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(54) 3D BRAIDED MATERIAL AND METHOD OF MAKING SAME

(57) A sporting implement comprising:
a shaft having a first end and a second end,
a 3D braided material shaped to a dimension of the shaft
wherein the 3D braided material extends substantially
from the first end to the second end of the shaft, the 3D
braided material comprising a first plurality of plurality of

tapes (902) extending in the X direction only, a plurality
of braiding tapes (904, 906) extending in the X, Y and Z
directions, wherein the 3D braided material has a sub-
stantially consistent thickness from the first end to the
second end of the shaft.
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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part of US
Application of No. 15/448,769, filed March 3, 2017, which
claims the benefit of U.S. Provisional Application No.
62/303,756, filed March 4, 2016, which applications are
incorporated herein by reference in their entirety.

FIELD

[0002] This disclosure relates generally to carbon fiber
weaving materials and methods. More particularly, as-
pects of this disclosure relate to 3D weaving materials in
sporting implements.

BACKGROUND

[0003] Sporting implements have transitioned from
metal structures to glass or carbon fiber reinforced com-
posite structures. Composite structures can be formed
by stacking layers of different orientations or materials
to achieve a desired thickness and then forming them
into the requisite shape. With this design, the resulting
part may lack strength or stiffness in the perpendicular
direction or the z-direction in certain instances. Addition-
ally, the formed parts can delaminate easily since they
are only connected through a matrix in some instances.
The inter-laminar weakness can, in certain instances,
play a major role in the failure of the formed structures
in select adaptations.

SUMMARY

[0004] The following presents a general summary of
aspects of the invention in order to provide a basic un-
derstanding of the invention and various features of it.
This summary is not intended to limit the scope of the
invention in any way, but it simply provides a general
overview and context for the more detailed description
that follows.
[0005] In one aspect of the disclosure, a sporting im-
plement can have an increased resistance to delamina-
tion. The sporting implement can be formed of a weave
or braid constructed in three dimensions, which can have
varying geometry in either the shape or in the fiber ori-
entation of the weave.
[0006] Other objects and features of the disclosure will
become apparent by reference to the following descrip-
tion and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] A more complete understanding of the present
disclosure and certain advantages thereof may be ac-
quired by referring to the following detailed description
in consideration with the accompanying drawings, in

which:

Fig. 1 illustrates an exemplary weaving pattern;

Fig. 2 illustrates a variation of the weaving pattern in
Fig. 1;

Fig. 3A illustrates a perspective view of another ex-
emplary weaving pattern;

Fig. 3B illustrates a cross-sectional view of the ex-
emplary weaving pattern of Fig. 3A;

Fig. 4 illustrates a perspective view of another ex-
emplary weaving pattern;

Fig. 5 illustrates a perspective view of another ex-
emplary weaving pattern;

Fig. 6A illustrates a perspective view of another ex-
emplary weaving pattern;

Fig. 6B illustrates another perspective view of the
exemplary weaving pattern of Fig. 6A;

Fig. 6C illustrates a top view of the exemplary weav-
ing pattern of Fig. 6A;

Fig. 7 illustrates another exemplary weaving pattern
that can be applied to a sporting implement;

Fig. 8 illustrates another exemplary weaving pattern
as applied to a sporting implement;

Fig. 9A illustrates a top-perspective view of an ex-
emplary 3D braided section of a sporting implement;

Fig. 9B illustrates a perspective cross-sectional view
of the exemplary 3D braided section;

Fig. 10A illustrates a top-perspective view of a lower
portion of an exemplary sporting implement utilizing
a 3D braiding method;

Fig. 10B illustrates a top-perspective view of an up-
per portion of the exemplary sporting implement uti-
lizing a 3D braiding method of Fig. 10A;

Fig. 10C shows a side-perspective view of a lower
section of the exemplary sporting implement utilizing
a 3D braiding method of Fig. 10A;

Fig. 10D shows a side-perspective view of an upper
section of the exemplary sporting implement utilizing
a 3D braiding method of Fig. 10A;

Fig. 11A illustrates a top-perspective view of a lower
portion of an exemplary sporting implement utilizing
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a 3D braiding method;

Fig. 11B illustrates a top-perspective view of an up-
per portion of the exemplary sporting implement of
Fig. 11A;

Fig. 11C shows a side-perspective view of a lower
section of the exemplary sporting implement utilizing
a 3D braiding method of Fig. 11A;

Fig. 11D shows a side-perspective view of an upper
section of the exemplary sporting implement utilizing
a 3D braiding method of Fig. 11A;

Fig. 12A illustrates a top-perspective view of a lower
portion of another exemplary sporting implement uti-
lizing a 3D braiding method;

Fig. 12B illustrates a top-perspective view of an up-
per portion of the exemplary sporting implement of
Fig. 12A;

Fig. 12C shows a side-perspective view of a lower
section of the exemplary sporting implement utilizing
a 3D braiding method of Fig. 12A;

Fig. 12D shows a side-perspective view of an upper
section of the exemplary sporting implement utilizing
a 3D braiding method of Fig. 12A;

Figs. 13A-13L illustrate a top perspective view of an
exemplary 3D braided section, depicting a position
in the XY plane and corresponding image of the po-
sition in the YZ plane of a specific tow as it is braided
around the shaft of an exemplary sporting imple-
ment;

Fig. 13A1 shows a cross-sectional cut of the shaft
at braiding plane A-A and is annotated to identify a
specific tow;

Fig. 13A2 shows the top view of the cut cross-section
of the shaft, at plane A-A, annotated to identify the
orientation of the specific tow identified in Fig. 13A1;

Fig. 13A3 shows an exemplary path that the specific
tow or fiber of Figs. 13A-L can follow as the tow fiber
is braided in the X direction;

Fig. 14A shows a front perspective view of an exam-
ple core; and

Fig. 14B shows a cross-sectional view of the exam-
ple core of Fig. 14A.

The reader is advised that the attached drawings are
not necessarily drawn to scale.

DETAILED DESCRIPTION

[0008] In the following description of various example
structures in accordance with the disclosure, reference
is made to the accompanying drawings, which form a
part hereof, and in which are shown by way of illustration
of various structures in accordance with the disclosure.
Additionally, it is to be understood that other specific ar-
rangements of parts and structures may be utilized, and
structural and functional modifications may be made
without departing from the scope of the present disclo-
sure. Also, while the terms "top" and "bottom" and the
like may be used in this specification to describe various
example features and elements of the disclosure, these
terms are used herein as a matter of convenience, e.g.,
based on the example orientations shown in the figures
and/or the orientations in typical use. Nothing in this spec-
ification should be construed as requiring a specific three
dimensional or spatial orientation of structures in order
to fall within the scope of this disclosure.
[0009] In general, as discussed herein, aspects of this
disclosure relate to methods for fabricating a 3D woven
material and an exemplary 3D woven material for sport-
ing implements. The exemplary weaves can be incorpo-
rated into any sporting implements, such as, baseball
bats, lacrosse sticks, hockey sticks, rackets, helmets,
and other protective equipment.
[0010] An example sporting implement can be con-
structed, partially or entirely, with a woven or braided
three dimensional structure. The weave can be formed
by a series of tows. A tow may include a collection or
grouping of materials that extend together in a single di-
rection and may include one or multiple fibers. Suitable
fibers can include carbon, aramids, glass, basalt, or poly-
propylene. In certain examples, the tows can be formed
of monofilaments, multiple filaments or combinations
thereof, and the tows can have a variety of different cross
sectional shapes, such as circular, ellipsoidal, triangular,
or flat shaped in the form of tapes.
[0011] The 3D woven material can be a multi-direction-
al layup having fibers oriented in three directions, warp
(X), weft (Y) and the Z directions, and also at any angle
created by a combination of two or three directions. In
one example, a single woven preform can be formed that
will have a near net shape of the formed product, with
the fibers oriented in a way that will be optimal for the
particular application. The structure can also be made to
have minimal crimps in the warp direction (the longitudi-
nal direction of the sporting implement) in desired areas
by having fewer fibers in the Z directions, while having a
high degree of fibers interlacing in different areas prone
to delamination to provide strength to the sporting imple-
ment.
[0012] In one particular example, multiple fibers, such
as a carbon, aramid, glass, or polypropylene fiber, can
be grouped together and spread substantially flat to form
thin elongated groups of fibers or fiber tapes. However,
it is also contemplated that other numbers of fibers can
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be used to form the tapes depending on the desired
strength and coverage of the fiber tapes. The tapes can
be weaved in a three dimensional arrangement to form
a woven material. The woven material can then be
formed into the desired shape of the formed part or the
sporting implement. Some types of fabrics, such as mul-
tilayer or angle interlock, could be fabricated with con-
ventional weaving equipment for example, a shuttle
loom. However, more complex woven structures, such
as orthogonal or angled multilayer may necessitate ma-
chinery designed specifically for 3D structure such as a
Jacquard type of weaving machine. The weave may be
made using a pre-impregnated braid. Alternatively, the
tapes can be formed dry and then during the molding
process can be injected with resin. This process may be
referred to as resin-transfer molding or infusion
[0013] Fig. 1 shows an example weaving pattern of
tows or tapes for forming a woven fabric 100. In this ex-
ample, a plurality of first tapes 102, a plurality of second
tapes 104, and a plurality of third tapes 106 can extend
in each of the X, Y, and Z directions to form the woven
fabric 100. In this example, the plurality of first tapes 102
can extend generally in the X direction, which can also
be referred to as the warp direction. The plurality of sec-
ond tapes 104 can extend generally in the Y direction,
which can also be referred to as the weft direction As is
shown in Fig. 1, the plurality of first tapes 102 can extend
generally orthogonal to the plurality of second tapes 104
to form rows or layers 110A, 110B, and 110C, and each
row 110A, 110B, and 110C of the plurality of first tapes
102 or the plurality of second tapes 104 can form a single
layer. It is also contemplated that the plurality of first tapes
102 and the plurality of second tapes 104 could be formed
at other non-orthogonal angles or offset relative to one
another. In the example shown in Fig. 1, three layers
110A, 110B, and 110C are shown. However, any number
of layers can be included depending on the desired
strength of the material.
[0014] The plurality of third tapes 106 can extend both
in the Z direction and in the X direction. Portions of the
third tapes 106 can also extend in the X direction parallel
to the plurality of first tapes 102 adjacent to spacing
formed between the plurality of first tapes 102. The por-
tions of the third tapes 106 that extend in the X direction
also form loops or crimps 108 around the plurality of the
second tapes 104 on the top layer 110A and around the
plurality of second tapes 104 on the bottom layer 110C.
The third tapes 106, specifically the loops 108, help to
maintain the layers formed by the plurality of first tapes
102 and the plurality of second tapes 104 together in the
formed 3D weave. This helps to maintain the 3D woven
material together during the formation of the part and
also helps to increase resistance to crack propagation
between layers or rows during operation or use of the
formed part.
[0015] In this example, the plurality of third tapes 106
can extend in the X direction every three layers or rows
110A, 110B, 110C of the plurality of first tapes 102 and

the plurality of second tapes 104. Also, as shown in this
example, the plurality of third tapes 106 can extend at an
angle 112 with respect to planes defined by each of the
layers formed by the plurality of first tapes 102 and the
plurality of second tapes 104. In this example, the angle
112 can be formed greater than 90°. For example, the
angle can be formed in a range of 90° to 180° and, in
one specific example, can be formed at 135°. In certain
examples, the plurality of third tapes 106 can skip passing
around a layer, and the angle 112 can be 180°. Other
angles, including angles less than 90°, are contemplated
depending on the desired strength and rigidity of the ma-
terial.
[0016] Fig. 2 shows a variation of the weaving pattern
of Fig. 1 for forming a woven fabric 200. This example is
similar to the example discussed above in relation to Fig.
1, where similar reference numbers represent similar
tows or tapes. However, in this example, the plurality of
third tapes 206 can extend in the X direction every fifth
layer of layers 210A, 210B, 210C, 210D, and 210E of the
plurality of first tapes 202 and the plurality of second tapes
204. Additionally, the angle 212 formed between the plu-
rality of third tapes and the layers 210A, 210B, 210C,
210D, and 210E of the plurality of first tapes 202 and the
plurality of second tapes 204 can be a smaller angle than
that of the weaving pattern disclosed in relation to Fig.
1. This example also provides a thicker structure resulting
in a stronger yet heavier structure for higher impacts.
Additional layers can also be provided, for example, 3-12
layers may be provided, with the angle 212 ranging from
0° to 180°. Other numbers of layers are also contemplat-
ed.
[0017] Although in the examples shown in relation to
Figs. 1 and 2, the layers formed by the plurality of first
tapes and the plurality of second tapes are formed par-
allel or at 90° in relation to each other, the layers can be
oriented at different angles or can be formed non-parallel
with an offset in relation to the longitudinal direction to
provide more rigid or more flexible structures. For exam-
ple, the layers can be oriented at a range of 5° to 90°,
and in certain examples can be oriented at 5° to 75° and
specifically at 630°, 645° or 90° in relation to the longi-
tudinal direction of the sporting implement. Similar to the
examples discussed above in relation to Figs. 1 and 2,
the layers can then be linked by tapes extending in the
Z direction and weaved in a perpendicular or substantially
perpendicular direction or other angles as discussed
above in relation to the plane created by the layers in the
case of orthogonal weaving.
[0018] Figs. 3A and 3B show an alternative weaving
pattern for forming a woven fabric 300. This example is
similar to the example discussed above in relation to Fig.
1, where similar reference numbers represent similar
tows or tapes. However, in this example, the plurality of
third tapes 306 can extend in the X direction every layer
of layers 310A, 310B, 310C, and 310D of the plurality of
first tapes 302 and the plurality of second tapes 304
across selected pairs of the second tapes 304. Specifi-
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cally, the plurality of third tapes 306 form loops or crimps
308, which wrap pairs of second tapes 304. Additionally,
the angle 312 formed between the plurality of third tapes
and the layers 310A, 310B, 310C, and 310D, of the plu-
rality of first tapes 302 and the plurality of second tapes
304 can be a larger angle than that of the weaving pattern
disclosed in relation to Fig. 1. In this example, in wrapping
pairs of the second tapes 304, the plurality of third tapes
can form a fewer amount of crimps or hoops 308 around
the plurality of second tapes 304. The fewer number of
crimps results in a stiffer formed structure.
[0019] Fig. 4 shows another alternative weaving pat-
tern for forming a woven fabric 400. This example is sim-
ilar to the example discussed above in relation to Fig. 1
above, where similar reference numbers represent sim-
ilar tows or tapes. However in this example, the warps
402 can extend both in the X direction and the Z direction
thus eliminating the need altogether for the third plurality
of tapes. Additionally, each warp 402 can extend orthog-
onally to its adjacent warp between the wefts 404. Other
angles are also contemplated depending on the thick-
ness of the wefts. Each weft 404 can include multiple
crimps or hoops 408 formed by the warps 402. Moreover,
the warps 402 can form an alternating sinusoidal-like pat-
tern between adjacent layers the wefts 404.
[0020] Fig. 5 shows another alternative weaving pat-
tern for forming a woven fabric 500. This example is sim-
ilar to the example discussed above in relation to Fig. 1,
where similar reference numbers represent similar tows
or tapes. In this example, the plurality of first tapes 502
and the plurality of second tapes 504 can be formed or-
thogonal to each other. However, in this example, fewer
crimps or loops 508 can be formed by the plurality of third
tapes 506. In this example, the crimps or loops 508 can
be formed over each column of second tapes 504 alter-
natingly each row of layers 510A, 510B, 510C, and 510D
in the X direction. In one example, the woven fabric could
be used in an area where additionally rigidity is desired
or in an area that may be subjected to fewer impacts.
[0021] Figs. 6A-6C show another alternative weaving
pattern for forming a woven fabric 600. This example is
similar to the example discussed above in relation to Fig.
1, where similar reference numbers represent similar
tows or tapes. However, in this example, the plurality of
first tapes 602 and the plurality of second tapes 604 can
be weaved at 645° angles relative to the X and Y axes
and may also be weaved orthogonal to each other. Ad-
ditionally, the plurality of first tapes 602 can form separate
layers, e.g., 610A and 610C, and the plurality of second
tapes 604 can from separate layers 610B and 610D. In
addition, the plurality of first tapes 602 can change ori-
entation every row or every few rows. In this example,
row 610A can be at + 45, 610B can be at - 45°, row 610C
can be at + 30°, row 610D can be at - 30°, and row 610E
can be at 90° relative to the X axis. Also, another row
610B1 can be positioned between row 610B and row
610C and can be oriented at 0°.
[0022] For example, as shown in Figs. 6A and 6B, the

plurality of first tapes 602 can change orientation every
fifth row. In this example, the plurality of first tapes 602
can be oriented at a 90° relative to the X-axis in layer
610D. It is also contemplated that the plurality of second
tapes 604 can change orientation in a given layer and
that the orientation angles can range from 0° to 180°.
The plurality of third tapes 606 can extend through each
of the layers 610A, 610B, 610C, 610D, and 610E of the
plurality of first tapes 602 and the plurality of second tapes
604. The plurality of third tapes 606 can extend across
a selected tape of the plurality of first tapes 602 or the
plurality of second tapes 604.
[0023] The 3D woven materials discussed herein can,
in one example, be applied to a high performance hockey
stick. The number of waves, loops, or crimps affects the
ultimate rigidity of the formed product. For example, few-
er waves, loops, or crimps provide a stiffer hockey stick
shaft whereas a higher number of waves, loops, or crimps
provides a more flexible and durable hockey stick shaft.
In this way, the hockey stick can be formed with different
weaves having varying amounts of interlacing to control
stiffness and durability of the hockey stick. In one exam-
ple, the orientation of the fibers can vary along the length
of the shaft to provide differing properties along the shaft
of the hockey stick. In one example, the interlacing and
crimps can be greater in areas where higher impacts oc-
cur such as the striking portion of the hockey stick shaft,
and a lower number of interlacing and crimps can be
included in areas of the shaft where the shaft of the stick
should be more rigid such as the upper portions of the
shaft where the player holds the shaft of the hockey stick.
[0024] Specifically, in the middle area of the hockey
stick, the area below where the player positions his hand
to take a shot or make a pass can have a higher number
of tows or tapes oriented in the warp or X direction and
fewer tapes or tows interlacing to create a stiff region. An
area lower on the shaft that is prone to more impacts can
have an increased number tows or tapes oriented in the
weft direction or Y direction creating hoops and more
interlacing to make that region stronger against delami-
nation and impacts. For example, hoops are formed from
wrapping the fibers in the perpendicular direction of the
length of the weave when the weave is formed into the
shape of a hockey stick shaft. These hoops provide stiff-
ness when the weave is compressed.
[0025] Another example of a 3D woven material 700
that could be utilized in sporting implement, such as a
hockey stick is depicted in Fig. 7. Specifically, Fig. 7
shows a cross-sectional view of an example 3D woven
material 700 as a weave for a hockey stick shaft. In this
example, the weave 700 can be formed of two tape types,
a plurality of first tapes 702 extending in the X direction,
and a plurality of second tapes 704 extending in the Y
direction.
[0026] Although the plurality of first tapes 702 and the
plurality of second tapes 704 are shown generally orthog-
onal to each other, the plurality of first tapes 702 and the
plurality of second tapes 704 can be oriented at different
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angles relative to each other. For example, the plurality
of first tapes 702 and the plurality of second tapes 704
can be oriented from 0° to 90° relative to each other. Also
the first tapes 702 and the second tapes 704 can be pro-
vided with varying fiber densities in order to provide the
desired performance.
[0027] Additionally, each of the first tapes 702 and the
second tapes 704 can extend in the Z-direction to provide
a 3D woven fabric. For example, each of the first tapes
702 can extend at different angles relative to one another
in the Z-direction. For example each of the first tapes 702
can alternate in extending at +45° relative to the z-axis
and -45° relative to the z-axis. Therefore, at least two of
the first plurality of tapes can be oriented at a first and
second angle relative to the z-axis. The first angle of at
least two of the first plurality of tapes can be greater than
20° from the z-axis and the second angle can be less
than -20° from the z-axis.
[0028] Other angles relative to the Z-axis are also con-
templated for example, 65°, 610°, 615°, 620°, 625°,
630°, 635°, 640°, 645°, 650°, 655°, 660°, 665°,
670°, 680°, 685° and can range from -90° to 90° from
the Z-axis along with the combinations thereof. Likewise,
each of the second tapes 704 can extend at different
angles relative to one another in the Z direction. For ex-
ample each of the second tapes 704 can alternate in
extending at +45° relative to the z-axis and -45° relative
to the z-axis. For example each of the second tapes 704
can alternate in extending at +45° relative to the z-axis
and -45° relative to the z-axis. Therefore, at least two of
the second plurality of tapes can be oriented at a first and
second angle relative to the z-axis. The first angle of the
at least two of the second plurality of tapes can be greater
than 20° from the z-axis and the second angle can be
less than -20° from the z-axis. Other angles relative to
the Z-axis are also contemplated for example, 65°, 610°,
615°, 620°, 625°, 630°, 635°, 640°, 645°, 650°,
655°, 660°, 665°, 670°, 680°, 685° and can range
from -90° to 90° from the Z-axis along with the combina-
tions thereof.
[0029] The respective intersections of the plurality of
first tapes 702 and the plurality of second tapes 704 can
form crimps 706 to secure the plurality of first tapes and
the plurality of second tapes 704. In this example, the
crimps 706 are generally located in the four corners of
the weave that also form the corners of the hockey stick
shaft. The plurality of first tapes 702 form four intersec-
tions with the plurality of second tapes 704, and the
crimps 706 help to secure the plurality of first tapes and
the plurality of second tapes.
[0030] In this example, there can be no crimp or wav-
iness in the fiber as the fiber is formed straight except in
the areas where the warps 702 and wefts 704 meet. In
the example of a hockey stick shaft, the corners can have
a lot of interlacing (or interconnectivity), while the major
and minor sides can have none. It can be desirable to
apply this arrangement to a hockey stick, because most
impacts occur in the corners of the shaft, and the corners

of the shaft would be reinforced while not affecting much
of the performance and rigidity of the stick.
[0031] Fig. 8 shows an example schematic of a sport-
ing implement, i.e., a hockey stick 800, which can utilize
different weaves, for example the different weaves dis-
cussed herein, to provide for different rigidity along the
shaft of the stick. Two portions A and B of the hockey
stick shaft are shown magnified where both the areas A
and B can be formed of different 3D weaves. As generally
shown in Fig. 8, the area A toward the upper handle por-
tion 810 of the shaft can be formed of a weave having a
fewer number of fiber tapes extending in the Z direction
than the area B near the blade 812 of the hockey stick.
The example weave in portion A can provide a lower
density weave having fewer interconnections than the
weaving pattern shown in portion B.
[0032] Like in the above examples, the portion A weave
can include a plurality of first tapes (not shown) extending
in the X direction, a plurality of second tapes 804A ex-
tending in the Y direction, and a plurality of third tapes
806A extending in the Z direction. In this example, the
plurality of first tapes and the plurality of second tapes
804A can form four rows or layers 810A, 810B, 810C,
and 810D. However, other numbers of rows are also con-
templated. In this example, the third tapes 806A can in-
terconnect the layers in the Z direction every two to four
second tapes 804A. In this example, although not shown,
the plurality of second tapes 804A in the portion A weave
can be greater than the plurality of first tapes. In one
example, in the portion A weave, the ratio of the third
plurality of tapes to the total number of the first plurality
of tapes and of the second plurality of tapes is 0.5% to
10%. In another example, the ratio can be 5%.
[0033] However, as shown in the portion B weave, the
third tapes 806B can interconnect the rows or layers
811A, 811B, 811C, and 811D in the Z direction every
second tapes 804B. The higher number of interconnec-
tivities in the portion B weave provides for a higher density
structure than the portion A weave. Also, the portion A
weave can be stiffer than the portion B weave by provid-
ing fewer crimps (or interconnectivities) between the
rows 810A, 810B, 810C, and 810D in the portion A
weave. Specifically, the portion A weave can include a
first number of loops 808A that interconnect the first plu-
rality of tapes extending in the X direction with the second
plurality of tapes extending in the Y direction, and the
portion B weave can include a second number of loops
808B interconnecting the first plurality of tapes extending
in the X direction with the second plurality of tapes ex-
tending in the Y direction. In this example, the first number
of loops 808A can be less than the second number of
loops 808B. Again, a higher number of loops or crimps
lowers the rigidity of the fibers and helps to prevent dela-
mination. Also like the portion A weave, in one example,
the ratio of the third plurality of tapes to the total number
of the first plurality of tapes and of the second plurality
of tapes is 0.5% to 10% in the portion B weave. In another
example, the ratio can be 5%.
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[0034] Also in this example, although not shown, the
plurality of first tapes can be greater than the plurality of
second tapes 804B in the portion B weave. In this exam-
ple, the plurality of first tapes in the portion A weave is
equal to the plurality of first tapes in the portion B weave,
and the plurality of second tapes 804A in the portion A
weave is equal to the plurality of second tapes 804B in
the portion B weave. It is also contemplated that the hock-
ey stick 800 can be provided with more than two weave
types, for example, the hockey stick could be formed of
3, 4, 5, 6, etc. weave types depending on the desired
stiffness and durability properties of the stick.
[0035] In other examples, it is contemplated that the
3D weave can remain constant throughout the length. In
this case, the same 3D weave is used for the entire shaft.
Providing the same 3D weave throughout the entire shaft
can be easier to manufacture because it requires much
simpler machinery, reduces the setup time, and can cre-
ate a lower cost formed part.
[0036] In other alternative examples, each layer, which
can be formed by weaving fabrics in the X direction and
in the Y direction can be stitched together through the
thickness of each of the layers formed in the X and the
Y direction. The stitching could be applied in the orthog-
onal direction to fabricate a stronger sporting implement
in the Z direction.
[0037] In addition to the shaft of the stick, the 3D woven
material can be used to form the blade of the hockey
stick. In this example, the core can be a foam core. The
3D woven material forming the blade can connect the
front face of the blade to the rear face of the blade to
provide for additional structural rigidity in the blade itself.
In other examples, however, the woven material may not
connect the front face to the back face. This may be de-
sirable in a process where traditional core materials (such
as solid foams) would be used to create the pressure to
compress the laminate in order to achieve the desired
compaction or in cost sensitive applications where the
operation can be simplified by only wrapping the woven
material around the blade core. In this example, the 3D
woven material could be formed into the shape of the
blade, and a foam material or a core made of a synthetic
material reinforced with layers of fibers could be inserted
into the 3D woven material at one end of the blade.
[0038] The examples discussed herein help to reduce
and potentially eliminate the possibility of fiber delami-
nation, which helps to give the formed product a better
resistance to impact, and can increase the overall per-
formance of the formed product. Also the use of multilayer
weaving for a sporting implement allows for a limitless
design possibility, such as having particular zones that
are more impact resistant, while others are designed to
maximize stiffness, having multiple materials used in dif-
ferent areas with varying ratios.
[0039] In one example embodiment, a sporting imple-
ment may include a shaft having a first end and a second
end. The first end may include a first 3D woven material,
and the second end may include a second 3D woven

material. The first 3D woven material can include a first
layer and a second layer. The first layer and the second
layer may include a first plurality of tapes extending in
the X direction and a second plurality of tapes extending
in the Y direction and a third plurality of tapes extending
in the Z direction interconnecting the first layer and the
second layer. The second 3D woven material may in-
clude a first layer and a second layer. The first layer and
the second layer may include a first plurality of tapes
extending in the X direction and a second plurality of
tapes extending in the Y direction and a third plurality of
tapes extending in the Z direction interconnecting the first
layer and the second layer. The number of third tapes
extending in the Z direction in the first 3D woven material
can be less than the number of third tapes extending in
the Z direction in the second 3D woven material.
[0040] The plurality of third tapes in the first 3D woven
material and the plurality of third tapes in the second 3D
woven material may also extend in the X direction. In the
first 3D woven material the plurality of third tapes may
extend at a first angle relative to the first layer and in the
second 3D woven material the plurality of third tapes may
extend at a second angle relative to the first layer. The
first angle can be less than the second angle. The plurality
of second tapes can be greater than the plurality of first
tapes in the first woven material. The plurality of first tapes
can be greater than the plurality of second tapes in the
second woven material. The plurality of first tapes in the
first woven material can be equal to the plurality of first
tapes in the second woven material, and the plurality of
second tapes in the first woven can be equal to the plu-
rality of second tapes in the second woven material. The
first layer and the second layer of the first woven material
can be oriented at different angles relative to each other,
and the first layer and the second layer of the first woven
material can be oriented in the range of 5° to 75° in re-
lation to a longitudinal direction The first layer and the
second layer of the second woven material can be ori-
ented at different angles, and the first layer and the sec-
ond layer of the second woven material can be oriented
in the range of 5° to 75° in relation to a longitudinal di-
rection.
[0041] The first 3D woven material may include a first
number of loops interconnecting the first plurality of tapes
extending in the X direction with the second plurality of
tapes extending in the Y direction and the second 3D
woven material may include a second number of loops
interconnecting the first plurality of tapes extending in the
X direction with the second plurality of tapes extending
in the Y direction The first number of loops can be less
than the second number of loops.
[0042] In another example, referring now to Figs. 9A-
12B, a sporting implement may be formed by 3D braiding.
By way of background, braiding and weaving involve dif-
ferent techniques. Braiding typically has a circular ap-
proach and results in the material forming a tube-like
shape. Moreover, in braiding, the fibers are wound
around a mandrel during manufacturing. On the other

11 12 



EP 4 012 084 A2

8

5

10

15

20

25

30

35

40

45

50

55

hand, weaving results in a linear / rectangular shape be-
cause the fibers are inserted around the mandrel in a
linear motion. Moreover, in the 3D braiding described
herein, "warp" is used to described the X or 0° yarn, and
"braiding yarn" is used to describe the yarn extending at
the 6 angle. As such, the terms "braiding" or "braid" or
"braiding yarn" or "braiding fiber" or "braiding tapes" and
weft (Y) shall be used interchangeably herein. The ma-
terial may include carbon fibers, which may be in the form
of tows or tapes. The number of fibers in each tow or
tape may range from 3,000 to 24,00 (3K to 24K) and can
be either dry fibers or preimpregnated with a resin ma-
terial, which also can be referred to as a pre-preg mate-
rial. In one aspect, the tapes may be braided around a
mandrel shaped to the dimension of the inside of the
shaft of a sporting implement, such as a hockey stick,
and subsequently molded to form the resulting shaft by
inserting the preform into a mold and heating in the case
of pre-preg fibers. In the case of dry fibers, the preform
can be placed into a mold, heat can be applied (although
not necessary), and resin can be injected in a resin trans-
fer molding process.
[0043] Figs. 9A and 9B illustrate an example 3D braid-
ed section 900 of a sporting implement, such as a hockey
stick shaft, where Fig. 9A shows a top-perspective view
and Fig. 9B shows a perspective interior view. As is
shown in Figs. 9A and 9B, the fibers can extend in three
directions, warp (X), weft (Y) and the Z directions. And
in this example, fibers 902 can extend in the warp (X)
direction, fibers 904, 906 can extend in all directions in-
cluding the warp (X), the weft (Y) direction and the Z
direction. Also the fibers 902 extending in the warp (X)
direction of the 3D woven material may extend 0° in the
X direction. In this example, the fibers extending in the
warp (X), weft (Y) and Z directions can be positioned at
a consistent 6 angle. Also in this example, the fibers 904
can extend at a consistent 6 angle relative to a longitu-
dinal direction or the warp (X) direction throughout the
thickness of the shaft. And in this example, the angles
remain substantially the same throughout the length of
the shaft.
[0044] Also in this example, the 6 fibers or tapes may
be woven from the inside to the outside and then back
to the inside of the fibers or tapes extending in the X
direction relative to the longitudinal axis. The angle of the
warp (X) fibers, such as the fibers 902 would remain at
an angle of about 0° while the fibers 904 and 906 extend-
ing in all directions may range from about 619° to about
6 60°, such as about 6 30° to about 6 50° in relation to
a longitudinal direction. Also the thickness of the fibers
used in the warp (X), weft (Y) and the Z directions may
also remain constant. Because there is little to no thick-
ness variation throughout the length of the braided ma-
terial in the preform of the shaft, the Z tapes also maintain
substantially the same angle throughout the length of the
shaft.
[0045] Figs. 10A and 10B show a top-perspective view
of a lower section of a sporting implement shaft 1000 and

a top-perspective view of an upper section of a sporting
implement shaft 1000 respectively formed by an example
3D braiding technique. Figs. 10C and 10D show a side-
perspective views of the lower section of the sporting
implement shaft 1000 and a side-perspective view of an
upper section of the sporting implement shaft 1000 re-
spectively. The sporting implement shaft 1000 of Figs.
10A-10D can be formed of a 3D braided material and
can include a lower or proximal portion 1020, a middle
portion 1015, and a distal portion 1010. In this example,
a diameter or perimeter length of the shaft/mandrel dy-
namically changes along a length of the shaft from the
distal portion 1010 to the middle portion 1015 and to the
proximal portion 1020. The braid angles may be depend-
ent on the geometry of the implement shaft 1000. Spe-
cifically, as the diameter decreases in the lower portion
of the shaft 1000, the angles of the braiding fibers be-
comes smaller. As explained above, the fibers can be
braided over a mandrel in the desired shape, and in this
example, the angles of the braiding fibers and the warp
fibers may change as the diameter of the mandrel chang-
es. Yet the 3D braided material maintains substantially
the same thickness from the distal portion to the middle
portion and to the proximal portion.
[0046] The 3D braided material can have a plurality of
warp fibers, a plurality of braiding fibers extending in the
X, Y, and Z directions. In this example, the angles of
braiding fibers and the warp fibers gradually decrease
from the distal portion or handle end 1010 of the sporting
implement shaft to the proximal portion 1020, which is
near the blade (not shown), of the sporting implement
shaft. Specifically, in this example, the plurality fibers ex-
tending in the X, Y, and Z directions may define first an-
gles (α1-4) relative to the plurality of warp fibers, and the
plurality of braiding fibers extending in the X, Y, and Z
direction may define second angles (β1-4) relative to the
plurality of warp fibers. In particular, the plurality of braid-
ing fibers extending in the X, Y, and Z directions may
define first angles (α1-4) relative to the plurality of warp
fibers in a XY plane and the same plurality of braiding
fibers extending in the X, Y, and Z directions may define
second angles (β1-4) in a XZ plane relative to the plurality
of warp fibers. With respect to this aspect, the first angles
(α1-4) will remain constant, for example 6 45°, however,
the second angles (β1-4) will not be constant since the
fiber travels up and down through the thickness of the
braided material. And in one example, the second angles
(β1-4) in the XZ plane relative to the plurality of warp fibers
may vary according to a sine wave variation. The first
angle (α1) and the second angle (β1) are both larger at
the distal portion 1010 of the shaft than at the middle
portion 1015 of the shaft. And the first angle (α2-3) and
the second angles (β2-3) at the middle portion 1015 may
be greater than the first angle (α4) and the second angle
(β4) at the proximal portion 1020 of the shaft. Also, the
first angles (α1-4) and the second angles (β1-4) vary with
the perimeter length of the shaft dynamically changing
along the length of the shaft from the distal portion 1010
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to the middle portion 1015 and to the proximal portion
1020. In one example, the first and second angles (α1,
β1) of the braiding fibers and the warp fibers can start out
at about 30 to 50 degrees, such as about 6 43.5 degrees
adjacent the distal portion, the first and second angles
(α2-3, β2-3) can be between about 30 to 50 degrees, such
as about 6 42 degrees at a middle portion 1015 of the
shaft of the sporting implement, and the first and second
angles (α4, β4) can be about 30 to 50 degrees, such as
about 6 35 degrees adjacent to the proximal portion 1020
of the shaft of the sporting implement near the blade.
[0047] When the 3D braid of this example is applied to
a sporting implement such as a hockey stick shaft, as
the dimension of the shaft of the sporting implement
changes, the angle of the braid varies to accommodate
for the change in dimension to maintain a uniform thick-
ness. For example, the warp (X) fibers remain the same
orientation throughout the shaft, but the braiding fibers,
which can extend in each of the X, Y, and Z directions
will change orientation as the dimension of the shaft of
the sporting implement changes. The first angle in the
X/Y/Z plane of the braiding yarns is the angle most af-
fected by the change in dimension, as these braiding
fibers are being pulled during manufacturing, a reduction
in mandrel diameter will reduce the first angle as the
braiding fibers tend to align towards a longitudinal axis.
There will be a negligible reduction in thickness of the
3D braid resulting in the second angles (in the Z direction)
changing (although on a much smaller scale than the first
angle). As a result, the thickness of the braided material
remains substantially constant throughout the length of
the shaft. The 3D braided material will have generally the
same thickness throughout the length of the shaft, as the
angle of the braiding fibers or tapes adjust relative to the
longitudinal direction to accommodate for the varying ge-
ometry. In one example, if the braid is made on a mandrel
of a constant shape and diameter, and it is desired to
conform the braid to a smaller diameter shape, the braid
will elongate which will reduce the angle of the braid but
also slightly reduce the fiber density/thickness of the
braid. Again, the variation in thickness of the braid is
much smaller than the variation in angle the weft direc-
tion. As the perimeter decreases, the braid’s relative an-
gle will become smaller. In one example, in the case of
a hockey stick shaft, the measured angles (α1-4, β1-4)
may be 6 43.5 degrees at the top proximal end (larger
perimeter) of the shaft, but may decrease to 6 35 degrees
at the bottom distal end of the shaft (smaller perimeter)
in the order of about 19.5%. Yet in other examples the
decrease in angle may be in the order of 5% to 35%.
Again, a negligible reduction in thickness may also occur
as the braid’s relative angle decreases in the order of
about 20% (from about 45° to about 35°), but may be in
the order of 5% to 35%. The geometry of the stick also
varies as the shaft transitions to the proximal end or hosel
section of the blade. In one example, the perimeter meas-
urements between the largest end at the distal end of the
shaft and the smallest end at the end of the taper at the

proximal end of the shaft near the bottom can decrease
or vary by about 13%, and in one example, may decrease
or vary between 5% and 35%. Also, the thickness of the
3D braided material remains relatively constant, but the
angle of the braiding fibers or tapes changes to account
for the varying geometry of the stick, as illustrated in Figs.
10A and 10B.
[0048] Figs. 11A and 11B show a top-perspective view
of a lower section of a sporting implement and a top-
perspective view of an upper section of a sporting imple-
ment shaft respectively formed by a 3D braiding tech-
nique. Figs. 11C and 11D show a side-perspective view
of the lower section of the sporting implement and a side-
perspective view of the upper section of the sporting im-
plement shaft respectively. The sporting implement shaft
1100 of Figs. 11A-11D may be formed of a 3D braided
material and can include a lower or proximal portion 1120,
a middle portion 1115, and a distal portion 1110, where
the proximal portion 1120 is located near a blade. In this
example, a diameter or perimeter length of the shaft/man-
drel dynamically changes along a length of the shaft from
the distal portion 1110 to the middle portion 1115 and to
the proximal portion 1120.
[0049] As explained above, the fibers can be braided
over a mandrel (not shown) in the desired shape. And in
this example, the angles (α1-4, β1-4) of the braiding fibers
may stay the same or substantially the same as the di-
ameter of the mandrel changes. In this example, the an-
gles (α1-4, β1-4) of braiding fibers remain constant from
the distal portion or handle end 1110 of the sporting im-
plement shaft to the proximal portion 1120, which is near
the blade (not shown), of the sporting implement shaft.
The 3D braided material may have a plurality of warp
fibers and a plurality of braiding fibers. The plurality of
braiding fibers can define first angles (α1-4) relative to the
plurality of warp fibers and the same plurality of braiding
fibers can define second angles (β1-4) relative to the plu-
rality of warp fibers. Similar to the above and in particular,
the plurality of braiding fibers extending in the X, Y, and
Z directions may define first angles (α1-4) relative to the
plurality of warp fibers in a XY plane and the same plu-
rality of braiding fibers extending in the X, Y, and Z di-
rections may define second angles (β1-4) in a XZ plane
relative to the plurality of warp fibers. The first angles
(α1-4) and second angles (β1-4) remain substantially con-
stant along the shaft from the distal portion to the middle
portion and to the proximal portion despite the perimeter
length of the shaft dynamically changing along the length
of the shaft from the distal portion to the middle portion
and to the proximal portion. Yet the 3D braided material
maintains the same thickness from the distal portion 1110
to the middle portion 1115 and to the proximal portion
1120. This is so, because the braiding speed is adjusted
to the varying geometry providing a constant angle even
with the varying geometry, and the thickness remains the
same throughout the shaft. During manufacture, the
braiding speed (the bobbins turning around the mandrel)
and the mandrel speed (linear speed at which the braid
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is being deposited on the mandrel) of the braiding equip-
ment is adjusted to maintain a constant angle and thick-
ness of the braided material. In one example, the first
and second angles (α1, β1) of the braiding fibers warp
fibers can be at around 6 45 degrees adjacent the distal
portion 1110, the first and second angles (α2-3, β2-3) can
be around 6 45 degrees at a middle portion 1115 of the
shaft of the sporting implement, and 6 45 degrees adja-
cent to the proximal portion 1120 of the shaft of the sport-
ing implement 1100 near the blade.
[0050] Figs. 12A and 12B show a top-perspective view
of a lower section of a sporting implement and a top-
perspective view of an upper section of a sporting imple-
ment shaft respectively formed by a 3D braiding tech-
nique. Figs. 12C and 12D show a side-perspective view
of the lower section of the sporting implement and a side-
perspective view of the upper section of the sporting im-
plement shaft respectively. The sporting implement shaft
1200 of Figs. 12A and 12B can include a lower or proximal
portion 1220, a middle portion 1215, and a distal portion
1210, again where the proximal portion 1220 is located
near a blade. In this example, a diameter or perimeter
length of the shaft/mandrel dynamically changes along
a length of the shaft from the distal portion 1210 to the
middle portion 1215 and to the proximal portion 1220.
[0051] As explained above, the fibers can be braided
over a mandrel in the desired shape, and like the exam-
ples above, the 3D braid may include a plurality of fibers
extending in the warp or X direction only and a plurality
of braiding fibers extending in the X, Y, and Z directions.
The plurality of braiding fibers extending in the X, Y, and
Z directions can define first angles (α1-4) relative to the
plurality of warp fibers, and the same plurality of braiding
fibers can define second angles (β1-4) relative to the plu-
rality of warp fibers. Specifically, and similar to the above,
the plurality of braiding fibers extending in the X, Y, and
Z directions may define first angles (α1-4) relative to the
plurality of warp fibers in a XY plane and the same plu-
rality of braiding fibers extending in the X, Y, and Z di-
rections may define second angles (β1-4) in a XZ plane
relative to the plurality of warp fibers. Also in this example,
the angles of the braided fibers and the warp fibers may
change independently of the geometry of the mandrel.
In this example, the angles of the braided fibers and the
warp fibers are the same at the distal portion or handle
end 1210 of the sporting implement shaft and at the prox-
imal portion 1220, which is near the blade (not shown),
of the sporting implement shaft 1200. Yet in the middle
portion 1215, the angles (α1-4, β1-4) of the braided fibers
and the warp fibers decrease as compared to the proxi-
mal portion 1220 and the distal portion 1210 of the sport-
ing implement shaft 1200.
[0052] Again in this example, the 3D braided material
may have a plurality of warp fibers and a plurality of braid-
ed fibers. The first angles (α1-4) and the second angles
(β1-4) are both larger at the distal portion 1210 of the shaft
1200 than at the middle portion 1215 of the shaft, and
the first angle (α1) and the second angle (β1) at the distal

portion are approximately equal to the first angle (α4) and
the second angle (β4) at the proximal portion of the shaft
despite the perimeter length of the shaft dynamically
changing along the length of the shaft from the distal
portion to the middle portion and to the proximal portion.
In one example, the first and second angles (α1-4, β1-4)
of the braided fibers and the warp fibers can be at around
6 45 degrees adjacent the distal portion, can be around
6 30 degrees at a middle portion 1215 of the shaft of the
sporting implement, and 6 45 degrees adjacent to the
proximal portion 1220 of the shaft of the sporting imple-
ment near the blade.
[0053] As discussed above in relation to the examples
of Figs. 9A-12B, the plurality of braiding fibers extending
in the X, Y, and Z directions can define a first angle rel-
ative to the plurality of warp fibers, and the same plurality
of braiding fibers can define a second angle relative to
the plurality of warp fibers. Figs. 13A-L illustrate a position
of a particular fiber on an example braid. Specifically, the
position of a particular fiber in the 3D braid is illustrated
by dots as shown in Figs. 13A-13L. For example, as is
illustrated in Figs. 13A-13D, the fiber is moving in a -45°
direction relative to the warp direction. In Figs. 13C-13D,
the fiber is also moving deeper into the braid in the XZ
plane. In Fig. 13H the yarn begins to move back up in
the XZ relative to the thickness of the braid plane and in
Fig. 13J moves down in the same angle. In particular,
the plurality of braiding fibers extending in the X, Y, and
Z directions may define a first angle relative to the plurality
of warp fibers in a XY plane and the same plurality of
braiding fibers extending in the X, Y, and Z directions
may define a second angle in a XZ plane relative to the
plurality of warp fibers. In one example, the variation of
the first angle to the second angle can be periodic and
may approximate a sine wave. The sine wave is approx-
imated schematically in Fig. 13A3. In particular, the ex-
ample fiber of Figs. 13A-13L can approximately follow
the path shown in Fig. 13A3 as the fiber is braided in the
X direction.
[0054] It is also contemplated that the braiding config-
urations of Figs. 13A-L could be applied to blades (dis-
cussed in more detail herein), where the plurality of braid-
ing fibers extending in the X, Y, and Z directions may
define a first angle relative to the plurality of warp fibers
in a XY plane and the same plurality of braiding fibers
extending in the X, Y, and Z directions may define a sec-
ond angle in a XZ plane relative to the plurality of warp
fibers.
[0055] Additionally, Fig. 13A is annotated to illustrate
plane A-A of a braided section of the shaft. Fig. 13A1
shows a cross-sectional cut of the shaft at braiding plane
A-A and is annotated to identify a specific tow of the 3D
braiding. Fig. 13A2 shows the top view of the cut cross-
section of the shaft, at line A-A, annotated to identify the
orientation of the same specific tow identified in Fig.
13A1. As is shown in Figs. 13A1 and 13A2, the specific
tow extends at an angle in the XY plane in this example.
This is similar to the above examples and further illus-
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trates that the fibers of the 3D braid can define a first
angle relative to the warp fibers in an XY plane.
[0056] It is contemplated that the example 3D weave
and 3D braid methods can be shaped to a multi-dimen-
sional sporting implement. One such example is a hockey
stick, including a hockey stick shaft having varying ge-
ometry as discussed herein. And the hockey stick may
have multiple sides, even numbered sides and odd num-
bered sides, including, without limitation, for example,
three sides, four sides, five sides, six sides or seven
sides.
[0057] In another aspect, a 3D braided material can be
shaped to the dimension of a blade of a sporting imple-
ment, such as a hockey stick. Similar to the 3D braided
material applied to a mandrel in the shape of a shaft of
a hockey stick, the 3D woven material may be applied to
a mandrel or a core in the shape of a blade of the hockey
stick. For example, as shown in Figs. 14A and 14B, an
example blade 1412 can include a heel portion 1414, a
middle portion 1418, a toe portion, and a core portion
1422 where the outer layer 1424 is formed of a 3D ma-
terial. In one example, the mandrel can be removed and
one or more bladders may be used to form the core during
molding. In such case, a core structure may be omitted
from the blade entirely to create a different "feel" of the
stick to the player.
[0058] In one example the core can be a foam core.
And the core can include multiple cores of different den-
sities. For example, the foam can be placed on various
locations of the blade to create a blade with zones of
varying density, such as the top or the toe of the blade
to reduce weight. In other examples, the core can be
formed of one or more of syntactic or non-syntactic foams
and can include one or more of EVA, polyurethane, PVC,
PMI, epoxies having expandable thermoplastic micro-
spheres, and one or more elastomers, such as urethane,
silicone, or rubber. Examples of suitable cores can be
found in U.S. Pat. Nos. 8,677,599, and 7,963,868, along
with US2018/0043226, each of which are fully incorpo-
rated herein by reference for all non-limiting purposes.
[0059] And, also in this example, the 3D braided ma-
terial will maintain a similar thickness throughout the
length of the blade, and the angle of the tapes in the
braided material changes to accommodate for any vari-
ations in geometry or dimension of the blade. Yet in other
examples, the angles of the fibers can vary independently
of the geometry of the blade or the angles of the fibers
can stay constant regardless of the geometry of the blade
to optimize the performance of certain region Moreover,
it may be advantageous to vary the thickness of the 3D
braided material in various positions within the blade, for
example increasing the thickness of the 3D braided ma-
terial at the bottom edge and on the front face of the blade
to increase durability.
[0060] In one example, the blade and shaft can be
formed together by 3D braiding. In one example, a man-
drel can be attached to a foam piece and the 3D braid
can be applied over the mandrel and foam piece. In this

example, the foam piece may be attached to the mandrel
with adhesive spray foam, tape, or pre-impregnated fib-
ers, for example. The mandrel can be removed, and the
foam piece can be maintained in the blade region. The
foam piece then remains inside the blade region in order
to serve as a core for the blade of the stick. The complete
blade and shaft can then be molded either before or after
the mandrel is removed. In any of these examples, the
3D braiding allows the blade and shaft to be formed in-
tegrally prior to the molding operation.
[0061] In another example, the shaft can be 3D braided
on a mandrel and then the shaft can be molded. After
the shaft is molded, foam can be added to the end of the
shaft and then 3D braiding can be applied to the blade.
The blade can then be molded in order to form an inte-
grally formed blade and shaft.
[0062] In another example, the blade and shaft can be
formed separately. For example, 3D braiding can be ap-
plied to a piece of foam forming the core of the blade to
form the blade. And 3D braiding can be applied over a
mandrel to form the shaft. The blade and the shaft can
then be placed into a mold and secured together in a co-
molding operation. Again, the fibers forming the 3D
braids of the blade and the shaft can be a prepreg material
or alternatively the fibers can be a dry fiber where resin
is injected into the mold during the molding operation.
U.S. Pat. No. 10,315,082 provides examples of co-mold-
ing and is fully incorporated herein by reference for all
non-limiting purposes.
[0063] In another example, a bladder or mandrel could
be inserted into a 3D braided portion forming the shaft,
and a foam core could be inserted into the wider side of
the 3D braided portion forming the blade. In one example,
the open wide side (where the core may be inserted) can
be be folded and stitched to limit the foam core’s move-
ments and improve mechanical properties. Yet having
the folded braid or closing the braid at this section can,
in certain examples, be more advantageous than leaving
the braid open at the wide end because the front and
back layers would not be linked at this section The blade
and the shaft can then be molded together. An interface
of the sections forming the shaft and the blade could be
tightened or stitched together to ensure that the blade
does not move relative to the shaft during the molding
operation.
[0064] In the above examples, the cross-section of the
shaft may change from the distal end of the shaft to the
proximal end of the shaft where the shaft meets the blade.
For instance, the distal end can be a first diameter which
is larger than the proximal end. To accommodate for the
change in the cross-section from the distal end of the
shaft to the proximal end, different mandrel pieces may
be used in conjunction with the above examples. Also in
the above examples, fibers forming the 3D braided ma-
terial of the shaft and/or the blade can be a prepreg ma-
terial or alternatively the fibers can be a dry fiber where
resin is injected into the mold during the molding opera-
tion. It is also contemplated that combinations of both dry
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fibers and pre-preg fibers can be used in the blade and
shaft portions. Additionally, in conjunction with the above
examples, various bladders may be used in either the
shaft portion or the blade portion to form the desired
shapes.
[0065] In another example, a sporting implement may
include a first plurality of tapes extending in a warp di-
rection, and a second plurality of tapes extending in a
weft direction. The first plurality of tapes can form an in-
tersection with the second plurality of tapes and the first
plurality of tapes can form four intersections with the sec-
ond plurality of tapes. The first plurality of tapes and the
second plurality of tapes may also extend in the z direc-
tion. At least two of the first plurality of tapes can be ori-
ented at a first and second angle relative to the z-axis,
and at least two of the second plurality of tapes can be
oriented at a first and second angle relative to the z-axis.
[0066] The first angle of at least two of the first plurality
of tapes can be greater than 20° from the z-axis and the
second angle can be less than -20° from the z-axis, and
the first angle of the at least two of the second plurality
of tapes can be greater than 20° from the z-axis and the
second angle can be less than-20° from the z-axis. In
another example, the first angle of at least two of the first
plurality of tapes can be 45° from the z-axis and the sec-
ond angle can be -45° from the z-axis. Moreover, the first
angle of the at least two of the second plurality of tapes
can be 45° from the z-axis, and the second angle can-
45° from the z-axis. The first plurality of tapes can alter-
natingly extend at a first angle and a second angle relative
to the z-axis, and the second plurality of tapes can alter-
natingly extend at a first angle and a second angle relative
to the z-axis.
[0067] In another example, a method of forming a
sporting implement may include one or more of the fol-
lowing steps: forming a first 3D woven material for a first
end of the sporting implement and forming a second 3D
woven material for a second end of the sporting imple-
ment, forming the first 3D woven material of a first layer
and a second layer. The first layer and the second layer
may include a first plurality of tapes extending in the X
direction and a second plurality of tapes extending in the
Y direction and a third plurality of tapes extending in the
Z direction interconnecting the first layer and the second
layer.
[0068] The method may also include forming the sec-
ond 3D woven material of a first layer and a second layer
the first layer and the second layer may include a first
plurality of tapes extending in the X direction and a sec-
ond plurality of tapes extending in the Y direction and a
third plurality of tapes extending in the Z direction inter-
connecting the first layer and the second layer. The
number of third tapes extending in the Z direction in the
first 3D woven material can be less than the number of
third tapes extending in the Z direction in the second 3D
woven material.
[0069] The method may also include weaving the plu-
rality of third tapes in the first 3D woven material and the

plurality of third tapes in the second 3D woven material
in the X direction, weaving the plurality of third tapes at
a first angle relative to the first layer in the first 3D woven
material, and weaving the plurality of third tapes at a sec-
ond angle relative to the first layer in the second 3D woven
material. The first angle can be less than the second an-
gle. The plurality of second tapes can be greater than
the plurality of first tapes in the first woven material. The
plurality of first tapes can also be greater than the plurality
of second tapes in the second woven material. The plu-
rality of first tapes in the first woven material can be equal
to the plurality of first tapes in the second woven material,
and the plurality of second tapes in the first woven can
be equal to the plurality of second tapes in the second
woven material.
[0070] The method may also include orienting the first
layer and the second layer of the first woven material at
different angles relative to each other, and orienting the
first layer and the second layer of the first woven material
in the range of 5° to 75° in relation to a longitudinal di-
rection. The method may also include orienting the first
layer and the second layer of the second woven material
at different angles, and orienting the first layer and the
second layer of the second woven material in the range
of 5° to 75° in relation to a longitudinal direction The meth-
od may also include providing the first 3D woven material
with a first number of loops interconnecting the first plu-
rality of tapes extending in the X direction with the second
plurality of tapes extending in the Y direction and provid-
ing the second 3D woven material with a second number
of loops interconnecting the first plurality of tapes extend-
ing in the X direction with the second plurality of tapes
extending in the Y direction. The first number of loops
can be less than the second number of loops.
[0071] In one example, a sporting implement may in-
clude a shaft having a first end and a second end, a 3D
braided material shaped to the dimension of the shaft.
The 3D braided material may extend substantially from
the first end to the second end of the shaft. And the 3D
braided material can include a first plurality of plurality of
tapes extending in the X direction only, a plurality of braid-
ing tapes extending in the X, Y and Z directions. The 3D
braided material can have a substantially consistent
thickness from the first end to the second end of the shaft.
The first plurality of tapes extending in the X direction
may only extend at an angle of about 0° in the X direction
in relation to the longitudinal direction. Also the 6 angle
of the second plurality of braiding tapes can remain sub-
stantially consistent throughout the thickness of the 3D
woven material when the dimension of the shaft remains
uniform. In another example, the 6 angle of the second
plurality of braiding tapes can be modified to correspond
to changes in the dimension of the shaft and maintain a
consistent thickness of the 3D woven material. The
number of fibers in each tow of the first plurality of tapes
may extend in the X direction only and the second plu-
rality of braiding tapes can range from about 3,000 to
about 24,000. The angle of the second plurality of braid-
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ing tapes can range from about 19° to about 60° in relation
to a longitudinal direction. The angle of the second plu-
rality of braiding tapes can range from about 30° to about
45° in relation to a longitudinal direction.
[0072] The number of tapes in the first plurality of tapes
extending in the X direction can be the same as the
number of tapes in the second plurality of braiding tapes.
The first end can have a reduced diameter portion and
a blade is connected to the first end. The blade can be
formed of a 3D braided material, and the 3D braided ma-
terial of the blade may maintain a substantially similar
thickness throughout the length of the blade.
[0073] In another example, a sporting implement can
include a shaft having a first end and a second end, and
a 3D braided material forming the shaft. The 3D braided
material may extend substantially the length of the shaft,
from the first end to the second end of the shaft. The 3D
braided material may include a plurality of tapes extend-
ing in the X direction only, and a plurality of braiding tapes
extending in the X, Y and Z direction. The number of
tapes in the plurality of tapes extending in the X direction
only may be the same as the number of tapes in the
plurality of braiding tapes. The 3D braided material can
have a consistent thickness from the first end to the sec-
ond end of the shaft. The first end may have a reduced
diameter portion and a blade can be connected to the
first end.
[0074] In another example, a sporting implement can
include a shaft having a first end and a second end. The
shaft can include a plurality of sides selected from the
group consisting of four sides, five sides or seven sides.
A 3D braided material may form the shaft and the 3D
braided material can have a substantially consistent
thickness throughout the length of the shaft. The angle
of braiding tapes may vary to accommodate for variations
in the geometry of the shaft. The first end can have a
reduced diameter portion and a blade can be connected
to the first end.
[0075] In another example, a composite sporting im-
plement may include a shaft having a distal portion, a
middle portion and a proximal portion. The shaft may
include a 3D braided material, the 3D braided material
maintaining substantially the same thickness from the
distal portion to the middle portion and to the proximal
portion. A perimeter length of the shaft can dynamically
change along a length of the shaft from the distal portion
to the middle portion and to the proximal portion. The 3D
braided material may have a plurality of warp fibers and
a plurality of braiding fibers extending in a X, Y, and Z
direction. The plurality of braiding fibers may define a first
angle relative to the plurality of warp fibers in a XY plane
and the same plurality of braiding fibers can define a sec-
ond angle in a XZ plane relative to the plurality of warp
fibers. The first angle and second angle can remain con-
stant along the shaft from the distal portion to the middle
portion and to the proximal portion despite the perimeter
length of the shaft dynamically changing along the length
of the shaft from the distal portion to the middle portion

and to the proximal portion. The proximal portion can
have a reduced diameter and a blade may be connected
to the proximal portion.
[0076] In another example, a composite sporting im-
plement can include a shaft having a distal portion, a
middle portion and a proximal portion. The shaft can in-
clude a 3D braided material, the 3D braided material can
maintain a similar thickness from the distal portion to the
middle portion and to the proximal portion. A perimeter
length of the shaft may dynamically change along a
length of the shaft from the distal portion to the middle
portion and to the proximal portion. The 3D braided ma-
terial may have a plurality of warp fibers and a plurality
of braiding fibers. The plurality of braiding fibers can de-
fine a first angle relative to the plurality of warp fibers in
a XY plane, and the same plurality of braiding fibers may
define a second angle in a XZ plane relative to the plurality
of warp fibers. The first angle and the second angle can
both be larger at the distal portion of the shaft than at the
middle portion of the shaft, and the first angle and the
second angle at the distal portion may be approximately
equal to the first angle and the second angle at the prox-
imal portion of the shaft despite the perimeter length of
the shaft dynamically changing along the length of the
shaft from the distal portion to the middle portion and to
the proximal portion. The proximal portion can have a
reduced diameter and a blade can be connected to the
proximal portion.
[0077] In another example, a composite hockey stick
shaft can include a distal portion, a middle portion and a
proximal portion. The shaft may include a 3D braided
material, and the 3D braided material can maintain a sim-
ilar thickness from the distal portion to the middle portion
and to the proximal portion. A perimeter length of the
shaft can dynamically change along a length of the shaft
from the distal portion to the middle portion and to the
proximal portion. The 3D braided material may have a
plurality of warp fibers and a plurality of braiding fibers.
The plurality of braiding fibers can define a first angle
relative to the plurality of warp fibers in a XY plane and
the same plurality of braiding fibers may define a second
angle in a XZ plane relative to the plurality of warp fibers.
And the first angle and the second angle may be both
larger at the distal portion of the shaft than at the middle
portion of the shaft. And the first angle and the second
angle at the middle portion are both greater than the first
angle and the second angle at the distal portion of the
shaft. The first angle and the second angle can vary with
the perimeter length of the shaft dynamically changing
along the length of the shaft from the distal portion to the
middle portion and to the proximal portion. The proximal
portion can have a reduced diameter and a blade can be
connected to the proximal portion.
[0078] In another example, a method may include
forming a blade portion by 3D braiding. The 3D braiding
may have a plurality of warp fibers and a plurality of braid-
ing fibers. The plurality of braiding fibers may define a
first angle relative to the plurality of warp fibers in a XY
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plane and the same plurality of braiding fibers may define
a second angle in a XZ plane relative to the plurality of
warp fibers. The first angle and the second angle can
dynamically change along the length of the blade portion
from a heel portion to a middle portion and from the middle
portion to a toe portion. The method may also include
forming a shaft portion by 3D braiding. The 3D braiding
can have a plurality of warp fibers and a plurality of braid-
ing fibers. The plurality of braiding fibers may define a
first angle relative to the plurality of warp fibers in a XY
plane and the same plurality of braiding fibers may define
a second angle in a XZ plane relative to the plurality of
warp fibers. The first angle and the second angle can be
both larger at a distal portion of the shaft than at a middle
portion of the shaft and the first angle and the second
angle at the middle portion can be both greater than the
first angle and the second angle at the distal portion of
the shaft. The first angle and the second angle may vary
with a perimeter length of the shaft dynamically changing
along a length of the shaft from the distal portion to the
middle portion and to a proximal portion.
[0079] The method may also include forming a shaft
portion by 3D braiding. The 3D braiding can have a plu-
rality of warp fibers and a plurality of braiding fibers. The
plurality of braiding fibers can define a first angle relative
to the plurality of warp fibers in a XY plane and the same
plurality of braiding fibers can define a second angle in
a XZ plane relative to the plurality of warp fibers. The first
angle and the second angle can be both larger at a distal
portion of the shaft than at a middle portion of the shaft.
And the first angle and the second angle at the distal
portion can be approximately equal to the first angle and
the second angle at a proximal portion of the shaft despite
a perimeter length of the shaft dynamically changing
along a length of the shaft from the distal portion to the
middle portion and to the proximal portion The method
may also include forming a shaft portion by 3D braiding.
The 3D braiding forming the shaft may include a plurality
of warp fibers and a plurality of braiding fibers. The 3D
braiding can define a first angle relative to the plurality
of warp fibers in a XY plane and the same plurality of
braiding fibers define a second angle in a XZ plane rel-
ative to the plurality of warp fibers and wherein the first
angle and second angle remain constant along the shaft
from the distal portion to the middle portion and to the
proximal portion despite the perimeter length of the shaft
dynamically changing along the length of the shaft from
the distal portion to the middle portion and to the proximal
portion.
[0080] In another example, a blade can include a heel
portion, a middle portion, a toe portion, and a core portion.
A 3D braided material can be wrapped around the core
portion, and the 3D braided material may include a plu-
rality of warp fibers and a plurality of braiding fibers ex-
tending in a X, Y, and Z direction. The plurality of braiding
fibers can define a first angle relative to the plurality of
warp fibers in a XY plane and the same plurality of braid-
ing fibers can define a second angle in a XZ plane relative

to the plurality of warp fibers. The first angle and second
angle remain constant from the heel portion to the middle
portion and from the middle portion to the toe portion.
[0081] The reader should understand that these spe-
cific examples are set forth merely to illustrate examples
of the invention, and they should not be construed as
limiting the invention. Many variations in the connection
system may be made from the specific structures de-
scribed above without departing from this invention.
[0082] While the invention has been described in detail
in terms of specific examples including presently pre-
ferred modes of carrying out the invention, those skilled
in the art will appreciate that there are numerous varia-
tions and permutations of the above described systems
and methods. Thus, the spirit and scope of the invention
should be construed broadly as set forth in the appended
claims.

Claims

1. A sporting implement comprising:

a shaft having a first end and a second end,
a 3D braided material shaped to a dimension of
the shaft wherein the 3D braided material ex-
tends substantially from the first end to the sec-
ond end of the shaft, the 3D braided material
comprising a first plurality of plurality of tapes
extending in the X direction only, a plurality of
braiding tapes extending in the X, Y and Z di-
rections,
wherein the 3D braided material has a substan-
tially consistent thickness from the first end to
the second end of the shaft.

2. The sporting implement of claim 1, wherein the first
plurality of tapes extending in the X direction only
extend at an angle of about 0° in the X direction in
relation to the longitudinal direction.

3. The sporting implement of claim 1, wherein the 6
angle of the second plurality of braiding tapes re-
mains substantially consistent throughout the thick-
ness of the 3D woven material when the dimension
of the shaft remains uniform.

4. The sporting implement of claim 1, wherein the 6
angle of the second plurality of braiding tapes is mod-
ified to correspond to changes in the dimension of
the shaft and maintain a consistent thickness of the
3D woven material.

5. The sporting implement of claim 1, wherein the
number of fibers in each tow of the first plurality of
tapes extending in the X direction only and the sec-
ond plurality of braiding tapes ranges from about
3,000 to about 24,000.
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6. The sporting implement of claim 1, wherein the angle
of the second plurality of braiding tapes ranges from
about 19° to about 60° in relation to a longitudinal
direction.

7. The sporting implement of claim 6, wherein the angle
of the second plurality of braiding tapes ranges from
about 30° to about 45° in relation to a longitudinal
direction.

8. The sporting implement of claim 1, wherein the
number of tapes in the first plurality of tapes extend-
ing in the X direction is the same as the number of
tapes in the second plurality of braiding tapes.

9. The sporting implement of claim 1, wherein the first
end has a reduced diameter portion and a blade is
connected to the first end.

10. The sporting implement of clam 1, wherein the blade
is formed of a 3D braided material and wherein the
3D braided material of the blade maintains a sub-
stantially similar thickness throughout the length of
the blade.

11. A method comprising:
forming a blade portion by 3D braiding wherein the
3D braiding has a plurality of warp fibers and a plu-
rality of braiding fibers; wherein the plurality of braid-
ing fibers define a first angle relative to the plurality
of warp fibers in a XY plane and the same plurality
of braiding fibers define a second angle in a XZ plane
relative to the plurality of warp fibers; and wherein
the first angle and the second angle dynamically
change along the length of the blade portion from a
heel portion to a middle portion and from the middle
portion to a toe portion.

12. The method of claim 11, further comprising forming
a shaft portion by 3D braiding wherein the 3D braid-
ing has a plurality of warp fibers and a plurality of
braiding fibers; wherein the plurality of braiding fibers
define a first angle relative to the plurality of warp
fibers in a XY plane and the same plurality of braiding
fibers define a second angle in a XZ plane relative
to the plurality of warp fibers; wherein the first angle
and the second angle are both larger at a distal por-
tion of the shaft than at a middle portion of the shaft
and the first angle and the second angle at the middle
portion are both greater than the first angle and the
second angle at the distal portion of the shaft and
wherein the first angle and the second angle vary
with a perimeter length of the shaft dynamically
changing along a length of the shaft from the distal
portion to the middle portion and to a proximal por-
tion.

13. The method of claim 11, further comprising forming

a shaft portion by 3D braiding wherein the 3D braid-
ing has a plurality of warp fibers and a plurality of
braiding fibers; wherein the plurality of braiding fibers
define a first angle relative to the plurality of warp
fibers in a XY plane and the same plurality of braiding
fibers define a second angle in a XZ plane relative
to the plurality of warp fibers; wherein the first angle
and the second angle are both larger at a distal por-
tion of the shaft than at a middle portion of the shaft,
and the first angle and the second angle at the distal
portion are approximately equal to the first angle and
the second angle at a proximal portion of the shaft
despite a perimeter length of the shaft dynamically
changing along a length of the shaft from the distal
portion to the middle portion and to the proximal por-
tion.

14. The method of claim 11, further comprising forming
a shaft portion by 3D braiding; wherein the 3D braid-
ing has a plurality of warp fibers and a plurality of
braiding fibers; wherein the 3D braiding defines a
first angle relative to the plurality of warp fibers in a
XY plane and the same plurality of braiding fibers
define a second angle in a XZ plane relative to the
plurality of warp fibers and wherein the first angle
and second angle remain constant along the shaft
from the distal portion to the middle portion and to
the proximal portion despite the perimeter length of
the shaft dynamically changing along the length of
the shaft from the distal portion to the middle portion
and to the proximal portion.
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