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(57) ABSTRACT 

A golf ball is disclosed comprising a core having a unique 
surface con?guration and a cover disposed about the core. 
The unique surface con?guration is preferably a protuberant 
surface. Protuberant surface con?gurations are preferably 
provided by a plurality of geometrical shaped projections, 
Which extend outwardly from the surface. A protuberant 
surface provides a protuberant interface betWeen the layer, 
i.e., the core, having the protuberant surface and a layer 
disposed immediately thereon. A protuberant interface is 
more ef?cient in terms of energy transfer compared to 
traditional smooth spherical golf ball layers. Additionally, a 
golf ball having desired performance characteristics may be 
formed by the incorporation of a unique protuberant inter 
face. 
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METHODS FOR MANUFACTURING GOLF BALLS 
WITH PROTUBERANT INTERIOR INTERFACES 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

[0001] This is a continuation-in-part application of US. 
application Ser. No. 08/998,243, ?led Dec. 24, 1997, Which 
is a divisional of US. application Ser. No. 08/920,070, ?led 
Aug. 26, 1997, Which in turn is a continuation of US. 
application Ser. No. 08/542,793, ?led Oct. 13, 1995, noW 
abandoned, Which is a continuation-in-part of US. applica 
tion Ser. No. 08/070,510, ?led Jun. 1, 1993, noW abandoned. 
This application also claims priority from US. Provisional 
Application Ser. No. 60/226,449, ?led on Aug. 17, 2000. 

FIELD OF THE INVENTION 

[0002] The present invention relates to methods for manu 
facturing golf balls. In particular, the present invention 
relates to forming a golf ball core having a plurality of 
protrusions using bloW-molding techniques. More particu 
larly, the present invention provides bloW-molding tech 
niques to form particular types of golf ball cores that exhibit 
desirable performance properties. 

BACKGROUND OF THE INVENTION 

[0003] Golf balls have typically been divided into various 
types based on the construction of the balls. The ?rst type of 
ball is a one-piece, or unitary, golf ball. It is essentially 
constructed of the same material throughout the entire ball. 
Many range balls and very loW cost balls are of this 
construction. 

[0004] A second type of golf ball is a tWo-piece ball. It 
consists of a solid core (usually polybutadiene rubber based) 
and various types of cover material surrounding the core. By 
utiliZing various combinations of core and cover compo 
nents, golf balls eXhibiting a Wide range of characteristics 
can be produced. 

[0005] To improve certain performance characteristics, a 
third type of golf ball has also been developed. This is a 
Wound golf ball, sometimes referenced as a three-piece ball. 
This ball has typically consisted of an elastomeric core 
around Which an elastomeric thread is Wound and a tough, 
yet resilient, cover over the core and thread. 

[0006] The quest to continue to improve the performance 
of the golf ball led to the development of a fourth type of 
ball, the multi-layered ball. This type of ball typically 
includes an elastomeric core surrounded by one or more 

intermediate layers and a tough cover. Traditionally, each 
component has had a different composition from the others. 
In addition, the outer surface of the core and the inner and 
outer surfaces of the intermediate layers are usually smooth. 
HoWever, it has been discovered that such a smooth interface 
betWeen spherical surfaces results in an inef?cient transfer 
of energy betWeen the layers. 

[0007] This inef?ciency of energy transfer results in prob 
lems With several of the main characteristics of a golf ball, 
such as distance and playability. When a golf club strikes the 
outer surface of the golf ball cover, only a portion of the 
entire sphere is contacted in receiving energy. This energy is 
transferred to each layer of the ball to the core. Because only 
a portion of the outer cover initially receives energy, por 
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tions of each intermediate layer and the core that are linearly 
related to the portion of the cover receiving the direct contact 
are critical to the transfer of energy. The smooth interfaces 
often poorly transfer this energy, resulting in a loWer total 
energy transfer to the entire golf ball from the club. This 
loWer energy transfer may result in a shorter travel distance 
for the ball, less spin or reduction of other similar playability 
characteristics. 

[0008] A Way to eliminate this problem is to change the 
smooth interfaces of the golf ball components in a manner 
Which alloWs for a more ef?cient energy transfer. Some 
attempts at such a solution have been made. For example, 
US. Pat. No. 5,984,807 issued to YWai et al. and US. Pat. 
No. 5, 836,834 issued to Masutani et al. disclose the use of 
solid, geometrically symmetrical projections on the core of 
a golf ball to improve the interface betWeen the core and its 
adjacent layer. US. Pat. No. 5,820,485 issued to HWang 
teaches the use of solid, geometrically symmetrical solid 
protrusion projections on the inner surface of the cover layer 
of the golf ball to improve playability characteristics. The 
developments of the prior art, hoWever, do not provide the 
optimum energy transfer leading to the best playability 
characteristics. Furthermore, the prior art has not provided a 
suitable technique by Which to readily and economically 
manufacture a golf ball With the noted protrusions or pro 
jections. 
[0009] Accordingly, it is desirable to develop a neW golf 
ball Which Would overcome the foregoing dif?culties by 
providing a more ef?cient transfer of energy throughout the 
ball. In addition, it Would be particularly desirable to provide 
a neW technique for manufacturing such a golf ball. 

SUMMARY OF THE INVENTION 

[0010] A primary object of the present invention is to 
provide one or more techniques for readily and economi 
cally manufacturing a multi-layered golf ball that comprises 
a core having a protuberant surface de?ned by a plurality of 
projections of the same geometrical shape that eXtend out 
Wardly from the core, one or more optional mantle layers 
disposed about the core, and a cover layer disposed around 
the core and the optional mantle layers. 

[0011] In this regard, the present invention relates to a 
process for producing a golf ball having a bloW molded 
protoberant core in order to achieve an improved energy 
transfer betWeen the core and the cover layer, as Well as any 
mantle layers therebetWeen. Furthermore, the bloW molding 
process is advantageous in that it provides, in one embodi 
ment, a seamless core. This adds to the stability of the core 
and avoids balancing problems in forming the core. 

[0012] In one aspect of the present invention, a method is 
provided for forming a multi-layered golf ball With a teX 
tured or protuberant core and one or more optional mantle 
layers. The method comprises the steps of forming a con 
tinuous tube of a thermoplastic polymeric material, folloWed 
by sealing one end of the continuous tube. The tube is then 
inserted into a preformed mold With protuberant or teXtural 
interior Walls, With the sealed end Within the mold and the 
open end of the tube outside of the mold. An injection means 
or mechanism is then inserted into the unsealed end of the 
continuous tube. An in?ating medium is then introduced 
through the injection means to the portion of the tube Within 
the mold such that the in?ating medium causes the tube to 



US 2002/0086746 A1 

expand outwardly to the protuberant interior Walls of the 
mold to form a golf ball layer. The golf ball layer can vary 
in thickness and in one embodiment is fully solid. Upon 
setting, the golf ball layer is removed from the mold and any 
excess thermoplastic polymeric material is removed from 
the surface of the layer. The ball can then be ?nished, 
including adding one or more mantle layers and a cover 
layer. 

[0013] In another aspect of the present invention, a 
method is provided for forming a multi-layered golf ball 
With a protuberant core and one or more optional mantle 
layers. The method comprises the steps of molding or 
otherWise positioning a thermoplastic polymeric material 
onto a holloW longitudinal member such as a core pin or 
needle. Next, the pin covered With thermoplastic polymeric 
material is placed into a mold having protuberant or textured 
interior Walls. An in?ating medium is then introduced such 
that the in?ating medium causes the thermoplastic material 
covering the pin to expand outWardly to the protuberant 
interior Walls to form a golf ball core layer. The golf ball 
core layer can also vary in thickness and/or can be solid. The 
formed layer is then removed from the mold folloWing 
setting or curing and the pin is removed from the layer 
forming a gap in the surface of the layer. The gap is ?lled and 
any excess thermoplastic polymeric material is removed 
from the surface of the layer. The ball can then be ?nished, 
including encapsulating the proturberant core layer With one 
or more mantle layers and a cover layer. 

[0014] By producing a bloW molded protuberant core 
encapsulated by at least one intermediate layer and/or an 
external cover layer, a more optimum surface con?guration 
at the interfaces betWeen the core and the subsequent layers 
is produced. The interfacial surface pattern that exists opti 
miZes various ball performance characteristics through 
energy transfer. 

[0015] Additional objects and advantages of the present 
invention Will be set forth in part in the description Which 
folloWs and in part Will become apparent upon a reading and 
understanding of the preferred embodiments or may be 
learned by practicing the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The present invention Will become more fully 
understood from the detailed description given beloW and 
the accompanying draWings. The description and draWings 
are given by the Way of illustration only, and thus do not 
limit the present invention. 

[0017] FIG. 1 is a cross section of three-piece, i.e., multi 
layer, non-Wound golf ball; 

[0018] FIG. 2 is a cross section of a second multi-layer 
non-Wound golf ball; 

[0019] FIG. 3 is a block cross section of a cover layer and 
a core in a conventional golf ball having a smooth interface 

therebetWeen; 
[0020] FIG. 4 is a diagram shoWing the energy transfer 
occurring betWeen the layers of a conventional golf ball 
having a smooth interface therebetWeen; 

[0021] FIG. 5 is a block cross section of a cover layer and 
a core in a golf ball having a protuberant interface therebe 
tWeen in accordance With the present invention; 
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[0022] FIG. 6 is a diagram shoWing the energy transfer 
occurring betWeen the layers of a golf ball having a protu 
berant interface therebetWeen in accordance With the present 
invention; 
[0023] FIG. 7 is a perspective of a protuberant core 
according to a ?rst preferred embodiment; 

[0024] FIG. 8 is a cross section of the protuberant core 
depicted in FIG. 7; 

[0025] FIG. 9 is a cross sectional vieW of a tWo-piece, 
non-Wound golf ball employing a core according to the ?rst 
preferred embodiment; 
[0026] FIG. 10 is a cross sectional vieW of a three-piece, 
non-Wound golf ball employing a core according to the ?rst 
preferred embodiment; 
[0027] FIG. 11 is a perspective of a protuberant core 
according to a second preferred embodiment; 

[0028] FIG. 12 is a cross section of the protuberant core 
depicted in FIG. 11; 

[0029] FIG. 13 is a cross sectional vieW according to a 
tWo-piece, non-Wound golf ball employing a core structure 
according to the second preferred embodiment; 

[0030] FIG. 14 is a cross sectional vieW of a three-piece, 
non-Wound golf employing a core structure according to the 
second preferred embodiment; 

[0031] FIG. 15 is a cross sectional vieW of a multi-layer 
protuberant core according to a third preferred embodiment; 

[0032] FIG. 16 is a cross sectional vieW of a golf ball 
employing a core according to the third preferred embodi 
ment; 

[0033] FIGS. 17A-E illustrate steps utiliZed in the manu 
facture or fabrication of a preferred embodiment of the 
present invention, With FIG. 17E being an elevational vieW 
shoWing a protuberant golf ball core made in accordance 
With the process illustrated in FIGS. 17A through 17D; 

[0034] FIG. 18 represents a How chart diagram illustrating 
the steps involved With extrusion bloW molding of a golf ball 
core in accordance With an aspect of the present invention; 

[0035] FIG. 19A-C illustrate steps utiliZed in the manu 
facture or fabrication of a preferred embodiment of the 
present invention; and 

[0036] FIG. 20 represents a How chart diagram illustrating 
the steps involved With injection bloW molding of a golf ball 
core in accordance With an aspect of the present invention. 

[0037] The above-referenced ?gures are not to scale, but 
are merely illustrative of the present invention. Speci?cally, 
the ?gures are for the purposes of illustrating the present 
invention and not to be construed as limiting the invention 
described herein. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0038] The present invention is based on the discovery 
that by incorporating a particular surface con?guration 
betWeen a core and either a cover layer or an intermediate 

layer of a golf ball, desired performance properties may be 
obtained. In accordance With the present invention, tech 
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niques are provided for manufacturing a golf ball that 
utilizes a surface topography between layers or components 
of the ball allowing energy to be transferred betWeen regions 
of the ball ef?ciently and in a manner such that desirable 
performance characteristics are achieved. 

[0039] Before turning attention to the methods of the 
present invention, it is instructive to consider various aspects 
of golf balls having protuberant interior con?gurations. 

[0040] Conventional non-Wound golf balls having tWo or 
more layers are typically constructed from uniform spherical 
layers, i.e., layers having a smooth, rounded surface. A 
smooth surface, as used herein refers to a continuous even 
surface, i.e., a surface generally free from any disturbances 
or protrusions in the surface topography. Referring noW to 
FIGS. 1 and 2, respectively, the inner layers of golf ball 10 
and golf ball 20, i.e., the core and mantle layers, are 
smooth-surface, spherical layers. 

[0041] Interfaces occur at surface boundaries Where 
immediately adjacent layers adhere to or are in intimate 
contact With one another. Inner layers of golf balls 10 and 20 
of FIGS. 1 and 2, respectively, have smooth spherical 
surfaces. Consequently, a smooth surface interface is formed 
betWeen adjacent layers in each of the respective golf balls. 
A smooth interface 17 is formed betWeen spherical core 12 
and dimpled cover layer 16 in the golf ball of FIG. 1. 
Similarly, in FIG. 2, smooth interfaces 26 and 27 are formed 
betWeen core layer 22 and mantle layer 23, and betWeen 
mantle layer 23 and cover layer 24, respectively. Referring 
further to FIG. 2, a smooth interface 25 is formed betWeen 
core 21 and core layer 22. 

[0042] When a golf ball is struck With a golf club, energy 
is transferred from the face of the club to the cover of the ball 
and then subsequently transferred from the cover to each 
layer there beneath. The cover layer material, the core 
material and/or intermediate layer materials typically differ 
in both their compositions and physical properties. The 
energy transfer occurring throughout a golf ball must there 
fore propagate through different materials. Additionally, 
different layers of a golf ball typically have different thick 
nesses, Which also affects the transfer of energy Within a golf 
ball. 

[0043] The physical arrangement or con?guration of the 
interface betWeen adjacent layers also affects the transfer of 
energy betWeen respective layers. FIG. 3 represents a block 
cross section of a golf ball having a cover layer 30 of a given 
thickness and modulus (in terms of a given type of material) 
and a core 32 of a different thickness and modulus. Asmooth 
interface 34 is de?ned betWeen the tWo layers. FIG. 4 
illustrates the transfer of energy occurring betWeen adjacent 
layers of a golf ball having a smooth interface therebetWeen, 
as represented in FIG. 3. The transfer of energy from one 
layer to another in a ball having a smooth interface betWeen 
the respective layers is very sudden and rather abrupt. It is 
believed that signi?cant inef?ciencies result from such 
energy transfers across smooth interfaces. 

[0044] As noted, FIG. 3 represents a portion of a non 
Wound multi-layer golf ball having a smooth interface 
betWeen a core and a cover layer. And, FIG. 4 is a repre 
sentation of the transfer of energy that occurs betWeen such 
a cover and core. FIG. 3 is also considered to represent any 
adjacent layers of a golf ball having a smooth interface 
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betWeen the respective layers. For example, FIG. 3 may also 
represent the smooth interface betWeen a cover and a mantle 
layer, a core and a mantle layer and/or betWeen tWo mantle 
layers. FIG. 4, therefore, is also representative of the typical 
transfer of energy that occurs through any adjacent layers in 
a golf ball having a smooth interface therebetWeen, i.e., such 
as betWeen a core and a mantle layer or betWeen adjacent 
mantle layers, etc. 

[0045] It is desirable therefore to incorporate a structural 
feature in a golf ball, speci?cally along the interface betWeen 
adjacent layers of a golf ball, such as betWeen a cover and 
a core layer, that alloWs for an ef?cient and less abrupt 
transfer of energy to occur betWeen adjacent golf ball layers 
or interior regions. 

[0046] In a golf ball, a core having a protuberant surface, 
referred to herein as a protuberant core, contains outWardly 
extending, and preferably radially extending bulges, protru 
sions, projections, or protuberances that impart contours or 
other irregularities to the surface. A protuberant surface 
provides an alternative to a smooth surface. A protuberant 
surface contains outWardly extending bulges or projections 
creating a surface With a unique contour or topography. It 
has been discovered that changing the surface con?guration 
of a core, such that the core no longer has a uniformly 
smooth surface, alters the manner in Which energy is trans 
ferred betWeen adjacent layers. 

[0047] When a golf ball layer is molded over or otherWise 
formed about a protuberant core, such as a cover or another 

mantle layer, the resulting interface betWeen the tWo layers 
is not smooth, but rather conforms to the topography of the 
surface of the protuberant mantle layer. An interface occur 
ring betWeen a protuberant core and a golf ball layer molded 
immediately thereon is referred to herein as a protuberant 
interface. 

[0048] Projections may be arranged in any manner to form 
a protuberant surface. Patterns and arrangements of projec 
tions are selected as desired to yield various properties 
and/or characteristics in a ?nal golf ball product. The 
outWardly extending bulges on a protuberant core according 
to the present invention are preferably formed by a plurality 
of projections. Projections are preferably in the form of 
geometrical shapes selected from the group including, but 
not limited to, hemispherical, elliptical, conical, pyramidal, 
rectangular, hexagonal, pentagonal, trapeZoidal, and cylin 
drical. Projections are most preferably hemispherical. 

[0049] A protuberant core preferably comprises projec 
tions of the same shape and having equal dimensions, i.e., 
having equal siZe. When projections of equal dimensions are 
employed, the apex, i.e., the top most point, of the projec 
tions are considered to be co-planar With each other. HoW 
ever, the present invention encompasses the use of projec 
tions having different dimension in terms of the height, base 
diameter, and/or base length and Width of the projection. 

[0050] The present invention encompasses protuberant 
cores having a protuberant surface formed by projections of 
different geometric shapes. Protuberant cores optionally 
comprise combinations of tWo or more geometrical shaped 
projections. Multiple geometric shapes are arranged in any 
pattern as desired to provide a mantle layer and/or assembly 
With a protuberant surface. A non-limiting example of such 
an embodiment is a protuberant core formed by hemispheri 
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cal and elliptical projections. The projections could be 
arranged in any manner such that spherical and/or elliptical 
projections Were repeating, i.e., a projection of a given shape 
Would be immediately adjacent to a projection of the same 
shape. Additionally the projections could be arranged in an 
alternating or generally non-repeating fashion. Another non 
limiting example of utiliZing multiple geometric shapes in 
accordance With the present invention is a protuberant core 
formed by a pyramidal, hexagonal, and trapeZoidal projec 
tions. Accordingly, the projections may be arranged in a 
repeating or non-repeating manner, such that desired prop 
erties are achieved. 

[0051] FIG. 5 illustrates a representative embodiment of a 
protuberant surface in accordance With the present inven 
tion. In FIG. 5, core 42 has a protuberant surface topography 
created by projections 44. Projections 44, shoWn in cross 
section of FIG. 5 are representative of cylindrical and/or 
rectangular projections. A protuberant interface, as illus 
trated in FIG. 5, is formed Where the cover 40 is in intimate 
contact With the protuberant surface of mantle layer 42. A 
space is formed betWeen the projections in FIG. 5, and is 
de?ned by the distance adjacent projections are spaced apart 
from one another. Asmooth surface area 46, therefore, exists 
in the region of space betWeen the base of a given projection 
and any next nearest projection. Unless otherWise noted, the 
distance betWeen projections is de?ned in terms of the 
distance betWeen the bases of a given projection and the base 
of a next nearest projection. 

[0052] FIG. 6 demonstrates the transfer of energy that 
occurs across the interface betWeen a cover and a core, in 

Which the core has a protuberant surface topography thereby 
providing a protuberant interface betWeen the cover and the 
core, such as the interface of FIG. 5. Energy transfer 
betWeen adjacent layers having a protuberant interface ther 
ebetWeen is gradual and more ef?cient over the total thick 
ness of the respective layers than the energy transfer occur 
ring across a smooth interface. FIG. 6 is representative of 
the typical transfer of energy that occurs betWeen adjacent 
layers having a protuberant surface therebetWeen. FIG. 6 is 
merely illustrative, and not to be considered a limiting 
example of energy transfer across a protuberant interface. 
Energy transfer betWeen adjacent layers of a golf ball having 
a protuberant interface therebetWeen is a function of the 
thickness of the respective layers, the material used to 
construct the respective layers, and the surface topography 
Which gives rise to the protuberant interface. A change to 
any of the above parameters, including the surface topog 
raphy, Which is typically accomplished by utiliZing differ 
ently shaped projections, Will affect hoW energy transfer 
occurs betWeen adjacent layers. 

[0053] A protuberant interface occurs at the surface 
boundary Where immediately adjacent layers adhere to and/ 
or are in intimate contact With one another and is created by 
the “loWer” layer having a protuberant surface. Aprotuber 
ant surface, as previously described herein, is preferably 
formed by a plurality of projections. 

[0054] Energy transfer Within a golf ball is a function of 
the thickness of the respective layers, the siZe, shape and 
placement of projections, and the materials used to form the 
respective layers. Physical properties of a golf ball utiliZing 
the present invention may be adjusted and optimiZed by 
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varying the compositions and thickness of individual layers 
and also by variations in the surface topography of one or 
more mantle layers. 

[0055] Projection siZe is de?ned in terms of the dimen 
sions of the base of the projection and also the height from 
the base of the projection to the apex or top most point of the 
projection. For hemispherical, cylindrical, elliptical and 
conical projections, base siZe refers to the diameter of the 
base of individual projections. In the case of pyramidal, 
rectangular, pentagonal, hexagonal, and trapeZoidal projec 
tions, base siZe refers to length and/or Width of the base of 
individual projections. The diameter, or in the alternative, 
length and/or Widths of projections is preferably betWeen 
about 0.0375 inches to about 0.420 inches, more preferably 
betWeen about 0.075 inches to about 0.210 inches, and most 
preferably betWeen about 0.100 inches to about 0.160 
inches. Projection heights are preferably betWeen about 
0.0125 inches to about 0.140 inches, more preferably 
betWeen about 0.0250 inches to about 0.070 inches, and 
most preferably from about 0.0335 inches to about 0.0525 
inches. 

[0056] Additionally, projections may be arranged such 
that the bases of adjacent projections are in contact With one 
another or such that the bases of adjacent projections are not 
in contact With another. For example, in FIG. 5, the base of 
a given projection does not make contact With the base of 
any next nearest projection. Subsequently, a region of the 
given mantle layer is exposed. The exposed region is con 
sidered to be a smooth surface region, as Would be found in 
a mantle construction having a smooth surface. Arrangement 
of projections is more fully described in accordance With the 
preferred embodiments. Preferably the distance betWeen the 
base of adjacent projections is from about 0.010 inches to 
about 0.250 inches, and more preferably betWeen about 
0.020 inches to about 0.200 inches. 

[0057] A protuberant core according to the invention is 
preferably spherical. While a protuberant core does not have 
a uniformly smooth or even surface topography, in a most 
preferred form, the overall shape of the layer is spherical 
and/or circular. 

[0058] In a preferred form, a golf ball employing a pro 
tuberant core according to the present invention is a tWo 
piece golf ball, having a cover layer molded immediately 
over the protuberant core. FIGS. 7 and 8 display a protu 
berant core 50 of a ?rst preferred embodiment in accordance 
With the present invention. FIG. 7 is a perspective vieW of 
protuberant core 50. FIG. 8 is a cross-section of FIG. 7. 
Hemispherical projections 52 provide the core With a pro 
tuberant surface. A ?at or smooth surface area 54 is formed 
on the surface of protuberant core 50, and is de?ned Within 
the region betWeen adjacent projections. With reference to 
FIG. 8, projections 52 and smooth surface 54 generally 
extending betWeen the projections 52 provide core 50 With 
a protuberant surface. 

[0059] FIG. 9 is a cross section of a tWo piece, non-Wound 
golf ball 60 employing a protuberant core of a ?rst preferred 
embodiment. A cover layer 62 is molded or otherWise 
formed over core 50. A protuberant interface is provided 
Where the cover layer adheres to and is in intimate contact 
With the protuberant surface of the core. The protuberant 
core of the ?rst preferred embodiment comprises a plurality 
of hemispherical projections having equal dimensions. That 
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is, the projections each have the same base diameter and the 
same height. Therefore, the apex of the hemispherical is 
constant across the core. The core is also to be considered 
spherical. 
[0060] FIG. 10 represents a cross section of a three-piece, 
multi-layer, non-Wound golf ball 70 employing a protuber 
ant core of the ?rst preferred embodiment, Wherein a mantle 
layer 72 is disposed betWeen core 50 and a cover layer 74. 
A protuberant interface is provided Where mantle layer 72 
adheres to and makes intimate contact With the protuberant 
surface of core 50. 

[0061] A golf ball employing a mantle assembly of the 
?rst preferred embodiment is not limited to the above 
described golf balls. It is contemplated that any number of 
mantle layers may be disposed betWeen a cover layer and the 
protuberant core. 

[0062] A second preferred embodiment of a protuberant 
core 80 is illustrated in FIGS. 11 and 12. A protuberant 
surface is provided by a plurality of hemispherical projec 
tions 82. In the second preferred embodiment, the base of 
any selected projection makes contact With the base of each 
projection to Which it is immediately adjacent. Therefore, no 
smooth surfaces eXist on the outer surface of the core of the 
second preferred embodiment. 

[0063] FIG. 13 is a cross section of a tWo piece, non 
Wound golf ball 90 having a protuberant core of the second 
preferred embodiment. A cover layer 92 is disposed over 
core 80. The ball comprises teXtured core 80 and cover layer 
92. A protuberant interface is provided by the protuberant 
surface formed by projections 82, Where the cover layer 
adheres to and is in intimate contact With the surface of core 
80. 

[0064] A cross section of a three piece, multi-layer, non 
Wound golf ball 100 employing a protuberant core of the 
second preferred embodiment is shoWn in FIG. 14, Wherein 
a mantle layer 102 is disposed betWeen core 80 and a cover 
layer 104. Aprotuberant interface is provided Where mantle 
layer 102 adheres to and makes intimate contact With the 
protuberant surface of core 82. 

[0065] A golf ball employing a core according to the 
second preferred embodiment is not limited to the above 
described golf balls. It is contemplated that any number of 
mantle layers may be disposed betWeen a cover layer and a 
core according to the present invention. 

[0066] FIG. 15 shoWs a third preferred embodiment of a 
core according to the present invention. The core, a dual 
(multi-layer) core, comprises an interior spherical center 
component 112, and a core layer 114 disposed about the 
center component. Projections 116 and a smooth surface 
generally eXtend betWeen the projections 116 to provide core 
layer 114, and subsequently core 112, With a protuberant 
surface. 

[0067] FIG. 16 is a cross section of a golf ball having a 
dual core according to the third preferred embodiment. A 
cover layer 124 is disposed over core layer 114. An optional 
inner cover layer or mantle layer 122 may be provided. Core 
layer 114 and interior spherical component 112 comprise a 
core, as described in accordance With FIG. 15. Aprotuberant 
interface is provided Where the cover or mantle layer 
adheres to and is in intimate contact With the protuberant 
surface of core layer 114. 
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[0068] A protuberant core according to the present inven 
tion is not limited to the particular shapes and/or arrange 
ments of projections described in the ?rst, second, or third 
preferred embodiments. Additionally, in regards to multi 
layer cores, any of the one or more core layers may have a 
protuberant surface. 

[0069] In all of the foregoing noted embodiments, the golf 
ball comprises a cover layer disposed about the core. The 
cover may be a single cover layer or optionally a multi-layer 
cover. The cover layer is constructed from any suitable cover 
material, knoWn in the golf ball art. Furthermore, the mantle 
layers may contain a plurality of protuberances. Suitable 
cover materials are more fully described herein. 

[0070] Additionally, it is contemplated that golf balls 
employing a core according to the present invention may 
have one or more mantle layers disposed betWeen the core 
and the cover. Suitable mantle layer materials are more fully 
described herein. 

[0071] Golf balls according to the invention typically have 
a coef?cient of restitution of at least 0.780 and more 
preferably at least 0.800, and a PGA compression of from 
about 85 to about 117, more preferably from about 90 to 
about 105, and most preferably from about 90 to about 97. 
High spin golf balls according to the invention typically 
have a PGA compression of from about 70 to about 100, 
more preferably from about 75 to about 95, and most 
preferably from about 75 to about 85. 

[0072] Cores 

[0073] Protuberant cores described heretofore have been 
solid, one piece cores. It is contemplated that cores accord 
ing to the present invention may have a multi-layer con 
struction. Multi-layer cores comprise an interior spherical 
center component, a core layer disposed about the center 
component, and optionally an outer core layer disposed 
about the core layer. In accordance With the present inven 
tion, at least one of the interior center component, the core 
layer, and optionally the outer core layer has a protuberant 
surface as described herein. In a most preferred form, the 
outermost core layer of a multi-layer core comprises a 
protuberant surface, hoWever, it is contemplated that inner 
core layers may be protuberant as Well as outer core layers. 

[0074] Protuberant cores according to the present inven 
tion may be formed from any suitable core material knoWn 
in the golf ball art. The core may be formed from a thermoset 
material, a thermoplastic material, or combinations thereof. 

[0075] The cores have a Weight of about 25 to 40 grams 
and preferably about 30 to 40 grams. The cores can be 
molded from a variety of materials. For eXample the core 
can be molded from a slug of uncured or lightly cured 
elastomer composition comprising a high cis content polyb 
utadiene and a metal salt of an ethylenically unsaturated 
carboXylic acid such as Zinc mono- or diacrylate or meth 
acrylate. To achieve higher coef?cients of restitution and/or 
to increase hardness in the core, the manufacturer may 
increase the amount of Zinc diacrylate co-agent. In addition, 
larger amounts of metal oXide such as Zinc oXide may be 
included in order to increase the core Weight so that the 
?nished ball more closely approaches the U.S.G.A. upper 
Weight limit of 1.620 ounces. Non-limiting eXamples of 
other materials Which may be used in the core composition 
include compatible rubbers or ionomers, and loW molecular 














































