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(54) TIRE AND TIRE MANUFACTURING METHOD

(57) To provide a tire which can maintain the function
of an embedded electronic component, by arranging the
electronic component at a position which is hardly affect-
ed by the stress and distortion within the tire structure. A
tire (1) including a bead core (21), a bead filler (22) ex-
tending to an outer side in a tire-radial direction of the
bead core (21), and a carcass play (23) extending from
the bead core (21) to another bead core and folded back
around the bead core (21), further including a steel chafer
(31) arranged so as to cover the carcass ply (23) around
the bead core (21), a first pad (35) which covers outside
in the tire-width direction of a folding end (25A) of the
carcass ply (23) at the outside in the tire-radial direction
of an end part (31A) of the steel chafer (31), and a second
pad (36) which covers the outer side in the tire-width di-
rection of the first pad (35), in which an electronic com-
ponent (40) is provided between the first pad (35) and
second pad (36).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

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

Related Art

[0002] Conventionally, tires in which an electric com-
ponent such as RFID is embedded within the rubber
structure have been known. With such tires, by an RFID
tag embedded in the tire and a reader as an external
device carrying out communication, it is possible to per-
form production control of tires, usage history manage-
ment, etc. For example, Patent Document 1 shows a tire
in which an electronic component is arranged at the
boundary surface of two difference substances. The
boundary surface of two substances at which this elec-
tronic component is arranged is a surface extending from
a free edge of a carcass ply.
[0003] Patent Document 1: Japanese Unexamined
Patent Application, Publication No. 2008-265750

SUMMARY OF THE INVENTION

[0004] With the technology shown in Patent Document
1, the boundary surface between two substances at
which the electronic component is arranged becomes a
surface extending from a free edge of the carcass ply;
however, at this portion, stress and distortion tends to
occur upon the tire deforming. Therefore, the electronic
portion arranged at this portion is affected by the stress
and distortion upon the tire deforming, and there is a pos-
sibility of no longer maintaining the function as an elec-
tronic component.
[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 function
of an embedded electronic component, by arranging the
electronic component at a position which is hardly affect-
ed by the stress and distortion within the tire structure.
[0006] A tire (for example, the tire 1) according to a
first aspect of the present invention includes: a bead core
(for example, the bead core 21); a bead filler (for example,
the bead filler 22) which extends to an outer side in a tire
radial direction of the bead core; a carcass ply (for ex-
ample, the carcass ply 23) which extends from the bead
core to another bead core and is folded around the bead
core; a reinforcement ply (for example, the steel chafer
31) disposed so as to cover the carcass ply around the
bead core; a first pad (for example, the first pad 35) which
covers an outer side in a tire-width direction of a folding
end of the carcass ply which was folded back, at an outer
side in the tire-radial direction of an end part (for example,
the end part 31A) of the reinforcement ply; and a second

pad (for example, the second pad 36) which covers an
outer side in the tire-width direction of the first pad, in
which an electronic component (for example, the RFID
tag 40) is provided between the first pad and the second
pad.
[0007] According to a second aspect of the present
invention, in the tire as described in the first aspect, the
electronic component may be provided at a position dis-
tanced by at least 5 mm from the folding end of the car-
cass ply.
[0008] According to a third aspect of the present inven-
tion, in the tire as described in the first or second aspect,
the electronic component may be covered by at least one
rubber sheet (for example, the rubber sheet 431, 432),
and the rubber sheet covering the electronic component
may be disposed at a tire-radial direction outside end (for
example, the tire-radial direction outside end 35A) of the
first pad.
[0009] According to a fourth aspect of the present in-
vention, in the tire as described in any one of the first to
third aspects, a modulus of the first pad and a modulus
of the second pad may be higher than a modulus of the
bead filler.
[0010] According to a fifth aspect of the present inven-
tion, in a tire manufacturing method of manufacturing the
tire as described in the first aspect, the electronic com-
ponent may be covered by at least one rubber sheet, and
the method may include, prior to a vulcanization step of
vulcanizing green tire, a pasting step of aligning a longi-
tudinal direction of the rubber sheet covering the elec-
tronic component in a direction of a tangential line to an
outer circumferential part of the first pad, and pasting the
rubber sheet to the first pad, with a reference of the outer
circumferential part of the first pad.
[0011] According to a sixth aspect of the present in-
vention, in the tire manufacturing method as described
in the fifth aspect may further include a covering step of
covering the electronic component to be pasted in the
pasting step by rubber sheets, in which the covering step
may include: a step of arranging rubber (for example, the
rubber 46) within a spring antenna (for example, the
spring antenna 421) of the electronic component; and a
step of interposing, by the rubber sheets, the electronic
component having the spring antenna into which the rub-
ber was arranged.
[0012] According to the present invention, it is possible
to provide a tire which can maintain the function of an
embedded electronic component, by arranging the elec-
tronic component at a position which is hardly affected
by the stress and distortion within the tire structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

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;
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FIG. 2 is a partially enlarged cross-sectional view of
a tire according to the first embodiment of the present
invention;
FIG. 3 is a graph showing a strain energy index in a
case of applying load on the tire according to the first
embodiment of the present invention;
FIG. 4A is a view showing an RFID tag which is pro-
tected by a protective member in a tire according to
a second embodiment of the present invention;
FIG. 4B is a view showing along the cross section
b-b in FIG. 4A;
FIG. 4C is a view showing along the cross section
c-c in FIG. 4A;
FIG. 5 is a partially enlarged cross-sectional view
showing an example of an arrangement position of
the RFID tag protected by the protective member;
FIG. 6 is a view showing a cross section prior to
interposing the RFID tag by rubber sheets in a case
of not filling rubber inside a spring antenna;
FIG. 7 is a view showing a cross section after inter-
posing the RFID tag by rubber sheets in a case of
not filling rubber inside a spring antenna;
FIG. 8 is a view showing a cross section after inter-
posing the RFID tag by rubber sheets in a case of
not filling rubber inside a spring antenna;
FIG. 9 is a view showing the RFID tag prior to filling
rubber inside a spring antenna in a tire according to
a third embodiment of the present invention;
FIG. 10 is a view showing the RFID tag after filling
rubber inside a spring antenna in a tire according to
the third embodiment of the present invention;
FIG. 11 is a view showing the RFID tag prior to in-
terposing by rubber sheets, in a tire according to the
third embodiment of the present invention; and
FIG. 12 is a view showing the RFID tag interposed
by a rubber sheet, in a tire according to the third
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

<First Embodiment>

[0014] 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 and 5.
[0015] The tire 1 is a tire for trucks and buses, for ex-
ample, and includes a pair of beads 11 provided at both
sides in the tire width direction, tread 12 forming a contact
patch with the road surface, and a pair of sidewalls 13
which extends between the pair of beads and the tread
12.
[0016] The bead 11 includes an annular bead core 21
formed by wrapping around several times bead wires
made of metal coated with rubber, and a bead filler 22
of tapered shape extending to the outer side in the tire-
radial direction of the bead core 21. The bead filler 22 is
configured by a first bead filler 221 which covers the outer
circumference of the bead core 21, and a second bead
filler 222 which is arranged on the outer side in the tire-
radial direction of the first bead filler 221. The second
bead filler 222 is configured from rubber with a modulus
higher than an inner liner 29 and side wall rubber 30
described later. Then, the first bead filler 221 is config-
ured from rubber of an even higher modulus than the
second bead filler 222. It should be noted that the first
bead filler 221 may be a form not covering the outer cir-
cumference of the bead core 21, if at least a part thereof
is arranged on the outer side in the tire-radial direction
of the bead core 21. In addition, the bead filler 22 may
be formed from rubber of one type. In other words, it may
not necessarily be divided into the first bead filler 221
and second bead filler 222. 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.
[0017] 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. Herein, a folding end 25A of the ply folding part
25 is positioned more to an inner side in the tire-radial
direction than a tire-radial direction outside end 22A of
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the bead filler 22. The carcass ply 23 is configured by a
plurality of ply cords extending in a 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 a metal steel cord, or an insulated organic
fiber cord such as polyester or polyamide, or the like, and
is covered by rubber.
[0018] In the tread 12, a plurality of layers of steel belts
26 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 four lay-
ers of steel belts 26 are provided, the number of layered
steel belt 26 is not limited thereto.
[0019] The tread rubber 28 is provided at the outer side
in the tire-radial direction of the steel belt 26. A tread
pattern (not illustrated) is provided to the outer surface
of the tread rubber 28, and this outer surface serves as
a contact surface which contacts with the road surface.
[0020] In the vicinity of the outer side in the tire-width
direction of the tread 12, in a region between the carcass
ply 23, and the steel belts 26 / tread rubber 28, a shoulder
pad 38 is provided. This shoulder pad 38 extends until a
region of the outer side in the tire-radial direction of the
side wall 13, and part thereof forms an interface between
side wall rubber 30 described later. In other words, in the
region of the outer side in the tire radial direction of the
side wall 13, a part of the shoulder pad 38 is present on
the inner side in the tire width direction of the side wall
rubber 30. The shoulder pad 38 consists of a rubber
member having cushioning, and exhibits a cushion func-
tion between the carcass ply 23 and steel belt 26. In ad-
dition, since the shoulder pad 38 consists of rubber hav-
ing a characteristic of low heat buildup, it is possible to
suppress heat generation effectively, by extending until
the side wall 13.
[0021] 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.
[0022] 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.
[0023] On the inner side in the tire radial direction of
the carcass ply 23 provided around the bead core 21 of
the bead 11, a steel chafer 31 serving as a reinforcement
ply is provided so as to cover the carcass ply 23. The
steel 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 an end part 31A of this steel chafer 31 is
positioned more to the inner side in the tire-width direction
than the folding end 25A of the ply folding part 25. This
steel chafer 31 is a metal reinforcement layer configured
by metal steel cords, and is covered by rubber.
[0024] Rim strip rubber 32 is provided at the inner side
in the tire-radial direction of the steel chafer 31. This rim
strip rubber 32 is arranged along the outer surface of the
tire, and connects with the side wall rubber 30. This rim
strip rubber 32 and side wall rubber 30 are rubber mem-
bers constituting the outer surface of the tire.
[0025] Then, at the outer side in the tire-radial direction
of the end part 31A of the steel chafer 31, which is at the
outer side in the tire-width direction of the folding part 25
of the carcass ply 23 and bead filler 22, a first pad 35 is
provided. This first pad 35 is provided so as to cover the
outer side in the tire-width direction of at least the folding
end 25A of the ply folding part 25. The outer side in the
tire-radial direction of the first pad 35 is formed so as to
taper as approaching the outer side in the tire-radial di-
rection.
[0026] Furthermore, a second pad 36 is provided so
as to cover the outer side in the tire-width direction of the
first pad 35. In more detail, the second pad 36 is provided
so as to cover the outer side in the tire-width direction of
part of the steel chafer 31, the first pad 35, part of the
second bead filler 222, and part of the ply body 24 of the
carcass ply 23. In other words, the second pad 36 is
provided between the first pad 35, etc., and the rim strip
rubber 32 and side wall rubber 30, which are members
constituting the outer surface of the tire.
[0027] Herein, the first pad 35 and second pad 36 are
configured by rubber of higher modulus than the modulus
of the bead filler (second bead filler 222) to which these
members contact. In more detail, the second pad 36 is
configured by rubber of higher modulus than the second
bead filler 222, and the first pad 35 is configured by rubber
of even higher modulus than the second pad 36. The first
pad 35 and second pad 36 have a function of mitigating
sudden distortion caused by the local rigidity point of
change at the folding end 25A of the carcass ply 23 and
the end part 31A of the steel chafer 31.
[0028] At the inner side in the tire-width direction of the
first pad 35, a rubber sheet 37 is arranged in the vicinity
of the folding end 25A of the ply folding part 25. The
rubber sheet 37 is arranged so as to cover at least the
folding end 25A of the ply folding part 25 from the inner
side in the tire-width direction.
[0029] Generally, at the folding end 25A of the ply fold-
ing part 25, stress tends to concentrate. However, by
providing the aforementioned first pad 35 and second
pad 36, and further arranging the rubber sheet 37, it be-
comes possible to effective suppress the concentration
of stress.
[0030] 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
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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. The antenna is established at an
antenna length optimized according to the frequency
band, etc. to be used. In a storage part inside the RFID
chip, identification information such as a manufacturing
number and part number is stored.
[0031] FIG. 2 is an enlarged cross-sectional view
showing the periphery of an embedded part of the RFID
tag 40 in the tire 1 of FIG. 1. As shown in FIGS. 1 and 2,
the RFID tag 40 is embedded between the first pad 35
and second pad 36.
[0032] Normally, in a case of the boundary surface of
two substances being the surface extending from the
folding end 25A of the carcass ply 23, distortion tends to
occur at this surface. In addition, if considering the com-
munication quality, it is preferable for the RFID tag 40 to
be arranged as much as possible in a portion close to
the outer surface of the tire 1.
[0033] Herein, in the present embodiment, the RFID
tag 40 is embedded in the boundary surface between the
first pad 35 and second pad 36, closer to the outer surface
of the tire 1 than the boundary surface between the sec-
ond bead filler 222 and first pad 35.
[0034] The RFID tag 40 can thereby keep the function
thereof, without being affected by excessive distortion.
Additionally, the RFID tag 40 is very strongly protected
due to being arranged to be sandwiched by the first pad
35 and second pad 36 consisting of rubber of higher mod-
ulus than the second bead filler 222. Consequently, even
when the tire distorts, the RFID tag 40 will receive almost
no damage.
[0035] It should be noted that, when defining the mod-
ulus of the second bead filler 222 as the reference, it is
preferable for the first pad 35 to establish a modulus of
at least 1.5 times that of the second bead filler 222, more
preferably a modulus of at least 1.5 to 2 times thereof,
and even more preferably a modulus of 1.5 to 1.7 times
thereof. In addition, the second pad preferably establish-
es a modulus of 1.1 times that of the second bead filler
222, more preferably a modulus of 1.1 to 1.5 times there-
of, and even more preferably 1.3 to 1.5 times thereof. By
establishing such a modulus, it is possible to keep a bal-
ance of flexibility as a tire and rigidity in the vicinity of the
bead 11, and possible to strongly protect the RFID tag
40. It should be noted that the modulus indicates 100%
elongation modulus (M100) under a 23°C atmosphere,
measured in accordance with "3.7 stress at a given elon-
gation, S" of JIS K6251:2010.
[0036] Herein, when considering the communication
quality, the RFID tag 40 is preferably arranged at a po-
sition separated at least 5 mm from the folding end 25A
of the ply folding part 25, and more preferably at a position
separated by at least 10 mm. Generally, for an electronic

device such as the RFID tag 40 having a communication
function, the communication state thereof becomes un-
stable when receiving the influence of metal components.
However, by arranging the RFID tag 40 at the aforemen-
tioned position, even in a case of the carcass ply 23 being
formed from metal steel cord, it is possible to keep the
communication quality of the RFID tag 40.
[0037] In addition, even viewing from the aspect of
strain energy, it is preferable for the RFID tag 40 to be
arranged at a position distanced by at least 5 mm from
the folding end 25A of the ply folding part 25, and more
preferably at a position distanced by at least 10 mm. This
point will be explained using the graph of FIG. 3.
[0038] FIG. 3 is a graph showing a strain energy index
in the case of applying load to the tire of the present
embodiment. The X axis in this graph is the distance
along the outside surface in the tire-width direction of the
first pad 35 from a proximal part 35B of the folding end
25A of the ply folding part 25, and the Y axis is the strain
energy index. Herein, the proximal part 35B of the folding
end 25A of the carcass ply 23 is prescribed by the point
of intersection between a line drawn from the ply folding
end 25A of the carcass ply 23 in a direction orthogonal
to the extending direction of the ply folding part 25 (shown
by a dotted line in FIG. 2) and a line showing the outside
surface in the tire-width direction of the first pad 35, in a
cross-sectional view in the tire-width direction, as shown
in FIG. 2. As is evident from this graph, the strain energy
index drastically decreases by being distanced by at least
5 mm from the proximal part 35B of the folding end 25A
of the ply folding part 25. Furthermore, the strain energy
index is stable at a low value by being distanced by at
least 10 mm. In other words, it is substantially found that,
if at a position distanced by at least 5 mm from the folding
end 25A of the ply folding part 25, the strain energy index
will drastically decrease, and furthermore, if at a position
distanced by at least 10 mm, the strain energy index will
be stable at a low value.
[0039] In view of the above, it is preferable for the RFID
tag 40 to be arranged at a position distanced by at least
5 mm from the folding end 25A of the ply folding part 25,
and more preferably at a position distanced by at least
10 mm.
[0040] 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 first pad 35 or second pad 36 prior to the
rubber being vulcanized. At this time, the first pad 35 and
second pad 36 are in the state of raw rubber prior to
vulcanization; therefore, the RFID tag 40 may be pasted
to the first pad 35 or second pad 36 using the adhesive
property thereof. Alternatively, in a case of the adhesive
property being low or the like, it may be pasted using an
adhesive or the like. After pasting the RFID tag 40, the
RFID 40 is interposed by the first pad 35 and second pad
36. Subsequently, the green tire in which the respective
constitutional parts including the RFID 40 are assembled
is vulcanized in the vulcanization process to manufacture

7 8 



EP 3 632 706 A1

6

5

10

15

20

25

30

35

40

45

50

55

a tire.
[0041] In this way, in the present embodiment, since it
is possible to paste the RFID tag 40 to the first pad 35 or
second pad 36 in the raw rubber state, at the time of tire
manufacture, the assembly work of the RFID tag 40 in
the manufacturing process of the tire is easy. In particular,
the first pad and second pad have a certain rigidity even
in the raw rubber state, and thus the assembly work of
the RFID tag 40 is easy.
[0042] 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. 4 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.
[0043] It should be noted that, in the mounting step of
the RFID tag 40 described above, upon aligning so that
the longitudinal direction of the RFID tag 40 and the tan-
gential line direction of the ridgeline of the outside end in
the tire-radial direction of the first pad 35 (outer circum-
ferential part of first pad 35 forming a ring shape when
viewed from the outer side of the tire-width direction)
match, the RFID tag 40 is pasted. In this way, it is possible
to simply arrange the RFID tag 40 in the aforementioned
direction, without giving special marks, by establishing
the ridgeline of the outside end in the tire-radial direction
of the first pad 35 (outer circumferential part of the first
pad 35) as a reference. In addition, according to this
method, it is possible to simply arrange the RFID tag 40
at the outside end in the tire-radial direction of the first
pad 35, which is a position at the strain energy is low,
and far from metal components.
[0044] It should be noted that the RFID tag 40 may be
interposed between the first pad 35 and second pad 36
in a state covered by a protective member of rubber or
the like; however, it may be interposed directly by the
first pad 35 and second pad 36, without covering with a
protective member. Even in this case, since the RFID tag
40 is protected by being interposed by the first pad 35
and second pad 36, the durability of the RFID tag 40
improves.
[0045] 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. In addition, there is a possibility of the
electronic component being damaged by excessive
stress being applied. Consequently, even in the case of

embedding various electronic components in a tire, it is
possible to obtain the effects of the present invention.
For example, the electronic component may be a piezo-
electric element or strain sensor.
[0046] According to the tire 1 of the present embodi-
ment, the following effects are exerted.

(1) With the tire 1 according to the present embodi-
ment, the RFID tag 40 is provided between the first
pad 35 and second pad 36. The RFID tag 40 can
thereby keep the function thereof, without being af-
fected by excessive distortion.
(2) With the tire 1 according to the present embodi-
ment, the RFID tag 40 is provided at a position dis-
tanced by at least 5 mm from the folding end 25A of
the carcass ply 23. It is thereby possible to keep the
communication quality of the RFID tag 40, even in a
case of the carcass ply 23 being formed by a metal
steel cord.
(3) The tire 1 according to the present embodiment,
the modulus of the first pad 35 and second pad 36
is higher than the modulus of the second bead filler
222. The RFID tag 40 is arranged to be interposed
by the first pad 35 and second pad 36 consisting of
rubber of higher modulus than the second bead filler
222; therefore, it is thereby very strongly protected.
Consequently, even in a case of the tire distorting,
the RFID tag 40 will receive almost no damage.

<Second Embodiment>

[0047] Next, a tire according to a second embodiment
will be explained while referencing FIGS. 4A to 4C. It
should be noted that, in the following explanation, the
same reference symbol will be attached for configura-
tions which are the same as the first embodiment, and
detailed explanations thereof will be omitted.
[0048] FIG. 4A is a view showing the RFID tag 40 cov-
ered by a protective member 43 configured from a rubber
sheet. In FIG. 4A, the RFID tag 40 is covered and hidden
by the rubber sheet 431 described later. FIG. 4B is a
cross-sectional view along the line b-b in FIG. 4A, and
FIG. 4C is a cross-sectional view along the line c-c in
FIG. 4A. In the present embodiment, as shown in FIGS.
4A to 4C, the RFID tag 40 is covered by the protective
member 43.
[0049] 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. The antenna is established at an anten-
na length optimized according to the frequency band,
etc. to be used.
[0050] The protective member 43 is configured from
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two rubber sheets 431, 432 which protect by sandwiching
the RFID tag 40.
[0051] 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.
[0052] 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, rubber having a
higher modulus than the side wall rubber 30 and lower
modulus than the second pad 36 is used.
[0053] For example, with the modulus of the side wall
rubber 30 as a reference, as the rubber used in the pro-
tective member 43, it is preferable to use rubber of a
modulus 1.1 to 1.8 times. At this time, as the rubber of
the second pad 36, rubber of a modulus 1.6 to 3 times
that of the side wall rubber, for example, rubber of a mod-
ulus on the order of 2 times thereof, may be used. It
should be noted that, if emphasizing reinforcement of the
protection of the RFID tag 40, rubber of a modulus higher
than the second pad 36 may be adopted as the rubber
used in the protective member 43.
[0054] It should be noted that, as shown in FIGS. 1 and
2, the RFID tag 40 is arranged in the region between the
first pad 35 and second pad 36. Therefore, by setting the
modulus of the protective member 43 to a value with a
higher modulus than the second pad 36 and a lower mod-
ulus than the first pad 35, in the case of the tire distorting,
it is possible to prevent excess stress from generating
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.
[0055] 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-
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.
[0056] In addition, as the protective member 43, an
organic fiber layer from polyester fibers or polyamide fib-
ers may be provided. It is also possible to embed an
organic fiber layer in the two rubber sheets 431, 432.
[0057] 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 tire 1. In addition,
when assembling the RFID tag 40 in the constitutional
members of the tire 1 prior to vulcanization, the RFID tag
40 covered by the rubber sheets can be installed very
easily. For example, at a desired position of a member

such as the first pad 35 and second pad 36 prior to vul-
canization, it is possible to appropriately paste the RFID
tag 40 covered by the rubber sheets using the adhesive-
ness 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 adhe-
siveness of the rubber sheet itself as well.
[0058] 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.
[0059] 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 and 2. In
addition, the rubber sheets 431, 432 are embedded in
the 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 first pad 35. 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 pro-
tective member 43 becomes easy.
[0060] In the mounting step of the RFID tag 40, by es-
tablishing the outer circumferential part of the first pad
35 as a reference, which forms the ridgeline of an outside
end part in the tire-radial direction of the first pad 35, in
other words, a ring shape when viewing from the outer
side in the tire-width direction, it is possible to easily ar-
range the RFID tag 40 covered by the protective member
43 in the aforementioned direction. In other words, with
the outer circumferential part of the first pad 35 as a ref-
erence, it is pasted to match the longitudinal direction of
the rubber sheets 431, 431 covering the RFID tag 40 with
the direction of the tangential line of the outer circumfer-
ential part of the first pad 35. According to this method,
it is possible to easily arrange the RFID tag 40 covered
with the protective member 43 in the aforementioned di-
rection, without giving special marks. In addition, accord-
ing to this method, in the vicinity of the tire-radial direction
outside end 35A of the first pad 35, which has low strain
energy, and is a position far from metal components, as
shown in FIG. 5, it is possible to easily arrange the RFID
tag 40 covered by the protective member 43.
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[0061] According to the tire of the present embodiment,
the following effects are exerted in addition to the above
(1) to (3) .

(4) In the present embodiment, the RFID tag 40 is
covered by the rubber sheets 431, 432, and the rub-
ber sheets 431, 432 covering the RFID tag 40 are
arranged at the tire-radial direction outside end 35A
of the first pad 35. It is thereby possible to arrange
the RFID tag 40 at a position having low strain energy
and far from metal components, in a state protected
by the rubber sheets 431, 432.
(5) In the present embodiment, the RFID tag 40 is
covered by the rubber sheets 431, 432, and prior to
a vulcanization step of vulcanizing the green tire, the
rubber sheets 431, 432 are pasted to the first pad
35 with the ridgeline of the tire-radial direction out-
side end of the first pad 35 as a reference. It is thereby
possible to easily arrange the RFID rag 40 also in
the vicinity of the tire-radial direction outside end 35A
of the first pad 35, which is a position having low
strain energy, and far from metal components.
(6) In the present embodiment, the protective mem-
ber 43 is configured from rubber of a modulus higher
than the second pad 36, and lower than the first pad
35, and the RFID tag 40 covered by this protective
member 43 is embedded in the tire. Consequently,
since the modulus of rubber in the tire changes step-
wise, in the case of the tire deforming, it is possible
to prevent excessive stress occurring within the rub-
ber structure in the RFID tag 40 embedded part.

<Third Embodiment>

[0062] Next, a tire according to a third embodiment will
be explained while referencing FIGS. 6 to 12. It should
be noted that, in the following explanation, the same ref-
erence symbol will be attached for configurations which
are the same as the second embodiment, and detailed
explanations thereof will be omitted. The present embod-
iment is a particularly preferable embodiment in the case
of the antenna of the RFID tag 40 being a coil-shaped
spring antenna.
[0063] In the RFID tag 40 of the present embodiment,
a coil-shaped spring antenna 421 having high commu-
nicability and flexibility can be used as the antenna. The
spring antenna 421 is set to an antenna length which was
optimized according to the frequency band, etc. to be
used.
[0064] In the present embodiment, prior to interposing
the RFID tag 40 by the two rubber sheets 431, 432 con-
stituting the protective member 43, the rubber is arranged
within the spring antenna 421. More preferably, rubber
is filled into the spring antenna, so that air will not remain
as much as possible. This process and the reason for
adopting this process will be explained using FIGS. 6 to
12.
[0065] First, a state of the surroundings of the RFID

tag 40 in a case of not filling rubber into the spring antenna
421 will be explained as a reference example using FIGS.
6 to 8. FIG. 6 is a view showing a cross section of the
spring antenna 421, and rubber sheets 431, 432, prior
to interposing the RFID tag 40 by the rubber sheets 431,
432. FIG. 7 is a view showing a cross section of the spring
antenna 421, and rubber sheets 431, 432, after interpos-
ing the RFID tag 40 by the rubber sheets 431, 432.
[0066] As shown in FIG. 7, in this reference example,
since rubber is not filled into the spring antenna 421 in
advance, a certain amount of air 45 may remain within
the spring antenna 421 after interposing by the rubber
sheets 431, 432. If air remains in this way, the integrity
of the rubber sheets 431, 432 and the spring antenna
421 becomes insufficient, and when the tire deforms,
there is concern over the spring antenna 421 not following
the motion of the rubber, and the RFID tag 40 having the
spring antenna 421 being damaged.
[0067] It should be noted that raw rubber before vul-
canization is used as the rubber sheets 431, 432 herein.
Consequently, by pushing the rubber sheets 431, 432
from both sides, the rubber sheets 431, 432 sticks to
some extent inside the spring antenna as shown in FIG.
7. However, very large amounts of time and labor are
required in order to stick the rubber sheets 431, 432 until
the inside of the spring antenna is completely embedded.
[0068] Then, even if assuming a case of taking time
and sticking the rubber sheets until the inside of the spring
antenna is embedded, the distance L between the outer
circumferential part of the spring antenna 421 and the
outer surface of the rubber sheets 431, 432 becomes
very short, as shown in FIG. 8. In addition, it is difficult
to stabilize this distance L, and locally thin portions can
occur. Consequently, the protection of the RFID tag 40
by the rubber sheets 431, 42 becomes insufficient, and
during vulcanization, there is a possibility of the rubber
sheets 431, 432 being damaged.
[0069] Therefore, in the present embodiment, prior to
interposing the RFID tag 40 by the rubber sheets 431,
432, the rubber is arranged within the spring antenna
421, as shown in FIGS. 9 to 12. More preferably, rubber
is filled within the spring antenna so that air does not
remain as much as possible. It should be noted that the
views shown on the right sides of FIGS. 9 to 12 are views
showing a transverse section of the spring antenna 421
and the surrounding thereof.
[0070] FIG. 9 is a view showing a state prior to filling
the rubber 46 into the spring antenna 421, and FIG. 10
is a view showing a state after filling the rubber 46 into
the spring antenna 421. The rubber 46 is embedded so
as to be almost the same outside diameter as the outer
circumferential face of the spring antenna 421. Then, in
the case of the rubber 46 escaping from the outer cir-
cumferential face of the spring antenna 421, it is prefer-
able to wipe off this portion. In other words, the outer
circumferential face of the rubber 46 is preferably molded
so as to become substantially the same surface as the
outer circumferential face of the spring antenna 421. It
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should be noted that the rubber 46 may be filled into the
spring antenna 421, and the outer circumference of the
spring antenna 421 may be thinly wrapped by the rubber
46. On the other hand, if thickly wrapping the spring an-
tenna 421 by the rubber 46, in addition to the flexibility
of the spring antenna 421 being harmed, the dimension
in the width direction formed by the rubber sheets 431,
432 after interposing the RFID tag 40 becomes larger,
which is not preferable. It should be noted that the rubber
46 may be embedded so as to become substantially the
same outside diameter as the inner circumferential face
of the spring antenna 421. It is desirable for the outer
circumferential part of the rubber 46 to be located within
the range of the inner circumferential face and outer cir-
cumferential face of the spring antenna 421.
[0071] Herein, rubber having flexibility is used as the
rubber 46 in order to ensure the flexibility of the spring
antenna 421. However, it is preferable to use rubber of
a modulus higher than the rubber sheets 431, 432 as the
rubber 46, in consideration of the workability, etc. It
should be noted that preferably unvulcanized rubber is
used as the rubber 46 arranged within the spring antenna
421. By establishing the rubber 46 and rubber sheets
431, 432 as unvulcanized rubber and vulcanizing simul-
taneously, the integrity of the rubber 46, rubber sheets
431, 432 and spring antenna 421 rises. In addition, the
rubber 46, and rubber sheets 431, 432 are more prefer-
ably established as the same type of rubber. It should be
noted that, by emphasizing the flexibility of the spring
antenna 421, rubber of lower modulus than the rubber
sheets 431, 432 may be used as the rubber 46. In addi-
tion, rubber of substantially the same modulus, and rub-
ber of the same material may be used. It should be noted
that vulcanized rubber may be used as the rubber 46
arranged within the spring antenna 421. In addition, rub-
ber-based adhesive, rubber-based filler, etc. can also be
used. Taking account of configuring so as not to leave
air within the spring antenna 421 as much as possible,
while ensuring flexibility, it is possible to adopt various
rubber-based materials. As the arranging operation of
the rubber 46, various methods can be adopted; howev-
er, for example, it is also possible to inject rubber into the
spring antenna 421 using a syringe. In this case, a set
appropriate amount of the rubber 46 may be filled using
a syringe. In addition, after filling a large amount of the
rubber 46, portions protruding from the outer circumfer-
ence of the spring antenna 421 may be wiped off.
[0072] FIG. 11 is a view showing a state prior to inter-
posing the RFID tag 40 into which the rubber 46 is filled
in the spring antenna 421, by the rubber sheets 431, 432,
and FIG. 12 is a view showing a state after interposing
by the rubber sheets 431, 432.
[0073] As shown in FIG. 12, according to the present
embodiment, since the rubber 46 is filled in advance into
the spring antenna 421, no air pockets exist between the
rubber sheets 431, 432. Consequently, since it is unnec-
essary to be concerned over air pockets, the process of
interposing the RFID tag 40 by the rubber sheets 431,

432 also becomes easy. In addition, by the rubber 46
being arranged within the spring antenna 421, the integ-
rity of the spring antenna 421, rubber 46, and rubber
sheets 431, 432 rises, and when the tire deforms, the
spring antenna 421 follows the movement of the rubber.
Consequently, the durability of the RFID tag 40 having
the spring antenna 421 also improves.
[0074] In addition, according to the present embodi-
ment, the distance L between the outer circumferential
part of the spring antenna 421 and the outer circumfer-
ential face of the rubber sheets 431, 432 stabilizes. In
other words, a distance close to the thickness of the rub-
ber sheets 431, 432 is generally secured as this distance
L. Consequently, the RFID tag 40 is sufficiently protected
by the rubber sheets 431, 432. In the present embodi-
ment, the RFID tag 40 interposed by the rubber sheets
431, 432 is fixedly set up inside the green tire, and sub-
sequently, the green tire is vulcanized.
[0075] According to the tire of the present embodiment,
the following effects are exerted in addition to the above
(1) to (6) .
[0076] (7) The present embodiment provides a step of
arranging the rubber 46 within the spring antenna 421 of
the RFID tag 40 serving as an electronic component hav-
ing a communication function; a step of interposing the
RFID tag 40 having the spring antenna 421 into which
the rubber 46 was arranged, by the rubber sheets 431,
432, and an arrangement step of arranging the RFID tag
40 interposed by the rubber sheets 431, 432 in the tire
1. The air 45 will thereby not remain inside the spring
antenna 421. In addition, since it is unnecessary to be
concerned about air pockets, the work of interposing the
RFID tag 40 by the rubber sheets 431, 432 also becomes
easy. In addition, since the distance L between the outer
circumferential part of the spring antenna 421 and the
outer surface of the rubber sheets 431, 432 is stabilized,
the RFID tag 40 is sufficiently protected by the rubber
sheets 431, 432.
[0077] 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 of a truck, bus, etc. 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

[0078]

1 tire
11 bead
12 tread
13 side wall
21 bead core
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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
28 tread rubber
29 inner liner
30 side-wall rubber
31 steel chafer
31A end part of steel chafer
32 rim strip rubber
35 first pad
36 second pad
37 rubber sheet
40 RFID tag
41 RFID chip
42 antenna
421 spring antenna
43 protective member
431, 432 rubber sheet
46 rubber

Claims

1. A tire (1) comprising:

a bead core (21); a bead filler (22) which extends
to an outer side in a tire radial direction of the
bead core (21); a carcass ply (23) which extends
from the bead core (21) to another bead core
and is folded around the bead core (21);
a reinforcement ply (31) disposed so as to cover
the carcass ply (23) around the bead core (21);
a first pad (35) which covers an outer side in a
tire-width direction of a folding end (25A) of the
carcass ply (23) which was folded back, at an
outer side in the tire-radial direction of an end
part (31a) of the reinforcement ply (31); and
a second pad (36) which covers an outer side
in the tire-width direction of the first pad (35),
wherein an electronic component (40) is provid-
ed between the first pad (35) and the second
pad (36).

2. The tire (1) according to claim 1, wherein the elec-
tronic component (40) is provided at a position dis-
tanced by at least 5 mm from the folding end (25A)
of the carcass ply (23).

3. The tire (1) according to claim 1 or 2, wherein the
electronic component (40) is covered by at least one
rubber sheet (431, 432), and the rubber sheet (431,
432) covering the electronic component (40) is dis-
posed at a tire-radial direction outside end (35A) of
the first pad (35).

4. The tire (1) according to any one of claims 1 to 3,
wherein a modulus of the first pad (35) and a modulus
of the second pad (36) are higher than a modulus of
the bead filler (22) .

5. A tire manufacturing method for manufacturing the
tire (1) according to claim 1,
wherein the electronic component (40) is covered by
at least one rubber sheet (431, 432),
the method comprising, prior to a vulcanization step
of vulcanizing green tire rubber, a pasting step of
aligning a longitudinal direction of the rubber sheet
(431, 432) covering the electronic component (40)
in a direction of a tangential line to an outer circum-
ferential part of the first pad (35), and pasting the
rubber sheet (431, 432) to the first pad (35), with a
reference of the outer circumferential part of the first
pad (35).

6. The manufacturing method according to claim 5, fur-
ther comprising a covering step of covering the elec-
tronic component (40) to be pasted in the pasting
step by rubber sheets (431, 432),
wherein the covering step includes: a step of arrang-
ing rubber (46) within a spring antenna (421) of the
electronic component (40); and
a step of interposing, by the rubber sheets (431, 432),
the electronic component (40) having the spring an-
tenna (421) into which the rubber (46) was arranged.
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