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(57) Abrege(suite)/Abstract(continued):

plurality of expanded microspheres are mixed with an epoxy resin and a second plurality of unexpanded polymeric shell
microspheres. The mixture is formed In a shape to create a preform. The preform Is wrapped with fiber tape to create a wrapped
preform. The wrapped preform Is placed in a mold. The mold Is heated and the second plurality of unexpanded microspheres
expand from an unexpanded state to an expanded state. The mold is cooled and the formed structure is removed from the mold.
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ABSTRACT OF THE DISCLOSURE

A method of fabricating a formed structure with expéndable polymeric shell
microspheres. A first plurality of polymeric shell microspheres are heated from an
unexpanded state to an expanded state to form a plurality of expanded microspheres. The
plurality of expanded microspheres are mixed with an epoxy resin and a second plurality of
unexpanded polymeric shell microspheres. The mixture is formed in a shape to create a
preform. The preform is wrapped with fiber tape to create a wrapped preform. The wrapped
preform 1s placed in a mold. The mold is heated and the second plurality of unexpanded
microspheres expand from an unexpanded state to an expanded state. The mold is cooled

and the formed structure 1s removed from the mold.
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EPOXY CORE WITH EXPANDABLE MICROSPHERES

FIELD OF THE INVENTION

[01] This invention relates generally to fabrication of molded structures. More particularly,

aspects of this invention relate to hockey blades molded from a core that includes expandable

thermoplastic microspheres.

BACKGROUND

[02] Typical hockey stick blades are generally made of a core reintorced with one or more
layers of synthetic materials such as fiberglass, carbon fiber or Aramid. The core of the blade
may also be made of a synthetic material reinforced with layers of fibers. The layers may be
made of a woven filament fiber, preimpregnated with resin. Prior art structures have included
a foam core with a piece of fiber on the front face of the blade and a second piece of fiber on

the rear face of the blade, in the manner of pieces of bread in a sandwich.

SUMMARY

[03] The following presents a general summary of aspects of the invention in order to
provide a basic understanding of the invention and various features of it. This summary 1s 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.

[04] Aspects of this invention relate to systems and methods for fabricating a formed
structure. In one aspect, the invention provides a method of fabricating a formed structure
with expandable polymeric shell microspheres, comprising: heating a first plurality of
polymeric shell microspheres from an unexpanded state to an expanded state to form a
plurality of expanded microspheres; mixing the plurality of expanded microspheres with an
EPOXY resin and a second plurality of unexpanded polymeric shell microspheres to create a
mixture; forming the mixture in a shape to create a preform; wrapping the preform with fiber

tape to create a wrapped preform; placing the wrapped preform in a mold; heating the mold
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and expanding the second plurality of unexpanded microspheres from an unexpanded state to

an expanded state; cooling the mold; and removing the formed structure from the mold.

[05] The preform comprises a first face surface, a second face surface, a first edge surface
and a second edge surface, and the fiber tape extends continuously around the first face
surface, the first edge surface, the second face surface and the second edge surface. The
mixture further comprises a chopped fiber and a curing agent.

[06] In another aspect, the invention provides a method of fabricating a formed structure
with expandable thermoplastic microspheres, comprising: heating a first plurality of
unexpanded thermoplastic microspheres from an unexpanded state to a partially expanded
state to form a plurality of partially expanded microspheres; mixing the plurality of partially
expanded microspheres with an epoxy resin and a second plurality of unexpanded
thermoplastic microspheres to create a mixture; forming the mixture in a shape to create a
preform; wrapping the preform with fiber tape to create a wrapped preform; placing the
wrapped preform in a mold; heating the mold and further expanding the plurality of partially
expanded microspheres and expanding the second plurality of unexpanded microspheres;

cooling the mold; and removing the formed structure from the mold.

[07] In another aspect, the invention provides a formed structure (e.g. hockey blade) made
according to the above methods. The preform comprises a first face surface, a second face
surface, a first edge surface and a second edge surface, the tape extending continuously
around the first face surface, the first edge surface, the second face surface and the second

edge surface. The mixture further comprises chopped fiber and a curing agent.

[08] In a further aspect of the above methods, the first plurality of unexpanded
thermoplastic microspheres are expanded by heating to a diameter of about 40-50 microns,

and the second plurality of unexpanded thermoplastic microspheres are expanded by heating
to a diameter of about 10-12 microns. The mixture further comprises chopped fiber.
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Other objects and features of the invention will become apparent by reference to the

following description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention and certain advantages
thereof may be acquired by referring to the following detailed description in

consideration with the accompanying drawings, in which:

Fig. 1 generally illustrates an isometric side view of a core formed in the shape of a

blade and wrapped with tape;

Fig. 2 1s an 1sometric side view of the core with a cross sectional view taken along

line 2-2 of Fig. 1;

Fig. 3 1s a flow diagram 1llustrating steps of a process to fabricate a blade in

accordance with an exemplary embodiment;

Fig. 4 1s a flow diagram illustrating steps of a process to fabricate a blade in

accordance with another exemplary embodiment.

Fig. 5 is an isometric side view of a core formed in the shape of a blade and wrapped

with tape in a configuration different than that of Fig. 1; and

Fig. 6 1s an isometric side view of a core formed in the shape of a blade and wrapped

with tape in a configuration different than that of Fig. 1 and Fig. 5;
The reader is advised that the attached drawings are not necessarily drawn to scale.

DETAILED DESCRIPTION

In the following description of various example structures in accordance with the
invention, reference is made to the accompanying drawings, which form a part hereof,
and in which are shown by way of illustration various structures in accordance with
the invention. Additionally, it is to be understood that other specific arrangements of

parts and structures may be utilized, and structural and functional modifications may

-3 -
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be made without departing from the scope of the present invention. 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 invention, 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 specification should be
construed as requiring a specific three dimensional or spatial orientation of structures

in order to fall within the scope of this invention.

In general, as described above, aspects of this invention relate to systems and methods
for fabricating a structure, such as a hockey stick blade. More detailed descriptions of

aspects of this invention follow.

Fig. 1 1illustrates a side view of an epoxy core 20 formed in the shape of a blade and
wrapped with tape 22. Fig. 2 is a cross sectional view taken along line 2-2 of Fig. 1,

which shows the tape 22 wrapped continuously around the core 20.

The epoxy core 20 i1s formed with microspheres. In one embodiment, "Expancell”
microspheres are used. In the formation of these microspheres, a drop of a
hydrocarbon, liquid isobutene, is encapsulated in a gasproof, polymeric thermoplastic
shell. When this microsphere is exposed to heat, the shell softens and the
hydrocarbon inside the shell increases its pressure, expanding the shell. Before
expansion, the diameter of the microsphere is typically 10-12 um and the density is

1000-1200 kg/m3. After expansion, the diameter of the microsphere is 40-50 um and
the density decreases to 20-30 kg/m3.

The temperature at which expansion starts as well as the temperature at which the
maximum expansion and the lowest density is obtained depends on a variety of
factors including the rate of heating of the shells. At temperatures above the

temperature at which the highest expansion is obtained the microspheres gradually

collapse.

The microspheres are highly resilient. The expanded microspheres are easy to

compress. Due to this resiliency, the microspheres can withstand cycles of
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loading/unloading without collapsing or breaking. This property is important for use

in shock absorbent materials.

Thermoplastic microspheres are distinct from glass microballoons.  Glass
microballoons are heavier than thermoplastic microballoons. Additionally, glass
microballoons do not exhibit the same dampening properties as thermoplastic
microballoons. For these reasons, thermoplastic microspheres are preferred over glass
microballoons in the manufacture of hockey stick blade, which must be lightweight,

flexible and capable of withstanding considerable forces.

As a first step in one embodiment of the process, a group of expandable microspheres
are heated and they expand from their original size to an expanded size. The expanded

microspheres have a diameter of 60 -120 um.

The expanded microspheres are then mixed with unexpanded microspheres. This
combination of expanded and unexpanded microspheres is mixed with an epoxy
material, such as Epon828. Other strengthening materials, such as aramid pulp,
chopped fiber glass or chopped carbon fiber are also added to the mixture. Carbon
nanotubes can also be added enhance stiffness and shear strength. A curing agent is

also added to the mixture. The final epoxy mixture has the consistency of modeling
clay. '

The mixture of the expanded microspheres, the unexpanded microspheres, the epoxy,
the other strengthening materials and the curing agent is then formed in the shape of a
preform, such as a hockey blade. As shown in Fig. 2, the preform has a first face

surface 30, a first edge 32, a second face surface 34, and a second edge 36.

The structure is then wrapped with carbon fiber tape 22. The carbon fiber tape 22 is
preimpregnated with resin. The tape 22 is wrapped continuously around the first face
surface 30, the first edge 32, the second face surface 34 and the second edge 36. This
continuous wrapping of the preform 20 with the tape 22 results in a first wrapped face
40, a second wrapped face 44, a top wrapped edgé 42 and a bottom wrapped edge 46.
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The tape may be wrapped in various configurations around the core, . such as shown in
Fig. 5 and Fig. 6. The tape may be wrapped at a 30 or 45 degree angle to the
longitudinal axis of the blade, as shown in Fig. 5. A second layer of preimpregnated
may be wrapped at a 90 degree angle to the tape, as shown in Fig. 6.

As shown in Fig. 1, the core includes a toe 45. The tape 22 extends around the entire
core, to the end of the toe 45, but for purposes of more clearly illustrating the
invention in Fig. 1, the tape 22 is not shown extending to the end of the toe 45 of the

COrc.

The use of tape wrapped continuously around the entire epoxy preform core,
including the edges, is advantageous over a sandwich configuration, where the tape
does not continuously extend of over the edges, for several reasons. A hockey blade
must be very durable and capable of withstanding large forces from a variety of
directions. ‘For example, the hockey blade can encounter considerable forces, such as
from striking a puck or the surface of the ice in multiple manners and angles. Thus,
the core needs reinforcement in all directions. The wrap configuration results in a

torsionally stiffer and stronger structure. The wrap configuration also is better able to

withstand shear forces.

The wrapped structure is then placed in a mold. The mold is heated to an appropriate
temperature. In one embodiment, the mold is heated to 140 degrees C. Upon heating,
the epoxy softens. Additionally, the unexpanded microspheres expand with this
additional hearing. The epoxy, microspheres, the other materials bond to each other

and also bond to the carbon fiber tape in the mold.
The mold is cooled and the formed blade is removed from the mold.

The unexpanded microspheres are required to produce enough pressure on the outer
walls of the structure. Without sufficient pressure during the molding process, the
walls will be wrinkled and/or have large numbers of voids and/or other imperfections.
The expanded microspheres increase the viscosity of the material, making a more
stable pre-form during the kitting operation. Also, the expanded microsphefes allow

for a larger volume pre-form, which is closer to the final geometry of the part. This is

-6 -
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advantageous because it allows less movement (and more precision) of the structural

fibers during the molding process.

The combination of expanded and unexpanded (or partially expanded) is important
because it provides a high viscosity material which produces enough pressure to

compress / consolidate the carbon fibers walls around it.

In one embodiment, the core comprises the following materials (parts/weight):
Base epoxy (Epon 828): 100

Chopped fiber, e.g., Aramid Pulp 3091 (from Teijin): 2.5

Hardener (curing agent): 14.82

Expancel (pre-expanded) 092DET80d20: 2

Expancél (unexpanded) 051DU40: 2.5

The steps of this embodiment of the process are illustrated in Fig. 3. As shown at
202, a first plurality of polymeric shell microspheres are heated from an unexpanded
state to an expanded state to form a plurality of expanded microspheres. As shown at
204, the plurality of expanded microspheres are mixed with an epoxy resin, chopped
fiber, curing agent and a second plurality of unexpanded polymeric shell microspheres
to create a mixture. The mixture is formed in a shape to create a preform, such as a
hockey blade, as shown at 206. The preform is wrapped with fiber tape to create a
wrapped preform as shown at 208. The preform comprises a first face surface, a
second face surface, a first edge surface and a second edge surface, and the fiber tape
extends continuously around the first face surface, the first edge surface, the second
face surface and the second edge surface. The wrapped preform is placed in a mold
as shown at 210. The mold is heated and the second plurality of unexpanded
microspheres expand from an unexpanded state to an expanded state as shown at 212.

The mold is cooled as shown at 214, and the formed structure is removed from the

mold as shown at 216.

As a first step in another embodiment of the process, a group of expandable

microspheres are heated and they partially expand from their original size to a larger

size, but not to their full size. The partially expanded microspheres have a diameter
of 60-90 um.
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The partially expanded microspheres are then mixed with unexpanded microspheres.
This combination of partially expanded and unexpanded microspheres 1s mixed with
an epoxy material, such as Epon828. Other strengthening materials, such as aramd
pulp, chopped fiber glass or chopped carbon fiber are also added to the mixture.
Carbon nanotubes can also be added enhance stiffness and shear strength. A curing
agent is also added to the mixture. The final epoxy mixture has the consistency of

modeling clay.

The mixture of the partially expanded microspheres, the unexpanded microspheres,
the epoxy, the other strengthening materials and the curing agent 1s then formed in the
shape of a preform, such as a hockey blade. As shown in Fig. 2, the preform has a

first face surface 30, a first edge 32, a second face surface 34, and a second edge 36.

The structure i1s then wrapped with carbon fiber tape 22. The carbon fiber tape 1s
preimpregnated with resin. The tape 1s wrapped continuously around the first face
surface 30, the first edge 32, the second face surface 34 and the second edge 36. This
continuous wrapping of the preform 20 with the tape 22 results in a first wrapped face

40, a second wrapped face 44, a top wrapped edge 42 and a bottom wrapped edge 46.

The use of tape wrapped continuously around the entire epoxy preform core,
including the edges, is advantageous over a sandwich configuration, where the tape
does not continuously extend of over the edges, for several reasons. A hockey blade
must very durable and capable of withstanding large forces from a variety of
directions. For example, the hockey blade can encounter considerable forces, such as
from striking a puck or the surface of the ice in a multiple manners and angles. Thus,
the core needs reinforcement in all directions. The wrap configuration results in a

torsionally stiffer and stronger structure. The wrap configuration also is better able to

withstand shear forces.

It 1s to be understood that the tape need not consist of a single unitary piece or sheet of

material. For example, the tape can consist of a combination of multiple pieces or

sheets that overlap.
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The wrapped structure is then placed in a mold. The mold is heated to an appropriate
temperature. In one embodiment, the mold 1s heated to 140 degrees C. Upon heating,
the epoxy softens. Additionally, the unexpanded microspheres, as well as the
microspheres that previously were partially expanded, expand further with this
additional héar_ing. The epoxy, microspheres, the other materials bond to each other

and also bond to the carbon fiber tape i1n the mold.
The mold is cooled and the formed blade is removed from the mold.

The steps of this embodiment of the process are illustrated in Fig. 4. As shown at
302, a first plurality of polymeric shell microspheres are heated from an unexpanded
state to a partially expanded state to form a plurality of expanded microspheres. As
shown at 304, the plurality of expanded microspheres are mixed with an epoxy resin,
chopped fiber, curing agent and a second plurality of unexpanded polymeric shell
microspheres to create a mixture. The mixture is formed in a shape to create a
preform, such as a hockey blade, as shown at 306. The preform is wrapped with fiber
tape to create a wrapped preform as shown at 308. The preform comprises a first face
surface, a second face surtace, a first edge surface and a second edge surface, and the
fiber tape extends continuously around the first face surface, the first edge surface, the
second face surface and the second edge surface. The wrapped preform is placed in a
mold as shown at 310. As shown at 312, the mold 1is heated, and the first plurality of
partially expanded microspheres expand to an expanded state, and the second plurality
of unexpanded microspheres expand from an unexpanded state to an expanded state.

The mold 1s cooled as shown at 314, and the formed structure is removed from the

mold as shown at 316.

In alternative embodiment, different combinations of core materials are used to create
distinct recipes of core mixtures. The different mixtures can be used to create a blade
with zones of varying density and stiffness. The bottom of the blade and the heel of
the blade are typically subject to the most force and impact from striking the ice or a

hockey puck. Core mixtures with higher density materials can be placed in the areas

- of the blade subject to greater forces and impacts, such as the bottom or heel, to create

stronger blade regions.
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[n an alternative embodiment, the core is formed with the epoxy, microspheres and
other materials as described, and additionally with a foam insert. The foam insert may
be a polymethacrylimide (PMI) foam such as manufactured under the name Rohacell.
A suitable low density PMI foam is RIMA (Resin Infusion Manufacturing Aid) foam.
This type of foam is a high strength foam that can withstand the shear and impact
forces that result when a hockey blade strikes a hockey puck. The foam is placed on
various locations of the blade to create a blade with zones of varying density. The

foam may be placed along the top or the toe of the blade.to reduce weight.

The reader should understand that these specific 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 described above without departing from this invention.

While the invention has been described in detail in terms of specific examples
including presently preferred modes of carrying out the invention, those skilled in the
art will appreciate that there are numerous variations 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.

- 10 -
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CLAIMS

1. A method of fabricating a formed structure with expandable polymeric shell
microspheres, comprising:

heating a first plurality of polymeric shell microspheres from an unexpanded state to
an expanded state to form a plurality of expanded microspheres;

mixing the plurality of expanded microspheres with an epoxy resin and a second
plurality of unexpanded polymeric shell microspheres to create a mixture;

forming the mixture in a shape to create a preform;

wrapping the preform with fiber tape to create a wrapped preform;

placing the wrapped preform in a mold; heating the mold and expanding the second
plurality of unexpanded microspheres from an unexpanded state to an expanded state;

cooling the mold; and

removing the formed structure from the mold.
2. The method according to claim 1, wherein the formed structure is a hockey blade.
3. The method according to claim 2, wherein the fiber tape is preimpregnated with resin.

4, The method according to claim 3, wherein the preform comprises a first face surface, a
second face surface, a first edge surface and a second edge surface, and the fiber tape extends

continuously around the first face surface, the first edge surface, the second face surface and

the second edge surface.

5. The method according to claim 4, wherein the mixture further comprises a chopped

fiber and a curing agent.

-11 -



10

15

20

235

30

CA 02633406 2011-08-30

6. A method of fabricating a formed structure with expandable thermoplastic
microspheres, comprising:

heating a first plurality of unexpanded thenn0plasﬁc microspheres from an
unexpanded state to a partially expanded state to form a plurality of partially expanded
microspheres;

. mixing the plurality of partially expanded microspheres with an epoxy resin and a

second plurality of unexpanded thermoplastic microspheres to create a mixture;

forming the mixture in a shape to create a preform;

wrapping the preform with fiber tape to create a wrapped preform;

placing the wrapped preform in a mold;

heating the mold and further expanding the plurality of partially expanded
microspheres and expanding the second plurality of unexpanded microspheres;

cooling the mold; and .

removing the formed structure from the mold.

7. The method according to claim 6, wherein the formed structure is a hockey blade.

8. The method according to claim 7, wherein the mixture further comprises fiber tape
preimpregnated with resin.

0. The method according to claim 8, wherein the preform comprises a first face surface, a

second face surface, a first edge surface and a second edge surface, the tape extending
continuously around the first face surface, the first edge surface, the second face surface and
the second edge surface.

10.  The method according to claim 9, wherein the mixture further comprises chopped fiber

and a curing agent.

11.  The method according to claim 1 or 6, wherein the first plurality of unexpanded
thermoplastic microspheres are expanded by heating to a diameter of about 40-50 microns and

the second plurality of unexpanded thermoplastic microspheres are expanded by heating to a

diameter of about 10-12 microns.

-12 -
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12.  The method according to claim 11, wherein the mixture further comprises chopped
fiber.

13. A hockey blade made according to the method defined in any one of claims 2 to 5 or

5  1n any one of claims 7 to 10.

-13 -
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