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(57)  Provided are a hot forging die and a hot forging
method which enables to perform necking easily using a
radial forging machine, even with difficult-to-work mate-
rials used for turbine blades. The hot forging die for
hot-forging a rod-shaped forging material by radial forg-
ing includes a pair of halved pressing portions between

which the forging material is interposed, each of the

halved pressing portions having a convex portion having
a substantially semicircular cross-section, the convex
portion being continuous so as to surround the forging
material, wherein each of the halved pressing portions
includes a rough processing portion and a finishing por-
tion having a convex portion having a larger curvature
radius than the rough processing portion.
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Description
Technical Field

[0001] The present invention relates to a hot forging
die and a hot forging method.

Background Art

[0002] Forexample, during the manufacturing of a tur-
bine blade, a hot forging material having a round rod
shape is stretched to a desired diameter, and a preform
having a desired round rod shape in which the volume
of a portion for forming a root portion or a wing portion
of a turbine blade is secured is formed by closed die
forging such that a turbine blade material having a near
net shape is obtained. Regarding the shape of the pre-
form, for example, Fig. 2 of JP-A-63-238942 (PTL 1)
shows a preform having a shape in which a portion for
forming a root portion is thick (the volume is high) and is
gradually tapered toward a tip of a wing portion.

[0003] For example, a specific manufacturing method
of the preform includes: radially forging a hot forging ma-
terial having a round rod shape to obtain a long round
bar material having a desired diameter; cutting the long
round bar material in a predetermined dimension; and
forging the cut round bar material into a desired preform
shape using a separate open die forging machine.
[0004] During closed die forging of a turbine blade, a
portion for forming a root portion or a wing portion, or a
protrusion called a boss portion may be provided in a
wing portion of the turbine blade. In this case, it is impor-
tant to adjust the volume and the dimension of a preform
for a turbine blade. In a case where the adjustment of
the volume and the dimension is insufficient, a preform
does not sufficiently fulfills in a die face during closed die
forging. Therefore, there is a problem in that a part of a
turbine blade material having a near net shape is deficient
after closed die forging. In addition, a material of a turbine
blade is an expensive alloy such as a Ni-based superalloy
or a Ti alloy. Therefore, in a case where a problem, such
as deficiency of a part of a turbine blade material having
a near net shape after closed die forging, occurs, the
damage is significant.

[0005] Therefore, it is preferable to provide a groove
by processing called "necking" during the manufacturing
of a preform such that the preform sufficiently fulfills in a
die face during closed die forging. However, for example,
as disclosed in JP-A-60-250843 (PTL 2), a processing
groove may be sequentially formed by necking in a ma-
terial having a round rod shape using a special jig in a
press machine.
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[PTL 1] JP-A-63-238942
[PTL 2] JP-A-60-250843

Summary of Invention
Technical Problem

[0007] Regarding a shape of the jig disclosed in PTL
2 which is used for necking, a pressing portion of the jig
is formed flat to have the same width. Therefore, the jig
is not suitable for forming a desired groove in a difficult-
to-work material. Further, a groove formed by necking
has a small width and is vertically deep. In a case where
agroove is formed in a direction perpendicular to a depth
direction of a forging material, there is a problem in that
an overlap defect occurs during hot forging in which the
forging material is stretched to the length of a turbine
blade.

[0008] An object of the present invention is to provide
a hot forging die and a hot forging method, in which even
a difficult-to-work material used for a turbine blade can
be easily necked using a radial forging machine.

Solution to Problem

[0009] The present invention has been made in con-
sideration of the above-described circumstances.
[0010] Thatis,accordingtothe presentinvention, there
is provided a hot forging die for hot-forging a rod-shaped
forging material by radial forging, the hot forging die in-
cluding

a pair of halved pressing portions for interposing the forg-
ing material between the pair of the halved pressing por-
tions,

in which each of the halved pressing portions being a
convex portion having a substantially semicircular cross-
section, the convex portion being continuous so as to
surround the forging material, and

each of the halved pressing portions includes a rough
processing portion and a finishing portion being a convex
portion having a larger curvature radius than the rough
processing portion.

[0011] In the hot forging die, it is preferable that each
of the halved pressing portions includes a gradual
change portion in which a curvature radius of the halved
pressing portion gradually increases in a direction from
the rough processing portion to the finishing portion.
[0012] In the hot forging die, it is more preferable that
a curvature radius of the convex portion having a sub-
stantially semicircular shapein the finishing portion is
larger than a curvature radius of a convex portion having
a substantially semicircular shape in the rough process-
ing portion by 10 mm or more.

[0013] Inthe hotforging die, each of the halved press-
ing portions has a pressing portion for necking.

[0014] In the hot forging die, a plurality of the pressing
portions for necking are provided in a longitudinal direc-
tion of the forging material.
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[0015] In addition, according to the present invention,
there is provided a hot forging method for hot-forging a
rod-shaped forging material by radial forging by using
hot forging die comprising a pair of halved pressing por-
tions for interposing the forging material between the pair
of the halved pressing portions, each of the halved press-
ing portions being a convex portion having a substantially
semicircular cross-section, the convex portion being con-
tinuous so as to surround the forging material, each of
the halved pressing portions including a rough process-
ing portion and a finishing portion being a convex portion
having a larger curvature radius than the rough process-
ing portion. The hot forging method includes:

aforging material heating step of heating the forging
material to a hot forging temperature, and

a hot forging step of necking the forging material by
rotating the heated forging material and concurrently
pressing the forging material with the hot forging die
atthe pair of the halved pressing portions facing each
other.

[0016] In the hot forging method, it is preferable that
the rod-shaped forging material is formed of a Ni-based
heat-resistant superalloy or a Ti alloy.

[0017] The hotforging method accordingtothe present
invention is suitable for manufacturing a preform for a
turbine blade.

Advantageous Effects of Invention

[0018] According to the present invention, even a dif-
ficult-to-work material used for a turbine blade can be
easily necked using a radial forging machine.

Brief Description of Drawings
[0019]

Fig. 1 is a schematic diagram showing an example
of a hot forging die according to the present inven-
tion.

Fig. 2 is a schematic diagram showing an example
of the hot forging die according to the presentinven-
tion.

Fig. 3 is a schematic diagram showing an example
of a stretching portion.

Fig. 4 is a schematic diagram showing a radial forg-
ing machine.

Fig. 5 is a schematic diagram showing an example
of a shape of a preform.

Fig. 6 is a schematic diagram showing an example
of a portion that presses a forging material when the
hot forging die according to the present invention is
used for hot forging.

Fig. 7 is a schematic diagram showing an example
of a portion that presses a forging material when the
hot forging die according to the present invention is
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used for hot forging.
Fig. 8 is a schematic diagram showing an example
of a stretching portion.

Description of Embodiments

[0020] InPTL2,an objectfor neckingisasmall product
called a connecting rod. On the other hand, the size of a
turbine blade has increased recently, and a material
thereof is a Ni-based heat-resistant superalloy or a Ti
alloy which is known as a difficult-to-work material. In
particular, some of the alloys have a small temperature
range where hot forging is possible. Therefore, the tem-
perature of a forging material which is formed of this alloy
decreases during open die forging in which a jig for neck-
ing is used. Therefore, although dependent on the weight
of a forging material, for example, a forging material for
a 40 to 60-inch turbine blade is required to be reheated
seven to ten times. As the size of a turbine blade increas-
es, the number of times of reheating increases.

[0021] In order to solve the problem, it is extremely
effective to use a radial forging machine for necking.
However, in a radial forging machine, typically, a die
called an anvil having a flat pressing portion is used.
Therefore, a radial forging machine in which an anvil of
the related art is used cannot be used for necking.
[0022] The present invention can solve this problem,
and the greatest feature thereof is a novel shape which
is applicable to formation of a preform for a large turbine
blade using a radial forging machine. Hereinafter, a hot
forging die used inthe presentinvention willbe described.
[0023] Fig. 1 shows a schematic side view showing a
hot forging die 1 according to the present invention, a
cross-sectional view (cross-sectional view A-A) showing
a finishing portion of the hot forging die 1, a cross-sec-
tional view (cross-sectional view C-C) showing a rough
processing portion of the hot forging die 1, and a cross-
sectional view (cross-sectional view B-B) showing a
space between the finishing portion and the rough
processing portion. In the presentinvention, a radial forg-
ing machine that presses a forging material in two direc-
tions opposite to each other is used. In Fig. 1, in a region
from a position shown in the cross-sectional view C-C to
a position shown in the cross-sectional view B-B, the cur-
vature radius of each of the halved pressing portions
shown in the cross-sectional views gradually increases.
In a region from the position shown in the cross-sectional
view B-B to a position (bottom) shown in the cross-sec-
tional view A-A, the curvature radius is substantially the
same. "The finishing portion" described in the present
invention refers to a portion having the same curvature
radius which includes the position (bottom) shown in the
cross-sectional view A-A.

[0024] Two hot forging dies 1 shown in Fig. 1 are set
as a pair. For example, as shown in Fig. 4, the two hot
forging dies are facing each other such that a forging
material 21 is interposed therebetween, and the pair of
two hot forging dies 1 cooperate together for necking.
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Specifically, the two hot forging dies 1 shown in Fig. 1
are set as a pair, and include halved pressing portions 2
between which the forging material (not shown in Fig. 1)
is interposed. The forging material is interposed between
the halved pressing portions and pressed. The forging
material is held and intermittently rotated by a holding
mechanism included in a radial forging machine.
[0025] As shown in the schematic side view of Fig. 1,
each of the halved pressing portions 2 has a convex por-
tion having a substantially semicircular cross-section
which is continuous so as to surround the forging mate-
rial. Since the pressing portions are halved, the forging
material can be interposed between the pressing portions
of the two hot forging dies that cooperate together. In
addition, "the shape which is continuous so as to sur-
round the forging material" refers to a shape in which the
periphery of the forging material 21 is surrounded by the
rough processing portions and the finishing portions as
shown in Fig. 4. The halved pressing portion 2 is formed
such that a concave is formed on a flat surface, and the
pressing portion has an arc shape when seen from a side
of the halved pressing portion 2 (in the schematic side
view of Fig. 1). The halved pressing portion 2 includes a
finishing portion 4 and rough processing portions 3. The
finishing portion 4 is formed around the concave (arc-
shaped) bottom, and the rough processing portions 3 are
formed on each of both sides (both end sides of the con-
cave (arc-shaped) portion) of the finishing portion. The
distance between the rough processing portions increas-
es in a direction from the bottom of the finishing portion
4 to the end portions of the opposite rough processing
portions 3. When the two hot forging dies press the forg-
ing material, the forging material can be pressed in a
continuous substantially semicircular convex shape. In
a case where the forging material is hot-forged by the
hot forging die 1 having the above-described shape, the
convex rough processing portions formed in the hot forg-
ing die comes into contact with the forging material first
such that a necessary groove can be sequentially formed
by necking. Therefore, "the convex portion having a sub-
stantially semicircular cross-section" described in the
present invention refers to a shape when seen from the
direction of the respective cross-sectional views. That s,
the cross-section refers to a cross-section when seen
from a direction perpendicular to a longitudinal direction
of the forging material.

[0026] Inaddition, each of the halved pressing portions
2 includes the rough processing portion 3 and the finish-
ing portion 4 having a convex portion having a larger
curvature radius than the rough processing portion. The
reason for this is as follows. In the initial stage of forging,
the contact area is reduced for effective necking such
that a groove having a predetermined depth can be effi-
ciently formed even in a difficult-to-work forging material
when the forging of the forging material starts from the
rough processing portions. Along with the progress of
forging, the forging material is sequentially pressed to-
ward the finishing portion such that the width of the
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groove increases and a necking shape is adjusted. Even
after hot forging by the finishing portion, the depth of the
groove may not reach a necking depth. Therefore, even
in the finishing portion, the contact area is reduced as
much as possible by forming a pressing portion having
a substantially semicircular cross-section. As a result,
the necking shape can be efficiently adjusted.

[0027] That is, in the present invention, initially, the
groove can be efficiently formed by the rough processing
portion 3 having a small curvature radius. Next, the
groove can be formed in a final shape by the finishing
portion 4 having a larger curvature radius than that of the
rough processing portion 3. Therefore, a gradual change
portion can be formed, in which the curvature radius grad-
ually increases from the substantially semicircular press-
ing portion formed in the rough processing portion 3 and
in which the curvature radius in the convex finishing por-
tion 4 is larger than that of the rough processing portion.
[0028] In the actual pressing portion, a substantially
semicircular convex portion may be formed, for example,
by build-up welding, and then the shape may be manually
machined. Therefore, the formed convex portion does
not necessarily have the same curvature radius. There-
fore, "the substantially semicircular" described in the
present invention only has to be a convex shape having
a curvature which has a margin of error generated by
build-up welding or machining. The curvature may be
obtained from an approximate shape. In addition, the por-
tion that presses the forging material only has a convex
portion having a curvature, and the curvature of the
pressing portion is configured according to the present
invention.

[0029] In the present invention, it is preferable that a
curvature radius of a substantially semicircular convex
portion in the finishing portion 4 is larger than a curvature
radius of a substantially semicircular convex portion in
the rough processing portion 3 by 10 mm or more. The
reason for this is as follows. The forging material accord-
ing to the presentinvention is a preform for a large turbine
blade, and in the preform for a large (long) turbine blade,
it is preferable that the contact area between the rough
processing portion and the finishing portion is large. In
addition, another reason is that, in a case where the cur-
vature radius of the substantially semicircular convex
portion in the finishing portion is large, a processing
groove having a wide width can be easily formed. In order
to prevent an overlap defect in a necked portion during
hot-forging for stretching which is performed after hot
forging for necking, it is preferable that the width of the
processing groove formed by necking is large. In a case
where a difference in curvature radius between the fin-
ishing portion and the rough processing portion is less
than 10 mm, the effect cannot be sufficiently obtained.
Therefore, the curvature radius of a substantially semi-
circular convex portion in the finishing portion 4 is adjust-
ed to be larger than the curvature radius of the substan-
tially semicircular convex portion in the rough processing
portion 3 by 10 mm or more. The difference is preferably
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15 mm or more.

[0030] As described above, the hot forging die 1 ac-
cording to the present invention is suitable for necking.
As shown in Fig. 2, a plurality of halved pressing portions
2 for necking may be formed in the longitudinal direction
of the forging material. The reason for this is as follows.
In a case where two or more processing grooves are
formed by necking, it is advantageous to form a plurality
of halved pressing portions 2 for necking in one die from
the viewpoint of productivity. In particular, an alloy ma-
terial used for a turbine blade is a difficult-to-work mate-
rial. Therefore, itis preferable that forging is finished with-
in the shortest possible time in a temperature range
where hot forging is possible. The simultaneous forma-
tion of a plurality of grooves by necking is effective in a
portion for forming a boss portion which is provided in a
wing portion of a turbine blade.

[0031] The simultaneous formation of a plurality of
grooves by necking can be realized by using a radial
forging machine in combination with the hot forging die
according to the present invention in which the contact
area of the pressing portion gradually increases from a
small area to a large area.

[0032] In the hot forging die having a structure shown
in Fig. 2, similarly, the finishing portion is a portion having
the same curvature radius which includes a position (bot-
tom) shown in the cross-sectional view E-E (ranging from
a position shown in a cross-sectional view F-F to a posi-
tion shown in a cross-sectional view E-E).

[0033] After forging for necking, the forging material is
stretchedinto a predetermined preform shape. Ahotforg-
ing die 11 used in this case includes a stretching portion
7 that stretches the forging material. Regarding a press-
ing portion for stretching that is provided in the stretching
portion 7, as shown in Fig. 3, the pressing portion is
formed flat (flat in the longitudinal direction of the forging
material 2 and curved such that the forging material 2 is
inserted thereinto). The stretching portion 7 for stretching
includes a pair of halved pressing portions 12 between
which the forging material is interposed, in which each
of the halved pressing portions 12 has a substantially
semicircular convex shape which is continuous so as to
surround the forging material, and each of the halved
pressing portions 12 includes a substantially flat rough
processing portion 13 and a finishing portion 14. The ba-
sic configuration is the same as that of the hot forging
die suitable for necking. Likewise, two hot forging dies
11 for stretching shown in Fig. 3 are set as a pair. During
the stretching of the forging material, the forging material
is held and rotated by a holding mechanism included in
a radial forging machine such that the pair of hot forging
dies 11 for stretching cooperate together to reduce the
diameter of the forging material (not shown). In addition,
along with the rotation of the forging material, the held
forging material moves in the longitudinal direction and
is also stretched in the longitudinal direction.

[0034] Regarding the flat pressing portion of the hot
forging die for stretching, it is preferable that the width of
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the substantially flat pressing portion formed in the rough
processing portion 13 is set to be narrow and the width
of the pressing portion formed in the finishing portion 14
is setto be wider than that of the rough processing portion
13 such that the contact area is reduced for efficient
stretching in the initial stage of forging and then a prede-
termined shape is obtained.

[0035] As described above, in the hot forging die 11
for stretching, the shape of the hot forging die is adjusted
while stretching the forging material in the longitudinal
direction. Therefore, the pressing portion becomes flat.
In a case where the width of the flat pressing portion (the
width in the longitudinal direction of the forging material)
is excessively wide, a pressure required for forging is
large. Therefore, it is preferable that the width of the flat
pressing portion is adjusted to be suitable for a forging
machine in consideration of the contact area such that
the forging material can be efficiently stretched by im-
pacting it once.

[0036] Next, a hot forging method of forming a preform
for 50-inch turbine blade using the hot forging die accord-
ing to the present invention will be described as an ex-
ample.

[0037] Fig. 4 is a schematic diagram showing an ex-
ample of a radial forging machine. The hot forging dies
1 shown in Fig. 1 are attached to the radial forging ma-
chine. Each of the hot forging dies 1 are provided on each
of opposite surfaces to the forging material such that the
forging material 21 is interposed between the hot forging
dies 1. In Fig. 4, the forging material 21 is held in the
radial forging machine. The forging material is heated to
apredetermined hot forging temperature in a heating fur-
nace (not shown) and is attached to the radial forging
machine.

[0038] The heating temperature varies depending on
the material of the forging material. For example, in a
case where the material of the forging material is a Ni-
based heat-resistant superalloy, the heating temperature
is 950°C to 1150°C. In a case where the material of the
forging material is a Ti alloy, the heating temperature is
800°C to 1000°C. In addition, in a case where the material
of the forging material is a precipitation hardening stain-
less steel, the heating temperature is 900°C to 1200°C.
In addition, the shape of the forging material is a rod
shape. The rod-shaped forging material only has to be
adjusted to a predetermined shape using a forging ma-
chine or a press machine. In a case where the forging
material has a round rod shape, it is preferable that the
diameter of the forging material is the same as the dis-
tance of the rough processing portions of the hot forging
die 1 for necking.

[0039] Among the above-described forging materials,
the forging material having a predetermined round rod
shape is attached to the radial forging machine.

[0040] During the hot forging, the forging material is
necked by rotating the heated forging material 21 and
concurrently pressing the forging material using each of
the halved pressing portions of the pair of two hot forging
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dies 1 which are facing each other. The shape of the hot
forging die for necking is as shown in Fig. 1. During neck-
ing, hot forging starts from the rough processing portions
3 of the hot forging die 1. The hot forging die according
tothe presentinvention has a shape in which the distance
between the rough processing portions increases in a
direction from the finishing portion 4 to the rough process-
ing portions 3 and in which, when the two hot forging dies
press the forging material, the forging material can be
pressed in a continuous substantially semicircular con-
vex shape. In addition, during initial necking, the forging
material rotates at the same position (does not move in
the longitudinal direction of the forging material).
[0041] Examples of a necking method include two
methods. As a first method, a method in which the shape
after completion of necking is emphasized will be de-
scribed first.

[0042] In a case where hot forging starts from two di-
rections opposite to each other, as shown in Fig. 6(A),
predetermined positions of the forging material start to
be pressed by the rough processing portions 3 first. Con-
tact (forging) positions between the forging material 21
and the hot forging die during rough processing are in-
dicated by arrows. As a result, the forging material is hot-
forged in the two directions opposite to each other and,
in the initial stage of forging, starts to be pressed by the
rough processing portions formed in the two hot forging
dies that cooperate together to forge the forging material.
Thus, the number of positions where the forging material
is pressed at the start of forging is four. In a case where
necking starts at the four positions at the same time, the
contact area is small, and thus a groove can be efficiently
formed. By sequentially hot-forging the forging material
toward the finishing portions, the shape of the forging
material is adjusted to a predetermined shape in the fin-
ishing portions that are formed in the pair of hot forging
dies. In the final stage of finishing, as shown in Fig. 6(B),
the number of positions where the forging material 21 is
pressed during hot forging in the bottoms of the finishing
portions is two. That is, in the initial stage of necking, the
four positions are forged (necked) using the pair of hot
forging dies. During the adjustment of a final shape, the
two positions are forged using the pair of hot forging dies.
As aresult, the shape of the forging material can be ad-
justed. In addition, the forging material can be efficiently
formed in a final shape in the finishing portions 4 each
having a convex portion having a larger curvature radius
than the rough processing portions. Further, the final
shape of the forging material can be adjusted to the bot-
tom shape of the finishing portion indicated by an arrow.
Therefore, this method is suitable in a case where the
final finished shape is emphasized.

[0043] A second method is a method which is applica-
ble to a case where the processing time is short.
[0044] In a case where hot forging starts from two di-
rections opposite to each other, as shown in Fig. 7(A),
predetermined positions of the forging material start to
be pressed by the rough processing portions 3 first. Con-
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tact (forging) positions between the forging material 21
and the hot forging die during rough processing are in-
dicated by arrows. As aresult, the forging material is hot-
forged in the two directions opposite to each other and,
in the initial stage of forging, starts to be pressed by the
rough processing portions formed in the two hot forging
dies that cooperate together to forge the forging material.
Thus, the number of positions where the forging material
is pressed at the start of forging is four. In a case where
necking starts at the four positions at the same time, the
contact area is small, and thus a groove can be efficiently
formed. By sequentially hot-forging the forging material
toward the finishing portions, the shape of the forging
material is adjusted to a predetermined shape in the fin-
ishing portions 4 that are formed in the pair of hot forging
dies.

[0045] As described above, in a region from the posi-
tion shown in the cross-sectional view B-B to a position
(bottom) shown in the cross-sectional view A-A, the cur-
vature radius is substantially the same. Therefore, finish-
ing is not performed in the bottoms of the finishing por-
tions and can be finished in a state where the number of
positions where the hot forging material is pressed during
finishing is four as shown in Fig. 7(B). Even in this case,
the forging material can be efficiently formed in a final
shape in the convex finishing portion 4 having a larger
curvature radius than the rough processing portion. In
addition, since the number of positions where the hot
forging material is pressed is four, necking can be fin-
ished within a short period of time. Thus, this method is
suitable in a case where it is desired that the forging time
is short.

[0046] In the method in which the forging time is em-
phasized, it is important to adjust the curvature radius
(the curvature radius when seen from a direction perpen-
dicular to the longitudinal direction of the forging material
shown in Fig. 7) of the bottom (position shown in the
cross-sectional view A-A) of the finishing portion to be
less than the curvature radius of the diameter after neck-
ing. In this case, it is preferable that the bottom of the
finishing portion is curved in order to avoid excessive
stress concentration during hot forging.

[0047] Once necking is completed, the hot forging die
1 is replaced with the hot forging die 11 including the
pressing portion for stretching. When the hot forging dies
are replaced, the forging material is reheated to a pre-
determined forging temperature.

[0048] The replaced hot forging die 11 includes the
stretching portion 7 including the pressing portion for
stretching that stretches the forging material. The press-
ing portion for stretching has a shape shown in Fig. 3.
When the hotforging die 11 including the pressing portion
for stretching is seen from the longitudinal direction of
the forging material, the shape of the pressing portion is
the same as that of the hot forging die 1 for necking shown
in Fig. 6(A). Therefore, in a case where hot forging starts
from two directions opposite to each other, predeter-
mined positions of the forging material startto be pressed
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by the rough processing portions 13 first. As a result, the
forging material is hot-forged in the two directions oppo-
site to each other and, in the initial stage of stretching
(forging), starts to be pressed by the rough processing
portions formed in the two (the pair of) hot forging dies
that cooperate together to forge the forging material.
Thus, the number of positions where the forging material
is pressed at the start of forging is four. In a case where
stretching starts at the four positions at the same time,
the contact area is small, and thus the forging material
can be efficiently stretched. The forging material is se-
quentially moved in the longitudinal direction of the forg-
ing material while being intermittently rotated by the radial
forging machine, and then is sequentially hot-forged to-
ward the finishing portions. As a result, the shape of the
forging material is adjusted to a predetermined shape in
the finishing portions that are formed in the pair of hot
forging dies.

[0049] Thatis, in the final stage of finishing, as shown
in Fig. 6(B), the number of positions where the forging
material is pressed during hot forging in the finishing por-
tions 14 is two. The method of adjusting the final shape
to the bottom shape of the finishing portion is suitable in
a case where the final finished shape is emphasized.
[0050] In addition, in order to reduce the hot forging
time during hot forging using the pressing portion for
stretching, the number of positions where the hot forging
material is pressed from the initial stage to the final stage
of hot forging is adjusted to four as shown in Fig. 7. As
a result, the forging material can be stretched within a
short period of time.

[0051] In addition, the hot forging die including the
pressing portion for stretching can be made to have a
shape shown in Fig. 8. In the hot forging die 11 shown
in Fig. 8, a concave portion 8 is formed in a region from
the bottom in the width of the finishing portion 14 (the
width in the longitudinal direction of the forging material)
to the rough processing portion. Due to the concave por-
tion 8, the pressing portion of the finishing portion is di-
vided into two areas. By forming one or more concave
portions in the width of the finishing portion 14 to divide
the pressing portion of the finishing portion into two or
more areas, the forging material can be more reliably
prevented from being bent during stretching. In a case
where the forging material is hot-forged using the hot
forging die shown in Fig. 8, the final stage of forging is
performed in the bottom of the finishing portion shown in
the cross-sectional view A-A. When the forging material
is pressed, there are two portions including: a pressed
portion that is pressed by the finishing portion; and a por-
tion that is not pressed by the finishing portion and is
adjacent to the portion pressed by the finishing portion.
A part of the pressed portion flows to the non-pressed
portion such that the cross-section of the forging material
is slightly elliptical. The elliptical forging material is likely
to be bent during forging. However, in the structure of
the hot forging die shown in Fig. 8, the pressing portion
(finishing portion) is divided by the concave portion.
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Therefore, the forging material is intermittently rotated
by radial forging in the initial pressing portion and is fin-
ished in the next pressing portion. At this time, four por-
tions in total are pressed in the structure shown in Fig.
8. Therefore, as described above, an elliptical shape and
a bent shape can be corrected in the pressing portion.
By forming the concave portion at positions including the
bottom of the finishing portion (the position in contact with
the straight line A-A in Fig. 8), the effect of preventing
bending can be exhibited as much as possible.

[0052] This way, the forging material can be continu-
ously hot-forged into a predetermined preform shape by
using the same radial forging machine not only for neck-
ing but also for stretching. Therefore, unlike the related
art, it is not necessary to perform stretching using a sep-
arate forging machine after using a jig for necking. That
is, a troublesome process can be reduced. Thus, al-
though the number of times of reheating is reduced, a
preform for a high-accuracy turbine blade can be manu-
factured.

[0053] According to the present invention, even a dif-
ficult-to-work material used for a turbine blade can be
easily necked using a radial forging machine. In addition,
according to the novel hot forging method using a radial
forging machine, the number of times of reheating a forg-
ing material can be significantly reduced, the productivity
can be improved, and this method is extremely effective
in power saving.

Examples
(Example 1)

[0054] The hot forging die 1 according to the present
invention shown in Fig. 2 was prepared.

[0055] A necking portion 5 of the prepared hot forging
die 1 for necking includes a pair of halved pressing por-
tions between which the forging material is interposed,
in which each of the halved pressing portions has a con-
vex portion having a substantially semicircular cross-sec-
tion which is continuous so as to surround the forging
material, and each of the halved pressing portions in-
cludes a rough processing portion and a finishing portion
having a convex portion having a larger curvature radius
than the rough processing portion. The curvature radius
of the necking portion 5 gradually changes, in which the
curvature radius of the substantially semicircular convex
portion of the rough processing portion 13 is 30 mm, and
the curvature radius of the substantially semicircular con-
vex portion of the finishing portion 14 is 50 mm.

[0056] In addition, regarding the pressing portion for
stretching provided in the stretching portion 7 of the hot
forging die 11 that stretches the forging material after
necking, the pressing portionis formedflat, and the shape
thereof is as shown in Fig. 3. The stretching portion 7 for
stretching includes a pair of halved pressing portions 12
between which the forging material is interposed, in
which each of the halved pressing portions 12 has a sub-
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stantially semicircular convex shape which is continuous
so as to surround the forging material, and each of the
halved pressing portions 12 includes a substantially flat
rough processing portion 13 and a finishing portion 14.
The width of the pressing portion for stretching gradually
changes, in which the width of the rough processing por-
tion 13 is 50 mm, and the width of the finishing portion
14is 100 mm. Stretching was performed using a hot forg-
ing die having a shape in which a final shape was em-
phasized.

[0057] The above-described two hot forging dies were
setas a pair, and the pairof hotforging dies were attached
to a radial forging machine.

[0058] A forging material for a 50-inch turbine blade
was heated in a heating furnace heated to 950°C. The
forging material was formed of a titanium alloy, in which
the diameter was $200 mm and the length was 1100 mm.
[0059] The forging material was extracted from the
heating furnace and started to be hot-forged in the radial
forging machine. The forging material was held by a ma-
nipulator.

[0060] During the hot forging, the forging material was
necked by rotating the heated forging material 21 and
concurrently pressing the forging material using each of
the halved pressing portions of the pair of two hot forging
dies 1 which were facing each other. During initial neck-
ing, the forging material was hot-forged into a predeter-
mined shape while rotating the forging material at the
same position (not moving in the longitudinal direction of
the forging material). As shown in Fig. 2, a plurality of
halved pressing portions 2 for necking were formed in
one die, and two portions were necked at the same time
using this die.

[0061] After completion of necking, the hot forging die
was replaced with the hot forging die 11 including the
pressing portion for stretching. At this time, the forging
material was extracted from the radial forging machine
and was reheated to a predetermined forging tempera-
ture. After completion of the replacement with the hot
forging die 11 including the pressing portion for stretch-
ing, the forging material was attached to the radial forging
machine again and was hot-forged using the pressing
portion for stretching. The forging material was intermit-
tently rotated by the radial forging machine and was se-
quentially moved in the longitudinal direction such that
the shape thereof was adjusted to a predetermined
shape. As a result, the forging material was hot-forged
into a preform shape. A preform 22 after hot forging had
a shape shown in Fig. 7 which was suitable for forming
a root portion, a wing portion, or a boss portion. In the
preform after hot forging, a preform such as an overlap
defect did not occur.

(Example 2)
[0062] In Example 2, the effect of the hot forging die

shown in Fig. 8 was verified. The same hot forging die
for necking as in Example 1 was used.
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[0063] In Example 2, the effect of the hot forging die
11 shown in Fig. 8 was verified. In the hot forging die
shown in Fig. 8, the stretching portion 7 for stretching
includes a pair of halved pressing portions 12 between
which the forging material is interposed, in which each
of the halved pressing portions 12 has a substantially
semicircular convex shape which is continuous so as to
surround the forging material, and each of the halved
pressing portions 12 includes a substantially flat rough
processing portion 13 and a finishing portion 14. The
width of the pressing portion for stretching gradually
changes, in which the width of the rough processing por-
tion 13 is 50 mm, and the width of the finishing portion
14 is 100 mm. A concave portion having a width of 80
mm was formed at the center of the finishing portion, and
the number of pressing portions in the finishing portion
was 2. The width of each of the two divided pressing
portions was 270 mm. The same hot forging die for neck-
ing as in Example 1 was used.

[0064] A forging material for a 50-inch turbine blade
was heated in a heating furnace heated to 950°C. The
forging material was formed of a titanium alloy, in which
the diameter was $200 mm and the length was 1100 mm.
[0065] The forging material was extracted from the
heating furnace and started to be hot-forged in the radial
forging machine. The forging material was held by a ma-
nipulator.

[0066] During the hot forging, the forging material was
necked by rotating the heated forging material 21 and
concurrently pressing the forging material using each of
the halved pressing portions of the pair of two hot forging
dies 1 which were facing each other. During initial neck-
ing, the forging material was hot-forged in a predeter-
mined shape while rotating the forging material at the
same position (not moving in the longitudinal direction of
the forging material). As shown in Fig. 3, a plurality of
halved pressing portions 12 for necking were formed in
one die, and two portions were necked at the same time
using this die.

[0067] After completion of necking, the hot forging die
was replaced with the hot forging die 11 of Fig. 3 including
the pressing portion for stretching. Atthis time, the forging
material was extracted from the radial forging machine
and was reheated to a predetermined forging tempera-
ture. After completion of the replacement with the hot
forging die 11 including the pressing portion for stretch-
ing, the forging material was attached to the radial forging
machine again and was hot-forged using the pressing
portion for stretching. The forging material was intermit-
tently rotated by the radial forging machine and was se-
quentially moved in the longitudinal direction such that
the shape thereof was adjusted to a predetermined
shape. As a result, the forging material was hot-forged
into a preform shape. Finally, the hot forging die was
replaced with the hot forging die 11 shown in Fig. 8, and
the forging material was finished using 10-pass radial
forging. A preform 22 after hotforging had a shape shown
in Fig. 5 which was suitable for forming a root portion, a
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wing portion, or a boss portion. In the preform after hot
forging, a preform such as an overlap defect did not oc-
cur. Regarding the bending of the preform having a total
length of about 1500 mm, it was verified that bending of
about 5 mm was suppressed by comparing the preform
obtained in Example 2 to the preform obtained in Exam-
ple 1.

[0068] With the method according to the present in-
vention, even a difficult-to-work material used for a tur-
bine blade or the like can be easily stretched using a
radial forging machine. In addition, a forging material can
be hot-forged and necked into a predetermined preform
shape using a radial forging machine. Therefore, unlike
the related art, a troublesome process such as use of a
jig for necking can be reduced. Thus, although the
number of times of reheating is reduced, a preform for a
high-accuracy turbine blade can be manufactured.

Claims

1. Ahotforging die for hot-forging a rod-shaped forging
material by radial forging, the hot forging die com-
prising a pair of halved pressing portions for inter-
posing the forging material between the pair of the
halved pressing portions, each of the halved press-
ing portions being a convex portion having a sub-
stantially semicircular cross-section, the convex por-
tion being continuous so as to surround the forging
material,
wherein each of the halved pressing portions in-
cludes a rough processing portion and a finishing
portion being a convex portion having a larger cur-
vature radius than the rough processing portion.

2. The hot forging die according to claim 1, wherein
each of the halved pressing portions includes a grad-
ual change portion in which a curvature radius of the
halved pressing portion gradually increases in a di-
rection from the rough processing portion to the fin-
ishing portion.

3. Thehotforging die according to claim 1 or 2, wherein
a curvature radius of the convex portion having the
substantially semicircular shape in the finishing por-
tion is larger than a curvature radius of the convex
portion having a substantially semicircular shape in
the rough processing portion by 10 mm or more.

4. The hot forging die according to any one of claims 1
to 3, wherein the halved pressing portions has a
pressing portion for necking.

5. The hot forging die according to claim 4, wherein
a plurality of the pressing portions for necking are
provided in a longitudinal direction of the forging ma-
terial.
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A hot forging method for hot-forging a rod-shaped
forging material by radial forging by using a hot forg-
ing die comprising a pair of halved pressing portions
for interposing the forging material between the pair
of the halved pressing portions, each of the halved
pressing portions being a convex portion having a
substantially semicircular cross-section, the convex
portion being continuous so as to surround the forg-
ing material, each of the halved pressing portions
including a rough processing portion and a finishing
portion being a convex portion having a larger cur-
vature radius than the rough processing portion,
wherein the hot forging method comprising:

a forging material heating step of heating the
forging material to a hot forging temperature;
and

a hot forging step of necking the forging material
by rotating the heated forging material and con-
currently pressing the forging material with the
hot forging die at the pair of the halved pressing
portions facing each other.

The hotforging method according to claim 6, wherein
the rod-shaped forging material is formed of a Ni-
based heat-resistant superalloy or a Ti alloy.

The hot forging method according to claim 6 or 7,
wherein the forging material is a preform for a turbine
blade.
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