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(57) ABSTRACT

A repair method for a gas turbine blade. The repair method
include: a step of removing a thermal barrier coating to
expose at least part of a base material of the gas turbine
blade; a first etching step of etching the exposed base
material; and a first identification step of identifying a base
material deterioration layer that is harder than the base
material from the etched base material. The repair method
further includes a first removal step of removing the iden-
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tified base material deterioration layer if the base material
deterioration layer is identified in the first identification step;
and a step of applying a thermal barrier coating to the
exposed base material. The thermal barrier applying step is
performed after it is determined that there is no base material
deterioration layer in the first identification step, or after the
base material deterioration layer is removed in the first
removal step.

6 Claims, 5 Drawing Sheets
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GAS TURBINE BLADE REPAIR METHOD

TECHNICAL FIELD

The present disclosure relates to a gas turbine blade repair
method and a gas turbine blade.

BACKGROUND

Since rotor blades and stator blades of a gas turbine are
used for a prolonged period at high temperature, if a thermal
barrier coating disappears due to erosion or the like, the base
metal of the blades is exposed, and chromium, aluminum,
and titanium in the base material metal are nitrided, forming
a nitride layer on the surface of the base material. The nitride
layer is harder than the base material, and thus reduces
ductility and causes a risk of cracking. Therefore, a repair
method to remove the nitride layer is necessary.

The conventional repair method to remove the nitride
layer includes hollowing out the base material, but if the
formed nitride layer is not properly identified, the nitride
layer may remain. Patent Document 1 describes a method of
revealing the macrostructure of a structural member com-
posed of nickel-based alloy or the like by electrolytically
etching the structural material.

CITATION LIST
Patent Literature
Patent Document 1: JP2013-160619A
SUMMARY
Problems to be Solved

The use of the method described in Patent Document 1
allows one to identify a base material deterioration layer
such as nitride layer or altered layer formed on the surface
of the base material of gas turbine blades. However, Patent
Document 1 neither describes nor suggests electrolytic etch-
ing to identify the base material deterioration layer formed
on the surface of the base material of gas turbine blades, let
alone removal of the base material deterioration layer.

In view of'the above, an object of at least one embodiment
of the present disclosure is to provide a repair method for a
gas turbine blade whereby it is possible to appropriately
remove a base material deterioration layer formed on the
base material, and a gas turbine blade from which a base
material deterioration layer formed on the base material has
been appropriately removed.

Solution to the Problems

A repair method for a gas turbine blade according to at
least one embodiment of the present disclosure comprises: a
step of removing a thermal barrier coating to expose at least
part of a base material of the gas turbine blade; a first etching
step of etching the exposed base material; a first identifica-
tion step of identifying a base material deterioration layer
that is harder than the base material from the etched base
material; a first removal step of removing the identified base
material deterioration layer if the base material deterioration
layer is identified in the first identification step; and a step of
applying a thermal barrier coating to the exposed base
material after it is determined that there is no base material
deterioration layer in the first identification step, or after the

10

15

20

25

30

35

40

45

50

55

60

65

2

base material deterioration layer is removed in the first
removal step. With this configuration, by etching the base
material exposed by removing the thermal barrier coating,
the base material deterioration layer such as nitride layer or
altered layer can be reliably identified, so that the base
material deterioration layer formed on the base material can
be appropriately removed.

In at least one embodiment of the present disclosure, the
method may further comprise, after the step of removing the
thermal barrier coating, a first measurement step of measur-
ing a remaining thickness of the exposed base material, and
the first etching step may be performed if the remaining
thickness measured in the first measurement step is equal to
or greater than a preset acceptable value. If the remaining
thickness is less than the acceptable value, a situation may
arise where the subsequent steps cannot be performed while
the base material deterioration layer is being removed. In
contrast, with this configuration, by measuring the remain-
ing thickness, it is possible to determine in advance whether
each step can be performed, thus preventing waste of repair.

In at least one embodiment of the present disclosure, the
method may comprise, after the first removal step, repeating
at least once: a second etching step of etching the base
material from which the base material deterioration layer has
been removed; a second identification step of identifying the
base material deterioration layer from the etched base mate-
rial; and a second removal step of removing the identified
base material deterioration layer if the base material dete-
rioration layer is identified in the second identification step.
With this configuration, the base material deterioration layer
can be reliably removed.

In at least one embodiment of the present disclosure, the
method may further comprise, before the second etching
step, a second measurement step of measuring a remaining
thickness of the base material from which the base material
deterioration layer has been removed, and the second etch-
ing step may be performed if the remaining thickness
measured in the second measurement step is equal to or
greater than a preset acceptable value. With this configura-
tion, by measuring the remaining thickness, it is possible to
determine in advance whether each step can be performed,
thus preventing waste of repair.

In at least one embodiment of the present disclosure, the
method may further comprise, after the step of removing the
thermal barrier coating, a step of examining a base material
deterioration layer in the base material by X-ray fluores-
cence. With this configuration, the presence or absence of
the base material deterioration layer can be checked before
etching.

A gas turbine blade according to at least one embodiment
of the present disclosure comprises: a base material; and a
thermal barrier coating applied to a surface of the base
material. The base material has at least one recess that is
concave with respect to the surface, and a depth of a deepest
portion of the recess is 20 pm or more. The gas turbine blade
from which the base material deterioration layer has been
removed by the above-described gas turbine blade repair
method has such a configuration.

In at least one embodiment of the present disclosure, the
at least one recess may be configured to include a virtual
circle having a diameter of 10 mm when the at least one
recess is viewed as facing the surface of the base material.
Further, the base material deterioration layer that is harder
than the base material is not formed on the surface of the at
least one recess.

Advantageous Effects

According to at least one embodiment of the present
disclosure, by etching the base material exposed by remov-
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ing the thermal barrier coating, the base material deteriora-
tion layer such as nitride layer or altered layer can be reliably
identified, so that the base material deterioration layer
formed on the base material can be appropriately removed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic cross-sectional view of a gas turbine
blade in the vicinity of the blade surface to be repaired by a
gas turbine blade repair method according to an embodiment
of the present disclosure.

FIG. 2 is a flowchart of the gas turbine blade repair
method according to an embodiment of the present disclo-
sure.

FIG. 3 is a schematic diagram showing an example of the
surface of the base material etched in the gas turbine blade
repair method according to an embodiment of the present
disclosure.

FIG. 4 is a diagram showing a partial configuration of a
gas turbine blade from which a base material deterioration
layer has been removed by the gas turbine blade repair
method according to an embodiment of the present disclo-
sure.

FIG. 5 is a flowchart of the gas turbine blade repair
method according to another embodiment of the present
disclosure.

DETAILED DESCRIPTION

Embodiments of the present invention will now be
described in detail with reference to the accompanying
drawings. However, the scope of the present invention is not
limited to the following embodiments. It is intended that
dimensions, materials, shapes, relative positions and the like
of components described in the embodiments shall be inter-
preted as illustrative only and not intended to limit the scope
of the present invention.

As shown in FIG. 1, a gas turbine blade 1 has a thermal
barrier coating 3 applied on a surface 2a of a base material
2. The thermal barrier coating 3 includes a bond coat layer
4 which is a metallic bond layer applied on the surface 2a of
the base material 2 by thermal spraying, and a top coat layer
5 which is a ceramic layer applied on the bond coat layer 4
by thermal spraying. In the present disclosure, the blade 1
may be a rotor blade or a stator blade. Further, the type and
number of stages of the gas turbine are also not limited.
Further, the material of the blade 1 may be, for example,
Ni-base alloy or Co-base alloy, and is not limited to any
particular material.

When the thermal barrier coating 3 disappears due to
erosion or other reasons during the use of the blade 1, a base
material deterioration layer that is harder than the base
material, such as nitride layer or altered layer, is formed on
the surface 2a. Since cracks may develop from the base
material deterioration layer, repair is needed to remove the
base material deterioration layer. Next, the gas turbine blade
repair method according to an embodiment of the present
disclosure to remove the base material deterioration layer
will be described based on FIG. 1 and the flowchart of FIG.
2.

In step S1, the thermal barrier coating 3 is removed from
the surface 2a of the base material 2. In step S1, the top coat
layer 5 of the upper layer is first removed, for example, by
blasting. After the removal of the top coat layer 5 is
completed, the bond coat layer 4 is removed, for example,
by pickling.
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After removing the thermal barrier coating 3 from at least
part of the surface 2a of the base material 2 in step S1, the
surface 2q is etched (step S2: first etching step). The method
of etching the surface 2a is not limited. For example, it may
be electrolytic etching, in which the base material 2 is used
as the anode and another metal is used as the cathode, the
two electrodes are placed opposite each other, an etchant is
interposed between the two electrodes, and a voltage is
applied. The conditions of electrolytic etching may be, for
example, 40 to 70% nitric acid water as the etchant, voltage
0f'1.0t0 3.0V, current 0of 0.05 to 1.0 A, and application time
of 60 to 90 seconds.

Then, the base material deterioration layer is identified
from the etched base material 2 (step S3: first identification
step). As shown in FIG. 3, when the base material deterio-
ration layer is formed on the surface 2a of the base material
2, a different color area (shaded portion A) appears on the
surface 2a from the portion where the base material dete-
rioration layer is not formed. That is, the shaded portion A
corresponds to the portion where the base material deterio-
ration layer is formed. If it is determined in step S3 that no
base material deterioration layer is formed, the process
moves to step S5 described below. Conversely, if it is
determined in step S3 that the base material deterioration
layer is formed and the location thereof is identified, this
portion is removed by grinding with a grinder, for example
(step S4: first removal step).

After removing the base material deterioration layer in
step S3, a thermal barrier coating 3 is applied to the surface
2a of the base material 2 (step S5). Specifically, after
blasting the surface 2a of the base material 2 to form
microscopic unevenness, a bond coat layer 4 is applied on
the surface 24, and a top coat layer 5 is applied on the bond
coat layer 4. Then, the blade 1 is subjected to diffusion heat
treatment at 850° C. for a predetermined time using a heat
treatment furnace (step S6), and the repair method of the
present disclosure is completed.

As shown in the cross-sectional view in FIG. 4, the blade
1 from which the base material deterioration layer has been
removed by the above-described repair method has a recess
10 that is concave with respect to the surface 2a of the base
material 2. The portion where the base material deterioration
layer has been removed from the base material 2 corre-
sponds to the recess 10. The depth of the deepest portion 11
of the recess 10 is 20 um or more. Generally, the surface 2a
of the base material 2 is not completely flat, but has
microscopic unevenness. However, the recess 10 formed by
removing the base material deterioration layer has a clearly
deeper concave portion than concave portions of such
microscopic unevenness. Therefore, the recess 10 with the
deepest portion 11 having a depth D of 20 pm or more is not
normally formed on the base material 2 unless the base
material deterioration layer has been removed from the
blade 1 by the above-described repair method.

In the plan view where the recess 10 is viewed as facing
the surface 2a of the base material 2 in FIG. 4, the recess 10
is configured to include a virtual circle C having a diameter
of 10 mm. Although the base material deterioration layer
usually has an irregular shape, we do not remove the base
material deterioration layer along the shape of the base
material deterioration layer, but remove a circular or oval or
similar shape area that contains the entire base material
deterioration layer. Accordingly, the recess 10 is formed in
a size such that it can include the virtual circle C having a
diameter of 10 mm with respect to the surface 2a. As a
matter of course, there is no base material deterioration layer
on the surface 12 of the recess 10. In FIG. 4, only one recess
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10 is formed on the base material 2, but two or more recesses
10 may be formed depending on the removal work of the
base material deterioration layer.

Thus, by etching the base material 2 exposed by removing
the thermal barrier coating 3, the base material deterioration
layer such as nitride layer or altered layer can be reliably
identified, so that the base material deterioration layer
formed on the base material 2 can be appropriately removed.

FIG. 5 is a flowchart of the gas turbine blade repair
method according to another embodiment of the present
disclosure. In this embodiment, the same steps as those
shown in the flowchart of FIG. 2 are marked with the same
step number, and detailed explanations of those steps are
omitted in the following description.

In the other embodiment shown in the flowchart of FIG.
5, after step S1, a low-temperature heat treatment may be
performed to check whether the bond coat layer 4 remains
on the surface 2a of the base material 2 (step S11). In this
step, for example, heat tinting is performed for check. If the
remaining bond coat layer 4 is confirmed, the remaining
portion may be removed by grinding it with a grinder, for
example (step S12).

If the remaining bond coat layer 4 is not confirmed in step
S11, or after the completion of step S12, the base material
deterioration layer in the base material 2 may be examined
by X-ray fluorescence (step S13). With this step, the pres-
ence or absence of the base material deterioration layer can
be checked. The use of X-ray fluorescence to check the
presence or absence of the base material deterioration layer
is only illustrative, and other methods may be used as long
as the presence or absence of the base material deterioration
layer can be checked.

After the completion of step S13, the remaining thickness
of the base material 2 may be measured by ultrasonic waves
(step S14: first measurement step). The measurement of the
remaining thickness of the base material 2 is not limited to
ultrasonic waves, but may be measured by other known
methods. In step S14, the measured remaining thickness is
compared with a preset acceptable value. If the measured
remaining thickness is equal to or greater than the acceptable
value, the process moves to step S2.

Conversely, if the measured remaining thickness is
smaller than the acceptable value, it is considered whether
the blade 1 should be disposed of or conventional repair
methods such as hollowing out should be performed (step
S15). If the remaining thickness is less than the acceptable
value, a situation may arise where the subsequent steps
cannot be performed while the base material deterioration
layer is being removed. In contrast, by measuring the
remaining thickness, it is possible to determine in advance
whether each step can be performed, thus preventing waste
of repair.

The operation of moving to step S3 following step S2 and
moving to step S4 depending on the determination result in
step S3, or skipping step S4 and performing steps S5 and S6,
is the same as the embodiment shown in the flowchart of
FIG. 2. On the other hand, in this embodiment, after the
completion of step S4, the remaining thickness of the base
material 2 may be measured by ultrasonic waves (step S16:
second measurement step). The measurement of the remain-
ing thickness in step S16 is not limited to ultrasonic waves,
but may be measured by other known methods, as in step
S14.

In step S16, the measured remaining thickness is com-
pared with a preset acceptable value. If the measured
remaining thickness is equal to or greater than the acceptable
value, the surface 2a is etched (step S17: second etching
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step). The method of etching the surface 2a in the second
etching step is also not limited, and the same method as in
the first etching step may be used, or another known method
may be used. If the measured remaining thickness is smaller
than the acceptable value, the process moves to step S15. In
this case, as in step S14, it is possible to prevent waste of
repair.

Then, the base material deterioration layer is identified
from the base material 2 etched in step S17 (step S18:
second identification step). If it is determined in step S18
that no base material deterioration layer is formed, the
process moves to step S5. The operation after step S5 is the
same as the embodiment shown in the flowchart of FIG. 2.
Conversely, if it is determined in step S17 that the base
material deterioration layer is formed, the process returns to
step S4. The operation of steps S4 and S16 to S18 may be
repeated two or more times until the base material deterio-
ration layer is completely removed. Thus, the base material
deterioration layer can be reliably removed.

In the other embodiment shown in the flowchart of FIG.
6, it is not necessary to perform all of the steps S11 to S18
added to the embodiment shown in the flowchart of FIG. 2.
Only some of steps S11 to S18 may be performed.

REFERENCE SIGNS LIST

1 Blade

2 Base material

2a Surface (of base material)

3 Thermal barrier coating

4 Bond coat layer

5 Top coat layer

10 Recess

11 Deepest portion (of recess)

12 Surface (of recess)

A Shaded portion (Portion where base material deterio-
ration layer is formed)

C Virtual circle

D Depth (of deepest portion of recess)

The invention claimed is:

1. A repair method for a gas turbine blade, the method

comprising:

a step of removing a thermal barrier coating to expose at
least part of a base material of the gas turbine blade;

a first etching step of etching the exposed base material;

a first identification step of identifying a base material
deterioration layer that is harder than the base material
from the etched base material;

a first removal step of removing the identified base
material deterioration layer if the base material dete-
rioration layer is identified in the first identification
step;

a step of applying a thermal barrier coating to the exposed
base material after it is determined that there is no base
material deterioration layer in the first identification
step, or after the base material deterioration layer is
removed in the first removal step;

after the first removal step, repeating at least once:

a second etching step of etching the base material from
which the base material deterioration layer has been
removed;

a second identification step of identifying the base mate-
rial deterioration layer from the etched base material
caused by the second etching step; and
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a second removal step of removing the identified base
material deterioration layer if the base material dete-
rioration layer is identified in the second identification
step,

wherein in the first identification step, the base material
deterioration layer is identified based on a difference
between a color appearing on a portion where the base
material deterioration layer is formed and a color
appearing on a portion where the base material dete-
rioration layer is not formed.

2. The repair method for a gas turbine blade according to
claim 1, further comprising, after the step of removing the
thermal barrier coating, a first measurement step of measur-
ing a remaining thickness of the exposed base material,

wherein the first etching step is performed if the remain-
ing thickness measured in the first measurement step is
equal to or greater than a preset acceptable value.

3. The repair method for a gas turbine blade according to
claim 1, further comprising, before the second etching step,
a second measurement step of measuring a remaining thick-
ness of the base material from which the base material
deterioration layer has been removed,

wherein the second etching step is performed if the
remaining thickness measured in the second measure-
ment step is equal to or greater than a preset acceptable
value.

4. The repair method for a gas turbine blade according to
claim 1, further comprising, after the step of removing the
thermal barrier coating, a step of examining a base material
deterioration layer in the base material by X-ray fluores-
cence.

5. A repair method for a gas turbine blade, the method
comprising:

a step of removing a thermal barrier coating to expose at

least part of a base material of the gas turbine blade;
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a first etching step of etching the exposed base material;

a first identification step of identifying a base material
deterioration layer that is harder than the base material
from the etched base material;

a first removal step of removing the identified base
material deterioration layer if the base material dete-
rioration layer is identified in the first identification
step;

a step of applying a thermal barrier coating to the exposed
base material after it is determined that there is no base
material deterioration layer in the first identification
step, or after the base material deterioration layer is
removed in the first removal step; and

after the first removal step, repeating at least once:

a second etching step of etching the base material from
which the base material deterioration layer has been
removed;

a second identification step of identifying the base
material deterioration layer from the etched base
material caused by the second etching step; and

a second removal step of removing the identified base
material deterioration layer if the base material dete-
rioration layer is identified in the second identifica-
tion step.

6. The repair method for a gas turbine blade according to
claim 5, further comprising, before the second etching step,
a second measurement step of measuring a remaining thick-
ness of the base material from which the base material
deterioration layer has been removed,

wherein the second etching step is performed if the
remaining thickness measured in the second measure-
ment step is equal to or greater than a preset acceptable
value.



