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(57) ABSTRACT 

The present invention relates to a golf club head provided 
with a shell defining an inner cavity and having a face and 
a body. The face has a first or reinforcement portion with a 
first thickneSS and a Second or remaining portion with a 
Second thickness less than the first thickness. The reinforce 
ment portion is located at the center of the face. In one 
embodiment, the exterior Surface of the face defines at least 
one groove Spaced from the center of the face. 
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GOLF CLUB, HEAD WITH LOCALIZED GROOVES 
AND REINFORCEMENT 

FIELD OF THE INVENTION 

0001. The invention relates to a golf club head. More 
particularly, the invention is related to a golf club head with 
a face provided with localized grooves on the exterior of the 
face and a reinforced central region on the interior of the 
face. 

BACKGROUND OF THE INVENTION 

0002 The complexities of golf club design are well 
known. The choice of Specifications for each component of 
the club (i.e., the club head, Shaft, hoSel, grip, and Subcom 
ponents thereof) directly impacts the performance of the 
club. Thus, by varying the design specifications, a golf club 
can be tailored to desired performance characteristics. 
0003. The design of club heads has long been studied. 
Among the more prominent considerations in club head 
design are loft, lie, face angle, horizontal face bulge, Vertical 
face roll, face progression, Sole curvature, center of gravity 
location, and overall head weight. While this basic set of 
criteria is generally the focus of golf club engineering, 
Several other considerations must also be addressed. The 
interior design of the club head may be tailored to achieve 
particular characteristics, Such as by including hoSel or shaft 
attachment means, perimeter weighting on the face or body 
of the club head, and fillers within hollow club heads. The 
choice of materials for manufacture of the club head, must 
also be considered. 

0004. The type of Surface treatment on the outer surface 
of the face is an additional design consideration. The United 
States Golf Association (USGA), the organization that sets 
the rules of golf in the United Sates, has instituted a rule that 
prohibits the competitive use in any USGA sanctioned event 
of a golf club where the Surface roughness within an impact 
area of the face exceeds that of decorative Sandblasting or 
fine milling. To spite this rule, it is widely known that many 
players create a roughened club head face, in order to obtain 
a greater backSpin on their shots. 
0005 Additionally, faces are traditionally provided with 
stria or grooves, at regularly Spaced intervals on the Surface. 
The grooves are usually parallel, and must conform to 
Standards established by the USGA covering groove croSS 
Sectional Symmetry, groove edge roundness, distance 
between adjacent grooves, and groove depth. 
0006 Various theories have been advanced to either 
explain or dismiss the importance and influence of grooves. 
The physical influence of the groove on ball trajectory, for 
example, may be partly attributed to the momentary defor 
mation of the golf ball cover into the groove upon impact. 
This deformation is dictated by the modulus of elasticity of 
the golf ball cover material. Grooves are generally credited 
with providing large-scale, or macro-roughening on the club 
head face, thereby increasing back Spin. Grooves in the club 
face may also assist a player in club alignment at address. 
While the degree of influence of club facial grooves on ball 
trajectory is disputed, grooves are largely recognized as a 
meaningful consideration in club head design. 
0007. The designs for golf club heads also must be strong 
enough to withstand the impact forces that occur due to 
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contact between the head and the ball. The loading that 
occurs during this brief impact can confer an acceleration to 
the golf ball that is 20,000 times the acceleration of gravity, 
which is about four orders of magnitude greater than that of 
gravity. Thus, the club face and body should be designed to 
resist permanent deformations or catastrophic failure, Such 
as by cracking. 

0008. It is not unusual for the club heads of prior art 
Woods to have a face thickness exceeding 0.12 inch. This 
thickness has typically been required So that the club head 
face can withstand the impact forces. The faces of irons must 
also withstand considerable Stresses, and as disclosed in 
U.S. Pat. No. 5,971,868 to Kosmatka. Thus, the faces of 
irons may be provided with a contoured back Surface to 
provide increased Structural integrity. Nevertheless, the 
design of hollow woods presents distinctly different chal 
lenges from irons, particularly due to the cavities defined 
within hollow woods. Whether produced by investment 
casting, molding, or otherwise, Woods are Subjected to 
different manufacturing Stresses, and different performance 
requirements than irons. 

0009. The thickness of the club head face impacts various 
club head parameters, including the Overall weight of the 
club head, the rigidity of the face, the vibration character 
istics of the club head, the Sound produced upon impact of 
the face with a ball, and the location of the center of gravity 
of the club head. In some club heads, it is desirable to 
minimize face thickness. Any decrease in thickness, how 
ever, must be compensated for by adjusting other design 
considerations. Such adjustments may include the provision 
of other structural features on the back Surface of the club 
face, or the inner Surface of the club head shell. Another 
optional adjustment includes the use of a filler material in the 
shell. Furthermore, the overall construction of the club head 
may be adjusted, Such as by using a face plate insert that is 
fit to a club head Shell, by welding, Soldering or other means. 
Alternatively, the face plate insert may be integrally formed 
with the shell. 

0010 Particularly during casting of a club head, it is 
difficult to repeatedly produce the desired shape to a tight 
dimensional tolerance. However, the performance of a golf 
club head, particularly a metal wood, is in part a function of 
the proper shape and size of the club face. One especially 
Vexing problem encountered during casting of prior art club 
heads is that the club head face, which is initially cast with 
a generally conveX exterior Surface, upon cooling often 
collapses inward and fails to retain the desired shape. Such 
a problem may be exacerbated in club heads with thin faces. 

0011 Thus, there is a need for a golf club head that can 
be consistently manufactured with a desired club head shape 
and size, and has a face that can withstand the impact 
Stresses encountered during ball Striking. More particularly, 
there is a need for a club head with a thin face that performs 
well. Additionally, there is a need for a club head that 
minimizes the degree of backSpin imparted to a golf ball. 

SUMMARY OF THE INVENTION 

0012. The present invention relates to a golf club head 
adapted for attachment to a shaft. The head includes a shell 
that defines an inner cavity. The shell includes a face and a 
body. The face has an exterior Surface and an interior 
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Surface. Grooves are formed on the exterior Surface of the 
face offset from the Sweet Spot or center of the face. 
0013 Preferably, a localized reinforcement portion is 
provided on the interior Surface of the face at the Sweet spot 
or center. As a result, the face has two portions with different 
thicknesses. The localized reinforcement portion has a first 
thickness greater than the Second thickness of the remaining 
portion of the face. The Second portion Surrounding the first 
portion has a Second thickness less than or equal to about 
0.12 inches, and the first thickneSS is greater than the Second 
thickness. A grooveleSS region on the exterior of the face 
comprises at least 25% of the face area including the center 
thereof. Preferably, grooves do not extend acroSS the exterior 
Surface of the face at the localized reinforcement portion, 
and the grooves bound an area less than or equal to about 
50% of an area of the face. The grooves preferably are 
spaced from the center of the face at least 0.375 inches in 
any direction. 
0.014. In one embodiment, the first thickness or thickness 
of the reinforcement portion is greater than or equal to about 
0.08 inches and less than or equal to about 0.12 inches. The 
Second thickness is less than or equal to about 0.12 inches 
and more preferably less than or equal to about 0.08 inches. 
Most preferably the Second thickneSS is less than or equal to 
about 0.06 inches. The first thickness can be uniform or 
varied acroSS the reinforcement portion. The first portion and 
Second portion are formed of the same material. At least one 
groove preferably extends Substantially between a toe end 
and a heel end of the golf club. 
0.015. In another embodiment, the localized reinforce 
ment portion has an area between about 10% to about 90% 
of the face area. Preferably, the reinforcement portion area 
is less than about 15% of the face area. In yet another 
embodiment, the area of the localized reinforcement portion 
is less than about 25% of the face area. Preferably, the shell 
of the club head has a crown plate, a Sole plate, the face, and 
a hosel, with the sole plate formed integral with the shell. 
Alternatively, the crown plate is formed integral with the 
shell. 

0016. The present invention is also directed to a golf club 
head adapted for attachment to a shaft that includes a shell 
that defines an inner cavity. The shell further includes a face 
with first and second portions. The first portion is in the 
center of the face and has a first thickness. The Second 
portion has a Second thickness less than or equal to about 
0.12 inches. The first thickneSS is greater than the Second 
thickness. In addition, the face has an exterior Surface with 
a Substantially Smooth portion having an area greater than 
about 25% of an area of the face. Preferably, the smooth 
portion is in the center of the face and is the part that lackS 
grooves. The Smooth portion includes at least a portion of 
the first portion. 

0.017. The present invention is also related to a method of 
forming a golf club head comprising the Steps of forming a 
shell defining an inner cavity with a face and a body. The 
Step of forming the shell includes the Steps of forming the 
face with a first portion of the face in the center of the face 
and having a first thickness, and a Second portion Surround 
ing the first portion and having a Second thickness less than 
or equal to about 0.12, with the first thickness being greater 
than the Second thickness, and forming grooves in the face 
spaced from the center. Preferably, the step of forming the 
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shell further includes casting the first portion Simultaneously 
with the face. Alternatively, the step of forming the shell 
includes casting the first portion Separate from the face and 
Subsequently coupling the first portion to the face. In one 
embodiment, the face is Stamped. In another embodiment, 
the face is engraved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 Preferred features of the present invention are 
disclosed in the accompanying drawings, wherein similar 
reference characters denote Similar elements throughout the 
Several views, and wherein: 

0019 FIG. 1 shows a front, perspective view of a first 
embodiment of a golf club head of the present invention. 
0020 FIG. 2 shows a bottom, perspective view of the 
golf club head of FIG. 1 with a sole plate removed. 

0021 FIG.3 shows a front view of a first embodiment of 
a face of the golf club head of FIG. 1. 
0022 FIG. 3A shows a cross-sectional view through the 
face of FIG. 3 along line 3A-3A. 
0023 FIG. 3B shows a cross-sectional view the face of 
FIG. 3 along line 3B-3B. 

0024 FIG. 4 shows a front view of a second embodiment 
of the face of the golf club head of the present invention. 
0025 FIG. 5 shows a plot of safety factor as a function 
of COR for various faces of uniform and non-uniform 
thickness. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0026. With reference to FIGS. 1 and 2, a first embodi 
ment of a golf club head 10 of the present invention is 
shown. Club head 10 includes shell 12 with a body 14, face 
16, toe portion 18, heel portion 20, and top portion 24. The 
head 10 further includes a sole plate 26 (shown in phantom), 
hosel 27, and top portion 24. The sole plate 26 fits in a recess 
29 defined in the body 14. The shell 12 and sole plate 26 
create an inner cavity 30. The face 16 is preferably provided 
with grooves 32 on its exterior surface 34. In a preferred 
embodiment, at least one groove 32 extends Substantially 
between toe portion 18 and heel portion 20. 

0027 During use, a golf club shaft (not shown) is 
attached at hosel 27. The hosel may extend to the bottom of 
the club head, may terminate at a location intermediate the 
top portion 27 and sole plate 26, or the hosel 27 may 
terminate at the top portion 24 of the head. 
0028 Inner cavity 30 of club head 10 may be empty, or 
alternatively may be filled with a foam or other low specific 
gravity material. Preferably, the shell is entirely cast, or at 
least face 16 is formed from a higher Strength alloy than 
body 14. More preferably, shell 12 is formed so that the body 
14 and face 16 may be combined to be integral, such as by 
welding, thus forming a homogeneous shell. 

0029. In an alternate embodiment, shell 12 has a body 14, 
face 16, toe portion 18, heel portion 20, sole plate 26, and 
hosel 27. The sole plate is formed integral with shell 12. In 
this embodiment, a separate crown plate (not shown) is fitted 
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to shell 12, thereby creating the hollow, inner cavity. The 
crown plate may alternatively be formed integral with the 
shell. 

0.030. In a preferred embodiment, face 16 is cold forged 
or Stamped from as-rolled sheet Stock of high Strength 
SP-700 titanium alloy (T-4.5% Al-3% V-2%. Mo-2%. Fe). 
Alternatively, face 16 is formed of a high Strength forging 
titanium alloy such as 10-2-3 (Ti-10% V-2%. Fe-3% AI) or 
15-3-3-3 (T-15% V-3% Cr-3% Sn-3%. Al). Body 14 along 
with Sole plate 26 or a crown plate are produced from a 
different titanium alloy from that of face 16, preferably by 
casting a 6-4 alloy (Ti-6% Al-4% V). 
0.031 Referring to FIG. 2, localized reinforcement por 
tion 36 is provided in a central region of an interior Surface 
40 of face 16. In a preferred embodiment, the reinforcement 
portion 36 is formed of additional material that may be 
integrally cast as part of the face 16, or formed as a Separate 
piece affixed to the face 16 by other means, Such as welding 
and the like. The reinforcement portion 36 is preferably 
made of the same material as the shell 12 to facilitate 
casting, or to facilitate bonding to interior Surface 40. 
Alternatively, the reinforcement portion 36 may be made of 
a different material. Preferably, reinforcement portion 36 has 
a rectangular perimeter. In an alternate embodiment, rein 
forcement portion 36 may have any other shaped perimeter, 
Such as an arcuate shape perimeter or re-entrant shapes. 
Reinforcement portion 36 may also have a shape that 
follows another geometrical pattern or contour, and may be 
Symmetrical or asymmetrical. 

0032 Referring to FIG. 3B, in the preferred embodi 
ment, Sides 42 of reinforcement portion 36 lie generally 
perpendicular with respect to the interior surface 40 of face 
16. It is also contemplated that the interfacial edges defined 
at lower lines of transition 44 of face 16 and reinforcement 
portion 36 may have an irregular or sloping profile. Other 
profiles for Sides 42 may be employed, including a gradual 
or Stepped slope from top Surface 46 of reinforcement 
portion 36 to the lower lines of transition 44. 
0033. It is recommended that reinforcement portion 36 
has an area that is between about 10% and about 90% of the 
interior Surface area 40 or face area. The interior Surface and 
exterior face areas are Substantially the Same. However, in 
an embodiment where they vary, either can be used as a 
comparison to the reinforcement area. In a preferred 
embodiment, the reinforcement area is approximately about 
25% of the face area. Most preferably, the reinforcement 
area is about 15% of the face area. 

0034) Referring to FIGS. 3A and 3B, the reinforcement 
portion 36 has a thickness t greater than the thickness t of 
the remainder of the face 16. The thicknesses t and t are the 
maximum thicknesses of the respective areas, because thick 
neSS Varies at grooves 32 to a minimum. It is preferred that 
the reinforcement thickness t is between about 0.08 inches 
and about 0.12 inches. The thicknesses t and t- can be 
uniform or varied. It is preferred that the thickness t of the 
remaining portion of the face Surrounding the reinforcement 
portion 36 is less than about 0.12 inches, more preferably 
less than about 0.08 inches, and most preferably less than 
0.06 inches. 

0.035 Reinforcement portion 36 is provided at or aligned 
with a Sweet spot or the center of face 16, as defined below, 
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where impact forces are expected to be greatest. This 
permits a thinner face 16 to be used, as compared with a 
non-reinforced design. The reinforcement distributes the 
Stresses Such that the Structural integrity of face 16 is Sound. 
0036) The Sweet spot is generally defined, in mechanical 
terms, as the interSection of a longitudinal line passing 
through the center of gravity and the face 16. The center of 
the face includes the Sweet Spot, but refers to a larger area 
of the face. The center is a portion of the face that can be 
defined and still be surrounded on all four sides with a 
remaining portion of the face without the reinforcement 
portion. Thus, the reinforcement portion can be located 
aligned with the Sweet Spot or more generally in the center 
of the face. 

0037 Preferably, the horizontal projection of the center 
of gravity intersects the face 16 in the reinforcement portion 
36, the thickened region of the club face. More preferably, 
the interSection of the horizontal projection of the center of 
gravity with the face is located Substantially in the center of 
reinforcement portion 36. 
0038. As shown in FIG. 3, the grooves 32 on external 
surface 34 of face 16 are provided in localized areas Sur 
rounding the Sweet Spot or center. The grooves, also referred 
to as corrugation, are formed by Scoring, engraving, cutting, 
Stamping, or casting the shapes into the head face. Prefer 
ably, the face is Stamped and/or engraved. In a preferred 
embodiment, the grooves 32 on the exterior Surface 34 are 
V-shaped (as best shown in FIGS. 3A and 3B). In an 
alternate embodiment, the grooves are another shape, Such 
as Square or U-shaped. The grooveleSS portion of the club 
face is at least about 25% of the face area. Preferably, the 
grooveleSS portion includes the area at the center of the face. 
Also, the grooves are preferably offset from and do not 
extend across the reinforcement portion, while covering an 
area less than or equal to about 50% of the face area. In a 
preferred embodiment, at least one groove is Spaced at least 
0.375 inch from the center of the face in any direction. A 
circle with a diameter of 0.75 inch, free of grooves, may for 
example be formed at the center of the face. 
0039 FIG. 4 shows an alternate embodiment of a face 16 
for use with the club head 10 (as shown in FIG. 1) of the 
present development. The face 16' lacks grooves (as shown 
in FIG. 1). This "grooveless” face 16' preferably has an 
extremely Smooth external Surface 34", as can be achieved 
with grinding and polishing techniques known in the art. 
Such a grooveleSS Surface may be effective in minimizing 
the degree of back Spin imparted to a golf ball upon impact 
with the club face 16', thus reducing the tendency of a ball 
that has been hit from a non-central part of face 16' to hook 
or slice. The lack of grooves may also provide an additional 
benefit of giving a golfer enhanced control of the trajectory 
of a golf ball upon impact, as well as increased roll. Thus, 
a golfer may be able to achieve a longer distance shot for a 
given club with grooveleSS faces as compared to grooved or 
partially grooved faces. The face 16" has the reinforcement 
portion 36 (as shown in phantom), as discussed above. 
0040. It should be noted that the lack of grooves 32 in the 
Sweet spot or central area of face 16 (as shown in FIG. 1) 
confers a similar benefit as the completely grooveleSS head 
faces described above. The provision of localized grooves 
32, as shown for example in FIG. 3, in some instances may 
provide more desirable ball flight on the course following 
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misaligned shots. This is due to the limited gripping inter 
action of the groove with the surface of the ball, or limited 
deformation of the ball within the groove. 
0041. The design of a club head may be evaluated using 
computational techniques, which can include the use of 
finite element analysis models. When computer modeling 
club heads, a mass of 200grams was maintained by adjust 
ing the value of the point masses as the thickness of the face 
changed. Facial Stresses were determined assuming a 109 
mph club head Speed, and Such StreSSes may be used to 
evaluate face integrity. Also of interest in the design of the 
club head is the coefficient of restitution (COR), which is the 
ratio of the velocity of separation to the velocity of 
approach. In this model, therefore, COR was determined 
using the following formula: 

(Vball-post-Vclub post)Vclub-pre 

0042 where, 

0043 van represents the velocity of the ball 
after impact; 

0044) Velub-post represents the velocity of the club 
after impact; and 

0045 vclub-pre represents the velocity of the club 
before impact. 

0046) The COR, in general, depends on the shape and 
material properties of the colliding bodies. A perfectly 
elastic impact has a COR of one (1), indicating that no 
energy is lost, while a perfectly inelastic or plastic impact 
has a COR of Zero, indicating that the colliding bodies did 
not separate after impact resulting in a maximum loss of 
energy. 

0047 Referring to FIG. 5, the design of club heads was 
investigated by using a two-parameter design space consist 
ing of the COR and maximum stress or a safety factor. By 
performing iterative calculations within this Space, it was 
possible to approach the target COR of 0.829 (for a relative 
velocity of 160 ft/sec), while still having a safety factor 
greater than 1. The target COR corresponds to the regulated 
value established by the USGA. A club head exhibiting a 
Safety factor above 1.0 is the minimum design whose face 
will not cave-in during use. Club heads with data points 
within the shaded area 60 have a safety factor above 1.0, and 
therefore are acceptable. 

0.048 Line 62 has points that represent Conventional 
Club Heads with different face thickness t. Line 62 shows 
that as thickness increases from 0.80 inches to 0.105 inches 
COR decreases. The club head represented by point A 
exhibits a safety factor of 1.0 and therefore is acceptable. 
The club head at point Ahas a face thickness of 0.105 inches. 
The club head at point A has a COR of about 0.72 for the 
considered club head. 

0049) Line 64 represents Inventive Club Heads with a 
central reinforcement portion So that the club head at point 
B had a reinforcement thickness t greater than remaining 
face thickness t, as discussed above. The club head repre 
sented by point B exhibits a safety factor of greater than 1.0, 
therefore the point B is within the shaded or acceptable area 
60. The club head at point B has a COR of about 0.77, which 
is greater than the COR for the club head at point A. 
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TEST 

Face Thickness Thickness Percent of 
Examples Description Value(s) Regulated COR COR 

Comparative Uniform 0.08 inches 104% O862 
Club 1 

Comparative Uniform 0.09 inches 101.3% O840 
Club 2 

Comparative Uniform 0.10 inches 98.7% O818 
Club 3 

0050 Drivers (Comparative Club 1, Comparative Club 2, 
and Comparative Club 3) were produced having uniform 
face thicknesses of 0.08 inches, 0.09 inches and 0.10 inches, 
respectively. A robot manufactured by True Temper and 
called Iron Byron was used to test these clubs. 
0051 COR values for Comparative Club 1, Comparative 
Club 2 and Comparative Club 3 were 104%, 101.3% and 
98.7% of regulated value, respectively. Thus, as thickness 
increased from Club 1 to Club 3, COR decreased undesir 
ably. Comparative Club 1 and Comparative Club 2 both 
exhibited face collapse under the testing conditions (i.e., a 
Swing speed of 109 mph). Thus, Comparative Club 1 and 
Comparative Club 2 are unacceptable. 
0.052 An Inventive Club has a 1.2 inch by 0.9 inch 
reinforcement portion at the center. The reinforcement thick 
neSS t is 0.12 inches. The thickness of the remaining portion 
is 0.08 inches. Computer modeling confirmed that the Inven 
tive Club has reduced StreSS in the face center compared to 
uniform thickness conventional clubs. The thickness t may 
be further adjusted to account for off-center hits, possibly 
decreasing COR. Advantageously, the use of a reinforce 
ment portion, such as with the Inventive Club, allows an 
acceptable COR to be obtained with a club head that exhibits 
Superior behavior under StreSS when compared, for example, 
to Comparative Club 3. In addition, a portion of the face of 
such an Inventive Club has a substantially smaller thickness 
than permitted by acceptable uniform face thickness clubs, 
such as Comparative Club 3. 
0053 While various descriptions of the present invention 
are described above, it should be understood that the various 
features of each embodiment can be used Singly or in any 
combination thereof. Therefore, this invention is not to be 
limited to only the specifically preferred embodiments 
depicted herein. Further, it should be understood that varia 
tions and modifications within the Spirit and Scope of the 
invention may occur to those skilled in the art to which the 
invention pertains. Accordingly, all expedient modifications 
readily attainable by one versed in the art from the disclosure 
set forth herein that are within the scope and spirit of the 
present invention are to be included as further embodiments 
of the present invention. The Scope of the present invention 
is accordingly defined as Set forth in the appended claims. 

1-23. (canceled) 
24. A golf club head adapted for attachment to a shaft 

comprising: 

a shell defining an inner cavity and having a face, the face 
being comprised of: 
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i) a first portion having a first thickness and a first 
perimeter less than or about 25 percent of the area of 
the face, wherein the first portion encompasses the 
center of the face; 

ii) a second portion in contact with and Surrounding the 
first perimeter and having a Second thickness less 
than or equal to about 0.08 inch, wherein the first 
thickness is greater than the Second thickness, 

wherein about 50 percent or less of the face comprises 
corrugations, and wherein the corrugations do not 
extend across the first portion. 

25. The golf club of claim 24, wherein the first perimeter 
is rectangular. 

26. The golf club of claim 24, wherein the first thickness 
is between about 0.08 inch and about 0.12 inch. 

27. The golf club of claim 24, wherein the first portion and 
Second portion are formed of the same material. 

28. The golf club of claim 24, wherein the first and second 
portions are formed of different materials. 

29. The golf club of claim 24, wherein the area of the first 
portion is less than or equal to about 15% of the area of the 
face. 

30. The golf club of claim 24, wherein the first thickness 
is uniform. 

31. The golf club of claim 24, wherein the corrugations 
are V-shaped, Square-shaped, or U-shaped. 

32. The golf club of claim 24, wherein the corrugations 
are spaced from the first portion at least 0.375 inches in any 
direction. 

33. The golf club of claim 24, wherein the shell further 
includes a crown plate, a Sole plate, the face, and a hoSel. 

34. The golf club of claim 33, wherein the sole plate is 
formed integral with the shell. 

35. The golf club of claim 33, wherein the crown plate is 
formed integral with the shell. 

36. A golf club head adapted for attachment to a shaft 
comprising: 

a shell defining an inner cavity and having a face, the face 
being comprised of 
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i) a first portion having a first thickness and a first 
perimeter encompassing the center of the face; 

ii) a second portion in contact with and Surrounding the 
first perimeter and having a Second thickness less 
than or equal to about 0.08 inch, wherein the first 
thickneSS is greater than the Second thickness, 

wherein the first portion is grooveless, and wherein the 
first portion and Second portion are formed of dif 
ferent materials. 

37. The golf club head of claim 36, wherein the second 
portion is grooveleSS. 

38. A golf club head adapted for attachment to a shaft 
comprising: 

a shell defining an inner cavity and having a face, the face 
being comprised of: 
i) a first portion having a first uniform thickness and a 

first asymmetrical perimeter encompassing the cen 
ter of the face; and 

ii) a second portion in contact with and Surrounding the 
first portion and having a Second thickness less than 
or equal to about 0.08 inch, wherein the first thick 
neSS is greater than the Second thickness, 

wherein the Second portion comprises at least one corru 
gation, and wherein the at least one corrugation is 
spaced at least about 0.375 inch away from the first 
portion in any direction. 

39. The golf club head of claim 38, wherein the face is 
Stamped titanium alloy comprising 4.5 percent titanium, 3 
percent aluminum, 2 percent Vanadium, and 2 percent 
molybdenum. 

40. The golf club of claim 38, wherein the second 
thickness is about 0.06 inch or less. 

41. The golf club of claim 38, wherein the first portion is 
rectangular. 

42. The golf club of claim 38, wherein the first portion 
forms less than about 15 percent of the face. 

k k k k k 


