PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 7:

(11) International Publication Number:

WO 00/62871

A63B 37/06, 37/12, B29C 43/20, 44/00, Al . o
45/16 (43) International Publication Date: 26 October 2000 (26.10.00)
(21) International Application Number: PCT/US00/09996 | (81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,

(22) International Filing Date: 14 April 2000 (14.04.00)

(30) Priority Data:

09/296,197 Us

20 April 1999 (20.04.99)

(71) Applicant: CALLAWAY GOLF COMPANY [US/US]; 2285
Rutherford Road, Carlsbad, CA 92008-8815 (US).

(72) Inventors: DEWANIEE, Pijush, K.; 1965 Suncrest Avenue,
Oceanside, CA 92056 (US). FELKER, David, L.; 30477
Via Maria Elena, Bonsall, CA 92033 (US). MARSHALL,
Gary, G.; 10472 Jeneva Lane, Soddy Daisy, TN 37379 (US).

(74) Agent: CATANIA, Michael, A.; 2285 Rutherford Road,
Carlsbad, CA 92008-8815 (US).

BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GD,
GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP,
KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK,
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG,
SI, SK, SL, TJ, T™M, TR, TT, UA, UG, UZ, VN, YU, ZW,
ARIPO patent (GH, GM, KE, LS, MW, SD, SL, SZ, TZ,
UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD,
RU, TJ, TM), European patent (AT, BE, CH, CY, DE, DK,
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI
patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR,
NE, SN, TD, TG).

Published
With international search report.

(54) Title: GOLF BALLS AND METHODS OF MANUFACTURING THE SAME

(57) Abstract

A method of manufacturing golf balls (25) that prevents
the cover (22) from cracking due to thermal expansion of the
core (20) during the cover (22) formation process is disclosed
herein. The method includes the forming a core (20), with one
or more optional boundary layers (21), and then pre-heating the
core (20) and any boundary layer (21) to generate volumetric
thermal expansion thereof. After the pre-heating, the cover
(22) of the golf ball (25) is formed over the core (20) and any
boundary layer (21). The method of the present invention also
decreases cover (22) molding cycle time for golf balls (25).
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Title

GOLF BALLS AND METHODS OF MANUFACTURING THE SAME

Technical Field

The present invention relates generally to golf balls. More specifically, the

present invention relates to methods for manufacturing golf balls and golf balls
10  manufactured thereby.
Background Art

Golf balls may comprise one-piece constructions or they may include several
layers including a core, one or more intermediate layers and an outer cover that
surrounds any intermediate layer and the core. In multi-component golf balls, there

15  exists an inner core. Often, this core is made by winding a band of elastomeric
material about a spherical elastomeric or liquid-filled center. Alternatively, the core
may be a unitary spherical core made of a suitable solid elastomeric material. One
such material that is conventionally used for the core of golf balls is a base rubber,
such as polybutadiene, which is cross-linked with a metal acrylate, such as zinc

20 diacrylate.

In the construction of some multi-component golf balls, an intermediate
boundary layer is provided outside and surrounding the core. This intermediate
boundary layer is thus disposed between the core and the outer cover of the golf ball.

Located outwardly of the core and any intermediate boundary layer is a

25  cover. The cover is typically made from any number of thermoplastic or

thermosetting materials, including thermoplastic resins such as ionomeric, polyester,
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polyetherester or polyetheramide resins; thermoplastic or thermosetting
polyurethanes; natural or synthetic rubbers such as balata (natural or synthetic) or
polybutadiene; or some combination of the above.

Golf balls are typically manufactured by various molding processes, whether
one-component or multicomponent balls. Generally, the core of the golf ball is
formed by casting, compression molding, injection molding or the like. If an
intermediate boundary layer is desired, one or more intermediate boundary layers
are added over the core by any number of molding operations, including casting,
compression molding, and/or injection molding. The cover is then formed over the
core and intermediate boundary layers, if present, through casting, compression
molding, and/or injection molding.

One example of a conventional golf ball manufacturing process is described
in U.S. Patent No. 3,068,522, issued on December 18, 1962 (“the ‘522 patent™). The
manufacturing process disclosed in the ‘522 patent uses a molding press having
upper and lower die portions that surround a golf ball core. A retractable seat
contacts the golf ball core to place the same in the desired orientation within the die
cavity. The cover material is then injected into the die cavity to form the cover of
the ball. The ‘522 patent further discloses that the timing of the retraction of the
retractable seat is critical and depends, in part, on the flow rate of the cover material
into the mold cavity. In order to prevent the retardation of the flow rate or pre-

hardening of the injected coating material, the ‘522 patent teaches that in some
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instances, it may be necessary to heat the molding dies and pre-heat the golf ball

core to a temperature slightly above ambient temperature.

Another example, U.S. Patent No. 5,194,191 (“the ‘191 patent™), issued
March 16, 1993 discloses a method of preparing thread-wound golf balls. In the
‘191 patent, a rubber thread or material is wound around a frozen core of material to
form a core. Immediately thereafter, the core undergoes microwave heating to
rapidly thaw the frozen core without heating the rubber thread layer and without
moisture condensation taking place on the surface of the core. The method of the
‘191 patent allegedly reduces the core thawing time and eliminates the need for a
drying step.

These and other current golf ball manufacturing processes continue to suffer
from a number of disadvantages. For example, when the outer cover of the golf ball
is made from a thermosetting material, e.g., thermosetting polyurethane, the core
and any intermediate boundary layer(s) tend to undergo thermal expansion during
the casting of the outer cover, as heat is generated by the exothermic reaction of the
thermosetting processes used in the formation of the cover. As the cover forms, and
before the cover develops sufficient green strength, the thermal expansion of the
core and any intermediate boundary layer, in turn, may cause the outer cover of the
golf ball to fracture or crack. Although this problem is particularly relevant to
covers that are formed of thermosetting polyurethane, it is not believed to be limited

thereto. Similar problems may arise with other materials and processes.
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Cracking is not the only problem with the current conventional methods of
manufacturing golf balls. Since a temperature gradient exists between the core,
intermediate layer, if any, and the outer cover, the central portion of the ball acts as a
heat sink that absorbs heat given off during the cover-making process. In this
regard, the reaction that takes place to cure the outer cover takes longer given the
cooler temperature in the inner core of the ball. Production cycle times are thus
adversely increased.

Consequently, there remains a need for methods of manufacturing golf balls
that do not suffer from the above disadvanta}ges. Moreover, the methods would

preferably decrease the cycle time between production runs.

Disclosure of the Invention

One aspect of the present invention is a method of manufacturing a golf ball.
The method generally commences with heating a golf ball precursor product at a
predetermined temperature and for a predetermined time period to achieve a
predetermined volumetric thermal expansion of the golf ball precursor product.
Next, a cover is applied over the thermally expanded golf ball precursor product.

The method may further include forming a golf ball precursor product. The
forming of the golf ball precursor product may include forming a core and applying
at least one boundary layer over the core. Alternatively, the forming of a golf ball

precursor product may be limited to forming a core. The predetermined
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5
temperature may be a temperature within the range of about 135 °F to about 175 °F,

and more specifically a range of about 140 °F to about 160 °F.

The at least one boundary layer may be a thermoplastic elastomer, and more
specifically an ionomer. The cover may be a thermosetting material, and more
specifically a polyurethane thermosetting material. The predetermined time period
for heating may be about one hour at the predetermined temperature. The heating
may be at a predetermined temperature and for a predetermined time period to
achieve at least a 1.2% volumetric thermal expansion of the golf ball precursor
product. Alternatively, the heating the golf ball precursor product may be
performed concurrently with forming the golf ball precursor product.

Another aspect of the present invention is a method of manufacturing a golf
ball that includes forming a core, forming at least one boundary layer surrounding
the core, and heating the core and boundary layer. The heating is conducted at a
predetermined temperature and for a predetermined time period to achieve a
predetermined volumetric thermal expansion of the core and at least one boundary
layer. After heating, a cover is applied over the thermally expanded core and the at
least one boundary layer.

Yet another aspect of the present invention is a golf ball having reduced
susceptibility of cracking of a cover. The golf ball is produced in accordance with
the method that includes heating a golf ball precursor product at a predetermined

temperature and for a predetermined time period to achieve a predetermined
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volumetric thermal expansion of the golf ball precursor product. Next, a cover is
applied over the thermally expanded golf ball precursor product.
It is the primary object of the present invention to provide a method for
forming a golf ball that does not fracture during the cover forming process.

5 It is an additional object of the present invention to provide a method that
preheats a core of a golf ball, and optional boundary layer, prior to forming a cover
for the golf ball.

It is an additional object of the present invention to provide a golf ball that is
formed by preheating the core of the golf ball, and optional boundary layer, prior to

10  forming a cover for the golf ball.

Brief Description of the Drawings
FIG. 1 is a perspective view of a core of a golf ball.
FIG. 2 is a perspective view of a golf ball precursor product having a cut-
15 away portion to show a core encompassed by a boundary layer.
FIG. 3 is a perspective view of a golf ball having a cut-away portion to show
a core and a boundary layer encompassed by a cover.
FIG. 4 is a perspective view of a golf ball having a cut-away portion to show
a core encompassed by a cover.
20 FIG. 5 is a golf ball produced by the process of the prior art.

FIG. 6 is a block diagram of the method of the present invention.
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Best Mode(s) For Carrying Out The Invention

A golf ball may compﬁse a one-piece construction or it may include several
layers including a core and an outer cover surrounding the core. The outer surface
of the cover of the golf ball may include one or more pigmented or non-pigmented
protective coatings. The outer cover of the golf ball is preferably made of any
number of thermoplastic or thermosetting materials, including thermoplastic resins
such as ionomeric, polyester, polyetherester or polyetheramide resins; thermoplastic
or thermosetting polyurethanes; natural or synthetic rubbers such as balata (natural
or synthetic) or polybutadiene; or some combination of the above. This list,
however, is merely illustrative and shall not limit the types of materials suitable for
use in the golf balls and methods of the present invention.

As described herein, the materials used in forming the golf ball, and the
construction of the golf ball so formed, are not believed to be critical to the
manufacturing methods and golf balls of the present invention. Nevertheless, the
manufacturing methods of the present invention are particularly suited to
manufacturing multi-component solid golf balls comprising a unitary solid rubber
core, one or more intermediate boundary layer(s) comprising thermoplastic
elastomer material(s), and a thermosetting polyurethane cover. Without intending to
limit the scope of the present invention, the following description is directed
primarily to the preferred multi-component golf ball and to methods of

manufacturing the same.
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As shown in FIG. 1, a core 20 is the initial component of a golf ball. As
shown in FIG. 2, an optional boundary layer 21 may be molded over the core 20 at
a subsequent stage of the golf ball fabrication process. As shown in FIG. 3, a cover
22 may be molded over the boundary layer 21 and core 20. Alternatively, as shown
in FIG. 4, the cover 22 may be molded over only a core 20. Thus, a golf ball 25 of
FIG. 3 has multiple layers, while a golf ball 25’ of FIG. 4 is composed of only a core
20 and cover 22.

The core 20 of the golf ball 25 or 25’ may be of any construction and use any
materials suitable for use in a golf ball. For example, and without limiting the scope
of the present invention, the core 20 may be of wound, solid, foamed, hollow, or
fluid-filled construction.

In the preferred embodiment, the golf ball core 20 is of a single solid layer
comprising a blend of a base rubber, a cross-linking agent, a curing agent, and one
or more weight-adjusting and/or processing aid fillers. As the base rubber, it is
preferred to use a polybutadiene having a cis 1,4 content of above about 90%, and
more preferably 98% or above. Such materials are well known to those skilled in
the art.

As the cross-linking agent, a large number of metal acrylate salts are known
to those skilled in the art. For example, metal salt diacrylates, dimethacrylates, or
mono(meth)acrylates are preferred for use in the golf ball cores 20 of the present
invention, particularly preferred is zinc diacrylate. A commercial source of zinc

diacrylate is SR-416, available from Sartomer Co., Inc. Other metal salt di- or
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mono- (meth)acrylates suitable for use in this invention include those in which the
metal is calcium or magnesium.

Free radical initiators are used as curing agents to promote cross-linking of
the base rubber and the cross-linking agent. Suitable free radical initiators for use in
the golf ball cores of the present invention include peroxides such as dicumyl
peroxide, bis-(t-butyl peroxy) diisopropyl benzene, t-butyl perbenzoate, di-t-butyl
peroxide, 2,5-dimethyl-2,5-di-5-butylperoxy-hexane, 1,1-di (t-butylperoxy) 3,3,5-
trimethyl cyclohexane, and the like.

Zinc oxide is also preferably included in the core formulation. Zinc oxide is
primarily used as a weight adjusting filler, but is also believed to participate in the
cross-linking of the other components of the core. Any of a number of specific
gravity adjusting fillers may be included to obtain a preferred total weight of the
core 20. Examples of such fillers include tungsten and barium sulfate.

Additional processing aids such as dispersants and activators may optionally
be included. In particular, zinc stearate may be added as an activator.

Table 1 below provides the ranges of materials included in the preferred core
formulations of the present invention. All of the components, except the

polybutadiene, are given as parts per hundred parts of the polybutadiene.
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Table 1
Component Preferred Range Most Preferred Range
Polybutadiene 100 parts 100 parts
Zinc diacrylate 20-35 phr 25-30 phr
Zinc oxide 0-50 phr 5-15 phr
Zinc stearate 0-15 phr 1-10 phr
Peroxide 0.2-2.5 phr 0.5-1.5 phr
Filler As needed As needed

The core components are preferably mixed and compression molded in a
conventional manner known to those skilled in the art. In a preferred form, the
finished core 20 has a diameter of about 1.35 to about 1.64 inches for a golf ball 25
or 25” having an outer diameter of 1.68 inches. The core weight is preferably
maintained in the range of about 32 to about 40 gm.

The core PGA compression is preferably maintained in the range of about 50 to 90,
and most preferably about 55 to 70.

One or more optional boundary layers 21 may be provided outside of the
core 20 and inside of the cover 22. The boundary layer 21 may comprise any
number of thermosetting or thermoplastic materials known to those skilled in the art.
Preferably, ionomeric materials such as one or more SURLYN® products available
from DuPont, are used for the boundary layer 21. The boundary layer 21 preferably
has a uniform thickness throughout and preferably ranges in thickness from about
0.025 inch to about 0.075 inch or more. The boundary layer 21 is fabricated by any
number of processes, including casting, compression molding, injection molding,

and the like.
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As described above, existing methods for manufacturing golf balls have
suffered from the disadvantagé that the cover 22 fractures or cracks during the cover
formation process due to the thermal expansion of the core 20 and/or any boundary
layer 21. As shown in FIG. 5, a golf ball 30 of the prior art has a plurality of
fractures or cracks 32 in its cover 33 due to thermal expansion of its core and any
boundary layer subsequent to formation of the cover 32. The present invention
provides a novel solution to this manufacturing problem.

The preferred method of the present invention is generally illustrated in FIG.
6. The method initially involves forming the core 20 and one or more optional
boundary layers 21 of the golf ball 25 or 25’ to create a golf ball precursor product
as shown in block 50. The golf ball precursor product may be the core 20 alone, or
the core 20 with one or more boundary layers 21. The formation of the golf ball
precursor product may be performed with conventional molding apparatuses within
the same facility as the cover molding apparatus, or alternatively at an off-site
location. The golf ball precursor products, whether on-site or off-site, are then
transferred to a location in proximity to the cover molding apparatus. After
formation of the golf ball precursor product, it is pre-heated to a predetermined
temperature for a predetermined time period as shown in block 52. The pre-heating
is accomplished by applying heat to the core 20 and any boundary layers 21,
preferably to induce thermal expansion thereof as shown in block 54. The pre-
heating of the core 20 and boundary layers 21 may be achieved through any number

of methods known to those skilled in the art. However, in the preferred
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embodiment, the core 20 and boundary layers 21 are pre-heated by convection
heating in an oven. An alternative means for heating the golf ball precursor product
is through use of microwave heating. In microwave heating, as compared to
convection heating, the surface heating of the golf ball precursor products is greatly
reduced if not eliminated. The reduction in surface heating eliminates the adhesion
of golf ball precursor products to one another prior to application of the cover 22. It
should further be appreciated that while the pre-heating is described as being after
core formation, the present methods also contemplate heating the core 20 both
during and after the formation of the golf ball core 20. In this manner, some of the
heat that may be present or liberated in the core 20 from the core formation process
may be used in the pre-heating of the core 20.

The thermal expansion of the golf ball precursor product results in the
volume of the golf ball precursor product increasing from its initial size to a larger
subsequent size. Preferably, the core 20 and any boundary layer 21 are pre-heated,
prior to applying the cover 22, to a temperature of about 120 °F to about 175 °F, and
more preferably between about 140 °F to about 160 °F. If using convection heating,
the pre-heating preferably occurs for about one hour, or for such time as needed to
achieve an amount of thermal expansion prior to cover formation such that the cover
will not crack, and/or to achieve a desired improvement in cover molding cycle time,
as described below. If using microwave heating, the predetermined time period is
much less than convection heating. Microwave heating of a 1.60 inch golf ball

precursor product for two minutes at a power of 700 Watts in a 0.7 cubic foot
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microwave will thermally expand the golf ball precursor product by 0.001 inches.
Although the duration of the pre-heating is not believed to be critical, the above-
mentioned preferred amount of time permits substantially even heating of the core
20 and any boundary layer 21, and results in substantially steady-state thermal
conditions within the core 20 and any boundary layer 21.

While the temperature ranges and heating times disclosed above are the
preferred ranges and times, it should be noted that the invention is not limited to any
exact temperature or heating time. The purpose of the pre-heating is to subject the
core 20 and any boundary layer 21 to an increase in temperature to result in
volumetric thermal expansion of the golf ball precursor product. However, the
temperature should be below the softening temperature of the materials of the golf
ball precursor product. If a boundary layer 21 is utilized, the temperature is
generally maintained below the softening temperature of the boundary layer 21. The
expansion may occur within any number of absolute temperatures over any period of
heating time that fall within the operability ranges of the materials used. For
example, any temperature differential and heating time that causes a sufficient
amount of thermal expansion of the golf ball precursor product may be used in
practicing the present invention. The amount of thermal expansion preferred will
vary depending on, at least, the cover material(s) and cover thickness to be used for
manufacturing the golf ball 25 or 25°. For example, for a relatively rigid cover

material or a relatively thin cover, it is preferable to cause a relatively larger amount
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of thermal expansion to the golf ball precursor product to substantially prevent cover
cracking.
The volumetric thermal expansion of the core 20 and optional boundary layer

21 may be expressed as a percentage, according to the following:

Vol final — Vol initial
Vol  initial

€] [ x 100 1%

where Vol is the average volume of the core 20 or the core 20 and one or more
boundary layers 21 at the high temperature, and Vol is the average volume of the
core 20 or the core 20 and one or more boundary layers 21 at the lower, initial
starting temperature. It has been found that a volumetric expansion of at least about
1.2% is substantially sufficient to prevent cover cracking when using a
thermosetting polyurethane cover material in a casting process. It will be
understood, however, that this is not intended to serve as a lower limit for the
volumetric thermal expansion of the present methods. Instead, the lower limit of
volumetric thermal expansion for a given system will depend on the materials, the
golf ball construction (e.g., core diameter, boundary layer and cover thickness, etc.),
and the molding processes utilized in the system. Determination of this limit for a
given system is within the level of skill of those skilled in the art.

After pre-heating, the golf ball precursor products may be stored in a hopper
disposed in proximity to the cover molding apparatus. The golf ball precursor
products are then introduced to the cover molding apparatus for application of a

cover 22 thereon as shown in block 56. The cover 22 is preferably applied while the
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core 20 and optional boundary layer 21 are at an increased temperature, and most
preferably at the increased terhperature obtained during the pre-heating thereof. As
described above, the cover 22 may be composed of one or more of several different
types of materials, and may be applied by any of several molding methods. In the
preferred embodiment, the cover 22 is a thermosetting polyurethane that is applied
in a cast molding process. As mentioned previously, the curing of the polyurethane
to form the cover is an exothermic reaction. After the cover 22 is applied to the golf
ball precursor product, the golf ball 25 or 25’is further processed to form a finished
ball as shown in block 58.

The method for manufacturing golf balls described above provides numerous
benefits. One such benefit, as described above, is that by pre-heating the core 20
and any boundary layer 21, the cracking of the cover 22 of the golf ball 25 or 25’ is
substantially minimized or avoided altogether. Also, by pre-heating the core 20 and
any boundary layer 21 before forming the cover 22 of the golf ball 25 or 25°, the
thermal expansion that would otherwise be present in the core and any boundary
layer 21 due to the cover forming process is reduced, as these components have
already undergone thermal expansion. In addition, the pre-heating substantially
prevents the core 20 and boundary layer 21 from acting as a heat sink that drains
heat from the cover forming process. This may result in decreased cover molding
cycle times of as much as about 30%. Moreover, the pre-heating of the core 20 and
any boundary layer 21 also facilitates the de-molding of the golf ball 25 or 25’ from

a die.
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EXAMPLES

The following examples demonstrate the efficacy of the present invention in
preventing the cracking or fracturing of golf balls, especially multiple layer golf
balls having a thermosetting cover. Golf balls produced with a thermosetting
polyurethane cover material, however unheated prior to application of the cover,
exhibited cracking at the seam of the golf ball. A determination was made that the
exothermic reaction to form the thermosetting cover was the main cause of the
cracking of the golf ball. Cores with boundary layers were produced and pre-heated
prior to application of the cover. The results of those experiments are shown in
Examples One and Two.

EXAMPLE ONE

Golf ball precursor products consisting of a compression molded core
composed of a polybutadiene-based material with an injection molded boundary
layer composed of a blend of ionomers were measured cold, that is prior to pre-
heating. The cores each had a diameter of 1.54 inches and a Rhiele compression of
82.5. The boundary layers had a Shore D hardness of 65, and the diameter of the
core and boundary layer was 1.63 inches. The measurements for Example One are
provided in Table Two. The average diameter cold and the average volume cold are
provided in Columns I and IV, respectively. The golf ball precursor products were
convection heated for at least one hour at a temperature between 120 °F to about 175

°F. The average diameter hot and the average volume hot were measured for the
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golf ball precursor products, and these measurements are provided in Columns II
and V, respectively.

The percentage increase in diameter and volume for each golf ball precursor product
is provided in Columns IIT and VI, respectively. A thermosetting polyurethane
cover was applied to each of the golf ball precursor products subsequent to the pre-
heating. The weight, equatorial diameter and compression were measured for each
of the covered golf balls and those results are provided in Columns VII, VIII and IX,
respectively. The covered golf balls of Example One, all of which were pre-heated

prior to application of the cover, did not experience any cracking or fracturing of the

cover.
Table Two

I II III IV \'% VI VI VIII IX

Avg. Avg.  Avg. Avg. Avg. Avg. Weight Avg.

Compression

Diameter Diameter Diameter Volume Volume Volume with size with  with

cover

Cold (in) Hot (in) increase cold Hot increase cover cover
1.644 1.654 0.64% 2324 2.369 1.93% 46.216 1.681 107.5
1.632 1.642 0.61% 2276 2318 1.85% 46.338 }l.685 103.0
1.644 1.654 0.61% 2324 2367 1.84% 46.087 1.681 107.5
1.634 1.644 0.61% 2284 2327 1.85% 46.162 1.682 107.5
1.633 1.641 0.49% 2278 2312 1.48% 46.278 1.681 109.0
1.634 1.641 0.43% 2282 2312 1.2%% 46.342 1.684 103.5
1.635 1.646 0.70% 2.286 2335 2.13%
1.634 1.644 0.64% 2282 2327 1.94% 46.313 1.682 103.5
1.633 1.643 0.61% 2280 2322 1.85% 46.283 1.681 105.0
1.642 1.652 0.61% 2316 2.358 1.84% 46.151 1.683 105.0
1.635 1.644 0.55% 2.289 2327 1.66% 46.179 1.681 104.5
1.631 1.641 0.61% 2270 2312 1.85% 46.367 1.679 106.5
1.643 1.652 0.55% 2320 2.358 1.65% 46.190 1.685 105.0
1.635 1.646 0.70% 2.286 2335 2.13% 46.269 1.684 105.5
1.635 1.644 0.55% 2.286 2324 1.66% 46.179 1.683 1035
1.632 1.641 0.52% 2276 2312 1.57% 46.569 1.685 102.0
1.630 1.637 0.43% 2.265 2295 1.29% 46.381 1.683 105.5
1.631 1.639 0.46% 2272 2303 1.39% 46.500 1.686 104.5
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EXAMPLE TWO

Golf ball precursor products consisting of a compression molded core
composed of a polybutadiene-based material with an injection molded boundary
layer composed of a blend of ionomers were measured cold, that is prior to pre-
heating. The cores each had a diameter of 1.52 inches and a Rhiele compression of
79.35. The boundary layers each had a Shore D hardness of 67.5, and the diameter
of the core and boundary layer for each golf ball precursor product was 1.63 inches.
The measurements for Example Two are provided in Table Three. The average
diameter cold and the average volume cold are provided in Columns I and IV,
respectively. The golf ball precursor products were convection heated for at least
one hour at a temperature between 120 °F to about 175 °F. The average diameter
hot and the average volume hot were measured for the golf ball precursor products,
and these measurements are provided in Columns II and V, respectively. The
percentage increase in diameter and volume for each golf ball precursor product is
provided in Columns III and VI, respectively. A thermosetting polyurethane cover
was applied to each of the golf ball precursor products subsequent to the pre-heating.
The weight, equatorial diameter and compression were measured for each of the
covered golf balls and those results are provided in Columns VII, VIII and IX,
respectively. The covered golf balls of Example One, all of which were pre-heated
prior to application of the cover, did not experience any cracking or fracturing of the

Ccover.
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Table Three
Avg. Avg. Avg.  Avg Avg. Avg, Weight Avg. Compress.
Diameter Diameter Diam. Volume Volume Volume  with size with with cover
Cold (in) Hot (in) in_(_:rease cold Hot increase  cover cover

1.631 1.644 0.80% 2270 2.324 241% 46.507 1.685 108.5
2 1.630 1.641 0.64% 2.268 2312 1.94% 46.506 1.682 110.0
3 1.631 1.642 0.67% 2272 2318 2.04% 46.603 1.680 108.0
4 1.630 1.640 0.61% 2.268 2310 1.85% 46.544 1.683 109.5
5 1.632 1.643 0.67% 2276 2322 2.04% 46.628 1.677 113.5
6 1.631 1.641 0.61% 2.270 2312 1.85% 46.501 1.680 108.0
7 1.630 1.639 0.58% 2.265 2.305 1.76% 46.573 1.678 108.5
8 1.632 1.641 0.52% 2276 2312 1.57% 46.640 1.679 109.5
9 1.629 1.640 0.64% 2.263 2.307 1.95% 46.574 1.677 108.0
10 1.631 1.643 0.74% 2270 2.320 2.22% 46.568 1.678 107.5
11 1.628 1.638 0.61% 2257 2.299 1.85% 46.537 1.678 109.0
12 1.628 1.640 0.74% 2257 2.307 2.23% 46.484 1.683 106.5
13 1.632 1.643 0.64% 2.276 2.320 1.94% 46.655 1.681 110.5
14 1.630 1.641 0.68% 2265 2312 2.04% 46.458 1.682 111.0
15 1.631 1.642 0.67% 2272 2.318 2.04% 46.504 1.682 105.0
16 1.632 1.643 0.64% 2.276 2.320 1.94% 46.599 1.679 110.5
17 1.631 1.641 0.64% 2.270 2314 1.94% 46.505 1.680 109.5
18 1.630 1.640 0.58% 2.268 2.307 1.76% 46.621 1.683 110.5
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Claims

1. A method of manufacturing a golf ball comprising:
5 heating a golf ball precursor product such that the golf ball
precursor product undergoes volumetric thermal expansion; and
applying a cover over the thermally expanded golf ball

precursor product.

10 2. The method according to claim 1 further comprising forming a golf

ball precursor product.

3. The method according to claim 2 wherein forming a golf ball
precursor product comprises forming a core and applying at least one boundary layer

15  over the core.

4. The method according to claim 2 wherein forming a golf ball

precursor product comprises forming a core.

20 5. The method according to claim 1 wherein heating the golf ball
precursor product comprises convection heating the golf ball precursor product at a

temperature within the range of about 120 °F to about 180 °F.
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6. The method according to claim 6 wherein heating the golf ball
precursor product comprises convection heating the golf ball precursor product at a

temperature within the range of about 140 °F to about 160 °F.

5
7. The method according to claim 1 wherein heating the golf ball
precursor product comprises microwave heating the golf ball precursor product for a
predetermined time period.
10

8. The method according to claim 3 wherein the at least one boundary

layer comprises a thermoplastic elastomer.

9. The method according to claim 3 wherein the at least one boundary

15  layer comprises an ionomer.

10. The method according to claim 1 wherein the cover comprises a

thermosetting material.

20 11.  The method according to claim 5 wherein heating the golf ball
precursor product comprises convection heating the golf ball precursor product for

about one hour.
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12. The method according to claim 1 wherein heating the golf ball
precursor product comprises convection heating the golf ball precursor product at a
temperature and for a time period sufficient to achieve at least a 1.2% volumetric

5  thermal expansion of the golf ball precursor product.

13.  The method according to claim 2 wherein heating the golf ball
precursor product comprises heating the golf ball precursor product during and after
the forming the golf ball precursor product.

10
14. A method of manufacturing a golf ball comprising:
forming a core,
forming at least one boundary layer surrounding the core;
heating the core and the at least one boundary layer such that
15 the core and the at least one boundary layer undergo volumetric thermal expansion;
and
applying a cover over the thermally expanded core and the at

least one boundary layer.

20
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15.  The method according to claim 14 wherein heating the core and the at

least one boundary layer comprises convection heating the core and the at least one

boundary layer to a temperature within the range of about 120 °F to about 180 °F.

5 16.  The method according to claim 15 wherein heating the core and the at
least one boundary layer comprises convection heating the core and the at least one

boundary layer at temperature within the range of about 140 °F to about 160 °F.

17.  The method according to claim 15 wherein heating the core and the at
10 least one boundary layer comprises convection heating the core and the at least one

boundary layer for about one hour.

15 18.  The method according to claim 14 wherein heating the core and the at
least one boundary layer comprises heating the core and the at least one boundary
layer at a temperature and for a time period sufficient to achieve at least a 1.2%

volumetric thermal expansion of the core and the at least one boundary layer.

20
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19. A golf ball having reduced susceptibility of cracking of a cover, the

golf ball produced in accordance with the method comprising:
heating a golf ball precursor product at a predetermined

temperature and for a predetermined time period to achieve a predetermined

5 volumetric thermal expansion of the golf ball precursor product; and

applying a cover over the thermally expanded golf ball

precursor product.

20.  The golf ball according to claim 19 further comprising forming a golf

10  ball precursor product.

21.  The golf ball according to claim 19 wherein heating the golf ball
precursor product to a predetermined temperature comprises convection heating the
golf ball precursor product to a temperature within the range of about 120 °F to

15  about 180 °F.

22.  The golf ball according to claim 20 wherein heating the golf ball
precursor product to a predetermined temperature comprises convection heating the
golf ball precursor product to a temperature within the range of about 140 °F to

20 about 160 °F.
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23.  The golf ball according to claim 20 wherein forming a golf ball

precursor product comprises forming a core and applying at least one boundary layer

over the core.

5 24.  The golf ball according to claim 23 wherein heating the golf ball
precursor product to a predetermined temperature comprises microwave heating the

golf ball precursor product.

25.  The golf ball according to claim 23 wherein the at least one boundary

10 layer is a thermoplastic elastomer.

26.  The golf ball according to claim 25 wherein the thermoplastic

elastomer is an ionomer.

15 27.  The golf ball according to claim 19 wherein the cover is formed from

a thermosetting material.
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