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Description
TECHNICAL FIELD

[0001] This disclosure relates to a method for grinding
(polishing) atip of arotor blade in a blisk (integrally bladed
disk, integrated bladed rotor) of axial-flow turbomachin-
ery, such as a compressor or a turbine, and to a jig used
therefor.

BACKGROUND ART

[0002] Inaconventionalrotorinthe axial-flow turboma-
chinery, such as a compressor or a turbine, a dovetail of
a detachable rotor blade is fitted into a slot formed in the
circumferential surface of a disk. The advantage of such
a blade wheel consists in the capability to replace only a
damaged rotor blade. Hereinafter, a blade wheel having
a detachable rotor blade fitted into a disk will be referred
to as a blade-disk assembled wheel, for convenience of
description.

[0003] A bliskis a blade wheel formed from a disk and
rotor blade both integrally provided. Use of the blisk has
recently started for the purpose of improving the mechan-
ical strength and lightweight properties. The examples
of specific advantages of the blisk are, a reduction of the
number of components used for coupling a disk with a
rotor blade, a reduction of the air resistance in a coupling
section between adisk and arotor blade, animprovement
in compression efficiency of a combustion gas associat-
ed with the reduction of the air resistance, and the like.
[0004] Then, a blade-disk assembled wheel may be
combined with a blisk to form a rotor, taking the advan-
tage of each of two types of blade wheels described
above.

[0005] Incidentally, inarotor, itis importantto precisely
finish the blade length of a rotor blade in order to maintain
the airtightness of a combustion gas between rotor
blades. Then, a work to grind the tip of a rotor blade is
performed while rotating the rotor blade in manufacturing
a rotor. Grinding of a rotor blade is disclosed in Patent
Literature 1.

CITATION LIST

PATENT LITERATURE

[0006] Patent Literature 1: Japanese Translation of
PCT International Application Publication No. JP-T-
2012-500730

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0007] In grinding a tip of a rotor blade in a blade-disk

assembled wheel, this blade-disk assembled wheel ro-
tatesrapidly. This is because a sufficient centrifugal force
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needs to be given to a blade so that the position of the
tip reaches a position similar to the position during actual
operation of a compressor or a turbine. On the other
hand, a blisk (rotor) also rotates in grinding a tip of a rotor
blade in the blisk. However, the rotation speed of a blisk
is suppressed, to some extent, to be less than the rotation
speed of a blade-disk assembled wheel during grinding.
This is because if the rotation speed of a blisk is exces-
sively increased, then in grinding a tip, the tip might vi-
brate and a stress leading to damage to the rotor blade
might be applied to a blade root.

[0008] Therefore, in a case where axial-flow turboma-
chinery formed by combining a blade-disk assembled
wheel with a blisk is used, in the manufacturing process
of the axial-flow turbomachinery a grinding work of a
blade-disk assembled wheel performed while a rotor is
rotated rapidly and a grinding work of a blisk performed
while a rotor is rotated at a low speed need to be per-
formed in separate stages. Such grinding works in sep-
arate stages cause a decrease in working efficiency.
[0009] The present disclosure has been made in view
of the above-described circumstances. The object of this
disclosure is to provide a method for grinding a tip of a
rotor blade, the method being capable of concurrently
performing, under a rapid rotation of a rotor, a grinding
work of a tip of a rotor blade in a blisk formed from an
integrated disk and blade and a grinding work of a tip of
a rotor blade in a blade wheel (blade-disk assembled
wheel) formed from a separate disk and blade, and a
blade-tip grinding jig used in performing this method.

SOLUTION TO PROBLEM

[0010] A first aspect of this disclosure is a method for
grinding a tip of a blade, including: amovement restriction
step of restricting a relative movement of a blade with
respect to a disk of the blade of a blisk by a jig inserted
between a blade cascade of the blisk in a rotor and a
blade cascade adjacent to the blade cascade of the blisk,
the blisk being formed from the disk and the blade both
integrally provided; and a grinding step of concurrently
grinding a tip of the blade of the blisk in the rotor and a
tip of a blade of a blade wheel during rotation of the rotor
at a predetermined speed, the blade wheel being formed
from a disk and a blade both separately provided.
[0011] The movement restriction step may include in-
serting the jiginto each space between the blade cascade
of the blisk and blade cascades on both sides of the blade
cascade of the blisk. The grinding step may include con-
currently grinding the tip of the blade of the blisk whose
relative movement is restricted by the jig and the tip of
the blade of the blade wheel.

[0012] A second aspect of this disclosure is a jig for
grinding a tip of a blisk, configured to be inserted between
ablade cascade of the blisk formed with a disk and blades
both integrally provided and a blade cascade adjacent
to the blade cascade of the blisk in grinding the tip of the
blade in the blisk, the blades of the blisk being present
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in a rotor with blades of a blade wheel formed from a disk
and blades both separately provided. The jig includes: a
disk locking section configured to be locked to the disk
of the blade of the blisk while being inserted between the
blade cascades; a blade locking section configured to be
locked to an airfoil of the blisk including the disk to which
the disk locking section is locked, while being inserted
between the blade cascades; and a connecting section
configured to connect the disk locking section and the
blade locking section.

ADVANTAGEOUS EFFECTS OF INVENTION

[0013] According to this disclosure, a grinding work of
a tip of a rotor blade including a blisk formed from an
integrated disk and rotor blade and a grinding work of a
tip of a rotor blade including a blade wheel formed from
a separate disk and blade can be concurrently performed
under rapid rotation of a rotor.

BRIEF DESCRIPTION OF DRAWINGS
[0014]

Fig. 1 is a cross sectional view illustrating a main
portion of a rotor, where a grinding work of a tip is
performed using a jig, according to an embodiment
of this disclosure.

Fig. 2 is aflow chart illustrating the steps in a method
for grinding a tip of a rotor blade, according to an
embodiment of this disclosure.

Fig. 3 is a perspective view illustrating an enlarged
portion of the rotor of Fig. 1.

DESCRIPTION OF EMBODIMENTS

[0015] Hereinafter, the embodiments of this disclosure
will be described with reference to the accompanying
drawings. Fig. 1 is a cross sectional view illustrating a
main portion of a rotor, where a grinding work of a blade
tip is performed using a jig according to an embodiment
of this disclosure.

[0016] A rotor 10 illustrated in Fig. 1 is used for axial-
flow turbomachinery, such as a compressor or a turbine.
The rotor 10 includes a plurality of blade cascades 11,
13, 15, 17 mounted on a rotary shaft (not illustrated). The
blade cascades 11, 13, 15 are located on an intake side
of compression fluid (not illustrated). The blade cascade
(rotor blade) 11 includes a plurality of rotor blades
(blades) 11b, and the plurality of rotor blades 11b are
integrated with a disk 11a. That is, the plurality of rotor
blades 11b and the disk 11a constitute a single blisk.
Similarly, a plurality of rotor blades (blades) 13b consti-
tuting a blade cascade (rotor blade) 13 and a disk 13a
constitute a single blisk, and a plurality of rotor blades
(blades) 15b constituting a blade cascade (rotor blade)
15 and a disk 15a constitute a single blisk. Moreover, a
blade cascade 17 is located on a discharge port side of
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compression fluid from the blade cascades 11, 13, 15.
[0017] A plurality of rotor blades (blades) 17b consti-
tuting the blade cascade (rotor blade) 17 are separately
provided from a disk 17a, and are fitted into the disk 17a.
The rotor blade 17b is detachable from the disk 17a. That
is, the plurality of rotor blades 17b and the disk 17a con-
stitute a blade wheel, in which the plurality of rotor blades
17b are separated from the disk 17a, (referred to as a
blade-disk assembled wheel, for convenience of descrip-
tion). The rotor blade 17b has a dovetail 17d in a platform
17c¢ thereof, and the dovetail 17d extends in a direction
away from a blade body of the rotor blade 17b. The rotor
blade 17b is coupled with the disk 17a by fitting the dove-
tail 17d into a slot 17e formed in the circumferential sur-
face of the disk 17a.

[0018] Astherotor 10 rotates, the position of each rotor
blade 17 in the blade cascade 17 will vary in the radial
direction of the rotor 10, within a range of a clearance
between the dovetail 17d and the slot 17e. This is be-
cause a centrifugal force acts on the rotor blade 17b due
totherotation of the rotor 10. The fasterthe rotation speed
of the rotor 10, the further the position of the rotor blade
17b moves outward in the radial direction from the rota-
tion center axis of the rotor 10.

[0019] Incidentally, in the above-described rotor 10, it
is important to precisely finish the blade length of each
of the rotor blades 11b, 13b, 15b, 17b in order to maintain
the airtightness of a combustion gas between the rotor
blades. Then, in manufacturing the rotor 10, a work for
grinding (polishing) the blade tip (tip) (11¢, 13c, 15¢c, 17f)
of the rotor blade (1b, 13b, 15b, 17b) with a grindstone
(21, 23, 25, 27) while rotating the blade cascade (11, 13,
15, 17) is performed.

[0020] With regard to the grinding of the rotor blade
17b of the blade cascade 17, the tip 17f has to be ground
(polished) so that the tip 17f reaches an appropriate po-
sition during actual operation of a compressor or a tur-
bine, taking into consideration the movement of the rotor
blade 17b in the radial direction of the rotor 10 due to the
rotation of the rotor 10. In order to do so, the rotor 10
needs to be rotated at a predetermined speed to give a
sufficient centrifugal force to the rotor blade 17b, so that
the position of the rotor blade 17b in the radial direction
ofthe rotor 10 is located at a position similar to the position
during actual operation.

[0021] Onthe other hand, regarding grinding of the ro-
tor blade (11b, 13b, 15b) of the blade cascade (11, 13,
15), when the rotor 10 rotates at the rotation speed in
grinding the rotor blade 17b, the tip (11c, 13c, 15c) side
of the rotor blade (11b, 13b, 15b) may significantly vibrate
due to an impact during grinding with the grindstone (21,
23, 25). If this vibration occurs on the tip (11c, 13c, 15c)
side of the rotor blade (11b, 13b, 15b), a stress leading
to an damage to the rotor blade (11b, 13b, 15b) may be
applied to a blade root on the disk (11a, 13a, 15a) side.
[0022] Then, in the rotor 10 of this embodiment, the
grinding of the blade cascade (11, 13, 15) of a blisk and
the grinding of the blade cascade 17 of the blade-disk
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assembled wheel are concurrently performed. That is,
the grinding of the tip (11c, 13c, 15c) of the rotor blade
(11b, 13b, 15b) and the grinding of the tip 17f of the rotor
blade 17b are concurrently performed in accordance with
amovementrestriction step (step S1) and a grinding step
(step S3) illustrated in a flow chart of Fig. 2. Hereinafter,
each step will be described.

[0023] The movement restriction step (step S1) is the
step performed before grinding the tip (11c, 13c, 15c,
17f) with the grindstone (21, 23, 25, 27) with rapid rotation
of the rotor 10 at a predetermined speed. As illustrated
in Fig. 1,in a state where the rotation of the rotor 10 stops,
the relative movement of the rotor blade (11b, 13b, 15b)
with respect to the disk (11a, 13a, 15a) is restricted with
the jig (30, 40).

[0024] The jig (30, 34) is inserted between the blade
cascades (11, 13, 15). In this embodiment, the jig 30 is
inserted between the blade cascade 11 and the blade
cascades 13, i.e., between the rotor blade 11b of the
blade cascade 11 and the rotor blade 13b of the blade
cascade 13. Moreover, the jig 40 is inserted between the
blade cascade 13 and the blade cascades 15, i.e., be-
tween the rotor blade 13b of the blade cascade 13 and
the rotor blade 15b of the blade cascade 15.

[0025] The jig 30 includes a disk locking section 31, a
blade locking section 33, and a connecting section 35 to
connect the disk locking section 31 and blade locking
section 33. The jig 30 is inserted between the rotor blade
11b of the blade cascade 11 and the rotor blade 13b of
the blade cascade 13 from the disk locking section 31
side. As theresult of this insertion, the disk locking section
31 is abutted against and locked to the disk (11a, 13a)
of each blade cascade (11, 13). That is, the disk locking
section 31 is sandwiched in the axial direction of the rotor
10 by the disk 11a and the disk 13a.

[0026] Because the disk locking section 31 is sand-
wiched by the disk 11a and the disk 13a, the disk locking
section 31 is pressed in the axial direction of the rotor 10
from the disk 11a and the disk 13a. As the result, a fric-
tional force acts between the disk locking section 31 and
the disk 11a and between the disk locking section 31 and
the disk 13a, and the relative movement (e.g., the move-
ment along the circumferential direction of the rotor 10)
of the jig 30 with respect to the disk (11a, 13a) is restrict-
ed. Thatis, the disk locking section 31 of this embodiment
has a width sufficient for restricting such relative move-
ment in the axial direction of the rotor 10.

[0027] Moreover,the disklocking section 31is abutted,
in the radial direction of the rotor 10, against either of the
disk 11a or the disk 13a. With this abutting, the relative
position of the jig 30 with respect to the rotary shaft of
the rotor 10 is restricted. Accordingly, for example, the
jig 30 can be distributed on an identical circle with respect
to the rotary shaft of the rotor 10, which contributes to
the fast and stable rotation of the rotor 10.

[0028] The blade locking section 33 is abutted against
and locked to one (e.g., trailing edge) of the side sections
in the width direction (the chord direction) of the rotor
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blade 11b of the blade cascade 11 viaa damping member
33a made from rubber or the like. Similarly, the blade
locking section 33 is abutted against and locked to one
(e.g., leading edge) of the side sections in the width di-
rection (the chord direction) of the rotor blade 13b of the
blade cascade 13 via adamping member 33b made from
rubber or the like. That is, the blade locking section 33
is sandwiched in the axial direction of the rotor 10 by the
rotor blade 11b and rotor blade 13b.

[0029] Because the blade locking section 33 is sand-
wiched by the rotor blade 11b and rotor blade 13b, the
blade locking section 33 is pressed in the axial direction
of the rotor 10 from the rotor blade 11b and the rotor
blade 13b. As the result, a frictional force acts between
the blade locking section 33 and the rotor blade 11b and
also between the blade locking section 33 and the rotor
blade 13b, and the relative movement (e.g., the move-
ment along the circumferential direction of the rotor 10)
of the jig 30 with respect to the rotor blade (11b, 13d) is
restricted. That is, the blade locking section 33 of this
embodiment has a width sufficient for restricting such
relative movement in the axial direction of the rotor 10.
[0030] Thejig 30inserted between the blade cascades
11, 13 fixes the position of the rotor blade (11b, 13b),
which locks the blade locking section 33 via the damping
member (33a, 33b), with respect to the position of the
disk (11a, 13a) locking the disk locking section 31. Thus,
the relative movement of the rotor blade (11b, 13b) of
the blade cascade (11, 13) with respect to the disk (11a,
13a) is restricted by the jig 30.

[0031] The jig 40 has a structure similar to that of the
jig 30. That is, the difference between the jig 30 and the
jig 40 is that while the jig 30 has a cross-sectional shape
corresponding to the rotorblade (11b, 13b) and disk (11a,
13a), the jig 40 has a cross-sectional shape correspond-
ing to the rotor blade (13b, 15b) and disk (13a, 15a).
Accordingly, the action of the jig 40 itself is identical to
the action of the jig 30 itself. The jig 40 includes a disk
locking section 41, a blade locking section 43, and a con-
necting section 45 for connecting the disk locking section
41 and the blade locking section 43. The jig 40 is inserted
between the rotor blade 13b of the blade cascade 13 and
the rotor blade 15b of the blade cascade 15 from the disk
locking section 41 side. As the result of this insertion, the
disk locking section 41 is abutted against and locked to
the disk (13a, 15a) of each blade cascade (13, 15). That
is, the disk locking section 41 is sandwiched in the axial
direction of the rotor 10 by the disk 13a and the disk 15a.
Moreover, the blade locking section 43 is abutted against
and locked to one (e.g., trailing edge) of the side sections
in the width direction (the chord direction) of the rotor
blade (13b, 15b) of the blade cascade (13, 15) via a
damping member 43a made from rubber or the like. Sim-
ilarly, the blade locking section 43 is abutted against and
locked to one (e.g., leading edge) of the side sections in
the width direction (the chord direction) of the rotor blade
15b of the blade cascade 15 via a damping member 43b
made from rubber or the like.
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[0032] Thejig40inserted between the blade cascades
13, 15 fixes the position of the rotor blade (13b, 15b)
which locks the blade locking section 43 via the damping
member (43a, 43b), relative to the position of the disk
(13a, 15a) locking the disk locking section 41. Thus, the
relative movement of the rotor blade (13b, 15b) of the
blade cascade (13, 15) with respect to the disk (13a, 15a)
is restricted by the jig 40.

[0033] Note that, although Fig. 3 illustrates the jig (30,
40) just partially, the jig (30, 40) may be inserted, across
the entire-circumference in the rotation direction of the
rotor 10, between the rotor blades 11b (13b) of the blade
cascade 11 (13) or between the rotor blades 13b (15b)
of the blade cascade 13 (15). That is, the jig 30 (40) may
be one of a plurality of segments forming a ring which
extends in the circumferential direction of the rotor 10. In
that case, the jig 30 (40) can be constructed so as to be
able to expand in the shape of a strip or to be divided
into a plurality of arc-shaped parts by detaching the cou-
pling of the coupling section due to a coupler (not illus-
trated).

[0034] In performing a grinding work of the blade cas-
cade (11, 13, 15) using the above-described jig (30, 40),
the grinding is carried out while the relative displacement
of the rotor blade (11b, 13b, 15b) with respect to the disk
(11a, 13a, 15a) is restricted. Accordingly, the vibration
of the rotor blade (11b, 13b, 15b) due to an impact during
grinding is suppressed. That is, rotating the blisk at the
rotation speed of that in grinding the rotor blade 17b of
the blade-disk assembled wheel, enables the rotor blade
(11b, 13b, 15b) to be ground.

[0035] Then, the grinding step of step S3 illustrated in
Fig. 2 is performed after the movement restriction step
of step S1. In this grinding step, the rotor 10 illustrated
in Fig. 1 is rapidly rotated at a predetermined speed suit-
able for grinding the tip 17f of the blade cascade 17 of
the blade-disk assembled wheel. Then, the tip (11c, 13c,
15¢) of the blade cascade (11, 13, 15) of the blisk and
the tip 17f of the blade cascade 17 of the blade-disk as-
sembled wheel are concurrently ground using the grind-
stone (21, 23, 25, 27).

[0036] At this time, the relative movement of the rotor
blade (11b, 13b, 15b) of the blade cascade (11, 13, 15)
with respect to the disk (11a, 13a, 15a) is restricted by
the jig (30, 34) inserted between the rotor blades 11b,
13b or between the rotor blades 13b, 15b. Accordingly,
even if the tip (11c, 13c, 15c¢) of the blade cascade (11,
13, 15) is ground with rapid rotation of the rotor 10 at a
predetermined speed, the application of a stress onto the
blade root side of the rotor blade (11b, 13b, 15b), the
stress leading to an damage to the rotor blade (11b, 13b,
15b), can be suppressed.

[0037] Therefore, by executing the movement restric-
tion step of the step S1 in Fig. 2 and the grinding step of
step S3, the grinding work of the tip (11c, 13c, 15c) of
the blade cascade (11, 13, 15) of the blisk and the grind-
ing work of the tip 17f of the blade cascade 17 of the
blade-disk assembled wheel can be concurrently per-
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formed with rapid rotation of the rotor 10 at a predeter-
mined speed suitable for grinding the tip 17f of the blade
cascade 17.

[0038] Note that, in this embodiment, in the movement
restriction step, a jig is not inserted between the rotor
blades 15b of the blade cascade 15 and a jig is not in-
serted also between the rotor blades 17b of the blade
cascade 17. However, the grinding work of the tip (11c,
13c, 15¢, 17f) of the blade cascade (11, 13, 15, 17) in
the grinding step may be performed with a jig inserted
between the rotor blades 15b and between the rotor
blades 17b.

[0039] As described above, in grinding the tip of the
rotor blade of the blade-disk assembled wheel, the rotor
has to be rotated at such a predetermined rotation speed
that the tip of the relevant rotor blade is arranged at a
position, in the radial direction of the rotor, similar to a
position during actual operation. The predetermined
speed herein is a speed at which a centrifugal force suf-
ficient for the tip of the rotor blade of the blade-disk as-
sembled wheel to be arranged at a position in the radial
direction of the rotor similar to a position during actual
operation is applied to the relevant rotor blade.

[0040] If the tip of the rotor blade of the blisk is ground
with rotation of the rotor at such a predetermined rotation
speed, the tip may vibrate due to an impact during grind-
ing and a stress leading to damage to the rotor blade
may be applied to the blade root.

[0041] However, according to the grinding method of
this embodiment, a jig is inserted between the blade cas-
cades of a blisk. In this case, the jig is locked by the rotor
blades and disks on both sides thereof, and the relative
movement of the rotor blade with respect to the disk is
restricted. Accordingly, even if the tips of the rotor blades
on both sides of the jig are ground, the vibration of the
tip due to animpactduring grinding is suppressed. There-
fore, when the grinding work of the tip of the rotor blade
of a blade-disk assembled wheel is performed with rapid
rotation of the rotor at a predetermined rotation speed,
the grinding work of the tip of the rotor blade of the blisk
can be concurrently performed.

[0042] Notethat,ajigis preferably inserted, across the
entire-circumference in the rotation direction of a rotor,
between a blade cascade of a blisk and a blade cascade
adjacent thereto.

[0043] Moreover, when a jig is inserted between one
blade cascade of a blisk and blade cascades on both
adjacent sides thereof, respectively, the relative move-
ment of a rotor blade located between the jigs with re-
spect to a disk is restricted from the both sides thereof.
Therefore, the relative movement of the tip of a rotor
blade with respect to the disk of the blisk can be reliably
suppressed with the jigs on both sides of the rotor blade.
Accordingly, grinding of the tip of a rotor blade of a blisk
can be performed while more firmly protecting the blade
root of the rotor blade.

[0044] According to the jig of this embodiment, while
being inserted between a blade cascade of a blisk and
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the blade cascade adjacent thereto, a disk locking sec-
tion is locked to a disk of the blade cascade and a blade
locking section is locked to the blade of the same rotor
blade as the disk to which the disk locking section is
locked. Moreover, the disk locking section and the blade
locking section are connected via a connecting section.
Accordingly, the relative movement of a blade with re-
spect to the disk of a rotor blade is restricted.

[0045] Therefore, evenif a tip of a rotor blade of a blisk
is ground with rapid rotation of a rotor, vibration of the tip
due to an impact during grinding can be suppressed. Ac-
cordingly, when a grinding work of the tip of a rotor blade
of a blade-disk assembled wheel is performed with rapid
rotation of a rotor, a grinding work of the tip of a rotor
blade of a blisk can be concurrently performed.

Claims
1. A method for grinding a tip of a blade, comprising:

a movement restriction step of restricting a rel-
ative movement of a blade with respect to a disk
of the blade of a blisk by a jig inserted between
a blade cascade of the blisk in a rotor and a
blade cascade adjacent to the blade cascade of
the blisk, the blisk being formed from the disk
and the blade both integrally provided; and

a grinding step of concurrently grinding a tip of
the blade of the blisk in the rotor and a tip of a
blade of a blade wheel during rotation of the rotor
at a predetermined speed, the blade wheel be-
ing formed from a disk and a blade both sepa-
rately provided.

2. The method according to claim 1, wherein

the movement restriction step includes inserting
the jig into each space between the blade cas-
cade of the blisk and blade cascades on both
sides of the blade cascade of the blisk, and
the grinding step includes concurrently grinding
the tip of the blade of the blisk whose relative
movement is restricted by the jig and the tip of
the blade of the blade wheel.

3. Ajjig for grinding a tip of a blisk, configured to be
inserted between a blade cascade of the blisk formed
with a disk and blades both integrally provided and
a blade cascade adjacent to the blade cascade of
the blisk in grinding the tip of the blade in the blisk,
the blades of the blisk being present in a rotor with
blades of a blade wheel formed from a disk and
blades both separately provided, the jig comprising:

a disk locking section configured to be locked to
the disk of the blade of the blisk while being in-
serted between the blade cascades;
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10

a blade locking section configured to be locked
toan airfoil of the blisk including the disk to which
the disk locking section is locked, while being
inserted between the blade cascades; and

a connecting section configured to connect the
disk locking section and the blade locking sec-
tion.
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