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(54) PRODUCTION METHOD FOR BEAD CORE

(57) A manufacturing method of a bead core of the
present disclosure comprises an annular body forming
step of winding a strip member formed by coating one or

more bead wires with a coating resin to form an annular
body, and a resin coating step of coating the annular
body formed in the annular body forming step with a resin.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a manufactur-
ing method of a bead core.

BACKGROUND

[0002] Heretofore, a bead core comprising a bead wire
coated with a coating resin has been suggested for a
purpose of, for example, weight reduction of a member
of a pneumatic tire (e.g., see PTL 1). In such a bead core,
to decrease the number of turns of the bead wire and
thereby improve productivity, it is suggested that a strip
member formed by coating one or more bead wires with
a coating resin such as a thermoplastic resin is wound
only in a stack direction and stacked to form an annular
member. In this bead core, coating resins of adjacent
stacks can be joined to each other, for example, by weld-
ing or bonding.

CITATION LIST

Patent Literature

[0003] PTL 1: Japanese Patent Laid-Open No.
2011-207157

SUMMARY

(Technical Problem)

[0004] In the above technology, however, especially in
case of a stacked annular member, coating resins of ad-
jacent stacks might be separated at an interface between
the resins when a force such as a large lateral force acts
on a tire. Consequently, there is room for improvement
of durability of a bead core in which a strip member coated
with the coating resin is wound and stacked in a stack
direction.
[0005] To solve the problem, an object of the present
disclosure is to provide a manufacturing method of a bead
core by which the bead core having a high durability is
obtainable.

(Solution to Problem)

[0006] A gist configuration of the present disclosure is
as follows.
[0007] A manufacturing method of a bead core of the
present disclosure comprises an annular body forming
step of winding a strip member formed by coating one or
more bead wires with a coating resin to form an annular
body, and
a resin coating step of coating the annular body formed
in the annular body forming step with a resin.

(Advantageous Effect)

[0008] According to a manufacturing method of a bead
core of the present disclosure, a bead core having a high
durability is obtainable.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] In the accompanying drawings:

FIG. 1 is an axial cross-sectional view illustrating an
example of an annular body formed by an annular
body forming step in a manufacturing method of a
bead core according to an embodiment of the
present disclosure;
FIG. 2 is a schematic side view illustrating the ex-
ample of the annular body formed by the annular
body forming step in the manufacturing method of
the bead core according to the embodiment of the
present disclosure;
FIG. 3 is a schematic cross-sectional view illustrating
an example of an injection molding machine for use
in an injection step in the manufacturing method of
the bead core according to the embodiment of the
present disclosure;
FIG. 4 is an axial schematic cross-sectional view of
the bead core manufactured by the manufacturing
method of the bead core according to the embodi-
ment of the present disclosure;
FIG. 5 is a schematic cross-sectional view illustrating
an example of a structure in which a bead filler is
disposed outside the bead core in a tire radial direc-
tion which is manufactured by the manufacturing
method of the bead core according to the embodi-
ment of the present disclosure;
FIG. 6 is a schematic cross-sectional view illustrating
another example of the structure in which the bead
filler is disposed outside the bead core in the tire
radial direction which is manufactured by the man-
ufacturing method of the bead core according to the
embodiment of the present disclosure;
FIG. 7 is a tire widthwise cross-sectional view illus-
trating a tire widthwise half portion of an example of
a pneumatic tire including, in each bead portion, the
bead core manufactured by the manufacturing meth-
od of the bead core according to the embodiment of
the present disclosure; and
FIG. 8 is an axial schematic cross-sectional view of
a bead core manufactured by a manufacturing meth-
od of the bead core according to another embodi-
ment of the present disclosure.

DETAILED DESCRIPTION

[0010] Hereinafter, embodiments of the present disclo-
sure will be illustrated and described in detail with refer-
ence to the drawings.
[0011] FIG. 1 is an axial cross-sectional view illustrat-
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ing an example of an annular body formed by an annular
body forming step in a manufacturing method of a bead
core according to an embodiment of the present disclo-
sure. In the present embodiment, a strip member 4
formed by coating one or more bead wires 2 with a coating
resin 3 is wound to form an annular body 1 (an annular
body forming step). The annular body 1 illustrated in FIG.
1 is formed by winding the strip member 4 formed by
coating one or more (four in an illustrated example) bead
wires 2 with the coating resin 3, and the strip member 4
that is almost rectangular in this cross section is layered
in three stacks. In this example, four bead wires 2 are
arranged in an axial direction of the annular body 1, but
the present disclosure is not especially limited to this
case, and the number of the bead wires 2 may be one
or more.
[0012] In the bead wire 2, an arbitrary known material
can be used and, for example, a steel cord can be used.
The steel cord can comprise, for example, a steel mono-
filament or a stranded wire. Furthermore, in the bead wire
2, organic fibers, carbon fibers or the like may be used.
[0013] Additionally, in the coating resin 3, for example,
a thermoplastic elastomer or a thermoplastic resin can
be used, or a resin that crosslinks by heat or an electron
beam or a resin that cures by thermal dislocation can be
used. Examples of the thermoplastic elastomer include
polyolefin thermoplastic elastomer (TPO), polystyrene
thermoplastic elastomer (TPS), polyamide thermoplastic
elastomer (TPA), polyurethane thermoplastic elastomer
(TPU), polyester thermoplastic elastomer (TPC), and dy-
namic crosslinking thermoplastic elastomer (TPV). Fur-
thermore, examples of the thermoplastic resin include
polyurethane resin, polyolefin resin, vinyl chloride resin,
and polyamide resin. Furthermore, as the thermoplastic
resin, a resin can be used in which, for example, a de-
flection temperature under load (under a load of 0.45
MPa) prescribed in ISO75-2 or ASTM D648 is 78°C or
more, a tensile yield strength prescribed in JIS K7113 is
10 MPa or more, a tensile rupture elongation (JIS K7113)
similarly prescribed in JIS K7113 is 50% or more, and
Vicat softening temperature (A-method) prescribed in JIS
K7206 is 130°C or more. It is preferable that the coating
resin 3 that coats the bead wire 2 has a tensile elastic
modulus (prescribed in JIS K7113: 1995) of 50 MPa or
more. Furthermore, it is preferable that the tensile elastic
modulus of the coating resin 3 that coats the bead wire
2 is 1000 MPa or less. Note that the coating resin 3 men-
tioned herein does not contain a rubber (an organic pol-
ymer material that exhibits a rubber elasticity at normal
temperature).
[0014] In the present embodiment, the molten coating
resin 3 is applied to an outer peripheral side of the bead
wire 2, cooled and thereby solidified, to form the strip
member 4. A cross-sectional shape of the strip member
4 (a shape of a cross section orthogonal to an extending
direction of the bead wire 2) is almost rectangular in the
present embodiment, but is not limited to this example,
and can be various shapes, for example, an almost par-

allelogram. The strip member 4 can be formed in a de-
sired cross-sectional shape, for example, by use of an
extruder. Then, the annular body 1 can be formed by
winding and stacking the strip member 4. The stacks can
be joined to each other, for example, by winding the strip
member 4 while melting the coating resin 3 by hot plate
welding or the like and solidifying the molten coating resin
3. Alternatively, the stacks can be joined to each other
by bonding the stacks with an adhesive or the like.
[0015] FIG. 2 is a schematic side view illustrating the
example of the annular body formed by the annular body
forming step in the manufacturing method of the bead
core according to the embodiment of the present disclo-
sure as illustrated, for example, in FIG. 1. FIG. 2 only
illustrates the bead wire 2 for simplicity (FIG. 2 illustrates
a center line of the bead wire 2), and omits depiction of
the coating resin 3. As illustrated in FIG. 2, the bead wire
2 is wound from a winding start end E1 spirally in this
cross-sectional view. F1, F2 and F3 indicate orbital po-
sitions, and in this example, a winding end edge E2 ex-
tends beyond at least a point F3. Therefore, when seen
at an arbitrary radial position, the bead wire 2 is stacked
in three or more stacks in this example. There are not
any special restrictions on a length (an overlap length)
of the bead wire from the orbital position (the point F3 in
this example) located closest to a winding end edge E2
side to the winding end edge (a point E2 in this example).
For example, the length can be from 1/200 to 199/200 of
an orbital distance from a point F2 to the point F3. When
the length is 1/200 or more of the orbital distance, an
area where the coating resins come in contact with each
other can increase between the bead wires 2 adjacent
in a radial direction (a stack direction). Consequently, for
example, an adhesiveness or a welding force can be in-
creased, and a tensile burden can be decreased. On the
other hand, when the length is 199/200 or less of the
orbital distance, the bead core can have a reduced
weight. For similar reasons, the overlap length is prefer-
ably from 1/100 to 2/3 of the orbital distance from the
point F2 to the point F3, and more preferably from 1/50
to 1/3 of the orbital distance from the point F2 to the point
F3.
[0016] In the present embodiment, subsequently to the
above annular body forming step, the annular body
formed in the above annular body forming step is coated
with a resin (a resin coating step). Specifically, the step
comprises a step of disposing the annular body formed
in the annular body forming step in a cavity of a bead
core forming injection mold, and injecting a molten injec-
tion resin to the cavity (an injection step).
[0017] FIG. 3 is a schematic cross-sectional view illus-
trating an example of an injection molding machine for
use in the injection step in the manufacturing method of
the bead core according to the embodiment of the present
disclosure. In the injection step of the embodiment of the
present disclosure, various known injection molding ma-
chines can be used. Hereinafter, an example of the ma-
chine will be described. As illustrated in FIG. 3, an injec-
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tion molding machine 5 of this embodiment comprises
an injection unit 6 and a bead core forming injection mold
7. The injection unit 6 includes a hopper 8, a motor 9,
and a cylinder 10. A tip of the cylinder 10 is provided with
a hole 10a through which an injection resin 11 (non-illus-
trated in FIG. 3) is injected to the bead core forming in-
jection mold 7. The injection resin 11 thrown into the hop-
per 8 is fed from a rear portion of the cylinder 10 to a front
portion (toward the bead core forming injection mold 7)
by rotation of a screw (non-illustrated) driven by the motor
9. During this time, the injection resin 11 is heated and
molten with a heater (non-illustrated) installed around the
cylinder 10. Then, the molten injection resin 11 is fed to
the front portion of the cylinder 10 and injected to the
bead core forming injection mold 7.
[0018] As illustrated in FIG. 3, the bead core forming
injection mold 7 comprises two divided portions of a first
mold 7a and a second mold 7b. The first mold 7a includes
a gate 7a1 through which the injection resin 11 is fed
from the injection unit 6, and a recess portion defined by
inner walls. Furthermore, the second mold 7b also in-
cludes a recess portion defined by inner walls. Conse-
quently, in a case where the first mold 7a is brought into
contact with the second mold 7b to place the bead core
forming injection mold 7 in a closed state (FIG. 3 illus-
trates this closed state), a cavity 7c having a shape cor-
responding to two recess portions (the combined recess
portions) is defined and formed in the mold 7. In an illus-
trated example, the cavity 7c has an almost square cross
section.
[0019] The first mold 7a and the second mold 7b can
be opened and closed by a non-illustrated mold clamping
mechanism. In the present embodiment, the bead core
forming injection mold 7 is placed in an opened state, to
dispose the annular body 1 formed in the above annular
body forming step between the first mold 7a and the sec-
ond mold 7b. Then, the bead core forming injection mold
7 is placed in the closed state, thereby disposing the an-
nular body 1 in the cavity 7c of the bead core forming
injection mold 7. Note that it is preferable to fix the annular
body 1 with a jig or the like and to dispose and locate the
entire annular body 1 in the cavity 7c (especially in a
center of the cavity 7c) in a case where the bead core
forming injection mold 7 comes in the closed state.
[0020] In the present embodiment, the above injection
step is performed using, for example, the injection mold-
ing machine 5 described above. In the present embodi-
ment, subsequently to the injection step, the injected in-
jection resin 11 is cooled and thereby solidified (a cooling
step). In the cooling, the resin can be cooled and solidified
in the mold 7 having an interior controlled at a tempera-
ture lower than a resin melting point.
[0021] FIG. 4 is an axial schematic cross-sectional
view of the bead core manufactured by the manufacturing
method of the bead core according to the embodiment
of the present disclosure. After the above cooling step,
the bead core forming injection mold 7 is placed in the
opened state, and a completed bead core 12 is removed

from the bead core forming injection mold 7. The bead
core 12 includes the annular body 1 having a configura-
tion where a circumference (an entire circumference in
an illustrated example) of the annular body 1 is covered
with the solidified injection resin 11.
[0022] According to the manufacturing method of the
bead core of the present embodiment, the stacked an-
nular body 1 receives a force of thermal contraction due
to the injection resin 11 injected to the circumference of
the annular body in the above cooling step. Consequent-
ly, the annular body 1 can be fastened with the surround-
ing injection resin 11. Then, the bead core 12 has a con-
figuration where the circumference (the entire circumfer-
ence in the present embodiment) of the annular body 1
is covered with the solidified injection resin 11. Conse-
quently, the surrounding solidified injection resin 11 can
protect the annular body 1 against an external force such
as a lateral force of the tire. Additionally, the annular body
1 is fastened with the surrounding solidified injection resin
11, so that shape collapse of the annular body can be
inhibited. As described above, according to the manu-
facturing method of the bead core of the present disclo-
sure, the bead core 12 having a high durability is obtain-
able.
[0023] FIG. 5 is a schematic cross-sectional view illus-
trating another example of a structure in which a bead
filler is disposed outside the bead core in a tire radial
direction which is manufactured by the manufacturing
method of the bead core according to the embodiment
of the present disclosure. As illustrated in FIG. 5, a bead
filler 13 can be disposed outside the bead core 12 in the
tire radial direction. In the example illustrated in FIG. 5,
the bead filler 13 may be made of a resin or a rubber.
[0024] In a case where the bead filler 13 is made of
the resin, such a resin can be the same resin as the in-
jection resin 11, or a resin different from the injection
resin 11. Furthermore, in the case where the bead filler
13 is made of the resin, a hardness of the bead filler 13
may be larger than, equal to, or smaller than a hardness
of the injection resin 11. Furthermore, in a case where
the bead filler 13 is made of the rubber, the hardness of
the bead filler 13 is generally smaller than the hardness
of the injection resin 11, but may be larger than or equal
to the hardness.
[0025] FIG. 6 is a schematic cross-sectional view illus-
trating an example of the structure in which the bead filler
is disposed outside the bead core in the tire radial direc-
tion which is manufactured by the manufacturing method
of the bead core according to the present embodiment.
In this example, the bead filler 13 comprises a radially
inner side portion 14 and a radially outer side portion 15.
Also in this case, the bead filler 13 may be made of the
resin or the rubber. Both of the radially inner side portion
14 and the radially outer side portion 15 can be made of
the resin or the rubber. Alternatively, one of the portions
can be made of the resin and the other portion can be
made of the rubber.
[0026] The bead core 12, the radially inner side portion
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14 of the bead filler 13 and the radially outer side portion
15 of the bead filler 13 can have an arbitrarily set mag-
nitude relation in hardness, but it is preferable that the
hardness of the radially outer side portion 15 is smaller
than the hardness of the radially inner side portion 14.
The reason is that a difference in rigidity from a sidewall
portion can be decreased. Note that in a case where the
radially inner side portion 14 and the radially outer side
portion 15 are made of the resin, the radially inner side
portion 14 and the radially outer side portion 15 can be
welded and bonded. In a case where the bead core 12
and the radially inner side portion 14 of the bead filler 13
are both made of the resin, the bead core and the portion
can be joined, for example, by welding or bonding with
an adhesive or the like. In a case where at least one of
the bead core 12 and the radially inner side portion 14
of the bead filler 13 is made of the rubber, the bead core
and the portion can be joined, for example, by the bonding
with the adhesive or the like.
[0027] The structures illustrated in FIG. 5 and FIG. 6
are applicable to a bead portion of a pneumatic tire in-
cluding a pair of bead portions. FIG. 7 is a tire widthwise
cross-sectional view illustrating a tire widthwise half por-
tion of the pneumatic tire including, in each bead portion,
the bead core manufactured by the manufacturing meth-
od of the bead core according to the embodiment of the
present disclosure. FIG. 7 only illustrates the tire width-
wise half portion with a tire equatorial plane CL as a
boundary, but another non-illustrated half portion also
has a similar configuration. As an example, as illustrated
in FIG. 7, the tire comprises the bead core 12 manufac-
tured by the manufacturing method of the bead core ac-
cording to the embodiment of the present disclosure and
embedded in each of the pair of bead portions, and in-
cludes a belt comprising two belt layers in the illustrated
example on a tire radially outer side of a carcass 16 that
toroidally straddles the bead core 12.
[0028] In the present disclosure, it is preferable that in
the injection step, the entire annular body 1 is disposed
to be located in the cavity 7c and the injection resin 11
is injected to the entire circumference of the annular body
1 as in the above embodiment. The reason is that an
effect of fastening the annular body 1 due to the thermal
contraction can further improve, and the bead core hav-
ing a higher durability is obtainable. On the other hand,
in the present disclosure, the injection step can comprise
disposing and locating a part of the annular body 1 in the
cavity 7c, and injecting the injection resin 11 in a part of
the circumference of the annular body 1.
[0029] In the present disclosure, from a viewpoint of
obtaining the bead core 12 having the high durability
more easily, it is preferable that the injection resin 11 is
the same resin as the coating resin 3. In this case, it is
easy to weld or bond the injection resin 11 and the coating
resin 3.
[0030] In the present disclosure, from a viewpoint of
easily adjusting the hardness of the bead core 12, it is
preferable that the injection resin 11 is the resin different

from the coating resin 3. Here, in general, the resin has
a larger hardness than the rubber. Consequently, to de-
crease the difference in rigidity between the bead core
12 and the surrounding rubber, it is preferable that the
injection resin 11 adjacent directly to the rubber has a
smaller hardness than the coating resin 3 (the hardness
is close to the hardness of the rubber). On the other hand,
to further obtain the effect of the thermal contraction, it
is preferable that the injection resin 11 has a larger hard-
ness than the coating resin 3.
[0031] Alternatively, it is preferable to use a resin hav-
ing a high adhesiveness to the rubber as the injection
resin 11.
[0032] FIG. 8 is an axial schematic cross-sectional
view of a bead core manufactured by a manufacturing
method of the bead core according to another embodi-
ment of the present disclosure. In this embodiment, a
resin coating step comprises depositing a first film 18 and
a second film 19, which are made of a resin, in order on
an annular body 1 formed by an annular body forming
step by three-dimensional lamination, so that the first film
18 and the second film cover a circumference (an entire
circumference in this example) of the annular body 1.
Note that a known technique can be used in the three-
dimensional lamination. Furthermore, each of the first
film 18 and the second film 19 may comprise a single
layer or multiple layers. Additionally, in the first film 18
and the second film 19, the same material (the same
resin) may be used, or different materials (different res-
ins) may be used. Note that in the embodiment illustrated
in FIG. 8, the two first and second films are deposited,
but three or more films may be deposited.
[0033] Also in the embodiment illustrated in FIG. 8, by
cooling after the films are heated, the annular body 1
receives a force of thermal contraction from the first film
18 and the second film 19. Furthermore, the annular body
1 is protected from an external force or the like by the
first film 18 and the second film 19.
[0034] Therefore, also according to the manufacturing
method of the bead core of the embodiment illustrated
in FIG. 8, a bead core 12 having a high durability is ob-
tainable.
[0035] As above, the present disclosure has been de-
scribed, but the present disclosure is not limited to the
above embodiments and examples. For example, in the
examples illustrated in FIG. 1 and FIG. 4, three stacks
are stacked in the cross section of the annular body 1,
but, for example, four or more stacks may be stacked.

REFERENCE SIGNS LIST

[0036]

1 annular body
2 bead wire
3 coating resin
4 strip member
5 injection molding machine
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6 injection unit
7 bead core forming injection mold
7a first mold
7a1 gate
7b second mold
7c cavity
8 hopper
9 motor
10 cylinder
10a hole
11 injection resin
12 bead core
13 bead filler
14 radially inner side portion
15 radially outer side portion
16 carcass
17 belt
18 first film
19 second film
CL tire equatorial plane

Claims

1. A manufacturing method of a bead core comprising:

an annular body forming step of winding a strip
member formed by coating one or more bead
wires with a coating resin to form an annular
body, and
a resin coating step of coating the annular body
formed in the annular body forming step with a
resin.

2. The manufacturing method of the bead core accord-
ing to claim 1, wherein the resin coating step includes
an injection step of disposing the annular body
formed in the annular body forming step in a cavity
of a bead core forming injection mold, and injecting
a molten injection resin to the cavity.

3. The manufacturing method of the bead core accord-
ing to claim 2, wherein in the injection step, the entire
annular body is disposed to be located in the cavity,
and the injection resin is injected to an entire circum-
ference of the annular body.

4. The manufacturing method of the bead core accord-
ing to any one of claims 1 to 3, wherein the resin is
the same resin as the coating resin.

5. The manufacturing method of the bead core accord-
ing to any one of claims 1 to 3, wherein the resin is
a resin different from the coating resin.
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