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FORMING THE FIRST COMPONENT

é

FORMING THE SECOND COMPONENT

é

APPLYING ADHESIVE TO THE FIRST COMPONENT LIP

é

ALIGNING THE SECOND COMPONENT TO THE FIRST
COMPONENT, SO THAT THE SECOND COMPONENT OVERLAYS
THE FIRST COMPONENT LIP, PERMANENTLY AFFIXING THE
SECOND COMPONENT TO THE FIRST COMPONENT

FIG.61
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CASTING AN UNFINISHED FIRST COMPONENT

@

LASER CUTTING QUT PORTIONS OF THE UNFINISHED FIRST
COMPONENT TO FORM A FINISHED FIRST COMPONENT

é

INJECTION MOLDING THE SECOND COMPONENT

é

PERMANENTLY SECURING THE SECOND COMPONENT TO THE
FIRST COMPONENT

é

FINISHING THE CLUB HEAD THRQUGH POLISHING, CLEANING,
COATING, AND/OR PAINTING

FIG.62
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FORMING THE FIRST COMPONENT

é

PROVIDING THE TOE PORTION AND THE HEEL PORTION OF
THE SECOND COMPQONENT

é

SECURING THE SECOND COMPONENT TOE PORTION TO THE
FIRST COMPONENT TOE ENG

;

SECURING THE SECOND COMPONENT HEEL PORTIONTO THE
FIRST COMPONENT HEEL END

é

FINISHING THE CLUB HEAD THROUGH POLISHING, CLEANING,
COATING, AND/OR PAINTING

FIG.63



Rear Weight Relative Vertical Displacement After Center Impact
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Rear Weight Relative Vertical Displacement After Toe Impact
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MULTI-COMPONENT GOLF CLUB HEAD
FIELD
LB The disclosure relates generally to golt equipment, and more particularly, to mult-
2 Ui ! )

coraponent golf club heads and reethods to manufacture roulti-component golf club heads.

BACKGROUND
16602} In general, the club head mass s the total amount of structural roass and the amount of
discretionary mass. Fo anideal club design, having a constant total swing weight, structural mass
would be minimized {without sacrificing restltency) to provide a designer with suthicient

discretionary mass for optional placement to customize and maxtrawze club pertormance. Structural
roass generally refers to the mass of the materials required to provide the club head with the

structural resthence to withstand repeated impacts. Structural mass is highly design-dependent, and

provides a designer with a relatively low amount of control over specitic mass distribution.

I

Conversely, discretionary mass is any additional mass

{beyond the minimum structural

equirements) that may be added to the club head design solely to customsze the pertormance
and/or forgiveness of the club. There is a need in the art tor alternative designs to all metal golf club
heads to provide a means tor maziroizing discretionary weight to maximize club head moment of
mertia (MOT) and lower/back center of gravity (CG), and provide options for golf ball tlight

matupulation.

BRIEF DESCRIPTION OF THE DRAWINGS

{6003] FIG. 1A dlustrates a back view of an assembled golf chub head.

O

{0004] FIG. 1B dllustrates a bottom view of an asserabled golf club head.

{0005] FIG. 1C dlus s a front perspective view of an assembled golf club head.
{0006] FIG. 1D illustrates a cross-sectional view of a golf club head, taken along the line 1D-

1D n FIG. 1B; FIG. 1D mcluding a loft plane, a ground plane, and a /7 axis.

{6007} FIG. 11 dlustrates a front view of an assembled golt club head with 3, Y, and hosel

axes.,

{6008} FIG. 1F dlustrates an assernbled and exploded view of a golt club head.

U}

{6009] HIG, 2 dlustrates a golf club head second component rear exterior view.,



8010 FIG. 3A tllustrates a eolf club head second component tront intedor view.
g p

6611 FIG, 3B dlustrates a golf chub head second component front interior view, according to
& F ; £

an embodiment.

{6012} FIG. 4 dlustrates a golf club head first component front top view.
{0013} FIG. 5 tllusteates a golf club head tirst component top view.
{0014} FIG. 6 dhustrates a golf club head tirst component rear view showing a nud-plane

through a strike face center parallel to the ground plane

{8015} FIG. 7A dlustrates a cross section of the first component of Figure 6 along reference
hine 614 of FIG. 6.

{60i6] FIG. 7B sllustrates a cross section of the tirst component of igure 6 along reference
line VHA-VI, of FIG. 6.

{6017} FIG. 7C dhlustrates a cross section of the golt club first coroponent of Figure 6 along
reference line Vilg-Vile of FIG. 6.

{8018} FIG. 8 dhustrates a golf club head first component bottom view.

{6019} FIG. 9 diustrates a golf club head tirst component sole portion rear extension mass
portion bottom view.

{0020] FIG. 10 ilustrates a golf club head first component sole portion rear extension mass

I8

portion close rear view.

{0021} FIG. 11 dlustrates a cross section of a golf club head first component sole portion rear
extension mass portion.

{6022} FIG. 12 dhustrates a goif club head first component sole portion rear extension mass

porticn with a detachable weight recess and an embedded weight recess.

j0023] FIG. 13 illustrates a top view of a detachable weight with a threaded fastener.
{0024} FI1G. 14 illustrates side perspective view of a detachable weight with a threaded fastener.
{0625] FIG. 15 sdlustrates a golf club head first component showing casting support bars.

2O



{0026} FIG. 16A tllustrates a side view of an emmbedded weight for fitting in the embedded
weight recess of F1G. 12

166271 FI1G. 168 illusteated a top view of an embedded weight.

{0028} FIG. 17 sdlustrates a perspective view of a goif club head, according 1o a second
embodiment.

{0029] FIG. 18 ilustrates a per rst component of the club head of FIG. 17.
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LHERT FIG. 19A illustrates a sole view of the first compoenent ot FIG, 18, with the movable
weight in a central position.
{6031} FIG. 198 dlustrates a sole view ot the first component of FIG. 18, with the movable

weight 1n a toe-side positon.

{6032} FIG. 19C dlustrates a sole view of the ficst component of FIG. 18, with the movable
weight 10 2 heel-side posttion.

i
H
i

8833 FiG. 20 illustrates a close up side view of a golf club head, similar to the golf chub head
- <O <

of FIG. 17, with a weight channel and a movable weight in a central position.
2

{0834} FIG. 21 ddlustrates a close up rear view of the weight channel of FIG. 20,
{0035] FIG. 22 dlustrates a sole view of a golt club head, with a straight rear sole extension,

according to an embodiment.
{6036] FIG. 23 dlustrates a sole view of a golf club head, with a straight rear sole extension,
according to an embodiment.

{8037} FIG. 24 sdlustrates a sole view of a golt club head, with a straight rear sole extension,

bl

according to an embodiment.
o

[0038]  FIG. 25 illustrates ¢

tew of a golf club head, with an angled rear sole extension,
according to an embodiment.

{6039] FIG. 26 ddlustrates a sole view of a golt club head, with an angled rear sole extension,
according to an embodiment.

{60406} FIG. 27 sdlustrates a sole view of a golt club head, with a varying width sole extension,

according to an embodiment.
o

(S8



{0041} FIG. 28 ddlustrates a sole view of a golf club head, with a varying width sole extension,

according to an embodiment.

{0842} F1G. 29 sllustrates a front view the second component of a golf club head, according to

an embodiment.

{3043} FIG. 30 ddlustrates a front view the second component ot a golt club head, according to

an embodiment.

{6044} FIG. 31 dhlustrates a sole view of a golt club head having a toe-ward angled sole rear

extension, according to an embodiment.

{8045] FI1G. 32 illustrates a sole view of a golf club head having a heel-ward angled sole rear

extension, according to an embodiment.

{3046} FIG. 33 ddlustrates a sole view of a golf club head with an angled sole rear extension,

according to an embodiment.

{0047} FIG. 34 dlustrates a sole view ot a golt club head with and angled sole rear extension,
according to an embodiment.

1

{0048} FIG. 35 ddlustrates a sole view of a golt club head with return portion having an angled

rear edge, according to an erobodiment.

{0049] FIG. 36 ilustrates a sole view of a golf club head with a return portion having an offset

portion ot a rear edge, according to an embodiment.
{0050] FIG. 37 ddlustrates a crown perspective view of a first component of a golt club head
having a crown and sole return, including a weight channel and a crown brace, according to an

embodirnent.

{0051 FIG. 38 ddlustrates a side view of the fust component of FIG. 37

{B652] FIG. 39 illustrates a top view of the tirst component of F1G. 37
{0083] FIG. 40 illustrates a front view of a divided second compoenent of a golf club head,

configured to join with the first component of FIG. 37.

{0054] FIG. 41 dlustrates an exploded view of 4 golt club head, according to a third

embodiment.
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{0055] FIG. 42 dhlustrates second portion interior extensions of an alternate go

1 A
empoaiment.

{0056] FI1G. 43 sllustrates a perspective view of a golf club head, according to a fourth

embodirnent variation with toe and heel skirt braces

{B057] F1G. 44 ddlustrates a top view of the golf club head of FIG. 43.

js»)
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{0058] FIG. 45 illustrates a p

pective view of a gold club head, according to a tourth

embodiment variation with toe and heel skirt braces and a crown brace.
{0059] HIG. 46 dlustrates a top view of the golt club head of FIG. 45.

{6060 FIG. 47 dlustrates a perspective view of a golf club head, according to 4 fourth

embodiment variation with toe and heel side cronvn braces attached to sides of the sole extension.

{8061} FIG. 48 dlustrates a top view of the golt club head of FIG. 47.

I i

{6062} FIG. 49 dlustrates a perspective view of a goit club head, according to a fourth
embodiment variation with toe and heel side crown braces attached to a center of the sole

extension.

{6063] FIG. 50 sdlustrates a top view of the golf club head of FEG. 49.

{0064] FIG. 51 illustrates a perspective view of 2 golf club head, according to 2 fourth
embodiment vartatton with toe and heel side crown braces attached to sides of the sole extension

and toe and heel side skirt braces.
{8065] FI1G. 52 sllustrates a top view of the golf club head of FIG. 51.

{6066} FIG. 53 sdlustrates a perspective view of a goif club bead, according to a fourth
embodiment vagation with paraliel toe and heel side crown braces attached to sides of the sole

extension and toe and heel side skirt braces.
{0067} FIG. 54 dlustrates a top view of the golf club head of FIG. 53

{6063} FIG. 55 dlustrates a perspective view of 4 golf club head, according to 4 fourth

embodiment vanation with cnsscrossing crown braces and toe and heel side skirt braces.

goif club head of FIG. 55.

{8069} FIG. 56 dlustrates a top view of the



{60706} FIG. 57 dlustrates a top perspective view of a golf club head, according to a tifth

-

1 A
empoaiment.

o

{8071} FI1G. 58 illustrates a sole perspective view of the golf club head of FIG. 53
{8072} FIG. 59 sllustrates a perspective view of a first corpponent of the club head of FIG. 53,
{0073} FIG. 60 dhustrates an alternate exploded view ot a golt club head of FIG. 533,

{0074} FIG. 61 dlustrates a tirst method of manufacty golf club head.

{6075} FIG. 62 ddlustrates a second method of manutacturing a golf club head.

{6076] FIG. 63 dlustrates a third. method of manufacturing a golt club head.
{60771 FIG. 64 18 2 graph of rear weight relative vertical displacernent over time, after a cente

impact, for a series of test club head components, according to a simulation.

{6078] FIG. 65 13 a graph of rear weight relative vertical displacement over time, after a center

impact, for selected test club head components from the simulation of FIG. 64.

{8079] FIG. 66 15 a4 zoomed in region of the graph of FIG. 65.
{6080} FIG. 67 1s 2 graph of a rear weight relative vertical displacement over tirne, after a toe-
stde irnpact, tfor selected test club head components, according t0 a simulation.

DETAILED DESCRIPTION

{0081 Described herein 18 a hollow golt club head comprising two major components. The
first corpponent 8 metallic. The second component is noo-metallic. The second component may
comprise a single portion or a plurality of portions. The metallic, first cornponent comprises the
striking portion and a sole extension. The non-metallic, second component comprises the rear
portion of the crown, and wraps around to also comprise a portion of the sole. The first

component comprises the load bearing, or structural area of the golf club head, and also comprises

most of the mass of the golf club head. The tirst component comprises a rearwardly extending sole

portion with a significant portion of the golf club mass at the most rearward portion of the

extension, causing the first part to torm a ““I7 shape when viewed from above. The first
component may further comprise a bridge or crown brace extending to the rear portion of the golf
club head. This arrangernent provides discretionary mass available to be redistributed to 1improve

-

the center of gravity (C0) location and moment of inertia (MOT). The improved CG and MOIT



provide tor a more precise ball thight compared to traditional, all metallic golf club heads. The golf
club head discussed herein may comprise a dnver-type golt club head, a tarrway-type golt club head,

or a hybrid-type golf club head.

{0082} The more dense “I” shaped sole of the first component, coupled to the less dense
crown wrapped around second component can optirize mass propertics by reducing the crown
mass, and shifting the golf club head center of graviry (CG) lower. The saved weight from the
second corponent can be redistributed to other locations of the golt club head to further optiouze

the CG and increase the MOL The CG ot the golt club head can move lower and toward the rear

of the golf club head comprising the first component and the second component, wherein the
second component comprises a second material with a second density that s lower than the first
matenial density, compared to an alternate golt club head comprising only the tirst matertal with a

constant density.

{6083] It one or more embodiments, the club head may be a hollow, wood-style golt club heac
that s formed by coupling a first component with 4 second component to form a closed internal
volume thereberween. The ficst component may include both the strikeface and a portion of the
sole, and may be formed from a metal or metal alloy. The second and third compoenents may form
at least a portton ot the crown and may wrap around to further form both a heel portion and a toe
portion of the sole. In this destgn, the metallic tirst component extends between the polymeric heel

portion of the sole and the polymeric toe portion of the sole.

{0084} A “an,” “the,” Tar least one,” and “one or more” are used interchangeably to indicate
that at least one of the itern 18 present; a plurality of such iterns may be present unless the context
clearly indicares otherwise. All numerical values of parameters {e.g., of quantities or conditions) in

ified in all

)

this specification, mcluding the appended claums, are to be understood as being n
mstances by the term “about” whether or not “ahout” actually appears before the nurnencal value.
“About” indicates that the stated numerical value allows some shight imprecision {(with some
approach to exactness m the value; about or reasonably close to the value: nearly). If the
imprecision provided by “about” s not otherwise understeod i the art with this ordinary meaning,
then “about” as used herein indicates at least vanations that may arse from ordinary methods of
measuring and using such parameters. In addimon, disclosure of ranges mncludes disclosure of all
values and further divided ranges within the entire range. Fach value within a range and the

1

endpoints of a range are hereby all disclosed as separate embodiment. The terms "comprises,”

~3



comprising,” “including,” and “having,” are inclusive and therefore specify the presence of stated

itemns, but do not preclude the presence of other ttems. As used 1n this specification, the term "or”

3

mncludes any and all combinations of one or more of the histed tems. When the terms first, second,
third, etc. are used to ditferentiate various items from each other, these designations are merely for

convenience and do not limit the items.

{0085] The terras "fiest,” "second,” "thurd,” "fourth,” “hifth,” and the like in the descrption and
i the clairos, f any, are used for distinguishing between stradar elements and not necessarily for
describing a particular sequential or chronological order. It is to be understood that the terms so
used are interchangeable under appropriate circurmstances such that the embodireents described
herein are, for example, capable of operation in sequences other than those illustrated or otherwise
described herein. Furthermore, the terms "imclude," and "have,” and any variations thereof, are

article, device, or

mntended to cover a non-exclusive inclusion, such that a process, method, systemn, a
apparatus that compnises a hist of elements 1 not necessanly hmited to those elements, but may
include other elements not expressly listed or inherent to such process, method, system, article,

device, or apparatus.

{0086} The terros Mleft,” "right)” "front,” "back.” "top,” "bottom,” "over,” "under,” and the bke
in the description and mn the claims, if any, are used for descriptive purposes and not necessarily for
describing permanent relative positions. It s to be understood that the terms so used are
interchangeable under appropriate circumatances 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 illustrated or otherwise desceribed herein. In the interest of consisrency
and clarnty, all directional references used herein assume that the referenced golf club head 15 resting
on a horizootally fat ground plane such that predetined loft and lie angles for the head are achieved.
The “tront” or “torward portion” of the golf ciub head generally reterrs to the side of the golf club

‘- 1

hiead (when viewed normal to the ground plane) that includes the golt club strike face. Conversely,

the rear portion of the club head can nclude anything behind the strikeface and/or portions of the

J

club that are tratling the strike tace at impact.

{0087] Other features and aspects will become apparent by consideration of the following
detatled description and accompanying drawings. Before any embodiments of the disclosure are
explained i detail, it should be understood that the disclosure 1s not rmted 1 1ts application to the

i N}
i

detals or construction and the arrangement of compounents as set forth m the following description



or as dlustrated m the drawings. 'The disclosure is capable of supporting other embodiments and of
being practiced or of being carried out in various ways. 1t should be understood that the description
of specific embodiments 15 not mtended to hmit the disclosure from covering all modifications,
equivalents and alternatives falling within the spinit and scope of the disclosure. Also, 1115 to be
understood that the phraseology and terminology used herein 13 for the purpose of descrption and

should not be regarded as lumuting.
i} First Embodiment of Golf Club Head

{0088} Described herem 1s an embodiment of a golf club head (108) comprising two

components, a first component (300) and a second compenent (200). As shown in FIGS. TA-1E,

the golt club head forms a stﬁking tace (170}, a return portion (177}, a hosel (140), a crown (110), a
sole {120), a heel end (160), a toe end (150), a trathing edge {130) at a rear-most porton ot a rear end

(180}, a hosel (140), and a sole portion hosel adaptor attachment recess (195).

{6089] The golf chub head (100) turther defines a lott plane (198) tangent to the striking face

center (175) of the stetking face (170). A face height can be measured parallel to the loft plane

f the striking face perimeter near the crown {110) and a bottom end of the
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striking tace perimeter near the sole (120}, In these embodiments, the striking face perimeter can be

located along the outer edge of the striking face (170} where the curvarure deviates from the bulge

el

and/or roll of the striking face (170).

{6090] Referring to FIGS 1D and 1E, the striking face center (175) turther detines a coordinate

system having an origin at the steiking face center (175}, The coordinate system has an Xoaxis, a Y

axts, and a £ axas. The Xoaxis (190) 1s a honizontal axis that extends throug‘!:‘\ the striking face center
{175} of the striking tace (170} i a direction from the heel end {160} to the toe end (150) of the golt
club head (100), and parallel to a ground plane (105) when the club head (100} 13 av address. The ¥
axis (192) 1s a vertical axis that extends through the striking tace center {175) of the strikiﬂg tace
(170} 1n a direction from the crown (114} to the sole (120) of the golt club head (100), an

e~y
/
i

perpendicular to the X axis (190}, and the Z axis (196) extends through the striking face center (1

of the atriking face (170} in a direction from the striking face (170} to the rear end (184 of the golf

club head (100) and perpendicular to the 3 axis (190) and the Y axs (192).

{0091 The coordinate systern defines an XY plane extending through the X axis (190) and the

Y axis (192), an X7 plane extending through the X axis (194) and the Z axis (190), and a Y2, plane

\

N



extending through the Y axis (192) and the £ axis (196), wheremn the XY plane, the X7 plane, and
the YZ plane are all perpendicular to one another and intersect at the origin of the coordinate
systemn at the striking face center (175) of the striking tace (170). The XY plane extends parallel to a
hosel axss (199) and is positioned at an angle corresponding to the loft angle of the golt club head

{104 from the loft plane. The hosel axis (199} 15 inclined from the X-axis {194) at a pre-determined

nole
fls&,

i~

to as the hie angle. The hosel axis (199) can be inclined from the X-axis (190) bya lie
angle of between 58 degrees to 65 degrees, inclusively. In some embodiments, the hosel axis (199) 15

positioned at a 60 degree lie angle to X-axis {(190) when viewed from a direction perpendicular to

the XY plane

{6092] The sole (120) is a lower hemisphere of the golf club head (100). In some embodiments,
the sele (120) can be defined as a portion of the golf club head visible when viewed from a bottom
view, when the club ts at address. A skirt of the club head (100) can be detined as a junction
between the sole (124) and the crown (110), particularly forming a perimeter of the club head

behind the striking face (170).

{6093] The golf chub head (100) can have 2 hollow body construction that forms a closed
mternal cavity (185). The cuter shell of the golt club head (1060) can comprise a first component
(300) and a second component {200} that cooperate and/or couple to at least partially define an

cuter boundary of the internal cavity (185) (re., where each component (200, 300} defines at least a

portion of the outer boundary of the mternal canity (185))

’r°

o

{8094} Reteming to FIG. 1F, the first cornponent (300) 18 roughly T-shaped when viewed from
the sole. The sole of the first component (300) has a sole rear extension (300) with a mass portion
{510}, which houses at least one weight at the extrerne rear end ot the sole extension (300). The
second cornponent (200) torms most of the remainder of the goit club head that s not formed by
the frest component (300). This contiguration lowers the CG of the assembled golf club head, and
moves the CG towards the rear of the assembled golf club head.

{0095] The first component (30{) comprises a tirst material having a tirst density. The tirst

11
H
i

material 18 a metallic matenal. The second component (200) comprises a second matenal comprising
a second density. The second matertal 1s a non-metallic material. The first and second components
(300, 200) comprise a first component mass and a second coraponent mass, respectively. o sorme

enﬂndimfmtg, the frest component (300) may be integrally formed as a single prece, so the first



component can comprise a single material. In some embodiments, the first component (300) may
be integrally formed with the exception of a mass portion that is removable and/or repositionable.
Alternately, first component (300) may comprise a separately formed stribing face insert comprising

a ditferent metallic matertal (t.e. a third material) than the remainder of the first component (300).

{3096] The second, non-metallic component (200) s coupled to, wrapped arcund, or

1

overlapped over the first, metallic component (300) ro form the hollow golf club head (1060). The
second component trading edge portion {230} connects the second component crown portion (205

with the second component sole portions (212, 214) as they wrap around the first compounent {300).

{6097} The material density of the first component (300) (Le. the tirst density) 1s greater than

the material density of the second component (200} (t.e. the second density). The mass percentage

Y/

of the first component (30 can range from 85% to 96% of the total mass of golt club head (100).
For example, the first component percentage of the mass of the golf club head may be 85%, 86%

7%, 68%, 89%, 90, 919, 92%, 93%:, 94%, 95%, or 96%. The mass percentage of the second

cormponent 200) can range from 4% to 15% of the total mass of golf club head (100}, The tust

component (300) comprises a rear extension (500) on the sole, the rear extension (500} having a

te]

mass portion {510). The mass portion (510} 15 a back end of the rear extension (500), begimning ata
ront side of a weight port and ending at the tratling edge {130). The mass portion (510) can
commprise between 20% and 35% of the mass of the hollow multi-compoenent golf club head (104).
Placing so much of the mass of the golf club head at an extreme rear position of the golf club head
provides mass charactenistics that are functionally desirable. For example, the extreme rear position
of the mass portion (314 can lower the CG of the golf club head, which improves launch

characteristics.
{0093] A) First Component

jO0009] As illustrated m FIGS, TA-TF, and 4-8, the first component (300) can comprise the

striking tace (170), having a return portion (177}, and a rearward extension (500). The return portion

7

(177} torms at least a portion ot the crown {400), a portion of the sole (120), the hosel (140), a
portion of the heel end (160}, 2 portion of the toe end (150), and a recessed hp (450} {also referred

0o a3 a joint extension surface). The rearward extension (344} connects 1o and extends rearwards
trom the return portion (177). The rearward extension (500) forms at least a portion of the sole

{120} and positoned approximately perpendicular to the striking face (170). The rearward extension



(500) extends trom a rear edge of the retum portien (177) towards a trailing edge (130) of the club
head (100). The return portion (177) torms a rearward profile m a heel end to toe end direction. In

other embodiments, the rearward profile of the first component (300} can extend from the heel end

N

(160} toward the toe end (150} in a straght-lined protile, 1n 2 posttive parabolic protile, 1n a bell
shaped protile, or any other profiles relative to the stking face (170},

N

{0010¢] Refernng to FEGS 1H and 4, the first component (300) comprises a hosel bore (145)

/
defining a hosel azis (199), a striking face center (175), a torward crown portion (400), having a

forward crown portion width (405}, and a first component tratling edge (130}, Some embodiments

may further comprise fest component crown portion turbulators (430) having a first component

~
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crown portion turbulators toe portion (43Z2) and a first component crown portion turbulators heel

portion (434).

{60161]  'The first component can comprize a recessed hp (450, also referred to as a first
component lip or a joint extension surface) configured to overlap with a portion of the second

coraponent (200), and together form the golf club head (100). The first component lip (450) can

o/
1
1

border the first component perimeter edge (462) having a first component crown portion lip (455),

and first component tabs (457). The tirst component tabs (457, and matching grooves mn the

Vi) o a O &
second component, align the first component (30{) to the second component (200) during
assembly, and also add mechanical support to prevent sideways movement between the first
component (300) and the second component (200). In some embodiments, the second component

does not comprise grooves to receive the first component tabs (457). In these embodiments, the

/

first component tabs (457) provide predetermuned spacing n adhesive gap) between the first

and second components. This predeterrained spacing can cause the adhestve to bond unttorraly and

evenly across the lap jomt

{60102] 'The tiest component hp (450) 1s recessed trom an outer surface of the golf club head
(104} to accommodate the combined thickness ot the overlapping lip of the second component
(200}, and any adhesive securing the two components together. Referring to FIGE. 5, 9, and 10, the

tirst component (300) comprises a tirst component lip recessed ottset (459), a first component sole

portion lip (460), a first component sole portion rear extension (500), a first component sole portion
rear extenston mass portion (510) having a mass portion mterior torward boundary (1050 whuch
corresponds to the forward exterior boundary 918, shown m FIG. 9), one or more mass portion

mterior nbs (520), and a detachable < 7{’,ight recess (540) having a threaded fastener recetver boss



(542). Referring also to FIG. 1F, a tirst component lipp (455) 18 configured to be covered by a
portion of the second component 204} when the first component (300} s coupled to the second
component (200) to form the golf club (100). The first component (300} may preferably be coupled
to the second component (204) with an adhesive placed between the overlapping surfaces of the

tirst component and the second component.

{00103} Refornng to FEG. 7A, the fust component lip has a width (730), which can range from
0.125 inch to 0.275 mnch. For example, the first component bip width (720) may be 0.125 1nch, 0.150

mnch, 0.175 mch, 0.200 mch, 6.022 inch, 0.225 inch, $.250 mch, or 0.275 inch.

~

{00104] The tirst component recessed offset (459) is an offset distance of the lip (455} from the
outer surface of the tirst component (300) toward the mnterior of the golf club head. The recessed
oftset (459 can range from 0.060 inch to €.160 inch toward the intenor of the golf club head 304,
In other embodiments, the recessed offset (459) can range from 0.060 inch o 0.150 inch, 0.060 nch
to 0.140 inch, 0.080 inch to 0.160 inch, 8.090 1o 0.150 inch, or 4.090 inch 1o 0.160 inch. For
exarople, the recessed offser (459) can be 0.060 1nch, 0.070 1ach, 0.080 1ach, 0.090 1nch, 0.100 1nch,

0.110 mch, 0.120 inch, 0.130 inch, 0.140 1nch, 0.1530 inch, or 8.160 mch.

{80105]  'The first component hip (450} can comprise 2 thickness. The thickness ot the first
component lip (450} can range between 0.007 inch and $.030 inch. In some embodiments, the
thickness of the first component hip (450} can be between about 0.007 inch and 0.009 inch, 0.009
inch and 0.011 inch, 0.011 inch and 0.013 mch, 6.013 inch and 0.015 inch, 8.015 inch and 0.017

~
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inch and 6.019 inch, 0.019 inch and 0.021 inch, 0.021 inch and 0.023 inch, 0.023 nch

nch, 0.01
025

and (.025 inch, 6.025 inch and 0.027 inch, or $.027 inch and 0.030 inch.

{60106]  Sull refercing to FIG. 5, the fust coraponent has a rear extension on the sole, which
alfows a latger porticn of the mass of the assembled golt club head to be moved down to the sole
and towards the rear of the assembled golf club head. The rear extension (500) extends from and s
2 heiva

mitegral with the return portion (177), allowmg mmpact stresses to propagate all the way to the rear ot

N
the scle, helping to balance the distribution of impact stress in the golf club head.

{66167]  Sull referning to FIG. 5, the first component lip (450} comprises the first component
crown poction bip (455), the first component sole portion hip (460). The first component bip (450)

nay have other p(_’iifﬁ ons.



{00108] Reteming to FIG. 6, 2 plane (610) parallel to the ground plane (105}, and intersecting the
strike face center {175) defines a view of the lower portion of the first component (300) as show in

FIG. TA. Reternng to FEGS. 7TA and 8, the rear extension (500) extends from a rear perimeter of a

striking face return scle pertion (810} toward the rear end (180} of the golf club head (100).

{60109] Reterring to FIG. 7A, the first component (300) comprises 4 first component sole

portion heel extension (710), a fust component sole portion toe extension (720), a first component

lip (460) baving a tirst component lip width (730}, a first component trailing edge portion (740}, and
a tirst component sole portion rear extenston mass portion (310) having a vertical lip (750}, and a

mass portion trailing edge shelt (760).

{60118]  The rear extension (500) has a larger mass at a rear most position of the extension.
Placing the mass at the rear most position allows for the manipulation of the rear sole extension
position to greatly affect the mass properties of the assembled golf club head. In some
embodiments, referring to FIGS. 57-60, the first component rear extension {5300} can comprise a

sole aperture (555). The sole aperture funcuons to further move mass adjacent the rearmost end of

the rear extension (500). As atorementioned, placing the mass at the rearmost end allows the CG to

be moved rearward, thereby increasing the morment of inerta of the club head. By added a scle

aperture {(355), more discretionary mass will be created to place on the rearmost end of the rear

extension (500).

/

{60111} Retemmng to FIG. §, the first component 30{) comprises a stuking face return sole
portion rear extenston (500) having a first component sole portion rear extension length (505) and a
first corpponent sole portion rear extension width (307). The first component (300} comprises a

strtking face return sole portion (810), having a strking face return sole portion width (815), a first

I /s

coraponent sole portion toe extension (820) having a fust component sole portion foe extension

p—

engt'h ('825), and a first coraponent sole portion heel extension (830} having a first component

pcrimctet' of the strikung face return sole portion (810), towards the rear end (1803, The rear

\

extension length (505) can range between 2.5 inches to 4.5 mnches. The return sele portion width

/
(815) 1s measured from the loft plane (198} rearwardly to a rear perimeter of the striking tace return

N

portion (177), which 13 a sole portion of a first component penimeter edge (462). The rear extension
length (505) and the striking tace return sole portion width (815) together comprise a total sole

N\

iength of the golf club head (100} measured trom the loft plane (198) to the rear end {186) along the

N



sole (120). The rear extenston width (547) is the width of the rear extension (500). The rear

extension width (507) 15 measured i a heel to toe direction rearward ot a rear perimeter of the

N

strifing face return sole portion (810}, which 13 a sole portion of 4 first component penimeter edge

(462). The rear extension width (507) 13 less than an entire width of the sole (120) of the golt club

/
(100, The rear extension width (347) can range trom 25% to §5% of an entire width of the sole

(120). The rear extension width (307) may be 25%, 307, 35%, 40%%, 45%, 50%, 55%, 64%, 65%,

0%, 75%, 80% or 85% of an entire width of the sole (120}, In some erobodiments, the rear

RN
/)

extension width (507) can range from (.4 inch to 2.5 mches.

{00112]  Referring to FIGS 7A and 8, the tust component sole portion rear extension (300), toe

extension (720), and heel extension (710) together form a T-like structure. The first component
sole portion rear extension (500) forms a toe-ward angle {8§50) with the toe extension (720), and a

heel-ward angle (855) with the heel extension (710}, The first component (300) turther comprises a

detachable weight recess (540) having a plurality ot derachable weight recess tabs (546).

{60113} Retemng to FIGS 5, TA, and §, the stoking face return (177) extends rearwardly trom 2

N

strtking face penimeter, essentially perpendicular to the striking face (170). The strkin

N /
and striking face return (177) comprise a torward section of the assembled golf club head. The

ety

striking face return (177) comprises a striking face return crown portion (4{}{}} having a striking face

return crown portion width (405), and a return sole portion (818) having a striking face return sole
portion width (815). The striking face return crown portion (400) comprises a rearward perimeter
that forms a profile on the crown (118) from the heel end (160) of the crown (118) to a toe end
{1505 of the crown (110). The strking face return crown porton width measured from the staking

tace (170) toward the rear end (180) roay vary. The stuking face return crown portion maximum

N

) or the heel end (160). In other embodirents, the

width (405) may be located near the toe end (150)

hetween the toe

torward crown portton maximum width (405) roay be located i a muddie regie
end (150} and the heel end (160}. The striking face return crown portion width (405) can be at least
0.8 inch, at least 1.0 inch, at least 1.2 inches, or at least 1.4 inches. In some embodiments, the

striking tace return crown portion maxtmum width (405) can range trom 1.0 inch to 1.5 inches. Fo

"

example, the striking face return crown portion masimum width (405) may be 1.0 inch, 1.1 inches,
1.2 inches, 1.3 inches, 1.4 inches, or 1.5 inches. The second component crown portien width (405)

can be similar to the crown portion as described in U.S. Appl. No. 11/693,490, now U.S. Patent No.

7,601,078,

G



{00114] The striking face return (177) of the first component {300) can comprise a thickness
extending between the outer surface and the inner surtace of the striking tace retum (177). The
thickness of the first component (300} can range from 0.015 inch to 0.040 inch. In other
emnbodiments, the thickness of the first component (300) can range from $.010 mch to 8.040 inch,
0.010 mch o $4.020 inch, 0.015 inch to 0.025 inch, .020 inch to 0.030 inch, 0.025 inch to 0.035
inch, 0.030 inch to 0.040 1inch, 0.040 inch ro 0.10 inch, or 0.10 inch to .25 inch. For example, the
thickness of the first component (300} can be 0.010 inch, 0.015 nch, 0.020 mnch, 0.025 inch, 0.030

inch, 0.035 mch, or 0.040 inch. In some embodunents, the thickness of the tist component (300)

can vary at the striking face (174, the retumn crown portion (4()0}, the first cornponent sole portion
{310}, the tirst component sole portion heel extension (710}, the tirst component sole portion toe
extension (720), and the fiest component scle portion rear extension mass portion (510,

{B0115]  Reterning ro FIG. 5, the crown portion turbulators (430) located on the return crown
portion (40{) are protrusions that atfect the aerodynamics of the golf club head (108). In some
embodiments, the return crown portion (44} can comprize indentations on its inner surface that
correspond to the crown portion turbulators (430}, giving the turbulators (430) the same thickness
fwall thickness, measured between the mner and outer surfaces) as the remainder of the return
crown portion (400). However, in other erobodiments, one or more of the crown portion
turbulators (430) can be tilled to give it a thickness greater than the remnainder of the retura crown
portion (400). The increased thickness of the retumn crown portion (404) at the one or more filled
turbulators can increase the durability of the golf club head (100) by increasing the nigidity of at least

a section ot the return crown porton (400},

{60116] Reterrmg to FIGS. 5, 7B, and 7C, the crown portion turbulators (430) can be
categorized as toe portion turbulators (432) and heel portion turbulators (434). Insome
embodiments, one or more of the crown portion turbularors (430) 1s tilled with matersal {solid),

such that there 18 no corresponding indentation on an mner surtace of the return crown portion

{400}. 1o sorme embodiments, one or more of the toe portion turbulators (432) can be tilled. In
sorne embodiments, one or more of the heel portion turbulators (434) can be filled. A region of the

crowtt return portion (400} with one or more filled turbulators can be stitfer or more rigid than
regions of the crown return porttion (400) that have untilled turbulators, A solid turbulator

~
{
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comprises a thickness that s greater than the thickness of the remainder of the crown return portion

(400).

Y



{00117] Retemng to FIGS. 7B and 7C, in some embodirents, a thickened region (436) of the
crown return portion (400) comprises thicknesses greater than the thickness of the remainder of the
crown return portion {400). In general, the crown return portion (400) can have the striking face
returnt (177) thickness, described above. However, insome embodiments, the thickness of the
return crown portion (400) can be increased within the thickened region (436) by up to 0.002 inch,
up to 0.003 inch, up to 4.004 inch, up to 0.005 inch, up to 0.006 inch, up to 0.007 inch, up to 0.008
inch, up to 0.009 mch, orup o 0.010 1nch. The thickened region (436) can be a patch, rectangular
region, a bounded region, and/or a shape that at least partially encompasses one or more of the
crown portion turbulators (430). Tn the embodiment shown in FIG. 7B, the bounded region

-

encompasses two of the heel portion turbulators (434}, The turbulators are tilled (soltd) within the

1

bounded region (436). FIG. 7C dlustrates a cross section showing a flled crown portion turbulator

(430;.

{60118] When a golf ball impacts the golf club {100), the first component (300), mcluding the
crown return portion (400), bends and flexes. This Hexing of the crown return portion 400) of the
first component (300} can induce stresses within the second component (200), which 13 bonded to
the first cornponent lip (430). The second component (200) can be put at risk of material failure if the
crown reture portion (400} of the tirst component (300} repeatediy flexes beyond a certain threshold.

Adding a thickened region (436) can locally increase the cross-sectional area of the crown return
portion (400) adiacer stions of the second component (2004 that misht be at risk of material Failur
portion (400) adjacent portions of the second component {200} that rught be at risk of material fadure
after repeated impacts. Increasing the cross-sectional area ot the crown return portion (400 at the

thickened region {(436) reduces the stress, thus mncreasing the durability of the club head (160).

{60119]  Manpulating the posttion of the rear sole extension (500) provides a means of
marupulating the mass properties of the asserobled golf club head. Referring to FIGS. 4, 5, 7A, and

8, the sole portion of the tust component can extend from a center near the staking face toward the
toe end forming a first component sole portion toe end extension {720}, toward the heel end
formung a first component sole portion heel end extension (710}, and toward the rear end forming a
tirst component sole portion rear extension (500). The tirst component sole portion toe extension
(7283, the tirst component sole portion heel extension (710}, and the first compoenent sole portion
rear extension {500) can form a 17 shaped profile. In some embodiments, the toe extenston car
have a first component sole portion tee end extension length (825) in a range of 1.50 inch to 2.00

inch from the YZ plane toward the toe end (150). For example, the first component sole portion

A



toe extension {72() can have first component scle portion toe end extension length (825 of 1.50
AN / 3 [l \ /

mnch, 1.60 inch, 1.70 inch, 1.80 inch, 1.90 inch, or 2.00 inch toward the toe end (150). In some

Iz

embodiments, the first component sole portion heel end extension {714} can have a first component

sole portion heel extension length (835) in a range of 0.90 inch to 1.40 mch from the Y2 plane

N

toward the heel end (160). For example, the first component sole portion heel end extension (710)
can extend .90 mch, 1.10 inch, 1.20 inch, 1.30 1ach, or 1.40 inch. The first component sole portion

rear extension (500) can extend 2.30 inch to 2.90 inch rearward from the striking face retum (177).

For exarople, the first cormnponent sole portion rear extension (500} can extend trom the stoking

7~

face return (177) by a distance of 2.30 inch, 2.40 inch, 2.50 inch, 2.60 mch, 2.70 inch, 2.80 1nch, or

2.90 inch.

{B0126]  Shifting the first component sole portion rear extension {500) (also simply calied the
“rear extension”} closer to the toe end (150) or the heel end (160) of the golf ¢lub head {100}
provides one means of manpulating the mass properties of the assembled golf club head, and

changing the ball thght. When manutacturing the first component (300), moving the rear extension

(504 toward the toe end (150) or toward the heel end (160) of the golf club (100) will change mass

AN s

properties of the assembled golf club head. It the rear extension (500) 18 moved toward the toe end
L p & J

{150} by decreasing the first component sole portion toe end extension length (825) the center of

gravity of the golf club head (160) will also be moved towards the toe end (150). 1t the first

1

component sole portion rear extension (56{) is moved toward the heel end (160) of the golf club

i

head (10, the center of gravity of the golf club head (100} will also be moved towards the heel end
(160).

44121 The first component (300) comprises 2 surface area ranging from 27 inch
p N / i SIS

o 41 inch®out

\

of the entire surtace area of the golf club head (100). In some embodiments, the surface area of the

first component {(300) can range from 25 inch” to 43 inchz, 25 inch™to 28 inch®, 28 inch®to 31 inch?,

3.2

31 inch®to 34 inch?, 34 inch to 37 inch?, 37 inch®to 40 inch?, or 40 inch™ to 43 inch®. For exam l{f,
. . p

the 25 inch?®, 27 inch? 29 inch®, 31 inch?, 33 inch?®, 35 inch?, 37 inch®, 39 inch? 41 inch®, or 43 inch

3

G122 The first component 30{) can comprise a material such as steel, tungsten, aluminum,
\

i, U

titaniurn, vanadiom, chromium, cobalt, nickel, other metals, or meral alloys. In some embodiments,

1

the first component (300) can comprise a T1-8ALIMo-1V alloy. In many embodiments wherein the

v

golf club head (100} 15 a driver-type club head, the first component (300) can comprise a titanium



material, In many embodiments wherein the golf club head (100} is a farrway wood-type club head,
§

the first component (300) can comprise a steel matenal.

\

{80123]  In many embodiments, the first component 304) can be casted. In other embodiments,

the first component (300) can be forged, pressed, rolled, extruded, machined, electrotormed, 3-12
printed, or any appropriate formung technique. Refernng FIG. 15, in embodiments wherein the tist

coraponent (300) 1s cast, the fust comnponent (300) may further comprise a plurality of casting
support bars, including one or more heel end casting support bars (1510}, and one or more toe end

casting support bars (1512).
1} First Component Rear Sole Extension

{00124]  As discussed above, the first component comprises the strilung face and striking face
return (177). These portions of the golf club head (100) receive and distribute the impact forces
when the goif club strikes a ball. The rear extension (500) 3 integrally formed with the rest of the

\

first component 300), and extends from the striking face retumn sole portion (§10). Further, the

,»»-

rnass of the rear extension (500), resists torquing forces caused by oft center hits on the s Jmkmg

tace. In many embodiments, the tirst component scle portion toe end extenston (720), and the first

component sole portion heel end extension (710) can be parallel with the striking tace (170}
IS s s

comprising a constant width from tront to back. In other embodiments, the toe end extension
(720, and heel end extenston (710} can increase and/or decrease in width from toward the toe end
{150} and heel end (160), compnsing a varying width. In some embodiments, the tiest component
sole portion toe (720) and heel end (710) extensions can comprse a width ranging from 1.0 inch to
1.5 inches. For exarnple, the toe (720) and heel end (710) extensions can be 1.00 inch, 1.10 inches,
1.20 inches, 1.30 1nches, 1.40 inches, or 1.50 nches.

{80125]  In many embodiments, the tirst component sole portion rear extenston (50() can

mcrease n width, decrease in width, and/or comprise a consistent width (307) from a rear boundary

of the striking face return sele portion (818) toward the rear end (180). In some embodiments, the
5 \ \, g 5

rear end extension (500) can compuse a width (507) ranging from 1.0 inch to 3.5 inches. For
example, the rear end extension can be 1.0 mch, 1.25 inches, 1.50 mnches, 1.75 mches, 2.0 inches,
2.25 tnches, 2.50 inches, 2.75 inches, 3.0 inches, 3.25 inches, or 3.50 inches. In some embodiments,
the rear extension (500) comprises a v-arying width 1o a front to rear direction. Specifically, the rear
extension (500) can cornprise a width that increases 10 a front to rear direction. In these
embodiments, the width of the rear extension {500} has a mintoyum value adjacent the steiking face



return sole portion (81, an a maximum value adjacent the rear of the club head. Increasing the

~
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width of the rear extension (500) towards the rear of the club head allows the rear extension (500} to

support a weight or weight system. Varying the width ot the rear extension (500), so that the

Y
i

mirnmum width 1s adjacent the strilung face retum sole portion (810), reduces mass adjacent the
tace return and allows this saved weight to be redistributed to the penimeter of the club head. In
other embodiments, the rear extension (500) can comprse a width that decreasing in a front to rear
provide

direction. Decreasing the width of the rear extension fowards the rear of the club head can p

additional structueal support for the weight or weight systems atrached to the rear extension (500).

{00126] o some embodiments as iustrated 1o FIG. 2, the first coraponent sole portion rear
extension (500) can extend in a perpendicular orientation relative to the striking tace (170), centered
between the toe end (150) and the heel end (160). In other embodiments, the rear extension (500)

i
H

can extend in an orentation closer to the toe end (158), or closer to the heel end (160}, The rear

/9
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extension (300) can be offset towards the heel end (160} from 0.05 inch to 1.0 inch. For example,
the rear extension (500) can be otfset towards the heel end (160) 0.1 inch, 6.2 inch, 8.3 nch, 0.4
inch, 0.5 mch, 0.6 1nch, 0.7 inch, 0.8 inch, 6.9 inch, or 1.0 inch. The first coraponent sole portion
rear end extension (500) can be offset rowards the toe end (150} from 0.05 1inch o 1.0 inch. Tor
exarnple, the rear extension (500) can be offset towards the toe end {160) 8.1 inch, §.2 mch, 0.3 inch,

0.4 inch, 0.5 inch, 0.6 tnch, 0.7 inch, 0.8 mch, (.9 mch, or 1.0 inch.

{60127]  If the first component sole portion rear end extension (500) 13 offset towards the toe
end {150}, the center of gravity of the golf club head (100) can be offset towards the toe end (150)
up to 0.150 inch, when compared to a sumular golf club head with the sole portion rear end

>

extension (500) being centered. For example, the center of gravity may be otfset towards the toe

-nd (150} 0.010 1nch, 0.020 inch, 0.030 inch, 0.040 1nch, 0.050 1nch, 0.060 10ch, 0.070 inch, 0.080

tnich, 0.090 inch, 0.100 inch, 0.110 inch, 6.120 inch, 0.150 1nch, 0.140 inch, or 0.150 inch. I the first

component sole portion rear end extenston (500) is oftset towards the heel end (160), the center of
gravity of the golt club head (100) can be oftset towards the heel end (160) up to 0.150 inch. For
example, the center of gravity may be oftset towards the heel end (160} 0.010 inch, 0.020 inch, 0.030
inch, 0.040 inch, 0.050 inch, 0.060 inch, 0.070 inch, 0.080 inch, 0.090 inch, 0.100 inch, 0.110 inch,
0.120 inch, 0.130 inch, 8.140 inch, or 6.150 inch. The offset of the center of gravity can affect ball

theht charactenistics by brasing the golt club head towards a fade-counteracting position or a draw-

counteracting position at impact.
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{00128] Retemng to FIGS. 21 and 32, another means of manipulating the mass properties of the
golf club head 15 to change the angle the rear sole extension relative to striking face of the tirst
component, The first component sole rear extenston can comprise a rear extension axss (504). The

rear extension axis (504) can extend through a center of the sole extension, from a sole view. The

rear extension axs (304) can be positioned so that, m a sole view, 1t 13 roughly equidistant from each
f > iy

side of the sole rear extension (500) ar all points along the axis (504). The rear extension (304} itself
can be positioned so that the rear extension axis mntersects the Y plane (193] at a rear extension

W/\

angle (508), as ilustrated 1 FIGS. 35 and 36. In some embodiments, the rear extension axis (504)

can intersect the YZ plane (193) at a point adjacent a rear edge of the return portion (177). The rear

extension angle (508} can range trom 0 degrees to 45 degrees. In sore embodiments, the rear

extension angle (308} can range from 0 to 10 de . 0 to 20 degrees, 0 to 30 degrees, § to 40
degrees, 10 to 20 degrees, 10 to 30 degrees, 10 t0 40 degrees, 10 to 45 degrees, 20 to 30 degrees, 20

to 40 degrees, 20 to 45 degrees, 30 to 40 degrees, or 30 to 45 degrees. Figures 25-28, 33

dlustrate other embodiments with angled sole extensions, described below.

30129 Adiusting the angle of the rear extension positions the detachable weight etther heel-
) < el ¥ %
ward or toe-ward on the club head (100) because the weight 18 secured within a derachable weight

recess (540, By angling the rear extension (500), the club (100} can be Weight{fd to have a draw bias

when the extension (500) 1s angled towards the heel of the chub head (

(100). In other embodiments,
anghing the rear extension (500) towards the toe of the club head (100) grves the club head a fade

..

as.

{60138] Refernng to FIG. 8, the angulation of the rear extension (580} can also be understood

through angles between the edges of the sole rear extension (500 and the return pornon (177). The

o %} &5 \ / \

first component sole portion rear extension toe-ward angle (850) and the first component sole

portion rear extension heel-ward angle (855) are Sllp")]d‘l(‘l’}"&}"/ angles {Le. the two angles add up to

X

1
}

(0 degrees). In one embodiment, the toe-ward angle (850) and the heel-ward angle (855) are each
90 degrees, so the tear extension (500) is essentially pupa-ﬂm-}“ to the striking face (170). In
alternate emboduments, the toe-ward angle (839) and the heel-ward angle (855 can cach vary
between 45 degrees and 135 degrees, as long as the two angles continue to be supplementary angles.

o

For example, the toe-ward angle (850) can be 100 degrees, while the heel-ward angle (855) 15 the
supplementary 80 degrees. In this example, the mass portion (514} is angularly offset towards the
heel end (180) of the golf club head (100).

\
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G60131) Other combinations of toe-ward angle (850) and heel-ward angle (855) may be 110
bv) \ / J

degrees and 70 degrees, 120 degrees and 60 degrees, 130 degrees and 50 degrees, or 135 degrees and
45 degrees. The center of gravity ot the golt club head would be offset toward the rear mass
portion (510) posttion.  For example, the center of gravity may be offset towards the heel end (160)
0.018 inch, 0.020 1nch, 0.030 inch, 0.040 inch, 0.050 inch, 0.060 inch, 0.070 mch, 0.080 inch, 0.090
inch, 0.100 inch, 0.110 inch, 6.120 inch, 6.130 inch, 0.140 inch, or 6.1530 inch. In a similar fashion,
the toe-ward angle roay decrease while the heel-ward angle increases. For example, the combination
of toe-ward angle (850) and heel-ward angle roay be 80 degrees and 100 degrees, 70 degrees and 110
degrees, 60 degrees and 120 degrees, 50 degrees and 130 degrees, or 45 degrees and 135 degrees.

For example, the center of gravity may be oftset towards the toe end (160) by 0.010 inch, 0.020

innich, 0.030 inch, 0.040 inch, 0.050 inch, 6.060 inch, 0.070 inch, 0.080 inch, 0.090 inch, 6.100 inch,
0.110 inch, 0.120 inch, 8.130 inch, 0.140 inch, or 0.150 inch. This angular offset may be desirable to
place a rear miass more toward the rear, heel-ward portion or rear toe-ward portion to position a
club head center of gravity in that direction to influence ball thight characteristics. Angular offsets in
other embodiments may differently combine the first comnponent sole portion rear extension toe-
ward angle (850) and the first component sole portion rear extension heel-ward angle (855}, which

can produce ditferent club head center of gravity positions and different hall flight characteristics.
2) First Component Rear Sole Extension Rear Mass

{00132]  As discussed above, the first component comprises most of the mass of the assembled
golt club head. The rear extension (500) allows tor some of the golf club mass to be positioned
away toward the rear of the club head, and in the sole of the club head. The rear extension (500)
comprises 4 mass portion at the rear of the golf club head, allowing the mass there to further
mntluence the CG and MOT of the golf club head. The first component sole portion rear extension
mass portiOt (510) alonie can corprise between 20% to 35% of the total mass of the golt club head

1
H

{100}, Placing thus mass at the rear most portion of the rear extension (500) ts an important aspect

to controliin

frme

2 the mass properties of the golf club head (160) during manutactunng the furst

component £ (300,

/

{60133] Refernng to FIG. 9, the first component sole portion rear extension mass portion (510}
comprises a threaded receiver (545), one or more weight recess tabs (546), and the mass portion
(510} having a heel side external boundary (910}, a toe side external boundary (915), and a torward

external boundary (918).



{00134} Reteming to FIG. 10, the mass portion (510) further comprises a plurality of internal tibs
(52()) having an internal rib width (523). The plurality of internal ribs (520) may comprise two ribs,

three ribs, four ribs, five ribs, or more than tive ribs. The plurality of internal nbs (520} mate with,

or attach to the interior surface of the rear extension mass portion detachable weight recess (540).
The internal ribs (524} can reduce unwanted vibration at the mass porton (510), which is destrable
because so much ot the mass of the golf club head (3100} 15 located so far to the rear of the golf club
head. The mass portion (510) further coraprises a vertical lip (750) having a vertical bp height
{1150}, a mass portion trading edge shelf (1042) having a shelf length (1048), a shelf height (1044)
and a shelt width (1040). The shelf length (1048) 1s approximately the same as a rear extension

width (307), and varies as the width of the mass portion (510) va

{60135]  The shelf (1042) provides a4 mating surtace for a portion of the second component when

the first and second components are coupled to form the assembled golf club head. The mass

portion (31{) turther comprises an intenior torward boundary (1050}, and a vertical lip length (1052),

{60136] Refernng to FIG. 8, the view of the rear mass (514 1s bisected by the Y plane (193).

w2l

As shown in FIG. 11, the mass portion comprises an internal length (1110), 2 mass portion
maximum height (1112), and a vertical lip beight {1150}, The internal ribs further comprise a rib

hetght (112{) and a b length {1122).

{60137]  The intemal nb width (523) can range trom 0.025 inch to $.100 mch. For example, the

internal nb width (523) may be 0.025 inch, 0.050 inch, 0.075 inch, or 0.100 inch. The mnternal b

\

height (1124 ranges from 25% to 104} % of a detachable weight recess depth (1216). The internal
rib length (1122) can range from 0.100 inch to 1.500 inch. For example, the intemal b length
(1122 may be 0.100 inch, 0.200 inch, 0.300 inch, 0.400 mnch, 0.500 mch, 0.600 mch, 0.700 inch,

0.800 inch, 0.900 inch, 1.600 inch, 1.100 inches, 1.200 inches, 1.300 inches, 1.400 inches, or 1.500

>

{00138] 'T'he mass porton (510) has a mass portion maximurm height (1112) located

Vs N

approximately along the most upper portion of the mass portion vertical lip (750). The mass

/
portion (518) decreases in thickness as it approaches the heel side external boundary (910}, the toe
side external boundary (915), and the torward external boundary (918). The rmass portion maximum

J

herght (1112) comprises the maximum thickness of the mass portion (510). The maximum



thickness of the mass portion (518} can range from 0.40 inch to .70 inch. For example, the

maximum thickness of the mass portion (510) may be .40 inch, 0.50 inch, 0.00 inch, or 0.70 inch.
3) First Component Detachable and Embedded Weights

{60139]  To allow further control of the mass properties of the assembled golf club head, a

detachable weight recess and a detachable wetght are provided, wherein the detachable weight tass

can fine tune the mass properties of the g

olf club head at the pont of assembly. The detachable
weight recess {540) further comprises a plurality of detachable weight recess tabs. The plurality of
detachable weight recess tabs may be two tabs, three tabs, four tabs, five tabs, or more than five

tabs.

{60146] Reterrmg to FIG. 12, 1t may be desirable to further increase the mass placed n the rear
most portion of the golf club bead. The mass portion (510) may further comprises an erabedded
weight recess (1220). Theretore, an embedded weight recess (1220) and an embedded weight (166
{(configured to be received with the embedded weight recess (1220)) comprising an embedded

1
}

wetght matenal having a density that is higher than the first density of the first component (300)

tirst material may be provided.
{60141] Reterrmg to FIG. 13, the derachable weight (1304) can compnse a material such as steel,
tungsten, sluminur, ttamum, vanadium, chromeum, cobalt, nickel, other metals, metal alloys,

cornposite polymer materials or any combination thereof. In many embodiments, the sole weight

can be tungsten. The detachable weight (1300} has 2 mass.
{001421  'The detachable weight (1300) mass can range frorn 1.0 gram to 35.0 grams. For

example, the detachable weight (1300} mass may be 1.0 gram, 1.5 grams, 2.0 grams, 3.0 grams, 4.0

grams, 5.0 grams, 6.0 grams, 7.0 grams, 8.0 grams, 2.0 grams, 10.0 grams, 11.0 grams, 12.0 grams,

orare 140 orame 150 orams 6.0 orams 17 ams. 180 orams. 19.0 orams. 0.0 orams. 2
13.8 grams, 14.0 grams, 15.0 grams, 16.0 grams, 17.0 grams, 18.0 grams, 19.0 grams, 20.0 grams, 21

grams, 22 grams, 23, grams, 24, grams, 25 grams, 26 grams, 27 grams, 28 grams, 29, grams, 30

3 &

grarns, 31 grams, 32 grams, 33 grams, 34 grams, or 35 grams.

{60143]  Refernng to FIGS. 8 and 13, the detachable weight (1300) s configured to be recerved

within the detachable weight recess (540). The detachable weight (1300) turther corprises a
through hole approximately 10 the center of the detachable weight (1360). The through hole s

configured to recetve a detachable weight threaded fastener (1320}, allowing the threaded fastener



(1320} to be threadably recerved in the threaded receiver boss (542) to secure the detachable weight

(1300} mto the detachable weight recess (540).

{80144] Refernng to FIG. 14, the detachable weight (1300) turther comprises a thickness (1434),
a plurality of detachable weight offsets (1434), and a plurality of detachable weight side grooves
(1438). The plurality of derachable weight otfsets {1434) may be two oftsets, three offsets, four
offsets, five offsets, or more than five offsets. The plurality of detachable weight side grooves
(1438} may be two grooves, three grooves, four grooves, five grooves, or more than five grooves.
The ottsets (1434 are configured t0 cause the detachable weight (1300} to be slightly offset trom
the walls of the detachable weight recess (540} when the detachable weight (1300) 1s received within
the detachable weight recess {540). The detachable weight side grooves (1438) are contigured to
receive the detachable weight recess tabs when the detachable weight (1300} 15 recetved within the

detachable weight recess (540)

{80145]  Refernng to FIGS. 16A and 168, an embedded weight (1604) has a mass. The
embedded weight (1600) mass can range from 1.0 gram to 20.0 grams. For example, the embedded
weight (1600) mass may be 1.0 gram, 2.0 grams, 3.0 grams, 4.0 grams, 5.0 grams, 6.0 grams, 7.0

grams, 8.0 grams, 9.0 grams, 10.0 grams, 11.0 grams, 12.0 grams, 13.0 grams, 14.0 grams, 15.0

grams, 16.0 grams, 17.0 grams, 18.0 grams, 19.0 grams, or 20.0 grams.

{60146] The embedded weaight (1600) comprises a tungsten matenal, a tungsten alloy material, a
polymer matrx embedded with tungsten particles, or any other suitable matersal having a density

greater than the tist matedal density. The erabedded weight (1600) s conhigured to fit within and

be permanently affized in the embedded weight recess (1220). The ernbedded weight (1600) may be

"':J

ercnanently affized using an adhesive, by swedging or other press tfit methods, or by using an

appropriate mechanical attachroent means.
B) Second Component

{00147]  The go

il

ol chub head (100) comprises a first component (300} and a non-metallic,

lightwesght second component (200) configured to be coupled together to form the hollow golf
club head (100). As dlustrated in FIGS. 1F, 2 and 3, the second component (200} can comprise at

least a portion of the crown (110), the sole (120), the trailing edge and a rear cutout (240).

Referring specifically to FIGS. 1F and 2, the second component (200} comprises a second

.,L

coraponent crown portion (203), a second component sole portion heel portion (214), a second

N
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component sole portion toe portion (212), a second component perimeter edge (220), a second
component sole portion rear cutout {240) having a second component sole portion rear cotout
width (242) and a second component sole portion rear cutout height {244), and a second
component trailing edge portion (230). In some embodiments, not shown, the second component
el a4 meeh fthe cro In these embodiments. the sole portion rear cutout (240)
can um@m% ornty a portion of the crown. In these embodiments, the sole portion rear cutout (Z440)

N

can wrap around into the crown (205).

{00148]  As dlustrated m FIGS. 1-4, the second component crown portion (205) wraps over the
tratling edge (139, integrally torming the portions of the sole cornplernentary to the first
component. The second component heel and toe sole portions (214) (212} formed by the second
component (200) can comprise a triangular shape positioned between the toe end extension and
rear end extension, and rear end extension and heel end extension ot the tirst component. In other
embodiments, the sole portions formed by the second component (200) can comprise a circular
shape, square shape, oval shape, any other polygonal shape, or a shape with ar least one curved
surtace, complementary to the sole portions of the first component (100}, The second component
(200) rmay comprise a single monolithic plece, entirely formed together with no further joiung

necessary. For example, the second component (200) can be formed by 1njection molding a single

roonalithic piece comprising a single material.

{60149]  Alternately, the second compoenent 200) may comprise a plurality of separately formed
portions, which may be subsequently permanently jomed by adhessves, sonic welding, tusion
bonding, or other permanent joining methodologies appropriate to the matenals used in forming
the plurahity of separately formed portions. For example, the second component crown portion
(205}, toe portion (212), and heel porton (214) may be formed separately from the same or different
roatertals. The second component portions may then be adhesively joined to torm the complete

second cornponent (208}, Such torming of separate portions later joined may be advantageous

whern ustng materials such as bi-directional carbon fiber prepreg materials. Bi-directional carbon

<

09
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e certain sroall curvatures, and cannot be easily formed in

a single pieca to arrive at the desired second component (200} geometry, Using such a material may
produce a need to form separate sole portions {212) and (214}, which are later jomed by adhestves
or other methods to the rest of the second component (200).
G0156]  Alrernately, multiple second component portions may be separately attached to the first
J 3 B X

component, without having been attached to one another.



{00151}  'The second component ot the golt club head {100) can comprise 2 thickness. The
thickness of the second component can range from 8.030 inch to 6.500 inch. In some
embodiments, the thickness of the second component can range trom (.030 mch to 0.040 mch, or
0.030 inch to 0.045 inch, or 0.030 mch to 8.055 inch, or 0.045 inch to 0.055 inch, 0.045 inch to (.65
inch, §6.050 inch to 9.060 inch, 9.055 inch to 0.065 inch, 8.060 inch 1o 0.070 inch, 0.065 inch 1o
0.075 mch, 0.070 inch to 8.080 inch, 0.075 inch to 06.085 inch, 0.080 inch to 4.090 inch, 8.085 inch
to .095 inch, 0.080 inch to 8.090 mch, 0.085 nch to 0.095 inch, 0.090 inch to 0.100 inch, 0.1

inch to 0.200 1nch, 0.200 inch 1o 8.300 inch, 8.300 inch 1o 0.400 inch, or 8.400 inch to 0.500 inch.
For exaraple, the thickness of the second component can be 0.008 inch, 0.010 inch, 0.015 inch,
0.020 inch, 0.025 inch, 0.030 inch, 0.035 inch, 0.040 inch, 0.045 inch, 0.050 inch, 0.055 inch, 8.060

1
1

inch, or 0.065 inch. The thickness of the second component can further vary from the crown, the

sole, the heel end, the toe end, and the tratling edge. For example, 10 a single embodiﬁ'\em, the

thickness of the second component may ditter across the crown, sole, heel end, toe end, and wailing

edge portions of the second compoenent.

{80132]  In some embodiments, the second component further comprises internal ribs or an

mternal thicked section. As used herein, when referning to mnternal nibs or an nternal thickened
section, the present disclosure (s mtending to refer to a portion of the club body that has a varying
internal surface contour which presents a thickness {measured norroal o the outer surface of the

~ N el : : R _ ] T ] c
component) that is comparatvely thicker than a second, non-thickened area of the component. In
each instance, the term “mternal” 1s mtended to mean that the feature not readily perceivable from
the outside of the club head. Said ancther way, the outer surface mamtains a plain or substantially

plain contour across the feature and adjacent structure.

{00153]  Internal ribs or internal thickened sections may provide additional strength and/or
stitfness to the club head through varicus mechanisms. Figst, the thickened ribs/sections may act as
a strut/gusset that provides a structural framework for the component. In this reanner, the design
of the structure ttselt can promote strength. Additonally, the presence of the thickened section may
be used during molding to assist 10 controlling the direction, speed, and uniforrmity of the polymer
flow. In doing so, the orentation of embedded fibers may be controlled so that any anisotropic
parameters of the material, itselt, are ontented to support the club head’s intended purpose. In this

sense, the thicked sections can provide both an engineered structure and an engineered material.

‘mally, in some embodiments, the first component may include a buttressing feature, such as an
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upstanding strut that is contigured to be attixed to the second component. In such a design, the
thickened sections may provide a suttable coupling location as the thickened material may distribute

any transritted loads without the nisk of fanguing or fracturing the comparatively thinner sections.

{80154]  In some embodiments, such as the embodiment of FIG. 3, the second component (200)
turther comprises a plurality of second component reduced thickness sections (250) having one or
more crown portion reduced thickness sections (253) and one or more sole portion reduced
thickness sections (257). The second component (200) turther comprises a plarality of second
coraponent internal ribs (260) having one or more crown portion internal ribs (262) and one or
more sole portion internal ribs (264). The plurality of internal tibs (260) may be two ribs, three ribs,
four nibs, tive ribs, or more than five ribs. The crown portion (262) and sole portion (264) internal
nbs are between the second component reduced thickness sections (250). The crown portien (262)
and sole portion {264) internal ribs may comprise the greatest thickniess of the second component
(200, In some embodiments, the second component internal ribs (260) can be sirmiar to the ribs as
deseribed in UL.S. Appl. No. 15/076,511, now U.S. Patent No. 9,700,768, which is hereby
ncorporated by reterence in its entirety. The second component nternal ribs (260) can reduce

stress on the golf club head (100) and improve sound during an impact.

{B0155]  'The plurality of second component reduced thickness sections (258} comprise a
thickness. The thickness of the plurality of second component reduced thickness sections (258) can
range trom 0.008 mnch to 0.035 mch. In other embodiments, the thickness ot the reduced thickness
sections {250} can range from 0.008 imnch to 0.015 inch, 6.010 inch to 0.020 inch, 8.015 inch 1o 0.025
inch, 0.020 inch to 0.030 inch, or 0.025 inch to 0.035 inch. For exampie, the thickness of the
recuced thickness sections (250) can be 0.008 inch, 0.010 inch, 0.015 inch, 0.020 inch, 0.025 inch,

0.030 inch, or 0.035 inch. The thickness of the internal ribs or thickened portions may be up to
5 N o

- embodiments, the

0.010 1nch thicker than other portions of the second component (200}, In s

second component 3 devoid of internal ribs and reduced thickness s

(8156 In yet another embodiment, such as generally shown m FIG, 3B, the second component
W J B

comprises a central thickened section (270) that s surrounded by a crown portion reduced thickness

sections {255} having a comparatvely smaller thickness. In one contiguration, this central thickened
section (270) has total area of from about 1.5 1n° to about 3.0 in™. In another configuration, this
central thickened section (270) has a total area of from about 2.0 in” to about 2.5 in”. In some

1
1

embodiments, the central thickened section (270) has a slightly trapezoidal shape, whereby at leasta
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portion {272) of the thickened section (270) that s closer to the tace and/or forward edge (274) is

~

) that 1s more distant from the face. Sucha

7y
1
l

wider than a portion (276} of the thickened section {
width dimension s preferably taken parallel to 4 honzontal mudline of the face that extends between
the heel and toe portions ot the club head. As further shown, the central thickened section (270)

may be spaced from the forward edge {274) by a distance (d) that is greater than about 0.8 inch, ora
distance that 15 between 0.8 tnch and 1.0 inch, or between 1.0 inch and 1.2 inch, or between 1.2 tnch

and 1.4 inch. In sorne embodiments, the distance (d) 18 approximately 1.25 inch.

N/

{00137  In some embodiments (not depicted), the second component can further comprise a

tront thickened strip that runs along the perumeter or forward edge (274) of the second component
(200). This thickened strip can comprise a thickness equal to the thickness of the traiding edge

.
A1
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portion {230) and/or the central thickened section (270). The tront thickened strip provides

structural stiffness to the torward edge (274). There can be thickness transition region between the
front thickened strip and the crown porhion reduced thickness sections {255} to ease stress transfer
X \ /

across the crown. The second component comprises a mass percentage of the overall mass of the

golf club head (100}, The roass percentage of the second component can range trom 4% to 15% of

the overall mass of the golf club head (100), or can be approximately 10 grarms to 25 grams. In

other embodiments, the mass percentage of the second component can range from 4% to 15%. For

example, the mass percentage of the second component may be 4%, 5%, 6%, 7%. 8%, 9%, 10%,
11%, 12%0, 13%, 14%, or 15% ot the overall mass of the golf club head (100).
{00158] 'The second component comprises a outer surface area ranging from 17 inch’to 23 inch’.

In some embodiments, the surface area of the second component can range from 15 inch™to 27
inch®, 15 inchto 18 inch?®, 18 inch®to 21 inch?, 21 inch®to 25 inch®. For example, the surface area of

the second component can be 15 inch’, 17 inch®, 19 inch?, 21 inch?, 23 inch?®, or 25 inch”
1} Second Component Materials

{B0159]  'The second component (200) comprises a less dense material than the material of the
first component. In some embodiments, the second component can comprise a composite formed
trom polymer resin and remforcing fiber. The polymer resin can comprise a thermoset or a
thermoplastic. The second coraponent (200) composite can be etther a tilled thermoplastic (FT) ora
fiber-reinforced composite (FRC). Tn sorne embodiments, the second component {200 can

comprise a F1 bonded together with a FRC. Filled thermoplastics (F1) are typically injection

roolded nto the desired shape. As the name implies, flled thermoplastics (1) can comprise a

29



thermoplastic resin and randomiy-oriented, non-continuous tibers. In contrast, tiber-reinforced

cormposites {FRCs) are tormed from resin-impregnated {prepreg) sheets of continuous tibers. Fiber-

reinforced composites (FRCs) can comprise either thermoplastic or thermoset resin.

{80166]  In embodiments with a thermoplastic resin, the resin can comprise a thermoplastc
polyurethane (TPU) or a thermoplastic elastorner (IPE). For example, the resin can comprise
polyphenylene sulfide (PP3), polyvetheretheretherketone (PEEK), polyimides, polyarides such as
PAG or PAGG, polyamude-imides, olyphenylene sulttdes (PPS), polycarbonates, engineering
polyurethanes, and/or other stomiar materials. Although strength and weight are the two main

properties under consideration for the composite material, a suttable composite material may also
exhibit secondary benefits, such as acoustic properties. In some embodiments, PPS and PEEK ar

desirable because they emit a generally metallic-sounding acoustic response when the club head 1s

impacted.

{60161] The remforcing fiber can comprise carbon hibers {or chopped carbon tibers), glass fibers

o

= filler

ey

{or chopped glass fibers), graphine fibers (or chopped graphite fibers), or any other suttab

X

matenal. In other embodiments, the composite matenal moay comprise any remnforcng filler that

adds strength, durability, and/or weighting,
{60162] The density of the composite material {combined restn and tibers), which forms the
second compoenent (200), can range from about 1.15 g/cc to about 2.02 g/ce. In some

embodiments, the composite matertal density ranges between about 1.20 g/cc and about 1.90 g/cc,

about 1.25 ¢/cc and abour 1.85 g/cc, abour 1.30 g/cc and about 1.80 g/cc, about 1.40 g/cc and
about 1.70 g/cc, about 1.30 g/cc and about 1.40 g/cc, or about 1.40 g/cc to about 1.45 ¢/¢

Filled Thermonlastic (FI

{60163] Ina FI matersal, the polymer resin should preferably incorporate one or more polymers
that have sufficiently high martenal strengths and/or strength /weight ratio properties to withstand
typical use while providing a weight savings benetir to the design. Specitically, it 1s important tor the
design and matertals to etficiently withstand the stresses imparted duning an impact between the

strike face and a golt ball, while not contabuning substantially to the rotal weight of the golf club

head. In general, the polymers can be characterized by a tensde strength at yield of greater than

about 60 MPa {neat). When the polymer resin 18 cornbined with the remntorcing fiber, the resulting

[

cornposite material can have a tensile strength at yield of greater than about 110 MPa, greater than
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about 180 MPa, greater than about 220 MPa, greater than about 260 MPa, greater than about 280
MPa, or greater than about 290 MPa. In some embodiments, suitable composite matertals may have

a tensile strength at yield of trom about 60 MPa to about 350 MPa.

{80164] In some embodiments, the remforcing tiber comprises a plurality of distributed
discontinuous fibers {i.e. “chopped fibers”). In some erabodiments, the reinforoing fiber comprises a
3 fel

discontinuous “long fibers,” having a designed fiber length of from about 3 mm to 25 mim. In some

1

embodiments the discontinuous “long tibers” have a designed fiber length of trorm about 2 ram to

~ 3

14 mm. For example, 10 sorne embodiments, the fiber length s about 12.7 mun (6.5 inch) prior to

the molding process. In another embaodinnent, the reinforcing tiber comprises discontinuous “short

~

ﬁbers,” having a designed fiber length of from about 0.01 mm to 3 mm. In either case short or long
tiber), it should be noted that the given lengths are the pre-muxed lengths, and due to breakage
during the molding process, some fibers may actually be shorter than the described range i the final
component. In some configurations, the discontinuous chopped fibers may be characterized by an
aspect ratio (e.g., length/diameter of the fiber) of greater than about 10, or more preferably greater
than about 50, and less than about 1500, Regardless of the specific type of discontinuous chopped

fibers used, n certain configurations, the composite material may have a tiber length of from about

0.01 mm to about 25 mum or from about .01 mm to about 14 mm.
{00163] The composite material may have a polymer resin content of trom about 40% to about
90% by weight, or trom about 55% to about 70% by weight. The composite matenal of the second

component can have a fiber content between about 10% to about 60% by weight. In some

<

embodiments, the composite matenial has a fiber content between about 20% to about 50% b
weight, between 30% to 40% by weight. In some embodirnents, the composite matenal has a fiber

content of between about 10% and about 15%

between about 15% and about 20%, between about

20% and about 25 %, between about 25% and abo o, betw about 30% and about 35%,
between about 35% and about 40%, between about 40% and about 45%, between about 45% and

o 1

about 30%, between about 50% and about 55%, or between about 55% and about 60% by weight.

{80166] In embodiments where the second component 200) comprises a tilled thermoplastic
(FT) material, the second embodiment (200) can be injection molded out of composite pellets
compnising both the polymer resin and the reinforcing fibers. The reinforcing tibers can be

embedded within the resin prior to the injection molding process. The pellets can be melted and

mjected into an empty mold to form the second component (200). The FT composite material can
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have a melting temperature of between about 210 °C to about 280 °C. In some embodiments, the
cotmposite material can have a melting temperature of between about 250 °C and about 274 °C.

\

{80167]  In embodiments with FT material second components (200), at least 50% of the fibers

can be aligned roughly front-to-back i a center region of the crown (110). In other words, the

\

). T matersals exhibit grearest

"I!”
170)

o
TN

fibers can be aligned roughly perpendicular to the strking face

[£7]

trength in the direction of fiber alignment. Theretore, having the fibers oriented roughly front-to-
back 10 the crown (110} can increase the durability of the club head in the front-to-rear direction.
The fiber alignment can be correspond to the direction of material Hlow wittun the mold during the

roolding process.

{80168]  When the golf club head (100) strikes a golt ball, the impact can cause the mass at the
rear end (180) of the rear extension (500 to displace vertically, in the Y-axss (192) direction. At

N

impact, the sole portion rear extension (500} will bend upwards and exert stress on the second
component crown portion (205). The crown portion 18 compressed between the first component
rear extension (500) and a front portion of the first component (300). Therefore, in embodiments

with a F1 second component (200), aligning the tibers with the direction of compression stress that

15 expected at impact lowers the likelihood of fatlure within the composite second component (200,

$#0169]  In some embodiments, the second component (200) can be formed from a long fiber
3 X N\ /
reinforced TPU rmaterial (an emmpie F1 materaly. The long tiber TPU can comprise about 40%

ight. The long fiber TPU can exhibit a high elastic modulus, greater than

&

iong carbon fiber by wes
that of short carbon fiber compounds. The long fiber TPU can withstand high teraperatures,

g
making it suitable for use m a golt club head that s used and/or stored in a hot climate. The long
fiber TPU further exhibits a hugh toughness, allowing 1t to serve well as a replacement tor
traditionally metal components. In sorne embodiments, the long tiber TPU comprises a tensile
modulus between about 26,000 MPa and about 30,000 MPa or between about 27,000 MPa and
about 29,000 MPa. In some embodiments, the long fiber TPU comprises a flezural modulus

between about 21,000 MP2a and about 26,000 MPa or between about 22 0060 MPa and 25,000 MPa.

The long fiber TPU matertal can exhibut an tensile elongation {at break) of between about 8.5% and

/s, In some embodiments, the tensile elongation of the composite TPU materal can be

between about 1.0% and about 2.0%, between about 1.2% and about 1.4%, between about 1.4%

1

and about 1.6%, between about 1.6% and about 1.8%, between about 1.8% and about 2.0%.
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Fiber-Reinforced Composite (FRO)

{80176¢]  In some embodiments, the second component (200) may comprise fiber-remnforced
composite (FRC) materials. FRC materials generally include one or more layers of a uni- or mult-
directional fiber fabric that extend across a larger portion of the polymer. Unlike the remforcing
fibers that may be used 1o filled thermoplastic (1) matenals, the maximum dunension of fibers
used in FRCs may be substantially larger/longer than those used in FT materials, and may have
sufficient size and characteristics so they may be provided as a continuous fabric separate trom the
polymer. When formed with a thermoplastic polymer, even if the polymer s freely flowable when

melted, the included continuous fibers are pe

generally not. The retnforcing fibers can coraprise an
< <

-
/
i

areal weight (weight per length-by-width area) between 75 g/ai and 150 g/m”

{60171]  FRC materals are generally formed by arranging the fiber mnto a desired arrangement,
and then impregnating the fiber material with a suthicient amount ot a polymeric material to provide

1

ngidity. In this manner, while FT materals may have a resin content of greater than about 45% by

-~

volume or more preferably greater than about 55% by volurne, FRC matenials desirably have a resin
content of less than about 45% by volume, or more preferably less than about 35% by volume. In

some embodiments, the resin content of the 'RC can be between 24% and 45% by volume.

{60172]  FRC materials traditionally use two-part thermoset epoxies as the polymeric matrix,
however, 1t 13 possible to also use thermoplastic polymers as the mawe. In many instances, FRC
materials are pre-prepared prior to final manufactuning, and such intermediate material 1s often

referred to as a prepreg. When a thermoset polyroer is used, the prepreg

¢ 18 partrally cured in
inteemedhate form, and tinal cunng occurs once the prepreg 18 tormed mto the final shape. When ¢
thermoplastic polymer is used, the prepreg may 1nclude a conled thermoplastic matrix that can

subsequently be heated and molded 1nto a tinal shape.

{80173] A FRC second component (200) can be compnse a plurality of layers {also called a
plurality of lamina). Each layer can comprise and/or be the same thickness as a prepreg. Each layer
the plurality of layers can comprise erther a uni-direcitonal fiber tabric (U1D) or a multi-directional
fiber fabric (sometimes called 2 weave). In some embodiments, the plurality of layers can comprnise
at least three UD layers. The second and third layers can be angled relative to a base layer. Fora

base layer oriented at 0 degrees, the second and third layers can be oriented at +/-45 degrees from

the base layer. Tn some embodiments, the layers can be oriented at 0, +45, -45, +90, -90 mn any



suttable order. In some embodiments, the plurality of layers comprises at least one multi-directional
weave laver, typically positioned as the top layer to improve the appearance of the FRC second

component (200}

Mixed-Material

j00174]  'The second component (200) may have a muxed-material construction that includes both

a fiber-remntorced composite resilient layer and a molded thermoplastic structural fayer. In some
preterred embodiments, the molded thermoplastic structural layer may be formed trom a filled

thermoplastic matenal (FI1%. As described above, the FL can comprise a discontinuous glass,
carbon, or arammid polymer tiber tiller embedded throughout a thermoplastic material. The
thermoplastic resin can be 2 TPU, such as, for example, polyphenylene sulfide (PPS), polyether
ether ketone (PEER), or a polvamude such as PAG or PAG6. The tiber-reinforced composite
resthient layer can comprise a woven glass, carbon tiber, or arammud polymer fiber remnforcing laver
embedded m a polymenc resin (or matrix). The polymenc resin of the resthent layer can be a

thermoplastic or a thermoset.

1

{601751  In somne embodiments, the polymeric resin of fiber-reinforced composite restlient layer

1¢ the same thermoplastic material as the resin of the molded thermoplastic structural laver. In other
words, the fiber-remnforced restlient layer and the molded structural layer can comprise a common
thermoplastic resin. Forming the resthient and structural layers with a common thermoplastic resin
allows tor a strong cheraical bond between the layers. In these embodiments, the resiient and
structural layers can be bonded without the use of an mtermediate adhestve. In one particular
embodiment, the second component (200) residient layer can comprise a woven carbon fiber fabgc
embedded 10 a polyphenylene sulfide (PPS), and the second component (200} structural layer can
coraprise a filled polyphenylene sulttde (PPS) polymer. In alternate emboduments, the second

component (200) can be extruded, mjection blow molded, 3-D printed, or any other appropriate

]
}
;

forming means.

Cross Connecting Members

{00176} n alternate erobodiments, the second coraponent (200) may have one or more nterior

cross connecting members (not shown). The cross connecting rmembers may provide adds
structural stiffness or sound control. The interior cross connecting members can comprise

members that connect non-adjacent portions of the interior of the second component (200). For
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example, the cross connecting members may connect the interior surface ot the second component
crowtt portion (205) to one of the second component sole portion heel portion (214), or the second
component sole portion toe portion (212). The interior cross connecting members may comprise a
iength that extends entirely from an nterior surtace of a front most edge of the second component
(204 to the second component tratling edge portion (230) mterior surtace, or the mterior cross

connect members may comprise a length that does not extend entirely from an intenior surface of a

front most edge of the second component (200) to the second component tratling edge portion

230y intenior surface. The mternior cross connecting merbers comprise a thickness. The thickness

TN

of interor cross connecting members can range from 0.01 inch to 0.25 inch. For exarople, the

thickness of mterior cross connecting members may be 0.01 1nch, 0.05 inch, 0.10 inch, 0.15 inch,

0.20 inch, or 0.25 inch.
i1} Second Embodiment of Golf Club Head (Incloding a Weight Channel)

{60177 A scecond embodiment of 2 golf club head (2100), dlustrated 10 FIG. 17, comprses a

first component (2300} with a weight channel and a second component (2200} that joins onto the

first cornponent (2300}, The first component (2300) of golt club head (2100) can be simiar to the

irst component (300) of golt club head (100), with the exception of the weight system. The second

e

component (2200} ot golf club head (2100} can be simifar to the second component of golf club
head (104, described above. The golf club head (2100) forms a stoking face (2176), a striking face
return (2177}, a hosel (2140, a crown (2110), a sole (2120), a heel end (2160), a toe end (2150}, a
skirt {2125) with a trailing edge (2130) at a rear-most portion of a rear end {2180, and a sole portion

hosel adaptor attachment recess (2195). The skirt {2125) can extend along a perimeter of the club

head hetween the crown (2110) and the sole (2120), behind the hosel (2140).

AN

First Component

{80178]  As dlustrated m FIG. 18, the first component {2300} can comprise a rear extenston
(2500}, The rear extension (2500) can comprise a portion of the sole (2120}, The rear extension
(2500} comprises a weight channel (2540}, The weight channel (2540) 15 exposed at the rear end

(2180 and sole (2120 of the club head (2300).

{00179 The weight channel (2540) s configured to recetve a movable weight (2350} inone of

three positions. The weight (2350} can be secured to the weight channel (2540) by a threaded

tastener (2320). The weight (2350) can be placed in a toe-side position, a central position, or a heel

7

O8]
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stde position. The weight channel (2540) comprises a mounting wall (2542) and a sole wall (2550).
The mounting wall (2542) can be ontented approximately perpendicular to the sole (2128). The sole
wall (2550) can be onented approximately parallel to the main sole (2120}, but inset by a distance
equal to a height of the mounting wall (2542). The movable weight (2350} can comprise an elongate,
trapezoidal shape, or any other suttable weight. The movable weight (2350} can comprise a inward
wall and a connecting wall. The mwward wall lies tlush against the sole wall (2550) of the weight
channel (2540). The connecting wall lies flush with the mounting wall (2542) when the weight

2350} 18 attached 1n one of the three posttions.

7/

TN

{00186]  'The movable weight (2350) mass can range trorm 1.0 gram to 35.0 grams. For example,

Lol

-

the movable weight {2350} mass may be 1.0 gram, 1.5 grams, 2.0 grams, 3.0 grams, 4.0 grams, 5.0

grams, 6.0 grams, 7.0 grams, 8.0 grams, 9.0 grams, 10.0 grams, 11.0 grams, 12.0 grams, 13.0 grams,

14.0 grams, 15.0 grams, 16.0 grams, 17.0 grams, 18.0 grams, 19.0 grams, 20.0 grams, 21 grams, 22

grams, 23, grams, 24, grams, 25 grams, 26 grams, 27 grams, 28 grams, 29, grams, 30 grams, 31
grams, 32 grams, 33 grams, 34 grams, or 35 grama. The concentration of mass within the weight

channel (2540) at the rear end (2180) ot the club head can strategically position the head center of
gravity to improve the launch charactenstics of the golf club.

<

{80181] 'T'he mounting wall (2542} of the weight channel (2540) compnses three threaded
apertures that correspond to the three weight posttions. The mounting wall (2542) comprises a toe-
side threaded aperture (2544), a center threaded aperture (2546), and a heel-side threaded aperture

2548). The movable weight (2350) 1s positioned in the toe-side position by placing the connecting

/-\

wall of the weight (2350) thush against the mounting wall (2542) ot the channel (2540) and securing
the fastener (2320) into the toe-side threaded aperture (2544). The movable weight (2350) s

positioned i the central position by placing the connecting wall of the weight (2350) tlush against

X

-

the mounting wall {2542) of the channel {2540) and securing the fastener (2320} into the center

threaded aperture (2546). The movable weight (2350 1s positioned in the heel-side position by
placing the connecting wall of the weight (2350) flush against the mounting wall (2542) of the

\ \

channel (2540) and securing the fastener (2320) mto the heel-side threaded aperture (2548).

{80182]  When the movable weight (2350) 13 posiioned mn the central position, as illustrated in
the sole view of FIG. 194, the golf club (2164) 1s configured to otfer no draw or fade bias. When
the weight (2350) 1 positioned in the toe-side position, as dlustrated in FIG. 19B, the weight (2350)

tves the club head a fade bias. When the weight (2350) s positioned m the heel-side position, as

36



illustrated in FIG. 19C, the weight (2350) gives the club head a draw bias. When the weight (2350)
i . 1 . Ve N _ _ -

has a greater mass, the weight (2350) causes a greater tade or draw bias when positioned in the toe-
side or heel-side posttions, respectively. A larger separation distance between each of the toe-side,
central, and heel-side posttions can also increase the fade or draw bias. Therefore, in some

embodiments, the mass of the movable weight (2350} can be balanced against the separation

ired shot bias.

distance of the weight positions to achieve the de

{00183]  Referring to FIGS. 20 and 21, when the movable weight (2350) 1s installed in the weight

channel (2540), the mowvable weight (2350) can be offset from the sole wall (2550) ot the weight

\ /

channel (2540) by a gap. The gap or offset distance (2557) can be measured as the shortest distance

\ S/

between the movable weight (2350) and the sole wall (2550}, The offset distance (2557) can be
between approximately $.004 mch and 0.050 mch. In some embodiments, the offset distance {2557)

13 between approximately 0.004 inch and 0.010 inch, 6.006 inch and 0.014 inch, 0.008 mnch and
0.012 mch, 0.010 inch and 8.014 inch, 0.012 inch and 0.016 mnch, 0.014 inch to 0.018 inch, 0.016 o
0.020 mch, 0.020 inch to 0.030 inch, 0.030 inch to §.040 inch, or $.040 mch to 0.050 inch. When the

offset distance (2557) s larger

5

the movable weight (2350) can vibrate or oscillare up and down after

the golf club bhead impacts a golf ball. This cscillation can induce stresses in the fastener (23240,

threaded apertures (2544, or the wetght channel {2549}, which can cause durability

3 SJU@J over TJIYIE

{60184] Reduoing the ability of the movable weight (2350

nI

to deflect vertically can reduce stress
by more than 10%, more than 20%, more than 30%, or more than 40%, compared to a strnlar
design that allows verncal detlection of the movable weight (2350}, In some embodiments,
recuction of the vertical deflection of the weight (2350), results in approsumately 40% less stress,
according to a fintte element analysis (FEA) suvwlation. The vertical detlection (towards the crown
or the sole) of the movable weight (2350) correlates to the oscdlation amplitude of the movable

weight (2350). The vertical deflection of the weight (2350) can be luvuted by the atorementioned

oftset distance (gap size) between the movable weaght (2350) and the sole wall {2550). In some
embodiments, to mamtamn durability by reducing vertical deflection of the weight (2350), the offset

distance must be less than 0.040 inch, less than 0.030 inch, less than 0.020 inch, less than 0.010 mch,
less than 0.009 inch, less than 0.008 inch, less than 0.007 inch, less than 0.006 mch, or less thar

0.005 inch.



{001853]  'The vertical deflection and oscillation of the weight (2350) can a
inserting heavy duty tape (2558) such as very high bond (VHB) tape between the movable \‘xzeight
(2350} and the sole wall (2550). The VHB tape (2558) can fill a maf,ority of the gap. In some
embodiments, the VHDB tape (2558) tills the entire gap. 'The VHB tape ) can reduce or
elirnate the oscillanon of the movable weight (2350},

{00186]  The furst component (2300) comprises a sole portion rear extension (2500), a strking
face return crown portion (2400), and a striking face retum sole portion (2810}, The steking face
return sole portion (28140) comprises a heel extension (2820) and a toe extension (2820). The heel
extension (2820) comprises a rear wall (2832). The toe extension (2820) comprises a rear wall

IO
(2822,

{Gﬁlgﬂ The first component rear extension (2500} comprises a toe-side wall (2522) and a heel-
de wall (2532) that connect the weight channel (2540) to the striking face sole return (2816). The

rear extension toe-side wall (2522) and the toe extension rear wall (2822) can form a toe-side wall

/

angle {2850). The roe-side wall angle (2850} can range between 45 degrees and 180 degrees. The rear
extension heel-side wall (2532) and the heel extension rear wall (2832) can form a heel-side wall

N

angle (2855). The heel-side wall angle (2853) can range between 45 de

egrees and 130 degrees. In
some embodiments, the toe-side wall angle (2850) 1s roughly equal to the heel-side wall angle (2855).
In other embodiments, the toe-side wall angle (2850) and the heel-side wall angle (2855) are
ditferent. In some embodiments, the toe-side wall angle (2850) and the heel-side wall angle {2855)
are supplementary angles (thetr sum equals roughly 180 degrees). In these embodiments, the e
extension rear wall (2822) and the heel extension rear wall (2832) are located roughly within the
same plane (the toe rear wall (2822) and the heel rear wall (2832) are roughly parallel when viewed

trom the sole). For exaraple, the toe-side wall angle (2850} can be a acute angle, while the heel-side

wall anele (2853 15 a supplementary obtuse angle.
I angle (2855) ppl tary obt ol

{00188] Reterning to FIGS. 19 and 22, some embodiments comprise obtuse toe-side and heel-

e w

9]

r\

rall angles (2850 and 2855). Referning to FHG. 23, so mbodumnents comprise approximately

o

30 degree toe-side and heel-stde wall angles {2850 and 2855). Reterning to FIG. 24, some
embodiments comprise acute toe-side and heel-side wall angles (2850 and 2855). Embodiments with
obtuse toe-side and heel-side wall angles (2850 and 2855) can distribute stress smoothly, rearward
nto the sole (2120}, The obtuse angles can increase the strength of the sole (2120) and support the

sole rear extension (2504). However, embodiments with acute angles can compnise a fiest

38



component with a smaller mass than embodiments with obtse or 90 degree angles. Therefore, the

i

embodiments with acute toe-stde and heel-side wall angles (2850 and 2855} can allow for improved

weighting properties, such as a lngh MOL

{80189]  'The weight channel (2540) can fan outward beyond a2 mam section of the rear sole

extension (2560), as shown in the embodiment of FIGS. 19-21. In these embodiments, where the

1

weight channel (2540) extends toe-ward and heel-ward, the rear extension toe-side wall (2522 and

heel-side wall (2532) each have a bend adjacent the weight channel (2540). In other embodirnents,

7

such as is dlustrated in F1G. 22, the rear extension toe-side wall (2522) and heel-side wall (2532) can

AN

be straight. In some embodiments, the rear extension toe-stde wall (2522) cani be parallel to the rear
extension heel-side wall (2532). In some embodiments, the rear extension toe-side wall (2522) can
be non-parallel to the rear extension heel-side wall (2532). The rear extension 250 can extend
from the return portion (2810) at difterent locations. This shift of the placement of the rear
extension (2500) can affect how the rear extension (2500) 13 angled with respect to the retum
portion (2811}, A rear extension axis {2504) approximates a center of the rear extension (2500). The
3

rear extension axis (2504) extends between a front rudpoint (2502) of the rear extension and the

center threaded aperture (2546) of the weight channel (2540). The front mudpoint (2502) 1s located

talf way between a toe-side intersection point (2824) and a heel-side intersection point (2834). The

toe-side intersection point (2824) 1s the point at which the toe extension rear wall (2822) intersects
and connects to the rear extension toe-side wall (2522). Similarly, 4 heel-side intersection point
(2834) 1s the point at which the heel extension rear wall (2832) intersects and connects to the rear
extension heel-side wall (2532). The toe-side and heel-side mntersection points (2824 and 2834) can
be locared anywhere along a rear edge of the forward sole portion (2810). In some embodiments,
the connection between the toe/heel extension rear wall (2822/2832) and the rear extension

It

toe/ heel-side wall (2522/2532), respectively, is filleted, beveled, or chamfered.

!

{00196]  The sole rear extension (2500) of the fust commponent (2308) can be angled with respect
to an ntersection plane (2840). As lustrated 1 FIGS. 19 and 22-28 the intersection plane (2840) is
cotncident with the toe-side intersection pomnt (2824) and the heel-side intersection pomnt (2834). In
some embodiments. intersection plane (2840) extends parallel to the XY plane (191). T son

some embodiments, intersection plane (2840) extends parallel to the XY plane (191). In some
embodiments, such as those of FIGS. 19-24, the rear extension (2500) extends straight rearward,
such that the intersection plane (2840) and the rear extension axis {2504) form an approximately 90

degree angle when viewed from a sole view. In some embodiments, such as that of FIGS. 25-28, the
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intersection plane (2840) and the rear extension axis (2504) intersect at an angle that 13 not 90

degrees.
O

{80191] A roe-side ams angle (2860) 1s measured (in the sole view) from the mtersection plane
(2840} to the rear extension axis (2504} on the toe-side of the rear extension axis (2504). A heel-side
axts angle (2863) 18 measured (in the sole view) from the ntersection plane (2840) to the rear

extension axis (2504) on the heel-side of the rear extension axis (2504). The toe-side axis angle

(2860) and the hecl-side axis angle (2865) are supplementary angles {adding to 180 degrees).

{08192]  Referrmg to FIG. 25, in some ernbodiments, the rear extension is attached to the
striking face sole return (2810) closer to the toe end (2150) of the club head (2100) than the heel end
(2160} of the club head (2100). In these embodiments, the toe-side axs angle (2860) 15 greater than
90 degrees, and the heel-side axis angle (2865) 1s less than 9 degrees. The weight channel (2540)
remains centrally located 1 the rear end (2180} of the golf club head (2100). Because of the location
of the first component rear extension (2500), the second component (2200} can occupy a greater
portion of the heel side of the sole {2120}, More specifically, a second component heel sole portion

(2214 can be greater than a second component toe sole portion {2212).

{80193] Reterning to FIG. 26, in some embodiments, the rear extension is attached to the
striking face sole return (2810) closer to the heel end {2168) of the club head (2100} than the toe end

(2150 of the club head (2100). In this eml')odiment, the roe-side axis angle (2860) 13 greater than 90

'-x-

degrees, and the heel-side axis angle (2865) 13 less than 90 degrees. The weight channel (2540)
remains centrally located 1o the rear end (2180} of the golf club head (2100). Because of the location
of the first component {2300} rear extension {2500}, the second component (2200) can occupy a

greater portion of the toe side of the sole (2120). More specifically, the second component toe sole

portion (2212} can be greater than the second component heel sole portion {2214}, The attachment
position of the rear extension can alter the wetghting and launch characteristics of the golt club head
=y N
(2100).

{80194] Reterring to FIGS. 27 and 28, in some embodiments, the rear extension can have 4
varving width. In these embodiments, the toe-side wall angle (2850) and the heel-side wall angle

i pas
both

{2855} may not be supplementary angles {rnay not sum to 180 degrees). In some embodiments,

the toe-side and the heel side wall angles (2850 and 2855) may be acute angles, reducing the weight

of the first coraponent and allowing greater perimeter weighting in the club head. In other

40



embodiments, both the toe-side and the heel side wall angles (2850 and 2855) may be obtuse angles,

mncreasing the durability of the sole and simplitying manutactuning assembly of the golf club head

(2100).

{80195]  'The rear extension width (2507) 1« measured 1n 2 heel to toe direction rearward of a rea
penmeter of the forward sole portion (2810). The rear extension width (2507) is less than an entire
width of the sole (2120) of the golt club {2104}, The rear extenston width (2307} can range from

e

: rear extension width (2507) may be 25%,

&0

25% to 85% of an entire width of the sale (2120}, Th

30%, 35%, 40%, 45%, 50%., 55%, 60%, 65%, T0%, 75%, 805 or 85% of an entire width of the sole

(2120}, The width of the rear extension adjacent the weight channel (2540) can range between 1
inch to 2.5 inches. The rear extension width (8507 bet th i3 aoint (2824
mnch to 2.5 inches. The rear extension width (8507) between the toe-side imtersection point (2824)

-

and the heel-side mtersection poimnt (2834} can range between 1 mch and 5 mches. The rear
.

extension width {2507} can be greater adjacent the weight channel (2540), as illustrated in FIGS. 27

and 28, or greater adjacent the retum portion (2810).

{60196] Retemng to FIGS. 37 and 38, the position of the sole rear extension (2500) of the first
component (2300) can also be understoed 1o relationship to the stuking face (2170) and the X, Y, 4
rdinate system. A rear extension angle (2508) can be measured, from the sole view, between the

rear extension axis (2504) and the YZ plane (193). In some embodiments, the rear extension axis

2504} can mtersect the YZ plane (193) adjacent the rear end (2180) of the club head (2100}, In

other embodiments, the rear extension axiz (2504) can intersect the Y2 plane (193) ata pomnt

3

between the return portion (2177) and the rear end (2180) of the golf club head (2100). The rea

extension angle (2508) can range from O degrees to 45 degrees. In some embodiments, the rear

extension angle (2508) can range from O to 10 degrees,  to 20 degrees, 0 to 30 degrees, § to 40

=

degrees, 10 to 20 degrees, 10 to 30 degrees, 10 t0 40 degrees, 10 to 45 degrees, 20 o 30 degrees, 20

to 40 degrees, 20 to 45 degre

&

ees, 30 to 40 degrees, or 30 to 45 degrees.

{00197]  In the embodiment of FIG. 37, the rear extension axis (2504) intersects the Y7/ plane
(193} adjacent or at the rear end (2180) of the club head (2100}, A tront end of the rear extension
(2500} 15 positioned closer to the heel end (2160) than the toe end (2150). By shutting the front end
of the rear extension {2501, the CG and MOT of the club head (2100) 15 atfected because the tirst

N N Bl N o £
component (2300) comprises a hugher density than the second component. Placement of more of
the first component (2300) within a heel end (2160) of the club head (2100) increases the mass

within the heel end (2160) of the club bead (2100).

41



{00198]  In the crobodiment of FIG. 38, the rear extension axts (2504) intersects the YZ plane

(193) adjacent or at the rear end (2180) of the club head (2100}, A front end ot the rear extension
(2500} 18 posttioned closer to the toe end (2150) than the heel end (2160). Placement of more of the

tirst component (2300} within a toe end (2154} of the club head (2100) increases the mass within the

toe end (2150) of the club head (2100).

{00199]  Referring to FIG. 39, in some erabodiments, the rear edge (2410) of the return portion
(2177} can be angled with respect to the XY plane (191). In some embodirnents, the rear edge
(2410 can be aligned with the intersection plane {2840}, In other embodiments, the rear edge (2410)

is at least partially curved or angled so that it does oot tully align with the intersection plane (2840)

pan

In some embodiments, as llustrated 1w F1G. 40, portions of the rear edge (2410) can be parallel to

0, pe
the XY plane {(191), while the intersection plane (2840) remains angled with respect to the XY plane
(191). A rear edge angle (2411) can be defined between the intersection plane (2840) and the XY
plane (191). The rear edge angle (2411) can range from 0 degrees to 45 degrees. In some
embodiments, the rear edge angle (2411} can range from 0 degrees to 10 degrees, 10 degrees to 20
degrees, 20 degrees to 30 degrees, or 30 degrees to 45 degrees. Angling the rear edge {2410} places

more mass in either the heel end (2160) or toe end (2150) of the club head (2100).

{60200] Reterng to FIG. 40, 10 some emboduments, a portion of the rear edge (2410) 15 ottset

5 b
rom the remainder of the rear edge (2410). For example, a portion of the rear edge (2416) on the
Y

toe-ward side of the rear extension (2500) (hereatter “rear edge toe-ward portion (2412)7) can be

further forward than 4 second portion of the rear edge (2410) on the heeloward side of the rear
extension (25041 (hereafter “rear edge heel-ward portion (2413)7). The rear edge toe-ward portion
{2412} can be offset from the rear edge heel-ward portion (2413) by a distance {2414). In the

embodiment dlustrated 1 FIG. 40, the rear edge heel-ward portion (2413) s oftset a distance (2414)

rearwards from the rear edge toe-ward portion {2412, In other embodiments, the rear edge toe-
ward portion (2412} can be offset rearwards from the heel-ward portion (2413). In yet other

/0

embodiments, the rear edge (2410) of the return portion (2177) can be arcuate, parabolic, tapered,
or shaped to contribute to specific mass properties and/or opact durabtlity of the tirst corponent

(2300},

,{E’)



Second Component

{60201]  As dlustrared m FIGS. 29 and 34, the second component can comprise a crown portion
(2205}, a traihing edge pornon (2230}, a sole toe portion (2212), and a sole heel portion (2214). The
crown portion (2205) connects the sole toe portion (2212) and the sole heel portion (2214). The

trathing edge portion (2230} connects the crown portion (2205) to the sole toe and heel porfions

(2212 and 2214). The crown porﬁon (2205), sole toe portion (2212) and sole heel portion (2214)

N ad

of the second component (2200). In some embodiments,

cutout 2240 cuts mto the sole only. In other

1G5, 30, the rear cutout 2240 cuts into both the sole

and the crown portion {2205}, The embodiment that cuts into both the sole and the crown portion

,....

(2205} allows more room in the rear end (2180) of the club head (2104 tor the weight channe

(2540} of the first component (2300).

7

{80202]  The second component sole toe portion (2212) and sole heel portion (2214} can be
dimensioned to correspond to the dimensions of the first component (2300), as llustrated in FIGS.
22-28. For example, the second cornponent sole toe portion (2212) can be roughly the same size as
the sole heel portion (2214) when the rear extension (25300) is centrally located, such as 1o the
embodiments of FEG. 22-24. In embodiments where the rear extension axis (2504) 1s angled wit
respect to the intersection plane (2840), the sole toe portion (2212) can be etther smaller or larger

than the sole heel portion (2214), as dlustrated in the embodiments of FIGS. 25 and 26.

N

-
&

{60203]  In some embodiments, the second component (2200) can be secured to the st
component (2300) in a way sioular to that described above for the tirst golf club head (100)
embodiment. In some ernbodiments, the materials of the first 2300) and second (2200)

components can also be sundar to those described above for the first golt club head {100}
embodiments.

Ii) Third Embodiment of Golf Club Head (Includes a Crown Brace and a Split
Second Component)
{00204] A third embodirnent of a golf club head (3100), diustrated 10 FEGS. 37-41, and Figure
53, compuses a fist cornponent (3300) and a second component (3200) that joins onto the first

ar extension (3500) and a crown

-""y

component (3300). The tirst component {3300} comprises a sole r

brace (35360). The first component (3300) of third embodiment golf club bead can be similar to the



tirst components (300 and 1300) of golf club heads (100 and 2100), with the exception of the added
crowtt brace (3560). The second component (3200) can comprise a toe portion (3212) and a heel
portion (3214}, The toe and heel portions {3212 and 3214) can be separate parts. With the exception
of the two-part design, the second component (3200) of golf club head can be simidar to the second
components (200 and 2200) of golf club head (100 and 2100). The golt club head forms a staking
tace (3170), a return portion (3177), a hosel (3140), a crown (3110), a sole (3120), a heel end (3160),

a toe end (3150), and a skirt (3125) baving a trading edge (3130) at a rear-most portion of a rear end
\ / > \ J

(3180). The skirt (3125) can extend along a pertmeter of the club head between the crown (3110)
N / \ 4 h) 3 /

and the sole (3120), behind the hosel (3140).

{602058] Reternng to FIGS. 40 and 41, the second component toe portion (3212) can comprise a

toe portion central edge

O

220 configured to be posttioned along the central portion of the crown
(3110} when the goltf club head is fully assembled, a toe portion maximum crown width (3222)
measured trom the toe portion central edge (3220) toward the toe end (3150), and a toe portion
maximum crown length (3224) measured from a front end toward the rear end. The second

cornponent heel pornion (3214) can comprise a heel portion central edge (3216) contigured o be

positioned along the central portion of the crown (3118) when the golf club head s fully assembled,

a heel portion maxiroum crown width {3217) measured tror the heel portion central edge (32106)
toward the heel end (3160}, and a heel portion maximum crown length (3218) measured from a

front end toward the rear end.

{80286]  The toe portion (3212) and heel portion {3214} may have maximum lengths (3224 and
3218) that are the same. Alternately, the toe portion (3212} and heel portion (3214) may have
! S f y

mazxtmurn lengths (3224 and 3218) roay vary such that one 1s larger than the other. The toe portion

AN

22 and 3217) that are the same.

2 and

(3212} and heel portion (3214) may have maximum widths (34

Alternately, the toe portion (3212) and heel portion {3214) may bave mazimurn widths {322
3217) may vary such that one is larger than the other. The maximum lengths may be between 3.0
inches and 6.0 inches. The maxumum lengths may be 3.0 mnches, 3.1 mches, 3.2 mches, 3.0 mches,
3.4 mches, 3.5 inches, 3.6 inches, 3.7 inches, 3.8 inches, 3.9 inches, 4.0 inches, 4.1 mches, 4.2 mches,
4.3 inches, 4.4 inches 4 5 inches, 4.6 inches, 4.7 inches, 4.8 inches, 4.9 inches, 5.0 inches, 5.1 inches,

' -

5.2 mches, 5.3 inches, 5.4 inches, 5.5 inches, 5.6 inches, 5.7 inches, 5.8

S 6.0

inches, or

riches, 5.9

[
=

inches.
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{00207]  As ddlustrated 1 FIGS. 37-39, the fust component (3300) of the third embodiment can

comprise both a sole rear extension {3500} and a crown brace (3560}, The sole rear extension (3500]

[em—

wuses a weight channel (3540) at the rear end (3180). The crown brace (3560) attaches to a forward

Crown porton (340()} and the sole rear extension (3500). The crown brace (3560} attaches to the

7

sole rear extension (3500) adjacent the weight channel (3540) ar the rear end (3180} of the club head.

As idlustrated m FIG. 39, the crown brace (3560) and the weight channel (3540) of the rear

/

extension (3500) can form a hammerhead shape. In other embodiments, the shape of the crown

A"

brace (3560) and rear extension (3500} connection can be filleted, rounded, or otherwise shaped.

{00208] The crown brace (3560) can provide support to prevent the sole rear extension (3500)

rom bending too far upwards when the golf club head impacts a gelt ball. Since the weight channel

[em—

(3540)

~
)4
OF

wuses a movable weight (3350}, the weight channel (3540) holds a significicant amount ¢

mass. The mass of the weight channel

3540) and the weight (3350} are supported by the sole rear
extension (3500). However, an impact with a golf ball can cause the weight channel (3540) portion
of the rear extension (3500} to bend upwards. This upwards bending of the rear extension {350{)
can cause compressive stresses within the crown (3116). In some embodiments, these stresses can
cause fatlure or cracking within the second component (3200) that forrs the majority of the crown
(3110}, The crown brace (3560) can provide support that prevents the stress-causing bending {(or

clamshell effect) of the sole rear extension (3500). In other words, the crown brace (3560) can

reduce the vibration and oscillation ot the weight channel (3540).

{06289]  In some embodiments, the sole rear extension (3500} and the crown brace (3560) can
together be angled, sirmlar to the manner m which the sole rear extensions (500 and 2500) of the
golf club heads (160 and 2100) are angled. In some embodiments, the crown brace (3560) 1

positioned at an angle different than the angle of the sole rear extension (3500).

{00210]  Referring to Figure 39, the crown brace (3560) comprises a crown brace longitudinal
axis (3565%). The crown brace longitudinal axis (3565) bisects the crown brace (3500) along it
mazunum length. In some ermmbodiments, the crown brace longttudinal axis (3565) can be offset
toward the heel end or toe end of the golf club head parallel to the rear extension axis (2504), or,
alternately, non-parallel to the rear extension axis (2504} such that crown brace longttudinal axis

(3565) forms an acute angle to the rear extension axis {2504},

SN
[$21



1

{00211}  'The crown brace (3560) can comprise a toe-side edge (3562) and a heel-side ¢

The crown brace (3560) can comprise a width {3561}, measured from the toe-side edge (3562) to the
heel-side edge (3564). The crown brace width (3561) can range between 0.05 mch and 0.8 mnch. In
some embodinents, the crown brace width (3561) can range between (105 mnch and 0.1 inch, 0.1
inch and 6.2 inch, 0.2 inch and 0.4 inch, 0.3 inch and 0.5 inch, 4.3 inch and 0.6 inch, or .4 mch and

0.7 mnch. In some embodiments, the crown brace width can be approximately 0.2 inch, .25 mch, 8.3

(0.7 inch, (.75 inch, or .8

—

nch, §.35 inch, 0.4 inch, 0.45 inch, 0.5 inch, 6.55 inch, 0.6 inch, 0.65 inch,

inch. The crown brace width (3561) can attect or determune the mass of the crown brace ( 3560). To

1

preserve discretionary mass, the crown brace (3560) can be designed to weigh less than

[ (e

N

than 0.5 ¢, less than 0.4 g, less than 0.3 ¢, less than 0.2 ¢, or less than 0.1 ¢

{00212] Refernng to FIGS. 40 and 41, the two portions of the second component (3200) ca
ach comprise portions of the crown (3110), the sole (3120}, and the trathing edge (3130). The toe

o
i1
L

portion (3212) can be configured to fit over and secure to a perimeter ip or ledge of the first

component (3300) (not dlustrated). In particular, the toe portion (3212} can be configured to engage

the rear extension toe-side wall (3522} and overlap the crown brace toe-stde wall (3562). The heal
porton {3214} can be configured to engage the rear extension heel-side wall (3532) and overlap the

crown brace heel-side wall (3564).

{80213] Since the second component {(3200) comprises two separate portions (3212 and 3214),
the second component {3200 can be assembled onto the first component (3300) in two steps. For
example, the toe portion (3212} can be shid onto the first component (3300) in a toe-to-heel
direction firat. The heel portion (3214) can be separately shid onto the tirst component (3360) in a
heel-to-toe direction. The first component (3304} can have more complex geometry because the
second cornponent (3200) can be assembled onto the first component from the heel and toe sides,
as described m more derad below. The matertals of the tirst (3300} and second (3200) components

can be similar to those described above for the frest golt club head (100) ernbodiment.

{00214]  When the two second component portions (3212 and 3214) are assembled onto the st
component, the two portions (3212 and 3214) can be positioned to completely cover the crown

brace (3560). Fully covering the crown brace (3560) can ensure a strong bond jomnt between the two
portions (3212 and 3214) and the first component (2300). The two portions (3212 and 3214) can be
positioned such that no portion of the crown brace (3560) 13 exposed to an exterior of the golf club

head.



{00215]  In an alternate embodimnent, the club head (3100) can he tormed without the crown
brace (3560), while still comprising the two second component portions (3212 and 3214). The two
second component portions (3212 and 3214) may comprise central edge interior extensions, by
which the component portions {3212 and 3214) are connected. The interior extenston may extend

along the entire central edge of each portion, or may extend along only 4 portion of the central edge

<

.

of each portion. The interior extensions may extend inwardly, toward the golf club head interior,

parallel 1o each other and approximately parallel to the Y-axis. The heel portion (3214) may have an
f Pr v

X
1
H

heel portion interior extension (3234). The roe portion (3212) may bave a toe portion intenor

extension (3232). The interior extensions may each have an interior extension length berween 0.1
\ L fe)

inch and 1.0 inch. The mterior extension length reay be 0.1 inch, 8.2 inch, 0.2 inch, 0.4 1nch, 0.5

inch, 0.6 inch, 0.7 mch, 8.8 mch, 0.9 inch, or 1.0 mch.

{80216] Reterring to Figure 42, in some embodiments the mtertor extensions (3232 and 3234)

may positicned to abut one another when the golf club head is assembled. The interior extension

(3232 and 3234) may be mechanically attixed to one another with mechanical tasteners or press fit
fasteners, or they may be adhestvely affixed via epoxies or other appropriate adhestves.

1

{80217 Inanother alternate embodiment, the golf ciub head (3160) can be formed with a single,

uritary second component, sirmalar to the second components {200 and 2200) described above tor
the first and second embodiments (140 and 2100), rather than two separate second component

portions. This alternate embodiment can comprise the crown brace (3568, which helps support the

weight channel (3540} and the single second component.
IV} Fourth Embodiment of Golf Club Head (Including Two or More Braces)

G218 A fourth ernbodiment of a golf club head (4100}, comprises a first cornponent (4300)
, f p \ )

I s

1

and 2 second comaponent (not shown) that joins onto the tirst component {4300). In this tourth
embodiment, the tirst component (4300) can have more than one brace, support, bridge, or span

extending between a forward crown portion (4400) and the sole rear extension (4500). 'The braces

/
can reduce the vibration and cscilation of the rear end of the club head, increasing durability. The

second component (not shown) of the fourth embodiment, can be a single, unitary second

5
i

component, similar to second component (200 or 2200}, or can be a split (divided) second

component, strailar to second component (3200).



{00219]  'The golf club head (4100) can be similar to the golf club heads (100, 2100, and 31003,
described above. Although the full golf club head 4140} is not shown m FIGS, 43-56, the golf club
head (4100; can form the same components as the golf club heads (100, 2104, and 3100) described
above. The golt club head (4100) forms a striking tace (4170, simular to 170, 2170, 3170}, a return
portion {(simular to 177, 2177, 3177), a hosel (4140, simular to 1440, 2140, 3140}, a crown (similar to
110, 2110, 3110}, a sole {similar to 120, 2120, 3120, a heel end fsimilar to 160, 2160, 3160), a toe
end {sioular to 150, 2150, 3150}, and a skut undar to 125, 2125, 3125} having a tratling edge
{(siular to 130, 2130, 3130} at a rear-most portion of a rear end (4130, similar to 180, 2180, 3180).

{00226]  As illustrated in FIGS. 43-506, the golf club head (4100) can comprise a tirst component
(4300} with various brace configurations. All variations of the tirst component {4300) cormaprise the
striking tace (4170), a torward crown portion (4400}, a forward scle portion (4810), and a sole rear
extension (4500) connected to the torward sole portion (4810). The rear extension (4500} can
comprise a toe side edge (4522), a heel-side edge (4532), and a weight channel (4540) configured to
allow the mounting of 2 movable weight (4350) at the wailing edge (4130) of the golf club head
(4100). The weight channel (4540) and movable weight (4350} can be simmlar, respectively, to the
weight channels (2540, 3540) and movable weight (2350, 3350) ot golt club heads (2100, 3100), as
described above, primanly with reference to FEGS. 17-21 and 41. The tirst component (4-300} can
also comnprise a petipheral ip (4450), which s offset inwards around the edges of the torward crown
portion (4400}, the torward sole portion {48103, and the sole rear extension (4500). The peripheral
fip (445{0) can be similar to a shelt and can act as a lap joint when the second compoenent (4200) is
attached to the first component (4304). The braces can reduce impact-induced vibrations or
oscillations of the weight channel (4540) at the rear end (4184, thereby reducing the stress

expertenced across the lap jomt. Reducing the stress at the lap joint increases the durability of the

iap joint bond and helps prevent delamination.

] All the variations of the first compone 00) can also comprise two or more braces
48221 Al 1 tions of the first component (4300} can al mprise t ¢ more b

. . . ) N ) :
{also called supports, bridges, spans, or connection mermbers). The two or more braces can provide

stability to the weight channel (4540), reducing oscillations and vertical displacement of the rear
wetght channel atter the golf club head (4104) 1mpacts a golf ball. The two or more braces can also
increase the side-to-side rigidity ot the rear extension (4500) of the tirst component (4300).

1602221  In the vanation dlustrated in FIGS. 43 and 44, the first component (4300) comprises a

o\

toe skirt brace (4566) and a heel skirt brace (4568). The toe skirt brace (4566) can extend from the

48



return portion to the rear end of the club head. More specitically, the toe skirt brace (4566) can
extend from the torward crown and sole portions (4400 and 4810) to the rear extension (450{) at
the wratling edge of the club head (4100}, The toe skirt brace (4566) and the heel skirt brace (4568)

are configured to sit at the same level as a the peripheral lip (4450) of the first component (4300). Ir

other words, the toe and heel skirt braces (4566 and 4568} can be flush with the peripheral lip

X

1

(4450). The second component (4200) can fit over and fully cover the toe and skirt braces (4566 and

4568) when the club head (4100} 15 assernbled.

{00223]  In the varation dlustrated 10 FIGS. 45 and 46, the tirst component (4300) coraprises a
toe skirt brace (4566), a heel skirt brace (4568}, and a central crown brace (4560). The toe skirt brace
{4566} and the heel skirt brace (4568) can be simular to the toe and skirt braces (4566 and 4568),
described above for the variation of FIGS. 43 and 44. The crown brace (4560} can be sumilar to the
crowtt brace (3560), described above for golt club head (31003, illustrated in FIGS, 37-42. The
central crown brace (4560) can extend from the torward crown portion (4400) to the rear extension
(4500} at the traihng edge of the club head (4100). The central crown brace (456()) can be positioned
approximately half way berween the toe end (4158) and the heel end (4160) ot the club head (4100).
From a top view, such as T'IG. 46, the central crown brace (4560) can be approzimately
perpendicular to the XY plane {191}, The ortentation of the central crown brace (4560) can

approxirmately bisect the sole rear extension (4508).

{00224] The vanaton dlustrated in FIGS. 47 and 48 comprises a toe-side brace (4557 and a

heel-side brace {4539}, both connected to outer edges of the rear extension (4500}, The toe-side

brace (4557) can extend rearward from the forward crown portion (4400} and attach to the rear

/
extension (450)‘) toe-side edge (4522) at the trading edge (4532) of the chub head (4160). Sirndarly,

\

the heel-side brace (4557) can extend rearward from the forward crown portion (4400} and attach to
the rear extension (4500) heel-side edge (4532) at the traling edge (4 130} of the club head (4100)
The toe-side and heel-side braces (4557 and 4559} can be attached to the forward crown portion
(4400 at positions that roughly divide the forward crown portion (4400) 1nto thieds, from a top
view. in other words, from a top view, the toe-side and heel-side braces (4557 and 4559) are
attached to the forward crown portion (4400) such that when measuring along a rear edge ot the
forward crown portion {4400): the distance between the toe end (4150} ot the club head (4100) and

N ~——~

the roe-side brace (4557) 18 approximately equal to the distance between the toe-stde brace (4557)

AN /

49



and the heel-side brace (4559), which 13 also approximately equal to the distance between the heel-

side brace (4559) and the heel end (4160; of the club head (4160).

{802258]  The toe and heel-side braces (4557 and 4559) can be separated by a greater distance
towards the traihing edge (4130) at the rear end (4180) of golf club head (4100}, as dhustrated in the

top view of F1G. 48. From a top view, the toe and heel-side braces (4557 and 4559) can be within

the footprint of the sole rear extension (4500).

{00226] The varaton dlustrated 1o FIGS. 49 and 50 coroprises a toe-side brace (4557) and a
heel-side brace {(4559), both connected to a center of the rear extension (4500}, The toe-side and
heel-side braces (4557 and 4559) can be attached to the forward crown portion (4400) at positions
that roughly divide the forward crown portion (4400) mnto thirds, from a top view, as described
above for the variation of FIGS. 47 and 48, However, in the varaton of FIGS. 49 and 50, the toe-
side and heel-side braces (4557 and 4559) are separated by a lesser distance towards the trailing

(4130} at the rear end (4180) of the golf club head (4100). The toe-side brace (4557) can join with

the heel-side brace (4559) prior to or af the connection with the rear extension (4500) at the rear end
N 7 '
(4180). The toe-side and heel-side braces (4557 and 4559) can form a V-shaped pattern from a top

N

view, as illustrated wm FIG. 50,

{60227]  The varnavon dlustrated in FEGS. 51 and 52 comprises four braces: a toe-side brace
{4557}, a heel-side brace (4559), a toe skirt brace (4566}, and a heel skirt brace (4568). The toe and
heel-side braces (4557 and 4559) of the FIGS. 51 and 52 vanation can be similar to the toe and heel
stde braces of the FIG. 47 and 48 varation, descrnibed above. The toe and heel skirt braces (4566
and 4568} of the FIGS. 51 and 52 vanation can be similar to the toe and heel skirt braces of the

FIG. 43 and 44 variation, described above.

~

{00228] The varaton dlustrated 1o FEGS. 33 and 54 coraprises four braces: 2 toe-side brace

(4557}, a heel-side brace (4559), a toe skirt brace (4566), and a heel skirt brace (4568). 'The toe and

), a
heel-side braces (4557 and 4559) of the FIGS, 53 and 54 vanation can extend trom the forward
crown portion (4400) to the rear extenston (4500) at the tratling edge (4130) of the club head rear
end (4180}, From a top view, the toe-side brace (4357) and the heel-aide brace (4559) can be

ortented roughly perpendicular to the XY plane (191}, In some embodiments, the toe-side and heel-

sicde braces (4557 and 4559) can be aligned so that thetr top view footprint approzinately follows

the edges (4522 and 4532) of the sole rear extension (4500).



{00229] Reteming to FIGS. 53 and 54, 10 some embodiments, when measuring along a rear edge
of the torward crown portion (4404), a distance between the toe end (4150) and the toe-side brace
(4557} can be less than a distance between the heel-side brace (4559) and the heel end (4160). In
other embodiments, when measuring along the rear edge of the forward crown portion (4404, a
distance between the toe end (4150) and the toe-side brace (4557) can be approximately equal to a

1
H
i

distance between the heel-side brace (4559) and the heel enc

.

{ {(4160). Both the distance between the

toe end (4150) and the toe-side brace (4557} and the distance between the heel end (4160) and the
heel-side brace (4559) can be less than the distance between the toe-side brace (4557) and the hed-

sicde brace {4559).

{002308]  The vanaton dlustrated tn FEGS. 35 and 5

N

omprises two crisscrossing braces: a first

P

brace (457() and a second brace (457Z). The first brace (4570} extends trom a heel-side half of the

AV

torward crown portion (4400) to a toe-side half of the rear extenston (4500) at the tratling edge

(4130} of the rear end (4180). The second brace {4572) extends from a toe-side half of the forward

crown portion (4400) to a heel-side half of the rear extension (4500) at the raiing edge (4130) of

>

the rear end (4180). The first and second brace (4570 and 4572) intersect and crisscross each other.

\
In the ustrated embodiment of FIG. 56, the tirst and second brace (4570 and 4572) crisscross at
approximately haltway between the forward crown portion (4400} and the rear extension (4500)

adjacent the tratling edge (4130). The crsscrossing braces (4570 and 4572) can torm an X-shape or
an hourglass shape when viewed from a top view. In some embodiments, the crisscrossing braces
(4570 and 4572) are shitted towards the toe end (4150} or the heel end (4160} to achieve the desired

structural support.

{00231]  Any of the aforementioned braces can comprise a thickness. The brace thickness,
measured from an outer surface of the brace o an inner surface of the brace, can be between
approximately 0.015 inch and 0.035 inche In some embodiments, the brace thickness can be 0.015
innch, 0.016 inch, 0.017 inch, 0.018 inch, 0.019 inch, 0.020 inch, 0.021 inch, 0.022 inch, 6.0253 inch,
0.024 inch, 0.025 inch, 0.026 inch, 0.027 inch, 0.028 inch, 0.029 inch, 0.030 inch, 0.031 inch, 0.032
inch, 0.033 nch, 0.034 inch, or 8.035 mch. The braces located on the crown (not the skirt braces)
can comprise a width similar to the crown brace width (3561}, described above for club head (3100).
{60232]  Any of the atoremennoned braces can comprise a brace width, stmudar to the crown

brace width (3561}, described above. The width of each brace can aftect or determune the mass of

the brace. To preserve discretionary mass, the braces within the club head (4100) can be designed o

(93}
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together have a total weight that s less than 8.6 g, less than 8.5 g, less than 0.4 g, less than 0.3 g, less
than (1.2 g, or less than 0.1 g. In some embodiments, the total weight ot the braces equals 0.6 g, 0.5
g 4 g, 03¢ 0.2g or 0.1 g Theretore, in some cases, in embodiments having more braces, the

brace width can be less than the brace width within embodiments having less braces

{80233 The two or more braces, descrbed above, can increase the durability of the golf club
head. More specifically, the braces can reduce the potential vertical oscillation of the weight channel
(4540 of the sole rear extension (4500). The braces can also reduce sideways movement of the
wetght channel (4540}, In club heads lacking the herein described braces, the impact forces
expetienced when the golf club head (4100) strikes a golf ball can induce vibration and esallation ot
the rear extension because of the high concentration of weight within the weight channel and

~
{
Or

movable weight. A vertical displacement of the trading edge (4130) of the rear extension (4500) can
be measured in simulations to quantify the potential csciallations. A higher vertical displacement at
impact corresponds to a lower durability, since osallations of a greater amplitude can cause material

tatigue. The braces descabed above reduce the vertical displacement of the tratling edge (4130) at

impact and thus increase the durahility of the club head (4100).

7

{00234] The two or more braces, described above, can define or tormn boundaries of openings in
the first component (4300). The openings can also be called vouds, areas devoud of matersal, or
empty regions. The two or more braces can define three, four, five, six, or more openings in the first
component (4300). In the vamation of FIGS. 43 and 44, the toe and heel skirt braces (4566 and
4568) torm part ot a boundary of a crown opening, part of a boundary of a toe sole opening, and
part of a boundary of 4 heel sole opening. The rear extension (4500) and the striking face return also
form part of the bounda@* of the toe and heel sole operungs. In the vamation of FIGS. 45 and 46,

the toe and heel skirt braces (4566 and 4568) and the forward crown portion (4400) surround and

define two crown opentngs, separated by the central crown brace (4560}, The variation of FIGS. 45

and 46 can have toe and heel sole openings, stmilar to the varation of FIGS. 43 and 44.

{00235]  In the vanations of FIGS. 47 and 48, the toe and heel-side braces (4557 and 455%9)
detine a central crown opening and two side openings. The crown openings cross the skirt and each

A

cover a porhion of the crown and a portion of the sole. The vamation of FIGS. 49 and 50 15 strmalar,
except that the central crown opening has an approximately tnangular shape. In the vanations of
FIGS. 51-54, the braces define five opernungs. The skirt braces (4566 and 4568), crown braces (4557

nd 4559}, rear extension (4500), and forward crown portion (4400) define three crown openings.



The shirt braces (4566 and 4568), the striking face return, and the sole extension (4500) detfine a toe

sole opening and a heel sole opening,

{60236]  In the vananon of FIGS. 55 and 56, the braces define six openings. The cnsscrossing
braces (4570 and 4572) define a front triangular opening and a rear triangular opening. The forward
crown portion (4400} and the crisscrossing braces form (4570 and 4 form edges of the front

triangular opening. The rear extension (4500) and the o

braces form (4570 and 4572)

torm edges of the rear triangular opening. A toe side crown opetung and 2 heel side crown opening

are forrned hetween the central crsscrossing braces (4570 and 4572) and the toe and heel skirt
braces (4566 and 4568). Additionally, the skirt braces (4566 and 4568), the striking tace return, and

the sole extension (4500} detine a toe sole opening and a heel sole operung,

{60237]  Dunng and just atter impact with a golf ball, the rear weight (4350) and weight channel
{4540} of the first component (4300} can detlect vertically relative to the remainder of the golf club
head (4100). For a first component without any braces, a 30 gram to 35 gram rear weight (4350) can
detlect over 0.3 inch, without the addiional support ot the second component (4200). For a first

component (4300) with two or more braces, a 30 graro o 35 gram rear weight (43505 can deflect by

5¢
a maximum of between 0.03 inch and 0.20 inch, without the additional support of the second
component (4200). In some embodiments, the rear weight (4350) can deflect by a maximuom of
between (.03 inch and 0.06 inch, 0.04 inch and 0.07 inch, 0.05 inch and 0.08 inch, 0.05 mch and
(.10 inch, 0.10 mch and 8.15 inch, or 8.15 inch and 8.20 inch. In some embodiments, the rear
weight (4350) can detlect by a maxirnum of about less than (.3 mch, less than 0.2 inch, less than
0.18 inch, less than 0.16 inch, less than §.14 inch, less than 0.12 inch, less than 6.10 inch, less than

0.08 1nch, less than 0.06 inch, less than 9.04 inch, orless than 0.02 inch.

-

{00238] 1o some embodiments, having two crown braces and no skirt braces, a 30 gram to 35
gram rear weight (4350) can deflect (vertically relative to the remainder ot the club head) by a
mazimnum of betweent 0.09 tnch and 0.18 inch or between 0.10 inch and 6.15 inch, even without the
addittonal support of the second component (4200}, In some embodiments, having two skirt braces
and no crown braces, the rear weight (4354) can deflect by a mamimum ot between .10 inch and
0.20 inch. In some embodiments, having two skirt braces and at least one crown brace, the rear
weight (4350) can deflect by a maximum of berween 0.03 inch and 0.10 inch or by less than 0.10

mich, less than 0.08 inch, less than 0.07 inch, or less than 0.06 inch. In some embodiments,



vartattons with parallel toe and heel side braces provide greater support {less deflection) than

rariations with crisscrossing or angled (non-paratlel) braces.
¥y Fifth Embodiment of Golf Club Head

{60239] A nifth embodiment of a goit club head (3100, dlustrared in FIGS. 53-36 comprises 2

tirst "O"]“ppﬂcﬁt (5300} with a wught channel (3540} and a sole aperture (33353), a second

coraponent (5200) that joins onto the ticst component (5300}, and a sole panel (5550) that covers
the sole cavity (555“” ) in the tirst component (5300}, The first component (53300) of the fitth

embodiment golf club head (5100) can be simular to the tirst components (300 and 1300) of golt

). The second component

\..H

club heads (100 and 2100), with the exception of the sole aperture (5555)
(5200 of golt club head 3100} can be sirmular to the second component of golt club head {(100),
described above. The second component (5204 of golt club head (5100) can be simidar to the

f \ / 2

second component of golf club head (164), described above. The golt ¢lub head (5100) forms a

i
i

fedes

striking tace (5170}, a return portion (5177), 2 hosel (5140), a crown (51140, a sole (5120), a heel enx

(5160}, a toe end (5150), a frathing edge (5130} at a rear-most portion ot a rear eod (5180), a hosel

/

{5140}, and a sole portion hosel adaptor attachment recess (5193).

/

{00246]  As illustrated in FIG. 57, the first component (5308} can comprise a rear extension

(5500}, The rear extension (5500) further comprises a toe side side span (5557} and a heel side span

S s

(5559, The toe side span (5557 extends towards and connects to the rear end (5180). The heel side

T

span (5559) extends towards and connects to the rear end (5180, opposite to the toe side span

5557). The toe side span (5557), heel side span (5559), rear end {(5180) and return portion (5177)

Y
LN

form the sole aperture (%555}. The sole aperture { 5555} tunctions o remove high denstty maternial of
the tirst component (3300) towards the rear end (5188) of the ficst component (5300}, The sole

aperture (3555, turther allows a ditterent material sole panel (5556) to cover and seal the sole

aperture {5555} to create a mult-material sole (5120}, leading to increased MOT and improved

sound characteristics.

{80241]  The sole aperture (5555) can be anv shape, however in most embodiments, the sole

s

aperture {53555) 13 approximately rectangular. The sole aperture (5555) bends with general shape of

N s

the sole (5120). In some embodiments, the sole aperture (5555) can be square, rectangular, circular,

ovular, ellipsular, triangular, polygonal, pentagonal, hexagonal, trapezoidal, or any other desired

"':J

shape.

1
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{00242] 'The sole aperture (5555} comprises a widt , wherein the width {5574) is

measured from the toe side span {5557} to the heel side side span (5559). In most embodiments, the
sole aperture (5555) has a greater width, nearer the return portion (5177), than the aperture width
nearer the rear end (5180). This charactenistic helps remove as much high density mass from the

center of the club head (5100) as possible, allowing the mass to be redistributed tho the rear end

N

(5180 of the club head (5100). However, in some embodiments, the sole aperture (5555)

) width can

be equal or unitorm from the return portion (3177) to the rear (5180). Further still, 1n some
embodiments, the sole aperture (5555) width can be greater near the the rear end {(5180) than the

aperture width near the return portion (5177).

{00243]  'The sole aperture widths {5574} roay be between 0.5 1nch and 6.0 inches. The widths

~
=

574 may be 0.5 1nch, 0.6 inch, 0.7 inch, 4.8 mch, 0.9 inch, 1.0 inch, 1.1 inches, 1.2 inches, 1.3

inches, 1.4 inches, 1.5 inches, 1.6 inches, 1.8 inches, 1.9 inches, 2.0 inches, 2.1 inches, 2.2 mches, 2.3
inches, 2.4 mches, 2.5 inches, 2.6 inches, 2.7 inches, 2.8 mches, 2.9 inches, 3.0 inches, 3.1 inches, 3.2
inches, 3.0 inches, 3.4 inches, 3.5 inches, 3.6 inches, 3.7 inches, 3.8 mches, 3.9 inches, 4.0 inches, 4.1

inches, 4.2 inches, 4.3 inches, 4.4 inches 4 .5 inches, 4.6 inches, 4.7 inches, 4.8 inches, 4.9 inches, 5.0

inches, 5.1 inches, 5.2 inches, 5.3 inches, 5.4 inches, 5.5 inches, 5.6 inches, 5.7 inches, 5.8 inches,
5.9 inches, or 6.0 inches.

-
/
i

{00244] Further, the sole aperture (5555) compnses a length (5576), wherein the length (5576) is

measured from the return portion (5177) to the rear end (518(). In most embodiments, the sole

~

aperture {5555} has an equal length near the heel side span {5559} to the length near the toe side

A

-
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span (5557). This charactenistic helps keep the club head balanced in 4 heel to roe direction. In some

embodiments, the length near the heel side span (5559} can be less than the length near the toe side

span (5557), removing mass trom the toe and placing more n the heel, 10 order to nfluence a draw
or hook shot. In contrast, in some erobodiments, the length near the toe side span (5557) can be less
than the length near the heel side span (5559, rernoving mass from the heel and placing more near

the toe, in order to intluence a slice or fade shot.

{602458]  'The sole aperture lengths (3576) may be between 0.5 inch and 6.0 inches. The lengths

(53576) may be 0.5 mch, 0.6 inch, 0.7 inch, 0.8 inch, 0.9 mch, 1.0 inch, 1.1 mches, 1.2 nches, 1.3
mches, 1.4 inches, 1.5 inches, 1.6 inches, 1.8 inches, 1.9 inches, 2.0 inches, 2.1 inches, 2.2 inches, 2.3

inches, 2.4 inches, 2.5 in 2.7 1

ches, 2.6 inches, 2.7 inches, 2.8 inches, 2.9 inches, 3.0 inches, 3.1 inches, 3.2

-

mches, 3.0 inches, 3.4 inches, 3.5 inches, 3.6 inches, 3.7 inches, 3.8 inches, 3.9 inches, 4.0 inches, 4.1

(1
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inches, 4.2 inches, 4.3 inches, 4.4 inches, 4 .5 inches, 4.6 inches, 4.7 inches, 4.8 inches, 4.9 mches, 5.0

inches, 5.1 mches, 5.2 inches, 5.3 inches, 5.4 inches, 3.5 inches, 5.6 inches, 5.7 inches, 5.8 inches,
5.9 inches, or 6.0 inches.

(5559) connect the return portion (5177) to

/

180246]  'The toe side span (5557) and heel side span

the rear end (5180}, The toe side span (3557) and heel side span {5559 of the rear extension (5500)

can comprise 2 portion ot the sole (5120). The rear extension (5500) comprises 2 weight channel

7/

(5540}, The wetght channel (5540} 5 exposed at the rear end (5180) and atleast a portion sole

1

(5120} of the club head (5300).

{00247]  The weight channel (5540) 1s contigured to recetve a movable weight (5350} i one of
three positions. The weight {5350} can be secured to the weight channel (5540) by a threaded
tastener (5320). The weight (5350) can be placed 1n a toe-side position, a central position, or 4 heel-

N

side position. The weight channel (5540) comprises a2 mounting wall (5542} and a sole wall (5550).

The mounting wall (5542) can be onented approximately perpendicular to the sole (5128). The sole

wall (5550) can be onented approximately parallel to the main sole (5120, but inset by a distance
equal to a height of the roounting wall (5542). The movable weight (3350} can comprise an elongate,
trapezoidal shape, or any other suitable weight. The movable weight (5350} can comprise a inward
wall and a connecting wall. The mward wall lies tlush aganst the sole wall (5550) of the weight

channel (5540). The connecting wall lies tlush with the mounting wall (5542) when the weight

{5350} 15 attached i one of the three positions.

{00248] The mounting wall (3542) of the weight channel (5540) cornprises three threaded

apertures that correspond to the three weight positions. The mounting wall {5542) comprises a toe-

side threaded aperture (5544, a center threaded aperture (5546), and a heel-side threaded aperture

(5548). The movable weight (5350) 5 positioned 1o the toe-side position by placing the connecting
wall of the weight (5350) tlush agamst the mounting wall (5542) of the channel (5540) and securing

the fastener (53320} into the toe-side threaded aperture (5544). 'The movable weight (5350) is
positioned m the central position by placing the connecting wall ot the weight (5350) flush against

the mounting wall (5542) of the channel -(:5540) and securing the fastener (5320} into the center

threaded aperture (5546). The movable weight (53350} 1s posinoned in the heel-side position by
placing the connectng wall of the weight (53350) tlush against the mounting wall (5542) of the

channel (5540) and securing the fastener (5320) mto the heel-side threaded aperture (5548)

X
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{00249]  When the movable weight (5350) 1s positioned in the central position (simular to golt

club (2100) as diustrated m the sole view of FIG. 19), the golf club {5100) 15 configured to ofter no

draw or fade bias. When the weight (2350} 1s positioned in the toe-stde position (siular to golt club

-

(2100} as dlustrated in FIG. 20} the weight (2350) gives the club head a fade bias. When the weight

5350) 18 positioned 1 the heel-side posihion (sinilar to golf club head 2104 as dlustrated 1n FIG.

s

o

gives the club head a draw bias.

)
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{80256]  The trst component {5300} comprises a sole portion rear extension (5500), a torward
crown portion (5400}, and a torward sole portion (5810). The forward sole portion (3810)

comprises a hieel extension (53830) and a toe extension (38201, The heel extension (5

(5830) comprises a

rear wall (3832). The toe extension (5820} comprises a rear wall (5822).

{80251]  'The first component rear extension {5500} comprises the toe-side wall (5522) and a heel-

side wall (5532) that connect the weight channel (5540) o the striking face sole return (5810). The

/

toe-side wall (5522) 18 formed by the toe side span (5557), opposite the sole aperture (5555).

/

£

Sirnilarly, the heel-side wall (5532) 15 formed by the heel side span (5559)

kS /3

opposite the sole aperture
{5555). The rear extension toe-side wall (5522) and the toe extension rearwall (5822) can form a
toe-side wall angle (5850). The toe-side wall angle (3830) can range between 45 degrecs and 180
degrees. The rear extension heel-side wall (5532) and the heel extension rear wall (53832) can torm a
heel-side wall angle (5855). The heel-side wall angle {5855} can range between 45 degrees and 180

1

degrees. in some embodiments, the toe-side wall angle (53850} 1s roughly equal to the heel-side wall
angle (5855). In other embodiments, the toe-side wall angle (5850} and the heel-side wall angle
(5855} are difterent. In some embodiments, the toe-side wall angle (5850} and the heecl-side wall
angle (5855) are supplementary angles (their sum equals roughly 180 degrees). In these
embodiments, the toe extension rear wall (3822) and the heel extension rearwall (5832) are located

/

-oughly within the same plane (the toe rear wall (53822) and the heel rearwall (5832) are roughly

parallel when viewed trom the sole). For exarnple, the toe-side wall angle (5850} can be an acute

angle, while the heel-side wall angle (3855 1s 2 supplementary obtuse angle.
gie,

{60252]  The second component (5200), and similar to second component (2200} as illustrated 1n
FIGS. 29 and 30, can comprise a crown portion (5205), a tratling edge portion (5230), a sole toe
portion (5212}, and a sole heel portion (5214}, The crown portion {(5205) connects the sole e
portion (5212} and the sole heel portion (5214). The traihng edge porton (5230) connects the crown

portion (5245} to the sole toe and heel portions (5212 and 5214). The crown portion (5205), sole toe

971
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portion (5212} and sole heel portion (5214} define a rear cutout in the sole side of the second
component (5200), The rear cutout can be similar to the rear cutout (2244), described for the
second embodiment, with reference to FIGS. 29 and 30. In some embodiments, such as the one
lustrated in FIG. 29, the rear cutout (2240) cuts into the sole only. In other embodiments, such as
the one illustrated in FIG. 30, the rear cutout (2240} cuts into both the sole portion and the crown

portion (5205). The embodiment that cuts into both the sole and the crown portion (5205) allows

roore room i the rear end (5180) of the club head (5100} for the weight channel (5540) ot the first

N\

component (5300

j002531 o some embodiments, the second component (3200) can be secured to the first
component (53300} in a way sirmifar to that described above for the first golf club head (1060)
embodiment and second club head embodiment (2108}, In some embodiments, the matertals ot the

first (5300) and second {5200)

components can also be simular to those described above for the tfirst

golf club head (100} embodiments.

{00254]  The geometry of the rear sole extension {53500) can mechanically lock or hold the second
component (5200) onto the first corpponent. The fan-shaped rear extension (5500), coraprising the
wetght channel (5540), prevents a nigid part from shiding onto the first component (53300). In order
to overcome this manutactuning challenge, the second component (5200} can comprise a semi-rigid
or tlexible material, allowing the second component (5200} to bend around or onto the first
component. In these embodiments, the second component (5200) can snap or lock into place. In

some embodiments, the fan-shape geormetry of the rear sole extension (5500} allows the second
component (5200) to be secured 1o the first component (5300) without the use of adhesive, or with

the use of less adhesive.

{00255]  Further, the golf club head (5100) comprises the sole panel (5556), wherein the sole

panel (53556) covers the sole aperture (3555) of the first component (5300). The sole panel (5556},
when covering the scle aperture (5555), combines with the toe side span (5557), heel side span

(5559} and the rear end (5180) to form the entire sole (5120). The sole panel (5556) 1s the same

P

shape as the sole aperture (5555}, such that the sole panel (5556) covers the entire sole aperture

(5555) by jomning to the rear (5180), the toe side span (5557, heel side span (5559}, and the forward

[

sole portion (5810). In most embodiments, the sole panel (5556 13 adhered to the sole aperture

s



{00236]  Smular to the sole aperture (5535), the sole panel (5556) can be any shape, however n

~

most embodiments, the sole panel (5556) 15 approximately rectangular. The sole panel (5550) bends

N

with general shape ot the sole (3120). In some embodiments, the sole panel (5556} can be square,

rectangular, circular, ovular, ellipsular, tniangular, polygonal, pentagonal, hexagonal, trapezotdal, or

any other desired shape.

{00237]  The sole panel (5556) comprises a width, wheremn the width 1s measured from the toe
side span (5557) to the heel side side span (5559). In most embodiments, the sole panel (5556) has a

reater width, nearer the return portion (5177}, than the panel width nearer the rear end (5180}, Thus
£ { iz Y )}

characteristic helps match the geometry of the sole aperture (5555) and provide a2 enclosed goltf club

head (5100}, Stmilar to the width of the sole aperture (5555), m some embodumnents, the sole panel

~

(5556} width can be equal or untform from the return portion (5177) to the rear (5180). Further sull
/

el

1

in seme embodiments, the sole panel (5556) width can be greater near the rear end (5180) than the

panel width near the return portion (5177).

{60258]  The sole panel width may be between 0.5 inch and 6.0 inches. The widths may be 0.5
mnch, 0.6 inch, 0.7 inch, 0.8 inch, 0.9 inch, 1.0 imnch, 1.1 inches, 1.2 inches, 1.3 inches, 1.4 inches, 1.5

inches, 1.6 wches, 1.8 inches, 1.9 inches, 2.0 inches, 2.1 inches, 2.2 inches, 2.3 inches, 2.4 inches, 2.5

8, 2 <
inches, 2.6 mches, 2.7 inches, 2.8 inches, 2.9 inches, 3.0 inches, 3.1 inches, 3.2 inches, 3.0 inches, 3.4

£y

inches, 3.5 mches, 3.6 inches, 3.7 wnches, 3.8 inches, 3.9 inches, 4.0 inches, 4.1 inches, 4.2 mniches, 4.3
inches, 4.4 mches 4 5 inches, 4.6 inches, 4.7 inches, 4.8 mches, 4.9 inches, 5.0 inches, 5.1 inches, 5.2

inches, 5.3 inches, 5.4 inches, 5.5 inches, 5.6 inches, 5.7 inches, 5.8 inches, 5.9 inches, or 6.0 inches.

{00259]  Further, the sole panel (5556) cornprises a length, wehremn the Jength s measured trom

b

the return portion (5177) to the rear end (5180). In most emboduments, the sole panel (3556} has an
A N \

1
H

equal length near the heel side span (5359 to the lengt

th near the toe side span (3557). Thus

characteristic helps the sole panel (5556) match the exact length of the sole aperture (3555). In some

embodiments, the length near the heel side span (5559} can be less than the length near the toe side
o [

span (5537). In contrast, in some embodiments, the length near the toe side span (&

than the length near the heel side span (5559).

{60268]  The sole panel lengths may be between 6.5 inch and 6.0 inches. The lengths may be 0.5

inch, 0.6 inch, 0.7 inch, 0.8 inch, 0.9 inch, 1.0 mch, 1.1 inches, 1.2 inches, 1.3 inches, 1.4 inches, 1.5

tnches, 1.6 inches, 1.8 inches, 1.9 inches, 2.0 inches, 2.1 inches, 2.2 inches, 2.3 inches, 2.4 inches, 2.5



inches, 2.6 mches, 2.7 inches, 2.8 wnches, 2.9 inches, 3.0 inches, 3.1 inches, 3.2 inches, 3.0 inches, 3.4
inches, 3.5 mches, 3.6 inches, 3.7 inches, 3.8 inches, 3.9 inches, 4.0 inches, 4.1 inches, 4.2 inches, 4.3
inches, 4.4 inches,4 .5 inches, 4.6 inches, 4.7 inches, 4.8 inches, 4.9 mnches, 5.0 inches, 5.1 inches, 5.2

inches, 5.3 inches, 5.4 inches, 5.5 inches, 3.6 inches, 5.7 inches, 5.8 inches, 5.9 inches, or 6.0 inches.
Vi) Method of Manufacture
First Method

{60261} Reterring to FIG. 61, a first embodiment of a method {(10) of manufacturning the golf
club head (100} comprises forming the tirst component (300), forming the second component
(2045, applying an adhestve to a first component lip (450), aligning the second component (200) to
the fust component (300), titting the second component (200) to the trst component (300) so the
second component (200) overlays the lip (450), and allowing the adhesive to set, permanently
second component (LU} overlays the ip (40U, and allowing the adhesive {o set, permanently

affixing the second cornponent (20()) to the first component (300) to form the hollow golf club

fiead (100) {step 4040 in F1G. 50). The methed (10) can be used to form a golf club head stmilar to
the first, second, third, or tourth golf club heads (100, 2100, 3100, or 4100}, described above. For

the sake simplicity, the reference numbers 1n the following method description refer to the first club
head {100}, but this method (10) can be applicable to all of the atorementioned club heads (100,

Ils

21060, 3100, or 4100) or variations thereof.

(002621  Refernng to FIG. 15, as discussed above, the first coraponent (300) may further
cotaprise a plurality of casting support bars, including one or more heel end casting support bars
(1510}, and one or more toe end casting support bars (1512). The casting support bars stabilize the
cast part of the first coraponent (300} while the metal cools atter casting. The stabilization provided
by the casting support bars prevents the front portion of the cast part from folding towards or away
from the tirst component sole portion rear extension (500) while the part cools after casting. The
sing support bars are removed from the as cast first component (300) and are not present in the

pd

trnished golt club head (100).

{60263]  Analternative method of manutacturing the golt club head ’ 100} comprises casting the

first cornponent (300), molding a wax pattern of the first component ), adding wax support bars
to the wax pattern, investing the moditied wax pattern, casting the mvestment, taroming the metal

casting support bars (1510) and (1512), formung the ficst component (300), forming the second

component (200, applying an adhesive to a tirst component lip (454}, aligning the second

N
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component (200) o the tirst component (300), titting the second component (200) to the first
component (300) so the second component 200) overlays the lip (450}, and allowing the adhesive
to set, permanently affixing the second component (200) to the first component (300) to form the
hollow golt club head (100). When adding the support bars to the wax pattern, the artachment
potnts for the support bars are an interior surface of the first comnponent (300} wax pattern, to avoid
any marring or distortion of an outer surtace of the first cornponent (300) The advantage of adding
the support bars is that the casting of the first component 1s supported against distortion while 102

cooling phase after casting.

j00264]  'The fisst cornponent (300) can be coupled to the second component {200) at the first
component lip (458} to torm the body of the golt club head (100}, The first component lip (450),
including the crown portion lip (455), the sole porton lip (460}, and the mass portion vertical lip
(750} are entirely covered by the second component (200) when the first component (300) is
coupled to the second component (200} to form the body of the golf club head (189). The second
component sole portion rear cutout {(240) compﬁses a portion of perimeter edge (220) ar the trailing
edge portion (230). When the first component (300) 1s coupled o second component (200) ar the
first component lip (450) (to form the body of the golf club head (100}), the portion of perimeter

edge (220) at the trailing edge portion (230) is joined along the mass portion tratling edge shelf

b
(1042).

1

{60265]  The first component {330 may be coupled to the second component (200) by means of
an adhestve. In many embodiments, an adhesive such as glue, epoxy, epoxy gasket, tape (e.g,, VHB

fape)

-1y

or any other adhesive matersals can be disposed at the junction of the second component
(200) and the first component lip (4530). In some embodiments, the first component tabs (457) on

the first component lip (450 and 455) can abut the second cornponent (200), leaving a clearance gap

between the tirst component lip (450 and 455) and the second component (200). This clearance gap
can house the adhestve. The clearance gap can have 2 uniform height or thuckness due to the fiest
component tabs (457) having vrutortn heights. This uniform height of the clearance gap can create

an even bond between the first and second components. In other embodiments, the second
component (200) can be coupled to the first component (300) by tasteners, clips, press fit, or any
other appropriate mechanical means of attachment (not shown). In other embodiments, the first

component (300) may be coupled to the second component (200) by an adhesive in comjunction

with an approprate mechanical means of attachment. In other embodiments, the first component

N
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(300) may be coupled to the second component (200) using laser welding to heat the second
\ / J pad

component (200) material to cause it to adhere to the tirst component (300) material.

{80266]  In some embodiments, when the ftirst component 13 coupled to the second component
to form the golf club head 100}, the surface of the first component (300) 15 not offset from the

surtace of the second Compon(*nr {200). When the tist component (300) 18 coupled to the second

A"
coraponent (200) to form the golf club head (100), a nominal outer surface of the first component is
not otfset above or below a nonunal outer surface of the second component at the juncture of the

coupling (l.e. the outer surtaces ot the first component (300) and the second component (200) are

flush).

Second Method

golf club head (100)

<

{80267]  Referrng to FIG. 62, a second method of manufacturing (20) the

7o

coraprises the following steps: (Step 1 21) casting an untuushed first component, (Step 2: 22)
cutfing out portions of the untuushed first component to form a finished first component, (Step 3:
23) injection molding the second coraponent, (Step 41 24) permanently securing the second
component o the tirst component, and (Step 5: 25) fimishing the club head. The second method
(20) can be used to form a golf club head similar to the first, second, third, or fourth golt club heads

, €
(100, 2100, 3100, or 4100), described above. For the sake simphicity, the reference numbers in the
tollowing method description refer to the first club head (100}, but thiz method {20) can be
applicable to all of the atorementioned club heads (100, 2100, 3100, or 41060) or varations thereof.
{00268] Forming the first component it the fust step (21) can start with casting an unticushed
version of the tirst component (300). The fust component (300) can be cast as a full club head, with
a reduced thickness region. A majority of the reduced thickness region can be ocated approximately
where the second component (200) will later be attached. A peripheral section around an edge of
the reduced thickness region will eventually torm the lip (450} of the first compoenent (300). The
unfimshed first component is cast with the reduced thickness region because the reduced thickness
region helps the first component hold its desired shape during the casting process. Casting the first
component (100) without the reduced thinkess region could result in warping of the part or other
casting quality issues. Therefore, casting with the reduced thickness region, which s Jater reraoved,

ensures that the first coraponent mantains its desired shape so that the second component (200)

will tit on 1t correctly durning step three.



{00269]  Atter the unfinished tirst component 1s removed trom the mold 1o which it was cast, a

faser 8 used to cut out the unwanted portion of the reduced thickness region (second step: 22),

leaving only the periphieral section, which forms the lip of the second component (450}, The ip can
be ground down or polished, as necessary. In some embodiments, the striketace (178} of the club

head 1z mntegrally cast as part of the first component (300). In other embodiments, the first
component (300) can be cast without a strikeface (170) (with an opening or void in the front of the
first component). In these erabodiments, a faceplate 1s provided separately by erther casting or

the faceplate from a metallic material. The taceplate can be conventionally welded, laser

welded, or swedged (swagged) into the front opening of the first component {300}

{B0276]  ‘The third step (23) can comprise injection molding the second component. The third
step (23) can comprise providing a composite matertal (typically in pellet torm), melting the
composite material, injecting the melted compostte material into a mold to form an unfinished
second component, cutting off the sprue, and polishing the gate area to finush the second
component (200). As describe above, the composite matersal can comprise a polymer resin and a
reinforcing fiber. The composite marenial can be provided in pellets that comprise both resin and
tiber. The compostte pellets are relted and 1njected into a roold to form the untinished second

component. The iyection molding process of the third step (23} can be simniar to the i

roolding process disclosed i Patent Cooporation Treaty (PCT) Appiication No.

CT/US2020/047702, filed on August 24, 2020, which is incorporated herein by reference mn its

J

entirety.

{80271]  The fourth step (24) can comprise applying an adhesive {such as a two-part liquid epoxy)

to the first component hp (450, aligning and placing the second component (200) over the first

s 4

n

-
/' N

component ip (450}, and allowing the adhesive to dry. One or more first cornponent tabs (457 o
the hip (450} and (455) can provide a clearance gap between the ficst component lip (450) and the
second cornponent. This clearance gap can house the adhesive. The clearance gap can have a
unitoren height or thickness due to the fust comnponent tabs (457) hﬁ'ving untform heights. Thus

uniform height of the clearance gap can create an even bond between the first component (300) and
the second component (260).

{80272]  Insome embodiments of this second method (20), a functionalized bonding film or
laver can be used instead of an adhesive. The funchonalized bonding film can be provided 1n one or

more stnp sections that correspond to the shape and side of the tirst component lip (450) and (455).

N
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The tunctionalized bonding film comprises a tirst and second side. The tilm can be configured to
bond with the material of the tirst component on the first side and with the matertal of the second
component on the second side. The bonding film can bond the tirst and second components
together when placed under the necessary temperature and pressure conditions for a set amount of

fime.

{00273}  After the adhesive s applied to the first cornponent ip (450) and (453), the second

-

component can be placed or shid over the first component lip. The second component can be shid

over the tirst component fip untd an cuter edge of the second component comes into contact with
the remainder of the tirst component. As dlustrated i FIG. 5, the first component lip comprises a
recessed offset (459), which the second component fills when the club head is assembled. The

tourth step can further comprise allowing the adhesive to dry and bond the first component to the

second Compotlent

{00274]  The nifth step (25) can comprise polishing, cleaning, coating, and/or painting the club

head. In some emboduments, the fitth step (25)

) can further comprise placing a detachable weight

" 1

(1300) withun the weight recess (540) and securing the detachable weight {1300} using a fastener. In

other embodiments, the tifth step (25) can further comprise placing a movable weight {2350} within

aweight channel (2540) and secunng the movable weight (2350) using a fastener.

Third Method

(002751 As dlustrated m FIG. 63, a third method (30) coraprises the following steps: (Step 10 31)

formung the first component, (Step 2: 32) providing the second component as a toe portion (3212)

[

L)v

and 3) (3212} 1o the first

rﬁ

fieel portion (32143, (Step 3: - 1ng; the second component tos por"
coraponent (3300), (Step 4: 24) secuning the second corponent heel portion (3214) to the first
component (3300), and (Step 5: 35) finushing the club head. The first step (31) can comprise casting
an untinushed first component, laser cutting out unwanted portions of the unfinished first
component, and optonally welding a taceplate to the first component to torm the finshed first
component. The third method (30} can be used to form a golf club head sirnilar to the third or
tourth golf club heads (3104 or 4104), described above. For the sake simplicity, the reference

numbers 1o the tollowing raethod description reter o the third club head (3100), bur this rmethod

1

{(30) can be applicable to all of the aforernentioned club heads (3100 or 4100) or vanations thereof.

N
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{00276] 'The ticst step (31) of formung the first component (3300) can be similar to steps one and
two (21 and 22) of the second method (20, described above. However, in this manutacturing
process, the crown brace (3560) remains after the laser cutting of the unfmished first component.
The fimished tirst component comprises an opening on the heel side (:conﬁgurﬁd to recetve the
second component heel portion (3214)) and an opening on the toe side {configured to recetve the

second component toe portion (3212))

\ S

{60277} The second step (32) of providing the second component (3200), can be simular to step

three (23) of the second method (20), described above, However, in the third manufacturing process

,-\

30), the second component (3200} 1s provided as two separate pieces: a tc

e portion (3212) and a

heel portion (3214). In sc

e ernbodiments, the toe portion {3212) and heel portion (3214} can be
mnjection molded simultaneously trom the same sprue and gate, and then disconnected trom each
other. In other embodiments, the toe portion (3212) and heel portion {3214) are mdividually
mnjection molded at different times, After mjection molding, the toe and heel portions (3212 and

3214) are finished by cutting or grinding off any excess material left from the gate of the mold,

where the matenial entered the moid.

{60278]  Steps three and four (33 and 34) can be performed in any desired order. Step three (33)
comprises applying adhesive onto a pertmeter hip (not illustrated) of the first component (3300),
shiding the toe portion (3212) onto the lip of the first component (3300), and allowing the adhesive
to cure/set. The toe portion (3212) can be assembled by sliding tt 11 a toe-to-heel direction onto the
tirst component (3300}, Step tour (34) compnises applying adhesive onto a perimeter lip of the tirst

component (3300), shiding the heel portion {3214) onto the lip of the first component (3300)

5 &

alfowing the adhesive to cure/set. The heel portion (3214) can be assembled by shiding 1t in 2 heel-

>

to-toe direction onto the first component (3300). In some embodiments of the method, steps three

AN

-

and four (33 and 34) are combined so that the adbesive 1s applied first, the toe portion (3212) and

heel portion (3214) are individually slid onto the first component (3300), and the adhestve is then

{60279] Because the toe portion (3212) and the heel portion (3214) are geometncally configured
to slide onto the first component (3300) from the sides, the first component (3300} can comprise
geometries at the rear end of the club head that would not otherwise be possible. For instance, in

embodiments with a urutary second component, the second component generally must be shid mn a

rear-to-tront direction onto the first component (3300). This directional assembly required tor the

N
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unitary second component determines that the first component must comprise geometry with
approprate draft angles. For example, it some embodiments with a unitary second compoenent, the
sole rear extenston cannot comprise a region with a smaller width than the rearmost edge of the
extens:on. In hight of this, formung the second component as two parts {toe and heel portions)

allows the first component to have complex geometnies that are not himited by rear-to-front

direction draft angles.
VII} T-Shaped Design Functions

{00288]  As discussed above, the embodiment ot a hollow golf club head (100, 2100, 3100, 4100,
or 5108} described herein can comprise at least two major components. The metﬁ.ﬂic, first
component (300, 23060, 3300, 4300, or 5300} comprises the striking portion and a sole extension
(5043, 2500, 3500, 4500, or 5500) forming a “1T7 shape. The non-metallic, second component (204,
2260, 3200, 4200, 5200) comprises the rear pornon of the crown (114, 2110, 3110, 4110, or 5110),
and wraps around the first component to also comprise a portion of the sole (120, 2120, 3120, 4120,
or 5120). The more dense *“I” shaped sole of the fust component (300, 2300, 3300, 4300, or 5300),
coupled to the less dense crown wrapped arcund second component {200, 2200, 3200, 4200, or
5200) can optirmuze mass properties by reducing the crown mass, and shufting the golf club head
centter of gravity (CG) lower. The saved weight from the second component (200, 2200, 3200, 4200,

N

or 5200) can be redistnibuted to other locations of the golf club head (100, 21064, 3100, 4100, or
5100) to further optimize the CG, mcrease the MO, and manipulate the shape of the shot

frajectory.

{00281] The CG of the golf club head (160, 2100, 3100, 4100, or 5100} can move lower and
toward the rear of the golt club head comprising the tirst component (300, 2300, 3300, 4300, or
5300) and the second component (200, 2200, 3200, 4200, or 5200}, wherein the second component
(200, 2200, 3200, 4200, or 5200} comprises a second material with a second density that 15 lower
than the first material density, compared to an alternate golt club head comprising only the first
material with a constant density.

EXAMPLES

Exanple Lt

{60282] A comparative club head and an exemplary club head of the mstant application are

compared 1 Table 1. The comparative club 1s entirely metallic, but has stmular total mass and total

N
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volurne as the exemplary club head. The exemplary club head was simmlar to the first embodiment
of a golf club head, described above. The exemplary club head comprised a metallic first component
and 2 polymeric second component that atrached to the first component to enclose a hollow
interior, The first component had a striking face, a striking face retum, and a rear extension on the

sole. The second component had a crown portion, a sole toe portion, and a sole heel portion.

CG, €6, Ik Iy  Mass Volume
C arative Golf Club o I ,
Omparig‘ﬁdo R 0895 1913 38445 8343 205.7¢ 445
Hea | | |

Exemplary Golf Club Head% ) i o
with Embedded Weighte - e

{60283] The comparanve club head and an exemplary club head have equal volumes of
approzimately 445 cnm’. The comparison club, constructed entirely of a metallic material has a CG,,
which 1s the height of the CG above the ground plane (105), ot 0.895 inch. The ezemplary golf club
head has a CGy of 6.887 inch. It s desirable to bave a lower value for CG,. The CG, ot the

exernplary golt club head is lower than that of the comparizson club by 0.048 inch.

{60284]  As deseribed above, CG, 18 measured as a distance the CG 1s located toward the rear end

e

of the golf

('\

ub head from the stnke face center (175) i a direction perpendicular to the loft plane

of the (198). A grearer UG, located further to the rear of the golt club, 13 beneticial for ball thght

1

control. The cornpanson club, has a CG, of 1.913 mnches. The exemplary golf club head has a CG,

ot 1.986 inches. The CG; of the exeraplary golf club head 15 0.073 inch further back than the CG.

bl

of the comparison club.

{602853]  'The posttion of the CG helps determine the launch characteristics ot a ball (eg., ball
trajectory, ball spin, and ball speed}, moment of inertia (MOI), and performance characteristics (2g,

swing speed, squaring the face during tmpact). A high MOI prevents rotation of the golf club head

o

during a swing, and helps square the striking face dunng impact with the ball. Strking the ball with

- fe>d ?‘ i) [

a squared striking face helps ensure a stratght ball path and optimal height/trajectory, compared to
k. x ’

2

shicing or hooking the ball when the striking face 15 not squared. Further, with a lower CG, the

N
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speed and spin of the ball are improved, which can add distance and prevent the ball rolling
backwards upon landing.

{ﬁﬁZSﬁ} The MOT of the exemplary golf club head 1s greater than the MOI of the companson

“club. MOI values Lux and Ly are the MOT values about the Xaxis (190) and Y axus, (192)

O
.
[
[

7
%2
2
e

cctively. Larger MOT 1s destrable, as a high MOT helps prevent rofation ot the golf ¢lub head
during a swing, and helps square the striking face during impact with the ball. The comparative club
has Yo and Yoy values of 584.45 and 834.30, respectively. The exemplary golt club head has Ty and

Iyv vahues of 652.71 and 875.94, respectively. The exemplary golt club head has 2 quite farge 11.7%

wnprovement of Ixx, and a 5.0% improvement of Iyv over the comparative club.

{80287]  'T'he ball flight ot a golt ball struck by the exemplary golf club head has improved CG,,
and CG. values, directly leading to improved Lx and Ivy values. The improved CG values leads to
lower ball spin at impact, which leads to a longer carry tor the ball thght. The improved MOT values

lead directly to more forgiveness tor off center hits.

{00288] 1o an alternate embodiment, an embedded high density weight was added to the
exemplary golt club head. The exemplary golf club head with weight has a CG; of 0.890 1nch and a
CG, ot 2.013 inches. The exemplary golt club head with weight CGy s less than the CG, of the
comparative golf chub head by 0.005 inch, but the CG, of the exemplary golf with weight is greater
than the CG, of the comparative golt club head by 6.100 mnch. The exemplary golt club head with
weight has an Lix value of 678.31, and Iyy value of 901.78. These MOI values are both greater than

the Txxand Iyy of the comparative golf club head by 16% and 8.1%, respectively.

ample 2:

{8028%] A series of club head components were compared to one ancther through a Finite
HFlement Analysis (FEA) stmulation test of the impact of a golt ball with each club head. The club
head components were metallic components comprising at least a face, a striking tace return, and 4
sole extension having a rear weight channel holding a movable weight in a center position. The
tested components were not fully assembled club heads. They did not include a second component
with a lower density. Rather, this test isolared metallic club head components, since siroulation and
corpanson of single cormponents can be more accurate than complex stroulation of assembled club

heads. The simulation test considered the refative vertical displacement of the rear weight atter a
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center face impact by a golf ball traveling at 84 mph. The rear weight in the simulation had a mass

of 32 grams.

{80298]  The senes of club head components included: a first, a second, a third, a fourth, a fitth, a

sixth, a seventh, and an eighth test component. The first test component was similar to the first

component (300) of the first golt club head (100}, des , except that the first test
cormponent comprised a rear Weight channel holding a movable weight in a center position rather
than a single rear weight. The first test component did not have any brace between the striking tace

return and a tratling edge of the rear extension.

{00291]  The second test component was simular to the first component (4300) of the tourth golf
club head (4100), described above, specifically the varation of FIGS. 43 and 44. The second test
component had a toe skirt brace (similar to 4566) and a heel skurt brace {simular to 4568). The third
test component was sirnilar to the first component (4300) of the tourth golf club head (4100},
described above, spectfically the vanation of FIGS. 45 and 46. The third test component had 2 toe
skirt brace (simular to 4566), a heel skirt brace (siratlar to 4568), and a central crown brace (sumular to

4560).

1802921  'The fourth test component was simular to the first component (4300) of the tourth golf

club head (4100), described above, specitically the varation of FIGS. 47 and 48. 'The fourth test

component had a toe-side brace {similar to 4557) and a heel-side brace (similar to 4559). The toe-
de brace and the heel-side brace of the fourth test component were separated by a greater width

towards the rear end of the fourth test component. The fifth test component was stadar to the tist

component (4300) of the fourth golf club head (4100), described above, specifically the vanation ot
FIGS. 49 and 50. The fifth test component had a toe-side brace (stmar to 4557) and a heel-side
brace {similar to 4559). The toe-side brace and the heel-side brace of the fifth test component were

1

separated by a lesser width towards the rear end of the fitth test component, so that they formed a

V-shape from a top view.

{B0293]  'The sixth test component was similar to the first component (4300) of the fourth golf
club head (4100), described above, specitically the vananon of FIGS. 51 and 52. The sixth test
component had a toe skirt brace (similar to 4566), a heel skirt brace (similar to 4568}, a toe-side

brace (similar to 45357), and a heel-side brace (sundar to 4559). The toe-side and heel-side braces of

the sixth test component were separated by a greater width towards the rear end of the sixth test

o
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component. The seventh test component was similar to the first component (4300 of the tourth

golf club head (4100}, described above, specitically the vartation of FIGS. 53 and 54, The seventh

I

test component had a toe skirt brace (similar to 4566), a heel skirt brace (similar to 4568}, a toe-side

’

brace (sirnilar to 4557), and a heel-side brace (strmlar to 4559). The toe-side and heel-side braces ot

r

the seventh test component were parallel to one another.

{00294]  The eighth test component was similar to the first component (4300) of the fourth golf

N

club head (4100), described above, specitically the varation of FIGS. 55 and 56. The eighth test

coraponent had a toe skirt brace (sumular to 4566), a heel skirt brace irndar to 4568), and a pair of

first brace 4570 and second brace 4572

crisscrossing braces (stmular ¢ 2.

{80295]  When a golf ball impacts a club head otf center relative to the center of gravity force

ine, a golf club head will torque about the center of gravity. The center of gravity force lineisa
theoretical line extending roughly perpendicular to the face and coincident with the center of
gravity. The induced torgue etfect abour the center of gravity caused by an off line impact is known
i the golf industry as gearmg. Relative movement of portions of a test component cannot be
accurately roeasured based on a fixed coordinate system, because gearing could contribute to the
measurements. For example, gearing could cause a rear movable weight to appear to move
downwards i the golt ball strikes the tace above the center of gravity force line. Therefore, when
measuring the relative vertical displacement of the rear weight channel and weight, measurements
must be fake with respect to a coordinate system that follows the overall movement of the golf club

head.

{80296]  To conduct an accurate simulation test, a coordinate system was set up withun each test

component. The coordinate systern was licked to a theoretical plane. The theoretical plane was

parallel to the lott plane and offset 1.25 inches behind the loft plane, because this region of a golf
club head s adequately distanced trom the critical stress zones 1o the crown and scle. Separating the

theoretical plane from the critical stress zones isolates the anchored coordinate systemn, allowing the

!
coordmate systemn to accurately tollow the overall movement of the club head component. Tieing
the coordinate system to the overall movement of the club head component allows tor accurate
measurement of the relative vertical deflection of the movable weight. For the purposes of this

example, “relative vertical detlecton” should be understood to mean detlecton in a sole-to-crown

direction parallel to the lott plane (and the theoretical plane). In other words, relative vertical

"‘C}



detlection 1s a2 measurement of the amphimde of the impact-induced cscillation of the rear weight,
relative to the rest ot the test golt club head component.
{80297]  As graphed in FIG. 64, the back weight of the first test component {with no braces)

detlected over 0.3 inch. The second test component (with toe and heel skirt braces) showed an

srmprovement, with the rear weight deflecting up to approzimately 0.15 inch. The tifth test

cormponent (with toe and heel-side braces, V-s ndped\ showed a maximum relative vertical weight
displacement of approxirnately 0.12 mch. The tourth test component {with rearwardly widening toe
and heel side braces) pertormed similarly to the fitth test component. Fhe fourth test component

showed a maximum relative vertical displacernent of approzimately 0.11 1ach. The eighth test
component (with skirt braces and crisscrossing crown braces) showed a mazimum relative vertical
displacement of approximately 8.075 mch. The third, sizth, and seventh test components performed

better than any of the other components.

{80298]  The graph of FIG. 65 shows the third, sixth, and seventh test components compared to
the baseline first test component. The graph ot FIG. 66 18 2 zoomed in view of the graph of FI1G.
65. As shown in the FIG. 66 graph, the thurd test component (with skt braces and central crown
brace) showed a maximum relative vertical displacement of approximately 0.065 inch. The sixth test
component (with skirt braces and rearwardly widening toe and heel side braces) showed a slightly

H : : : H :

lower maximum relative vertical displacement of approxzimately 0.057, and the seventh test
component (with skirt braces and parallel toe and heel side braces) showed a maximum relative

vertical displacement of approximately 0.054 inch.

(802991 A rearweight which deflects upwards more will rebound downwards more, inducing
muore matenal fatigue and stress 1o the sole rear extension. For a fully assembled golf club head

having the herein described two-compounent design, the lip or overlapping joint structure connecting

cnents s af risk tor delarninating (f the rear weight oscillates or vibrates at

the frrst and second ¢

high amplitudes (high values of relative vertical displacement). Theretore, the test components
exhibiting lower relative vertical displacement of the rear weight will form more durable golf club
heads. This simulation test showed that adding braces to the first component improves the
durability of the golf club head. In particular, including a combination of two skirt braces, a toe-side

brace, and 2 heel-side brace into a first component (such as in FIGS. 51-54) provided the best

stability to the rear weight and thus the greatest durabulits



{@03@&} The pertormance of a tull golt club head will be better than the pC“tutT"M,ﬂ\ e of the
tested series of club head components (ie metallic, first components). For the herein described golt
club head embodiments, the second component, typrcally comprising a polymeric material, provides
sorne support to the first component. The attached second component reduces the relative vertical
displacement of the rear weight. Theretore, any component of the series of tested club head
components can form a suthiciently durable club head if coupled with properly designed second
component. However, a tist component (roetallic) that has less relative verncal displacernent of the
rear weight can be coupled to a thinner, lighter weight, or less durable second component to arrive

at an equally durable overall club head.

Example 3:

{80301] A second compartson was done between the first test component, the third test
component, and the seventh test component, described in Example 2 above. This comparison tes
was conducted through a Finite Element Analysis (FEA) simulation test of the impact of a golf ball
with each club head. The sinulation test considered the relative vertical displacement of the rear

weight atter a toe-side (off-center) face impact by a golf ball traveling at 80 mph. The face was

mpacted at 1 inch towards the toe end from the geometric center of the tace

{60302]  As shown in the graph of FIG, 67, the first test component (with no braces} showed a
rear weight relative vertical displacement of over 0.5 inch. The third test component (with skirt

1
3

braces and central crown brace) showed a rear weight maximum relative vertical displacement ot

approximately 0.1 inch. The seventh test component (with skirt braces and paraliel toe and heel side

A

ACES) 5

5

(o

owed a rear weight maximum relative vertical displacement of approximately .08 inch.
Thus comparison tlustrates that braces mncrease club head durability not only for center hit shots,

but also for off-center hit shots

{80303] Replacement of one or more claimed elements constitutes reconstruction and not repair.
Additionally, benefits, other advantages, and sclutions 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 1o be construed as critical, required, or essential features or elements of any or all
of the claims, unless such benefits, advantages, solutions, or elements are expressly stated 1n such

F

claims.



{00304]  As the rules to golt may change from tiroe to time (e.g., tew regulations may be adopted
ot old rules may be eliminated or modified by golf standard organizations and/or governng bodies
such as the United States Golt Asscciation (USGA), the Royal and Ancilent Golt Club of St
Andrews (R&A), etc.), golf equipment related to the apparatus, methods, and articles of
manufacture described herein may be conformung or non-contorming to the rules of golf at any
particular tme. Accordingly, golf equipment related to the apparatus, methods, and articles of
manufacture described herein may be advertised, offered for sale, and/or sold as conforming or
non-conforming golf equipment. The apparatus, methods, and articles of manutacture described

heremn are not imited in this regard.

{00305]  Custorn withun the industry, rules set by golf organizations such as the United States
\ &

Goltf Association (USGA) or The R&A, and naming convention may augment this description of

terminology without departing from the scope of the present application.

{80366]  While the above examples may be described in connection with 4 hollow body golt club,
the apparatus, methods, and articles of manutacture described herein may be applicable 1o other
types of golf club such as an woo-type golf club, a wedge-type golt club, or a putter-type golf club.
Alternatively, the apparatus, methods, and articles of manutacture described herein may be
applicable to other types of sports equipment such as a hockey stick, a tenrus racket, a fishing pole, a
ski pole, etc.

{60367]  Moreover, embodiments and limutations disclosed herein are not dedicated to the public
under the doctrine of dedication if the embodiments and/or lirmitations: (1} are not expressly
claimed in the claims; and (2) are or are potentially equivalents of express elernents and/or

hinutations in the claimas under the doctrine of equivalents.
{00308]  Vanous features and advantages of the disclosures are set forth in the following clauses.

{80309]  Clause 1t A golf club head comprising: a body comprising: a striking face, a rear end, a
toe end, a heel end, a crown, a sole, a skirt, and a trailing edge, the body turther comprising: a first
component comprising the striking face, a striking face return, a rear extension comprising a weight
channel, and a crown brace attached to the striking face return and to the rear extension: and a
second component comprising a crown portion, a sole toe portion, and a sole heel portion; wherem:
the second component 8 configured to be coupled to the first cornponent to form an enclosed

hollow mterior of the golf club head: the first cornponent comprises 2 tust roaterial having a first

~3
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density: the second compoenent comprises a second material having a second density; the tirst
density s greater than the second density; the striking tace comprises a striking tace center; the

weight channel is centrally located n the rear end of the golf club head: the strilung face retum of
the tirst component extends rearwardly from the striking face, and comprises a torward crown
portion and a forward sole portion: the rear extension extends from the torward sole portion of the
strtking face return toward the rear end; the rear extension further comprises a rear extension axis
extending through a center of the rear extension; and a first component mass 1s 85% to 96% of a
mass of the golf club head.

{00316]  Clause 2: The golt club head of dause 1, wherein the crown brace attaches to the
forward crown portion of the striking face return and to the sole rear extension adiacent to the
weight channel at the rear end of the golf club head.

j003111  Clause 3: The golft club head of clause Z, wherein the crown brace and the weight

&
channel com prise a haromerhead shape.
{00312]  Clause 4: The golf club head of clause 2, wherein: the crown brace further comprises a

crown brace longitudinal axss; the crown brace comprises a maximum length; and the crown brace

longitudinal axis bisects the crown brace along the maximum length.

1

{80313]  Clause 5: The golf club head of clause 4, wherein the crown brace longitudinal axis 1

w

offset toward the heel end parallel to the rear extension axs.

{60314]  Clause 6: The golf club head of clause 4, wherein the crown brace longitudinal axis 1

oy
195

ottset toward the toe end paralle] to the rear extension axis.

{00318]) Clause 7: The

~

ot club head of dause 4, wherein the crown brace longitudinal axis s

o)

J

non-parallel to the rear extension axis such that the crown brace longitudinal axis forms an acut
angle relative to the rear extension axis.
{00316]  Clause 8: The golt club head of daim 4, wherein: an X-axus that extends through the

1
1

striking face center in a direction frorm the hee

b

end to the toe end of the golf club head, also

extending parallel to a ground plane when the club head is at an address position; a Y-azis extends

i

through the striking face center in a direction from the crown to the sole ot the golt club head, and

vy o
1.
i

perpendicular to the Xeaxis; a Z-axts extends through the stnking face center in a direction from the

striking tace to the golf club head rear end and perpendicular to the X-axis and the Y-azis; a loft

plane 13 approximately parallel to the striking face and tangent to the striking face center forming a

loft angle with the ground plane; an XY plane extends through the Xeaxis and the Y-axis;a YZ

~J
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plane extends through the Y-axis and the Z-axss: and the crown brace longitudinal axis is paraliel to
the YZ plane.

{60317]  Clause 9: The golf club head of clause 1, wherein the weight channel s exposed at the
rear end and sole of the body.

ey
i1
L

{80318]  Clause 10: The golt club head of clause 1, wherein the weight channel is configured to
recetve a moveable weight in one of three posttions.

{80319]  Clause 11: The golf club head of clause 1, wherein the rear extension comprises 4 toe-
side wall and a heel-side wall extending between the weight channel and the forward sole portion ot
the striking face retum.

{80328]  Clause 12: The golf club head of clause 10, wherein: the weight channel further

corprises a mounting wall comprising three threaded apertures; the three threaded apertures

X X

comprise a toe-side threaded aperture, a center threaded aperture, and a heel-side threaded aperture;
and the center threaded aperture 1s located at center point of a length of the mounting wall.

{60321}  Clause 13: The golf club head of clause 1, wherein: the rear extension coraprises a rear
extension width measured 10 2 heel to toe direction rearward of a rear perimeter of the forward sole
portion of the striking face return; and the rear extension width s 1 a range of 25% to 85% of an
entire width of the sole.

1603221  Clause 14: The golf club head of clause 13, wheren the rear extension width adjacent

the weight channel can range between 1 inch and 2.5 inches.

{80323] Clause 15: The golf club head of clause 12, wherein 2 moveable weight is secured by a
threaded fastener, which engages one of the three threaded apertures.

{60324]  Clause 16: The golf club head of claim 12, wherein: the weight channel turther
comprises a sole wall, the sole wall being inset from the sole; the mounting wall is onented
approximately perpendicular to the sole; and the sole wall 1s inset from the sole by a distance
approximately equal to the height of the roounting wall.

{80325]  Clause 170 A golf club head comprsing: a body comprising: a strking tace, a rear end, a
toe end, a heel end, 2 crown, a sole, a skirt, and a tratling edge, the body turther comprising: a fust
component comprising the striking face, a striking face return, a rear extension comprising a weight
channel, and a plurality of crown braces; and a second component comprising a crown portion, a

sole toe portion, and a sole heel portion; wherein: the second component i contigured to be

coupled to the tirst component to form an enclosed hollow mterior of the golf club head; the first

-~J
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component comprises a first material having a first density; the second component comprises a

second material having a second density; the first density is greater than the second density; the
strifing face comprises a striking face center; the weight channel 1s centrally located in the rear end
of the golt club head: the striking face return of the first component extends rearwardly from the
strifing face; and comprises a first component crown portion and a first component sole portion;
the rear extension extends from the first component sole portion of the staking face refurn toward
the rear end: the rear extension further cornprises a rear extension axis extending through a center
of the rear extension; and a fust component mass 15 85% t© 96% of a rass ot the golf club head.
{00326]  Clause 18: The golf club head of dause 17, wherein: the plurality of crown braces

detines a number of openings in the first component; and the number of openings 1s selected from

the group consisting of: three, four, five, or six openings.
<

g
j003271  Clause 19: The golt club head of clause 17, wherein: the plurality of crown braces
coraprises twer crown braces; each of the two crown braces attaches to the forward crown portion
and to the rear extension adjacent to the weight channel at the rear end of the golf club head.

{08328]  Clause Z: The golf club head of clause 19, wherein the two crown braces attach to rear

extension at different points.

-~J
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Claims

L. A golt club head compursing:
a body comprising:
a striking face, a rear end, a toe end, a heel end, a crown, a sole, a skirt, a peapheral
lip, and a trathing edge, the body further comprising:
a first component cornprising the striking face, a striking tace return, a toe skirt
brace, a heel skirt brace, and a rear extension comprising a weight channel; and
1 second component COMPrISNg a Crown portion, 4 sole toe portion, and a sole heel
wherem
the second component is configured to be coupled to the first component to form
an enclosed hollow 1nternior ot the golf club head;
the first component comprises a first matenal having a first density;

the second component comprises a second matenal having 2 second density;

the fiest density 18 greater than the second density;
the wetght channel 1s centrally located m the rear end of the golt club head;

the weight channel 1s configured to receive a moveable weight;

the weight channel further comprises a mounting wall compuising three threaded

the striking face return of the fust component extends rearwardly frorm the strking

tace, and comprises a forward crown portion and a forward sole portion;

/.

the rear extension extends from the forward sole portion ot the striking face return
toward the rear end; and
the rear extension further comprses a rear extension axis extending through a center

of the rear extension.

2. The golf club head of claim 1, wherein the three threaded apertures comprises a toe-side

threaded aperture, a center threaded aperture, and a heel-side thueaded aperture.

3. The golf club head of claim 1, wheremn the rear extension axss s iased toward the heel end.



21

12.

5. The golt club head of dlaim 7, wherein the toe side brace an

The golf club head of claim 1, wherein the rear extension axis 1z biased toward the toe end.

The golt club head of claim 1, wherein the movable weight can comprise a mass ranging
g 3 28

from 1.0 gram to 35.0 grams.

."h
o
O
P
)

The golf club head of claim 1, wherein the golf club hear can further coroprise a to
Pa) 3 S

opening and a heel sole opening,

The golf club head of claim 1, further compuising a crown brace that is positioned

approximately haltway between the toe end and the heel end of the golf club head.

The goif club head of claim 1, further comprising a toe side brace and 2 heel side brace

posttioned in the crown of the goif club head.

The golf club head of clain 7, wherein the toe side brace and the heel side brace are

'/J

separated by a lesser distance towards the trating edge of the rear end.

7

The golf club head of daim 7, wheremn the toe side brace and the heel side b abe
separated by a greater distances towards the trailing edge at the rear end of the golt club
head

The golf club head of dlaim 7, wheremn the toe side brace and the heel side brace forma V-

shaped pattern from a top view.

The golf club head of claim 7, wheremn the toe side brace and the heel side brace form an X-

shape.

{ades

{ the heel side brace are parallel.

(\
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14,

The goltf club head of claim 7, wherein the toe side brace and heel side brace comprise a

brace thickness measured from an cuter surface of the brace to an inner surface of the brace;

wheretn the brace thickness can range between 0.015 inch and 0.035 inch.

. The golf club head of claim 1, wherein the at least one crown brace has a total brace weight

that is less than 0.6 g,
<
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