) may be included in the fastener
1604 to allow the extruded conposite material layer 628 to fill in the

hol es. During the formation



process, actuators may be configured in the lower nold 626 to nmaintain the
position of the 30 fastener 1604 during the extension-nolding process and
rel eased via the controller 612 while the extruded conposite material |ayer
628 is still in nolten form It should be understood that the fastener 1604
alternatively may be configured in the upper nold 632. FIGURE 16B is an
exenplary portion of a backboard 1610 thas is often used by -37- paranedics.
The backboard 161ﬂAB§EﬂQﬂﬂﬁﬁ), icRegpesi te material 1612 and includes an

insert 1614 encapst : r W»—a-l—lé;Z——ﬁhe—n—ﬁ&eH—%ﬂ-ﬂ may
be a carbon ey FAVEPBL0 nay be stiffened,

| i ght wei ght , pgpﬁofgylg,ﬁy transparent. In rp@gplﬁn&l&ﬁ&di@jet he 1 nsert, the | ower

nmold 626 mav_-have actuators or si r\rhln pLI" intain t 5 i-psert—1614—in

ol ace whi | e PPlviexichlerdsl conposite nater| zi’PIY W@’Feté%hﬂhﬂ?tﬁs a bond | ayer
1616 ther ey Tﬁg@hgbhlmble_fhe ext r udggoRemilesd tepitaker i al [ ayer 628 |s
in a nolten srﬂg‘rng e apjmrnreanm_.gi_as_aa*_bezpel_&ased—s;gﬁh#ra{—t he
extruded corrﬁ@lﬁ"lﬂ@nﬁateri al layer 628 fi plycyclpbigyape gisthylont terephthalaie, ¢ he
actuators o B S puhdienc R IGhitAfe copuRRhar 00 GolyPatylehd phMaRe! 1014 nay be |
substantial lj)y_any materjal” based on the pgarticular ;mnl ication or structlral
part being [hglofidtmed. FIGURE 17 is an ex@%FWIWESFFWQﬁSaQﬁWf%O
descri bi ng tr rattons for—emnmbedding %rfnﬂﬁ‘ AL 156 hEs SUCh as) a
fast ener, SLﬁlgﬂﬁ or_other elenent, intg ¥ uct ra'fg;g Pt%tﬁshzl ng the
ext rusi on- nt)ln@ﬂong system 600a of FI GURE Gmolﬁhﬁelylen%%ﬂﬁdeon process starth at
step 1702. A Ho4,—the—nsert—Ts can{] ther —the—tower o
upper 15 nol &‘V@EHO 632. At step 1706, ”ngﬂ'l e(ﬂlﬁekieét?(t ruded conposite
mat eri al 624 ot}maimhmirwk)dson t he | ower ru:lotj/eﬁﬁt&ulﬁﬁtee ext ruded corrp05| te
material is ed a‘U seast o ROt sert—at—step—1768—1 o
secure the i ng%c'lbfmer%t ?Hlé’hah rngoﬁgaﬁ%%rr pdy‘éihﬁrglh?dﬁ med. I n one enbodi ngent,
the insert is:omiqumeﬁwtﬂetbmphthﬁtmmpideteﬂlyr enbedded in the extruded conposjte
mat eri al 625 a{sea% Elor ex ac! n Ga%oR;% t;LCGB). Alternatively, only a porti ﬁn
of the inser T 0YEHBEIYS c}?t e"extruded conposite material 625 so t

a portion eﬂtdmmjmesfromthe structural part At step 1710, if any supports

are used to fegnafieg Asert—i-r—the—t , en
t he supports oL, a?ﬁ’@ g’cm’l‘}*?% supports, V\]H’Ogﬁml%%@g actuator control | ed

si npl e mechg n:uﬁcais cﬂbtﬂb&nen@edmﬂiaaﬁdegecham srpol;apﬂhd e of supporting the insert

during 25 depes of—of—the—extruded—con e—ratertal—625—ento—thel-ower
nol d 626, aré’°y8 BRP8E  before the extruddd b@f?ﬂ’&g?te material |ayer 628
har dened at [gbBRcelal 12. The extruded polyether amides

polymethylmethacrylate polyester amides

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



conposite material |ayer 628 may be hardened by natural or forced cooling
during pressing, vacuum ng, or other operation to formthe structural part.
By renoving the supports prior to the extruded conposite material |ayer 628
bei ng hardened, gaps produced by the supports 30 nay be filled in, thereby

| eaving no trace of the supports or weak spots in the structural part. At
step 1714, the structural part with the #thsert at |east partially enhedded
therein is rmv:ehbatiromthe nold 626 and 632. The |nsertﬁm¢ba§f8§éss ends at
step 1716. |psanother—en et ﬁj&ﬂﬂﬁELﬂn amrtsert—Ts encapsuhjat ed
by a process °t he - 38- #%@ﬁéd |nve1§ron In a manner lanal ogous to thd
process desclki bed in FI QJRmpbwturan i nsert, such as a fastener, support,| or
ot her elenenr, may be eng DSy ated with extruded thernoplastic nateria
utilizing the_clained extrusion- nDId|1q system In otherl enbodinents off the
invention, nultiple IayerHamEoMBterla OdDﬂbarylng thlckneégmﬂﬁ?mbe 5

deposi t ed ong-on—top—et—the ot trt t-he—ctatrred MEE MOl motthimg
system Spectfically, a Hﬁ?gfﬂray DP ther nopl astic nat%ﬁ'alel ext r uded
ol | olHewy/Cowthi ch a| Sefdhd | ayer of thpAaaﬂﬁmmp di f ferient

into a | ower| 3ol d,
t her nopl ast | p—+eteral—+stayered—en—top-ot—the—H+st—tpayer—n—certait
enbodi nents pf- the inventi'on, an inseft” may be placed on pr of the firlst
extruded | aypry prior to DPHedtatobead of |Dayet i ng the first| Aaygmempth a second
extruded | ayer—10-Thi-storm-of-"layet+ng—~can—iackltate-t-he—format+onlof a
structure having multiple layers of thernoplastic material, of the sanme or
different conposition, and layers of different inserted materials. The
foregoi ng description is of a preferred enbodi ment for inplenmenting the
invention, and the scope of the invention should not be Iimted by this
deSCFIptIOH TABEEICBpRudetifofo€oiifgpSent i nvention is instead defined by the

foll ow ng cl ILE1 Thermoplastie—Resins—polet hy_!Ana nal \yl_mul one

—y oo

polypropylenicﬁﬁpyBﬁénylene oxi de polynﬁﬁvwmgﬂkﬁﬁlde pol ybut yl ene

t er epht hal at Eg,BPCY¥MoNFIghslene Chioride palcyaf $petesraadigr ephthi at e pol'ystylrene
pol ycycl ohexane diethylene terephthalate styrene-butadiene-acrylonitrille

copol yner po ybutylene naphthalate nyl o ATE“Q?H@Pf¥%FWeSterS used as soflt
segnments snylOm IZ Thermotropic Iiquid crystal pol ymers

TABLE 5 Dvynamic Die Temperature Conirol

Control Data Feedback Data
Zone Dynamic Die | On/Off

Temp Control
1 Heat/Cool On/Off Actual Temp
2 Heat/Cool On/Off Actual Temp
3 Heat/Cool On/Off Actual Temp
N Heat/Cool On/Off Actual Temp

10  TABLE 6 Dvyrnamic Die Flow Control Element Control
Control Data Feedback Data

Flow Control Element Position




nyl on 6 pol yphenyl ene sulfide nylon 66 polyether ether

al i phatic nyl ons pol yet her sul fones
i m des

pol yet her
di car boxylic
I m des

acids or aromatic

ket ones
copol yners of aliphatic nylons further
copolynerized with terephthalic acid or other aronmatic

di am nes ot her aromati c pol yam des pol yam de
vari ous copol ynmeri zed pol yam des pol yi m des

ot her

pol ycar bonat e

pol yur et hane pol yacetal pol yether anidegl polynethylnethacrylate pol yest er
an des TABLFT2‘NHrETfaf—Feeders REEP Data Feed b Ritorat € or reed
Material 1 Level of Material 1 Rate o FPeed Materifal? Level of Material 2
Rate of Feed|Material 3 Level of |VWesipnhin 3 Rate ofCymeatPaviiioerial n Leve
of Materi al 5—TABLE-3—ExtTuder Pbgﬁ&p{_ﬂlt ure COMtT |, Al pdsfigh T O Data
Feedback Dat a__Zone Extender_On/ Tenperature Capntr 1 Heat/ Coql O f
Actual Tenp | 2. Heat/ Cool On/ O f Aotual Tenp 3 Heat)-Gool On/OFf Actual Tenp
7 Heat / Cool S —Actuat—Tenmp—TARLEZ Xt Toder 1 shﬂ!’n 5T i —ComtTot ta
Feedback Data _Speed Control Signal c?ba Speed of Q%f%r Ot i
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
TABLE 8 Trolley Control
Control Data Feedback Data
Position Control Data Actual Position of Trolley
Speed Control Data Current Speed of Trolley
Lift Control Data Actual Posgition 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




Actual Load of Mbtor 5 TABLE 5 Dynamc Die Tenperature Control Control Data
Feedback Data Zone Dynamic Die On/Of Tenp Control | Heat/Cool On/ O f
Actual Tenp 2 Heat/Cool On/Of Actual Tenp 3 Heat/Cool On/OFf Actual Tenp
N Heat/ Cool On/Of Actual Tenp 10 TABLE 6 Dynamic Die Flow Control Elenent
Control Control Data Feedback Data Flow Control Elenent Position 41 1
Position 1-m Current Position 2 Positioge 1-m Current Position 3 Position

1-m Current HeskbiPfla N PoOsition 1-m Cut FedbackPatat 1 ON  TABLE 7 Heat / Cdol

Mol d Control [ .Control. Dat a_Eeedback-Data] , 1
Heat / Cool GI;WEWPE%CW d Temp 2 Hej F?‘T%B‘Pn@?jgfsﬁt“’ﬂct ual Mold Temp |3
Heat / Cool On ctua Tenp 4 Heat/ Cool On/ Ot Actual Mol'd Tenp N
Heat/ Cool On/OFf Actual Mold Tenp 5 TABLE 8 Trolley Control Control Data
Feedback Data Position Control Data Actual Position of Trolley Speed

Control DataTéstrantTy e&H CotiBl PAMneters

Zone | Control (%) | Rate (ft/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 45.0
6 2.00 1.67 45.0 50.0




Lift Control Data Actual Position of Lift TABLE 9 Press Control Control
Dat a Feedback Data Lock Control Data Trolley Position in Press Cycle Press
Time Position of Press Platen 10 TABLE 10. Extraction Tool Control 42
Control Data Feedback Data Start Extraction Cycle Extraction Tool Position
TABLE 11 Trolley Sneed Control Paraneters Zone Control (% Rate (it/mn)
Start Position (inches) End Position (imghes) 1 0.50 6.67 0.0 10.0 2 2.00

1.67 10.0 157ApLB14d Fifly Serdd] ElementPdratheteds 2. 00 1. 67 27. o 33.0 5 1.00 3.33
AT T AE OO0 43 TAD)

33.0 45.0 BH_2.00 1 TABLE—12 _FEl ow—-GCont
Par anet er s |G#t% Zond 28§ gh HT‘@“E‘H 15s) Sarf FosiBgn {ipshss) | Fws —r‘l’é’?anH%ilegosm on
(i nches) I[JT 000 70 50; (530 1 0.001@® 10.0 2 2 1§ 10.0 15.0 2 3|0.50
15.0 27.0 (2.4 1 00l27 0 33 2 50150330450 261 00 45.0-50.0-43 1
0.00 0.0 1020 3 2 (150 10, %0015 0 3190 00 15 0 27.p19% 4 0.50 27.0 38.0

2 2 1.00 10.0 15.0

3 3 0.50 15.0 27.0

2 ! 1.00 27.0 33.0

2 5 0.50 33.0 45.0

2 6 1.00 45.0 50.0

3 1 0.00 0.0 10.0

3 7 0.50 10.0 15.0

3 3 0.00 15.0 27.0

3 4 0.50 27.0 33.0

3 5 0.00 33.0 45.0

3 6 0.00 45.0 50.0

% 1 0.00 0.0 10.0

4 2 0.50 10.0 15.0

4 3 0.00 15.0 27.0

4 ] 0.50 37.0 33.0

n 5 0.00 330 45.0

4 6 0.00 45,0 50.0

5 1 0.00 0.0 10.0

5 3 1.00 100 150

5 3 0.50 15.0 27.0

5 4 1.00 27.0 33.0

3 5 0.50 33.0 45.0

5 6 1.00 45.0 50.0

6 1 0.00 0.0 1100

6 2 0.50 10.0 15.0

6 3 0.00 15.0 27.0

6 4 0.50 27.0 33.0

6 5 0.00 33.0 45.0




3 50.00 33.045.0 3 6 0.00 45.050.0 410.000.010.0 4 20.50 10.0
150 4 3 0.00 15.0 27.0 4 4 0.50 27.0 33.0 4 5 0.00 33.0 45.0 4 6 0.00
45.0 50.0 51 0.00 0.0 10.0 52 1.00 10.0 15.0 5 3 0.50 15,0 27.0 5 4
1.00 27.0 33.0 55 0.50 33.0 45.0 56 1.00 45.0 50.0 6 1 0.00 0.0 10.0 6
2 0.50 10.0 15.0 6 3 0.00 15.0 27.0 6 4 0.50 27.0 33.0 6 5 0.00 33.0 45.0
44 6 6 0.00 45.0 50.0 7 1 0.00 0.0 10.Q4 7 2 0.50 10.0 15.0 7 3 0.00 15.0

27.0 7 4 00U 2770 Bg 0 o0@00- 00 33TWs45. 0 7 6 0. QGps5-0 50.0 8 T Q.00
0.0 10.0 8/ 21.001D. 0 15]0 8 3.0.50 15.0 27 .0 8 1.00.27.033 0 5
0.50 33.0 4p70 1 0.00 0.0 10.0

7 2 0.50 10.0 15.0

7 3 0.00 15.0 27.0

7 4 0.50 27.0 330

7 5 0.00 33.0 45.0

7 6 0.00 45.0 50.0

8 1 0.00 0.0 10.0

8 2 1.00 10.0 15.0

8 3 0.50 15.0 27.0

8 4 1.00 27.0 33.0

8 5 0.50 33.0 45.0

8 6 1.00 45.0 50.0

9 1 0.00 0.0 50.0




8 6 1.00 45.0 50.0 9 1 0.00 0.0 50.0 45 CLAIM5 1. An article fornmed of an
extruded conposite material conprising a thernoplastic material and having
a concentration of at |east 10 percent 48y wei ght of fiber having | engths of
at least one-half inch. 2. The article according to claim1, further
conprising hidden ribs. 3. The article according to claim11, wherein the
articl e CIARMSi ngl e conposite material having structural features of
different depths. 4. The article according to claim3, wherein the different
depths of the structural features are greater than approximtely one inch.
5. The artilcle aoclcti@h' fegnadorf@h gkimded cothpsits mateitivd cooprisent & theimoplastic m;érglht of
fiber for the | el fd
according to cl a| m %ﬁl‘g C@E%}lﬁgttcﬁle&lag%g% kllbggé%nlt%gr“% F%Fgf?ﬁlfer ﬁavuq—ia]l%pé osxclgf%at ely
three inches. 7leagienahalf otle forned of an extruded conposite nateri al
conprising a thernoplastic material blended with fibers, the article having
hi dden ribs. 8. The article according to claim?7, wherein the fibers have

| engt hs of 2at | @bsirtitlheaeerdinpahelsim | ,dmgher GompFlymg hidderctilss. according to claim 7,
wherein the concentration of fibers is at |east approximately 10 percent.
10. The article according to claim7, wherein the concentration of fibers is
at | east approihmidbycwmh@pcéiml vereid\the articledb e sihgle redpwite amteaxithavided
conposite material ISI plastic material blended with fibers,
the article havf’tﬁmu@?%c urcgl%l A Pgerpglg including different draft depths.

12. The article accord| ng to cIa| m 11, wherein the fibers have | engths of at

clarm 11 dner onhe vhek dsRuetp s Mt Be adrien! SP Rl b St y 10

percent. 14. Thgremeiﬂwmi@pmﬁﬁmdynge ihch.cl aim 7, wherein the concentration of
fibers is at |east

5. The article according to claim 1, wherein the concentration of weight of fiber for the

composite material is at least 30 percent.

6. The article according to claim 1, wherein the length of fiber is at least approximately

three inches.

7. An article formed of an extruded composite material comprising a thermoplastic material

blended with fibers, the article having hidden ribs.

8. The article according to claim 7, wherein the fibers have lengths of at least three inches
long.
9. The article according to claim 7, wherein the concentration of fibers is at least

approximately 10 percent.

10. The article according to claim 7, wherein the concentration of fibers is at least

approximately 40 percent.

11 An article formed of an extruded composite material comprising a thermoplastic material

blended with fibers, the article having structural features including different draft depths.

12. The article according to claim 11, wherein the fibers have lengths of at least

approximately three inches long.



approximately 40 percent. 15. An article formed of an extruded conposite
material conprising a thernoplastic nmaterial blended with fibers having at
| east a portion of an el enment encapsuldsted in the extruded conposite
material. 16. The article according to claim15, wherein the entire el enent
is encapsulated in the extruded conposite material. 17. The article
according to claim15, wherein the fibers have Iengths of at |east
appr oxi Man! Y WL SRiLL GBERALOAT b 1[N Ail IR EoRERREG N AR-CIEMCL
wherein the concentration of“fibers 1S at least approximate ent.

19. The arti cl eprresiowind resentl ai m 15, wherein the concentratlon of fibers
is at least approximtely 40 percent. 20. The article according to claim
15, wherein the elenent is a fastener. 21. The article according to claim
15, wher eilA. t hdhel wndntac¢qdiag goi dldimndr wha2in Teecartntolian @€ ddredi igatt Bagl ai m
15, wherein th ttachment. 23. The article according to claim
15, wherein thgp@hggﬁ% (ﬁmﬁgmﬁaterlal conpri ses one or nore Iaye?s of

t her nopl astic conposite material. 24. The article of claim23, wherein the
one or nmor | ayer h I | hav n. 25.
The articl g of 'A%: S—tl‘% E’%‘“g‘\fﬂﬁ% &ﬁﬁl{ & C%ﬁ Slt%?'atr?ﬂ?e%wg %gﬁ\‘enﬁﬁi)er nop !fltte"q

mat eri al have bthnﬂefdewﬂnﬁbamh%pmg dtilestsa portion of an e!ement encapsulated in the extruded

composite material.

16. The article according to claim 15, wherein the entire element is encapsulated in the

extruded composite material.

17. The article according to claim 15, wherein the fibers have lengths of at least

approximately three inches long.

18. The article according to claim 15, wherein the concentration of fibers is at least

approximately 10 percent.

19. The article according to claim 15, wherein the concentration of fibers is at least

approximately 40 percent.

20. The article according to claim 15, wherein the element is a fastener.

21. The article according to claim 15, wherein the element is a stiffener.

22. The article according to claim 15, wherein the element is an attachment.

23. The article according to claim 15, wherein the thermoplastic material comprises one or

more layers of thermoplastic composite material.

24. The article of claim 23, wherein the one or more layers of thermoplastic material have the

same composition.

25. The article of claim 23, wherein the one or more layers of thermoplastic material have

different compositions.



