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(57) ABSTRACT 

The use of hot pressing for Weighting of a golf club head is 
disclosed herein. The preferred Weighting material is a 
multiple component material that includes a high-density 
component and a binding component. A preferred multiple 
component material includes tungsten and tin. The hot 
pressing process is performed in an open air environment at 
standard atmospheric conditions. 
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GOLF CLUB HEAD WITH WEIGHTING MEMBER 
AND METHOD OF MANUFACTURING THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional application of co 
pending US. patent application No. 09/584,623, ?led on 
May 31, 2000. 

FEDERAL RESEARCH STATEMENT 

[0002] [Not Applicable] 

BACKGROUND OF INVENTION 

[0003] 1. Field of the Invention 

[0004] The present invention relates to a golf club. More 
speci?cally, the present invention relates to a golf club With 
a Weighting member composed of multiple materials. 

[0005] 2. Description of the Related Art 

[0006] Golf club designs are constantly evolving With the 
primary purpose to improve a golfer’s performance. While 
the improvements may address a number of areas, a designer 
strives to design a more forgiving golf club. Forgiveness in 
a golf club may be achieved by shifting the center-of-gravity 
of a golf club to a desirable location, and creating a larger 
moment of inertia. 

[0007] It is dif?cult to increase forgiveness in a golf club 
head composed of a homogeneous or monolithic material, 
such as stainless steel, since there is a limit on the overall 
Weight of a golf club acceptable to the typical golfer. To 
overcome this dif?culty, designers have resorted to combin 
ing different materials (high density and loW density) to 
achieve the desired center-of gravity and large moment of 
inertia. A very high-density material provides a designer 
With the greatest freedom in improving the performance of 
a golf club head since less volume is needed to achieve the 
proper Weighting. The most economical, commercially 
available material With a very high density is tungsten, 
Which has a density of 19.3 grams per cubic centimeter. 

[0008] One challenge in using heterogeneous materials is 
the ability to join the materials together in a golf club head. 
Numerous techniques have been created by the golf industry 
to join heterogeneous materials in a golf club head. One 
example is the GREAT BIG BERTHA® TUNGSTEN 
TITANIUMTM irons, developed by the CallaWay Golf Com 
pany of Carlsbad, Calif., Which used a screW to attach a 
tungsten block to the rear and sole of a titanium iron. 
Another example is the GREAT BIG BERTHA® TUNG 
STEN-INJECTEDTM HAWK EYE® irons, also developed 
by the CallaWay Golf Company, Which feature an internal 
cavity With tungsten pellets in a solder, as set forth in 
co-pending US. patent application No. 09/330,292, for an 
Internal Cavity Tungsten Titanium Iron , ?led on Jun. 11, 
1999. An example of a Wood is the GREAT BIG BERTHA® 
HAWK EYE® drivers and fairWay Woods, also developed 
by the CallaWay Golf Company, Which use a tungsten screW 
in the sole of a titanium club head body. Other techniques 
use adhesives to join the materials, press ?t the materials, 
braZe the materials, or structurally hold one material piece 
Within another material piece using undercuts or pockets. 
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[0009] For the most part, these techniques require a pre 
cisely machined Weighting piece to ?t Within a precise 
location on a golf club head. The most economical method 
is to cast a golf club head body With a cavity for the 
Weighting piece and attaching the Weighting piece With a 
screW. HoWever, casting tolerance are loW, and require either 
machining of the cavity itself, or machining of the Weighting 
piece to ?t each cavity. The use of softer materials is 
undesirable since this creates difficulty in ?nishing the ?nal 
product due to smearing of such soft materials during 
grinding of the golf club head. 

[0010] Further, a co-casting process, Where the Weighting 
piece is incorporated in the mold prior to pouring the base 
metal, is very problematic depending on the materials since 
the Weighting piece is relatively cold When the hot liquid 
base metal is cast around it causing thermal shock. Also, 
thermal expansion mismatch of materials is a problem With 
co-casting of heterogeneous materials. Other problems arise 
during reshafting, Where the golf club head is heated to 
remove the shaft. Such heating Will result in loW melting 
temperature materials (epoxies and solder) to ?oW, resulting 
in the possible movement of Weighting pieces. 

SUMMARY OF INVENTION 

[0011] The present invention alloWs for a golf club head to 
be easily Weighted Without precisely machined Weighting 
components. The present invention is able to accomplish this 
by forming a Weighting member composed of a multi 
component material into the golf club head by applying 
pressure to the multi-component material While it is in a 
cavity of the golf club head. 

[0012] The most general aspect of the present invention is 
a golf club head With a body and a Weighting member. The 
body has a striking plate, a heel end a toe end and a cavity. 
The Weighting member is composed of a multi-component 
material and is disposed in the cavity of the body. 

[0013] Another aspect of the present invention is a cavity 
back golf club head having a body and a Weighting member. 
The body has a striking plate, a toe end, a heel end and a 
main rear cavity opposite the striking plate. A top Wall, a 
bottom Wall, a heel Wall and a toe Wall de?ne the main rear 
cavity. The bottom Wall has a second cavity With a prede 
termined con?guration. The Weighting member is disposed 
Within the second cavity and occupies the entire cavity. The 
Weighting member is composed of a multi-component mate 
rial. 

[0014] Yet another aspect is a method for manufacturing a 
golf club head. The method includes introducing a multi 
component poWder/pellet mixture into a cavity on a body of 
a golf club head, and applying a predetermined amount of 
force to the multi-component poWder/pellet mixture to com 
pact the multi-component poWder/pellet mixture Within the 
cavity and form a Weighting member. The multi-component 
poWder/pellet mixture may also be heated to a predeter 
mined temperature for hot pressing of the multi-component 
poWder/pellet mixture Within. The predetermined tempera 
ture is above or closest to the melting temperature of one 
component of the multi-component poWder/pellet mixture. 

[0015] The multi-component poWder/pellet mixture may 
be composed of a high-density component and a binder 
component. One variation of the multi-component poWder/ 
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pellet mixture may be composed of tungsten and tin, or 
alternatively composed of tungsten and a tin bismuth mate 
rial. 

[0016] Having brie?y described the present invention, the 
above and further objects, features and advantages thereof 
Will be recogniZed by those skilled in the pertinent art from 
the folloWing detailed description of the invention When 
taken in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF DRAWINGS 

[0017] FIG. 1 is a rear plan vieW of a golf club head of the 
present invention. 

[0018] 
FIG. 1. 

[0019] FIG. 3 is a top perspective vieW of the golf club 
head of FIG. 1. 

[0020] FIG. 4 is a heel end perspective vieW of the golf 
club head of FIG. 1. 

[0021] FIG. 5 is a toe end perspective vieW of the golf 
club head of FIG. 1. 

[0022] FIG. 6 is a bottom perspective vieW of the golf 
club head of FIG. 1. 

[0023] FIG. 7 is a cross-sectional vieW of the golf club 
head of FIG. 1 along line 7-7. 

[0024] FIG. 8 is a rear plan vieW of an alternative embodi 
ment of the golf club head of the present invention. 

[0025] FIG. 9 is a cross-sectional vieW of the golf club 
head of FIG. 8 along line 9-9. 

[0026] FIG. 10 is a How chart of the process of the present 
invention. 

[0027] FIG. 11 is a rear plan vieW of an un?nished golf 
club head of the present invention. 

[0028] FIG. 12 is a cross-sectional vieW of the un?nished 
golf club head of FIG. 11 along line 12-12. 

[0029] FIG. 13 is a rear plan vieW of the un?nished golf 
club head of FIG. 11 With the poWder precursor material 
therein. 

[0030] FIG. 14 is a cross-sectional vieW of the un?nished 
golf club head of FIG. 13 along line 14-14 With a punch 
engaged thereWith. 

[0031] FIG. 15 is a vieW of a putter golf club head. 

[0032] FIG. 16 is a vieW of a Wood golf club head. 

[0033] FIG. 17 is a graph of Relative Density versus 
Volume percent of tin. 

[0034] FIG. 18 is a graph of Relative Density versus 
Volume percent of tin. 

[0035] FIG. 19 is a graph of Relative Density versus 
Volume percent of tin. 

FIG. 2 is a front plan vieW of the golf club head of 

DETAILED DESCRIPTION 

[0036] As shoWn in FIGS. 1-7, a golf club head is gener 
ally designated 20. The golf club head 20 is a cavity-back 
iron With a body 22 and a Weighting member 24. The golf 
club head 20 has a heel end 26, a toe end 28 and a sole 29. 
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On the front of the body 22 is a striking plate 30 that has a 
plurality of scorelines 32 therein. A hosel 34 for receiving a 
shaft 36 is located on the heel end 26 of the golf club head 
20. The rear of the golf club head 20 has a main cavity 38 
that is de?ned by a top Wall 40, a bottom Wall 42, a heel Wall 
44 and a toe Wall 46. The golf club head 20 also has an 
optional undercut recess 48 circumventing and openly 
exposed to the main cavity 38. 

[0037] The Weighting member 24 is composed of multiple 
component poWder or pellet mixture that is pressed Within a 
cavity 25 (shoWn in FIG. 11) of the body 22. The cavity 25 
is preferably open to the sole 29 and the bottom Wall 42. 
HoWever those skilled in the pertinent art Will recogniZe that 
the cavity 25, and hence the Weighting member 24, may be 
disposed in numerous locations to provide a desired affect. 
As shoWn in FIG. 7, the Weighting member 25 locates a 
large percentage of the mass of the golf club head 20 in the 
loWer center of the golf club head 20 thereby loWering the 
center of gravity of the golf club head 20 to make it more 
forgiving for a golfer. 

[0038] An alternative embodiment of the golf club head 
20a of the present invention is illustrated in FIGS. 8 and 9. 
The golf club head 20a is a blade-style iron as compared to 
the cavity-back iron of FIGS. 1-7. The golf club head 20a of 
FIGS. 8 and 9 does not have a cavity 38, nor does it have 
an undercut 48. The Weighting member 24a is disposed 
annularly about the rear 39 of the body 22. Further, the 
cavity 25a containing the Weighting member 24a is open 
only to the rear 39 and not the sole as in the previous 
embodiment. The annular Weighting member 24a alloWs for 
the blade style golf club head 20a to have perimeter Weight 
ing similar to a cavity-back iron, and thus the forgiveness of 
a cavity-back iron While having the traditional appearance of 
a blade iron. The annular Weighting member 24a Will 
occupy a greater volume of the golf club head 20a than the 
Weighting member 24 of FIGS. 1-7, and thus Will also have 
a greater percentage of the mass of the golf club head 20a. 
The Weighting member of the present invention may occupy 
various contoured cavities of golf club heads due to its 
unique manufacturing method. 

[0039] FIG. 10 illustrates a How chart of the process of the 
present invention for producing a golf club head 20 or 20a 
With a Weighting member 24 or 24a composed of a multiple 
component poWder or pellet mixture. The process 200 
begins With providing a golf club head 20, preferably 
prepared by a conventional investment casting process at 
block 202. HoWever, those skilled in the pertinent art Will 
recogniZe that the golf club head 20 or 20a may be prepared 
through other techniques Well knoW in the golf industry, 
such as forging. The golf club head 20 may be composed of 
stainless steel, titanium, titanium alloys, Zirconium, Zirco 
nium alloys, copper, nickel, cobalt alloys, or like materials. 
The golf club head 20 is cast to have a cavity 25, as shoWn 
in FIG. 11, and preferably has a lip 51, as shoWn in FIG. 12, 
for containing the mixture. The lip 51 is removed during the 
?nishing process. The cavity 25 has a predetermined volume 
according to the amount of mass needed from the Weighting 
member 24 for the golf club head 20. At block 204, the 
precursor poWder materials for the multiple component 
poWder or pellet mixture are compacted for placement into 
the cavity 25. The mixture may be composed of poWders, 
pellets or a mixture thereof. The precursor poWder or pellet 
materials are composed of a high-density component in 
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various particle sizes (ranging from 1.0 mm to 0.01 mm) for 
achieving loW porosity for the Weighting member 24. The 
preferred high-density component is tungsten Which has a 
density of 19.3 grams per cubic centimeter (g/cm3), hoWever 
other high-density materials may be used such as molybde 
num (10.2 g/cm3), tantalum (16.7 g/cm3), platinum (21.4 
g/cm3), gold (19.3 g/cm3), silver (10.3 g/cm3), and the like. 
Additionally, high-density ceramic poWders may be utiliZed 
as the high-density component. The amount of high-density 
component in the mixture may range from 5 to 95 percent of 
the volume of the Weighting member 24. 

[0040] In addition to a high-density component such as 
tungsten, the multiple component poWder or pellet mixture 
is composed of a binding component such as tin (density of 
7.31 g/cm3) or other comparable material. The binding 
component in the multiple component poWder or pellet 
mixture may range from 4 to 50 percent of the volume of the 
Weighting member 24. The overall density of the Weighting 
member 24 Will range from 11.0 g/cm3 to 17.5 g/cm3, 
preferably betWeen 12.5 g/cm3 and 15.9 g/cm3, and most 
preferably 15.4 g/cm3' 
[0041] Returning to FIG. 10, the poWders are thoroughly 
mixed to disperse the binding component throughout the 
multiple component poWder or pellet mixture. The multiple 
component poWder or pellet mixture may be pre-compacted 
into slugs for positioning and pressing Within the cavity 25 
at block 206, and as shoWn in FIG. 13. 

[0042] Higher densities are achieved by pre-compacting 
the multiple component poWder or pellet mixture prior to 
placement Within the cavity 25. At block 206, the mixture is 
pressed Within the cavity 25 at a pressure betWeen 10,000 
pounds per square inch (psi) to 100,000 psi, preferably 
20,000 psi to 60,000 psi, and most preferably 50,000 psi. As 
shoWn in FIG. 14, a punch 57 is used to exert the pressure 
on the mixture to compact the mixture to form the Weighting 
member 24. 

[0043] Once the multiple component poWder or pellet 
mixture is pressed Within the cavity 25, at block 208 the 
un?nished golf club head 20b may optionally be placed 
Within a furnace for heating of the multiple component 
poWder or pellet mixture under standard atmospheric con 
ditions and in air. More precisely, the process of the present 
invention does not require a vacuum nor does it require an 
inert or reducing environment as used in the liquid phase 
sintering processes. In the furnace, the multiple component 
poWder or pellet mixture is heated for 1 to 30 minutes, 
preferably 2 to 10 minutes, and most preferably 5 minutes 
With the punch 57 maintaining a constant pressure on the 
mixture. The furnace temperature for melting at least one 
component of the mixture is in the range of 300° F. to 550° 
F., and is preferably at a temperature of approximately 450° 
F. The one component is preferably the binding component, 
and it is heated to its melting temperature to liquefy as 
shoWn in FIG. 14. HoWever, those skilled in the art Will 
recogniZe that the temperature may vary depending on the 
composition of the multiple component poWder or pellet 
mixture. Preferably the binding component is tin, and the hot 
pressing occurs at 450° F. to alloW the tin to ?ll in the 
cavities of the multiple component poWder or pellet mixture 
to reduce porosity and thus increase the density of the 
Weighting member 24. As the tin lique?es, the tungsten 
(melting temperature of 3400° C.), or other high-density 
component, remains in a poWder form. 

Apr. 11, 2002 

[0044] At block 210, the un?nished golf club head With 
the Weighting member 24 therein is ?nished through milling, 
grinding, polishing or the like. The lip 51 is removed at this 
stage of the process. Those skilled in the art Will recogniZe 
that the density of the Weighting member 24 Will change 
depending on the particular club Within a set of irons, or 
fairWay Wood or putter. The density is manipulated through 
modifying the amount of binding component, such as tin, 
and varying the pressure and temperature as shoWn in FIGS. 
17-19. 

[0045] FIGS. 17-19 illustrate graphs of the compositions 
of the multiple component poWder or pellet mixture, at 
different compositions and under different pressures and 
temperatures. The y-axis of each is the Relative Density that 
is the percent of theoretical or expected density achieved by 
the measured density. The processing Was conducted at 
standard atmospheric conditions (1 atmosphere) and in air. 
The theoretical or expected density is the density if mixture 
Was processed in a reducing environment under high pres 
sure. The present invention is able to achieve betWeen 70% 
to 99% of the theoretical density by using a method that does 
not require a reducing environment and high pressures. 

[0046] FIG. 17 illustrates the Relative Density versus the 
volume of tin in the mixture of just tin and tungsten 
(disregarding porosity) that undergoes pressing at 50,000 
psi. The highest density, 14.6 g/cm3, is achieved at 22% 
volume tin Whereas the highest relative density (99%), 12.5 
g/cm3,is achieved at 50% volume tin. 

[0047] FIG. 18 illustrates the Relative Density versus the 
volume of tin in the mixture of just tin and tungsten 
(disregarding porosity) that undergoes pressing at 50,000 psi 
and 100,000 psi. The highest density, 1 5.4 g/cm3, is 
achieved at 22% volume tin Whereas the highest relative 
density, 99% (13.9 g/cm3), is achieved at 40% volume tin, 
and at 100,000 psi. 

[0048] FIG. 19 illustrates the Relative Density versus the 
volume of tin in the mixture of just tin and tungsten 
(disregarding porosity) that undergoes pressing at 50,000 psi 
and 100,000 psi, and is processed at room temperature and 
at 450° F. The highest density, 16.6 g/cm3, is achieved at 
12% volume tin Whereas the highest relative density, 99% 
(16.4 g/cm3), is achieved at 25% volume tin, at 100,000 psi 
and at a temperature of 450° F. FIG. 19 illustrates that hot 
pressing provides a Weighting member 24 that has the 
highest density and, the highest relative density. 

[0049] Although the present invention has been described 
in reference to irons, those skilled in the pertinent art Will 
recogniZe that the present invention may be utiliZed With 
putter heads 91 and Wood heads 93 as illustrated in FIGS. 
15 and 16 respectively. 

[0050] From the foregoing it is believed that those skilled 
in the pertinent art Will recogniZe the meritorious advance 
ment of this invention and Will readily understand that While 
the present invention has been described in association With 
a preferred embodiment thereof, and other embodiments 
illustrated in the accompanying draWings, numerous 
changes, modi?cations and substitutions of equivalents may 
be made therein Without departing from the spirit and scope 
of this invention Which is intended to be unlimited by the 
foregoing except as may appear in the folloWing appended 
claims. Therefore, the embodiments of the invention in 



US 2002/0042307 A1 

Which an exclusive property or privilege is claimed are 
de?ned in the following appended claims. 

We claim as our invention: 
1. A golf club head comprising: 

a body With a striking plate, a heel end a toe end and a 
cavity; and 

a Weighting member disposed in the cavity of the body, 
the Weighting member composed of a pressed multiple 
component poWder material comprising tungsten in an 
amount of 50 to 95% volume of the multiple compo 
nent poWder material and tin in an amount of 5 to 50% 
volume of the multiple component poWder material. 

2. The golf club head according to claim 1 Wherein the 
Weighting member has a density ranging from 12.0 g/cm3 to 
17.0 g/cm3' 

3. The golf club head according to claim 1 Wherein the 
Weighting member has a density that is 80% to 99% of the 
theoretical density of the multiple component poWder mate 
rial. 

4. The golf club head according to claim 1 Wherein the 
Weighting member has a density of approximately 16.7 
g/Cm3. 

5. The golf club head according to claim 1 Wherein the 
golf club head is an iron. 

6. The golf club head according to claim 1 Wherein the 
golf club head is a driver, fairWay Wood or a putter. 

7. The golf club head according to claim 1 Wherein the 
golf club head is a blade iron and the Weighting member is 
an annular structure about the rear Wall of the blade iron 
opposite a striking plate of the blade iron. 

8. The golf club head according to claim 1 Wherein the 
Weighting member has a density ranging from 15.5 g/cm3 to 
16.7 g/cm3' 
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9. The golf club head according to claim 1 Wherein the 
Weight member has a porosity that is less than 10% of the 
volume of the Weighting member. 

10. The golf club head according to claim 1 Wherein the 
tungsten component is 80-90 volume percent of the Weight 
member and the tin is 10-20 volume percent of the Weight 
member. 

11. The golf club head according to claim 1 Wherein the 
tungsten component is approximately 78 volume percent of 
the Weight member and the tin is approximately 22 volume 
percent of the Weight member, and the density is approxi 
mately 16.0 g/cm3' 

12. A golf club head comprising: 

a body having a striking plate, a toe end, a heel end, a 
main rear cavity opposite the striking plate, the main 
rear cavity de?ned by a top Wall, a bottom Wall, a heel 
Wall and a toe Wall, the bottom Wall having a second 
cavity With a predetermined con?guration; and 

a Weighting member disposed Within the second cavity 
and occupying the entire cavity, the Weighting member 
the Weighting member composed of a pressed multiple 
component poWder material comprising tungsten in an 
amount of 50 to 95% volume of the multiple compo 
nent poWder material and tin in an amount of 5 to 50% 
volume of the multiple component poWder material. 

13. The golf club head according to claim 12 Wherein the 
main rear cavity further comprises an undercut recess into at 
least one the top Wall, bottom Wall, toe Wall or heel Wall. 

14. The golf club head according to claim 12 Wherein the 
body is composed of material selected from the group 
consisting of titanium, titanium alloy, steel, Zirconium, Zir 
conium alloy, nickel, nickel alloy, copper and copper alloy. 

* * * * * 


