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(57) Abstract: A system (100) for producing a pultruded component (50) includes an impregnation die (150) for wetting yarns

& (110) of fiber with a polymeric resin precursor (141). The die (150) includes a first chamber (154) for coating external surfaces of
the yarns (110) and a second chamber (156) for coating fibers within the yarns (110). The second chamber (156) has a cross-sectional
area that decreases between an entrance to the second chamber (156) and an exit from the second chamber (156). The system (100)
also includes a member (151) for spacing the yarns (110) apart prior to entering the first chamber (154) to allow the polymeric resin
precursor (141) to flow around the external surfaces of the yarns (110).
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SYSTEM FOR PRODUCING PULTRUDED COMPONENTS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of U.S. Patent Application No.
11/287,143 filed November 23, 2005, the entire disclosure of which is incorporated herein

by reference.

[0002] The present application is also related to U.S. Patent Application No. 11/287,140;
U.S. Patent Application No. 11/287,141; and U.S. Patent Application No. 11/287,142; each
of which were filed November 23, 2005.

!

BACKGROUND

[0003] The present invention relates generally to methods and systems for producing fiber
reinforced composite components using a pultrusion process. More specifically, the present

invention relates to composite components that utilize a polyurethane resin matrix.

[0004] Fiber-reinforced composite structural components that are formed in a pultrusion
process typically include a fibrous reinforcing material (e.g., glass, polymeric, or carbon
fibers) embedded in a resin matrix (e.g., a polymer such as an unsaturated polyester or
epoxy vinyl ester). The fibrous reinforcing material typically includes both yarns or tows
(each of which include a large number of fibers or filaments) and one or more mats or webs
of fibers. |

[0005] To produce composite structural components such as lineals for use in windows
and doors, the tows are coated by pulling them through an atmospheric pressure bath
(typically an open vat or tub) of liquid resin precursor material. Once coated, the tows are
pulled through a curing die to polymerize and set the resin. One difficulty with using
atmospheric pressure baths to coat the tows is that the individual fibers or filaments within
the tows may not be adequately coated with resin. For example, the outer surface of the
tows may be coated with resin, while the filaments or fibers on the inside of the tows may

be only partially coated.
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[0006] Because the strength of the composite structural component is largely dependent
upon the interaction between the resin matrix and the fibrous reinforcement, it is desirable
to completely coat as many of the individual filaments or fibers as possible. Uncoated
-filaments are not structurally supported, and are unable to take any significant compressive
load. In addition, void areas intermingled with the filaments become sites where cracks will
initiate under load, thereby reducing both the stiffness and the strength of the composite
component. Thus, it would be advantageous to reduce the number of partially coated

filaments, voids, or the like that are present in the finished component.

[0007] Another difficulty associated with atmospheric pressure baths is that they generally
contain a relatively large volume of uncured resin precursor chemicals, and a large surface
area of these chemicals is exposed to the atmosphere. Vaporization of such chemicals into
the surrounding atmosphere may be undesirable, and mitigation systems designed to reduce
the vapor emissions may be relatively costly and may impede many of the tasks réquired to

maintain product quality and productivity.

[0008] Conventional resins used in the production of pultruded composite components
(e.g., polyesters, vinyl esters, phonolics, etc.) have an ultimate strength of between
approximately 8,000 and 15,000 psi, and an elastic modulus between appfoximately
350,000 and 500,000. This elastic modulus is well matched to that of the reinforcing fibers.
When a compression or bending load is applied to such a composite component, the load is
shared among the reinforcing fibers in a manner that results in relatively balanced loading
-and relatively high ultimate strength. However, the elongation-to-failure of these
conventional resin systems is typically between approximately 1.5% and 3%, and is
exceeded before that of the fibers, which may have an elongation-to-failure of 4% to 6%.
The resin will fracture when its elongation-to-failure is exceeded, leaving the fibers
unsupported. This allows the load to concentrate in a small percentage of the available
fibers, exceeding their ultimate strength and resulting in the failure of the component at

- loads that are below the theoretical maximum of the complete fiber reinforcement package.

[0009] Conventional resins used in the production of pultruded composite components
also have relatively little strength in the direction transverse to the longitudinal (i.e., pulling)
direction. As a result, pultruded composite components may utilize reinforcing fibers
oriénted in the transverse orientation to provide the necessary transverse strength for the

component. For example, the reinforcing material may include both fiber tows that extend
-
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through the pultruded component in the longitudinal direction and fiber mats that provide
multidirectional strength for the component. However, the inclusion of transverse fibers or
fiber mats undesirably adds weight and cost to the component and also adds processing

difficulties to the production of the component.

[0010] Accordingly, there is a need to provide an improved resin system to provide
enhanced structural strength for pultruded composite components as compared to that
provided by conventional resin systems. There is also a need for a composite component
that does not utilize transverse reinforcing fibers but that has sufficient transverse strength
to provide resistance to bending and to allow the component to be secured with screws,
nails, or the like. There is further a need to provide an improved system and method for

coating reinforcing materials with a polymeric material in a pultrusion process.

SUMMARY

[0011] An exemplary embodiment of the invention relates to a system for producing a
pultruded component includes a fixture for providing fibrous reinforcements, a system for
providing a polymeric resin, and an impregnation die for coating the fibrous reinforcements
with the polymeric resin precursor. The impregnaﬁon die includes a first chamber and a
second chamber. The fibrous reinforcements include fiber tows made of a plurality of
fibers. The system also includes a curing die for forming the pultruded component. The
first chamber of the impregnation die is configured for coating exterior surfaces of the fiber
tows with the polymeric resin precursor. The second c:hamber of the impregnation die is
configured for éoating th_e plurality of fibers within the fiber tows with the pqumeric resin

precursor.

[0012] Another exemplary embodiment of the invention relates to a pultrusion system that
includes a device for wetting yarns of fiber with a polymeric resin precursor. The device
includes a first zone for coating external surfaces of the yarns and a second zone for coating
fibers within the yarns. The second zone has a cross-sectional area that decreases between
an entrance to the second zone and an exit from the second zone. The pultrusion system
also includes a member for spacing the yarns apart prior to entering the first zone to allow

the polymeric resin precursor to flow around the external surfaces of the yarns.
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[0013] Another exemplary embodiment of the invention relates to a pultrusion system that
includes a system for providing fiber tows, each of the fiber tows including a plurality of
fibers. The pultrusion system includes a first chamber for wetting an external surface of the
fiber tows with a polymeric resin precursor and a second chamber for wetting the plurality
of fibers Within each of the fiber tows. The pultrusion system also includes a device for

pulling the fiber tows through the first chamber and the second chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIGURE 1 is a perspective view of a generic composite component produced in a

prior art pultrusion process.

[0015] FIGURE 2 is a perspective view of a generic composite component produced in a
pultrusion process according to an exemplary embodiment that utilizes an improved resin to

eliminate the need for transverse fiber reinforcement.

[0016] FIGURE 3 is a schematic view illustrating components of a pultrusion line

according to an exemplary embodiment.

[0017] FIGURE 4 is a perspective view of an impregnation die for use in producing a

composite component according to an exemplary embodiment.

([001 8] FIGURE 5 is an exploded perspective view of the impregnation die illustrated in
FIGURE 4. '

[0019] FIGURE 6 is a cross-sectional view of the impregnation die illustrated in FIGURE
4,

[0020] FIGURE 7 is a flow diagram illustrating steps in a method of producing a

composite component according to an exemplary embodiment.

DETAILED DESCRIPTION

[0021] According to an exemplary embodiment, a method and apparatus are provided for
producing a puliruded composite component using an improved resin system. The

composite components are provided in the form of lineals or other components for use in -

4-
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the production of windows, doors, and thé like. According to other exemplary
embodiments, any of a variety of other composite components may be produced using the
resin, system, and methods described herein, including handles for brooms, shovels, and
other hand tools; sheet pilings for erosion protection; frame members and door
reinforcements for trucks and automobiles; structural elements for water cooling towers and
RF-transparent structures such as cellular telephone towers; concrete reinforcing bars;
highway delineators, guard railings, and posts; non-conductive and corrosion-resistant

grating for oil drilling platforms and chemical plants; and any of a variety of other products.

[0022] The improved resin system is intended to provide the composite components with
relatively high bending and compressive strength such that the components may be
produced without the need to provide fiber reinforcement in the transverse direction (i.e.,
the direction perpendicular to the longitudinal or “pulling” direction). Such components
may advantageously be produced at a lower weight, material cost, and capital cost as
compared to conventional composite components using traditional resin systems. In
contrast to conventional pultrusion processes that utilize transverse fibers (e.g., webs or
mats of fibers incorporated in the component), the production speed of the composite
components according to the exemplary embodiments described herein are not slowed by
the addition of the transverse fibers, thereby requiring fewer machines to supply the desired

quantity in a given time frame.

[0023] FIGURE 1 illustrates a conventional generic pultruded composite component 10
that utilizes both fibers oriented in the longitudinal direction (shown as fibers 24 oriented in
the “X” direction) and fibers oriented in the transverse direction (shown as fibers 18
oriented in the “Y” direction). The transverse fibers 18 may be provided, for example, as
layers 12, 14, and 16, which include mats of fibers that are impregnated with a resin
precursor 26. As shown in FIGURE 1, layers 20 and 22 of longitudinally-oriented fibers
(which also are impregnated with the resin precursbr 26) are provided intermediate or
between the mats 12, 14, and 16. Because the composite compbnent 10 shown in FIGURE
1 utilizes a conventional resin system (e.g., polyester, vinyl ester, or phenolic resins, etc.),
the layers 12, 14, and 16 of fibers are necessary to provide transverse strength for the

component 10.
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[0024] FIGURE 2 is a perspective view of é generic pultruded component 50 produced
using a resin system that provides enhanced structural rigidity according to an exemplary
embodiment. As illustrated in FIGURE 2, the component 50 does not utilize fibers oriented
in the transverse direction (i.e., the “Y” direction); instead, fibrous reinforcement is
provided such that the fibers 54 are oriented only in a direction that is substantially parallel
to the longitudinal direction (i.e., the “X” direction). The strength that was provided by the
transverse fibers 18 in FIGURE 1 is instead provided by a resin 56 having improved
mechanical properties as compared to conventional resin systems. The component 50 may
therefore be produced in a relatively simple manner that does not require the additional

expense and difficulty associated with the use of transverse fibers. |

[0025] According to an exemplary embodiment, composite components (e.g., such as
component 50) are produced using a resin precursor that is substantially composed of a
polyurethane material having improved mechanical characteristics in both the longitudinal
and transverse directions as compared to components using conventional resin systems.
Experimental data was compiled for a pultruded composite component made with a
polyurethane'resin system and a pultruded composite component made with a conventional
unsaturated polyester resin system, both of which had the same glass reinforcement éontent.
The longitudinal flexural strength of the component made with polyurethane resin was

. 230,000 psi, nearly three times the 80,000 psi longitudinal flexural strength for the
comparable component made with a conventional polyester resin system. The longitudinal
- elongation to failure of the polyurethane component was 3.2 peréent, compared to 1.8
percent for the conventional polyester component. Results were similar in the transverse
direction. The pultruded component made with a polyurethane resin exhibited a transverse
flexural strength of approximately 15,100 psi, more than three times that of the component
made with an unsaturated polyester resin (4,800 p(si). ‘Transverse flexural elongation to
failure was slightly higher as well: 1.4 percent for the polyurethane component as compared

to 1.2 percent for the unsaturated polyester component.

[0026] The type of fibrous reinforcement utilized may differ according to various
exemplary embodiments, and may depend on requirements for the particular application in
which the composite component will be utilized. According to an exemplary embodiment,

the longitudinal fibers may be provided as glass fibers. According to other exemplary

-6-
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embodiments, the fibers may be polymeric fibers, carbon fibers, or any other suitable fibers

that may be utilized in the production of pultruded products.

[0027] It should be noted that while FIGURE 2 illustrates a component 50 having a
generally rectangular solid shape, éomponents ut‘ilizing the resin system and produced by
the method described herein with reference to the vatious exemplary embodiments may be
provided in any number of sizes, shapes, and configurations. Features may be provided in
the components that enable their use in various applications, including use in lineals and
other structural components for windows, doors, and the like. Additionally, pultruded
components may be produced using the resin formulations described herein that have
fibrous reinforcement oriented both in the longitudinal direction and in one or more other
directions that are not subétantially parallel to the longitudinal direction (including fibers

that may be oriented in the transverse direction).

[0028] According to an exemplary embodiment, the polyurethane resin precursor system
includes an isocyanate, a polyol or polyol blend, and a system of lubricants and other
additives that are typically referred to as a “mold release.” The resin system may also
optionally include one or more polymeric additives that may be used to modify the surface
of the resulting component, to modify the physical properties of the component, to provide
improved processing, or to provide other benefits. Additionally, the resin system may
include one or more fillers which may act passively to reduce the cost of the overall resin
system (e.g., by taking the place of more costly constituents) or may actively function to

provide improved physical properties or improved processing.

[0029] The ratio of the isocyanate component to the polyol component is weighted
'according to the fraction of the components that are reactive. According to an exemplary
embodiment, the ratio of isocyanate to polyol is between approximately 80% and 115% of
stoichiometric. According to another particular exemplary embodiment, the ratio of
isocyanate to polyol is between approximately 90% and 110% of stoichiometric. According
to a particular exemplary embodiment, the ratio of isocyanate to polyol is between

approximately 95% and 105% of stoichiometric.

[0030] The mold release component of the resin precursor system is provided in an

‘amount sufficient to prevent adhesion of the resin precursor system to the die surface,

thereby giving the part a relatively smooth surface and reducing the force required to move
. i

-
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the part through the curing die. The mold release includes an acid component that is
attracted to the metallic surface of the die (due to its highly polar nature) and forms a
lubricating layer. The acid component is soluble in the polyol mixture; but as the polyol is
consumed, it precipitates out of solution and is driven towards the surface of the gelling
mass. These two forces concentrate the acid component of the mold release at the surface,
improving its release performance compared to a substance that might have the same
lubricity but no tendency to concentrate at the surface. 'frade names of suitable mold
release systems include Pul-24, commercially available from Axel Plastics, and CR-250,

commercially available from Technick Products.

[0031] © According to an exemplary embodiment, the mold release component is provided
at a level of between approximately 0.5% and 5% of the total mass of the resin. According
to a preferred embodiment, the mold release component is provided at a level of between
approximately 0.5% and 3% of the resin. According to a particularly preferred
embodiment, the mold release component is provided at a level of between approximately
0.5% and 2.5% of the resin.

[0032] The polymeric additive is provided in an amount sufficient to improve the surface
quality of the ﬁnished part by reducing the shrinkage of the resin as it cures so that the
surface of the curing resin remains in contact with the polished die surface and retains the
smooth characteristic of the die surface. According to an exemplary embodiment, the
ﬁolymeric additive is provided at a level of between approximately 0% and 25% of the total
mass of the resin. According to a preferred embodiment, the polymeric additive is provided
at a level of between approximately 2% and 15% of the total mass of the resin. According
toa particularly preferred embodiment, the polymeric additive is provided at a level of

between approximately 4% and 10% of the total mass of the resin.

[0033] The filler component of the resin precursor system is provided in an amount
sufficient to increase the viscosity (and thereby the shear force) of the resin layer between
the outermost glass fibers and the die surface, and to react with the acidic elements of the
mold release to provide a significant body of lubricative particles between the outermost
glass fibers and the die surface. The filler component may include a solid such as caolin
clay or calcium carbonate. The calcium carbonate may either be untreated or may be

treated with a stearic or oleaic acid to modify its surface,

-8-
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[0034] According to an exemplary embodiment, the filler component may be provided at
a level of between approximately 0.5% and 20% of the total mass of the resin. According to
a preferred embodiment, the filler component may be provided at a level that is

substantially equal to the mass percentage of the mold release component.

[0035] The isocyanate component can be any one of several low to intermediate grades of
- diphenylmethane diisocyanate (MDII), its polymeric isomers (pMDI), and blends thereof.
The isocyanate component has an NCO (nitrogen-carbon-oxygen) or cyanate percentage of
between approximately 25% and 32%, preferably between approximately 27% and 31.5%,
and most preferably between approximately 31.2% and 31.5%. The viscosity of the
isocyanate component is between approximately 100 and 500 centipoise (cps), preferably

between approximately 100 cps and 250 cps, and most preferably approximately 200 cps.

i

[0036] Trade naﬁes of products that may be used as isocyanate components according to
various exemplary embodiments include Mondur 448, Mondur 486, Mondur MR and
Mondur MR (Light), which are commercially available from Bayer MaterialScience;
Lupranate M20S and Lupranate M20SB, which are commercially available from BASF;
Isobind 1088 and Papi 27, which are commercially available from Dow Chemical
Company; and Rubinate M, which is commercially available from Huntsman

Polyurethanes.

[0037] The polyol component of the resin precursor system may consist of a single polyol

or may be provided as a blend of two or more polyols.

[0038] According to an exemplary embodiment, the polyol component is provided as a
single polyol having the following characteristics: (a) the polyol has a functionality of three,
preferably with all of the hydroxyl grbups being primary hydroxyls (i.e., readily available to
react); (b) the polyol is a polyester or polyether polyol, preferably a polyether polyol; (c) the
polyol has an OH index between approximately 500 and 700 mgQH/g, preferably between
approximately 600 and 700 mgOH/g, and most preferably between approximately 675 and
700 mgOH/g; (d) the polyol has a molecular weight between approximately 200 and 300,
preferably between approximately 225 and 275, and most preferably approximately between
240 and 250; and (e) the polyol has a viscosity below approximately 1000 cps and
preferably below 900 cps. Trade names of suitable polyols include Voranol 230-660, which

9.
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is commercially available from Dow Chemical Company and Multranol 9138, which is

commercially available from Bayer MaterialScience.

[0039] | According to another exemplary embodiment, the polyol component is provided as

a blend of two polyols.

[0040] The first polyol in the two-polyol blend has the following characteristics: (a) the
polyol has a functionality of three, preferably with all of the hydroxyl groups being primary
hydroxyls; (b) the polyol is a polyester or polyether polyol, preferably a polyether polyol;
(c) the polyol has an OH index between approximately 200 and 300 mgOH/g, preferably
between approximately 230 and 250 mgOH/g, and most preferably between approximately
235 and 240 mgOH/g; (d) the polyol has a molecular weight between approximately 600
and 800, preferably between approximately 650 and 750, and most preferably between
approximately 680 and 720; and (€) the polyol has a viscosity below approximately 500 cps,
preferably below approximately 400 cps, and most preferably between approximately 240 -
'and 270 cps. Trade names of suitable polyols for use as the first polyol include CAPA
3091, commercially available from Solvay; Carpol GP725, commercially available from
Carpenter; Pluracol TP740, commercially available from BASF; and Voranol 230-238,

P425 and Castor Oil, commercially available from Dow Chemical Company.

[0041] The second polyol in the two-polyol blend has the following characteristics: (a) the
polyol has a functionality of three, preferably with all of the hydroxyl groups being primary
hydroxyls; (b) the polyol is a polyester or polyether polyol, preferably a polyether polyol;
(c) the polyol has an OH index between approximately 800 and 1200 mgOH/g, preferably
between approximately 900 and 1100 mgOH/g, and most preferably between approximately
935 and 1,050 mgOH/g; (d) the polyol has a molecular weight between approximately 100
and 300, preferably between approximately 125 and 200, and most preferably between
approximately 150 and 190; and (e) the polyol has a viscosity below approximately 2,000
cps, preferably below approximately 1,500 cps. Trade names of suitable polyols for use as
the second polyol include Pluracol 858, commercially available from BASF, and Multranol

9133, commercially available from Béyer MaterialScience.

[0042] The ratio of the first polyol to the second polyol is such that the OH index of the
blend is between approximately 350 and 700 mgOH/g, preferably between approximately
550 and 650 mgOH/g, and most pfeferably between approximately 575 and 625 mgOH/g.

-10-
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[0043] According to another exemplary embodiment, the polyol component is provided as

a blend of three polyols.

[0044] The first polyol in the three-polyol blend is provided at a level between
approximately 20 and 50% of the blend, preferably between approximately 25 and 35
percent, and most preferably approximately 30%, and has the following charactéristics: (a)
the polyol has a functionality of three, preferably with all of the hydroxyl groups being
primary hydroxyls; (b) the polyol is a polyester or polyéther polyol, preferably a polyether
pélyol; (c) the polyol has an OH index between approximately 200 and 300 mgOH/g,
preferably between approximately 230 and 250 mgOH/g, and most preferably between
approximately 235 and 240 mgOH/g; (d) the polyol has a molecular weight between
approximately 600 and 800, preferably between approximately 650 and 750, and most
preferably between approximately 680 and 720; and (e) the polyol has a viscosity below
approximately 500 cps, preferably below approximately 400 cp§, and most preferably
between approximately 240 to 270 cps . Trade names of suitable polyols for use as the first
polyol include CAPA 3091‘, commercially available from Solvay; Carpol GP725,
commercially available from Carpenter; Pluracol TP740, commercially available from

BASF; and Voranol 230-238, P425 and Castor Oil, commercially available from Dow.

[00451 The second polyol in the three-polyol blend is provided at a level between
approximately 20 and 40% of the blend, preferably between approximately 25 and 35% and
most preferably approximately 30%, and has the following characteristics: (a) the polyol has
a functionality of three, preferably with all of the hydroxyl groups being primary hydroxyls;
(b) the polyol is a polyester or polyether polyol, preferably a polyether polyol; (c) the polyol
has a OH index between approximately 500 and 700 mgOH/g, preferably between
approximately 600 and 700 mgOH/g, and most preferably between approximately 675 and |
700 mgOH/g; (d) the polyol has a molecular weight between approximately 200 and 300,
preferably between approximately 225 and 275, and most preferably between approximately
240 and 250; and (e) the polyol has a viscosity below apprbximatcly 1000 cps, preferably
below approximately 900 cps. Trade names of suitable polyols for use as the second polyol
incl\ude Pluracol TP440, commercially available from BASF; Voranol 230-238,
commercially available from Dow Chemical Company; and Multranol 9138, commércially

available from Bayer MaterialScience.

-11-
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[0046] The third polyol in the three-polyol blend is provided at a level betweep
approximately 20 and 50% of the blend, preferably between approximately 30 and 45
percent, and most preferably approximately 40%, and having the following characteristics:
() the polyol has a functionality of three, preferably with all of the hydroxyl groups being
primary hydroxyls; (b) the polyol is a polyester or polyether polyol, preferably a polyether
polyol; (c) the polyol has an OH index between approximately 800 and 1200 mgOH/g,
preferably between approximately 900 and 1100 mgOH/g, and most preferably between
approximately 935 and 1050 mgOH/g; (d) the polyol has a molecular weight between
approximately 100 and 300, preferably between approximately 125 and 200, and most
preferably between approximately 150 and 190; and (e) the polyol has a viscosity below
approximately 2,000 cps, pfeferably below approximately 1,500 cps. Trade némes of
suitable polyols for use as the third polyol include Pluracol 858, commercially available

_ from BASF and Multranol 9133, commercially available from Bayer MaterialScience.

[0047] The percentages of the first, second and third polyols in the three-polyol blend are
‘such that the OH index of the blend is between approximately 350 and 750 mgOH/g,'
preferably between approximately 625 and 725 mgOH/g, and most preferably between
approximately 650 and 700 mgOH/g. ’

[0048] The polymeric additive, if included, performs only physical functions within the
system. Depending on the system requirements, it may enhance mechanical or thermal
properties: or may improve the surface of the part by counteracting the common tendency of
thermosetting polymers to shrink slightly when they polymerize. According to an
exemplary embodiment, the polymeric additive performs only this shrink-reduction
function, and may be referred to as a “low-profile additive.” This function derives from the
coefficient of thermal expansion of the additive, which causes it to increase in volume at an
appropriate time during the polymerization of the thermoset polymer system. Examples of
acceptable low-profile additives include polystyrene, styrene-acrylic copolymer,

methacrylate resin, polyvinyl acetate, and capped PPO.

[0049] To prepare the resin, it is generally preferred that all of the components except the
isocyanate component are blended together in advance of use. Because the isocyanate
component is highly reactive, it is generally kept separate from the other components until
just before use. According to an exemplary embodiment, the isocyanate component is

added to the polyol-additive mixture less than five minutes before use in a pultrusion
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process. According to a particular exemplary embodiment, the isocyanate component is
added to the polyol-additive mixture less than one minute before use. The isocyanate
component and the polyol-additive mixture are mixed together using a continuous metering-
mixing system according to an exemplary embodiment. According to another exemplary

embodiment, the isocyanate component is premixed with one or more additives.

[0050] As the isocyanate component and the polyol-additive mixture enter a curing die of
a pultrusion system, they may be in an immiscible liquid state. According to a particular
exemplary embodiment, the isocyanate component and the polyol-additive mixture are
immiscible, and the heat of the curing die accelerates the immiscible liquids toward
solution. They then begin reacting. As the reaction progresses, the isocyanate and polyol
initially form a partially-reacted, highly—adhesive gel substance. This gel substance exists
for a relatively short time, because of the nature of the isocyanate-polyol reaction. This
reaction is an addition reaction; therefore, molecular weight builds slowly at first but
becomes asymptotic and very high near completion. The result is that the reactive mixture
remains a liquid until the reactibn is more than 50 percent complete, then moves into the
highly-adhesive gelled state quickly and for only a very short time compared to other resin

systems employed in pultrusion.

[0051] In addition, a portion of the acid reacts with the calcium carbonate filler, forming a
metal soap, which also migrates to the metal surface of the die to enhance the lubricity of
the metal surface. This reaction may be supplemented by pré-treatment of the calcium
carbonate prior to mixing of the'system, which increases the stability of the system and

increases the amount of time the mixture can be stored without loss of performance.

[0052] As the isocyanate and polyol react, their density increases slightly (e.g., between
approximately 0.5% and 1.0%), resulting in a commensurate decrease in volume.
Simultaneously, the temperature of the polymeric additive increases due to the heating of
the die and the exothermic heat of reaction of the isocyanate and polyol, resulting in an

increase in its volume.

[0053] The resin precursor systems disclosed herein have elastic moduli after curing of
between approximately 350,000 and 500,000, and preferably between 450,000 and 500,000.
In contrast to conventional resin systems (e.g., unsaturated polyesters or epoxy vinyl esters),

the elongation-to-failure of the resin systems disclosed herein after curing are between
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approximately 6% and 15% and preferably between 7.5% and 10%. The increased
elongation-to-failure of the resin systems allows for the production of pultruded composite
components in which the resin continues to support reinforcing fibers under load and to
cause the load to be shared among a larger group of fibers as the applied load is increased.
Since the elongation-to-failure of the resin exceeds the elongation-to-failure of all
commonly used fibers (including carbon, polymeric, and glass fibers) and the modulus of
the resin system is sufficient to distribute load effectively, it can be expected that the failure
mode of a pultruded structural shape under bending; compressive, tensile or torsional load
will occur in the fibers (as opposed to occurring in the resin). This can result in an increase
in the ultimate strength of a structure by a factor of two or three when compared to the
ultimate strength of the same component made with the same fiber content but with a
conventional resin system such as polyester, vinyl ester or phenolic resins. In the case of
these resins, it is common for the failure mode to be the failure of the resin in shear, which
results in the buckling of unsupported fibers at loads far below the theoretical load-carrying
capacity of the fiber.

[0054] The ultimate strength advantage of the high-strength resin system also provides‘
benefits in the direction transverse to the primary load path and orientation of the primary
fiber reinforcement. Because of the ultimate strength limits of the conventional resins,
structures made with them have very little transverse strength, unless reinforcing fibers with
a transverse orientation are included. However, the inclusion of transverse fibers in a
pultruded component adds both weight and cost to the structure. If a high-strength resin
system is substituted, the transverse strength is increased. In most cases, no transverse

reinforcement is required at all.

i
/

[0055] An additional advantageous feature of utilizing such an improved resin system is
that the structural characteristics of the pultruded component are such that it can accept
fasteners intended for drywall or sheet metal without splitting, so that simple mechanical
attachment metilods can be used in assembly and installation of the component. For
“example, fasteners such as screws, nails, or the like may be used to secure pultruded lineals
used in the production of windows and doors without the risk of having the lineals split at

the location of the fasteners.

[0056] The rtheology and cure kinetics of the resin precursor system according to the

exemplary embodiments described herein are such that it can be run at speeds comparable
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to or faster than conventional resin systems. The elimination of transverse reinforcing
fibers may also provide improved processing speeds for the production of the pultruded
components. For lexample, while a conventional pultrusion process may operate at a speed
of between approximately 3 and 5 feet per minute, a pultrusion process that does not utilize
transverse reinforcing fibers may operate at a speed of between approximately 4 and 10 feet

per minute.
EXAMPLE 1

[0057] According to a theoretical exemplary embodiment, a resin precursor system is
prepared that includes 169 parts by weight of an isocyanate component, a two-component
blend of polyols that includes 30.3 parts by weight of a first polyol component and 60.6
parts by weight of a second polyol component, 4.2 parts by weight of a mold release, and
4.2 parts by weight of a filler. The isocyanate component comprises BASF Lupranate
M208S, the first polyol comprises Carpenter Carpol GP725, the second polyol comprises
Bayer Multranol 9133, the mold release comprises Technick Products CR~250, and the filler

~ comprises Huber calcium carbonate.
EXAMPLE 2

[0058] According to another theoretical exemplary embodiment, a resin precursor system
is prepared that includes 175 parts by weight of an isocyanate component; a three-
component blend of polyols that includes 27.5 parts by weight of a first polyol component,
27.5 parts by weight of a second polyol component, 36.6 parts by weight of a third polyol
component; 4.2 parts by weight of a mold release, and 4.2 parts by weight of a filler. The

* isocyanate component comprises Bayer Mondur 486, the first polyol comprises Solvay
CAPA 3091, the second polyol comprises Dow Voranol 230-660, the third polyol
comprises BASF Pluracol 858, the mold release comprises comprises Axel Plastics Pul-24,

and the filler comprises Huber coated calcium carbonate.

[0059] FIGURE 3 is a schematic illustration of a system 100 for producing a composite
component using a pultrusion process according to an exemplary embodiment. The manner
in which the system 100 operates will be described with reference to FIGURE 7, which is a
flow diagram illustrating steps in the process or method 200 of producing composite

components according to an exemplary embodiment.
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[0060] Reinforcing materials in the form of fiber yarns or tows 110 are provided on spools
122 that are arranged on a fixture such as a creel 120. The spools 122 are arranged in a
manner that allows each tow 110 to be fed to the next step in the process without
interference or tangling with other tows or with the creel 120. In the case of glass fiber tows
supplied in 40 pound “doffs,” the doffs are arranged standing on end. The creel 120 acts to
provide an array of doffs vertically and horizontally such that the tows 110 are fed‘ from the
inside of the doff. In the case of carbon, polymeric, or other high-strength fibers, each spool
122 is mounted on a spindle which may incorporate adjustable resistance to rotation. The

spindles are arranged vertically and horizontally so that they do not interfere or tangle.

[0061] Features (not shown) are provided for feeding each tow 110 through the creel 120
to avoid interference. According to an exemplary embodiment, each tow passes through a
series of holes in the creel structure. These holes may or may not be finished, or may
incorporate inse;ts made of a material that reduces friction and prevents fraying of the fiber.
The holes are arranged within the structure in such a way that the fibers do not cross or
contact each other. The tows are presented at the exit end of the creel in an array that makes
the location of problems or missing tows obvious to the operator, and facilitates alignment
of the tows as they enter the next step in the process. According to an exemplary
embodiment, such features are of sufficient size to allow the passage of fiber splices, which
will be made when a spool of fiber runs out and needs to be replaced without halting

~ production.

[0062] In astep 210 (FIGURE 7), each tow 110 is fed through an aperture or hole 132 in a
member or element shown as a supporting fixture 130 (e.g., a forming card). The
supporting fixture 130 includes a plurality of apertures 132 through which the tows 110 may
be routed in a pattern consistent with the final design shape of the product to be
manufactured. According to an exemplary embodiment, the supporting fixture 130 is
provided as a sheet of plastic (e.g., polyethylene, nylon, etc.) having a thickness of
approximately 0.5 inches. The apertures 132 have diameters of between approximately 0.25
and 0.5 inches and are provided in an array with a distance between adjacent apertures of
between approximately 0.5 and 1.0 inches. One function of the supporting fixture 130 is to

. provide the tows in a desired shape directly to a backing plate of an impregnation die

without sagging or crossing.
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[0063] According to an exemplary embodiment, a system 140 is provided to meter and
feed a high-strength, two-part polymeric resin precursor (e.g., a thermosetting polyurethane-
based resin precursor as described above) utilizing two containers 142 and 144 and a
metering device 146. One of the containers (e.g., contaiﬁer 142) contains one of the
reactive chemicals used to form the resin precursor and a variety of processirig aids; the
ofh‘er container (e.g., container 144) contains a second reactive chemical without any
processing aids. The chemicals from the two containers are kept separate until just before
they are to be introduced into an impregnation die of a pultrusion system, when they are |
simultaneously pumped and mixed a predetermined amount of time before they are to be

introduced into the die.

[0064] It should be appreciated that the particular ratio of the constituents contained in the
containers 142 and 144 may vary depending on the particular constituents utilized. The
chemicals provided in each of the containers may vary according to other exemplary
embodiments. For example, each of the containers may include both reactive chemicals and
processing aids. According to still other exemplary embodiments, a different number of
containers may be provided (e.g., three containers may each contain a reactive chemical or
two of the three containers may include reactive chemicals and the third container may

include processing aids, pigments, UV stabilizers, etc.).

t

[0065] The components of the resin precursor are dispensed at the desired ratio By means
of the metering device 146 (e.g., a metering pump system). To prdvide improved efficiency
in the production of composite components, the chemicals in the two containers 142, 144
are provided in 2 manner that results in the full consumption of the reactive chemicals i
during production of the composite components (i.e., the flow rate of the chemicals into an
impregnation die matches the rate at which the chemicals are mixed). In this manner, the

production of waste material is reduced as compared to conventional pultrusion processes.

[0066] Int the preferred embodiment, the pumping system provides for adjustment of the
ratio of the components, and runs at a speed that is matched to the consumption of
materials, and the‘ components are mixed by means of a disposable static mixer 148. The
mixing system may run at a continuous speed matched to the rate of material consumption
(i.e., the mixing of chemicals may proceed at a rate that is substantially identical to the rate
of fluid flow into the impregnation die), or may operate intermittently to maintain a fluid

level between minimum and maximum levels in the subsequent step in the process.
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[0067] According to an exemplary embodiment, the components are mixed less than five
minutes before the resin precursor is provided to the first chamber of the impregnation die.
According to another exemplary embodiment, the components are mixed less than one
minute before the resin precursor is provided to the first chamber of the impregnation die.
One advantage of such a method is that the resin precursor is produced on demand during

the production process, eliminating the need to store excess resin precursor or to mix it
beforehand.

[0068] The fiber tows 110 and mixed resin precursor 141 (FIGURE 6) are each introduced
into a device shown as an impregnation die 150 that is configured to coat individual
filaments within each fiber tow thoroughly with the resin, and to deliver an intimately-
mixed resin-fiber mass with the proper ratio of resin precursor and fiber in the proper
geometry to the entrance of a curing die. The device 150 includes a backing plate 151
having a plurality of apertures or holes 153 provided therein and a first chamber or zone 154
and a second chamber or zone 156 for wetting the tows 110 with the resin system, as
illustrated in FIGURES 4-6. The tows 110 are first introduced into the first chamber 154 in
a step 220 (FIGURE 7), followed by their introduction into the second chémber 156ina
step 230. The device 150 and the method of céating} the fibers and yarns will be described

"in greater detail below.

[0069] Previously, the wetting of reinforcement materials was viewed as a single step
operation. To provide more complete wetting of the tows 110 (and the individual fibers
within the tows) as compared to conventional pultrusion processes, the impregnation die
150 separates the process of wetting the fiber into two distinct steps which are governed by

the same physical laws, but in different ranges and on different scales.

[0070] The process of wetting is so divided because the dynamics of the wetting processes
are sufficiently different that different flow conditions must be maintained to maximize the
efficiency of each step, and the flow conditions required for one step are not necessarily the
same as or similar to the conditions required for the other. Both wetting steps are governed
generally by two principles of physics. First, the flow of fluids through porous media (e.g.,
wetting of the tows) is described generally by Darcy’s Law. Second, capillary action (e.g.,

wetting of individual filaments or fibers) is described generally by Washburn’s Equation.
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[0071] . Darcy’s Law describes the flow of a liquid system through a porous medium.

Darcy’s Law can be expressed in the equation

Ah
Q= AKT
Where Q is the volumetric flow rate, A is the flow area perpendicular to L, K is the
hydraulic conductivity, and Ah/L is the change in hydraulic head over the path length.
Although Darcy’s Law can be said to take capillary action into account via the K (hydraulic
conductivity) term, in practical terms different values must be used as the scale changes and
the relative importance of the forces involved changes, making it less effective at describing

the entire wetting process.

[0072] Washburn’s Equation describes the capillary flow of a fluid in a porous medium,
and takes into account the intermolecular forces between the fluid and the porous medium.

It can be expressed in the following equation:

_ y Dt
4n

L2

where t is the time for a liquid of viscosity n and surface tension y to penetrate a distance L

into a fully wettable, porous material whose average pore diameter is D.

[0073] The scale of the first-step process — the wetting of the exterior of the fiber tows —is
in a range where Darcy’s Law is dominant and capillary action has little if any influence.
However, the scale of the second step process — the wetting of the individual filaments
within each tow — is in a range where capillary action can become the most significant, or

even the dominant, wetting mechanism.

[0074] The first step in the wetting operation is the process of wetting the exterior of the
fiber yarns or tows with the liquid resin precursor (e.g., step 220). The first chamber 154 is,
provided as a “bath” provided at atmospheric pressure, and the tows 110 enter the bath
separated by a sufficient distance to allow the liquid resin precursor 141 to flow freely
around the tows 110. To separate the tows 110 from each other, the tows enter the first
chamber 154 through the backing plate 151, which includes an aperture 153 for each of the
tows 110. The apertures 153 are spaced from each other such that the distance between the

tows is sufficient to allow the resin precursor 141 to flow through the mass of fibers without
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impediment, and so that the resin precursor 141 is provided in the first chamber without
voids. The diameter of each aperture 153 is larger than the diameter of the tows 110 to
accommodate relatively simple threading of the tows through the aperture and to allow the
passage of splices when one spool of fiber runs out and is replaced by another. The
thickness of the plate is great compared to the tow diameter (in the range of 1 inch or
greater). The resin precursor is prevented from running out of the first chamber 154 by the

counter-flow motion of the tows 110 through the apertures.

[0075] According to an exemplary embodiment, the bath is provided at atmospheric
pressure. The liquid level in the bath is kept high enough so that all fiber yarns or tows are
covered with liquid for a sufficient time to allow the resin precursor 141 to flow over and
around all tows. As liquid exits the bath and enters the second chamber 156 (FIGURE 4)
with the moving fiber mass, the level of the resin precursor 141 in the bath is maintained by
* adding resin precursor 141 into the first chamber 154 from a continuous or iptermittent

pumping/metering/mixing system (e.g., system 140).

|

[0076] Because the bath is provided at atmospheric pressure in first chamber 154 and the
tows 110 are separated from each other by an appropriate distance, the exterior surfaces of
the tows 110 are thoroughly wetted by the force of gravity without impediment, so that the
resin precursor fills the entire chamber w1thout voids. After initial wetting, the resm—ﬁbrous
mass includes a significant excess of resin precursor (many times the amount of resin
precursor that will eventually become the final part). The length of time required to wet the
exterior of each tow 110 is primarily dependent on the viscosity of the resin, but also
(possibly to a small degree by the interfacial surface tension-relatiohship between the resin

precursor and the fiber.

[0077] The second step of the process (e.g., step 230) is the penetration of the liquid resin
precursor system into the interstitial spaces within the individual to§vs, arﬁong and around
each fiber or filament. The wetted tows 110 enter the second chamber 156, which has a’
configuration that is intended to cause the liquid resin precursor to penetrate into the
individual tows 110 by creating the conditions necessary to cause the liquid Tesin precursor

to penetrate into interstitial spaces between the individual fibers in each tow 110.

[0078] According to an exemplary embodiment, the second chamber 156 includes a

tapered or decreasing cross-sectional area from its entrance to its exit. The cross-sectional
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area and shape of the exit end of the second chamber 156 is configured to approximate that
of the entrance to the curing die 160 and that of the final part. The degree of taper (the ratio
of entrance area to exit area) of the second chamber 156 may vary based on a variety of
factors. Such factors may include, for example, the viscosity of the resin precursor system,
the interfacial surface tension of the resin precursor system with the fiber reinforcement,
and the start-up speed and targeted production speed of the product(s) being manufactured,

among others.

[0079] © While the individual tows have diameters of approximately one millimeter or less,
the individual filaments or fibers are much smaller, having diameters of approximately 30
microns or less. At such a size, capillary action becomes a significant mechanism, even the
dominant mechanism, influencing the speed and degree of wetting. Factors that may

influence capillary flow into the tow include the following:

1. The pore size (i.e., the size and shape of the passage into the tow). Resin
precursor flow into the interstitial spaces inside a tow takes place laterally,
perpendicular to the main axis ofithe tow. The shape of the passage is

_rectangular, with the dimension along the axis of the tow effectively infinite
and the dimension perpendicular to the fiber equal to the nominal filament

spacing within the tow.

2. The distance the resin precursor must travel. In the case of the essentially
cylindrical shape of a fiber tow, this distance is equal to the radius of the
fiber tow, since resin precursor is flowing to the center of the tow from the

entire perimeter.

3. The viscosity of the resin precursor system. Higher viscosity decreases the
speed of capillary action. ' ‘
4. The interfacial surface tension between the resin precursor system and the

fiber. It is a measure of the attraction of the resin precursor system to the
fiber at an atomic level. Higher interfacial surface tension indicates greater

attraction of resin precursor to fiber, and speeds capillary action.

[0080] If capillary action is slow due to low interfacial surface tension or high viscosity,

the same Darcy’s law factors that govern the wetting of the tow exteriors may be applied to
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model and influence wetting. In that case, the speed of flow is directly proportional to

pressure, and pressure can be increased by constructing the impregnation die with a second
chamber tapered at a rate such that pressure build-up occurs. The pressure buildup will be
governed by the taper ratio, the‘: viscosity of the resin precursor and the velocity of the fiber

moving through the chamber.

[0081] According to an exemplary embodiment, the resin precursor 141 has a viscosity
Below approximately 2,000, and more desirably below approximately 1,000. The interfacial
surface tension between the liquid and the fiber is greater than approximately 0.02 N/m and
mofe desirably above 0.05 N/m. At these values, the first wetting step will require less than
approximately three séconds to complete, and the second step will require less than
approximately ten seconds. At a tow velocity of approximately 60 inches per minute, the
iength of the first and second chambers can be as short as approximately fifteen inches, and
the required taper of the second chamber needs only to be sufficient to replace the air that

escapes out of the tows through the entrance of the device.

[0082] In a step 240 (FIGURE 7), the wetted, formed resin-fiber mass enters a curing die
160. Heat is applied to the resin-fiber mass by means of heat applied to the curing die 160.
The heating apparatus may be arranged so as to provide different amounts of heat and
different temperatures between the entrance and exit of the die, depending on the theology
of the resin precursor system used. According to an exemplary embodiment in which a
polyurethane-based resin precursor is utilized, the curing die 160 is heated to a temperature

of between approximately 50 and 320 degrees Celsius.

[0083] According to an exemplary embodiment, the curing die 160 is constructed of any
suitable metal such as tool steel, aluminum, or another metal. The curing die 160 may be
coated with a wear resistant coating to reduce erosion by the resin-fiber mass as it passes
through the die. The entrance of the curing die 160 may be configured such that there is an
entrance taper, to provide added compression pressure to the resin-fiber mass and insure
impregnation of the resin. The exit of the curing die 160 may be configured such that there
is an exit taper to allow for thermal expansion, as required to minimize the friction and

thereby the pulling force required.
\

[0084] According to an exemplary embodiment, the curing die 160 is heated with electric

resistance heaters in three heat zones arrayed above and below the die (not shown), with
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supplemental heating provided by individual resistance heaters applied externally to the
sides of the die or inserted into chambers drilled into the die specifically for the insertion of
heaters. A cooling system (e.g., a chilled water system) is provided at the entrance and exit
of the die. The cooling system is intended to prevent premature curing of the resin
precursor in the wetting device and to reduce the temperature of the part below its glass

transition temperature as it exits the die.

[0085] According to an exemplary embodiment, the resin-fiber mass travels through the
curing die at a speed of between approximately 1 and 20 feet per‘minute. The curing die
has a length of between approximately 2 and 4 feet according to an exemplary embodiment.
It should be appreciated that the speed of travel of the resin-fiber mass, the length of the
curing die, and other parameters (e.g., temperature of the curing die, etc.) may vary
according to other exemplary embodiments, and may depend on the type of resin precursor

system and reinforcement material utilized, the desired rate of production, and the like.

[0086] Upon exiting the curing die 160, the cured part or product 112 is allowed to cool at
room temperature in a sfep 250 (FIGURE 7) to a temperature that allows handling of the
part. According to an exemplary embodiment, cooling of fhe product 112 is performed in a.
passive cooling process in which air circulates around the part over a distance of
approximately 10 feet. According to other exemplary embodiments, the distance through
which the product travels in the cooling process may differ (e.g., the distance may be
greater or less than 10 feet). According to still other exemplary embodiments, forced air or,

another cooling ‘system may be utilized to cool the part (e.g., a chilled water bath, etc.).

[0087] The cured product 112.is extracted from the curing die 160 by application of a
tensile force produced by a puller 170. The puller 170 may be provided as a reciprocating

gripping system or a continuous caterpillar-like gripping system.

[0088] In a step 260 (FIGURE 7), thé cured product 112 is cut to specific lengths using a
saw 180 or similar device. The saw is configured to automatically cut the cured product
112 to specified lengths, and may be controlled by a computing device or other mechanism.
According to an exemplary embodiment, the saw is made of a material configured to form

cuts in reinforced plastic components (e.g., a carbide or diamond abrasive material).
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[0089] Those reviewing this disclosure will appreciate that the system and method for
wetting the fibers and fiber tows may provide vanous advantages as compared to
conventional wetting systems. For example, the system and method described according to
the exemplary embodiments allow for the production of fiber-reinforced plastic products in
a high-speed continuous process, with sufficient strength, stiffness and environmental
resistance to make them suitable for use as structural members in architectural applications

such as windows, doors and exterior fascia of commercial and residential construction.

[0090] It is important to note that the construction and arrangement of the system as
shown in the various exemplary embodiments is illustrative only. Although only a few
embodiments of the present inventions have been described in detail in this disclosure, those
skilled in the art who review this disclosure will readily appreciate that many modifications
are possible (e.g., variations in sizes, dimensions, structures, shapes and proportions of the
various elements, values of parameters, mounting arrangements, use of materials, colors,
orientations, etc.) without materially departing from the novel teachings and advantages of
the subject matter recited in the claims. For example, elements shown as integrally formed
may be constructed of multiple parts or elements and vice versa, the position of elements
may be reversed or otherwise varied, and the nature or number of discrete elements or
positions may be altéred or varied. Accordingly, all such modifications are intended to be
included within the scope of the present invention as defined in the appended claims. The
order or sequence of any process or method steps may be varied or re-sequenced according
to alternative embodiments. Other substitutions, modifications, changes and omissions may
be made in the design, operating conditions and arrangement of the exemplary embodiments
without departing from the scope of the present inventions as expressed in the appended

claims.
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WHAT IS CLAIMED IS:

1. A system (100) for producing a pultruded component (50) comprising:
an impregnation die tlSO) for wetting yarns (110) of fiber with a polymeric
resin precursoif (141), the impregnation die (150) comprising a first chamber (154) for
coating external surfaces of the yarns (110) and a second chamber (156) for coating fibers
within the yarns (110), the second chamber (156) having a cross-sectional area that
decreases between an entrance to the second chamber (156) and an exit from the second
chamber (156); and
' ‘amember (151) for spacing the yarns (110) apart prior to entering the first

chamber (154) to allow the polymeric resin precursor (141) to flow around the external

surfaces of the yarns (110).

2. The system (100) according to Claim 1, further comprising:
a fixture (120) for providing the yarns (110) of fiber;
a system (140) for providing the polymeric resin precursor (141); and ‘
a curing die (160) for forming the pultruded component (50).

3. The system (100) according to any of the preceding Claims, further
comprising a device (170) for pulling the fiber tows through the first chamber (154) and the
second chamber (156).

4, The system (100) according to Claims 2 or 3, wherein the curing die (160) is
provided adjacent the impregnation die (150).

5. The system (100) accor/ding to aﬁy of the preceding Claims, wherein the first

chamber (154) is provided as an open bath in contact with the second chamber (156).

6. The system (100) according to any of the preceding Claims, wherein the first

chamber (154) is in fluid communication with the second chamber (156).

7. The system (100) according to any of the preceding Claims, wherein the first

| chamber (154) provides a bath through which the yarns (110) may be pulled to coat the

exterior surfaces thereof.
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8. The system (100) according to any of the preceding Claims, wherein the first
chamber (154) is configured to receive the polymeric resin precursor (141) and to provide

the polymeric resin precursor (141) to the yarns (110) at atmospheric pressure.

9. The system (100) according to any of the precedingClaims, wheréin the

second chamber (156) is tapered from its entrance to its exit.

10.  The system (100) according to any of the preceding Claims, wherein the
second chamber (156) is configured to allow penetration of the polymeric resin precursor

(141) into the yarns (110) by capillary action.

11.  The system (100) according to Claim 11, wherein the member (151) includes
a plurality of apertures (153) provided therein.

12.  The system (100) according to Claim 12, wherein the apertures (153) have a

size sufficient to allow passage of spliced yarns (110).

13.  The system (100) according to any of Claims 2-13, wherein the system (140)
for providing the polymeric resin precursor (141) comprises a first container (142)
containing a first component (50) of the polymeric resin precursor (141) and a second

container (144) containing a second component (50) of the polymeric resin precursor (141).

14.  The system (100) according to any of Claims 2-14, wherein the system (140)
for providing the polymeric resin precursor (141) to the first chamber (154) is configured to
mix the first component (50) and the second component (50) at a rate that substantially
matches the consumption of the polymeric resin precursor (141) in the impregnation die
(150).

15.  The system (100) according to any of the preceding Claims, wherein the

polymeric resin precursor (141) is a thermosetting polyurethane resin precursor (141).

-26-



PCT/US2006/032576

WO 2007/061473

1/5

¢ I 0 ﬁ

;><
-
y

M

14V 40T4d 8l 74

ﬁ.m: f /A\:

A A A A A A A A N N N N N N N o N o o NN N AN DN AN AN NN LN W N NN VaYAS \I NN
S Cx lf-
%00 % O
(W WK (X3 29220 RRS S L ERDEE S CRRD ) '
S§<((((3)))5((Cf))sSQ(((((2))))58(({)))\Q((2l‘|i|ll'|‘l#—
C R X R R R R KR R U ) L)
0000000000 e a0 e e e e te et 000 %6 %a % S % e
------- inlesese 0 e le e e s e 0l e %!
aes X ) OO
A AT

. A/N_

9%

>--V

01



PCT/US2006/032576

WO 2007/061473

D

N

—
-q_/

e ==e LN STV o [ [
S ° a3 D5 _ \ OO0
| i —7 DOt
M | 0L sstosl gl ocl oL \
o u— eel
8_\ i 9]
- ol

0¥l



PCT/US2006/032576

WO 2007/061473

3/5

4] _,/

¢ 94

000000
ONONONONG;
(ONONONONOROL
ONONONONG;
ONORONONORO aun

/
£sl

91

e

191

851

941

1 o sl |

wmvﬂ

m_m_

OOOOOQ\

00000

‘000000
00000

000000

0s1




PCT/US2006/032576

WO 2007/061473

4/5

9 91 (H1va)
310 WD B o W
ONY) aNOJ3S 951 1544 . ONDDVE
\/\/\/\‘/‘\/‘dﬁ\l/\'/\\/l\M/\({)

ririiiiiiiziazid
“\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\h
LTI LIS SIS 10007
I lldiisdd

Qi

{ ‘ J“ 7 \E

TUTETITUTR RN TN RN R TR Y
_f/////////////////////////////é
A A AN
TNASSSNNNNN NSNS MNUNNNANNNNNNS NN
TS ONNNNNNN NN AN N NANN NN
ANINIIRIIENTUNRUR IR
ISR AN NSNS NN SN

AR RN ‘

[

091




WO 2007/061473 PCT/US2006/032576

5/5

200
/‘

REINFORCING MATERIALS | 210
ENTER FORMING CARD

REINFORCING MATERIALS | 999
ENTER FIRST ZONE OF
INJECTION DIE THROUGH
BACKING PLATE

COATED RI‘EINFORCING 130
MATERTALS ENTER SECOND
ZONE OF INJECTION DIE

IMPREGNATED REINFORCING 340
MATERIALS ENTER CURING DIE

CURED COMPOSITE cooLs  .2%9

COMPOSITE CUTTO LENGTH |

FIG. /




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2006/032576

A.
INV.

CLASSIFICATION OF SUBJECT MATTER
829C70/%2

According 1o International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentiation searched (classification system followed by classification symbols)

B29C B29B

Documentaticn searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO~Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

ISHIDA H ET AL: "RIM - PULTRUSION OF 1-15
THERMOPLASTIC MATRIX COMPOSITES"

COMPOSITE POLYMERS, RAPRA TECHNOLOGY,
SHAWBURY, SHREWSBURY, @B,

vol. 4, no. 4, January 1991 (1991-01),
pages 1-11, XP000229156

page 3, Tine 23 ~ page 4, Tine 25; figures
3,4

page 6, line 5 - 1ine 9

page 6, line 31 - 1ine 33

US 3 529 050 A (SMITH ARTHUR L) 1-15
15 September 1970 (1970-09-15)

column 2, line 19 - 1ine 37; figure 1

_____ L

Further documents are listed in the continuation of Box C. See patent family annex.

"A" document defining the general state of the arn which is not
considered to be of particular relevance

"E* earlier document but published on or after the international
filing date

"L* document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another
citation or other special reason (as specified)

"0O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ments, such combination being obvious to a person skilled

"P* document published prior to the international filing date but

* Special categories of cited documents :

"T* later document published after the international filing date
or priority date and not in conflict with the application but
cited o understand the principle or theory underlying the
invention

*X* document of pariicular relevance; the claimed invention
cannot be considered novel or cannot be considered to

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the

in the art.

fater than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search repont
8 February 2007 14/02/2007
Name and mailing address of the 1SA/ Authorized officer

European Patent Oifice, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, .
ng-.((ﬁm_m)) 340-3016 " Attalla, Giancarlo

Form PCT/ISA/210 {second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2006/032576

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant 1o claim No.

A

EP 1 094 042 A (ART TRADING SERVICES SA
[GB]) 25 April 2001 (2001-04-25)
paragraphs [0035], [0036]; claim 11;
figures 1-3

US 5 207 850 A (PAREKH SHASHI L [US])

4 May 1993 (1993-05-04)

figures 1,2,4

US 5 073 413 A (KOPPERNAES CHRISTIAN [CA]
ET AL) 17 December 1991 (1991-12-17)
figure 6

1-15

1-15

1-15

Form PCT/ISA/210 (continuation of second shest) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

International application No

Information on pate_nt family members PCT/U52006/032576
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 3529050 A 15-09-1970  NONE

EP 1094042 A 25-04-2001 AU 2668501 A 30-04-2001
WO 0128951 A2 26—-04-2001

US 5207850 A 04-05-1993  NONE

US 5073413 A 17-12-1991  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report
	Page 36 - wo-search-report

