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(57) ABSTRACT 

Forged cavity back iron-type clubs and oversize clubs are 
disclosed. These forged clubs have thin, durable hitting face 
aud relatively large cavity volumes. ·n 1ese clubs have l1igh 
rotational moments of inertia to mjn,imize distance and 
accuracy penalties associated with off-center hits. Long 
irons with hitting face of about 0.100 inch thick are achiev­
able by the present invention. Also disclosed are forged irons 
made from stainless steels and annealed to achieve the 
desired hardness and ductility. 
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FIG. 11: Cavity Volume 
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FIG. 13: Hitting Zone Thickness 
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FORGED lRON-TYPE GOLF CLUBS Titanium clubs are cast stainless steel clubs with a forged 
titanium full face insert for additional strength. 

FIELD OF THE INVENTION Hence, a need still exists for improved forged iron-type 
golf clubs. 

1l1is invention generally relates to golf clubs, and, more 5 

particularly, to iron-type clubs. SUMMARY OF THE INVENTION 

BACKGROUND OF THE INVENTION Hence, the invention is directed to forged golf clubs. 
The present invention is directed to golf clubs wherein the 

10 entire club head is forged from metal ingot. Individual iron club heads in a set typically increase 
progressively in face surface area and weight as the clubs 
progress from the long irons to the short irons and wedges. 
Therefore, the club heads of the long irons have a smaller 
face surface area than the short irons and are typically more 
difficult for the average golfer to hit consistently well. For 15 
conventional club heads, this arises at least in part d11e to the 
smaller sweet spot of the corresponding smaller face surface 
area. 

To help the average golfer consistently hit the sweet spot 
of a club head, many golf clubs are available with cavity 20 
back constmctions for increased perimeter weighting. 
Perimeter weighting also provide the club head with higher 
rotational moment of inertia about its center of gravity. Club 
heads with higher moment of inertia have a lower tendency 
to rotate caused by off-center hits. Another recent trend has 25 
been to increase the overall size of the club heads, especially 
in the long irons. Each of these features increases the size of 
the sweet spot, and therefore makes it more likely that a shot 
hit slightly otr-center still makes contact with the sweet spot 
and flies farther and straighter. One challenge for the golf 30 
club designer when maximizing the size of the club head is 

The present invention is also directed to forged iron-type 
golf clubs. 

The present invention is further directed to oversize 
forged iron-type clubs. 

The invention is also directed to aJl iron-type golf club 
comprising a club head having a hose!, a front and a back, 
wherein the back comprises a cavity defined by a perimeter 
member and the front bas a hitting zone located opposite to 
and coinciding with the cavity. TI1e c lub head is forged from 
a malleable metal, such as stainless steel, and then prefer­
ably annealed. The cavity and the substantially flat front face 
form a hitting zone having a first portion and a thicker 
reinforced portion. 111e reinforced portion is preferably 
located below the first portion and may have one or more 
depressions defined therein. The thickness of the reinforced 
portion is about 1.2 times to about 3 rimes higher than the 
thickness of the first portion. 

The first portion occupies from about 50% to about 90% 
or the total area of the hitting z.one, ru1d more preferably 
from about 60% to about 80% of the total area of the hitting 
zone. The perimeter member is preferably thicker on the 
bottom of the club head than on Lbe top. 

The present invention is also directed to an iron-type golf 
club comprising a club head made from single-piece or 

to maintain a desirable <md effective overall weight of tbe 
golf club. For example, if the club head of a three iron is 
increased in size and weight, the club may become more 
difficult for the average golfer to swing properly. 

In general, the center of gravity of these clubs is moved 
toward the bottom and back of tl1e club bead. This permits 

35 multiple-piece forged stainless steel. The club head com­
prises a bose!, a front and a back defining a cavity, and the 
front comprises a bitting zone located opposite to the cavity 
and is defined by the cavity area. 111e cavity has a volume an average golfer to get tbe ball up in the air faster and hit 

the ball farther. In addition, the moment of inertia of the club 
head is increased to minimize the distance and accuracy 40 
penalties associated with off-center hits. In order to move the 
weight down and back without increasing the overall weight 
of the club head, material or mass is taken from one area of 
the club head and moved to another. One solution has been 
to take material from the face of the club, creating a thin club 45 
face. Examples of this type of arrangement can be found in 
U.S. Pat. Nos. 4,928,972, 5.967,903 aud 6.045,456. 

eql1al to or greater than about 10 cc. A set of inventive irons 
has cavity volumes defined as greater than or equal to curve 
A in FIG. 11. More preferably the cavity volume through a 
set is greater than or equal to curve B in FJG. 11. Preferably, 
the forged stainless steel is a1u1ealed after forging. 

The present invention is further directed to au iron-type 
golf club comprising a club head made from forged metal, 
said club head comprises a hose!, a front and a back defining 
a cavity, wherein the front comprises a hitting zone located 
opposite to and coinciding with the cavity and wherein the 
hitting zone has au area equal to or greater than about 2.25 
inch2 and the cavity has a volume equal to or greater than 
about 9 cc. A preferred set of such irons bas an average 
hitting zone equal to or greater thaJl about 2.25 inch2 and 
averJge cavity volume equal to or greater ll1an about 9 cc. 
More preferably, the hitting zone is equal to or greater than 

lron-type clubs, which include wedge clubs, are typically 
made by investment casting, machining or forging. Forged 
club heads are coveted by the higher skilled amateur golfers 50 

and professionals for its superior playing characteristics. On 
the other hand, forgeable alloys are malleable and typically 
have low yield strengths. For forged clubs, the face of the 
club cannot heretofore be made thin. because of this draw­
back. 

Commercially avai lable forged iron-type clubs are typi­
cally the muscle back type, such as the Titleist® Forged 670, 
680 and 690 series, Mizuno's MP-33 irons and Kenneth 
Smith's Royal Signet clubs. The Royal Signet® muscle back 
clubs concentrate the club weight near the center sweet spot, 
thereby reducing its moment of inertia. Forged cavity back 
iron-type clubs are also available, as midsize clubs with 
relatively thicker hitting face, such as the Titleist® 690-CB, 
the Hogan Apex Edge Pro or the Royal Signet® Titanium. 
The Hogan Apex Edge Pro irons are single-piece clubs 65 

forged from carbon steel, but the Hogan Cf f clubs have a 
stamped titanium face in a cast body. 1l1e Royal Signet® 

55 about 2.4 inch2 and average cavity volume equal to or 
greater than about 12 cc. 

111e present invention is fLu·ther directed to an iron-type 
golf club comprising a club head made from forged metal, 
said club head comprises a front face and a back defining a 

60 cavity, wherein the front face comprises a hitting zone 
opposite to the cavity and the hitting zone has a mininnun 
tl1ickuess less than about 0.2 inch for the set. More prefer­
ably, the thickness is less than about 0.13 inch for clubs 
having loft angles (LA) less than about 30°. 

The present invention is further directed to au iron-type 
golf club comprising a club head made from forged metal, 
said club head comprises a hose!, a front and a back defining 
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a cavity, wherein the front comprises a hitting zone located 
opposite to and coinciding with the cavity and wherein the 
hitting zone bas an ratio (R) defined by the following 
equation: 

R~-((1 4.5)xLA)+25, 

wherein the ratio is defined as the area of the hilling zone 
divided by its minimum thickness. 

1l1c malleable or 1orged metal is preferably stainless steel 
having yield strength of less than or equal to 90,000 psi and 
over about 13% in elongation. More preferably, the material 
has yield strength of less than about 85.000 psi and ultimme 
elongation of about 15% to about 21%. The forged metal 
preferably contains more than 10% chromium (Cr). 

The iron-type golf club head can be any of the number 
I 9 irons, the pitching wedge, the sand wedge and the gap 
wedge. 

BRHW DESCRIPTION OF TUB DRAWINGS 

In the accompanying drawings, which form a part of the 
specification and are to be read in conjunction therewith and 
in which like reference numerals are used to indicate like 
parts in the various views: 

4 
club head at hose] 24 and a grip (not shown) is provided at 
the top end of the shall. The grooves on the front 12 are 
omitted from the figures for clarity. Front 12 comprises 
hitting zone 26. which preferably is defined by the rear 

5 cavity area and is located opposite to top port.ion 28 and 
reinforced portion 30 as best illustrated in FIGS. 2 and 3 . 
Club head 10 is a "cavity back" club. i.e .. a substantial 
portion of the mass of the club head is positioned on the back 
side around perimeter 32 of the club head. As explained 

10 further below, the cavity back design provides the club with 
larger rotational moments of inert.ia to resist the club's 
tendency to rotate caused by ofl:center hits. Inside perinleter 
32, top portion 28 is the thinnest member of hitting zone 26. 
The minimum thickm:ss of front 12 is in top portion 28. 

15 Reinforced portion 30 is thicker than top portion 28 to 
provide some structural support. to the hitting face. Taken 
together, top portion 28 and reinjoreed portion 30 resemble 
a traditional "muscle-back'' forged club. Club head 10 also 
has a distinctive appearance of' having a muscle-back within 

20 a cavity back. Reinforced portion 30 may have depressions 
34 to provide the club with more distinctiveness. 

Additionally, tl1e mass distribution within perimeter 32 is 

FIG. 1 is a front view of a club head in accordance with 25 

an embodiment of the present invention. with the grooves 
omitted for clarity: 

biased toward sole 18. so that the center of gravity of club 
head 10 is both behind and below the geometric center of the 
lace. The geometric center can be defined as the intersection 
of a vertical centerline and a horizontal centerline of front 
12, or it can be defined as the midpoint of the grooves. As 
best illustrated in FIGS. 3. 4 and 7. the thickness at the top 
of perimeter 32 is substantially thiltl1er than the thickness at 

FIG. 2 is a back view of the club head of FIG. 1: 
FIG. 3 is an isometric back view of the club head of FIG. 

1; 
FIG. 4 is a top view of the club head of FlG. 1: 
FIG. 5 is a sole view of the club head of FIG. 1: 
FIG. 6 is a heel view of the club head of FIG. 1: 

30 the bottom of perimeter 32. When the center of gravity is 
below and behind the geometric center of the hitting face. 
the club can launch the golf ball to higher trajectory and 
longer night distance. 

FIG. 7 is a toe view of the club head of FIG. 1: 
FIG. 8 is an isometric back view of a club head in 

accordance with another embodiment of the present inven­
tion; 

35 

FJGS. 9(a) and 9(b) are magnified photographs of the 
microstructure of a 1orged material suitable for use in the 40 
club heads or the present invention; 

FIGS. IO(a) and I O(b) arc magnified photographs of the 
microstructure of the Jorged material of FIGS. 9(a) and 9(b) 
alter anneal ing; 

FIG. 11 is a graph showing the cavity volume of the club 45 
heads in accordance with the present invention; 

FIG. 12 is a graph showing the areas of the hitting zones 
of the club heads in accordance with the present i1wention: 

FIG. 13 is a graph showing the exemplary mininlum 
thickness of the hining zones of the club heads in accordance so 
with the present invention; 

FIG. 14 is a graph showing the ratios berw·een the areas 
of the hilling Lones of FIG. 12 and the minimum thickness 
of FIG. 13; and 

FIG. 15 is a cross-sectional view of the club of FIG. 8. 55 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

C lub head 10 in accordance with an embodiment of the 
present invention is illustrated in FIGS. 1- 7. Club head 10 
comprises front 12, back 14. top 16, sole 18, heel 20, toe 22 
and hosel 24. The club head is a single-piece forging, i.e., it 
is forged from a single ingot and does not include a face 
insert , or it is formed from a stainless steel body and 
stainless steel insCI1. The body is forged and the face insert 
is forged or stamped. A shaH (not shown) is connected to the 

60 

65 

Another embodiment of the present invention is illus-
trated in FIG. 8. lbis embodiment is substantially similar to 
the embodiment o f FIGS. I 7, except that this club head is 
an "oversize" club head. As used herein. oversize club head 
includes. but is not limited to. club be~ds that are dimen-
siomllly larger than the traditional club heads, club heads 
that have larger "sweet-spots" than traditional club heads, 
and cavity back club heads that have a relatively higher 
cavity volume. Cavity volume is defined as the volume 
wi thin a three-dimensional shape bounded by the surface of 
the back of hilling zone 26, i.e., the combined surfaces o f 
portions 28 and 30, the inner surface of perimeter weight 32 
and an imag inary p lanar or curvilinear plane formed by 
outer edge 36 of perimeter 32. Outer edge 36 is best 
illustrated in FIG. 7. The club head of FIG. 8 is the oversize 
version of the club head of FIGS. 1 7, because of the 
relative difference in cavity volwnes. This cavity volwne 
dificrencc is best illustrated by the relatjve difference in 
thickness 38 of perimeter 32 shown in FlG. 3 and in FlG. 8. 
FIG. 15 illustrates a cross-sectional view of this club show-
ing minimum thickness t1 of top portion 28 the thickness t? 
of reinforced portion 30. -

The table below shows the preJerred cavity volumes for 
the clubs in accordance with the present invention: 

lnvtr!liv~ Clubs Inventive Oversize Clubs 

Club Cnvity Volume Cavity Volume 
Type Lofi (cm3 ) Loft" (cnl) 

17.5 12.36 
2 19.5 11.58 19.0 14.1 
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-continued 

Inventive Clubs Inventive Oversize Clubs 

6 
ln accordance with another aspect of the present inven­

tion. the forged club head is further treated by annealing 
(heating) to decrease its hardness to Jess than about 40 HRC 
and preferably less than about 90 HRB. more preferably 

Club Cavity Volume 
Type Loft• (cm3) 

3 22.0 tl.75 
4 25.0 10.78 
5 28.0 10.45 

Loft• 

21.5 
24.0 
27.0 

Cavity Volume 
(cm3) 

13.62 
13.35 
13.31 

5 about 80 HRB. ln one embodiment, the hardness is annealed 
to between 20-40 1·-lRC for durability. In a preferred embodi­
ment, the club is made softer for customization and has a 
hardness Jess than about 90 HRB. In one example, the forged 
club head is heated to about 1050° C. for about 90 minutes 

6 31.0 10.64 30.0 13.05 10 and then to about 650° C. for about 120 minutes. 
7 35.0 8.68 
8 39.0 8.92 
9 43.0 9.10 

PW 47.0 9.09 
SW 51.0 8.96 

34.0 
38.0 
42.0 
46.0 
50.0 

13.18 
13.24 
13.05 
13.37 
13.66 

11Je post-forging beat treatment brings the hardness of the 
forged club head to any desired hardness. Advantageously, 
the increased hardness resolves the problem of the forged 
club head being too hard and being easily customized in loft 

The cavity volumes for these two embodiments of club head 
10 are plotted in FlG.ll as a ftmction of the loft angle of the 
club head. As depicted in FIGS. 11 13 and 14, curve A 
depicts the characteristics ofthe inventive clubs and curve B 
depicts the characteristics of the inventive oversize clubs. 
FIG. 11 readily shows that the cavity volume for the oversize 
clubs is always larger than the cavity vohm1e for the other 
clubs. Furthem1ore, for clubs with loft angle (LA) Jess than 
about 32°, the cavity volume is greater than about 10 cm3 

(cc). The cavity volume is at least about 8 cc for ail clubs. 
For the oversize clubs. the cavity volume is at least about 12 
cc for all clubs, and preferably the cavity volume is greater 
than about 13 cc. Additionally, as discussed below, the larger 
cavity volumes of the inventive oversize clubs produce the 
desirable high rotational moment of inertia. 

15 and lie. ~n1e hardness of the rumealed forged material is also 
advantageously in the same range as the hardness of the cast 
materials, e.g., cast 431 stainless steel or cast 8620 carbon 
steel, used in the high-end cast clubs, such as Tit Ieist® DCI 
irons. The physical properties of these materials are shown 

2o below: 

25 

30 

35 

ln accordance with one aspect of the present invention, 
malleable stainless steel is a preferred material for the 
forging process. Typically carbon steel had been used for 
forging due to its softness. However, because carbon steel 
rusts, the club head is chrome plated for protection. Chrome 
plating is not ductile and thus subject to cracking. This limits 
the lie, loft and bending abi lity of the club head. Chrome 
plating also limits the ability of golf club manufacturers to 
grind the finished head to customize weight, shape and/or 40 
sole configuration, since the thin chrome plating would be 
eliminated. 

Preferred stainless steels have yield strength of less than 
about 90,000 psi and over about 13% in elongation. More 
preferably, the material has yield strength of Jess than about 45 
85,000 psi and ultimate elongation of about 15% to about 
21%. Preferred stainless steels also have a Rockwell Bard­
ness of less than about 25 HRC (Hardness RocJ.:well C 
scale). Suitable stainless steels include the 410 stainless 
steel, which has the following chemical composition: 50 
86.98% Fe, 11.3% Cr, 0.723% Mn, 0.366% Si, 0.297% Ni, 
0. 1 I% C. 0.034% P, 0.033% Cu, 0,03% Mo, 0.02% V, 
0.017% S, and 0.01% AI. Another suitable stainless steel is 
the 403 stainless steel, which has the following chemical 
composition: 86% Fe, 12.3% Cr. max 1% Mn, max 0.5% Si, 55 

max 0.15% C, max 0.04% P ru.1d max 0.03% S. 
A forged club head made from 410 stainless steel has a 

hardness i11 the range of about 14.2 to about 17.3 E-IRC. TI1e 
forging process may comprise multiple forging steps, 
wherein each forging step is followed by other processing 60 
steps such as grinding, sandblast1ng, removing flash, and 
trinuning, among others. For example, the forging process 
may have a primer forging step followed by grinding and/or 
sandblasting before multiple rough forging steps are carried 
out. More grinding and sru1dblasting can occur before the 65 

grooves are cut or stamped and fine forgi ng steps are 
performed to finish the forgi ng process. 

'Tensile Tensile 
Strength Strength Elonga-

Material Density Hardness (UitilllllfC) (Yield) tion 

41 0 SS (forged 7.72 24 HRC- 77 97,000 70.000 16% 
& annealed) glcm HRB psi psi 
403 SS (forged (same as 410 SS) 
& annealed) 
416 ss 7.64 21 HRC t07.000 8!,900 20% 
(machined) 
431 ss (cast) 7.67 20-28 HRC 95.000 60.000 18% 
S20C (forged) 7.87 85-95 HRB 80.000 55,000 20% 
8620 (cast) 7.75 85-90 HRB 85,000 60,000 20% 

Hence, the present invention resolved the thick hitting face 
problem of forged irons by selecting a ductile or malleable 
forgeable stainless steel that is better than chrome-plated 
soft carbon steel and annealing the forged club head. 

Another advantage realized by the anneal ing step is that 
the crystalline stmcture of the forged material improved. As 
illustrated in FIGS. 9(a) and 9(b), the microstructure of the 
forged club head comprises relatively small grain size, and 
as shown in FJGS. lO(a) and lO(b) the grain size has 
significantly increased. Metals with larger grain size micro­
structure have higher ducti li ty. Preferably, the grain size is 
greater than about 10 IIDl to about 50 lllll· As shown in the 
above table, the ductility of annealed and forged 410 SS has 
elongation properties approaching that of cast 431 SS. T he 
chemical composi tion for 431 stainless steel is 82% Fe, 
15- 17% Cr, 1.25o/o-2.5% Ni, max 1% Mn, max 1% Si, max 
0.2% C. max 0.04% P and max 0.03% S. 

Additionally, the bending ability of forged and annealed 
410 SS surpassed 17-4 PH SS, another commonly used 
metal for iron-type clubs and similar to cast 431 SS. Other 
sui table materials include, but are not limited to, forgeable 
403 ss, 431 ss, 416 ss, 303 ss, 304 ss, 329 ss, 316 ss, 
259 SS, Nitronic 40, Nitronic 50 and Nitronic 60. Suitable 
stainless steels have at least I 0% Cr. The forging and 
annealing processes can readily be adjusted to reach the 
desirable hardness, tensile strength and ductility in accor­
dance with the process described above. 

The inventive iron-type clubs can have a hitting zone 
minimum thickness in the same range as the thickness of 
cast iron-type clubs. In one embodiment, the thickness o f 
hitting zone 26 can he Jess than about 0.100 inch. The 
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inventors of the present invention have produced clubs with 
a hitting zone as thin as about 0.098 inch for the long irons, 
i.e. , the no. 1, 2 and 3 irons. In other embodiments. particu­
larly in the two-piece embodiment, i.e. , a forged body and a 
forged or stamped insert, the thickucss can be as low as 
0.060 inch. 

8 
limited to, the lo ft angle. The areas o f hitting zone 26 are 
plotted in FIG. 12, the minimtun thicknesses of top portion 
28 are plotted in FIG. 13 and the ratios between the areas of 
hitting zone 26 aud minimum thickness are plotted in FIG. 

5 14. Tn FIGS. 12 and 14. Curves A illustmte the areas o f 

The minimum thickness of hitting zone 26 can be char­
acterized in terms of the clubs' ratio, which is the ratio of 
hitting zone 26 over its minimum thickness. Referring to 
FlG. 2, the area of hitting zone 26 within front 12 is 10 
estimated as the product of the length L of hitting zone 26 
and the average height of hitting zone 26. Two representa­
tive heights. H1 and H2, are il lustrated. 111 other words. 
hitting zone 26 is the area within front 12 opposite to and 
coinciding with top portion 28 and reinforced portion 30 of 

15 
the cavity back. The minimum thickness t1 is measured 
within top portion 28. T he defined ratio covers hitting zone 
26, where the area of top portion 28 makes up from about 
50% to about 90%, more preferably from about 60% to 
about 80%, of the total area of hitting zone 26. The thickness 
o f reinforced portion 30 can be about 1.2 times to about 3 20 

times the thickness of top portion 28. The relative thickness 
between top portion 28, t 1, and reinforced portion 30, t2, is 
illustrated in FIG. 15. 

hitting zone 26 and the ratios for the inventive clubs and 
Curves B illustrate the areas of hitting zone 26 and ratios for 
the inventive oversize clubs. 

FIG. 12 illustrates large hitting zones for the inventive 
clubs and for the inventive oversize clubs, which are the 
results of11aving large face areas combined with large cavity 
vohunes. FIG. 13 illustrates the thin single-piece stainless 
steel forged face having a minimum thickness of less than or 
eqt1al to about 0.200 inch, and preferably the less than about 
0.130 inch for clubs with LA ofless than about 35<>. FIG. 14 
shows the ratios (R) of the clubs of the present invention, 
and the advantages of having a large hitting area and a thin 
face. The R can be expressed as 

R?i-((ll4.5)x/,.;/)+25. 

lnven1 iw Clubs 

Face Area of Bitting 
Club From t2 Zone 26 Thickness Aspect Ratio 
~ype Loft• (inch~ (inch~ (inch) (inch) 

1 l7.5 4.165 2.54S 0.110 23.16 
2 19.5 4 .1 85 2.503 0.110 22.75 
3 22.0 4.202 2.538 0.110 23.07 
4 25.0 4.231 2.373 0.115 20.63 
5 28.0 4 .216 2.330 0.120 19.42 
6 31.0 4.317 2.338 0.125 18.70 
7 35.0 4.379 2.240 0.130 17.23 
8 39.0 4 .545 2.346 0.135 17.38 
9 43.0 4.660 2.323 0.140 16.59 

PW 47.0 4.755 2.345 0. 145 t6. 17 
SW 51.0 4.800 2.277 0.150 15.18 

Inventive Oversize Clubs 

Face Area o f Hiniog 
Club Front 12 Zone 26 Thickness Aspect Ratio 
Type Loft• (inch~ (i nch~ (inch) ( inch) 

2 19.0 4.258 2.506 0.110 22.78 
3 21.5 4.322 2.363 0.110 2 1.48 
4 24.0 4.304 2.421 0.1 15 2 1.05 
5 27.0 4.383 2.466 0.120 20.55 
6 30.0 4.391 2.377 0.125 19.02 
7 34.0 4.476 2.377 0.130 18.28 
8 38.0 4.644 2.471 0. 135 18.30 
9 42.0 4.750 2.498 0. 140 t7.84 

PW 46.0 4.864 2.528 0.145 17.43 
SW 50.0 4.920 2.535 0.150 16.90 

As used herein. club nos. J - 9, pitching wedge (PW) and 
saud wedge (SW) have common accepted descriptions used 
in the golf club art. A set of irons typically includes clubs 
rauging from 3-iron to PW or 5-iron to PW with other clubs 
being avai lable for custom orders. 1t is also noted that a 
manufacturer can make di.II'erent clubs within a set in 
different manners, such as cavity back/muscle back sets. 
Iron-type clubs may also include a gap wedge. These clubs 
can also be described by other variables including, but nor 

25 

30 

35 

40 

Curve C is the linear line representing this equation in FIG. 
14. 

Rotational moment of inertia ("inertia") in golf clubs is 
well known in art, and is fully discussed in many references, 
including U.S. Pat. No. 4,420,156, which is incorporated 
herein by reference in its entirety. When the inertia is too 
low, the club head tends to rotate excessively from off-center 
hits. Higher inertia indicates higher rotational mass and less 
rotation from otl~center hits. thereby allowing off -center hits 
to fly farther and closer to the intended path. Inertia is 
measured about a vertical axis goiug tlu·ougb the center o f 
gravity of the club head (Iy), and about a horizontal axis 
about the center of gravity (e.g.) of the club head (~..,.), as 
shown in FlG. l . The tendency o f the club head to rotate 
arotmd the y-axis tluough the e.g. indicates the amount o r 
rotation that an o:lf-.center hit away from the y-axis causes. 
Similarly, the tendency of the club head to rotate in the 
around tl1e x-axis through the e .g. ind icates the amount o f 
rotatiou that an oJJ-center hit away from the x-axis through 
the e.g. causes. Most off-center hits cause a tendency to 
rotate around both x and y axes. High Ixx and IY.Y reduce the 
tendency to rotate and provide more forg iveness to o:O'­
center hits. 

Inertia is also measured about the shaft axis Osa), shown 
45 in FIG. 1. First, the face of the club is set in the address 

position, then the face is squared and the loft angle and the 
lie angle are set before measurements are taken. Any golf 
ball hit has a tendency to cause the club head to rotate arow1d 
the shaft axis. An off-center hit toward the toe would 

50 produce the highest tendency to rotate about the shaft axis , 
and an off-center hit toward the heel causes the lowest. High 
Isa reduces the tendency to rotate and provides more control 
of the bitting face. High lxx, I.>:v and Isa have been achieved 
in high-end cast iron-type clubs. Tlus can now be realized in 
high-end forged iron-type clubs in accordance with the 

55 present invention. 
As discussed above, the hitting zone of the club head can 

be as thin as about 0.100 inch for a 2-iron and about 0.150 
inch for a sru1d wedge (SW). 'TI1e weight is moved to the 
perimeter of the club head, ru1d the sole can be as thick as 

60 about 0.540 inch to about 0.780 inch and the top can be as 
thick as about 0.180 inch to about 0.380 inch, preferably 
about 0.240 inch to about 0.320 inch. Exemplary inertias of 
the inventive clubs calculated by computer aided design 
(CAD) are shown below and compared to the inertia of a 

65 traditional forged muscle back (with no perimeter weight­
ing). The comparative clubs are the Titleist® 670 Forged 
Irons. 
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Inventive Oversize 
CAD-generated Clubs Inventive Clubs Com~arative Clubs 

Club type 3 6 9 3 6 9 3 6 9 

1-xx (kg-nun2) 52.7 56.5 70.0 50.5 55.7 70.7 47.3 54.6 72.8 
1-yy 234.8 244.8 270.3 228.0 240.5 264.7 189.3 202.4 238.9 
1-sa 526.6 595.2 662.5 472.2 536.7 608.6 389.4 435.3 488.3 
CO-y (mm) 18.6 18.5 18.7 18.3 18.4 18.7 19.6 19.7 19.6 
CG·sa 37.8 37.6 37.6 34.8 35.8 36.1 32.1 32.2 3 1.6 
weight (kg) 0.243 0.261 0.283 0.241 0.260 0.282 0.240 0.259 0.281 

•data created from CAD files. 

As discussed above, the relative large cavity volumes of 
the inventive oversize clubs produce high rotational 
moments of inertia, particularly I sa and JY.l .. 

111e locations ofthe center of gnwity are also listed above. 

15 

GC-y is measure from the ground when the club rests in the 20 
address position; CG-x is measured from the center of the 
face in the same position; and CG-sa is measured from the 
shaft axis in the same position. 111e center of gravity is 
located behind and below the geometric center of hitting 
face. The geometric center can be defined as the midpoint of 25 
the grooves or score lines, as stated above. It is readily 
apparent that the moments o f inertia of the inventive clubs 
are higher than the moments o f inertia of the comparative 
clubs. 

7. The iron-type golf club of claim 1. wherein the forged 
club head is annealed. 

8 . The iron-type golf club of claim 7, where in the rueral 
is stainless steel. 

9. 111e iron-type golf club of clairu 8, wherein the stainless 
steel has a yield strength Jess than about 90,000 psi and au 
elongation of greater than about 13%. 

While it is apparent that the illustrative embodinlents of 
the invention disclosed herein fulfil l the objectives stated 
above, it is appreciated that numerous modifications and 
other embodiments may be devised by those skilled in the 
art. Therefore, it will be understood that the appended claims 
are intended to cover all such modifications and embodi- 35 
ments, which would come within the spirit and scope of the 
present invention. 

10. The iron-type golf club of claim 9, wherein the yield 
strength is less than about 85,000 psi and tl1e stainless steel 
has an ult imate e longation of about 15% to about 21%. 

11. The iron-type golf club of claim 8. wherein the 
stainless steel comprises more thana bout 10% of chromium. 

12. The iron-type golf club of claim 8, wherein the metal 
is selected from a group consisting of 410 stainless steel , 403 

30 stainless steel , 431 stainless steel , 41 6 stainless steel, 303 
stainless steel, 304 stainless steel, 329 stainless steel, 3 16 
stainless steel, 259 stainless steel, Nitroruc 40, Nitroruc 50 
and Nitroruc 60. 

We claim: 
1. An iron-type golf club comprising: 
a club head made from a forged metal and having a hose!, 

a front and a back, wherein the back comprises a cavity 
defined by a perimeter member and the front has a 
hitting zone located opposite to and coinciding with the 
cavity, and wherein the hitting zone has a ratio in 
accordance to the fo llowing equation: 

ratio il;- ((114.5)xloft angle0 )125, 

13. The iron-type golf club of claim 7, wherein the grain 
size of the forged and arlJlealed metal is greater than about 
10 ~llU . 

14. The iron-type golf club of claim 13, wherein the grain 
size of the forged and annealed metal is between about 10 

40 ~un and about 50 ~un. 

15. The iron-type golf club of claim 7, wherein the club 
bead has a hardness of less than about 90 Rock-well hardness 
B. 

16. The iron-type golf club of claim 1, wherein the cavity 
45 is fi.trther adjoined by a first portion and a reinforced portion 

located on the back of the club head and wherein the 
reinforced portion is thicker than the first portion. 

wherein the ratio is the area of the hitting zone (inch2
) 

divided by the minimum thickness (inch) and wherein the 
50 

perimeter member is thicker on the bottom of tl1e club head 
than on the top. 

17. The iron-type golf club of claim 16, wherein the first 
portion is located on top of the reinforced portion. 

18. The iron-type golf club of claim 16, wherein the 
thickness of the reinforced portion about 1.2 times to about 
3 times higher than the thickness of the first portion. 2. The iron-type golf club of claim 1, wherein the cavity 

has a volume of greater than about 12 cc and wherein the 
rotat ional moment or inertia about a shaft axis is greater than 
about 500 kg·mm2

• 

19. TI1e iron-type golf club claim 16, wherein the first 
portion occupies from about SOOA, to about 90'Yo of the total 

55 area of the hitting zone. 

3. The iron-type golf club o f claim 2, wherein the rota­
tional moment of inertia about the shaft axis is greater than 
about 550 kg·mm2

• 

4. The iron-type golf club o f claim 3, wherein the rota- 60 
tioualmoment of inertia about the shaft axis is greater than 
about 600 kg·mm2

• 

5. The iron-type golf club of claim 4 , wherein the rota­
tional moment of inertia about the shaft axis is greater than 
about 650 kg·mm2

• 

6. The iron-type golf club of claim 2, wherein the cavity 
volume is greater than about 13 cc. 

65 

20. The iron-type golf club of claim 19, wherein the first 
portion occupies from about 600/o to about 800/o of the total 
area of the hitting zone. 

21.111e iron-type golf club of claim 1, whereiu the club 
head is a unitary club head. 

22. 1l1e iron-type golf club of claim 1, wherein the club 
head fhrther comprises a forged face insert, and wherein the 
face insert is made from the same metal as the club head. 

23. The iron-type golf club of claim 1, wherein the club 
head further comprises a stamped face insert and wherein 
the face insert is made from the same meta l as the club head. 
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24. The iron-type golf club of claim 1, wherein the club 
head is selected from a group consisting of the number 1- 9 
irons, the pitching wedge, the sand wedge and the gap 
wedge. 

25. The iron-type golf club of claim 1, wherein the club 
head is attachable to a shaft and a grip. 

26. The iron-type golf club of claim 1, wherein the hitting 
zone has a minimum thickness of less than about 0.2 inch. 

27. The iron-type golf club of claim 26, wherein the 
miuimum thickness is less than about 0.13 inch when the loft 
angle is less than about 35°. 

28. The iron-type golf club of claim 26, wherein the 
minimum thickness is about 0.1 inch. 

12 
equal to or greater than 8.92 cm3 , or a nine iron having a 
cavity volume about equal to or greater than 9.10 cm3 . 

32. The iron-type golf club of claim 31, wherein the club 
is selected from the group consisting of a three iron having 

5 a cavity volume about equal to or greater than 13.62 cm3
, in 

a four iron having a cavity volume about equal to or greater 
than 13.35 cm3

, a five iron having a cavity volume about 
equal to or greater than 13.31 cm3, a six iron having a cavity 
volume about equal to or greater than 13.05 cm3

, a seven 
10 iron having a cavity volume about equal to or greater U1an 

13.18 cm3
, a eight iron having a cavity volume about equal 

to or greater than 13.24 cm3, or a nine iron having a cavity 
volume about equal to or greater than 13.05 cm3

. 

29. The iron-type golf club o f claim 1, wherein the hitting 
zone has an area greater than or t--qual to about 2.25 inch2

. 15 

30. The iron-type golf club of claim 29, wherein the 
hitting zone's area is greater than or equal to about 2.40 
inch2

. 

33. An iron-type golf club comprising: 

a club head made from a forged metal and having a hose!, 
a front and a back, wherein the back comprises a cavity 
defined by a perimeter member and the front has a 
hitting zone located opposite to and coincidiug with the 31. T11e iron-type golf club o f claim 1, wherein the club 
cavity, and wherein the hitting zone has a ratio greater 
than or equal to about 15, wherein the ratio is the area 
of the hitting zone (inch2

) divided by the minimum 
tl1ickuess (inch). 

is selected from the group consisting of a three iron having 20 

a cavity volume about equal to or greater than 11.75 cm3 , 

curve a four iron having a cavity volume about equal to or 
greater than 10.78 cm3

, a five iron having a cavity volume 
about equal to or greater than 10.45 cm3

, a six iron having 34. The iron-type golf club of claim 33. wherein tl1e ratio 

25 is greater than or equal to about 20. a cavity volume about equal to or greater than 10.64 cm3
, a 

seven iron having a cavity volume about equal to or greater 
than 8.68 cm3

, a eight iron having a cavity volume about * * * * * 




