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1
GOLF CLUB HEAD

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

10

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation reissue application of
application Ser. No. 17/975,150, filed on Oct. 27, 2022, 1°

which is a comntinuation reissue application of application
Ser. No. 16/656,356, filed on Oct. 17, 2019, which is
continuation reissue application of reissue application Ser.
No. 15/904,245, filed on Feb. 23, 2018, now U.S. Pat. No.
RE 47,653, which is an application for reissue of U.S. Pat. Y
No. 9,265,995, issued Feb. 23, 2016, which is a continuation
of application Ser. No. 13/960,554, filed on Aug. 6, 2013,
now U.S. Pat. No. 8,814,725, which 1s a division of appli-
cation Ser. No. 13/709.876, filed Dec. 10, 2012, now U.S.
Pat. No. 8,517,863, which 1s a continuation of application
Ser. No. 13/327,638, filed on Dec. 15, 2011, now U.S. Pat.
No. 8,328,663, which 1s a continuation of application Ser.
No. 12/462,198, filed on Jul. 29, 2009, now U.S. Pat. No.
8,088,025.

25

30
FIELD

The present disclosure relates to a golf club head. More
specifically, the present disclosure relates to a golf club head
filled with a dampening material. 33

BACKGROUND

A golf set includes various types of clubs for use 1n
different conditions or circumstances in which a ball 1s hit 40
during a golf game. A set of clubs typically includes a
“driver” for hitting the ball the longest distance on a course.

A Tairway “wood” can be used for hitting the ball shorter
distances than the driver. A set of 1rons are used for hitting
the ball within a range of distances typically shorter than the 45
driver or woods.

An 1ron has a flat face that normally contacts the ball
whenever the ball 1s being hit with the 1ron. Irons have
angled faces for achieving lofts ranging from about 18
degrees to about 60 degrees. 50

Every club has a “sweet spot” that represents the best
hitting zone on the face for maximizing the probability of the
golfer achieving the best and most predictable shot using the
particular club. Most goliers strive to make contact with the
ball mside the sweet spot to achieve a desired trajectory. 355
However, a golf club head may have a tendency to cause
undesirable sounds and vibrations upon impact.

SUMMARY OF THE DESCRIPTION

60

The present disclosure describes a golf club head com-
prising a heel portion, a toe portion, a crown, a sole, and a
face.

The foregoing and other objects, features, and advantages
of the invention will become more apparent from the fol- 65
lowing detailed description, which proceeds with reference
to the accompanying figures.

2

According to one aspect of an embodiment of the present
invention, a hollow 1ron-type golf club head 1s described
including a heel portion, a sole portion, a toe portion, a
top-line portion, a front portion, a rear portion, and a striking
face. A back wall 1s located 1n the rear portion enclosing a
substantial portion of the rear portion to create a substan-
tially enclosed cavity. The enclosed cavity 1s defined by at
least a rear surface of the striking face, an 1nner back wall
surface, and the sole portion. At least one plug and a filler
material located within the enclosed cavity are described.
The filler material substantially surrounding the plug and is
configured to hold the at least one plug 1n place.

In one example, the enclosed cavity has a volume between
about 1 cc and 200 cc and an unsupported face area between
about 300 mm~ to about 4,000 mm~ is described.

In another example, the unsupported face area includes a
thickened central region and the plug is positioned to be 1n
contact with at least a portion of the thickened central
region. The at least one plug contacts the 1mnner back wall
surtace.

In yet another example, the striking face includes a
welded striking plate and a total striking face area 1s between
about 2,700 mm~ and 5,000 mm?~.

In one example, an aperture mnto the enclosed cavity 1s
provided for filling the cavity with the filler material. The
filler material 1s an expanding foam material having a
density between about 0.03 g/cc and about 0.19 g/cc.

In another example, the filler material occupies about
50% to about 99% of the total enclosed cavity volume. The
filler material completely fills a remaining cavity volume
around the at least one plug. The filler material contacts an
entire first side surface of the at least one plug.

In yet another example, the filler material and the at least
one plug have a combined weight of less than about 10 g or
about 5 g.

In one example, the filler material and plug have a
combined weight of less than about 20% of the total club
head weight, or less than about 5%.

In another example, the back wall includes a first aperture
having at least a first diameter and a slot configured to match
at least a keying portion of the at least one plug and the
coellicient of restitution of the club 1s greater than about 0.8.

In yet another example, the striking face includes a
striking plate formed of a steel, such as maraging steels,
maraging stainless steels, and PH stainless steels.

In one example, the plug 1s in direct contact with a rear
surface of the striking face and at least a portion of the filler
material 1s 1n direct contact with a rear surface of the striking
face.

In another example, the back wall includes at least a first
aperture. The first aperture 1s configured to allow the at least
one plug to be mnserted into the first aperture and 1s config-
ured to allow the at least one plug to move from a first
position to a second position.

In yet another example, the back wall includes at least one
slot, the at least one slot being connected to the first aperture
and 1s configured to secure the at least one plug.

According to one aspect of one embodiment of the present
invention, a method of manufacturing a hollow 1ron-type
golf club with a plug and filler material 1s described. A body
including a heel portion, a sole portion, a toe portion, a
top-line portion, a front portion, and a rear portion having a
back wall 1s disclosed. An aperture 1s formed on the body. A
striking face 1s formed and attached to the front portion of
the body to form a cavity defined by a rear surface of the
striking face, an 1nner surface of the back wall, and the sole
portion. At least one plug 1s mserted into the aperture. The
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at least one plug 1s 1n direct contact with the rear surface of
the striking face and the 1nner surface of the back wall. The
plug 1s moved from a first position to a second position. A
filler material 1s 1inserted into the aperture. The filler matenal
substantially surrounds the plug and 1s configured to hold the
plug i place. The aperture 1s covered with a badge in the
rear portion of the body.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention 1s illustrated by way of example
and not limitation in the figures of the accompanying
drawings 1n which like references indicate similar elements.

FIG. 1A 1s a front view of an embodiment of a golf club
head.

FIG. 1B 1s a cross-sectional view taken along section lines
1B-1B 1n FIG. 1A.

FIG. 1C 1s a magnified view of DETAIL 1C 1n FIG. 1B.

FIG. 1D 1s an elevated toe perspective view of a golf club
head.

FIG. 1E 1s a cross-sectional view taken along section lines
1E-1E 1n FIG. 1D.

FIG. 2A 1s an exploded assembly view of a golf club head
according to an embodiment.

FIG. 2B 1s an assembled view of a goltf club head
according to an embodiment.

FIG. 3A 1s a front view of another embodiment of a golf
club head.

FIG. 3B 1s a cross-sectional view taken along section lines
3B-3B in FIG. 3A.

FIG. 4 1s a rear view of a golf club head according to an
embodiment.

FIG. SA 1s an 1sometric view of a golf club head insert.

FIG. 3B 1s an 1sometric view of a golf club head insert.

FIG. 6A 1llustrates an exploded assembly view of a golf
club head according to an embodiment.

FIG. 6B 1illustrates an assembled view of a golf club head
according to an embodiment.

FIG. 7 illustrates a flow chart of a golf assembly opera-
tion.

FIG. 8 illustrates a graph of a frequency response of
exemplary golf club heads.

DETAILED DESCRIPTION

Various embodiments and aspects of the mventions waill
be described with reference to details discussed below, and
the accompanying drawings will illustrate the various
embodiments. The following description and drawings are
illustrative of the invention and are not to be construed as
limiting the invention. Numerous specific details are
described to provide a thorough understanding of various
embodiments of the present invention. However, 1n certain
instances, well-known or conventional details are not
described 1n order to provide a concise discussion of
embodiments of the present inventions.

FIG. 1A 1llustrates a hollow 1ron golf club head 100
including a heel 102, toe 104, sole portion 108, and top line
portion 106. The striking face 110 1includes grooves 112 that
are designed for impact with the golf ball. In some embodi-
ments, the golf club head 100 can be a single unitary cast
piece, while 1 other embodiments, a striking plate can be
tormed separately to be adhesively or mechanically attached
to the golf club head 100.

FIGS. 1A and 1D also show a center point 101 being an
ideal striking point 1n the center of the striking face 110 and
respective orthogonal CG axes. A CG x-axis 105, CG y-axis
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4

107, and CG z-axis 103 intersect at the center point 101. In
addition, a CG z-up axis 109 1s defined as an axis perpen-
dicular to the ground plane 111 and having an origin at the
ground plane 111. The ground plane 111 1s assumed to be a
perfectly flat plane.

In certain embodiments, a desirable CG-x location 1s
between about 5 mm (heel side) and about -5 mm (toe side)
along the CG x-axis 105. A desirable CG-y location 1is
between about 0.25 mm to about 20 mm along the CG y-axis

107 toward the rear portion of the club head. Additionally,
a desirable CG-z location 1s between about 12 mm to about
25 mm along the CG z-up axis 109, as previously described.

FIG. 1B shows a cross sectional side view of the hollow
iron golf club head 100 along the cross-section lines 1B-1B
shown 1n FIG. 1A. The cross-section lines 1B-1B are taken
through an ideal striking point 101 in the center of the
striking face 110. The 1deal striking point 101 1s located 1n
a striking face plane 125 at the intersection of a first axis
(within the face plane 125) passing through the midpoint of
the longest score-line groove and a second horizontal axis
(within the face plane 1235) ofiset from the leading edge
(defined as the intersection of the sole portion and the face
plane 125) by a distance d of about 16.5 mm within the face
plane 125, as shown i FIG. 1D. The striking face 110
includes a front surface 110a and a rear surface 110b. The
hollow 1ron golf club head 100 further mcludes a back
portion 128 and a front portion 130. The striking face 110
located 1n the front portion 130 has an inverted cone profile
or thickened central region that provides multiple thick-
nesses across the striking face 110. The thickened central
region can be a variety of profile shapes and 1s not restricted
to a cone shape.

The striking face 110 has a first thickness 116 and a
second thickness 118. The second thickness 1s greater than
the first thickness 116. In certain embodiments, the first
thickness 116 can be between about 1.5 mm and about 2.5
mm, with a preferred thickness of about 2 mm or less. The
second thickness 118 can be between about 1.7 mm and
about 2.5 mm or less than about 2.7 mm. Furthermore, the
sole portion 108 has a sole thickness dimension 140 that
extends within a region between a rear protrusion 138 and
the striking face 110. In certain embodiments, the sole
thickness dimension 140 1s between about 1 mm and about
2 mm, or less than about 2 mm. In one embodiment, a
preferred sole thickness 140 1s about 1.8 mm or less. A
recess 134 1s located above the rear protrusion 138 in the
back portion 128 of the club head. A back wall 132 encloses
the entire back portion 128 of the club head to define a cavity
120 that 1s primarily filled with a filler material 121.

In one embodiment, the filler material 121 can be an
expandable foam such as Expancel® 920 DU 40 which 1s an
acrylic copolymer encapsulating a blowing agent, such as
1sopentane. A copolymer 1s greater than about 75 weight
percent of the composition and the blowing agent 1s about
15-20 weight percent. The unexpanded particle size of the
filler material 121 can be between about 2 um and about 90
um depending on the context.

In one embodiment, the density of the filler material 121
1s between about 0.16 g/cc and about 0.19 g/cc or between
about 0.03 g/cc and about 0.19 g/cc. In certain embodiments,
the density of the filler material 121 1s 1n the range of about
0.03 g/cc to about 0.2 g/cc, or about 0.04-0.10 g/cc. The
density of the filler material 121 impacts the COR, durabil-
ity, strength, and filling capacity of the club head. In general,

a lower density material will have less of an impact on the
COR of a club head. The filler material 121 can have a
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hardness range of about 15-85 Shore OO hardness or about
80 Shore OO hardness or less.

In one embodiment, the filler material 121 1s subject to
heat for expansion of about 150° C.+/-10° C. for about 30
minutes. In some embodiments, the expansion of the filler
material 121 can begin at about 125° C. to about 140° C. A
maximum expansion temperature range can be between
about 160° C. to about 190° C. The temperature at which the
expansion of the filler material 121 begins 1s critical 1n
preventing unwanted expansion after the club head 1s
assembled. For example, a filler material that begins expand-
ing at about 120° C. will not cause unwanted expansion
when the club 1s placed 1n the trunk of a car (where
temperatures can reach up to about 83° C.). Thus, a filler
material 121 that has a beginning expansion temperature of
greater than about 80° C. 1s preferred.

Some other examples of matenals that can be used as a
filler material or plug material include, without limitation:
viscoelastic elastomers; vinyl copolymers with or without
inorganic fillers; polyvinyl acetate with or without mineral
fillers such as barum sulfate; acrylics; polyesters; polyure-
thanes; polyethers; polyamides; polybutadienes; polysty-
renes; polyisoprenes; polyethylenes; polyolefins; styrene/
isoprene  block copolymers; metallized polyesters;
metallized acrylics; epoxies; epoxy and graphite compos-
ites; natural and synthetic rubbers; piezoelectric ceramics;
thermoset and thermoplastic rubbers; foamed polymers;
ionomers; low-density fiber glass; bitumen; silicone; and
mixtures thereol. The metallized polyesters and acrylics can
comprise aluminum as the metal. Commercially available
materials include resilient polymeric materials such as
Scotchdamp™ from 3M, Sorbothane® from Sorbothane,
Inc., DYAD and GPS from Soundcoat Company Inc.,
Dynamat from Dynamat Control of North America, Inc.,
NoViFlex™ Sylomer® from Pole Star Maritime Group,
LLC, Isoplast® from The Dow Chemical Company, and
Legetolex™ {rom Piqua Technologies, Inc. In one embodi-
ment the filler material may have a modulus of elasticity
ranging irom about 0.001 GPa to about 25 GPa, and a
durometer ranging from about 5 to about 95 on a Shore D
scale. In other examples, gels or liquids can be used, and
solter materials which are better characterized on a Shore A
or other scale can be used. The Shore D hardness on a
polymer 1s measured 1n accordance with the ASTM (Amerti-
can Society for Testing and Materials) test D2240.

FIG. 1B further shows an optional ridge 136 extending
across a portion of the outer back wall surface 132a forming
an upper concavity and a lower concavity. An inner back
wall surface 132b defines a portion of the cavity 120 and
forms a thickness between the outer back wall surface 132a
and the inner back wall surface 132b. In some embodiments,
the back wall thickness varies between a thickness of about
1 mm to about 3 mm.

FIG. 1C 1s a magnified view of the top line 106 DETAIL
1C shown 1n FIG. 1B. FIG. 1C shows the top line 106 and
a striking plane 125 that 1s parallel to and contains the front
striking surface 110. A second plane 127 1s shown being
perpendicular to the striking plane 125 and the striking
surface 110. The top line 106 includes a return surface 123
immediately adjacent to the striking face 110 1n the top line
portion 106. The return surface 123 extends from the strik-
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ing face 110 toward the back portion 128 and a majority of
the return surface 123 1s generally parallel with the second
plane 127. A transition surface 126 connects the return
surface 123 to the outer back wall surface 132a.

In certain embodiments, the return surface 123 extends
from the striking face 110 a return distance 124 (or “eflective
top line thickness™) of between about 3.5 mm and 5 mm, or
about 4.8 mm or less, as measured along the second plane
127 and perpendicular to the striking plane 125. In some
embodiments, the return surface 123 extends less than 60%
of the total top line thickness 122. In certain embodiments,
the total top line thickness 122 1s between about 6 mm and
about 9 mm, or about 8.5 mm or less, as measured along the
second plane 127 and perpendicular to the striking plane

125.

A small eflective top line thickness 124 of the return
surface 123 creates the perception to a golfer that the entire
top line 106 of the club head 100 1s thin. A perceived thin top
line 106 can enhance the aesthetic appeal to a golf player.

FIG. 1D illustrates an elevated toe view of the golf club
head 100 including a back portion 128, a front portion 130,
a sole portion 108, a top line portion 106, and a striking face
110, as previously described.

FIG. 1E 1illustrates a cross-sectional view taken along
cross-sectional lines 1E-1E of FIG. 1D. FIG. 1E shows a
rear unsupported face region 146, an inverted cone technol-
ogy region 148 (hereinafter, “ICT region” or “Thickened
Central Region™) and a rear supported face region 150. The
unsupported face region 146 1s a region of the striking face
110 where the thickness of the face 1s thin (1.e. less than
about 3 mm or less than about 5 mm) and 1s not supported
by any separate or integrated metallic structure having a
significant 1mpact on the stifiness of the striking face 110.
The ICT region 148 can be considered a sweet spot where
an 1deal 1impact can occur at the center point 152 of the ICT.
Variable thickness configurations or inverted cone configu-
rations are discussed 1n, for example, U.S. Pat. Nos. 6,800,
038, 6,824,473, 6,904,663, and 6,997,820, all incorporated
herein by reference.

The rear supported face region 150 1s located about a
periphery of the unsupported face region 146. The inverted
cone region 148 1s centered about an 1deal impact location
152 located in a central location of the unsupported face
region 146. The inverted cone region 148 includes an outer
span 144 and an inner span 142. In some embodiments, the
outer span 144 1s between about 15 mm and about 25 mm,
or at least 20 mm. The iner span 142 of the inverted cone
region 148 represents the thickest portion of the unsupported
face region 146. In certain embodiments, the inner diameter
142 1s between about 5 mm and about 15 mm, or at least
about 10 mm.

The tabulated values 1n Tables 1-7 are total face area, thin
face thickness, thickened central region (or ICT region area),
and the unsupported surface area.

The “total face area” 1s defined as the area of face
contained within a face plane on a front striking portion of
the club head. The “thin face thickness” 1s the nominal
thickness of the striking surface 1n its thinnest location (such
as dimension 116, in FIG. 1B). The ICT region 148 area 1s
the surface area contained by the variable thickness region
or inverted cone area. Furthermore, the “Unsupported Sur-
face Area” 1s the unsupported rear surface area 146 of the
striking face (including an ICT region 148).
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EXAMPLE 1 TABLE 5-continued

Total Thin Face ICT Unsupported
Face Area Thickness Region Surface
1ABLE 1 5 Club head (mm?) (mm) (mm?) Area (mm?)
Thickened 9-iron 3,376 2.4 314 2,240
Central Wedge 3421 2.4 314 2,055
Total Thin Face Region Unsupported
Face Area Thickness Area Surface
Club head (mm?) (mm) (mm?) Area (mm?)
3-iron 2,825 2.1 541 2,175 L0 EXAMPLE 6
6-1ron 2,964 2.1 541 2,276
9-1ron 3,116 2.1 541 2,094
Wedge 3452 2.1 541 2,345 TARIE 6
15 Total Thin Face ICT Unsupported
. Face Area Thickness Region Surface
EXAMPLE 2 Club head (mm?) (mm) (mm?) Area (mm?)
3-1ron 2,790 2.0 239 1,567
6-1ron 2,958 2.5 292 1,719
TABLE 2 9-iron 3,150 2.5 308 1,621
20 Wedge 3.301 2.5 313 1,627
Total Thin Face ICT Unsupported
Face Area Thickness Region Surface
Club head (mm?*) (mm) (mm?) Area (mm?)
3-1ron 2,824 2.4 527 2,403 EXAAMPLE 7
6-1ron 2,962 2.4 527 2473 25
9-1ron 3,113 2.4 527 2,245
Wedge 3,451 2.4 527 2,540 TABILE 7
Total Thin Face ICT Unsupported
_ Face Area Thickness Region Surface
EXAMPLE 3 30 Club head (mm?) (mm) (mm?) Area (mm?)
3-1ron 3,177 2.0 700 3,175
6-1ron 3,231 2.0 700 3,260
TABLE 3 9-iron 3,384 2.0 315 2244
Wedge 3,436 2.0 315 2,104
Total Thin Face ICT Unsupported 33
Face Area Thickness Region Surface
Club head  (mm?) (mm) (mm?) Area (mm?) The tabulated values are representative and other con-
3-iron 2792 5 < 288 1631 ﬁguratlions can be provided as described herein. It should be
6-iron 2.963 3 3 388 1,608 noted, 1n the above examples, one advantage of the Unsup-
9-iron 3,151 2.5 388 1,597 ported Surface Area 1s that a mass savings 1s achieved while
Wedge 3,304 2.5 388 1,519 40 T - 1,
also providing a durable and high COR striking face.
In the examples provided 1n Tables 1-7, a total face area
can be in a range of about 2,700 mm* to about 4,000 mm~.
EXAMPLE 4 The Unsupported Surface Area can be within a range of
45 about 300 mm” to about 4,000 mm?, or preferably 450 mm?
to about 3,500 mm*. In some embodiments, the Unsup-
TABLE 4 ported Surface Area is at least greater than about 2,000 mm”.
| The thin face thickness can be within a range of about 1.0
Total Thin Face ICT Unsupported :
Face Area  Thickness  Region Surface mm-3.0 mm, preferably 1.5-2.5 mm, and also preferably in
Club head  (mm?) (mm) (mm?) Area (mm?) 50 a range ol about 1.6-2.0 mm. In certain embodiments, the
o 2796 5 5 . | 560 thin faﬁe t'hJCkneIS(Sj Tls le?,s thzi]ln iag%ut 2:0 mmf In embodi-
6 iron 2934 5 5 AT 1.520 ments having an reglorzl,, the region sur z;ce area can
9-iron 3,084 2.4 247 1,479 range from about 230 mm~ to about 2,000 mm~.
Wedge 3,421 2.4 247 1,711 FIG. 2A 1llustrates one embodiment of a hollow 1ron golf
55 club head 200 having a top line portion 206, a toe portion
204, a heel portion 202, a rear portion 222, and a sole portion
EXAMPI E 5 208. The golt club head 200 includes a back wall 212 located
| within a cavity region 216 or recess in the rear portion 222
of the club head 200. The cavity region 216 includes side
60 walls around a periphery of the back wall 212 creating a first
TABLE 5 . .
recess or cavity region 216 where a badge 214 can be
Total Thin Face ICT Unsupported inserted and adhesively attached to the back wall 212. An
Face Area  Thickness  Region Surface aperture 210 1s located 1n the back wall 212 and can be used
Club head ~ (mm) (mm) (mm*)  Area (mm”) tor filling the hollow 1iron 200 with a sound dampening filler
3_iron 2.763 54 314 2220 65 material 224 as previously described. A second recess 220 1s
6-iron 2,974 2.4 314 2,206 located below the first recess 216 and can also be configured

to receive a second badge.
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After the hollow 1ron 200 1s filled with the filler material
224, the badge 214 1s adhesively or mechanically attached to
the back wall 212 to cover or occlude the aperture 210 to
prevent filler material from leaving the cavity and also to
achieve a desired aesthetic and further dampening.

FIG. 2B shows the golf club head 200 fully assembled
alter the filler material 224 1s inserted and the badge 214 1s
attached to the back wall 212.

FIG. 3A illustrates another embodiment of a golf club
head 300 including a heel portion 302, a toe portion 304, a
top line portion 306, a sole portion 308, a body portion 309
and a striking plate 310 located on a striking surface. The
striking plate 310 includes grooves 314.

In one embodiment, the striking plate 310 1s mechanically
attached to a front portion of the body portion 309. Specifi-
cally, a weld line 312 1s formed about a periphery of the
striking plate 310.

The weld 1s created by a welding device, such as a laser
or plasma weld. In one embodiment, the weld 1s applied on
the front face of the golf club head 300 from a frontward to
rearward direction. The weld can be any type of weld
including (but not limited to) bead, groove, fillet, surfacing,
tack, plug, slot, friction, and resistance welds.

Compared to TIG welding and other welding techniques,
laser welding can be advantageous by concentrating more
energy at the weld site. Laser welding also produces a
smaller heat aflected zone and more localized melt, less
maternal interdiflusion, and reduced material fatigue during
subsequent use.

After completion of the welding, the club head 1s sub-
jected to a heat treatment for aging. The post-weld heat
treatment 1s generally at 480-540° C. for four hours. The
club head 1s also machine finished as required, such as
orinding, polishing, or sandblasting, to smooth and topo-
logically blend the surface of the weldment into the face
plane. Finish machining 1s desirably followed by passiva-
tion. After completing finish-machiming, it may be desirable
to apply a suitable surface treatment of the club head, such
as plating, painting, coating, or the like. Plating may be
performed to produce a surface plating layer that protects
against corrosion and 1s strong, durable, relatively inert, and
aesthetically pleasing. Exemplary materials for forming a
plating layer are Cr, N1, and Cu. Exemplary techniques for
forming the plating layer are electrode plating, electroless
plating, physical vapor deposition (PVD), chemical vapor
deposition (CVD), 1on plating, and 1on-beam-enhanced dii-
fusion. An 1mtermediate sublayer can be applied prior to the
plating layer such as soit nickel, soft copper, and oxides.

In some embodiments, the COR 1s greater than 0.790.
Preferably, the COR 1s at least 0.80 as measured according
to the USGA Rules of Golf based on a 160 1t./s ball speed
test and the USGA calibration plate. The COR can even be
as high as 0.83.

In certain embodiments, the striking plate 310 can be
formed of forged maraging steel, maraging stainless steel, or
precipitation-hardened (PH) stainless steel. In general,
maraging steels have high strength, toughness, and malle-
ability. Being low 1n carbon, they derive their strength from
precipitation of inter-metallic substances other than carbon.
The principle alloying element 1s nickel (15% to nearly
30%). Other alloying elements producing inter-metallic pre-
cipitates 1n these steels include cobalt, molybdenum, and
titanium. In one embodiment, the maraging steel contains
18% nickel. Maraging stainless steels have less nickel than
maraging steels but include significant chromium to ihibit
rust. The chromium augments hardenability despite the
reduced nickel content, which ensures the steel can trans-
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form to martensite when appropriately heat-treated. In
another embodiment, a maraging stainless steel C455 1is
utilized as the striking plate. In other embodiments, the
striking plate 1s a precipitation hardened stainless steel such
as 17-4, 15-5, or 17-7.

The striking plate can be forged by hot press forging using
any of the described matenials 1n a progressive series of dies.
After forging, the striking plate 1s subjected to heat-treat-
ment. For example, 17-4 PH stainless steel forgings are heat
treated by 1040° C. for 90 minutes and then solution
quenched. In another example, C455 or C450 stainless steel
forgings are solution heat-treated at 830° C. for 90 minutes
and then quenched.

In one embodiment, the body portion 309 1s made from

17-4 steel. However another material such as carbon steel
(e.g., 1020, 1030, 8620, or 1040 carbon steel), chrome-

molybdenum steel (e.g., 4140 Cr—Mo steel), NiI—Cr—Mo
steel (e.g., 8620 Ni—Cr—Mo steel), austenitic stainless
steel (e.g., 304, N50, or N60 stainless steel (e.g., 410
stainless steel) can be used.

The components of the described components disclosed 1n
the present specification can be formed from any of various
suitable metals or metal alloys.

In addition to those noted above, some examples of metals
and metal alloys that can be used to form the components of
the parts described include, without limitation: titanium
alloys (e.g., 3-2.5, 6-4, SP700, 15-3-3-3, 10-2-3, or other
alpha/near alpha, alpha-beta, and beta/near beta titanium
alloys), aluminum/aluminum alloys (e.g., 3000 series alloys,
5000 series alloys, 6000 series alloys, such as 6061-T6, and
7000 series alloys, such as 70735), magnestum alloys, copper
alloys, and nickel alloys.

The body portion 309 can include various features such as
weighting elements, cartridges, and/or inserts or applied
bodies as used for CG placement, vibration control or
damping, or acoustic control or damping. For example, U.S.
Pat. No. 6,811,496, incorporated herein by reference 1n 1ts
entirety, discloses the attachment of mass altering pins or
cartridge weighting elements.

After forming striking plate 310 and the body portion 309,
the striking plate 310 and body portion 309 contact surfaces
can be finish-machined to ensure a good interface contact
surface 1s provided prior to welding. In one embodiment, the
contact surfaces are planar for ease of finish machining and
engagement.

The thickness profiles and low thickness values of the
striking plate can be achieved during the forging of the
striking plate. In one embodiment, a 0.3 mm to 1.0 mm
machine stock plate can be added to the striking plate to
increase tolerance control. After forging, the striking plate
can be slightly milled and engraved with score-lines. A key
advantage of being able to forge such a thin face 1s the
freeing up of discretionary mass (up to about 20 g) that can
be placed elsewhere 1n the club head (such as the rear piece)
for manipulation of the moment of inertia or center of
gravity location.

The thickness of the striking plate 1n the thin face area 1s
generally consistent 1n thickness and non-variable. Of
course, manufacturing tolerances may cause some variation
in the thin face area. The thin face area and the ICT region
can be considered the “unsupported” face area of the striking
face because the thickness dimensions are relatively thin 1n
those areas. In certain embodiments, the thin face area 1is
about 50% or more of the unsupported surface area.

FIG. 3B illustrates a cross-sectional view taken along
cross section lines 3B-3B shown 1n FIG. 3A. FIG. 3B further
shows the front portion 330 and the back portion 328 1n




US RES0,246 E

11

addition to the sole portion 308 and top line portion 306. The
welded striking plate 310 includes a thickened central region
334, a first thickness 316, and a second thickness 318 as
previously described. The sole portion 308 includes a mini-
mum sole thickness 326 of about 2 mm or less, or within the
ranges described herein, such as about 1 mm to about 2 mm
or less than 3 mm.

A filler material 324 fills an entire interior cavity 332 and
surrounds a plug 320 located near or at least in partial
contact with the thickened central region 334. It 1s under-
stood that more than one plug 320 can be provided. In
certain embodiments, a plurality of plugs such as two, three,
or four plugs can be used. The plug 320 includes a first
surface (or first side surface) 320a contacting the filler
matenial 324. The filler material 324 directly contacts the
entire first surface 320a to hold and prevent the plug 320
from shifting out of position. In other words, the filler
material 324 completely surrounds the plug 320 within a
plane parallel to the striking plate 310. A second surface
320b of the plug 320 directly contacts at least a portion of
the inverted cone region or thickened region 334 of the
striking plate 310. Furthermore, a third surface 320c of the
plug 320 directly contacts at least a portion of a back wall
336. In other words, the filler material 324 does not surround
the plug 320 within a plane perpendicular to the striking
plate 310. The back wall 336 includes an inner back wall and
an outer back wall having certain dimensional thicknesses as
previously described.

An aperture 338 1s located 1n the back wall 336 to allow
the plug 320 to be 1nserted 1nto the fully enclosed cavity 332.
Upon 1nsertion through the aperture 338, the plug 1s com-
pressed slightly so that a Irictional engagement occurs
between the second surface 320b of the plug and the rear
surface of the striking plate 310. In addition, a frictional
engagement also occurs between the third surface 320c of
the plug and a portion of the back wall 336. Optionally, the
aperture 338 can be located anywhere on the club head body
surface other than the front striking face. For example, the
aperture 338 can be located on the sole, toe, heel, or top line
surfaces.

After the plug 320 1s frictionally engaged in a position, the
filler material 324 can be inserted into the cavity 332. In
certain embodiments, the plug 320 1s a polymeric material.

In one embodiment, the plug 320 material 1s a urethane or
s1licone material having a density of about 0.95 g/cc to about
1.75 g/cc, or about 1 g/cc. The plug 320 can have a hardness
of about 10 to about 70 shore A hardness. In certain
embodiments, a shore A hardness of about 40 or less 1s
preferred. In certain embodiments, a shore D hardness of up
to about 40 or less 1s preferred.

The filler material 324 can be an expanding foam material
that 1s expanded by a certain amount of heat as previously
described. The filler material 324 expands and fills a rela-
tively large volume, greater than the volume occupied by the
plug 320. In some embodiments, the volume of the cavity
332 is between about 1 cc and about 200 cc, or preferably
between about 10 cc and about 20 cc. For the purposes of
measuring the cavity 332 volume herein, the aperture 338 1s
assumed to be removed from the back wall 336 and an
imaginary continuous back wall 336 or substantially planar
back wall 1s utilized to calculate the cavity volume.

In some embodiments, the filler material 324 occupies
about 50% to about 99% of the total club head cavity volume
while the plug 320 occupies between about 0% to about 20%
of the total cavity volume. In specific embodiments, the plug
320 occupies between about 0.1 cc and 1 cc with the
remainder of the cavity volume being filled by the filler
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material 324. It 1s understood that any of the embodiments
described herein can be provided without a plug and filler
material only.

In order to achieve a desirable CG location, the filler
material 324 and plug 320 must be lightweight. In certain
embodiments, the total mass of the filler material 324 and
plug 320 1s less than about 5 g or between about 2 g and
about 4 g. In one embodiment, the total weight of the filler
material 324 and the plug 320 1s 10 g or less, or about 3 g
or less. In certain embodiments, the total weight of the filler
material 324 and plug 320 is less than 2% of the total weight
of the club head 300 (excluding any badges, filler material/
plug, and ferrule ring). In other embodiments, the total
weight of the filler material 324 and plug 320 is less than
about 10% of the total weight of the club head 300.

Table 8, shows exemplary golf club heads and the respec-
tive weight ratios between the filler maternial 324 and plug
320 and the total club head weight 300, as described above.

EXAMPLE 3

TABLE 8
Total Weight of Filler Total Weight of  Weight Ratio
Club head Mat. And Plug (g) Club Head (g) (%)
3-iron 3.7 229.9 1.6
4-1ron 3.6 236.1 1.5
5-iron 3.6 242.1 1.5
6-1ron 3.5 248.5 1.4

As shown 1n Table 8, the total weight of the filler material
324 and plug 320 1s between about 1% and about 5% of the
total weight of the club head (excluding the badges, filler
material/plug, and ferrule ring). Thus, a desirable CG loca-
tion 1s still attainable while improving the sound and feel of
the golf club head. In certain embodiments, the plug 320 can
weigh about 0.5 g to about 1 g and the filler material can
welgh about 5 grams or less. In some embodiments, the plug
320 weighs about 0.7 g or less. In other embodiments, the
plug 320 can be equal to or heavier than the total filler
material weight.

In yet other embodiments, the filler matenial 324 and the
plug 320 have a combined weight of less than 20% of the
total club head weight (excluding badges, filler material/
plug, and ferrule ring). In one embodiment, the combined
weight of the filler material 324 and plug 320 15 less than
3%.

FIG. 4 1llustrates a rear view of an exemplary embodiment
of a golf club head 400 including a heel portion 402, a toe
portion 404, a top line portion 406, a sole portion 408, and
a back wall 410. FIG. 4 further shows an aperture 414
having an aperture diameter 420 of about 10 mm to about 15
mm, or less than 30 mm. The aperture 414 1s connected with
a slot 412 that extends away from the aperture 414 1n a
horizontal direction toward the heel portion 402. The aper-
ture 414 has an opening at the slot connection portion and 1s
configured to allow a plug 422 to move from a first position
to a second position.

It 1s understood that the slot 412 could extend in the
opposite horizontal direction toward the toe region 404 or 1n
any direction needed. The slot includes a rounded end
portion 418 having a diameter between about 2 mm to 5 mm,
or preferably about 3 mm.

A sliding distance 416 defines the distance between a first
center point 424 of the aperture 414 to a second center point
426 of the rounded end portion 418. In certain embodiments,
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the sliding distance 416 1s between about 1 mm and 70 mm,
or between about 5 mm and about 15 mm. In one embodi-

ment, the sliding distance 416 1s about 11 mm, the aperture

diameter 1s about 12 mm, and the rounded end portion 418
of the slot 412 1s about 3 mm.

A plug 422 1s mitially inserted into the aperture 414 and

then moved by an amount equal to the sliding distance 416.
A portion of the plug 422 1s keyed to the slot 412 and thereby
restricts the movement of the plug 422 1n a sole 408 to top
line 406 direction.

FIG. 5A 1llustrates an exemplary embodiment of a plug
500. The plug 500 has an overall cylindrical shape having a
first surface (or side wall) 502, a second surface (or bottom
surtace) 508, and a third surface (or top surface) 514. In one
embodiment, the side wall 502 1s the continuous, curved,
and circular wall of the cylindrical shaped plug 500. The top
surface 314 includes an engagement surface 504 and a
keying portion 506 that 1s elevated above the engagement
surface 504. The keying portion 506 includes a raised side
engagement wall 512 forming the keying portion 506 and a
recessed center portion 510. In some embodiments, the
center portion 510 can be used for engagement with an
applicator during the insertion and movement of the plug
500. The t1p of an applicator can be 1nserted into the recessed
center portion 510.

The keying portion 506 includes a center point 318 which
1s located along a central axis 516 of the cylindrical shaped
plug 500. When the plug 500 i1s mserted into the aperture
414, the overall diameter 520 of the side wall 502 of the
cylindrical plug 500 1s less than the diameter 420 of the
aperture 414 to allow easy insertion of the plug 500. Once
the bottom surface 508 of the plug 300 engages a rear
surface of the striking plate, the plug 500 can be moved a
sliding distance 416 from a first position to a second
position. The first position i1s characterized by the central
axis 516 of the plug 500 being aligned with the first center
point 424 of the aperture 414 across a plane parallel to the
back wall 410. The second position 1s characterized by the
central axis 516 of the plug 500 being aligned with the
second center point 426 of the rounded portlon 418 of the
slot 412. It 1s understood that the plug 500 1s not limited to
cylindrical shapes and can be cubical, rectangular, elliptical,
spherical, egg shaped, pyramidal, tapered, trapezoidal, or
any known three dimensional shape.

In certain embodiments, the keying portion 506 and raised
side engagement wall 512 can be eliminated, thus relying
purely on the compression of the plug to hold it in place.

When the plug 500 1s moved to the second position or the
engaged position, the plug 500 1s shightly compressed
between the rear wall of the striking plate and the back wall
410. In the second position, the engagement surface 504 of
the plug 500 engages the interior wall of the back wall 410.
The raised side engagement wall 512 of the keying portion
506 engages side walls of the slot 412 to prevent significant
movement of the plug in at least a sole-to-top line direction.
It 1s understood that frictional engagement between the plug
500 and the back wall 410 will also reduce the amount of
movement of the plug 1n a heel-to-toe direction, even before
a filler material 1s 1troduced.

FIG. 5B illustrates another exemplary plug 522 of a
general wedge shape. The wedge shaped plug 522 1s con-
figured to be compressed between the rear wall of the
striking plate and the back wall. A side view of the plug 522
shows a generally trapezoidal shape. The aperture 414 can
be any shape including a rectangular or trapezoidal shape to
accommodate the shape of the plug 522. The wedge shaped
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plug 522 1s inserted into the aperture 414 and moved to a
wedge position as previously described.

FIG. 6 A 1llustrates an exploded assembly of an exemplary
club head 600 embodiment utilizing a plug 500 and filler
material 622, as previously described. The club head 600
includes a striking face 614, an interior rear striking face
surface 616, an nverted cone or thickened central region
602, an aperture 608, a slot 618, a back wall surface 620, a
recess 612, and a badge 610.

FIG. 6 A turther illustrates a heel side vent hole 604 and
a toe side vent hole 606 located 1n the back wall surface 620.
The vent holes 604,606 enables air to escape the interior
cavity during the expansion process of the filler material 622
or expanding foam.

FIG. 6B illustrates a fully assembled club head after the
plug 500 and filler material 622 have been 1nserted into the
interior cavity of the club head 600. The badge 610 1is
inserted 1nto the recess 612 and covers the entire back wall
surface 620 while obscuring the aperture 608, slot 618, plug
500, and vent holes 604,606.

FIG. 7 illustrates a series ol operations 700 that are
accomplished in mserting a plug into an 1nterior cavity of a
club head. Inmitially, a weld 1s placed on the face of an
iron-type golf club to attach a striking plate. A weld bead
likely occurs on the front face portion and within a rear
cavity portion of the golf club head. If the striking plate 1s
cast 1nstead of welded, a weld operation on the face of the
club head 1s not required.

In a first operation 702, an aperture 1s formed 1n the back
wall of a hollow 1ron. The aperture can be created through
machining or casting or other manufacturing processes. A
plug, as described above, 1s then 1inserted into the aperture in
a second operation 704 so that the plug 1s primarily located
within an iterior cavity of the club head.

In a third operation 706, the plug 1s moved from a first
position to a second position so that the plug 1s relatively
secured 1n place in the second position. Once the plug 1s
moved to the second position, a filler material 1s introduced,
in a fourth operation 708, into the cavity interior to provide
sound and vibration dampening and to hold the plug
securely 1n the second position by surrounding the plug. In
a fifth operation 709, the filler material 1s heated to cause
expansion within the interior cavity and completely filling
the remaining cavity volume surrounding the plug. In a sixth
operation 710, a badge 1s attached to a rear portion of the
club head to cover or occlude the aperture. It 1s understood
that the heating operation 709 can be excluded 1 embodi-
ments utilizing non-expanding foam such as mjection foam,
urethane, two part foam, or chemical nitiated expansion
foam.

At least one advantage of the embodiments described is
that sound 1s dampened upon 1mpact with a golf ball while
maintaining a hollow 1ron construction.

At least another advantage of the embodiments described
1s that unwanted vibrations can be absorbed by the filler
maternial and plug so that a golfer perceives a softer feel upon
impact with the ball.

FIG. 8 illustrates the frequency response function of two
example golf club heads. Examples A and B are similar 1n
construction to the embodiment shown in

FIGS. 6A and 6B. Each example was impacted at center
face with a hammer to observe an individual frequency
response.

Example B did not include any filler maternial or plug
within the iterior cavity (heremafiter, “unfilled example™).
Example A includes the plug and surrounding filler matenal,
as described above (hereinatter, “filled example™). As shown
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in FIG. 8, the first mode frequency response peak 802 of the
unfilled example B 1s noticeably higher in comparison to the
first mode frequency response peaks 804 of the filled
example A. Therefore, the accelerance of the unfilled

example B 1s higher than the magnitude or amplitude of 5

accelerance of the filled example A. Thus, the filler material
or expanding foam sigmificantly dampens the accelerance
amplitude of the filled example A to less than about 30 G/N
(which 1s acceleration/input force). The accelerance ampli-
tude describes the structure’s acceleration relative to the
input force as a function of frequency. In certain embodi-
ments, an accelerance reduction of between about 5% to
about 50% between the first mode Irequency responses
802,804 of the unfilled example and filled example 1is
achieved.

At least another advantage of the embodiments described
1s that a lightweight filler matenial arrangement 1s created
allowing the center of gravity of the hollow 1ron construc-
tion to remain low while improving the sound and feel of the
club during use.

The embodiments described herein conform with the
USGA (United States Golf Association) Rules of Golf and
Appendix II, 5c¢ related to the Determination of Groove
Conformance (1ssued 1 August 2008). For example, clubs
having a loft of 25 degrees or higher meets the groove width,
groove depth, groove separation, groove consistency, area
limitations, and edge radius requirements set forth by the
USGA. In the embodiments described herein, less than 50%
of measured values of Area/(Width+Separation) are greater
than 0.0030 in*/in and no single measured value of Area/
(Width+Separation) value for any single groove 1s greater
than 0.0032 in*/in.

With respect to a groove edge radius, the groove edges are
in the form of a radius conforming with the USGA Rules of
Golf as described by the two circles method. In addition, the
cllective radius 1s not greater than 0.020". In the embodi-
ments described, less than 50% of the upper groove edges or
lower groove edges fails the two circles method subject to a
10 degree angular allowance as described in the USGA
rules. No single groove edge protrudes more than 0.0003"
outside the outer circle.

In view of the many possible embodiments to which the
principles of the disclosed invention may be apphied, it
should be recognized that the illustrated embodiments are
only preferred examples of the invention and should not be
taken as limiting the scope of the invention. It will be evident
that various modifications may be made thereto without
departing from the broader spirit and scope of the mnvention
as set forth. The specification and drawings are, accordingly,
to be regarded 1n an illustrative sense rather than a restrictive
sense.

We claim:

[1. A hollow iron-type golf club head comprising:

a heel portion, a sole portion, a toe portion, a top-line
portion, a front portion, a rear portion, and a striking
face having an unsupported face area of between about
300 mm~ to about 4,000 mm~:

a back wall 1n the rear portion enclosing a substantial
portion of the rear portion to create a substantially
enclosed cavity, the enclosed cavity being defined by at
least a rear surface of the striking face, an inner back
wall surface, and the sole portion,

at least one plug located within the enclosed cavity, the at
least one plug being compressed between the rear
surface of the striking face and the back wall in the rear
portion;
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a filler material located within the enclosed cavity, the
filler material substantially surrounding the at least one
plug and being configured to hold the at least one plug
in place, the golf club head defining an aperture into the
enclosed cavity, the aperture being configured to allow
the cavity to be filled with the filler matenal;

wherein the unsupported face area includes a thickened
central region;

wherein the at least one plug 1s positioned to be 1n contact

with at least a portion of the thickened central region;
and

wherein the at least one plug occupies less than 20% of
the total club head cavity volume in the enclosed
cavity. ]

[2. The iron-type golf club head of claim 1, wherein the
enclosed cavity has a volume between about 1 ¢c and 200
cc.}

[3. The iron-type golf club head of claim 1, wherein the
enclosed cavity has a volume between about 10 cc and 20
cc.}

[4. The iron-type golf club head of claim 1, wherein the
at least one plug has a volume between about 0.1 cc and
about 1 cc.]

[5. The iron-type golf club head of claim 1, wherein the
at least one plug occupies between about 1% to about 10%
of the total club head cavity volume in the enclosed cavity.]

[6. The iron-type golf club head of claim 1, wherein the
at least one plug occupies between about 0.5% to about 5%
of the total club head cavity volume in the enclosed cavity.}

[7. The iron-type golf club head of claim 1, wherein the
filler material 1s an expanding foam material having a
density between about 0.03 g/cc and about 0.19 g/cc.}

[8. The iron-type golf club head of claim 1, wherein the
filler material occupies about 50% to about 99% of the total
club head cavity volume in the enclosed cavity.}

[9. The iron-type golf club head of claim 1, wherein the
back wall includes at least a first aperture, the first aperture
being configured to allow the at least one plug to be mserted
into the first aperture and 1s configured to allow the at least
one plug to move from a first position to a second position.]

[10. The iron-type golf club head of claim 9, wherein the
back wall includes at least one slot, the at least one slot being
connected to the first aperture and 1s configured to secure the
at least one plug.]

[11. A hollow iron-type golf club head comprising:

a heel portion, a sole portion, a toe portion, a top-line
portion, a front portion, a rear portion, and a striking
face having an unsupported face area of between about
300 mm~ to about 4,000 mm~:

a back wall in the rear portion enclosing a substantial
portion of the rear portion to create a substantially
enclosed cavity, the enclosed cavity being defined by at
least a rear surface of the striking face, an mner back
wall surface, and the sole portion;

at least one plug located within the enclosed cavity, the at
least one plug being compressed between the rear
surface of the striking face and the back wall 1n the rear
portion;

wherein the at least one plug occupies less than 20% of
the total club head cavity volume 1n the enclosed cavity,
and

wherein the back wall includes at least a first aperture, the
first aperture being configured to allow the at least one
plug to be inserted into the first aperture and being
configured to allow the at least one plug to move from
a first position to a second position.}
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[12. The iron-type golf club head of claim 11, wherein the
enclosed cavity has a volume between about 1 cc and 200
cc.}

[13. The iron-type golf club head of claim 11, wherein the
enclosed cavity has a volume between about 10 cc and 20
cc.}

[14. The iron-type golf club head of claim 11, wherein the
at least one plug has a volume between about 0.1 cc and
about 1 cc.]

[15. The iron-type golf club head of claim 11, wherein the
at least one plug occupies between about 1% to about 10%
of the total club head cavity volume in the enclosed cavity.]

[16. The iron-type golf club head of claim 11, wherein the
at least one plug occupies between about 0.5% to about 5%
of the total club head cavity volume in the enclosed cavity.]

[17. The iron-type golf club head of claim 11, further
comprising a {iller material located within the enclosed
cavity, the filler material substantially surrounding the at
least one plug and being configured to hold the at least one
plug in place.]

[18. The iron-type golf club head of claim 17, wherein the
filler material 1s an expanding foam material having a
density between about 0.03 g/cc and about 0.19 g/cc.}

[19. The iron-type golf club head of claim 17, wherein the
filler material occupies about 50% to about 99% of the total
club head cavity volume in the enclosed cavity.]

[20. The iron-type golf club head of claim 17, wherein the
filler material completely fills a remaining cavity volume
around the at least one plug.]

[21. The iron-type golf club head of claim 11, wherein the
coellicient of restitution of the club 1s greater than about
0.8.]

[22. The iron-type golf club head of claim 11, wherein the
back wall includes at least one slot, the at least one slot being,
connected to the first aperture and 1s configured to secure the
at least one plug.]

23. An ivon-type golf club head comprising:

a body having a heel portion, a toe portion, a top-line
portion, a sole portion, a striking face joining the
top-line portion to the sole portion, and a vear portion
Joined to the striking face by the sole portion;

a badge attached to the body;

a polymeric plug in contact with a rear surface of the
striking face and a portion of the body;

whevrein the rear portion extends upward from the sole
portion toward the top-line portion to create an
enclosed cavity bounded at least in part by a portion of
the vear portion, a portion of the sole portion, a portion
of the striking face, and a portion of the badge, wherein
the enclosed cavity has a cavity volume;

whevrein a first portion of the sole portion, located closer
to the striking face than the vear portion, and bounding
the enclosed cavity has a first portion sole thickness of
less than 3 mm;

wherein the top-line portion has a total top line thickness
of less than 9 mm;

wherein a portion of striking face has a face thickness of
less than 2.5 mm;

wherein (a) the striking face has a center point, (b) an
upper portion of the enclosed cavity is located at an
elevation above the center point and has an upper
portion cavity depth measured from an interior surface
of the striking face to an intervior surface of the enclosed
cavity in a direction perpendicular to an exterior
surface of the striking face, (c¢) a lower portion of the
enclosed cavity is located at an elevation below the
center point and has a lower portion cavity depth
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measured from the intevior surface of the striking face
to the interior surface of the enclosed cavity in a
divection perpendicular to the exterior surface of the
striking face, and (d) the enclosed cavity has a cavity
depth measuved from the interior surface of the striking
Jace to the interior surface of the enclosed cavity in a
divection perpendicular to the exterior surface of the
striking face, and the cavity depth varies;

wherein at least a portion of the polymeric plug is located

in the upper portion;

wherein the striking face has an unsupported face surface

area within a range of between 450 mm” to 3500 mm”;
and

wherein the club head has a center of gravity located at

an elevation between 12 mm and 25 mm above the
ground plane.

24. The iron-type golf club head of claim 23, wherein the
total top line thickness is less than 8.5 mm, the polymeric
plug has a density of less than 1.75 g/cc, and at least one
weighting element is attached to the body portion.

25. The ivon-type golf club head of claim 24, whevein the
polvmeric plug has a plug volume that is no more than 20%
of the cavity volume.

26. The iron-type golf club head of claim 25, whevein the
polymeric plug occupies between 1% to 10% of the cavity
volume.

27. The iron-type golf club head of claim 24, wherein the
first portion sole thickness is less than 2 mm.

28. The ivon-type golf club head of claim 27, wherein the
unsupported face surface area is less than 3260 mm”, and
the face thickness of a portion of striking face is less than 2
mm.

29. The iron-type golf club head of claim 28, wherein the
polvmeric plug has a shore D hardness of 40 or less.

30. The iron-type golf club head of claim 29, wherein the
polymeric plug has a shore A havdness of 10-70.

31. The iron-type golf club head of claim 29, wherein the
polvmeric plug density is at least 0.95 g/cc.

32. The iron-type golf club head of claim 29, whevein the
unsupported face surface area is less than 3175 mm”, and a
coefficient of vestitution of the club head is greater than 0.79.

33. The iron-type golf club head of claim 32, whevein the
unsupported face surface area is greater than 2000 mm”.

34. The iron-type golf club head of claim 29, wherein the
cavity volume is 20 cc or less.

35. The iron-type golf club head of claim 34, wherein the
cavity volume is at least 10 cc, and a coefficient of vestitution
of the club head is greater than 0.79.

36. The iron-type golf club head of claim 29, wherein the
polymeric plug has a mass of less than 1 g.

37. The irvon-type golf club head of claim 29, wherein the
badge covers the polymeric plug and the portion of the body
in contact with the polymeric plug.

38. The iron-type golf club head of claim 29, whevein the
lower portion cavity depth is different at two elevations
above the ground plane, and the enclosed cavity extends to
the top-line portion.

39. The iron-type golf club head of claim 38, wherein the
upper portion cavity depth is different at two elevations
above the ground plane.

40. The ivon-type golf club head of claim 38, whevein the
badge has a badge thickness that varies.

41. The iron-type golf club head of claim 40, wherein the
badge has a ridge that extends from a heel side to a toe side.
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42. The ivon-type golf club head of claim 29, wherein the
polymeric plug has a face contact surface in contact with the
rear surface of the striking face, and the face contact surface
is circular.

43. The iron-type golf club head of claim 42, wherein the
polyvmeric plug has a tapering sidewall.

44. The iron-type golf club head of claim 28, wherein the
striking face comprises a striking plate welded to a portion
of the heel portion, a portion of the toe portion, and a
portion of the top-line portion, with the striking plate formed
of a striking plate material diffevent than a material forming
a portion of the sole portion.

45. The ivon-type golf club head of claim 44, wherein the
striking plate material comprises carbon steel, and the total
top line thickness is at least 6 mm.

46. The ivon-type golf club head of claim 45, wherein the
striking face thickness varies, and a coefficient of vestitution
of the club head is greater than 0.79.

47. The irvon-type golf club head of claim 46, wherein at
least a portion of the polymeric plug is located in the lower
portion.

48. The iron-type golf club head of claim 46, wherein the
coefficient of vestitution of the club head is greater than 0.8.

49. The iron-type golf club head of claim 46, wherein a
portion of the heel portion, a portion of the toe portion, a
portion of the top-line portion, and at least a portion of the
sole portion are formed of 17-4 stainless steel.

50. The iron-type golf club head of claim 46, further
including a filler material is located within the enclosed
cavity and in contact with the polymeric plug.

51. The iron-type golf club head of claim 46, wherein the
rear portion includes a back wall surface extending upward
from the vear portion to the top-line portion, the polymeric
plug contacts the back wall surface and the rear surface of
the striking face, at least a portion of the back wall surface
is separated from the toe portion by a toe hole, at least a
portion of the back wall surface is separated from the heel
portion by a heel hole, and the badge covers the polymeric
plug, the back wall surface, the toe hole, and the heel hole.

52. The ivon-type golf club head of claim 51, wherein the
polymeric plug has a face contact surface in contact with the
rear surface of the striking face, and the face contact surface
is circular.

53. The ivon-type golf club head of claim 52, wherein the
polyvmeric plug has a tapering sidewall.

54. An ivon-type golf club head comprising:

a body having a heel portion, a toe portion, a top-line
portion, a sole portion, a striking face joining the
top-line portion to the sole portion, and a rear portion
Jjoined to the striking face by the sole portion;

a badge attached to the body;

a polvmeric plug in contact with a rvear surface of the
striking face and a portion of the body;,

at least one weighting element is attached to the body
portion,

wherein the rear portion extends upward from the sole
portion toward the top-line portion to create an
enclosed cavity bounded at least in part by a portion of
the vear portion, a portion of the sole portion, a portion
of the striking face, and a portion of the badge, wherein
the enclosed cavity has a cavity volume;

whevrein a first portion of the sole portion, located closer
to the striking face than the vear portion, and bounding
the enclosed cavity has a first portion sole thickness of
less than 3 mm;

whevrein the top-line portion has a total top line thickness
of less than 9 mm;
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wherein a portion of striking face has a face thickness of
less than 2.0 mm;

wherein (a) the striking face has a center point, (b) an
upper portion of the enclosed cavity is located at an
elevation above the center point and has an upper
portion cavity depth measured from an intervior surface
of the striking face to an interior surface of the enclosed
cavity in a direction perpendicular to an exterior
surface of the striking face, (c¢) a lower portion of the
enclosed cavity is located at an elevation below the
center point and has a lower portion cavity depth
measured from the intevior surface of the striking face
to the interior surface of the enclosed cavity in a
dirvection perpendicular to the exterior surface of the
striking face, and (d) the enclosed cavity has a cavity
depth measured from the intevior surface of the striking
Jace to the interior surface of the enclosed cavity in a
dirvection perpendicular to the exterior surface of the
striking face, and the cavity depth varies;

wherein at least a portion of the polymeric plug is located

in the upper portion;
wherein the striking face has an unsupported face surface
area within a range of between 450 mm” to 3500 mm ;

wherein the club head has a center of gravity located at
an elevation between 12 mm and 25 mm above the
ground plane; and

wherein a coefficient of restitution of the club head is

greater than 0.79.

55. The iron-type golf club head of claim 54, whevein the
badge covers the polymeric plug and the portion of the body
in contact with the polymeric plug, and the enclosed cavity
extends to the top-line portion.

56. The ivon-type golf club head of claim 55, wherein the
total top line thickness is less than 8.5 mm, and the cavity
volume is 20 cc or less.

57. The irvon-type golf club head of claim 56, whevein the
polymeric plug has a shore D hardness of 40 or less.
58. The iron-type golf club head of claim 57, whevein the

first portion sole thickness is less than 2 mm.

59. The iron-type golf club head of claim 58, wherein the
cavity volume is at least 10 cc, and the lower portion cavity
depth is different at two elevations above the ground plane,
the upper portion cavity depth is different at two elevations
above the ground plane, and the badge has a badge thick-
ness that varies.

60. The iron-type golf club head of claim 59, wherein the
badge has a plurality of ridges that intersect.

61. The iron-type golf club head of claim 59, wherein the
polymeric plug has a plug volume that is no more than 20%
of the cavity volume.

62. The iron-type golf club head of claim 61, wherein the
polymeric plug occupies between 1% to 10% of the cavity
volume.

63. The ivon-type golf club head of claim 59, wherein the
polvmeric plug has a shore A hardness of 10-70, the badge
has a badge thickness that varies, and the polymeric plug
has a density of less than 1.75 g/cc.

64. The iron-type golf club head of claim 58, wherein the
polvmeric plug has a face contact surface in contact with the
rear surface of the striking face, and the face contact surface
is circular

65. The iron-type golf club head of claim 58, wherein the
polymeric plug has a tapering sidewall.

66. The iron-type golf club head of claim 58, wherein the
striking face comprises a striking plate welded to a portion
of the heel portion, a portion of the toe portion, and a
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portion of the top-line portion, with the striking plate formed
of a striking plate material diffevent than a material forming
a portion of the sole portion.

67. The iron-type golf club head of claim 66, wherein at

least a portion of the polymeric plug is located in the lower

portion.
68. The iron-type golf club head of claim 66, wherein the

coefficient of vestitution of the club head is greater than 0.8.
69. The iron-type golf club head of claim 66, wherein the

rear portion includes a back wall surface extending upward
from the vear portion to the top-line portion, the polymeric

plug contacts the back wall surface and the rear surface of

the striking face, at least a portion of the back wall surface
is separated from the toe portion by a toe hole, at least a
portion of the back wall surface is separated from the heel
portion by a heel hole, and the badge covers the polymeric
plug, the back wall surface, the toe hole, and the heel hole.

70. The iron-type golf club head of claim 69, wherein the

at least one weighting element includes at least two weight-
ing elements, and the polymeric plug has a face contact
surface in contact with the vear surface of the striking face,
and the face contact surface is circular.

71. The iron-type golf club head of claim 70, wherein the

polyvmeric plug has a tapering sidewall.

72. An ivon-type golf club head comprising:

a body having a heel portion, a toe portion, a top-line
portion, a sole portion, a striking face joining the
top-line portion to the sole portion, and a vear portion
Joined to the striking face by the sole portion;

a badge attached to the body;

a polvmeric plug in contact with a rvear surface of the
striking face and a portion of the body;,

wherein the rvear portion extends upward from the sole
portion toward the top-line portion to create an

10

15

20

25

30

enclosed cavity bounded at least in part by a portion of 35

the vear portion, a portion of the sole portion, a portion
of the striking face, and a portion of the badge, wherein
the enclosed cavity has a cavity volume;

whevrein a first portion of the sole portion, located closer

to the striking face than the vear portion, and bounding 40

the enclosed cavity has a first portion sole thickness of

less than 3 mm;
wherein the top-line portion has a total top line thickness
of less than 9 mm;

whevrein a portion of striking face has a face thickness of 45

less than 2.5 mm;

wherein (a) the striking face has a center point, (b) an
upper portion of the enclosed cavity is located at an
elevation above the center point and has an upper
portion cavity depth measured from an intervior surface
of the striking face to an intervior surface of the enclosed
cavity in a direction perpendicular to an exterior
surface of the striking face, (c¢) a lower portion of the
enclosed cavity is located at an elevation below the
center point and has a lower portion cavity depth
measured from the intevior surface of the striking face
to the interior surface of the enclosed cavity in a
dirvection perpendicular to the exterior surface of the
striking face, and (d) the enclosed cavity has a cavity
depth measured from the intevior surface of the striking
Jace to the interior surface of the enclosed cavity in a
dirvection perpendicular to the exterior surface of the
striking face, and the cavity depth varies;

whevrein at least a portion of the polymeric plug is located
in the upper portion;
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wherein the striking face has an unsupported face surface
area within a range of between 450 mm” to 3500 mm” ;

wherein the club head has a center of gravity located at
an elevation between 12 mm and 25 mm above the
ground plane; and

wherein the rear portion includes a back wall surface

extending upward from the vear portion to the top-line
portion, the polvmeric plug comntacts the back wall
surface and the vear surface of the striking face, at least
a portion of the back wall surface is separated from the
toe portion by a toe hole, at least a portion of the back
wall surface is separated from the heel portion by a
heel hole, and the badge covers the polymeric plug, the
back wall surface, the toe hole, and the heel hole.

73. The iron-type golf club head of claim 72, wherein the
enclosed cavity extends to the top-line portion, the poly-
meric plug has a plug volume that is no move than 20% of
the cavity volume, and the polymeric plug has a shove D
hardness of 40 or less.

74. The iron-type golf club head of claim 73, wherein the
cavity volume is at least 10 cc, and the badge has a badge
thickness that varies.

75. The ivon-type golf club head of claim 74, wherein a
coefficient of restitution of the club head is greater than 0.79.

76. The ivon-type golf club head of claim 75, whevein the
first portion sole thickness is less than 2 mm.

77. The iron-type golf club head of claim 75, wherein the
Jace thickness of a portion of striking face is less than 2 mm.

78. The ivon-type golf club head of claim 75, whevein the
polvmeric plug has a density of less than 1.75 g/cc.

79. The iron-type golf club head of claim 75, wherein the
unsupported face surface area is greater than 2000 mm” .

80. The iron-type golf club head of claim 75, wherein the
cavity volume is 20 cc or less.

81. The iron-type golf club head of claim 75, wherein the
lower portion cavity depth is different at two elevations
above the ground plane, and the upper portion cavity depth
is different at two elevations above the ground plane.

82. The iron-type golf club head of claim 75, wherein the
striking face thickness varies, and the coefficient of vestitu-
tion of the club head is greater than 0.8.

83. The ivon-type golf club head of claim 75, wherein the
striking face comprises a striking plate welded to a portion
of the heel portion, a portion of the toe portion, and a
portion of the top-line portion, with the striking plate formed
of a striking plate material diffevent than a material forming
a portion of the sole portion, at least one weighting element
is attached to the body portion, and at least a portion of the
polymeric plug is located in the lower portion.

84. The iron-type golf club head of claim 83, wherein the
coefficient of vestitution of the club head is greater than 0.8,
the at least one weighting element includes at least two
weighting elements, and the face thickness of a portion of
striking face is less than 2 mm.

85. The ivon-type golf club head of claim 84, wherein the
polvmeric plug has a face contact surface in contact with the
rear surface of the striking face, the face contact surface is
circular, and the first portion sole thickness is less than 2
mm.

86. The iron-type golf club head of claim 85, wherein the
polvmeric plug has a tapering sidewall, and the badge has
a plurality of ridges that intersect.
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