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METHOD OF MANUFACTURING GOLF 
CLUB HEAD AND GOLF CLUB HEAD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to a golf club head and, 
more particularly, to score lines on the face. 

[0003] 2. Description of the Related Art 
[0004] Generally, on the face of a golf club head, a plurality 
of straight grooves are formed parallel to each other in the 
toe-and-heel direction (e.g., Japanese Patent Laid-Open Nos. 
10-248974 and 2005-169129). These grooves are called score 
lines, marking lines, face lines, or the like (to be referred to as 
score lines in this speci?cation) . These score lines have an 

effect of increasing the back spin amount or suppressing a 
signi?cant decrease in back spin amount of a shot in a case of 
a rainy day or a shot from the rough. As a method of forming 
score lines, for example, cutting, forging, or casting are used. 
[0005] The Width of a score line is narroW and, for example, 
that of a score line of a golf club head for competitions is 
determined to be 0.9 mm or less by the rule. It is not alWays 
easy to form a plurality of score lines to be straight and 
parallel to each other. For example, When forming score lines 
by cutting, the score lines may be slightly distorted due to the 
shake or Wear of a cutting tool or distortion of the material of 
the face. In case of forging, score lines may be slightly dis 
torted due to the in?uence of distortion of the material of the 
face. In case of casting, score lines may be slightly distorted 
due to shrinkage. When score lines are distorted, their outer 
appearance becomes poor, In addition, individual difference 
in performance betWeen the products may occur, 

SUMMARY OF THE INVENTION 

[0006] It is an object of the present invention to provide a 
golf club head having score lines With little distortion. 
[0007] According to the present invention, there is provided 
a method of manufacturing a golf club head having a plurality 
of score lines on a face, comprising a ?rst forming step of 
forming grooves for the score lines on the face, and a second 
forming step of forming, uniformly along the longitudinal 
direction of the grooves by cutting into the edges of the 
grooves formed in the ?rst forming step, notches having an 
arcuate cross-sectional shape. 
[0008] In the present invention, the grooves are formed in 
the ?rst forming step, and the notches are formed by cutting 
into the edges of the grooves in the second forming step, 
thereby forming score lines having the notches. Since only 
the edges of the grooves are cut in the second forming step, 
the cut amount can be small. Accordingly, the shake or Wear 
of a cutting tool or distortion of the material of the face is 
small, and therefore machining With a higher accuracy is 
possible. For the outer appearance or performance of the 
score lines Which is in?uenced by the boundary portions of 
the score lines and face, since the notches Which form the 
boundary portions can be machined With a higher accuracy in 
the second forming step, the machining accuracy of the score 
lines substantially increases. Therefore, a golf club head hav 
ing score lines With little distortion can be provided. 

[0009] According to the present invention, there is provided 
a golf club head having a plurality of score lines on a face, 
Wherein the score lines are formed by ?rst forming grooves 
for the score lines and forming, uniformly along the longitu 
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dinal direction of the grooves by cutting into the edges of the 
grooves, notches having an arcuate cross-sectional shape. 
[001 0] According to the present invention, there is provided 
a golf club head having a plurality of score lines on a face, 
Wherein the score lines include notches formed at both edges 
of the score lines uniformly along the longitudinal direction 
of the score lines and having an arcuate cross-sectional shape. 
[0011] Other features of the present invention Will become 
apparent from the folloWing description of an exemplary 
embodiment With reference to the attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a vieW shoWing the outer appearance of a 
golf club head 1 according to an embodiment of the present 
invention; 
[0013] FIG. 2 shoWs a sectional vieW of a score line 20 in a 
direction perpendicular to the longitudinal direction (toe-and 
heel direction), and its partially enlarged vieW; 
[0014] FIG. 3A is a schematic vieW illustrating an example 
of a case in Which a ?rst formed groove is cut by an NC 

milling machine; 
[0015] FIG. 3B is a vieW shoWing an example of the sec 
tional shape of a ?rst formed groove 20' formed in the ?rst 
forming step; 
[0016] FIG. 4A is a vieW illustrating a machining example 
of a case in Which a cutting tool 411 is used Which simulta 
neously machines notches 21 at both edges of the ?rst formed 
groove 20'; 
[0017] FIG. 4B is a vieW illustrating a machining example 
of a case in Which the notch 21 is machined by relatively 
inclining the rotation axis Z of a cutting tool 4b With respect 
to the face 10; 
[0018] FIG. 5A shoWs tables of the measurement data of 
the score lines of an example of the present invention; 
[0019] FIG. 5B shoWs tables of the measurement data of the 
score lines of a comparative example; and 
[0020] FIG. 6 is a table shoWing the measurement results of 
the actual measurement values of the groove Widths (groove 
Widths W1 in FIG. 2) of the score lines and the evaluations of 
the machinabilities and test shot results obtained When the 
edge angle (angle 02 in FIG. 3B) of the ?rst formed groove 
and a notch angle 01 (FIG. 2) changed. 

DESCRIPTION OF THE EMBODIMENTS 

[0021] FIG. 1 is a vieW shoWing the outer appearance of a 
golf club head 1 according to an embodiment of the present 
invention. FIG. 1 shoWs an example in Which the present 
invention is applied to an iron golf club head. The present 
invention is suitable for short iron golf club heads and Wedge 
iron golf club heads, e.g., golf club heads With a loft angle of 
400 to 70° (both inclusive) and a head Weight of 260 g to 320 
g (both inclusive). HoWever, the present invention is also 
applicable to Wood or hybrid golf club heads. 
[0022] The golf club head 1 has a plurality of score lines 20 
formed on its face 10. The respective score lines 20 are 
straight grooves extending in the toe-and-heel direction and 
parallel to each other. In this embodiment, the respective 
score lines 20 are arranged at regular intervals (same pitch) 
but they may be arranged at irregular intervals. FIG. 2 shoWs 
a sectional vieW of the score line 20 in a direction perpen 

dicular to the longitudinal direction (toe-and-heel direction), 
and its partially enlarged vieW. In this embodiment, the sec 
tional shapes of the score lines 20 are the same except in tWo 
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end portions in the longitudinal direction. The score lines 20 
have the same sectional shape. 
[0023] In this embodiment, the sectional shape of the score 
line 20 is an almost trapeZoid. However, the sectional shape of 
the score line 20 is not limited to this, and may be an almost 
square or triangle. In this embodiment, the sectional shape of 
the score line 20 is symmetric. Notches 21 having an arcuate 
cross section are formed in the edges (boundary portions With 
the face 10) of the score line 20 uniformly along its longitu 
dinal direction. In this embodiment, the notches 21 have an 
arcuate sectional shape corresponding to a part of a circle With 
a radius r, but they may have an elliptically arcuate sectional 
shape. 
[0024] The tangent (the tangent to the circle With the radius 
r, in this embodiment) to the arcuate cross section of the notch 
21 at a boundary point P1 of the notch 21 and face 10 forms 
an angle 61 With the face 10. The angle 61 in?uences a friction 
force betWeen a golf ball and the face 10 Which is produced 
upon a shot. When the notch 21 is formed so as to increase the 
angle 61, the back spin amount of a golf ball can increase, but 
the golf ball is easily damaged. Conversely, When the notch 21 
is formed so as to decrease the angle 61, the back spin amount 
of a golf ball decreases, hoWever, damage to the ball can be 
prevented. 
[0025] The method of forming the score lines 20 Will be 
described next. In this embodiment, upon forming the score 
lines 20, grooves for the score lines 20 are ?rst formed on the 
face 10 (?rst forming step). These grooves Will be referred to 
as ?rst formed grooves, hereinafter. The edges of the ?rst 
formed grooves are cut so as to form the notches 21 (second 
forming step), thereby ?nishing the score lines 20. 
[0026] Upon cutting for forming the notches 21, an NC 
(numerically controlled) milling machine can be used to per 
form cutting With a higher accuracy. The ?rst formed grooves 
may be formed by, e.g., any of cutting, forging, and casting. 
Since the notches 21 are formed after the ?rst formed grooves, 
cutting is desirable. Particularly When the notches 21 are 
formed using an NC milling machine, it is desirable to cut the 
?rst formed grooves by using the same NC milling machine. 
A case in Which the same NC milling machine is continuously 
used to form the ?rst formed grooves and the notches 21 Will 
be described beloW. 
[0027] FIG. 3A is a schematic vieW illustrating an example 
of a case in Which a ?rst formed groove is cut using an NC 
milling machine. A golf club head 1' Without the score lines 
20 is ?xed to the NC milling machine via a jig 2. Note that in 
this embodiment, a case in Which the face 10 is integrally 
formed With the golf club head is described. HoWever, a face 
member Which forms the face 10 and the head body may be 
prepared as separated members and joined together. In this 
case, the face member is ?xed to the NC milling machine to 
form the score lines 20. 

[0028] The NC milling machine includes a spindle 3 Which 
is rotatably driven around the axis Z. A cutting tool (end mill) 
4 is attached to the loWer end of the spindle 3 . After setting the 
plane coordinates of the face 10 in the NC milling machine, 
the spindle 3 is rotatably driven. The face 10 (golf club head 
11) or cutting tool 4 is moved relatively in a formation direc 
tion dl of the score lines 20 to mill the face 10, thereby 
forming a ?rst formed groove. When one ?rst formed groove 
has been formed, the cutting tool 4 is separated from the face 
10. After that, the cutting tool 4 is moved relatively in a 
direction perpendicular to the formation direction d1 of the 
score lines 20, and the next ?rst formed groove is formed. In 

Feb. 5, 2009 

this manner, the ?rst formed grooves are sequentially formed. 
The positions of the respective ?rst formed grooves are 
numerically controlled in accordance With design data. FIG. 
3B is a vieW shoWing an example of the sectional shape of a 
?rst formed groove 20' formed in the ?rst forming step. 
[0029] When all the ?rst formed grooves have been formed, 
the notches 21 are then machined. At this time, the cutting tool 
4 is changed to a ball mill or the like. FIG. 4A illustrates a 
machining example of a case in Which a cutting tool 411 is used 
Which simultaneously machines the notches 21 at both edges 
of the ?rst formed groove 20'. FIG. 4B illustrates a machining 
example of a case in Which the notch 21 is machined by 
relatively inclining the rotation axis Z of a cutting tool 4b With 
respect to the face 10. In this case, it is required to use an NC 
milling machine Which can adjust the relative inclination 
angle of the rotation axis Z With respect to the face 10. In 
either case, the sectional shape of the notch 21 depends on the 
distal shape of the cutting tools 411 or 4b. The angle 61 in FIG. 
2 depends on the distal shape of the cutting tool 411 or 4b and 
the cutting position. 
[0030] Each notch 21 is formed by moving the face 10 (golf 
club head 1') or cutting tool 411 or 4b relatively in the forma 
tion direction dl (FIG. 3A) of the score lines 20, as in the case 
of the ?rst formed groove 20', so as to mill the edge of the ?rst 
formed groove 20'. The positions of the respective notches 21 
are numerically controlled in accordance With design data. 
When the notches 21 have been completely formed, the score 
lines 20 having the sectional shape shoWn in FIG. 2 are 
completely formed. Note that after that, the surface of the face 
10 may be cut as the surface ?nish of the face 10. 
[0031] In this embodiment, as described above, the ?rst 
formed grooves 20' are formed, and then the notches 21 are 
formed by cutting into the edges of the ?rst formed grooves 
20', thereby forming the score lines 20 having the notches 21. 
In forming the notches 21, since only the edges of the 
machined ?rst formed groove 20' are cut, the cut amount can 
be small. Accordingly, the shake or Wear of the cutting tool or 
distortion of the material of the face 10 is small, and therefore 
machining With a higher accuracy is possible. For the outer 
appearance or performance of the score lines 20 Which is 
in?uenced by the boundary portions of the score lines 20 and 
face 10, since the notches 21 Which form the boundary por 
tions can be machined With a higher accuracy, the machining 
accuracy of the score lines 20 substantially increases. There 
fore, the golf club head 1 having the score lines 20 With little 
distortion can be provided. As a secondary effect, the back 
spin amount of the golf ball and its susceptibility to damage 
can be adjusted by the degree of the angle 61 in FIG. 2. 
[0032] Note that When cutting the notches 21, the small cut 
amount is desirable in order to improve the machining accu 
racy and reduce the Wear of a cutting tool. Accordingly, the 
maximum cut depth from the apex of the edge of the ?rst 
formed groove 20' by a cutting tool is desirably, e.g., 0.1 mm 
or less. More speci?cally, in FIG. 3B, it is desirable to form 
the notch 21 Within the range of a phantom circle C having an 
apex P2 of the edge of the ?rst formed groove 20' as the center 
and a radius of 0.1 mm. 

EXAMPLES 

[0033] FIG. 5A shoWs the measurement data of the score 
lines of an example of the present invention, and FIG. 5B 
shoWs the measurement data of the score lines of a compara 
tive example. For the score lines of the example, ?rst formed 
grooves and notches Were formed using an NC milling 
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machine. The groove depth of the ?rst formed groove Was set 
to 0.45 mm (design value); the edge angle (angle 02 in FIG. 
3B), 60° (design value); and the groove Width (W2 in FIG. 
3B), 0.8 mm. The notch Was formed to correspond to the arc 
of a circle With a radius of 0.2 mm (design value) and to have 
the angle 01 (see FIG. 2) of 35° (design value) The score lines 
of the comparative example Were formed by casting such that 
they had no portion corresponding to the notch of the example 
(the same shape as the ?rst formed groove of the example). 
The groove depth of the score line of the comparative 
example Was set to 0.45 mm (design value); the edge angle, 
60° (design value); and the groove Width, 0.7 mm (design 
value). 
[0034] In FIGS. 5A and 5B, “groove Width and measure 
ment position (mm)”, indicates the actual measurement val 
ues of the groove Widths at a plurality of positions on the score 
line, Which is the groove Width W1 in FIG. 2 for the example. 
In this embodiment, three score lines Were set as measure 
ment targets. Each of 0 and :1 to :4 indicates the measure 
ment position. A phantom line (line L1 in FIG. 1), Which 
passes the point of contact of the golf club head With the 
ground upon soling the golf club head and is perpendicular to 
the score lines, is set as a reference (measurement posi 
tion:0). The positions aWay from the line L1 toWard the toe 
side are denoted by sign —, and those aWay from the line L1 
toWard the heel side are denoted by sign +. For example, “+1” 
indicates a position Which is shifted from the line L1 by 1 mm 
toWard the heel side, and “—2” indicates a position shifted 
from the line L1 by 2 mm toWard the toe side. 

[0035] A standard deviation (same groove) indicates the 
standard deviation of the groove Widths at the respective 
positions on the same score line, and a standard deviation 
average value (same groove) indicates the average value of 
the standard deviations (same groove) of four score lines. An 
error range (same groove) indicates the difference betWeen 
the maximum value and minimum value of the groove Widths 
at the respective positions on the same score line, and an error 
range average value (same groove) indicates the average 
value of the error ranges (same groove) of four score lines. 
[0036] A standard deviation (betWeen grooves) indicates 
the standard deviation of the groove Widths at the same posi 
tion on the respective score lines, and a standard deviation 
average value (betWeen grooves) indicates the average value 
of the standard deviations (same groove) of all the measure 
ment positions. An error range (betWeen grooves) indicates 
the difference betWeen the maximum value and minimum 
value of the groove Widths at the same position on the respec 
tive score lines, and an error range average value (betWeen 
grooves) indicates the average value of the error ranges (be 
tWeen grooves) of all the measurement positions. 
[0037] Referring to the measurement data shoWn in FIGS. 
5A and 5B, the accuracy of groove Width of the score lines of 
the example is much higher than that of groove Width of the 
score lines of the comparative example. Particularly, there is 
a signi?cant difference betWeen the data betWeen grooves. 
[0038] FIG. 6 is a table shoWing the measurements of the 
actual measurement values of the groove Widths (groove 
Widths W1 in FIG. 2) of the score lines and the evaluations of 
the machinabilities and test shot results obtained When the 
edge angle (angle 02 in FIG. 3B) of the ?rst formed groove 
and the notch angle 01 (see FIG. 2) changed. TWelve golf club 
heads (Nos. 1 to 12) Were measured and evaluated. For golf 
club head Nos. 1, 2, and 12, only ?rst formed grooves Were 
machined Without notches. 
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[0039] In FIG. 6, “in ?rst formation” indicates the groove 
Width (W2 in FIG. 3B) of the ?rst formed groove, the design 
value of the edge angle (angle 02 in FIG. 3B), and the evalu 
ation of the machinability. “After notch formation” indicates 
the actual measurement value of the groove Width (W1 in 
FIG. 2), the design value of the notch angle 01 (see FIG. 2), 
and the evaluation of the machinability. “Test shot result” 
indicates the test shot result obtained by using each golf club 
head. 

[0040] As in golf club head Nos. 3 to 11, When the edge 
angle 02 of the ?rst formed groove and the notch angle 01 
change, score lines having a plurality of types of groove 
Widths can be obtained. When the notches are formed in the 
edges of the score lines, not only the machining accuracy of 
the score lines can improve but also the degree of freedom of 
groove Width design can increase. 

[0041] As for the machinability of the ?rst formed groove, 
since golf cub head Nos. 1 and 2 have the large angle 02, its 
machinability Was not very good because of the draft. Golf 
club head Nos. 3 to 12 had no particular problem. Accord 
ingly, from the vieWpoint of the machinability of the ?rst 
formed groove, the angle 02 is desirably smaller than 85°. 
Upon machining the notch, When the edge angle 02 of the ?rst 
formed groove is small, the shake of the cutting tool and 
cutting resistance are small. This is desirable, hoWever, if the 
edge angle 02 is too small, the sectional area of the groove 
becomes small. This undesirably causes a loW spin tendency 
(tendency for back spin to decrease) in case of a shot from 
rough or the like. Therefore, the edge angle 02 of the ?rst 
formed groove is desirably 60° to 80°. 

[0042] As for the machinability of the notch, golf club head 
No. 5 had the excessively small angle 01 so that it Was dif?cult 
to attain a satisfactory accuracy. Therefore, from the vieW 
point of the machinability, the angle 01 is desirably 20' or 
more. 

[0043] As for the test shot result, the large notch angle 01 is 
desirable from the vieWpoint of an increase in spin amount of 
a ball, hoWever, the ball is easily damaged. Golf club head No. 
9 easily damaged the ball. Golf club head No. 8 rarely dam 
aged the ball. Accordingly, from the vieWpoint of an decrease 
in damage to the ball, the notch angle 01 is preferably smaller 
than 65° and, more preferably, is equal to or smaller than 60°. 
Golf club head No. 5 had a loW spin amount of the ball. 
Accordingly, from the vieWpoint of a spin amount of a ball, 
the notch angle 01 is preferably 20° or more. 

[0044] Accordingly, from the vieWpoints of the machin 
ability, spin amount, and a decrease in damage to a ball, the 
notch angle 01 is desirably 20° to 60° (both inclusive) . Note 
that a signi?cant decrease in spin amount sometimes occurred 
in case of a shot from rough When using golf club head No. 12, 
but that did not occur in the same situation When using golf 
club head Nos. 1 to 11. This is presumably because golf club 
head No. 12 has the small angle 02 and the small groove 
volume With Which the head readily caught the grass. 
[0045] While the present invention has been described With 
reference to exemplary embodiments, it is to be understood 
that the invention is not limited to the disclosed exemplary 
embodiments. The scope of the folloWing claims is to be 
accorded the broadest interpretation so as to encompass all 
such modi?cations and equivalent structures and functions. 
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[0046] This application claims the bene?t of Japanese 
Patent Application No. 2007-202216, ?led Aug. 2, 2007, 
Which is hereby incorporated by reference herein in its 
entirety. 
What is claimed is: 
1. A method of manufacturing a golf club head having a 

plurality of score lines on a face, comprising: 
a ?rst forming step of forming grooves for the score lines 

on the face; and 
a second forming step of forming, uniformly along the 

longitudinal direction of the grooves by cutting into the 
edges, notches having arced cross-sectional shapes at 
both edges of the grooves. 

2. The method according to claim 1, Wherein in the second 
forming step, the notches are formed by cutting the edges of 
the grooves by a cutting tool While the face or the cutting tool 
relatively moves in a direction of forming the score lines. 
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3. The method according to claim 2, Wherein a maximum 
cutting depth from the apex of the edge of the groove by the 
cutting tool in the second forming step is not greater than 0.1 
mm. 

4. A golf club head having a plurality of score lines on a 
face, Wherein the score lines are formed by ?rst forming 
grooves for the score lines on the face and forming, uniformly 
along the longitudinal direction of the grooves by cutting into 
the edges, notches having arced cross-sectional shapes at both 
edges of the grooves. 

5. A golf club head having a plurality of score lines on a 
face, Wherein the score lines include notches formed at both 
edges of the score lines uniformly along the longitudinal 
direction of the score lines and having arced cross-sectional 
shapes. 


