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(57) Abstract: Embodiments of golf club heads and methods to manufacture golf club heads are generally described herein. In one
example, a golf club head may include a body portion and a plurality of weight portions. The body portion may include a front por -
tion, a rear portion, a toe portion, a heel portion, a top portion, a bottom portion having an outer surface associated with an outer sur-
face curve, and a weight port region located at or proximate to the bottom portion. Other examples and embodiments may be de-
scribed and claimed.
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GOLF CLUB HEADS AND METHODS TO MANUFACTURE GOLF CLUB HEADS

COPYRIGHT AUTHORIZATION
[0001] The present disclosure may be subject to copyright protection. The copyright owner
has no objection to the facsimile reproduction by anyone of the present disclosure and its related
documents, as they appear in the Patent and Trademark Office patent files or records, but
otherwise reserves all applicable copyrights.
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FIELD
[0003] The present disclosure generally relates to sports equipment, and more particularly, to
golf club heads and methods to manufacture golf club heads.
BACKGROUND
[0004] In golf, various factors may affect the distance and direction that a golf ball may
travel. In particular, the center of gravity (CG) and/or the moment of inertia (MOI) of a golf club
head may affect the launch angle, the spin rate, and the direction of the golf ball at impact. Such
factors may vary significantly based the type of golf swing.
BRIEF DESCRIPTION OF THE DRAWINGS
[0005] FIG. 1 is top perspective view of an example golf club head according to an
embodiment of the apparatus, methods, and articles of manufacture described herein.
[0006] FIG. 2 depicts a bottom perspective view of the example golf club head of FIG. 1.
[0007] FIG. 3 depicts a top view of the example golf club head of FIG. 1.
[0008] FIG. 4 depicts a bottom view of the example golf club head of FIG. 1.
[0009] FIG. 5 depicts a front view of the example golf club head of FIG. 1.
[0010] FIG. 6 depicts a rear view of the example golf club head of FIG. 1.
[0011] FIG. 7 depicts a toe view of the example golf club head of FIG. 1.
[0012] FIG. 8 depicts a heel view of the example golf club head of FIG. 1.
[0013] FIG. 9 depicts a bottom view of an example body portion of the example golf club
head of FIG. 1.
[0014] FIG. 10 depicts a cross-sectional view of the example body portion of the example
golf club head of FIG. 1.
[0015] FIG. 11 depicts two weight ports of the example golf club head of FIG. 1.
[0016] FIG. 12 depicts a top view of an example weight portion of the example golf club
head of FIG. 1.
[0017] FIG. 13 depicts a side view of the example weight portion of FIG. 10.
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[0018]
FIG. 1.
[0019]
[0020]
[0021]
[0022]
[0023]
FIG. 18.
[0024]

FIG

FIG
FIG
FIG
FIG
FIG

FIG

. 14 depicts example launch trajectory profiles of the example golf club head of

. 15 depicts a first weight configuration of the example weight portions.

. 16 depicts a second weight configuration of the example weight portions.
. 17 depicts a third weight configuration of the example weight portions.

. 18 depicts a fourth weight configuration of the example weight portions.

. 19 depicts an example launch trajectory profile of the example golf club head of

. 20 depicts one manner in which the example golf club heads described herein

may be manufactured.
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[0026]
[0027]
head.
[0028]
head.
[0029]
head.
[0030]
[0031]
head.
[0032]
217.
[0033]
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[0034]
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[0035]
head.
[0036]
31.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.
FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

21 depicts a bottom view of another example golf club head.

22 depicts a bottom view of yet another example golf club head.

23 depicts a schematic cross-sectional view of yet another example golf club
24 depicts a schematic cross-sectional view of yet another example golf club

25 depicts a schematic side cross-sectional view of another example golf club

26 depicts a schematic front cross-section view of the golf club head of FIG. 25.

27 depicts a schematic side cross-sectional view of another example golf club

28 depicts a schematic front cross-sectional view of the golf club head of FIG.

29 depicts a schematic bottom cross-sectional view of another example golf club

30 depicts a schematic side cross-sectional view of the golf club head of FIG.

31 depicts a schematic bottom cross-sectional view of another example golf club

32 depicts a schematic side cross-sectional view of the golf club head of FIG.
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[0037] FIG. 33 depicts a bottom perspective view of another example golf club head.
[0038] FIG. 34 depicts a bottom view of the golf club head of FIG. 33.

[0039] FIG. 35 depicts a rear view of the golf club head of FIG. 33.

[0040] FIG. 36 depicts a toe view of the golf club head of FIG. 33.

[0041] FIG. 37 depicts a heel view of the golf club head of FIG. 33.

[0042] FIG. 38 depicts a side cross-sectional view of the golf club head of FIG. 33 along line
38-38.

[0043] FIG. 39 depicts another side cross-sectional view of the golf club head of FIG. 33
along line 39-39.

[0044] FIG. 40 depicts another side cross-sectional view of the golf club head of FIG. 33
along line 40-40.

[0045] FIG. 41 depicts another side cross-sectional view of the golf club head of FIG. 33
along line 41-41.

[0046] FIG. 42 depicts a bottom perspective view of another example golf club head.
[0047] FIG. 43 depicts a bottom view of the golf club head of FIG. 42.

[0048] FIG. 44 depicts a rear view of the golf club head of FIG. 42.

[0049] FIG. 45 depicts a toe view of the golf club head of FIG. 42.

[0050] FIG. 46 depicts a heel view of the golf club head of FIG. 42.

[0051] FIG. 47 depicts a schematic side cross-sectional view of another example golf club
head.

[0052] FIG. 48 depicts a schematic exploded cross-sectional view of the golf club head of
FIG. 47.

[0053] FIG. 49 depicts a bottom perspective view of another example golf club head.
[0054] FIG. 50 depicts a bottom view of the golf club head of FIG. 49.

[0055] FIG. 51 depicts a bottom cross-sectional view of the golf club head of FIG. 49.
[0056] FIG. 52 depicts a schematic cross-sectional view of a portion of a bottom portion of
the golf club head of FIG. 51.

[0057] FIG. 53 depicts a top view of a golf club head according to another embodiment of
the apparatus, methods, and articles of manufacture described herein.

[0058] FIG. 54 depicts a schematic cross-sectional view of the example golf club head of
FIG. 53 along line 54-54.
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[0059] FIG. 55 depicts a front view of the example golf club head of FIG. 53.
[0060] FIG. 56 depicts a top view of a golf club head according to yet another embodiment
of the apparatus, methods, and articles of manufacture described herein.
[0061] FIG. 57 depicts a schematic cross-sectional view of the example golf club head of
FIG. 56 along line 57-57.
[0062] FIG. 58 depicts a front view of the example golf club head of FIG. 56.
[0063] FIG. 59 depicts a top view of a golf club head according to yet another embodiment
of the apparatus, methods, and articles of manufacture described herein.
[0064] FIG. 60 depicts a schematic cross-sectional view of the example golf club head of
FIG. 59 along line 60-60.
[0065] FIG. 61 depicts a schematic cross-sectional view of the example golf club head of
FIG. 59 along line 60-60 according to another embodiment of the apparatus, methods, and
articles of manufacture described herein.
[0066] For simplicity and clarity of illustration, the drawing figures illustrate the general
manner of construction, and descriptions and details of well-known features and techniques may
be omitted to avoid unnecessarily obscuring the present disclosure. Additionally, elements in the
drawing figures are not necessarily drawn to scale. For example, the dimensions of some of the
elements in the figures may be exaggerated relative to other elements to help improve
understanding of embodiments of the present disclosure.

DESCRIPTION
[0067] In general, golf club heads and methods to manufacture golf club heads are described
herein. The apparatus, methods, and articles of manufacture described herein are not limited in
this regard.
[0068] In the example of FIGs. 1-13, a golf club head 100 may include a body portion 110,
and a plurality of weight portions 120, generally, shown as a first set of weight portions 210
(FIG. 2) and a second set of weight portions 220 (FIG. 2). The body portion 110 may include a
top portion 130, a bottom portion 140, a toe portion 150, a heel portion 160, a front portion 170,
and a rear portion 180. The bottom portion 140 may include a skirt portion 190 defined as a side
portion of the golf club head 100 between the top portion 130 and the bottom portion 140
excluding the front portion 170 and extending across a periphery of the golf club head 100 from
the toe portion 150, around the rear portion 180, and to the heel portion 160. The bottom portion



WO 2016/115576 PCT/US2016/017474

140 may include a transition region 230 and a weight port region 240. For example, the weight
port region 240 may be a D-shape region. The weight port region 240 may include a plurality of
weight ports 900 (FIG. 9) to receive the plurality of weight portions 120. The front portion 170
may include a face portion 175 to engage a golf ball (not shown). The body portion 110 may
also include a hosel portion 165 to receive a shaft (not shown). Alternatively, the body portion
110 may include a bore instead of the hosel portion 165. For example, the body portion 110 may
be made partially or entirely of an aluminum-based material, a magnesium-type material, a steel-
based material, a titanium-based material, any combination thereof, or any other suitable
material. In another example the body portion 110 may be made partially or entirely of a non-
metal material such as a ceramic material, a composite material, any combination thereof, or any
other suitable material.

[0069] The golf club head 100 may have a club head volume greater than or equal to 300
cubic centimeters (cm’ or cc). In one example, the golf club head 100 may be about 460 cc.
Alternatively, the golf club head 100 may have a club head volume less than or equal to 300 cc.
In particular, the golf club head 100 may have a club head volume between 100 cc and 200 cc.
The club head volume of the golf club head 100 may be determined by using the weighted water
displacement method (i.e., Archimedes Principle). For example, procedures defined by golf
standard organizations and/or governing bodies such as the United States Golf Association
(USGA) and/or the Royal and Ancient Golf Club of St. Andrews (R&A) may be used for
measuring the club head volume of the golf club head 100. Although FIG. 1 may depict a
particular type of club head (e.g., a driver-type club head), the apparatus, methods, and articles of
manufacture described herein may be applicable to other types of club head (e.g., a fairway
wood-type club head, a hybrid-type club head, an iron-type club head, a putter-type club head,
etc.). The apparatus, methods, and articles of manufacture described herein are not limited in
this regard.

[0070] Each of the first set of weight portions 210, generally shown as 405, 410, 415, 420,
425, 430, and 435 (FIG. 4), may be associated with a first mass. Each of the second set of
weight portions 220, generally shown as 440, 445, 450, 455, 460, 465, 470, 475, and 480 (FIG.
4), may be associated with a second mass. The first mass may be greater than the second mass
or vice versa. In one example, the first set of weight portions 210 may be made of a tungsten-

based material whereas the second set of weight portions 220 may be made of an aluminum-
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based material. As described in detail below, the first and second set of weight portions 210 and
220, respectively, may provide various weight configurations (e.g., FIGs. 15-18).

[0071] Referring to FIGs. 9-11, for example, the bottom portion 140 of the body portion 110
may include a plurality of weight ports 900. The plurality of weight ports 900, generally shown
as 905, 910, 915, 920, 925, 930, 935, 940, 945, 950, 955, 960, 965, 970, 975, and 980, may be
located along a periphery of the weight port region 240 of the bottom portion 140. The plurality
of weight ports 900 may extend across the bottom portion 140. In particular, the plurality of
weight ports 900 may extend between the toe and heel portions 150 and 160, respectively, across
the bottom portion 140. The plurality of weight ports 900 may also extend between the front and
rear portions 170 and 180, respectively, across the bottom portion 140. The plurality of weight
ports 900 may be arranged across the bottom portion 140 along a path that defines a generally D-
shaped loop. In one example, the plurality of weight ports 900 may extend more than 50% of a
maximum toe-to-heel distance 500 between of the toe and heel portions 150 and 160,
respectively, across the bottom portion 140. The maximum toe-to-heel distance 500 of the golf
club head 100 may be measured from transition regions between the top and bottom portions 130
and 140, respectively, at the toe and heel portions 150 and 160, respectively. Alternatively, the
maximum toe-to-heel distance 500 may be a horizontal distance between vertical projections of
the outermost points of the toe and heel portions 150 and 160, respectively. For example, the
maximum toe-to-heel distance 500 may be measured when the golf club head 100 is at a lie
angle 510 of about 60 degrees. If the outermost point of the heel portion 160 is not readily
defined, the outermost point of the heel portion 160 may be located at a height 520 of about
0.875 inches (22.23 millimeters) above a ground plane 530 (i.e., a horizontal plane on which the
golf club head 100 is lying on). The plurality of weight ports 900 may extend more than 50% of
a maximum toe-to-heel club head distance 500 of the golf club head 110. In particular, the
plurality of weight ports 900 may extend between the toe portion 150 and the heel portion 160 at
a maximum toe-to-heel weight port distance 995, which may be more than 50% of the maximum
toe-to-heel club head distance 500 of the golf club head 110. In one example, the maximum toe-
to-heel club head distance 500 of the golf club head 110 may be no more than 5 inches (127
millimeters). Accordingly, the plurality of weight ports 900 may extend a weight port maximum
toe-to-heel weight port distance of at least 2.5 inches between the toe and heel portions 150 and

160, respectively. A maximum toe-to-heel weight port distance 995 may be the maximum
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distance between the heel-side boundary of the weight port farthest from the toe portion 150 and
the toe-side boundary of the weight port farthest from the heel portion 160. In the example of
FIG. 9, the weight port maximum toe-to-heel weight port distance 995 may be the maximum
distance between the heel-side boundary of the weight port 940 and toe-side boundary of the
weight port 980. For example, the maximum toe-to-heel weight port distance 995 may be about
3.7 inches. As the rules of golf may change from time to time (e.g., new regulations may be
adopted or old rules may be eliminated or modified by golf standard organizations and/or
governing bodies), the lie angle 510 and/or the height 520 for measuring the maximum toe-to-
heel club head distance 500 may also change. The apparatus, methods, and articles of
manufacture described herein are not limited in this regard.

[0072] Each of the plurality of weight ports 900 may be associated with a port diameter
(Dport) (e.g., two shown as 1105 and 1110 in FIG. 11). For example, the port diameter of each
weight port of the plurality of weight ports 900 may be about 0.3 inch (7.65 millimeters).
Alternatively, the port diameters of adjacent weight ports may be different. In one example, the
weight port 905 may be associated with a port diameter 1105, and the weight port 910 may be
associated with a port diameter 1110. In particular, the port diameter 1105 of the weight port
905 may be larger than the port diameter 1110 of the weight port 910 or vice versa. The
apparatus, methods, and articles of manufacture described herein are not limited in this regard.
[0073] The bottom portion 140 may also include an outer surface 990. As illustrated in FIG.
10, for example, the plurality of weight ports 900 may be formed on the bottom portion 140
relative to an outer surface curve 1090 formed by the outer surface 990. In particular, each of the
plurality of weight ports 900 may be associated with a port axis generally shown as 1005, 1010,
and 1015. A center of a weight port may define the port axis of the weight port. Each port axis
may be perpendicular or substantially perpendicular to a plane that is tangent to the outer surface
curve 1090 at the point of intersection of the port axis and the outer surface curve 1090. In one
example, substantially perpendicular may refer to a deviation of £5° from perpendicular. In
another example, substantially perpendicular may refer to a deviation of £3° from perpendicular.
The deviation from perpendicular may depend on manufacturing tolerances.

[0074] In one example, the port axis 1010 may be perpendicular or substantially
perpendicular (i.e., normal) to a tangent plane 1012 of the outer surface curve 1090. Multiple

fixtures may be used to manufacture the plurality of weight ports 900 by positioning the golf
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club head 100 in various positions. Alternatively, the weight ports may be manufactured by
multiple-axis machining processes, which may be able to rotate the golf club head around
multiple axes to mill away excess material (e.g., by water jet cutting and/or laser cutting) to form
the plurality of weight ports 900. Further, multiple-axis machining processes may provide a
suitable surface finish because the milling tool may be moved tangentially about a surface.
Accordingly, the apparatus, methods, and articles of manufacture described herein may use a
multiple-axis machining process to form each of the plurality of weight ports 900 on the bottom
portion 140. For example, a five-axis milling machine may form the plurality of weight ports
900 so that the port axis 1000 of each of the plurality weight ports 900 may be perpendicular or
substantially perpendicular to the outer surface curve 1090. The tool of the five-axis milling
machine may be moved tangentially about the outer surface curve 1090 of the outer surface 990.
[0075] Turning to FIG. 11, for example, two adjacent weight ports may be separated by a
port distance 1100, which may be the shortest distance between two adjacent weight ports on the
outer surface 990. In particular, the port distance 1100 may be less than or equal to the port
diameter of any of the two adjacent weight ports. In one example, the port distance 1100
between the weight ports 905 and 910 may be less than or equal to either the port diameter 1105
or the port diameter 1110. The apparatus, methods, and articles of manufacture described herein
are not limited in this regard.

[0076] The plurality of weight portions 120 may have similar or different physical properties
(e.g., density, shape, mass, volume, size, color, etc.). In one example, the first set of weight
portions 210 may be a black color whereas the second set of weight portions 220 may be a gray
color or a steel color. Some or all of the plurality of weight portions 120 may be partially or
entirely made of a metal material such as a steel-based material, a tungsten-based material, an
aluminum-based material, any combination thereof or suitable types of materials. Alternatively,
some or all of the plurality of weight portions 120 may be partially or entirely made of a non-
metal material (e.g., composite, plastic, etc.).

[0077] In the illustrated example as shown in FIGs. 12 and 13, each weight portion of the
plurality of weight portions 120 may have a cylindrical shape (e.g., a circular cross section).
Although the above examples may describe weight portions having a particular shape, the
apparatus, methods, and articles of manufacture described herein may include weight portions of

other suitable shapes (e.g., a portion of or a whole sphere, cube, cone, cylinder, pyramid,
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cuboidal, prism, frustum, or other suitable geometric shape). Each weight portion of the plurality
of weight portions 120 may be associated with a diameter 1200 and a height 1300. In one
example, each weight portion of the plurality of weight portions 120 may have a diameter of
about 0.3 inch (7.62 millimeters) and a height of about 0.2 inch (5.08 millimeters).
Alternatively, the first and second sets of weight portions 210 and 220, respectively, may be
different in width and/or height.

[0078] Instead of a rear-to-front direction as in other golf club heads, each weight portion of
the plurality of weight portions 120 may engage one of the plurality of weight ports 400 in a
bottom-to-top direction. The plurality of weight portions 120 may include threads to secure in
the weight ports. For example, each weight portion of the plurality of weight portions 120 may
be a screw. The plurality of weight portions 120 may not be readily removable from the body
portion 110 with or without a tool. Alternatively, the plurality of weight portions 120 may be
readily removable (e.g., with a tool) so that a relatively heavier or lighter weight portion may
replace one or more of the plurality of weight portions 120. In another example, the plurality of
weight portions 120 may be secured in the weight ports of the body portion 110 with epoxy or
adhesive so that the plurality of weight portions 120 may not be readily removable. In yet
another example, the plurality of weight portions 120 may be secured in the weight ports of the
body portion 110 with both epoxy and threads so that the plurality of weight portions 120 may
not be readily removable. The apparatus, methods, and articles of manufacture described herein
are not limited in this regard.

[0079] In contrast to other golf club heads, the golf club head 100 may accommodate at least
four different types of golf swings. As illustrated in FIG. 14, for example, each weight
configuration may be associated with one of the plurality of launch trajectory profiles 1400,
generally shown as 1410, 1420, and 1430. Referring to FIG. 15, for example, a first weight
configuration 1500 may be associated with a configuration of a first set of weight ports 1510.
The first set of weight ports 1510 may be located at or proximate to the front portion 170 (e.g.,
weight ports 905, 910, 915, 920, 925, 930, and 935 shown in FIG. 9). In the first weight
configuration 1500, a first set of weight portions may be disposed toward the front portion 170
according to the configuration of the first set of weight ports 1510, whereas a second set of
weight portions may be disposed toward the rear portion 180. In particular, the first set of

weight portions may form a cluster according to the configuration of the first set of weight ports

10



WO 2016/115576 PCT/US2016/017474

1510 at or proximate to the front portion 170. The weight portions 405, 410, 415, 420, 425, 430,
and 435 may define the first set of weight portions and may be disposed in weight ports 905,
910, 915, 920, 925, 930, and 935, respectively. The weight portions 440, 445, 450, 455, 460,
465, 470, 475, and 480 may define the second set of weight portions and may be disposed in
weight ports 940, 945, 950, 955, 960, 965, 970, 975, and 980, respectively. The first weight
configuration 1500 may be associated with the first launch trajectory profile 1410 (FIG. 14). In
particular, the first weight configuration 1500 may decrease spin rate of a golf ball. By placing
relatively heavier weight portions (i.e., the first set of weight portions) towards the front portion
170 of the golf club head 100 according to the configuration of the first set of weight ports 1510,
the center of gravity (GC) of the golf club head 100 may move relatively forward and lower to
produce a relatively lower launch and spin trajectory. As a result, the first launch trajectory
profile 1410 may be associated with a relatively greater roll distance (i.e., distance after impact
with the ground). While the above example may describe the weight portions being disposed in
certain weight ports, any weight portion of the first set of weight portions 210 may be disposed
in any weight port of the first set of weight ports 1510.

[0080] Turning to FIG. 16, for example, a second weight configuration 1600 may be
associated with a configuration of a second set of weight ports 1610. The second set of weight
ports 1610 may be located at or proximate to the rear portion 180 (e.g., weight ports, 945, 950,
955, 960, 965, 970, and 975 shown in FIG. 9). In a second weight configuration 1600 as
illustrated in FIG. 16, for example, a first set of weight portions may be disposed toward the rear
portion 180 whereas a second set of weight portions may be disposed toward the front portion
170. In particular, the first set of weight portions may form a cluster 1610 at or proximate to the
rear portion 180 according to the configuration of the second set of weight ports 1610. The
weight portions 405, 410, 415, 420, 425, 430, and 435 may define the first set of weight portions
and may be disposed in weight ports 945, 950, 955, 960, 965, 970, and 975, respectively. The
weight portions 440, 445, 450, 455, 460, 465, 470, 475, and 480 may define the second set of
weight portions and may be disposed in weight ports 905, 910, 915, 920, 925, 930, 935, 940, and
980, respectively. The second weight configuration 1600 may be associated with the second
launch trajectory profile 1420 (FIG. 14). In particular, the second weight configuration 1600
may increase launch angle of a golf ball and maximize forgiveness. By placing the relatively

heavier weight portion (i.e., the first set of weight portions) towards the rear portion 180 of the
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golf club head 100 according to the configuration of the second set of weight ports 1610, the
center of gravity (GC) of the golf club head 100 may move relatively back and up to produce a
relatively higher launch and spin trajectory. Further, the moment of inertia (MOI) of the golf
club head 100 may increase in both the horizontal (front-to-back axis) and vertical axes (top-to-
bottom axis), which in turn, provides relatively more forgiveness on off-center hits. As a result,
the second launch trajectory profile 1420 may be associated with a relatively greater carry
distance (i.e., in-the-air distance).

[0081] Turning to FIG. 17, for example, a third weight configuration 1700 may be associated
with a configuration of a third set of weight ports 1710. In the third weight configuration 1700,
for example, a first set of weight portions may be disposed toward the heel portion 160 whereas a
second set of weight portions may be disposed toward the toe portion 150. In particular, the first
set of weight portions may form a cluster of weight portions at or proximate to the heel portion
160 according to the configuration of the third set of weight ports 1710. The weight portions
405, 410, 415, 420, 425, 430, and 435 may define the first set of weight portions and may be
disposed in weight ports 925, 930, 935, 940, 945, 950, and 955, respectively. The weight
portions 440, 445, 450, 455, 460, 465, 470, 475, and 480 may define the second set of weight
portions and may be disposed in weight ports 905, 910, 915, 920, 960, 965, 970, 975, and 980,
respectively. The third weight configuration 1600 may be associated with a third launch
trajectory profile 1430 (FIG. 14). In particular, the third weight configuration 1700 may allow
an individual to turn over the golf club head 100 relatively easier (i.e., square up the face portion
175 to impact a golf ball). By placing the relatively heavier weight portions (i.e., the first set of
weight portions) towards the heel portion 160 of the golf club head 100, the center of gravity
(GC) of the golf club head 100 may move relatively closer to the axis of the shaft.

[0082] Turning to FIG. 18, for example, a fourth weight configuration 1800 may be
associated with a configuration of a fourth set of weight ports 1810. In a fourth weight
configuration 1800, for example, a first set of weight portions may be disposed toward the toe
portion 150 whereas a second set of weight portions may be disposed toward the heel portion
160. In particular, the first set of weight portions may form a cluster of weight portions at or
proximate to the toe portion 150 according to the configuration of the fourth set of weight ports
1810. The weight portions 405, 410, 415, 420, 425, 430, and 435 may define the first set of
weight portions and may be disposed in weight ports 905, 910, 915, 965, 970, 975, and 980,
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respectively. The weight portions 440, 445, 450, 455, 460, 465, 470, 475, and 480 may define
the second set of weight portions and may be disposed in weight ports 920, 925, 930, 935, 940,
945, 950, 955, and 960, respectively. The fourth weight configuration 1800 may be associated
with the third launch trajectory profile 1430 (FIG. 14). In particular, the fourth weight
configuration 1800 may prevent an individual from turning over the golf club head 100 (i.e., the
face portion 175 may be more open to impact a golf ball). By placing the relatively heavier
weight portions (i.e., the first set of weight portions) towards the toe portion 150 of the golf club
head 100, the center of gravity (GC) of the golf club head 100 may move relatively farther away
from the axis of the shaft. The fourth weight configuration 1800 may result in a fade golf shot
(as shown in FIG. 19, for example, a trajectory or ball flight in which a golf ball travels to the
left of a target 1910 and curving back to the right of the target for a right-handed individual).
The apparatus, methods, and articles of manufacture described herein are not limited in this
regard.

[0083] FIG. 20 depicts one manner in which the golf club head 100 may be manufactured.
In the example of FIG. 20, the process 2000 may begin with providing a plurality of weight
portions (block 2010). The plurality of weight portions may include a first set of weight portions
and a second set of weight portions. Each weight portion of the first set of weight portions may
be associated with a first mass whereas each weight portion of the second set of weight portions
may be associated with a second mass. The first mass may be greater than the second mass. In
one example, each weight portion of the first set of weight portions may be made of a tungsten-
based material with a mass 2.6 grams whereas each weight portion of the second set of weight
portions may be made of an aluminum-based material with a mass of 0.4 grams. The first set of
weight portions may have a gray color or a steel color whereas the second set of weight portions
may have a black color.

[0084] The process 2000 may provide a body portion of a golf club head (block 2020). The
body portion may include a front portion, a rear portion, a toe portion, a heel portion, a top
portion, a bottom portion having an outer surface associated with outer surface curve, and a skirt
portion between the top and bottom portion.

[0085] The process 2000 may form a weight port region located at or proximate to the
bottom and skirts portions (block 2030). A transition region may surround the weight port

region.
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[0086] The process 2000 may form a plurality of weight ports along a periphery of the
weight port region (block 2040). Each weight port of the plurality of weight ports may be
associated with a port diameter and configured to receive at least one weight portion of the
plurality of weight portions. Two adjacent weight ports may be separated by less than or equal
to the port diameter. Further, each weight port of the plurality of weight ports may be associated
with a port axis. The port axis may be perpendicular or substantially perpendicular relative to a
tangent plane of the outer surface curve of the bottom portion of the golf club head.

[0087] The example process 2000 of FIG. 20 is merely provided and described in
conjunction with FIGs. 1-19 as an example of one way to manufacture the golf club head 100.
While a particular order of actions is illustrated in FIG. 20, these actions may be performed in
other temporal sequences. For example, two or more actions depicted in FIG. 20 may be
performed sequentially, concurrently, or simultaneously. Although FIG. 20 depicts a particular
number of blocks, the process may not perform one or more blocks. The apparatus, methods,
and articles of manufacture described herein are not limited in this regard.

[0088] As shown in the above examples, the plurality of weight portions 120 and the
plurality of weight ports 900 may be located on a periphery of the weight port region 240 along a
path that defines a generally D-shaped loop formed with two arcs, generally shown as 490 and
495 in FIG. 4. For example, the weight portions 405, 410, 415, 420, 425, 430, and 435 (FIG. 4),
and the weight ports 905, 910, 915, 920, 925, 930, and 935 (FIG. 9) may form the first arc 490.
In particular, the first arc 490 may extend between the toe and heel portions 150 and 160,
respectively, across the bottom portion 140. The weight portions 440, 445, 450, 455, 460, 465,
470, 475, and 480 (FIG. 4), the weight ports 940, 945, 950, 955, 960, 965, 970, 975, and 980
(FIG. 9) may form the second arc 495. The second arc 495 may generally follow the contour of
the rear portion 180 of the body portion 110. Alternatively, the first and second arcs 490 and 495
may define loops with other shapes that extend across the bottom portion 140 (e.g., a generally
O-shaped loop). The apparatus, methods, and articles of manufacture described herein are not
limited in this regard.

[0089] Although the above examples may depict the plurality of weight portions 120 and the
plurality of weight ports 900 forming a particular geometric shape, the apparatus, methods, and
articles of manufacture described herein may have weight portions and weight ports located

along a periphery of a weight portion region to form other geometric shapes. Turning to FIG. 21,
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for example, a golf club head 2100 may include a bottom portion 2110, and a plurality of weight
portions 2120 disposed in a plurality of weight ports 2130. The plurality of weight ports 2130
may be located along a periphery of a weight port region 2140 of the bottom portion 2110 (i.e.,
the plurality of weight ports 2130 may extend between the toe and heel portions 2112 and 2114,
respectively, across the bottom portion 2110). In contrast to the plurality of weight portions 120
and the plurality of weight ports 900 (e.g., FIGs. 4 and 9), the plurality of weight ports 2130 may
form two discrete arcs, generally shown as 2150 and 2155, extending across the bottom portion
2110.

[0090] The first arc 2150 may extend between the toe portion 2112 and the heel portion
2114. The first arc 2150 may curve toward the front portion 2170 of the golf club head 2100
(i.e., concave relative to the front portion 2170). According to the example of FIG. 21, the first
arc 2150 may extend from a region proximate the toe portion 2112 to a region proximate to the
front portion 2170 and from the region proximate to the front portion 2170 to a region proximate
to the heel portion 2114 (i.e., concave relative to the front portion 2170). Accordingly, the first
arc 2150 may appear as a C-shaped arc facing the rear portion 2180 of the golf club head 2110
that extends between the toe portion 2112 and the heel portion 2114. The second arc 2155 may
also extend between the toe portion 2112 and the heel portion 2114. The second arc 2155 may
curve toward the rear portion 2180 of the golf club head 2100 (i.e., concave relative to the rear
portion 2180). Accordingly, the second arc 2155 may appear as a C-shaped arc facing the front
portion 2170 of the golf club head 2110 that extends between the toe portion 2112 and the heel
portion 2114. Further, the first arc 2150 may be closer to the front portion 2170 than the second
arc 2155. The first arc 2150 and the second arc 2155 may be discrete so that the first and second
arcs 2150 and 2155, respectively, may be spaced apart along the periphery of the bottom portion
2110. Accordingly, the bottom portion 2110 may include gaps 2190 and 2192 along the
periphery of the bottom portion 2110 between the weight ports 2130 of the first arc 2150 and the
weight ports 2130 of the second arc 2155. The gaps 2190 and/or 2192 may be greater than or
equal to the port diameter of any of the weight ports 2130 such as the weight ports 2130 that are
adjacent to the gaps 2190 and/or 2192. According to one example as shown in FIG. 21, the gaps
2190 and 2192 may be several orders or magnitude larger than the diameters of the weight ports
2130 that are adjacent to the gaps 2190 and 2192. The apparatus, methods, and articles of

manufacture described herein are not limited in this regard.
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[0091] Referring to FIG. 21, for example, the first arc 2150 may include a greater number of
weight ports 2130 than the second arc 2155, which may be suitable for certain golf club heads
(e.g., a fairway wood-type golf club head and/or a hybrid-type golf club head). Alternatively, the
second arc 2155 may include the same or a greater number of weight ports 2130 than the first arc
2150. The number of weight ports 2130 in each of the first and second arcs 2150 and 2155,
respectively, the weight portions 2120 associated with each weight port 2130 and the spacing
between adjacent weight ports 2130 may be determined based on the type of golf club, a
preferred weight distribution of the golf club head 2110, and/or a center of gravity location of the
golf club head 2110.

[0092] The weight ports 2130 of the first arc 2150 and/or the second arc 2155 may be spaced
from each other at the same or approximately the same distance along the first arc 2150 and/or
the second arc 2155, respectively. Any variation in the spacing between the weight ports 2130 of
the first arc 2150 or the second arc 2155 or any of the weight ports described herein may be due
to different manufacturing considerations, such as manufacturing tolerances and/or cost
effectiveness associated with manufacturing precision. For example, the variation in the spacing
between the weight ports 2130 of the first arc 2150 and/or the second arc 2155 may be between
1/16 of an inch to 0.001 inch. As described herein, the distance between adjacent weight ports
2130 (i.e., port distance) may be less than or equal to the port diameter of any of the two adjacent
weight ports. The plurality of weight ports 2130 may extend between the toe portion 2112 and
the heel portion 2114 at a maximum toe-to heel weight port distance that is more than 50% of a
maximum toe-to-heel club head distance 2195 of the golf club head 2100. The maximum toe-to-
heel weight port distance may be the maximum distance between the heel-side boundary of the
weight port farthest from the toe portion 2112 and the toe-side boundary of the weight port
farthest from the heel portion 2114.

[0093] In particular, the golf club head 2100 may have a volume of less than 430 cc. In
example, the golf club head 2100 may have a volume ranging from 100 cc to 400 cc. In another
example, the golf club head 2100 may have a volume ranging from 150 cc to 350 cc. In yet
another example, the golf club head 2100 may have a volume ranging from 200 cc to 300 cc.
The golf club head 2100 may have a mass ranging from 100 grams to 350 grams. In another
example, the golf club head 2100 may be have a mass ranging from 150 grams to 300 grams. In
yet another example, the golf club head 2100 may have a mass ranging from 200 grams to 250
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grams. The golf club head 2100 may have a loft angle ranging from 10° to 30°. In another
example, the golf club head 2100 may have a loft angle ranging from 13° to 27°. For example,
the golf club head 2100 may be a fairway wood-type golf club head. Alternatively, the golf club
head 2100 may be a smaller driver-type golf club head (i.e., larger than a fairway wood-type golf
club head but smaller than a driver-type golf club head). The apparatus, methods, and articles of
manufacture described herein are not limited in this regard.

[0094] As illustrated in FIG. 22, for example, a golf club head 2200 may include a bottom
portion 2210, and a plurality of weight portions 2220 disposed in a plurality of weight ports
2230. The plurality of weight ports 2230 located along a periphery of a weight port region 2240
may be arranged along a path that defines an arc, generally shown as 2250, extending across the
bottom portion 2210 (i.e., the plurality of weight ports 2230 may extend between the toe and heel
portions 2212 and 2214, respectively, across the bottom portion 2210). The arc 2250 may curve
toward the rear portion 2280 of the golf club head 2200 (i.e., concave relative to the rear portion
2280). According to the example of FIG. 22, the arc 2250 may extend from a region proximate
the toe portion 2212 to a region proximate to the rear portion 2280 and from the region
proximate to the rear portion 2280 to a region proximate to the heel portion 2214 (i.e., concave
relative to the rear portion 2280). Accordingly, the arc 2250 may appear as a C-shaped arc
facing the front portion 2270 of the golf club head 2210 that extends from near the heel portion
2214 to near the toe portion 2212. Further, the curvature of the arc 2250 is substantially similar
to or generally follows the contour of the rear portion 2280 of the golf club head 2210. The
number of weight ports 2230 in the arc 2250, the weight portions 2220 associated with each
weight port 2230 and the spacing between adjacent weight ports 2230 may be determined based
on the type of golf club, a preferred weight distribution of the golf club head 2210, and/or a
center of gravity location of the golf club head 2210.

[0095] The weight ports 2230 of the arc 2250 may be spaced from each other at the same or
approximately the same distance along the arc 2250 (e.g., the weight ports 2230 may be
substantially similarly spaced apart from each other). Any variation in the spacing between the
weight ports 2230 of the arc 2250 or any of the weight ports described herein may be due to
different manufacturing considerations, such as manufacturing tolerances and/or cost
effectiveness associated with manufacturing precision. For example, the variation in the spacing

between the weight ports 2130 of the arc 2250 may be between 1/16 of an inch to 0.001 inch. As
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described herein, the distance between adjacent weight ports 2230 (i.e., port distance) may be
less than or equal to the port diameter of any of the two adjacent weight ports. The plurality of
weight ports 2230 may extend between the toe portion 2212 and the heel portion 2214 at a
maximum toe-to heel weight port distance that is more than 50% of a maximum toe-to-heel club
head distance of 2290 the golf club head 2200. The maximum toe-to-heel weight port distance
may be the maximum distance between the heel-side boundary of the weight port farthest from
the toe portion 2212 and the toe-side boundary of the weight port farthest from the heel portion
2214.

[0096] In particular, the golf club head 2200 may have a volume of less than 200 cc. In
example, the golf club head 2200 may have a volume ranging from 50 cc to 150 cc. In another
example, the golf club head 2200 may have a volume ranging from 60 cc to 120 cc. In yet
another example, the golf club head 2200 may have a volume ranging from 70 cc to 100 cc. The
golf club head 2200 may have a mass ranging from 180 grams to 275 grams. In another
example, the golf club head 2200 may have a mass ranging from 200 grams to 250 grams. The
golf club head 2200 may have a loft angle ranging from 15° to 35°. In another example, the golf
club head 2200 may have a loft angle ranging from 17° to 33°. For example, the golf club head
2200 may be a hybrid-type golf club head. The apparatus, methods, and articles of manufacture
described herein are not limited in this regard.

[0097] In the example of FIG. 23, a golf club head 2300 may include a body portion 2310.
The golf club head 2300 may include a plurality of weight ports (e.g., one is generally shown as
2320) and a plurality of weight portions that may be similar in many respects to the weight ports
and weight portions, respectively, of the golf club heads described herein. Accordingly, a
detailed description of the weight ports and the weight portions of the golf club head 2300 is not
provided. Alternatively, the golf club head 2300 may not include any weight ports or weight
portions. The body portion 2310 may include a top portion 2330, a bottom portion 2340, a toe
portion (not shown), a heel portion (not shown), a front portion 2370, and a rear portion 2380.
The bottom portion 2340 may include a skirt portion (not shown) defined as a side portion of the
golf club head 2300 between the top portion 2330 and the bottom portion 2340 excluding the
front portion 2370 and extending across a periphery of the golf club head 2300 from the toe
portion, around the rear portion 2380, and to the heel portion. The bottom portion 2340 may

include one or more weight port regions (not shown). For example, a weight port region may
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include a plurality of weight ports, one of which is generally shown as 2320, to receive a
plurality of weight portions (not shown). The front portion 2370 may include a face portion
2375 to engage a golf ball (not shown). The body portion 2310 may also include a hosel portion
(not shown) to receive a shaft (not shown). Alternatively, the body portion 2310 may include a
bore (not shown) instead of a hosel portion (not shown). For example, the body portion 2310
may be made partially or entirely of an aluminum-based material, a magnesium-type material, a
steel-based material, a titanium-based material, any combination thereof, or any other suitable
material. In another example the body portion 2310 may be made partially or entirely of a non-
metal material such as a ceramic material, a composite material, any combination thereof, or any
other suitable material.

[0098] The golf club head 2300 may have a club head volume greater than or equal to 300
cubic centimeters (cm’ or cc). In one example, the golf club head 2300 may be about 460 cc.
Alternatively, the golf club head 2300 may have a club head volume less than or equal to 300 cc.
In particular, the golf club head 2300 may have a club head volume between 100 cc and 200 cc.
The club head volume of the golf club head 2300 may be determined by using the weighted
water displacement method (i.e., Archimedes Principle). For example, procedures defined by
golf standard organizations and/or governing bodies such as the United States Golf Association
(USGA) and/or the Royal and Ancient Golf Club of St. Andrews (R&A) may be used for
measuring the club head volume of the golf club head 2300. Although FIG. 23 may depict a
particular type of club head (e.g., a driver-type club head), the apparatus, methods, and articles of
manufacture described herein may be applicable to other types of club head (e.g., a fairway
wood-type club head, a hybrid-type club head, an iron-type club head, a putter-type club head,
etc.). Accordingly, the club head 2300 may be any type of club head such as any of the club
heads described herein. The apparatus, methods, and articles of manufacture described herein
are not limited in this regard.

[0099] The body portion 2310 may be a hollow body including a first interior cavity 2388
that may extend from the front portion 2370 to the rear portion 2380 and from the toe portion to
the heel portion. The body portion 2310 may include a second interior cavity 2390 near the
bottom portion 2340 or at the bottom portion 2340 and extending between the front portion 2360
and the rear portion 2370. The second interior cavity 2390 may extend between the top portion

2380 and the bottom portion 2390. The first interior cavity 2388 and the second interior cavity
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2390 may be separated by a cavity wall 2389. In the example of FIG. 23, the second interior
cavity 2390 may be defined by a recessed portion 2392 of the bottom portion 2340 that is
covered with a bottom cover 2394. Accordingly, in the example of FIG. 23, the cavity wall 2389
may be defined by the recessed portion 2392 of the bottom portion 2340. The bottom cover
2394 may be attached to the bottom portion 2340 with one or more fasteners, two of which are
generally shown as 2396. Thus, the space between the recessed portion 2392 of the bottom
portion 2340 and the bottom cover 2394 may define the second interior cavity 2390.

[00100] In one example, the second interior cavity 2390 may be unfilled (i.e., empty space).
Alternatively, the second interior cavity 2390 may be partially or entirely filled with an elastic
polymer or elastomer material (e.g., a viscoelastic urethane polymer material such as
Sorbothane® material manufactured by Sorbothane, Inc., Kent, Ohio), a thermoplastic elastomer
material (TPE), a thermoplastic polyurethane material (TPU), and/or other suitable types of
materials to absorb shock, isolate vibration, and/or dampen noise. For example, at least 50% of
the second interior cavity 2390 may be filled with a TPE material to absorb shock, isolate
vibration, and/or dampen noise when the golf club head 2300 strikes a golf ball via the face
portion 2375. The apparatus, methods, and articles of manufacture described herein are not
limited in this regard.

[00101] In one example, the interior cavity may be filled with an elastic polymer or elastomer
material (e.g., shown as 2398) by filling the recessed portion 2392 of the bottom portion 2340
with elastomer polymer or elastomer material, and then attaching the bottom cover 2394 over the
recessed portion 2392 with the fasteners 2396. Alternatively, the bottom cover 2394 may be
initially placed over the recessed portion 2392 and then attached to the bottom portion 2340 with
one of the fasteners 2396. Elastic polymer or elastomer material may then be injected into the
interior cavity 2392 through a fastener port or another one of the fasteners 2396 for the bottom
cover 2394. After the interior cavity 2392 is filled, all of the fasteners for the bottom cover 2394
may fastened to completely attach the bottom cover 2394 over the recessed portion 2392.
Alternatively yet, a combination of the methods described herein including the methods
described below may be used to fill the interior cavity 2392 with an elastic polymer or elastomer
material. The apparatus, methods, and articles of manufacture described herein are not limited in

this regard.
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[00102] In the example of FIG. 24, a golf club head 2400 may include a body portion 2410.
The golf club head 2400 may include a plurality of weight ports (e.g. one is generally shown as
2420) and a plurality of weight portions that may be similar in many respects to the weight ports
and weight portions of the golf club heads described herein. Accordingly, a detailed description
of the weight ports and the weight portions of the golf club head 2400 is not provided.
Alternatively, the golf club head 2400 may not include any weight ports or weight portions. The
body portion 2410 may include a top portion 2430, a bottom portion 2440, a toe portion (not
shown), a heel portion (not shown), a front portion 2470, and a rear portion 2480. The bottom
portion 2440 may include a skirt portion (not shown) defined as a side portion of the golf club
head 2400 between the top portion 2430 and the bottom portion 2440 excluding the front portion
2470 and extending across a periphery of the golf club head 2400 from the toe portion, around
the rear portion 2480, and to the heel portion. The bottom portion 2440 may include one or more
weight port regions (not shown). For example, a weight port region may include a plurality of
weight ports, one of which is generally shown as 2420, to receive a plurality of weight portions
(not shown). The front portion 2470 may include a face portion 2475 to engage a golf ball (not
shown). The body portion 2410 may also include a hosel portion (not shown) to receive a shaft
(not shown). Alternatively, the body portion 2410 may include a bore (not shown) instead of a
hosel portion (not shown). For example, the body portion 2410 may be made partially or entirely
of an aluminum-based material, a magnesium-type material, a steel-based material, a titanium-
based material, any combination thereof, or any other suitable material. In another example the
body portion 2410 may be made partially or entirely of a non-metal material such as a ceramic
material, a composite material, any combination thereof, or any other suitable material.

[00103] The golf club head 2400 may have a club head volume greater than or equal to 300
cubic centimeters (cm’ or cc). In one example, the golf club head 2400 may be about 460 cc.
Alternatively, the golf club head 2400 may have a club head volume less than or equal to 300 cc.
In particular, the golf club head 2400 may have a club head volume between 100 cc and 200 cc.
The club head volume of the golf club head 2400 may be determined by using the weighted
water displacement method (i.e., Archimedes Principle). For example, procedures defined by
golf standard organizations and/or governing bodies such as the United States Golf Association
(USGA) and/or the Royal and Ancient Golf Club of St. Andrews (R&A) may be used for
measuring the club head volume of the golf club head 2400. Although FIG. 24 may depict a
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particular type of club head (e.g., a driver-type club head), the apparatus, methods, and articles of
manufacture described herein may be applicable to other types of club head (e.g., a fairway
wood-type club head, a hybrid-type club head, an iron-type club head, a putter-type club head,
etc.). Accordingly, the club head 2400 may be any type of club head such as the club heads
described herein. The apparatus, methods, and articles of manufacture described herein are not
limited in this regard.

[00104] The body portion 2410 may be a hollow body including the interior cavity 2490 near
the bottom portion 2440 or at the bottom portion 2440 and extending between the front portion
2460 and the rear portion 2470. The interior cavity 2490 may extend between the top portion
2480 and the bottom portion 2490. In one example, the interior cavity 2490 may be unfilled (i.e.,
empty space). Alternatively, the interior cavity 2490 may be partially or entirely filled with an
elastic polymer or elastomer material (e.g., a viscoelastic urethane polymer material such as
Sorbothane® material manufactured by Sorbothane, Inc., Kent, Ohio), a thermoplastic elastomer
material (TPE), a thermoplastic polyurethane material (TPU), and/or other suitable types of
materials to absorb shock, isolate vibration, and/or dampen noise. For example, at least 50% of
the interior cavity 2490 may be filled with a TPE material to absorb shock, isolate vibration,
and/or dampen noise when the golf club head 2300 strikes a golf ball via the face portion 2475.
The apparatus, methods, and articles of manufacture described herein are not limited in this
regard.

[00105] In one example, the interior cavity may be filled with an elastic polymer or elastomer
material through at least one of the weight ports such as the weight port shown as 2420. As
illustrated in FIG. 24, for example, the golf club head 2400 may include one or more weight
ports (e.g., one shown as 2420) with a first opening 2422 and a second opening 2424. The
second opening 2424 may be used to access the interior cavity 2490 through a conduit an interior
port 2426. In one example, the interior cavity 2490 may be filled with an elastic polymer
material (e.g., generally shown as 2498) by injecting the elastic polymer material into the interior
cavity 2490 from the first opening 2422 via the second opening 2424 and through the interior
port 2426. The first and second openings 2422 and 2424, respectively, may be same or different
in size and/or shape. While the above example may describe and depict a particular weight port

with a second opening, any other weight ports (not shown) of the golf club head 2400 may
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include a second opening. The apparatus, methods, and articles of manufacture described herein
are not limited in this regard.

[00106] In the example of FIGs. 25 and 26, a golf club head 2500 may include a body portion
2510. The golf club head 2500 may include a plurality of weight ports (e.g. one is generally
shown as 2520) and a plurality of weight portions, which may be similar in many respects to the
weight ports and weight portions of the golf club heads described herein. Accordingly, a
detailed description of the weight ports and the weight portions of the golf club head 2500 is not
provided. Alternatively, the golf club head 2500 may not include any weight ports and/or weight
portions. The body portion 2510 may include a top portion 2530, a bottom portion 2540, a toe
portion 2550, a heel portion 2560, a front portion 2570, and a rear portion 2580. The bottom
portion 2540 may include a skirt portion (not shown) defined as a side portion of the golf club
head 2500 between the top portion 2530 and the bottom portion 2540 excluding the front portion
2570 and extending across a periphery of the golf club head 2500 from the toe portion, around
the rear portion 2580, and to the heel portion 2560. The bottom portion 2540 may include one or
more weight port regions (not shown). For example, a weight port region may include a plurality
of weight ports, one of which is generally shown as 2520, to receive a plurality of weight
portions (not shown). The front portion 2570 may include a face portion 2575 to engage a golf
ball (not shown). The body portion 2510 may also include a hosel portion 2565 to receive a
shaft (not shown). Alternatively, the body portion 2510 may include a bore (not shown) instead
of a hosel portion 2565. For example, the body portion 2510 may be made partially or entirely
of an aluminum-based material, a magnesium-type material, a steel-based material, a titanium-
based material, any combination thereof, or any other suitable material. In another example the
body portion 2510 may be made partially or entirely of a non-metal material such as a ceramic
material, a composite material, any combination thereof, or any other suitable material.

[00107] The golf club head 2500 may have a club head volume greater than or equal to 300
cubic centimeters (cm’ or cc). In one example, the golf club head 2500 may be about 460 cc.
Alternatively, the golf club head 2500 may have a club head volume less than or equal to 300 cc.
In particular, the golf club head 2500 may have a club head volume between 100 cc and 200 cc.
The club head volume of the golf club head 2500 may be determined by using the weighted
water displacement method (i.e., Archimedes Principle). For example, procedures defined by

golf standard organizations and/or governing bodies such as the United States Golf Association
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(USGA) and/or the Royal and Ancient Golf Club of St. Andrews (R&A) may be used for
measuring the club head volume of the golf club head 2500. Although FIGs. 25 and 26 may
depict a particular type of club head (e.g., a driver-type club head), the apparatus, methods, and
articles of manufacture described herein may be applicable to other types of club head (e.g., a
fairway wood-type club head, a hybrid-type club head, an iron-type club head, a putter-type club
head, etc.). Accordingly, the club head 2500 may be any type of club head such as the club
heads described herein. The apparatus, methods, and articles of manufacture described herein
are not limited in this regard.

[00108] The body portion 2510 may be a hollow body including one or more interior cavities
2590, which may be located in a transition region between the top portion 2530 and the front
portion 2570, in a transition region between the bottom portion 2540 and the front portion 2570,
in a transition region between the toe portion 2550 and the front portion 2570, and/or in a
transition region between the heel portion 2560 and the front portion 2570. In FIGs. 25 and 26,
the body portion 2510 includes two interior cavities that are generally shown as interior cavities
2591 and 2592. The interior cavity 2591 may extend between the top portion 2530 and the front
portion 2570. The interior cavity 2591 may be in a transition region between the top portion
2530 and the front portion 2570. The interior cavity 2592 may extend between the bottom
portion 2540 and the front portion 2570. The interior cavity 2592 may be in a transition region
between the bottom portion 2540 and the front portion 2570. In one example, any one or both of
the interior cavities 2591 and 2592 may be unfilled (i.e., empty space). Alternatively, the interior
cavities 2591 and 2592 may be partially or entirely filled with an elastic polymer or elastomer
material (e.g., a viscoelastic urethane polymer material such as Sorbothane® material
manufactured by Sorbothane, Inc., Kent, Ohio), a thermoplastic elastomer material (TPE), a
thermoplastic polyurethane material (TPU), and/or other suitable types of materials to absorb
shock, isolate vibration, and/or dampen noise. The elastic polymer or elastomer material is
generally shown as 2595. For example, at least 50% of the interior cavities 2591 and 2592 may
be filled with a TPE material to absorb shock, isolate vibration, and/or dampen noise when the
golf club head 2500 strikes a golf ball via the face portion 2575. At least partially or filling the
interior cavities 2591 and 2592 may also change the feel and sound of the golf club to an
individual when striking a golf ball. The elastomer material may also provide structural support

for the body portion 2510 near the interior cavities 2591 and 2592. The elastomer material may
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be a non-foaming injection moldable elastomer material that can provide structural support for
adjacent portions of the body portion. The apparatus, methods, and articles of manufacture
described herein are not limited in this regard.

[00109] In one example, the interior cavities 2591 and 2592 may be filled with an elastic
polymer or elastomer material through at least one of the weight ports such as the weight port
shown as 2520. For example, the weight port 2520 may include an interior port 2526 connecting
the weight port 2520 to the interior cavity 2591. The interior cavities 2591 and 2592 may be also
filled with an elastic polymer or elastomer material through the hosel portion 2565.
Alternatively, the body portion 2510 may include one or more openings (not shown) near the
interior cavities 2591 and 2592. An elastic polymer or elastomer material may be injected into
the interior cavities 2591 and 2592 through the one or more openings. The openings may then be
closed after the process of injecting the elastic polymer or elastomer material into the interior
cavities 2591 and 2592 is complete. The apparatus, methods, and articles of manufacture
described herein are not limited in this regard.

[00110] In the example of FIGs. 27 and 28, a golf club head 2700 may include a body portion
2710. The golf club head 2700 may include a plurality of weight ports (e.g. one is generally
shown as 2720) and a plurality of weight portions that may be similar in many respects to the
weight ports and weight portions of the golf club heads described herein. Accordingly, a
detailed description of the weight ports and the weight portions of the golf club head 2700 is not
provided. Alternatively, the golf club head 2700 may not include any weight ports or weight
portions. The body portion 2710 may include a top portion 2730, a bottom portion 2740, a toe
portion 2750, a heel portion 2760, a front portion 2770, and a rear portion 2780. The bottom
portion 2740 may include a skirt portion (not shown) defined as a side portion of the golf club
head 2700 between the top portion 2730 and the bottom portion 2740 excluding the front portion
2770 and extending across a periphery of the golf club head 2700 from the toe portion, around
the rear portion 2780, and to the heel portion 2760. The bottom portion 2740 may include one or
more weight port regions (not shown). For example, a weight port region may include a plurality
of weight ports, one of which is generally shown as 2720, to receive a plurality of weight
portions (not shown). The front portion 2770 may include a face portion 2775 to engage a golf
ball (not shown). The body portion 2710 may also include a hosel portion 2765 to receive a
shaft (not shown). Alternatively, the body portion 2710 may include a bore (not shown) instead
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of a hosel portion 2765. For example, the body portion 2710 may be made partially or entirely
of an aluminum-based material, a magnesium-type material, a steel-based material, a titanium-
based material, any combination thereof, or any other suitable material. In another example the
body portion 2710 may be made partially or entirely of a non-metal material such as a ceramic
material, a composite material, any combination thereof, or any other suitable material.

[00111] The golf club head 2700 may have a club head volume greater than or equal to 300
cubic centimeters (cm’ or cc). In one example, the golf club head 2700 may be about 460 cc.
Alternatively, the golf club head 2700 may have a club head volume less than or equal to 300 cc.
In particular, the golf club head 2700 may have a club head volume between 100 cc and 200 cc.
The club head volume of the golf club head 2700 may be determined by using the weighted
water displacement method (i.e., Archimedes Principle). For example, procedures defined by
golf standard organizations and/or governing bodies such as the United States Golf Association
(USGA) and/or the Royal and Ancient Golf Club of St. Andrews (R&A) may be used for
measuring the club head volume of the golf club head 2700. Although FIGs. 27 and 28 may
depict a particular type of club head (e.g., a driver-type club head), the apparatus, methods, and
articles of manufacture described herein may be applicable to other types of club head (e.g., a
fairway wood-type club head, a hybrid-type club head, an iron-type club head, a putter-type club
head, etc.). Accordingly, the club head 2700 may be any type of club head such as the club
heads described herein. The apparatus, methods, and articles of manufacture described herein
are not limited in this regard.

[00112] The body portion 2710 may be a hollow body including one or more interior cavities
2790, which may be located in a transition region between the top portion 2730 and the front
portion 2770, in a transition region between the toe portion 2750 and the front portion 2770, in a
transition region between the bottom portion 2740 and the front portion 2770, and/or in a
transition region between the heel portion 2760 and the front portion 2770. In FIGs. 27 and 28,
the body portion 2710 includes an interior cavity 2790 that extends near the entire perimeter of
the front portion 2770 in a transition region between the top portion 2730, the bottom portion
2740, the toe portion 2750, the heel portion 2760, and the front portion 2770. Accordingly, as
shown in FIG. 28, the interior cavity 2790 may resemble a loop having generally the same shape

as the perimeter of the front portion 2770.
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[00113] In one example, the interior cavity 2790 may be unfilled (i.e., empty space).
Alternatively, the interior cavity 2790 may be partially or entirely filled with an elastic polymer
or elastomer material (e.g., a viscoelastic urethane polymer material such as Sorbothane®
material manufactured by Sorbothane, Inc., Kent, Ohio), a thermoplastic elastomer material
(TPE), a thermoplastic polyurethane material (TPU), and/or other suitable types of materials to
absorb shock, isolate vibration, and/or dampen noise. The elastic polymer or elastomer material
is generally shown as 2795. For example, at least 50% of the interior cavity 2790 may be filled
with a TPE material to absorb shock, isolate vibration, and/or dampen noise when the golf club
head 2700 strikes a golf ball via the face portion 2775. At least partially or filling the interior
cavity 2790 may also change the feel and sound of the golf club to an individual when striking a
golf ball. The elastomer material may also provide structural support for the body portion 2710
near the interior cavity 2790. The elastomer material may be a non-foaming injection moldable
elastomer material that can provide structural support for adjacent portions of the body portion.
The apparatus, methods, and articles of manufacture described herein are not limited in this
regard.

[00114] In one example, the interior cavity 2790 may be filled with an elastic polymer or
elastomer material through at least one of the weight ports such as the weight port shown as
2720. For example, the weight port 2720 ma include an interior port 2726 connecting the weight
port 2720 to the interior cavity 2790. The interior cavity 2790 may be also filled with an elastic
polymer or elastomer material through the hosel portion 2765. Alternatively, the body portion
2710 may include one or more openings (not shown) near the interior cavity 2790. An elastic
polymer or elastomer material may be injected into the interior cavity 2790 through the one or
more openings. The openings may then be closed after the process of injecting the elastic
polymer with elastomer material into the interior cavity 2790 is complete. The apparatus,
methods, and articles of manufacture described herein are not limited in this regard.

[00115] In the example of FIGs. 29 and 30, a golf club head 2900 may include a body portion
2910. The golf club head 2900 may include a plurality of weight ports (e.g. one is generally
shown as 2920) and a plurality of weight portions that may be similar in many respects to the
weight ports and weight portions of the golf club heads described herein. Accordingly, a
detailed description of the weight ports and the weight portions of the golf club head 2900 is not
provided. Alternatively, the golf club head 2900 may not include any weight ports or weight
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portions. The body portion 2910 may include a top portion 2930, a bottom portion 2940, a toe
portion 2950, a heel portion 2960, a front portion 2970, and a rear portion 2980. The bottom
portion 2940 may include a skirt portion (not shown) defined as a side portion of the golf club
head 2900 between the top portion 2930 and the bottom portion 2940 excluding the front portion
2970 and extending across a periphery of the golf club head 2900 from the toe portion, around
the rear portion 2980, and to the heel portion 2960. The bottom portion 2940 may include one or
more weight port regions (not shown). For example, a weight port region may include a plurality
of weight ports, one of which is generally shown as 2920, to receive a plurality of weight
portions (not shown). The front portion 2970 may include a face portion 2975 to engage a golf
ball (not shown). The body portion 2910 may also include a hosel portion (not shown) to receive
a shaft (not shown). Alternatively, the body portion 2910 may include a bore (not shown)
instead of a hosel portion. For example, the body portion 2910 may be made partially or entirely
of an aluminum-based material, a magnesium-type material, a steel-based material, a titanium-
based material, any combination thereof, or any other suitable material. In another example the
body portion 2910 may be made partially or entirely of a non-metal material such as a ceramic
material, a composite material, any combination thereof, or any other suitable material.

[00116] The golf club head 2900 may have a club head volume greater than or equal to 300
cubic centimeters (cm’ or cc). In one example, the golf club head 2900 may be about 460 cc.
Alternatively, the golf club head 2900 may have a club head volume less than or equal to 300 cc.
In particular, the golf club head 2900 may have a club head volume between 100 cc and 200 cc.
The club head volume of the golf club head 2900 may be determined by using the weighted
water displacement method (i.e., Archimedes Principle). For example, procedures defined by
golf standard organizations and/or governing bodies such as the United States Golf Association
(USGA) and/or the Royal and Ancient Golf Club of St. Andrews (R&A) may be used for
measuring the club head volume of the golf club head 2900. Although FIGs. 29 and 30 may
depict a particular type of club head (e.g., a driver-type club head), the apparatus, methods, and
articles of manufacture described herein may be applicable to other types of club head (e.g., a
fairway wood-type club head, a hybrid-type club head, an iron-type club head, a putter-type club
head, etc.). Accordingly, the club head 2900 may be any type of club head such as the club
heads described herein. The apparatus, methods, and articles of manufacture described herein

are not limited in this regard.
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[00117] The body portion 2910 may be a hollow body including one or more interior cavities
2990, which may at or near the bottom portion 2940 and/or in a transition region between the
bottom portion 2940 and the front portion 2970, in a transition region between the bottom
portion 2940 and the toe portion 2950, in a transition region between the bottom portion 2940
and the heel portion 2960, and/or in a transition region between the bottom portion 2940 and the
rear portion 2980. In FIGs. 29 and 30, the body portion 2910 includes two interior cavities that
are generally shown as interior cavities 2991 and 2992. The interior cavity 2991 may be at or
near the bottom portion between the weight ports 2920 and the front portion 2970 and extend
between the toe portion 2950 and the heel portion 2960. The interior cavity 2992 may be at or
near the bottom portion between the weight ports 2920 and the rear portion 2980 and extend
between the toe portion 2950 and the heel portion 2960. In one example, any one or both of the
interior cavities 2991 and 2992 may be unfilled (i.e., empty space). Alternatively, the interior
cavities 2991 and 2992 may be partially or entirely filled with an elastic polymer or elastomer
material (e.g., a viscoelastic urethane polymer material such as Sorbothane® material
manufactured by Sorbothane, Inc., Kent, Ohio), a thermoplastic elastomer material (TPE), a
thermoplastic polyurethane material (TPU), and/or other suitable types of materials to absorb
shock, isolate vibration, and/or dampen noise. The elastic polymer or elastomer material is
generally shown as 2995. For example, at least 50% of the interior cavities 2991 and 2992 may
be filled with a TPE material to absorb shock, isolate vibration, and/or dampen noise when the
golf club head 2900 strikes a golf ball via the face portion 2975. At least partially or filling the
interior cavities 2991 and 2992 may also change the feel and sound of the golf club to an
individual when striking a golf ball. The elastomer material may also provide structural support
for the body portion 2910 near the interior cavities 2991 and 2992. The elastomer material may
be a non-foaming injection moldable elastomer material that can provide structural support for
adjacent portions of the body portion. The apparatus, methods, and articles of manufacture
described herein are not limited in this regard.

[00118] In one example, the interior cavities 2991 and 2992 may be filled with an elastic
polymer or elastomer material through at least one of the weight ports such as the weight port
shown as 2920. For example, the weight port 2920 that is shown in FIG. 30 as being near the
front portion 2970 may include an interior port 2926 connecting the weight port 2920 to the

interior cavity 2991. Alternatively, the body portion 2910 may include one or more openings
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(not shown) near the interior cavities 2991 and 2992. An elastic polymer or elastomer material
may be injected into the interior cavities 2991 and 2992 through the one or more openings. The
openings may then be closed after the process of injecting the elastic polymer with elastomer
material into the interior cavities 2991 and 2992 is complete. The apparatus, methods, and
articles of manufacture described herein are not limited in this regard.

[00119] In the example of FIGs. 31 and 32, a golf club head 3100 may include a body portion
3110. The golf club head 3100 may include a plurality of weight ports (e.g. one is generally
shown as 3120) and a plurality of weight portions that may be similar in many respects to the
weight ports and weight portions of the golf club heads described herein. Accordingly, a
detailed description of the weight ports and the weight portions of the golf club head 3100 is not
provided. Alternatively, the golf club head 3100 may not include any weight ports or weight
portions. The body portion 3110 may include a top portion 3130, a bottom portion 3140, a toe
portion 3150, a heel portion 3160, a front portion 3170, and a rear portion 3180. The bottom
portion 3140 may include a skirt portion (not shown) defined as a side portion of the golf club
head 3100 between the top portion 3130 and the bottom portion 3140 excluding the front portion
3170 and extending across a periphery of the golf club head 3100 from the toe portion, around
the rear portion 3180, and to the heel portion 3160. The bottom portion 3140 may include one or
more weight port region (not shown). For example, a weight port region may include a plurality
of weight ports, one of which is generally shown as 3120, to receive a plurality of weight
portions (not shown). The front portion 3170 may include a face portion 3175 to engage a golf
ball (not shown). The body portion 3110 may also include a hosel portion (not shown) to receive
a shaft (not shown). Alternatively, the body portion 3110 may include a bore (not shown)
instead of a hosel portion. For example, the body portion 3110 may be made partially or entirely
of an aluminum-based material, a magnesium-type material, a steel-based material, a titanium-
based material, any combination thereof, or any other suitable material. In another example the
body portion 3110 may be made partially or entirely of a non-metal material such as a ceramic
material, a composite material, any combination thereof, or any other suitable material.

[00120] The golf club head 3100 may have a club head volume greater than or equal to 300
cubic centimeters (cm’ or cc). In one example, the golf club head 3100 may be about 460 cc.
Alternatively, the golf club head 3100 may have a club head volume less than or equal to 300 cc.
In particular, the golf club head 3100 may have a club head volume between 100 cc and 200 cc.
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The club head volume of the golf club head 3100 may be determined by using the weighted
water displacement method (i.e., Archimedes Principle). For example, procedures defined by
golf standard organizations and/or governing bodies such as the United States Golf Association
(USGA) and/or the Royal and Ancient Golf Club of St. Andrews (R&A) may be used for
measuring the club head volume of the golf club head 3100. Although FIGs. 31 and 32 may
depict a particular type of club head (e.g., a driver-type club head), the apparatus, methods, and
articles of manufacture described herein may be applicable to other types of club head (e.g., a
fairway wood-type club head, a hybrid-type club head, an iron-type club head, a putter-type club
head, etc.). Accordingly, the club head 3100 may be any type of club head such as the club
heads described herein. The apparatus, methods, and articles of manufacture described herein
are not limited in this regard.

[00121] The body portion 3110 may be a hollow body including one or more interior cavities
3190, which may at or near the bottom portion 3140 between the front portion 3170, the toe
portion 3150, the heel portion 3160 and the rear portion 3180. In FIGs. 31 and 32, the body
portion 3110 includes an interior cavity 3190 that may be at or near the bottom portion and
extend in a loop around the weight portions 3120. In one example, the interior cavity 3190 may
be unfilled (i.e., empty space). Alternatively, the interior cavity 3190 may be partially or entirely
filled with an elastic polymer or elastomer material (e.g., a viscoelastic urethane polymer
material such as Sorbothane® material manufactured by Sorbothane, Inc., Kent, Ohio), a
thermoplastic elastomer material (TPE), a thermoplastic polyurethane material (TPU), and/or
other suitable types of materials to absorb shock, isolate vibration, and/or dampen noise. The
elastic polymer or elastomer material is generally shown as 3195. For example, at least 50% of
the interior cavity 3190 may be filled with a TPE material to absorb shock, isolate vibration,
and/or dampen noise when the golf club head 3100 strikes a golf ball via the face portion 3175.
At least partially or filling the interior cavity 3190 may also change the feel and sound of the golf
club to an individual when striking a golf ball. The elastomer material may also provide
structural support for the body portion 3110 near the interior cavity 3190. The elastomer
material may be a non-foaming injection moldable elastomer material that can provide structural
support for adjacent portions of the body portion. The apparatus, methods, and articles of

manufacture described herein are not limited in this regard.
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[00122] In one example, the interior cavity 3190 may be filled with an elastic polymer or
elastomer material through at least one of the weight ports 3120. For example, the weight port
3120 that is shown in FIG. 32 to be near the front portion 3170 may include an interior port 3126
connecting the weight port 3120 to the interior cavity 3190. Alternatively, the body portion 3110
may include one or more openings (not shown) near the interior cavity 3190. An elastic polymer
or elastomer material may be injected into the interior cavity 3190 through the one or more
openings. The openings may then be closed after the process of injecting the elastic polymer
with elastomer material into the interior cavity 3190 is complete. The apparatus, methods, and
articles of manufacture described herein are not limited in this regard.

[00123] A golf club head may include any one or a combination of the interior cavities 2590,
2790, 2990 and 3190. For example, a golf club head may include the interior cavities 2590 and
2990. In another example, a golf club head may include the interior cavities 2790 and 3190. In
the examples provided herein, the interior cavities are shown to have a certain configuration.
However, the interior cavities may have any configuration. For example, the interior cavities
2591 and/or 2592 may extend between the toe portion 2540 and the heel portion 2560 in a
smaller length than shown in FIG. 26. In another example, the body portion 2510 may include a
plurality of separate internal cavities of similar or different configurations that may be located in
a transition region between the top portion 2530 and the front portion 2570, in a transition region
between the bottom portion 2540 and the front portion 2570, in a transition region between the
toe portion 2550 and the front portion 2570, and/or in a transition region between the heel
portion 2560 and the front portion 2570. In another example, any one of the weight ports
described herein may extend into any one of the interior cavities described herein. Accordingly,
such weight ports may be partially or fully surrounded with an elastic polymer material if the
corresponding interior cavity is filled with the elastic polymer material. The apparatus, methods,
and articles of manufacture described herein are not limited in this regard.

[00124] In the example of FIGs. 33-41, a golf club head 3300 may include a body portion
3310. The golf club head 3300 may include a plurality of weight ports (e.g., one is generally
shown as 3320) and a plurality of weight portions that may be similar in many respects to the
weight ports and weight portions, respectively, of the golf club heads described herein.
Accordingly, a detailed description of the weight ports and the weight portions of the golf club
head 3300 is not provided. Alternatively, the golf club head 3300 may not include any weight

32



WO 2016/115576 PCT/US2016/017474

ports or weight portions. The body portion 3310 may include a top portion 3330, a bottom
portion 3340, a toe portion 3350, a heel portion 3360, a front portion 3370, and a rear portion
3380. The bottom portion 3340 may include a skirt portion (not shown) defined as a side portion
of the golf club head 3300 between the top portion 3330 and the bottom portion 3340 excluding
the front portion 3370 and extending across a periphery of the golf club head 3300 from the toe
portion 3350, around the rear portion 3380, and to the heel portion 3360.

[00125] The bottom portion 3340 may include one or more weight port region, generally
shown as a first weight port region 3342 and a second weight port region 3344. For example,
each of the first and second weight port regions 3342 and 3344, respectively, may include a
plurality of weight ports, one of which is generally shown as 3320, to receive a plurality of
weight portions. The front portion 3370 may include a face portion 3375 to engage a golf ball
(not shown). The body portion 3310 may also include a hosel portion 3365 to receive a shaft
(not shown). Alternatively, the body portion 3310 may include a bore (not shown) instead of a
hosel portion 3365. For example, the body portion 3310 may be made partially or entirely of an
aluminum-based material, a magnesium-type material, a steel-based material, a titanium-based
material, any combination thereof, or any other suitable material. In another example the body
portion 3310 may be made partially or entirely of a non-metal material such as a ceramic
material, a composite material, any combination thereof, or any other suitable material.

[00126] The golf club head 3300 may have a club head volume greater than or equal to 300
cubic centimeters (cm’ or cc). In one example, the golf club head 3300 may be about 460 cc.
Alternatively, the golf club head 3300 may have a club head volume less than or equal to 300 cc.
In particular, the golf club head 3300 may have a club head volume between 100 cc and 200 cc.
The club head volume of the golf club head 3300 may be determined by using the weighted
water displacement method (i.e., Archimedes Principle). For example, procedures defined by
golf standard organizations and/or governing bodies such as the United States Golf Association
(USGA) and/or the Royal and Ancient Golf Club of St. Andrews (R&A) may be used for
measuring the club head volume of the golf club head 3300. Although FIG. 33 may depict a
particular type of club head (e.g., a driver-type club head), the apparatus, methods, and articles of
manufacture described herein may be applicable to other types of club head (e.g., a fairway
wood-type club head, a hybrid-type club head, an iron-type club head, a putter-type club head,
etc.). Accordingly, the club head 3300 may be any type of club head such as the club heads
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described herein. The apparatus, methods, and articles of manufacture described herein are not
limited in this regard.

[00127] The body portion 3310 may be a hollow body including a first interior cavity 3385
and a second interior cavity 3390. The first interior cavity 3385 and the second interior cavity
3390 may generally define a volume of the body portion 3310, with the first interior cavity
substantially defining the volume of the body portion 3310. Accordingly, the first interior cavity
3385 may be substantially greater than the second interior cavity 3390. Alternatively, the first
interior cavity 3385 may define the volume of the body portion 3310 when the second interior
cavity 3385 is considered to be recess in the bottom portion 3340.

[00128] The second interior cavity 3390 may be near the bottom portion 3340 or at the bottom
portion 3340 and extend between the front portion 3360 and the rear portion 3370. The second
interior cavity 3390 may extend between the top portion 3380 and the bottom portion 3390. The
second interior cavity 3390 may be defined by a recessed portion 3392 of the bottom portion
3340 that is covered with a bottom cover 3394. The space between the recessed portion 3392 of
the bottom portion 3340 and the bottom cover 3394 may define the second interior cavity 3390.
Accordingly, a portion of the bottom portion 3340 may be between the first interior cavity 3385
and the second interior cavity 3390. Alternatively, the bottom cover 3394 may be considered a
portion of the bottom portion 3340 so that the second interior cavity 3390 is considered to be a
part of the total volume of the body portion 3310. The second interior cavity 3390 may be at any
location on the body portion 3310.

[00129] In one example, the second interior cavity 3390 may be near the front portion 3370
and have a length that extends between the toe portion 3350 and the heel portion 3360 and may
be greater than or equal to a portion of the face portion 3375 that engages or strikes a golf ball.
Accordingly, the second interior cavity 3390 may be located proximate and behind the face
portion 3375. In one example, the second interior cavity 3390 may have any shape,
configuration, length and/or width.

[00130] In one example, the second second interior cavity 2390 may be unfilled (i.e., empty
space). Alternatively, the second interior cavity 3390 may be partially or entirely filled with an
elastic polymer or elastomer material (e.g., a viscoelastic urethane polymer material such as
Sorbothane® material manufactured by Sorbothane, Inc., Kent, Ohio), a thermoplastic elastomer

material (TPE), a thermoplastic polyurethane material (TPU), and/or other suitable types of
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materials to absorb shock, isolate vibration, and/or dampen noise. For example, at least 50% of
the second interior cavity 3390 may be filled with a TPE material to absorb shock, isolate
vibration, and/or dampen noise when the golf club head 3300 strikes a golf ball via the face
portion 3375. As described herein, the second interior cavity 3390 may be near and behind the
face portion 3375. When the face portion 3375 strikes a golf ball, the resulting vibrations that
may propagate from the face portion 3375 to the rest of the body portion 3310 may be at least
partially absorbed and dampened by the second interior cavity 3390 and/or the material by which
the second interior cavity 3390 may be filled. Accordingly, the second interior cavity 3390 may
provide vibration and noise dampening. Further, the second interior cavity 3390 may provide a
preferred sound and feel to an individual. The second interior cavity 3390 may have any shape
so as to provide the function of vibration and noise dampening as described herein. For example,
the second interior cavity 3390 may have a rectangular, triangular or polygonal shape. Further,
the length and width of the second interior cavity 3390 may be determined so as to provide
vibration and noise dampening as described herein. For example, the shape, length and/or width
of the second interior cavity 3390 may change depending on the shape, size, volume and/or
materials of construction of the body portion 3310. In one example, the second interior cavity
3390 may extend generally parallel to the face portion 3375 as shown in FIG. 34. In one
example (not shown), the second interior cavity 3390 may be closer to the face portion 3375
near a center portion of the face portion 3375 and farther from the face portion 3375 near the toe
portion 3350 and the heel portion 3360. In one example (not shown), the shape and size of the
second interior cavity 3390 may be determined by numerical analysis (e.g., finite element
analysis) and/or experimental analysis (e.g., vibration testing) so as to provide a particular or an
optimum vibration, noise dampening, sound and/or feel. The apparatus, methods, and articles of
manufacture described herein are not limited in this regard.

[00131] In one example, the second interior cavity 3390 may be filled with an elastic polymer
or elastomer material (e.g., shown as 3398) by filling the recessed portion 3392 of the bottom
portion 3340 with elastomer polymer or elastomer material, and then attaching the bottom cover
3394 over the recessed portion 3392. Alternatively, the bottom cover 3394 may be initially
placed over the recessed portion 3392 and then attached to the bottom portion 3340 with one of
the fasteners 3396. Elastic polymer or elastomer material may then be injected into the interior

cavity 3390 through a fastener port or another one of the fasteners 3396 for the bottom cover
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3394. After the second interior cavity 3390 is filled, all of the fasteners for the bottom cover
3394 may fastened to completely attach the bottom cover 3394 over the recessed portion 3392.
In another example, the bottom cover 3394 may be fastened to the bottom portion 3340 prior to
filling the second interior cavity 3390 with an elastic polymer or an elastomer material. The
bottom cover 3340 or the body portion 3310 may include a port (not shown) that provides access
to the second interior cavity 3390. The second interior cavity 3390 may be then filled with an
elastic polymer or an elastomer material through the port. The port may then be filled or closed
with a plug and/or adhesive. In another example, a combination of the methods described herein
including the methods described below may be used to fill the second interior cavity 3390 with
an elastic polymer or elastomer material. The apparatus, methods, and articles of manufacture
described herein are not limited in this regard.

[00132] In one example, the bottom portion 3340 may include a first weight port region 3342
and a second weight port region 3344. Each of the weight port regions 3342 and 3344 may be
defined by a portion of the outer surface of the bottom portion 3340 such as the examples
described herein and shown in FIGS. 9 and 10. In one example, each of the weight port regions
3342 and 3344 may be defined by a recessed portion of the bottom portion 3340 (not shown). In
one example, each of the weight port regions 3342 and 3344 may be defined by a protruded
portion of the bottom portion 3340 as shown in FIGS. 33-41. Accordingly, each weight port
region 3342 and 3344 may provide a platform on the bottom portion 3340 for accommodating a
plurality of weight ports 3320. In one example, each of the weight port regions 3342 and 3344
may be a separate weight port region as shown in FIGS. 33-41. In one example, the weight port
regions 3342 and 3344 may be connected to define a single weight port region having a plurality
of weight ports with each weight port configured to receive a weight portion of a plurality of
weight portions. The apparatus, methods, and articles of manufacture described herein are not
limited in this regard.

[00133] The first weight port region 3342 may include a plurality of weight ports. In one
example, the first weight port region 3342 may include four weight ports, which are generally
shown as 3351, 3352, 3353 and 3354. The first weight port region 3342 may be near the toe
portion 3350 and extend between the front portion 3370 and the rear portion 3380. The first
weight port region 3342 may have any configuration, size and/or shape. In one example, the first

weight port region 3342 may generally extend near the toe portion 3350 similar to the contour of
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the body portion 3310 at the toe portion 3350. Each weight port 3351-3354 of the first weight
port region 3342 may be associated with a first port diameter and configured to receive at least
one weight portion of a plurality of weight portions. Two adjacent weight ports of the first
weight port region 3342 may be separated by less than or equal to the first port diameter. The
port diameter associated with each weight port of the first weight port region 3342, the distance
between adjacent weight ports of the first weight port region 3342, and the configuration of each
weight portion of the plurality of weight portions may be similar in many respects to the example
weight ports and weight portions described herein. Accordingly, a detailed description of the
weight ports of the first weight port region 3342 and the weight portions received in the weight
ports of the first weight port region 3342 is not provided.

[00134] The first weight port region 3342 may be a separate piece from the bottom portion
3340 and/or constructed from a different material than the bottom portion 3340. For example,
the first weight port region 3342 may be constructed from one or more non-metallic composite
materials and attached to the bottom portion 3340 or attached in a corresponding recess (not
shown) in the bottom portion 3340. The first weight port region 3342 may include the weight
ports 3351, 3352, 3353, and 3354. Each of the weight ports 3351, 3352, 3353, and 3354 may be
threaded to receive a weight portion as described herein. Alternatively, each of the weight ports
3351, 3352, 3353, and 3354 may include a threaded metallic sleeve for receiving a weight
portion as described herein when the first weight port region 3342 is constructed from a non-
metallic material such as a composite material. The apparatus, methods, and articles of
manufacture described herein are not limited in this regard.

[00135] The weight ports 3351, 3352, 3353, and 3354 of the first weight port region 3342 may
be partially or fully surrounded and enveloped by an elastic polymer or elastomer material or any
of the suitable materials described herein to absorb shock, isolate vibration, and/or dampen noise.
According to one example, the first weight port region 3342 and the weight ports 3351, 3352,
3353, and 3354 may be similar in many respects to the second interior cavity 4790 and the
weight ports 4720 of the example of FIG. 47. Accordingly, a detailed description of the first
weight port region 3342 is not provided. Similar to the example of FIG. 47, the first weight port
region 3342 may define an interior cavity (not shown), through which each of the weight ports
3351, 3352, 3353, and 3354 extends. The interior cavity may be then partially or fully filled

with an elastic polymer or elastomer material that may partially or fully surround the weight
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ports 3351, 3352, 3353, and 3354. The apparatus, methods, and articles of manufacture
described herein are not limited in this regard.

[00136] The second weight port region 3344 may include a plurality of weight ports. In one
example, the second weight port region 3344 may include four weight ports, which are generally
shown as 3356, 3357, 3358 and 3359. The second weight port region 3344 may be near the heel
portion 3360 and extend between the front portion 3370 and the rear portion 3380. The second
weight port region 3344 may have any configuration, size and/or shape. In one example, the
second weight port region 3344 may generally extend near the heel portion 3360 similar to the
contour of the body portion 3310 at the heel portion 3360. Each weight port 3356-3359 of the
second weight port region 3344 may be associated with a second port diameter and configured to
receive at least one weight portion of a plurality of weight portions. Two adjacent weight ports
of the second weight port region 3344 may be separated by less than or equal to the second port
diameter. The first port diameter may be similar to the second port diameter or different from
the second port diameter. In one example, the first port diameter may be similar to the second
port diameter so that each weight portion of the plurality of weight portions may be
interchangeably used in the weight ports of the first weight port region 3342 and the second
weight port region 3344. The port diameter associated with each weight port of the second
weight port region 3344, the distance between adjacent weight ports of the second weight port
region 3344, and the configuration of each weight portion of the plurality of weight portions may
be similar in many respects to the example weight ports and weight portions described herein.
Accordingly, a detailed description of the weight ports of the second weight port region 3344 and
the weight portions received in the weight ports of the second weight port region 3344 is not
provided.

[00137] The second weight port region 3344 may be a separate piece from the bottom portion
3340 and constructed from a different material than the bottom portion 3340. For example, the
second weight port region 3344 may be constructed from one or more non-metallic composite
materials and attached to the bottom portion 3340 or attached in a corresponding recess (not
shown) in the bottom portion 3340. The second weight port region 3344 may include the weight
ports 3356, 3357, 3358, and 3359. Each of the weight ports 3356, 3357, 3358, and 3359 may be
threaded to receive a weight portion as described herein. Alternatively, each of weight the ports

3356, 3357, 3358, and 3359 may include a threaded metallic sleeve for receiving a weight
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portion as described herein when the second weight port region 3344 is constructed from a non-
metallic material such as a composite material. The apparatus, methods, and articles of
manufacture described herein are not limited in this regard.

[00138] The weight ports 3356, 3357, 3358, and 3359 of the second weight port region 3344
may be partially or fully surrounded and enveloped by an elastic polymer or elastomer material
or any of the suitable materials described herein to absorb shock, isolate vibration, and/or
dampen noise. According to one example, the second weight port region 3344 and the weight
ports 3356, 3357, 3358, and 3359 may be similar in many respects to the second interior cavity
4790 and the weight ports 4720 of the example of FIG. 47. Accordingly, a detailed description
of the weight port region 3342 is not provided. Similar to the example of FIG. 47, the second
weight port region 3344 may define an interior cavity (not shown), through which each of the
weight ports 3356, 3357, 3358, and 3359 extends. The interior cavity may be then partially or
fully filled with an elastic polymer or elastomer material that may partially or fully surround the
weight ports 3356, 3357, 3358, and 3359. The apparatus, methods, and articles of manufacture
described herein are not limited in this regard.

[00139] In the example of FIGs. 41-46, a golf club head 4100 may include a body portion
4110. The golf club head 4100 may include a plurality of weight ports (e.g., one is generally
shown as 4120) and a plurality of weight portions. Alternatively, the golf club head 4100 may
not include any weight ports or weight portions. The body portion 4110 may include a top
portion 4130, a bottom portion 4140, a toe portion 4150, a heel portion 4160, a front portion
4170, and a rear portion 4180. The bottom portion 4140 may include a skirt portion (not shown)
defined as a side portion of the golf club head 4100 between the top portion 4130 and the bottom
portion 4140 excluding the front portion 4170 and extending across a periphery of the golf club
head 4100 from the toe portion 4150, around the rear portion 4180, and to the heel portion 4160.
The bottom portion 4140 may include at least one weight port region, generally shown as a first
weight port region 4142 and a second weight port region 4144. For example, each of the first
and second weight port regions 4142 and 4144, respectively, may include a plurality of weight
ports, one of which is generally shown as 4120, to receive the plurality of weight portions. The
first and second weight port regions 4142 and 4144, the plurality of weight ports of the first and
second weight port regions 4142 and 4144, and the plurality of weight portions received in the

first and second weight port regions 4142 and 4144 may be similar in many respect to the first
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and second weight port regions 3342 and 3344, respectively, and the other examples described
herein. Further, the first and second weight port regions 4142 and 4144 may be constructed from
a different material than the bottom portion 4140 and filled with an elastic or elastomer material
such that the weight ports of the weight port regions 4142 and 4144 may be partially or fully
surrounded by the elastic polymer material as described in detail. Accordingly, a detailed
description of the first and second weight port regions 4142 and 4144 is not provided.

[00140] The front portion 4170 may include a face portion 4175 to engage a golf ball (not
shown). The body portion 4110 may also include a hosel portion 4165 to receive a shaft (not
shown). Alternatively, the body portion 4110 may include a bore (not shown) instead of a hosel
portion 4165. For example, the body portion 4110 may be made partially or entirely of an
aluminum-based material, a magnesium-type material, a steel-based material, a titanium-based
material, any combination thereof, or any other suitable material. In another example the body
portion 4110 may be made partially or entirely of a non-metal material such as a ceramic
material, a composite material, any combination thereof, or any other suitable material.

[00141] The golf club head 4100 may have a club head volume greater than or equal to 300
cubic centimeters (cm’ or cc). In one example, the golf club head 4100 may be about 460 cc.
Alternatively, the golf club head 4100 may have a club head volume less than or equal to 300 cc.
In particular, the golf club head 4100 may have a club head volume between 100 cc and 200 cc.
The club head volume of the golf club head 4100 may be determined by using the weighted
water displacement method (i.e., Archimedes Principle). For example, procedures defined by
golf standard organizations and/or governing bodies such as the United States Golf Association
(USGA) and/or the Royal and Ancient Golf Club of St. Andrews (R&A) may be used for
measuring the club head volume of the golf club head 4100. Although FIG. 42 may depict a
particular type of club head (e.g., a driver-type club head), the apparatus, methods, and articles of
manufacture described herein may be applicable to other types of club head (e.g., a fairway
wood-type club head, a hybrid-type club head, an iron-type club head, a putter-type club head,
etc.). Accordingly, the club head 4100 may be any type of club head such as the club heads
described herein. The apparatus, methods, and articles of manufacture described herein are not
limited in this regard.

[00142] The body portion 4110 may be a hollow body including an interior cavity (not

shown), which may be similar in many respect to the first interior cavity 3385 of the example of
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FIGs. 33-40. The bottom portion 4140 may include a recessed region 4190 that may extend
between the front portion 4170 and the rear portion 4180 and between the toe portion 4150 and
the heel portion 4160. However, the bottom portion may not include the recessed region 4190.
The recessed region 4190 may be defined by a recess or a groove 4192 in the bottom portion
4190. In one example, the recessed region 4190 may be near the front portion 4170 and have a
length that extends between the toe portion 4150 and the heel portion 4160 and is greater than or
equal to a portion of the face portion 4175 that engages or strikes a golf ball. Accordingly,
recessed region 4190 may be located proximate and behind the face portion 4175. In one
example, recessed region 4190 may have any length and/or width. The recessed region 4190
may be at any location on the body portion 4110.

[00143] The recessed region 4190, which may be defined by the groove 4192, may change the
stiffness of the bottom portion 4140. Accordingly, the recessed region 4190 may change the
noise and dampening characteristics of the body portion 4100 when the face portion 4175 strikes
a golf ball. The characteristics of the vibrations that may propagate from the face portion 4175
to the rest of the body portion 4110 when the face portion 4175 strikes a golf ball may be
changed and/or dampened by the recessed region 4190. Accordingly, the recessed region 4190
may provide vibration and noise dampening. Further, the recessed region 4190 may provide a
preferred sound and feel to an individual when striking a golf ball (not shown). The recessed
region 4190 may have any shape so as to provide a function of vibration and noise dampening as
described herein. For example, the recessed region 4190 may have a rectangular, triangular or
polygonal shape. Further, the length and width of the recessed region 4190 may be determined
so as to provide vibration and noise dampening as described herein. For example, the shape,
length and/or width of the recessed region 4190 may change depending on the shape, size,
volume and/or materials of construction of the body portion 4110. In one example, the recessed
region 4190 may extend generally parallel to the face portion 4175 as shown in FIG. 43. Inone
example (not shown), the recessed region may be closer to the face portion 4175 near a center
portion of the face portion 4175 and farther from the face portion 4175 near the toe portion 4150
and the heel portion 4160. In one example (not shown), the shape and size of the recessed region
4190 and the shape, width and depth of the groove 4192 may be determined by numerical
analysis (e.g., finite element analysis) and/or experimental analysis (e.g., vibration testing) so as

to provide a particular or an optimum vibration and noise dampening. The recessed region 4190
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may include additional grooves, dimples, projections, ridges of the like for providing particular
vibration, dampening and noise characteristics for the body portion 4100. The apparatus,
methods, and articles of manufacture described herein are not limited in this regard.

[00144] In the example of FIGS. 47 and 48, a golf club head 4700 may include a body portion
4710. The golf club head 4700 may include a plurality of weight ports 4720 (e.g., four weight
ports are generally shown as 4721, 4722, 4723, and 4724) that may be similar in many respects
to the weight ports and weight portions, respectively, of the golf club heads described herein.
Accordingly, a detailed description of the weight ports and the weight portions of the golf club
head 4700 is not provided.

[00145] The body portion 4710 may include a top portion 4730, a bottom portion 4740, a toe
portion (not shown), a heel portion (not shown), a front portion 4770, and a rear portion 4780.
The bottom portion 4740 may include a skirt portion (not shown) defined as a side portion of the
golf club head 4700 between the top portion 4730 and the bottom portion 4740 excluding the
front portion 4770 and extending across a periphery of the golf club head 4700 from the toe
portion, around the rear portion 4780, and to the heel portion. The bottom portion 4740 may
include one or more weight port regions. In the example of FIG. 47, a weight port region 4715 is
shown. A weight port region may include a plurality of weight ports, one of which is generally
shown as 4720, to receive a plurality of weight portions, which are generally shown as 4820 in
FIG. 48 (e.g., weight portions 4821, 4822, 4823 and 4824). The front portion 4770 may include
a face portion 4775 to engage a golf ball (not shown). The body portion 4710 may also include a
hosel portion (not shown) to receive a shaft (not shown). Alternatively, the body portion 4710
may include a bore (not shown) instead of a hosel portion (not shown). For example, the body
portion 4710 may be made partially or entirely of an aluminum-based material, a magnesium-
type material, a steel-based material, a titanium-based material, any combination thereof, or any
other suitable material. In another example the body portion 4710 may be made partially or
entirely of a non-metal material such as a ceramic material, a composite material, any
combination thereof, or any other suitable material.

[00146] The golf club head 4700 may have a club head volume greater than or equal to 300
cubic centimeters (cm’ or cc). In one example, the golf club head 4700 may be about 460 cc.
Alternatively, the golf club head 4700 may have a club head volume less than or equal to 300 cc.
In particular, the golf club head 4700 may have a club head volume between 100 cc and 200 cc.
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The club head volume of the golf club head 4700 may be determined by using the weighted
water displacement method (i.e., Archimedes Principle). For example, procedures defined by
golf standard organizations and/or governing bodies such as the United States Golf Association
(USGA) and/or the Royal and Ancient Golf Club of St. Andrews (R&A) may be used for
measuring the club head volume of the golf club head 4700. Although FIG. 47 may depict a
particular type of club head (e.g., a driver-type club head), the apparatus, methods, and articles of
manufacture described herein may be applicable to other types of club head (e.g., a fairway
wood-type club head, a hybrid-type club head, an iron-type club head, a putter-type club head,
etc.). Accordingly, the club head 4700 may be any type of club head such as the club heads
described herein. The apparatus, methods, and articles of manufacture described herein are not
limited in this regard.

[00147] The body portion 4710 may be a hollow body including a first interior cavity 4788
that may extend from the front portion 4770 to the rear portion 4780 and from the toe portion to
the heel portion. The body portion 4710 may include a second interior cavity 4790 near the
bottom portion 4740 or at the bottom portion 4740 and extending between the front portion 4760
and the rear portion 4770. The second interior cavity 4790 may extend between the top portion
4730 and the bottom portion 4740. The first interior cavity 4788 and the second interior cavity
4790 may be separated by a cavity wall 4789. The second interior cavity 4790 may be an
integral part of the golf club head 4710. In other words, the second interior cavity may be
located between the bottom portion 4740 and the top portion 4730. Alternatively, as shown in
FIG. 48, the second interior cavity 4790 may be defined by a separate and hollow weight port
region 4715 that may be attached in a recessed portion 4792 of the bottom portion 4740.
[00148] The weight port region 4715 includes the weight ports 4720 (generally shown as
weight ports 4721, 4722, 4723 and 4724). The weight ports 4720 may be defined by ports that
extend into the hollow weight port region 4715 (i.e., into the second interior cavity 4790). The
second interior cavity 4790 may surround and envelop the weight ports 4720. In one example,
the second interior cavity 4790 may be unfilled (i.e., empty space). Alternatively, the second
interior cavity 4790 may be partially or entirely filled with an elastic polymer or elastomer
material 4798 (e.g., a viscoelastic urethane polymer material such as Sorbothane® material
manufactured by Sorbothane, Inc., Kent, Ohio), a thermoplastic elastomer material (TPE), a

thermoplastic polyurethane material (TPU), and/or other suitable types of materials to absorb
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shock, isolate vibration, and/or dampen noise. Accordingly, each of the weight ports 4721, 4722,
4723 and 4724 may be partially or entirely surrounded by the elastic polymer material. Elastic
polymer or elastomer material may be injected into the second interior cavity 4792 through one
of the weight ports 4720 that may have an opening to the second interior cavity 4790 or another
access port (not shown). For example, at least 50% of the second interior cavity 4790 may be
filled with a TPE material to absorb shock, isolate vibration, and/or dampen noise when the golf
club head 4700 strikes a golf ball via the face portion 4775. The apparatus, methods, and articles
of manufacture described herein are not limited in this regard.

[00149] According to one example, the weight port region 4715 may be a separate part that
may be constructed from the same material as or a different material than the golf club head
4710. For example, the weight port region 4715 may be constructed from a non-metallic
composite material. Each of the weight ports 4721, 4722, 4723, and 4724 may include a
threaded metallic sleeve for receiving a weight portion as described herein when the weight port
region 4715 is constructed from a non-metallic material such as a composite material. The
weight port region 4715 may be partially or fully filled with an elastic or elastomer material prior
to or after attachment inside the recessed portion 4792 of the bottom portion 4740. The
apparatus, methods, and articles of manufacture described herein are not limited in this regard.
[00150] In the example of FIGs. 49-52, a golf club head 4900 may include a body portion
4910. The golf club head 4900 may include a plurality of weight ports having a first set of
weight ports 5020 (e.g., generally shown as weight ports 5021, 5022, 5023, 5024, and 5025) and
a second set of weight ports 5120 (e.g., generally shown as weight ports 5121, 5122, 5123, 5124,
and 5125). The golf club head 4900 also may include a plurality of weight portions (not shown).
The weight ports 5020 and 5120 and the weight portions may be similar in many respects to the
weight ports and weight portions, respectively, of the golf club heads described herein.
Accordingly, a detailed description of the weight ports 5020 and 5120 and the weight portions of
the golf club head 4900 is not provided. Alternatively, the golf club head 4900 may not include
any weight ports or weight portions.

[00151] The body portion 4910 may include a top portion 4930, a bottom portion 4940, a toe
portion 4950, a heel portion 4960, a front portion 4970, and a rear portion 4980. The bottom
portion 4940 may include a skirt portion (not shown) defined as a side portion of the golf club
head 4900 between the top portion 4930 and the bottom portion 4940 excluding the front portion
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4970 and extending across a periphery of the golf club head 4900 from the toe portion 4950,
around the rear portion 4980, and to the heel portion 4960. The bottom portion 4940 may
include at least one weight port region. In the example of FIG. 49, the bottom portion 4940
includes a first weight port region 5050 having the first set of weight ports 5020 and a second
weight port region 5150 having the second set of weight ports 5120.

[00152] The front portion 4970 may include a face portion 4975 to engage a golf ball (not
shown). The body portion 4910 may also include a hosel portion 4965 to receive a shaft (not
shown). Alternatively, the body portion 4910 may include a bore (not shown) instead of a hosel
portion 4965. For example, the body portion 4910 may be made partially or entirely of an
aluminum-based material, a magnesium-type material, a steel-based material, a titanium-based
material, any combination thereof, or any other suitable material. In another example the body
portion 4910 may be made partially or entirely of a non-metal material such as a ceramic
material, a composite material, any combination thereof, or any other suitable material. The
apparatus, methods, and articles of manufacture described herein are not limited in this regard.
[00153] The golf club head 4900 may have a club head volume greater than or equal to 300
cubic centimeters (cm’ or cc). In one example, the golf club head 4900 may be about 460 cc.
Alternatively, the golf club head 4900 may have a club head volume less than or equal to 300 cc.
In particular, the golf club head 4900 may have a club head volume between 100 cc and 200 cc.
The club head volume of the golf club head 4900 may be determined by using the weighted
water displacement method (i.e., Archimedes Principle). For example, procedures defined by
golf standard organizations and/or governing bodies such as the United States Golf Association
(USGA) and/or the Royal and Ancient Golf Club of St. Andrews (R&A) may be used for
measuring the club head volume of the golf club head 4900. Although FIG. 49 may depict a
particular type of club head (e.g., a driver-type club head), the apparatus, methods, and articles of
manufacture described herein may be applicable to other types of club head (e.g., a fairway
wood-type club head, a hybrid-type club head, an iron-type club head, a putter-type club head,
etc.). Accordingly, the club head 4900 may be any type of club head such as the club heads
described herein. The apparatus, methods, and articles of manufacture described herein are not
limited in this regard.

[00154] Each of the weight port regions 5050 and 5150 may be defined by a portion of the

outer surface of the bottom portion 4940 such as all of the examples described herein and shown
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in 49 and 50. In one example, each of the weight port regions 5050 and 5150 may be defined by
a recessed portion of the bottom portion 4940 (not shown). In one example, each of the weight
port regions 5050 and 5150 may be defined by a protruded portion of the bottom portion 4940
(not shown in FIGs. 49-52, and example shown in FIG. 43). In one example, each of the weight
port regions 5050 and 5150 may be a separate weight port region (not shown) that may be
attached to and protrude from the bottom portion 4940. In one example, each of the weight port
regions 5050 and 5150 may be a separate weight port region that may be attached inside a recess
that may define each weight port region 5050 and 5150, respectively (not shown) on the bottom
portion 4940. In the example of FIG. 49, each of the weight port regions 5050 and 5150 may be
defined by a portion of the outer surface of the bottom portion 4940. Each of the weight port
regions 5050 and 5150 may be defined by a recess or groove, a projection, or any type of
demarcation (e.g., etching, painting, etc.) that may define each of the weight port regions 5050
and 5150, respectively. Alternatively, the weight port regions 5050 and 5150 may be defined by
the weight ports of each weight port region 5050 and 5150 without any weight port region
boundary structural or visual identification. In the example of FIG. 49, each of the weight port
regions 5050 and 5150 may be defined by a boundary recess or boundary groove 5052 and 5152,
respectively, which may provide structural reinforcement and/or rigidity to the bottom portion
4940 at and around the weight port regions 5050 and 5150. Instead of the boundary grooves
5052 and 5152, each of the weight port regions 5050 and 5150 may be defined by a boundary
projection or boundary rib (not shown) that may provide structural reinforcement and/or rigidity
to the bottom portion 4940 at and around the weight port regions 5050 and 5150. The apparatus,
methods, and articles of manufacture described herein are not limited in this regard.

[00155] The first weight port region 5050 may have any shape. In the example of FIG. 49, the
first weight port region 5050 is generally L-shaped. The first weight port region 5050 may be
near the toe portion 4950 and include a first portion 5054 that may extend between the front
portion 4970 and the rear portion 4980 (e.g., weight ports 5022, 5023, 5024, and 5025), and a
second portion 5056 that may extend between the toe portion 4950 and the heel portion 4960
(e.g., weight ports 5021 and 5022). The first portion 5054 and the second portion 5056 may be
transverse to resemble a generally L-shaped first weight port region 5050. Each of the first
portion 5054 and the second portion 5056 may include any number of weight ports. In the
example of FIGS. 49-52, the first portion 5054 may include two weight ports 5021 and 5022 that
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may extend in a direction between the toe portion 4950 and the heel portion 4960. The second
portion 5056 may include four weight ports 5022, 5023, 5024 and 5025 that may extend in a
direction between the face portion 4970 and the rear portion 4980. The weight ports of the first
portion 5054 may extend along a line or a curve. The weight ports of the second portion 5056
may extend along a line or a curve. In one example, the weight ports of the first portion 5054
may extend in a direction that may generally correspond to the contour of the front portion 4970.
In one example, the weight ports of the second portion 5056 may extend in a direction that may
generally correspond to the contour of the toe portion 4950. Accordingly, the first weight port
region 5050 may be defined by linear or curved sides that may generally define a generally linear
or curved L-shaped region on the bottom portion 4940. A generally L-shaped region may be
defined by two regions that may be generally transverse and form a right angle, a large acute
angle (e.g., greater than 45°) or a small obtuse angle (e.g., less than 135°) relative to each other.
The apparatus, methods, and articles of manufacture described herein are not limited in this
regard.

[00156] Each weight port 5021, 5022, 5023, 5024, and 5025 of the first weight port region
5050 may be associated with a first port diameter and configured to receive at least one weight
portion of a plurality of weight portions. Adjacent weight ports of the first weight port region
5050 may be separated by any distance. In one example, two adjacent weight ports of the first
weight port region 5050 may be separated by less than or equal to a first port diameter, which
may be the diameter of any of the two adjacent weight ports. The port diameter associated with
each weight port of the first weight port region 5050, the distance between adjacent weight ports
of the first weight port region 5050, and the configuration of each weight portion of the plurality
of weight portions may be similar in many respects to the example weight ports and weight
portions described herein. Accordingly, a detailed description of the weight ports of the first
weight port region 5050 and the weight portions received in the weight ports of the first weight
port region 5050 is not provided. The apparatus, methods, and articles of manufacture described
herein are not limited in this regard.

[00157] The second weight port region 5150 may have any shape. In the example of FIG. 49,
the second weight port region 5150 is generally L-shaped. The second weight port region 5150
may be near the heel portion 4960 and may include a first portion 5154 that may extend between

the front portion 4970 and the rear portion 4980 (e.g., weight ports 5122, 5123, 5124, and 5125),
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and a second portion 5156 that may extend between the toe portion 4950 and the heel portion
4960 (e.g., weight ports 5121 and 5122). The first portion 5154 and the second portion 5156 may
be transverse to define a generally L-shaped second weight port region 5150. Each of the first
portion 5154 and the second portion 5156 may include any number of weight ports. In the
example of FIGS. 49-52, the first portion 5154 may include two weight ports 5121 and 5122 that
may extend in a direction between the toe portion 4950 and the heel portion 4960. The second
portion 5156 may include four weight ports 5122, 5123, 5124 and 5125 that may extend in a
direction between the face portion 4970 and the rear portion 4980. The weight ports of the first
portion 5154 may extend along a line or a curve. The weight ports of the second portion 5156
may extend along a line or a curve. In one example, the weight ports of the first portion 5154
may extend in a direction that may generally correspond to the contour of the front portion 4970.
In one example, the weight ports of the second portion 5156 may extend in a direction that may
generally correspond to the contour of the heel portion 4960. Accordingly, the second weight
port region 5150 may be defined by linear or curved sides that may generally define a generally
linear or curved L-shaped region on the bottom portion 4940. A generally L-shaped region may
be defined by two regions that may be generally transverse and form a right angle, a large acute
angle (e.g., greater than 45°) or a small obtuse angle (e.g., less than 135°) relative to each other.
The apparatus, methods, and articles of manufacture described herein are not limited in this
regard.

[00158] Each weight port 5121, 5122, 5123, 5124, and 5125 of the second weight port region
5150 may be associated with a second port diameter and configured to receive at least one
weight portion of a plurality of weight portions. Adjacent weight ports of the second weight port
region 5150 may be separated by any distance. In one example, two adjacent weight ports of the
second weight port region 5150 may be separated by less than or equal to the second port
diameter, which may be the port diameter of any of the two adjacent weight ports. The second
port diameter may be similar to the first port diameter or different from the first port diameter.

In one example, the first port diameter may be similar to the second port diameter so that each
weight portion of the plurality of weight portions may be interchangeably used in the weight
ports of the first weight port region 5050 and the second weight port region 5150. The port
diameter associated with each weight port of the second weight port region 5150, the distance

between adjacent weight ports of the second weight port region 5150, and the configuration of
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each weight portion of the plurality of weight portions may be similar in many respects to the
example weight ports and weight portions described herein. Accordingly, a detailed description
of the weight ports of the second weight port region 5150 and the weight portions received in the
weight ports of the second weight port region 5150 is not provided. The apparatus, methods, and
articles of manufacture described herein are not limited in this regard.

[00159] The body portion 4910 may be a hollow body including an interior cavity (not shown)
that may generally define the volume of the body portion 4910. Alternatively, the body portion
4910 may include a plurality of interior cavities that may generally define the volume of the
body portion 4910. The configuration of any interior cavities of the body portion 4910 may be
similar in many respects to the one or more interior cavities of the golf club heads described
herein. Furthermore, any interior cavity of the body portion 4910 may be unfilled (i.e., empty
space), partially filled, or entirely filled with an elastic polymer or elastomer material in a similar
manner as any of the golf club heads described herein. Any one or a plurality of weight ports of
the weight port regions 5050 and/or 5150 may be partially or entirely surrounded by an elastic
polymer or elastomer material. In one example, one or more of the weight ports of the weight
port regions 5050 and/or 5150 may be proximate to or surrounded by an elastic polymer material
similar to the examples shown in FIGS. 29 and 30. In one example, one or more of the weight
ports of the weight port regions 5050 and/or 5150 may be proximate to or surrounded by an
elastic polymer material similar to the examples shown in FIGS. 31 and 32. In one example, one
or more of the weight ports of the weight port regions 5050 and/or 5150 may be proximate to or
surrounded by an elastic polymer material similar to the examples shown in FIGS. 47 and 48. A
weight port having a portion thereof covered by an elastic polymer material and a portion thereof
exposed to an internal cavity (not shown) of the body portion 4910 may be defined as a weight
port being partially surrounded by an elastic polymer material. For example, as shown in FIGS.
30 and 32, one side of a weight port may be covered by an elastic polymer material, hence the
weight port may be partially surrounded by an elastic polymer material. Alternatively, a weight
port that may be entirely surrounded by an elastic polymer material in an internal cavity (not
shown) of the body portion 4910 may be defined as a weight port being fully surrounded by an
elastic polymer material. For example, as shown in FIG 47, a weight port may be fully
surrounded by an elastic polymer material in an internal cavity of the body portion 4910. The

configuration of any interior cavities of the body portion 4910 and/or the weight ports 5050
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and/or 5150 may be similar in many respects to the one or more interior cavities of the golf club
heads described herein. Furthermore, any interior cavity of the body portion 4910 and/or any
portion of an interior cavity that is near or surrounding any of the weight ports 5050 and/or 5150
may be unfilled (i.e., empty space), partially filled, or entirely filled with an elastic polymer or
elastomer material in a similar manner as any of the golf club heads described herein. Any
interior cavity of the body portion 4910 may be filled with an elastic polymer material through
one or more weight ports as described in detail herein. Therefore, a detailed description of any
interior cavities of the body portion 4090 and the filling of such interior cavities with an elastic
polymer or elastomer material is not provided. The apparatus, methods, and articles of
manufacture described herein are not limited in this regard.

[00160] In one example shown in FIGs. 51 and 52, the bottom portion 4940 may include an
outer surface 4942 and an inner surface 4944. The inner surface 4942 may include a plurality of
support portions 5170. Alternatively or in conjunction with the inner surface 4944, the outer
surface 4942 may include a plurality of support portions (not shown). For example, at least one
of the support portions may be an elongated recessed rib (e.g., a groove, not shown) or an
elongated projecting rib (shown in FIG. 52). The plurality of support portions 5170 may include
one or more first support portions 5172 extending between the toe portion 4950 and heel portion
4960. The plurality of support portions 5170 may include one or more second support portions
5174 extending between the front portion 4970 and rear portion 4980. At least one of the first
support portions may intersect with at least one of the second support portions. In one example,
intersecting first support portions and second support portions may provide a truss-like structure
that may function similar to a truss to enhance structural reinforcement and rigidity of the bottom
portion 4940. The apparatus, methods, and articles of manufacture described herein are not
limited in this regard.

[00161] In one example, the bottom portion 4940 may include at least three of the first support
portions 5172 that may extend between the toe portion 4950 and the heel portion 4960. The first
support portions 5172 may be similarly spaced apart and/or generally parallel and configured to
intersect with the first and second weight port regions 5050 and 5150. Accordingly, the first
support portions 5172 may provide structural reinforcement and rigidity to the weight port
regions 5050 and 5150 and/or areas of the bottom portion 4940 near the weight port regions 5050

and 5150. The first support portions 5172 may have a curvature similar to either the curvature of
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the front portion 4970 or the rear portion 4980. In the example of FIG. 51, the first support
portions 5172 have a similar curvature at the curvature of the front portion 4970, which may
provide structural reinforcement and rigidity to the bottom portion 4940 when the face portion
4975 strikes a golf ball (not shown). Alternatively, the first support portions 5172 may have any
configuration or curvature or may be linear. In one example, the first support portions 5172 may
be defined by radial lines (not shown) that converge at a point (not shown) on or outside of the
bottom portion 4940. The apparatus, methods, and articles of manufacture described herein are
not limited in this regard.

[00162] In one example, the bottom portion 4940 may include at least three of the second
support portions 5174 that may extend between the front portion 4970 and the rear portion 4980.
The second support portions 5174 may be similarly spaced apart and/or generally parallel. At
least one or more of the second support portions 5174 may be configured to intersect with the
first and second weight port regions 5050 and 5150. Accordingly, the second support portions
5174 may provide structural reinforcement and rigidity to the weight port regions 5050 and 5150
and/or areas of the bottom portion 4940 near the weight port regions 5050 and 5150. The first
support portions 5174 may have a curvature similar to either the curvature of the toe portion
4950 or the heel portion 4960. In the example of FIG. 51, the second support portions 5174
extend generally linearly between the rear portion 4980 and the front portion 4970 yet follow the
curvature of the bottom portion 4940 from the rear portion 4980 to the front portion 4970. The
second support portions 5174 may provide structural reinforcement and rigidity to the bottom
portion 4940 when the face portion 4975 strikes a golf ball (not shown). Alternatively, the
second support portions 5174 may have any configuration. In one example, the second support
portions 5174 may be defined by radial lines (not shown) that converge at a point (not shown) on
or outside of the bottom portion 4940. The apparatus, methods, and articles of manufacture
described herein are not limited in this regard.

[00163] While the above examples may describe a certain type of golf club head, the
apparatus, methods, and articles of manufacture described herein may be applicable to other
types of golf club heads. Referring to FIGs. 53-55, for example, a golf club head 5300 may
include a body portion 5310 and a cavity wall portion 5320. The golf club head 5300 may have
a club head volume greater than or equal to 300 cubic centimeters (cm’ or cc). In one example,

the golf club head 5300 may be about 460 cc. Alternatively, the golf club head 5300 may have a
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club head volume less than or equal to 300 cc. For example, the golf club head 5300 may have a
club head volume between 100 cc and 200 cc. The club head volume of the golf club head 5300
may be determined by using the weighted water displacement method (i.e., Archimedes
Principle). For example, procedures defined by golf standard organizations and/or governing
bodies such as the United States Golf Association (USGA) and/or the Royal and Ancient Golf
Club of St. Andrews (R&A) may be used for measuring the club head volume of the golf club
head 100. Although FIGs. 53-55 may depict a particular type of club head (e.g., a fairway wood-
type club head), the apparatus, methods, and articles of manufacture described herein may be
applicable to other types of club head (e.g., a driver-type club head, a hybrid-type club head, an
iron-type club head, a putter-type club head, etc.). The apparatus, methods, and articles of
manufacture described herein are not limited in this regard.

[00164] The body portion 5310 may include a toe portion 5340, a heel portion 5350, a front
portion 5360, a rear portion 5370, a top portion 5380 (e.g., a crown portion), and a bottom
portion 5390 (e.g., a sole portion). The body portion 5310 may be a hollow body made partially
or entirely of an aluminum-based material, a magnesium-type material, a steel-based material, a
titanium-based material, any other suitable material, or any combination thereof. In another
example, the body portion 5310 may be made partially or entirely of a non-metal material such
as a ceramic material, a composite material, any other suitable material, or any combination
thereof. The front portion 5360 may include a face portion 5362 (e.g., a strike face). The face
portion 5362 may include a front surface 5364 and a back surface 5366. The front surface 5364
may include a plurality of grooves, generally shown as 5510 in FIG. 55.

[00165] The cavity wall portion 5320 may form a first interior cavity 5410 and a second
interior cavity 5420 within the body portion 5310. For example, the cavity wall portion 5320
may be made partially or entirely of an aluminum-based material, a steel-based material, any
other suitable material, or any combination thereof. In another example, the cavity wall portion
5320 may be made partially or entirely of a non-metal material such as a ceramic material, a
composite material, any other suitable material, or any combination thereof. The first interior
cavity 5410 may be associated with a first volume, and the second interior cavity 5420 may be
associated with a second volume. In one example, the first volume may be less than the second

volume. Further, the first volume may be less than or equal to 50% of the second volume.
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[00166] As illustrated in FIG. 54, for example, the cavity wall portion 5320 may extend from
the back surface 5366 of the face portion 5362. In one example, the cavity wall portion 5320
may extend no more than one inch from the back surface 5366. In another example, the cavity
wall portion 5320 may extend no more than two inches from the back surface 5366. The cavity
wall portion 5320 may be a single curved wall section. In particular, the cavity wall portion
5320 may have a convex arc profile relative to the back surface 5366 (e.g., C shape) to form a
dome-like structure with an elliptical base (e.g., FIG. 55) or a circular base on the back surface
5366. In another example, the cavity wall portion 5320 may form a cone-like structure or a
cylinder-like structure with the body portion 5310. Alternatively, the cavity wall portion 5320
may be a concave arc profile relative to the back surface 5366. The apparatus, methods, and
articles of manufacture described herein are not limited in this regard.

[00167] The first interior cavity 5410 may be partially or entirely filled with an elastic
polymer or elastomer material (e.g., a viscoelastic urethane polymer material such as
Sorbothane® material manufactured by Sorbothane, Inc., Kent, Ohio), a thermoplastic elastomer
material (TPE), a thermoplastic polyurethane material (TPU), and/or other suitable types of
materials to absorb shock, isolate vibration, dampen noise, and/or provide structural support.
The elastic polymer material may be injected into the first interior cavity 5410 via an injection
molding process via a port on the face portion 5362. For example, at least 50% of the first
interior cavity 5410 may be filled with a TPE material to absorb shock, isolate vibration, dampen
noise, and/or provide structural support when the golf club head 5300 strikes a golf ball via the
face portion 5362. With the support of the cavity wall portion 5320 to form the first interior
cavity 5410 and filling at least a portion of the first interior cavity 5410 with an elastic polymer
material, the face portion 5362 may be relatively thin without degrading the structural integrity,
sound, and/or feel of the golf club head 5300. In one example, the face portion 5362 may have a
thickness of less than or equal to 0.075 inch (e.g., a distance between the front surface 5364 and
the back surface 5366). In another example, the face portion 5362 may have a thickness of less
than or equal to 0.060 inch. In yet another example, the face portion 5362 may have a thickness
of less than or equal to 0.050 inch. Further, the face portion 5362 may have a thickness of less
than or equal to 0.030 inch. The apparatus, methods, and articles of manufacture described

herein are not limited in this regard.
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[00168] The cavity wall portion 5320 may include multiple sections. Turning to FIGs. 56-58,
for example, a golf club head 5600 may include a body portion 5610 and a cavity wall portion
5620. The body portion 5610 may include a toe portion 5640, a heel portion 5650, a front
portion 5660, a rear portion 5670, a top portion 5680 (e.g., a crown portion), and a bottom
portion 5690 (e.g., a sole portion). The front portion 5660 may include a face portion 5662 (e.g.,
a strike face) with a front surface 5664 and a back surface 5666. The cavity wall portion 5620
may extend from the back surface 5666 to form a first interior cavity 5710 and a second interior
cavity 5720 within the body portion 5610. The cavity wall portion 5620 may include two or
more wall sections, generally shown as 5730, 5740, and 5750 in FIG. 57. The cavity wall
portion 5620 may form a truncated pyramid-like structure with a rectangular base (e.g., FIG. 58)
or a square base on the back surface 5666. Alternatively, the cavity wall portion 5620 may form
a cuboid-like structure (i.e., with a rectangular base) or a cuboid-like structure (i.e., with a square
base) on the back surface 5666. In another example, the cavity wall portion 5620 may form a
square-based, pyramid-like structure on the back surface 5666. In yet another example, the
cavity wall portion 5620 may form a triangular-based, pyramid-like structure or a triangular
prism-like structure on the back surface 5666. Similar to the first interior cavity 5410 (FIGs. 53-
55), the first interior cavity 5710 may be partially or entirely filled with an elastic polymer or
elastomer material (e.g., a TPE material, a TPU material, etc.). The elastic polymer material may
be injected into the first interior cavity 5710 via an injection molding process via a port on the
face portion 5662. The apparatus, methods, and articles of manufacture described herein are not
limited in this regard.

[00169] As illustrated in FIGs. 59 and 60, for example, a golf club head 5900 may include a
body portion 5910 and a cavity wall portion 5920. The body portion 5910 may include a toe
portion 5940, a heel portion 5950, a front portion 5960, a rear portion 5970, a top portion 5980
(e.g., a crown portion), and a bottom portion 5990 (e.g., a sole portion). The front portion 5960
may include a face portion 5962 (e.g., a strike face) with a front surface 5964 and a back surface
5966. The face portion 5962 may be associated with a loft plane 6005 that defines the loft angle
of the golf club head 5900.

[00170] The cavity wall portion 5920 may be a single flat wall section. In particular, the
cavity wall portion 5920 may extend between the toe portion 5940 and the heel portion 5950 and
between the top portion 5980 and the bottom portion 5990 to form a first interior cavity 6010 and
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a second interior cavity 6020 within the body portion 5910. The cavity wall portion 5920 may
be parallel or substantially parallel to the loft plane 6005. Alternatively as shown in FIG. 61, a
cavity wall portion 6120 may be perpendicular or substantially perpendicular to a ground plane
6130. Similar to the first interior cavities 5410 (FIGs. 53-55) and 5710 (FIGs. 56-58), the first
interior cavity 6010 may be partially or entirely filled with an elastic polymer or elastomer
material. The elastic polymer material may be injected into the first interior cavity 6010 via an
injection molding process via a port on the face portion 5962 and/or the bottom portion 5990.
The apparatus, methods, and articles of manufacture described herein are not limited in this
regard.

[00171] Alternatively, the cavity wall portion 5920 may extend between the bottom portion
5990 and a top-and-front transition region (i.e., a transition region between the top portion 5980
and the front portion 5970) so that the cavity wall portion 5920 and the loft plane 6030 may not
be parallel to each other. In another example, the cavity wall portion 5920 may extend between
the top portion 5980 and a bottom-and-front transition region (i.e., a transition region between
the bottom portion 5990 and the front portion 5970) so that the cavity wall portion 5920 and the
loft plane 6030 may be not parallel to each other. Although FIGs. 59-61, may depict the cavity
wall portions 5920 and 6120 being flat or substantially flat, the cavity wall portions 5920 and/or
6120 may be concaved or convexed relatively to the face portion 5962. The apparatus, methods,
and articles of manufacture described herein are not limited in this regard.

[00172] While above examples may describe a cavity wall portion dividing an interior cavity
of a hollow body portion to form two separate interior cavities with one interior cavity partially
or entirely filled with an elastic polymer material, the apparatus, methods, and articles of
manufacture described herein may include two or more cavity wall portions dividing an interior
cavity of a hollow body portion to form three or more separate interior cavities with at least two
interior cavities partially or entirely filled with an elastic polymer material. In one example, one
interior cavity may be partially or entirely filled with a TPE material whereas another interior
cavity may be partially or entirely filled with a TPU material. The apparatus, methods, and
articles of manufacture described herein are not limited in this regard.

[00173] The terms “and” and “or” may have both conjunctive and disjunctive meanings. The
terms "a" and "an" are defined as one or more unless this disclosure indicates otherwise. The

term “coupled” and any variation thereof refer to directly or indirectly connecting two or more
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elements chemically, mechanically, and/or otherwise. The phrase "removably connected” is
defined such that two elements that are "removably connected" may be separated from each
other without breaking or destroying the utility of either element.

[00174] The term “substantially” when used to describe a characteristic, parameter, property,
or value of an element may represent deviations or variations that do not diminish the
characteristic, parameter, property, or value that the element may be intended to provide.
Deviations or variations in a characteristic, parameter, property, or value of an element may be
based on, for example, tolerances, measurement errors, measurement accuracy limitations and

EEINT3

other factors. The term "proximate" is synonymous with terms such as “adjacent,” “close,”

EEINT3 LE TS

“immediate,” “nearby”, “neighboring”, etc., and such terms may be used interchangeably as
appearing in this disclosure.

[00175] The apparatus, methods, and articles of manufacture described herein may be
implemented in a variety of embodiments, and the foregoing description of some of these
embodiments does not necessarily represent a complete description of all possible embodiments.
Instead, the description of the drawings, and the drawings themselves, disclose at least one
embodiment, and may disclosure alternative embodiments.

[00176] As the rules of golf may change from time to time (e.g., new regulations may be
adopted or old rules may be eliminated or modified by golf standard organizations and/or
governing bodies such as the USGA, the R&A, etc.), golf equipment related to the apparatus,
methods, and articles of manufacture described herein may be conforming or non-conforming to
the rules of golf at any particular time. Accordingly, golf equipment related to the apparatus,
methods, and articles of manufacture described herein may be advertised, offered for sale, and/or
sold as conforming or non-conforming golf equipment. The apparatus, methods, and articles of
manufacture described herein are not limited in this regard.

[00177] Further, while the above examples may be described with respect to golf clubs, the
apparatus, methods and articles of manufacture described herein may be applicable to other
suitable types of sports equipment such as a fishing pole, a hockey stick, a ski pole, a tennis
racket, etc.

[00178] Although certain example apparatus, methods, and articles of manufacture have been

described herein, the scope of coverage of this disclosure is not limited thereto. On the contrary,
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this disclosure covers all apparatus, methods, and articles of articles of manufacture fairly falling

within the scope of the appended claims either literally or under the doctrine of equivalents.
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What is claimed is:

1. A golf club head comprising:

a hollow body portion having a first interior cavity portion, a toe portion, a heel portion, a
top portion, a bottom portion, a rear portion, and a front portion having a face portion;

a second interior cavity portion extending at or proximate to the bottom portion; and

a plurality of ports on the hollow body portion, each port extending into the second
interior cavity portion,

wherein the second interior cavity portion is at least 50% filled with an elastic polymer

material.

2. A golf club head as defined in claim 1, wherein each port is fully surrounded by

the elastic polymer material.

3. A golf club head as defined in claim 1, wherein the second interior cavity portion

is within the hollow body portion and separate from the first interior cavity portion.

4. A golf club head as defined in claim 1, wherein the hollow body portion
comprises:

a first port region near the toe portion and having a plurality of first ports of the plurality
of ports; and

a second port region near the heel portion and having a plurality of second ports of the
plurality of ports; and

wherein each port of the plurality of first ports or the plurality of second ports is

configured to receive a weight portion of a plurality of weight portions.

5. A golf club head as defined in claim 1, wherein the hollow body portion
comprises:

a first port region near the toe portion and having a plurality of first ports of the plurality
of ports;

a second port region near the heel portion and having a plurality of second ports of the

plurality of ports,
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wherein each port of the plurality of first ports or the plurality of second ports is
configured to receive a weight portion of a plurality of weight portions,

wherein the first port region comprises a first protruded portion of the bottom portion,

and

wherein the second port region comprises a second protruded portion of the bottom
portion.

6. A golf club head as defined in claim 1, wherein the hollow body portion
comprises:

a first port region near the toe portion and having a plurality of first ports of the plurality
of ports, the first port region having a first portion of the first port region extending between the
front portion and the rear portion and a second portion of the first port region extending between
the toe portion and the heel portion and being transverse to the first portion of the first port
region; and

a second port region near the heel portion and having a plurality of second ports of the
plurality of ports, the second port region having a first portion of the second port region
extending between the front portion and the rear portion and a second portion of the second port
region extending between the toe portion and the heel portion and being transverse to the first
portion of the second port region,

wherein each port of the plurality of first ports or the plurality of second ports is

configured to receive a weight portion of a plurality of weight portions.

7. A golf club head as defined in claim 1 further comprising a plurality of support

portions in the hollow body portion extending between the toe portion and the heel portion.

8. A golf club head as defined in claim 1 further comprising a plurality of support

portions in the hollow body portion extending between the front portion and the rear portion.
9. A golf club head comprising:

a hollow body portion having a toe portion, a heel portion, a top portion, a bottom

portion, a rear portion, and a front portion having a face portion, a cavity portion extending near
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at least one of a region between the toe portion and the front portion, a region between the heel
portion and the front portion, a region between the top portion and the front portion, a region
between the bottom portion and the front portion, or the bottom portion, and a port region located
at or proximate to the bottom portion, the port region having a plurality of ports extending from
at or proximate to the bottom portion into the cavity portion,

wherein the cavity portion is at least 50% filled with an elastic polymer material.

10. A golf club head as defined in claim 9, wherein each port is at least partially

surrounded by the elastic polymer material.

11. A golf club head as defined in claim 9, wherein the hollow body portion
comprises:

a first port region near the toe portion and having a plurality of first ports of the plurality
of ports; and

a second port region near the heel portion and having a plurality of second ports of the
plurality of ports;

wherein each port of the plurality of first ports or the plurality of second ports is

configured to receive a weight portion of a plurality of weight portions.

12. A golf club head as defined in claim 9, wherein the hollow body portion
comprises:

a first port region near the toe portion and having a plurality of first ports of the plurality
of ports;

a second port region near the heel portion and having a plurality of second ports of the
plurality of ports;

wherein each port of the plurality of first ports or the plurality of second ports is
configured to receive a weight portion of a plurality of weight portions;

wherein the first port region comprises a first protruded portion of the bottom portion;
and

wherein the second port region comprises a second protruded portion of the bottom

portion.
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13. A golf club head as defined in claim 9, wherein the hollow body portion
comprises:

a first port region near the toe portion and having a plurality of first ports of the plurality
of ports, the first port region being substantially L-shaped; and

a second port region near the heel portion and having a plurality of second ports of the
plurality of ports, the second port region being substantially L-shaped;

wherein each port of the plurality of first ports or the plurality of second ports is

configured to receive a weight portion of a plurality of weight portions.

14. A golf club head as defined in claim 9 further comprising a plurality of support

portions in the hollow body portion extending between the toe portion and the heel portion.

15. A golf club head as defined in claim 9 further comprising a plurality of support

portions in the hollow body portion extending between the front portion and the rear portion.

16. A golf club head comprising:

a hollow body portion having a toe portion, a heel portion, a top portion, a bottom
portion, a rear portion, and a front portion having a face portion, and a port region located at or
proximate to the bottom portion,

a first port region on the bottom portion and having a plurality of first ports extending
into the hollow body portion,

a second port region on the bottom portion and having a plurality of second ports
extending into the hollow body portion, and

an elastic polymer material at least partially surrounding each port of the plurality of first

ports and the plurality of second ports.
17. A golf club head as defined in claim 16 further comprising:

a first cavity portion at least 50% filled with the elastic polymer material; and

a second cavity portion at least 50% filled with the elastic polymer material,
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wherein the plurality of first ports extend from the bottom portion into the first cavity,
and
wherein the plurality of second ports extend from the bottom portion into the second

cavity.

18. A golf club head as defined in claim 16, wherein each port of the plurality of first

ports and the plurality of second ports is fully surrounded by the elastic polymer material.

19. A golf club head as defined in claim 16 further comprising a plurality of support

portions in the hollow body portion extending along the bottom portion.

20. A golf club head as defined in claim 16, wherein the first portion region is

substantially L-shaped and wherein the port region is substantially L-shaped.
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