Office de la Proprieté Canadian CA 2866029 C 2017/10/24

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 866 029
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 2006/11/02 (51) CLInt./Int.Cl. DO3D 15/00(2006.01)
(41) Mise a la disp. pub./Open to Public Insp.: 200/7/05/31 (72) Inventeur/Inventor:

GOERING, JONATHAN, US

(73) Proprietaire/Owner:
ALBANY ENGINEERED COMPOSITES, INC., US

(74) Agent: NELLIGAN O'BRIEN PAYNE LLP

(45) Date de délivrance/lssue Date: 2017/10/24
(62) Demande originale/Original Application: 2 629 546
(30) Priorité/Priority: 2005/11/17 (US11/281,063)

(54) Titre : ENTRETOISES TRIDIMENSIONNELLES HYBRIDES TISSEES OU STRATIFIEES POUR ELEMENTS
STRUCTURELS COMPOSITES

(54) Title: HYBRID THREE-DIMENSIONAL WOVEN/LAMINATED STRUTS FOR COMPOSITE STRUCTURAL
APPLICATIONS

3)

38

39 43

42

[ ]

100
Warp e

36

40 45

(57) Abréegée/Abstract:

A woven preform used to reinforce a composite structure which includes a central portion having a plurality of interwoven layers.
The preform also includes first and second end portions having a plurality of independent woven layers that are Iintegrally woven
with the plurality of interwoven layers In the central portion and which extend along the entire length the preform. Interspersed
between the plurality of Independent woven layers In the first and second end portions are bias plies.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




CA 02866029 2014-10-01

ABSTRACT

A woven preform used to reinforce a composite structure which iIncludes a
central portion having a plurality of interwoven layers. The preform also
includes first and second end portions having a plurality of 1ndependent woven
layers that are integrally woven with the plurality of interwoven layers 1n
the central portion and which extend along the entire length the preform.

Interspersed between the plurality of independent woven layers in the first

and second end portions are bias plies.
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HYBRID THREE-DIMENSIONAL WOVEN/LAMINATED STRUTS
FOR COMPOSITE STRUCTURAL APPLICATIONS

BACKGROUND OF THE INVENTION

WL ARy Ay VY

The instant invention relates to the geometrical configuration of three-

dimensional woven preforms for reinforced composite structures having quasi-
isotropic or multi-directional reinforcement on one or two ends of the structure

and approximately unidirectional reinforcement in all other areas.

Background of the Invention

The use of reinforced composite materials to produce structural
components is now widespread, particularly in applications where their
desirable characteristics for being hightweight, strong, tough, thermally resistant,
self-supporting and adaptability to being formed and shaped are sought. Such
components are used, for example, 1n the aeronautical, aerospace, sateilite, and
battery industries, a3 well as for yecreational uses such as in racing boats and

autos, and in countless other applications. A three-dimensional fabric generally

consists of fibers oriented in three ditections with cach fiber extending along a

direction perpendicular to the other fibers, that is along the X, Y and Z axial
directions.

Typically, components foymed from such fabrics consist of
reinforcement materials embcﬁded in matix materials. The reinforcement
component may be made from materials such as glass, carbon, ceramic, aramid
(c.g., "KEVLAR®™), polyethylene, and/or other _mate;ials which exhibit desired
physical, thermal, chemical and/or other properties, chief among which is great
strength against stress failure. Through the use of such reinforcement materials,
which ultimately become a constituent element of the completed component,
the desired characteristics of the reinforcemeﬁt materials such as very high
strength, are imparted to the completed composite component. The constituent
rcinfo.gé_xncnt materials may typically be woven, knitted or otherwise onented

into desired configurations aud shapes for reinforcement preforms. Usually,
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particular attention is paid to ensure the optimum utilization of the properties for
which these constituent reinforcing materials have been selected. Generally,
such reinforcement preforms are combined with matnx material to form desired

finished componeuts or produce working stock for the ultsmate production of

finished components.

Alfter a desired reinforcement preforin has been constructed, matrix
material may be mtroduced and combine:d with the preform, so that the
reinforcement preform becomes encased in the matrix material such that the
matrix material fills the mterstitial areas between the constituent elements of the
reinforcement preform. The matrix material may be any of a wide variety of
materials, such as epoxy, polyester, vinyl-ester, ceramic, carbon and/or other
materials, which also exhibit desired physical, thermal, chemical and/or other
properties. The matenals chosen for use as the matnx may or may not be the
same as that of the reinforcement preform and may or may not have comparable
physical, chemical thermal or other properties. Typically, however, they will
not be of the same matenals or have comparable physical, chemical, thermal or
other properties, as the reinforcement preform, since a usual objective sought in
using composites n the first place is to achieve a combination of characteristics
in the finished product that 1s not attainable through the use of one constituent
matcrial alone.

-When combined, the reinforcement preform and the matrix material may
then be cured and stabilized in the same operation by thermosetting or other
known methods, and then subjected to other operations’{toward producing the
desired component. It is significant ta note that after being so cured, the then
solidified masses of the matrix material are normally very strongly adhered to
the reinforcing material (e.g., the reinforcement preform). As a result, stress on
the fiished component, ﬁmﬁcular]y via its matrix material acting as an
adhesive between fibers, may be effectively ttansferred to and. borme by the
constituent material of the reinforcing reinforcement preform.

Typically, simple, two-dimensional woven fabrics or unidirectional
fibers are produced by a material supplier and sent to a customer who cuts out
patterns and lays up the final pact ply-by-ply. The simplest woven materials are

flat, substantially two-dimenstonal structures with fibers in only two directions.

2
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They are formed by interlacing two sets of yarns perpendicular to each other. In
two-dimensional weaving, the 0° yarns are called warp fibers or yams and the
90° yams are cailed the weft or fill fibers or yarns. For resin transfer molding, a
senics of woven fabrics can be combined to form a dry lay-up, which is placed
in a mold and injected with resin. These fabrics can be pre-forned using either a
“cut and sew" technique or thermally formed and "tacked" using a resin binder.

Two-dimensional woven structures, however, have linitations. The step
of pre-forming requires extensive manual labor in the lay-up. Two-dimensional
woven structures are not as strong or stretch-resistant along other than the 0°
and 90° axes, particularly at angles farther from the fiber axes. One method to
reduce this possible himitation is t0 add bias fibers to the weave, fibers woven to
cut across the fabric at an intermediate angle, preferably at £45° to the axis of
the {11l fibers.

Simple woven preforms are also single layered. This limits the possible
strength of the matenal. One possible solution is to increase the fiber size.
Another i8 to use multiple Jayers, or plies. An additional advantage of using
multiple [ayers is that some layers may be oriented such that the warp and weft

axes of different layers are in different directions, thereby acting like the

“previously discussed bias fibers. If these layers are a stack of single layers

lamimated together with the resin, however, then the problem of de-lamination
arises. If the layers are sewn together, then many of the woven fibers may be
damaged during the sewing process and the overall tensile strength may suffer.
In addition, for both lamination and sewing of multiple plics, a hand lay-up
operation usually is necessary to align the layers. Alternatively, the layers may
be interwoven as part of the weaving process. Creating multiple mterwoven
layers of fabric, particularly with integral bias fibers, has been a difficult
problem. | |

One exaple of where corposite materials are used to produce
structural components is in the production of struts and braces. Stiuts and
braces typically comprise a central column having lugs on each end of the
structure. These lugs can have cither male or female (clevis) configurations and
are used to attach the strut or brace to the structure it is reinforcing or bracing.

As previously discussed, in order to achieve increased strength of the corpposite

- 3
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structure, multiple layers or plies are used for the lug and column portions of the
struts and braces. Although using multiple layers is advantageous since
individual layers can be oriented to provide reinforcement in the 0° and 90°
directions as well as can be oriented o the bias to provide reinforcement in
additional directions, such as the the +45° directions, if laminated together with
resin, delamination of the layers may be problematic. Alternatively, if the
layers are sewn together, then as previously discussed, many of the woven
fibers may be damaged during the sewing process, reducing the overall tensile

strength of the final structure.

Many examples of laminated lugs exist, some using hybrid materials
(1.¢. alternating carbon and titanium plics), but the laminated lugs have not been
combined with a three-dimensional woven column. The viability of laminated
composite lugs for very highly loaded structures has been demonstrated in
several government funded programs. However, to the Applicant’s knowledge,

none of thesc programs considered the use of three-dimensional woven

preforms.

Thus, three-dimensional preforms for use in struts and braces, having
laminated lug ends or portions and a2 monolithic three-dimensional woven
central columm are desirable. The advantages of using a three-dimensional
construction in the central portion of the preform are that it reduces the labox
required to cut and collate all of the plies required for a thick composite, and it
provides better damage tolerance than conventional laminated composites. The
advantage of the independent layers in the ends 1s that the laminate can be
tailored to have specific properties.

Accordingly, a need exists for a woven preform having an integrally
woven three-dimensional central pogtion with laminated lug ends comprised of

independent, woven layers.

SUMMARY OF THE INVENTION
1t 1s therefore a principal object of the invention to provide a three-
dunensional woven preform having an interwoven column portion and a stack

of individually woven fabrics at the lug ends for use m a composite structure.
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It 1s a further object of the invention to provide a woven preform for a

thick composite structure that has quasi-isotropic or multi-directional
reinforcement on one or two ends and nearly unidirectional reinforcement in all
areas.

Yet another object of the invention is to provide a composite structure
that can be used to carry large concentrated loads.

These and other objccts and advantages are provided by the instant
invention. In this regard, the instant invention 1s directed to a woven preform
that 1s used to reinforce a composite structure and a method of manufacturing
such a preform. The woven preform comprises a central portion with a plurality
of layers woven together. The preform includes a first end portion having a
plurality of independently woven layers that are integrally woven with the
plurality of interwoven layers in the central portion and which extend along the
entire length of the preform. The preform also includes a second end portion
having a plurality of independently woven layers that are integrally woven with
the plurality of interwoven layers in the central portion and which extend along
the entire length of the preform. Interspersed between the plurality of
independently woven layers in the first and second end portions are bias plies.
In order to provide gaps between the independently woven layers in the first and
second end portions for the bias plies, layers of warp fibers or yarns are woven
out of the pretom1. In addition, a woven preform having a single lug end and a
column portion end can be constructed according to any of the disclosed

embodiments.

Another aspect of the instant invention 1s directed to a three-dimensional
reinforced composite structure constructed using a woven preform disclosed
herein. The reinforced composite structure comprises a central portion that has
unidirectional reinforcement and first and second end portions that arc quasi-
isotropically or multi-directionally reinforced. The reinforced composite

structure may also be constructed to have a column portion at one end and a lug

portion at the other end.

For a better understanding of the invention, its operating advantages
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and specific objects attained by its uses, reference 18 made to the accompanying
descriptive matter in which preferved embodiments of the invention are
illustrated in the accompanying drawings in which corresponding components

are identified by the same reference numenals.

BRIEF DESCRIPTION OF THE DRAWINGS

— —

The following detailed description, given by way of example and not
intended to limit the present invention solely thereto, will best be appreciated in
conjunction with the accompanying drawings, wherein like reference numerals
denote like elements and parts, in which:

Hig. 1 is a plan view of a composite structure having a column portion

with lug ends having a male configuration;

Fig. 2 is a plan view of a composite structure having a column portion
with {ug ends having a female or clevis configuration;

Fig, 3 1s a plan view of a preform constructed according to one
embodiment of the instant invention;

Fip. 4A is a plan view of a preform having lug ends with a symmetrical
configuration constructed according 1o one embodiment of the instant 1nvention;

FIG. 4B is a plan view of a preform having lug ends with a symmetrical
configuration constructed according to one embodiment of the instant invention;

FIG. 4C is a plan view of a preform having lug ends with an
asymmetrical configuration constructed according to one embodiment of the
instant invention;

FIG. 4D 15 a plan view of a preform having Jug ends with an
asymmetrical configuration constructed accordirig to one embodiment of the

insant invention; and

Fig. 515 a plan view of a preform constructed according to one

embodiment of the instant invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The instant invention will now be described more fully hereinafter with

reference to the accompanying drawings, in which preferred embodiments of

the invention are shown. This invention may, however, be embodied in many
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different forms and should not be construed as limited to the illustrated
embodiments set forth herein. Rather, these illustrated embodiments are
provided so that this disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.

In the following description, like reference characters designate like or

corresponding parts throughout the figures. Additionally, in the following

L4 1t

description, it is understood that such terms as "upper,” "lower," "top” and
"bottom" and the like are words of convenience and are not to be construed as
limiting terms.

The instant invention is a preform concept for a composite structure or
beam that has quasi-isotropic or multi-directional reinforcement on one or two
ends and nearly unidirectional reinforcement in all other areas. This
configuration is desirable for structures that have to carry large concentrated
loads, such as struts and braces. The quasi-isotropic or multi-directionally
reinforced ends provide good bearing properties and more balanced tension,
compression, and shear strengths, making them good choices for the lug ends of
the structure. These lug ends can have either male or female (clevis)
configurations. The unidirectional portion provides high axial stiffness, which
is good for preventing column buckling or crippling, making it a good choice
for the main column of a strut or brace. Depicted in FIG. 1 is a strut or brace 2
having lug ends 4 and a three-dimensional main column portion 6. The lug
ends 4 in FIG. 1 have a male configuration. FIG 2 depicts a strut or brace 8
with a three-dimensional main column portion 10 and lug ends 12 having a
female or clevis configuration.

The advantages of using a three-dimensional construction in the central
portion of the preform are that it reduces the labor required to cut and collate all
of the plies required for a thiék composite and it provides better damage
tolerance than conventional laminated composites. The advantage of the
independent layers at the ends of the structure 1s that the laminate can be
tatlored to have specific properties. As disclosed, the lug ends are considered to

be quasi-isotropic or multi-directionally reinforced, but they could be practically

any laminate configuration.
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The nstant preform 1s comprised of a three-dimensional woven portion
conststing of a number of layers and a similar number of independent bias
layers. In the central or column portion of the three~-dimensional woven piece,
all of the layers are interwoven or integrfal]y woven together forming a
monolithic block of woven matenial. The fiber architecture used in this portion
can be any conventional pattemn for a thick preform, including, but not limited
to, ply-to-ply, through thickness, angle interlock, or orthogonal architectures.
At the ends of the structure, the individual layers weave independent of one
another to form a stack of fabrics with reinforcement in the 0° and 90°
directions, where 0° is along the length of the structure. The bias layers or
plies, which are separately constructed provide reinforcement in additional
directions to the 0°/90° direction such as in the 345° direction, are interspersed
between the layers of 0°/90° fabrics to form a more conventional laminate, The

bias layers or plies can be woven using warp and weft fibers or yarns or they

can be nonwoven, knitted or an array of MD or CD fibers or yarns. In the
following figures, the warp direction is along the 0° direction or along the
length of the structure and is indicated by arrow 100.

All of the layers that comprise the preform, including the central or
column pottion, are woven with warp fibers or yamms and weft or fill fibers or
yarns using a Jacquard loom and captured shuttle, however, any conventional
weaving technigue may be used to weave the layers. The fibers or yars can be
either synthetic or natural materials such as, but not limited to carbon, nylon,
rayon, polyester, fiberglass, cotton, glass, ceramic, aramid ("KEVLAR®") and
polycthylene. The completed woven preformis then processed nto 2 woven
Mlaminated composite structure with the introduction of a matrix material such
as, but not limited to, epoxy, polyester, vinyl-esier, ceramuc, carbon and/or other
materials, which also exhibit desived physical, thermal, chermical and/or other
properties, using conventional techniques such as, but not linuted to, resin
transfer molding or chemical vapor infiltration.

According to one embodiment of the instant invention, FIG. 3 depicts a
segment Of a structure 14 having a thick central portion 16 that is integral with
two thinper male Jug ends 18 that are positioned on each side of central portion

16. As can be seen FIG. 3, the thick central portion 16 is a monolithic, three-
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dimensional woven column comprised of a plurality of woven layers 20 that are
interwoven or woven together. In order to form the thinner male lug ends 18,
layers of warp fibers from the thick central column 16 are woven out of the
preform 1o provide a tapered transition 22 from the column 16 to the thinner lug
ends 18.

Once the destred aumber of warp fiber layers are woven out of the
preform to taper the column down to the desired lug thickness, additonal layers
of warp {ibers are woven out of the preform at the thinner lug ends 18 to
provide a gap or space for the bias fabric plies. The remaining warp fibers at
the thinner lug ends 18, which are integrally woven with the plurality of layers
20 in the column or central portion 16 and are continuous along the length of
the structure, form individual layers of plies 24 that are woven independently of
one another. This stack of plies or fabrics provide reinforcement at the thinner
lug ends 18 in the 0° and 90° directions. Since the 0%90° plies 24 are not
interwoven with each other, bias plies 26 that provide reinforcement in
additional directions, such as the :45° direction, can be interspersed in the gaps
between the 0°/90° plies 24, forming a stack of fabrics that, when a matrix
material 1s applied, forms a laminated structure that provides quasi-isotropic or
multi-directional reinforcement at the thinner lug ends 18. Furthermore, as
depicted in FIG. 3, the structure has a continuous surface fiber 28 that 1s the
result of the outermost warp fibers of the thick column 16.

If so destred, unlike the previously disclosed structure for this

embodiment that has a central portion 16 with two thinner lug ends 18 on each

side of the central portion 16, a structure having only one thinner lug end 18
may be constructed according to the disclosed embodiment. In such a case, the
structure will comprise one end similar to the monolithic, three-dimensional
woven central portion 16 and one thinner lug end 18 as disclosed above. A
structure constructed in this manner, will more closely resemble FIG. 3.

Another embodiment of the instant invention is depicted in FIGS, 4A-
4D, which show a segment of a structure 30 comprising two lug ends 32 that are
thicker than the monolithic three-dimensional woven central column portion 34
of the structure 30. As is the case in the previous embodiment, the central |

column portion 34 is comprised of a plurality of woven layers 35 that are
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interwoven or woven together. In this confipuration, however, there 1S no need
to weave out warb fibcrs 36 from the column portion 34 in order to form the
thicker lug ends 32. Instead, all of the warp fibers 36 used to construct the
column portion 34 are used to construct the thicker lug ends 32. The warp
fibers 36 from the column portion 24, however, are not interwoven with each
other at the thicker lug ends 32. This allows the bias plies 38 to be interspersed
between the warp fibers 40 in the thicker lug ends 32, which are the plies that
provide remforcement in the 0°/90° durection. Therefore, the thicker lug ends 32
have a stack of fabrics consisting of 0°90° oriented plies or fabrics and
separately constructed plies oriented in directions other than the 0°/90°
direction, {or example +45° oriented plies or fabrics that, when a matrix
material is applied, results in a laminated lug having quast-isotropic or multi-
directional reinforcement. Furthermore, as can be seen i FIGS. 4A-4D,
structures constructed according to this embodiment will have a staggered
transition 42 from the laminated thicker lng end 32 to the monolithic column
portion 34, thereby improving load transfer from one portion to the other.

As can be seen in FIGS. 4A-4D, the length and posttioning of the bias
plies 38 varies from figure to figure, FIGS. 4A and 4B depict a lug end 32
having a symmetrical configuration. That is, the length and positioning of the
bias plies 38 in the lug end 32 are symmetric about the éentcr line or

longitudinal axis A-A. FIG. 4A depicts a symmetrical configuration where the

length of successive bias plies 38 increases in the upper half 39 and the lower

half 41 of the lug end 32 as onc moves from the center line A-A toward the top
surface 43 and the bottom surface 45 of the lug end 32. FIG. 4B depicis a
symmetrical configuration where the length of successive bias plies 38
decreases in both halves, 39 and 41, of the lug end 32 as one moves from the
center line A-A toward the top surface 43 and the bottom sutface 45 of the lug

end 32.
FIGS. 4C and 4D depict a lug end 32 having an asymmetrical

configuration. That is, the length of the successive bias plies 38 in the lug end
32 only increases or decreases as one moves from the bottom syrface 495 to the
top surface 43 of the lug end 32. FIG. 4C shows an asymunetrcal configuration

~ where the length of successive bias plies 38 in the lug end 32 increases as one

10
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moves from the bottom surface 45 to the top surface 43 of the lug end 32. As
shown in FIG, 4D, an asymmetrical tug end 32 can also be constructed where
the length of successive bias plies 38 decreases as one moves from the bottom
surface 45 to the top surface 43 of the lug end 32.

If so destred, unlike the previously disclosed structures for this
embodiment that have a central portion 34 with two thicker lug ends 32 on each
side of the central portion 34, a structure having only one thicker lug end 32
may be constructed according to the disclosed embodiment, Tn such a case, the
structure will comprise one end similar to the monolithic, three-dimensional
woven central portion 34 and one thicker lug end 32 as disclosed above. A
structure constructed in this manner, will more closely resemble the structures
depicted in FIGS. 4A-4D.

- In another embodiment of the instant invention, FIG. 5 depicts a
segment of a structure 44 having a monolithic three-dimensional woven central
column portion 46 with two female lugs or clevises 48. As can be seen in FIG.
5, the female lug ends 48 are angled relative to the central column portion 46,
such that the female lug ends 48 are not in line or collinear with central column
portion 46. Similarly to the previous embodiments, the central columm portion
46 is comprised of a plurality of woven layers 50 that are interwoven or woven
together. In order to form the female lug ends or clevises 48, the monolithic
column portion 46 is woven such that it bifurcates 52 to form both halves of the
clevises. The 0%90° layers 54 in the first or angled portion 56 of each half of
the clevises continue to be interwoven together.

In order to provide a gap between the 0°/90° reinforeing layers 58 for the
bias fabric plies 60 in the parallel or end portions 62 of the clevis, warp fibers
are woven out of the angled portions 56 of the preform. The remaining warp
fibers at the lug ends 48, which are integrally woven with the plurality of woven
layers 50 1n the central column portion 46 and angléd'poztions 54, form
individual layers that are woven independently of one another and provide
reinforcement at the clevis 48 in the 0° and-90° directions. Since the (%90°
Jayers 58 are not interwoven with each other, reinforcement in directions other

than the 0°%90° direction, for example the +45° direction is provided by the bias

plies 60 that are interspersed between the 0°/90° plies 58, forming stacks of

11
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tabric at the clevises that provide quasi-isotropic or multi-directional
reinforcement when a matrix material is added to the preform.

If so desired, unlike the previously disclosed structure for this
embodiment that has a central portion 46 with two female lug ends or clevises
48 on each side of the central portion 46, a structure having only one female lug
end 48 may be constructed according to the disclosed embodiment. In such a
case, the structure will comprise one end similar to the monolithic, three-
dimensional woven central portion 46 and one female lug end or clevis 48 as
disclosed above. A structure constructed in this manner, will more closely
resemble the structure depicted in FIG. 3.

In all of the disclosed embodiments, after the bias plies are inserted at
the lug ends, the woven preform can be overbraided with a ply of glass material
in order to improve the preform's abrasion resistance.

As 1s apparent to those skilled in the art, the structures disclosed above
can have many forms in addition to those disclosed herein. For example, the
structures can have a thick monolithic three-dimensional woven column with
female or clevis lug configurations. The structure can also have a thick
monolithic three-dimensional woven column with a male lug on one end and a
female lug at the other end. In addition, the structure can have a thin monolithic
three-dimensional woven column with female lugs at each end or a male lug at
one end and a female lug at the other end. Lastly, all configurations can have:
both lugs in line with or collinear with the main column portion; both lugs
angled relative to the main column portion; or one lug can be collinear with the
main portion and one lug can be angled relative to the main portion. Although
as disclosed above, the lug ends are considered to be quasi-isotropic or multi-
directionally reinforced, the lug ends can be practically any laminate

configuration. Therefore, the instant structures, for example a stmt or brace,

can be designed to have different configurations in order to provide various

types of reinforcing or bracing based on a structure's specific need or desired

usc.

12
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Although a preferred embodiment of the present invention and
modifications thereof have been described in detail herein, 1t 1s to be understood

that this invention 1s not limited to this precise embodiment.

13
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Attorney Docket No. 17648-289

WHAT IS CLAIMED IS:
1. A woven preform for use as reinforcement 1n a composite structure
comprising:

a three-dimensional central portion having a plurality of warp fibers
interwoven with a plurality of weft fibers in three dimensions (X, Y, and 7);

a first end portion; and

a second end portion;

wherein said woven preform comprises one or more warp fibers on an outer
surface of said woven preform that extend continuously on the outer surface along the
entire length of said woven preform; and

wherein said woven preform comprises one or more warp fibers that extend
along the entire length of said woven pretorm and a plurality of warp fibers that
weave out of said woven preform and provide a transition from said central portion to

at least one of said first and second end portions.

2. A method of manufacturing a woven preform for use as reinforcement
in a composite structure comprising the steps of:

weaving a plurality of warp fibers with a plurality of weft fibers in three
dimenstons (X, Y, and Z) to form a three-dimensional central portion;

weaving a plurality of the warp fibers with a plurality of weft fibers in three
dimensions (X, Y, and Z) to form a three-dimensional first end portion;

weaving a plurality of the warp fibers with a plurality of weft fibers in three
dimensions (X, Y, and Z) to form a three-dimensional second end portion;

wherein the woven preform comprises one or more warp fibers on an outer
surface of said woven preform that are woven to extend along the entire length of said
woven preform; and

wherein said woven preform comprises one or more warp fibers that extend
continuously on the outer surface along the entire length of said woven preform and a
plurality of warp fibers that weave out of said woven preform and provide a transition

from said central portion to at least one of said first and second end portions.

14



CA 02866029 2016-12-05
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3. A woven preform for use as reinforcement in a composite structure
comprising:

a three-dimensional central portion having a plurality of warp fibers
mterwoven with a plurality of weft fibers in three dimensions (X, Y, and 7); and

wherein said woven preform comprises one or more warp fibers on an outer
surface of said woven preform that extend continuously on the outer surface along the
entire length of said woven preform; and

wherein two or more warp fibers in adjacent layers exchange position through

a thickness of the central portion at a bifurcation at an end of said central portion.

4, A method of manufacturing a woven preform for use as reinforcement
In a composite structure comprising the step of:

weaving a plurality of warp fibers with a plurality of weft fibers in three
dimensions (X, Y, and Z) to form a three-dimensional central portion of the woven
preform such that one or more warp fibers extends continuously on an outer surface of
the three-dimensional central portion of the woven preform and extend along the
entire length of said woven preform;

wherein two or more warp fibers in adjacent layers of the central portion are

woven 10 exchange position through a thickness of the central portion at a bifurcation

at an end of said central portion.

5. A woven preform for use as reinforcement in a composite structure
comprising:

at least one end portion; and

a three-dimensionally woven central portion comprising a plurality of warp
fibers interwoven with a plurality of weft fibers in three dimensions (X, Y, and 2),
comprising: '

the plurality of weft fibers comprising first yarns extending in a weft direction;

the plurality of warp fibers comprising second yarns extending in a warp
direction, wherein the first and second yarns form interwoven layers in the central
portion;

wherein there are a greater number of second yarns in a first region of the

woven central portion than in a second region of the woven central portion;
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whereln the end portion has a plurality of independently woven layers that are
integrally woven with the interwoven layers 1n the central portion and which extend

along the entire length of the woven preform.

6. A method of forming a woven preform comprising a three-
dimensionally woven central portion and at least one end portion for use as
reinforcement 1n a composite structure comprising the steps of:

weaving first yarns extending in a wett direction and second yarns extending
in a warp direction to form the three-dimensionally woven central portion at a first
region of the woven preform;

weaving out select second yarns in three dimensions (X, Y and Z) 1n a second
region of the woven preform to reduce a thickness of the three-dimensionally woven
central portion in the second region;

wherein the end portion has a plurality of independently woven layers that are
integrally woven with a plurality of interwoven layers in the central portion and which

extend along the entire length of the woven preform.

7. A woven preform for use as reinforcement 1n a composite structure
comprising:

at least one end portion; and

a three-dimensionally woven central portion comprising:

a plurality of warp yarns interwoven with a plurality of weft yarns in three
dimensions (X, Y, and 7),

wherein one or more warp yarns extend along the entire length of said woven
preform, and one or more warp yarns extend less than the entire length of said woven
preform:;

wherein the end portion has a plurality of independently woven layers that are
integrally woven with a plurality of interwoven layers in the central portion and which

extend along the entire length of the woven preform.

8. A woven preform used to reinforce a composite structure comprising:

at least one end portion; and

a three-dimensional central portion having a plurality of warp fibers

interwoven with a plurality of weft fibers in three dimensions (X, Y, and 7),
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wherein one or more warp fibers on an outer surface of said woven preform
extend along the entire length of said woven preform;

wherein the end portion has a plurality of independently woven layers that are
integrally woven with a plurality of interwoven layers 1n the central portion and which

extend along the entire length of the woven preform.

0. A method of manufacturing a woven preform comprising a three-
dimensional central portion and at least one end portion used to reinforce a composite
structure comprising the step of:

weaving a plurality of warp fibers with a plurality of wett fibers to form the
three-dimensional central portion, wherein one or more warp fibers of said woven
preform are woven to extend continuously on an outer surface along the entire length
of said woven preform into the end portion,

wherein the end portion has a plurality of independently woven layers that are
integrally woven with a plurality of interwoven layers in the central portion and which

extend along the entire length of the woven preform.

10. A woven preform used to reinforce a composite structure comprising:

at least one end portion; and

a three-dimensional central portion having a plurality of warp fibers
interwoven with a plurality of weft fibers, wherein two or more warp fibers exchange
position through a thickness of the three-dimensional central portion at a bifurcation
at an end of said central portion;

wherein the end portion has a plurality of independently woven layers that are

integrally woven with a plurality of interwoven layers in the central portion and which

extend along the entire length of the woven preform.

11. A method of manufacturing a woven preform used to reinforce a

composite structure comprising the step of:

weaving a plurality of warp fibers with a plurality of weft fibers to form a
three-dimensional central portion, wherein two or more warp fibers are woven to
exchange position through a thickness of the three-dimensional central portion at a

bifurcation at an end of said central portion into an end portion;
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wherein the end portion has a plurality of independently woven layers that are
integrally woven with a plurality of interwoven layers 1in the central portion and which

extend along the entire length of the woven preform.
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