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1
GOLF SHAFT

CROSS-REFERENCE TO RELATED
APPLICATIONS

Not Applicable.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was not made as part of a federally
sponsored research or development project.

TECHNICAL FIELD

The present invention relates to sports equipment; par-
ticularly, to a golf club shaft.

BACKGROUND OF THE INVENTION

During the course of a golf swing, the club shaft is under
a load and is subject to often significant deflection and
torsional rotation. Few have recognized that this deflection
and rotation, albeit on a much smaller scale, also happens
during the course of a putting stroke, particularly as the head
weight of putter heads increases. As used herein, “stability”
of a shaft refers to how the toe and heel of the club face track
one another through the stroke. The relative volatility of the
velocity and acceleration of the toe and heel of the club face
pre-impact, at impact, and post-impact can be significantly
improved. Controlling the face angle and face twist results
in a tighter departure angle range for the ball leaving the face
and significantly improves the likelihood of the ball leaving
the face at an angle closer to the target line, which in the case
of putters improves the likelihood of making a putt.

While driver, fairway metal, and hybrid shafts have
evolved over the past 30 plus years, from steel tubes to a
variety of often complex composite shafts, putter shafts have
not evolved at pace. No serious golfer trusts their driver to
perform optimally with an inexpensive steel shaft. Why
would any serious golfer, if they had a better option, trust
their putter to work best with a cheap steel shaft? After all,
a putter is used almost twice as much as any other club in the
bag. Most conventional putter shafts are simply steel pipes
(wrapped and welded construction) containing little to no
engineered aspects tailored to the unique situation of put-
ting. They are narrow in the tip and taper to a larger diameter
at the butt-end for gripping purposes, and consequently
exhibit inherent weakness in the lower portion of the shaft.
Ultimately, the impetus for steel shafts continued preemi-
nence is cost: steel shafts are used by putter manufacturers
primarily because they are so cheap.

The present invention provides significant advances tai-
lored to putter shafts, but are also applicable to all golf
shafts.

SUMMARY OF THE INVENTION

A golf shaft having a butt portion joined to a tip portion
by a coupler and possessing unique relationships, including
rigidity relationships, which provide beneficial performance
characteristics including improved stability.

BRIEF DESCRIPTION OF THE DRAWINGS

Without limiting the scope of the present invention as
claimed below and referring now to the drawings and
figures:
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2

FIG. 1 shows a front elevation view of a golf club, not to
scale;

FIG. 2 shows a perspective view of an embodiment of the
a golf shaft, not to scale;

FIG. 3 shows an exploded perspective view of an embodi-
ment of the a golf shaft, not to scale;

FIG. 4 shows a perspective cross-sectional view of an
embodiment of the a golf shaft, not to scale;

FIG. 5(A) shows a side elevation view of an embodiment
of a tip portion, not to scale;

FIG. 5(B) shows an end elevation view of an embodiment
of a tip portion, not to scale;

FIG. 6(A) shows a side elevation view of an embodiment
of a butt portion, not to scale;

FIG. 6(B) shows an end elevation view of an embodiment
of a butt portion, not to scale;

FIG. 7(A) shows a side elevation view of an embodiment
of a butt portion insert, not to scale;

FIG. 7(B) shows an end elevation view of an embodiment
of a butt portion insert, not to scale;

FIG. 8(A) shows a side elevation view of an embodiment
of a coupler, not to scale;

FIG. 8(B) shows a side elevation view of an embodiment
of a coupler, not to scale;

FIG. 9 shows a graph of the shaft stiffness profile of an
embodiment of the golf shaft, not to scale;

FIG. 10 shows graphs of the shaft stiffness profile of an
embodiment of the golf shaft, not to scale;

FIG. 11 shows graphs of the shaft stiffness profile of an
embodiment of the golf shaft, not to scale;

FIG. 12 shows a graph of the shaft stiftness profile of a
conventional stepped steel golf shaft, not to scale;

FIG. 13(A) shows a graph of the heel and toe velocity of
a putter head through a putting stroke, not to scale;

FIG. 13(B) shows a graph of the heel and toe acceleration
of a putter head through a putting stroke, not to scale;

FIG. 14(A) shows a graph of the heel and toe velocity of
a putter head through a putting stroke, not to scale; and

FIG. 14(B) shows a graph of the heel and toe acceleration
of a putter head through a putting stroke, not to scale.

These drawings are provided to assist in the understand-
ing of the exemplary embodiments of the invention as
described in more detail below and should not be construed
as unduly limiting the invention. In particular, the relative
spacing, positioning, sizing and dimensions of the various
elements illustrated in the drawings are not drawn to scale
and may have been exaggerated, reduced or otherwise
modified for the purpose of improved clarity. Those of
ordinary skill in the art will also appreciate that a range of
alternative configurations have been omitted simply to
improve the clarity and reduce the number of drawings.

DETAILED DESCRIPTION OF THE
INVENTION

The description set forth below in connection with the
drawings is intended merely as a description of the presently
preferred embodiments of the invention, and is not intended
to represent the only form in which the present invention
may be constructed or utilized. The description sets forth the
designs, functions, means, and methods of implementing the
invention in connection with the illustrated embodiments. It
is to be understood, however, that the same or equivalent
functions and features may be accomplished by different
embodiments that are also intended to be encompassed
within the spirit and scope of the invention.
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As seen in FIGS. 1-8, an embodiment of the shaft (100)
of the present invention includes a shaft distal end (110), a
shaft proximal end (120), a shaft outer diameter, and a shaft
mass, wherein each point along the shaft length (130) has a
shaft flexural rigidity, often abbreviated EI, and a shaft
torsional rigidity, often abbreviated GJ. The shaft (100) may
include a butt portion (1000) joined to a tip portion (2000)
by a coupler (3000), wherein the coupler (3000) may per-
manently, or releasably, attach the butt portion (1000) to the
tip portion (2000). It is important to appreciate that the shaft
flexural rigidity and the shaft torsional rigidity may be taken
at points along the shaft length (100) that take into account
areas of the shaft (100) composed of multiple elements
within a cross-section taken perpendicular to a shaft axis,
while later disclosed flexural rigidity and torsional rigidity
of'a specific element are rigidities associated solely with that
particular element rather than the combination of elements
that may compose the shaft (100).

The butt portion (1000), specifically seen in FIGS. 6(A)
and 6(B), has a butt portion distal end (1010), a butt portion
proximal end (1020), a butt portion length (1030), a butt
portion sidewall (1040) having a butt portion sidewall
thickness (1050), a butt portion inner diameter (1060), and
a butt portion outer diameter (1070). Similarly, the tip
portion (2000), specifically seen in FIGS. 5(A) and 5(B), has
a tip portion distal end (2010), a tip portion proximal end
(2020), a tip portion length (2030), a tip portion sidewall
(2040) having a tip portion sidewall thickness (2050), a tip
portion inner diameter (2060), and a tip portion outer
diameter (2070). In some embodiments the tip portion
length (2030) is no more than 65% of the butt portion length
(1030), and in some additional embodiments at least a
portion of the tip portion (200) has a tip portion outer
diameter (2070) that is at least 25% less than the butt portion
outer diameter (1070) of a portion of the butt portion (1000).
Further, the coupler (3000), specifically seen in FIGS. 8(A)
and 8(B), has a coupler distal end (3010), a coupler proximal
end (3020), a coupler length (3030), a coupler sidewall
(3040) having a coupler sidewall thickness (3050), a coupler
inner diameter (3060), and a coupler outer diameter (3070).
In one particular embodiment at least a portion of the butt
portion (1000) has a butt portion sidewall thickness (1050)
that is greater than the tip portion sidewall thickness (2050)
of a portion of the tip portion (2000), while in a further
embodiment the butt portion sidewall thickness (1050) is at
least 15% greater than the tip portion sidewall thickness
(2050), and in yet another embodiment the butt portion
sidewall thickness (1050) is at least 25% greater than the tip
portion sidewall thickness (2050). In another embodiment
an average coupler sidewall thickness (3050) throughout the
coupler length (3030) is greater than an average butt portion
sidewall thickness (1050), and in yet a further embodiment
the average coupler sidewall thickness (3050) is greater than
an average tip portion sidewall thickness (2050). In still a
further embodiment the average coupler sidewall thickness
(3050) is at least 15% greater than the average butt portion
sidewall thickness (1050), and in yet a further embodiment
the average coupler sidewall thickness (3050) is at least 15%
greater than the average tip portion sidewall thickness
(2050).

In some embodiments the butt portion (1000) is formed of
a non-metallic butt portion material having a butt material
density, a butt portion mass that is 35-75% of the shaft mass,
a butt portion elastic modulus, a butt portion shear modulus,
and each point along the butt portion length (1030) has a butt
portion area moment of inertia, a butt portion polar moment
of inertia, a butt portion flexural rigidity, and a butt portion
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4

torsional rigidity. The density of the butt portion (1000) may
be constant or it may vary throughout the butt portion length
(1030). Likewise, in some additional embodiments the tip
portion (2000) is formed of a metallic tip portion material
having a tip material density that is at least 15% greater than
the butt material density, a tip portion elastic modulus, and
a tip portion shear modulus, and each point along the tip
portion length (2030) has a tip portion area moment of
inertia, a tip portion polar moment of inertia, a tip portion
flexural rigidity that in some embodiments is less than the
butt portion flexural rigidity, and a tip portion torsional
rigidity that in some embodiments is less than the butt
portion torsional rigidity.

The material, density, weight, rigidity, kickpoint distance,
shaft CG distance, and shaft length relationships disclosed
herein each, and in combination, are critical to the feel, flex,
and stability of the shaft (100) to produce unexpected
benefits when striking a golf ball with a golf club head
(5000) attached to the shaft (100). These relationships
provide less twisting of the face, as well as improved
consistency of the face velocity and acceleration of the heel
and toe portions, both prior to, at, and after impact, as will
be explained in more detail later with respect to FIGS. 14(A)
and 14(B) compared to FIGS. 13(A) and 13(B). One skilled
in the art will understand that that during the course of a
swing, the golf shaft is under a load and is subject to
significant deflection and torsional rotation, however, few
have recognized that deflection and rotation, albeit on a
much smaller scale, also happen during the course of a
putting stroke, particularly as the head weight of putter
heads increases. As used herein, “stability” of the shaft
refers to how the toe and heel of the club face track one
another through the stroke. The relative volatility of the
velocity and acceleration of the toe and heel of the club face
pre-impact, at impact, and post-impact is significantly
improved by these relationships. For instance, controlling
the face twist results in a tighter departure angle of the ball
leaving the face and significantly improves the likelihood of
the ball leaving the face at an angle closer to the target line,
which in the case of putters improves the likelihood of
making a putt. Experiments have shown that the putter
departure angle range is reduced 20%-33% depending on the
type of putter and type of stroke employed, without a
reduction in feel at and after impact. Additionally, these
relationships, particularly during low speed impacts associ-
ated with putting, produce lower launch of the ball off the
face, which for putters has been linked to achieving true roll
sooner, leading to a ball that slows down more predictably,
thus affording better distance control for the golfer.

Similarly, the benefits are further enhanced via unique
relationships provided when the shaft (100) includes a
reinforced region (2500), seen in FIG. 2, is located between
a first point located 5" from the shaft proximal end (120) and
a second point located 24" from the shaft proximal end
(120). As best seen in FIG. 10, in a first portion of the
reinforced region (2500) the shaft flexural rigidity is at least
50% greater than a minimum tip portion flexural rigidity and
less than 100 N*m?, and the shaft torsional rigidity is at least
50% greater than a minimum tip portion torsional rigidity
and less than 100 N*m?, while in a second portion of the
reinforced region (2500) the shaft flexural rigidity is at least
50% greater than a minimum butt portion flexural rigidity
and is greater than 120 N*m?, and the shaft torsional rigidity
is at least 50% greater than a minimum butt portion torsional
rigidity and is greater than 120 N*m?. In another embodi-
ment the “a minimum” language of the prior sentence is
replaced with “an average,” and in an even further embodi-
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ment the “a minimum” language of the prior sentence is
replaced with “a maximum.” One skilled in the art will
appreciate that these rigidities of the tip portion and the butt
portion may be constant, and thus the minimum, maximum,
and average will be equal, or the rigidities may vary
throughout the cited component and therefore possess a
distinct minimum, maximum, and average; and these mini-
mum, maximum, and average substitutions embodiments
apply equally to all embodiments disclosed herein.

Thus, the reinforced region (2500) has a first portion with
both flexural and torsional rigidity significantly higher than
that of the tip portion (2000), but also a second portion that
is even higher that than of the first portion and significantly
higher than that of the butt portion (1000), in addition to the
rigidity of the butt portion (1000) being higher than that of
the tip portion (2000). In another related embodiment the
first portion of the reinforced region (2500) has the shaft
flexural rigidity at least 75% greater than the minimum tip
portion flexural rigidity while also being less than 90 N*m?,
and the shaft torsional rigidity is at least 75% greater than
the minimum tip portion torsional rigidity while also being
less than 90 N*m?>. In still a further related embodiment the
second portion of the reinforced region (2500) has the shaft
flexural rigidity at least 75% greater than the minimum butt
portion flexural rigidity and also greater than 135 N*m?, and
the shaft torsional rigidity is at least 75% greater than the
minimum butt portion torsional rigidity and also greater than
135 N*m?.

In addition, the benefits are enhanced further via unique
relationships provided when a first portion of the shaft (100)
extending %5 of the shaft length (130) from the shaft proxi-
mal end (120) has a first average flexural rigidity, a second
portion of the shaft (100) extending %5 of the shaft length
(130) from the shaft distal end (110) has a second average
flexural rigidity, and the first average flexural rigidity is at
least 50% of the second average flexural rigidity, as illus-
trated in FIG. 11. For comparison, a typical steel shaft is
more than twice as stiff in the upper ¥4 portion compared to
the lower 25 portion. In another embodiment the first aver-
age flexural rigidity is at least 75% of the second average
flexural rigidity. In a further related embodiment the first
average flexural rigidity is at least 100% of the second
average flexural rigidity, while in still another related
embodiment the first average flexural rigidity is 75-200% of
the second average flexural rigidity, and in yet another
related embodiment the first average flexural rigidity is
100-150% of the second average flexural rigidity.

As one skilled in the art will appreciate, the flexural
rigidities discussed herein, which are often also referred to
as bending stiffness, are based upon the material stiffness, or
elastic modulus (E), and the cross-section geometry prop-
erties associated with the area moment of inertia (I), which
is why the flexural rigidity is often referred to as EI. For a
simple tube the area moment of inertia (I) is:

1=203-

Where r, is the outside radius of the tube and r, is the inner
radius of the tube.

Additionally, the torsional rigidities discussed herein,
which are often referred to as torsional stiffness, are based
upon the material torsional stiffness, or shear modulus (G),
and the cross-section geometry properties associated with
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the polar moment of inertia (J), which is why the torsional
rigidity is often referred to as GJ. For a simple tube the polar
moment of inertia (J) is:

1=208-r)

Where r, is the outside radius of the tube and r, is the inner
radius of the tube.

One skilled in the art will appreciate these simple equa-
tions work well for the individual elements, however when
determining the rigidities for the overall shaft flexural rigid-
ity and the shaft torsional rigidity there will be points that
need to factor in the various layers of elements. For example,
as seen in FIG. 4, starting at the tip portion (2000) the
calculations will be easy until the tip portion (2000) enters
into the coupler (3000), at which point the shaft rigidity
calculations must account for the overlap of the coupler
(3000) and the tip portion (2000); then a little further into the
coupler (3000) the shaft rigidity calculations must account
for the overlap of the coupler (3000), the tip portion (2000),
and the butt portion (1000); then past the coupler (3000) and
within a separation distance (4080) the shaft rigidity calcu-
lations are simplified again until reaching the area of a butt
portion insert (4000) whereby the shaft rigidity calculations
must account for the butt portion (1000) and the butt portion
insert (4000). This is just one illustrative example, but
highlights the fact that the overall shaft flexural rigidity and
the shaft torsional rigidity at various points through the
length of the shaft length (130) has to account for multiple
elements, whereas references to flexural rigidity and the
torsional rigidity of individual components are solely for the
referenced individual components, which is an important
distinction.

In another embodiment the previously discussed benefits
are further achieved in an embodiment having a minimum
tip portion flexural rigidity that is at least 25% less than a
maximum butt portion flexural rigidity, and the minimum tip
portion torsional rigidity is at least 25% less than a maxi-
mum butt portion torsional rigidity. Still further, in another
embodiment the minimum tip portion flexural rigidity is
25-75% less than the maximum butt portion flexural rigidity,
and the minimum tip portion torsional rigidity is 25-75%
less than the maximum butt portion torsional rigidity. In
another embodiment the previously discussed benefits are
further achieved in an embodiment having a minimum tip
portion flexural rigidity that is at least 25% less than the
minimum butt portion flexural rigidity, and the minimum tip
portion torsional rigidity is at least 25% less than the
minimum butt portion torsional rigidity. Still further, in
another embodiment the minimum tip portion flexural rigid-
ity is 25-75% less than the minimum butt portion flexural
rigidity, and the minimum tip portion torsional rigidity is
25-75% less than the minimum butt portion torsional rigid-
ity.

In one embodiment such relationships are achieved by
having a shaft outer diameter that is constant throughout at
least 50% of the shaft length (130), thereby ensuring such
beneficial relationships are maintained. In yet another
embodiment the shaft outer diameter is constant throughout
at least 75% of the shaft length (130), while in a further
embodiment the butt portion outer diameter (1070) is con-
stant throughout the entire butt portion length (1030), and in
still another embodiment the tip portion outer diameter
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(2070) is constant throughout at least 50% of the tip portion
length (2030), and at least 75% in still another embodiment.

The beneficial relationships may further be achieved and
maintained by controlling the lengths of the individual
components. In one such embodiment the tip portion length
(2030) is no more than 55% of the butt portion length
(1030), while in another embodiment the tip portion length
(2030) is at least 15% of the butt portion length (1030), and
in yet another embodiment the tip portion length (2030) is at
least 4", and 4-16" in another embodiment, and 6-12" in still
a further embodiment. In another such embodiment the butt
portion length (1030) is at least twice the tip portion length
(2030), while in another embodiment the butt portion length
(1030) is at least three times the tip portion length (2030),
and in still a further embodiment the butt portion length
(1030) is at least 2-5 times the tip portion length (2030), and
in still a further embodiment the butt portion length (1030)
is at least 2.5-4 times the tip portion length (2030). In yet
another embodiment the butt portion length (1030) is at least
16", and at least 20" in another embodiment, and at least 24"
in still a further embodiment. Further embodiments cap the
butt portion length (1030) to no more than 48", and no more
than 42" in another embodiment, and no more than 36" in a
further embodiment, and no more than 30" in still another
embodiment, and no more than 28" in still a further embodi-
ment.

In an even further embodiment the shaft flexural rigidity
is constant throughout at least 10% of the shaft length (130),
and the shaft torsional rigidity is constant throughout at least
10% of the shaft length (130). While in still a further
embodiment the shaft flexural rigidity is constant throughout
at least 25% of the shaft length (130), and the shaft torsional
rigidity is constant throughout at least 25% of the shaft
length (130). While in yet still another embodiment the shaft
flexural rigidity is constant throughout at least 40% of the
shaft length (130), and the shaft torsional rigidity is constant
throughout at least 40% of the shaft length (130). In a further
embodiment the shaft flexural rigidity is constant throughout
at least 50% of the shaft length (130), and the shaft torsional
rigidity is constant throughout at least 50% of the shaft
length (130). Similarly, adding a cap to the range, in a further
embodiment the shaft flexural rigidity is constant throughout
no more than 90% of the shaft length (130), and the shaft
torsional rigidity is constant throughout no more than 90%
of the shaft length (130). In yet another embodiment the
shaft flexural rigidity is constant throughout no more than
75% of'the shaft length (130), and the shaft torsional rigidity
is constant throughout no more than 75% of the shaft length
(130). In still a further embodiment the shaft flexural rigidity
is constant throughout no more than 60% of the shaft length
(130), and the shaft torsional rigidity is constant throughout
no more than 60% of the shaft length (130).

Such relationships may also be achieved by maintaining
a tip portion outer diameter (2070) no more than 60% less
than the maximum butt portion outer diameter (1070), and
in another embodiment by having a coupler (3000) with a
coupler mass that is no more than 15% of the shaft mass.
Further mass relationships achieve the benefits by also
controlling the mass of specific components. For example, in
one embodiment the coupler mass is at least 5% of the shaft
mass, while in another embodiment the butt portion mass is
40-70% of the shaft mass, and in yet a further embodiment
the butt portion mass is 45-65% of the shaft mass. Likewise,
in another embodiment the tip portion (2000) has a tip
portion mass that is no more than 85% of the butt portion
mass, while in another embodiment the tip portion mass is
no more than 75% of the butt portion mass, and in yet a
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further embodiment the tip portion mass is 35-75% of the
butt portion mass. The butt portion mass is preferably no
more than 85 grams, and no more than 75 grams in another
embodiment, and no more than 65 grams in still a further
embodiment. Yet a further series of embodiments cap the
lower range of the butt portion mass with one embodiment
having a butt portion mass of at least 40 grams, and a butt
portion mass of at least 50 grams in another embodiment,
and a butt portion mass of at least 60 grams in still a further
embodiment. The coupler mass is preferably no more than
25 grams, and no more than 20 grams in another embodi-
ment, and no more than 15 grams in still a further embodi-
ment. Yet a further series of embodiments cap the lower
range of the coupler mass with one embodiment having a
coupler mass of at least 5 grams, and at least 7.5 grams in
another embodiment, and at least 10 grams in still a further
embodiment.

The coupler (3000) is formed of a coupler material having
a coupler material density, a coupler mass, a coupler elastic
modulus, a coupler shear modulus, and each point along the
coupler length (3030) has (i) a coupler flexural rigidity, and
(i) a coupler torsional rigidity. In an embodiment at least a
portion of coupler (3000) has a coupler flexural rigidity that
is greater than the tip portion flexural rigidity of a portion of
the tip portion (2000), and at least a portion of the coupler
(3000) has a coupler torsional rigidity that is greater than the
tip portion torsional rigidity of a portion of the tip portion
(2000). Another embodiment has at least a portion of the
coupler (3000) with a coupler flexural rigidity that is greater
than the butt portion flexural rigidity of a portion of the butt
portion (1000), and at least a portion of the coupler (3000)
with a coupler torsional rigidity is greater than the butt
portion torsional rigidity of a portion of the butt portion
(1000). A further embodiment has at least a portion of
coupler (3000) with a coupler flexural rigidity that is 75%
greater than the tip portion flexural rigidity of a portion of
the tip portion (2000), and at least a portion of the coupler
(3000) with a coupler torsional rigidity that is 75% greater
than the tip portion torsional rigidity of a portion of the tip
portion (2000). A still further embodiment has a portion of
coupler (3000) with a coupler flexural rigidity that is 100-
500% greater than the tip portion flexural rigidity of a
portion of the tip portion (2000), and at least a portion of the
coupler (3000) with a coupler torsional rigidity that is
100-500% greater than the tip portion torsional rigidity of a
portion of the tip portion (2000). Yet a still further embodi-
ment has a portion of coupler (3000) with a coupler flexural
rigidity that is 200-500% greater than the tip portion flexural
rigidity of a portion of the tip portion (2000), and at least a
portion of the coupler (3000) with a coupler torsional
rigidity that is 200-500% greater than the tip portion tor-
sional rigidity of a portion of the tip portion (2000). Even
further, another embodiment has a portion of coupler (3000)
with a coupler flexural rigidity that is 300-500% greater than
the tip portion flexural rigidity of a portion of the tip portion
(2000), and at least a portion of the coupler (3000) with a
coupler torsional rigidity that is 300-500% greater than the
tip portion torsional rigidity of a portion of the tip portion
(2000).

The disclosed rigidity relationships may be obtained in a
number of manners, one of which consists of varying the
butt portion inner diameter (1060) throughout the butt
portion length (1030) to achieve the disclosed reinforced
region (2500) rigidity relationships, and/or the rigidity rela-
tionships associated with the first portion of the shaft (100)
extending %5 of the shaft length (130) from the shaft proxi-
mal end (120) and the second portion of the shaft (100)
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extending %5 of the shaft length (130) from the shaft distal
end (110). In another embodiment any of these relationships
may be obtained by embedding a reinforcement material
within the butt portion sidewall (1040) without the need for
a varying butt portion inner diameter (1060). In such
embodiments the reinforcement material may consist of a
tube of higher rigidity material extending around all 360
degrees of a cross-section of the butt portion (1000), or may
consists of inserts that are localized and do not extend
around all 360 degrees of a cross-section of the butt portion
(1000).

In another embodiment any of these relationships may be
obtained by further including a butt portion insert (4000),
seen in FIGS. 3, 4, 7(A), and 7(B), attached in the butt
portion (1000) and having a butt portion insert distal end
(4010), a butt portion insert proximal end (4020), a butt
portion insert length (4030) that is at least 25% of the tip
portion length (2030), a butt portion insert sidewall (4040)
having a butt portion insert sidewall thickness (4050), a butt
portion insert inner diameter (4060), and a butt portion insert
outer diameter (4070) that is less than the butt portion inner
diameter (1060), wherein majority of the butt portion insert
length (4030) is within the reinforced region (2500). In
another embodiment the butt portion insert length (4030) is
at least 50% of the tip portion length (2030) and no more
than 50% of the butt portion length (1030), while in yet a
further embodiment the butt portion insert length (4030) is
at least 10% of the butt portion length (1030) and no more
than 150% of the tip portion length (2030), and in yet
another embodiment the butt portion insert inner diameter
(4060) is greater than the tip portion inner diameter (2060).
In still a further embodiment at least 75% of the butt portion
insert length (4030) is within the reinforced region (2500),
while in another embodiment the entire butt portion insert
(4000) is within the reinforced region (2500). As seen in
FIG. 4, in another embodiment the butt portion insert
proximal end (4020) is separated from the coupler distal end
(3010) by a separation distance (4080) that is at least 50%
of the butt portion outer diameter (1070), thereby achieving
the disclosed drop in rigidity between the butt portion insert
(4000) and the coupler (3000). In one such embodiment the
separation distance (4080) is no more than five times the butt
portion outer diameter (1070), while in another embodiment
the separation distance (4080) is no more than 50% of the
butt portion insert length (4030).

In one embodiment the butt portion insert length (4030) is
at least 2", while in another embodiment it is at least 4",
while in yet a further embodiment it is at least 6". However,
additional embodiments restrict the butt portion insert length
(4030) so as not to diminish the benefits associated with the
butt portion insert (4000). Specifically, in one embodiment
the butt portion insert length (4030) is no more than 12",
while in another embodiment the butt portion insert length
(4030) is no more than 10", and in yet a further embodiment
the butt portion insert length (4030) is no more than 8".
Additionally, the placement of the butt portion insert (4000)
is essential to providing the described benefits. In one
particular embodiment a distance from the butt portion insert
proximal end (4020) to the shaft proximal end (120) is at
least 7", and is at least 9" in another embodiment, and is at
least 11" in yet a further embodiment. Additional embodi-
ments reduce the likelihood of diminishing the benefits
associated with the butt portion insert (4000) by controlling
this distance. For example, in one embodiment the distance
from the butt portion insert proximal end (4020) to the shaft
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proximal end (120) is no more than 18", and is no more than
16" in another embodiment, and no more than 14" in yet a
further embodiment.

One skilled in the art will appreciate that the butt portion
insert (4000) has a center of gravity, or CG, and the location
of the butt portion insert CG significantly influences the
benefits associated with the golf shaft (100). In one such
embodiment the butt portion insert CG is located a distance
from the shaft proximal end (120) that is at least 9", and at
least 11" in another embodiment, and at least 13" in yet a
further embodiment. In some embodiments reduction in the
benefits associated with the butt portion insert (4000) have
been observed when this distance from the shaft proximal
end (120) becomes too large. Therefore, in another embodi-
ment butt portion insert CG is located a distance from the
shaft proximal end (120) that is no more than 19", and no
more than 17" in another embodiment, and no more than 15"
in still a further embodiment. In another embodiment a
separation distance from the shaft CG distance to the dis-
tance that the butt portion insert CG is spaced from the shaft
proximal end (120), is less than the butt portion insert length
(4030), and no more than 75% of the butt portion insert
length (4030) in another embodiment, and no more than
50% of the butt portion insert length (4030) in still a further
embodiment. Another variation has a second separation
distance defined as the distance from a kickpoint distance,
defined later, to the location of the butt portion insert CG
when installed in the shaft, and the second separation
distance is less than the butt portion insert length (4030), and
no more than 75% of the butt portion insert length (4030) in
another embodiment, and no more than 50% of the butt
portion insert length (4030) in still a further embodiment.
Thus, in an embodiment the locations of the shaft CG and
the kickpoint fall between the butt portion insert distal end
(4010) and the a butt portion insert proximal end (4020),
when the insert is installed in the shaft.

The butt portion insert (4000) is formed of a butt portion
insert material having a butt portion insert material density,
a butt portion insert mass, a butt portion insert elastic
modulus, a butt portion insert shear modulus, and each point
along the butt portion insert length (4030) has (i) a butt
portion insert flexural rigidity, and (ii) a butt portion insert
torsional rigidity. In an embodiment at least a portion of butt
portion insert (4000) has a butt portion insert flexural
rigidity that is greater than the tip portion flexural rigidity of
a portion of the tip portion (2000), and at least a portion of
the butt portion insert (4000) has a butt portion insert
torsional rigidity that is greater than the tip portion torsional
rigidity of a portion of the tip portion (2000). Another
embodiment has at least a portion of the butt portion insert
(4000) with a butt portion insert flexural rigidity that is
greater than the butt portion flexural rigidity of a portion of
the butt portion (1000), and at least a portion of the butt
portion insert (4000) with a butt portion insert torsional
rigidity is greater than the butt portion torsional rigidity of
a portion of the butt portion (1000). A further embodiment
has at least a portion of butt portion insert (4000) with a butt
portion insert flexural rigidity that is 75% greater than the tip
portion flexural rigidity of a portion of the tip portion (2000),
and at least a portion of the butt portion insert (4000) with
a butt portion insert torsional rigidity that is 75% greater
than the tip portion torsional rigidity of a portion of the tip
portion (2000). A still further embodiment has a portion of
butt portion insert (4000) with a butt portion insert flexural
rigidity that is 100-300% greater than the tip portion flexural
rigidity of a portion of the tip portion (2000), and at least a
portion of the butt portion insert (4000) with a butt portion
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insert torsional rigidity that is 100-300% greater than the tip
portion torsional rigidity of a portion of the tip portion
(2000).

As seen in FIG. 7(B), the butt portion insert (4000) may
be a hollow tubular structure, which may include at least one
structural support spanning across the interior and passing
through the center of the butt portion insert (4000). In a
further embodiment, a structural support length, that extend-
ing into and out of the page in FIG. 7(B) is at least ¥1¢", and
at least 4" in another embodiment, and at least ¥4" in still
a further embodiment. In the embodiment of FIG. 7(A) the
structural support length is at least 50% of the butt portion
insert length (4030), while in another embodiment it is at
least 75% of the butt portion insert length (4030), and in still
a further embodiment it is at least 90% of the butt portion
insert length (4030).

A further embodiment includes at least 2 structural sup-
ports spanning across the interior and passing through, and
intersecting at, the center of the butt portion insert (4000),
while another embodiment includes at least 3. The butt
portion insert sidewall thickness (4050) is preferably no
more than the butt portion sidewall thickness (1050), while
in another embodiment the butt portion insert sidewall
thickness (4050) is preferably no more than 75% of the butt
portion sidewall thickness (1050), and in yet a further
embodiment the butt portion insert sidewall thickness (4050)
is preferably no more than 50% of the butt portion sidewall
thickness (1050). In another series of embodiments the butt
portion insert sidewall thickness (4050) is at least 50% of the
tip portion sidewall thickness (2050), while in another
embodiment the butt portion insert sidewall thickness (4050)
is preferably at least 75% of the tip portion sidewall thick-
ness (2050), and in yet a further embodiment the butt portion
insert sidewall thickness (4050) is preferably at least 100%
of the tip portion sidewall thickness (2050). In one embodi-
ment the butt portion insert (4000) is formed of metallic
material, while in another embodiment it is a metallic
material different than that of the tip portion (2000), and in
an even further embodiment it is formed of a metallic
material having a density that is at least 35% less than the
density of the tip portion (2000).

These relationships provide less twisting of the face, as
well as improved consistency of the face velocity and
acceleration of the heel and toe portions, both prior to, at,
and after impact. FIG. 13(A) illustrates the velocity of the
toe and heel of an Anser-style putter head attached to a
traditional steel putter shaft attached to a robot, throughout
a putting stroke with an off-center impact, while FIG. 14(A)
illustrates the same putter head attached to an embodiment
of the golf shaft (100). The crossing of the heel line and toe
line of FIG. 13(A) shows the instability of the putter head,
while FIG. 14(A) illustrates the improved performance
exhibited by the golf shaft (100) whereby the heel line and
toe line do not intersect.

Likewise, FIG. 13(B) illustrates the acceleration of the toe
and heel of the same Anser-style putter head attached to a
traditional steel putter shaft attached to a robot, throughout
a putting stroke with an off-center impact, while FIG. 14(B)
illustrates the same putter head attached to an embodiment
of'the golf shaft (100). The differential between the heel line
and toe line of FIG. 13(B) shows the instability of the putter
head, while the differential of FIG. 14(B) illustrates the
improved performance exhibited by the golf shaft (100)
whereby the difference between heel line and toe line is
significantly less. These improvements illustrate improved
stability, which produces improved ball rolling characteris-
tics, lower launch angles, and less dispersion. The relative
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volatility of the velocity and acceleration of the toe and heel
of the club face pre-impact, at impact, and post-impact is
significantly improved by these relationships, without a
reduction in feel at and after impact.

Any of these embodiments may further enable the cre-
ation of a third portion of the reinforced region (2500) where
the shaft flexural rigidity is greater than the shaft flexural
rigidity in the first portion and less than the shaft flexural
rigidity in the second portion, and shaft torsional rigidity is
greater than the shaft torsional rigidity in the first portion and
less than the shaft torsional rigidity in the second portion. In
a further embodiment the third portion of the reinforced
region (2500) has a shaft flexural rigidity that is at least 25%
greater than the shaft flexural rigidity in the first portion and
at least 25% less than the shaft flexural rigidity in the second
portion, and a shaft torsional rigidity that is at least 25%
greater than the shaft torsional rigidity in the first portion and
at least 25% less than the shaft torsional rigidity in the
second portion. In one embodiment the butt portion insert
(4000) has a butt portion insert mass that is at least 10% of
the shaft mass, while in another embodiment the butt portion
insert mass is no more than 25% of the shaft mass.

In one embodiment the coupler (3000) is formed of a
metallic coupler material having a coupler material density
that is less than the tip portion material density, yet is at least
15% greater than the butt material density. In another
embodiment the tip material density is at least 50% greater
than the butt material density, while in a another embodi-
ment the tip material density is at least twice the coupler
material density, and in yet a further embodiment the tip
material density is no more than six times the butt material
density. In one particular embodiment the tip portion mate-
rial density is at least 7 g/cc, the coupler material density is
2.5-5.0 g/cc, and the butt material density is no more than
2.4 g/cc. In a further embodiment the butt material density
is no more than 2.0 g/cc, and no more than 1.8 g/cc in
another embodiment, and no more than 1.6 g/cc in yet a
further embodiment. The elastic modulus of the tip portion
material is preferably at least 110 GPa and the shear modu-
lus is preferably at least 40 GPa, while in another embodi-
ment the elastic modulus of the tip portion material is at least
190 GPa and the shear modulus is at least 70 GPa. The
elastic modulus of the coupler material is preferably at least
60 GPa and the shear modulus is preferably at least 20 GPa,
while in another embodiment the elastic modulus of the
coupler material is at least 110 GPa and the shear modulus
is at least 40 GPa. The elastic modulus of the butt material
is preferably at least 40 GPa and the shear modulus is
preferably at least 15 GPa, while in another embodiment the
elastic modulus of the butt material is at least 50 GPa and the
shear modulus is at least 22.5 GPa. The materials may
include a metal alloy (e.g., an alloy of titanium, an alloy of
steel, an alloy of aluminum, and/or an alloy of magnesium),
a composite material, such as a graphite composite, a
ceramic material, fiber-reinforced composite, plastic, or any
combination thereof.

As seen in FIGS. 8(A) and 8(B), the coupler (3000) may
include a coupler-butt insert portion (3100) and coupler-tip
receiving portion (3200), and in some embodiments they are
separated by a change in the coupler outer diameter (3070)
that forms a ledge having a ledge height that is no greater
than the butt portion sidewall thickness (1050). The coupler-
butt insert portion (3100) has a coupler-butt insert distal end
(3110), a coupler-butt insert proximal end (3120), a coupler-
butt insert length (3130) between the coupler-butt insert
distal end (3110) and the coupler-butt insert proximal end
(3120), a coupler-butt insert sidewall (3140), a coupler-butt
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insert sidewall thickness (3150), a coupler-butt insert inner
diameter (3160), and a coupler-butt insert outer diameter
(3170). Similarly, the coupler-tip receiver portion (3200) has
a coupler-tip receiver distal end (3210), a coupler-tip
receiver proximal end (3220), a coupler-tip receiver length
(3230) between the coupler-tip receiver distal end (3210)
and the coupler-tip receiver proximal end (3220), a coupler-
tip receiver sidewall (3240), a coupler-tip receiver sidewall
thickness (3250), and a coupler-tip receiver inner diameter
(3260). In one embodiment the coupler-butt insert outer
diameter (3170) no more than the butt portion inner diameter
(1060), while in a further embodiment the coupler-tip
receiver inner diameter (3260) is at least as great as the tip
portion outer diameter (2070). The coupler-tip receiver
length (3230) is preferably greater than the tip portion outer
diameter (2070), and the coupler-butt insert length (3130) is
preferably greater than the butt portion inner diameter
(1060). In another embodiment the coupler-butt insert length
(3130) is at least 50% greater than the coupler-tip receiver
length (3230), and at least 75% greater in another embodi-
ment, and at least 100% greater in yet a further embodiment.
Alternatively, one skilled in the art will appreciate that the
coupler (3000) may be configured in a reverse configuration
where a portion of the butt portion (1000) is received within
a portion the coupler (3000), and a portion of the coupler
(3000) is received within a portion of the tip portion (2000);
or in another embodiment a portion of the coupler (3000) is
received within a portion of the butt portion (1000) and the
tip portion (2000); or in yet a further embodiment both a
portion of the butt portion (1000) and the tip portion (2000)
are received within a portion of the coupler (3000).

The coupler sidewall thickness (3050) is preferably no
more than the butt portion sidewall thickness (1050), and in
one embodiment the coupler sidewall thickness (3050) is at
least 10% less than the butt portion sidewall thickness
(1050). In another embodiment a portion of the coupler
sidewall (3040) has a coupler sidewall thickness (3050) that
varies, and in a further embodiment it is the coupler-tip
receiver sidewall thickness (3250) that varies, and in yet
another embodiment the coupler-tip receiver sidewall thick-
ness (3250) varies between a minimum and a maximum,
wherein the maximum is at least 50% greater than the
minimum. In another embodiment the maximum coupler-tip
receiver sidewall thickness (3250) is at least 50% greater
than the coupler-butt insert sidewall thickness (3150).

In the illustrated embodiment the tip portion (2000)
extends all the way through the coupler-tip receiver portion
(3200) and into the coupler-butt insert portion (3100) so that
a cross-section through a portion of the overall shaft (100)
includes an outer layer of the butt portion (1000), an
intermediate layer of the coupler (3000), and an inner layer
of'the tip portion (2000), thereby achieving the relationships
described herein. In another embodiment the tip portion
distal end (2010) extends into the coupler-butt insert portion
(3100) a first distance that is at least 50% of the butt portion
outer diameter (1070), and at least 75% in another embodi-
ment, and at least 100% in yet a further embodiment. A
further series of embodiments limit the first distance to being
no more than 50% of the tip portion length (2030) and no
more than ten times the butt portion outer diameter (1070),
while in another embodiment the first distance is no more
than 35% of the tip portion length (2030) and no more than
six times the butt portion outer diameter (1070), and in yet
a further embodiment the first distance is no more than 25%
of the tip portion length (2030) and no more than four times
the butt portion outer diameter (1070). The embodiment of
FIG. 8(A) includes an opening in the coupler distal end
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(3010) that permits the passage of air, which in one embodi-
ment has an open area that is at least 10% of the area
associated with the coupler outer diameter (3070), and at
least 20% in another embodiment, and at least 30% in still
a further embodiment.

Any of the disclosed embodiments of the shaft (100) may
further by attached to a golf club head (5000), and include
a grip (6000) attached to the shaft distal end (110) to create
a fit-for-play golf club. As one skilled in the art will
appreciate, the golf club may be a putter, a driver, a fairway
wood, a hybrid or rescue, an iron, and/or a wedge. In one
particular embodiment the golf club is a putter having a loft
of less than 10 degrees, while in a further embodiment it is
one having a club head weight of at least 310 grams, and yet
another embodiment has a shaft length (130) of no more than
36". In another embodiment the club head weight is at least
320 grams, and at least 330 grams in a further embodiment,
and at least 340 grams in still another embodiment.

The shaft (100) may be a putter shaft, wedge shaft, iron
shaft, rescue shaft, fairway wood shaft, and/or driver shaft.
In one particular putter shaft embodiment the shaft length
(130) is no more than 38" and the shaft mass is at least 100
grams, while in another embodiment the shaft length (130)
is no more than 36" and the shaft mass is 100-150 grams, and
in yet a further embodiment the shaft length (130) is no more
than 35" and the shaft mass is 110-140 grams. In one
embodiment the tip portion (2000) is straight, while in a
further embodiment directed to some putters the tip portion
(2000) includes a double bend, which will be understood to
one skilled in the art. One skilled in the art will appreciate
that the overall shaft (100) will have a shaft center of gravity,
or CG, the position of which may be referenced as a shaft
CG distance from the shaft proximal end (120). In a putter
embodiment having a shaft length (130) less than 35.5", the
benefits described herein have been found to be heightened
when the shaft CG distance is no more than 18", and no more
than 17" in another embodiment, and no more than 16" in yet
a further embodiment. Further, the benefits described herein
have been found to be heightened when the shaft CG
distance at least 9", and at least 11" in another embodiment,
and at least 13" in yet a further embodiment. One particular
embodiment has a shaft CG distance of 13-15.5". In further
embodiments these shaft CG distances are further obtained
with a shaft length (130) of no more than 35", and no more
than 34" in another embodiment, and no more than 33" in yet
a further embodiment. In even more embodiments the shaft
CG distance is no more than 45% of the shaft length (130),
and no more than 40% in another embodiment, and no more
than 35% in yet a further embodiment. However, in another
series of embodiments the shaft CG distance is at least 20%
of the shaft length (130), and at least 25% in another
embodiment, and at least 30% in still a further embodiment.

A typical tapered steel putter shaft having a length of 35"
has a shaft CG distance that is approximately 20" and a
kickpoint distance of approximately 14". The kickpoint
distance of a golf shaft is determined by fixing the butt of the
shaft, or the shaft distal end (110), and applying an axial
compressive load on the tip of the shaft, or the shaft
proximal end (120), until the distance between the two ends
has changed by 0.5". Then a maximum deflection point is
identified as the location of the maximum deflection from an
initial shaft axis. The kickpoint distance is the distance
measured along the initial shaft axis from the shaft proximal
end (120) to the maximum deflection point.

Surprising performance benefits have been identified as
the shaft CG distance is reduced, the kickpoint distance is
increased, a combination thereof, or the difference between
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the shaft CG distance the kickpoint distance is reduced. In
one embodiment of the present invention the kickpoint
distance is at least 75% of the shaft CG distance, at least
85% in another embodiment, at least 95% in still a further
embodiment, and at least 105% in yet another embodiment.
In another series of embodiments the kickpoint distance is
no more than 145% of the shaft CG distance, no more than
135% in another embodiment, no more than 125% in still a
further embodiment, and no more than 115% in yet another
embodiment. In one particularly effective embodiment the
kickpoint distance is 85-135% of the shaft CG distance,
95-125% in another embodiment, and 100-115% in still a
further embodiment. In another embodiment of the present
invention the shaft CG distance is no more than 50% of the
shaft length (130), no more than 47.5% in another embodi-
ment, no more than 45% in a further embodiment, and no
more than 42.5% in still another embodiment. In another
series of embodiments the shaft CG distance is at least 30%
of the shaft length (130), at least 35% in another embodi-
ment, at least 37.5% in a further embodiment, and at least
40% in yet another embodiment.

A difference between the shaft CG distance and the
kickpoint distance is preferably no more than 12.5% of the
shaft length (130), no more than 10% in another embodi-
ment, no more than 7.5% in still a further embodiment, and
not more than 5% in yet another embodiment. In one
particularly effective embodiment the difference between the
shaft CG distance and the kickpoint distance is preferably no
more than 4.5", no more than 3.5" in another embodiment,
no more than 2.5" in a further embodiment, and no more
than 1.5" in still another embodiment. In one embodiment
the shaft CG distance is no more than 18.0", no more than
16.0" in another embodiment, no more than 15.5" in a
further embodiment, and no more than 15.0" in yet another
embodiment; all of which have a shaft length of 35.0".

In an embodiment the butt portion outer diameter (1070)
is 0.500-0.700", while in another embodiment the butt
portion outer diameter (1070) is 0.550-0.650", and in yet a
further embodiment the butt portion outer diameter (1070) is
0.580-0.620". In another embodiment the tip portion outer
diameter (2070) is 0.300-0.450", while in another embodi-
ment the tip portion outer diameter (2070) is 0.330-0.420",
and in yet a further embodiment the tip portion outer
diameter (2070) is 0.350-0.390".

Any of the embodiments disclosed herein as having “a
portion of” a first component with a first rigidity relative to
“a portion of” a second component with a different second
rigidity, include a further embodiment in which the relation-
ship is true over at least 25% of the length of the first
component and/or at least 25% of the length of the second
component, or in another embodiment the relationship is
true over at least 50% of the length of the first component
and/or at least 50% of the length of the second component,
and in yet a further embodiment the relationship is true over
at least 75% of the length of the first component and/or at
least 75% of the length of the second component.

Now returning to the shaft flexural rigidity, abbreviated
EL and the shaft torsional rigidity, abbreviated GJ, in the
diagrams of FIGS. 9-12. As previously noted, the shaft
flexural rigidity and the shaft torsional rigidity are that of
cross-sections, perpendicular to the shaft axis, at points
along the shaft length (100) and take into account areas of
the shaft (100) composed of multiple elements within a
particular cross-section, while in other areas the shaft (100)
where there is no overlap of individual components the shaft
rigidities are equal to the rigidities of the only component
present in the cross-section at that particular location. With
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reference now specifically to FIG. 9, beginning at the left
boundary of the diagram the shaft flexural rigidity, EI, and
the shaft torsional rigidity, GJ, are constant, i.e. horizontal,
along a first flexural rigidity plateau and a first torsional
rigidity plateau through the portion of the shaft (100) that
consists solely of the tip portion (2000), which has a
constant cross-sectional profile in this embodiment. Then
the shaft flexural rigidity increases along a first flexural
rigidity ramp to a second flexural rigidity plateau, and the
shaft torsional rigidity increases along a first torsional rigid-
ity ramp to a second torsional rigidity plateau. In this
embodiment the ramps begin where the tip portion (2000)
enters the coupler-tip receiver portion (3200) of the coupler
(3000), seen in FIG. 8(A), accounting for the overlap and the
increasing coupler-tip receiver sidewall thickness (3250). In
this embodiment the second flexural rigidity plateau and the
second torsional rigidity plateau represent areas of constant
rigidity because they are areas along the shaft length (130)
including the butt portion (1000) overlapping the coupler-
butt insert portion (3100) of the coupler (3000), which have
constant cross-sectional profiles in this embodiment. In this
embodiment the rigidities then drop to a third flexural
rigidity plateau and a third torsional rigidity plateau in the
area of the shaft (100) composed of only the butt portion
(1000) within the separation distance (4080), seen in FIG. 4,
which in this embodiment has a constant cross-sectional
profile. In this embodiment the rigidities then increase to a
fourth flexural rigidity plateau and a fourth torsional rigidity
plateau in the area of the shaft (100) composed the butt
portion (1000) and the butt portion insert (4000), seen in
FIG. 4, both of which have constant cross-sectional profiles
in this embodiment. In this embodiment the rigidities then
decrease to a fifth flexural rigidity plateau and a fifth
torsional rigidity plateau in the area of the shaft (100)
composed solely of the butt portion (1000), which has a
constant cross-sectional profile in this embodiment. In one
embodiment the plateaus disclosed herein are not constant
but have a slope, positive or negative, that is no more than
10 degrees, which is significantly less than the variations
found in a conventional tapered or stepped shaft, such as the
one illustrated in FIG. 12, while in another embodiment the
slope is no more than 7.5 degrees, positive or negative, and
is no more than 5.0 degrees, positive or negative, in still
another embodiment, and is no more than 2.5 degrees,
positive or negative, in yet a further embodiment.

As illustrated in the table of FIG. 9, an average second
plateau flexural rigidity throughout the second plateau is at
least twice an average first plateau flexural rigidity through-
out the first plateau; and in a further embodiment the average
second plateau flexural rigidity throughout the second pla-
teau is at least 50% greater than an average third plateau
flexural rigidity throughout the third plateau; and in a further
embodiment the average second plateau flexural rigidity
throughout the second plateau is at least 25% greater than an
average fourth plateau flexural rigidity throughout the fourth
plateau; and in yet still another embodiment the average
second plateau flexural rigidity throughout the second pla-
teau is at least 50% greater than an average fifth plateau
flexural rigidity throughout the third plateau. Similarly, an
average second plateau torsional rigidity throughout the
second plateau is at least twice an average first plateau
torsional rigidity throughout the first plateau; and in a further
embodiment the average second plateau torsional rigidity
throughout the second plateau is at least 50% greater than an
average third plateau torsional rigidity throughout the third
plateau; and in a further embodiment the average second
plateau torsional rigidity throughout the second plateau is at



US 10,213,666 B1

17

least 25% greater than an average fourth plateau torsional
rigidity throughout the fourth plateau; and in yet still another
embodiment the average second plateau torsional rigidity
throughout the second plateau is at least 50% greater than an
average fifth plateau torsional rigidity throughout the third
plateau.

In another embodiment an average fourth plateau flexural
rigidity throughout the fourth plateau is at least 10% greater
than at least one average plateau flexural rigidity of an
adjacent plateau, while in one embodiment the adjacent
plateau is located toward the shaft distal end (120), and in
another embodiment the adjacent plateau is located toward
the shaft proximal end (110). Similarly, in another embodi-
ment an average fourth plateau torsional rigidity throughout
the fourth plateau is at least 10% greater than at least one
average plateau torsional rigidity of an adjacent plateau,
while in one embodiment the adjacent plateau is located
toward the shaft distal end (120), and in another embodiment
the adjacent plateau is located toward the shaft proximal end
(110).

In another embodiment an average third plateau flexural
rigidity throughout the third plateau is at least 10% less than
at least one average plateau flexural rigidity of an adjacent
plateau, while in one embodiment the adjacent plateau is
located toward the shaft distal end (120), and in another
embodiment the adjacent plateau is located toward the shaft
proximal end (110). Similarly, in another embodiment an
average third plateau torsional rigidity throughout the third
plateau is at least 10% less than at least one average plateau
torsional rigidity of an adjacent plateau, while in one
embodiment the adjacent plateau is located toward the shaft
distal end (120), and in another embodiment the adjacent
plateau is located toward the shaft proximal end (110).

In another embodiment an average second plateau flexural
rigidity throughout the second plateau is at least 50% greater
than at least one average plateau flexural rigidity of an
adjacent plateau, while in one embodiment the adjacent
plateau is located toward the shaft distal end (120), and in
another embodiment the adjacent plateau is located toward
the shaft proximal end (110). Similarly, in another embodi-
ment an average second plateau torsional rigidity throughout
the second plateau is at least 50% greater than at least one
average plateau torsional rigidity of an adjacent plateau,
while in one embodiment the adjacent plateau is located
toward the shaft distal end (120), and in another embodiment
the adjacent plateau is located toward the shaft proximal end
(110).

In one embodiment the third plateau has a shaft flexural
rigidity that is (a) at least 50% greater than the tip portion
flexural rigidity, i.e. that of the first plateau, and (b) less than
100 N*m?>. Similarly, the third plateau has a shaft torsional
rigidity that is (a) at least 50% greater than the tip portion
torsional rigidity, i.e. that of the first plateau, and (b) less
than 100 N*m?. In another embodiment the second plateau
has a shaft flexural rigidity is (a) at least 50% greater than
the butt portion flexural rigidity, i.e. that of the third or fifth
plateau, and (b) is greater than 120 N*m?>. Similarly, the
second plateau has a shaft torsional rigidity that is (a) at least
50% greater than the butt portion torsional rigidity, i.e. that
of the third or fifth plateau, and (b) is greater than 120 N*m?.

In another embodiment a portion of the fourth plateau is
within the reinforcement region (2500) and has a shaft
flexural rigidity that is (a) greater than the shaft flexural
rigidity of the third plateau, and (b) less than the shaft
flexural rigidity of the second plateau. Likewise, in a further
embodiment a portion of the fourth plateau is within the
reinforcement region (2500) and has a shaft torsional rigid-
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ity that is (a) greater than the shaft torsional rigidity of the
third plateau, and (b) less than the shaft torsional rigidity of
the second plateau.

In another embodiment the shaft flexural rigidity profile
and the shaft torsional rigidity profile each contain at least
four distinct plateaus with each plateau having a length of at
least 2", and at least one of the plateaus having a length of
at least 6". In a further embodiment the shaft flexural rigidity
profile and the shaft torsional rigidity profile each contain at
least five distinct plateaus with each plateau having a length
of at least 2", and at least two of the plateaus having a length
of at least 6", and at least one of the plateaus having a length
of at least 10".

In diagram (A) of FIG. 10 the shaft (100) is divided into
a tip region and a butt region separated at the midpoint of the
shaft length (130). Thus, the region from the midpoint to the
shaft proximal end (120) is the tip region and the region
from the midpoint to the shaft distal end (110) is the butt
region. In one embodiment an average tip region flexural
rigidity is within 25% of an average butt region flexural
rigidity, while a conventional tapered or stepped shaft has an
average tip region flexural rigidity that is less than 40% of
an average butt region flexural rigidity, as seen in FIG. 12.
In another embodiment the average tip region flexural
rigidity is within 15% of an average butt region flexural
rigidity, and within 10% in a further embodiment, and within
5% in yet another embodiment. In one particular embodi-
ment the average tip region flexural rigidity is at least as
great as the average butt region flexural rigidity. Similarly,
in one embodiment an average tip region torsional rigidity is
within 25% of an average butt region torsional rigidity,
while a conventional tapered or stepped shaft has an average
tip region torsional rigidity that is less than 40% of an
average butt region torsional rigidity, as seen in FIG. 12. In
another embodiment the average tip region torsional rigidity
is within 15% of an average butt region torsional rigidity,
and within 10% in a further embodiment, and within 5% in
yet another embodiment.

In diagram (B) of FIG. 10 the shaft (100) is divided into
a tip non-reinforced region, a reinforced region, and a butt
non-reinforced region. All of the prior disclosure and
embodiments of reinforced region (2500) are applicable to
the reinforced region of FIG. 10. In a further embodiment
the reinforced region (2500) has an average reinforced
region flexural rigidity and an average reinforced region
torsional rigidity, the tip non-reinforced region has an aver-
age tip non-reinforced region flexural rigidity and an aver-
age tip non-reinforced region torsional rigidity, and the butt
non-reinforced region has an average butt non-reinforced
region flexural rigidity and an average butt non-reinforced
region torsional rigidity. An average of the average tip
non-reinforced region flexural rigidity and the average butt
non-reinforced region flexural rigidity is an average non-
reinforced region flexural rigidity, and likewise an average
of the average tip non-reinforced region torsional rigidity
and the average butt non-reinforced region torsional rigidity
is an average non-reinforced region torsional rigidity. In one
embodiment the average reinforced region flexural rigidity
is at least 50% greater than the average non-reinforced
region flexural rigidity, and at least 60% greater in another
embodiment, and at least 70% greater in a further embodi-
ment. Similarly, in a further embodiment the average rein-
forced region torsional rigidity is at least 40% greater than
the average non-reinforced region torsional rigidity, and at
least 50% greater in another embodiment, and at least 60%
greater in a further embodiment. In still another embodiment
the average reinforced region flexural rigidity is 50-150%
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greater than the average non-reinforced region flexural rigid-
ity, and 60-125% greater in another embodiment, and
65-100% greater in a further embodiment. Likewise, in a
further embodiment the average reinforced region torsional
rigidity is 40-120% greater than the average non-reinforced
region torsional rigidity, and 50-110% greater in another
embodiment, and 55-100% greater in a further embodiment.

In diagram (D) of FIG. 11 the shaft (100) is divided into
a tip two-third region and a butt one-third based upon the
shaft length (130). A first portion of the shaft (100) extend-
ing %5 of the shaft length (130) from the shaft proximal end
(120), namely the tip two-third region, has a first average
flexural rigidity, a second portion of the shaft (100) extend-
ing %5 of the shaft length (130) from the shaft distal end
(110), namely the butt one-third region, has a second aver-
age flexural rigidity, and the first average flexural rigidity is
at least 50% of the second average flexural rigidity. These
relationships are significantly different that that found in a
conventional tapered or stepped shaft where the tip two-third
region has an average flexural rigidity that is less than 42%
of the average flexural rigidity of the butt one-third region,
as seen in FIG. 12. Similarly, tip two-third region has a first
average torsional rigidity, the butt one-third region has a
second average torsional rigidity, and the first average
torsional rigidity is at least 50% of the second average
torsional rigidity. These relationships are significantly dif-
ferent that that found in a conventional tapered or stepped
shaft where the tip two-third region has an average torsional
rigidity that is less than 42% of the average torsional rigidity
of the butt one-third region, as seen in FIG. 12. In another
embodiment the first average flexural rigidity is at least 75%
of the second average flexural rigidity. In a further related
embodiment the first average flexural rigidity is at least
100% of the second average flexural rigidity, while in still
another related embodiment the first average flexural rigidity
is 75-200% of the second average flexural rigidity, and in yet
another related embodiment the first average flexural rigidity
is 100-150% of the second average flexural rigidity. In
another embodiment the first average torsional rigidity is at
least 75% of the second average torsional rigidity. In a
further related embodiment the first average torsional rigid-
ity is at least 100% of the second average torsional rigidity,
while in still another related embodiment the first average
torsional rigidity is 75-200% of the second average torsional
rigidity, and in yet another related embodiment the first
average torsional rigidity is 100-150% of the second average
torsional rigidity.

In diagram (C) of FIG. 11 the shaft (100) is divided into
a tip one-third region and a butt two-third based upon the
shaft length (130). A first portion of the shaft (100) extend-
ing V5 of the shaft length (130) from the shaft proximal end
(120), namely the tip one-third region, has a tip %5 average
flexural rigidity, a second portion of the shaft (100) extend-
ing % of the shaft length (130) from the shaft distal end
(110), namely the butt two-third region, has a butt %5 average
flexural rigidity, and the tip %5 average flexural rigidity is at
least 50% of the butt 35 average flexural rigidity. These
relationships are significantly different that that found in a
conventional tapered or stepped shaft where the tip one-third
region has an average flexural rigidity that is less than 36%
of the average flexural rigidity of the butt two-third region,
as seen in FIG. 12. Similarly, tip one-third region has a tip
V4 average torsional rigidity, the butt two-third region has a
butt 25 average torsional rigidity, and the tip %3 average
torsional rigidity is at least 50% of the butt 24 average
torsional rigidity. These relationships are significantly dif-
ferent that that found in a conventional tapered or stepped
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shaft where the tip one-third region has an average torsional
rigidity that is less than 36% of the average torsional rigidity
of the butt two-third region, as seen in FIG. 12. In another
embodiment the tip 5 average flexural rigidity is at least
60% of the butt 24 average flexural rigidity. In a further
related embodiment the tip 15 average flexural rigidity is at
least 70% of the butt %5 average flexural rigidity, while in
still another related embodiment the tip ¥4 average flexural
rigidity is 60-120% of the butt %5 average flexural rigidity,
and in yet another related embodiment the tip %4 average
flexural rigidity is 70-110% of the butt 24 average flexural
rigidity. In another embodiment the tip %4 average torsional
rigidity is at least 60% of the butt %5 average torsional
rigidity. In a further related embodiment the tip 5 average
torsional rigidity is at least 70% of the butt 24 average
torsional rigidity, while in still another related embodiment
the tip %5 average torsional rigidity is 60-120% of the butt 24
average torsional rigidity, and in yet another related embodi-
ment the tip 5 average torsional rigidity is 70-110% of the
butt %4 average torsional rigidity.

Numerous alterations, modifications, and variations of the
preferred embodiments disclosed herein will be apparent to
those skilled in the art and they are all anticipated and
contemplated to be within the spirit and scope of the instant
invention. For example, although specific embodiments
have been described in detail, those with skill in the art will
understand that the preceding embodiments and variations
can be modified to incorporate various types of substitute
and or additional or alternative materials, relative arrange-
ment of elements, and dimensional configurations. Accord-
ingly, even though only few variations of the present inven-
tion are described herein, it is to be understood that the
practice of such additional modifications and variations and
the equivalents thereof, are within the spirit and scope of the
invention as defined in the following claims. The corre-
sponding structures, materials, acts, and equivalents of all
means or step plus function elements in the claims below are
intended to include any structure, material, or acts for
performing the functions in combination with other claimed
elements as specifically claimed.

We claim:

1. A putter shaft (100), comprising:

a shaft distal end (110), a shaft proximal end (120), a shaft
outer diameter, a shaft length (130) of no more than
38", and a shaft mass of at least 100 grams, wherein
each point along the shaft length (130) has (i) a shaft
flexural rigidity, and (ii) a shaft torsional rigidity;

the shaft (100) having a butt portion (1000) joined to a tip
portion (2000) by a coupler (3000);

the butt portion (1000) having a butt portion distal end
(1010), a butt portion proximal end (1020), a butt
portion length (1030), a butt portion sidewall (1040)
having a butt portion sidewall thickness (1050), a butt
portion inner diameter (1060), and a butt portion outer
diameter (1070);

the tip portion (2000) having a tip portion distal end
(2010), a tip portion proximal end (2020), a tip portion
length (2030) that is no more than 65% of the butt
portion length (1030), a tip portion sidewall (2040)
having a tip portion sidewall thickness (2050), a tip
portion inner diameter (2060), and a tip portion outer
diameter (2070), wherein the tip portion outer diameter
(2070) of a portion of the tip portion (2000) is at least
25% less than the butt portion outer diameter (1070) of
a portion of the butt portion (1000);

the coupler (3000) having a coupler distal end (3010), a
coupler proximal end (3020), a coupler length (3030),
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a coupler sidewall (3040) having a coupler sidewall

thickness (3050), a coupler inner diameter (3060), and

a coupler outer diameter (3070);

the butt portion (1000) formed of a non-metallic butt

portion material having a butt material density, a butt

portion mass that is 35-75% of the shaft mass, a butt
portion elastic modulus, a butt portion shear modulus,

and each point along the butt portion length (1030)

having (i) a butt portion area moment of inertia, (ii) a

butt portion polar moment of inertia, (iii) a butt portion

flexural rigidity, and (iv) a butt portion torsional rigid-
ity;

the tip portion (2000) formed of a metallic tip portion

material having a tip material density that is at least

15% greater than the butt material density, a tip portion

elastic modulus, and a tip portion shear modulus, and

each point along the tip portion length (2030) having (i)

a tip portion area moment of inertia, (ii) a tip portion

polar moment of inertia, (iii) a tip portion flexural

rigidity, and (iv) a tip portion torsional rigidity, wherein
the tip portion flexural rigidity of a portion of the tip
portion (2000) is less than the butt portion flexural
rigidity of a portion of the butt portion (1000), and the
tip portion torsional rigidity of a portion of the tip
portion (2000) is less than the butt portion torsional

rigidity of a portion of the butt portion (1000);

wherein a reinforced region (2500) is located between a

first point located 5" from the shaft proximal end (120)

and a second point located 24" from the shaft proximal

end (120), and:

(a) in a first portion of the reinforced region (2500) the
shaft flexural rigidity is at least 50% greater than a
minimum tip portion flexural rigidity and less than
100 N*m?®, and the shaft torsional rigidity is at least
50% greater than a minimum tip portion torsional
rigidity and less than 100 N*m?; and

(b) in a second portion of the reinforced region (2500)
the shaft flexural rigidity is at least 50% greater than
a minimum butt portion flexural rigidity and is
greater than 120 N*m?, and the shaft torsional rigid-
ity is at least 50% greater than a minimum butt
portion torsional rigidity and is greater than 120
N*m?,

2. The shaft (100) of claim 1, wherein a first portion of the
shaft (100) extending %4 of the shaft length (130) from the
shaft proximal end (120) has a first average flexural rigidity,
a second portion of the shaft (100) extending %5 of the shaft
length (130) from the shaft distal end (110) has a second
average flexural rigidity, and the first average flexural rigid-
ity is at least 50% of the second average flexural rigidity.

3. The shaft (100) of claim 2, wherein the tip portion
length (2030) is no more than 55% of the butt portion length
(1030), the tip material density is at least twice the butt
material density, the minimum tip portion flexural rigidity is
at least 25% less than the minimum butt portion flexural
rigidity, and the minimum tip portion torsional rigidity is at
least 25% less than the minimum butt portion torsional
rigidity.

4. The shaft (100) of claim 3, wherein the shaft length
(130) is no more than 36", the shaft flexural rigidity is
constant throughout at least 25% of the shaft length (130),
the shaft torsional rigidity is constant throughout at least
25% of the shaft length (130), and the shaft (100) has a shaft
center of gravity located a shaft CG distance from the shaft
proximal end (120) that is 11-16", the shaft (100) has a
kickpoint located a kickpoint distance from the shaft proxi-
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mal end (120) that is at least 75% of the shaft CG distance,
and the shaft CG distance is no more than 50% of the shaft
length (130).

5. The shaft (100) of claim 4, wherein the shaft outer
diameter is constant throughout at least 50% of the shaft
length (130), the kickpoint distance is 85-135% of the shaft
CG distance, and the shaft CG distance is 35-45% of the
shaft length (130).

6. The shaft (100) of claim 2, wherein the coupler (3000)
has a coupler mass that is no more than 15% of the shaft
mass, the butt portion mass that is 40-70% of the shaft mass,
and the tip portion (2000) has a tip portion mass that is
35-85% of the butt portion mass.

7. The shaft (100) of claim 2, wherein in the first portion
of the reinforced region (2500) the shaft flexural rigidity is
at least 75% greater than the minimum tip portion flexural
rigidity and less than 90 N*m?, the shaft torsional rigidity is
at least 75% greater than the minimum tip portion torsional
rigidity and less than 90 N*m?, and wherein in the second
portion of the reinforced region (2500) the shaft flexural
rigidity is at least 75% greater than the minimum butt
portion flexural rigidity and is greater than 135 N*m?, and
the shaft torsional rigidity is at least 75% greater than the
minimum butt portion torsional rigidity and is greater than
135 N*m?.

8. The shaft (100) of claim 2, wherein the first average
flexural rigidity is 75-200% of the second average flexural
rigidity.

9. The shaft (100) of claim 2, wherein the coupler (3000)
is formed of a coupler material having a coupler material
density, a coupler mass, a coupler elastic modulus, a coupler
shear modulus, and each point along the coupler length
(3030) has (i) a coupler flexural rigidity, and (ii) a coupler
torsional rigidity, wherein at least a portion of coupler
(3000) has a coupler flexural rigidity that is greater than the
tip portion flexural rigidity of a portion of the tip portion
(2000), and at least a portion of the coupler (3000) has a
coupler torsional rigidity that is greater than the tip portion
torsional rigidity of a portion of the tip portion (2000).

10. The shaft (100) of claim 9, wherein at least a portion
of the coupler (3000) has a coupler flexural rigidity that is
greater than the butt portion flexural rigidity of a portion of
the butt portion (1000), and at least a portion of the coupler
(3000) has a coupler torsional rigidity that is greater than the
butt portion torsional rigidity of a portion of the butt portion
(1000).

11. The shaft (100) of claim 10, wherein at least a portion
of coupler (3000) has a coupler flexural rigidity that is
100-500% greater than the tip portion flexural rigidity of a
portion of the tip portion (2000), and at least a portion of the
coupler (3000) has a coupler torsional rigidity that is 100-
500% greater than the tip portion torsional rigidity of a
portion of the tip portion (2000).

12. The shaft (100) of claim 2, further including a butt
portion insert (4000) attached in the butt portion (1000) and
having a butt portion insert distal end (4010), a butt portion
insert proximal end (4020), a butt portion insert length
(4030) that is at least 25% of the tip portion length (2030),
a butt portion insert sidewall (4040) having a butt portion
insert sidewall thickness (4050), a butt portion insert inner
diameter (4060), and a butt portion insert outer diameter
(4070) that is less than the butt portion inner diameter
(1060), wherein majority of the butt portion insert length
(4030) is within the reinforced region (2500).

13. The shaft (100) of claim 12, wherein the butt portion
insert length (4030) is at least 50% of the tip portion length
(2030) and no more than 50% of the butt portion length
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(1030), and the butt portion insert length (4030) is at least
10% of the butt portion length (1030) and no more than
150% of the tip portion length (2030).

14. The shaft (100) of claim 12, wherein at least 75% of
the butt portion insert length (4030) is within the reinforced
region (2500).

15. The shaft (100) of claim 14, wherein the butt portion
insert proximal end (4020) is separated from the coupler
distal end (3010) by a separation distance (4080) that is at
least 50% of the butt portion outer diameter (1070).

16. The shaft (100) of claim 15, wherein the separation
distance (4080) is no more than five times the butt portion
outer diameter (1070), and the separation distance (4080) is
no more than 50% of the butt portion insert length (4030).

17. The shaft (100) of claim 15, wherein in a third portion
of the reinforced region (2500) the shaft flexural rigidity is
greater than the shaft flexural rigidity in the first portion and
less than the shaft flexural rigidity in the second portion, and
shaft torsional rigidity is greater than the shaft torsional
rigidity in the first portion and less than the shaft torsional
rigidity in the second portion.

18. The shaft (100) of claim 12, wherein the butt portion
insert (4000) is formed of a butt portion insert material
having a butt portion insert material density, a butt portion
insert mass, a butt portion insert elastic modulus, a butt
portion insert shear modulus, and each point along the butt
portion insert length (4030) has (i) a butt portion insert

25

24

flexural rigidity, and (ii) a butt portion insert torsional
rigidity, wherein at least a portion of butt portion insert
(4000) has a butt portion insert flexural rigidity that is
greater than the tip portion flexural rigidity of a portion of
the tip portion (2000), at least a portion of the butt portion
insert (4000) has a butt portion insert torsional rigidity that
is greater than the tip portion torsional rigidity of a portion
of'the tip portion (2000), at least a portion of the butt portion
insert (4000) has a butt portion insert flexural rigidity that is
greater than the butt portion flexural rigidity of a portion of
the butt portion (1000), and at least a portion of the butt
portion insert (4000) has a butt portion insert torsional
rigidity that is greater than the butt portion torsional rigidity
of a portion of the butt portion (1000).

19. The shaft (100) of claim 1, wherein the shaft length
(130) is no more than 36", the shaft (100) has a shaft center
of gravity located a shaft CG distance from the shaft
proximal end (120) that is 11-16", the shaft (100) has a
kickpoint located a kickpoint distance from the shaft proxi-
mal end (120) that is at least 75% of the shaft CG distance,
and the shaft CG distance is no more than 50% of the shaft
length (130).

20. The shaft (100) of claim 19, wherein the kickpoint
distance is 85-135% of the shaft CG distance, and the shaft
CG distance is 35-45% of the shaft length (130).
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