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SYSTEM FOR FORMING REINFORCEMENT LAYERS
HAVING CROSS-DIRECTIONALLY ORIENTED FIBERS

TECHNICAL FIELD AND INDUSTRIAL APPLICABILITY
The present invention relates generally to a system for forming reinforcement
layers héwing cross-directionally oriented fibers, and, particularly, to a system for the
dispensing of both continuous fibers and chopped reinforcement fibers to form the
reinforcement layers.
The present invention has industrial applicability for making fiber reinforced
articles, mats or preforms that are suitable for reinforcing molded articles, such as

structural composites, pipes and the like.

BACKGROUND OF THE INVENTION

Structural composites and other reinforced molded articles are commonly made
using manufacturing processes such as resin transfer molding and structural resin injection
molding. These molding processes have been made more efficient by using reinforcement
fibers that are used to make a reinforcement layer or mat. The preformed fiber reinforced
layers or mat “preforms” or filament winding prepregs have the approximate shape and
size of the molded article.

As the technical requirements for reinforcement products increases, new methods
for dispenéing and laying down reinforcement fibers are required. One requirement is that
the reinforcement fibers be delivered at faster speeds than used previously. Another
requirement is that the reinforcement fibers be laid down in varying degrees of thickness
or density to achieve the desired reinforcement result. Another requirement is that the
reinforcement fibers be laid down in a predetermined orientation.

When preforms are made with specific amounts and specific orientations of the
reinforcement fibers, the preforms provide improved strength to the molded product
precisely at the weakest or most stressed locations. Because of this new design
requirement, there often is a requirement that the fibers be dispensed in a very controlled
manner.

Efforts to control the orientation of the fibers have not been entirely successful,

espécially at the high speeds necessary for commercially successful operations. When
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typical fiber dispensers are operated at a faster speed, the fibers cannot be successfully laid
down in a pattern that is as controlled as is desired.
It is clear that improvements in dispensing precisely oriented fibers in a controlled

manner, enabling a more precise distribution of fibers, would be desirable.

SUMMARY OF THE INVENTION

There has now been developed a system for rapidly and precisely dispensing
chopped fibers in a cross-directional orientation onto an array of continuous fibers.

The system includes a feeder that supplies an array of continuous fibers in a first
orientation. A chopped fiber dispenser distributes the chopped fibers onto the array of
continuous fibers in a second, and cross-directional, orientation with respect to the first
orientation of the array of continuous fibers.

In one aspect, the second orientation is defined as an angle 6 between about 0° to
about 90° with respect to the first orientation of the array of continuous fibers; where the
angle 0 is defined as an angle between x and z axes, where the x axis is defined by a top
surface of the array of continuous fibers and the z axis is defined by a width of the array of
continuous fibers.

There has also been developed a process for making a fibrous reinforcement layer
which includes directing a supply of continuous fibers, and dispensing a supply of
chopped fibrous material onto the continuoﬁs fibers. The continuous fibers are directed in
a first orientation and the chopped fibrous materials are dispensed in a second, and cross-
directional orientation, with respect to the first orientation of the continuous fibers.

Various objects and advantages of this invention will become apparent to those
skilled in the art from the following detailed description of the preferred embodiment,

when read in light of the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic perspective illustration of one system for dispensing chopped
fibers onto an array of continuous fibers so that the chopped fibers and continuous fibers
are oriented in a cross-directional manner with respect to each other.
FIG. 1A is a schematic perspective illustration of one part of a system for

dispensing chopped fibers onto an array of continuous fibers so that the chopped fibers
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and the array of continuous fibers are oriented in a cross-directional manner with respect
to each other.

FIG. 1B is a top, or plan, view showing different cross-directional orientations of
chopped fibers on the array of continuous fibers.

FIG. 2 is a schematic perspective illustration of another system for dispensing
chopped fibers onto an array of continuous fibers so that the chopped fibers and the array
of continuous fibers are oriented in a cross-directional manner with respect to each other,
showing two layers of arrays of continuous fibers.

FIG. 3 is a schematic perspective illustration of another system for dispensing
chopped fibers onto an array of continuous fibers so that the chopped fibers and the array
of continuous fibers are oriented in a cross-directional manner with respect to each other,
where a binder material is applied to the fibers.

FIG. 4 is a schematic perspective illustration of one system for dispensing chopped
fibers onto an array of continuous fibers so that the chopped fibers and the array of
continuous fibers are oriented in a cross-directional manner with respect to each other,
where the fibrous reinforcement layer is subjected to a needling process.

FIG. 5 is a schematic perspective illustration of another system for dispensing
chopped fibers onto an array of continuous fibers so that the chopped fibers and the array

of continuous fibers are oriented in a cross-directional manner with respect to each other.

DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS

Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which the
invention belongs. Although any methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the present invention, the
preferred methods and materials are described herein. It is to be noted that like numbers
found throughout the figures refer to like elements.

FIG. 1 shows a system 10 having a chopped fiber dispenser 12 for dispensing
chopped fibers 14 onto an array of continuous fibers 16 in order to form a fibrous
reinforcement layer 17. The chopped fiber dispenser 12 is positioned adjacent to the array
of the continuous fibers 16. The chopped fiber dispenser 12 distributes the chopped fibers
14 onto tﬁe continuous fibers 16 in one or more desired cross-directional orientations with

respect to the orientation of the continuous fibers 16.
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In the embodiments shown in the FIGURES, the array of continuous fibers 16 is
oriented in a longitudinal direction and the chopped fibers 14 are dispensed in a cross-
direction orientation with respect to the longitudinal direction of the array of continuous
fibers 16.

In certain embodiments, the chopped fibers 14 are dispensed from the fiber
dispenser 12 in a genefally aligned, closely spaced fashion such that the dispensed
chopped fibers 14 are in substantially the same orientation. In certain embodiments, the
chopped fibers 14 can be aligned in a substantially parallel fashion. Also, in certain
embodiments, the chopped fibers 14 can have substantially the same lengths.

The system 10, in certain embodiments, as shown in FIG. 1, can include one or
more additional dispensers 12’ and 12” to provide a desired higher output and/or to
achieve other orientations of chopped fibers, as schematically shown in FIG. 1B and
further discussed below.

In certain embodiments, the chopped fiber dispenser 12 can be substantially as
shown in U.S. Pat No. 5,806,387, U.S. Pat No. 5,819,614, U.S. Pat No. 6,029,897, U.S.
Pat No. 6,038,949, and/or U.S. Pat No. 6,182,332 issued to the inventor herein, Jander.

The chopped fibers 14 can be glass fibers having a weight within the range of from
about 300 to about 4800 g/km, and a diameter within the range of from about 8 to about 30
microns, although other weights and diameters can be used. For example, in a roving of
2400 g/km having fibers with a diameter of 17 microns, the chopped fiber output would
range from about 0.1 to about 5 kg glass fibers per minute, with a total output (resin and
glass) within the range of from about 0.2 to about 15 kg per minute.

The chopped reinforcement fibers 14 can be any material suitable for
reinforcement purposes. One preferred material is Type 30 ® glass fibers, available from
Owens Corning, Toledo, Ohio, although other mineral fibers and organic fibers, such as
polyester, Kevlar® and carbon fibers, can be used with the invention. It is to be
understood that the chopped reinforcement fibers can be a single filament (monofilament)
or a strand comprised of numerous filaments.

The continuous fibers 16 can be any material suitable for reinforcement purposes.
One suitable material is Type 30 ® glass fibers, available from Owens Corning, Toledo,
Ohio, although other mineral fibers and organic fibers, such as polyester, aramid fibers
such as Kevlar ® type fibers, and carbon fibers, can be used. It is to be understood that the

continuous fiber can be a single filament (monofilament) or a strand comprised of
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numerous filaments. In certain embodiments, the continuous fibers 16 comprise a glass
fiber roving having from about 2200 to about 4800 tex, where a tex is defined as one gram
per 1000 meters of filament. Usually the roving is formed by combining a plurality of
strands, with each strand being about 25 to about 100 tex.

In operation, a supply of reinforcement fibers (not shown) is transported to the
fiber dispenser 12 where the reinforcement fibers are chopped or cut to produce the
chopped fibers 14.

In certain embodiménts, the chopped fiber dispenser 12 has a nozzle 30 mounted at
the end of an articulation arm 32. As shown in FIGS. 1 and 1A, the nozzle 30 has a nozzle
chamber 34 with an outlet 36 for dispensing the chopped fibers 14. In certain
embodiments, the nozzle chamber 34 has a tapered shape which helps to disperse the
chopped fibers 14 exiting the nozzle 30 in a wider flow of chopped fibers 14 onto the
continuous fibers 16.

It is to be understood that, in certain embodiments, the nozzle 30 contains a fluid
directing device 38 (schematically shown in phantom in FIG. 1) that directs a fluid into the
nozzle 30 to aid in spreading out, or flaring, a dispersed stream of the chopped fibers 14 in
the nozzle 30. The dispersed stream of chopped fibers 14 can thus have any desired width.

The fluid can be delivered to the nozzle 30 by any suitable means such as a conduit
39. The fluid can be any material suitable for affecting the path of travel of the chopped
fibers 14 in the nozzle 30. One suitable fluid is air, but other gases or even liquids can
also be used. Some of the alternate fluids can be adapted to provide surface treatments or
other fiber quality-affecting enhancements or bonding capability of the fibers to the resin
material to be reinforced. In such embodiments, the temperature and moisture content of
the fluid can be set to positively affect the fiber quality and properties.

The flow rate, the amount and/or the width of the dispersed stream of the chopped
fibers 14 being dispensed from the nozzle 30 can be controlled by controlling the fluid
entering the nozzle 30. By varying the introduction of fluid into the nozzle 30, the
deposition of chopped fibers 14 on the continuous fibers 16 is precisely controlled, even
while being deposited at a rapid rate.

A further level of control can be achieved by controlling the movement of the
chopped fiber dispenser 12. FIG. 1A shows the chopped fiber dispenser 12 positioned at
an angle o with respect to a top, or planar, surface 16t of the array of continuous fibers 16.
In the embodiment shown in FIG. 1A, the top surface 16t is oriented along the x-axis and
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z-axis, where the x axis is defined by a longitudinally extending length of the continuous
fibers 16. The chopped fibers 14 are dispersed at an angle a, where the angle o is defined
as the angle between the x and y axes, where the y axis is defined as being in é.vertical
perpendicular relationship to the x axis. The angle o at which the chopped fiber dispenser
12 is oriented can be varied between about 0° to about 90° to control the amount and the
pattern of the chopped fibers 14 being dispensed onto the continuous fibers 16.

The chopped fiber dispenser 12 is also movable with respect to the continuous
fibers 16. The chopped fiber dispenser 12 can include, for example, a hydraulic system
(not shown) or other suitable system can be used to enable the chopped fiber dispenser 12
to be moved to a position adjacent or above any portion of the continuous fibers 16. The
chopped fiber dispenser 12 can be moved to different positions so that the angle of the
chopped fibers 14 being deposited on the continuous fibers 16 can be varied.

. In certain embodiments, the angle a is varied by moving the chopped fiber
dispenser 12 itself with respect to the top surface 16t of the continuous fibers 16 and/or by
adjusting the rate of flow of chopped fibers 14 from the chopped fiber dispenser 12.

The movement of the chopped fiber dispenser 12 with respect to the continuous
fibers 16 can be controlled in any suitable manner. In certain embodiments, the chopped
fiber dispenser 12 can be controlled by a computer (not shown) according to
predetermined desired parameters so that one or more desired orientations of chopped
fibers 14 are laid down on the continuous fibers 16.

Also, as shown in FIG. 1A, the nozzle outlet 36 of the chopped fiber dispenser 12
can be oriented along the z-axis by moving a first end 36a of the nozzle outlet 36 at an
angle 8 with respect to a second end 36b of the nozzle outlet 36, where angle 0 is defined
as the angle between the x and z axes. The angle 0 can be varied between about 0° to
about & 90°,

In certain embodiments, the nozzle outlet 36 can be also oriented along the z-axis
by moving the nozzle outlet 36 at an angle 8, where angle B is defined as the angle
between the y and z axes, where the z axis is defined as a width of the array of continuous
fibers 16. In this manner, the nozzle outlet 36 sweeps across the width of the array of
continuous fibers 16.

As an example, if a particﬁlar area of the continuous fibers 16 requifes a
higher/lower than normal concentration of chopped fibers 14, the rate of fiber deposition

can be changed by adjusting (reducing/increasing) the fluid flow into the nozzle 30 during
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the time the nozzle 30 is directing the chopped fibers 14 to that particular area, thereby
reducing/increasing the angle of flow () and increasing/decreasing the concentration of
the chopped fibers 14 on the specific area of the continuous fibers 16.

A further level of control can be achieved by coordinating the flow of fluid into the
nozzle 30 with the movement of the chopped fiber dispenser 12. In another example, if a
particular area of the continuous fibers 16 requires a higher/lower than normal
concentration of chopped fibers 14, the rate, amount and/or orientation of the chopped
fiber deposition can be changed by adjusting (reducing/increasing) one or more of: 1) the
rate of fluid flow into the nozzle 30; 2) the amount of fluid flow into the nozzle 30; and/or,
3) the anglés of o, B, and/or 6 of the chopped fibers 14 being 'disperseci.

This adjustment can be made during the time when the nozzle 30 is directing the
chopped fibers 14 to that particular area, thereby reducing/increasing the angle of flow (a)
and increasing/decreasing the concentration of the chopped fibers 14 on the specific area
of the continuous fibers 16.

FIG. 1B is a top plan schematic view of the top surface 16t of the continuous fibers
16 showing different orientations of chopped fibers 14. The chopped fibers 14 are
oriented at an angle 0 (as shown in FIG. 1A), where 0 is defined as an émgle between the x
and z axes. The angle 6 can range anywhere from 0° to + 90°. For example, in FIG. 1B, -
the chopped fibers 14a are oriented at a 90° angle 0; the chopped fibers 14b are oriented at
a +45° angle ~9; the chopped fibers 14c are oriented at a -45° angle 0; the chopped fibers
14d are oriented at a +60° 6; and, the chopped fibers 14e are oriented at a -60° angle 0. It
is to be understood that the deposition angle 8 of the chopped fibers 14 can be varied,
depending on the desired parameters for the fiber reinforcement layer 17.

The nozzle 30 need not have any particular dimensions, but in certain
embodiments, the width from the first end 36a to the second end 36b of the nozzle 30 can
be within the range of from about 15 to about 90 mm, and sometimes within the range of
from about 25 to about 50 mm. The length of the nozzle 30 can be within the range of
from about 40 to about 200 mm, and sometimes, within the range of from about 50 to
about 90 mm. The flow angle f (i.e., width of the dispensed chopped fibers) can be
measured by determining the diameter or spray pattern width of the chopped fiber flow at
a specific distance from the nozzle outlet 36. A typical ratio of distance-to-width is within
the range of from about 5:1 to about 1:1, and preferably within the range of from about 5:1
to about 2:1.
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In the schematic illustration shown in FIG. 1, the continuous fibers 16 are supplied
from a suitable feeder 18. The feeder 18 can be any suitable device for supplying
continuous fibers 16. In certain embodiments, the feeder 18 can comprise one or more
packages of rovings. In other embodiments, the feeder 18 can be a fiber forming operation
where the continuous fibers 16 are supplied from bushings and are directed into the system
10.

In certain embodiments, the continuous fibers 16 can be coated with a binder type
material supplied by a suitable dispenser 24. .

Also, in certain embodiments, the continuous fibers 16 are fed onto a collection
surface 20 in a suitable manner. For ease of illustration herein, the collection surface 20 is
shown as a rotating drum, but it should be understood that other collection surfaces can
also be used with the system described herein. The collection surface can be, for example,
a rotating drum, a mandrel for forming pipe, a conveyor, or a spool for a fabric material.

In embodiments where the collection surface 20 is a rotating drﬁm, the continuous
fibers 16 are longitudinally supplied along an outer surface of the drum 20. The rotating
drum 20 can bé mounted along an axis A-A for rotation by any suitable means, such as by
motor (not shown). Also, in certain embodiments, the feeder 18 can be configured to
move along the axis A-A of the collection surface 20 and to supply the continuous fibers
16 in a desired pattern on the collection surface 20. In certain embodiments, both the
feeder 18 and the chopped fiber dispenser 12 can be configured to move axially along the
axis A-A with respect to the collection surface 20.

In another embodiment, as shown in FIG. 2, the chopped fibers 14 can be
dispensed onto a first supply 16a of continuous fibers. A second supply 16b of continuous
fibers is then supplied on top of the chopped fibers 14. The second supply 16b can be
supplied at the same or a different orientation with respect to the orientation of the first
supply 16a.

FIG. 3 shows a system for making a preform 40. The chopped fibers 14 are
dispensed onto a mat 42. The mat 42 can be comprised of any suitable combination; such
as randomly dispersed materials, woven materials, and/or nonwoven materials. The
continuous fibers 16 are deposited onto the chopped fibers 14 that are covering the mat 42
so that the perform 40 is formed. The preform 40 can be impregnated with a suitable

impregnation material from any suitable dispenser 46.
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Also, in certain embodiments, the chopped fibers 14 can be impregnated with a
suitable material such as a binder or resin material before the chopped fibers 14 are
dispensed onto the continuous fibers 16. In other embodiments, the continuous fibers 16
can be impregnated with a suitable material such as a binder or resin material before the
continuous fibers 16 are dispensed onto the collection surface 20. In still other
embodiments, both the chopped fibers 14 and the continuous fibers 16 can be impregnated
with a suitable material. The impregnating material can be supplied in any suitable
manner so that the fibers are substantially coated with the material. In certain
embodiments, the material can be a thermoset resin, such as a polyester, epoxy, phenolic
or polyurethane resin. Iﬂ other embodiments, the material can be a thermoplastic such as
block copolymer of caprolactam polymer and elastomer Nyrim® resin or other suitable
materials.

FIG. 4 shows a system where a first supply of continuous fibers 16b receives a
supply of chopped fibers 14. A second supply of continuous fibers 16a is deposited on the
- chopped fibers 14 to form a multilayer reinforcement layer 50. Thereafter, the multi-layer
reinforcement layer 50 can be formed into a fabric 52 by being subjected to a needling or
stitching process, generally shown by the needling apparatus 60.

FIG. 5 shows another system having a reinforcement dispénser 112 which is
positioned to deposit chopi)ed reinforcement fibers 14 onto an array of continuous fibers
16. The reinforcement dispenser 112 need not be robotized or automated, and could even
be stationary with the array of continuous fibers 16 being moveable. In certain
embodiments, a source 118 of vacuum can be positioned beneath the array of continuous
fibers 16 to facilitate the deposition process. Also, in certain embodiments, a compaction
device 122 can be used to debulk the chopped reinforcement fibers 14.

Reinforcement fibers 14s, supplied from a source not shown, are transported to a
nozzle 130 in the fiber dispenser 112 where the reinforcement fibers 14s are chopped or
cut to produce the discrete length reinforcement fibers 14.

In certain embodiments, the chopped fiber dispenser 112 has a nozzle 130 that has
a nozzle chamber 134 with an outlet 136 for dispensing the chopped fibers 14. In certain
embodiments, the nozzle chamber 134 has a tapered shape which helps to dispersé the
chopped fibers 14 exiting the nozzle 130 in a wider flow of chopped fibers 14 onto the
continuous fibers 16. Itis to be understood that, in certain embodiments, the dispersed

stream of chopped fibers 14 can thus have any desired width.
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The nozzle 130 need not have any particular dimensions, but in certain
embodiments, the width of the nozzle 30 can be within the range of from about 15 to about
90 mm, and sometimes within the range of from about 25 to about 50 mm. The length of
the nozzle 130 can be within the range of from about 40 to about 200 mm, and sometimes,
within the range of from about 50 to about 90 mm. The flow angle B (i.e., width of the
dispensed chopped fibers) can be measured by determining the diameter or spray pattern
width of the chopped fiber flow at a specific distance from the nozzle outlet 136. A
typical ratio of distance-to-width is within the range of from about 5:1 to about 1:1, and
preferably within the range of from about 5:1 to about 2:1.

In the embodiment shown in FIG. 5, the reinforcement fibers 14s are wound in the
nozzle 130 into a series of generally parallel loops or coils 14¢c. The coils 14¢ are moved
down stream axially of the nozzle 130. As the coils 14¢ are moved axially, they are
engaged by a cutter 140 which makes one or more cuts in each loop or coil 14¢. The cutter
140 can be of any type capable of severing the reinforcement fibers 14¢ into discrete
lengths of chopped fibers 14. Examples of cutters include heating devices and lasers. As
shown in FIG. 5, after the coils 14c are cut by the cutter 140, they travel downwardly as
discrete lengths of chopped fibers 14. The discrete lengths of fibers are laid down in a
generally parallel, closely spaced fashion on the array of continuous fibers 16.

As stated above, the flow rate, the amount and/or the width of the dispersed stream
. of the chopped fibers 14 being dispensed from the nozzle 130 can be controlled so that the
deposition of chopped fibers 14 on the continuous fibers 16 is precisely controlled, even
while being deposited at a rapid rate. '

A further level of control can be achieved by controlling the movement of the
chopped fiber dispenser 112. FIG. 5 shows the chopped fiber dispenser 112 positioned at
an angle a with respect to the top, or planaf, surface 16t of the array of continuous fibers
16. In the embodiment shown in FIG. 5, the top surface 16t is oriented along the x-axis
and z-axis, where the x axis is defined by a longitudinally extending length of the
continuous fibers 16. The chopped fibers 14 are dispersed at an angle a, where the angle a
is defined as the angle between the x and y axes, where the y axis is defined as being in a
vertical perpendicular relationship to the x axis. The angle a at which the chopped fiber
dispenser 112 is oriented can be varied between about 0° to about 90° to control the
amount and the pattern of the chopped fibers 14 being dispensed onto the continuous

fibers 16.
10
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The chopped fiber dispenser 112 is also movable with respect to the continuous
fibers 16. The chopped fiber dispenser 112 can be, for example, a hydraulic system (not
shown) or other suitable system can be used to enable the chopped fiber dispenser 112 to
be moved to a position adjacent or above any portion of the continuous fibers 16. The
chopped fiber dispenser 112 can be moved to different positions so that the angle of the
chopped fibers 14 being deposited on the continuous fibers 16 can be varied.

In certain embodiments, the angle o is varied by moving the chopped fiber
dispenser 112 itself with respect to the top surface 16t of the continuous fibers 16 and/or
by adjusting the rate of flow of chopped fibers 14 from the chopped fiber dispenser 112.

Also, as shown in FIG. 5, the nozzle outlet 136 of the chopped fiber dispenser 112
can be oriented along the z-axis by adjusting a first end of the nozzle outlet 136 at an angle
8 with respect to a second end of the nozzle outlet 136, where angle 0 is defined as the
angle between the x and z axes. The angle 0 can be varied between about 0° to about +
90°.

In certain embodiments, the nozzle outlet 136 can be also oriented along the z-axis
by moving the nozzle outlet 136 at an angle B, where angle B is defined as the angle
between the y and z axes, where the z axis is defined as a width of the array of continuous
fibers 16. In this manner, the nozzle outlet 136 sweeps across the width of the array of
continuous fibers 16.

As an example, if a particular area of the continuous fibers 16 requires a
higher/lower than normal concentration of chopped fibers 14, the rate of fiber deposition
can be changed by adjusting (reducing/increasing) the flow of chopped fibers 14 from the
nozzle 130 during the time the nozzle 130 is directing the chopped fibers 14 to that
particular area, thereby reducing/increasing the angle of flow (o) and
increasing/decreasing the concentration of the chopped fibers 14 on the specific area of the
array of continuous fibers 16.

A further level of control can be achieved by coordinating the flow of chopped
fibers 14 from the chopped fiber dispenser 112. In another example, if a particular area of
the continuous fibers 16 requires a higher/lower than normal concentration of chopped
fibers 14, the rate, amount and/or orientation of the chopped fiber deposition can be
changed by adjusting (reducing/increasing) one or more of: 1) the rate of chopped fiber
flow from the nozzle 130; and/or 2) the angles of a, B, and/or 6 of the chopped fibers 14
being dispersed.

11
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While the invention has been described with reference to a preferred embodiment,
it should be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the essential
scope of the invention. In addition, many modifications may be made to adapt a particular
situation or panel to the teachings of the invention without departing from the essential
scope thereof. Therefore, it is intended that the invention not be limited to the particular
embodiment disclosed as the best mode contemplated for carrying out this invention, but

that the invention will include all embodiments falling within the scape of the claims.
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WHAT IS CLAIMED IS:

1. A system for forming a fibrous reinforcement layer (17) having cross-
directionally oriented fibers, the apparatus comprising:

a feeder for feeding an array of continuous fibers (16) in a first orientation; -
and,

a chopped fiber dispenser (12) for distributing generally aligned, closely
spaced chopped fibers (14) onto the array of continuous fibers in at least a second
orientation with respect to the first orientation of the array of continuous fibers.

2. The system of claim 1, wherein the second orientation. is defined as an
angle 8 between about 0° to about 90° with respect to the first orientation of the array of
continuous fibers; wherein the angle @ is defined as an angle between x and z axes, where
the x axis is defined by a length of the array of continuous fibers and the z axis is defined
by a width of the array of continuous fibers.

3. ‘The system of claim 1, wherein the chopped fiber dispenser dispenses the
chopped fibers at an angle o with respect to the array of continuous fibers, wherein the
angle o is defined as an angle between x and y axes, where the x axis is defined by a
length of the array of continuous fibers and the y axis is defined as being in a vertical
perpendicular relationship to the x axis.

4, The system of claim 1, wherein the chopped fiber dispenser dispenses the
chopped fibers at an angle B with respect to the array of continuous fibers, wherein the

.angle B is defined as an angle between y and z axes, where the y axis is defined as being in
a vertical perpendicular relationship to the x axis and the z axis is defined by a width of
the array of continuous fibers.

5. The system of claim 1, wherein the chopped fiber dispenser dispenses the
chopped fibers at an angle 8 with respect to the array of continuous fibers, wherein the
angle 0 is defined as an angle between x and z axes, where the x axis is defined by a length
of the array of continuous fibers and the z axis is defined by a width of the array of
continuous fibers.

6. The system of claim 1, wherein the chopped fiber dispenser is configured to
distribute chopped fibers onto the array of continuous fibers at one or more angles o, B and

0 with respect to the array of continuous fibers,
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wherein the angle o, is defined as an angle between x and y axes, the angle
B is defined as an angle between y and z axes, and the angle 0 is defined as an angle
between X and z axes; and,

wherein the x axis is defined by a length of the array of continuous fibers,
the y axis is defined as being in a vertical perpendicular relationship to the x axis, and the
z axis is defined by a width of the array of continuous fibers. '

7. The system of claim 1, wherein the feeder is configured to feed at least a
second supply (16b) of continuous fibers onto the chopped fibers.

8. The system of claim 1, further including a collection surface (20)
configured to receive the fiber reinforcement layer.

9. The system of claim 7, wherein the collection surface is at least one of a
rotating drum, a mandrel for forming pipe, or spool for a fabric material.

10. A fiber reinforcement layer comprising an array of continuous fibers
oriented in a first orientation, and generally aligned, closely spaced chopped fibers, the
chopped fibers being positioned on the array of continuous fibers in at least a second
orientation with respect to the first orientation of the array of continuous fibers.

11. The fiber reinforcement layer of claim 10, wherein the second orientation is
defined as an angle 0 between about 0° to about 90° with respect to the first orientation of
the array of continuous fibers; wherein the angle 6 is defined as an angle between x and z
axes, where the x axis is defined by a length of the array of continuous fibers and the z
axis is defined by a width of the array of continuous fibers.

12. A process for making a fibrous reinforcement layer, comprising:

directing a supply of an array of continuous fibers in a first orientation; and,

dispensing a supply of generally aligned, closely spaced chopped fibers
onto the array of continuous fibers in at least a second orientation with respect to the first
orientation of the array of continuous fibers to form the reinforcement layer.

13.  The process of claim 12, wherein the second orientation is defined as an
angle 6 between about 0° to about 90° with respect to the first orientation of the array of
continuous fibers; wherein the angle 9 is defined as an angle between x and z axes, where
the x axis is defined by a length of the array of continuous fibers and the z axis is defined
by a width of the array of continuous fibers.

14. The process of claim 12, wherein a rate, amount and/or orientation of the

chopped fiber deposition is changed by adjusting one or more of: 1) the rate and/or amount
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of chopped fibers being dispensed from the chopped fiber dispenser; and, 2) an angle at
which the chopped fibers are dispensed from the chopped fiber dispenser.

15.  The process of claim 12, including directing a second supply of an array of
continuous fibers onto the chopped fibers.

16.  The process of claim 12, including selecting a desired deposition pattern for
the chopped fibers being dispensed onto the array of continuous fibers.

17.  The process of claim 12, ihcluding coating at least one of the continuous
fibers and the chopped fibers with a binder material.

18. The process of claim 12, including directing the reinforcement layer onto a
collection surface.

19. The process of claim 18, wherein the collection surface is a rotating drum, a
mandrel for forming pipe, a conveyor system, or spool for a fabric material.

20. The process of claim 18, including moving at least one of the feeder and the

chopped fiber dispenser with respect to the collection surface.
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