
1 DESCRIPTION REPAIR METHOD FOR MACHINE COMPONENT,
PRODUCTION METHOD OF RESTORED  MACHINE COMPONENT,
PRODUCTION METHOD OF MACHINE COMPONENT, GAS 5 TURBINE
ENGINE, ELECTRIC SPARK MACHINE, REPAIR METHOD FOR
TURBINE  COMPONENT AND PRODUCTION METHOD FOR RESTORED
TURBINE COMPONENT TECHNICAL FIELD The present
invention relates to a repair method for a machine  10
component, a production method of a restored machine
component,  a production method of a machine
component, a gas turbine engine,  an electric spark
machine, a repair method for a turbine component  and
a production method for a restored turbine component.
15 BACKGROUND ART In general, a machine component such
as a turbine rotor blade  applied to a gas turbine
engine will be subject to various repairs  until
coming to the end of its life. In a case where a
defect  such as a crack occurs to a portion to be
repaired of the turbine 20 rotor blade, the repairs
are carried out in accordance with the  following
manner. More specifically, the defect generated at the
portion to  be repaired of the turbine rotor blade is
removed by grinding  machining. Subsequently, a
deposition is formed by cladding by 25 welding at a
removed portion from which the defect in the turbine
rotor blade is removed. Thereby the turbine rotor
blade as the  machine component can be repaired and,
in other words, a restored  turbine rotor blade as a
restored machine component can be produced  from an
original turbine rotor blade as an original machine
30 component which is a subject of repair. DISCLOSURE
OF INVENTION In the meantime, it is not easy to limit
a range of the  deposition to the removed portion of
the machine component by  35 cladding by welding and
hence it is unavoidable to generate an excessive
deposition by forming the deposition. Therefore, it
is necessary to remove the excessive deposition after
forming the 2 deposition and there is a problem that a
time required for repairing  the portion to be
repaired of the machine component, in other words,  



a time required for production, of the restored
machine component  is elongated. 5 Meanwhile, the
aforementioned problem occurs to production  of a
newly produced machine component, which includes a
step of  cladding by welding. To solve the
aforementioned problem, a first feature of the
present invention is a repair method of a machine
component for  10 repairing a portion to be repaired
of an electrically conductive machine component and
being provided with a removal step of removing  a
defect generated at the portion to be repaired of the
machine  component; and a deposition step of forming a
porous deposition  after finishing the removal step by
employing a molded electrode 15 composed of a molded
body molded from a powder of a metal, a mixed  powder
of a powder of a metal and a powder of a ceramic, or
the  molded body processed with a heat treatment, and
generating a  pulsing electric discharge between a
removed portion from which  the defect in the machine
component is removed and the molded 20 electrode in an
electrically insulating liquid or gas so that a
material of the molded electrode or a reaction
substance of the  material carries out deposition,
diffusion and/or welding at the  removed portion of
the machine component by energy of the electric
discharge. 25 Moreover, a second feature of the
present invention is a  production method for
production of a restored machine component  from an
electrically conductive original machine component and
being provided with a removal step of removing a
defect generated  at a portion to be repaired of the
original machine component; 30 and a deposition step
of forming a porous deposition after finishing  the
defect removal step by employing a molded electrode
composed  of a molded body molded from a powder of a
metal, a mixed powder  of a powder of a metal and a
powder of a ceramic, or the molded  body processed
with a heat treatment, and generating a pulsing 35
electric discharge between a removed portion from
which the defect  in the original machine component is
removed and the molded  electrode in an electrically
insulating liquid or gas so that a 3 material of the
molded electrode or a reaction substance of the  



material carries out deposition, diffusion and/or
welding at the  removed portion of the original
machine component by energy of  the electric
discharge. 5 Furthermore, a third feature of the
present invention is  a production method for
producing a machine component provided  with an
electrically conductive component main body and a
porous  deposition formed at a portion to be treated
of the component main  body and being provided with a
main body step of forming from the 10 component main
body; and a deposition step of forming the deposition
after finishing the main body step by employing a
molded, electrode  composed of a molded body molded
from a powder of a metal, a mixed  powder of a powder
of a metal and a powder of a ceramic, or the  molded
body processed with a heat treatment, and generating a
15 pulsing electric discharge between the portion to
be treated of  the component main body and the molded
electrode in an electrically  insulating liquid or gas
so that a material of the molded electrode  or a
reaction substance of the material carries out
deposition,  diffusion and/or welding at the portion
to be treated of the  20 component main body by energy
of the electric discharge. BRIEF DESCRIPTION OF
DRAWINGS [Fig. 1] A drawing showing a turbine rotor
blade in accordance  with a first embodiment. 25 [Fig.
2] A schematic drawing of a gas turbine engine in
accordance with embodiments. [Fig. 3] A drawing
showing an electric spark machine in  accordance with
a first embodiment. [Fig. 4] Fig. 4 (a) , Fig. 4 (b) ,
Fig. 4 (c) are drawings explaining  30 a repair method
of a machine component in accordance with the first
embodiment and a production method of a restored
machine component  in accordance with a second
embodiment. [Fig. 5] Fig. 5 (a) , Fig. 5 (b) , Fig. 5
(c) are drawings explaining  the repair method of the
machine component in accordance with the  35 first
embodiment and the production method of the restored
machine  component in accordance with the second
embodiment. [Fig. 6] A drawing explaining a relation
between a removed 4 portion of a blade and a molded
electrode. 



[Fig. 7] A drawing showing a turbine rotor blade in
accordance  with a modified example of the first
embodiment. [Fig. 8] A drawing showing a turbine rotor
blade in accordance  5 with a third embodiment. [Fig.
9] Fig. 9 (a) , Fig. 9 (b) , Fig. 9 (c) are drawings
explaining  a production method of a machine component
in accordance with the  third embodiment. [Fig. 10]
Fig. 10(a), Fig. 10(b), Fig. 10(c) are drawings  10
explaining the production method of the machine
component in  accordance with the third embodiment.
[Fig. 11] A drawing explaining a relation between a
tip end  portion of the blade and a molded electrode.
[Fig. 12] A drawing showing a turbine rotor blade in
accordance  15 with a modified example of the third
embodiment. [Fig. 13] A perspective view showing a
turbine rotor blade in  accordance with a fourth
embodiment. [Fig. 14] A drawing showing an electric
spark machine in  accordance with the fourth
embodiment. 20 [Fig. 15] A schematic plan view of a
replacement unit in  accordance with the fourth
embodiment. [Fig. 16] Fig. 16(a), Fig. 16(b), Fig.
16(c) are drawings  explaining the repair method of
the machine component in accordance  with the fourth
embodiment and the production method of the restored
25 machine component in accordance with the fifth
embodiment.  [Fig. 17] Fig. 17(a), Fig. 17(b), Fig.
17(c) are drawings  explaining the repair method of
the machine component in accordance  with the fourth
embodiment and the production method of the restored
machine component in accordance with the fifth
embodiment. 30 BEST MODE FOR CARRYING OUT THE
INVENTION A description will be hereinafter given to
certain  embodiments of the present invention for
describing the present  invention in further, detail
with appropriate reference to the 35 accompanying
drawings. Meanwhile, in the drawings, "FF" denotes  a
forward direction and "FR" denotes a rearward
direction.  Moreover, in the description, in proper,
"a cross direction" is 5 



referred to as an X-axis direction, "a horizontal
direction" is  referred to as a Y-axis direction and
"a vertical direction" is  referred to as a Z-axis
direction. Furthermore, "a discharge  direction"
denotes a front and back direction with respect to a
5 surface of its form in Fig. 6 and Fig. 11. (FIRST
EMBODIMENT) First, a turbine rotor blade 1 which is a
subject of a repair  method of a machine component in
accordance with a first embodiment  will be described
hereinafter with reference to Fig. 1 and Fig.  10 2.
The turbine rotor blade 1 is one of electrically
conductive  machine components and, when being
repaired, can be re-used in  a gas turbine engine 3 of
a jet engine or such. The turbine rotor blade 1 is
provided with a blade 5, a platform  15 7 formed at a
proximal end of the blade 5 and a dovetail 9 formed
at the plat form 7. Here, the dovetail 9 is engageable
with a  dovetail slot (not shown) of a turbine disk
(not shown) which is  a component element of the gas
turbine engine 3. Meanwhile, a tip end portion of the
blade 5 is a portion  20 to be treated of the turbine
rotor blade 1. Next, an electric spark machine 11
employed for a repair  method of a machine component
in accordance with the first  embodiment will be
described hereinafter with reference to Fig. 3.  25
The electric spark machine 11 in accordance with the
first embodiment is a machine employed for the repair
method of the machine  component in accordance with
the first embodiment and such and  provided with a bed
13 extending in an X-axis direction and a Y-axis
direction and a column 15 extending in an Z-axis.
Further, the 30 bed 13 is provided with a table 17 and
the table 17 is movable  in the X-axis direction by
means of drive of an X-axis servo-motor  19 and
movable in the Y-axis direction by means of drive of a
Y-axis  servo-motor 21. The table 17 is provided with
a processing tank 23 for  35 reserving an electrically
insulating liquid S containing alkane  hydrocarbons
such as oil and, in the processing tank 23, a support
plate 25 is provided. The support plate 25 is provided
with a 



6 jig 27 to which a machine component such as the
turbine rotor blade  1 or a component main body of the
machine component described later  is capable of being
set. Meanwhile, the jig 27 is electrically  connected
to an electric power source 29. 5 The column 13 is
provided with a processing head 31 and the  processing
head 31 is movable in a Z-axis direction by means of
drive of a Z-axis servo-motor 33. Moreover, the
processing head  31 is provided with a first holder 39
for supporting a hard molded  electrode 37 and, in the
vicinity of the first holder 39 in the 10 processing
head 31, a second holder 43 for supporting a hard
electrode 41 having exhaustion resistance is provided.
The first  holder 39 and the second holder 43 are
electrically connected to  the electric power source
29. Here, the molded electrode 35 is a molded body
molded from  15 powder of an oxidation-resistant metal
by means of compression  by pressing; or the molded
body subject to a heat treatment by  a vacuum furnace
or such. Meanwhile, instead of molding by
compressing, the electrode 35 may be formed by slurry
pouring,  MIM (Metal Injection Molding), spray forming
and such. 20 Moreover, the oxidation-resistant metal
composing the  molded electrode 35 includes nickel
alloys such as NiCr, CoNiCrAlY  and such and cobalt
alloys. Meanwhile, the molded electrode 35  may be
composed of a molded body compressed and molded from
mixed  powder of powder of the oxidation-resistant
metal and powder of  25 a ceramic. The hard molded
electrode 37 is composed of a molded body  molded f
rommixed powder of an oxidation-resistant metal and
powder  of a ceramic by means of compression by
pressing, or the molded  body subject to a heat
treatment by a vacuum furnace. Meanwhile, 30 instead
of molding by compressing, the hard molded electrode
37  may be formed by slurry pouring, MIM (Metal
Injection molding),  spray forming and such. Moreover,
the oxidation-resistant metal composing the hard
molded electrode 37 is the same as the
oxidation-resistant metal  35 composing the molded
electrode 35 and the ceramic composing the hard molded
electrode 37 is any one material or a mixed material  



of any two or more of cBN, TiC, TiN, TiAlN, TiB2, WC,
SiC, Si3N4, 7 Cr3C2, A1203, Zr02_YI ZrC, VC and B4C.
Meanwhile, the hard molded electrode 37 may be
composed of  a molded body compressed and molded from
powder of an electrically  conductive ceramic, or the
molded body subject to a heat treatment. 5 Moreover,
the powder of the electrically conductive ceramic may
be produced by adding conductive coatings to surfaces
of powder  of a ceramic. On the other hand, the hard
electrode 41 is composed of a  solid body of graphite,
tungsten alloys or copper alloys. 10 Next, the repair
method of the machine component in accordance  with
the first embodiment will be described hereinafter
with  reference to Fig. 3, Fig. 4 (a) , Fig. 4 (b) ,
Fig. 5 (a) , Fig. 5 (b) ,  Fig. 5(c) and Fig. 6. The
repair method of the machine component in accordance
15 with the first embodiment is a method for repairing
a tip end portion  of the blade 5 as the portion to be
repaired and provided with  a (1-1) removal step, a
(1-2) thin film step, a (1-3) thin film  modification
step, a (1-4) deposition step, a (1-5) finish step
and a (1-6) hard thin film step. 20 (1-1) REMOVAL STEP
The turbine rotor blade 1 as the machine component is
set  at the jig 27 so as to direct the tip end portion
of the blade  5 upward. Next, by means of driving the
X-axis servo-motor 19  and the Y-axis servo-motor 21,
the table 17 is moved in the X-axis 25 direction and
the Y-axis direction to position the turbine rotor
blade 1 so that a removed portion 5e of the blade 5 is
opposed  to the molded electrode 35. Meanwhile, there
may be a case where  the table 17 is only necessary to
be moved in the X-axis direction. Further, a pulsing
electric discharge is generated between  30 the tip
end portion of the blade 5 and the hard electrode 41
in  an electrically insulating liquid S. Thereby, as
shown in Fig.  4(a), by means of energy of the
electric discharge, a defect D  such as a crack
occurred to the tip end portion of the blade 5  can be
removed. Meanwhile, when generating the pulsing
discharge, 35 the electrode, as being integral with
the processing head 31, is  



reciprocated in the Z-axis direction by a small travel
distance  by means of driving the Z-axis servo-motor
33. Moreover, in the 8 blade 5, a portion from which
the defect D is removed is referred  to as a removed
portion 5e. (1-2) THIN FILM STEP After finishing the
(1-1) removal step, by means of driving  5 the X-axis
servo-motor 19 and the Y-axis servo-motor 21, the
table  17 is moved in the X-axis direction and the
Y-axis direction to  position the turbine rotor blade
1 so that the removed portion  5e of the blade 5 is
opposed to the molded electrode 35. Meanwhile,  there
may be a case where the table 17 is only necessary to
be  10 moved in the X-axis direction. Further, a
pulsing electric discharge is generated between  the
removed portion 5e of the blade 5 and the molded
electrode  35 in an electrically insulating liquid S.
Thereby, as shown in  Fig. 4 (b) , by means of energy
of the electric discharge, a material 15 of the molded
electrode 35 or a reaction substance of the material
carries out deposition, diffusion and/or welding at
the removed  portion 5e of the blade 5 and thereby a
porous thin film 45 can  be gradually formed at the
removed portion 5e of the blade 5.  Meanwhile, when
generating the pulsing discharge, the molded 20
electrode 35, as being integral with the processing
head 31, is  reciprocated in the Z-axis direction by a
small travel distance  by means of a drive of the
Z-axis servo-motor 33. Meanwhile, "deposition,
diffusion and/or welding" means all  meanings
including "desposition", "diffusion", "welding",
"mixed  25 phenomena of deposition and diffusion",
"mixed phenomena of deposition and welding", "mixed
phenomena of diffusion and welding"  and "mixed
phenomena of deposition, diffusion and welding".
(1-3) THIN FILM MODIFICATION STEP After finishing the
(1-2) thin film step, by means of driving  30 the
X-axis servo-motor 19 and the Y-axis servo-motor 21,
the table  17 is moved in the X-axis direction and the
Y-axis direction to  position the turbine rotor blade
1 so that the thin film 45 is  opposed to the hard
electrode 41. Meanwhile, there may be a case  where
the table 17 is only necessary to be moved in the
X-axis  



35 direction. Further, a pulsing electric discharge is
generated between  the porous thin film 45 and the
hard electrode 41 in an electrically 9 insulating
liquid S. Thereby, as shown in Fig. 4(c), by means  of
energy of the electric discharge, the thin film 45 can
be changed  from a porous state into a high-density
state by melting the thin  film 45. Meanwhile, when
generating the pulsing discharge, the 5 hard electrode
41, as being integral with the processing head 31,  is
reciprocated in the Z-axis direction by a small travel
distance  by means of a drive of the Z-axis
servo-motor 33. (1-4) DEPOSITION STEP After finishing
the (1-3) thin film modification step, by  10 means of
driving the X-axis servo-motor 19 and the Y-axis
servo-motor 21, the table 17 is moved in the X-axis
direction and  the Y-axis direction to position the
turbine rotor blade 1 so that  the thin film 45 is
opposed to the molded electrode 35. Meanwhile,  there
may be a case where the table 17 is only necessary to
be  15 moved in the X-axis direction. Further, a
pulsing electric discharge is generated between  the
thin film 45 and the molded electrode 35 in an
electrically  insulating liquid S. Thereby, as shown
in Fig. 5(a), by means  of energy of the electric
discharge, a material of the molded 20 electrode 35 or
a reaction substance of the material carries out
deposition, diffusion and/or welding at the thin film
45 and thereby  a porous deposition 47 can be
gradually formed at the thin film  45. Meanwhile, when
generating the pulsing discharge, the molded
electrode 35, as being integral with the processing
head 31, is 25 reciprocated in the Z-axis direction by
a small travel distance  by means of a drive of the
Z-axis servo-motor 33. Here, to exhaust a portion
which sticks out of the removed  portion 5e of the
blade 5 in a view from the discharge direction  as
shown in Fig. 6 when the pulsing electric discharge is
generated 30 between the thin film 45 and the molded
electrode 37, a shape of  the tip end portion of the
molded electrode 35 is made slightly  larger than a
shape of the removed portion 5e of the blade 5.
Meanwhile, an amount t by which the molded electrode
35 sticks  



out is preferably 0.02mm or more and 0.3mm or less. 35
(1-5) FINISH STEP After finishing the (1-4) deposition
step, bymeans of driving  the X-axis servo-motor 19
and the Y-axis servo-motor 21, the table 10 17 is
moved in the X-axis direction and the Y-axis direction
to  position the turbine rotor blade 1 so that the
deposition 47 is  opposed to the hard electrode 41.
Meanwhile, there may be a case  where the table 17 is
only necessary to be moved in the X-axis  5 direction.
Further, a pulsing electric discharge is generated
between  the deposition 47 and the hard electrode 41
in an electrically  insulating liquid S. Thereby, as
shown in Fig. 5(b), by means  of energy of the
electric discharge, a finish machining to required 10
dimension can be carried out so as to make a thickness
of the  deposition 47 to be a predetermined thickness
with forming a  high-density thin film 47a at a
surface side of the deposition  47 by melting the
surface side of the deposition 47. Meanwhile,  when
generating the pulsing discharge, the hard electrode
41, as 15 being integral with the processing head 31,
is reciprocated in  the Z-axis direction by a small
travel distance by means of a drive  of the Z-axis
servo-motor 33. (1-6) HARD THIN FILM STEP After
finishing the (1-5) finish step, the molded electrode
20 35 is detached from the first holder 39 and the
hardmolded electrode  37 is made to be supported by
the first holder 39. Next, by means  of driving the
X-axis servo-motor 19 and the Y-axis servo-motor  21,
the table 17 is moved in the X-axis direction and the
Y-axis  direction to position the turbine rotor blade
1 so that the 25 deposition 47 is opposed to the
hardmolded electrode 37. Meanwhile,  there may be a
case where the table 17 is only necessary to be  moved
in the X-axis direction. Further, a pulsing electric
discharge is generated between  the deposition 47 and
the hardmolded electrode 37 in an electrically  30
insulating liquid S. Thereby, as shown in Fig. 5(c),
by means of energy of the electric discharge, a
material of the hard molded  electrode 37 or a
reaction substance of the material carries out  



deposition, diffusion and/or welding at the deposition
47 and  thereby a hard thin film 49 having
abrasiveness can be formed and 35 then the repair of
the tip end portion of the blade 5 is finished.
Meanwhile, the abrasiveness means a quality of
capability of easily  abrading an opposite component.
11 Meanwhile, the repair method of the machine
component in  accordance with the first embodiment may
be modified in view of  the embodiment as described
below. More specifically, the (1-2) thin film step and
the (1-3)  5 thin film modification step can be
omitted from the series of the  steps in the repair
method of the machine component in accordance  with
the first embodiment or the (1-6) hard thin film step
can  be omitted. Moreover, instead of generating the
pulsing discharge in  10 the electrically insulating
liquid S, a pulsing discharge may be  generated in an
electrically insulating gas. Furthermore, instead of
the hard molded electrode 37, as  shown in Fig. 5(c),
a Si electrode 51 composed of a solid body  of Si, a
molded body molded from powder of Si by compression by
15 pressing, or the molded body subject to a heat
treatment by means  of a vacuum furnace or such may be
used. Further, in this case,  a pulsing electric
discharge is generated in an electrically  insulating
liquid containing alkane hydrocarbons. Meanwhile, the
Si electrode 51 may be formedby slurrypouring, MIM
(Metal Injection  20 Molding), spray forming and such.
Moreover, by using a grinding lathe instead of the
electric  spark machine 11, the defect D of the tip
end portion of the blade  5 may be removed and the
finish machining to required dimension  may be carried
out so as to make a thickness of the deposition  25 47
to be a predetermined thickness. Furthermore, after
finishing the (1-6) hard thin film step,  a peening
step to process a surface side of the hard thin film
49 with a peening treatment may be added. Next,
operations of the first embodiment will be described.
30 Because the deposition 47 is formed by means of the
energy  of the electric discharge, a range of the
deposition 47 can be  



limited within a range where the electric discharge is
generated  and hence it is prevented to generate an
excessive deposition at  a time of forming the
deposition 47. 35 Moreover, because the deposition 47
is formed by means of  energy of the electric
discharge and the energy of the electric  discharge
locally acts on a prominently small part in the
removed 12 part 5e of the blade 5, rapid temperature
rise of the tip end portion  of the blade 5 is
prevented at a time of forming the deposition  47.
Furthermore, because the thin film 45, the deposition
47  5 and the hard thin film 49 are formed by means of
the energy of the electric discharge, a boundary part
between the thin film 45  and the blade 5, a boundary
part between the deposition 47 and  the thin film 45
and a boundary part between the hard thin film  49 and
the deposition 47 respectively have structures in
which 10 composition ratios grade and hence the hard
thin film 49 and the  deposition 47 can be firmly
combined with a base material of the  blade 5 via the
thin film 45. Moreover, because, as well as the thin
film 45 is formed  at the removed portion 5e of the
blade 5 and the thin film 45 is  15 melted to change
the porous state into the high-density state by means
of the energy of the electric discharge, the surface
side  of the porous deposition 47 is melted to form
the high-density  thin film 47a at the surface side of
the deposition 47, air  permeability of the surface
side and a rear side of the deposition 20 47 is made
to be lost so that oxidation resistance of the turbine
rotor blade 1 after repair can be increased.
Furthermore, in a case where the peening step is added
after  finishingthe (1-6) hard thin film step,
residual compression stress  can be given to the
surface side of the deposition 47 so that a  25
fatigue strength of the deposition 47 can be
increased. In accordance with the first embodiment as
described above,  because the range of the deposition
47 can be limited within the  range where the electric
discharge is generated so that the  excessive
deposition is prevented from generating at the time of
30 forming the deposition 47, troublesome works after
forming the  



deposition 47 can be reduced and a time required for
repairing  the tip end portion of the blade 5 can be
shortened. In particular,  because the steps progress
from the (1-1) removal step to the (1-6)  hard thin
film step by means of the single electric spark
machine 35 11, the time required for the repair can be
further shortened.  Moreover, because rise in the
temperature of the tip end  portion of the blade 5 at
the time of forming the deposition 47 13 can be
sufficiently suppressed, occurrence of fracture at the
tip  end portion of the blade 5 by thermal contraction
is prevented  so that defective repair of the turbine
rotor blade 1 can be avoided  as possible. 5
Furthermore, because the hard thin film 49 and the
deposition  47 can be firmly combined with the base
material of the blade 5  via the thin film 45, the
hard thin film 49 and the deposition  47 become
unsusceptible to peeling off from the base material of
the blade 5 and hence quality of the turbine rotor
blade 1 after  10 the repair can be stabilized.
Moreover, because oxidation resistance and of the
turbine  rotor blade 1 after the repair can be
improved, the quality of  the turbine rotor blade 1
after the repair can be improved. In  particular, in
the case where the peening step is added after 15
finishing the (1-6) hard thin film step, the fatigue
strength of  the deposition 47 can be increased and
hence the quality of the  turbine rotor blade 1 after
the repair can be further improved. Furthermore, in a
case where the turbine rotor blade 1 after  the repair
is applied to the gas turbine engine 3, even if
difference  20 in thermal expansion between the base
material of the blade 5 and the hard thin film 49 is
generated, crack of the hard thin film  49 can be
suppressed by means of the porous deposition 47 and,
even if the crack occurred to the hard thin film 49,
propagation  of the crack of the hard thin film 49 to
the base material of the  25 blade 5 could be
prevented. (MODIFIED EXAMPLE) A modified example of
the first embodiment will be described  hereinafter
with reference to Fig.7 and Fig. 2. A turbine rotor
blade 53 in accordance with the modified  



30 example is, like as the turbine rotor blade 1, one
of the electrically  conductive machine components and
re-used in a gas turbine engine  3 by processed with
repair. Moreover, the turbine rotor blade 53 in
accordance with the  modified example is composed of a
blade 5, a platform 7, a dovetail  35 9 and a shroud
55 formed at a tip end portion of the blade S. Here,
the shroud 55 is provided with a pair of tip seals 57.
Tip end portions of the pair of the tip seals 57 in
the shroud 14 55 serve as portions to be treated of
the turbine rotor blade 53.  Further, the repair in
accordance with the first embodiment may be processed
with respect to the pair of the tip seals 57 in  the
shroud 55 and this modified example also accomplishes
operations  5 and functions similar to the operations
and the functions of the  aforementioned first
embodiment. (SECOND EMBODIMENT) A production method of
a restored machine component in  accordance with a
second embodiment will be described hereinafter  10
with reference to Fig. 2, Fig. 3, Fig. 4(a), Fig.
4(b), Fig. 4(c),  Fig. 5(a), Fig. 5(b), Fig. 5(c). The
production method of the restored machine component in
accordance with the second embodiment is an invention
for production  of a restored turbine rotor blade 1B
as the restored machine 15 component shown in Fig. 5
(c) from an original turbine rotor blade  1A as an
original machine component shown in Fig. 4(a) and, in
other words, an invention taken from the repair method
of the machine  component in accordance with the first
embodiment from another  viewpoint. Further, the
production method of the restored machine 20 component
in accordance with the second embodiment is also
provided  with a (2-1) removal step, a (2-2) thin film
step, a (2-3) thin  film modification step, a (2-4)
deposition step, a (2-5) finish  step and a (2-6) hard
thin film step like as the repair method  of the
machine component in accordance with the first
embodiment. 25 Moreover, in the production method of
the restoredmachine component  in accordance with the
second embodiment, the electric sparkmachine  11, the
molded electrode 35, the hard molded electrode 37 and
the  hard electrode 41 as described above are used. 



Meanwhile, the restored turbine rotor blade 1B is used
in  30 the gas turbine engine 3 shown in Fig. 2 and
rotatable around an  axial center of the gas turbine
engine 3. Moreover, the tip end  portion of the blade
5 serves as a portion to be treated of the  original
turbine rotor blade 1A. (2-1) REMOVAL STEP 35 The
turbine rotor blade lA as the original machine
component  is set at the jig 27 so as to direct the
tip end portion of the  blade 5 upward. Next, by means
of driving the X-axis servo-motor 15 19 and the Y-axis
servo-motor 21, the table 17 is moved in the  X-axis
direction and the Y-axis direction to position the
turbine  rotor blade 1A so that a removed portion 5e
of the blade 5 is opposed  to the molded electrode 35.
Further, a pulsing electric discharge 5 is generated
between the tip end portion of the blade 5 and the
hard electrode 41 in an electrically insulating liquid
S. Thereby,  as shown in Fig. 4 (a) , by means of
energy of the electric discharge,  a defect D such as
a crack occurred to the tip end portion of the  blade
5 can be removed. Meanwhile, in the blade 5, a portion
from 10 which the defect D is removed is referred to
as a removed portion  5e. (2-2) THIN FILM STEP After
finishing the (2-1) removal step, by means of driving
the X-axis servo-motor 19 and the Y-axis servo-motor
21, the table  15 17 is moved in the X-axis direction
and the Y-axis direction to position the original
turbine rotor blade 1A so that the removed  portion 5e
of the blade 5 is opposed to the molded electrode 35.
Further, a pulsing electric discharge is generated
between the  removed portion 5e of the blade 5 and the
molded electrode 35 in 20 an electrically insulating
liquid S. Thereby, as shown in Fig.  3B, by means of
energy of the electric discharge, a material of  the
molded electrode 35 or a reaction substance of the
material  carries out deposition, diffusion and/or
welding at the removed  portion 5e of the blade 5 and
thereby a porous thin film 45 can 25 be gradually
formed at the removed portion 5e of the blade S.
(2-3) THIN FILM MODIFICATION STEP After finishing the
(2-2) thin film step, bymeans of driving  



the X-axis servo-motor 19 and the Y-axis servo-motor
21, the table  17 is moved in the X-axis direction and
the Y-axis direction to 30 position the original
turbine rotor blade 1A so that the thin film  45 is
opposed to the hard electrode 41. Further, a pulsing
electric  discharge is generated between the porous
thin film 45 and the  hard electrode 41 in an
electrically insulating liquid S. Thereby,  as shown
in Fig. 4 (c) , by means of energy of the electric
discharge, 35 the thin film 45 canbe changed
fromaporous state into ahigh-density  state by melting
the thin film 45. (2-4) DEPOSITION STEP 16 After
finishing the (2-3) thin film modification step, by
means of driving the X-axis servo-motor 19 and the
Y-axis  servo-motor 21, the table 17 is moved in the
X-axis direction and  the Y-axis direction to position
the original turbine rotor blade 5 1A so that the thin
film 45 is opposed to the molded electrode  35.
Further, a pulsing electric discharge is generated
between  the thin film 45 and the molded electrode 35
in an electrically  insulating liquid S. Thereby, as
shown in Fig. 5(a), by means  of energy of the
electric discharge, a material of the molded 10
electrode 35 or a reaction substance of the material
carries out  deposition, diffusion and/or welding at
the thin film45 and thereby  a porous deposition 47
can be formed at the thin film 45. Here, to exhaust a
portion which sticks out of the removed  portion 5e of
the blade 5 in a view from the discharge direction  15
as shown in Fig. 6 when the pulsing electric discharge
is generated between the thin film 45 and the molded
electrode 37, a shape of  the tip end portion of the
molded electrode 35 is made slightly  larger than a
shape of the removed portion 5e of the blade 5.
Meanwhile, an amount t by which the molded electrode
35 sticks  20 out is preferably 0.02mm or more and
0.3mm or less. (2-5) FINISH STEP After f inishing the
(2-4) deposition step, bymeans of driving  the X-axis
servo-motor 19 and the Y-axis servo-motor 21, the
table  17 is moved in the X-axis direction and the
Y-axis direction to 25 position the original turbine
rotor blade lA so that the deposition  47 is opposed
to the hard electrode 41 . Further, a pulsing electric



discharge is generated between the deposition 47 and
the hard  electrode 41 in an electrically insulating
liquid S. Thereby,  as shown in Fig. 5 (b) , by means
of energy of the electric discharge, 30 a finish
machining to required dimension can be carried out so
as to make a thickness of the deposition 47 to be a
predetermined  thickness with forming a high-density
thin film 47a at a surface  side of the deposition 47
by melting the surface side of the  deposition 47. 35
(2-6) HARD THIN FILM STEP After finishing the (2-5)
finish step, the molded electrode  35 is detached from
the first holder 39 and the hard molded electrode 17
37 is made to be supported by the first holder 39.
Next, by means  of driving the X-axis servo-motor 19
and the Y-axis servo-motor  21, the table 17 is moved
in the X-axis direction and the Y-axis  direction to
position the original turbine rotor blade 1A so that 5
the deposition 47 is opposed to the hard molded
electrode 37.  Further, a pulsing electric discharge
is generated between the  deposition 47 and the hard
molded electrode 37 in an electrically  insulating
liquid S. Thereby, as shown in Fig. 5(c), by means  of
energy of the electric discharge, a material of the
hard molded 10 electrode 37 or a reaction substance of
the material carries out  deposition, diffusion and/or
welding at the deposition 47 and  thereby a hard thin
film 49 having abrasiveness can be formed and  then
the production of the restored turbine rotor blade lB
is  finished. 15 Meanwhile, the production method of
the restored machine  component may be modified in
view of the embodiments like as the  repair method of
the machine component in accordance with the first
embodiment. Next, operations of the second embodiment
will be described.  20 Because the deposition 47 is
formed by means of the energy  of the electric
discharge, a range of the deposition 47 can be
limited within a range where the electric discharge is
generated  and hence it is prevented to generate an
excessive deposition at  a time of forming the
deposition 47. 25 Moreover, because the deposition 47
is formed by means of  



energy of the electric discharge and the energy of the
electric  discharge locally acts on a prominently
small part in the removed  part 5e of the blade 5,
rapid temperature rise of the tip end portion  of the
blade 5 is prevented at a time of forming the
deposition  30 47. Furthermore, because the thin film
45, the deposition 47  and the hard thin film 49 are
formed by means of the energy of  the electric
discharge, a boundary part between the thin film 45
and the blade 5, a boundary part between the
deposition 47 and 35 the thin film 45 and a boundary
part between the hard thin film  49 and the deposition
47 respectively have structures in which  composition
ratios grade and hence the hard thin film 49 and the
18 deposition 47 can be firmly combined with a base
material of the  blade 5 via the thin film 45.
Moreover, because, as well as the thin film 45 is
formed  at the removed portion 5e of the blade 5 and
the thin film 45 is  5 melted to change the porous
state into the high-density state by means of the
energy of the electric discharge, the surface side  of
the porous deposition 47 is melted to form the
high-density  thin film 47a at the surface side of the
deposition 47, air  permeability of the surface side
and a rear side of the deposition 10 47 is made to be
lost so that oxidation resistance of the restored
turbine rotor blade 1B can be increased. Furthermore,
in a case where the peening step is added after
finishingthe (2-6) hard thin film step, residual
compression stress  can be given to the surface side
of the deposition 47 so that a  15 fatigue strength of
the deposition 47 can be increased. In accordance with
the first embodiment as described above,  because the
range of the deposition 47 can be limited within the
range where the electric discharge is generated so
that the  excessive deposition is prevented from
generating at the time of 20 forming the deposition
47, troublesome works after forming the  deposition 47
can be reduced and a time required for the production
of the restored turbine rotor blade 1B can be
shortened. In  particular, because the steps progress
from the (2-1) removal step  to the (2-6) hard thin
film step by means of the single electric 



25 spark machine 11, the time required for the
production canbe further  shortened. Moreover, because
the temperature rise of the tip end portion  of the
blade 5 at the time of forming the deposition 47 can
be  sufficiently suppressed, occurrence of fracture at
the tip end 30 portion of the blade 5 by thermal
contraction is prevented so that  defective production
of the restored turbine rotor blade 1B can  be avoided
as possible. Furthermore, because the hard thin film
49 and the deposition  47 can be firmly combined with
the base material of the blade 5  35 via the thin film
45, the hard thin film 49 and the deposition 47 become
unsusceptible to peeling off from the base material of
the blade 5 and hence quality of the restored turbine
rotor blade 19 1B can be stabilized. Moreover, because
oxidation resistance and of the restored  turbine
rotor blade 1B can be improved, the quality of the
restored 5 turbine rotor blade 1B can be improved. In
particular,in the case where the peening step is added
after finishing the(2-6) hard thin film step, the
fatigue strength of the deposition 47  can be
increased and hence the quality of the restored
turbine  rotor blade 1B can be further improved.
Furthermore, in a case where the restored turbine
rotor blade  10 1B is applied to the gas turbine
engine 3, even if difference in  thermal expansion
between the base material of the blade 5 and  the hard
thin film 49 is generated, crack of the hard thin film
49 can be suppressed by means of the porous deposition
47 and,  even if the crack occurred to the hard thin
film 49, propagation 15 of the crack of the hard thin
film 49 to the base material of the  blade 5 could be
prevented. (THIRD EMBODIMENT) First, a turbine rotor
blade 59 in accordance with a third  embodiment will
be described hereinafter with reference to Fig.  20. 1
and Fig. 8. A turbine rotor blade 59 in accordance
with the third  embodiment is used in the gas turbine
engine 3 and rotatable around  



the axial center of the gas turbine engine 3.
Moreover, the turbine  rotor blade 59 is provided with
a rotor blade main body 61 as an 25 electrically
conductive component main body and the rotor blade
main body 61 is composed of a blade 63, a platform 65
formed at  a proximal end of the blade 63 and a
dovetail 67 formed at the  platform 65. Here, the
dovetail 67 is engageable with the dovetail  slot (not
shown) of the turbine disk (not shown) as the
component 30 element of the gas turbine engine. At a
tip end portion of the  blade 63, a porous deposition
71 is formed with interposing a thin  film 69 and a
hard thin film 73 having abrasiveness is formed at
the deposition 71. Meanwhile, the tip end portion of
the blade 63 serves as  35 a portion to be treated of
the rotor blade main body 61.  Next, a production
method of amachine component in accordance with the
third embodiment will be described hereinafter with 20
reference to Fig. 3, Fig. 9(a), Fig. 9(b), Fig. 9(c),
Fig. 10(a),  Fig. 10(b) and Fig. 10(c). The production
method of the machine component in accordance  with
the third embodiment is a method for production of the
turbine  5 rotor blade 59 as the machine component and
provided with a (3-1) main body molding step, a (3-2)
thin film step, a (3-3) thin film  modification step,
a (3-4) deposition step, a (3-5) finish step  and a
(3-6) hard thin film step as described later.
Moreover,  in the production method of the machine
component in accordance 10 with the third embodiment,
the electric spark machine, the molded  electrode, the
hard molded electrode and the hard electrode as
described above are used. (3-1) MAIN BODY MOLDING STEP
As shown in Fig. 9 (a) , a major part of the rotor
blade main  15 body 61 is molded by means of forging
or casting. And, the remaining  part of the rotor
blade main body 61 such as a peripheral shape  of the
dovetail 67 for example is formed by means of
machining  such as grinding. Further, a part except
the tip end portion of  the blade 63 in the rotor
blade main body 61 may be subject to 20 formation of
an oxidation-resistive coating such as an aluminized
coating. 



(3-2) THIN FILM STEP The rotor blade main body 61 as
the component main body is  set at the jig 27 so that
the tip end portion of the blade 63 is  25 directed
upward. Next, by means of driving the X-axis
servo-motor 19 and the Y-axis servo-motor 21, the
table 17 is moved in the  X-axis direction and the
Y-axis direction to position the rotor  blade main
body 61 so that the tip end portion of the blade 63
is opposed to the molded electrode 35. Meanwhile,
there may be 30 a case where the table 17 is only
necessary to be moved in the  X-axis direction.
Further, a pulsing electric discharge is generated
between  the tip end portion of the blade 63 and the
molded electrode 35  in an electrically insulating
liquid S. Thereby, as shown in Fig. 35 9(b), by means
of energy of the electric discharge, a material  of
the molded electrode 35 or a reaction substance of the
material  carries out deposition, diffusion and/or
welding at the tip end 21 portion of the blade 63 and
thereby a porous thin film 69 can be  formed at the
tip end portion of the blade 63. Meanwhile, when
generating the pulsing discharge, the molded electrode
35, as being  integral with the processing head 31, is
reciprocated in the Z-axis 5 direction by a small
travel distance by means of a drive of the  Z-axis
servo-motor 33. (3-3) THIN FILM MODIFICATION STEP
After finishing the (3-2) thin film step, by means of
driving  the X-axis servo-motor 19 and the Y-axis
servo-motor 21, the table  10 17 is moved in the
X-axis direction and the Y-axis direction to position
the rotor blade main body 61 so that the thin film 69
is opposed to the hard electrode 41. Meanwhile, there
may be a  case where the table 17 is only necessary to
be moved in the X-axis  direction. 15 Further, a
pulsing electric discharge is generated between  the
porous thin film 69 and the hard electrode 41 in an
electrically  insulating liquid S. Thereby, as shown
in Fig. 9(c), by means  of energy of the electric
discharge, the thin film 69 can be changed  from a
porous state into a high-density state by melting the
thin 20 film 69. Meanwhile, when generating the
pulsing discharge, the  



hard electrode 41, as being integral with the
processing head 31,  is reciprocated in the Z-axis
direction by a small travel distance  by means of a
drive of the Z-axis servo-motor 33. (3-4) DEPOSITION
STEP 25 After finishing the (3-3) thin film
modification step, by  means of driving the X-axis
servo-motor 19 and the Y-axis  servo-motor 21, the
table 17 is moved in the X-axis direction and  the
Y-axis direction to position the rotor blade main body
61 so  that the thin film 69 is opposed to the molded
electrode 35. 30 Meanwhile, there may be a case where
the table 17 is only necessary  to be moved in the
X-axis direction. Further, a pulsing electric
discharge is generated between  the thin film 69 and
the molded electrode 35 in an electrically  insulating
liquid S. Thereby, as shown in Fig. 10(a), by means 35
of energy of the electric discharge, a material of the
molded  electrode 35 or a reaction substance of the
material carries out  deposition, diffusion and/or
welding at the thin film 69 and thereby 22 a porous
deposition 71 can be formed at the high-density thin
film  69. Meanwhile, when generating the pulsing
discharge, the molded  electrode 35, as being integral
with the processing head 31, is  reciprocated in the
Z-axis direction by a small travel distance  5 by
means of a drive of the Z-axis servo-motor 33. Here,
to exhaust a portion which sticks out of the tip end
portion of the blade 63 in a view from the discharge
direction  as shown in Fig. 11. when the pulsing
electric discharge is generated  between the thin film
69 and the molded electrode 37, a shape of 10 the tip
end portion of the molded electrode 35 is made
slightly  larger than a shape of the tip end portion
of the blade 63. Meanwhile,  an amount t by which the
molded electrode 35 sticks out is preferably  0.02mm
or more and 0.3mm or less. (3-5) FINISH STEP 15 After
finishing the (3-4) deposition step, bymeans of
driving  the X-axis servo-motor 19 and the Y-axis
servo-motor 21, the table  17 is moved in the X-axis
direction and the Y-axis direction to  position the
rotor blade main body 61 so that the deposition 71  is
opposed to the hard electrode 41. Meanwhile, there may
be a 



20 case where the table 17 is only necessary to be
moved in the X-axis  direction. Further, a pulsing
electric discharge is generated between  the
deposition 71 and the hard electrode 41 in an
electrically  insulating liquid S. Thereby, as shown
in Fig. 10(b), by means 25 of energy of the electric
discharge, a finish machining to required  dimension
can be carried out so as to make a thickness of the
deposition 71 to be a predetermined thickness with
forming a  high-density thin film 71a at a surface
side of the deposition  71 by melting the surface side
of the deposition 71. Meanwhile, 30 when generating
the pulsing discharge, the hard electrode 41, as
being integral with the processing head 31, is
reciprocated in  the Z-axis direction by a small
travel distance by means of a drive  of the Z-axis
servo-motor 33. (3-6) HARD THIN FILM STEP 35 After
finishing the (3-5) finish step, the molded electrode
35 is detached from the first holder 39 and the hard
molded electrode  37 is made to be supported by the
first holder 39. Next, by means 23 of driving the
X-axis servo-motor 19 and the Y-axis servo-motor  21,
the table 17 is moved in the X-axis direction and the
Y-axis  direction to position the rotor blade main
body 61 so that the  deposition 71 is opposed to the
hard molded electrode 37. Meanwhile, 5 there may be a
case where the table 17 is only necessary to be  moved
in the X-axis direction. Further, a pulsing electric
discharge is generated between  the deposition 71 and
the hard molded electrode 37 in an electrically
insulating liquid S. Thereby, as shown in Fig. 10(c),
by means 10 of energy of the electric discharge, a
material of the hard molded  electrode 37 or a
reaction substance of the material carries out
deposition, diffusion and/or welding at the
high-density thin film  71a and thereby a hard thin
film 73 having abrasiveness can be  formed and then
the production of the turbine rotor blade 59 is  15
finished. Meanwhile, the production method of the
machine component  may be modified in view of the
embodiments as described below.  More specifically,
the (3-1) thin film step and the (3-2) 



thin film modification step can be omitted from the
series of the  20 steps in the repair method of the
machine component in accordance  with the third
embodiment or the (3-6) hard thin film step can  be
omitted. Moreover, instead of generating the pulsing
discharge in  the electrically insulating liquid S, a
pulsing discharge may be  25 generated in an
electrically insulating gas. Furthermore, instead of
the hard molded electrode 37, as  shown in Fig. 10(c),
a Si electrode 51 composed of a solid body  of Si, a
molded body molded from powder of Si by compression by
pressing, or the molded body subject to a heat
treatment by means 30 of a vacuum furnace or such may
be used. Further, in this case,  a pulsing electric
discharge is generated in an electrically  insulating
liquid containing alkane hydrocarbons. Meanwhile, the
Si electrode 51 maybe formed by slurry pouring, MIM
(Metal Injection  Molding), spray forming and such. 35
Moreover, by using a grinding lathe instead of the
electric  spark machine 11, the finish machining to
required dimension may  be carried out so as to make a
thickness of the deposition 71 to 24 be a
predetermined thickness. Furthermore, after finishing
the (3-6) hard thin film step,  a peening step to
process a surface side of the hard thin film  73 with
a peening treatment may be added. 5 Next, operations
of the third embodiment will be described.  Because
the deposition 71 is formed by means of the energy  of
the electric discharge, a range of the deposition 71
can be  limited within a range where the electric
discharge is generated  and hence it is prevented to
generate an excessive deposition at  10 a time of
forming the deposition 71. Moreover, because the
deposition 71 is formed by means of  energy of the
electric discharge and the energy of the electric
discharge locally acts on a prominently small part in
the tip end  portion of the blade 63, rapid
temperature rise of the tip end 15 portion of the
blade 63 is prevented at a time of forming the
deposition 71. Furthermore, because the thin film 69,
the deposition 71  



and the hard thin film 73 are formed by means of the
energy of  the electric discharge, a boundary part
between the thin film 69 20 and the blade 63, a
boundary part between the deposition 71 and  the thin
film 69 and a boundary part between the hard thin film
73 and the deposition 71 respectively have structures
in which  composition ratios grade and hence the hard
thin film 73 and the  deposition 71 can be firmly
combined with a base material of the  25 blade 63 via
the thin film 69. Moreover, because, as well as the
high-density thin film  71a is formed at the surface
side of the deposition 71, the thin  film 69 is
changed from the porous state into the high-density
state by means of the energy of the electric
discharge, air 30 permeability of the surface side and
a rear side of the deposition  71 is made to be lost
so that oxidation resistance of the turbine  rotor
blade 59 can be increased. Furthermore, in a case
where the peening step is added after  finishingthe
(3-6) hardthinfilmstep, residual compression stress
35 can be given to the surface side of the deposition
71 so that a  fatigue strength of the deposition 71
can be increased. In accordance with the third
embodiment as described above, 25 because the range of
the deposition 71 can be limited within the  range
where the electric discharge is generated so that the
excessive deposition is prevented from generating at
the time of  forming the deposition 71, troublesome
works after forming the 5 deposition 71 can be reduced
and a time required for production  of the turbine
rotor blade 59 can be shortened. In particular,
because the steps progress from the (3-2) thin film
step to the  (3-6) hard thin film step by means of the
single electric spark  machine 11, the time required
for the production can be further  10 shortened.
Moreover, because rise in the temperature of the tip
end  portion of the blade 63 at the time of forming
the deposition 71  can be sufficiently suppressed,
occurrence of fracture at the tip  end portion of the
blade 63 by thermal-contraction is prevented 15 so
that defective production of the turbine rotor blade
59 can  be avoided as possible. 



Furthermore, because the hard thin film 73 and the
deposition  71 can be firmly combined with the base
material of the blade 63  via the thin film 69, the
hard thin film 73 and the deposition 20 71 become
unsusceptible to peeling off from the base material of
the blade 63 and hence quality of the turbine rotor
blade 59 can  be stabilized. Moreover, because the air
permeability of the surface side  and the rear side of
the deposition 71 is made lost to improve  25
oxidation resistance of the turbine rotor blade 59,
the quality of the turbine rotor blade 59 can be
improved. In particular,  in the case where the
peening step is added after finishing the  (3-6) hard
thin film step, the fatigue strength of the deposition
71 can be increased and hence the quality of the
turbine rotor  30 blade 59 can be further improved.
Furthermore, in a case where the turbine rotor blade
59 is  applied to the gas turbine engine 3, even if
difference in thermal  expansion between the base
material of the blade 63 and the hard  thin film 73 is
generated, crack of the hard thin film 73 can be 35
suppressed by means of the porous deposition 71 and,
even if the  crack occurred to the hard thin film 73,
propagation of the crack  of the hard thin film 73 to
the base material of the blade 63 could 26 be
prevented.  (MODIFIED EXAMPLE) A modified example of
the third embodiment will be described  hereinafter
with reference to Fig. 12 and Fig. 2. 5 A turbine
rotor blade 75 in accordance with the modified
example is, like as the turbine rotor blade 59, used
in a gas turbine  engine 3 and rotatable around the
axial center of the gas turbine  engine 3. Moreover,
the turbine rotor blade 75 is provided with a rotor
10 blade main body 77 as an electrically conductive
component main  body and the rotor blade main body 77
is composed of a blade 63,  a platform 65, a dovetail
67 and a shroud 79 formed at a tip end  portion of the
blade 63. Here, the shroud 79 is provided with  a pair
of tip seals 81. Further, at tip end portions of the
15 respective tip seals 57, porous depositions 85 are
formed with  



interposing a high-density thin films 83 and, at the
depositions  85, hard thin films 87 having
abrasiveness are formed. Meanwhile, the tip end
portions of the pair of the tip seals  81 in the
shroud 79 serve as portions to be repaired of the
turbine  20 rotor blade 53. Further, the turbine rotor
blade 75 in accordance with the  modified example may
be also produced by the production method  of the
machine component in accordance with the third
embodiment  and the modified example accomplishes
operaions and functions 25 similar to the operations
and the functions of the aforementioned  third
embodiment. (FOURTH EMBODIMENT) First, a turbine rotor
blade 89 which is a subject of a repair  method of a
machine component in accordance with a fourth
embodiment  30 will be described hereinafter with
reference to Fig. 13 and Fig. 2. The turbine rotor
blade 89 in accordance with the fourth  embodiment is
one of electrically conductive machine components
and, when being repaired, can be re-used in a gas
turbine engine  35 3 of a jet engine or such. The
turbine rotor blade 89 is provided with a blade 91, a
platform 93 formed at a proximal end of the blade 91,
a dovetail 27 95 formed at the platform 93 and a
shroud 97 formed at a tip end  of the blade 91. Here,
the dovetail 95 is engageable with a dovetail  slot
(not shown) of a turbine disk (not shown) which is a
component  element of the gas turbine engine 3 and the
shroud 97 has a pair  5 of abrasion surfaces 97f.
Meanwhile, the abrasion surfaces 97f are easy to have
defects  (see Fig. 15A) such as cracks caused by
abrasion with another  abrasion surfaces 97f of the
adjacent turbine rotor blade 89' and  the pair of the
abrasion surfaces 97f in the shroud 97 serve as  10
portions to be treated. Next, an electric spark
machine 99 employed for the repair  method of the
machine component in accordance with the fourth
embodiment will be described hereinafter with
reference to Fig. 14.  



15 The electric spark machine 99 in accordance with
the fourth embodiment is a machine employed for
working of the repair method  of the machine component
in accordance with the fourth embodiment  and provided
with a bed 101 extending in an X-axis direction and  a
Y-axis direction and the bed 101 is provided with a
column 103  20 extending in an Z-axis. The bed 101 is
provided with a pair of X-axis guides 105  extending
in the X-axis direction and the pair of the X-axis
guides  105 are provided with a slider 107 to be
movable in the X-axis  direction by means of driving
an X-axis servo-motor 109. Moreover, 25 the slider 107
is provided with a pair of Y-axis guides 111 extending
in the Y-axis direction and the pair of the Y-axis
guides 111 are  provided with a table 113 to be
movable in the Y-axis direction  by means of driving a
Y-axis servo-motor 115. Meanwhile, movement  of the
slider 107 in the X-axis direction by means of driving
the 30 X-axis servo-motor 109 leads to movement of the
table 113 in the  X-axis direction. The table 113 is
provided with a processing tank 117 for  reserving an
electrically insulating liquid S such as oil and,  in
the processing tank 117, a support plate 119 is
provided. The 35 support plate 119 is provided with a
jig 121 to which a machine  component such as the
turbine rotor blade 89 or a component main  body of
the machine component described later is capable of
being 28 set. Meanwhile, the jig 121 is electrically
connected to an  electric power source 123. The column
103 is provided with a pair of Z-axis guides 125
extending in the Z-axis direction and the pair of the
Z-axis guides  5 125 are provided with a processing
head 127 to be movable in the Z-axis direction by
means of driving a Z-axis servo-motor 129.  Moreover,
the processing head 127 is provided with a first
holder  133 for supporting a molded electrode 131 and,
in the vicinity  of the first holder 133 in the
processing head 127, a second holder 10 137 for
supporting a hard electrode 135 having exhaustion
resistance  is provided. The first holder 133 and the
second holder 137 are  electrically connected to the
electric power source 123. Here, the molded electrode
131 is a molded body molded from  



any one powder or two or more powders of powder of a
cobalt alloy  15 containing chromium, mixed powder of
powder of a cobalt alloy containing chromium, powder
of a ceramic and powder of an alloy,  powder of Ti or
powder of TiC by means of compression by pressing;  or
the molded body subject to a heat treatment by a
vacuum furnace  or such. Meanwhile, instead of molding
by compressing, the molded 20 electrode 131 may be
formed by slurry pouring, MIM (Metal Injection
Molding), spray forming and such. Moreover, the
ceramic composing the molded electrode 131  includes
cBN, TiC, TiAlN, A1N, TiB2, WC, Cr3C2, SiC, ZrC, VC,
B4C,  VN, Si3N4, Zr02-Y, A1203, Si02 and such.
Meanwhile, the cobalt alloy 25 containing chromium
composing the molded electrode 131 preferably
contains Cr in 10% or more and does not contain Ni in
20% or more.  On the other hand, the hard electrode
135 is composed of a solid body of graphite, tungsten
alloys or copper alloys like  as the hard electrode 41
in accordance with the first embodiment.  30
Meanwhile, instead of that the processing head 127 is
provided with the first holder 133 and the second
holder 137, a replacement  unit 139 as shown in Fig.
15 may be used so as to exchange the  first holder 133
and the second holder 137 with respect to the
processing head 127. 35 More specifically, as shown in
Fig. 15, the bed 101 is provided  with a stay 141 in a
standing manner and the stay 141 is proided  with an
arm 143 to be rotatable around a vertical axis 147 by
means 29 of driving a replacement servo-motor 145.
Moreover, one end of  the arm 143 is provided with a
first hand 149 for supporting the  first holder 133 by
grasping and another end of the arm 143 is  provided
with a second hand 151 for supporting the second
holder 5 137 by grasping. Meanwhile, the processing
head 127 is provided  with a grasping mechanism for
supporting any holder of the first  holder 133 and the
second holder 137 by grasping though illustration  is
omitted. Therefore, the arm 143 is let to rotate
around the vertical  10 axis 147 by means of driving
the replacement servo-motor 145 so  that the empty
first hand 149 approaches the processing head 127.
Next, the holder 133 attached to the processing head
127 is grasped  



by the first hand 149 and then an attaching state by
the processing  head 127 is canceled. Further, the arm
143 is let to rotate around 15 the vertical axis 147
by means of driving the replacement  servo-motor 145
so that the first hand 149 is separated from the
processing head 127 as well as the second hand 151
grasping the  second holder 137 approaches the
processing head 127. Further,  the second holder 137
is grasped by the second holder 137 and a 20 grasping
state by the second hand 151 is canceled. Thereby, the
second holder 137 can be replaced for the first holder
133 and  attached to the processing head 127.
Moreover, by operations like as the aforementioned,
the first  holder 133 can be replaced for the second
holder 137 and attached  25 to the processing head
127. Meanwhile, when rotating the arm 143, the
processing head  127 is moved in the Z-axis direction
by means of driving the Z-axis  servo-motor 127 so
that the first holder 133 or the second holder  137 is
prevented from interfering the processing head 127. 30
Next, the repairmethodof themachine component in
accordance  with the fourth embodiment will be
described hereinafter with  reference to Fig. 14, Fig.
15, Fig. 16(a), Fig. 16(b), Fig. 17(a)  and Fig.
17(b). The repair method of the machine component in
accordance  35 with the fourth embodiment is a method
for repairing the pair of  the abrasion surfaces 97f
in the turbine rotor blade 89 and provided  with a
(4-1) removal step, a (4-2) deposition step, a (4-3)
finish 30 step and a (4-4) repetition step as shown
below.  (4-1) REMOVAL STEP The turbine rotor blade 89
as the machine component is set  at the jig 1115 so as
to direct one of the abrasion surfaces 97f  5 in the
turbine rotor blade 89 upward. Next, by means of
driving the X-axis servo-motor 109 and  the Y-axis
servo-motor 115, the table 113 is moved in the X-axis
direction and the Y-axis direction to position the
turbine rotor  blade 89 so that one of the abrasion
surfaces 97f is opposed to 10 the hard electrode 135.
Meanwhile, there may be a case where the  table 113 is
only necessary to be moved in the X-axis direction.  



Moreover, instead of positioning the turbine rotor
blade 89, it  may be applicable to replace and attach
the second holder 137 for  the first holder 133 to the
processing head 127 by means of the  15 replacement
unit 139. Further, a pulsing electric discharge is
generated between  one of the abrasion surfaces 97f
and the hard electrode 135 in  an electrically
insulating liquid S. Thereby, as shown in Fig.  16(b),
by means of energy of the electric discharge, a defect
D 20 such as a crack occurred to one of the abrasion
surfaces 97f can  be removed. Meanwhile, when
generating the pulsing discharge,  the hard electrode
135, as being integral with the processing head  127,
is reciprocated in the Z-axis direction by a small
travel  distance by means of driving the Z-axis
servo-motor 129. Moreover, 25 in the shroud 97, a
portion from which the defect D is removed  is
referred to as a removed portion 97e. (4-2) DEPOSITION
STEP After finishing the (4-1) removal step, by means
of driving  the X-axis servo-motor 109 and the Y-axis
servo-motor 115, the  30 table 113 is moved in the
X-axis direction and the Y-axis direction to position
the turbine rotor blade 89 so that the removed portion
97e of the shroud 97 is opposed to the hard electrode
135. Meanwhile,  there may be a case where the table
113 is only necessary to be  moved in the X-axis
direction. Moreover, instead of positioning 35 the
turbine rotor blade 89, it may be applicable to
replace and  attach the first holder 133 for the
second holder 137 to the  processing head 127 by means
of the replacement unit 139. 31 Further, a pulsing
electric discharge is generated between  the removed
portion 97e of the shroud 97 and the molded electrode
131 in an electrically insulating liquid S. Thereby,
as shown  in Fig. 16(c), by means of energy of the
electric discharge, a 5 material of the hard electrode
131 or a reaction substance of the  material carries
out deposition, diffusion and/or welding at the
removed portion 97e of the shroud 97 and thereby a
porous deposition  153 can be formed. Meanwhile, when
generating the pulsing  discharge, the molded
electrode 131, as being integral with the 10
processing head 127, is reciprocated in the Z-axis
direction by  



a small travel distance by means of a drive of the
Z-axis servo-motor  129. (4-3) FINISH STEP After
finishing the (4-2) deposition step by means of
driving  15 the X-axis servo-motor 109 and the Y-axis
servo-motor 115, the  table 113 is moved in the X-axis
direction and the Y-axis direction  to position the
turbine rotor blade 89 so that the deposition 153  is
opposed to the hard electrode 135. Meanwhile, there
may be  a case where the table 113 is only necessary
to be moved in the 20 X-axis direction. Moreover,
instead of positioning the turbine  rotor blade 89, it
may be applicable to replace and attach the  second
holder 137 for the first holder 133 to the processing
head  127 by means of the replacement unit 139.
Further, a pulsing electric discharge is generated
between  25 the deposition 153 and the hard electrode
135 in an electrically  insulating liquid S. Thereby,
as shown in Fig. 17(a), by means  of energy of the
electric discharge, a finish machining to required
dimension can be carried out so as to make a thickness
of the  deposition 153 to be a predetermined thickness
with forming a 30 high-density thin film 153a at a
surface side of the deposition  153 by melting the
surface side of the deposition 153. Meanwhile,  when
generating the pulsing discharge, the hard electrode
135,  as being integral with the processing head 127,
is reciprocated  in the Z-axis direction by a small
travel distance by means of  35 a drive of the Z-axis
servo-motor 129. (4-4) REPETITION STEP After finishing
the (4-3) finish step, the turbine rotor 32 blade 89
is once detached from the jig 121 and the turbine
rotor  blade 89 is set at the jig 121 so as to direct
the other of the  abrasion surfaces 97f in the shroud
97 upward. Then, the steps  from the (4-2) removal
step to the (4-3) finish step are repeated 5 similarly
to the above description and then the repair of the
pair  of the abrasion surfaces 97f in the shroud 97 is
finished.  Meanwhile, the repair method of the machine
component in accordance with the aforementioned fourth
embodiment may be  modified in view of the embodiments
as described below. 



10 More specifically, instead of generating a pulsing
discharge  in the electrically insulating liquid S, a
pulsing discharge may  be generated in an electrically
insulating gas. Moreover, by using a grinding lathe
instead of the electric  spark machine 99, removal of
the defect D of the pair of the abrasion  15 surfaces
97f in the shroud 97 or the finish machining to
required dimension so as to make a thickness of the
deposition 153 to be  a predetermined thickness may be
carried out. Furthermore, after finishing the (4-3)
finish step,a peening  step to process a surface side
of the deposition 153 with a peening  20 treatment may
be added. Next, operations of the fourth embodiment
will be described.  Because the deposition 153 is
formed by means of the energy  of the electric
discharge, a range of the deposition 153 can be
limited within a range where the electric discharge is
generated 25 and hence it is prevented to generate an
excessive deposition at  a time of forming the
deposition 153. Moreover, for the same reason,  a
boundary part between the deposition 153 and a base
material  of the shroud 97 has a structure in which a
composition ratio grades  and hence the deposition 153
can be firmly combined with the base  30 material of
the shroud 97. Furthermore, in a case where the
peening step is added after  finishing the (4-3)
finish step, residual compression stress can  be given
to a surface side of the deposition 153 so that a
fatigue  strength of the deposition 153 can be
increased. 35 Moreover, because the deposition 153 is
formed by means of  energy of the electric discharge
and the energy of the electric  discharge locally acts
on a prominently small part in the removed 33 part 97e
of the shroud 97, temperature rise in the vicinity of
the abrasion surfaces 97f of the shroud 97 at a time
of forming  the deposition 153 is sufficiently
prevented. In accordance with the fourth embodiment as
described above,  5 because the range of the
deposition 153 can be limited within the  range where
the electric discharge is generated so that the
excessive deposition is prevented from generating at
the time of  forming the deposition 153, troublesome
works after forming the  



deposition 153 can be reduced and a time required for
repairing 10 the pair of the abrasion surfaces 97f in
the shroud 97 can be shortened.  In particular,
because the steps progress from the (4-1) removal
step to the (4-4) repetition step by means of the
single electric  spark machine 99, the time required
for the repair can be further  shortened. 15 Moreover,
because temperature rise in the vicinity of the
abrasion surfaces 97f in the shroud 97 at the time of
forming the  deposition 153 can be sufficiently
suppressed, occurrence of  fracture at the abrasion
surfaces 97f in the shroud 97 by thermal  contraction
is prevented so that defective repair of the turbine
20 rotor blade 89 can be avoided as possible.
Furthermore, because the deposition 153 can be firmly
combined with the base material of the shroud 97, the
deposition  153 become unsusceptible to peeling off
from the base material  of the shroud 97 and hence
quality of the turbine rotor blade 89  25 after the
repair can be stabilized. Moreover, in the case where
the peening step is added after  finishing the (4-3)
finish step, the fatigue strength of the  deposition
153 can be increased and hence the quality of the
turbine  rotor blade 89 after the repair can be
further improved. 30 (FIFTH EMBODIMENT) A production
method of a restored machine component in  accordance
with a fifth embodiment will be described hereinafter
with reference to Fig. 2, from Fig. 13 through Fig.
15, Fig. 16 (a) ,  Fig. 16(b), Fig. 16(c), Fig. 17(a),
Fig. 17(b), Fig. 17C. 35 The production method of the
restored machine component in  accordance with the
fifth embodiment is an invention for production  of a
restored turbine rotor blade 89B as the restored
machine 34 component shown in Fig. 17 (b) from an
original turbine rotor blade  B9A as an original
machine component shown in Fig. 16(a) and, in
otherwords, an invention taken from the repair method
of the machine  component in accordance with the
fourth embodiment from another 5 viewpoint. Further,
the production method of the restored machine
component in accordance with the fifth embodiment is
also provided  with a (5-1) removal step, a (5-2)
deposition step, a (5-3) finish  



step and a (5-4) repetition step like as the repair
method of the  machine component in accordance with
the fourth embodiment. 10 Moreover, in the production
method of the restoredmachine component  in accordance
with the fifth embodiment, the electric spark machine
99, the molded electrode 131 and the hard electrode
135 as described  above are used. Meanwhile, the
restored turbine rotor blade 89B is used in  15 the
gas turbine engine 3 shown in Fig. 2 and rotatable
around an  axial center of the gas turbine engine 3.
Moreover, the pair of  the abrasion surfaces 97f in
the shroud 97 serve as portions to  be treated of the
original turbine rotor blade 89A. (5-1) REMOVAL STEP
20 The original turbine rotor blade 89A as the
original machine  component is set at the jig 121 so
as to direct one of the abrasion  surfaces 97f in the
original turbine rotor blade 89A upward. Next,  by
moving the table 113 in the X-axis direction and the
Y-axis  direction, the turbine rotor blade 89A is
positioned so that one 25 of the abrasion surfaces 97f
is opposed to the hard electrode 135.  Further, a
pulsing electric discharge is generated between one
of the abrasion surfaces 97f and the hard electrode
135 in an  electrically insulating liquid S. Thereby,
as shown in Fig. 16(b),  by means of energy of the
electric discharge, a defect D such as 30 a crack
occurred to one of the abrasion surfaces 97f can be
removed.  Meanwhile, in the shroud 97, a portion from
which the defect D  is removed is referred to as a
removed portion 97e. (5-2) DEPOSITION STEP After
finishing the (5-1) removal step, by moving the table
35 113 in the X-axis direction and the Y-axis
direction, the original  turbine rotor blade 89A is
positioned so that the removed portion  97e of the
shroud 97 is opposed to the molded electrode 131.
Further, 35 a pulsing electric discharge is generated
between the removed  portion 97e of the shroud 97 and
the molded electrode 131 in an  electrically
insulating liquid S. Thereby, as shown in Fig. 16(c),
by means of energy of the electric discharge, a
material of the 5 molded electrode 131 or a reaction
substance of the material carries  out deposition,
diffusion and/or welding at the removed portion  



97e of the shroud 97 and thereby a porous deposition
153 can be  formed. (5-3) FINISH STEP 10 After
finishing the (5-2) deposition step, by moving the
table 113 in the X-axis direction and the Y-axis
direction, the  original turbine rotor blade 89A is
positioned so that the  deposition 153 is opposed to
the hard electrode 135. Further,  a pulsing electric
discharge is generated between the deposition 15 153
and the hard electrode 135 in an electrically
insulating liquid  S. Thereby, as shown in Fig. 17(a),
by means of energy of the  electric discharge, a
finish machining to required dimension can  be carried
out so as to make a thickness of the deposition 153
to be a predetermined thickness with forming a
high-density thin 20 film 153a at a surface side of
the deposition 153 by melting the  surface side of the
deposition 153. (5-4) REPETETION STEP After finishing
the (5-3) finish step, the original turbine  rotor
blade 89A is once detached from the jig 121 and the
original  25 turbine rotor blade 89A is set at the jig
121 so as to direct the other of the abrasion surfaces
97f in the shroud 97 upward. Then,  the steps from the
(5-2) removal step to the (5-3) finish step  are
repeated similarly to the above description and then
the  production of the restored turbine rotor blade
89B as the restored  30 machine component is finished.
Meanwhile, the production method of the restored
machine  component may be modified in view of the
embodiments like as the  repair method of the machine
component in accordance with the first  embodiment. 35
Next, operations of the fifth embodiment will be
described.  Because the deposition 153 is formed by
means of the energy  of the electric discharge, a
range of the deposition 153 can be 36 limited within a
range where the electric discharge is generated  and
hence it is prevented to generate an excessive
deposition at  a time of forming the deposition 153.
Moreover, for the same reason,  a boundary part
between the deposition 153 and a base material 5 of
the shroud 97 has a structure in which a composition
ratio grades  



and hence the deposition 153 can be firmly combined
with the base  material of the shroud 97. Furthermore,
in a case where the peening step is added after
finishing the (5-3) finish step, residual compression
stress can  10 be given to a surface side of the
deposition 153 so that a fatigue  strength of the
deposition 153 can be increased. Moreover, because the
deposition 153 is formed by means of  energy of the
electric discharge and the energy of the electric
discharge locally acts on a prominently small part in
the removed 15 part 97e of the shroud 97, temperature
rise in the vicinity of  the abrasion surfaces 97f of
the shroud 97 at a time of forming  the deposition 153
is sufficiently prevented. In accordance with the
fifth embodiment as described above,  because the
range of the deposition 153 can be limited within the
20 range where the electric discharge is generated so
that the excessive deposition is prevented from
generating at the time of  forming the deposition 153,
troublesome works after forming the  deposition 153
can be reduced and a time required for production  of
the restored turbine rotor blade 89B can be shortened.
In 25 particular, because the steps progress from the
(5-1) removal step  to the (5-4) repetition step by
means of the single electric spark  machine 99, the
time required for the production can be further
shortened. Moreover, because temperature rise in the
vicinity of the  30 abrasion surfaces 97f in the
shroud 97 at the time of forming the  deposition 153
can be sufficiently suppressed, occurrence of
fracture at the abrasion surfaces 97f in the shroud 97
by thermal  contraction is prevented so that defective
production of the  restored turbine rotor blade 89B
can be avoided as possible. 35 Furthermore, because
the deposition 153 can be firmly  combined with the
base material of the shroud 97, the deposition  153
become unsusceptible to peeling off from the base
material 37 of the shroud 97 and hence quality of the
restored turbine rotor  blade 89B can be stabilized.
Moreover, in the case where the peening step is added
after  finishing the (5-3) finish step, the fatigue
strength of the  



5 deposition 153 can be increased and hence the
quality of the restored  turbine rotor blade 89B can
be further improved. As described above, the invention
has been described above  by reference to several
preferable embodiments, however, the scope  of right
included in the present invention is not limited to
these  10 embodiments. Moreover, the contents of
Japanese Patent Application No.  2003-167074 filed
with the Japan Patent Office on June 11, 2003,  the
contents of Japanese Patent Application No.
2003-167073 filed  with the Japan Patent Office on
June 11, 2003 and the contents 15 of Japanese Patent
Application No. 2003-167076iled with the Japan  Patent
Office on June 11, 2003 should have been cited in the
contents  of the present application by reference. 38
CLAIMS [ 1 ] A repair method of a machine component
for repairing a portion  to be repaired of an
electrically conductive machine component, 5 the
repair method of the machine component characterized
by  comprising: a removal step of removing a defect
generated at the portion  to be repaired of the
machine component; and a deposition step of forming a
porous deposition after  10 finishing the removal step
by employing a molded electrode composed  of a molded
body molded from a powder of a metal, a mixed powder
of a powder of a metal and a powder of a ceramic, or
the molded  body processed with a heat treatment, and
generating a pulsing  electric discharge between a
removed portion from which the defect 15 in the
machine component is removed and the molded electrode
in  an electrically insulating liquid or gas so that a
material of  the molded electrode or a reaction
substance of the material carries  out deposition,
diffusion and/or welding at the removed portion  of
the machine component by energy of the electric
discharge. 20 [2] The repair method of the machine
component recited in claim  1, characterized by
comprising: a finish step of carrying out a finish
machining to required  dimension after finishing the
deposition step so as to make a  



25 thickness of the deposition to be a predetermined
thickness. [3] The repair method of the machine
component recited in claim  2, characterized in that,
in the finish step, the finish machining  to required
dimension so as to make the thickness of the
deposition 30 to be the predetermined thickness is
carried out with forming a  high-density thin film at
a surface side of the deposition by  employing a hard
electrode having exhaustion resistance,  generating a
pulsing electric discharge between the deposition  and
the hard electrode in an electrically insulating
liquid or 35 gas and melting the surface side of the
deposition by means of  energy of the electric
discharge. 39 [4] The repair method of the machine
component recited in claim  2 or claim 3,
characterized by comprising: a peening step of
processing a surface side of the deposition  with a
peening treatment after finishing the finish step. 5
[5] The repair method of the machine component recited
in any  claim from claim 2 to claim 4, characterized
by comprising: a hard thin film step of forming a hard
thin film having  abrasiveness after finishing the
finish step by employing a hard  10 molded electrode
composed of a molded body molded from a mixed powder
of a powder of a metal and a powder of a ceramic or a
powder  of an electrically conductive ceramic or the
molded body processed  with a heat treatment,
generating a pulsing electric discharge  between the
deposition and the hard molded electrode in an 15
electrically insulating liquid or gas so that a
material of the  hard molded electrode or a reaction
substance of the material  carries out deposition,
diffusion and/or welding the thin film  in the
deposition by energy of the electric discharge. 20 [6]
The repair method of the machine component recited in
any  claim from claim 2 to claim 4, characterized by
comprising: a hard thin film step of forming a hard
thin film having  abrasiveness after finishing the
finish step by employing a Si  electrode composed of a
solid body of Si, a molded body molded 25 from a
powder of Si by compression by pressing, or the molded
body  processed with a heat treatment, generating a
pulsing electric  



discharge between the deposition and the Si electrode
in an  electrically insulating liquid including alkane
hydrocarbon so  that a material of the Si electrode or
a reaction substance of 30 the material carries out
deposition, diffusion and/or welding the  thin film in
the deposition by energy of the electric discharge.
[7] The repair method of the machine component recited
in any  claim from claim 2 to claim 6, characterized
in that, in the finish 35 step, by employing a hard
electrode having exhaustion resistance  and generating
a pulsing electric discharge between the hard
electrode and the portion to be repaired of the
machine component 40 in an electrically insulating
liquid or gas, the defect generated  at the portion to
be repaired of the machine component is removed  by
energy of the electric discharge. 5 [8] The repair
method of the machine component recited in any  claim
from claim 1 to claim 7, characterized by comprising:
a thin film step of forming a porous thin film after
finishing  the removal step by employing the molded
electrode and generating  a pulsing discharge between
the removed portion of the machine 10 component and
the molded electrode in an electrically insulating
liquid or gas so that a material of the molded
electrode or a reaction  substance of the material
carries out deposition, diffusion and/or  welding at
the removed portion of the machine component by energy
of the electric discharge; and 15 a thin film
modification step of changing the thin film from  a
porous state into a high-density state after finishing
the thin  film step and before starting the deposition
step by employing  a hard electrode having exhaustion
resistance and generating a  pulsing electric
discharge between the thin film and the hard 20
electrode so that the thin film is melted by means of
energy of  the electric discharge. [9] The repair
method of machine component recited in any claim  of
claim 3, claim 7 and claim 8, characterized in that
the hard 25 electrode is composed of a solid boy of
graphite, tungsten alloys  or copper alloys. [10] The
repair method of machine component recited in any
claim  of claim 1 to claim 9, characterized in that a
shape of the tip 



30 end portion of the molded electrode is slightly
larger than a shape  of the removed portion of the
machine component so that a portion  of the molded
electrode which sticks out of the removed portion  of
the machine component in a view from a discharge
direction is  exhausted when the pulsing electric
discharge is generated between 35 the removed portion
of the machine component and the molded  electrode. 41
[11] The repair method of machine component recited in
any claim  from claim l to claim 10, characterized in
that the machine component  is an engine component of
a gas turbine engine. 5 [12] A production method of a
restored machine component for  production of a
restored machine component, the production method  of
the restored machine component characterized by
comprising: a removal step of removing a defect
generated at a portion  to be treated of the original
machine component; and 10 a deposition step of forming
a porous deposition after  finishing the removal step
by employing a molded electrode composed  of a molded
body molded from a powder of a metal, a mixed powder
of a powder of a metal and a powder of a ceramic, or
the molded  body processed with a heat treatment, and
generating a pulsing 15 electric discharge between a
removed portion from which the defect  in the original
machine component is removed and the molded  electrode
in an electrically insulating liquid or gas so that a
material of the molded electrode or a reaction
substance of the  material carries out deposition,
diffusion and/or welding at the 20 removed portion of
the original machine component by energy of  the
electric discharge. [13] The production method of the
restored machine component  recited in claim 12,
characterized by comprising: 25 a finish step of
carrying out a finish machining to required  dimension
after finishing the deposition step so as to make a
thickness of the deposition to be a predetermined
thickness. [14] The production method of the restored
machine component  30 recited in claim 13,
characterized in that, in the finish step, the finish
machining to required dimension so as to make the
thickness of the deposition to be the predetermined
thickness is  



carried out with forming a high-density thin film at a
surface  side of the deposition by employing a hard
electrode having 35 exhaustion resistance, generating
a pulsing electric discharge  between the deposition
and the hard electrode in an electrically  insulating
liquid or gas and melting the surface side of the 42
deposition by means of energy of the electric
discharge. [15] The production method of the restored
machine component  recited in claim 13 or claim 14,
characterized by comprising: 5 a peening step of
processing a surface side of the deposition  with a
peening treatment after finishing the finish step.
[16] The production method of the restored machine
component  recited in any claim from claim 13 to claim
15, characterized by  10 comprising: a hard thin film
step of forming a hard thin film having  abrasiveness
after finishing the finish step by employing a hard
molded electrode composed of a molded body molded from
a mixed  powder of a powder of a metal and a powder of
a ceramic or a powder 15 of an electrically conductive
ceramic or the molded body processed  with a heat
treatment, generating a pulsing electric discharge
between the deposition and the hard molded electrode
in an  electrically insulating liquid or gas so that a
material of the  hard molded electrode or a reaction
substance of the material 20 carries out deposition,
diffusion and/or welding the thin film  in the
deposition by energy of the electric discharge. [17]
The production method of the restored machine
component  recited in any claim from claim 13 to claim
15, characterized by  25 comprising: a hard thin film
step of forming a hard thin film having  abrasiveness
after finishing the finish step by employing a Si
electrode composed of a solid body of Si, a molded
body molded  from a powder of Si by compression by
pressing, or the molded body 30 processed with a heat
treatment, generating a pulsing electric  discharge
between the deposition and the Si electrode in an
electrically insulating liquid including alkane
hydrocarbon so  that a material of the Si electrode or
a reaction substance of  the material carries out
deposition, diffusion and/or welding the 



35 thin film in the deposition by energy of the
electric discharge. [18] The production method of the
restored machine component 43 recited in any claim
from claim 12 to claim 17, characterized in  that, in
the finish step, by employing a hard electrode having
exhaustion resistance and generating a pulsing
electric discharge  between the hard electrode and the
portion to be treated of the 5 original machine
component in an electrically insulating liquid  or
gas, the defect generated at the portion to be treated
of the  original machine component is removed by
energy of the electric  discharge. 10 [19] The
production method of the restored machine component
recited in any claim from claim 12 to claim 18,
characterized by  comprising: a thin film step of
forming a porous thin film after finishing  the
removal step by employing the molded electrode and
generating  15 a pulsing discharge between the removed
portion of the original machine component and the
molded electrode in an electrically  insulating liquid
or gas so that a material of the molded electrode  or
a reaction substance of the material carries out
deposition,  diffusion and/or welding at the removed
portion of the original 20 machine component by energy
of the electric discharge; and a thin film
modification step of changing the thin film from  a
porous state into a high-density state after finishing
the thin  film step and before starting the deposition
by employing a hard  electrode having exhaustion
resistance and generating a pulsing 25 electric
discharge between the thin film and the hard electrode
so that the thin film is melted by means of energy of
the electric  discharge. [20] The production method of
the restored machine component  30 recited in any
claim from claim 12 to claim 19, characterized in that
a cross sectional shape of the molded electrode is
slightly  larger than an external shape of the portion
to be treated of the  original machine component so
that a portion to be treated of the  original machine
component so that a portion of the molded electrode 35
which sticks out of the portion to be treated of the
original machine  component in a view from a discharge
direction is exhausted when  



the pulsing electric discharge is generated between
the portion 44 to be treated of the original machine
component and the molded  electrode. [21] The
production method of the restored machine component  5
recited in any claim from claim 12 to claim 20,
characterized in that the original machine component
is an original engine component  of a gas turbine
engine. [22] A production method of a machine
component for production  10 of a machine component
provided with an electrically conductive component
main body, a porous weld body formed at a portion to
be treated of the component main body, the production
method of  the machine component characterized by
comprising: a main body step of forming from the
component main body;  15 a deposition step of forming
a deposition after finishing  the removal step by
employing a molded electrode composed of a  molded
body molded from a powder of a metal, a mixed powder
of  a powder of a metal and a powder of a ceramic, or
the molded body  processed with a heat treatment, and
generating a pulsing electric 20 discharge between a
removed portion from which the defect in the  machine
component is removed and the molded electrode in an
electrically insulating liquid or gas so that a
material of the  molded electrode or a reaction
substance of the material carries  out deposition,
diffusion and/or welding at the removed portion 25 of
the machine component by energy of the electric
discharge. [23] The production method of the machine
component recited in  claim 22, characterized by
comprising: a finish step of carrying out a finish
machining to required  30 dimension after finishing
the deposition step so as to make a  thickness of the
deposition to be a predetermined thickness. [23] The
production method of the machine component recited in
claim 23, in the finish step, the finish machining to
required 35 dimension so as to make the thickness of
the deposition to be the  predetermined thickness is
carried out with forming a high-density  thin film at
a surface side of the deposition by employing a hard
45 electrode having exhaustion resistance, generating
a pulsing  



electric discharge between the deposition and the hard
electrode  in an electrically insulating liquid or gas
and melting the surface  side of the deposition by
means of energy of the electric discharge. 5 [25] The
production method of the machine component recited in
claim 23 or claim 24, characterized by comprising: a
peening step of processing a surface side of the
deposition  with a peening treatment after finishing
the finish step. 10 [26] The production method of the
machine component recited in  any claim from claim 22
to claim 25, characterized in that, in  the component
step, the step is forming from a major part of the
component main body by forging or casing and forming
from a remaining  15 part of the component main body
by machining. [27] The production method of the
machine component recited in  any claim from claim 23
to claim 26, characterized by comprising: a hard thin
film step of forming a hard thin film having  20
abrasiveness after finishing the finish step by
employing a hard  molded electrode composed of a
molded body molded from a mixed  powder of a powder of
a metal and a powder of a ceramic or a powder  of an
electrically conductive ceramic or the molded body
subject  to a heat treatment, generating a pulsing
electric discharge between 25 the deposition and the
hard molded electrode in an electrically  insulating
liquid or gas so that a material of the hard molded
electrode or a reaction substance of the material
carries out  deposition, diffusion and/or welding the
thin film in the deposition  by energy of the electric
discharge. 30 [28] The production method of the
machine component recited in  any claim from claim 23
to claim 26, characterized by comprising: a hard thin
film step of forming a hard thin film having
abrasiveness after finishing the finish step by
employing a Si  35 electrode composed of a solid body
of Si, a molded body molded from a powder of Si by
compression by pressing, or the molded body  processed
with a heat treatment, generating a pulsing electric
46 discharge between the deposition and the Si
electrode in an  



electrically insulating liquid including alkane
hydrocarbon so  that a material of the Si electrode or
a reaction substance of  the material carries out
deposition, diffusion and/or welding the 5 thin film
in the deposition by energy of the electric discharge.
[29] The production method of the machine component
recited in  any claim from claim 22 to claim 28,
characterized by comprising: a thin film step of
forming a porous thin film after finishing  10 the
main body formation step and before starting the
deposition  step by employing the molded electrode and
generating a pulsing  discharge between the portion to
be treated of the component main  body and the molded
electrode in an electrically insulating liquid  or gas
so that a material of the molded electrode or a
reaction 15 substance of the material carries out
deposition, diffusion and/or  welding at the portion
to be treated of the component main body  by energy of
the electric discharge; and a thin film modification
step of changing the thin film from  a porous state
into a high-density state after finishing the thin  20
film step and before starting the deposition step by
employing a hard electrode having exhaustion
resistance and generating a  pulsing electric
discharge between the thin film and the hard
electrode so that the thin film is melted by means of
energy of  the electric discharge. 25 [30] The
production method of the machine component recited in
any claim from claim 22 to claim 29, characterized in
that a shape  of a tip end portion of the molded
electrode is slightly larger  than a shape of the
portion to be treated of the component main 30 body so
that a portion of the molded electrode which sticks
out  of the portion to be treated of the component
main body in a view  from a discharge direction is
exhausted when the pulsing electric  discharge is
generated between the portion to be treated of the
component main body and the molded electrode. 35 [31]
The production method of the machine component recited
in  any claim from claim 22 to claim 30, characterized
in that the 47 machine component is an engine
component of a gas turbine engine. 



[32] A machine component characterized by being
produced by the  production method of the machine
component recited in any claim  5 from claim 22 to
claim 30. [33] A machine component characterized by
being produced by the  production method of the
machine component recited in claim 31. 10 [34] A gas
turbine engine characterized by comprising the machine
component recited in claim 34. [35] A repair method of
a machine component for repairing a portion  to be
repaired of an electrically conductive machine
component, 15 the repair method of the machine
component characterized by  comprising: a defect
removal step of removing a defect generated at the
portion to be repaired of the machine component by
employing a  hard electrode having exhaustion
resistance and generating a 20 pulsing electric
discharge between the hard electrode and the  portion
to be repaired of the machine component in an
electrically  insulating liquid or gas; and a
deposition formation step of forming a deposition
after  finishing the defect removal step by employing
a molded electrode  25 composed of a molded body
molded from a powder of a metal, a mixed powder of a
powder of a metal and a powder of a ceramic, or the
molded body processed with a heat treatment, and
generating a  pulsing electric discharge between a
removed portion from which  the defect in the machine
component is removed and the molded 30 electrode in an
electrically insulating liquid or gas so that a
material of the molded electrode or a reaction
substance of the  material carries out deposition,
diffusion and/or welding at the  removed portion of
the machine component by energy of the electric
discharge. 35 [36] The repair method of the machine
component recited in claim  35, characterized by
comprising: 48 a finish step of carrying out a finish
machining to required  dimension after finishing the
deposition formation step so as to  make a thickness
of the deposition to be a predetermined thickness  by
generating a pulsing electric discharge between the
deposition 



5 and the hard electrode in an electrically insulating
liquid or  gas and melting the surface side of the
deposition by means of  energy of the electric
discharge. [37] The repair method of the machine
component recited in claim  10 35 or claim 36,
characterized in that the hard electrode is composed
of graphite, tungsten alloys or copper alloys. [38]
The repair method of the machine component recited in
claim  35 or claim 37, characterized in that the
machine component is  15 an engine component of a gas
turbine engine. [39] A production method of a restored
machine component for  production of a restored
machine component form an electrically  conductive
original machine component, the production method of
20 the restored machine component characterized by
comprsing: a removal step of employing a hard
electrode having exhaustion  resistance and generating
a pulsing electric discharge between  the portion to
be treated of the original machine component and  the
hard electrode so that a defect generated at the
portion to 25 be treated of the original machine
component is removed by means  of energy of the
electric discharge; and a deposition step of forming a
porous deposition after  finishing the removal step by
employing a molded electrode composed  of a molded
body molded from a powder of a metal, a mixed powder
30 of a powder of a metal and a powder of a ceramic,
or the molded  body processed with a heat treatment,
and generating a pulsing  electric discharge between a
removed portion from which the defect  in the original
machine component is removed and the molded  electrode
in an electrically insulating liquid or gas so that a
35 material of the molded electrode or a reaction
substance of the  material carries out deposition,
diffusion and/or welding at the  removed portion of
the original machine component by energy of 49 the
electric discharge. [40] The production method of the
restored machine component  recited in claim 39,
characterized by comprising: 5 a finish step of
carrying out a finish machining to required  dimension
after finishing the deposition step so as to make a
thickness of the deposition to be a predetermined
thickness by  



generating a pulsing electric discharge between the
deposition  and the hard electrode in an electrically
insulating liquid or 10 gas and melting the surface
side of the deposition by means of  energy of the
electric discharge. [41] The production method of the
restored machine component  recited in claim 39 or
claim 40, characterized in that the hard 15 electrode
is composed of graphite, tungsten alloys or copper
alloys. [42] The production method of the restored
machine component  recited in any claim from claim 39
to claim 41, characterized in  that the original
machine component is an original turbine component  20
of a gas turbine. [43] A machine component
characterized by being produced by the  production
method of the original machine component recited in
any claim of from claim 12 to claim 20 and from claim
39 to claim  25 41. [44] An original machine component
characterized by being  produced by the production
method of the original machine component  recited in
claim 21 or claim 42. 30 [45] A gas turbine engine
characterized by comprising an original  machine
component recited in claim 44. [46] An electric spark
machine, in the electric spark machine  35 directly
employed in working of the repair method of the
machine component recited in claim 35, characterized
by comprising:  a table; 50 a jig provided at the
table, to which the machine component  is set; a
processing head provided above the table and movable
in  a vertical direction and a horizontal direction
relative to the  5 table; a first holder to support
the molded electrode, the first  holder being movable
integrally with the processing head; a second holder
to support the hard electrode, the second  holder
being movable integrally with the processing head; and
10 an electric power source to generate pulsing
electric discharges respectively between a portion to
be repaired of the  



machine component and the hard electrode and between
the defect  removed portion in the machine component
and the molded electrode  in an electrically
insulating liquid or gas. 15 [47} An electric spark
machine, in the electric spark machine  directly
employed in working of the repair method of the
machine  component recited in claim 35, characterized
by comprising: a table; 20 a jig provided at the
table, to which the machine component  is set; a
processing head provided above the table and movable
in  a vertical direction and a horizontal direction
relative to the  table; 25 a first holder to support
the molded electrode, the first  holder being
attachable and detachable with respect to the
processing head; a second holder to support the hard
electrode, the second  holder being attachable and
detachable with respect to the  30 processing head; a
replacement unit to replace the first holder and the
second  holder with respect to the processing head;
and an electric power source to generate pulsing
electric  discharges respectively between a portion to
be repaired of the  35 machine component and the hard
electrode and between the defect removed portion in
the machine component and the molded electrode  in an
electrically insulating liquid or gas. 51 [48] A
repair method of a turbine component for repairing an
abrasion surface in the turbine component applied to a
gas turbine  engine, the repair method of the turbine
component characterized  5 by comprising: a removal
step of removing a defect generated at the abrasion
surface in the turbine component; and a deposition
step of forming a deposition having abrasion
resistance under a high-temperature environment after
finishing  10 the removal step by employing a molded
electrode composed of a molded body molded from any
one powder or two or more powders of  



powder of a cobalt alloy containing chromium, mixed
powder of powder  of a cobalt alloy containing
chromium, powder of a ceramic and  powder of an alloy,
powder of Ti or powder of TiC, or the molded 15 body
processed with a heat treatment, and generating a
pulsing  electric discharge between a removed portion
from which the defect  in the turbine component is
removed and the molded electrode in  an electrically
insulating liquid or gas so that a material of  the
molded electrode or a reaction substance of the
material carries 20 out deposition, diffusion and/or
welding at the removed portion  in the turbine
component by energy of the electric discharge. [49]
The repair method of the turbine component recited in
claim  48, characterized by comprising: 25 a finish
step of carrying out a finish machining to required
dimension after finishing the deposition step so as to
make a  thickness of the deposition to be a
predetermined thickness. [50] The repair method of the
turbine component recited in claim  30 49,
characterized in that, in the finish step, the finish
machining to required dimension so as to make the
thickness of the deposition  to be the predetermined
thickness is carried out with forming a  high-density
thin film at a surface side of the deposition by
employing a hard electrode having exhaustion
resistance, 35 generating a pulsing electric discharge
between the deposition  and the hard electrode in an
electrically insulating liquid or  gas and melting the
surface side of the deposition by means of 52 energy
of the electric discharge. [51] The repair method of
the turbine component recited in claim  49 or claim
50, characterized by comprising: 5 a peening step of
processing a surface side of the deposition  with a
peening treatment after finishing the finish step.
[52] The repair method of the turbine component
recited in amy  claim from claim 48 to claim 51,
characterized in that, in the 10 removal step, by
employing a hard electrode having exhaustion
resistance and generating a pulsing electric discharge
between  the abrasion surface in the turbine component
and the hard electrode  in an electrically insulating
liquid or gas, the defect generated  at the abrasion
surface in the turbine component is removed by  



15 energy of the electric discharge. [53] The repair
method of the turbine component recited in claim  50
or claim 52, characterized in that the hard electrode
is graphite,  tungsten alloys or copper alloys. 20
[54] The repair method of the turbine component
recited in amy  claim from claim 48 to claim 53,
characterized in that the abrasion  surface in the
turbine component is an abrasion surface in a shroud
of a turbine rotor blade. 25 [55] A production method
of a restored turbine component for  production of a
restored turbine component from an original turbine
component, the production method of the restored
turbine component  characterized by comprising: 30 a
removal step of removing a defect generated at an
abrasion  surface in the original turbine component;
and a deposition step of forming a deposition having
abrasion  resistance under a high-temperature
environment after finishing  the removal step by
employing a molded electrode composed of a 35 molded
body molded from any one powder or two or more powders
of  powder of a cobalt alloy containing chromium,
mixed powder of powder  of a cobalt alloy containing
chromium, powder of a ceramic and 53 powder of an
alloy, powder of Ti or powder of TiC, or the molded
body processed with a heat treatment, and generating a
pulsing  electric discharge between a removed portion
from which the defect  in the original turbine
component is removed and the molded 5 electrode in an
electrically insulating liquid or gas so that a
material of the molded electrode or a reaction
substance of the  material carries out deposition,
diffusion and/or welding at the  removed portion in
the original turbine component by energy of  the
electric discharge. 10 [56] The production method of
the restored turbine component  recited in claim 55,
characterized by comprising: a finish step of carrying
out a finish machining to required  dimension after
finishing the deposition step so as to make a  



15 thickness of the deposition to be a predetermined
thickness. [57] The production method of the restored
turbine component  recited in claim 56, characterized
in that, in the finish step,  the finish machining to
required dimension so as to make the 20 thickness of
the deposition to be the predetermined thickness is
carried out with forming a high-density thin film at a
surface  side of the deposition by employing a hard
electrode having  exhaustion resistance, generating a
pulsing electric discharge  between the deposition and
the hard electrode in an electrically 25 insulating
liquid or gas and melting the surface side of the
deposition by means of energy of the electric
discharge. [58] The production method of the restored
turbine component  recited in claim 56 or claim 57,
characterized by comprising: 30 a peening step of
processing a surface side of the deposition  with a
peening treatment after finishing the finish step.
[59] The production method of the restored turbine
component  recited in any claim from claim 55 to claim
58, characterized in 35 that, in the removal step, by
employing a hard electrode having  exhaustion
resistance and generating a pulsing electric discharge
between the abrasion surface in the original turbine
component 54 and the hard electrode in an electrically
insulating liquid or  gas, the defect generated at the
abrasion surface in the original  turbine component is
removed by energy of the electric discharge. 5 [60]
The production method of the restored turbine
component  recited in claim 57 or claim 59,
characterized in that the hard  electrode is composed
of graphite, tungsten alloys or copper alloys. [61]
The production method of the restored turbine
component  10 recited in any claim from claim 55 to
claim 60, characterized in that the abrasion surface
in the original turbine component is  an abrasion
surface in a shroud of an original turbine rotor
blade. [62] A restored turbine component characterized
by being produced  15 by the production method of the
restored turbine component recited  in any claim from
claim 55 to claim 61. [63] A gas turbine characterized
by comprising the restored  turbine component recited
in claim 62. 20 




