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GOLF-CLUB HEAD

BACKGROUND OF THE INVENTION
Field of the Invention:

The present invention relates to a metal head
for a golf club, which is tough and has a relatively large
volume without increasing the weight, and can be
manufactured with ease. |
Description of the Related Art:

Metal wood heads and iron heads are generally
produced by a precision casting process (lost wax process)
using, as a material, a stainless steel such as SUS 630
[AISI (American Iron and Steel Institute) Standard Type
630] or SUS 431 (AISI Standard Type 431).

It is desirable for a golf-club head to make a
golf club to which the head has been attached which is
easy to swing and hard to cause a bad shot. Therefore,
efforts have been made in reducing the weight of the head
to make it easy to swing a golf-club to which the head has
been attached, and widening the sweet spot in a face of
the head or increasing the moment of inertia of the head
to lessen the chance of a bad shot. With a wide sweet
spot of the head, the course of flying of a hit ball
becomes stable even if a hitting position in the face at
which a ball is hit is irregular, and thus, the chance of

a bad shot can be decreased.
s Sheet Has Been Replaced
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Description of the Related Art: Met al wood heads and iron heads
are generally produced by a precision casting process (lost wax process)
using, as a material, a stainless steel such as SUS 630 [AlISI (Amrerican
Iron and Steel Institute) Standard Type 630] or SUS 431 GALRkpiseandard
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club to which the head has been attached which is
to cause a bad shot. Therefore, efforts have been
wei ght of the head to make it easy to swing a golf-club to which the head
has been attached, and w dening the swet-spot in a face of the head or
I ncreasing the nonent of inertia of the head

On the other hand, a high moment of inertia of

the head suppresses the turning of the head due to a shock
upon hitting a golf ball, bringing a substantial widening

of the sweet spot that stabilizes the course of flying of

the hit ball.

In the case of a metal wood head of a hollow
structure, for example, a portion near the sole of the
head is made heavier than its crown to lower the center of
gravity, whereby the sweet spot can be widened. It is
also possible to increase the volume of the head, thereby
to increase the moment of inertia of the head and widen
the sweet spot.

In the case of an iron head on the other hand, a
peripheral portion of the head, such as a toe or a heel,
can be made heavier than a portion about the center of
gravity of the head, thereby widening the sweet spot.

With an increased overall weight of a head, even
if the sweet spot can be widened, it becomes difficult to
swinging the golf-club to which the head has been
attached. On the other hand, when the shell thickness of
a head is thinned wholly or partly to suppress the weight,
disadvantages of a reduced strength of the head and/or a
lowered rebound of the ball upon hitting may arise. In
the case of a head made of a conventional stainless steel,
since the reduction of their thicknesses has reached the

lower limit, widening of the sweet spot by the above-



to |l essen the chance of a bad shot. Wth a wide sweet spot of the head,
the course of flying of a hit ball becones stable even if a hitting
position in the face at which a ball is hit is irregular, and thus, the
chance of a bad shot can be decreased.

- 2 - On the other hand, a high nonment of the head suppresses
the turning of the head due to a shock This Sheet Has Been Replaced

There has been developed a golf-club head made

s |

described methods is difficult to achieve.

of a titanium alloy. The titanium alloy has strength
substantially equal to that of the stainless steel and a
specific gravity lower than the stainless steel. The use
of the metal lower in specific gravity permits the
increase in the volume of the head and the peripheral
portions of the head to be made heavier than other
portions without increasing the overall weight of the
head.

However, problems are éointed out that the
titanium alloy is considerably expensive, and it requires
a special vacuum melting casting machine for manufacturing
a head by a precision casting process because of its high

level of chemical activity.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is
to provide a metal head for a golf club, which has a.
larger volume than that of the conventional one while
keeping its strength without increasing the overall
weight, and can be manufactured with ease.

According to the. present invention, there is
provided a golf-club head made of an alloy steel which
comprises at most 0.2 wt.% of C, 0.05-1.0 wt.% of Si, at

most 0.5 wt.% of Mn, 3.0-8.0 wt.% of Ni, 10.0-20.0 wt.% of
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Cr, 3.0-8.0 wt.% of Mo and 10.0-20.0 wt.% of Co, the
reminder being substantially Fe, and has a metallic
texture composed principally of martensite.

Tﬁe above alloy steel may further comprise at
least one metal selected from the group consisting of
0.03-0.5 wt.% of Al, 0.03-0.5 wt.% of Ti and 0.01-0.05
wt.¥ of Zr.

The above alloy steels may desirably constitute
at least a sweet spot region of the face of the head.

The golf-club head according to the present
invention may be a metal wood heéd or an iron head.

In the present invention, the alloy steels used
as materials each have a specific gravity almost equal to
that of a stainless steel such as SUS 630 (AISI Standard
Type 630) or SUS 431 (AISI Standard Type 431) and strength
higher than such a stainless steel, and stretch well.
Therefore, the thicknesses of the heads can be thinned
while keeping strength required of them, and increase in
their volumes and optimum weight distribution can be
performed without increasing their weights.

The alloy steel constituting each golf club head
can be provided as an alloy steel having a metallic
texture composed principally of martensite high in
hardness, thereby favorably avoiding abrading or flawing.
The proportion of the martensitic texture in the whole

alloy steel is preferably at least 95%. 1In order to
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can be made heavier than a portion about the center of gravity of the
head, thereby w dening the sweet spot. Wth an increased overal
wei ght of a head, even if the sweet spot can be w dened, it becones
difficult to swinging the golf-club to which the head%ba&mhﬁﬁﬁmnaklﬁ%hed
On the other hand, when the shell thickness of a head IIy or
partly to suppress the weight, disadvantages of a red % f t he
head and/or a |owered rebound of the ball upon hittin t he
case of a head made of a conventional staginless steel, since the reducti on
of their thicknesses has reached the TowWwer limt, w dening of the sweet

spot by the q%%%%e the strength of the alloy steel without lowering

its corrosion resistance, the content of C in the alloy
steel is desirably at most 0.2 wt.%. The content of Si
may preferably be 0.05-1.0 wt.%, which is a proper amount
as a deoxidizer, more preferably 0.05-0.12 wt.%, most
preferably 0.08-0.10 wt.%. The contents of Ni and Cr may
preferably be 3.0-8.0 wt.% and 10.0-20.0 wt.%, which are
proper amounts to form the metallic texture composed
principally of martensite, more preferably 3.0-5.0 wt.$%
and 13.5-16.0 wt.%, most preferably 4.0-4.3 wt.% and 14.5-
15.0 wt.%, respectively. With réspect to the content of
Mo, any amount less than 3.0 wt.% results in an alloy
steel insufficient in strength.

On the other hand, any amount exceeding 8.0 wt.%
results in an alloy steel poor in toughness and hence
brittle. Accordingly, the content of Mo may preferably be
3.0-8.0 wt.%, more preferably 3.0-5.0 wt.$%, most
preferably 4.0-4.6 wt.%. With respect to the content of
Co, any amount less than 10.0 wt.$% results in an alloy
steel increased in a ferritic texture. On the other handg,
any amount exceeding 20.0 wt.% results in an alloy steel
increased in an austenitic texture. In each case, the
hardness becomes low. Accordingly, the content of Co may
preferably be 10.0-20.0 wt.%, more preferably 13.0-16.0
wt.%, most preferably 13.2-15.0 wt.%.

Further, Al, Ti and/or Zr may serve to deoxidize



-3- described nethods is difficult to achieve, There has been
devel oped a gol f-club head made of a titaniumalloy. The titanium all oy
has strength substantially equal to that of the stainless steel and a

specific gravity lower than the stainless steel. The usStis ket HixBepreReplaced
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the alloy steel and enhance its strength in a small
amount. The contents of Al, Ti, and Zr may preferably be
within ranges of 0.03-0.5 wt.%, 0.03-0.5 wt.% and 0.01-
0.05 wt.%, respectively.

The above and other objects, features and
advantages of the present invention will become apparent

from the following description and the appended claims.

DETAILED DESCRIPTION OF THE K PREFERRED EMBODIMENTS
Alloy steels according to the present invention and

an SUS 630 (AISI Standard Type 630) stainless steel as a
comparative example, the contents of component elements of
which are shown in table 1, were separately prepared.
These steels were separately melted in an inert gas
atmosphere, poured into a mold and solidified to form a
martensitic texture, thereby producing golf club heads
according to Examples 1 to 17 and Comparative Examples 1
and 2, which are shown in Table 2. The tensile strength,
elongation, hardness and the like of these steels were
controlled by changing the conditions of a heat treatment.

The mechanical properties of the alloy steels
according to the present invention and the SUS 630 (AISI
Standard Type 630) stainless steel as a comparative
example are shown in Table 3.

In this case, Examples 1 to 16 are embodiments

of metal wood heads, and Example 17 is an embodiment of an
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iron head (# 5). The metal wood heads of Examples 15 and
16 are such that their faces are formed of their
corresponding alloy steels, and other portions thereof are
formed of the SUS 630 (AISI Standard Type 630) stainless
steel.

The heads according to Examples 1 to 17 and
Comparative Examples 1 and 2 were separately manufactured
with the thicknesses of their faces, and the weights and
volumes thereof varied. Their actual-hit durability was
evaluated by separately setting golf clubs obtained by
attaching a shaft and a grip to the heads in a swing robot
and repeatedly hitting a golf ball. The results are shown
in table 2. The durability was ranked as AA in case of
"very good", A in case of "good", B in case of "somewhat
poor", or C in case of "poor".

In table 3, the specific gravities of the alloy
steels according to the present invention and the SUS 630

 (AISI Standard Type 630) stainless steel of the
comparative example are 7.9-8.1, and 7.8, respectively.
Therefore, these steels can be considered to have
substantially the same specific gravity. On the other
hand, the tensile strength of the SUS 630 (AISI Standard
Type 630) stainless steel is 119.1-126.3 kgf/mm?, while
those of the alloy steels according to the present
invention are within a range of 121.5-182.4 kgf/mm?. It

was therefore revealed that the alloy steels have a



keeping its strength wi thout increasing the overall weight, and can be
manuf actured w th ease. According to the present invention,
there is provided a golf-club head made of an all oy steel which conprises
at nmost 0.2 w.%of C, 0.05-1.0 wt.%of Si, at m)§t 0.5 wt. % of I\/h
3.0-8.0 wt.%of Ni, 10.0-20.0 wt his Shect Has Been Repla

a5 olR 0w v w and 10:6-20.0 wseor oI

-8 -

strength equal to or higher than the SUS 630 (AISI
Standard Type 630) stainless steel. Further, with respect
to the elongation, the SUS 630 (AISI Standard Type 630)
stainless steel is within a range of 5.3-8.0% for the
tensile strength of 119.1 kgf/mm’ or higher, while the
alloy steels of the present invention having tensile
strengths of 121.5 kgf/mm? and 182.4 kgf/mm?,
respectively, are 20.9% and 9.2%, respectively.
Accordingly, the alloy steels according to the present
invention are higher in strength and better stretched
compared with the SUS 630 (AISI Standard Type 630)
stainless steel, and so they can be sufficiently thinned
without impairing the durability.

Furthermore, with respect to the reduction of
area, the SUS 630 (AISI Standard Type 630) stainless steel
is within a range of 12.0-17.9% for the tensile strenéth
ranging from 119.2 to 126.3 kgf/mm?’, while the alloy steels
according to the present invention are within a range of
20.4-51.3% for the tensile strength ranging from 121.5 to
182.4 kgf/mm?’. Therefore, the reduction of area is also
improved.

Accordingly, in Examples 1 and 7 shown in table
2, the heads were able to .be thinned in face thickness,
and reduced in weight for the same volume as the head of
Comparative Example 1. In addition, very good actual-hit

durability was obtained. In this case, it is considered



rem nder being Fe, apart frominpurities and has a netallic texture
conposed principally of martensite. The above all oy steel may
further conprise at |east one netal selected fromthe group consisting of
0.03-0.5 wt.%of A, 0.03-0.5 wt.%of Ti and 0.01-0.05 w.%of Zr on the
cost of the bal ance Fe. The above all oy steels Bgﬁshmably
constitute at |least a sweet spot region of the faceTB

The gol f-club head according to the present |nvent|on

head or an iron head. In the present invent

used as materials each have a specifiT %

wood
oy steels
ravity al nost equal to

that the reduction in the weights of the heads permits
easy swinging.

In addition, when Examples 4, 9, 10-14 and 16
were compared with Comparative Example 2, remarkable
differences arose in actual-hit durability between them
even if they were equal to each other in face thickness,
head weight and head volume. This means that the strength
of the faces in particular was improved. In the case of
Examples 4, 9, 10-14 and 16, the heads were increased in
volume to a significant extent compared with the head of
Comparative Example 1, and the aétual—hit durability was
also improved. In this case, the widening of sweet spot
is realized. Furthermore, in Example 5, the head was made
thinner in face thickness and greater in volume than both
heads of Comparative Examples 1 and 2. Even in this case,

good actual-hit durability was obtained.
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- 5- enhance the strength of the alloy steel without lowering its
corrosion resistance, the content of Cin the alloy steel is desirably at
nost 0.2 w.% The content of Si  may preferably be 0.05-1.0 wt.% which is
a proper anount as a deoxidizer, nore preferably O. OthQ.S%CZ ﬁ:i % nost

preferably 0.08-0.10 wt.% The contents~ollN- and C rm”m’m ‘fmrmelﬁl%

3.0-8.0 wt. % and 10.0-20.0 wt.% which are-

Table 2
Alloy | Thickness of | Weight |Volume |Actual-hit
steel | face (mm) . (9) (ce) durability
Ex. 1 No. 1 2.3 192 185 AA
Ex. 2 No. 1 2.5 196 185 AA
Ex. 3 No. 1 2.7 200 - 185 AA
Ex. 4 No. 1 2.5 200 250 AA
Ex. 5 No. 1 2.3 200 260 A
Ex. 6 No. 1 2.5 200 250 A
Ex. 7 No. 2 2.3 ' 193 185 AA
Ex. 8 No. 2 2.5 200 250 A
Ex. 9 No. 3 2.5 | 200 250 AA
Ex. 10| No. 4 2.5 200 250 AA
Ex. 11} No. 5 2.5 200 250 AA
Ex. 12} No. 6 2.5 200 250 AA
Ex. 13| No. 7 2.5 200 250 AA
Ex. 14 | No. 8 2.5 200 250 AA
Ex. 15§ No. 2 2.3 200 250 A
Ex. 16 | No. 2 2.5 200 250 AA
Ex. 17 | No. 2 2.2 265 - A
comp. - 2.5 195 185 B
fomp. - 2.5 200 250 c
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steel increased in a ferritic texture. On the other hand, any anount
exceeding 20.0 wt.%results in an alloy steel increased in an austenitic
texture. In each case, the hardness becones Iom/’%@Gﬂkd&ﬂ@h&F@lQﬁdcontent
of Co my preferably be 10.0-20.0 w.% nore prefe

nost preferably 13.2-15.0 wt. % Furt her, ”‘Fﬂﬁm Zr may
serve to deoxidize
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The golf club heads according to the present
invention are made of the alloy steels each having a
specific gravity almost equal to that of a stainless steel
such as SUS 630 (AISI Standard Type 630) or SUS 431 (AISI
Standard Type 431) and strength higher than such a
stainless steel.

For example, in the case of metal wood heads
having the same weight, therefore, the thickness of the
head according to the present invention can be thinned
compared with a head made of the_conventional stainless
steel to increase its volume or make a portion near a sole
of the head heavier than other portions. As a result, the
sweet spot of the head can be widened while keeping
strength required of the head to ensure that the direction
of a hit ball is made stable. Incidentally, if the volume
of the head is adjusted to the same volume as a head made
of the conventional stainless steel, the weight of the
head.becomes reduced, thereby facilitating swinging. Even
in the case of an iron head, the thickness of its face can
be similarly thinned to make its peripheral portion
heavier than other portions.

Upon the manufacturing of the above-described
golf club heads by a precision casting process, the alloy
steels can be melted in an inert gas atmosphere.

Therefore, such heads can be mass-produced with ease.



the alloy steel and enhance its strength in small anmount. The contents of
A, Ti, and Zr may preferably be wthin ranges of 0.03-0.5 wt.% 0.03-0.5
wt. % and 0.01- 0.05 wt.% respectively. The above and ot her

obj ects, features and advantages of the present invention wll becone
apparent fromthe foll omnn descrlptlon and the appended cl ai ns.

DETAI LED DESCRIPT ?REDgENBCDINENTS Al'l oy steels
according to the and an SUS 630 (AITSs Skeang e RLyRE, 630)
stainless steel as a conparatlve exanpl e, the content

el ements of which are shown in table 17 Wre separatel ” [""

What is claimed is:

1. A golf-club head made of an alloy steel which
comprises at most 0.2 wt.% of C, 0.05-1.0 wt.% of Si, at
most 0.5 wt.% of Mn, 3.0-8.0 wt.% of Ni, 10.0-20.0 wt.% of
Cr, 3.0-8.0 wt.% of Mo and 10.0-20.0 wt.% of Co, the
remainder being substantially Fe, and has a metallic

texture composed principally of martensite.

2. The golf-club head according to claim 1, wherein
the alloy steel constitutes at least a sweet spot region

of a face of the head.

3. The golf-club head according to claim 1 or 2,

wherein the head is a metal wood head.

4. The golf-club head according to claim 1 or 2,

wherein the head is an iron head.

5. A golf-club head according to claim 1, wherein
said alloy steel further comprises at least one selected
from the group consisting of 0.03-0.5 wt.% of aAl, 0.03-0.5

wt.% of Ti and 0.01-0.05 wt.% of Zr.

6. The golf club head according to claim 5, wherein

the alloy steel constitutes at least a sweet spot region



These steels were separately nelted in an inert gas atnosphere, poured
into a nold and solidified to forma martensitic texture, thereby
produci ng gol f club heads according to Exanples 1 to 17 and Conparative
Exanples 1 and 2, which are shomn in Table 2. The tensile strength,

el ongati on, hard of t hese steels were controlled by
changi ng the con fﬂﬂﬂﬂgmmg treat nent. ThisEheet Hmﬂfeam Ated
properties of th elss =according to the presen the
SUS 630 (AISI Standard Type 630) staLnL@§s_steeI as a anple
are shown in Table 3. In this case,

enbodi nent sof the face of the head.

7. The golf club head according to claim 5 or 6,

wherein the head is a metal wood head.

8. The golf club head according to claim 5 or 6,

wherein the head is an iron head.



of netal wood heads, and Exanple 17 is an enbodi nent of an

-7- iron head (# 5). The netal wood heads of Exanples 15 and 16 are such
that their faces are formed of their correspondln aIIo steels and ot her
portions thereof are forned of the SUS 630 (Al SI p@@@)

stai nl ess The heads according to Exa

Conparative Exanples 1 and 2 were separately manuf

- 16 -

ABSTRACT OF THE DISCLOSURE
GOLF-CLUB HEAD

A golf club head is formed of an alloy steel which
comprises at most 0.2 wt.% of C, 0.05-1.0 wt.% of Si, at
most 0.5 wt.% of Mn, 3.0-8.0 wt.% of Ni, 10.0-20.0 wt.% of
Cr, 3.0-8.0 wt.% of Mo and 10.0-20.0 wt.% of Co, the
remainder being substantially Fe, and has a metallic

texture composed principally of martensite.



with the thicknesses of their faces, and the weights and vol umes et 867
varied. Their actual-hit durability was evaluated by separately setting
gol f clubs obtained by attaching a shaft and a grip to the heads in a
swing robot and repeatedly hitting a golf ball. The results.are. shomm o
table 2. The durability was ranked as AA in case :of "very goo =

of "good", B in case of "sonewhat poor"y or C |n dése bf'
In table 3, the specific gravities of the alloy
present invention and the SUS 630 %ﬁISI

of the conparative exanple ar&oLy

[T anemey e

Field of the Invention:

The present invention relates to a metal head
for a golf club, which is tough and has a relatively large
volume without increasing the weight, and can be
manufactured with ease.

Description of the Related Art:

Metal wood heads and iron heads are generally
produced by a precision casting process (lost wax process)
using, as a material, a stainless steel such as SuUs 630
[AISI (American Iron and Steel Inétitute) Standard Type
630] or SUS 431 (AISI Standard Type 431).

It is desirable for a golf-club head to make a
golf club to which the head has been attached which is
eésy to swing and hard to cause a bad shot. Therefore,
efforts have been made in reducing the weight of the head
to make it easy to swing a golf-club to which the head has
been attached, and widening the sweet spot in a face of
the head or increasing the moment of inertia of the head
to lessen the chance of a bad shot. With a wide sweet
spot of the head, the course of flying of a hit ball
becomes stable even if a hitting position in the face at
which a ball is hit is irregular, and thus, hance of
REPLACEMENT =+eet |
a bad shot can be -decreased. [meecrre e .
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Ther ef or e,
specific gravity. On the other hand, the tensile strengt
(AI'SI Standard Type 630) stainless steel is 119.1-126.3 k fR
those of the alloy steels according to the present invent

these steels can be considered to have substantially the sanme

' ntoin 0 E hsm:@;
range of 121.5-182.4 kgf/mierr]. It was therefore revealfe t the a

steel s have a -2 - - 8- MAR 1995
On the other hand, a high moment of lnertfz\af‘-«q ;
tnr e head suppresses the turning of the head due to a éESEE“‘~ /

upon hitting a golf ball, bringing a substantial widening
of the sweet spot that stabilizes the course of flying of
the hit ball.

In the case of a metal wood head of a hollow
seructure, for example, a portion near the sole of the
head is made heavier than its crown to lower the center of
gz avity, whereby the sweet spot can be widened. It is
also possible to increase the volume of the head, thereby
te increase the moment of inertia of the head and widen
the sweet spot.

In the case of an iron head on the other hand, a
peripheral portion of the head, such as a toe or a heel,
can be made heavier than a portion about the center of
gravity of the head, thereby widening the sweet spot.

With an increased overall weight of a head, even
if the sweet spot can be widened, it becomes difficult to
swinginé the golf-club to which the head has been B
attached. On the other hand, when the shell thickness of
a head is thinned wholly or partly to suppress the weight,
disadvantages of a reduced strength of the head and/or a
lowered rebound of the ball upon hitting may arise. In
the case of a head made of a conventional stainless steel,
since the reduction of their thicknesses has reached the

lower limit, widening of the sweet spot by the above-



strength equal to or higher than the SUS 630 (Al SI Standard Type 630)
stainless steel. Further, with respect to the elongation, the SUS 630
(AlI'Sl Standard Type 630) stainless steel is within a range of 5.3-8.0%for
the tensile strength of 119.1 kgf/mmierr] or higher, while the alloy
steels of the present invention having tensile strengths of 121.5

kgf /mrerr] and 182.4 kgf/mierr], respedtively, are 20.9% and 9.2%

respectively. _Accordingly, the alloy steels according to the present
i nvention a ﬁﬁﬁﬁhﬁéﬁWé%gg%ﬁg%ﬁ @h€¥b€P%§rt§tﬁ§PéﬁM@- conpar ed mntg t he
SUS 630 (AI'SI Standard Type 630) stainless steel, and so they can be
sufficiently thinned %&%v RaF npeeRi Agveheredr apigolfrclub head made

of a titanium alloy. The titanium alloy has strength
substantially equal to that of the stainless steel and a
specific gravity lower than the stainless steel. The use
of the metal lower in specific gravity permits the
increase in the volume of the head and the peripheral
portions of the head to be made heavier than other
portions without increasing the overall weight of the
head.

However, problems are pointed out that the
titanium alloy is considerably expensive, and it requires
a special vacuum melting casting machine for manufacturing
a head by a precision casting process because of its high

level of chemical activity.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is
to provide a metal head for a golf club, which has a
larger volume than that of the conventional one while
keeping its strength without increasing the overall
weight, and can be manufactured with ease.

According to the present invention, there is
provided a golf-club head_made of an alloy steel which
comprises at most 0.2 wt.%¥ of C, 0.05-1.0 wt.% of Si, at

most 0.5 wt.% of Mn, 3.0-8.0 wt.% of Ni, 10.0-20.0 wt.% of

REPLACEMENT SHEET
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Furthernore, with respect to the reduction of area, the SUS 630 (Al S
Standard Type 630) stainless steel is wthin a range of 12.0-17.9% for the
tensile strength ranging from119.2 to 126.3 kgf/mjerr], while the all oy
steels according to the present invention are within a range of
20.4-51.3%for the tensile strength ranging from121.5 to 182.4

kgf /mjerr]. Therefore, the reduction of area is also inproved.
Accordingly, in Exanples 1 and 7 shown inmtébte 2, the heads were able to

be thinned in facgkthichess, and reduced_ in meiaht for the sane volunme as
the head of -B88 BhIof Mo 13nddh? (900 - Fevl- §oBd et udtheni t

reminder being Fe, apart from impurities and has a metallic

texture composed principally of martensite.

Tﬁe above alloy steel may further comprise at
least one metal selected from the group consisting of
0.03-0.5 wt.% of Al, 0.03-0.5 wt.% of Ti and 0.01-0.05

wt.¥ of Zr on the cost of the balance Fe.

The above alloy steels may desirably constitute
at least a sweet spot region of the face of the head.

The golf-club head according to the present
invention may be a metal wood head or an iron head.

In the present invention, the alloy steels used
as materials each have a specific gravity almost equal to
that of a stainless steel such as SUS 630 (AISI Standard
Type 630) or SUS 431 (AISI Standard Type 431) and strength
higher than such a stainless steel, and stretch well.
Therefore, the thicknesses of the heads can be thinned
while keeping strength required of them, and increase_;n
their volumes and optimum weight distribution can be
performed without increasing their weights.

The alloy steel constituting each golf club head
can be provided as an alloy gteel having a metallic
texture composed principally of martensite high in
hardness, thereby favorably avoiding abrading or flawing.
The proportion of the martensitic texture in the whole

alloy steel is préferably at least 95%. Ip ordex-to
REPLACEMENT SHEET
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durability was obtained. In this case, it is consid&rﬁanCEMEMT ém;“f _
-9- that the reduction in the weights of the heads{p _~e§s¥hégﬁ gi ng.
In addition, when Exanples 4, 9, 10-14 and 16 werefc nﬁgyed W th

e ) nVdc

Conpar ative Exanple 2, remarkable differences aros MABFPB&t
durability between them even if they were equal tg other in flage
t hi ckness, -5 -

enhance the strength of the alloy steel without lowering
its corrosion resistance, the content of C in the alloy-
steel is desirably at most 0.2 wt.%. The content of Si
may preferably be 0.05-1.0 wt.%, which is a proper amount
as a deoxidizer, more preferably 0.05-0.12 wt.%, most
preferably 0.08-0.10 wt.%. The contents of Ni and Cr may
preferably be 3.0-8.0 wt.% and 10.0-20.0 wt.%, which are
proper amounts to form the metallic texture composed
principally of martensite, more preferably 3.0-5.0 wt.%
and 13.5-16.0 wt.%, most preferably 4.0-4.3 wt.% and 14.5-
15.0 wt.%, respectively. With respect to the content of
Mo, any amount less than 3.0 wt.% results in an alloy
steel insufficient in strength.

On the other hand, any amount exceeding 8.0 wt.%
results in an alloy steel poor in toughness and hence
brittle. Accordingly, the content of Mo may preferably be
3.0-8.0 wt.%, more preferably 3.0-5.0 wt.%, most
preferably 4.0-4.6 wt.%. With respect to the content of
Co, aﬁy amount less than 10.0 wt.% results in an alloy‘_
steel increased in a ferritic texture. On the other hand,
any amount exceeding 20.0 wt.% results in an alloy steel
increased in an austenitic texture. In each case, the
hardness becomes low. Accordingly, the content of Co may
preferably be 10.0-20.0 wt.%, more preferably 13.0-16.0
wt.%, most preferably 13.2-15.0 wt.%.

Further,” Al, Ti and/or Zr may serve to deoxidize



head wei ght and head vol une. This nmeans that the strengt
particular was inproved. In the case of Exanples 4, 9, OBHHAquE@ﬁSH
heads were increased in volune to a significant extent [co -t T
head of Conparative Exanple 1, and the actual-hit dura iIitg gﬁs al so
improved. In this case, the w dening of sweet spot is reJIi dMAR 1998

Furthernore, in Exanple 5, the head was made thinner i flace_t icknesg}a d

greater in volune than both heads of Conparative Exanpfes 1 and 2. EVén [n
this case, theodlaeyualtelelt athd @viHdrice Was ahtremeth in a sSmatt——

amount. The contents of Al, Ti, and Zr may preferably be
within ranges of 0.03-0.5 wt.%, 0.03-0.5 wt.% and 0.01-
0.0S5 wt.%, respectively.

The above and other objects, features and
advantages of the present invention will become apparent

from the following description and the appended claims.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Alloy steels according to the present invention and

an SUS 630 (AISI Standard Type 630) stainless steel as a
comparative example, the contents of component elements of
which are shown in table 1, were separately prepared.
These steels were separately meltea in an inert gas
atmosphere, poured into a mold and solidified to form a
martensitic texture, thereby producing golf club heads
according to Examples 1 to 17 and Comparative Examples 1
and 2, which are shown in Table 2. The tensile strength,
elongaﬁion, hardness and the like of these steels were -
controlled by changing the conditions of a heat treatment.

The mechanical properties of the alloy steels
according to the present invention and the SUS 630 (AISI
Standard Type 630) stainless steel as a comparative
example are shown in Table 3.

In this case, Examples 1 to 16 are embodiments

of metal wood heads, and Example 17 is an embodiment of an



-10- [err] -11

Table 2
st eel
192

Al'l oy Thickness of Wight Volune

face () (g) (cc) durability Ex. NG 6D s
AA

185

iron head (# 5). The metal wood heads of Examplés t5—and____|
16 are.such ﬁhat their faces are formed of their
corresponding alloy steels, and other portions thereof are
formed of the SUS 630 (AISI Standard Type 630) stainless
steel.

The heads according to Examples 1 to 17 and
Comparative Examples 1 and 2 were separately manufactured
with the thicknesses of their faces, and the weights and
volumes thereof varied. Their actual-hit durability was
evaluated by separately setting golf clubs obtained by
attaching a shaft and a grip to the heads in a swing robot
and repeétedly hitting a golf ball. The results are shown
in table 2. The durability was ranked as AA in case of
"very good”, A in case of "good", B in case of "somewhat
poor"”, or C in case of "poor".

In table 3, the specific gravities of the alloy
steels according to the present invention and the SUS 630
(AISI Standard Type 630) stainless steel of the
comparative example are 7.9-8.1, and 7.8, respectively. -
Therefore, these steels can be considered to have
substantially the same specific gravity. On the other
hand, the tensile strength of the SUS 630 (AISI Standard
Type 630) stainless steel is 119.1-126.3 kgf/mm?, while
those of the alloy steels according to the present
invention are within a range of 121.5-182.4 kgf/mm*. It

was therefore revealed that the alloy steels have a



| B
REP
1 2.5 196 185 na| BrorSEMENT SHEET
200 185 AA Ex.4  No. 1 .5 200
A Ex. 5 No. 1 2.3 200 6@ 7 MAR 1998A : Ek.
2.5 200 250 A Ex No. 2 g
193 185 AA Ex. 8 No. 2 2.5 200
A Ex. 9 No. 3 2.5_ o _ 200 250 AA
2.5 200 558 AA Ex. 11 No. 5

spgen 55D g or nilpePonld M gfp w0 Gy, 00
Stand£%§ Type 630)29Qainles§52teel. F@%ther, with respect
to the elongation, the SUS 630 (AISI Standard Type 630)
stainless steel is within a range of 5.3-8.0% for the
tensile strength of 119.1 kgf/mm’ or higher, while the
alloy steels of the present invention having tensile
strengths of 121.5 kgf/mm? and 182.4 kgf/mm?,

respectively, are 20.9% and 9.2%, respectively.
Accordingly, the alloy steels according to the present
invention are higher in strength and better stretched
compared with the SUS 630 (AISI Standard Type 630)
stainless steel, and so they can be sufficiently thinned
without impairing the durability.

Furthermore, with respect to the reduction of
area, the SUS 630 (AISI Standard Type 630) stainless steel
is within a range of 12.0-17.9% for the tensile strength
ranging from 119.2 to 126.3 kgf/mm?, while the alloy steels

according to the present invention are within a range of
20.4-5:.3% for the tensile strength ranging from 121.5 to
182.4 kgf/mm’. Therefore, the reduction of area is also
improved.

Accordingly, in Examples 1 and 7 shown in table
2, the heads were able to be thinned in face thickness,
and reduced in weight for the same volume as the head of

Comparative Example 1. In addition, very good actual-hit

durability was obtained. In this case, it is considered



15 No. 2 2.3 200 250 A Ex. 16 No. 2

200 250 AA Ex. 17 No. 2 2.2 265
A  Conp. - 2.5 195 185 B Ex.
2.5 200 250 C Ex. 2 -
-9 -

that the reduction in the weights of the heads permits
easy swinging.

In addition, when Examples 4, 9, 10-14 and 16
were compared with Comparative Example 2, remarkable
differences arose in actual-hit durability between them
even if they were equal to each other in face thickness,
head weight and head volume. This means that the strength
of the faces in particular was improved. In the case of
Examples 4, 9, 10-14 and 16, the heads were increased in
volume to a significant extent compared with the head of
Comparative Example 1, and the actual-hit durability was
also improved. In this case, the widening of sweet spot
is realized. Furthermore, in Example 5, the head was made
thinner in face thickness and greater in volume than both
heads of Comparative Examples 1 and 2. Even in this case,

good actual-hit durability was obtained.

1
12
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- 13 - The gol f club heads according to the present RE‘rDhMé‘iMEJ\b”ns@gEq
made of the alloy steels each having a specific gravit | oSt equat——t

that of a stainless steel such as SUS 630 (Al SI StandandiT r su
57 oL

' h

431 (AI'SI Standard Type 431) and strengt+H X3 gher than s$u¢h a
steel . For exanple, in the case of netal woo
sane weight, therefore, the thickness of the
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head according to the present invention can be thinned conpared with a
head made of the conventional stainless steel to increase its volune or
make a portion near a sole of the head heavier thﬁn ther—port+ons— As a
result, the sweet spot of the head can be widened \Aﬁgﬂe‘\%yéﬂirrﬁ*fﬁit ength
required of the head to ensure that the diyrection Joff a hit balT 1 made
stable. Incidentally, if the volume of tte head i adjgiptygsh hepg he pane
volume as a head made of the conventional stainledsjsteel, the wefjght of
the head beconmes reduced, thereby facilitating swjngrng—Evrer—i-nit he case
of an iron head, the thickness of its &ggfecan bejsimlarly thinned{to
make its peripheral portion
Alloy | Thickness of | Weight |Volume |Actual-hit
steel | face (mm) (g) (cc) durability

Ex. 1 No. 1 2.3 192 185 AA

Ex. 2 No. 1 2.5 196 185 AA

Ex. 3 No. 1 2.7 200 185 AA

Ex. 4 No. 1 2.5 200 250 AA

Ex. 5 No. 1 2.3 200 260 A

Ex. 6 No. 1 2.5 200 250 A

Ex. 7 No. 2 2.3 193 185 AA

Ex. 8 No. 2 2.5 200 250 A

Ex. 9 No. 3 2.5 200 250 AA

Ex. 10| No. 4 2.5 200 250 AA

ExX. 11| No. § 2.5 200 250 AA

Ex. 12| No. 6 2.5 200 250 AA

Ex. 13| No. 7 2.5 200 250 AA

Ex. 14 | No. 8 2.5 200 250 AA

Ex. 15} No. 2 2.3 200 250 A -

Ex. 16 | No. 2 2.5 200 250 AA

Ex. 17 | No. 2 2.2 265 - A

Comp. -

Ex. 1 2.5 195 185 B

Comp. _

Ex. 2 2.5 200 250 c
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portions.
above-described golf club heads by a precision casting

heavi er than ot her

Ther ef pr
-14-

- 12

steels can be nelted in an inert gas atnosphere.

be mass-produced with ease.
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1. A golf-club head made of an alloy steel which conpriges.at nost 0.2

w.%of C 0.05-1.0 wt.%of Si, at nost 0.5 wt. % of M, v W—%-0f NI
10.0-20.0 wt. % of Cr, 3.0-8.0 wt.% of Mo and 10.0-20.0 8 2y -
optionally at |east one selected fromthe group consistjng . %
of Al, 0.03-0.5 wt.%of Ti and 0.01-0.05 w.%of Zr, the fre g |Fe
apart frominpurities, and has a netallic texture conpgsec .
martensite. 2. The gol f-cl®blBead accordi ng sher gin
the alloy steel constitutes at |east a sweet spot reglon of—a face of the

head. 3. TheTgeldolcflubl e adsadcaxnmtiiqotd otled gpradent 2,  Wher
the head is a netal wood head. 4. The gol f-club head according to
claim1 or 2nvention are made of the alloy steels each having a

specific gravity almost equal to that of a stainless steel
such as SUS 630 (AISI Standard Type 630) or SUS 431 (AISI
Standard Type 431) and strength higher than such a
stainless steel.

For example, in the case of metal wood heads
having the same weight, therefore, the thickness of the
head according to the present invention can be thinned
compared with a head made of the conventional stainless
steel to increase its volume or make a portion near a sole
of the head heavier than other portions. As a result, the
sweet spot of the head can be widened while keeping
strength required of the head to ensure that the direction
of a hit ball is made stable. Incidentally, if the volume
of the head is adjusted to the same volume as a head made
of the conventional stainless steel, fhe weight of the
head becomes reduced, thereby facilitating swinging. Evén
in the case of an iron head, the thickness of its face can
be similarly thinned to make its peripheral portion
heavier than other portions.

Upon the manufacturing of the above-described
golf club heads by a precision casting process, the alloy
steels can be melted in an inert gas atmosphere.

Therefore, such heads can be mass-produced with ease.



wherein the head is an iron head. 5. A gol f-club head according
to claiml1l, wherein said alloy steel conpri ses at | east one

sel ected

of Ti and 0.01-0.0
to claimb5, where

regi on

fron1theEnggQFconsisting of 0.03-0.5 wt. % of AL,hO.83-O.5 dmﬂ.@b
Wk Rt : 6. The golf club head according
N 'MOCEW@ MEEL| | constitutes at |east a sweet spot

07 MAR 1998 14 N 0 AR LA
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Claims:

1. A golf-club head made of an alloy steel which comprises at most 0.2
wt.% of C, 0.05-1.0 wt.% of Si, at most 0.5 wt.% of Mn, 3.0-8.0 wt.% of Ni, 10.0-20.0
wt.% of Cr, 3.0-8.0 wt.% of Mo and 10.0-20.0 wt.% of Co, optionally at least one
selected from the group consisting of 0.03-0.5 wt.% of Al, 0.03-0.5 wt.% of Ti and

0.01-0.05 wt.% of Zr, the remainder being Fe apart from impurities, and has a metallic

texture composed principally of martensite.

2. The golf-club head according to claim 1, wherein
the alloy steel constitutes at least a sweet spot region

of a face of the head.

3. The golf-club head according to claim 1 or 2,

wherein the head is a metal wood head.

4. The golf-club head according to claim 1 or 2,

wherein the head is an iron head. =

5. A golf-club head according to claim 1, wherein
said alloy steel comprises at least one selected
from the group consisting of 0.03-0.5 wt.% of Al, 0.03-0.5

wt.% of Ti and 0.01-0.05 wt.% of Zr.

6. The golf club head according to claim 5, wherein

the alloy steel constitutes at least a sweet spot region



- 15 - of the face of the head. 7. The golf club head according to
claim5 or 6, wherein the head is a netal wood head. 8. The golf
club head according to claim5 or 6, wherein the head is an iron head.

LU !ﬂl

of the face of the head.

7. The golf club head according to claim S or 6,

wherein the head is a metal wood head.

8. The golf club head according to claim S5 or 6,

wherein the head is an iron head.

[ REPLACEMENT SHEET
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ABSTRACT OF THE DISCLOSURE
GOLF-CLUB HEAD

A golf club head is formed of an alloy steel which
comprises at most 0.2 wt.% of C, 0.05-1.0 wt.% of Si, at
most 0.5 wt.% of Mn, 3.0-8.0 wt.% of Ni, 10.0-20.0 wt.$% of
Cr, 3.0-8.0 wt.% of Mo and 10.0-20.0 wt.% of Co, the
remainder being substantially Fe, and has a metallic

texture composed principally of martensite.
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