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(57) ABSTRACT 

The present invention is directed to a mold and method for 
forming a golf ball With at least a core. The mold and method 

comprise or use members With projections for forming 
multiple dimples on the core. The members can be retract 

able pins or sleeves or vent pins. In the case of the retractable 

pins; sets of pins With multiple dimple projections on the 
ends thereof are used to center the golf ball core Within the 

mold. The members can have circular or non-circular cross 

sections so that the dimple-forming projections can conform 

to any dimple pattern. 
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APPARATUS AND METHOD FOR MOLDING 
GOLF BALLS 

FIELD OF THE INVENTION 

[0001] This invention relates generally to the manufacture 
of golf balls, and more particularly, to an apparatus and 
method for molding golf balls including improved compo 
nents. 

BACKGROUND OF THE INVENTION 

[0002] Conventional golf balls generally include a core 
surrounded by a cover. The cover forms a spherical outer 
surface of the ball and the surface includes a plurality of 
dimples. Typically the term “land” means the area of the 
outer surface of the ball not covered With dimples so that the 
land area is the outer surface of the ball betWeen dimples. 

[0003] Conventional dimples are circular depressions that 
act to reduce drag and increase lift. By using dimples to 
decrease drag and increase lift, golf ball ?ight distances have 
increased. The circumference of each dimple is the edge 
formed Where the dimple Wall slopes aWay from or inter 
sects the land area of the outer surface. Since the geometry 
about the dimple circumference principally determines ball 
drag and lift, conventional dimple patterns have been 
designed to optimiZe dimple circumberence to reduce drag 
and increase lift. 

[0004] Injection molding is a conventional method for 
forming the cover or an intermediate layer. According to 
Well-knoWn techniques, injection molding generally utiliZes 
a mold and an injection unit. Referring to FIG. 1, a loWer 
mold half 5 of a conventional injection mold is shoWn. The 
loWer mold half ?ts into a bottom mold plate (not shoWn) 
and de?nes a hemispherical molding cavity 10 for receiving 
the core. The plate de?nes a runner system (not shoWn) for 
transporting a molten, cover material to one or more gates 
15. The gates 15 alloW the material to enter the cavity 10 
from the runner system. 

[0005] The mold also includes a plurality of separate, 
retractable pins 20, a vent pin (not shoWn) and a cluster 
block 25. The cluster block 25 de?nes bores for each pin 20 
so that the pins eXtend therethrough and are af?Xed thereto. 
The pins 20 and the vent pin contact the core in generally the 
pole area of the core. Typically, the outer surface of the mold 
cavity includes a plurality of hemispherical projections 30 
for forming the majority of the dimples on the ball. The vent 
pin usually does not move and typically includes a free end 
shaped to form a dimple or land area depending on its 
location With respect to the dimple pattern being formed. An 
upper mold half and top plate of a similar con?guration are 
also used. 

[0006] One molding cycle for forming a golf ball includes 
a number of steps. When the top and bottom plates and loWer 
and upper mold halves are separated, the core is placed 
Within the bottom hemispherical molding cavity 10 on the 
pins 20, and the mold plates are closed to form a spherical 
cavity around the core. The pins center the core in the 
spherical cavity during molding. Then, the injection unit 
forces the molten, cover material through the runner system 
and gates into the molding cavity, until the cavity is ?lled 
and the material surrounds the core. The pins begin to retract 
as the material comes into close proximity to the pins. The 
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material ?oWs and ?lls the apertures in the material caused 
by the pins. As the material cools, it solidi?es in the shape 
of the molding cavity around the core to form the golf ball. 
When the material is suf?ciently cool, the mold plates and 
mold halves are again separated and the retractable pins are 
eXtended to separate the formed golf ball from the outer 
surface of the cavity also knoWn as ejecting the ball from the 
mold. Then, mold is made ready for another molding cycle. 

[0007] The retractable pins are located Where a dimple or 
land area Will be formed on the ball. If the retractable pins 
are located in dimple spaces, Which are shaded areas 35 in 
FIG. 2, the free ends are substantially hemisphere-shaped 
(as shoWn in FIG. 1). In the retracted position during 
molding, each hemisphere-shaped, free end forms a single 
dimple in the outer surface of the ball. If the retractable pin 
is located in the land area, each such free end is shaped like 
the land area. As a result, in the retracted position during 
molding, these free ends form the associated, land areas. 
There are several draWbacks to these con?gurations. 

[0008] Generally, golf balls have 300 to 500 circular 
dimples With a conventional siZed dimple having a diameter 
that ranges from about 0.120 inches to about 0.180 inches. 
The retractable pins have similar dimensions at the free end 
to form the dimples. This leads to small surface areas at the 
free ends for each of the retractable pins. During ejection, 
since the free end surface area of each retractable pin is so 
small, the force each pin eXerts on the ball is great. Accord 
ingly, concentrated, high stresses are applied to the ball by 
the pins during ejection. These stresses can damage the ball 
in these areas so that extensive post-mold ?nishing, such as 
vibration tumbling, is done to make the balls playable. This 
is undesirable. In addition, the retractable pins slide With 
respect to the mold halves. This sliding forms “Witness 
lines” about the pins in the retracted position. The clearance 
betWeen the pins and the mold that causes these Witness lines 
is about 0.0005 to 0.001 inches. 

[0009] Another draWback is related to material ?oW dur 
ing injection. When the material contacts the pins during 
molding, the pins are colder than the molten material. As a 
result, the molten material contacts the pins and begins to 
solidify about the pins, and the remaining molten material 
forms the cover. This also results in the formation of Witness 
lines. 

[0010] During retraction of the pins, When the material is 
packed around the pins, the pins can draW the material into 
the pin clearance betWeen the pin and the mold. This 
material is often referred to as “?ash material.” Flash 
material can also be formed When there is Wear betWeen the 
pins and the mold. 

[0011] Post-mold ?nishing is conducted to remove the 
Witness lines and ?ash material. Finishing to remove Witness 
lines and ?ash on the dimple circumference can cause 
uncontrolled rounding of the dimple edges that can alter the 
?ight characteristics of the ball undesirably. One Way to 
reduce forming such material on the dimple circumference 
is to con?gure the pin so that the diameter of the pin is 
greater than the maXimum dimple diameter. Such a mold is 
disclosed in Japanese Publication No. 61-213068. HoWever, 
this mold has the draWback of requiring signi?cant ejection 
force as discussed above. 

[0012] An alternative to centering the core on pins 
throughout molding is disclosed in US. Pat. No. 3,068,552 
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entitled “Method and Apparatus for Molding Covers on 
Spherical Bodies” to Nickerson et al. This patent discloses 
a molding press With hemispherical cavities and a horiZon 
tally movable, retractable seat With an inner curved surface 
With the same radius of curvature as that of the Wall of the 
cavity. The seat further includes a multiplicity of rectangular 
or rounded projections to form the checkered or dimpled 
outer surface on the completed golf ball. The patent further 
requires that the area of the curved surface of the seat be 
Within certain limits; i.e., not more than 40% nor less than 
about 10% of that of the complete cavity Wall and hence that 
of the spherical resilient, Wound core. In the extended 
position, each retractable seat holds the core in an eccentric 
position. During molding, the patent discloses the core is 
moved from the eccentric position to the center of the mold. 
One draWback is that beginning in the eccentric position, it 
Would be dif?cult to complete molding With a centered core. 
This Would likely be partially due to gravity acting on the 
core during molding and moving the core doWnWard. 
Another draWback is that no vent is shoWn in the seat, 
Without this vent air Would be trapped in the seat during 
molding and Would create a void in the cover that is 
undesirable. 

[0013] Consequently, a need exists for an improved mold 
ing apparatus and method for manufacturing a golf ball. The 
apparatus and method should decrease the likelihood of 
damaging the cover during ejection, and alloW formation of 
the cover in such a Way that post-mold ?nishing minimally 
changes the dimple circumference and requires less time 
than in conventional processes. 

SUMMARY OF THE INVENTION 

[0014] The present invention is directed to a mold for 
forming a golf ball having a core. The mold comprises at 
least one internal molding cavity for receiving the core. The 
cavity de?nes an outer spherical surface. The mold also 
comprises at least tWo sets of members associated With each 
cavity. The ?rst set of members contact a ?rst side of the core 
and the second set of members contact a second side of the 
core. Each set further includes at least tWo, separate parts 
Where each part has at least tWo projections at a free end for 
contacting the core. The parts are movable betWeen an 
extended position Where the projections are spaced from the 
outer spherical surface and contact the core, and a retracted 
position Where the projections form a portion of the outer 
spherical surface of the cavity. 

[0015] Preferably, the projections on the parts have a 
hemispherical shape or form a portion of a hemispherical 
shape. The parts can be pins or portions of a sleeve. 

[0016] According to another aspect of the present inven 
tion, the inventive mold as discussed above includes at least 
one internal molding cavity, and at least one pin having a 
?rst end, a spaced, second end, and at least tWo projections 
at the second end for contacting the core. According to one 
feature of this invention, each pin has a substantially non 
circular cross-sectional shape betWeen the ?rst end and the 
second end. In one embodiment, the cross-sectional shape of 
each pin includes at least tWo substantially circular portions. 
These circular portions can be overlapping or non-overlap 
ping. 
[0017] The present invention is also directed to a mold that 
comprises at least one internal molding cavity for receiving 
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the core, and at least one stationary member associated With 
each cavity. The member includes at least tWo projections at 
a free end, Where the projections form a portion of the outer 
spherical surface of the cavity. 

[0018] In one embodiment, the stationary member 
includes a substantially, non-circular cross-section betWeen 
the free end and a spaced end. In another embodiment, the 
stationary member includes at least three projections. In this 
embodiment, the projections are hemispherical in shape. In 
still another embodiment, the stationary member includes at 
least one primary vent cutout in the outer surface at the free 
end, and possibly at least one secondary vent in the outer 
surface extending from the primary vent. 

[0019] It is possible that the above-described molds are 
injection molds and further include at least one runner 
terminating in at least one gate for ?oWing a molten material 
into the cavity; and an injection unit for injecting the molten 
material through each runner into each cavity. 

[0020] The present invention is also directed to a method 
of molding a golf ball comprising the steps of: providing a 
core; providing at least one internal molding cavity de?ning 
an outer spherical surface; providing at least one pin having 
at least tWo projections at a free end of each pin for 
contacting the core; placing the core betWeen the pins so that 
the core is centered Within the cavity; disposing material in 
the cavity until the material covers the core and forms a 
layer; and solidifying the material of the layer such that the 
projections on each pin form corresponding depressions in 
the layer. 

[0021] In one embodiment, the pins have hemispherical 
projections such that the resulting depressions are dimples. 
In another embodiment, the step of providing the core 
further includes providing the core With at least one layer of 
material on a center. In yet another embodiment, the step of 
providing pins further includes providing non-movable pins 
or movable pins. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is an enlarged, perspective vieW of a loWer 
mold half of a prior art injection mold, Wherein a plurality 
of retractable pins are in an extended position and a portion 
is broken aWay for clarity; 

[0023] FIG. 2 is a perspective vieW of a prior art golf ball 
seen from the bottom shoWing the locations of contact 
betWeen the retractable pins of FIG. 1 and the ball surface; 

[0024] FIG. 3 is a perspective vieW of a golf ball accord 
ing to the present invention; 

[0025] FIG. 4 is a cross-sectional vieW of the golf ball of 
FIG. 3; 

[0026] FIG. 5 is a cross-sectional vieW of another embodi 
ment of a golf ball of the present invention; 

[0027] FIG. 6 is an exploded vieW of upper and loWer 
mold halves of the injection mold of the present invention in 
an open position With a golf ball core therebetWeen, Wherein 
the retractable pins are in an extended position; 

[0028] FIG. 7 is an enlarged, perspective vieW of the 
loWer mold half of FIG. 6 having a portion broken aWay for 
clarity; 
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[0029] FIG. 8 is a partial, enlarged, perspective vieW of 
one pin of FIG. 7; 

[0030] FIG. 9 is a cross-sectional vieW of the retractable 
pin along line 9-9 of FIG. 8; 

[0031] FIG. 10 is an enlarged, perspective vieW of the golf 
ball of FIG. 3 as seen from the bottom shoWing the locations 
of contact betWeen the retractable pins of FIG. 7 and the ball 
surface; 
[0032] FIG. 11 is a cross-sectional vieW of the mold 
halves of FIG. 6 in a closed position, Wherein the pins are 
in an eXtended position and it is prior to molding a cover; 

[0033] FIG. 12 is a cross-sectional vieW of the mold 
halves of FIG. 11 Wherein the pins are in a retracted position 
and it is after molding the cover; 

[0034] FIG. 13 is an enlarged, perspective vieW of a 
second embodiment of the loWer mold half of FIG. 6 having 
a portion broken aWay for clarity; 

[0035] FIG. 14 is a partial, enlarged, perspective vieW of 
one pin of FIG. 13; 

[0036] FIG. 15 is a cross-sectional vieW of the retractable 
pin along line 15-15 of FIG. 14; 

[0037] FIG. 16 is an enlarged, perspective vieW of the golf 
ball of FIG. 3 as seen from the bottom shoWing the locations 
of contact betWeen the retractable pins of FIG. 13 and the 
ball surface; 

[0038] FIG. 17 is an enlarged, perspective vieW of a third 
embodiment of the loWer mold half of FIG. 6 having a 
portion broken aWay for clarity; 

[0039] FIG. 18 is a partial, enlarged, perspective vieW of 
one pin of FIG. 17; 

[0040] FIG. 19 is a cross-sectional vieW of the retractable 
pin along line 19-19 of FIG. 18; 

[0041] FIG. 20 is an enlarged, perspective vieW of the golf 
ball of FIG. 3 as seen from the bottom shoWing the locations 
of contact betWeen the retractable pins of FIG. 17 and the 
ball surface; 

[0042] FIG. 20A is a partial, enlarged, perspective vieW of 
another embodiment of a pin of the present invention; 

[0043] FIG. 20B is an enlarged, perspective vieW of the 
golf ball of FIG. 3 as seen from the bottom shoWing the 
locations of contact betWeen the retractable pins formed like 
the pin shoWn in FIG. 20A and the ball surface; 

[0044] FIGS. 21 and 22 are perspective vieWs of various 
alternative embodiments of retractable members according 
to the present invention; 

[0045] FIGS. 21A and 22A are top vieWs of the retract 
able members shoWn in FIG. 21 and 22, respectively; 

[0046] FIG. 23 is an enlarged, cross-sectional vieW of 
another embodiment of a loWer mold half of the present 
invention; 

[0047] FIG. 24 is a partial, top vieW of the loWer mold half 
shoWn in FIG. 23 inserted into a bottom mold plate; 

[0048] FIG. 25 is a perspective vieW of a multi-dimple 
vent pin for use With the mold half of FIG. 23; 
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[0049] FIG. 25A is an enlarged, perspective vieW of a 
portion of the pin Within the dashed circle 25A of FIG. 25; 
and 

[0050] FIG. 26 is top vieW of the vent pin of FIG. 25. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0051] Referring to FIGS. 3 and 4, this invention is 
related to a golf ball 50 Which comprises a core 55 sur 
rounded by at least one cover layer 60. The cover layer 
forms the outer surface of the ball Which de?nes dimples 65 
therein. 

[0052] Suitable core materials include thermosets, such as 
styrene butadiene rubber, polybutadiene, polyisoprene; ther 
moplastics such as ionomer resins, polyamides or polyes 
ters; or a thermoplastic elastomer. Suitable thermoplastic 
elastomers include but are not limited to PebaX®, Hytrel®, 
thermoplastic urethane, and Kraton®, Which are commer 
cially available from Elf-Atochem, DuPont, various manu 
facturers, and Shell, respectively. The core material can also 
be formed from a castable material. Suitable castable mate 
rials include, but are not limited to urethane, polyurea, 
epoXy, and silicone. 

[0053] Preferably, the cover 60 is tough, cut-resistant, and 
selected from conventional materials used as golf ball covers 
based on the desired performance characteristics. The cover 
may be comprised of one or more layers. Cover materials 
can be injection moldable, such as ionomer resins, blends of 
ionomer resins, thermoplastic urethane, and polyisoprene 
and blends thereof, as knoWn in the art. HoWever, the present 
invention is not limited thereto and other materials such as 
castable resins can also be used. 

[0054] Referring to FIG. 5, this invention is also related to 
a golf ball 70 that includes a core 75 surrounded by a cover 
layer 80, and at least one intermediate layer 85 disposed 
therebetWeen. Although the golf balls 50 and 70 are shoWn 
With solid cores the present invention can also be used With 
?uid-?lled cores. The ?uid Within the core can be a Wide 

variety of materials including air, Water solutions, liquids, 
gels, foams, hot-melts, other ?uid materials and combina 
tions thereof, as knoWn by those of ordinary skill in the art. 
The intermediate layer 85 can be formed by molding con 
ventional core, mantle layer or cover layer materials on the 
core or the intermediate layer can be formed by Winding 
non-elongated or elongated thread on the core. Examples of 
materials for forming the thread include thermoset materials, 
synthetic cis-1,4 polyisoprene rubber, natural rubber, blends 
of synthetic and natural rubber, thermoplastic materials, 
poly(p-phenylene terephthalamide), natural ?bers, glass 
?ber, mineral ?bers such as silicates, vegetable ?bers such as 
cellulosic and animal ?bers, or metallic materials. The 
present invention is not limited to these materials and any 
material knoWn by those of ordinary skill in the art can be 
used. In an alternative embodiment, the ball 70 can be 
formed With any number of intermediate layers formed in 
any manner. These layers can be solid or Wound. 

[0055] Referring to FIGS. 6-11, this invention is directed 
to molds, and more speci?cally injection molds, such as 
mold 100 that generally includes members that form more 
than one dimple on a sphere, such as a golf ball. This 
invention, hoWever, is not limited to injection molds and can 
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be used for example With non-injected materials. The 
present invention can be utilized With various con?gurations 
of molds and dimples, and thus the present invention is not 
limited to any particular types of molds or dimples shoWn 
and discussed beloW. 

[0056] The mold 100 according to the present invention 
includes upper and loWer mold halves 110 and 115 located 
Within conventional, top and bottom mold plates (not 
shoWn). Each half 110 and 115 de?nes a hemispherical 
molding cavity 120 and 125 (best seen in FIG. 11), respec 
tively. The halves 120 and 125 each further include hemi 
spherical outer surfaces 130 and 135, respectively. The 
hemispherical surfaces 130 and 135 include a plurality of 
hemispherical projections 136 for forming the majority of 
the dimples 65 (as shoWn in FIG. 3) on the ball 50. Although 
the mold is shoWn With one pair of upper and loWer mold 
halves forming one spherical cavity, molds can include more 
than one pair of mold halves to form a plurality of spherical 
cavities. 

[0057] As best seen in FIGS. 7 and 11, the halves 110 and 
115 de?ne bores there through for receiving sets 140 and 145 
of separate, retractable pins or members. Each set of pins 
140, 145 includes ?ve retractable pins. The sets of pins are 
coupled together With a cluster block 150. A non-movable, 
vent pin (not shoWn) is also used With the mold halves as 
knoW by those of ordinary skill in the art. 

[0058] Referring to FIG. 11, the ?rst set of retractable pins 
140 extend from the top half 110 in a ?rst direction into the 
cavity 120. The second set of retractable pins 145 extend 
from the bottom half 115 in a second direction opposite the 
?rst direction into the cavity 125. The pins of set 140 are 
aligned With the associated pins of the set 145. In another 
embodiment, the sets of pins can be unaligned. For example, 
When molding an icosahedron pattern With 392 dimples, 
With the appropriate dimple layout three pins can be in each 
set and the pins of each set can be 180° out of phase With one 
another. 

[0059] Referring to FIGS. 7 and 8, free ends 155 of each 
of the retractable pins in the set 145 have a surface 160, 
Which is planar and angularly offset from the vertical outer 
surface 170 of the pin. Each pin in the set 145 further 
includes a plurality of projections 175 extending outWardly 
from the surface 160. The projections 175 in this embodi 
ment are hemispherical and spaced from one another. The 
projections have the opposite curvature than the outer 
spherical surfaces 130, 135 of the cavity lacking the pro 
jections 136. There are three projections 175 on each pin, 
Which are arranged in a triangular con?guration. Each of the 
pins in the sets 140 and 145 have a similar con?guration. 
Referring to FIG. 9, each of the pins in the sets 140, 145 has 
a circular, cross-sectional shape betWeen the ends. 

[0060] During use, as discussed beloW, the projections 175 
form a plurality of dimples and the surface 160 of the pins 
Without projections 175 is con?gured to form the land area 
betWeen dimples. Thus, the tips of the pins are shaped or 
textured to conform to the radius and negative dimple 
pattern of the golf ball mold cavity. 

[0061] The retractable pins 140, 145 center the golf ball 
core 55 Within the spherical cavity so that the core 55 is 
spaced from the cavity surfaces 130, 135. The retractable 
pins 140 and 145 are movable betWeen an extended position 
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(as shoWn in FIG. 11) and a retracted position (as shoWn in 
FIG. 12). In the extended position, the projections 175 (as 
shoWn in FIG. 8) are spaced from the outer surface 135 of 
the mold half 115 and contact core 55. In the retracted 
position, the pins 140 and 145 are ?ush With the cavity 
surfaces 130, 135 to form a portion thereof. In the retracted 
position, the pins 140, 145 are also spaced from the core 55. 

[0062] Referring again to FIG. 6, the mold halves 110, 115 
and top and bottom plates have planar surfaces 180. The 
halves 110, 115 and top and bottom mold plates move 
betWeen open and closed positions. In the open position 
(shoWn in FIG. 6), the halves and mold plates (not shoWn) 
are spaced apart. 

[0063] Referring to FIG. 11, in the closed position, the 
surfaces 180 of the halves 110, 115 and mold plates are in 
contact except at gates 185. In this position, the hemispheri 
cal cavities 120, 125 form an internal, spherical molding 
cavity. Runners or passages 190 are formed betWeen the 
halves and the plates. The runners 190 terminate at the outer 
surfaces 130, 135 of the halves at gates 185. The gates 185 
are openings through Which molten material enters the 
spherical cavity from the runners 190. 

[0064] NoW, the operation of the apparatus Will be dis 
cussed With reference to FIGS. 11 and 12. With the pins 140 
and 145 in the extended position, the core 55 is placed 
betWeen the pins 140 and 145 so that the core is centered 
Within the cavities 120, 125. An injection unit (not shoWn) 
forces the molten material 195 into the spherical cavity. This 
continues until enough of the molten material has been 
injected to cover the core 55. After the molten material 195 
contacts the core 55, the pins 140 and 145 are retracted in the 
direction of the arroWs A. Retraction continues until the 
projections 175 (best seen in FIG. 8) form a portion of the 
spherical surfaces 130, 135. Then, the molten material 195 
is solidi?ed to de?ne the cover layer 60 (as shoWn in FIG. 

4). 
[0065] Once the cover layer is formed, it can be seen in 
FIG. 10, Where the retractable pins 145 contact the ball 50 
about the loWer pole P. The contact areas of the pins is 
shaded Within the circle C. The diameter of the contact circle 
dc is equal to the diameter of each pin dp (as shoWn in FIG. 
9). The projections 175 are Within the contact circle C and 
form the non-overlapping dimples 200, 205, and 210. Within 
each contact area, Where the pins 145 contact the ball, three 
dimples are formed by the projections on the end of each pin. 

[0066] The total surface area of the free ends of all of the 
pins is less than about 10% of the ball surface area. This total 
surface area is calculated using the surface area of the 
projections for each pin combined. More preferably, the total 
surface area of the free ends of all of the pins is less than or 
equal to about 5% of the ball surface area. In a ball With a 
300 dimple pattern With about 70% dimple coverage of the 
ball surface area, if four dimples are formed by tWo pins With 
tWo projections each, the total surface area of the pins free 
ends is about 1% of the ball surface area. In a ball With a 500 
dimple pattern With about 80% dimple coverage of the ball 
surface area, if thirty dimples are formed by ten pins With 
three projections each, the total surface area of the pins free 
ends is about 5% of the ball surface area. The above 
calculations based on dimples assume that the all of the 
dimples have the same diameter. 

[0067] Referring to FIG. 8, thus the projections 175 form 
dimples in the cover and the remaining area of the free ends 
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160 forms land area of the ball about the dimples. The pins 
140 (as shown on FIG. 11) similarly contact the ball at an 
upper pole to form groups of dimples there about. 

[0068] Referring to FIGS. 7, 10, and 11, preferably, the 
pins 140, 145 are for use in forming a ball With a dimple 
pattern of Which at least tWo dimples and surrounding land 
area are Within the contact circle C Without bisecting any 
adjacent surrounding dimples. In the dimple pattern on ball 
50, three dimples 200, 205, and 210 are Within contact area 
C. In another embodiment, at least tWo projections can be 
formed on each pin such projections form dimples and bisect 
and/or contact dimples outside a contact circle. 

[0069] Referring to FIGS. 13 and 14, an alternative 
embodiment of a loWer mold half 215 is shoWn. The mold 
half 215 includes a set of retractable pins 245 slidable 
therethrough. Each pin 245 in set includes a planar free end 
surface 260 having outWardly extending projections 275a, 
275b, and 275c thereon. The projections 275a-c are spaced 
from one another. The projections 275a and 275b are shaped 
like half of a hemisphere. The projection 275c is shaped like 
a complete hemisphere. The pins 245 have a circular diam 
eter dp (as shoWn in FIG. 15). The loWer mold half 215 is 
used With a similarly con?gured upper half, as disclosed 
above to form the cover layer on ball 280 (as shoWn in FIG. 

16). 
[0070] Referring to FIGS. 13-16, the contact area of the 
pins 245 is shaded and Within the contact area circle C. The 
diameter of the contact area dc is equal to the diameter of 
each pin The other pins in the upper half similarly contact 
the ball at an upper pole. The partial projection 275a forms 
a portion of the dimple 300. The partial projection 275b 
forms a portion of the dimple 305. The completely hemi 
spherical dimple 275c forms the entire dimple 310 (shoWn 
in phantom). The remaining portions of the dimples 300 and 
305 not formed by the pins are formed by projections on the 
outer surface of the mold half 215. Thus, in the dimple 
pattern on ball 280, the contact area C bisects dimples 300 
and 305. The remaining surface of end surface 260 forms the 
land area betWeen dimples. 

[0071] Referring to FIGS. 17 and 18, a preferred embodi 
ment of a loWer mold half 415 is shoWn. The mold half 415 
includes a set of retractable pins 445 slidable therethrough. 
Each pin 445 in the set includes three substantially cylin 
drical portions 445a-c (as best shoWn in FIG. 19) so that the 
cross-sectional shape of the pins betWeen its ends is non 
circular. Since the cross-section of each portion 445a-c is a 
non-overlapping circle, the cross-sectional area of each pin 
has a substantially three-leaf, clover shape betWeen the ends. 
The perimeter of each pin is indicated as P. The bore through 
the mold halves for use With pins 445 have the same clover 
shape as the pin perimeter P to alloW passage of the pins 
therethrough. The bores can be formed by either conven 
tional or Wire electrical discharge machining. The bores can 
alternatively be formed by other processes such as milling, 
honing and drilling, but the present invention is not limited 
to formation be the above-mentioned processes. The dimen 
sions of the bores and pins can be selected as knoWn by those 
of ordinary skill in the art to alloW the necessary sliding ?t 
and the minimiZe ?ash. 

[0072] Each pin With a non-circular cross-sectional shape 
includes at least tWo substantially circular portions. When 
three substantially circular portions form the cross-sectional 
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shape, these portions can be arranged in various Ways 
depending on the dimples being formed and the dimple 
pattern. For eXample, the circular portions can be arranged 
in a line or triangle, but the present invention is not limited 
to these arrangements. When four substantially circular 
portions form the cross-sectional shape, these portions can 
be arranged in various Ways depending on the dimples being 
formed and the dimple pattern. For eXample, the circular 
portions can be arranged in a line, triangle, or rectangle but 
the present invention is not limited to these arrangements. 
Thus, the perimeter of the pins can have any desired shape. 
Furthermore, these portions can be overlapping or non 
overlapping. It is preferable that the perimeter of the pin 
corresponds to the dimple projections thereon. 

[0073] Each portion 445a-c of each pin 445 in the set 
includes a substantially hemispherical projection portion 
475a-c. The general shape of the pins 445 are formed then 
the projections are machined thereon. 

[0074] Each projection 475a-c has an apeX labeled A1-A3, 
respectively. The apeX A1 of projection 475a de?nes a 
reference plane R. The other portions 445b and 445c of each 
pin are formed so that the apeX A2 of projection 475b is 
beloW the reference plane R and apeX A3 of projection 475c 
is above the reverence plane R. As a result, the apeX of each 
pin is at a different vertical position. 

[0075] Of all the embodiments shoWn, the pins 445 are 
preferable, because their cross-sectional shape or shape of 
perimeter P alloWs these pins to be used With any dimple 
pattern Without bisecting or contacting dimples outside 
shaded, contact area outlined by C (as shoWn in FIG. 20) on 
ball 550. The shape of contact area conforms to the outline 
of adjacent dimples. Thus, pins 445 can be used With 
conventional dimple patterns based on an icosahedron, 
cuboctahedron or the like. 

[0076] Referring to FIG. 20A, another embodiment of a 
pin 445‘ is shoWn. This pin is used in sets With loWer and 
upper mold halves, as discussed above. Pin 445‘ includes 
tWo substantially cylindrical portions 445‘a-b so that the 
cross-sectional shape of the pin betWeen its ends is non 
circular. The cross-section of each portion 445‘a-b is a 
non-overlapping circle. Each portion 445‘a-b of each pin 
445‘ further includes a substantially hemispherical projec 
tion portion 475‘a-b at the free end. The bore through the 
mold halves for use With pin 445‘ has the same non-circular 
cross-sectional shape as the perimeter of the pin. The pins 
445‘ and the bores are formed as discussed above With 
respect to FIGS. 17-19. 

[0077] Each projection 475‘a-b has an apeX labeled 
A1-A2, respectively. The apeX A1 of projection 475‘a 
de?nes a reference plane R. The other portion 445‘b of pin 
445‘ is formed so that the apeX A2 of projection 475b is 
beloW the reference plane R. As a result, the apeX of each pin 
is at a different vertical position. 

[0078] Pins 445‘ have a cross-sectional shape or perimeter 
shape that alloWs these pins to contact dimples Without 
bisecting dimples as shoWn by contact area outlined by C (as 
shoWn in FIG. 20B) on ball 550‘. The shape of contact area 
conforms to the outline of adjacent dimples. As shoWn by 
the contact areas on ball 550‘ in this embodiment, the dimple 
pattern is readily useful With ?ve pins about the pole, 
hoWever a different number of pins can be used. With 
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another dimple pattern the pin 445‘ can be con?gured to 
bisect dimples or form other groups of dimples on the ball. 

[0079] Referring to FIG. 21, a substantially annular, 
retractable member 600 includes tWo segments 601 and 602 
that are mated in use. The member 600 is for use With mold 
halves similar to those shoWn in FIG. 6, but modi?ed to 
receive the member 600. The segment 601 has tWo dimple 
projections 604a-b formed on the free end. The segment 602 
has three dimple projections 604c-e formed on the free end. 
As best seen in FIG. 21A, the perimeter P of member 600 
is spaced from the dimple projections 604a-e. The member 
600 has a non-circular cross-sectional shape. Avent pin (not 
shoWn) and optionally a core pin are received Within the 
bore 606 formed through the member 600. In use, member 
600 is slidably engaged With the upper and loWer mold 
halves and coupled together With a cluster block. Thus, each 
member 600 and 602 forms a plurality of dimples during 
molding similar to the embodiments discussed above. 

[0080] Referring to FIGS. 22 and 22A, a substantially 
annular, retractable member 700 includes a plurality of 
segments 701, 702, 704, 706, and 708. The member 700 is 
for use With mold halves similar to those shoWn in FIG. 6, 
but modi?ed to receive the member 700. These modi?ca 
tions can include forming features in the mold half and the 
member to properly locate the member in the mold half. The 
segment 701 has tWo dimple projections 710a-b formed on 
the free end. The projection 710a is semi-hemispherical and 
the projection 710b is hemispherical. The members 702-708 
also each have tWo dimple projections 712a-b, 714a-b, 
716a-b, and 718a-b, respectively, formed on the free end. 
The projections 712a-b, 714a-b, 716a-b, and 718a-b are 
formed similar to the projections 710a-b. As best seen in 
FIG. 22A, the perimeter P of the member 700 intersects 
dimple projections 710a-718b. The perimeter P is spaced 
from the dimple projections 710b -718b. A vent pin (not 
shoWn) and optionally a core pin are received Within the 
bore 720 formed through the member 700. The member 700 
has circular cross-sectional shape. In use, the member 700 is 
slidably engaged With the upper and loWer mold halves and 
coupled together With a cluster block. Thus, each member 
700-708 forms a plurality of dimples during molding similar 
to the embodiments discussed above. 

[0081] Turning to FIGS. 23-25, an alternative embodiment 
of a mold half 800 and vent pin 802 according to the present 
invention is shoWn. The mold half 800 de?nes a hemispheri 
cal cavity 804 With a plurality of dimple projections 806 
formed thereon. The mold half 800 further de?nes a bore 
808 for receiving the vent pin 802. 

[0082] Referring to FIGS. 25 and 26, vent pin 802 
includes a plurality of substantially cylindrical segments 
810a-a' that are joined together so that the cross-sectional 
shape of the pin 802 betWeen the ends along the cylindrical 
segments 810a-a' is non-circular. The four segments form 
generally a rectangle. Each of the segments 810a-a' includes 
a projection 812a-d, respectively extending outWardly from 
the free end. An optional bore 814 is disposed Within a 
centrally area betWeen the projections 812a-a'. Alternatively 
to the bore, the vent pin can be split. The projections 812a-d, 
in this embodiment, are hemispherical and spaced from one 
another. The projections 812a-a' are also spaced from the 
perimeter P of the pin 802. In use, the projections 812a-a' are 
used to form indentations in the shape thereof during mold 
ing, be it in a cover or in an intermediate layer. 
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[0083] Each pin 802 further includes at least one primary 
vent 816 and at least one secondary vent 818 in ?uid 
communication thereWith in the outer surface of the pin. In 
this embodiment, each segment 810a-a' includes three pri 
mary vents 816 disposed along the perimeter of the pin 802 
at the free end. Each segment 810a-a' also includes three 
secondary vents 818 extending from the associated primary 
vent 810a-a' doWnWard. The primary vents 816 are cutouts 
and the secondary vents 818 are ?at segments in the other 
Wise curved surface of the pin. The secondary vents 818 
form clearance spaces betWeen the Wall of the bore 808 (as 
shoWn in FIG. 24) and the pin that alloW trapped gases 
during the molding process to escape the cavity. 

[0084] Preferably, as shoWn in FIGS. 25 and 25A, the 
primary vents 816 have a depth dl less than the depth d2 of 
the secondary vents 818. More preferably, the depth of the 
primary vents 816 is less than about 0.005 inch and the depth 
of the secondary vents 818 is greater than about 0.005 inch. 
Most preferably, the depth of the primary vents 816 is 
betWeen about 0.0005 and about 0.002 inch and the depth of 
the secondary vents 818 is betWeen about 0.005 and about 
0.010 inch. 

[0085] The geometry of the vent pin can be varied, as 
discussed With respect to the retractable members, such that 
for eXample the dimples are non-hemispherical in shape or 
so that the cross-sectional shape of the vent pin is circular. 
Furthermore, the vent pin 802 can be used in combination 
With the various retractable pin and sleeve embodiments 
discussed above. 

[0086] When golf balls are prepared according to the 
invention, they typically Will have dimple coverage greater 
than about 60 percent, preferably greater than about 65 
percent, and more preferably greater than about 70 percent. 
The ?exural modulus of the cover on the golf balls, as 
measured by ASTM method D-790, is typically greater than 
about 500 psi, and is preferably from about 500 psi to 
150,000 psi. The hardness of the cover is typically from 
about 35 to 80 Shore D, preferably from about 40 to 78 
Shore D, and more preferably from about 45 to 75 Shore D. 

[0087] The resultant golf balls typically have a coef?cient 
of restitution of greater than about 0.7, preferably greater 
than about 0.75, and more preferably greater than about 
0.78. The golf balls also typically have an Atti compression 
of at least about 40, preferably from about 50 to 120, and 
more preferably from about 60 to 100. 

[0088] In other embodiments, the mold can include vari 
ous combinations of retractable elements depending on the 
dimple pattern and How characteristics of the material. For 
eXample, the mold can include tWo sets of retractable pins of 
the present invention associated With each mold half, Where 
the pins on one half are about 90° out of phase With the other 
pins to securely hold the core in the center of the cavity. In 
another embodiment, the pins of the present invention can be 
used With one mold half and an annular retractable member 
such as shoWn in FIGS. 21 and 22 can be used With the 
other mold half. In this embodiment, it is preferable that the 
annular, retractable member be used With the loWer mold 
half so that it can eject the core. Alternatively, the pins or 
annular, retractable members of the present invention can be 
used in combination With the sleeves disclosed in US. Pat. 
No. 6,129,881 issued Oct. 10, 2000, entitled “RETRACT 
ABLE SLEEVE FOR INJECTION MOLDING,” Which is 
incorporated by reference herein in its entirety. 






