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

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

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

TURBI NE COVPONENT AND PRODUCTI ON METHOD FOR RESTORED

TURBI NE COVPONENT TECHNI CAL FI ELD The present

invention relates to a repair nethod for a machine 10
conmponent, a production nmethod of a restored nachine
conmponent, a producti on rRESERIRIICGN machi ne

conponent, a gas turbine engine, an electric spark

machi ne, a repair nethod for a turbine conmponent and

It OtRILE T ERDRAFIRCH DYE GOVBSNBNE d BRHDSICHE CMOREHINPF RESTORED
16 BACKGROUNDIART, | PrRg@OETaION AEMECHI Of MAMPONE MOMIMMENT, GAS

; ot i .
it BN B e T e R v r PR R rom rurane
CEHRGENT (Y SRGDECTIION METBOD| ROR RESRORGRITIRBINE COMPONENT
defect such as a crack occurs to a portion to be
g&g%'red of _the turbine 20 rotor blade, the repairs

P e FIHH° i n accordance with the fol |l owi ng
manner .Thms%miﬁveﬁtingl rteEetdeftﬁp& rg@ﬁ@f&te%l(ﬂlog{tfdﬂ"@machine

t.0 r of, .t turbi ne, rotor ade is

RIS o ErRFRELIEH Al Jedip kRS SRR IR Limponent,
Fepo AL ACR SN Eratk @ Thy melciddiengobyorsn weladgag @irkine engine,
r:810Y 88t POF tdit 1f h OB YR ClR f@%a:gﬁﬁn%gfchoﬁnféﬁg £ 401 N8 component
r%%gr bl ade .S renmy d.. There ¥ the turbine rotor
FINHE B ST 1R RERE OG0 iBEnent e E5ATBE F%ﬁ%%?%dc%ﬁﬁﬁnent-
in other words, a restored turbine rotor blade as a
&Qﬁﬁ@#&ﬂmﬁﬁ%%hne conponent can be produced from an
original turbine rotor blade as an original machine
30 conperEte Nl ch Mashd neyeprrenesit FEpAIaS a buSCiasUREtor blade
QppINENTS @\gh 8 1 ifRABh G TBe Willll Be ML RAXYtbQrddiMds repairs
a_f.ange gﬁ thg gﬁ§OSItIOP tg the ren%ved port|0ﬂ of def
tHe macRimE e Sfipbhent>By°t 352 J;Jo%‘?ng By *wEPGPnYy gRE @ defect
lserbeabta icragkavocdabl e Bopgeheontte be expasseédef the turbine
4eRes bh8BebYLAOTEANG AN depQSLE LANoud NS S ¥ Bdahlee with the
IL.S_necessary to renove the excessive deposition after
£ PHGPhB 22N geposi tion and there is a probl em t hat
a tineMpequspesi ffaYBpaidhdNgefect generated at the portion to

be repaired of the turbine rotor blade is removed by grinding

machining. Subsequently, a deposition is formed by cladding by
welding at a removed portion from which the defect in the turbine
rotor blade is removed. Thereby the turbine rotor blade as the
machine component can be repaired and, in other words, a restored
turbine rotor blade as a restored machine component can be produced
from an original turbine rotor blade as an original machine

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 depcsition. Therefore, it

is necessary to remove the excessive deposition after forming the
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the portion to be repaired of the machi ne conponent,

in other words, a tinme required for production of the
restored nachi ne conponent is elongated. 5 Meanwhil e,

the af orenenti oned probl em occurs to production of a

newl y produced machi ne conponent, which includes a

step of cladding by welding. To sol ve the

af orenenti oned problem a firstz feature of the

present invention is a repair nmethod of a nachine

cospasteniort and the rieepsak propp lampdidi an ime Hequiepsd fed repairing

olpaogLochil-oal Lipsonducts ve. el ne CQMANENt AMdner vords,

béi n Fovi a Féenova
deftdare geaviaedd an Privedupsirhont ttélebéeﬁépa&de@a@ilrt%@omponent

mpe hd Ne, o pQponent ; and a deposition step of formng a
por ous J%p03|t|on af ter fInIShIn t he renoval

by .
enpl oy M W dicde P @ 1B AT TGS L5 %I%Joe%f’cﬁul’fﬁqug@mducuon
hmﬁp.mehdgdpﬁoﬂﬁtadpmwﬂanmnhompmﬂaﬂtﬂ ahfcketnchodwlera step of

%&§&£ﬁﬁg2%’bﬁfﬁl and a powder of a ceramc, or

ocessed with a heat treatnent, and

gener atﬂOngOévemhesﬁﬁgr@m@@t:we%lmsm%ege petiisdnfaature of the
et ReRReR ohr 98 é(\ﬁ”ﬂéiﬁaut H@tﬂ%fdeet annéé}ﬁlﬂea@@n@%nent for

conponent i s renpved a %g % %iectrod | d

T TR I AYP PRSP AN ellf%f-iﬁ’dr a®0 ot T HA ¥ conductive

megt @riired cafipdien tnehdéd iebeotawddiedowi th & eaaoival step of removing
Q}}%tf%%q:e gka%g‘éed etfﬂeaéoo rlro'ne%ooﬂé P@%&fﬁéd% the machine

usi on an or weldin renoved portion
t%ﬁ%}ﬁﬂtneaeénﬁﬁ@ﬁswc(ahéw @ff faEnbpre G mogous deposition

Chﬁcéftalfgﬁlsﬁ5nybt[ke@\t@mov&lsgﬁ@pdjj %ﬂlbllbﬁjlﬁ;; 4 h>lded electrode

present jnyenti on nethod for .
SRRt of meiPegrfy Hedeha £ 2t MoBrarie: 45 garal, a mixed

&kn@kml@élEypgu@duowfVEIMﬂqu pald gepbvaer cofporemendgd or the

%1%&%\6!%%}0%%%@ LerRval nshep 19k tRERY ngna enerating a
def.ect genérated a portlon to bée repaired o ?

&H]@lﬁ’& eABERFAE %b%%}b%ﬂéﬁ‘ﬁ %@eﬁ%aarﬂ%%%‘#tﬁ%‘ﬁjﬁ%ﬁrom which
afhd erefigag anpctm@uma@ma@ bbﬁnpoaéher iki pembireg ahfiethe molded

%%fe%gcgre 81%”9%4& etfé) etg%/jbc %n%%&%ftn?ll dfgggﬁ%f %esa so that a
rmtﬁlrlasl At x elde powered edfe@&rp@\ﬁder aof reaqipitl sawgtance of the

RERWAST: 20f cAr £EL &M d@boghglgﬂl dede r ok Qﬁe?gz?sﬁéjldlng at the
with a heat treatnent, apd generating a pul si

SOV o G P e THRFREBADE TRTRRRST By s ginehe electric
whischatriye .def ect in the original machi ne conponent is

remveg,oéagvg!ae goLdedyg elestrode § man SLetht! sabbicion is 2

i nsul atin
productlon met od for productlon of a restored machine component

from an electrically conductive original machine component and
being provided with a removal step of removing a defect generated
at a portion to be repaired of the original machine component;
and adepositicon step of forming a poerous depositionafter finishing
the defect removal step by employing a molded electrode composed
of a meclded 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
bedy processed with a heat treatment, and generating a pulsing
electric discharge between a removed portion from which the defect
in the original machine component is removed and the molded

electrode in an electrically insulating liquid or gas so that a
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3 material of the nolded el ectrode or a reaction

substance of the material carries out deposition,

di ffusion and/or welding at the renoved portion of

the original machi ne conponent by energy of the

electric discharge. 5 Furthernore, a third feature of

the present invention is a production nethod for

produci ng a machi ne conponent pgovided wth an

el ectrically conductive conponent main body and a
pmaoasiaﬁepbsﬂkim@lﬁedHEMeatrad@otﬁkﬂmehetbentseﬁgeﬁmce of the
o] n Vi rovid

e EBbay e ot DRor g Tt R TS Comna faiiALng at the
béﬁly@veﬁdper@msﬁ itdre svtreglﬁfalf peARAget hempepost thorenergy of

athercfinishing; dhead n body step by enploying a
nol ded. _el ectrode conpagsed of a nol ded body nol ded

from a % IR Sy r?ettélllrdafﬁﬁ%éae pbwkles RFesEHowdeiention is
of rar eonixt @t 1 @ndnest Hrawder p&oaucengnacmamhlﬂéNtompﬁnhﬂi provided

bvgg'é’h %rrpggéé%gl%“ﬂyac%'gcﬁ}ar e atcgﬁ Eneﬁﬁqnglerp?)ro%h) %gd% porous

I'sing electric
b‘ée}i’?%h’%%%{l éprrf@ﬁea%@mhmn 4227 kne M@ﬁtaddof Fdeneprfeenent main

e:b@@gz ra@ﬂﬁbbﬂn@"bﬂxﬁﬁdéd Q:@Jth)’a maiB8hgt 4 b Idfq%glms?ﬁg from the
nmpl ded el ectrode or

IS dnE ot ChinSp BRUE" o Sachaf TN Seap ko giAnS the deposition
depost fiionshidpffhesmenndandiyostapldi egrady the apostdehelectrode

s o8] SOOIl FAD BRI Y 065D e

RRENCS T Bi gOWFIAOEr%\\mfgﬂsr@m AgPavEer bPhed IcRrgic, or the

heldbad rbcﬂﬁﬁQfﬂ:ﬂJ’E&Qsedeiﬂtkﬂ s iesit Q&’@@@hﬁﬁﬂt, add pEhBrating a
tic dr as tur i ne egglne

A sche W N
éﬁécorl&% ectr 88 %?ﬁ o *bo %e treated of
§HUManpaneeteemxump$manﬁ1ﬂnxmwl¢edaleatcoddamnenmﬂEhtrlcally

alﬁédﬁétﬁf&’@ﬂ!}ﬁ?@tor §dd 9o é’]aﬂzhgnat‘el(l%)l of Fh@: mcﬁlcﬁé& electrode

9 % aré draw ngs expl ai ni ng a repair
dgit & i ﬁlﬁ@“c%%?ﬁﬁ%ﬂﬁe|9¥ 5880Wﬂ5ﬁ6éa%MQQF%4ﬁ§1qus€eP°51tlonr
enbtflisnient and) o praddlicig et nirtdasbof i dn restios etireated of the

' (R i th d,.
oy SRR Boog) By EEHPTCE Vbt Lo PeSPER “aigcpange.
(c) are drawi ngs explaining the repair nethod of the

THRUHN SECORIPTTON b ARARTAESCEe With the 35 first
n]&nodl nt and the roduction method of the restored

crin SEE%P@a’.”nEBIW?ﬁ e TsRLang 1n accordance
mﬁt@ﬂiaﬁﬂitrst embodlment
[Fig. 2] A schematic drawing of a gas turbine engine in

accordance with embodiments.

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

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

[Fig. 5] Fig. 5(a), Fig. 5(b}, Fig. 5(c¢) 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. €] A drawing explaining a relation between a removed
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[Fig. 6] Adrawing explaining a relation between a
renmoved 4 portion of a blade and a nol ded el ectrode.
[Fig. 7] A drawing showing a turbine rotor blade in
accordance wth a nodified exanple of the first
enbodi nent. [Fig. 8] A drawi ng showi ng a turbine rotor
bl ade in accordance 5 with a third enbodinent. [Fig.
9] Fig. 9(a), Fig. 9(b), Fig. 94c) are draw ngs

expl aining a production nethod of a machi ne conponent
ipo@@@ﬁdaacs WLidet hed & hidienhodid®dde (Fig. 10]

Bl by o b Usrbaud st i Aot T o TR T 1 %ccordance
cwmpbnenmodnfla60©xdmmb@ of tthe hiel 1t radbedsodingent .
'ﬂ?ggn al A dﬁ@\@aﬂrgn%xﬁ@afﬂ g 5 E@Eo?%lvﬁfénlﬁ accordance

gort on of the e and a nol ded el ectrode.
[WF@h 32f %F@r%%?%%l%%%ﬁﬁng a turbine rotor blade in
aq;s@gdaape 15 v bhag, redi.fded ep(ﬁgmbecpfartemamtn@d explaining

enmbodi ers ective vie
C B Gt Pafgd 152 BREoPER R B ta T Qi once with the
ehhmddnembod{ﬁ¢gt 14] A draMAng showi ng an el ectric

S in da Wit yhe rt
eﬁgg |nen %1%] @@?Qg %ggchég;ﬁczgﬁéﬁ v?gm10fare drawings

r@ﬁpééé%ﬂg thet PFﬁduﬁE&SFdﬁﬁEEOW Pf the feGhiRe component in
enbodraente {Fiy. tHO]tH G i{@imeritg. 16(b), Fig.

1 a dr aw hgs expl th r | t

tﬁggﬁéc%?%e ?%h%%%eﬁ%glﬁ%%%%br&l %% %% gg%%e%%ha tip end
enb@@iﬁ@n@fah@etha®¢oﬂuita(mphﬁﬁduﬁiQﬂtQQ@§ rest ored

2%rphgchi pe CQUHQB%BE%H%@PL GRf dang® Md Bot Be Hiidddhin accordance

en‘oodl ment Fi tﬁ_&(%&%%&b Z‘.S}ﬁ{eﬁéigl gf

THEES BrEbd Shfe

t heigachi he dbmnxnmy@cd1WeacmewthmmnngMaqutbenéoumthr blade in
ggkﬁﬁ‘ée%‘ﬁtﬁhae Productd of the restored

I ne conponent in accor ance mn 1 the fifth
ehﬁé@rrﬁaﬁl ’ﬁ) BESTiMODENCERIGARRY| RGeOUF iFHESPark machine in

IQ&%%E&gﬁbfaf%FﬁWﬁfg|£§h%%§Ieﬂgbdyﬂgﬁtnaftfr glven to
certain imepts o resent ipventio
GEELTT b1RE U e PRESBATIoI Adeh O nOF U HETP M ueit in

\/\dithoa@@m@@rwmle trred efancsh teitdudment.

[Fig. 16] Fig. 1l6(a), Fig. 16(b), Fig. 16(c}) are drawings
explaining the repairmethod of the machine component in accordance
with the fourth embodiment and the productionmethod cf the restored
machine component in accordance with the fifth embodiment.
[Fig. 17} Fig. 17(a), Fig. 17(b), Fig. 17(c) are drawings
explaining the repairmethod of the machine component in accordance
with the fourth embodiment and the productionmethod of 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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35 acconpanyi ng drawi ngs. Meanwhile, in the draw ngs,

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

rearward direction. Mreover, in the description, in

proper, "a cross direction" is 5 referred to as an

X-axis direction, "a horizontal direction" is

referred to as a Y-axis direction "and "a vertica

direction" is referred to as asZ-axis direction.

Furthernore, "a discharge direction” denotes a front
alﬁdfba@kddté%&tiaﬁlnxwhkhsrrﬁﬁﬂ@@ﬁlérﬂ 2D hobtiz36€a0f ditSction” is

for |n Ei 6_an 1. .

LORTEERRE' Paitn Diaaets dhrent et Rt Pt bF Chl gpapytion” is
nre&ﬁeureﬁ domachené-evfrpodéntckhonccordarioermatdy d'a discharge
fﬁﬁx?éc@ﬂgﬁd'@@.{EteéMQ lfrgﬁtdgﬁﬁrﬁgﬁg Jl%re%ﬂ%ft% tW' E‘Qspect to a

reference to Fig. 1 and Fig. . The turblne r ot or
bFHHéaiel@foh%sofoﬁ?e%ﬁrﬁ%%iI@E%Ehdﬂéilﬁé- machi ne
CORFPRBENE®BRADUMENDEN being repaired, can be re-used in
a gas t rblne ~engine 3.0 et ., engi.ne _or such
t ur bi neyr 5t ot 2b "grcplrfe gtcﬁfcol{lll T\%\ﬂvqlhd’alﬁlaaaléb%ecg of a repair
phathod mf 4 Bazhfoewedraneatpioripakdende ofi thhe fhratier®odiment
apd1 8 Woveiaid: i d AEMBYnateNei P ale FOFIAL t'z_:'eﬁ‘gg tP&ng Fig.
d vetail 9 is engageable wwth a dovetail slot (not

shown) of a turbine disk (not shown) which is a
conponeTiie eheiwdnkt rxﬁtds:helgal& 1 usbbne emgisetBically conductive

€ n he de
porgfjél{\%ﬁé ?@%gﬂ%% gk%P Eﬁla g?%ér?%to?a%ﬁgaée used in
12 mexttusping e%rtﬂrte s’pa?rfk ardetH @@gﬂneewgl syped.-for a

repai r rwethediRf racARENLAR 10951996%&:341 Ql@ﬁ%@f’i‘f@? aplatform
enbodi nent w

the first S
Ao B ST gl BH0coT (18 G208 S A RedaygEeH} & Cormed
str&h&mpiatufdmmlﬂi aBepe datice dbvtdtdhe Jiirstengageable with a

%ﬁé@ftslost ‘ﬁi‘ngﬁcgﬂ% ergfl Q)@ﬁlﬂf,_{) t&%ﬂ‘%ﬁ@ eﬂ?&g}?)o%hlch is

e machine conponent In-accordance wit
RPN il SiRd &fd ther eeisd&drwiing anpéde13.

ext endiNhriwh jdre Xaﬁkh% dhHepblONoRNEf athe aXisde 5 is a portion
dir ctlon nd aj%%.unn 13 extenglngahn anlz axi s.

Fut thert r?11e%u? #1395 ERFovPE8d RiteR%altabl e 17 and

t he tali\lﬁeiﬂﬂ ars effecablie sparkhmeachiaxe sl diemdidyedw Hpr a repair
RS OF ofr 'aV%né\J(cfhléHé X G Sn Y V ”%tc%rd%? gnquth the first

movable in th -axlis direction. means o rive of a
\Qnggg%lment will be described herelnafter with reference to Fig.

3.

of t

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
providedwith 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
1% 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 oil and, in the processing tank 23, a support

plate 25 is provided. The support plate 25 is provided with a
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servo-notor 21. The table 17 is provided with a

processing tank 23 for 35 reserving an electrically
insulating liquid S containing al kane hydrocarbons

such as oil and, in the processing tank 23, a support

plate 25 is provided. The support plate 25 is provided

wth a6 jig 27 to which a machi ne conponent such as

the turbine rotor blade 1 or agconponent main body of

t he machi ne conponent described later is capable of

beigp Beb. wikanwhid ehiddeonp@nddt isi @ £6ttHeCBhYine rotor blade

SOMEE LS AT ) PELLE POURL SRUE S B d P AN e sver
pnscesséﬁlnge head<3hd setpvalddenwini be Z-the gidi REcibomldytrically
wgeﬂﬁeeﬁedd%vsno&@c@r%'ﬁoé@fvsooﬂoé@f $33. Moreover,

t he proceSS|ng head provided wth a first

hol der 592 f%tL %@p&érﬁ riﬁfoé’llﬁiéﬁddwﬁ‘éhdae@roéleééﬁﬂad%e%d/ 31 and the
apdoceBsing WéLd 51t )LsOfnotrﬁBlfal §ta mﬂadﬁrs 39 riedttibe B9 means of
] 9$s§5 q Eead 31 4o - Secan 5% 4%3for glpor NY_: o head
a electr%ag AT havih ?Eﬁ]Y%ﬁﬁ anBE°fs g nea
pBﬂ)VJLEdQGfOVTHedeI@t a ﬁ@rfsj’emoagleamaﬁtﬂmc seppodt hoy gehard molded

4318ke-8heChTiLa ) M_nc‘ﬁﬁ@e(}i@gniﬁj}( &P%k@ %trrs'tcheﬁﬁ@E 39 in the
source 29. Here, the nol rode 35 1s a nold

bBH?Cﬁ%Fﬁ%@ ??691315 60R6€Pn6fh8ﬁdﬁflééuﬂﬂ¥IQQBRﬂﬁ%%?g a hard
nelattbydedansaving expaestion rdyirassd ng,prvidiel. The first

?R!J?ggr w%nﬁuﬁhgﬁé é\?{}{:? o%%,tert %gaa nentle%)éalca\_f.@;rugonnected to
urnace or suc

céh@r%%%¢?@ﬂct9ﬁMQ#eﬁnwiﬁﬁa2§5 may be formed by slurry

pour i ngHeréV' Mh(el\/ﬁb@aea%fééﬁﬁawsdwga mARIY bbby théthed from
and %uch Mor.eover, the oxidation-resistant nefal

CBREOST rief EH’eO’Hﬂa&é&neﬂr@éﬂr%&@ts@eiﬁﬂ&l%&e‘%e"i‘f?% compression
aby ayse saichy asoNitBe mcaNie@r By andjsdathtand leedbaltreatment by

T L T e

nF RBRIC e Povitier 1G7e rqﬁ%e Bhemayi Bat f@ﬁm%sbm%lmrry pouring,
et sl (Wé‘@bpmﬁcﬁfm %ﬁslane@nam ragthliﬁﬁ.ﬂgnlﬁgagguch
e

el ectrqgde 37 JScC

n xed powWder” gt ﬁggxf’d‘a}tdla&ﬁorf‘e§?§tl§ﬁ?nge aai'ndcomposmg the
powtided e@écaroéeeaﬁ tnbyudeamns ckk lconpriessioh dyyNiCr, CoNiCrAlY
PSR a EBSaﬂPlgf §)°d¥fle§lﬂ%‘icﬂe t@hé Iﬁ]c?ftﬁed electrode 35

; i
treat ment & a_vacuum u¥nace Meanwhi | e, 30 Instea

dﬁamt?d?ﬂfap%fle%&ﬁaﬁé%l%d Dok AR RDT e RIel BeLfpdefrom mixed

Fowder of powder of the oxidation-resistant metal and powder of
a ceramic. B

The hard molded electrode 37 is .composed of a molded body
molded frommixed powder of anoxidation-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 compcsing 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 ¢BN, TiC, TiN, TiAlN, TiB,, WC, SiC, Si3N4,
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may be formed by slurry pouring, MM (Metal Injection
Mol di ng), spray form ng and such. Moreover, the

oxi dation-resi stant netal conposing the hard nol ded
el ectrode 37 is the sane as the oxidation-resistant
metal 35 conposing the nol ded el ectrode 35 and the
ceram c conposing the hard nol ded el ectrode 37 is any
one material or a mxed materiat of any two or nore
of ¢cBN, TiC, TiN, TiAIN TiB2, W, SiC, Si3N, 7
Ccae2,, AN208, ZrdRyY, zZcg, vtz’CaﬁﬂdB&ﬁfC Meanwhi |l e, the

har d rmllﬁgggwﬁkfgt g;deehraaegma L a1 Y9 Sed 027 mayn?jledggmposed of

body conpressed an om o
eRretrkdambpgy Qmmaaﬂean@ﬂmhd@d @rom weowaekded abodyectrically

suBhaGLti P eati t, r@@‘:H@%old%d'\@&&p\éﬁﬁj ebbe POWder Ofcatment.
the electrically conductive ceram c may  be produced

by/°RAAVRG’ cOMRAARE eéa%hﬁg%l%%wlddfegoafi%amaceramc may
obeapredaned byOaddiagothrdubande ddierhayd tel eakFades4df powder

I §-C f a solid body of graphite, tungsten
?Foggpgigcogper al l oys. 10 Next, the repairnethod of

t he machi nee erip@renhandn bieoraidhcel eatindde Hé fisrsemposed of a
e%@ﬂﬁ@@&y%f' P@pﬁ?ﬁsé:“ﬂlﬁﬂgé},eerrﬁ'arquc; [ oM tcia)pper alloys.

'rzle‘;?r g? $ex1§ o%pa%ege&f“@%aloﬂoggt%e mgﬁglﬁg%ﬁa{@oﬁ@?ﬁg& aspcordance

thiat]mathénélceupembntilmanacwmrldiabee deErnibishl teeefimastter with

t d ti
of PEREERRL 1 eI P BT R % Bl RagOsBel B s )
pFb9i dedcii 2 Blq1-9) renoval step a (1-2) thin film
St ep, aThd-@pdit Refthlod ciDdhti gathORe S¢SRbordertl- 149 accordance

on ste 1-5).fin
R R PR e o) + SIS ng‘%ﬁr‘?ﬁélffﬂxfﬂguan ehdportion
r@f orhd|laldede] Sasist H:@ermolmtmencbcrpbaer&pasraiatancatpndwaded with
Jag 1271)S%e§r§>vta<1 g'tEECt thf—é R ’?f'fg%t b@Qp?f t[;P3 thin film

upwar d rivin
RN YR AP A GO A AR R T O SR
tadd ea 171+6) mved thid 18 1% ¢ep.25 direction and t he

Y'fxi)shgﬁtﬁcﬁﬁaﬂ P position the turbine rotor bl ade

a renoved portion 5e of the blade 5 is
opposedrha ¢gurid ngpkdedr dh bezde dd@s35heMpanhhin¢ esontpmarant is set

nBy e lfga%ei Woekg tbhgitabtecld {5 UHyY BGESIAE ke blade
bf urg)v}/aerd Ngapc% xfngxrlngagé roegtéglnv:mg 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 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, whengenerating thepulsingdischarge,
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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Further, a pulsing electric discharge is generated

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

hard el ectrode 41 in an electrically insulating

liquid S. Thereby, as shown in Fig. 4(a), by neans of

energy of the electric discharge, a defect D such as

a crack occurred to the tip end portion of the blade 5

can be renoved. Meanwhil e, whenggenerating the pul sing

di scharge, 35 the electrode, as being integral with

t héapgeotesspogt headt 3y whe chr €6 pleaited 1§ ddievédaxbsreferred

dEBGSE'Qnﬁ9¥%9e§n§$£t{5§V§£ di stance by neans of

drivin Seérvo-nbtor 33. Moreover, in the 8
bl &dé! 5THéNp6¥¥Mo%TEPon1mh|ch the defect Dis renoved

i s refesresr tigianidq eAoVEAd 100FELOPa P& ell- ]g% m@dlnlg of driving
the, (1-1) renoval

nt §§TEP After fInIShI%
G PUF R S the eSS BEEr O TIORRE Ao the table
Yiaxis mserad-imothe Xiaxihed:tz&biﬁonlﬁnds thevedakhstdErection to
r [ t di.r ect positio .
(52412116 SN, IR Rt £51LONL B DA poreon
5%@ 6ff thebbprage &S p@p@gséstetdth@ mﬁéeﬁtﬂmr@d@c% oddleanwhile,

3breMeatineg .z dher By RecareBse Whels they tablesdehy to be
10 noved in the X-axis

dnsl’?‘g%lflljolﬁ %ﬁj%?f%? éplp‘iﬂcsiﬁjr?d“ el ectric discharge is

gener at%drmmveerpuIMg efevedipodiscma e ofs géeebloel® between

stﬁ"@drénlﬂ?vé@lﬁﬁdcd%n Glel g(%e thésbigdﬁnfa eér?&t{}l‘._ecﬁdlfeﬁb electrode

|nsulat|ng [
wqréan%lwtréh%%blyy dm&%@t@n@cimvau%chahgéebar as shown in

nmi@r “ab) 153}01fneéﬂ§ d@éﬂ@ﬂg?b@%l{@@@eatﬁr@& B JRRHgeQNa material
carries.ou

oY EHENER o dPREPRE D F T REFaABUct s pTIT DR P pFaterial
t¢erpletious dagosheieby &l phuroimn tehidy ofri Weldbngaat the removed

%@ﬂé@ﬂ B ermedeat 48E £ eIy @4 RQEL 9”p§?o19£ {06 film 45 can

3? Nbanmh | e, when generating the pul S|n%
esc%arca@ he Gt d 20 NeT EERTEE POrtgenpsengl the blade 5.
i Mt gl T e twhetxhegm@msmmgm@aﬁuﬁémg Sdlgeﬁaﬁ@@pams molded

| a r travel _di st ance
D ghapiasts QUraEon B p AT L ALEL LIRS 1l 31, s
IWﬁﬁﬂﬂﬁqQ§tedUépo§h@|%ﬂﬁxxﬁﬁiu&ﬁqyloanbyoa st 1di rg'avel distance

rﬂrﬁeaaié ofn”%a@ra% bfCludl agaxgesge%&ﬂ&or 33.
iffu phenomena o

dep05| e&ﬁ“’?r’r&edl 4w%¥¢°nrnﬁi&%@m6ﬁeﬁara@reldmg”means all
dreposingsommalddived didprghesinized, phdfamiandf, tid fdivigh “mixed

mn\ﬁﬁ!e%i n%"f deposition and diffusion”, “mixed phenomena of
depositionandwelding”, “mixed phenomenaof diffusionandwelding”
and “mixed phenomena of deposition, diffusion and welding”.
(1-3) THIN FILM MODIFICATION STEP

After finishing the (1-2) thin film step, by means of driving
the X~axis servo-motor 19 and the Y-axis servo-motor 21, the table
17 is moved in the X-axis directicn and the Y-axis direction to
pcsition 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 anelectrically
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and "m xed phenonena of deposition, diffusion and

wel ding". (21-3) THIN FI LM MODI FI CATI ON STEP After

finishing the (1-2) thin filmstep, by neans of

driving 30 the X-axis servo-nmotor 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

turbine rotor blade 1 so that tdhe thin film45 is

opposed to the hard el ectrode 41. Meanwhile, there nay

bénautasengwheseid he. t abkeeb?, | sgoshywnﬁcﬁssa@y f|10c)b,e by means
| i rection ur.t Sj

nﬁé%qlﬁﬂg}%?ggﬁar leeﬁtsrlce%%?% TP Hel \l'i/getnh:L ﬁ%fm&% i "Be changed

t Aramfd pmrzPQSawaW]enﬁ@r@l reﬂc.éctdreada%lsrcﬁtarby melting the thin

eFechrigal MeaQywniiNsul i NG dAHH G iy tHREFEDY i ngSaSHOMY-ge, the
nmeans ,of energy of the electfic

b
dF@EﬂaﬁJgeec(t%ﬁi@ ¥hi e 3 PeATEs Rere 1 ¥h&RgERP PrAGRsging head 31,
pbs aues- igtratoa tiedt n @ahbi @—P&Mﬂnﬁ:ycﬁﬁahm}by gred 1l BgatrBe distance

tpi 5, neratin he. Ryl si ng
d?gc %ghén& &%’%ﬂgj el e lef Segrs bg“lotrg%g |%$egr al
withdt h %‘P%E‘é%@i g Hfead 31 | s reciprocated in the

Z-axi s git&eetdion sy ng snal tl-t?j')a\@hrld'f§t,tﬁtnﬁ8d1§?1c£'€§8§ step, by
of a drlve%‘ the Z-axis ser,vo-notor 33.

TEP & ¢ BPef Fnpgts ngseflﬁ\éc’"(niOt’o‘iét IIIPn 49 nfhe Y-axis
nedr ¥ ocat i @n 24t, ephe b;abllaOl Wreammwbddinwmg Xt-heiX-éktsction and

i ab%/@'~%%rd£§e@%doﬁ tﬂ% .fon %gévﬂi Ir% r%g‘lbritgﬁade 1 so that

e 17 1s noved I n t -axls direction an

Yea&ithigi fel f o st @pwci terthceol dedisdeatarsie b addepnwhile,
sthéhatmay he bhb@sélhﬁbéé tBeOPROBEM1 1 0L d hh Pl ssary to be

el 941 ode 1%76 )@/é .e, .there may be a case vvhere

tlﬁe? abt’e a&‘rﬁsy 1&EEE4SPY to be 15 moved in the

X- axi s ”Winrtdoirn,on.p\Rirttee leatput siimyrielmpt iscgenerated between
dtﬁélr@:flgﬁ f'ﬁ.mgggeiﬁtﬁ ad, belwersy e&ggtkghg §5|_{[’}1;‘a§1 %ri@ctrlcally

t he nol d electrode 35 in an electrical %
R PSR @Y Sas SROVREYn &5 gshcs(rh)ln W%éﬁ@ roPY means
edStEr@yemjy tdfe eeddlidat rdics eliacgarge , mat eatcak-iafl bmethe molded

o gl 20, akegtrode 35 a1 g peaction supstance ofy the oo oue
eriral carries ou e OS I on, fUSI %IJ/%

VRS R Sig- i ot el Furg drorf am@:(qswaﬁ:dlng@rtetﬁye tlalpcfndms% and thereby
d@@ibﬁ:'ddsoﬂeézsﬁéﬂoge#gr@aqy%'el }jrgaﬁgﬁg?a}fofﬁ@dtﬂ rﬂfé k®in film

44?'5 ?@ gener atjng t Si n%l I scharg
FaBHn Lk edtiag 9%%’:&5%?%5#1&9?%&@@9 SGPERIEhdhe molded
prlosassidey 3Beads 3deing integral with the processing head 31, is

reciprocated in the Z-axis direction by a small travel distance
by means of a drive of the Z-axis servo-motor 33.

Here, to exhaust a portion which sticks ocut of the removed
portion 5e of the blade 5 in a view from the discharge direction
as shown in Fig. € when the pulsing electric discharge is generated
between the thin film 45 and the molded electrode 37, a shape of
the tip end portion of the molded electrode 35 is made slightly
larger than a shape of the removed portion 5e of the blade 5.
Meanwhile, an amount t by which the molded electrode 35 sticks
out is preferably 0.02mm or more and 0.3mm or less.

(1-5) FINISH STEP
Afterfinishingthe (1-4) depositionstep, bymeansofdriving

the X-axis servo-motor 19 and the Y-axis servo-motor 21, the table
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25 reciprocated in the Z-axis direction by a snal

travel distance by neans of a drive of the Z-axis
servo-notor 33. Here, to exhaust a portion which

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

in a viewfromthe discharge direction as shown in

Fig. 6 when the pulsing electric discharge is

generated 30 between the thin fipl m45 and the nol ded

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

motr desl medead riedeh3d5x+ sxmadel sddgidd )&ncﬂ anger-4haf direction to

sha e, of the rempved portlo 5 bl a 5.

GRAR T, o5 SIRBURC LBy “WRF RS Che e abd BF cdghabtion ¢7 is
35ps©sedisto bbe m@rcﬂ)reéfegtacbldy o1 OZMﬂa@Mhrxdree Bndr @ mByme a case
?%h%?ésthé%él}zé)lf'ﬂ!' SH1STERALLe-vf i Shi RO dden the x-axis

deposition step, byneans of driving the X-axis
s@techbtdr 19 and the Y-axis servo-notor 21, the .
tabl e 1urdifet s anpyedind ke tbiaxdss chdesd |1engazm@lra1h@d between
Y-axis direction4aq ition . th rblne ot or
1ts% ?%% s %émﬁéy%3|cfg%'4$ard egeﬁgse%et tHe Ha %¥ECtrlcally
ei@@tll@‘@lfen@flll%mv&n | #herhbre fayshewm adeigwHelle , by means

tB? etn@%lg? I ths QRN NeCLSSH ¥rd, 9%1@5@‘5%%51&1&[1@@ to required
axis ‘5 direction. Further, a pulsin | ectric

d?%%%?b‘é“u%a@e%%r%ﬂ’éﬁl%t%rﬁot%% etuaor‘Fh&*Fk&ﬁ&S of the
t(ﬁl@pd‘ﬂﬂi’dl@h ectrodebdlai pradeekent nedakhyckhassl atthgforming a

B Casha IIETEI A8 SHOMNLNTLOrr2L0)s 1 by JEARS. bosition

CtrIC I SC are I nin
t &/ rtéqmerléangotlde riersfiasie éaﬁeb@fdawer degosiitigp 45- t deanwhile,

nken ety GknesstRE ;er_esud;ea@%bhb@ae47tﬂ@ n@ddelectrode 41, as

%ﬁedetern1ned t'hi.c §g§$@ ng ddgéph densi.t Fy ted
FHY i T AtV a a8é°§re8§189 e osi¥ ifGiF IFFpeated in

byhegl-akig dheesturdrabeg skeneldft e ldéposani¢obydieans of a drive

i le, 4. he pul sing discharge, the

har%e@tar%«é% 41, agrrc%tg{gjl ng int egral with the

pf bk sHARP HEREN FILY STEEi procated in the Z-axis

di rect |}Dﬂ’tehyfﬂnigﬁihgttﬂ1@/$h. o) Stianee Hyeprans mlded electrode

P {Pertsch il R TR Haph b Gp i T orccroae

ndT dedmatiedta bdesud@p 3ed byd‘emaoﬂle“@tfh@hwh@% | rgext by means

h@f Qﬁrlv%%ga[&‘ﬂet ﬁeﬁﬁ‘f‘é dwlded, &l 8ehkodey Sfe |y&ailﬁ%e ste?vo-—motor
be supported e first holder 39. Next, by nea

of LdrtifA hgP tlﬁe¥3< I mOVEEr ¥B- TR &'ai@saﬁ&ir?ﬁ%“?”a%% the Y-axis
S MOz fidOrto position the turbine rotor blade 1 so that the

deposition 47 is opposedtothehardmoldedelectrode37. 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
thedepesition47andthehardmoldedelectrode37inanelectrically
insulating liquid 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/cor 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 capabilityof easily

abrading an opposite component.
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21, the table 17 is noved in the X-axis direction and

the Y-axis direction to position the turbine rotor

blade 1 so that the 25 deposition 47 is opposed to the

hard nol ded el ectrode 37. Meanwhile, there nay be a

case where the table 17 is only necessary to be noved

in the X-axis direction. Further, a pulsing electric

di scharge is generated between 11t he deposition 47 and

the hardnol ded el ectrode 37 in an electrically 30

I nsul at Magnwh fjle d ﬁhe1ﬁ&p&ﬂn/mamhdﬂmmWnthe Rbghibé cyomponent in

b)ﬁc%?ﬂ?m@% ﬁﬁgﬂ hard flgg egl'nsgfiﬂn%rrlgdﬁ§%%§eg%odqfled in view of

mat eri a mol
r EBet FBRCdiBSEAnge dfsehEbertierie@- carri es out

deposi ti1epe shddusiamand/oe weldhngnhat tihe depeshhlofhe (1-3)
therehy .a hard thin film 49 havi

4
b IE R Eb 2ol 08 2etF sac B35 THATAherpuGHke sgEies of the
t heep b pirentepospa om meft hickieo bltadembch$néiqunghednt in accordance

UEsciri e, oL e, DA ERSS A @ SHELLLN BLip giin step can
1@8 veakthfl e, the repair method of the nachlne

conponendrésv&EL o ANGRl Wit @eha@aftllhgt tE@bngl d®ycharge in
nt as, desc

i fied
bEP%v&dl%Lf?relé%el? SPedips i hE IR TG AR Ref Hi8%0arge may be
tpen¢taBed bntdm neFedmwinodl fy clatdwra tstngp gean be
Ot { e O 1016: SOT25.y e 5" BB Hol B! EMA zode 37, 2o

met hod of fhe nachi ne conmponént in accordance
t RROVR 57 Bhbodi dnt %05 it RdeCLIEPShar dCPRPASER | ¢ st gplid body

caf sbe omdlided bwagzemecﬂedlﬂﬁdxﬁaqﬂamfezgelfesat]bﬁgcdmesmon by
t.he ectrlcall uIa

p LN disch i n
I#q?jl dg%‘,g’ é’rpg |Hr‘1g %E%%ﬁgyg%u 5 beC §e er at &d %ﬁegﬁ by means
epEcr Magaluny fhpsakat ¢ ngurds mafube hesenbr e Fuiribesadinfthis case,

tQep{]§5gn?05§§gt§£8035993a§5e qs g%B%WthB th an5(e9)ectr1cally
a.Si electfrode 51 conposed a sol

o HelR bty LRGP NG OPTBaR B o TR R s SRR 1o/ the
151 pn_essrnge Sdmédyiee o kaed byadyu rsubpectin® BINEMktal Injection

tﬁgﬂ{% %plr%ar?%%r&nga a\ﬁaac%lggfur nace or such nmay be

sed I'S tase, puIS|ng el ectric
di schar%@@%nbﬁf&:wq A anindioeT ARt insteadiPit ihgyelectric

| éﬂé&ﬂ n&%&%‘enlﬂg t@iééé@?et‘iqiﬁ Qﬁaﬂb@ﬁﬁ M%@%Bﬂl%n bRethe blade
Chetaf B PEBeRaR S50 A diTers SHFAY XBB%QP%MEMCRMHSM
may be carried out so as to make a thickness of the deposition
47 toc 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.

Mcreover, because the depcsition 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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Mor eover, by using a grinding | athe instead of the

electric spark machine 11, the defect D of the tip

end portion of the blade 5 may be renoved and the

finish machining to required dinension may be carried

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

to be a predeterm ned thickness. Furthernore, after

finishing the (1-6) hard thin fid mstep, a peening

step to process a surface side of the hard thin film

49awitt Je af péend hegdd beatarent téf@/e:b:ﬁttﬁrﬁkjeﬂse Nextthe tip end portion

OB%{ ﬁﬁéoﬁfagé i‘ggles %He%en%%g&:n?néln\{g £ l%%r%:ei%g jcg t(ii]eepOSltlon

Because t s> formed by mean
eﬁgrgy of the electrlc di scharge, a range of the

deposi t FQRtA4rkdhe bebe(l:éuf%é ah M Fa11AaRge YRET Eefb€ition 47
erated and hence it is

I t di sch
e ; rﬁb%dh%gggghg?a#el 1Y s dioy FEFepy¥sTERBR Gt the energy of
tmhe eieétmrnr@;adhan@ep08|b¢undsﬁ&-p&&thbéemaém the thin film 45
b t

e%g?uﬁﬁe Bfﬁggp%)zg% 'rbl%gm feﬁga%rtw%gag%ﬁgegﬁérg%po?l%hon 47 and

elFBEt Ighén B e Her gad échPPS?d%léYsp%lﬁi Pepmesinghel pard thin film
sasl hnaafﬁelcﬁleéé'@lﬁ’ﬁffpwﬁﬁ rle%pe@:%&kre@? ﬁgvéhEthl@Q@rés in which

id tepperature rise of ortian,
of Bros STECh et atartar bl e e Fdenbage i 11T and the
déppeetitban 47 .cafubehfinmle cdredaesiewihie 4 hasef mhhe45al of the
tggaggpgsbgéoghg7¥h§%a@ghﬁh@shard thin filma49 are

formed by nmeans o e energy of the electric

di schar¥ereaVdouRpidl far 2 héetdenst Reet Brhn {1l 4 is formed

aad the dmdedpoatbeundarys ﬁ:&xret bmﬁﬁweﬁﬂadchﬁthe thin film 45 is
7 and,. the thin f

d
oLPPELR Lk rRE Rar i s PEREE 49 a0 ReSHaBar i Fgtate by
4meﬁ@§p@%ﬂﬂveﬁyehaVeogttmmnamaﬁinu@ whischat@e, the surface side

CQﬁD@ﬁé tﬁ&fbdétdéb%sqrﬂ%% @ﬁdlgeﬂgfté@et@af&ﬂ f{!rfé sl dﬁa density

and %E ep05|t|on 47 can be firmy nmbi ned
thiRelmiledi’'al 26 Hife SHITRRS 5‘5wea ?%et]t"ﬁl ﬁePPPhMen 47, air

l\bem&’aﬂmlb@@lﬁ’ehe aurfelck asdd hadtdireati $ 1<l She deposition

ﬁﬁ r@ﬂmaé% #Q%ﬁgﬁgg¥e%%l%% tI:I eﬁl?&tff%argglb t:a%g:oersg e turbine
s%%t@rﬂ?&%ﬁi% He &fitgir depsiiny O@tﬂab@ b;wweaﬁedof t he

ener gy mfrdfenRGt {4 G dhsehaiae tﬁ@%e%ﬂ&%@cﬁte% 48 a®ded after
e rous de n 47 .s |t ed formthe

B FEELEE 2 AL R N ——

d@épEDSbEt |g3nre417toathe surface side of the deposition 47 so that a

fatigue strength of the deposition 47 can be increased.

In accordance with the first embodiment as described above,
because the range of the deposition 47 can be limited within the
range where the electric discharge is generated so that the
excessive deposition is prevented from generating at the time of
forming the deposition 47, troublesome works after forming the
deposition 47 can be reduced and a time required for 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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permeability of the surface side and a rear side of

the deposition 20 47 is made to be | ost so that

oxi dation resistance of the turbine rotor blade 1

after repair can be increased. Furthernore, in a case

where the peening step is added after finishing the

(1-6) hardthinfil nstep, residual conpression stress

can be given to the surface side of the deposition 47

so that a 25 fatigue strength of the deposition 47

cadin b ENEE easeMt 1Y B1REEesEAC ot N dhee foifrﬁiacture at the tip

di nent as crl ed a?o because the r.ange
t%ng %ﬁﬁﬁ | on can %VteﬁeﬁF? %O??Fac$lé% ls prevented

whetdatthie et @citve cepa St iodr gee rcsrgenerraitedr lsbaqiéhétcatrhlee avoided

exsessiya,deposition is prevented from generating at
the tinme of 30 fornming the deposition 47, troubl esone

wor ks a’tfltretrh‘?rd?ci’ﬁerrgb%%us%iéﬁéﬁaﬁdo‘fﬁwfééﬁ Ierrdhgsgpesition
ahdl @ad ibee fieqliyr edmbOfied epitil itlg: Hike fnapeemdlp@fturcm blade 5
o\frlg htehg)lth e %1(1 4lge %Eorhengdt{i T fai fé“and he de osition
because the ste s prdgress romthe (1:1)* T enova

t b7 theec o apsuﬁaﬁﬁtnhiﬁ o Ppestiog b?fr@marstbfe bage materlal of

sihgla LiLot éhﬁ 1§él?<£é< q{{(ﬁq_ti't o§5t14él tdrBold PBLbei A8 1 after
for the repair rthér shortened. Mbreover,
b@&%bﬂé@garjrlgé:% GheS teigert&Cure of the tip end

portlchdﬁedduz bbadEuSeabxiﬁmtiémnraﬁlﬁﬁmmaengnﬂh@f the turbine

d]?@@c:?‘f tﬂl% r]a ?ca@hgeféﬁégkcﬁgﬁlt dﬁHrorC{I orfe%?l t$uality of

occurrence of
bt el & kg et ﬁ@ntm;l b¢aderhaftor |té’lepﬁf§9émfe@|aﬂ§@etlh1§ﬁtr0‘73d In

q%ﬁlgidﬁ@ﬂ epa rerf dhe thﬂfe@'enﬁtlfemp%"enki'n%d%té cas aaded after
avol

S 2Rt B i 68ty Bl ﬁe@an%ﬁésf?f%?\}e Yetengtn o

cmh&ﬂduﬂ¢smtubnthé bas eceHireresls saf ahbHehbhadetle guagdity of the

tijl&ﬁll'}{ep Ifdtlonﬂ 6gadghf M& ttl?l'enrfeFthiT}:Afg tf_l?ﬁ fhe:r improved.

ep05|t|on CONMe unsuscepti b ‘
fromt ﬁ@%@%@er%%lﬁ tse Mﬁ@rﬁl B ter ﬁaeﬁ“éﬂ?dléf blade 1 after
oured Féyaof 1brhq:;nl1rém ﬂ@th@tg@rs mmﬁleleaémé 3, dhef difference

be st abi b i dat i
AL REPaREE e b e e R Pl e S mar aHeet o LaF e 5 and
répaibarcaphbe Fipnodeds deecgadled,ycobckt dig the Bisxel thin film
rad Q,ranblb%d%u%pégsgédt B¢ hepRd roﬁaﬁh@%dﬂﬂ?{so\ﬂ%%osh%lon 47 and,

particular, in the case where the peéening ste
£HFIY 14 FRP ATRFN RCSHEAG: Be t(lae BRrRaFBLR hflnlnf |4I9m propagation
sifephet BeafRtd YR eSha £AQIH roff i 1lnhg9 depasiet base 4vateatial of the

B9 ddLerseased 2L DeRcELLRg quality of the
(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, oneoftheelectrically
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 portions of the pair of the tip seals 57 in the shroud
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turbine rotor blade 1 after the repair can be further

i nproved. Furthernore, in a case where the turbine

rotor blade 1 after the repair is applied to the gas

turbine engine 3, even if difference 20 in therma

expansi on between the base material of the blade 5 and

the hard thin film49 is generated, crack of the hard

thin film 49 can be suppressedsby neans of the porous
deposition 47 and, even if the crack occurred to the

has dhidn aki b8 49en priappeat i &t ed o ft BRe ciatki raf rblher blade 53.

hard thin fi to the base. mat eri al ,
b ade. 5 CoUIE ba fraventean D LD ERARPLE TAct snbodinent
mody fh e raxassed vf thheefpest temtbbel peht of [Uhepsip seals 57 in

d@ﬁ& %h?sgd 5@%&% il ﬁBdY“fI@d Eﬁf‘ﬂ%ﬁ@@ Gesbq éaoglpl l%ﬂ@s operations

bi ne rotor | ade 53 I n accordance w t
tﬁ’éd rﬁia}cmﬂéals 30Tk aFphe qh;e OpPpkatasnErRRg (s EBDFB{LB?S of the

b adlgedenonened thestel@gidadiealdty. conductive machine
0t sed in a gas turbine engine 3 by
p?g% d§M§§ﬁ#rep Mor eover, the turbine rotor
bl ade 523 pno@@@bx@anre@twrﬁ hofha resdpPteddmaghipee cogponent in

CORPOsEsh &L A Bl 2de condlemd & frip i1d B@Mggékhbegieg:elnafter
and a shroud 55 forned_at_a tip end pogélon of

b b Befensnce t?r?elgsh?oﬂ%SB’rsF‘pﬁ'O\?l( d %Qh%{ Ea. Fig. 4(
ofidi pssae)aj sFhy. il ermiquordcons of the pair of the

tip se ?)éfodﬂ tttjq.%n él‘.ollilcgd ]oAf t§§|§%e/c§:3§a§f9885 h@ncc‘or{%&nent in

be treated turbrne rotor .
repedrdarcaetbh @ﬁﬁ@@%ﬂﬁrﬁwlﬂqeﬁg{l%ﬁ%éaVﬁﬁﬁion ey PFeduction

pspceSsedr vkt tLaspess t:@tbhebmaué )] bgethep r28&kb$ef7machine
in the shroud 55 nd tg di fi ed exa

e SR Per At s &S At FUREL PO T 1 PAPIPG TakeT blace
Omrﬁ'msmmfﬁiﬁm@mmonsmpbnene shber eierfipneéda) and, in

fé&zér%g’?éig' Eﬁqtnve(i ol @M%ﬁ!&eﬁa&&%&{dc@@f themachine

a restore I ne conponent "I n accor dance
WP N e ot asfsgdiamest Withl tB@ Hbst | PP Herd th fogy another

10; avp i A ef erenedet) dHedpr@dudt Ton Aethb@ofkH@restbt@d machine
TR L G EERBE Ot FHE S SEPaP B R Rg s Lo 21 8 provided
mmmﬁmﬁedﬂ—ﬂn ramoaa&amtepnﬁdtﬂ&ﬂ@é sbéonfiémbotepei (2s3) thin
ap; { AR nnggHCtéO(Q @f d%p'b%%tt‘i%ﬁdsﬁélﬁb'i‘eﬂ 5) finish
rotor bl ade 1B as the restored machin

step and a (2-6} hard thin film step llke as the repair method
of the machine ccmponent in accordance with the first embodiment.
Moreover, intheproductionmethodof the restoredmachine component
inaccordancewiththe second embodiment, theelectricsparkmachine
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 turbkine rotor blade 1A.

(2-1) REMOVAL STEP

The turbine rotor blade 1A as the original machine component

is set at the jig 27 so as to direct the tip end portion of the

blade 5 upward. Next, by means of driving the X-axis servo-motor
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15 conponent shown in Fig. 5 (c) froman ori ginal

turbine rotor blade 1A as an original machine

conmponent shown in Fig. 4(a) and, in other words, an

i nvention taken fromthe repair nmethod of the machi ne
conmponent in accordance with the first enbodi nent from

anot her viewpoint. Further, the production nethod of

the restored machi ne 20 conponast in accordance with

t he second enbodinent is also provided with a (2-1)

r efoyad stepy- c'axJ(s'Z D ruchim thoirl mlst ehe 8:2H2e3)7thd ﬁnoved in the
kaE%([r??frﬁffs So?lgaﬁﬁeche ? égké) %[Slatnl gn Sotsel 1é>$ the turbine
| FReCB® lERe lf?éféaltrharfe@ hr@leV@fi I:tqm:lrmchemef t:mpéaeatS im opposed

acs FhPanSEl o bmehhgcab s, eﬁ@?@h@Fntadpgﬁsi\% BQXBErikMischarge

th roductl n met f the restored nmachine
At 4 TR hBE bl 1.6 s onbba: ke 5 and the
thﬂ@béettrodeﬂarmhllﬂetrliallpenmﬂlldednqll&@dlm Thereby,

3 . . 0ol e n ha
T ey
t%éierf@é?ttoPeﬁu%ratﬁ AeCEatbrodsivggedl Boj shedeid end BOrthen of the

gﬁBadé”Sbtéi\ﬁ kﬁqgéﬁgv@dSthwhlEdeg iR t@f@big&@tﬁb!aeportlon from
arﬂjc ?ln center_ of (ﬁ ga% tur Qi ne engi ne

NBPEGUERe FRESCT & dRcr SBOFRd die oF LPREHI e s Geied portion
azxa portion to be treated of the original turbine

rof.of) bhade pha ) REMOVAL STEP 35 The turbine

rotor bl ade 1A as e original machi ne conponent is

set at AHEY ﬁgnwhs%%t@et 82111}@@@@@ sEPP ey PORRF GIf driving

afnd Heax bk atter v -aiawairdl 9 et th@y-ﬁ&aass@fv&rmd/ﬂdkgzhheche table

[}403 ofor 5_.19 an he Y-a 0-.not
AP ASEFR IO s Rrrdore Bl S aT ek et ton o
tH@l\tlam §h§| eetyimnl ttougpdgiet rohot helade Bidnso tlottorthe removed
tﬂc&dﬁdr‘AS%oof h@l{e %lraﬁ@gegs r&gﬂ' 5(%1 %gsgﬂetﬂﬁh&gcﬁgq.e%trode 35.

0S e npl ded, e
&fﬂrﬁ&%re@e&lﬂﬁenal 8LRGFHEC ?%%ckg@m dte HELAEEA PREWeen the
tnepnoamdi portion ®¢ dihehkl BUledd nnrtd BRe halde®lAIAARIe 35 in

I [ nsulatln Ilqu d S.. Thereb . .
£ RS theety LI ARG S B T8 o 1 s
SPectyi Bednschlrqpergya ofetbet e estche abl schargsk a material of

aseUnbedeloe 1 et tbde end ol%oét f@é‘c@foﬁ %bsmaé}g:ee f%rfgr@nﬂas_bﬁaterlal

» bl ade portion
mrﬁetsh%&/ge‘?%%?ﬁﬂ%w Stsasipe ﬁ%@é%é&ew% ay the removed
rertvied perdforhe Iade2 52pndH e b M SR ous 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 rotor blade 1A so that the thin film
45 is opposed tothehardelectrode 41, Further, apulsingelectric
discharge is generated between the porous thin film 45 and the
hardelectrode 4l inanelectricallyinsulatingliquid$. Thereby,
as shown in Fig. 4 (c), by means of energy of the electric discharge,
thethinfilm45canbechanged fromaporous stateintoahigh-density
state by melting the thin film 45.
(2-4) DEPOSITION STEP
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After finishing the (2-1) renoval step, by neans of

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

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

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

the original turbine rotor blade 1A so that the

renmoved portion 5e of the blade 5 is opposed to the

nol ded el ectrode 35. Further, 1& pulsing electric

di scharge is generated between the renoved portion 5e

of -t he hFade Hirmnghirwe ted ded3¢l ectn ofelBmodi fA@aanon step, by

eln@ﬁh%' ‘E?aﬂ | Mrﬁ.@ﬂi‘éattfh enljé 'rz9>9i§ §eﬁ$99{r18‘9¥r 3% SHOMN th y-axis

ect
dﬁ@éﬁ@r@@toa et Ehearable Thésmrerd 16 toe rWl%déreatlon and

r @ﬁ@tiit)arkﬁygitréeﬁﬁoﬁft& @g/smatlah: %ﬂe o@r@?ﬁinﬁ& T_leﬁblne rotor blade
oSsIt] on S] On n we I N e renoy

R Bt BaE ofhe T TS s REPBRS Ia tBor BRCRO o electrode

fBBn14Eumtﬁeﬁﬂ5abpugsadgaélgctnr¢nﬁhEﬁhdﬂg@ nengeedrated_between

p f t a T

Rt PN Ap R e Pmoraga Bi ot Y ip an elecerically

stBpULlByiRBahsTeid of i viThg rebie Xsaﬁh§w§eWOFhﬁ)to$ q)9: by means.

apd bh@rafyaasfsw@wpea@t@e aiscﬁéwgéﬁbé emafldrifl weathe molded
irection and Y- axi figbrectlon

PBLFFEBRIE S §P1 B He LD HE T G0GE B ot TAUS PHigparries out
t Hepohinidn) mlfdﬁsasn@mﬂsaedﬂetkﬂ:trmsahahd téligct ¥ oulé5 4hd thereby

Farw%usad@a&éwgo&'wéa& pdi @&ﬁ@cgeae Scrg_ne% atedim 45.

between the porous thin film45 and
eIectro%%rﬂﬂ.QQ1eéﬁaéF§c?rHQ%ﬂ49P Wﬁé&ha%?h@k?|QHﬁ gfgthe removed

Tbefebyn SéaISDfslf]ﬁwuoldelEg 1n4a(‘€:l).ew ﬂnomaasa@écﬁmﬁg@ynrectmn
ol v MY e PR TR A 0 B eneracea
blyetmﬁsm righe rtélltnhtfmlml 4 sl t@z mgvl@E@cﬂaqmchEP 18 shape of
Aéﬁsrt{;s mrﬁﬁm&ttl%% 6% Bhe thbb Tudd ldnRGiddeCcati 98 rﬁéce@,sllghtly

means of drivin he X-axis seryvo-notor e
x%&gér SeFD OB R e : AL the TEBrEd P Jrﬁsbi%e Oer ttﬁb“r blade 5.
XMaxnshille pecdn ameantt tf gy ¥haxhstHermeolded ¢bepasidé @ sticks
t or i gi N h t hin
N N R Gt L AGRE e R
FQ?TﬁbrFIﬁﬁiﬁn%ﬁE@ el ectric discharge i s generated
bet VVeerlAfﬁé‘@fizhiéhIﬁé ﬁhéE( 2ar4d defp%srmll%ds t%;e,% RE8n85f driving

S t%% S%?%f%ég&ﬁ gSf %sg§e6yof%§ gr .23, the table
elects irowidséhathe, X-aams etimdctofort hadnbhded-d40is direction to
eﬂ;@ﬁ*&ﬂ?x‘?tﬁé i A d82CE O S YBELANPR Y 14 1 fRI€Eth8ldeposition

carri es
47 1is opposed tothehardelectrode4l. Further, apulsingelectric

discharge is generated between the deposition 47 and the hard
electrode 41 in an electrically insulating liquid S. Thereby,
as shown in Fig. 5(b), by means of energy of the electricdischarge,
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 cof the
deposition 47.
(2-6) HARD THIN FILM STEP

After finishing the (2-5) finish step, the molded electrode
35isdetached fromthe first holder 39 and the hardmolded electrode
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deposition, diffusion and/or welding at the thin film

45 and thereby a porous deposition 47 can be forned

at the thin filmd45. Here, to exhaust a portion which

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

in a viewfromthe discharge direction 15 as shown in

Fig. 6 when the pulsing electric discharge is

generated between the thin film#A5 and the nol ded

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

nA7déd red e todske s3ppios teadey ﬁhieghli:yt Halrger 3bhameéxt, by means

S%p\%ﬁgtrlhgetﬂnge{lég% rlvgn o%fhlghe cliolt de SaE;rlgd%ervo -motor

e rolded el'e
3§1stﬁbﬁstab&ﬁcﬁﬁ:lﬁ9m®V@dewa§M¢ ¥-02imn @¥rewriomnrgd the Y-axis

0 cﬁ@@c@ﬁoh%@ pdsdt2bnH N %‘i‘l%[%%lp‘t:ﬁ%llfxé '}'o%@xnslél?@ 1A so that
( 4) deposltlon step, byneans o rivin X-axi s
0SFBES! L6 aAd fﬁeOQ@ﬁi?g E%r?%en5§63 Qﬁld?%eEleCtIOde 37.

t&bdrghai:_? Bspuby ity i ¢l ddter X aXisshdirigeClisogenbdatB@ between the
I §6?H§g%ﬁ %%dt ?Iﬁg%al}%sfngiggd e{l%cq.r Ia%ifn§l7 fnuragl Qf&ectrlcally

the deposi
téntSHéaﬁaflét élL@@tfﬁo%e Eberﬁ@mhéﬁ shopol snnglm e@fcﬂ c by means

dloicéh@élg@y g genenatedibeimeantoe deposidion, @‘7tlf€‘gard molded
j n an electrlcall i nsul atin

grd %ﬁctrode 41 g
| FGGFAEEde THE R, Teset Lo bRt 2AES, o8 (i Hatgy Lrganarries out
oﬁeenengyonf dhéfebecmramdtbsch&QﬁngﬁﬁkitHerﬂéﬁb51tlon 47 and

mEﬁEEBbE}Qa th%rrdﬁ Jkﬁ ed 1q] ?Edeﬁgxezggaﬁr?glggﬁéls?d %Hoesformed and

as_to nak ness o oSi
pirégat SR REBAUE R ek neS sthe t¥eFiorrrchgt wriningh-thley lade 1B is
tHinikhka 47a at a surface side of the deposition 47

by mel i tjon 47.

(-6 FE NG R SrastReder PERPERIAD ThE (oigred machine

f cabshnenemay e molldEded| e viedeot 3the emipetdiciead sf Ldke as the
t B@pghfﬁet@l@d@f tR& n%@lltnléecct}ﬂ;&é-% ded £l %gtal.’n%%%\(l]gh the first

|s made to be supported by 't rst ho
°diBeRkans of driving the X-axis servo-notor 19
and thheNé%‘a)(bﬁesetyﬁnﬂ@tfotﬂae 2édcohbenaldiameh? wiSl B¥Escribed.
in the rect nd t X direction to
bost 11 B phee e RaP ST It T 4 P bR endy b phrtne eneray
t Aé alé%oglﬁmmms@@m@sea rangheohatlie migpetfition 47 can be

eh@ﬁif@@@u%zun EUrd et swharRULRé NG LI8GH B959h§95@rﬂ§ generated
%363rate bet ween the deposition 47 and the

A Er DU TP ST Sah 6 AT Py SFRSAPAYF rfbeposﬂlon at
Iaqtumie Sf Themelnyy @ shewsiitdioki ¢7.5(c), by nmeans

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 Se of theblade 5, rapid temperature rise of the tip end portion
of the blade 5 is prevented at a time of forming the deposition
47.

Furthermore, because the thin film 45, the deposition 47
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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of energy of the electric discharge, a material of the

hard nol ded 10 el ectrode 37 or a reaction substance of

the material carries out deposition, diffusion and/or
wel di ng at the deposition 47 and thereby a hard thin

film 49 havi ng abrasiveness can be forned and then

the production of the restored turbine rotor blade 1B

is finished. 15 Meanwhile, thegproduction method of

the restored machine conponent nmay be nodified in
videpogfittbe emhodi Es@nfﬁnhiye:@goitdé@ wgeﬁaé hrba%t hede@fial of the
t chine_c onent pn accordance with the first
e&gsg?ngn?}ahggg,gg %r% }%négbf t he second enbodi nent

Wi || beMdesoVébedoecez@seBeceaws/eJﬂhesdepesi:hiionfﬂmi4:5 is formed
| QE Ao Do fBANS ol (iR B0CLO%n ObILAG B 8E1 Iort thin film 45 is

di schar ge, range deposition can

| PRi-ted W’tcﬁiaﬁlgé? Faﬁg%ow Sehe eneetthe hdigkcHargétsstate by
gesenat ed tlendokerseoirt the @I@cytﬁjﬂceduts@hg&a@r atBe &urface side

excessive de 0S i on. at
de%o§$?|%nr éﬁ?%&ﬁ%ﬁﬁﬂa 6€c§8g593hg1dg%€%|39 r?%f? density
|§hﬁ0rﬁedmbw7weaﬂs gfe smef@@eo$ldmeoélEberd@pOSltlon 47, air

dpégﬂ@w@l@w dihenenelh & s1 88 LlLeLlld:G s 1AL HE deposition
| ocal é_acts on a promnently small part in the

r édoveHadgalre Pselatt et brhdE Slatigyi HE%W%% Gfethe restored
rtaebofiet hetdt poadke P tctam bs)flridi%ahlealde

prevent f f th 05|t|on 30 47,

Furt herﬁlgrgtle%éc%edségtah tsﬁl %h éjo etnhmgdsé it %%ded atter
47inapEiRGENRARG &) Aiardthin ﬂgllasbepomeddbyl m;»ange@fslon stress

. tB@ne@@r &f td heecekgethie Qi@&hﬁ" %e aeBeHBQ%M PRrds that a

bet ween the t hi m.45 _and the undar
P G W SER TR (1 b aeA i 40 £AB’ PRI SAFFFaSYs-
and a bbuadavydpart vasthwean ﬁmmamﬂodtmant ialsmle 4@r #Hned above,
mgsc%&&@saﬁé QAL §ESHRC Y. g gt% tJa%Cw £5 19%d within the
ositron ratios ence t'he h
t AR RI¢i th-ztg &he ﬁ%@cfglwéﬂg;@sqhar@ﬁ 4F geneeatted ngg that the

‘ C@ﬁ@éﬁ§ﬂvd\ﬂde|ﬂvcﬁlﬁﬁ%@i ﬂﬁtg%é@nt@d them AMdesing att b€e time of

fil 45. . Nb t
P iad T e RE Al Bratnneiont it At amgorming the
bdl eples bt boml 47 heart he I efdiucmdddnd s t Suareegedr ¢0 forantgeproduction
t8§ PRE oﬂ:’ésﬁ&f‘é fﬂl{l@ergtgp gfgﬁét XBSEQE Qy s ?‘rﬂﬁned In

of the ener g % ectric disc e sur
SHet icular, ecause the steps progress from the (2-1) removal step

to the (2-6) hard thin film step by means of the single electric
sparkmachine 11, the time required for the production canbe further
shortened.

Moreover, because the temperature rise of thetipendportion
of the blade 5 at the time of forming the deposition 47 can be
sufficiently suppressed, occurrence of fracture at the tip end
pertion of the blade 5 by thermal contraction is prevented so that
defective production of the restored turbine rotor blade 1B can
be avoided as possible.

Furthermore, because the hardthin £film49 and the depositicn
47 can be firmly combined with the base material of the blade 5
via the thin film 45, the hard thin film 49 and the deposition
47 become unsusceptible to peeling off from the base material of
the blade 5 and hence quality of the restored turbine rotor blade
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of the porous deposition 47 is nelted to formthe

hi gh-density thin film47a at the surface side of the
deposition 47, air perneability of the surface side
and a rear side of the deposition 10 47 is made to be
| ost so that oxidation resistance of the restored
turbine rotor blade 1B can be increased. Furthernore,
in a case where the peening stgp is added after
finishing the (2-6) hardthinfilnstep, residua

COHRPLBESHANsELFEPSzgan be given to the surface side
of the deposition 47 sothé 15 fati %ue str(ﬁ %tg[l 4
the dep8sf EPBRT 4 PECAN S5e°Fhi BaRed & 54T tAQCE: HRAE prrestore

t herbunstrmmoﬁlmnmardbsmmmaﬁre@ome gquaddaysef the restored
r%ﬂggl% }:ngﬁ z?‘tﬁélfé] c4a7 % %golx@dt edI a}%Qf@léLtﬂfar, in the

ectric e1ls ener
tﬁaﬁetﬂ]éer%x@é%s@@i@ldébﬁfletﬁ e@ ﬁgidsﬁe@ AeedfipbpRing the (2-6)

ggaeaathﬂg af1h h@cép me: af f%Qlfg%nbﬁgehaehdsp%mél@éposnlon 47
oubl esorre after rmn osition

cﬁﬁn r’e%’é%%s% AT & |F188911%V ?ﬁet ?o*a%%“t%% turbine
otothe b]asﬁerleBl tam bheef uotlorr blrgdevEsl.can be

shor tenpdy hSimBALL LU Bloe RERUSE NS S0P AEOBEESS or bLadke

fromthe renoval ste
fiLBnﬂr%ta@pP Qn*éh%fg%ﬂwéusﬁbﬁ@leee@%%?r?’rc emen if dlfference in

Sﬁﬂékﬁ&@%:ﬂ;ﬁaﬂélox}] hﬁaﬂdé’&az reguibaed ﬁ@tekh@lpbﬁﬂt&@élkﬂbde 5 and
C r.t.ner or,rene Mbr epov

 Eperat i el BRI AT, e oF FhE Bragethin filn
544t cahebms@gﬁea‘scﬂdnhygnten@sd@ﬁoshmpnren?s cigpdpition 47 and,

SHfréhCir?%'eyc§HEEr§éé§PrecP%UEBS”E&@fthflfna(f&%eal 8! gfpagation
portion he bl ade 5 c?y her mal
e

BRI GFaRR S e BeE 8aP LHal ‘doFBCtT PAsoBAEEF AL OF the
obikbe §estorecbd ushiwentteat.or bl ade 1B can be avoi ded

[ ernore, because the hard thin film
43TQ9§]§ %@%%g%@ﬁ on 47 can be firmy conbined with
t he basklrstterd dhrbineheotpmdd asie 38 in g adserdamics Vitma third

48mbbBendRE dritihi Bef hh Tt A9paathd e AeReS! (1i0R 44rPLERRR to Fig.
Uﬂsusig gtl bI§ to peeling off fromthe base material of
aBfattk? 5 Gnd hence quality of the restored turbine

r ot or b!kad_e:ﬂﬂne 1Botan beéasikaliid iizedacdbrémves , with the third
ﬁ}ggéﬁn% ‘Ei%t%s[o%héﬁl tggg%u%qn%feﬁ%.ené ﬁ%{%{ ?ptatab%e around

I ne be i rove € qual l
t Ho® PESEA I t ot e Ge6t DHTIIRRIENa e An bléoxwf%veehe turbine

| PoPF tH1HHAK0 £B pRSvided 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
platform65. Here, the dovetail 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 €3 serves as
a portion to be treated of the rotor blade main body 61.

Next, aproductionmethod of amachine component inaccordance

with the third embodiment will be described hereinafter with
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5 case where the peening step is added after finishing
the (2-6) hard thin filmstep, the fatigue strength
of the deposition 47 can be increased and hence the
quality of the restored turbine rotor blade 1B can be
further inproved. Furthernore, in a case where the
restored turbine rotor blade 10 1B is applied to the
gas turbine engine 3, even if digf ference in thernal
expansi on between the base material of the blade 5 and

tb@feaéﬂcémdnrﬁgl mAFiigs geages atied, sepackeof. Bhe)hardy. 10(a),

in film 49 be ressed by neans of the porous
d b%3|#¢6% 4%n§aﬂlg é@gﬁgrf the crack occurred to the

har d t hTlme birbohi49 i cpmegageit ¢ O hhémaeth inkec an@ekerof ihhecordance

h |
C\gﬁghttglléen%lfrlie%(gnﬁtﬁgghg %Elﬁﬁ%.a%%g@tom g[)dEB%loB oqfdﬁher) turbine
ta%%@lra&eoﬁ9@%&@@5@a@ﬁna%@mﬂ@é>m1@@tvvam rraHideg with a (3-1)

e Ol iRt nghngestdascral b3d2h%d’l§ﬁﬁﬁ[st\!\%ﬁﬁa (3-3) thin film
nce, to ur bi n
b?%%%P%@FF1f”55%%?ﬁaﬁcé3mf?'é%?ﬁéaqﬁquStgﬁboalﬁ%nf {9n15h step
used &n(3he) descd iingiémgismep3aandesot tbad| aeeoundoreover,
the axd %Jro?i%‘%ttg%nolfne%f?@d% l'nLBJ—:r o Bﬁlﬁ@gé Snent d_n aclgordance

Mor eover, the turbine rotor rovi de

21 O et Bt AR CBBE) t6 1R e&ﬁ0251§l stk 8arpjne, the molded

coneltici b¥e, corponeid mrbedbedycapdds hend iy Hilrad@lectrode as

I s co osed of a blade 63, a platform 65
n@chqu¥j g Ove u S§hd of the bl ade 63 and a

do¥et hiNMABY HQﬂWI&INﬁwéTEﬁI atform65. Here, the

dOVet aids @hol® £haageabl §B<W'c-§ &ajg%ol%%§’€;c? ttﬁesfc%of MAtade main

of the turbine dis
W%gﬁ ﬁFI§&Qﬂ%%%ﬁFaBFqFﬁ?Eﬁ%PQ?ﬁEFﬁEl%ﬂg|m§d4$h%rema1nlng
tpapﬂemf ptiet ronopfbliee mliad® @y, 6a Pocbuss depesiiphetal shape

e s d AIJTRA L B @Bﬁreggﬁggeaiéhé&mga ') 2280963 nachining

havi n asiveness i1s
tHECIEFoSFE RSN L. Flwetrmﬂfl &, P he iqerdnghpot ik oncbportion of

the: Hiade: &3 serves §§to§5bﬁa@@rrﬁéﬁ[1 H&isp%lt @3t ed Qhibject to
Ege t.or bl.ade na&n ﬁrodu tion 1 4
R ShathPRe %Bh%%n%%?l?"rﬁ‘é%EBFBé g4 ASfpaluminize

tdnatdirandbodi ment will be described hereinafter with 20
refene PigqﬁmgST%P Fig. 9(a), Fig. 9(b), Fig. 9(c),
Fig. 10 %: 10(b) and Fig. 10(c).
e rotor blade main body €61 as t e component main body is
set at the jig 27 so that the tip end portion of the blade 63 is
directed upward. Next, bymeans of driving the X-axis servo-motor
I9 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 €3 and the molded electrode 35
in an electrically insulating liquid S. Thereby, as shown in Fig.
%(b), by means of energy of the electric discharge, a material
of the molded electrode 35 or a reaction substance of the material

carries out deposition, diffusion and/or welding at the tip end
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The production nethod of the machi ne conponent in

accordance wth the third enbodinent is a nmethod for
production of the turbine 5 rotor blade 59 as the

machi ne conponent and provided with a (3-1) nain body

nol ding step, a (3-2) thin filmstep, a (3-3) thin

film nodification step, a (3-4) deposition step, a

(3-5) finish step and a (3-6)2hard thin filmstep as
described later. Mreover, in the production nethod
obotheonaechithe paapgeneRtand tmmt@aacpoﬂ@;wuﬂmt fielm 69 can be

t bi i t.

ng%%%%gr%?gckﬁeg&g te?ﬁesh %15 %Ibggit%%g e an@galhwmle’ when
haedeehett g sbe MS%@H@W%V@M%@@LEC{@O@E 35, asbeing
m%m%@%%@@sﬁnéﬁ@ﬂ@ i, Ebgrecﬁ aate@ in the Z-axis

maj or Eart of the rotor bl ade, main 5
"o e by fearfs B8 ot §rKG: ﬁil%a%fe?%}y m&nst ﬁé 2 drive of the
r BAEK Ds Ngerpaftoodr t e, rotor bl ade mai n body 61 such

as;as e L phe gﬂﬁﬁﬁ, die dometail 67 for exanple

23 dP@ ﬁfiM ns o naé%lnl such as grinding.
Furt herAf%@@éﬂplékeéattl’leh@ﬁ btélﬁé Ik f BpP oY MeRaLs of driving
bl Rd& 63 iisNsd Peo Lt 05 hbagles RRENY bodys 64 rBYmbeor 21, the table

SR £ e Yl PR 00, O A R GLLOMLESLSLLVE i rect ion 5o
Fboad STER fie rator Hilaade mainnbbogy 661sasthbae the thin film 69
COID edmdcn tlﬂ%dyiahé F&Et%dé h@l] ' glegzwﬁgléhaﬁhéﬂg may be a

tip d portion of Is 25 directed
upHRP ahemexEne tpkeahs 16t O%IlY\ﬂef‘ngistsﬁéM%%’iesmOVEd in the X-axis

s@ivechpé®r 19 and the Y-aX|s servo-notor 21, t he
tabl e ct ion

Xi.S h
ot s T e s ra b eras e FhESfH 4 1380 ated potueen
bblly perose tthitat £ike &% gnendepgornd oheotrode 4Bl adenggd ectrically

' §n9@f’9§ tﬂc&hﬁ ngp! d?gefleSQt rQQesl%g?wn Meansy | E9((‘:) , by means
th ere nmay case where he table 17 is.on

n‘é%@é,‘?éﬂy tlothe %Hcrﬁ%?@a%e‘a’ﬁgedﬁhﬁé‘cﬂjo‘ﬁ@ can be changed
Foréther poaopll statge eheeot 4 it ofi-eitangy ssagensr abeding the thin

nd d
OHIES, LIERABSHY PROL SO 0 R, 08 A0 e, e
| hapd @ 1S.CtTiodleehy, a@sbgh@mﬂwfﬂagl wish 9 pr@yeﬁéaﬁg head 31,

of 5 %%E@Yo@fatbaelr?ltﬁﬁtiia%icﬂ §§E@E:H§®n@3mts§fallﬂ| tré)\;‘el distance
t he nol el ectrode 35 a reaction substance_of the
RGPS S (PG TGt Lo dFFaSTahOAna? or

wel €4 NeEROITEION BsTErd 21

After finishing the (3-3) thin film meodification 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 direction.

Further, a pulsing electric discharge is generated between
the thin film 69 and the molded electrode 35 in an electrically
insulating liguid S. 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, diffusionand/orweldingat thethinfilm69 andthereby
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portion of the blade 63 and thereby a porous thin film
69 can be forned at the tip end portion of the bl ade
63. Meanwhil e, when generating the pulsing discharge,
the nol ded el ectrode 35, as being integral with the
processing head 31, is reciprocated in the Z-axis 5
direction by a small travel distance by neans of a
drive of the Z-axis servo-notop 33. (3-3) THIN FILM
NCDIFICATICN STEP After finishing the (3-2) thin film

ry A838si efofliivesg bet B@rﬁ(e@éltStE@Mi@Me@rsﬂ:@? thin film
the Y-axi.s servo-notor

b
o MR k- a0 BFPEECT ORI PHESYoRA &l B molded
t@lqa@smcﬁemrﬁi hesr beongbl mdegral nwidddyh@élpsocehaingheead 31, is

}\ﬁé@b\%]h{)gg@g%elé tggpgsgglg % tf@cﬁq{rg b%) QC&EQFF LAEavel distance

case where the tab
Ry YieRIER SBRIY %Wﬁ% Crﬁ)\Fékﬂ? 47 BHS )%eé"%iosmo&iolreéﬁl on
éS Fur tlhere, &opukﬁaagted inr{tll@GrlgtJﬁ@gﬂr%@l%]Ss genepdt ede tip end
et en t r Ln.ftrim a t . -
e‘F%{: 1YY JlZwlltl'f) bgf? gg’t ricdl Ty® ﬁ%ﬂpaﬁ?%gé slcq}ha}roges.dlrecuon
Taesbbyn iasFshowd wherFiige pg(ls)tpgbs,lam:afn§ dp$clavegg)ysgfenerated
ﬁ@t@é tt{ﬁec cflischaigeso the thhnndibdn 83 Lande 37, a shape of

ange roma porous state into a hi hdensntg/ st at

bgfhwﬂta &% RETERPR 95 119 MQISENELRRRIPES dheht made slightly
gesved &t t]‘i@ntahﬁl?ﬁid sf ﬁge diipodal gertidecf haed eldcé? od®eanwhile,

41, as b W -t h [ . d o '
BB LB 1 LB PEBSSLE DA £ vy
d? s@zmre eor bgomaanw d&F. Jandcirvé egfs -t he Z-axi s

sesvor eief sB3THE- 4) DEPOSI TI ON STEP 25 After
hin filmpodification ste

f h h 3-
ans GrEET SR IRS KPS L HERGSELan SIS Res of driving

YeloeX XS a xS @r yeevyminagt oXl 1 9tdred thblxe-akﬁs senpvedoior e the table

txh%ss di egf&goehéfsg—abigdg si,hgﬁat R0 %Da;&gé'&llr%tm to

e nmain at t I I'm

I@%bbb@’ed:fta) rofernbladd réawertthr%h@ %ssoseh%amuqe@osﬂlon 71

tb@rcﬁ)ﬁ@éch:oatﬁésﬁameéPeé%d@mle 1ﬁeh§wﬁﬂh¥, there may be a
necess r e X- axi dire

R s ket BeRTR e 1 R e Re T S B g gn the X-axis

b@imtmoxthe thin film69 and the nol ded el ectrode 35

I etween
in an g }{érca% lé%}?%gggglh'cﬂ#g%}]azgge li%“?@ﬂer@@edb twe

shown in

et@%tdqm@}%réeang HBeehprf ﬁeg%@o%|%]edl.n an electrically
ei@ﬁll@@ﬁl@ﬁl‘?fulai seacthrelspbsisashewal ihhei gater (@, by means

CaJJ:: {alng%gg of the electric discharge, a finishmachining to required
dimension can be carried out so as to make a thickness of the
deposition 71 to be a predetermined thickness with forming a
high~density thin film 7la at a surface side of the deposition
71 by melting the surface side of the deposition 71. Meanwhile,
when generating the pulsing discharge, the hard electrode 41, as
being integral with the processing head 31, is reciprocated in
the Z-axis direction by a small travel distance by means of a drive
of the Z-axis servo-motor 33.
(3-6) HARD THIN FILM STEP

After finishing the (3-5) finish step, the molded electrode
35 is detached fromthe first holder 39 and the hardmolded electrode

37 is made to be supported by the first holder 38. Next, by means
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deposition, diffusion and/or welding at the thin film

69 and thereby 22 a porous deposition 71 can be

formed at the high-density thin film 69. Manwhil e,

when generating the pul sing discharge, the nol ded

el ectrode 35, as being integral with the processing

head 31, is reciprocated in the Z-axis direction by a

smal | travel distance 5 by neang of a drive of the

Z-axis servo-notor 33. Here, to exhaust a portion
V\bi‘deﬂrf'\ii'rﬁé(S:l'waC akikheetvP-Bdtbr POy hinentBE thexdd adevo-motor

63,1 n V f n1the di schayge directian s shown .n

2 Ml abtle 1NeL Heftel BT ERE AR ildes T 8 e voaxis
geheeat edn b@tWWﬁﬂtHdHEUHa moticienbé8dandaiheboady deld so that the
eh@ﬁ&é?@foz?’?l J_% Pfo nghE%dﬁﬂoﬁcﬂ@eMéﬂﬁb 9. thRanwnile,

nol ded el ectrode IS nmad | arger_than a

shApES dhayY He t3 p:ae%@d WHEEE 6HeoFa¥>Fa@ b atfe ®Bly necessary to be
Meanwdi 1€, théHXéﬁﬁnHﬂdﬁrdatﬂMM ch the nol ded el ectrode

35 sticks .qut |s fer abl nore an

or Tesdrditn B R AEBLLer AR Ao L § 28830 ST potueen
(Bhﬂ}iegep@i;wn gAstrepthdhangand defl edraanr@gie 3 hen xn@llesztrlcally

S8k Y91 40104 lll%ﬁr&j stherya Rt e, S \W@oiRt 9h Rly. tft? , by means
table 17 is noved in the X-axis direction and t

\& ﬁ%r&ﬂfr%&ﬁh&qe%%ctrpb% CeSEREAE r%f“@FGEPﬁa§%Pﬁ hard molded
betyctioso Ahat 4 headepes tsuBE]tZﬂcelcSE aphposetetbal harries out

C\ﬁ%}? g[tﬁfc;rg Ogﬁfé%él%gﬂﬁ?ok%e aﬁ%e%%q?ozé)ednsﬁsc% thin film

'S On necess
t he2 Yangithertie et hend Fl}rutlhétlma7¥)mas‘f’¥fgs' dhg@sijveness can be

disEhed god $heenena 41?90&1%&&?&[1 oft R cdenesi bk ofotdr AGide 59 is
t?e hard el ectrode 41 in an electrically insulating

&l Thereby, as shown in Fig. 10(b), by neans 25
of enem@arr)\fhmme ehecprdmwaﬂtmharegaodaofi thshmachine component

;@é:)%] &l%le%lqlibr %!ew Jf')geﬁﬁé o%nﬁ@é&n%ééafrlé %%s%lftib%a below.

o nmake a thickness o osition

pr edet &G EBCATERALSE  wikH ﬁ‘i’o-ﬂnh Fia fhll’@hs*é%sﬁrt%/ the (3-2)

tthih ffllllm Iza@micaatfdﬂfsa@@ ém%eot:mgheedm ttheNserides of the
he eposi tion

I\%te t:L n,ghthe Surfac }f1 é ccordance
i notnd dipd BEMdd O Boe i RomaPSentrige2

twet th drige emecﬁr@m9041meas obetng [hteegredrdutttiint lfe lm step can
BOocEssidyy head 31, is reciprocated in the Z-axis

direction by a snmall travel distance by neans of a

drive Yoredyerz- aRptead,ob-9nodra B (Hie PUiARDITALRCharge in

RiHdVle®EEPrically insulating liguid S, a pulsing discharge may be
generated in an electrically insulating gas. '

Furthermore, instead of the hard molded electrodé 37, as
shown in Fig. 10(c), a Si electrode 51 composed of a solid body
of Si, a molded body molded from powder of Si by compression by
pressing, or the molded body subject to a heat treatment by means
of a vacuum furnace or such may be used. Further, in this case,
a pulsing electric discharge is generated in an electrically
insulating ligquid containing alkane hydrocarbons. Meanwhile, the
Sielectrode 51maybe formedby slurrypouring, MIM (Metal Injection
Molding), spray forming and such.

Moreover, by using a grinding lathe instead of the electric
spark machine 11, the finish machining to required dimension may

be carried cut so as to make a thickness of the deposition 71 to
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35 After finishing the (3-5) finish step, the nol ded
el ectrode 35 is detached fromthe first hol der 39 and
the hard nol ded el ectrode 37 is made to be supported
by the first holder 39. Next, by means 23 of driving
the X-axis servo-notor 19 and the Y-axis servo-notor
21, the table 17 is noved in the X-axis direction and
the Y-axis direction to positipan the rotor bl ade nain
body 61 so that the deposition 71 is opposed to the

h@édanpkéaétékﬁgﬁé@denﬁakné\@@n\Ahi le, 5 there may be a

wher e t he tabl to be . noved
' the SR STH RGN EUIHAPIE Bipl 5 o eF BTy £ om step,

desphangeqgi st gensr aire:d:dm weermrftakre depesbfi the 7Hammhdthin £ilm

t 7 cal
|2§ngFﬁng #?%ﬁfﬁée&£§§ﬁ§%3§.nkggﬁﬂ%gﬁﬁﬁ%%'Flg le( c)
by mean8e1br GPeEREL§PSHT ttﬁé deed precdisenartell ae described.

mat eri abe@iusdaandppBl dedn Fl a6t Fo#Red bPmetins of the energy

bstanc of the material car
B RoErer eh et 1Y i bt of werdengiaFhEradibsition 71 can be
hlgmldeﬂswlghnﬁwanrﬁm¢¢nwhk1@ ahd ¢herhic diksahdrghki hs generated

fhh@ﬂ&é@%‘tngs%&%ﬁ%%% S@Hepgtefaﬁ{ %‘i@e@@Q’LVEr@gp051tlon at

the production of the turbine rotor
anFéﬁ%dOfNE%ﬁ%kHQEihQlﬂ?ﬁﬁ%ﬁﬁﬁﬂﬁ dn - nethod of the
machi nenq@mmm@ptbedmxsebehﬁo@lezﬁwﬂtimv11ewsoffotined by means of

e S ri.he S ifically,
t%ggg%yﬁ S\:ﬁl% de% ‘rc;_nr% eglsa‘:%%alt“%e a(rg{ %hep%%ergyl % the electric
néds fhenge dvostldly aahs b:en enprerihdnioky tshe ldeps el igf the tip end

t BErt 20n S LR rbltaiﬂfe rs@pawca?&at BQﬂ}t::@f:at:ﬂﬁe NRchd Nee the tip end
ﬂgponent iLn accor hji rd enbodi nent
t

D) Ohar A (AR s F SR Db A e OF f3rming the

Miepoyvetrion Mkl ead of generating the pulsing di schar ge

ijn theFﬂtﬁ'?é{r%ocx% ! é} Icré%lél att!hggthixqufg 1§ 68, ?Hﬁs c{é%os:Ltlon 71

| scharg generate I N an e ectrl
i ARE| Hee ﬁgi@fgsthlmrftlﬁ@r 78r arej fermead bY BERNHAT dhe energy of

W’lﬁhgtﬁﬂhﬁit&qtd @QQCﬁZIg@?fa %'B)Q\ﬂlﬁalr Fhgt Jddwhen @hgl thlr(lj film 69
el e ro 0] a SO
bdd g’é’-&]‘a@ g nCEﬁr}Sl aﬁ?}i g&%ﬁggs]ﬂaﬁ %?051t10n 71 and

ptleesul'mg; forlnt B andid@dodaudialsgubjaed:t bebwaehetthe hard thin film
tffaéﬁ@@héoﬂeﬁ%%qstl%g 9& §%¥§£H£‘£@r£ﬂ%l 13 ne Osrt'lrﬁitct!?.lr'@sy in which

used. Fur his ﬁ ectric
df QBPRF Hel 975 r@éﬁé’ﬁaﬁééld? rnth henget Epedpasd thigyfadpng? and the

| dsppub £k €08H Filntag B¢ ke 1Ry depbanbans thveapwbel Ratdfieal of the
blade 63 via the thin film 69.

Moreover, because, as well as the high-density thin film
7la is formed at the surface side of the deposition 71, the thin
film 69 is changed from the porcus 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
roter blade 59 can be increased.

Furthermore, in a case where the peening step 1s added after
finishingthe (3-6) hardthinfilmstep, residual compressionstress
can be given to the surface side of the depositicon 71 so that a
fatigue strength of the deposition 71 can be increased.

In accordance with the third embodiment as described above,
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Si el ectrode 51 maybe forned by slurry pouring, MM
(Metal Injection Molding), spray form ng and such. 35
Mor eover, by using a grinding | athe instead of the
electric spark machine 11, the finish machining to
required dinension may be carried out so as to nmake a
t hi ckness of the deposition 71 to 24 be a
predet erm ned thickness. Furthegnore, after finishing
the (3-6) hard thin filmstep, a peening step to

PhOSLSSe & 1rhage §fd@1@fdebl&%llf&%ﬁ fhidhd LM id3cMitdhithin the
Fgeemn treat nent. may be added. Next, operatijons
(0]

t9e YRPFE énfodilmsit W 197 S&éladfé%ecrﬂisoe%en Biaflisg® that the
thﬁcde$mmntdammsltlm$1isrg&ﬁhdnteﬁe&mSmoéemématﬂng'@y toé time of

t?@rrﬁir?&ttrﬂe adééj Cﬁqi';l%% 79 r%?%ﬁaﬁé EH? JPJ? 'Jf@eﬂ: 7fJorm:Lng the

aTra ectri
dierhat geon s’ lgener heetdedaped mﬂ:@ Fﬁﬂmﬁsrmlévé@\fﬂ e‘%PIt groduction

g@f]aﬂ?é Q:ttﬁc%l@?@%%%thebggﬁé’sﬁg icQmh @l s%@r@eﬁéﬂe ofn particular,
n eposi tion er, au

oS TrEe i BB BeRlalhs PRERINE  (2aRiRHsThi e step to the

e[i}eﬁrlrmmﬂmha)rgelandtémebpm@ragm off the simegta iedectric spark

?ﬂﬁ&?‘&lj?frﬁegelll o%%l ! ¥1ﬁ8t§?8@hﬁe%rﬂg§e%§%t i:}.‘o&@@{ioﬂaéatn 'bré further

tTp end Tportion
t ErpereRedt e rlse of the tip end 15 portlon of t he

bl ade Q&Jﬂ&\&rﬁVQf&%@s@t raski B fhefdmpdg:td® of the tip end
R, i FEALTTRCETENR PErbThE G lescion 7

f@am byf freaisnioly tsug:peaesgyl ofccutrergleecf rimcture at the tip

and t helg‘ﬁ] 5%3&8%3985%0(8%@;} 3‘%’1 g’ﬁt@E%é'ﬂ\j%éeﬁ‘&fhéﬂlJH 6% 2Q%evented

dEpISia Gif EEEtaTE ptrﬁéuf:ﬁﬂﬁnfpfn%@ AP i D dit@dr plade 59 can

Poe tabeideend dwmde.hin film 73 and the deposition

71 res ctlvel have struc |

Tl oo Ny S S UL 3 ki £ 93 TBOSL B osicion
débasin benf Fimtn e dse ifrigdrivg tborlée desevmaliezibdsef the blade 63

pierdd «fid B8 12%ohl ade B3ryi @hixli‘effﬁﬂ v idh@ 68e deposition

Nor eover, because, as well as_the gh densjty thin
11 RECPEe PRSRERRBHiate (1o PeatABeOS 0o 01 LhRepase Taterial of
detpo$iltaden 6Zland heeridd gualiikgn 60 tile chabgad fooor thiede 59 can

;ﬁg(§§%§5f§ 4 nto the high-density state by neans of
e energy of the el ectric di scharge, air 30

per meabidnecyest, breagee fdve asrdee BRALL Iridat o Hee glurface side
t4¥ deRO0SiddrORide of the deposition 71 is made lost to improve

oxidation resistance of the turbine rotor blade 52, the quality
of the turbine rotor blade 59 can be improved. In particular,
in the case where the peening step is added after finishing the
(3-6) hard thin film step, the fatigue strength of the deposition
71 can be increased and hence the quality of the turbine rotor
blade 59 can be further improved.

Furthermore, in a case where the turbine rotor blade 5% 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 cculd
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71 is made to be lost so that oxidation resistance of
the turbine rotor blade 59 can be increased.
Furthernore, in a case where the peening step is added
after finishingthe (3-6) hard thin f ilnstep
resi dual conpression stress 35 can be given to the
surface side of the deposition 71 so that a fatigue
strength of the deposition 71 ¢an be increased. In
accordance with the third enbodi nent as descri bed
abevereaént@@cause the range of the deposition 71 can
the range where the electric
%@ngggg ﬁ&%%% hted so that the excessive
deposu t 4 owdiig ipdessemele bfdhegehérarimbgdiamenievilnbegiescribed
e L 0g: HDEr dePOF T L4 A0 I HOUAIELS AT I I AT ber

formng t ep03|t|on 71 can be reduced and, a tine
requir ed ?Qﬁbkﬂ%xﬁﬁﬁqﬁn? a6e FﬁelFu?BF%%d?%?%rwﬁﬂﬁdeMBQDdlfled

Céﬁaﬁ@léh@r tenedas lthepaitih 0 abtor beadesso t heesti@psgas turbine
ogr ess, mthe 2)th il mstep to.the 6
PEPGL R hoPE ST I e b i Bl bReb it tipchas rusbine

spagknenﬁchlne 11, the tine required for t he

productyon. SAN- bent Witehe ﬁ@téﬁ@ﬁ.ﬁ@@eﬁ:} lé@ﬁ%@'&%%d with a rotor
because rjise in the tenperature of .the ti

BF e EMar BRI Ades B @ AE (A Yor P ORRE RGeS Fponent main
dB@@ﬁldndﬂthélrotaﬂ beadefididi eptly73uppressgeded of a blade 63,

b%#é%%&n %fSH r 8 x%'ga?}. é"h%nd' S Pgucﬁjofé 5%%&1%% 5’8 a tip end

mal  contraction |s prevente
th@ItU@me@flﬁhﬁ;h&ﬁﬂﬁnﬁ3on Hﬁrﬁheth@r¥ﬁ¥@ﬁ¢(ﬂ?ﬂl%ﬂgﬂﬁyldEd with

59 ganr Be aypi dedias snossmkehefw hheerpr endb%ausens of the
the hard, thin, f|Im'7t§?1 he deg osition can % d with
fFE P thfdi il SAXHF e BRSEVa eppsd Ehoni f Hamdagged wi
viaté¢heosima af hi gh69entsheyhdrich tthilmsf 83 mit3 atdthdaelepositions
dgposi 7 l; e n
fggmsﬂl%fe@rblg%%l n%jtlgﬁggpﬁ l}lﬁqﬁﬂﬁg%%ya 1%8%1%59, Skle Qoglfnéd

qual i t YMeAnHd & .utBeriel? R8P ERN 59 ddie PR T of the tip seals
sgalin tEeGh ey &ervResayse tib@sat ¢ beerdpabtéd b the turbine
t he surfﬁ%e egf and the rear side of the deposition
7107 s to improve 25 oxidation resistance of

the t urltummermt ¢hebtadeisd ratee jllafietis dn eheordabitaerith the

rRL&] £ 152HRe peMRA A%eHrohic Pt C&'ﬂ@rprodd?:ttll'é% method

case ere t%ﬁi peening step i s added af fi'nish |n%
t e th(%meyhhaﬁocqwqmmq s # ePOTE S é“tlltéhé 8t tehigt prbodiment
ofnd hehélepesifi@n example accomplishes operaions and functions

similar to the operations and the functions of the aforementioned
third embodiment.
{(FOURTH EMBODIMENT)

First, a turbine rotor blade 89 which is a subject of a repair
method of amachine component in accordance witha 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 91, a
platform 93 formed at a proximal end of the blade 91, a dovetail
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71 can be increased and hence the quality of the

turbine rotor 30 blade 59 can be further inproved.
Furthernmore, in a case where the turbine rotor bl ade

59 is applied to the gas turbine engine 3, even if
difference in thermal expansion between the base

material of the blade 63 and the hard thin film73 is
generated, crack of the hard thrn film 73 can be 35
suppressed by neans of the porous deposition 71 and,
evenfofmddieat ehacklaccorn edb tand heshasddtdn L dfridom 48, a tip end
p el t r r.d thin film73.tq
PRECRaTE R 2l oPeF il 2Pt B 38t Hb AR WPk G aoveran
pfevermed. sEaoDl PIEDTEXAVPER) 1 9k tpditfseatrexahplbb iof 2 component

thechbi¢ daf_erf@l%dgggniu%iﬂe b—ﬁ] %%0‘3' bsd tﬁ@rs@iﬂw‘d 87 has a pair
%%h reference to Fig. Fig. 2. 5 A turbine
;

0P B S 73 F hr Rt o d%'nce with the nodified
exanpl Méamywhile alse b@a&mbhmﬁlﬁ:ﬂa@ie@@bf ade &3y tiskdve defects

am% 98P tui[?é)ne llg]c,ekpgég] % craoL} aetc?%éf 6@% Léqq)n w1th anocther

cent er of
tdRragFm sanieres Bradd Vse@im@ntdédrmnh lz*ptrcm bﬁade 89" and

lonhbl@ade- %hEOQMrZZ:L@ﬁ Ay £ eLd rdgalihy t6eNENEEEN 7 serve as
coqgonent mai bod d the rotor bl ade main body 77

&? a5 a platform 65, a dovetail
67 and‘&ExﬂwraudeY@ctnx¢nﬂbank:aathpner&B eppilbiyen 6brtdtee repair

brh@ﬂ?ocﬁsofﬂ?ﬂ il §%ﬁrﬁ{r%on%ﬂts N %Vdc%%a‘?fcteh flﬁhp%'he fourth

(%5 seals at ti portions o
1@3111? & \}«@lth beseasar gred ﬁkﬁr@}éla(féﬁés}“ﬁ-iﬁbn%e@%’t%ﬂ%e to Fig.
fp4nEd MAth i nterposing a high-density thin filns 83

and, the de osition thin fil 87 havi
abra3|vene§ ?5 ?6¥ﬁﬁﬂcmﬁ@3ﬁﬁﬁ|#bJJH%ﬁ??H qﬁﬁHngh £ife fourtn
g dbimerdf ishe mgaihinef empkoyép foeaverkBigiaf the repair method

St QH@ ﬂ@cﬁfﬂé’%oﬂ@oﬁ@ﬁt' ﬂp%ckgrggnﬁg%t{kﬁ‘EhgfchMh embodiment
turbine 20 rotor ther, the turbine rotor

b?%é’rfé’ldﬁdaUéBPoaaﬁ@éi J\P{iheﬁ%ndmllﬂ 88 %x@Fpt dimgrtion and
ke Yalasd spaaducedohyaddiehpr bedcl 0 Dni gpirbeddeaf wibe a column 103

q%ﬁngQﬁ‘%f og_n%hln .accordance with the third

I e t“hé*modi fi ed exanpl e acconpl i shes

oper ai dihe ®ed fdAactFopsovEded itth a eair dpd&ramiisnguides 105
%ﬁéﬂ&r‘f@ﬂﬁtﬂh@@ &f: 4 herateisAvild PREGaithb# dhe Xx-axis guides
ell"ggo are prOVJ.ded with a slider 107 to be movable in the X-axis
directionbymeans of driving an X~axis servo-motor 109. Moreover,
the slider 107 isprovidedwithapairof 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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(FOURTH EMBODI MENT) First, a turbine rotor blade 89
which is a subject of a repair nethod of a nachine
conmponent in accordance with a fourth enbodi nent 30
will be described hereinafter with reference to Fig.
13 and Fig. 2. The turbine rotor blade 89 in
accordance with the fourth enbodinent is one of

el ectrically conductive machi ngsconponents and, when
bei ng repaired, can be re-used in a gas turbine engine

35e8 of Méahﬁlllﬁélgiﬂﬁeoﬁlgucml The dlwchirieanatyorcdanadeed to an
rovided w t e 91, a platform93 forned

a? 806$6§I Ve%nﬂm%¥c?h 1ade 91, a dovetail 27 95
formed Bbe tdrd yrirad P3rin $3canded ehtlowdpe¥rfef feaxds guides 125

t th@Hgan t@ﬁe blade ;Y. rdd&ri®n LHE deviel ot |of9€hé 8-axis guides

gagea e Mﬁt a dovetail slaot (not s ﬁﬂ%f% h
uF Bi B AITSR 1GR6t W RBwh)PEARISSF 1Y &2E8npo -PekaRte in the
Oﬁ Eﬁﬂsgﬁﬁré@tmmejﬁﬁ@am dfaddivhegshr pudx 97 dasvamotor 129.

aS|on surfaces 1L
BPherBrPe P ERatEsf i BB 2 S A ESE R LW o gimet notaer
Filg3 .ﬁ_BA)SIsmmwa@q:raa@Ioéld@@u%ébeOdbré@iloﬁnw t the vicinity

apethed £1abr @1%1%1%% %et%hgzafro%sfshﬁg%maaﬁ@m thFsbbBﬁd holder
rotor bl ade 89' and r asi

n
SR BT N RO R S
t teapesividNext , Tap £iest ricl Gpaik3nacditie 3@ cempl byéder 137 are

f . t i
L BLaPHEAREREY | roTRLOVEL M U1 TRGRA ppparbuite 123
descri bfé@queuertéuenlaﬂ@?d\,ﬁlﬁﬁ:trr@rd@r thte @ Imlgded ppdyimolded from

ThE veb L i cTPSE Ko v el ﬁ@r@%dvﬂie&@ @!fdp@ﬁ@ewdﬂl atbebalt alloy
fourth, enbodinent is hi ne, emp yed rk|

oFOBHAIPERAI TRHEFHEY B b T e Sopitet () Copelt alloy
acontdanc&gvmhﬂomﬂmm'fpuwﬁhrembedcaenmlCaﬁMﬁ¢pﬂﬂﬂeder an alloy,

%Badérg?fjectclgrogﬁgﬁgg' cﬂﬁ H @ 19{/11 nisas St HUd dés%rlcﬁlngy fressing;

Y=axI s I S I‘OVI
cOF e TeddedPas éﬁaaﬁgtuw anhfza%@atﬁﬂﬁéltbféﬂ 31 p3cpym turnace
peoVdded WitBnahPBé ) ik t¥adxd Smguides bi0bomexd endiggthe molded

| BAEIE 2583 e BT A, LB ol Bt Tnseceion
mdeadiagi n sMan@ﬁpmmnnqhanﬁnaumh -by neans of driving
an X- axj§yr S YO MYLelQRi MPEEEYEEng the molded electrode 131
includes cBN, TiC, TiAlN, AlN, TiB;, WC, CrsCz, SiC, ZrC, VC, B4C,.
VN, SisNg, ZrO,-Y, Al,03, Si0; and such. Meanwhile, the cobalt alloy
containing chromium composing the molded electrode 131 preferably
contains Cr in 10% or more and does not contain Ni in 20% or more.
On the other hand, the hard electrode 135 is composed of
a solid body of graphite, tungsten alloys or copper alloys like
as the hard electrode 41 in accordance with the first embodiment.
Meanwhile, insteadof that theprocessinghead127 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 10l 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



10

15

20

25

30

35

25 the slider 107 is provided with a pair of Y-axis

guides 111 extending in the Y-axis direction and the

pair of the Y-axis guides 111 are provided with a

table 113 to be novable in the Y-axis direction by

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

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

nmeans of driving the 30 X-axis2®ervo-notor 109 | eads

to novenent of the table 113 in the X-axis direction.

The dabliend 3 ﬂe@lﬁb@mbdeds&\ﬂrb -@Ao P O CBSH] ngiotraﬂkei:l7one end of
(B 805 D8RPSR S B PRE ] B Cebporeing one
sﬁpp@tthcplmne 133 b grecwiided anﬁheneshsupp@dw?)lm% arm 143 is

11!:9047§d€9<§ %t@?g %&&1&‘ Hdrty 123 EQrvmlp%n)xacl Eh@esecond holder

onent such as the. turbine rotor ade 89 or
C bR AE SRR AI bo“é%/al%}fh%lhee' ﬁ&@h?ﬁ%c%ﬁb%%éﬁa 129 15 provided

dﬁﬁS’Clﬁlab@dab@EQFg méclﬁxgﬁ@h chfff sheppgt28g &€f holder of the first
t t
RO 155 sl S datab s e TR E RIS S B craton

Wi ¢ homi pedd. of Z-axis guides 125 extending in the

Z-axi s 'ﬁiéleéfdfg‘ and éﬂﬁ 1R isofeﬂ he Zsxds a%hﬂ@sthé vertical
125 are 7or ovi ded Wi th rocetgﬁl ng head 127 to
Role E%P

be
b bl K1 P SRS aqt g TBERTSBE WFFVPAECECT 14> so
Ztlaxt $heecenmpt pofiarstlB9nd MA eppeachhe m@@meag ihgadoead 127.

1Iggxfstpm ?’%ﬂ:?edﬁ 2’3%@ fdhre%it tg%gu% dééés head 127 :Lf;*/ grasped

supportin el 6ct rode e vicinit
dPthllin@ firsk bpacdb4? 289 then e ﬁ%@émgt%a@mwe pgocessing

smmdzh@ﬁ@&nkaléa f Ol r SRPOE NG 1 Bari BLeald Peleate around

5 havi nq exhausti o e |st ance | ovi ded. , The
i e e R B oD R Be AT oo S 15 o tE® replacenent
et ectoiat ¢y lddnnectiegt tuhe e refebénd cl 4fover sspareeed from the

gﬁ? %;.\b Fige) tl‘l'éead'rqbdlegse\l\tgfi répsd%hjés%e'c%na HQﬁgeﬁSchbdﬁéfsplng the

\éone wder or two or m)reg
pRfiferd SO lgcoB A 2BPFe9chas ¥h ARG 1EHr BRfdnt 2/ Further,

nﬂnr;]lx@cgepﬂmfmﬁfdeﬁo\fmderl@fgmwmy a:|h|e03$e§f6ﬁtia].hdﬂlc:i1@r 137 and a
cnromu ower _oj, a cera er._o n,a
“g# #at& {)ﬁo‘%eers (%On‘rigé )g }‘rggr% n%%%pr essﬁ}éénreby' the
bryecmmétcrﬂg:ler or3% lvenmbededprbadyds ibf ebl‘ue tiirsthéatlder 133 and
tLeal oy hy &é/%ﬁ%@ fsliﬁu@a%%adO&erUCh Meanwhi | e,

i nstead of nol di ng by npressi ng, the pol ded 20
el ectr é“aver%fflira'?/y BEG%FH%IS Bg«k@aﬁrfﬁgﬁ phoremgrtiped, the first
(hetcd r N3jRechh e rbbldesg)fosphay séosmd g laked $8Chand attached

ig(ﬁet%/§rprgcheesScjg{garﬂe%dcq_%qsi ng the nol ded el ectrode

Meanwhile, when rotating the arm 143, the processing head
127 ismoved 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 repairmethod cf 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 rotocrblade 8% andprovided

with a (4-1) removal step, a (4-2) deposition step, a (4-3) finish
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includes ¢cBN, TiC, Ti AN AIN TiB2, W, Cr3C2, SiC,
ZrC, VC, B4C, VN, Si3M, Zr02-Y, A1203, Si02 and
such. Meanwhile, the cobalt alloy 25 containing
chrom um conposi ng the nol ded el ectrode 131 preferably
contains Cr in 10%or nore and does not contain Ni in
20% or nore. On the other hand, the hard el ectrode
135 i s conposed of a solid bodgpof graphite, tungsten
all oys or copper alloys like as the hard el ectrode 41
| atapcendanceswt | hréﬂfil@tih{t:[@i hﬂ*&@ctim_ownh%dlo{e2.7 _

nwhi t of that the processinghea i's
gﬁgvﬁgegﬁgf?ﬂﬁtgﬁg?irst hol der 133 and t he second
hol der 1B7 twrhigl acetwentladmids 839ths mwvimd woRpgnent is set
13t MBYe bje_LdJs_@LqSSQO%S ttﬁ) %’i‘i'&%‘ﬂggnér@f tfl'fer %Brlggllgﬁrsﬂ'g’?aces 97f

and t he 'second hol respect
prBcEEEi hgrheag 31‘?17“ 31515%5? eS%FPéB’{afﬁdcal I y, as shown in

F| g 15§ekbe bedtheklils. i plrrawlﬁgdthw Khaﬂl§t§yrdé4m¢trb:a 109 and
nmanner_ and the ded wit

p
AR I B PRPsbr e B ol dobael LRt ey ingpe x-axis
n@lansczgon cfndithei igael $ eblr@c:é@ntewt tserwmrorthmsurbme rotor

Mar gques s ém%h%l%doﬁfe okhen &rdB A3 drS sRIrPui-ded okt bs aopposed to
flrst hand 9 for supporting the first holder 133

by
gFas ity EAGCARBERETS bhaMBFRTRS | &r oAU SV BP Gy Faeg where the
wethla SE3'3Cir$0|01‘1311?1Ché|c5éls dafy swppermdve tine theconskis direction.

hﬂbg&‘%g o AW %gpbggf.}%%gﬂ(\g'thent J%aogg‘%%#:nlglade 89, it

provid ni sm
sUppdra ﬁﬁglaﬁybhélmw@ﬂapﬁeamqi @@ttaqhothl@rsel@%heltiﬁé 137 for

sereNgh Aot dRy1db37 1B% ghaskd Nrd0HGhd hlewst 1ati P mé$ns of the

Therefore,.the arm143 is let to rotate

aF%BLﬁC?ﬂ%DEéQQ%Exﬂ39 10 axis 147 by nmeans of driving
t he repmeﬂhnantasgmlmmﬂmpEGECiéﬁcsmls¢HEMg&Ims gam@yatedﬁbetween

{\giétopzﬁﬂ?%]zl §g%%|}%§cgge9ﬁkogﬁ§s{1@@ l't% el ctravde 135 in

attached groce55|n
127 & @frraﬂsq?eldy ppsthetirgstimahd S49ThRgePRenagnshown in Fig.

aus ashj rtgyaieah% by ¢her gy Qﬁ_es:iﬂeﬁgleﬁeadclafstﬁarge, a defect D
eled Furt the arm 143 O rotate a

nd
1B TSR s e U6y ORGP WF BPPAPRGNL R ICeS O7F can
rb@lmmmeﬁ Yervwhidtor widd gendtmtintdeHea rstl avgd discharge,

169 'h%r%le@?é(?{ﬂié ﬁ@g] tﬁbe?ﬁ&%@ﬁ%‘g‘}%lh@f@h 12¢ ﬁﬁoé‘\@éélng head

as_t he second 51 grasping 't second holder
b%?oajc%ééectlﬁjéfoﬁ%é’séfln@hﬁeéda}&%’ dmﬁ@mn by r@esmall travel

S@E@E@naf\@bﬁﬁkahgbﬂ &r Q¥ aspelle By akhe ssaceRthdtlrder? 13¥oreover,
Cancﬁr 1-95@2:?'69@9 gt ﬁ%%t?)ﬁnt Pz.eorﬁew 0{181 hcq{]ed cil'eStJ'eczlts D is removed
is referred to as a removed portion 97e.
(4-2) DEPOSITION STEP

After finishing the (4-1) removal step, by means of driving
the X-axis servo-motor 109 and the Y-axis servo-motor 115, the
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 cpposed tothe hardelectrode 135. Meanwhile,
there may be a case where the table 113 is only necessary to be
moved in the X-axis direction. Morecover, instead of positioning
the turbine rotor blade 89, it may be applicable to replace and
attach the first holder 133 for the second holder 137 to the

processing head 127 by means of the replacement unit 139.-
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second hol der 137 can be replaced for the first hol der
133 and attached to the processing head 127.

Mor eover, by operations |ike as the aforenentioned,
the first holder 133 can be replaced for the second
hol der 137 and attached 25 to the processing head
127. Meanwhile, when rotating the arm 143, the
processi ng head 127 is noved in the Z-axis direction
by nmeans of driving the Z-axis servo-notor 127 so

that theuttnst, rwbd@eiﬁg%mﬁﬂe; aegengir@@ucjae@enésztéa between
PLpveTied LT g et iokie il ag head 1o S8
a¢dor danee ehﬁchrih@lIy)Lﬂrrts’mlaﬁmnb Memzivi Sl. PBhereby, as shown

d d ft t f 4
1§§0Fi9e %@g g r&%(gn?éal%!(k%f 'E%r g%etflg é:i 15"1 d:"&harge, a
1%5)?1-‘1%@ 8 PR RRtHGF tEP%en 3#&%%@%@#@5%%@ of the

?ﬂﬁ@édﬁ@ﬂ&:aﬁﬁle@ bbttcﬁl@pc‘%.@iﬁicﬁh LeaheduBesh atrfd@ﬂﬁ%ﬂ@dng at the
0 reparrin aLr. .o rraces

PR e T EPE bR B0y S ERoR® deposi tion
(151)Cﬁ@ndvalf9repd a (Mpa2whdéposivlicaon gerprataingl- 8he pulsing

fﬁﬂé§ﬁ'a§% , StieP N 644} rh8Ref41] Qb SLER a§n§§<9¥‘5‘l with the
bel ow. REMOVAL STEP The turbine rotor bl ad

aBr P he” ek B W%&r@ﬂonéﬁt recirnecatgd tdfethpgZ 135S é%‘-ra%‘:tlon by
t @ sdiaflactr onel 9f st iecabyagiaon otisHates B7fhe 2-bRiERervo-motor
t ine rotor blade 89 upward. Next, by neans of

driving the X-axis servo-notor 109 and the Y-axis

séf vl nbEBESHIBTER he table 113 is nmoved in the X-axis

dir eCt | o &P i §8h n@xhs (ql—Q?Qltép%réltthH%@E YWY hdens of driving
bl ade™ 89 one_of the abrasi on

r e rotor
S R 0 e G Mt 109 SO0 FBC P Lt GATNGUSIobgs, 115, the
wemxmaué i4 hervedniaythe Xa acd sed idwer el drhend ttdla v-44 83s ldslrectlon

Jée_LCte.LWEMet Itifir{g)\.ésgo!rrbfik?e %9‘3%(&[)” h%' rEﬁé'&’ OSlthl’l 153

over, Instea positioning Ine ro

M%d@wecﬁtto Ll @@rabﬁllﬁéaﬁpéet é%epl%@t«&ﬁd@at frhcfre may be

tQ&:ﬁﬁ%ﬂ'@k@ﬁ%f tdBYef 013 Jtéwe)rfllyr ateCEanepl 1334 Qnok*é@i in the
epl acenen

127 b f S
T IS s aieer . MOMTerhy etE 8L ReTHat GETg the turbine
gml’ewrathebhctmt&%ent oagy bE &bplabalabé oo sieflaces a@df attach the
and-4.Qie hlaﬂrd%rei??tf&d@ %bf& h@ﬁldglrefif 't%ajcllié{ processing head

insulating liquid as shown_in
127 by means of the replacement unit 139.

Further, a pulsing electric discharge is generated between
the deposition 153 and the hard electrode 135 in an electrically
insulating liguid S. Thereby, as shown in Fig. 17{(a), by means
of energy of the electricdischarge, a finishmachining to required
dimensicn 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 135,
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.

{d-4) REPETITION STEP
After finishing the (4-3) finish step, the turbine rotor
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16(b), by nmeans of energy of the electric discharge, a

defect D 20 such as a crack occurred to one of the

abrasi on surfaces 97f can be renoved. Meanwhil e, when
generating the pulsing discharge, the hard el ectrode

135, as being integral with the processing head 127,

is reciprocated in the Z-axis direction by a snal

travel distance by neans of dmioving the Z-axis

servo-notor 129. Mreover, 25 in the shroud 97, a

pel &densd ramowhkche t Aeh deftdm PhieSiEgnDyedind $he turbine rotor

rre to as a re ved o] on 9r7e. (4-2 OSI T1.ON
Sty s Bl iR Bl AL i g GighePht R, of the
oﬁbdaswm]gsuztfm:% &Xifs iserle- aipt ord 100 m@rﬁhe T/bam sthe steps
SEE&‘R trﬁg Q@ é}%‘erﬁ&%l %Qﬁ @apéec}gelqil'-%)npi/r?psﬂ r%tteB‘:"aU:e repeated

X-axis direction and axis direction to p03|t|on
t R LR BINE Bb%rabﬁ%d@esgré%t%%taqdh% PRITG\PelCRRF T 0gnthe pair

9ge Oﬁeté]@r§®i@uds195f3§e§mad1 tto & heyrrard ogl eet FQdeshed.

135. n ere se ret e t abl e

139 i oflndre LI G R neR° B PR nd O A8 ¥ Sponent. i
dace@rd@mpeN@nebv¢me|aﬁnn§mﬁnﬁlqnﬁﬁtfqnwﬁﬁzemb@%gment may be

tHER! Pead Of 0T 1d:208r 8o | dmyPRY: 28 PRI %Qlcglbgd below.
replace and attach the first holder 133 fo

second ¥R %I8PeE37: ¢l t ne 1npFERESS W?@éﬂlr@%pﬁgsﬁﬁgﬁs‘SCharge
ofnttres EepbaCEHemllyuﬂhstu]]éit&.ng?llqﬁuﬁt bers p&lpmhglcﬁtgscharge may

' i sch t d
Be ST B A YR T o T e
131 i n Mogredeat, ba’awqu ﬁs@x-’amqihrgg |l|at§@ﬁdl®tqafépéb1yhe electric

aspsPRWACchiRef . rdRé €A1 o HEAR B Of paiet gy p@tflrtd’Fthe abra51on
rial. of _the hard electrpo

el eciric di_schar
a5 enegs BT O aBepuce’ 6F FhE THA S FAFNCRTFPED Toauired
Odimﬁhﬁﬂﬁﬂtﬂdﬂas diof hageom t@nidflore seledi myeatiepbeition 153 to be

r oy Ed. POLL 9&&%&&6 r%éf %‘éd c%gr%‘& Liereby a

por'ous deposition Meanwhi | e, when

gener atfHg herarqsia 3 Fee T Siséahi e theHd ol fjayish step, apeening

et egp redsrdadss asSlbLefange khtedAthwiddbddia itk 153 with a peening
{OCGSSIH heag)127 reci procated in the Z-axis

TRV BRPY %ﬂﬁﬂqe ravel distance byneans of a
drive dﬂnﬂheOQEaat5033pidﬂnnfourtnngo@AmBﬁtﬁﬁNHSbEdescribed-

STEP Af]%@c,ranéﬂtﬁQ'ci&égﬁl(o% g)inPQ%ﬁdegnb URRins of tdhe energy

byneans rrvin X-axi s servo-notor 1U;
t b t@%ﬂl@%ﬂﬁodhﬁ%ﬁri% 2 {4719 LA éhﬁl%epgsm 597 can be
t hgm M ax i thiines td Oy antletrbet Ye aXlie-tdiifce6i 6@Rarge is generated

and hence it is prevented to generate an excessive deposition at
atimeof formingthedepositionl1l53. Moreover, forthe samereason,
a boundary part between the deposition 153 and a base material
of the shroud 97 has a structure in which a composition ratio grades
and hence the deposition 153 can be firmly combined with the base
material of the shroud S7.

Furthermore, in a case where the peening step is added after
finishing the (4-3) finish step, residual compression stress can
be given to a surface side of the deposition 153 so that a fatigue
strength of the deposition 153 can be increased.

Moreover, because the deposition 153 is formed by means of
energy of the electric discharge and the energy of the electric

discharge locally acts on a prominently small part in the removed
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to position the turbine rotor blade 89 so that the

deposition 153 is opposed to the hard el ectrode 135.
Meanwhi l e, there nay be a case where the table 113 is

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

Mor eover, instead of positioning the turbine rotor

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

the second holder 137 for thesRirst holder 133 to the
processi ng head 127 by neans of the replacenent unit
139rtFaréhef, tige mﬂr_&jutg e ee;te&rip@rdit&@baﬁ:ggei 5n the vicinity of

d bet t har d .
OPBE! Shfee 15 Thars OOF, PEOPRC MARIR TS BISiMe & foring
Thbeeﬁypoastshmmh53n1§|@ufﬂﬂq£©ntkg/pnﬁﬂﬁmtE@f ener gy
of the ﬂl%c:tc r@amﬁm&lﬂg@he %oh'r%h%nﬂ%bﬁéﬂ@gs(d%scrlbed above,

reqwre di mensi on can be carried out so as to nake

t HFERABS Lt TRRES ekpdsi EFBASibBoR &%Cénﬁi‘%dé%ﬁ‘ﬁdn@ﬂthm the

t hhekaesh ekt h:hfeoremel’tg:réir:BQii'Bcg’mﬂ;ﬁlsi:iygéﬁléﬂafedimso that the

erer L R e SR ad H R el SFaRLILSTE ot the time of

I\/éanmhmethe wegrpsganenafi bAg theulpls siny hmrskcshafg@r fheming the

h@égogigﬁéﬁoﬁﬁ 3% be@5eh8EDY 410 %E@he%éﬁul?@d for repairing
processi ng head 127, is reciprocated. in Z- axi s

dFF%EtaFS PadRRRTion ?%E"FC%? %?5&8&%#%%%96@1@@ shortened.

d[nwgaxﬁlddmaﬁz BXtauservige Mfels @QagréésébrdREEEEIHE{1w removal

t i shi e, : :
CRERP S Fhrol To8 pedtibh Shen b Alplbitt chiCaingie etectric
j Ppank maghd neh 89+ ufhs Admeoroauippddergdhesrepaincanhee further
j EBodRdns@. as to direct the other of the abrasion
surfaces 97f in the shroud 97 upward.. Then, %he st £ th
fromt Olfﬁq‘éﬁr'riﬁ‘?ﬁ\? SestEPPEDAtRES (W i k §h"1cff3e Pry o ©
aa]emepmtsartfac&isnﬂﬂﬁrirytb@ theocad @k adiesles itpmeonfahorming the

t@?ﬁl H‘@ &?p 55 gEBgBS %?ﬁrf;l.c%fegttﬁ9 %k&%%‘%'e?geaurfo@:%%§rence of

rou nis

réb@wuﬁ%taﬁoah@fahwmﬁpﬁéaéeﬁp%%ﬁﬂ Fie adtsrhAdedy thermal
%&ﬂtt@@tﬁé@rlwpaév@ﬂegdfwPchlatea@ﬂéictﬂfﬁé repuileof the turbine

nodj fied. in view of .the enbodj nents as,descri bed
TRPLGE A SBL e e AR bRt e ot ng a
pulsinqﬁmﬂgmanﬁef|bﬁ¢¢&ﬁ@lEhErd@abBytunsmkﬁﬁr@pn be firmly

| & Gk On mﬁt@f‘”tﬁbr}gagé %@ﬂ%lﬁgi’ t1Re s@;%%ﬁabﬁd tHk position
el ectrically 1 nsulatin Mor eover é using a

gt? %d?%omeat%sq ¢ tohpegf &ngy pEE Khmbfsfematerial
9891 dremewnaloudl o7 hendlefeecle Buelitheopabe ehirbhae rotor blade 89

abrasion,. repair can be stabilized.

Moreover, in the case where the peening step is added after
finishing the (4-3) finish step, the fatigue strength of the
deposition 153 can be increased and hence the quality of the turbine
rotor blade 89 after the repair can be further improved.
(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. 1l6é6{(c), Fig. 17(a), Fig. 17(b), Fig. 17C.

The production method of the restored machine compeonent in
accordance with the fifth embodiment isan invention for production

of a restored turbine rotor blade 89B as the restored machine
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15 surfaces 97f in the shroud 97 or the finish

machi ning to required dinension so as to nake a

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

t b@mﬁ@ﬁ@lls‘i: tsim;_rwnlgﬁ Eiiﬁg for e f&bm@@@&l@ﬁnbget@lﬂrrgé/rotor blade
0] e electric scharge, a ran e depasit .

183h 55, e PR T M WIEANGE SRRV RS (116 et g and, in
dbShhawgedbsqyﬁnﬂentxbmﬁabﬁwfhem¢®anep&1qmemmwdeﬂthemachine
988&{5@5&@%@ %%E;?d\éﬁ}b%e&)%ht& f%t% rtdh *ehﬂéd%eﬁeff'}&g another

he dep03|t|on reover e Sane reason,
bﬁam@@yﬂfbar tF‘Hét}\ﬁéentf%%@r%b‘éE% P7.OR 129 ot & TBAEeTed machine

nabﬁgsbﬂént ah a&@oﬁuﬁaﬂw%h&aﬁa a1 Bth léﬁb'd)g@mleﬂtvﬁﬁ gmsg provided
OSIt ratlo et epo 1t1on
GRERY 1o el 8688, U R S RER e w7 £intsn
tHEEBhﬂUhd 9%+ 4 Furddwdrirdios, stapal idesseswhlee erades r method of the
PRERL N SESH headded agéc%rdafrfd'é' sg the EAudkn embodiment .

finish step, reS|duaI conpression_stress can_ be given
%°5?%E?¥aéﬁt§F&€Qﬂ“Q§%§Qﬂﬁﬂﬁﬂq?%Hh§585§8r?ﬁ5€051neComponent
f ah bguerdaheengtth e EhEtH@@‘bﬁhm@ﬂtlaﬁleCaDebErlc sparkmachine

i pgr d e cau t e 05|t| LS .
Qg %g%%nolc?’ed é\/Pe? ec?]%}gi nig:ls‘?l’h Hg gc re,lcé:r %éa:?a%descrlbed
aﬁ@OYﬁea@hehywdof t he electrlc di schar ge IocaIIy acts

on a pneERently, Bl tepabicd Rur8 NetBYEd Bihdd8bB is used in
97e of the hroud 97, tenmperature rise in the vicini

offte (5 ATFRLNGNCAd S CRIOMD OF T4 chPBd- o7 bIbLe 2round an
t & 1a Dfcdntrem og th@e;ammmbhheneﬁdjﬁneﬁ.suMbtrebeBtLyt:he pair of

p{k?gf;[%rea%ok{‘ s%&%gr n@?f\’\iltl ﬁé’]%hr%wdt ?7 %@P\% '?sntpo%lons to

desc ecause

depostea it 158 féem Cb‘@qm«ﬁh é@rhlpﬁu ﬁottﬁé bladgesMere
t he- gy @mﬁgvggh§nnarge i's generated so that the

excessiye deposi t prevent gen ra

CheC T e SPPOTh A Thal R SO B L MBS oD fla1 machine
woriksors tted sf ortrangtbdd igdépbdsict aartolagrean dee péducedbrasion
aﬂgrfaééﬂﬁ 8914 81 05t PREIN A0 L6 Pl boRluia. wext,

rasi on sur aces he shrou can
SHOSHEW then tokiei ddPain ble A ihdiag<si Py 6gcesle Y-axis
fdoradtieor,4the tefpvad raiapoliadthgod 4-Apokepebhbélidb that one

chlﬂl%hg bnleaasnlsorpfs,utl'?gcg!s@i:elgloepcptorslecd to the hard electrode 135.
Further, a pulsing electric discharge is generated between one
of the abrasion surfaces 97f and the hard electrode 135 in an
electricallyinsulatingliquidS. Thereby, asshowninFig. 16(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 87, a portion from which the defect D
is removed is referred to as a removed portion 97e.
(5-2) DEPQOSITION 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 8%9A is positioned so that the removed portion
97e of the shroud 97 is opposed to themolded electrode 131. Further,
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spark machine 99, the tinme required for the repair can

be further shortened. 15 Moreover, because

tenperature rise in the vicinity of the abrasion

surfaces 97f in the shroud 97 at the tinme of form ng

the deposition 153 can be sufficiently suppressed,

occurrence of fracture at the abrasion surfaces 97f

in the shroud 97 by thernmal coraction is prevented

so that defective repair of the turbine 20 rotor
bbagalgﬁngaaleetay@i d@gcfﬁr@é’sﬁébb@nef@ﬁécﬁl%é@tﬁ@en the removed

\?\fe)%)% ?ﬁgt Ezggeﬁgﬁ% 19 Zggare%lfb%rngn}%dﬁdﬁgq%ctrode 131 in an

deb@sttﬂcﬁllIESSbéGGHBgdnsué¢E$I|Hﬁerbbypeﬂﬂ$MmeﬁhEig 16(c),
fB?%éQ&S b@)?%ﬂ@ﬁ 'o%l th@feigﬁ‘f§m Q%ﬂg:&zag%%d geﬂgﬁerlal of the
ade f't

gual ity of the turbine rotor er t
rBpafpd € cheé cseabl ) P ad e amied @b s anamel ths@alrarial carries

tbﬁtp@@;ﬁh lcb@gtb‘dirﬁ,p di¥ fackdeeh aﬁﬁﬁbrh&é_}fdﬁil;@ g the fdmsyed portion
I shestiep, ,the tre of the 0S

1930005 U itk 87 A TRAERN i Bert gSEPSERAOR 53 can be
tGebned. rotor blade 89 after the repair can be

fusther rigpeeveszp 30 (FI FTH EMBODI MENT) A production

met hod of a restored machi ne conponent in accordance
with a 2fFeh Erbicdiifehttha 11°-Be eégeﬁftséanhétz%pnaw groving the
mthhleeib3encehhoxFaglszdlfééﬁndﬁgandiahéhfeughsEigmectlon, the

1§r15§1g%%1§u%%)¢ne1 et%§5]t$_§1baé Ebg 16(035 c%; le?.%a) that the

e produc
r@%@?b@l%clﬁ%el%cﬂnm@ﬁ tion th&cb@rdaaéecwoﬁeth&f Further,

I & ﬂﬁ"ﬁ&@ﬂ.%ﬁ%lb&iﬁbﬁeﬂ}@e@ﬁb @faﬁ’é@@‘é‘&%ﬂe@ﬁdt@é &position
e . restore

nﬁ% gd ; UL ﬁ% JoLe g%l F.ﬂ afq %feq_*qu((Ba} ky 6ﬁ,§gll|atlng liquid

oSLgrunﬂrahy'bmmeshOWDrlblHdg 89faps oy meamy el energy of the
ﬁ@é@&&‘&ﬂ”%%%% Shgvﬂ.ﬂ:& Fingc: }ggﬁ% l‘_sgl(_ée lugred djﬁnedns:Lon can

erwords, an i véntlon t aken rom he repair

0P (FE FeRdhiGHE somfoiientiakh actbiakmees i Hheheleposition 153

f oaideh aepbag f@rt i i OMhaR®hbek with MGty af dhelansity thin
sto ed machin

t t t d of. th

RS B R ik & 1t AT e (7 i Adrky e 1ting the
aﬁ@xf$¢©V$IﬁﬂiOﬁMﬁHEEﬂqp@SIﬁlw@ﬁﬂﬁél step, a (5-2)
d@@ﬂ@}tﬁéﬁkﬁﬁfﬁbqi%1@§r3) finish step and a (5-4)

repetition ste ke as the repair method of the
machi ne’*@cﬁﬁ%%h?h%ﬁgé@@oﬁaa%bélﬁlﬁﬁ $HeP £ dhietpriginal turbine

erdbosh maﬁe don Mar m&@fdeﬂa@htehiefj@@@dﬂfét i 08" 1et BAd fe original
tﬂ?rkg St pasa nﬁfgﬁgeaﬁ)r{%ogg at the jig 121 so as to direct the
other of the abrasion surfaces 97f in the shroud 97 upward. Then,
the steps from the (5-2) removal step to the (5-3) finish step
are repeated similarly to the above description and then the
production of the restored turbine rotor blade 89B as the restored
machine component is finished. '

Meanwhile, the production method of the restored machine
component may be modified in view of the embodiments like as the
repair method of the machine component in accordance with the first
embodiment.

Next, operations of the fifth embediment will be described.

Because the depesition 153 is formed by means of the energy

of the electric discharge, a range of the deposition 153 can be



10

15

20

25

30

'35

in accordance with the fifth enbodi nent, the electric

spark machine 99, the nolded el ectrode 131 and the

hard el ectrode 135 as descri bed above are used.

Meanwhi l e, the restored turbine rotor blade 89B is

used in 15 the gas turbine engine 3 shown in Fig. 2

and rotatable around an axial center of the gas

turbi ne engine 3. Mireover, theggair of the abrasion
surfaces 97f in the shroud 97 serve as portions to be

t neat eddahi tien ar tgh!j@'wﬁé»!d’é)ltﬁ% £ D4 OF r Dt ades 3 qe( Bs Henerated

AL STEP 20 Th t ur bi t bl ad
AS THE"BTT Ginal THEFTHEt CanBBHBRF EPe SEor SINE Frgosition at

12k ige ASE¢ionthag eot depesofithé S5a8br age oeovesty facebeSFAme reason,
|g tbenQkLi t rQtor; hl A

b pOSnOEEY B G (DBl B vRER g o e material
t Ré tﬂﬂeai%oucaﬁﬂéaﬁ Brf L Ued g b HB1EBtFOBPagbt BUAragio grades

p@ﬁdthéme@l t8e d&eds PhEer S 5ef chhealbh agh one stk fce w198 the base
o, the .hard %yfctrode 135. Further, a

S

puﬁgggg el %t?h% %ﬁ%%ﬂ%rge IS generated betmeen one

of the Ebriltomwsur facesa®Zfwiaamk the gemdirel etépddeadded after
1§§niE‘h§Hg t@lequtbgafirylékg@ﬁle@t ' P@st&hgé'i 4 oRpr %E%%%Bystress can

as shown in Fi y means of energ i
ePB @y aps%ﬁélrréé%sa%wcft thedrPHd 30 d5érsrkhat a fatigue
ostuength t OF oftes Qie}ithﬁltalbj'rﬁﬂl? c ﬂo@cq&c&%fas@an ]?e

renmove nwh rou por t r
whi ch t r%ﬁ%%dtb cau§’ererrove OSlr%%%%38 Q£?%§
r ensved qﬁnﬂheoﬁ19¢ér195d2$CmiiﬁiﬂéﬁdjﬁhSTEPEAQYe¢f the electric

fansé‘mf@e tlfcb%a(ﬁylacfgmvalpﬁn%e&nmfﬁhw gde t1ables removed
35 113?@%‘;{6 X-axi s |r ction and the Y-axi's
t

dP7EL HSorsPgioHal 2 7 uFBIRBT7BEB? Bi3RIeiBIAS yicinity of
p'obetabme(ic&o stlrda celbe 2 envy ethp @t 997atod tie of forming

ﬁ@t@e&?sg%&oqppﬁ] a4 3 e raldeq glectheds 131

sing el ectr arge I's"generat ed
bet weert® ﬁécpéﬁ@%@l widdy thef idtd enbedbnent asddeTcrierd above,

t@@cf@%@%ﬂeefﬁéé @Etﬂagldé%bs%&lcﬁ'l %@B%&I@'ﬂizeyllmlted within the
I NSul atl re S snown I n |

LERed kg L Hhe o oD TR e 2RO i d i dP (8 that the
nexee s il veotlepbe 15innl e ¢ reventteddér 48 Igeoremtrigac bitothe time of
Sﬂ@ﬁﬁﬁ%%h%f S%BSSHE 8{1'?‘3‘53 C%rfdu%ﬁ.es%ﬁte gngsléf@%;ormlng the

di ffusijon and/or we % renoved i on
o‘FeH?%l%lrﬁ%&é39?a%ﬂ¥f trﬁ id@ﬁgi %un%@r 6a@edé9@%u¢%rf%9roductlon

cafl 1t fe¥tRtbd turbine rotor blade 89B can be shortened. 1In
particular, because the steps progress from the (5-1) removal step

8y means of

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 97 by thermal
contraction is prevented so that defective production of the
restored turbine rotor blade 89B can be avoided as possible.

Furthermcre, 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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(5-3) FINISH STEP 10 After finishing the (5-2)
deposition step, by noving the table 113 in the
X-axis direction and the Y-axis direction, the
original turbine rotor blade 89A is positioned so that
the deposition 153 is opposed to the hard el ectrode
135. Further, a pulsing electric discharge is
gener ated between the depositign 15 153 and the hard
el ectrode 135 in an electrically insulating liquid S.
Thér ey , stassishewnand H%jrg:e Yé6a) ¢ voyf meanseet cesar gyri®ine rotor
tgeadglg %r&gnd$scggg eJInISh machi ning to
qui'fed di rensi on” can Jbe carried out so as to nmake a
th| ckne¥grefvehe ldepbsidasenwh68e the peeaippetietrers added after

thhﬁkﬁﬁﬁﬁgw‘:hg frormy nglﬁl@hg@tgﬁnsﬂl% thich 52Q sttlrghgth of the
at a surface s| de of ﬁﬁg%§S|tlon g

FPPﬁgtfﬂ% §&@Pdoc?ele?la%a%6fd 864G ‘E}Fﬁ]iis'@“’f( shgyestored
REREFETE Ao STER Wdeers 98 nishibeg flte hed- 3pnplroreah st ep,
the ori I i.n t bl. ad 9A |s once_det ach
fromt h%éjrgl?esc%g%%d %b?{é ghle ftﬁa n§ 25"ttt ursblpjﬁegnrge ot ebEd above
bbﬁdfefesmnuce @eeeﬁer@herpﬁgrwlemlﬁr@n@usnefmwemﬂsr the scope

obhefi @ft §helakeasinorhs Wiaees Qgﬂcreﬂﬁ&rh@ssx%QQQm%zed to these
the steps fromthe (5-2) renoval step

gmg Then,
t 5P AR TE2SI - finish step are repeated similarly to
t he abd¥ereteseor, phieoncanent herf ttheanpsedbpaténn Agplietion No.

r§§@19rf@'76#14 @1’1%&\9& @l@%gﬁ%ﬁgéﬁ‘ \A#%frt%t 0r6dsu29 11, 2003,

I ne conponent |n|she
p%%l@@ﬁt@ﬁttﬁe@%aapéfleﬁﬁé’arteegttoﬁealhﬁem% N%o%%%eh@w?:% filed

nﬁytlbetli@djafpa&ﬂ Haftevitewr@fi ckhenenbodi 1Nt dI kéipsnkheontents

re met had ,of .t he machi.ne co n C

i E RPRESPT At St A et ol NP S b 2 Fone o ke Japan
fPét¢n@ﬁﬁﬁdﬁmmmJumd11béOdé$mmdﬁahavébeauseteﬂanthecontents

[ o | I y e energy of

?ﬁgqgkiéggic d.ﬁ? gﬁégﬁqggrgggggg?ggﬂégdep05|t|on 153
can be 36 limted within a range where the electric
di scharge is generated and hence it is prevented to
generate an -excessive deposition at a time of formng
the deposition 153. Mdrreover, for the sane reason, a
boundary part between the deposition 153 and a base
material 5 of the shroud 97 has a structure in which a
conposition ratio grades and hence the deposition 153
can be firmy conbined with the -base
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material of the shroud 97. Furthernore, in a case
where the peening step is added after finishing the
(5-3) finish step, residual conpression stress can 10
be given to a surface side of the deposition 153 so
that a fatigue strength of 36he deposition 153 can be
i ncreased. Moreover, because the deposition 153 is
formed by neans of energy of the electric discharge
and the energy of the electric discharge locally acts
on a promnently small part in the renoved 15 part 97e
of the_shroud 97, tenperature rise in the vicinity of
t he agﬁégﬁéh surfaces 97f of the shroud 97 at a tine

f formng the deposition 153 is sufficiently
prevented. In accordance with the fifth enbodi nent as

descriped e.of .the depositiagn .
153 cart e Pogread G PhogubREon 3% [hhi s iRgFeRERpert of amachine
el ectric dg j r i ex si,ve -
deposi ti ogf?(gfﬂgérrgs)efn%e% %r o?ng enrgér)%\% !}%Vle{{bet éjcet%iser%'ofcomprlsmg
formng thadeposetion 153, troubl esome works after

form ng the “deposition 153 can be reduced and a tine

requi rendVingh @il de £1n i theHd¥&A {4 EBRG FOL8Es portion;
bl ade 89B can be shortened. 1n"25 particular, because

0he steps gHdgress fromthe (5-1) renoval step to the

(5-4) repetition step by nmeans of the single electric

spar k deppchitnin® % ddpedition efpon ed figistt B@ectrode to fill the
producti on can be further shortened. Mbreover,

because t aguesst prartiee with hehei deposit béntbg pd8itioning the
abrasion surfaces 97f in the shroud 97 at the tine of

form ng t F€CeHSHAzPxtben 188Posrdodcsutlié cEénsty electrode in an
suppressed, occurrence of fracture at the abrasion )
surfaces SHEGEFIheSRAFku@EFhine t REEnwProcesRingt ithe original

i s prevented so that .defective production of the
1# est or ed Fﬁfl‘ﬁ’l"ﬁgnltol”d'rq;%olejtfé:tgé‘@ SR e MR IR S

possi bl e. 35 Furthernore, because the deposition 153

can be firmy conbined wwth the base material of the _

shroud 97 h Shled .153 begcone.unsusceptible to . .

SseliﬁQhO?ngﬁgg?gﬁebgagggﬁétgfigﬁe37ln?ig?h% gﬂr%gdremOVlng 1s
an Cager98a! Y 14

bl ade 89B caﬁ be st atfiglt Pzeg'.tl(lic/@ﬁg{geP%% n'*?ﬁ%ﬁggfggeosed to a tool

wher e t hegpeepBdeSi BPthé arldedrakt £ i S .
(5-3) finish step, the fatigue gtreﬁ%?ﬁ o@?ﬂieﬂg ém, processing

20 the original component with electric spark machining.

25

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

machining the deposition to regulate a thickness.

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

toolelectrodeintheelectricsparkmachineandprocessing



5 deposition 153 canbe increased and hence the quality

of the restored turbine rotor bl ade 89B can be

further inproved. As described above, the invention

has been descri bed above by reference to severa

preferabl e enbodi ments, howd@r, the scope of right

included in the present inventionis not limted to

these 10 enbodi nents. Moreover, the contents of

Japanese Paftento Appir£atdipd¥eent 2008n 167, | ini

wi th the Japan Patent cr#?@% on June 1i§l§%%§?b ?ﬂgrk machining.
contents of Japanese Patent Application No.

2003- 167073 filed wth the Japan Patent O fice on

June 15, 2062 awrdthde cfontlerls 11,5 Rirth@anesfoPAsERy a step of:
Application No. 2003-167076 filedw th theJapan Patent
CrficedensidhéJmn,tméoaepbewhdohaw@ybpeai@ﬁbgdnbn1ﬂh§ deposition
contents of the present application by reference. 38

GLAI M5B 5 1oppmselotd £be tpoddeibé conodé ia fidesbedric sparkmachine
conponent of a machine froman original conponent

havi ng a daépd@rocempingithg osteisabicompemevitngi th electric spark
portion defining the defect to forma recess portion;

10 and dep®3FhiRgng-deposition froma first electrode

to fill the recess portion with the deposition by

positioning the recess portion opposed to the first

el ectrpde @ﬁ an | ectric_spark machi ne and processing
the or?yi naf'® T%tEBEpSﬁeﬁ%a t B elfdgithes spmprising a step of:
hi nj . The., hpd of claim1, wh in the st L
T8 AT LR L S ool g b ppes e omios
dt ; i,n. th legtri Kk ,
opposed { e Sl FPBHLALE bt NEnEbeal il SRk crcctrans on
el ectric sppd ke TERSHY 1k pa%)g’;ma-rc':'n}giérgi@té}?cﬁ Rﬁoec%saéfplgl’the original

further conprising a st ni ng

deposi ti ondmpdreait ah LI 1% CKPEES sp2Pk4ma s nifi0d
of claim3, wherein the step of nacﬁlnlng I's <carried
out by positioning the deposition opposed to the too
el ectrode in the electric sparknmachi ne and processing

1890 7. The method of claim 3, further comprising a step of:
coating a thin film on the machined deposition by positioning
the machined deposition opposed to an electrode of Si in
the electric spark machine and processing the original
component with electric spark machining in a liquid

20 including alkane hydrocarbon.

8. The method of claim 1, further comprising steps of:
coating a thin film adhered on the removed portion by
positioning the removed portion opposed to the first
25 electrode in the electric spark machine and processing
theoriginalcomponentwithelectricsparknmchining;and

densifying the thin film by positioning the thin film opposed



" filmadher®teBRitRe FURGSE

1

the original conponent wth electric spark machini ng.
5. The nethod of claiml1, further conprising a step
of :  densifying the deposition by positioning the
deposition 5 opposed to the tool electrode in the
el ectric sparkmachi ne and prdfcessing the ori gi na
conponent with electric spark mnachining. 6. The
nmet hod of claim 3, further conprising a step of: 10
coating a thia ftidoh el edta-ciec Himethedapiasdtit ioh dyark machine and
positioning the machi ned deposition opposed to a
second el eprroégesiing tthe erdgtinad spagoraahivielanslectric spark
processing the original conponent with electric spark
machi ni ng. mash¥nimge met hod of claim3', further
conprising a step of: <coating a thin filmon the
machi ned deposition by positioning the nmachi ned
deposition opposed to an electrode of Si in the
& ectrfc sphaerekhad af caadmdrockese hy thieef orsgedattrode consists
conponent wth electric spark machining in a liquid
20 i ncl udi #§SarkandlkRE s0er pphectedTheomdiieogretp consisting of
claim1, further conprising steps of: coating a thin
gnp%iEPHﬁ Bpd pepPEroAilAgYS-
the renoved portion opposed to the first 25 el ectrode
in the electric spark machi ne and processing the

endi ro g TRanE et OF A5 obi « FBRFRG™: RanPRARLPE! 7, step of
i ' h I [ .
Toch; e o, (38 FREERS] Lo M sl Fuh: Sof e taon 1arger

el ectric SpaK +HBRGRnd Vs %ioﬁhﬁg”gﬁhé’ﬂo t|"+€iﬂ£¢6'2mm or more

wherein the first electrodgégon5|st essenti a

one sel ectzafH fo O3pm Ner WO, consi sting of graphite,

tungsten all oys and copper alloys. 10. The nethod of

claim1, further conprising a step of: 10 shaping the

first electrode to have a tip end portion |larger than

t he réddov@hepaetnd f arlaimwwBy HirthédZnpompri®ieg a step of:
and 0.3mmor less. 11. The nethod of claim3, further

1% onpr psiend g dthep msfchinest papn st idre. machi ned

deposi tion.

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

forming a main body of the original component by casting or

forming.
20
13. A machine component produced by the method of claim 1.
14. A gas turbine engine comprising a machine component
produced by the method of claim 1.
25

15. Amethod for productionof a finished component of amachine

from an original component having a defect, comprising



1

12. The nmethod of claim 1, further conprising a step
of: formng a main body of the original conponent by
casting or formng. 20 13. A machi ne conponent
produced by the nethod of claim1. 14. A gas turbine
engi ne conprising a machi ne4¢onponent produced by the
met hod of claim 1. 25 15. Anethod for production of a
fi ni shed conponent of a machine froman origina
conmponent g%@ﬁggdfgkﬁect, conprising 41 steps of:
renoving a portion defining the defect to forma recess

portiOﬁénmﬂﬁﬁgf%#bfgiénQEH9§HHf %ngbﬁtﬁﬁiﬁ%nnarecessportion;

electrode to the recess portion wth

deposi &k asb.xti@gsiat HEPbRY iR rPohege ri '
opposed ?o the first glectﬁode ?ﬁ&a% §§F§gt%#§8§ﬁggﬁ to fill the
Machi ne angepeesepdirtd ohNGi®h $alde Wtbwré&itioning the
el ectric spark machining; and coating a thin fi on

tshe machi nedcdepopdritabdYoResidd 0ORLNG L hﬁifisepoghébfe,@ode in an

opposed to an electrode of Si in the electric 1
spar k machehecandcpraeassi Rgchi@eor 49l NYr LURAMRYN the original
with electric spark machining in a liquid including
al kane hydempanéoh. with FhectetibodpafrkCaichibing; and
wherein the step of renoving is 15 carried out by .

posi t i @A EYNg et hont £ okm oppoke dhaah indddepogliedbhdsy positioning
in the electric spark machine and processing the
ori gi nal corpeapRsikion crpmsaead tosparlectmddebigi iiVthe electric
éhe met hod of claim 1.5, further conprising a step of:

0 machi nitRpTREEDISS epdPreresginatdesorhgiRatssomponent with
18. The method of claim 17, further conprising a step.

of .  densiFAHSL 1he JEcRIP Y9 pbBi &) dhArgdt Aecluding alkane
depositio osed to the tool electrode in the

el ectric gﬁﬁgﬁﬁﬁ%F fithe 25 and processing the original

conmponent with electric spark mnmachining. 42 19. The

met hod of claim 15, further conprising steps of:

16. The method of claim 15, wherein the step of removing is

15 carried out by positioning the portion opposed to a tool

electrode in the electric spark machine and processing

the original component with electric spark machining.

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

20 machining the deposition to regulate a thickness.

25

18. The method of claim 17, further comprising a step of:
densifying the deposition by positioning the deposition
opposedtothetoolelectrodeintheelectricsparkmachine

andprocessingtheoriginalcomponentwithelectricspark

machining.



coating a thin filmadhered on the -renoved portion by
positioning the renoved portion opposed to the first

el ectrode in the electric spark machi ne and processing
5 the original conponent with electric spark
machi ni ng; and densifying tl@ thin filmby positioning
the thin fil mopposed to a tool electrode in the

el ectric spark machine and processing the origina

rerhoa ar sttt rer ot & P iy IR seepe or
peeni ngothéngachi ned ndeposint isdhered on the removed portion by
positioning the removed portion opposed to the first
electrode in the electric spark machine and processing
5 theoriginalcomponentwithelectricsparknwchining;and
densifying the thin film by posiltioning the thin film opposed
to a tool electrode in the electric spark machine and
processing the original component with electric spark

machining.

10

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

peening the machined deposiﬁion.



