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(54) METHOD FOR PRODUCING A TIRE-VULCANIZING MOLD AND TIRE-VULCANIZING MOLD

(57) To provide a method for producing a tire vulcan-
izing mold capable of obtaining a tire vulcanizing mold
having excellent durability and high precision at low cost
and to provide such a tire vulcanizing mold, the method
includes producing a tire vulcanizing mold (sector mold
(4)) by assembling a pattern molding segment (pattern
mold (30)), produced by rapid prototyping, on a metal

base segment (base mold (20)), the method further in-
cludes a step of producing the pattern molding segment
from a metal based on a shape of a surface layer part
(pattern-side mold model (M3)) including a pattern shap-
ing surface in a basic model (mold model (M1)) of the
tire vulcanizing mold.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for
producing a tire vulcanizing mold and, in particular, a
method for producing a high-precision tire vulcanizing
mold at low cost and by fewer operational processes.

BACKGROUND

[0002] It is known that, in a tire vulcanizing apparatus,
an unvulcanized tire (green tire) is enclosed by side
molds surrounding the side regions of the unvulcanized
tire and a plurality of sector molds surrounding the crown
region of the unvulcanized tire, and pressure is applied
to the mold interior from outside while a heating medium
is supplied to thereby promote the vulcanizing.
[0003] Also, known as the methods for producing these
molds are primarily die-casting and in recent years rapid
prototyping.
[0004] Of these methods, die-casting comprises a
number of processes including the fabrication of a pro-
totype model and a rubber mold, the fabrication of a mold,
and the casting, using a number of intermediate materi-
als. In comparison with this, rapid prototyping has an
edge over the die-casting in being able to produce a metal
mold based on a 3D model of the metal mold in a short
period of time. However, it has a problem of greater like-
lihood of deformation by thermal strain due to its specif-
icity that each layer is produced by repeating heating and
sintering and stacked together. Also, the rapid prototyp-
ing is disadvantageous compared to the die-casting in
that the cost rises dramatically with the volume of the
mold to be produced.
[0005] Also, disclosed in Patent Document 1 in partic-
ular is a method for producing a sector mold in a short
time and at low cost, in which a pattern molding segment
made of a thermoplastic resin molded by rapid prototyp-
ing is heated, pressurized and assembled on a base seg-
ment of an aluminum alloy to produce the sector mold.
According to this producing method, however, because
the pattern molding segment is made of a resin, the pat-
tern molding segment is easy to wear and deform by the
repeated use of the vulcanizing apparatus and thus it is
concerned that the durability would be inferior.

RELATED ART DOCUMENT

PATENT DOCUMENT

[0006]

Patent Document 1: Japanese Unexamined Patent
Application Publication No. 2006-256240
Patent Document 2: International Publication
WO2004/048062

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0007] To solve the above-described problems, an ob-
ject of the present invention is to provide a method for
producing a tire vulcanizing mold capable of obtaining a
tire vulcanizing mold having excellent durability, low cost,
and high precision and to provide a tire vulcanizing mold.

MEANS FOR SOLVING THE PROBLEM

[0008] Aa a method for producing a tire vulcanizing
mold to solve the above-described problems, there is pro-
vided a method for producing a tire vulcanizing mold by
assembling a pattern molding segment produced by rap-
id prototyping on a metal base segment, the method in-
cluding a step of producing a pattern molding segment
from a metal based on a shape of a surface layer part
including a pattern shaping surface in a basic model of
the tire vulcanizing mold.
[0009] It is to be understood that the foregoing sum-
mary of the invention does not necessarily recite all the
features essential to the invention, and subcombinations
of all these features are intended to be included in the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

FIG. 1 is a cross-sectional view showing a vulcaniz-
ing apparatus.
FIG. 2 is an overall perspective view showing a sec-
tor mold.
FIG. 3 is a schematic representation showing a basic
model for a mold and a model after division.
FIG. 4 is a cross-sectional view (taken along line A-
A in FIG. 2) of the sector mold. FIG. 5 is a cross-
sectional view of a sector mold according to another
embodiment.
FIG. 6 is a cross-sectional view of a sector mold ac-
cording to another embodiment.
FIG. 7 is a cross-sectional view of a sector mold ac-
cording to another embodiment.
FIG. 8 is an overall perspective view of a sector mold
according to another embodiment.
FIG. 9 is a side view of a sector mold according to
another embodiment.
FIGs. 10A and 10B are schematic illustrations exag-
gerating stacking level differences.
FIG. 11 is a graph showing the measurements of
widthdeformation in the width direction of a pattern
mold.

MODE FOR CARRYING OUT THE INVENTION

[0011] The invention will now be described based on
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embodiments which do not intend to limit the scope of
the claims of the present invention but exemplify the in-
vention. All of the combinations of the features described
in the embodiments are not necessarily essential to the
solving means of the invention.
[0012] FIG. 1 is a vertical cross-sectional view of a vul-
canizing apparatus 1. As shown in this sectional view,
the vulcanizing apparatus 1 includes a lower-side mold
2, which shapes a side region S1 below of a green tire
T before vulcanizing (hereinafter referred to simply as a
tire) placed horizontally in the apparatus with the rotation
axis of tire extending vertically, an upper-side mold 3,
which is located opposite to the lower-side mold 2 and
shapes a side region S2 above of the tire T, and a plurality
of sector molds 4, which are disposed along a circumfer-
ential direction of the tire T between the lower-side mold
2 and the upper-side mold 3 vertically opposite to each
other and shape a predetermined pattern (tread pattern)
on a circumferential surface of a crown region C1 of the
tire T.
[0013] The tire T is, for example, an unvulcanized tire
shaped on a not-shown tire building drum. The tire T in-
cludes components such as a not-shown carcass toroi-
dally extending astride a pair of beads Tb, Tb vertically
spaced apart from each other in the illustration, a plurality
of belts stacked on the carcass in the crown region C1,
and a tread rubber.
[0014] The lower-side mold 2 is a disk-like mold with
an opening in the midsection thereof. With the tire T
placed thereon, a shaping surface 2A comes in contact
with the side region S1 extending from the vicinity of the
lower-positioned bead Tb, Tb toward the crown region
C1, thereby shaping the side region S1. Also, the lower-
side mold 2 is disposed on a base 5, which has a heat
insulating function.
[0015] The upper-side mold 3, in the same way as the
lower-side mold 2, is a disk-like mold with an opening in
the midsection thereof. With the tire T placed thereunder,
the shaping surface 3A comes in contact with the side
region S2 extending from the vicinity of the upper-posi-
tioned bead Tb, Tb toward the crown region C1, thereby
shaping the side region S2. Also, the upper-side mold 3
is disposed on the underside of an outer ring 7 having a
heat insulating function, which can be moved up and
down along with the rising and lowering movement of a
center post 6. At the end of a vulcanizing process, the
tire T is removed from the mold by raising the center post
6 and thereby separating the upper-side mold 3 joined
with the outer ring 7 upward from the lower-side mold 2.
[0016] A plurality of sector molds 4 are mold segments
that surround the crown region C1 of the tire T in a ring
form along the circumferential direction of the crown re-
gion C1 when they are combined with each other in en-
gagement with the lower-side mold 2 and the upper-side
mold 3. The sector mold 4 is, for instance, divided into 8
segments along the circumferential direction of the tire
T. Also, a pattern shaping surface 42 of the sector mold
4 coming in contact with the outer periphery of the crown

region C1 has an uneven surface for shaping a prede-
termined tread pattern on the circumferential surface of
the crown region C1. This allows the shaping of a tread
pattern with inverted unevenness on the circumferential
surface of the crown region C1.
[0017] The plurality of sector molds 4 surrounding the
crown region C1 of the tire T along the circumferential
direction are held by a plurality of segments 9 having a
heat insulating function and disposed in a radially ex-
pandable and contractible manner along a slider mech-
anism disposed on the base 5. At the completion of the
vulcanizing process, the tire T is removed from the mold
by canceling the hold by the arm portion 11 of the outer
ring 7 holding the outer periphery of the segments 9 by
raising the center post 6 and thereby allowing the seg-
ments 9 to expand radially.
[0018] Inside the vulcanizing apparatus 1, a bladder
10 is placed on the inner periphery of the tire T which is
surrounded by the plurality of molds. The bladder 10 is
an expandable receptacle which can be expanded by a
pressurized and heated gas supplied from outside the
vulcanizing apparatus 1. When expanded, the bladder
10 comes into close contact with the inner periphery of
the tire T and presses the outer periphery of the tire T
against the above-described lower-side mold 2, the up-
per-side mold 3, and the sector mold 4.
[0019] The lower-side mold 2, the upper-side mold 3,
and the bladder 10 are sealed by a bead ring 5A and a
clamp ring 12A disposed on the lower-side mold 2 side
and a bead ring 5B and a clamp ring 12B disposed on
the upper-side mold 3 side. With the bladder 10 expand-
ed, the vulcanizing of the tire T progresses under a sealed
condition.
[0020] FIG. 2 is a perspective view showing a single
sector mold 4 out of a plurality of sector molds 4, which
are part of a main construction of the present embodi-
ment. Also, FIG. 4 is a cross-sectional view taken along
a width direction of the sector mold. It is to be noted that
in Fig. 4, the width direction, the circumferential direction,
and the radial direction are the directions with reference
to the tire T placed in the vulcanizing apparatus 1 shown
in FIG. 1.
[0021] As shown in FIG. 2, a sector mold 4 according
to the present embodiment is constituted by a base mold
20 as a base segment and a pattern mold 30 as a pattern
molding segment which is detachably assembled on the
base mold 20.
[0022] The base mold 20 is made of a metal, such as
aluminum, produced by casting, machining, or both
based on a basic model, such as 3D CAD data, of a
sector mold 4 to be discussed later. And the pattern mold
30 is made of a metal, such as aluminum, produced by
rapid prototyping based on a similar basic model as de-
scribed above.
[0023] It should be noted that the metal constituting
the base mold 20 and the pattern mold 30 is not limited
to aluminum. Also, it is not necessary that the base mold
20 and the pattern mold 30 are made of the same metal,
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but they may be made of different metals or alloys as
long as their thermal expansion rates are the same or
close to each other. Hereinbelow, a description is given
of the specific shapes and producing processes of the
base mold 20 and the pattern mold 30.
[0024] FIG. 3 is a schematic representation showing a
mold model M1 configured of 3D CAD data or the like.
The mold model M1 is basic design data for design in
agreement with the total shape of the sector molds 4 after
assembly. In the conventional mold producing process,
the whole of the sector mold 4 is cast, machined, or pro-
duced by rapid prototyping based on the shape of the
mold model M1.
[0025] On the other hand, in the producing method of
the sector mold 4 according to the present embodiment,
the mold model M1 is divided into a plurality of regions
by a virtual division line L1. And the base mold 20 and
the pattern mold 30 are respectively produced based on
the shapes of the plurality of divided regions.
[0026] As shown in FIG. 3, the virtual division line L1
is an optional virtual line extending along the width direc-
tion such that it divides and separates the mold model
M1 in the radial direction.
[0027] The radially outer region with respect to the vir-
tual division line L1 is referred to as the base-side mold
model M2 that defines the shape of the base mold 20.
And the radially inner region with respect to the virtual
division line L1 is referred to as the pattern-side mold
model M3 that defines the shape of the pattern mold 30.
[0028] Also, the virtual division line L1 defines the
shapes of the joint portion 25 of the base mold 20 and
the joint portion 35 of the pattern mold 30, to be discussed
later, that are joined with each other.
[0029] As is evident from FIG. 3, the pattern-side mold
model M3 defining the shape of the pattern mold 30 is in
correspondence to the shape of the surface layer part
including the pattern shaping surface MP of the basic
mold model M1 and has a radially thinner thickness in
contrast to the base-side mold model M2.
[0030] Also, the base-side mold model M2 defining the
shape of the base mold 20 is in correspondence to the
shape of the basic mold model M1 with the shape of the
pattern-side mold model M3 removed.
[0031] Hereinbelow, a description will be given of the
shapes of the base-side mold model M2 and the pattern-
side mold model M3 and the specific shapes of the base
mold 20 and the pattern mold 30 corresponding thereto,
respectively.
[0032] The base mold 20 is precisely produced by cast-
ing, machining, or both and through a surface grinding
process or the like in accordance with the base-side mold
model M2 divided along the virtual division line L1.
[0033] As shown in FIG. 1 and FIG. 4, the base mold
20 has an outer periphery 21 facing the inner periphery
9A of the segment 9 and a joint portion 25 facing the base
mold 30. The segment 9 and the base mold 30 shown in
FIG.1 are detachably joined with each other by way of a
not-shown joining means. The outer periphery 21 of the

base mold 20 is a surface in close contact with the inner
periphery 9A of the segment 9 when the base mold 20
is joined with the segment 9.
[0034] As shown in FIG. 4, the joint portion 25 formed
on the side opposite from the outer periphery 21 has a
surface shape defined by the virtual division line L1 which
is brought face to face into close contact with the joint
portion 35 of the pattern mold 30. The joint portion 25
has a pattern-side joint surface 22 and end-side joint sur-
faces 23, 23 extending outwardly from the both width
ends in the width direction of the pattern-side joint surface
22.
[0035] The pattern-side joint surface 22 is a surface
curved at predetermined curvatures along the width di-
rection and the circumferential direction. When assem-
bled on the pattern mold 30, the pattern-side joint surface
22 comes in close contact with the pattern-side joint sur-
face 32 constituting the joint portion 35 of the pattern
mold 30 curved at the predetermined curvatures. The
end-side joint surfaces 23, 23 are each bent in the width
direction outwardly from the pattern-side joint surface 22
and curved in the circumferential direction at an approx-
imately the same curvature as that of the pattern-side
joint surface 22. When assembled on the pattern mold
30, the end-side joint surfaces 23, 23 come in close con-
tact with the end-side joint surfaces 33, 33 constituting
the joint portion 35 of the pattern mold 30 curved at the
predetermined curvatures. Also, the end-side joint sur-
faces 23, 23 have a plurality of bolt holes 23A opened
spaced apart from each other in the circumferential di-
rection.
[0036] The joint portion 25 of the base mold 20 config-
ured as described above is formed precisely in agree-
ment with the shape of the base-side mold model M2,
that is, the above-described virtual division line L1, thus
constituting a reference surface in assembling the pattern
mold 30 thereon.
[0037] In other words, the pattern mold 30, which is
produced with a thin thickness in accordance with the
pattern-side mold model M3 by rapid prototyping, is
placed on the joint portion 25 serving as the reference
surface. Then the pattern mold 30 is joined as being
pressed against the joint portion 25 by not-shown bolts.
Thus, deformation of the pattern mold 30 due to thermal
strain, if any, can be corrected by spreading the defor-
mation in the width direction and the circumferential di-
rection.
[0038] The pattern mold 30 is produced by rapid pro-
totyping in accordance with the pattern-side mold model
M3 having been divided along the virtual division line L1.
The rapid prototyping here is a molding method capable
of quickly forming a shape corresponding to a solid model
(the pattern-side mold model M3 in the present embod-
iment) consisting of 3D CAD data or the like. More spe-
cifically, slice data (layered data) of a plurality of divided
layers is generated from the solid model, and the slice
data is transmitted to a molding machine. The molding
machine having received a plurality of slice data irradi-
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ates a laser to material powder placed in layers before-
hand and forms layers corresponding to the shapes of
the respective slice data by applying heat and sintering
the material powder. Also, the heating and sintering are
repeated in correspondence to the number of slice data.
And the layers formed by heating and sintering are
stacked one by one in a predetermined direction into a
unified body.
[0039] In fabricating the pattern mold 30 by the above-
described rapid prototyping, slice data S1, S2, S3, ... are
generated by dividing the pattern-side mold model M3,
a division of mold model M1, in the width direction, for
instance, as shown in Fig. 2. Then the layers are sintered
in accordance with the slice data S1, S2, S3, ..., and the
layers are stacked in the width direction. It is to be noted
that in the present embodiment, by setting the stacking
direction of the layers to be the width direction, stacking
level differences occurring on the pattern shaping surface
42, to be discussed later, in correspondence to the pat-
tern shaping surface MP are minimized and the minute
recesses and protrusions occurring on the pattern shap-
ing surface 42 are reduced, whereby the precision of the
circumferential surface of the crown region C1 of the tire
T is improved.
[0040] It should be noted that the stacking in the cir-
cumferential direction also improves the precision of the
circumferential surface of the crown region C1 for the
same reason in contrast to the stacking in the radial di-
rection.
[0041] Hereinbelow, a description is given of the stack-
ing level differences by referring to FIG. 10.
[0042] FIG. 10A and FIG. 10B are schematic illustra-
tions exaggerating stacking level differences when the
stacking direction is the width direction and when the
stacking direction is the radial direction, respectively. Al-
so, the arc R illustrated in each figure represents a locally
viewed shape of the pattern shaping surface 42 curved
along the width direction. As is clear from the figures,
when the thickness of each layer in the stacking direction
is assumed to be the same, the distance of the level dif-
ference L1 occurring between the layers is shorter in FIG.
10A where the angle of inclination of the arc R as a whole
is steep than in FIG. 10B where the angle of inclination
of the arc R as a whole is gentle.
[0043] In other words, when producing the pattern
mold 30 by rapid prototyping, by producing in a state in
which the stacking direction is held in agreement with the
width direction, that is, the width direction of the pattern
mold 30 is held upright in agreement with the vertical
direction, it is possible to reduce the stacking level differ-
ences of the pattern shaping surface 42, and a highly
precise pattern mold 30 with reduced unevenness of the
pattern shaping surface 42 can be obtained.
[0044] Also, the stacking direction being the width di-
rection can reduce the occupancy inside the molding ap-
paratus when compared with the stacking direction being
the radial direction or the circumferential direction. This
makes it possible to fabricate a plurality of pattern molds

30 in a single shaping process, thus improving the pro-
ductivity.
[0045] Also, the stacking direction being the circumfer-
ential direction improves the productivity for the same
reason when compared with the stacking direction being
the radial direction.
[0046] It is to be noted that the stacking direction can
be selected as appropriate in consideration of the dimen-
sional ratios and the curvature in the width or the circum-
ferential direction of the pattern mold 30. Thus it is pos-
sible to freely adjust the precision and production effi-
ciency by arbitrarily selecting the stacking direction.
[0047] As shown in FIG. 4, the pattern mold 30 pro-
duced by rapid prototyping has a joint portion 35 opposite
to the joint portion 25 of the base mold 20 and a tire
pattern shaping portion 40 coming in contact with the
crown region C1 of the tire T at the time of vulcanizing.
The joint portion 35 has a surface shape nearly in agree-
ment with the above-described virtual division line L1 and
comes into close contact in a face-to-face manner with
the joint portion 25 of the base mold 20.
[0048] Also, as described earlier, the joint portion 35
has a pattern-side joint surface 32 and end-side joint sur-
faces 33, 33 in correspondence to the pattern-side joint
surface 22 and the end-side joint surfaces 23, 23 of the
base old 20, respectively.
[0049] The pattern-side joint surface 32 is a surface
curved at predetermined curvatures in the width direction
and the circumferential direction. Also, the end-side joint
surfaces 33, 33 are each bent outwardly in the width di-
rection from the pattern-side joint surface 32 and curved
circumferentially at approximately the same curvature as
that of the pattern-side joint surface 32.
[0050] The tire pattern shaping portion 40 is a surface
that directly faces the crown region C1 of the tire T to be
cured. The tire pattern shaping portion 40 has a pattern
shaping surface 42 that shapes a predetermined tread
pattern on the circumferential surface (tread surface) of
the crown region C1 and end-side joint surfaces 43, 43
each extending outward from the both ends in the width
direction of the pattern shaping surface 42.
[0051] As shown particularly in FIG. 2, the pattern
shaping surface 42 is curved at predetermined curva-
tures in the circumferential direction and width direction
in such a manner that it surrounds the circumferential
surface of the crown region C1. Also, the pattern shaping
surface 42 has groove shaping parts such as a plurality
of main groove shaping ribs 42A, which protrude radially
inward and continuously extend circumferentially in the
middle region thereof in the width direction, and a plurality
of lateral groove shaping ribs 42B, which protrude radially
inward and extend outwardly in the width direction from
the main groove shaping rib 42A side.
[0052] Thus, a tread pattern including the ground con-
tact surfaces and grooves having the inverted shape of
the shape of the pattern shaping surface 42 is formed on
the circumferential surface of the crown region C1 of the
tire T that contacts in the pressed state with the pattern
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shaping surface 42.
[0053] It is to be noted, however, that the shape of the
pattern shaping surface 42 as illustrated is only an ex-
ample. The shape, number, and arrangement of the plu-
rality of main groove shaping ribs 42A, 42B or the lateral
groove shaping ribs 43A, 43B may be change or the
blades capable of forming narrow grooves, such as sipes,
may be embedded, for instance. In this manner, various
changes may be made as appropriate in accordance with
desired tread patterns.
[0054] The end-side joint surfaces 43, 43 are each bent
outwardly in the width direction from the pattern shaping
surface 42 and curved circumferentially at approximately
the same curvature as that of the above-described end-
side joint surfaces 33, 33 located on the opposite side
thereof. As shown in FIG. 1, the end-side joint surfaces
43, 43 are the surfaces that come in close contact with
the circumferential surface 2B of the lower-side mold 2
and the circumferential surface 3B of the upper side mold
3, respectively, when the plurality of sector molds 4 are
disposed along the circumference direction of the tire T.
Also, the end-side joint surfaces 43, 43 have a plurality
of bolt holes 44 reaching the side of the above-mentioned
end-side joint surfaces 33, 33. The respective bolt holes
44 are opened in positions corresponding to the bolt holes
23A of the base mold 20 when the pattern mold 30 is
assembled on the base mold 20.
[0055] Now, a description is given of the thickness of
the pattern mold 30 to be produced by rapid prototyping.
As illustrated in the figures, the radial thickness of the
pattern mold 30 is formed thinner than the thickness of
the base mold 20.
[0056] More specifically, the thickness D1 of the pat-
tern mold 20 between the pattern shaping surface 42 and
the pattern-side joint surface 32 is set at about 3 mm,
whereas the thickness D2 of the end portions in the width
direction between the end-side joint surface 43 and the
end-side joint surface 33 is set at about 10 mm.
[0057] In this manner, by setting the thickness D1 be-
tween the pattern shaping surface 42 and the pattern-
side joint surface 32 thinner, the cost can be reduced
when compared with the fabrication of the whole sector
mold 4 by rapid prototyping. Furthermore, even when
deformation has occurred to the pattern mold 30 due to
thermal strain, it is easier to correct the deformation when
assembled on the base mold 20.
[0058] Also, by setting the thickness D2 of the outward
portions in the width direction thicker than the thickness
D1, it is possible to secure the mechanical strength of
the portions coming in contact with the circumferential
surface 2A of the lower-side mold 2 and the circumfer-
ential surface 3A of the upper-side mold 3. Thus, a pattern
mold 30 that can withstand repeated use can be obtained.
[0059] It is to be noted that the thickness D1 is not
limited to 3 mm. Rather, the choice of any other thickness
is acceptable as long as the deformation, if any, can be
corrected when the pattern mold 30 is assembled on the
base mold 20.

[0060] Next, a detailed description is given of the meth-
od of assembling together the base mold 20 and the pat-
tern mold 30, which constitute the sector mold 4. The
joint portion 35 of the pattern mold 30 as the pattern shap-
ing segment is first brought to face the joint portion 25 of
the base mold 20 as the base segment, so that the pattern
mold 30 is placed on the base mold 20. Then the plurality
of bolt holes 23A opened in the base mold 20 and the
plurality of bolt holes 44 opened in the pattern mold 30
are aligned with each other. Then the not-shown bolts
are screwed in from the bolt holes 44 into the bolt holes
23A, thereby fastening the base mold 20 and the pattern
mold 30 together into a unified body.
[0061] In the process of the pattern mold 30 being fas-
tened to the base mold 20, the shape of the pattern mold
30 formed thin is corrected as the joint portion 35 and
the pattern shaping surface 42 are extended wider in the
width direction and circumferential direction along the
joint portion 25 of the base mold 20. That is, the pattern
mold 30 produced by rapid prototyping tends to warp
inwardly in the width direction and the circumferential di-
rection due to thermal strain occurring during the fabri-
cation. Therefore, the shape immediately after the fabri-
cation has a shape slightly different from the shape of
the pattern-side mold model M3.
[0062] Therefore, in the producing process of the sec-
tor mold 4 according to the present embodiment, by plac-
ing and assembling the pattern mold 30 of thin thickness
having deformation due to thermal strain on the base
mold 20 having a precisely formed joint portion 25, the
deformation having occurred in the pattern mold 30 is
corrected. With the correction of the deformation of the
pattern mold 30, the joint portion 25 and the joint portion
35 are held in close contact with each other whereby the
inhibition of thermal conduction at the boundary is re-
duced. Also, the shape of the pattern shaping surface 42
that defines the shape of the tread pattern of the tire T is
in agreement with the design shape of the pattern shap-
ing surface MP of the pattern-side mold model M3. There-
fore, it is possible to obtain a sector mold 4 capable of
precisely producing a tire T having a tread pattern true
to the design.
[0063] As have been described thus far, according to
the method for producing a sector mold 4 in the present
embodiment, the base mold 20 is produced precisely by
machining or the like in accordance with the base-side
mold model M2, which is a division of the mold model
M1. And the pattern mold 30 is produced by rapid proto-
typing in accordance with the pattern-side mold model
M3 such that the pattern mold 30 is of thin thickness but
at least includes the pattern shaping surface 42. Then
the base mold 20 and the pattern mold 30 are assembled
together into a unified body while the deformation in the
pattern mold 30 is corrected. Therefore, compared with
a case in which the whole sector mold 4 is produced by
die-casting, it is possible to obtain the sector mold 4 with
high durability and high precision having the pattern
shaping surface 42 true to the mold model M1. As a result,
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the number of processes in the manufacture can be re-
duced substantially. Also, compared with a case in which
the whole sector mold 4 is produced by rapid prototyping,
the cost of manufacture can be reduced markedly be-
cause of reduced volume. Also, the pattern mold 30 pro-
duced by rapid prototyping is thin enough to allow cor-
rection of deformation. Accordingly, the deformation re-
sulting from thermal strain during the rapid prototyping
can be corrected in the process of fastening to the base
mold 20.
[0064] Moreover, the base mold 20 and the pattern
mold 30 are produced in accordance with the base-side
mold model M2 and the pattern-side mold model M3,
respectively, divided by the shared virtual division line L1
from the mold model M1. Thus it is possible to easily
produce tires T with different tread patterns simply by
replacing the pattern mold 30 only.
[0065] In other words, the same base mold 20 can be
used for different types of tire T, and this can substantially
reduce the cost of producing the sector mold 4.
[0066] FIG. 11 is a graph showing the measurements
of the deformation of the pattern mold 30 in the width
direction before and after it is assembled on the base
mold 20. As illustrated in the figure, the dislocation of the
pattern mold 30 before it is assembled from the shape
of the pattern-side mold model M3 is a maximum of 1.3
mm over the whole width direction range. In contrast, the
dislocation of the pattern mold 30 after it is assembled is
seen converging on as little as 0.1 mm or less over the
whole width direction range.
[0067] As is clear from the above results, according to
the method of producing in the present embodiment, in
which the pattern mold 30 of thin thickness produced by
rapid prototyping, which is liable to be deformed due to
thermal strain, is assembled on the separately produced
base mold 20, it is possible to produce at low cost the
mold featuring high durability and excellent precision
comparable to when the whole mold is produced by cast-
ing. In regard to the embodiment thus far explained, a
description has been given of the producing processes
of the sector mold 4. It is to be noted, however, that the
same producing method can be applied just as well to
the fabrication of the lower-side mold 2 and the upper-
side mold 3 or other mold segments to be disposed in
the vulcanizing apparatus 1.
[0068] Hereinbelow, a description is given of variations
of the structure of the sector mold 4 in the foregoing em-
bodiment and the method for producing the sector mold
4. In the following description, the same components as
those in the embodiment thus far described will be de-
noted with the same reference numerals as those therein,
and the description thereof will be omitted.
[0069] In fastening the base mold 20 and the pattern
mold 30 together, it is preferable that the pattern mold
30 is fastened after a filler material, such as a metal foil
(aluminum foil in the present embodiment) or a metal
paste, having the same thermal conductivity as the base
mold 20 and the pattern mold 30 is laid or applied ther-

ebetween.
[0070] That is, if the base mold 20 and the pattern mold
30 are fastened together with a filler material intervened,
then the minute gaps which may still exist between the
joint portion 25 and the joint portion 35 due to insufficient
correction can be filled up so that the both can be in close
contact with each other, and the thermal conductivity can
be improved.
[0071] It is to be noted that the metal foil and the filler
material whose thermal conductivity is higher than that
of the base mold 20 and the pattern mold 30 may be used.
[0072] FIG. 5 illustrates an example where fastening
means are provided on the base mold 20 and the pattern
mold 30 themselves in the place of the not-shown bolts
and bolt holes 23A, 44 which are the means for fastening
the base mold 20 and the pattern mold 30 into a unified
body. As shown in the figure, the joint portion 35 of the
pattern mold 30 in this example is provided with a joint
projection 50 protruding toward the joint portion 25 side
of the base mold 20. Also, the joint portion 25 of the base
mold 20 opposite the joint portion 35 is provided with a
joint recess 51 sinking toward the outer periphery 21.
[0073] The joint projection 50 has a tapered sectional
shape whose width is narrower toward the joint portion
35 and extends all along the circumferential length of the
pattern mold 30. Also, the joint recess 51 is tapered in
correspondence to the joint projection 50 whose width is
narrower toward the joint portion 25 and extends all along
the circumferential length of the base mold 20 in the same
way as the joint projection 50. Note that the sectional
shapes of the joint projection 50 and the joint recess 51
are not limited to tapered shapes, but may be any shape
that allows mutual fit.
[0074] The unification of the pattern mold 30 and the
base mold 20 having the above-described fastening
means can be accomplished by inserting circumferential
end of the joint projection 50 formed on the pattern mold
30 into a circumferential end of the joint recess 51 formed
in the base mold 20 and sliding the joint projection 50
along the interior of the joint recess 51 until the pattern
mold 30 is properly positioned circumferentially.
[0075] The sector mold 4 according to the present ex-
ample is such that the joint portion 25 and the joint portion
35 are restricted by the joint projection 50 and the joint
recess 51 and thus the shape thereof is corrected. There-
fore, without the use of such fastening means as bolts,
the base mold 20 and the pattern mold 30 can be unified
into a single body easily. Also, if a plurality of the joint
projection 50 and the joint recess 51 in this embodiment
are formed in the width direction, then the pattern mold
30 can be corrected with greater precision over the whole
area thereof, and the contact between the joint portion
25 and the joint portion 35 can be further improved.
[0076] Also, it goes without saying that the fastening
means in the above example can be used in conjunction
with the not-shown bolts and the bolt holes 23A, 44 of
the foregoing embodiment. Such combined use may al-
low more precise correction of the pattern mold 30. It
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should be noted that the possibility of using the fastening
means in conjunction with the not-shown bolts and the
bolt holes 23A, 44 applies to the following examples also.
[0077] FIG. 6 shows an example in which a fixing pin
61 is inserted into an air-bleeding hole 60 drilled in the
radial direction of the sector mold 4 as a fastening means
for unifying the base mold 20 and the pattern mold 30.
The air-bleeding hole 60 is a minute through hole leading
from the pattern shaping surface 42 to the joint portion
35 of the pattern mold 30 and from the joint portion 25 to
the outer periphery 21 of the base old 20. The air-bleeding
holes 60 are disposed in a scattered-about manner in
the width direction and the circumferential direction of
the sector mold 4 and are the flow paths for discharging
air remaining between the pattern shaping surface 42 of
the pattern mold 30 and the circumferential surface of
the crown region C1 of the tire T to the outside.
[0078] In the present example, the base mold 20 and
the pattern mold 30 are fastened together into a unified
body by inserting fixing pins 61, such as radially expand-
able spring pins, into the air-bleeding holes 60. In this
construction, too, the pattern mold 30 can be corrected
with great precision over the whole area thereof, and the
contact between the joint portion 25 and the joint portion
35 can be further improved.
[0079] FIG. 7 shows an example in which a bolt is
screwed in from the outer periphery 21 of the base mold
20 as a fastening means for unifying the base mold 20
and the pattern mold 30. As shown in the figure, a bolt
receiver 70 protruding toward the joint portion 25 side of
the base mold 20 is formed on the joint portion 35 of the
pattern mold 30 in this example. Also, formed in the base
mold 20 opposite the joint portion 35 are a mating portion
75 of a shape corresponding to the bolt receiver 70 and
a bolt insertion hole 76 communicating with the mating
portion 75. The bolt receiver 70 is a cylindrical member
protruding from the joint portion 35 and has a bolt inser-
tion portion 70A in the center opening toward the lower
end thereof. The circumferential surface of the bolt inser-
tion portion 70A has a thread into which the tip portion
of the bolt 77 is screwed from the outer periphery 21 side.
[0080] The mating portion 75, having a shape corre-
sponding to the shape of the above-mentioned bolt re-
ceiver 70, is recessed from the joint portion 25 toward
the outer periphery 21. The mating portion 75 fits with
the circumferential surface of the bolt receiver 70. The
bolt insertion hole 76 leads from the mating portion 75 to
the outer periphery 21.
[0081] The bolt insertion hole 76 has a threaded portion
7 6A through which the bolt 77 is screwed and an insertion
portion 76B with a larger diameter than the threaded por-
tion 76A. To fasten the pattern mold 30 to the base mold
20 by a fastening means of the structure as described
above, the bolt receiver 70 is first positioned and fit into
the mating portion 75, and then the bolt 77 is screwed
into the bolt insertion hole 76 from the outer periphery 21
side. With the bolt 77 screwed in, the bolt 77 is threadably
engaged with the bolt insertion hole 70A and the threaded

portion 75B, and the head of the bolt 77 comes to a stop
at the upper end of the insertion portion 76B. Thus, the
base mold 20 and the pattern mold 30 are securely fas-
tened together into a unified body.
[0082] In this example, therefore, the correction is ac-
complished as the joint portion 35 of the pattern mold 30
placed on the base mold 20 is drawn toward the joint
portion 25 side by the bolt 77 screwed in from the outer
periphery 21 side. As a result, the shape of the pattern
mold 30 can be corrected with precision, and the close
contact between the joint portion 25 and the joint portion
35 can be improved.
[0083] Also, it goes without saying that the pattern mold
30 can be corrected with greater precision over the whole
range if a plurality of this fastening means are formed in
the width direction and the circumferential direction of
the sector mold 4.
[0084] FIG. 8 shows an example in which a plurality of
pattern molds 30A, 30B are unified with a base mold 20.
The pattern molds 30A, 30B are the circumferentially di-
vided segments of the pattern mold 30 described in the
foregoing examples. It is to be noted that this example
shows two circumferentially divided segments, but the
number of division is not limited to two.
[0085] The base mold 20 and the pattern molds 30A,
30B in this example have not-shown bolt holes 23A and
bolt holes 44 in the four corners, respectively. The pattern
molds 30A, 30B are fastened by not-shown bolts screwed
into the bolt holes 23A and the bolt holes 44.
[0086] Regarding the sector mold 4 in this example,
the area of the joint portion 35 per unit is smaller than
that in the foregoing examples, and the respective pattern
molds 30A, 30B are fastened by a plurality of individually
provided fastening means. Hence, the shape of the pat-
tern molds 30A, 30B can be corrected more closely, and
the close contact between the joint portion 25 and the
joint portion 35 can be further improved.
[0087] Also, if the circumferentially divided pattern
molds 30 are assembled on the base mold 20, the indi-
vidual pattern molds 30 can be corrected with greater
precision. Accordingly, it is possible to obtain a mold fea-
turing uniform thermal conductivity over the whole range.
[0088] FIG. 9 is a side view showing circumferential
connection between the sector molds 4 of a structure in
the foregoing examples. In this figure, 4A represents a
sector mold disposed on one circumferential side, and
4B a sector mold adjacent to the sector mold 4A and
disposed on the other circumferential side.
[0089] As shown in the figure, the circumferential end
faces 26 of the base mold 20 in this example protrude
toward the circumferential direction side than the circum-
ferential end faces 36 of the pattern mold 30 fixed ther-
eon. The arrangement is such that the circumferential
end faces 36 of the pattern mold 30 are butted against
each other when the sector molds 4A, 4B are connected
to each other.
[0090] In this manner, if the circumferential end faces
36 are butted against each other between the neighbor-

13 14 



EP 2 960 031 A1

9

5

10

15

20

25

30

35

40

45

50

55

ing sector molds 4A, 4B, then a gap g is created between
the circumferential end faces 26, 26 of the pattern mold
30 in contrast to the case where the circumferential end
faces 26, 36 are in the same plane as in FIG. 2 or in the
case where the circumferential end faces 26 only are
butted against each other. This prevents the direct con-
tact between the pattern molds 30 formed with thin thick-
ness. And this reduces the possibility of damage to or
deformation of the end portions of the pattern molds 30
belonging to the neighboring sector molds 4A, 4B.

Description of Reference Numerals

[0091]

1 vulcanizing apparatus
2 lower-side mold
3 upper-side mold
4 sector mold
10 bladder
20 base mold
21 outer periphery
22 pattern-side joint surface (base mold)
23 end-side joint surface (base mold)
23A bolt hole
25 joint surface (base mold)
26 circumferential end face
30 pattern mold
32 pattern-side joint surface (pattern mold)
33 end-side joint surface (pattern mold)
35 joint surface (pattern old)
36 circumferential end face (pattern mold)
42 pattern shaping surface
43 end-side joint surface
44 bolt hole
50 joint projection
51 joint recess
60 air-bleeding hole
61 fixing pin
70 bolt receiver
75 mating portion
76 bolt insertion hole
77 bolt

Claims

1. A method for producing a tire vulcanizing mold by
assembling a pattern molding segment produced by
rapid prototyping on a metal base segment, the
method comprising:

producing the pattern molding segment of a met-
al based on a shape of a surface layer including
a pattern shaping surface of a basic model of
the tire vulcanizing mold.

2. The method for producing a tire vulcanizing mold

according to claim 1, further comprising a step of
producing the metal base segment based on a re-
maining shape of the basic model with the shape of
the surface layer removed.

3. The method for producing a tire vulcanizing mold
according to claim 1 or claim 2, wherein a stacking
direction of the pattern molding segment to be pro-
duced by the rapid prototyping is a width direction of
a tire to be vulcanized.

4. The method for producing a tire vulcanizing mold
according to claim 1 or claim 2, wherein a stacking
direction of the pattern molding segment to be pro-
duced by the rapid prototyping is a circumferential
direction of a tire to be vulcanized.

5. The method for producing a tire vulcanizingmold ac-
cording to any of claims 1 to 4, wherein the pattern
molding segment is assembled on the metal base
segment in a circumferentially divided manner.

6. The method for producing a tire vulcanizing mold
according to any of claims 1 to 5, wherein the metal
base segment and the pattern molding segment are
assembled in a state that a filler material is inter-
posed on joint surfaces of the metal base segment
and the pattern molding segment.

7. A tire vulcanizing mold with a pattern molding seg-
ment assembled on a metal base segment, wherein:

the pattern molding segment is a metal member
produced by rapid prototyping based on a shape
of a surface layer including a pattern shaping
surface of a basic model of the tire vulcanizing
mold, and
the metal base segment is a metal member pro-
duced based on a remaining shape of the basic
model with the shape of the surface layer re-
moved.
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