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(57) ABSTRACT 
A multi-layer golf ball is disclosed having a mantle assem 
bly, comprising a core and one or more mantle layers 
disposed about the core, and a cover disposed about the 
mantle assembly. At least one of the one or more mantle 
layers of the mantle assembly has a unique surface con?gu 
ration. 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 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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MANTLE SURFACE TOPOGRAPHY FOR 
OPTIMUM ENERGY TRANSFER IN 

MULTI-LAYER GOLF BALL 

FIELD OF THE INVENTION 

[0001] This is a continuation-in-part application of US. 
Applicant 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 Serial No. 60/227,190 ?led on Aug. 17, 2000. 

BACKGROUND OF THE INVENTION 

[0002] Generally, golf balls are one of three types. A ?rst 
type is a multi-piece Wound ball Wherein a vulcanized 
rubber thread is Wound under tension around a solid or 
semi-solid core, and thereafter enclosed in a single or 
multi-layer covering of a tough, protective material. A 
second type of golf ball is a one-piece ball formed from a 
solid mass of a resilient material Which has been cured to 
develop the necessary degree of hardness to provide utility. 
One-piece molded balls do not have a second enclosing 
cover. A third type of ball is a multi-piece non-Wound ball 
Which includes a liquid, gel or solid core of one or more 
layers and a cover having one or more layers formed over 
the core. 

[0003] Attempts to improve and/or optimiZe performance 
characteristics in golf balls are typically directed toWard 
achieving better feel When the ball is struck With a golf club, 
and also alloWing for increased or optimum distance While 
at the same time adhering to the rules set forth by the United 
States Golf Association (U.S.G.A.) regarding the physical 
characteristics and performance properties of golf balls. 
These rules specify that the Weight of a golf ball shall not be 
greater than 1.620 ounces, the diameter of the ball shall not 
be less than 1.680 inches and the velocity of the ball shall not 
be greater than 250 feet per second. The U.S.G.A. rules also 
specify that the overall distance a golf ball should travel 
shall not cover an average distance (in carry and roll) greater 
then 280 yards. 

[0004] Over the years, attempts to improve characteristics 
such as feel and durability have centered around the mate 
rials used to form the various layers of a golf ball. 

[0005] Improvements in spin and distance characteristics 
are usually directed toWard the actual construction and 
physical makeup of the golf ball. The use of one or more 
intermediate layers betWeen a core and a cover layer to 
achieve such improvements is knoWn in the art. The thick 
ness and/or material hardness of each layer may also be 
varied in order to achieve a desired property. 

[0006] Attempts at improving spin and distance charac 
teristics have included employing a core or inner cover layer 
that utiliZe an outer surface With a particular con?guration. 
Speci?cally, US. Pat. No. 5,836,834 and US. Pat. No. 
5,984,807 describe golf balls that use inner cores With 
certain shaped projections. Both the ’834 patent and the ’807 
patent also describe forming another core layer around the 
inner core such that the core is essentially a concentric, 
smooth surfaced dual core. 
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[0007] US. Pat. No. 5,820,485 describes a golf ball 
employing an inner cover layer having a collection of 
projections. An outer cover layer covers the inner layer. 

[0008] In general, there is a natural transfer of energy that 
occurs Within a golf ball When the ball is struck by a golf 
club. Energy is transferred from the club face to the golf ball 
cover, and then subsequently transferred through each layer 
beneath the cover. In solid non-Wound golf balls employing 
spherical layers, energy transfer is generally a function of 
the thickness and material composition of a given layer. 

[0009] Therefore, varying either the thickness of a given 
layer and/or the material from Which a layer is made affects 
the ef?ciency of energy transfer occurring Within a golf ball 
and consequently affects the overall performance character 
istics of that ball. 

[0010] There still eXists a need for a golf ball design that 
improves the energy transfer occurring Within a golf ball, 
after being struck by a golf club, such that the design may 
be varied in order to achieve different, desirable perfor 
mance characteristics. 

SUMMARY OF THE INVENTION 

[0011] An object of the present invention is to provide a 
multi-layer golf ball, in Which one or more intermediate 
layers have a unique surface con?guration. 

[0012] Another object of the invention is to provide a 
multi-layer golf ball Wherein one or more intermediate 
layers have a protuberant surface con?guration as described 
herein. 

[0013] Yet another object of the invention is to form a 
multi-layer golf ball, in Which one or more mantle layers 
have a protuberant surface con?guration formed by a plu 
rality of outWardly extending projections. 

[0014] A further object of the invention is to provide a 
multi-layer golf ball having one or more mantle layers in 
Which the properties of the ball are optimiZed by the surface 
con?guration of at least one of the one or more mantle layers 
and the materials used to construct the ball. 

[0015] Still another object of the invention is to optimiZe 
the transfer of energy occurring Within a multi-layer golf 
ball, When the ball is struck With a golf club, by providing 
a surface interface betWeen adjacent layers that results in an 
ef?cient transfer of energy betWeen the layers. 

[0016] Yet another object of the invention is to provide a 
golf ball mantle assembly Which includes a core and one or 
more mantle layers disposed about the core, Wherein at least 
one of the one or more mantle layers has a protuberant 
surface provided by a plurality of projections. 

[0017] Afurther object of the invention is to provide a golf 
ball having a cover layer disposed about a mantle assembly 
described above. 

[0018] The present invention achieves all of the foregoing 
noted objectives and provides, in a ?rst aspect, a golf ball 
mantle assembly comprising a core and one or more mantle 
layers disposed about the core. At least one of the mantle 
layers has a protuberant surface that is de?ned by a plurality 
of projections extending outWard from the mantle layer. 
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[0019] In another aspect, the present invention provides a 
mantle assembly comprising a core, a ?rst mantle layer 
disposed about the core and a second mantle layer disposed 
about the ?rst mantle layer. Each of the ?rst mantle layer and 
the second mantle layer have a protuberant surface de?ned 
by a plurality of projections. 

[0020] In still another aspect, the present invention pro 
vides a golf ball comprising a mantle assembly that includes 
a core and a mantle layer disposed about the core. The 
mantle layer includes a plurality of outWardly extending 
projections that de?ne a protuberant surface. The projections 
exhibit a geometrical shape selected from the group con 
sisting of hemispherical, conical, cylindrical, and angled, 
having a height of from about 0.02 inches to about 0.06 
inches and a base diameter of from about 0.05 inches to 
about 0.200 inches. The ball further comprises a cover layer 
disposed about the mantle assembly and immediately adja 
cent to the protuberant surface. 

[0021] In yet another aspect the present invention provides 
a golf ball comprising a core, a ?rst mantle layer disposed 
about the core having a protuberant surface de?ned by a 
plurality of outWard extending projections, a second mantle 
layer disposed about the ?rst mantle layer, and a cover layer 
disposed about the second mantle layer. The second mantle 
layer de?nes an inner surface layer comprising a plurality of 
depressions, and an outer surface layer having a protuberant 
surface de?ned by a plurality of projections. The cover layer 
de?nes an inner surface layer and a dimpled outer surface 
layer. The inner surface layer comprises a plurality of 
depressions. The depressions on the inner surface layer of 
the second mantle layer correspond to the projections of the 
?rst mantle layer, and the depressions on the inner surface of 
the cover layer correspond to the projections of the second 
mantle layer. 

[0022] In a further aspect, the present invention provides 
a golf ball comprising a core, a mantle layer disposed about 
the core and a cover layer disposed about the mantle layer. 
The mantle layer comprises a protuberant surface con?gu 
ration provided by a plurality of stepped projections. 

[0023] Other objects of the present invention Will become 
apparent upon a reading and understanding of the preferred 
embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a cross-section of a conventional prior art 
non-Wound multi-layer golf ball having one intermediate 
layer; 
[0025] FIG. 2 is a cross-section of a conventional prior art 
non-Wound multi-layer golf ball having tWo intermediate 
layers; 
[0026] FIG. 3a is a schematic cross-section of a cover and 
a mantle layer in a conventional prior art golf ball having a 
smooth interface therebetWeen; 

[0027] FIG. 3b is a diagram shoWing the transfer of 
energy occurring betWeen the layers of a conventional prior 
art golf ball having a smooth interface therebetWeen; 

[0028] FIG. 4a is a schematic cross-section of a cover 
layer and a mantle layer in a golf ball having a protuberant 
interface therebetWeen in accordance With the present inven 
tion; 
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[0029] FIG. 4b is a diagram shoWing the transfer of 
energy occurring betWeen the layers of a golf ball having a 
protuberant interface therebetWeen in accordance With the 
present invention; 

[0030] FIG. 5a is a cross-sectional vieW of a hemispheri 
cal projection of a protuberant mantle layer; 

[0031] FIG. 5b is a top vieW of the projection in FIG. 5a; 

[0032] FIG. 6a is a cross-sectional vieW of an angled 
projection of a protuberant mantle layer; 

[0033] 
[0034] FIG. 7a is a cross-sectional vieW of a stepped 
projection of a protuberant mantle layer; 

[0035] FIG. 7b is a top vieW of the projection of FIG. 7a; 

[0036] FIG. 7c is the cross-sectional vieW of FIG. 7a, 
further illustrating dimensional characteristics of the stepped 
projection; 

FIG. 6b is a top vieW of the projection of FIG. 6a; 

[0037] FIG. 8a is a perspective vieW of a mantle assembly 
of a ?rst preferred embodiment; 

[0038] FIG. 8b is a cross-section of the mantle assembly 
shoWn in FIG. 8a; 

[0039] FIG. 9a is a perspective vieW of a mantle assembly 
of a second preferred embodiment; 

[0040] FIG. 9b is a cross-section of the mantle assembly 
in FIG. 9a; 

[0041] FIG. 10 is a cross-sectional vieW of a mantle 
assembly of a third preferred embodiment; 

[0042] FIG. 11 is a cross-sectional vieW of a mantle 
assembly of a fourth preferred embodiment; 

[0043] FIG. 12 is a cross-sectional vieW of a three-piece, 
non-Wound golf ball employing a mantle assembly of the 
?rst preferred embodiment; 

[0044] FIG. 13 is a cross-sectional vieW of a four-piece, 
non-Wound golf ball employing a mantle assembly of the 
?rst preferred embodiment; 

[0045] FIG. 14 is a cross-sectional vieW of a three-piece, 
non-Wound golf ball employing a mantle assembly of the 
second preferred embodiment; 

[0046] FIG. 15 is a cross-sectional vieW of a four-piece, 
non-Wound golf ball employing a mantle assembly of the 
second preferred embodiment; 

[0047] FIG. 16 is a cross-sectional vieW of a golf ball 
employing a mantle assembly of the third preferred embodi 
ment; and 

[0048] FIG. 17 is a cross-sectional vieW of a golf ball 
employing a mantle assembly of the fourth preferred 
embodiment. 

[0049] The above-referenced ?gures are not to scale, but 
are merely illustrative of the enclosed invention. In addition, 
several of the ?gures are schematic in nature. Speci?cally, 
the ?gures are for purposes of illustrating the enclosed 
invention, and not to be construed as limiting the invention 
described herein. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0050] The present invention is based on the discovery by 
the inventors that by incorporating a particular surface 
con?guration betWeen adjacent layers of a golf ball, such as 
betWeen a core and cover layer or, core and intermediate 
layer or, betWeen an intermediate layer and a cover layer or, 
betWeen adjacent intermediate layers, desired performance 
properties may be obtained. In accordance With the present 
invention, a golf ball is provided that utiliZes a surface 
topography at one or more interior layer interfaces that 
alloWs energy to be transferred betWeen regions of the ball 
ef?ciently and in a manner such that desirable performance 
characteristics are achieved. 

[0051] Multi-layer golf ball constructions are knoWn in the 
art. Multi-layer golf balls typically include a core, a dimpled 
cover layer and one or more mantle layers disposed ther 
ebetWeen. The term “mantle layer” as used herein refers to 
any intermediate layer disposed betWeen the core and the 
cover of a golf ball. 

[0052] FIGS. 1 and 2 shoW cross-sectional vieWs of prior 
art three-piece and four-piece non-Wound golf balls, respec 
tively. FIG. I represents a three-piece, non-Wound golf ball 
10 having a core 12, a mantle layer 14 disposed about core 
12, and dimpled cover layer 16. FIG. 2 represents a four 
piece, non-Wound golf ball 20 having a core 21, tWo mantle 
layers 22 and 23 disposed about core 21 and dimpled cover 
layer 24. 

[0053] Mantle layers are often considered to contribute to 
a respective layer of a golf ball, i.e., they are typically 
considered part of the core or the cover layer. Standard 
convention is to consider a mantle layer a member of a 
respective layer based on the material from Which the mantle 
layer is constructed. A mantle layer constructed of the same 
material, or material similar to that, as the core and imme 
diately molded over or otherWise formed about the core 
Would be considered a dual core or core assembly. Likewise, 
mantle layers constructed of material similar to that of a 
cover layer are typically considered an inner cover layer. 

[0054] Conventional multi-layer golf balls are typically 
constructed from uniform spherical layers, i.e., layers having 
a smooth round 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. The inner layers, i.e., the core and mantle layers, 
of golf ball 10 and golf ball 20 shoWn in FIGS. 1 and 2, 
respectively, are smooth-surfaced, spherical layers. 
[0055] 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. 
Asmooth interface 17 is formed betWeen core 12 and mantle 
layer 14 and another smooth interface 18 is formed betWeen 
mantle layer 14 and cover layer 16 in the golf ball of FIG. 
1. Similarly, in FIG. 2, smooth interfaces 25, 26, 27 are 
formed betWeen core 21 and mantle layer 22, betWeen 
mantle layer 22 and mantle layer 23, and betWeen mantle 
layer 23 and cover layer 24, respectively. 

[0056] 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 
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and subsequently transferred from the cover to each layer 
beloW the cover. Typically, the cover layer material and the 
mantle layer material differ in both their compositions and 
physical properties. Therefore, the energy transfer occurring 
throughout a golf ball must propagate through different 
materials via one or more smooth interfaces, Which affects 
the transfer of energy Within a golf ball. Additionally, 
different layers typically have different thicknesses, Which 
also affects the transfer of energy Within a golf ball. 

[0057] In addition to differing compositions and physical 
properties, the physical arrangement or con?guration of the 
interface betWeen adjacent layers also affects the transfer of 
energy betWeen respective layers. FIG. 3a represents a 
schematic cross-section of a golf ball having a cover layer 30 
of a particular thickness and modulus (in terms of a par 
ticular type of material) and a mantle layer 32 of a different 
thickness and modulus. A smooth interface 34 is de?ned 
betWeen the tWo layers. The smooth interface 34 represents 
any of the smooth interfaces 17, 18, 25, 26, 27 of FIGS. 1 
and 2, respectively. FIG. 3b in a graph illustrating the 
transfer of energy occurring betWeen adjacent layers of a 
golf ball having a smooth interface as represented in FIG. 
3a. 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. 

[0058] 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 that alloWs for an efficient and 
less abrupt transfer of energy betWeen adjacent golf ball 
layers or interior regions. 

Protuberant Surface Con?gurations 

[0059] It has been discovered that changing the surface 
con?guration of a mantle layer so that the mantle layer no 
longer has a uniformly smooth surface, alters the manner in 
Which energy is transferred betWeen adjacent layers. 

[0060] A protuberant surface provides an alternative to a 
smooth surface. A protuberant surface contains outWardly 
extending bulges, protrusions or projections creating a sur 
face With a unique contour or topography. 

[0061] In a golf ball, a mantle layer having a protuberant 
surface, referred to herein as a protuberant mantle layer, 
contains outWardly extending, and preferably radially 
extending bulges, projections, or protuberances that impart 
contours or other irregularities to the surface. 

[0062] When a golf ball layer is molded over or otherWise 
formed about a protuberant mantle layer, 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 
occurring betWeen a protuberant mantle layer and a golf ball 
layer molded immediately thereon is referred to herein as a 
protuberant interface. 

[0063] FIG. 4a illustrates a representative embodiment of 
a protuberant surface in accordance With the present inven 
tion. In FIG. 4a, mantle layer 42 has a protuberant surface 
topography created by projections 44. Projections 44, shoWn 
in cross-section of FIG. 4a, are representative of cylindrical 
and/or rectangular projections. A protuberant interface, as 
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illustrated in FIG. 4a, results from the cover 40 being in 
intimate contact With the protuberant surface of mantle layer 
42. Surface 46, extends betWeen the base or side Wall of a 
given projection and the base or side Wall of any next nearest 
projection. Unless otherWise noted, the distance betWeen 
projections is de?ned in terms of the distance betWeen the 
base of a given projection and the base of a next nearest 
projection. 
[0064] FIG. 4b is a graph demonstrating the transfer of 
energy that occurs across the interface betWeen adjacent 
layers in Which the mantle layer has a protuberant surface 
topography, thereby providing a protuberant interface 
betWeen the mantle layer and adjacent layer, such as the 
interface of FIG. 4a. Energy transfer betWeen adjacent 
layers having a protuberant interface therebetWeen is 
gradual and more ef?cient over the total thickness of the 
respective layers than the energy transfer occurring across a 
smooth interface. FIG. 4b is representative of the typical 
transfer of energy that occurs betWeen adjacent layers hav 
ing a protuberant surface therebetWeen. FIG. 4b is merely 
illustrative, and not to be considered a limiting example of 
energy transfer across a protuberant interface. Energy trans 
fer betWeen adjacent layers of a golf ball having a protu 
berant interface therebetWeen is a function of several factors 
including: 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 in any of the noted parameters affects the energy 
transfer occurring betWeen adjacent layers. 

[0065] 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 
either of the adjacent layers having a protuberant surface. 
Preferably, of the tWo layers, the “loWer” or underlying layer 
exhibits a protuberant surface. A protuberant surface, as 
previously described herein, is preferably formed by a 
plurality of outWardly extending bulges, protrusions or 
projections. 

[0066] The outWardly extending bulges, contours, or 
regions on a protuberant mantle layer according to the 
present invention are preferably formed by a plurality of 
projections. Projections are preferably in the form of geo 
metrical shapes selected from the group including, but not 
limited to, hemispherical, elliptical, conical, pyramidal, rect 
angular, hexagonal, pentagonal, trapeZoidal, and cylindrical. 

[0067] In one embodiment, projections are preferably 
hemispherical. FIG. 5a represents hemispherical projection 
50 extending outWardly from surface 52. Surface 52 is 
representative of the outer surface of a mantle layer. FIG. 5b 
is a top vieW of projection 50 displaying the circular base of 
the hemispherical projection. 

[0068] The present invention also contemplates angled 
projections. Angled projections are substantially conical 
projections that extend outWardly from the surface (of a 
mantle layer) and angle toWard a single point. HoWever, 
angled projections differ from conical projections in that 
angled projections are rounded and/or curved toWard the 
apex of the projection and do not form a single point. FIG. 
6a displays an embodiment of an angled projection 60 
extending outWardly from surface 62. As illustrated in FIG. 
6a, angled projections are substantially conical in that 
extending the outer angled Walls of projection 60, repre 

Oct. 4, 2001 

sented by dashed lines 64 and 66, to a single point 65 
provides a cone. FIG. 6b is a top vieW of projection 60 
displaying the circular base of the angled projection. 

[0069] Protuberant surface con?gurations may also be 
provided by stepped projections, as illustrated in FIG. 7a. 
Stepped projections include a step abutting and extending 
outWardly from the surface of a mantle layer and at least one 
step extending therefrom. Preferably stepped projections 
include a plurality of steps, Wherein each step extends 
outWardly from an immediately adjacent underlying step. 
Preferably each respective step exhibits a substantially even 
or ?at surface area. FIGS. 7a-7c display stepped projection 
70 extending outWardly from surface 72. Stepped projection 
70 includes a base step 70a extending directly from surface 
72. A plurality of steps (70b-70c) successively extend out 
Ward from disc 70a. Each successive step is preferably 
smaller, in terms of diameter, length and/or Width, than the 
immediately adjacent underlying step from Which it extends, 
i.e., step 70b is smaller than 70a, step 70c is smaller than 
step 70b, etc. The present invention also contemplates an 
inverted step arrangement Wherein the step abutting the 
mantle layer is the smallest step and the siZe of each 
successive step increases. 

[0070] FIG. 7b is a top vieW of stepped projection 70. 
According to FIG. 7b, stepped projection 70 is comprised of 
circular discs 70a-70e, Wherein the diameter (and/or radius) 
of each disc decreases from 70a to 706, i.e., disc 706 exhibits 
the smallest diameter. The present invention also contem 
plates that stepped projections may be formed utiliZing 
geometrical shaped steps, including but not limited to, 
squares, rectangles, rhombuses, pentagons, hexagons, octa 
gons, triangles, and the like. Stepped projections preferably 
employ steps having the same shape. HoWever, the present 
invention contemplates employing different shaped steps to 
form a stepped projection. 

[0071] Projection siZe is de?ned in terms of the dimen 
sions of the base of the projection and also the height of the 
projection. For hemispherical, cylindrical, elliptical, conical 
and angled projections, base siZe refers to the diameter of the 
base of the individual projections. In FIG. 5a, 6a and 7a, the 
diameter d is de?ned by the distance betWeen the points at 
Which opposite, i.e., polar, ends of the projection base make 
contact With the outer surface of a mantle layer. In the case 
of pyramidal, rectangular, pentagonal, hexagonal, and trap 
eZoidal projections, base siZe refers to the length and/or 
Width of the base of individual projections, de?ned by the 
points at Which the base (of each respective side) of the 
projection contacts the surface of the mantle layer. The base 
diameter or, in the alternative, the length and/or Width is 
preferably from about 0.05 inches to about 0.20 inches, more 
preferably from about 0.07 inches to about 0.190 inches, and 
most preferably from about 0.09 inches to about 0.180 
inches. 

[0072] Angled projections and conical projections further 
exhibit and de?ne a conical angle 4), as illustrated in FIG. 
6a. Angled projections, as previously described herein, are 
substantially conical and therefore may be de?ned by a 
conical angle. The conical angel 4) is preferably from about 
75° to about 110°. 

[0073] Preferably, particularly With respect to conical, 
pyramidal, pentagonal, hexagonal, and trapeZoidal projec 
tions, the diameter, length and/or Width of the base of a 
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projection is equal to or greater than the diameter, length, 
and/or Width of the apex, ie the top most point, of the 
projection. Most preferably, the base diameter, length and/or 
Width of a projection is greater than the diameter, length, 
and/or Width of its apex. The present invention also con 
templates forming a protuberant mantle layer comprising a 
plurality of projections Wherein the base of a projection has 
a diameter, length, and/or Width less than the diameter, 
length and/or Width of the apex. 

[0074] The height or depth of the projection is de?ned 
from the surface of the mantle layer to the apex of the 
projection. Projections reside on or extend outWardly from 
a curved and/or a substantially spherical surface. Conse 
quently, a surface arc is de?ned betWeen polar ends on the 
base of a projection, Where each end of the projection makes 
contact With the outer surface of the mantle layer. The depths 
of projections is de?ned by the distance h betWeen the apex 
of the surface arc and the apex of a given projection, as, for 
example, is illustrated in FIGS. 5a, 6a and 7a. The depths 
of projections are at least about 0.020 inches. Preferably, the 
depths of projections are betWeen about 0.020 inches and 
0.060 inches. 

[0075] Stepped projections are further de?ned by the 
number of steps and the siZe of each individual step. Steps 
are de?ned based upon the shape of each respective step. 
Cylindrical projections, i.e., disc shaped steps, are de?ned 
by the diameter or, alternatively the radius, and the step 
height. Steps exhibiting other shapes, i.e., square, rectangle, 
rhombuses, hexagon, pentagon, octagon, triangles etc., are 
de?ned by the height, length and/or Width of each step. Steps 
preferably have a diameter, length and/or Width of from 
about 0.05 inches to about 0.130 inches. Preferably, step 
siZe, in terms of diameter, length, and/or Width, decreases 
from the base step to the outermost step in uniform incre 
ments, i.e., each given step has a diameter, length and/or 
Width less than the diameter, length and/or Width of the step 
immediately therebeneath. The present invention also con 
templates stepped projections Wherein step siZe does not 
decrease from the base step to the outermost step in uniform 
increments. The siZe difference, in terms of the diameter, 
length and/or Width, of adjacent steps is preferably from 
about 0.005 inches to about 0.02 inches. 

[0076] Preferably, the height of each respective step, i.e., 
the height increments, are equal. The present invention also 
contemplates employing steps of different heights in a 
stepped projection. Step height increments are preferably 
from about 0.005 inches to about 0.03 inches. 

[0077] Step heights depend upon the number of steps 
employed in a stepped projection. Stepped projections 
employ at least tWo steps. Stepped projections preferably 
employ from about tWo steps to about tWelve steps, more 
preferably from about three steps to about eight steps, and 
most preferably from about four steps to about six steps. 

[0078] 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. Addition 
ally, 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. 4a, the base of a given 
projection does not make contact With the base of any next 
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nearest projection. Subsequently, a region of the given 
mantle layer is exposed. The exposed region is considered to 
be a smooth surface region, as Would be found in a mantle 
construction having a smooth surface. Arrangement of pro 
jections is more fully described in accordance With the 
preferred embodiments. Preferably the distance betWeen the 
bases 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. 

[0079] A protuberant mantle layer preferably comprises 
projections of the same shape and having equal dimensions, 
i.e., having equal siZe. When projections of equal dimen 
sions are employed, the apex of the projections are consid 
ered to be co-planar With each other. HoWever, the present 
invention encompasses the use of projections having differ 
ent dimensions in terms of the height, base diameter, and/or 
base length and Width of the projection. 

[0080] The present invention encompasses protuberant 
mantle layers having a protuberant surface formed by pro 
jections of different geometric shapes. Protuberant mantle 
layers optionally comprise combinations of tWo or more 
geometrical shaped or stepped projections. Multiple geo 
metric 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 mantle layer formed by hemispherical and 
angled projections. The projections could be arranged in any 
manner such that spherical and/or angled 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 alter 
nating or generally non-repeating fashion. 

[0081] Another non-limiting example of utiliZing multiple 
geometric shapes in accordance With the present invention is 
a protuberant mantle assembly formed by pyramidal, hex 
agonal, and trapeZoidal projections. Accordingly, the pro 
jections may be arranged in a repeating or non-repeating 
manner, such that desired properties are achieved. 

Mantle Assemblies 

[0082] Preferably, a protuberant mantle layer, as previ 
ously described herein, is part of a mantle assembly. A 
mantle assembly according to the present invention is com 
prised of a core and one or more mantle layers disposed 
about the core, Wherein at least one of the one or more 
mantle layers has a protuberant surface. In a preferred 
embodiment, the outermost mantle layer of a mantle assem 
bly comprises a plurality of projections that provide the 
outermost mantle layer With a protuberant surface. Projec 
tions, as previously described herein, are most preferably in 
the form of repeating geometrical shapes. And, it is preferred 
that the plurality of projections are arranged in a uniform or 
repeating pattern. HoWever, the present invention encom 
passes the simultaneous use of multiple geometric shapes 
and generally non-repeating shapes. And, the present inven 
tion includes the use of non-uniform or non-repeating pat 
terns of projections. 

[0083] Preferably, a mantle assembly comprising a protu 
berant mantle layer is generally spherical. While a protu 
berant mantle layer does not have a uniformly smooth or 
even surface topography due to the plurality of projections 
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as described herein, in a most preferred form, the overall 
shape of the layer is generally spherical and/or circular. 

[0084] FIG. 8a displays a mantle assembly 80 of a ?rst 
preferred embodiment mantle assembly in accordance With 
the present invention. The mantle assembly 80 comprises a 
mantle layer 81 on its outer surface. Hemispherical projec 
tions 82 provide the mantle layer With a protuberant surface. 
A ?at or smooth surface area 84 is formed on the outer 
mantle layer of the mantle assembly 80 in the ?rst preferred 
embodiment, and is de?ned Within the region betWeen 
adjacent projections. 

[0085] FIG. 8b is a cross-section of the mantle assembly 
of FIG. 8a and provides a vieW of the entire mantle 
assembly 80 including a mantle layer 81 and a core 86. 
Projections 82 and smooth surface 84 generally extending 
betWeen the projections 82 provide mantle layer 81 With a 
protuberant surface. The projections 82 of the mantle assem 
bly 80 can be of any shape or siZe described herein. 

[0086] Asecond preferred embodiment of a mantle assem 
bly according to the present invention is illustrated in FIGS. 
9a and 9b. FIG. 9a displays a mantle assembly 90 having a 
mantle layer 92. Mantle layer 92 has a protuberant surface 
con?guration provided by a plurality of hemispherical pro 
jections 94. The present invention contemplates that projec 
tions 94 can be of any shape or siZe described herein. 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 exposed 
smooth surfaces exists on the outer surface of the mantle 
assembly of the second preferred embodiment. 

[0087] FIG. 9b is a cross-section of FIG. 9a and shoWs 
mantle assembly 90 of the second preferred embodiment. 
Mantle assembly 90 comprises a mantle layer 92 having a 
plurality of projections 94 molded over a core 96. The 
projections 94 of the second preferred embodiment prefer 
ably are of equal dimensions. 

[0088] FIG. 9b also demonstrates the arrangement of the 
projections 94, i.e., the base of a projection is in intimate 
contact With the base of each immediately adjacent projec 
tion. 

[0089] Athird preferred embodiment of a mantle assembly 
of the present invention is shoWn in FIG. 10. Multi-layer 
mantle assembly 100 comprises three layers, a core 102, an 
inner mantle layer 104 and an outer mantle layer 106. The 
inner mantle layer 104 is disposed betWeen the core 102 and 
the outer mantle layer 106. 

[0090] The outer mantle layer 106 comprises a plurality of 
projections 108, Which provide the outer mantle layer With 
a protuberant surface. Projections 108 of the third preferred 
embodiment exhibit an arrangement similar to the arrange 
ment of the projections according to the second preferred 
embodiment, i.e., the base of a projection is in immediate 
contact With the base of each immediately adjacent projec 
tion. Alternatively, a smooth surface may extend betWeen 
the projections 108. Additionally, projections 108 can be of 
any shape or siZe as described herein. 

[0091] FIG. 11 a cross-sectional vieW of a fourth preferred 
embodiment of a multi-layer mantle assembly 110 according 
to the present invention. Multi-layer mantle assembly 110 
comprises core 111, a ?rst protuberant mantle layer 112 
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having a plurality of projections 113 disposed about the core 
111, and a second protuberant mantle layer 114 having a 
plurality of projections 115 disposed about the ?rst protu 
berant mantle layer 112. First protuberant mantle layer 112 
exhibits a protuberant surface con?guration provided by a 
plurality of hemispherical projections 113 arranged such that 
the base of a projection is in immediate contact With the base 
of each immediately adjacent projection. Second protuber 
ant mantle layer 114 exhibits a protuberant surface provided 
by a plurality of projections 115 and smooth surface 116 
generally extending betWeen the projections. 

[0092] Second protuberant mantle layer 114 de?nes an 
inner surface that adheres to or makes contact With the outer 
surface of mantle layer 112. Additionally, ?rst protuberant 
mantle layer 112 de?nes an inner surface that adheres to or 
is in intimate contact With the outer surface of core 111. 
Depressions are formed on the inner surface of second 
protuberant mantle layer 114 and are de?ned by projections 
113 on the outer surface of ?rst protuberant mantle layer 
112. Speci?cally, depressions on the inner surface of second 
protuberant mantle layer 114 exhibit a shape that is the 
negative shape of a corresponding projection on the outer 
surface of ?rst protuberant mantle layer 112. 

[0093] Depressions are formed on the inner surface of any 
layer formed immediately over a protuberant mantle layer. 
Depressions are de?ned by projections, bulges, or other 
contours on the surface of the protuberant mantle layer, i.e., 
depressions are de?ned by the space and/or volume occu 
pied by a projection, bulge, or contour of the protuberant 
mantle layer. Consequently, depressions exhibit a shape that 
is the negative or corresponding inverse of the shape of the 
corresponding projection, bulge or contour from Which it is 
formed. 

[0094] In FIG. 11, for example, the inner surface of outer 
mantle layer 114, if removed from mantle assembly 110, 
exhibits depressions corresponding to the projections 113 of 
mantle layer 112. The inner surface of mantle layer 114 is the 
region of mantle layer 114 that adheres to or is in contact 
With the outer surface of mantle layer 112. Speci?cally, the 
depressions on the inner surface of mantle layer 114 exhibit 
shapes that are the negative shapes to a corresponding 
projection of mantle layer 112. 

[0095] The multi-layer mantle assembly 110 is considered 
to be spherical, preferably comprised of spherical core and 
spherical protuberant mantle layers 112 and 114. Mantle 
assemblies comprising tWo or more protuberant mantle 
layers are not limited to the mantle assembly according to 
the fourth preferred embodiment. The present invention 
encompasses numerous variations and alternative arrange 
ments of a multi-layer mantle assembly comprising tWo or 
more protuberant mantle layers. The present invention con 
templates a mantle assembly comprising tWo protuberant 
mantle layers, Wherein the protuberant mantle layers exhibit 
different surface con?gurations. Surface con?gurations of 
the mantle layers differ With respect to any of the arrange 
ment, shape, and/or siZe of projections Which provide each 
mantle layer With its respective surface con?guration. Addi 
tionally, the present invention encompasses multi-layer 
mantle assemblies comprising tWo or more protuberant 
mantle layers Wherein each mantle layer exhibits a surface 
con?guration similar to that of the at least one other protu 
berant mantle layer. In such an embodiment, the surface 


























































