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57 ABSTRACT 

A golf club having a head wherein there is disposed a 
relatively strong but lightweight unit-cell structure 
portion between the head's toe and heel portions and 
immediately behind its generally planar impact face so 
that the weight of the head is concentrated at the toe, 
the toe and heel, or the toe, heel and sole portions in 
order to provide a relatively stiff and wider effective 
hitting area along with a relatively lower center of 
gravity, the unit-cell structure in an iron configuration, 
for example, including a plurality of parallel tubular 
elements extending generally perpendicular to the 
plane of the impact face. 

18 Claims, 11 Drawing Figures 

  





GOLF CLUB WITH UNIT-CELL, HEAD 
CONSTRUCTION 

BACKGROUND OF THE INVENTION 
The background of the invention will be set forth in 

two parts. 
1. Field of the Invention 
The present invention pertains generally to the field 

of sporting equipment, and more particularly to golf 
clubs, both woods and irons. 

2. Description of the Prior Art 
Over the years there have been developed literally 

hundreds of schemes striving to provide golf clubs hav 
ing better distance and accuracy characteristics. Some 
of these schemes dealt with the use of metallic inserts 
in a club head's golf ball striking surface, while others 
stressed the use of inserts having what were considered 
materials with better resilience than metals, under 
compressive stresses. 
Another technique has been to hollow out the head 

of a club and provide a plurality of relatively small 
openings in the striking face and one or more larger 
openings in the head, all communicating with the head 
cavity so as to reduce air resistance and thereby over 
come air drag which may tend to throw the club out of 
its desired path of travel. 

In a more recent line of effort, techniques have been 
proposed which are designed to broaden the "sweet 
spot' of a golf club head, which is widely known as the 
area on a club face which should come into contact 
with a golf ball in order to give the greatest and 
straightest flight to the ball and the best handling feel 
ing. In conventional configurations, the weight of the 
club head is concentrated just behind the sweet spot in 
order to provide the above-mentioned desired charac 
teristics. With the weight so concentrated, the sweet 
spottends to be relatively small. This made it rather dif 
ficult for most golfers to consistently cause the sweet 
spot to come into contact with the ball. Missing the 
sweet spot usually causes the ball to travel a considera 
bly lesser distance and often contributes to the ten 
dency to “hook' or "slice' the ball. The techniques to 
broaden the sweet spot generally provide a means to 
concentrate the weight of the club head in the heel and 
the toe rather than directly behind the sweet spot. In 
one particular design, the head is fabricated of a rela 
tively light material and inserts of denser material are 
provided in the area of the heel and toe of the club 
head. In another design, the portion of the club head 
directly behind the club's ball-striking face is removed 
so that the weight is necessarily located in other por 
tions of the head, namely the toe and heel portions. In 
both of these designs the sweet spot is indeed broad 
ened, however, the striking face of each of these clubs 
would lack the stiffness needed to advantageously uti 
lize the elastic energy generated in the golf ball if it is 
not made thick enough. This stiffness is needed in order 
to preclude any deformation of the face, under impact, 
that would tend to increase the area of contact between 
the face of the ball and thus dissipate energy in the club 
head instead of imparting it to the ball. 
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SUMMARY OF THE INVENTION 

In view of the foregoing factors and conditions char 
acteristic of the prior art, it is a primary object of the 
present invention to provide a new and improved golf 
club that has a broadened sweet spot and a relatively 
stiff ball striking face. 

It is another object of the present invention to pro 
vide a golf club that includes means for concentrating 
the weight of the head in the toe, the toe and heel, or 
the toe, heel and sole regions and not behind the cen 
tral portion of the club's ball striking face. 

It is still another object of the present invention to 
provide an economical-to-fabricate golf club that in 
cludes a unit-cell portion immediately behind its strik 
ing face, which cell portion enhances the stiffness of 
the face while allowing the weight of the head to be 
concentrated in more advantageous locations. 

It is yet another object of the present invention to 
provide a golf club in the form of an iron which incor 
porates a unit-cell structure immediately behind the 
striking face. 

It is yet a further object of the present invention to 
provide a wood or driver having a unit-cell structure 
immediately behind the club's striking face. 
According to the present invention, a golf club is pro 

vided which includes an elongated shaft having a lower 
end and also a head having a hoselin an upper portion 
thereof wherein the lower end of the shaft is fixedly dis 
posed. The head also includes a toe portion and a heel 
portion and a generally planar impact face between 
these portions and hollow unit-cell structure means dis 
posed immediately behind the impact face for broaden 
ing the effective hitting area of the impact face while 
reinforcing and enhancing its stiffness. 
The club may be in the form of either an iron or a 

wood and the unit-cell structure means may take the 
form of a honeycomb construction or simply a plurality 
of unit cells, of any desired shape, bored or cast or oth 
erwise provided in the head directly behind the impact 
face of the club. 
The features of the present invention which are be 

lieved to be novel are set forth with particularity in the 
appended claims. The present invention, both as to its 
organization and manner of operation, together with 
further objects and advantages thereof, may best be un 
derstood by making reference to the following descrip 
tion taken in conjunction with the accompanying draw 
ing in which like reference characters refer to like ele 
ments in the several views. 

BRIEF DESCRIPTION OF THE DRAWING 
FIG. 1 is a perspective view of an embodiment of the 

invention in the form of an iron incorporating a unit 
cell structure in accordance with the present invention; 

FIG. 2 is a sectional representation of the iron of FIG. 
1; 
FIG. 3 is an elevational view of the embodiment of 

the invention in the form of a wood or driver; 
FIG. 4 is a sectional view of the driver of FIG. 3, 

taken along line 4-4; 
FIG. 4A is a partial sectional view illustrating another 

embodiment of the invention shown in FIG. 3, 
FIG. 5 is a bottom plan view of the club of FIG. 3; 

and 
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FIGS. 6-10 illustrate exemplary configurations of 
unit-cell constructions incorporated in golf club heads 
in accordance with the present invention. 

DESCRIPTION OF THE INVENTION 
Referring now to the drawing and more particularly 

to FIGS. 1 and 2, there is shown a golf club in the form 
of an iron 11 having a shaft 13 (shown broken away) 
with a lower end 15 fixedly mounted in a hosel portion 
17 of a head 19. The head 19 includes a toe portion 21 
and a heel portion 23 and a generally planar ball strik 
ing or impact face 25 located between the toe and heel 
portions. Also, a unit-cell structure 27 is disposed im 
mediately behind and is an integral part of a rear sur 
face 29 of the impact face 25. 

In this embodiment, the unit-cell structure 27 is in 
the form of a honeycomb core having a hexagonal 
cross-sectional pattern, the opposite side walls 31 of 
which lie in parallel planes in a direction generally per 
pendicular to the impact face 25. As shown in FIG. 2, 
for example, the structure 27 of the head 19 is located 
in a rear cavity portion 33 which also extends generally 
between the toe and heel portions 21 and 23, respec 
tively, and above a sole portion 35. The honeycomb 
structure 27 acts as a very strong but lightweight 
backup support or reinforcement for the relatively thin 
impact face 25 so that the latter will not deform under 
impact loads caused by the face striking a golf ball. 
As noted above, the structure 27 is located in a rear 

cavity of the head. This configuration allows the weight 
of the head to be concentrated mostly in the toe or toe 
and heel, or the toe, heel and sole portions of the head 
instead of behind the striking surface in order to pro 
vide a considerably greater sweet spot area without sac 
rificing stiffness in the face 25. 
The unit-cell construction thus allows the material of 

the club behind the striking face to be thinner (without 
giving up the desired stiffness) than prior art head con 
structions wherein material behind the striking face 
was removed in order to broaden the effective striking 
area. For example, the striking face of an iron con 
structed in accordance with the present invention may 
be as thin as 0.030 inch, thus allowing the material nor 
mally required to provide the necessary face stiffness to 
be more advantageously located elsewhere. 
The unit-cell construction may be analogized in 

many respects to a T-beam construction arrangement 
wherein the interconnected side walls 31 of the unit 
cell structure 27 act as a T-beam web construction to 
reinforce the flange (striking face) portion. 
The novel and extremely advantageous unit-cell con 

struction of the present invention may be provided by 
any conventional process such as casting it as an inte 
gral part of the head, machining it into a forged or cast 
head, or brazing a honeycomb core into the cavity 35 
provided in a forged or cast head. 

It can thus be seen that the unique construction of 
the golf club iron 11 affords the stiffness that is re 
quired in the hitting face of an iron cast head with only 
a small fraction of the weight that would be in the same 
central area in a conventional forged head. It should be 
evident therefore that in the unit-cell iron head con 
struction 11, the weight distribution is such that a wider 
sweet spot is provided along with better balance and a 
desirable lower center of gravity. 

Unit-cell constructions may also be used effectively 
in woods. Woods are conventionally made from lami 
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4 
nated wood structures or from composites of wood and 
plastics. Both wood and plastic materials have very lit 
tle moduli of elasticity as compared to metals and are 
also much lighter than metals, which is the primary rea 
son that these materials are employed in all conven 
tional designs. However, unit-cell constructions in ac 
cordance with the present invention may be employed 
behind a high modulus (high unit weight) ball hitting 
surface in a wood because the higher weight at the face 
can be tolerated since a large portion of the weight nor 
mally located behind the ball striking surface is not 
present. As in the case of irons, the weight saved be 
hind the ball hitting surface may be used to improve the 
club by concentrating the weight of the club at the toe 
portion, the toe and heel portions, or at the toe, heel 
and sole portion of the club. 
FIGS. 3-5 illustrate such an embodiment of the pres 

ent invention. Here, a wood or driver 51 is shown to in 
clude a shaft 53 attached to a hosel portion 55 of a 
wood or wood/plastic head 57. The head 57 also in 
cludes what are generally defined as a toe portion 59, 
a heel portion 61, a sole portion 63 and a high modulus, 
rigid ball striking or hitting face 65. Within the head 57 
is disposed a unit-cell configuration 69 having a plural 
ity of elongated hollow cells, the longitudinal axis of 
which are parallel and, in this embodiment, are gener 
ally at a relatively small angle with respect to a normal 
to the face 65. 
The unit-cell configuration 69 may consist of a plu 

rality of parallel bores of any desired cross-sectional 
shape (as, for example, shown in FIGS. 7 and 10) in the 
wood or wood/plastic head 57. The hollow bores ex 
tend rearwardly immediately behind a metal plate 71 of 
high modulus material, for example, and terminate in 
a plane defining an end wall 73, the metal plate 71, the 
end wall 73 and the hollow bore configuration therebe 
tween generally defining a sandwich honeycomb struc 
ture. 
Also in accordance with the present invention, the 

unit-cell configuration 69 may comprise a prefabri 
cated honeycomb core 75 having relatively thin walls 
77 of any suitable lightweight but strong material such 
as brass or aluminum or certain plastics, for example. 
The core 75 is disposed in a cavity 79 formed or milled 
in the head 57, the longitudinal axis of the core 75, like 
the previously mentioned bores, generally being at a 
relatively small angle with respect to a normal to the 
face 65. Again, the metal plate 71 and the rear walls 73 
of the cavity 79 constitute planar facings bonded to the 
ends of the honeycomb core 75 to define an extremely 
strong lightweight hollow honeycomb sandwich config 
uration. 
The face plate 71 may also be a hard plastic material 

that is disposed by any conventional technique in the 
forward end of the honeycomb core 75' to a depth lim 
ited by a thin barrier wall 81, as illustrated in the frag 
mentary view of FIG. 4A, for example. In this embodi 
ment, as in the one shown in FIG. 4, the core does not 
extend to the face 65, although in the last referred to 
embodiment it may virtually do so depending on design 
requirements and desires. Where the plastic material is 
transparent, the cross-sectional configuration, which 
may be of any desired shape or arrangement such as . 
any of those shown in FIGS. 6-10, will be visible 
through the face 65. 
With a considerable portion of the relatively heavy 

material normally located behind the face plate of the 



S 
wood club being removed and substituted therefor by 
the lightweight but strong sandwich honeycomb struc 
ture, the weight so displaced may be advantageously 
located in more desirable locations such as, for exam 
ple, in a relatively heavy metal sole plate 83 attached 
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by conventional flat head screws 85 to the head's sole 
portion 63. 
Like the T-beam analogy of the unit-cell structure for 

irons, the unit-cell structure utilized in accordance with 
the present invention as to woods may be considered 
analogous or at least best compared to I-beams. The 
unit-cell structure in the wood embodiments is similar 
to a honeycomb sandwich with its characteristics of 
high strength-to-weight ratio; resistance to vibration; 
use of nearly any structural material; and ease of fabri 
cation. The honeycomb structure is basically composed 
of a core sandwiched between a pair of facings. The lat 
ter correspond to I-beam flanges where the high den 
sity, high strength material is placed as far from the 
neutral axis as possible to thus increase the section 
modulus. The core may be compared to the web of an 
I-beam which supports the flanges and allows them to 
act as a unit. The honeycomb, like the web, carries the 
shear stresses, except that it maintains continuous sup 
port for the facings, allowing the facings to be worked 
up to or above their yield strength without crimping or 
buckling. To obtain these advantages, of course, the 
honeycomb core must be bonded to the facings so that 
the latter will be capable of transmitting shear loads be- so 
tween the two components to thus make the entire 
structure an integral unit. In this regard, any conven 
tional bonding technique suitable for the materials en 
countered may be utilized. 
As the sandwich structure is loaded as a beam, the 

multi-unit cell core and the bond resist shear loads 
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while the facings resist the moments due to bending 
forces, and thus carry the tensile or compressive load. 
When the structure is loaded as a column, only the fac 
ings act to resist the column forces and the core stabi- 40. 
lizes the facings to prevent buckling. 
Actually, honeycomb sandwich structures are more 

efficient than I-beams in that the combination of high 
density facings and low density cores provide a much 
higher section modulus per unit density than any other 45 
known construction method. 
Theoretically, any thin, bondable material with high 

tensile or compressive strength-to-weight ratio is a po 
tential facing material for honeycomb sandwich struc 
tures. Of course, the loads, their orientations and the 
overall configuration of the structure will determine 
the type of stresses that must be resisted, e.g., compres 
sion, tension, shear, etc. 

It has been found that the same formulas used to cal 
culate stresses in I-beams may be used to determine the 
stresses developed in honeycomb sandwich structures, 
however, special considerations must be applied where 
high concentrated imact loads, such as encountered in 
a golf club head, are encountered. Thus, although a 
verythin facing material will generally satisfy all tensile 
and compressive requirements, a thicker facing is re 
quired to resist impact, in that it is capable of better dis 
tributing the impact load over a wider area to thus re 
duce the stresses on the core. However, even this 
thicker facing, in the case of a metal plate, may be 
much thinner and lighter than conventional golf balls 
face plates for the same stiffness. 
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As evident from the figures, especially FIGS. 1 and 

3, the boundary cell walls 31 and 77 respectively, have 
a cross sectional thickness substantially less than the 
average of the largest and smallest cross sectional di 
mension of the bounded unit cell. 

It should therefore be evident from the foregoing that 
there has herein been described novel and highly useful 
golf club constructions that broaden a club's sweet spot 
without weakening its ball striking surface while allow 
ing the weight of the head to be located in the most ad 
vantageous location. 

. It should also be understood that the material used in 
construction of the various embodiments of the inven 
tion is not critical and that any material having the de 
sired strength, weight and modulus characteristics may 
be substituted for those materials specifically names. 
Accordingly, it should be clear that the invention is sus 
ceptible to variations and embodiments, beyond those 

O herein disclosed in detail, well within the scope of com 
petence by those skilled in the art. 
What is claimed is: 
1. A golf club, comprising: 
an elongated shaft having a lower end; and 
a head having a hosel in an upper portion thereof, 
said lower end of said shaft being fixedly disposed 
in said hosel, said head also having a toe portion 
and aheel portion and a generally planar high mod 
ulus impact face between said toe and heel por 
tions, said head portion having hollow unit-cell 
structure means disposed therein immediately be 
hind said impact face for broadening the effective 
hitting area of said impact face while reinforcing 
and enhancing the stiffness of said impact face, said 
unit-cell structure means including a plurality of 
interconnected elongated unit-cells encapsulated 
by other interconnected elongated unit-cells, each 
of the unit-cells being defined by boundary cell 
walls, each boundary cell wall having a cross sec 
tional thickness substantially less than the average 
of the largest and smallest external cross sectional 
dimension of the bounded unit cell, said boundary 
cell walls extending generally rearwardly from and 
generally perpendicularly to the plane of said im 
pact face. 

2. The golf club according to claim 1, wherein said 
unit-cell structure means is disposed in a hollowed out 
cavity portion of said head. 

3. The golf club according to claim 1, wherein said 
club is an iron and said unit-cell structure means is dis 
posed in a rearward exposed cavity section, said means 
extending from a rear surface situated immediately be 
hind said impact face, said impact face and said rear 
surface defining a relatively thin impact wall therebe 
tWeen. 

4. The golf club according to claim 3, wherein said 
boundary cell walls define a honeycomb core structure. 
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5. The golf club according to claim 4, wherein said 
boundary cell walls of said honeycomb core structure 
have a hexagonal cross section. 

6. The golf club according to claim 4, wherein said 
boundary cell walls of said honeycomb core structure 
have a rectangular cross section. 

7. The golf club according to claim 4, wherein said 
boundary cell walls of said honeycomb core structure . 
have a triangular cross section. 

O 
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8. The golf club according to claim 4, wherein said 
boundary cell walls of said honeycomb core structure 
have a circular cross section. 

9. The golf club according to claim 1, wherein said 
club is a wood and the unit-cells define a plurality of 5 
elongated hollow bores in said head extending rear 
wardly from a forwardly disposed impact plate, said im 
pact face being the outer surface of said impact plate. 

10. The golf club according to claim 9, wherein said 
bores terminate at their rearward end in a common 
plane defining a rearward wall of said unit-cell struc 
ture means, and wherein said impact plate, said rear 
ward wall and the bore configuration in said head de 
fine a sandwich honeycomb structure. 

11. The golf club according to claim 9, wherein said 
hollow bores have a generally circular cross section. 

12. The golf club according to claim 9, wherein said 
hollow bores have a generally ellipsoid cross section. 

13. The golf club according to claim 9, wherein said 
bores have differing cross sectional dimensions. 

14. The golf club according to claim 1, wherein said 
club is a wood and said head includes a cavity therein, 
said unit-cell structure means being at least partially 
disposed therein. 

15. The golf club according to claim i4, wherein said 
unit-cell structure means includes a face plate and 
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8 
wherein the unit-cells of said unit-cell structure means 
define a prefabricated honeycomb core structure dis 
posed in said cavity the rearward end of which being 
bonded to the rearward wall of said cavity and the for 
ward end of which being bonded to the inner wall of 
said face plate to define a sandwich honeycomb struc 
tle. 

16. The golf club according to claim 15, wherein said 
boundary cell walls of the unit-cells define in cross sec 
tion a curved geometric pattern. 

17. The club according to claim 15, wherein said 
boundary cell walls of the unit-cells define in cross sec 
tion a multiple straight sided geometric pattern. 

18. The golf club according to claim 14, wherein the 
unit-cells of said unit cell structure means define a pre 
fabricated honeycomb core structure disposed in said 
cavity the rearward end of which being bonded to the 
rear wall of said cavity and the forward end of said core 
structure being spaced from and behind said impact 
face, said core structure including a barrier wall dis 
posed transversely to the longitudinal axis of said core 
structure and spaced a relatively short distance behind 
said forward end of said core structure, said impact 
face being of a relatively hard plastic material that ex 
tends into said core structure only to said barrier wall. 
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AS A RESULT OF REEXAMINATION, IT HAS 
BEEN DETERMINED THAT: 

The patentability of claims 1-18 is confirmed. 
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