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PROVIDING A HEAD BOUY OF A GOLF CLUB HEAD
COMPRISING A HEAD FRONT PORTION .
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vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

COUPLING A FACE PORTION TC YHF HEAD FRONT PORTION, THE 1900
?A"E PORTION COMPRISING A STRIKEFACE WITH AN AUGMENTED FACE SI7E

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv
vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

- CONFIGURING THE GOLF CLUB HEAD TO COMPRISE A FIRST OPTIMIZATION
CHARACTERISTIC, WHERE A CG HEIGHT BETWEEN A CENTLR OF CRAVITY |
OF THE GOLF CLUB HEAD AND A HEAD DEPTH PLANL OF THE GOLE 4500
CLUB HEAD IS APPROXIMATELY Omm TO APPROXIMATELY 5.08mm

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv
vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

. CONFIGURING THE GOLF CLUB HEAD Tl COMPRISE A SECOND CPTIMIZATION

- CHARACTERISTIC, WHERE A RATIO BETWEEN (A) 76.2MM MINUS THE FACE | 1400
HETGHT, AND (B ) A CG DEPTH BETWEEN THE SIRIKEFACE CENTER POINT B
AND THE GENTER OF GRAVIIY, 15 LESS THAN 0.0

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv
vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

CONF GURING THE GOLF CLUB HEAD TD COMPRISE A THIRD OPTIMIZATION
CHARACTERISTIC, WHERE A HEAD VOLUME %A{JNJU Ot, ADDED 1O 4500
RATTO BETWEEN THE 06 DFPTH AND THE CG HEIGRT, 15 .
GREATER THAN OR EQUAL 10 429

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv
vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

- CONFIGURING THE GOLF CLUB HEAD TO COMPRISE A FOURTH OPTIMIZATION
- CHARACTERISTIC, WHERE THE GOLF CULB HEAD'S HORIZONTAL MOMENT R, 005
OF INERTIA IS GREATER THAN OR EQUAL 1O 39%
OF TTS HOSFL MOMENT OF INFRTIA

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv
vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

CUNFIGURING THt GOLF CLUB HeAD 10 COMPRISE A rIbid OPTIMIZATION |
CHARACTERISTIC, WHLRL THE GOLF CLUB HEAD'S VERTICAL 4700
MOMENT OF INERTIA IS COREATER THAN OR EQUAL TO 597 -

Or 115 ROSEL MUNEM! Or INERTIA

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv
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PROVIDING A MASS REDIQTRIBUHOE‘ MECHANISM TO ADJUST ThE 1200
CENTER OF GRAVITY OF THE GOLF CLUB HEAD
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GOLECLUB BREADS WEITH OPTIMIZRD (. HARACTERISTIC N
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AND RELATED METHODS

CROSS-REFERENCE TO RELATED APPLICATIONG)

This 18 an Infernational Patent Application claiming the benefit of:
U.8. Patent Application No. 13/804 859, filed on March 14, 2013 at the U.S. Patent &
Trademark Ottice;

U.S. Patent Apphication No. 13/804,917, filed on March 14, 2013 at the U.S. Patent &

Trademark Oftice; and

FR

ULS. Patent Application No. 13/826, 111, filed on March 14, 2013 at the U.S. Patent &
Trademark Office.

The disclosures cited above are incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates generally 1o sporis equipment, and relates, more particuiarly, o

golf club heads with optimized characieristics and related methods.

BACKGROUND

Golf club beads often comprise different features that can be designed or configured to mmprove
one or more of their performance characteristics. Innate interplay between such different features
often exists, however, such that adjusting or configuring one feature may imherently alter another
teature, often disadvantageousiy. As an example, expanding the stnkeface of a golf club
provide a greater nnpact area can alter the location of the center of gravity of the golf club
disadvantageously, and unintended performance consequences may ensue it features are not
configured or designed in a balanced manner 1o account for the interpiay between the different
catures.

Considenng the above, further developments with respect to golf chub features that are

balanced with respect to each other will enhance the performance of golf clubs.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disciosure may be better understood from a reading of the folliowing detailed

description of examples of embodiments, taken in conjunction with the accompanymg figures.
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FIG. 1hllustrates a front view of a golf ¢club head n accordance with the present disclosure.

FI(. 2 illustrates a side cross-sectional view of the golf club head along lme H-H of FIG. 1.

FIG. 3 sllustrates g bottom view of the golf club head of FiGs. 1-2.

FIG. 4 illustrates a ftlowchart for a method that can be used to provide, form, and/or
manutacture a golf club head in accordance with the present disclosure.

For simphicity and clanty of sHustration, the drawing figures illustrate the general manner of
construction, and descriptions and details of well-known features and techniques may be omitted to
avoid unnecessarily obscuring the present disclosure.  Additionally, elements in the drawing

nents i

pm

figures are not necessanily drawn (o scale. For example, the dumensions of some of the ele
the figures may be exaggerated relative to other elements to help improve understanding of

embodiments of the present disclosure. The same reference numerals m different figures denote

the same elements.

{

The terms “first)” “second,” “third)” “fourth,” and the like n the description and 1 the clamms,

if any, are used for distinguishing between sinmuiar elements and not necessarily for descrnibing a

particular sequential or chronological order. It 15 to be understood that the terms so used are
mterchangeable under appropriate circumstances such that the embodiments described heremn are.
tor example, capable of operation in sequences other than those tllustrated or otherwise described
herein. Furthermiore, the terms “mclude,” and “have,” and any variations thereof, are infended to
cover a non-exchusive melusion, such that a process, method, sysiem, article, device, or apparatus
that comprises a hist of elements 1s not necessarily himited to those elements, but may include other

elements not expressiy listed or inherent to such process, method, svstem, articie, device, or

apparatus.
The terms “left,” “right)” “front)” “back,” “top,” “bottom,” “over,” “under,” and the hike in the

description and in the clamms, if any, are used for descriptive purposes and not necessarnily for

4

describing permanent relative positions. It 18 to be understood that the terms so used are
interchangeable under appropriate circumstances such that the embodiments of the apparatus,

methods, and/or articles of manufacture described herein are, for example, capable of operation in

other onentations than those itlustrated or otherwise described heretn.

x

couple.”

N

“coupled,” “couples,” “coupbmng,” and the hke should he broadly

(A

The terms
understood and refer to connecting two or more elements, mechamicatly or otherwise. Coupling
{whether mechanical or otherwise) may be lor any length of time, ey, permanent or
semi-permanent or only for an instant.

The absence of the word “removably,” “removable,” and the like near the word “coupled,” and

the like does not mean that the coupling, ef¢. 1o guestion 18 or 18 not removable.

e
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As defined heremn, two or more clements are “integral” if they are comprised of the same piece
of material. As defined herein, two or more elements are “non-integral” 1f each is comprised of a

different piece of material,

DETAILED DESCRIPTION

In one example, a golt club head can comprise a head body comprising a head nterior and a
hosel structure. The head mterior can be bounded by a head front portion, a head rear portion, a
head heel portion, a head toe portion, a head top portion, and a head sole portion. The hosel
structure can have a bore for receiving a golf club shatt, where the bore can have a hosel axis. The
oolf club head can also compnse a head center of gravity, a head honzontal axis exiendmg through
the head center of gravity, from the head heel portion to the head toe portion, and parallel to a
ground plane when the golf club head s at an address position over the ground plane, a hosel
moment of inertia about the hosel axis, and g hornizontal moment of mertia about the head
horizontal axis. The horizontal moment of mertia can be greater than or equal to 39% of the hosel
noment of nertia.

In one example, a golf club head can comprise a head body comprising a head mterior and a
hosel structure. The head mtenior can be bounded by a head front portion, a head rear portion, a
head heel portion, a head toe portion, a head top portion, and a head sole portion. The hosel
structure can have a bore for receiving a golf club shait, where the bore can have a hosel axis. The
oolf ciub head can also comprise a head center of gravity, a head vertical axis extending through
the head center of gravity, trom the head top portion to the head sole portion, and perpendicular 1o
a ground plane when the golf club head 1s at address over the ground plane, a hosel moment of

i
X

merfia about the hosel axis, and a vertical moment of inertia about the head vertical axis. The
vertical moment of mertia can be greater than or equal to 59% of the hosel moment of mnertia.

In one implementation, & method for providing a goif club head can comprise providing a head
body having a head mnterior and a hosel structure. The head interior can be bounded by a head front
portion, a head rear portion, 3 head heel portion, a head foe portion, a head top portion, and a head
sole porfion. The hosel structure can have a bore for receiving a golf club shafi, where the bore
can have a hosel axis. The method can also comprise coupling the golf club shaft to the hosel
struciure. A head honizontal axis can extend through a head center of gravity of the goif club head,
from the head heel portion to the head toe portion, and parallel 1o a ground plane when the golf
club bead 1s at an address position over the ground plane. A head vertical axis can extend through
the head center of gravity, from the head top portion {0 the head sole portion, and perpendicular to

the ground planc when the goif club head 15 at address over the ground plane. In addition,
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providing the head body can comprise at least one of) {a) establishing a hortzontal moment of
mertia about the head horizontal axis to be greater than or equal {o 39% of 3 hosel moment of
inerfia about the hosel axis, or (b} establishing 3 vertical moment of 1nertia about the head vertical
axis 1o be greater than or equal to 59% of the hosel moment of inertia about the hosel axis.

In one example, a golf chub head can comprise a head body comprising a head front portion, a

head rear portion, a head heel portion, a head toe portion, a head sole portion, a head top portion,

and a hosel structure having a bore for recetving a golf club shaft, where the bore can have a hosel
axis. The golf club head can also comprise a strikeface at the head front portion and comprising a
strikeface centerpoint, a head volume measured in ¢C’s and comprising a head volume magnifude
oreater than 420, a head center of gravity, and an optimization charactenistic. When the golf club
head 1S at an address position over a ground piane, a head vertical axis extends through the head
center of gravity and 1s orthogonal to the ground plane, and a head horizontal axis extends through
the head center of gravity, and is orthogonal 1o the head vertical axis. A loft plane of the golf club
head can be tangent to the strikeface centerpoint. A front plane of the golf club head can extend
hrough the strikeface centerpomnt and parallel to the hosel axis. A head depth plane can extend
through the strikeface centerpoint, paraliel to the head honzontal axis and perpendicular to the loft
plane. A (G height can axis extends through the head center of gravily and can mtersect the head
depth plane perpendicularly at a first wntersection pomnt. A head CG height of the head center of
gravity can be measured, along the CG height axis, between the head center of gravity and the first
mtersection point. A head UG depth of the head center of gravily can be measured, paraliel to the
oround plane and orthogonal to the front piane, between (a) a second intersection point located at
an intersection between the front plane and the ground plane, and (b) a third mtersection point
located at an intersection between the head vertical axis and the ground plane. The optimization
characteristic can be detined by {(a) the head volume magnitude added to (b) a ratio between the
head CG depth divided bv an absolute value of the head CG height. The optimization
charactenisiic can be greater than or equal to 425,

In one example, a golf chub head can compnise a head body comprising a head front portion, a
head rear portion, a head heel portion, a head toe portion, a head sole portion, a head top portion,
and a hosel structure paving a bore for recerving a goitf club shaft, where the bore can have a hosel
axis. The golf club head can also comprise a sirikeface at the head front portion and comprising a
strikeface centerpoini, and a head center of gravity. When the golf club head 15 at an address

*

position over a ground piane, g head vertical axis extends through the head center of gravity and s

¥

orthogonal 1o the cround plane, and a head honzontal axis extends through the head center of

gravity, and s orthogonal {o the head vertical axis. A loft plane of the golf clab head can be
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tangent to the sirikeface centerpoint. A front plane of the golf club head can extend through the
strikeface centerpoint and parallel to the hosel axis. A head depth plane can extend through the
strikeface centerpoint, paralie! to the head horizontal axis and perpendicular to the loft plane. A

(G height axas can extend through the head center of gravity and can intersect the head depth

plane perpendicularly at a first miersection pomt. A head CG height ot the head center of gravity

can be measured, along the CG height axis, between the head center of gravity and the first
mtersection point. A head CG depth of the head center of gravity can be measured, paralliel to the
ground plane and orthogonal to the front plane, between (a) a second mtersection point located at
an intersection between the fromt plane and the ground plane, and (b) a third intersection point

located at an intersection between the head vertical axis and the ground plane. An absoiute value

ot the head UG height can be less than or equal to 2.54 mm. The head (G depth can be greater
than or equal to 40.64 mm.

In one unplementation, a method for providing a golf club head can comprise providing a head
body comprising a head front portion, a head rear portion, a head heel portion, a head toe porfion, a
head sole portion, a head top portion, and a hosel structure having a bore for recerving a golf club
shatt, the bore having a hosel axis. The method can also comprise coupling a strtkeface at the head
front portion, and establishing an optimization characteristic of the golf club head. The striketace
comprises 4 striketace centerpoint. A head volume of the golf chib head can be measured n cc’s
and can comprise a head volume magnitude greater than 420, When the golf club head 15 at an
address position over a ground plane, a head vertical axas can extend through the head center of
oravity and can be orthogonal to the ground plane. A head horizontal axis can extend through the
head center of gravity, and can be orﬁmgmpai to the head vertical axis. A loft plane of the golf club
head can be langent to the strikeface centerpomi. A front plane of the goll club head can extend
through the strikeface centerpoint and parallel to the hosel axis. A head depth plane can extend
through the strikeface centerpoint, paraliel fo the head horizontal axis and perpendicular to the loft
plane. A C0 hewght axas can extend through the head center of gravity and can mtersect the head
depth plane perpendicularly at a first mtersection point. A head CG height of the head center of
gravity can be measured, along the CG height axis, between the head cenfer of gravity and the first
mtersection pomt. A head (G depth of the head center of gravity can be measured, paraiiel 1o the

sround plane and orthogonal to the front plane, between (a) a second intersection point located at

tk“

an mtersection between the front plane and the ground plane, and (b) a third intersection point
located at an intersection between the head vertical axis and the ground plane. The optimization

characterisfic can be established by {a) the head volume magnitude added to (b} a ratio between the

!
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head CG depth dovided by an absolute value of the head CG height, where the optimuization
characteristic can be greater than or equal to 425,

In one example, a golt club head can comprise a head body, a {ace portion, and a head center of
oravity, and at lecast one of a first performance characteristic or a second performance
characteristic. The head body can comprise a head front portion, a head rear portion, a head heel
portion, a head toe portion, a head sole portion, a head top portion, and a hosel structure having a
bore for receiving a golf club shaft, where the bore can have a hosel axis. The face portion can be
at the head front portion and can comprise a stnikeface centerpomt, a sinikeface perumeter, and a
tace height bounded by the strikeface perimeter. When the golf club head is at an address position
over a ground plane, a head vertical axis extends through the head center of gravity and is
orthogonal 1o the ground plane, and a head horizontal axis extends through the head center of
oravity, and 1§ orthogonal to the head vertical axis. A loft plane of the golf club head can be
tangent to the strikeface cenierpomt. A ifront plane of the golf ¢lub head can extend through the
striketace centerpomnt and paraliel to the hosel axis. A head depth plane can extend through the
striketace centerpoint, parallel to the head honzontal axis and perpendicular to the loft plane. A
CG height axis can extend through the head center of gravity and can intersect the head depth
plane perpendiculariy af a first intersection point. A head O height of the head center of gravity
can be measured, along the CG height axis, between the head center of gravity and the first
imtersection point. A head CG depth of the head center of gravity can be measured, parallel to the
ground plane and orthogonal 1o the front plane, between (a) a sccond mtersection pomnt located at
an infersection between the front plane and the ground plane, and (b) a third mtersection point
located at an mtersection between the head vertical axis and the ground plane. The face height can
be approximately 33 mun to approximately 71 mm, measured parallel to the lolt plane. The fust
performance charactenistic can comprise the head G height being less than or equal o

approximately 5.08 mm. The second performance characteristic can comprise a €O performance

ratio of less than or equal to 0.56, as defined by {a) 76.2 rom munus the face height, divided by (b)
the head CG depth.

In one example, a goif club head can comprise a head body, a face portion, and a head center of
oravity. The head body can comprise a head froni portion, a head rear portion, a head heel

portion, a head toe portion, a head sole portion, a head top portion, and a hosel structure having a

o

bore for receiving a golf club shaft, the bore having a hosel axis. The face portion can be coupled

) 1

to the head front portion and can comprise a sirikeface having a strikeface centerpont, a strikeface
perumeter, and a face height. When the golf club head 15 at an address position over a ground

piane, a head vertical axis extends through the head center of gravity and s orthogonal {o the
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ground piane, and a head horizontal axis extends through the head center of gravity, and 1s
orthogonal to the head vertical axis. A loft plane of the golf club head can be tangent fo the
strikeface centerpoint. A iront plane of the golf club head can extend through the strikeface
centerpomt and paraliel to the hosel axis. A head depth plane can extend through the strikeface

A

wrizontal axis and perpendicular to the loft plane. A CG height

FUU“

centerpomnt, parallel to the head
axis can extend through the head center of gravity and can intersect the head depth plane
perpendicuiarly at a first intersection point. A head CG height of the head center of gravity can be
measured, along the C0G height axis, between the head center of gravity and the first intersection
point. A head G depth of the head center of gravity can be measured, paraliel to the ground
piane and orthogonal to the front plane, between (a) a second mtersection point iocated at an
intersection between the front plane and the ground plane, and (b) a third mtersection pomnt located
at an mtersection between the head vertical axis and the ground plane. The face height can be
approximately 33 mm to approximately 71 mm, as delinmted by the strikeface perimeter and
measured paraiiel to the loft plane. A G performance ratio between {3} 70.2 mm nunus the face
height, and (b) the head C{ depth, 1s less than or equal to 0 56, The head body can comprise a
driver-type body. A head volome of the golf club head can be approximately 420 c¢¢ to
approxunately 470 c¢c. A head weight of the golf club bead can be approximately 185 grams {o

approximately 225 grams. The head CG height can be approximately O mm to approxunately 3.18

Jn

mm. The head CG depth can be approximately 25 mym to approxamately 102 mm. The head body

can comprise a wetght structure located towards the sole portion and the rear portion of the head
body.

In one implementation, a method for providing a goit club head can comprise providing a head
body having a head front portion, a head rear portion, a head heel portion, a head toe portion, a
head sole portion, a head top portion, and a hosel structure having a bore for receiving a goit club

~3

shait, the bore having a hosel axis. The method can ailso comprise coupling a face portion to the
head front portion, the face portion comprising a strikeface baving a sirikelace centerpoint, a
striketace perimeter, and a face height bounded by the strikeface perimeter. The method an further
comprise establishing at least one of: a first performance characteristic of the golf club head, or a

second performance characteristic of the goif club head. When the golf ¢lub head 1s af an address
position over a ground plane, a head vertical axis extends through a head center of gravity of the
golf club head and 1s orthogonal 1o the ground plane, and a head honzontal axis extends through
the head center of gravity, and is orthogonal 1o the head vertical axis. A loft plane of the golf ¢lub

head can be tangent to the strikeface centerpomt. A front plane of the golf club head can extend

through the sinikeface centerpomt and parallel to the hosel axis. A head depth plane can extend
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through the strikeface centerpoint, paraliel to the head horizontal axis and perpendicular to the loft
plane. A CG height axis can extend through the head center of gravity and can intersect the head
depth plane perpendiculariy at a first mtersection point. A bead CG height of the goif club head
can be measured, along the G height axis, between the head center of gravity and the first

mtersection point. A head UG depth of the head center of gravity can be measured, paraliel to the

-

d intersection point located at

oround plane and orthogonal 1o the front plane, between: (a) a seco

an mtersection between the front plane and the ground plane, and (b) a third intersection pount
focated at an mtersection between the head vertical axis and the ground plane. The face height can
be approximately 33 mm to approximately 71 mm, measured parailel to the loft plane. The first
performance characteristic can comprise the head G height being less than or equal to
approximately 5.08 mm. The second performance characteristic can comprise a UG performance
ratio of less than or equal 1o 0.56, as defined by (a} 76.2 mm nuinus the tace height, divided by (b)
the head CG depth.

Other examples and embodiments are further disclosed herem. Such examples and
emboduments may be found 1 the figures, n the claims, and/or 1n the present description.

Turning to the drawings, FIG. 1 illastrates a front view of golf club head 1000, comprising

head body 1100 and face portion 1200, Face portron 1200 mcludes strikeface 1210, FiG. 2

oot

iltustrates a side cross-sectional view of golf club head 1000 along bine 1I-1] of FIG. 1. FIG. .
illustrates a bottom view of golf club head 1000,  FIGs. 1-3 present golf club head 1000 at an
address posttion relative to ground plane 1010, where hosel axis 1710 15 at a 60-degree angle with
oround plane 1010 with respect to a front view of golf club head 1000 {(FiG. 1}, and where hosei
axis 1710 1s substantially orthogonal to ground plane 1010 with respect to a side view of golf club
head 1000 (FIG. 2).

In the present embodiment, head body 1100 and face portion 1200 comprise separate pieces of
material coupled together, for example, via a welding process. In other exampies, however, face
portion 1200 may comprise a single prece of material with one or more portions of head body
1100, such as head front portion 1110, head top portion 1120, head sole portion 1130, head heel
portion 1140, head toe portion 1150, and/or head rear portion 2160. Head forward surface 1160 of
oolf ciub head 1000 comprises sirikeface 1210, face portion 1200, and at least part of head front
portton 1110, In some embodments, head forward surface 1160 also can include at least part of
head sole portron 1130, In the same or ditferent embodiments, head front portion 1110 can include
strikeface 1210 and/or face portion 1200,

Face portion 1200 comprises striketace 1210 having strikeface centerpomt 1211, strikeface

permmeter 1212, and face height 1213, Strikeface centerpomnt 1211 18 located at a geometric
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centerpoint of strikeface perimeter 1212 in the present example, and at a mudpoint of face height
1213, In the same or other examples, strikeface centerpoint 1211 also can be centered with respect
to engineered umpact zone 1250, which can be defined by a region of grooves 1259 of sinketace
1210, As another approach, strikeface centerpomt 1211 can be located in accordance with the
definition of a golf governing body such as the United States Golt Associatzon {(USGA). For
example, strikeface centerpomnt 1211 can be determuned i accordance with Section 6.1 of the
USGA’s Procedure for Measuring the Flexubilnty of a Golf Clubhead (USGA-TPX3004, Rev.
1.0.0, May 1, 2008} (available at hiop;
Measunny- Dhe-Flexaibiiny-U - A-Goli-Ulub-k

mrotoeels! Procedure-For-

&),

Golf club head 1000 comprises loft plane 2270 (FIG. 2), whuch s at least tangent to sirikeface
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centerpomnt 1211 at strikeface 1210. Face height 1213 can be measured parailel to loft plane 2270
between strikeface top end 1215 and striketface bottom end 1216 of strikeface perymeter 1212, and
can be of approximately 33 muillimeters {mm) (o approximately 71 mm m the present or other
examples.

Strikeface perimeter 1212, comprising striketace top end 1215 and strikeface bottom end 1216
defining face height 1213, need not bound an entirety of face portion 1200, For example, as seen
i FIG. 1) strikeface 1210 s bounded by sintkeface perimeter 1212 and 1s only part of face portion
1200, In some examples, siriketace 1210 can comprise a roll radius and/or a bulge radius, and
strikeface perimeter 1212 can be defined along a transition boundary where a contour of face
portion 1200 departs from the roll radwus and/or the bulge radius of strikeface 1210, For example,
Fi(z. 2 contams a zoom view of part of the top transition boundary of golf club head 1000,
highiighting vertical roll radius 2170 extending aiong striketface 1210, and showing how strikeface
top end 12135 s located at the top transifion boundary where head forward surface 1160 departs

1
}

from vertical roil radus 2170, FiG. 2 also contams a zoom view of part of the boftom fransition

boundary of goif club head 1000, highlighting vertical roll radius 2170 extending verticaily along
strikeface 1210, and showmg how sirikeface bottom end 1216 15 located at the bottom transiion
boundary where head forward surface 1160 departs from vertical roll radius 2170

In the same or other emboduments, strikeface perimeter 1212 can be defined with respect o the
edge of a strkepiate comprising the strnikeiace. For instance, face portion 1200 comprises
strikeplate 1220, where striketace 1210 forms an exterior surface of faceplate 1220, and where
strikepiate 1220 15 jomned to head front portion 1110 along strikeplate edge 1221, In the present
example, strikepiate edge 1221 defines at ieast part of sirikeface perimeter 1212, mciuding the top

and bottom sections of strikeface perimeter 1212 where strikeface top end 1215 and strikeface

bottom end 1216 are respectively located to deline face height 1213, but there can be other
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examples where the strikeplate edge of the sirikeplate can define a majority or all of the strikeface

perimeter of the strikeface.

A

As shown m FIG. 2, golt club head 1000 also comprises head center of gravity (UG} 2500,
head depth plane 2310, and CG height axas 2320, where head depth plane 2310 extends through
striketace centerpomt 1211 and 15 perpendicular to loft plane 2270, and where UG height axis 2320
extends through head center of gravity 2500 and intersects head depth plane 2310 perpendicularly

at intersection point 2801,

Head center of gravity 2500 comprises (G height 2520 and CG depth 2510, which locate head
center of gravity 2500 relative to goif club head 1000, In the present examiple, UG height 2520 can
be measured along CG height axis 2320, between head center of gravity 2500 and intersection
point 2801, G depth 2510 can be measured, as seen in FIG. 2, paraliel to ground plane 1010 and
between intersection pomts Z802-2803. In the present example, mtersection point 2802 is detimed
by the infersection between ground plane 1010 and front plane 2280, where front plane 2280
extends through strikeface centerpomnt 1211, s paraliei to bosel axis 1710, and i1s orthogonal 10
ground plane 1010 when golt club head 1000 15 at the address position.  In addition, intersection
point 2803 1s defined by the intersection between ground plane 1010 and head vertical axis 1610,
where head vertical axus 1610 extends through head center of gravity 2500, and 1s orthogonal to
ground plane 1010 when golf club head 1000 15 at the address position. Head center of gravity
2500 can also be located relative to ground plane 1010, where head CG elevation 2530 of head
center of gravity 2500 can be measured along head vertical axas 1610, between weight center 2750
and ground plane 1614

Head body 1100 of golt club head 1000 also comprises hosel structure 1217 (FIG. 1) and hosel

axis 1710 extending along a center of a bore of hosel structure 1217, In the present example, a

g A Sl

hosel couplimg mechanism of golf club head 1000 comprises hosel structure 1217 and shaft sleeve
1411, where shaft siceve 1411 can be coupled to an end of golf shatft 1410, Shait siceve 1411 can
couple with hosel structure 1217 1n a plurahty of configurations, thereby pernutiing golt shaft 1410

to be secured to hosel structure 1217 at a phlurality of angles relative to hosel axis 171G, There can

be other examples, however, where shaft 1410 can be non-adjustably secured to hosel structure
1217.

Golf chub heads i accordance with the present disclosure can be configured 1o exhibit one or
more optimization charactenistics that optimize or balance the performance thereof. For example,
one charactenstic of golt club heads that the present designs strive {0 optinuze 18 that of face height
and/or face size. Maxinuzing the face height and/or face size of a golt club head can have several

benefits, such as mcreasing the target umpact area of the strikeface to yield a more forgiving clab

18
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head that produces better resulis for golf shots that are hit off-center of the strikeface centerpont.
In additton, a strikeface of larger height and/or size can provide for better energy transfer to the
goif ball upon impact therewith, and may thus increase a charactenstic iime or a sprng etfect” of
the golf club head to achieve golf shots of longer distance. In some exampies, the height or size of
the strikeface may be augmented to achieve a characteristic time himit set by a golf governing
body, such as the charactenstic fime lumit of 239 microseconds (s} set by the USGA i s
Fiexibility Procedure.

indiscriminately increasing face height and/or size, however, can adversely affect performance
in other areas, such as with respect to launch angle, ball spin, and/or ball speed of the golf ball
upon umpact wilh the strikeface. For example, increasing {ace height and/or size can decrease the
(G depth between the center of gravity and the strikeface centerpoint of the golf club head to bring
the center of gravity forward, thereby reducing the dynamic loft of the golf club head and thus
decreasmg the launch angle for the golt ball. As another example, mcreasing face height and/or
size can raise the CG height between the center of gravity and the head depth plane to elevate the
center of gravity away from the sole of the golf club head, thereby mhibiting a gear effect between
the strikeface and the golf bali, thus preventing the goif club head from decreasing the amount of

4

backspin of the golf ball created upon tmpact, and thus decreass

1 the distance the ball will travel

due to the backspmn.

Considernng the above, the height or size of the face of the goif club head should be balanced

with respect to the location of the center of gravity, With respect to golf club head 1000, strikeface
1210 has been increased to comprise an augmented face size and/or face height 1213 {0 provide a
larger impact area and greater energy transfer to goif ball 2900, In particular, golf club head 1000
can be configured so that face hewght 1213 can be of approximately 33 mm 0 approximately 71
mrn to provide greater impact area and energy transter apon unpact with golt ball 2908, In some
examples, an area of strikeface 1210, mcluding the augmented face area, can be of approximately
23.6 centimeters squared (em’) to approximately 45.2 cm”.

Notwithstanding the augmented face size and/or face height 1213 described above, golf club
head 1000 still restricts CG height 2520 from increasing towards head top portion 1120 and/or
from straving too far from head depth plane 2310. For example, golf club head 1000 comprises a
first optimization characteristic satistying Relation 1 below:

i{,G heightggggg < 508 mm EReiatian 1§

There can be examples where UG height 2520 can be of approxumately 0 mm up to Relation

Us ot of 5.08 mun. G height 2526 can also be of up 10 a maximun of approximately 4.45 mm,

381 mm, or 3.18 mm i other examples. In some mmplementations, the first onttmization
, P 1 ,.

i1
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characteristic can decrease the backspin of golf ball 2900 via a gear effect between sinikeface 1210
and golf ball 2900 for better performance. Although head center of gravity 2500 1s shown mn FIG.
2 as being below depth plane 2310, such that UG height 2520 extends between depth plane 2310

and head sole portion 1130, there can be embodiments where head center of gravity 2500 can be

»>

s
poamd,

above depth plane 2310, such that G height 2520 extends between depth plane 2310 and head
top portion 1120, while still satistyving Relation 1 above.

in addition, and considering the augmented face size and/or face height 1213 described above,
golf club head 1000 still restricts center of gravity 2500 from moving towards sinkeface (212,
thereby preventing CG depth 2510 from unduly decreasing. For exampie, goil club head 1000
comprises a second opiimization characteristic satistving Relation 2 below:

iRelation 2}

{ G d &%pﬁhgs i

Accordingly, the relationship between face height 1213 and CG depth 2510 1s balanced
pursuant to Relation 2 to mamntain the second optimization characteristic of less than or egual {0
(.56, thereby hmuting the amount that CG depth 2510 can decrease towards striketace 1210, There
can be examples where CG depth 2510 can be approximately 25 mm to approximately 102 nun. In
the same or other exampiles, CG depth 2510 can be at least approximately 39 mm. [n some
implementations, the second optimization characteristic can ncrease ot optimize at least one of a
dynianuc loft of golf club head 1000 or a launch angle of golf ball 2900 upon impact therebetween.

in some exampies, goll club head 1000 may be conhigured to comprise only one of the first or
second opfrimization characteristics described above. For example, goif club bead 1000 may
comprise the first optimization characteristic and not the second optimization characteristic, thus
satisfying Relation 1 without having to satisfy Relation 2. As another example, golf ¢lub head
1000 mayv comprise the second optimization characteristic and not the first optimization
characteristic, thus satistying Relation 2 without having to satisty Relation 1. In addifion, there
can be embodiments where golt club head 1000 sabshies both Relations 1 and 2, and thus
comprises the first and second optimization charactenstics.

Golf club head 1000 can also comprise a third optimization characteristic with respect to bead

volume (HV) 2600 thereof. |

1 the present exampie, head body 1000 of goif club head 1600

comprises a driver-type body with a head volume greater than or egual to 420 cubic centimeters
{cc), and thus has a head volume magnmitude greater than or equal to 420, For exampie, head body
1000 can comprise a head volume of 420 cc, thus baving a head volume magnitude of 420, As

another example, golf club head 1000 can comprise a head volume of 460 cc, thus having a head

volume magmitude of 460, Golf chub head 1000 can comprise a head volume up to approxamately
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470 co, in some implementations, and/or a total head weight of approximately 185 grams to

b2

approxymately 225 grams. In some speciiic examples, the total head weight can be approximately
202 grams, and/or the head volume can be of approximately 460 cc.
The third optimization charactenistic can control the relationship between head volume 2600
and the location of center of gravity 2500, and can be detined to satisty Relation 3 below:
HY + { s d@;gﬁ! 1856 = 425 E:Relatien 3§
G ht’ﬁigh‘izgggi

In some nstances, head volume 2600 can be increased fo adjust, for mnstance, a moment of
inertia (MOI) of golf club head 1000, An unrestrained increase in head volume, however, can have
detrimental effects with respect to other characteristics of the golf ciub head. For example,
mereasing head volume 2600 can cause head center of gravity 2500 to shift towards head front
portion 1110, towards head top portion 1120, towards other undesired directions, and/or away from
a desired center of gravity focation or direction(s), thereby hampering the performance of golf club

ead 1000. Such undesired changes in the center of gravity location can detrimentally affect one
or more Characteristics of the golf club head, such as launch speed, launch angle, gear effect,
backspin, and or shot distance. Accordingly, the third optinuzation characterisiic used to balance
the relationship between head volume 2600 and the location of head center of gravity 2500 can be
established to vield desirable and balanced attributes for golf club head 1000. For mstance, a
weight distribution of golf club head 1000 can be configured to satisty Relation 3 so that goli club
ficad 1000 can exiubit the thurd optimsization charactenstic, thereby permitting head volume 2600
to be augmented for greater moment of mertia and greater energy transfer to golf ball 2900 upon a
goit unpact between sirtkeltace 1210 and ol ball 2900, In the same or other mplementations, the

weight distribution of golf ciub head 1000 can be configured for restricting CG depth 2510 from

LT

decreasing towards head front portion (110 due to the auvgmenied head volume 2600, thus

mcreasing at least one of a dynamuc loil of strikeface 1210 or a launch angle of goli ball 29060 upon
the golf 1mpact. In addition, the weight distribution of golf club head 1000 can be configured for
restricting (G height 2520 from increasing towards head top portion 1120 as a result of the
augmenied fead volume 2600, thereby decreasing a backspin of goli ball 2900 via a gear efiect
between sirtkeface 1210 and golf ball 2900 upon the golf impact.

{Constdering the above, to attain the third optimization characterisiic m compliance with
Relation 3, UG depth 2510 can be configured {0 be greater than or equal to 40.04 mm. In the same

or other embodiments, the absolute value of UG height 2520 can be less than or equal t0 2.54 mm.

Note that CG height 2520 1s characterized as an absolute value, considering that head center of

L
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gravity 2500 can be above or below head depth plane 2310 in some embodiments. Although the

third optimization characteristic has a lower bound of at least 425, there can be other embodiments
where the third optimization characteristic can be defined with respect to other lower bounds. For
instance, the third optimization characteristic can comprise a iower bound of at least 435 or 445 in
some implementations. The jocation of head center of gravity 2500 can alsc be designed or
configured with respect to other features of goif club head 1000 in order to satisiv Relation 3
and/or to atiain the third optimization characteristic. For instance, the location of head center of
gravity 2500 can be configured such that CG depth 2510 comprises between approxumately 25% to
approximately 80% of head depth length 2312, where head depth length 2312 1s measured {rom
strikeface centerpoint 1211 to an intersection of an extertor of head rear portion 2160 by head
depth plane 2310. As another example, the location of head center of gravity 2300 can be
contigured such that CG height 2520 comprises between approximately 0% to approximately 13%
of CG height axis length 2322, where CG hetght axis length 2322 13 measured from an mtersection
of an exterior of head top portion 1120 by UG height axis 2320, to an mntersection of an exterior of
head sole portion 1130 by €6 height axis 2320,

Golf club head 1000 also can comprise a fourth optimization characteristic with respect to a
balance between hosel MO 1711 (FIG. 1) and horizontal MOI 1811 (FIG. 1), Hosel MOI 1711 15
defined about hosel axis 1710, Horizontal MOV 1811 15 defined about head horizontal axis 1810,
which extends through head center of gravity 2300, from head heel portion 1140 to head toe
portion 1150, and paraliel to ground plane 1010 when goli club head 1000 1s at the address
position over ground plane 1010,

In some exampies. horizontal MOT 1811 can be mcreased to restrict a rotation of goif ciub head
1000 about head hortzontal axis 1810 when strikeface 1210 hits golf ball 2600 olf-cenler towards
head top portion 1120 or head sole portion 1130, therebv mncreasing the forgiveness of golf club

head 1000 for such high or low mus-hits. For instance, to increase horizontal MOI 1811, weight

U’-'-?

may be added or repositioned towards head front portion 1110 and/or head rear portion 2160, In
the same or other exampiles, golt club head 1000 can be lengthened towards head front portion
1110 and/or head rear portion 2160,

Such adjustments or changes o mcrease honzontal MO@ 1811 can be made up to a pomt,
however, before they start affecting other golf chub head characteristics. For example, unrestramed
adjustiments to increase horizontal MO 1811 can lead to an undue increase in hosel MOI 1711 of
not properiy balanced, thereby increasing the resistance of golf ciub head 1000 to rotate about
hosel axus 1710, an thus making 1t hard for a person t¢ “turn over’ the golt club during a goif

swing for proper posttiomng or “squaring” of golf club head 1000 at tmpact with golt ball 2604,

i4
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An merease tn hosel MOT 1711 also can restrict or reduce a gearing etfect between golf ball 2600
and strikeface 1210 that would otherwise tmpart some corrective spin to golt ball 2600 during oft-
center Impacts.

To reduce bosel MOT 1711, golf club head 1000 can be designed to limut the distance between
hosel axis 1710 and any additional or discretionary mass of goit club head 1000, Such approaches
t0 decrease hosel MOI 1711, it not properly balanced, can be mcompatible with some of the
approaches described above to increase horizontal MO 1811, Accordingly, weight addition or
redistribution for golf club head 1000 to increase honzontal MO 811 should be balanced with
respect 10 maimtaining or restricting an mcrease i hosel MOIL 1711,

fn Light of the above, the fourth optinuzation characteristic of goif ciub head 1000 controis the
relationship between horizontal MO 1811 and hosel MOIL 171 satisty to satisty Relation 4
below:

{Horizontal MOl 511} > 39% (Hosel MO}  [Relation 4]

There can be exampies where golf club head 1000 can be configured so that its fourth
optimization characteristic can surpass the requirements of Relation 4. As an example, m some
implementations, the fourth optimization characternistic ot golf club head 1000 can be configured so
that hornizontal MOI1 1811 1s greater than or equal to 40% of hosel MOI 1711, greater than or equal
to 45% of hosel MOT 1711, or greater than or equal to 50% of hosel MO 1711, In the present
example, horizontal MOL 1811 is approximately 3740 grams-square-centimeter (gem’), but there
can be examples where it can range between approximately 2800 gcm® to approximately 4300
gem’. Hosel MOI 1711 is approximately 9370 gom” in the present example, but can range

between approximately 7000 g-cm® and approximately 11 000 gom® in the same or other

examples.

Golt club head 1000 also can comprise a fifth optinuzation characteristic with respect {0 a
balance between hosel MO{ 1711 and vertical MOI 1611 (FIG. 1), Vertical MOI 1611 15 defined
about head vertical axis 1610, which extends through head cenier of gravity 2500, trom head top
portton 1120 to head sole portion 1130, and orthogonal to ground plane 1010 when golf club head
1000 is at the address position. Vertical MO 1611 is approximately 5300 gom® in the present
example. but can range between approximately 4700 g-em” and approximately 6000 g-cm” in the
same or other examples

In some examples, vertical MOI 1611 can be increased to restrict a rotation of golf club head
1000 about head verfical axis 1610 when stoketace 1210 hus golf ball 2600 off-center towards
head bheel portion 1140 or towards head foe portion 1150, thercby increasing the forgiveness of

oolf club head 1000 for such heel-side or toe-side mis-hits. For mstance, to increase vertical MOI

13
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1611, weight can be added or repositioned towards head heel portzon 140 and/or head toe portion
115G, In the same or other examples, the golf club head can be lengthened towards head heel
portion 1140 and/or head toe portion 1150,

Such adjustments or changes to mmcrease vertical MOI 1611 can be made up to a pont,
however, belore they start attecting other golf club head characteristics. For example, unrestrained
adiustments to mcrease vertical MO 1611 can lead to undue increase m hosel MOIL 1711 if not
properiy balanced, thereby increasing the resistance of golf club head 1000 to rotate about hosel
axis 1710 as described above. In addition, some approaches to decrease hosel MOI 1711, if not
property balanced, can be mcompatible with some of the approaches described above {0 increase
vertical MOIL 1611, Accordingly, weight addition or redistribution for golf club head 1000 to
imncrease vertical MOL 1611 should be balanced with respect to mamtaining or restricting an
mcrease 1 hosel MOL 1711

In light of the above, the fifth optimizaiion characteristic of golf chub head 1000 controls the
relationship between vertical MO!L 1611 and hosel MOIL 1711 to safisty Relation 5 below:

(Vertical MOl = 59% (Hosel MO i Relation 5§

There can be examples where golt club head 1000 can be configured so that 1ts fifth

optimization charactensiic can surpass the requirements of Relation 5. As an examiple, 1 soime

implementations, the fifth optimization characteristic of golf club head 1000 can be contigured so

p CNNT

that vertical MOI 1611 13 greater than or equal to 60% of hosel MO 1711, greater than or equal 1o

e

65% of hosel MO1 1711, or greater than or equal to 70% of hosel MOI 1711, In some examples,

coif ciub head 1000 can be configured so that its fourth optimization characterisiic satisfics
Relation 4, while its fifth optinmization characteristic also satisties Relation 5.
In some mplementations, goll club head 1000 can be configured to exiubit the hirst, second,

rd, fourth, and/or fifth optimization characteristics described above by adjusting a distribution of

wx o

th
mass or a relationship between different elements of goif club head 1000, To such ends, goif club
head 1000 can compnse weight structure 2700, located towards head sole portion 1130 and head
rear portion 2160, as seen in FIGs. 2-3.  In some configurations, weitght structure 2700 can be
designed and/or located to satisiy the constraints imposed by Relation(s) 1, 2, 3, 4, and/or 5,
thereby balancing the face height or size of stnikeface 1210, head volume 2600, the location of

center of gravity 2500, and/or the different moments of mertta of golf club head 10060,
As can be seen in FIG. 3, weight strocture 2700 can be located relative to clock gnid 3500,
which can be ahigned with respect to stnikeface 1210, For example, clock grnid 3500 comprises 12
-

o’clock ray 3512, which 1s aligned with strikeface centerpoint 1211 in the present embodiment. 172

o’clock ray 3512 s orthogonal to front mtersection line 3271, which 1s detined by the mtersection

H{
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of loft plane 2270 (FIGs. 2-3) and ground plane 1810 (FiGs. 1-2}. Clock grid 3500 can be centered

|».-..a

along 12 o’clock ray 3512, at a mudpoint between a front end of front portion 1110 and a rear end
of rear portion 2160, In the same or other exampies, clock grid centerpoint 3515 can be centered

proximate to a geometric conterpoint of golf club head 10600, Clock grid 3500 also comprises 3

whing towards head heel portion 1140, and 9 o’clock ray 3509 extending

o’clock ray 3503 exte

Land

towards head toe portion 1150

700 is located in the present embodiment towards

N2

Weight pernimeter 2705 of weight structure
head rear portion 2160, at least partially bounded between 4 o'clock ray 3504 and 8 o'clock ray
3508 of clock grid 3500, while weight center 2750 15 located between 5 o'clock ray 3505 and 7

o’clock ray 3507, In exampies such as the present one, weight perumeter 2705 15 fully bounded

between 4 o'clock ray 35034 and 8 o’clock ray 3508, Although weight perimeter 2705 1s defined
external to golf club head 1000 tn the prezent example, there can be other examples where weight

P

perimeter may extend into an mterior of, or be defined within, golf club head 1000, In some

»

examples, the location of weight 2700 can be established with respect t0 a broader area. For
mstance, i such examples, weight perimeter 2705 of weight structure 2700 can be located towards
head rear portion 2160, at least partially bounded between 4 o'clock ray 3504 and 9 o'clock ray
3509 of clock gnid 3500, while weight center 2750 can be located between 5 o'clock ray 3505 and

g

& o’clock ray 3508.

in the same or other embodiments, weight structure 2700 can extend or be shifted towards heel
portion 1140, For mstance, weight pernmeter 2705 and/or weight center 2750 can be shifted
towards 4 o'clock ray 3504 than towards 9 o'clock ray 3509 Biasing weight structure 2700
towards head heel end 1140 can permit a decrease 1n hosel MO 1711 about hosel axas 1710 by
limiting the distance between hosel axis 1710 and weight structure 2700, thereby allowing casier
turning of golf club head 1000 about hosel axis 1710 during a swing.

In some exampies, weight structure 2700 can comprise a mass of approximately 2 grams to
approximately 50 grams, and/or a volume of approxamately 1 ¢c to approxymately 30 c¢. In the
present example, weight structure 2700 protrudes from the external contowr of head sole portion
1130, and 1s thus af east partially external to allow for greater adjustiment of head center of gravity
2500,

Weight structure 2700 can comprise removable weight 2790 1n the same or other examples,
where removable weight 2790 can comprise a mass of approxymately §.5 grams o approximately
30 grams, and can be replaced with one or more other simiiar Weights to adyust the location of head

center of gravity 2500 if needed to satisty Relation(s) I, 2, 3. 4, and/or 5. In the same or other

examples, weight center 2750 can comprise at least one of a center of gravity of weight structure

17
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2700, a center of gravity of removable weight 2790, a ceometric center of weight structure 2700,
and/or a geometric center of removable weight 2790,
Weight center 2730 can be located with respect to ground plane 1010 and weight center
clevation axis 2340, which extends between weight center 2750 and ground plane 1010, Weight
center elevation axis 2340 1s orthogonal to ground plane 10108 when golf club head 1000 15 at the
address posiion. Weight center elevation 2730 for weight center 2750 can thus be measured along
weight center elevation axis 2340, between weight center 2750 and ground plane 1010, In

addition, weight center depth 2710 for weight center 2750 can be measured, parallel to ground

piane 1010, between mntersection powmts 2802 and 2804, In the present example, mtersection point

2804 1s defined by the mitersection between ground plane 1010 and weight center elevation axis

2344 when goif club head 1000 1s at the address position.  Weight center 2750 can be located mn
the same or other embodiments such that weight distance 2751 (FIG. 2), which separates head
center of gravity 2300 from weight center 2750, can be approximately 25 mm {0 approximaiely
102 mum.

There can also be embodiments where face portion 1200 can comprise a reduced thickness,
which may be reinforced as needed with one or more reinforcing structures at the backside of
strikeface 1210 and/or at the junction between face portion 1200 and head front portion 1110
(Other mass redistribution mechanisms can be employved as well 1f desired to satisfy Relation{s) 1,
2.3, 4, and/or 5

in some unplementations, a relationship or ralto between head center of gravity 2500 and
wetght center 27350 can be configured 1o pernut one or more or Relauond(s) 1, 2, 3, 4, or 5 to be
satisfied. For example, an elevation ratio, defined by the ratio of weight center elevation 2730 over
head CO elevation 2530, can be greater than 0.44 to help maintam head center of gravity 2500

closer to head sole portion 1130, As another example, a depth ratio, defimed by the ratio of weight

R&

center depth 2710 over head CG depth 2510, can be less than 2.54 to preventing CG depth 2510
from unduly decreasing towards head front portion 1110, There can be some mmplementations
where head CG elevation 2530 can be less than approximately 28.5 mm, where weight center
elevation 2730 can be less than approximately 12.5 mm, and/or where weight center depth 2710
can be greater than approxunately 99.7 mum.

FIG. 4 illustrates a flowchart for method 4000, which can be used to provide, form, and/or
manufacture a goli club head m accordance with the present disclosure. In some examples, the

goit club head can be stmuilar 1o goli club head 1000 (FiGs. 1-3) presented above.
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Method 4000 comprises block 4100 for providing a head body of a golf club head comprising a
head front portion. In some examples, the head body can be simular to head body 1100 {(FIGs. I-
3}, and the head front portion can be sinular o head front poriton 1110 {(FiGs. 1-3}.

Block 4200 of method 4000 comprises coupling a face portion to the head front portion, the
head front portion comprising a striketace with an augmented face size. In some examples, the
tace portion can be similar (o face portion 1200 (FlGs. 1-2), with strikeface 1210 having the
augmented face size described above with respect thereto. For example, the augmented face size
of the strikeface may pernut 1ts face height to be of up to approximately 71 mum i some examples.

Method 4000 can comprise block 4300 for configuring the golf ciub head to comprise a first

£
i

optinuzation characteristic, where a CG height between a center of gravity of the golf club head

and a head depth plane of the goif ciub head can be approxumnately 0 nun to approximately 3.03

mm or 0.200 mches. In some examples, the first optimization characteristic can be similar to that
described above with respect to Relation 1 for balancing golf club head face height or size with
respect to center of gravity height. In some examples, the CG height mav be similar to CG height
2520 (FI(G. 2); the center of gravity may be sinmular 10 head center of gravity 2500 (FIG. 2); and the
head depth plane can be symilar to head depth plane 2310 {FI1G. 2).

There can be umplementations where method 4000 can comprise biock 4400 for configuring
the golf chib head to comprise a second optinuzation characteristic, where a ratio between {a) 76.2
mm {or approximately 3.0 inches) manus the face height and (b} a CG depth between the strikeface
centerpoint and the center of gravily, 1s less than 0.56. In some examples, the second optimization
characteristic can be sumilar 10 that described above with respect to Relation 2 for balancing goif
chub head face height or size with respect to center of gravity depth. For example, the face height

can be sunlar to face height 1213, and the (UG depth can be sudar to O depth 2510,

In some examples, method 4000 can comprise biock 4500 {for configuring the golt club head to
comprise a third opiimization characteristic where a head volume magnitude, added to a ratio
between the CG depth and the CG hewght, 1s greater than or equal to 425, In some
immplementations, the third optimuzanon characteristic can be similar {0 that described above with
respect to Relation 3 for balancing head volume relative to center of gravity location. For exampie,
the head volume magnitude can be sumilar to the magnitude of head volume 2600 (FIG. 2), the CG
depth can be simtlar to CG depth 2510, and the CG height can be ssmlar to UG height 2520,

Method 4000 can comprise block 4600 1n some embodiments for configuring the golf club
head to comprise a fourth optimization charactenstic, where the goili club bead’s horizontal

noment of inertia 1s greater than or equal to 39% of its hosel moment of mertia.  In some

implementations, the fourth optimization characteristic can be similar to that described above with
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respect 1o Relation 4 for balancing horizontal MOI 1811 with respect to hosel MOI 1711 (FIG. 1)
In the same or other examples, the magnitude of the horizontal moment of inertia can be sumilar to
that described above with respect to honizontal MO 1811, In addition, the magmitude of the hosel
moment of mertia can be simidar to that described above with respect o hosel MOI 1711, There
can aiso be examples where the horizontal moment of mertia and/or the hosel moment of inertia
can be balanced with respect to other features, such as with respect 10 a vertical moment ot mertia
of the golf club head.

Block 4700 of method 4000 can be carried out in some unplementations for configuring the
golf club head to comprise a fifth optimization characternistic, where the golf club head’s vertical
noment of inertia is greater than or equal to 59% of its hosel moment of mertia. In some
inplementations, the fitth optimization characteristic can be suniar to that described above with
respect to Relation 5 for balanemg vertical MOT 1611 with respect to hosel MOT 1T7H {(FIG. 1), In
the same or other examples, the magnitude of the vertical moment of inertia can be similar ¢ that
described above with respect to vertical MQOI 1611, In addition, the magnitude of the hosel
moment of nertia can be simudar to that descnibed above with respect to hosel MOT 1711, There
can also be examples where the vertical moment of inertia and/or the hosel moment of mertia can
be balanced with respect to other features, such as with respect (o the horizontal moment of inerfia
of biock 4500

in the present example, method 4000 also comprises block 4800 for providing a mass
redistntbution mechamsm to adjust the center of gravity of the golf club head. In some examples,
the mass redistribution mechanism can be configured to pernuit the golf club head to achieve the
requirements of block 4300, block 4400, block 4500, biock 4600, and/or block 4700 of method
4000. The mass redistribution mechanism can comprise a weight structure, such as weight
structure 2700 (FIGs. 2-3), which can adijust the location of the center of gravity towards the sole

and/or the rear portion of the golf club head if desired. In the same or other embodiments, the

:b:-‘-

>

mass redistnibufion mechamsm can comprnse a reduced thickness of the lace portion of the goll
ciub head, which may be remnforced if needed with one or more reinforcing structures, such as at
the backside of the strikeface, and/or at a junction between the face portion and the head body of
the ooif club head.

In some examples, one or more of the different blocks of method 4000 can be combined into a
singie block or pertormed sumultaneously, and/or the sequence of such biocks can be changed. For
example, blocks 4100 and 4200 may be combined 1n some embodiments, such as where the face
portion and at ieast one portion of the head body comprise a single piece of matenial, Block 4800

may be combined with one or more of blocks 4100, 4300, 4400, 4500, 4600, and/or 4700 1n the

243



13

2

’

(B9

L

R

same or other examples, and mav be achieved simultancously by adjusting the center of gravity,
the face height, the face size, the head volume, and/or one or more moments of inerfia of the golf
club head, such as via the mass redistribution mechanism of block 4800, In the same or other
examples, some of the blocks of method 4000 can be subdivided into several sub-biocks. For
example, block 4100 can be subdivided mnto several sub-blocks for providing different portions of
the head body of the golf ¢club head. There can also be examples where method 4000 can comprise
further or different blocks. As an example, method 4000 mav comprise another block for
providing or couphing a goit club shatt 1o the head body of block 4100. In addition, there may be
examples where method 4100 can comprise only part of the blocks described above. For example,
one or more of blocks 4300, 4400, 4500, 4600, and/or 4700 may be optional m some
inplementations, and/or block 4800 may be skipped uf not needed to achieve the requirements of
block 4300, block 4400, block 4500, block 4600, and/or block 4700, Other vanations can be
implemented for method 4000 without departing from the scope of the present disclosure.

Although the goltf club heads with optinuzed characteristics and related methods herein bave
been described with reference to specific embodiments, various changes may be made without
departing from the spirit or scope of the present disclosure. For instance, while the above
examples may be described 1n connection with a driver-type goli club, the apparatus, methods, and
articles of manufacture described herein may be applicable to other types of golf club such as a
tatrway wood-tvpe golf club, a hybrid-type golf club, an ron-type golf club, a wedge-type golf
ciub, or a pulter-type golf club. Allernatively, the apparatus, methods, and arlicles of manufacture
described herein may be applicable other type of sports equipment such as a hockey stick, a tennis
racket, a fishing pole, a skt pole, etc.

Additional examples of such changes and others have been given 1o the foregoing description.
Other permutations of the different embodiments having one or more of the features of the various
figures are likewise contemplated. Accordingly, the spectfication, claums, and drawings herein are
mtended to be lustrative of the scope of the disclosure and 18 not mtended to be lumting. I o1s
mntended that the scope of this application shall be limitted only to the extent required by the
appended claims.

1he goif club heads with optumized charactenistics and related methods discussed herein may
be mmplemented m a variety of embodiments, and the foregomg discussion of certain of these
embodiments does not necessarily represent a complete description of all possible embodiments.
Rather, the detailed description of the drawings, and the drawings themselves, disclose at least one

preferred embodiment, and may disclose alternative embodiments.
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All elements claimed 1n any particular claam are essential to the embodiment claimed in that
particular claim. Consequently, replacement of one or more claimed elements constitutes
reconstruction and not repair. Additionally, benefits, other advantages, and solutions to problems
have been described with regard to specific embodiments. The benefits, advantages, solutions to
problems, and any element or elements that may cause any benefit, advantage, or solution to occur
or become more pronounced, however, are not to be construed as critical, required, or essential
features or elements of any or all of the claims, unless such benefits, advantages, solutions, or
clements are expressly stated in such claims.

As the rules to golf may change from time to time (e.g., new regulations may be adopted or old
rules may be eliminated or modified by golf standard organizations and/or governing bodies such
as the United States Golf Association (USGA), the Royal and Ancient Golf Club of St. Andrews
(R&A), etc.), golf equipment related to the apparatus, methods, and articles of manufacture
described herein may be conforming or non-conforming to the rules of golf at any particular time.
Accordingly, golf equipment related to the apparatus, methods, and articles of manufacture
described herein may be advertised, offered for sale, and/or sold as conforming or non-conforming
oolf equipment. The apparatus, methods, and articles of manufacture described herein are not
l[imited 1n this regard.

Moreover, embodiments and limitations disclosed herein are not dedicated to the public under
the doctrine of dedication if the embodiments and/or limitations: (1) are not expressly claimed 1n
the claims; and (2) are or are potentially equivalents of express elements and/or limitations 1n the

claims under the doctrine of equivalents.

The following labelled statements set out further aspects of the present invention:

Al. A golf club head comprising:
a head body comprising:

a head interior bounded by:
a head front portion;
a head rear portion;
a head heel portion;
a head toe portion;
a head top portion; and
a head sole portion;

and

a hosel structure having a bore for receiving a golf club shaft, the bore having a hosel axis;
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a head center of gravity;

a head horizontal axis extending through the head center of gravity, from the head heel
portion to the head toe portion, and parallel to a ground plane when the golf club head 1s at
an address position over the ground plane;

a hosel moment of 1nertia about the hosel axis; and

a horizontal moment of 1nertia about the head horizontal axis:;

wherein the horizontal moment of inertia 1s greater than or equal to 39% of the hosel

moment of 1nertia.

A2. The golf club head of clause A1, further comprising:
a hosel coupling mechanism comprising the hosel structure and a shaft sleeve configured to

adjustably couple a golf shaft to the hosel structure.

A3. The golf club head of clause Al or A2, further comprising:

a head vertical axis extending through the head center of gravity, from the head top portion
to the head sole portion, and perpendicular to the ground plane when the golf club head 1s at
the address position over the ground plane; and

a vertical moment of 1nertia about the head vertical axis;

wherein the vertical moment of 1nertia 1s greater than or equal to 59% of the hosel moment

of 1nertia.

A4. The golf club head of clause A3, wherein:

the vertical moment of 1nertia 1s greater than or equal to 60% of the hosel moment of 1nertia.

AS. The golf club head of clause A3, wherein:

the vertical moment of inertia 1s greater than or equal to 65% of the hosel moment of 1nertia.

A6. The golf club head of clause A3, wherein:

the vertical moment of 1nertia 1s greater than or equal to 70% of the hosel moment of 1nertia.

A’7. The golf club head of clause A3, wherein:

the vertical moment of inertia is approximately 4700 g-cm* to approximately 6000 g-cm?.

A8. The golf club head of clause A7, wherein:

the hosel moment of inertia is approximately 7000 g-cm? to approximately 11000 g-cm?; and
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the horizontal moment of inertia is approximately 2800 g-cm* to approximately 4300 g-cm*.

A9. The golf club head of any one of clauses A1-A8, wherein:
the head body comprises a weight structure protruding at least partially from an external
contour of the head sole portion and located towards the head sole portion and the head rear
portion and; and
the weight structure comprises:
a weilght mass of approximately 2 grams to approximately 50 grams; and

a weight volume of approximately 1 cc to approximately 30 cc.

A10. The golf club head of any one of clauses A1-A8, wherein:
the head body comprises a weight structure located towards the head sole portion and the
head rear portion of the head body; and
a weight distance between the head center of gravity and a weight center of the weight

structure 1s approximately 25 mm to approximately 102 mm.

All. The golf club head of any one of clauses A1-AS8, wherein:

the head body comprises a weight structure having a weight center and located towards the
head sole portion and the head rear portion;

a head vertical axis extends between the head center of gravity and the ground plane, being
orthogonal to the ground plane when the golf club head 1s at the address position;

a weight center elevation axis extends between the weight center and the ground plane, being
orthogonal to the ground plane when the golf club head 1s at the address position;

a head CG elevation 1s measured, along the head vertical axis, between the head center of
gravity and the ground plane;

a welght center elevation 1s measured, along the weight center elevation axis, between the head
center of gravity and the ground plane; and

an elevation ratio, defined by the weight center elevation over the head CG elevation, 1s greater

than 0.44.

A12. The golf club head of any one of clauses A1-A8, further comprising:

a strikeface having a strikeface centerpoint; and
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a head vertical axis extending through the head center of gravity, from the head top portion
to the head sole portion, and perpendicular to the ground plane when the golf club head 1s at
the address position over the ground plane; and

wherein:

the head body comprises a driver-type body;

a loft plane of the golf club head 1s tangent to the strikeface centerpoint;

a front plane of the golf club head extends through the strikeface centerpoint and parallel
to the hosel axis;

a head depth plane extends through the strikeface centerpoint, parallel to the head
horizontal axis and perpendicular to the loft plane;

a CG height axis extends through the head center of gravity and intersects the head depth
plane perpendicularly at a first intersection point;

a head CG height of the head center of gravity 1s measured, along the CG height axis,
between the head center of gravity and the first intersection point;

a head CG depth of the head center of gravity 1s measured, parallel to the ground plane
and orthogonal to the front plane, between:

a second 1ntersection point located at an intersection between the front plane and the
ground plane; and
a third intersection point located at an intersection between the head vertical axis and
the ground plane;

the head CG height 1s approximately O mm to approximately 5.08 mm:;

the head CG depth 1s approximately 25 mm to approximately 102 mm:;

a head volume of the golf club head 1s approximately 420 cc to approximately 470 cc; and

a head weight of the golf club head 1s approximately 185 grams to approximately 225

grams.

A13. The golf club head of any one of clauses A1-A8, further comprising:
a strikeface having a strikeface centerpoint; and
a loft plane tangent to the strikeface centerpoint;
the head body comprises a weight structure located towards the head sole portion and the
head rear portion of the head body:;
a clock grid comprises:
a 12 o’clock ray;

a 3 o’clock ray;
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a 4 o’clock ray;
a 5 o’clock ray;
a 8 o’clock ray; and
a 9 o’clock ray;
when the golf club head 1s at the address portion, from a bottom view of the golf club
head, the 12 o’clock ray 1s aligned with the strikeface centerpoint and orthogonal to a
front intersection line between the loft plane and the ground plane;
the clock gnid 1s centered along the 12 o’clock ray, at a midpoint between a front end of
the head front portion and a rear end of the head rear portion;
the 3 o’clock ray extends towards the head heel portion;
the 9 o’clock ray extends towards the head toe portion;
a perimeter of the weight structure 1s bounded between the 4 o’clock ray and the 9
o’clock ray; and
a center of gravity of the weight structure 1s located between the 5 o’clock ray and the 8

o’clock ray.

A14. The golf club head of any one of clauses A1-AS8, further comprising:
a strikeface having a strikeface centerpoint;
wherein:
the head body comprises a weight structure having a weight center and located towards
the head sole portion and the head rear portion;
a front plane of the golf club head extends through the strikeface centerpoint of the
strikeface and parallel to the hosel axis;
a head vertical axis extends between the head center of gravity and the ground plane,
being orthogonal to the ground plane when the golf club head 1s at the address position;
a weight center elevation axis extends between the weight center and the ground plane,
being orthogonal to the ground plane when the golf club head 1s at the address position;
a head CG depth of the head center of gravity 1s measured, parallel to the ground plane
and orthogonal to the front plane, between:
an 1ntersection point at an intersection between the front plane and the ground plane;
and
an intersection point at an intersection between the head vertical axis and the ground plane;
a weight center depth of the weight center 1s measured, parallel to the ground plane,

between:
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the intersection point of the front plane with the ground plane; and

an intersection point of the weight center elevation axis with the ground plane;
and

a depth ratio, defined by the weight center depth over the head CG depth, 1s less than 2.54.

A15. The golf club head of any one of clauses A1-A14, wherein:

the horizontal moment of inertia 1s greater than or equal to 40% of the hosel moment of inertia.

A16. The golf club head of any one of clauses A1-A14, wherein:

the horizontal moment of inertia 1s greater than or equal to 45% of the hosel moment of 1nertia.

A17. The golf club head of any one of clauses A1-A14, wherein:

the horizontal moment of 1nertia 1s greater than or equal to 50% of the hosel moment of 1nertia.

A18. The golf club head of any one of clauses A1-A7, wherein:

the horizontal moment of inertia is approximately 2800 g-cm* to approximately 4300 g-cm*.

A19. The golf club head of any one of clauses A1-A7, wherein:

the hosel moment of inertia is approximately 7000 g-cm* to approximately 11000 g-cm?.

A20. A golf club head comprising:
a head body comprising:
a head interior bounded by:
a head front portion;
a head rear portion;
a head heel portion;
a head toe portion;
a head top portion; and
a head sole portion;
and
a hosel structure having a bore for receiving a golf club shaft, the bore having a hosel axis;
a head center of gravity;
a head vertical axis extending through the head center of gravity, from the head top portion
to the head sole portion, and perpendicular to a ground plane when the golf club head 1s at

address over the ground plane;
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a hosel moment of 1nertia about the hosel axis; and
a vertical moment of 1nertia about the head vertical axis:;
wherein the vertical moment of 1nertia 1s greater than or equal to 59% of the hosel moment

of 1nertia.

A22. The golf club head of clause A21, wherein:

the vertical moment of inertia is approximately 4700 g-cm* to approximately 6000 g-cm?.

A23. The golf club head of clause A21 or A22, wherein:

the hosel moment of inertia is approximately 7000 g-cm? to approximately 11000 g-cm?.

A24. A method for providing a golf club head, the method comprising:

providing a head body comprising:
a head interior bounded by:
a head front portion;
a head rear portion;
a head heel portion;
a head toe portion;
a head top portion; and
a head sole portion;
and
a hosel structure having a bore for recetving a golf club shaft, the bore having a hosel axis;
and
coupling the golf club shaft to the hosel structure;
wherein:

a head horizontal axis extends through a head center of gravity of the golf club head,
from the head heel portion to the head toe portion, and parallel to a ground plane when
the golf club head 1s at an address position over the ground plane;

a head vertical axis extends through the head center of gravity, from the head top portion
to the head sole portion, and perpendicular to the ground plane when the golf club head
1s at address over the ground plane;

providing the head body comprises at least one of:
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establishing a horizontal moment of inertia about the head horizontal axis to be
greater than or equal to 39% of a hosel moment of 1inertia about the hosel axis; or
establishing a vertical moment of inertia about the head vertical axis to be greater

than or equal to 59% of the hosel moment of 1nertia about the hosel axis.

A25. The method clause A24, wherein:
providing the head body comprises:
providing a weight structure located towards the head sole portion and the head rear
portion;
the weight structure protrudes at least partially from an external contour of the head sole portion;
and
the weight structure comprises:
a weight mass of approximately 2 grams to approximately 50 grams; and

a weight volume of approximately 1 cc to approximately 30 cc.
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CLAIMS

1. A golf club head comprising:
a head body comprising:

a head interior bounded by:
a head front portion;
a head rear portion,
a head heel portion;
a head toe portion;
a head top portion; and
a head sole portion;

a hosel structure having a bore for receiving a golf club shaft, the bore having a hosel axis;

and a hosel moment of 1nertia about the hosel axis;:

a head center of gravity;

a head horizontal axis extending through the head center of gravity, from the head heel
portion to the head toe portion, and parallel to a ground plane when the golf club head 1s at
an address position over the ground plane;

a horizontal moment of 1nertia about the head horizontal axis;

a head vertical axis extending through the head center of gravity, from the head top portion
to the head sole portion, and perpendicular to the ground plane when the golf club head 1s at
the address position over the ground plane; and

a strikeface having a strikeface centerpoint;

wherein:

a loft plane of the golf club head 1s tangent to the strikeface centerpoint;

a front plane of the golf club head extends through the strikeface centerpoint and parallel
to the hosel axis;

a head depth plane extends through the strikeface centerpoint, parallel to the head
horizontal axis and perpendicular to the loft plane;

a CG height axis extends through the head center of gravity and intersects the head depth
plane perpendicularly at a first intersection point;

a head CG height of the head center of gravity 1s measured, along the CG height axis,
between the head center of gravity and the first intersection point;

a head CG depth of the head center of gravity 1s measured, parallel to the ground plane
and orthogonal to the front plane, between:

a second 1ntersection point located at an intersection between the front plane and the

oground plane; and
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a third intersection point located at an intersection between the head vertical axis and
the ground plane;
the head CG height 1s less than 5.08 mm:;
the head CG depth 1s greater than 41 mm; and
the horizontal moment of inertia 1s greater than or equal to 39% of the hosel moment of

1nertia.

2. The golf club head of claim 1, wherein:
the head body comprises a weight structure having a weight center, the weight structure

protrudes at least partially from an external contour of the head sole portion.

3. The golf club head of claim 2, wherein :
a clock grid comprises:
a 12 o’clock ray;
a 3 o’clock ray;
a 4 o’clock ray;
a S o’clock ray;
a 8 o’clock ray; and
a9 o’clock ray;
when the golf club head 1s at the address portion, from a bottom view of the golf club
head, the 12 o’clock ray 1s aligned with the strikeface centerpoint and orthogonal to a
front intersection line between the loft plane and the ground plane;
the clock gnid 1s centered along the 12 o’clock ray, at a midpoint between a front end of
the head front portion and a rear end of the head rear portion;
the 3 o’clock ray extends towards the head heel portion;
the 9 o’clock ray extends towards the head toe portion;
a perimeter of the weight structure 1s bounded between the 4 o’clock ray and the 9
o’clock ray; and
a center of gravity of the weight structure 1s located between the 5 o’clock ray and the 8

o’clock ray.
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4. The golf club head of claim 1, further comprising:
a hosel coupling mechanism comprising the hosel structure and a shaft sleeve configured to

adjustably couple a golf shaft to the hosel structure.

5. The golf club head of claim 2, wherein:
the weight structure comprises:

a weight mass of approximately 2 grams to approximately 50 grams; and

a weight volume of approximately 1 cc to approximately 30 cc.

6. The golf club head of claim 2, further comprising:
a weight center elevation axis extends between the weight center and the ground plane,
being orthogonal to the ground plane when the golf club head 1s at the address position;
a weight center depth of the weight center 1s measured, parallel to the ground plane,
between:
the intersection point of the front plane with the ground plane; and

a fourth intersection point between the weight center elevation axis with the ground
plane;
and

a depth ratio, defined by the weight center depth over the head CG depth, 1s less than 2.54.

7. The golf club of claim 6, wherein:

the weight center depth 1s greater than approximately 99.7 mm.

8. The golf club head of claim 1, wherein:

the horizontal moment of inertia 1s greater than or equal to 50% of the hosel moment of 1nertia.

9. The golf club head of claim 1, wherein:

the horizontal moment of inertia is approximately 2800 g-cm* to approximately 4300 g-cm?.

10. The golf club head of claim 1, wherein:

the hosel moment of inertia is approximately 7000 g-cm” to approximately 11000 g-cm?.

11. A golf club head comprising:
a head body comprising:
a head interior bounded by:

a head front portion;
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a head rear portion,
a head heel portion;
a head toe portion;
a head top portion; and
a head sole portion;
a hosel structure having a bore for receiving a golf club shaft, the bore having a hosel axis;
and a hosel moment of 1nertia about the hosel axis;:

a head center of gravity;

a head vertical axis extending through the head center of gravity, from the head top portion
to the head sole portion, and perpendicular to a ground plane when the golf club head 1s at
address over the ground plane;

a vertical moment of 1nertia about the head vertical axis:;

a strikeface having a strikeface centerpoint;

wherein:

a loft plane of the golf club head 1s tangent to the strikeface centerpoint;
a front plane of the golf club head extends through the strikeface centerpoint and parallel
to the hosel axis;
a head depth plane extends through the strikeface centerpoint, parallel to the head
horizontal axis and perpendicular to the loft plane;
a CG height axis extends through the head center of gravity and intersects the head depth
plane perpendicularly at a first intersection point;
a head CG height of the head center of gravity 1s measured, along the CG height axis,
between the head center of gravity and the first intersection point;
a head CG depth of the head center of gravity 1s measured, parallel to the ground plane
and orthogonal to the front plane, between:
a second 1ntersection point located at an intersection between the front plane and the
oground plane; and
a third intersection point located at an intersection between the head vertical axis and

the ground plane;

the head CG height 1s less than 5.08 mm:;
the head CG depth 1s greater than 41 mm; and

the vertical moment of 1nertia 1s greater than or equal to 59% of the hosel moment of 1nertia.

12. The golf club head of claim 11, wherein:
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the head body comprises a weight structure having a weight center, the weight structure

protrudes at least partially from an external contour of the head sole portion.

13. The golf club head of claim 12, wherein
a clock grid comprises:
a 12 o’clock ray;
a 3 o’clock ray;
a4 o’clock ray;
a 5 o’clock ray;
a 8 o’clock ray; and
a9 o’clock ray;
when the golf club head 1s at the address portion, from a bottom view of the golf club
head, the 12 o’clock ray 1s aligned with the strikeface centerpoint and orthogonal to a
front intersection line between the loft plane and the ground plane;
the clock grid 1s centered along the 12 o’clock ray, at a midpoint between a front end of
the head front portion and a rear end of the head rear portion;
the 3 o’clock ray extends towards the head heel portion;
the 9 o’clock ray extends towards the head toe portion;
a perimeter of the weight structure 1s bounded between the 4 o’clock ray and the 9
o’clock ray; and
a center of gravity of the weight structure 1s located between the 5 o’clock ray and the 8 o’clock

ray.

14. The golf club head of claim 11, further comprising:
a hosel coupling mechanism comprising the hosel structure and a shaft sleeve configured to

adjustably couple a golf shaft to the hosel structure.

15. The golf club head of claim 12, wherein:
the weight structure comprises:
a weight mass of approximately 2 grams to approximately 50 grams; and

a weight volume of approximately 1 cc to approximately 30 cc.
16. The golf club head of claim 12, further comprising:

a weight center elevation axis extends between the weight center and the ground plane,

being orthogonal to the ground plane when the golf club head 1s at the address position;
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a weight center depth of the weight center 1s measured, parallel to the ground plane,
between:
the intersection point of the front plane with the ground plane; and

a fourth 1ntersection point between the weight center elevation axis with the ground
5 plane;
and

a depth ratio, defined by the weight center depth over the head CG depth, 1s less than 2.54.

17. The golf club of claim 16, wherein:
10 the weight center depth 1s greater than approximately 99.7 mm.

18. The golf club head of claim 11, wherein:

the vertical moment of 1nertia 1s greater than or equal to 65% of the hosel moment of inertia.

15 19. The golf club head of claim 11, wherein:

the vertical moment of inertia is approximately 4700 g-cm” to approximately 6000 g-cm?.

20. The golf club head of claim 11, wherein:

the hosel moment of inertia is approximately 7000 g-cm” to approximately 11000 g-cm?.
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