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GOLF CLUB HEAD OR OTHER BALL STRIKING DEVICE
HAVING CUSTOM MACHINABLE PORTIONS

TECHNICAL FIELD

16661} The invention relates generally to ball striking devices, such as golf chub heads,
having one or more machinable weight elements connected to the head. Certain aspects of
this invention relate to golf club heads having oue or more weight elements configured to be
at least partially removed by machining or another roaterial removal technique to lower the

total weight of the head to approximately equal a target weight.

BACKGROUND

LHEY4! Golf is enjoyed by a wide variety of players — players of different genders, and
players of dramatically different ages and skill levels. Golf is somewhat unique in the
sporting world in that such diverse collections of players can play together in golf outings or
events, even in direct competition with one another (e.g., using handicapped scoring,
different tee boxes, ete.), and still engoy the golf outing or competition. These factors,
together with increased golf programming on television {e.g., golf tournaments, golf news,
golf history, and/or other golf programming) and the rise of well known golf superstars, at
teast 1 part, have increased golf's popularity in recent years, both in the United States and

across the world.

LEHIRY Golfers at all skill levels seek to improve their performance, fower their golf
scores, and reach that next performance "level" Mamufacturers of all types of golf equipment
have responded to these demands, and recent years have seen dramatic changes and
mnprovements in golf equipment. For exampie, a wide range of different golf ball models
now are available, with some balls designed to fly farther and straighter, provide higher or

flatter trajectory, provide more spin, control, and feel (particularly around the greens), ete.

[6064] Being the sole mstrument that sets a golf ball in motion during play, the golf chub
also has been the subject of mach technological rescarch and advancement in recent years,
For example, the market has scen improvements 1o golt club heads, shafts, and grips in recent
vears. Additionally, other technological advancements have been made in an effort to better

match the various elements of the golf club and characteristics of a golf ball to a particular
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user's swing features or characteristics {e.g., chub fitting technology, ball launch angle

measurement technology, ete.).

LHED! Despite the various technological improvements, golf remains a difficult game to
play at a high level. For a golf ball to reliably fly straight and in the desired direction, a golf
ciub must meet the golf ball square (or substantially square) to the desired target path.
Moreover, the golf club must meet the golf ball at or close to a desired location on the club
head face (i.e., on or near a "desired” or "optimal” ball contact location) to reliably fly
straight, in the desired direction, and for a desired distance. Off-center hits may tend to
"twist” the club face when it contacts the ball, thereby sending the ball in the wrong direction,
mnparting undesired hook or slice spin, and/or robbing the shot of distance. Club face/ball
contact that deviates froro squared contact and/or s located away from the club's desired ball
contact location, even by a relatively minor amount, also can launch the golf ball in the
wrong direction, often with undesired hook or slice spin, and/or can rob the shot of distance.
Accordingly, club head features that can help a user keep the clob face square with the ball
would tend to help the ball fly straighter and truer, in the desired direction, and ofien with

improved and/or reliable distance.

HHEY Varigus golf chub heads have been designed to improve a golfer’s accuracy by
assisting the golfer in squaring the club head face at ipact with a golf ball. When the club
face 1s not square at the point of engagement, the golf ball may fly in an unintended divection
and/or may follow a route that curves left or right, ball flights that arc often referred to as
“pulls,” “pushes,” “draws,” “fades,” “hooks,” or “shices,” or may exhibit more boring or

climbing trajectories.

16607] Many off-center golf hits are caused by comumon errors in swinging the golf club
that are committed repeatedly by the golfer, and which may be similarly committed by many
other golfers. As a result, patterns can often be detected, where a large percentage of off-
center hits occur in certain areas of the club face. For example, one such pattern that has
been detected 1s that many high handicap golfers tond to hit the ball on the low-heel area of
the club face and/or on the high-toc arca of the club face. Other golfers may toend to miss in
other areas of the club face. Because golf clubs are typically designed to contact the ball at or
around the center of the face, such off-center hits roay result in less energy being transferre
to the ball, decreasing the distance of the shot. The energy or velocity transferred to the ball

by a golf club also may be related, at least in part, to the flexibility of the club face at the
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point of contact, and can be expressed using a measurement called “coefficient of restitution”
{or “COR”). The maximum COR for golf chub heads 1s curvently himited by the USGA at
.83,

[BGO8] The energy or velocity transterred to the ball may also be related, at least in part,
to the weight distribution, the moment of inertia (MO}, and/or the location of the center of
gravity of the club head. Likewise, the degree of twisting of the chib head upon impact may
also be related, at least in part, to the weight distribution, the moment of inertia (MOI}, and/or
the location of the center of gravity of the club head. 1o general, a head will incur less
twisting and will produce greater energy transter when the center of gravity is closer to being
directly behind the point of irnpact on the face, although exceptions may exist. Additionally,
a head having a greater MOI will incur less twisting and will produce greater encrgy transfer
on off-center hits, although exceptions may exist. Accordingly, a need exists to customize or
adpust the weight distribution, the moment of inertia (MOI), and/or the location of the center
of gravity of the club head. Such customization may be done to provide maxinnim energy
transfer and to liroit the degree of twisting in off-conter arcas of the face, such as in the arcas
of the face where off-center hits tend to occur most, in order to produce straighter and longer
shots on impacts in those areas of the face. Such customization may also be done to
customize the direction of ball flight and/or spin characteristics of a ball upon mpact, to
achieve a club that produces a specific type of ball flight (e.g., hooking, slicing, drawing,

etc. ).

[8669] The present device and method are provided to address the problems discussed

above and other problems, and to provide advantages and aspects not provided by prior ball
striking devices of this type. A full discussion of the features and advaniages of the present
invention is deferred to the following detailed description, which proceeds with reference (o

the accompanying drawings.

BRIEF SUMMARY

16616] The following presents a general sununary of aspects of the inveuntion in order to
provide a basic understanding of the nvention. This summary is not an extensive overview
of the invention. It is not intended to identify key or critical elements of the invention or to
delineate the scope of the invention. The following summary merely presents some concepts
of the invention in a general form as a prelude to the more detailed description provided

below.
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3018 Aspects of the invention relate to ball striking devices, such as golf clubs, with a
head that includes a face configured for striking a ball and a body connected to the face, the
body being adapted for connection of a shaft thereto. Various exarople structures of heads
described herein include at least one weight element connected to the body, wherein the head
has a total weight that is higher than a target weight of the head, and the weight element(s)
is/are configured to be at least partially removed by a material removal technique to lower the
total weight of the head 1o approximately cqual the target weight. Tn one erabodiment, the at
feast one weight clement may be integrally connected to the body, such as being integrally

formed with at least a portion of the body.

[B6612] According to one aspect, the at least one weight element includes a first leg
extending along a heel side of the body, a sccond leg extending along a toe side of the body,
and a third leg extending along a rear side of the body. In one embodiment, the first, second,
and third legs are connected together, to form a generally U-shaped weight element. In
another ernbodiment, the at least one weight element may further inchude a fourth leg
extending along a peripheral edge of the face. The first, second, and third legs may be

focated on a sole of the body.

3613 According to another aspect, the at least one weight element is focated on an outer
surface of the sole of the body. One or more additional weight elements may be located

elsewhere on the body.

[6014] According to a further aspect, the body has an joner cavity defined by an inner
surface of the face and an inner surface of the body, and the at least one weight element s

located on the inner surface of the body within the inner cavity.

16615] According to a still further aspect, at least a portion of the body is formed of a
metallic material, and the at least one weight clement is integrally formed with the at least a

portion of the body formed of the metallic material.

16616} According to additional aspects, the head may be a driver head having an initial
weight of 230g and a target weight of 200g, a fairway wood head having an imitial weight of
250 g and a target weight of 215 g, or an ron-type head having an nitial weight and target

weight that vary based on club type.
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16617} Other aspects of the invention relate to a wood-type golf cluly head that includes a
wood-type face having ball-striking surface configured for striking a ball, and a wood-type
body connected to the face and extending rearward from the face to define a cavity bounded
by the face and the body, such that the body and the face enclose a volume. In one
embodiment, where the head is a driver head, the volume enclosed may be at least 400 cubic
centimeters, The head includes at least one weight element integrally formed with the body,
such that the head has a total weight that is higher than a target weight of the head. The at
feast one weight clement is configured to be at least partially removed by machining to lower

the total weight of the head to approximately equal the target weight.

[B318] According to one aspect, the at least one weight element includes a first leg
extending along a heel side of the body, a second leg extending along a toe side of the body,
and a third leg extending along a rear side of the body. In one embodiment, the first, second,
and third legs are connected together, to form a generally U-shaped weight element. In
another ernbodiment, the at least one weight element may further inchude a fourth leg
extending along a peripheral edge of the face. The first, second, and third legs may be

focated on a sole of the body.

3619 According to another aspect, the at least one weight element is focated on an ouler
surface of the sole of the body. One or more additional weight elements may be located

elsewhere on the body.

[6028] According to a further aspect, the body has an 1oner cavity defined by an inner
surface of the face and an inner surface of the body, and the at least one weight element s

located on the inner surface of the body within the inner cavity.

16621 According to a still further aspect, at least a portion of the body is formed of a
metallic material, and the at least one weight clement is integrally formed with the at least a

portion of the body formed of the metallic material.

16622 Still other aspects of the invention relate to an iron-type golf club head that
inchudes an iron-type face having a bali-striking surface configured for striking a ball, and an
tron-type golf chub body connected to the face and extending rearward from the face. The
head also includes at least one weight clement integrally formed with the body, such that the

head has a total weight that is higher than a target weight of the head. The at least one weight
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element is configured to be at least partially removed by machining to lower the total weight

of the head to approximately equal the target weight.

6623} According to one aspect, the body includes a peripheral wall extending vearward

from the face, and the at least one weight element is connected to the peripheral wall.

[B8G24] According to another aspect, the body ncludes a phurality of peripheral walls
extending rearward from the face, and the at icast one weight element i connected to at least

one of the peripheral walls.

16625] According to a further aspect, the body inchides a peripheral wall extending
rearward from the face and a rear cavity defined at least in part by an inver surface of the face
and the peripheral wall, and the at least one weight clement is positioned within the rear
cavity. In one embodiment, the peripheral wall 1s a sole member forming at least a portion of
a sole of the head, and the at least one weight element is positioned on a surface of the sole

member located within the rear cavity.

(6026} According to a still further aspect, at least a portion of the body s formed of a
metallic material, and the at least one weight element is integrally formed with the at least a

portion of the body formed of the metallic material.

[8627] Further aspects of the invention relate o methods that can be used for
manufacturing or customizing a golf club head, which is provided with a face configured for
striking a ball with an outer surface thereof and a body connected to the face. The method
includes providing a golf club head as described above, and removing a portion of the at least
one weight element, using a material removal technique, to lower the initial weight of the
head to approximately equal the target weight. This can be accomplished by machining the at

least one weight element, or other techniques.

[6628] According to one aspect, the at least one weight element includes a first leg
extending along a heel side of the body, a second leg extending slong a toe side of the body,
and a third leg extending along a rear side of the body. Machining the at least one weight
clement entails machining at least one of the first, second, and third legs. Inone
embodiment, the at least one weight element further includes a fourth leg extending along a
peripberal edge of the face, and machining the at least one weight clement includes

machining at least one of the first, second, third, and fourth legs.
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3629 According to another aspect, the at least one weight element is focated on an outer
surface of the sole of the body. In this case, the at least one weight element is accessible for

machining at any time.

[3038] According to a further aspect, the body has an joner cavity defined by an inner
surface of the face and an inner surface of the body, and the at least one weight element s
located on the inner surface of the body within the inner cavity. The method forther includes
accessing the nner cavity to machine the at least one weight clement. Tn one embodiment,
the head 15 formed of a face frame member fncluding the face and a wall extending
rearwardly from the face, and a backbody member connected to the wall of the face frame
member and extending rearwardly from the face frame member. In this embodiment, the
method further includes connecting the backbody member 1o the face frame member after
machining the at least one weight element. Additionally, the face frame member may be
removably connected to the backbody member in the head as provided, and the method may
further nclude removing the face frame member from the backbody member prior to

machining the at feast one weight element.

16631 According to a still further aspect, at feast a portion of the body is formed of 2
metallic material, and the at least one weight element 18 integrally formed with the portion of

the body formed of the metallic material.

6832} Still farther aspects of the invention relate to golf chubs that include a golf chib
head as described above and a shaft connected to the head. Such a golf club head may be at
an initial weight, prior to removal of material from the head, or at approximately the target

weight, after removal of the material.

16633] (Other features and advantages of the mvention will be apparent from the

following description taken in conjunction with the attached drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
18634} To allow for a more full understanding of the present invention, it will now be

described by way of example, with reference to the accompanying drawings in which:

FIG. 1 is a front view of an illustrative embodiment of a head of a wood-type ball
striking device according to the present invention;

FIG. 2 is a bottom view of the head of FIG. §;

~J
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FIG. 3 is a cross-sectional view of the head of FIG. 2, taken along lines 3-3 of FIG. 2;

FIG. 4 15 a cross-sectional view of the head of FIG. 2, taken along hines 4-4 of FIG. 2;

FIG. § 15 a bottorn view of the head of FIG. 2, showing schematically the removal of
material from the head using a tool;

FIG. 5A 1s a cross-sectional view of the head of FIG. 2, taken along lines 3-3 of FIG.
2, afler removal of malerial as in FIG. §;

FIG. 6 1s a bottom view of a second Ulustrative erobodiment of a head of a wood-type
ball striking device according to the present invention;

FIG. 64 15 a cross-sectional view of the head of FIG. 6, taken along lines 6A-64 of

FIG. &;
FIG. 6B is a cross-sectional view of the head of FIG. 6, taken along lincs 6B-6B of
FIG. 6;

FIG. 7 18 an exploded cross-sectional view ot a third illustrative erobodiment of a
head of a wood-type ball striking device according to the present invention, showing
schematically the removal of material from the head using a tool;

FIG. 8 is a bottom view of a fourth iHustrative embodiment of a head of a wood-type
ball striking device according to the present invention;

FIG. 8A is a cross-sectional view of the head of FIG. §, taken along lines 8A-8A of
FIG. §;

FIG. 9 15 a bottom view of a fifth illostrative embodiment of a head of a wood-type
hall striking device according to the present invention;

FIG. 9A is g cross-sectional view of the head of FIG. 9, taken along lines 3A-SA of
FIG. 9;

FIG. 10 is a perspective view of an iron-type ball striking device that can be used 1o
connection with aspects of the present invention;

FIG. 11 is a front view of an ilfustrative embodiment of a head of an iron-type ball
striking device according to the present invention;

FIG. 12 18 a rear view of the head of FIG. 11,

FIG. 13 is a cross-sectional view of the head of FIG. 12, taken along lines 13-13 of
FIG. 12;

FIG. 14 is a vear view of another tllustrative erabodiment of a head of an ron-type
ball striking device according to the present invention;

FIG. 15 18 a cross-sectional view of the head of FIG. 14, taken along lines 15-15 of

FIG. 14:
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Fi(3. 16 is a rear view of another iilustrative embodiment of a head of an iron-type
ball striking device according to the present invention;

FIG. 17 is a cross-sectional view of the head of FI1G. 16, taken along lines 17-17 of
FIG. 16;

FIG. 18 1s a rear view of the head of FIG. 16, showing schematically the removal of
material from the head using a tool;

FIG. 19 1s a cross-sectional view of the head of FIG. 17, afier removal of material as
shown in FIG. I8;

FIG. 20 is a vear view of another tllustrative erobodiment of a head of an iron-type
ball striking device according to the present invention;

FIG. 21 ig a rear view of another tilustrative emnbodiment of a head of an iron-type
ball striking device according to the present invention;

FIG. 22 1s a rear view of the head of FIG. 21 after removal of material in one
configuration;

FIG. 23 is a rear view of the head of FIG. 21 after removal of material in another
configuration;

FIG. 24 is a vear view of another tllustrative erabodiment of a head of an ron-type
ball striking device according to the present invention;

FIG. 25 1s a rear view of another illustrative embodiment of a head of an iron-type
ball striking device according to the present invention;

FIG. 2618 a rear view of another itlustrative embodiment of a head of an iron-type
ball striking device according to the present invention;

Fi(3. 27 is a rear view of another iilustrative embodiment of a head of an iron-type
ball striking device according to the present invention;

FIG. 28 15 a rear view of the head of FIG. 26 after removal of material in one
configuration; and

FIG. 29 1s a rear view of the head of FIG. 26 after removal of material in another

configuration.

DETAILED DESCRIPTION
16635] T the following description of various exarople structures according to the
mvention, reference is made to the accompanying drawings, which form a part hereof, and in

which are shown by way of lustration various example devices, systems, and environments
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in which aspects of the invention may be practiced. 1t is to be understood that other specific
arrangements of parts, example devices, systems, and environments may be vtilized and
structural and functional modifications may be made without departing from the scope of the
present invention. Also, while the terms ™op,” "bottom,” "front,” "back," "side,” "rear,” and
the like may be used in this specification to describe various example features and clements
of the invention, these terms are used herein as a matter of convenience, ¢.g., based on the
example ortentations shown in the figures or the orientation during typical use. Additionally,
the term "plurality,” as used herein, indicates any number greater than one, either
disjunctively or conjunctively, as necessary, up to an infinite mumber. Mothing in this
specification should be construed as requiring a specific three divnensional orientation of
structurcs in order to fall within the scope of this invention. Also, the reader is advised that

the attached drawings are not necessarily drawn to scale.

16636 The following terms are used in this specification, and unless otherwise noted or

clear from the context, these ierms have the meanings provided below.

166371 "Ball striking device” means any device constructed and designed to strike a ball
or other similar objects {such as a hockey puck). In addition to generically encompassing
"ball striking heads,” which are described in more detail below, examples of "ball striking

]

devices” inchude, but are not hmited to: golf clubs, putters, croguet mallets, polo mallets,
bascball or softball bats, cricket bats, tennis rackets, badminton rackets, field hockey sticks,

ice hockey sticks, and the like.

{8038 "Ball striking head" means the portion of a "ball striking device” that includes and
is located immediately adjacent (optionally surrounding) the portion of the ball striking
device designed to contact the ball (or other object) in use. In some exanples, such as roany
golf chubs and putters, the ball striking head may be a separate and independent entity from

any shaft or handle member, and it may be attached to the shaft or handle in some manner.

16439] The terms "shaft” and "handle” are used synonymously and interchangeably in
this specification, and they include the portion of a ball striking device (it auny) that the user

holds during a swing of a ball striking device.

[B040] "Integral joining technique® means a techuique for joining two separate
components so that the two componenis effectively become a single, integral piece,

mchiding, but not himited to, rreversible joining techniques, such as adhesively joining,

10
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cementing, welding, brazing, soldering, or the like, where separation of the joined pieces

cannot be accomplished without structaral damage thereto.

6041 "Integrally connected” means connecting two components ysing an integral

joining technique,

[B042] "Tategrally formed" means one component being formed as a single piece witha
second component, often (but not necessarily) from the same material, with little to no
discontinuity in material structure between the two components. A non-exhaustive st of
examples of processes that can be used for integrally forming two coraponents together
mchude molding, casting, forging, milling/machining from a single piece, and other such

techniques.

16043] “Generally parallel” means that a first line, plane, edge, surface, eic. is
approximately (in this instance, within §%) equidistant from another line, plane, edge,

surface, etc., over at least 30% of the length of the fivst Hine, plane, edge, surface, etc.
Lol 5 &

[B044] In general, aspects of this invention relate to ball striking devices, such as golf
chub heads, golf clubs, putter heads, putters, and the like. Such ball striking devices,
according to at least some examples of the invention, may include a ball striking head and a
hall striking surface. In the case of a golf club, the ball striking surface is a substantially flat
surface on one face of the ball striiing head. Some more specific aspects of this inveation
relate to wood-type golf clubs and golf club heads, including drivers, fairway woods, wood-
type hybrid clubs, and the like, and some aspects of this invention may additionally or

alternately be practiced with frons, ron-type hybrid clubs, and the like,

[B045] According to various aspects of this jnvention, the ball striking device may be
formed of one or more of a variety of materials, such as metals {(including metal alloys),
ceramics, polymers, composites (including fiber-reinforced composites), and wood, and may
be formed in one of a variety of configurations, without departing from the scope of the
mvention. In one ithustrative cmbodiment, some or all components of the head, including the
face and at least a portion of the body of the head, are made of metal. It is understood that
the head may contain components made of several different materials, inchuding carbon-fiber
and other components. Additionally, the comaponents may be formed by various forming
methods. For example, metal components (such as titanium, alyminum, titanium alloys,

aluminum alloys, steels (including stainless steels), and the like) ray be formed by forging,

I
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molding, casting, stamping, machining, and/or other known techniques. In another example,
composite components, such as carbon fiber-polymer composites, can be manufactured by a
varicty of composite processing techniques, such as prepreg processing, powder-based

technigues, mold infiltration, and/or other known techniques.

[8046] The various figures in this application ithustrate examples of ball striking devices
according to this invention. When the same reference number appears in more than one
drawing, that reference nurnber is used consistently in this specification and the drawings

refer to the same or similar parts throughout.

166471 At least some examples of ball striking devices according to this invention relate
to golf chub head structures, inchuding heads for wood-type golf clubs, such as drivers, as well
as long iron clubs (e.g., driving rons, zero jrons through five wrons, and hybrid type golf
chubs), short iron clubs (e.g., six irons through piiching wodges, as well as sand wedges, lob
wedges, gap wedges, and/or other wedges), and putters. Such devices may inchide a one-
piece construction or a multiple-piece construction. Example structures of ball striking
devices according to this invention will be described in detail below in conjunction with FI1G.
i, which illustrates an example of a bali striking device 100 in the form of a golf driver or
other wood-type club, and FIG. 10, which ilhustrates an example of a ball striking device 400
in the form of an iron-type golf chib, in accordance with at least some examples of this

mvention,

[B048] FIGS. 1-54A illustrate a ball striking device 100 in the form of a golf driver, in
accordance with at feast some examples of this invention, and tlustrative embodiments of
heads 102 of bali striking devices 160, 200, 300 of this type are shown in FIGS. 1-9A. As
shown in FIG. 1, the ball striking device 100 includes a ball striking head 102 and a shaft 104
connected to the ball striking head 102 and extending therefrom. A ball 106 in use is also
schematically shown in FiG. 1, in a position to be struck by the ball striking device 100. The
ball striking head 102 of the ball striking device 100 of FIG. | has a face 112 connected to a
body 108, with a hosel 109 extending therefrom. Any desired hosel and/or head/shaft
mterconnection structure may be used without departing from this invention, including
conventional hosel or other head/shaft interconnection structures as are known and used in
the art, or an adjustable, releasable, and/or interchangeable hosel or other head/shaft
interconnection structure such as those shown and described in U.S. Patent 6,390,265 dated

May 10, 2005, in the name of Bruce D. Burrows, U.S. Published Patent Application No.
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2009/001 1848, filed on July 6, 2007, in the name of John Thomas Stites, et al,, UL.S.
Published Patent Application No. 2009/001 1849, filed on July 6, 2007, in the name of John
Thomas Stites, et al,, U.S. Published Patent Application No. 2009/06011850, tiled on July 6,
2007, in the name of John Thomas Stites, ¢t a1, and U.S. Published Patent Application No.
2009/0062029, filed on August 28, 2007, in the name of John Thomas Stites, et al,, ali of

which are incorporated herein by reference in their entireties.

(6849 For reference, the head 102 generally has a top 116, a bottom or sole 11§, a heel
120 proximate the hosel 109, a toe 122 distal from the hosel 109, a front 124, and 4 back or
rear 126. The shape and design of the head 102 may be partially dictated by the intended use
of the device 100. In the chub 100 shown in FIG. 1, the head 102 has a relatively large
volume, as the club 100 is designed for use as a driver or wood-type club, intended to hit the
ball accurately over long distances. In other applications, such as for a different type of golf
ciub, the head may be designed to have different dimensions and configurations. When
configured as a driver, the club head may have a volume of at least 400 ¢, and in some
structures, at least 450 ce, or even at Jeast 460 ce. If instead configured as a fairway wood,
the head may have a volume of 120 ¢ to 230 ¢, and if configured as a hybrid chub, the head
may have a volume of &5 cc to 140 ce. Other appropniate sizes for other club heads may be

readily determined by those skilled in the art,

[BOSB In the itlustrative embodiment tllustrated in FIG. 3, the head 102 has a hollow
structure defining an inner cavity 130 {e.g., defined by the face 112 and the body 108). Thus,
the head 102 has a plurality of inner surfaces defined therein, inchuding an inner face surface
111 and inner body surfaces 134, In one embodiment, the hollow center cavity 130 may be
filled with air. However, in other embodiments, the head 102 could be filled with another
material, such as foam. In still further embodiments, the solfid materials of the head may
oocupy a greater proportion of the vohume, and the head may have a smaller cavity or no
mner cavity at all. It is understood that the toner cavity may not be completely enclosed in

some embodiments.

(805§ The face 112 is located at the front 124 of the head 102, and has a ball striking
surface 110 located thereon and the inner surface 111 opposite the ball striking surface 110,
as tlustrated m FIGS. 1 and 11, The ball striking surtace 110 is typically an outer surface of
the face 112 configured to face a ball 106 in use, and is adapted to strike the ball 106 when

the device 100 is set in motion, such as by swinging. As shown, the ball striking surface 110
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is refatively flat, occupying most of the face 112, The face 112 has a plurality of outer edges,
mncluding a top edge 113, a bottom edge 113, and lateral edges (including heel edge 121 and
toe edge 123). The edges of the face roay be defined as the boundaries of an arca of the face
112 that is specifically designed to contact the ball 106 in use, and may be recognized as the
boundaries of an area of the face 112 that is intentionally flattened and smoothed to be suited
for ball contact. For reference purposes, the portion of the face 112 nearest the top face edge
113 and the heel 120 of the head 102 is referred to as the “high-heel area”; the portion of the
face 112 nearest the top face edge 113 and toe 122 of the head 1072 is referred to as the “high-
toe area”; the portion of the face 112 nearest the bottom face edge 115 and heel 120 of the
head 102 1s referred to as the “low-heel area”; and the portion of the face 112 nearcst the
bottom face edge 115 and toe 122 of the head 102 is referred to as the “low-toe area”.
Conceptually, these areas may be recognized and referred to as quadrants of substantially
equal size (and/or quadrants extending from a geometric center of the face 112), though not
necessarity with syrametrical dimensions. The face 112 may include some curvature in the
top to bottom and/or heel to toe directions (e.g., bulge and roll characteristics), as is known
and is conventional in the art. In other embodiments, the surface 110 may occupy a different
proportion of the face 112, or the body 108 may have multiple ball striking surfaces 110
thercon. In the tilustrative embodiment shown in FIG. 1, the hall striking surface 110 48
inclined slightly (i.¢., at a oft angle), to give the ball 106 slight lift and spin when struck. In
other tlustrative erobodiments, the ball striking surface 110 may have a different incline or
loft angle, to affect the trajectory of the ball. Addutionally, the face 112 mayv have a variable

thickness and/or may have one or more internal or external inserts in some embodiments,

[6G52] It is understood that the face 112, the body 108, and/or the hosel 109 can be
formed as a single piece or as separate pieces that are joined together. The face 112 may be
formed as part of a face frame member, with 4 wall or walls extending rearward frovo the
edges of the face 112, This counfiguration is also known as a cup face structure. The
embodiment ilhustrated in FIGS. 7 is configured in this way, as described in further detail
below, and it is understood that other embodiments may be configured in this way, inclading
the embodiments in FIGS. {-6B and 8-9A. As shown in FIG. 7, the body 308 can be formed
as a separate picce or picces joined to the walls 325 of the face frame member 32&.
Additionally, as shown in FIG. 7, the body 308 may be at least partially formed by a
backbody member 329, which may be a single picce or multiple pieces. The walls 325 of the

face frame member 328 combine with the backbody mermber 329 to form the body 308 of the
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head 302. These pieces may be connected by an integral joining technique, such as welding,
cementing, or adhesively joining., Other known techniques for joining these parts can be used
as well, inchuding many mechanical joining techniques, including releasable mechanical
engagement technigues, I desired, the hosel 309 may be integrally formed as part of the face
frame member 328, Further, a gasket (not shown) may be included between the face frame

member 328 and the backbody member 329,

16653} Additionally, in some embodiments, at least a portion of the body 108 can be
removable from the head 102 and re-conmectable or interchangeable to permit access to the
inner cavity 130 of the head 102, Several different configurations for removable and/or
mterchangeable backbody merbers are shown and described 1 U.S. Patent Application No.
12/192,402, filed August 15, 2008, which is incorporated by reference herein and made part
hereof. As another example, the body 308 may be contfigured with a removable portion in the
form of a door, window, or other similar structure that can be opened to provide access to the

interior ¢avity 330,

16634 The body 108 of the head 102 illustrated in FIGS. 1-5A has a generally square
rear profife when viewed from the top or bottom, as shown in FIGS. 2 and 5. Other
embodiments of wood-type heads may have different shapes or profiles, such as the
embodiment of the head 202 Mustrated in FIGS. 6-6B, which has a rounded vear profile, or
other known configurations of wood-type heads. Other types of heads roay have bodies with
different configurations, including the ron-type heads described below and shown in FIGS.

i0-29.

[6055] The bali striking device 100 may include a shaft 104 connected to or otherwise
engaged with the ball striking head 102, as shown schematically 1o FIG. 1. The shaft 104 5
adapted to be gripped by a user to swing the ball striking device 100 to strike the ball 106.
The shaft 104 can be formed as a separate piece connected to the head 102, such as by
connecting to the hosel 109, as shown in FIG. 1. In other illustrative embodiments, at least a
portion of the shaft 104 may be an integral piece with the head 102, and/or the head 102 may
not contain a hosel 109 or may contain an internal hosel structure. Still further embodiments
are conternplated without departing from the scope of the invention. The shaft 104 may be
constructed from one or roore of a variety of materials, including metals, ceramics, polyraers,
composites, or wood. In some ilustrative erabodiments, the shaft 104, or at lcast portions

thereof, may be constructed of a metal, such as stainless steel or titanium, or a composite,
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such as a carbon/graphite fiber-polymer composite. However, it is contemplated that the
shaft 104 may be constructed of different materials without departing from the scope of the
mvention, including conventional materials that are known and used in the art. A grip
clement {not shown) may be positioned on the shaft 104 to provide a golter with a slip
resistant surface with which to grasp golf club shaft 104, An example of a grip element 405
is shown in FIG. 10 and described below. The grip element may be attached to the shaft 104
in any desired manner, including in conventional manmers known and used in the art (e.g., via

adhesives or cements, threads or other mechanical connectors, swedging/swaging, etc. ).

13856} Generally, chub heads 102 according to various embodiments and aspects of the
invention contain a weight element or clements connected to the body that is configured to be
at least partially removed, such as by machining, to lower the total weight of the head to
approximately equal a target weight. The head 102 may contain one or more weight elements
distributed across different locations on the head 102, so that portions of the weight clements
can be strategically removed to alter the weight distribotion, center of gravity, and/or moment

of inertia of the head 102,

166571 FIGS. 1-5A illustrate one example embodiment of a wood-type chub head 102
according to aspects of the invention. As shown in FIGS. 2-5A, the head 102 has weight
elements 140 connected to the body 10§, which project inwardly from an inner surface 134 of
the sole 118 of the body 108, [t is understood that the weight elements 140 of FIGS. 2-5A
may be considered to be a single, non-continuous weight clement connected to the head 102
The weight clements 140 are formed as a heel leg 140A located along a heel edge 142 of the
sole 113, a toe leg 1408 located along a toe edge 144 of the sole 113, a rear leg 140C located
along a rear edge 146 of the sole 118, and a front log 140D located along a front edge 148 of
the sole 118 and along the bottom edge 115 of the face 112, In this embodiment, each of the
tegs [40A-D of the weight element 140 1s an elongated structure that extends in a direction of
clongation generally parallel to the respective edges 142, 144, 146, 148 of the sole 118 and
generally follows the inner contours of the body 108. Additionally, each of the legs 140A-D
protrudes slightly from the inner surface 134 of the body 108 and has a slightly rounded
surface, as shown in FIGS. 3 and 4, and further has rounded points at both ends, giving each
of the legs 140A-D a slightly elongated, obround shape. The weight clements 140 are also
substantially flush and continuous with the outer surface 135 of the sole 118, In other

embodiments, one or more of the legs 140A-D may have a different shape and/or contour.
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For example, the fegs 140A-D may have shapes that distribute weight in other areas of the
body 1038 to permit greater variation in the weighting options available. As another example,

the legs 140A-D roay have a more complex surface, including ridges, peaks, valleys, etc.

[B058] In further embodiments, the hody 108 may include one or more differcutly
configured weight clements 140, and may contain a differcnt number of weight clements 140
or a weight clement 140 with a different number or configuration of legs 140A-D. For
example, as described in greater detail below, FIGS. 6-68 illustrate 4 head 202 that includes a
weight cloment 240 with roultiple legs 240A-C joined together to form a single continuous
structure. As another example, one or more weight elements could be positioned on the head
102 1o other locations on the sole 118, and may protrude from other surfaces besides the inner
surface 134 of the sole 118.. For exaraple, the weight clements 640 n FIGS. 8-8A are
positioned to protrude from the outer surface 635 of the body 608. In another cxample, one
or more weight elemenis could be positioned on the top 116, rear 126, heel 120, ortoe 122 of
the head 102, or could even be positioned on the face 112, such as on the inner sorface 111 of
the face 112, In a further example, a head 102 may include weight elements 140 protruding
from both the inner and outer surfaces 134, 135 of the body 108, in any of a variety of
diffevent locations. Sull further examples are conteroplated within the scope of the present

mvention,

[B059] In the embodiment of FIGS, 2-5A, the weight elerents 140 are integrally formed
with the body 108, such as by molding, forging, machining, and/or other such forming
techniques. The body 108 may be formed as a single piece with the weight elements 140, or
alternately, the body 108 may be formed of multiple pieces, and the weight elements 140 may
be integrally formed with one or more of the picces. In another embodiment, one or more of
the weight elements 140 may be connected to the body separately, such as by mtegrally
connecting the components using welding, brazing, or other integral joining techniques, or

other connection technigues.

[BG60] When the weight clements 140 are integrally forraed with at least a portion of the
body 10¥, the integrally formed components will gencrally be made from the same material.
As described above, the body 108 can be made from metallic materials {including metals,
metal alloys, metal-matrix coraposites, and any other metal-based material), coramucs,
polymers, other composites (including fiber-reinforced composites’, and wood, or a

combination of such materials. The weight elements 140 can be made of any of the
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aforementioned materials, and in some circumstances may not be made from the same
materials as the portions of the body 10§ to which they are counected. In another
embodiment, a weight element 140 may be made from the same roaterial as the adjacent
portion of the body 108, but may also include an insert or 3 filler or doping material to
imcrease the weight of the clement 140, In a further embodiment, a weight clement 140 may
be made from mubtiple materials and/or the body 138 may contain several weight elements
140 made of differcut materials from cach other. Still further variations and material

configurations are possible.

6061 In general, the head 102 is configured so that at least a portion of the weight
element 140 can be selectively removed, using a material removal technique, to lower the
weight of the head 102 to approximately cqual a target weight, In one crubodument, the
material removal may be accomplished by machining/mulling, such as by the use of a milling
tool 154, as described below and shown in FIG. 5. The machining may be performed by a
CNC machine or other computer-controlled machining tool, or the machining may alternately
be performed by a manual machining apparatus or other machining apparatus or a
combination of such techniques. In other embodiments, material can be removed using a
different material removal technique, such as electric discharge (EDM) machining, chemical
eiching, and further material removal techniques The selection of a particular tool and/or
material removal technique may depend on the dentity and/or properties of the material of
the weight element(s) that will be removed. It i1s understood that a combination of different
tools and techniques for material removal may be used to remove material from the weight
elements 140, In this embodiment, the material s removed from the outer surface 135 of the
head 102, to create recessed portions or recesses 141 on the outer surtace 135, The weight
elements 140 protruding inward from the inner surface 134 of the body 108 makes material
of the body 108 thicker at the weight clements 140, FIGS. 5 and 5A illustrate the recesses
141 created by the removal of material from the weight elements 140 at the outer surface 135
of the body 10X, In one embodiment, where applicable and practicable, the material removal
is the final step in manufactaring the head 102, prior to attaching the shatt 104 to the head
102, 1t 5 understood that in some embodiments, where machining 18 doue on the inside of

the head 102, subsequent assembly steps may be performed.

[8062] The head 102 can be manufactared at a total weight that is higher than the target

weight of the head 102, to compensate for the removal of material. For example, in one
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embodiment, a wood-type driver may have a target weight of 200g, and may be configured o
contain 10-30g of additional material that can be removed to reach the target weight. In one
embodiment, the head 102 has at least 20g of diseretionary weight that can be removed from
the weight clements 140, and in another embodiment, the head 102 is designed to have
approximately 30g of weight removed from the weight elements 140, In this embodiment,
the wood-type head 102 can be manufactured at 165g, with weight elements 140 that total
65g, raaking the total weight of the head 230g. This allows 30g of material to be removed
from the weight elements 140, lowering the weight of the head 102 to the targeted weight of
approximately 200g. In this example, 35¢g of the weight elements 140 would remain as part
of the body 108, Accordingly, the portions of the weight eloments 140 that are removed can
be strategically selected to locate the 353 of additional weight to achieve a specific weight
distribution, center of gravity, moment of inertia, etc. of the head 102, By “spproximately” in
this instance, it is meant that the stated weights have an error or tolerance of +/- Sg.

However, in another embodiment, the tolerance of weight of the head 102 may be zero or
substantially zero, due to use of accurate and precise machining equipment. It is understood
that a large variety of different heads can be constructed and configured with weight elements
140 that arc contigured to be at least partially removed to reach a target weight, and that any
such variations are conternplated within the scope of this invention. For example, in one
embodiment, the target weight of a wood-type driver head 132 may be between 195¢g and
210g, and the head 102 may include weight element(s) 102 designed to have 15-30g of

material removed to reach the target weight.

16663] Exaraples of other such embodimenis are described below and shown in FIGS. 6-
29. In other emnbodiments, the initial weight and the target weight of cach head embodiment
may be different, and that different heads may inchide different numbers, sizes, and
configurations of weight elements. It is also understood that the target weight may, in sorge
circumstances, be informed or dictated by applicable rules and regulations, such as the USGA
Rules. If instead the head 102 is configured as a fairway wood, the target weight may be
between 215g and 230g, and the weight clement(s) 140 may be designed to have 18-30g of
material removed to reach the target weight. For exaroaple, a fairway wood head 102 may
have an initial weight may be 250¢g, and the target weight may be approximately 220g. 1 the
head 102 were instead configured as an wron-type head, such as the heads 402, 502, 602
shown in FIGS. 10-29 and described below, the initial weight may change or vary based on

the type of head 402, and the target weight may be spproximately 10-30g lighter than the
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initial weight. Such target weights may be between approximately 235¢ for longer irons to
approximately 285g for shorter irons, and even to approximately 310g for wedges. Similarly,
if the head 102 is configured as a hybrid club head, the initial weight ray be 10-30g heavier

than the target weight, which may be between approximately 220g and 235¢.

16664} The material removal may be performed to achicve a desired shape or contour on
one or more of the legs 140A-D of the weight element 140. For example, the machining may
be performed so as not to leave any rough or sharp edges on the weight element 140, which
can reduce the chance of injury 1o a user and reduce potential acrodynamic and/or frictional
drag on the head 102 during a swing. As another example, the machining may be performed
80 as to achieve a specific shape or contour, which may be designed to improve the
functioning of the head 102, such as 1o create a shape that improves acrodynarnics, frictional

roperties, and/or the appearance of the head 102, among other improvements.
5 2

18665} FIGS. 5-54A illustrate removal of selected portions or segments 152 of the weight
clements 140 of the head 102 of FIGS. 14 by a machining or milling tool 158. The milling
tool 150 roay be a CNC machine or other computer-controlled machining tool, or the
machining may alternately be performed by a manual machining apparatus or other
machining apparatus. As described above, in this embodiment, the material is removed from
the outer surface 135 ot the head 102 at the weight clements 140, to create recesses 141, The
outer surface 135 of the body 108 contains indicia 149 to indicate the arcas where material
romoval 1s acceptable. Accordingly, the bulk of the weight elements 140 can be hidden on
the inper surface 134 of the body 108, while the indicia 149 indicates the proper areas for
material removal on the outer surface 135, Tt 1s understood that other material reraoval
techmiques, or @ combination of different tools and technigues, may be used to romove
material from the weight elements 140, In one embodiment, material may be removed from
the inner surface 334 of the body 308, as iHlustrated in FIG. 7, vather than the outer surface

335, or may be removed from a combination of both surfaces 334, 335,

[8366] As shown 1n FIG. 5, a large segment 152 of the front feg 140D is removed,
constituting the majority of the mass of the front leg 140D, shifting the center of gravity
further toward the rear 126 of the head 102. Additionally, a large segment 152 of the heel leg
140A 1s removed, and none of the toe feg 1408 is rervoved, shifting the center of gravity
toward the toe 122 of the head 102. Further, a central segment 152 of the rear leg 140C is

removed, shifting the weight distribution more toward the heel and toe edges 120, 122 of the
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head 102, increasing the moment of inertia of the head. Those skilled in the art can readily
recognize a large variety of different strategies for matenial removal from the weight elements
140 10 order to achieve a desired weight distribution, center of gravity, and/or moment of
ingrtia. It is understood that material removal may not necessarily involve removal of the
entire segments 152 of the weight clements 140, as illustrated in FIG. 5, and the depth of the

material removal may vary,

16667} Additionally, as mentioned above, the body 108 may contain indicia to identity
the weight elements 140 and/or to guide the machining of the weight elements 140, so as not
to nadvertently cause structural damage to the head 102, In the embodiment of FIGS. 2-54,
the weight elements 140 are surrounded by visible indicia in the form of a visible border 149
that roarks the boundaries of the weight eleruents 140 that are suitable for machining. In this
embodiment, the visible border 149 is created by paint, pigment, ink, dye, or other applied
visible substance. It is understood that the visible substance may be selectively visible, such
as beiug visible only ander UV hight. The visible border 149 may also be created in another
manner, such as by a ridge, recess, etching, engraving, or embossing surrounding the weight
elements 140, for example. In another embodiment, a different type of indicia may be used
to identify the weight elements 140, For example, the weight elements could be visually or
contextually distinet from the other portions of the body 1028, such as by having a different
coloration, a different surface finish or texture, or other such distinctive appearance, or the
weight elements 140 could protrude from the body 108 in a manner that clearly indicates the
boundaries of the weight elements 140, A different coloration may be achieved by paint,
pigment, ink, dye, or other applied visible substance. The body 108 may further contain
some indicia indicating how much material can or should be removed from the weight
elements 140 to achieve the target weight, or an indication of the target weight itself. This
can take the form of a numerical indication or code imprinted somewhere on the body 108 or
clsewhere, for example. Still other types of indicia can be used for these purposes in further

embodiments.

16668} FIGS. 6-6B illustrate another example embodiment of 8 wood-type club head 202
according to aspects of the invention. The head 202 of FIGS. 6-6B has many features in
common with the head 102 described above and shown in FIGS. 1-5A. Accordingly, many
common components between the head 102 of FIGS. 1-5A and the head 202 are referred to

using similar reference mumerals 1o FIGS. 6-6B and the description that follows, using the
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*200™ series of reference mumerals. The head 202 of FIGS. 6-6B has a body 208 with a
rounded rear 226, in contrast with the head 102 of FIGS. 1-3A, which has a generally squared
body 108, It is understood that the features and aspects described herein with respect to the
heads 102, 202 of FIGS, 1-5A can be used or adapted for use in other wood-type heads

having different configurations.

16669 As shown in FIGS, 6-68, the head 202 has two weight elements 240 connected {o
the body 208, protroding from the inner surface 234 of the sole 218 of the body 208 and
substantially fhush and continuous with the outer surface 235 of the body 208, Ttis
understood that the weight clements 240 of FIGS. 6-6B may be considered to be a single,
non-continuons weight element connected to the head 202, One of the weight clements 240
is formaed as a heel leg 240A located along a heel edge 242 of the sole 218, a toe leg 2408
located along a toe edge 244 of the sole 218, and a rear leg 240C located along a rear edge
246 of the sole 218, with the heel leg 2404, the toe leg 2408, and the rear leg 240C all
connected together continuously to form a U-shaped structure extending along the heel edge
242, the toe edge 244, and the rear edge 246 of the sole 218, Another weight eleruent 240 s
separate from the U-shaped element 240 and is formed as a front leg 240D located alonga
front edge 248 of the sole 218 and along the bottom edge 215 of the face 212, The frout leg
240A is an clongated structure that extends in a direction of elongation generally parallel to
the front edge 24¥ of the sole 118, Additionally, in the cmbodiment shown in shown in
FIGS. 6-68, each of the legs 240A-D protrudes slightly from the body 208 and has a smooth,
rounded, protruding surface facing inwardly from the muer surface 234 of the body 208, The
U-shaped weight clemeunt 240 has rounded points at the ends of the heel leg 240A and the toe
feg 240B. The front leg 240D is substantially triangular in shape, with tapered onds, a greater
width around the center of the leg 240D, and rounded comers. Farther, in the embodiment of
FIGS. 6-6B, the weight elements 240 are integrally formed with at least the adjacent portions
of the body 20&, as similarly discussed above. Still further examples are contemplated within
the scope of the present invention, including any other embodiments and variations described

herem.

{86761 In the embodiment of FIGS. 6-68, the head 202 1s configured so that at feast a
portion of the weight elerents 240 can be removed, such as by machining on the outer
surface 235 of the body 208, as described above. The head 202 is formed with a weight that

is higher than the target weight of the head 202, so that material of the weight elements 240
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can be removed to change the weight of the head 202 to approximately equal the target
weight, as also described above. The head 202 also has a visible indicia 249 on the outer
surface 235 of the body 208 identifving the boundaries of the weight element 240, in the form
of paint, pigment, ink, dye, or other applied visible substance. The continuous U-shaped
weight element 240 formed of legs 240A-C provides a large variety of different weighting
configurations. As described above, the material can be removed from the weight elements
240 to change the weighting of the head, such as to adjust the weight distribution, the center

of gravity, and/or the moment of inertia of the head 202,

16471 FIG. 7 llustrates another example embodiment of a wood-type club head 302
according to aspects of the invention. The head 302 of FIG. 7 has many features in common
with the heads 102, 202 described above and shown in FIGS. 1-6B. Accordingly, many
common coniponents between the heads 102, 202 of FIGS. 1-6B and the head 302 are
referred to using similar reference numerals in FIG. 7 and the description that follows, using
the 3007 series of reference mumerals. The head 302 of FIG. 7 has a body 308 with a
rounded rear 326, stmilarly to the head 202 of FIGS. 6-6B. Adduionally, the head 302 1s
formed of a face frame member 328 and a backbody member 329 connected to the face frame
member 328, as described above. The backbody member 329, which may be a single piece
ot ruultiple pieces, is conuected to the walls 325 of the tace frame mernber 328 to form the
body 308 of the head 302, These pieces may be connected by an integral joining technique,
such as welding, cementing, or adhesively joining, as well as other known techniques for
joining, as described above. In one embodiment, the face frame member 328 may be
removably connected to the backbody member 329, Further, the hosel 309 is connected o
the face frame member 32¥, and may be integrally formed with the face frame member 328,
Still further, a gasket (not shown) may be included between the face frame member 328 and
the backbody meraber 329, It 1s understood that the features and aspects described herein
with respect to the head 302 of FIG. 7 can be used or adapted for use in other wood-type
heads having different configurations, inchuding the heads 102, 202 of FIGS. 1-6B, and that

the features of these respective emnbodiments can be combined together.

[8672] As shown in FIG. 7, the head 302 has a weight element 340 connected to the body
308, protruding from the inner surface 334 of the body 308, similarly to the weight clements
144, 240 described above. In the embodiment of FIG. 7, the weight element 340 is integrally

formed with at least the adjacent portions of the body 308, as similarly discussed above.

2
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Additionally, the head 302 is configured so that at least a portion of the weight clement 340
can be removed, such as by machining, by removing material from the inner surface 334 of
the body 308, instead of or in addition to removing material from the outer surface 335 of the
body 30¢, FiG. 7 illustrates removal of material from the weight element 340 on the inner
surface 334 of the body 308 by a machining or milling tool 150, prior to connecting the face
frame member 328 to the backbody member 329, This permits a user to customize the head
302 as desired, and then to coraplete the assernbly of the head 302 by joining the face frame
member 32¥ to the backbody member 329, such as by welding, In another embodiment, the
face frame member 328 may be removably connected to the backbody member 329, as
described above, and the face frame mernber 328 may be rerooved in order to permit access
to the interior cavity 330 to remove material from the weight element 340, and then later re-
connected. In a further embodiment, a portion of the face 312 or the body 308 may be
removable to provide access to the weight element 340 after asserbly of the head 302, For
example, the body 302 may be contigured with a removable portion, as described above, or
with a door, window, or other similar structure that can be opened to provide access 1o the
mterior cavity 330, As described above, the material can be removed from the weight
clement 340 to change the weighting of the head, such as to adjust the weight distribution, the

center of gravity, and/or the moment of inertia of the head 302,

16673} The head 302 also has a visible border 349 identifying the weight clement 340, In
this embodiment, the visible border 349 is in the form of a channel that extends around the
periphery of the weight element 340, As shown in FIG. 7, the channel 349 is indented into
the inner surface 334 of the body 308 to provide visual identification. The channel 349 may
also include a paint, pigment, ink, dye, or other applied visible substance to provide

additional visibility,

16874} FIGS. 8-84 illastrate another example embodiment of a wood-type club head 702
according to aspects of the invention. The head 702 of FIGS. 2-8A has many features in
conmumon with the heads 102, 202, 302 described above and shown in FIGS. 1-7.
Accordingly, many common components between the heads 102, 202, 302 of FIGS. 1-7 and
the head 702 are referred to using similar reference mumerals o FIGS. 8-8A and the
description that follows, using the “700” series of reference numerals. The head 702 of
FIGS. &-8A has a body 708 with a generally squared rear 726, similarly to the head 102 of

FIGS. 2-5A. Tt is understood that the features and aspects described herein with respect to the
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head 702 of FIGS. 8-8A can be used or adapted for use in other wood-type heads having
different configurations, including the heads 102, 202, 302 of FIGS. 1-7, and that the features

of these respective embodiments can be combined together,

[BG75] As shown 1o FIG. §, the head 702 has a weight clement 740 connected 1o the body
708 and integrally formed with at least the adjacent portions of the body 708, as similarly
discussed above. The head 702 has weight elements 740 formed of a heel leg 740A, a toe leg
7408, a rear leg 740C, and a front leg 740D in an arrangement simnilar to the weight clements
140 of the head 102 of FIGS. 2-5A. However, the weight elements 740 in the embodiment of
FIGS. &-8A protrude from the outer surface 735 of the body 708, rather than the inner surface
734 as in the embodiments described above., Additionally, the head 702 is configured so that
at least a portion of the weight clement 740 can be removed, such as by machining, by
removing material from the outer surface 734 of the body 708, For example, the protruding
portions of the weight elements 740 can be shaved partially or completely away. 1t is
pnderstood that the machining of the weight elements 740 can be considered to create a
recessed portion, even if the resultant weight elernent 740 5 substantially flush with adjacent
arcas of the sole 718, The machining may further create indented recesses in the outer
surface 735 of the body 708, Material can be removed using a toel 150 as similarly shown in
FIG. 5. In another embodiment, one or more weight elements may have portions protrading
from both the tnner and outer surfaces 734, 735 of the body 708, and such protruding portions
may partially or wholly overlap in at least some places. The head 702 also has visible indicia
749 identifying the weight elements 740, In this embodiment, the visible indicia 749 15 in the
forma of a paint, pigment, ink, dye, or other applicd visible substance that extends arcund the
periphery of the weight clements 740. 1n = further embodiment, the weight clements 740
may need no applied visible indicia 749, as the portions protruding from the outer surface 735

of the body 708 offer clearly defined arcas for material rerooval,

(3876} FIGS. 9-94 ilustrate another example embodiment of a wood-type club head 802
according to aspects of the invention. The head 802 of FIGS. 9-9A has many features in
common with the heads 102, 202, 302, 702 described above and shown in FIGS. 1-8A.
Accordingly, many common components between the heads 102, 202, 302, 702 of FIGS. 1-
3A and the head 802 are referred to using similar reference numerals in FIGS. 3-9A and the
description that follows, using the “800” series of reference numerals. The head 802 of

FIGS. 9-9A has a body 808 with a generally squared rear 8§26, stmularly to the head 102 of

2
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FIGS. 2-5A. It is understood that the features and aspects described herein with respect to the
head 802 of FIGS. 9-9A can be used or adapted for use in other wood-type heads having
different configurations, including the heads 102, 202, 302, 702 of FIGS. 1-8A, and that the

features of these respective embodiments can be combined together.

18877} As shown in FIGS, 9-9A, the head 802 hag a weight clement 840 connected to the
body 80K and integrally formed with at least the adjacent portions of the body 803, as
similarly discussed above. The weight element 840 in FIGS. 9-9A 1s formed of a single
weight pad on the inner surface 834 of the sole 21§, covering a majority of the area of the
sole 818, The head 802 is configured so that at least a portion of the weight element 840 can
be removed, such as by machining, by removing material from the outer surface 8§34 of the
body 20%, as described above. The expansive weight clement 840 of FIGS. 9-9A provides a
“canvas” for material removal that offers greater options and configurations for material
removal, as the weight element 840 does not have complex boundaries that confine the area
of permitted material removal. Accordingly, material can be removed from nearly any
portion of the outer surface 8§35 of the sole 818, n vearly any desired configuration, o create
a desired weighting of the head 802. Material can be removed using a tool 150 as similarly
shown in FIG. §, and creates recesses or recessed portions in the outer surface 835, as also
described abhove. The head 802 also has visible indicia 849 dentifving the weight element
840 and the boundaries of the arca that is suitable for material removal. 1n this embodiment,
the visible indicia 849 is in the form of a paint, pigment, ink, dye, or other applied visible
substance that extends around the periphery of the weight element 840, 1t is understood that
the weight element 840 may be desigued to bave 10-30¢ of material removed, siratlarly to the

embodiments described above.

3678 FIGS. 10-13 illustrate a ball striking device 400 in the form of a goifiron, in
accordance with at Jeast some examples of this invention, and Hlustrative embodiments of
heads 402, 502, 602 of ball striking devices 400 of this type are shown in FIGS. 10-17. The
head 402 of FIGS. 10-13 has many features in common with the heads 102, 202, 302, 702,
802 described above and shown in FIGS. 1-9A. Accordingly, many common components
between the heads 102, 202, 302, 702, 802 of FIGS. 1-9A and the head 407 are referred to
using similar reference numerals in FIGS. 10-13 and the description that follows, using the
*400™ series of reference mumerals, The ball striking device 40¢ includes a shaft 404 and an

won-type golf chub head 402 attached to the shatft 404, The golf chub head 402 of FIG. 10
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may be representative of any iron or iron-type hybrid golf club head in accordance with

examples of the present invention.

8679 As shown in FIGS. 10-13, the golf club head 402 inchudes a body member 408
having 4 face 412 and a hosel 409 extending from the body 408 for attachment of the shaft
404, For reference, the head 402 generally has a top 416, 3 bottom or sole 41¥, a heel 420
proximate the hosel 409, a toe 422 distal from the hosel 409, a front 424, and a back or rear
426. The shape and design of the head 402 may be partially dictated by the intended use of
the device 400. The heel portion 420 15 attached to and/or extends from a hosel 409 {e.g., as
a unitary or integral one piece construction, as separate connected elements, etc., including

any connection configurations described above),

[HHESH The face 412 is located at the front 424 of the head 402, and has g ball striking
surface 410 located thercon and an jnner surface 411 opposite the ball striking surface 410.
The ball striking surface 410 is typically an outer surface of the face 412 contigured to face a
bail (not shown) in use, and is adapted to strike the ball when the device 400 is set in motion,
such as by swinging. As shown, the ball striking surface 410 s relatively flat, occupying
most of the face 412, The ball striking surface 410 may include grooves 452 (e.g., generally
horizontal grooves 452 extending across the face 412 in the tllustrated example) for the
removal of water and grass from the face 412 during a ball strike. Of course, any number of
grooves, desired groove patterns, and/or groove constructions may be provided {or even no
groove pattern, if desired), including conventional groove patterns and/or constructions,

without departing from this invention.

{6081} For reference purposes, the portion of the face 412 nearest the top face edge 413
and the heel 420 of the head 402 is referved to as the “high-heel area”; the portion of the face
412 nearest the top face edge 413 and toe 422 of the head 402 18 referred to as the “high-toe
arca”; the portion of the face 412 nearest the bottom face edge 415 and heel 420 of the head
402 is referred to as the “low-heel area”™; and the portion of the face 412 nearest the bottom
face edge 415 and toe 422 of the head 402 s referred to as the “low-toe arca”. Conceptually,
these arcas may be recognized and referred to as quadrants of substantially equal size {and/or
quadrants extending from a geometric center of the face 412}, though not necessarily with
symuynetrical dimensions. The face 412 may include some curvature 1o the top to bottora
and/or heel to toe directions (e.g., bulge and roll characteristics), as is known and is

conventional in the art. In other embodiments, the surface 410 may occupy a different
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proportion of the face 412, or the body 408 may have multiple ball striking surfaces 410
thercon. As seen in the illustrative embodiment shown mn FIG. 13, the ball striking surface
410 1s inclined (i.c., at a loft angle), to give the ball an appreciable degree of Iift and spin
when struck. [n other illustrative embodiments, the ball striking surface 410 may havea
different incline or loft angle, to affect the trajectory of the ball. Additionally, the face 412
may have a variable thickness and/or may have one or more internal or external inserts in
some embodiments. It is understood that the face 412, the body 408, and/or the hosel 409 can

be formed as a single piece or as separate pieces that are joined together.

13882} The body member 408 of the golf club head 402 may be constructed from a wide
variety of different materials, inchiding roaterials conventionally known and used in the art,
such as steel, titanturn, alurminur, tungston, graphite, polyroers, or composites, or
combinations thereof. Also, if desired, the chub head 402 may be made from any number of
pieces {e.g., having a separate face plate, etc.) and/or by any construction technique,
imchiding, for example, casting, forging, welding, and/or other methods known and vsed in

the art.

16083] In the embodiment shown in FIGS, 10-13, the body 408 of the head 402 includes
a rear cavity 430 located behind the face 412, which is defined at least partially by the rear
surface 411 of the face 412, As shown in FIGS. 10-13, the body 408 further includes a sole
body raeraber 431 extending rearward from the bottom edge 415 of the tace 412 and definung
a portion of the rear cavity 430, The rear cavity 430 may also be partially defined by
peripheral or perimeter walls 433 extending rearward from the peripheral edges of the face
412, inchuding the top edge 413, the heel edge 417, and the toe edge 419 of the face 412, Ttis
understood that the sole member 431, or a portion thereof, may be considered to be a
peripheral wall 433 as defined herein. The peripheral walls 433 follow the curvilinear
contour of the body 408, and form an opening o the rear cavity 430 defined by the peripheral
walls 433, including the sole member 431, In this embodiment, the sole member 431 forms
at least part of the sole 418 of the head 402, Additionally, the sole member 431 has an inner
surface 434 that in part defines the rear cavity 430 and an outer surface 435 that forms at least
a portion of a sole surface on the sole 418 of the head 402, In additional embodiments, such
as the embodiments Hlustrated in FIGS. 14-29, the head 402 may have a differently
configured sole member and/or a rear wall, or may not contain some of these components.

{19

For example, n the embodiment shown in FIGS, 14-15, the head 502 has a rear wall 532
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extending upward from the rear of the sole member 531 and partially defining the rear cavity
830, and in the embodiment shown in FIGS. 16-29, the head 603 15 a traditional blade-type
wron configuration, and contains no rear cavity unless the head 603 1s machined n order to

create a rear cavity.

16084} The bali striking device 400 may include a shaft 404 connected to or otherwise
engaged with the ball striking head 402, as shown schematically in FIGS. 10-11. The shaft
404 may be counected and configured as described above with respect to FIG. 1. As

described above, FIG. 10 illustrates a grip element 4035 connected to the shaft 404,

[63G85] The iron-type ball striking heads 402, 502, 602 in FIGS. 10-29 described below
are all configured with at least one weight element 440, 540, 640 that is configured to be at
teast partially removed, using a material removal technique, to adjust the weighting of the
head. As described above, these heads 402, 502, 602 are manufactured with weights higher
than the target weight, so that a specified amount of material can be removed to reach the
target weight. This material can be removed in various different configurations, which can
change the weight distribution, conter of gravity, and/or moment of inertia of the head 402,
502, 602 in different ways. In one embodiment, the heads 402, 502, 602 may be
manufactured 13-30g overweight, so that approximately 14-30g of material may be removed
to veach the target weight. The configurations, features, and components of the embodiments
of FIGS. 14-29 may be used in any of a large number of different iron-type clubs, including
tong irons, short irons, wedges, and any other iron-type club, and it is understood that
different types of clubs may have different target weights. Accordingly, the manufactured
weight of the head 402, 502, 602 may depend on the type of iron that it is. Additionally, a set
of ron-type chubs may be created, with cach club baving 2 weight clement as described in
one or more of the embodiments of FIGS. 13-29. In such a set, each club may be
manufactured overweight (e.g., approximately 10-30g overweight), with each club having a
different manufactured weight and target weight, and with cach club head being configured
for removal of material to reach its specific target weight., Such a set may also inchude a mix
of iron-type chubs with heads 402, S02, 602 as shown in FEGS. 10-29, and may also include
one or more wood type clubs described above as shown 1n FIGS. 1-9A. It is understood that

not every club of the set may be configured for material removal as described herein.

16086 FHGS. 11-13 ilustrate an example embodiment of an iron-type club head 402

inchuding a weight element 440 according to aspects of the invention. As described above,
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the head 402 of FIGS. 11-13 has a body 408 with a rear cavity 430 defined by the sole
member 431 and the other peripheral walls 433 extending rearwardly from the face 412, as
well as the inner surface 411 of the face 412, In one embodument, the head 402 includes one
or more weight elements 440 located on one or more of the members or surfaces defining the
rear cavity 430, including the sole member 431, the other peripheral walls 433, and/or the
inner surface 411 of the face 412. In the embodiment shown in FIGS. 12-13, the head 402
inchudes a weight clement 440 on the fnoer surface 434 of the sole member 431, located
within the rear cavity 430, The weight element 440 is an clongated structure that extends in a
direction of elongation generally parallel to the inner surface 411 of the face 412 and to the
rear edge 446 of the sole member 431, Additionally, in the crobodiment shown in shown in
FIGS. 11-13, the weight clement 440 protrudes slightly from the body 4082, having 8 smooth,
rounded, protruding surface, and the ends of the weight element 440 are rounded. Further, in
the embodiment of FIGS. 11-13, the weight element 440 15 integrally formed with at least the
adjacent portions of the body 408, as sivularly discussed above, 1t is understood that material
may be removed from the weight clement 440 by machining the inner surface 434 and/or the
outer surface 435 of the sole member 431, as described above. Still further examples are
contemplated within the scope of the present invention, including any other embodiments and

variations described herein.

6687} FIGS. 14-15 illustrate another example embodiment of an iron-type club head 502
mchuding a weight element 540 according to aspects of the invention. The head S02 of FIGS.
14-15 has many features in common with the heads 102, 202, 302, 402 described above and
shown jn FIGS. 1-13. Accordingly, many comraon components between the heads 102, 202,
302, 402, 702, 802 of FIGS. 1-13 and the head 502 are referred to using similar reference
numerals in FIGS. 14-15 and the description that follows, using the “500” series of reference
numerals. As described above, the head 502 of FIGS. 14-15 has a body 508 with 4 rear
cavity 530 defined by the sole member 531 and the other peripheral walls 533 extending
rearwardly from the face 512, as well as the inner surface 511 of the face 512 and the rear
wall 532 extending upward from the sole member 531, In one embodiment, the head 502
inchides one or more weight elements 540 located on one or more of the members or surfaces
defining the rear cavity 530, including the sole member 531, the other peripheral walls 533,
the inmer surface 511 of the face 612, and/or the rear wall 532, In the embodiment shown in
FIGS. 14-15, the head 502 includes a weight element 540 on the inner surface of the rear wall

532, located within the rear cavity 530. The weight clement 540 is an clongated structure that
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extends in a direction of elongation generally paraliel to the inner surface 511 of the face S12
and to the rear edge 546 of the sole member 5331, similarly to the weight element 440 shown
n FIGS. 12-13. Addiutionally, in the embodiment shown in shown in FIGS. 14-15, the weight
clement 540 protrudes slightly from the body 508 and has a smooth, rounded, protruding
surface, and the ends of the weight element 540 are rounded, also similarly to the weight
clement 440 shown in FIGS. 12-13. Further, in the ernbodiment of FIGS. 14-15, the weight
eleroent 540 15 integrally formed with at least the adjacent portions of the body 508, as
similarly discussed above. In another embodiment, the rear wall 532 may have one or more
additional weight clements formed on the inner and/or outer surfaces thereof, and the sole
mernber 531 may additionally or alternately have one or more weight eloments formed
thercon. It is understood that material may be removed from the weight element 540 by
machining the inner surface and/or the outer surface of the rear wall 332, The outer surface
of the rear wall 532 includes visible indicia 549 to form a border of the arca where the weight
eleroent 540 can be safely machined. In this erobodirent, the visible indicia is in the forro of
a paint, pigment, ink, dye, or other applied visible substance. Still further examples are
contemplated within the scope of the present invention, including any other embodiments and

variations described herein.

[BORE] FIGS. 16-29 illustrate avother example embodiment of an iron-type club head 602
inchuding a weight element 640 according to aspects of the invention. The head 602 of FIGS.
16-29 has many features in common with the heads 102, 202, 3062, 4032, 502, 702, 802
described above and shown in FIGS, 1-15. Accordingly, many common cormponents
hetween the heads 102, 202, 302, 402, 502, 702, 802 of FIGS, 1-15 and the head 602 arc
referred to using similar reference numerals in FIGS. 16-29 and the description that follows,
using the “6007 series of reference numerals. As described above, the head 602 of FIGS. 16-
29 is a traditional blade-type wron head with a solid body and no rear cavity. The head 602
may still be considered to have a sole member 631 and peripheral walls 633 extending
rearward from the face 612, and the inner surface 611 of the face 612 may also be considered
to be a rear surface of the body 608, In one embodiment, the head 602 inchudes one or more
weight elements 640 located on one or more of the sole roember 631, the other peripheral
walls 633, and/or the rear surface 611 of the body 608, In the embodiment shown in FIGS.
16-29, the head 602 inchudes a weight element 640 on the rear surface 611 of the body 608,
mtegrally formed with the body 608. The weight element 640 in this embodiment contains

little or no protruding portion, and is formed by a thickened portion of the body 608 of the
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chub head 602, In other words, the body 608 is manufactured overweight, so that the head
has a higher overall weight than the target weight of the head 602, and waterial can be
removed from the body 608 to adjust the weight of the head 602 10 the target weight, In this
cembodiment, the body 608 is configured to have material removed from the rear surface 611
of the body 60X, and contains visible indicia 649 forming a boundary of an area that is
configured for material to be safely removed theretrom. In this embodiment, the visible
indicia 649 is in the forra of a paint, pigment, ink, dye, or other applied visible substance that
extends around the periphery of the weight clement 640. Like the embodiment of the head
802 in FIGS. 9-9A, the weight element 640 forms a single weight pad that provides 8
“canvas” that offers greater options and configurations for material removal, as the weight
clement 640 does not have complex boundaries that confine the area of permitted material
removal. Accordingly, material can be removed from nearly any portion of the rear sarface
611 of the body 6038, in nearly any desired configaration, to create a desived weighting of the
head 602, In another embodument, material can additionally or alternately be removed from a
different portion of the body 608, including from the peripheral walls 633 and/or the outer
surface 635 of the sole 61%. Tt is understood that the weight element 640 may be designed o
have 10-30g of material rernoved, similarly to the embodiments described above, and the
overali weight of the head 602 may be adjusted according to the target weight of the head

602.

6689 FIG. 18 iltustrates removal of material from the weight element 640 on the rear
surface 611 of the body 608, using a tool 154 as similarly deseribed above and shown in FIG.
5, croating one O more recesses or recessed portions 641 on the rear surface 611 of the body
608. In this embodiment, the material is removed from the top half of the body 608, in order
to lower the center of gravity of the head 602 and distribute the weight of the head 602 more
toward the sole 618, This creates a recess 641 in the rear surface 611 of the body 608, as
shown in FIGS. 18-19, which can be considered a rear cavity as described above. The head
602 of FIGS. 18-19 provides a number of other options for material removal. Some
examples of material removal configurations which may be used in accordance with this
embodiment or stmilar embodiments are described below and shown in FIGS, 20-29. The
heads 602 shown in FIGS. 20-29 cach include a weight clement 640 in the form of a weight
pad, as shown in FIGS. 18-19, which includes two or more sections 654 that are configured
for removal, such as by a mulling or machining tool 150 as shown in FIG. 18, In this

embodiment, the boundaries of the sections 654 are marked by visible indicia 649, although

32



WO 2012/134740 PCT/US2012/028005

in other embodiments, one or more of the sections 654 may not be marked or may be only
partially marked by visible indicia 649, The visible indicia 649 may be in the form of

indentations, ridges, embossings, or other such surface features,

[BGSG] The head 602 i FIG. 20 has a weight eloment 640 with two sections 654 arranged
vertically and divided by a generally horizontal boundary indicia 649, The head 602 in FIG.
21 has a weight element 640 with two sections 654 arranged horizontally and divided by a
generally vertical boundary indicia 649. The head 602 of FIG. 24 has a weight element 640
with four sections 654 arranged as quadrants of substantially equal sizes and divided by
boundary indicia 649, The head 602 of FIG. 25 has a weight element 640G with cight sections
654 of substantially equal sizes and divided by boundary indicia 649, The head 602 of FIG.
26 has a weight clement 640 with cight sections 654 arranged as four inner quadrants of
substantially cqual sizes and four outer quadrants of substantially equal sizes, divided by
boundary indicia 649 including an elliptical boundary. The head 602 of FIG. 27 has a weight
clement 640 with twelve sections 654 arvanged as four inner quadrants of substantially equal
sizes and eight outer sections, divided by houndary indicia 649 including an elliptical
boundary. 1t is understood that the boundary indicia 649 defining the inner quadrants in
FIGS. 26-27 may have a different size and/or a different shape, such as circular, rectangular,
etc. Each section 654 of the weight elerents 640 in the heads 602 of FIGS., 20-29 may be
sized and dimensioned to have g specified weight, so that a person who plans o remove
weight from the weight element 640 can accurately determine how much material will be
removed daring a particular machining process. In one embodiment, all of the sections 654
may have substantially equal weights. Additionally, the head 602 may be configared so that
removal of a specified number of sections 654 of the weight clement 640 will bring the head
602 to the target weight. For example, in one embodiment, removal of one of the two
sections 654 of the heads 602 of FIGS. 20 or 21 may bring the head 602 to the target weight.
As another example, in one embodiment, removal of two of the sections 634 of the heads 602
of FIGS. 24-27 may bring the head 602 to the target weight. Other configurations and
examples are contemplated, including configurations using the embodiments of FIGS. 20-29,

as well as other embodiments.

16691 FIGS. 22 and 23 illustrate two potential configurations of the head 602 of FI1G. 21
after removal of a portion of the weight clement 640. In the embodiment of FIG. 22, the

section 654 of the weight element 640 closest to the toe 622 has been partially removed by
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machining or similar technique. The material was removed from the weight element 640 in a
tapered manner, so that gradually more material was removed approaching the toe 622 from
the boundary indicia 649 proxumate the conder of the head 602, This machining configuration
forms a recess or recessed portion 641 in the rear surface 611 of the face 612 that tapers such
that the depth of the recess 641 increases proximate the toe 622 and decreases proximate the
center of the head 602. Tn the embodiment of FIG. 23, the section 654 of the weight element
640 closest to the toe 622 has been completely or nearly completely removed by machining
or similar technique. The material was removed from the weight clement 640 at a
substantially even depth, between the boundary indicia 649 proximate the center of the head
602 and the toe 622, This machining configuration forms a recess or recessed portion 641 in
the rear surface 611 of the face 612, proximate the toe 622, and the recess 641 that hag a
relatively constant depth. It is understood that additional options for material removal can be

used in connection with the head 602 of FIG. 21.

16692] FIGK. 2R and 29 ilhustrate two potential configurations of the head 602 of FIG. 26
after reraoval of a portion of the weight clement 640. In the embodiment of FIG. 28, the
sections 654 of the weight element 640 forming the inner and outer quadrants in the high-heel
arca and the sections 654 of the weight element 640 forming the inner and outer quadrants in
the low-toe arca have been removed completely or nearly completely by machining or sirailar
technigue. This machining configuration forms a recess or recessed portion 641 in the rear
surface 611 of the face 612 proximate the high-heel and low-toe areas of the head 602, In the
embodiment of FIG. 29, the sections 654 of the weight element 640 forming the two inner
quadrants on the bottom half of the head 602 and the outer quadrant proximate the low-toe
arca have been completely or nearly conmpletely removed by machining or similar technique.
This machining configuration forms a recess or recessed portion 641 in the rear surface 611
of the face 612, proximate the low-toe region of the head 602 that extends partially 1o the
tow-heel region of the head 602 as well. 1t is understood that additional options for material
removal can be used in connection with the head 602 of FIG. 26, For example, as described
above, the head 602 may be configured for removal of a certain number of inner quadrants
and/or outer quadrants, which raay depend on the target weight., In the erobodiraent of FIG.
28, two inner quadrants and two outer quadrants have been removed, and in the embodiment
of F1G. 29, two inner quadrants and one outer quadrant have been removed. The numerous
sections 654 of the head 602 of FIG. 26 (and likewise of the head 602 of FIG. 27) present a

number of options tor machining configurations. Still further examples are contemplated
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within the scope of the present invention, including any other embodiments and variations

described herein.

[8393] In the embodiments of FIGS. 13-29, the heads 402, ¢t seq., are configured so that
at least a portion of the weight clement 440, ¢t seq. can be removed, such as by machining, as
described above. Fach head 402, ot seq., is formed with a weight that is bigher than the target
weight of the head 402, ot seq., so that material of the weight elements 440, et seq., can be
removed to change the weight of the head 402, et seq., to approximately equal the target
weight, as also described above. Each of the weight elements 440, et seq., n the
embodiments of FIGS. 10-29 may be accessible from cutside the head 402, et seq., for
material removal. The heads 402, et seq., in FIGS. 10-29 also cach have visible indicia 449,
et seq., wdentifying the weight elernent 440, et seq., 1o the form of paint, pigment, ink, dye, or
other applied visible substance, although other types of indicia are possible. As described
above, the material can be removed from the weight elements 440, et seq., to change the
weighting of the head, such as to adjust the weight distribution, the center of gravity, and/or

the moment of inertia of the head 402, ot seq.

13094 It is understood that any of the heads 402, et seq., of the embodiments shown in
FIGS. 10-29 may contain additional weight elements and/or weight elements having different
configurations, including the other configurations of weight elements described herein. For
exaraple, one of the ron-type heads 402, et seq., of FIGS, 10-29 may contain a weight
clement on the outer surface 435 of the sole member 431, or on a different surface of the head
402, et seq. Still further embodiments are contemplated. It is understood that the features
and aspects described berein with respect to the heads 402, et seq., of FIGS. 18-29 can be

used or adapted for use in other wron-type heads baving different configurations.

[8695] Several different embodiments have been described above, inclhuding the
embodiments shown in FIGS. 1-29. 1t is understood that any of the features of these various

embodiments may be combined and/or interchanged.

16896} Heads 102, et seq. incorporating the weight clements 140, et seq. disclosed herein
may be used as a ball striking device or a part thereof. For example, 2 golf club 100, 400 as
shown in FIGS. 1 and 10 may be manufactured by attaching a shaft or handle 104, 404 t0 2
head that is provided, such as the head 102, 402 as described sbove., “Providing” the head, as

used herein, refers broadly to making an article available or accessible for future actions to be

[
[,
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performed on the article, and does not connote that the party providing the article has
manufactured, produced, or supplied the article or that the party providing the article has
ownership or control of the article. In other embodiments, different types of ball striking
devices can be manufactured according to the principles described herein. Manufacturing the
head 302 shown in FIG. 7 may include attachment of a backbody member 329 to a face frame
member 328, as described above. Additionally, the head 102, et seq., golf ¢lob 100, et seq.,
or other ball striking device may be fitted or custornized for a person by removing material
from one or more weight elements 140 et seq., such as by a technigue described above, to
achieve a desired weighting of the head, including a desired weight distribution, center of
gravity location, and/or mooment of inertia.  Such customization may include removing
material by machining, nilling, or other technique described above or known in the art. In
some circumstances, this customization may be done by a custom fitting shop, by a
manuofacturer, or by the user himself or herselt, among others. As also described above, two
or more clubs having heads 102, 202, 302, 402, 502, 602, 702, 802 in accordance with one or
more crmbodiments described herein may be assembled and sold as a set of golf clubs, with a
plurality of club heads being configured for material removal. In such a set, material removal
may be the saroe or similar for cach club and/or may differ for sore or all clubs, based on the

type of club and the desired weight distribution and effects on ball impact and tlight.

6697} The bal striking devices and heads therefor as described herein provide many
benefits and advantages over existing products. For example, the ability to remove material
from the weight elements provides a nearly limitless mumber of weighting configurations for
the head, providing & high degree of weighting customizability, allowing the weight
distribution, center of gravity and/or moment of inertia to be controlled and adjusted as
desired. In tarn, this customizability can be used {0 create a head that achieves a specific ball
trajectory, spin, flight, etc., as desived. This customizability can also be used to create a head
that addresses specific characteristics of a specific user’s swing, such as hitting (or mis-
hitting) patterns for the user. Additionally, the ability to remove material from the weight
clements provides the ability for the user to control the total weight of the head. Further

henefits and advantages are recognizable by those skilled in the art.

13098] While the invention has been described with respect to specific examples
inchuding presently preferred modes of carrving out the invention, those skilled in the art will

appreciate that there are numerous variations and pernmitations of the above described



WO 2012/134740 PCT/US2012/028005

systems and methods. Thus, the spirit and scope of the invention should be construed

broadly as set forth in the appended claims.
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CLAIMS
What is claimned 1s:

i A wood-type golf club head comprising:

a wood-type face having bail-striking surface configured for striking a ball;

a wood-type body connected to the face and extending rearward from the face to
define a cavity bounded by the face and the body, wherein the body and the face enclose a
volume of at least 400 cubic centumeters;

at least one weight clement integrally formed with the body, wherein the head has a
total weight that is higher than a target weight of the head, and wherein the at least one
weight element is configured to be at least partially removed by machining to lower the total

weight of the head to approximately equal the target weight.

2. The wood-type golf club head of claim 1, wherein the at least one weight eloment
comprises a first leg extending along a heel side of the body, a second leg extending along a

toe side of the body, and a third leg extending along a rear side of the body.

3. The wood-type golf club head of claim 2, wherein the tust, second, and third legs are

comnected together to form a generally U-shaped weight element.

4, The wood-type golf club head of claim 2, wherein the at least one weight element
forther comprises a fourth leg extending along a peripheral edge of the face.

5. The wood-type golf club head of claim 2, wherein the first, second, and third legs are
located on a sole of the body.

6. The wood-type golf club head of clairn 1, wherein the volume enclosed by the face
and the body is at least 400 cubic centimeters.

7. The wood-type golf chib head of claim |, wherein the at least one weight element is
located on an outer surface of the sole of the body.

8. The wood-type golf chub head of claim |, wherein the at least one weight element is
located on an inner surface of the body.

g, The wood-type golf club head of claim 1, wherein at least a portion of the body is
forroed of a metallic material, and the at least one weight clement is integrally formed with

the at least a portion of the body formed of the metallic material,
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i, A wood-type golf chub comprising the golf club head of claim 1 and a shaft connected

to the golf club head.

if. Aniron-type golf clab head comprising:

an iron-type tace having a ball-striking surface configured for striking a ball;

an iron-type golf club body connected to the face and extending rearward from the
face; and

at least one weight element integrally formed with the body, wherein the head has a
total weight that is higher than a target weight of the head, and wherein the at least one
weight clement is configured to be at least partially removed by machining o lower the total

weight of the head to approximately equal the target weight.

12. The fron-type golf club head of claims 11, wherein the body comprises a peripheral
wall extending rearward from the face, wherein the at least one weight element is connected

to the peripheral wall.

13, The ron-type golf club head of claim 11, wherein the body comprises a plurality of
peripheral walls extending rearward from the face, wherein the at least one weight element 1s

connected to one of the peripheral walls.

14 The iron-type golf clab head of claim 11, wherein the body comprises a peripheral
wall extending rearward from the face and a rear cavity defined at least in part by an inner
surface of the face and the peripheral wall, wherein the at least one weight clement is

positioned within the rear cavity.

15. The iron-type golf club head of claim 14, wherein the peripheral wall is 3 sole
member forming at least a portion of a sole of the head, and the at feast one weight element s

positioned on a surface of the sole raember located within the rear cavity.

16.  The ron-type golf club head of claim 11, wherein at least a portion of the body s
formed of a metallic material, and the at least one weight clement is integrally formed with
the at least a portion of the body formaed of the metallic material,
i7.  Aniron-type golt club coraprising the golf club bead of claim 11 and a shatt
connected to the golf club head.
18, A golf club head comprising:

a face having a bali-striking surface configured for striking a ball;

a body conncected to the face; and
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at least one weight element integrally connected to the body, wherein the head has a
total weight that is higher than a target weight of the head, and wherein the at least one
weight elerment 1s configured to be at least partially removed by a material removal technique

to lower the total weight of the head to approximately equal the target weight,

19 The golf club head of claim 1&, wherein the at least one weight element comprises a
first leg extending along a heel side of the body, a second leg extending along a toe side of
the body, and a third leg extending along a rear side of the body.

2. The golf club head of claim 19, wherein the first, second, and third legs are connected
together to form a generally U-shaped weight element.

21. The golf club head of claim 19, wherein the at least one weight clement further

comprises a fourth leg extending along a peripheral edge of the face.

22, The golt club head of clairn 19, wherein the first, second, and third logs are located on
a sole of the body.
23. The golf club head of claim 1&, wherein the at least one weight element is located on

an outer surface of the sole of the body.

24.  The goif club head of claim 18, wherein the body has an inner cavity defined by an
mner surface of the face and an inner surface of the body, whercin the at least one weight

element is located on the inner surface of the body within the inner cavity.

25. The golf club head of claim I8, wherein at least a portion of the body s formed of a
metallic moaterial, and the at least one weight element 18 integrally formed with the at least a

portion of the body formed of the metallic material.

26. A golf club comprising the golf club head of claim 18 and a shaft connected to the

golf club head.

27. A method comprising:
providing a golf club head coraprising:
a face having a ball-striking surface configured for striking a ball;
a body connected to the face; and
at least one weight element connected to the body, wherein the head has an

initial weight that is higher than a target weight of the head;
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machining the at least one weight element to remove a portion of the at least one
weight element to lower the initial weight of the head to approximately equal the target

weight,

28, The roethod of claim 27, wherein the at least one weight element coraprises a first leg
extending along a heel side of the body, a second leg extending along a toe side of the body,
and a third leg extending along a rear side of the body, and wherein machining the at least

one weight clement comprises machining at least one of the first, second, and third legs.

29, The method of claim 28, wherein the at least one weight element further coraprises a
fourth leg extending along a peripheral edge of the face, wherein machining the at least one

weight element comprises machining at least one of the first, second, third, and fourth legs.

30 The method of claim 27, wherein the head is a driver head having an initial weight of

230 ¢, and the target weight is 200 g

31 The method of claim 27, wherein the head s a fairway wood head having an initial

weight of about 250g, and the target weight is about 215 ¢

32. The method of claim 27, wherein the at least one weight element is located on an
5 &

outer surface of the sole of the body.

33, The method of claim 27, wherein the body has an inner cavity defined by an inner
surface of the face and an inner surface of the body, wherein the at least one weight element
is located on the inner surface of the body within the inper cavity, and wherein the method

further comprises accessing the fnner cavity to machine the at least one weight clersent.

34, The method of claim 33, wherein the head is formed of a face frame member
comprising the face and a wall extending rearwardly from the face and a backbody member
connected to the wall of the face frame member and extending rearwardly from the face
frame member, the method further comprising connecting the backbody member to the face
frame member after machining the at least one weight clement.

35, The method of claim 34, wherein the face frame member is removably connected (o
the backbody member in the head as provided, the method further comprising removing the
face frame rocrmber from the backbody mernber prior to machining the at least one weight

clement.

4}
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36. The method of claim 27, wherein at least a portion of the body s formed of a metallic
material, and the at least one weight element 1s integrally formed with the at least a portion of
the body formed of the metallic material,

-
7

37, A golf club bead manufactured using the method of claim 27, with the portion of the
at least one weight element removed, and with the total weight of the head being
approximately eqaal to the target weight.

3R, A golf chub comprising the golf club head of claim 28 and a shaft connected to the

golf club head.
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