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1 DESCRI PTI ON REPAI R METHOD FOR MACHI NE COVPONENT

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 method for a machine 10
conmponent, a production nmethod of a restored nachine
conponent, a production pethagdeefor nachi ne

conponent, a gas turbine engine, an electric spark

machi ne, a repair nethod for a turbine conmponent and
KEFAGEMATROD FeR MB@HIYE COMRGNENTBAPROGPHERHECK ¥EEUAEME RESTORED
%@cﬁ&ﬁﬁGB§HbEN€ﬁ@"ﬁR@ﬁ@@Tf&N ﬁtﬂﬁﬁﬂ“d@eM@Qﬁﬁ@@eﬁbM§@ﬁbNT GAS

ine.r
ARt T S 2Rt et AR MOGETHEp BT A MEFHOS FOR TURBING
comiPOyENT BNe PRODOETIOS METHOD |IFURA REGIORBMETORBINE COMPONENT
defect such as a crack occurs to a portion to be '
repaired of the turbine 20 rotor blade, the repairs
TECHNZCALEIBLP i n accordance with the follow ng

manner Thwx%s%mclﬁv&ahdh ré g et eG rgener ﬁé@ﬂo@tfotrmemachme

portion repaired of t urblne r ot IS
ParBo8aRby Briv o Her | TaERthOgo: i pachIng ednponent,
deposddciohon seftbronedt bymabhdde rrgantgpr&ﬁm/vebdga@ tarbane engine,

aﬁ@f@%ﬁﬂﬁ%?ggkfrﬁaoéﬁi\é\w E z.Iegﬁaﬂ:e{qSEfwa rfo@? ttlﬂﬁakl component

r ot or S renove urbine roto
Brade &§0ﬁH§tlﬁﬁcﬁPh%0€oﬁ%@n@n%e%%ﬁF%ﬁa?Qﬁﬁﬂ%%xFQﬂRPnent
in other words, a restored turbine rotor blade as a
e j,ne conmponent can be produced from an
%S?&ghgﬁngﬁgg#ne rotor blade as an original machine
30 conporgEme natli, chhmashans uljmecinegft sepaias.a DLSCLOSUREOr blade
Qbph NYENT 9\%&@ tfilh}%lﬁ%aéﬁg,{%e Wil 1115e %%;%@%sftct QaldiBll repairs

a ran e of eposition to the renpvéd portion of

tlﬁélﬂratf;ﬁmﬁegceﬁp%%n%n%yof 351 i ng 1By 2weRraPnyh&he 2 detfect

BanBeas ta cFadRayeOE@ad |t Iaopgﬁﬂﬂﬂbratt&b BB exf£bsed@f the turbine
sitio by, forn1n t he_deposition, Theref

ggeﬁecegsgry T f:ﬁ%%e %t R&® eg%ﬁgélge depos Flgﬁdgb%e with the

foldhipWgnghwagneeposi tion and there is a problemthat a

time reguireoedof; LLP8) N itRQ bRE-POSIAOMRLQI RE the portion to

repaired of the machi ne component, _in other words,
be repaired of the turbine rotor 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
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atinme required for production, of the restored
machi ne conponent is elongated. 5 Meanwhile, the

af orenenti oned problem occurs to production of a
newl y produced machi ne conponent, which includes a
step of cladding by welding. To solve the

af orenenti oned problem a first feature of the
present invention is a repair pethod of a machine
conmponent for 10 repairing a portion to be repaired

Qi‘ep@?s ielieetdnsahtye q%raﬂg%by@mm%@ anelﬁ@ fﬂé@j&&&bd@lﬁk repairing
&S%eeg iprow ded with a ng\% el_gl r enovi ng 4
PR FBEE H A T Bortiedte To e PERER TR 61“ et words,
machmaerequnmmahébt paonduat tepasi thenrstepread Meohinegcamnponent
B%!%ﬁ%n Q%%Itlon after finishing the renoval step by

enpl oyi a nol ded el ectrode 15 conposed of a nol ded
body nﬁﬁé@@hﬂﬂ@nﬂé“béﬁﬂé?méﬁtaoﬂ@@éﬂx*éeﬁiQ%GHrﬁéﬁUEFOdUCthH

fo a pewlierpeddec-d®tmlcnaned acfpwHent Pfwidi eriaitltded a step of
nol d bo rocessed with a heat treatnent, and
SF&PﬂhEYa gﬁﬂggng el ectric di scharge between a
r enoveGTOpwlve)mhbr@fwmmmlmﬂ debbéemi m thestralbdithere of the

%@&%%%nﬁp%énE?HHVPQ aa%PtaIEQ meided 4P aelrr%%‘iu iedechfipBAent for

electrlca i nsul atlng id or as so that a
FEPerLirdndof RCH@:%%] aédb%lwlgﬁéi BF af Fd&ctirdrally conductive
&mtlmaﬁ)r@foﬁehﬁ ami@bef hglproatHeasvial a deposaliseep of removing

d|f n_and/ or |.ding at _the ved rtionco :
A ehkR RS EERbaha B BREFRS o SUTG. A of the machine
dqog@mleg@: 28d Myrdsposri tipnsetendof e‘mm@%fa pRsous deposition

@{fgcd%%gth%ﬂylggﬁ% Q{rheé ?S?SB’QE% '@Qgﬂﬁgﬁgﬂ?‘f’q molded electrode
u |

B BBORPEaT T B BONAEAIAS BRPH T TR es A R dh Ay a mixed
lpehdg rppaVa dedwdet fofR ar epnedl astiep mdwdenwsi agcaramic, or the
Sin%fl‘a%h ?)%H f%&%@es%daw%{ltéoge&? P?eé@ﬁ@ﬁjﬁedar%l r{,gﬁeratmg a

€posrtion s
@ﬂllﬁépm Ayeatpbe diﬂsﬁtﬁam pesHeant érrﬁmwg%mtlpﬁefrom which

%Ee@%f%%%oiﬁ|tﬁbeﬁaEMlﬁngQM?Bﬁeﬁtnpkd§§m@$@@t£ﬁ@ethe molded

c of a | ded b de ro . powder of
S 1y R RBLA OO R HBTL Gnday so that a
pawetet adf o Tles amldedrelekerndkded a bmgc‘qofomce&bedance of the

W}a@@r@aﬁe% %@é“o‘[ﬁ%b&e é‘é‘ﬁtﬂ&'i‘erﬁtffgn%l%npghé ?9 widing at the

ectric en a renoved portion from
wereRedRodefat o the PAEh&Re g?%on@@@h?h@n@éﬁﬁo?\%ﬁpel glectric
HQ@EhQQg@nd the nolded electrode in an electrlcally

|nsulah UId or 0 .t hat g mat eri al t he

nol ded SFgE te® of® gf}%afz TS ﬁ%s BRcBE SF’ePﬁemventlon is a
preoduction method for production of a restored machine component
from an electrically conductive original machine compcnent and
being provided with a removal step of removing a defect generated
at a portion to be repaired of the original machine component;
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 treatment, and generating a pulsing
electric discharge between a removed porticn 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
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material carries out deposition, diffusion and/or
wel ding at the renoved portion of the origina
machi ne conmponent by energy of the electric

di scharge. 5 Furthernore, a third feature of the
present invention is a production nethod for
produci ng a nachi ne conponent provided wth an

el ectrically conductive conmpongnt main body and a
porous deposition forned at a portion to be treated

Qﬁaﬂé&%ﬂomoﬁﬁ@tmmr&i e\t Ak @Qi Bgr@eﬁ@ﬁ/i&ecisdﬂsitﬁn@e of the
mal . n ste

f f t t i n.
R AR B8t | BRERrAb O (O o Tt T hB BB T e By at tae
afanerveld micgttiing bliethai orbotya btrepcinnenpinpamegtaby energy of
WQ&Q%QEE dﬁg; %%haﬁggposed of a nol ded body nol ded

froma er o tal, a mxed powder of a powder
of a P&Whéﬁﬁoéepoﬂdéhléﬂ et e Eﬁ656ﬁﬁ|aaaentlon is

b@@rolraiuaﬁa@slledlembh goheﬁiodxﬁ@ﬁﬁmmacﬁﬁ@ege@e@aheng grovided
15 pulsing electr i scharge between the par nto

327} okt S O Th Y GIRDONGT et DO AR Theoau gy 2 Porous
alegstsidden ﬁoarnecélae:camcuawqp tprlzmtaeoahgdlqﬁum pgasent main
Hdhahda bsc?&ﬂr%lxrl@f o gl Q?tHDal dedneh&sd rads, Qrf@rmlng from the

reaction su ance of the materj al carrles
FRE e 1Py s PBA 2R oF I WP hgP &E fﬂféﬂ%?%ﬂeposmon
taf the firdtkingfthicheai?Godenposnebly e Ivshiody abwo lefest. gyectrode

Yerfcl! S8 18 AeAHR I8 BEE, LESCRLERLONOE govad | & mixed

homnn a turbl ne rot
ey @faécﬁﬁﬂéﬁEeOfvﬁ tﬂlﬁfta'tl]f BRst aeﬂ@%@l@ﬁﬁﬁ a zﬁrﬁllﬂpg: or the

gﬂol@e;éﬁ t ﬁ)@'e%geﬂgwqft%'laagﬁ%atturtl%'eﬁeméﬂﬁl NgnéNgenerating a
accor, anc W e odl nen

i & e&Fé&Fr%séb‘%ﬂF Hiethiarh tAE Bthiohnce B FReated of
& Hd cotpemndodmagnthodyragd thk félpedlelaytyode gn ah ebpctrically

Fj';_rgsul%t( % flgufjcﬁ Ay SSXEH'IaQ:I Qg{égter%gla%f %ﬂ@'%@l@cﬁ@gectrode

I"ne conponent I n accordance Wt
S GdF ARAE L AR 05 WP PratirtdfohPRERABET b1 | -a%esiasy eyt deposition,

RBIGTHURE 0 PRI YRIH wéllailaﬁ;C(thaﬂCee bt ch SECel treated of the
enbodi nent .

i e S Fgﬁaﬂ Sitto .-

machi ne conponent in accordance with the 35 first

@ﬁaﬁﬂ‘?Eﬁhm&@%:bﬁeoﬁrﬂﬂﬂﬁ&hég nmet hod of the restored
mac

I ne onent 1 n accordance with the second
n?kﬁ#@wmg ahavae iy LBXPLRF MdteTabt efiatinppccordance
bﬁhmeénfar@Qnamgddimgﬁttlon of a blade and a nol ded

e[IFel%t'r ‘}‘16' A schematic drawing of a gas turbine engine in
accordance with embodiments.

[Fig. 3] A4 drawing showing an electric spark machine in
accordance with a first embodiment.

[Fig. 4] Fig. 4(a), Fig. 4(b), Fig. 4 (c) aredrawings explaining
a repair method of amachine component in accordance with the first
embodiment and a production methoed of a restored machine component
in accordance with a second embodiment.

[Fig. 3] Fig.5{a), Fig. 5(b), Fig. 5(c) aredrawings explaining
the repair method of the machine component in accordance with the
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
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[Fig. 7] A drawing show ng a turbine rotor blade in
accordance wth a nodified exanple of the first

enbodi ment. [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 (c) are draw ngs
explaining a production nethod of a machi ne conponent

in accordance with the third gnmbodinment. [Fig. 10]

Fig. 10(a), Fig. 10(b), Fig. 10(c) are drawi ngs 10

ePhaEidi g the eduel anppehBadeobcthgqanchi ne

conponent in_ accordance with the third enbggégenl. q
[HiE- 11 A &30P ERPPYTAR Y T4 P&t VP D g Tpaccoraance
twincrend mgelirftiicon ecfamiphe blfadeeafidratnendedimértct r ode.

[ Fi.g, ] A draw e I |
e PTG S8Rl U BE S pRRBRA docordance
efigadianditird Eimgpodigieni.per specti ve vi ew showi ng a

t Uy neyrot orilal, adg)i,nei Acopp damee . W (d) Brd @HEkings explaining
enmbodi nment . [Fuﬁi(§4% A dr?Mnng shomnng an electélcce with the
ShERFRIMEERPREGH OREEST P8 A FHTPRR=F ot RECOTan

erthiodi neitodi2@otki g. 15] A schenmatic plan view of a

repl ac nt It cc nc i th fow t i ngs
i:etn ?’rLerfﬁt PR, 12beﬁae}|f_i 859%(29%% gﬂ%é(g)w_déi g draving
SR A H e RECdwsl el Mididhe s obhf ripehhpe sprponent in
tehﬁ:c{jﬂ_i;(‘efﬂdée nﬁé&@ﬁ&%nﬁzhg.&daéﬁﬁbd@ﬁﬁﬁgﬂ\it hht he fourt g

enbodi t and the.production.nmetho t L :

S HcHine cAmESABALT, £ Bigordince WEORTERS PEFPRCT e tip end
gndodiorertf, tHeFibg.ade7pnBi g. md20el, eFpgtradéb), Fig.

Q). arg dr awngs; k B i hePd o8l had of dance
t %ﬁ%a?ﬁﬁne g@ﬁﬂ£§1%fé?h%éggg?ggﬁgé mﬁtﬁathe fourtﬁCcor anee

one :
éﬁ%ﬁ.%ﬁd%@?ﬁ@&%&u@tﬁ Shenefhod BTLPATTFRSt or ed
mecihy .nel Ponpanpst specaceorHiane aheitihgt Aetfitbide rotor blade in

enbodi nent . 30, BEST MODE E NG OUT THE
|%$ﬁ§&ﬁgﬁﬁﬁa“83§hﬁi 16N wfﬁgoggﬁgg#éinafter given to .
cEfi@i i 4lenbadi dreannof shheipgesent el avent¢ ofPRgK machine in
deSCiG LR PReREFourkRY eRbbaimeALf urther, detail

T SR O e LTSI ence 10 Lhe, 3% PO iene, unic i
farowafdhrier edtthonhandolirRh debotiemeatt ear war d

.(.jgliriea@(?.glsls di rggtrgie.g\r?,%(i’ag',g g‘ﬂf d?é?fﬂ Pt 'quag’. 1k (FU}Opgfe drawings
explaining the repair method of the machine component in accordance
with the fourth embodiment and the productionmethodof the restored
machine component in acceordance with the fifth embodiment.
[Fig. 17] Fig. 17(a), Fig. 17(b), Fig. 17{c} are drawings
explainingthérepairmethodofthemachinecomponentinaccordance
with the fourth embodiment and the productionmethodof the restored

machine component in accordance with the fifth embodiment.

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
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
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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. Furthernore, "a discharge direction”

denotes a front and back direction with respect to a

5 surface of its formin Fig. 6 and Fig. 11. (FIRST

EMBODI MENT) First, a turbine rgtor blade 1 which is a

subject of a repair nethod of a machi ne conponent in
acordance Wikha g Sfidsts enbedicient “wihdrbamescdibedtion” is
hereinafter with reference to Fig. é and Hé%ﬂ 1%.2. cion” i
THRESURY £€ Aot drY HEde A TeSTIRE oPdel 2l Ogidly direction” 1s
aonthrotdd/ et o nechi re-acanpohierdcs iamd, Wahenhbemnge, “a discharge
re e e: : .

A prgeicfi%.an %%n%%e[s. ﬁ%%gneﬁ {édlrcf:bgéﬁ &HEQEE?oﬁqgil{}?Sr%sgect to a

engl ne or such. 2 I'ne rotor ade [
prud aeed off ity sa fisradéns Fig- pbatndr Fi9i5l¥- formed at a
provd gmleMtb efenirhe bl ade 5 and a dovetail 9 fornmed
at the plat form7. Here, t ovetail.9 is engageable .
with a Fpl&&\?et%ﬁ“i’ﬂ&? THRT gﬁsaﬁ)l 8PP Bisr%%oﬁ%gfk"% a repalr
(meothhofa) madth ohe Cempanennporertoriamnvi ol at hier gfaembodiment

t uroi | | b i fo the ig.
SRS PRELSLd AL Bl 1BAG- 8P 09 gt eana vio

rfot or bl ade 1. Next, an electric spark machine 11

enpl qu(jldé @ﬁrl@iﬂ_&@ﬁ@it‘{?r ?Te&dm@d @ﬁb omde_"raer&mml l'rmnqnt;onductive
i n accordance W t i rst . enbodi nent e _ ;
d&setiBed RECEHaft SPSW PREP et creel%aol%:gg. C'?% bggre-used in
Fhaad dotntiines pawgki neadhiefiealietnengsdedanceudiiit h t he

first erRodifBinle £ Std BREHE NS SIRLLNRM § O B B2 aieRgid platform
net hod of the machine conponent | n _ accordanc

) W th
t hé OFFesk 2B BdOMERE LaRB stic Fh&nkL 23F o Pagd® T T @ Hed Tormed
1} exticepdiatg fiokman . X-meis, dikecidvatand % i%¥- axgageable with a
dj recti.on I 5 ex g in. - AX | - :
RN R BRI SR S By F10 Sy gicn i
tthecquisirenty glemeprabife thengeRetXrakne angEeei dn by

nmeans ofe NWhMe Qf 2201 X- 8% SpSLf Vo Mt Gthe B adiRdS is a portion
movable in the Y-axis dlgectlon b¥ gfa s of drive of a
17+7#8%p

Y-08% Er&atRet ot Sreo FRrPRBe 5B R ovided with
a procersitngahapke28riorsp3bk meseriniand larmgllegted calrl § repair

SR 188 L] %gacqli%ewégr@mé}& al Kane o bydhecaians the first
such as oIl and, 1n the processing tank , a support .
pihed iZents wak dvhdede s b ash pgset npraes whth FyrdAnRed te F1ig-
wth a

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
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
reserving an electrically insulating liquid S containing alkane
hydrocarbons such as 0il and, in the processing tank 23, a support
plate 25 is provided. The support plate 25 is provided with a
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6 jig 27 to which a machi ne conponent such as the
turbine rotor blade 1 or a conponent nain body of the
machi ne conponent described later is capable of being
set. Meanwhile, the jig 27 is electrically connected
to an electric power source 29. 5 The colum 13 is
provided with a processing head 31 and the processing
head 31 is novable in a Z-axisgdirection by neans of
drive of a Z-axis servo-notor 33. Mreover, the

F{lef e3$HNGnheRd mddhise Qro‘ﬁl‘plo@%ﬁt%ﬁcfh 3sfit3k[7§ﬂ:ulﬁﬁhderrc3&>r blade
or su ortin el ect r ode an

era EoRneh one el Ao d b fathe 8o F L E R SortpRRt ad b b 1ater

heacadhpla sécoatnhoider #8ahwhidepponeijipg & hdsdelectrically

%&ﬁg&%ﬁ 4} *A V'eﬁ%c%&gu?weg Lesksbange is provided.

Irst hol he second hol der 43 are
el ect r iT®& FYLEBANET L6 FOTIHE WtEC R IMLOFRRIM L R’ and the
%%odd'dgisfq,nd ﬂ@aﬂobﬂags Qﬂlc&?&ﬂl@jan_?:g £Safisod et thiosty by Imeans of
ed fro owder of _an .oxi ion-resi t t
S AR S12-G0Th3 BEST BBy pF bsl RUSCRPLt He ey o ing head
liold y s spihyjeicted mahhasafurtsrcela@h@em 3Byfon arapemhingr adegd molded

U1 RUGHaMBanwhLl e n i st 8AQ 10f; cPLE PHebYirst holder 39 in the
conpre33|ng, the' electrode 35 (%%$be fornmed by slurr

BRSSPI MINEAVEt & i R MAH nyY , TSPrE PIP%JFH%% a hard
alck cHichie 20 th@l@V@ihalﬁmmtrdaﬁ.sﬁﬁﬂtemsspantrldeﬁal The first

rﬂjcpesrl Bg %h& tl’%oégggegl\ﬁ%%rgeﬂ%%a n&i g@r_sl connected to

o S Sdc suc co alt
éﬂkbf§eqmﬁﬁﬂMMQW§r sharesl 48d el ect r ode 35 may be

Corrposeﬁ@r@f @hm&ﬂb&mc%gméegg% @nﬂom@édqﬁo&y @¥lded from

omder of er of , the oxidatign-resista

I’Hﬁ eraﬁac'f ﬁB\AﬁéngF1°§5r§5{;§F%‘l}ﬁgﬂeﬁ.ﬂe ApuTEN ] 8gdcompre551on
aegreedand? bs chaposktdedfbadydweredindy ambledéd tieatment by

r o'%&gﬁqn pﬂ’l\fjﬁgcéﬁ o?n s%élhdat 'D*f%réfn ?ﬁ'l%t aq_tnsrfpetagi ﬂq%oldlng by

pomder of a ce mpf essi on
PTEES 7§ 1 76 fché ﬁéeaéaodﬁoa§/ I@m%tfq@e& F?é’atslurry pouring,

tMeat mtalbytnqe\é@%wmﬁmage, b@agyhfdlagmdﬁ@ amtﬁaﬁh
ar 149) e

f |
o7 RSy odtls SRARE Y BBt R T RE W (Rerg SoiBosing the
Imj lettd ohe oot dia§p, inslprdes hidocke hg ldrd ssscth av¥ebvefeNiCrAlY

trégﬁide flak hgne d@eﬁs&;taaﬂ.toyrget aheﬁﬂﬂﬂﬁﬁngtﬁ@@nc;ﬁ&i electrode 35

el ectro sane as
AR SR RTIS LA BRkARD PIGY RATRIG HPT RBINBP YA from mixed
el Beld0de Bowasd dheamerantiateonpessngtihe el mdedwder of

%t%ggé%¥%_37 is any one material or a mxed materi al.

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 means of compression by pressing, or the molded
body subject to a heat treatment by a vacuum furnace. Meanwhile,
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
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, SisNa,
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of any two or nore of ¢cBN, TiC -TiN, TiAIN TiB2, W
SiC, Si3N4, 7 Cr3C2, A1203, Zr02_YlI zZrC, VC and B4C.
Meanwhi | e, the hard nol ded el ectrode 37 may be
conposed of a nol ded body conpressed and nol ded from
powder of an electrically conductive ceramc, or the
nol ded body subject to a heat treatnent. 5 Moreover,
the powder of the electricallygconductive ceram c nmay
be produced by addi ng conductive coatings to surfaces

Hr P ?Wdﬁizo 7 20%6F A G %tah:% %ber hand, the hard
el eéctrode I.S conpase

so{ %¥ gf g %2 te d of
tungs_té??aé‘l‘“’lh&)}@oi;h%&bapﬁjr mﬁllldS? O NRSE 2 't MY epgioFposed ©
@hbmdeﬁfbddyecﬁﬁpi.%QEe@@mmm@Itﬂed :fraamqmmef ami ehectrically
f/éqc%erhédqtt% en%rgagmngnérvﬁﬂ%;nggdggﬁﬁﬁé(bfgj%tetg%f %t treatment.
Plgre®qma) theppgwdsr (b the FlgetEieR éﬁdcmf@m%lverﬁ@ramlc may

rk?é)@ﬂod%%teﬁogyoﬁdéﬂ% r&ﬁ!ﬂd&lﬁi@@@ﬁ@ﬂhgb Nt 8CAF TRGE of powder
15 with the first enbodinment is a nmethod for repairing

% % EHEPStion of the blade 5 as the portion to be
repalreﬁ1amd ptb¥i deshay tthe dhart- é)lerempdal 45tep,camposed of a

(%Dlz_gd tﬂg(c% 4 ?r%%ﬁa’tlegngmg)stgh' ?lﬁb;@ ?ﬂngﬁﬂ;’%gLéPIbys

and a (NEX8) 1H’a€Fﬁe@%}hmﬁFhﬁﬁ@feﬁ?eWf{lfeﬁoml%ﬁ*ﬁﬁordance
ThecH urid nei ¥ ot Oén@b@ﬂﬁerlt aﬁllhebaaalasaemaapneeennasmr with

et at th 27 ct rti
R AN I L
Xeaxd S5 &= \eordritiar. IQ and t he Y-aX|s servo-notor 21,
the tablg :!rérpairnﬁgﬁﬁoﬁn o FNEn K-S v éﬂﬂpﬁﬁiélﬁn Jﬁngccordance

the Y-axis rection to position the turbine rot

et a5 TR TR ERATOLP PAIATPOR 55 BYPERELRY add Bepdportion

O@EJQ%@ bltz@iet fe appkHedperetdn otke 135. rdvaimeid lamd phrewveded with
ase t he K n ecessar : -

gbaédxﬁﬁovﬁgh§£3§fs dﬁ tlgéz'tégﬁhg¥e8 ﬁb sf% Ealn film

eh@uﬁlqamcstlsaﬁ@e as(@eﬁbr@%lﬁéﬂméﬁepzoat i ;f%nlsh step

%ﬂﬁiﬁ?r(rgﬂ qﬁn&thghanlg,@@g t he hard electrode 41

an electrically insulating I|qU|d S. Thereby, as
sHbWh)|RFMQ%fL S , by nmeans of energy of the
el ect rlmxedltslebamgeroaoﬂaémce D asucheamaehnmacﬁa@mponent is set

OCCl{”ed t7h% ag Wﬁddggéct:{:o é)ftnt_é] ﬁéﬁltg.onc%% BEe blade

ener |ng
ﬁm@b ngthebﬁl@%@m@d@f %@mmgth%tyevgﬂr%s Wieggo-motor 19

t igs RHRCESSE Y 638 -3btokrS21, the table 17 is moved in the X-axis
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
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
canbe removed. Meanwhile, when generating the pulsingdischarge,
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
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reciprocated in the Z-axis direction by a small travel
di stance by neans of driving the Z-axis servo-notor
33. Moreover, in the 8 blade 5, a portion from which
the defect Dis renoved is referred to as a renoved
portion 5e. (1-2) THIN FILM STEP After finishing the
(1-1) renoval step, by neans of driving 5 the X-axis
servo-notor 19 and the Y-axis gervo-notor 21, the
table 17 is noved in the X-axis direction and the

%‘l@@es 501 4 @&iritQRnt @roROR HdPRhkN@e tolEDiNE sI Pébvdd adereferred
so that the renoved E étlon 5e of the blade 5 is
I

6ﬁb5§b@'ﬁ@mPﬁ§dnBP5§ao Ctrode 35. Meanwhile, there
ntely- e THIMasa LkheM@Pt he table 17 is only necessary to

be 10Aﬁ\é§dfiﬁ]1§tbdﬁ1&(tﬁ)él ?1 di)r %%Hog’gledﬁ%ﬁ h% m@an?] of driving

pul sing electric discharge is generat
réYfo¥edX o BEirgR Beter thans dr Y5548 IHT IS 21, the table
al7eatsr ﬁdeed3_5n|ﬂ'ha?lﬁ{—%|x&%t ﬁh%@l:l:!ohnéﬁhﬂi atHeny-laixgei diPection to

Foidtn Sher PorlibBnotd B4 o i TeTornEneSRar A portion
dlecef tbed 35 0P is smaeiadhodhiesnalded efletheodat3dr-i akeanwhile,

G J7LHaQUbedePRSEL PR rdi fHSian ARG Qls W%ll% ch@Esary to be
the renoved ortion 5e of the blade 5 and thereby a

FGEs 1ohither Kravas ééﬁecﬁéoﬁradually formed at the
r ermved"umhteh:ona @:ﬁalaflnt;;hel bt et alscMEa-@whid; gensr@aned between

QI nerr%tmI %%gSpSrE ﬁl Eg gfsgl'bear %th%eta{x;q%l q g glglded electrode

ectro elng I'htegra processi
Fdadn3an Qlﬁcﬁlﬁ{ﬂaﬁrldcaﬂédlaﬁlm%ehﬁ@)d §.di Tlé%mbm @ﬁ ghown in

@1@ | 4t Vel rﬁéa%@a@%netﬁgmﬁr&aeoél@c@lﬂdal%habge, amaterial

Xj s r vo- npt or Meanwhi | e, "depo
G FOS b AP OFCHER O g OeaRESaF Ho8 RBRAgEe of the material
|dmﬁnﬂ@sngutd@emmﬁﬁﬁidn1 dlﬂﬂu%ﬁualand/ofweéxﬂxmﬁ at the removed

I)l(:%.g) %g B?e{]t?gelﬂaa askhéggbge?ﬁggdﬁslt%QH gllm 45 can

enonena OSI |on an
&@eﬁé@@w@ldﬁf dicrrmad @ﬁ aha mmamg"poahaonn%&e@f the blade 5.

pReMMENS , Oy @D Qadidating fitisim aindy wel $hiirge, the molded
%%e%% HFNBEILM | FI CATI ON TEP fter f'n'ShHﬁg-Bead 31, is
r 13T step:d by “wEaf CAr RS Ay °So S !
Xegiipx osated- imt the 0 aaich ﬁhee&tampsbgeivmuﬂﬁioraiel distance
yﬂyemteaw eorlld h3iPRVEE tRethe, ﬁ@xéérﬂélr@&éd@‘ssa”d the

axl s |rect|on to position e turbine rotor blad
1 so t HgerrhélehniWeposhtion, i Gppdssgard/ eheehdigg” means all

@e@@tlh@@aﬁdlu&@ﬁ;ﬂmgbﬁoswf:cs@" jayigeuaiease “wmQﬁelg", “mixed
tlﬂe takélng 1o7f geggslé/tincglgegggr éi%%uts)gorqpyed‘mlr;(ed phenomena of
depOSlthI'l andwelding”, “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 stép, 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 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
direction.

Further, a pulsing electric discharge is generated between
the porous thin film 45 and the hard electrode 41 in an electrically
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35 direction. Further, a pulsing electric discharge is
generated between the porous thin film45 and the
hard el ectrode 41 in an electrically 9 insulating
liquid S. Thereby, as shown in Fig. 4(c), by neans of
energy of the electric discharge, the thin film45 can
be changed from a porous state into a high-density
state by nelting the thin film45. Meanwhile, when
generating the pul sing discharge, the 5 hard el ectrode

41 s A d8igNg iigitiegkal whdheghe aEHQaQﬁﬁﬁ'i NG ﬁﬁ@d 33(0) | 5y means
reci procated in the Z-axj.s i Tecti

RISPARERY OBy e aneChF 1S HVRIoR ¢ e Y38 ST bs LoB¥S cnangea
seromanmdosu83tate- ﬂx)tcﬁ)@msbfﬁl—ﬂhhSIE? Afater bivimeshimg the thin

tC#l%n{ }s3) &Q%g%ﬁiié“ TRl | %Eg%ﬁge&eﬁy Jvé'l%xqf‘%%%h%&ge, the

r'i'vi ng 't he axi’s servo- tor
Jenvbepcbrode, 4 hasthbing integragvedth fheherxcaxssng head 31,

did eeth ghodRbed tikeriYe @Xia%k i8I AL d 0o Bypi)%tnhﬂ.@kntﬁehﬁal distance
turblne rotor bl ade 1 t hat he thin fi

€ % &%t e WoiGed e %EEt 0851 55 BANA ?5 there
rﬂﬁk4ﬂaDERQﬁm§I®meB€EPhe table 17 is only necessary to

be 154 \é%df'lﬂlggﬁn -@xd Spididheehl Anei FHIASI 51 Aition step, by

pul si ng ectric harge 1 s generated betmeen t he
WRART | Py 45 15489t HOOKIeH: 8] SQINGIEI$ST rl nand the Y-axis

&la6id-inkaldry 21| nad akbng %T g ﬁlo*&edﬁtﬁﬁh}éy}i( asishtiwection and
Fl,9 Teans  of, .ener e e ri

et kapgds BnaRtRPS ohid S e dort BecetF gheigseop o that

dhreetlbin dnlzmub%uarm@qﬁed he tinstrepldgd @épptggdgu’ﬁ Meanwhlle,

dgpasd ttda‘?ynbed' fEHéboﬁhQPg/ﬂﬁe velish hag At & Beithing cbiskBry to be
45 and t hereb ﬁ% porous deposition 47 can be

igh iy Hh6r &XéF FRESERERDEi Im 45. Meanwhil e, when
gener atfiuighieke pySisigodé sebar e ditdehargledéd generated between

trode 3 b I Wi
Et Zg nef Eﬁlsgge%f%&gl(eagtoggrea e%\%cggréggsf%fﬁ%:ci Qgegtrlcally
alrsamllatﬂtnga\lequddsﬁancﬂlembmaﬁs sgfov! dim Wé Jof St(Ré, Dy means

5 1SR W MO 133 el @i skRaeyBaugt mﬁt@@ﬁ.bﬂ.oﬂf the molded
whi ch stlcks out of the removed

$ort E 5e of ‘%% .
515559933 9F SWERASIEPRES YRS TRedpaterl carries ou
sheqwrs i tri o, g3 1 B wehieom me/qmuwsimgngeecuhe thilh S¢Rardfeand thereby

ge[e %rr%'ﬁ ddggogfrc ﬁnﬁ Q:fea gt:bliﬂ‘aﬂg aPé’rﬁQ& %?ltqh%dthin film

ctro ort 1 on
g deueenebﬂedevfesl genﬁe@eleg |t§1ﬁtﬂ"-§/153r%ﬁ gépchpafea the molded

shane: \fad he, rsgqy@ﬁ@qrﬂﬂe@&aieweftht BEetﬂ:w@eésmg head 31, is
%a%v\éhrg::gg eadnlg Ililgtz ax15 \Qﬁlrcel?:ttJ.g% gDI de ae_l. %trra%qeﬁ distarnce
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
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 portiocn 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.

(1-5) FINISH STEP

Afterfinishingthe (1-4) deposition step, bymeansofdriving

the X-axis servo-motor 19 and the Y~axis servo-motor 21, the table
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out is preferably 0.02mm or nore and 0.3mmor |less. 35
(1-5) FINISH STEP After finishing the (1-4) deposition
step, byneans of driving the X-axis servo-notor 19
and the Y-axis servo-notor 21, the table 10 17 is
noved 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 tf g hard el ectrode 41.
Meanwhil e, there may be a case where the table 17 is

oy Y‘Lsn%%%aaiﬁ £1% Q@—a@ﬁvseﬁl'r@cttﬂ%nxaﬁé'ﬁne 5f—‘3>{1%c'd|1‘i’éctlon to
Furt her, pul sing electric¢ discharge is generated

RAVdePn the HEpBERE| BAL AT DhRFS HeSRat P bIdt] (Sqe34f10n 47 13

Id’pp&fbeﬁi ectthe ddrd elasutade ng .| | qubawisi 1dhertadne mag be a case
omn i,n Fi

e the t%‘th%( 9)7 1Qy?ﬂf?21§ec@£%§%?rtgy b‘g mtol%%d ig EBe X-axis

i ¢ dischar ge, ng to require
(ﬂﬂﬂﬂﬂﬂunmrcan be carried out so as to nake a thickness

of ) the FUAeRRY té%ﬂll‘h]ﬁéltgoebgc@rﬁé Qﬁ?&fﬁ%@g&eﬂs tJkReSS between
Wi orm.n a | ensi | | a

s ggg%ll&goaf 4ih naeB]agl ]'11%/16 %7: rgr?e 4?1 e fReelectrically
sitrsfdces isigdd iefuith€ . deplostébhypn 7. sHVb«mn\MIm Feg.- wheh, by means

85@%{;%5&1% 8%&990%%%%%&%% 4 benbhay, gla%huﬁ ggd@o required

bei ng i ntegral processin
|%1f¢9é¥ﬁ1m1b(§@tfb § ﬁartrﬁ@dzpa% §0d|arseéf>| @ﬁksyaatghﬁkpess of the

td@&lltciosi anc e: Pyb4reaAns r@cﬁeﬂeﬂﬁiﬂ/@d ﬂﬁlcﬁheeszs a¥ish forming a

I N Fl STE
t#gﬁflﬁﬁé%PfQSfl%FHA? f 8t ep, s%ﬁ#ﬁ%ﬁﬂsp glegpﬁoggp051tlon
21)7 3% msldenacdiied stirdaceheide rasf thel @@posgtiafml 4he Meanwhile,
?ﬂ-[éi?%ﬁ@ﬁllﬁoh ét{l'péj‘f)ul%g_n'gsgi@gﬁaf@e,bech%uHQQ&t@Ijerp&’rode 41, as

rst nmeans f driving t
Yeesn g @éﬁ%a%of’éFhlgh%nHr?%%sz%%}Se%% tSt eCipyocated in

tiiee tabkes HA ret tiRwneasly anshdlel Xraxies dligtenideobyamdisher a drive
-axi,s direction tgmg%sktégn the turbine rotor blade
s thdt ¥HE F5°J8pBSIPfoR~47 is opposed to the
hidr-dnoIFd&P gt Faddd STEFPMeanwhi l e, there may be a
case whaghe . the, {abi gy Lhel -O’ﬁ)l Ylﬂ@gﬁsastaarﬁ’, tReb1d®yedectrode

the X- di t t
AR arsache e Stea bet fede OIS TR G gL ect rode
t3e ibatnsiie ltdede eh@q:torﬂ@ei BY the amreteﬂmrdecmBBy Béxt, by means
OI’%S léilr%.tvlllﬂgf ng% )é[% L e.t‘éf%%()t%?f d IE}IEFIYg'a5{§QJC}>erV0—mOtOI‘

el'ectri c di scharge,
rﬁa}ltferthal t@ble hJe7 h&r momﬁdie@l the é(cﬁ#éaedgvefé‘@lfan and the Y-axis

B3 dd Qs RSt heer ofn thige MaLekiAL e8tbbep1QdE 1 so that the
deposition 47 is opposed tothehardmoldedelectrode 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
thedepositiond47andthehardmoldedelectrode37inanelectrically
insulating ligquid 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
then the repair of the tip end portion of the blade 5 is finished.
Meanwhile, the abrasivenessmeans a quality of capabilityofeasily
abrading an opposite component.
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deposition, diffusion and/or welding at the deposition
47 and thereby a hard thin film 49 having

abr asi veness can be forned and 35 then the repair of
the tip end portion of the blade 5 is finished.
Meanwhi | e, the abrasiveness neans a quality of
capability of easily abrading an opposite conponent.
11 Meanwhile, the repair nethod of the machine
conmponent in accordance with the first enbodi ment nay

gelnndM%E%%hhmeV'fﬂéO%? ébﬁIﬁﬂggﬂiQﬁ?ﬁh@SgﬁFﬁ@hbbéamponent in
el ow. re specjfica i i e

ereCEasre Bith e TrATh AToCesh Br {44 Mview o
OﬂkiKﬂ%oﬁﬂmﬁmth858695631bédtheloﬂtepS in the repair

met hod af t qﬁgp t 0

t he flrs %ﬁog?ﬁ£%$f1§ %? gf 5 g f]{wjln f| ﬁgéé%éthe (1=3)
drin pelpmadidd caraoseep q%b@a@mb\it@%ﬁép&t Fhe %%165 of the
%lt'@sngn dirse B@Fﬁ@r'rﬁétl’ﬂ&i blff.fetl‘ﬁé eelohieal tymporseth@timngccordance

o 38, BB ey o B R DR Y oo P LR T3 cam

&he;hamdemnlded el ectrode 37 as shown in Fig. 5(c),
a Si H%%%BQQ? 5}H§?QQ§S§F &gr (ﬁ%ﬁddjt %dﬁulgﬁn§'d1§charge in

nol ded bo mol de rom npressi on by
f@ep?éggi:ﬁgcabmw%w boayidudy écPu%alagrfEa?tcharge may be
tgreela%tﬂmréﬁ Ay &aaaieﬁaﬁslaayagumsﬁymm glzlts such may be

used. inthis_ ca Si tr

dlschaE frggﬁgfa%eateaéan %gggF“%g%Fﬁd%% EECtIOSE 37, as
Ishmmndlﬁoﬁualnﬁmg al ka®e ¢%Qﬂtﬂﬁﬂ¢xﬁ%scqm&ﬂ$®ﬁlp§ at pelid body

Jr eliechrodessd 1—5@32«, %ﬂo@drreqem ﬁbuaéyp@yrsln%y M)M:ress:.on by
(Metal I'njection ormn

WESOVE, 55 (18 G TASBPIR MY AChoL? o PBAH GHSAHERt by means

elfeat acuud pRItnaec hirneudh , mahoadekedt Foftidre, tinpthis case,
end osrtI oneloric‘szt e b asdﬁnargzg b ﬁeefg)yeeéj frg art1 hglectrlcally

irec hi i ni Ng Xe requir S1 on e carr
amsué@ta@mblqubcrantm@mé%k@nehﬁé@éﬁé@Pﬂﬁen M%lwle the

tsq @ RISt ﬁam%ﬁﬂad:ﬂf 8strrfpckenanam aidwll Injection
gﬁ.hlng t he &1 har d tgln filmstep, a peening

NG pr 58889 LOLBAPEcBRE| GBCRf the hard thin film
49 vv| t bﬁoaep&eml,rtgyUBéatgrm@trlmmlynbeladd@dnsNead of the electric

hQDR1 % 1t hetﬂéfééfeeé@ Rl me% ebrﬁfﬁggﬁ%hb@@the blade

ecause e dep05|t|on 4 ans of
én@ﬁgybeﬁemweecélaéxﬁ the é#@éﬁhrrg%chﬂap#%g@ geappEed dimension

¢RROBE! AR r4éaCaitbPEo as to make a thickness of the deposition
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.

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.

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
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limted wthin a range where the electric discharge is
generated and hence it is prevented to generate an
excessive deposition at a tine of formng the
deposition 47. 35 Mreover, because the deposition 47
is formed by neans of energy of the electric

di scharge and the energy of the electric discharge
locally acts on a promnently gpaall part in the
renmoved 12 part 5e of the blade 5, rapid tenperature

rd=e 9& oshend bPagad, pﬂﬂl@ﬁem@éréﬁ@r@h’d@@ df tBe tip end portion

LR BleE Bt TR lon eI Do 20 Sl 2, gpostcson

477.5 and the hard thin film49 are fornmed by neans of
the en%%eh% ﬁ{oh}% eio@eg{lgg éﬁécmfzgefldﬁn Q@un@%ydegwsnmn 47

bet ween t boundar

it e \n@éﬁ théndépeni £P orr a7t amed the e Pl APR5Eneray of
ak @mewdaral@@ﬁatr@@,t wepBuhherhasartt et wkiehnthdclaivd £ilm 45

the res tively have stru r [
e o T e
tﬁha1ﬂhﬂnnf49maﬁa ad a deposiarivonasy? eepwden filpginard thin film
e B T e R vhieh
GRS G SARRES HE2LHENLAEPES b%‘%a&#a Ebipr e ﬂ@ 49 and the
kd eaetes i% iad 4Uheat e fliidiy45omisindd wiedit edbése otrargeial of the
I$FCﬁo%P%%iﬁ%%tet%ﬁhofEH% Righ-density state by neans

e ‘ener électri¢ discharge, the surface
si de @fortehaefegor besadeposasi valU7as sthfewed 4 lffortm is formed

the tmegaeﬁlseéatp{orﬁmm gd b éﬁ@ wladd& auaf oce side Mfim 45 is
the qﬁﬁ&5|t|on er neab I|to ggﬁt e surface

OaCPERT® o PBF ORRe® tepbSTY U TS ey State BY
tmhdnsIodsthsoem@agycnd(tMH eteresist dhschafge hahausuirface side

r_oo.é OELheb %q%u% é‘ég‘éél'&%ﬂ' f7CAD ;Peelﬂékff@%%‘}m the hlgh density

where th peeni ng step IS ad
df.ltﬂér fﬂtﬁ.%@ngthéhels@)rfﬁgﬁd Seten | %t%?POSltlon 47, air

f 11@%6@&%@53§E£@§%1c@a§$ﬂ% geﬁersltcm bBeche deposition
ace 1 ONn S0 that
1§u18a§? qcé:hgﬁhi% Iﬁ‘fpgggéo%}fjtcfaowoﬁ rgsﬁs%ancg of the turbine

|Mcaa§1§lchdel 1 adtcerdaepeiwi thnt he fincseasdthodi nent as
descri tﬁﬂ‘ "1]1%%41 T bﬁ?%”éfs%%eﬁ:@nl&?e Bgehﬁﬁ?dﬁﬁﬁhy:ﬂiﬁed after

47 can ﬁl mte ran wher e | ectri
dfi Jsrbnrﬁarlg@ e genel heed tHdniHdm T1RP+ BREEY gompression stress
deppyd lg@.ﬁ)’ebstarEN@rﬁlﬂ.dfafdd)@lgi%nelfathégd@oihﬁcﬁm e’ afo that a

P S BRI kOBt s LEBHPLFO00R ¥OTiScAlSLa.

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 repairing
the tip end portion of the blade 5 can be shortened. Inparticular,
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, because rise in the temperature of the tip end
portion of the blade 5 at the time of forming the deposition 47
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deposition 47 can be reduced and a tinme required for
repairing the tip end portion of the blade 5 can be
shortened. In particular, because the steps progress
fromthe (1-1) renoval step to the (1-6) hard thin
filmstep by nmeans of the single electric spark
machine 35 11, the tinme required for the repair can be
further shortened. Mbreover, jbecause rise in the
tenperature of the tip end portion of the blade 5 at

U&fﬂflﬁé %f@flcfl%h@lﬂgsﬁﬁﬁrml bb@ﬁrﬂz?ég SRfrBeture at the tip
sufficiently su s currence.o act ure_at

EPH BERETBBY OForFo S LT 6 Ao B eBgfodnBPRGF SEbAEP abt irevented
ise hrevdatfedtise repati rdef ebtitvebrieparot of bihdetlucdi e avoided

Qt ar .bkade 1 can be avoided as possible. 5
?hgrnnre because the hard thin film49 and the

dep05| Fpshheaporan beeapseihe RaFDLRED Milfrt ? ABAfASAeposition

gt eghabe Offlﬁdfr@y Rcata n2d whaht bee tihd g fdtBrd%]l bifethe blade 5
hard d t.he .de |t|o eco

hip fil 2 ae
Hﬁgug%SpFPﬁPeg%% peel i i 5F¥P 18a§§ F?%Jd%ROSltlon
tfiebbtane ‘@Wmequamwlmg torfef €uobi the besermaterial of

'ElhédSl&d@fﬂ &g A8nkb %ﬁfpﬂﬁ FapnRerstaPid %8G r blade 1 after
Mor eover, because oxidation_resistance and of the

£BFLERBA1FOFBR BFadE2R1LiF%%- the repair can be
[ rrpr ovEdrebher Auadddyseoixidheibur besbstates dicade the turbine

? LeL afggs feﬁ?a' %E&P”u?ee regg%:r.t%v%%n LA déeg%?ga ag%e'&allty of
fqhm §hrhgnehleot(qr ealatﬁaard BAEATT Ehen BARALT (99@ P4t iigpeoved. In

fa&%mahmaef thhQ999§ét\kH@ré7tl§@np@@nirﬂ% dléin;ﬂided after
ce. t he qual of tH thurblne r ot or

81 bty Chan 5 1 O FRGFH it dPedt SPur e R8s REGenath of

tasedapesbtibe 4Urdameer mnorebsadearild afdrere thlkequapaty of the

gﬁfrgpLBlel fgtggotglrhedegqs a%lﬂ 'Qﬁe% erb%aneﬁgnf{#t%er improved.

erence herna expansion etween t
mat er i BRrBherRere} ddea SaéﬁdeWFée kaedt ey e FPﬁPHQf’Jf%de 1l after

gaa&r@aqd_r lgagghl@a tb?tﬁ%eﬂgéﬁi th&banfglémjm:é% pafa%haf difference
P neans o e I OuUs e S| T.I Qn an
SPERERRET SRl 03 S vy RY e HE s i el o [ & 1ade 5 and

phephgaﬁlmn dfilinhd Sciackenéra hed harmhakhiof thenhdedtohin film
e S |

4PCcaR Ee TBU TR AL B fesfid RRATRCOPEOULE S€position 47 and

exenf i f the MFegkneREusr ed %ta@seflr%éau%éﬂémné?t é?ropagatlon

wirt fh& efrercanes tPe Hakd/tand Fion 4 tA the Hadwe matetrial of the

Bhade 33:L0:8°60" Jals& Wi h the nodified
{(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
exampleis, likeastheturbinerotorbladel, onecof 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
9 and a shroud 55 formed at a tip end portion of the blade 5. Here,
the shroud 55 is provided with a pair of tip seals 57.

Tip end porticns of the pair of the tip seals 57 in the shroud
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30 exanple is, like as the turbine rotor blade 1, one
of the electrically conductive machi ne conponents and
re-used in a gas turbine engine 3 by processed with
repair. Moreover, the turbine rotor blade 53 in
accordance with the nodified exanple is conposed of a
blade 5, a platform 7, a dovetail 35 9 and a shroud
55 formed at a tip end portiomgof the blade S. Here,
the shroud 55 is provided with a pair of tip seals 57.

HP seRdePds RS Rfs tBHPairkatbdt be ttHQOt&gal_LﬁeSEO&cm blade 53.

t he shroud 55 serve.,as. portions to b d of
the ¢ UPBIERESFor I BFRAS oS SCRAPRRBFS i FBgd )| pembodiment
aeqobéaprecmssadtWExH|ﬂ@$peembbditnﬂnpamayoﬁetbeobasggals 57 in

ey &
S FIRPSE i IS 10y Sl £ 200, S O I e cat ons
Gt ABPEASONS BHEL FAMEO BRS @RI koD 2PRet BPer T s of the
ad'ﬂ)rte!?(%nftli%teldoﬁir@ch%/igla%?iQﬁ@h)ﬁnentI oged first Cod o
e | MENT) A production nethod o
HﬁggFgFg%Eﬁégﬁﬁﬁg?;onponent in accordance with a
second 2ephodiutgritomninidt el desor | bestdradima¢hire qomponent in

Vﬁé%})fcﬁf HEREE, I Osgd:cgnd %mb%kigmeﬁt wi 0 bA(@scHKkd hereinafter
FI.g. 4(c) Fig._ 5(a),

) . Fi 5 The
ﬁﬁdﬂhé?f%ﬁeﬁﬁ?ﬁﬁﬂFég t%@ F@st%ﬁ gha%L?h@Egﬁhpéz%ht Fig. 4
acienr darge wuhh Bha)seemgd erbpdi ment is an i nvention

for praguctio C'QlOIﬁme% rgg S Bl ?%OEQE%?%%&*@ c%@ponent in

as the resyored onen
(e cindemcegny it ghamascond Bmh@dme@t i5laadienveryt ign ﬂhr production

U ¢ nad stmcdH nﬁl@ﬂ@nﬁﬂoﬁmé Mgl §s dha) ré@ﬂeréd&l machine
ot her words, an jnventi %ken from.the repaiyr

SOTRRBSRICARARR iTbhpEn LRt GG BOPRATT [Thg0T blade
anb®¢|manbrﬁgmﬁnanmhbbtnev&ammmneﬁt dhurheém, Filge 4{a} and, in

po[@delf%ro Magﬁa : LRg SRSt LA Eﬂt@f@%gfrﬁgtﬁg%@%machlne

accor ncé Wt e secon di ne IS a
proFEched t Wit Regogdanye rehipl afthestidy, s ta rpogimenitn frppppnother
St %Q\upcﬁln(tz 3i“ui'hh@r fthlarﬁﬂﬂai‘icftl iCAlhO&d 8p the f&stdred machine

a5 BBl e P b Phesber S RalDd: Bphf s I Broviaea

naaﬁiae(éeﬁponem@vahsa&andaﬂée2mnthlnriﬂlmrﬁﬂep, a {2-3) thin
eﬁ;i%%%a%l aélgmfg@é/ r w%'?einSSQﬁEin”sE@ﬂ had {9t5) finish

e restore nponen in accordance with t
sdEphd@nenBodiment harfeteiciiie sieR Kidéhidte thflrePﬁér method
rex egd n@&tﬁﬁlﬂ@@@mﬁéneﬁbeinha&doﬁ@hﬂed waltecthode 1t anbdodiment.

oreov%rrd ﬁl Cé;ragggu lggmggﬁcr Iol%ecqneaxbé)s\,/te aerc?mgg’l?ijne component
inaccordancewith the secondembodiment, theelectric 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
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 bhlade 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. MNext, by means of driving the X-axis servo-motor
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Meanwhil e, the restored turbine rotor blade 1B is used
in 30 the gas turbine engine 3 shown in Fig. 2 and
rotatabl e around an axial center of the gas turbine
engi ne 3. Mreover, the tip end portion of the bl ade
5 serves as a portion to be treated of the origina

turbine rotor blade 1A (2-1) REMOVAL STEP 35 The

turbine rotor blade | A as the wiginal nachine

conponent is set at the jig 27 so as to direct the

ti9p zevd tper tYi—@RJ,@fséheo wbese 51 upwas tabNextl,7 Iay; feasd in the
dr.i vi,n e X-ax vo notor 15,19 and th |

At vt ortoion sk Eafite 3T AThaURCT il Ret g e curbine

diatect b brdand &c‘nehaﬁ:wr@n@veépprbmon&%faé|tth|edrnlatdrﬁe5 is opposed

:)M@E@%olﬁ‘%ﬁoélégﬁgﬁjééﬁso Etdlaﬁthear r§?5‘?1€%‘1necglt Qvi€discharge

i's opposed  to

d electraqde 3%
i CRBFTa4eHuPSFREShI Het 140 &.néicﬁaraé% of Jtndiatsy s and the
beirseele d theodd Pl @ AtrpeT ¢dtomi @fl then bhhgeing ahduide€. Thereby,

har%%gwgghrﬂji ﬁiﬁ%m%[ %ﬂ%%' %(ae%g\gr 6%%‘1{'@416{1&4 194 Scharge,
eanéﬁéycﬁthsh@helaéc@ rcrrcaCdx’u §@ﬁairg@d ta td@f 8ép PG RIFtden of the

%l%%cg QL HEr &hded hevbhRwBNde Paid kAR &'fadeh@ @'p@(iftlon from
ved. Meanwhile, .in

can be t
O BRI AP TG USTEROTSY 451 Brveted S0 af of Fagepgd portion
&e.a renoved portion 5e. (2-2) THIN FILM STEP After

f@jﬂ;;h@@gNt@%ngs%kprenoval step, by means of driving
t he axis servo-notor 19 and the Y-axis servo-nptor

21, théftgs Blnishim thenpdel) FRTPNELE SR s YiteRs of driving
amd khexYs %éir&odinb%tri DNahl w&thﬁmstmmn@m 21, the table

t.ur bi t 1A that th ti be. .

o BioRarBhCle Y bttt BB R SR G PRy 28 BB on o
Furstiftdon ahpubsiginal éorbivedrethaigades 1§enertdtaddthe removed
%o%%ﬁ’%ﬁe"fr Yaﬁ‘id@oﬁtl'so%pg: sk EBetﬂ?é %Qﬂ_d%daaﬁiet:‘a%ode 35.

ectr 35 in | ectrical i nsul atlng
IEVghhG rs. aTﬁeiéwg akeshbim divghagge 313 gsyeﬁésﬁé Bftween the
Q:l’éﬁfcﬁzyédoﬁokheom%tdﬂ ¢ hei sThaE e and BRtefidBdedlfel ddteode 35 in

ectrode.35 or. ar actl nesu nce of t
it ERPaE- BRI oY et bR Sai TS G artd g in Fig.
B dbggmaansh@fﬁﬂﬂﬂ%&dofpbhel©he©m¢x¢ dﬂﬁ;ﬂﬂnﬂ@e 8 aﬁﬁerlal of
teher ﬁeidédpgigé'@r&@é s of 'cjrma4§e§@f‘18§ Qﬁaéﬂa&}gﬂ@lo'fythe material

f or ned t he renpved portion 5e
(C.@rg)lewmtﬁlwqu} CRHENCSTEPSRE (B TR Ag the removed
E>r2Yichhbe &fl thetmpddpraadsthérdbyva ngprous thin film 45 can

be gradually formed at the removed portion 5e of the blade 5.
(2-3) THIN FILM MODIFICATION STEP

After finishing the (2-2) thin film 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 roter blade 1A so that the thin film
45 is opposed tothe hardelectrode 41. Further, apulsingelectric
discharge is generated between the porous thin film 45 and the
hardelectrode 4l inanelectricallyinsulatingliquidS. Thereby,
as shown in Fig. 4{c), bymeans of energy of the electric discharge,
thethinfilm45canbechanged fromaporous stateintoahigh-density
state by melting the thin film 45.
(2—-4) DEPCSITION STEP
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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 30 position the origina
turbine rotor blade 1A so that the thin film 45 is
opposed to the hard el ectrode 41. Further, a pulsing
electric discharge is generated between the porous
thin film45 and the hard elegg¢rode 41 in an
electrically insulating liquid S. Thereby, as shown

idn FLgAf{e(rcgl?ﬁQM%H@aﬂ?e |‘3(f2~?5)eﬁ:ﬁ)igofliﬁrhﬁncﬁiieﬂidd't@on step, by
I Sschar e I n Irm canpe_ cnange ,
o BUSTITAE | T ARFORSdanay ™ oCeat ol by el (iR Y-axis
tsi_fee:_\fcdﬁ-!mtfdrl Bl AS:hd 2a%) eDEPCS| HbOhK SFERhE6X Ak s direction and
fﬂﬂ‘g §h5$9 t&%:e(c?n@n {:B ;QJJJ. 1@ﬂmﬂéfdﬁ%tlr%ﬂ §E§Bln@¥:otor blade

neans oO rrvin X-"axl S servo- not or

Vnics thagr HBEnBhbR S11m he LARRPOEE] S nieToRSpeelectrode
X3axXi sudiheet | Haind nd ke e¥taXcsddsEREEGON 4 @epesiattiednbetween

bi | ade. 5 h
i BE0p A Y 528 Bt og e BefS A9 B o e bl brscan sy
Rurstthiert,ing puhgudgseléEh&r@bxhSﬁhaﬂgaﬁxsngéngrabéd by means.
het WeRIY ot R tehieh chieldp4e aa@chagggol qeﬁaebgguogg §§e molded

in an electrlcally insulating liquid S, There y
HEFFEeFRg. OB(aafeaSWﬁﬁa%%bStb%n%&fgﬁ? Bmatrrial Carries out
@eyﬁgmuidwsnﬂﬁﬁmﬁzoﬁanmxﬁfwaud@ﬁgbh&hﬁmmfmfimm45andthereby
electr de a reacti r

o Sy R R L Al R s

the t hifierei,| heSExmNsther pbytlanpdrﬂcﬂls SiapHS| @%r@ﬁ?he removed

Gy hed eengd @ale thadehbnid id Widd rHefeshd @l%m@h@te alrectlon

portion which sticks o#t of. the renove i on

RS BPURanS 1 0 & HranEPE G A THE %ﬁ%}fb%daﬁféeffﬂsr%s qgnerated
astsheanths Ehijn 6 whdd thé phd siaigleel edericodesthargehape of
t | 4 t .
FEHIEBALBELLGELS U RRRath DLIG: A e hRd w1soniay
Aoirged dhagy @o@élaPE o r‘?ﬁ@er§mp§ﬁfil 90rFaP§e?et fanthe blade 5.

%Nbé%(iﬁal'ﬁflet h@nr ﬁﬂgﬁﬁﬂ QOlE}'I%léﬁ tft}fhe H&ﬂ_d@dgéﬁleﬁttrodg 35 sticks
anwh i c e e r ode

AR e SR BT0 L 0Bl oF nFbe CH i 7 et SLer

O.Z31h GTINISss STER-5) FI NI SH STEP After f inishing the

(2-4) depsid; qgé#g%?pcehQYim@Paeﬁgsgfigﬁ Qgegig%néa@%'osfdrlv1ng

Servo- nDtOF axl s servo-notor
{tAKs ¥-axys |S§rm9vé‘él>ti°ﬁ 1hanR- e §-ariE9OP AIRFAhel, the table

\17a>1lssmdvéa01m Qthd q%&ﬁoau&eaelbheamlw@ad adwirsbdneection to
B LPaTEh IR CERORL 1 20 od S8R ponsion
47 is opposed to thehardelectrode 41. Further apulsingelectric
discharge is generated between the deposition 47 and the hard
electrode 41 in an electrically insulating ligquid S. Thereby,
as shown in Fig. 5(b), 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 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.
{2-6) HARD THIN FILM STEP

After finishing the {2-5) finish step, the molded electrode
35 isdetached fromthe first holder 39 and the hardmeclded electrode
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di scharge 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 neans

of energy of the electric discharge, 30 a finish

machi ning to required di mension can be carried out so

as to make a thickness of the deposition 47 to be a
predeterm ned thickness with fprnmng a high-density

thin film47a at a surface side of the deposition 47

by; eldddy thhse SHHRGR i B¢ e Ehestdepnsd 'B@n 4ﬁex18,5 by means
(2-6) HARD THIN FI'LM STEP After f |sm|¥£§ %ervo_motor
fGInioLH vdpgpt ?r%f%ﬁﬂ%uﬁ?%?oe@PF8&e ¢ sfet'ad e&

Uha frhestahbé der i39manmddt e ther d-aslidedieteciomdmdl the Y-axis
%ectg% etg??s 01{1%310‘85&% b% ﬁﬂetﬁkﬁ§hehﬁg% b§gde 1A 50 that

rrvin X-axl's servo-notor
amre dRPORidtios 4dr V6. PEPSRCT2EO FHE PaBPeTeIird ﬁ{b%amde 37-

IFhﬂ%HéIX ?ﬁb&l@hhgcéléetﬁﬂa &f&t%ﬁﬁ@%ﬁis @emﬁahm@? between the
ositi.on ro a o
t%?é)%éﬁdﬁ Fl c% 3\%.@ f]%c% € sh lﬁc?n Q?Ec@rlcally

d ol d
e:lm_tlrajﬁelgsllquﬁdr SherTh@rq:bH&arﬁg Sélcem dinc FdigscRdege by means

'o‘aﬁ gﬁg?é?tc?fjtggté’fee@crtl@dlggﬂ%?bé' Amé¥e g td¥ethahrd molded

ectrode 37 In an electrlcally |nsulat g ‘
le kst osle Fheprly reastéRBWHIRPSERGE oF( £ TRF caggies ou
Qi@'cgsihtcifori heyig feGtifkine a@hﬁgahamgedlagnatelthal deposheion 47 and

85520 1 SLect 96770813 SRR L SPSLANSE @limed and

eSOt tion, u3|on
vwhem rtgueatprtddemdte.msuotf mureaﬁ@reﬂhépébyna Katert Rlade 1B is
lﬂggggdunu ng abrasi veness can be formed and then

e productlon of the restored turhine rotor blade | .
1o [l Hiosedlles FAMRRPRGCELHR O o e RRdogFY machine
tdenpgesirar adynae mowd £ icehpanenéw nefy the apdoflipents, 1ike as the
vj ew .of ' . ' f .
AR STRATRELS L SPRthE 4 SRBbATBLOR o cixas
@mmﬂﬂlmﬁﬂt Next operations of the second enbodi nent

will bQ\TeQ@:SC(E;b@z_eegtlor?@oBQ%U%éMeﬁB§@$méh@ﬂJ141 bSdescribed.
Ctr | C

formed nmeans_of the ene
di scha%aua?er Eﬁ‘ae %ﬁoﬁ}-,%lq:{gégsf.ﬁ%%rﬁe% pEns of the energy
'mfﬂﬁl&d alieidtiri cadiianerghere téegelettulic diipsstidige #9 can be

taédegll a0 Q% % d Evhéf‘e%l?é/%ﬁte%QCrtl% Qfgglggfc?e &% generated

eXCGSSIVG GDOSI formn

dupbdiericenin s Pgelv@#ﬁésdeto q%}?aﬁfst@ ﬁﬁe%%%%%w? Sfpppition at
i f0fdred BeEaRs tok deposition 47.

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 depcsition
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
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
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energy of the electric discharge and the energy of the
electric discharge locally acts on a promnently
small part in the renoved part 5e of the blade 5,
rapid tenperature rise of the tip end portion of the
blade 5 is prevented at a tine of formng the
deposition 30 47. Furthernore, because the thin film
45, the deposition 47 and thedard thin film49 are
forned by nmeans of the energy of the electric

rd@n a7 b@é’rﬂ@%r Yl@ﬁﬂﬁ/ betweels thent Bivads IMadrial of the

% g bl.ade a, og g part bet ween t he

gﬁ&ﬁ i Ol ﬁa47h§n5 38 thE™t APn film 45 and a boundary

part bmbweenethebhaadsehlmsfwélﬁ 0 téred thhie déposibi bp formed
L Eﬁép%ﬁbx\/&é#cf!}ﬁc&rﬁtsr RUGEUE RS B%d@ f5I ndCE}E@Oéhtd ‘%@le 45 is

ratlo ence the hard

S
48P0 8Pt T EHNGEr CERNPBEORF (T & REPNEEE W HHh HARIAY state by
Tiﬂﬁaelrsl @|f thetdtterP) adethevidetbeit MisdHdrgeA5the surface side

b . wel th th lm4
L SOt pSE MR 85,2017 25 LIS L D b5l g-densicy
tthe rt Hiinlof i47a 4%t | she5spefaed B@deh@ﬁgéﬂﬁuﬁQﬂﬂﬂmkion 47, air

Habe 'b'ltth hes hlhghsgj.ef@éé 3é1§ﬂea$r§:l eré@@%%d%fof hee depos:Ltlon
ener gy e electric |SC al e Surface Sl

tﬂelﬁd%%ﬂ%taé%éptsr:ﬁp FPR ORIt kP GoPOriABRE OF the Testored
hivgi-idensioty r bmaaefuBntéﬂabatlﬁ&mE§swdace side of the

deposi tion, 47 Lr r meabj f f

and a ‘;Eeg}:her ofL f Jtrﬁg cdae%oté\r#?}:g % Oﬁa%%nféﬂ& s%%g f’é g%ded after
I fgsti sid noHdte b3<1@alnamthemfstlmpofrquaésqmwsslon stress

tabhRe gk QLRr £ Hl @de LB reaR Q@dbnte@ﬁ'@diegﬂHﬂtﬁ@nmﬁeso that a
in a case where.th step i s adde fter

eeni.n
e GERERESR6F EnaRE PRVASHF TR of b of 4 chfigreased:
conpr eSal arcatdass: wiah e fiveh enbddiemesir &acdessirdged above,
‘?:L ctag%edgﬁgsfatlﬁg(@ 04f7t1$1% é&%sftlc;lré 4%3559% St 'ir@&%ﬁhWQ hin the
eposition 4 e Increased. |n accordance wt
HIRERI rdte Tenbidel nehec sl ded s PhrEIAbOT e JeNEEEEETe SOhdhat the

' re@dﬁﬁ%sqfvet depdepesbi Ilq,npﬂzv@aﬁe@efﬂdnngbaarmﬁhgrht Rele time of

e the electric discharge is rat
RSN ehg BE8 L EENE Er eSS o BRNEE hFEeR Ororming the
gmp&wsattlm@ &l chhéd ra@uoéd zﬁhdfa)rcmag:etmartﬁabﬁsr tthernproduction
f%.%‘%%% t y | b O hfed .
canT%e reauce awgfa f%iéﬁﬁégﬁﬁgé or t2%€8%% ducti on © n
FROHEULAST RER 1 Bl AS LSRR TP RS TRCRERDHEZ 1) removal step
shoehenes-6) marfBEhi 6UF 8Im shﬂac;ﬁweméﬁl@s sdﬁmepsmggesSelectrlc

f h 2- 2-6) :h '
fs@%]rgktgqagcgl(w%aﬁge F'mF%teecﬁlllﬁ& z oe'.lr' e}%? Prgd aj& OItl E'aﬂ be further
shortene

Moreover, because the temperature rise of the tipend portion
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 cf the restored turbine rotor blade 1B can
be avoided as possible.

Furthermore, because the hardthinfilm49 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 4% and the depocsition
47 become unsusceptible to peeling off from the base material of
the blade 5 and hence gquality of the restored turbine rotor biade
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25 spark machine 11, the tine required for the
production canbe further shortened. Mreover, because
the tenperature rise of the tip end portion of the
blade 5 at the time of form ng the deposition 47 can
be sufficiently suppressed, occurrence of fracture at
the tip end 30 portion of the blade 5 by thernmal
contraction is prevented so thad defective production
of the restored turbine rotor blade 1B can be avoi ded

as QQ§§EQJ%¢aquEQ@HHDre because the hard thin film
49 and _t he deposjtion conmi

he babb T REER, P ETIT e UrAGE o8 T T The Eht h Tie Festored
A5 ritime hatdr Hhiadef 1B prdDandptbeedepdsi Qmmwolﬁetdmmestored

Lfﬁft"f%%%p'ﬁ:'o & gﬁﬁagellbngaffflgefﬁ {g} $&q base patetkahaef in the

ade ence quali e restored turbine
st WBleada the PBORARCDELSP abs |4%€eﬁ Noredoérishéequshe (2-6)

J:diittgll(iﬂdrfﬁitnSE@@@? and ﬂiticﬁc]@e rsﬁ;sﬁea@slh dwm]peneepos1tlon 47
r ot or, ade 1B rove e .Jqua of_t :
A eod S LEGrBAnEn R oh PR e T i B 1o 5obBrpg turbine
partdc il lade dBth@ncasefumeherthappeEﬁdng step i s added

after fo nishi-pg Lhel2a 6hsBand thine ﬁ:'e%ﬁb:%%@%uﬂb‘l@le rotor blade
fatigue strength of the deposition 47 can

| \r8aseal ARG TRADE GRS HRAPIRS BRI 3 cSYEh of difference in
ttlHdJ:lnrhG_ eb@fa@rs:LbhadetﬂrBeﬁaﬂhbebémtnlitetremrHir @fedhe blade 5 and

rt her gginlg %% %&St&%dr eéE‘QEEdof L%{)}@ B rd thin film

thé~gas - tur
e%guq@@ @e @W@nressadfbml@ﬁ%@smf &hﬁemowﬁﬁm%ﬁlon 47 and,

tklﬁ;é@?]fi&l {:H%gé@ﬁ( Rie-al o ﬁl’hé; h@&@?ﬁh@rﬁaﬂglx% th4r9$ ?_@lbﬂagatlon
in film [ enerated,. cra [ i
A Roe sehekaf cReoRe s S e idh PR DEnbhdat T of the
A@ﬂaﬂujs cendnrl e phevenaeh occurred to the hard thin
#Hﬁéﬁaﬁ |on 15 of the crack of the hard th|n
0 the

ase material of the blade 5 could
pr eventFéd st} TH ROENVBODOVENTY L Fi¢ 519 ia FGPBF%D?%tVbIrth a third

Rinadey i5R Nt waAC ¢ Op 8 ance-MHdY & eltrhii he Frefrbedierd feMdrce to Fig.
be q&f |be herei nafter with reference to Fig. 20. 1
3. o

A turbine rotor blade 59 in accordance .
vvl th t e thilriche endost nehédé s58sdd iarddmwlagas twirtdi nghe third

eé?rg:l&ﬁrr%n@gs ﬁ%te@tﬂpltﬁea&é)éjegrbine engine 3 and rotatable arocund
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
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, thedovetail 67 is engageable with the dovetail
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 abrasiveness is formed at

the deposition 71.
Meanwhile, the tip end portion of the blade 63 serves as
a portion to be treated of the rotor blade main body 6l.
Next, aproductionmethodof amachine component inaccordance
with the third embodiment will be described hereinafter with
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the axial center of the gas turbine engine 3.

Moreover, the turbine rotor blade 59 is provided with
a rotor blade nain body 61 as an 25 electrically
conductive conponent main body and the rotor bl ade
mai n body 61 is conposed of a blade 63, a platform 65
formed at a proximl end of the blade 63 and a
dovetail 67 formed at the plaidorm65. Here, the
dovetail 67 is engageable with the dovetail slot (not

shawherfe theridir Bi nei gl sk ahnorighonm) asiyhes(c), Fig. 10(a),
ﬁgp% 30 el nent gf he gas turbine engine. At a
tﬁgﬁe ( 3rF|8n 62t h8 (“hrade 63, a porous deposition

71 is ﬂ@emmbdmaﬂnqnmetQQSbmxhﬁtﬂbhinémbmp©9eamdiaaccordance

nd, LRL Rfiidam YL 194 Q@fl@% 8@%% }SI_SO&L%% 8F the turbine
AL

e deposition E portion of
trmatoafl élédBSB%élsv@ée é@C@@%CB’@PPP% taéldoerpffégtaédﬂo?h a (3-1)
e o @bagf Ibd)ﬂﬂﬁlt_ﬂ@ft@pbOQyt ﬁlz tNext £1 Bn prregychi M+3) thin £film

.anmachi ne co [ ccordance w th the. .
t“hoarlgtqc &&nmg tPuiTI e d é?g %e&oﬁerg %afat er3hv‘\:’/|t l%sh step
ﬁgﬁbﬁed@e6ﬂoh§tg tBian@lmgﬁ@@p ;3gpesqngeqquteg(C)Moreover,
ththéoﬁﬁ%ducgl&h ﬁ%%ﬂ@d.%@dtﬁégmaéﬂxﬂa céHﬁ%ﬂ@ﬁQdHﬁthgeordance

nmet hod of the machine conponent in accord 3%§
PHeE R EP? otlblrp&oamﬁﬂ%m?%ta thst ROBCEBEC R ‘?‘6]?11%?' {fpg molded
tellrdaitiedel thbohabhaﬂ@15&da@lé&mrdﬂﬂﬂunﬁaﬂn@npamenblandrode as

é@gé%ﬁ \M%?%v% g%flbéggln body nol di ng step, a (3-2)

thin film nodification step
d3t3—4ywd@p@§Dﬁ|HﬁL§€E§ SEEP3-5) finish step and a

l(vg 6) hargnbdh nmf ik g, 39 &) A% ﬂlﬁ?@[-lrbéid: Lo%t €he rho_tor blade main
reo ro | on ne 0 e cnl n ..

RatE s mo st LA St s AR R B B iy Temaining
tohaer telogfic thiecrspar b Iwmixhimadn bbdynbdl dedeh el et pedéphthel shape

| CkkO
%escr :%d%%ggg\%g g? egﬁgg%g '% £ rh% %@&@W&%ﬁﬁe‘of machining
ASFhaRNIF AN g - 9 Fua)thera ﬁEEPEOII”’t FACEPSf thAet ¥Rtead portlon of

tﬂh@dmwen 6319nbedy Hdrds BDAde ik mrys 6Qf mfagr Eénlubject to
e renminin
oxE TR Bt B ST B S Tk REF Bt "EHAE B phuminized

domadtiaidl. 67 for exanple is forned by neans of
q@g@un@@gN §4¢ky asggrinding. Further, a part except

the tip end portion of the blade 63 in the rotor ] .
bl ade A&ENTHBRY BEIfPEE BABY Tt 250thE FYRRRAG O TGN body 1S
&R to¥irdahé Oftd €51 sbi YRa€Odid YirS¥eld Bsradonlefritez®dade 63 is
1%%8%%dupward Next,byn@ansofdrivingtheX—axisservo—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
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.
9(b), by means of energy of the electric discharge, a material
cf the molded electrode 35 or a reaction substance of the material

carries out deposition, diffusion and/or welding at the tip end
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(3-2) THIN FI LM STEP The rotor blade nmain body 61 as
the conponent nmain 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-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 position the rotor blade main
body 61 so that the tip end portion of the blade 63

poralResed teetEadwlatednal e r oiee é3§>orb(&anﬂhihefllm 69 can be

H2]é§§g3§ ?g Ela s efﬁﬂire t% Sﬁﬁgbg rec?ogElI chnwhile, when

Fremtehrert,ingy put piahgiey ééscherdesdimmyelded génetapde 35, asbeing
h
%D%ft%?ée]] Lhén ttge 2 e%%rjhﬁ%ﬁ 347 %.sb!:@gfpﬁgcﬁif@d iR& he z-axis

D electro in af electrically insulafin
IGigificrion Preped2l hst SHtn diftAnGe 58 BERYS By ang*&ﬁg’e of the
of - 816y Gerefo-dtoel agtri c di scharge, a material of

Lﬁfgﬂngﬁﬁ% gﬁﬁgfkﬁgEFﬁgAeﬁog é@ggtlon subst ance of the

ries ou osition, diffusion and/or
wel di n@fa;tertih:eusfmnmdh@]i 3p@r)t‘¢1'®¥iﬂ 6t Lmrad ol dele mg3ngrief driving

ther gbyy 8s RYQUS iR 19 Iaﬁa%é:@rnat&s é&rmcﬁtort be, the table
;%P end portion of the blade 63. Mean
n

4ealPREOL B iR 31 SCRAPBAOR ARS ngl I Sdcpsagtion to
I sias deithg rbmbegbahdmﬁmﬁlmh@o@yoEESﬁln@ahea@esthlnsfllm 69

rec'ogp%%%tde%' Qh%h’?ai% aeX_II %fté (él r%citl 8[? Q%wl’?l};ég there may be a

trav 'St ancé drive

s@spovherertzstap e31)7 Jrﬂlcmlm uwmw@mﬂpmwn the X-axis
Afittefiigi shi ng the (3-2) thin filmstep, by neans of

drivin X- ax Servo: not or and the.Y-axis

Servo- BHEGRes) S o0 SLOGEEAT G SHAGET Hh Gt Eated between
Xrexpsrdis ettinahi Jando el thakasddiregtricge 4b ipogi eleatrically

| thirn fblm 69,
1nxest{l%ttq.r(§}31§g:1%ﬁﬁaﬁar Wect e g@q}oulrp?m ity bt(mr by means

I'S oppose e 41. anwhi I'e
rfyeberay ofdse aheFEr LRclisabpaoe7 the BHW HidEeda 5Py Repchanged
bre- gy esb+dud @Qa)éeaﬁlﬁo alht gEtHensild FHd By, mélting the thin

|.Si el ectric. arge 1s ner at.ed b :
o B0 ni BT TR B AT e REPS BPorty oua H1] qiggnarae, the
élaect eileatkydeidisubatbhernnd igoedrsl ﬂ':lcf@[t é_:bp poeceh®iwg head 31,
;ﬁfg%glpgéegﬁe@ﬁﬁnﬁQQ% agflsecﬁ‘ﬁ.[egé/tﬂfn bbe, ehgliHavel distance

arge can_be changed from a
aeens fe 3 (ird Vg ﬁﬁgﬁbaeﬁsﬁwssﬁ%\f‘éowomt%%g t he

t (g-1)20=edsré9n Beapwhi | e, when generating the

pul si n%f%l chln shl}n?ethe (3-3) thin £ilm 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.
Meanwhile, there may be a case where the table 17 is only necessary
to be moved in the X-axis directiom.

Further, a pulsing electric discharge is generated between
the thin film 69 and the molded electrode 35 in an electrically
insulating liquid 8. Thereby, as shown in Fig. 10(a), 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/orweldingat thethinfilmé9 and thereby
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hard el ectrode 41, as being integral with the
processing head 31, 1is reciprocated in the Z-axis
direction by a snall travel distance by nmeans of a
drive of the Z-axis servo-notor 33. (3-4) DEPOCSI TI ON
STEP 25 After finishing the (3-3) thin film

nodi fication step, by neans of driving the X-axis
servo-notor 19 and the Y-axis yservo-notor 21, the
table 17 is noved in the X-axis direction and the

¥- B} Su flidefelsli@N oh07 PRSIt bOF drhR df 9f @hebh Age- A8 £ BPEVin £ilm
61 so that the th|n f|In169 i s. oppased tq.the nol %gEInolded

&%t YourwaEl e 3y hRB ST T3 l%EPs B 31852 he
thectablkde 17, i ss ddinhonecessany wibthhenpﬂﬂtasslm@ehead 31, is

él Sch%o@artgﬁt ﬂ.lqnthé:l‘kr &@%s’ d?rgelﬁ %%r[all(i traveé distance

rge I s generate et ween
bive Mepnge @ fePeBriBEeCB5thA %maE%oT?lF‘C%TW‘%/tO# sl ati ng

li qui dHSIeTh@ds @Mmalnﬁ:& Ehﬁéﬂ\gticﬁh Eﬂgi.cl'll@ﬁ:a):ksbﬁuﬂ'&ﬁm&th%tlp end
ner el ectric di scharge ria

ROE e BEEDE GbSaS o 5T b dotrbn CEib SR an b aPaFHg drrection

rmt Srdval igdtin.ekl sbén theposiinneldectfusdascandberis generated

3@'11@!'8%% Ahetii; d t}'lrinf anééc? 3 Bﬁeéab%lggtfo@@rﬁwsa shape of

osition 71 can or med densit th

fcmenﬁlsgen%sem% ofwﬁéﬁ r@@h@?%ﬁ%@cwféieplﬁ%eﬁgmade slightly
dla&@b&mﬁn i bRapelbdethe €l gehtpde t3dn cFStihebngde BBegradanwhile,

Wln amour% ?é’é’t | 'Slkgtghegrengggte%i et ec:tro%cI O%:?E:Eggiu%yfs@referably

-axi’s ravel ance
@e@ﬁ@mobramdrevendfOtﬁ@mZbaxl%S%ervo nntor 33. Here,
@-exhaygl sa BeEpi on which sticks out of the tip end
portlon of the blade 63 in a view fromthe djschar
di r ect PERET I NdRBIAIIER A 4 1 1deP ANt PUhEt BRIt SY g AR Ofdriving
ehect+ici slissehargetos Igeand athedy - bel peer vicheotthirn2 T lthe table

ﬁ% ‘?L‘gdm%pgn 44?’% %l g%gr Ogg S’Z eﬂgcgq:h%f 1g\xt1gedﬂ:8ctlon to

end ec 704
@|o|sghtlloy1 tharyetor hdede shapebodythb 39 Fhetdtperdeppsition 71

qfs BBﬁOQbéd'@O 6he VoaiMi ket roal @WUMea{nvf?ﬁl\@l %Hetrgemay be a
eIecL@ode 35 t]CkS out i's refer%;kl)éE

|
Bosaoh S S i1 LS eh 19 e LEP dibor8tngt Bhe X-axis

fiimieshiing .t he (3-4) deposition step, bymeans of

drivin X- Y-.axi

Cor o BOFSRES £ BREo R S A 00 0% SRR grea pecueen
dheeeePonianant Ak azn%xﬁlse diarsc eilerteedepdsi tpoant peectrically
nekan aRkagel mghid ody Teirepyt hat ihewdleposiilg.ono(d), iBy means

%poseegg)E 8fttr1]1€e ehlaect)‘:eiceggggl’qgelréé’ al\?lnm mathggl{lg to yequlred
dimension can be carried out so as to make a thickness cf 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-moctor 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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20 case where the table 17 is only necessary to be
nmoved in the X-axis direction. Further, a pul sing
el ectric discharge is generated between the
deposition 71 and the hard el ectrode 41 in an
electrically insulating liquid S. Thereby, as shown
in Fig. 10(b), by neans 25 of energy of the electric
di scharge, a finish machining 49 required dinension
can be carried out so as to make a thickness of the

Qﬁp@‘cr'ltv'lﬁe t?lgret)@—a@@l:@ s%rr%@oe—h%ﬁ:@rnﬁg étlikﬂ CﬁHéE‘SISaWﬂshservo -motor
mng a h- de nS|t thln ilm7 st a_surface

s?.ldet%}fe Fﬁ%l% bt PoHEd AR W%értaﬁﬁa e TheR% s Yraxis
(Hlﬂdu11d®p¢®|pbemt2&n tkanndt ¢, b Blievren ngbreyatiinge that the

c'ﬂa%o%l‘i }‘évﬁgéggﬁg%g%o%zés%iﬁbfﬂ %‘igcﬁ:od@%"] Meanwhile,

eirng |n egra
rté@rm@@a‘t oe ﬁncaﬁﬁewkeﬁ%"sh%l’qf%tjﬁ df By gndiappcessary to be

frf ANRS ldlt Sttl@;g(eaﬂsnﬁiﬂéc@ﬁgrﬁu ﬁlr IF VeM ng Etp h§SZA1?XI s

Servo- not or ter

fi ni shifl tlhﬁé (3 %])ls)fllnﬁl gRE %'f]éjpc ghﬁ&l SeH® geélgtrrag&d between

&%ddephﬂamhaﬂ?laomuwahdndm®l¢mmdéBCBQOQﬂaTUhsﬂhalﬁctrlcally
t 7 tgsh POy tredy by otke, b

i rsglteidc:rjl:q_l ?gl&%ggd 3 ﬁberi%ngga Qts ghéHE 0f tred &, by means

of driving the
IR b DL T N MR N AR SN pgrdmolded

tél%di:ﬂ:@c% 7 &8 m&@dthﬁntélﬂ:%égiﬁéo(fl tﬁeltmzﬂreﬂrﬂ theries out
Y-aXIS. Il re nto trLon,t e : :
56'|:|1_:1§361,t %:b# #5300 %%%/ weld:l. aq; Phe I'Pl ggd dtg?i Qﬁg thin film

t'1on 157 0p
fﬁﬂajan@ d@@r@b@CardedSWhlmmﬁﬂWWH133haylm@eﬂérﬁﬁyvﬁéeés can be

icjﬁﬁﬁjé’g‘%rnﬁ thent abd & Jold & i BrNeRESERFYidd MorMBY8de 59 is

X-axis direction. Further, a pulsing electric
i s generated between the deposition 71 and
the hangaiihded, etretynsinci dmmanhebiect rilgalmayhine component
In{]asﬁ}“b%t Imn%}lfll %{l Qnsvl;!? f% elaegngfdr?ﬁ&c éit;éc F'g,?deégfrgﬁed below.
rrat er i dorsf sph@llﬁaﬁdlim} dere (@-dot thde éﬁ?lrérstﬁp and the (3-2)

reaG1 EQTmﬁh@@i@f@@c:@i‘n the r@ér?'ﬂeabmﬂﬂ{:édi&&dﬂuthe series of the
deposi tion, diffusion an ? r weldin

I‘ﬁtgqpsdéﬁsﬁlﬁ/ EREA LIPS THOY P BN [T cgmﬂ%?%nF dip,accordance
fuilth Ehehaviing abbadimenessr ciare be3—-§lorhmedl ahdnt lfedm step can

t on of the turbine rotor blade 59 is 15
4 BT

fimni anwhi |l e, the producti on nethod of the
machi néloreeysdentnsagdbel nIRRF el 1h Wi RUudFipgedischarge in

efthodi gent-s cas1gesedinad hehownidWy & ppesihycdidsharge may be
tc,pf.:zene(r:))at1 d tlly %n elrgc%tr?_%ailggf 1nsu£at11)1g gas.

Furthermore, instead of the hard molded electrode 37, as
shown in Fig. 10{c), a Si electrode 51 composed of a selid body
of 8i, 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 this case,
a pulsing electric discharge is generated in an electrically
insulating liquidcontaining alkane hydrocarbons. Meanwhile, the
Sielectrode 51maybe formedby slurrypouring, MIM (Metal Injection
Moclding), 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
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thin filmnodification step can be omtted fromthe
series of the 20 steps in the repair nethod of the
machi ne conmponent in accordance wth the third
enbodi nent or the (3-6) hard thin filmstep can be
om tted. Myreover, instead of generating the pulsing
discharge in the electrically insulating liquid S, a
pul si ng di scharge may be 25 geperated in an
electrically insulating gas. Furthernore, instead of

the hahd mlded Rleehietaeds. as shown in Fig. 10(c),

a Si electrode 51 copposed of .a sol.id

ol ded BOHTICGEd 1850 pORAEFIBE e by Comi s IhaR By step:
pf gssdmigyg Gtephéonpldedsbodyssubgeetside aothddte hard thln film
t \% um.f e or such ma

if%;&g{* aFgDvﬁg%gs n%ta%&ne%t BGYUBLT UGHRAS y

be” us case; pul sing electric
di schartpxt,soperetberd Finthe t]éllléélt PR iyent Hedifg Agscribed.

|'i qU: d Efélfé%ﬁ;'eg'tﬂg @éﬁf@@?tib’rgr?gCQBbﬂ@ﬁne&/&ﬁﬂmbahe of the energy
el.ectr.o or me sl ur ou

R [t dn RErarag) Sshvage 1ot rife dea il 34 can pe

Nbireovesd wiltinsa ngiragegwhaden‘ghd: Flestimist dadchergpels generated

el 6§ bl ‘é: spay & p%%'n%%dléo ddheafdvd A BREbE i déib031tlon at

requi red dinension may @be carried_out so as to neke a
t#n*é%i‘ﬁas%f JrORHAO I 565 IFEPET 1¥3°F0 /324 be a

predet &{cmera;e;@:t hbeknass. tireirddiessiyrieon afit és formeshimgmeans of
the 6 f|| ste LN

p?%%’(e%% c)af § sz gi ]:(lj% o:!fs EPI‘ ea%d%fﬁﬂn ?n%iﬁ?ﬁ%@ the electric
adpeem g lrealdivncthaprbe raﬁu@meratlmﬁmaléw%ﬁ rl@n‘éhe tip end
X of%foﬁ hig q.h%“%‘i@ﬁ@%@ Wb i Ber SRsEFH Degk rlE’e%l%lfSQ;he tip end

05|t|on 71 1s orned by neans, of thg ener%y the
(PRE G OR19% (T Khpgge- & eft-th& taép b 8 ﬁ?mmg
Caspdeitidaritlied within a range where the electric

di scharge Ji3 gene! a%%@gu@adtpsnsﬁiﬁtfjl%n PEFY AL UelBsition 71

generate an excesd eposi
forei Hp theedapdsi £idn 7i appr Eovped kbiéd%ﬂ%fés tqfe the energy of

d@rﬁ)@%ltéc‘%ri'ﬂzldh§cﬁgf@@d ?%oﬁﬁ@ﬁ%y%ar@wweﬁ thBethin film 69
electric |schgﬁ 3 t e ener
Y

e
d?%%ﬁ'é}egé’ BE€a o BESH Hs&pﬁﬁnsﬁ]&? &?arstltlon 71 and
tﬂeet’dm.rerfdlmpﬁet and mfbcttheiabdya@er%betaped the hard thin film

fgpda%{c:gtﬂlre de %%19_ ghelt L’Qsﬁ@gt}? ?grﬂén%‘ élfrtfd?.%res in which

3|spevente at a rmn
depreee e i torPry Fatiost aerAerad BesgasENe AT |tﬁuﬂ fiigg/3 and the

tAep sePOsdd iMNcZd be firmly combined with a base material of the
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
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 compressionstress
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,



10

15

20

25

30

35

and the hard thin film73 are formed by neans of the
energy of the electric discharge, a boundary part
between the thin film69 20 and the bl ade 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 conposition ratios gsgade and hence the hard
thin film73 and the deposition 71 can be firmy

U N Wt Paﬁ%@w tiBt gehakiefot e 23 btadenHd/kd@thin the

the thin film Mor eover, .because, .as well as the that th
Hi YL ST S F*ﬁ?ne%r-‘f:mfl?151F§hﬁaaﬁedsatgetnﬁéa§&ﬂf ace tha e
sdxtee ofi dchaedeposibhais preveheethf nomfddnmrG® iing at the time of

{bﬁ{?&?&/ft%%mdte%fs@%%gﬂz%g aEf"o % rﬂf JHr% %%[E%z' t¥:'orm3.ng the

neans ectric
dexeirtgen dilr c30 Ip%rrrﬁéiamq ﬁyldoﬁ t:h‘rée diaFudesifes prgduction

i ?ﬁlret %hQEéﬁtE %8@01@&9.@-1?:{(4 i5@N cfaﬁlbéssﬁ@ﬂtﬁeﬂeﬂi be Ilnoﬁhrtlcular,
o0 that oxidation resistanc e tu
ity Thn ShaPE ot Saear. T FOPr s | TR R step to the

were mhedpEannglsmeﬂxﬂsbaddednafOErthé|aungﬂengﬂhetrlc spark

rdt h .eS] ﬁ&ﬁi i & '®$Sbe furth

é% carll-pegéqél \{_7@% 1%%&% %%%%?%gggggi ggggé t e@gc}eposml on oToer

Bhosdanest- a fatigue strength of the deposition 71

can be MoteleasedbebAuaeCcof dante wid tdnpe ahivr@ of the tip end

mbodi ent d_abgve,. .25 b th
S RBb oF P e 4308 TR 1R BT RE T i 8Bl caon 71
whay bethef ol @ictntily dipphas gedi ch:@me“reapedogcfrtah:awrteh@t the tip

%‘cﬁ r\ﬁ%ogeewﬂé G s RREYGNEBL-h4 DB RN ALIJA 18 prevented
formng the deposition 71, troubleso

m F kb cef eﬁaﬂﬁﬁngr%\écgl%p%%. HoFUEPicen 08 SFoltied 59 can
ardl sardiidsel mequiosedbfier production of the turbine

rotor k%l r%%e59 o(::c%n b%%a%@orér];@ﬁgrg t@u?@ft III??'%%I}I’d tl'lle deposition

becausé the s eps’progress from
stlegamnobe hipl rflay @pnlbam@dt hiﬁhftnenbﬂS@pmbyeﬁéahsoﬁfth%élade 63

s}ingleLh®Ghr iFG 18P85K thRCH e drlin téiedf ie ah@qldhéegepos:Ltlon
for the production can be furi Ig shortenq:hsbs 1 of
Vbr BEFERE PRSP TR 7 PRE %%?rp%# fgrR bheife] rprerial o

etk bpagki 68 aid hikedel qdel 68y atf tihe turbioé forew Agade 58 can

tggaéggggyﬂg n 71 can be sufficiently suppressed,
occurrencé of fracture at the tip end portion of the

bl ade &RTEPvERerPRfaeHhithece i bR Htdidritvedl 1hgsurface side
thal oRf %‘éta|rV§1BEOQECEh@rﬁéﬁoélh@lerﬂ. e mader 1bkadeo improve

509:{10 ar%:ioti)lerg\s/;gls ggcgso SeI %uerbilne 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 guality of the turbine rotor
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
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
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Furt hernore, because the hard thin film 73 and the
deposition 71 can be firmy conbined with the base
material of the blade 63 via the thin film®69, the
hard thin film73 and the deposition 20 71 becone
unsusceptible to peeling off fromthe base material of
the bl ade 63 and hence quality of the turbine rotor
bl ade 59 can be stabilized. Mpeover, because the air
perneability of the surface side and the rear side of
iddon 71 is made lost to inprove 25
OXI ation resistance of the turbine rotor blade 59,
RIFAER F 581545 tur bi ne rotor bl ade 59 can be
| n‘pr OV@dmodiﬂfD@cﬂ blx@tnbab of thetthe rehaebohiptient ke 1l be described
eenln te add r 6) hard
é%ﬁ%sé)Wf% atlﬁge stgiﬁ EQ %H§h9£§ep03|t|on
71 canAbéumﬁep@ageﬁoanblﬁ@ﬁc%st1R3QHQQHQQﬂQﬁ wiffg the modified

tUrbidne £ 9! ol ke3d Phad@rpdneaiblRe bUsdden, VAU PYRE gas turbine
Furthernnre in a se mhergi%ﬁe t urbi ne fot or. bl ade

Rpgipe épﬂq‘i éf&’t@& & fheuR SaxiAliGRI LT Sl @as turbine

(hﬁqmmfnte in thermal expansion between the base

mat eri ziq vtel}_"ek o{‘@ﬁﬁﬁ%ﬂ ;}g)ttol}eof?c[?'wt ;y EréﬁJbﬁ%J%ﬁtﬁ a rotor

ener a Crad can
&W%m@ bydHedhs Rt RéepbF b6l Y gt dy ol Ve coRgonent main

qy&fy lafndl BRe E6BEK G Hednt BodferhakdcbhpBskdl o Bblade 63,

0 on _of th cr.a f the hard t . m 3 to

o B eS| o i 6 s e 0 38 peried 2¢ € tip ena
mcevcarm'ed:f t@IG!KDIlEHEDGEXAI\IRLIEe), Ahepdibfriced @Panpsl provided with
H‘f%iﬂl rde epbodL opns Mll Q‘?é&“a@@dt [beéﬁéin}_@é)fﬁ{ons of the

reference to Fig. 12 and Fné% A turbine
RGPl idde tiv FﬁaéécéFdaR%€°Wt R%ltrm% igegare formed with
gt ding bikiglpeddhel dyibiinef I DhoBDhade o0 thesddpositions
i a.gas, t r.Di engin 3.and_y ot at abl r
aﬁ% alk%centg1 no&eltlﬁg %as%faﬁr%ggnef’r%ﬁlvengﬁg reoé%r‘?ec1
t he t uMsiamehvideor tin ézd@ §5d |p@r|{tn9w8d@’@ thiet pa br odt bhe tip seals

1 bhade %EBuQWsZZv@%@Eo?E?SﬁE't‘@ﬁék%@é& b¥&he turbine

conmponent main body and the rotor blade main body 77
iOlINPISEE o -a blade 63, a platform 65, a dovetail
67 and Eaus-mé&udtl‘u’@ Lidtia)ii540) abtartkbpadamGrS pardconrddfndeh@ith the

) acF 1ed H%rr%%eg Egoggs% fosdlpc,re gveq;h\@ %H‘o?iacg"i‘.bﬁ method

Sea tion
psf rtégp@@ccwee tqq@psp@@lnst 57, amltﬂﬁgl@eki%htﬂb?@h%?daﬁ@bwlment

fofdBd Mridli fied example accomplishes operaions and functions
similar to the operations and the fuﬁctions of the aforementioned
third embodiment.

{FOURTH EMEODIMENT)

First, a turbine rotor blade 8§92 which is a subject of a repair
method of amachine component inaccordance with a fourth embodiment
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
3 of a jet engine or such.

The turbine rotor blade 89 is provided with a blade %1, a
platform 93 formed at a proximal end of the blade 81, a dovetail
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interposing a high-density thin filns 83 and, at the
depositions 85, hard thin filnms 87 having

abr asi veness are fornmed. 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
bl ade 75 in accordance with the; nodified exanple may
be al so produced by the production nethod of the

@%cl%%eeogpoa%ﬂpll 4t RRGEObIaREE a/wsth&ohtaeetvhf@gmed at a tip end
enbodi nent _an he nodi fj ed tﬁﬂlgﬁie acco
I

ersn BRECa ] f LBELS oRGe SIS 8 PR8I pB riish dovetail
aadtt heotf wiehinonst af t el rad dlieﬂt‘erﬁcbmﬂhdwnu hitricch is a component

[ I 1] t ¢
%T%%%n&egv%m}:lg%%gl gugl%?gc%@%gﬁe : e%‘ﬁ }:ﬁe Eﬂﬁbg& 4P h%s a pair
redc lvibre sd omp siedecea 8¢éerdance with a fourth

enbodi ﬂi%ﬁ"nwh%@ewﬂﬂe Q@rﬁ@ﬁ&{ BQEﬂaB@é gi7faf #Lba ¥ tth have defects
refer nce t ne rotor.

f % %\ % a ﬁﬁurb i another

55 189 Sancs WA enE=FRR: RV BRBSAT BT R

Ger aefi oel surfaca$ 197 fcohduct Bdgamaohi merltiorporentrslade 837 and
n_.be : u

200 PSS (BRI 63808 SPRUSEUAD g 57 sorve

Eﬁﬁﬁ#ﬁ@sréﬁbbebFééétBQ is provided with a blade 91 a

pl at f onex®3 sOrdmRat i Asphokinedh &l 9of ehbBoPpéa@d®Othe repair

a ornmed at the platform
BB 3 1 BPndacit o Crpbahantorh AGCRFAARCe 4 fp ghe fourtn
teimdo cdidwendi Widh he denyagdaisd senetihadtdovet @i Irefﬁr@tnce to Fig.

(ot shown) of a turbine disk (not shown) which is a
conmponent el enent of the gas turbjne engine 3 an

shr oud To¢ Gﬁ}agctér.b%usparg RFC ea§| oh e gégcgﬁl& tlgxe fourth

- Mpaaalimeat 1ibe abeasherergilrdacesod Mortimpasyti® repad r method

dqgffgﬁé ac(h%ﬁie qu%&éﬁ% %ug9c§§d££9§ﬁt%aggg%gg&ttﬁeembodmm

rasion w rasi on surraces ) ] .
adidapeavidadorHeh robed b hdxt@gdiagd int #e X%l ofiFgetion and

abragkon SUrlAcesn RHa kRet B3 ST OYE BFoseh¥E wSth Hcolumn 103
portions tq be treated. Next, an electric spark

nﬁénggléwﬁpogeaxFﬁr the repair nethod of the
nachinEheohpdneon in pooordEdhoe v tah paie bduKthxis guides 105

Q 'd'_:[% tJfIWtbl )peaf%%sﬁifgggl&? %'dnt.al{é SElWJﬂqthe X-axis guides

erenc
105 are provided with a slider 107 to be movable in the X-axis

directionbymeans ofdriving anX-axis servo-motor 109. Moreover,
the slider 107 isprovidedwithapair 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 an electrically insulating liquid S such as oil and,
in the processing tank 117, a support plate 119 is provided. 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
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15 The electric spark nmachine 99 in accordance with

the fourth enbodi nent is a machi ne enpl oyed for

morklng of the repair nethod of the nachi ne conponent

in accordance with the fourth enbodi nent 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

colum 103 20 extending in ampg-axis. The bed 101 is
provided with a pair of X-axis guides 105 extending

I he p&aaing 1d, 1 @6l g]&dqaru.dzlt hes petl & c1of 1 44181 X-@ofirsected to an

gui des . 105 are provi wth a slider 107 to be
TG RO iOH%F§ 1dPrection by means of driving
an X- axihe selwan mmmﬂslﬁ%vméweh a2mitthefsttabeks yozdes 125

t{)ﬁzﬂ%é@%egn Wh% aé &lggayiﬁ?ef a%d,gﬂllcg?%ﬂ:gf exkendinG guides

axXl s |rec I on an alr o Y-axi s
gl@fd@gemqom@ed pHidVi @eBraFeRs b g artﬁaéi 123 tg pr movable in the

Wé&@ dl‘i‘etf:tﬁ(io%{ B¥i Sedhsest |ﬂhv1b'}g neansxQfs dervbRfgolor 129.
Y-axi s servo-noto nove

Sidtav o7 iR RHE SRRl e Pk of T FELHS "6E " ity hoLoe

t188 I rXsayppsrséngoanmt dded 09l ¢ cansid dain\ﬂelmnﬂnothﬁh*élcmlty

tc?@'tﬁg%%é@ﬂ&f&er %33%| § +qe rf?]? é%lﬁ@ﬁ&ﬁ@qg 1&35,éc%nd holder

rovi processing t for reservi

N
AThEeF éappyrth%waﬁrﬁflﬁcd:&qﬂi%- %ﬁ%ﬂa%g 6?‘1713%'61‘9“ Ffsistance

. :Lheﬁ pﬁb@ﬁ@%@ ngI'Fi@rﬂir]s]Jhoadéﬂpip}H tarpl ahe 4d48chd holder 137 are

ded, 35 1
]gevcl_&“% a&% C@ﬁmg%%%%hgﬁ e%ocgiéﬁ p%&%égegox#é@ 3.
tur bi neierr@t,othmmae@igeéecar@@qﬂ&iemﬁ Fraiod degoeigd pmolded from

t hi t dabatesr boweekabie @fobalt all
Ly SRTbORAEP HIORER! o £ GRfe BEHaCHL Wt poulRRADES Robalt alloy

CHHANTPE, 61T P c FRHE S BRUASEORT CBOTSSY ThescBPHhE 211oY
106h i 81 iy cHedmiiin ) povabdxr off a Zzewinsi guindiepo#@8r of an alloy,

8 nding 40 4! h§ @%@‘é&eﬂ& y%ggné%%ggﬁggééglgﬂ M Bressing;

aXIS gul rocessi ng
hemdhe2Totdedbbofpvabb e ¢th tph@ heagxtsedbpelt bona Bgﬁcuum furnace

neagscaf quéa\ﬁvH'ng% Z:r.fi‘.%‘t@a@ %E%Qslrﬂltr@{ b 2dmpriekeayershe moided

s L B A B L Ao L2 Bl gacction

iNo Iding/i Cispitay fofrnting ndstubblder 133 in the

pr oceS% rl%o'?r%h %ﬂg cgrgﬁggnq%@&kéjﬁ{ l&e]-%%lfdérd electrode 131

supporting a €l éctro aV|ng exhaust.i on

rJeTSCL]sltChQﬁ:@BNlrsTJp(FO\Tld’é@ FhY, fTiBey Wol desCa8$&ndZFhe VO, B4Cy

s@eo8d ol Hles,-¥3 A 18be, sebeehrifiald y meanenied, tthetdwbalt alloy
r sopurce 123. Here

I l.d I :
ec*@_elg’é%ir%.r{%%‘ﬁgamb%yowpééagf%érﬁngfgeg%le%%r%d%cfgfg§e ferably

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.

Meanwhile, insteadofthattheprocessingheadl27 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
processing head 127.

More specifically, as showninFig. 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
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any one powder or two.or nore powders of powder of a

cobalt alloy 15 containing chromum m xed powder of

powder of a cobalt alloy containing chrom um powder

of a ceram c and powder of an alloy, powder of Ti or

powder of Ti C by nmeans of conpression by pressing; or

t he nol ded body subject to a heat treatnent by a

vacuum furnace or such. Meanwyle, instead of nolding

by conpressing, the nolded 20 el ectrode 131 may be

oq:'r gﬁ‘_jtv }ﬁgsgufﬁ]f%éﬂlg’sewwﬁ%b@ lhfa‘l ecﬂdﬂa‘bver, one end of

Spra ormn

h
EEeartR Leapios PG VARE TS Hech didistr "BaBSIEAS far sugegrting the
GBN,s tThG,ldEIrAhNS AﬂzNng $;ang iG d @rﬁﬁﬁmrSle@,d ZECth¥Carm 143 is

%g:gﬁf i—_ M@&Z?rgl%t ’for ? ggt§rlil t1:he second helder

con I ng C romum
A by gugam:engml @Ilednehea;ef otefee p:;PO@Sé;fl@ﬂade 127 is provided

Qﬂl%thabnérgpi%%%é’l%hl%r €oanghy i a69Mh@ideNiofl Bhe first

20% or nore e ot her han t he hard electrod
Tgio TohpESEACeRTEHNG [ Touy BF GriNoeE LOHILS] s tration

dld eystaredcopper alloys like as the hard el ectrode 41

Moo 30ee A 1 d Do 4 4 §t1hse'igedw%ttate39rounl%7the vertical

Meanwhi processi ng head
prce déd wmeeem o1 det vAsldeRe 1B2P areReE $egyRgmotor 145 so

Q@Jad:eEhé?&ap@y Ef@@lsﬂqwt]_49u£‘ﬁ)1§rd§c9n@§ t&aoy\ﬁoctélsﬁzgg head 127.
may. be n the first .ho

R NP S B ot HaFE 195 h PR ERREE S PR 127 15 rasped
myotﬁssﬁurg;thleaﬂd 12, ai3b thenears petiathdabl statasbygidwnpiacessing

Shte%d 127 sthe, heth 291 'E%r%%%' dt_erﬁje 2Pty A5 stan %é}lrdt%t% around

ding ‘'manner and t stay 141 is proided wth
Jhh LYSrEbeBb POLA a‘ltﬂ7e BY omedng vef t FEariagi st%?rﬁylacement
NRARGH-4D1Rfr dubvidndnatr eabaﬁﬁﬂmtha&ﬁ 1@9nDs epkAmted from the

Mo 43 id t

N CE O T T -

greaspicnpodde rahd? Impremactk@fs ttlhl@ arngasm@; headblizded Further,
}{é'] s%c%%&OHG%HéPdﬂJﬁ]lJ %rra%%@mb BHe@‘@c&?&%der 137 and a

der gr aspi ng. ire, rocessin
Wéfa?@PILZTH ﬁ§a5?o*wc¥é@ SﬁFPﬁdah@W%ga%@sr@%ﬁ%%% Mhereby, the
%wad Ihra;gd@&y 130l den v¢ tdelddestfohalderrit3d andidehe133 and
Ider 137 . b [ aspi h hillustration is
%i fﬁ%r@FoPe°¥F%Sln H%ié ?ggret to rotate
aroundtheowermbxﬂpenit%gn%l1&3aﬁﬁhmaﬁﬂ¥QﬁEQﬂMQHﬁﬁytheflrSt

e d&Ph 86 EMBN b SEEN s FBY Qo rl fBe S cddifholl B8 reP! ¥ind attached
first hand 149 approaches_the processing head 127.

NextEhe e 615¢eR 918825t tadhed to the processing head
127 i smpaspede, 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 proceésing head 127.

Next, the repairmethodof themachine component inaccordance
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
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
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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 nmeans of driving the replacenent servo-notor 145
so that the first hand 149 is separated fromthe
processi ng head 127 as well as the second hand 151
grasping the second hol der 1333 approaches the
processing head 127. Further, the second hol der 137

IS agRed by-tdhe repeend:hal Q%épléz SRR 21 &k aspi ng
state @@ﬁhe second hand 151 is cancel ed. Thereby, the

se€cond BRI £3FFcan be replaced for the first hol der
133 and'heattlﬁbhﬁd t@xdhelpdecessanghkendci?de component is set

a i .
LRI o O 008 LS 85, S R P cacer 7
lwﬂ(ﬂae 13rbame épﬁaéhbdadESBQOUPHéréroceSS|ng head
127. Meaiedhi k¢, mvBRE 6Ot @1 Nthd haMald3, ski®o-motor 109 and

rocessi ng head 127 di 1
e CE ot ot e Bonihe TS S K5 ndbes G Me x-axis
tdmﬁedﬁm9d=anattmnﬂm*aM1bsalnecthenSanndih@bdethe:Eﬁ?ﬁi@e rotor
E‘iele%/oeé’]%%d Efeﬂw&?%oog% I G EB?aEEBﬁeﬁff‘&é@@?fl% o3Bosed to

he repal r net hemachi ne_conponent in

sdtohaafcele o 1ana e o oul}ﬁ?w‘é?hao%% ORESAY g Case where the
deserd hed D@rcﬁilrﬁﬁﬁib%és\&a&ﬁ)’ toafemerned 1o Fig X-b&kisFdgrection.

[ 16(a 6 7( an
11350 S0 SRR HERA oY e hso B8 fodhn nrade 89, it
acgo beaapel 1 3ol the réelioiamd ebadh e sne§oadrﬁafplw 137 for
ft_q{e rﬁ%‘tr EB%&Q%@@'{O Qe %@%c@@%@ﬁboﬂe&iri?ﬁ% %éfans of the

in the turbine rotaor and provided wth
(Qﬁﬂéa undited 3%, (4 2) deposition step, a (4-3)
f | nl sh Retsleen anthlaifdr 4)etepitidiisamayigepiagyesstemated between

4-1) REMOVAL EP_Th
R iEnha EbrHoRaRt Tt ool Gt (e e PBCEsEe 135 in
tam mheevd:trl@ﬁélaf inpelabiagibimwis fSaceEhgwbys 35 shgwn in Fig.

g @) nebryol;n@énglélfleergéqrd&pw Qhel\gléct;@i/c ma&f e, a defect D
dri vi ng the X-axis servo- notor

B ARof oFFA%S OGAF TR FE G4 Gy ARt A s 972 can
die ecinoaedandMehewlY: Bxj switk epirimﬂlmq:)dmlet ponstthg discharge,

LR Mot 8950 15400885 L1, R @01 e
Mz S ereqlm,rp@aﬁayl be ah@a%eamrdeutwlqnaweam@aﬂé travel
QM M NRCESSALYNE @ fRer MPMAFh zt BRi Xs@Xxhv® -8t 8gtlizen. Moreover,
in the shroud 97, a portion from which the defect D is removed
is referred to as a removed portibn 97e.
(4F2) 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 tothehardelectrode 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 helder 137 to the

processing head 127 by means of the replacement unit 132,
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Mor eover, instead of positioning the turbine rotor

bl ade 89, it may be applicable to replace and attach
t he second hol der 137 for the first holder 133 to the
processi ng head 127 by neans of the 15 replacenent
unit 139. Further, a pulsing electric discharge is
generated between one of the abrasion surfaces 97f
and the hard el ectrode 135 in3m@n electrically
insulating liquid S. Thereby, as shown in Fig. 16(b),

by rrea@‘ﬁr@_ﬁe@n e gv18finhhel b€l ¢ g sdhaehar i ged cdaftedt between

§uhrer ﬁérggg@ ?p%a Croargé'}’ ?%\F%L%d 2 oca\ﬁ? %n}i\?ﬁlea?n% Ie%nelec:t::ode
deneriat engellketputslhy dnschargey lidedd.d ghectbpdeas shown
130 ;@S RY EQ 'Bﬁreﬁéﬁﬁs Wi £ heﬁg}?)prc&c%ﬁ%' RYeReddc dZ24charge, a
is re |proca Z-axls direction % a snal

medpatialdpstiic daky ekrtir st deilvPRg tRACZIGR Ybstance of the

SRFee-1 A0t 8Ar128s dﬂ'ﬁ @@peélti&’ll i sshinoddd 93y welding at the

t f whi t
REnerER P Ve LY A G pert o Sk P eRShy Ak seRpattion
SEBP ¥ ebef |ﬁnxsrmdng t¥earwh e r enbonl osnepathpamddyss pulsing
Qﬁs‘@h‘a‘rf[lg%g thEGmS&?& Sel%é!t\%d@tl@& 199 ruK dgt H%t\ég@éllsmth the

servo- e 113 is move b
Rrpces sindebEREnl Ahd & SPiRFPSAGPAER i GIF o aﬁ‘&§| EFBECtlon Y
tzhemd LI biraeel @lich ablcadey B8ase of kadr i Ve of ehevith xpicr $ e ono-motor
%% of the shroud 97 is opposed to the hard el ectrode

. Meanwhil e, there may be a case where the table
1A#3 3)s FdMTpinedé&gsary to be noved in the X-axis

di r ect h@Re  MITBQ¥ENG ﬂHlaS @é @9§tid>1@8t@ 3§n{ehiels ofdriving
turbine rotor bl ade 89, pli.cab e c 115, the
&5 &cé*aid Seﬁfff’a@ﬂt?ﬁe ai%‘? FSFVPhELO or

seedrdl h@lld;ecnoxiéi? ihacHehg- amsaﬂemmmgoheadi 1B Yypxigadsrection
Q{ e%?SlEE é‘ﬂf‘,ﬂ&bﬂﬁét ré‘t?’c?r b:%ldéué b |'g9d’ tth %ec‘ WP osition 153

arge IS enerate et ween r enoved
p@rtqp@@S@?’e t@f thﬁehéﬁiﬂoﬁaegt?r%%l e wMPé@HhéﬂéctFBa’ée may be

3531351';]3@3 @He@'eeiﬁzﬁyﬁﬁlé/ 11 dlsabhng hdfe@lé&é’aﬁy tf?@;treebgbved in the
as sno . In | neans Q

R BLEPEERa e Mo SR er TS8R ©hd ard 0 FRgeturbine
T3t car bd arkead®i, ont subgtbacamiiddiee mat eepdbceapnfegttach the
%létco%%oﬂgiBégnlB'p Bﬁ:‘ulfslllé)rfl%@ HBl&@J:dLWtattﬂ@%rocess.lng head

rennved portion he shroud and there
By FEFES p.foﬁhelsspéaﬁ%@nf‘—o?%a LiRanwhi | e, when
gener atE‘uﬁlﬁhteEF,‘ @lgzlualsﬂglg disetnl geii sithergel edenerated between

i hbates b PR IR B A BTGy g precericanty
dJIrsedIaltomg)y.J.quld S. Thereby, as shown in Fig. 17( ), by means
of energy of the electric discharge, a finishmachining 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 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 133,
as being integral with the 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.
{4-4} REPETITICN STEP

After finishing the (4-3) finish step, the turbine rotor
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a small travel distance by neans of a drive of the
Z-axis servo-notor 129. (4-3) FIN SH STEP After
finishing the (4-2) deposition step by neans of
driving 15 the X-axis servo-notor 109 and the Y-axis
servo-notor 115, the table 113 is noved in the X-axis
direction and the Y-axis direction to position the
turbine rotor blade 89 so thats4 he deposition 153 is
opposed to the hard el ectrode 135. Meanwhile, there

%éi%e8931§6!§?cé"@%rt§chge tabhenlkl3 1|g31@m|é/nd13ﬂﬁ8$alrblne rotor

e noved Iin the X-axis_direction.

r,
|h%ﬂQ§a§9o#sp%%Ft4%ﬂﬂﬁbJﬂﬁélgarﬁpnﬁs FQHQﬁrqﬁ aé%‘ g§thfE of the
ke cappliréabke $0f riapltaee sandudt fAckhowdred . s8bend the steps

%grlé)%lelr:E 740%r rterl?lgv]ca:\l %‘%e&c&l d fleléﬁ St of&ggsﬂr%%'r@grepeated

means o rep acement’ uni't
Fumtifier 1 vat puihsi Algoee eescrd P oanRehes @%%éﬁé‘taéé{ of the pair
%“@1@” ab@lsﬂ&tﬁ g@E{Q?bBBOQ'? i?ﬁnaﬂﬂet fier had d9"B| ectfiodeshed.
in an electrica i nsu n r
as shoWsaryh Ii|1§ E§?a¥ep%3yr C—‘Zﬂ‘é P c}f q::#ler Srgn)?cg n% Sgﬁponent in
@dﬂﬁﬁdahdé:Mﬂﬁﬁgeheaaﬁbmemhnnaohedlﬁgurbhr@QQQQament may be
&oraelrlﬁ QN ;¢anshe %%;_ %ggd oﬁ%&d§ﬂeﬁ§st 9s NBEKE- A hdr akdess.

de osition redeterm ned thjckne eSS cn
with f@i&omerﬂ;:%na@qﬁlglw demztead ?ﬁ.gie;nﬁﬂrpﬁﬂg@ap%széag Ischarge

SiH ;tﬁ%eeﬁé%'grﬁaim 1@1%@Q%|t:1h@n11&158d tyy, Eebdlsning ﬁscharge may

surtace side, Q eposl en

R SSRGS E?hénp&PS|ﬂ&pgf%gﬁgmﬁelnFHggﬁQM% %%ectrode

135, amriveiveg, i by egrialy aigrindiegpt atlee singg cficael e electric
a%/r%{ﬂn?&?fﬁé 8d, ferfnc}m 43 %}Sbsdéjﬂéceccb 'o(frl:rté/pélﬁ el the abrasion

di'stance’ neans _of ve.o red
SRINRIRR B 7 170 CHe4S AT OREPETPT R SPER SRTEFP LR I fIopEeTu
td¥endrfsidn fionhsht stiepke theHiukhiens o6t the 38y widel B 153 to be

is once .detache r.om._t he 1 e r bi ne

rOtRr AL de %‘cgpesﬁ #ﬁg Eé %gglég %%Hto di r ect

t he ot rfent@fermere s mmirw:ébe d#f3) FipHShstirfug? peening
st7 ! pﬁ]ocg‘seéqa $¥er e PSde frOfhé R poAi2k ohenaw atith a peening
ste 0

(4-3) finish step are repeated 5 simlarly
tle eHE AP &S AGHEn and then the repair of the
pair Qfe}id]E‘olﬂé)i‘éiBicﬁxEB stirtfracesu 87 embotihmeshruuld 197 described.

fini shed cause Neapphi A odit& 4, eE%Ee e q0hy MRS Rt energy

conmponen In accor nce wt aforement’ oned fourt b
emnbdﬂ‘xm@dtecrm)wbélsﬂb@lr@?eoﬁ inengeewloENE EeRMBLH: et can be

ap; Hessd WRediBel Mnge where the electric discharge is generated
and hence it is prevented to generate an excessive deposition at
atime of formingthedepositionl53. Moreover, for the same reason,
a boundary part between the deposition 153 and a base material
of the shroud 97 has a structure inwhich a compesition 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 (4-3) finish step, residual compression stress can
be given to a surface side of the deposition 133 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
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10 More specifically, instead of generating a pul sing
discharge in the electrically insulating liquid S, a
pul si ng di scharge nay be generated in an electrically
i nsul ati ng gas. Mreover, by using a grinding |athe
instead of the electric spark machine 99, renoval of
the defect D of the pair of the abrasion 15 surfaces
97f in the shroud 97 or the fiq4y sh machining to
required di nension so as to nmake a thickness of the

g; &‘%5'9t7' 0R £158ct OnPEud 39 Pr adat R el trﬁls%k&aSQha‘avleﬁnlty of
arried out. Furthernore, after finis

fihf SRrapépnasSPEEATTY O &t &F tté}epﬁaeagg &9 faa%é“@ gé forming
afhd hepdepaesion 083153 wihthiaigeehy ngre@éntedat nent nay

\t/)\llel ladd %anc'\é%‘]}%ano e wa{}ll M3 CE gﬁeeﬁﬁgéiﬁeﬁgg%wlbed above,

ecause OSi 1|
foromc eh h ey 0Pt Hee giepogyition tha adreber}gnited within the

dighangfersd fR098105tEE Q§99§h5g9n1%5%e@1@&aﬁéd so that the
limted wthin a range where %Favgﬁectrlc di_schar

FeESREE SSPRALEhOhCS PEEVED RRIPE™ &ﬁ&ga?geﬁhe time of
exessigvehdepest i oioratl 53 tmnabmésbmenwmmkst&iter forming the

cheDOSg_?tll%% &?%be%@rl?é)\i’%hducf A a‘hBe STke r]:ee"i’ﬁﬁ'}’ed @or repairing

03|t|on 153 and a bas
Hteens o OF Shetha aShPDERTSAORES 1 11 Fe SlF QUAS WATLRe ghortened.

Clq{rﬁﬁu%*tﬁbﬁmaiﬁtb@:agfs%ﬂ@&e §ﬂ§p§1€;‘5ﬂ(®ﬂe@% depasitea (Ir4—153removal
can be firmy cgnblned the ter|

I
tHER PO 9772 u???\%ﬂ?bjr%n St P ggé%eanvﬁwer e Thé sAngle erectric
m&mkngxashépel %9 ,adtiedt mfi¢ erequiiineds hpng-Heheepaig)can be further
fdi s step, residual conpression stress can be given
to a surface side of the deposition 153 so that a
f at i guioreorenRgt ReGRuUShd WSHFIFAKITGh F188 LRCTHp vicinity of the
|é1§ﬂa%1&&ﬁsu35a&@é @M‘Brin bﬁéaamadwmd@mmet t e 153 fiogming the

r med hy energ of ch
T rory oot fis cPekt rect i L RipEtSpedy Bhdfence of
oﬁraa:tpr@maneme yabgﬁrallbnpamcfatrﬁs 9g fr & SBEOBQrW Hyethermal

q{] SRV s W e SIRR] RLUERF IRE ddt {WREr¥pEE RidY thfe turbine
the abrasi on surfaces 97f of the shroud. 97 at a tine

FOFDr Alfge Bfe @8BS £¥BAIEE33FsPREFHPtTent Iy
pr eventred-theimateor datemsw tthd héeposithorndodi mwemt s firmly

oce n%“ bee w1%§v‘gne babS%eﬁlg'ng éﬁ]e §q:@1%e ﬁgsoﬁge%‘ the deposition

posItion ran ere
tHed dlessms unguschatyblestgerre i o threm he base material

68&6%%%' ¥Er6680§1 tadneNhkfcBr QYL ©f I emegenes ahé N tadr blade 89
he time of ornln%thhe degoiltlgn 153, troubl esone

ORIEE deor Ren G R Stabilize

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.
(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.

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
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deposition 153 can be reduced and a tinme required for
repairing 10 the pair of the abrasion surfaces 97f in
the shroud 97 can be shortened. |In particular,
because the steps progress fromthe (4-1) renoval

step to the (4-4) repetition step by neans of the
single electric spark machine 99, the tine required
for the repair can be further gghortened. 15 Moreover,
because tenperature rise in the vicinity of the

%@nﬁz%n%@ltsé‘ﬁév@ﬁq_% 1.9 (f[ '1F7 éefﬁi}{ QH%J.QJ. J?Halt Bﬁrﬁiﬂ@ @ftor blade

formng the deposition can be suf i ci.ent | %
sel%bﬁés%’éd)rwlr é‘ﬁ&élaﬁ C“PIF%\%‘%GER% SBOYPhéNabtGsildhfa) and, in
Sjﬂrf&@&srcwfammnbbﬁtsbhm&eakﬂmynﬁMJﬁaphlrm@nhbaaatﬂtdremachlne

revented so th at defe r Q [bi
SR ol BB B0 T Do bt B8t Ber et e eb8n anothex
FureWrerimbr.e, Fhethese thh@ld:@b@éqltqndnﬁ@w edrhsergstargd machine

CFRIRG WM & r&cﬁ:Q%dQﬁ%@ Wl hals 19f nt do st 94.a tffprovided

deposi tjion 153 becone unsusceptible to. peeling off
PR £HE s BSRATEL IHEP o Che IsPFRREr B A G Rentd 5-3) finish
Guiap bydof (5ha )t nepenbtioh arrdpy adee89s t2%s aépeirtderhod of the
I C t z e n.the -
TR R L O o R B et b o R gfPodinent.
Moiesty egt dp thmro@wgu@n@@ﬁ@ﬁepﬁ tére lteh-*etow;i@%crlwﬁcomponent

153 cadr e d il eATRA ﬂrﬂrh@r%@dirﬁ&ﬂ}lﬁhéteﬂe@ﬁ:rhl&%park machine

i eres PR g SR e eV SR protadpiaeseribed

ratchved aoke aseest ored nmachi ne conponent in accordance

W' t h aMf aE(dHlieLgbogPlMSt\MI]eld Pﬁr}gfﬁ;&rﬂch:%q: B?Lra@bn@éﬁ 8fs used in
Ference , fromF hr ou
;ﬁ:gua g,ag typling eng:q:qeg?; IBPWY 1r}:|ng 1g(§}d 19 P%(ea?round an
B}Qallzsmzerﬁbﬂ thje7§as35uﬂ'lb1§n@reﬂﬂjieidden rm&fmdveﬁ the pair of
tored nmachine_co t. in Qr e
5ol SedREhL ne COIPORERt | 5, ACERLUBNGE WL Loz cions <o
ﬁesﬁume&eﬁupﬁumeerorgglbaédeuBBEn@srwtmwrh%ﬁdﬂwﬁﬁA

nechineritvaemeaent shown in Fig. 17 (b) from an
original turbine rotor blade B9A as n orlgﬁna

nachlngh@éﬁﬁﬂ%ﬂﬂl§H6Rhn?EQQ%§b%iﬁ%ﬁ Aff tPR original machine
Qidf@rdm&m&sls &s@atl éweﬂie 9hgtiakesofan ot ditr¢ @pane oftthedabrasion

sur cen‘ﬁ%’q :Ln t e ? X Onler{gl #H %@8&%%‘8%3? \r/]}gt&ehﬁgﬂ?lﬁward Next,

frourt " Ao vie
tbhenpm@actthsntﬁblﬁoul@flm Hr,her estagried dﬁfﬂf@ﬁl‘tﬁ@n and the Y-axis

Qﬁﬂﬂ&ﬂﬁﬁh.'GhéQQ9&Q§&Q%oWb&th£E%fadﬂlﬂs%ﬂ@@ﬂtf@ﬁ&dié% that one
al so rOV|de renoval step

d’ng]é?ﬁbdfﬁss"{O@psuﬁf?%e%)%%]f }5 opposed to theah.grd e)lectrode 135.

Further, a pulsing electric discharge is generated between one
of the abrasion surfaces 97f and the hard electrode 135 in an
electricallyinsulatingliquidS. Thereby, asshowninFig. l6(b},
by means of energy of the electric discharge, a defect D such as
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 1s referred to as a removed portion 87e.
(5—2) DEPOSITION STEP

After finishing the (5-1) removal 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 removed portion
97e of the shroud 97 is opposed tothemoldedelectrode 131. Further,
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step and a (5-4) repetition step like as the repair
nmet hod of the nachine conponent in accordance with
the fourth enbodi nent. 10 Moreover, in the production
nmet hod of the restorednachi ne conponent in accordance
with the fifth enbodi ment, the electric spark machine
99, the nol ded el ectrode 131 and the hard el ectrode
135 as described above are usgg. Meanwhile, the
restored turbine rotor blade 89B is used in 15 the

%%Jllglmgn%l%%:r@% %t:L%'&QL\A’f@gthlE' @en?réﬁgdr ptél;:abhethe removed
ar ound axial center o e g u ngi.ne

RSEIPEr STenaL e o TaBPdstBh I&%ff?%@ﬁeeg o¢F 131 in an
kh%cﬁﬁmmmiﬂyhnyﬂmatﬂng1xqﬂ1®ﬁs tThe dedot,r@asbdwofintBigy. 16 (c),

I r r...bl

%) Syl berADEyy AP B0 (Pl TOPhaSIERa) of cho
mqlg‘ieﬁiaq!l&m@fﬂd%ﬁbéﬁﬁoﬁ%ﬁt#@ gepshanepeljtihg mategyl carries
it @egio%s’c‘ﬁﬁgﬁnedefﬁé%r@Wr@ﬁ"o%RweﬁiﬁaQC@tS thd riemot/BE8 portion
original turbine. r u

SR RG ERE TREPEY h A RETROAXR PO TR Iy Sid 53 can be
Ycaxiegl. direction, the turbine rotor blade 89A is

p Shﬁ'%ﬂ%gs%os% at one 25 of the abrasion surfaces 97f
H% oppos to the hard el ectrode 135. Further,

a
pul si n@f&eacEinssaisghrgye 3 s geiRRoRidd BethEBn Biemoving the
afadilee 1alr asi ome sihacesi9ébtand &he ties d-elxdct Hadection, the

BT, (Sheeld | gaLLY LISHLAUA0 11 9HLd: B oTBET 8B chat the

S
el cptsriitd o slél‘:’pangeppaodeﬁet@ Dlesm:arﬂhsemta?%i%dlﬁ Further,

Qc EHﬁEgggt@l%fg dﬁg@hﬁpgési @Q_}e%‘é&fa%%asb@g&eé&@&h@edepos1tl on

renove in the shroud ggrtlon 14 d

oA Do duraLe L e LF a0 drgviRion & Legrnfan Lo s g eI Tiqui

;EE.WDTﬁérﬁbyL | 88 QH@WI‘I(:E& 21 ERCSIaNI, ONySEERNAS bér energy of the
i-ni shi.ng .t he, (5- Y I

S TnarRgnsPas & GTRNER Bl e SO0 G 6 WiBsion can
die seivded rhs opi gnbp make bi i idmesshicfdEhgodepgsition 153

RQS b OF c%%é&éhehhﬁhEEHHé@Q ﬂ&rﬂ Eeamaa&a ofi ghh@ensity thin
shroud 97 i s opposed to, the ED g‘elec% %ﬁé} t the
Hirifhep3a3at 2 pﬁﬂrsf.aﬁg sieet9t Ehf SERSPY ngb VaPgdting

kﬁﬂn@ﬂﬁétéﬂﬁerﬁﬁbteé dppesiionoA7e58f the shroud 97 and
% lﬁ%ﬂ%f%f%%hr%%EPl3l |n an electrically
su

ating Tiquid as shown in Fig. 16(c),
by meadd tefr Eivek YA s thﬁe(@@cﬁﬁpés@ssthpare Be oyigiral turbine

eI BhaQk ddreis cm&éj@@tﬁlcﬁéﬁrﬁﬂﬁn 8% pig dZﬂe@l@d itk original
SPGB e 56 S8 TRy oM g RS Ao sicact e
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
machine compeonent 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 deposition 153 can be
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97e of the shroud 97 and thereby a porous deposition
153 can be forned. (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 electrode 135. Furthefz; a pulsing electric
di scharge i s generated between the deposition 15 153

angh ity Q%{Hlﬁlﬁga %@ewﬂg’?e'ﬂh@%l@b%‘i&ﬁ'&?&.c‘:ﬂarge is generated
insulating liq hereby, as shown in Fi ?

a
By re&hs ot ¢ éﬁePﬁ?VSPt?ﬂ £0 GeBEERIE AP oTHeR g‘f%éeﬁmﬂtwn at
fatﬁm&oﬂﬁohmmhggmgﬁdyaﬂﬂﬂﬂamxﬂmmanmeovan fbeﬂhﬂsaEMIeason,

W89 A% 0, 08KE A, L) ckiposs. of {16, d9R0SLL00 A8de material

rm ne hi'c
mfghhe@ﬁgppyl I'hhns 205 EFEar B3 ANt ke TsuCPERess Fdengrat io grades

te; Hgﬁee'ﬁﬂé’@le%’é%l@[om&t’?& RG At be fl%%ﬁ@gn@hﬂédﬁflﬂkhehe base
f%ﬁPSItlon 15 EPETETICN STEP After finishing

§5-23) o fP&h QFQ Re original turbine rotor
bI ade F2Athe ronece, diet ao:lfuaz:é Wherettlie pegnif2d samg i he@dded after
I t n r ]
i Alrg PhelpT e 088ty oo s St sls i Bifess con
& g HeRHe Sheebitn OF S&ﬁ’\ﬁa@ﬁ theneaposi hécBtlps sprigiit Refatigue

(s%z@ntgrtgm\faltlhet eepbe ﬁ:blen( 558) c%ﬁ nbs hlﬁéﬁélase&:[ e

repea sSimil ar apove SCri on nd

hee e pFGaRETEGn fctiat (Bel APRRet EREh o ARoPopPAEY means of
mragsy piethest bredr i S@irethirge godpbine ring gy |Orf| Qhedelectrlc
l@%@MEIIg%' l&@glﬂj' %Q;Lt%t bﬂr}ﬂ E?Bﬁggeﬁf:lizrkqnd'leﬁbggﬁdln the removed

machi ne nponen % In view
éw&d.-%?@npg Ehreshgoy e97'r Heli?ét‘-mf‘d rgse He ﬁﬁehﬁemlty of
aipenedkibR BGE0sdancEr Mdh theeshirball 9pnodi meak. oB5forming

xt, t|on f.the ti.fth epbod n | be
B%%ch%PE 188 Bgelﬁhsugél%%e?gg% é%%vgnyé%rned by
neans h adeordmrgy wish tﬂhefelfébtemttpdﬁmagéiesarrlbed above,

ARG Qf thBe ARROJIE {10 gk sG@A ohRe1 39 ddrbhedii dd Wi®nhin the
range mhere the electric discharge is generated

and
HETEe ihe=e p‘fl'e%e‘ﬁ]r%ﬂt%cg@h%FB?Eg%nléxéJ@g&r\%e 35 that the
demstuv@ndaposatiomsabréoemeg 1 hem depesiatiog d653he time of

'\Por%& ?FHE‘%%@?l J%He 1 g&gsg%aubﬁgggﬂg P rfttbe f‘formlng the

ase naterl a
tdﬁ@@hrt@@@ 973 hean é?est:ﬁ@e@eqi earich anhigs zegumsssifproproduction

&t 119 Jad8Sred turbine rotor blade 89B can be shortened. In
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 97 at the time of forming the
deposition 153 can be sufficiently suppressed, occurrence of
fracture at the abrasion surfaces 97f in the shroud 87 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
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and hence the deposition 153 can be firnmly conbi ned

with the base 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 the

deposition 153 can be increasegy Mreover, because the

deposition 153 is formed by means of energy of the

g!te% ol ghg ﬁ&hﬁf %%daﬂgnz:@eqﬁ@f’rg}’ o3 thBer&degtdd Gurbine rotor

ocally acts_on promnently small part in

ﬁ%ﬁ%&ﬁﬁ5b§aﬁFa§?é16F dthe shroud 97, tenperature

rl se | mﬂdﬂé%v\élrf;l i thheotaséheheaty askqreaniri@eesepdvs aofded after

DSOS S8 1 (000D e Cegoel L9089 ot one

fciefnchuemmdl%mn 2e m@raqs@@ioarecbm@ce tb@@a@éétﬂﬁéf the restored

range f thedenasict boR L33 sanrhechbfi imgrdtédin the
20 range where the electric djscharge enerajed s

that t RS BREESLPOE FGs! EHB S Coipy STLRREC TR Acocribed above
ggnee ﬁéi:@@catcotsfaretﬂampﬁéfefmm egbbiémeepesitowewetb 3 he scope
tr . af

P gﬁ d{egi?] gagl}eelr Eg%g}lg%&x&% :LQJ%S?%JH&OI’J]%%%@ed to these
tQWbQQ%m%m%ﬂ turbi ne rotor blade 89B can be short ened.

I'n 25 @»ﬁfﬂé&ﬁ&rar th@%‘(ﬁ%iﬁlﬁé"%fsbﬁp§n§l§@gﬂ’£§§mf rp@jgaltlh:atlon No.

e TN T R Pt U o e p R I R oo b R e 11, 2003,

tihecoegahtedf dapshespfadeatti Bpp Liee thiorf Yot HG03-167073 filed
sfar engdg %%E)e‘@gg%ntbgfﬂ.‘é@ LeMpeiatiy e 2"00‘336 an@ the contents
viernity of brasion surfaces 97f

S GHa DS %Pattﬁéttﬁpmaél@ratﬂeprﬁ%gW%'l %I?a‘%@ Ftlr'LGH widh the Japan

C@e(téiﬁ: sat{tebantune BLPRLESSBdulAaCid B8ee coted in the contents
cture at égﬁ abrasi n su face 97f én t he shroud 97

?fﬂﬁﬁﬁrﬁﬁ Fpgéﬁl 8 %Vevg P€6 that defective

production of the restored turblne rotor bl ade 89B

can be avoi ded as possible. 35 Furthernore, because

the deposition 153 can be firmly conbined with the

base material of the shroud 97, the deposition 153

become unsusceptible to peeling off fromthe base

material 37 of the shroud 97 and hence quality of the

restored turbine rotor blade 89B can be stabilized.

Mor eover, in the case where the peening step is added

after finishing the (5-3) finish step, the fatigue

strength of the
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5 deposition 153 can be increased and hence the
gquality of the restored turbine rotor blade 89B can
be further inproved. As described above, the invention
has been descri bed above by reference to severa
preferabl e enbodi ments, however, the scope of right
included in the present inventionis not limted to
these 10 enbodi ments. Mreoveyg the contents of
Japanese Patent Application No. 2003-167074 filed
with the Japan Patent Ofice@insine 11, 2003, the
contents of Japanese Patent Application No.

2003- 167073 filed wth the Japan Patent O fice on
June 1 r&003 adiethddnef camnd @nirse d&n@(ﬁndxﬂpﬁﬁempﬁattent; aportion

t 003- 167076} | t Pat
AEPHLCELR R o2 WSS ISTEIELL s, 02 Rt ol lonens,
@mﬁeﬂ&pﬁlnﬁmetmp®reéeﬁheaQMQH;mﬂ(ﬁpMEPHQﬂQHQhﬁﬁgcgﬁylzed by

AAMNE link:] A repair method of a machi ne conponent

for repairing a portion to ber red of an
el ect r BcBFTYVEbAGERL N ESRATAPAES sgﬁ‘c‘pﬁﬁwer@tteﬁeat the portion
ﬁ&p@d’ﬂﬁ&ﬁﬁ@dobftEEenﬁahhhﬁecoumpﬂmmmtnhanhcterlzed

Con‘pé:{ SINg: ;34 eyl ?t&gr fecjal redﬁg_%é %gfac?é’ftlon after

generaﬁe 5 te ort|

maﬁ’é—f@omn@mvahﬁée@ hd@pf@ﬁlwm 3o I § I HE TR ;Composed
R gulao%@@sa,adipalothe@r fré@ 41 éjﬁhﬁféﬂrn@ftﬂanéﬂmval mskefl powder

b I d | ect f [ d

Y, engﬁgéégg??d%ggae < eCS;OSWﬂ%¥n$Pse(¥ﬁ£%&&%pgaé gge molded
cﬁody-@qwdemseﬁ ainkt al head tarqeoweert ,ofand genamptingra pulsing
the Jml.ds 915&99%/%@58%&3?5% Wb Ea ?%@Elhh%éﬁ?ﬁhlcﬁ%e defect

gener at I n ectric dis bet ween a
r:enw@dm@@mn@nccfmmﬁ%ﬂ dif rrBo¥eferRd 152§ Aolded electrode in

@P@l%%t@@@@;‘l?n&lnlsﬁléﬁﬂﬁg‘eﬁl@ﬁﬂil tde gmj ded tﬁl&leChrdeerlal of
ctrica i nsul ating lLigu i

T Lo g R R i B et Poaiobra’ sAdpedfel e Foarries
mjijsﬁ&pcelmﬁonhednﬁﬂes_ncai ara/ioirewel gung delpdgie irgmoved portion
ddhg fs ofy AN d/e0 coﬁ@lﬁgbgg By EH@r&f”@feghé)oéIé@@rlcPfdlscharge

e machi ne conpo y energy the electric
di scharge. 20 [2] The repair nethod of the machine
cmponamlte f@pélﬁ@heitﬂo@ &f Mhelnachit@ciomponedtbyecited in claim

rls ) |nbsh %&egiggncarrylng out a finish
5%?%(§ FEquPreGOHI RSP on after finishing the
depos| E] ﬁnnsi;leptg@ @f ceoryake qut 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.

[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
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
gas and melting the surface side of the deposition by means of

energy of the electric discharge.
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25 thickness of the deposition to be a predeterm ned
t hi ckness. [3] The repair nethod of the machine
conmponent recited in claim 2, characterized in that,
in the finish step, the finish machining to required
di mension so as to nmake the thickness of the
deposition 30 to be the predeterm ned thickness is
carried out with formng a high-density thin film at
a surface side of the deposition by enploying a hard

el£ctrade ba %4.5539 rRARRUSLE QI d REERT ABCRMp BRAET 8EEDged in claim
pul'sing el ectric discharge between the deposition and

thehdr %ﬂé%tF%@éaFﬁeéﬁzgﬁePFrFEQPF&SFHQUIatlng
i qui d 20pedbigastapt Mpkbtagsihe astufzoe side odf thddeposition

. 4 ;
JpRIeIL BNATI0Ns s ROSRL BLAREIRLEEN Erpin scer.
conmponent recited in claim 2 or claim3,

chayr actgld zed by ﬁ@ﬂﬁ&d%@&h@mﬁ@ﬁﬂh@gc&ﬁﬁc&léﬁt recited in any
proceSS|n a surf ce S|qe of osition

ke A foer rifl dni RESTROCPHHASR BY qprfrising:
[ 5] TheAmenalmhﬁatEGMmoétepeoﬁnﬁwmmmngxanhmn@nthaecfném having

| t

'Jbl%@’lx?elcﬂselaénsnkff":g dﬁiﬁ 4Q[h% g%fgléh s‘;é?e? n_? &hp frﬁ;glndg a hard
tnmlni |eﬁheh:é;\rqqig C&’@P§§?9eﬁ§s% r&‘ﬂ%?d fR95 % A grom a mixed
fh sy atfeao pbay:d@&p&a@w mtal fhagcﬂg ;?c@ndﬁﬁ degda eﬂee@tnmd@r a powder
CO OS nmol de rom

IR B Y SO ST & CBoRBET 0T CAC EEP AR grocessed
p@Wdem,h@htaMreBEmEntea@éwen©hHM@tauBﬂGEKahﬁdegtruhedlSCharge
il ded body. pﬁ%?@%ﬁﬁg Wizl a-heat o t§ eabimat, electrode in an

generat| sLn ectric discharge between t

T Iand e éF‘a “FUEd o e adetat aﬁw“f%erlal of the
Q{a&&i rmcs:laid@/ dInsididen @ iaquict ok ogagsubetbhat af the material
materi al of the _h rd nol,d t C n
suabr]ilensce gf dteﬁom_% raglﬁgxég%grgsg ocg/forg eeicfai%% tth% thin film
ol rf ftuhesd mwapm@lydlengrgMeO(fhthef elﬁctrthcﬁhscharge
deposition by energy of the electric discharge. 20 [6]
The repair nmethod of the recited

hi ne conponent
ayl  clTAesmrePeAT a2 t@ieafnﬁfc&,m h%?f&%%?fﬁfzef&wed in any
colngoim Sirgn cd diar @ tthi elbilmmist epapbcterited oy hasmprising:

thinfi l 'H h%bltlﬂgn ?95.1%551\!5863? ?%fn%{ L?nlh%@anhﬁg f%lm having

finish step a Sl e comnmpose
st ab sdye sof aSlterafﬁﬁﬂééélnﬁo‘élkve bl ifeth 2591 &y gmploying a Si

poverr e %on@bs@@nﬁﬁfeﬁshgﬂl@)’b@i}e&ﬂ g, QF mbnaeaobdagl molded
d proc sse &P a heat trea&ﬁent generatlgg

p’%l ﬁgp%\]l y Compression by préssing, e molded body
processed w1th 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

thin film in the deposition by energy of the electric discharge.

[7] The repair method of the machine component recited in any
claim fromclaim 2 to claim 6, 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 repaired of the machine component
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di scharge between the deposition and the Si el ectrode
in an electrically insulating liquid including al kane
hydrocarbon so that a material of the Si el ectrode or
a reaction substance of 30 the material carries out
deposition, diffusion and/or welding the thin filmin
the deposition by energy of the electric discharge.

[7] The repair nmethod of the hi ne conponent recited
inany claimfromclaim2 to aim 6, characterized

J{h EHaéledﬂraf” : 1 9 §Hl§él§§ng1ﬂlﬁ PR, PleddBI Y generated

ectrode g "exhaust i on’ resi stance and eneratlng
& P Psi PRr el @ A leedq&ja%%ﬂeoﬁe*%%éﬁcpﬁeehﬁ?laponent is'removed

&) \enadsy aTd thize epektiron Hosbrakgpai red of the

machi ne conponent 40 in an electrically insulating

liquid or gas, the defect generated at the portion to

bie8 Ir epdiheedephithee inedhiafe thenpenbane| somerramad regited in any

N9y ont R a8kEGE kioC cdL$ahAr 9enaPa b8l rThes rl%Pad:(Smprlslng

met hod "of the machi ne conponent recited in an g g1

from c|aa¢1hﬂff-ém@|tﬁprﬁ%fOEﬁawg@tré?lf%%tﬁyncf&r‘rﬁ% fqigfinishing
&H&rambvhmﬁ@pbgfe:ﬁpﬂroymg; ahpasdltsed Biactrbde asfrtdsgeneratlng

1;51' g%-"t hl n% egr aﬁgtéégg 1?13{? e%&%’écp%%%o %the machine

ul st ng ar ge
td@p@mangothe e laedt ﬁbemcmle]énmn @ﬂrﬁﬁ@‘éﬂaldrmlnsulatlng

tihey ™ 862818t NI maR e@R 2 8lACEHd fBL Y4 kN8 @blB®r a reaction
lléﬁ%d or %fs SO tha mat eri al of_ t he .nol ded

CEULTREE IAP I oy & Gfusion and/ox
oo Ird iesy autthiemembtredrpoxdttjfcﬁmsufothamm/c@nnev\edmdpwgelat by energy

t#giqﬁgqﬁﬁg%t %;glscﬁgrgg? gﬁghlne conmponent by energy

ectri thin film
nodi f i cathbn Stlapned i Ehergi oy StRe AhrhanpLiRg fenthin £ilm from
rhob@%ugt@@aecé Ahe oda Migh-denslity state agftleerfinnslphhdighe thin

t t hi il bef tart t.he d t

35t B iy PRECE Ra7 HE Bb T M RAR T Tt eans PYo P Loying
raahamda&decamddgehevangn@xbau$mnqnrnpaﬂsﬁﬂnqecand generating a
giﬁ@lf}{ @ 1Retugen dH'%%h‘aE %bk%éﬁdthaetfl%df@m and the hard

ectr de so that the t I'mis neans of
ENEGFste SehEnak cek® i dl Jdfay §6. mpofethey r"&%ﬁ of energy of

rieiched @ft riRC ke nheedBonent recited in any claim of
claim3, claim7 and claim8, characterized in that

the hard 25 el ectrode is conposed of a solid boy of
gr¥dphi e tepyst e talodoys maghicepperrateny secitef Mheany claim
rgpaii ipeshod; 9f  MRchine 1ceppenest s+ 6t d £ dd ﬁﬁ)that the hard
cIa|n1 of ¢claim1l to claim, characterized in at

rode; B qqntposed 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
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
the removed portion of the machine component and the molded

electrode.
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30 end portion of the nolded electrode is slightly

| arger than a shape of the renoved portion of the

machi ne conponent so.that a portion of the nol ded

el ectrode which sticks out of the renoved portion of

t he machi ne conponent in a view from a di scharge

direction is exhausted when the pulsing electric

di scharge i s generated betweery135 the renoved portion

of the machi ne conponent and the nol ded electrode. 41

(33l Theerepsiir fﬁ@tth@a of mﬁ%ﬁﬁh@%&ﬂﬁ&%ﬂ‘&eb@%b&eﬁu bRy claim

claim_fromclaiml to claiml aracteri n
PR TR R e borethe T (R Chp Rt CotA i omponent
d sgas bnghmeecemgbnentSOEla]gésptumbmne(Hngnndunj of a
restored machi ne conponent for production of a
rest ored nmachi ne conponent, the production nethod of
tiB@ Ir edt BredupkéAnnEeEbABoAENE ERaFaEedrrzelipy component for

%Q'Hélﬁllcftllﬁﬁ o8 al LDV B hBPhOhe@IMPLMRGIt] €8é eatoduction method

t portion to be treated_of the aorjginal . . .
R Re CaRBERGNTE b P EPARSSUS LIPOR SP58 6 PO HopRFLsing:
a por oasremeposl titep aft eemovimg shidrfethegememaiadd sttep portion
%g) d%@ﬁ%ﬁﬁggggr o%vltﬂsdoﬂgﬁﬁépdﬁa&pm@%p&{e& m&rﬁﬁd

y om a powd a netal, a m xed powde

of a p8wdEPost taoResirPand £PEIRG P Wkt a%%R:OSJofrwn after

tthe igblidgtthoélopi Deesp ey mﬁh;mﬂyﬁamouﬁeatmtrmcompos ed
er at | si 5 electric ar ge t wee

Pnavanl fie BBl PelRelirEnfi SRl bl ot ARl CR R Aap powder

ﬁﬁbhlpewdenp©ﬁGhMHE§1r@ﬁdVédPQM@eIh@EWDD@@@lehe@Frb@%3m01d9d

'H%d%np%b%E%%bea%iﬂh'QS&Q&E'ﬂHbAﬂMHﬂtd th9§§n§9aﬁbﬁ§ & pulsing
mat éri al of the np] ded eIectrodgﬁngaFreac

§&6’§tt§ﬁ€edjo?cqaﬁeg e RatBPeRPR T 1886&&% Viphch the defect
dinf ftirsd o B0 medidimg abmpdee?f) ienmesdvpdr ingn Wfe molded

%H%c% o@'Sgécﬁk%ﬁjﬂﬁt%%%H%ﬁeghsgéaggﬁggyhiﬁﬂdgnggas so that a

Fﬂéé”rteérl@d pAcHiaalsinsbrREtrpdei eBR ineadtdion fzbstance of the

GRRAEGLEr EZLHi Y HAMREHSE NP oD A fithiRiiSh §ﬁ&Po@fweld1ng at the
carryi egg out .a fIEISh machi.ni ng to.r.equired

SEmar i rREki g pheTiepu i orehiGe oRPgniakeby Steray of

tthiecleless rat tihecdepgsiti on to be a predeterm ned

t hi ckness. [14] The production nethod of the rest ored
machi ne conmponent 30 recited in c

dRaddactleri peadnftinat method het f the sﬁ6§*f %ed tIHRCRing sfpmponent

FeehitRdngnt @16eRUL P pdcllh FRASE OISO B8 ddingTaks rigte

thi ckness, of the deposi tion 1o be, the Rredelerm neds 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
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 emploving a hard electrocde having
exhaustion resistance, generating a pulsing electric discharge
between the deposition and the hard electrode in an electrically

insulating ligquid or gas and melting the surface side of the
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carried out with formng a high-density thin filmat a
surface side of the deposition by enploying a hard
el ectrode havi ng 35 exhaustion resistance, generating
a pulsing electric discharge between the deposition
and the hard electrode in an electrically insulating
liquid or gas and nelting the surface side of the 42
deposition by nmeans of energy gof the electric

di scharge. [15] The production nethod of the restored

%@%‘sﬁ%lgﬁmgnﬁ%nsr §E1 LRE 4P S ot 13 Yl @idiskharge.

characterized by conprising? 5 a peening step of
processing a surface side of the deposition wth a
HaaninghbrﬁabﬂﬁﬁtiaﬁtﬁétﬁbﬁiSﬂiﬂ@ethésfhﬁéﬁhm&tﬁpne component

uct i met h f.the - e
ggﬁ%&ﬁgnf FeglFegglﬂra%?a% a.%ﬂfr%ﬁ?gégﬁﬁk%%ﬁﬂgyuﬁomprlSlng
15, chamscterizetepyt zmacceﬁmm%ﬁ 6T FACkay iq REFHE deposition

s4ieR of pbahAhBItdchahdnt NhPedi | M bavi Ny Bl asinenestep.
after finishing the finish step by enploying a hard

nol ded el ectrode conposed of a nol ded body nol ded from
d1d}xedthepprdeancot oa pewded of aheaetrakbtaned anpowies ofmponent

1 €0 | egt I ¢
SEIERE Gy Ol AIEE-ER £l 8 SELE1 8 e CRAGYSLLMRLzca by
tooamrAsARg sgenerating a pul sing el ectric dlscharge
betmeeg hheqdenosi tion aep tdre Jﬁg;bdﬁdr§|€ﬁlﬁ0ﬂﬁlm having

an. electricall nsul.atin r o t.hat. a

GLAPRGF S| HECOR 0 T B8 oF ittt SGPELY GART gD @ hard
sulisedneéeotrotie catposad &0 axaralices! bodydaepddeti bnem a mixed
g>ofl«~lf(:1lé§I &F aag%éiérvéﬁ‘ g'r%,gtihgnhhé ovad!erP of@a Eafamlc or a powder

osition ener e el ec ric disch ar%
%ﬁéeeéwéﬁl%t%@%ﬁlﬁfﬁecqmw ed theeRphded body processed

G@J’(Eﬂoﬁeﬂéatrﬁﬁéé’gﬂem@ ayeh e A ind raogsmlsanm d3etorttaidischarge

cnar eril,ze Si n t

SEEEER (019 RS ao N (LR PREm It n0o 1369 ablPgheels in oo

a‘lteertrhucallgm ngsuhetimmﬂgrqlstdeprbgaenm d;hadg gamgicerial of the
3@?&%@§egogpg§%gogg érsglkga999¥nOEué%taﬁc@D&ﬂe@he material

roma er of Si by conpression
ﬁtaé’§§|eﬁgf°u5r A RS Hbi-tfod %%fi}lsg@lbra&ée@gea’e\%ﬂlﬁgatﬁ%a@ln film
tineaheeAbpogenebat bgede Py SbHgtled eclddori didicharagee.

bet ween the deposition and the Si electrode in an
electrically insulating liquid including al kane
Hyddoc&hboprsducthan mehpo@rofl tot rasgtsred|mechbee @pmponent

Felgaghl o H13R6e£O6m dheinatizetbat1£8f NS cAtacterized by
dep03|t|on i ffusion and/ or wel ding the
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
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

thin film in the deposition by energy of the electric discharge.

[18] The production method of the restored machine component
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35 thin filmin the deposition by energy of the

el ectric discharge. [18] The production nethod of the
restored nachi ne conponent 43 recited in any claim
fromclaim12 to claim 17, characterized in that, in
the finish step, by enploying a hard el ectrode having
exhaustion resi stance and generating a pul sing

el ectric di'scharge between thg;hard electrode and the
portion to be treated of the 5 original nachine

G| %11 grlzlecil%%@oﬁlahkéflﬁln@“t%t ENgidi o) Qi:haQracterlzed in
gas e ae generated at the portion_to be_treat

d¥h"=t1he irgrthgi RAPLFBCAFRB CRWPIIRMYIRT PeksFed Bﬁctroge having
engigis ford hes ebesidéd Qnddjérfé}ﬁtg.emg A@u1E9hgTdeectric discharge

duct th tp
ﬁ%oﬁ#egedﬁl Ex gﬁﬁrgl %f%:?pg%?r esal O B?%E!L{S'S E@;%eo%%tated of the
chairgiotadr maetiiby conpenesi rigr aa ehePtTicad kY épseflating liquid

for 'Ea%g @h@ocﬁgf@cg e'?lefr’alt@dagEeEhé igHrENiRgt ot B€ treated of the
renpval step

g the nol ded el ectrode
g%l'rﬂé}na%%@acilsnﬁ 59%% f@n*aﬂs%ﬁ&r"@’aes‘ewe%%e{% %%ﬁ-@ glectric
porddrdrgyf. the origi nal nmachi ne conponent and the
nol ded el ectrode in an electrically insulating liquid
or gas so that a material of the nolded electrode or

al T&actlhen maskicaioa oethed mit Ehealresiprpdsmgghine component

d@é’@r%éd QR andi XS4 G candl imVEd dicng1atimt T, reeederized by
portion of the original 20 machi ne conponent by energy

FORR &%t ri ¢ discharge; and a thin film
rmdl fi cathon files e changniggtreotdinthihmiflmopfter finishing

m%tvg eﬂ‘ﬁstggaengf:%i% ShbYnSt e e@EEEEoEé N yBHerating

ore starting deposition
bay peﬂzmlésg ﬁgsahna@a befveran G ﬁﬁWPﬁ@deR‘h%E%‘?IF GF the’original

gﬁéﬁ@%ﬁ%@ﬁn%ﬁ@i |th1@ ﬁlfdllldﬂeﬁil @geaﬁreheﬁml @n electrically
1S e between the t ilmand t
RSB SRS et Bobld e § il O8RS eI 8P ect roce

ans ener
tde elreection silssthamge.of 20k mheepl@bumnmmmaeﬁpﬂtlonr

t e £ 651N &3 JPReh; 084 ERIRON&NR e régio(r@@' §gtid3‘n5!ﬂ§/the original

aimfromclaim12 to ¢laim 19, charac [IZ% t hat - g
MaIRe SRR SHaF8SEEYt RE FBEJBUSEFBLET fetfarady an
sl i ght |y thk arfgem wbant ava exsesnap shapenginghtepohthahilm from

to be treated af . the orl nal. ' 0 :
LREE 5 Bor 1 o 100 U G T R CE A o Ral Ry g Che chin
conporserep sodtiefore soetricéngothe W@nﬁﬂldé@nebﬁcwwlsy a hard
V@i&@tl%dé:lﬁ%vqﬂb Qﬁhé@@ti’&ﬁtﬁé}ﬁstt%n% Eﬁ&%&@eﬂtiﬂbea pulsing
orlglna machi né onent in %Wfrodqc % %gf trode
07} 6 S RRARSPEHVGRRENS thih T1lm an ectr

so that the thin film is melted by means of energy of the electric

discharge.

[20] The production method of the restored machine component
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 aportionof themoldedelectrode
which sticks out of the portiontobe 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
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the pulsing electric discharge is generated between
the portion 44 to be treated of the original machine
conmponent and the nolded electrode. [21] The
production nethod of the restored machi ne conponent 5
recited in any claimfromclaim12 to claim 20,
characterized in that the original machi ne conponent
is an original engine conponenj, of a gas turbine
engi ne. [22] A production nmethod of a nachine
CIRRNeNt i@y BEOGHE! 5PRgi 481 Ofa @h TR R HRAROBEAL the molded
provided with an electrically conductive conponent

;- a porous weld body forned at a portion to
be treated of the conponent main body, the production

g?n‘g]ocj'l% p&%%u%&%%xo e%?l%o%%mtpgh§ %%E?E5259ﬁ9¥ne component

ri sing:
aEpidreshtiinnainn blodym frpsl al@lelpolsa ttu%ﬁlémpm)f cherichgrized in
a 1lapess biregi akt &fa fHiMeSdbiibndiie; § %mglﬂagperﬁj’lne component

6ggloylng a nol ded el .ectrode conposed of ‘a nol ded
VW IAASEd G, 8Y9dNEer of a metal, a ni xed powder

a powder of a netal and a powder of a ceramc, or

tfkez m)l dﬁgogﬁg}fﬁoﬂr éc?q)fmat 1@69%}111?@05 m%oraﬁgoductlon

gener at S ng I schar et ween

rceﬁ'r@v@écbé?lﬁl WHQWWI@WJL@EQ déthcin |Q4etq4Fé'l°ﬁ&éE¥| @nductlve
(@fﬂiﬁﬁﬁrﬁt S ihe BBwed angoisbﬁs fﬁaér@dxﬁi}eqtdﬂfé@ bR anportion to

t | | at hat
R Bt o SE R St e e pokodf” e ikt tion method of
Sutes treevde nef colmeomenér chkreateresedooy depsi $imon:
di ffusi,0n,300%,05, &l 4} uE al g rfgyﬂe&@%&dp%e%% fhin body:

t he machi ne conponent by ener gy he el ectric
di scharagéePPEQ]:“Fﬁes’b?R)dlfctfPéﬁlﬁ@tﬁé&eRFfSJttHémrTééﬁﬁﬁefmmhmg
aﬂfmmmvaﬂe@tépdbynemplaym@% neﬂafaa;cteardcmdadbycomposed of a

eIdSI 'y mPtéLl i Sgagrtng Of & ré’f nagfn{ er 12 f' Bkﬁed powder of

|n|ng P hensi on & fln
taw@owgp@‘sqz’f |aome§taépas@ apowderake a cerpingkness tdfe mﬁéded body

Cﬂ%?:%stée@wi@h %%@a@%@@ﬁﬁ:ﬁéﬁt n%‘i’ldt@éﬁi‘f@@ﬁng E%:?dls'ﬁ% electric
producti on. net hod of the machi ne co one ecited ﬁﬁ§t311the

alﬁ%a@e PRTFRE (3 rﬁenggfﬂerﬁor‘fh%n f§ Frﬁ hHAT 5
rmﬂnhmmw g eS| 09 semaﬁedOaﬁakehbhmoﬂhe@kmdgsuﬁbde in an

It on eget e n
Carrl g:gL%saltly 1{1%8%?%1{159 L cg% sg {]Jti%fl%nﬁ%%e'rﬁal of the
ancshgechedestdedefon ﬁeraég‘@sw |Eowswlr@@ppéy¢h@ Tgtegigl carries
4351@:d%be%@ohavaﬂgf@w&usatrﬂmrr f8h 8t ARCE; 1IRNeEAbBE portion
o?lﬂ{:hsé n%chlne 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
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
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
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el ectric discharge between the deposition and the hard
electrode in an electrically insulating liquid or gas
and nmelting the surface side of the deposition by
means of energy of the electric discharge. 5 [25] The
production nethod of the machi ne conponent recited in
claim23 or claim 24, characterized by conprising: a
peeni ng step of processing a sy face side of the
deposition with a peening treatnent after finishing

e du i sl Molaflethe A oduekian TR0 Ofad 1 pulsing

ne conpone recit omclam
ted ettaiin Q%SCE%-‘égfaé?@é’Mez@é?dthﬁ ci%nsmlr?n £Re %ﬁ@ﬁé’nfﬂlectmd@

StePn etl@%t§ﬁéﬁl&§ 1fr£§d]]a&9.nfgrpi'ﬂpﬂ1d78h:@a53§zﬁcﬂ mefltt g the surface

CSH%O ng Fgﬁg%ﬂ%d-% lf’glt%&g{nggg% %%h OIE%%%ES %dJEﬁ %otr%rgc 9is charge.

by machi ning. [27] The production nmethod of the
k] ”%h%ogP%ﬁEhéﬁ%é%d b £ @H& £ & hd réHiﬂ;fclr@rm 23cited in

to claim?2 aracteri zed { nprising: a hard thin
fqhamﬂsﬁé*»poa Aeim A§- acharac ﬁFhZ?Wﬁé/h%%wnglzw
abr asi wesessi af tseépfdﬂxbﬁdswé@siﬂ@afsmmesw@e bY¥ the deposition

l.oyi .ha t
SRICH BednE SeaTEbeRe, ShPSL SR, SIS E oy ster-
a netal and a powder of a ceran1c or a powder of an

e[|2%cﬂt riggRl LY oGQRAYSE Y 1S /M Eh@rmi&@lﬁ@wiﬁ%o@m recited in
eCt to a heat treat nment ener at | n

9,
@réfcﬁ%aémd.f%ﬁb%él’ae%%e%% S e e FOSTA AtoRtinao fg thets in
hared cﬂsmbdﬁenel €Cis Odhd Btap £f eftdrmiiosd Ifyom aswd gt pgrt of the

eqognwo%eor h gg%%ﬁ?%o%g‘ﬁéerﬂ &g Ol Lgﬁ fla%‘_jtngq%r%‘?rpa remaining

orar iOn Jsuistance o e mate
cant of dine coapesentomaidi Prd¥i by Bael BRiR®@ di ng t he
thin filmin the deposition by energy of the electric
di schar e

28] The uction nethod of the
o o nearerr Lom e ied B ERD BTenPie Ry sgcited in
tam yC bk tihn 26; onc haaamtm |tz>edldnym cénpehstragteni hed vt homprising:

film Staepl Q'f fc | af gﬁé}g 5?'.&)1‘%} lr@ I?:la\ﬁ'a@'gl th:Ln film having

abraS|veness t he ni‘sh steg
@ﬁﬂa@ﬂme@ssaftgs J‘@lr@c&m&gete@n%b@eﬂl Sf-e® mr%PJ&a@ylg a hard
Qrfol%led 2 1eRkadedebedypapbdeds f4 aib D WiRly @loldedd¥rom a mixed

COUDSSRE O BB 2SPLG o Lhe Bl S, DO c LREES28Y povaer
4:65 dhsehargel det Wweepnthetdepose ramic andthhen@ided body subject
eéoeé;hégg%r.bgtﬁgnt, generatingapulsingelectricdischargebetween
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, diffusionand/orweldingthethinfilminthedeposition

by energy of the electric discharge.

[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
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
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electrically insulating liquid including al kane
hydrocarbon so that a material of the Si el ectrode 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 nmethod of the machi ne conponent
recited in any claimfromclaign 22 to claim 28,
characterized by conmprising: a thin filmstep of

fQrsmnng @ PRIt ik fhdpmafd &dn fARd Shhag Sllgltet&rode in an
mai n body formation step. and, before startin

GOSSSTFGH 1 VST BRUDS C ORI bYTH LT Mt 0o ugraRahon so
gameratmagealamlanghedgsc&myQﬁrdna\maea thacpaphi subsvance of

lﬁ%e&%&@éfﬁaf aE:I}?[ %C EF‘JS[IEELBH Q@%ﬁ%&?@d%’ﬂ«%‘idlng the

fode 1h an e nsufl ating 1 qui g
$hiphatle mttde depgslth@nrhﬁ gagreveef ridte edecharic discharge.
reacti on 15 substance of the naterlal carri es out

SGBg!Lyane GL(Tur on andler telch g o he portion .o .

tahy el et riirondc$ e hardfe £ oara m L, nclﬁaimtmldliect atyi opmprising:
step Oghﬁ:}nhquiﬂgsttgs Jéqurrﬁ*llug?fﬂcﬁmusatlpﬂ{? §m f?ée% finishing

into a density“state finishin e

ftlhlenfﬂé‘f-épb%% W‘tﬁt@%’( acepngnd hk%effér[ﬁjsslttalréﬁ%t §Beb‘§eP051thH
%‘E@pobyn&nﬁl@@:[ﬁjg GilféCEandlédhéll/é@‘gr@ﬁa#&I lg@ferating a pulsing

resi stance and generatin pul si.n | ect
R oE et Whabob iy iRib e b ateShhF e component nain
élogiyt amdl s heond Iltd €hecthpde filnl an eéeneru-edlby imgadsetohg liquid
gg)ﬁ of tihde aekr%q: r'l%ldb§cgﬂ§%9ﬁalc?e% [3QL-+8e or a reaction

uction net hod of the nmac e conponent recited in
P EREM ' BHF SPARHIE3 G357 10158 A g PORAT AePeriiddsinn and/or
m&aﬁlagSEﬁpﬁhe(ﬁoﬁtidﬂ)ﬂbndepﬂféaf&H(ﬁftﬂm& eohgedent main body

Iectrode [ gh n. a pe of the
By SR, ohe PP OBt s bR PR Le Bt A R 50 Doy s
t hat aapdrin 6mlmfmq¢neflm§altd@dl et@mprfo@lléamrem thei gk £ 1lm from

%uﬁor@ﬁstéteaﬂéoiﬁtgrh h@gﬁedéﬁ§§{:§cgt%ftet EEt@Q[@ﬁﬂ%’Hlng the thin
| rectil on

inaview froma
&H&uéﬁsa FREnCEHRr Ut 'SFiig e éikergé OFit§LRGr @EePst employing
gehatdt eflebetvg@enmd NenPpartharstiionbeesisatadeofntihgenerating a

PTG ”%1@%&@190% s8Hs F&?%E’Pl«@%ﬂ ShECL Adee s Fp irﬁillt e hard

hé production e he  machi né conponent rec
iedecampdel aprihaoring SvE22ids & Qied B bdhalﬁé@ﬁepﬁz%@ergy of

ithet Bakckhec44i9BRALHE. component is an engine

conponent of a gas turbine engine.

[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
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.

[31] The production method of the machine component recited in

any claim from claim 22 to claim 30, characterized in that the
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[32] A machi ne conponent characterized by being

produced by the production nethod of the nmachine

conmponent recited in any claim 5 fromclaim?22 to

claim30. [33] A machine conponent characterized by

bei ng produced by the production nethod of the

machi ne conponent recited in claim31l. 10 [34] A gas

turbi ne engine characterized by; conprising the machine
conponent recited in claim34. [35] A repair nethod of
ARG EHBBROREN S Eﬁrer[c%H?é tbRgofeReIdf @Ngad @ ulRBine engine.
repalired of an electricalTy conductive nmachi ne

conmponent, 15 the repair nethod of the machine
C[Qimon%nhaéﬂﬁ@ﬁﬁﬁmmyhaEQWéfSf@@:byabdézflgqjiroduced by the
renoyval, .ste renpvi.n C e i :
R e S e
énpimoyilidg ma 22h&od cékémt B8de havi ng exhausti on

resi stance and generating a 20 pulsing electric

di_scharge between the hard. el ectrode d the ortion

5o POPAFRLES GOMHRE hc APAESCBRBOARAIY Re4Rg Produced by the
glrectudtdalnl yethbdubAting rlaichiing opmpgasentime@ited in claim 31.
deposition formation step of form ng a deposition

after finishing the defect renoval step by enpl oying ,

d 3l dédoas serbode engs neorieet 971 ZehbY §OaPEa gy ng the machine
1323] drftop-z ipewder efiaammetal, a nixed powder of a

powder of a nmetal and a powder of a ceramc, or the

nol ded body processed with a heat treatnent, and

deaidr ati mgpaai r petisodg e mothine dospbaeye fhetnepad rang a portion
rt%rTB\éege?Qﬁ:égnof ra"ﬁ”b%gq—:t} i ch g d&%‘?&&cﬂir\ré & PReRI BSmponent,
conponent i s renoved an the nq?de 30 electrode in an,
dihertFeRah T ynekRed aPEnd e AdId RIS HatCharacterized by
RIrprialinef: the nol ded el ectrode or a reaction

subst anc f the materjal carries.out de itio

i 7 usoie SFEY e RECBE T REroy bgvEd part A grated at the
e tigohite beorppagnedbyf etles gie dfincheogivectenitcby employing a
diSchalgs+ 3d 36lvithe &apaide it had ofc dhe nacdi f¢herating a

conmponent recited in cla m_ 35, characteriéed b¥

EOHYINS oA 18 PiscORTgPepebIeRRr FIFN2BHt SACFTRPSR and the
dlﬁﬁfﬂila:inngoit% fepa f el o fdi e maichinafd@ipdrientitshinrzm éhectrically
eposi.ti.on f.ormation step as to make a thickness

of %ﬁ%@t&gﬁbéﬁﬁﬁéﬁ t'6 gggé %ggdeternined t hi ckness by

gener ati Agpaspuisi ngpehatctan ctebPsehafgenbed iedapPpRétion atter
deRANHIINNthe 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 electric 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 of the machine component by energy of the electric

discharge.

[36] The repair method of the machine component recited in claim

35, characterized by comprising:
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5 and the hard electrode in an electrically insulating
liquid or gas and nelting the surface side of the
deposition by neans of energy of the electric

di scharge. [37] The repair nethod of the machine
conponent recited in claim 10 35 or cl ai m 36,
characterized in that the hard el ectrode is conposed
of graphite, tungsten alloys ofgcopper alloys. [38]
The repair nmethod of the nmachi ne conponent recited in

claim 335i01i skl é”f,ca(‘rrl@rl@%t@tﬁt zeginsH hathtiheng to required

e GhgrraT T30S GheCOrBHS herTod et pesebrBo a5 to
meechs ae:mmrmmmfft@re deposiiciomnodfe a pesiereadnined thickness
bH@ gﬁl§9ﬁ<g1eqréc%lr§%t (ﬂgﬁll e BQ@Q@@EO%% %iepos:Ltlon

orl i nal conponent, the production
Héer @SQF@!I’ @éeﬁ‘ﬁt?ﬁijﬂel%o?ﬂ)(ﬁﬂ(ﬁﬁt%lé& érispddthypg ligquid or

cgzmrﬁm@emmgnwal satepcof s el OF it Adpsdtion by means of
electrod exhaust.i.on, _resi stance and generating

5ﬂﬁh ng € ect €taﬁ§cHéF§8 b&fween the portion to
be treated of the ori gi nal machi ne conponent and the

g"{jﬂl gE@lt%gfgg§l§91ettﬂ%ﬁ &t Q:?ﬂteeﬁgcﬁﬂi‘@rc%trr@%n%htt P€cited in claim

be treated of the origi nal machine
é%%ﬁﬁﬁéﬁﬁ%%@w%ﬁﬁ%&?%ﬂ*ﬂ%%h%t@ﬁt%W%PaﬁdﬁﬂeFﬁ§°delscomPOSEd

elfeciraphidieschangereandlaogeposi toppest£pl®fs f orm ng a

porous deposition after finishing the renoval step by

enpl oyi ng a nol ded el ectrode conposed of a nol ded _
bod) ndlheetepa bhrethordef tole naakine coaprnead pedwiesd in claim

3% ofr a1pewden, Oéhélré@ﬁélhﬁé@ #h hawder nef mdceehaNtemponent is
or the .nol ded % grocessed with a heat treatnent,
|

%ej’@&éﬁeaﬁoﬁ'ﬁoﬁeﬁ fng g%FeE?F’PE“%u%%M%e bet ween a

renmoved portion fromwhich the defect 1in the origina

TR ”g g&%&%‘%‘rﬂfy 'ﬁ&e‘&ﬁﬁg;’S? Q”Qe&?‘érg&'HSghlﬁéeﬁBﬁB&%nt for

In an ctrically Insu
FF FracEdion] oéfatrwestmaﬂﬂealaéhé@?r @@ép@merat rfeg® pgnelectrically

%&ﬁiumqereoérwsnamaamlaﬂe c:@fnbbﬁgn@utthi@mddc&&,on method of
fu5|§n and/ or _wel ding at t renoved, %¥£t|on

dAsgioha REChEAE CEHBBAER ‘595‘%?1%?%5/1 @YﬁPé“Prsmg
eIectraaamQMﬂkﬁqﬁpotéﬁplahen@a@@nﬂekﬁtﬂﬂﬂdﬂhﬁtﬁngémhaustlon

rr%%tl‘%ﬁ:%%c%agghngeﬁ(g@g{f ta ﬂ@%ﬁfgd el'&c‘ék%ﬁﬁgcharge between
characterize r's % I ni sh

&S PPEgient ta 39 mrﬁi‘tﬁ&cﬁ nFAY oL Feid reghigeneagpPeRent and
afhteehatringé 38t Podd & epRsi ki 8FsEEPgSe B dd atBkBeaportion to

Ebhhl Cknegs of tttl])% gg?g%hgi%acth%n%ec%m BlelggEelrsmrne?n%ved by means
of energy of the electric discharge; and

a deposition step of forming a porous deposition after
finishing the removal stepbyemploying amolded 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 pertion fromwhich 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 depesition, diffusion and/or welding at the

removed portion of the original machine component by energy of
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generating a pulsing electric discharge between the
deposition and the hard electrode in an electrically
insulating liquid or 10 gas and nelting the surface
side of the deposition by nmeans of energy of the

el ectric discharge. [41] The production nethod of the
restored machi ne conponent recited in claim39 or

cl ai m 40, characterized in thajgthe hard 15 el ectrode
i s conposed of graphite, tungsten alloys or copper
alHeoystedt42]c Hiedpaedect i on met hod of the restored
machi ne conponent recited in any claimfromclaim39
to claimd4l, characterized in that the origina

neldhi ndheomponiigt iog artbedgpdalkheurkisterednpenkhhe 20mponent
He B 1326 Ui, 3[9431:h‘3‘rg5'EQ5:5.‘ geﬁoﬂgoegxﬂérl sin

characterized by bei'ng produced oduction
met hod %of 1 1H3R Geg ?%Icaﬁﬁéfﬁpﬁeo%ibﬁp%ﬂb]rﬂh raehiegng o required

atiynerlsdion Gff teromicliahting2the akpbbl200ANgtéposd Chai b make a
An ori |naI chi ne conp

41, [ 44
c aracterlzed%g éePgSll%?%dﬂ%e 5% BT eﬁF&E&&F|OﬁHlCLness by
BENRGE tan ot ﬁep@ﬂsgnaaﬂm@mmeimm@@mbetw@@m thej geposition

Glrad fﬂh%lh@&dclaﬁém:ﬂgde?’ﬂl[ﬂf’]el%(ﬁﬂ%.ctallrl@' 1%5@[@9'tﬂﬁg ligquid or
characteri in an origin machi ne

@&Fp&ﬁl&qfﬂeﬁgérlﬂeah?n I LG g tRﬁ gepesiitdogphymeans of
waﬁhmweof'mhbhelebErhC|dlsphakgaach|ne 35 directly

enpl oyed in working of the repair nethod of the

machi ne_conponent recited in claim35, characterized

by ldonBPesPrgduckipabiethed afj theprestered anagihine component

traklieedt QnV\BlﬁbmtIhE Jraehihg @@W‘@Eﬁctéﬁ% ,1nathat the hard
n nova

hQG SSIn head pve the t
RO L SR REYS, HiRes B a1 TV Biatger al oys.
relative to the 5 table; a first holder to support

QQ]rmlI'ﬁ@dpﬁbﬁﬁEEEgﬁ mbPBo&1 LBt Eh@olrggfggg%ﬁgacg@j[vrgé’l &mponent

inte rocessi ng

F&C&%ﬁ o b 3% THara gF%‘ét‘FJ@j’éﬂ 3hEo sekaip 4 lhoFleFacterized in
haiang heanymehy ithd Inheeh Bl d Yombdhed €8s BhRGESSINRAY theddinsd¥inponent

1¢ an glegﬁgbc gower source to generate pul si ng
el eCt P |scﬁarges respectively between a portion to

be repaired of the
[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
41.

[44] An original machine component characterized by being
produced by the productionmethod of the original machine component
recited in claim 21 or claim 42.

[45] Agas turbine engine characterizedby comprising anoriginal

machine component recited in claim 44.

[46] 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;
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machi ne conponent and the hard el ectrode and between
the defect renoved portion in the nmachi ne conponent
and the nolded electrode in an electrically
insulating liquid or gas. 15 [47} An electric spark
machine, in the electric spark machine directly

enpl oyed in working of the repair nethod of the
machi ne conponent recited in g} aim35, characterized
by conprising: a table; 20 a jig provided at the

tabl e, at §igpadvitdee BRI NEa808PONERII chStBEtmachine component
processing head provided above the table and novabl e

i'"® "X Vertical direction and a horizontal direction
rel ati weptroceheing abta] ovaddd sbolel tee ttaklsupmer thovable in

th%quhng Sif&&fﬂgﬁwn%?%.gbg ongghqf{rég%#é?‘relative to the

attachabl e and detachabl e Mﬁt respect to t
’'si ng head; a second hol der to support the hard

el ectr ad€irkbensrEondo @@bga&tbeh@gncaide&mq@c&r@@@ the first

et.achable with r ect . to t cessi ng head;
PRI RSt hvBTR Ehralea P hy ¥ i R P b
seconda hefded hplder éspevpproott hberhamb@emg:melad the second

ad @7 8ksel hevRBYET 1 8PHEES1 19 Qfgﬁréﬁéi &Y ng head; and
el ectric di'scharges respecti vel % et ween a ortlon to
C

be repéfr &t S e P%'Selha%%lﬁ%e Rp SFERE 2 5Fd quﬂe'illﬂ% electric
@hecmm@@esandsbetMEeﬂlythbuﬁ@kech pepeved pomd Qﬁpbﬂred of the

Ep%hq%%hlﬁﬁggggggn n hghg gggo&é%%&{%g%w %Re defect

ect Insalati
rr@ﬁ@nvledrmnwr@flnatw Fnl@ucmn@owmmrmnﬁ endrigpamoildgdaplectrode

abr asi enesurfiagel yNiAhe1 LI RL N GRIPANENaapplied to a
gas turbine engine, the repair nethod of the turbine

conponent characterized 5 by conprising: a renova
s£t4éfn oAnr eheut njjc aswhkeflecia geiner, atied the thecabtasspark machine

E%%? for%?@éé@rEEQSIQQgQQQﬁQ%e Qgggﬁrqﬁgﬁﬁkihgnthe machine

posi t avin
F@@P@P&ﬁéereﬁaéfﬁdalhu gha i nper aftlmléafémmr@ﬂrm Cefpar sing:
fini shangapif:;the renoval step by enpl oying a nol ded

g!q:c:)gagjgjrc%%% egﬁf%%PgDJbg}ag%E%C%VHD l'qet eflr'ngc ?Qg component
is set;

a processing head provided above the table and movable in
a vertical direction and a horizontal direction relative to the
table;

a first holder to support the molded electrode, the first
holder being attachable and detachable with respect to the
processing head:;

a second holder toc support the hard electrode, the second
holder being attachable and detachable with respect to the
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
machine component and the hard electrode and between the defect
removed porticn in the machine component and the molded electrode
in an electrically insulating liquid or gas.
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powder of a cobalt alloy containing chrom um m xed
powder of powder of a cobalt alloy containing

chrom um powder of a ceramc and powder of an all oy,
powder of Ti or powder of TiC, or the nolded 15 body
processed with a heat treatnent, and generating a

pul sing electric discharge between a renoved portion
fromwhich the defect in the gwurbine conmponent is
renoved and the nolded el ectrode in an electrically
insulating liquid or gas so that a naterial of the

Taleded el el 00e o 8 react Lon substance. of  1Be. Lepairing an

teri al "CRATT el ut’ d%p EFFFBﬁ 8???%%?%n Ahdi oF g

welrdisngnatux frece épovieal tpgbnn@mompwtdm: ¢ppbied to a gas turbine

%%r@i%@en{:hgyre%ﬁrrgﬁﬁegflogﬁ %h%cﬁlﬁﬂglr% %lﬂ?progl 'nt[ éﬁ;racterlzed

he repair method of the turbine component recited in

&YaFﬁPPESSlBHaracterlzed by conprising: 25 a finish

st ep oh mAidvwH INgt Oplbo far driditisly AReiTetitngedar Ateglat @the abrasion
[ L,on_a r finishin p03| ion step so as to

%u%%%% E&%eggrgfg?heg%é %%? ion éo be a

pr edet érfﬁem@@lti@@m off Sg;minh@ F glsaios ivdohobaving hwbrasion

trdisRisRE ne aNPRASH ta h@%ht-ggmbgrg{:@i:@er%&&ment after flnlshlng
in that, jn the finish st finish

aracteri zed
TR P RTRGaE oo PR TRl e 6 e OBe ELBRERBdp nEOnEssed of a
tnmldlerielsedpfmct:ltmecﬂefmm bhorong @ob:eietcherptmaremraeplowders of

%Dlalw‘&i% &oa hébg_&&ral ﬁ% QUi J.tnl]_ fgo%ﬂ%&pl%é Hi%‘d gSQéé%f powder

hi n |In1a sur e Si tron
&kpRoFPRglE ﬁla%@y e?@t‘%%ﬂdﬂél%élhr@@l@%haﬁé’wﬁéﬁ 0f'a ceramic and

bewderapeean 30 198N epalieg &f pul sirngoflieetdt @ idi,Seharge molded

the d it hard el ectrod
BeLeRRak e IR O P et e 1l el gohiode L AN, puleing
slefaceécsiigehefr gehiee Uepos bt faoroynd peahsonffroa wnsrlgyhe defect

: QB the tﬁ.}lﬁgfr{é q:o@rl %@%rtggs £%rgtcl>vé-<§]ear{c?%'frmgﬂig?dei)éctrode in

the tur ne conp nt reC|te in claim
50, eéﬁsFééFé%%zewW%wu i Bra9péefiPnghat ep wpterial of
RheeRSai0e e S RLCEr Sirde afi ohmltcketmﬁjet dPBheWattRrdal carries

ni tr eat nent, ter _fini h|n [ ste
BEE 4RReS | ER4TT Sndiisi ops “HECE el A o ient SHoved portion
rackhedtiipbany cetpdmedt ory clredmo i@ dhed @lmcBtic discharge.

characterized in that, in the 10 renoval step, by

ngloyln% a hard el ect r ode havi ng exhausti on
régil st Ane & <hvd TgBRkr At iHgthe MG ePBRPRERE diesdiigfgtn claim
betmeanratherﬂbé@prncdmgffﬁmhg-n the turbine conponent

and t hg )‘_Jl%r % é‘?%% gdfaérc Yi o%ltecglhci\?h r%achr%ﬁr%t chgrequlred

| i quid or gas, erate
§mmfia§é0ﬂnafh%rt@#@ﬁ@mmmpq%ﬁrm\ﬁe@mwo 4s to make a

thickness of the deposition to be a predetermined thickness.

[50] The repair method of the turbine component recited in claim
49, characterized in that, in the finish step, the finish machining
to required dimensicn so as tomake 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,
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
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15 energy of the electric discharge. [53] The repair

nmet hod of the turbine conponent recited in claim 50

or claim52, characterized in that the hard el ectrode

is graphite, tungsten alloys or copper alloys. 20

[54] The repair nethod of the turbine conponent

recited in any claimfromclaim48 to claimb53

characterized in that the abrasion surface in the

turbi ne conponent is an abrasion surface in a shroud

fner g RGer QUektRliadai s2hak§8] A production nethod

of a restored turbine conponent for production of a
restored turbine component from an original turbine
clarigonéie, repel predicd oh tinet hodb dfie tdvepoesnar pecited in claim

téyﬂyrn%1%9&p%@enkha9aeE@9&§ azsg BYm PFP{ﬁ ing: 30 a

removal step, of rempving t generated at an o
abr asi éere%qu%éEeP Pk Rﬁ%o%*?iiiﬁ%ﬁ‘ %Utfrﬂﬁcr?es &Pt deposition
alnam adepesiinhigor rebepeat Lot NGiAisePOSI ﬁh@nfﬂ@_Vékﬂ%tep.
abrasion resistance under a high-tenperature

environnent after finishing the renoval step by

driglloyiThg acpeideate@iettafoddectnpbied ofmpeBHnuleddded in amy

QQ%MnFQ&@ﬁdcﬁ59ﬂ1@@yt9n81§EHW§¥ (Ehéfﬂéﬂ%&lﬁgﬁelﬂoﬁﬁgEs in the
powder of cobalt all oy contalnlngac rom um
I

m%%&aa&oﬁ&épro Yp &R rY1inse a Bgkdl elaF 9deoh§3+ﬁ9n@xhaustlon
(riersamtlmpepemdegeﬁératmg aamm;landugSIélrm\Web dfisanarge between

goébrfﬁv&eg%9£a%%18 ln% chlrﬁ!gc)né)ﬂt ghg t%lhtaerdd electrode

y processe and genera
G@I an iyl e cdirdardily ulil%@h@tgreg Bémmadron graérmt/l@@l qﬁcfnes:ito‘mene rated

faﬁ:oﬁh\é'hhﬁhatsh]@ndﬁﬁﬁéce'ﬂ’lt{l‘% W@t bWpBhBEt is removed by
conponent

nd,the nolded 5 el ectrode in an
§P€5@?i8§IF§ |ﬁEDF5FFﬁ g??ﬁﬁ?ﬁg%r gas so that a
material of the nol ded el ectrode or a reaction

gl‘fﬁ??t apgE Iﬁﬁ‘l@me gsréflth(éaﬁﬁﬂ?ﬁjé)légm Sﬁgﬁlttfé)crhted in claim

usion a or we portion In
PROOF imak F@@E@ﬁéeééﬁﬁéﬁéhﬁvﬁyt%ﬁéﬁ§9eéﬁctﬁﬁée1sgraph1te,

ehegkitea dlseharge. cdfptpb6i1THes production method of
the restored turbine conmponent recited in claimb55,

characterized by conmprising: a finish step of carrying
det#]a Thaisépabcmatibtg bd theuivetineicmmeinemtafteited in amy

fh Rl s gy EE: deR0sh U180 54 P 8 Qr88tL0; PBES nfrhat the abrasion
surface in the turbine component is an abrasion surface in a shroud

cf a turbine rotor blade.

[55] A production method of a restored turbine component for
production of a restored turbine compeonent froman original turbine
component, the preoeductionmethod of the restored turbine component
characterized by comprising:

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
molded body molded from any one powder or twc or more powders of
powder of a cobalt alloycontaining chromium, mixed powder of powder

of a cobalt alloy containing chromium, powder of a ceramic and
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15 thickness of the deposition to be a predeterm ned

t hi ckness. [57] The production nethod of the restored
turbi ne conponent recited in claimb56, characterized
in that, in the finish step, the finish machining to
required di nension so as to nmake the 20 thickness of
the deposition to be the predeterm ned thickness is
carried out with formng a highsdensity thin filmat a
surface side of the deposition by enploying a hard

eb@edd 10 BﬂVéDEoyﬁWﬂ off TesbSiNtRr geneial idg t@le molded

uI el ectrjc sch bet ween t he de 03|thn and
G Bt Gaghy B BREE Lot TRy o 3 pulsing
Ielqmtdrm dgashange ireltvierg & hemsuefl goe tsicthef obm Mh&ch the defect
deposghd i 991?¥n a'ﬂﬁrBEnSn%Egl oﬁtan&h%é,el%‘ﬁci] &4 and t}ae molded
e restor

di schar ge he producti
?ﬂr%wd@oﬁﬁoﬁén‘?le?%}‘f@dllf ANEHiahiSe diquldi pr 3/@s so that a

GM@&CJI:;GI Io?fethYm@Dcﬁ@dleSLé’tQ:roﬁé arpﬁeﬁéi@tﬁé&%ﬁstance of the
RL.Qcess] ]?gaa surface side osition

peening t reat hentO Rt PSPOFFEIIQHT n%lfflcw) Slfcfrhfagﬁugfe%ej?‘dlng at the
[BYjovRte porddaot ionthet oty bfal hearkeigteo raetpomebitney energy of

GO QNN r ileelilefairgeany claimfromclaim55 to claim
58, characterized in 35 that, in the renoval step, by

enpl oying a hard el ectrode haV|ng exhausti on
rigsi st ahee pmdugemenamengoa pil snagrelsest:édc:tdrsm@r g@mponent

hefween, H%SEQ %é %nggg €, 9r nal Lurbine

component ard eﬁec ro n"a %9|cally
i nsul ai f]-'gn1$l'€]l§itépd?f cgagylm@tu:eae‘imnzgénmaahemm tcheequired

Qﬁﬁrﬁs@%ns lélrfft@(i'e f'lﬁltsﬁseing rtgengkpok Hﬁpbﬂ €s @9{5‘1’9@ e&‘é tS make a
el ectric disch

g o By oRbaS bF 1 SRt oS of dor 44 i pindd Phickness.

conponent recited in claim57 or claimb59,

C[I'Bair aCtI'ELE' é?gdhetggﬁt mEPﬁogagg tﬁé e?éEQS‘f?ast&P%%ﬁ egomponent

of graphi sten all oys or copper
MREI eI iR Fhm ﬁwoﬁh@ﬁapﬁ@r#égfiowedthaﬁ;bulmethe finish step,

Ct@ﬂ@p(ﬂiell'itsh 3 dha&iitngd ton I@@ﬁl@.‘le@“ AP ehais® 3 1B make the

a|n160 racterize e abrasion su
ERSRESSp: G M (PR R CBADRENE R 7S SPHaIh th ckness is
sarfraed pntawshhofermoingra driighi-einstidgybichénr m.ﬂ)m at a surface
@1@@9 ofl 64le Aﬂéﬁééﬂ? H{{' Eéﬁg%ggg@?ngmha cﬁn%d having

bei ng pr oduced I on net
F&FH?@&OPuFEFh%t%%%or%ﬁﬁenaéartgea PUASARY @l%ﬁzﬁrw ofischarge
Gleawesh5the RipaishtGbn §63]thd gasdt &I bt heoddamehesid@trically

D sEAMMELS] 95408 HE9LRE°n ! eI C RO LIRS o the

deposition by means of energy of the electric discharge.

[58] The production method of the restored turbine componeht
recited in claim 56 or claim 57, characterized by comprising:
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

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
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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.

[60] The production method of the restored turbine component
recited in claim 57 or claim 59, characterized in that the hard
electrode iscomposedof graphite, tungstenalloysorcopperalloys.

[61] The production method of the restored turbine component
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] Arestoredturbine component characterizedbybeingproduced
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.



