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(57) ABSTRACT 

A System and method for forming an article from thermo 
plastic material and fiber. The method includes heating 
thermoplastic material to form a molten thermoplastic mate 
rial for blending with the fiber. The molten thermoplastic 
material is blended with the fibers to form a molten com 
posite material having a concentration of fiber by weight. 
The molten composite material may then be extruded 
through dynamic dies to deliver discrete controlled material 
that is gravitated onto a lower portion of a mold. The lower 
portion of the mold may be moved in Space and time while 
receiving the flow of composite material to deposit a pre 
determined quantity of molten composite material thereon 
conforming to mold cavities of the lower and an upper 
portion of the mold. The upper portion of the mold may be 
pressed against the predetermined quantity of molten com 
posite material and closing on the lower portion of the mold 
to form the article. 
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THERMOPLASTIC MOLDING PROCESS AND 
APPARATUS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. This Application for Patent claims the benefit of 
priority from, and hereby incorporates by reference the 
entire disclosure of, co-pending U.S. application for patent 
Ser. No. 08/993,516, filed Dec 18, 1997. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a thermoplastic 
molding process and apparatus and especially to a thermo 
plastic proceSS and apparatus using a proprietary dynamic 
gated die having adjustable gates for varying the thickneSS 
of the extruded material, which material is molded as it is 
passed from the extrusion die. 
0004 2. Description of the Related Art 
0005. In the past it has been common to provide a wide 
variety of molding Systems including the molding of a 
thermoplastic resin or a thermoplastic composite part. In 
vacuum molding, a slab (constant thickness sheet) of heated 
thermoplastic material is placed on the vacuum mold and a 
Vacuum drawn between the mold and the heated plastic 
material to draw the plastic material onto the mold. Simi 
larly, in compression molding, a lump or slab of preheated 
material is pressed between two molding forms which 
compress the material into a desired part or shape. 
0006 3. Related Patents 
0007 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 Win 
stead 712 and 300 patents are for an apparatus for con 
tinuous thermoforming of sheet material including an 
extruder along with Stretching means and a wheel having a 
female mode thereon and a plurality of plug-assist means 
interlinked So as to form an orbiting device having a 
plug-assist member engaging the sheet material about a 
substantial arc of wheel surface. The Winstead 964 patent 
teaches an apparatus for continuously extruding and forming 
molded products from a web of thermoplastic material while 
continuously separating the product from the web, Stacking 
and handling the products, and recycling the Web Selvage for 
further extrusion. The apparatus uses multiple mode cavities 
in a rotating polygon configuration over a peripheral Surface 
of which the biaxially oriented web is continuously posi 
tioned by a follower roller interfacing the polygon with a 
biaxial orientation device. The Winstead patent No. 3,789, 
095 is an integrated method of continuously extruding low 
density form thermoplastic material and manufacturing 
three-dimensional formed articles therefrom. 

0008. The Howell U.S. Pat. No. 3,868,209, is a twin sheet 
thermoformer for fabricating a hollow plastic object from a 
pair of heat-fusible thermoplastic Sheets which are Serially 
moved in a common horizontal plane from a heating Station 
to a mold mechanism at a forming Station. The Held, Jr. 
patent, No. 3,695,799, is an apparatus for vacuum forming 
hollow articles from two sheets of thermoplastic material by 
passing the sheets of material through a heating Zone while 
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in a Spaced relationship and between two mold halves. The 
mold halves are brought together as a vacuum is pulled on 
each sheet to cause it to conform to the shape of its 
respective mold so as to mold a hollow article. The Budzyn 
ski et al., No. 5,551,860, is a blow molding apparatus for 
making bottles which have rotating molds continuously 
rotating while aligning one mold at a time with an extrusion 
die handle for loading the mold. The Hujik patent, No. 
3,915,608, is an injection molding machine for multi-lay 
ered shoe Soles which includes a turntable for rotating a 
plurality of molds through a plurality of work Stations for 
continuously molding shoe Soles. The Ludwig patent, No. 3, 
302,243, is another apparatus for injection molding of 
plastic shoes. The Lameris et al. patent, No. 3,224,043, 
teaches an injection molding machine having at least two 
molds which can be rotated for alignment with plastic 
injecting nozzles. The Vismara patent, No. 4,698,001, is a 
machine for manufacturing molded plastic motorcycle hel 
mets and which uses a compression type mold in which a 
pair of mold halves is shifted between positions. The 
Krumm patent, No. 4,304,622, is an apparatus for producing 
thick slabs of thermoplastic 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. 

0009 Composites and Other Processes 

0010 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 compo 
nent(s). Matrix components are the materials that bind the 
composite together and they are usually leSS Stiff than the 
reinforcement components. These materials are shaped 
under pressure at elevated temperatures. The matrix encap 
Sulates 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 component within the composite. Reinforcements 
may come in many different forms ranging from fibers, to 
fabrics, to particles or rods imbedded into the matrix that 
form the composite. 

0011 Composite structures have existed for millions of 
years in nature. Examination of the microStructure of wood 
or the bioceramics of a Seashell reveals the occurrence of 
composites found in nature and indicates that modern com 
posite materials have essentially evolved to mimic structures 
found in nature. A perfect example of a composite material 
is concrete. Different forms of concrete offer an insight as to 
how reinforcements work. The cement acts as the matrix, 
which holds the elements together, while the Sand, gravel, 
and Steel, act as reinforcements. Concrete made with only 
Sand and cement is not nearly as Strong as concrete made 
from cement, Sand, and Stones, which, in turn, is not as 
Strong as concrete reinforced with Steel, Sand and Stones. 
The matrix and reinforcement materials of concrete are 
blended, poured and molded, typically in a form Structure. In 
the generation of parts made with other composite materials, 
the shape of a composite Structure or part is determined by 
the shape or geometry of the mold, die or other tooling used 
to form the composite Structures. 
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0012. There are many different types of composites, 
including plastic composites. Each plastic resin has its own 
unique properties, which when combined with different 
reinforcements create composites with different mechanical 
and physical properties. If one considered the number of 
plastic polymers in existence today and multiplied that 
figure by the number of reinforcements available, the num 
ber of potential composite materials is staggering. Plastic 
composites are classified within two primary categories: 
thermoset and thermoplastic composites. 
0013 In the case of thermoset composites, after applica 
tion of heat and preSSure, thermoset resins undergo a chemi 
cal change, which croSS-links the molecular Structure of the 
material. 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 ther 
moset 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 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. 
0.014 Composite materials are used in numerous appli 
cations across a broad range of industries. Typically, com 
posites are used to replace products made of metal alloys or 
multi-component metal Structures assembled with fasteners 
or other connectors. Composites offer Sufficient Strength, 
while providing a reduction in weight. This is particularly 
important in industries Such as automotive and aerospace, 
where the use of composite materials results in lighter, 
faster, more fuel-efficient and environmentally robust air 
craft and automobiles. Composites may also be designed to 
replace wood, fiberglass and other more traditional materi 
als. The following is a partial list of industries that may have 
application for the use of large parts made from thermoplas 
tic composite materials: aerospace, automotive, construc 
tion, home appliance, marine, material handling, medical, 
military, telecommunications, transportation and waste man 
agement. 

0.015. In general, among other attributes, thermoplastic 
composite materials are resistant to corrosion and offer long 
fatigue lives making them particularly attractive for many 
manufacturers. The fatigue life refers to the period of time 
that a part lasts prior to exhibiting material wear or signifi 
cant StreSS, to the point of impairing the ability of the part to 
perform to specification. Typically, composites are utilized 
in applications where there is a desire to reduce the weight 
of a particular part while providing the Strength and other 
desirable properties of the existing part. There are a number 
of parts made from thermoset composite materials that are 
quite expensive. These types of parts are typically referred 
to as advanced composite materials and are utilized most 
often in the military and aerospace industries. Product 
development engineers and production engineers believe 
that thermoplastic composite materials will play an ever 
increasing role in modern technological development. New 
thermoplastic resins are regularly developed and more inno 
Vative methods of manufacturing are being introduced to 
lower the costs associated with manufacturing parts made 
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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. 
0016 Molding Methods Currently Available for Thermo 
plastic Composites 
0017 Most of the commercially available manufacturing 
technology for thermoplastic 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. Some of the most 
common processes include compression molding, injection 
molding, and autoclave processing, all of which can be used 
for the production of “near-net shape’ parts, i.e., parts that 
Substantially conform to the desired or designed shape after 
molding. LeSS common methods for process thermoplastic 
composites include pultrusion, Vacuum forming, diaphragm 
forming and hot preSS techniques. 
0018 Compression Molding 
0019 Compression molding is by far the most wide 
Spread method currently used for commercially manufac 
turing Structural thermoplastic composite components. Typi 
cally, compression molding utilizes a glass mat 
thermoplastic (GMT) composite comprising polypropylene 
or a similar matrix that is blended with continuous or 
chopped, randomly oriented glass fibers. GMT is produced 
by third-party material compounders, and Sold as Standard or 
custom Size flat blanks to be molded. Using this pre 
impregnated composite (or pre-preg as it is more commonly 
called when using its thermoset equivalent), pieces of GMT 
are heated in an oven, and then laid on a molding tool. The 
two matched halves of the molding tool are closed under 
great pressure, forcing the resin and fibers to fill the entire 
mold cavity. Once the part is cooled, it is removed from the 
mold with the assistance of an ejecting mechanism. 
0020 Generally, the matched molding tools used for 
GMT forming are machined from high strength steel to 
endure the continuous application of the high molding 
preSSure without degradation. These molds are often 
actively heated and cooled to accelerate cycle times and 
improve the surface finish quality. GMT molding is consid 
ered 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 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. 
0021) 
0022. 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 

Injection Molding 
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closed two-part hardened Steel tool at injection pressures 
usually ranging from 15,000 to 30,000 psi. Molds are heated 
to achieve high flow and then cooled instantly to minimize 
distortion. Using fluid dynamic analysis, molds can be 
designed which yield fibers with Specific orientations in 
various locations, but generically injection molded parts are 
isotropic. The fibers in the final parts typically are no more 
than one-eighth (/s)" long, and the maximum fiber Volume 
content is about 40%. A slight variation of this method is 
known as resin transfer molding (RTM). RTM manufactur 
ing utilizes matted fibers that are placed in a mold which is 
then charged with resin under high pressure. This method 
has the advantages of being able to manually orient fibers 
and use longer fiber lengths. 
0023. Injection molding is the fastest of the thermoplastic 
processes, and thus is generally used for large Volume 
applications Such as automotive and consumer goods. The 
cycle times range between 20 and 60 Seconds. Injection 
molding also produces highly repeatable near-net shaped 
parts. The ability to mold around inserts, holes and core 
material is another advantage. Finally, injection molding and 
RTM generally offer the best surface finish of any process. 
0024. The process discussed above suffers from real 
limitations with respect to the Size and weight of parts that 
can be produced by injection molding, because of the size of 
the required molds and capacity of injection molding 
machines. Therefore, this method has been reserved for 
Small to medium size production parts. Most problematic 
from a structural reinforcing point is the limitation regarding 
the length of reinforcement fiber that can be used in the 
injection molding process. 
0.025 Autoclave Processing 
0.026 Autoclave processing is yet another thermoplastic 
composite manufacturing process used by the industry. 
Thermoplastic prepregs with unidirectional fibers or woven 
fabrics are 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 the preSSures involved are much lower. 
0027. 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 volume fractions and 
control of the fiber orientation for enabling Specific material 
properties. This proceSS is particularly useful for prototyping 
because the tooling is relatively inexpensive. 
0028 Molding Methods for Thermoplastic Composites 
Requiring “Long Fibers 
0029 None of the processes described above are capable 
of producing a thermoplastic composite reinforced with long 
fibers (i.e., greater than about one-half inch) that remain 
largely unbroken during the molding process itself, this is 
especially true for the production of large and more complex 
parts. Historically, a three-step process was utilized to mold 
Such a part: (1) third party compounding of pre-preg com 
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posite formulation; (2) preheating of pre-preg material in 
oven; and, (3) insertion of molten material in a mold to form 
a desired part. This proceSS has Several disadvantages that 
limit the industry's versatility for producing more complex, 
large parts with Sufficient Structural reinforcement. 
0030. One disadvantage is that the sheet-molding process 
cannot produce a part of varying thickness, or parts requiring 
“deep draw” of thermoplastic composite material. The 
thicker the extruded sheet, the more difficult it is to re-melt 
the sheet uniformly through its thickness to avoid problems 
associated with the structural formation of the final part. For 
example, a pallet having feet extruding perpendicularly from 
the top Surface is a deep draw portion of the pallet that 
cannot be molded using a thicker extruded sheet because the 
formation of the pallet feet requires a deep draw of material 
in the “vertical plane” and, as such, will not be uniform over 
the horizontal plane of the extruded sheet. Other disadvan 
tages associated with the geometric restrictions of an 
extruded sheet having a uniform thickneSS are apparent and 
will be described in more detail below in conjunction with 
the description of the present invention. 

0031. The present invention is directed towards a mold 
ing System for producing a thermoplastic resin of thermo 
plastic composite parts using either a vacuum or compres 
sion 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 thermoplastic extrusion die having adjust 
able gates for varying the thickness of the extruded material, 
which material is molded as it is passed from the extrusion 
die. 

0032. The present invention is further directed towards a 
continual thermoforming system which is fed slabs of ther 
moplastic material directly from an extruder forming the 
slabs of material onto a mold which can be rotated between 
Stations. The thermoplastic material is extruded through an 
extrusion die which is adjustable for providing deviations 
from a constant thickness plastic Slab to a variable thickness 
acroSS the Surface of the plastic slab. The variable thickneSS 
can be adjusted for any particular molding run or can be 
continuously varied as desired. This allows for continuous 
molding or thermoplastic material having different thickneSS 
acroSS the extruded slab and through the molded part to 
control the interim part thickness of the molded part So that 
the molded part can have thick or thin Spots as desired 
throughout the molded part. The present invention is not 
limited as to Size, shape, composition, weight or Strength of 
a desired part manufactured by the extrusion molding pro 
CCSS. 

SUMMARY OF THE INVENTION 

0033. A thermoplastic molding system includes a ther 
moplastic extrusion die for the extrusion of a thermoplastic 
Slab profiled by adjustable die gate members, i.e., dynamic 
die Settings, for varying the thickness of the extruded 
material in different parts of the extruded slab. The thermo 
plastic extrusion die has a trimmer for cutting the extruded 
thermoplastic slab from the thermoplastic extrusion die. A 
plurality of thermoplastic molds, which may be either 
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Vacuum or compression molds, are each mounted on a 
movable platform, Such as a rotating platform, for moving 
one mold at a time into a position to receive a thermoplastic 
Slab being trimmed from the thermoplastic extrusion die. A 
molded part is formed with a 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 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 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 molding a predetermined part in the mold So that 
the molded part is formed with a variable thickness from a 
Slab of material heated during extrusion of the material. 
0034) “This extrusion-molding” process also facilitates 
the formation of thermoplastic composite Structures rein 
forced with long fibers (greater than about one-half inch) 
because the extruder dispenses the molten, thermoplastic 
composite material through the dynamic die, gravitating the 
material directly onto a lower mold that is movable with 
respect to the position of the dynamic die. AS used herein, 
the term “lower mold” refers to the lower half of a matched 
mold into which thermoplastic material is directed. Simi 
larly, the term “upper mold” refers to the upper half of the 
matched-mold within which the desired thermoplastic part is 
formed, when the upper and lower mold halves are com 
bined i.e., closed. The lower mold may be moved via a 
trolley to fill the cavity of the mold with varying quantities 
of the thermoplastic composite material. For example, if the 
cavity defined by the lower and an upper mold is larger over 
a certain horizontal range, the lower mold may be slowed 
down to receive more molten thermoplastic composite mate 
rial in that region. The dynamic die employs flow control 
elements that vary or regulate the flow of the molten 
extruded thermoplastic composite material to deliver differ 
ent quantities of material from each of the flow control 
element, to deposit the material Selectively across the width 
of the lower mold in a direction perpendicular to the 
direction it is moving. The thermoplastic composite material 
may be molded with long fibers (greater than about one-half 
inch) having a concentration of at least ten percent (10%) by 
weight to as much as fifty to sixty percent (50-60%) by 
weight, with low fiber-fracture rates. After the molten 
extruded thermoplastic composite material gravitates onto 
the lower mold, the trolley is automatically transported into 
a press that closes the upper mold onto the lower mold to 
form the composite part. 
0035. One embodiment according to the principles of the 
present invention includes a System and method for forming 
an article from thermoplastic material and fiber. The method 
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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 concen 
tration of fiber by weight and/or volume. The molten com 
posite material may then be extruded through the dynamic 
die to form a 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 the mold cavity of the 
lower mold. The upper portion of the mold may be pressed 
against the predetermined quantity of molten composite 
material and closing on the lower portion of the mold to 
form the article. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0036). Other objects, features, and advantages of the 
present invention will be apparent from the written descrip 
tion and the drawings in which: 
0037 FIG. 1 is a top plan view of a molding system in 
accordance with the present invention; 
0038 FIG. 2 is a side elevation view of the molding 
apparatus of FIG. 1; 
0.039 FIGS. 3A-3E are plan views of the mold of FIGS. 
1 and 2 in different steps of the process of the present 
invention; 

0040 FIG. 4 is a side elevation of the extruder of FIGS. 
1 and 2; 

0041 FIG. 5 is a rear elevation of the extruder of FIG. 
4; 
0042 FIG. 6A is an exemplary schematic diagram of an 
extrusion-molding System according to FIG. 1 operable to 
form Structural parts, 
0043 FIG. 6B is another exemplary block diagram of the 
extrusion-molding system 600a of FIG. 6A, 
0044 FIG. 7 is an exemplary exploded view of the 
dynamic die of FIG. 6A depositing the extruded composite 
material on the lower mold as Supported by the trolley; 
004.5 FIG. 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 FIG. 6A; 
0046 FIG. 8B is an another exemplary flow diagram for 
producing Structural parts utilizing the extrusion-molding 
system of FIG. 6A via the three-axis control extrusion 
molding process, 
0047 FIG. 9 is an exemplary block diagram of a con 
troller of FIG. 6A interfacing with controllers operating in 
components of the extrusion-molding system of FIG. 6A, 
0048 FIG. 10 is a more detailed exemplary block dia 
gram of the controller of FIG. 6A; 
0049 FIG. 11 is an exemplary block diagram of the 
Software that is executed by a processor operating the 
controller of FIG. 10; 
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0050 FIG. 12 is an exemplary schematic of the flow 
control elements and a lower mold, which is Sectioned into 
a grid, to deposit extruded composite material in accordance 
with the extrusion-molding system of FIG. 6A; 
0051 FIG. 13 is a top view of the flow control elements 
as aligned to deposit the composite material onto the lower 
mold of FIG. 6A; 
0.052 FIG. 14 is an exemplary perspective top view of a 
corner of a pallet produced by the extrusion-molding System 
of FIG. 6A; 
0053 FIGS. 15A and 15B are an exemplary perspective 
bottom and top views, respectively, of a platform having 
hidden ribs formed by the extrusion-molding system of FIG. 
6A, 
0054 FIGS. 16A and 16B are an exemplary structural 
parts having inserts formed by the extrusion-molding System 
of FIG. 6A, and 
0.055 FIG. 17 is an exemplary flow diagram describing 
the operations for embedding an insert, Such as a fastener, 
Support, or other element, into a structural part, Such as those 
shown in FIGS. 16A and 16B, utilizing the extrusion 
molding system of FIG. 6A. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0056. 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 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. 
0057 Referring to FIGS. 1 and 2 of the drawings, a 
thermoforming apparatus 10 for thermoforming parts from a 
thermoplastic resin or from a thermoplastic composite is 
illustrated having an extruder 11, a mold exchange Station 
12, and a compression mold Station 13. The extruder has a 
hopper 14 mounted on top for feeding a thermoplastic resin 
or composite material into an auger 15 where heaters are 
heating the thermoplastic material to a fluid material while 
the auger is feeding it along the length of the extruder path 
to an extrusion die 16 at the end thereof The material being 
fed through the extruder and out the extrusion die is cut with 
a trimmer 17 mounted at the end of the die 16. The material 
is extruded in a generally flat plate slab (not shown) and is 
trimmed at predetermined points by the trimmer 17 as it 
leaves the extrusion die 16. A support platform 18 will 
support a traveling mold half 19 directly under the extrusion 
die 16 for receiving a slab of thermoplastic material. The 
traveling mold half 19 has wheels 20 which allow the mold 
half 19 to be moved from the platform 18 onto a rotating 
platform 21 (shown as mold half 19) which is mounted on 
a central rotating Shaft 22 for rotation as indicated by the 
bidirectional arrow 21" in FIG. 1. The rotating platform 21 
will have a second mold half 23 thereon which can be fed 
into the compression molding Station 13 (shown as mold 
half 23') while the mold half 19 is on the platform 18. The 
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mold half 23' can be supported on a stationary platform 24 
in the compression Station directly beneath a common 
posing fixed mold half 25 mounted to a moving platen 26 
where the molding operation takes place. Thus, the mold 
halves 19 and 23 can shuttle back and forth So that one mold 
can be capturing a thermoplastic Slab while the other mold 
half is molding a part. Each of the traveling mold halves 19, 
23 has an electric motor 27 for driving the mold half from 
the rotating platform 21 onto the platform 18 or onto the 
stationary platform 24. A linear transducer 28 can be 
mounted on the platform 18 for controlling the traveling 
mold halves Speed. 
0.058. It should be noted at this point that the extruder 11 
produces the heated extruded slab Still containing the heat 
energy onto the traveling mold half where it is delivered to 
the compression mold 13 and molded into a part without 
having to reheat a sheet of thermoplastic material. AS will 
also be noted hereinafter in connection with FIGS. 4 and 5, 
the thermoplastic slab can also be of variable thickness 
throughout its width to enhance the thermoformed part made 
from the mold. 

0059 Turning to FIGS. 3A-3E, the thermoplastic mold 
ing 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 before being extruded. In FIG. 3A, mold 
half 23' is empty and mold half 19 is being charged with a 
hot melt directly from the extruder 11. In FIG.3B, the mold 
carrier moves the mold halves 19 and 23' on the rotating 
turntable 21. In FIG. 3C, the rotating turntable 21 rotates on 
the central axis shaft 22 (not shown) between stations for 
loading a slab onto one mold half 23 and a loaded mold half 
19' into the compression or vacuum molding machine 13. In 
FIG. 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 FIG. 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 completely charged. 
0060 Turning to FIGS. 4 and 5, the extrusion die 30 is 
illustrated having the die body 31 having the channel 32 for 
the feeding of a fluid thermoplastic material with the auger 
15 of FIGS. 1 and 2 therethrough out the extrusion channel 
33 to produce a sheet or slab of thermoplastic extruded 
material from the mouth 34. The die 30 has a plurality of 
gated plates 35 each connected to a threaded shaft 36 driven 
by a gate actuator motor 37 which can be a hydraulic or 
pneumatic motor but, as illustrated, is an electrical Stepper 
motor having a control line 38 feeding to a remote controller 
40 which can step the motor 37 in steps to move the plate 35 
in and out to vary the thickness of the thermoplastic slab 
passing the channel portion 41. A plurality of any number of 
motors 37 can be seen in FIG. 5 driving a plurality of plates, 
each mounted abutting the next plate, and each plate con 
trolled separately to thereby vary the plates 35 in the channel 
41 in a wide variety of patters for producing a slab out the 
output portion 34 having thickneSS which can vary acroSS 
the width of the extruded slab. It will also be clear that the 
gates 35 can be manually controlled by individually thread 
ing each gate into and out to adjust the thickness of any 
portion of the extrusion die and can, alternatively, be con 
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trolled by a controller 40 which can be a computer program 
to vary the thickness of any portion of the extruded slab 
under remote control as desired. 

0061 Athermoplastic molding process is provided which 
includes selecting a thermoplastic extrusion die 16 or 30 for 
the extrusion of a thermoplastic slab, which extrusion die 
has an 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 extru 
Sion 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 thermoplastic material through the 
Selected and adjusted thermoplastic extrusion die. The ther 
moplastic 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. 
0.062. It should be clear at this time that a thermoplastic 
molding proceSS and apparatus have 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 accom 
plished while the thermoplastic slab is still heated to utilize 
the heat energy from the extrusion process. However, it 
should also be clear that the present invention is not to be 
considered limited to the forms shown which are to be 
considered illustrative rather than restrictive. For example, 
although the extruded material is described Sometimes as a 
generally flat plate slab, it is also described as follows: (i) 
containing heat energy when delivered to the compression 
mold 13 to obviate reheating, (ii) having a variable thickness 
throughout its width, (iii) being a hot melt when charged into 
the mold half 19 from the extruder 11, (iv) using a plurality 
of gated plates 35 to vary the thickness across the width of 
the extruded material and in different parts of the extruded 
material, and finally (V) extruding molten thermoplastic 
material through the Selected and adjusted extrusion die to 
achieve a variable thickness in the part formed. Thus, the 
extruder generally provides a molten flow of thermoplastic 
composite material through the dynamic die, gravitating 
onto a mold half or lower mold in variable quantities in the 
Vertical plane and acroSS both horizontal directions on the 
mold. 

0.063. The “extrusion-molding” process described above 
is ideal for manufacturing medium to large thermoplastic 
composite Structures reinforced with glass, carbon, metal or 
organic fibers to name a few. The extrusion-molding proceSS 
includes a computer-controlled extrusion System that inte 
grates and automates material blending or compounding of 
the matrix and reinforcement components to dispense a 
profiled quantity of molten composite material that gravi 
tates into the lower half of a matched-mold, the movement 
of which is controlled while receiving the material, and a 
compression molding Station for receiving the lower half of 
the mold for pressing the upper half of the mold against the 
lower half to form the desired structure or part. The lower 
half of the matched-mold discretely moves in Space and time 
at varying Speeds to enable the deposit of material more 
thickly at Slow Speed and more thinly at faster Speeds. The 
thermoplastic apparatus 10 described above is one embodi 
ment for practicing the extrusion-molding process. Unproc 
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essed resin (which may be 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 
(%") 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 move 
ment of the lower mold half 19 relative to the position of the 
extruder 11, as will be described below with the embodi 
ments shown in FIGS. 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, and is then moved into the 
compression molding Station. 
0064. The thermoplastic matrix materials that may be 
utilized in the extrusion-molding processes to form the 
composite material include thermoplastic resins as under 
stood in the art. The thermoplastic resins that may be utilized 
in accordance with the principles of the present invention 
may include any thermoplastic resin that can be melted and 
blended by the extruder 11. Examples of such thermoplastic 
resins are provided in TABLE 1 with the understanding that 
the examples are not intended to be a complete list; and that 
other thermoplastic resins and materials may be utilized in 
producing the Structural parts utilizing the extrusion-mold 
ing system. Additionally the thermoplastic resins of TABLE 
1 may be used alone or in any combinations thereof. 

TABLE 1. 

Thermoplastic Resins 

polyethylene 
polypropylene 
polyvinyl chloride 
polyvinylidene chloride 
polystyrene 

polysulfone 
polyphenylene Oxide 
polybutylene terephthalate 
polyethylene terephth late 
polycyclohexane diethylene 
terephthalate 

styrene-butadiene-acrylonitrile polybutylene naphthalate 
copolymer 
nylon 11 other polyesters used as soft segments 
nylon 12 thermotropic liquid crystal polymers 
nylon 6 polyphenylene sulfide 
nylon 66 polyether ether ketones 
other aliphatic nylons 
copolymers of aliphatic nylons 
further copolymerized with 
terephthalic acid or other 
aromatic dicarboxylic acids 
or aromatic diamines 
other aromatic polyamides polyamide imides 
various copolymerized polyamides polyimides 
polycarbonate polyurethane 
polyacetal polyether amides 
polymethylmethacrylate polyester amides 

polyether sulfones 
polyether imides 

0065 Particular thermoplastic materials, including 
polypropylene, polyethylene, polyetheretherketone, polyes 
ters, polystyrene, polycarbonate, polyvinylchloride, nylon, 
polymethyl, polymethacrylate, acrylic, polyurethane and 
mixtures thereof, have been especially Suitable for the 
extrusion-molding process. 
0066. The fibers that serve as the reinforcement compo 
nent for the thermoplastic composite materials generally 
include those materials that may be utilized to reinforce 
thermoplastic resins. Fiber materials Suitable for use in 
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accordance with the principles of the present invention 
include, without limitation, glass, carbon, metal and natural 
materials (e.g., flax, cotton), either alone or in combination. 
Other fibers not listed may also be utilized as understood in 
the art. Although the diameter of the fiber generally is not 
limited, the fiber diameter for molding larger Structural parts 
generally ranges between 1 and 20 lum. It should be under 
stood, however, that the diameter of the fibers may be larger 
depending on a 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 marked with a fiber having a 
diameter of approximately one (1) to approximately nine (9) 
plm. 

0067. 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 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 rein 
forcing fibers are fed into the extruder in order to run the 
extrusion process to produce the molten thermoplastic com 
posite without interruption. The ratio between the thermo 
plastic resin and fiber is not particularly limited as it is 
possible to produce the thermoplastic composite and shaped 
articles using any ratio of composition in accordance with 
the final object of use. However, to provide sufficient 
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 determined that 
the content of fibers is generally ten (10) to seventy (70) 
percent by weight, and preferably forty percent (40%) by 
weight to achieve the desired mechanical properties for the 
production of larger articles. 
0068 The average fiber length of the fibers is greater than 
about one-half inch (%"). However, typical structural parts 
produced by the extrusion-molding system 600a utilize fiber 
lengths longer than about one inch. It should be noted that 
when the average fiber length is less than one inch, the 
desired mechanical properties for large articles is difficult to 
obtain. Distribution of the fibers in the thermoplastic com 
posite material is generally uniform So that the fibers and 
thermoplastic resin do not separate when melted and com 
pressed. The distribution or disbursement of the fibers 
includes a process by which the fibers are dispersed from a 
Single filament level to a level of multiple filaments (i.e., 
bundles of several tens of fibers). In one embodiment, 
bundles of about five fibers are dispersed to provide effi 
ciency and Structural performance. Further, the “degree of 
combing” may be evaluated by observing a Section of the 
Structure by a microscope and determining the ratio of the 
number of reinforcing fibers in bundles often or more in all 
of 1000 or more observable reinforcing fibers (total number 
of reinforcing fibers in bundles of 10 or more/total number 
of reinforcing fibersx100) (percent). Typical values pro 
duced by the principles of the present invention result in not 
more than approximately sixty percent (60%), and generally 
below thirty-five percent (35%). 
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0069 FIG. 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 604, a dynamic die 606, a trolley 608, a compres 
sion press 610, and a controller 612. Other supplemental 
components may also be included to form the extrusion 
molding system 6.00a. 

0070 The material receiving unit 602 may include one or 
more hoppers or feeders 614 and 615 for receiving materials 
M1 and M2, respectively, that will be extruded to form a 
thermoplastic composite. It should be understood that addi 
tional feederS may be utilized to receive additional materials 
or additives to formulate different compounds. In the instant 
example, materials M1 and M2 represent the Starting mate 
rial i.e., reinforced thermoplastic materials preferably in the 
form of pellets. M1 and M2 may be the same or different 
reinforced thermoplastic material. The thermoplastic mate 
rials may be reinforced by fibers, Such as glass or carbon 
fibers, as understood in the art. It should be further under 
stood that non-thermoplastic material may be utilized in 
accordance with the principles of the present invention. 

0071. A heater 618 preheats the thermoplastic materials 
M1 and M2. The extruder 604 is coupled to the feeder 
channel 616 and operable to mix the heated thermoplastic 
materials M1 and M2 via an auger 620. The extruder 604 
further melts the thermoplastic materials. The auger 620 
may be helical or any other shape operable to mix and flow 
the composite material through the extruder 604. An 
extruder output channel 622 is coupled to the extruder 604 
and is utilized to carry the composite material to a dynamic 
die 606. 

0072 The dynamic die 606 includes multiple flow con 
trol elements 624a-624n (collectively 624). The flow control 
elements 624 may be individual gates, valves, or other 
mechanisms that operate to control the extruded composite 
material 625 from the dynamic die 606, where the extruded 
composite material 625a-625n (collectively 625) varies in 
volumetric flow rates across a plane Pat or below the flow 
control elements 624. The outputting of the different volu 
metric flow rates ranges between approximately Zero and 
3000 pounds per hour. A more preferable range for the 
volumetric flow rate ranges between approximately 2500 
and 3000 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 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 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 
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which the composite material may be delivered into a lower 
mold using a plunger or other actuating mechanism. 
0073. The trolley 608 may be moved beneath the 
dynamic die 606 so that the extruded composite material 625 
gravitates to or is deposited on a lower mold 626, which 
passes below the dynamic die 606 at a predetermined 
vertical distance, the “drop distance” (d). The lower mold 
626 defines cavities 630 that are used to form a structural 
part. The extruded composite material 625 is deposited 628 
on the lower mold 626 to fill the volume defined by the 
cavities 630 in the lower mold 626 and an upper mold 632 
to form the composite part. In a two-axis controlled process, 
the composite material 625a may be deposited on the lower 
mold 626 at a substantially constant volumetric flow rate 
from the dynamic die 606 or across a vertical plane (P), 
based on discrete movement and variable Speeds, to form the 
composite material layer 628 having Substantially the same 
thickness or volume along the vertical plane (P) to fill the 
cavities 630 in the lower and upper molds 626 and 632. In 
a three-axis controlled process, the composite material may 
be deposited on the lower mold 626 at different volumetric 
flow rates from the dynamic die 606 across the vertical plane 
(P) to form the composite material layer 628 having different 
thickness or volume along the vertical plane (P) to fill the 
cavities 630 in the lower and upper molds 626 and 632. It 
should be understood that the two-axis controlled proceSS 
may be utilized to deposit the composite material to molds 
that have cavities 630 substantially constant in depth in the 
vertical plane and that the three-axis controlled process may 
be utilized to deposit the composite to molds that have 
cavities 630 that vary in depth. 
0074 The trolley 608 may further include wheels 634 
that provide for translation along a 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 into the lower mold 626. Even though the 
principles of the present invention provide for reduced force 
for the molding 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 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 understood that other actuated Structural compo 
nents may be utilized to engage and disengage the wheels 
634 from supporting the trolley 608, but that the function 
ality to engage and disengage the wheels 634 is to be 
substantially the same. For example, the upper surface 638 
of the base 640 of the press 610 may be raised to contact the 
base plate 642 of the trolley 608. 
0075) The controller 612 is electrically coupled to the 
various components that form the extrusion-molding System 
600. The controller 612 is a processor-based unit that 
operates to orchestrate the forming of the Structural parts. In 
part, the controller 612 operates to control the composite 
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material being deposited on the lower mold 626 by control 
ling temperature of the composite material, Volumetric flow 
rate of the extruded composite material 625, and the posi 
tioning and rate of movement of the lower mold 626 via the 
trolley 608 to receive the extruded composite material 625. 
The controller 612 is further operable to control the heater 
618 to heat the thermoplastic materials. The controller 612 
may control the rate of the auger 620 to maintain a Substan 
tially constant flow of composite material through the 
extruder 604 and into the dynamic die 606. Alternatively, the 
controller 612 may alter the rate of the auger 620 to alter the 
volumetric flow rate of the composite material from the 
extruder 604. The controller may further control heaters (not 
shown) in the extruder 604 and the dynamic die 606. Based 
on the Structural part being formed, a predetermined set of 
parameters may be established for the dynamic die 606 to 
apply the extruded composite material 625 to the lower mold 
626. The parameters may be defined such that the flow 
control elements 624 may be selectively positioned such that 
the movement of the trolley 608 is positionally synchronized 
with the volumetric flow rate of the composite material in 
accordance with the cavities 630 that the define the struc 
tural part being produced. 

0076) The trolley 608 may further include a heater (not 
shown) that is controlled by the 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 mechanism (not shown) to disen 
gage 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. 

0.077 FIG. 6B is another exemplary block diagram of the 
extrusion-molding system 600a of FIG. 6A. The extrusion 
molding System 600b is configured to Support two presses 
610a and 610b that are operable to receive the trolley 608 
that supports the lower mold 626 to form the structural part. 
It should be understood that two trolleys 608 may be 
supported by the tracks or rails 636 so as to provide for 
forming multiple Structural components by a single extruder 
604 and dynamic die 606. While wheels 634 and rails 636 
may be utilized to provide movement for the trolley 608 in 
one embodiment, it should be understood that other move 
ment mechanisms may be utilized to control movement for 
the trolley 608. For example, a conveyer, Suspension, or 
track drive System may be utilized to control movement for 
the trolley 608. 

0078. The controller 612 may be configured to support 
multiple Structural parts So that the extrusion-molding Sys 
tem 600b may simultaneously form the different structural 
parts via the different presses 610a and 610b. Because the 
controller 612 is capable of Storing parameters operable to 
form multiple structural parts, the controller 612 may simply 
alter control of the dynamic die 606 and trolleys 608a and 
608b by utilizing the parameters in a general software 
program, thereby providing for the formation of two differ 
ent Structural parts using a single extruder 604 and dynamic 
die 606. It should be understood that additional presses 610 
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and trolleys 608 may be utilized to substantially simulta 
neously produce more structural parts via a single extruder 
604 and dynamic die 606. 
007.9 FIG. 7 is an exemplary exploded view of the 
dynamic die 606 depositing the extruded composite material 
625 on the lower mold 626 as supported by the trolley 608. 
As shown, the dynamic die 606 includes the multiple flow 
control elements 624a-624i. It should 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 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 
h, thereby providing a Volumetric flow rate f of the 
extruded composite material 625b. Similarly, the flow con 
trol element 624c is opened to form a larger aperture for the 
extruded composite material 625c to be output at a higher 
volumetric flow rate f onto the lower mold 626. 
0080 AS indicated by the variation in shading of the 
extruded composite material 625 associated with each of the 
flow control elements 624, the flow control elements 624 
may be dynamically adjusted based on the Structural part 
being formed via the lower and upper molds 626 and 632. 
Accordingly, based on the Structural part being formed (e.g., 
deep draw over a certain region), the flow control elements 
624 may be adjusted to alter the volumetric flow rates of the 
extruded composite material 625 over finite regions of the 
lower and upper molds 626. In other words, based on the 
cavities 630 defined by the lower and upper molds 626 and 
632, the composite material layer 628 may be varied in 
thickness. For example, the composite material layer region 
628a is thinner than composite material layer region 628b, 
which is thicker to sufficiently fill the cavity 630a, which has 
a deeper draft than other locations of the cavity 630 in the 
lower mold 626. In other words, the extruded composite 
material layer 628 is dynamically altered based on the depth 
of the cavity 630 defined by the molds 626 and 632. In both 
the two-and three-axis controlled processes capable of being 
performed on the extrusion-molding system 600a, the 
extruded composite material layer 628 may be dynamically 
altered in terms of thickness based on the volumetric flow 
rate of the extruded composite material 625 and the speed of 
travel of the trolley 608. 
0081. Depositing the extruded composite material onto 
the lower mold may be performed by controlling the amount 
of extruded composite material deposited in two or three 
axes depending on the Structural part being produced. For 
the two-axis control, the movement of the trolley may be 
controlled along the axis of movement to deposit the 
extruded composite 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 other embodiments may provide 
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for off-axis or non-axis control to deposit the extruded 
composite material in Specific locations on the lower mold. 
0082. By providing for control of the trolley and com 
posite 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 math 
ematics 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 consolidated 
material off of the mold. The principles of the present 
invention may be designed So that two or more unique parts 
may be produced Simultaneously, thereby maximizing pro 
duction efficiency by using a virtually continuous Stream of 
composite material. 
0083) Value-Added Benefits of the Extrusion-Molding 
Process 

0084. With the extrusion-molding system, large long 
fiber reinforced plastic parts may be produced in-line and at 
very low processing costs. Features of the extrusion System 
provide for a reinforced plastic components production line 
that offers (i) materials flexibility, (ii) deposition process, 
(iii) low-pressures, and (iv) machine efficiency. Materials 
flexibility provides for Savings in both material and machine 
costs from in-line compounding, and further provides for 
material property flexibility. The deposition process adds 
value in the material deposition process, which allows for 
more complicated shapes (e.g., large draft and ribs), better 
material flow, and ease of inclusion of large inserts in the 
mold. The low-pressures is directed to reduced molding 
preSSures, which lessen the wear on both the molds and the 
machines, and lockS very little StreSS into the Structural parts. 
The machine efficiency provides for the ability to use two or 
more completely different molds at once to improve the 
efficiency of the extrusion System, thereby reducing the 
required number of machines to run a production operation. 
Additionally, the material delivery System according to the 
principles of the present invention may be integrated with 
many existing machines. 
0085 Materials Flexibility 
0086 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 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-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 
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desired, nearly infinite flexibility is added to the process, 
including the ability to alter properties while molding or to 
create a gradual change in color, for example. Also, unlike 
sheet molding, the extrusion-molding System does not 
require the material to have a melt-strength, giving the 
system added flexibility. In one embodiment, the extrusion 
molding System may utilize thermoset resins to produce the 
Structural parts. The extrusion-molding System may also use 
a variety of fiber materials, including carbon, glass and other 
fibers as described above, for reinforcement with achievable 
fiber volume fractions of over 50 percent and fiber lengths 
of one to four inches or longer with 85 percent or higher of 
the fiber length being maintained from raw material to 
finished part. 
0087 Deposition Process 
0088. The extrusion system, according to the principles 
of the present invention, allows for variable composite 
material lay-down; in regions of the mold where more 
material is to be utilized for deep draft or hidden ribs, for 
example, thereby minimizing force utilized during molding 
and pressing. The variable composite material lay-down 
results in more accuracy, fuller molds, and fewer “short 
shots” as understood in the art than with typical compression 
molding processes. Variable lay-down also allows for large 
features to be molded on both sides of the Structural part, as 
well as the placement of inserts or cores into the Structural 
part. Lastly, Since the material has a relatively very low 
Viscosity as it is being deposited in a molten state onto the 
mold (as opposed to being pre-compounded into a sheet and 
then pressed into a mold), fibers are able to easily enter ribs 
and cover large dimensional areas without getting trapped or 
becoming undesirably oriented. 
0089 Low-pressures 
0090 The thermoplastic composite material being depos 
ited 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 composite material 
being deposited onto the mold results in Significantly 
reduced molding pressure requirements over most other 
molding processes. Presses for this process generally oper 
ate 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 pressures, instead of needing 
a steel tool that could cost over S200,000, an aluminum 
mold, capable of 300,000 cycles, and may be manufactured 
for as little as S40,000. Less expensive tooling also means 
more flexibility for future design changes. Since the ther 
moplastic resin is relocated and formed on the face of the 
mold under lower pressures, leSS StreSS is locked into the 
material, thereby leading to better dimensional tolerance and 
leSS Warpage. 

0091 Machine Efficiency 
0092 Because the extrusion-molding process may use 
two or more molds running at the same time, there is a 
reduction in the average cycle time per part, thus increasing 
productivity as the first mold Set may be cooled and removed 
while a Second mold is filled and compressed. Also, the 
extrusion-molding System utilizes minimal redundant com 
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ponents. In one embodiment, the extrusion System utilizes a 
Separate preSS for each mold, but other equipment may be 
consolidated and Shared between the mold Sets and may be 
easily modified in Software to accommodate other molds. 
The extrusion and delivery system 600a further may be 
integrated into current manufacturing facilities and existing 
compression molds and presses may be combined. 

0093 FIG. 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 626. The extrusion-molding process starts at step 802. 
At step 804, the thermoplastic material is heated to form 
molten thermoplastic material and blended with the fiber at 
step 802 to form a composite material. At step 708, the 
molten composite material is delivered through the dynamic 
die to gravitate onto a lower mold 626. For the two-axis 
extrusion deposit process, a fixed output from the die may be 
utilized. In a two-axis process, the movement of the trolley 
is maintained at a constant Speed. In a three-axis extrusion 
control process, a dynamic die 606 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, 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. 

0094 FIG. 8B is an exemplary flow diagram for produc 
ing Structural parts utilizing the extrusion-molding System 
600a of FIG. 6A via the three-axis control extrusion 
molding process. The Structural part production process 
starts at step 816. At step 818, thermoplastic 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 prede 
termined 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 
formed of glass or other Stiffening material utilized to form 
large Structural parts. For example, fiber lengths of one-half 
inch (%") up to four inches (4") or more in length may be 
utilized in forming the Structural parts. 

0095 The composite material is extruded at step 826. In 
the extrusion process, the auger 620 or other mechanism 
utilized to extrude the composite material is configured to 
Substantially avoid damaging the fiberS Such that the original 
fiber lengths are Substantially maintained (e.g., 85 percent or 
higher). For example, in the case of using a screw type auger 
620, the thread spacing is Selected to be larger than the 
length of the fibers, thereby Substantially avoiding damaging 
the fibers. 

0096] At step 828, the extruded composite material 625 
may be dynamically output at different volumetric flow rates 
acroSS a plane to provide for control of depositing the 
extruded composite material 625 onto the lower mold 626. 
The lower mold 626 may be positionally synchronized to 
receive the extruded composite material 625 in relation to 
the different volumetric flow rates across the plane Pat step 
830. In an embodiment, the positional synchronization of the 
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mold 626 is performed in accordance with flow control 
elements 624 that are located at a height d above the trolley 
608, which may be translated at a substantially constant or 
adjustable rate. For example, to deposit a constant or flat 
extruded composite material layer 628, the trolley 608 is 
moved at a Substantially constant rate, but to increase or 
decrease the Volume of the extruded composite material 
layer 628, the trolley 608 may be moved at a slower or faster 
rate, respectively. At Step 832, the extruded composite 
material 625 that is formed 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. 
0097 FIG. 9 is an exemplary block diagram 900 of the 
controller 612 as configured to communicate with control 
lerS operating within components of the extrusion System 
600a of FIG. 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 controller 612. Alternatively, the control 
lers may be non-processor based controllers, Such as analog 
or digital circuitry, that operate as Slave units to the con 
troller 612. 

0098. The feeder(s) 614 may include a speed and tem 
perature controller 902 that is operable to control speed and 
temperature of the feeder(s) 614 for mixing the composite 
material M1 and fiber material M2. The feeder speed and 
temperature controller(s) 902 may be formed of single or 
multiple controllers to control motor(s) and heater(s). The 
controller 612 is operable to specify or command the Veloc 
ity or rate and temperature of the feeder(s) 614, while the 
speed and temperature controller 802 of the feeder(s) 614 is 
operable to execute the commands received by the controller 
812. For example, based on the amount of composite 
material being extruded via the dynamic die 606, the con 
troller 612 may increase the rate of the materials M1 and M2 
being fed into the extruder 606. 
0099] The controller 612 is further in communication 
with the heater controller 904. The controller 612 may 
communicate control data to the heater controller 904 based 
on feedback data received from the heater controller 904. 
For example, if the temperature of the heater controller 904 
decreases during feeding operations, then the controller 612 
may issue commands via the control data 1018 to the heater 
controller 904 to increase the temperature of the heater 618. 
Alternatively, the heater controller 904 may regulate the 
temperature utilizing a feedback regulator loop as under 
stood in the art to the temperature commanded by the 
controller 612 and Simply report the temperature to the 
controller 612 for monitoring purposes. 
0100. The controller 612 is further in communication 
with an extruder speed and temperature controller 906, 
which provides control over the speed of the auger 620 and 
temperature of the extruder 604. The extruder speed and 
temperature controller 906 may be operable to control 
multiple heaters within Zones of the extruder 604 and 
communicate the temperatures of each heater to the con 
troller 612. It should be understood that the extruder speed 
and temperature controller 906 may be formed of multiple 
controllers. 
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0101 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 908 may operate to control each of the flow 
control elements 624 collectively or individually. Alterna 
tively, each flow control element 624 may be individually 
controlled by Separate controllers. Accordingly, the control 
ler 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 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. 
0102) The controller 612 is further in communication 
with a trolley controller 910 that is coupled to the trolley 608 
and is operable to control position of the trolley 608 and 
temperature of the lower mold 626. The controller 612 may 
provide control signals 1018 to the trolley controller 910 that 
operates as a servo to drive the trolley 608 to the positions 
commanded by the controller 612, which, in the case of 
depositing the extruded composite material 625 onto the 
lower mold 626, positions the lower mold 626 accordingly. 
Although the extruded composite material layer 628 that is 
deposited onto the lower mold 626 is molten at the time of 
deposition, the extruded composite material layer 628 
deposited first tends to cool as the later extruded composite 
material 625 is being deposited. Therefore, the controller 
612 may communicate control data 1018 to the trolley 
controller 910 to maintain the temperature of the extruded 
composite material layer 628, either at a Substantially con 
Stant temperature, based on time of deposition of the 
extruded composite material 625, and/or based on other 
factors, Such as thermoplastic material M1 molten State 
temperature requirements. Feedback data 1022 may provide 
current temperature and Status of the position and Velocity of 
the trolley 608 and temperature of the lower mold 626 so 
that the controller 612 may perform management and moni 
toring functions. 
0103) The controller 612 is further in communication 
with a heat/cool controller 912, which is operable to control 
temperature of heaters and/or coolers for the extrusion 
molding system 600a. The heat/cool controller 912 may 
receive the control data 1018 from the controller 612 that 
commands the heat/cool controller 912 to operate at a 
Specific or variable temperature based on a number of 
factors, Such as thermoplastic material M1, ambient tem 
perature, 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 cur 
rent temperature and Status of the heaters and coolerS So that 
the controller 612 may perform management and monitoring 
functions. 

0104. 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 tempera 
ture controller to control the temperature of the upper mold 
932. Alternatively, the temperature controller may not be 
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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 tempera 
ture of the upper mold 632 so that the controller 612 may 
perform management and monitoring functions. 
0105 The controller 612 is further in communication 
with an extraction tool controller 916 that is operable to 
control eXtraction operations on a molded Structural com 
ponent. In response to the controller 612 receiving notifi 
cation from the press controller 914 that the press 610 has 
completed pressing operations, the controller 612 may issue 
control signals 1018 to the extraction tool controller 916 to 
initiate extraction of the molded Structural component. 
Accordingly, feedback data 1022 may be utilized to indicate 
current operation of the extraction tool. If the feedback data 
1022 indicates that the extraction tool is having difficulty 
extracting the molded Structural component, an operator of 
the extrusion-molding system 600a may be notified that a 
problem exists with the extraction tool, the lower or upper 
molds 626 and 632, the press 610, the heater or cooler of the 
upper or lower mold 626 and 632, or other component or 
function of the extrusion-molding system 6.00a. 

0106. It should be understood that while the controller 
612 may be configured to be a master controller for each of 
the components of the extrusion-molding system 600a, that 
the controller 612 may be configured to manage the com 
ponents in a more distributed controller manner. In other 
words, the controllers of the components may operate as 
more intelligent controllers that use the parameters of the 
Structural parts being produced to compute operating and 
control parameters and leSS as ServOS that are commanded by 
the controller 612 to perform a function. It should be further 
understood that the controller 612 may be programmed to 
accommodate different mechanical configurations of the 
extrusion-molding system 6.00a. For example, if the extru 
Sion-molding system 600a were configured such that the 
output of the extruder 606 translated or otherwise moved 
relative to a stationary lower 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. 
0107 FIG. 10 is an exemplary block diagram of the 
controller 612 of FIG. 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 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 thereof 
The processor 1002 is operable to execute software 1014 
utilized to control the various components of the extrusion 
molding system 600a and to manage the databases 1012. In 
controlling the extrusion-molding system 600a, the software 
1014 communicates with the extrusion-molding system 
600a via the I/O unit 1008 and control buS 1016. Control 
data 1018 is communicated via data packets and/or analog 
control signals across a control bus 1016 to the extrusion 
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molding system 6.00a. It should be understood that the 
control bus 1016 may be formed of multiple control busses, 
whereby each control bus is associated with a different 
component of the extrusion-molding system 600a. It should 
be further understood that the control bus 1016 may operate 
utilizing a Serial or parallel protocol. 

0108) A feedback bus 1020, which may be a single or 
multiple bus structure, is operable to feedback data 1022 
from the extrusion-molding System 600a during operation. 
The feedback data 1022 may be sensory data, such as 
temperature, position, Velocity, level, preSSure or any other 
Sensory information measured from the extrusion-molding 
system 6.00a. Accordingly, the I/O unit 1008 is operable to 
receive the feedback data 1022 from the extrusion-molding 
system 600a and communicate the feedback data 1022 to the 
processor 1002 to be utilized by the software 1014. The 
Software 1014 may store the feedback data in the database 
1012 and utilize the feedback data 1022 to control the 
components of the extrusion-molding system 6.00a. For 
example, in the case of the temperature of the heater being 
fed-back by the heater controller 904 to the controller 612, 
if the temperature of the heater 618 becomes too low, then 
the controller 612 may issue a command via the control data 
1018 to the heater 618 to 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. 

0109) In operation, the controller 612 may store control 
parameters for producing one or more Structural parts by the 
extrusion-molding System 6.00a. For example, data associ 
ated 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 Substantially Simulta 
neously. 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 mold 626. 

0110 FIG. 11 is an exemplary block diagram of the 
Software 1014 that is executed by the processor 1002. A 
System manager 1100 is operable to manage various aspects 
of the controller 612. The system manager 1100 interfaces 
with an operator interface 1102, system drivers 1104, and a 
database manager 1106. 

0111. The operator interface 1102 is utilized to provide an 
interface for an operator of the extrusion-molding System 
600a to control the extrusion-molding system 600a manu 
ally or establish programs and/or profiles for producing 
Structural parts. The operator interface 1102 communicates 
with a program selector 1108, which, when previously 
programmed, allows the operator to Select programs for 
producing the Structural parts. For example, a program that 
is established to produce a pallet may be Selected via the 
operator interface 1102 by an operator so as to control the 
extrusion-molding system 600a to produce the pallet as 
defined by a designer of the pallet in accordance with the 
lower and upper molds 626 and 632. In one embodiment, the 
program Selector 1108 merely Selects a generic program that 
produces Specific Structural parts by controlling the extru 
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Sion-molding system 600a by utilizing a specific sets of 
parameters for controlling the components accordingly. The 
program Selector 1108 may communicate with a parameter 
selector/editor 1110 that allows the operator to select a 
particular set of parameters to form a particular structural 
part and/or edit the parameters to alter the process for 
forming the Structural part. The parameter Selector/editor 
1110 may interface with the database manager 1106 for 
Selecting a particular set of parameters from a variety of 
different parameter datafiles available for the controller 612 
to 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 param 
eters for producing a pallet, I-beam, backboard, etc. It 
should be understood that each of the components of the 
extrusion-molding system 600a may be controlled by 
generic drivers and that the parameters Selected for produc 
ing a structural part may alter the behavior of each of the 
components of the extrusion-molding System 600a accord 
ingly. 

0112 The system drivers 1104 may be utilized to inte 
grate with the components of the extrusion-molding System 
600a as understood in the art. For example, individual 
system 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 System 600a producing a structural part, 
the system drivers 1104 may utilize the parameters selected 
to produce the Structural part to drive the components of the 
extrusion-molding system 6.00a. 
0113. In controlling the components of the extrusion 
molding system 600a, a database 1012 and status alert 
feedback manager 1114 are utilized to provide feedback 
control for each of the components of the extrusion-molding 
system 6.00a. For example, the heater 618 may feedback the 
actual temperature via a temperature Sensor (not shown). 
Based on the measured temperature of the heater 618, a 
system driver 1104 utilized to control the heater 618 may 
increase or decrease the temperature of the heater 618 in 
accordance with the actual temperature measurement. 
Accordingly, other Sensors may be utilized to feedback 
temperature, pressure, Velocity, weight, position, etc., of 
each component and/or composite material within the extru 
Sion-molding system 600a. In the case of a critical failure of 
a component, alerts may be fed-back to the controller 612 
and detected by the status alert feedback manager 1114. If an 
alert is deemed to be a major failure, the system drivers 1104 
may shut down one or more components of the extrusion 
molding system 600a to prevent damage to hardware or 
personal injury to an operator. In response to Such an alert, 
the System manager 1100 may trigger the operator interface 
1102 to display the failure and provide notice as to corrective 
actions or otherwise. 

0114 FIG. 12 is an exemplary schematic of the flow 
control elements 624a-624f and lower mold 626, which is 
Sectioned into a grid 1202. The grid Spacings are defined by 
the flow control 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 
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along the y-axis and defining Smaller spacings along the 
X-axis. Depending upon the particular Structural part being 
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 Struc 
tural parts. 

0115 TABLES 2-10 are exemplary data tables that are 
utilized to control the components of the extrusion-molding 
system 6.00a. Specifically, the tables provide for the control 
data 1018 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 feeder 614 is delivering material to the 
extrusion-molding system 600a and the feedback data 1022 
includes the level of the material currently in each feeder 
614. During operation of the extrusion-molding System 
600a, the rate of the material being delivered from the feeder 
614 is controlled and level of the material in the feeders 614 
is measured, the operator may be notified of the level of the 
material in response to the in the feeder 614 reaching a 
minimum amount So that the operator may apply additional 
material to the feeder 614. 

TABLE 2 

Material Feeders 

Control Data Feedback Data 

Rate of Feed Material 1 
Rate of Feed Material 2 
Rate of Feed Material 3 

Level of Material 1 
Level of Material 2 
Level of Material 3 

Rate of Feed Material n Level of Material n 

0116 TABLE 3 is an exemplary table that provides for 
temperature control for heaters in the extruder 604. In the 
case that the extruder 604 is defined as having seven 
temperature Zones 1-n, the temperatures for each Zone may 
be set by the extruder temperature control being defined as 
being Set to heat or cool, on or off, and/or a specific 
temperature (not shown). The feedback data 1022 may 
include the actual temperature of each Zone of the extruder 
604. Accordingly, temperature Sensors are integrated into 
each Zone of the extruder 604 and the temperatures sensed 
are fed-back via the feedback bus 1020 to the controller 612 
for feedback control. 

TABLE 3 

Extruder Temperature Control 

Control Data 

Extruder 
Temperature 

Zone Control On/Off Feedback Data 

1. Heat? Cool On/Off Actual Temp 
2 Heat? Cool On/Off Actual Temp 
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TABLE 3-continued 

Extruder Temperature Control 

Control Data 

Extruder 
Temperature 

Zone Control On/Off Feedback Data 

3 Heat? Cool On/Off Actual Temp 

7 Heat? Cool On/Off Actual Temp 

0117 TABLE 4 is an exemplary table that provides for 
speed control for a motor (not shown) driving the auger 620 
operating in the extruder 604. The control data 1018 
includes a Speed control Setting to drive the motor. Actual 
speed and load of the motor are fed-back via the feedback 
data 1022 to the system driver 1104 utilized to control the 
rate of the auger 620 extruder 604 via the control data 1018. 

TABLE 4 

Extruder Motor Control 

Control Data Feedback Data 

Speed Control Signal Actual Speed of Motor 
Actual Load of Motor 

0118 TABLE 5 defines the temperature control for heat 
ers in the dynamic die 606. The control data 1018 may be 
defined by Zones 1-n within the dynamic die 606. Similar to 
the 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 include the actual temperature 
for each of the Zones within the dynamic die 606 for control 
thereof. 

TABLE 5 

Dynamic Die Temperature Control 

Control Data 

Dynamic Die 
Zone Temp Control On/Off Feedback Data 

1. Heat? Cool On/Off Actual Temp 
2 Heat? Cool On/Off Actual Temp 
3 Heat? Cool On/Off Actual Temp 

N Heat? Cool On/Off Actual Temp 

0119 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 l-n 
and positions for each flow control element 624 ranging 
from 1-m. It should be understood that the flow control 
elements 624 may have a nearly infinite number of positions. 
However, for practical purposes, the flow control element 
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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 other type of motor 
may be utilized. Accordingly, the feedback data 1022 for the 
flow control elements 624 include the current positions of 
the flow control elements 624 so that any deviation of 
position between the control data 1018 communicated by the 
controller 612 to the dynamic die 606 may be corrected by 
a feedback loop via the feedback data 1022 as understood in 
the art. 

TABLE 6 

Dynamic Die Flow Control Element Control 

Control Data 

Flow Control Element Position Feedback Data 

1. Position 1-m Current Position 
2 Position 1-m Current Position 
3 Position 1-m Current Position 

Position 1-m Current Position 

0120 TABLE 7 is an exemplary table that provides for 
temperature control for the lower mold 626. It should be 
understood that a similar table may be utilized to control the 
temperature of the upper mold 632. As shown, the lower 
mold 626 may be segmented into a number of Zones 1-n, 
where heaters and/or coolers may be applied to each Zone to 
heat and cool the lower mold 626 as commanded by the 
control data 1018. Accordingly, feedback data 1022 may 
provide for the actual temperature of the lower mold 626 so 
that feedback control may be performed by the controller 
612 to regulate the temperature of the lower mold 626. For 
example, as the extruded composite material 625 is applied 
to the lower mode 626, the temperature of the lower mold 
626 may be regulated acroSS the Zones to regulate the 
temperature of the extruded composite material layer 628 
based on time and other factors as the composite material is 
deposited onto the lower mold 626 and until the structural 
part is removed from the molds 626 and 632. 

TABLE 7 

Heat? Cool Mold Control 

Control Data 

Mold Temp 
Zone Control On/Off Feedback Data 

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 

0121 TABLE 8 is an exemplary table that provides 
exemplary control parameters for controlling the trolley 608. 
As shown, the control data 1018 includes position, speed, 
and lift control for the trolley 608. It should be understood 
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that additional control data 1018 may be included to control 
motion of the trolley 608. For example, acceleration, rota 
tion or angular position, or other dynamic control data may 
be utilized to move or synchronize the trolley 608 to 
properly align the lower mold 626 with respect to the 
application of the extruded composite material 625 being 
deposited or gravitated onto the lower mold 626. The 
feedback data 1022 for the trolley 608 may include actual 
position and current speed of the trolley 608. The lift control 
data may be utilized to engage and disengage the wheels 634 
of the trolley 608 both during depositing of the extruded 
composite material 625 to the lower mold 626 and pressing 
the extruded composite material layer 628 into the molds 
626 and 632 via the press 610, respectively. The actual 
position of the lift may be fed-back so as to ensure that the 
press 610 is not activated until the wheels 634 are disen 
gaged via the lift mechanism (e.g., air tubes). 

TABLE 8 

Trolley Control 

Control Data Feedback Data 

Position Control Data 
Speed Control Data 
Lift Control Data 

Actual Position of Trolley 
Current Speed of Trolley 
Actual Position of Lift 

0122 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 
1022 may include position of the trolley 608 in the press 610 
and position of the press platen. Other control and feedback 
parameters additionally may be included to control the 
preSS. For example, temperature control of the upper mold 
632, force of the press 610, etc., may also be included. 

TABLE 9 

Press Control 

Control Data Feedback Data 

Lock Control Data 
Cycle Press Time 

Trolley Position in Press 
Position of Press Platen 

0123 TABLE 10 provides an exemplary table for control 
of an extraction tool (not shown) for extracting a formed 
structural part from the molds 626 and 632 after completion 
of the pressing and, optionally, cooling processes in forming 
the structural part. The control data 1018 may include a start 
extraction cycle and feedback data 1022 may include a 
Single extraction tool position. It should be understood that 
multiple extraction tools or elements of an extraction tool 
may be utilized and other Sensory feedback data may be 
sensed and fed-back to the controller 612. 

TABLE 10 

Extraction Tool Control 

Control Data Feedback Data 

Start Extraction Cycle Extraction Tool Position 
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0.124 FIG. 13 is a top view of the flow control elements 
624a-624i as aligned to deposit the composite material onto 
the lower mold 626 of FIG. 6A. As shown, the flow control 
elements 624 are positioned along the y-axis, which pro 
vides for three-axis control for depositing the extruded 
composite material 625 onto the lower mold 626. Accord 
ingly, the X-axis control for depositing the extruded com 
posite material 625 may be provided by control of the 
movement of the trolley 608 at different speeds below the 
flow control elements 624, the y-axis control for depositing 
the extruded composite material 625 may be provided by the 
adjustment of the flow control elements 624, and the Z-axis 
control for depositing the extruded composite material 625 
may result from controlling the deposition of the extruded 
composite material 625 along the X- and y-axes. 
0.125 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 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 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 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 the techniques 
may be combined to provide additional control of the 
placement of the extruded composite material 625 onto the 
lower mold 626 as discussed with regard to FIG. 6A, where 
techniques (1), (2), and (4) are combined. Technique (5) 
includes providing not only X-axis and y-axis control over 
lower mold 626, but also Z-axis and rotation about any 
number of axes. By providing Such control over the lower 
mold 626 using technique (5), a variety of structural parts 
may be formed that may not be possible otherwise. In Sum, 
the overall computer control of the various elements of the 
inventive proceSS Serves a critical role in the coordination of 
the extrusion process and the production of a desired part 
and the Overall operability of the process. 
0.126 Finally, rather than controlling movement of the 
lower mold 626, the extruded composite material 625 may 
be deposited onto a Stationary or moving lower mold 626 
using moving output apertures from the extruder 604. For 
example, output apertures traveling along rails or other 
mechanical Structure may be controlled to deposit the com 
posite material in Specific locations on the lower mold 626. 
An analogy for Such a mechanism is a laser jet printer. 
0127. Referring again to FIG. 13, the flow control ele 
ments 624 are shown in relation to the lower mold 626 as it 
passes under the dynamic die 606 and the numbers of the 
right side correspond with the position of the trolley 608 in 
inches as it passes under the dynamic die 606. The lower 
mold 626 starts ten inches into the trolley 608 due to the 
lower mold 626 being smaller than the trolley 608. TABLES 
11-12 are exemplary tables that provide parameters for 
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Speed and gate control for the flow control elements 624. 
The parameters may be utilized to produce the pallet utiliz 
ing the extrusion-molding system 600a. 

TABLE 11 

Trolley Speed Control Parameters 

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

1. OSO 6.67 O.O 1.O.O 
2 2.OO 1.67 1.O.O 15.O 
3 1.OO 3.33 15.O 27.0 
4 2.OO 1.67 27.0 33.O 
5 1.OO 3.33 33.O 45.O 
6 2.OO 1.67 45.O SO.O 

0128 

TABLE 12 

Flow Control Element Parameters 

Height Start Position End Position 
Gate Zone (inches) (inches) (inches) 

1. O.OO O.O SO.O 
2 O.OO O.O O.O 
2 2 1.OO O.O 5.0 
2 3 OSO 5.0 27.0 
2 4 1.OO 27.0 33.O 
2 5 OSO 33.O 45.O 
2 6 1.OO 45.O SO.O 
3 O.OO O.O O.O 
3 2 OSO O.O 5.0 
3 3 O.OO 5.0 27.0 
3 4 OSO 27.0 33.O 
3 5 O.OO 33.O 45.O 
3 6 O.OO 45.O SO.O 
4 O.OO O.O O.O 
4 2 OSO O.O 5.0 
4 3 O.OO 5.0 27.0 
4 4 OSO 27.0 33.O 
4 5 O.OO 33.O 45.O 
4 6 O.OO 45.O SO.O 
5 O.OO O.O O.O 
5 2 1.OO O.O 5.0 
5 3 OSO 5.0 27.0 
5 4 1.OO 27.0 33.O 
5 5 OSO 33.O 45.O 
5 6 1.OO 45.O SO.O 
6 O.OO O.O O.O 
6 2 OSO O.O 5.0 
6 3 O.OO 5.0 27.0 
6 4 OSO 27.0 33.O 
6 5 O.OO 33.O 45.O 
6 6 O.OO 45.O SO.O 
7 O.OO O.O O.O 
7 2 OSO O.O 5.0 
7 3 O.OO 5.0 27.0 
7 4 OSO 27.0 33.O 
7 5 O.OO 33.O 45.O 
7 6 O.OO 45.O SO.O 
8 O.OO O.O O.O 
8 2 1.OO O.O 5.0 
8 3 OSO 5.0 27.0 
8 4 1.OO 27.0 33.O 
8 5 OSO 33.O 45.O 
8 6 1.OO 45.O SO.O 
9 O.OO O.O SO.O 

0129. 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 
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movement between the two components (i.e., dynamic die 
606 and trolley 608), the extruded composite material 625 
may be deposited at positions along the lower mold 626 as 
specified by the volume of the cavities 630 of the lower and 
upper molds 626 and 632. In other words, the extruded 
composite material 625 is deposited onto the lower mold 
626 to form the extruded composite material layer 628 thick 
enough to fill the cavities 630 of the lower and upper molds 
626 and 632, thereby providing the ability to form deep 
drafts and hidden ribs in certain locations of Structural parts. 
0.130 FIG. 14 is an exemplary perspective top view of a 
corner of a pallet 1400 produced by the extrusion-molding 
system 600a of FIG. 6A. As shown, the draft or depth d 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 composite material 625 onto the 
lower mold 626 utilizing the principles of the present 
invention, large Structural parts having features, Such as the 
foot 1404, having a deeper draft d. in Specific regions of the 
Structural parts may be formed using Stiffener material M2 
(e.g., long-Strand fibers). 
0131 FIGS. 15A and 15B are an exemplary perspective 
bottom and top views, respectively, of a platform 1500 
having hidden ribs 1502a-1502e (collectively 1502). As 
shown, the hidden ribs 1502 are variable in height, but have 
a definite volume over one or more Zones. Therefore, by 
depositing more extruded composite material 625 over the 
Zones having the hidden ribs 1502 and less extruded com 
posite material 625 over the Zones without the hidden ribs 
1502. Because the platform 1500 is formed as a single 
molded composite Structure using the extrusion-molding 
system 600a, the platform 1500 has fewer weaknesses in the 
Structure compared to a platform that is formed of multiple 
parts. 

0132) 
0133. In addition to forming structural parts using com 
posite material having fibers blended therein to provide 
Strength in forming large parts, Some Structural parts further 
are structurally improved by having other components, Such 
as attachments, fasteners, and/or Stiffeners, inserted or 
embedded in certain regions. For example, Structural parts 
that are to provide interconnectivity may utilize metallic 
parts extending from the composite material to provide 
Strong and reliable interconnections. One Such structural 
part is a portion of a floor covering 1600 for an ice rink, as 
depicted in FIG. 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. 
0.134. In forming the floor covering 1600, the fastener 
1604 is positioned or configured in 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 fastener 1604 during the extru 
Sion-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. 

Insertion Techniques 
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0135 FIG. 16B is an exemplary portion of a backboard 
1610 that is often used by paramedics. The backboard 1610 
is formed of composite material 1612 and includes an insert 
1614 encapsulated in the composite material 1612. The 
insert 1614 may be a carbon fiber tube so that the backboard 
1610 may be stiffened, lightweight, and X-ray transparent. In 
encapsulating the insert, the lower mold 626 may have 
actuators or Simple pins maintain the insert 1614 in place 
while the extruded composite material layer 628 forms a 
bond layer 1616 therewith. Again, while the extruded com 
posite material layer 628 is in a molten State, the actuators 
and/or pins may be released Such that the extruded compos 
ite material layer 628 fills in any voids left from the actuators 
or pins. It should be understood that the insert 1614 may be 
Substantially any material based on the particular application 
or Structural part being formed. 
0136 FIG. 17 is an exemplary flow diagram 1700 
describing the operations for embedding or inserting an 
insert, Such as a fastener, Support, or other element, into a 
Structural part utilizing the extrusion-molding System 600a 
of FIG. 6A. The insertion process starts at step 1702. At step 
1704, the insert is configured in either the lower or upper 
mold 626 or 632. At step 1706, the molten extruded com 
posite material 625 is deposited on the lower mold 626. The 
extruded composite material is formed about at least a 
portion of the insert at step 1708 to secure the insert into the 
Structural part being formed. In one embodiment, the insert 
is encapsulated or completely embedded in the extruded 
composite material 625 (see, for example, FIG. 16B). 
Alternatively, only a portion of the insert is embedded in the 
extruded composite material 625 So that a portion extends 
from the Structural part. 
0.137 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 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 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. 

0.138. In another embodiment of the invention, an insert 
is encapsulated by a process of the claimed invention. In a 
manner analogous to the process described in FIG. 17, an 
insert, Such as a fastener, Support, or other element, may be 
encapsulated with extruded thermoplastic material utilizing 
the claimed extrusion-molding System. In other embodi 
ments of the invention, multiple layers of material of varying 
thickneSS may be deposited one on top of the other utilizing 
the claimed extrusion-molding System. Specifically, a first 
layer of thermoplastic material is extruded into a lower 
mold, following which a Second layer of the same or 
different thermoplastic material is layered on top of the first 
layer. In certain embodiments of the invention, an insert may 
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be placed on top of the first extruded layer prior to or instead 
of layering the first layer with a Second extruded layer. This 
form of “layering can facilitate the formation of a structure 
having multiple layers of thermoplastic material, of the same 
or different composition, and layers of different inserted 
materials. 

0.139. The foregoing description is of a preferred embodi 
ment for implementing the invention, and the Scope of the 
invention should not be limited by this description. The 
Scope of the present invention is instead defined by the 
following claims. 

1-35. (canceled) 
36. An article formed of an extruded composite material 

comprising a thermoplastic material and having a concen 
tration of at least 10 percent by weight of fiber having 
lengths of at least one-half inch. 

37. The article according to claim 36, further comprising 
hidden ribs. 

38. The article according to claim 36, wherein the article 
is a single composite material having Structural features of 
different depths. 

39. The article according to claim 38, wherein the differ 
ent depths of the Structural features are greater than approxi 
mately one inch. 

40. The article according to claim 36, wherein the con 
centration of weight of fiber for the composite material is at 
least 30 percent. 

41. The article according to claim 36, wherein the length 
of fiber is at least approximately three inches. 

42. An article formed of an extruded composite material 
comprising a thermoplastic material blended with fibers, the 
article having hidden ribs. 

43. The article according to claim 42, wherein the fibers 
have lengths of at least three inches long. 

44. The article according to claim 42, wherein the con 
centration of fiberS is at least approximately 10 percent. 

45. The article according to claim 42, wherein the con 
centration of fiberS is at least approximately 40 percent. 

46. An article formed of an extruded composite material 
comprising a thermoplastic material blended with fibers, the 
article having structural features including different draft 
depths. 

47. The article according to claim 46, wherein the fibers 
have lengths of at least approximately three inches long. 

48. The article according to claim 46, wherein the con 
centration of fiberS is at least approximately 10 percent. 

49. The article according to claim 42, wherein the con 
centration of fiberS is at least approximately 40 percent. 

50. An article formed of an extruded composite material 
comprising a thermoplastic material blended with fibers 
having at least a portion of an element encapsulated in the 
extruded composite material. 

51. The article according to claim 50, wherein the entire 
element is encapsulated in the extruded composite material. 

52. The article according to claim 50, wherein the fibers 
have lengths of at least approximately three inches long. 

53. The article according to claim 50, wherein the con 
centration of fiberS is at least approximately 10 percent. 

54. The article according to claim 50, wherein the con 
centration of fiberS is at least approximately 40 percent. 

55. The article according to claim 50, wherein the element 
is a fastener. 
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56. The article according to claim 50, wherein the element 59. The article of claim 58, wherein the one or more layers 
is a Stiffener. of thermoplastic material have the same composition. 

57. The article according to claim 50, wherein the element 60. The article of claim 58, wherein the one or more layers 
is an attachment. of thermoplastic material have different compositions. 

58. The article according to claim 50, wherein the ther- 61-102. (canceled) 
moplastic material comprises one or more layers of thermo 
plastic composite material. k . . . . 


