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TITLE OF THE INVENTION
Pre-stressed hockey shaft

FIELD OF THE INVENTION
The present invention relates to a hockey stick, which consists of a handle
portion, or shaft, and a blade portion, or blade.

BACKGROUND OF THE INVENTION

Up till now, all hockey stick shafts, either of solid or hollow construction, have
been manufactured in a similar standard rectangular configuration. This standard
rectangular configuration has been the standard shape, which is preferred by a
majority of hockey players. These actual designs of rectangularity have various
radiuses placed at the intersecting planes (horizontal and vertical), and some of

them include a cross sectional configuration of concaved/sided walls.

Composite hockey stick shafts, depending on their method and materials of
construction, exhibit superior characteristics to hockey stick shafts of wood with
respect to tensional resistance, bending moment resistance and shear
resistance. However, composite hockey stick shafts have an inherent relative
flexibility when submitted to direct impact at the blade, on particular under slap
shot condition. A hollow rectangular beam structure, such as a hockey stick
shaft, will, under a sudden cantilever type of loading (slap shot), exhibit a non-
negligible deflection at mid span between the hockey player's hands localization.
Such bending moment forces are transmitted inside the thin wall composite fiber-

resin matrix construction and generate compression tension and shear stresses

in the fiber-resin laminate.

The resulting level or amplitude of deflection between the player's hands (known
as the buckling phenomenon) will be directly related to the area moment of inertia
(dependent on the wall thickness) and the flexural elastic modulus of the fiber-
resin laminate. Higher are the wall thickness and the laminate elastic modulus,
higher is the overall stiffness and lower is the buckling phenomenon between the
player's hands, but higher wall thickness involves higher weight of the shaft.
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In some cases, due to the player's personal interest in added rigidity, higher
bending resistance or a judicious combination of “stiffness — flex” in that particular
zone will normally generate a quicker energy transfer allowing the player to
deliver more dynamic and accurate puck releases.

Players who choose to play with composite hockey sticks continually seek out
sticks having adapted rigidity and low weight. Experience has shown that
conventional laminate constructions such as carbon, Kevlar'" and epoxy are
close to attain a limit to maximize shot velocity and control, and increase

durability and strength.

OBJECTS AND STATEMENT OF THE INVENTION
It is an object of the present invention to provide a hockey stick with a quicker
energy shaft loading under minimal flexural deformation.

it is a further object of the present invention to provide a hockey stick with a rapid
energy transfer right after the contact between the puck and the blade of the
stick.

It is a further object of the present invention to provide a hockey stick with an
energy charge in the shaft, which will be delivered at 100% in a shortest time
possible.

These objects can be obtained with the present invention by providing, at mid
span of the handle portion of the hockey stick, means having preformed stresses
handle portion, which will induce flexural resistance. This creates induced
stresses in the body, which will be later neutralized at impact as further stresses

are induced.

There results a stiffer and more rigid handle portion for the hockey stick.



10

15

20

29

30

CA 02610023 2013-02-08

-3 -

Other objects and further scope of applicability of the present invention will
become apparent from the detailed description given hereinafter. It should be
understood, however, that this detailed description, while indicating embodiments
of the invention, is given by way of illustration only, since various changes and
modifications within the nature and scope of the invention will become apparent
to those skilled in the art.

IN THE DRAWINGS

Figures 1-6 show various elements illustrating a first embodiment of the present
invention;

Figures 7 and 8 show elements of a second embodiment of the present invention,;

Figures 9, 10a and 10b show various arrangements of a third embodiment of the

present invention;

Figure 11 is a perspective view showing a fourth embodiment of the present

invention;

Figures 12 and 13 show a fifth embodiment of the present invention; and

Figures 14 and 15 show a sixth embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

FIRST EMBODIMENT
As shown in Figures 1-6, the force element may consist of a composite mono or
bi-leaf spring that stores potential energy when pre-deformed before installation.

Depending of its geometry and strength, the composite spring will induce a
preferential flexural resistance in the form of a multi point preloading stresses

inside the tubular hockey shatft.
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When submitted to an impact load, such as in slap shot, the bending moment

induced in the hockey shaft must, first counterbalance the pre-induced flexural
stresses by the spring insert localized inside the rectangular shaft before
generating a deflection at mid span of the hockey shaft (when referring to the

hockey player's hands position).

By definition, a composite mono-leaf bow spring has a central upwardly curved
region introduced between two downwardly curved regions that are introduced

between two more upwardly curved regions.

By varying the curvature, either the upwardly curved regions or downwardly
curved regions, or by varying the construction of the leaf spring, the rate of
displacement along each portion of the multi linear deflection response curve

may be controlied.

Because of the composite material high specific strain energy storage capability
and the possibility to design and fabricate a linear spring having continuously
variable width and/or thickness along its length, such design features should lead

to a more adapted hockey shatt.

The mono-leaf bow spring can achieve a multi linear deflection response when
compressed under load. Also, it can be symmetrically or asymmetrically

designed, depending upon the application requirement.

In some cases, the composite spring could have a sinusoidal profile with variable

cross-section, always depending of the specific function requirements.

Normally the stiffness of the spring is directly related to the area moment of
inertia of the section. The material in the central area of the solid cross-section of

the leaf spring does not significantly contribute to the bending stiffness.
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It could then be beneficial to manufacture a composite spring having a hollow

cross-section being much lighter and having the same stiffness as for a solid

alrea.

Hence, the embodiment consists in the prefabrication and installation of a linear
spring having the geometry of a sinusoidal wave or a mono-leaf bow contacting in
four different points inside the rectangular tubular hockey shaft, wherein two of
the contact points are at the player's hand localization or slightly eccentric or

displaced and the two other points at each end of the hockey shaft.

Before installation, the linear leaf spring is pre-deformed to be subsequently slid
inside the tubular shaft and released. After releasing, the linear spring still has a

deformation resulting (by reaction) in a flexural pre-stressed hockey shaft.

The induced flexural stresses resulting from the pre-deformed linear spring inside
the hockey shaft will be oriented in a way as to resist to the shaft deformation

when submitted to impact such as in slap shot conditions.

When the hockey blade impacts the puck, the stresses induced by the flexural
moment (cantilever type) will have first to neutralize the one induced by the pre-

stressed spring before to act directly on the shaft itself, resulting in a stiffer and

more rigid hockey shaft.

As a variant of the present embodiment of the invention, the rectangular shaft
may be molded with a curved shape and following its straightening, a rectangular

profile called «single blade», "D" (shown in figure 4) may be slid inside the shaft

(figure 6) to keep it permanently straight and pre-stressed.

SECOND EMBODIMENT
As shown in Figures 7 and 8, the hockey shaft is fabricated in two longitudinal

halves, each one having a rectangular or trapezoidal profile. When mouilded,

these two halves are curved (more as a bow) and secured into a permanent
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assembly side-by-side with the particularity to be back to back in a concave

condition.

After being compressed transversely, the two halves are permanently assembled

by bonding, over wrapping or any other way.

The final hockey shaft assembly will have the same visual aspect as a standard
shaft but with the added property to be a pre-stressed hockey shaft (in flexural

condition).

The level of energy storage is directly related to the curvature amplitude, which is
particular to each hockey shaft halves, combined to their inherent stiffness and
strength.

THIRD EMBODIMENT
As shown in Figure 9, in a first variant, the rectangular shaft has uneven wall
thicknesses and to counterbalance and pre-stress the shaft, wires are embedded

inside the thinnest wall after being pre-stressed in tension.

As shown in Figures 10a and 10b, in a second variant, the internal profile of the
cross section is not rectangular, but more in a parallelogram or trapezoidal shape
with the result that the circumferential wall thicknesses is not uniform. As in the
first variant, wires would be pre-tensioned before being embedded in the thinnest

wall section.

FOURTH EMBODIMENT

As shown in Figure 11, the basic hockey shaft having a rectangular profile may
be molded and curved (with linear recess) to be straightened and locked in place
permanently with the use of two straight grooved molded planks. The resultis a

pre-stressed shaft permanently assembled with adhesive.
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FIFTH EMBODIMENT

As shown in Figures 12 and 13, this embodiment is a variation of the first
embodiment with the difference that two spring inserts are used inside the
rectangular shaft; these spring inserts are immersed and superposed to generate

a counterbalancing pre-stress effect (asymmetric).

SIXTH EMBODIMENT

As shown in Figures 14 and 15, this embodiment is a variation of the first
embodiment with the difference that two springs inserts are used end-to-end
allowing pre-stressing at asymmetric location and with asymmetric pre-stressing

loads. Springs may be inserted in the vertical or in the horizontal plane.

CONCEPTS

The above-described six embodiments can be regrouped in three basics

concepts.

A first concept consists of a straight molded hockey shaft in which the secondary
component (one or two spring-type pieces) is slid therein to generate more
stiffness. This concept may be found in the above-described first, fifth and sixth

embodiments.

A second concept consists of a straight molded shaft having a variable wall
thickness in cross-section and in which continuous wire reinforcements are

admitted in one of the sides. This concept may be found in the third above-
described embodiment.

A third concept consists in a curved molded shaft in one or two molded pieces

that are straightened and locked in place. This concept is found in the above
first, second and fourth embodiment. In a first variant, the hockey stick consists
in a single molded shaft that is locked in place (after straightening) with a
secondary component installed inside or outside the tubular shaft and mounted In
place. In a second variant, the hockey stick consists in two-molded half-size

curved molded shaft that are bound back to back after straightening.
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FIRST CONCEPT

When a straight tubular hockey shaft is molded, it possesses a particular rigidity
resulting from its construction (fiber — polymer resin — fiber orientation —
fiber/resin ratio — relative thicknesses of each layer of reinforcement — total
thickness of shaft wall). The rigidity or stiffness factor being directly dependent of
the elastic modulus (E) and surface inertia moment (1), its value may be raised
without changing any of the variables list mentioned previously. A device Is
incorporated inside the shaft with the result that, under impact (slap shot), the
shaft will deflect less and return the accumulated energy under deformation faster
and quicker. The net result will be that the puck (with a constant energy input)

leaves the blades quicker and travels faster.

The device is basically a leaf spring, which, after a specific deformation, is slid
and fixed inside the tubular shaft. Different spring rate can be obtained by

varying, in a fixed geometry, the content of fiber and resin.

A steel leaf spring has a very high modulus of elasticity; but, with carbon fiber

embedded in a thermoset resin, it is possible to obtain superior value.

Also. an additional benefit is obtained by the high elastic strain energy inherentin

a composite laminate; it can be more than 10 times that of steel.

By combining different arc portions of the leaf spring (radius not constant), it is
possible to obtain a continuous non-linear variable spring deformation rate.

Under deformation, it is possible to create different reactive forces at different

locations (ex.: hand positions on a hockey shatft).

SECOND CONCEPT
The concept of using an asymmetric wall thickness (thickness variation on some

of the four sides of the tubular shaft) has for objective to generate a hockey shatt

having a different stiffness when used frontward and backward.
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With the integration of preloaded reinforcing wires on the thin side, it is possible

to adjust preferentially the stiffness or rigidity in the hockey shatt.

By a proper choice of the ratio ti/t; combined to the right number of reinforcing
wires and the level of preloading in tension, it is possible to stiffen preferentially in
one direction the hockey shaft with the objective to create a hockey stick which
delivers the puck quicker and faster.

THIRD CONCEPT

The concept to straighten a pre-molded curved shaft (single or double) offers the

largest variety of options to obtain different levels of pre-stressed hockey shafts.

By defining exactly the curve amplitude of the hockey shaft for a determined
construction, it is possible to generate the new flexural elastic modulus, resulting
in a higher stiffness factor or higher shaft rigidity (more curved more energy
required to straighten it and a stiffer hockey shaft at use).

The option to use two half—molded shafts bonded back to back has the
particularity to simplify the assembly procedure.

When only one molded shaft is used, an accessory is required to lock it Iin

position; however, it provides a lighter shaft.

In all these concepts, composite material is used to keep weight at a minimum
and stiffness at a maximum. High modulus carbon fibres are part of the solution.

By carefully designing the shape of the components, the material system and the
assembly technique, rigidity and stiffness of the hockey shaft is upgraded
generating a quicker and faster puck release from the hockey blade, when
compared to a conventional composite hockey shaft with pre-stressing in its
tubular walls.
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Although the invention has been described above with respect to various
embodiments, it will be evident that it may be modified and refined in various
ways. It is therefore wished that the present invention should not be limited in

interpretation except by the term of the following claims.
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CLAIMS

1. A stiff and rigid hockey stick with a flexural pre-stressed shatft,
comprising a shaft and a blade attached to an extremity of the shaft, said shatft
comprising a pre-stressed portion at mid span of a handle portion thereof, along a
length thereof, said pre-stressed portion comprising preformed stresses, said
preformed stresses being neutralized, as stresses are further induced in said
shaft upon impact on said blade, before generation of a deflection at the mid
span of the handle portion, wherein said shaft comprises at least one curved
molded piece, said at least one curved molded piece being straightened and

locked In place, forming said pre-stressed portion.

2. The hockey stick of claim 1, wherein said shaft comprises carbon fibers

embedded in a thermoset resin.

3. The hockey stick of any one of claims 1 and 2, said shaft comprising a
single molded curved piece, said single molded curved piece being straightened
and locked in place with a secondary component bonded to one of: i) the Inside

and ii) the outside of the shaft.

4. The hockey stick of any one of claims 1 and 2, said shaft comprising
two curved molded half shafts, said half shafts being bonded back to back after

straightening.
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