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trically conductive metals, polymers, carbons, or other

substances that can be deposited or disposed on various
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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to golf
balls including a mark, or a plurality of marks, for improv-
ing the detection and tracking thereof by radar tracking
systems.

BACKGROUND OF THE INVENTION

[0002] Interest continues to increase in golf experi-
ences which require a system for detecting golf ball
launch conditions, suchasgolf simulators andgolf equip-
ment fitting. Radar tracking systems that are currently
used for this purpose are limited, however, in their ability
to accurately obtain launch condition data, for example,
ball spin properties.
[0003] There are also disadvantages to the use of the
radar reflective stickers that are commonly used with
radar tracking systems. Radar reflective stickers are
typically placed on the outer surface of the golf ball in
order for radar tracking systems to obtain launch condi-
tion data. However, there are challenges associated with
theuseof thesestickers, including, for example, accurate
positioning of the stickers on the ball, alignment of the
stickers relative to the golfer and tee, time and effort
required to place the stickers on the ball, and lack of
durability of the stickers, which further leads to a de-
crease in the quality of launch condition data and the
need to replace the stickers.
[0004] Thus, there is a need for a golf ball that provides
one or more of the following benefits: improved quality of
golf ball launch condition data collected by radar tracking
systems, and enhanced experience for the end users of
these radar tracking systems.

SUMMARY OF THE INVENTION

[0005] The present disclosure is directed to a golf ball
comprising at least one layer with amark, or a plurality of
marks, disposed on a surface thereof.
[0006] In a particular embodiment, the mark has a
continuous shape and is formed from a radar detectable
material. In a particular aspect of this embodiment, the
golf ball additionally has one or more of the following
properties:

the mark has a non-circular shape;
the radar detectable material is an electrically con-
ductive ink comprising a base resin and an electri-
cally conductive material, wherein the base resin is
optionally selected from the group consisting of vinyl
polymers, urethane polymers, acrylic polymers,
epoxy polymers, and combinations of two or more
thereof, and wherein the electrically conductive ma-
terial is optionally selected from the group consisting
of silver, electrically conductive carbon, aluminum,

graphene, nanotubes, nanometals, and combina-
tions of two or more thereof;
the mark has a resistivity of from 0.1 Ohms to 2,500
Ohms;

the mark has dimensions such that every 0.025
inch wide great circle path on the golf ball layer
surfaceonwhich themark is disposed intersects
the mark; and
the golf ball comprises an inner core layer, an
outer cover layer, and one or more intermediate
layers disposed between the inner core layer
and the outer cover layer; and the surface on
which the mark is disposed is the outer surface
of the intermediate layer positioned adjacent to
the outer cover layer.

[0007] In another particular embodiment, the mark is
formed from a radar detectable material and has dimen-
sions such that every great circle path on the golf ball
layer surfaceonwhich themark isdisposed intersects the
mark.
[0008] In another particular embodiment, the mark is
formed from a radar detectable material and has a con-
tinuous shape comprising three or more intersecting
stripes.
[0009] In another particular embodiment, the at least
one layer has a plurality of radar detectable marks dis-
posed on a surface thereof. In a particular aspect of this
embodiment, the radar detectable marks have a resis-
tivity of from 0.1 Ohms to 25 Ohms. In another particular
aspect of this embodiment, every 0.025 inch wide great
circlepathon thegolf ball layer surfaceonwhich the radar
detectable marks are disposed intersects at least one of
the marks. In another particular aspect of this embodi-
ment, every great circle path on the golf ball layer surface
on which the radar detectable marks are disposed inter-
sects at least one of the marks. In another particular
aspect of this embodiment, the plurality of radar detect-
able marks includes a first mark and a second mark,
wherein the first mark has a continuous, irregular shape
and the second mark has a basic shape selected from
basic nonpolygonal shapes, regular polygons, and irre-
gular polygons. Non-limiting examples of suitable basic
nonpolygonal shapes include circles, rings, and cres-
cents. Non-limiting examples of suitable regular poly-
gons includesquaresandequilateral triangles.Non-limit-
ing examples of suitable irregular polygons include rec-
tangles, non-equilateral triangles, and chevrons. In an-
other particular aspect of this embodiment, theplurality of
radar detectable marks includes a first mark and a sec-
ond mark, wherein the first mark has a continuous, irre-
gular shape comprising a plurality of intersecting stripes,
and the second mark has an irregular shape that is
different from the first mark. In another particular aspect
of this embodiment, the plurality of radar detectable
marks includes a third mark, the third mark having either
an irregular shape or a regular shape. In another parti-
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cular aspect of this embodiment, when all of the radar
detectable marks present on any layer of the ball are
radially projected onto the outer surface of the ball, the
radar detectable marks have a total surface coverage of
from 1% to 20%.
[0010] In another particular embodiment, the golf ball
comprises two or more layers, wherein at least two of the
two or more layers have one or more radar detectable
marks disposed on a surface thereof. When all of the
radar detectable marks present on any layer of the ball
are radially projected onto the outer surface of the ball,
every 0.025 inch wide great circle path on the golf ball
outer surface intersects at least one of the marks.
[0011] In another particular embodiment, the golf ball
has a plurality of radar detectable marks disposed on a
single layer thereof. The plurality of radar detectable
marks includes at least eleven equally-spaced, non-cir-
cular-shaped marks. In a particular aspect of this embo-
diment, the number of equally-spaced, non-circular-
shaped marks is a prime number from 11 to 37.
[0012] In another particular embodiment, the golf ball
hasaplurality of radar detectablemarksdisposedamong
two or more layers thereof. The plurality of radar detect-
able marks includes at least eleven non-circular-shaped
marks.Whenall of the radar detectablemarkspresent on
any layer of the ball are radially projected onto the outer
surfaceof the ball, the radar detectablemarksareequally
spaced. In a particular aspect of this embodiment, the
number of equally-spaced, non-circular-shapedmarks is
a prime number from 11 to 37.
[0013] In another particular embodiment, the total sur-
face coverage of all radar detectable marks present is
from 0.1% to 4.0%. In a particular aspect of this embodi-
ment, the golf ball has a layer with a radar detectable
mark disposed on a surface thereof, and the mark has a
continuous non-circular shape and a surface coverage of
from 0.1% to 4.0%. In another particular aspect of this
embodiment, the golf ball has a plurality of radar detect-
able marks disposed among two or more surfaces there-
of, and,whenall of the radar detectablemarks present on
any surface of any layer of the ball are radially projected
onto the outer surface of the ball, the radar detectable
marks have an overall continuous non-circular shape. In
another particular aspect of this embodiment, thegolf ball
has one or more radar detectable marks disposed on a
surface of at least one layer thereof, the total number of
radar detectable marks present is two or more, and the
radar detectable marks have a total surface coverage of
from 0.1% to 4.0%.
[0014] In another particular embodiment, the golf ball
has a plurality of radar detectablemarks disposed on any
single layer or among two or more layers thereof. When
all of the radar detectable marks present on any layer of
the ball are radially projected onto the outer surfaceof the
ball, the resulting overall pattern of projected radar de-
tectablemarks comprisesa series of threeormoremarks
where each mark in the series has a geometric center
located on a 1.5 mm wide great circle band on the outer

surface of the ball. In a particular aspect of this embodi-
ment, the overall pattern of projected marks consists
essentially of the plurality of marks positioned along
the great circle. In a further particular aspect of this
embodiment, the portion of the great circle along which
the plurality of marks are positioned has a length of no
more than half the circumference of the ball.
[0015] In another particular embodiment, the golf ball
has a plurality of radar detectablemarks disposed on any
single layer or among two or more layers thereof. When
all of the radar detectable marks present on any layer of
the ball are radially projected onto the outer surfaceof the
ball, the resulting overall pattern of projected radar de-
tectable marks comprises a first great circle series of
three ormoremarks,where eachmark in the series has a
geometric center located on a first 1.5 mm wide great
circle band on the outer surface of the ball, and a second
great circle series of three or more marks, where each
mark in the series has a geometric center located on a
second 1.5 mm wide great circle band on the outer sur-
face of the ball.
[0016] In another aspect, the present disclosure is
directed to a golf ball comprising at least one layer with
a mark, or a plurality of marks, disposed on a surface
thereof. In one aspect, a golf ball is disclosed that has at
least one radar detectable mark such that a projected
pattern is formed when the at least one radar detectable
mark is radially projected onto an outer surface of the golf
ball.
[0017] The projected pattern can comprise a first wave
profile mapped along a path defined by a first spherical
arc on the outer surface of the golf ball. The projected
pattern comprises at least one first crest and at least one
first trough. The first spherical arc can be defined along a
first great circle on the outer surface of the golf ball.
[0018] The projected pattern can comprise a first term-
inal end and a second terminal end that are circumfer-
entially spaced apart from each other to define a wave
angular extent. The terminal ends can be spaced apart
from each other by at least 45 degrees, in one example.
The first terminal endand the second terminal end canbe
circumferentially spaced apart by 240 degrees - 300
degrees, in one example. Stated differently, the wave
angular extent can extend for at least 45 degrees, and
preferably canextend for240degrees -300degrees.The
wave angular extent can extend for 270 degrees, in one
example.
[0019] In one example including parallel waves, the
circumferential spacing of the terminal ends of the wave
profiles can vary in order to cover a predetermined wa-
velength or period. For example, two parallel wave pro-
files can have varying lengths to account for different
positions relative to the printed surface and to align the
wave angular extents of the two wave profiles.
[0020] Theprojected pattern can extend for at least 1.0
period in one example. In one example, the projected
pattern can extend for less than 5.0 periods.
[0021] An amplitude of the first wave profile can have a
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relationship with the diameter of the golf ball. In one
example, the amplitude is no greater than 40% of a
diameter of the golf ball. In one example, the amplitude
is no greater than 40%of a diameter of the golf ball cased
core. In one example, the amplitude is no greater than
40% of a diameter of a golf ball sub-assembly. In other
examples, the amplitude is 5% - 50% of a diameter of the
golf ball, the amplitude is 10% - 30% of a diameter of the
golf ball, or the amplitude is 15% - 25% of a diameter of
the golf ball. In other examples, the amplitude is 10% -
60% of a diameter of the golf ball cased core, the ampli-
tude is20%-50%ofadiameterof thegolf ball casedcore,
or the amplitude is 25%- 40%of a diameter of the golf ball
cased core. In other examples, the amplitude is 5% -55%
of a diameter of a golf ball sub-assembly, the amplitude is
15% - 45% of a diameter of a golf ball sub-assembly, or
theamplitude is25%-40%ofadiameter ofagolf ball sub-
assembly. The amplitude can be measured to a mid-
point, center, ormiddleportionof themarkingorprojected
pattern. In another example, the amplitude can be de-
fined as at any two corresponding points on the spherical
arcwhichareequidistant from thecentral axisof thewave
profile.
[0022] The first wave profile can be formed according
to a variety of wave profiles. For example, the wave
profile can be one of: a sine wave, a sawtooth wave, a
triangular wave, or a square wave. In one example,
multiple wave forms can be combined.
[0023] The at least one radar detectable mark can be
disposed on a single layer in one example. In another
example, the at least one radar detectable mark can be
comprisedof aplurality of radardetectablemarks that are
disposed among more than one layer.
[0024] The projected pattern can be formed as a con-
tinuous, uninterrupted strip, in one example. In another
example, the projected pattern can be formed as a plur-
ality of discrete strips that are spaced apart from each
other and aligned with each other such that the discrete
strips defineawaveprofile in the aggregate. According to
one aspect, the discrete strips are centered about a
common through line or track such that the overall wave
profile is defined by the discrete strips.
[0025] Various parameters, sizes, profiles, shapes,
etc., of the wave profile and the radar detectable mark
can vary. In one example, the radar detectable mark can
have awidth of 1.0mm - 5.0mm. In one example, the first
wave profile can have an amplitude of 7.0mm - 15.0mm.
[0026] The projected pattern can further comprise a
secondwave profile with at least one second crest and at
least one second trough. The first wave profile can be
comprised of a plurality of first points and the second
wave profile can be comprised of a plurality of second
points. Each first point along the first wave profile and
each closest adjacent second point along the second
wave profile can be equidistant fromeach other such that
a uniform normal distance is defined along an entirety of
the first wave profile and the second wave profile. The
uniform normal distance can be 4.0 mm - 6.0 mm. The

first and second wave profiles can be parallel to each
other. In another aspect, a normal distance between the
wave profiles can vary and can be non-uniform.
[0027] The first wave profile and the second wave
profile can each have a predetermined amplitude that
is identical to each other, such that the uniform normal
distance is at least half of the predetermined amplitude,
and the uniform normal distance is no greater than twice
the predetermined amplitude.
[0028] The second wave profile can be mapped along
apathdefinedbyasecondspherical arc that ispositioned
away from the first spherical arc.
[0029] Another example of a golf ball is disclosed here-
in. The golf ball can have at least one radar detectable
mark such that a projected pattern is formed when the at
least one radar detectablemark is radially projected onto
anouter surfaceof thegolf ball. Theprojectedpattern can
comprise a first wave profile defined by a periodic func-
tion andmapped along a path defined by a first spherical
arc on the outer surface of the golf ball. The periodic
function can be selected from one of: a sine wave, a
sawtooth wave, a triangle wave, or a square wave. In
other examples, the wave profile can be defined as a
combination of wave forms to produce another periodic
function. Any one or more of a sine wave, a sawtooth
wave, a triangle wave, or a square wave can be com-
bined, in addition to any other function or periodic profile.
[0030] The projected pattern can have a wave angular
extent of 45 degrees - 270 degrees, in one example. The
periodic function can repeat for at least 1.0 period. The
projected pattern can further include a second wave
profile with at least one second crest and at least one
second trough. Auniformnormal distance canbedefined
along an entirety of the first wave profile and the second
wave profile. The first wave profile can have a first am-
plitude, and the second wave profile can have a second
amplitude. The uniform normal distance can be less than
half of the first amplitude. The uniform normal distance
can be less than half of the second amplitude. The first
amplitude can be no greater than 40% of a diameter of at
least one of: the golf ball, a cased core of the golf ball, or a
sub-assembly of the golf ball.
[0031] Another example of a golf ball is also disclosed
herein. The golf ball can have at least one radar detect-
able mark such that a projected pattern is formed when
the at least one radar detectable mark is radially pro-
jected onto anouter surfaceof the golf ball. Theprojected
pattern can comprise a first wave profile defined by a
periodic function and mapped along a path defined by a
first spherical arc on the outer surface of the golf ball. The
periodic function can be a sine wave, and the periodic
function can repeat for at least 1.0 period.
[0032] In one aspect, a golf ball is disclosed that has at
least one radar detectable mark disposed on any single
layer or among two or more layers thereof, such that the
at least one radar detectablemarkpresent onany layer of
the golf ball is radially projected onto an outer surface of
the golf ball to formanoverall pattern, and theat least one
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radar detectable mark can be formed from a radar de-
tectable material comprising: a resin; and a first plurality
of conductivemetal pigments. As used in this context, the
term conductive refers to electrical conductivity, and the
terms conductive and electrically conductive are used
interchangeably herein. In one aspect, the present dis-
closure provides for a radar reflectivematerial ormarking
that is comprised, in part, of conductive pigments. The
pigments can be formed from various materials, and can
be formed from non-metallic base compositions and/or
coatings.
[0033] A first plurality of conductive metal pigments
can have an average particle size that is no greater than
10.0 microns, and the first plurality of conductive metal
pigments can have an average aspect ratio that is no
greater than 10.0. One of ordinary skill in the art would
understand that the characteristics of the pigments can
vary.
[0034] The first plurality of conductive metal pigments
can comprise at least one of: silver, nickel, aluminum,
titanium, gold, tin, tin oxide, antimony, antimony oxide,
copper oxide, platinum, palladium, iridium coated plati-
num, silver coated copper, silver coated iron, silver
coated nickel, or coated core shell pigments.
[0035] The radar detectable material can further com-
prisea secondplurality of conductivemetal pigments that
are formed from a different material than the first plurality
of conductive metal pigments. The second plurality of
conductivemetal pigments can include pigments that are
coated by conductive polymers. The conductive polymer
can be comprised of at least one of: poly (3‑4-ethylene-
dioxythiophene) (PEDOT), PEDOTcomposites, or poly-
aniline (PANI). The second plurality of conductive metal
pigments can be silver coated copper, silver coated iron,
or silver coated nickel, in other aspects.
[0036] In another aspect, the radar detectablematerial
can further comprise a second plurality of conductive
pigments that are formed from a different material than
the first plurality of conductive metal pigments. The sec-
ond plurality of conductive pigments can include metallic
pigments, or non-metallic pigments that canbe coatedby
a conductive material. One of ordinary skill in the art
would understand that the coating and/or the pigment
itself can be conductive.
[0037] Inoneaspect, thesecondplurality of conductive
metal pigments are magnetic pigments. In one aspect,
the second plurality of conductive metal pigments are
radiopaque pigments. The second plurality of conductive
metal pigments can be comprised of tungsten.
[0038] In one aspect, the average particle size of the
first plurality of conductive metal pigments is no greater
than 5.0microns. In one aspect, the average particle size
of the first plurality of conductive metal pigments is no
greater than 7.5 microns. In one aspect, the average
particle size of the first plurality of conductive metal
pigments is no greater than 10.0 microns. In one aspect,
the average particle size of the first plurality of conductive
metal pigments is 4.0 microns - 12.0 microns. In one

aspect, the average particle size of the first plurality of
conductive metal pigments is 1.0 micron - 15.0 microns.
[0039] In one aspect, the average particle size of the
first plurality of conductive metal pigments is no greater
than 2.0microns. In one aspect, the average aspect ratio
of the first plurality of conductive metal pigments is no
greater than 5.0. In one aspect, a relationship between
the values for the average aspect ratio (AR) and the
average particle size (PS) (in microns) is defined by:
0.5 ≤ (AR/PS) ≤ 5.0. In one aspect, a difference between
the values for the average aspect ratio and the average
particle size (in microns) is no greater than 8.0. In one
aspect, a difference between the values for the average
aspect ratio and the average particle size (in microns) is
no greater than 3.0. In one aspect, a difference between
the values for the average aspect ratio and the average
particle size (in microns) is no greater than 1.0.
[0040] In one aspect, a first plurality of pigments canbe
formed from materials other than metals and can be
coated with a conductive material.
[0041] Theat leastone radardetectablemarkcanhave
adepthof 1.0micron - 10.0microns.Awidthof theat least
one radar detectable mark can be no greater than 1.50
mm.Awidth of the at least one radar detectablemark can
be no greater than 1.00 mm. A width of the at least one
radar detectable mark is 0.75 mm - 1.00 mm. In one
aspect, awidthof theat least one radardetectablemark is
no greater than 0.75 mm. In one aspect, a width of the at
least one radar detectable mark is 0.50 mm - 0.75 mm.
The width, as well as all other parameters, measure-
ments, dimensions, etc., of the mark can vary.
[0042] The resin can have a flexural or flex modulus of
at least 2.0MPa, in one aspect. The resin can have a flex
modulus of 1.0 MPa - 18.0 MPa, in one aspect. In one
aspect, the flex modulus can be tested according to
ASTMD790. One of ordinary skill in the art would under-
stand that other testing standards could be used.
[0043] In one aspect, the sheet resistance values can
refer to valuesassociatedwith thematerial(s) forming the
mark, and not necessarily the values exhibited by a golf
ball including said mark(s). For instance, when referring
to the sheet resistance of the radar detectable mark, the
values can refer to the sheet resistance of the material
forming the mark.
[0044] The radar detectable mark or material forming
themark can have a sheet resistance of 0.01Ohm/sq/mil
- 0.10 Ohm/sq/mil. In one aspect, the radar detectable
mark or material forming the mark can have a sheet
resistance of 0.025 Ohm/sq/mil - 0.075 Ohm/sq/mil.
The radar detectable mark or material forming the mark
can have a sheet resistance of 0.04 Ohm/sq/mil - 0.06
Ohm/sq/mil. The radar detectable mark or material form-
ing the mark can have a conductivity of no greater than
800,000 Siemens/meter, in one aspect. In another as-
pect, the radar detectable mark or material forming the
mark can have a conductivity of 700,000 Siemens/meter
- 900,000 Siemens/meter. In one aspect, the golf ball can
further comprise an adhesion promotor disposed adja-
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cent to the at least one radar detectable mark.
[0045] In another aspect, a golf ball is disclosed that
has at least one radar detectable mark disposed on any
single layer or among two or more layers thereof, such
that theat least one radardetectablemarkpresent onany
layer of the golf ball is radially projected onto an outer
surface of the golf ball to form an overall pattern, and the
at least one radar detectable mark can be formed from a
radar detectable material comprising at least one of:
copper; silver; conductive polymer; gold; platinum; con-
ductive carbon; nickel; zinc; or aluminum.
[0046] In one aspect, the radar detectable material is
comprised of gold. In another aspect, the radar detect-
able material is comprised of platinum and conductive
carbon. In another aspect, the radar detectable material
is comprised of silver and zinc. In another aspect, the
radar detectable material is comprised of conductive
polymer and conductive carbon. In another aspect, the
radar detectable material is comprised of nickel. In an-
other aspect, the radar detectable material is comprised
of nickel and silver. In another aspect, the radar detect-
able material is comprised of nickel and conductive car-
bon. In another aspect, the radar detectable material is
comprised of nickel and conductive polymer.
[0047] The golf ball can further comprise an adhesion
promotor disposed adjacent to the at least one radar
detectable mark.
[0048] Awidth of the at least one radar detectablemark
can be no greater than 1.50 mm. In another aspect, the
width of the at least one radar detectable mark is no
greater than 1.00 mm. In another aspect, the width of
the at least one radar detectable mark is 0.75 mm - 1.00
mm.Thewidth, aswell as all other parameters,measure-
ments, dimensions, etc., of the mark can vary.
[0049] In one aspect, the conductive carbon is com-
prised of at least one of graphene, fibers, nanotubes, or
buckminsterfullerene (hereinafter buckyballs).
[0050] In one aspect, the radar detectable mark has a
sheet resistance of 0.015 Ohm/sq/mil - 20.0 Ohm/sq/mil.
The sheet resistance values can vary as one of ordinary
skill in the art would appreciate.
[0051] In another aspect, a golf ball is disclosed that
has at least one radar detectable mark disposed on any
single layer or among two or more layers thereof, such
that theat least one radardetectablemarkpresent onany
layer of the golf ball is radially projected onto an outer
surface of the golf ball to form an overall pattern, and the
at least one radar detectable mark can be formed from a
radar detectable material comprising an electrically con-
ductivematerial comprising: amixture of silver andmetal
salt, silver coatedglass, silver coatedcopper, amixtureof
silver and tin or tin oxide, a mixture of silver and con-
ductive resin, a mixture of silver and conductive carbon,
or a mixture of silver and iron-based ceramic.
[0052] The electrically conductive material can com-
prise the mixture of silver and conductive carbon. In
another aspect, the mixture of silver and conductive
carbon includes a ratio of two parts silver to one part

conductive carbon. In another aspect, the electrically
conductive material comprises silver coated glass. In
another aspect, the electrically conductive material com-
prises silver coated copper. In another aspect, the elec-
trically conductive material comprises the mixture of
silver and metal salt. In another aspect, the metal salt
in the mixture of silver and the metal salt includes silver
chloride. In another aspect, the electrically conductive
material comprises the mixture of silver and iron-based
ceramic. In another aspect, the electrically conductive
material comprises the mixture of silver and conductive
resin.
[0053] In oneaspect, themixtureof silver and themetal
salt includesa ratioof 80parts silver to20partsmetal salt.
In another aspect, themixture of silver and tin or tin oxide
includesa ratioof 70parts silver to30parts tin or tinoxide.
[0054] Inoneaspect, theconductive resin is comprised
of at least one of: poly(3, 4 ethylenedioxythiophene)
(PEDOT), PEDOT composites, or polyaniline (PANI).
[0055] In one aspect, the golf ball further comprises an
adhesion promotor disposed adjacent to the at least one
radar detectable mark.
[0056] In one aspect, a width of the radar detectable
mark is no greater than 1.50 mm. In another aspect, a
width of the radar detectablemark is no greater than 1.00
mm. In another aspect, a width of the radar detectable
mark is 0.75mm - 1.00mm. Thewidth, aswell as all other
parameters, measurements, dimensions, etc., of the
mark can vary.
[0057] In one aspect, the at least one radar detectable
mark has a sheet resistance of 0.015 Ohm/sq/mil - 20.0
Ohm/sq/mil. Thesheet resistance values can varyasone
of ordinary skill in the art would appreciate.
[0058] In another example, a golf ball is disclosed that
has at least one radar detectable mark disposed on any
single layer or among two or more layers thereof, such
that theat least one radardetectablemarkpresent onany
layer of the golf ball is radially projected onto an outer
surface of the golf ball to form an overall pattern, and the
at least one radar detectable mark can be formed from a
radar detectable material comprising a conductive poly-
mer includingat least oneof: poly (3‑4-ethylenedioxythio-
phene) (PEDOT), PEDOT composites, or polyaniline
(PANI).
[0059] In one aspect, the radar detectablematerial can
further comprise silver. In one aspect, the radar detect-
able material further comprises conductive carbon. In
one aspect, the conductive carbon is comprised of at
least one of graphene, fibers, nanotubes, or buckyballs.
[0060] In one aspect, the radar detectable material
further comprises conductive metals. In one aspect,
the radar detectable material further comprises bismuth
telluride. In another aspect, the radar detectablematerial
further comprises antimony telluride. In one aspect, the
radar detectable material further comprises at least one
of: a mixture of silver and metal salt, silver coated glass,
silver coated copper, a mixture of silver and tin or tin
oxide, a mixture of silver and conductive resin, a mixture
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of silver and conductive carbon, or amixture of silver and
iron-based ceramic.
[0061] In one aspect, the golf ball further comprises an
adhesion promotor disposed adjacent to the at least one
radar detectable mark.
[0062] In one aspect, a width of the radar detectable
mark is nogreater than1.50mm. In oneaspect, awidth of
the radar detectable mark is no greater than 1.00 mm. In
one aspect, a width of the radar detectable mark is 0.75
mm-1.00mm.Thewidth, aswell asall other parameters,
measurements, dimensions, etc., of the mark can vary.
[0063] In one aspect, the at least one radar detectable
mark has a sheet resistance of 0.015 Ohm/sq/mil - 20.0
Ohm/sq/mil. Thesheet resistance values can varyasone
of ordinary skill in the art would appreciate.
[0064] In yet another example, a golf ball is disclosed
that has at least one radar detectable mark disposed on
any single layer or among two or more layers thereof,
such that the at least one radar detectable mark present
on any layer of the golf ball is radially projected onto an
outer surface of the golf ball to form an overall pattern,
and the at least one radar detectablemark can be formed
from a radar detectable material comprising: a resin
having a flex modulus of 1.0 MPa - 18.0 GPa; and an
electrically conductive material.
[0065] The electrically conductive material can be
comprised of at least one of: silver, conductive carbon,
or aluminum pigments.
[0066] In one aspect, the conductive carbon is com-
prised of at least one of graphene, fibers, nanotubes, or
buckyballs.
[0067] In one aspect, the silver is comprised of at least
one of a mixture of silver and metal salt, silver coated
glass, silver coated copper, a mixture of silver and tin or
tin oxide, a mixture of silver and conductive resin, a
mixture of silver and conductive carbon, or a mixture of
silver and iron-based ceramic.
[0068] In one aspect, the golf ball further comprises an
adhesion promotor disposed adjacent to the at least one
radar detectable mark.
[0069] In one aspect, a width of the radar detectable
mark is no greater than 1.50 mm. In another aspect, a
width of the radar detectablemark is no greater than 1.00
mm. In another aspect, a width of the radar detectable
mark is 0.75 mm - 1.00 mm.
[0070] In one aspect, the resin has a flex modulus of
10.0 GPa - 16.0 GPa. In another aspect, the resin has a
flexmodulus of 3.0GPa - 4.0GPa. In another aspect, the
resin has a flex modulus of 17.0 MPa - 20.0 MPa. In
another aspect, the resin has a flexmodulus of 1.0MPa -
3.0 MPa. In another aspect, the resin has a flex modulus
of 2.0 MPa - 3.0 MPa. In another aspect, the resin has a
flexmodulus of 1.0MPa ‑1.5MPa. In another aspect, the
resinhasaflexmodulusof5.0GPa -15.0GPa. Inanother
aspect, the resin has a flex modulus of 1.0 GPa - 10.0
GPa. In another aspect, the resin has a flex modulus of
100.0 MPa - 250.0 MPa. In another aspect, the resin has
a flex modulus of 500.0 MPa - 1.0 GPa.

[0071] In one aspect, the radar detectable mark has a
sheet resistance of 0.015 Ohm/sq/mil - 20.0 Ohm/sq/mil.
The sheet resistance values can vary as one of ordinary
skill in the art would appreciate.
[0072] In one aspect, the resin is comprised of a vinyl-
based polymer. In another aspect, the resin is comprised
of aurethane-basedpolymer. In another aspect, the resin
is comprised of an epoxy-based polymer.
[0073] In one aspect, the electrically conductive mate-
rial is comprised of silver. In another aspect, the electri-
cally conductive material is comprised of silver and con-
ductive carbon. In another aspect, the electrically con-
ductive material is comprised of conductive carbon. In
another aspect, the electrically conductive material is
comprised of conductive carbon and aluminum pig-
ments.
[0074] In yet another example, a golf ball is disclosed
that has at least one radar detectable mark disposed on
any single layer or among two or more layers thereof,
such that the at least one radar detectable mark present
on any layer of the golf ball is radially projected onto an
outer surface of the golf ball to form an overall pattern,
and the at least one radar detectablemark can be formed
from a radar detectable material comprising at least one
of tin or its tin oxides.
[0075] The radar detectable material can further com-
prise at least one conductive polymer. The at least one
conductive polymer can be comprised of at least one of:
poly(3, 4 ethylenedioxythiophene) (PEDOT), PEDOT
composites, or polyaniline (PANI). The radar detectable
material can further comprise conductive carbon. In one
aspect, the radar detectablematerial further comprises a
conductive metal. In one aspect, the conductive metal
comprises silver.
[0076] In one aspect, the radar detectable material is
comprised of a ratio of 70 parts silver to 30 parts tin or tin
oxide. In one aspect, the silver is comprised of at least
one of: a mixture of silver and metal salt, silver coated
glass, silver coated copper, a mixture of silver and tin or
tin oxide, a mixture of silver and conductive resin, a
mixture of silver and conductive carbon, or a mixture of
silver and iron-based ceramic.
[0077] In one aspect, the tin oxide includes indium tin
oxide. In another aspect, the tin oxide includes antimony
tin oxide.
[0078] In one aspect, the golf ball can further comprise
an adhesion promotor disposed adjacent to the at least
one radar detectable mark.
[0079] In one aspect, a width of the at least one radar
detectable mark is no greater than 1.50 mm. In one
aspect, a width of the at least one radar detectable mark
isnogreater than1.00mm. Inoneaspect, awidthof theat
least one radar detectable mark is 0.75 mm - 1.00 mm.
The width, as well as all other parameters, measure-
ments, dimensions, etc., of the mark can vary.
[0080] In one aspect, the at least one radar detectable
mark has a sheet resistance of 0.015 Ohm/sq/mil - 20.0
Ohm/sq/mil. Thesheet resistance values can varyasone
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of ordinary skill in the art would appreciate.
[0081] In yet another example, a golf ball is disclosed
herein that has at least one radar detectable mark dis-
posed on any single layer or among two or more layers
thereof, such that the at least one radar detectable mark
present on any layer of the golf ball is radially projected
onto an outer surface of the golf ball to form an overall
pattern, and theat least one radardetectablemarkcanbe
formed from a radar detectable material comprising a
transition metal, in one aspect.
[0082] The transition metal can further comprise at
least one of: palladium, iron, tungsten, molybdenum,
rhodium, ruthenium, rhenium, osmium, or iridium. The
transitionmetal can be comprised of tungsten. In another
aspect, the transitionmetal can be comprised of iron. The
transitionmetal can be comprised ofmolybdenum, in one
aspect.
[0083] The transition metal can be comprised of at
least one of: copper, silver, amixture of silver and ametal
salt, gold, platinum, nickel, tin or its tin oxides, or zinc.
[0084] The transition metal can include nickel, in one
aspect. In another aspect, the transition metal includes
platinum. In one aspect, the transition metal includes
platinum, and the radar detectable material further com-
prises conductive carbon.
[0085] In one aspect, the transition metal is comprised
of 10 parts platinum and 90 parts conductive carbon. In
one aspect, the conductive carbon is comprised of at
least one of graphene, fibers, nanotubes, or buckyballs.
[0086] In one aspect, the radar detectable material
further comprises at least one of: conductive polymer,
conductive carbon, or aluminum. In one aspect, the
conductive polymer is comprised of at least one of poly
(3‑4-ethylenedioxythiophene) (PEDOT), PEDOT com-
posites, or polyaniline (PANI).
[0087] In one aspect, the golf ball further comprises an
adhesion promotor disposed adjacent to the at least one
radar detectable mark.
[0088] In one aspect, a width of the at least one radar
detectable mark is no greater than 1.50 mm. In one
aspect, a width of the at least one radar detectable mark
isnogreater than1.00mm. Inoneaspect, awidthof theat
least one radar detectable mark is 0.75 mm - 1.00 mm.
Thewidth can vary as one of ordinary skill in the art would
appreciate.
[0089] In one aspect, the at least one radar detectable
mark has a sheet resistance of 0.015 Ohm/sq/mil - 20.0
Ohm/sq/mil. Thesheet resistance values can varyasone
of ordinary skill in the art would appreciate.
[0090] In yet another example, a golf ball is disclosed
herein that has at least one radar detectable mark dis-
posed on any single layer or among two or more layers
thereof, such that the at least one radar detectable mark
present on any layer of the golf ball is radially projected
onto an outer surface of the golf ball to form an overall
pattern, and the at least one radar detectable mark is
formed from a radar detectable material comprising: a
resin; and an electrically conductive material comprising

silver and antimony.
[0091] In one aspect, the radar detectable material
further comprises a radiopaque material. The radiopa-
que material can include tungsten. The tungsten can be
provided at 1% - 50% of a total weight of the radar
detectable material. The tungsten can be provided at
15% - 35% of a total weight of the radar detectable
material.
[0092] In one aspect, the at least one radar detectable
mark has a sheet resistance of 0.015 Ohm/sq/mil - 20.0
Ohm/sq/mil. In one aspect, the at least one radar detect-
ablemark hasa sheet resistanceof 0.05Ohm/sq/mil - 5.0
Ohm/sq/mil. Thesheet resistance values can varyasone
of ordinary skill in the art would appreciate.
[0093] In one aspect, the antimony is antimony oxide.
In another aspect, the antimony is antimony tin oxide.
[0094] In one aspect, a width of the at least one radar
detectable mark is 1.5 mm - 3. 0 mm. In another aspect,
the electrically conductive material further comprises
conductive carbon. In another aspect, the conductive
carbon is comprised of at least one of graphene, fibers,
nanotubes, or buckyballs.
[0095] In one aspect, the golf ball further comprises an
adhesion promotor disposed adjacent to the at least one
radar detectable mark.
[0096] In one aspect, a width of the at least one radar
detectable mark is no greater than 1.50 mm. In another
aspect, thewidthof theat least one radardetectablemark
isnogreater than1.00mm. Inanotheraspect, thewidthof
the at least one radar detectable mark is 0.75 mm - 1.00
mm. The width can vary as one of ordinary skill in the art
would appreciate.
[0097] In one aspect, the silver is comprised of at least
one of: a mixture of silver and metal salt, silver coated
glass, silver coated copper, a mixture of silver and tin or
tin oxide, a mixture of silver and conductive resin, a
mixture of silver and conductive carbon, or a mixture of
silver and iron-based ceramic.
[0098] In another aspect, a golf ball is disclosed that
has at least one radar detectable mark disposed on any
single layer or among two or more layers thereof, such
that theat least one radardetectablemarkpresent onany
layer of the golf ball is radially projected onto an outer
surface of the golf ball to form an overall pattern, and the
at least one radar detectablemark is formed from a radar
detectable material comprising a radar reflective ink and
at least one sorting additive. The sorting additive can be
formed from various materials, as disclosed herein.
[0099] The sorting additive can comprise at least one
radiopaque additive. The at least one radiopaque addi-
tive can comprise at least one radiopaque pigment or at
least one radiopaque dye, in one aspect. The at least one
radiopaque pigment and/or radiopaque dye can be com-
prised of at least one of iodine, barium, barium sulfate,
tantalum, tungsten, titanium, bismuth, bismuth oxide,
bismuth trioxide, bismuth oxychloride, bismuth subcar-
bonate, zirconium, zirconium oxide, or gold. The at least
one radiopaque dye can be comprised of iodine. The
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radar reflective ink can be comprised of at least one of
silver or conductive carbon.
[0100] Thesortingadditivecanbecomprisedofat least
onemagnetic or ferromagnetic additive. The at least one
magnetic or ferromagnetic additive can be comprised of
at least one magnetic or ferromagnetic pigment. The at
least one magnetic pigment can be comprised of at least
oneof iron, nickel, cobalt, or neodymium.Theat least one
ferromagnetic pigment can be comprised of at least one
of iron, cobalt, molybdenum, or nickel.
[0101] Additional aspects and features of forming a
golf ball having a projected pattern and radar detectable
mark are disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0102] In the accompanying drawings, which form a
part of the specification and are to be read in conjunction
therewith, and in which like reference numerals are used
to indicate like parts in the various views:

FIG. 1 illustrates a top view, an isometric view, a front
view, a side view, and a rear view of a mark, accord-
ing to an embodiment of the present invention;
FIG. 2 illustrates a top view, an isometric view, a front
view, a side view, and a rear view of a mark, accord-
ing to an embodiment of the present invention;
FIG. 3 illustrates a top view, an isometric view, a front
view, a side view, and a rear view of a mark, accord-
ing to an embodiment of the present invention;
FIG. 4 illustrates a top view, an isometric view, a front
view, a side view, and a rear view of a mark, accord-
ing to an embodiment of the present invention;
FIG. 5 illustrates a top view, an isometric view, a front
view, a side view, and a rear view of a mark, accord-
ing to an embodiment of the present invention;
FIG. 6 illustrates a top view, an isometric view, a front
view, a side view, and a rear view of a mark, accord-
ing to an embodiment of the present invention;
FIG. 7 illustrates a top view, an isometric view, a front
view, a side view, and a rear view of a mark, accord-
ing to an embodiment of the present invention;
FIG. 8 illustrates a top view, an isometric view, a front
view, a side view, and a rear view of a mark, accord-
ing to an embodiment of the present invention;
FIG. 9 illustrates a top view, an isometric view, a front
view, a side view, and a rear view of a mark, accord-
ing to an embodiment of the present invention;
FIG. 10 illustrates a top view, an isometric view, a
front view, a side view, and a rear view of a mark,
according to an embodiment of the present inven-
tion;
FIG. 11 illustrates a top view, an isometric view, a
front view, a side view, and a rear view of a mark,
according to an embodiment of the present inven-
tion;
FIGS. 12A and 12B are schematic diagrams illus-
trating amethod for determining theaveragewidth of

an irregular shape according to an embodiment of
the present invention;
FIG. 13 illustratesa top view, a front view, a side view,
and a rear view of amarking pattern, according to an
embodiment of the present invention;
FIG. 14 illustrates a top view, an isometric view, a
front view, a side view, and a rear view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 15 illustrates a top view, an isometric view, a
front view, a side view, and a rear view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 16 illustrates a top view, an isometric view, a
front view, a side view, and a rear view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 17 illustrates a top view, an isometric view, a
front view, a side view, and a rear view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 18 illustrates a top view, an isometric view, a
front view, a side view, and a rear view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 19A illustrates a rear view of a marking pattern,
according to an embodiment of the present inven-
tion;
FIG. 19B illustrates a first side view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 19C illustrates a front view of amarking pattern,
according to an embodiment of the present inven-
tion;
FIG. 19D illustrates a second side view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 19E illustrates an isometric view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 20A illustrates a rear view of a marking pattern,
according to an embodiment of the present inven-
tion;
FIG. 20B illustrates a first side view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 20C illustrates a front view of amarking pattern,
according to an embodiment of the present inven-
tion;
FIG. 20D illustrates a second side view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 20E illustrates an isometric view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 21A illustrates a rear view of a marking pattern,
according to an embodiment of the present inven-
tion;
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FIG. 21B illustrates a first side view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 21C illustrates a front view of amarking pattern,
according to an embodiment of the present inven-
tion;
FIG. 21D illustrates a second side view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 21E illustrates an isometric view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 22A illustrates a rear view of a marking pattern,
according to an embodiment of the present inven-
tion;
FIG. 22B illustrates a first side view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 22C illustrates a front view of amarking pattern,
according to an embodiment of the present inven-
tion;
FIG. 22D illustrates a second side view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 22E illustrates an isometric view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 23A illustrates a rear view of a marking pattern,
according to an embodiment of the present inven-
tion;
FIG. 23B illustrates a first side view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 23C illustrates a front view of amarking pattern,
according to an embodiment of the present inven-
tion;
FIG. 23D illustrates a second side view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 24A illustrates a rear view of a marking pattern,
according to an embodiment of the present inven-
tion;
FIG. 24B illustrates a first side view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 24C illustrates a front view of amarking pattern,
according to an embodiment of the present inven-
tion;
FIG. 24D illustrates a second side view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 25A illustrates a rear view of a marking pattern,
according to an embodiment of the present inven-
tion;
FIG. 25B illustrates a first side view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 25C illustrates a front view of amarking pattern,

according to an embodiment of the present inven-
tion;
FIG. 25D illustrates a second side view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 26A illustrates a rear view of a marking pattern,
according to an embodiment of the present inven-
tion;
FIG. 26B illustrates a first side view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 26C illustrates a front view of amarking pattern,
according to an embodiment of the present inven-
tion;
FIG. 26D illustrates a second side view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 26E illustrates an isometric view of a marking
pattern, according to an embodiment of the present
invention;
FIG. 27 illustrates the rear, first side, front, and
second side views of themarking pattern fromFIGS.
19A‑19D with additional annotations; and
FIG. 28 illustrates a top view, an isometric view, a
front view, a side view, and a rear view of a mark,
according to an embodiment of the present inven-
tion.

DETAILED DESCRIPTION

[0103] Golf balls of thepresent invention includeoneor
more layers which have at least one radar detectable
mark disposed on a surface thereof. Particularly suitable
radar detectable materials for forming the mark include,
but are not limited to, electrically conductive inks com-
prising a base resin and an electrically conductive ma-
terial. The ink may be water-borne or solvent-borne. The
ink may be a 1-component or 2-component ink. The ink
maybe curedwith an isocyanate-based curing agent, UV
cure, and/or thermal cure. The ink and the mark formed
therefrom may be transparent or opaque. In a particular
embodiment, thebase resin of the ink is selected from the
group consisting of vinyl polymers, urethane polymers,
acrylic polymers, epoxy polymers, and combinations of
two or more thereof. In another particular embodiment,
the electrically conductive material of the ink is selected
from the group consisting of silver, conductive carbon,
aluminum, graphene, nanotubes, nanometals, and com-
binations of twoormore thereof. Particularly suitable inks
are those capable of producingamarkhavinga resistivity
of 0. 1Ohms or 0.5Ohms or 1Ohmor 5Ohms or 6Ohms
or 7 Ohms or 25 Ohms or 2,500 Ohms, or a resistivity
within a range having a lower limit and an upper limit
selected from these values. Non-limiting examples of
suitable commercially available inks are Ink Lab 303
silver conductive ink, commercially available from ITW
Trans Tech; silver inks, conductive carbon inks, alumi-
num inks, silver/carbonblend inks, andaluminum/carbon
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blend inks, commercially available from Creative Materi-
als Inc. In embodiments of the present invention wherein
the golf ball includes more than one radar detectable
mark ona single layer, the radar detectablematerial used
to formonemarkmaybe the sameasor different from the
radar detectable material used to form another mark. In
embodiments of the present invention wherein the golf
ball includes at least two layers having one or more radar
detectable marks disposed on a surface thereof, the
radar detectable material used to form a mark on one
layer may be the same as or different from the radar
detectablematerial used to formamark on another layer.
[0104] Radar detectable material is applied to the sur-
face of a layer using any suitable technique. In a parti-
cular embodiment, a mark is formed by applying radar
detectablematerial to a surface of a golf ball layer by pad
printing. In a particular aspect of this embodiment, the
padprintedmarkhasafilm thicknessof at least 0.5µm,or
a film thicknessof 5µmor less, or a film thicknesswithin a
range having a lower limit and an upper limit selected
from 0.5 µm, 1 µm, 3 µm, 4 µm, and 5 µm.
[0105] In one aspect, the film thickness of the marking
can be at least 0.1 µm and no greater than 10.0 µm. In
another aspect, the film thickness of the marking can be
at least 0.05 µm and no greater than 15.0 µm.
[0106] In one aspect, a golf ball is disclosed that has at
least one radar detectable mark disposed on any single
layer or among two or more layers thereof, such that the
at least one radar detectablemarkpresent onany layer of
the golf ball is radially projected onto an outer surface of
the golf ball to formanoverall pattern, and theat least one
radar detectable mark can be formed from a radar de-
tectable material comprising: a resin; and a first plurality
of conductive metal pigments.
[0107] The first plurality of conductive metal pigments
can have an average particle size that is no greater than
10.0 microns, and the first plurality of conductive metal
pigments can have an average aspect ratio that is no
greater than 10.0. One of ordinary skill in the art would
understand that the characteristics of the pigments can
vary.
[0108] The first plurality of conductive metal pigments
can comprise at least one of: silver, nickel, aluminum,
titanium, gold, tin, tin oxide, antimony, antimony oxide,
copper oxide, platinum, palladium, iridium coated plati-
num, silver coated copper, silver coated iron, silver
coated nickel, or coated core shell pigments. In one
aspect, the coated core shell pigments can include a
glass core, ceramic core, and/or alloys or alloy core.
Blends of pigments can be included, such as silver and
nickel, aluminum and nickel, etc. The pigments can also
be combined with inherently conductive coated polymer
pigments. Some other exemplary materials can include
silver coated copper, silver coated iron, and/or silver
coated nickel. The pigments and/or the coatings can
be conductive. The pigments and/or the coatings can
be formed frommetal. The pigments and/or the coatings
can be formed from non-metals.

[0109] The radar detectable material can further com-
prisea secondplurality of conductivemetal pigments that
are formed from a different material than the first plurality
of conductive metal pigments. The second plurality of
conductivemetal pigments can include pigments that are
coated by a conductive polymer, or that are coated by
other metals. The conductive polymer coating can be
comprised of at least one of: poly (3‑4-ethylenedioxythio-
phene) (PEDOT), PEDOT composites, polyaniline
(PANI). In one aspect, the conductive pigments can in-
clude silver coated copper, silver coated iron, or silver
coated nickel.
[0110] In another aspect, the radar detectablematerial
can further comprise a second plurality of conductive
pigments that are formed from a different material than
the first plurality of conductive metal pigments. The sec-
ond plurality of conductive pigments can include pig-
ments that are coated by a conductive polymer. The
conductive polymer coating can be comprised of at least
one of: poly (3‑4-ethylenedioxythiophene) (PEDOT),
PEDOTcomposites, polyaniline (PANI).Thesecondplur-
ality of conductive pigments can include a conductive
coating applied to at least one base material, which can
be metallic or non-metallic.
[0111] In oneaspect, the secondplurality of conductive
metal pigments are magnetic pigments. In one aspect,
the second plurality of conductive metal pigments are
radiopaque pigments. The second plurality of conductive
metal pigments can be comprised of tungsten.
[0112] In one aspect, the average particle size of the
first plurality of conductive metal pigments is no greater
than 5.0microns. In one aspect, the average particle size
of the first plurality of conductive metal pigments is no
greater than 2.0 microns. In one aspect, the average
aspect ratio of the first plurality of conductive metal pig-
ments is no greater than 5.0. In one aspect, a relationship
between the values for the average aspect ratio (AR) and
the average particle size (PS) (in microns) is defined by:
0.5≤ (AR/PS)≤5.0. Inoneaspect, a relationshipbetween
the values for the average aspect ratio (AR) and the
average particle size (PS) (in microns) is defined by:
0.1≤ (AR/PS)≤10.0. In oneaspect, a differencebetween
the values for the average aspect ratio and the average
particle size (in microns) is no greater than 8.0. In one
aspect, a difference between the values for the average
aspect ratio and the average particle size (in microns) is
no greater than 3.0. In one aspect, a difference between
the values for the average aspect ratio and the average
particle size (in microns) is no greater than 1.0.
[0113] Theat least one radardetectablemarkcanhave
adepthof 1.0micron - 10.0microns.Awidthof theat least
one radar detectable mark can be no greater than 1.50
mm.Awidth of the at least one radar detectablemark can
be no greater than 1.00 mm. A width of the at least one
radar detectable mark is 0.75 mm - 1.00 mm. One of
ordinary skill in the art would understand that the dimen-
sions of the mark or marks can vary.
[0114] The resin can have a flexmodulus of at least 2.0
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MPa, in one aspect. The resin can have a flexmodulus of
1.0MPa - 18.0MPa, in oneaspect.Oneof ordinary skill in
the art would appreciate that various resins and resin
systems can be used in combination with radar reflective
materials.
[0115] Theat least one radardetectablemarkcanhave
a sheet resistance of 0.01Ohm/sq/mil - 0.10Ohm/sq/mil.
In one aspect, the at least one radar detectablemark can
have a sheet resistance of 0.025 Ohm/sq/mil - 0.075
Ohm/sq/mil. The at least one radar detectable mark
can have a sheet resistance of 0.04 Ohm/sq/mil - 0.06
Ohm/sq/mil. The at least one radar detectable mark can
haveaconductivity of no greater than800,000Siemens/-
meter, in one aspect. In another aspect, the at least one
radar detectablemark canhaveaconductivity of 700,000
Siemens/meter - 900,000 Siemens/meter. In another
aspect, the at least one radar detectable mark can have
a conductivity of 600,000 Siemens/meter - 1,000,000
Siemens/meter. In another aspect, the at least one radar
detectable mark can have a conductivity of less than
1,000,000Siemens/meter. In another aspect, the at least
one radar detectable mark can have a conductivity of
greater than 500,000 Siemens/meter. One of ordinary
skill in the artwould understand that the sheet resistance,
conductivity, resistance, etc., can vary depending on the
specific requirements for a particular golf ball.
[0116] In one aspect, the golf ball can further comprise
an adhesion promotor disposed adjacent to the at least
one radar detectable mark. Additional details regarding
adhesion promotor materials, locations, etc., are pro-
vided herein.
[0117] In one aspect, the present disclosure provides
for improved signal durability (i.e., the radar reflective
signal strength) based on the combination of a relatively
lower average particle size and a relatively lower aspect
ratio of the pigments.
[0118] In one aspect, the marking can be pad printed.
In one aspect, a print etch depth can be at least 10.0
microns, or at least 15.0microns, or at least 20.0microns.
In one aspect, the print etch depth can be at least 40.0
microns or no greater than 50.0 microns. In one specific
example, the print etch depth is approximately 47.0 mi-
crons. In one specific example, the print etch depth is
approximately 35.0microns. In one specific example, the
print etch depth is approximately 55.0 microns. In one
specific example, the print etch depth is approximately
42.0 microns. In one specific example, the print etch
depth is approximately 38.0 microns. In one specific
example, the print etch depth is approximately 58.0 mi-
crons.
[0119] Inoneaspect, theat least onemarkinghasafilm
thickness of at least 0.5 micron, or at least 1.0 micron, or
at least 2.0microns, orat least 5.0microns. Inoneaspect,
the at least onemarking has a film thickness of no greater
than 20.0microns, or 10.0microns, or 8.0microns, or 6.0
microns.
[0120] In one aspect, durability of the at least onemark
can be improved based on the aspect ratio being five to

ten times lower than conventionally milled/ground pig-
ments.
[0121] In one aspect, the aspect ratio is less than less
than 10.0, and can be less than 5.0, or less than 2.5, or
less than 1.0. In one aspect, the average particle size is
less than 10.0 microns, or less than 5.0 microns, or less
than 2.5microns, or less than 2.0microns. In one aspect,
the sheet resistance is 0.015Ohm/sq/mil - 20.0Ohm/sq/-
mil.
[0122] In another aspect, the pigments can be com-
bined with other different pigments, such as nano-pig-
ments, (i.e., nano-silver). In another aspect, at least three
types of pigments can be provided in the radar reflective
material. The various types of pigments can have varying
characteristics, such as material selections, shapes,
compositions, saturation, aspect ratio, particle size, etc.
[0123] In one example, the conductive ink contains
resin and radar reflective pigments having an average
particle size of no greater than 5.0 microns, an aspect
ratio of no greater than 10.0, and a sheet resistance of
0.015 Ohm/sq/mil - 20.0 Ohm/sq/mil.
[0124] In one example, the conductive ink contains
resin and any metallic pigment having an average par-
ticle size of 1.0micron - 5.0microns, anaspect ratio of 2.0
- 20.0, and a sheet resistance of 0.015 Ohm/sq/mil -
0.100 Ohm/sq/mil.
[0125] In one example, the conductive ink contains
resin and radar reflective pigments having an average
particle size of 2.0 microns, an aspect ratio of no greater
than 5.0, and a sheet resistance of 0.015 Ohm/sq/mil -
0.100 Ohm/sq/mil.
[0126] In one specific example, the conductive ink
contains resin and silver pigments having an average
particle size of 2.0 microns, or 1.0 microns - 5.0 microns,
or 2.0 microns - 10.0 microns, an aspect ratio of no
greater than 5.0, or no greater than 10.0, and a sheet
resistance of 0.015 Ohm/sq/mil - 0.100 Ohm/sq/mil. One
of ordinary skill in the art would understand the particle
size, aspect ratio, and sheet resistance values can vary.
[0127] In one specific example, the conductive ink
contains resin and conductive carbon pigments having
an average particle size of 2.0 microns, or 1.0 microns -
5.0 microns, or 2.0 microns - 10.0 microns, an aspect
ratio of nogreater than5.0or 10.0, andasheet resistance
of at least 0.015 Ohm/sq/mil. One of ordinary skill in the
art would understand the particle size, aspect ratio, and
sheet resistance values can vary.
[0128] In one specific example, the conductive ink
contains resin and aluminum pigments having an aver-
age particle size of 2.0 - 10.0 microns, an aspect ratio of
no greater than 5.0 or no greater than 10.0, and a sheet
resistance of at least 0.015 Ohm/sq/mil. One of ordinary
skill in the art would understand the particle size, aspect
ratio, and sheet resistance values can vary.
[0129] In one specific example, the conductive ink
contains resin and graphene pigments having an aver-
age particle size of 2.0 microns, or no greater than 5.0
microns, an aspect ratio of no greater than 5.0 or no
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greater than10.0, andasheet resistanceof at least 0.015
Ohm/sq/mil. One of ordinary skill in the art would under-
stand the particle size, aspect ratio, and sheet resistance
values can vary.
[0130] In one specific example, the conductive ink
contains resin and nanotube pigments having an aver-
age particle size of 2.0 microns or no greater than 5.0
microns, an aspect ratio of no greater than 5.0 or no
greater than10.0, andasheet resistanceof at least 0.015
Ohm/sq/mil. One of ordinary skill in the art would under-
stand the particle size, aspect ratio, and sheet resistance
values can vary.
[0131] In one specific example, the conductive ink
contains resin and nanometal pigments having an aver-
age particle size of 2.0 microns or no greater than 5.0
microns, an aspect ratio of no greater than 5.0 or no
greater than10.0, andasheet resistanceof at least 0.015
Ohm/sq/mil. One of ordinary skill in the art would under-
stand the particle size, aspect ratio, and sheet resistance
values can vary.
[0132] In one specific example, the conductive ink
contains resin and gold pigments having an average
particle size of 2.0 microns, an aspect ratio of no greater
than 5.0, and a sheet resistance of 0.015 Ohm/sq/mil -
0.100 Ohm/sq/mil. One of ordinary skill in the art would
understand the particle size, aspect ratio, and sheet
resistance values can vary.
[0133] In one specific example, the conductive ink
contains resin and tin pigments having an average par-
ticle size of 2.0microns, an aspect ratio of no greater than
5.0, and a sheet resistance of 0.015 Ohm/sq/mil - 0.100
Ohm/sq/mil. One of ordinary skill in the art would under-
stand the particle size, aspect ratio, and sheet resistance
values can vary.
[0134] In one specific example, the conductive ink
contains resinandantimonypigmentshavinganaverage
particle size of 2.0 microns, an aspect ratio of no greater
than 5.0, and a sheet resistance of 0.015 Ohm/sq/mil -
0.100 Ohm/sq/mil. One of ordinary skill in the art would
understand the particle size, aspect ratio, and sheet
resistance values can vary.
[0135] In one specific example, the conductive ink
contains resin and conductive polymer pigments having
anaverageparticle size of 2.0microns, or nogreater than
10.0 microns, an aspect ratio of no greater than 5.0 or no
greater than 10.0, and a sheet resistance of 0.015
Ohm/sq/mil - 0.100 Ohm/sq/mil. One of ordinary skill in
the art would understand the particle size, aspect ratio,
and sheet resistance values can vary.
[0136] In one specific example, the conductive ink
contains resin and silver pigments having an average
particle size of 2.0 - 5.0 microns, or no greater than 10.0
microns, an aspect ratio of no greater than 5.0, or no
greater than 10.0, and a conductivity of 500,000 -
1,000,000 Siemens/meter.
[0137] In another aspect, a golf ball is disclosed that
has at least one radar detectable mark disposed on any
single layer or among two or more layers thereof, such

that theat least one radardetectablemarkpresent onany
layer of the golf ball is radially projected onto an outer
surface of the golf ball to form an overall pattern, and the
at least one radar detectable mark can be formed from a
radar detectable material comprising at least one of:
copper; silver; conductive polymer; gold; platinum; con-
ductive carbon; nickel; zinc; or aluminum.
[0138] In one aspect, the radar detectable material is
comprised of gold. In another aspect, the radar detect-
able material is comprised of platinum and conductive
carbon. In another aspect, the radar detectable material
is comprised of silver and zinc. In another aspect, the
radar detectable material is comprised of conductive
polymer and conductive carbon. In another aspect, the
radar detectable material is comprised of nickel. In an-
other aspect, the radar detectable material is comprised
of nickel and silver. In another aspect, the radar detect-
able material is comprised of nickel and conductive car-
bon. In another aspect, the radar detectable material is
comprised of nickel and conductive polymer.
[0139] The golf ball can further comprise an adhesion
promotor disposed adjacent to the at least one radar
detectable mark.
[0140] Awidth of the at least one radar detectablemark
can be no greater than 1.50 mm. In another aspect, the
width of the at least one radar detectable mark is no
greater than 1.00 mm. In another aspect, the width of
the at least one radar detectable mark is 0.75 mm - 1.00
mm. One of ordinary skill in the art would understand the
dimensions of the mark or marks can vary.
[0141] In one aspect, the conductive carbon is com-
prised of at least one of graphene, fibers, nanotubes, or
buckyballs.
[0142] In one aspect, the at least one radar detectable
mark has a sheet resistance of 0.015 Ohm/sq/mil - 20.0
Ohm/sq/mil. One of ordinary skill in the art would under-
stand the sheet resistance values can vary.
[0143] In one aspect, the radar reflective material can
include silver, silver (in combinationwithmetal salts such
as silver chloride), conductive polymer, gold, platinum,
conductive carbon, nickel, zinc, and/or aluminum. These
materials can be used in combination as well, such as a
combination of platinum and conductive carbon, a com-
bination of silver and zinc, a combination of conductive
polymer and conductive carbon, etc.
[0144] In another aspect, a golf ball is disclosed that
has at least one radar detectable mark disposed on any
single layer or among two or more layers thereof, such
that theat least one radardetectablemarkpresent onany
layer of the golf ball is radially projected onto an outer
surface of the golf ball to form an overall pattern, and the
at least one radar detectable mark can be formed from a
radar detectable material comprising an electrically con-
ductivematerial comprising: amixture of silver andmetal
salt, silver coatedglass, silver coatedcopper, amixtureof
silver and tin or tin oxide, a mixture of silver and con-
ductive resin, a mixture of silver and conductive carbon,
or a mixture of silver and iron-based ceramic. One of
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ordinary skill in the art would understand that other cera-
mics could be used.
[0145] The electrically conductive material can com-
prise a mixture of silver and conductive carbon. In an-
other aspect, themixture of silver and conductive carbon
includes a ratio of two parts silver to one part conductive
carbon. In another aspect, the electrically conductive
material comprises silver coated glass. In another as-
pect, the electrically conductivematerial comprises silver
coated copper. In another aspect, the electrically con-
ductivematerial comprises themixtureof silver andmetal
salt. In another aspect, the metal salt in the mixture of
silver and the metal salt includes silver chloride. In an-
other aspect, the electrically conductive material com-
prises the mixture of silver and iron-based ceramic. In
another aspect, the electrically conductive material com-
prises the mixture of silver and conductive resin.
[0146] In oneaspect, themixtureof silver and themetal
salt includesa ratioof 80parts silver to20partsmetal salt.
In another aspect, themixture of silver and tin or tin oxide
includesa ratioof 70parts silver to30parts tin or tinoxide.
[0147] Inoneaspect, theconductive resin is comprised
of at least one of: poly(3, 4 ethylenedioxythiophene)
(PEDOT), PEDOT composites, or polyaniline (PANI).
[0148] In one aspect, the golf ball further comprises an
adhesion promotor disposed adjacent to the at least one
radar detectable mark.
[0149] In one aspect, a width of the at least one radar
detectable mark is no greater than 1.50 mm. In another
aspect, awidthof theat least one radardetectablemark is
nogreater than1.00mm. In another aspect, awidth of the
at least one radar detectablemark is 0.75mm - 1.00mm.
One of ordinary skill in the art would understand the
dimensions of the mark can vary.
[0150] In one aspect, the at least one radar detectable
mark has a sheet resistance of 0.015 Ohm/sq/mil - 20.0
Ohm/sq/mil. One of ordinary skill in the art would under-
stand the sheet resistance values can vary.
[0151] In one specific aspect, a radar reflectivemateri-
al can include any one or more of the following: silver,
silver in combinations with silver chloride, silver coated
glass, silver coated copper, silver in combination with tin
and its oxides, silver with conductive resins (such as
PEDOT, PEDOT composites, and/or PANI), silver with
conductive carbon (and its variants/derivatives, such as
graphene, fibers, nanotubes, buckyballs). These specific
materials andmaterial combinations can be further com-
bined at any level, ratio, or amount. In one aspect, the
radar reflective material can be comprised of silver with
silver glass, and conductive carbon, and PEDOT, for
example. For material formulations including silver used
in conjunction with metal salts (i.e., silver chloride), an
exemplary ratio can include 80 parts silver to 20 parts
silver chloride. In another aspect, this ratio can include75
parts silver to 25 parts silver chloride. In another aspect,
this ratio can include 90 parts silver to 10 parts silver
chloride. In another aspect, this ratio can include 85 parts
silver to 15 parts silver chloride. In another aspect, this

ratio can include 65 parts silver to 35 parts silver chloride.
In another aspect, this ratio can include 75 parts silver to
20 parts silver chloride to 5 parts of a third material. In
another aspect, this ratio can include 70 parts silver to 20
parts silver chloride to 10 parts of a third material. In
another aspect, this ratio can include 80 parts silver to 10
parts silver chloride to 10 parts of a third material. For
material formulations including silver used in conjunction
with tin, an exemplary ratio can include 70 parts silver to
20 parts tin. In another aspect, this ratio can include 65
parts silver to 35parts tin. In another aspect, this ratio can
include 75 parts silver to 25 parts tin. In another aspect,
this ratio can include 80 parts silver to 20 parts tin. One of
ordinary skill in the art would understand that any of these
ratioscanvary. Inoneaspect, silver canbe included in the
radar reflective material at a concentration of 10% by
weight. In one aspect, silver can be included in the radar
reflectivematerial at a concentration of 20%byweight. In
one aspect, silver can be included in the radar reflective
material at a concentration of 30% by weight. In one
aspect, silver can be included in the radar reflective
material at a concentration of 40% by weight. In one
aspect, silver can be included in the radar reflective
material at a concentration of 5% - 50% by weight.
[0152] In another example, a golf ball is disclosed that
has at least one radar detectable mark disposed on any
single layer or among two or more layers thereof, such
that theat least one radardetectablemarkpresent onany
layer of the golf ball is radially projected onto an outer
surface of the golf ball to form an overall pattern, and the
at least one radar detectable mark can be formed from a
radar detectable material comprising a conductive poly-
mer includingat least oneof: poly (3‑4-ethylenedioxythio-
phene) (PEDOT), PEDOT composites, or polyaniline
(PANI).
[0153] In one aspect, the radar detectablematerial can
further comprise silver. In one aspect, the radar detect-
able material further comprises conductive carbon. In
one aspect, the conductive carbon is comprised of at
least one of graphene, fibers, nanotubes, or buckyballs.
[0154] In one aspect, the radar detectable material
further comprises conductive metals. In one aspect,
the radar detectable material further comprises bismuth
telluride. In another aspect, the radar detectablematerial
further comprises antimony telluride. In one aspect, the
radar detectable material further comprises at least one
of: a mixture of silver and metal salt, silver coated glass,
silver coated copper, a mixture of silver and tin or tin
oxide, a mixture of silver and conductive resin, a mixture
of silver and conductive carbon, or amixture of silver and
iron-based ceramic.
[0155] In one aspect, the golf ball further comprises an
adhesion promotor disposed adjacent to the at least one
radar detectable mark.
[0156] In one aspect, a width of the at least one radar
detectable mark is no greater than 1.50 mm. In one
aspect, a width of the at least one radar detectable mark
isnogreater than1.00mm. Inoneaspect, awidthof theat
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least one radar detectablemark is 0.75mm - 1.00mm. In
one aspect, the at least one radar detectable mark has a
sheet resistance of 0.015 Ohm/sq/mil - 20.0 Ohm/sq/mil.
One of ordinary skill in the art would understand the
dimension and sheet resistance values can vary for
the marks.
[0157] One of ordinary skill in the art would appreciate
from thisdisclosure that variousconductivepolymerscan
be used as a radar reflective material for golf balls.
Exemplary conductive materials can include PEDOT,
PEDOT composites, and/or PANI, but one of ordinary
skill in the art would understand that various other con-
ductive polymers can be used. The conductive polymers
can be used in combination with other materials, such as
silver in its various forms, or any other material that is
configured to further improve conductivity (i.e., lower
resistivity). Various conductive polymers can be used
in combination with other materials, such as conductive
carbons, which can be provided in various forms, includ-
ing, but not limited to, graphene, fibers, buckyballs, etc.
Various conductive polymers can be used in combination
with various conductive metals, as one of ordinary skill in
the art would appreciate based on this disclosure. Var-
ious conductive polymers can be used in combination
with various other conductive materials. In one aspect,
the tellurides of antimony and bismuth can be used in
combination with conductive polymers. Some exemplary
radar reflectivematerials/material combinationsmaterial
combinations can include PEDOT; PEDOTand conduc-
tive carbon; PANI; PANI and conductive carbon; bismuth
telluride and PANI; and antimony telluride and PANI;
bismuth telluride and PEDOT; and antimony telluride
and PEDOT.
[0158] In yet another example, a golf ball is disclosed
that has at least one radar detectable mark disposed on
any single layer or among two or more layers thereof,
such that the at least one radar detectable mark present
on any layer of the golf ball is radially projected onto an
outer surface of the golf ball to form an overall pattern,
and the at least one radar detectablemark can be formed
from a radar detectable material comprising: a resin
having a flex modulus of 1.0 MPa - 18.0 GPa; and an
electrically conductive material.
[0159] The electrically conductive material can be
comprised of at least one of: silver, conductive carbon,
or aluminum pigments. In one aspect, the conductive
carbon is comprised of at least one of graphene, fibers,
nanotubes, or buckyballs.
[0160] In one aspect, the silver is comprised of at least
one of a mixture of silver and metal salt, silver coated
glass, silver coated copper, a mixture of silver and tin or
tin oxide, a mixture of silver and conductive resin, a
mixture of silver and conductive carbon, or a mixture of
silver and iron-based ceramic.
[0161] In one aspect, the golf ball further comprises an
adhesion promotor disposed adjacent to the at least one
radar detectable mark.
[0162] In one aspect, a width of the at least one radar

detectable mark is no greater than 1.50 mm. In another
aspect, awidthof theat least one radardetectablemark is
nogreater than1.00mm. In another aspect, awidth of the
at least one radar detectablemark is 0.75mm - 1.00mm.
The dimensions of the mark or marks can vary.
[0163] In one aspect, the resin has a flex modulus of
10.0 GPa - 16.0 GPa. In another aspect, the resin has a
flexmodulus of 3.0GPa - 4.0GPa. In another aspect, the
resin has a flex modulus of 17.0 MPa - 20.0 MPa. In
another aspect, the resin has a flexmodulus of 1.0MPa -
3.0 MPa. In another aspect, the resin has a flex modulus
of 2.0 MPa - 3.0 MPa. In another aspect, the resin has a
flexmodulus of 1.0MPa ‑1.5MPa. In another aspect, the
resinhasaflexmodulusof5.0GPa -15.0GPa. Inanother
aspect, the resin has a flex modulus of 1.0 GPa - 10.0
GPa. In another aspect, the resin has a flex modulus of
100.0 MPa - 250.0 MPa. In another aspect, the resin has
a flex modulus of 500.0 MPa - 1.0 GPa. One of ordinary
skill in the art would understand that the flex modulus of
the resins can vary depending on multiple factors, such
as desired performance characteristics.
[0164] In one aspect, the at least one radar detectable
mark has a sheet resistance of 0.015 Ohm/sq/mil - 20.0
Ohm/sq/mil.
[0165] In one aspect, the resin is comprised of a vinyl-
based polymer. In another aspect, the resin is comprised
of aurethane-basedpolymer. In another aspect, the resin
is comprised of anepoxy-basedpolymer.Oneof ordinary
skill in the art would understand that the resin can be
formed from various base compositions.
[0166] In one aspect, the electrically conductive mate-
rial is comprised of silver. In another aspect, the electri-
cally conductive material is comprised of silver and con-
ductive carbon. In another aspect, the electrically con-
ductive material is comprised of conductive carbon. In
another aspect, the electrically conductive material is
comprised of conductive carbon and aluminum pig-
ments.
[0167] In one aspect, a secondary function can be
added to the ink (i.e., radiopacity), which can be used
for non-tracking purposes, such as sorting or other pur-
poses.
[0168] Various constructions of a golf ball can be pro-
vided. In one aspect, a solid core or dual core can be
surrounded by an ionomeric casing layer to define a
subassembly. The electrically conductive markings can
be printed on the casing layer of the subassembly. An
adhesion promotor can be applied over the markings,
followed by a golf ball cover and suitable coatings and
indicia. The location(s) of the electrically conductive
markings could be varied relative to any adhesion pro-
moting layers, and can include any of the following:
subassembly / markings / adhesion promotor / cover,
or subassembly / adhesion promotor / markings / cover,
or subassembly / adhesion promotor / markings / adhe-
sion promotor / cover, or variants thereof. An adhesion
promotor or promotors can be included in various loca-
tions and at varying concentrations and/or thicknesses.
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Adhesion promotors can define a sandwiched configura-
tion with the marking or markings disposed therebetw-
een, in one aspect. In other aspects, the adhesion pro-
motor is ona radially outer and/or radially inner sideof the
marking. In other aspects, the adhesion promotor en-
capsulates or at least partially encapsulates themarking.
[0169] In one aspect, the marking or markings can
each be at least 1.0 mm in width. Exemplary conductive
ink materials can include silver, silver and conductive
carbon, conductive carbon, conductive carbon and alu-
minum pigment, and other materials/material combina-
tions. Some examples can include vinyl based polymers,
and/or urethane or epoxy based polymers.
[0170] In yet another example, a golf ball is disclosed
that has at least one radar detectable mark disposed on
any single layer or among two or more layers thereof,
such that the at least one radar detectable mark present
on any layer of the golf ball is radially projected onto an
outer surface of the golf ball to form an overall pattern,
and the at least one radar detectablemark can be formed
from a radar detectable material comprising at least one
of tin or its tin oxides.
[0171] The radar detectable material can further com-
prise at least one conductive polymer. The at least one
conductive polymer can be comprised of at least one of:
poly(3, 4 ethylenedioxythiophene) (PEDOT), PEDOT
composites, or polyaniline (PANI). The radar detectable
material can further comprise conductive carbon. In one
aspect, the radar detectablematerial further comprises a
conductive metal. In one aspect, the conductive metal
includes silver.
[0172] In one aspect, the radar detectable material is
comprised of a ratio of 70 parts silver to 30 parts tin or tin
oxide. In one aspect, the radar detectable material is
comprised of a ratio of 80 parts silver to 20 parts tin or
tin oxide. In one aspect, the radar detectable material is
comprised of a ratio of 90 parts silver to 10 parts tin or tin
oxide. In one aspect, the radar detectable material is
comprised of a ratio of 75 parts silver to 25 parts tin or
tin oxide. In one aspect, the radar detectable material is
comprised of a ratio of 60‑80 parts silver to 20‑40 parts tin
or tin oxide.
[0173] In one aspect, the silver is comprised of at least
one of: a mixture of silver and metal salt, silver coated
glass, silver coated copper, a mixture of silver and tin or
tin oxide, a mixture of silver and conductive resin, a
mixture of silver and conductive carbon, or a mixture of
silver and iron-based ceramic.
[0174] In one aspect, the tin oxide includes indium tin
oxide. In another aspect, the tin oxide includes antimony
tin oxide.
[0175] In one aspect, the golf ball can further comprise
an adhesion promotor disposed adjacent to the at least
one radar detectable mark.
[0176] In one aspect, a width of the at least one radar
detectable mark is no greater than 1.50 mm. In one
aspect, a width of the at least one radar detectable mark
isnogreater than1.00mm. Inoneaspect, awidthof theat

least one radar detectablemark is 0.75mm - 1.00mm. In
one aspect, the at least one radar detectable mark has a
sheet resistance of 0.015 Ohm/sq/mil - 20.0 Ohm/sq/mil.
The dimensions and sheet resistance values can vary.
[0177] In one aspect, the tin is combined with conduc-
tive carbon, which can be comprised of at least one of
graphene, fibers, nanotubes, or buckyballs. In some
examples, tin can be combined with silver and other
conductive metals. Specific combinations of silver and
tin can be configured to provide a specific desired re-
flectivity/conductivity. Any of the above materials can be
used in combination with any one or more of tin, silver,
and conductive carbon. Specific formulations for radar
reflectivematerials for golf balls can include tin, indium tin
oxide, antimony tin oxide, a combination of silver and tin,
and any combinations thereof.
[0178] In yet another example, a golf ball is disclosed
herein that has at least one radar detectable mark dis-
posed on any single layer or among two or more layers
thereof, such that the at least one radar detectable mark
present on any layer of the golf ball is radially projected
onto an outer surface of the golf ball to form an overall
pattern, and theat least one radardetectablemarkcanbe
formed from a radar detectable material comprising a
transition metal, in one aspect.
[0179] The transition metal can further comprise at
least one of: palladium, iron, tungsten, molybdenum,
rhodium, ruthenium, rhenium, osmium, or iridium. The
transitionmetal can be comprised of tungsten. In another
aspect, the transitionmetal can be comprised of iron. The
transitionmetal can be comprised ofmolybdenum, in one
aspect.
[0180] The transition metal can be comprised of at
least one of: copper, silver, amixture of silver and ametal
salt, gold, platinum, nickel, tin or its tin oxides, or zinc.
[0181] The transition metal can include nickel, in one
aspect. In another aspect, the transition metal includes
platinum. In one aspect, the transition metal includes
platinum, and the radar detectable material further com-
prises conductive carbon.
[0182] In one aspect, the transition metal is comprised
of 10 parts platinum and 90 parts conductive carbon. In
one aspect, the transition metal is comprised of 20 parts
platinum and 80 parts conductive carbon. In one aspect,
the transitionmetal is comprised of 30 parts platinumand
70 parts conductive carbon. In one aspect, the transition
metal is comprisedof 1‑35partsplatinumand65‑99parts
conductive carbon.
[0183] In one aspect, the conductive carbon is com-
prised of at least one of graphene, fibers, nanotubes, or
buckyballs.
[0184] In one aspect, the radar detectable material
further comprises at least one of: conductive polymer,
conductive carbon, or aluminum. In one aspect, the
conductive polymer is comprised of at least one of poly
(3‑4-ethylenedioxythiophene) (PEDOT), PEDOT com-
posites, or polyaniline (PANI).
[0185] In one aspect, the golf ball further comprises an
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adhesion promotor disposed adjacent to the at least one
radar detectable mark.
[0186] In one aspect, a width of the at least one radar
detectable mark is no greater than 1.50 mm. In one
aspect, a width of the at least one radar detectable mark
isnogreater than1.00mm. Inoneaspect, awidthof theat
least one radar detectablemark is 0.75mm - 1.00mm. In
one aspect, the at least one radar detectable mark has a
sheet resistance of 0.015 Ohm/sq/mil - 20.0 Ohm/sq/mil.
The dimensions and sheet resistance values can vary.
[0187] Various materials can be used with any one
more other materials disclosed herein to form a radar
reflective composition suitable for use on a golf ball.
Some exemplary materials can include palladium, iron,
tungsten, molybdenum, rhodium, ruthenium, rhenium,
osmium, and iridium. In one aspect, transition metals
can be used to forma radar reflectivematerial. In another
aspect, transition metals can be combined with any one
or more of the following: copper, silver, silver in combina-
tion with metal salts (i.e., silver chloride), conductive
polymer, gold, platinum, conductive carbon, nickel, zinc,
aluminum, etc. One of ordinary skill in the art would
appreciate that various metals, such as precious,
semi-precious, transition, and other types of metals
can be used to form a radar reflective material for use
in a golf ball layer. Various metals, such as transition
metals, can be used in combination with any other metal,
conductive polymer, conductive carbon, tin and its oxi-
des, etc. One specific example can include golf balls
including radar reflectivematerials that include tungsten.
In another example, the radar reflectivematerial includes
iron. In another example, the radar reflective material
includes molybdenum. In another example, the radar
reflective material includes nickel, or platinum, or plati-
num and conductive carbon.
[0188] In yet another example, a golf ball is disclosed
herein that has at least one radar detectable mark dis-
posed on any single layer or among two or more layers
thereof, such that the at least one radar detectable mark
present on any layer of the golf ball is radially projected
onto an outer surface of the golf ball to form an overall
pattern, and the at least one radar detectable mark is
formed from a radar detectable material comprising: a
resin; and an electrically conductive material comprising
silver and antimony.
[0189] In one aspect, the radar detectable material
further comprises a radiopaque material. The radiopa-
que material can include tungsten. The tungsten can be
provided at 1% - 50% of a total weight of the radar
detectable material. The tungsten can be provided at
15% - 35% of a total weight of the radar detectable
material.
[0190] In one aspect, the at least one radar detectable
mark has a sheet resistance of 0.015 Ohm/sq/mil - 20.0
Ohm/sq/mil. In one aspect, the at least one radar detect-
ablemark hasa sheet resistanceof 0.05Ohm/sq/mil - 5.0
Ohm/sq/mil.
[0191] In one aspect, the antimony is an antimony

oxide. In another aspect, the antimony is an antimony
tin oxide.
[0192] In one aspect, a width of the at least one radar
detectable mark is 1.5 mm - 3.0 mm. In another aspect,
the electrically conductive material further comprises
conductive carbon. In another aspect, the conductive
carbon is comprised of at least one of graphene, fibers,
nanotubes, or buckyballs.
[0193] In one aspect, the golf ball further comprises an
adhesion promotor disposed adjacent to the at least one
radar detectable mark.
[0194] In one aspect, a width of the at least one radar
detectable mark is no greater than 1.50 mm. In another
aspect, thewidthof theat least one radardetectablemark
isnogreater than1.00mm. Inanotheraspect, thewidthof
the at least one radar detectable mark is 0.75 mm - 1.00
mm.
[0195] In one aspect, the silver is comprised of at least
one of: a mixture of silver and metal salt, silver coated
glass, silver coated copper, a mixture of silver and tin or
tin oxide, a mixture of silver and conductive resin, a
mixture of silver and conductive carbon, or a mixture of
silver and iron-based ceramic.
[0196] In one aspect, the at least one radar detectable
markhasa sheet resistanceof at least 0.005Ohm/sq/mil.
In one aspect, the at least one radar detectablemark has
a sheet resistance of at least 0.015 Ohm/sq/mil. In one
aspect, the at least one radar detectable mark has a
sheet resistance of at least 0.025 Ohm/sq/mil. In one
aspect, the at least one radar detectable mark has a
sheet resistance of at least 0.075 Ohm/sq/mil. In one
aspect, the at least one radar detectable mark has a
sheet resistance of no greater than 20.0 Ohm/sq/mil.
In one aspect, the at least one radar detectable mark
has a sheet resistance of no greater than 30.0 Ohm/sq/-
mil. In one aspect, the at least one radar detectablemark
has a sheet resistance of at least 0.05Ohm/sq/mil. In one
aspect, the at least one radar detectable mark has a
sheet resistance of no greater than 0.50 Ohm/sq/mil.
In one aspect, the at least one radar detectable mark
has a sheet resistance of nogreater than 5.0Ohm/sq/mil.
In one aspect, the at least one radar detectablemark has
a sheet resistance of no greater than 15.0 Ohm/sq/mil.
[0197] In another aspect, a golf ball is disclosed that
has at least one radar detectable mark disposed on any
single layer or among two or more layers thereof, such
that theat least one radardetectablemarkpresent onany
layer of the golf ball is radially projected onto an outer
surface of the golf ball to form an overall pattern, and the
at least one radar detectablemark is formed from a radar
detectable material comprising a radar reflective ink and
at least one sorting additive.
[0198] The sorting additive can comprise at least one
radiopaque additive. The at least one radiopaque addi-
tive can comprise at least one radiopaque pigment or at
least one radiopaque dye, in one aspect. The at least one
radiopaque pigment and/or radiopaque dye can be com-
prised of at least one of iodine, barium, barium sulfate,
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tantalum, tungsten, titanium, bismuth, bismuth oxide,
bismuth trioxide, bismuth oxychloride, bismuth subcar-
bonate, zirconium, zirconium oxide, or gold. The at least
one radiopaque dye can be comprised of iodine in a
specific example. The radar reflective ink can be com-
prised of at least one of silver or conductive carbon. One
of ordinary skill in the art would understand that any one
or more materials described herein can be used for the
radar reflective material.
[0199] Thesortingadditivecanbecomprisedofat least
onemagnetic or ferromagnetic additive. The at least one
magnetic or ferromagnetic additive can be comprised of
at least one magnetic or ferromagnetic pigment. The at
least one magnetic pigment can be comprised of at least
oneof iron, nickel, cobalt, or neodymium.Theat least one
ferromagnetic pigment can be comprised of at least one
of iron, cobalt, molybdenum, or nickel.
[0200] Including a sorting additive in the marking can
allow for improved sorting or detection features for golf
balls containing radar reflective features. While radio-
paque and magnetic or ferromagnetic features have
been described herein, one of ordinary skill in the art
would recognize that various types of materials can be
used to aid in sorting golf balls.
[0201] As disclosed herein, the present disclosure
provides for a golf ball having at least one electrically
conductive mark or marking, or other radar detectable
feature. The patterns associated with the radar detect-
able feature can vary, as one of ordinary skill in the art.
Additionally, the concentration, density, saturation, or
other volumetric characteristics can vary for the radar
detectable feature. One of ordinary skill in the art would
understand that these characteristics can vary, in one
aspect, based on the requisite performance and detect-
ability profile of a particular golf ball.
[0202] One of ordinary skill in the art would understand
that the pattern of the at least one marking can have any
one or more patterns or pattern characteristics as dis-
closed herein. Exemplary patterns are disclosed
throughout the Figures, such as the patterns illustrated
in Figures 1‑11 and 13‑28. Any one or more of the radar
reflective materials can be used for the markings shown
in any one or more of the illustrated patterns, combina-
tions of patterns, etc. In one specific aspect, any one or
more of the markings and/or patterns illustrated in the
Figures can be comprised of any one or more of: solvent,
resin, conductive resin, conductive pigment, metal salt,
glass, ceramic, one or more chlorides, silver, nickel,
aluminum, titanium, gold, tin, tin oxide, antimony, anti-
mony oxide, antimony tin oxide, antimony telluride, bis-
muth telluride, tungsten, iron, copper, copper oxide, mo-
lybdenum, rhodium, platinum, zinc, palladium, ruthe-
nium, rhenium, osmium, iridium, iridium coated platinum,
silver coated copper, silver coated iron, silver coated
nickel, a mixture of silver and metal salt, silver coated
glass, a mixture of silver and tin or tin oxide, a mixture of
silver and conductive resin, a mixture of silver and con-
ductive carbon, a mixture of silver and iron-based cera-

mic, coated core shell pigments, transition metal, non-
metals, conductive carbon, conductive polymer, poly
(3‑4-ethylenedioxythiophene) (PEDOT), PEDOT com-
posites, polyaniline (PANI), adhesion promotor, and/or
any one or more of combinations of all materials dis-
closed herein.
[0203] In one aspect, applying themarking to a golf ball
surface can includeproviding a suitable surface formark-
ing surfaces to a suitable pad printing device. One of
ordinary skill in the art would understand that various
printing or material depositing devices can be used. The
ink or radar reflective material can be applied to the
surface, such as via pad printing. The printed material
can then be dried, such as via forced air, and/or exposure
to above ambient temperatures of 60°F, and/or radiant
from a heated source, and/or forced air that is can be a
byproduct of cooling a UV curable light source. As one of
ordinary skill in the art would appreciate, reorientation
mechanisms may be utilized to provide sufficient drying.
[0204] In one aspect, the surfaces can include suitable
adhesion promoting processing, such as application of
an adhesion promotor coating/layer. In one aspect, the
marking is printed on a cased core containing an adhe-
sion promotor. Additional coatings can be applied to
improve adhesion of additional golf ball layers/covers,
as one of ordinary skill in the art would appreciate. In one
aspect, the printed cased core can be enclosed via a
cover, such as via a thermoset urethane cover, and
further finished, i.e., printed, painted, etc. In another
aspect, the marking can be formed on the core, or the
cover. One of ordinary skill in the art would understand
that the marking can be formed on any layer of the golf
ball. Additionally, thecoverandcasedcorecanbe formed
of any material.
[0205] One of ordinary skill in the art would understand
that the markings disclosed herein can be applied to any
or all layers of any type of golf ball. Exemplary golf balls
can include Titleist® Pro V1®, and the Titleist® Pro V1x®.
In other aspects, the golf balls including radar reflective
markings canbe theTitleist®AVX,TourSpeed, Tour Soft,
Velocity, TruFeel, or any other commercially available
golf ball. One of ordinary skill in the art would understand
that the radar reflective markings can be applied to any
other suitable golf ball.
[0206] Any one or more of the material(s), material
combinations, compositions, elements, etc., disclosed
herein can be implemented as a radar reflective feature
inacomposition.Morespecifically, anyoneormoreof the
materials disclosed herein can be implemented in pig-
ment form as a radar reflective feature in a composition.
Characteristics of the pigments can be configured to
provide improved signal durability. For example, particle
size, aspect ratio, particle shape, concentration, particle
sizedistribution, etc., canbevaried to provideaparticular
reflective characteristic of the golf ball. In one example,
the aspect ratio and/or particle size can bemeasured via
a scanning electron microscope method. Other analysis
methods include known techniques such as image ana-
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lysis, X-ray diffraction, diffractometry, spectroscopy, pro-
filometry, etc.
[0207] Adhesion promotors can be used throughout
the construction of golf balls disclosed herein. In specific
aspects, the adhesion promotors can be used or dis-
posed adjacent to the radar reflective markings. In one
example, the adhesion promotor can include passivated
titanium dioxide particulates and/or silane-containing
adhesion promotors. Some adhesion promotors can in-
clude silane compositions, organosilanes and/or orga-
nosiloxanes. Exemplary adhesion promotors are further
disclosed in U.S. Patents Nos. 9,713,748 and
10,814,183, which are each fully incorporated by refer-
ence as if fully set forth herein.
[0208] As one of ordinary skill in the art would appreci-
ate, the present disclosure provides various golf ball
constructions incorporating various materials and mate-
rial combinations that can be used for radar detection of
thegolf ball. The radardetectablemarkscanbeapplied in
various locations and in various concentrations on the
golf ball layer or layers. The radar reflective material can
include inks, resins, pigments, solvents, conductive poly-
mers, metals, conductive carbons, and other composi-
tions. The radar reflectivematerial can include anyoneor
more of: solvent, resin, conductive resin, conductive
pigment, metal salt, glass, ceramic, one or more chlor-
ides, silver, nickel, aluminum, titanium, gold, tin, tin oxide,
antimony, antimony oxide, antimony tin oxide, antimony
telluride, bismuth telluride, tungsten, iron, copper, copper
oxide, molybdenum, rhodium, platinum, zinc, palladium,
ruthenium, rhenium, osmium, iridium, iridium coated pla-
tinum, silver coated copper, silver coated iron, silver
coated nickel, a mixture of silver and metal salt, silver
coated glass, a mixture of silver and tin or tin oxide, a
mixture of silver and conductive resin, a mixture of silver
andconductive carbon, amixture of silver and iron-based
ceramic, coated core shell pigments, transition metal,
non-metals, conductive carbon, conductive polymer,
poly (3‑4-ethylenedioxythiophene) (PEDOT), PEDOT
composites, polyaniline (PANI), adhesion promotor, an-
d/or any one or more of combinations of all materials
disclosed herein. Any one or more of the materials dis-
closed herein can be provided in pigment form and/or as
a coating, in some aspects.
[0209] The surface on which one ormore radar detect-
able marks are disposed can be any surface of any layer
of a golf ball having any number of layers. While the
invention is not meant to be limited to the placement of
oneormoremarkson thesurfaceofaparticular layer, golf
balls of the present invention are designed to allow for the
optional placement of radar detectable marks on a sur-
face other than the outer surface of the ball because it is
beneficial to some golfers to be able to obtain reliable
launch conditiondata usingagolf ball that looks the same
on the outside as a conventional golf ball. Thus, in a
particular embodiment, one or more radar detectable
marks are disposed on any surface of any layer of the
golf ball other than the outermost surface.

[0210] Inanother particular embodiment, thegolf ball is
a solid, one-piece golf ball, and one or more radar de-
tectable marks are disposed on the outer surface of the
ball.
[0211] In another particular embodiment, thegolf ball is
a two-piece golf ball consisting of an inner core layer and
an outer cover layer, and one or more radar detectable
marks are disposed on:

the outer surface of the outer cover layer, and/or
the inner surface of the outer cover layer, and/or
the outer surface of the inner core layer.

[0212] Inanother particular embodiment, thegolf ball is
a three-piece golf ball consisting of an inner core layer, an
outer cover layer, and an intermediate layer disposed
between the inner core layer and the outer cover layer,
andoneormore radar detectablemarksaredisposedon:

the outer surface of the outer cover layer, and/or
the inner surface of the outer cover layer, and/or
the outer surface of the inner core layer, and/or
the outer surface of the intermediate layer, and/or
the inner surface of the intermediate layer.

[0213] Inanother particular embodiment, thegolf ball is
a four-piece golf ball consisting of an inner core layer, a
first intermediate layer, a second intermediate layer, and
an outer cover layer, and one or more radar detectable
marks are disposed on:

the outer surface of the outer cover layer, and/or
the inner surface of the outer cover layer, and/or
the outer surface of the inner core layer, and/or
the outer surface of the first intermediate layer, an-
d/or
the inner surface of the first intermediate layer, an-
d/or
the outer surface of the second intermediate layer,
and/or
the inner surface of the second intermediate layer.

[0214] Inanother particular embodiment, thegolf ball is
a five‑ or more piece golf ball comprising an inner core
layer, a first intermediate layer, a second intermediate
layer, a third intermediate layer, optional additional inter-
mediate layers, andanouter cover layer, andoneormore
radar detectable marks are disposed on:

the outer surface of the outer cover layer, and/or
the inner surface of the outer cover layer, and/or
the outer surface of the inner core layer, and/or
the outer surface of the first intermediate layer, an-
d/or
the inner surface of the first intermediate layer, an-
d/or
the outer surface of the second intermediate layer,
and/or
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the inner surface of the second intermediate layer,
and/or
the outer surface of the third intermediate layer,
and/or
the inner surface of the third intermediate layer,
and/or
the inner or outer surface of an optional additional
intermediate layer.

[0215] For purposes of the present disclosure, the
number of pieces/layers of a golf ball does not include
any optional coatings, such as paint coatings, finish coat-
ings, adhesive coatings, etc., even if the coating covers
an entire surface of a golf ball layer. Such coatings have a
thickness that is substantially less than conventional golf
ball layer thicknesses, and are generally not considered
by those of ordinary skill in the art to be "golf ball layers"
when reference is made to a one-piece/one-layer golf
ball, two-piece/two-layer golf ball, three-piece/three-
layer golf ball, and so on, despite sometimes being
referred to as an adhesive layer, a paint layer, a top coat
layer, etc. Thus, a two-piece golf ball consisting of an
inner core layer and an outer cover layer, for example,
may additionally include one or more coatings.
[0216] Also, for purposes of the present disclosure, a
mark is considered to be disposed on the surface of a
layer regardless of whether a coating has previously
beenapplied to the surface. In otherwords, if anadhesive
coating is applied to a surface of a layer, and a mark is
then applied on top of the adhesive coating, the mark is
considered to be disposed on the surface of the layer,
even though an adhesive coating is present therebetw-
een. Likewise, if a coating is present between two layers
of the ball, the layers are still considered to be adjacent to
each other, even though a coatingmay be present there-
between.
[0217] In a particular embodiment, golf balls of the
invention include an adhesive coating applied to a layer
on which at least one radar detectable mark is disposed,
before and/or after application of the mark(s) onto the
layer. In a particular aspect of this embodiment, at least
onemark is disposed on a surface of a golf ball layer and
an adhesive coating is applied to the layer and on top of
the mark(s). In another particular aspect of this embodi-
ment, an adhesive coating is applied to a surface of a golf
ball layer and at least one mark is disposed on the layer
on top of the adhesive coating. In another particular
aspect of this embodiment, a first adhesive coating is
applied to a surfaceof a golf ball layer, at least onemark is
disposed on the layer on top of the adhesive coating, and
a second adhesive coating is applied to the layer and on
top of the mark(s).
[0218] Each radar detectable mark has a shape se-
lected froma variety of suitable shapes, including regular
shapes and irregular shapes. Suitable examples of reg-
ular shapes include, but are not limited to, circles, rings,
crescents, squares, triangles, rectangles (also referred to
herein as rectangular stripes), chevrons, and other reg-

ular polygons, irregular polygons, and basic nonpolygo-
nal shapes. Suitable examples of irregular shapes in-
clude, but are not limited to, intersecting shapes, includ-
ing, but not limited to, a series of intersecting stripes,
other than chevrons (which are considered a regular
shape despite consisting of two intersecting stripes),
wherein the length and width of each stripe within the
series of intersecting stripes may be different than or
substantially the same as that of the other stripe(s) within
theseries. Forpurposesof thepresentdisclosure, stripes
have substantially the same length and/or width if their
respective lengths and/or widths differ by no more than
10%. For purposes of the present disclosure, a "stripe"
may be a rectangular stripe (i.e., wherein each of the four
boundary lines defining the stripe is a straight line and
wherein adjacent sides meet at right angles) or a non-
rectangular stripe (i.e., wherein at least one of the four
boundary lines defining the stripe is not a straight line or
whereinadjacent sidesmeetat anangleother thana right
angle, or both). Because the radar detectable marks are
present on the surface of a spherical golf ball layer, it
shouldbeunderstood, for example, that the "straight line"
boundary lines of a mark having the shape of a rectan-
gular stripe are formed by drawing straight lines on a
sphere, and, therefore, in a purely mathematical sense,
are present on a golf ball layer as arcs. Additionally, for
purpose of the present disclosure, stripes on a single
layer are considered to intersect if they meet at one or
more locations on the layer, regardless of whether or not
one or more of the stripes continues past the point of
intersection. Similarly, for purposes of the present dis-
closure, stripes that are disposed between two or more
layers are considered to intersect if, when the stripes are
radially projected onto the outer surface of the ball, they
meet at one or more locations on the outer surface of the
ball, regardless of whether or not one or more of the
stripes continues past the point of intersection.
[0219] In a particular embodiment, the golf ball in-
cludes at least one radar detectable mark having an
irregular shape defined by a series of intersecting rec-
tangular stripes. In a particular aspect of this embodi-
ment, themark havingan irregular shapeadditionally has
one or more of the following properties:

the series of intersecting stripes consists of three
rectangular stripes, or the series of intersecting
stripes consists of four rectangular stripes, or the
series of intersecting stripes comprises at least five
rectangular stripes;
the series of intersecting stripes includes a first stripe
and a second stripe, and the first and second stripes
are substantially equal in length;
a plane bisecting the first stripe and aplane bisecting
the second stripe are separated by an angle of 60° or
85° or 95° or 120° or an anglewithin a range having a
lower limit and an upper limit selected from these
values;
the first and second stripes are substantially equal in
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width; and
the first and second stripeshavea lengthof 1.8or 2.6
or3.0 inchesora lengthwithina rangehavinga lower
limit and an upper limit selected from these values;
and
theseries of intersectingstripesadditionally includes
a third stripeanda fourth stripe, andaplanebisecting
the third stripe and a plane bisecting the fourth stripe
are separatedbyanangle of 60° or 85° or 95° or 120°
or an angle within a range having a lower limit and an
upper limit selected from these values;
each of the stripes within the series of intersecting
stripeshasawidth of 0.20 inchesor less, or awidth of
0.03 inches or greater, or a width of from 0.03 inches
to 0.20 inches, and, optionally, all of the stripeswithin
the series have substantially the same width;
the series of intersecting stripes includes a first
stripe, a second stripe, and a third stripe, each of
the first and second stripes having a length of 1.8 or
2.6 or 3.0 inches or a length within a range having a
lower limit and an upper limit selected from these
values, and the third stripe having a length of from
0.12 inches to 0.50 inches; and
the series of intersecting stripes includes a first
stripe, a second stripe, a third stripe, and a fourth
stripe, the fourth stripe having a length that is less
than that of the first and second stripes and greater
than that of the third stripe.

[0220] In another particular aspect of this embodiment,
the golf ball includes at least one additional radar detect-
able mark, each of the additional radar detectable
mark(s) having a shape independently selected from
irregular shapes and basic, regular shapes. Suitable
examples of basic, regular shapes include, but are not
limited to, circles, rings, crescents, squares, triangles,
rectangles, chevrons, and other regular polygons, irre-
gular polygons, and basic nonpolygonal shapes. In a
further particular aspect of this particular embodiment,
the shape of at least one of the additional radar detect-
able mark(s) is a rectangular stripe, optionally having a
length of from 0.15 inches to 0.75 inches, and optionally
having a width that is substantially the same as the
average width of the radar detectable mark having an
irregular shape defined by a series of intersecting rec-
tangular stripes. For purposes of the present disclosure,
the average width of a mark having an irregular shape
defined by a series of intersecting rectangular stripes is
determined as follows. The average width is the average
width across all portions of themark. As would be readily
understood by one of ordinary skill in the art, to the extent
that the shape deviates from its typical shape, the "width"
of that portion is determined relative to appropriate as-
pect ratio. For example, in FIG. 12A, the mark is wider at
the middle 50% of the mark, so half of the mark has a
width ofW1 and half of themark has awidth ofW2, so the
average width is calculated as (W1+W2)/2. However, in
FIG. 12B, the mark has a design such that a different

dimension is used for measuring width, and since both
distinct portions of the mark have a width of W1, the
average width is also W1.
[0221] In another particular embodiment, the golf ball
includes at least eleven radar detectable marks. In a
particular aspect of this embodiment, each of the at least
eleven radar detectable marks has a non-circular shape
independently selected from rings, ellipses, polygons,
squares, chevrons, crescents, and stripes. In another
particular aspect of this embodiment, the radar detect-
able marks are equally spaced. In another particular
aspect of this embodiment, the radar detectable marks
additionally have one or more of the following properties:

the number of marks is a prime number, optionally
selected from 11, 13, 17, 19, 23, 29, 31, and 37;
the marks consist of one or more marks having the
shape of a stripe and one or more marks having the
shape of a chevron, and, optionally, the difference in
thenumber ofmarks having the shapeof a stripe and
thenumberofmarkshaving theshapeofa chevron is
1;
the marks have a total surface coverage of 5% or
10% or 15% or 20% or 25%, or a total surface cover-
age within a range having a lower limit and an upper
limit selected from these values;
all of the radar detectable marks on the ball are
disposed on a single layer of the golf ball; and
the radar detectable marks are disposed among two
or more layers of the golf ball.

[0222] In another particular aspect of this embodiment,
the centroid of each of the radar detectable marks is
positioned at a vertex of one of a plurality of spherical
triangles created from a plurality of great circle arcs,
wherein:

where E is the total number of great circle arcs, T is the
total number of spherical triangles, and V is the total
number of vertices. The total surface area, A, of the
spherical triangles is calculated as 4πr2/T = A. The posi-
tion of the centroids of the radar detectable marks is
determined with all of the marks present on the surface
of any layer of the golf ball radially projected onto the
outer surface of the ball.
[0223] For purposes of the present disclosure, marks
on a layer are "equally spaced" if, when the distances
between the centroid of each mark and the centroid of its
adjacent marks is calculated, the maximum difference
between any two of these distances is 0.040 inches or
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less. In embodiments of the present invention wherein
the radar detectable marks are disposed among two or
more layers of the golf ball, in order to determine if all of
the radar detectablemarkspresent on theball areequally
spaced, all of the radar detectable marks present on any
layer of the ball are radially projected onto the outer
surface of the ball.
[0224] In another particular embodiment, the golf ball
includes a radar detectable mark having a continuous
non-circular shape and a surface coverage of from 0.1%
to4.0%, or from0.1% to3.0%. Themark canbe disposed
onasingle surfaceofa single layerof theball; or, themark
can be disposed among two or more surfaces of the ball
(i.e., the inner and outer surface of a single layer or any
surface of two or more layers), such that, when all of the
radar detectable marks present on any surface of any
layer of the ball are radially projected onto the outer
surface of the ball, the result is a projected mark having
an overall continuous non-circular shape and a surface
coverage of from 0.1% to 4.0%. In a particular aspect of
this embodiment, the non-circular shape is indepen-
dently selected from rings, ellipses, polygons, squares,
crescents, stripes, two intersecting stripes (including
chevrons and non-chevron shapes), and three or more
intersecting stripes. In another particular aspect of this
embodiment, the mark (or projected mark), is a contin-
uous shape comprising two or more intersecting stripes,
includingafirst stripeandasecondstripe, and, optionally,
has one or more of the following properties:

the first and second stripes are substantially equal in
length;
the first and second stripes are substantially equal in
width;
a plane bisecting the first stripe and aplane bisecting
the second stripe are separated by an angle of 60° or
85° or 95° or 120° or an anglewithin a range having a
lower limit and an upper limit selected from these
values;
the first and second stripes each have a length of 1.0
inches or less, or a length of from 0.6 inches to 1.0
inches;
the first and second stripes eachhave awidth of 0.20
inches or less, or a width of from 0.03 inches to 0.20
inches; and
the mark includes a third stripe, and the third stripe
optionally has one or more of: a width of 0.20 inches
or less, substantially the samewidth as the first stripe
and the second stripe, a length of from 0.12 inches to
0.50 inches.

[0225] In another particular embodiment, the golf ball
includes a plurality of radar detectable marks, and the
total surface coverage of the radar detectable marks is
from 0.1% to 4.0%, or from 0.1% to 3.0%. In a particular
aspect of this embodiment, each of the radar detectable
marks has a non-circular shape, and, optionally, each
non-circular shape is independently selected from rings,

ellipses, polygons, squares, crescents, chevrons, and
stripes. In another particular aspect of this embodiment,
the plurality of radar detectable marks comprises two or
more non-intersecting stripes, including a first stripe and
a second stripe, and, optionally, has one or more of the
following properties:

the first and second stripes are substantially equal in
length;
the first and second stripes are substantially equal in
width;
a plane bisecting the first stripe and aplane bisecting
the second stripe are separated by an angle of 60° or
85° or 95° or 120° or an anglewithin a range having a
lower limit and an upper limit selected from these
values;
the first and second stripes each have a length of 1.0
inches or less, or a length of from 0.6 inches to 1.0
inches;
the first and second stripes eachhave awidth of 0.20
inches or less, or a width of from 0.03 inches to 0.20
inches; and
the mark includes a third stripe, and the third stripe
optionally has one or more of: a width of 0.20 inches
or less, substantially the samewidth as the first stripe
and the second stripe, a length of from 0.12 inches to
0.50 inches.

[0226] In another particular embodiment, the golf ball
includes a plurality of radar detectable marks wherein,
when all of the radar detectable marks present on any
layer of the ball are radially projected onto the outer
surface of the ball, the resulting overall pattern of pro-
jected radar detectable marks includes at least one ser-
ies of three or more radar detectable marks located on a
1.5mmwide great circle band on the outer surface of the
golf ball. For purposes of the present disclosure, a series
of three or more radar detectable marks in the overall
pattern of projected radar detectablemarks, located on a
1.5mmwide great circle band on the outer surface of the
ball, is referred to herein as a "great circle series" of
marks. For purposes of the present disclosure, the pre-
sence and number of great circle series within an overall
pattern of projected radar detectable marks is deter-
mined as follows. First, as previously stated, all of the
radar detectable marks present on any layer of the ball
are radially projected onto the outer surface of the ball.
The geometric center of each radially projected radar
detectable mark is then determined using calculation
methods well known to those of ordinary skill in the art.
If the geometric centers of at least three radially projected
radar detectable marks are located on the same 1.5 mm
wide great circle band on the outer surface of the ball,
then a great circle series is defined and each radially
projected radar detectablemark having a geometric cen-
ter located on that 1.5mmwide great circle band is part of
that great circle series. It should be noted that, so long as
the geometric center of a given radially projected radar
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detectable mark is located on the 1.5 mm wide great
circle band, the mark is part of that great circle series,
regardless ofwhether any portion of themark lies outside
of the1.5mmwidegreat circlebanddefining that series. It
should also be noted that, for purposes of the present
disclosure, a single radar detectable mark can be part of
more than onegreat circle series. In a particular aspect of
this embodiment, the plurality of radar detectable marks
additionally has one or more of the following properties:

the number of marks in the great circle series is four
or more;
each pair of adjacent marks in the great circle series
is separated by substantially the same distance (i.e.,
within 10%) as every other pair of adjacent marks in
the great circle series, allowing for manufacturing
tolerances, separation distance being calculated as
the spherical length of the shortest great circle arc
that can be drawn on the surface containing the
marks (or, for embodiments wherein marks are pre-
sent on more than one surface, the spherical length
of the shortest great circle arc that can be drawn on
the surface containing a radial projection of the
marks), that connects any point on one mark in the
pair of adjacent marks to any point on the other mark
in the pair of adjacent marks;
the plurality of radar detectable marks consists es-
sentially of one great circle series of marks;
the plurality of radar detectable marks includes at
least one great circle series of marks and one or
more additional radar detectable marks that are not
part of a great circle series;
the plurality of radar detectablemarks are positioned
such that, when all of the radar detectable marks
present on any layer of the ball are radially projected
onto the outer surface of the ball, every great circle
on the outer surface of the ball divides the ball into
two hemispheres, each of the two hemispheres con-
taining at least a portion of a radar detectable mark
on the outer surface thereof; and
the portion of the great circle band on which the
marks of a given great circle series are located
has a length of no more than half of the circumfer-
ence of the ball, and, optionally, has a length of at
least 40%, or at least 42%, or at least 45%, of the
circumference of the ball.

[0227] For purposes of the present disclosure, unless
otherwise noted, the length of the portion of the great
circle band on which the marks of a given great circle
series are located is calculated as the length of the
smallest rectangular boundary (i.e., the arc length of
the longest edge of the rectangular boundary) that can
be drawn on the outer surface of the ball such that no
portion of any mark of that great circle series lies outside
of the boundary, as determined based on the radial
projection of the marks onto the outer surface of the ball.
[0228] In another particular embodiment, the golf ball

includes a plurality of radar detectable marks wherein,
when all of the radar detectable marks present on any
layer of the ball are radially projected onto the outer
surface of the ball, the resulting overall pattern of pro-
jected radar detectable marks includes at least two great
circle series of marks. In a particular aspect of this em-
bodiment, each of the plurality of radar detectable marks
is part of at least one great circle series. In another
particular aspect of thisembodiment, theplurality of radar
detectable marks includes at least one mark that is not
part of a great circle series. In another particular aspect of
this embodiment, for at least one great circle series, the
portion of the great circle band onwhich themarks of that
great circle series are located has a length of no more
than half of the circumference of the ball; optionally, the
length is at least 40%, or at least 42%, or at least 45% of
the circumference of the ball. In another particular aspect
of this embodiment, for at least onegreat circle series, the
portion of the great circle band onwhich themarks of that
great circle series are locatedhas a length of greater than
half of the circumference of the ball. In another particular
aspect of this embodiment, a plane bisecting oneof the at
least twogreat circle series andaplanebisecting another
of the at least two great circle series are separated by an
angle of 30° or 60° or 80° or 90° or ananglewithin a range
havinga lower limit andanupper limit selected from these
values, as determined based on the radial projection of
the marks onto the outer surface of the ball. In another
particular aspect of this embodiment, when all of the
radar detectable marks present on any layer of the ball
are radially projected onto the outer surface of the ball,
every great circle on the outer surface of the ball divides
the ball into two hemispheres, each of the two hemi-
spheres containing at least aportionof a radar detectable
mark on the outer surface thereof. In another particular
aspect of this embodiment, each great circle series of
marks independently has one or more of the following
additional properties:

the number of marks in the great circle series is from
three to ten, or the number ofmarks in thegreat circle
series is four or more, or the number of marks in the
great circle series is from four to ten;
each of the marks in the great circle series has an
actual length (i.e., as measured on the printed mark
itself andnot a radial projectionof themark) of 25mm
or less, or a length of 10 mm or less;
each of the marks in the great circle series has
substantially the same projected length (i.e., their
respective projected lengths differ by no more than
10%, based on a radial projection of the marks onto
the outer surface of the ball);
each of the marks in the great circle series has an
actual width (as measured on the printed mark itself
and not a radial projection of the mark) of 3 mm or
less, or a width of 2 mm or less;
each of the marks in the great circle series has
substantially the same projected width (i.e., their
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respective widths differ by nomore than 10%, based
on a radial projection of the marks on the outer sur-
face of the ball);
each pair of adjacentmarks in the great circle series:
is separated by a distance of 0.5 mm or greater;
and/or
is separatedbyadistance substantially equivalent to
(i.e., within 10% of) the length of at least one of the
marks in that great circle series; and/or
is separated by substantially the same distance (i.e.,
within 10%) as every other pair of adjacent marks in
that great circle series, allowing for manufacturing
tolerances,
separation distance being calculated as the spheri-
cal length of the shortest great circle arc that can be
drawn on the surface containing the marks (or, for
embodiments wherein marks are present on more
than one surface, the spherical length of the shortest
great circle arc that can be drawn on the surface
containing a radial projection of the marks), that
connects any point on one mark in the pair of ad-
jacentmarks to anypoint on theothermark in thepair
of adjacent marks; and
the series has an angular length of 160° or 165° or
170° or 175° or 180° or 185°, or an angular length
within a range having a lower limit and an upper limit
selected from these values.

[0229] For purposes of the present disclosure, angular
length of a great circle series of marks is determined as
follows, basedona radial projection of themarks onto the
outer surface of the ball. Using the geometric center of
each of the projectedmarkswithin the great circle series,
the bisecting plane of the series is determined. A first line
and a last line are drawn, each line connecting the center
of the ball to the point on the surface of the ball in the
bisecting plane which results in the smallest angle be-
tween the first and last lines that can be drawn such that
no portion of any mark of that great circle series lies
outside of the angle. The "angular length of the great
circle series" is the angle between the first and last lines.
For example, FIG. 17 shows a great circle series con-
sisting of marks 12, 13, 14, 15 and 16, wherein the great
circle series has an angular length of about 166°.
[0230] In embodiments of the present inventionwhere-
in the golf ball includes more than one radar detectable
mark on a single layer, the shape and/or size of onemark
may be the same as or different from the shape and/or
size of another mark. In embodiments of the present
inventionwherein the golf ball includes at least two layers
havingoneormore radardetectablemarksdisposedona
surface thereof, the shape and/or size of a mark on one
layer may be the same as or different from the shape
and/or size of amark onanother layer. In embodiments of
the present invention wherein the golf ball includes radar
detectablemarks that are part of a great circle series, the
shape and/or size of one mark in the series may be the
sameasordifferent from theshapeand/or sizeof another

mark in the series. In a particular embodiment, the golf
ball includesat least one radar detectablemark that hasa
non-circular shape disposed on a surface of a layer
thereof. In a particular aspect of this embodiment, the
non-circular shape is an irregular shape.
[0231] In one example, a golf ball is disclosed herein
that comprisesat least one layerwith amark, or aplurality
of marks, disposed on a surface thereof. In one aspect,
the golf ball has at least one radar detectable mark such
that a projected pattern is formed when the at least one
radar detectable mark is radially projected onto an outer
surface of the golf ball. Themark(s) or marking(s) can be
radially projected to formapattern on a surface of the golf
ball. The pattern can have an overall profile or shape. In
one example, the projected pattern has a periodic profile.
For example, the projected pattern can have at least one
crest and at least one trough, and be centered or aligned
relative to a path, such as a great circle or a spherical arc
about the golf ball. The path can be defined as a great
circleoracirculararc, in someexamples.Thepathcanbe
defined by a straight line or a plane, in some examples.
[0232] The projected pattern comprises a first wave
profile mapped along a path defined by a first spherical
arc on the outer surface of the golf ball. The phrase
"mapped along a path" can mean that the projected
pattern generally is generally oriented or centered rela-
tive to the path. In one example, a function defining the
wave profile is generally disposed about the path, or
defined relative to the path. In one example, a first half
of the projected pattern is above the path, and a second
half of the projected pattern is below the path. However,
the distribution of the projected pattern above and below
the path can vary. For example, the projected pattern can
have a non-whole number of periods and therefore can
start and stop in different positions along thewave profile
thereby resulting in an unequal distribution of the pro-
jected pattern above or below the path.
[0233] The projected pattern comprises at least one
first crest and at least one first trough. The first spherical
arc can be defined along a first great circle on the outer
surface of the golf ball. The term wave can refer to a
periodic function or profile in one example. In another
example, the termwave can refer to anaperiodic function
or profile. FIGS. 19A‑26E illustrate exemplary profiles
having repeating profiles or wave-like profiles. In some
examples, a single marking is provided on the outer
surface of the golf ball, while in other examples, at least
twomarkingsare providedon the outer surface of the golf
ball. In theexampleswith twomarkings, the twomarkings
can be stacked on top of each other and have parallel
alignment or orientations.
[0234] The projected pattern can comprise a first term-
inal end and a second terminal end that are circumfer-
entially spaced apart from each other to define a wave
angular extent (which is further illustratively definedhere-
in with respect to FIG. 27). The terminal ends can be
spaced apart from each other by at least 45 degrees, in
one example. The first terminal end and the second
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terminal end can be circumferentially spaced apart by
240 degrees - 300 degrees, in one example. The first
terminal end and the second terminal end can be circum-
ferentially spaced apart by 270 degrees, in one example.
The first terminal endand the second terminal end canbe
circumferentially spaced apart by 180 degrees, in one
example. The first terminal end and the second terminal
end can be circumferentially spaced apart by 330 de-
grees, in one example. In one example, the projected
pattern can lack any terminal ends and can instead be
continuous. The wave angular extent can be at least 45
degrees, preferably 240 degrees - 300 degrees, and
most preferably 270 degrees.
[0235] Theprojected pattern can extend for at least 1.0
period in one example. In one example, the projected
pattern can extend for less than 5.0 periods. In one
example, the projected pattern can extend for more than
5.0 periods. In one example, the projected pattern can
extend for 0.5 period to 10.0 periods.
[0236] An amplitude (A) of the first wave profile can
have a relationship with the diameter (D) of the golf ball, a
golf ball cased core, and/or a golf ball sub-assembly. In
one example, the amplitude (A) can be no greater than
40%of a diameter (D) of the golf ball, golf ball cased core,
or golf ball sub-assembly. In one example, the amplitude
(A) is less than 20% of a diameter (D) of the golf ball, golf
ball cased core, or golf ball sub-assembly. In one exam-
ple, theamplitude (A) is less than80%ofadiameter (D)of
the golf ball, golf ball cased core, or golf ball sub-assem-
bly. In one example, the amplitude (A) is at least 5% of a
diameter (D) of the golf ball, golf ball cased core, or golf
ball sub-assembly.
[0237] In one example, the diameter (D) can be mea-
sured as a diameter of a golf ball cased core. In another
example, the diameter (D) can be measured as a dia-
meter of a finishedgolf ball (i.e., cased core andcover). In
another example, the diameter (D) can bemeasured as a
diameter of a golf ball sub-assembly. The diameter (D) of
a golf ball cased core or a golf ball sub-assembly can be
1.50 inches - 1.70 inches in one example. In another
example, the diameter (D) of the golf ball cased core or
golf ball sub-assembly can be 1.600 inches - 1.660
inches. In another example, the diameter (D) of the golf
ball cased core or golf ball sub-assembly can be 1.630
inches.
[0238] The first wave profile can be formed according
to a variety of wave profiles. For example, the wave
profile can be one of: a sine wave, a sawtooth wave, a
triangular wave, or a square wave. In one example,
multiple wave forms can be combined. In one example,
thewaveprofile canbedefinedbyat least one function. In
one example, the wave profile can be defined by any
Fourier series. One of ordinary skill in the art would
recognize that wave profiles can be conveyed or defined
as an infinite sum of trigonometric functions based on a
Fourier series. Additionally, the wave profiles can be
defined by a Fourier transform for aperiodic profiles or
functions. In other examples, the wave profile can be

defined by a damped wave profile (i.e., a damped sine
wave profile) or any other damped oscillation, profile, or
function.
[0239] The at least one radar detectable mark can be
disposed on a single layer in one example. In another
example, the at least one radar detectable mark can be
comprisedof aplurality of radardetectablemarks that are
disposed among more than one layer.
[0240] The projected pattern can be formed as a con-
tinuous, uninterrupted strip, in one example. In another
example, the projected pattern can be formed as a plur-
ality of discrete strips that are spaced apart from each
other and aligned with each other such that the discrete
strips collectively define the wave profile.
[0241] Various parameters, sizes, profiles, shapes,
etc., of the wave profile and the radar detectable mark
can vary. In one example, the at least one radar detect-
able mark can have a width of 1.0 mm - 5.0 mm. In one
example, the first wave profile can have an amplitude of
7.0mm - 15.0mm. In one example, the width of the radar
detectablemark can be less than 20%of the amplitude of
the wave profile. In another example, the width of the
radar detectablemark can be10% - 40%of the amplitude
of the wave profile. In another example, the width of the
radar detectable mark can be 5% - 25% of the amplitude
of the wave profile.
[0242] The projected pattern can further comprise a
secondwave profile with at least one second crest and at
least one second trough. The first wave profile can be
comprised of a plurality of first points and the second
wave profile can be comprised of a plurality of second
points. Each first point along the first wave profile and
each closest adjacent second point along the second
wave profile can be equidistant fromeach other such that
a uniform normal distance (dN) is defined along an en-
tirety of the first wave profile and the secondwave profile.
The uniform normal distance (dN) can be 4.0 mm - 6.0
mm. In one aspect, the term uniform normal distance as
used in this context can account for relatively minor
manufacturing tolerances, variances, or deviations. For
example, the phrase "uniform normal distance" can
mean all of the normal distances as measured along
any respective pair of adjacent points along the entirety
of the wave profiles are within 5% of each other. In
another example, uniform normal distance can mean
all of the normal distances as measured along any re-
spective pair of adjacent points along the entirety of the
wave profiles are within 10% of each other. In another
example, uniform normal distance can mean all of the
normal distances asmeasured along any respective pair
of adjacent points along the entirety of the wave profiles
are within 1.0 mm of each other. In yet another example,
uniform normal distance can mean all of the normal
distances as measured along any respective pair of
adjacent points along the entirety of the wave profiles
are within 0.5 mm of each other.
[0243] The first wave profile and the second wave
profile can each have a predetermined amplitude that
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is identical to each other, such that the uniform normal
distance is at least half of the predetermined amplitude,
and the uniform normal distance is no greater than twice
the predetermined amplitude. In another example, a
normal distance between the two wave profiles can vary.
[0244] The uniform normal distance (dN) can be at
least 50% of the amplitudes (A) of the wave profiles,
and can be less than 200% of the amplitudes (A) of the
wave profiles. In one example, the uniform normal dis-
tance and the amplitudes of both the first and second
wave profiles (A) can be: 0.5*A ≤ dN ≤ 2*A.
[0245] The second wave profile can be mapped along
apathdefinedbyasecondspherical arc that ispositioned
away from the first spherical arc. The spacing between
the first and second spherical arcs can correspond to the
uniform normal distance (dN).
[0246] In one aspect, a relationship can be established
between a number of waves and a number of periods
defined by the waves. For example, a projected pattern
defined by a singlewave can extend for a single period. A
projected pattern defined by two waves can extend for
two periods. A projected pattern defined by "n" number of
waves can extend for "n" periods, and so on. In one
aspect, increasing the quantity of wave profiles can
further optimize radar reflectivity, alter signal strength,
and/or create phase shifts in signal backscatter.
[0247] Theat leastone radardetectablemarkcanhave
a total length of 4.0 inches - 10.0 inches, in one example.
In another example, the at least one radar detectable
mark can have a total length of 6.0 inches - 8.0 inches. In
another example, the at least one radar detectable mark
can have a total length of at least 2.0 inches. In another
example, theat least one radar detectablemark canhave
a total length of no greater than 12.0 inches.
[0248] Themarks can have a total surface coverage of
at least 3.0% and no greater than 15.0% in some exam-
ples. In this context, total surface coverage can refer to a
surface uponwhich themarks are printed or applied. The
total surface coverage can refer to an outer surface of the
golf ball, an outer surface of the golf ball cased core, or an
outer surface of the golf ball sub-assembly.
[0249] Another example of a golf ball is disclosed here-
in. The golf ball can have at least one radar detectable
mark such that a projected pattern is formed when the at
least one radar detectablemark is radially projected onto
anouter surfaceof thegolf ball. Theprojectedpattern can
comprise a first wave profile defined by a periodic func-
tion andmapped along a path defined by a first spherical
arc on the outer surface of the golf ball. The periodic
function can be selected from: a sine wave, a sawtooth
wave, a triangle wave, or a square wave. The periodic
function can repeat for at least 1.0 period. The projected
pattern can further include a second wave profile with at
least one second crest and at least one second trough. A
uniform normal distance can be defined along an entirety
of the first wave profile and the second wave profile. The
first wave profile can have a first amplitude, and the
second wave profile can have a second amplitude.

The uniform normal distance can be less than half of
the first amplitude. The uniform normal distance can be
less thanhalf of the secondamplitude.Thefirst amplitude
can be no greater than 40% of a diameter of the golf ball.
[0250] In one example, a golf ball having an ionomeric
cased core having a diameter of 1.63 inches can include
a printed sinusoidal wave pattern with amarking width of
2.0 mm and a wave profile amplitude of 15.0 mm. The
wave angular extent can extend for at least 270 degrees.
Thewave pattern can be formed on the cased core of the
golf ball. The wave pattern can be formed on any layer(s)
of a golf ball sub-assembly, in one example.
[0251] In another example, a golf ball having an iono-
meric cased core having a diameter of 1.63 inches can
include a pair of printed sinusoidal wave patterns with a
marking width of 2.0 mm and a wave profile amplitude of
7.0 mm. Each of the waves can have a wave angular
extent that extends for at least 270 degrees. The waves
can be separated by a constant or uniform normal dis-
tance of 5.0 mm.
[0252] In another example, a golf ball having an iono-
meric cased core having a diameter of 1.63 inches can
include a pair of printed step-function patterns with a
marking width of 2.0 mm and a step-function amplitude
of 7.0 mm. Each of the waves can have a wave angular
extent that extends for at least 270 degrees. The patterns
can be separated by a constant or uniform normal dis-
tance of 5.0 mm.
[0253] In another example, a golf ball having an iono-
meric cased core having a diameter of 1.63 inches can
include a pair of printed triangular wave patterns with a
marking width of 2.0 mm and a wave profile amplitude of
7.0 mm. Each of the waves can have a wave angular
extent that extends for at least 270 degrees. The patterns
can be separated by a constant or uniform normal dis-
tance of 5.0 mm.
[0254] In any of the above examples, one of ordinary
skill in the art would understand that the size of the golf
ball can vary, the marking width can vary, the amplitude
can vary, etc.
[0255] As used in this context, the term amplitude can
refer to peak amplitude, i.e., a maximum distance from
the zero position or axis of the pattern profiles.
[0256] Another example of a golf ball is also disclosed
herein. The golf ball can have at least one radar detect-
able mark such that a projected pattern is formed when
the at least one radar detectable mark is radially pro-
jected onto anouter surfaceof the golf ball. Theprojected
pattern can comprise a first wave profile defined by a
periodic function and mapped along a path defined by a
first spherical arc on the outer surface of the golf ball. The
periodic function can be a sine wave, and the periodic
function can repeat for at least 1.0 period.
[0257] Non-limiting examples of particularly suitable
shapes for a single radar detectable mark or a plurality
of radar detectable marks are illustrated in FIGS. 1‑11
and 13‑28.
[0258] FIG. 1 shows a mark consisting of a stripe,
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according to an embodiment of the present invention.
[0259] FIG. 2 shows a mark consisting of two stripes
intersecting at two locations, according to an embodi-
ment of the present invention.
[0260] FIG. 3 shows a mark consisting of two stripes
intersecting at one location, according to an embodiment
of the present invention.
[0261] FIG. 4 shows a mark consisting of four stripes
forming a closed loop in the form of a spherical rectangle,
according to an embodiment of the present invention.
[0262] FIG. 5 shows a mark consisting of a single
curvilinear stripe creating a closed loop, according to
an embodiment of the present invention.
[0263] FIG. 6 shows a plurality of marks consisting of
stripes arranged in an icosahedral pattern, according to
an embodiment of the present invention, the stripes
having substantially the same length and width. Alterna-
tively, the stripes are arranged in an icosahedral pattern
and adjoined to form a continuous mark, according to an
embodiment of the present invention.
[0264] FIG. 7 shows a mark consisting of three inter-
secting stripes, according to an embodiment of the pre-
sent invention.
[0265] FIG. 8 shows a mark consisting of four inter-
secting stripes, according to an embodiment of the pre-
sent invention.
[0266] FIG. 9 shows two marks, including a first mark
consisting of three intersecting stripes and a second
mark consisting of a single stripe, according to an embo-
diment of the present invention.
[0267] FIG. 10 shows three marks, including a first
mark consisting of five intersecting stripes, a second
mark consisting of a single stripe, and a third mark con-
sisting of a single stripe, according to an embodiment of
the present invention.
[0268] FIG. 11 shows three marks, including a first
mark consisting of four intersecting stripes, a second
mark consisting of a single stripe, and a third mark con-
sisting of a single stripe, according to an embodiment of
the present invention.
[0269] FIG. 13 showsapattern ofmarks consisting of a
plurality of marks having the shape of a rectangle and a
plurality of marks having the shape of two intersecting
rectangular stripes.
[0270] FIG. 14 shows a mark consisting of three inter-
secting stripes, according to an embodiment of the pre-
sent invention.
[0271] FIG. 15 shows a mark consisting of two inter-
secting stripes, according to an embodiment of the pre-
sent invention.
[0272] FIG. 16 shows a mark consisting of two non-
intersecting stripes, according to an embodiment of the
present invention.
[0273] FIG. 17 shows a pattern of marks consisting of
two great circle series ofmarks, each of which consists of
a plurality of marks having the shape of a stripe.
[0274] FIG. 18 shows a pattern of marks consisting of
two great circle series of marks and an additional mark

that is not part of a great circle series, each of the marks
within the two great circle series and the additional mark
having the shape of a stripe.
[0275] FIGS. 19A‑19E show a pattern consisting of a
mark that extends circumferentially along a spherical arc
with a wave profile (i.e., sine wave).
[0276] FIGS. 20A‑20Eshowapattern consistingof two
marks that each extend circumferentially along a respec-
tive spherical arc with wave profiles (i.e., sine waves).
[0277] FIGS. 21A‑21E show a pattern consisting of a
mark that extends circumferentially along a spherical arc
with a wave profile (i.e., sine wave) having an amplitude
that is different than the amplitude shown in FIGS.
19A‑19E.
[0278] FIGS. 22A‑22Eshowapattern consistingof two
marks that each extend circumferentially along a respec-
tive spherical arc with wave profiles (i.e., sine waves)
having an amplitude that is different than the amplitude
shown in FIGS. 20A‑20E.
[0279] FIGS. 23A‑23D show a pattern consisting of a
mark that extends circumferentially along a spherical arc
with a wave profile (i.e., triangular wave).
[0280] FIGS. 24A‑24D show a pattern consisting of a
mark that extends circumferentially along a spherical arc
with a wave profile (i.e., sawtooth wave).
[0281] FIGS. 25A‑25D show a pattern consisting of a
mark that extends circumferentially along a spherical arc
with a wave profile (i.e., square wave).
[0282] FIGS. 26A‑26E show a pattern consisting of a
plurality of marks that are spaced apart from each other
and aligned with each other to form an overall wave
shaped pattern.
[0283] FIG. 28 shows a mark consisting of three inter-
secting stripes, according to an embodiment of the pre-
sent invention.
[0284] In a particular embodiment, a surface of at least
one layer of the golf ball includes a radar detectablemark
disposed thereon and the mark is designed to have
dimensions (i.e., size and shape) such that every math-
ematically possible 0.025 inch wide great circle path, or
every mathematically possible 0.015 inch wide great
circle path, or every mathematically possible 0.005 inch
wide great circle path, or every mathematically possible
great circle, on the golf ball layer surface on which the
mark is disposed intersects themark. For purposesof the
present disclosure, a great circle path intersects amark if
any portion of the great circle path is in contact with any
portion of the mark.
[0285] In another particular embodiment, a surface of
at least one layer of the golf ball includes a plurality of
radar detectable marks disposed thereon and the marks
are designed to be sized, shaped, and positioned such
that everymathematically possible 0.025 inch wide great
circle path, or every mathematically possible 0.015 inch
wide great circle path, or every mathematically possible
0.005 inchwidegreat circlepath, or everymathematically
possible great circle, on the golf ball layer surface on
which the marks are disposed intersects at least one of
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the marks.
[0286] In another particular embodiment, the golf ball
comprises two or more layers, wherein at least two of the
two or more layers have one or more radar detectable
marks disposed on a surface thereof and the marks are
designed to be size, shaped, and positioned such that,
when all of the radar detectable marks present on any
layer of the ball are radially projected onto the outer
surface of the ball, every mathematically possible
0.025 inchwidegreat circlepath, or everymathematically
possible 0.015 inch wide great circle path, or every
mathematically possible 0.005 inch wide great circle
path, or every mathematically possible great circle, on
the golf ball outer surface intersects at least one of the
marks.
[0287] In another particular embodiment, the radar
detectable mark(s) have a total surface coverage of
1% or 2% or 5% or 8% or 9% or 10% or 12% or 15%
or 20% or 25% or a total surface coverage within a range
havinga lower limit andanupper limit selected from these
values. Alternatively, in another particular embodiment,
the radar detectable mark(s) have a total surface cover-
ageof0.1%or1.0%or1.5%or2.0%or3%or4%ora total
surface coverage within a range having a lower limit and
an upper limit selected from these values. For purposes
of the present disclosure, total surface coverage is cal-
culated as the sum of the surface area of each radar
detectable mark present on any layer, as measured with
all of the marks present on the surface of any layer of the
golf ball radially projected onto the outer surface of the
ball, divided by the total surface area of the outer surface
of the ball.
[0288] The present invention is not meant to be limited
by the material used to form each layer of the golf ball.
Particularly suitable materials include, but are not limited
to, thermosetting materials, such as polybutadiene, styr-
ene butadiene, isoprene, polyisoprene, and trans-iso-
prene; thermoplastics, such as ionomer resins, polya-
mides and polyesters; and thermoplastic and thermoset-
ting polyurethane and polyureas.
[0289] Particularly suitable thermosetting materials,
include, but are not limited to, thermosetting rubber
compositions comprising a base polymer, an initiator
agent, a coagent and/or a curing agent, and optionally
one ormore of ametal oxide,metal fatty acid or fatty acid,
antioxidant, soft and fast agent, fillers, and additives.
Suitable base polymers include natural and synthetic
rubbers including, but not limited to, polybutadiene, poly-
isoprene, ethylene propylene rubber ("EPR"), styrene-
butadiene rubber, styrenic block copolymer rubbers
(such as SI, SIS, SB, SBS, SIBS, and the like, where
"S" is styrene, "I" is isobutylene, and "B" is butadiene),
butyl rubber, halobutyl rubber, polystyrene elastomers,
polyethylene elastomers, polyurethane elastomers,
polyurea elastomers, metallocene-catalyzed elastomers
and plastomers, copolymers of isobutylene and para-
alkylstyrene, halogenated copolymers of isobutylene
and para-alkylstyrene, acrylonitrile butadiene rubber,

polychloroprene, alkyl acrylate rubber, chlorinated iso-
prene rubber, acrylonitrile chlorinated isoprene rubber,
polyalkenamers, and combinations of two or more there-
of. Suitable initiator agents include organic peroxides,
high energy radiation sources capable of generating free
radicals, C-C initiators, and combinations thereof. Sui-
table coagents include, but are not limited to, metal salts
of unsaturated carboxylic acids; unsaturated vinyl com-
pounds and polyfunctional monomers (e.g., trimethylol-
propane trimethacrylate); phenylene bismaleimide; and
combinations thereof. Suitable curingagents include, but
are not limited to, sulfur; N-oxydiethylene 2-benzothia-
zole sulfenamide; N,N-di-ortho-tolylguanidine; bismuth
dimethyldithiocarbamate; N-cyclohexyl 2-benzothiazole
sulfenamide; N,N-diphenylguanidine; 4-morpholinyl‑2-
benzothiazole disulfide; dipentamethylenethiuram hex-
asulfide; thiuram disulfides; mercaptobenzothiazoles;
sulfenamides; dithiocarbamates; thiuram sulfides; gua-
nidines; thioureas; xanthates; dithiophosphates; alde-
hyde-amines; dibenzothiazyl disulfide; tetraethylthiuram
disulfide; tetrabutylthiuram disulfide; and combinations
thereof. Suitable types and amounts of base polymer,
initiator agent, coagent, filler, and additives aremore fully
described in, for example, U.S. Patent Nos. 6,566,483,
6,695,718, 6,939,907, 7,041,721 and 7,138,460, the
entire disclosures ofwhich are hereby incorporatedhere-
in by reference. Particularly suitable diene rubber com-
positions are further disclosed, for example, in U.S. Pa-
tent Application Publication No. 2007/0093318, the en-
tire disclosure of which is hereby incorporated herein by
reference.
[0290] Particularly suitable materials also include, but
are not limited to:

thermosetting polyurethanes, polyureas, and hy-
brids of polyurethane and polyurea;
thermoplastic polyurethanes, polyureas, and hy-
brids of polyurethane and polyurea, including, for
example,Estane®TPU,commerciallyavailable from
The Lubrizol Corporation;
E/X‑ andE/X/Y-type ionomers, wherein E is an olefin
(e.g., ethylene), X is a carboxylic acid (e.g., acrylic,
methacrylic, crotonic, maleic, fumaric, or itaconic
acid), and Y is a softening comonomer (e.g., vinyl
esters of aliphatic carboxylic acids wherein the acid
has from 2 to 10 carbons, alkyl ethers wherein the
alkyl group has from 1 to 10 carbons, and alkyl
alkylacrylates such as alkyl methacrylates wherein
the alkyl group has from 1 to 10 carbons), such as
Surlyn® ionomer resins and HPF 1000 and HPF
2000, commercially available from The Dow Chemi-
cal Company, Iotek® ionomers, commercially avail-
able fromExxonMobil Chemical Company, Amplify®
IO ionomers of ethylene acrylic acid copolymers,
commercially available from The Dow Chemical
Company, andClarix® ionomer resins, commercially
available from A. Schulman Inc.;
polyisoprene;
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polyoctenamer, such as Vestenamer® polyoctena-
mer, commercially available from Evonik Industries;
polyethylene, including, for example, low density
polyethylene, linear low density polyethylene, and
high density polyethylene; polypropylene;
rubber-toughened olefin polymers; non-ionomeric
acid copolymers, e.g., (meth)acrylic acid, which do
not become part of an ionomeric copolymer;
plastomers;
flexomers;
styrene/butadiene/styrene block copolymers;
styrene/ethylene-butylene/styrene block copoly-
mers;
polybutadiene;
styrene butadiene rubber;
ethylene propylene rubber;
ethylene propylene diene rubber;
dynamically vulcanized elastomers;
ethylene vinyl acetates;
ethylene (meth) acrylates;
polyvinyl chloride resins;
polyamides, amide-ester elastomers, and copoly-
mers of ionomer and polyamide, including, for ex-
ample, Pebax® thermoplastic polyether and polye-
ster amides, commercially available from Arkema
Inc;
crosslinked trans-polyisoprene;
polyester-based thermoplastic elastomers, such as
Hytrel® polyester elastomers, commercially avail-
able from E. I. du Pont de Nemours and Company,
and Riteflex® polyester elastomers, commercially
available from Ticona;
polyurethane-based thermoplastic elastomers, such
as Elastollan® polyurethanes, commercially avail-
able from BASF;
synthetic or natural vulcanized rubber;
and combinations thereof.

[0291] Compositions comprisingan ionomeror ablend
of two or more E/X‑ and E/X/Y-type ionomers are parti-
cularly suitable intermediate and cover layer materials.
Preferred E/X‑ and E/X/Y-type ionomeric cover composi-
tions include:

a composition comprising a "high acid ionomer" (i.e.,
having an acid content of greater than 16wt%), such
as Surlyn® 8150;
a composition comprising a high acid ionomer and a
maleic anhydride-grafted non-ionomeric polymer
(e.g., Fusabond® functionalized polymers). A parti-
cularly preferred blend of high acid ionomer and
maleic anhydride-grafted polymer is a 84 wt%/16
wt% blend of Surlyn® 8150 and Fusabond®. Blends
of high acid ionomers with maleic anhydride-grafted
polymers are further disclosed, for example, in U.S.
Patent Nos. 6,992,135 and 6,677,401, the entire
disclosures of which are hereby incorporated herein
by reference;

a composition comprising a 50/45/5 blend of Surlyn®
8940/Surlyn®9650/Nucrel®960, preferablyhavinga
material hardness of from 80 to 85 Shore C;
a composition comprising a 50/25/25 blend of Sur-
lyn® 8940/Surlyn® 9650/Surlyn® 9910, preferably
having a material hardness of about 90 Shore C;
a composition comprising a 50/50 blend of Surlyn®
8940/Surlyn® 9650, preferably having a material
hardness of about 86 Shore C;
a composition comprising a blend of Surlyn®
7940/Surlyn® 8940, optionally including a melt flow
modifier;
a composition comprising a blend of a first high acid
ionomer and a second high acid ionomer, wherein
the first high acid ionomer is neutralized with a dif-
ferent cation than the second high acid ionomer
(e.g., 50/50 blend of Surlyn® 8150 and Surlyn®
9120), optionally including one or more melt flow
modifiers such as an ionomer, ethylene-acid copo-
lymer or ester terpolymer; and
a composition comprising a blend of a first high acid
ionomer and a second high acid ionomer, wherein
the first high acid ionomer is neutralized with a dif-
ferent cation than the second high acid ionomer, and
from 0 to 10 wt% of an ethylene/acid/ester ionomer
wherein the ethylene/acid/ester ionomer is neutra-
lized with the same cation as either the first high acid
ionomer or the second high acid ionomer or a differ-
ent cation than the first and second high acid iono-
mers (e.g., a blend of 40‑50 wt% Surlyn® 8140 or
8150, 40‑50 wt% Surlyn® 9120, and 0‑10 wt% Sur-
lyn® 6320).

[0292] Surlyn 8150®, Surlyn® 8940, and Surlyn® 8140
are different grades of E/MAA copolymer in which the
acid groups have been partially neutralized with sodium
ions. Surlyn® 9650, Surlyn® 9910, and Surlyn® 9120 are
different grades of E/MAA copolymer in which the acid
groups have been partially neutralized with zinc ions.
Surlyn® 7940 is an E/MAA copolymer in which the acid
groups have been partially neutralized with lithium ions.
Surlyn® 6320 is a very lowmodulusmagnesium ionomer
with a medium acid content. Nucrel® 960 is an E/MAA
copolymer resin nominallymadewith15wt%methacrylic
acid. Surlyn® ionomers, Fusabond® polymers, and Nu-
crel® copolymers are commercially available from The
Dow Chemical Company.
[0293] Suitable E/X‑ and E/X/Y-type ionomeric cover
materials are further disclosed, for example, in U.S.
Patent Nos. 6,653,382, 6,756,436, 6,894,098,
6,919,393,and6,953,820, theentiredisclosuresofwhich
are hereby incorporated by reference.
[0294] Suitable polyurethanes, polyureas, and blends
and hybrids of polyurethane/polyurea are further dis-
closed, for example, in U.S. Patent Nos. 5,334,673,
5,484,870, 6,506,851, 6,756,436, 6,835,794,
6,867,279, 6,960,630, and 7,105,623; U.S. Patent Ap-
plication Publication No. 2009/0011868; U.S. Patent Ap-
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plication Publication No. 2021/0093929; U.S. Patent Ap-
plication Publication No. 2007/0117923; and U.S. Patent
Nos. 8,865,052, 6,734,273, and 8,034,873; the entire
disclosures of which are hereby incorporated herein by
reference.
[0295] Suitable UV absorbers that are optionally in-
cluded in cover layer compositions are further disclosed,
for example, in U.S. Patent No. 5,156,405 to Kitaoh; U.S.
Patent No. 5,840,788 to Lutz; and U.S. Patent No.
7,722,483 to Morgan; the entire disclosures of which
are hereby incorporated herein by reference.
[0296] Dimensions of each golf ball layer, i.e., thick-
ness/diameter, may vary depending on the desired prop-
erties.
[0297] The United States Golf Association specifica-
tions limit the minimum size of a competition golf ball to
1.680 inches. There is no specification as to the max-
imum diameter, and golf balls of any size can be used for
recreational play. Golf balls of the present invention can
have an overall diameter of any size, and, typically, have
an overall diameter of from 1.680 inches to 1.780 inches.
[0298] Golf balls of the present invention have a plur-
ality of dimples on the outer surface thereof, and, typi-
cally, have an overall dimple surface coverage of 60% or
greater, or 65% or greater, or 75% or greater or 80% or
greater.

EXAMPLES

[0299] It should be understood that the examples be-
low are merely illustrative of particular embodiments of
the present invention, and are not to be construed as
limiting the invention, the scope of which is defined by the
appended claims.
[0300] In each of Examples 1‑30 below, a golf ball
subassembly having a diameter of about 1.630 inches
and consisting of a solid rubber core and an ionomer
casing layerwasprovided.Amark, or a plurality ofmarks,
as indicated below, was pad printed on the outer surface
of each subassembly using electrically conductive ink to
produce a marked subassembly.
[0301] In any one ormore of Examples 1‑30 below, the
marking can be formed from a composition or material
comprisingat least oneormoreof the followingmaterials:
solvent, resin, conductive resin, conductive pigment,
metal salt, glass, ceramic, one or more chlorides, silver,
nickel, aluminum, titanium, gold, tin, tin oxide, antimony,
antimony oxide, antimony tin oxide, antimony telluride,
bismuth telluride, tungsten, iron, copper, copper oxide,
molybdenum, rhodium, platinum, zinc, palladium, ruthe-
nium, rhenium, osmium, iridium, iridium coated platinum,
silver coated copper, silver coated iron, silver coated
nickel, a mixture of silver and metal salt, silver coated
glass, a mixture of silver and tin or tin oxide, a mixture of
silver and conductive resin, a mixture of silver and con-
ductive carbon, a mixture of silver and iron-based cera-
mic, coated core shell pigments, transition metal, non-
metals, conductive carbon, conductive polymer, poly

(3‑4-ethylenedioxythiophene) (PEDOT), PEDOT com-
posites, polyaniline (PANI), adhesion promotor, and/or
any one or more of combinations of all materials dis-
closed herein.
[0302] In any one or more of Examples 1‑30, the radar
reflective material can have a sheet resistance of 0.015
Ohm/sq/mil - 20.0 Ohm/sq/mil.
[0303] In any one or more of Examples 1‑30, the radar
reflective material can have a film thickness of 0.5 µm -
5.0 µm.
[0304] In any one or more of Examples 1‑30, the radar
reflective material can include a resin having a flex mod-
ulus of 1.0 MPa - 18.0 GPa.
[0305] In any one ormore of Examples 1‑30 below, the
radar reflective material can include radar reflective pig-
ments having an average particle size that is no greater
than 10.0microns, and/or having an average aspect ratio
that is no greater than 10.0.
[0306] In any one ormore of Examples 1‑30 below, the
dimensions of themarks or stripes formed from the radar
reflective material can vary. For example, each of the
stripes ormarks of Examples 1‑30 can have awidth of no
greater than 1.50 mm. A width of the marks or stripes of
Examples 1‑30 can be no greater than 1.00 mm. A width
of thestripesormarksofExamples1‑30canbe0.75mm-
1.00mm. In one aspect, a width of the stripes ormarks of
Examples 1‑30 can be no greater than 0.75 mm. In one
aspect, a width of the stripes or marks of Examples 1‑30
can be 0.50 mm - 0.75 mm. In one aspect, a width of the
stripes or marks of Examples 1‑30 can be less than 0.50
mm.

Example 1

[0307] In this example, the mark consists of a single
stripe, according to the embodiment illustrated in FIG. 1.
The stripe has awidth of about 0.120 inches and a length
of about 2.750 inches. Every mathematically possible
0.025 inch wide great circle path on the spherical outer
surface of the casing intersects the mark.

Example 2

[0308] In this example, themark consists of two stripes
intersecting at two locations, according to the embodi-
ment illustrated in FIG. 2. The stripes are substantially
equal in size, each stripe having a width of about 0.120
inches and a length of about 2.750 inches. Every math-
ematically possible 0.025 inch wide great circle path on
the spherical outer surface of the casing intersects the
mark.

Example 3

[0309] In this example, themark consists of two stripes
intersectingatone location, according to theembodiment
illustrated in FIG. 3. The stripes are substantially equal in
size, eachstripehavingawidth of about 0.120 inchesand
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a length of about 2.750 inches. Every mathematically
possible0.025 inchwidegreat circlepathon thespherical
outer surface of the casing intersects the mark.

Example 4

[0310] In this example, themark consists of four stripes
forming a closed loop in the form of a spherical rectangle,
according to the embodiment illustrated in FIG. 4. The
stripes are substantially equal in width, each stripe hav-
ing a width of about 0.120 inches. Each of the two stripes
forming the long sides of the spherical rectangle has a
length of about 2.670 inches, and each of the two stripes
forming the short sides of the spherical rectangle has a
length of about 0.380 inches. Every mathematically pos-
sible 0.025 inch wide great circle path on the spherical
outer surface of the casing intersects the mark.

Example 5

[0311] In this example, the mark consists of a single
curvilinear stripe creating a closed loop, according to the
embodiment illustrated inFIG. 5. Thestripehasawidth of
about 0.120 inches. Theclosed loophasa lengthof about
8.390 inches. Every mathematically possible 0.025 inch
widegreat circle pathon the spherical outer surfaceof the
casing intersects the mark.

Example 6

[0312] In thisexample, thepluralityofmarksconsistsof
sixty stripes arranged in an icosahedral pattern, accord-
ing to the embodiment illustrated in FIG. 6. The stripes
are substantially equal in size, each stripe having awidth
of about 0.120 inches and a length of about 0.350 inches.
Every mathematically possible 0.025 inch wide great
circle path on the spherical outer surface of the casing
intersects the mark.

Example 7

[0313] In this example, the mark consists of three
intersecting stripes according to the embodiment illu-
strated in FIG. 7. The first stripe and the second stripe
have substantially the same length, eachof the first stripe
and the second stripe having a length of about 2.60
inches. The third stripe has a length of about 0.25 inches.
The first stripe, the second stripe, and the third stripe
have substantially the same width, each stripe having a
width of about 0.12 inches. The mark has an average
width of about 0.12 inches. A plane bisecting the first
stripe and a plane bisecting the second stripe are sepa-
rated by an angle of about 90°, as illustrated in the front
view and the rear view of FIG. 7. The mark has a total
surface coverage of about 8%.
[0314] In another aspect of FIG. 7, awidth of the stripes
of FIG. 7 can be no greater than 1.50 mm. A width of the
stripes of FIG. 7 can be no greater than 1.00mm. Awidth

of the stripes of FIG. 7 can be 0.75 mm - 1.00 mm. In one
aspect, a width of the stripes of FIG. 7 can be no greater
than 0.75mm. In one aspect, awidth of the stripes of FIG.
7 can be 0.50 mm - 0.75 mm.

Example 8

[0315] In this example, the mark consists of four inter-
secting stripes, according to the embodiment illustrated
in FIG. 8. The first stripe and the second stripe have
substantially the same length, each of the first stripe and
the second stripe having a length of about 2.60 inches.
The third stripe has a length of about 0.25 inches. The
fourth stripe has a length of about 0.75 inches. The first
stripe, the second stripe, the third stripe, and the fourth
stripe have substantially the same width, each stripe
having a width of about 0.12 inches. The mark has an
averagewidth of about 0.12 inches. A plane bisecting the
first stripe and a plane bisecting the second stripe are
separated by an angle of about 90°, as illustrated in the
front viewand the rear viewofFIG. 8.Themarkhasa total
surface coverage of about 9%

Example 9

[0316] In thisexample, thepluralityofmarksconsistsof
a first mark and a secondmark, according to the embodi-
ment illustrated in FIG. 9.
[0317] The first mark consists of three intersecting
stripes, including a first stripe, a second stripe, and a
third stripe. The first stripe and the second stripe of the
first mark have substantially the same length, each of the
first stripe and the second stripe having a length of about
2.60 inches. The third stripe of the first mark has a length
of about 0.25 inches. The first stripe, the second stripe,
and the third stripe of the first mark have substantially the
samewidth, each stripe of the first mark having awidth of
about 0.12 inches. The firstmark has an averagewidth of
about 0.12 inches. A plane bisecting the first stripe and a
plane bisecting the second stripe are separated by an
angle of about 90°, as illustrated in the front view and the
rear view of FIG. 9.
[0318] The second mark consists of a single stripe
having a length of about 0.40 inches and a width of about
0.12 inches.
[0319] The plurality of marks has a total surface cover-
age of about 8%.

Example 10

[0320] In thisexample, thepluralityofmarksconsistsof
a firstmark, a secondmark, anda thirdmark, according to
the embodiment illustrated in FIG. 10.
[0321] The first mark consists of five intersecting
stripes, including a first stripe, a second stripe, a third
stripe, a fourth stripe, and a fifth stripe. The first stripe and
the second stripe of the first mark have substantially the
same length, each of the first stripe and the second stripe

5

10

15

20

25

30

35

40

45

50

55



32

61 EP 4 501 418 A1 62

having a length of about 2.15 inches. The third stripe and
the fourth stripe of the first mark connect the ends of the
first and second stripes. The third stripe and the fourth
stripeof the firstmarkhave substantially the same length,
each of the third stripe and the fourth stripe having a
length of about 0.30 inches. The fifth stripe of the first
mark has a length of about 0.40 inches. The first stripe,
the second stripe, the third stripe, the fourth stripe, and
the fifth stripe of the first mark have substantially the
same width, each stripe of the first mark having a width
of about 0.12 inches. The firstmark has an averagewidth
of about 0.12 inches. A plane bisecting the first stripe and
a plane bisecting the second stripe are separated by an
angle of about 90°, as illustrated in the front view and the
rear view of FIG. 10.
[0322] The second mark consists of a single stripe
having a length of about 0.40 inches and a width of about
0.12 inches.
[0323] The thirdmark consists of a single stripe having
a length of about 0.40 inches and a width of about 0.12
inches.
[0324] The plurality of marks has a total surface cover-
age of about 9%

Example 11

[0325] In thisexample, thepluralityofmarksconsistsof
a firstmark, a secondmark, anda thirdmark, according to
the embodiment illustrated in FIG 11.
[0326] The first mark consists of four intersecting
stripes, including a first stripe, a second stripe, a third
stripe, and a fourth stripe. The first stripe, the second
stripe, and the third stripe of the first mark have substan-
tially the same length, each of the first stripe, the second
stripe, and the third stripe having a length of about 2.50
inches. The fourth stripe of the first mark has a length of
about 0.25 inches. The first stripe, the second stripe, the
third stripe, and the fourth stripe of the first mark have
substantially the samewidth, each stripe of the first mark
having awidth of about 0.12 inches. The firstmark has an
averagewidth of about 0.12 inches. A plane bisecting the
first stripe and a plane bisecting the second stripe are
separated by an angle of about 60°, as illustrated in the
front view and the rear view of FIG. 11. A plane bisecting
the secondstripeandaplanebisecting the third stripeare
separated by an angle of about 60°, as illustrated in the
front view and the rear view of FIG. 11.
[0327] The second mark consists of a single stripe
having a length of about 0.40 inches and a width of about
0.12 inches.
[0328] The thirdmark consists of a single stripe having
a length of about 0.40 inches and a width of about 0.12
inches.
[0329] The plurality of marks has a total surface cover-
age of about 12%.
[0330] In each of examples 1‑11 above, a finished golf
ball was formed by molding a cover layer about the
marked subassembly. The finished golf balls were re-

peatedly fired via air cannon to a mass plate, simulating
golf ball driver impact speed greater than 175 miles per
hour. Subsequent to repeated testing, the balls were
tested using a mechanical robot swinging a driver. The
average launch condition for the balls was 175 mph, 9.5
degrees, 2600 rpm, as measured using a photogram-
metric system. The radar tracking system was able to
accurately measure spin at a capture rate of greater than
96% utilizing 16 feet of ball flight. The radar tracking
system used for testing was a TrackMan golf radar,
commercially available from TrackMan Golf, with the
TrackMan set to indoor mode.

Example 12

[0331] In this example, a plurality of marks was pad
printed on the outer surface of a golf ball core having a
diameter of about 1.630 inches using electrically con-
ductive ink, according to the embodiment illustrated in
FIG. 13. The plurality of marks consists of 17 equally
spacedmarkings, including 8markings having the shape
of rectangular stripes and9markings having the shapeof
a chevron. Each of the 8 rectangular stripes has a length
of about 0.48 inches and a width of about 0.08 inches.
Eachof the9markingshaving the shapeof a chevronhas
awidth of about 0.08 inches and each stripe is about 0.38
inches long.
[0332] The plurality of marks has a total surface cover-
age of about 9.5%.
[0333] The centroid of each of the marks is positioned
at a vertex of one of 30 spherical triangles covering the
entire surface of the core layer.

Example 13

[0334] In this example, a plurality of marks was pad
printed on the outer surface of a golf ball core having a
diameter of about 1.630 inches using electrically con-
ductive ink. The plurality of marks consists of 13 equally
spaced markings, each marking having the shape of a
stripe. Each of the 13 stripes has a length of about 0.30
inches and a width of about 0.125 inches.
[0335] The plurality of marks has a total surface cover-
age of about 5.8%.
[0336] The centroid of each of the marks is positioned
at a vertex of one of 22 spherical triangles covering the
entire surface of the core layer.

Example 14

[0337] In this example, a plurality of marks was pad
printed on the outer surface of a golf ball core having a
diameter of about 1.630 inches using electrically con-
ductive ink. The plurality of marks consists of 19 equally
spaced markings, each marking having the shape of an
annulus. Each of the 19 annuli has an outer diameter of
about 0.30 inches and an inner diameter of about 0.15
inches. Each of the 19 annuli has a printed line thickness
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of about 0.075 inches.
[0338] The plurality of marks has a total surface cover-
age of about 12.0%.
[0339] The centroid of each of the marks is positioned
at a vertex of one of 34 spherical triangles covering the
entire surface of the core layer.

Example 15

[0340] In this example, a mark was pad printed on the
outer surface of a golf ball cased core having a diameter
of about 1.630 inches using electrically conductive ink.
Themark is a continuousmark consisting of a first stripe,
a second stripe, and a third stripe, according to the
embodiment illustrated in FIG 14.
[0341] The first stripe and the second stripe have sub-
stantially the same length, each of the first stripe and the
second stripe having a length of about 0.90 inches. The
third stripe has a length of about 0.38 inches. The first
stripe, the second stripe, and the third stripe have sub-
stantially the same width, each stripe having a width of
about 0.12 inches. A plane bisecting the first stripe and a
plane bisecting the second stripe are separated by an
angle of about 90°, as illustrated in the front view and the
rear view of FIG. 14. The mark has a total surface cover-
age of about 2.9%.

Example 16

[0342] In this example, a mark was pad printed on the
outer surface of a golf ball cased core having a diameter
of about 1.630 inches using electrically conductive ink.
The mark is a continuous mark consisting of a first stripe
and a second stripe, according to the embodiment illu-
strated in FIG 15.
[0343] The first stripe and the second stripe have sub-
stantially the same length, each of the first stripe and the
second stripe having a length of about 0.90 inches. The
first stripe and the second stripe have substantially the
same width, each stripe having a width of about 0.12
inches. A plane bisecting the first stripe and a plane
bisecting the second stripe are separated by an angle
of about 90°, as illustrated in the front view and the rear
view of FIG. 15. Themark has a total surface coverage of
about 2.4%.

Example 17

[0344] In this example, a plurality of marks was pad
printed on the outer surface of a golf ball cased core
havingadiameter of about 1.630 inchesusingelectrically
conductive ink.Theplurality ofmarks consists of twonon-
intersecting stripes, including a first stripe and a second
stripe, according to the embodiment illustrated in FIG 16.
[0345] The first stripe and the second stripe have sub-
stantially the same length, each of the first stripe and the
second stripe having a length of about 0.88 inches. The
first stripe and the second stripe have substantially the

same width, each stripe having a width of about 0.12
inches. A plane bisecting the first stripe and a plane
bisecting the second stripe are separated by an angle
of about 90°, as illustrated in the front view and the rear
view of FIG. 16. Themark has a total surface coverage of
about 2.5%.

Example 18

[0346] In this example, four radar detectable marks
were pad printed using electrically conductive ink on
the spherical outer surface of a golf ball cased core
having a circumference of about 130 mm. Each of the
four marks is a rectangular stripe having a length, calcu-
lated as the arc length of the longest edge, of about 7.0
mm and a width, calculated as the arc length of the
shortest edge, of about 1.5 mm. The geometric center
of each of the four marks is located on the same great
circleon theouter surfaceof thecasedcore, allowing fora
manufacturing tolerance of about 1.5 mm, and the great
circle bisects each of the four marks lengthwise. The arc
length on the outer surfaceof the cased core between the
geometric centers of each pair of adjacentmarks is about
16.6 mm. The smallest rectangular stripe encompassing
the boundary of each of the four marks has a length of
about 56.8 mm.

Example 19

[0347] In this example, eight radar detectable marks
were pad printed using electrically conductive ink on the
spherical outer surface of a golf ball cased core having a
circumference of about 130mm. Each of the eight marks
is a rectangular stripe having a length, calculated as the
arc length of the longest edge, of about 3.5 mm and a
width, calculated as the arc length of the shortest edge, of
about 1.5 mm. The geometric center of each of the eight
marks is located on the same great circle on the outer
surface of the cased core, allowing for a manufacturing
tolerance of about 1.5 mm, and the great circle bisects
each of the eightmarks lengthwise. The arc length on the
outer surface of the cased core between the geometric
centers of each pair of adjacent marks is about 8.3 mm.
The smallest rectangular stripe encompassing the
boundary of each of the eightmarks has a length of about
61.6 mm.

Example 20

[0348] In this example, ten radar detectable marks
were pad printed using electronically conductive ink on
the spherical outer surface 10 of a golf ball cased core
having a circumference of about 130 mm, according to
the embodiment illustrated in FIG 17. Each of the ten
marks 12, 13, 14, 15, 16, 22, 23, 24, 25 and 26 has the
shape of a rectangular stripe.
[0349] The geometric centers of marks 12, 13, 14, 15
and 16 are located on the same great circle on the outer
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surface of the cased core, allowing for a manufacturing
tolerance of about 1.5 mm. The geometric centers of
marks 22, 23, 24, 25 and 26 are located on the same
great circle on the outer surface of the cased core,
allowing for a manufacturing tolerance of about 1.5
mm. Thus, marks 12, 13, 14, 15, and 16 are part of a
first great circle series ofmarks, andmarks 22, 23, 24, 25
and 26 are part of a second great circle series of marks.
[0350] Regarding the first great circle series, each of
marks 12, 13, 14 and 15 has a length of about 6.6 mm,
and mark 16 has a length of about 8.1 mm, length being
calculated as the arc length of the longest edge of the
mark. Each of marks 12, 13, 14, 15 and 16 has a width of
about 1.0mm, width being calculated as the arc length of
the shortest edge of the mark. The separation distance
between each pair of adjacent marks in the first great
circle series is about 6.6 mm, separation distance being
calculated as the spherical length of the shortest great
circle arc that can be drawn on the surface of the cased
core that connects any point on one mark in the pair of
adjacent marks to any point on the other mark in the pair
of adjacent marks. The smallest rectangular stripe en-
compassing the boundary of each of themarks in the first
great circle series has a length of about 60.9 mm. Thus,
the portion of the great circle on which the marks of the
first great circle series are located has a length of about
47% of the circumference of the cased core. The angular
length of the first great circle series is about 166°.
[0351] Regarding the second great circle series, each
of marks 22, 23, 24 and 25 has a length of about 6.6 mm,
and mark 26 has a length of about 8.1 mm, length being
calculated as the arc length of the longest edge of the
mark. Each of marks 22, 23, 24, 25 and 26 has a width of
about 1.0mm, width being calculated as the arc length of
the shortest edge of the mark. The separation distance
between each pair of adjacent marks in the second great
circle series is about 6.6 mm, separation distance being
calculated as the spherical length of the shortest great
circle arc that can be drawn on the surface of the cased
core that connects any point on one mark in the pair of
adjacent marks to any point on the other mark in the pair
of adjacent marks. The smallest rectangular stripe en-
compassing the boundary of each of the marks in the
second great circle series has a length of about 60.9mm.
Thus, the portion of the great circle onwhich themarks of
the second great circle series are located has a length of
about 47% of the circumference of the cased core. The
angular length of the second great circle series is about
166°.
[0352] Bisecting plane 11 is the plane that bisects the
first great circle series. Bisecting plane 21 is the plane
that bisects the second great circle series. Bisecting
plane 11 and bisecting plane 21 are separated by an
angle of about 90°, as illustrated in the front view and the
rear viewof FIG. 17. The total surface coverage of the ten
radar detectable marks is about 1.3%.

Example 21

[0353] In this example, eleven radar detectable marks
were pad printed using electronically conductive ink on
the spherical outer surface 10 of a golf ball cased core
having a circumference of about 130 mm, according to
the embodiment illustrated in FIG 18. Each of the eleven
marks 12, 13, 14, 15, 16, 22, 23, 24, 25, 26and32 has the
shape of a rectangular stripe.
[0354] The geometric centers of marks 12, 13, 14, 15
and 16 are located on the same great circle on the outer
surface of the cased core, allowing for a manufacturing
tolerance of about 1.5 mm. The geometric centers of
marks 22, 23, 24, 25 and 26 are located on the same
great circle on the outer surface of the cased core,
allowing for a manufacturing tolerance of about 1.5
mm. Thus, marks 12, 13, 14, 15, and 16 are part of a
first great circle series ofmarks, andmarks 22, 23, 24, 25
and 26 are part of a second great circle series of marks.
The geometric center ofmark 32 does not lie on the same
great circle as the first great circle series or the second
great circle series, and, thus, is not part of a great circle
series.
[0355] Regarding the first great circle series, each of
marks 12, 13, 14 and 15 has a length of about 6.6 mm,
and mark 16 has a length of about 8.1 mm, length being
calculated as the arc length of the longest edge of the
mark. Each of marks 12, 13, 14, 15 and 16 has a width of
about 1.0mm, width being calculated as the arc length of
the shortest edge of the mark. The separation distance
between each pair of adjacent marks in the first great
circle series is about 6.6 mm, separation distance being
calculated as the spherical length of the shortest great
circle arc that can be drawn on the surface of the cased
core that connects any point on one mark in the pair of
adjacent marks to any point on the other mark in the pair
of adjacent marks. The smallest rectangular stripe en-
compassing the boundary of each of themarks in the first
great circle series has a length of about 60.9 mm. Thus,
the portion of the great circle on which the marks of the
first great circle series are located has a length of about
47% of the circumference of the cased core. The angular
length of the first great circle series is about 166°.
[0356] Regarding the second great circle series, each
of marks 22, 23, 24 and 25 has a length of about 6.6 mm,
and mark 26 has a length of about 8.1 mm, length being
calculated as the arc length of the longest edge of the
mark. Each of marks 22, 23, 24, 25 and 26 has a width of
about 1.0mm, width being calculated as the arc length of
the shortest edge of the mark. The separation distance
between each pair of adjacent marks in the second great
circle series is about 6.6 mm, separation distance being
calculated as the spherical length of the shortest great
circle arc that can be drawn on the surface of the cased
core that connects any point on one mark in the pair of
adjacent marks to any point on the other mark in the pair
of adjacent marks. The smallest rectangular stripe en-
compassing the boundary of each of the marks in the
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second great circle series has a length of about 60.9mm.
Thus, the portion of the great circle onwhich themarks of
the second great circle series are located has a length of
about 47% of the circumference of the cased core. The
angular length of the second great circle series is about
166°, according to the calculation method disclosed be-
low.
[0357] Mark 32 has a length of about 6.6 mm and a
width of about 1.0mm, length and width being calculated
as the arc length of the longest edge and shortest edge of
the mark, respectively.
[0358] Bisecting plane 11 is the plane that bisects the
first great circle series. Bisecting plane 21 is the plane
that bisects the second great circle series. Bisecting
plane 11 and bisecting plane 21 are separated by an
angle of about 90°, as illustrated in the front view and the
rear viewof FIG. 18. The total surface coverage of the ten
radar detectable marks is about 1.4%.

Example 22

[0359] FIGS. 19A‑19E illustrate one example of a pat-
tern that can be disposed or printed onto an outer surface
110of agolf ball casedcore.At least one radar detectable
mark 115 is provided such that a projected pattern is
formed when the at least one radar detectable mark is
radially projected onto the outer surface 110 of the golf
ball cased core. The projected pattern can comprise a
first wave profile mapped along a path (P1) defined by a
first spherical arc on the outer surface 110 of the golf ball
cased core. The projected pattern of FIGS. 19A‑19E
illustrates a sinusoidal profile or wave.
[0360] Theprojected pattern can comprise at least one
first crest 115a1, 115a2, and at least one first trough
115b1, 115b2. In one example, there can be two crests
and two troughs. In another example, there can more
crests than troughs. In another example, there can be
more troughs than crests. In another example, there can
be more than two crests and two troughs. Terminal ends
115c, 115d of the projected pattern can be spaced apart
from each other. A wave angular extent (i.e., an angular
distance between the terminal ends) can be at least 45
degrees. Preferably, the wave angular extent can be 90
degrees - 270 degrees. In another example, the wave
angular extent can be 180 degrees - 330 degrees. In one
example, the wave angular extent can be 270 degrees.
The wave angular extent can be defined as an angular
extentmeasured between planesR1andR2 as shown in
FIG. 27, which is a reproduction of the rear, first side,
front, and second side views of the projected pattern
disclosed in FIGS. 19A‑19E. Plane R1 is defined per-
pendicular to terminal end 115c and plane R2 is defined
perpendicular to terminal end 115d.
[0361] An amplitude (A1) of the projected pattern is
shown in FIG. 19C. The amplitude (A1) is illustrated as a
peak amplitude and shows a height or peak of the pro-
jectedpattern relative to thepath (P1). Theamplitude (A1)
can be 5.0 mm - 20.0 mm, in one example. In one

example, the amplitude (A1) is at least 7.0mm. In another
example, the amplitude (A1) is no greater than 15.0 mm.
The diameter (D) of the golf ball cased core can have a
relationship with the amplitude (A1). For example, the
amplitude (A1) can be no greater than 40% of the dia-
meter (D) of the golf ball cased core. In another example,
the amplitude (A1) can be no greater than 40% of the
diameter (D) of the golf ball cased core.
[0362] Awidth orweight of themark 115 can be 1.0mm
- 5.0mm, in one example. Thewidth orweight of themark
115 can be 2.0 mm, in one example.
[0363] As shown in FIGS. 19A‑19E, the mark 115 can
preferably have a total length of 4.0 inches - 6.0 inches,
and more preferably can have a total length of 4.77
inches. A total surface coverage of themark 115 of FIGS.
19A‑19E can preferably be 4.0% - 6.0%, and more pre-
ferably can be 4.5%.
[0364] One of ordinary skill in the art would understand
that the various parameters of the pattern shown inFIGS.
19A‑19E can vary.

Example 23

[0365] FIGS. 20A‑20E illustrate another example of a
pattern that can be disposed or printed onto an outer
surface 210 of a golf ball cased core. At least one first
radar detectable mark 215 is provided such that a first
projected pattern is formed when the at least one first
radar detectable mark 215 is radially projected onto the
outer surface 210 of the golf ball cased core.
[0366] At least one second radar detectable mark 315
is provided such that a second projected pattern is
formed when the at least one second radar detectable
mark 315 is radially projected onto the outer surface 210
of the golf ball cased core. The projected patterns can
comprise a first wave profile defined by the first radar
detectablemark 215 that ismappedalongafirst path (P2)
defined by a first spherical arc on the outer surface 210 of
the golf ball cased core, and a second wave profile
defined by the second radar detectable mark 315 that
is mapped along a second path (P3) defined by a second
spherical arc on the outer surface 210 of the golf ball
cased core. The projected patterns of FIGS. 20A‑20E
illustrate sinusoidal profiles or waves.
[0367] The first wave profile can be comprised of a
plurality of first points and the secondwave profile can be
comprised of a plurality of second points. Each first point
along the first wave profile and each closest adjacent
second point along the second wave profile can be
equidistant from each other such that a uniform normal
distance (dN) is defined along an entirety of the first wave
profile and the second wave profile. The uniform normal
distance (dN) can be preselected or predefined. The
value of the uniformnormal distance (dN) canbe selected
based on the specific design, size, profile, etc., of the
wavelets (i.e., portions of the wave profiles), as well as a
diameter of the golf ball, golf ball cased core, or golf ball
sub-assembly.Otherparameters canbeused tooptimize
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the uniform normal distance (dN). In one aspect, the
uniform normal distance (dN) is 4.0 mm - 6.0 mm. In
another aspect, the uniform normal distance (dN) is 5.0
mm. In oneaspect, the first path (P2) is spacedapart from
the secondpath (P3) by theuniformnormal distance (dN).
The uniform normal distance (dN) can be defined from a
middle portion or center of each of the first and second
markings or projected patterns.
[0368] The first wave profile and the second wave
profile can each have a predetermined amplitude (A2,
A3) that is identical to each other, such that the uniform
normal distance (dN) is at least half of the predetermined
amplitude (A2, A3), and the uniform normal distance (dN)
is nogreater than twice thepredeterminedamplitude (A2,
A3).
[0369] As shown in FIGS. 20A‑20E, the marks 215,
315 can preferably have a total cumulative length of 8.0
inches -12.0 inches, andmorepreferably canhavea total
cumulative length of 9.47 inches. A total surface cover-
age of the marks 215, 315 of FIGS. 20A‑20E can pre-
ferably be 7.0% - 11.0%, and more preferably can be
9.0%.

Example 24

[0370] FIGS. 21A‑21E illustrate one example of a pat-
tern that can be disposed or printed onto an outer surface
410of agolf ball casedcore.At least one radardetectable
mark 415 is provided such that a projected pattern is
formed when the at least one radar detectable mark is
radially projected onto the outer surface 410 of the golf
ball cased core. The projected pattern can comprise a
first wave profile mapped along a path (P4) defined by a
first spherical arc on the outer surface 410 of the golf ball
cased core. The projected pattern of FIGS. 21A‑21E
illustrates a sinusoidal profile or wave.
[0371] Similar to the configuration shown in FIGS.
19A‑19E, the projected pattern can comprise at least
one first crest, and at least one first trough. In one
example, there can be two crests and two troughs. In
another example, there can more crests than troughs. In
another example, there can bemore troughs than crests.
In another example, there can be more than two crests
and troughs.
[0372] A wave angular extent of the projected pattern
of FIGS. 21A‑21E can be at least 45 degrees. Preferably,
the wave angular extent can be 90 degrees - 270 de-
grees. In another example, the wave angular extent can
be 180 degrees - 330 degrees. In another example, the
wave angular extent can be 270 degrees.
[0373] An amplitude (A4) of the projected pattern is
shown in FIG. 21B. The amplitude (A4) is illustrated as a
peak amplitude and shows a height or peak of the pro-
jectedpattern relative to thepath (P4). Theamplitude (A4)
canbe5.0mm, inoneexample. Thewidthorweight of the
mark 415 can be 2.0 mm, in one example.
[0374] As shown in FIGS. 21A‑21E, the mark 415 can
preferably have a total length of 3.5 inches - 5.5 inches,

and more preferably can have a total length of 4.51
inches. A total surface coverage of themark 415 of FIGS.
21A‑21E can preferably be 3.8% - 5.5%, and more pre-
ferably can be 4.3%.

Example 25

[0375] FIGS. 22A‑22E illustrate another example of a
pattern that can be disposed or printed onto an outer
surface 510 of a golf ball cased core. The configuration
illustrated inFIGS. 22A‑22E is similar to the configuration
illustrated in FIGS. 20A‑20E.
[0376] At least one first radar detectable mark 515 is
provided such that a first projected pattern is formed
when the at least one first radar detectable mark 515 is
radially projected onto the outer surface 510 of the golf
ball cased core. At least one second radar detectable
mark 615 is provided such that a second projected pat-
tern is formed when the at least one second radar de-
tectable mark 615 is radially projected onto the outer
surface 510 of the golf ball cased core. The projected
patternscancompriseafirstwaveprofilemappedalonga
first path (P5) defined by a first spherical arc on the outer
surface 510 of the golf ball cased core, and a second
waveprofilemappedalonga secondpath (P6) definedby
asecondspherical arc on theouter surface510of thegolf
ball casedcore. TheprojectedpatternsofFIGS.22A‑22E
illustrate sinusoidal profiles or waves.
[0377] The first wave profile can be comprised of a
plurality of first points and the secondwave profile can be
comprised of a plurality of second points. Each first point
along the first wave profile and each closest adjacent
second point along the second wave profile can be
equidistant from each other such that a uniform normal
distance (dN) is defined along an entirety of the first wave
profile and the second wave profile. The uniform normal
distance (dN) can be preselected or predefined. The
value of the uniformnormal distance (dN) canbe selected
based on the specific design, size, profile, etc., of the
wavelets (i.e., portions of the wave profiles), as well as a
diameter of the golf ball, diameter of a golf ball cased
core, or diameter of a golf ball sub-assembly. Other
parameters can be used to optimize the uniform normal
distance (dN). In one aspect, the uniformnormal distance
(dN) is 4.0 mm - 6.0 mm. In another aspect, the uniform
normal distance (dN) is 5.0 mm. In one aspect, the first
path (P5) is spacedapart from thesecondpath (Pe)by the
uniform normal distance (dN).
[0378] The first wave profile and the second wave
profile can each have a predetermined amplitude that
is identical to each other, such that the uniform normal
distance (dN) is at least half of the predetermined ampli-
tude, and the uniform normal distance (dN) is no greater
than twice the predetermined amplitude.
[0379] As shown in FIGS. 22A‑22E, the marks 515,
615 can preferably have a total cumulative length of 7.5
inches - 11.5 inches, andmorepreferably canhavea total
cumulative length of 8.94 inches. A total surface cover-
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age of the marks 515, 615 of FIGS. 22A‑22E can pre-
ferably be 7.5% - 10.5%, and more preferably can be
8.5%.

Example 26

[0380] FIGS. 23A‑23D illustrate another exemplary
pattern that can be disposed or printed onto an outer
surface of a golf ball cased core. At least one radar
detectable mark 715 is provided such that a projected
pattern is formed when the at least one radar detectable
mark is radiallyprojectedonto theouter surfaceof thegolf
ball cased core. The projected pattern can comprise a
first wave profile mapped along a path defined by a
spherical arc on the outer surface of the golf ball cased
core. The projected pattern of FIGS. 23A‑23D illustrates
a triangular wave profile or pattern.
[0381] The amplitude, mark width or weight, wave
angular extent, circumferential extent, and other proper-
ties of the mark 715 can be similar to the parameters
described herein for other wave profiles or patterns.
[0382] As shown in FIGS. 23A‑23D, the mark 715 can
preferably havea total lengthof 4.25 inches - 6.25 inches,
andmore preferably can havea total length of 5.1 inches.
A total surface coverage of the mark 715 of FIGS.
23A‑23D can preferably be 6.0% - 8.5%, and more pre-
ferably can be 7.3%.

Example 27

[0383] FIGS. 24A‑24D illustrate another exemplary
pattern that can be disposed or printed onto an outer
surface of a golf ball cased core. At least one radar
detectable mark 815 is provided such that a projected
pattern is formed when the at least one radar detectable
mark is radiallyprojectedonto theouter surfaceof thegolf
ball cased core. The projected pattern can comprise a
first wave profile mapped along a path defined by a
spherical arc on the outer surface of the golf ball cased
core. The projected pattern of FIGS. 24A‑24D illustrates
a sawtooth wave profile or pattern.
[0384] The amplitude, mark width or weight, wave
angular extent, circumferential extent, and other proper-
ties of the mark 815 can be similar to the parameters
described herein for other wave profiles or patterns.
[0385] As shown in FIGS. 24A‑24D, the mark 815 can
preferably have a total length of 5.5 inches ‑7.5 inches,
and more preferably can have a total length of 6.57
inches. A total surface coverage of themark 815 of FIGS.
24A‑24D can preferably be 8.0% - 10.5%, and more
preferably can be 9.3%.

Example 28

[0386] FIGS. 25A‑25D illustrate another exemplary
pattern that can be disposed or printed onto an outer
surface of a golf ball cased core. At least one radar
detectable mark 915 is provided such that a projected

pattern is formed when the at least one radar detectable
mark is radiallyprojectedonto theouter surfaceof thegolf
ball cased core. The projected pattern can comprise a
first wave profile mapped along a path defined by a
spherical arc on the outer surface of the golf ball cased
core. The projected pattern of FIGS. 25A‑25D illustrates
a square wave profile or pattern.
[0387] The amplitude, mark width or weight, wave
angular extent, circumferential extent, and other proper-
ties of the mark 915 can be similar to the parameters
described herein for other wave profiles or patterns.
[0388] As shown in FIGS. 25A‑25D, the mark 915 can
preferably have a total length of 8.0 inches - 9.5 inches,
andmore preferably can havea total length of 8.6 inches.
A total surface coverage of the mark 915 of FIGS.
25A‑25D can preferably be 10.5% - 14.5%, and more
preferably can be 12.2%.

Example 29

[0389] FIGS. 26A‑26E illustrate one example of a pat-
tern that can be disposed or printed onto an outer surface
of a golf ball cased core. At least one radar detectable
mark 1015 is provided such that a projected pattern is
formed when the at least one radar detectable mark is
radially projected onto the outer surface of the golf ball
cased core. The projected pattern can comprise a first
wave profile mapped along a path defined by a first
spherical arc on the outer surface of the golf ball cased
core. The projected pattern of FIGS. 26A‑26E illustrates
a sinusoidal profile or wave.
[0390] Similar to the configuration shown in FIGS.
21A‑21E, the projected pattern of FIGS. 26A‑26E can
comprise at least one first crest, and at least one first
trough. Other aspects of the projected pattern in FIGS.
26A‑26E, such as amplitude, mark width or weight, wave
angular extent, circumferential extent, sinusoidal profile,
etc., can be the same as the projected pattern of FIGS.
21A‑21E.
[0391] The projected pattern of FIGS. 26A‑26E can be
formed as a plurality of discrete strips that are spaced
apart from each other and aligned with each other such
that thediscrete strips collectively or aggregately definea
wave profile. Spacing between the strips can be prede-
termined and can be less than a width or thickness of the
marking, in one aspect. The spacing can vary depending
on the desired signal detection characteristics.
[0392] As shown in FIGS. 26A‑26E, the discrete strips
forming the mark 1015 can preferably have a total length
of 3.5 inches - 5.5 inches, andmorepreferably canhavea
total length of 4.17 inches. A total surface coverageof the
discrete strips forming the mark 1015 of FIGS. 26A‑26E
can preferably be 3.0% - 5.5%, and more preferably can
be 3.9%.

Example 30

[0393] In this example, themark 1115 consists of three
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intersecting stripes according to the embodiment illu-
strated in FIG. 28. The first stripe and the second stripe
can have substantially the same length. In one example,
eachof the first stripe and the second stripehavea length
of about 2.60 inches or about 2.50 inches or about 2.40
inches. In another aspect, each of the first stripe and the
second stripe have a length of about 1.0 inch, or 1.5
inches, or 2.0 inches, or 2.5 inches.
[0394] The third stripe can have a length of about 0.25
inches or 0.35 inches. In another aspect, the third stripe
can have a length of about 0.10 inches, or 0.20 inches, or
0.30 inches, or 0.40 inches, or 0.50 inches or greater.
[0395] A first plane bisecting the first stripe and a
second plane bisecting the second stripe are separated
by an angle of about 90°, as illustrated in the front view
and the rear view of FIG. 28. In one aspect, a third plane
bisects the third stripe and is non-parallel relative to the
first plane and the second plane. The mark can have a
total surface coverage of about 1.5% - 2.0%. In one
aspect of FIG. 28, an average width of the stripes of
FIG. 28 can be no greater than 1.50 mm. In another
aspect, an average width of the stripes of FIG. 28 can
be no greater than 1.00 mm. An average width of the
stripes of FIG. 28 can be 0.75 mm - 1.00 mm, in another
aspect. In one aspect, an average width of the stripes of
FIG. 28 can be no greater than 0.75 mm. In one aspect,
an averagewidth of the stripes of FIG. 28 canbe 0.50mm
- 0.75 mm.
[0396] In one aspect, the first stripe (S1) and the sec-
ond stripe (S2) each have terminal ends that touch or
contact each other at a first common intersection point
(C1) and a second common intersection point (C2). The
third stripe (S3) intersectswith the first stripe (S1) and the
second stripe (S2) at the first common intersection point
(C1), and the third stripe (S3) includes a free end that
extends away from the first common intersection point
(C1).
[0397] In one aspect, the primarymark 1115 candefine
an enclosed perimeter (EP), as shown by annotations in
FIG. 28. As shown in FIG. 28, the enclosed perimeter
(EP) is bordered or bounded by the first stripe (S1) and
the second stripe (S2).
[0398] When numerical lower limits and numerical
upper limits are set forth herein, it is contemplated that
any combination of these values may be used.
[0399] All patents, publications, test procedures, and
other references cited herein, including priority docu-
ments, are fully incorporated by reference to the extent
such disclosure is not inconsistent with this invention and
for all jurisdictions in which such incorporation is per-
mitted.
[0400] While the illustrative embodiments of the inven-
tion have been described with particularity, it will be
understood that various other modifications will be ap-
parent to and can be readily made by those of ordinary
skill in the art without departing from the spirit and scope
of the invention. Accordingly, it is not intended that the
scope of the claims appended hereto be limited to the

examples and descriptions set forth herein, but rather
that the claims be construed as encompassing all of the
features of patentable novelty which reside in the present
invention, including all features which would be treated
as equivalents thereof by those of ordinary skill in the art
to which the invention pertains.

Claims

1. A golf ball having at least one radar detectable mark
disposed on any single layer or among two or more
layers thereof, such that the at least one radar de-
tectable mark present on any layer of the golf ball is
radially projected onto an outer surface of the golf
ball to form an overall pattern, wherein the at least
one radar detectable mark is radar reflective and is
configured to enable detection of launch condition
data via a radar tracking system,

wherein the golf ball comprises at least an inner
core layer and an outer cover layer, and the at
least one radar detectable mark is disposed on
anouter surfaceof a layer positionedadjacent to
the outer cover layer;
wherein theat least one radar detectablemark is
a continuous shape comprising a first stripe, a
second stripe, and a third stripe,
wherein the first stripe has a first length, the
second stripe has a second length, and the third
stripe has a third length, and the third length is
less than the first length and the third length is
less than the second length,
wherein a first plane bisecting the first stripe and
a second plane bisecting the second stripe are
separatedbyanangle of 60° - 120°, a third plane
bisecting the third stripe is non-parallel relative
to the first plane and the second plane;
wherein theat least one radar detectablemark is
formed from a radar detectable material com-
prising:

a resin; and
a first plurality of conductive metal pig-
ments, wherein the first plurality of conduc-
tive metal pigments have an average parti-
cle size that is no greater than 10.0microns,
and the first plurality of conductive metal
pigments have an average aspect ratio that
is no greater than 10.0.

2. A golf ball according to claim 1, wherein the first
plurality of conductive metal pigments comprises
at least one of: silver, nickel, aluminum, titanium,
gold, tin, tin oxide, antimony, antimony oxide, copper
oxide, platinum, palladium, iridium coated platinum,
silver coated copper, silver coated iron, silver coated
nickel, or coated core shell pigments.
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3. Agolf ball according to claim1or2,wherein the radar
detectablematerial further comprises a second plur-
ality of conductive metal pigments that are formed
from a different material than the first plurality of
conductive metal pigments.

4. A golf ball according to claim 3, wherein the second
plurality of conductive metal pigments are coated by
at least one conductive polymer.

5. A golf ball according to claim 4, wherein the con-
ductive polymer is comprised of at least one of: poly
(3‑4-ethylenedioxythiophene) (PEDOT), PEDOT
composites, or polyaniline (PANI).

6. Agolf ball according to claim1or2,wherein the radar
detectablematerial further comprises a second plur-
ality of conductive pigments that are different from
the first plurality of conductive metal pigments.

7. A golf ball according to claim 6, wherein the second
plurality of conductive pigments are comprised of
pigments coated by at least one conductive polymer.

8. A golf ball according to claim 6 or 7, wherein the
second plurality of conductive pigments are com-
prised of conductive carbon pigments.

9. A golf ball according to claim 3, wherein the second
plurality of conductive metal pigments are magnetic
pigments.

10. A golf ball according to claim 3, wherein the second
plurality of conductive metal pigments are radiopa-
que pigments.

11. A golf ball according to any of the preceding claims,
wherein the average particle size of the first plurality
of conductive metal pigments is no greater than 2.0
microns.

12. A golf ball according to any of the preceding claims,
wherein the average aspect ratio of the first plurality
of conductive metal pigments is no greater than 5.0.

13. A golf ball according to any of the preceding claims,
wherein a relationship between the values for the
average aspect ratio (AR) and the average particle
size (PS) (in microns) is defined by: 0.5 ≤ (AR/PS) ≤
5.0.

14. A golf ball according to any of the preceding claims,
wherein a difference between the values for the
average aspect ratio and the average particle size
(in microns) is no greater than 1.0.

15. A golf ball according to any of the preceding claims,
wherein a width of the at least one radar detectable

mark is 0.75 mm - 1.00 mm.
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