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(54) Racket

(57) A racket (1) including: a handle (20); an annular
frame (11) having a plurality of through holes (13), and
a groove section (111) provided on an outer peripheral
face (11a) of the frame along a circumferential direction
of the frame; a shaft (30) connecting the handle and the
frame; and a string (12) that passes through the through
hole to the outside of the frame, and that is folded back
on the groove section, wherein when either one of a lon-
gitudinal direction (121) of the racket and a width direction
(122) perpendicular to the longitudinal direction on a hit-
ting surface of the racket is defined as a first direction, a
depth of a position at which the string is folded back at a
second position in the first direction is smaller or less
than a depth of a position at which the string is folded
back at a first position in the first direction, the first position
being located on the outer peripheral face of the frame,
the second position being located on the outer peripheral
face of the frame and outside of the first position in the
first direction.
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Description

Technical Field

[0001] The invention relates to a racket used in tennis
and the like.

Background

[0002] As a racket used in tennis and the like, there
are known ones including: a handle which a player grips;
a frame inside which a string is strung; and a shaft con-
nects the handle and the frame. Generally, on the outer
peripheral face of the frame, a groove section is provided
along the circumferential direction of the frame and in the
middle in the thickness direction (a direction perpendic-
ular to a hitting surface). In addition, along the circumfer-
ential direction of the frame, the frame has a plurality of
through holes through which a string passes. The open-
ings of the through holes are formed in the groove sec-
tion. When stringing the string in the frame, the following
processes are repeated: the string passes from the inside
to the outside of the frame through a through hole; the
string is folded back along the groove section of the
frame; and the string passes through the next through
hole. Then, in the frame, the portions of the string (lon-
gitudinal strings) along the longitudinal direction of the
racket are strung at intervals in the width direction inter-
secting with the longitudinal direction. Also, the portions
of the string (transverse strings) along the width direction
are strung at intervals in the longitudinal direction so as
to intersect the longitudinal strings. Thus, the net-like hit-
ting surface is formed in the frame (for example, see Pat-
ent Literature 1).

Citation List

[Patent Literature]

[0003] [Patent Literature 1] Japanese Patent Applica-
tion Laid-open Publication No. 6-269514

Summary of the Invention

Technical Problem

[0004] The sweet spot, which has a high rebound per-
formance of a ball and vibrates less when hitting a ball,
can be enlarged by increasing the lengths of longitudinal
strings and transverse strings and by reducing the differ-
ence between the lengths of longitudinal strings arranged
in the width direction and/or the difference between the
lengths of transverse strings arranged in the longitudinal
direction. However, if the frame has an annular shape
such as an elliptical shape, the string is folded back along
the outer peripheral face (the groove section) of the
curved frame. Therefore, longitudinal strings and trans-
verse strings passing the ends of the frame are shorter

in length than longitudinal strings and transverse strings
passing the center of the frame.
[0005] The invention has been made in view of the
above issue, and an advantage thereof is to enlarge the
sweet spot of a racket without changing the shape of the
frame.

Solution to the Problem

[0006] An aspect of the invention to achieve the above
advantage is a racket including: a handle; an annular
frame having a plurality of through holes, and a groove
section provided on an outer peripheral face of the frame
along a circumferential direction of the frame; a shaft con-
necting the handle and the frame; and a string that passes
through the through hole to the outside of the frame, and
that is folded back on the groove section, wherein when
either one of a longitudinal direction of the racket and a
width direction perpendicular to the longitudinal direction
on a hitting surface of the racket is defined as a first di-
rection, a depth of a position at which the string is folded
back at a second position in the first direction is smaller
or less than a depth of a position at which the string is
folded back at a first position in the first direction, the first
position being located on the outer peripheral face of the
frame, the second position being located on the outer
peripheral face of the frame and outside of the first posi-
tion in the first direction.
[0007] Other features of this invention will become ap-
parent from the description in this specification and the
attached drawings.

Effects of the Invention

[0008] With a racket according to the invention, it is
possible to enlarge the sweet spot of a racket without
changing the shape of the frame.

Brief Description of the Drawings

[0009]

FIG. 1 is a plan view and a side view of a tennis
racket.
FIG. 2A is a cross-sectional view of a frame in the
thickness direction, and FIG. 2B is a diagram show-
ing how the string is strung in the frame.
FIG. 3 is a diagram of a groove section provided in
the frame of the present embodiment.
FIG. 4 is a diagram of a groove section provided in
the frame of a comparative example.
FIG. 5 is a diagram of the frame and the groove sec-
tion of a modified example.
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Mode for Carrying Out the Invention

Overview

[0010] From the description in the detailed description
of the invention and the accompanied drawings, at least
the following matters will be apparent.
[0011] A racket including:

a handle;
an annular frame having

a plurality of through holes, and
a groove section provided on an outer peripheral
face of the frame along a circumferential direc-
tion of the frame;

a shaft connecting the handle and the frame; and
a string

that passes through the through hole to the out-
side of the frame, and
that is folded back on the groove section,

wherein

when either one of a longitudinal direction of the rack-
et and a width direction perpendicular to the longitu-
dinal direction on a hitting surface of the racket is
defined as a first direction,

a depth of a position at which the string is folded
back at a second position in the first direction is
smaller or less than a depth of a position at which
the string is folded back at a first position in the
first direction,
the first position being located on the outer pe-
ripheral face of the frame,
the second position being located on the outer
peripheral face of the frame and outside of the
first position in the first direction.

[0012] With such a racket, it is possible that, without
changing the shape of the annular frame, the length of
the string on any outer end of the frame (the second po-
sition) in the first direction becomes more equal to the
length of the string at the center of the frame (the first
position) in the first direction. As a result, sweet spot can
be enlarged.
[0013] In such a racket, the position at which the string
is folded back on the outer peripheral face of the frame
may become shallower in depth as it goes from a center
of the frame to an end in the first direction.
[0014] With such a racket, it is possible to reduce the
difference in length between strings arranged in a direc-
tion intersecting with the first direction. This makes it pos-
sible to reduce the differences caused by different hitting
positions in the frame of the rebound performance of a

ball and the feel, which results in enlarging the sweet
spot.
[0015] In such a racket, the frame may have substan-
tially an elliptical shape, and a position in an end in the
longitudinal direction on the outer peripheral face of the
frame at which the string is folded back at a center in the
width direction may be deeper in depth than a position
in an end in the width direction on the outer peripheral
face of the frame at which the string is folded back at a
center in the longitudinal direction.
[0016] With such a racket, the sweet spot can be further
enlarged while preventing the strength deterioration of
the frame. This also allows the racket to rebound a ball
more and to vibrate less.

Racket 1

[0017] An embodiment of a tennis racket will be de-
scribed below as an example of a racket according to the
invention.
[0018] FIG. 1 is a plan view and a side view of a tennis
racket (hereinafter referred to as a racket 1). The left one
is the plan view and the right one is a side view. FIG. 2A
is a cross-sectional view of a frame 11 in the thickness
direction, and FIG. 2B is a diagram showing how a string
12 is strung in the frame 11. The racket 1 includes: a
head 10 which hits a ball; a handle 20 which a player
grips to hold the racket 1; and a shaft 30 connects the
head 10 and the handle 20 in an integrated manner. For
the purpose of illustration, of the longitudinal sides of the
racket 1, the side of the head 10 is called as a tip-end
side, and the side of the handle 20 is called as a handle-
end side. On the hitting surface of the racket 1 (that is,
on the plane along the hitting surface), a direction per-
pendicular to the longitudinal direction is called as a width
direction. A direction perpendicular to the hitting surface
of the racket 1 is called as a thickness direction.
[0019] The head 10 includes: the frame 11 with an el-
liptical shape extending in the longitudinal direction of
the racket 1; and the string 12 strung inside the frame
11. The frame 11 is made by shaping into an elliptical
shape, for example, a hollow rod which is made of fiber
reinforced resin and the like. It should be noted that the
frame 11 may not be hollow and the inside of the frame
11 may be filled with foamed material. As shown in FIG.
2A, in the outer peripheral face 11a of the frame 11, a
groove section 111 is provided along the circumferential
direction of the frame 11 and the groove section 111 has
the middle in the thickness direction which is concave
compared to the both side sections 112. In addition, the
frame 11 has a plurality of string holes 13 (corresponding
to through holes) along the circumferential direction of
the frame 11; the string holes 13 extend through from the
inner peripheral face 11b to the outer peripheral face 11a
and are for inserting the string 12.
[0020] As shown in FIG. 2B, the opening of each string
hole 13 is provided on the groove section 111. In order
to protect the string 12 and to dampen vibrations caused
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by hitting a ball, the string 12 is strung in the frame 11
through a grommet 40. The grommet 40 includes: A plu-
rality of tube sections 41; and a strip-shaped base section
42 which connects the plurality of tube sections 41 to
each other and has communicating holes 43 which com-
municate the hollow of each tube section 41. The tip end
of each of the tube section 41 is placed into the string
hole 13 from the side of the outer peripheral face 11a of
the frame 11. Then, the base section 42 is embedded in
the groove section 111 of the frame 11. In this way, the
grommet 40 is placed in the outer peripheral face 11a of
the frame 11. In the base section 42 of the grommet 40,
a groove section 44 extending from one end of the base
section 42 to the other end is provided in the middle of
the thickness direction; the openings of the communicat-
ing holes 43 are provided in the groove section 44. The
thickness of the base section 42 (the thickness from the
surface on which the tube section 41 is placed to the
bottom surface of the groove section 44) is uniform.
[0021] Thus, when stringing the string 12 in the frame
11, the string 12 passes from the inside of the frame 11
to the outside through one of the tube sections 41 (the
string holes 13) of the grommet 40, and the string 12 is
folded back on the groove section 44 of the grommet 40.
In other words, through the groove section 44 of the base
section 42 of the grommet 40, the string 12 is folded back
on the groove section 111 of the frame 11. Thereafter,
the string 12 is inserted into the next tube section 41
(string hole 13). This process is repeated. Thus, a plu-
rality of "longitudinal strings 121", which are the portions
of the string 12 extending in the longitudinal direction,
are strung inside the frame 11 at intervals in the width
direction. A plurality of "transverse strings 122", which
are the portions of the string 12 extending in the width
direction, are strung at intervals in the longitudinal direc-
tion so as to intersect the longitudinal strings 121. Thus,
a net-like hitting surface is formed.
[0022] The shaft 30 branches into two sections toward
the tip end in longitudinal direction as seen from the thick-
ness direction, as shown in the left diagram of FIG. 1.
So, an opening 31 extending in the thickness direction
is formed by the branched portions and the handle end
of the frame 11. However, this invention is not limited
thereto. A racket may have an unbranched shaft 30.

Groove Section 111 of Frame 11

[0023] FIG. 3 is a diagram of the groove section 111
provided in the frame 11 of the present embodiment. FIG.
4 is a diagram of the groove section 111’ provided in the
frame 11’ of a comparative example. In each of these
diagrams, of the outer peripheral face 11a of the frame
11, a solid line indicates the shape (the outer peripheral
edge) of the top surface 112a of both side sections in the
thickness direction (see FIG. 2A) as seen from the thick-
ness direction. Another solid line indicates the shape (the
inner peripheral edge) of the inner peripheral face 11b
of the frame 11 as seen from the thickness direction. A

dotted line indicates the shape of the bottom surface 111a
of the groove section as seen from the thickness direc-
tion.
[0024] The width of the frame 11 of the present em-
bodiment (the thickness from the inner peripheral edge
to the outer peripheral edge) is substantially uniform
through the entire circumference of the frame 11. Of the
outer peripheral face 11a of the frame 11, in other por-
tions in the longitudinal direction except the handle end,
that is, in other portions except the portions connecting
to the shaft 30 and the portion facing the opening 31, the
groove section 111 is provided continuously along the
circumferential direction of the frame 11; the groove sec-
tion 111 is a section on which the string 12 passing
through the string holes 13 to the outside of the frame 11
is folded back. The depth of the groove section 111 differs
in place. Note that the depth of the groove section 111
means the length from the bottom surface 111a of the
groove section to the outer peripheral edge in the direc-
tion perpendicular to the bottom surface 111a. The
groove section 111 is substantially symmetric about the
line along the longitudinal direction passing the center of
the frame 11 in the width direction, and is substantially
symmetric about the line along the width direction pass-
ing the center of the frame 11 in the longitudinal direction.
[0025] The depth of the groove section 111 will be de-
scribed concretely below. The portion of the groove sec-
tion 111 of the frame 11 provided on the tip end (herein-
after referred to as "the top") in the longitudinal direction,
in other words, the groove section 111 within a range in
which longitudinal strings 121 are folded back, gradually
becomes shallower in depth as it goes from the center
to the outside (left or right) in the width direction. For
example, in the top of the frame 11, the depth d1 of the
groove section 111 at the center P1 in the width direction
is deepest. The depth d4 of the groove section 111 at
the point P4 outside (to the right of) the center P1 in the
width direction is shallower than the depth d1 at the center
P1. The depth d3 of the groove section 111 at the point
P3 outside the point P4 in the width direction is further
shallower than the depth d4 at the point P4 (d1 > d4 > d3).
[0026] Similarly, The portions of the groove section 111
of the frame 11 provided on the ends (hereinafter referred
to as "sides") in the width direction, in other words, the
portions of the groove section 111 within a range in which
transverse strings 122 are folded back, gradually become
shallower in depth as they go from the center to the out-
side (the tip end or the handle end) in the longitudinal
direction. For example, in the right side of the frame 11,
the depth d2 of the groove section 111 at the longitudinal
center P2 is deepest. The depth d5 of the groove section
111 at the point P5 outside (to the tip end of) the center
P2 in the longitudinal direction is shallower than the depth
d2 at the center P2. The depth d3 of the groove section
111 at the point P3 longitudinally outside the point P5 is
further shallower than the depth d5 at the point P5
(d2>d5>d3). It should be noted that, in the present em-
bodiment, the depth d1 of the groove section 111 of the
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top of the frame 11 at the center P1 in the width direction
is equal to the depth d2 of the groove section 111 of the
sides of the frame 11 at the longitudinal center P2.
[0027] On the other hand, in the frame 11’ of the com-
parative example shown in FIG. 4, unlike the frame 11
of the present embodiment, the groove section 111’ is
uniform in depth. Specifically, in the top of the frame 11,
the depth d1 of the groove section 111 at the center P1
in the width direction is equal to the depth d3 of the groove
section 111 at the outer end P3 in the width direction.
Also, in the right side of the frame 11, the depth d2 of the
groove section 111 at the longitudinal center P2 is equal
to the depth d3 of the groove section 111 at the longitu-
dinal outer end P3 (d1=d2=d3). In the comparative ex-
ample, the elements except for the depth of the groove
section 111’ of the frame 11’, such as the range in which
the groove section 111’ is formed and the shape of the
outer peripheral edge and the inner peripheral edge, are
the same as those of the frame 11 of the present embod-
iment.
[0028] The sweet spot, which has a high rebound per-
formance of a ball and vibrates less when hitting a ball,
can be enlarged by increasing the lengths of the longitu-
dinal strings 121 and the transverse strings 122 and by
reducing the difference between the lengths of the lon-
gitudinal strings 121 arranged in the width direction
and/or the difference between the lengths of the trans-
verse strings 122 arranged in the longitudinal direction.
As shown in FIG. 4, the length (La) of one longitudinal
string 121 means the length in the longitudinal direction
from the point on the handle-end side at which the lon-
gitudinal string 121 is folded back to the point on the tip-
end side at which the longitudinal string 121 is folded
back (to the bottom surface 111a of groove section; more
precisely, to the bottom surface of the groove section 44
in the base section 42 of the grommet 40). Also, the length
(Lb) of one transverse string 122 means the length in the
width direction from the point on the left side at which the
transverse string 122 is folded back to the point on the
right side at which the transverse string 122 is folded
back. Therefore, in a case where the outer peripheral
edge has an elliptical (annular) shape as seen from the
thickness direction as in the frame 11 of the present em-
bodiment and the frame 11’ of the comparative example,
if the groove section 111 has constant depth as in the
frame 11’ of the comparative example, the string 12 is
folded back along the bottom surface 111a’ of the groove
section, which is greatly curved in the same manner as
the outer peripheral edge of the frame 11’. Thus, the lon-
gitudinal strings 121 passing both ends of the frame 11’
in the width direction are shorter in length than the lon-
gitudinal strings 121 passing the center, and the trans-
verse strings 122 passing both ends of the frame 11’ in
the longitudinal direction are shorter in length than the
transverse strings 122 passing the center. Therefore, in
the frame 11’ of the comparative example, only the center
serves as the sweet spot, whose area is not sufficiently
large.

[0029] As opposed thereto, in the frame 11 of the
present embodiment, on the outer peripheral face 11a of
the top of the frame 11, compared to the portion of the
groove section 111 at a certain position (e.g. P1) in the
width direction, the portion of the groove section 111 is
smaller or less in depth at a position (e.g. P3) outside of
the certain position (e.g. P1) in the width direction. There-
fore, in the present embodiment, the groove section 111
of the top of the frame 11 extending in the width direction
has a lower degree of curving than the outer peripheral
edge and the inner peripheral edge of the top of the el-
liptical frame 11. This groove section 111 also has a lower
degree of curving than the groove section 111’ of the top
of the frame 11’ of the comparative example extending
in the width direction. That is, the bottom surface 111a
of the groove section provided in the top of the frame 11
of the present embodiment is an arc-shaped surface the
shape of which is closer to straight line.
[0030] The string 12 is folded back on the groove sec-
tion 111 provided on the outer peripheral face 11a of the
frame 11 through the base section 42 of the grommet 40,
and the base section 42 of the grommet is uniform in
thickness. Thus, on the outer peripheral face 11a of the
top of the frame 11, compared to a certain position (e.g.
P1, corresponding to the first position) in the width direc-
tion (corresponding to the first direction), the depth of the
position where the string 12 is folded back is smaller or
less at a position (e.g. P3) outside of the certain position
(P1) in the width direction. Not that "the depth at the po-
sition where the string 12 is folded back" when stringing
the string 12 through the grommet 40 means the distance
from the bottom surface of the base section 42 of the
grommet 40 to the outer peripheral edge in the direction
perpendicular to the bottom surface.
[0031] Similarly, on the outer peripheral face 11a of
the sides of the frame 11, compared to the portion of the
groove section 111 at a certain position (e.g. P2) in the
longitudinal direction, the portion of the groove section
111 is smaller or less in depth at a position (e.g. P3)
outside of the certain position (e.g. P2) in the longitudinal
direction. Therefore, in the present embodiment, the
groove section 111 of the sides of the frame 11 extending
in the longitudinal direction has a lower degree of curving
than the outer peripheral edge and the inner peripheral
edge of the sides of the elliptical frame 11. This groove
section 111 also has a lower degree of curving than the
groove section 111’ of the sides of the frame 11’ of the
comparative example extending in the longitudinal direc-
tion. The bottom surface 111a of the groove section pro-
vided in the sides of the frame 11 of the present embod-
iment is an arc-shaped surface the shape of which is
closer to straight line. That is, on the outer peripheral face
11a of the sides of the frame 11, compared to the depth
of the position where the string 12 is folded back at a
certain position (e.g. P2, corresponding to the first posi-
tion) in the longitudinal direction (corresponding to the
first direction), the depth of the position where the string
12 is folded back at a position (e.g. P3, corresponding to
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the second position) outside of the certain position (e.g.
P2) in the longitudinal direction is smaller or less.
[0032] Therefore, in the top of the frame 11 of the
present embodiment, the portions of the bottom surface
111a of the groove section which are located on the outer
ends in the width direction (the positions at which the
longitudinal strings 121 are folded back) are located clos-
er to the outer peripheral edge compared to the frame
11’ of the comparative example. Similarly, in the sides of
the frame 11 of the present embodiment, the portions of
the bottom surface 111a of the groove section which are
located on the longitudinal outer ends (the positions at
which the transverse strings 122 are folded back) are
located closer to the outer peripheral edge compared to
the frame 11’ of the comparative example. Therefore, in
the frame 11 of the present embodiment, the longitudinal
strings 121 passing the outer ends of the frame 11 in the
width direction can be longer than in the frame 11’ of the
comparative example. Also, in the frame 11 of the present
embodiment, compared to the frame 11’ of the compar-
ative example, it is possible to reduce the difference in
length between the longitudinal strings 121 passing the
outer ends of the frame 11 in the width direction and the
longitudinal strings 121 passing the center. Also, the
transverse strings 122 passing the outer ends of the
frame 11 in the longitudinal direction can be longer. And,
it is possible to reduce the difference in length between
the transverse strings 122 passing the outer ends of the
frame 11 in the longitudinal direction and the transverse
strings 122 passing the center. Therefore, even when
hitting a ball with a region far from the center of the frame
11, the difference is small from when hitting a ball with
the central region. This improves the rebound perform-
ance of a ball and allows the racket to vibrate less when
hitting a ball (achieves the same feel). That is, sweet spot
can be enlarged.
[0033] As a concrete example, consider the following
case: the depth of the groove section 111’ of the frame
11’ in the comparative example is 3mm (a constant); the
depth of the groove section 111 of both sides of the frame
11 in the present embodiment at the longitudinal center
(e.g. P2 in FIG. 3) is 6mm; the depth of the groove section
111 at the longitudinal outer end (e.g. P3 in FIG. 3) is
1mm; and the depth of the groove section 111 becomes
gradually shallower from the center toward the outer end
in the longitudinal direction. In the frame 11’ of the com-
parative example of this case, when the length of the
transverse string (the 10th transverse string 122(10) from
the tip end) passing the center of the frame 11’ in the
longitudinal direction is defined as "100%", the length of
the transverse string (the third transverse string 122(3)
from the tip end) passing the tip-end portion of the frame
11’ in the longitudinal direction becomes "85%". As op-
posed thereto, in the frame 11 of the present embodi-
ment, when the length of the transverse string 122(10)
passing the center of the frame 11 in the longitudinal
direction is defined as "100%", the length of the trans-
verse string 122(3) passing the tip-end portion of the

frame 11 in the longitudinal direction becomes "89%".
From this, it will be seen that, compared to the frame 11’
of the comparative example, the frame 11 of the present
embodiment makes it possible to reduce the difference
between the lengths of the transverse strings 122 ar-
ranged in the longitudinal direction.
[0034] Further, with the racket 1 of the present embod-
iment, the sweet spot can be enlarged without changing
the elliptical shape of the frame 11. The frame 11 of the
present embodiment has an accurate elliptical shape.
However, the invention is not limited thereto. For exam-
ple, the frame 11 may be substantially elliptical, may have
perfect circular shape, or may have a shape close to rec-
tangle. However, compared to a frame whose shape is
close to rectangle, a frame having an elliptical or perfect
circular shape obtains more the effect caused by making
the lengths of the longitudinal strings 121 close to each
other or by making the lengths of the transverse strings
122 close to each other. Also, a frame having an elliptical
or perfect circular shape can reduce air resistance
caused when swinging the racket.
[0035] The difference between the lengths of the lon-
gitudinal strings 121 arranged in the width direction
and/or the difference between the lengths of the trans-
verse strings 122 arranged in the longitudinal direction
are reduced across wide range as the depth of the groove
section 111 of the top of the frame 11 at the center in the
width direction is increased and/or as the depth of the
groove section 111 of the sides of the frame 11 at the
center in the longitudinal direction is increased. However,
if the groove section 111 is considerably deep in depth,
the thickness from the inner peripheral face 11b (inner
peripheral edge) of the frame 11 to the bottom surface
111a of the groove section becomes small, which results
in deterioration of the strength of the frame 11. Therefore,
it is preferable that the depth of the groove section 111
is decided in the light of this fact.
[0036] In the racket 1 of the present embodiment, the
groove section 111 is provided on the outer peripheral
face 11a of the frame 11 and is not provided on the inner
peripheral face 11b. The lengths of the longitudinal
strings 121 and the transverse strings 122, which affects
enlargement of the sweet spot, are a distance in the lon-
gitudinal direction or in the width direction from one-end
side point of the folding back of the string 12 to other-end
side point of the folding back of the string 12. So, even
if the groove section is provided on the inner peripheral
face 11b of the frame 11, the groove section does not
contribute enlargement of the sweet spot. Further, pro-
viding the groove section 111 on the outer peripheral face
11a of the frame 11 makes a manufacturing process of
the frame 11 easier than providing a groove section on
the inner peripheral face 11b (for example, a mold for
shaping the frame 11 into an ellipse is easy to be man-
ufactured). Furthermore, compared to the case in which
the groove section 111 is provided on the inner peripheral
face 11b of the frame 11, providing the groove section
111 on the outer peripheral face 11a makes it possible
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to reduce stress concentration when hitting a ball, and
can increase the strength of the frame 11.
[0037] In the racket 1 of the present embodiment, in
the top of the frame 11, the portions of the groove section
111 at the outer ends in the width direction are shallower
than the portion of the groove section 111 at the center;
the thickness and the strength from the inner peripheral
edge to the bottom surface 111a of the groove section
increase. Similarly, in the sides of the frame 11, the por-
tions of the groove section 111 at the outer ends in the
longitudinal direction are shallower than the portion of
the groove section 111 at the center; the thickness and
the strength from the inner peripheral edge to the bottom
surface 111a of the groove section increase. Thus, when
hitting a ball, the frame 11 is likely to be curved inwardly
in the longitudinal direction and in the width direction (the
side which the ball hits is defined as the inside). That is,
the frame 11 is likely to deform so as to rap the ball. This
makes it possible to increase the contact area between
the ball and the hitting surface (string 12), which results
in improvement of control and spin.
[0038] If the frame 11 has an elliptical (annular) shape,
when the groove section 111’ is uniform in depth as in
the frame 11’ of the comparative example, the longitudi-
nal strings 121 become shorter as they pass through ei-
ther outer portion of the frame 11 in the width direction,
and the transverse strings 122 become shorter as they
pass through either outer portion of the frame 11 in the
longitudinal direction. Thus, in the racket 1 of the present
embodiment, the portions of the groove section 111
which are located on the outer peripheral face 11a of the
frame 11, that is, the portions where the string 12 is folded
back, are shallower in depth as they go outwards from
the center in the longitudinal direction or the width direc-
tion of the frame 11. That is, in the top of the frame 11,
the portion of the groove section 111 (the positions at
which the string 12 is folded back) becomes shallower in
depth as it goes outwards in the width direction. Also, in
side of the frame 11, the portions of the groove section
111 (the positions at which the string 12 is folded back)
become shallower in depth as they go outwards in the
longitudinal direction. This makes it possible to reduce
the difference between the lengths of longitudinal strings
121 arranged in the width direction and/or the difference
between the lengths of transverse strings 122 arranged
in the longitudinal direction while increasing the lengths
of the longitudinal strings 121 and the transverse strings
122. This makes it possible to reduce the differences
caused by different hitting positions in the frame 11 of
the rebound performance of a ball or the feel, which re-
sults in enlarging the sweet spot.
[0039] Further, it is preferable that the groove section
111 varies gradually in depth without varying in steps in
depth of the groove section 111, in other words, without
steps in the bottom surface 111a of the groove section.
This makes it possible to prevent stress when hitting a
ball from concentrating into steps provided in the bottom
surface 111a of the groove section and to increase the

strength of the frame 11. This also makes it possible to
prevent change of the feel produced only when a ball hits
a corresponding portion within the frame 11 to the steps
provided in the bottom surface 111a of the groove sec-
tion.

Modified Example

[0040] In the abovementioned embodiment, the base
section 42 of the grommet 40 is uniform in thickness.
However, the invention is not limited thereto. For exam-
ple, on the outer peripheral face 11a of the top of the
frame 11, the portions of the base section 42 of the grom-
met 40 provided in the outside in the width direction may
be thicker than the portions of the base section 42 of the
grommet 40 provided in the center in the width direction.
Similarly, on the outer peripheral face 11a of the sides
of the frame 11, the portions of the base section 42 of
the grommet 40 provided in the outside in the longitudinal
direction may be thicker in thickness than the portions of
the base section 42 of the grommet 40 provided in the
center in the longitudinal direction.
[0041] Compared to the case in which only the depth
of the groove section 111 of the frame 11 varies, this
makes it possible to further reduce the difference be-
tween the lengths of longitudinal strings 121 arranged in
the width direction and also to further reduce the differ-
ence between the lengths of transverse strings 122 ar-
ranged in the longitudinal direction. Further, a thick por-
tion of the base section 42 of the grommet 40 is located
far from the frame 11 which is highly rigid, so that elastic
deformation of the grommet 40 easily to occur. Thus,
when a ball impacts the hitting surface, if an force toward
the inside of the frame 11 is produced at the positions
where the string 12 is folded back, the force can be ab-
sorbed by the thick grommet 40 (the base section 42).
Thus, though the portions of the string passing in the
outer ends in the width direction or in the longitudinal of
the frame 11 are slightly shorter than the portions of the
string passing in the center, the thick grommet 40 (the
base section 42) has a high vibration damping capacity.
Therefore, even when a player hits a ball with a region
far from the center of the frame 11, the player can expe-
rience the feel nearly as much as when hitting a ball with
a region of the center. That is, the sweet spot can be
enlarged.
[0042] It should be noted that, if the base section 42
of the grommet 40 varies in thickness, the groove section
111 of the frame 11 may be uniform in depth. In other
words, adjusting the thickness of the base section 42 of
the grommet 40 may achieve the followings: on the outer
peripheral face 11a of the frame 11, compared to a certain
position in the longitudinal direction, the depth of the po-
sition where the string 12 is folded back is shallower at
a position outside of the certain position in the longitudinal
direction; on the outer peripheral face 11a of the frame
11, compared to a certain position in the width direction,
the depth of the position where the string 12 is folded
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back is shallower at a position outside of the certain po-
sition in the width direction.
[0043] FIG. 5 is a diagram of the frame 11 and the
groove section 111 of the modified example. The frame
1 of the racket 1 in the abovementioned embodiment has
an elliptical shape. However, the invention is not limited
thereto. For example, as shown in FIG. 5, the frame 1
may have substantially an elliptical shape in which the
tip end and the handle end in the longitudinal direction
have a lower degree of curving than those of an ellipse.
[0044] Further, in the racket 1 of the abovementioned
embodiment, the depth (d1) of the point (P1 in FIG. 3) of
the groove section 111 of the top of the frame 11 at the
center in the width direction is equal to the depth (d2) of
the point (P2 in FIG. 3) of the groove section 111 of the
sides of the frame 11 at the center in the longitudinal
direction. However, the invention is not limited thereto.
The groove section 111 may vary in depth. As mentioned
above, the difference between the lengths of longitudinal
strings 121 arranged in the width direction and/or the
difference between the lengths of transverse strings 122
arranged in the longitudinal direction can be reduced as
the depth of the groove section 111 of the top of the frame
11 at the center in the width direction is increased and/or
as the depth of the groove section 111 of the sides of the
frame 11 at the center in the longitudinal direction is in-
creased. This reduces the thickness of the frame 11 from
the inner peripheral face 11a to the bottom surface 111a
of the groove section, which results in deterioration of
the strength of the frame 11. However, if the frame 11 is
substantially in an elliptical shape (including a perfect
elliptical shape), the frame 11 is strong and difficult to
deform because the top of the frame 11 is smaller in size
than the sides. Further, since longitudinal strings 121 are
longer than transverse strings 122, reducing the differ-
ence between the lengths of longitudinal strings 121 ar-
ranged in the width direction is more effective than re-
ducing the difference between the lengths of transverse
strings 122 arranged in the longitudinal direction. That
is, it is possible to further enlarge the sweet spot; also
this allows the racket to rebound a ball more and to vibrate
less.
[0045] As shown in FIG. 6, it is preferable that, in the
frame 11 having substantially an elliptical shape, the
depth (D+α) of the point (P1 in FIG. 5) of the groove
section 111 of the outer peripheral face 11a of the top
(the end in the longitudinal direction) at the center in the
width direction be deeper than the depth (D) of the point
(P2 in FIG. 5) of the groove section 111 of the outer pe-
ripheral face 11a of either side (either end in the width
direction) at the center in the longitudinal direction. That
is, it is preferable the depth at the position where the
string 12 is folded back on the outer peripheral face 11a
of the top of the frame 11 at the center in the width direc-
tion is deeper than the depth at the position where the
string 12 is folded back on the outer peripheral face 11a
of the sides of the frame 11 at the center in the longitudinal
direction. As a result, the sweet spot can be further en-

larged while preventing the strength deterioration of the
frame 11. This also allows the racket to rebound a ball
more and to vibrate less.
[0046] In the racket 1 of the abovementioned embod-
iment, all portions of the groove section 111 located in
the top and both sides of the frame 11 become shallower
in depth as they go from the center to the outer ends.
However, the invention is not limited thereto. For exam-
ple, at least one portion of the groove section 111 located
in the top and both sides of the frame 11 may be different
in depth. Further, in the racket 1 of the abovementioned
embodiment, the groove section 111 is not provided in
the handle end (the portion facing the opening 30) of the
frame 11 in the longitudinal direction. However, the in-
vention is not limited thereto. For example, the groove
section 111 may be provided in the handle end and the
groove section 111 may be shallower in depth as it goes
from the center in the width direction to the outer ends.
Furthermore, in the racket 1 of the abovementioned em-
bodiment, the groove section 111 varies gradually in
depth. However, the invention is not limited thereto. For
example, the groove section 111 may vary in depth by
providing steps in the bottom surface 111a of the groove
section.

Other Embodiments

[0047] It should be noted that the aforementioned em-
bodiment is for facilitating understanding of the invention,
and are not limiting of the invention, and are not to be
interpreted as limiting the invention. The invention can
of course be altered and improved without departing from
the gist thereof, and equivalents are intended to be em-
braced therein.
[0048] For example, in the abovementioned embodi-
ment, a tennis racket is taken as an example of a racket
associated with the invention. However, the invention is
not limited thereto. For example, the invention may be
applied to a squash racket, a badminton racket and the
like. Also, in the abovementioned embodiment, the racket
1 in the frame 11 of which the string 12 is strung is taken
as an example of a racket associated with the invention.
However, the invention is not limited thereto. A racket in
which the string 12 is not strung may also be employed.

Reference Signs List

[0049] 1 racket, 10 head, 11 frame, 111 groove
section , 12 string, 13 string hole (through hole), 20 han-
dle, 30 shaft, 31 opening, 40 grommet, 41 tube section,
42 base section, 43 communicating hole, 44 groove sec-
tion,

Claims

1. A racket comprising:
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a handle;
an annular frame having

a plurality of through holes, and
a groove section provided on an outer pe-
ripheral face of the frame along a circum-
ferential direction of the frame;

a shaft connecting the handle and the frame; and
a string

that passes through the through hole to the
outside of the frame, and
that is folded back on the groove section,

wherein

when either one of a longitudinal direction of the
racket and a width direction perpendicular to the
longitudinal direction on a hitting surface of the
racket is defined as a first direction,

a depth of a position at which the string is
folded back at a second position in the first
direction is smaller or less than a depth of
a position at which the string is folded back
at a first position in the first direction,
the first position being located on the outer
peripheral face of the frame,
the second position being located on the
outer peripheral face of the frame and out-
side of the first position in the first direction.

2. A racket according to claim 1, wherein
the position at which the string is folded back on the
outer peripheral face of the frame becomes shallow-
er in depth as it goes from a center of the frame to
an end in the first direction.

3. A racket according to claim 1 or 2, wherein
the frame has substantially an elliptical shape, and
a position in an end in the longitudinal direction on
the outer peripheral face of the frame at which the
string is folded back at a center in the width direction
is deeper in depth than a position in an end in the
width direction on the outer peripheral face of the
frame at which the string is folded back at a center
in the longitudinal direction.
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