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METHOD OF MANUFACTURING
PNEUMATIC TIRE, SHAPING DEVICE AND
PNEUMATIC TIRE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. application
Ser. No. 15/142,144 filed on Apr. 29, 2016, which claims
priority of Japanese Patent Application No.: 2015-096715
filed on May 11, 2015, the content of which is incorporated
herein by reference.

BACKGROUND OF THE INVENTION

Technical Field

[0002] The present invention relates to a method of manu-
facturing a pneumatic tire, a shaping device and a pneumatic
tire.

Related art

[0003] Conventionally, in manufacturing a radial tire, a
green case is formed by winding tire component members
which include at least one layer of a carcass ply in a
cylindrical shape. Next, the green case is adhered to a tread
ring arranged on an outer peripheral side of the green case
by expanding the green case into a toroidal shape radially
outward with the supply of a fluid into the green case thus
shaping a green tire. Then, the green tire is subjected to
vulcanization molding within a mold die thus shaping the
green tire into a product tire.

[0004] In the carcass ply, carcass cords are arranged
approximately uniformly. However, there has been a case
where the array of the carcass cords is disturbed at the time
of shaping so that irregularities in cord openings between the
carcass cords become increased. When the irregularities in
cord openings between the carcass cords are increased,
unevenness on a tire surface of the product tire is increased
thus giving rise to a defective appearance or lowering of
uniformity of the tire.

[0005] On the other hand, in a method of manufacturing a
cross ply tire disclosed in JP 2012-131168 A, prior to setting
of a green case into a vulcanizing mold die, pre-shaping of
the green case is performed by expanding the green case
with a fluid supplied to the inside of the green case, and the
green case is held in an inflated state where a largest outer
diameter of a tread portion becomes 60% to 90% of a largest
inner diameter of a tread forming surface of the vulcanizing
mold die for a predetermined time. This manufacturing
method aims at the suppression of the disturbance in the
array of the carcass cords and the enhancement of unifor-
mity of the tire through the suppression by making the green
tire easily be formed along a surface of a mold die and by
changing a shape of the tire in a stepwise manner from the
green case to a product tire through a green tire.

SUMMARY

[0006] However, in a radial tire, carcass cords are arranged
orthogonal to a tire equator and hence, the green case
minimally expands compared to in a cross ply tire. Accord-
ingly, in the method disclosed in JP 2012-131168 A, the
disturbance of the array of the carcass cords in the manu-
facture of the radial tire cannot be suppressed.
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[0007] That is, in the manufacture of a radial tire, there
may be a case where a green case suddenly expands depend-
ing on a shaping condition. In such a case, a green tire where
irregularities in openings between carcass cords are
increased is shaped. In a pneumatic tire obtained by sub-
jecting the green tire to vulcanization molding, unevenness
is liable to be generated on a tire surface due to the increase
of irregularities in openings between the carcass cords. As a
result, the uniformity of the tire is lowered.

[0008] The present invention has been made to enhance
the uniformity of a tire by suppressing openings between
carcass cords in a shaping step with respect to a radial tire.

[0009] The present invention provides a method of manu-
facturing a pneumatic tire including steps of forming a green
case by cylindrically winding a tire component member
which includes at least one layer of a carcass ply, shaping a
green tire by expanding the green case into a toroidal shape
with the supply of a fluid into the green case so that the green
case adheres to a tread ring arranged radially outside the
green case and subjecting the green tire to vulcanization
molding within a mold die, wherein during the shaping of
the green tire, the fluid is supplied in accordance with a
pressure profile which changes in a stepwise manner, and the
pressure profile is set such that a former stage pressure
which allows the green case to expand until an expansion
amount of the green case becomes 35% to 40% of a full
expansion amount of the green case which allows the green
case to expand to an inner diameter of the tread ring from a
non-expanded state is set lower than a final stage pressure in
a final stage.

[0010] According to the present invention, until an expan-
sion amount of the green case becomes 35% to 40% of a full
expansion amount of the green case which allows the green
case to expand to an inner diameter of the tread ring, the
carcass ply can be easily and uniformly expanded by gently
expanding the green case at the former stage pressure which
is lower than the final stage pressure so that, even when a
pressure of a fluid is increased in the final stage which
succeeds the former stage, the carcass ply can be easily
expanded while keeping uniform expanding. With such a
configuration, it is possible to shape the green tire where the
irregularities in cord openings between the carcass cords in
the carcass ply are suppressed. Accordingly, in a pneumatic
tire manufactured by subjecting such a green tire to vulca-
nization molding, unevenness on a tire surface caused by
irregularities in cord openings can be suppressed and hence,
uniformity of the tire can be enhanced.

[0011] It is preferable that the pressure profile is set such
that an initial pressure which allows the green case to expand
until the expansion amount of the green case becomes 8% to
10% of the full expansion amount differs from both the
former stage pressure and the final stage pressure.

[0012] With such a configuration, the degree of freedom in
setting a pressure profile can be enhanced. For example,
until the expansion amount of the green case becomes 8% to
10% of the full expansion amount, when an initial pressure
is set lower than the former stage pressure, the green case
can be expanded easily and more gently and hence, the
irregularities in cord openings between the carcass cords in
the carcass ply can be suppressed more easily.

[0013] It is preferable that the initial pressure is higher
than both the former stage pressure and the final stage
pressure.
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[0014] With such a configuration, until the expansion
amount of the green case becomes 8% to 10% of the full
expansion amount which is an expansion amount in an
initial stage, a fluid is supplied into the green case at a
relatively high pressure and hence, a pressure in the green
case can be rapidly increased. Since expanding of the green
case has not yet progressed in the initial stage, even when an
initial pressure during this period is increased, cord openings
between the carcass cords in the carcass ply are minimally
influenced.

[0015] It is preferable that the pressure profile is set such
that an initial pressure which allows the green case to expand
until the expansion amount of the green case becomes 8% to
10% of the full expansion amount is equal to the former
stage pressure.

[0016] With such a configuration, in a period during which
the green case is expanded until the expansion amount of the
green case becomes 8% to 10% of the full expansion amount
which is an expansion amount in an initial stage, the green
case can be gently expanded and hence, the irregularities in
cord openings between the carcass cords in the carcass ply
can be suppressed more easily.

[0017] The present invention is further directed to a green
tire shaping device including a fluid supply part which
expands a green case formed by cylindrically winding a tire
component member including at least one layer of a carcass
ply into a toroidal shape with the supply of a fluid into the
green case so that the green case adheres to a tread ring
arranged radially outside the green case, wherein the fluid
supply part is configured to supply the fluid in accordance
with a pressure profile which changes in a stepwise manner,
and the pressure profile is set such that a former stage
pressure which allows the green case to expand until an
expansion amount of the green case becomes 35% to 40% of
a full expansion amount of the green case which allows the
green case to expand to an inner diameter of the tread ring
from a non-expanded state is set lower than a final stage
pressure in a final stage.

[0018] The present invention is still further directed to a
pneumatic tire manufactured such that a green case is
formed by cylindrically winding a tire component member
including at least one layer of a carcass ply, the green case
is expanded into a toroidal shape with the supply of a fluid
into the green case so that the green case adheres to a tread
ring arranged radially outside the green case thus shaping a
green tire, and the green tire is subject to vulcanization
molding within a mold die, wherein the fluid is supplied in
accordance with a pressure profile which changes in a
stepwise manner, and the pressure profile is set such that a
former stage pressure which allows the green case to expand
until an expansion amount of the green case becomes 35%
to 40% of a full expansion amount of the green case which
allows the green case to expand to an inner diameter of the
tread ring from a non-expanded state is set lower than a final
stage pressure in a final stage.

[0019] According to the method of manufacturing a pneu-
matic tire, the shaping device and the pneumatic tire of the
present invention, the uniformity of the tire can be enhanced
by suppressing openings between the carcass cords with
respect to a radial tire.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The foregoing and the other features of the present
invention will become apparent from the following descrip-
tion and drawings of an illustrative embodiment of the
invention in which:

[0021] FIG. 1 is a side view showing a schematic con-
figuration of a shaping device according to one embodiment
of the present invention;

[0022] FIG. 2 is a cross-sectional view of a green case
taken along a line II-1I in FIG. 1;

[0023] FIG. 3 is a view showing a state which is brought
about by applying pre-shaping to the green case shown in
FIG. 1,

[0024] FIG. 4 is a view showing a state which is brought
about by applying first shaping to the green case shown in
FIG. 3,

[0025] FIG. 5 is a view showing a state which is brought
about by applying second shaping to the green case shown
in FIG. 4;

[0026] FIG. 6 is a graph showing a pressure profile during
shaping;
[0027] FIG. 7 is a graph showing a modification of the

pressure profile;

[0028] FIG. 8 is a graph showing a modification of the
pressure profile;

[0029] FIG. 9 is a graph showing a modification of the
pressure profile;

[0030] FIG. 10 is a graph showing a pressure profile
according to a reference embodiment; and

[0031] FIG. 11 is a graph showing a pressure profile
according to another reference embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

First Embodiment

[0032] Hereinafter, an embodiment according to the pres-
ent invention is described with reference to attached draw-
ings. The description made hereinafter is provided substan-
tially for merely exemplifying the present invention, and the
description does not intend to limit the present invention, a
product to which the present invention is applied or the use
of the product. Further, drawings are schematic drawings,
and ratios between the respective sizes may differ from
actual corresponding ratios and the like.

[0033] FIG. 1 shows a schematic configuration of a shap-
ing device 1 according to one embodiment of the present
invention. In FIG. 1, a cross section of a green case 10 before
shaping is applied to the green case 10 and a cross section
of a tread ring 17 are shown together. The shaping device 1
includes: a pair of shaping drums 2 which faces each other
in an opposed manner with a predetermined distance ther-
ebetween in an axial direction, and a fluid supply part 5
connected to the shaping drums 2. In the description made
hereinafter, a direction along which the shaping drums 2
approach each other is referred to as an inner side in a drum
axial direction, and a direction along which the shaping
drums 2 are away from each other is referred to as an outer
side in the drum axial direction.

[0034] The green case 10 is a cylindrical body formed of
a plurality of tire component members. That is, the green
case 10 is formed by winding an inner liner 11, a pair of side
wall members 12, 12 disposed on both side portions of the
inner liner 11 in the axial direction, a pair of chafer layers 13,
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13 each of which is arranged so as to extend between and
over the inner liner 11 and the side wall member 12, a
carcass ply 14 in plural layers arranged so as to extend
between and over the pair of side wall members 12, 12, and
annular bead members 15 disposed at predetermined posi-
tions of both side portions of the green case 10 in that order
from an inner diameter side. The green case 10 is formed
using a band drum (not shown) as a first forming drum.
[0035] In this embodiment, the carcass ply 14 has a
two-layer structure, and carcass cords extending in the drum
axial direction are arranged approximately uniformly in each
layer of the carcass ply 14. As shown in FIG. 2, the carcass
ply 14 is wound so as to have a joined portion where end
portions of the carcass ply 14 overlap with each other with
a predetermined joining width W1. It is preferable that the
joining width W1 be set to 20 mm or less. The end portions
of the carcass ply 14 may be joined to each other by
performing butt joining where a joining width W1 is set to
0.

[0036] The smaller the joining width W1, the more over-
lapping in the radial direction of the carcass cords arranged
in the carcass ply 14 can be decreased and hence, it is
possible to suppress the rigidity of the joined portion being
locally increased due to the overlapped carcass cords. With
such a configuration, rigidity of the carcass ply 14 can be
easily maintained approximately uniformly in the circum-
ferential direction. Accordingly, in a shaping step, the green
case 10 can be uniformly expanded so that the irregularities
in openings between the carcass cords can be easily sup-
pressed.

[0037] As shown in FIG. 1, the tread ring 17 is a cylin-
drical body formed by cylindrically winding a belt reinforc-
ing layer 16, a belt layer 18 and a tread member 19 in that
order from an inner diameter side. The tread ring 17 is
formed using a belt drum (not shown) as a first forming
drum.

[0038] The shaping drums 2 are rotationally driven about
the drum axis by a drive means not shown in the drawing,
and are also configured to approach each other and to move
away from each other. A bead lock 3 and a turn-up bladder
4 are arranged on a peripheral portion of each shaping drum
2. The bead lock 3 is disposed on an inner side in the drum
axial direction and is radially expandable and shrinkable,
and the turn-up bladder 4 is adjacently disposed on an outer
side of the bead lock 3 in the drum axial direction.

[0039] Each shaping drum 2 has a fluid passage 21
through which a fluid supplied from the fluid supply part 5
is supplied into the green case 10. The fluid passage 21
includes: a first fluid passage 21A communicated with an
opposedly facing surface 2a of the shaping drum 2 (one of
the opposedly facing surfaces 2a of the shaping drums 2);
and a second fluid passage 21B communicated with an outer
peripheral portion 25 disposed on an inner side of the bead
lock 3 in the drum axial direction. Although the fluid passage
21 includes only one first fluid passage 21A in FIG. 1, the
fluid passage 21 may include a plurality of first fluid
passages 21A. A plurality of second fluid passages 21B are
formed on the outer peripheral portion 25 at predetermined
intervals in a circumferential direction.

[0040] In shaping a green tire using the above-mentioned
shaping device 1, firstly, in a member arranging step, the
green case 10 and the tread ring 17 are transferred to the
shaping device 1 from the first forming drum. To be more
specific, the green case 10 is arranged over the peripheral
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portions of the pair of shaping drums 2, 2. At the same time,
a diameter of each bead lock 3 is increased outwardly in a
radial direction so that each bead member 15 is supported
from the inside in the radial direction whereby the green case
10 can be held while maintaining the inside of the green case
10 in an airtight state between the pair of shaping drums 2,
2. Further, the tread ring 17 is arranged radially outside the
green case 10 using a holding means not shown in the
drawing such that the center of the tread ring 17 and the
center of the green case 10 are aligned with each other in the
drum axial direction.

[0041] Next, in a shaping step, the pair of shaping drums
2, 2 is made to approach each other while supplying air into
the green case 10 from the fluid supply part 5, for example.
Accordingly, the green case 10 is expanded radially out-
wardly into a toroidal shape so that the green case 10 is
joined to the tread ring 17.

[0042] Subsequently, in a turn-up step, respective turn-up
bladders 4 are expanded so that both side portions of the
green case 10 in the axial direction are folded back to the
inside in the drum axial direction so as to wrap around the
bead members 15 whereby both side portions of the green
case 10 are turned up to both side portions of the expanded
green case 10. Through these operations, the green tire is
shaped. Then, in a vulcanizing step, the green tire is sub-
jected to vulcanization molding within a tire vulcanizing
mold die thus manufacturing a pneumatic tire.

[0043] In this embodiment, in the shaping step, the fluid
supply part 5 supplies a fluid to the green case 10 through the
shaping drum 2 in accordance with a pressure profile which
changes in a stepwise manner. For example, the fluid supply
part 5 may control a supply pressure P1 of the fluid based on
an actual pressure of the fluid detected by a pressure sensor
(not shown) such that the supply pressure P1 of the fluid
follows a desired pressure profile. Alternatively, the fluid
supply part 5 may be operated under a preset operation
condition so as to realize a desired pressure profile.

[0044] Here, the supply pressure P1 of a fluid supplied to
the shaping drum 2 from the fluid supply part 5 and a case
internal pressure P2 in the green case 10 differ from each
other during a transition period due to an internal volume of
the green case 10. For example, it takes time to increase the
case internal pressure P2 in the green case 10 having a
predetermined internal volume. Accordingly, when the sup-
ply of the fluid to the green case 10 from the fluid supply part
5 is started, the case internal pressure P2 in the green case
10 is lower than the supply pressure P1 transitionally. On the
other hand, in a state after a sufficient time elapses from the
start of the supply of the fluid, the supply pressure P1 and the
case internal pressure P2 in the green case 10 become
substantially equal. Further, when the pair of shaping drums
2, 2 approaches each other, an internal volume of the green
case 10 is decreased so that there may be a case where the
case internal pressure P2 exceeds the supply pressure P1.
[0045] In this embodiment, in the shaping step, three
shaping steps consisting of a pre-shaping step (initial stage),
a first shaping step (former stage) and a second shaping step
(final stage) are performed in that order. The fluid supply
part 5 controls the supply pressure P1 of a fluid in the
respective shaping steps in accordance with a pressure
profile where the supply pressure P1 changes in three stages,
that is, a pre-shaping pressure P11 (initial pressure), a first
shaping pressure P12 (former stage pressure) and a second
shaping pressure P13 (final stage pressure).
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[0046] In the pre-shaping step, the shaping device 1 sup-
plies a fluid into the green case 10 by the fluid supply part
5 at a pre-shaping pressure P11 in a state where the pair of
shaping drums 2, 2 is rotated about a drum axis by a drive
means not shown in the drawing and is made to approach
each other at a predetermined speed. The pre-shaping pres-
sure P11 is set to a pressure at which the adhesion of the
green case 10 to the outer peripheral portions 256 of the
shaping drums 2 can be prevented by a fluid supplied to the
green case 10 through the second fluid passages 21B.
[0047] As shown in FIG. 3, at a point of time when the
pre-shaping step is finished, the green case 10 is brought into
a state where the green case 10 is lifted off from the outer
peripheral portions 26 of the shaping drums 2 in a radially
outward direction. At this stage of operation, an expansion
amount L1 of the green case 10 is approximately 8% to 10%
of a full expansion amount [0 when the green case 10 in a
non-expanded state is expanded and is joined to the tread
ring 17. In other words, in the pre-shaping step, the shaping
of'the green case 10 is performed at the pre-shaping pressure
P11 until an expansion amount of the green case 10 becomes
the expansion amount 1.

[0048] Next, in the first shaping step, while continuously
rotating the shaping drums 2, 2 and also continuously
driving the shaping drums 2, 2 such that the shaping drums
2, 2 approach each other, the fluid supply part 5 changes the
supply pressure P1 of the fluid to the first shaping pressure
P12 from the pre-shaping pressure P11 in accordance with
the predetermined pressure profile. The first shaping pres-
sure P12 differs from the pre-shaping pressure P11. To be
more specific, the first shaping pressure P12 is reduced to a
pressure which is approximately 30% to 40% of the pre-
shaping pressure P11. The first shaping pressure P12 is also
set higher than a case internal pressure P21 at a point of time
when the pre-shaping step is finished. By supplying the fluid
into the green case 10 at the first shaping pressure P12 which
is set lower than the pre-shaping pressure P11 but higher
than the case internal pressure P21 at a point of time when
the pre-shaping step is finished, the green case 10 can be
more gently expanded into a toroidal shape in a radially
outward direction. As a result, the green case 10 can be
expanded more uniformly.

[0049] Asshown in FIG. 4, at a point of time when the first
shaping step is finished, the green case 10 is expanded until
an expansion amount of the green case 10 becomes an
expansion amount [.2 which is approximately 35% to 40%
of a full expansion amount [0. To put it in other words, the
first shaping pressure P12 is a pressure necessary for
expanding the green case 10 until the expansion amount of
the green case 10 becomes the expansion amount [.2. To put
it further in other words, in the first shaping step, the shaping
of'the green case 10 is performed at the first shaping pressure
P12 until the expansion amount of the green case 10
becomes the expansion amount [.2.

[0050] Next, in the second shaping step, while continu-
ously rotating the shaping drums 2, 2 and also continuously
driving the shaping drums 2, 2 such that the shaping drums
2, 2 approach each other, the fluid supply part 5 changes the
supply pressure P1 of the fluid to the second shaping
pressure P13 from the first shaping pressure P12 in accor-
dance with the predetermined pressure profile. The second
shaping pressure P13 differs from both the pre-shaping
pressure P11 and the first shaping pressure P12. To be more
specific, the second shaping pressure P13 is set to a pressure
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approximately 60% to 70% of the pre-shaping pressure P11,
and is higher than the first shaping pressure P12. The second
shaping pressure P13 is also set higher than a case internal
pressure P22 at a point of time when the first shaping step
is finished.

[0051] By supplying the fluid into the green case 10 at the
second shaping pressure P13 which is set higher than the
first shaping pressure P12 and is set higher than the case
internal pressure P22 at a point of time when the first
shaping step is finished, as shown in FIG. 5, the green case
10 is further expanded into a toroidal shape in a radially
outward direction, and is joined to an inner peripheral
portion of the tread ring 17. The second shaping pressure
P13 is set to a pressure necessary for joining the green case
10 to the tread ring 17.

[0052] At this stage of operation, in the first shaping step,
the green case 10 is gently and uniformly expanded by an
approximately former half of the full expansion amount L0,
that is, by the expansion amount [.2. Accordingly, even
when the supply pressure P1 is increased to the second
shaping pressure P13 from the first shaping pressure P12 in
the second shaping step which succeeds the first shaping
step, the green case 10 can be further easily expanded while
maintaining the uniformity. Further, by increasing the sup-
ply pressure P1 to the second shaping pressure P13, it is
possible to suppress the prolongation of a cycle time of the
shaping step where the shaping is performed at the first
shaping pressure P12 which is a relatively low pressure.
[0053] That is, as shown in FIG. 6, by changing the supply
pressure P1 of the fluid supplied into the green case 10 from
the fluid supply part 5 in accordance with the pressure profile
where the supply pressure P1 of the fluid is stepwisely
changed to the pre-shaping pressure P11, the first shaping
pressure P12, and the second shaping pressure P13 in this
order in a stepwise manner, the case internal pressure P2 in
the green case 10 can be gently increased without causing an
overshoot.

[0054] To the contrary, as indicated by a double-dashed
chain line in FIG. 6, when the supply pressure P10 of the
fluid supplied into the green case 10 is set to a pressure
higher than the second shaping pressure P13 without step-
wisely changing the supply pressure P10, the case internal
pressure P20 is suddenly increased thus easily causing an
overshoot. Further, due to such an overshoot, it is difficult to
uniformly expand the green case 10 so that the irregularities
in expansion of the green case 10 are likely to increase. As
a result, the irregularities in openings between the carcass
cords are increased in the shaping steps.

[0055] According to the above-mentioned embodiment,
the following advantageous effects can be acquired.

[0056] In the first shaping step, the carcass ply 14 can be
easily and uniformly expanded to the expansion amount [.2
which is an expansion amount at the former half part of the
shaping step by gently expanding the green case 10 at the
first shaping pressure P12 which is lower than the second
shaping pressure P13. Accordingly, even when the supply
pressure P1 of the fluid is increased in the second shaping
step which succeeds the first shaping step, the carcass ply 14
can be easily expanded while keeping uniform expansion.
[0057] In this manner, it is possible to shape the green tire
where the irregularities in the openings between the carcass
cords in the carcass ply 14 are suppressed. Accordingly, in
a pneumatic tire manufactured by subjecting such a green
tire to vulcanization molding, unevenness of the tire caused
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by the irregularities in cord openings between the carcass
cords can be suppressed and hence, as a result, the unifor-
mity of the tire can be enhanced.

[0058] By setting the pre-shaping pressure P11 such that
the pre-shaping pressure P11 differs from both the first
shaping pressure P12 and the second shaping pressure P13,
the degree of freedom in setting a pressure profile can be
enhanced.

[0059] Further, in the pre-shaping step, the fluid supply
part 5 supplies the fluid into the green case 10 at the
relatively high pre-shaping pressure P11 and hence, the case
internal pressure P21 in the green case 10 can be rapidly
increased. Since the green case 10 is expanded until the
expansion amount of the green case 10 becomes L1 in the
pre-shaping step and hence, expanding of the green case 10
has not yet progressed. Accordingly, even when the supply
pressure P1 during this period is increased, the cord open-
ings between the carcass cords in the carcass ply 14 are
minimally influenced.

Second Embodiment

[0060] A second embodiment differs from the first
embodiment only with respect to a pressure profile of a
supply pressure P1, and other configurations in the second
embodiment are equal to the corresponding configurations in
the first embodiment. In the second embodiment, a pressure
profile is set such that a pre-shaping pressure P11A is equal
to a first shaping pressure P12A. To be more specific, as
shown in FIG. 7, the pre-shaping pressure P11A and the first
shaping pressure P12A are equal. To be more specific, the
pre-shaping pressure P11A and the first shaping pressure
P12A are set to a pressure slightly lower than the first
shaping pressure P12 according to the first embodiment.
[0061] By setting the pre-shaping pressure P11A and the
first shaping pressure P12A equal, the green case 10 can be
expanded more gently from a pre-shaping step and hence,
irregularities in cord openings between the carcass cords in
the carcass ply 14 can be further easily suppressed.

[0062] Besides the above-mentioned respective embodi-
ments, it may be possible to adopt a pressure profile where
a pre-shaping pressure P11B is set lower than a first shaping
pressure P12 as shown in FIG. 8, or a pressure profile where
a pre-shaping pressure P11C is set higher than a first shaping
pressure P12 and lower than a second shaping pressure P13
as shown in FIG. 9. Further, although the shaping step
includes three steps in the above-mentioned respective
embodiments, the shaping step may be divided into two
steps or may be divided into four or more steps. In all these
cases, it is sufficient that the first shaping pressure P12 is set
to a relatively low value and the second shaping pressure
P13 is set to a relatively high value.

[0063] In other words, it is sufficient to set a pressure
profile such that the first shaping pressure P12 is a pressure
necessary for expanding the green case 10 by an expansion
amount [2, and the second shaping pressure P13 is a
pressure necessary for joining the green case 10 to the tread
ring 17.

[0064] In the above-mentioned respective embodiments,
the description has been made by taking the case where the
green case 10 is shaped by directly expanding the green case
10 from the inside by a pressure of a fluid as an example.
However, the present invention is also applicable to a case
where the green case 10 is shaped using a bladder. In such
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a case, it is sufficient that an inner pressure in the bladder is
changed in accordance with the above-mentioned pressure
profile.

First Reference Embodiment

[0065] In a first reference embodiment, a pressure profile
is set such that a first shaping pressure P12D and a second
shaping pressure P13 are equal. In such a case, as shown in
FIG. 10, a case internal pressure P2 in a green case 10 is
gradually increased without causing an overshoot and hence,
the green case 10 can be uniformly expanded. Accordingly,
irregularities in cord openings between the carcass ply 14
can be easily suppressed.

Second Reference Embodiment

[0066] In a second reference embodiment, a pressure
profile is set such that a first shaping pressure P12E and a
second shaping pressure P13E become equal to a pre-
shaping pressure P11. Further, a speed at which a pair of
shaping drums 2, 2 approaches each other is set lower than
a corresponding speed in the first embodiment. For example,
the speed in this embodiment is set to %3 of the speed in the
first embodiment.

[0067] With such a configuration, as shown in FIG. 11, a
case internal pressure P2 in the green case 10 is gradually
increased without causing an overshoot. This is because a
speed at which a volume in the green case 10 is decreased
becomes gentle by lowering a speed at which the pair of
shaping drums 2, 2 approaches and hence, even when the
supply pressure P1 in the first and second shaping steps is
increased, an overshoot minimally occurs. Also because of
this reason, the green case 10 can be easily and uniformly
expanded and hence, irregularities in cord openings between
the carcass cords in the carcass ply 14 can be easily
suppressed.

EXAMPLE

[0068] Next, verification tests were performed with
respect to the operations and the advantageous effects
described above. Sizes of tires were set equal. Pneumatic
tires according to examples 1, 2 were prepared by subjecting
green tires formed under shaping conditions according to the
first and second embodiments to vulcanization molding. At
the same time, pneumatic tires according to comparison
examples 1 to 3 were prepared by subjecting a green tire
formed under a conventional shaping condition and green
tires formed under shaping conditions according to the first
and second reference embodiments to vulcanization mold-
ing.

[0069] With respect to the respective pneumatic tires
according to the examples 1, 2 and the comparison examples
1 to 3, dent amounts (recessed amounts with respect to tire
surfaces) at buttress portions of the respective pneumatic
tires which correspond to upper dies of tire vulcanizing mold
dies were compared to each other, and comparison results
are shown in Table 1. Assuming a dent amount of the
pneumatic tire according to the comparison example 1 as
100, the dent amounts of the pneumatic tires according to the
examples 1, 2 and the comparison examples 2, 3 are shown
in Table 1 as relative values.
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TABLE 1 [0071] Various modifications and variations are conceiv-
able without departing from the spirit and scope of the
Compar-  Compar-  Compar- present invention as described in the following claims.
ison ison ison What is claimed is:
Ep’iznf Ep’fg Ep’izn; Exallnple Exalznple 1. A method of manufacturing a pneumatic tire including:
forming a green case by cylindrically winding a tire
pre-shaping 0.10 0.08 0.08 0.08 0.02 component member which includes at least one layer of
pressure (MPa) a carcass ply;
pferssstuil;a(ﬁ}ga) 008 005 008 003 002 shaping a green tire by expanding the green case into a
second shaping 0.08 0.05 0.08 0.05 0.05 toroidal shape with the supply of a fiuid into the green
pressure (MPa) case so that the green case adheres to a tread ring
speed at which 2 3000 3000 1000 3000 3000 arranged radially outside the green case; and
ﬁﬁ;ﬁpﬁiﬁg subjecting the green tire to vulcanization molding within
each other a mold die, wherein
(mm/min) during the shaping of the green tire, the fluid is supplied
dent amounts 100 30 77 4 8 in accordance with a pressure profile which changes in

of the

. a stepwise manner, and
pneumatic tire

the pressure profile is set such that a former stage pressure
which allows the green case to expand until an expan-
sion amount of the green case becomes 35% to 40% of
a full expansion amount of the green case which allows
the green case to expand to an inner diameter of the
tread ring from a non-expanded state is set lower than
a final stage pressure in a final stage,

wherein the pressure profile is set such that an initial
pressure which allows the green case to expand until
the expansion amount of the green case becomes 8% to
10% of'the full expansion amount is equal to the former
stage pressure.

[0070] As shown in Table 1, in the pneumatic tires accord-
ing to the examples 1, 2, the dent amounts were reduced to
half or less of the dent amount of the pneumatic tire
according to the comparison example 1. Further, in the
pneumatic tires according to the comparison examples 2, 3,
the dent amounts were larger than the dent amounts of the
pneumatic tires according to the examples 1, 2. However, the
dent amounts of the pneumatic tires according to the com-
parison examples 2, 3 were reduced to values lower than the
dent amount of the pneumatic tire according to the com-
parison example 1. I T S



