
(19) United States 
US 2008O113825A1 

(12) Patent Application Publication (10) Pub. No.: US 2008/0113825 A1 
FUNAYAMA et al. (43) Pub. Date: May 15, 2008 

(54) GOLF CLUB HEAD 

(75) Inventors: Tomonari FUNAYAMA, Niigata 
(JP); Tomoyuki SAKAI, Niigata 
(JP); Ken ARIYOSHI, Niigata (JP) 

Correspondence Address: 
WESTERMAN, HATTORI, DANIELS & 
ADRIAN, LLP 
1250 CONNECTICUT AVENUE, NW, SUITE 700 
WASHINGTON, DC 20036 

(73) Assignee: K.K. ENDO SEISAKUSHO, 
Tsubame-shi (JP) 

(21) Appl. No.: 11/937,868 

(22) Filed: Nov. 9, 2007 

(30) Foreign Application Priority Data 

Nov. 10, 2006 (JP) ................................. 2006-305OO3 

MOMENT OF NERTIA 

CENTER OF GRAVITYPOSITION 

60.00 

Y 

-2000 -15.00 - OOO -5.00 
x-DRECTION CENTER OF 
GrAVYPOSION 

Publication Classification 

(51) Int. Cl. 
A63B 53/00 (2006.01) 
A63B 53/04 (2006.01) 

(52) U.S. Cl. .......................... 473/291; 473/345; 473/350 

(57) ABSTRACT 

A golf club having an increased moment of inertia and 
improved ball-hitting directionality is provided. A metal hol 
low golf club head comprises: a faceportion; a crown portion; 
and a sole portion, and when the golf club has a lie angle of 
60° with its club head volume being within 470 cm, a 
moment of inertia about the axial line centered on the plumb 
line passing through the golf club head center of gravity is 
5000 to 6000 g-cm. In order to increase the moment of 
inertia, the thickness of the center portion of the crown por 
tion is reduced by chemical etching, and a mass, including the 
portion of mass reduction, is positioned in the sole portion on 
the side of the toe portion; moreover, the separation distance 
from the center of gravity to the mass is increased. 

MAXIMUMMOMENT OF INERTIA-0 

MOMENT OF NERTA 5000 

(CONDITIONS: WITHXTOE-HEELLENGTH 127, Y, HEAD WIDTH 127, WOLUME IS 460 cc) 

Y= -0.0668x2 + 0.1318x +56,668 MAXIMUM MOMENT OF NERTIA 
Y= -0.1558x2 + 0.6363x + 41.536 MOMENT OF INERTIA 5000 
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GOLF CLUB, HEAD 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a golf club head 
with improved ball-hitting directionality, and more specifi 
cally, relates to a golf club head having a large moment of 
inertia and improved stability of direction of a hit ball. 
0003 2. Description of the Related Art 
0004 Various improvements have been made to golf 
clubs, to extend flight distances, and to enable stable hitting of 
the ball. Flight distances directly affect scores, and so through 
improvements so as to broaden the effective range (“sweet” 
area) of the striking point on a golf club head (hereafter also 
simply called a “head'), improvements in the position of the 
effective area, improvements in the material of the face sur 
face, and similar, the probabilistic ball flight distance has 
been extended; consequently scores have improved, and play 
ers using such heads have found them beneficial. Moreover, 
in order to improve scores, golf clubs have been sought for 
which the direction of ball-hitting is stably determined even 
when there is deviation of the striking point. For this reason, 
normally the moment of inertia must be made large. In par 
ticular, the lateral moment of inertia is an important factor 
determining the direction of the ball. 
0005. This is because, if the moment of inertia is made 
large, when the striking position at which the ball is struck is 
shifted, so that for example the ball is struck on the toe side of 
the golf club head, the club does not readily bend. That is, if 
the moment of inertia of the golf club head is made large, then 
as explained above, even when the ball is hit off-center there 
is little shake of the head, and the ball is driven in a compara 
tively straight direction. Hence the average flight distance is 
extended, and as a result scores are improved. 
0006. The wood material (persimmon) of the woods used 
from long ago had a tendency to cause the head to rotate easily 
when the ball was stuck; but modern woods, made of metal 
and with a hollow interior, have a larger moment of inertia 
compared with wooden woods, so that there is little rotation 
and no similar tendency, so that at present such clubs are used 
by many players and have become the mainstream. These 
hollow metal-type woods have grown in Volume, but current 
rules stipulate a maximum volume of 460 cm (with a toler 
ance of 10 cm). 
0007. There is a trend toward larger heads, but the masses 
of the constituent parts of a head adds up, and the Swing 
balance, which is a criterion for ease of Swinging of a club, 
becomes heavy. As a result, head masses have in the prior art 
been no greater than approximately 210 g. That is, given the 
configuration of the prior art, although heads have tended to 
increase in size the total mass has been limited, and so excess 
mass to control the position of the center of gravity, or in other 
words, excess mass to increase the moment of inertia has in 
the prior art been limited to approximately 10 g, due to the 
constraint that the total mass should not be increased. 
0008 According to R&A rules, the pendulum test method 

is adopted to measure the restitution coefficient of the face 
Surface. This testing method entails fixing the club, causing a 
steel sphere to collide with the face Surface, and measuring 
the contact time; the contact time is called the characteristic 
time, and the rule limits this characteristic time to 257 us 
(microseconds) or less (including a tolerance of 18 Jus). In 
order to keep this characteristic time at or less than the time 
stipulated by the rules, the thickness of the face portion sheet 
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tends to become thick, but there is a limit to the extent to 
which the face portion mass can be reduced. Further, the hosel 
portion connected to the shaft is positioned on one end of the 
face portion, and the weight of this portion is also relatively 
great. 
0009 Further, the above-described rules also impose vari 
ous constraints on external dimensions, such as that the length 
from the heel portion to the toe portion must not be longer 
than the length from the face portion to the rear surface; that 
the length from the heel to the toe must be 127 mm (5 inches) 
or less; and that the length from the sole to the crown must be 
71.12 mm (2.8 inches) or less. And, there is the further con 
straint that the volume must be 470 cm (including atolerance 
of 10 cm) or less. Given these constraints as well, the center 
of gravity position cannot be located in a position so as to 
increase the “sweet” area, and moreover the overall head 
mass becomes large. Due to Such constraints, it is extremely 
difficult to increase the weight or other excess mass so as to 
increase the moment of inertia. 
0010 Despite such engineering difficulties, various pro 
posals to increase the moment of inertia have been made. For 
example, heads are known in which mass is distributed in at 
least one direction among the three major inertial axes in 
orthogonal coordinates passing through the center of gravity, 
or in sites in proximity thereto, or with masses distributed in 
Such a manner (see for example Japanese Patent Laid-open 
No. 5-57034). And, clubs are known in which the golf club 
head comprises metal material members and fiber-reinforced 
resin members, with the head bonded together by an adhesive 
of thickness 0.05 to 1 mm (see for example Japanese Patent 
Laid-open No. 2003-320060). Also, technology is known in 
which an aperture portion is provided in the crown portion, 
and a fiber-reinforced resin with specific gravity smaller than 
metal materials is used in this aperture portion, to improve the 
ball-hitting directionality (see for example Japanese Patent 
Laid-open No. 2005-278838). 
0011 Thus various measures have been taken to extend 
the flight distance of golf clubs, but at present club perfor 
mance remains not entirely satisfactory. While the technolo 
gies described above have represented partial improvements, 
problems remain, and there is still room for improvement. 
Metal hollow golf club heads tend to increase in size, as 
described above, and if the moment of inertia is increased, the 
Volume tends to increase as well; if the volume is increased 
while making efforts to limit mass, strength-related problems 
arise; and so there have been limits to the methods employed 
in the prior art. When for example using fiber-reinforced 
resins as described above, not only do strength-related limits 
appear, but there are the problems of unsatisfactory ball 
hitting Sounds and resistance to damage. On the other hand, 
insofar as is known by these inventors, there exist no golf 
clubs in the prior art, primarily comprising metal members, 
with a moment of inertia in the range 5000 to 6000 g-cm. 
0012. This invention was devised in order to resolve the 
above-described problems of the prior art, and attains the 
following objects. 

SUMMARY OF THE INVENTION 

0013 An object of the invention is to provide a golf club 
with an increased moment of inertia of a metal hollow golf 
club head with large volume, and with improved ball-hitting 
directionality. 
0014. A further object of the invention is to provide a golf 
club with an increased moment of inertia of a metal hollow 



US 2008/O 113825 A1 

golf club head with large Volume without increasing the head 
mass, and with improved ball-hitting directionality. 
0015. In order to attain the above objects, the following 
means are employed. 
0016. The golf club of Invention 1 is a golf club having a 
metal hollow golf club head, comprising: a face portion posi 
tioned on a front surface of the metal hollow golf club head 
and having a striking face to strike a golfball; a crown portion 
forming an upper Surface of the club, and a sole portion 
forming a lower surface of the club, characterized in that the 
mass of the metal hollow golf club head is 210 g or less, 
characteristic time (CT value) of the metal hollow golf club 
head, relating to a restitution characteristic, is 257 LS or less; 
and when a lie angle of the metal hollow golf club head is 60°. 
volume of the metal hollow golf club head is 470 cm or less, 
and moment of inertia about an axial line which is the center 
of a plumb line passing through the center of gravity of the 
metal hollow golf club head, is in the range 5000 to 6000 
g-cm. 
0017. The golf club of Invention 2 is the golf club of 
Invention 1, characterized in that the metal is a titanium alloy 
sheet member, and a substantial center portion and an outer 
peripheral portion including sites of the plumb line within the 
curved surface of the crown portion and/or the sole portion 
constituting the body differ in thickness. 
0018. The golf club of Invention 3 is the golf club of 
Invention 1 or Invention 2, characterized in that the metal 
hollow golf club head is formed by joining, by welding, the 
face portion, the sole portion, the crown portion, and a hosel 
portion to which the shaft is connected. 
0019. The golf club of Invention 4 is the golf club of 
Invention 2, characterized in that a weight of 20 g or more is 
positioned at a position of a rotation radius most distant from 
the plumb line and at the crown portion and/or the sole por 
tion. 

0020. The golf club of Invention 5 is the golf club of 
Invention 4, characterized in that, in the golf club of Invention 
4, the weight is positioned on the back side of the toe portion. 
0021. The golf club of Invention 6 is the golf club of 
Invention 5, characterized in that the toe-side and back-side 
sites of the sole portion are formed in shapes protruding 
outward relative to the crown portion, and that the weight is 
positioned in this protruding sole portion. 
0022. The golf club of Invention 7 is the golf club of 
Invention 1, characterized in that the metal hollow golf club 
head has: 

0023 a length from the heel portion to the toe portion 
longer than the length from the face portion to the rear Sur 
face; 
0024 a length from the heel to the toe of 127 mm (5 
inches) or less; 
0025 a length from the sole to the crown of 71.12 mm (2.8 
inches) or less; and, 
0026 a moment of inertia (MOI) within the range calcu 
lated using the following approximating equation (1): 

MOI=(a Y2+b Y+c)x(dX+e)f (1) 

0027 where X is the length from the heel portion to the toe 
portion, Y is the length from the face portion to the rear 
Surface, and a, b, c, d, e, and fare constants. 
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(0028. The golf club of Invention 8 is the golf club of 
Invention 1, characterized in that the metal hollow golf club 
head has: 
0029 a length from the heel portion to the toe portion 
longer than the length from the face portion to the rear Sur 
face; 
0030 a length from the heel to the toe of 127 mm (5 
inches) or less; 
0031 a length from the sole to the crown of 71.12 mm (2.8 
inches) or less; and, 
0032 a position of the center of gravity, as seen from the 
plumb direction, existing within the range encompassed by 
the following two equations: 

Y=-gx2+h X2 +i (2) 

Y= -ix'+k (3) 

0033 where X is the position in the direction from the heel 
portion to the toe portion, Y is the position in the direction 
from the face portion to the rear Surface, g, h, j, and k are 
constants, X has its origin at the center of the distance from 
the heel portion to the toe portion, and Y has its origin in the 
face portion. 
0034. As explained in detail above, a golf club of this 
invention employs a hollow golf club head, the materials 
comprised by which are in essence all metals; under the 
constraints that the head volume be 470 cm or less (including 
atolerance of 10cm), that the headmass be 210g or less, and 
that the head characteristic time (CT value) related to the 
restitution characteristic be 257 us or less (including a toler 
ance of 18 us), a method and conditions were discovered for 
obtaining a golf club head for which the moment of inertia 
about the axial line centered on the plumb line passing 
through the center of gravity of the metal hollow golf club 
head is in the high range 5000 to 6000 g-cm. As a result, even 
when the striking point deviates from the center of the face 
portion, the direction in which the ball is hit is secured, and 
stable striking is possible compared with clubs of the prior art, 
so that as a result there is a strong possibility of improvement 
of a player's score. Further, because in essence the club head 
is of metal, satisfactory performance with respect to durabil 
ity, ball-hitting Sound, and other aspects can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0035 FIG. 1 is an external view showing the overall con 
figuration of a golf club: 
0036 FIG. 2 is a plane view of Aspect 1 of a driver club 
head; 
0037 FIG. 3 is a front view of Aspect 1 of a driver club 
head; 
0038 FIG. 4 is a side view of Aspect 1 of a driver club 
head; 
0039 FIG.5is a cross-sectional view along X-X in FIG.4: 
0040 FIG. 6 is a plane view of Aspect 2 of a driver club 
head; 
004.1 FIG. 7 is a plane view of Aspect 3 of a driver club 
head; 
0042 FIG. 8 is a front view of Aspect 3 of a driver club 
head; 
0043 FIG. 9 is a side view of Aspect 3 of a driver club 
head; 
0044 FIG. 10 arranges the external shapes of the heads 1 
for which the moment of inertia MOI is calculated; 
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004.5 FIG. 11 shows the relation between head width and 
moment of inertia, when the toe-heel length is held constant; 
0046 FIG. 12 shows the relation between toe-heel length 
and moment of inertia when the head width is held constant; 
0047 FIG. 13 is a graph showing the relation between 
toe-heel length and head width for different moments of 
inertia; 
0048 FIG. 14 is an example in which the position of 
weight placement in a head 1 is changed; and, 
0049 FIG. 15 shows the relation between moment of iner 

tia and position of center of gravity. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0050 Aspect 1 
0051 Aspect 1 of the invention is explained referring to 
the drawings. FIG. 1 is an external view of an entire golf club 
of this invention, and shows the driver club head having a 
metal hollow golf club head. A golf club of this invention 
employs a metal hollow golf club head; the driver club head 
(hereafter also called a “head') of Aspect 1 similarly is a 
metal hollow golf club head. The basic construction of a 
driver club head is well-known, and a detailed explanation is 
omitted; however, in order to facilitate understanding of the 
invention, a Summary explanation is given as follows. 
0.052 Adriver club head 1 of this invention has one end of 
the shaft A fixed. FIG. 2 to FIG. 4 show an aspect of a driver 
club head 1 of a metal hollow golf club of this invention. FIG. 
2 to FIG. 6 show only the head portion; the shaft A and other 
members are not related to the gist of this invention, and so are 
omitted from the drawings. 
0053 FIG. 2 is a plane view of the head 1, FIG.3 is a front 
view of the head 1, and FIG. 4 is a side view of the head 1. As 
shown in each of the drawings, the metal hollow driver club 
head 1 comprises a crown portion 2, which is the upper 
portion; a sole portion 3, which is the bottom portion; a face 
portion 4, which strikes the golfball; a toe portion5, which is 
the front portion of the head 1; a heel portion 6, which is the 
rear portion of the head; a back portion 10, positioned on the 
opposite side from the faceportion 4, forming the rear portion 
of the head 1; and a hosel portion 7, which is a member which 
supports and fixes the driver club head 1 on the shaft A. 
Among these portions, the principal portions are the face 
portion 4, crown portion 2, Sole portion3, and hosel portion 7. 
0054 For manufacturing reasons, each of these portions 
comprises either one or a plurality of sheet members, which 
are joined together. In manufacturing each portion, sheet 
members are press-molded to the desired curved-surface 
shape, and are then integrated by welding or other means. 
Rolled members are particularly suitable for use as sheet 
members for purposes of controlling the sheet thickness. In 
this example, the body member comprising the head 1 is 
formed by combining four members, which are a face mem 
ber; a sole member, comprising a toe portion5, heel portion 6. 
and a portion of the back portion 10; a crown member, com 
prising a toe portion 5, heel portion 6, and a portion of the 
back portion 10; and a hosel member. 
0055 Each of the four members is formed by cutting the 
sheet members into prescribed shapes and then heating and 
pressing. The face member for example is heated to 400°, and 
the sole member, crown member, and other body member 
were heated to 900. After pressing, burrs were cut away 
(trimming), and TIG welding was performed. TIG welding is 
a type of welding also called argon welding; a welding rod of 
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the deposit metal itself is used, and argon gas is released from 
the periphery of a tungsten electrode, to shield the molten 
metal from the atmosphere during welding. Also, laser and 
plasma welding methods may be used, with fewer welding 
beads or thermal effects, making such methods more appro 
priate. Each of the members may also be manufactured by 
casting, forging, or another method. 
0056. In this Aspect 1, the metal material is a titanium 
alloy, the face member and sole member are opposed as 
members in manufacturing, and thereafter the hosel member 
is joined, and then the pressed crown member is bonded by 
TIG welding or similar. In this way, an integrated driver club 
head 1 is formed by welding. The face portion 4 has a 
minutely curvature Surface, and is formed in a plate shape. 
The area of maximum restitution coefficient is the center 
portion which is the striking face, that is, the “sweet” area 9 
near the center of gravity 8. 
0057 Normally, in order to send the golf ball a great 
distance, it is effective to strike the ball at this “sweet” area 9, 
corresponding to a position near the center of gravity 8; to this 
end, this area is made larger and the area with a high restitu 
tion coefficient is expanded, or, the restitution coefficient is 
set to a high value to enhance the restitution effect. As 
explained above, it is well known that if the restitution coef 
ficientis high, the golfball will travel a great distance, and this 
restitution coefficient constitutes an important parameter of 
golf club performance, so that as stated above measurement 
criteria are stipulated by the U.S. Golf Association (USGA), 
R&A rules, and other authorities. Titanium alloys often used 
in driver club heads 1 include B-type titanium alloys and 
Cy B-type titanium alloys. These alloys have enhanced 
strength as well as excellent machinability, ductility, tough 
ness, and strength, and are reliable alloys. 
0058. In this Aspect 1, the basic driver club head 1 com 
prised by Such a golf club has improvements added to the 
crown portion 2 and sole portion 3 in particular, in order to 
increase the moment of inertia. The moment of inertia is 
represented by mXr; hence it is clear to a practitioner of the 
art that it is sufficient to increase either m (the mass of the 
head 1) or r (the distance from the center of gravity). How 
ever, the mass of the general head overall is limited to 
approximately 210 g due to the fact that, as described above, 
if the head is made too heavy the Swing balance suffers. In 
particular, due to the larger Volumes of recent heads 1, the 
mass of the head 1 cannot be made too great. 
0059 Hence given these constraints, it is difficult to 
increase the mass of the head 1. In this aspect, by increasing 
the distance from the center of gravity (r) to the extent allowed 
by the relation to the mass (m) of the head 1, the moment of 
inertia is increased. In particular, when the lie angle of a metal 
hollow golf club head is set to 60°, the moment of inertia 
about the axial line centered on the plumb line passing 
through the center of gravity of the head 1 is increased. Below, 
the head construction by which this was achieved is 
explained. 
0060 FIG. 5 is a cross-sectional view along X-X in FIG. 4. 
The cross-sectional view is in the same direction as FIG. 3, 
passing through the center of gravity 8. In the figure, the 
symbol B is the distance from the center of gravity 8 to the 
hosel portion 7, that is, the center-of-gravity distance. The 
mass and shape of the hosel portion 7 in effect cannot be 
changed, due to the circumstances of mounting of the pre 
scribed shaft A. Hence in order to increase the moment of 
inertia, it is effective to increase the distance at which a mass 
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is positioned from the center of gravity 8, that is, the separa 
tion distance C, and to increase the mass. Hence in this Aspect 
1, by changing the placement position the separation distance 
C is increased. As explained above, the crown portion 2 is 
formed by pressing of a sheet-shape titanium alloy member, 
this press-machined member is formed into an even thinner 
shape. In this crown portion 2, the thickness in the area Don 
the periphery of the center of gravity above the center of 
gravity 8 is made thin. That is, when the lie angle of the head 
1 is set to 60°, this center-of-gravity periphery area D is the 
area on the reverse face of the crown portion 2 centered on the 
plumb line (not shown) passing through the center of gravity 
8 of the head 1. 

0061 The machining method to reduce the thickness of 
this center-of-gravity periphery area D is, in this example, 
chemical etching treatment. This chemical etching treatment 
is well-known, and a detailed explanation is omitted. Chemi 
cal processing is used to reduce the thickness in the center 
of-gravity periphery area D of the crown portion 2, to further 
reduce the thickness of the crown portion 2. As the machining 
method used to reduce the thickness of the crown portion 2. 
cutting and coining by press machining are also possible to 
Some degree; but use of such machining methods is limited by 
the machining hardness of the materials and by various 
machining-related constraints, and thicknesses beyond a cer 
tain limit cannot be attained. Through this chemical etching 
treatment, the thickness of the center-of-gravity periphery 
area D can be reduced to the desired value. By this means, 
titanium alloy alone can be used to maintain strength, rather 
than opening a hole in the crown portion and covering with a 
fiber-reinforced resin instead of a metal material in a com 
posite configuration, as in the prior art. 
0062 Cutting-away of the center-of-gravity periphery 
area D of the crown portion 2 results in reduced mass of the 
crown portion 2, and consequently the mass at sites relatively 
distant from the center-of-gravity periphery D is increased. 
Further, as shown in FIG. 5 and FIG. 6, the portion in which 
cutting-away is avoided is the side of the toe portion 5 
opposed to the hosel portion 7 from the center of gravity 8. 
More rigorously, the position of the boundary portion on the 
side of the toe portion 5 and back portion 10 (see FIG. 2) is 
preferable. This portion can be made distant from the center 
of gravity 8, and has the greatest effect in increasing the 
moment of inertia. Moreover, it is preferable that further mass 
be placed at this portion, that is, at the end position at the 
separation distance C. 
0063. In this Aspect 1, as explained above, this is accom 
plished by reducing the mass of the center-of-gravity periph 
ery area D and leaving a thickness 2a at the end position at the 
separation distance C in the crown portion 2. This results in 
the occurrence of a relative difference in mass between the 
center-of-gravity periphery area D and the end portion at the 
separation distance C. As a result, if the overall mass of the 
head 1 does not change, this is equivalent to providing a mass 
at the position of the end portion at the separation distance C. 
Moreover, the separation distance C was increased to the 
extent possible within the limitations of the overall mass. This 
was accomplished by enlarging the grown portion 2b on the 
side of the toe portion 5, and forming a Substantially rectan 
gular shape. The shape approximates a so-called square 
wood. This result was accomplished by reducing the thick 
ness of the center-of-gravity periphery area D within the 
limitation of the overall mass. 
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0064. Next, an excess mass 3a is provided at the sole end 
portion position at separation distance C in the sole portion3. 
This is a means to directly increase the mass, but in contrast 
with masses provided with the aim of more effective striking 
as in the prior art, the position of placement of the mass is 
limited, and the mass is provided at the site farthest removed 
from the position of the center of gravity 8, that is, at the site 
positioned at the separation distance C. The mass increase 
due to this excess mass 3a is within the limitation on overall 
mass, but to the extent that the mass of the center-of-gravity 
periphery D of the crown portion 2 is cut away, this mass can 
be added, so that greater mass increase is possible than in the 
prior art. For example, whereas in the construction of a con 
ventional head an added mass was approximately 10g, in this 
aspect 1, addition of a mass of 20 to 25 g is possible. An added 
weight does not only take the form of provision of a separate 
body, but also includes weight added by increasing the thick 
ness of a plate member itself. 
0065. In this way, in this Aspect 1, a portion of the crown 
portion 2 is removed by chemical etching, and a mass 3a is 
provided in the sole portion 3, to increase the value of the 
mass m to the extent possible. As described above, with 
respect to the numerical value of the distancer, by forming the 
side of the extended crown 3b in particular into an enlarged 
rectangular shape, the separation distance C of the mass 3a 
from the center of gravity 8 can be increased. This separation 
distance from the center of gravity 8 is indicated by C in FIG. 
5: in FIG. 2, the extended crown portion3b is in a position on 
the side opposite the Substantially diagonally line opposing 
the center-of-gravity distance B on the side of the hosel por 
tion 7, and has an enlarged shape compared with the extended 
crown portion 3b in the position of the prior art. As a result, 
through the multiplied effect of the increased numerical val 
ues of the distance (r) from the center of gravity 8 and of the 
mass (m) of the head 1, a moment of inertia of 5000 to 6000 
g-cm is achieved in a head with an increased volume of 470 
cm 
0066 Aspect 2 
0067 FIG. 6 is a plane view showing Aspect 2 of the 
invention. In this example, relative to the crown portion 2, the 
end portion 3b of the sole portion 3 on the side of the toe 
portion 5 and back portion 10 is enlarged, and a mass 3a is 
positioned. Other portions of this head 1 are effectively the 
same as in Aspect 1, and explanations are omitted. In this 
Aspect 2, the numerical value of the distance requivalent to 
the separation distance C is further increased, so that the 
moment of inertia can be further increased. Moreover, when 
examining the moment of inertia of a metal hollow golf club 
head, the lie angle is set to 60°. The lie angle is the angle bade 
by the face of the head in contact with the ground and the 
shaft; in the case of a metal hollow golf club head, even when 
the head is enlarged with increased Volume and large moment 
of inertia, experiments have indicated that a lie angle of 
approximately 60° is most satisfactory. 
0068 Making the moment of inertia large in this way 
means that, even when contact with the ball deviates from the 
center, or in other words is on the side of the toe portion 5 from 
the “sweet area 9 of the face portion 4, or in an extreme case 
the ball is mis-struck, because vibration of the head 1 does not 
readily occur there is little bending of the hit ball compared 
with the prior art, and the direction of the hit ball is stable 
compared with a case of a smaller moment of inertia. 
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0069. Aspect 3 
0070 FIG.7 to FIG.9 show Aspect 3 of a driver club head; 
FIG. 7 is a plane view of Aspect 3 of a driver club head, FIG. 
8 is a front view of Aspect 3 of a driver club head, and FIG.9 
is a side view of Aspect 3 of a driver club head. The external 
shape of this head 1 is Substantially quadrilateral as seen in 
plane view, with the angle in one corner formed into an arc, as 
represented characteristically in the plane view of FIG. 7. The 
metal hollow driver club head 1 of this Aspect 3 is created 
entirely from titanium alloy sheet. The body members com 
prised by the head 1 of this Aspect 3 are the four members 
which are the face portion 4, Sole portion 3, crown portion 2. 
and hosel portion 7. The crown portion 2 comprises titanium 
alloy sheet (specific gravity 4.51) of uniform thickness 0.5 
mm. The Sole portion 3 comprises titanium alloy sheet (spe 
cific gravity 4.51) of uniform thickness 0.75 mm. Similarly, 
the hosel portion 7 and weight 3a comprise titanium alloy 
(specific gravity 4.51). 
0071. The face portion 4 is entirely formed from titanium 
alloy sheet (specific gravity 4.42); the thickness is different in 
different portions. In the ellipse-shaped centerportion 4a, the 
thickness is 3.1 mm. In the outer portion 4b on the outside of 
the centerportion 4a, the thickness is 2.3 mm. In this way, the 
thickness differs in different portions of the face portion 4 in 
order to cause the characteristic time (CT value) of the resti 
tution coefficient of the face portion 4 to be the stipulated 257 
us or less (including a tolerance of 18 LLs), and so that the mass 
of the face portion 4 is not increased. The flange 4c on the 
outer periphery of the face portion 4 is of 1.3 mm thick 
titanium alloy sheet (specific gravity 4.42) with constant 
width. The flange 4c is also placed at the positions of the 
crown portion 2 and sole portion3. This flange 4c Supports the 
face portion 4 on the outer periphery, and in addition func 
tions to link the crown portion 2 and sole portion3, which are 
thin, and the face portion 4. The construction of the hosel 7 
has a generally employed shape, and the shape is not special, 
so that a detailed explanation is omitted. 
0072 Moment of Inertia MOI 
0073. On both sides of the back portion 10 is placed a 
weight 3a. As shown in FIG. 7, more of the weight 3a is 
placed at the corner portions on both ends. This is in order to 
increase the distance from the center of gravity 8 and increase 
the moment of inertia MOI. As shown in FIG. 8, the distance 
from the end of the toe portion 5 of the head 1 to a point in the 
heel portion 5 at a height of 22.23 mm (0.875 inches) from the 
bottom face of the sole portion 3 is called the "toe-heel length 
X'. As shown in FIG. 9, the length from the end of the face 
portion 4 to the end of the back 10 is called the “head width 
Y”. Given the construction indicated for this Aspect 3, the 
moment of inertia MOI about the plumb line passing through 
the center of gravity 8 was calculated. The method of calcu 
lation was as follows. Taking as basic the head 1 of this Aspect 
3, the external dimensions were systematically varied, and the 
moment of inertia MOI calculated for each case. 

0074 FIG. 10 arranges the external shapes of heads 1 for 
which the moment of inertia MOI was calculated. Heads 1 
arranged in this way have increasingly larger "toe-heel 
lengths X” in moving rightward along the horizontal axis (in 
the figure) (87 to 127mm), and have increasingly larger “head 
widths Y” in moving upward along the vertical axis (in the 
figure) (86 mm to 126 mm). These heads 1 have a hosel 
portion 7 with the same shape and dimensions as in Aspect 3; 
the flange width dimension of the outer periphery 4c of the 
face portion 4 is also the same, and as shown in FIG. 10, only 
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the head width Y and toe-heel length X were varied. However, 
rules for golfequipment stipulate that the "toe-heel length X 
must not belonger than the “head width Y”. Hence heads 1 in 
the upper-left in FIG. 10 cannot be used, and so calculations 
were omitted. 

0075. The heads 1 shown in the first column (right-hand 
column) in FIG. 10 have a "toe-heel length X' fixed at 127 
mm, and "head widths Y” of 126 mm, 116 mm, 106 mm, 96 
mm, and 86 mm. The moment of inertia MOI was calculated 
for each of these as described below. The head width Y (mm), 
head volume (cm), moment of inertia MOI (g-cm), and 
mass of the weight 3a (g), appear in Table 1. The overall 
masses for heads 1 were 205 g in each case. Hence as shown 
in Table 1, the Volumes, and the masses of weights differed for 
each of the heads 1. The moment of inertia about the axial line 
(lateral) centered on the plumb line passing through the center 
of gravity of the head 1, which has been an object of this 
invention, was in the range 5000 to 6000 g-cm. As is seen 
from the data of Table 1, for a “head width Y” of 126 mm, 116 
mm, and 106 mm, a moment of inertia of approximately not 
less than 5000 g-cm, which was an object of this invention, 
was exceeded. 

TABLE 1 

Head Moment of Weight 
Width (mm) Volume(cm) inertia(g-cm) mass(g) 

126 460.8 5,900 43.91 
116 424.6 5,424 S123 
106 388.3 4,967 58.40 
96 352.0 4,550 65.68 
86 315.7 4,181 72.91 

Here, the "toe-heel length X is 127 mm, and the head mass is 205 g. 

0076 Similarly, the heads 1 in the second column from the 
right in FIG. 10 have the "toe-heel length X” fixed at 117 mm, 
and "head widths Y” of 126 mm, 116 mm, 106 mm, 96 mm, 
and 86 mm; the moments of inertia MOI for each of these 
were calculated. The data appears in Table 2. As is seen from 
this Table 2, when the "head width Y” is 126 mm or 116 mm, 
the desired moment of inertia of 5000 g-cm or higher is 
achieved. 

TABLE 2 

Head Moment of Weight 
Width (mm) Volume(cm) inertia(g-cm) mass(g) 

126 424.6 5,581 53.05 
116 391.1 5,046 60.01 
106 357.7 4,537 66.66 
96 324.3 4.074 73.48 
86 290.8 3.664 80.13 

Here, the "toe-heel length X is 117 mm, and the head mass is 205 g. 

0077 FIG. 11 shows the relation between head width and 
moment of inertia, when the toe-heel length is held constant. 
That is, FIG. 11 plots the results of Tables 1 and 2 with the 
head width Y along the horizontal axis and the moment of 
inertia MOI along the vertical axis; the moment of inertia 
MOI is plotted along the vertical axis with the "toe-heel 
length X' dimension fixed. This FIG.11 plots the moments of 
inertia MOI of the heads 1 with the construction of Aspect 3, 
holding the "toe-heel length X' constant. From this data, 
heads with a moment of inertia MOI exceeding 5000 g-cm. 
which is an object of this invention, are approximately three 
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in number when the "head width Y” is 126 mm, and are 
approximately two in number when the “head width Y” is 116 

. Probabilistically, the moment of inertia is near 5000 
g-cm when the "toe-heel length X is 127 mm, and so this 
data is adopted as an approximating equation. When in FIG. 
11 each of the points of the moment of inertia for which the 
“toe-heel length X is 127 mm are connected, the resulting 
figure is a quadratic curve. An approximating equation for 
this quadratic curve is equation (3) below, and So when the 
"toe-heel length X is fixed, this approximating equation is 
adopted in the vicinity of 5000 g-cm. 

MOI=0.18Y2+4.191 Y+2437.7 (3) 

0078 Similarly, heads 1 in the first row from the top in 
FIG. 10 have the “head width Y” fixed at 126 mm, and the 
“toe-heel length X’ at 127 mm and 117 mm. However, a 
“toe-heel length X” of 117 mm violates the rules, and so was 
removed from consideration. Similarly, heads appearing in 
the Second row in FIG. 10 have the “head width Y’ fixed at 
116 mm, and a "toe-heel length X” of 127 mm and 117 mm. 
Similarly, heads appearing in the third row in FIG. 10 have the 
“head widthY” fixed at 106mm, and a “toe-heel length X” of 
127 mm, 117 mm, and 107 mm. Similarly, heads appearing in 
the fourth row of FIG. 10 have the “head width Y’ fixed at 96 
mm, and a "toe-heel length X' of 127 mm, 117 mm, 107 mm, 
and 97 mm. Similarly, heads appearing in the fifth row of FIG. 
10 have the “head width Y” fixed at 86 mm, and a “toe-heel 
length X” of 127 mm, 117 mm, 107 mm, 97 mm, and 87 mm. 
In this way, moments of inertia MOI of the heads were cal 
culated with the "head width Y” dimension fixed. 

007.9 FIG. 12 shows the relation between the toe-heel 
length and the moment of inertia when the head width is held 
constant. That is, FIG. 12 plots the "toe-heel length X’ along 
the horizontal axis and the moment of inertia MOI along the 
vertical axis with the "head width Y” dimension fixed. From 
this data, heads with a moment of inertia exceeding 5000 
g-cm, which is an object of this invention, are only heads 
with the head width Y fixed at 106 mm. The line connecting 
these points is a straight line, an approximating equation for 
which is given by equation (4); this equation (4) is adopted as 
an approximating equation in the vicinity of 5000 g-cm. 

MOI=37.84X-618.3 (4) 

0080. In the vicinity of a moment of inertia of 5000 g-cm 
or higher, as the relation between the toe-heel length (X) and 
head width (Y), these two approximating equations (3) and 
(4) are combined to obtain the following approximating equa 
tion (5) in the vicinity of 5000 g-cm. 

MOI=(0.181 Y2+4.191 Y+2437.7)x((37.84X-618.3), 
5424) (5) 

0081. This equation (5) is a product of the approximating 
equation (3) and the approximating equation (4); by taking 
the product of the two approximating equations, a relation is 
derived between the moment of inertia in the vicinity of 5000 
g-cm, the head length X, and the head width Y. Here the 
numerical value "5424” is the moment of inertia when the 
"toe-heel length Xin approximating equation (4) is 127 mm. 
Approximating equation (5) is the product of approximating 
equation (3) and approximating equation (4), and so is 
divided by the moment of inertia calculated using approxi 
mating equation (3) in the vicinity of 5000 g-cm. By this 
means, the value of the moment of inertia of approximating 
equation (5) is corrected. 
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I0082. As is understood from the above explanation, the 
numerical values in approximating equation (5) are intrinsic 
numerical values arising from the shape, construction, mate 
rials, masses, and similar of the head specific to this Aspect3, 
and so these values can be replaced with constants. That is, the 
approximating equation (5) can be represented as the follow 
ing general equation. 

I0083. Here X is the length from the heel portion to the toe 
portion, Y is the length from the face portion to the rear 
Surface, and a, b, c, d, e, and fare constants. 
I0084 FIG. 13 is a graph showing the relation between the 
toe-heel length and the head width for different moments of 
inertia. FIG. 13 is a general summary of the above explana 
tion; here the horizontal axis indicates X (toe-heel length) and 
the vertical axis indicates Y (head width). In FIG. 12, values 
above the diagonal line have a head width greater than the 
toe-heel length, and violate the rules, and so describe heads 
which cannot be commercialized. The area below the diago 
nal line describes heads which comply with the rules, and 
represents heads having a lateral moment of inertia of 5000 
g-cm or higher, an object of this invention, which have been 
manufactured and commercialized. 
I0085. The above-described approximating equation (5) 
was calculated for each of the moments of inertia 5000, 5200, 
5400, 5600, 5800, and 5900 g-cm. From FIG. 13, if a golf 
club head having a moment of inertia in the range 5000 to 
5900 g-cm, which is an object of this invention, is to be 
obtained, the toe-heel length and head width of a head with 
the shape of that of Aspect 3 can be determined. Further, as a 
result, the weight magnitude can also be determined. 
I0086 Center of Gravity Position 
0087 Next, differences in the moment of inertia with the 
center of gravity position of the head of Aspect 3 are 
explained. In FIG. 14A to 14E are examples in which the 
position of placement of a weight 3a in the head 1 is varied. 
The specifications and thicknesses of the crown portion 2. 
sole portion 3 and face portion 4 are as described above. 
Further, when the specifications of this head 1 include a 
“toe-heel length X” of 127 mm, “head width Y” of 126 mm, 
volume of 460 cm, and headmass of 205g, the weight mass 
is 43.9 g, FIG. 15 shows the relation between moment of 
inertia and center of gravity position for heads with these 
specifications. The horizontal axis X in FIG. 15 indicates the 
X-direction center of gravity position, in the toe-heel length 
direction. The vertical axis Yindicates the Y-direction center 
of gravity position, in the head width direction. The origin (O) 
of the horizontal axis X is the center position of 127 mm. The 
origin (O) of the vertical axis Y is the surface of the face 
portion 4. Hence FIG. 15 is equivalent to a plane view of the 
head 1. 

0088. The curve in FIG. 15 for a moment of inertia of 5000 
g-cm is the result of using the above-described approximat 
ing equation (5) to plot the center of gravity in the vicinity of 
a moment of inertia of 5000 g-cm. This curve is the result of 
fixing the overall mass of the head 1 at 205 g, the mass of 
weight 3a at 43.91 g, the toe-heel length at 127 mm, the head 
width at 126 mm, and the volume at 460 cm, so that the 
moment of inertia is 5000 g-cm, and representing the center 
of gravity position when the position of the weight 3a is 
varied as shown in FIG. 14. The mass of the weight 3a is 
determined when the overall mass of the head 1 is 205 g and 
the volume is constant at 460 cm. At this time, the center of 
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gravity position of head 1 is changing, and the moment of 
inertia is changing, when the position of the weight 3a is 
varied as in FIG. 13, the maximum moment of inertia area, 
and the area in which the moment of inertia is 5000 g-cm, can 
also be calculated. This maximum moment of inertia area and 
area resulting in a moment of inertia of 5000 g-cm are indi 
cated by line segments. 
0089. The maximum moment of inertia curve and the 
5000 g-cm moment of inertia curve are represented by the 
following approximating equations (6) and (7). 

Y= -0.0668X2 +0.1318X-56.66 (6) 

Y= –0.1558X +0.6363X-41.53 (7) 

0090 Hence one condition to obtain a head with a moment 
of inertia of 5000 g-cm or above is that the center of gravity 
position be set in the area enclosed between these approxi 
mating equations (6) and (7). The position and size of the 
“sweet” area of the face portion 4 are also related to this center 
of gravity position, and so are important. 
0091. As is understood from the above explanation, each 
of the numerical values of the approximating equations (6) 
and (7) are intrinsic numerical values arising from the shape, 
construction, materials, masses, and similar of the head spe 
cific to this Aspect, and so these values can be replaced with 
constants. That is, the approximating equation (5) can be 
represented as the following general equations. 

Y=g X?--hy? +i (2) 

Yi X2+k (3) 

0092. Here, X is the position from the heel portion in the 
toe portion direction, Y is the position from the face surface in 
the rear face direction, and g, h, j, and k are constants; the 
origin of X is taken to be the center of the length from the heel 
portion to the toe portion, and the origin ofY is taken to be the 
face Surface. 

OTHER ASPECTS 

0093. As explained in detail above, aspects of the inven 
tion are configured as described above; but of course this 
invention is not limited to these aspects. For example, the 
above-described crown has different thicknesses in substan 
tially the center portion and in the outer peripheral portion, 
but the entire crown portion may be of a smaller thickness 
than other body portions. Similarly, the thickness of the center 
area of the sole portion may be reduced, or the thickness of the 
entire sole portion may be made thinner than other body 
portions. Also, the materials comprised by the head are in 
essence all metal; but very Small amounts of other materials 
can be used in Some portions. Moreover, the numerical values 
stipulated by rules include tolerances, and of course even 
when related numerical values fluctuate within the ranges of 
tolerances they remain within the technical scope of this 
invention. 

What is claimed is: 
1. A golf club, comprising: a face portion positioned on a 

front surface of a metal hollow golf club head and having a 
striking face to strike a golfball; a crown portion forming an 
upper Surface of the club, and a sole portion forming a lower 
surface of the club, wherein 

the mass of the metal hollow golf club head is 210g or less, 
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characteristic time (CT value) of the metal hollow golf club 
head, relating to a restitution characteristic, is 257 LS or 
less; and 

when a lie angle of the metal hollow golf club head is 60°. 
volume of the metal hollow golf club head is 470 cm or 
less, and moment of inertia about an axial line which is 
the center of a plumb line passing through the center of 
gravity of the metal hollow golf club head, is in the range 
5000 to 6000 g-cm. 

2. The golf club according to claim 1, wherein the metal is 
a titanium alloy sheet member, and a Substantial center por 
tion and an outer peripheral portion including sites of the 
plumb line within the curved surface of the crown portion 
and/or the sole portion constituting the body differ in thick 
CSS. 

3. The golf club according to claim 1 or claim 2, wherein 
the metal hollow golf club head is formed by joining, by 
welding, the face portion, the sole portion, the crown portion, 
and a hosel portion to which the shaft is connected. 

4. The golf club according to claim 2, wherein a weight of 
20g or more is positioned at the position of a rotation radius 
most distant from the plumb line and at the crown portion 
and/or the sole portion. 

5. The golf club according to claim 4, wherein the weight is 
positioned on a back side of the toe portion. 

6. The golf club according to claim 5, wherein toe-side and 
back-side sites of the sole portion are formed in shapes pro 
truding outward relative to the crown portion, and the weight 
is positioned in this protruding Sole portion. 

7. The golf club according to claim 1, wherein 
the metal hollow golf club head has: 
a length (X) from the heel portion to the toe portion longer 

than a length (Y) from the face portion to the rear sur 
face; 

a length from the heel to the toe of 127 mm (5 inches) or 
less; 

a length from the sole to the crown of 71.12 mm (2.8 
inches) or less; and 

a moment of inertia (MOI) within a range calculated using 
the following approximating equation (1): 

MOI=(aY’ + b Y+c)x(d.Y+e)f (1) 

where X is the length from the heel portion to the toe 
portion, Y is the length from the face portion to the rear 
Surface, and a, b, c, d, e, and fare constants. 

8. The golf club according to claim 1, wherein 
the metal hollow golf club head has: 
a length (X) from the heel portion to the toe portion longer 

than a length (Y) from the face portion to the rear sur 
face; 

a length from the heel to the toe of 127 mm (5 inches) or 
less; 

a length from the sole to the crown of 71.12 mm (2.8 
inches) or less; and 

a position of the center of gravity, as seen from the plumb 
direction, existing within a range encompassed by the 
following two equations: 
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where X is the position in the direction from the heel distance from the heel portion to the toe portion, and the 
portion to the toe portion, Y is the position in the direc- Y has an origin in the face Surface. 
tion from the face portion to the rear Surface, g, h, j, and 
k are constants, the X has an origin at the center of the ck 


