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(54) FABRICATION METHOD FOR NOZZLE VANE

(57) A method of fabricating a nozzle vane compris-
ing a vane portion and axle portions that project out from
predetermined end faces of the vane portion, the method
including: a first process that molds the axle portions by
inserting pre-molding axle portions of a fabricated mem-
ber having a pre-molding vane portion and pre-molding
axle portions with dimensions respectively approximat-
ing the vane portion and the axle portions in axle portion
molding dies in which a first insertion portion is formed
with a shape that projects the axle portions in the axial
direction, and pressing the pre-molding axle portions in
the axial direction; and a second process that molds the
vane portion by inserting the fabricated member after the
first process in a vane portion molding die in which a
second insertion portion is formed with a shape that
projects the nozzle vane in a direction that is approxi-
mately perpendicular to the vane surface of the vane por-
tion, and pressing the pre-molding vane portion in direc-
tions approximately perpendicular to the vane surface.
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Description

Technical Field

[0001] The present invention relates to a manufactur-
ing method for a nozzle vane that has a vane portion and
axle portions projecting from predetermined faces of the
vane portion.
Priority is claimed on Japanese Patent Application No.
2009-42164, filed February 25, 2009, the content of
which is incorporated herein by reference.

Background Art

[0002] There is known a conventional nozzle vane that
has a vane portion and axle portions that project from
predetermined faces of the vane portion, and is used for
example in a variable capacity turbocharger.
A variable capacity turbocharger is a supercharger that
can raise the performance of an engine over a wide range
from the low revolution range to the high revolution range.
The aforementioned turbocharger has a rotary vane that
rotates by the flow of exhaust gas that is discharged from
the engine, and a variable nozzle that has an annular
shape surrounding this rotary vane and supplies exhaust
gas to the rotary vane. The variable nozzle has a pair of
plate-like members having an annular shape that are dis-
posed facing each other and a plurality of nozzle vanes
that are provided between the pair of plate-like members.
In the nozzle vane, the axle portions are supported to
freely rotate by the pair of plate-like members, and are
provided at a regular interval in the circumferential direc-
tion of the pair of plate-like members.
[0003] By rotating the nozzle vane centered on the axle
portions and changing the interval between each vane
portion, the channel diameter of the variable nozzle
changes. By selecting the rotational frequency of the en-
gine, that is, a suitable channel diameter of the variable
nozzle in accordance with the flow amount of the exhaust
gas that is ejected from the engine, it is possible to im-
prove the performance of the engine over a wide range
from the low revolution range to the high revolution range.
[0004] In order to maintain the operation and perform-
ance of the variable capacity turbocharger, it is important
to manufacture the nozzle vane with good accuracy.
For example, in order for the nozzle vane to smoothly
turn, the diameter and circularity of the axle portion there-
of must be within an appropriate range of accuracy. In
addition to this, in the case of the nozzle vane having a
pair of axle portions that project from both end faces of
the vane portion, it is necessary to ensure the concen-
tricity of the pair of axle portions with suitable accuracy.
Also, when the space between the plate-like members
of the variable nozzle and the vane portion end faces of
the nozzle vane is large, the flow amount of exhaust gas
that leaks from the space increases, leading to a drop in
the efficiency of the turbocharger.
For that reason, it is necessary to keep the width of the

vane portion in the axial direction of the axle portions,
and the perpendicularity between the aforementioned
axial direction and the vane portion end face within ap-
propriate tolerances.
[0005] In order to ensure such accuracy, a cutting proc-
ess is used in the final step of manufacture of a nozzle
vane.
Here, Patent Document 1 discloses a method of manu-
facturing a nozzle vane.
In the method of manufacturing a nozzle vane disclosed
in Patent Document 1, first, a fabricated member having
slightly larger dimensions than the nozzle vane of the
finished product is formed from a metal plate that has a
predetermined thickness by a punching process or a
press process, and then the nozzle vane is manufactured
by cutting the aforementioned fabricated member by a
cutting process. In the cutting process, the axle portions
and the vane portion end faces of the nozzle vane are
cut, and the diameter of the axle portions and the width
of the vane portion and the like are brought within appro-
priate tolerances through this process.

Prior Art Document

Patent Document

[0006]

[Patent Document 1] Japanese Unexamined Patent
Application, First Publication No. 2007-23840 (page
19, Figure 10)

Summary of Invention

Technical Problem

[0007] However, since a cutting process requires time
and effort compared to a press process or the like, by
employing such a cutting process, the manufacturing
cost of the nozzle vane is increased.
[0008] The present invention was achieved in view of
the above circumstances, and has as its object to provide
a manufacturing method for a nozzle vane that can en-
sure appropriate precision without using a cutting proc-
ess.
[0009] In order to solve the aforementioned issue, the
present invention adopts the following apparatus.
The present invention is a method of fabricating a nozzle
vane comprising a vane portion and an axle portion that
projects out from a predetermined end face of the vane
portion, adopting a method that is provided with: a first
process that molds the axle portion by inserting a pre-
molding axle portion of a fabricated member having a
pre-molding vane portion and a pre-molding axle portion
with dimensions respectively approximating the vane
portion and the axle portion in an axle portion molding
die in which a first insertion portion is formed with a shape
that projects the axle portion in the axial direction, and
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pressing the pre-molding axle portion in the axial direc-
tion; and a second process that molds the vane portion
by inserting the fabricated member after the first process
in a vane portion molding die in which a second insertion
portion is formed with a shape that projects the nozzle
vane in a direction that is approximately perpendicular
to the vane surface of the vane portion, and pressing the
pre-molding vane portion in a direction approximately
perpendicular to the vane surface.
[0010] In the first process in the present invention that
adopts such a method, the pre-molding axle portion ex-
pands and becomes thicker in a direction that is perpen-
dicular to the axial direction by pressing the pre-molding
axle portion in the axial direction. At this time, since the
pre-molding axle portion is inserted in the first insertion
portion of the axle portion molding die, the pre-molding
axle portion does not expand beyond the internal shape
of the first insertion portion. For that reason, by pressing
until the outer periphery of the pre-molding axle portion
makes contact with the inner periphery of the first inser-
tion portion, the pre-molding axle portion undergoes plas-
tic deformation to the same shape as the internal shape
of the first insertion portion.
Also, the first insertion portion projects the axle portion
in the axial direction in the nozzle vane of the finished
product. Accordingly, the pre-molding axle portion is
molded in the same shape as the axle portion in the noz-
zle vane of the finished product by being pressed in the
first insertion portion.
[0011] In the second process of the present invention,
the pre-molding vane portion expands in the vane surface
direction by pressing the pre-molding vane portion in a
direction perpendicular to the vane surface. At this time,
the pre-molding vane portion is inserted in the second
insertion portion of the vane portion molding die, and the
pre-molding vane portion does not expand beyond the
internal shape of the second insertion portion. For that
reason, by pressing until the end faces of the pre-molding
vane portion make contact with the inner side surfaces
of the second insertion portion, the pre-molding vane por-
tion undergoes plastic deformation to the same shape
as the internal shape of the second insertion portion. Al-
so, the second insertion portion has a shape that projects
the nozzle vane of the finished product in a direction ap-
proximately perpendicular to the aforementioned vane
surface. Accordingly, the pre-molding vane portion is
pressed inside of the second insertion portion, and there-
by is molded to the same shape as the vane portion in
the nozzle vane of the finished product.
[0012]  Also, in the present invention each axle portion
of the nozzle vane projects out on the same axis in op-
posite directions from both end faces of the vane portion,
and in the first process a method is adopted of molding
a pair of the axle portions by respectively inserting a pair
of the pre-molding axle portions in a pair of the axle por-
tion molding dies, and pressing the pair of pre-molding
axle portions in the axial direction.
In the present invention that adopts such a method, the

center axes of the first insertion portions in the pair of
axle portion molding dies that are installed in the same
positional relation as the pair of axle portions in the nozzle
vane of the finished product extend on the same axis.
For that reason, in the present invention, the pair of axle
portions that are molded by pressing the pair of pre-mold-
ing axle portions in the axial direction extend on the same
axis.

Advantageous Effects of Invention

[0013] According to the present invention, it is possible
to obtain the following effect.
According to the present invention, there is the effect of
being able to manufacture a nozzle vane that has the
appropriate precision without using a cutting process.

Brief Description of Drawings

[0014]

FIG. 1A is a plan view that shows the constitution of
the nozzle vane in the present embodiment.
FIG. 1B is a side view that shows the constitution of
the nozzle vane in the present embodiment.
FIG. 2A is a plan view that shows the constitution of
the fabricated member in the present embodiment.
FIG. 2B is a side view that shows the constitution of
the fabricated member in the present embodiment.
FIG. 3A is a cross-sectional view that shows the con-
stitution of the first axle portion molding die and the
second axle portion molding die in the present em-
bodiment.
FIG. 3B is the view from arrow A in FIG. 3A.
FIG. 4A is a plan view that shows the constitution of
the vane portion molding die in the present embod-
iment.
FIG. 4B is a cross-sectional view along line B-B in
FTG. 4A.
FIG. 4C is a cross-sectional view along line C-C in
FIG. 4A.
FIG. 5 is a schematic view that shows the state of
the fabricated member arranged in the second con-
cave portion.
FIG. 6 is a schematic view that shows the molding
of the first axle portion and the second axle portion.
FIG. 7A is a plan view that shows the state of the
fabricated member arranged in the fabricated mem-
ber hole portion.
FIG. 7B is a cross-sectional view along line D-D in
FIG. 7A.
FIG. 7C is a cross-sectional view along line E-E in
FIG. 7A.
FIG. 8 is a schematic view that shows the formation
of the vane portion.
FIG. 9 is a schematic view that shows one modifica-
tion example of the second axle portion molding die
shown in FIG. 3A.
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FIG. 10A is a cross-sectional view that show a mod-
ification example of the vane portion molding die
shown in FIG. 4B.
FIG. 10B is a cross-sectional view along line F-F in
FIG. 10A.
FIG. 11 is a cross-sectional schematic view that
shows a variable capacity turbocharger provided
with a nozzle vane in the present embodiment.

Description of Embodiments

[0015] Hereinbelow, an embodiment of the present in-
vention shall be described with reference to the drawings.
The constitution of a nozzle vane 1 and a fabricated mem-
ber 2 in the present embodiment shall be described with
reference to FIG. 1A to FIG. 2B.
FIG. 1A is a plan view that shows the constitution of the
nozzle vane 1 in the present embodiment. FIG. 1B is a
side view that shows the constitution of the nozzle vane
in the present embodiment. FIG. 2A is a plan view that
shows the constitution of the fabricated member 2 in the
present embodiment. FIG. 2B is a side view that shows
the constitution of the fabricated member in the present
embodiment.
[0016] The nozzle vane 1 is a variable vane that is
used in a variable capacity turbocharger 10 shown in
FIG. 11.
A variable capacity turbocharger is a supercharger that
can raise the performance of an engine (not illustrated)
over a wide range from the low revolution range to the
high revolution range. As shown in FIG. 11, the afore-
mentioned turbocharger has a rotating vane 23 that ro-
tates by the flow of exhaust gas that is exhausted from
the engine, and a variable nozzle 50 that has approxi-
mately an annular shape that surrounds the rotating vane
23 and supplies exhaust gas to the rotating vane. The
variable nozzle 50 has a plurality of nozzle vanes 1 be-
tween a pair of plate-like members 51, 52 having approx-
imately an annular shape that are arranged facing each
other. The nozzle vane 1 is supported to freely turn by
the pair of plate-like members 51, 52, and is provided at
a regular interval in the circumferential direction of the
aforementioned pair of plate-like members 51, 52.
[0017] By causing the plurality of nozzle vanes 1 to
turn, a channel diameter of the variable nozzle 50 chang-
es. It is possible to select a suitable channel diameter of
the variable nozzle 50 in accordance with the number of
rotations of the engine, that is, the flow rate of exhaust
gas that is discharged from the engine, in order to im-
prove the performance of the engine over a wide range
from the low revolution range to the high revolution range.
[0018] As shown in FIG. 1A, the nozzle vane 1 has a
vane portion 11 that is a member with a vane shape that
forms approximately a rectangle, and a first axle portion
14 and a second axle portion 15 that respectively project
in mutually opposing directions from the first end face 12
and the second end face 13, which are mutually opposing
end faces of the vane portion 11. The nozzle vane 1 is

made from a metallic material that has heat resistance
and can undergo plastic deformation, and the vane por-
tion 1, the first axle portion 14, and the second axle portion
15 are integrally formed.
As shown in FIG. 1B, the vane portion 11 has an aerofoil
profile when viewed from the axial direction of the first
axle portion 14, and both vane surfaces of the vane por-
tion 11 consist of a convex vane surface 16 that is formed
in a convex shape, and a concave vane surface 17 that
is formed in a concave shape. The first end face 12 and
the second end face 13 are planes that are mutually par-
allel. The first axle portion 14 and the second axle portion
15 are cylindrical axles, with the second axle portion 15
being formed longer than the first axle portion 14.
[0019] The nozzle vane 1 is on the one hand required
to smoothly rotate centered on the first axle portion 14
and the second axle portion 15, and also required to min-
imize leakage of exhaust gas from the space between
the first end face 12 and the second end face 13 and the
pair of plate-like members 51, 52 in the aforementioned
variable nozzle 50. For that reason, it is necessary for
example to make the width in the axial direction of the
vane portion 11, the perpendicularity between the first
end face 12, the second end face 13 and the axial direc-
tion, the diameter and circularity of the first axle portion
14 and the second axle portion 15, and the concentricity
of the first axle portion 14 and the second axle portion
15 have appropriate degrees of accuracy.
[0020] The fabricated member 2 is a previous-stage
member of the nozzle vane 1 that is molded by a pressing
process described below, and has a pre-molding vane
portion 21 that is a member with a vane shape that is
approximately rectangular, and a pre-molding first axle
portion 24 and a pre-molding second axle portion 25 that
respectively project in opposing directions from a pre-
molding first end face 22 and a pre-molding second end
face 23, respectively, which are mutually opposing end
faces of the pre-molding vane portion 21. Both vane sur-
faces of the pre-molding vane portion 21 consist of a pre-
molding convex vane surface 26 that is formed in a con-
vex shape, and a pre-molding concave vane surface 27
that is formed in a concave shape.
[0021] The fabricated member 2 is molded to have di-
mensions similar to the dimensions of the nozzle vane
1, In greater detail, the thickness of the pre-molding vane
portion 21 is formed to be thicker than the vane portion
11 of the nozzle vane 1. The width of the pre-molding
vane portion 21 in the axial direction of the pre-molding
first axle portion 24 is formed slightly narrower than the
width of the vane portion 11, and the length of the pre-
molding vane portion 21 is formed slightly shorter than
the length of the vane portion 11. The pre-molding first
axle portion 24 and the pre-molding second axle portion
25 are formed slightly narrower and longer than the first
axle portion 14 and the second axle portion 15, respec-
tively.
The fabricated member 2 is molded using a casting proc-
ess such as die cast, or using a metallic powder injection
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molding method (metallic injection molding).
[0022] Next, the constitution of a first axle portion mold-
ing die 5, a second axle portion molding die 6, and a vane
portion molding die 7 shall be described with reference
to FIG. 3A to FIG. 4C.
FIG. 3A is a cross-sectional view that shows the consti-
tution of the first axle portion molding die 5 and the second
axle portion molding die 6 in the present embodiment.
FIG. 3B is a view from arrow A in FIG. 3A. FIG. 4A is a
plan view that shows the constitution of the vane portion
molding die 7 in the present embodiment. FIG. 4B is a
cross-sectional view along line B-B in FIG. 4A. FIG. 4C
is a cross-sectional view along line C-C in FIG. 4A.
[0023] The first axle portion molding die 5 and the sec-
ond axle portion molding die 6 are dies for respectively
molding the first axle portion 14 and the second axle por-
tion 15 from the pre-molding first axle portion 24 and the
pre-molding second axle portion 25.
As shown in FIG. 3A, a first facing surface 51 and a sec-
ond facing surface 61 that are mutually opposing planes
are respectively formed in the first axle portion molding
die 5 and the second axle portion molding die 6. The first
facing surface 51 and the second facing surface 61 re-
spectively have a convex portion 52 and a concave por-
tion 62 for performing positioning between the first axle
portion molding die 5 and the second axle portion molding
die 6 in the direction of the surfaces. The convex portion
52 and the concave portion 62 can fit together without a
gap, and are formed to be freely detachable.
Note that at least either one of the first axle portion mold-
ing die 5 and the second axle portion molding die 6 is
connected to a drive portion not illustrated, and the first
axle portion molding die 5 and the second axle portion
molding die 6 can repeat separation and abutting by op-
eration of the drive portion.
[0024] A second concave portion 53 that has approx-
imately the same depth as width in the axial direction of
the pre-molding vane portion 21 is formed in the first fac-
ing surface 51. The second concave portion 53 has a
concave facing surface 54 that is a plane that faces the
second axle portion molding die 6. The interval between
the concave facing surface 54 and the second facing
surface 61 when the first facing surface 51 and the sec-
ond facing surface 61 abut is slightly wider than the width
in the axial direction of the pre-molding vane portion 21.
A first hole portion (first insertion portion) 55 that pene-
trates in the thickness direction is formed in the concave
facing surface 54. The shape of the first hole portion 55
when viewed in the penetration direction has a circular
shape that is the same as that of the first axle portion 14
af the nozzle vane 1 projected in the axial direction, and
the inner circumferential surface of the first hole portion
55 is the same shape as the outer circumferential surface
of the first axle portion 14.
[0025] A second hole portion (first insertion portion) 65
that penetrates in the thickness direction is formed in the
surface of the second facing surface 61 that faces the
second concave portion 53. The shape of the second

hole portion 65 when viewed in the penetration direction
has a circular shape that is the same as that of the second
axle portion 15 of the nozzle vane 1 projected in the axial
direction, and the inner circumferential surface of the sec-
ond hole portion 65 is the same shape as the outer cir-
cumferential surface of the second axle portion 15. Also,
the second hole portion 65 is provided at a position at
which the center axis of the first hole portion 55 and the
center axis of the second hole portion 65 become coaxial
when the convex portion 52 is fitted in the concave portion
62.
[0026] Note that a first axle portion pusher 57 (refer to
FIG. 5) is arranged on the side of the first hole portion 55
opposite the second axle portion molding die 6, and a
second axle portion pusher 67 (refer to FIG. 5) is ar-
ranged on the side of the second hole portion 65 opposite
the first axle portion molding die 5. The first axle portion
pusher 57 has approximately a cylindrical shape, and is
formed with a thickness that can be inserted in the first
hole portion 55 without a gap. The second axle portion
pusher 67 has a cylindrical shape, and is formed with a
thickness that can be inserted in the second hole portion
65 without a gap.
[0027] The vane portion molding die 7 is a die for mold-
ing the vane portion 11 from the pre-molding vane portion
21, as shown in FIG. 4A and FIG. 4B.
The vane portion molding die 7 has a fabricated member
hole portion (second insertion portion) 71 that has ap-
proximately a rectangular shape and penetrates in the
thickness direction.
The inner side surface of the fabricated member hole
portion 71 consists of a third facing surface 72 and a
fourth facing surface 73 that are a pair of planes that face
each other, and a fifth facing surface 74 and a sixth facing
surface 75 that are a pair of planes that face each other.
A third concave portion 76 and a fourth concave portion
77 are respectively formed in the third facing surface 72
and the fourth facing surface 73. The inner side surface
of the fabricated member hole portion 71 that includes
the third concave portion 76 and the fourth concave por-
tion 77 is formed entirely parallel to the thickness direction
of the vane portion molding die 7.
[0028] The shape of the fabricated member hole por-
tion 71 that includes the third concave portion 76 and the
fourth concave portion 77 has approximately the same
shape as that which projects the nozzle vane 1 in a di-
rection that is approximately perpendicular to the convex
vane surface 16. In greater detail, the interval between
the third facing surface 72 and the fourth facing surface
73 is formed to agree with the width of the vane portion
11 in the axial direction. The interval between the fifth
facing surface 74 and the sixth facing surface 75 is
formed to be longer than the length of the vane portion
11. The third concave portion 76 and the fourth concave
portion 77 have the same shapes as those which respec-
tively project the first axle portion 14 and the second axle
portion 15 in directions approximately perpendicular to
the convex vane surface 16, and the first axle portion 14
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and the second axle portion 15 are capable of fitting in
the third concave portion 76 and the fourth concave por-
tion 77, respectively, without gaps.
The third concave portion 76 and the fourth concave por-
tion 77 are provided at positions at which a plane that
equally divides the third concave portion 76 in a direction
parallel to the fifth facing surface 74, and a plane that
equally divides the fourth concave portion 77 in the afore-
mentioned direction become the same plane (plane S).
The third facing surface 72 and the fourth facing surface
73 are perpendicular to the plane S.
[0029]  Note that a convex vane surface side pusher
78 (refer to FIG. 7B and FIG. 7C) and a concave vane
surface side pusher 79 (refer to FIG. 7B and FIG. 7C)
are respectively arranged on both sides of the fabricated
member hole portion 71 in the thickness direction. The
pressing surface of the convex vane surface side pusher
78 has the same shape as the convex vane surface 16,
and the pressing surface of the concave vane surface
side pusher 79 has the same shape as the concave vane
surface 17.
[0030] Next, the method of manufacturing the nozzle
vane 1 according to the present embodiment shall be
described with reference to FIG. 5 to FIG. 8.
FIG. 5 is a schematic drawing that shows the state of the
fabricated member 2 arranged in the second concave
portion 53. FIG. 6 is a schematic drawing that shows the
molding of the first axle portion 14 and the second axle
portion 15. FIG. 7A is a plan view that shows the state
of the fabricated member 2 arranged in the fabricated
member hole portion 71. FIG. 7B is a cross-sectional
view along line D-D in FIG. 7A. FIG. 7C is a cross-sec-
tional view along line E-E in FIG. 7A.
FIG. 8 is a schematic view that shows the molding of the
vane portion 11.
[0031] Initially, the fabricated member 2 that is the pre-
vious-stage member of the nozzle vane 1 is molded.
As described above, the fabricated member 2 is molded
using a casting process such as die cast, or using a me-
tallic powder injection molding method.
[0032] Next, the first axle portion 14 and the second
axle portion 15 of the nozzle vane 1 are molded (first
process).
As shown in FIG. 5, the first axle portion molding die 5
and the second axle Q, portion molding die 6 are made
to separate from each other by operation of the driving
portion, and by inserting the pre-molding first axle portion
24 in the first hole portion 55, the pre-molding vane por-
tion 21 is arranged in the second concave portion 53.
Next, the first axle portion molding die 5 and the second
axle portion molding die 6 are brought into mutual close
proximity by operation of the driving portion, and while
inserting the pre-molding second axle portion 25 in the
second hole portion 65, the first facing surface 51 and
the second facing surface 61 are made to abut.
Since the interval between the concave facing surface
54 and the second facing surface 61 in this state is slightly
wider than the width in the axial direction of the pre-mold-

ing vane portion 21, the pre-molding vane portion 21 re-
ceives no biasing force from the first axle portion molding
die 5 and the second axle portion molding die 6.
[0033] Next, the pre-molding first axle portion 24 and
the pre-molding second axle portion 25 are made to un-
dergo plastic deformation by being pressed in the axial
direction.
As shown in FIG. 6, the pre-molding first axle portion 24
and the pre-molding second axle portion 25 are pressed
in the axial direction from the respective end face sides
by the first axle portion pusher 57 and the second axle
portion pusher 67.
[0034] By pressing the pre-molding first axle portion
24 in the axial direction, the pre-molding first axle portion
24 expands in the direction perpendicular to the axial
direction and becomes thicker. At this time, the pre-mold-
ing first axle portion 24 is inserted in the first hole portion
55, and so the pre-molding first axle portion 24 does not
expand beyond the internal shape of the first hole portion
55. For that reason, by pressing until the outer periphery
of the pre-molding first axle portion 24 makes contact
with the inner periphery of the first hole portion 55, the
pre-molding first axle portion 24 undergoes plastic defor-
mation to the same shape as the internal shape of the
first hole portion 55. Furthermore, the inner periphery of
the first hole portion 55 has the same shape as the outer
periphery of the first axle portion 14 of the nozzle vane
1. Accordingly, the pre-molding first axle portion 24 is
pressed inside of the first hole portion 55, whereby it is
molded into the same shape as the first axle portion 14
of the nozzle vane 1.
Note that the pre-molding second axle portion 25 is also
pressed in the axial direction within the second hole por-
tion 65 in the same manner as the pre-molding first axle
portion 24, whereby it is molded into the same shape as
the second axle portion 15 of the nozzle vane 1.
[0035] Also, since the respective center axes of the
first hole portion 55 and the second hole portion 65 extend
on the same axis, the center axes of the first axle portion
14 and the second axle portion 15 that are molded by
the first hole portion 55 and the second hole portion 65
that are arranged in such a positional relation also extend
on the same axis.
As a result, it is possible to ensure the diameters and
circularity of the first axle portion 14 and the second axle
portion 15, and the concentricity between the first axle
portion 14 and the second axle portion 15 are within ap-
propriate degrees of accuracy.
Thereby, the process of molding the first axle portion 14
and the second axle portion 15 of the nozzle vane 1 (first
process) concludes.
[0036] Next, the vane portion 11 of the nozzle vane 1
is molded (second process).
As shown in FIG. 7A, the fabricated member 2 after the
aforementioned first process is inserted and arranged in
the fabricated member hole portion 71 of the vane portion
molding die 7. At this time, the first axle portion 14 and
the second axle portion 15, which were molded in the
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aforementioned first process, are respectively inserted
in the third concave portion 76 and the fourth concave
portion 77 without gaps. Also, predetermined gaps are
respectively formed between the pre-molding first end
face 22 and the third facing surface 72, and between the
pre-molding second end face 23 and the fourth facing
surface 73.
[0037] Next, as shown in FIG. 7B and FIG. 7C, the pre-
molding vane portion 21 is pressed from both vane sur-
face sides in directions approximately perpendicular to
the pre-molding convex vane surface 26, and thereby
undergoes plastic deformation.
As shown in FIG. 8, the pre-molding vane portion 21 is
pressed from both vane surface sides by the convex vane
surface side pusher 78 and the concave vane surface
side pusher 79.
[0038] By pressing the pre-molding vane portion 21
from both vane surface sides in directions approximately
perpendicular to the pre-molding convex vane surface
26, the pre-molding vane portion 21 expands in the vane
surface direction. At this time, the pre-molding vane por-
tion 21 is inserted in the fabricated member hole portion
71, and so the pre-molding vane portion 21 does not ex-
pand beyond the internal shape of the fabricated member
hole portion 71. For that reason, by pressing until the pre-
molding first end face 22 and the pre-molding second
end face 23 of the pre-molding vane portion 21 make
contact with the third facing surface 72 and the fourth
facing surface 73 of the fabricated member hole portion
71, respectively, the pre-molding vane portion 21 under-
goes plastic deformation to the same shape as the inter-
nal shape of the fabricated member hole portion 71. Also,
the fabricated member hole portion 71 becomes the
shape that projects the nozzle vane 1 in a direction ap-
proximately perpendicular to the convex vane surface
16. Accordingly, the pre-molding vane portion 21 is
pressed inside the fabricated member hole portion 71,
and thereby is molded to the same shape as the vane
portion 11 of the nozzle vane 1.
As a result, it is possible to ensure the width in the axial
direction of the vane portion 11 and the perpendicularity
between the first end face 12 and the second end face
13 with the axial direction are within the appropriate de-
grees of accuracy
Thereby, the process of molding the vane portion 11 of
the nozzle vane 1 (second process) concludes.
[0039] Accordingly, it is possible to obtain the following
effects according to the present embodiment.
According to the present embodiment, there is the effect
of being able to manufacture the nozzle vane 1 that has
the appropriate degree of accuracy without using a cut-
ting process.
[0040] Note that the operation procedure and the
shapes and combinations of the constituent members
shown in the aforementioned embodiment are merely
examples, and various changes are possible based on
the process conditions and design requirements within
a scope that does not depart from the gist of the present

invention.
[0041] For example, in the aforementioned embodi-
ment, the nozzle vane 1 is a variable vane that is used
in a variable-capacity turbocharger 10, but the present
invention is not limited to such an application, and it may
be used for the manufacture of a general-purpose vari-
able vane that has a vane portion and an axle portion.
[0042] Also, in the aforementioned embodiment, the
nozzle vane 1 has the first axle portion 14 and the second
axle portion 15 that are a pair of axle portions, but it may
have a shape in which one axle portion projects out from
a predetermined end face of the vane portion 11.
[0043] Also, in the aforementioned embodiment, when
molding the first axle portion 14 and the second axle por-
tion 15, the first axle portion pusher 57 and the second
axle portion pusher 67, which constitute a pair of pushers,
were used, but the first axle portion 14 and the second
axle portion 15 may also be molded using a constitution
as shown in FIG. 9.
FIG. 9 is a schematic view that shows one modification
example of the second axle portion molding die 6 shown
in FIG. 3A.
As shown in FIG. 9, the second hole portion 65A of the
second axle portion molding die 6A does not penetrate
in the thickness direction, and has a bottom surface 65B.
The depth of the second hole portion 65A, that is, the
length from the second facing surface 61 to the bottom
surface 65B is slightly shorter than the length of the pre-
molding second axle portion 25. Also, the interval be-
tween the concave facing surface 54 and the second
facing surface 61 when the convex portion 52 and the
concave portion 62 are engaged is slightly wider than the
width of the pre-molding vane portion 21 in the axial di-
rection.
Even with the constitution shown in FIG. 9, by pressing
the fabricated member 2 with the first axle portion pusher
57, it is possible to simultaneously mold the fist axle por-
tion 14 and the second axle portion 15. Note that the
constitution of the first axle portion molding die 5 and the
second axle portion molding die 6A may be reversed in
FIG. 9.
[0044] Also, in the aforementioned embodiment, when
molding the vane portion 11, the convex vane surface
side pusher 78 and the concave vane surface side pusher
79, which constitute a pair of pushers, were used, but
the vane portion 11 may also be molded using the con-
stitution shown in FIG. 10A and FIG. 10B.
FIG. 10A is a schematic drawing that shows a modifica-
tion example of the vane portion molding die 7 shown in
FIG. 4B. FIG. 10B is a cross-sectional view along line F-
F in FIG. 10A.
As shown in FIG. 10A and FIG. 10B, a fabricated member
hole portion 71 A of a vane portion molding die 7A does
not penetrate in the thickness direction, and has a bottom
surface 718. The bottom surface 71B has the same
shape as the concave vane surface 17 af the nozzle vane
1. Also, the third concave portion 76 and the fourth con-
cave portion 77 penetrate in the thickness direction with
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their respective shapes so as not to bias the first axle
portion 14 and the second axle portion 15 during press-
ing.
Even with the constitution shown in FIG. 10A and FIG.
10B, it is possible to mold the vane portion 11 by pressing
with the convex vane surface side pusher 78.
[0045] Also, in the aforementioned embodiment, since
the interval between the fifth facing surface 74 and the
sixth facing surface 75 of the vane portion molding die 7
is formed longer than the length of the vane portion 11,
it is difficult to ensure the length of the vane portion 11
after molding is within a high degree of accuracy, but it
is possible to ensure the length of the vane portion 11
after molding has an appropriate degree of accuracy by
making the aforementioned interval the predetermined
length of the vane portion 11.
[0046] Also, the vane portion molding die 7 was used
in the aforementioned embodiment, but the vane portion
molding die 7 may be used together with the first axle
portion molding die 5 and the second axle portion molding
die 6.
For example, after making the shape of the space that
is formed by the second concave portion 53 and the sec-
ond facing surface 61 shown in FIG. 3A the same shape
as the fabricated member hole portion 71 shown in FIG.
4A to FIG. 4C, and molding the first axle portion 14 and
the second axle portion 15 by the first process, the vane
portion 11 may be molded by pressing the pre-molding
vane portion 21 with the convex vane surface side pusher
78 and the concave vane surface side pusher 79 in di-
rections approximately perpendicular to the pre-molding
convex vane surface 26 in the state shown in FIG. 6.

Industrial Applicability

[0047] According to the present invention, it is possible
to manufacture a nozzle vane that has the appropriate
accuracy without using a cutting process.

Reference Signs List

[0048]

1 nozzle vane
11 vane portion
12 first end face
13 second end face
14 first axle portion
15 second axle portion
16 convex vane surface
17 concave vane surface
2 fabricated member
21 pre-molding vane portion
24 pre-molding first axle portion
25 pre-molding second axle portion
26 pre-molding convex vane surface
27 pre-molding concave vane surface
5 first axle portion molding die

55 first hole portion (first insertion portion)
6 second axle portion molding die
65 second hole portion (first insertion portion)
7 vane portion molding die
71 fabricated member insertion hole portion (second

insertion portion)

Claims

1. A method of manufacturing a nozzle vane compris-
ing a vane portion and an axle portions that project
out from a predetermined end faces of the vane por-
tion, the method comprising:

a first process that molds the axle portions by
inserting a pre-molding axle portions of a fabri-
cated member having a pre-molding vane por-
tion and a pre-molding axle portions with dimen-
sions respectively approximating the vane por-
tion and the axle portions in axle portion molding
dies in which a first insertion portion is formed
with a shape that projects the axle portions in
the axial direction, and pressing the pre-molding
axle portions in the axial direction; and
a second process that molds the vane portion
by inserting the fabricated member after the first
process in a vane portion molding die in which
a second insertion portion is formed with a shape
that projects the nozzle vane in a direction that
is approximately perpendicular to the vane sur-
face of the vane portion, and pressing the pre-
molding vane portion in directions approximate-
ly perpendicular to the vane surface.

2. The method of manufacturing a nozzle vane accord-
ing to claim 1, wherein
each axle portion of the nozzle vane projects out on
the same axis in opposite directions from both end
faces of the vane portion; and
in the first process, molding a pair of the axle portions
by respectively inserting a pair of the pre-molding
axle portions in a pair of the axle portion molding
dies, and pressing the pair of pre-molding axle por-
tions in the axial direction.

3. The method of manufacturing a nozzle vane accord-
ing to claim 1 or claim 2, wherein the axle portions
that are molded in the first process are inserted with-
out gaps in a third concave portion and a fourth con-
cave portion that are formed in the vane portion mold-
ing die.

4. The method of manufacturing a nozzle vane accord-
ing to claim 1 or claim 2, wherein when pressing the
pre-molding axle portions in the axial direction, a pair
of pushers capable of moving in the axial direction
are used, and when pressing the pre-molding vane
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portion in directions approximately perpendicular to
the vane surface, a pair of pushers capable of moving
in directions approximately perpendicular to the
vane surface are used.

5. The method of manufacturing a nozzle vane accord-
ing to claim 1 or claim 2, wherein when pressing the
pre-molding axle portions in the axial direction, with
one end side of the pre-molding axle portions fixed
to the axle portion molding die in the axial direction,
a pusher that is capable of moving in the axial direc-
tion is pressed on the other end side of the pre-mold-
ing axle portions that is not fixed in the axial direction,
and when pressing the pre-molding vane portion in
a direction approximately perpendicular to the vane
surface, with one end side of the pre-molding vane
portion fixed to the vane portion molding die in a di-
rection approximately perpendicular to the vane sur-
face, a pusher that is capable of moving in a direction
that is approximately perpendicular to the vane sur-
face is pressed on the pre-molding vane portion of
the other end side that is not fixed in a direction that
is approximately perpendicular to the vane surface.
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