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1 DESCRI PTI ON REPAI R METHOD FOR MACHI NE COMPONENT,

PRODUCTI ON METHOD OF RESTORED MACHI NE COMPONENT,

PRODUCTI ON METHOD OF MACHI NE COVPONENT, GAS 5 TURBI NE

ENG NE, ELECTRI C SPARK MACHI NE, REPAI R METHOD FOR

TURBI NE COVPONENT AND PRODUCTI ON METHOD FOR RESTORED

TURBI NE COVPONENT TECHNI CAL FI ELD The present

invention relates to a repair mdthod for a machine 10

conmponent, a production nmethod of a restored nachine

conponent, a producti on nPESSRIBTIANmachi ne

conponent a gas turbine engine an eIectric spark

nachlne fe nmet hod nP nent and
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defect such as a crack occurs to a portion to be

r ' f turbine 20 rotor blade, the repairs

a&@éégﬁgﬁgdf%g in accordance with the follow ng

nmanner . Thb rpe:esmcti rivead iyon tdba ded eota yepreranethad folmea machine
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in other words, a restored turbine rotor blade as a

r BREREREURBCARpE conponent can be produced from an
original turbine rotor blade as an original nmachine
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Ehnecessary to renbve the excessive deposition after

MR8 Neposi tion and there is a probl em t hat
a tinme Matlispedifocalepai the@Hefect generated at the portion to

be repaired of the turbine roteor blade is removed by grinding
machining. Subsequently, a deposition is formed by cladding by
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 rotorblade as a restored machine component can be produced
from an original turbine rotor blade as an original machine

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
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



the portion to be repaired of the machi ne conponent,
in other words, a tinme required for production of the
restored nachi ne conponent is elongated. 5 Meanwhil e,
the af orenenti oned probl em occurs to production of a
newl y produced machi ne conponent, which includes a
step of cladding by welding. To sol ve the
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CPSEPFTCRE| § ROWIRRIGN & BEFGAnandnR TR SipGnERE i OF the
bmodgeﬁrbwd@e@rwcébsadremnhah Beep ofeaementngaad generating a

?)ﬁﬁgangegféﬁ{:fgc dr"fs 5 ﬁ‘-ﬁ:ﬁt b%gwtegg %&chdg%cf%oq;tlo%efrom which

I Na I ne conp ron st
of:hﬁoﬂﬁﬁﬁgtalpor—basma@begﬁc@rnpfane@t i nr@m@*ﬁ@d ap@ the molded

20 de&e@trbaaoylalarﬁmml@mllgyhﬁgu@a@hseﬁlﬁhf&td@ s so that a

osed ed ed froma dee
TBREPEEaL Of e BRlded BLatBRCY” o BEARAAR HES§ance of the
pmwderlml @ e bat depddiet iml deld ffaedynpandéssaedtlding at the

V"}r&ﬂo@eg ‘f:gnltrstc o%aéf@be tmﬁ‘@ﬁ’:ﬁ& %%ngtb!nggtabf %hékgg 33@ the electric

ectric Ween a re
wAigpharge defect in the original nachlne conponent is
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'E?&'h?éh eQ:lilllogi gor %arso uocttlrc])n 0% a restored machine component
from an electrically conductive original machine component and
being provided with a removal step of removing a defect g'enerated
at a portion to be repaired of the original machine component;
30, andadepositionstepof forming a porousdepositionafter 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 tre'atment, 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 nolded el ectrode or a reaction

substance of the material carries out deposition,

di ffusion and/or welding at the renoved portion of
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enbodi ment. [Fig. 5 [ a Fig. 5 (b) , Fig. 5
(c) are drawi ngs explaining the repair nethod of the
naBEEmeDEsapDaEnmnimvamnunnnnme with the 35 first
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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 (¢) aredrawings explaining
30 arepair 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) aredrawings 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



[Fig. 6] Adrawing explaining a relation between a
renmoved 4 portion of a blade and a nol ded el ectrode.
[Fig. 7] A drawing showing a turbine rotor blade in
accordance wth a nodified exanple of the first
enbodi nent. [Fig. 8] A drawi ng showi ng a turbine rotor
bl ade in accordance 5 with a third enbodinent. [Fig.
9] Fig. 9(a), Fig. 9(b), Fig. 9(€) are draw ngs

expl aining _a production nethod of a machine conponent
i nPagEbPdantea wpidde hand tshind dathedigmdmoedd.Fi g. 10]

Figrid0(a), FiQqriQih) sHdbin Q(tq)rl:ﬁl.rrﬁa dbeW M deldn accordance
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WBCROAPR rP’éF EBecfepElh tgripprdiment.
[Fig. 16] Fig. 16(a), Fig. 16(b), Fig. 16(c) are drawings

explaining the repairmethod of the machine component in accordance
with the fourth embodiment and the productionmethod of the restored
25 machine component in accordance with the fifth embodiment.
[Fig. 17} Fig. 17(a), Fig. 17(b), Fig. 17(c¢c) are drawings
explaining the repair method of themachine component in accordance
with the fourth embodiment and the productionmethod 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



35 acconpanyi ng drawi ngs. Meanwhile, in the draw ngs,

"FF" denotes a forward direction and "FR' denotes a

rearward direction. Mreover, 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 vertica

direction" is referred to as a ¥-axis direction.
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shown) of a turbine disk (not shown) which is a
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‘ p%rhé%ntu%g .to be treaBed he turbine rotor bl ade
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The electric spark machine 11 in accordance with the first
embodiment is amachine employed for the repairmethod of themachine
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
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
18 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
reserving an electrically insulating liquid $ containing alkane
hydrocarbons such as o0il and, in the processing tank 23, a support
plate 25 is provided.  The support plate 25 is provided with a



servo-notor 21. The table 17 is provided with a
processing tank 23 for 35 reserving an electrically
insulating liquid S containing al kane hydrocarbons
such as oil and, in the processing tank 23, a support
plate 25 is provided. The support plate 25 is provided
wth a6 jig 27 to which a machi ne conponent such as
the turbine rotor blade 1 or agconponent main body of
the nachi ne conponent described later is capable of
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25 a ceramic. N
The hard molded electrode 37 is composed of a molded body

molded frommixed powder of an oxidation-resistant metal and powder
of a ceramic by méans 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) r
spray forming and such. ‘ '
Moreover, the ox1dation—re31stant metal compos:mg 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, TiB;, WC, SiC, SizNyg,



may be formed by slurry pouring, MM (Metal Injection

Mol di ng), spray form ng and such. Moreover, the

oxi dation-resi stant netal conposing the hard nol ded

el ectrode 37 is the sane as the oxidation-resistant

metal .35 conposing the nol ded el ectrode 35 and the
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prd'\ﬂdo‘ Y renoval step, a (1-2) thin film

step, aThe- 3)3ptahrrunéthmi ebdite (Ixaidinmestc@mpoaem- 4n accordance
15 dgRQS: EH(—?ElJ?E@%mb%d i'neﬁl: fé 5‘ 8%?%5 ),ar%ga r&? 8 iR portion

thin f I m_ step.
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war Next riving the Xi_S

P cBalReRctear s 1N nBREBaEk o Bh At es 1 (] Finish step
tabﬂeal'llr'@nbaed thllihéllinaxtsp25 di rection and t he

20 Y«axh$ fE#MBGALO0BTEP POsition the turbine rotor blade
1 so hat a renpved portign 5e of the blade 5 is

opposed he otyHRing) TP PTePdaffod e ST havERGRNee COPREPEDt 15 set
My bReajL@sZ7 Werss tdeliradte thé itSpoBhY PEEELSEAr¥ftohe blade

bg ngggdl n b}exq: xb%rXImSea%ISr %%t Idg-gxung 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 Se 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 liguid 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
canbe removed. Meanwhile, when generating the pulsingdischarge,

35 the electrcde, 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



Further, a pulsing electric discharge is generated

between 30 the tip end portion of the blade 5 and the

hard-el ectrode 41 in an electrically insulating

liquid S. Thereby, as shown in Fig. 4(a), by neans 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 renoved. Meanwhil e, when gienerating the pul sing

di scharge, 35 the electrode, as being integral with
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cﬂéFSEa Kelfbradaasoth eéf-‘%ﬂ%dseor%%e?%gof the blade 5.
i Meegwhl lej t hhbhe gehecassingg theapullbings dirHirugRsatidte molded
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M xe nomena of .
depos| MIATHH St § ROEPBHEL O it £40BRENGEHTove 1ing” means all
depasingoinaiddiebdidesposited , pheénbfksowf, dwklldsngr, “mixed

25 aﬁ‘lgef{@héjﬁanggf deposition and diffusion”, “mixed phenomena of
depositionandwelding”, “mixed phenomena of diffusionandwelding”
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



and "m xed phenonena of deposition, diffusion and
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finishing the (1-2) thin filmstep, by neans of

driving 30 the X-axis servo-nmotor 19 and the Y-axis
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direction and the Y-axis direction to position the
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. Meanwhi when generating the pulsing discharg
t ﬁé o ’ejr%cf“’PSBeg%rSeraafsl%Fﬁﬁ R%Ségfgafilaﬁlﬁrsﬁe ‘the molded
peteessbdg BBaas8beirsy 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 6f the molded electrode 35 is made slightly
larger than a shape of the removed portion Se 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

Afterfinishingthe (1-4) depositionstep, bymeansofdriving
the X-axis servo-motor 19 and the Y-axis servo-motor 21, the table
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39. .Next, by neans

b t th fi hI
of 1o FOR At LR S iRoE it hHEor 81 ARG AR RS the Y-axis

Sénvecm;)bnr to position the turblne rotor blade 1 so that the
25 deposition47isopposedtothehardmoldedelectrode37. 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
thedeposition47andthe hardmoldedelectrode37inanelectrically

30 insulating liguid S. Thereb>y, 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 abrasivenessmeans a quality of capabilityof easily

abrading an opposite component.
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the hard nol ded el ectrode 37 in an electrically 30
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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



30 ?ecause the deposition 47 |
end
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Mor eover, by using a grinding | athe instead of the

electric spark machine 11, the defect D of the tip

end portion of the blade 5 may be renoved and the

finish machining to required dinension may be carried

out so as to make a thickness of the deposition 25 47

to be a predeterm ned thickness. Furthernore, after

finishing the (1-6) hard thin fillam step, a peening

step to process a surface. side of the hard thin film
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part between the hard t ;
4 PSPESpREL PR ISP oft thet etestrhc whizthamye, the surface side
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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
forming the deposition 47, troublesome works after forming the
deposition 47 can be reduced and a time required for répairing
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
11, the time required for the repair can be further shortened.
Moreover, becéuse rise in the temperature of the tip end

portion of the blade 5 at the time of forming the deposiltion 47



permeability of the surface side and a rear side of
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oxi dation resistance of the turbine rotor blade 1
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obethd JreR9e d FatHe NeNE® tHih Fid 49 ’66 tilh!abase material of the

25 blade 5 could be prevented.

(MODIFIED EXAMPLE)
Amodified 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 rotorbladel, oneof theelectrically
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 foimed at a tip end portion of the blade 5. 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



turbine rotor blade 1 after the repair can be further

i nproved. Furthernore, 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 therma
expansi on between the base material of the blade 5 and
the hard thin film49 is generated, crack of the hard
thin film 49 can be suppressedily nmeans of the porous
deposition 47 and, even if the crack occurred to the

has® devve bisl PoADi ofs aRABAt &kt ofheh&rask Qfe kBRor blade 53.

hard thi ilma49 to the base mate |aI of ¢

bl ade. b BHTE b B ARG AT AES EXAREIe TRrst embodiment
nndafihﬂjpaqmqmsedoﬁltheréspent.¢mboﬂbnpmirvuﬂIthbetlp seals 57 in
de’§l‘fé bﬁfgud%%ra%d]@{{serﬁoawbjfihciiegg%%ﬁ?fQSlgga c% élﬁgﬂﬁs operations

A turbine rotor n_ accordanc

5t h%nmmté&nssel@*éﬁﬁ@ ithe pprEahioppand thengupetdpns of the

10

blaa@rémezmeorc&d tihiersa) @@ciddaleny . conductive machine

ed in a gas turbine engine. 3 by

g@%@%@%%%?ﬁﬁnﬁﬁﬁﬁﬁ Mor eover,,. the" turbine rotor
blade 5$4p¢qﬁnnﬂxhnum£uhqd1mﬁea redtbred maahphe remponent in
CUmR e ﬁlghaéjgeéoné e?rl.t%tdcl‘ihre?i‘t wiP1 %%Vgégéi‘llﬁéé h8reinafter

and a shroud 55 forned at.a tip end portion of
0 p%Hdd rsfepgpge tq Fagsttodd 9553 Fig-obilabd Big-hi4PpaiFig- 4(c),

ofFitg .p Ssl@al,s 155. BHD)GH@lQOTBKﬁWS of the pair of the

tip seal hr 5 ser S

be treatiz1 é#’?ﬁ ?f‘r?bleng1 ro?orqﬁ afe S\ég’fe%l:‘ﬁg?%lég cﬁ&nngjonent in
révmqrdamqaﬂﬂﬁhmhméeqpnﬁemhedﬁmestL@ﬁRRMYEnnlcmﬁgrpeoductlon

Pro¥cas ek v Adl rasnsidle o ddie Poide ofpths {:h@ $68t8red machine
in the shroud 55 and this nmodified exanple al so

15 o ORI DeSh R F bfs T ind TPTR OGS 18R PAFbLRe gesor blade

ofer alsi ansozndihhi Iftald‘:]l@im@n@om}foﬁé'rﬁ: sifiowretentFigned (a) and, in

f I teg r@ﬂ‘%g g&%‘@aﬁgﬁ@owg {:é?gf_ggg%h' g%f themachine

a res achine co onen accor
vmcpnlpgen%@oﬁa afbordanee wiith tﬁ@ ddg@t @@@oﬁememafrem another

1@iwkbbBihel ereneend ©, Ehd: r%duE'tg.on%eﬂ:ﬂcgi of tﬁl@)resﬂ:dﬂad machine

20 Tﬁ%mépasa*&%rbw(ﬁ%weoglm Sk agostisonaeiett 13aTs0 provided

25

30

35

cwnphnent2+h) mnmrajamepw tah(ﬂh?;) sﬂﬁmdfﬂnﬁaexﬁe@nb (8-3) thin

SR ETGIPLP ! 120 B SASSLEISR Sl 1 oo5) csnsan
step and a (2-6) hard thin film step like as the repair method
of the machine component in accordance with the first embodiment.
Moreover, intheproductionmethodof the restoredmachine component
inaccordancewith the second embodiment, the electric sparkmaéhine
11, the molded electrode 35, the hard molded electrcde 37 and the
hard electrode 41‘as described above are used.

Meanwhile, the restored turbine rotor blade 1B is used in
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

The turbine rotor blade 1A 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
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15 conponent shown in Fig. 5 (c) froman ori ginal
turbine rotor blade 1A as an original machine
conmponent shown in Fig. 4(a) and, in other words, an
i nvention taken fromthe repair nmethod of the machi ne
conmponent in accordance with the first enbodi nent from

~another viewpoint. Further, the production nethod of

the restored machi ne 20 conponent in accordance with
t he second enbodi msnt is al so 5Povi ded with a (2-1)

aI a (2- thin fil ep, a -3),thin .
(T8 A e a%-t%(? '&106?'1‘4? bﬁei F?%ﬁesi%p%é Jroved in the
|(2—51)1=f lcilin:ebtlaheemdiltahea!’{éb:ﬁé dizedttibnntéidanistiem the turbine

e the . t
SEo 108 108 hatd Defloglh i BR°SL B2 AREBIAAR's 18 opposed
tte theainldedelest rede 86 -t heurthert oadhlifddlg adectric discharge

GYRRIMRMa teldNbatwBEAERE i edd o&@cieﬁdoenfeﬁdu?mue 5 and the
ecLr,oge

ésa?rqe' [t 'c%pe?%fae&"%%ﬂé%‘fw@ RatAELondiguta¥.” Thereby,
alseshowatl éndt as4 (&) £ byheehad of ermregwsEdheMebaotriedischarge,
‘ahﬁe?Sé%% %%ah“é? é‘g: PBCELQESd]%'t%e“%Sgat dbgﬁ%ﬂﬂﬁl of the

ne en
gllédﬁd!‘» gan h&ur@m@@ﬁ-er M@anhélgaé-nt nhﬁubﬂea@#] g"un% pprtion from

MaieRVEie defRrdt B £HGemRied £ Rirdiiededssm TRnRed portn.on
gs a portion to be treated of the original turbine
Btor blade 1A (2-1) REMOVAL- STEP 35 The turbine

(2+2)y THINIEFIEM aSTERe ori gi nal machi ne conponent is

set at t Iy : pd

of 1 nATfEEiRiShing BRe |G- flhovdit St CBY s B2 driving

bhgin—gxggrwvmmtqzs 191@1<&ﬁhet¥reamsaﬁagvgem9§omlor the table

Pl.id iRveabif dHel }?—M@Qilfédﬁl%n én@xtﬁedl’f-éﬁis Ocmlf’é@tlon to
the, Y-axis direction t osition eturflne F’ £ d

xmsgofelqmtys ?ﬁaslaaile epepetpar%%dsf 3 170 hpaketle remove

pc&-mpmsedoftmé hel e @ﬂs%ﬂﬁé#@&&ﬁhe%ﬁlﬂed ebectrode 35.

BRECHER BoPRLBRfgr S1RREEEE dieonROe L YerkRaT pideen ene

mmqvledapoetegnr$e af \ehenblikdei Higad qbedmsldweebwtrode 35 in
aﬁseigew:l.bgl tglnéuiﬂlng r&fSOf ‘?ﬂ@i‘gﬁy@faé héhown in Fig.

tric disc D such crack

&dlarrwq% qﬁ]@qqr;%ﬁé ‘p'blet %ﬁcarl'f» %1303!%1’6%96 Fpatsrial of
th&ﬁﬁ%ﬁﬁbﬁd %?n’?e;b‘ﬁdcga 3snoxha b%@aﬁl&l f@msnw doft Qmilelﬁaterlal
lch t ect IS re eqd Is refer 0
HEES8 P A - den TBPusapR pri{F e dfhd 5 the removed
portion 5¢ of the blade 5 and thereby a porous thin film 45 can
be gradually formed at the removed portion Se of the blade 5.

' (2—3) THIN FILM MODIFICATION STEP

After finishing the (2-2) thin film step, by means of er.v:Lng
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 d:_i.rectiqn to

position the original turbine rotor blade 1A so that the thin film

45 is opposed tothe hardelectrode 41. Further, a pulsing electric

discharge is generated between the porous thin film 45 and the

hard electrode 41 inanelectrically insulating liquidS. Thereby,

as shown in Fig. 4 (c), by means of energy of the electric discharge,
the thinfilm45 canbe changed fromaporous state intoahigh-density
state by melting the thin film 45. :

(2~4) DEPOSITION STEP



After finishing the (2-1) renoval step, by neans of

driving the X-axis servo-notor 19 and the Y-axis

servo-notor 21, the table 15 17 is noved in the

X-axis direction and the Y-axis direction to position

the original turbine rotor blade I A so that the

renmoved portion Se of the blade 5 is opposed to the

nol ded el ectrode 35. Further, aeépulsing electric

di scharge is generated between the renoved portion 5e

of the bhfder 5 ianicting bled¢d-2) edtirodd 136mpdiZOcanion step, by
el s&gﬁgc%{ﬂ Y Jéféﬂ@t LBY 'x%wl% SsedP6LEYox A5 oSN the Y-axis

ré{ means energ ectr
d| §%F1¥1?g‘é°t%r reFPﬁItQﬁle tlﬂelwcaf@ﬂi eneee 6déxa§ @jrection and

r egbé iY>axsat aeeei 6h ttdwpoaﬁtﬁém ahe 621 §1€81 Mlrbine rotor blade
Spob ki 5% GG TR 1 35, EnereRsPl F8rolE Mjdra electrode
fiBm 4Fwdhe2s bepylatugldledtoritediachahger eapyeterated between

POfkd oL B AAfiof RE Qﬁad@hé molﬁi%cis)al-ggltyoﬁhl-% 1n an electrically
MODI FI CATI ON STEP After finishing t (2-2) thin film

st R RGNS B S vi RgeTeRE s daoar b Bag o1 (891 by means
ansif tdyeegPXxd S 196 ekdi e Zihsdlia&geablae matériglmefedhe molded

- [ |re ti.on and t X re ion. 3 ,
10 RSSOk Mot AN BE A5 0K g SHETEALIRILP Khries out
ttﬂ?Rqﬁ#tﬁqnﬁﬂlﬂ5u$%pmppdéedWEédnneaﬁ#hbéhénﬁﬁ@mﬁﬂﬁﬁdthereby

FUI tdiFou s oY iNg ol @6t Idae bai §Sgﬁégeatst98”€ﬁ§ﬁeﬂllm 45.
bet ween t he porous thin film45 and

ard
el ectr od€TPr R %\’FP%‘F%"Ctar PEEFFL?nlwlétsitr’ré’}ﬁsl gut e the removed
Thermehiygn Sasofhdve Lilade §. id 4 oiew Byonests difsararggydirection

15 Ofawt Qﬁa@# Tﬁt f‘i& %“ ‘&%}?Eggtpﬁ J{E}%i%&gxﬁ{% cﬂ]s%:?xa‘i‘%'a Pﬁe generated

ange roma or ous s ensi
b;bermeteimghtehéhmuﬁﬂm 14 38d ¥lze m)olmanbsﬂ-wmosﬁ@? A6 shape of

Afﬂh%r tflbnbﬁa dﬁ@r‘éﬁ&; (cZ Ine hbhabll 1 8pdibicas qrs §heR slightly
neans rvin X-axi s servo- or

ezf% the F&B‘Pé’ef7PP§tFr89eg ®i R tﬁge blade 5.
X%maln:whdlleecanoamanﬂt t hisy Yeledals thie ectliden ted epasiotle0BS sticks

20 L RRLO4I0LIRLUILNG . HOAT obl 8Ee Sadd §03hdial, L4 NI N

G Fectr
FdﬁrﬁérFIHI§8I§Fﬁ§ electrlc dlscharge i s generated
bet weenartie fhhh%h&hbfﬂl-@( 204 &Qﬁom%ﬂsﬁéﬁcb&r@ﬁ%n&%f driving

SRBE T getRpaforn] Thand ther erte G e-meor £L, the table
elldct simodkd chantge, Xaaxdsedi abcdfon endmided—3&is direction to
25 gSQEEQQE t%% 8£‘1@11E£?‘E¥1'r85]n§%%fa8£ ﬁxhseo Hﬁgﬁrﬂh%l deposition

rrie
47 is opposed to the hardelectrode 4]. Further, apulsingelectric

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 isdetached fromthe first holder 39 and the hardmolded electrode



deposition, diffusion and/or welding at the thin film

45 and thereby a porous deposition 47 can be forned

at. the thin film45. Here, to exhaust a portion which

sticks out of the renoved portion 5e of the blade 5

in a viewfromthe discharge direction 15 as shown in

Fig. 6 when the pulsing electric discharge is

generated between the thin filmlds and the nol ded

el ectrode 37, a shape of the tip end portion of the

moPdets @ase Eadee 38PPSTRAEDR [thghfiyst hadger Bhan Next, by means

Shaﬁed@ivﬂﬂ@ E@Wl@éék?ﬁ m8t&F 1@ 28e P-axis servo-motor
the npl ded el ectrode

Megnwhj un
3520¢1 GRE T 18 B Do cROBHRR Gf Tfba Gingnd the Y-axis
0. Qmotlbastm p@glﬁ)oﬁltNiéSblrSﬁEHaAftmbinmn:&lnbmgbliwe 1A so that

5(2¢fd QS?8§H:5.8H £y eﬁe %¥ 0820% of did }#% ﬂg]lec%%i Wik trode 37.

Servo-no and axXl's servo-no
t aBPEtNEY, | & BRG] plEsd nicadischpreet iangeperated between the

Y- axpss ﬂté@ﬁ}dwﬁn& Q:l'?et5 hR®8I hd ed t'é@.e@:ﬁ:'rg%:!@ai? L Bh Qﬁ_ectrl cally
e epositi on 1S_0O

o Pha e e LR E JTRCetPPhcrs Shpe i oG fly By means

dl 3 Hi@reg?gm Qf Jéreee bt etr be dischatrbe, d@pmﬁetmam 47 thedhard molded

Ot h@lé@if’od@lﬁEEogere@cﬂ %&Euﬁh@%ﬁ&é‘:@f t%s e Héggﬂ.éfg:arrles out

ui d Ther eb as shown I n
g%‘?fé?’g Yt 4@%‘1%&%3@%%% ngB@tatﬁ"lenl%WOﬂtlon 47 and

naldhaml:qg at Dat&Gihire di tinNEN $la®i ngaabbes CREhié €6l QW bE Formed and
f t he deposition 47 to

Gkness a .
pre eterm rp%ocm héss fﬂﬂet ﬁefsg:lprﬁeﬁg CRIRAGR- &QEQH plade 1B is
t Hiin¥shed.47a at a surface side of the deposition 47

15 by nel t Maainkdag 18Ur £Ree §bg\§09ioﬁ n@etﬁjcg&cbc‘f tﬂhh@" %éto%éd machlne
(2-6). HARD THI N FI LM STEP After fini 5)
f i SATRPIEEpmay e m%ea éBt YN ofsstneseawaew@at? ke as the

t hreddirste tivbdlef 38 machihe chapdnentdataetecisnd@with the first
3 e dT8ade 1 0 be supported by the first holder 39.

Next, % means of driving the X-axis servo-notor 19

and t heNexgxiopay@tiensedthexicartbenbbd émdivt wd 1ddwedescribed.

20in the ﬁeééh§edtﬂ@(aéﬁéﬁﬁ%nt he s %ﬁne&fjbgiﬁééoﬂg 4o the energy

PRY %bsogﬁ?ﬁaﬁié%fé‘é%%%%é’éﬂf (G Haibergegedi tion 47 can be
elléntitedewBfhin Rurthee, wmemltﬁdﬁglebEEiﬁicﬁlsﬂlﬁd:ﬂw g8 generated
rar iR . S8 E8PeA 08 rBRRRre SR oF Pansare egosition at

I?qGFGeSPfTﬁ@F@byg b@es#@mmltﬂqngﬁ75(c) by nmeans
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 Seof theblade 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



of energy of the electric discharge, a material of the
hard nol ded 10 el ectrode 37 or a reaction substance of
the material carries out deposition, diffusion and/or
wel di ng at the deposition 47 and thereby a hard thin
film 49 havi ng abrasiveness can be forned and then

the production of the restored turbine rotor blade 1B

“is finished. 15 Meanwhile, thel®roduction nmethod of

the restored machine conponent_ nay be nodified in

vi BT dnfban s TilvecaBPihed Hephidr PREeHIRYTial of the
t hel arbe B nel £ cgeondyin ifilac@er.dance with the first

enbodi t.. Next, operations of.the_second .e i t .
o1 bo eVt p2BERAE, OB8 9h1 5 SReh A H0WER 15 formed

f ctrddriebyemeand péritien dreodythefblade & epdrkbe thin film 45 is

5 difgchaddeo anhRfPaHy pbkeudepesid it Afheani Pe-density state by
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35 .

limted gltgin a range_ where_the electric discharge is )
gdlftat @& TRRCCHRTRE 9% the prefERt et RrRG atthFurtace side
exciesdiey podtepesdeponidionad ¥ i i nofl Heat Mcngotrive the high-density
dapas] L4 O 4472 28 MLEOYRE rRECRYRE L JEPORIAIN th 47, air
is formed by neanS oOf © €nergy o e électric o
dirsaEedd land ehdéhensnglaes silde andeat ¥ear sdidschfirtde depesition
| Oifﬂa!i.ls)énaaid Q?CHSE aot?m &Eﬁ:&ﬁ:'d&(xﬁa@t\ES iorpg*etsiis%ahﬁ? of the restored
remoyed par 0 ade 5, rapi enperat ure

| FObihe, REbroBaftiepdf: Pon Dorirfittiete b | o

prevent €drgheambrap iof afrsd wgetdehdepesningsteplisl Added after

ol L A3 et Bl e b hon stress

-t K8nehBrgiver te nhecpasface gidenef gdie depasiddop gdrso that a

b&‘h\n@gﬁet berbh'%ahg bF ntlﬂé_détb‘@syi@ﬁbdrmgﬁﬁ‘hﬁa ?tﬁa qulfé%f_ | fsiaéi.

part etween t epos tion a t.he I N 11 m;

P o bolibar Bt SRt b Fe S Srhoifent 2hdesgTiRad above,
t hecdepestié oraiz péspeetdapeigi thane 43t camthe ddmined within the

' Sidy 0N, .8t henc d
(RS, SO PRI, WAl L GehPEspBLzy enat ene

cBREPABLVRIdePOs tdn AatRFFESNERC ifom geRAEALiNT At ke time of

t Borming MKS. dddyeimiain drgcauseblasowe! bhoakst Aetéhi forming the
blER o2 i et Rer RSP e C YRR EeABI =28 Eomie production
tbE pbeowesspacd tnrbinberbigh- Béndet IBstcatne Wy steartened. In
SLF%%@fcﬁfaef,glseeguEQGaFé BELLL & g3 R Bfom tRE B T)2EEmoval step
to the (2-6) hard thin film step by means of the single electric
sparkmachine1ll, the time required for theproduction canbe further
shortened. | '

Moreover, because the temperaturerise of thetipendportion
of the blade 5 at the time of forming the deposition 47 can be
sufficiently suppressed, occurrence of fracture at the tip end
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 thehard 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 restored turbine rotor blade
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of the porous deposition 47 is nelted to formthe
hi gh-density thin film47a at the surface side of the
deposition 47, air perneability of the surface side
and a rear side of the deposition 10 47 is made to be
| ost so that oxidation resistance of the restored
turbine rotor blade 1B can be increased. Furthernore,
in a case where the peening stfy i s added after

nms

finishing the (2-6) hardthinfi tep, residua
can be given to the surface side

S§L0
ignFl%S éépgg%lﬂ.g;i “so that a_ 15 fatique strength of
t he deposi¥epaoner c&?@ﬁ%@?‘éﬁQEﬁOﬂ ILeSHANEMmeE the gestored

E{iﬁbihé &bw@sﬁa&s N &$n SRS RSAFL@P ené, of therestored

t 47 b
fende.of Lhe depost Uil Canbe 11 1o iLe her in cne
d:c’mé viere ebtoe y9s erei e (saept iisn addedr afemredhhismng the (2-6)

t%tqf ") F 3w téqzee g 'ﬁle a?:g hgr g\:?@nh@ﬁ g?peﬁbt 48 os:.tlon 47
t7 OUbl €SONe ks™ar gormn eposi t 47
@ hﬁelrmchmdahﬁpﬁé itbQumaéélltﬁr th‘éhﬁréaﬁ*é?%ﬂ turbine

B B R e crops. Ry gL 63

Fr om FHE CherorRarts & C-SEUhen® Lo S LE D SR EOERF fBtor blade
1B i sppEpidy teane ghst berkimglengimeetd,i eved if difference in
BRI 0p 0 o HABLIThE W€ etz o it 5 ana

therbardtthin rfkn #9 tmganpréﬁadpoﬁraﬁk offthachardddin film
skiﬂ::.on 47 and,

49 Ein e dipEreisdasy 'i&-atﬂbe SieRes &idi:‘b\fg
sufficientl’y suppressed, occurrence of ,fr ur4e at th i
eyen idh§hgocEark eﬁcerr?%etw%hsrsyﬂeh ﬁ’eim 9," propagation
of Whe aehckNoFStipé feard eHinofimi49 drf ehiel basprmateriah of the
r.ed turbine otor bl ade 1B can be avoi ded

f.t
b]gasd%gécg‘f R RTRYSRYS!- because the hard thin film
(mmmnmmtu on 47 can be fi rmy conbined with

the i%t’mée{: é‘hl &E‘oglb'bél%%éssi’%%écéf@aﬁéé Reiftd & third

becone

e har deposifion 47

e"’bﬁ’é’é@@@ﬁt WBla be @e&q:mn@e@flfemmiw pekih FafaReRceo o Fig.
1 kha B4 2de35 and hence quality of the restored turbine

rotor Iae19 1B can.b biliz reover
becah |’<3‘?F‘?’\'95P%‘?‘§ﬁ égof‘m( RCCRELANE] Withythe third
emwaﬁﬁenbt ddeud8ddanthe gamomrbﬂnetdngmars! and ebthakable around

th%ﬁ%%‘gélﬁ%ég’? %.'.‘:‘Q:ﬁ)eer&tas? E:urg he e]i%fnae%?e ﬁ@é%gfj' thg turbine
rotor blade 59 is provided with a rotor blade main body 61 as an
_electrJ.cally conductive component main body and the rotor bl_ade
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

Here, the dovetail 67 is engageable with the dovetail

platform 65.

-slot (not shown) of the turbine disk (not shown) as the component

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 a.bras:weness is formed at

. the deposition 71.

'35

Meanwhile, the tip end portion of the blade 63 serves as

a portion to ‘be treated of the rotor blade main body 61.

. Next, a productionmethodof amachine component in acqordance
with the third embodiment will be described hereinafter with



5 case where the peening step is added after finishing

the (2-6) hard thin filmstep, the fatigue strength

of the deposition 47 can be increased and hence the

quality of the restored turbine rotor blade | B can be

further inproved. Furthernore, in a case where the

restored turbine rotor blade 10 1B is applied to the

gas turbine engine 3, even if di2fof erence in thernal

expansi on between the base material of the blade 5 and

t heelferdnthi te fiilgm 319 Higy.g@her atkidy. Orlatk Digt B darBig. 10(a),

thipR f i h 492680 PE. stppLessed by means of the porous
depogltl or(1 2 aan , geven&ir)f the crack occurred to the

hard t hi it®PERAEST LR ERtGRd of themasghinfeCorRRRERF 1pifccordance
hawglthRibe £hird 48vbaikbatrbase nrah%rd fbr @Eoﬂh@tlbhaﬁetﬁe turbine

coul be pr ve ted. . (TH RD. EMBODI NE First

50 PR RE B S8 £ s rbohe LR GomRNEs h PO PR idpd with a (3-1)
enadn erdy moutilbe sleswy iabéd-Berdiimaffiem skemp, a (3-3) thin film
Leﬁsafﬁféaff’of'sgse ,2Q. {314{"’]‘@%&5&#%&1 ’%t‘iﬁ%{)bbn?}[?f *inish step

9 In_accor ance w t di nent
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c@ﬁ%@#%ccﬁhﬁom@m mﬂdedoayea‘nmdheam@tidte Blaatk electrode as
nvdég&omeﬁlag&é:%rﬂéo%%@dof a bl ade 63, a platform 65
ngg OX|naI end of the blade 63 and a -
|IM3%N HOTD IR S EPatforn165. Here, the
dovet ai |IAs6ghbenehgadegabb ¢ayy tahmaHerdpxyet aff thel odbtndilade main
S he s
15 2 M) 6B = ARl B SRR Bh P Iph T oy e remaining
tuqﬁréh@fp@hteu satefr hlade maa@eb@sly élp@u@msa&j@mmmral shape

T schfeoamtwltlh 6'7 NESE POsiME1 @ 14 fbrridd 'ﬁyG%e%%@ ®f machining
hard.thin fl%ﬁ] aV|n abrasi veness i s

{ R BSS9T Hhea RARL PRI thG: TiB s} POrtion of
t h:éleblbd.dele633sdanvtehe asot@b kalamxls tni0im ttﬂnd;e 6ir eatyebeobubject to

201 I'f%éjin%ttg. b!)? ‘13’1 amaccﬂ¥ 16e]s é\f’.@% c tln such as an aluminized

product i onnet ne conponen c¢cor danc
wicertinge thlrd enbodlnent will be descrlbed

hQBeIZI)]af_['HQﬂ WILH g@EPreference to Fi g 3, Fig. 9(a),

Fi 9 c 10(a 10(b) and Fig.
10?0) (Jﬁlé rothr %( a)de magn bo éy)Gl as the com onent main body is
set at the jig 27 so that the tip end portion of the blade 63 is

25 directedupward. 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 pbsition 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 depcsition, diffusion and/or welding at the tip end



The production nethod of the machi ne conponent in
accordance wth the third enbodinment is a nethod for
production of the turbine 5 rotor blade 59 as the
machi ne conponent and provided with a (:3-1) nain body
nol ding step, a (3-2) thin filmstep, a (3-3) thin
film nodification step, a (3-4). deposition step, a
(3-5) finish step and a (3-6) ard thin filmstep as
described later. Mreaover, ~in the production net
o DU Sy HE® JoNPUnAE 2Pf HRCHraa Tt BOFO s PHLRHEL I 69 can be

t higmheaivhadichent ipt dred gdoadtidnc ofpahk hhade n&3. t Meanwhile, when
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| dedbyneans ging or casting. And, the
r?ﬁ%ﬁ&s §erEQrP°3P ﬁ “rotor blade main body 61 such

as(3ar JpeTHgNe FaLMs MOPEFICATIOR Sowetail 67 for exanple
i s fornggy Ry AEANS, 19 fﬁ?ﬁnbnbﬁ]%hlgyfblﬁ%t@b' r}%ﬂ%ans of driving

Further, a part exce ort
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coatl.n Su ni ze
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t iR s8neh P tthentaﬁhé he fl 6§§ v dSs &%&@brﬁém%d in the X-axis

upward. Next, by nmeans of driving t axi s
sE@i¥ESHdPBr 19 and the Y-axis servo-motor 21, the
t abl e 1Furshaﬁyeadpumsthg eecdic dikehRkirge :emdehbeated between

B bR g BRI R ST B ol P cctricatly
i sngwégmgtblqhed n®| dGdealebyt r edesaswnl\/hsanﬁhm e9 (c), by means

t B?r&e‘@y HE 3@ @lé‘tﬁ?ﬁﬁd’\@?é@hif‘ e ! @BleHim E$1AMYcan be changed
Ecessar to be noved in the -axi s direction.
F

FPRet POXOHE SFae dinddt ikl Sh-<lanside F8agerky pedding the thin
betmeeml t hﬁa&ﬂ:hl&ﬁd ﬁﬂéﬁlgﬁt?élfaﬁhﬁ; lbﬂh&dguﬁalﬁgddiheharge, the
r 35 n electr t
L{j&‘%l% héj%egl ag bSﬁ%ﬁmlntec-Eagf%é 9%1%% lfargoc'e'}%lnsq head 31,
ois Ml@yrosﬁttenieuert@@tz-r@cm dcnapgeon$thaJall travel distance

rﬂ@éﬁi@doflaﬁcamﬁee P e FIBAG i vURskaRCe30f the

carries out dep05|t|on di ffusi on and/ or
wéi’ d?lngDEﬁ THel N pPErd 2

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 €1 so
that the thin film 69 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
the thin film 69 and the molded electrode 35 in an electrically
insulating liquid S. Thereby, as shown in Fig. 10(a), by means
of enefgy of the electric discharge, a material of the molded
electrode 35 or a reaction substance of the material carries out
deposition, diffusionand/orweldingat the thin film 69 and thereby
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portion of the blade 63 and thereby a porous thin film

69 can be forned at the tip end portion of the bl ade

63. Meanwhil e, when generating the pulsing discharge,

the nol ded el ectrode 35, as being integral with the
processing head 31, is reciprocated in the Z-axis 5

direction by a small travel distance by neans of a

drive of the Z-axis servo-notok233. (3-3) THIN FI LM
MODI FI CATI ON STEP After finishing the (3-2) thin film

st 2pousysn@eP@s bt ieh it ¢rp benkoswekips ke Waghotdensigy thin film
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i ShOUE 18 i BT wReRile Sl ing s 1REL AL W cihing, T generated

t e tedest the dhibx hiarige 65t hrdtthen nfolldexd68leanrbde 37, a shape of

chang te.i L. gh- | L (SR

ROk P, chABEEOLRUE ThE figh 86, £10eORbde N 16 LBkCs1ightly

gerREI98E Hipn AehpRp St et Sk REAHOr tiva ohbhrebdpdethiodeMeanwhile,

4hn asowned D@y wHeg! the Woll HetiRa feeresIiNgt DeRY odt.is bSeferably

reci cated in th -axis diyection by a small travel
di%s'togﬁgeorbﬁloﬁgaﬁggoﬁ' gmlar?{:/e:[%?st he Z-axis:
sdBvE) mBENASE3STEB- 4) DEPCSI TI ON STEP 25 After

fi ni shi ; (131 i 4 | fi.cat] t L
s, o5t PR Fab g, YL 4L Qo) Boneihoorariving
VEBE ARt TBINBIBPTT 19 aRdthig ¥-a%is SeryPedoter iy the table

X1axis mkbvéﬁ:t:i];jrorth@lﬁt—akhe a’iﬁé&dzﬁi&h rafd iht@lré tﬁ'eaalgs: dipBction to
t 7 i y 61 so .t t t i i,m69.. .

| 8555088 08 ol Bl mRde Bt 'S S5 iaba Rk ¢SS eion 72
t hererpegede e tdws bawkeedecheodabt . 1 Meagwhyille, there may be a

NEESs SMre LRe WY £4 ﬂé‘oﬁ@?ﬁéc@&'ﬁr‘y F8Yd ABved in the X-axis
Further, a pulsing electric discharge” s generated

b8t Heeh©®he thin film 69 and the nol ded el ectrode 35

in an ehecthéralal yl);llsmgneatddwild aif.Jsdh&gJ rieyf Qb%eraﬁed between
S ' i Ok a)_, means .35, of _ener gy, of _the .
P eI o e and Yo AR "8y 8 EBRE M Gin '4IF electrically
elrgu g @y igruisl SeacTherebyibstsasbeowsf inhEigat 8¢ {lal , by means

Gt EhBEgPWf the electric discharge, a finishmachining 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,
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

After finishing the {3-5) finish step, the molded electrode
35 isdetached fromthe first holder 39 and the hardmolded electrode
37 is made to be supported by the first holder 39. Next, by means
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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. Manwhil e,
when generating the pul sing discharge, the nol ded

el ectrode 35, as being integral with the processing
head 31, is reciprocated in the Z-axis direction by a

smal | travel distance 5 by rrea% of a drive of the
Z-axi s servo-notor 33. Here *xhaust a portion

whi ch sticks out of the ti f the_blade
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(g5 eﬁoggéi@é‘ﬁ agahetﬁi z@é( FERBI 8k e(irééﬂr.rbﬁe 3'1'f‘fn én@i'e%trlcally

Servo- axl s servo-

HeiAlating JianedSt n THRTeRYnas Ehouet ABFigd Mie) by means
%‘@éh&r&&r@fﬂth@bi&tﬁ%sais&ak 8, IPmateplialieofmehe hard molded

RIR e 331er 41 “oREED G 15 ive Sh PRB R fad Warries oue

\depioa ittien, adl £fisi drsand/ gr wedddsgryt thebd ghodepsigy thin £ilm
3&3 @ kherdb egtl’lz?f]d tgl'y.{ﬁ rF:i!ltm a%?%(fﬁ* r}% %ho%tsﬁ.'vﬁness can be
i'scharg d 1 t1on

e 1S g nera e
£nsmpdy angll then dehe M?OdHC&FLO@I ekt Fheaﬁll,’,bl%sriﬂ%ﬂn Fr&ade 59 is

FifdsykHeg. Thereby, as shown.in Fig. 10(b), by neans 25

of ener of .the electric di,schar a finish .

mmchi HREnED L g g rodinoneCand et (e faghine ggmponent
0aytbe naddi fiédi Dk ez off the etipokntends d¢ desbribed below.
pr edet.er m ned LC gth to y

thin fﬁ;’ﬁ??s.l%eéﬂlaégﬁﬁ'a\%gs#é 52}‘9?1%& tzedb'i%&t%?g%hh fhe (3-3]
thyindlitlmpodiéicatian & tenl canf be ranilerd froantha Serles of the

sWBpa i kBe pEauiieBn g@%ﬁbétdf%%et ﬁﬁcﬁﬂhé' é&in;farféiﬁaiﬁ%ccordance
the hard electrode 41, as i,nt Sg{" xf c
e dde rigrirch prbed %nFeEFpFBEat‘QGG Spflothin,fLin step can

iy
Bé gty by a snall travel distance by neans of a

dri Ve e Qle v, 715k 8a8%0¥ 05 0R BLe Iy £re BuldfiRy Hldtnarge in
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. 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
of a vacuum furnace or such may be used. Further, in t_his case,
a pulsing electric discharge is generated in an electrically
insulatihg liquidcontaining alkane hydrocarbons. Meanwhile, the

Sielectirode 51maybe formedby slurry poura.ng, MIM (Metal Injection

Molding), spray forming and such.’

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



35 After finishing the (3-5) finish step, the nol ded
electrode 35 is detached fromthe first hol der 39 and
the hard nol ded el ectrode 37 is made to be supported
by the first holder 39. Next, by means 23 of driving
the X-axis servo-notor 19 and the Y-axis servo-notor
21, the table 17 is noved in the X-axis direction and
the Y-axis direction to positiga the rotor blade main
body 61 so that the deposition 71 is opposed to the
habd anpﬂedeeéfmﬂﬂénktﬁmbkdﬂﬂﬂnMﬂI e, 5 there may be a
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in the E%'r%ﬁle&fn%i‘le' YpbBSHEATLNG {H I M % & Pl{:'h%' BEposition 71

di schar be 5 generated in an electricall

i A & &aggsthr-ﬁr%h bt AT AT mes Y figaneapd the energy of

rr}ﬂlﬁaedlebeﬁid‘:aﬂﬁscﬁiargiﬁf aS]IEi@Mllild%ﬁy fpart betweenatlé thin £ilm 69
e onmposed of .a_SOl |

20 0SB LB CatdoF o aniisPngR- i bpge diftredh, e gfoRi%88n 71 ana
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QPOPRERAELPE TR EadeanA BeRes e PRrd FhEDI Shimg3 and the
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25 blade 63 via the thin film 69.

Moreover, because, as well as the high-density thin film
7la 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) hard thin filmstep, residual compressionstress

35 can be given to the surface side of the deposition 71 sc that a
fatigue strength of the deposition 71 can be increased.

In accordance with the third embodiment as described above,



Si el ectrode 51 maybe forned by slurry pouring, MM
(Metal Injection Mlding)., spray form ng and such.
35 Moreover, by using a grinding | athe instead of the
electric spark machine 11, the finish machining to
required dinension may be carried out so as to nmake a

t hi ckness of the deposition 71 to 24 be a
predet erm ned thickness. Furtheradfre, after finishing

the (3-6) hard thin filmstep, a peening step to
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10t hendipefdy. portion of the blade 63, rapid
tenperature rise of the tip end 15 portion of the
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and the hard thin film73
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25 oxidation resistance of the turblpe 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 rotdr
30 blade 59 can be further irﬁproved.

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




71 is made to be lost so that oxidation resistance of
the turbine rotor blade 59 can be increased.
Furthernore, in a case where the peening step is added
after finishingthe (3-6) hardthinfil nstep, residua
conpression stress 35 can be given to the surface
side of the deposition 71 so that a fatigue strength
of the deposition 71 can be inciéased. |n accordance
with the third enbodi nrent as descri bed above, 25
bebgupsevhatednge of the deposition 71 can be limted
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supdeiaand W‘%Hﬁb?és@e@ﬁe Fedar b@ﬁze’f"bflsf ceBp@sedapfipdlade 63,
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20 t Bt 1AGReSisde and the rear side of the deposition
71 is made lost to inprove 25 oxidation resistance of

the tur BRREREEY oFhd P ise reher Riade v Solnt2ecerfangrewith the
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oﬁn;iha;h@eplgglmfp.gd example accomplishes operaions and functions
25 similar to the operations and the fuﬁctions of the aforemeﬁtioned
third embodiment.
(FOURTH EMBODIMENT)
First, a turbine rotor blade 8% which is a subject of a repair
method of amachine 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 21, a
platform 93 formed at a proximal end of the blade 91, a dovetail
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71 can be increased and hence the quality of the
turbine rotor 30 blade 59 can be further inproved.
Furthernmore, in a case where the turbine rotor bl ade
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 film73 is
generated, crack of the hard thin film73 can be 35
suppressed by neans of the porous deposition 71 and,
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Iortaa IR pef t2eBkade 63, a pl etfor m 65, a dovet ai l
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mefthicidp ofedihe Sachinet bompoaenti jneagcosdansas watht f‘:@e fourth

t h S SFerié® to Fi
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14nd, at the depositions 85, hard thin films 87 having
abr asHeneEsctie kpaRthadleiweigl n ddeeridapcensith the fourth

BB i S Bl VR gy oot menod

of wh® machifer odmporsred dn58cc6nda.inee witthethe rﬁﬂlﬁéihr gobpdiment

b ¥ JPdé&‘ $A%EOL 450 91 Lk o ¢h! dif AP &t ion and
ced b the pro uc netho of
Proaset ehidd wmr?ﬁbdm%th a column 103

e £8094 A Nin ﬁpqz_té{ﬁgmdl f| ed exanpl e acconplishes

Cand ?ﬁ?iﬁ«:@& (Hnd SoPZONE 4o Mt BAEH Oy fets “Jides 105
extadling iih. the X-axis d_-LrectJ.on and the pair of the X-axis guides
105 are providéd with a slider 107 to be movable in the X-axis
diret_:tion by means of driving an X~axis servo-motor 109. Moreover,
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
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 ah electrically insulating liquid S such as .oil and,

in the processing tank 117, a support plate 119 is provideds The .

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



(FOURTH EMBODI MENT) First, a turbine rotor blade 89
which is a subject of a repair nethod of a nachine
conmponent in accordance with a fourth enbodinent 30
will be described hereinafter with reference to Fig.
13 and Fig. 2. The turbine rotor blade 89 in
accordance with the fourth enbodinent is one of

el ectrically conductive nachine2@onponents and, when

bei ng repaired, can be re-used in a gas turbine engine
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oL § AR Ee hex Ehe b oF botHlde s ke ng it g egema Ro188x 137 are
enpleyeri¢arl§ heorrapaigd tetihed «lfedthd crpokiee source 123.

conpone
wi | | rﬁdﬁe]!secg:]r g’%dl{“%%?gegr?algfgrr%\%gt %9 ]ngr ence %dd gﬁgg molded from
'14an315>rrﬁmoe¢ie§t¢1r dwepar keore HowelegS PA pRevedrxi@fce cobalt alloy

15W é&hﬁ@fmiﬁ?’réﬂkoﬁ@@d'm 'p%vﬁiefia% %m Q:&fG‘i f@balt alloy
vvorkln epair nethod  of the npachin
"c%’r ?’\ﬁof“ﬁ”{“hep?‘&%ﬁ rPfeﬁbSEFﬂ‘Bh‘E a ng’fi aﬁcﬁn alloy,

VVI pdsw@e:bexf 1) brepbeddr rgf THC By iﬁeanssoﬂldbﬂptcie@l iandoy pressing;

Y G h L ESLA MDA P 44 e BEOKRIRE WY Hlideum urnace

provFael - vmrﬂerﬁra«rlmer. fas;s(e@@hcé Taet ey g5 ompgaafdingg the molded
201 Nelde: PocXi 81 Hakasd E8PMAAG Y SBuPRY boqhhge bﬁiﬁgwétal Injection
e

gwg fﬂglq])os are provided with a EI | der e

m B Foreing; gt PBAMbY nmeans of dri vi ng
an X- axiMoresemwea-, moher céfémi dbeenvesing the molded electrode 131
includes cBN, TiC, TiAlN, AlN, TiBé, WC, CriC,, SiC, ZrC, VC, B4C, .
VN, SisNy, ZrO,-Y, Al,Os, 5i0; 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, insteadof that theprocessingheadl1l27 isprovided
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

w

processing head 127.

35 More specifically, asshowninFig. 15, thebed 101 isprovided
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



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 novable in the Y-axis direction by

means of driving a Y-axis servo-notor 115. Meanwhil e,

nmovenent of the slider 107 in the X-axis direction by

nmeans of driving the 30 X-axis €& vo-notor 109 | eads

to novenent of the table 113 in the X-axis direction.
Theftdplieing 3 irepdecendat seroanprocessi ngMparkvéty one end of

f Othe reﬁﬁfrl\@qusaﬂr%f&écﬁ el ¥ EpsEE q{dﬂwfa'ﬁfbg sSupporting the

TOCGSSIn

h as .oi t he
suﬁbﬁ?‘f %?Ja?%r 1 EF&\?P&@& a*rﬁleassteaﬁp%w of dghe arm 143 is
118rowigedwitdd ansédord jhaghdl 251t PomtEpipbor tiaght e second holder

SCof@ﬁwtﬁerH?Qngs Efmeaz}vh%ﬁhle,n%hrﬁ?t chg%egésiaﬂ? %[ c{la’/‘ is provided
o‘é‘s‘é}F iTEY2EREBE m%cleearp@m & oaf suppngtmg aygt holder of the first

Magsvde + €336he iHdsddnd BoHEE tl@"?Q?j} §¥a %@ﬂ‘ﬂ@ EI'ISQQB 9.1@.'&5 tration

eI ectrl C 1_f)o r source 123. The col unh I's provid
oémpta of Z-axis guides 125 extending in the
Z axi s dhegwtficome,ahble tayen paBrioflettheo Zcdte gubded tHe vertical

10 12&%{1@ 9488 'lqggng\” 38 1@1%%e§ﬁbnge$re§ger&&?tgso JRFo-—motor 145 so

nmovabl e_in aXIS irection b
z-bats thersmR p £dr stavand Wﬁe@nﬁroa@h%s Gﬁ’@cﬁggﬁﬁgs mdlead 127.

1¥EHtS 'ph@\hldi@érV\lI;i]a@tfabhég ﬂl‘ﬁ%ﬁ’@r ro&%sflﬁlﬁ head 127 is grasped
ode n e Vicini

o FR 1R REnddd oTass thehan 3ts2Rbinn s talp by SRe Blocessing

sél@@lddlﬁbllﬁeqcan@lﬁ f Gursbeportheagra e dselectoodeate around

~ 1 h a 0 S i e
.15 fl%?lgt ayh%fl%é%(iﬁaigﬁdqt % bzcon%%ho éfpﬁ%%"dﬁg tm replacement

ePEEVPT Py L8a R oAt bhe HeL EF b dand 188wk ssnaxaded from the
1p3ocHeBsengt headvl e £heallr adetAdlsésomd fHHrﬂf(iSQOQi‘asplng the

t
TS 8The 80 15 PR oLy B0 TBLE BT 1
nikédspgm@rh@ldmvﬂcfék isf gmaspbdl by athe\semntdihoilagr 137 and a
20 chEeaghHY H? Q@él\ﬁj@rbg? @ §&%f§'ﬁﬁ q’x%ﬂad 189"‘§§r aqfceqrécfll | Qﬁereby, the
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25 M eWepribesEAiqMsaLampesi ng the nol ded el ectrode
131 '

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 repairmethod of themachine component inaccordance
with the fourth embodiment will be described hereinafter with
reference to Fig. 14, Fig. 15, F:Lg l6(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 rotorblade 89 and provided
with a (4-1) removal step, a (4-2) deposition step, a {4-3) finish



includes cBN, TiC, TiAIN, ALN, TiB2, WC, Cr3C21 SIC,
ZrC, VC, B4C1 VN, Si3M1l Zr2-Y, A1203, Si02 and
such. Meanwhile, the cobalt alloy 25 containing

chrom um conposi ng the nol ded el ectrode 131 preferably
contains Cr in 10% or nore and does not contain N in
20% or nore. On the other hand, the hard el ectrode
135 i s conposed of a solid body3®f graphite, tungsten
al | oys or copper alloys |ike as the hard el ectrode 41
i nS48BorBaNnee (dirth Xeretition atirpdiaremhowB3®elow.
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1s errec{]ere 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
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 tothe 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 first holder 133 for the second holder 137 to the
processing head 127 by means of the replacement unit 139.- '



second hol der 137 can be replaced for the first hol der

133 and attached to the processing head 127.

Mor eover, by operations |ike as the aforenentioned,

the first holder 133 can be replaced for the second

hol der 137 and attached 25 to the processing head

127. Meanwhil e, when rotating the arm 143, the

processing head 127 is noved i @lthe Z-axis direction

by nmeans of driving the Z-axis servo-notor 127 so
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t rdd .ne rotor blade 89 upward. Next, by neans. of
dr Mg - axj-S, servo-notor 109 and the Y-axis
voﬂm#%ﬁ%g@he table 113 is noved in the X-axis
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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



16(b), by nmeans of energy of the electric discharge, a
defect D 20 such as a crack occurred to one of the
abrasi on surfaces 97f can be renoved. Meanwhil e, when
generating the pulsing discharge, the hard el ectrode
135, as being integral with the processing head 127,
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electrode 131, as b
PRt |RF¢7CP%%H3W e Fééﬁpﬁ%&ﬁ?é@ﬂ?ﬁ’t%&la"ﬁu with a Peenmg
dmecaﬂmemt may desmamided.r avel distance by maans of a

drive thhe ééﬁi@fhﬁ% ?uﬁ%% &é‘g{’dg-ﬁ‘ 3%: BE described.

STEP A & 9
’ byrreanBecaudelMmgiepr&nﬁ:@nxaléils fen:medrbfmeaﬂ:%ointhe energy

betffeaéléc%ﬁéé’ U t]%‘ﬁg)? g?gﬁ?é?eﬁésf@i’gﬁ 158 can be

5_ X-axi s ection an
imited within a range where the electric discharge is generated

‘and hence it is prevented to generate an excessive deposition at

atimeof forming thedeposition153. 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 déposition'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 (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.
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




to position the turbine rotor blade 89 so that the

deposition 153 is opposed to the hard el ectrode 135.

Meanwhi l e, there nay be a case where the table 113 is

only necessary to be noved in the 20 X-axis direction.

Mor eover, instead of positioning the turbine rotor

bl ade 89, it may be applicable to replace and attach

the second holder 137 for the B8rst holder 133 to the
processing head 127 by neans of the replacenment unit

1P il thepghsong Slectempedptukgr yéspsin the vicinity of

genes msti@ma&fa%ast berdgpogd |§Hrok;§:8t96mdltt Betligégof forming
I NSuUl at | I qul

trpd | ectr I
e rﬁ% %zf’sl n%ﬁe%uéf%?:& By RESYSn Q%f:; “ener gy
of t he Moondaine&:h&t@ﬂ;heaféunthlen&mchmmtgasdescrlbed above,
5 r l&a‘ifs‘é tﬂ?%&gfﬂﬁe& t%feéﬁ?srfésl% Qgg g&é ?iedgmﬁﬁeglthm the

ckness o oSItl
t H’F@Bﬁeé@l%q ht%rﬁiﬂgtalgodaﬁghaaaﬁs i4sy 4eReratedh so that the

15|§t@e§t31&e3@!ézﬁé\'f6§t:§oﬁﬁ@br%béﬂ&éﬁoﬁtbm?;endx%ﬂ)g at the time of
in r Si e osi tion . .
VERHnAP cthe GRRo oty FREUBIRSPRS “Ark8 after foming the
t dep\haujlehebﬁ (012::211 b%,redaseﬂeang a rt oo atequiited for repairing
10 pﬁﬁégﬁik E}%‘Qbégﬁohéuﬁ:gﬁbgl o é@h&:Bﬁngﬁééxgbe shortened.

directi on a Sha trav means
oFR \E@rd%qufJ@lZ hgrauser the flians mggreém fremprie ﬂm) removal

StEp Ald ehef (4“-45)"“ dtiticdr Stepiby ﬁiéa&iseﬁf ﬁﬁ‘@ s:l.ngle electric

turblner e 89 is on fromthe
S50, 89 T L5 LR A ST obh ST Al pe farthr
Jslgmmle;:h as to direct the other of the abrasion

, f

15 5o A BSOS b o Tty o e
a\se,seasgafscwmﬁrmyth@ shroud &/ a&egeeutmm%@faﬁemng the
.Sﬁ*t?ﬁé‘eg*ﬂ%u@é%%ﬂ?s@ﬁ.fﬁ.lg%ﬂ? et trence of
Tepgthrfoeh Re iR FRES e SHaAD Lhe a‘-iiva%fg.%?eby thermal
mhhrebeiohoiemvmh fseuthat erémbtrm nmagb:;of the turbine

e .

20 FBPGE BiabR, Ka°tal v ExpEBed. B R8s SIRI8E L ot n
apul si Fgrthechoree bep:aulse dilm:tdemsiywnsa,lsét i¢ap be firmly
+ﬁ5‘1§e§ iﬁ:tplﬁ!hﬁ' FQSQ ﬁ&@é’fﬂ&ﬁ/gﬁy thBCsHEBRED P ﬂl{b deposition

ectrica I nsul atl ng reover %_ usi ng

RETRPNS NS GRRIGREG £a Reediiag FLE o {Ehsn Psgematerial

cQ;@thl‘eeBBtéthQ?t:hﬁi difed adfitiyherpehé wirbiwe rotor blade 89

25 a '3° I1:9'1{3 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 canbe 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 ﬁ'ig. 15, Fig. 16(a},
‘Fig. 16(b), Fig. 16(c), Fig. 17(a}), - and Flg. l?(b)

35 The productlon method of the restored machine component in
.accordance with the fifth embodiment is an invention for production
~of a reétoreq turbine rotor blade 89B as the restored machine



15 surfaces 97f in the shroud 97 or the finish

machi ning to required di nension so as to nake a

t hi ckness of the deposition 153 to be a predeterm ned
t hi ckness may be carried out. Furthernore, after
finishing the (4-3) finish step, a peening step to
process a surface side of the deposition 153 with a
peening 20 treatnment nmay be addgd. Next, operations
of the fourth enbodinent will be described. Because

t h@oﬂﬁ@ﬁ@ht's@fbw}ﬁngn'ﬁgf OITTPLQ) Woﬂi‘“—?@%r@%ﬁﬁ@ e ide rotor blade
bge el ectri,c.di char range of ¢t 03|t|?E ) d
% a3 R OFifipa W&W‘ﬁ’ﬁ’ anhéF%“”t" &i8ct 1p4a) and, in

dlethargerﬁs gﬂﬁnvﬁnxhdﬁkakemfhgmahaﬁepaiqmgﬂhndeﬂthemachine
toc&‘ﬁ ?ﬁ@ igrg a%?&%%%%h‘é%gf%b Sifd oAl mLhEIE‘mQEt from another

Orﬁl ositlon reover,
5y e‘éé%‘ﬁPOlIat bodrFahe rparhe PEedRehl oh @eaéeésqﬁ tmresgoredmachine

andoﬁpb@é@t Eﬁtaﬁfé@&tdarﬁfe ﬁ?ﬁh %Ihreogﬂf&Y enﬁéﬁlﬁeﬁtilhl-ﬁéy!‘:@ provided
ositi.on rati o e ence e

Lo & - D TRt O £ o (LA ool RR R e 18 (5-3) finish

30sthe earidak 05-4 heepeitotd od7st E&orltitker porehe inepa icasethod of the

V‘hﬁé@hiﬁl@ Bﬁﬁﬁbﬂ&nét R C?%c%%%%c%f Lelen THmd S%bagtﬁh%gbodment

(4-3) finish'ste resi ression stress can
10 g NeteQ ey 1% Fha@éOQu&élefl Woaiépfo%h? restesadmachjpe component
a frabtguedasté ezﬁghrtmsf f1heh dapoedihnknt, thd ShdctiEic spark machine

| 64 CERE o AR SVEL, POPRHAS B, BRI, AL 43 described
arrbavee ameengae%f the electric discharge locally acts

on a pro@aiemtihg, SERE rdddrdd) thf8 i hePYESr 33 adR2BbR is used in
%1of the shroud 97, tenperature rise in the vicinity

§ FEShHERIBR RFFNE s SHPIOI tFig s Rr 659 xptafable aro‘md an
tuanaadf ckatsirngf tiee gdepeﬁrbiﬂé dib@ines [uf floeeewéty the pair of

grt%ve%%&:gsn_gﬂ QS%EEQ%‘QC&M tﬁm'%esk%[z&hgf”?é’ﬂié*%%t p%?:tions to
escr | eca T he S BRGE of
désodinsaged1 5% the bvélgnnriaﬂeﬁumbmmroh@r bhade §PRre

tn%_qhe@gﬂquilgqg@rge I'S. generated so that the
exceSS|vg' .P03|t|on i S grevented fron1%§nerat|ng
&

20 the ting B hgurRthadpson prda 832 35 b Pghpal machine
mmh@oaﬁeherlé Gieitl 89 tthee] i d RIS bbi 09 1531 caart barer eflutedabrasion

P A R phsgie e o]{ ngu{atejﬁé‘ﬁf:iﬁi‘ge %%&?'}eblpaac%e! 88h UpGrd. Next,

abraS|on SUT aces 9
shyr meang the pakie clddrin yéeadsexilse direpsipnogndsthe Y-axis

fBQﬂ‘éEEQoﬁAf dhe RIFH4He réESE ISPaci@%SXPAi@)pé&p@iéﬂé@%o that one
%ptl%/a ragiogfsérp acftalsng'?% is %%tpgsgd to the hard electrode 135.
Further, a pul;51ng electric discharge is generated between one
of the abrasion surfaces 97f and the hard electrode 135 in an
electricallyinsulatingliquidS. Thereby, asshowninFig. 16(b),
by means of energy of the electric discharge, a defect D such as
30 acrackoccurred toone 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) remcval step, by moving the table
35 113 in the X-axis direction and the Y-axis direction, the original
turbine rotor blade B9A is positioned so that the removed portion
97e of the shroud 97 is opposed to themoldedelectrode 131. Fui:ther‘,
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spark machine 99, the tinme required for the repair can
be further shortened. 15 Moreover, because
tenperature rise in the vicinity of the abrasion
surfaces 97f in the shroud 97 at the tinme of form ng
the deposition 153 can be sufficiently suppressed,
occurrence of fracture at the abrasion surfaces 97f
in the shroud 97 by thermal cggtraction is prevented
so that defective repair of the turbine 20 rotor
| | S Rlederftdd @dtieen the removed
%e?g%sg%tqi?l ep&?‘?é?idg%%f%%%n kegllfi rn‘hiéi C°fbé£‘§<9de 131 in an
woak iome 98 gsef nhershout 3hanghEhgmerdednete .
daResiriican 1 ylivksulendny Lipuid Spt | Ther dluy pasisheynoin Fig. 16(c),
romthe base materjal, of r d i t
RyaPpepS P SR M suo paper 15 BLRofldpddf Jaierial of the
mojided edectrode b3l or aqeaaiabgebstance RE thawatpeial carries
blie BESOLL01Sh R Sridar adld/eir wblaLAYI 88 G relo¥ed portion
I'ni sh st ep, the fatigue strepngth of the %%$g¢¢géén153 can be
9% efirthr shraush &dqaBRJtReReRY APRAHT (PRIAS TS

forhéae rotor blade 89 after the repair can be
riher_ippL o, 30 (FI FTH EMBODI MENT) A

L#B%ﬂcﬁ%ﬁe%ﬁg% of a restored machi ne conponent in

accor deftoer Vi shing ttﬂneerﬂﬁo'rﬁ)nﬂﬁpoﬁp-[tlloﬁeggéﬁ’er pyemoving the
-éféfé fhﬁifé §h t&“{bt R-581 87 @Bt Poffighd Ehe Yomxfisgditdction, the
throu Fig. 15, Fig. 16 (a) , ..Fig. 16(b),. Fi

oRGAA K| BTk o) FobRE ArEpda 708 Lo RORL iGN pgy that the
depdEnt n B3 ri@f#pp?ifemﬁdﬂm&blthdecmdneﬂtectmode 135. Further,
accordance, Wit h,t i.fth enbod] ' jvent 4 s
T D e
153 ahe thesiarddleatiode 136 ivametertriealhy insplgtipg Liquid
s0) rheQELON Q51 Ghoah L Pige 1918r, bhpdfeaid/oBteriéray of the
original machi ne conponent™shown 1nh Fig. _16.g__a) ndé .
elgctaiirediaghasge am FARLFh BAChIRING tQ Fe@hd Teg G pension can
btaﬁhafe%ie? bﬁﬁb sgcagnquﬁ@moae?ﬁiém@@swﬂm dégdsition 153

e four enbodi nent. from anot her Vi.ewpQi a3 .

tpbe roprefebesrage FoiRBPAD o crrtind 8 Rlotdsnalcy thin
fmlnﬁpmsﬂta& 2 aumﬁénsﬁdwi of thee dferBﬁté.mmodiﬁﬁeth nglting the
al so_provi,de | 3 empyal step, a (5-2 ;
sﬁ’é‘gﬁggt gbﬂgssgpmlé ‘(igpéélﬁ'ﬁ#s iifétep agd a 55-43
(5-ept REPETETION STRR as the repair nethod of the

~ machi inl n Lh stidis, tRUrédiginal turbine
enbodi m%ﬁ%g%%ﬁg‘&/%q@{_?t ggni\?%guc%ifmizriet hagq::_;)af ori inél
rQtRr pdade 83kdchPReecdptRrhpg fom the jig 121 and the orig

turbine rotor blade 89A is set at the jig 121 so ds to direct the
other of the abrasion surfaces 97f in the shroud 97 upwa;d. Then,
the steps from the (5-1) removal step to the (5-3) finish step
are repe'ai:ed similarly to the above description and then the

production of the restored turbine rotor blade 89B as the restored

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.
_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 dgposition 153 can be
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in accordance with the fifth enbodi nent, the electric

spark machine 99, the nolded el ectrode 131 and the

hard el ectrode 135 as descri bed above are used.

Meanwhi l e, 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

turbi ne engine 3. Mireover, the 3@ir of the abrasion

surfaces 97f in the shroud 97 serve as portions to be

t r daitneict caff wihieinrd gangke whebe he electbiadki SMardebis)generated

as s e§§:r§ 1,29 IE?E%h%&‘aéo glé'hl%#g%ergﬂ%xég %e88ép051t10n at

12R %Jénea@f ? @rram@ébemo(sﬂtﬂﬁ@ 18%-asHereOBQE { éeééﬁh@ﬁame reason,
ing b@uaaagznghrﬁ UbdE iEer OlHY d¥Rfia 1390 uBvaRdd alerxase material

t e 113 in the X s.direction a
G o Sl RN Gt CRPRAeL BORS ratio grades
poamﬁl berce et Haposneidd 1EH3 the abrfasmiy sombimed wizth the base

eggig? Le £Qg bRy ugl@@trode 135. Further, a

ectric drsc ge I's generated betmeen one
of t he aSPﬁ%h%ﬁn%{ﬁif a‘é’e% GQ“PP whRre KBeHReN et PBdes added after

1351hh’lsﬁﬁlng€ﬂ.1ﬁ§t 583l £yni s Wralp, NPe b1 Gtk d c%mpﬂ&@s@b}h, stress can

1057 R Tt dgae BitRal DB Aot SUL 0P that @ fatigue

ocsbtrerdthooHnehefdees wbrersi B swarf deed nEifeasad -be
removed. y ﬁ@&ﬂe‘!@' 'b“é’ dfdel Eﬁescﬂiﬁ&gjlt_% n as@%'fa}ﬂeraogy means of

whi ch the def ect is renoved referred to as

T eRBTEDY (RF thith eé?é‘-tres @}SM ﬂrmtﬁfmpnﬁffs@rof the electric
f i ﬂh.sbheﬁlggé ne,o(aily) ateswmh ﬁﬁcﬁ@lnén/tl@%magltﬁﬁicﬁ abl €he removed

th axi.s dj tion_an
15, PREE: 3T ' Thehs et SVl BERESFabaFerr Ift “ip iy vicinity of
poéh@u@mﬁm tﬂwatfatdﬁ@ PéfroeEdtperatirand $7e abf atm;ne of forming

shm@ddggoéﬁtp&p%eﬁ io stJE&fle?Je%@c‘i ?% Leadeql3l.

Further,_ 35 a pulsing electric disc e I's genera

bet weon PhaCFEREFBES o EBR HASToPmPALIRARD &P 855 e Ebea avove,

it Hse canh skedhel eshgodef B diép@mltﬁhﬁd.EBI cahlpe limited within the
0I nééjrllié ! ng?i'é qghg %&F-lc-:tl]:%ré )éé‘c%ii ?:%%Y\gc% gé:ﬁgr%é'gcg C%a that the

25

30

'35

rra@ie¢¢sa$11cﬁ dﬁp@55tmnde@ relesrentede f1Qm mn@ra@atg iagnthe time of

SURSEHRINE 1Bk Hgﬁogﬂ:fﬁhai&?arﬂr‘o@ﬁle%‘étmedﬁgﬁ‘ﬁbtéPﬂer formlng the
di ffusion and/or wel di ng at the renpyed portion

97
oGRS 1 BLd 59 7B P REABERIAR R 1 B4 TBeBEYE FRR fog Product ion
carf bthe frygetted turbine rotor blade 89B can be shortened. 1In

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
abrasion surfaces 97f in the shroud 87 at the time of forming the
deposition 153 can be sufficiently suppressed, occurrence of
fracture at the abrasion surfaces 97f in the shroud 27 by thermal
contraction is prevented so that defective production of the
restored turbine rotor blade 89B 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



20

25

. 153a_.at ;a surtace si

(5-3) FINISH STEP 10 After finishing the (5-2)
deposition step, by noving 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 el ectrode
135. Further, a pulsing electric discharge is

gener ated between the deposition 15 153 and the hard
el ectrode 135 in an eIectricaII¥7insuIating liquid S.
Thereby, as shown in Fig. 17(a);y by neans of energy of

¢ &, tPeCShFRiR Y D AR HengE i £y T Ehe, Pt Bpeq furnine rotor
t bileidee §9Bofcanhbedepeabiiliend153 to be a predet erni ned
thi cknegs byl oiﬂr!tgxg ‘%?Q%‘ %‘e&?ﬁ%h&ypéé}lﬁhéggfebl % added after

osli tl on

X . y
nELpisBinge they (Padd Himdsdr shap.dddisifatiguesstyength of the
tREEEJEit@h SEtE%aﬁE@in&ktahsaa laﬁgtMc(Ae‘S;ﬁé qﬁhmﬁg?tﬁtiﬁmdrestored

rigina rpi ne or a i s, .once ache
(5riad 18ton ATAAE 91 Gin e churtlied Jithiveds, oy
bl ade 89A is set at the jig 121 so as to direct the
ot her ofAgdesabibedaboune,fitliein®dhtiontas séendeseFibed above
upward. Then, the steps fromthe (5-1) renpval step
t obyheeféréanceéi o seversl preferaplat enmbsdimenatlsy however, the
t he above description and then the production of the
r e§fopednd themighit of tliecappéadedsliaims shouldhotIe 1imited:
machi ne conponent is finished. Meanwhile, the
pré@uehess smbpddmentishe restored machi ne conponent
may be nodified in view of the enbodinents |ike as the
r epai MeEEABEL ofthe comEemitsco £ dhmnentent st Japmrease Patent

with the first enbodinent. 35 Next, operations of the
f AR GAteRE ntNey | 2003 TkE10T hed No.Be28093 167073 and  No.

d it 3 js formed by neans of the energy of
t%g’%g“@cé)ﬁigdi% Juith Japen Ratgaso9ffice ep3June 11,
c?@ ﬁe 36 limted mﬁtgjn a range where the electric

dF98r LS LpgRrerLated heretR Rk reference.iBnita enftirety.:
generate an excessive deposition at a time of formng

the deposition 153. Mdrreover, for the sane reason, a
boundary part between the deposition 153 and a base

material 5 of the shroud 97 has a structure in which a
conposition ratio grades and hence the deposition 153

can be firmy conbined with the base
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material of the shroud 97. Furthernore, in a case"’
where the peening step is added after finishing the
(5-3) finish step, residual conpression stress can 10
be given to a surface side of the deposition 153 so
that a fatigue strength of Bhe deposi tion 153 can be
i ncreased. Moreover, because the deposition 153 is
formed by neans of energy of the electric discharge
and the energy of the electric discharge locally acts
on a promnently small part in the renoved 15 part 97e
of the shroud 97, tenperature rise in the vicinity of
t he abrasion surfaces 97f of the shroud 97 at a tine
of formng the deposition 153 is sufficiently
prevenit@s | n accordance with the fifth enbodi nent as
descri bed above, because the range of the deposition
153 can be limted within the 20 range where the
el ectric discharge is generated so that the excessive
depodi.t i ametshgd fvepmstidyotnivmefer finhshed cohpohien® of amachine
form ng the deposition 153, troubl esonme works after
form ng tfhrem depogiigiomll s®mpamend hadiined aade fect,meomprising
required for production of the restored turbine rotor
bl ade 89Btems ld:shortened. In 25 particul ar, because
the steps progress fromthe (5-1) renoval step to the )
( 5- 4¥epeyanaid parsiep dafindgstbe defecsi tyfernlaceeeess poxrtion;
spark machine 99, the tinme required for the
product i 8R9can be further shortened. Moreover,
erature rise.in the vicinit the 3

becayse te o] 0 )

abr a0PBRSSEENG, Bs08PPSLE iche FZRRoRALEF Sk SRRETERRE o i1l the
Suppr 69s60-2BBcRPFEASE ST [0k (fRPdRt ts db¥ JRpahtioning the
surfaces LN t Shro y,.thermal ..coptracti.qn .

is pr eveﬁ%ééséoptohl}g:tlog-{efge‘g??%%gp}:gdﬁ:c S 0%15? t § éctrode in an

restoredeigéptﬂg r éykbhggﬁf%§3£ﬁﬁe 6@@&%@% a%g? original

possi bl e. urthernore ecause eposI

can be fig aneﬁenta&eﬁde%wr%esg%ﬁ R Hidnpf the

shroud 97, the deposition 153 betonme unsuscéptible to
peeling off fromthe base material 37 of the shroud
97 and hence quality of the restored turbine rotor

bl ade. 89Fhe& anetleodtadi tlabll. 1 Mjleovein thHelHLeSSE removing is

where the peening step is added after finishing the

(5-3) ficamhiesd emt blyepbatitdoaiatr ehgipoiidheopposed to a tool
electrode in the electric spark machine and prbcessing

the original component with electric spark machining.

3. The method of claim 1, further comprising a step of:

machining the deposition to regulate a thickness.

4. The method of claim 3, wherein the step of machining is
carried out by positioning the deposition opposed to the

toolelectrodeintheelectricsparkmachineandprocessing



5 deposition 153 can be increased and hence the
gquality of the restored turbine rotor blade 89B can
be further inproved. 20 As descri bed above, the
i nvention has been describedagbo by reference to
several preferabl e enbodi nent however, the scope
and the right of the appended cl ai ns should not be
limted to these enbodi ments. Moreover, the contents
of the cothenbtxiefinkparegeRaitenyitRSe Npeticat ggas’k machining.
No. 2003-167074, No. 2003-167073 and No. 2003-167076,
filed with the Japan Patent O fice on June 11, 2003,
are incorporated herein by reference in its entirety.
38 ChAI MBhe. mathethod fodripr dducfumrhed cofiprdshed a step of
conponent of a machine froman original conponent
havi ndens#éyépn, tWwmpdeppadgtidnstpspobitiemnigngise depos:Ltlon
portion defining the defect to forma recess portion;
Sand depos‘PPPﬂgeg tepios itrodre e obradeiinstheedettode aparkmachine
fill the recess portion wth the deposition by
positiomﬁﬁﬂﬁﬁ@cﬁﬁﬁkﬁﬁ§§§Qﬁ#91nﬁﬂG@p@ga@mRWthelectrlcspark
first electrode in an electric spark machi ne and
processi MRAERENSRFgi nal  conponent with el ectric spark
machi ning. 2. The nethod of claim1, wherein the step
of renmobving is 15 carried out by positioning the
in the electric

Cpar o n S ot cSlei S?L%%d&gxngp%mta step of:
10W' th c.%aﬁﬁtrfd&% E’Rfﬁ‘ﬁkflrﬁh:%hnfﬂ agch%?peqrggtﬁroﬁd 9 Céy positioning

1, furt onprisi'ng a Step

glegiofnl g' ée ?lea:bglg.?‘xlhe 8¢ gokﬁ;g:%%eﬁﬁg?%sd%‘c? ng%?oga{ slectrode in

by posi t irgqd Q ddie 1deRgsH it Gh
el ectrode in the electrlc spa#ﬁﬁggilne ghé%%%cefﬁé the original

25 39 t henydr@malyOgnonest r et § skﬁ%ébﬁlﬁ@ﬁ{:;k
machi ning. 5. The nethod of clalnwg further

conprising a step of: densifying the deposition by
posi tioning the deposition
15 7. The method of claim 3, further comprising a step of:
coating a thin £film on the machined deposition by positioning
the machined deposition opposed to an electrode of Si in
the electric spark machine and processing the 6rigina1

component with electric spark machining in a liquid

including alkane hydrocarbon.

8. The method of claim 1, further comprising steps of:

coating a thin film adhered on the removed portion by
positioning the removed portion opposed to the first
electrode in the electric spark machine and processing
the original component with electric sparkmachining; and

densifying the thin film by positioning the thin film opposed
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5 opposed to the tool electrode in the electric spark
machi ne and processing the original conponent with

el ectric spark nachining. 6. The nethod of claim 3,
further conprising a step of:o-lo coating a thin film
on the machi ned deposition by positioning the

machi ned deposition opposed to a second electrode in

the el ectric, spar chine . and prpcessing t.he original .,
conponenfgéw?rﬁéﬁ c%f?%kgﬁg?klﬂa%ﬁFnFiSP%fgcis machine and
met hod of ' f her.co Ising a step.qf: .
coatingzf%%é%é%#§Qn%ﬁ§t§%l %ﬁﬁngamgggggﬁt%&%qnflectrlc spark
positiomdgﬁht chi ned deposition opposed to an

el ectrode o ¥§¥ﬁ£@ the electric spark machi ne and

processing the original conponent with electric spark
machining in a liquid 20 including al kane

5hydr@Ear@w&né&héa%ﬂﬁi£ﬁﬁ1whﬂé§§§gﬁ e@%?%ﬁ?leatgﬁdeconsists

conprising steps of: coating a | I'I'm adhere _
the renmeded@ild10y BY oROSIdI QN W firltfn Eﬁgoé‘fﬁlép consisting of

portion opposed to'the first 25 electrode in7t

el ect Ii ¢ g3p@ihi tEC hiuiRyHikh IOCSPS dWd EHSpeET 8108 s,
conponent wth electric spark machini ng; and

densifying the thin filmby positioning the thin film
opposed 40 to a tool electrode in the electric spark

machilfe Theé methoessofglidien dr, Furlheonpaneiishiha step of:
el ectric spark machining. 5 9. The nethod of claim1l,

10 wher shaptihg thesfissedlorradmticshaveeaseip ierid poaftion larger

one selected fromthe group consisting of graphite,

t ungst entBRnoYbe apemevegaport ioy by kn ammantetdd @ .¢F2mm or more
claim1, further conprising a step of: 10 shaping the

first el 8Bfr BeldMMoOKad€3§-tip end portion |arger than

the renoved portion by an anount of 0.02mm or nore

and 0.3mmor less. 11. The nethod of claim 3, further

conpyj Si a_s of : 5.peeni t he machi ned .
depo%*tigﬁ? T?%ﬁ eoﬁeFiS&&Os’cEgFﬁgﬁr1QHWHﬁ%Sln9 a step of:
co L SJ a e - formng.a.main body of the '
ori %%#P%%n%géeﬁ?8&§nggsggh8%&$lopdrning
12. The method of claim 1, further comprising a step of:

forming a main bedy of the original component by casting or

forming.
13. A machine component produced by the method of claim 1.

14. A gas turbine engine comprising a machine component

produced by the method of claim 1.

15. Amethod forproductionof a finished component of amachine

from an original component having a defect, comprising



20 13. A machi ne conponent produced by the nethod of

claim1l. 14. A gas turbine engine conprising a

machi ne conmponent produced by the nethod of claiml.

25 15. Anet hod for productioglof a finished conponent

of a machine froman origindal conmponent having a

defect, conprising 41 steps of: renoving a portion

defining the defect to forma recess portion;

depositing a depgsition froma first electrode to fil

t he receggeﬁﬁrP'én with the deposition by positioning

the 5 recess portion oppased to the first electrode in .

an oF EEPLBISRAK. R APAANARG thedelerboRraitgaess port fon;
conponent W th elegtric, Eark nachin%n ; and coating a _,

Chi n SPPIP O PAe? TP LR aBpEEPR b hoRl ¢FERPRE tO £111 the

the deposjti dto. trode.of. Si in the . |
el ectric FI6°ShaPRE Fihi fd CAndSr JERCSIA] OPh YR iidtoning the

conmponent_ spark [ Ni al

> nel udi ngrga\q: %%glpg%gi?ocarq?o%en%ggoTﬁggngW ogfi%gﬁ?ﬁﬁje in an

15, wher el . St r I i 1 rried out. b -
positi on%%e%ﬁgl%or%%a%{}k olggg}s%ggt oas%dt %gﬁ%e&s&&gr o%ll%ey original
inth I j j .and ' \

ori ginal ot Ll RElBer 20°aBAR AT ATAINGT ppa

The f h Ry | §! ositioni
0 resipethgle e 1A oHLEAL HactAT 840653 2R bositioning

18. The re&@€pekitiah®pbbsddidfle T dRd H8 53 I €Re electric
of : densifying the deposition by positioning the

10deposi t i esparippashdnkoahd @ rceds£ieg thederi §ihA® component with -

15

20

25

el ectric spark machi ne 25 and processing the origina

conponente ldtriet exgaric mpehiknim@cinnandiqd2d 18cllféng alkane
met hod of claim 15, further conprising steps of:

coati ng &awdracaibdan.adhered on the renoved portion by
positioning the renoved portion opposed to the first

electrode in the electric spark machi ne and processing

16. The method of claim 15, wherein the step of removing is
carried out by positioning the portion opposed to a tool
electrode in the electric spark machine and processing

the original component with electric spark machining.

17. The method of claim 15, further comprising a step of:

machining the deposition to regulate a thickness.

18. The method of claim 17, further comprising a step of:
densifying the deposition by positioning the deposition
opposed tothe tool electrode inthe electric sparkmachine
and processing the original component with electric spark

machining.
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5 the original conponent with electric spark
machi ni ng; and densifying the thin film by positioning
the thin filmopposed to a tool electrode in the
el ectric spark machi ne and processing the origina
conponent wth electric sparK<“ machi ning. 10 20. The
nmet hod of claim 17, further conprising a step of:
peeni ng the nmachi ned deposition. 21. An electric spark
machi g, LShAY: o5 .abl.e caonf i gured € .
contrg?iéﬁ?gpﬂ%égggeo%ncgﬁéﬁdﬁﬁéc igﬁg%roﬁdﬁﬁﬁ%ﬁﬁgg steps of:
the t s b acludy a g4 C j e 0 p .
V\kap%ﬁ%ﬁg; gr g%:ggrsli r?gl%agaggggﬁggc}&edtﬁ% %gérﬁovead portion by
controll i hih e‘i-rﬁﬁz%%{:t N .
directio%h%%?ggﬁﬁ?%ﬁlgPEtg‘t e 26”%?%%%? %ﬁébgeh t% the first
processi ng) dre@ebdd cd v o ' 15 i
first electrode for d%ﬁi%iﬂﬁﬁ%%ﬁﬁaﬁ:ﬁhﬁgﬁd ?)oroceSSlng
5support aHeokighiaallresitpd9én faGhinné 1ot AN stp@'}:k machining; and
el ectric power source to supply electricity to the
pr oc eksisig ey the ahihfﬁglﬁﬂb?qb@sﬁf@ﬁiﬁg tHeS€R3AhIL1 1m opposed
25 between any of the first electrode and the'tool
el ectrodéo andddie ebsdpiede. id3th@2e1é6telieckpaek machine and
spark machine, conprising: a table including a jig
confi gur @oaessuppprithe ewid¢imatecompopentenithgelleatric spark
configured to be controllably novable with respect to
t he tabl ®achigdimig.vertical and horizontal 5
di rections, the processing head being configured to
det achably support a holder to support an el ectrode;
a replacepent unit, configured to selectively attach

any 6P-alher Bethadet Sl ddbofdierercoprheing a step of:
processi ng h%gld ar%%%%ga e the attached hol der for

t he BEREFDHol-der M@ Ak c power source to

supply electricity to the processing head so as to

generate electric discharge between the attached

el echi 0dgn a0 LRe 1 WOLKRI S  Giachine, comprising:

15 atable configuredtobe contréllably movable inany directions

on a plane, the table including a jig configured to support
a workpiece;
a processing head configured to be controllably movable with

respect to the table in a direction perpendicular to the

20 plane, the processing head including a first holder to

25

support a first electrode for deposition and a second
holder to support a tool electrode for machining; and
an -electric power source to supply electricity to the
processing head so as to generate electric discharge
between any of the first electrode and the tool electrode

and the workpiece.
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22. An electric spark machine, comprising:
a table including a jig configured to .support a workpiece;
a processing head configured to be controllably movable with
respect to the table in both vertical and horizontal
5 directions, the processing head being configured to
detachably support a holder to support an electrode;
a replacement unit configured to selectively attach any of
a first holder and a second holder to the processing head
and exchange the attached holder for the other holder;
10 and
an eiectric power source to supply electricity to the
Processing head so as to generate electric discharge

between the attached electrode and the workpiece.



