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GOLF CLUB HEAD OR OTHER BALL STRIKING DEVICE
HAVING STIFFENED FACE PORTION

TECHNICAL FIELD

16603 The invention relates generally to ball striking devices, such as golf clubs and golf
chub heads, having a stiffened or thickened portion on the ball striking face thereof. Certain
aspects of this invention relate to golf club heads having one or more stiffening members

extending rearward from an inner surface of the face.

BACKGROUND OF THE INVENTION

[6062] The energy or velocity transferred to the ball by a golf club or other ball striking
device may be related, at least in part, to the flexibility of the chub face at the pomnt of contact,
and can be exprossed using a measurement called “coctlicient of restitution” {or “COR™),
The maximum COR for golf club heads is currently limited by the USGA at 0.83. Generally,
a club head will have an area of highest response relative to other arcas of the face, such as
having the highest COR, which imparts the greatest energy and velocity to the ball, and this
arca is typically positioned at or near the center of the face. In one example, the arca of
highest response may have a COR that is equal to the prevailing USGA limit (e.g. currently
{1.83). However, because golf chubs are typically designed to contact the ball at or around the
center of the face, off-center hits with many existing golf clubs may result 1 less energy

being transferred to the ball, decreasing the distance of the shot.

18683 The flexing behavior of the ball striking face and/or other portions of the head
during impact can also inflaence the energy and velocity transferred to the ball, the direction
of ball flight after irapact, and the spin imparted to the hall, among other factors.
Accordingly, a need exists to alter and/or improve the deformation and response of the ball
striking face and/or other portions of the head during impact. The flexing behavior of the ball
ttself dhiring impact can also influence some or all of these factors. Excess deformation of the
ball during impact can result in energy loss, such as in the form of beat, Certain
characteristics of the face and/or other portions of the head during irapact can have an effect
on the deformation of the ball. Accordingly, a need also exists to provide a ball striking head
with features that cause aliered and/or improved deformation behavior of the ball during

impacts with the ball striking face of the head.
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186041 The present devices and methods are provided to address at least some of 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
advantages of the present invention s deferred to the following detailed description, which

proceeds with reference to the accompanying drawings.

SUMMARY OF THE INVENTION

[3005] The following presents a general suromary of aspects of the mvention n order to
provide a basic understanding of the invention, This summary is not an ¢xiensive overview
of the mvention. 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.

[66G06] Aspects of the invention relate to ball striking devices, such as golf chubs, with a
head that includes a face configured for striking a ball and a body connected to the face and
extending rearwardly from the face. Various example structures of faces described herein
inchude a thickened portion that forms a protrusion extending inwardly from the inner surface
of the face, the thickened portion including an annular tapered area that tapers in thickness
between an upper boundary and a lower boundary and encloses an elevated arca bounded by
the upper boundary. At least one of the upper and lower boundaries defines a shape
mchuding a first lobe having a first outer edge with a convex outer profile, a second lobe
having a second outer edge with a convex outer profile, and a connecting portion extending
between the first lobe and the second lobe, such that the connecting portion is defined by
third and fourth outer edges extending between the first and second outer edges. At least one
of the third and fourth outer edges has a concave outer profile. In one embodiment, both of
the third and fourth outer edges have concave outer profiles. Tn anocther embodiment, ouly
one of the third and fourth outer edges has 4 concave outer profile, and the edge with the

concave profile may be the top edge or the bottom edge of the connecting portion.

166671 According to one aspect, at least a portion of the elevated area has a generally
constaut thickness. For example, the elevated area may be or include a platean area having a
generally constant thickness over the cutire arca within the upper boundary of the annular
tapered area. As another cxample, the elevated arca may be multi-ticred, including a first

platean arca having a first generally constant face thickness, a second plateau area having a
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second generally constant face thickness, and a tapered area extending between the first and

second plateau areas.

LHHES] According to another aspect, the body may further include an inwardly recessed
channel extending across at least a portion of 4 sole of the body and being spaced rearwardly
from a bottom edge of the face. The channel may include two boundary edges extending
generally parallel to the bottom edge of the face and two walls extending inwardly from the

houndary edges to form a recessed trough with a curvilinear profile.

160609 According to a further aspect, the thickened portion further juchudes a second
annular tapered arca that tapers in thickness between a second upper boundary and a second
fower boundary and encloses the anmular tapered area and the elevated area completely. The
thickened portion may also inchide an annular plateau arca having a generally constant
thickness, with the annular platean area extending between the annular tapered area and the
second annular tapered area. In one embodiment, at least one of the second upper and lower
boundaries defines a shape including a third lobe having a {ifth outer edge with a convex
outer profile, a fourth lobe having a sixth outer edge with a convex outer profile, and a
second connecting portion extending between the third lobe and the fourth lobe, such that the
second connecting portion is defined by seventh and ecighth outer edges extending between
the fifth and sixth cuter edges. At least one of the seventh and eighth outer edges has a

concave outer profile,

[BG16] According to yet another aspect, the shape defined by the upper or lower boundary
is elongated to have a maximum dimension along a first axis, and the first and second lobes
are larger or wider than the connecting portion in a direction transverse or perpendicular to
the first axis. Put another way, the first lobe has a first dimnension along a second axis
perpendicular to the first axis, the second lobe has g second dimension along the second axis,
and the connecting portion has a third dimension along the second axis that is smaller than

the first and second dimensions.

6611 According to an additional aspect, the face may be formed as part of a face
mermber that may have a cup-face configuration or an L-shaped configuration. In the cup
face configuration, the face member includes the face and a plurality of walls extending
rearward from peripheral edges of the face, and the body is at least partially formed by one or

more body members connected to the walls and extending rearwardly from the face member.
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in the L-shaped configuration, the face member includes the face and a wall extending
rearward from a bottom edge of the face, and the body is at least partially formed by one or
more hody members connected to the wall and connected to peripheral edges of the face and

extending rearwardly from the face member.

18612} Additional aspects of the invention relate to ball striking devices, such as goif
clubs, with a head that includes a face configured for striking a ball and a body connected to
the face and extending rearwardly from the face. The face has an clevated arca protruding
from the inner surface and having increased thickness relative to surrounding portions of the
face. The elevated area is completely or at least partially enclosed by an annular tapered area
that decreases in thickness from the elevated area outward, such that the elevated area has a
peripheral edge defined by an inner edge of the tapered arca. The peripheral edge of the
clevated area defines a shape including a first fobe having a first outer edge with a convex
outer profile, a second lobe having a second outer edge with a convex outer profile, and a
connecting portion extending between the fivst lobe and the second lobe. The connecting
portion 15 defined by third and fourth outer edges extending between the first and second
puter edges, and at least one of the third and fourth cuter edges has a concave outer profile.
o one embodiment, both of the third and fourth outer edges have concave outer profiles. In
another embodiment, only one of the third and fourth outer edges has a concave outer profile,
and the edge with the concave profile may be the top edge or the bottom edge of the
connecting portion. These aspects and embodiments may include any additional aspects and

embodiments described above.

16613} Further aspects of the jovention relate to hall 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 and extending rearwardly from the face. The face has an elevated area protruding from
the inner surface and having ncreased thickness relative to surrounding portions of the face.
The elevated arca 15 completely or at least partially enclosed by an annular tapered arca that
decreases in thickness from the clevated area outward, such that the elevated arca has a
peripheral edge defined by an inner edge of the tapered arca. The peripheral edge of the
elevated arca defines a shape that is elongated o have a maximurn dimeusion along a first
axis, and the shape includes a first enlarged area having a first dimension afong a second axis
perpendicular to the first axis, a second enlarged area having a second dimension along the

second axis, and a narrowed connecting portion connecting the {irst area and the second area.
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The connecting portion has a third dimension along the second axis that is smaller than the
first and second dirsensions. In one embodiment, the first axis may be angled with respect to
a horizontal direction, which may be defined by a sole of the body and/or a lic angle of the
head. The angle may be up to approximately 18°, or up to approximately 15°. In another
embodiment, the connecting portion may have a top edge and a bottom edge extending
between the first and second enlarged areas, and at least one of the top and bottom edges may
have a concave profile. These aspects and embodiments may include any additional aspects

and embodiments described above.

[60314] Still further aspects of the invention relate to ball striking devices, such as golf
chibs, with a head that includes a face member comprising a face configured for striking a
ball with an outer surface thercof and a wall extending rearwardly from a bottom edge of the
face, and a body formed of at least one body member connected to the face and extending
rearwardly from the face. The face has an inner surface opposite the outer surface and an
elevated arca protruding from the inner surface and having increased thickness relative to
surrounding portions of the face. The at least one body member is connected to the wall and
around peripheral edges of the face, such that the wall forms a portion of a sole of the body,

and the face member and the at least one body member combine to define an mternal cavity.

(6815} According to one aspect, the elevated area is completely enclosed by an anoular
tapered arca that decreases 1o thickness from the elevated area cutward. In one embodiment,
the elevated area has a peripheral edge defined by an inner edge of the anmular tapered arca,
and the peripheral edge defines a shape inchuding a first lobe having a first outer edge with a
convex outer profile, a second lobe having a second outer edge with a convex outer profile,
and a connecting portion extending between the first iobe and the second lobe. In this
configuration, the connecting portion is defined by third and fourth outer edges extending
between the first and second outer edges, and at teast one of the third and fourth cuter edges
has a concave outer profile. In another embodiment, the elevated area has a periphoeral edge
defined by an inner edge of the annular tapered area, and the peripheral edge defines a shape
that is elongated to have a maximom dimension along 3 first axis. In this configuration, the
shape of the clevated arca includes a first endarged area having a fivst dimension along a
second axis perpendicular to the first axis, a second enlarged area having a second dimension

along the second axis, and a narrowed connecting portion connecting the first area and the

2%
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second arca, with the connecting portion having a third dimension along the second axis that

is smaller than the first and second dimensions.

8816} According to another aspect, in which the golf chub head 1s a wood-type golf club
head (inchuding drivers or fairway woods) or a hybrid-type golf club head, the internal cavity
may be corapletely enclosed by the face member and the at icast one body member. If the

golf club head is an iron-type head, the internal cavity may be at least partially open.

16617] Other aspects of the invention relate to a golf club that inchudes a golf club head as
described above and a shaft engaged with the head. Further aspects relate to a set of golf
chubs that includes a plurality of clubs according to aspects described sbove, and may include

at least one wood-type club and/or at least one iron-type club.

3618} Other features and advantages of the invention will be apparent from the

following description taken in conjunction with the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

166319 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 one embodiment of a head of a ball striking device according
to aspects of the invention, in the form of a wood-type golf clab head;

FIG. 2 18 a side view of the head of FIG. 1;

FIG. 3 15 a top view of the head of FIG. 1;

FIG. 4 1s a bottom view of the head of FIG. 1;

FIG. 5 1s a front view of one erabodiment of a bali-striking device according to
aspects of the invention, including the head of FIG. 1, in the form of 3 wood-type golf club;

FIG. 6 is a rear view of a face of the head of FIG. 1;

FIG. 64 15 a magnitied rear view of a thickened portion of the face of FIG. 6;

FIG. 7 15 a cross-section view taken along lines 7-7 of FIG. 6;

FIG. & 15 a cross-section view taken along lines 8-8 of FIG. 6;

FIG. 9 is a rear view of another embodiment of a face for a head of a ball striking
device according to aspects of the invention;

FIG. 10 is a cross-section view taken along lines 10-10 of FIG. 9;

FIG. 11 is a cross-section view taken along lines 11-11 of FIG. 9;
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Fi(G. 12 is a front view of another embodiment of a head of a ball striking device
according to aspects of the invention, inchiding the face ot FIG. 9;

FIG. 13 is a botiom perspective view of the head of FIG. 12;

FIG. 14 15 a cross-section view taken along lines 14-14 of FIG. 13;

FIG. 15 1s another embodiment of a face for a head of a ball striking device;

FIG. 16 1s a cross-section view taken along lines 16-16 of FIG. 15;

FIG. 17 is a cross-section view taken along lines 17-17 of FIG. 15;

Fi(G. 18 is a front view of another embodiment of a head of a ball striking device
according to aspects of the invention, in the form of a hybrid golf ¢lub head;

FIG. 19 is a top view of the head of FIG. 18;

FIG. 194 is a cross-section view taken along lines 19A-19A of FIG. 19;

FIG. 20 1s a side view of the head of FIG. 18;

FIG. 21 1s a bottom perspective view of the head of FIG. 15;

FIG. 22 18 a rear view of a face of the head of FIG. 1§;

FIG. 23 is a cross-section view taken along lines 23-23 of FIG. 22;

FIG. 24 is a cross-section view taken along lines 24-24 of FIG. 22;

FIG. 25 18 a front view of another embodiment of a head of a ball striking device
according to aspects of the invention, in the form of a fairway wood golf club head;

FIG. 26 1s a top view of the head of FIG. 25;

FIG. 26A 1s a cross-section view taken along lines 26A-264 of FIG. 26;

FIG. 27 18 a side view of the head of FIG. 25;

FIG. 28 is a bottom perspective view of the head of FIG. 25;

FIG. 29 18 a rear view of a face of the head of FIG. 25;

FIG. 30 is a cross-section view taken along lines 30-30 of FIG. 25;

FIG. 31 is a cross-section view taken along lines 31-31 of FIG. 25;

FIG. 32 15 a front view of another embodiment of a head of 8 ball striking device
according to aspects of the invention, in the form of an iron-type golf chub head;

FIG. 33 18 a cross-section view taken along lines 33-33 of FIG. 32;

{ad

Fi(3. 34 is a cross-section view taken along lines 34-34 of FIG. 32;
FIG. 35 18 a rear view of the head of FIG. 32; and

FIG. 36 18 a side view of the head of FIG. 32,
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DETAILED DESCRIPTION

16626} In the tollowing description of various example structures according to the
mmvention, reforence s made to the accompanying drawings, which forra a part hereof, and in
which are shown by way of tllustration various example devices, systems, and environpments
in which aspects of the invention may be practiced. 1t is to be understood that other specific
arrangements of parts, example devices, systems, and cuvironments may be utilized and
structural and functional modifications may be made without departing from the scope of the
present invention. Also, while the terms "top,” "bottom,” "front,” "back,” "side,” “rear,”

2% L&

“primary,” “secondary,” and the like rnay be used in this specification to describe various
example features and elements of the fnvention, these terms are used herein as a matter of
convenience, e.g., based on the example oricntations shown in the figures or the orientation
during typical use. Additionally, the term “phurality,” as used herein, indicates any number
greater than one, either dispunctively or conjunctively, as necessary, up to an infinite number.
Nothing in this specification should be construed as requiring a specific three dimensional
orientation of structures 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.

16621 The following terms are used in this specification, and unless otherwise noted or

clear frora the context, these terms have the meanings provided below.

16622 "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 limited to: golf clubs, putters, croguet mallets, polo mallets,
baschall or softball bats, cricket bats, tennis rackets, badminton rackets, field hockey sticks,

ice hockey sticks, and the like.

[6623] "Ball striking head" means the portion of a "bali 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. Tn some examples, such as many
golf chubs and putters, the ball striking head may be a separate and independent entity from

any shaft or handle member, and it roay be attached to the shaft or bandle in some manner,

j80624] The term "shaft™ includes the portion of a ball striking device (if any) that the user

holds during a swing of a ball striking device.
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[8025] “Integral joining technique” means a technique for joining two pieces so that the
two pieces effectively becorse a single, integral piece, including, but not limited to,
trreversible joining techniques, such as acdhesively joining, comenting, welding, brazing,

soldering, or the like. In many bonds made by “integral joining technigues,” separation of the

joined pieces cannot be accomplished without structural damage thereto.

[6626] “Transverse™ is not limited to perpendicular or generally perpendicular

intersections, and refers broadly to a vartety of angled intersections.

16627] “Approximately” incorporates a variation or ervor of +/- 10% of the nominal value
stated.
16628 “Generally constant thickness” incorporates a variation or error of +/- 5% of the

average thickness over the entirety of the area in question.

[6029] “Annular” refers to a ring-like shape, but does not imply any particular shape or

contour, such as circular, elliptical, ctc.

[BG3B] The term “thickness” or “face thickness,” when used n reference to a ball striking
face as described herein refers to the distance between the ball striking surface and the inner
surface of the face. The thickness is generally the distance between a point on the inper or
outer surface of the face and the nearcst point on the outer or inner surface of the face,
respectively, and may be rocasured perpendicularly to the funer or cuter surface at the point

m question.

166314 In general, aspects of this invention relate to ball striking devices, such as golf
chib heads, golf clubs, putier 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
ball striking surface. In the case of a golf club, the ball striking surface may constitute a
substantially flat surface on one face of the ball striking head, although some carvatare may
be provided {e.g., “bulge” or “roll” characteristics). Some more specific aspects of this
mvention relate to wood-type golf clubs and golf club heads, ncluding drivers, fairway
woods, hybrid-type clubs, ron-type golf clubs, and the like, although aspects of this
mvention also may be practiced on other types of golt clubs or other ball striking devices, if

desired,
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166321 According to various aspects of this invention, the ball siriking device may be
formed of one or more of a variety of materials, such as metals (inchuding metal alloys),
ceramucs, polyroers, coraposties, fiber-reinforced composites, and wood, and the devices may
be formed in one of a variety of configurations, without departing from the scope of the
imvention. In one embodiment, some or all components of the head, inchuding the face and at
least a portion of the body of the head, are ywade of metal materials. Tt is understood that the
head also may contain components made of several differont materials. Additionally, the
components may be formed by various forming methods. For example, metal components
{such as titantom, aluminum, titanivm alloys, aluminur alloys, steels (such as stainjess
steels), and the like) may be forraed by forging, molding, casting, stamping, machining,
and/or other known techniques. In another example, composite conponents, such as carbon
fiber-polymer composites, can be manufactared by a variety of composite processing
techniques, such as prepreg processing, powder-based techniques, mwold infiltration, and/or

other known techniques.

16633 The various figures in this application illustrate examples of ball striking devices
and portions thereof according to this invention. When the same reference number appears in
more than one drawing, that reference number is used consistently in this specification and

the drawings to refer o the same or similar parts throughout.

[6034] At least sorae examples of ball striking devices according to this invention relate
to golf chub head structures, inchuding heads for wood-type golf clubs, inchuding drivers,
Such devices may inchide a one-piece construction or a multiple-piece construction. An
example structure of ball striking devices according to this invention will be described in
detail below in conjunction with FIGS. 1-8, and will be referred to generally using reference

numeral “100.7

[B80335] FIGS. 1-5 illustrate an example of a ball striking device 100 in the form of a golf
driver, in accordance with at least some examples of this invention. The ball striking device
100 mmcludes a ball striking head 102 and a shaft 104 connected to the ball striking head 102
and extending therefrom. The ball striking head 102 of the ball strikiing device 100 of

FIGS. 1-5 has a face 112 connected o a body 108, with a hosel 109 extending therefrom.
Any desired hosel and/or head/shaft interconnection 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 adjusiable, releasable, and/or

10
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interchangeable hosel or other head/shaft interconnection structure such as those shown and
described n U.S. Patent 6,890,269 dated May 10, 2005, in the name of Bruce D, Burrows,
.S, Published Patent Application No. 2009/001 1248, filed on July 6, 2007, 10 the name of
John Thomasg Stites, et al,, U.S. Published Patent Application No. 2009/0011849, filed on
July 6, 2007, in the name of John Thomas Stites, et al., U.S. Published Patent Application No.
2009/001 1850, filed on July 6, 2007, in the name of John Thomas Stites, et al., and U.5.
Published Patent Application No. 2009/0062029, filed on August 28, 2007, in the name of

John Thomas Stites, et al., all of which are incorporated herein by reference in their entireties.

[8036] For reference, the head 102 generally has a top 116, 8 bottom or sole 118, a heel
120 proxamate the hosel 109, a toe 122 distal from the hosel 109, a front 124, and a 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 club 100 shown in FIGS. 1-5, the head 102 has a relatively large
vohume, as the club 100 is designed for use as a driver or wood-type chub, intended to hit the
hall accurately over long distances. [n other applications, such as for a difforent type of golf
chub, the head may be designed to have different dimensions and configurations. When
configured as a driver, the club head may have a vohume of at least 400 cc, and in some
structures, at least 450 cc, or even at least 460 ce. Other appropriate sizes for other chib

heads may be readily determined by those skilled in the art,

[B8637] In the embodiment Hustrated 1o FIGS. 1-5, the head 102 has a hollow structure
defining an inner cavity 106 (e.g., defined by the face 112 and the body 108). Thus, the head
102 has a phurality of inner surfaces defined therein. In one embodiment, the hollow center
cavity 106 may be filled with air. However, in other erobodiroents, the head 102 could be
filled with another material, such as a foam. In still further embodiments, the solid materials
of the head may occupy a greater proportion of the volume, and the head may have a smaller
cavity or no inner cavity at all. It is understood that the mnner cavity 106 may not be

completely enclosed in some ernbodirents.

B3] The face 112 is located at the front 124 of the head 102, and has a ball siriking
surface 110 located thereon. The ball striking surface 118 is configured to face a ball in use,
and is adapted to strike the ball when the device 100 1s set in motion, sach as by swinging.
As shown, the ball striking surface 110 occupies most of the face 112, For reference
purposes, the portion of the face 112 near the top face edge 113 and the heel face edge 117 is

referred to as the “high-heel area”; the portion of the face 112 near the top face edge 113 and

il
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the toe face edge 119 is referred to as the “high-toe area”; the portion of the face 112 near the
bottom face edge 115 and the heel face edge 117 is referred to as the “low-heel area”™; and the
portion of the face 112 vear the bottorn face edge 1185 and the toe face edge 119 18 referred to
as the “low-toe area”. Conceptually, these arcas may be recognized as quadrants of
substantially equal size (and/or quadrants extending from a geometrical center of the face
112}, though not necessarily with symretrical 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 thereon. In the embodiment shown in FIGS. 1-8, the ball striking
surface 110 is inclined slightly (1.¢., at a loft angle), to give the ball 106 slight lift and/or spin
when struck. In other embodiments, the ball striking surface 110 may have a different incline
or loft angle, to affect the trajectory of the ball 106, Additionally, the face 112 may have one

or more internal or external inserts in some embodiments,

16639 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. In one embodiment,
the face 112 is formed from a face member 128 having a cap-face structare, such as shown in
FIGS. 6-8, with a wall or walls 125 extending transverse and rearward from the edges 127 of
the inner face surface 111. The body 108 can be formed as a separate piece or picces joined
to the walls 125 of the cup-face by an integral joining technique, such as welding, cementing,
or adhesively joining. In the embodimnent ithustrated in FIGS. 1-8, the body 108 is at least
partially formed by a body member 129 that is connected to the walls 125 of the face member
128 and extends rearwardly from the face member 128, Other known techniques for joining
these parts can be used as well, incloding many mechanical joining techniques, such as
releasable mechanical engagement techoiques. I desired, the hosel 109 may be integrally

formed as part of the cup-face member 128,

16648} The bali striking device 100 may include a shaft 104 connected to or otherwise
engaged with the ball striking head 102, as shown in FIG. 5. The shaft 104 is 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 picce connected to the head 102, such as by connecting to the
hosel 109, as shown in FIG. § and described above. In other 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
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contain a hosel 109 or may contain an internal hosel structure. Stll further embodiments are
contemplated without departing from the scope of the invention. The shaft 104 may be
constructed from one or more of a variety of materials, including metals, ceramics, polymers,
composites, or wood. In some exemplary embodiments, the shaft 104, or at least portions
thereof, may be construcied of a metal, such as stainless steel, or a composite, 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 invention,

inchuding conventional materials that are known and used in the art.

6041 In general, the head 102 of the ball striking device 10{ has one or more thickened
face portions extending rearward from the inner surface 111 of the face 112 and creating one
ot more protrusions on the nner surface 111 ofthe face. The thickened face portions provide
increased stiffness to surrounding areas or portions of the face 112, and can therefore be
considered to constitute stiffening members, FIGS. 1-36 illustrate various embodiments of
hall striking devices 200, 300, 400, 500 and ball striking faces 212, 2127, 312, 412, 512,
having different face configurations with differently-configured thickened portions. Each of
these configurations can be used as the face 112 of a ball striking device, such as the ball
striking device 100 as shown in FIGS. 1-5, or various other configurations for ball striking
devices within the scope of the present invention, additional examples of which are shown
hergin, Thus, commaon features of the face 112 and the faces 212, et seq., described below
are referred to with similar reference numbers used to describe the face 112 of FIGS. 1-8,

psing different series {e.g. 1xx, 2xx, 3xx, etc.) of reference numbers.

16642 The thickened portions of the various embodiments described herein, or definable
portions of such thickened portion(s), may have shapes that are clongated and may be
elliptical or semi-elliptical, multi-lobed, or generally peamut- or kidney-shaped. In one
embodiment, the thickened portion or a definable portion thereof has outer edges defining a
shape that includes two lobes, where the outer edge has a convex outer profile, and a
connecting portion extending between the lobes, such that the connecting portion is defined
by outer edges extending between the outer edges of the lobes, with at least one of the outer
edges of the connecting portion having a concave profile. If only one of the outer edges of
the connecting portion is concave, the resultant shape may be what is referred to as a kidney-
shaped thickened portion. For example, the thickened portion 130 shown in FIGS. 1-8 has

several portions that define or are defined by kidney shapes, including at least two definable



WO 2013/025212 PCT/US2011/048126

elevated arcas 136A-B and at least two definable tapered portions 132B-C. I both of the
puter edges of the conpecting portion are concave, the resultant shape may be what is referred
to as a peanut-shaped thickened portion. For exarople, the thickened portions 230, 330, 430,
530 shown in FIGS. 9-36 cach have several portions that define or are defined by peanut
shapes, including at least one definable clevated area 236, 336, 436, 536 and at least one
detinable tapered portion 232, 332, 432, 532, Additionally, in one embodiment, the shape of
the thickened portion {or definable portion thercof) may be elongated along an axis and may
have two enlarged areas or lobes connected by a connecting area. The enlarged lobes each
have dimensions measured along a second axis perpendicular to the first axis, and the lobes
are wider (i.¢. bave greater dimensions perpendicular o the axis of elongation) than the
connecting arca, which is narrowed with respect to the lobes. Various embodiments that

exhibit one or more of these properties are described below with respect to FIGS. 1-36.

[6643] FIGS. 1-% illustrate an embodiment of a ball striking head 102 with a face 112 that
inchudes a thickened portion 130 on the inner surface 111 of the face 112, with the thickened
portion 130 having a greater thickness than surrounding arcas of the face 112 and a greater
thickness than any other portion of the face 112, In this embodiment, the thickened portion
130 has several different contours and levels, including a phuality of platean arcas 131A-D
having gencrally constant thicknesses and a plurality of tapered areas 132A-C having
tapering thicknesses that increase or decrease between boundary edges 133, 134, These
various surface and thickness features are described in greater detail below and are shown in
greater detat]l in FIG. 6A. Additionally, in the embodiment of FIGS. 1-8, the face 112 1
formed from a face member 128 having a cup-face structure, with a wall or walls 125
extending rearward from the edges 127 of the inner face surface 111, as described above. In
this embodiment, the body 103 is formed by connecting one or more body members 129 to
the wall(s) 125 of the face memsber 128, In other embodiments, the face 112 may be formed
by a face plate, similar to the embodiment of FIGS. 9-14, or an L-shaped or inverted L-

shaped face member, similar to the embodiments of FIGS. 15-31.

180644 The thickened portion 130 of the face 112 of FIGS. 1-8 includes a first clevated
arca 136A that may be considered to be bounded and defined completely by an annular
tapered arca 1328 that has an upper or inner edge or boundary 133 defining the furst elevated
arca 136A and a lower or suter edge or boundary 134, It is understood that for this tapered

arca 1328 and all tapered areas described herein as being annular, the boundaries or edges

14
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133, 134 of such areas are also annular. The thickness of the tapered arca 1328 decreases
from the muer edge 133 to the outer edge 134, The degree of tapering of this tapered area
1328 and other tapered arcas described herein may be constant {L.¢. linear), may be
curvilinear and/or may follow a regular mathematical relationship (i.¢. parabolic, hyperbolic,
semi-circular, semi-clliptical), may be instantaneous {e.g. a 90° drop), or may be irregular or
may follow a different pattern. Additionally, the degree of tapering of this tapered area 1328
or any other tapered area described herein may be the same over the entirety of the tapered
arca 1328, or may be different in different locations. Further, the tapering of this tapered
arca 1328 and other tapered areas described herein is continuous between the defined edges
or boundaries 133, 134, In the erobodiment shown in FIGS. 6-§, the tapered arca 132B has a
generally curvilinear taper, and the degree of tapering varies at different locations of the
tapered area 132B. The face 112 has a generally constant thickness at the outer edge 134 of

the tapered arca 132B, and the thickness of the face 112 around the inner edge 133 varies.

[6345] fn one embodiment, at least one of the inner and outer edges 133, 134 of the

ny
7
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annular tapered arca 1328 defines outer edges ot a shape that includes a first lobe 137, where
the outer edge 137A has a convex outer profile, a second lobe 137, where the outer edge
1378 has a convex outer profile, and a connecting portion 138 extending between the lobes
137, such that the connecting portion 138 is defined by outer edges 138A-B extending
between the outer edges 137A-B of the first and second lobes 137, with at least one of the
outer edges 138A-B of the connecting portion 138 having a concave profile. In the
embodiment shown in FIGS. 6-§, both the inner and outer edges 133, 134 of the tapered arca
1328 define a kidney shape, with the upper edge 138A of the connecting portion 138 having
a concave profile and the lower edge 138B of the connecting portion 138 having a convex
profile. Tn another embodiment, the apper and/or tower edge 138A-B may have at least a

portion that has a concave profile, and may include one or roore convex portions as well,

(3046} The first elevated arca 136A 5 multi-tiered, and includes a generally rectangular
or guadrilateral-shaped plateau area 131 A having a maximum face thickness and second and
third semi-elliptically shaped platean areas 131B,C on the sides of the first plateau area 131A.
The second and thivd plateau areas 131B,C have face thicknesses that are srualier than the
first plateau area 131A, and two substantially rectangular or quadrilateral-shaped tapered
arcas 132A extend from the first plateau area 131A to the second and third plateau arcas

I31B,C. In this embodiment, the face thickness at all points in the first elevated area 136A 1is
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greater than the face thickness at any other location on the face 112, The first clevated area
136A is defined by the inner edge 133 of the anmudar tapered area 1328, such that the inner
edge 133 of the annular tapered arca 132B forms a peripheral edge of the first clevated area
136A. As aresult, the shape defined by the outer edge of the first elevated arca 136A is the
same as the shape defined by the inner edge 133 of the annular tapered area 132B as
described above. It is understood that any of the potential variations described above with
respect to the shape defined by the annular tapered arca 1328 may be incorporated into the
shape of the first elevated arca 136A, in other embodiments. |t is further understood that the
first elevated arca 136A and the annular tapered arca 1328 may be considered together to
form an ¢levated area having a greater face thickness than surrounding arcas of the face 112,

and having an outer edge defining a kidney shape as described above.

[8847] The thickened portion 130 of the face 112 in FIGS, 1-2 also includes a fourth
platean arca 131D that is annular and extends around the outer edge 134 of the annular
tapered area 1328, The fourth plateau arca 131D has a face thickuess that 5 sroalier than the
thickness of the first, second, or third plateau areas 131A-C. The fourth plateau arca 131D 18
surrounded and defined by a second annular tapered area 132C which has an inner edge 133
that forms and defines the outer edge of the fourth platean area 131D and an outer edge 134,
such that the second annular tapered area 132C tapers to decrease in thickness from the inner
edge 133 to the outer edge 134, The second annular tapered area 132C is surrounded at the
outer edge 134 by a peripheral area 135 that extends to the edges 113, 115, 117, 119 of the
face 112. The peripheral area 135 may have a generally constant thickness or a variable
thickness, and at least a portion of the peripheral area 135 has the mintmum or smallest face

thickness of the entire face 112,

B348] In one embodiment, at least one of the inner and outer edges 133, 134 of the

second annular tapered area [32C defines outer edges of a shape that includes a first lobe

[an—y

37, where the outer edge 137A has a convex outer profile, a second lobe 137, where the
outer edge 1378 has a convex outer profile, and a connecting portion 138 extending between
the lobes 137, such that the connecting portion 138 is defined by outer edges 138A-B
extending between the outer edges 137A-B of the first and second lobes 137, with at least one
of the outer edges 138A-B of the connecting portion 138 having a concave profile. In the
embodiment shown in FIGS. 6-8, the inner edge 133 of the second annular tapered area 132C

defines a kidney shape, with the upper edge 138A of the connecting portion 138 having a

16
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concave profile and the lower edge 134B of the conpecting portion 138 having a convex
profile. As described above, the fourth platean arca 131D has its inner edge formed by the
outer edge 134 of the annular tapered arca 1328 and its outer edge formed by the joner edge
133 of the second annular tapered arca 132C. As a result, the inner and outer peripheral
edges of the fourth platean area 131D form kidney shapes as described above. Further, the
imner edge 133 ot the second anmilar tapered area 132C can be considered to define a second
elevated arca 1368 that includes the fourth plateau arca 131D, the annular tapered area 1328,
and the entirety of the first elevated area 136A. Every point within the second elevated arca
1368 has a greater face thickness than any swrrounding point of the face 112, Because the
mner edge 133 of the second annular tapered area 132C forms the outer edge of the second
clevated arca 136B, the second elevated area 1368 can also be considered to have a kidney

shape, as described above.

[60649] Additionally, in the embodiment Hlustrated in FIGS. 1-8, the shape(s) defined by
the edges 133, 134 of the annular tapered areas 132B-C, including the shapes of the elevated
arcas 136A-B, are clongated along an axis of elongation {¢.g., generally horizontal in FIG. 6).
in one embodiment, the lobes 137 cach have dimensions measured along a second axis
perpendicular to the axis of elongation (e.g., generally vertical in FIG. 6), and the lobes 137
may have greater dimensions perpendicular to the axis of elongation than the connecting area

138, which may be narrowed with respect to the lobes 137.

[3050] In one embodiment of the face 112 illustrated in FIGS. 1-8, the first raised area
136A has a total area of approximately 249 mm?, with the first plateau arca 131A having an
arca of approximately 62 mun’, the second plateau arca 13 1B having an area of approximately
48 mm’, the third plateau area 131C having an ares of approximately 64 mm’, and the
rectangular tapered areas 132A each having an area of approximately 36-37 mm’. In this
embodiment, the second raised area 1368 has a total area of approximately 768 mm’, with
the fourth platean arca 131D having an additional ares of approximately 124 nmun’ and the
annular tapered area 132B having an additional arca of approximately 395 mnt’. Further, in
this embodiment, the second annular tapered area 132C has an arca of approximately 2172
s’ and the peripheral area 135 has an area of approximately 1373 mm’, such that the
totality of the inner surface 111 of the face 112 has an approximate area of 4313 mm”.
Additionally, in one embodiment of the face 112 illustrated in FIGS. 1-§, the first plateau

area 131A has a generally constant thickness of approximately 3.63 mm, the second plateay
g ¥ ;
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arca 1318 has a generally constant thickness of approximately 3.53 mm, the third plateau
area 131C has a generally constant thickness of approximately 3.38 mim, the fourth plateau
arca 131D has a generally constant thickness of approxirsately 3.30 mm, and the peripheral
arca has a generally constant thickness of approximately 2.08 mm. In an alternate
embodiment, where the plateau arcas 131A-D and/or the peripheral area 135 do not have
generally constant thicknesses, the maximuom thickness of the first plateay area 131A 1
approximately 3.63 nun, and the miniroum thickness of the peripheral area 135 is
approximately 2.08 mum. It is understood that in one embodiment, the thicknesses of these
various portions of the face 112 may be increased or decreased, while maintaining the same
ot approxirnately the same relative differences in thickness, either as a proportion or an

absolute difference.

{8651 It 1s understood that any of the plateau arcas 131A-D, the tapered areas 1324A-C,
the elevated areas 136A-B, and/or the peripheral area 135 may have different shapes,
oricntations, and/or thickness profiles in other embodiments. For example, in other
embodiments, the features may have a kidney shape that may be differcatly oriented, such as
being rotated 180” from its present orientation so that the lower edge 138B of the connecting
portion 138 is concave and the apper edge 138A is convex, or the annular tapered portions
1328B-C may define a different shape, such as a peanut shape as described below with respect

to other embodiments, a circular shape, an clliptical or obround shape, etc.

[8852] FIGS. 9-14 ilhustrate another embodiment of a ball striking head 202 in the form
of a golf driver with a face 212 that includes a thickened portion 230 on the inner surface 211
of the face 212, extending iowardly 1o create a protrusion on the inner surface 211 of the face
212. The thickened portion 230 has g greater thickness than surrounding areas of the face
212 and a greater thickness than any other portion of the face 212. The embodiments of the
ball striking device 200 and the face 212 llustrated in FIGS. 9-14 contain features similar to
those of the emboduments described above with respect to FIGS, 1-3, and similar components
in the emnbodiment of FIGS. 9-14 are similarly referred to using the “2xx” series of reference
nombers. It is understood that discussion of some features of the embodiment of FIGS. 9-14
that have already been described above may be reduced or elirainated in the interests of

brevity.

1636531 In one embodiment, the thickened portion 230 has at least one plateau arca 231

having a generally constant thickness, and at least one tapered area 232 having a tapering

¥



WO 2013/025212 PCT/US2011/048126

~

thickness that increases or decreases between boundary edges 233, 234, In the embodiment
tustrated in FIGS. 9-14, the thickened portion 230 includes a single plateau area 231 that is
bounded and defined corpletely by an anywlar tapered arca 232 that has an upper or inner
edge or boundary 233 defining the outer edge of the platean area 231 and a lower or outer
edge or boundary 234. The plateay area 231 has a generally constant thickness that is the
maximum face thickness of the entire face 212, The thickness of the tapered area 232
decreases from the inner edge 233 to the outer edge 234, In the embodiment shown in FIGS.
9-14, the tapered area 232 has a generally curvilinear taper. The face 212 has a generally
constaut thickness at the outer edge 234 of the tapered area 232, and the peripheral area 235

surrounding the tapered arca 232 has a generally constant thickness.

[BGS4] In one embodiment, at least one of the inner and outer edges 233, 234 of the
annular tapered area 232 defines outer edges of g shape that inchudes a first Iobe 237, where
the outer edge 237A has a convex outer profile, a second lobe 237, where the outer edge
2378 has a convex outer profile, and a connecting portion 2328 extending between the fobes
237, such that the connecting portion 238 is defined by cuter edges 238A-B extending
between the outer edges 237A-B of the first and second lobes 237, with at least one of the
outer edges 233A-B of the connecting portion 238 having a concave profile. In the
embodiment shown in FIGS. 9-14, both the inner and outer edges 233, 234 of the tapered
arca 232 define 3 peanut shape, with the upper and lower edges 238A-B of the connecting
portion 238 having concave profiles. Because the inner edge 233 of the tapered arca 232
forms the outer edge of the platean area 231, the outer edge of the platean area 231 also
defines a peanut shape as described above. Further, cither or both of the inner and outer
edges 233, 234 of the tapered area 232 may be considered to define an ¢levated area 236 that

has a greater face thickness than the surraunding arcas of the face and has an outer edge

defining a peanut shape as described above.

[BGSS] Additionally, in the embodiment illustrated in FIGS. 9-14, the shape(s) defined by
the edges 233, 234 of the tapered area 232, including the shapes of the plateau arca 231 and
the elevated area 236, are elongated along an axis of elongation {¢.g., generally horizontal in
FIG. 9). {n this embodiment, the lobes 237 each have dimensions measured along a second
axis perpendicular to the axis of elongation (e.g., generally vertical in FIG. 9), and the lobes

237 have greater dimensions perpendicular to the axis of elongation than the connecting arga

ﬁl"/'
7.

238, which is narrowed with respect to the lobes 2
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j3856] In one embodiment of the face 212 Hlustrated in FIGS. 9-14, the inner surface 211
of the face plate 228 has a total area of approximately 3235 mm’, with the platean area 231
baving an area of approximately 814 mm’, the tapered area 231 having an ares of
approximately 884 mm”, and the peripheral arca 235 having an arca of approximately

1537 mm’. Additionally, in one embodiment of the face 212 illustrated in FIGS. 9-14, the
platean arca 231 has a generally constant thickness of approximately 3.3 mam and the

ny
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peripheral area 235 has 3 generally constant thickness of approximately 2.7 mm. In an
alternate embodiment, where the plateau area 231 and/or the peripheral area do not have a
generally constant thickness, the maximum thickness of the platean area 231 is approximately
3.3 own, and the miniroum thickness of the peripheral arca 235 1s approximately 2.7 nun. Tt
is understood that in one embodiment, the thicknesses of these various portions of the face
212 may be increased or decreased, while maintaining the same or approximately the same

relative ditferences in thickness, either as a proportion or an absolute difference.

16657] Tn the embodiment Hlustrated in FIGS. 9-14, the face 212 is formed by a face plate
228 and the body is at least partially formed by a body member 229 {or multiple body
members) connected to the face plate 228 and extending rearward from the face plate 228.
The face plate 228 may be defined by peripheral edges that corvespond to the peripheral
edges 213, 215, 217, 219 of the face 212, Tn other embodiments, the face 2172 may be formed
by a cup-face structure, an L-face structure, or other structure. For exanmple, FIGS. 15-17
iffustrate one embodiment of an L-shaped face member 228° that includes a face 212 as
described above and shown in FIGS. 9-14, with a wall 225 extending transverse and rearward
from the bottom edge 215 of the face 212, The configuration of the thickened portion 230
and the relative areas and thicknesses of the face 212 are the same in the embodiment of
FIGS. 15-17 as in FIGS. 9-14. However, the area of the peripheral area 235 aud the total arca
of the imner surface 211 of the face 212 may be difforent based on slight differences in
peripheral shape. The face member 228° may have one or more body members connected to
the wall 225 and the other edges 213, 217, 219 of the face 212, similar to the configurations
ithastrated in FIGS. 18-31 and described below. In this configuration, the body member(s)
may form the body 208 of the ball striking device 202, and the wall 225 may form a portion
of the sole 218 of the body 208, In a further embodiment, the face 212 may be formed as
part of an inverted L-shaped face member (not shown), which may have a wall extending
rearward from the top edge 213 of the face 212 and forming a portion of the crown 216 of the

body 208,
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[B058] Additionally, as shown in FIGS. 13-14, the body 208 of the head 202 of this
embodiment has an inwardly recessed or indented chanuel 240 extending across the sole 213,
The channel 240 is spaced rearwardly frora the bottom edge 215 of the face 212 and extends
generally paraliel to at least a portion of the bottom edge 215 of the face 212, The channel
244 in this embodiment includes boundary edges 241 with curvilinear walls 242 depending
from the boundary edges 241 to form an inwardly recessed trough 243 with a carvilinear
profile. In other embodiments, the body 208 may include multiple channels and/or
differently configured channels, and may include a channel with a more rectangular profile or
an msert within the channel in different embodiments. Several examples of ditferent channel
configurations that may be used with the head 202 of FIGS. 9-14 {or other heads described
herein) are shown and described in U.S. Patent Application No. 12/842 650, filed July 23,
2010; U.S. Patent Application No. 13/015,264, filed January 27, 2011; U.S. Patent No.
6,887,165, wsued May 3, 2008, and U.S. Patent No. 7,294,064, issued November 13, 2807,
all of which are incorporated by refercnce hercin in their entireties and made part hereof.
Other features of the head 202 may be similar to those desceribed above with respect to FIGS.

i-8.

B8589 FIGS. 18-24 illustrate another embodiment of a ball striking device 300 and a ball
striking head 302 1o the form of a hybrid golf club. The embodiment of the ball striking
device 300 illustrated in FIGS. 18-24 comtains features similar to those of the embodiments
described above with respect to FIGS. 1-17, and similar components in the embodiment of
FIGS. 18-24 are similarly referred to using the “3xx” series of reference numbers, 1t s
understood that discussion of some features of the embodiment of FIGS. 18-24 that have
already been described above may be reduced or eliminated in the interests of brevity, As
described above, the head 302 inchudes a face 312 with a body 308 extending rearward from
the face 312, The face 312 and the body 308 are configured for use as a hybrid-type chub,
and accordingly, may have a smaller volume and a different shape from the wood-type ball
striking devices 100, 200 of FIGS. 1-17. In another embodiment, the body 308 of & hybrid-
type head 302 may be provided with one or more channels, sach as described above with

respect to the head 202 of FIGS. 9-14,

138601 In this embodiment, the face 212 includes a thickened portion 330 on the inner
surface 311 of the face 312, extending mwardly to create a protrusion on the inner surface

311 of the face 312, The thickened portion 330 has a greater thickness than surrounding
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arcas of the face 312 and a greater thickness than any other portion of the face 312, In one
embodiment, the thickened portion 330 has at least one plateau area 331 having a generally
constaut thickness, and at least one tapered area 332 having a tapering thickness that
increases or decreases between boundary edges 333, 334, In the embodiment iltustrated in
FIGS. 18-24, the thickened portion 330 inchudes a single plateau area 331 that is bounded and
defined completely by an anmilar tapered area 332 that has an upper or inner edge or
boundary 333 defining the outer edge of the plateau area 331 and a lower or outer edge or
boundary 334, The plateau arca 331 has a generally constant thickness that is the maximum
face thickness of the entire face 312, The thickness of the tapered area 332 decreases from
the nner edge 333 to the outer edge 334, [n the embodiment shown in FIGS. 18-24, the
tapered area 332 has 3 generally curvilinear taper. The face 312 has a generally constant
thickness at the outer edge 334 of the tapered area 332, and the peripheral area 335

surrounding the tapered arca 332 has a generally constant thickness.

6061 fn one embodiment, at least one of the inner and outer edges 333, 334 of the
annular tapered arca 332 defines cuter edges of a shape that inchudes a first lobe 337, where
the outer edge 337A has a convex outer profile, a second lobe 337, where the outer edge
3378 has a convex outer profile, and a connecting portion 338 extending between the lobes
337, such that the connecting portion 338 is defined by outer edges 338A-B extending
between the outer edges 337A-B of the first and second lobes 337, with at least one of the
outer edges 338A-B of the connecting portion 338 having a concave profile. In the
embodiment shown in FIGS. 18-24, both the inner and outer edges 333, 334 of the tapered
arca 332 define a peanut shape, with the upper and lower cdges 338A-B of the connecting
portion 338 having concave profiles. Because the inner edge 333 of the tapered area 332
forms the outer edge of the plateau area 331, the outer edge of the plateau area 331 also
defines a peanut shape as described above, Further, either or both of the nner and outer
edges 333, 334 of the tapered area 332 may be considered to define an clevated arca 336 that
has a greater face thickness than the surrounding areas of the face and has an outer edge

defining a peanut shape as described above,

10662} Additionally, in the embodiment ilustrated in FIGS, 18-24, the shape(s) defined
by the edges 333, 334 of the tapered arca 332, including the shapes of the plateau arca 331
and the elevated area 336, are clongated along an axis of clongation {e.g., generally

horizontal in FIG. 22). In this embodiment, the lobes 337 cach have dimensions measored

Ut
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along a second axis perpendicular to the axis of elongation {e.g., generally vertical in
FIG. 22), and the lobes 337 have greater dimensions perpendicular to the axis of elongation

than the connecting area 338, which is narrowed with respect to the lobes 337,

[B0363] In one embodiment of the face 312 illustrated in FIGS. 18-24, the inner surface
311 of the face plate 328 has a total arca of approximately 1920 mm’, with the plateau area
331 having an area of approximately 217 mm”, the tapered area 331 having an area of
approximately 405 ront’, and the peripheral arca 335 having an arca of approximately

1297 mm”. Additionally, in one embodiment of the face 312 illustrated in FIGS. 18-24, the
plateaw area 331 has a generally constant thickness of approximately 1.9 mm, and the
peripheral area 335 has a generally constant thickness of approximately 1.6 mm. In another
embodiment, the platean arca 331 has a generally constant thickness of approximately 3 rom,
and the peripheral area 335 has a gencrally constant thickness of approximately 2 mm. Inan
alicrnate embodiment, where the plateaw area 331 and/or the peripheral area do not have a
generally constant thickness, the maxiroum thickness of the plateau area 331 is approxumately
1.9 mm or approximately 3 mm, and the mininmum thickness of the peripheral area 335 is
approximately 1.6 mm or approximately 2 mm. It is understood that in one embodiment, the
thicknesses of these various portions of the face 312 may be increased or decreased, while
maintaining the same or approximately the same relative differences 1o thickness, cither as a

proportion of an absolute difference.

[8864] In the embodiment iHustrated in FIGS, 18-24, the face 312 is formed by an L-
shaped face member 328 that includes the face 312 and a wall 325 extending transverse and
rearward from the bottorn edge 315 of the face 312, as sinularly described above. The body
308 is at least partially formed by one or more body mernbers 329 connected to the face
member 328 and extending rearwardly from the face member 328, For exampie, the body
member(s} 329 may be connected to the wall 325 and the other edges 313, 317, 319 of the
face 312, such as by welding. In this configuration, the wall 325 may forra a portion of the
sole 318 of the body 308. In another embodiment, the face 312 may be formed as part ofan
imverted L-shaped face member (not shown), which may have a wall extending rearward
from the top odge 313 of the face 312 and forming a portion of the crown 316 of the body
308. In further embodiments, the face 312 may be formed as 3 face plate, a cup-face

structure, or another configuration.

[
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j3865] FIGS. 25-31 illustrate another embodiment of a ball striking device 400 and a ball
striking head 402 1o the form of a fairway wood golf club. The embodiment of the ball
striking device 400 illustrated in FIGS. 25-31 contains features similar to those of the
cembodiments described above with respect to FIGS. 1-24, and similar components in the
embodiment of FIGS. 25-31 are similarly referred to using the “4xx” series of reference
numbers. Tt is anderstood that discussion of some featores of the embodiment of FIGS, 25-31
that have already been described above may be reduced or eliminated in the interests of
brevity. As described above, the head 402 includes a face 412 with a body 408 extending
rearward from the face 412, The face 412 and the body 408 are configured for use as a
fairway wood-type club, and accordingly, may have a differont volurae and a different shape
from the driver wood-type ball striking devices 100, 200 or the hybrid-type ball striking
device 300, described in FIGS. 1-24. In another embodiment, the body 408 of a fairway
wood-type head 402 may be provided with one or more channels, sach as described above

with respect to the head 202 of FIGS. 9-14,

13066] In this embodiment, the face 412 includes a thickened portion 430 on the inner
surface 411 of the face 412, extending mwardly to create a protrusion on the inner surface
411 of the face 412, The thickened portion 430 has a greater thickness than swrrounding
arcas of the face 412 and a greater thickness than any other portion of the face 412, Inone
cembodiment, the thickened portion 430 has at least one platesu area 431 having a generally
constant thickness, and at least one tapered arca 432 having a tapering thickness that
imcreases or decreases between boundary edges 433, 434, In the embodiment ilhustrated in
FIGS. 25-31, the thickened portion 430 includes a single plateau area 431 that is bounded and
defined completely by an annular tapered arca 432 that has an upper or inner edge or
boundary 433 defining the outer edge of the plateau area 431 and a lower or outer edge or
boundary 434, The platcau arca 431 has a generally constant thickoess that is the maxiourm
face thickness of the entire face 412, The thickness of the tapered area 432 decreases from
the inper edge 433 to the outer edge 434, In the embodiment shown in FIGS. 25-31, the
tapered area 432 has a generally curvilinear taper. The face 412 has a generally constant
thickness at the outer edge 434 of the tapered arca 432, and the peripheral area 435

surrounding the tapered area 432 has a generally constant thickness.

jB#367] In one embodiment, at least one of the inner and outer edges 433, 434 of the

annular tapered arca 432 defines outer edges of a shape that inclades a first lobe 437, where
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the outer edge 437A has a convex outer profile, a second lobe 437, where the outer edge
4378 has a convex outer profile, and a connecting portion 438 extending between the lobes
437, such that the connecting portion 438 15 defined by outer edges 438A-8 extending
between the outer edges 437A-B of the first and second lobes 437, with at lcast one of the
outer edges 438A-B of the connecting portion 438 having a concave profile. In the
embodiment shown in FIGS. 25-31, both the inner and outer edges 433, 434 of the tapered
arca 432 define a peanut shape, with the upper and lower cdges 438A-B of the connecting
portion 438 having concave profiles. Because the inner edge 433 of the tapered area 432
forms the outer edge of the plateau area 431, the outer edge of the plateau area 431 also
defines a peanut shape as described above, Further, either or both of the nner and outer
edges 433, 434 of the tapered area 432 may be considered to define an clevated arca 436 that
has a greater face thickness than the surrounding areas of the face and has an outer edge

defining a peanut shape as described above,

16068] Additionally, in the embodiment illustrated m FIGS, 25-31, the shape(s) detined
by the edges 433, 434 of the tapered arca 432, including the shapes of the plateau arca 431
and the elevated area 436, are elongated along an axis of clongation (e.g., generally
horizontal in FIG. 30). In this embodiment, the lobes 437 cach have dimensions measured
along a second axis perpendicular to the axis of clongation {(e.g., generally vertical 1o

FIG. 30), and the lobes 437 have greater dimensions perpendicular to the axis of elongation

than the connecting area 438, which is narrowed with respect to the lobes 437,

(8669 in one embodiment of the face 412 illustrated in FIGS. 25-31, the inner surface
411 of the face plate 428 has a total arca of approximately 1900 mun’, with the plateau arca
431 having an area of approximately 18% mm’, the tapered area 431 having an area of
approximately 415 mmy’, and the peripheral area 435 having an area of approximately

1297 vom”.  Additionally, in one embodiment of the face 412 illustrated in FIGS. 25-31, the
plateau arca 431 has a generally constant thickness of approximately 2.1 nwu, and the
peripheral area 435 has a generally constant thickness of approximately 1.6 nun. In another
embodiment, the platean area 431 has a generally constant thickness of approximately 3 mm,
and the peripheral arca 435 has a geoerally constant thickness of approximately 2 mom. o an
alternate embodiment, where the plateau area 431 and/or the peripheral area do not have g
generally constant thickness, the maximum thickness of the platean area 431 is approximately

2.1 mm or approximately 3 mmm, and the miniroom thickness of the peripheral area 435 1s
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approximately 1.6 mm or approximately 2 mm. It is understood that in one embodiment, the
thicknesses of these various portions of the face 412 may be increased or decreased, while
maintaining the same or approximately the same relative differences 1o thickness, cither as a

proportion of an absolute difference.

[8870] In the embodiment iHustrated in FIGS, 25-31, the face 412 1s formed by an L-
shaped face member 428 that inchudes the face 412 and a wall 425 extending rearward from
the bottorn edge 4135 of the face 412, as similarly described above. The body 408 is at least
partially formed by one or more body members 429 connected to the face merber 428 and
extending rearwardly from the face member 428, For example, the body member(s) 429 may
be connected to the wall 425 and the other edges 413, 417, 419 of the face 412, such as by
welding. In this configuration, the wall 425 may forro a portion of the sole 418 of the body
408. In another embodiment, the face 412 may be formed as part of an inverted E-shaped
face member (not shown), which may have a wall extending rearward from the top edge 413
of the face 412 and forming a portion of the crown 416 of the body 408, Tu further
embodiments, the face 412 may be formed as a face plate, a cup-face structure, or another

configuration.

8678 In the embodiments of the head 302 shown in FIGS. 18-24 and the head 402
shown in FIGS, 25-31, the L-shaped face member 328, 428 assists with achieving a more
gradual impact with a ball struck on the face 312, 412, in order to hinut deforruation of the
ball and thereby limit energy and velocity loss during impact. The face member 32¥, 428 can
be made more fiexible (o increase deformation of the face 312, 412, while the thickenad
portion 330, 430 assists in retaining stiffness in the face 312, 412, For example, the face
member 328, 428 can be formed with a smaller than normal thickness at or around the
junction between the face 312, 412 and the wall 325, 425 to increase flexibility. In one
embodiment, this thickness (indicated by T tn FIGS. 23 and 30) can be between 1-2 mm, and
in another embodiment, the thickness T can be between 1-2.5 mm, which are comparatively
thinner than the corresponding thicknesses T of standard golf club faces. The face member
328, 428 may be advantageously formed of a high-strength material to allow deformation of
the face 312, 412 without unacceptable risk of breakage. In one ershodirsent, the face
member 32¥, 428 may be formed of high-strength Carpenter 455 or 465 stainless steel, while
the body 30&, 40¥ is formed of 17-4 stainless steel. Other embodiments described herein

may incorporate these sarse materials Alternate materials that may be used for the body
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member 329, 429 and/or the face member 312, 412 in these embodiments and other
embodiments herein inchude high strength titanium, PEEK polymer with or without fiber

reinforcement, amorphous hiquid metals, bulk modulus coraposites, eic.

[B872] FIGS. 32-36 illustrate a ball striking device 500 in the form of a goif iron, in
accordance with at least some examples of this invention. The embodiment of the ron-type
ball striking device 500 ilhustrated 1n FIGS. 32-36 contains features similar to those of the
emnbodiments described above with respect to FIGS. 1-31, and similar components 1o the
embodiment of FIGS. 32-36 are similarly referred to using the “5xx” series of reference
numbers. It is understood that discussion of some features of the embodiment of FIGS. 32-36
that have already been described above may be reduced or eliminated in the interests of
brevity., The ball striking device 500 includes a golf club head 502 and a shaft 504 attached
to the head 502, The golf club head 502 of FIGS. 32-36 may be representative of any iron-

type golf club head in accordance with examples of the present invention.

[8673] As shown in FIGS, 32-36, the golf club head 502 mncludes a face 512 connected to
a body 508 and a hosel 509 extending from the body 508 for attachment of the shaft 504,

The shatt 504, and the connection between the shaft 504 and the hosel 509 may be similar to
that described above with respect to the device 100 of FIGS. 1-8. The shaft 504 may also
mnclude a grip (not shown) as described above. For reference, the head 502 generally has a
top 516, a bottom or sole S1%, a heel 520 proximate the hosel 509, and a toc 522 distal from
the hosel 509, as well as a front 524 and a back or rear 526. In the embodiment shown, the
face 512 extends upward from the sole 518 of the head 502. The shape and design of the
head 502 moay be partially dictated by the intended use of the device 500. The heel portion
520 15 attached to and/or extends from a hosel 509 {e.g., as a unitary or infegral one piece

construction, as separate connected clements, etc.).

186474} The face 512 is located at the front 524 of the head 502, and has a ball striking
surface 510 located thereon and a rear or inner surface 511 (See FIGS. 33-35) opposite the
ball striking surface 510, The head 502 has a rear cavity 506 that is defined by the rear
surface 511 of the face 512, one or more walls 525 extending rearward from the face S12, and
a rear wall 5323 extending upward from the sole 518 at the rear 526 of the head 502, As seen
in F1G. 33 and 35, the rear wall 523 feaves the rear cavity 511 partially open n this
embodiment, however the rear cavity 511 may be closed or may be open to a greater degree

in gther embodiments. Tt is understood that in some embodiments of an iron-type golf club
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S0, the rear surface 511 of the face 512 may be a surface of the body 30K, such as when the
head 502 has no internal cavity. In another embodiment, the body SO08 of an iron-type head
502 roay be provided with one or more channels, such as described above with respect to the

head 202 of FIGS. 9-14.

18875] The bal striking surface 510 is typically an outer surface of the face 512
configured to face a ball (not shown) in use, and is adapted to strike the ball when the device
500 15 set in motion, such as by swinging. As shown, the ball striking surface 510 1
relatively flat, occupying most of the face 512, The ball striking surface 510 may include
grooves 521 (e.g., generally horizontal grooves 521 extending across the face 512 in the
Hlustrated example) for the removal of water and grass from the face 512 during a ball strike.
Of course, any number of grooves, desired groove patierns, and/or groove constructions roay
be provided {or even no groove patiern, if desired), including conventional groove patterns

and/or constructions, without departing from this invention.

16676] For reference purposes, the portion of the face 512 nearest the top face edge 513
and the heel face edge 517 is referred to as the “high-heel arca™; the portion of the face 512
nearest the top face edge 513 and the toe face edge 519 is referred 1o as the “high-toe arga”;
the portion of the face S12 pearest the bottom face edge 515 and the heel face edge 517 is
referred to as the “low-heel area”; and the portion of the face 512 nearest the bottom face
edge 515 and the toe face edge 519 is reforred to as the “low-toe area”. 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 512}, though not necessarily with
symyunetrical dimensions. The face 512 may include some curvature in the top to botiom
and/or heel to toe directions (¢.g., bulge and roll characteristics), as is known and is
conventional in the art. In other embodiments, the surface 510 may occupy a different
proportion of the face 512, or the body 508 may have wmaltiple ball striking surfaces 510
thercon. 1o the tlustrative erobodirnent shown 1o FIGS. 32-36, the ball striking surface 510 s
inclined (i.e., at a loft angle), to give the ball an appreciable degree of 1ift and spin when
struck. In other illustrative embodiments, the ball striking surface S10 may have a different
inchine or loft angle, to affect the trajectory of the ball. Additionally, the face 512 moay have a
variable thickness and/or may have one or more internal or external inserts in some

embodiments.
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166771 The face 512, the body 508, and/or the hosel 509 can be formed as a single piece
or as separate pieces that are joined together. For exarple, the face 512, the body 508, and
the hosel 509 can be formed together as a single piece by forging, casting, or other integral
forming tochniques. As another exampie, the face 512, the body 508, and the hosel 509 can
be formed as separate pieces, such as a face member and a body member, which can be
joined together by an integral joining technigue, such as welding, or other joining technigue.
In one embodiment, a face member of 3 nulti-piece head 502 may be in the form of a face
plate, an L-shaped face member, a cup-face member, or another form. In another
embodiment, a set of golf irons may have structures as described herein and shown in FIGS,
32-36, with the longer rons {¢.g. 4-7) being formed of two pieces, including a face plate and
a body member joined by welding, and the shorter rons {¢.g. 8, 9, P, §, A} being formed of a
cast or forged single piece. In this embodiment, the single piece head and/or the body
member may be made from 17-4 stainless steel, and the face plate member may be formed of

455 or 4635 stainless steel, or other materials may be used.

130781 In this embodiment, the face 512 includes a thickened portion 530 on the inner
surface 511 of the face 512, extending mwardly to create a protrusion on the inner surface
S of the face 512, The thickened portion 530 has a greater thickness than surrounding
arcas of the face 512 and a greater thickness than any other portion of the face 512, The
thickened portion 530 is more proximate the bottom edge 515 of the face 512 than the top
edge 513 in the embodiment iliustrated, and in one embodiment, the center of the thickened
portion 530 is approximately 15-22mm from the bottom edge 515 of the face §12. This
distance may be different in other embodiments, and in one embodiment, different clubs
within a set may have different spacing between the thickened portion 530 and the bottom

edge 515 of the face 512,

[B379] In one embodiment, the thickened portion 530 has at least one plateaw avea 531
having a generally constant thickness, and at least one tapered area 532 having a tapering
thickness that increases or decreases between boundary edges 533, 534, In the embodiment
ilfustrated in FIGS. 32-36, the thickened portion 530 inclades a single plateau area 531 that is
hounded and defined completely by an anunular tapered arca 532 that bas an upper or inner
edge or boundary 533 defining the outer edge of the plateau area 531 and a fower or outer
edge or boundary 534. The platean area 531 has a generally constant thickness that is the

maximum face thickness of the entire face 512. The thickness of the tapered area 532
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decreases from the inner edge 533 to the outer edge 534, in the embodiment shown in FIGS.
32-36, the tapered area 532 has a generally curvilinear taper. The face 512 has a generally
constaut thickness at the outer edge 534 of the tapered area 532, and the peripheral arca 535

surrounding the tapered arca 532 has a generally constant thickness.

[B080] In one embodiment, at least one of the inner and outer edges 533, 534 of the
annular tapered area 532 defines outer edges of a shape that inchides a first Iobe 537, where
the outer edge S37A has a convex outer profile, a second lobe 5§37, where the outer odge
5378 has a convex outer profile, and a connecting portion 538 extending between the lobes
537, such that the connecting portion 538 is defined by outer edges S38A-B extending
between the outer edges S37A-B of the first and second lobes 537, with at least one of the
outer edges 532A-B of the connecting portion 538 having a concave profile. In the
cembodiment shown in FIGS. 32-36, both the inner and outer edges 533, 534 of the tapered
arca 532 define a peanut shape, with the upper and lower edges 538A-B of the connecting
portion 538 having concave profiles. Because the aner edge 533 of the tapered area 532
forms the outer edge of the plateau area 531, the outer edge of the platean arca 531 also
defines a peanut shape as described above. Further, either or both of the inner and outer
edges 533, 534 of the tapered area 532 may be considered to define an elevated arca 536 that

has a greater face thickness than the surrounding areas of the face and has an outer edge

defining a peanut shape as described above.

6081} Additionally, in the embodiment Hlustrated in FIGS. 32-36, the shape(s) defined
by the edges 533, 534 of the tapered area 532, inchuding the shapes of the plateau area 531
and the clevated area 536, are clongated along an axis of elongation (which s clevated
approximately 12° counterclockwise from horizontal in FIG. 34). In this embodiment, the
fobes 537 each have dimensions measured along a second axis perpendicular to the axis of
elongation {e.g. approximately 12° counterclockwise from vertical in FIG. 34), and the lobes
537 have greater dimensions perpendicular to the axis of elongation than the connecting area
538, which is narrowed with respect to the fobes 537, The angle of the axis of elongation in
this embodiment may be based on typical hitting patterns for one or more goifers. In other
ernbodiments, the thickened portion 530 may have a different orientation and/or axs of
elongation based on a different hitting pattern and/or other factors, and different clubs in a set
may have thickened portions S30 with different axes of elongation based on different hitting

patterns for each club. For example, in one embodiment, a set of goltf irous may have
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structures as described herein and shown in FIGS. 32-36, and the angle of the axis of
elongation of the thickened portion 530 may be closer to horizontal for shorter (1.e. more
tofied) clubs and farther from horizontal for longer (i.e. less lofied) clubs in the set. The
angle of the axis of elongation may be between 0-15° or (-18° from horizontal in various

embodiments.

6682 in one embodiment of the face 512 illustrated in FIGS. 32-36, the plateau area 531
has a generally constant thickuess of approximately 3 mm, and the peripheral area 535 has a
generally constant thickness of approximately 2 mm. In an alternate embodiment, where the
plateau area 531 and/or the peripheral area do not have a generally constant thickness, the
maxinmarg thickness of the plateau area 531 is approximately 3 mm, and the minimum
thickness of the peripheral area 5335 is approximately 2 mm. As described above, in other
cmbodiments, the face 512 and the thickened portion 530 may have different thicknesses. It
is understood that in one embodiment, the thicknesses of these various portions of the face
512 may be increased or decreased, while maintaining the sare or approximately the sarge

relative differences in thickness, cither as a proportion or an absolute ditference.

663831 The heads 102, et seq., as shown and described herein may be constructed from a
wide variety of different materials, inchuding materials conventionally known and used in the
art, such as steel, titanium, alumimim, tungsten, graphite, polymers, or composites, or
combinations thercof, Also, if desived, the chub heads 102, ot seq., may be made from any
number of pieces {¢.g., having a scparate face plate, ete.) and/or by any construction
technique, inchuding, for example, casting, forging, welding, and/or other methods known
and used in the art. More specific examples of such materials that may be used to form faces
112, et seq., or face members 128, et seq., as described herein include those described above,
inchuding high strength stainless steels such as C455 and €465, other stainless steels such as
17-4, other steels such as maraging steels {e.g. Maraging 250) or AerMet steels, high strength
titantumm alloys such as 6-4, SP700, 8-1-1, 15-3-3-3, and 2041, PEEK polymer with or
without fiber reinforcement, amorphous “liquid metal” alioys, bulk modulus composites, ete.
High strength alloys and other materials may have yield strengths of approximately 2303~
240ksi or greater and ultimate strengths of approximately 250-260ks1 or greater. Tn one
embodiment, the face 312, 412 of a fairway wood or hybrid-type club may be made from
465 alloy that is aged at 482°C for 4 hours, to achieve a yield strength of at least 240ksi and

a UTS of at least 260kst. In another embodiment, the face 112, 212 of a driver wood-iype
7!
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club may be made from a high strength titanium alloy {(e.g. 6-4) that may be aged at 482°C
for 6-3 hours and/or annealed, and may have a yield strength of approximately 120-150kst or
greater and an ultimate strength of approximately 130-165 or greater. In a further
cembodiment, the face 112, 212 of a driver wood-type club may be made from a 15-3-3-3
titanium alloy that may be aged at 480°C for 2-14 howurs, and may have a yield strength of
approximately 145-181ksi or greater and an ultimate strength of approximately 165-200ksi or

greater.

16084 It is understood that any of the embodiments of ball striking devices 100, et seq.,
heads 102, et seq., faces 112, et seq., and other components described herein may inchude any
of the features described herein with respect to other embodiments described herein, onless
otherwise noted. 1t 1s understood that the specific sizes, shapes, orientations, and locations of
various components of the ball striking devices 100, et seq., and heads 102, et seq., described
herein are simply examples, and that any of these features or properties may be altered in

other embodiments.

16685} The desired shapes, orientations, configurations, etc., of the thickened portions
130, et seq., ilhustrated in FIGS, 1-36 can be influenced by typical or commeon locations
where face impacts occur during many golfers’ swings, face geometry and properties, body
foatures such as a channel 240, and other features affecting or influencing the fmpact physics
of the face 112, et seq. For example, many golfers tend to hit balls on the low-heel or high-
toe arcas of the face 112, et seq., on missed hits, and the orientation {c.g. angle of axis of
clongation) of the thickened portion 130, ot seq., may reflect that pattern. In further
ernbodiments, the shapes of the thickened portions 130, et seq., can be altered to achieve
different impact physics, or to account for changes o other portions of the club head 102, ot
seq. Finite clement analysis may be used in connection with designing the geometry of the
thickened portion 130, ¢t seq., and/or other portions of the face 112, et seq., which may

mcorporate any of the factors referenced above or additional factors.

[3086] Heads 102, et seq., incorporating the features disclosed hercin may be used as a
ball striking device or a part thereof. For example, a golf club 180 as shown in FIG. | may
be manufactured by attaching a shaft or handle 104 to a head that is provided, such as the
head 102 as described above. “Providing” the head, as used herein, refers broadly to making
an article available or accessible for future actions to be performed on the article, and doeg

not connote that the party providing the article has manufactured, produced, or supplied the

Gl
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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. In one embodiment, a set of golf clubs can be rmanufactured,
where at feast one of the clubs has a head according to one or more embodiments described
herein. Such a set may include at least one wood-type club and/or at least one iron-type chub.
For exarnple, a set of fron-type golt clubs can be provided, with cach chub having a different
foft angle, and each club having a head as described above. The various clubs in the st may
have thickened portions 130, ¢t seq., that may be slightly different in shape, size, location,
orientation, etc., based on the loft angle of the club. Further, one or more ¢lubs can be
custornized for a particular user by providing a club with a head as described above, with a
thickened portion 130, ot seq., that is configured in at least one of its shape, size, location,
orientation, etc., based on a typical hitting pattern by the golfer. Still further embodiments

and variations are possible, mncluding further techniques for customization.

166871 The shapes of the thickened portions 130, et seq., and the various components of
the thickened portions 130, ¢t seq., described herein can increase energy transfer and impact
velocity for impacts between the ball striking surface 110, et seq., and a ball, such as a golf
ball. The thickened portion 130, et seq., creates a stiffened center portion of the face, which
permits other arcas of the face 112, et seq., to be more flexible (such as by decreasing the
thickness), creating a more gradual impact with the ball, which in turn can decrease overall
ball deformation. Because significant energy loss can occour with excessive ball deformation,
the configuration of the face 112, et seq., can result in less energy loss and greater energy and
velocity upon impact. In embodiments where the head 202, et seq., includes a channel 240,
et seq., the channel 240, et seq., can flex during impact to work with the face 212, et seq., to
reduce ball deformation and thereby increase energy and velocity on impact. In one
embodiment, the flexing of the channel 240, et seq., may occur subsequent to the flexing of
the face 112, et seq., and may have a smaller effect on ball deformation as corapared to the
face 112, et seq. Additionally, the stiffened center portion and more flexible peripheral
portions increase the trampoline effect of the face 112, ot seq., and increase the size of the
“hot zone” having high response (e.g. COR), to iraprove ball speed on off-center hits, while
enabling the face 112, et seq., to still meet applicable USGA regulations. The thickened
portion 130, et seq., also adds durability to the center of the face 112, et seq., and the
surrounding arcas, which can increase the usable life of the face. Still further benefits can be

recognized and appreciated by those skilied in the art,

Cod
(8]
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[B088] While the invention has been described with respect to specific examples
mcluding presently preferred modes of carrying out the invention, those skilled in the art will
appreciate that there are numerous variations and pernutations of the above described
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 claimed is:

L. A golf club head comprising:

a face configured for striking a ball with an outer surface thereof, the face baving an
inner surface opposite the outer surface;

a body connected to the face and extending rearwardly from the face; and

a thickened portion of the face that forms a protrusion extending inwardly from the
inner surface of the face, the thickened portion comprising an annular tapered area that tapers
in thickness between an upper boundary and a lower boundary and encloses an elevated arga
bounded by the upper boundary, wherein at least one of the apper and lower boundaries
defines a shape comprising a furst lobe having a first outer edge with a convex outer profile, a
second lobe having a second outer edge with a convex outer profile, and a connecting portion
extending between the first lobe and the second lobe, such that the connecting portion is
defined by third and fourth outer edges extending between the fivst and second outer edges,

wherein at least one of the third and fourth outer edges has a concave outer profile.

2. The golf club head of claim 1, wherein at least a portion of the elevated area

has a generally constant thickness.

3. The golf club head of claira 1, wherein the elevated area is a plateau arca
having a generally constant thickness over an entire area within the upper boundary of the

annular tapered area.

4, The golf club head of claim 1, wherein the elevated area is multi-tiered and
comprises a first platcau arca baving a fivst generally constant face thickuess, a second
plateau area having a second generally constant face thickness, and a tapered area extending
between the first and second plateau areas.

S. The golt club head of claimn 1, wherein the third outer edge is more proximate
a top of the face relative to the fourth outer edge, and wherein the third outer edge has the
concave outer profile and the fourth outer edge has a convex cuter profile.

6. The golf club head of claim 1, wherein both the third outer edge and the fourth

outer edge have the concave outer profile.
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7. The golf club head of claim 1, wherein the body further comprises an inwardly
recessed channel extending across at least a portion of a sole of the body and being spaced

rearwardly from a bottom edge of the face.

8. The golf club head of claim 7, wherein the channel comprises two boundary
edges extending generally paraliel to the bottom edge of the face and two walls extending

imwardly from the boundary edges to form a recessed trough with a curvilinear profile.

9. The golf club head of claira 1, wherein the thickened portion further comprises
8 sccond annular tapered area that tapers in thickness between a second upper boundary and a
second lower boundary and encloses the annular tapered area and the elevated area

completely.

10, The golf club head of claim 9, wherein the thickened portion further comprises
an annular plateau ares having a generally constant thickness, the annular plateay area

extending between the annular tapered area and the second anmular tapered area.

11 The golf ¢club bead of claim 9, wherein at least one of the second upper and
lower boundaries defines a shape comprising a thivd lobe having a fifth outer edge with a
convex outer profile, a fourth lobe having a sixth outer edge with a convex outer profile, and
a second connecting portion extending between the third lobe and the fourth lobe, such that
the second connecting portion 1s defined by seventh aund eighth outer edges extending
between the fifth and sixth outer edges, wherein at least one of the seventh and cighth outer

edges has a concave outer profile.

12. The golf club head of claim I, wherein the shape is clongated to have a
maximum dimension along a first axis, and wherein the first lobe has a first dimension along
a second axis perpendicular to the first axis, the second lobe has 4 second dimension along
the second axis, and the connecting portion has a third dimension along the second axis that
is simaller than the first and second dimensions.

13 The golf chub head of claim 1, wherein the face 1s formed as part of a face
member having a cup face configuration coraprising the face and a plurality of walls
extending rearward from peripheral edges of the face, and wherein the body is at least
partially formed by one or more body members connected to the walls and extending
rearwardly from the face member,

4. The golf club bhead of claim 1, wherein the face is formed as part of a face

member comprising the face and a wall extending rearward from a bottom edge of the face,
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and wherein the body is at least partially formed by one or more body members connectad to

the wall and to peripheral edges of the face and extending rearwardly from the face member.

15, A golf chub comprising the golf chub head of claim 1 and a shaft engaged with
the head.
16. A golf club head comprising:

a face configured for striking a ball with an outer surface thereof, the face having an
mnner surface opposite the outer surface, the inner surface of the face baving av elevated arca
protruding from the inner surface and having increased thickness relative to surrounding
portions of the face, the elevated area being completely enclosed by an annular tapered area
that decreases in thickness from the elevated area outward, wherein the elevated arca has a
peripheral edge defined by an jnner edge of the tapered arca, and the peripheral edge defines
a shape comprising a first lobe having a first outer edge with a convex outer profile, a second
lobe having a second outer edge with a convex outer profile, and a connecting portion
extending between the first lobe and the second lobe, such that the connecting portion s
defined by third and fourth cuter edges extending between the first and second outer edges,
wherein at least one of the third and fourth outer edges has a concave outer profile; and

a body connected to the face and extending rearwardly from the face.

17. The golf club head of claim 16, wherein at least a portion of the elevated area
has a generally constant thickness.

18. The golf club head of claim 16, wherein the elevated area is a plateau area
having a generally constant thickness over an entire area within the inner edge of the annular

tapered area.

9. The golf club head of clairn 16, wherein the clevated area is multi-tiered and
comprises a first plateau arca having a first generally constant face thickness, a second
plateau area having a second generally constant face thickness, and a tapered avea extending
between the first and second plateau areas,

20. The golf club head of claim 16, wherein the third outer edge is more
proximate a top of the face relative to the fourth outer edge, and wherein the third outer edge
has the concave outer profile and the fourth outer edge has a convex outer profile.

21 The golt club head of claim 16, wherein both the third outer edge and the

fourth outer edge have the concave outer profile.



WO 2013/025212 PCT/US2011/048126

22. The golf chub head of claim 16, wherein the body further comprises an
mwardly recessed channel extending across at least a portion of a sole of the body and being

spaced rearwardly from a bottom edge of the face.

23. The golf club head of claim 16, wherein the shape is clongated to have a
maximum dimension along a first axis, and wherein the first lobe has a first dimension along
a second axis perpendicular to the first axis, the second lobe has a second dimension along
the second axis, and the connecting portion has a third direension along the second axis that

is smaller than the first and second dimensions.

24, The golf chub head of claim 16, wherein the face is formed as part of a face
member having a cup face configaration comprising the face and a phurality of walls
extending rearward from peripheral edges of the face, and wherein the body is at least
partially formed by one or more body members connected to the walls and extending

rearwardly from the face member.

25. The goltf club head of claimn 16, wherein the face is formed as part of a face
member comprising the face and a wall extending rearward from a bottom edge of the face,
and wherein the body 15 at least partially formed by one or more body mernbers connected to

the wall and to peripheral edges of the face and extending rearwardly from the face member.

26. A golf chub comprising the golf club head of claim 16 and a shaft engaged

with the head.

27. A golf club head comprising:

a face configured for striking a ball with an outer surface thereof, the face having an
imner surface opposite the outer surface, the inner surface of the face baving au elevated area
protruding trom the joner surface and having increased thickness relative to surrounding
portions of the face, the elevated area being completely enclosed by an annular tapered area
that decreases in thickness from the elevated area outward, wherein the elevated arca has a
peripheral edge defined by an jnner edge of the tapered arca, and the peripheral edge defines
a shape that is elongated to have & maximum dimension along a first axis, and wherein the
shape comprises a first enlarged area having a first dimension along a second axis
perpendicular to the first axis, a second enlarged area having a second dimension along the
second axis, and a narrowed connecting portion connecting the first area and the second area,
the connecting portion having a third dimension along the second axis that is smaller than the

first and second dimensions; and
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a body connected to the face and extending rearwardly from the face.

28, The golf club head of claim 27, wherein the first axis is angled with respect to

a horizontal direction defined by a sole of the body.

28, The golf club head of claim 28, wherein the first axis 15 angled with respect to

the horizontal direction by up to approximately 18°,

34, The golf club head of claim 27, wherein at least a portion of the elevated area
has a generally constant thickness.

3

31 The golf club head of clairn 27, whercin the clevated arca is a plateau arca
having a generally constant thickness over an entire area within the inner edge of the annular

tapered arca.

32, The golf chub head of claim 27, wherein the elevated area is multi-tiered and
compriscs a first platcau arca baving a first generally constant face thickuess, a second
plateau area having a second generally constant face thickness, and g tapered area extending
between the first and second plateau areas.

-

33, The golf club bead of claim 27, wherein the body further comprises ap
imwardly recessed channel extending across at least a portion of a sole of the body and being

spaced rearwardly from a bottom edge of the face.

34. The golf chub head of claim 27, wherein the face is formed as part of a face
member having a cup face configaration comprising the face and a phurality of walls
extending rearward from peripheral edges of the face, and wherein the body is at least
partially formed by one or more body members connected to the walls and extending
rearwardly from the face member.

-

35, The golf club bead of claim 27, wherein the face is formed as part of a face
member comprising the face and a wall extending rearward from a bottom edge of the face,
and wherein the body 15 at least partially formed by one or more body mernbers connected to
the wall and to peripheral edges of the face and extending rearwardly from the face member.

36, The golf chub head of claim 27, wherein the connecting portion has a top edge
and a bottom edge extending between the first and second enlarged arcas, and wherein at
least onc of the top and bottorn edges has a concave profile.

37. A golf club comprising the golf club head of ¢laim 27 and a shaft engaged

with the head.

Cod
N



WO 2013/025212 PCT/US2011/048126

38. A golfchub head comprising:

a face member comprising a face configured for striking a ball with an outer surface
thercot and a wall extending rearwardly from a bottom edge of the face, the face having an
inner surface opposite the outer surface, the inner surface of the face having an clevated area
protruding from the inner surface and having increased thickness relative to surrounding
portions of the face; and

a body comprising at least one body member connected to the face and extending
rearwardly from the face, wherein the at least one body member is connected to the wall and
around peripheral edges of the face, such that the wall forms a portion of a sole of the body,
and wherein the face rocruber and the at least one body member combine to define an internal
cavity.

Q

39.  The golf club head of claim 38, wherein the elevated area is completely
enclosed by an annular tapered area that decreases in thickness from the elevated arca

outward.

40,  The golf club head of claim 39, wherein the elevated arca has a peripheral
edge defined by an inner edge of the annular tapered area, and the peripheral edge defines a
shape comprising a first lobe having a first outer edge with a convex outer profile, a second
tobe having a second outer edge with a convex outer profile, and a connecting portion
extending between the first lobe and the second lobe, such that the connecting portion is
defined by third and fourth outer edges extending between the first and second outer edges,

wherein at least one of the third and fourth outer edges has a concave outer profile.

41, The golf club head of claimn 39, wherein the elevated arca has a peripheral
edge defined by an mner edge of the annular tapered area, and the peripheral edge defines a
shape that 1s clongated to have a maximum dimension along a first axis, and wherein the
shape comprises a first enlarged arca having a first divnension along a second axis
perpendicular to the first axis, a second enlarged area having a second dimension along the
second axis, and a narrowed connecting portion connecting the first area and the second area,
the connecting portion having a third dimension along the second axis that is smaller than the
first and second dimensions,

42, The golf club head of claim 3%, wherein the golf club head is a wood-type golf
chub head or a hybrid-type golf club head, and the internal cavity is completely enclosed by

the face member and the at least one body member.
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43. A golf club comprising the golf club head of claim 38 and a shaft engaged

with the head.
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