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(57) ABSTRACT 

The method of the present invention comprises a Steps of 
performing nickel Strike plating onto a base material, 
thereby forming a first plating layer, performing nickel 
plating, in which alloy particles containing at least Cr, Al 
and Y are dispersed, onto the first plating layer, thereby 
forming a Second plating layer, performing nickel plating, in 
which alloy particles containing at least Cr, Al and Y and 
hard particles are dispersed, on the Second plating layer, 
thereby forming a third plating layer, performing plating, in 
which alloy particles containing at least Cr, Al and Y are 
dispersed, onto the third plating layer, thereby forming a 
fourth plating layer such that the hard particles of the third 
plating layer are partly exposed, and performing intermedi 
ate heating process to the plating layers to diffuse the alloy 
particles throughout the plating layers, thereby forming an 
alloy layer. 
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METHOD OF FORMING ABRASION-RESISTANT 
LAYER ON ROTOR BLADE, AN 

ABRASION-RESISTANT LAYER AND A METHOD 
OF REGENERATING THE SAME, AND AGAS 

TURBINE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a Continuation Application of PCT Appli 
cation No. PCT/JP02/05911, filed Jun. 13, 2002, which was 
not published under PCT Article 21(2) in English. 
0002 This application is based upon and claims the 
benefit of priority from the prior Japanese Patent Application 
No. 2001-179053, filed Jun. 13, 2001, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0003) 1. Field of the Invention 
0004. The present invention relates to a method of form 
ing an abrasion-resistant layer of a rotating blade, an abra 
Sion-resistant layer, and a method of regenerating the abra 
Sion-resistant layer, and a gas turbine. More specifically, the 
present invention is applied to a high temperature part Such 
as a rotating blade to be used in industrial gas turbines and 
jet engines, and So forth. 
0005 2. Description of the Related Art 
0006. It is well known that a rotating blade (turbine 
blade) 1 used in gas turbines etc., is arranged at a predeter 
mined distance from a ring Segment 3, which is fixed to a 
casing 2 as shown in FIG. 7. The tip portion of the ring 
Segment 3 is generally formed of a ZrO-based ceramic Such 
as TBC. 

0007 Up to present, to improve the efficiency of a gas 
turbine, means for reducing the clearance L between the 
turbine blade 1 and the ring segment 3 have been investi 
gated. However, if the clearance L is reduced excessively, 
the turbine blade 1 and the ring Segment 3 may be in contact 
with each other due to deformation of the casing 2 when 
heated. As a result, the turbine blade 1 may be damaged. It 
is therefore necessary to keep a certain degree of the 
clearance. More specifically, the clearance between the 
turbine blade and the ring Segment varies along with the 
operation time of the turbine blade. 
0008 To explain more specifically, when the turbine 
blade is heated up, it reaches high temperature quickly, 
whereas the casing does not reach the high temperature So 
quickly, as shown in FIG.8. Because of this, the clearance, 
although it is large in the beginning of the turbine-blade 
operation, becomes narrow with the passage of the operation 
time and reaches a minimum at a time point (T). If the 
operation is further continued, the clearance again increases 
(see time-point t). When the operation of the turbine is 
continued for a long time, the casing is gradually deformed. 
It is therefore impossible to avoid the occurrence of the 
contact between the casing and the blade even during the 
normal operation. Such contact is, of course, not favorable. 
0009. To prevent the contact, anti-abrasion coating called 
abrasive coating is applied onto a turbine blade of an 
airplane engine. The abrasive coating comprises a matrix 
formed of MCrAIY and hard particles embedded in the 
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matrix. Symbol M of MCrATY stands for an alloy containing 
at least one of Ni and Co. The hard particles used herein are 
a mixture of particles including Al-O (alumina), SiC (sili 
con carbide), SiN (silicon nitride), cBN (cubic boron 
nitride), and others. 
0010. Of them, cBN is unfavorable as the hard particles 
for use in industrial gas turbines used at high temperature for 
a long time, because cBN is oxidized at a high temperature 
of 900 C. or more. In addition, the MCrATY matrix alone 
cannot attain Sufficient oxidation resistance. 

BRIEF SUMMARY OF THE INVENTION 

0011. A first object of the present invention is to provide 
a method of forming a rotating-blade abrasion-resistant layer 
excellent in oxidation resistance and durable for a long time 
operation, comprising the Steps of performing nickel Strike 
plating onto a base material, thereby forming a first plating 
layer; performing nickel plating, in which alloy particles 
containing at least Cr, Al and Y are dispersed, onto the first 
plating layer, thereby forming a Second plating layer, per 
forming nickel plating, in which alloy particles containing at 
least Cr, Al and Y and hard particles are dispersed, onto the 
Second plating layer, thereby forming a third plating layer; 
performing plating, in which alloy particles containing at 
least Cr, Al and Y are dispersed, onto the third plating layer, 
thereby forming a fourth plating layer Such that the hard 
particles of the third plating layer are partly exposed; and 
performing intermediate heating proceSS to the plating layers 
to diffuse the alloy particles throughout the plating layers, 
thereby forming an alloy layer. 

0012. A second object of the present invention is to 
provide a rotating-blade abrasion-resistant layer excellent in 
oxidation resistance and durable for a long time operation, 
which is constructed by forming an alloy layer, in which 
alloy particles containing at least Cr, Ar and Y are diffused, 
on a base material Such that hard particles are partly 
exposed. 

0013 A third object of the present invention is to provide 
a gas turbine improved in efficiency by reducing the clear 
ance between the rotating blade and the ring Segment as 
narrow as possible by constructing the gas turbine compris 
ing: a rotating blade on the Surface of which the rotating 
blade abrasion-resistant layer according to claim 4 is 
formed; a ring Segment fixed to a casing So as to face the 
rotating blade; and a Stationary blade arranged near the 
casing and between the aforementioned rotating blade and 
another rotating blade arranged next thereto. 
0014) A fourth object of the present invention is to 
provide a gas turbine improved in efficiency by reducing the 
clearance between the rotating blade and the ring Segment as 
narrow as possible by constructing the gas turbine compris 
ing: a rotating blade on the Surface of which the rotating 
blade abrasion-resistant layer according to claim 5 is 
formed; a ring Segment fixed to a casing So as to face the 
rotating blade; and a Stationary blade arranged near the 
casing and between the aforementioned rotating blade and 
another rotating blade arranged next thereto. 
0015. A fifth object of the present invention is to provide 
a method of readily regenerating a rotating-blade abrasion 
resistant layer excellent in oxidation resistance and durable 
for a long time operation, by comprising the Steps of: 
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removing the entire alloy layerS on a base material, when the 
alloy layer is ground to the extent that the hard particles fall 
off along with the operation time of the rotating blade, and 
performing the Steps of the first invention. 
0016 A sixth object of the present invention is to provide 
a method of readily regenerating a rotating-blade abrasion 
resistant layer excellent in oxidation resistance and durable 
for a long time operation, comprising the Steps of removing 
the alloy layers on a base material while leaving the part of 
the alloy layer corresponding to the first plating layer, when 
an alloy layer is ground to the extent that the hard particles 
fall off along with the operation time of the rotating blade; 
and performing the Steps of the first invention on or after the 
Step of forming a Second plating layer. 

0.017. A seventh object of the present invention is to 
provide a method of readily generating a rotating-blade 
abrasion-resistant layer excellent in oxidation resistance and 
durable for a long time operation, comprising the Steps of: 
removing the alloy layerS on a base material while leaving 
the part of the alloy layers corresponding to the first and 
Second plating layers, when an alloy layer is ground to the 
extent that the hard particles fall off along with the operation 
time of the rotating blade, and performing the Steps of the 
first invention on or after the Step of forming a third plating 
layer. 

0.018. The first invention is directed to a method of 
forming an abrasion-resistant layer on the tip portion of a 
rotating blade of a machine Such as a turbine or jet engine, 
which is arranged near the ring Segment fixed to a casing. 
This method comprises the Steps of performing nickel Strike 
plating onto a base material, thereby forming a first plating 
layer; performing nickel plating, in which alloy particles 
containing at least Cr, Al and Y are diffused, onto the first 
plating layer, thereby forming a Second plating layer, per 
forming nickel plating, in which alloy particles containing at 
least Cr, Al and Y and hard particles are diffused, onto the 
Second plating layer, thereby forming a third plating layer; 
performing plating, in which alloy particles containing at 
least Cr, Al and Y are diffused, onto the third plating layer, 
thereby forming a fourth plating layer Such that the hard 
particles of the third plating layer are partly exposed; and 
performing intermediate heating process to the plating layers 
to diffuse the alloy particles throughout the plating layers, 
thereby forming an alloy layer. 

0019. The second invention is directed to a rotating-blade 
abrasion-resistant layer formed on the tip of the rotating 
blade of a machine Such as a turbine or jet engine which is 
arranged near a ring Segment fixed to a casing, characterized 
in that an alloy layer, in which alloy particles containing at 
least Cr, Ar and Y are dispersed and diffused and the hard 
particles are partly exposed, is formed on a base material. 

0020. The third invention of the present invention is 
directed to a gas turbine characterized by comprising a 
rotating blade having the rotating-blade abrasion-resistant 
layer according to claim 4 formed on the Surface; a ring 
Segment fixed to a casing So as to face the rotating blade; and 
a Stationary blade arranged near the casing and between the 
aforementioned rotating blade and another rotating blade 
arranged next thereto. 

0021. The fourth invention of the present invention is 
directed to a gas turbine characterized by comprising a 

Oct. 21, 2004 

rotating blade having the rotating-blade abrasion-resistant 
layer according to claim 5 formed on the Surface; a ring 
Segment fixed to a casing So as to face the rotating blade; and 
a Stationary blade arranged near the casing and between the 
aforementioned rotating blade and another rotating blade 
arranged next thereto. 

0022. The fifth invention of the present invention is 
directed to a method of regenerating a rotating-blade abra 
Sion-resistant layer, which is formed on the tip of a rotating 
blade of a machine Such as a turbine or jet engine arranged 
near a ring Segment fixed to a casing, and which has an alloy 
layer, in which alloy particles containing at least Cr, Al and 
Y are dispersed and diffused and hard particles are partly 
exposed. The method comprises removing the entire alloy 
layerS on a base material, when the alloy layer is ground to 
the extent that the hard particles fall off along with the 
operation time of the rotating blade, and then performing the 
Steps of the first invention. 
0023 The sixth invention of the present invention is 
directed to a method of regenerating a rotating-blade abra 
Sion-resistant layer, which is formed on the tip of a rotating 
blade of a machine Such as a turbine or jet engine arranged 
near a ring Segment fixed to a casing, and which has an alloy 
layer, in which alloy particles containing at least Cr, Al and 
Y are dispersed and diffused and hard particles are partly 
exposed. The method comprises removing the alloy layer 
while leaving the part of the alloy layer corresponding to a 
first plating layer on a base material, when the alloy layer is 
ground to the extent that the hard particles fall off along with 
the operation time of the rotating blade, and thereafter 
performing Steps on or after the Step of forming a Second 
plating layer according to the first invention. 

0024. The seventh invention of the present invention is 
directed to a method of regenerating a rotating-blade abra 
Sion-resistant layer, which is formed on the tip of a rotating 
blade of a machine Such as a turbine or jet engine arranged 
near a ring Segment fixed to a casing, and which has an alloy 
layer, in which alloy particles containing at least Cr, Al and 
Y are dispersed and diffused and hard particles are partly 
exposed. The method comprises removing the alloy layer 
while leaving the part of the alloy layer corresponding to 
first and Second plating layerS on a base material, when the 
alloy layer is ground to the extent that the hard particles fall 
off along with the operation time of the rotating blade, and 
thereafter Steps on or after the Step of forming a third plating 
layer according to claim 1 are performed. 

0025. According to the present invention, it is possible to 
provide a rotating-blade abrasion-resistant layer excellent in 
oxidation resistance and durable for a long time operation 
and to provide a method of forming the rotating-blade 
abrasion-resistant layer. 
0026 Furthermore, according to the present invention, it 
is possible to provide a method of regenerating a rotating 
blade abrasion-resistant layer excellent in Oxidation resis 
tance and durable for along time operation in a simple 
proceSS. 

0027 More over, according to the present invention, 
Since the clearance between the rotating blade and the ring 
Segment can be reduced as narrow as possible, the efficiency 
can be improved. In addition, Sufficient oxidation resistance 
can be maintained even if the rotating blade is used for a 
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long time like that of an industrial gas turbine and the 
rotating blade can be easily repaired. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0028 FIGS. 1A to 1F illustrate a method of forming an 
abrasion-resistant layer according to Embodiment 1 of the 
present invention in accordance with order of manufacturing 
StepS, 

0029 FIGS. 2A to 2C illustrate a method of regenerating 
an abrasion-resistant layer according to Embodiment 2 of 
the present invention in accordance with order of manufac 
turing Steps; 
0030 FIG.3 is a magnified metallographic picture (x40) 
of an abrasion-resistant layer in the step of FIG. 1E 
observed under microScopy; 
0.031 FIG. 4 is a magnified metallographic picture 
(x100) of an abrasion-resistant layer in the step of FIG. 1F 
observed under microScopy; 
0032 FIG. 5 is a magnified metallographic picture (x40) 
of an abrasion-resistant layer in the step shown in FIG. 1E 
observed under microScopy; 
0033 FIG. 6 is a magnified metallographic picture (x40) 
of an abrasion-resistant layer in the step of FIG. 1F 
observed under microScopy; 
0034 FIG. 7 illustrates the positional relationship 
between a turbine blade and a ring Segment; 
0.035 FIG. 8 is a characteristic graph showing the rela 
tionship between operation time and the clearance between 
the turbine blade and the ring Segment; 
0036 FIGS. 9A to 9D illustrate the method of regener 
ating an abrasion-resistant layer according to Embodiment 3 
of the present invention in accordance with order of the 
manufacturing Steps; 

0037 FIGS. 10A to 10C illustrate the method of regen 
erating an abrasion-resistant layer according to Embodiment 
4 of the present invention in accordance with order of the 
manufacturing Steps, and 
0.038 FIG. 11 illustrates a gas turbine according to 
Embodiment 5 of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0039) Now, the present invention will be described in 
detail below. 

0040. In the present invention, a first plating layer is 
formed by Strike plating on a base material for preventing 
oxidation of the base material. The Strike plating is per 
formed by use of a bath containing nickel chloride and 
hydrochloric acid, however it is not limited to this. The time 
and current during electrolysis may be appropriately Set. The 
alloy particles containing at least Cr, Al and Y in the present 
invention include those containing only Cr, Al and Y or 
those containing these elements and other elements. 
0041. In the present invention, intermediate heating pro 
ceSS is preferably performed at a heating processing tem 
perature of 500 to 1100° C. for 0.5 to 3 hours under a 
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gaseous atmosphere Such as N., Ar, or He. This is because 
diffusion within the coating does not virtually proceed in the 
temperature range of less than 500 C., whereas the diffusion 
proceeds excessively when the temperature exceeds 1100 
C. In the latter case, the quality of the coating may change. 
From this, if the heating is performed within the range of 500 
to 1100 C., a uniform film can be obtained. 
0042. On the other hand, if the heating process time is 
less than 0.5 h, the diffusion of the coating rarely proceeds, 
whereas when the time exceeds 3 hours, the manufacturing 
cost greatly increases. Thus, if the heating process is per 
formed for the time ranging from 0.5 to 3 hours, sufficient 
diffusion can be attained at reasonable cost. 

0043. In the present invention, after the intermediate 
heating process is performed to form an alloy layer, Al or 
Al-Si diffusion process is preferably performed to form an 
Al-diffusion layer or Al-Sidiffusion layer on the surface of 
the alloy layer. Since the Surface of the alloy layer is more 
hardened by the formation of the diffusion layer, the oxida 
tion resistance of the abrasion-resistant layer can be further 
improved. 

0044) In the prevent invention, there is a description 
reading “forming an alloy layer by diffusing alloy particles 
in the plating layer by the intermediate heating process'. 
This means as follows. Since MCrAIY particles are only 
dispersed in the plating layer prior to the intermediate 
heating process, and the abrasion resistance layer is nonuni 
form and inferior in oxidation resistance. Therefore, to 
improve the oxidation resistance of the abrasion resistance 
layer, MCrAIY particles are chemically combined with 
particles Such as Ni to form an alloy. 
0045. In the present invention, since the alumina particles 
embedded in the alloy layer are increasingly exposed along 
with the operation time of the turbine blade and finally 
ground and fall off, the abrasion-resistant layer formed on 
the tip of the turbine blade loses its original function. 
Therefore, the third to fifth inventions are concerned with 
regeneration of the abrasion-resistant layer, which is per 
formed by appropriately removing the remaining alloy layer. 
More specifically, in the third invention, after the alloy layer 
is completely removed, the entire Steps of the first invention 
are repeated. Furthermore, in the fourth and fifth inventions, 
after the entire alloy layer is completely removed, the Steps 
of the first invention are repeated from the middle to 
regenerate the abrasion resistance layer (the alloy layer). 
Therefore, it is possible to regenerate the abrasion-resistant 
layer excellent in Oxidation resistance and durable for a long 
time operation in a simple procedure without damaging the 
base material of the turbine blade. 

0046) Next, methods of forming and regenerating an 
abrasion-resistant layer according to Embodiments of the 
present invention will be described. The materials and 
numerical values for each portions described in the embodi 
ments below are just examples but not limit the Scope of the 
present invention. 

0047 (Embodiment 1) 
0048 Referring to FIGS. 1A to 1F, explanation will be 
made. 

0049 First, nickel plating strike was applied onto a base 
material 11 formed of a Ni-based alloy, thereby forming a 
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first plating layer 12 (see FIG. 1). The nickel plating was 
performed by use of a bath containing 250 g/l of nickel 
chloride and 110 cc/1 of hydrochloride for 3 minutes while 
Supplying a current of 15 A/dm. 
0050. Next, a Niplating solution which contains particles 
including Co-32 wt % Ni-21 wt % Cr-8 wt % A1-0.5 wt % 
Y (hereinafter referred to as “MCrATY") was applied onto 
the first plating layer 12 to form a Second plating layer 13 
(see FIG. 1B). Note that reference numeral 14 of FIG. 1B 
indicates MCrATY particles. 
0051 Sequently, a Ni plating solution, in which both 
MCrAIY particles 14 and alumina particles (hard particles, 
i.e., a mixture of Al-O, SiC, cEN particles others) 16 were 
dispersed, was applied onto the Second plating layer 13. AS 
a result, a third plating layer 15 was formed (see FIG. 1C). 
Such hard particles are used by two reasons below. First, 
alumina is stable up to a temperature of Several hundreds 
degrees in excess of one thousand. Second, Since cBN is also 
stable up to 900 C., the grindability of the clBN is excellent 
until the temperature reaches 900 C. Note that most of the 
hard particles 16 is exposed in the step shown in FIG. 1C. 
0.052 Subsequently, Ni plating, in which MCrAIY par 
ticles 14 are dispersed, was performed until the alumina 
particles 16 are almost covered, thereby forming a fourth 
plating layer 17 (see FIG. 1D). 
0053. Furthermore, intermediate heating process was per 
formed to diffuse the MCrATY particles throughout the 
individual plating layers 13, 15 and 17 to form an alloy layer 
18 (see FIGS. 1E, 3 and 4). The intermediate heating 
proceSS was performed in an N atmosphere at a temperature 
of 1080 C. for 4 hours. Note that FIG. 3 shows a micro 
photograph (magnification: x40) of the Surface of the layer 
shown in FIG. 1E and FIG. 4 shows a microphotograph 
(magnification: x100) of the cross-section of the layer 
shown in FIG. 1E. 

0.054 Thereafter, Al diffusion was performed to improve 
the oxidation resistance of the alloy layer 18. By this 
process, an Al diffusion layer 19 was formed on the surface 
of the alloy layer 18 obtained after the diffusion process of 
FIG. 1E. As a result, a rotating-blade abrasion-resistant 
layer was formed (see FIGS. 1F, 5 and 6). Note that FIG. 
5 is a microphotograph (magnification: x40) of the Surface 
of the layer shown in FIG. 1F and FIG. 6 shows a 
microphotograph (magnification: x100) of the cross-section 
of the layer shown in FIG. 1F. In these photographs, the 
hard particles 16 of the alloy layer 18 are exposed from the 
surface of the Al diffusion layer 19. 
0.055 The rotating-blade abrasion-resistant layer is 
formed in accordance with Embodiment 1 as shown in FIG. 
1F, where the alloy layer 18 containing both Ni and Co, in 
which the alumina particles 16 are partially exposed and 
MCrATY particles 14 are dispersed and diffused, is formed 
on the base material. Accordingly, when a turbine blade 1 
having the abrasion-resistant layer formed thereon is 
arranged near a ring Segment 3, as shown in FIG. 7, even if 
the tip portion of the turbine blade 1 comes into contact with 
the ring Segment 3 during operation, the ring Segment 3 is 
not ground or damaged by the alumina particles 16 exposed 
from the abrasion-resistant layer. Hence, it is possible to 
reduce the clearance between the ring Segment 3 and the 
turbine blade 1 as compared with a conventional case, with 
the result that the efficiency of the turbine can be improved. 
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0056. Note that as the MCrAIY particles used in Embodi 
ment 1 are formed of an alloy containing both Ni and Co. 
However, the particles are not limited to these. MCrATY 
particles containing at least one element Selected from the 
group consisting of Ni, Co, and other alloys may be used. 

0057. In Embodiment 1, after the alloy layer is formed, 
Al is diffused. However, the element to be diffused is not 
limited to Al. Al-Si may be diffused. 

0.058 (Embodiment 2) 
0059 Referring to FIGS. 2A to 2C, explanation will be 
made. Embodiment 2 relates to a method of regenerating an 
abrasion-resistant layer when the abrasion-resistant layer is 
ground along with the operation time of the turbine blade. 
More specifically, before the rotating blade 1 comes into 
contact with the ring segment 3 in FIG. 7, the hard particles 
16 are embedded in the surface of the rotating-blade abra 
Sion-resistant layer, namely, the Al diffusion layer 19, as 
shown in FIG. 2A. However, with the passage of time after 
the rotating blade 1 comes into contact with the ring Segment 
3, the Al diffusion 19 is gradually ground. As a result, the 
alumina particles 16 which have been almost embedded in 
the Al diffusion layer 19 come out and fall off as shown in 
FIG. 2B. Subsequently, the Al diffusion layer 19 is removed 
while leaving the part of the alloy layer 18 corresponding to 
the first and second plating layers 12 and 13 of FIG. 1, as 
shown in FIG. 2C. Thereafter, the steps shown in FIGS. 1C 
to 1F are performed as described in Embodiment 1 to make 
up for the damage of the abrasion-resistant layer and com 
plete the regeneration. 

0060 According to Embodiment 2, even if the Al diffu 
Sion layer 19 is ground by the contact between the rotating 
blade 1 and the ring Segment 3, the regeneration of the 
abrasion-resistant layer excellent in oxidation resistance and 
durable for a long time operation can be attained in a simple 
method. 

0061 (Embodiment 3) 
0062) Referring to FIGS. 9A to 9D, explanation will be 
made. Embodiment 3 relates to a method of regenerating an 
abrasion-resistant layer if it is ground along with the opera 
tion time of the turbine blade. More specifically, Embodi 
ment 3 deals with a case where the portion of the alloy layer 
18 from the Surface to the part corresponding to the Second 
plating layer 13 is damaged along with the operation time of 
the turbine blade. 

0063 More specifically, before the rotating blade 1 
comes into contact with the ring segment 3 in FIG. 7, the 
hard particles 16 are embedded in the Surface of the rotating 
blade abrasion-resistant layer, namely, the Al diffusion layer 
19, as shown in FIG. 9A. Note that, in FIG. 9A, the alloy 
layer 18 is formed of the alloy portion 21 corresponding to 
the first plating layer and the alloy portion 22 corresponding 
to the Second plating layer 2. 

0064. With the passage of time after the rotating blade 1 
comes into contact with the ring Segment 3, not only the Al 
diffusion layer 19 but also the part (surface portion) of the 
alloy portion 22 corresponding to the Second plating layer 
are gradually ground and damaged (see FIG. 9B). Accord 
ingly, the entire alloy portion 22 is removed (see FIG. 9C). 
Thereafter, the steps shown in FIGS. 1C to 1F described in 
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Embodiment 1 are performed to regenerate an abrasion 
resistant layer (see FIG. 9D). 
0065 According to Embodiment 3, even if not only the 
Al diffusion layer 19 but also the alloy potion 22 corre 
sponding to the Second plating layer are ground by the 
contact between the rotating blade 1 and the ring Segment 3, 
the abrasion-resistant layer excellent in oxidation resistance 
and durable for a long time operation can be regenerated in 
a simple method. 

0066 (Embodiment 4) 
0067 Referring to FIGS. 10A to 10C, explanation will 
be made. Embodiment 4 is concerned with a method of 
regenerating an abrasion-resistant layer when it is ground 
along with the operation time of the turbine blade. More 
specifically, Embodiment 4 deals with the case where the 
portion of the alloy layer 18 from the top to the part 
corresponding to the first plating layer 12 is damaged along 
with the operation time of the turbine blade. 
0068 More specifically, before the rotating blade 1 
comes into contact with the ring segment 3 in FIG. 7, the 
hard particles 16 are embedded in the top surface of the 
rotating blade abrasion-resistant layer, namely, the Al dif 
fusion layer 19, as shown in FIG. 10A. Note that in FIG. 
10A, the alloy layer 18 consists of the alloy portion 21 
corresponding to the first plating layer and the alloy portion 
22 corresponding to the Second plating layer. 

0069. With the passage of time after the rotating blade 1 
comes into contact with the ring Segment 3, not only the Al 
diffusion layer 19 and the part of the alloy portion 22 
corresponding to the Second plating layer but also the part 
(Surface portion) of the alloy portion 21 corresponding to the 
first plating layer are ground and damaged (see FIG. 10B). 
Therefore, after the portion 21 is completely removed, the 
steps shown in FIGS. 1B to 1F described in Embodiment 1 
are performed to regenerate an abrasion-resistant layer (See 
FIG. 10D). 
0070 According to Embodiment 4, even if not only the 
Al diffusion layer 19 and the alloy portion 22 corresponding 
to the Second plating layer but also the alloy portion 21 
corresponding to the first plating layer are ground, the 
abrasion-resistant layer excellent in oxidation resistance and 
durable for a long time operation can be regenerated in a 
Simple method. 

0071 (Embodiment 5) 
0.072 FIG. 11 shows a cross-section of the gas turbine 
according to Embodiment 5 of the present invention. 
0073. A gas turbine 21 has a compressor 22 and a turbine 
23 directly connected to each other. The compressor 22 used 
herein is, for example, an axial-flow compressor, which 
increases the preSSure by taking in air or a predetermined gas 
as a functional fluid through an inlet port. The output port of 
the compressor 22 is equipped with a combustor 24. The 
functional fluid discharged from the compressor 22 is heated 
up by the combustor 22 to a predetermined turbine inlet 
temperature. The functional fluid increased in temperature to 
a predetermined value is then Supplied to the turbine 23. 

0.074 Inside the casing of the turbine 23, gas turbine 
Stationary blades 26 are fixed in Several Stages. Each of the 
Stationary blades 26 is provided near the casing and between 
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adjacent gas turbine rotating blades 25. The rotating blade 
25 comprises a base material and a rotating-blade abrasion 
resistant layer, which is formed on the Surface of the base 
material. The rotating-blade abrasion-resistant layer is an 
alloy layer in which alloy particles containing at least Cr, Ar 
and Y are dispersed and diffused. The gas turbine rotating 
blade 25 is attached to a main shaft 27 So as to form a set of 
Stage with each Stationary blade 26. 
0075 Also, as shown in FIG. 7, the ring segment is fixed 
to the casing So as to face the rotating blade 25. One end of 
the main shaft 27 is connected to the rotation shaft 28 of the 
compressor 22. The other end is connected to the rotation 
shaft of a motor (not shown). 
0076. In the gas turbine thus constructed, when a high 
preSSure and high-temperature functional fluid is Supplied 
into the casing of the turbine 23 from the combustor 24, the 
functional fluid is expanded within the casing, thereby 
rotating the main shaft 27 and driving the motor (not 
shown). To be more specific, the functional fluid is reduced 
in preSSure by the Stationary blades 26 fixed to the casing 
and the kinetic energy produced by the pressure reduction is 
converted into a rotation torque by way of the motor blades 
25 attached to the main shaft 27. Subsequently, the rotation 
torque thus generated is transmitted to the main Shaft to 
drive the motor. 

0077. The gas turbine of Embodiment 5 comprises a gas 
turbine rotating blade 25 having a rotating-blade abrasion 
resistant layer formed on the Surface, a ring segment fixed to 
the casing So as to face the rotating blade 25, and a gas 
turbine Stationary blade 26 provided near the casing and 
between the rotating blade 25 and the adjacent rotating 
blade. Owning to this structure, the clearance between the 
rotating blade 26 and the ring Segment can be reduced as 
narrow as possible, with the result that the efficiency can be 
improved. Furthermore, even if the gas turbine is used for a 
long time like an industrial gas turbine, Sufficient oxidation 
resistance can be maintained and the repair of the gas turbine 
can be made easily. 
What is claimed is: 

1. A method of forming an abrasion-resistant layer on a tip 
portion of a rotating blade of a machine Such as a turbine or 
jet engine which is arranged near a ring Segment fixed to a 
casing, comprising the Steps of: 

performing nickel Strike plating onto a base material, 
thereby forming a first plating layer; 

performing nickel plating, in which alloy particles con 
taining at least Cr, Al and Y are dispersed, onto the first 
plating layer, thereby forming a Second plating layer; 

performing nickel plating, in which alloy particles con 
taining at least Cr, Al and Y and hard particles are 
dispersed, on the Second plating layer, thereby forming 
a third plating layer, 

performing plating, in which alloy particles containing at 
least Cr, Al and Y are dispersed, onto the third plating 
layer, thereby forming a fourth plating layer Such that 
the hard particles of the third plating layer are partly 
exposed; and 

performing intermediate heating process to the plating 
layers to diffuse the alloy particles throughout the 
plating layers, thereby forming an alloy layer. 
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2. The method of forming a rotating-blade abrasion 
resistant layer according to claim 1, wherein, after the alloy 
layer is formed, an Al diffusion process or an Al-Si 
diffusion process is performed to form an Al or Al-Si 
diffusion layer on a Surface of the alloy layer. 

3. The method of forming the rotating-blade abrasion 
resistant layer according to claim 1, wherein the intermedi 
ate heating process is performed at a temperature of 500 to 
1100 C. for 0.5 to 3 hours in an inert gas atmosphere. 

4. A rotating-blade abrasion-resistant layer formed on a 
tip of a rotating blade of a machine Such as a turbine or a jet 
engine, which is arranged near a ring Segment fixed on a 
casing, wherein hard particles are partially exposed, and an 
alloy layer, in which alloy particles containing at least Cr, Al 
and Y are dispersed and diffused, is formed on a base 
material. 

5. The rotating-blade abrasion-resistant layer according to 
claim 4, wherein an Al or Al-Si diffusion layer is formed 
on the Surface of the alloy layer Such that the hard particles 
are partially exposed thereon. 

6. A gas turbine comprising a rotating blade with the 
rotating-blade abrasion-resistant layer according to claim 4 
on the Surface thereof, a ring Segment fixed to the casing So 
as to face the rotating blade, and a Stationary blade provided 
near the casing and between the rotating blade and an 
adjacent rotating blade. 

7. The gas turbine comprising a rotating blade with the 
rotating-blade abrasion-resistant layer according to claim 5 
on the Surface thereof, a ring Segment fixed to the casing So 
as to face the rotating blade, and a Stationary blade provided 
near the casing and between the rotating blade and an 
adjacent rotating blade. 

8. A method of regenerating a rotating-blade abrasion 
resistant layer on a tip portion of a rotating blade of a 
machine Such as a turbine or a jet engine, which is arranged 
near a ring Segment fixed to a casing, the rotating-blade 
abrasion-resistant layer comprising an alloy layer in which 
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alloy particles containing at least Cr, Al and Y are dispersed 
and diffused Such that the hard particles are partially 
exposed, wherein, when the alloy layer is ground to the 
extent that the hard particles fall off along with operation 
time of the rotating blade, the alloy layer on the base 
material is entirely removed and thereafter the Steps accord 
ing to claim 1 are performed. 

9. A method of regenerating a rotating-blade abrasion 
resistant layer on a tip portion of a rotating blade of a 
machine Such as a turbine or a jet engine, which is arranged 
near a ring Segment fixed to a casing, the rotating-blade 
abrasion-resistant layer comprising an alloy layer in which 
alloy particles containing at least Cr, Al and Y are dispersed 
and diffused Such that the hard particles are partially 
exposed, wherein, when the alloy layer is ground to the 
extent that the hard particles fall off along with operation 
time of the rotating blade, the alloy layer on a base material 
is removed while leaving the part of the alloy layer corre 
sponding to the first plating layer, and thereafter Steps on or 
after the Step of forming a Second plating layer according to 
claim 1 are performed. 

10. A method of regenerating a rotating-blade abrasion 
resistant layer on a tip portion of a rotating blade of a 
machine Such as a turbine or a jet engine, which is arranged 
near a ring Segment fixed to a casing, the rotating-blade 
abrasion-resistant layer comprising an alloy layer in which 
alloy particles containing at least Cr, Al and Y are dispersed 
and diffused Such that the hard particles are partially 
exposed, wherein, when the alloy layer is ground to the 
extent that the hard particles fall off along with operation 
time of the rotating blade, the alloy layer on a base material 
is removed while leaving the part of the alloy layer corre 
sponding to the first and Second plating layers, and thereafter 
Steps on or after the Step of forming a third plating layer 
according to claim 1 are performed. 
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