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(54) TIRE

(57) To provide a tire which can maintain the per-
formance of an electronic component by arranging the
electronic component at a position distanced from metal
components. A tire includes tread (12) having at least
one ring-shaped steel belt (26) extending in a circumfer-
ential direction of the tire, and a pair of beads (11) having
bead filler (22) extending to an outer side of a tire-radial
direction of the bead core (21), in which an RFID tag (40)
serving as an electronic component is embedded in a
region between a tire-radial direction outside end (22A)
of the bead filler (22) and a tire-width direction outside
end (26A) of the steel belt (26).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a tire into which
an electronic component is embedded.

Related Art

[0002] Conventionally, a tire embedding an electronic
component such as an RFID tag has been known. With
such a tire, it is possible to carry out production manage-
ment of the tire, usage history management, etc. by the
RFID tag embedded in the tire and a reader as external
equipment carrying out communication. For example,
Patent Document 1 discloses a tire embedding an RF
tag in the vicinity of a stiffener.
[0003] Patent Document 1: Japanese Unexamined
Patent Application, Publication No. 2016-37236

SUMMARY OF THE INVENTION

[0004] According to the technology illustrated in Patent
Document 1, it is possible to carry out production man-
agement, shipping management, usage history manage-
ment, etc. of tires. However, with the technology illustrat-
ed in Patent Document 1, the RF tag is arranged in the
vicinity of a stiffener adjacent to a metal bead core. Con-
sequently, with an electronic device such as the RF tag
having a communication function, there is a possibility of
the communication state thereof being affected by the
metal bead core and becoming unstable. In other words,
there is a possibility of the electronic device no longer
being able to exhibit the original function thereof.
[0005] The present invention has been made taking
account of the above-mentioned problem, and an object
thereof is to provide a tire which can maintain the per-
formance of the electronic component, by arranging the
electronic device at a position distanced from metal com-
ponents.
[0006] A tire (for example, tire 1, 2, 3, 4, 5) according
to a first aspect of the present invention includes: tread
(for example, the tread 12) having at least one ring-
shaped steel belt (for example, the steel belt 26) which
extends in a circumferential direction of the tire; and a
pair of beads (for example, the bead 11) having a bead
filler (for example, the bead filler 22) which extends to an
outer side in a tire-radial direction of the bead core (for
example, the bead core 21), in which an electronic com-
ponent (for example, the RFID tag 40) is embedded in a
region between a tire-radial direction outside end (for ex-
ample, the tire-radial direction outside end 22A of the
bead filler) of the bead filler and a tire-width direction
outside end (for example, the tire-width direction outside
end 26A of the steel belt) of the steel belt.
[0007] According to a second aspect of the present

invention, the tire as described in the first aspect may
further include: a cap ply (for example, the cap ply 27) at
an outer side in the tire-radial direction of the steel belt,
in which a tire-width direction outside end (for example,
the tire-width direction outside end 27A of the cap ply) of
the cap ply may extend more to an outer side in the tire-
width direction than the tire-width direction outside end
of the steel belt; and the electronic component may be
embedded in a region between the tire-radial direction
outside end of the bead filler and the tire-width direction
outside end of the cap ply.
[0008] According to a third aspect of the present inven-
tion, the tire as described in the first aspect may further
include: a side wall (for example, the side wall 13) which
extends between the bead and the tread, in which the
electronic component may be embedded in a region be-
tween a tire-widest part vicinity (for example, the tire-
widest part vicinity A) of the side wall and the tire-radial
direction outside end of the bead filler.
[0009] According to a fourth aspect of the present in-
vention, in the tire as described in the third aspect, the
electronic component may be embedded in the tire-wid-
est part vicinity of the side wall.
[0010] According to a fifth aspect of the present inven-
tion, the tire as described in the third or fourth aspect may
further include: a carcass ply (for example, the carcass
ply 23) which extends from one bead core to another
bead core, in which the carcass ply may have an over-
lapped region at the side wall, and the electronic com-
ponent may be arranged between the carcass ply that is
overlapped.
[0011] According to a sixth aspect of the present in-
vention, in the tire as described in the fifth aspect, the
carcass ply that is overlapped may be formed by a ply
body (for example, the ply body 24) extending from the
one bead core to the other bead core, and a ply folding
part (for example, the ply folding part 25) that is folded
back around the bead core and is overlapped with the
ply body.
[0012] According to a seventh aspect of the present
invention, the tire as described in any one of the first to
fourth aspects may further include: a carcass ply which
is at least one layer extending from one bead core to
another bead core; and an inner liner (for example, the
inner liner 29) provided to a tire inner cavity side of the
carcass ply, in which the electronic component may be
arranged between the carcass ply and the inner liner.
[0013] According to an eighth aspect of the present
invention, the tire as described in any one of the first to
fourth aspects may further include: a carcass ply which
is at least one layer extending from one bead core to
another bead core; and side wall rubber (for example,
the side wall rubber 30) provided to an outer side in the
tire-width direction of the carcass ply, the electronic com-
ponent may be arranged between the carcass ply and
the side wall rubber.
[0014] According to a ninth aspect of the present in-
vention, in the tire as described in any one of the first to
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eighth aspects, at least one rubber sheet (for example,
the rubber sheet 431, 432, 441, 442) covering at least
part of the electronic component may be provided at a
periphery of the electric component.
[0015] According to a tenth aspect of the present in-
vention, the tire as described in the ninth aspect may
further include: a carcass ply which is at least one layer
extending from one bead core to another bead core; an
inner liner provided to an inner side in the tire-width di-
rection of the carcass ply; and side wall rubber provided
to an outer side in the tire-width direction of the carcass
ply, in which the rubber sheet may be configured from
rubber of higher modulus than the side wall rubber, or a
short-fiber filler mixed rubber.
[0016] According to an eleventh aspect of the present
invention, the tire as described in the ninth aspect may
further include: a carcass ply which is at least one layer
extending from one bead core to another bead core; an
inner liner provided to an inner side in the tire-width di-
rection of the carcass ply; and side wall rubber provided
to an outer side in the tire-width direction of the carcass
ply, in which the rubber sheet may be configured from
rubber of higher modulus than the side wall rubber or the
inner liner, and lower modulus than coating rubber of the
carcass ply.
[0017] According to the present invention, it is possible
to provide a tire which can maintain the performance of
the electronic component, by arranging the electronic de-
vice at a position distanced from metal components.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

FIG. 1 is a view showing a half section in a tire-width
direction of a tire according to a first embodiment of
the present invention;
FIG. 2 is a partially enlarged view of a tire according
to the first embodiment of the present invention;
FIG. 3 is a view showing a half section in a tire-width
direction of a tire according to a modified example
of the first embodiment of the present invention;
FIG. 4 is a partially enlarged cross-sectional view of
a tire according to a modified example of the first
embodiment of the present invention;
FIG. 5 is a view showing a half section in the tire-
width direction of a tire according to a second em-
bodiment of the present invention;
FIG. 6 is a partially enlarged cross-sectional view of
the tire according to the second embodiment of the
present invention;
FIG. 7 is a view showing a half section in the tire-
width direction of a tire according to a third embod-
iment of the present invention;
FIG. 8 is a partially enlarged cross-sectional view of
the tire according to the third embodiment of the
present invention;
FIG. 9A is a view showing an RFID tag which is pro-

tected by a protective member in a tire according to
a fourth embodiment of the present invention;
FIG. 9B is a view showing the b-b cross section in
FIG. 9A;
FIG. 9C is a view showing the c-c cross section in
FIG. 9A;
FIG. 10A is a view showing an RFID tag protected
by a protective member in a tire according to a fifth
embodiment of the present invention;
FIG. 10B is a view showing the b-b cross section in
FIG. 10A;
FIG. 10C is a view showing the c-c cross section in
FIG. 10A; and
FIG. 11 is a view showing a half section in the tire-
width direction of a tire according to a sixth embod-
iment.

DETAILED DESCRIPTION OF THE INVENTION

<First Embodiment>

[0019] Hereinafter, a first embodiment of the present
invention will be explained while referencing the draw-
ings. FIG. 1 is a view showing a half section in a tire-
width direction of a tire 1 according to the present em-
bodiment. The basic structure of the tire is left/right sym-
metric in the cross section of the tire-width direction;
therefore, a cross-sectional view of the right half is shown
herein. In the drawings, the reference symbol S1 is the
tire equatorial plane. The tire equatorial plane S1 is a
plane orthogonal to the tire rotation axis, and is positioned
in the center of the tire-width direction. Herein, tire-width
direction is a direction parallel to the tire rotation axis,
and is the left/right direction of the paper plane of the
cross-sectional view in FIG. 1. In FIG. 1, it is illustrated
as the tire-width direction X. Then, inner side of tire-width
direction is a direction approaching the tire equatorial
plane S1, and is the left side of the paper plane in FIG.
1. Outer side of tire-width direction is a direction distanc-
ing from the tire equatorial plane S1, and is the right side
of the paper plane in FIG. 1. In addition, tire-radial direc-
tion is a direction perpendicular to the tire rotation axis,
and is the vertical direction in the paper plane of FIG. 1.
In FIG. 1, it is illustrated as the tire-radial direction Y.
Then, outer side of tire-radial direction is a direction dis-
tancing from the tire rotation axis, and is the upper side
of the paper plane in FIG. 1. Inner side of tire-radial di-
rection is a direction approaching the tire rotation axis,
and is the lower side of the paper plane in FIG. 1. The
same also applies to FIGS. 2 to 8.
[0020] The tire 1 is a tire for passenger cars, for exam-
ple, and includes a pair of beads 11 provided at both
sides in the tire-width direction, a tread 12 forming the
contact patch with the road surface, and a pair of side
walls 13 extending between the pair of beads 11 and the
tread 12.
[0021] The bead 11 includes an annular bead core 21
formed by wrapping around several times bead wires
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made of metal coated with rubber, and a bead filler 22
of tapered tip shape extending to the outer side in the
tire-radial direction of the bead core 21. The bead core
21 is a member which plays a role of fixing a tire filled
with air to the rim of a wheel which is not illustrated. The
bead filler 22 is a member provided in order to raise the
rigidity of the bead peripheral part and to ensure high
maneuverability and stability, and is configured from rub-
ber of a higher modulus than the surrounding rubber
members, for example.
[0022] A carcass ply 23 constituting a ply serving as
the skeleton of the tire is embedded inside of the tire 1.
The carcass ply 23 extends from one bead core to the
other bead core. In other words, it is embedded in the
tire 1 between the pair of bead cores 21, in a form passing
through the pair of side walls 13 and the tread 12. As
shown in FIG. 1, the carcass ply 23 includes a ply body
24 which extends from one bead core to the other bead
core, and extends between the tread 12 and bead 11,
and a ply folding part 25 which is folded around the bead
core 21. In the present embodiment, the ply folding part
25 is overlapped with the ply body 24. The carcass ply
23 is configured by a plurality of ply cords extending in
the tire-width direction. In addition, a plurality of ply cords
is arranged side by side in a tire circumferential direction.
This ply cord is configured by an insulated organic fiber
cord such as polyester or polyamide, or the like, and is
covered by rubber.
[0023] In the tread 12, at least one ring-shaped steel
belt 26 which extends in a circumferential direction of the
tire is provided in the outer side in the tire-radial direction
of the carcass ply 23. The steel belt 26 is configured by
a plurality of steel cords covered by rubber. By providing
the steel belts 26, the rigidity of the tire is ensured, and
the contact state of the road surface with the tread 12
improves. In the present embodiment, although two lay-
ers of steel belts 261, 262 are provided, the number of
layered steel belts 26 is not limited thereto.
[0024] At the outer side in the tire-radial direction of
the steel belt 26, a cap ply 27 serving as a belt reinforce-
ment layer is provided. The cap ply 27 is configured from
an insulating organic fiber layer such as of polyamide
fibers, and is covered by rubber. By providing the cap ply
27, it is possible to achieve an improvement in durability
and a reduction in road noise while travelling.
[0025] The tread rubber 28 is provided at the outer side
in the tire-radial direction of the cap ply 27. A tread pattern
(not illustrated) is provided to the outer surface of the
tread rubber 28, and this outer surface serves as a con-
tact patch which contacts with the road surface.
[0026] In the bead 11, side wall 13 and tread 12, an
inner liner 29 serving as a rubber layer constituting an
inside wall surface of the tire 1 is provided to a tire inner
cavity side of the carcass ply 23. The inner liner 29 is
configured by air permeation resistant rubber, whereby
the air inside the tire inner cavity is prevented from leaking
to outside.
[0027] In the side wall 13, the side wall rubber 30 con-

stituting the outer wall surface of the tire 1 is provided to
the outer side in the tire-width direction of the carcass
ply 23. This side wall rubber 30 is a portion which bends
the most upon the tire exhibiting a cushioning action, and
usually flexible rubber having fatigue resistance is adopt-
ed therein.
[0028] A chafer 31 is provided on the inner side in the
tire-radial direction of the carcass ply 23 provided around
the bead core 21 of the bead 11. The chafer 31 also
extends to the outer side in the tire-width direction of the
ply folding part 25 of the carcass ply 23, and rim strip
rubber 32 is provided at the outer side in the tire-width
direction thereof and the inner side in the tire-radial di-
rection. The outer side in the tire-width direction of this
rim strip rubber 32 connects with the side wall rubber 30.
[0029] An RFID tag 40 is embedded as an electrical
component in the tire 1 of the present embodiment. The
RFID tag 40 is a passive transponder equipped with an
RFID chip and an antenna for performing communication
with external equipment, and performs wireless commu-
nication with a reader (not illustrated) serving as the ex-
ternal equipment. As the antenna, a coil-shaped spring
antenna, plate-shaped antenna, and various types of rod-
shaped antennas can be used. For example, it may be
an antenna formed by printing a predetermined pattern
on a flexible substrate. In a storage part inside the RFID
chip, identification information such as a manufacturing
number and part number is stored.
[0030] As shown in FIG. 1, the RFID tag 40 is embed-
ded in a region between the tire-radial direction outside
end 22A of the bead filler 22 and the tire-width direction
outside end 26A of the steel belt 26. In other words, the
RFID tag 40 is arranged at a position sufficiently dis-
tanced from metal bead core 21, which has a possibility
of adversely affecting communication. Herein, the bead
core 21 is formed in a ring shape by winding in layers of
metal bead wires, and thus is a metal member having a
particularly high possibility of adversely affecting com-
munication.
[0031] In addition, the RFID tag 40 is arranged to be
separated so as not to contact with the steel belt 26.
Consequently, no communication disturbance will occur
by the antenna length substantially changing due to con-
tact between the antenna of the RFID tag 40 and the
steel belt 26. It should be noted that the antenna length
of the RFID tag 40 is optimized according to the frequency
band, etc. of the radio waves to be used, and if the an-
tenna length changes by contact with a metal member,
communication disturbance will occur.
[0032] Herein, adding to the present embodiment, the
cap ply 27 extends more to the outside in the tire-width
direction than the steel belt 26. Then, the RFID tag 40 is
provided in a region between the tire-radial direction out-
side end 22A of the bead filler 22, and the tire-width di-
rection outside end 27A of the cap ply 27. According to
this configuration, the RFID tag 40 is reliably prevented
from contacting with the steel belt 26.
[0033] Further adding to the present embodiment, the
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RFID tag 40 is embedded in a region between the tire-
radial direction outside end 22A of the bead filler 22 and
a tire-widest part vicinity A of the side wall 13. In other
words, the RFID tag 40 is arranged at a position far from
the metal bead core 21, and also far from the steel belt
26, and thus the possibility of the RFID tag 40 being ad-
versely affected by metal components is low.
[0034] Herein, tire-widest part refers to the widest po-
sition in the tire-width direction cross section, when as-
sembling the tire to a normal rim, filling with normal in-
ternal pressure and establishing an unloaded state not
applying load. Then, tire-widest part vicinity A indicates
within a range of 20% the cross-sectional height centered
around the widest position, i.e. within a range of a position
of 10% the cross-sectional height to the tire-radial direc-
tion outer side and position of 10% the cross-sectional
height to the tire-radial direction inner side, centered
around the widest position. Herein, cross-sectional
height is a numerical value decided by the tire size, for
example, in the case of a tire of size 195/65 R15, "cross-
sectional height = called width x ellipticity = 195 x 0.65 =
126.75 mm".
[0035] FIG. 2 is an enlarged cross-sectional view
showing around the embedded part of the RFID tag 40.
As shown in FIG. 2, in the present embodiment, the RFID
tag 40 is arranged in a state sandwiched between the
ply body 24 and ply folding part 25.
[0036] Since the RFID tag 40 is sandwiched between
the ply body 24 and ply folding part 25, it is possible to
prevent a situation during vulcanization or during use
where the antenna of the RFID tag 40 pushes the side
wall rubber 30 and/or inner liner 29 which are the rubber
structure of the tire 1, and stress concentrates on this
portion. In addition, it is possible to prevent stress con-
centration between the antenna of the RFID tag 40 and
the side wall rubber 30 and/or inner liner 29, which are
the rubber structure of the tire 1, without using additional
members.
[0037] Herein, the RFID tag 40 is mounted before the
vulcanization process in the manufacturing process of
tires. In the present embodiment, the RFID tag 40 is
mounted to the ply body 24 or ply folding part 25 of the
carcass ply 23 prior to the coating rubber being vulcan-
ized. At this time, since the coating rubber of the carcass
ply 23 is in a state of raw rubber prior to vulcanization, it
is possible to paste the RFID tag 40 to the carcass ply
23 employing the adhesiveness thereof. Alternatively, it
may be pasted using an adhesive or the like. After pasting
the RFID tag 40, by overlapping the ply body 24 and ply
folding part 25, the RFID tag 40 is interposed by the car-
cass ply 23. Subsequently, the green tire in which the
respective constituent members including the RFID tag
40 are assembled is vulcanized in a vulcanization step
to manufacture the tire. In this way, in the present em-
bodiment, since it is possible to paste the RFID tag 40
to the carcass ply 23 covered by the raw rubber having
rigidity and having adhesiveness during tire manufac-
ture, the assembly work of the RFID tag 40 in the man-

ufacturing process of the tire is easy.
[0038] It should be noted that the RFID tag 40 embed-
ded in the tire, when including an antenna, often has a
longitudinal direction, as shown as the RFID tag 40 in
FIG. 9 described later. It is preferable for such an RFID
tag 40 to be embedded in the tire 1, so that the longitudinal
direction thereof is a direction of the tangential line to the
circumferential direction of the tire, i.e. direction orthog-
onal to the paper plane in the cross-sectional views of
FIGS. 1 and 2. By embedding in this way, stress is hardly
applied to the RFID tag 40, when the tire deforms.
[0039] It should be noted that the RFID tag 40 may be
interposed between the ply body 24 and ply folding part
25 in a state covered by a protective member of rubber
or the like; however, it may be interposed directly by the
ply body 24 and ply folding part 25 without covering by
the protective member.
[0040] It should be noted that, in the present embodi-
ment, the RFID tag 40 is arranged in a state interposed
by the ply body 24 and ply folding part 25; however, in a
case of the ply being configured by a plurality of plies,
for example, case of configuring by an up ply (inside car-
cass ply) and down ply (outside carcass ply), the RFID
tag 40 may be arranged in a state interposed between
the up ply and down ply, for example.
[0041] It should be noted that, in the present embodi-
ment, although the RFID tag 40 is embedded in the tire
as an electronic component, the electronic component
embedded in the tire is not limited to an RFID tag. For
example, it may be various electronic components such
as a sensor which carries out wireless communication.
In addition, since the electronic component handles elec-
trical information such as sending and receiving of elec-
trical signals, there is a possibility of the performance
declining due to metal components being present in the
vicinity thereof. Consequently, even in the case of em-
bedding various electronic components in a tire, it is pos-
sible to obtain the effects of the present invention. For
example, the electronic component may be a piezoelec-
tric element or strain sensor.
[0042] FIG. 3 is a view showing a half section in the
tire-width direction of the tire 2 of a modified example of
the present embodiment. FIG. 4 is an enlarged cross-
sectional view showing around the embedded part of the
RFID tag 40 in the tire 2 of FIG. 3. The RFID tag 40 may
be arranged in the tire-widest part vicinity A of the side
wall 13, as shown in the present modified example. Here-
in, tire-widest part refers to the widest position in the tire-
width direction cross section, when assembling the tire
to a normal rim, filling with normal internal pressure es-
tablishing an unloaded state not applying load.
[0043] Even in this case, the RFID tag 40 is arranged
at a position far from the metal bead core 21, and also
far from the steel belt 26; therefore, the RFID tag 40 will
not be adversely affected by metal components.
[0044] According to the tire 1 of the present embodi-
ment, the following effects are exerted.

7 8 



EP 3 632 711 A1

6

5

10

15

20

25

30

35

40

45

50

55

(1) With the tire 1 according to the present embodi-
ment, the RFID tag 40 is embedded in a region be-
tween the tire-radial direction outside end 22A of the
bead filler 22 and the tire-width direction outside end
26A of the steel belt 26. Since it is thereby possible
to arrange the RFID tag 40 at a position distanced
from metal components such as the bead core 21,
the performance of the communication function, etc.
of the RFID tag 40 can be maintained.
(2) With the tire 1 according to the present embodi-
ment, the RFID tag 40 is embedded in a region be-
tween the tire-radial direction outside end 22A of the
bead filler 22 and the tire-width direction outside end
27A of the cap ply 27. It is thereby possible to reliably
prevent the RFID tag 40 from contacting with the
steel belt 26. Consequently, it is possible to keep the
performance such as of the communication function
of the RFID tag 40.
(3) With the tire 1 according to the present embodi-
ment, the RFID tag 40 is embedded in a region be-
tween the tire-widest part vicinity A of the side wall
13 and the tire-radial direction outside end 22A of
the bead filler 22. Since the RFID tag 40 is thereby
arranged at a position far from the metal bead core
21, and also far from the steel belt 26, the possibility
of the RFID tag 40 being adversely affected by metal
components becomes very low.
(4) With the tire 1 according to the present embodi-
ment, the RFID tag 40 is embedded in the tire-widest
part vicinity A of the side wall 13. Since the RFID tag
40 is thereby arranged at a position far from the metal
bead core 21, and also far from the steel belt 26, the
possibility of the RFID tag 40 being adversely affect-
ed by metal components becomes very low.
(5) The tire 1 according to the present embodiment
has a region in which the carcass ply 23 overlaps in
the side wall 13, and the RFID tag 40 is arranged
between the overlapped carcass ply 23. It is thereby
possible to prevent stress concentration between the
antenna of the RFID tag 40 and the side wall rubber
30 and/or inner liner 29 which are the rubber struc-
ture of the tire 1, during vulcanization and during use.
(6) With the tire 1 according to the present embodi-
ment, the overlapped carcass ply 23 is configured
from the ply body 24 extending from one bead core
21 to the other bead core 21, and the ply folding part
25 which is folded back around the bead core 21,
and overlapped with the ply body 24. It is thereby
possible to prevent stress concentration between the
antenna of the RFID tag 40 and the side wall rubber
30 and/or inner liner 29 which are the rubber struc-
ture of the tire 1, during vulcanization and during use.

<Second Embodiment>

[0045] Next, a tire 3 according to a second embodiment
will be explained while referencing FIGS. 5 and 6. It
should be noted that the same reference symbol will be

attached for the same configurations as the first embod-
iment in the following explanation, and detailed explana-
tions thereof will be omitted.
[0046] FIG. 5 is a view showing a half section in the
tire-width direction of the tire 3 in the present embodi-
ment. FIG. 6 is an enlarged cross-sectional view showing
around an embedded part of the RFID tag 40 in the tire
3 of FIG. 5. In the present embodiment, the RFID tag 40
serving as the electronic component is arranged between
the carcass ply 23 and the inner liner 29. More specifi-
cally, it is arranged between the ply body 24 of the carcass
ply 23 and the inner liner 29. Then, similarly to the first
embodiment, the RFID tag 40 is embedded in a region
between the tire-radial direction outside end 22A of the
bead filler 22 and the tire-width direction outside end 26A
of the steel belt 26. More specifically, the RFID tag 40 is
embedded in a tire-widest part vicinity A of the side wall
13.
[0047] Even if such a configuration, since the RFID tag
40 can be arranged at a position sufficiently distanced
from the metal bead core 21, which is a position not con-
tacting the steel belt 26, it is possible to prevent deterio-
ration in the communication state of the RFID tag 40.
[0048] In addition, according to the present embodi-
ment, the RFID tag 40 is hardly affected by distortion of
the tire, etc. while travelling, due to the movement being
restricted by the fiber layer constituting the carcass ply
23. Consequently, it is possible to improve the durability
of the RFID tag 40 by way of existing components, without
using additional components. In addition, according to
the present embodiment, the shock protection also im-
proves. In other words, even if the tire receives external
shock, since the distance from the outer wall surface of
the tire 1 until the RFID tag 40 is far, and since the carcass
ply 23 exists between the outer wall surface of the tire 1
and the RFID tag 40, the RFID tag 40 will be protected.
[0049] According to the tire 3 of the present embodi-
ment, the following effects are exerted in addition to the
above (1) to (4) .
[0050] (7) In the present embodiment, the RFID tag 40
is arranged between the carcass ply 23 and the inner
liner 29. Consequently, it is hardly affected by distortion
of the tire, etc. while travelling, and thus it is possible to
improve the durability of the RFID tag 40. In addition,
since the distance from the outer wall surface of the tire
3 until the RFID tag 40 becomes far, it is possible to im-
prove impact protection.

<Third Embodiment>

[0051] Next, a tire 4 according to a third embodiment
will be explained while referencing FIGS. 7 and 8. It
should be noted that the same reference symbol will be
attached for the same configurations as the first embod-
iment in the following explanation, and detailed explana-
tions thereof will be omitted.
[0052] FIG. 7 is a view showing a half section in the
tire-width direction of the tire 4 in the present embodi-
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ment. FIG. 8 is an enlarged cross-sectional view around
an embedded part of the RFID tag 40 in the tire 4 of FIG.
7. In the present embodiment, the RFID tag 40 serving
as an electronic component is arranged between the car-
cass ply 23 and the side wall rubber 30. More specifically,
it is arranged between the ply folding part 25 of the car-
cass ply 23 and the side wall rubber 30. Then, similarly
to the first embodiment, the RFID tag 40 is embedded in
a region between the tire-radial direction outside end 22A
of the bead filler 22 and the tire-width direction outside
end 26A of the steel belt 26. More specifically, the RFID
tag 40 is embedded in the tire-widest part vicinity A of
the side wall 13.
[0053] Even if such a configuration, since the RFID tag
40 can be arranged at a position sufficiently distanced
from the metal bead core 21, which is a position not con-
tacting the steel belt 26, it is possible to prevent deterio-
ration in the communication state of the RFID tag 40.
[0054] In addition, since the distance from the outer
wall surface of the tire 4 until the RFID tag 40 becomes
shorter, it is possible to achieve an improvement in com-
municability.
[0055] According to the tire 4 of the present embodi-
ment, the following effects are exerted in addition to the
above (1) to (4) .
[0056] (8) In the present embodiment, the RFID tag 40
is arranged between the carcass ply 23 and the side wall
rubber 30. Consequently, since the distance from the out-
er wall surface of the tire 4 until the RFID tag 40 becomes
shorter, it is possible to achieve an improvement in com-
municability.

<Fourth Embodiment>

[0057] Next, a tire according to a fourth embodiment
will be explained while referencing FIG. 9. It should be
noted that the same reference symbol will be attached
for the same configurations as the first to third embodi-
ments in the following explanation, and detailed expla-
nations thereof will be omitted.
[0058] FIG. 9A is a view showing the RFID tag 40 cov-
ered by the protective member 43 which is constituted
from a rubber sheet. In FIG. 9A, the RFID tag 40 is cov-
ered by a rubber sheet 431 described later to be hidden.
FIG. 9B is a cross-sectional view along the line b-b in
FIG. 9A, and FIG. 9C is a cross-sectional view along the
line c-c in FIG. 9A. In the present embodiment, the RFID
tag 40 is covered by the protective member 43, as shown
in FIG. 9. A configuration using the RFID tag 40 protected
by the protective member 43 is also applicable to the tires
of any embodiment among the first to third embodiments.
[0059] The RFID tag 40 includes an RFID chip 41 and
antenna 42 for performing communication with external
equipment. As the antenna 42, a coil-shaped spring an-
tenna, plate-shaped antenna, and various types of rod-
shaped antennas can be used. For example, it may be
an antenna formed by printing a predetermined pattern
on a flexible substrate. When considering the communi-

cability and flexibility, a coil-shaped spring antenna is the
most preferable.
[0060] The protective member 43 is configured from
two rubber sheets 431, 432 which protect by sandwiching
the RFID tag 40.
[0061] The protective member 43 is configured by rub-
ber of a predetermined modulus, for example. Herein,
the modulus indicates 100% elongation modulus (M100)
under a 23°C atmosphere, measured in accordance with
"3.7 stress at a given elongation, S" of JIS K6251:2010.
[0062] As the rubber adopted in the protective member
43, rubber at least having a higher modulus than the side
wall rubber 30 is used. For example, with the modulus
of the side wall rubber 30 as a reference, it is preferable
to use rubber of a modulus 1.1 to 2 times as the rubber
used in the protective member 43. In addition, by using
rubber having a higher modulus than the side wall rubber
30 or the inner liner 29 as the rubber adopted in the pro-
tective member 43, since the rigidity changes stepwise
in the order of RFID tag 40, protective member 43 side
wall rubber 30 or inner liner 29 in the embodiments shown
in FIGS. 5 to 8, for example, it is possible to prevent
excessive stress from generating within the rubber struc-
ture at the embedded part of the RFID tag 40, in the case
of the tire deforming.
[0063] It should be noted that, in the third embodiment
shown in FIGS. 7 and 8, the RFID tag 40 is arranged in
a region between the side wall rubber 30 and carcass
ply 23, when viewing in the tire-width direction. Therefore,
the modulus of the protective member 43 may be set to
a value higher than the modulus of the side wall rubber
30 and lower than the modulus of the coating rubber of
the carcass ply 23. In the case of the modulus within the
tire coming to change stepwise, and the tire deforming,
it is thereby possible to prevent excessive stress from
generated within the rubber structure at the embedded
part of the RFID tag 40. In other words, it is possible to
suppress the generation of stress.
[0064] It should be noted that, in the second embodi-
ment shown in FIGS. 5 and 6, the RFID tag 40 is arranged
in a region between the inner liner 29 and the carcass
ply 23, when viewing in the tire-width direction. Therefore,
the modulus of the protective member 43 may be set to
a value higher than the modulus of the inner liner 29, and
lower than the modulus of the coating rubber of the car-
cass ply 23. In the case of the modulus within the tire
coming to change stepwise, and the tire deforming, it is
thereby possible to prevent excessive stress from gen-
erated within the rubber structure at the embedded part
of the RFID tag 40. In other words, it is possible to sup-
press the generation of stress. At this time, the modulus
of the inner liner 29 may be a modulus on the same order
as the modulus of the side wall rubber 30.
[0065] In addition, the protective member 43 may be
configured from a short-fiber filler mixed rubber. As the
short-fiber filler, for example, it is possible to use insulat-
ing short fibers like organic short fibers such as aramid
short fibers and cellulose short fibers; inorganic short fib-
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ers such as ceramic short fibers as in alumina short fiber,
and glass short fiber. By mixing such short-fiber fillers
into rubber, it is possible to raise the strength of the rub-
ber. In addition, as the protective member 43, a rubber
sheet in the vulcanized state may be used. The rubber
sheet in a vulcanized state does not plastically deform
as raw rubber, and thus can appropriately protect the
RFID tag 40. In addition, as the protective member 43,
an organic fiber layer from polyester fibers or polyamide
fibers may be provided. It is also possible to embed an
organic fiber layer in the two rubber sheets 431, 432.
[0066] In this way, if configuring the protective member
43 by two rubber sheets, since it is possible to thinly form
the RFID tag 40 including the protective member 43, it
is favorable upon embedding in the tires 1 to 3. In addition,
when assembling the RFID tag 40 in the constitutional
members of the tires 1 to 3 prior to vulcanization, the
RFID tag 40 covered by the rubber sheets can be in-
stalled very easily. For example, at a desired position of
a member such as the carcass ply 23, inner liner 29 and
side wall rubber 30 prior to vulcanization, it is possible to
appropriately paste the RFID tag 40 covered by the rub-
ber sheets using the adhesiveness of the raw rubber. In
addition, by also establishing the rubber sheets as raw
rubber prior to vulcanization, it is possible to more easily
paste by employing the adhesiveness of the rubber sheet
itself as well.
[0067] However, the protective member 43 is not lim-
ited to the form configured by two rubber sheets, and can
adopt various forms. For example, at least one rubber
sheet constituting the protective member, so long as cov-
ering at least part of the RFID tag 40, can obtain effects
such as an improvement in workability in the manufac-
turing process and stress mitigation. In addition, for ex-
ample, it may be a configuration wrapping one rubber
sheet around the entire circumference of the RFID tag
40, or a configuration attaching the protective member
in the form of a potting agent of high viscosity along the
entire circumference of the RFID tag 40. Even if such a
configuration, it will be possible to appropriately protect
the RFID tag 40.
[0068] For example, in the first embodiment, in a case
of adopting the configuration protecting the RFID tag 40
by the protective member 43, the RFID tag 40 comes to
be sandwiched between the ply body 24 and the ply fold-
ing part 25 in a state covered by the protective member
43. In this case, by the existence of the protective mem-
ber 43, the RFID tag 40 is protected even under the sit-
uation of the RFID tag 40 receiving stress from the ply
body 24 and ply folding part 25 moving relatively. Con-
sequently, the durability of the RFID tag 40 further im-
proves. It should be noted that the tire-widest part vicinity
A is a portion which relatively greatly bends during tire
deformation. As shown in the present embodiment, by
protecting the RFID tag 40 by way of the protective mem-
ber 43, it is possible to raise the durability of the RFID
tag 40, even in a case of embedding the RFID tag 40 in
such a portion.

[0069] In addition, as previously mentioned, in the sec-
ond and third embodiment, it is also possible to adopt a
configuration embedding the RFID tag 40 protected by
the protective member 43 in the tire. Also in this case,
the durability of the RFID tag 40 improves.
[0070] In addition, by providing the protective member
43, it becomes possible to prevent the antenna 42 of the
RFID tag 40 from directly pushing the side wall rubber
30 or inner liner 29 which are the rubber structure of the
tire, during vulcanization or during usage. It should be
noted that, from the viewpoint of enhanced protection,
the RFID tag covered by the rubber sheet in the vulcan-
ized state may be attached to a constituent member of
the tire prior to vulcanization, e.g., carcass ply 23.
[0071] It should be noted that the protective member
43 may be provided only to one side of the RFID tag 40.
For example, if considering the prevention of the antenna
42 of the RFID tag 40 directly pushing the inner line 29
or side wall rubber 30 which are the rubber structure of
the tire, a rubber sheet and/or fiber layer may be provided
as the protective member only to the inner side in the
tire-width direction of the RFID tag 40, i.e. side of the
inner liner 29, in the second embodiment. In addition, in
the third embodiment, a rubber sheet and/or fiber layer
may be provided as the protective member only to the
outer side in the tire-width direction of the RFID tag 40,
i.e. side of the side wall. On the other hand, if considering
the matter of preventing stress concentration between
the carcass ply 23 and the RFID tag 40 according to the
difference in expansion/contraction amount between
constituent members of the tire during manufacture such
as the vulcanization process, and the matter of prevent-
ing stress concentration between the carcass ply 23 and
the RFID tag 40 which generates due to distortion of the
tire during use, for example, a rubber sheet and/or fiber
layer may be provided as the protective member only to
the outer side in the tire-width direction of the RFID tag
40, i.e. side of the carcass ply 23, in the second embod-
iment. In addition, a rubber sheet and/or fiber layer may
be provided as the protective member only to the inner
side in the tire-width direction of the RFID tag 40, i.e. side
of the carcass ply 23, in the third embodiment. In addition,
according to the difference in expansion/contraction
amount between constituent members of the tire, a rub-
ber sheet and/or fiber layer may be provided as the pro-
tective member only to the outer side in the tire-width
direction of the RFID tag 40, or only to the inner side in
the tire-width direction, in the first embodiment, for ex-
ample. In the case of providing the protective member
43 only to one side of the RFID tag 40, it is possible to
make the overall thickness thin.
[0072] It should be noted that the RFID tag 40 covered
by the protective member 43 is embedded in the tire so
that the longitudinal direction thereof becomes the direc-
tion of the tangential line relative to the circumferential
direction of the tire, i.e. direction orthogonal to the paper
plane in the cross-sectional view of FIGS. 1 to 8. In ad-
dition, the rubber sheets 431, 432 are embedded in the
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tire in a form such that aligns in the tire-width direction.
In other words, in the manufacturing process, one surface
of either one of the rubber sheets 431, 432 is pasted to
a constituent member of the tire prior to vulcanization,
e.g., the carcass ply 23. By establishing such a form,
stress will hardly act on the RFID tag 40, even when the
tire deforms. In addition, in the manufacturing process,
the work of attaching the RFID tag 40 covered by the
protective member 43 becomes easy.
[0073] According to the tire of the present embodiment,
the following effects are exerted in addition to the above
(1) to (8) .

(9) In the present embodiment, the rubber sheets
431, 432 which cover at least part of the RFID tag
40 are provided in the vicinity of the RFID tag 40.
For example, the tire-widest part vicinity is a portion
which relatively greatly bends during tire distortion;
however, even in a case of arranging the RFID tag
40 at such a portion, it is possible to appropriately
protect the RFID tag 40. In addition, the workability
in the manufacturing process improves.
(10) In the present embodiment, the rubber sheets
431, 432 are configured from rubber of higher mod-
ulus than the side wall rubber 30, or short-fiber filler
mixed rubber. Consequently, the RFID tag can be
appropriately protected. (11) In the present embod-
iment, the rubber sheets 431, 432 are configured
from rubber of a modulus higher than the side wall
rubber 30 or inner liner 29, and lower than the coating
rubber of the carcass ply 23. Consequently, due to
the modulus within the tire changing stepwise, it is
possible to prevent excessive stress from generating
within the rubber structure at the embedded part of
the RFID tag 40, in the case of the tire deforming.

<Fifth Embodiment>

[0074] Next, a tire according to a fifth embodiment will
be explained while referencing FIG. 10. It should be noted
that the same reference symbol will be attached for the
same configurations as the second and fourth embodi-
ments in the following explanation, and detailed expla-
nations thereof will be omitted. FIG. 10A is a view show-
ing the RFID tag 40 protected by a protective member
44. In FIG. 10A, the RFID tag 40 is covered by a rubber
sheet 441 described later and is hidden. FIG. 10B is a
cross-sectional view along the line b-b in FIG. 10A, and
FIG. 10C is a cross-sectional view along the line c-c in
FIG. 10A.
[0075] In the present embodiment, similarly to the sec-
ond embodiment shown in FIGS. 5 and 6, the RFID tag
40 serving as the electronic component is arranged be-
tween the carcass ply 23 and the inner liner 29. Then,
the RFID tag 40 is covered by a protective member con-
figured from two rubber sheets, similarly to the fourth
embodiment. However, in the present embodiment, the
thicknesses of the two rubber sheets constituting the pro-

tective member 44 are different. More similarly, the rub-
ber sheet 441 on the tire inner cavity side, i.e. side of the
inner liner 29, is formed thicker than the rubber sheet 442
on the tire outer surface side, i.e. side of the carcass ply
23.
[0076] Since the side of the inner liner 29 is thereby
more strongly protected, it is possible to protect the an-
tenna 42 of the RFID tag 40 from strongly pushing the
inner liner 29 during vulcanization and during use.
[0077] It should be noted that, although the thickness
of the rubber sheet 441 on the side of the inner liner 29
is formed thickly in order to more strongly protect the side
of the inner liner 29, it is also possible to adopt another
configuration for more strongly protecting the side of the
inner liner 29.
[0078] For example, the modulus of the rubber sheet
441 on the side of the inner liner 29 may be set to a
modulus higher than the modulus of the rubber sheet 442
on the side of the carcass ply 23. In this case, if consid-
ering the absorption of stress during tire distortion, it is
preferable for the relationship of magnitudes of the mod-
ulus of each member to be in the order of "rubber sheet
441" > "rubber sheet 442" > "side wall rubber 30".
[0079] In addition, the rubber sheet 441 may be con-
stituted by short-fiber filler mixed rubber. As the short-
fiber filler, for example, it is possible to use insulating
short fibers like organic short fibers such as aramid short
fibers and cellulose short fibers; inorganic short fibers
such as ceramic short fibers as in alumina short fiber,
and glass short fiber. By mixing such short-fiber fillers
into rubber, it is possible to raise the strength of the rub-
ber. In addition, as the rubber sheet 441, a rubber sheet
in the vulcanized state may be used. The rubber sheet
in a vulcanized state does not plastically deform as does
raw rubber, and thus can appropriately protect the RFID
tag 40. In addition, an organic fiber layer such as of pol-
yester fiber or polyamide fiber may be provided to the
rubber sheet 441. In these cases, it is also possible to
establish the thicknesses of the rubber sheets 441 and
442 as the same thickness.
[0080] According to these configurations, since the
side of the inner liner 29 is more strongly protected, it is
possible to prevent the antenna 42 of the RFID tag 40
from strongly pushing the inner liner 29 during vulcani-
zation and during use.
[0081] According to the tire of the present embodiment,
the following effects are exerted in addition to the above
(1) to (4), (7), and (9) to (11).
[0082] (12) In the present embodiment, regarding the
rubber sheets constituting the protective member 44, the
rubber sheet 441 on the inner side in the tire-width direc-
tion, i.e. side of the inner liner 29, is formed thicker than
the rubber sheet 442 on the outer side in the tire-width
direction, i.e. side of the carcass ply 23. Since the side
of the inner liner 29 is thereby more strongly protected,
it is possible to protect the antenna 42 of the RFID tag
40 from strongly pushing the inner liner 29 during vulcan-
ization and during use.
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<Sixth Embodiment>

[0083] Next, a tire 5 according to a sixth embodiment
will be explained while referencing FIG. 11. It should be
noted that the same reference symbol will be attached
for the same configurations as the third embodiment in
the following explanation, and detailed explanations
thereof will be omitted.
[0084] In the present embodiment, side wall rubber 60
plays a function as a protective member. More specifi-
cally, in the present embodiment, similarly to the third
embodiment shown in FIGS. 7 and 8, the RFID tag 40
serving as the electronic component is arranged between
the carcass ply 23 and the side wall rubber 60. Then, in
the present embodiment, rubber of a modulus higher than
the inner liner 29 is used as the side wall rubber 60. It is
thereby possible for the side wall rubber 60 to function
as a protective member of the RFID tag 40, and protect
the RFID tag 40. Consequently, it is possible to protect
the RFID tag 40 by a simple configuration, without in-
creasing the number of members.
[0085] According to the tire 5 of the present embodi-
ment, the following effects are exerted in addition to the
above (1) to (4) and (8) .
[0086] (13) In the present embodiment, the RFID tag
40 is arranged between the carcass ply 23 and the side
wall rubber 60, and the side wall rubber 60 of higher mod-
ulus than the inner liner 29 functions as a protective mem-
ber of the RFID tag 40. Consequently, it is possible to
protect the RFID tag 40 by way a simple configuration,
without increasing the number of components.
[0087] It should be noted that, although the tire of the
present invention can be adopted as various types of
tires such as for cars, light trucks, trucks and buses, it is
particularly suitable as a tire for passenger cars. It should
be noted that the present invention is not to be limited to
the above-mentioned embodiments, and that even when
carrying out modifications, improvements, etc. within a
scope capable of achieving the object of the present in-
vention, it is encompassed by the scope of the present
invention.

EXPLANATION OF REFERENCE NUMERALS

[0088]

1, 2, 3, 4, 5 tire
11 bead
12 tread
13 side wall
21 bead core
22 bead filler
22A tire-radial direction outside end of bead

filler
23 carcass ply
24 ply body
25 ply folding part
26 steel belt

26A tire-width direction outside end of steel
belt

27 cap ply
27A tire-width direction outside end of cap ply
28 tread rubber
29 inner liner
30, 60 side wall rubber
31 chafer
32 rim strip rubber
40 RFID tag
41 RFID chip
42 antenna
43 protective member
431, 432 rubber sheet
44 protective member
441, 442 rubber sheet

Claims

1. A tire (1, 2, 3, 4, 5) comprising:

tread (12) having at least one ring-shaped steel
belt (26) which extends in a circumferential di-
rection of the tire (1, 2, 3, 4, 5); and
a pair of beads (11) having a bead filler (22)
which extends to an outer side in a tire-radial
direction of a bead core (21),
wherein an electronic component 840) is em-
bedded in a region between a tire-radial direc-
tion outside end (22A) of the bead filler (22) and
a tire-width direction outside end (26A) of the
steel belt (26).

2. The tire (1, 2, 3, 4, 5) according to claim 1, further
comprising a cap ply (27) at an outer side in the tire-
radial direction of the steel belt (26),
wherein a tire-width direction outside end (27A) of
the cap ply (27) extends more to an outer side in the
tire-width direction than the tire-width direction out-
side end (26A) of the steel belt (26), and
wherein the electronic component (40) is embedded
in a region between the tire-radial direction outside
end (22A) of the bead filler (22) and the tire-width
direction outside end (27A) of the cap ply (27).

3. The tire (2, 3, 4, 5) according to claim 1, further com-
prising a side wall (13) which extends between the
bead (11) and the tread (12),
wherein the electronic component (40) is embedded
in a region between a tire-widest part vicinity (A) of
the side wall (13) and the tire-radial direction outside
end (22A) of the bead filler (22).

4. The tire (2, 3, 4, 5) according to claim 3, wherein the
electronic component (40) is embedded in the tire-
widest part vicinity (A) of the side wall (13).
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5. The tire (1, 2) according to claim 3 or 4, further com-
prising a carcass ply (23) which extends from one
bead core (21) to another bead core (21),
wherein the carcass ply (23) has an overlapped re-
gion at the side wall (13), and
wherein the electronic component (40) is arranged
between the carcass ply that is overlapped.

6. The tire (1, 2) according to claim 5, wherein the car-
cass ply (23) that is overlapped is formed by a ply
body (24) extending from the one bead core (21) to
the other bead core (21), and a ply folding part (25)
that is folded back around the bead core (21) and is
overlapped with the ply body (24).

7. The tire (3) according to any one of claims 1 to 4,
further comprising:

a carcass ply (23) which is at least one layer
extending from one bead core (21) to another
bead core (21); and
an inner liner (29) provided to a tire inner cavity
side of the carcass ply (23),
wherein the electronic component (40) is ar-
ranged between the carcass ply (23) and the
inner liner (29).

8. The tire (4, 5) according to any one of claims 1 to 4,
further comprising:

a carcass ply (23) which is at least one layer
extending from one bead core (21) to another
bead core (21); and
side wall rubber (30) provided to an outer side
in the tire-width direction of the carcass ply (23),
wherein the electronic component (40) is ar-
ranged between the carcass ply (23) and the
side wall rubber (30).

9. The tire (1, 2, 3, 4, 5) according to any one of claims
1 to 8, wherein at least one rubber sheet (431, 432,
441, 442) covering at least part of the electronic com-
ponent (40) is provided at a periphery of the electric
component (40).

10. The tire (1, 2, 3, 4, 5) according to claim 9, further
comprising:

a carcass ply (23) which is at least one layer
extending from one bead core (21) to another
bead core (21); and
side wall rubber (30) provided at an outer side
in the tire-width direction of the carcass ply (23),
wherein the rubber sheet (431, 432, 441, 442)
is configured from rubber of higher modulus than
the side wall rubber (30), or a short-fiber filler
mixed rubber.

11. The tire (1, 2, 3, 4, 5) according to claim 9, further
comprising:

a carcass ply (23) which is at least one layer
extending from one bead core (21) to another
bead core (21);
an inner liner (29) provided to an inner side in
the tire-width direction of the carcass ply (23);
and
side wall rubber (30) provided to an outer side
in the tire-width direction of the carcass ply (23),
wherein the rubber sheet (431, 432, 441, 442)
is configured from rubber of higher modulus than
the side wall rubber (30) or the inner liner, and
lower modulus than coating rubber of the car-
cass ply (23).
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