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Description

FIELD

[0001] The present disclosure relates generally to golf equipment, and more particularly, to grooves of golf club heads
and methods to manufacture grooves of golf club heads.

BACKGROUND

[0002] Typically, a golf club head may include a club face with a plurality of parallel grooves extending between the toe
end and the heel end. In particular, the plurality of grooves in an iron-type club head may clear out water, sand, grass,
and/or other debris between a golf ball and the club face. Golf club faces may have grooves with various shapes such as
squared or box-shaped grooves, V-shaped grooves, or U-shaped grooves.
WO2017/030991 discloses a golf club head comprising: a toe end; a heel end opposite the toe end; a top rail; a sole
opposite the top rail; a recess positioned on a front surface of the golf club head; and a face insert positioned within the
recess.. The face insert includesaball striking faceplate havinga front striking surfaceanda rear surface,wherein the rear
surface is positioned adjacent to a front surface of the face insert base. A plurality of grooves are disposed on the ball
striking face plate between the top rail and the sole, each groove extending between the toe end and the heel end. The
depths of the grooves vary in a direction extending between the top rail and the sole and in a direction extending between
theheel endand the toeend; and thedeepest portionof at least onegroove is definedbyagenerally planar bottomsurface
portion of the groove.
US 2017/197121A1 discloses golf club heads having an exposed ball striking surface at a top-to-bottom centre line of the
ball striking surface having a first material and a second material of different hardnesses.
US6200229B1 discloses a golf club head having two layers of differently coloured material. One layer is moulded with
projections and the other has corresponding recesses into which the projections fit so as to be visible from the strike face.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003]

FIG. 1 shows a putter according to one example.

FIG. 2 shows a schematic diagram of a ball striking face of a putter according to one example.

FIG. 3 shows a schematic diagram of a ball striking face of a putter according to one example.

FIG. 4 shows a schematic top view of a groove of the ball striking face of FIG. 3.

FIG. 5 shows a horizontal cross-sectional diagram of the groove of FIG. 4 taken at section 5‑5 of FIG. 3.

FIG. 6 shows a horizontal cross-sectional diagram of another groove of the ball striking face FIG. 3.

FIG. 7 shows a horizontal cross-sectional diagram of another groove of the ball striking face FIG. 3.

FIG. 8 shows a schematic diagram of a ball striking face of a putter according to one example.

FIG. 9 shows a schematic top view of a groove of the ball striking face of FIG. 8.

FIG. 10 shows a horizontal cross-sectional diagram of the groove of FIG. 9 taken at section 10‑10 of FIG. 8.

FIG. 11 shows a horizontal cross-sectional diagram of another groove of the ball striking face FIG. 8.

FIG. 12 shows a horizontal cross-sectional diagram of another groove of the ball striking face FIG. 8.

FIG. 13 shows a schematic diagram of a ball striking face of a putter according to one example.

FIG. 14 shows a schematic top view of a groove of the ball striking face of FIG. 13.
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FIG. 15 shows a horizontal cross-sectional diagram of the groove of FIG. 14 taken at section 15‑15 of FIG. 13.

FIG. 16 shows a horizontal cross-sectional diagram of another groove of the ball striking face FIG. 13.

FIG. 17 shows a horizontal cross-sectional diagram of another groove of the ball striking face FIG. 13.

FIG. 18 shows a schematic diagram of a ball striking face of a putter according to one example.

FIG. 19 shows a schematic top view of a groove of the ball striking face of FIG. 18.

FIG. 20 shows a horizontal cross-sectional diagram of the groove of FIG. 19 taken at section 20‑20 of FIG. 18.

FIG. 21 shows a horizontal cross-sectional diagram of another groove of the ball striking face FIG. 18.

FIG. 22 shows a horizontal cross-sectional diagram of another groove of the ball striking face FIG. 18.

FIG. 23 shows a schematic diagram of a ball striking face of a putter according to one example.

FIGS. 24‑26 show different examples of vertical cross sections of grooves of the ball striking face of FIG. 23 taken at
section 24‑24 of FIG. 23.

FIG. 27 shows a schematic diagram of a ball striking face of a putter according to one example.

FIG. 28 shows a schematic diagram of a ball striking face of a putter according to one example.

FIGS. 29‑37 show schematic diagrams of exemplary horizontal cross sections of a groove of a ball striking face of a
putter.

FIGS. 38‑45 show schematic top views of exemplary grooves of a ball striking face of a putter.

FIG. 46 shows a schematic diagram of a ball striking face of a putter according to one example.

FIG. 47 shows a schematic diagram of a ball striking face of a putter according to one example.

FIG. 48 is a horizontal cross-sectional view of a groove of a putter according to one example.

FIG. 49 shows a vertical schematic cross-sectional diagram of a putter according to one example.

FIG. 50 shows a vertical schematic cross-sectional diagram of a putter according to one example.

FIG. 51 shows a putter face according to another example.

FIG. 52 shows a putter face according to another example.

FIG. 53 shows a method of manufacturing a golf club according to one example.

FIG. 54 shows a schematic diagram of a ball striking face of a putter according to one example.

FIG. 55 shows a cross section of a groove of the ball striking face of FIG. 54.

FIG. 56 shows a schematic diagram of a ball striking face of a putter according to one example.

FIG. 57 shows a cross section of a groove of the ball striking face of FIG. 56.

FIG. 58 shows a schematic diagram of a ball striking face of a putter according to one example.

FIG. 59 shows a cross section of a groove of the ball striking face of FIG. 58.
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FIG. 60 shows a schematic diagram of a ball striking face of a putter according to one embodiment.

FIG. 61 shows a schematic top view of a groove of the ball striking face of FIG. 60.

FIG. 62 shows a horizontal cross-sectional diagram of the groove of FIG. 61 taken at section 62‑62 of FIG. 60.

FIG. 63 shows a tool for cutting a groove.

FIG. 64 shows a V-shaped groove according to one example.

FIG. 65 shows a V-shaped groove according to one example.

FIG. 66 shows a schematic top view of a groove according to one example.

FIG. 67 shows a horizontal cross-sectional diagram of the groove of FIG. 66.

FIG. 68 shows a schematic diagram of a ball striking face of a putter according to one example.

FIG. 69 shows a schematic diagram of a ball striking face of a putter according to one example.

FIG. 70 shows a schematic diagram of a ball striking face of a putter according to one example.

FIG. 71 shows a schematic diagram of a ball striking face of a putter according to one example.

FIG. 72 shows a putter according to one example and a close-up of the elliptical pattern.

FIG. 73 shows a cross-sectional diagram of FIG. 72 from a bottom view.

FIG. 74 shows a close-up of the two innermost elliptical grooves of FIG. 73.

FIG. 75 shows a close-up of the two outermost elliptical grooves of FIG. 73.

FIG. 76 shows a putter according to one example.

FIG. 77 shows a middle area of FIG. 76.

FIG. 78 shows a cross-sectional diagram of FIG. 76 from a bottom view.

FIG. 79 shows a close-up of the protrusions near the geometrical center of FIG. 78.

FIG. 80 shows a close-up of the protrusions near the toe end of FIG. 78.

FIG. 81 shows a face insert of a golf club head according to one example.

FIG. 82 shows another face insert of the golf club head of FIG. 81.

FIG. 83 shows an exploded view of the face insert of FIG. 82.

FIG. 84 shows a schematic diagram of a ball striking face of FIG. 82.

FIG. 85 shows a front view of a putter according to another example.

FIG. 86 shows an alternative view of the putter of FIG.84.

FIG. 87A shows a front view of a face insert of the putter of FIG. 84.

FIG. 87B shows a rear view of the face insert of Fig. 86A.
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FIG. 88 shows a perspective view of the putter of FIG. 84.

FIG. 89 shows a perspective view of a putter according to one example.

FIG. 90 shows an exploded view of the putter of FIG. 89.

FIG. 91 shows a perspective view of a putter according to another example.

FIG. 92 shows an exploded view of the putter of FIG. 91.

FIG. 93 shows a perspective view of a putter according to another example.

FIG. 94 shows an exploded view of the putter of FIG. 93.

FIG. 95 shows a face insert of a putter according to another example.

FIG. 96 shows a cross-sectional diagram of the face insert of FIG. 95.

FIG. 97 shows a ball striking face plate of the face insert of FIG. 95.

FIG. 98 shows a perspective view of a putter according to an embodiment.

FIG. 99 shows a perspective view of a putter according to another embodiment.

FIG. 100 shows a perspective view of a putter according to another embodiment.

FIG. 101 shows a perspective view of a putter according to another embodiment.

FIG. 102 shows a perspective view of a putter according to another embodiment.

FIG. 103 shows a perspective view of a putter according to another embodiment.

FIG. 104 shows a perspective view of a putter according to another example.

FIG. 105 shows a perspective view of a putter according to another example.

FIG. 106 shows a perspective view of a putter according to another example.

FIG. 107 shows a perspective view of a putter according to another example.

DESCRIPTION

[0004] Describedherein is aputter golf clubheadhaving various face inserts to provideasofter feel upon impact of a golf
ball during a putting stroke. The face insert can be configured to be receivedwithin a recess of the putter golf club head. In
many examples, the face insert forms a portion of a front striking surface and a sole of the putter golf club head. In other
examples, the face insert can forma portion of a heel end, a toe end, a top rail, or any combination thereof of the putter golf
club head. In some examples, the putter golf club head comprises a single component such as ball striking face plate. In
someexamples, theputtergolf clubheadcomprisesmultiplecomponents suchasaball striking faceplateanda face insert
base, a polymeric material and a frame, and a plurality of openings. In examples where the face insert comprises the ball
striking face plate and the face insert base, the ball striking face plate can comprise a coupling structure to mechanically
couple the ball striking face plate and the face insert base together. In many exampless, the face insert can be coupled to
the recess by an adhesive such as tape, very high bond tape, glue, epoxy, or any type of adhesive compound. In many
embodiments, the face insert can comprise a polymer typematerial. In these embodiments, the polymer typematerial can
provide the advantage of a softer and unique sound/feel during golf ball impacts over metal faces. The polymer type
material dampens vibrations to remove unwanted sounds during golf ball impacts. In someembodiments such as the face
insert comprising the polymericmaterial and the frame, the frameprovides a visual aid to the player to assist in aligning the
ball at the center of the front striking surface.
[0005] In general, grooves of golf club heads and methods to manufacture grooves of golf club heads are described
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herein. Golf equipment related to the methods, apparatus, and/or articles of manufacture described herein may be
conforming or non-conforming to the rules of golf at any particular time. Further, the figures provided herein are for
illustrative purposes, and one ormore of the figuresmay not be depicted to scale. The apparatus,methods, and articles of
manufacture described herein are not limited in this regard.
[0006] In the examples of FIG. 1, a putter 100 is shown.Although grooves and face inserts for a putter 100 are described
herein, the apparatus, methods, and articles of manufacture described herein may be applicable other types of club head
(e.g., a driver-type club head, a fairway wood-type club head, a hybrid-type club head, an iron-type club head, etc.). A
putter type golf club head, however, is not a driver-type club head, a fairwaywood-type club head, a hybrid-type club head,
an iron-type club head, and a wedge-type club head.
[0007] The putter golf club head comprises a loft angle. The loft angle of the putter golf club head is the angle between a
generally planar surface on the face and a shaft centerline. The loft angle of the putter golf club head is the rearward angle
of the face from the shaft of the putter golf club head. In many examples, the loft angle of the putter golf club head can be
less than or equal to 10 degrees. In someexamples, the loft angle of the putter golf club head can be less than or equal to 9
degrees, less thanor equal to 8 degrees, less than or equal to 7degrees, less thanor equal to 6 degrees, less thanor equal
to 5degrees, or less thanor equal to 4degrees. In someexamples, the loft angle of theputter golf clubheadcan range from
0 to 10 degrees, 0 to 9 degrees, 0 to 8 degrees, 1 to 10 degrees, 1 to 9 degrees, 1 to 8 degrees, 2 to 10 degrees, 2 to 9
degrees, 2 to 8degrees, 3 to 10degrees, 3 to 9 degrees, or 3 to 8 degrees. For example, the loft angle of the putter golf club
head can be 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 degrees.
[0008] Theball striking faceplate canbehorizontally separated into threeportions,whicharea toeportionproximate the
toe end 180, a heel portion proximate the heel end 190, and a center portion positioned between the toe portion and the
heel portion. The ball striking face plate can be further vertically separated into three portions, which are a top rail portion
proximate the top rail 182, the sole portionproximate the sole 192, andamidportionpositionedbetween the top rail portion
and the sole portion. The toe portion, the heel portion, the center portion, the top rail portion, the sole portion, and the mid
portion of the ball striking face plate can be similar to the toe portion 1970, the heel portion 1974, the center portion 1972,
the top rail portion1976, the soleportion1980, and themidportion1978of theball striking faceplate 1912describedbelow
for FIG. 81 and 84.
[0009] The front striking surface of the putter golf club head can comprise a plurality of grooves. The plurality of grooves
of the front striking surface can be similar to plurality of grooves on ball striking face/ball striking surface/front striking
surface: 112, 212, 312, 412, 512, 612, 712, 1012, 1312, 1412, 1500, 1612, 1728, 1812, 1911, 2212, 2312, 4212, 5212,
6011, 6111, 6211, 6311, 6411, 6511, 6611, 6711, 6811, 6911, 7011, 7111, 7211, or 7311 as described below. In some
examples, thegroovesof the front striking surface canbe similar to groovesdescribed inU.S.PatentAppl.No. 14/196,313
(Patent No. 9,452,326), where the grooves can comprise variable depths, variable widths, or variable depths and widths.
The grooves of the face insert can be any pattern, such as straight-lined grooves, parabolic grooves, double parabolic
grooves, or any other type of patterned groove. In someexamples, the grooves comprise a depth,wherein the depth of the
grooves vary in a direction extending between the top rail 182 and the sole 192 in a direction extending between the heel
end 190 and the toe end 180. More specifically, the grooves vary from the toe portion toward the heel portion and from the
top rail portion toward the sole portion. The depth of the grooves increases from the toe portion and the heel portion toward
the center portion. Similarly, the depth of the grooves increases from the top rail portion and the sole portion toward themid
portion.Thedeepest portionof at least onegroove isdefinedbyageneral planar surfaceportionof thegroove.Thegeneral
planar surface portion is located at a combined center portion and mid portion of the grooves.
[0010] Inmanyexamples, the groovesof the face insert can provide the advantageof correcting ball trajectory during off
center hits or mishits. The grooves of the face insert can provide more shot forgiveness to the player thereby providing
more accurate shots. Further, the varying depth and/or varying width of the grooves increase forgiveness by allowing for
more normalized hits across the front striking surface.
[0011] Further, in someexamples, the grooves of the front striking surface can comprise a variablewidth extending from
the heel end 190 to the toe end 180. In some examples, the grooves of the front striking surface can comprise a variable
width extending from the sole 192 to the top rail 182. In some embodiments, the grooves of the front striking surface can
comprise a variablewidth extending from the heel end 190 to the toe end 180, and a variablewidth extending from the sole
192 to the top rail 182.
[0012] The putter 100 includes a putter head 102 having a putter face 110. The putter face 110may be generally planar
andextend inagenerally vertical orientationatanaddressposition.Theputter face110 includesaball striking face112 that
may be generally on the same plane as the putter face 110 or slightly projected outward from the putter face 110. The ball
striking face 112 may be the same size or smaller (as shown in FIG. 1) than the putter face 110. The ball striking face 112
may be a region on the putter face 110 that is generally used to strike a golf ball (not shown). However, an individual may
also strike a ball with a section of the putter face 110 that is outside the ball striking face 112.
[0013] The ball striking face 112may be a continuous or integral part of the putter face 110 or formed as an insert that is
attached to the putter face 110. Such an insert may be constructed from the same material or different materials as the
putter face 110 and then be attached to the putter face 110. The ball striking face 112 may include one or more grooves,
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generally shown as grooves 120, and one or more land portions 170. For example, the ball striking face112 is shown to
have twelvegrooves, generally shownas122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, and144.Thegrooves120
maybegenerally referred towith a single referencenumber suchas120.However, when specifically describing oneof the
grooves on the ball striking face 112, the reference number for that specific groove may be used.
[0014] Twoadjacent groovesmay be separated by a land portion 170. A land portion 170 between each groove 120 and
an adjacent groove 120 may have the same or different width as a land portion 170 between another pair of adjacent
grooves 120. The land portions 170may also define the top surface of the ball striking face 112. In general, two or more of
the grooves 120 may be parallel to each other. For example, the grooves 122 and 124 may be parallel to each other.
However, the grooves 120maybe oriented relative to each other in anymanner. For example, any of the grooves 120may
be diagonally, vertically and/or horizontally oriented. As shown in the example of FIG. 2, one or more of the grooves 120
may be substantially linear and generally parallel to an adjacent groove 120 and extend between a toe end 180 and a heel
end 190 of the putter face 110.
[0015] As described in detail below, the depth, length, width, a horizontal cross-sectional shape, and/or a vertical cross-
sectional shape of the grooves 120 may linearly, nonlinearly, in regular or irregular step-wise intervals, arcuately and/or
according tooneormoregeometric shapes increase, decreaseand/or vary from the toeend180 to theheel end190and/or
from a top rail 182 to a sole 192 of the putter head 102. The apparatus, methods, and articles of manufacture described
herein are not limited in this regard.
[0016] Referring to FIG. 2, the ball striking face 112 is shown having grooves 122‑144. The ball striking face 112may be
an integral part of the putter face 110 such as to be co-manufacturedwith the putter face 110. Alternatively, the ball striking
face 112may be an insert that is attached to the putter face 110. Each of the grooves 120may extend from the toe end 180
to theheel end190 todefineacorresponding length193 (only the length193of groove144 is shown inFIG. 2). The lengths
193 of some or all of the grooves 120 may vary in a direction from the top rail 182 to the sole 192 so that each groove 120
may generally conform to the shape of the perimeter of the ball striking face 112. For example, the length of the grooves
may increase fromnear the top rail 182 toacenter 184of theball striking face112anddecrease from thecenter 184 tonear
the sole 192. The center 184 may be a geometric center of the ball striking face 112. Alternatively, the center 184 may
represent an inertial orweight related center of theball striking face112.However, thecenter 184maybegenerally defined
by a region of the ball striking face 112 that typically strikes the ball. As shown in FIG. 1, the length 193 of the grooves 120
may be similar. In other examples, such as the example shown in FIG. 2, the length 193 of the groovesmay decrease from
near the top rail 182 to the center 184 and decrease from near the sole 192 to the center 184. Thus, any groove length
arranged on the ball striking face 112 is within the scope of the disclosure.
[0017] In another example shown in FIG. 3, a ball striking face 212 may include grooves 220 (shown specifically as
grooves 222‑244). The ball striking face 212 may be an integral part of the putter face 110 or a separate piece that is
attached to theputter face110.Accordingly,whendescribing theball striking face212,partsof theputter 100and theputter
head 102 are referred to with the same reference numbers described above.
[0018] FIG. 4 shows a schematic view of the groove 232 and FIG. 5 shows a horizontal cross section of the groove 232
taken at section line 5‑5 of FIG. 3. The groove 232 is shown to be divided into horizontally spanning regions, generally
shown as regions 271‑275, which are visually defined in FIGS. 3 and 4 by vertical boundary lines. The horizontal regions
271‑275may define variations in the horizontal cross-sectional profile of the groove 232 fromnear the toe end 180 to near
the heel end 190 and/or from near the top rail 182 to near the sole 192. Horizontal cross-sectional profile of a groove may
refer to any property of the groove along the length 293 of the groove, such as length of a certain section of the groove,
depth, width, cross-sectional shape, and/or constructionmaterials. In the example of FIGS. 3‑7, the grooves 220 include a
first vertical wall 250 and a second vertical wall 252 that define the length 293 of the grooves 220. Each of the grooves 220
has a bottom surface 254 which defines a depth of the groove 220. The depth of each groove may vary from the first wall
250 to the secondwall 252 according to the cross-sectional profile of the groove 220 in the regions 271‑275. Each groove
220 also includes a first horizontal wall 256 and a second horizontal wall 258 that define the vertical boundaries of the
groove220.Thedistancebetween thefirst horizontalwall 256and thesecondhorizontalwall 258definesawidth280of the
groove220.Thewidth 280mayvary from thefirst verticalwall 250 to the secondverticalwall 252as shown in theexamples
of FIGS. 38‑45,where agroovemayhavea length 590, a firstwidth 594, a secondwidth 595and/or a thirdwidth 596. In the
example of FIGS. 3‑7, however, the first horizontal wall 256 and the second horizontal wall 258 are generally parallel to
define a generally constant width 280.
[0019] Referring toFIG. 5, thebottomsurface254at the region271 isdownwardly slopedor curved todefineafirst depth
282 at the boundary between regions 271 and 272. The bottom surface 254 in the region 272 transitions with a steeper
downwardcurve from thefirst depth282 toaseconddepth284at theboundarybetween regions272and273. If thebottom
surface 254 is flat in the region 273, the second depth 284 may generally define the greatest depth of the groove 232.
However, if the bottom surface 254 is not flat, the greatest depth of the groove 232 may be defined in another part of the
region273.Anyof thegrooves220maybesymmetric about the vertical axis y. Accordingly, the shapeof thegroove220on
each side of the y axismaymirror the shape of the groove 232 on the other side of the y axis. However, any of the grooves
220maybeasymmetric. The regions271and275defineshallowportionsof thegroove232and the region273defines the
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deeper center portionof thegroove232. Thedeepest part of anyof thegrooves220maybeat the center of thegroove220.
The regions 272 and 274 facilitate transition of the bottom surface 254 from the depth 282 to the depth 284.
[0020] Referring to FIGS. 3 and 5, the general cross-sectional profile of each of the grooves 220 may remain generally
similar from the top rail 182 to the sole 190. However, the cross-sectional profile including lengths, widths and/or depths of
the regions 271‑275 of each of the grooves 220may progressively vary from the top rail 182 to the sole 192. In FIGS. 6 and
7, the horizontal cross sections of the grooves 238 and 244, respectively, are shown. For example, the regions 271‑275 of
the groove 238 are smaller in length than the regions 271‑275 of the groove 232, respectively. Similarly, the regions
271‑275 of the groove 244 are smaller in length than the regions 271‑275 of the groove 238, respectively. In another
example, the regions 271‑275 of the groove 238 may have smaller depths than the regions 271‑275 of the groove 232,
respectively. Similarly, the regions 271‑275 of the groove 244 may have smaller depths than the regions 271‑275 of the
groove 238, respectively.
[0021] The progressive increase in the length, depth and/or width of the regions 271‑275 of the grooves 222‑232 from
the top rail 182 to generally the center of the ball striking face 212 and/or the decrease in the size of the regions 271‑275 of
the grooves 232‑244 from generally the center of the ball striking face 212 to the sole 192 forms a central strike zone 260
(shown in FIG. 3), which may resemble the shape of a golf ball when viewed by an individual in an address position. The
approximate visual representation of a golf ball can assist an individual with lining up the ball striking face 212with the ball.
The regions 273, which define the deepest parts of the grooves 220may be larger in length at the center of the ball striking
face 212 and progressively reduce in length toward the top rail 182 and the sole 192. Similarly, the transition regions 272
and 274may have the greatest length at the center of the ball striking face 212 and progressively reduce in length toward
the top rail 182 and the sole 192. Although the lengths of the regions 271‑275 may vary depending on the location of the
grooves 220 on the ball striking face 212, the depth of similar regions for each groove 220 may be similar or different. For
example, the greatest depth of the groove 232 may be similar to the greatest depth of the groove 244. Alternatively, the
depth of the grooves 222‑244 may vary based on the location of the groove 220 relative to ball striking face 212.
Alternatively yet, the depths of the grooves 222‑244may vary in anymanner from the top rail 182 to the sole. Although the
above examples may describe a particular number of horizontal regions, the apparatus, methods, and articles of
manufacture described herein may include more or less horizontal regions.
[0022] In another example shown in FIG. 8, a ball striking face 312 includes grooves 320 (shown specifically as grooves
322‑344). The ball striking face 312may be an integral part of the putter face 110 or a separate piece that is attached to the
putter face 110. Accordingly, when describing the ball striking face 312, parts of the putter 100 and the putter head 102 are
referred to with the same reference numbers described above.
[0023] FIG. 9 shows a schematic view of the groove 332 and FIG. 10 shows a horizontal cross section of the groove 332
taken at section line 10‑10 of FIG. 8. The groove 332 is shown to be divided into horizontally spanning regions 371‑375,
which are visually defined in FIGS. 8 and 9 by vertical boundary lines. The horizontal regions 371‑375 may define
variations in the horizontal cross-sectional profile of the groove 332 from near the toe end 180 to near the heel end 190
and/or from near the top rail 182 to near the sole 192. Horizontal cross-sectional profile of a groove may refer to any
property of the groove along the length 393 of the groove, such as length of a certain section of the groove, depth, width,
cross-sectional shape, and/or constructionmaterials. In the example of FIGS. 8‑12, the grooves 320 include a first vertical
wall 350andasecondverticalwall 352 that define the length393of thegrooves320.Eachof the grooves320hasabottom
surface 354 which defines a depth of the groove 320. The depth of each groove may vary from the first wall 350 to the
second wall 352 according to the cross-sectional profile of the groove 320 in the regions 371‑375. Each groove 320 also
includes a first horizontal wall 356 and a second horizontal wall 358 that define the vertical boundaries of the groove 320.
Thedistancebetween thefirst horizontalwall 356and thesecondhorizontalwall 358definesawidth380of thegroove320.
The width 380 may vary from the first vertical wall 350 to the second vertical wall 352 as shown in the examples of FIGS.
38‑45. In theexample of FIGS. 8‑12, however, the first horizontalwall 256and the secondhorizontal wall 258are generally
parallel to define a generally constant width 380.
[0024] Referring toFIG.10, thebottomsurface354at the region371maybegenerally flatand/or slightly sloped todefine
a first depth 382 at the boundary between 371 and 372. The bottom surface 354 in the region 372 transitions with a step
downward from the first depth 382 to a second depth 384 at the boundary between the regions 372 and 373. The bottom
surface 354 in the region 372may be generally flat and/or slightly sloped such that the groove 320 has a generally uniform
depth 384 in the region 372. The bottom surface 354 in the region 372 transitions with a step downward from the second
depth 384 to a third depth 386. The bottom surface 354 in the region 373may be generally flat or slightly sloped such that
the groove 320 has a generally uniform depth 386 in the region 373. Any of the grooves 320 may be symmetric about the
vertical axis y.Accordingly, theshapeof thegroove320oneachsideof theyaxismirrors theshapeof thegroove320on the
other sideof the yaxis.However, anyof the grooves320maybeasymmetric. Thedepth 386 represents thegreatest depth
of the grooves 320.
[0025] Referring to FIGS. 10‑12, the general cross-sectional profile of the grooves 320 may remain generally similar
from the top rail 182 to the sole 190. However, the cross-sectional profile including the lengths, widths and/or the depths of
the regions371‑375of eachof thegrooves320mayprogressively vary from the top rail 182 to thesole192. InFIGS. 11and
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12, thehorizontal cross sectionsof thegrooves338and344, respectively, are shown.For example, the regions371‑375of
the groove 338 are smaller in length than the regions 371‑375 of the groove 332, respectively. Similarly, the regions
371‑375 of the groove 344 are smaller in length than the regions 371‑375 of the groove 338, respectively. In another
example, the regions 371‑375 of the groove 338 may have smaller depths than the regions 371‑375 of the groove 332,
respectively. Similarly, the regions 371‑275 of the groove 344 may have smaller depths than the regions 371‑375 of the
groove 338, respectively.
[0026] The progressive increase in the length, depth and/or width of the regions 371‑375 of the grooves 322‑332 from
the top rail 182 to the center of the ball striking face 312 and/or the decrease in the size of the regions 371‑375 of the
grooves 332‑344 form the center of the ball striking face 312 to the sole 192 forms a central strike zone 360 (shown in FIG.
8), which may discretely resemble the shape of a golf ball when viewed by an individual in an address position. The
approximate visual representation of a golf ball can assist an individual with lining up the ball striking face 312with the ball.
The regions 373, which define the deepest parts of the grooves 360may be larger in length at the center of the ball striking
face 312 and progressively reduce in length toward the top rail 182 and the sole 192. Similarly, the transition regions 372
and 374may have the greatest length at the center of the ball striking face 312 and progressively reduce in length toward
the top rail 182and thesole192.Although the lengthsof the regions371‑375varydependingon the locationof thegrooves
320 on the ball striking face 312, the depth of similar regions for each groove 320may be similar or different. For example,
the greatest depth of the groove 344may be similar to the greatest depth of the groove 332. Alternatively, the depth of the
grooves 322‑344may vary based on the location of grooves 320 on the ball striking face 312. Alternatively yet, the depths
of the grooves 322‑344 may vary in any manner from the top rail 182 to the sole. Although the above examples may
describe a particular number of horizontal regions, the apparatus, methods, and articles of manufacture described herein
may include more or less horizontal regions.
[0027] Inanotherexampleshown inFIG.13, aball striking face412 includesgrooves420 (shownspecificallyasgrooves
422‑444). The ball striking face 412may be an integral part of the putter face 110 or a separate piece that is attached to the
putter face 110. Accordingly, when describing the ball striking face 412, parts of the putter 100 and the putter head 102 are
referred to with the same reference numbers described above.
[0028] FIG.14showsaschematic viewof thegroove432andFIG.15showsahorizontal crosssectionof thegroove432
taken at section line 15‑15 of FIG. 13. The groove 432 is shown to be divided into horizontally spanning regions 471 and
472,whicharevisually defined inFIGS.13and14by theboundary linesof thegroove432andavertical line at thecenter of
the groove 432. The horizontal regions 471 and 472may define variations in the horizontal cross-sectional profiles of the
groove 432 from near the toe end 180 to near the heel end 190 and/or from near the top rail 182 to near the sole 192.
Horizontal cross-sectional profile of a groove refers to any property of the groove along the length 493 of the groove, such
as length of a certain section of the groove, depth, width, cross-sectional shape, and/or construction materials. In the
example of FIGS. 13‑17, the grooves 420 include a first vertical wall 450 and a second vertical wall 452 that define the
length 493 of the grooves 420. Each of the grooves 420has a bottomsurface 454which defines a depth of the groove 420.
The depth of each groovemay vary from the first wall 450 to the secondwall 452 according to the cross-sectional profile of
the groove 420 in the regions 471 and 472. Each groove 420 also includes a first horizontal wall 456 and a second
horizontal wall 458 that define the vertical boundaries of the groove 420. The distance between the first horizontal wall 456
and the secondhorizontalwall 458definesawidth 480of thegroove420.Thewidth 480mayvary from thefirst verticalwall
450 to the second vertical wall 452 as shown in the examples of FIGS. 38‑45. In the example of FIGS. 13- 17, however, the
first horizontal wall 456 and the second horizontal wall 458 are generally parallel to define a generally constant width 480.
[0029] Referring to FIG. 15, the bottom surface 454 at the region 471 has a linear profile and is downwardly sloped. The
grooves 450 are symmetric about the center vertical axis y. Accordingly, the bottom surface 454 at the region 472 has a
similar linear profile and is similarly downwardly slopedas thebottomsurface454at the region471. Accordingly, the depth
of thegrooves420gradually increase fromadepth482at the firstwall 452andsecondwall 454 toadepth 484at the center
of thegrooves420.Thedepth484 represents thedeepest part of thegrooves420,whichmaybeat thecenter of thegroove
420.
[0030] Referring to FIGS. 15‑17, the general cross-sectional profile of the grooves 420 may remain generally similar
from the top rail 182 to the sole 190. However, the cross-sectional profile including the lengths and/or the depths of the
regions 471 and 472 of each of the grooves 420may progressively vary from the top rail 182 to the sole 192. For example,
the regions 471 and 472 of the groove 438 are smaller in length than the regions 471 and 472 of the groove 332,
respectively. Similarly, the regions 471 and 471 of the groove 444 are smaller in length than the regions 471 and 472 of the
groove438, respectively. Inanother example, the regions471and472of thegroove438mayhavesmaller depths than the
regions471and472of thegroove432, respectively.Similarly, the regions471and472of thegroove444mayhavesmaller
depths than the regions 471 and 472 of the groove 438, respectively.
[0031] The progressive increase in the length, depth and/or width of the regions 471 and 472 of the grooves 422‑432
from the top rail 182 to the center of the ball striking face 412 and/or the decrease in the size of the regions 471 and 472 of
the grooves 432‑444 form the center of the ball striking face 412 to the sole 192 forms a central strike zone 460 (shown in
FIG. 13). The regions 471and472mayhave thegreatest length at the center of theball striking face412andprogressively
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reduce in length toward the top rail 182 and the sole 192. Although the lengths of the regions 471 and 472 vary depending
on the location of the grooves 420 on the ball striking face 412, the depth of similar regions for each groove 420 may be
similar or different. For example, the greatest depth of the groove 444 may be similar to the greatest depth of the groove
432. Alternatively, the depth of the grooves 422‑444may vary basedon the location of grooves 420on the ball striking face
412.Alternatively yet, the depths of thegrooves422‑444mayvary in anymanner from the top rail 182 to the sole.Although
the above examples may describe a particular number of horizontal regions, the apparatus, methods, and articles of
manufacture described herein may include more or less horizontal regions.
[0032] Inanotherexampleshown inFIG.18, aball striking face512 includesgrooves520 (shownspecificallyasgrooves
522‑544). The ball striking face 512may be an integral part of the putter face 110 or a separate piece that is attached to the
putter face 110. Accordingly, when describing the ball striking face 512, parts of the putter 100 and the putter head 102 are
referred to with the same reference numbers described above.
[0033] FIG.19showsaschematic viewof thegroove532andFIG.20showsahorizontal crosssectionof thegroove532
taken at section line 20‑20 of FIG. 18. The groove 532 is shown to be divided into horizontally spanning regions 571 and
572,whicharevisually defined inFIGS.18and19by theboundary linesof thegroove532andavertical line at thecenter of
the groove 532. The horizontal regions 571 and 572may define variations in the horizontal cross-sectional profiles of the
groove 532 from near the toe end 180 to near the heel end 190 and/or from near the top rail 182 to near the sole 192.
Horizontal cross-sectional profile of a groove refers to any property of the groove along the length 593 of the groove, such
as a length of a certain section of the groove, depth, width, cross-sectional shape, and/or construction materials. In the
example of FIGS. 18‑22, the grooves 520 include a first vertical wall 550 and a second vertical wall 552 that define the
length 593 of the grooves 520. Each of the grooves 520has a bottomsurface 554which defines a depth of the groove 520.
The depth of each groovemay vary from the first wall 550 to the secondwall 552 according to the cross-sectional profile of
the groove 520 in the regions 571 and 572. Each groove 520 also includes a first horizontal wall 556 and a second
horizontal wall 558 that define the vertical boundaries of the groove 520. The distance between the first horizontal wall 556
and the secondhorizontalwall 558definesawidth 580of thegroove520.Thewidth 580mayvary from thefirst verticalwall
550 to the second vertical wall 552 as shown in the examples of FIGS. 38‑45. In the example of FIGS. 18‑ 22, however, the
first horizontal wall 556 and the second horizontal wall 558 are generally parallel to define a generally constant width 580.
[0034] Referring to FIG. 20, the bottom surface 554 at the region 571 has a linear profile and is downwardly sloped. The
bottomsurface554 in the region572alsohasa linear profileand isdownwardly sloped.However, because thesecondwall
552 is longer than the first wall 550, the bottom surface 554 in the region 572 has a smaller slope than the bottom surface
554 in the region 571. Accordingly, the grooves 550 of this example are asymmetric about the vertical center axis y. Thus,
the grooves 250havea first depth 582definedby the firstwall 550, a seconddepth584definedby the secondwall 552and
a center depth 586, which is gradually reached from the depths 582 and 584 according to the downwardly sloped bottom
surface 554 of the regions 571 and 572, respectively. The center depth 586 may be the depth of the deepest part of the
groove 520.
[0035] Referring to FIGS. 20‑22, the general cross-sectional profile of the grooves 520 may remain generally similar
from the top rail 182 to the sole 190. However, the cross-sectional profile including the lengths, widths and/or the depths of
the regions571and572of eachof thegrooves520mayprogressively vary from the top rail 182 to the sole 192. InFIGS. 21
and 22, the horizontal cross sections of the grooves 538 and 544, respectively, are shown. For example, the regions 571
and 572 of the groove 538 are smaller in length than the regions 571 and 572 of the groove 532, respectively. Similarly, the
regions571and572of thegroove544aresmaller in length than the regions571and572of thegroove538, respectively. In
another example, the regions 571 and 572 of the groove 538may have smaller depths than the regions 571 and 572 of the
groove 532, respectively. Similarly, the regions 571 and 572 of the groove 544 may have smaller depths than the regions
571 and 572 of the groove 538, respectively.
[0036] The progressive increase in the length, depth and/or width of the regions 571 and 572 of the grooves 522‑532
from the top rail 182 to the center of the ball striking face 512 and/or the decrease in the size of the regions 571 and 572 of
the grooves 532‑544 form the center of the ball striking face 512 to the sole 192 forms a central strike zone 560 (shown in
FIG. 18). The regions 571and572mayhave thegreatest length at the center of theball striking face512andprogressively
reduce in length toward the top rail 182 and the sole 192. Although the lengths of the regions 571 and 572 vary depending
on the location of the grooves 520 on the ball striking face 512, the depth of similar regions for each groove 520 may be
similar or different. For example, the greatest depth of the groove 544 may be similar to the greatest depth of the groove
532. Alternatively, the depth of the grooves 522‑544may vary basedon the location of grooves 520on the ball striking face
512.Alternatively yet, the depths of thegrooves522‑544mayvary in anymanner from the top rail 182 to the sole.Although
the above examples may describe a particular number of horizontal regions, the apparatus, methods, and articles of
manufacture described herein may include more or less horizontal regions.
[0037] Thegrooves 220, 320, 420 and520described above illustrate four examples of horizontal cross-sectional profile
of grooves for use with the putter 100. Other examples of horizontal cross sectional profiles are shown in FIGS. 29‑37,
whereeachgroovemayhavea length590, a first depth591, a seconddepth592and/or a third depth 593.Agroovemaybe
defined by any number of horizontal regions, where any one or more regions have similar properties or dissimilar
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properties. Agroove thatmaybe symmetric or asymmetric about the yaxis, for example,mayhaveabottomsurfacewith a
complex combination of linear andnonlinear shapesdefining similar or various depths from the toeend180 to theheel end
190. Such a groovemay bedescribedwith a large number of horizontal regions,where each region defines one ormore of
the noted complex shapes. Accordingly, the number, arrangement, sizes and the other properties of the horizontal ranges
described above are in no way limiting to the groove cross-sectional profiles according to the disclosure.
[0038] In the above examples, the grooves on each corresponding ball striking face have similar shapes. However, the
grooves on ball striking face may have dissimilar shapes. For example, a ball striking face may include a combination of
grooves 220 and 320. In another example, the ball striking facemay include a combination of grooves 420 and 520. Thus,
any combination of groove cross-sectional profiles may be used on a ball striking face to impart a particular ball striking
property to the putter.
[0039] The horizontal cross-sectional profiles of the groovesmay progressively and proportionally vary from the top rail
182 to the center of the ball striking face andmay progressively vary from the center of the ball striking face to the sole 192.
Thenotedprogressivevariationmaydefineaball strike zone that is largerat the centerof theball striking face thannear the
top rail 182 and the sole 192. Furthermore, the progressive noted variation of the grooves’ horizontal cross-sectional
profilesprovidesgroovesat thecenterof theball striking faceandaround thecenterof theball striking face that have longer
deep groove sections than grooves near the top rail 182 and the sole 192. However, the above-described progressive
variationof thegrooves isexemplaryandotherprogressivevariationschemesmaybeused to impart particular ball striking
properties to various portions of the ball striking face.
[0040] Referring to FIG. 23, a ball striking face 612 according to another example is shown having grooves 620. FIGS.
24‑26showavertical cross-sectional shapeof thegrooves620asviewed fromsection line 24‑24ofFIG. 23. InFIG. 24, the
vertical cross-sectional shape of the groove 620 is box-shaped, rectangular or square. In FIG. 25, the vertical cross-
sectional shape of the groove 620 is V-shaped. In FIG. 26, the vertical cross-sectional shape of the groove 620 is U-
shaped. The vertical cross-sectional groove shapes of FIGS. 24‑26 are applicable to any groove according to the
disclosure. For example, the vertical cross-sectional shape of the grooves 220may be rectangular or square according to
the grooves 620 of FIG. 24. In another example, the vertical cross-sectional shape of the grooves 620 may be V-shaped
according to the groove 620 of FIG. 25. Furthermore, the vertical cross-sectional shape of a groovemay vary from the toe
end180 to the heel end 190. For example, with reference toFIGS. 4 and5, a groove 220mayhave a square or rectangular
vertical cross-sectional shape in regions 271 and 275, U-shaped vertical cross-sectional shape in regions 271 and 274,
andV-shaped vertical cross-sectional shape in region 273. Additionally, the vertical cross-sectional shapes of the grooves
may also vary from the top rail 182 to the sole 190. For example, grooves near the top rail 182 and the sole 192may have a
square vertical cross-sectional shape,while the groovesat the center of the club facemayhaveaU-shaped vertical cross-
sectional shape.
[0041] Theball striking face of the putter in the aboveexamples is shown tohavegrooves from the top rail 182 to the sole
192. However, a ball striking facemay havemore or less grooves, or have sections that arewithout grooves. For example,
a ball striking facemayhave several grooves at the center section of the ball strike face and bewithout grooves at sections
near the top rail 182 or the sole 192.
[0042] The grooves are not limited to extending horizontally across the ball striking face. The ball striking facemay have
vertical grooves that vary in depth as described above or a combination of vertical and horizontal grooves with varying
horizontal and/or vertical cross-sectional profiles. Theorientationof the groovesmaybe such that amatrix-like ball striking
face is provided on the putter.
[0043] Referring to FIG. 27, a ball striking face 712 having grooves 720 may be horizontally separated into three
portions,whichare the toeportion780, acenterportion785andaheel portion790.Theball striking face712maybesimilar
to the ball striking face 212 and 312 described above. Accordingly the grooves 720 have regions 271‑275 and 371‑375
similar to grooves 220 and 320, respectively, described above. The three portions described above horizontally separate
theball striking face712andspanvertically from the top rail 182 to thesole192.The toeportion780 isnear the toeend180,
the heel portion790 is near theheel end190, and the center portion 785 is between the toeportion 780and theheel portion
790. According to various examples, the depth of the grooves 720 at the toe portion 780 and the heel portion 790may not
begreater than thedepth of the grooves720at the center portion785. In oneexample, the shallowest depth of the grooves
720, which may be nearest to the toe end 180 or nearest to the heel end 190, may be approximately 0.0762mm (0.003
inch). At or near the center portion 785, the depth of the grooves 720 may increase as described above to a depth of
approximately 0.4318mm (0.017 inch). The variable depthmay include a portion with a depth of at least (0.508mm (0.020
inches) but less than 0.5588 (0.022 inches). The variable width may include a portion with a width of at least 0.889mm
(0.035 inches) but less than 0.9398 mm (0.037 inches).
[0044] Referring toFIG.28, theball striking face712maybevertically separated into threeportions,whichare the top rail
portion 782, themid portion 786 and the sole portion 792. These portions vertically separate the ball striking face 712 and
span horizontally from the toe end 180 to the heel end 190. The top rail portion 782 is near the top rail 182, the sole portion
792 is near the sole 192, and themid portion 786 is between the top rail portion 782 and the sole portion 792. The length of
the deepest portion of a groove 720 may vary from the top rail portion 782 to the mid portion 786 and from themid portion
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786 to thesoleportion792.Forexample,with respect to theexamplesdescribedabove, the lengthof thedeepest portionof
a groove may refer to the groove 720 that is proximately centrally located between the top rail portion 782 and the sole
portion 792. As shown in FIGS. 27 and 28, the length of the grooves 710 may be greatest at the mid portion 786 and
gradually reduce toward the top rail portion 782 and toward the sole portion 792.
[0045] FIGS. 29‑37 showexamples of different groove horizontal cross-sectional profiles according to the disclosure. In
the above examples, the width of the grooves 220, 320, 420 and 520 is shown to have a rectangular profile. However, a
groove according to the disclosure may have different width profiles as shown by the examples of FIGS. 38‑45.
Accordingly, a groove according to the disclosuremay have any horizontal cross-sectional profile, vertical cross-sectional
profile, width profile and/or depth profile.
[0046] A cross-sectional profile of a groove including variations in lengths, depth, width and/or cross-sectional shape of
the groovemay affect ball speed, control, and/or spin. The disclosed variable depth groovesmay improve the consistency
of theball speedafter beingstruckby theputter facebyabout50%overaplastic putter face insert, andbyabout 40%overa
non-grooved aluminum putter face insert. Striking a ball with a putter having grooves according to the disclosure: (1) may
result in lower ball speeds, whichmay result in decreased ball roll out distance; (2)may result in heel and toe shots to have
decreased ball speeds compared to center hits, and also may result in shorter ball roll out distance; (3) allow relatively
lower and higher handicapplayers to strike theball with different locations on the putter face (higher handicapplayers tend
tohit lower on theball striking facewhereas lower handicapplayer tend tohit higher on theball striking face.Also, relatively
higher handicap players may have a wider range of hit locations whereas relatively lower handicap players may have a
closer range ofhit locations; and/or (4) a putter face with grooves in the center of the face may result in reduced ball
speed/roll out distance for center shots, which may result in a more consistent ball speed/roll out distances for
center/heel/toe shots.
[0047] Referring to FIG. 46, another example of a putter face 810 having grooves of variable cross-sectional profiles is
shown. The putter face 810 is shown to have fourteen grooves, which are grouped into grooves 822‑828 near the toe end
180, grooves830‑840at the center of the putter face810, andgrooves 842‑848near the heel end 190. In this example, the
moreprominent groovesare locatedat thecenterof theputter face810,and lessprominentgroovesareon theperipheryof
the center. A more prominent groove may refer to a groove that has a greater depth and/or width as compared to a less
prominent groove. As shown in FIG. 46, the grooves 832‑838 may be more prominent that the remaining grooves on the
putter face 810. Furthermore, portions of the putter face 810 may be without grooves. These portions are referred to with
reference number 850.
[0048] Referring to FIG. 47, another example of a putter face 910 having grooves of variable cross-sectional profile is
shown.Theputter face910 is shown tohave tengrooves922‑940.The lengthof eachgrooveprogressively increases from
the top rail 182 to the sole 190. Each of the grooves 922‑940 or groups of the grooves 922‑940may have different vertical
cross-sectional shapes. For example, grooves 922‑930 are shown to have box-shaped vertical cross sections, while
grooves 932‑940 are shown to have V-shaped vertical cross sections.
[0049] Referring to FIG. 48, a horizontal cross section of a groove 922 according to another embodiment is shown. A
bottom surface 954 of the groove 922 is shown to gradually recede from the edges 950 and 952 of the groove to a greatest
depth 951of the groove922. Any of the groovesaccording to the disclosuremayhave the samehorizontal cross-sectional
shape as the groove 922. Any of the grooves according to the disclosure may have the same depth 951. However, the
depth 951 may be proportionally reduced as the length of the groove is reduced.
[0050] In another example shown in FIG. 49, a ball striking face 1012may include grooves 1220 (shown specifically as
grooves1222‑1256). Theball striking face1012maybe for usewith theputter 100.Accordingly, parts of the putter 100and
the putter head 102 are referred to with the same reference numbers presented above. The groovesmay have any cross-
sectional shape, length and width according to the disclosure.
[0051] Referring to FIG. 49, a side cross-sectional view of a ball striking face 1012 having grooves 1220 according to
anotherexample is shown.Theball striking face1012maybeseparated into twoportionswith respect to thegrooves1220.
The ball striking face 1012may include a top rail portion 1282 and the sole portion 1286. The top rail portion 1282 and the
sole portion 1286may vertically separate the ball striking face 1012 and span horizontally from the toe end 180 to the heel
end 190. The top rail portion 1282 may extend generally from a center portion of the ball striking face 1012, which is
represented by the center line 1284, to near the top rail 182 and include the grooves 1222. The sole portion 1286 may
extend generally from near the sole 192 to the center portion 1284 and include the grooves 1224. The grooves 1224 of the
sole portion 1286may have a greater depth at one ormore locations along each groove 1224 than the grooves 1222 of the
top rail portion 1282. By having shallower grooves 1222 at the top rail portion 1282, the speed by which a golf ball rolls
forward after being struck by the putter may increase so as to provide a more consistent and smooth ball roll out.
Alternatively, the depth of the grooves 1220may progressively reduce in one ormore groove steps from the center portion
1284 to the top rail 182 (not shown). In another example, the depth of pairs of groovesmay progressively reduce from the
center portion 1284 to the top rail 182 (not shown). Accordingly, the reduction in groove depth from the sole 192 to the top
rail 182 may be for each groove, for pairs of grooves or for various groupings of the grooves.
[0052] Referring toFIG. 50, thegrooves1224of the soleportion1286mayhaveasmaller depth at oneormore locations
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alongeachgroove1224 than thegrooves1222of the top rail portion1282.Alternatively, thedepthof thegrooves1220may
progressively increase in one ormore groove steps from the center portion 1284 and/or the sole 192 to the top rail 182 (not
shown). In another example, the depth of pairs of groovesmayprogressively increase from the center portion 1284 and/or
the sole 192 to the top rail 182 (not shown). Accordingly, the increase in groove depth from the center portion 1284 and/or
the sole 192 to the top rail 182 may be for each groove, for pairs of grooves or for various groupings of the grooves.
[0053] FIGS. 51 and 52 show other examples according to the disclosure. Referring to FIG. 51, a putter head 1300
includes a ball striking face 1312, which has a plurality of horizontal grooves 1320 and vertical grooves 1322. Each of the
grooves 1320 and 1322 may have a different configuration as compared to another groove, such as variable cross-
sectional profiles, depth profiles,width profiles, length profilesand/or other groove characteristics from the toeend1380 to
near the heel end 1390 and/or from a top rail 1382 to a sole 1392. For example, the depth of the horizontal grooves 1320
may progressively increase in one or more groove steps from the top rail 1382 to the sole 1386. The apparatus, methods,
and articles of manufacture described herein are not limited in this regard.
[0054] Referring to FIG. 52, a putter head 1400 includes a ball striking face 1412, which has a plurality of first diagonal
grooves1420andseconddiagonal grooves1422. Thefirst diagonal grooves1420maybegenerally parallel to eachother.
Similarly, the second diagonal grooves 1422may be generally parallel to each other. The first diagonal grooves 1420 and
the second diagonal grooves 1422 may be transverse to each other as shown in FIG. 52. For example, the first diagonal
grooves 1420 may intersect the second diagonal grooves 1422 at an angle of 30°, 45°, 60° or 90°. Each of the grooves
1420 and 1422 may have a different configuration as compared to another groove, such as variable cross-sectional
profiles, depth profiles, width profiles, length profiles and/or other groove characteristics from the toe end 1480 to near the
heel end 1490 and/or from a top rail 1482 to a sole 1492. For example, the depth of the first diagonal grooves 1420 may
progressively increase in one or more groove steps from the top rail 1482 to the sole 1486. FIGS. 68 and 69 illustrate
variations of embodiments for putter head 1400. The apparatus, methods, and articles of manufacture described herein
are not limited in this regard.
[0055] Referring to FIG. 54, a ball striking face 2212 according to another example is shown. The ball striking face 2212
maybevertically separated into anddefinedby threeportions,which are the top rail portion2282, themidportion2286and
the sole portion 2292. The top rail portion 2282, themid portion 2286 and the sole portion 2292 vertically separate the ball
striking face 2212 and span horizontally from the toe end 180 to the heel end 190. The top rail portion 2282 is near the top
rail 182, thesoleportion2292 isnear thesole192, and themidportion2286 isbetween the top rail portion2282and thesole
portion 2292. In FIG. 54, the ball striking face 2212 may have twelve grooves 2222‑2244, which may be collectively
referred to as the grooves 2220. For example, grooves 2222, 2224, 2226 and 2228may be considered to be in the top rail
portion 2282; grooves 2230, 2232, 2234 and 2236 may be considered to be in the mid portion 2286; and grooves 2238,
2240, 2242 and 2244may be considered to be in the sole portion 2292.However, one ormore of the grooves 2220may be
considered to be in twoadjacent portions of the three vertically separated portions, i.e., part of a groove 2220 overlaps and
adjacent portion. The length of the grooves 2220may be greatest at themid portion 2286 and gradually reduce toward the
top rail portion 2282 and toward the sole portion 2292. Alternatively, the length of the grooves 2220may vary according to
the peripheral profile of the ball striking face 2212. The top rail portion 2282, themid portion 2286and the sole portion 2292
are exemplary andmay define portions on the ball striking face 2212 where the grooves 2220 that may be located in such
portions have one ormore similar configurations or characteristics. Accordingly, the ball striking face 2212maybedefined
by various vertical and/or horizontal portions associated with one or more groove configurations or characteristics. The
apparatus, methods, and articles of manufacture described herein are not limited in this regard.
[0056] FIG. 55 shows a horizontal cross section of the ball striking face 2212 taken at the groove 2234. Each groove
2220 may include a center portion 2254 having a bottom surface 2255, which may define a greatest depth 2257 of the
groove 2220. The center portion 2254 has a length 2259, whichmay vary depending on the location of the groove 2220 on
the ball striking face 2212. In the example of FIG. 54, the center portions 2254 of the grooves 2220 of themid portion 2286
have generally the same length. The apparatus, methods, and articles of manufacture described herein are not limited in
this regard.
[0057] A center of the ball striking face 2212may be defined by a y-axis 2261. The y-axis 2261may also define a center
axis of the center portion 2254 as shown in FIGS. 54 and 55. However, the center portion 2254may be offset (not shown)
relative to the y-axis 2261. According to the example of FIG. 55, each of the bottom surfaces 2255 of the grooves 2230,
2232, 2234 and 2236 extends substantially equally from the y-axis 2261 toward the toe end 180 and toward the heel end
190.Asshown inFIG. 55, adistancebetween they-axis 2261and the toeedgeportion2264of thecenter portion2254may
be defined as a length 2262. The toe edge portion 2264may be defined as a portion of a groove between the y-axis 2261
and the toeend190where thedepthof thegroove increases from thedepth2257and transitions to theopeningor the topof
the groove. A distance between the y-axis 2261 and the heel edge portion 2268 of the center portion 2254may be defined
asa length2266.Theheel edgeportion2268maybedefinedasaportionof agroovebetween the y-axis 2261and theheel
end 180 where the depth of the groove increases from the depth 2257 and transitions to the opening or the top of the
groove.According to theexampleofFIGS. 54and55, the length2262 is substantially thesameas the length2266.Aputter
having a ball striking face 2212 as shown in FIG. 54 may be suitable for an individual who has a straight putting stroke.
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[0058] Referring to FIG. 56, a ball striking face 3212 according to another example is shown. The ball striking face 3212
maybevertically separated into anddefinedby threeportions,which are the top rail portion3282, themidportion3286and
the sole portion 3292. The top rail portion 3282, themid portion 3286 and the sole portion 3292 vertically separate the ball
striking face 3212 and span horizontally from the toe end 180 to the heel end 190. The top rail portion 3282 is near the top
rail 182, thesoleportion3292 isnear thesole192, and themidportion3286 isbetween the top rail portion3282and thesole
portion 3292. In FIG. 56, the ball striking face 3212 may have twelve grooves 3222‑3244, which may be collectively
referred to as the grooves 3220. For example, grooves 3222, 3224, 3226 and 3228may be considered to be in the top rail
portion 3282; grooves 3230, 3232, 3234 and 3236 may be considered to be in the mid portion 3286; and grooves 3238,
3240, 3242 and 3244may be considered to be in the sole portion 3292.However, one ormore of the grooves 3220may be
considered to be in twoadjacent portions of the three vertically separated portions, i.e., part of a groove 3220 overlaps and
adjacent portion. The length of the grooves 3220may be greatest at themid portion 3286 and gradually reduce toward the
top rail portion 3282 and toward the sole portion 3292. Alternatively, the length of the grooves 3220may vary according to
the peripheral profile of the ball striking face 3212. The top rail portion 3282, themid portion 3286and the sole portion 3292
are exemplary andmay define portions on the ball striking face 3212 where the grooves 3220 that may be located in such
portions have one ormore similar configurations or characteristics. Accordingly, the ball striking face 3212maybedefined
by various vertical and/or horizontal portions associated with one or more groove configurations or characteristics. The
apparatus, methods, and articles of manufacture described herein are not limited in this regard.
[0059] FIG. 57 shows a horizontal cross section of the ball striking face 3212 taken at the groove 3234. Each groove
3220 may include a center portion 3254 having a bottom surface 3255, which may define a greatest depth 3257 of the
groove 3220. The center portion 3254 has a length 3259, whichmay vary depending on the location of the groove 3220 on
the ball striking face 3212. In the example of FIG. 56, the center portions 3254 of the grooves 3220 of themid portion 3286
have generally the same length. The apparatus, methods, and articles of manufacture described herein are not limited in
this regard.
[0060] A center of the ball striking face 3212may be defined by a y-axis 3261. The y-axis 3261may also define a center
axis of the center portion 3254 as shown in FIGS. 56 and 57. However, the center portion 3254may be offset (not shown)
relative to the y-axis 3261.According to the example of FIG. 57, each of the bottom surfaces 3255 of the grooves 3230,
3232, 3234and3236extends toward the toeend180 from they-axis 3261at agreater length than thebottomsurface2255
of thegroove2234ofFIG.54.Asshown inFIG.57, adistancebetween they-axis 3261and the toeedgeportion3264of the
center portion 3254may be defined as a length 3262. The toe edge portion 3264may be defined as a portion of a groove
between the y-axis 3261 and the toe end 190where the depth of the groove increases from the depth 3257 and transitions
to the opening or the top of the groove. A distance between the y-axis 3261 and the heel edge portion 3268 of the center
portion3254maybedefinedasa length3266.Theheel edgeportion3268maybedefinedasaportionofagroovebetween
the y-axis 3261 and the heel end 180 where the depth of the groove increases from the depth 3257 and transitions to the
openingor the topof thegroove.According to theexampleofFIG57, the length3262 isgreater than the length2266ofFIG.
55. The length3262mayalsobegreater than the length3266.Alternatively, the length3262maybesubstantially similar to
the length 3266, but greater than the length 2266 of FIG. 55. Thus, the deepest portions of some or all of the grooves 3220
of the ball striking face 3212 of FIG. 56 extendmore toward the toe end 190 than the deepest portions of the grooves 2220
of the ball striking face 2212 of FIG. 54. A putter having a ball striking face 3212 as shown in FIG. 56may be suitable for an
individual who has a slight arc putting stroke.
[0061] Referring to FIG. 58, a ball striking face 4212 according to another example is shown. The ball striking face 4212
maybevertically separated into anddefinedby threeportions,which are the top rail portion4282, themidportion4286and
the sole portion 4292. The top rail portion 4282, themid portion 4286 and the sole portion 4292 vertically separate the ball
striking face 4212 and span horizontally from the toe end 180 to the heel end 190. The top rail portion 4282 is near the top
rail 182, thesoleportion4292 isnear thesole192, and themidportion4286 isbetween the top rail portion4282and thesole
portion 4292. In FIG. 58, the ball striking face 4212 may have twelve grooves 4222 - 4244, which may be collectively
referred to as the grooves 4220. For example, grooves 4222, 4224, 4226 and 4228may be considered to be in the top rail
portion 4282; grooves 4230, 4232, 4234 and 4236 may be considered to be in the mid portion 4286; and grooves 4238,
4240, 4242 and 4244may be considered to be in the sole portion 4292.However, one ormore of the grooves 4220may be
considered to be in twoadjacent portions of the three vertically separated portions, i.e., part of a groove 4220 overlaps and
adjacent portion The length of the grooves 4220may be greatest at themid portion 4286 and gradually reduce toward the
top rail portion 4282 and toward the sole portion 4292. Alternatively, the length of the grooves 4220may vary according to
the peripheral profile of the ball striking face 4212. The top rail portion 4282, themid portion 4286and the sole portion 4292
are exemplary andmay define portions on the ball striking face 4212 where the grooves 4220 that may be located in such
portions have one ormore similar configurations or characteristics. Accordingly, the ball striking face 4212maybedefined
by various vertical and/or horizontal portions associated with one or more groove configurations or characteristics. The
apparatus, methods, and articles of manufacture described herein are not limited in this regard.
[0062] FIG. 59 shows a horizontal cross section of the ball striking face 4212 taken at the groove 4232. Each groove
4220 may include a center portion 4254 having a bottom surface 4255, which may define a greatest depth 4257 of the
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groove 4220. The center portion 4254 has a length 4259, whichmay vary depending on the location of the groove 4220 on
the ball striking face 4212. In the example of FIG. 58, the center portions 4254 of the grooves 4220 of themid portion 4286
have generally the same length. The apparatus, methods, and articles of manufacture described herein are not limited in
this regard.
[0063] A center of the ball striking face 4212may be defined by a y-axis 4261. The y-axis 4261may also define a center
axis of the center portion 4254 as shown in FIGS. 58 and 59. However, the center portion 4254may be offset (not shown)
relative to the y-axis 4261. According to the example of FIG. 59, each of the bottom surfaces 4255 of the grooves 4230,
4232, 4234and4236extends toward the toeend180 from they-axis 4261at agreater length than thebottomsurface3255
of thegroove3234ofFIG.56.Asshown inFIG.59, adistancebetween they-axis 4261and the toeedgeportion4264of the
center portion 4254may be defined as a length 4262. The toe edge portion 4264may be defined as a portion of a groove
between the y-axis 4261 and the toe end 190where the depth of the groove increases from the depth 4257 and transitions
to theopening of the groove. Adistancebetween the y-axis 4261and theheel edgeportion4268of the center portion 4254
may be defined as a length 4266. The heel edge portion 4268may be defined as a portion of a groove between the y-axis
4261 and the heel end 180 where the depth of the groove increases from the depth 4257 and transitions to the opening of
the groove. According to the example of FIG. 59, the length 4262 is greater than the length 3266 of FIG. 57, hence greater
than the length2266ofFIG.55.The length4262maybegreater than the length4266.Alternatively, the length4262maybe
substantially similar to the length 4266, but greater than the length 3266 of FIG. 57. Thus, the deepest portions of some or
all of the grooves 4220 of the ball striking face 4212 of FIG. 58 extend more toward the toe end 190 than the deepest
portions of the grooves 3220 of the ball striking face 3212 of FIG. 56. A putter having a ball striking face 4212 as shown in
FIG. 58 may be suitable for an individual who has a strong arc putting stroke.
[0064] According to the examples of FIGS. 54‑59, grooves on a puttermay be configured to optimize performance of an
individual based on the individual’s putting stroke. Depending on the degree of arc in an individual’s putting stroke, any of
the grooves described herein may be provided on a putter such that portions of some of all of the grooves that generally
define the depth of the grooves extend from the center portion of the striking face of the putter to the toe end at a certain
length to optimize the performance of an individual when using the putter. Thus, the length of the deepest part of a groove
maybeproportional toadegreeofarc inan individual’sputtingstroke.Forexample, foran individual havingaputtingstroke
that is between a strong arc putting stroke and a slight arc putting stroke, the portions of the grooves that generally define
the depth of the grooves may extend from the y-axis toward the toe end 190 at a greater length than the grooves 3230,
3232, 3234 and 3236of the ball striking face 3212, but less than the grooves 4230, 4232, 4034 and 4036 of the ball striking
face 4212. In the examples of FIGS. 54‑59, the portions of the grooves in themid portion of the striking face that define the
depth of the groove differ based on the putting stroke type of an individual. However, all of the grooves on the striking face
including thegrooves in the top rail portion and the sole portionmaybe configured according to the aboveexamples based
on the putting stroke type of an individual. Furthermore, the grooves according to the examples of FIGS. 54‑59may have
any shape or configuration. For example, a ball striking face according to the examples of FIGS. 54‑ 59may have groove
cross sectional shapes according to the groove examples of FIGS. 5‑7, 10‑ 12, 15‑17 and/or 31‑35. The apparatus,
methods, and articles of manufacture described herein are not limited in this regard.
[0065] A golf club head, a ball striking face and/or grooves according to the examples of FIGS. 54‑59 may be
manufactured by any of the methods and/or with any of the materials described herein. Each groove may have a width
of about 0.032 inches (0.081cm) andhaveadepthof betweenabout 0.003 inches (0.008 cm) to about 0.017 inches (0.043
cm).Asdescribed in detail herein, anyof theball striking faces2212, 3212or 4212maybe in the formof an insert that is to a
golf club head or a correspondingly shaped recess in a golf club head. The insert may be flushwith the remaining portions
of the face of the golf club head, which may define a reference plane. Accordingly, the grooves of the ball striking face
deviate into the golf club heador are below the referenceplane. Alternatively, all or portions of the insertmay protrude from
the reference plane such that all or portions of the grooves are positioned above the reference plane. By having
interchangeable ball striking faces for one or more golf clubs such putters, a ball striking face of a golf club head can
be exchangedwith another ball striking face so as to improve an individual’s performancebasedon his or her putting style.
For example, an individual whose putting style has changed over a certain period of time can exchange the ball striking
face of his or her putter with another ball striking face according to the disclosure so that the putter is better adapted to the
individual’s current putting style. Insteadof having interchangeable ball striking faces, anyof the groovesdescribed herein
including theexemplarygroovesofFIGS.54‑59maybemanufacturedon thegolf clubhead.Theapparatus,methods, and
articles of manufacture described herein are not limited in this regard.
[0066] In another example shown in FIG. 60, a ball striking face 5212may include grooves 5220 (shown specifically as
grooves 5222‑5244). The ball striking face 5212 may be an integral part of the putter face 110 or a separate part that is
attached to the putter face 110. Accordingly, when describing the ball striking face 5212, parts of the putter 100 and the
putter head 102 are referred to with the same reference numbers described above. Similar to the other examples
describedherein, thedepth, lengthand/orwidth of eachgroove5220may increase, decreaseand/or vary from the toeend
180 to theheel end190and/or froma top rail 182 toasole 192of theputter head102. Theapparatus,methods, andarticles
of manufacture described herein are not limited in this regard.
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[0067] FIG. 61 shows a schematic top view of the groove 5232 and FIG. 62 shows a horizontal cross section of the
groove 5232 to illustrate the configuration of the grooves 5220 as described below. Each of the grooves 5220 includes a
first horizontal wall 5256anda secondhorizontal wall 5258 that define the vertical boundaries of the grooves.Each groove
5220 may also include a first end wall 5250 and a second end wall 5252. Each of the grooves 5220 has a bottom surface
5254whichdefinesadepth5255of thegroove5220.Thedepth5255of eachgroove5220mayvary from thefirstwall 5250
to the second wall 5252. The grooves 5220 may not have any end walls as the depth of each groove 5220may gradually
diminishuntil thebottomsurface5254meets theball striking face5212.Thedistancebetween thefirst horizontalwall 5256
and the second horizontal wall 5258 at any location along the groove defines a width 5280 of the groove 5220 at that
location. The distance between the first end wall 5250 and the second end wall 5252 defines a length 5293 of the grooves
5220.
[0068] Thevariation in thedepth5255ofeachgroove5220 relative to thevariation in thewidth5280ofeachgroove5220
maydependon the cutting tool that is used tomanufacture thegroove 5220. According to oneexample, the variation in the
width of thegroovemaybesimilar to the variation in thedepth of thegroovealong the lengthof thegroove. For example, for
every one millimeter increase in the depth of the groove, the width of the groove also increases by one millimeter.
According to another example, the depth of the groove may vary at a multiple of the variation of the width of the groove
along the length of the groove. For example, for every one millimeter increase in the depth of the groove, the width of the
groove increases by 0.5millimeter. Thus, the variation in the depth of each groovemay linearly relate to the variation in the
width of each groove along the length of each groove.
[0069] FIG. 63 shows a typical cutting bit 5300 having a cutting blade 5301 for cutting a groove in amaterial. Amachine
spins the cutting bit 5300 so that the cutting blade 5301 can cut a hole in a material, and the machine moves the material
being cut or moves the cutting bit 5300 to create a groove along the path of movement. The cutting bit 5300 has an angle
5302,which defines the angle 5304 of the groove cut by the cutting blade 5301 as shown in FIGS. 64 and 65. The example
cutting bit of FIG. 63 has an angle 5302 of about 90°, which can cut a groove as shown in FIG. 65 with an angle 5304 of
about 90°. FIG. 64 showsagroovehavingagrooveangle 5304of about 60°. A cuttingbit (not shown) for cutting thegroove
of FIG. 64 has a cutting bit with an angle of about 60°.
[0070] Denoting the depth of each groove by y, the width of each groove by x, and the angle of the cutting blade by α, a
relationship between the depth of each groove and the width of each groove along the length of each groove may be
expressed by:

[0071] The variation of the width of each groove relative to the depth of each groove along the length of the groovemay
be expressed by:

[0072] According to equation (2), when the cutting blade5301has an angle of 90°, thewidth of the groove varies relative
to depth of the groove by a factor of 2 along the length of the groove. For example, for every 1 millimeter increase in the
depth of the groove, the width of the groove increases by 2 millimeters. When the cutting blade has an angle of 60°, the
width of the groove varies relative to the depth of the groove by a factor of about 1.15. For example, for every 1 millimeter
increase in the depth of the groove, the width of the groove increases by 1.15 millimeters. When the cutting blade has an
angle of 30°, the width of the groove varies relative to the depth of the groove by a factor of about 0.54. For example for
every 1 millimeter increase in the depth of the groove, the width of the groove increases by about 0.54 millimeters. Thus,
cutting each groove with a cutting tool provides a groove having a width and depth that vary linearly relative to each other
along the length of the groove.
[0073] According to equation (2), the width profile of a groove as shown in FIG. 61 may be similar in shape to the depth
profileof thegrooveaccording toFIG. 62. Inotherwords, as thegroovebecomesdeeper fromoneendwall 5250or 5252 to
the center portion of the groove, the width of the groove also increases by a factor that is associated with the angle of the
grooveor the cutting tool. Thus, thewidth of the groove varies linearly relative to a variation in thedepth of the groovealong
the length of the groove, and the width and depth profiles of the groove may be similar.
[0074] According to equation (2), the variation in thedepth of thegroove relative to the variation in thewidth of thegroove
is linear.However, the variation in thedepth of thegroove relative to thevariation in thewidth of thegroovemaybeconstant
or nonlinear. One or more cutting tools for manufacturing a groove may be used such that the depth of the groove varies
relative to a variation in the width of the groove according to a non-linear relationship. For example, the variation in the
depth of a groove relative to variation in the width of the groove may be defined by the following equation:
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[0075] According to equation (3), thewidth of the groove is twice the square root of the depth of the groove,which canbe
represented by the following equation:

[0076] Thus, the relationship between the variation in depth and the variation in width of the groove may be nonlinear.
According toanother example, thedepthand/or thecross-sectional shapeofagroovemayvary, but thewidthof thegroove
may remain constant. For example, the groove may have a square cross-sectional shape with the depth of the groove
varying fromoneendof thegroove to theotherendof thegroovewhile thewidth of thegroove remains constant.According
to another example, thewidth of thegroovemay remain constant fromoneendof thegroove to theother endof the groove,
but the cross-sectional shape and/or depth of the groove may vary from one end of the groove to the other end of the
groove. According to another example, the depth of the groove from one end of the groove to the other end of the groove
may remain constant, while thewidth of the groove varies and/or remains constant fromone end of the groove to the other
end of the groove.
[0077] According to another example shown inFIGS.66and67, thedepth 5355of agroove5320maybeconstant along
a portion of the groove, such as a center portion 5356 of the groove. Accordingly, the width 5380 of the groove is also
constant as described in detail above along the center portion of the groove 5356. To manufacture the groove 5320 of
FIGS. 66 and 67, a cutting tool such as the cutting tool 5300 is used at a constant depth 5355 at the center portion 5356 of
the groove, hence resulting in a constant width 5380 at the center portion 5356 of the groove 5320.
[0078] The groove areas with deeper and wider grooves near the center of mass of a putter may provide a higher
expected ball speed, while shallower and narrower groove areas near the toe portion and the heel portion may provide a
lower expected ball speed. Furthermore, the greater groovewidth and depth at a center portion of a puttermay reduce the
mass at a point of contact with the golf ball, thereby normalizing the ball speed across the putter face by equating point
mass at each possible point of contact, such that even on off-center hits: toe, heel, high, or low, the ball speed would be
generally the same as if impacted on the center of the putter face.
[0079] The cutting tool of FIG. 63 is an example cutting tool. Other cutting tools may be used that may have different
shapes, and therefore resulting in different shape grooves. The cutting tool of FIG. 63 is V-shaped, which results in a V-
shaped groove. However, a U-shaped cutting tool (not shown) may result in a U-shaped groove. According to one
example, a cutting tool may be used that has a flat tip or point for manufacturing a flat-bottom groove. For example, the
cutting toolmay beaV-shaped cutting tool that hasa flat tip insteadof a pointed tip. Accordingly, aV-shapedgroove canbe
manufactured having a flat bottom. Thus, the bottomof a groovemay be substantially a point (i.e., having almost nowidth)
to being as wide as the width of the groove (i.e., rectangular or square cross-sectional groove shape). According to one
example, the bottom of the groove may be flat and have a width of about 0.003 inches (0.0076 centimeters). A groove
having a flat bottom may improve putting performance. A groove may be manufactured by using one cutting tool as
described above or a plurality of cutting tools. For example, a plurality of cutting toolsmay be used tomanufacture a single
groove toprovidedifferent groovecross-sectional shapesand/ordimensions fromoneendof thegroove to theotherendof
the groove.
[0080] Referring toFIGS. 68‑71, aputter head1800 includesaball striking face1812,whichhasaplurality of first curved
grooves 1820 and second curved grooves 1822. A first direction of curvature 1814 of the first grooves 1820 may be
generally opposite a second direction of curvature 1816 of the second grooves 1822. The first direction of curvature 1814
of the first grooves 1820and the seconddirection of curvature 1816 of the secondgrooves1822maybe the same from the
toeend1880 to theheel end1890 (illustrated inFIG.71), or thefirst directionof curvature1814of thefirst grooves1820and
the second direction of curvature 1816 of the second grooves 1822may vary from the toe end 1880 to the heel end 1890
(illustrated in FIG. 70). In other examples, the first direction of curvature 1814 of the first grooves 1820 and the second
direction of curvature 1816 of the secondgrooves 1822maybe the same from the sole 1892 to the top rail 1882 (illustrated
inFIG.84), or the first directionof curvature1814of the first grooves1820and the seconddirectionof curvature1816of the
secondgrooves1822mayvary from thesole 1892 to top rail 1882. Thefirst curvedgrooves1820may intersect the second
curved grooves 1822 at any point or plurality of points along one or more of the second curved grooves 1822. Each of the
grooves 1820 and 1822 may have a different configuration as compared to another groove, such as variable cross-
sectional profiles, depth profiles,width profiles, length profilesand/or other groove characteristics from the toeend1880 to
near theheel end1890and/or froma top rail 1882 toasole1892, similar to thegrooves in theputter headsdiscussedabove
(e.g. 1300 and 1400). For example, the depth of the first curved grooves 1820may progressively increase in one or more
groovesteps from the top rail 1882 to thesole1892.Theapparatus,methods,andarticlesofmanufacturedescribedherein
are not limited in this regard.
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[0081] FIGS. 72‑75 illustrate another example of putter 100 with a ball striking face 1500. When describing the new
example, some parts of the putter 100 are referred to with the same reference numbers as described above. Ball striking
face 1500 comprises a pattern 1510 defining a plurality of lands 1515 and a plurality of elliptical grooves 1520. The lands
1515 and elliptical grooves 1520 begin at a geometrical center 1511 of the innermost land 1516 or innermost elliptical
groove 1521. The lands 1515 and elliptical grooves 1520 alternate and continue outwards away from the geometrical
center 1511. Thegeometrical center 1511 is positioned relative to theball striking face1500,which is aligned relative to the
toe end 180, the top rail 182, the heel end 190, and the sole 192. The geometrical center 1511 may or may not be the
actually geometrical center of the putter head 102.
[0082] Referring toFIG.72, theball striking face1500comprises thepattern1510defining theplurality of lands1515and
theplurality of elliptical grooves1520.As illustrated in thefigures, theball striking face1500 includesseven lands1515and
seven elliptical grooves 1520. However, in other examples, the ball striking face 1500 can include more or less than the
seven lands 1515 and more or less than the seven elliptical grooves 1520 illustrated. For example, the ball striking face
1500may comprise 1 elliptical groove, 1 land 1515, 2 elliptical grooves, 2 lands 1515, 3 elliptical grooves, 3 lands 1515, 4
elliptical grooves, 4 lands 1515, 5 elliptical grooves, 5 lands 1515, 6 elliptical grooves, 6 lands 1515, 7 elliptical grooves, 7
lands 1515, 8 elliptical grooves, 8 lands 1515, 9 elliptical grooves, 9 lands 1515, 10 elliptical grooves, 10 lands 1515, 11
elliptical grooves, 11 lands 1515, 12 elliptical grooves, or 12 lands 1515, or more.
[0083] As illustrated inFIG. 72, the pattern 1510definesamajor axis 1560andaminor axis 1564. Themajor axis 1560 is
where the elliptical grooves 1520 are measured at the widest diameter; while the minor axis 1564 is where the elliptical
grooves 1520 are measured at the shortest diameter. Themajor axis goes through the geometrical center 1511 and runs
from the toe end 180 to the heel end 190. Theminor axis 1564 goes through the geometrical center 1511 and runs from the
top rail 182 to the sole 192. In other embodiments, the major axis 1560 may go through the geometrical center 1511 and
runsalong the top rail 182and thesole192;while theminoraxis1562maygo through thegeometrical center1511and runs
through the toe end 180 to the heel end 190.
[0084] As illustrated inFIGS.73‑75,eachof theelliptical grooves1520hasabottomsurface1554,whichdefinesadepth
of the elliptical grooves 1520 relative to the surface of the ball striking face 1500. The depth of the elliptical grooves 1520
can range between 0.0254mm (0.001 inches) to 0.508mm (0.020 inches) (e.g. 0.002, 0.004, 0.006, 0.008, 0.010, 0.012,
0.014, 0.016, 0.018, or 0.020). The depth of the elliptical grooves 1520 varies throughout the ball striking face 1500. The
depth of the elliptical grooves 1520 progressively increases as the elliptical grooves 1520move from the top rail 182 to the
geometrical center 1511 and progressively decreases as the elliptical grooves move from the geometrical center 1511 to
the sole 192. Similarly, the depth of the elliptical grooves 1520 progressively increase as the elliptical grooves 1520move
from the toe end 180 to the geometrical center 1511 and progressively decrease as the elliptical grooves 1520move from
thegeometrical center 1511 to theheel end190.Theelliptical grooveat thegeometrical center 1511has thegreatest depth
while the elliptical groove near the toe end 180, heel end 190, top rail 182 and sole 192 has the shallowest depth. The
elliptical grooves 1520 may also be symmetric about the horizontal axis x, perpendicular to the vertical axis y on the ball
striking face 1500. The depth of the elliptical grooves 1520maybe similar at the top rail 182 and the sole 192. Likewise, the
depth of the elliptical grooves 1520 may be similar at the toe end 180 and the heel end 190.
[0085] In one example, the depth of the elliptical grooves 1520 may have a uniform depth for each individual elliptical
groove 1520, but vary from one elliptical groove 1520 to the next most outer elliptical groove 1520. In other examples, the
depthof theelliptical grooves1520mayvarywithineach individual elliptical groove1520.Withinoneelliptical groove1520,
as thegroovemoves towards the toeend180and theheel end190, the depthmaydecreasegradually. In exampleswhere
themajor axis 1560 runs along the top rail 182 and the sole 192 and theminor axis runs along the toe end 180 and the heel
end 190, the depthmay gradually decreasemoving towards the top rail 182 at the interface of crown and face and the sole
192.As thegroovesmoveaway from thegeometrical center1511, thenextmost outer elliptical groove1520may follow the
same varying depth pattern but be shallower overall. Referring to FIGS. 74 and 75, the elliptical grooves 1521, and 1522
mayhaveagreater varying depth than theelliptical grooves1526, and1527with elliptical groove1521having thegreatest
depth and elliptical groove 1527 having the shallowest depth.
[0086] Eachelliptical groove1520hasan innerperimeter1530andanouterperimeter1540.The innerperimeter1530 is
the perimeter closest to the geometrical center 1511 of an elliptical groove 1520; the outer perimeter 1540 is the perimeter
farthest from thegeometrical center1511ofanelliptical groove1520.The innerperimeter1530 to theouter perimeter1540
of an elliptical groove 1520 defines a width 1580. The width 1580 of the elliptical grooves 1520 can range between
approximately 0.0254 mm to approximately 0.9398 mm (0.001 inches to approximately 0.035 inches) (e.g. 0.001, 0.005,
0.010, 0.015, 0.020, 0.025, 0.030, or 0.035). The width 1580 may be constant within an elliptical groove 1520. The width
1580 may also vary within an elliptical groove 1520. Further, the width 1580 may remain constant with all the elliptical
grooves1520on theball striking face1500. Thewidthmayalso vary fromelliptical groove1520 toelliptical groove1520on
the ball striking face 1500. In one embodiment, the width 1580 may increase from the innermost elliptical groove 1520 to
the outermost elliptical groove 1520. For example, elliptical groove 1 may have a width of 0.381mm (0.015 inches) while
elliptical groove 7 may have a width of 0.889mm (0.035 inches). In another example, the width 1580 may also decrease
from the innermost elliptical groove 1520 to the outermost elliptical groove 1520. Other examples may include any

18

EP 3 661 612 B1

5

10

15

20

25

30

35

40

45

50

55



combination of both a constant width and a varyingwidthwithin each elliptical groove 1520 and fromelliptical groove 1520
to a consecutive elliptical groove 1520.
[0087] Theouter perimeter 1540of one elliptical groove to the inner perimeter 1530of an adjacent elliptical groove1520
defines a land 1515. The land 1515 is the material between each elliptical groove 1520 on the ball striking face 1500 and
defines a thickness. As illustrated in FIG. 72, the geometrical center 1511 is formed in the land 1515. The land at the
geometrical center 1511 is a solid cylindrical formation with each land 1515 when moving further from the geometrical
center 1511 being cylindrical in form and having a larger inner and outer diameter.
[0088] In one example, the thickness of each land 1515 may be consistent throughout the pattern 1510. In another
example, the thickness of each land 1515 may also vary throughout the pattern 1510. Further, the thickness of the land
1515maybeconstant betweeneachelliptical groove1520ormayvarybetweeneachelliptical groove1520.The thickness
of the land 1515 can range fromapproximately 0.0254mm(0.001 inches) to approximately 1.27mm(0.050 inches). In one
example, the land 1515 may increase in increments moving from the geometrical center 1511 to the outermost elliptical
groove 1527. In another example, the land 1515 may also decrease in increments moving from the geometrical center
1511 to theoutermost elliptical groove1527.The increase in incrementsmaybe0.0254, 0.127,0.381, 0.508,0.632, 0.762,
or 0.889 mm (0.001, 0.005, 0.010, 0.015, 0.020, 0.025, 0.030, or 0.035 inches). Other examples may include any
combinationofbothaconstant areaof landandvaryingareaof landbetweeneachelliptical groove1520,and fromelliptical
groove 1520 to an adjacent elliptical groove 1520.
[0089] As described above, FIGS. 24‑26 show geometrical cross-sectional shapes of the elliptical grooves 1520 as
viewed from section line 30‑30 of FIG. 72. In FIG. 24, the geometric cross-sectional shape of the elliptical groove 1520 is
box-shaped, rectangular or square. In FIG. 25, the geometric cross-sectional shape of the elliptical groove 1520 is V-
shaped. In FIG. 26, the geometric cross-sectional shape of the elliptical grooves 1520 is U-shaped. The geometric cross-
sectional shapemay remain constant within an elliptical groove 1520. The geometric cross-sectional shapemayalso vary
within an elliptical groove 1520. For example, an elliptical groove 1520 may have a geometric cross-sectional shape of a
square from the top rail 182 to the sole 192moving clockwise, and a geometric cross-sectional of a U-shape from the sole
192 to the top rail 182moving clockwise. Furthermore, the geometric cross-sectional shape of the elliptical grooves 1520
may vary from one elliptical groove 1520 to another elliptical groove 1520. For example, one elliptical groove 1520 may
have a geometric cross-sectional of a U-shape, while the consecutive elliptical groove 1520may have a geometric cross-
sectional of aV-shape.Other examplesmay includeanycombination of the threegeometric cross-sectional shapeswithin
each elliptical groove 1520 and from elliptical groove 1520 to elliptical groove 1520.
[0090] The varying depth pattern created by the elliptical grooves 1520 has a damping effect on the kinetic energy
transferred to the ball. The greater the depth, the more kinetic energy is absorbed. Comparatively, the smaller the depth,
the less kinetic energy is absorbed. Because the depth of the elliptical grooves 1520 are the greatest near the geometrical
center1511, this iswhere thedamping isgreatest.As thedepth shallowsas theelliptical grooves1520moveaway from the
geometrical center 1511, the damping decreases. This varying depth pattern of the elliptical grooves 1520 allow for more
consistent ball speedsacross theball striking face1500. For example, the ball will experience similar speedswhen theball
striking face 1500 impacts the ball at the toe end 180, geometric center 1511, as well as the heel end 190.
[0091] FIGS. 76‑80 illustrate another example of putter 100 with a ball striking surface 1612. When describing the new
example, some parts of the putter 100 are referred to with the same reference numbers as described above. Ball striking
surface 1612 comprises a plurality of protrusions 1640 extending froma bottom surface 1616. The bottom surface 1616 is
contouredas illustrated inFIGS. 78‑80. Thebottomsurface1616 includes adepression or concavity in amiddle area1618
of the striking surface 1612. As illustrated in FIG. 77, the middle area 1618may be an oval. In other examples, themiddle
area 1618 may be defined as a circle, an oval or other suitable shapes.
[0092] The protrusions 1640 are frustoconically-shaped and are variable in height and width. The protrusions 1640
further comprise a base portion 1620 and a top surface 1624. The base portion 1620 is connected to the bottom surface
1616and the topsurface1624 formsaplanar surfaceof thestrikingsurface1612.Theprotrusions1640spanoutward from
ageometrical center 1611of thestriking surface1612.Thegeometrical center 1611 is positioned relative to theball striking
surface 1612, which is aligned with the toe end 180, the top rail 182, the heel end 190, and the sole 192. The geometrical
center 1611 may or may not be the actual geometrical center of the putter head 102.
[0093] As illustrated in FIG. 76, the ball striking surface 1612 defines an x-axis 1628 and a y-axis 1632. The x-axis 1628
goes through thegeometrical center 1611and runs from the toeend180 to theheel end190.They-axis 1632goes through
the geometrical center 1611 and runs through the top rail 182 to the sole 192. Properties of the protrusions 1640 may be
mirrored across the x-axis 1628, the y-axis 1632, or both the x-axis 1628 and the y-axis 1632.
[0094] With reference to FIGS. 79, and 80, the protrusions 1640 are variable in height and width. At the geometrical
center, the protrusions 1640 have a greater height than the protrusions further away from the geometrical center 1611. In
otherwords, theheightof theprotrusions1640gradually changewhenmovingoutward fromthegeometrical center toward
the toe end 180, the top rail 182, the heel end 190, and the sole 192.
[0095] The height 1644 of the protrusions 1640 is measured from the bottom surface 1616 to the top surface 1624. The
height 1644 of each protrusion 1640 is dependent on the bottom surface 1616. As the contour of the bottom surface 1616
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varies, the height 1644 of the protrusions 1640 may also vary. For example, at the depression or concavity of the bottom
surface 1616, the height 1644 of the protrusions is the greatest. In many examples, the height 1644 is greatest at the
geometrical center 1611anddecreases as the protrusions 1640move farther away from the geometrical center 1611. The
height 1644of theprotrusions1640at the toeend180maybe identical or similar to theheight 1644of theprotrusionsat the
heel end 190. The height 1644 of the protrusions at the top rail 182 may be identical or similar to the height 1644 of the
protrusionsat the sole 192. Theheight 1644of the protrusionsat the toeend180, the heel end190, the top rail 182, and the
sole 192 may be identical or similar. Further, the height 1644 of the protrusions 1640 may range between approximately
0.0254 mm to 0.508 mm (0.001 inches to 0.020 inches) (e.g., 0.0508, 0.1016, 0.524, 0.2032, 0254, 0.3048, 0.3556,
0.4065, 0.472, or 0.508 mm (0.002, 0.004, 0.006, 0.008, 0.010, 0.012, 0.014, 0.016, 0.018, or 0.020 inches)).
[0096] In addition, the protrusions 1640 have a greater gap or distance 1636 between adjacent protrusions at the
geometrical center. The distance 1636 between adjacent protrusions 1640 gradually gets smaller when moving further
away from the geometrical center 1611. Again, in other words, the distance between the protrusions gradually change
whenmoving outward form the geometrical center toward the tow end 180, the top rail 182, the heel end 190, and the sole
192. The distance 1636 is illustrated as the space in between each top surface 1624 of the protrusions 1640. The distance
1636 between the protrusions 1640 is created by the frustoconical surface where the base portion 1620 tapers to the top
surface 1624. The greater the tapering of the protrusions 1640, the greater the distance 1636 in between adjacent
protrusions 1640. Similarly, the less tapering of the protrusions 1640, the less distance in between adjacent protrusions
1640.
[0097] As illustrated in FIGS. 79, and 80, each protrusion 1640 includes a diameter 1648 that varies along its height due
to the frustoconical shapeof theprotrusions.Thediameter 1648at thebaseportion1620of eachprotrusion is greatest and
gets smaller toward the top surface 1624. The diameter of each protrusion 1640 correlates to the height 1644 of each
protrusion. Thegreater the height 1644, themore tapering of the protrusions 1640, and thus the smaller the diameter 1648
at the top surface 1624. Inmany examples, the diameter 1648 of the top surface 1624 is smallest at the geometrical center
1611. The diameter 1648 of the top surface 1624may gradually increase as the protrusions 1640move farther away from
the geometrical center 1611. The diameter 1648 of the top surface 1624 of the protrusions 1640 at the toe end 180may be
identical or similar to the diameter 1648 of the top surface 1624 of the protrusions 1640 at the heel end 190. The diameter
1648 of the top surface 1624 of the protrusions 1640 at the top rail 182, may be identical or similar to the diameter 1648 of
the topsurface1624of theprotrusions1640at thesole192.Thediameter1648of the topsurface1624of theprotrusionsat
the toeend180, theheel end190, the top rail 182, and thesole 192maybe identical or similar. Thediameter 1648of the top
surfaces 1624may range fromapproximately 0.0254mm to 0.9398mm (0.001 inches to0.035 inches) (e.g., 0.127, 0.254,
0.381, 0.508, 0.635, 0.762, or 0.889 mm (0.005, 0.010, 0.015, 0.020, 0.025, 0.030, or 0.035 inches)).
[0098] In other constructions, the protrusions 1640 may comprise an alternative shape and cross-section 1652. The
cross-section 1652 may be of any suitable shape (e.g., circular, triangular, pentagonal, hexagonal, etc.).
[0099] Thedistance1636, theheight 1644, and thediameter 1648of the top surface1624of theprotrusions1640havea
dampeningeffect on the kinetic energy transferred to thegolf ball. Thegreater thedistance1636and thegreater the height
1644, the more kinetic energy is absorbed. Likewise, the smaller the distance 1636 and the smaller the height 1644, the
less kinetic energy is absorbed. Alternatively, the greater the diameter, the less kinetic energy is absorbed; the smaller the
diameter, the more kinetic energy is absorbed. Because the distance 1636 and the height 1644 are the greatest, and the
diameter 1648 is thesmallest near thegeometrical center 1611, this iswhere thedamping isgreatest.As thedistance1636
and the height 1644 decrease and the diameter increase moving farther away from the geometrical center 1611, the
damping decreases. The varying properties of the protrusions 1640 allow for more consistent ball speeds across the ball
striking surface 1612. For example, the ball will experience similar speedswhen the ball striking surface 1612 impacts the
ball at the toe end 180, geometrical center 1611, as well as the heel end 190.

FACE INSERTS

[0100] In many embodiments, a putter golf club head can comprise a face insert. The various face insert embodiments
can have the grooves as described above (i.e. varying width, varying depth, or varying widths and depths). When
describing examples below, some parts of the putter 100 are referred to with the same reference numbers as described
above. Theputter golf clubheadcomprisesa front end196, a rear end194opposite the front end196, a toeend180, aheel
end190opposite the toeend180, a top rail 182, a sole192opposite the top rail 182, a leadingedgepositionedbetween the
front end 196 and the sole 192. The exterior surface of the putter golf club head can form a recess. More specifically, in
someexamples, a topwall, a toewall, a heelwall opposite the toewall, and a backwall of the putter type golf club head can
form a recess. In some examples, a top wall, a toe wall, a heel wall opposite the toe wall, a back wall, and a bottom wall
opposite the top wall of the putter golf club head can form a recess. The front end 196 of the putter golf club head can be
configured tostrikeagolf ball. The recessof theputter golf clubheadcanbeextend rearward frontend196 towards the rear
end 194.
[0101] The recess of the putter golf club head comprises a depth measured as a perpendicular distance from the front
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end 196 to the rear end 194. In many examples, the depth of the recess can range from 0.381 to 6.35 mm (0.150 to0.250
inch). In someexamples, thedepthof the recesscan range from0.381 to5.08mm(0.150 to0.200 inch), 0.381 to5.588mm
(0.150 to 0.220 inch), 0.381 to 6.096mm (0.150 to 0.240 inch), 4.064 to 5.08mm (0.160 to 0.200 inch), 4.064 to 5.588mm
(0.160 to 0.220 inch), 4.064 to 6.096 mm (0.160 to 0.240 inch), 4.064 to 6.35mm (0.160 to 0.250 inch), 4.381 to 5.08 mm
(0.170 to 0.200 inch), 4.381 to 5.588mm (0.170 to 0.220 inch), 4.381 to 6.096mm (0.170 to 0.240 inch), 4.381 to 6.35mm
(0.170 to 0.250 inch), 4.572 to 5.08mm (0.180 to 0.200 inch), 4.572 to 5.588mm (0.180 to 0.220 inch), 4.572 to 6.096mm
(0.180 to 0.240 inch), 4.572 to 6.35mm (or 0.180 to 0.250 inch). For example, the depth of the recess can be 0.381, 4.064,
4.381, 4.572, 4.826, 5.08, 5.334, 5.588, 5.842, 6.096, 6.35 mm (0.150, 0.160, 0.170, 0.180, 0.190, 0.200, 0.210, 0.220,
0.230, 0.240, 0.250 inch).
[0102] In other examples, the depth of the recess can range from 5.08 to 20.32 mm (0.20 to 0.80 inch). In some
examples, the depth of the recess can range from5.08 to12.7mm(0.20 to0.50 inch), 7.62 to 15.24mm(0.30 to 0.60 inch),
10.16 to 17.78, or 12.7 to 20.32mm (0.40 to 0.70, or 0.50 to 0.80 inch). In some embodiments, the depth of the recess can
range from5.08 to 10.16mm (0.20 to 0.40 inch), 7.62 to 12.7mm, 10.16 to 15.24mm (0.30 to 0.50, 0.40 to 0.60 inch), 12.7
to 17.78mm(0.50 to 0.70 inch), or 15.24 to 20.32mm (0.60 to 0.80 inch). For example, the depth of the recess canbe 5.08,
6.35, 7.62, 8.89, 10.16, 11.43, 12.7, 13.97,15.24, 16.51, 17.78, 19.05, 20.32 (0.20, 0.25, 0.30, 0.35, 0.40, 0.45, 0.50, 0.55,
0.60, 0.65, 0.70, 0.75, or 0.80).
[0103] The recess of the putter golf club head can be configured to receive the face insert. In many examples, the face
insert may be shaped complementary to the recess of the putter golf club head. In other examples, the face insert may not
be shaped complementary to the recess of the putter golf club head. When the recess receives the face insert, the face
insert abuts the back wall of the recess. In many examples, the face insert can be coupled to the recess by an adhesive
such as tape, very high bond tape, glue, epoxy, or any type of adhesive compound. In other examples, the face insert can
be coupled to the recess by fasteners or pins (not shown). In other examples, the face insert can be coupled to the recess
by a press-fit or a friction-fit. In some examples, the face insert can be coupled to the recess with a mechanical interlock
structure such as an undercut or a plurality of hook structures.
[0104] The face insert can formaportion of the front end 196, the sole 192, the heel end 190, the toe end 180, the top rail
182, or any combination thereof of the putter golf club head. In many examples, the face insert forms a portion of the front
end 196and the sole 192of the putter golf club head. In other examples, the face insert formsonly a portion of the front end
196. Inotherexamples, the face insert formsaportionof the frontend196, thesole192, and the top rail 182of theputtergolf
club head.
[0105] Inmany examples, the face insert comprises a thickness corresponding to the depth of the recess. Similar to the
depth of the recess, the thicknessof the face insert ismeasured as theperpendicular distance from the front end 196 to the
rear end 194 of the putter golf club head. In many examples, the thickness of the face insert can range 3.81 to 6.35 mm
(0.150 to 0.250 inch). In some examples, the thickness of the face insert can range from 3.81 to 5.08 mm (0.150 to 0.200
inch), 3.81 to 5.588 mm (0.150 to 0.220 inch), 3.81 to 6.096 mm (0.150 to 0.240 inch), 4.064 to 5.08 mm (0.160 to 0.200
inch), 4.064 to 5.588mm (0.160 to 0.220 inch), 4.064 to 6.096mm (0.160 to 0.240 inch), 4.064 to 6.35mm (0.160 to 0.250
inch), 4.318 to 5.08mm (0.170 to 0.200 inch), 4.318 to 5.588mm (0.170 to 0.220 inch), 4.318 to 6.096mm (0.170 to 0.240
inch), 4.318 to 6.35 mm (0.170 to 0.250 inch), 4.572 to 5.08mm (0.180 to 0.200 inch), 4.572 to 5.588 mm (0.180 to 0.220
inch), 4.572 to 6.096mm(0.180 to0.240 inch), or 4.572 to6.35mm(0.180 to 0.250 inch). For example, the thicknessof the
face insert can be 3.81, 4.064, 4.318, 4.572, 4.826, 5.08, 5.334, 5.588, 5.842, 6.096, 6.35mm (0.150, 0.160, 0.170, 0.180,
0.190, 0.200, 0.210, 0.220, 0.230, 0.240, 0.250 inch).
[0106] In other examples, the thickness of the face insert can range from 5.08 to 20.32mm (0.20 to 0.80 inch). In some
examples, the thickness of the face insert can range from 5.08 to 12.7 mm (0.20 to 0.50 inch), 7.62 to 15.24 mm (0.30 to
0.60 inch), 10.16 to 17.78mm (0.40 to 0.70), or 12.70 to 20.32mm (0.50 to 0.80 inch). In some examples, the thickness of
the face insert can range from 5.08 to 10.16mm (0.20 to 0.40 inch), 7.62 to 12.7, 10.16 to 15.24mm (0.30 to 0.50, 0.40 to
0.60 inch), 12.7 to 17.78mm(0.50 to 0.70 inch), or 15.24 to 20.32mm (0.60 to 0.80 inch). For example, the thicknessof the
face insert can be 5.08, 6.35, 7.62, 8.89, 10.16, 11.43, 12.7, 13.97, 15.24, 16.51, 17.78, 19.05, or 20.32 mm (0.20, 0.25,
0.30, 0.35, 0.40, 0.45, 0.50, 0.55, 0.60, 0.65, 0.70, 0.75, or 0.80 inch). Inmanyexamples, thedepthof the recesscanbe the
same as the thickness of the face insert. In some examples , the depth of the recess can be different from the thickness of
the face insert. In someexamples, the depth of the recess canbegreater than the thicknessof the face insert or vice versa.
In some examples, the depth of the recess can be less than the thickness of the face insert or vice versa.
[0107] Inmanyexamples, the face insert can formapercentageof the frontend196,and/or thesoleof theputtergolf club
head. Inmany examples, the face insert can formgreater than or equal to 70%of the front end 196. In someexamples, the
face insert can form at least 70%, 75%, 80%, 85%, 90%, 95%, or 100% of the front end 196. In some examples, the face
insert can formgreater than or equal to 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
of the front end196. Inmanyexamples, the face insert can format least 10%of thesole of theputter golf clubhead. In some
examples, the face insert can format least 12%,14%,16%, 18%,20%,22%,24%,25%,26%, 28%,30%,35%,40%,45%,
50%,55%,60%,65%,70%,75%,or80%of thesoleof theputter golf clubhead. In someexamples, the face insert can form
greater than or equal 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, or 80%of the sole of
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the putter golf club head. In embodiments of the present invention, the face insert forms at least 75% of the front end 196
and at least 10% of the sole 192 of the putter golf club head.
[0108] In many embodiments, the face insert comprises a polymer type material. The polymer type material can
comprise polyethylene, polypropylene, polytetrafluroethylene, polyisobutylene, polyvinlycloride, or any other polymer
type material. In many embodiments, the face insert can comprise a PEBAX. More specifically, the PEBAX is a polyether
block amide that is a thermoplastic elastomer made of a flexible polyether and rigid polyamide. The rigid polyamide can
comprise Nylon. The PEBAX can comprise different compounds that correspond to different Shore D hardness values,
polyether percentages, and/or polyamide percentages. In many embodiments, the PEBAX can comprise a PEBAX 4033
(Arkema, Paris France) or a PEBAX6333 (Arkema, Paris France). ThePEBAX4033 (Arkema, Paris France) comprises a
Teramethylene oxide 53% wt and a Nylon 12. The PEBAX 6333 (Arkema, Paris France) comprises a Nylon 11.
[0109] The PEBAX can comprise a percentage of polyether by volume. In some embodiments, the PEBAX can
comprise 0% to 10%, 10% to 20%, 15% to 30%, 20% to 30%, 30% to 40%, 30% to 50%, 30% to 60%, 40% to 50%, 40% to
60%, 50% to 60%, or 60% to 70%polyether by volume. For example, the PEBAX can comprise 0%, 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%,65%, or 70%of polyether by volume. In someembodiments, thePEBAXcan
comprise0%to10%,10%to20%,15%to30%,20%to30%,30%to40%,40%to50%,40%to60%,50%to60%,or60%to
70% of polyamide by volume. For example, the PEBAX can comprise 0%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, or 70% of polyamide by volume. As the percentage of polyether percentage increases, the
hardness of the PEBAX decreases. As the percentage of polyamide percentage increases, the hardness of the PEBAX
increases.Forexample, thePEBAX4033 (Arkema,ParisFrance)cancomprise40%to60%polyetherbyvolumeand15%
to 30%polyamide by volume. For example, thePEBAX6333 (Arkema, Paris France) can comprise 15% to 30%polyether
by volume and 40% to 60% polyamide by volume.
[0110] In many embodiments, the PEBAX can comprise a hardness ranging from Shore D 25 to Shore D 75. In some
embodiments, thehardnessof thePEBAXcan range fromShoreD25 toShoreD35,ShoreD35 toShoreD45,ShoreD36
to Shore D 44, Shore D 38 to Shore D 42, Shore D 45 to Shore D 55, Shore D 55 to Shore D 65, Shore D 56 to Shore D 64,
ShoreD60 toShoreD65,orShoreD65 toShoreD75.Forexample, thehardnessof thePEBAXcanbeShoreD25,30,35,
40, 45, 50, 55, 60, 65, or 70.
[0111] Inmanyembodiments, thePEBAX4033 (Arkema,ParisFrance) cancomprisea lowerhardness than thePEBAX
6333 (Arkema, Paris France). In many embodiments, the PEBAX 4033 (Arkema, Paris France) can comprise a hardness
range of Shore D 35 to Shore D 55. In some embodiments, the PEBAX 4033 (Arkema, Paris France) can comprise a
hardness range of Shore D 38 to Shore D42, or Shore D 39 to Shore D 41. For example, the PEBAX 4033 (Arkema, Paris
France) can be comprise a Shore D hardness of 40. Inmany embodiments, the PEBAX 6333 (Arkema, Paris France) can
comprise a hardness range of ShoreD50 to ShoreD75. In someembodiments, thePEBAX6333 (Arkema, Paris France)
can comprise a hardness range of Shore D 55 to Shore D 70, or ShoreD 60 to Shore D 65. For example, the PEBAX 6333
(Arkema, Paris France) can comprise a Shore D hardness of 63.
[0112] In some other examples, the face insert can comprise a material such as steel, steel alloys, tungsten, tungsten
alloys, aluminum, aluminum alloys, titanium, titanium alloys, vanadium, vanadium alloys, chromium, chromium alloys,
cobalt, cobalt alloys, nickel, nickel alloys, other metals, other metal alloys, composite polymer materials or any
combination thereof.
[0113] The face insert can be formed by a number of different processes. The different forming processes include:
injection molding, casting, blowmolding, compression molding, co-molding, laser forming, film insert molding, gas assist
molding, rotational molding, thermoforming, laser cutting, 3-D printing, forging, stamping, electroforming, machining,
molding, or any combination thereof. Further, the face insert can have any combination of thicknesses and forming
processes described above.

SINGLE COMPONENT FACE INSERT

[0114] In some examples, the face insert can comprise a single component system. In these examples, the face insert
can comprise a ball striking face plate, or any other single component. The face insert comprising the single component
system can comprise the grooves described above.
[0115] FIGS. 85‑88 illustrate another example of a putter, putter 1700. The putter 1700 comprises a putter head 1702.
Accordingly,whendescribing theputter head1702, parts of the putter head102 canbe referred towith the same reference
numbers described above. The putter head 1702 comprises a putter face 1710, wherein the putter face 1710 comprises a
recess1712. Inother examples, theputter headcan further compriseaslot (not shown) positionedon the top rail 182or the
sole 192, wherein the slot integrally extends into the recess 1712.
[0116] As illustrated in FIG. 86, the recess 1712 comprises a flat surface 1716 anda perimeter 1718. In someexamples,
the flat surface 1716 of the recess 1712 can comprise bores 1722. The bores 1722 comprise a diameter and can further
comprise threading. In other examples, the perimeter 1718 of the recess 1712 can comprise a lip (not shown), wherein the
lip can extend along the entire perimeter 1718. Further in other examples, the lip can extend along a portion of the
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perimeter 1718. For example, the lip can extend along the top rail 182 and the sole 192. Further, the recess 1712 can
receive a face insert 1726.
[0117] As illustrated in FIGS. 87A and 87B, the face insert 1726 comprises a ball striking surface 1728 and a back
surface 1730, opposite the ball striking surface 1728. As illustrated in FIG. 85, the ball striking surface 1728 is horizontally
separated into three portions, which are a toe portion 1770 proximate the toe end 180, a heel portion 1774 proximate the
heel end190,andacenterportion1772positionedbetween the toeportion1770and theheel portion1774.As illustrated in
FIG. 87A, the ball striking face plate is further vertically separated into three portions, which are a top rail portion 1776
proximate the top rail 182, the sole portion 1780 proximate the sole 192, and amid portion positioned between the top rail
portion 1776 and the sole portion 1780. The ball striking surface 1728 of the face insert 1726 can comprise grooves. The
grooves can comprise similar features to the groove examples of putter 100. More specifically, the grooves can be similar
to the grooves of ball striking face/ball striking surface 112, 212, 312, 412, 512, 612, 712, 1012, 1412, 1500, 1612, 1812,
2212, 3212, 4212 and 5212. The grooves comprise a depth, wherein the depth of the grooves vary from the toe portion
1770 toward the heel portion 1774 and from the top rail portion 1776 toward the sole portion 1780. The depth of the groove
increases from the toe portion 1770 and the heel portion 1774 toward the center portion 1772. Similarly, the depth of the
grooves 1720 increases from the top rail portion 1776 and the sole portion 1780 toward themid portion 1778. The deepest
part of the grooves 1720 is at the center portion 1772 andmid portion 1778 of the grooves 1720. The varying depth of the
grooves 1720 in the example increase forgiveness by allowing for more normalized hits across the ball striking surface
1728.
[0118] The back surface 1730 of the face insert 1726 can comprise cylindrical protrusions 1732. The cylindrical
protrusions 1732 comprise a diameter equal to the diameter of the bores 1722 of the recess 1712. Further, the cylindrical
protrusion 1732 is complementary to the bores 1722. When the face insert 1726 is coupled to the recess 1712, the
cylindrical protrusions1732canalign concentricallywith thebores1722. Further, the face insert 1726 is complementary to
the recess 1712, wherein the ball striking surface 1728 of the face insert 1726 is flush with the putter face 1710 when
coupled within the recess 1712.
[0119] The face insert 1726 further comprises awidth 1734, and a length 1736. As illustrated inFIG. 87A, thewidth 1734
of the face insert 1726 is the distancemeasured from a first side 1737 of the face insert 1726 to a second side 1738 of the
face insert 1726.Thewidth1734of the face insert 1726can range from41.91mmto53.34 (1.65 inches to2.10 inches). For
example, the width 1734 of the face insert 1726 can be 42.672 mm (1.68 inches), 43.688 mm (1.72 inches), 44.704 mm
(1.76 inches), 45.72 mm (1.80 inches), 46.736 mm (1.84 inches), 47.752 mm (1.88 inches), 48.768 mm (1.92 inches),
49.784mm (1.96 inches), or 50.8mm (2.00 inches). In one example, the width 1734 of the face insert 1726 can be 42.672
mm(1.68 inches), which is approximately the diameter of a ball. In exampleswhere the face insert 1726 comprises awidth
1734 of 42.672 mm (1.68 inches), the width can act as a visual aid to align the ball.
[0120] As illustrated in FIG. 87B, the length 1736 of the face insert 1726 is the distancemeasured froma top end1740 of
the face insert 1726 to a bottomend1742 of the face insert 1726. As illustrated in FIG. 85, the length 1736 of the face insert
1726canspan thecompletedistance from thesole192 to the top rail 182of theputter head1702,wherein the topend1740
can form a portion of the top rail 182, and the bottom end 1742 can form a portion of the sole 192. In some examples, the
length 1736 of the face insert 1726 can span from the top rail 182 to proximate the sole 192, wherein the top end 1740 can
formaportionof the top rail 182asseen inFIG.88. Inotherexamples, the length1736of the face insert 1726canspan from
the sole 192 to proximate the rail 182, wherein the bottom end 1742 can form a portion of the sole 192. The length 1736 of
the face insert 1726allows theball to consistently strike the face insert 1726during impact insteadof theputter face1710or
perimeter 1744of theball strikingsurface1728.Theball consistently striking the face insert 1726during impact allows for a
consistent feel.
[0121] In other examples, the face insert 1726 can further comprise an edge indent. The edge indent can extend along
theentire perimeter 1744of the ball striking surface1728. In other examples, the edge indent can extendalongaportion of
the perimeter 1744 of the ball striking surface 1728. For example, the edge indent can extend along the first side 1737 and
the second side 1738. In another example, edge indent can extend along the first side 1737, the bottomend 1742, and the
second side 1738. Further, the edge indent is complementary to the lip of the recess 1712.
[0122] In one example, the face insert 1726 can be coupled to the recess 1712 of the putter face 1710 by any adhesive
suchasepoxy, glue, tape, or anyother securing compound. The face insert 1726 can further be coupled to the recess1712
by a compression fit of the cylindrical protrusions 1732 positioned within the bores 1722.
[0123] In another example, the face insert 1726 can be coupled to the recess 1712 by inserting the face insert 1726
through the slot. A sheet (not shown) can then be inserted into the slot, positioned between the face insert 1726 and the
recess 1712, wherein the sole 192/top rail 182 is flush with the face insert 1726 and the sheet disposed within the recess
1712. The sheet compresses the edge indent of the face insert 1726 against the lip of the recess 1712, securing the face
insert 1726 within the recess 1712. The sheet can comprise a curved aperture (not shown) positioned on an exposed
surfaceof thesheetwhencoupledwithin the recess1712.Thecurvedaperturecan receiveanextracting tool to remove the
sheet from the slot. Removing the sheet allows the face insert 1726 to be loose within the recess 1712 and can then be
removed to be interchangedwith a face insert 1726 of a differentmaterial. Face inserts 1726of differentmaterials allow for

23

EP 3 661 612 B1

5

10

15

20

25

30

35

40

45

50

55



different feel and sound during impact.
[0124] The face insert may be made of steel, tungsten, aluminum, titanium, composites, other metals, metal alloys,
polymers, or any other material. The sheet may also be made of steel, tungsten, aluminum, titanium, composites, other
metals, metal alloys, polymers, or any other material. Further, the sheet can be a dampening material. Further still, the
sheet can be the samematerial as the face insert in some examples or bemade of a separatematerial in other examples.
[0125] In another example , as illustrated inFIGS. 89and90, the putter golf clubhead6000 comprises the front end196,
the rear end 194, the toe end 184, the heel end 190, the top rail 182, the sole 192, and a leading edge 6015. The exterior
surfaceof theputter golf clubhead6000 formsa recess6022.More specifically, a topwall 6023, a toewall 6024, aheelwall
6025opposite the toewall 6024,andabackwall 6026of theputter golf clubhead6000all form the recess6022.The recess
6022 of the putter golf club head 6000 can extend rearward from the front end 196 towards the rear end 194.
[0126] The putter golf club head 6000 can comprise the face insert 6010. In this example, the face insert 6010 of the
putter golf club head 6000 can comprise a ball striking face plate 6012. The ball striking face plate 6012 can comprise the
front striking surface 6011 and a rear surface 6013 opposite the front striking surface 6011. The front striking surface 6011
of the ball striking face plate 6012 can comprise grooves 6020 similar to the grooves described above. The rear surface
6013 of the ball striking face plate 6012 is adjacent to and abuts the backwall 6026 of the recess 6022. Inmany examples,
the face insert 6010 can be coupled to the recess 6022 by an adhesive 6016. The adhesive 6016 can be between the face
insert 6010 and the recess 6022. The adhesive 6016 can be similar to the adhesives described above. Inmany examples,
the face insert 6010 can form a portion of the front end 196 and the sole 192.
[0127] Inmanyexamples, the face insert 6010 can provide the advantage of amore softer and unique sound/feel during
golf ball impacts over putter faces without face inserts. The softer and unique sound/feel during golf ball impacts
corresponds to the hardness and the material of the face insert 6010. The material and the hardness of the face insert
6010 can be similar to thematerials and hardness described above. The softer feel and sound can be pleasing to a player
and prevent distractions that other golf club heads can provoke with louder impact sounds. This softer and unique
sound/feel during golf ball impacts can help a player’s mental focus thereby improving the player’s score.

MULTI-COMPONENT FACE INSERT

[0128] In someexamples, the face insert cancomprisea twocomponent system. In theseexamples, the twocomponent
systemof the face insert can comprise a ball striking face plate and a face insert base, a polymericmaterial and a frame, or
a plurality of openings. The face insert comprising the two component systemcan comprise the grooves described above.

BALL STRIKING FACE PLATE AND FACE INSERT BASE

[0129] Inoneexample, the face insert cancomprisea twocomponent system.The twocomponent systemcancomprise
a ball striking face plate and a face insert base. The ball striking face plate of the face insert can comprise a first material.
The face insert base of the face insert can comprise a secondmaterial. In many embodiments, the first material of the ball
striking face plate and the second material of the face insert base can be different. In some examples, the first material of
the ball striking face plate and the second material of the face insert base can be similar. In many examples, the first
material of the ball striking face plate can comprise a polymer typematerial. In someexamples, the firstmaterial of the ball
striking face plate can comprise a metallic material. In many examples, the second material of the face insert base can
comprise a polymer type material.
[0130] The first material or the second material can comprise a polymer type material. The polymer type material can
comprise polyethylene, polypropylene, polytetrafluroethylene, polyisobutylene, polyvinlycloride, or any other polymer
type material. In many embodiments, the face insert can comprise a PEBAX. More specifically, the PEBAX is a polyether
block amide that is a thermoplastic elastomer made of a flexible polyether and rigid polyamide. The rigid polyamide can
comprise Nylon. The PEBAX can comprise different compounds that correspond to different Shore D hardness values,
polyether percentages, and/or polyamide percentages. In many examples, the PEBAX can comprise a PEBAX 4033
(Arkema, Paris France) or a PEBAX6333 (Arkema, Paris France). ThePEBAX4033 (Arkema, Paris France) comprises a
Teramethylene oxide 53% wt and a Nylon 12. The PEBAX 6333 (Arkema, Paris France) comprises a Nylon 11. The first
material and the second material can comprise similar polyether percentages, polyamide percentages, or Shore D
hardness values as described above.
[0131] The first material can comprise a metal such as steel, steel alloys, tungsten, tungsten alloys, aluminum,
aluminum alloys, titanium, titanium alloys, vanadium, vanadium alloys, chromium, chromium alloys, cobalt, cobalt alloys,
nickel, nickel alloys, other metals, other metal alloys, composite polymer materials or any combination thereof.
[0132] In some examples, the first material of the ball striking face plate can comprise a translucent material and the
second material of the face insert base can comprise a metallic material. In these examples, the second material can
further compriseadesign (e.g. print, etching, stamp, extrude, etc.). Thesecondmaterial cancompriseadesign that canbe
seen through the translucent first material. In many examples, the translucent material of the first material can be non-
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colored or blue. In other examples, the translucent material of the first material can comprise any translucent color.
[0133] Theball striking faceplateof the face insert cancomprisea thickness. Inmanyexamples, the thicknessof theball
striking face plate can range from 0.381 to 2.921 mm (0.015 to 0.115 inch). In some examples, the thickness of the ball
striking faceplate can range from0.381 to11.43mm(0.015 to0.045 inch), 0.508 to1.27mm(0.020 to0.050 inch), 0.635 to
1.397 mm (0.025 to 0.055 inch), 1.27 to 2.54 mm (0.050 to 0.100 inch), 1.397 to 2.667 mm (0.055 to 0.105 inch), 1.524 to
2.794, or 1.651 to 2.921 mm (0.060 to 0.110, or 0.065 to 0.115 inch). In some examples, the thickness of the ball striking
face plate can be at least 0.381, 0.508, 0.635, 0.762, 0.889, 1.016, 1.143, 1.27, 1.397, 1.524, 1.651, 1.778, 1.905, 2.032,
2.159, 2.286, 2.413, 0.254, 2.667, 2.794, or 2.921 mm (0.015, 0.020, 0.025, 0.030, 0.035, 0.040, 0.045, 0.050, 0.055,
0.060, 0.065, 0.070, 0.075, 0.080, 0.085, 0.090, 0.095, 0.10, 0.105, 0.110, or 0.115 inch). In someexamples, the thickness
of the ball striking face plate can be greater than or equal to 0.381, 0.508, 0.635, 0.762, 0.889, 1.016, 1.143, 1.27, 1.397,
1.524, 1.651, 1.778, 1.905, 2.032, 2.159, 2.286, 2.413, 0.254, 2.667, 2.794, or 2.921 mm (0.015, 0.020, 0.025, 0.030,
0.035, 0.040, 0.045, 0.050, 0.055, 0.060, 0.065, 0.070, 0.075, 0.080, 0.085, 0.090, 0.095, 0.10, 0.105, 0.110, or 0.115
inch). In someexamples, the thicknessof theball striking faceplate canbe less thanor equal to0.381, 0.508, 0.635, 0.762,
0.889, 1.016, 1.143, 1.27, 1.397, 1.524, 1.651, 1.778, 1.905, 2.032, 2.159, 2.286, 2.413, 0.254, 2.667, 2.794, or 2.921mm
(0.015, 0.020, 0.025, 0.030, 0.035, 0.040, 0.045, 0.050, 0.055, 0.060, 0.065, 0.070, 0.075, 0.080, 0.085, 0.090, 0.095,
0.10, 0.105, 0.110, or 0.115 inch). For example, the thickness of the ball striking face plate can be 0.381, 0.508, 0.635,
0.762, 0.889, 1.016, 1.143, 1.27, 1.397, 1.524, 1.651, 1.778, 1.905, 2.032, 2.159, 2.286, 2.413, 0.254, 2.667, 2.794, or
2.921mm (0.015, 0.020, 0.025, 0.030, 0.035, 0.040, 0.045, 0.050, 0.055, 0.060, 0.065, 0.070, 0.075, 0.080, 0.085, 0.090,
0.095, 0.10, 0.105, 0.110, or 0.115 inch).
[0134] In other examples, the thickness of the ball striking face plate can range from 2.921 to 10.16 mm (0.115 to 0.40
inch). In some examples, the thickness of the ball striking face plate can range from2.921 to 5.08mm (0.115 to 0.20 inch),
3.81 to 7.62mm(0.15 to0.30 inch), 5.08 to 7.62mm(0.20 to0.30 inch), 6.35 to8.89mm(0.25 to0.35 inch), or 7.62 to 10.16
mm (0.30 to 0.40 inch). In someexamples, the thickness of the ball striking face plate can be at least 3.81, 5.08, 7.62, 8.89,
or 10.16mm (0.15, 0.20, 0.25, 0.30, 0.35, or 0.40 inch). In some examples, the thickness of the ball striking face plate can
be greater than or equal to 3.81, 5.08, 7.62, 8.89, or 10.16 (0.15, 0.20, 0.25, 0.30, 0.35, or 0.40). In some examples, the
thickness of the ball striking face plate can be less than or equal to 3.81, 5.08, 7.62, 8.89, or 10.16 (0.15, 0.20, 0.25, 0.30,
0.35, or 0.40 inch). For example, the thickness of the ball striking face plate can be 3.81, 5.08, 7.62, 8.89, or 10.16 (0.15,
0.20, 0.25, 0.30, 0.35, or 0.40 inch).
[0135] The face insert base of the face insert can comprise a thickness. In many examples, the thickness of the face
insert basecan range from1.27 to5.08mm(0.05 to0.20 inch). In someexamples, the thicknessof the face insert base can
range from 1.27 to 2.54mm (0.05 to 0.10 inch), or 2.54 to 5.08mm (0.10 to 0.20 inch). In some examples, the thickness of
the face insert base can be at least 1.27, 2.54, 3.81, or 5.08 mm (0.05, 0.10, 0.15, or 0.20 inch). In some examples, the
thicknessof the face insert basecanbegreater thanor equal to 1.27, 2.54, 3.81, or 5.08mm(0.05, 0.10, 0.15, or 0.20 inch).
In some examples, the thickness of the face insert base can be less than or equal to 1.27, 2.54, 3.81, or 5.08 mm (0.05,
0.10, 0.15, or 0.20 inch). For example, the thicknessof the face insert base canbe 1.27, 2.54, 3.81, or 5.08mm(0.05, 0.10,
0.15, or 0.20 inch).
[0136] In other examples, the thickness of the face insert base can range from 5.08 to 20.32 mm (0.20 to 0.80 inch). In
someexamples, the thicknessof the face insert base can range from5.08 to 12.7mm(0.20 to0.50 inch), 7.62 to 15.24mm
(0.30 to 0.60 inch), 10.16 to 17.78mm (0.40 to 0.70 inch), or 12.7 to 20.32 mm (0.50 to 0.80 inch). In some examples, the
thickness of the face insert base can range from 5.08 to 10.16mm (0.20 to 0.40 inch), 7.62 to 12.7mm (0.30 to 0.50 inch),
10.16 to 15.24 mm (0.40 to 0.60 inch), 12.7 to 17.78 mm (0.50 to 0.70 inch), or 15.24 to 20.32 mm (0.60 to 0.80 inch). In
some examples, the face insert base of the face insert can be at least 5.08, 6.35, 7.62, 8.89, 10.16, 11.43, 12.7, 13.97,
15.24, 16.51, 17.78, 19.05, or 20.32mm (0.20, 0.25, 0.30, 0.35, 0.40, 0.45, 0.50, 0.55, 0.60, 0.65, 0.70, 0.75, or 0.80 inch).
In someexamples, the face insert baseof the face insert canbegreater thanorequal to5.08, 6.35, 7.62,8.89, 10.16,11.43,
12.7, 13.97, 15.24, 16.51, 17.78, 19.05, or 20.32mm (0.20, 0.25, 0.30, 0.35, 0.40, 0.45, 0.50, 0.55, 0.60, 0.65, 0.70, 0.75,
or 0.80 inch). In some examples, the face insert base of the face insert can be less than or equal to 5.08, 6.35, 7.62, 8.89,
10.16, 11.43, 12.7, 13.97, 15.24, 16.51, 17.78, 19.05, or 20.32 mm (0.20, 0.25, 0.30, 0.35, 0.40, 0.45, 0.50, 0.55, 0.60,
0.65, 0.70, 0.75, or 0.80 inch). For example, the thickness of the face insert base can be 5.08, 6.35, 7.62, 8.89, 10.16,
11.43, 12.7, 13.97, 15.24, 16.51, 17.78, 19.05, or 20.32mm (0.20, 0.25, 0.30, 0.35, 0.40, 0.45, 0.50, 0.55, 0.60, 0.65, 0.70,
0.75, or 0.80 inch).

I. METAL BALL STRIKING FACE PLATE AND POLYMER FACE INSERT BASE

[0137] FIGS. 81‑84 illustrate another example of a putter head comprising a face insert 1910. The putter head further
comprises a recess located on a front surface of the putter head (not shown). The face insert 1910 is positioned within the
recess.The face insert 1910canproduceaunique feel andsoundupon impactwithaball. Ametal face insert alonecreates
a hard sound and feel. The face insert 1910 creates a softer sound and feel thanmetal face inserts because the face insert
1910 comprises a composition of metallic and/or non-metallic material as described herein.
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[0138] The face insert 1910 comprises a ball striking face plate 1912 and a face insert base 1914. The ball striking face
plate 1912 comprises a front striking surface 1911 and a rear surface 1913, opposite the front striking surface 1911. The
face insert base1914comprisesa front surface1918.The rear surface1913of theball striking faceplate1912alignswitha
portion of the front surface1918of the face insert base1914. The front surface1918of the face insert base1914 thereby is
adjacent to the rear surface 1913 of the ball striking face plate 1912. When the rear surface 1913 of the ball striking face
plate 1912 is positioned onto the front surface 1918 of the face insert base 1914, the ball striking face plate 1912 covers
greater than 91%, greater than 92%, greater than 93%, greater than 94%, greater than 95%, greater than 96%, greater
than 97%, greater than 98%, greater than 99%, or 100% of the front surface 1918 of the face insert base 1914.
[0139] As illustrated in FIG. 81, the ball striking face plate 1912 is horizontally separated into three portions, which are a
toe portion 1970 proximate the toe end 180, a heel portion 1974 proximate the heel end 190, and a center portion 1972
positioned between the toe portion 1970 and the heel portion 1974. As illustrated in FIG. 84, the ball striking face plate is
further vertically separated into three portions, which are a top rail portion 1976 proximate the top rail 182, the sole portion
1980 proximate the sole 192, and a mid portion 1978 positioned between the top rail portion 1976 and the sole portion
1980.
[0140] The ball striking face plate 1912 further comprises grooves 1920 positioned on the front striking surface 1911,
wherein the grooves 1920 are similar to the groove examples in ball striking face/ball striking surface: 112, 212, 312, 412,
512, 612, 712, 1012, 1312, 1412, 1500, 1612, 1812, 2212, 2312, 4212 and 5212. The grooves 1920 comprise a depth,
wherein the depth of the grooves 1920 vary in a direction extending between the top rail 182 and the sole 192 in a direction
extending between the heel end 190 and the toe end 180. More specifically, the grooves 1920 vary from the toe portion
1970 toward the heel portion 1974 and from the top rail portion 1976 toward the sole portion 1980. The depth of the groove
1920 increases from the toe portion 1970 and the heel portion 1974 toward the center portion 1972. Similarly, the depth of
the grooves 1920 increases from the top rail portion 1976 and the sole portion 1980 toward the mid portion 1978. The
deepest portion of at least one groove 1920 is defined by a general planar surface portion of the groove 1920. The general
planar surface portion is located at a combined center portion 1972 andmid portion 1978 of the grooves 1920. The varying
depth of thegrooves1920 in theexample increase forgivenessbyallowing formore normalized hits across theball striking
face plate 1912.
[0141] In some examples, the ball striking face plate 1912 and the face insert base 1914 of the face insert 1610 can be
made of the same material. The materials can be steel, tungsten, aluminum, titanium, composites, other metals, metal
alloys, polymers, copolymers or any other material. As illustrated in FIG. 81, both the ball striking face plate 1912 and the
face insert base 1914 of the face insert 1910 are made of a polymer or copolymer such as a block of polyamide and
polyether. In other examples, the ball striking face plate 1912 of the face insert 1910 can comprise a differentmaterial from
the face insert base 1914. As illustrated in FIG. 82, the ball striking face plate 1912 is made of a metallic material and the
face insert base 1914 is made of a non-metallic material. The metallic material of the ball striking face plate 1912 can be
steel, tungsten, aluminum, nickel, titanium, metal alloy, composites, or other metals. The face insert base 1914 can be a
non-metallicmaterial such as a polymer, polymerswith high specific gravity fillers or flakes, copolymer, composites or any
kind of polymer. The copolymer or polymer can be a block copolymer of polyamide and polyether. The polymer is not a
polyurethane or polymer with isocyanates. The ball striking face plate 1912 may be positioned onto the face insert base
1914with the rear surface 1913 of the ball striking face plate 1912 adjacent to the front surface 1918 of the face insert base
1914.
[0142] In exampleswherein theball striking face plate 1912and the face insert base1914 comprises the samematerial,
the overall face insert 1910 can have a thickness of 2.54mm to 5.08mm (0.100 inches to 0.200 inches), 2.54mm to 3.175
mm (0.100 inches to 0.125 inches), 3.175 mm to 3.81 mm (0.125 inches to 0.150 inches), 3.81 mm to 4.445 mm (0.150
inches to 0.175 inches), 4.445mm to 5.08mm (0.175 inches to 0.200 inches), 2.54mm to 3.81mm (0.100 inches to 0.150
inches), or 3.81mm to 5.08mm (0.150 inches to 0.200 inches). For example, the face insert 1910 can be 2.54mm (0.100
inches), 3.048mm(0.120 inches), 3.302mm(0.130 inches), 3.556mm(0.140 inches), 3.84mm(0.150 inches), 4.064mm
(0.160 inches), 4.318mm(0.170 inches), 4.572mm(0.180 inches),4.826mm(0.190 inches) or 5.08mm(0.200 inches) in
thickness. In oneexample, the face insert 1910 canbe4.699mm(0.185 inches). In exampleswherein theball striking face
plate 1912 and the face insert base 1914 comprise different materials, the ball striking face plate 1912 comprises a
thickness and the face insert base 1914 comprises a thickness. The ball striking face can have a thickness ranging from
0.127mm(0.005 inches) to 0.9398mm(0.035 inches), 0.127mmto0.254mm(0.005 inches to 0.010 inches), 0.254mm to
0.381 mm (0.010 inches to 0.015 inches), 0.381mm to 0.508 mm (0.015 inches to 0.020 inches), 0.508 mm to 0.635 mm
(0.020 inches to 0.025 inches), 0.635 mm to 0.762 mm (0.025 inches to 0.030 inches),0.762 mm to 0.9398 mm (0.030
inches to 0.035 inches), or 0.3302 to 0.635 mm (0.013 inches to 0.025 inches). For example, the ball striking face plate
1912 can have a thickness of 0.127 mm (0.005 inches), 0.254 mm (0.010 inches), (0.381 mm (0.015 inches), 0.508 mm
(0.020 inches), 0.635 mm (0.025 inches), 0.762 mm (0.030 inches), or 0.9398 mm (0.035 inches). The face insert base
1914canhavea thickness ranging from2.413 to5.08mm(0.095 inches to0.200 inches), 2.413 to2.921mm(0.095 inches
to 0.115 inches), 2.921 to 3.429 mm (0.115 inches to 0.135 inches), 3.429 to 3.937 mm (0.135 inches to 0.155 inches),
03.937 to 4.445mm (0.155 inches to 0.175 inches), 4.445 to 5.08mm (0.175 inches to 0.200 inches), or 3.429 to 5.08mm
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(0.135 inches to 0.200 inches). For example, the face insert base 1914 can have a thickness of 2.413mm (0.095 inches),
2.667mm (0.105 inches), 2.921mm (0.115 inches), 3.175mm (0.125 inches), 3.429mm (0.135 inches), 3.683mm (0.145
inches), 3.937 mm (0.155 inches), 4.191 mm (0.165 inches), 4.445 mm (0.175 inches,) 4.699 mm (0.185 inches), 4.953
mm (0.195 inches), or 5080 mm (200 inches).
[0143] The face insert 1610 can be formed by a number of different processes. The different forming processes include:
injection molding, casting, blow molding, compression molding, laser forming, film insert molding, gas assist molding,
rotationalmolding, thermoforming, laser cutting, 3-D printing or any combination thereof. Further, the face insert can have
any combination of thicknesses and forming processes described above. The ball striking face plate 1912 can be
manufactured by a number of different processes, such as forging, forming, stamping, electroforming, casting, molding,
machining, or a combination thereof. Similarly, the face insert base 1914 can be manufactured by a number of different
processes, such as injection molding, casting, blow molding, compression molding, film insert molding, gas assist
molding, rotationalmolding, thermoforming, laser cutting, 3-Dprinting or any combination thereof. Further, the ball striking
face plate 1912 and the face insert base 1914 can have any combination of thicknesses and forming processes described
above.
[0144] The face insert 1910 can be positioned within the recess on the front surface of the putter head by an adhesive
1922 such as tape, glue, epoxy or any type of adhesive compound. The face insert 1910 can further be positioned on the
front surface of the putter head by fasteners or pins (not shown). In examples wherein the ball striking face plate 1912
comprises adifferentmaterial than the face insert base1914, the ball striking faceplate 1912 canbe securedonto the front
surface 1918 of the face insert base 1914 by any adhesive 1916, such as epoxy, glue, tape, or any other securing
compound, positioned between the rear surface 1913 of the ball striking face plate 1912 and the front surface 1918 of the
face insert base1914. For example, the ball striking face plate 1912 canbe adheredonto the face insert base1914 by very
high bond (VHB) tape that is 0.010 - 0.381 mm (0.015 inches) thick, by a spray adhesive with a thickness of 0.0762mm
(0.003 inches), or by a brushed on adhesive.
[0145] The face insert 1910 can further comprise a coating. For example, the face insert 1910 can comprise a physical
vapor deposition (PVD) or type II anodized finish, which can improve the wear performance of the face insert 1910. The
PVDcoatingand type II anodized finish canbeanymaterial suchasnickel, chrome,magnesium, zinc, zirconium, hafnium,
tantalum, titanium or any other metal or material.

A. METAL BALL STRIKING FACE PLATE AND POLYMER FACE INSERT BASE COUPLED WITH VHB TAPE

[0146] Illustrated in FIG. 82, the ball striking face plate 1912 is made of a metallic material, forged from an aluminum
sheet and has a thickness of 0.762 mm (0.030 inches). The ball striking face plate 1912 further comprises grooves 1920
that vary, increasing from the toe portion 1970 and the heel portion 1974 toward the center portion 1972, and increasing
from the top rail portion 1976 and the sole portion 1980 toward themid portion 1978. The generally planar bottom surface
portion of the grooves 1920 is where the depth of the grooves 1920 is the greatest. The generally planar bottom surface
portion is located at the combination of themid portion 1978 and center portion 1972. The face insert base 1914 ismade of
a block copolymer of polyamideandpolyether, andhasa thicknessof 2.667mm(0.105 inches). Theball striking face plate
1912 isadheredbyVHB tape to the face insert base1914,andcoversgreater than96%of the front surface1918of the face
insert base 1914, but can cover greater than 91%, greater than 92%, greater than 93%, greater than 94%, greater than
95%,greater than97%,greater than98%,greater than99%,or100%of the front surface1918of the face insert base1914.
The face insert 1910 is coatedwithPVD.Thecombinationof themetallicmaterial of theball striking faceplate1912and the
block copolymer of polyamide and polyether allows for a softer sound and feel during impact. Further, the varying depth of
the grooves 1920, wherein the depth of the grooves 1920 are deepest at themid portion 1978 and the center portion 1872
allow for more forgiving hits.

B. METAL BALL STRIKING FACE PLATE AND POLYMER FACE INSERT BASE COUPLED WITH EPOXY

[0147] In other examples, the ball striking face plate 1912 is made of a metallic material, formed or stamped from an
aluminum sheet and can have a thickness of 0.762mm (0.030 inches). The ball striking face plate 1912 further comprises
grooves1920 that vary, increasing from the toeportion 1970and theheel portion 1974 toward the center portion 1972, and
increasing from the top rail portion 1976 and the sole portion 1980 toward the mid portion 1978. The generally planar
bottom surface portion of the grooves 1920 is where the depth of the grooves 1920 is the greatest. The generally planar
bottom surface portion is located at the combination of themid portion 1978 and center portion 1972. The face insert base
1914 is made of block copolymer of polyamide and polyether, and has a thickness of 2.8702 mm (0.113 inches). The ball
striking faceplate1912 isadhered to the face insert base1914byanepoxypositionedbetween the rear surface1913of the
ball striking face plate 1912 and the front surface 1918 of the face insert base 1914. The ball striking face plate covers
greater than 92%of the front surface 1918of the face insert base 1914, but can cover greater than 91%, greater than 93%,
greater than 94%, greater than 95%, greater than 96%, greater than 97%, greater than 98%, greater than 99%, or 100%of
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the front surface 1918 of the face insert base 1914. The face insert 1910 is coated with type II anodized finish. The face
insert 1910 is coated with PVD. The combination of the metallic material of the ball striking face plate 1912 and the block
copolymer of polyamide and polyether allows for a softer sound and feel during impact. Further, the varying depth of the
grooves1920,wherein thedepthof thegrooves1920aredeepest at themidportion1978and thecenterportion1872allow
for more forgiving hits.

C. METAL BALL STRIKING FACE PLATE AND POLYMER FACE INSERT BASE COUPLED WITH ADHESIVES

[0148] In other examples, the ball striking face plate 1912 is made of a metallic material, electroformed from a nickel
sheet, and has a thickness of 0.762 mm (0.030 inches). The ball striking face plate 1912 further comprises grooves 1920
that vary, increasing from the toe portion 1970 and the heel portion 1974 toward the center portion 1972, and increasing
from the top rail portion 1976 and the sole portion 1980 toward themid portion 1978. The generally planar bottom surface
portion of the grooves 1920 is where the depth of the grooves 1920 is the greatest. The generally planar bottom surface
portion is located at the combination of themid portion 1978 and center portion 1972. The face insert base 1914 ismade of
a block copolymer of polyamideandpolyether, andhasa thicknessof 3.556mm(0.140 inches). Theball striking face plate
1912 is adhered to the face insert base 1914 by an adhesive positioned between the rear surface 1913 of the ball striking
faceplate1912and the front surface1918of the face insert base1914.Theball striking faceplate1912covers 100%of the
front surface 1918 of the face insert base 1914, but can cover greater than 91%, greater than 92%, greater than 93%,
greater than 94%, greater than 95%, greater than 96%, greater than 97%, greater than 98%, or greater than 99% of the
front surface 1918 of the face insert base 1914. The face insert 1910 is coated with type II anodized finish. The face insert
1910 is coated with PVD. The combination of the metallic material of the ball striking face plate 1912 and the block
copolymer of polyamide and polyether allows for a softer sound and feel during impact. Further, the varying depth of the
grooves1920,wherein thedepthof thegrooves1920aredeepest at themidportion1978and thecenterportion1872allow
for more forgiving hits.

II. POLYMER BALL STRIKING FACE PLATE AND POLYMER FACE INSERT BASE

[0149] In another example, as illustrated in FIGS. 91 and 92, the putter golf club head 6100 comprises the front end 196,
the rear end 194, the toe end 184, the heel end 190, the top rail 182, the sole 192, and a leading edge 6115. The exterior
surfaceof theputter golf clubhead6100 formsa recess6122.More specifically, a topwall 6123, a toewall 6124, aheelwall
6125opposite the toewall 6124,andabackwall 6126of theputter golf club6100all form the recess6122.The recess6122
of the putter golf club head 6100 can extend rearward from the front end 196 towards the rear end 194.
[0150] Theputter golf club head6100 can comprise the face insert 6110. The face insert 6110 formsaportion of the front
end 196. In this example, the face insert 6110 of the putter golf club head 6100 can comprise a ball striking face plate 6112
and a face insert base 6114. The ball striking face plate 6112 can comprise a front striking surface 6111 and a rear surface
6113 opposite the front striking surface 6111. The front striking surface 6111 of the ball striking face plate 6112 can
comprise grooves 6120 similar to the grooves described above. The rear surface 6113 of the ball striking face plate 6112
canbe similar to the rear surface1913of the ball striking faceplate 1912as illustrated inFIG. 83. The face insert base6114
can comprise a front surface 6118. The front surface 6118 of the face insert base 6114 can be similar to the front surface
1918 of the face insert base 1914 as illustrated in FIG. 83. The rear surface 6113 of the ball striking face plate 6112 is
adjacent a portion of the front surface 6118 of the face insert base 6114.
[0151] When the rear surface6113 of the ball striking face plate 6112 is positionedonto the front surface6118 of the face
insert base 6114, the ball striking face plate 6112 covers greater than 70%, greater than 75%, greater than 80%, greater
than 85%, greater than 90%, greater than 91%, greater than 92%, greater than 93%, greater than 94%, greater than 95%,
greater than 96%, greater than 97%, greater than 98%, greater than 99%, or 100% of the front surface 6118 of the face
insert base6114.The front strikingsurface6111of theball striking faceplate6112cancomprisegrooves6120similar to the
grooves described above.
[0152] In someexamples, the ball striking faceplate 6112and the face insert base6114can comprise the samesizeand
shape, where all the edges of the ball striking face plate 6112 and the face insert base 6114 are flush with one another. In
some examples, the face insert base 6114 can form a continuous border or perimeter around the ball striking face plate
6112. In someexamples, the face insert base6114canwraparound theball strikingplate6112. Inotherexamples, the face
insert base 6114 canwrap around the ball striking plate 6112 at the sole 192, the toe end 180, the top rail 182, the heel end
190, or any combination thereof. In some examples, the face insert base 6114 can form the leading edge 6115. In other
examples, the face insert base 6114 and the ball striking face plate 6112 can form the leading edge 6115. In other
examples, the face insert base 6114 can formapartial border or perimeter around the ball striking face plate 6112. In these
examples, the face insert base6114can formapartial border around theball striking faceplate6112at the toeend180, the
top rail 182, theheel end190, thesole192, the leadingedge6115,oranycombination thereof. Inoneembodiment, the face
insert base 6114 can border the ball striking face plate 6112 at the leading edge 6115.
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[0153] When the recess 6112 of the putter golf club head6100 receives the face insert 6110, the rear surface 6113 of the
ball striking face plate 6112 abuts the front surface 6118 of the face insert base 6114, and the face insert base 6114 abuts
thebackwall 6126of the recess6122. Inmanyexamples, theball striking faceplate6112and the face insert base6114can
be coupled together by an adhesive, similar to the ball striking face plate 1912, the face insert base 1914, and adhesive
1916 as illustrated in FIG. 83. In many examples, the face insert base 6114 can be coupled to the recess by an adhesive,
similar to the face insert base1914and theadhesive6122as illustrated inFIG. 83. The typeof adhesiveused to couple the
ball striking face plate 6112 and the face insert base 6114 to the putter golf club head 6000 can be similar to the adhesives
described above.

III. POLYMER BALL STRIKING FACE PLATE AND POLYMER FACE INSERT BASE WITH A RECESS

[0154] In another example, as illustrated in FIGS. 93 and 94, the putter golf club head 6200 comprises the front end 196,
the rear end 194, the toe end 184, the heel end 190, the top rail 182, the sole 192, and a leading edge 6215. The exterior
surfaceof theputter golf clubhead6200 formsa recess6222.More specifically, a topwall 6223, a toewall 6228, aheelwall
6225,andabackwall 6226of theputtergolf clubhead6200all form the recess6222.The recess6222of theputtergolf club
head 6200 can be extend rearward from the front end 196 towards the rear end 194.
[0155] The putter golf club head 6200 can comprise the face insert 6210. The face insert 6210 can form a portion of the
front end 196. In this example, the face insert 6210 of the putter golf club head 6200 can comprise a ball striking face plate
6212 and a face insert base 6114. The ball striking face plate 6312 can comprise a front striking surface 6211 and a rear
surface 6213 opposite the front striking surface 6211.
[0156] The exterior surface of the face insert base 6214 forms a face insert base recess 6230. More specifically, a face
insert base top wall 6233, a face insert base toe wall 6234, a face insert base heel wall 6235, a face insert base back wall
6236, and a face insert base bottom wall 6237 of the face insert base 6214 all form the face insert base recess 6230.
[0157] The face insert base recess 6230 can be configured to receive the ball striking face plate 6212. The rear surface
6213of theball striking faceplate6312 isadjacent to the face insert base recess6230.Specifically, the face insert base top
wall 6233, the face insert base toe wall 6234, the face insert base heel wall 6235, the face insert base back wall 6236, and
the face insert base bottom wall 6237 of the face insert base 6214 are all configured to receive the ball striking face plate
6212. In this example, the face insert base 6214 can form a border or perimeter around the ball striking face plate 6312.
Further, the ball striking face plate 6312 can be shaped complimentary to the recess 6220 of the face insert base 6214
thereby having the front striking surface6211 flushwith the face insert base6214. The front striking surface6211of the ball
striking face plate 6212 can comprise grooves 6220 similar to the grooves described above.
[0158] When the recess 6222 receives the face insert 6210, the rear surface 6213 of the ball striking face plate 6212 is
received within the face insert base recess 6230, and the face insert base 6214 abuts the back wall 6226 of the recess
6222. In many examples, the ball striking face plate 6212 and the face insert base 6214 can be coupled together by an
adhesive, similar to the adhesive described above, or a press-fit. In many examples, the face insert base 6214 can be
coupled to the recess byanadhesive asdescribed above. In someexamples, the face insert base recess 6230 can secure
the ball striking face plate 6212 with a pinching force or press-fit. More specifically, the face insert base top wall 6233, the
face insert base toewall 6234, the face insert base heel wall 6235, the face insert base backwall 6236, and the face insert
bottomwall 6237 of the face insert base 6214 can secure the ball striking face plate 6212with a pinching force or press-fit.

IV. BALL STIKRING FACE PLATE AND FACE INSERT BASE COUPLING STRUCTURES

[0159] In another example, as illustrated in FIGS. 95 and96, the putter golf club head can comprise the face insert 6310.
In this example, the face insert 6310 of the putter golf club head 6300 (not shown) can comprise a ball striking face plate
6312 and a face insert base 6314. The ball striking face plate 6312 can comprise a front striking surface 6312 and a rear
surface 6313 the front striking surface 6312. The face insert base 6314 can comprise a front surface (not shown). The face
insert 6310 can further comprise a coupling structure 6390 configured to couple the ball striking face plate 6312 and the
face insert base 6314 together without the need for adhesives, tape, or any other non-mechanical interlock coupling. The
coupling structure 6390 can comprise an undercut, a plurality of hooks, a plurality of tabs, a plurality of slots, a plurality of
tabs and slots, or any other suitable mechanical interlocking structure. In an example, the coupling structure 6390 of the
face insert 6310 can comprise anundercut. Inmanyexamples, the ball striking faceplate 6312can comprise theundercut,
where the ball striking face plate 6312 receives the complementary geometry of the face insert base 6314. In some
examples, the face insert base 6314 can comprise the undercut (not shown), where the face insert base6314 receives the
complementary geometry of the ball striking face plate 6312. The front striking surface 6311 of the ball striking face plate
6312 can comprise grooves 6320 similar to the grooves described above.
[0160] Further, in another example, as illustrated in FIG. 97, the coupling structure 6390 can comprise a plurality of
hooks. Inmany examples, the plurality of hooks of the coupling structure 6390 can be positioned on the rear surface 6313
of the ball striking face plate 6312, where the face insert base 6310 can comprise complementary slots or recesses
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configured to receive the plurality of hooks of the ball striking face plate 6312. In some examples, the plurality of hooks of
the coupling structure 6390 can be positioned on the front surface of the face insert base 6314, where the ball striking face
plate 6312 can comprise complementary slots or recesses configured to receive the plurality of hooks of the face insert
base 6314.
[0161] The face insert 1910, 6100, 6200, and 6300 can provide the advantage of a more softer and unique sound/feel
during golf ball impacts. The softer and unique sound/feel during golf ball impacts corresponds to the hardness of the face
insert. In many examples, the ball striking plate can comprise the PEBAX 4033 (Arkema, Paris France) having a lower
hardness, and the face insert base can comprise the PEBAX 6333 (Arkema, Paris France) having a higher hardness as
described above. The combination of the lower hardness of the ball striking face plate and the higher hardness of the face
insert base provides the softer sound/feel during golf ball impacts. This softer feel is advantageous overmetal face inserts
because the softer feel and sound can be pleasing to a player and prevent distractions thatmetal face inserts can provoke
with louder impact sounds. This softer and unique sound/feel during golf ball impacts can help a player’s mental focus
thereby improving the player’s score.

POLYMERIC MATERIAL AND FRAME

[0162] In an embodiment of the present invention having of a face insert comprising a two component system, the putter
golf club head comprises a face insert comprising a polymeric material and a frame. The putter golf club head comprising
the face insert having the polymericmaterial and the frame comprises the front end 196, the rear end 194, the toe end 184,
the heel end 190, the top rail 182, the sole 192, and a leadingedge. Theexterior surface of the putter golf club head formsa
recess (not shown). More specifically, a top wall (not shown), a toe wall (not shown), a heel wall (not shown) opposite the
toewall, and a backwall (not shown) of the putter golf club head all form the recess. The recess of the putter golf club head
can be extend rearward from the front end 196 towards the rear end 194.
[0163] The polymeric material of the face insert can form a portion of the front end 196, the toe end 180, the top rail 182,
theheel end190, thesole192, the leadingedge, orany combination thereof. The frameof the face insert can formaportion
of the front end 196, the toe end 180, the top rail 182, the heel end 190, the sole 192, a leading edge, or any combination
thereof of the putter golf club head. The front end 196 of the putter golf club head comprises a front striking surface, where
the front striking surface comprises grooves similar to the grooves described above. In embodiments falling within the
scope of the invention the polymeric material of the face insert and the frame form a portion of the front striking surface,
leading edge and sole.
[0164] Inmanyembodiments, the framecan formasmaller portionof the face insert than thepolymericmaterial. In some
embodiments, the frame can form a greater portion of the face insert than the polymeric material. In some embodiments,
the framecan forma largerportionof the front end196 than thepolymericmaterial of the face insert. Insomeembodiments,
the framecan forma largerportionof the leadingedge than thepolymericmaterial of the face insert. In someembodiments,
the frame can form a larger portion of the sole 192 than the polymeric material. In some embodiments, the polymeric
material can forma largerportionof the frontend196 than the frameof the face insert. In someembodiments, thepolymeric
material can forma largerportionof the leadingedge than the frameof the face insert. In someembodiments, thepolymeric
material can form a larger portion of the sole 192 than the frame of the face insert.
[0165] Inmany embodiments, the frame of the face insert forms a continuous border or perimeter around the polymeric
material. In some embodiments, the frame of the face insert forms a partial border or perimeter around the polymeric
material. In these embodiments, the frame of the face insert can form a partial border or perimeter at the toe end 180, the
top rail 182, theheel end190, thesole192, the leadingedge,oranycombination thereof. Thepolymericmaterial of the face
insert can comprise the polymer type materials described above such as PEBAX, polyethylene, polypropylene, poly-
tetrafluroethylene, polyisobutylene, polyvinlycloride, or any other polymer type material described above. In some
embodiments, the frame of the face insert can comprise a metal such as steel, aluminum, titanium, or any other metals
described above. In some embodiments, the frame of the face insert can comprise a polymer type material such as
PEBAX, polyethylene, polypropylene, polytetrafluroethylene, polyisobutylene, polyvinlycloride, or any other polymer type
material described above.
[0166] In many embodiments, the face insert comprising the polymeric material and the frame can comprise a
trapezoidal shape. In some embodiments, the face insert comprising the polymeric material and the frame can comprise
a rectangular shape, a triangular shape, a pentagonal shape, a polygonal shape, or any other suitable shape. In many
embodiments, the polymeric material of the face insert can comprise a similar shape as the face insert such as a
trapezoidal shape, a rectangular shape, a triangular shape, a pentagonal shape, a polygonal shape, or any other suitable
shape.Further, inmanyembodiments, the frameof the face insert cancompriseasimilar shapeas the face insert suchasa
trapezoidal shape, a rectangular shape, a triangular shape, a pentagonal shape, a polygonal shape, or any other suitable
shape. The shape of the frame and/or polymeric material of the face insert can be positioned on the front end 196, the toe
end 180, the top rail 182, the heel end 190, or the sole 192 of the putter golf club head.
[0167] In one embodiment, as illustrated in FIG. 98, the putter golf club head comprises the face insert 6410. The face
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insert 6410 of the putter golf club head 6400 comprises the polymeric material 6412 and the frame 6414. The putter golf
club head6400comprises a leading edge6415between the front end196and the sole 192. The front end196of the putter
golf club head 6400 comprises a front striking surface 6411. The front striking surface 6411 of the front end 196 comprises
grooves 6420 similar to the grooves described above. In this embodiment, the frame 6414 forms a border or perimeter
around the polymericmaterial 6412. In this embodiment, the frame6414 formsa trapezoidal shape,where the frame6414
follows the contour of the putter golf club head 6400. More specifically, the frame 6414 extends vertically across the front
end 196 from the sole 192 to the top rail 182 at the toe end180, extends parallel with the top rail 182 from the toe end180 to
theheel end190,extendsat anangle from the top rail 182 to thesole192at theheel end190,andextendsadistanceon the
sole 192 towards the rear end 194. The frame 6414 extends rearward from the front end 196 towards the rear end 194. In
many embodiments, the frame 6414 and the polymeric material 6412 wrap around the leading edge 6415 from the front
end 196 to the sole 192 of the putter golf club head 6400. Further, according to the invention the polymeric material 6412
and the frame 6414 of the face insert 6410 form a portion of the front striking surface 6411, the leading edge 6415, and the
sole 192. In this embodiment, the polymeric material 6412 forms a greater portion of the face insert 6410 than the frame
6414.
[0168] In another embodiment, as illustrated in FIG. 99, the putter golf club head comprises the face insert 6510. The
face insert 6510 of the putter golf club head 6500 comprises the polymeric material 6512 and the frame 6514. The putter
golf club head 6500 comprises a leading edge 6515 between the front end 196 and the sole 192. The front end 196 of the
putter golf club head 6500 comprises a front striking surface 6511. The front striking surface 6511 of the front end 196
comprises grooves 6520 similar to the grooves described above. In this embodiment, the frame 6514 separatse the
polymeric material 6512 into a toe end portion proximate the toe end 180 and a heel end portion proximate the heel end
190. In this embodiment, the frame 6514 comprises a trapezoidal shape on the front end 196 and a rectangular shape on
the sole 192. In this embodiment, the toe end portion and the heel end portion of the polymeric material 6512 comprises a
triangular shape on the front end 196 and a triangular shape on the sole 192. In many embodiments, the frame 6514 and
thepolymericmaterial 6512wraparound the leadingedge6615 from the front end196 to the sole 192of theputter golf club
head 6500. In this embodiment, the frame 6514 forms a portion of the front striking surface 6511, the leading edge 6515,
and the sole 192. In this embodiment, the frame 6514 forms a larger portion of the face insert 6510 and/or the front striking
surface 6511 than the polymeric material 6512.
[0169] In another embodiment, as illustrated in FIG. 100, the putter golf club head comprises the face insert 6610. The
face insert 6610 of the putter golf club head 6600 comprisse the polymeric material 6612 and the frame 6614. The putter
golf club head 6600comprises a leading edge 6615 between the front end 196 and the sole 192. The front end 196 of the
putter golf club head 6500 comprises a front striking surface 6611. The front striking surface 6611 of the front end 196
comprises grooves 6620 similar to the grooves described above. In this embodiment, the frame 6614 forms a border or
perimeter around the polymericmaterial 6612. In this embodiment, the frame6614 separates the polymericmaterial 6612
into a toe end portion proximate the toe end 180, a heel end portion proximate the heel end 190, and a center portion
proximate a center of the front striking surface 6611. The frame 6614 extends around a perimeter of the front striking
surface 6611. Further, portions of the frame 6614 extend inwardly from the perimeter of the front striking surface 6611
towards a center of the front striking surface 6611. The portions of the frame 6614 that extend inwardly separate the
polymericmaterial 6612 into the toe end portion, the heel end portion, and the center portion. The toe end portion, the heel
portion, and center portion of the polymeric material 6612 comprise a trapezoidal shape. In this embodiment, the frame
6614 forms a portion of the front striking surface 6611, the leading edge 6615, and the sole 192. In this embodiment, the
polymericmaterial 6612 forms a larger portion of the face insert 6610 and/or the front striking surface 6611 than the frame
6614.
[0170] In another embodiment, as illustrated in FIG. 101, the putter golf club head comprises the face insert 6710. The
face insert 6710 of the putter golf club head 6700comprises the polymeric material 6712 and the frame 6714. The putter
golf club head 6700 comprises a leading edge 6715 between the front end 196 and the sole 192. The front end 196 of the
putter golf club head 6700 comprises a front striking surface 6711. The front striking surface 6711 of the front end 196
comprises grooves 6720 similar to the grooves described above. In this embodiment, the frame 6714 separates the
polymericmaterial 6712 into a toe endportion proximate the toe end 180, the heel end portion proximate the heel end 190,
and a center portion proximate a center of the front striking surface 6711. Further, portions of the frame 6714 extend
inwardly from the perimeter of the front striking surface 6711 towards a center of the front striking surface 6711. The
portions of the frame6714 that extend inwardly separate the polymericmaterial 6712 into the toe endportion, the heel end
portion, and the center portion. The toe end portion, the heel end portion, and the center portion of the polymeric material
6712 comprise a trapezoidal shape on the front striking surface 6711. The toe end portion and the heel portion of the
polymericmaterial 6712 comprisea triangular shapeon the sole 192, and the center portionof thepolymericmaterial 6712
comprises a rectangular shape on the sole 192.
[0171] Further, the frame 6714 forms a border or perimeter around center portion of the polymeric material 6712 on the
front striking surface 6711 and the sole 192. The frame 6714 forms a partial border or perimeter around the toe end portion
and the heel end portion of the polymeric material 6712 on the sole 192. The polymeric material 6712 and the frame 6714
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formaportionof the front striking surface6711, the leadingedge6715, and the sole 192. In this embodiment, thepolymeric
material 6712 forms a larger portion of the face insert 6710, the front striking surface 6711, and/or the sole 192.
[0172] In another embodiment, as illustrated in FIG. 102, the putter golf club head comprises the face insert 6810. The
face insert 6810 of the putter golf club head 6800 comprises the polymeric material 6812 and the frame 6814. The putter
golf club head6800 comprises the leading edge 6815between the front end 196and the sole 192. The front end 196 of the
putter golf club head 6800 comprises a front striking surface 6811. The front striking surface 6811 of the front end 196
comprises grooves 6820 similar to the grooves described above. In this embodiment, the frame 6814 separates the
polymeric material 6812 into rectangular shapes and triangular shapes along the front striking surface 6811 and the sole
192. In this embodiment, the frame 6814 forms a border or perimeter around the polymeric material 6812 on the front
striking surface 6811. The frame 6814 forms a partial border or perimeter around the polymeric material 6812 on the sole
192 at the toe end 180 and the heel end 190.
[0173] Further, the frame 6814 follows the perimeter contour of the front striking surface 6811. The frame 6814 further
has two vertical portions extending from the top rail 182 towards the sole 192. The two vertical portions of the frame 6814
separate the polymeric material 6812 into a toe end portion proximate the toe end 180, a heel end portion proximate the
heel end 190, and a center portion proximate the center of the front striking surface 6811. The toe end portion, the heel
portion, and the center portion of the polymeric material 6812 have a rectangular shape at the front striking surface 6811.
The toeendportionand theheel endportionof thepolymericmaterial 6812havea triangular shapeat the sole192, and the
center portion of the polymeric material 6812 has a rectangular shape at the sole 192. The frame 6814 and the polymeric
material 6812wrap around the leading edge 6815 from the front end 196 to the sole 192. The polymericmaterial 6812 and
the frame 6814 form a portion of the front striking surface 6811, the leading edge 6815, and the sole 192. In this
embodiment, the polymeric material 6812 forms a larger portion of the face insert 6810, the front striking surface 6811,
and/or the sole 192.
[0174] In another embodiment, as illustrated in FIG. 103, the putter golf club head comprises the face insert 6910. The
face insert 6910 of the putter golf club head 6900 comprises the polymeric material 6912 and the frame 6914. The putter
golf club head6900 comprises the leading edge 6915between the front end 196and the sole 192. The front end 196 of the
putter golf club head 6900 comprises a front striking surface 6911. The front striking surface 6911 of the front end 196
comprises grooves 6920 similar to the grooves described above. In this embodiment, the frame 6914 forms a border or
perimeter around the polymericmaterial 6912on the front striking surface 6911. In this embodiment, the frame6914 forms
apartial border or perimeter around the polymericmaterial 6912 on the sole 192.More specifically, the frame6914 formsa
partial border or perimeter around the polymeric material 6912 at the toe end 180 and the heel end 190 of the sole 192.
[0175] Further, the polymeric material 6912 can comprise a trapezoidal shape on the front striking surface 6911, a
triangular shape at the toe end 180 and the heel end 190 of the sole 192, and a rectangular shape at the center of the sole
192 near the leading edge 6915. Inmany embodiments, the frame 6914 and the polymericmaterial 6912wrap around the
leadingedge6915 from the front end196 to the sole192.Thepolymericmaterial 6912and the frame6914 formaportionof
the front striking surface 6911, and the sole 192. In this embodiment, the polymeric material forms a larger portion of the
face insert 6910, the front striking surface 6911, the leading edge 6915, and/or the sole 192.
[0176] The recess of the putter golf club head 6400, 6500, 6600, 6700, 6800, and 6900 is configured to receive the face
insert 6410, 6510, 6610, 6710, 6810, and 6910 respectively. In many embodiments, the polymeric material and the frame
of the face insert can be coupled to the recess together. In someembodiments, the polymericmaterial and the frameof the
face insert can be coupled to the recess separately. In many embodiments, the face insert comprising the polymeric
material and the framecanbecoupled to the recesswithanadhesivedescribedabove. Insomeembodiments, the frameof
the face insert can secure the polymeric material with a pinching force or press-fit.
[0177] The face inserts 6410, 6510, 6610, 6710, 6810, and 6910 provide the advantage of improved sound, feel, and
visuals during golf ball impacts. The polymeric material and the frame of the face insert can provide the advantage of a
softer sound/feel during golf ball impacts. The softer sound/feel corresponds to the hardness of the face insert. In many
embodiments, the polymeric material can comprise the PEBAX and the frame can comprise a metal described above. In
some embodiments, the polymeric material can comprise the PEBAX and the frame can comprise the PEBAX described
above. The combination of the PEBAX and the metal, or PEBAX and PEBAX of the polymeric material and the frame
provides the softer feel/sound during golf ball impacts. This softer feel is advantageous over metal only face inserts
because the softer feel and sound can be pleasing to a player and prevent distractions that the metal only face insert can
provoke with louder impact sounds. Further, the frame of the face insert can act as a visual aid to the player. The frame of
the face insert canhelp theplayer position thegolf ball at thecenter of the front strikingsurface tooptimizeshot trajectory. In
other scenarios, the frameof the face insert canhelp theplayerposition thegolf ball at the toeendor theheelendof the front
striking surface to optimize shot trajectory.

PLURALITY OF OPENINGS

[0178] In another example, the putter golf club head can comprise a face insert comprising a plurality of openings. The
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plurality of openingsof the face insert cancompriseapertures, fissures, grooves, slots, or gaps.Theplurality of openingsof
the face insert can be positioned on the front end 196, the leading edge, the rear end 194, the toe end 180, the top rail 182,
the heel end 190, the sole 192, or any combination thereof.
[0179] The plurality of openings of the face insert can be positioned linearly, nonlinearly, or randomly from the heel end
190 to the toe end 180 and/or the sole 192 to the top rail 182 of the putter golf club head. Further, the plurality of openings
can comprise the same, a progressively increasing, a progressively decreasing, varying, or any combination thereof size
between the heel end 190 and the toe end 180 and/or the sole 192 to the top rail 182.
[0180] Further, the plurality of openings can comprise a density in the number of openings. The density in the number of
openings can increase, decrease, vary, or any combination thereof towards a desired end of the putter golf club head. In
some examples, the density in the number of openings can increase, decrease, vary, or any combination thereof towards
the heel end 190, the toe end 180, the sole 192, and/or the top rail 182.
[0181] Inmany examples, the plurality of openings of the face insert can comprise a circular shape, a triangular shape, a
rectangular shape, a square shape, a pentagonal shape, a polygonal shape, or any other suitable shape. In many
examples, theplurality of openingscancompriseasingle shape. Insomeexamples, theplurality of openingscancomprise
one ormore, two ormore, or three ormore shapes. In someexamples, the plurality of openings can comprise a plurality of
shapes.
[0182] In oneexample, as illustrated inFIG.104, theputter golf clubhead7000comprises the front end196, the rear end
194, the toe end 184, the heel end 190, the top rail 182, and the sole 192. The exterior surface of the putter golf club head
7000 formsa recess 7022.More specifically, a topwall 7023, a toewall 7024, aheelwall 7025opposite the toewall 7024, a
back wall 7026, and a bottomwall 7027 of the putter golf club head 7000 all form the recess 7022. The recess 7022 of the
putter golf club head 7000 can be extend rearward from the front end 196 towards the rear end 194.
[0183] Theputter golf clubhead can comprise the face insert 7010. In this example, the face insert 7010of the putter golf
clubhead7000can compriseaball striking faceplate7012. Theball striking faceplate7012cancomprise the front striking
surface 7011 and a rear surface 7013 opposite the front striking surface 7011. The front striking surface 7011 can further
comprise the plurality of openings 7092. In this example, the plurality of openings 7092 can be positioned linearly in rows
between the toe end 180 and the heel end 190, and the sole 192 and the top rail 182. The rear surface 7013 of the ball
striking face plate 7012 is adjacent to and abuts the back wall 7026 the recess 7022 of the putter golf club head 7000. In
many examples, the face insert 7010 is coupled to the recess 7022 by an adhesive described above. The plurality of
openings 7092 positioned on the front striking surface 7011 can function as grooves similar to the grooves described
above.
[0184] In another example, as illustrated in FIG. 105, the putter golf club head can comprise the face insert 7110. In this
example, the face insert 7110of theputter golf clubhead7100cancomprise theplurality of openings7192. In thisexample,
the plurality of openings 7192 can be positioned on the front striking surface 7111, the heel end 190, and the top rail 182.
Theplurality of openings7192canextend theentire lengthof the front striking surface7111and the top rail 182 from the toe
end 180 to the heel end 190. Further, the plurality of openings 7192 can wrap around the heel end 190 and/or the toe end
180 from the top rail 182 to the sole 192. In this example, the plurality of openings 7192 positioned on the front striking
surface 7111 can function as grooves similar to the grooves described above.
[0185] In another example, as illustrated in FIG. 106, the putter golf club head can comprise the face insert 7210. In this
example, the face insert 7210 of the putter golf club head 7200 can comprise the plurality of openings 7292. In this
example, the plurality of openings 7292 can be positioned on the front striking surface 7211 and the sole 192. The plurality
of openings 7292 canextend the entire length of the front striking surface7211and the sole 192 from the toeend180 to the
heel end 190. In this example, the plurality of openings 7292 positioned on the front striking surface 7211 can function as
grooves similar to the grooves described above. In someexamples, the plurality of openings 7292 can display a particular
design on the sole 192 and/or front striking surface 7211 of the putter golf club head 7200.
[0186] In another example, as illustrated in FIG. 107, the putter golf club head can comprise the face insert 7310. In this
example, the face insert 7310 of the putter golf club head 7300 can comprise an opening 7392 positioned on the rear end
194. In some examples, the putter golf club head 7300 can comprise a plurality of openings 7392 in similar positions as
putter golf club head 7000, 7100, or 7200 described above. In many examples, the opening 7392 can display a particular
design on the rear end 7325 of the putter golf club head 7310.
[0187] Referring to FIG. 52, a process 2000 of manufacturing a golf club head according to one example is shown. The
process2000 includes formingagolf club face (block2002)definedbya toeend,aheel end, a top rail andasole.Agolf club
facemay be formedwith a golf club head so that the golf club head and the golf club face are a one-piece continuous part.
Alternatively, thegolf clubheadand thegolf club facemaybe formedseparately. Thegolf club facemay thenbeattached to
the golf club face by using adhesive, tape, welding, soldering, fasteners and/or other suitable methods and devices. The
golf clubheadand/or the golf club facemaybemanufactured fromanymaterial. For example, the golf club headand/or the
golf club facemay bemade from titanium, titaniumalloy, other titanium-basedmaterials, steel, aluminum, aluminumalloy,
other metals, metal alloys, plastic, wood, composite materials, or other suitable types of materials. The golf club head
and/or thegolf club facemaybe formedusingvariousprocessessuchasstamping (i.e., punchingusingamachinepressor
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a stamping press, blanking, embossing, bending, flanging, or coining, casting), injection molding, forging, machining or a
combination thereof, other processes used for manufacturingmetal, plastic and/or composite parts, and/or other suitable
processes. In one example, whenmanufacturing a putter head, thematerial of the putter face and/or the ball striking face
may be determined so as to impart a certain ball strike and rolling characteristics to the putter face. In another example,
when the ball striking face 112, 212, 312, 412, 512, 612, 712, 1012, 1312, 1412, 1812, 1500, 2212, 3212, 4212, and 5212
are separate from the putter face 110, 810, and 910 and are inserted and attached into a correspondingly shaped
depression on the putter face 110, 810, and 910, the striking face 112, 212, 312, 412, 512, 612, 712, 1012, 1312, 1412,
1812, 1500, 2212, 3212, 4212, and 5212may be constructed froma lightermaterial than the putter face 110, 810, and 910
to generally reduce the overall weight of the putter.
[0188] According to theprocess2000, groovesare formedon the club faceand/or clubheadbetween the top rail and the
sole such that each groove extends between the toe end and the heel end and depths of the grooves vary in a direction
extendingbetween the top rail and the soleand inadirection extendingbetween theheel endand the toeend (block2004).
The grooves may be formed using various processes such as casting, forging, machining, spin milled, and/or other
suitable processes. The vertical cross-sectional shape of a groove may depend on the method by which a groove is
manufactured. For example, the type of cutting bit when machining a groove may determine the vertical cross-sectional
shape of the groove. The vertical cross-sectional shape of a groove may be symmetric, such as the examples described
above, or may be asymmetric (not shown). In one example, the width of a groove can be 0.8128mm (0.032 inch), which
may be thewidth of the cutting bit. Accordingly, whenmachining a groove, the shape and dimensions of the cutting bitmay
determine the shape and dimension of the groove.
[0189] The groovesmay bemanufactured by spinmilling the ball strike face, or stamping or forging the grooves into the
ball striking face. The grooves may also be manufactured direction on the putter head to create a ball striking face as
described above directly on the putter head. A groove may be manufactured by press forming the groove on the putter
head. For example, a press can deform and/or displacematerial on the putter head to create the groove. A groovemay be
manufacturingbyamilling processwhere the rotatingaxis of themilling tool is normal to putter face. The rotatingaxis of the
milling tool may be oriented at an angle other than normal to the putter face. A groovemay bemanufactured by overlaying
onematerial that is cut clean through to forma throughgrooveontoabaseor solidmaterial.Agroovemaybemanufactured
by laserand/or thermaletchingorerodingof theputter facematerial.Agroovemaybemanufacturedbychemicallyeroding
the putter face material using photo masks. A groove may bemanufactured by electro/chemically eroding the putter face
material using a chemical mask such as wax or a petrochemical substance. A groove may be manufactured by abrading
the facematerial using air orwater as the carrymediumof the abrasionmaterial suchas sand.Any oneor a combination of
the methods discussed above can be used to manufacture one or more of the grooves on the putter head. Furthermore,
other methods used to create depressions in any material may be used to manufacture the grooves.

EXAMPLE 1

[0190] An exemplary putter golf club head 6100 comprising a face insert 6110 having a PEBAXmaterial was compared
to a similar control putter golf club head, devoid of the PEBAXmaterial on a ball striking face plate. The face insert 6010 of
the exemplary putter golf club head comprises a ball striking face plate 6112 and a face insert base 6114. The ball striking
face plate 6112 and the face insert base 6114 of the face insert 6110 comprise a PEBAXmaterial, where the ball striking
faceplate 6112comprisesaPEBAX4033 (Arkema,ParisFrance) and the face insert base6114comprisesaPEBAX6333
(Arkema, Paris France). The PEBAX 4033 (Arkema, Paris France) comprises a lower hardness than the PEBAX 6333
(Arkema, Paris France). The face insert of the control putter golf club head comprises a ball striking face plate and an
aluminum screen. The aluminum screen of the control putter golf club head comprises an aluminummaterial, and the ball
striking face plate of the control putter golf club head comprises a PEBAX material.
[0191] Aplayer testingwasconducted tomeasure thesound, feel, andoverall satisfactionbetween theexemplaryputter
golf clubhead6100and the control putter golf clubhead. Basedon the results,manyplayerswere satisfiedwith the impact
feel, impact sound, impact feedback, ball speed, and overall stroke of the putter golf club head 6100 over the control putter
golf club head. Based on a test of 81 playerswho playwith putters with inserts and putters without inserts, 37 players were
satisfiedwith the control putter golf club head, and 44playerswere satisfiedwith theexemplary putter golf club head6100.
The test data was then filtered to include players who only play with putters with inserts. The filtered data including 43
players showed 84% of players prefer the exemplary putter golf club head 6100, and 16 % of players prefer the control
putter golf clubhead.This datashows that players prefer the face insert comprising thePEBAXmaterial for all components
(i.e. ball striking faceplateand face insert base)of the face insert over the face insert comprising thealuminummaterial and
the PEBAX material (i.e. ball striking face plate and aluminum screen).
[0192] As the rules to golf may change from time to time (e.g., new regulations may be adopted or old rules may be
eliminated or modified by golf standard organizations and/or governing bodies), golf equipment related to the methods,
apparatus, and/or articlesofmanufacturedescribedhereinmaybeconformingor non-conforming to the rulesof golf at any
particular time. Accordingly, golf equipment related to the methods, apparatus, and/or articles of manufacture described
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herein may be advertised, offered for sale, and/or sold as conforming or non-conforming golf equipment. The methods,
apparatus, and/or articles of manufacture described herein are not limited in this regard.
[0193] Although a particular order of actions is described above, these actions may be performed in other temporal
sequences. For example, two or more actions described above may be performed sequentially, concurrently, or
simultaneously. Alternatively, two or more actions may be performed in reversed order. Further, one or more actions
described abovemay not be performed at all. The apparatus, methods, and articles of manufacture described herein are
not limited in this regard.
[0194] While the inventionhasbeendescribed in connectionwith variousaspects, itwill beunderstood that the invention
is capable of furthermodifications. This application is intended to cover any variations, uses or adaptation of the invention
following, in general, the principles of the invention, and including such departures from the present disclosure as come
within the known and customary practice within the art to which the invention pertains. The invention is defined by the
appended claims.

Claims

1. A putter type golf club head (100) comprising:

a front end (196) having a striking surface (6411);
a toe end (180);
a heel end (190) opposite the toe end;
a top rail (182);
a sole (192) opposite the top rail;
a leading edge (6415) positioned between the front end (196) and the sole (192); and
a recess extending rearward from the front end (196); and
a face insert (6410) positioned within the recess, the face insert (6410) comprising:

a polymeric material (6412);
a frame (6412);
a plurality of grooves (6420) between the top rail (182) and the sole (192), each groove of the plurality of
grooves (6420) extending between the toe end (180) and the heel end (190);

wherein:

the polymericmaterial (6412) and the frame (6414) form a portion of the front striking surface (6411), leading
edge (6415), and sole (192) such that the face insert (6410) forms at least 75% of the front end (196) and at
least 10% of the sole (192) of the putter type golf club head
thewidth of each of the plurality of grooves (6420) varies in a direction extending between the heel end (190)
and the toe end (180); and
thewidth of each of the plurality of grooves (6420) varies in a direction extending from the top rail (182) to the
sole (192).

2. The putter type golf club (100) head of claim 1, wherein the frame (614) comprises a metallic material.

3. The putter type golf club head (100) of claim 1, wherein the frame (614) forms a perimeter around the polymeric
material.

4. Theputter typegolf clubhead (100) of claim1,wherein the frame (614) separates thepolymericmaterial into a toeend
portion, a heel end portion, and a center portion.

5. The putter type golf club head (100) of claim 1, wherein the frame (614) extends inwardly from a perimeter of the front
striking surface towards a center of the front striking surface.

6. Theputter typegolf clubhead (100) of claim1,wherein the frame (614) comprises twovertical portionsextending from
the top rail towards the sole of the putter golf club head.

7. Theputter type golf club head (100) of claim1,wherein the frame (614) secures the polymericmaterial with a pinching
force.
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8. The putter type golf club head (100) of claim 1, wherein the depths of the grooves (6420) vary in a direction extending
between the top rail (182) and the sole (192) and in a direction extending between the heel end (190) and the toe end
(180); and the deepest portion of at least one groove is defined by a generally planar bottom surface portion of the
groove.

9. The putter type golf club head (100) of claim 1, wherein:
the polymeric material comprises:

a heel portion proximate the heel end of the golf club head;
a toe portion proximate the toe end of the golf club head;
a center portion positioned between the heel portion and the toe portion;

wherein the depths of the grooves (6420) located in the center portion of the polymeric material are greater than the
depths of the grooves in the heel portion and in the toe portion.

10. The putter type golf club head (100) of claim 1, wherein:
the polymeric material comprises:

a top rail portion proximate the top rail of the putter type golf club head;
a sole portion proximate the sole of the putter type golf club head;
a mid portion positioned between the top rail portion and the sole portion;

wherein the depth of the grooves (6420) located in themid portion are greater than the depths of the grooves (6420) in
the top rail portion and in the sole portion.

11. Theputter typegolf club head (100) of claim1,wherein thepolymericmaterial formsagreater portionof the face insert
than the frame (614).

12. The putter type golf club head of claim 1, wherein the frame (614) forms a trapezoidal shape.

Patentansprüche

1. Golfschlägerkopf (100) vom Putter-Typ, umfassend:

ein Vorderende (196) mit einer Schlagfläche (6411);
ein Zehenende (180);
ein zum Zehenende entgegengesetztes Fersenende (190);
eine obere Schiene (182);
eine zur oberen Schiene entgegengesetzte Sohle (192);
eine Vorderkante (6415), die zwischen dem Vorderende (196) und der Sohle (192) angeordnet ist; und
eine Aussparung, die sich vom Vorderende (196) aus nach hinten erstreckt; und
einen in der Aussparung angeordneten Flächeneinsatz (6410), wobei der Flächeneinsatz (6410) Folgendes
umfasst:

ein Polymermaterial (6412);
einen Rahmen (6412);
eine Vielzahl vonRillen (6420) zwischen der oberenSchiene (182) und der Sohle (192), wobei jedeRille aus
der Vielzahl von Rillen (6420) sich zwischen dem Zehenende (180) und dem Fersenende (190) erstreckt;
wobei
das Polymermaterial (6412) und der Rahmen (6414) einen Abschnitt der vorderen Schlagfläche (6411), der
Vorderkante (6415) und der Sohle (192) bilden, sodass der Flächeneinsatz (6410) zumindest 75 % des
Vorderendes (196) und zumindest 10 % der Sohle (192) des Putter-Typ-Golfschlägerkopfes bildet,
die Breite jeder aus der Vielzahl von Rillen (6420) in eine Richtung variiert, die sich zwischen dem
Fersenende (190) und dem Zehenende (180) erstreckt; und
die Breite jeder aus der Vielzahl von Rillen (6420) in eine Richtung variiert, die sich von der oberen Schiene
(182) bis zur Sohle (192) erstreckt.
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2. Golfschlägerkopf (100) vom Putter-Typ nach Anspruch 1, wobei der Rahmen (614) ein Metallmaterial umfasst.

3. Golfschlägerkopf (100) vom Putter-Typ nach Anspruch 1, wobei der Rahmen (614) einen Umfang um das Polymer-
material bildet.

4. Golfschlägerkopf (100) vom Putter-Typ nach Anspruch 1, wobei der Rahmen (614) das Polymermaterial in einen
Zehenendabschnitt, einen Fersenendabschnitt und einen Mittelabschnitt unterteilt.

5. Golfschlägerkopf (100) vom Putter-Typ nach Anspruch 1, wobei sich der Rahmen (614) von einem Umfang der
vorderen Schlagfläche aus in Richtung des Mittelpunkts der vorderen Schlagfläche nach innen erstreckt.

6. Golfschlägerkopf (100) vomPutter-TypnachAnspruch1,wobei derRahmen (614) zwei vertikaleAbschnitte umfasst,
die sich von der oberen Schiene aus in Richtung der Sohle des Golfschlägerkopfes vom Putter-Typ erstrecken.

7. Golfschlägerkopf (100) vom Putter-Typ nach Anspruch 1, wobei der Rahmen (614) das Polymermaterial mit einer
Klemmkraft festlegt.

8. Golfschlägerkopf (100) vom Putter-Typ nach Anspruch 1, wobei die Tiefe der Rillen (6420) in eine Richtung, die sich
zwischen der oberen Schiene (182) und der Sohle (192) erstreckt, und in eine Richtung, die sich zwischen dem
Fersenende (190) und dem Zehenende (180) erstreckt, variiert; und wobei der tiefste Abschnitt von zumindest einer
Rille durch einen im Allgemeinen planaren Bodenflächenabschnitt der Rille definiert ist.

9. Golfschlägerkopf (100) vom Putter-Typ nach Anspruch 1, wobei

das Polymermaterial Folgendes umfasst:

einen Fersenabschnitt nahe dem Fersenende des Golfschlägerkopfes;
einen Zehenabschnitt nahe dem Zehenende des Golfschlägerkopfes;
einen Mittelabschnitt, der zwischen dem Fersenabschnitt und dem Zehenabschnitt angeordnet ist;

wobei die Tiefe der Rillen (6420), die imMittelabschnitt des Polymermaterials angeordnet sind, größer ist als die
Tiefe der Rillen im Fersenabschnitt und im Zehenabschnitt.

10. Golfschlägerkopf (100) vom Putter-Typ nach Anspruch 1, wobei

das Polymermaterial Folgendes umfasst:

einen Obere-Schiene-Abschnitt nahe der oberen Schiene des Putter-Typ-Golfschlägerkopfes;
einen Sohlenabschnitt nahe der Sohle des Putter-Typ-Golfschlägerkopfes;
einenMittelabschnitt, der zwischendemObere-Schiene-Abschnitt unddemSohlenabschnitt angeordnet ist;

wobei die Tiefe der Rillen (6420), die imMittelabschnitt angeordnet sind, größer ist als die Tiefe derRillen (6420),
die im Obere-Schiene-Abschnitt und im Sohlenabschnitt angeordnet sind.

11. Golfschlägerkopf (100) vom Putter-Typ nach Anspruch 1, wobei das Polymermaterial einen größeren Abschnitt des
Flächeneinsatzes bildet als der Rahmen (614).

12. Golfschlägerkopf (100) vom Putter-Typ nach Anspruch 1, wobei der Rahmen (614) eine Trapezform ausbildet.

Revendications

1. Tête de club de golf de type putter (100), comprenant :

une extrémité avant (196) présentant une surface de frappe (6411) ;
une extrémité de pointe (180) ;
une extrémité de talon (190) opposée à l’extrémité de pointe ;
un rail supérieur (182) ;
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une semelle (192) opposée au rail supérieur ;
un bord d’attaque (6415) positionné entre l’extrémité avant (196) et la semelle (192) ; et
un évidement s’étendant vers l’arrière à partir de l’extrémité avant (196) ; et
un insert de face (6410) positionné à l’intérieur de l’évidement, l’insert de face (6410) comprenant :

un matériau polymère (6412) ;
un cadre (6412) ;
une pluralité de rainures (6420) entre le rail supérieur (182) et la semelle (192), chaque rainure de la pluralité
de rainures (6420) s’étendant entre l’extrémité de pointe (180) et l’extrémité de talon (190) ;

dans laquelle :

le matériau polymère (6412) et le cadre (6414) forment une partie de la surface de frappe avant (6411), du
bord d’attaque (6415) et de la semelle (192) de telle sorte que l’insert de face (6410) forme aumoins 75%de
l’extrémité avant (196) et au moins 10 % de la semelle (192) de la tête de club de golf de type putter,
la largeur de chacune de la pluralité de rainures (6420) varie dans une direction s’étendant entre l’extrémité
de talon (190) et l’extrémité de pointe (180) ; et
la largeur de chacune de la pluralité de rainures (6420) varie dans une direction s’étendant du rail supérieur
(182) à la semelle (192).

2. Tête de club de golf de type putter (100) selon la revendication 1, dans laquelle le cadre (614) comprend unmatériau
métallique.

3. Tête de club de golf de type putter (100) selon la revendication 1, dans laquelle le cadre (614) forme un périmètre
autour du matériau polymère ; et

4. Tête de club de golf de type putter (100) selon la revendication 1, dans laquelle le cadre (614) sépare le matériau
polymère en une partie d’extrémité de pointe, une partie d’extrémité de talon et une partie centrale.

5. Tête de club de golf de type putter (100) selon la revendication 1, dans laquelle le cadre (614) s’étend vers l’intérieur
depuis un périmètre de la surface de frappe avant vers un centre de la surface de frappe avant.

6. Tête de club de golf de type putter (100) selon la revendication 1, dans laquelle le cadre (614) comprend deux parties
verticales s’étendant depuis le rail supérieur vers la semelle de la tête de club de golf de type putter.

7. Têtedeclubdegolf de typeputter (100) selon la revendication1,dans laquelle le cadre (614) fixe lematériaupolymère
avec une force de pincement.

8. Tête de club de golf de type putter (100) selon la revendication 1, dans laquelle les profondeurs des rainures (6420)
varient dans une direction s’étendant entre le rail supérieur (182) et la semelle (192) et dans une direction s’étendant
entre l’extrémité de talon (190) et l’extrémité de pointe (180) ; et la partie la plus profonde d’au moins une rainure est
définie par une partie de surface inférieure généralement plane de la rainure.

9. Tête de club de golf de type putter (100) selon la revendication 1, dans lequel :

le matériau polymère comprend :

une partie de talon à proximité de l’extrémité de talon de la tête de club de golf ;
une partie de pointe à proximité de l’extrémité de pointe de la tête de club de golf ;
une partie centrale positionnée entre la partie de talon et la partie de pointe ;

dans laquelle les profondeurs des rainures (6420) situées dans la partie centrale du matériau polymère sont
supérieures aux profondeurs des rainures dans la partie de talon et dans la partie de pointe.

10. Tête de club de golf de type putter (100) selon la revendication 1, dans lequel :

le matériau polymère comprend :
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une partie de rail supérieur à proximité du rail supérieur de la tête de club de golf de type putter ;
une partie de semelle à proximité de la semelle de la tête de club de golf de type putter ;
une partie médiane positionnée entre la partie de rail supérieure et la partie de semelle ;

dans laquelle la profondeur des rainures (6420) situées dans la partie médiane est supérieure aux profondeurs
des rainures (6420) dans la partie de rail supérieure et dans la partie de semelle.

11. Tête de club de golf de type putter (100) selon la revendication 1, dans laquelle lematériau polymère forme une partie
plus grande de l’insert de face que le cadre (614).

12. Têtedeclubdegolf de typeputter selon la revendication1, dans laquelle le cadre (614) formeune forme trapézoïdale.
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