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1 DESCRI PTI ON 5 TURBI NE COVPONENT, GAS TURBI NE ENG NE
PRODUCTI ON METHODOF TURBI NE COVPONENT, SURFACE
TREATMENT METHOD THEREOF, BLADE COVPONENT, METAL
COVPONENT AND STEAM TURBI NE ENG NE TECHNI CAL FI ELD The
present invention relates to a turbine conponent, a
gas turbine engine, a production nethod of a turbine
conponent, a blade 10 conponent, a nmetal conponent
and a steam turbine engi ne. BACKGROUND ART A turbine
rotor blade applied to a PESGRIBAIMN engine for a jet
engi ne or such is one of conponents of the turbine and

' ' [ ody as a main
PR AR CoRBo D, B AL RGaREME TR RO B0 B o omen
OFOHFRNENIF i F1ER PASHEO T R3I AIMENTRIME THOGA T HEREOe  BOADENEOMPONENT,
rotor bl adeypahe BHRSSSERE WibhsPesyrf o@g@ﬁ%ﬁﬁn{“

so as to locally ensure abrasiveness an
resi stance, where the abrasiveness neans a quality of
cReHNIdALy FIXIDof easily abrading an opposite

conpon . i fi.call rtions except the
portLoﬁgki%P%égn%E%%gggégni%é%%ge?ﬁ?b?ﬁ%”&ﬁ?%ﬁcBwaﬂﬁent'a gas
,ﬁ;qblg@dcg,n@irée magkediu Anicn meyhogd iopfgs_x turbine component, ablade
DU, I @shekant coRbaheds. QnHaEeEtégme’ﬁrﬁPrﬁ%?’é ‘ne.

a base coating having oxidation resistance Is ne
on the portions 25 to be processed of the turbine

BRCHCROUADe ARTI n body by spraying. Further, by using

a ceragi ‘ j for Layi,n a har . .

pr ot ec?ﬂi \%Le@%%g? in%&lgfsq%lgr%egigﬁét}éﬁegga%egacsoa Yrhg a5y engine for
Spt &y PRI DRICSC ERURE a0 ¢ RIVENPIPORNSS Eythasundyne and provided
becausere0ati PUSIS Uk RDIdE SRagens ORI bEAGy a0 5 WRGponent. as

%q;ectlﬁg.cogttnﬁbare f or ned Q{ zg{ayln%h

OFetr eRPAEAPRSSHRMPS X FH R 17 SSenEPiRestPERFlade main
odat renthef tartrski mgtbapeladd, snehpaccospafdywith a surface

fecamiibgn Qf, thhe t - ] s.. such as. .
a removal treggné%?q%%ﬂ%ﬁgégggagﬁé %ééégﬁuéﬁ%ﬁﬁﬁen oxidation
ZEEORPARTENG BT § SPRad P Hhs bYeRdes canisngIuald ty of capability
pEspestilyebyraQCegsak Yopd Hel €4 Of @upodd0cess steps

requirgd fo Brod CtiET§Of th%rturbine rotor blade  are

SPERALLERE LB o TGRSt i THEBIT t HeS t BPBEHBRS to De

i ncreased SO
pseers2e| anldes tekrbhgat eok aind lkeircrat hés@dy sir@ masked. And,

ByORk eyt hal qd M AVAIBN t ant metal as a material for spraying,
abase coatinghaving oxidationresistanceis formedon the portions
to be processed of the turbine rotor blade main body by spraying.
Further, by using a ceramic as a material for spraying, a hard
protective coating is formed on the base ccating by spraying.

DISCLOSURE OF INVENTION

By the way, because coatings such as the base coating and
the protective coating are formed by spraying, pretreatments such
&s a blast treatment, a sticking treatment of a masking tape and
such accompanying formation of the coatings and post-treazitments
such as a removal treatment of themasking tape and such accompanying
formation of the coatings are respectively necessary. Therefore,
process steps required to production of the turbine rotor blade
are increased so that the production time of the turbine rotor
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of productivity of the turbine rotor blade is not

easy. Moreover, for the sane reason, there are

probl ens that the coatings are susceptible to peeling

off fromthe rotor blade nmain 5 body and quality of

the turbine rotor blade is unstable. Meanwhile, the

af orenenti oned problens are not limted to the

turbine rotor blade and sinilakly occur in cases of

any turbine conponents and further any netal

cOrfshhé st 31 P7ER kel fg*d hentar Bhere icopporenten th@tThaprovement

tof solotridtie iaove phebkarbina tbtstk headsr €sohot h@asy

resen inventio t ur bi ne conp nent a I|e

e PSP ak P ok Stk SR Lt SR e AHE BRCed ghiens that the
coRtamasf arh@mptmmmm reregli imey Wi Thom shipr ootdedlade main
Wddy acorpenent, BRi RnRodynand E%td?{- Of BLaL stlg%?%&rirr]%lcﬁ

haVIng oxi dation resistance and Iasl veness
on a t MEAPHBAL Ssubfectt BEMETH el paRPARBALARRINPL Limited to
l‘.tmzéyturh‘l\hm eblﬂotrm;‘].ame)hﬁ@ts:wrﬁ_l%&dtyl S s ihoF 48k BY any turbine

%’SPJ Qsaihc?lf%‘ittg}%qea n'%oiecdom%%qz r{_‘DI gggﬁu811¥g the turbine

ron1arnxe
é%ﬁ@@ﬁﬁ@ﬁsre5|stant netal and a pomder of a ceramc or

the W@h@ﬁ(ﬁ @Qdé/oRF@QﬁﬁeS%@oWetBr@bf@ﬁ§ td eﬁf?cntfea%ﬂ‘iie of the
ener a yl sing electric dlschar e between t

Gl %‘g"%%tlp?fg&ésé hge e ﬁ@mleaﬂ%h&ﬂplﬁeﬁ%tacﬁwas “tuzbine
@m@1mbeaaﬁecbtmd&bla awnmﬂduﬂﬂlaxmauycemm&ulaEIﬁge gas turbine

s g‘ih@ OLda% S ;;{J;&tat%\rlac[%aelﬁc{k[ oge, {Bﬁ#ﬁ fL'e%ffarf)ge ody; and a

ctrode or are on substanceé o
RECEFFAL Vear?dekny dwvigepesidsbhon didfisianrandtoabrasiveness

\ﬂekdlbﬂgoﬂnatﬂﬁe@@fﬁéﬂl@rbd&]é& %’%d@fr @(fe%ﬁgdcgﬁpbﬁt@nt main body,

onent. nal n
a’?lggﬁéfl&&e ' 5%9&)(% £oSELoH S éamﬁa%a«f E?H%O}S%%% éhrelectrode
cruertednof s aoldedbbney comipbne ftrcappl mixkled @awd3as of a powder

LT Bi rk%;f?ﬁg;' rb?rl AMUIGR s REOYL A8y o ﬁ%gﬁdgrcg%ggggmlc or the

mai n rst protective coati
QB#Q%ﬁvQﬁggspéﬁeeéF%glEhthe%l%@%ﬁc@r¢%ﬁmﬁ%¢(nﬁQﬁf¢¢Eﬁratlng a

bngaﬁﬁgnéle@ubi@tcdlmt f Helme@@rrmeeﬁbrﬁagﬂtb@dye processed
ond. pr.otective . coa ng oxi dation

?gstg aﬁ%ﬂ ﬁé@a&ﬁ éoggc%%%1¥%%§ﬁ ﬁ& déub etF PiRfFrically
Fnéu@athggtheq¢1¢s¢rtg@@tm@nthaﬂﬂgnx&lémnmodanmﬁxanlal of the
co¥etrbhe ohid §éa@£9&ﬁ%hb¥?aﬁeé fnlgne MFE@EBdE BethiiSY carries

Erotsctlve 35 coating is fornme oyl ng

Pec ?BaélEb%os%Hf%lfsjaowr&é/oor erﬁﬂ d&y ﬁfrebm%tlon to be

pomdess@cﬁ ohechatnpineoit dapaWBeHyObyt ¥8e08fy d®Itthe electric
Q%awms of a powder of a netal, a netal

conpou and 3

Mcreover, a second feature of the present invention is a
turbine component appliedtoagas turbine engine, whichisprovided
with a component main body; a first protective coating having
abrasiveness and erosion resistance formed on a first treatment
subject body of the component main body; and a second protective
coating having oxidation resistance formed on a second treatment
subject body including the first treatment subject body so as to
cover the first protective coating, wherein the first protective
coating is formed by employing an electrode composed of a molded
body molded from a powder of one material or a powder cof two or
more mixed materials of a powder of a2 metal, a metal compound and
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a powder of a ceram c or the nol ded body processed

wWth a heat treatnent, and generating a pulsing

el ectric discharge between the first portion to be

processed of the conmponent main body and the

el ectrode in an electrically insulating liquid or gas

so that 5 an electrode naterial of the electrode or a
reacti on substance of the electrode material carries

out deposition, diffusion and/or welding on the first

POrRIVBIE T ehe Gﬁé@@é%@roth@h@%@ﬁ@m prgesgrotywilyn a heat

emragsm&{t t %@lg%‘ﬁbﬁ:leﬁbsgh? 1 98: n MU BOVES s, it ge between
resent 1| nven a 10 turbine

th
SR Bhribh et GRLCTareR T che ROTPARRER Fiain body and
GﬂﬁVEdedtrwdEhuaamoab@@ﬁﬂicmhlﬁJbﬂﬂlatangolﬂyﬁl®aﬁﬁgas so that

-‘%ﬂ’?tél%g:% engla(E)é'rqgﬁ.' Q8 +£ESLBLANCE, AN Ck & 5egSsdon substance
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p}%%%%@é@%frogﬁénacfcﬁm@ﬂemrmw oG dIERRE léﬂ@rﬂgydbf fegion and/or
&Jeﬂ@ilrrlgCondﬂl’ﬁeQEQEge pcﬂftllcﬁi ebmRdbabec6088id0L RIS Fent main

15 t I f "at
Bodds B BT P s e oA Rb &8 HAFERIPE- Changabl e

into SW@Zehawmmgafthnddtyeahemetbé gas buebene éngeneicn is a
I ) rRRES A bk £ B DR S eoal et LYEHERALHRALGOMRARE Obrovided

an oxi de series ceramc ture o
darthe’ CAERARER IR PREYSXG BREPHS-Ha%8 Seant nEdaing ogidation

mextisrenefe aBil et 1 Qe gabpeRtyesdsiaNbn"Bl@rtion to be
i_ng i veness, erosi.on. _r.esjstance or

gﬂ%5§%§g§ Fggﬁgﬁance BFfsd™5A a bgﬁyfégeeg?ﬁ%yo?f gheslectric

ﬂﬁﬁ@bﬁ@%@ﬂ&ﬂt@%ﬂim@ﬁi@t%n@agyn@toaposb@@mampmp051tematerlal

doscharge g Ek‘ﬁlﬂﬁi[@r@f & fuyd:h afn?aBHEeﬁffsf@%nd MoSi, which
pr%ﬁ$nt I nvention 1S eln ErOV| a Cco onent

thdnhorala %thn@c +y2A1 0% YRR the gRBGGRLne engine

uesastapeeatnmmﬁda@mrﬁ p@btecﬂ;be &mat&ﬁgxﬁﬁﬁ?bsﬁh.bhean oxide
e r Bt rot ecti,on_de

%%g?g%gegrgﬁ ofmge%1¥ gwﬁ&%%g%ng%%%'ﬁ gggpgdgeggﬁﬁoggaamlc and

&fea w%wwt@m feort aopowdenigfuaemetfal cB and the

%Xadt@@ﬂdgésﬂgtén@()\&ﬂ@d'al()f aﬁd”et‘iﬁlng?‘n@béagg‘(}gﬁésgf %rosion
processed with a heat 30

F?Ség]ﬁéﬁ{% aﬁd“@ﬂe%ae?a?f? n@ey S ARG ¢ C&FESt PRcAdFSERAFGYeSide of
bbEweehermlaélpbet toattmg ey psroeess etf afn tdle cnporgRicharge.

mai n bp@ytﬂgﬁmépee ae'f%%trrt%d%gﬁ@kl@@ &t G J 62

{ eI |e¥1t invention is
i nsul atin ec r

REEBEI Howd%%@laheetw@t@rﬁma madack PO simistaaheedafrotectlve
hbeigbhest s oleh MRisGiiahcear b188d W 20859814k Ab be processed of

R H RO On et T Dhsod B " eRBF o5 BF ¥ Fobl e FeE Eoating
@sé@}xmegieby gnploying an electrode composed of amolded body molded
from a powder of a metal or a mixed powder of a powder of a metal
and a powder of a ceramic or the molded body processed with a heat
treatment, and generating a pulsing electric dischaz;ge betwean
the portion to be processed of the component main body and the
electrode in an electrically insulating liquid or gas so that an
electrode material of the electrode or a reaction substance of
the electrode material carries out deposition, diffusion and/or
welding on a predetermined portion in the component main body by
energy of the electric discharge.
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BRI EF DESCRI PTION OF DRAWNGS [ Fig. 1] A schematic

drawi ng of a gas turbine engine in accordance with

enbodi ments. [Fig. 2] A side view of a turbine rotor

bl ade in accordance 5 with a first enbodinent. [ Fig.

3] A side view of an electric spark machine in

accordance with the enmbodinents. [Fig. 4 Fig. 4 (a)

and Fig. 4 (b) are draw ngs for? expl aini ng a

producti on nethod of a_turbine conponent in accordance

WRHEE RESCRIBTICN OF OBAWHIGE. [Fig. 5] A side view of

d Hiy bime rohorsfcbieaﬂﬁ:ﬂr?g aﬁgmﬂ@nr[a:g a tg]asiﬂmgﬁfﬂeedengine in
e i.rst embodi nent ig. side view
%@J@Iur c:(nté'ﬁ‘r%o H%E’Idalgg "*R*accordance with a second

érfiati Mdnt . R5sEdpi glew] ofig. turfiae amd o plaAEb)inapecordance

df:aWM nose ifrQie %@o@lﬁleﬁg a surface treat ment met hod in
gccord nce with the second enbodi nent.

[F
9 Sla dr émfﬂge ngwf%aP.%%@C\ﬁrHCAsmw Naucﬁmp.ﬂgn dccordance
8(ih arick léln@oda(nb)ltlss a SI de vi ew of a turbine rotor

Elﬁqge 4I n ac%g% Eq&t hl egpgdéfre nc%s %o[r explaining

9] Fi (b) aedravvln
éb(BFQF‘HPh@OHanesﬁthdaéé 3 rt@e\fﬂonc@ﬁtcmmwlt nnae@md@m@e with the
VA it fé@btd@{llh@ngnbodl ment. [Fig. 10] A si de VI ew of a
i n roto deln accordan wth af

i bR v e R B e by Plede by apgordance
i raagsloﬁarflexipleaampmg 0Z5thesft fateetibediment . net hod

Q,l%cC%ljdancg M%@ {r_b%& %rat hcﬁﬂé&%' q.%'%tor b[lag glnlg]:cordance

127 (a) g rawi ngs
é‘&%%lhalanlsﬁﬁonﬂl §HpP é@ePFeat ment nethod in accor dance

\[Ngtl@ afgodib\f FQ% e’?(iﬂzmmagld ofigt. h&ff}PUiJ%‘é" SHHROHSERbr explaining
| schematic drawing of a ste n

S A S0 T B £ LR CRBOAP RN L e e qad arbodiment
§ifde -viBéw of Fagt uf bi hel s of cirabtiade ailengceofidanc@IIBALWIIIA in
aify.f ghpenbedi P.F'F@t I8 (o) F'l% a)léldg' *Qlet}fbf@( t)u§b§[ﬂe rotor blade

over head vi ew of g. é
&Pa\ﬁ;lcﬁﬁrfiSPcéxHF’éFnFnEhér u?lfﬂa‘é‘é”f‘?%%t ment nethod in

BFiaccer danceigi tddherd Fib. eabbﬁlmtdra[wﬂﬁlg@ £46] explaining
F'sﬂir a?cég%eaémegﬁ%}%vgfn%gad Vcl,cg% %btgﬁggbt?rgtreddembodlment
{.Fggt mefAt nekhoidg wiew of a turblne roter blade in accordance
with a fourth embodiment.

[ Fig. 11] Fig. 11(a) and Fig. 11(b) are drawings for explaining
asurfacetreatmentmethod inaccordancewiththe fourthembodiment.
[ Fig. 12] Fig. 12(a) and Fig. 12 (b) are drawings for explaining
& surface treatment method in accordance with a modified example
of the fourth embodiment.

[ Fig. 13] A schematic drawing of a steam engine in accordance
with a fifth embodiment.
[ Fig. 14) A side view of a turbine rotor blade in accordance

with a fifth embediment.

[ Fig. 15] Fig. 15{(a) is an overhead view of Fig. 15 (b) and Fig.
15(b) is a drawing for explaining a surface treatment method in
accordance with the fifth embodiment.

[ Fig. 18] Fig. 16(a) is an overhead view of Fig. 16(b) and Fig.
16{(b) is a drawing for explaining a surface treatment method in
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5 accordance with the fifth enbodinent. [Fig. 17] Fig.
17 is a side view of a turbine rotor blade in
accordance with a nodified exanple of the fifth
enbodi nent. 5 BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON
A description will be hereinafter given to certain
enbodi nents of the present invention for describing
the present invention in furtier detail wth
appropriate reference to the acconpanying draw ngs.
Jrge i thhéhgr iifgs embppingapet es 10 a forward
(ﬂiHiQ;Ct i10m an@‘tthR'é'/dQBoé e5i ge oAl Hih8elin@Nrotor blade in
in e descr.i.pti,on, roper, . Cross _
RGPt & Brpddies BesamLS 8F: Bai FLELS cppoainent.
horlzontal direction" is referred to as a Y-axis

HEAC Mo Rk ciaﬁ?&hbcébmdhﬁﬁcih'%n%% referred to
as a Z-axis direction. 15 (FIRST EMBODI MENT) A first

enbodi ﬁen@eﬁFFFPBéOHeé’@ﬂI%e@eheFéFﬁaPPEFew thiven to certain
reaﬁﬁdﬁﬂ(éeltt'sOoEl the Jpré%egxt znthﬂloﬁ £&F Q:ies%ﬁ)blfﬂ@d the present

Aotvsrttham SRR el wieh EREEPPr St batr ripe to the
25 come 2oty 1ngr G mel npFpodeanshile, eimpltipedramimggas FF” denotes

taurf’d;f‘cﬁal%“g!ﬁ@eétj‘?énaaln%{t SR NGeABdeSUGh AN, 413y direction.
rot at abl e around an axi al center 3c of the gas turbine

Ergichdes: FRet R I WGP b RIRT 3P FE- p;‘raoxﬂr@@é dirpchion” 1
rr@tfelrrbldade a sredm Xpacy sSdaseat LONPONEMorTRidhthadyiagdrion” is

r.hl ade [ 0 S nposed . of r,ot or "
9%9 8 ?Q g?n1 %fgxﬁégt?ﬁna d% thry - B %ﬁfﬁcalon 1S
ﬁﬁéﬁﬁﬁﬁﬁ §Pdésoﬁ thexistdrretatleny and a dovetail 11

figrrped atpbhemphatform 9. Here, the platform9 has a
rom;p thway face 9f far a conpustjon gas and the
A B i

dovet af’l e wih SedérecaiPegutitere imiditer with
skdemenok &aot @Lbing, dFsg (Dot Fshovd,) . Fﬁﬂ.NbanWMﬂdEFﬁg 4 (b).

tip engspg’ﬂ&gﬁn ; Dt gh%nFP&ggf'descrl be?f P%or blade 1 in

portiaon roc ssed
BFEPEERNGE Wit thg ABr s embREVBEN T ciohonkt o |t@ﬁbhae| mponents

ahpasy&anﬁsSaagwb Ct)ﬁr‘ﬂﬁhleoﬁnglﬁ§553$@§e%|j%t Eﬁf{ﬂﬁg §f1d such and
ade an surface sjd

f th
LB PP B R LS h P T & 3B S o EnEhiRe engine

peening treatnent. In other words, based on a novel

surfacent ! eghOBA SRLN0G e d0GQr Béeeﬁdwﬁlwe Fid&r blade
enbodi nent, a surface treatment
main body 5 as a component main body and the rotor blade main body

5 is composed of a rotor blade 7, a platform 9 formed in a unitary
body with a proximal side of the rotor blade 7 and a dovetail 11
formed at the platform 9. Here, the platform 9 has a flow pathway
face 9f for a combustion gas and the dovetail 11 is engagable with
a dovetail gutter (not shown) of a turbine disk (not shown).
Meanwhile, a tip end portion of the rotorblade 7 serves as a portion
to be processed.

And, as described later, a protective coating 13 of a novel
constitution having abrasiveness and oxidation resistance is
formed at the tip end portion of the blade 7 and a surface side
of the protective coating 13 is processed with a peening treatment.
In other words, based on a novel surface treatment method in
accordance with the first embodiment, a surface treatment so as
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6 to ensure oxidation resistance and abrasiveness is
processed with respect to the tip end portion of the

bl ade 7. As shown in Fig. 3, an electric spark machine

15 in accordance wth the enbodi nent is an apparatus

for being enployed for the 5 surface treatnent with

respect to the portion to be processed of the

component main body in the turld ne components such as

the tip end portion of the rotor blade 7 and provided

Vi @ kngupedoditiaxiandeagstencamnd akkasiiveress s Bnocassed with

Yf@é‘;ﬁéc@'t{c?céﬂér’clp':lgrﬁ“%orttﬁ% bed+nl7pigqrrovi ded
wth atable 19 and the'table 19 is novable . in the

10
X- axi s Zfl PREFR oA Ty« e SIS G SBADF TERIEAD N 2ccordance
S»E[MD e Cﬁinh(d&ﬁﬁnerﬁhdwn)anaﬂﬁpﬂba‘a@b efon Hdiengr-emtiloyved for the

9 S, f - 's Ser.V 0
Jiefe}ajho\%ﬁ;@étﬁﬁg%@ % Iescecpgzgv}:}ge§o@% n €5VRe rB%:IoJessed of
p‘irhﬁ;@@@p@gemrmamm&y ipegses Fupgiael ¢Qﬂlﬁ’@n€8ﬂb$ such as the tip

%ﬂbbk@ﬂbn'dﬁ&ﬂ@%b@ﬁr%&%@@ﬁ aﬁd@f:%ﬁ%ﬁa‘dnﬁltklﬁ I:Qid 17 extending
and, g t he processjn nk 21, sUppor.t,
d

D ATSaS PR o g & Bin & pBtheatw Febtpety the bed
257 tie p/hochdedieu:tdnponehne Miamdbody saizle 49 thenowdloke in the

%%%h?e@@%iq%# ﬁe%ﬁ@ac% ht?@totq 08 x-ang 4 88 rbb%otor (not

[ ectrica connect e to an ectric power
<G Erd mRyaRiSyént hBeb&datys &l rReekansibi ifedd 26 a drive

ICIS;f R o Heicks vyetﬂ;zd &Ic%rgﬁOS(Int ah@thynn (not shovvn) and

the praoges IS \Y n

et 15 Bt 10 ooy RS vl s o8kt S mank 21 for
(reotershiowny Lidwiredvel ¢leher praotdgsiudg theads\2¢h ks a processing
OvLERd i AMEB (A SRR E@Hp%rl 34 SE%EDO%"&MEé Qg ?é"prov:Lded

el’ectrode 31. Meanwhile,” 25 the suppoft_nenb 'S
eI FPPRAF T Plééﬁr?e%%@rt"éflfjﬁé "@ltébﬂ Hitd 2%‘69{@?}1%‘%%%“0@“9“
Zaitebey durh ekatid @deoalbille&lefiﬁﬁmﬁmyoﬁ s ﬁebdﬁde of setting

l.de b onpr essi n1xed er of of
aﬁg%Eggiﬁloéir §ﬁst rﬁca%ggaonne er olégﬁﬁip §geT source

¥’ the nol ded body processed with 30 a heat treatnent

by meang,fe %h%a%ﬁﬂnﬂﬁurﬁa%%o%%s§ﬁﬁ? nMeanyhi ke, prov1ded with
i nstead of nold by conpressing, fhe electrode 31

TEF TEAORa CBY SERURSE pERr TRy, S NMERERC SR8 PeRT 29 Ls
Malvdilg) insprayxi srdiizegt iandbg uetan sMf eotet yetdfea Z-axis servo

G R0 ERLALAT! LSl SRS IR e AP B8 e movites
amtéyassumerh@eﬁ@eé 3IMenmsPTe At InglanstlestcedeN -or Meanwhile,
hofh sGRp3RE member 37 is electrically connected to the electric
power source 27.

Here, the electrode 31 is composed of a mclded body molded
by compressing mixed powder of powder of an oxidation-resistant
metal and powder of a ceramic or the molded body processed with
a heat treatment by means of a vacuum furnace or such. Meanwhile,
instead of molding by compressing, the electrode 31 may be formed
by slurry pouring, MIM (Metal Injection Molding), spray forming
and such.

Moreover, the oxidation-resistant metal composing the
electrode 31 denotes any one or more metals of M-CralY and NiCr
alloys. Furthermcre, M in M-CrAlY denotes Co, Ni or both Co and
Ni, more specifically, M-CrAlY denotes CoCrAlY, NiCrAlY, CoNiCrAlY
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Ni , nore specifically, MCrAlY denotes

CoCr ALY, Ni Cr ALY, CoNi Cr ALY 7 or N CoCrAlY. Meanwhil e,

because Si nmay have a possibility to forman eutectic

withNi at tenperatures over 1000 degrees C, MCrAY

is preferably CoCrAlY or CoNiCrAlY. The ceramc

conposing the electrode 31 is any one material 5 or

any two or nore materials of ¢cBN, Tic, TiN, Ti AN

TiB21 W, Sic, Si3MN4, Cr3C2, A1203, zZr02-Y, zZrC, VC

drd NBACCrRafl.e Heahwgla chessusmridnassy dfaveBN, possibility to
\ﬁﬂﬂﬂ&ﬁeﬁﬁé@tﬂg%l%W%lé%tgﬁﬁeﬁétngsBQ@mﬂdHHEﬂéﬁégﬁt M-CralY
[. Table 11 10 Vi ckers hardneséﬁggoon1tenperature cBN

T CREI§TEPeY3E9CAT3330F oY1 §+3200 2200 2400 2280
1900 130@ derdeacwivnme;siand ltpee@]:ie@’trcbcﬁke Al eetaogdedk material

ﬁ{log%% %Q%\ppro S'HE arBatéPztaLlrEe dé %tBEq Rer tLog, Qflﬂﬁ [TiB, WC,

ion od of urblne conpone

i Cac SdnlancCersCib M1t BECET ¥ stZeGvb ot gt B4§-a

met hod tta@n ept %@Mﬁdsﬂgl&ﬁéré WaHdhe s s §F (e ag@léuélrt@rbldes and
prov ded Wi th the f ||OMAn?Pa (i) main body formation

5, &G i S 58PN G SFBPRAL PR - step, and a (iii)
;bétah:xheglstep Here, the (ii) coating formation step

aNGUNE buiriheReENLRYy SLEReALE,PaFEd On the novel

ront cenrdanen n Y 1+t h +hn
\Dul | (J. U Tl ||U||l ||UL||\JU | T u\J\(\Jl UUITo T 4 Lll tIIC

fir SN epbodidrent | AL N BOPYCEORM rFreRe sTEPAAOs Zr0s

shéadO n Fi 3204 (q\ 22Q0 py r24'QQf f 4380 ¢ di 0l H00add 1300

mai n  body 5 is forned by means of forging or castl ng.

Furt heMeaﬁw%ﬁ?ga'antﬂg ﬁ@réﬁ tﬁQrel%)é%%Bti% ﬁnsﬁ%‘fwa o 5a];;essimilar

form part (0] dovet ai rot or
"¢ By PrEaAsPer tAABhPAI FBSsRERYRs’  grinding. (i)
COATI N@ Wﬁ:@h SRR oAf bertrfe ’i.gBi g &&lﬁ;)cﬁﬁénminnaccordance

t| st.e at or e. mai_n d
36 ERENE 1 SRS, G% R e bR {F eiiShng e arbine
g@rttqro@l@fdet ﬂeaarir boioviZedpwary. thlexfolbywneans 6f) main body
‘%fdrﬁa%gohh&% aé' §b§ﬁﬁﬁgtgﬁbofoﬁﬁ% tcﬂnesiYeﬁx'a%cis§r\iQL peening

motor, the t IS noved the X-axis |rect|on
&P heH%’r%thedHJel:ﬂO&ﬁlFS %@W‘%‘L}J&F StRR a1t bRe piidde peening
e odpasSesood hak ndweel spréadepordd oterdf mébeod in accordance

with the first embodiment.

(i) MAIN BODY FORMATION STEP

As shown in Fig. 4(a), a major part of the rotor blade main
body 5 is formed by means of forging or casting. Further, a
remaining part, for example an external form part of a dovetail
11, of the rotor blade 5 is formed by means of machining such as
grinding.

(ii) COATING FORMATION STEP

After finishing the (i) main body formation step, the rotor
blade main body 5 is set at the jig 25 so as to direct the tip
end portion of the airfeil 7 upward. Next, by means of driving
the X-axis servo motor and the Y-axis serve motcr, the takle 19
ismovedintheX-axisdirectionandtheY~axisdirectiontoposition
the rotor blade main body 5 so that the tip end portion of the
blade 7 is opposed to the electrode 31. Meanwhile, there may be
a case where the table 189 is conly necessary to be moved in any

of the X-axils direction and the Y-axis directien.
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blade 7 is opposed to the el ectrode 31. Meanwhil e,

there may be 35 a case where the table 19 is only

necessary to be noved in any of the X-axis direction

and the Y-axis direction. 8 Further, a pulsing

el ectric discharge is generated between the el ectrode

31 and the tip end portion of the blade 7. Thereby,

as shown in Fig. 4 (b) , by ne&ns of energy of the

el ectric discharge, the electrode material of the

el ect r e t3erora uledatd ehestubstaicengfe thegenerated between

GJT%CE!'LQQ&HBE eil ahacald k89 oMk p‘i’)‘?:QQ%htbPrthedbng&!@'?‘m Thereby,
wel dj on the tip end portion_of the bla 7

and/
?& ?I’I‘\%‘t’n tlﬁ‘eFJpq 0{4 ekt 1 W m%%%% Pﬁgerl%r%&?‘r:ﬁéleo‘?(]r%l%‘flfjo%dl“harger
resd sl antceoddchaakrasilveness €odctheodd anmeda Meadwtdr] eubstance

‘M}e 8%&8%@%088 r{a'%eez@,r‘%l' S%é‘lgr déé%ﬂ%r gj%sl'?:go elgfffﬂ%lcjn and/or

elng In rocessi n
Medidgingca é@e| W ﬁédzlca'”)@l@fd@f &dts lohady Tas @ iFhBL thewpsptective

Qio%tt@&@eﬁa Heteng' QQP@§tié@%e@i%ﬁ%ﬁd@%rﬁf‘@b@aszﬂeness can be
%@Idlng ans aiﬂqnganlngs Iq9 udil n ﬁ&i%ﬁ%%lhaggharge, the

€anw
@éﬁ@&lmld@n amdhﬂﬂnfgusnﬂ:regra]mwas:dl pﬁm’lqvmraesﬁlng head 29, 1is
%é:'b' %%eﬁng Viﬁ'led'zngx:Ls ﬂﬁ@gtf&?%ﬁn zQIl dc'lfafvlé‘i' 80stance.

m xed enonena ep03| 1 ONn,
dlffusﬁéﬁeandd\ﬁ@loéllﬁ@@nr @Jﬂflf)usrneerulam@/gmquﬂérg” means all

ﬁmeramahlg@gmmc(m@ “@@apb Qgti@ﬁmﬂt“ldQE f%ts@@n”t, hedeleileg” , “mixed
%%d%mﬁa %$ IS detachﬁd m the,jig._25 %% set en £

a SPéde‘i R podt t 0 TAUS&6HI g MEcHh&{FERene ©
§H@Wﬁ}thEmﬂﬂualdinyﬁm%msmedahensmdea@ﬁdﬂﬁfu51onandwelding"

Rhat %tlk\éa gg@hbﬂgn&?’ E%Qﬁ&&fﬁ%ﬁ' Wy i Bep SN RERDIWA ding” .
treatne concrete nodes of the peening treatnent,

a shot - bééhl RBEXNFBEL AERE using shot (see Japanese
Pat ent afAppl f et d0imd &hd- opﬁn d\skatﬁl@Ohi:ﬁ@Bﬁﬁn step, the rotor

%9913132%%9_%7 oo V. 52000 %2% Zxéd eizéng aﬁreigeset in a

aser - peeni ng reatnen I'ng Ia e
Paﬁéﬁtemppﬁdmsoﬁllgau of apeenNog mmqu sélnadm) Further,

20Q2:239468. s f s gxanpl skoeést%@r@éé{irﬁgi 13Th&NptBeessed with
oducti.on of the turbine rotor 11is finished.

B R TRAC 1 P TG SR TRAE SRRSO nd Ereatnent,
desshobepeening strraermuse tbeénprodlest | i@eeoalinpgnédB8e Patent

nB3phOLORALRY HRANS J0f fhe enghgy 9hekhe e'z‘”o‘l‘ots‘Lr 1280027  and

a range rotectlve coatin
BEOPT AR éé'f’wftomefxa@prl@dg@%énaéerthéeépéemtur@a&irr@@ﬁaxsg@qlaser

i(§e8enghahebe apkhk eN A INALIIAAT B cReEONBANYONS-2 €112 and
E8BEHEI38[/]59, fer example) are exemplified.

Then the production of the turbine rotor blade 1 is finished.

Next, operations of the first embodiment will be described.

First, because the protective coating 13 is formed by means

of the energy of the electric discharge, a range of the protective

coatingl3canbelimitedwithina rangewheretheelectricdischarge

is generated and hence z pretreatment accompanying the formation

of the protective coating and a post-treatment accompanying the

formation of the protective coating can be reépectively omitted.

Moreover, for the same reason, a boundary part B between

the protective coating 13 formed by the energy of the electric

discharge and the base material of the rotor blade main body 5



10

15

20

25

30

35

of the protective coating and a post-treatnent

acconpanying the formation of the protective coating

can be respectively omtted. 35 Mreover, for the sane
reason, a boundary part B between the protective

coating 13 formed by the energy of the electric

di scharge and the base material of the rotor bl ade

main body 5 9 has a structure ©n which a conposition

ratio grades and hence the protective coating 13 and

i Basler il an ehicha comppshbrade rafinopedyssaedmence the

QﬁcJ‘defdﬂl‘y(reC@@S’@*tﬁﬁé 1Euéﬁﬂ%ﬁ@f@as@%&%a&h%ﬁl&hfea‘i%tor blade
Si de protective coaf i nggls i's processed wth

f?ﬁjlyn tcraéla ﬁeﬁﬁrmﬁgsFaﬂEFn onpr essi on stress

can be Fgurtbartno::ehebeuaﬁae etsedeunfathespdet et te protective

QARG 13 1 SRS danse il hegDe, L Blo cBDOULIERL 38esicual

e ran e protectile
G&éﬂrﬁ@S}.an%ﬁ‘F% F3 P e 8d VRNt Wle sorfpee paRge Lk protective
tdetehgctzi.c discharge is generated and the

pretreat nent ac t rmati on of
D ot ectNARIURATIE "ARA b SESE. SHns st 25 Bescxibed above,
decemsahisgahpe oforhmproheot ivheoptahgctl ven bedatmited within

GRR qearfdg%smfé/eweogh&&egmt Bgsem%gt QN g}érr@ratedd and the

require to th roduction of the turbi ne rotor
Pr@§r‘f eﬁé%ﬁér%%ﬁ?% igthad 06%&&8& A H}ed:fr Qhpstive coating
bw%ﬁ@mﬁ%rﬁmﬂacm@ﬁﬁmg tMe fb&‘@l&@‘&led oflthe protective

I: 0 rrean of @ e ,
QR B ERG ollet s o e s hRe e nPERb PR JEBR required
ctfo f:bﬁnphgdugtmrmtcefctnh\eet@@hnnﬁgrﬁmr iyl e dsiceanbesshortened

'a&dotﬂﬁrpﬁ\@cﬁ&iétﬂ'ﬂﬂyb% t‘ﬁ%aﬂﬁrgg.név@otc'&ﬁ@lﬁe f0LAhNge easily
cgoatin s, but neans of one st egn form ng

t he
CHREPHGD -t hEP @%FéEPIl\?é r ot PAE: T’]é\ﬁ ﬁg‘s%ﬁ 8§t#%1ﬁ“m9 a base
rcesntihgnhmﬂ:mgi @hirsi ivenessicaanbe and mtbiierd ke elp pF forming

%ngregéeé‘pfve acl’:r tn}%l ﬁgﬁrg’%uaﬁilpaosdflve?qeta%éé %L Pﬁgg%xjd%n not by

eqgul re | On |ne rotor
Beaas ¢f cae @éelp@r phefoxmbrg Mlmnebv‘érbymﬂ one step

bﬁ%ﬁn@ﬂr@&h&%d&ﬁtdgﬂgtﬂé” p@BQeUﬂﬁvQQﬁ%tﬁ{g ﬂ?tkﬁwl%lg &fidation
the,r tor ge mai n 9_1% &can be_firmy ‘conbin
%

FRE5POREE FU0 HURT FBo DB ot REP T A pOd® GP end of the
frotort headle pnaHnd:qam t5| endoth¢ heroditaridi adeenaequbody to the

g:@egcggpﬁeoﬁlﬁﬁ Ine tz%% %%Pé@g 1 ggrbéalfga(}!%}'l%rcﬁportened

e sta I zed urt er nor e, ecause t e resi
conpr ST BRAVEE r c2eCHEIE WO I JioFd vieo CPRe18dr Lacend the base

skderoblthe HHreRdveIeaat £AGN 1}.%’0d3f & ic@rebeSti AUy "combined,
%f'l]egggogégéf&élaloeatcl%%t Il%gc%r%ega c{?yr %Ve% ol%(% %rom the tip
end portion of the rotor blade main body 5 and hence quality of
the turbine rotor blade 1 can be stabilized.

Furthermore, because the residual compression stress can
be given to the surface side of the protective coating 13, fatigue
strength of the protective coating 13 can be improved and the life
of the turbine rotor blade 1 can be elongated. 7

Meanwhile, the present invention is not limited to the
description of the first embodiment and can be properly modified
into such that a surface treatment so as to ensure ocxidation
resistance and abrasiveness based on the novel surface treatment

method in azccordance with the first embodiment is processed to
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of the turbine rotor blade 1 can be el ongat ed.

Meanwhi | e, the present invention is not limted to the
description of the first enbodi nrent and can be

properly nodified 35 into such that a surface

treatnment so as to ensure oxidation resistance and

abr asi veness based on the novel surface treatnent

met hod i n accordance with the ¥®rst enbodi nent is

processed to 10 a portion to be processed of a

CoRPEERT eI RShREYCE HSed taff 16l Fempevapdneain Al ithanturbine

tJ&n};IdHetﬂtn @ tHr0 &hf%hq?%%efl tu&%’@hﬁk%@o%ﬁ/ﬁ’&ﬁ) 1 Q

e first enbodi nent wi e
g@%):dﬁgﬂ)ﬁgﬁﬁgﬁggnafter with reference to Fig. 5 and
Fi g. 1A dsdshbsw exampilg.oStha finrdy aebodirmenbvade B¥described
e ARG G o LR ALDRIRALET edoexanplg plgthe f17 st

ment 1s, as simlar |ne rotor’ ade
1, one?éf Shavpi e Fcl@npémeﬁt@m@e'tﬁ irgtorhelgds ?(Lrlm pecordance

fm@hneha r@@c%ilfiéé@tea@h@al@r egn@l,fb hre raptd éh)ltaﬁéﬂlfméﬁt 10 3¢s similar
as ur ol ne e n reo e urb

5 e PRt N o AR WPER G roiDi L SHIteRTs used in

bdey 938 asraicenpogéne Fredmd hmcatanie theunot shebhadel center

S Br R A8 difoPeneengls A Bbadeydy APLALLLDtor p1ade

a dovetal 11 and furt shr oud for
TolaRFBFL 48tk "B Aok FPLOTHRL AT a@dmaﬁaé%aﬂ omponent main

[Dﬁidlj}\NaYLdf ane iétézlfblfaﬂie amaqelrrbu@yl 8n g@&@mbs;@ of a blade 7,

h
B PLRERE-ES Y eRBrtadt 11 BoBCRrEenad a BhlaBflan sprmea at the
§epv@nﬁ150§onth%héade be ﬂmﬁc@és@dzdoﬂlt hesbkaféownpathway face

hagdyr3d9. s E‘&rﬁoﬁ%ﬁ:uofﬂr§£§‘§dd’§scﬁ?§5{rf‘@§d4ﬁﬂ?ﬁﬁ'}Qﬁlr of tip seals
4ﬁ|dat%8qWH§S|stance and. abr asi veness are forned
t

e tt FUET NS G the BarF o500~ 393 Séal §h235hrOUd 41
lsasee as bbetdowel tbi bstpsuréacedtsLatmentlagd hed mbody 39.

simil a‘glﬂ:ghgg te%“?:tllv\é e&agl%.d{ékg %%ta é e&’a{ﬁio%eresistance

r ot or surfac
@o48t ﬁhgésaseaeés paméfs-‘s‘:éf@d Wit hh@h*élxpe@ld rpgvrttrl@altsmﬁtthe pair

det e 1 Alg0d fed tla:@logp@gdﬁ %%@%'ﬁl%a}éa{‘%tr%lartﬁént method
e ra | S S, Si

35c7 ST BTG Cant BRG CrraTe oY T He A1 GHErk FORGE Totor blads
fli asdl sumimheﬁaudaﬂwefatheewﬁdtectfﬁﬁ]ﬂﬂﬁtﬁM@@Dﬂ&EﬁE& Processed

first bed h fter with
Foror SRRerro rg. IS H g 6. Fro. 7(a) and

Fig. 7FB§refSBeAsa§ﬁ@mn nthegmoﬁlfae@ur@iawlreot of the first
bhBdaiAéntD AEEH L and effects similar to the operations and

the effects of the afcrementioned first embodiment are achieved.
(SECOND EMBODIMENT)

A first embodiment will be described hereinafter with
reference to Fig. 1, Fig. 3, Fig. 6, Fig. 7(a) and Fig. 7{b).

As shown in Fig. 1, a turbine rotor blade 47 in accordance
with the first embodiment is, as similar to the turbine rotor blade
linaccordancewith the first embodiment, one of turbine components
used in a gas turbine engine of a jet engine or such and rotatable
around the axial center 3c of the gas turbine engine 3.

As shown in Fig. 6, the turbine rotor blade 47 is provided
with a rotor blade main body 49 as a compconent main body and the
rotor blade main body 49 is, as similar to the rotor blade main
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with the first enbodinent is, as simlar to the

turbine rotor blade 1 in accordance with the first

enbodi ment, one of turbine conponents wused in a gas

turbi ne engine of a jet engine or such and rotatable

around the axial center 3c of the gas turbine engine

3. 35 As shown in Fig. 6, the turbine rotor bl ade 47

is provided with a rotor bladel main body 49 as a

conmponent main body and the rotor blade main body 49

isydyas igithid aerbin¢ hetrotdrads hdeompbaed bodyadei/n aplatform
tfe J tl&fol?f'erﬁﬁlﬁ.oﬁggvgbtli@éjrfwal ﬂ-llé:orﬂj‘{sl%gle(hfd dohlcade Bf &he blade 7

pl'atform 9 , . a ti
FETIe6N 2612 (& 1 RAET 7oT st PESPRICES $¢¢ &f 68&?%@% glade main
e qar ecme;dxeotmbme s Ordel adeesuinrldanidyy Shandip ked portion
mﬂpl bl ad faces |nclud|n the tip.end i

@lage §&FVES a8 & gg%gﬁg %éF?%gﬁ ¥§Q%% 6¥bé%ssed'
pr oces@él@. tifTkad pereheh pdrthebpletet hans ade whodsdof hee blade

whols af sthe Plades 4 30es A alerREOCEsSStnam helsafollows based
surface treatnent as foll ows based. on a novel surface

(e &t RETE LBEREACS! AT Bt HBF P RoPERIoLoatinGa negt “Rodar coatings
QﬂhﬁbvbatbOﬁs&ﬁEuﬁ@bﬂEdr@ﬂf@fﬁﬁdI¢n(ﬂhb[nmﬁlemm obrthen of the

1 hlage E]da'%ﬁe offiobe ehoiBeaBlagg.laces. More

specifical protectrve coa |ng 51 havi ng
abr asi M@lﬁfés§Pﬁ§lﬁféﬁﬁéé{Yat at hRerefprepdep FV?oﬁoéFlFﬁe51 having

@tﬁ:@%ﬂre*ﬁ)éssnﬁén§o§ﬁe§@tf %h@ftlﬁneﬁheﬁbftﬁoﬂl§Ehﬁf@©lade 7 by
In concrete terrr& ﬁ t %:g% tective coatln 5:|.tISms the
TE5EPEd by A G ftf &n Séi &‘: HEY sHOWRCTR T‘:‘f% SFms.

(ﬁﬁrs&n@rbheceheet¢®at1mmaﬁw.n&cﬁpnmed5b$hmwmiqy1ngFag eBectrode
'5@ @ﬁg%ﬁdfﬁqcl&%d’“ t?h t] hsﬂaf@&’éﬂe’l@?}&l@“gpgﬁﬂ%é&ﬂ% 15 shown in

pul sing ectric disc e between the tip end
Fordi 8n-Bf IvE dePEger FrArde PREOERBERT S RNE FaNe NG Pulsing

|e:l%leﬂtt(i1$ @is@h@ﬁéé |t£éa:|wde@13dhét‘d1qj'1 g&@slb@ﬁtloxarcbf the blade 7 and
ec { e tr Q r ea

CEAREE"30° of ERCTET corPOrcs ik £7 PALTCRP R Her QUi C1om o shat
daezpeéet:tmqie ddaru‘amadnoanmeoele%lrddﬁgﬁbmt hegsgriemdsubstance
W{Eé’@lggtkgﬁe k?rla@qg(?clzll é@?f‘l@ b d q% onOfdlffus:Lon and/or

generating t pul sing di scharge in 1 quid of
sledeingcan thenéw &R T B Ry odi He aalgéﬁa ge wwle: instead
wgéﬁéeﬁtiﬂ‘ﬂg ad"@'iﬁumélnglcﬁﬁid‘na&@ie instHeatliiegnid2sd cfieebectrical

t.he ctrode 53 . s co d_of a nDI e led
nsu@@%ﬁgsél ﬁgpr%ls&ﬁi polg) e?‘laé_" e ma or deof &1 a{gg dﬁi a gas of
ediegatriionlr ésssiiantonand powder of a ceran1c or the

nol dedpRedy ProOcEREd M EBalg‘Q:'ﬁmpdsre%ﬁbﬁ‘thm@)ﬁé@%Bay molded
of a vacuum furnace or such. Meanwphil e

st
Ol APHESBSC LB D Ro ARTos B e S aray Sat Srrpgeistant

yhwdsbowt¥r of a ceramic or the molded body processed with a heat
treatment by means of a vacuum furnace or such. Meanwhile, instead
of molding by compressing, the electrode 53 may be formed by slurry
pouring, MiIM (Metal Injecticn Melding), spray forming and such.
The ceramic composing the electrode 53 is the same as the
ceramic composing the electrode 31 in accordance with the first
embodiment. Meanwhile, the tip end porticn of the electrode 53
shows a shape similar to the tip end portion of the blade 7.
On the other hand, instead of the electrode 53, an electrode
55 composed of a solidbedycf Si, amoldedbodymoldedby compressing
a powder of Si, or the molded body processed with a heat treatment
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30 pouring, MM (Metal Injection MIlding), spray

form ng and such. The ceram c conposing the el ectrode

53 is the sane as the ceranic conposing the el ectrode

31 in accordance with the first enbodi nent.

Meanwhil e, the tip end portion of the electrode 53

shows a shape simlar to the tip end portion of the

bl ade 7. 35 On the other hand,12Znstead of the

el ectrode 53, an electrode 55 conposed of a solid
bodyneeinsSiof a wetden Hothagmlcdedusy veypbesssied. &nd, in this
tpcpé‘r ewat i ul%' ngoélééll_erf@bggghgge¥ l@rQgﬁéﬁg‘gea“lhha@eﬁﬁattrlcally

neans of a vacuum fUrnace or_such nay
Uéﬂﬁysle?otl%dllqwc% htRcleding alpanei hydepeaeppes- Meanwhile,
di rig ) 6 £ xffo DEINES aye@om;sn:mﬁ{ge,cthecalémmmusISamwg:e formed
I|qU|d|ncIud|n al (o] [ le, ,
r?’st elél&ré’f %F%ﬁq%g corrprelsgs g?gfﬁ% ec?g%g[“r%)d’e ey forming
rmy.‘l axdhor med 5 by sI urry pouring, MM (Metal

I nj ect iR M@ NEHe t3REAYS PEFD B 1 a3RA4 $UGso MY BRVBIuted that
the turbine rotor bl ade 47 is so constjtut

d t h
CoFOVETESE! OF 1'% (s pPOPEEEF VES (PRI 51 § B8 more and
raRse andle 0% mahezss:Lel}/leah\ahcbeerabe ocﬁvtehagémfstt beotective

];é)o{a:ctia do%]gCté ;?Jfé‘Per_ca %é Qfgfsﬁébbg%gg%’ 9kss. Here,

€SS cover age™ neans a ratio
ofcREAIa g neEase 2 éféltaorr@fhéévﬁ‘é#ngedum ng the

cover ager@f, tReaf heshodPr&f eﬁédly@lr@aiﬂe!’l&o'irb,ra@enbtfheﬂe first
to shorten an fe:bect i ¢ di schar.

SRR T EORF BBt por T CRCGE  RECBF AR5 17 Gifargd L scharge
tthiereelaect lieavei smhalgeposs not Yendriat echdvapradopt . the blade

%4 eth@' Lo @ndfé%géfé& di Sﬁ@@r ?@nékgﬁe&i Nwas adopted.

i s about treat nent about .
G@/Imhzt%es 2t EheiEBRE. S e FiorifuPaS F ot realtdirath SHHSFal is about

theniel Ref?ri g dréﬁhﬂé@f} iboEr 3 eFuiiettifoigappkfgrable.
cover agggof % i_S as CltlJoows 20. The el.ectri.c

di scha *r &Gjhi F3u° T yat'hi Hy A 05U Cover age®caroe time
areliestd ite diasciagge tomeregqupfeddt oligathi hgl Bows%

COVEr agg o Jlé&%l%&%éﬂ%ﬁngrggﬁl%éEWal untgrh%%c/@)verage

coverage is deenred to be the 0% cover age., Furth %
af e oL BFRTRE EhECHITIR tﬁﬁf@té@ﬁwéeeoafﬁ.%gusllng h@B¥pgoverage
sunbgee-9i de) ;aiog he-6igst prenhettilee coatisngcdteisge is deemed

ro d the _peening treatnent. Meanwhile, as
Ic[:)conccED ?@ ngé] (5:Pvteﬁ§gﬁéem ng treatnent, a

shot - pé@mthgrt: r@@t@etﬁprmgnggtksﬂwéurahd:Ieptlea#ewqo@@ﬁth@g 51, the
th A RN 1 4SidW thasel r ¥ @rexeBRhiivhi&hting 51 is processed with

the peening treatment. Meanwhile, asconcretemodes of thepeening
treatment, a shot-peening treatment using shot and a laser-peening
treatment using laser are exemplified.

An aluminum coating 57 as a second protective coating having
oxidation resistance is formed on the whole of the blade faces
of the blade 7 sc as to cover the first protective ccating 51.
Here, the aluminum coating 57 is, as shown in Fig. 7({b}, formed
by an aluminizing treatment by using a heat treatment furnace 352
after processing the surface side of the first protective coating
51 with the peening treatment.

Meanwhile, instead of forming the aluminum ccating 57 by

means of the aluminizing treatment, a chromium coating as a second
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An al umi num coating 57 as a second protective coating

having 30 oxidation resistance is formed on the whol e

of the blade faces of the blade 7 so as to cover the

first protective coating 51. Here, the al um num

coating 57 is, as shown in Fig. 7(b), formed by an
alum ni zing treatnent by using a heat treatnent

furnace 59 after processing tie surface side of the

first protective coating 35 51 with the peening

tpn:eabnfﬁritve dMeanivhd | reg viims tosddlagf ohor e hgt #hee atayibeufprmed by
?n%%‘hl NG 5/ fytomggﬁﬂﬁ Ol 1hfe lt‘J'P Phel 08~ 4 8RR i§e coating

romum coa asa secon gr otective coati ng

having wa%%nwhr%s%wa%@aﬁﬁaﬁ RrRef Hé!d‘:‘fd%ﬂrr?éfé’ns Ypreover,

%h‘él?f%oﬂ‘ﬂa@ Bg LreateBie & i HROONG RROl@t! FY@nace 59 is not
coat,i ?EOXIdatlon ¥§§h§ta€ce may be forned by

&96% E%§VB BuBFZ-P¥he e a case where the .
heat t Neatpeopefarhawe B0 & senond Be g5 aepdeomitilebe described.

al um n'Fé'rgg t%gggﬁgé‘tth@eﬁ&rs@gﬁist c:QﬁSreOfcoét%%%OB@ is formed

best no e describ ecause the first
provearpvel ddw PRETIY P5 T ﬁé&ctﬁ;}cn@aaghﬁrg? hé range of the
eﬁets@ypﬁété@@nﬁé e;@tarclmgdssc&wf ge,linitaeiohihhthe range where

rst &ﬁg%gf%bvcfnhc%atr&etgr g?n %§a£éc§n tedy WAl n%LQ'Ereatment

ﬁge e e arge 1s generate
tleeoppanyéayntn foa*m@@nrparwf et ﬁerc‘r*ém@fqe@ﬁl@ﬁ ¢Preting 51 and

fth'éstp@é@@fééﬁﬁ?erp@aébegmﬁénfﬂg ttﬂ% Pt i@ an't the first
acconpanyi ng the forpation first protect

OEREERG 1T EﬁﬁtbﬁgréépEEPlgﬁl§e%ﬁ??Y%§F Mo Eovei - for
the saNereeasop, far bohk deanye pardsdd,bet heendaty phet B between

r S% 195%0#,98% £i¢ %to'a@gnﬁ‘gf]t ﬁgﬂﬁgd B¥r ttl'féeeﬁélféjg%ﬂfocfhe electric

ISC arge a ase"materl a
d@tsghamgadenﬁaﬂme tmge r3texidlaodt Fetieteey plakicchagn oody 43

%@@?Q%ﬁfﬁtdﬁ{ hf tﬂ'ﬁsi;&?% éBﬂpB@ﬁ@:@oﬂi h:t%tlfd l@ﬁédes and hence the
rotective coatin an eria

TIESE PBPEAETREPNC %ynﬂéfcaﬁfuga% Sy EBhefiad Shthe =otor
Eaaﬁbemmﬂmebohgcaeseanhbecﬁvemhgecumbimﬁdf|rst

pr ot eCtE'lu\f‘%he?ﬁeE'éngx: é:?{ [{BQEF??Ch@f Cmfes%l%tt fiﬁotectlve

first protective toa 'S Ssu iently el evated
&R TABACES \ﬁ@&r@ﬁ@cmerm ATH5ISFOF St6r L1 pF g ofpctive coating
%auw@umfl@@@h@@y é/méﬁt%cahhawnce:aap@nﬁ@to& shehuadiae rotor

R
d:u\reua@ecafsetche af tusblnprsjtzsmd Vectoaltpwy) 3k Hegsys brciently
f: re@skhier My, exnensi o diff&f enee apdeBagiffarense rfirst
xpansi on caused by reci procal stresses between
protectlve coating 5115 95% or less, athermal expansiondifference
and adifference in expansion caused by reciprocal stresses between
the first protective cocating 51 and the base material of the rotor
blade main body 49 when the gas turbine engine 3 is in operation
can be allowed to some extent.

Moreover, because the surface side of the first protective
coating 51 is processed with the peening treatment, residual
compression stress can be given to the surface side of the first
protective coating 51.

In accordance with the second embodiment as described above,
because the range of the first protective coating 51 can be limited

within the range where the electric discharge is generated and
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the first protective coating 51 and the base materi al

of the rotor blade main body 49 when the gas turbine

engine 3 is in operation 30 can be allowed to sone

extent. Moreover, because the surface side of the

first protective coating 51 is processed with the

peeni ng treatnent, residual conpression stress can be

given to the surface side of thé first protective

coating 51. 35 In accordance with the second

erfbodr aenta @seniesce pbpanpboy €he foevaidentdfetnafgesbbrotective
t e c i ;
ﬂ?aglr[gs%l\?\ﬁﬂﬁ &ﬁ%‘éc?oeﬁ%gaéfé}&:%%t BB& phhmﬁﬁdthé/"'ft ition of

ran ere t ctric |sc arge I's erate
aWF f&rﬁﬁepﬁ‘?*é??%la’f%ﬁaté@@o%a‘?ﬁﬁ ﬁ’@ Fﬂép?%h‘é‘?jrbr?f@ftte‘j the
t;kheacfudtsltorprcqtn%ct_—eqelréaaﬁd> nhedbpradéctién of the turbine rotor
t - t reat_nment anyi he fo t.i_an _of
ﬁ?&% 4€(%ec??fe cong g Iggt lgggﬁECEﬁ%%F%eturblnerOtor
dmatd;eedﬂ tdeen bﬁr@@@atllyonmpufwedeqw red to the

pr OdUCtMo‘%'éoQ?fert hgeLULBE NG & HiYs O pRLAdet4¢eC@BaPEng 51 and the
shortened and the productivity of the turbine rotor

HiaRfemaye tamht 85 %WEPJF %ﬁ%@éﬁlnmﬁ%%tean@é‘c%%lff fembined,
furrestflps@t;eﬁcbte/@tﬂoatcloaglﬁay ahddree tbaserdmt eeedl odf from the

tt%\e [ 0L QL BL3dg My O lbgcd% 2 ag%”m?&nfi;{;ﬁ@ym’%'ﬁ% 'ﬂ%ﬁce quality

1 st prot ective ¢
off Theomupd nEQ rigdoE kabdei 47 efnt he ﬁb@mlbz%@le rral n

body 4%3#e¢chaRce, qg@!:éué’e e Hhedhukhi e il (Irlr@tagﬁotectlve
47 can b stabll ernore, becaus

RAIRE b & ﬁaf?%%%%f%ﬁ ETPTEY iy PghgiohRressing wearing
sff theitentliyeetevat bdadad7 vetbes bppressacgwikarihgstationary

rr[ﬂ?)%e Ys bi Eﬁelgggfm%ngc%a% 1%2;ua?ﬁf9¥e QQtaﬁH t\ﬂiet Hifference

the“stati oﬁary erma expansi on
G (R O e A RE 1Y OF PRAr OGL eXPEPRT DN ReLMRRR byhe first

r;ﬁ@dﬂ@dtwe &bb@&ﬁgs shetmeernd hes dd medteriraqt eat |tY1@ rotor blade
coatlg% g t he ﬁase mat er.i al of t.he rotor
49 WRER T

ade
& 9% TiruiHe ¥t 334 SJ.p.noperatlon can
dpaeahlq:mﬁ cansontﬁeeatdamv\eofrtactsmﬁm@therﬁl,rsfcrpamugcg;me coating

tﬂewﬁbﬁsﬁh@rﬁsec&tu'ﬂﬁqn%o@ﬁ Ezge 20 l%llﬂhsaefg@l&?scomes to rarely

t ur bi ne englne IS In operation conmes to rarel
Hanpes and elengation of tife llllffaeoéftl’t‘%é“’cliﬂlb’i%éoﬁié’troplade 47

Qbmd®e4§ro@@meae pronoted. Moreover, because the
residu I ression stress can qiven to.the

surf ac 683 6f PRECFPY st privt et #ﬁ%ﬁa 5§Fﬁﬁ§l§f stress can be
foditviegues t26 syrfengish defof tiee £ii rst pprceett vescaddtiongl, fatigue

%]t&%@tﬂeofnﬂﬁgvﬁq_ﬁ]%rottlé%tllkrfeecegtiﬁs FUrbin@er 9Bk oved and
bl ade 47 can be el ongat ed.
the llfe cof the turbine rotor blade 47 can be elongated.

Meanwhile, the present invention is not limited to the
description of the aforementioned second embodiment and a surface
treatment based on the novel surface treatment method in accordance
with the second embodiment can be processed to a portion to be
processed of a component main body in a turbine component other
than the turbine rotor blade 47.

Moreover, another protective coating having erosion
resistance or heat-shielding property compcsed of the same
constitution as the first protective coating 51 may be formed con
a portion to be processed of a component main body in a turbine

component other than the turbine rotor blade 47. Here, the erosion
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Meanwhi |l e, the present invention is not |[imted to the
description of the aforenenti oned second enbodi nent

and a surface treatnent based on the novel surface

treatment nethod in accordance 30 with the second

enbodi nent can be processed to a portion to be

processed of a conmponent main body in a turbine

conponent other than the turbishe rotor bl ade 47.

Mor eover, another protective coating having erosion
resiisttance oeaheat shipelrdingfpiopestyptinpbse tof cohgosion by

%%@15%%&%‘%“3'1385' Q8824 P8Esf bfs%)u@l[i otective coating

on a portion fo be processed of a
déﬁﬁ@@eﬁMB@&ﬁwEHan in a turbine component other than
the tunkimiedwiormbhadel 4be ddayceiddttherdigiaftekbwithreference

respstance an roperty aof i cept.i bi

éﬁ%kbgrgﬁ’ggg”cgr?€£$b%(8ﬁ’ap%%hqiﬁagt§%geséégyanqulg (b))

(THIRDAENBEEWWENWFiéthﬂrdbesninuuerwﬁbk beadeSdr iibegcccrdance
hane E‘@é Ly ?ﬂ nmaﬂn%r@mg 23 $OnFi g b £Hd gurglng'r%tor blade

8(a), g and Fig. 9(b). hown in

Fi g a‘Icoéd%%F%f"’ﬁéhrtg"teo?“Eﬁ%ﬁ’éb%‘:’{l‘i“ﬁn’éc EbP e Ry thcotponents

tlked bh rgl g@ﬁbﬂdﬂﬂiﬁm enginasoBianjkarengitdert sudh mad rotatable

rgg;:?gél t% ax:LaELnf:%%%gr dggcng’:}HQ c%%g {ﬁfbc‘%e enaglne 3.

nent, “one
t ur bi ndsesigbwre i0fFhg 8t aén@ﬁl‘ﬁé"l@r 8eh, ahe t@rmra%lr@tor blade

K ac %f&kﬁi axkala (i:%‘&to%rb]':”é:d@frnatﬂhebQé? dughi éfl%omponent main

Bt mod; G15r SBPABL S8 T4 POV ABE 4an Aot FOLAR fiohgBe Zotor
Metiaxi shioglyn Gddas5 d o it neat ot obadydent, deeposkdrof a blade

b ag'%gsgf% IOQV 6§o%%1;%ff 18 m’ﬂaasgfqﬁl J;e & 9LPL i o ﬁ@%mg from

mei N I'ne rotor 1,” conpose
& bﬁa@énqsedzae daptatd eresourg gbdevarl L ofvelpvHiade 7 serves

ashar Ehestrﬁﬁgw&f%m%e ?ﬁbegeeaa @ﬂgﬁlgafdt@rablafde m?m body
essur e, Si (0] e e a L s

2Pl Erd BB Troeforth Bt td TR Ch s baals Bopbires as a

62 cand pbetmbnltncﬁetﬁnbdasa@@ ﬁécébeo¢0t¢mahﬂa@@emﬂln body €3.

Ser Vesgﬁ%furﬁe&f) QEé'fngg QRQ%é&ﬁ%é&&e Gfa Eg%he pressure

rotor ade nmaln ﬁl e port]on rangl ng

tsHelevaddi ng efgehg P kasia He 2pAeshareho ks ddfnalie aéf% Faces are

thedeisade Zrl@l;]ldat Q@r?@@é etﬁaﬁrﬁlﬁﬂﬂa@&fofla@&&l Bk€ed on a novel
essed with a sur nt as_follows hased o

BoRver SOAAERt Pkt ot ROtes e G dggs of novel

cmammng@tabnn@velfommm¢tx1Mhﬁopoateomonamgﬂnﬂ1ﬁmm® the leading

ROLE €8 ‘E@@ié\?\%rfes@,@rtehglagﬁglfwg%feQH@ }Zﬁa&@ Tt %%d the whole

pr ssure _sid of the bl ade and the wh

of the blade faces.

More specifically, a hard first protective coating 65 is
formedat theportionrangingfromthe leadingedge 7atothepressure
sidewall 7bof theblade 7. Inconcrete terms, the firstprotective
coating 65 is formed by employing the electric spark machine 15
shown in Fig. 3 and an electrode 67 shown in Fig. 9(a), generating
pulsing electric discharge between the portion ranging from the
leading edge 7a to the pressure sidewall 7b of the blade 7 and
the electrode 67 so that an electrode material of the electrode
67 or a reaction substance of the electrode material carries out
deposition, diffusion and/or welding on the portion ranging from
the leading edge 7a to the pressure sidewall 7b of the blade 7.
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of the bl ade faces. Mire specifically, a hard first
protective coating 65 is fornmed at the portion

rangi ng fromthe | eading edge 7a to the pressure

sidewal | 7b of the blade 7. In concrete terns, the

first protective 30 coating 65 is forned by enpl oyi ng

the electric spark machine 15 shown in Fig. 3 and an

el ectrode 67 shown in Fig. 9 (18 , generating pulsing

el ectric discharge between the portion ranging from

t he IHadéngth&g@IE@tu@dEhéYbrbssaubssadEMally7bhefSame in a

thesbla %l% ﬁﬁ@eefé@&té&éj%ﬁans %ctcla.acﬁaﬁﬁeetﬁﬁhr M€ second

materi a ectrode 35 or a reactio
§@B§F‘éﬁéétoﬁnq Ret b GE BEEL NER G &6 @haG (085, p3 shows a shape

depesuti ?@,a mﬁa;]p@:o@ntaadpogtwh i drgyy 1oty tﬂl&mpﬁzhtel DBading edge
angi n rom the ea e 7a tot sure
adg Pe 7B 6P °the %f g%f ?% ?é the i e ectrode 67
is sub@nama athgritencaiestmad Obe]n%tﬂJ{elﬂtlr@ﬁiea§7t lja@ electrode
%|9ec(3nfp‘?5js%d5§f b@o@%@%&ﬂﬁ&? SW, tah‘néﬂf‘e& #%Ol@%w OBtibressing

t d t | t
S LB T LLOn Sl e S5 o 25 ShoMe Sor reatnant

blyemlaeﬁdlcng £dge-udnm farnhaceherpsessuney Sselevidd. 7Andf in this

%ebl agSlé%ng%le & %tchc‘?:[s e ﬁ%p%%?eg: chf ed 5]1‘;1‘ a]n eglectrically

eF&&t ro an el ectr ode

b@éyléﬁlsg laqmldd@dlddown@olﬂé@ﬁn@ Wf@% cﬁgs a Meanwhile,
powderqof s §L0ald9|hgt be dB?Apci%@ shedy Phecased otiet b9&neﬂe@b formed

r eat ment neans acuum f ur nac
bcal Cany pear e 19 dHebRT A Rla i R BideRel B¥a¥ rorming
dinsickarhe i s generated in an electrically insulating

I qui dgbpggyg%nqﬂ EQPSlHé’Cy&Qﬁr B?Q&ﬁ d\{EQQV\éB lc%nsgétuted that

i nst ea y conpressing, the electrod
9015@rm¢r%th@y SFEErgrPerptiies ometirnefal 13 ¥ oroRore and
PBLdbﬂg)Lest%pr MehRWHLDY, e Stedradd éﬁrﬂweflrﬁﬂﬂeprotectlve
i.ne rotor so const it ut
Choer B0t SEng PR Vo Ot BEeRUE eRd Lo ba SE aoBRBRaSToze,
Hﬁmeraﬁ@rmﬁﬁﬁéﬁhe fesst wearmbiies doeé iogyved age sofr falge side of
gsgl%‘et FE't¥@t19QaE59911§é £§ PLeberablyed0Yo 0 L &eening

%or less. Furthernore, after formng the first
ﬁFSﬁé@FP@e coating 65, a surface side of 20 the first
pr ot ectii¥ehEpabiag a8SshSpiaFEsses (N bhdtHiey pRED) p@n aluminum

%1gE§rJ7tL)ang%%%g%%rdtr%csc&gge?c\:’\énaé%g':hgvz.g (3§)id§E90n is formed
pnotleetwhﬁdm@ét thg headedaseisdati tre ibd afdsr feslo & toheover the
MQE% photBerblade faces &F. t harkhade ¥n80a@smiPuRO¥Siting 71
:.s, as shown in Fig. 9(b), formed by an aluminizing treatment by
usingaheat treatment furnace 73 after forming the first protective
coating 65.

Meanwhile, instead of forming the aluminum coating 71 by
means of the aluminizing treatment, a chromium coating as a second
protective coating having oxidation resistance may be formed by
means of a chormizing treatment or the second protective coating
having oxidation resistance maybe formed by CVD or PVD. Moreover,
there may be a case where the heat treatment furnace 73 is not
used for the aluminizing treatment.

Next, operations of the third embodiment will be described.

First, because the first protective coating 65 is formed
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25 first protective coating 65. Further, the al um num
coating 71 is, as shown in Fig. 9 (b) , forned by an

alum nizing treatnment by wusing a heat treatnent

furnace 73 after formng the first protective coating

65. Meanwhile, instead of formng the al um num coati ng

71 by 30 neans of the alumnizing treatnent, a
chrom um coating as a second pFotective coating

havi ng oxi dation resistance may be forned by neans of

o hidreri enenp ¢t reefattiente locttrhie sEcoidrgect ectriavge of the first

%&ﬂé&lﬁ\éo@%ﬁ)@' 9%912 Heesl'l%lac%‘aew%}@ﬁ %ée'r'ig&%y where the

D. Mboreover ere case
RO TG HERRE PP Ao TSR T PR S5 BEBRCPBRTERE 20companying

athen fozinagibheadMenhe NeXtst opebabbemseofcddmmdm 68 and the
engos dl nem WlnltI agc:eorrgeasr(l:rjl. beghe Flrlrna o] Se tc:oncl rotective
Fer proaiecet Ive CO&R r?@ orrrea E'? Ip
ofoatiaie| etaare béi y@lﬁ@teg@walwa@g!et@fedt he f| rst

pr ot ectue <4t 'f%r6§h§agafﬂ§ Legsded ighidyd pra%‘%gg between
\FAQ re the electric di scharge |Is enerated an

FLEE hRROBCEONPARATIGY € hECFBRRE ohe GReFRY ‘P Fag electric
pliotEctingee atdathBgo £5e angt d i 5 gfoshet reabpenlade main body 63

Coa% Ny %%%%Q%nf QB%EI%OQO%;}OEQ%:L ﬁc%r Q:ta%%ts' éﬁ?d hence the

can be respectivery om eover,
tHe sfapr otegsdve goBsandafy padttip teaseamtatialf ofsthe rotor

D:fl@cfé:trda\ﬁ.% Qﬁ@iﬁﬂ (6] @énf @@WQQM1yheo§B$ﬁga of :he t

electri_gc scnarge a se nmater| ot or

bl ade &l &?’6683? 83 ]i%°ﬁ‘é§e t%? R ERPE S ﬂfvﬁ?%r&&“ protective
corgiusid iereFabrongradeshamnthdenoé thime flﬁ:lstsprotectlve coating

C,

f%%’%? SO S e T8y RRMa D RBARe AN cabsbAy collision
Fifr €HEF novand pegaise f:ﬁé %@@ﬁé@él@ﬂtﬂ-ﬁewm%qssed Moreover,
Peiatld vee coakirAgel 516000 OF L ADE q:arcﬂ:étﬁ:l'ldﬂﬁﬁfoa(tfln‘ghES is 95%

fII‘S rotec ve coatin sufficien

el iR thERag Do aPing B dar tey thse it ofifference in
dimanssa:md aadssdclpyxanebépsafél cisgmedspesuppetesen. the first
MU RQ&Iive PEGRYSE bHC2RQVEREUSa A N Hid1Slof the rotor blade

protective coating 65 is 95%_ or less, a _thernal

Sapdndosy §Bf F"B?@nEEeaﬁﬂs at iR e‘?ﬂ‘,’éu}en 3 é¥pdAsPBRTation can
calsad dedr eel praeakxskhesses between the first 20

pr ot eCHo\fe o%%%t Ilg]eq 61?532:%& he ?ase rra erl al hgffltrhs otective
rotor de" “ivhi 1° b wﬁ%ﬁ the % gas S Par b hd &ngi he .
Fdagiing dpperia |mpce%msect>ema¢1h oWeel pecsbng breapnent, residual
Wﬁ{@)‘i‘\ét%rsaogegﬁk'@@st&?n ¥ hacenst ey shheakbkr$ide of the first
rotective

F%)rotectlve ccating 65.

In accordance with the third embodiment as described above,
because the range of the first protective coating €5 canbe limited
within the range where the electric discharge is generated and
thepretreatment accompanying the formaticnof the firstprotective
coating 65 and the post-treatment accompanying the formation of
the first protective coating 65 can be respectively omitted, the
production time required to the production of the turbine rotor
plade 61 can be shortened and the productivity of the turbine rotor
blade 61 can be easily improved.

Moreover, because the first protective coating €5 and the

basematerial of the rotorblademainbody 63 canbe firmliycombined,
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coating 65 is processed wth the peening treatnent,

residual 25 conpression stress can be given to the

surface side of the first protective coating 65. In
accordance with the third enbodi nent as descri bed

above, because the range of the first protective

coating 65 can be limted wthin the range where the

el ectric discharge is generatetgand 30 the

pretreatment acconpanying the formation of the first

et €dtrbY epr ot inge 65aaﬁldgt @E dookds todad rEnt peel off from the
AacamaARKL g L B 0L TR AN Ofael B2 sh! £SLy PEOTEH hiBice quality

e resp ec |ve
mfoafdnﬁ it otinge re&qa| béadeo 6t“-héapr bauétabhlbq‘!etﬂ he

turbi n@‘uﬁ:@h@ﬁ:momead}?e @é—u§@ﬂ:ﬂlﬁ hahenkenedrafkk the st rote ctive
productl t.y of he, tur rotor % blage 61 can
‘e

5 B0TT\b SV Y S 5385 88e e WL EASYUPPTESe 1 wearing
pramtsea:t bye:c[idalts:mgl 65 gt it isendba:s@ slmiher thé tdferrsd expansion

cﬁtf%r Lkeln%%eaﬂa' {hg%_yff%q:e% gg 188@\.%& byg[rec1procal

first protective coating s to har
@ﬁﬁeﬁﬁﬁﬁl@ﬁéweﬁéséhﬁaﬁé#ﬁélPéPt?ﬁélW@t6@35P59e6ﬁaﬁﬁd the base

hrdy 43 1956 th@%‘cﬁ:dlul@iacﬁé/ ma@h B8y EUnRidIEL KRk tlBshe engine
because t he

be st d. . F
it Snbs SRR Skt FAg DBt HOTT & SOU6arRhG os Sapcture of the
iu&SWCpentbyteVeVQQemhmguﬁS\mmem sbppgesstmghivemEnygine 3 is in

st i %BEEEStQHIQI{?ﬁySﬂapM%ﬁﬂ%l G ihe o the life of

expansi on et ence an erence in
éﬁ&aﬁ§F§ﬁn€a5§§8rb91ﬁ€§|EFOE%P b%tP%%@%Ee%etmeen t he

f| rst pbeteekryebeoahsH0Ied ﬁdedth_L kaspromatien skreks can be

| ade_nmi_n bo 63 -wh S LW,
gflerz?.ggol‘bh%sur%a S’léjFadg%}ﬁegérgg al%le% eco%tlmgGS fatigue

@f(:tr@mgthf pacthue ef Jcﬁstt perotiictsveproaesnived gt b@gl@groved and

when tike %Qsther9h961389£8€o§ bBadd GPD@Eﬁ“bé”bIHHH§%
to rarely en and el ongation of the |ife of

t ur bi n@ePBWBE Bt adBS6PTESR e IHVEROLER. lix?br”é%ve]rlmltEd to the
becaudettibe pesitduakfepspeasscnadsthessd embodemeddS and can be

%g\éggrlggggg% “éé ?L%%os%xggh otthhatl:hg %L#fﬁp#’é?gggﬁ%xg based on the

I gue ren
@@a*ﬁlngslaia@@n tki@atrnﬁrctvettdew !—healclcﬁéd@ﬁcﬁhéflth the third

thbBARh Ot eanbbadgrééegaadbeoeéoggaﬁfgm pMeapuhht8zessed of a

t he resent I on IS not, I m
GETEPTEREiA 1T LONY o G BHERLPOIRRAITT BRBGH: Tt THfg-urbine

canoleblaBepfdperly nodified into such that a surface

t n the novel surface treatnent nethod
ﬁﬁgggggrg§§§§§%F the third enbodi nent can be

procesBedorgth gaPeddRens b lgr dtesdetrpfbefd hereinafter with
reference to Fig. 1, Fig. 3, Fig. 10, Fig. 1l(a), ¥Fig. 11{(b} and

Fig. 11l(c).

2s shown in Fig. 1, a turbine rotor blade 75 in accordance
with the fourth embodiment is, as similar to the turbine rotor
blade 1 in accordance with the first embodiment, one of turbine
components used in a gas turbine engine of a jet engine or such
and rotatable around the axizal center 3c of the gas turbine engine
3.

As shown in Fig. 10, the turbine rotor blade 74 is provided
with a rotor blade main body 77 as a component main body and the
rotor blade main body 77 is, as similar to the rotor blade main
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conmponent main body in a turbine conponent other than

the turbine rotor blade 61. 25 (FOURTH EVMBCDI MENT) A

fourth enbodi nent will be described hereinafter with

reference to Fig. 1, Fig. 3, Fig. 10, Fig. 11(a), Fig.

11(b) and Fig. 11(c). As shown in Fig. 1, a turbine

rotor blade 75 in accordance 30 with the fourth

enbodinent is, as simlar to the turbine rotor bl ade

1 in accordance with the first enbodi ment, one of

twsdyt Ben ﬂmmomsnms resed bimde Ypsotpbbete fapiladedf, &platform
t £ ch 0 atable arqund. the ax

1 SRR BCD B LPIE A0 BTGNS AR e plade 7
R {Ever) ast hep@mmmetq bteoprcbd;a@l%edmﬁ $her ordedoder mpin body

rpotor blade main body 77 as a conmponent nain body and

the raotor blade nmain bod 77 is, as simlar to

rotor BIEdStai d °PFt558y°5 3 PO Hb ctoll}tsﬁllﬁéltFSflc}?a‘b’r%QMdatlon
Ire<itposedantl odddAdenAssai p) ald descrOpea ldoeet,afbrmed at the

1t11 M?ég%‘ytl%’n @ftthe ber%jeogart 'ﬂ{]oeéeg%ﬁsadghg tlglendd portion

ves rt1on f ocesSed of the  rotor
rﬁaﬁ RhBdthadey l%piﬂgpﬁﬁérmtél ecHtl fRFeotraahpeet based on a novel

cwxa:tb ddelt F O Mavi REcA¥Bdal %@%bfd&%éh@ﬁﬁ&h@ﬂourth embodiment.
apr asi ness | Cri pe

T YR Toes IS o g onsHare ehaF Ihg An (g oxidation
tigs ievtd per ehdnheat- $mmﬁlﬂznhapkqpeq@woaesﬁomme@ @ the tip end
%rft%% M%terﬁ?ﬂd@aw 33 4 \é%ter@%rgbag%ltw@ﬂ@a&scharge

met hod 1 n accordance wt ourt I ment
NBY EC8FEEFFI BRFTSy, té‘%@ﬁé@sc%%én%&agt ifgf Tond@d\Bhgmploying an

aXicdatrioen 8neﬁcbﬁttalrec:ﬁaaedccfae@iw][ain@ﬂhdhglgem@wct ¥paSk machine
orriiLon o e

f t end nmeans .
o]T%r gﬁ%‘fqg i hEE%Léf'(n gl eetFiCHEETar ég e’i‘kﬁO% @nd generating
trarliss N gt ke Pasiec ddachayad Peityekor et by e@mmml@n afi the blade

e;l %ﬁﬁr ede §ﬂeé@fo&@%lb§%etﬁ@aii&191§@ diherekectichg 1nﬁulat10n

par k machi ne 15 shown in Fi g in accordance wt

éﬁb@&?ﬁeﬁ?se%ﬁﬂtﬁﬁﬁ%ﬂﬁF@ﬁﬁapoﬁthﬁ eteeirede dlserapgeeaction
ketbseanceheft | phendlpottbos aftele abl aim*rlésamhtt h@eposition,

&l | ti
SRS, el DL S SR B GR pace -
ya&Eiaps oFubdeagaerdly ofe t@lee@tlre@dt@matdelspalargar ri¥eanwhile,

Qs td@RoSict b@ﬂergglg?f’&&@ _/;Qlls'ilr}%’ Qfls\wa%%g 191nt§1€el§_$191d S of
eﬁgcél?:rétgﬁ &napi@ﬁé? mmigsch%rgtehrenagner generated in
a gas of electrical 1nsulatlon

Here, the electrode 81 is composed of a molded bedy molded
by compressing mixed powder of powder of an oxidation-resistant
and powder of a ceramic or the moided body processed with a heat
treatment by means of 2 vacuum furnace or such. Meanwhile, instead
of molding by compressing, the electrode 81 may be foermed by slurry
pouring, MIM (Metal Injection Molding), spray forming and such.

Moreover, the oxidation-resistant metal composing the
electrode Bl is the same as the oxidation-resistant metal composing
the electrode 31 in acceordance with the first embodiment.
Meanwhile, the tip end portion of the electrode 81 shows a shape
similar to a shape of the tip end portion of the blade 7.

As shown in Fig. 10, an intermediate coating 83 is formed
on & surface side of the base coating 79 by means of energy of
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i nstead of generating the pul sing discharge in the

liquid S of electrical insulation, a pulsing

di scharge may be generated in a gas of electrica

insulation. 25 Here, the electrode 81 is conposed of a

nol ded body nol ded by conpressing m xed powder of

powder of an oxidation-resistant and powder of a

ceram c or the nol ded body protessed with a heat

treatment by neans of a vacuum furnace or such

Ntreenehé € b1 i ¢ Wdtsehd rgefambibeng termeohimtesseaging A8 is composead

&lsegt &919}9 §J!~tén'i‘IYatté@fJ.§qr %Hs?¥t§harﬁﬂlr§‘prlpﬂp§'fngt MMt any one

(Met al ectl on. Mol , Spra ormn
I%%b@é‘r“ 'E“H%lbk'iﬁéiﬁfll’o%c é§9§?9¥? %?é:toaﬁl%bﬁﬁﬁépﬁgﬂt%‘éilty when

elrectgaedeu@bing thgisamesasnt bpeoxtdahi on-resistant
met al o] 03|ngtetpe electrode .31 in aqgordance m%ghls formed

the first TES pe AT e 11 ehd
ofy ehplelvéotr ates Bictuhies 8@ §hap‘eh@51rs‘¢eﬂm@1rlatt@ gcating shown

S;Jﬁa@‘igo‘c 1@*@6 tdRq ek Qeqretdt‘?c‘lcog?yﬂﬁ }R(laéﬁifng 1 PSRRI n Fig. 3

i.n Fi an internmedi ate coa 83 is forme on a

day psLer P&éeoFlFﬂee%%%%l%%‘é’i? @%@Wrﬁ%&ﬁg BRlanapgylectric
@flsmatrlge eteweeh il Bebargmtaindy VBeandt@rereteatecde 85 in the

1'319 Ssg’f ' él&ﬁ%[ocsaeldfln%ﬁj 1%1:&8?}398 ' ’El‘?a{matner 'l%ls:&rodg material

COI’] I St ng prinmari ["eas any one
IS dheehrode éﬁ@ﬁg?eﬁ%@@tim éussgénﬁamfrt@efqrm%mqﬂe material

U&Q‘ile@h@?ﬁa&eéé‘%:ﬁ&ﬂﬁq e'&ﬁ.‘f"f‘glsh.t%n' Qn@?@f&ﬁ%ﬁ%&hng’s o|nnthe surface
cancre s e iate co i

B SE GITEoRR Tttt ag B5 TRers R (1R SRABEY LS the electric
doathaggshoWMeamwhfi@,1ﬂiﬁbadaﬁ@embeaahagmmapumﬁwwgdlscharge
'I%CIQIHQQLJ. lﬁﬁg%lf Lhebk9ic31 4 @f&ﬂcﬁé”%%ﬂ\ié g discharge may

mbodi ment s .and generat [ ng. pul s ng. el ectric,  di schar ge
l?@t wesfrefedbasedcoadi A§ FHCERE t¢he Vet 85 in

the 10ukirgyi €hs dfe R)reier Baais idsicld DB FSP ridlaled®Body molded
glectrode mat er e el ectr.qde 8 reacti o

(e TR M arects bE Tablis e nebpfial o5ofst m¥laed poay
teposssednyithfé Usiaon taed/toentebdi ngany athe sactmwefurnace or

shds. OfMé&@w}@Pf@ 98@’:&38 O%%Wdl%ﬂ? Bhpt-R8 s_eLHSr BhePdiectrode

the electric disch arge. Mea |ns eadof
gerfe abPenP IR Bul %]r‘-hrg‘-‘iﬂp%ﬁé%e bﬁf@’i (Metdd InigGtdos ¥plding),
ebeeyrfica@lingnmid &i¢on, My rizbhviriG ﬂiﬁéﬂdbg@tﬁmn offithe electrode

ng 925 0 Iectrlcal t.he
IREisige BPRinitalator Hie o B TR gorgy O of the
beapeedsi ng powder of the conp03|te material or the
ol dedpoRGdie oBREEEIRN Yhibedg Reaind rARINRRHDYS MBANSI ectrode

a _vacuu urn Qe or  20_such. Meanwhil e, instead of
ﬁg|c(ﬂrrp§>5§§{n%% %QWY Qﬁélaaé%q:k.%%bodymolded y compressing
a powder of Si, or the molded body processed with a heat treatment
by means of a vacuum furnace or such may be used. &and, in this
case, apulsing electricdischarge is generated in an electrically
insulating liguid including alkane hydrocarbons. Meanwhile,
instead of molding by compressing, the electrode 87 may be formed
by slurry pouring, MIM (Metal Injection Molding), spray forming
and such.

As shown in Fig. 10, a hard protective coating 8% having
abrasiveness is formed on the surface side of the intermediate
coating 83 by means of energy of the electric discharge and the

protective coating 89 is composed of an oxide series ceramic, c¢BN,
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53 may be forned by slurry pouring, MM (Metal

I njection Molding) , spray formng and such.

Moreover, a tip end portion of the electrode 85 shows

a shape simlar to a shape of the tip end portion of

the blade 7. 25 On the other hand, instead of the

el ectrode 85, an electrode 87 conposed of a solid

body of Si, a nolded body nol ded by conpressing a

powder of Si, or the nolded body processed with a heat

tar E@kl’fﬁlﬂé ofoyharﬁamj@fseamawmﬁw nadetlor czudhtiay-besistant

in_this as u n

e e e S

. ncI ud|IrmgcahhaEEEhyﬁrmartﬁmw@rOW@&ﬁMﬁl @oatmgt%%dh%fformed by

aﬁ%&%‘%‘d@giﬂ the @ﬁ@%&b@@%t@%e%iﬁﬁlgf erbRA in Fig.
Sl Urr Ourl '\% %%gtl on g a
S%f(aﬁ/) ?% aghy rPI‘ifile 136193 3|",]JaIP gccordance

Wlﬂi}ee:ﬁ‘le\/%m@@&hmﬁgtggahavgmgersﬁlr@r];aﬂisaemegé.elce;rlc discharge
boerttr{reedeno%?teh§n§g lfng&f?.'§é d@oﬂlﬁ&{'%? %Sf gﬁg'@i@ctrode 81 in the

i spHat @eoﬁn@l@%’@rl%bﬂé@tﬂl\iﬂél@@aﬁpn@h@@ 4% eé&%&%& material

of £ 8e @XbHEr88E 08 CLFAREE I 0f BNps2inde @il €16ttt material
oxi de series cerapn ¢ and,t oxi dat i 9n resigtf’{\

A5t 4 TnfIRPEP £ 097 e BN TP 196 265 G5 TorT 124 % S Surrace
nsaitdaé of nthendnéeemedinte tdvetpngt &3 védeﬁ}mhllﬂgaf%lm%tead of

formed by, etml ?%'lggﬁgnd?.é@ﬁ&fggelgjtﬁ@rlltcﬂﬁd S of electrical

ot ectlv coat %g
el et g tel gpark wewrirge HHFRAE TR RE I?%rated “in a gas of

afxéutfiﬂ@niéﬂ_ \Mrish;ltalmo%rrbodl ments and generating pul si ng
el ectri di schar et ein e
55" and G of BBt TR G5 Rk R © rgxéqu%%?%'fa%em&&% By molded

|bnsuloapn:enssngtﬁmdd@mél‘@m ceddenagei ¢alcerginichepowder of cBN,

el ech{ode 91,QheR I B&cCt 'tﬂ% suhistancesfiddhe @degii®deand the
material 10 carries out deposition, djffusion and/

VRS At G e SSAPadRe t Al def of THStht RPWETH af By and tne
Cdzlaitclia&gxcﬁfrrelhﬁm\&mltl zeetansﬁ:etade nbldge eyt pnocd sweed with a heat
pu3|n I scharge | 0 | tri

U 9 B8 £ AP b SR gt naceac
gabmofdintdut ¢©m9¥8$ﬁma¢h@rﬁlelcﬁiﬂ-¢é’ﬁe9 ¢ g dorpeddy slurry

Pou St EPMPESEdMEE 2 8 110] dod hods 1mehged spyagomfm&ﬁg R@d such.

powder of the oxjde serjes cerani cB
T xed BORSTedh He SRt EELP B S COMRAS LR T Slectrode
0xi dag ) obar eRestfantthekabooimanti xgd tpoadetabfle¢Bdlandrconia,

t}l{‘&e‘%ﬂ} d%‘h'yo %L 851 SN mRLak 1l 5P§emrf@{jytﬂ‘egia stabilized
R

processed wrt
zirconiamaybe used Meanwhile, atipendportionof theelectrode

91 shows a shape similar to a shape of the tip end portion of the
blade 7.

As shown in Fig. 10, an aluminum coating 93 as a second
protective coating is formed on the blade faces of the blade 7
and the flow pathway face 9f of the platform 9 by means of an
aluminizingtreatment. Meanwhile, insteadof formingthe aluminum
coating 93 bymeans of the aluminizing treatment, a chromiumcoating
as the second protective ccating having oxidation resistance may
be formed by means of a chromizing treatment.

Next, operations of the fourth embodiment will be described.

First, because the base coating 79, the intermediate coating
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20 treatnent by neans of a vacuum furnace or such

Meanwhi | e, instead of nolding by conpressing, the

el ectrode 91 may be forned by slurry pouring, MM

(Metal Injection Mlding), spray form ng and such.

Mor eover, the oxide series ceram c conmposing the

electrode 91 is, in the fourth enbodi nent,

yttria-stabilized zirconia, 25z2however, any oxide

series ceramcs other then yttria-stabilized zirconia

By anel tise g rdvanikid EOaalﬁ@w%B?epmﬁmﬁlbgfmédﬁsf of the energy
e h shape_ sim| ar a shape of th

J)FC’JI{ %ﬁgrct%%l% gmgf:ﬁ%rg%fp fts%%\%mpf% e_ﬁ:%lvel&oatlng 89
a%alalbﬁnlﬁ@mt@dawhglgstla% @I@cmre:%@hprelectrue discharge is

St d N d$ ahner %Qc@%ﬁ@%r@ﬁ@%t&é&%sa@fa:?%l%%rin?iﬁtgech formation

he fl ow athma face 9f of
gr? Praﬁec FURiSHehiRg B7F thERe. P?@anwne%eeee&panymg
ofhd ofarmeg: itdre ol uhienproteoat rage83t byg nEansofod kespectively
alimniging treatment, a chromumcoating as the
second protective coatlng havi ng oxi dation resistance
may 3%10 Pervermedobytheatpnofrea seir o/ 2PagdereaaminVl between

Nﬂ')@ ,ba@fée&@thﬁQ 2] dﬂ?ﬁtﬁ@uféhoﬁmmtln%b&ybf?, a boundary
the base coatjn

R VPt atied T35 RS hAGe Rar ek ¢ Po6 temihass coating
8P amel ﬁobcredd@yyrmams o beliecenethy pobtédiei vt ectatii;g 89 and

dihcé:tﬂﬁfg?meéléﬁ @3 Qre%%)%%tt'l\&%lg/%ﬁ\;@%t%gctgﬁgs in which

be limted
i YRR Ins r@Eh%? &tr@dieaﬁadﬁ@w the Rradivirefpating 89 can

a:miﬁfmﬁﬁﬂ]ﬁl agm hreed orifat o8 Ha sef mhh@r@ﬁ@tcﬁ.ﬁﬁﬁ‘.b}ée}:@@@i MGde main
9 t Rgst s Lreatne a np t he on
S T B SH oo AP B T b PSRt TTv e comting 83,

om t t eduribesoese, b©¢amh@1§an@cwea§ohasa boaindeg 9 is formed

Rat tend thet %@npoigﬁof;)%? 1919@%1%:3797 arﬂﬂ( %@La&gttgﬁn ﬁf stress
blade naln %aé%ﬁF' boundary . 10 part bet ween t

%’?%Ct%%l%fa%%e%%%??ﬁ@e?g tﬁlﬁdr%?:or blade
Mﬁbﬂypaﬁtaﬁ@ et ween tche ver ebeet hyesgaatdmgnd9gandrurbine

te|?1 {! rétﬂg% &\g’\% J%ﬁ ngcggr%gggga I VeI eg?%ﬁ% sgﬁg as fracture

structures In ositl ons ra
HéngBet o Rt ist |c\¢>etee§t ﬁﬁgzssgb@aﬁuppeessem%nd further, even

theeaewet:la éB@uPﬁé@ @E@ﬁég@&{tl‘gn tdre dhet Q%f@l:%dgo the blade

#g g 77 via ase coating 79 and
|nt€P diP&t rEBSPFﬁ 83 Fur t her nor e, because the
por OUSMbaSeVeDatdmI@OPGrﬁﬁﬂ.ﬁﬁd)f ahetdws tupbend engine 3, the

R .oglﬂt Pz%]er mam%os?% @}l.l@)i%g %Eler ela%g%?é}stlne% 83 changes

gen rate expansi nce
tRé&or Sibe }Magépég fluidity, $i0z, in other words a part of the

intermediate coating 83, intrudes into pores of the surface side
of the base coating 79 so that air permeability of the surface
side of the base coating 79 comes to be almost lost. Meanwhile,
in a case where fracture occurs to the base cecating 79, a part
of the intermediate coating 83 intrudes into the pores and the
fracture.

Furthermore, because thermal conductivity of the pcrous base
coating 79 is low and the intermediate coating 83 is formed at
the surface side of the base coating 79, heat-shielding property
of the turbine rotor blade 75 can be increased.

In accordance with the fourth embodiment as described above,
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mai n body 77 and the protective coating 89 when the

gas turbine 20 engine 3 is in operation, occurrence of

any defects such as fracture in the protective

coating 89 can be suppressed and further, even if the

defect occurred, propagation of the defect to the

bl ade 7 could be prevented. Myreover, during

operation of the gas turbine epgine 3, the 25

conposite material conposing the internedi ate coating

83 changere tarige &F G echavbigetd we dbhy;nﬁiiEIEQanﬁmlmﬂmEfe limited

Jtid@n lpaq{gtef %&'&eth %%H‘Bgiét&é’é{%ﬂa{f%@ Cgoax{letxfa‘{%% and the

ores ace siIde
s@eram&ntpéﬁﬁ@rabawwg ohet fermafforef tshed@rgf-e@heve coating

@@eaﬁ@atth@g pé%t%mttn@nlae aﬁ:'d'&ﬁian'y@_%b dYeanmbid£:1 39 of the

ere Ct ure _occurs to ase atin
S R L Y Haf e B Dur e e 8 S R i€ production
|1n:tm)e me;_upmeelst@rtdld heocdticatbures tRartivds v eotbecaligge 75 can

tk?@@"f&ld:t%‘?:%%%tivtﬁé( ;S‘Eocidl?tl%rtg}‘gafb@ﬁs t&P@{dﬁé‘ng blade 75

| ow the 1 nternediate coatin is forne
t PR R feeel 1§ d@rgPviee base coating 79,

heat - shicledivag,, pb@l@@ﬁts)é tBé pf@t&@fﬁ@a:daﬂj@fg lHaded/%he base
can_be |ncr cordance \w

he_f th .
R P o ERE dondh BT FR58 A H e B ‘thrmdy gprbined,
ttee prottecttiive coatimy B camgsstichard ¥ peetfledf ftraméhe base
rmMee% the £Jest Eigdg'rf?‘é‘lh?'bgﬁy' ?7 Qﬁﬂfh@h%@ ?xﬂéejlity of the

pretreatnent acconmpanyi ng the formation
;ﬁ%ﬁ § vetFatilige 89 s”a Pﬁesﬁégﬂl%F%ﬁtnent
acconmpanyithg rinoe ef, og Bt h @ ropefr ati@nSo pridtceghisvVeu tiohte Rigine 3,

b | h .
DR SETE AR RIL' L6, 0 BUOTHE 4 head} e or cne
?&&%@oattenghaﬁtmOﬁaamcpetm@a@rlddwt Py tlye ofunfrece side of the

tHE BRakoher79lafdRs’30 K@k RAsELY, Iaspf@a/@ﬁon reSlstance of

ove because t ective coatlng.89
L PRl ndy EPFaF Bradha s Gt DB SRSEHISH Ashyerr e gRality of
knhé|Uuﬂb¢n@ombmm&dblaﬁbe7ﬁrohacbevEmpnave@g 89 cones

to har gloy pash oOf L LLr QI 1s, base,o/Ler 1Al Bl ignited to the

rotor blade maih 566 d Rence ‘qual i
tdf e verorfbkhgea %r%@ﬁn%éo%e@bﬁquriéu errmdtlﬁ@rnﬁoﬁéd can be

de&l@pﬁééifﬂgdqfnﬂd@ugﬁstﬁéﬂ i Hier enad ﬁ%e@tmei‘aﬁ based on the
PReARA L Sl et (e pores oLt SIS ouses
telmb cslimfeace caind®eoprikbessbdséocceaponyi@® tonks poobessed of a
%Jfﬂf:%%eln‘%sﬂlaiﬁ)go@ E.ﬁna [t%%ﬁ'h@n&ﬁnﬁénent other than the turbine
roter blade 75,

(MODIFIED EXAMPLE)

Amodified example of the fourth embodiment will be described
hereinafter with reference to 12A and 12B.

More specifically, as showninFig. 12 (b), instead of forming
the intermediate coating 83 at the surface side of the base coating
79, the pores 8%h of the protective coating 89 may be closed by
anamorphousmaterial 87 o0f glassy Si0:;. Inthiscase, after forming
the protective coating 89, the pores 8%h of the protective ccating
89 are closed by filling the pores 8%h of the protective coating
89 with powder 99 of Si0; or MoSi,; and heating the tip end portion
of the blade 7 so that the powder 89 is changed into the amorphous
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the turbine rotor blade 75 can be inproved and hence

gquality of the turbine rotor blade 75 can be

i mproved. 20 Meanwhile, the present invention is not

limted to the description of the aforenentioned

fourth enbodi mrent and can be properly nodified into

such that a surface treatnent based on the novel

surface treatnent nethod in aceardance with the fourth

enbodi ment can be processed to a portion to be

pnatessed ©f. aM2anehipenetie Eﬁﬁiuﬂieﬁody én éaelaotéum?g%eiz are mixed
c n r,than the turbine rotor ade
%EE§F$E%FE§A %&ﬁ%ﬁklé% exanpl e of the fourth
enbodlmﬁﬁnwﬁllebendéshme@eﬂl@ﬁexempééﬁeitMmﬁhurthembodiment
r€ﬁ§r§£ﬁ@ 6§éﬁé¥iéﬁgiéHHBth%Osyﬁéee§E@EtE'&QJéﬂb &erations and

(b) i nstead of form ng
m?%rﬁﬁg‘f—%‘i% %%atil’r%gf%—sr%n %W%ere aehaeveﬁe |
b&BEFTHARNBELIMENT X he pores 89h of the prot ectlve

coati NGy, Sgéﬁ% %ﬁb%' gﬁ%ﬂt%ﬂgf er&ghgf'fbé@tﬁ 8indfter witn

| ass I'S case ormn
p¥% IF% “o4atiigng 189Flﬂhe3pd?m g8h &Rt hé‘l prk"ﬁ%cthfv(@ Fig.

Cﬁ@tbﬁ,g Bty 89 &fH drksat Py 1fd ( Itk]J ji.ng the por]es 89h of
the praqtective coa po er Si Q2 or
MbSi 2 }hsd %@ erggt |1pa8\#d%bgrt otf‘“f Iy blade: 39
sbnahabrdhncp@mdeﬁjﬁgflﬁtmhmhgédmentdskhﬂa@ﬂnuphmnscbﬁponents

ptt ol S, NSRRI IARNY 021 9L SHCE, B M0 8o 0
tdred Hﬁcﬁqqaé@k@@%@@n@ﬁntW#%G?ﬁheém fBAtgas thebine engine

SanEr operatiaonsaned i e 3o eff esks sasahhengpgeal bons
and 5 the effect he fourth_enbodi nen

achi evét, SPEFETH! I@&Dﬁﬁ/ﬂ@ﬁ KY¥PrPR %%%]atbr}@r?te W 14s provided

bel descrpbed herds mafimebodyt103 pef @remmpertantFinginlhody and the
Fﬁcgtm?’blgﬁg malleh bEHg 10134ls,',:'a% S}Iﬁi r i Qhe t]égmle e rotor blade

Fig. 16(a) and Fig own in Fig.
Fr gt BFCCE dencsi HétPoF P EPEEIE e@oew%@rwe\ﬂ ©f a rotor
thieadfd f1,h cephedingeat o anane @bvebsbl NEL coMReR®MiSe, a portion

g ne 3 or a_steam
englch%%lj;f% andi‘g%&%ga bt 27gdarou AR &kt &l s Cie agrl ?@ of the
dtladee’ gad & Ot ov pe témgyrie c39 b famenx] at f ggnPererofe as portions
J:Qiqoéafpxtd*&s%teeamfeweneo%% blgdésmﬂ.‘ﬁv‘ﬂo&g Fby. 14

the turbine rotor bla I S provi a rot

bl ade. T B60yS 63748 8 LB RNt et 9 B389 Endorie pressure
sidewall 7b of the blade 7 and the flow pathway face 2f of the
platform 9 are processed with a surface treatment sc as to ensure
erosicn resistance based on a novel surface treatment method in
accordance with the fifth embodiment. 1In other words, coatings
of novel constitution are formed on the portion ranging from the
leading edge 7a to the pressure sidewall 7b of the blade 7 and
the flow pathway face 9f of the platform 8.

More specifically, hard protective coatings 105 are formed
at the portion ranging from the leading edge 7a to the pressure
sidewall 7b of the blade 7 and the flow pathway face 9f of the
platform 9 by means of energy of an electric discharge.

In concrete terms, majcor parts of the protective coatings
105 are formed by employing an electrode 107 shown in Fig. 15 (a)
and Fig. 15(b) and the electric spark machine 15 shown in Fig.
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rotor blade main body 103 is, as simlar to the

turbine rotor blade 1 in accordance with the first

enbodi ment, conposed of a rotor blade 7, a platform9

and a dovetail 11. Meanwhile, a portion 20 ranging

froma leading edge 7a to a pressure sidewall 7b of

the blade 7 and a fl owpathway face 9f of the platform

9 serve as portions to be progessed of the rotor

bl ade mai n body 103. The portion ranging fromthe

| éadiamlg:oed@@céaﬂﬂtm thecepbediuset s Shdgmlelraibngfpuﬂls&ng electric

b{iﬁg%rrrﬁégg ﬂélc%ef O\e’hgg}gg%%/%ﬁﬂca%ﬁjfnaggffrto%e eadlng edge 7a

are process e trea
a%Otfdiee@serseuéueosr@ﬁwabls@ Sfcshpakkadon annior/be electrode 107

Sadl mdg@a&mnpr@egrh@@ die %@Cehéaﬁﬁ@? \gaattwa@eftabtet Bf of the
(0] nove

t
ORI T i S i & "PoPhEa tontenoo pore: Tt b T qrisie material
tde thealag-eoie IV tar taherqaarcess:ur suistemald ofb tofe electrode

trﬁ‘&@fﬁﬁﬁ cgr%'lgs 30 to{e ‘%‘&’oﬂat H%i’u;?&? a%df?)f &gfdlng on the

platform9. More_ specl |ca rot ect
R & s T 209 1agel F Ot (rBE 1%@@%@ 9{5’@@[ 78 ahgr wrrw sidewall
the dfeadrrengledee? Gand @hbhﬁr@f@&ﬁ@rsﬁrdes'o&‘e%U £¥bw Hathway face

t I d t
a?? t%% tspoﬁé“aggyo agﬁgc?%gh%¥n§ﬁggl C’el?e E!lectrlc discharge.
d\ﬂes%rrrstrﬂg]ee BEstertohgreerat engshemsjlor ngadischafrgehin the 1iquid

o3 %tfeglec!@rff@éi'ﬁ&%lajcq_%nar g ﬁ@fé% @i ﬁ@lrgﬁls%%) gnerated

el ectrode 107 shown in Fig.
tHe %1% 6% %ﬁﬁ%ﬁ?lﬁ&&hﬂﬁéuiétsﬁawn |n Flg 25 3 in
accor danoe harroriehec learbeslb tRDL § pwﬁsgeﬂehetpﬁ@tm&ﬁ@goatlngs

e]h e Cfogﬁé%r@ %%%l%%&mﬁegn &6, for oté.eogg anﬁl n]g ¥y, 16(a)

Féadi e pressure Si
el Bligde 175 é?rid andetheeeieodeid 0Fpaindndmdtiveed 5t Isown in Fig.

B eSS W@ o e f wtlﬁ% fhew palimax nkac g ndf g@Bet_—leﬁg a pulsing
pl.at f.or.m 9 angﬁt e electrode 107 so that an el ectrode

RAGTEC CGF PRGIEI BRTT TS 07 SHF SO oRtEs O ST CaRBepathvay
dfactehef @Ifetme @de.tfniame.’r Bal tdar elestoodle dOPosd thaf,an electrode

didfisioan andier JRLANgOn e, POTLLONIANOL00L LERM or tre

t he Iea |ng e e pressure side
e BERge TRE e eaeslser e o8itdelegfostifid ol ovel pafiuanegn and/or

fdaeiily 9h ehet bechbiahforde %@ytrf@afl%hpfpattﬂ%a%n%ﬁgﬁ 9k of the

SURLTSEG PHeTBARE: o PSCRASGEY o L FE® |3 e i scharge.

el ectr Heale, ithsud st dtomdes UV shdg G sx:daahgeamyubeonstltutlons
genefat %‘iedt@o@e%% 9h EE%BEabﬁéle #«E?ﬁeéﬁéo gco nd embodiment.

Furthernore, the remaining part pro BeEI Ve
Y6a0RdLe 18 1D5 %Nk POSAeR BY *eh@r%lﬁqa@r%ﬁe dibdcereye a shape
sG2ishewnoi & Fidgpe BF EAE portion ranging from the leading edge

7a to the pressure sidewall 7b of the blade 7 and a tip end portion
cf the electrode 109 shows a shape similar to a shape of the pressure
sidewall 7c of the blade 7.

Moreover, instead of the electrodes 107, 109, electrodes
111, 113 composed of molded bodies molded by compressing a solid
body of $i, a powder of Si, or the molded bodies processed with
a heat treatment by means of a vacuum furnace or such may be used.
And, in this case, a pulsing electric discharge is generated in
an electrically insulating liquid including alkane hydrocarbons.
Meanwhile, instead of molding by compressing, the electrodes 111,
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and Fig. 16(b) and the electric spark machi ne 15 shown

in Fig. 3 in accordance with the enbodi nents and

generating a pulsing electric discharge between the

suction side of the flow pathway face 9f of the

platform9 and the el ectrode 109 so that an el ectrode

20 material of the electrode 109 or a reaction

substance of the electrode material carries out

deposition, diffusion and/or welding on the suction

sixeEmaf, Heheo fhembpai ey faceidd, oMt heetqll avfeoctidn Myiding),
neans . o Itnple ener )éucfh the electric discharge. Here,

tHe el ectro and 109 are the sane in
constltFutrlté‘;@mdz@fagftthé EPeningdehsPiorericiordases ing 105, a
Wi hrd e s3ee0nd terf@?@'o%’&ttlve'\@@@m:ﬁelOSaJ.E';E’r@é@ssed with the

portlon of the electrode 107 shows a s af}é% sim,(lar

PEHHEFE S PrEehErt i Oh TEHISHS regRst R (ﬁq,?du&gggreatment
/@ shottheent egsies tsicthvating shoft ahe abl aser Jpesrdirey treatment

tdspiqed;dia[’s%@ i f tﬁfgl qctrode 109 shows a shape

sim rto shapé o pressure 30 sidewall 7c of
t he bl gtz OWB?@@:V@FS olfn*slt%ééféh ¢Hec iR désd brodescribed.

109, S@E_Gﬁsrtqdl@écadéélthéQIW%%gc@é%mgé ded D@@'b%ﬁled by means
conpr.essi ng a_sol ody of _Si

§* BF M RoProTnaarestir Gin A 24pdh e S pRorective

toeedtimentl 4y caranse of imil vad ueithin naceange subdremyhbeelectric

l&%hé"i’%ﬂg éﬁbfﬂéd%ﬂﬁehe@c&olél EQQrS%Fﬁéﬁf%ccompanylng the

di scharge 1s generate In aneetrlca I nsulatin

I5fmad-49tc] Gdi nghal IRARE 9RfdrGcaFBBR3NY W@ﬁ]m | BOSt- Preacment

ldtsdcﬁ@chrqflnﬂgolﬂmgf@ym@@mﬁ essi Rge Hheteleaeodemtitly can be
es ctl forn%d by slurry pouring, MM (Metal

I N éjcetl on §FHEFS spray forning and such.

Furt herb’.imre@veaf,t éprf ohei fngme hiee gr@t.ect iboainceatyi pgri0B, between

%hé%&fo%%%tgkrgecegtiﬂﬁ m@tf%(itrde\ﬁeb?oéﬁé%éﬂﬂ/ ic¥ the electric
processed W|th eening._tre concrete

G19G RE p’é}é‘ﬁﬁ?g*’c F‘ééﬁﬁéﬁﬁ- of %Foﬁéé&? @de main body 103
trasa b et u ctSing ishehiand aomﬁseitpeﬁmmd geatigerdnd hence the

U5 AR AR R R gty SPELPLLTS: Ol Bocor e
tee np Atcre tli0de cepabeng 1 105vi Somblné@l by means 10 of

the enefg@yneirnbbe, eb@@ﬁﬁ‘s@ gh§cgaf"§ceasﬂaé‘9§fof:héhﬁrotectlve
protect i ve coati

can be || ed wi thi
Wirete he 081 et ﬁr%ce&.sgéhéfrlgs tgeg@ﬁspépedtaﬁat%ﬂ?e pesidual
froetpreatsiient s taccanany e ad vehe o flof sat feoe ef delef the protective

O%tt?%tlgl \i%5coat| ng and a post-treatnent acconpanying
t tion of the protective coating can be
In accordance with the fifth embodiment as described above,

because the range of the protective coating 105 can be limited
within the range where the electric discharge is generated and
the pretreatment accompanying the formation of the protective
coating 105 and the post-treatment accompanying the formation of
the protective copating 105 can be respectively omitted, the
preduction time required to the production of the turbine rotor
blade 99 can be shortened and the productivity of the turbine rotor

blade %8 can ke easily improved.

Moreover, because the protective coating 105 and the base
material of the rotor blade main body 103 can be firmly combined,
the protective coating 105 comes to hardly peel off from the tip
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15 respectively omtted. Mreover, for the sane

reason, a boundary part B between the protective

coating 105 formed by the energy of the electric

di scharge and the base material of the rotor blade

mai n body 103 has a structure in which a conposition

rati o grades and hence the 20 protective coating 105

and the base material of the rtor blade main body

103 can be firmy conbined. Furthernore, because the
darskacetsriel off tthe poobechliade nedat bndyl053 iand hence quality

RrOGRSSEd Wb LOSoReRILA bheaLimL stgsi il

npr essi on stres
the pr SREERRVBCOI2E RORAVHRY 111065 rqsiBEco COEREESHILOR FhRESSS can

fblefcﬁf\v@rmt@dir{'@gbfﬁgttcg%i@fel @tﬁ@h@t;%@tecwb d%&tﬂtﬁ@ 105, fatigue
rotective. coa n be. lini

Rt E R ek e TR %crag%trfqgoéasceﬁla@elwgrwed and the
geﬁeraﬁedhandurbheepretoeabha@é 82 coampavy | elgertdeeted.

format @0, 0f s §be prat g%ls\éﬁte’Qn%%ﬁtt'i% ]_‘1%561?%" J]tqit?ﬁted to the

pOSt treat nent acco nyil ng t he ormati on
pesceepitdancohting fiéshc%mb%lm%fp@@ﬁ gempoRirepegly modified
tiheo eu@ﬁutha@nat EQBfEEgULEEEthent hBape@dust tiIod ®bvéhesurface

rhine ade 99 ca be short ened he . ,
SR RENE O e ned PO S RiaG: SPPHRRES FHteh Sppodinent is
@é@pﬁysedpt@v@daoxsaqvmt@oberprtb@eam@ athe pgropevehtemaln body
99%'15‘%&9%&%&4}& k&%?fér ‘Eﬁﬁﬁr{:ﬁé ‘QLflrﬁﬂ?e Nty Bhade 99 or a

mai n boty 103 can be firmy conbined, protective
ES&FFRB OB PERESSFBARAra FS?mB%’éPan“FilPrk%ﬁﬁﬁi h% aged-adcomponent
basermaheni al bdhdé heorpdendl ade mai n body 103 and

gﬁgéﬁFggglhk ?é the turbine rotor blade 99 can be

i zed ernDre because t he resldual . .
conpr e%srimfgierde@%ara:alcﬁ Oﬁetlg? fefithendndigmanttagcel s bgedescribed

ﬁérbhﬁam@&eﬁitﬂerépélfé@@e 109, F{gat'g)ue 5 strength of
t he |ve coat,i ng_ 105 can be rove .and t

T e RS LIVl dd Srofof i8I AL 05 g e 0 F‘SnljSF%H blade 105
mhammbotean¢®emmﬂ9$ﬁetmbuyéMEdomxamplﬁnoﬂ ithiet Edftlo drteodiment

qgscﬁ'sptsllﬁ[lég% % tfhl ftt r%%%dlf&%tr ar!?Qbe 6Ilnte oft turbine

proper| iNto such that & sur ace tre
Eag@ﬁnaﬁtﬁ gEPd@ver Surhace s thicg peainesttothe team turbine

aﬁg@ﬁtsamleta\ﬁadtbbstmafﬁafﬂlgé erbadnnend al:@al%@ﬁ@éﬁeﬁ: ©@ the gas
ftron to rocesse 0 one
R P s PR et BRE i Ph, M G £RE Ve engine

99lor a portion to be processed of a conmponent nain
body ig,AedPLal LOURANEN L Fig. 17, the turbine rotor blade 115

is provided with a rotor blade main body 117 as a component main
body and the rotor blademain body 117 is, as similar to the turbkine
rotcr blade 37 in accordance with the modified example of the first
embodiment, composed of a blade 7, a platform 9, a dovetail 11
and further a éhroud 41. A portion ranging from a leading edge
Ta to a pressure sidewall 7b of the blade 7, a flow pathway face
9f of the platform 2 and a flow pathway face 41f of the shroud
41 serve as portions to be processed of the blade main body 117.

Further, hard high-hardness coatings 119 having erosion
resistance are formed on the portion ranging from the leading edge
7a to the pressure sidewall 7b of the blade 7, the flow pathway
face 9f of the platform 9 and the flow pathway face 41 of the shroud
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15

ot her than a bl ade conmponent. 15 (MODI FI ED EXAVMPLE) A
nodi fi ed exanple of the fifth enbodinent will be

described hereinafter with reference to Fig. 17. As

shown in Fig. 1 and Fig. 13, a turbine rotor blade 105

in accordance with the nodified exanple of the fifth
enbodinment 20 is, as simlar to the turbine rotor

bl ade 99, one of turbine conpopgnts enployed in the

gas turbine engine 3 or the steamturbine engine 101

and gdﬁercbbﬁttatﬁ ﬁo&éQUsﬂaﬂrfd’}ﬁe [&)ﬂe&hméﬁlﬁtfétl*&@d qfnf &Bﬁog@snce with
t ur bi pe.engi or the axial center of 10l1lc of the
s?%%n?%%%?n% ‘gEMHE% Mor eover, as shown in Fig. 17,

the tur¥ganwiridior 1p| tiuenodstisd gy fedf itehfafebtagbodiment,

bt ades imd rbﬁ&%‘ﬁ:l%@ %%datﬁ‘én'egﬂgnéff@bf‘s QQ%@%érrheca.ons and
rotor blade majin bog%§' as simlar to

t UrBi et e Tt it dibsue EER r?m!i’@éj&“k?é’ﬁcér\ﬁ taﬁhtlﬁéfed

nodi f i exks exearmlhbedf albdree f ithst meabﬁdoﬁﬂnis beerrp@@adrﬂied above
n

abgkg‘%%agﬂig t% géxfr%)feg}hgtrrg%eg%%f%r jule éijilm%%&% %é%&e the scope

tef a?l@ﬁlésswleu%@djemwe me@ﬁnﬁhfenmra@@ow lSancW dwmlted to these

pattv@ymdace 9f of the platform 9 and a fl ow pat hway

face 4 of the roud 41 ser as portjions to be . .

e ea dar vt  hPate AT iy apere ok P Ehgpt il cat ton No.

hz@momm fad:adiwugtsh the hawam P atreos Ofifi86 on June 11, 2003,

rﬁ%é %Bﬁ@%gtér%fré?% Q@att'%%t 6151'10 {iaci}?hggzb?é?ﬁfléé@oss filed

| eadin ressur
bf sefe tAe lJﬁé’afll Bwtﬁatt 1ce e Mo cbf 2¢hel PP &t figremapntents of

a]'libdrhé?sef P@Weﬁﬂtw daaserdio of2 doe -sigsosd ﬁﬁlélcl wlasethe Japan

h
OO, B Bl LRE, e OB LT PO SERSESAC, e paens
el @ tofort We .f E£0A3ebbddP el ed ks e @mmtﬁmt Office

ag dhe SyTE 2%f0f3€%}1§u§§ EQ@eoﬂgéﬁ‘téP@éd angd +1 tcfb%tents of the
effects of the fifth enbodi nent are achi eved.

d%%%??%ﬁxﬁﬁﬂ%iﬁ?tHﬂﬁethﬁ@ﬁ?F@ﬁcﬁas been descrlbed
above by reference to several preferable enbodi nents,
however, the scope of right included in the present
invention is not limted to these enbodinents. 10
Moreover, the contents of Japanese Patent Application
No. 20003-167068 filed with the Japan Patent O fice
on June 11, 2003, the contents of Japanese Patent
Appl i cation No.20004-088033 filed



10

15

20

25

30

35

with the Japan Patent O fice on March 24, 2004, the
contents of Japanese Patent Application No.

20004- 088031 filed with the Japan 15 Patent O fice on
March 24, 2004 and the contents of Japanese Patent
Application No. 20003-165403 filed wth the Japan
Patent O fice on June 10, 2003 shoul d have been cited
in the contents of the presenggapplication by
reference. 29 CLAIMS [1] A turbine conponent applied
to a gas turbine engine and crLarmsabl e around an axi a
center of the gas turbine engine, the 5 turbine
conponent characterized by conprising: a conponent
meiln bddyturdridisa qermcashity @ppdatidngchaviosg exirdaticogngine and

I &5t St ANCE ARhncaRhagkvenesshtdhe Prokeght Ve, 898td Mhgine, the
belgg formed on a portion to be procesSed of the

c tCHR I Pody"2EG WeerérA Pie SBRBESELTTE coating
i s forneddnpoenrgpitoyiaig aodyel eatlr ode conposed of a

mol ded - ?3.‘ oPBLaegd. f rc%@t% ?xﬁgvpﬁ)&\d%\r/\d.d%ft ?npoil\gse:[s@gnce and

an oxi on-resi st ant
AL Rl Vsl ahed E@Gypﬁpéééf:é@@ vxptlhl@gwé%anq ricamashcn a portion

afyl e efdd ik d @fplth‘él &gamgba@hrtl ﬁa@hsgbapge bet ween

t he poré}on totg E ed 15 of.the, co ?£31 _ .

body arfd e “el-8¢t o4 eF TR GPRLIPF cHY | Yatef“ﬁ’g}oylng an
le lpattragle gagpseethatl anmel éed ripokdy met sied|frafm heiixed powder
eéiegb'b%%r(yf @n 5§§.‘SEEQBnSHQ§E§QQEt g{et%liearf(‘:{ §%Bg?g§ of aceramic

material carries out deposition, usi on
v ahﬁgﬂqﬁrﬁ%@%ﬁrﬁm&@S@@db‘éltfb@olé%%ééae@ftm@ﬁér and generating
g:O@S}QQBQWg é@d&@tb@ﬂ)ﬂl@thﬁri@"egye@fzeéﬂ&rﬁ @@&Itllgn 28 be processed
| r 21 . The, turbj ne _conponent recited in clal .
BETAY 8nobnaks Eid MUY B RANENt oL Foad i 12, 8186 Thicanly
rﬁnsﬂlatin@nﬂ1@wedobrogaa Fiox édamaeer edkectobdewnaderial of the

norees 1fo e HN greadlétq)én%é\éaqg‘% Jf t%% e[l?éct?badetﬂépéf‘fal carries

conponent recited in claiml or claim
SERASIF@nrn Hfdusira é@FiéRFcWF%déﬁ9 BRetBf Bpriion to be
I peete sEEde bifalt heotofpon oh t Nmd £n odBYyy Ergrghi Nf the electric
gg% B2, W, SiC Si3M, Cr3C2, A1203, Zr02-Y,
CParid B4C. 30 [ 4] The turbine conponent recited
inany claimfromclaiml1l to claim3, characterized

eyt hatrhd SYFhace R nhtt PECPEOLEG] ¥8im 1, characterized in
that the oxidaticon-resistivemetal is anyone of or amixedmaterial

of two or more of a NiCr alloy and M-CrAlY.

[ 3] The turbine component recited in claim 1 or claim 2,
characterized in that the ceramic is any one of or amixed material
of two or more of ¢BN, TiC, TiN, TiAlN, TiB;, WC, SiC, SisN4, CrsC,,

"~ Al,03, ZrO,-Y, ZrC, VC and B.C.

[ 4] The turbine component recited in any claim from claim 1 to
claim 3, characterized in that a surface side of the protective
coating is processed with a peening treatment.

[ 5] A production method for production of a turbine component
of a gas turbine engine and rotatable around an axial center of
the gas turbine engine, the production method of the turbine
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coating is processed with a peening treatnment. 35 [ 5]

A production nmethod for production of a turbine

conmponent of a gas turbine engine and rotatable

around an axial center of the gas turbine engine, the
production nethod of the turbine 30 conponent

characterized by conprising: a nmain body formation

step form ng a major part of azgonponent rmain body by
forging or casting and form ng a renaining part of

t henmsonaon efMta nBdte ot by meabirikigg:5 a coating

formation. sieplormng A, prolectlye coatlng, E%Vlt”oqfa component
oxi dat i On°resstance and abrf 3 |venes§ab % npFoying an P
ghain rodly byofiposédg obr candl ided ablddﬁomllmdaflremﬁlaung part of

r%%@dccﬁw?éntofmaqxp%w byo&a@ﬁlgﬁgat i on-resistant
metal and fowder of céranic or nmol ded bod

pr ocessaeaox'ﬁ? R 4 oRBat lPPe%tﬁPeﬁ?rmJa‘h‘iﬂ AR ARG 90%1119 having
pott Sdatgi el eetstiise adice chad g et iweare dsheypanpl onit® deelectrode

pr{é&@:? Ofogar{lj]gf &@%ﬁg Fl%dnfpc%gy ﬂ'ﬂq&l Eﬂhglogder of a powder

ein eectr I Nsu atln
sof taﬁlapxaﬁaw@@rr@élesm%rm%aloﬁntih@ pcaérfct@t ﬁédé @ﬁr%mlc or the

rﬁﬁﬁ&édﬂbéﬂ¥ﬁ§ﬁﬁaéﬁégdtdﬂ%hGEEQkthQr@&E%%h%| GAM G@Berating a
out. deposi ti dlffuB agdéor ME|dlé%§ﬁn th%ﬁ 4
PO 05 rf§ Fr6€B8EEE BF YRR cUMpdTrent Wity BSafrocesse

byf errer gpmobnthe mhectrody atidschar gbeattedefimisghiedgetrically
H}?ﬂ.{%ﬁ%ﬁfqﬁ uqr Ine%sﬁ%%p th[at6]anT|g§_§Brt9gﬁ‘ét hgtﬂeglal of the

onent recit

e HcES 2kd n%q%&n $HeS R e T dherekeairode Retarizkcarries

&tﬁ%p&mﬁomr cﬂﬂ'ﬂ@S&d}nméh@mo@ weflldiwg en mBeepdktdon to be
uct i on mst

7 0
e st Shehhehp ot snt (halh P o4 Il Arg erectric
chisrduirags 2t &m fidshtihg (claeamaa;nu soamyf@mea‘zsoz@fsmp
a mxed material of two or nore of ¢cBN, TiC, TiN,
Ti AIN, TiB2, WC, SiC, Si3N4, Cr3C2, A1203, Zr02-Y,
zrd, Vé"hénHrBQECt[LBT fff?l"eh%‘* SHuERRORURRE R FUIPQIIE recited in

talriinn &, conpoaeberi ecditiad that any &k bdat {60 ed Bd N metal is

t | ai a r i.sing: .30 i
P L o PR ASLErEE b, SOTRLLELPGogl 8 BOEIVG110y ana
&mﬁﬁﬁkvath a peening treatnment after finishing the
coating formation step. [9] The production nethod of

@ turbi ne canponent recited in claimfr
&17Ai m 5heoPEPARAT 8OR AMRlrRE & 188 F‘ﬁﬂf T ‘i?ﬁ%"‘tr}ﬁ% ﬁ@Clted in
cdmponéndrislain W, bchersoteribtddien that the ceramic is any one

of or a mixed material of two or mere of cBN, TiC, TiN, TiAlN,
TiB,, WC, 8iC, SiiN4, CrsCa, Al.0s, 2Zr0,-Y, ZrC, VC and B.C.

[ 8] The production method of the turbine component recited in
any claim from claim 5 to claim 7, characterized by comprising;

a peening step processing a surface side of the protective
coating with a peening treatment after finishing the cecating
formation step.

[ 9] The production method of the turbine component recited in
any claim fromclaim 5 to claim 8, characterized in that the turbine
component is a turbine rotor blade.
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31 [10] A surface treatnent nmethod for carrying out a

surface treatnent with respect to a conponent nain

body as a constituent elenment of a turbine conponent

applied to a gas turbine engine and rotatable around

an axial center of the gas turbine engine 5 so as to

ensure oxi dation resistance and abrasi veness

resi stance, the surface treatgent nethod

characterized by: formng a protective coating having

qlxicqat i.ﬂgnsmﬁﬁﬁééé ag@@atﬁéwlt aﬁéaﬁb%eg@&s ﬁ@sgrgﬁglgoydm &Nsurface
electro conposed o e 0 roma .
AR5 01 SES RS B PO HarT. PELY STiA, cgpetituent
reeteaterenc fa apawdernef campenant capplide twladegeksbddybine engine
RRLesaed Mith o A uRgatnt Ltk émt@FS% Qﬁﬁf%%!nQqulge engine

uIS|n electric I SCnar ge t ween eportlonto
ﬁ%éés@éanépr?@%&%ﬁ?shﬁﬁn%@ﬁd 3§ heeness resistance,
dmrectyindada @k eheetr meahby thavhatepgzeédoqpy d or gas
so th an electro terial of t.he electr

reacti %T’] S 161& ang %gcgav? hcoa ec rhoa toé{rll%%l%l%n %eSlstance
card iadg agutvegegsshyi omlai frfqsinonlanttore optpibsrd of a molded

tﬁlfdypf%idlé@fkgm%%nﬂé?ﬁm 9t al d‘&'@?&ﬁ&klﬁﬁwom%sistant

ner of the eI ctric dlschar The surface
t“?getét E‘y I g€i 3 SELEALE a}-‘rﬁ %d body processed with

Ghareactt ernmhanrt [t hald ghecaxitdabi anpluesuam ekenerak tddscharge

0 i.xe r .
NG E&Eeaﬁa%ﬁ‘wﬁféﬁ%é%%r ol HoGpighe main boay
rechéaer eEe o 1@ annsdecoried biminpulaghagatigigar gas so
it althad eﬂ'&%t&%ﬂ@rﬂ&ér&aﬂndf ehe Ofe HridbX80rhetion substance

T B el bt e aT, §Leiths of b Gepbatii Dy o gan and/or

[wej]ﬁijm’ghenstr,hé @@etubeatmm{ pnet:haslede:cﬁ ted ¢qsmzaasryent main body
'e'??effggmo%l a0 10596 é&%ﬂf% gharacterized in

ening treatnent is dcessed to a surface
SI de of the protective coating after formng the
;prquectrh\ée gQathpg. £réél11méﬁli}@ siedfrase tieatcemnt inet Bodim 10,

i_n_any .cl aj romc 10toc|a|m13
FAratrerizad iR EhAF TRE CHRH O mays Boad 4o any one
tadr b ree rigegr mbt adea 1 [cE5twA QmmbmeOEmﬁmﬁerﬁllaqmplameldM CrAalY.
to a gas turbine engine, 32 characterized by

C?Lgﬁ)” sing: a conmponent main body; a hard first
ectTP\?es’éégﬁFﬁgt]h%ﬂFrWtaB’reé@P@eﬁé%t%ﬁj in Clalm 10 or claim

11, characterized in that the ceramic is any one of or a mixed
material of two or more of cBN, TiC, TiN, TiAlN, TiB,, WC, SiC,
SisN., CrsCz, Alx0s, Zr0,-Y, ZrC, VC and B.C.

[ 13] The surface treatment method recited in any claim fromclaim
10 to claim 12, characterized in that a peening treastment is
processed to a surface side of the protective coating after forming

the protective coating.
[ 14] The surface treatment method recited in any claim fromclaim
10 to claim 13, characterized in that the turbine component is

a turbine rotor blade.

[15] A turbine component applied to a gas turbine engine,
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erosion resistance, the first protective coating being
formed on 5 a first portion to be processed; and a
second protective coating having oxidation resistance,
the second protective coating being forned on a second
portion to be processed including the first portion
to be processed in the conponent main body so as to
cover the first protective coagzng, 10 wherein the
first protective coating is fornmed by enploying an
ettt 3 oder icanpasedoaiprd sielgded body nol ded from a
powder ofCom rﬁ%e’fﬁ%t% 1%' ar, 2 powder of two or nore

m xed materirals of & F of a nmetal, a neta
conpourdd fawd afpmweprgtegt@eﬁe afPetongt hévmgdéarabwyness or

RacessedewitRadcheathd Fe3LAEPE ot SO BERQYRINAYOh&ing formed on
pulf 3ﬁqﬁlS electric d|schargﬁﬁgetme n the first

PP Br 58S T5FC onent main body
and th@.ebemmdoﬁeotacamvelecat1M@NH@W1ﬂgunﬂﬂﬂdﬂu@n resistance,

%ectro T o?:%o%%ctt'i% éga‘égﬁgtﬁé’ﬁﬁ%;@%ﬁ{é@'o& %%ond portion

a reaction su ance electro
e &9 Frosesseds inghiddagoshei Bt s HiFINSiBh tendeoprocessed in

Wl S B8p Ofc i hRafl hdd o6 hisGb EovaP the ﬂrmepﬁsﬂle@hw@oatlng,
conponent nmal n ectri

o eohnvpe e R 1L SRS fe LAZEEhECH Sheradsupnpioving
5y «lvantacider icpegosed thaé mbkded@riapdc neldaty fowg ef powder of
an@mﬁ‘cﬁgaﬂ%reﬁﬁwd%fr Bf’ocv% ggl\éncm:g ﬁlggd%erEaQS of a powder
A2 MetEca H\?éadﬂaoqum% f?lfi PEHABF R eoqﬁﬁﬁ@rﬁ or the molded
atm@iy @iidda:sae@amtﬂr bi H@a'@n@r@ai‘tmemaraaﬁi efenze@ thyig a pulsing

Q$ CP%iS%g ha go% %%@%%. e %i%%%y o%thardtéﬁﬂftrocessed of

|ve COa Iﬁg avil ng ra3|vene S Or ero H

rtésa gtcam@ertmena‘m Saleles 'y oEtIEd:ttha eba@tn@@e;ngaﬂoﬁﬁxeqtrlcally

O sA Fdinst 1B%Fhﬁo%rt%a@esgr995%sﬁﬁ e@@gtﬂoaﬁcﬂﬁgerlal of the
prOteCtlve coa |n% aVlng oxi dation resi stance,

LEOHP R FEECHLPE HRRTANT DT hf erorSred i B2 ee@oarildcarrles
pnrtt depostioibe, priotmssieth madl/odi wgldirey fonr shepbitdtoportion to

%, BPoPRASERET chB oo (AR AATR nOBLDRALD] FF R electric

fdirsgthamast-ecti ve coating is formed by enploying an
el ectrode conposed of a solid body of Si, a nolded
r omapowder of Si, or termhhd

A eedbh WER hady -
es<8§ WERIES HedPPPEAL il tehrid GeAdlat Prgcharacterized
pul shag ehecteramik sicharge ohet wéeortdenifitadsimaterial of two or

more of ¢cBN, TiC, TiN, TiAlN, TiB,;, WC, S5iC, 8isNg, CriCa, AlCs,
Zr0,-Y, ZrC, VC and B,C.

[17] A turbine component applied to a gas turbine engine,
characterized by comprising:

a component main body;

a hard first protective ceoating having abrasiveness or
erosion resistance, the first protective coating being formed on
a first portion to be processed; and

a second protective coating having oxidation resistance,
the second protective coating being formed on a second portion
to be processed including the first portion to be processed in
the component mainbody so as to cover the first protective coating,
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5 portion to be processed of the conponent main body

and the electrode in an electrically insulating

liquid including al kane hydrocarbons so that an

el ectrode material of the electrode or a reaction

substance of the electrode material carries out

deposition, diffusion and/or welding on the first

portion to be processed of 10 iHe conponent nmin body

by energy of the electric discharge. [18] The turbine
conpona;mlter@qeli tiedl fiik sanyr sl edtidd eanel agmslSorhod Wyakfploying

haracterized in,that t atl reS|st
coa ﬁ l’“—'C’gef SR B © 2 E'rhdofg?. a{t ﬁerﬁ?ié/ed body molded
&ﬂqmnz@w@expé@nmmmthem@l@wmbodyPVlcepsgpwmﬂ@amﬁaﬁheeatment,

G ra&ﬁ%bt%dpuﬁsﬁﬁﬁ %h@bQEEEOHEEhEEQEQSbeEQe&ﬁatﬂé first
18, characterized elng?so constituted ™t hat

RRFEISGEE© B Ftri?@efslsregto%F EOMPPE SBG A PPy @@‘%T&}e electrode
rmﬁ£nadeQSQ&@IlyQ&SulaelﬁgZﬁhuﬁdﬂﬂﬁkuﬁiﬂgi&&mmﬂhydrocarbons

%Et hc%d t]c oarn Calr rgérn&ieo%ataersiurlf ac; tlger egie nJ.1 ¥ a reaction
respec to a corrponent ab as a cons ? ?
sludpdancef of t thdi ﬁée@*@np@ﬁematagplalledzatrof@Sga@,ut deposition,

e Re ceNghagor +d1es Sd!j%ﬁc@hé rret e RLrA8bAOEL be processed of
characterized b a hard_first protective

FO&t IRFPREG g™ BPagP%nBEngn%?g%r%&Uher §StafcigFharge-

enpl oying an el ectrode conposed of a nolded body
E’?‘sﬁ’edﬁ%?%?b%l@”@ém%é m%@é’ t%fd (?J %n? X méHaE§§fnaJ:1aim 15
lﬁ%%ﬂa@%ﬁﬁo&ﬁﬁraéﬁ@r&ZGQWGthéFt@%ﬁ#%ﬁﬁ%ﬂQﬂ‘#ﬂﬁéstlveCoatlng
e dedmbadyyPsRCLESeth W iy a ieaine3@ ,t beahPBAl ziA§0treatment,
gﬁ&Frat%§% a pulsing electric dlscharge between a

i‘'on to be processed of the conponent nmain
body and the el ectrode so that an el ectrode nateri al

@flgﬁ hengeeazeﬁﬁeOéomgoﬂ&?@tfm%ég%a% ne&gagefrom claim 15

l'ectrode material carries out ositi fusion
e*rﬁd‘f%?lrﬂ\élsdl A B THel 399 BY Bsdmd 8a qoal%tsléeef%%%wverage
eff the coApOnerdtdmiivdednthyigener gys odr tierLla@et PEE€ or less.
di scharge; and form ng a second protective coating
havi ng oxi dation 34 resistance on a second portion to
b&Opr odessed aicec | tudiatgrantte rfatrtgtd port cenryonpeout a surface

Rrecemsad & ch e LAMOREN JBRIJLRADY mRYnakb @) WY Bl ZbM8 i tuent
treatnment, a chromzing treatnment, CVD or P so as to

SOFBENENRE 4 |TSD S CEEPPPENEMP MSAE0 & gas turbine engine,

the surface treatment method characterized by:

forming a hard first protective coating having abrasiveness
orerosionresistancebyemployinganelectrode composedof amolded
body molded from a powder of any one of or a mixed material of
two or more of a powder of a metal, a powder of a metal compound
and a powder of a ceramic or the molded body processed with a heat
treatment, and generating a pulsing electric discharge between
a first porticn to be processed of the component main body and
the electrode so that an electrode material of the electrode or
a reaction substance of the electrode material carries out
deposition, diffusion and/or welding on the first porticn to be
processed of the component main body by energy of the electric
discharge; and

forming a second protective coating having oxidation
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[21] The surface treatnment nmethod recited in claim 20,
characterized in that the ceramc is any one of or a

m xed material of two or nore of ¢cBN, TiC, TiN,

TIAN TiB21 W, SiC, Si3MN4, Cr3C2, Al233, Zr02-Y,

ZrC, VC and B4C. 10 [ 22] A surface treatnent nethod

for carrying out a surface treatnent with respect to

a conmponent main body as a consty tuent elenment of a

tur bi ne conponent applied to a gas turbine engine,

t kessuthace di ealdtHd pehogn Gcibalﬁél@tr%rcleé%@dbyncﬂ@dmg the first

foroin ard first rot ctive coat
SPGB bLE R be i Tt PeFaiR e by SRy e Luminizing
ehéeatmaetcompﬁsemuaﬂna tokatmehodyC\WUf oSi PVa swlatketo cover the

bedysfobdede Lt o a-powder of Si, or the nol ded  body
processed wth a heat treatment, and generating a

puIS|ng el ectric discharge between a first portion to

ble2 py OCEISéedsmffdclhe Z:Qe(é(t:fﬂlé@lﬂ:enhe:ﬁﬁbﬂ b@éyla@d the claim 20,
e n.elec ca insulatin

Eﬁ%%]g?gsrlZ? 1 roh ‘Etlhteec%t?fa{ mlo ltshaen%gggtc% 085 Eb?’l.lxgg material
r eddtWoar Jubes @ﬁc@BI&f Tiife BiBctTi@dd, nBiBs,i WL, c3¥@i 8$3N4, Craly,

ont.0.0epesitt onzr@i ffdisipn @mad/ or wel ding on the first
portion to be’ processed of the conponent main body by

energy of the electric 25 discharge; and formng a
dezzind Jr stefatweteeatmagthaeithgdoxicdatdtdmryiesi Stanae surface

Oflr@a&ﬁ&%%l&%r trégge&g ’pc? aprcggsgﬁgsﬁﬁ IIQB(.:J{I%J%I 1 he .constituent

first portion rocesse e conp on n rra n
b%%j?m%tyt &t & @ﬁ?ﬁhﬁﬁn@om@@w*ﬁﬁnpl@dcﬁpom gamgturbine engine,

ttl@ftﬂ%ﬁac&\/&%ﬁtn&\@ 3 ad @hcaqf\é%&etr{i%edfg flt TSl od
protective coatin r.face treatent netho
r eci ted%?W%a&agqu{f%‘F% EIO i %lﬁﬁ FF g Appang abrasiveness
chrapgoséphzetlistantat by copleyagg of eldetfodstomposed of a solid
pﬁ@cﬁ %tf' yE, GO Bi@gd'b%cﬁpﬂ%fﬁe g@ggx%@/é’ Bflseigs'orséqe molded

esur ace treatnent ms |te
c?%?ﬁﬁwlifl’r%‘rﬁ%ﬁeé% MiitPo at Beakarre28merharard e:rqrzeé@ﬁwg a pulsing

té]Béctt:l‘Iﬁ: E:ldfﬁsbhﬁ@g@%’@%ﬁ al %J_ﬁ@t @dﬁtﬁl@lnnf}o'lﬁst ﬁkocessed of the
ir ortjon r,0cesse

At rmt hRsad i 8% SUor thPase ol lBoty e KgAsulating

ddﬁp@ﬁéww gaei Achotyt aatd etlestsedendaterdtrenf tSubjedelctrode or

rzaggk@Ect?:oﬁh%u%‘ﬁ'aﬁce‘)foibl ghe o fg‘é%%rgf:iet hefdads larries out

The surface treatnment nethod recited 1n_any clalm
$htigR, diffusion and/or welding on the first portion to be

processed cf the component main body by energy of the electric
discharge; and

forming a second protective coating having oxidation
resistance on a second portion to be processed including the first
portion tobeprocessed in the component mainbody by analuminizing
treatment, a chromizing treatment, CVD or PVD so as to cover the

first protective coating.

[ 23] The surface treatment method recited in any claim fromclaim
20 to claim 22, characterized in that a coverage of the first
prctective coating is 60% or more and 95% or less.

[ 24] The surface treatment method recited in any claim fromclaim
20 to claim 23, characterized in that the turbine component is
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20 to claim 24, characterized in that the turbine

conponent is a turbine rotor blade, the first portion

to be processed is a region ranging froma | eading

edge to a pressure sidewall of a blade in 10 a rotor

bl ade mai n body as the conponent nmain body and the

second treatnent subject region is the whole of bl ade

faces of the blade. [26] A turBgne conponent applied

to a gas turbine engine, characterized by conprising:

15 mmmmembrrmim@p&gue 81 pot astsr hiase teoné ip’igad&\éidﬁgls a tip
0 t resist an el di n 9 erty t he
Era s Tt 5t BRasaig ForREd e HAgBrTTon ot Component
pm@t@é%@@vbyuhﬁémgwe@bndnteEeCmﬁnt aubnh@tgeeg%wn is the whole

| 9 ep DRAU af £-L£Hal# NG, LHUMRRLd of a conposite material
20 consisting primarily of at |east any one of SiC and

MoSi 2 which is changeable into Si02 having fluidity
Whes t Hehggasrtacbitneangintenetisod keopeedtinanytdieim from claim

O?ét 5“%#§¥ﬂ32%0a%%gga%%lQgéeer d ?Qtatﬁgr &¥53q$ é%%ponent is

ase COét n% Ive. coatl ng
cdfpebdacootaT bkade, &ae %%rStQEOEEFth@ b%emocassed is aregion

nr%%gttczag &rduhe ?éé@ﬁn@f&%g&ﬁ t@eé%&ét?ss?\f% ]Esﬁ%leﬁalldof a blade in
oxi si st an a a mxture of, c an

PR ettt Ahbos: aF Tir 2R RE" bt PerBiogna the secona
etovsitorent esbgeahcegiroroxbdidid sholestSbande, fddes of the blade.
protective coating being forned on a surface side of

the internedi ate coating by energy 30 of an electric

di s8harfyet L2 71e TREMPERBRRe PG ento r acidasd Farking nengine,
26h a £y et RYd Z@d combriikahg:t he base coating is forned

by enployl %Iectrogedfor 35 the base coating

conpos€d © d&8G“Hob8Y Kbl ded from a powder of an

oxi dat |a)m¢mstlaﬂsene:partlom derwamgt hex v tdierh boelyistance and

Q[@&@Ssﬁ'ﬁ%ld’ﬂﬂghpﬁoBQEEﬂ raad ??Eus%s&%%%ﬁ@%‘gnlgefng formed on
pul sing electric discharge bet ween the portion t

& & PRECESRE n@h’t SREFAYDBAy2N aRdeEHELC discharge;
e|eCtrGﬂﬁlﬁ&érﬁbalbaéecGﬁﬁlh@gc¢mpéﬁédﬂd&&fkﬁﬁ@bﬁlte material

[ a t at an elec d

IR, LG0T8 S 81 SLOELT008 1o s, wnicr
ricaehppaceDbs taseeS ¥ hdneind éétlr-ddéynﬁte@rtlada GESC'HJEHJG‘ES engine
O 11@%@:@%‘5&'1@&, Hd L HEE PRe@NE Ok oWRl diyna 19y ¥HEred on a surface

por e processed of the conponent nain body by
é%%i q%ﬁkﬁhgaé@eEPﬁl&ngdlscharge

a hard protective coating being composed of an oxide series
ceramic, cBN, a mixture of the oxide series ceramic and the
oxidation~resistant metal or a mixture of ¢BN and the
oxidation~resistant metal and having abrasiveness, erosion
resistance or oxidation resistance, the protective coating being
formed on a surface side of the intermediate coating by energy
of an electric discharge.

[ 27] The turbine component recited in claim 26, characterized
in that:

the base coating is formed by employing an electrode for
the base coating composed of a molded body molded from a powder
of an oxidation-resistant metal oxide or the molded body processed
with a heat treatment, and generating a pulsing electric discharge
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the internedi ate coating is forned by enpl oyi ng an
el ectrode for the internedi ate coating conposed of a

nol ded body nol ded from 10 a powder of the conposite

mat eri al or the nol ded body processed with a heat
treatnment, and generating a pulsing electric discharge

bet ween the base coating and the el ectrode for the
internediate coating in an elagtrically insulating

liquid or gas so that an electrode material of the
ebecteodecfhiorpdhel dmter |mdipatoe_| e@@?ﬂi Bg ﬁﬁeolécnﬂponent main kody
r n st anc e gl ectrode, material carries,

o R B F a8 P S o bt A g ot Ceurpasulating
stdeudd Qm@a@age tlc@iatamglbyte*nelegzyamrxmle ofl éberetectrode for

dtﬁéﬁﬁ{&ecoéﬂgn&%% Prebectiones @oat ANk b {1 BB P¥ode material
g‘g‘ﬁagl ng an electrqode for the protective _cQating
C

8% Ut £hHISded CBodF I AbP B & Orzﬂe&dﬁél\%% e portion
t he bexpriecsesdd s L dtratbrmpore powden afdycBNena riyxefithe electric
pQX‘QSﬂaP . powder of the oxide series ceranmic and a
wder o t he oxidation-resistant netal or a m xed
povvder bie anpewaediate coBNiagdi afponderyodmp heying an electrode

Oﬁbﬂ&weoﬂnfzgﬁrhé&m\e oBhak nglcddifo S deth mbPd¥d body molded from
proces and ner a

heat t eat ment
TR D ot et FPEE AP LEF dMUE it b LERGR S Y dem g ocessea
ceat i aghead tu:laetmehemarrmﬂgeﬁeratimg prmi]e::ﬁng/eleoamngilscharge

'@e@w@e@ﬁ aGid iGaldl Xoh?ﬂ-ﬁ%a&% e‘iﬁé' grggiegf‘ér SOhd Nt ermediate

an el ectrode materi a
p?%i“éjeffg\ﬂélﬁhtqlr‘?gftérlcélﬁéfaépﬁéﬁ%%gt Jah‘é%l%fmf Hgs so that an

eéEtf)&fﬁﬁfBe gma;te@rllaal o%%rhrd @ie@dkoﬂ@pﬂﬁﬁf t;h@nlnﬂéfrﬁé@im coating
r_weldin su e side .o

geér)rrre%?c Fe° coa %garb‘i/e #eatéiﬁ oe?l Gntem e ari"ec”a‘l carries out
dqi%@m@eonf[ 26 fThéon sl e wehponenn z ecirfedsi sl d¢ aifnthe base
%@a@iﬁ%%} eérle,z]?g% da ttﬂéatele%'%ﬁ'%edﬁééﬁa%@t' BHqyi S

f or med oyi'ng an el ectrod base ‘coating
con‘posé‘ﬂ'}/eoprﬁtﬁﬁfcagl %@lqﬁ)ll&eﬁom%(ﬁnbé’ ﬁ@%@ylnﬁfa%ﬁ ectxrode
ofé xlathiecoproestsiastcamtialg exn@sed dhe: mollded Body molded from

pg oﬁﬁc?e%d o?’f7 t\Met %égdgeggr&eg %@Qﬁ\i and cfr at IfF%Bgﬂ a mixed

sl ng electtr WEeN the STon
p?%:é%rsétf of Pph@e@oﬁﬁoﬁbﬁt cxhila bHoies amratmne: and a powder of

e&l%:tcf}&@%ﬁl‘?fn—trré%1@%§%t09@ﬁ:'afﬂgokna3191)?&(?%6»&@ l9F a powder of

| at ng i,qui d_or gas ,so.that an el ectrode
bR 2opor e (e e de PG L8 A REShaSEnE GAT T oy ¥ T4 molded

reaty iporvcassstdandehok hbetet eedtoske: madret |gielnermararrnges pulsing
Oé‘lteéjcezg.%s'cﬁi ldt% fﬂétﬁgeﬁn%}gr :va{etle@'m%gllgq I'Ee%atd_ng and the

portl on cessed o € conponent mai n
cd:y:qﬁe f(ﬁé t@p@rtq”qqptlve coating J.n anelectrical ly 1nsulat1ng

liquid or gas so that an electrode material of the electrode for
the protective coating or a reaction substance of the electrode
material carries out deposition, diffusion and/or welding on a
surface side of the intermediate coating by energy of the electric
discharge.

[ 28] The turbine component recited in claim 26, characterized
in that:

the base coating is formed by employing an electrode for
the base coating composed of a molded body molded from a powder
of an oxidation-resistant metal oxide or the molded body processed
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di scharge; the internmedi ate coating is fornmed by

enpl oying an electrode 10 for the internediate

coati ng conposed of a solid body of Si, a nolded body

nol ded from a powder of Si, or the nolded body

processed wth a heat treatnent, and generating a

pul sing electric discharge between the base coating

and the electrode for the intepnediate coating in an
electrically insulating liquid including al kane 15
hytitpeaidons re@thbat, ahehesérodengatiiinpbleberic discharge
ebectrode or _a reactlo subst ance jof the el ectrode

meT el Tal ¢har e Gt “u&FoSFEFERSSdi PF usFon- Aoyt main body
mem@thgaieqxnwmﬁﬁmmtbe@ese&dﬂﬂ;ﬂ%&man@dawmmgcsyly1nsulat1ng
fc{pgjyd Ur tgla% gbeqldd Candé§§9§£‘8§e Rk A N8 Q}rfqz:%%éi@ctrode for

formed by enpl gyi ng _an el ectrode
tme Be ettt ARG GAT ﬁ&aEGHﬁBSSétP%?a”a:%ﬁd@c? BbEytrode material
nod chetke 4 roarn dappewdebnof diheu oxdtlarsidresre¢@ial 6n the portion

p@ grproc];ces%lgd 8¢ nhxecgom (91'\ll\éjne£r gfin%fc%}nﬁzren%frg%hoef the electric

€ 'series cefam c an
(ﬁé%ﬁh@ﬁﬁﬁke3|stant net al or a m xed powder of a

powder ofe ;1 £BN-REO4: 2 PoWHeR ngfi 4 Bermxk @@té@kaﬁﬁ@&ﬁ@lecuode
tal ,or the nol ded 25 processe

bod th
i TH L e ARG e aEPAG IR PEPRES epEcd ol d body of S, a
dnrshim gedbatoﬂ&&mi f hem brpeerderdo itse , caathegalnikd hedy processed

ect : Iq‘%gt{ QEeyEﬁ RL Ota%%tc#é/r? f@@fﬂ&ggsﬂss‘}%%e%ectrlc discharge

|nsu atin ui d or
é?%‘éﬁ%éh@abéﬁﬁam@f—l@%ea@i é@ﬁr@é@ctépdetﬁ@r the intermediate

pjﬁtieﬁ‘d ‘@Bg@ﬁté&lr&ﬁl@lfl%ﬂqtds@rlta&gb@t alritelen@f ihR@uding alkane
ro ma carties o eposj
AR R e Shefarhos Rear g FEEET i b g ectrode or

it eeaediar e sebatiangeby enehgy edfctiredel entrdmcial carries out
%m&%n,[ g?%f@sib‘ﬁ bcl'nréie/o OIIPO4 oﬁpé’lsh.ecﬁtaEg ?:L&agf the base

t urbi ne engl ne, haracteri ze npri si ng:
t Ymﬁnﬁr@d‘dwf é@&s@léééﬁﬁgdhﬁvbﬁﬁ%m #Bgi on

resi st a:mtéepﬁﬁdbﬁai.véf&cﬁiﬁﬂ@glg&ﬁrﬁl@'ﬂyyembhéybﬂ@%n electrode
ortion,to

. | b
A% 09 BEAGRL AL, REGLLE0," O DS RIBEESRRS, M cea srom
coddwig rhavi ngeabragevenesss ceoyndn I guivgieaned eBN, a mixzed

uQ@rJ UF LePLRFHARCE: tHEe PAOISCId V& LAAlING DG 2 Bowder of

nmed .on a surface side of the base coating by energy
otﬁlear?Xéﬂ@alPPc r&FééﬁéPéemﬁﬁﬂlc%ﬁp%é‘@cF‘%ﬁ RAYRE @& 2 Powder of
SN esdcerpowds dOrof thieXbiti @atObnt hesOxt g8t SREtEES or the molded

%%%%o%%@stegew@éhdgtliiggﬁr@?é.asén‘?é’gt,neatna& '‘generating a pulsing
electric discharge between the intermediate coating and the
electrode for the protective coating in an electrically insulating
liquid or gas so that an electrode material of the electrode for
the protective coating or a reaction substance of the electrode
material carries out deposition, diffusion and/or welding on a
surface side of the intermediate coating by energy of the electric
discharge.

[ 28] A turbine component applied to a gas turbine engine,
characterized by comprising:
a component main body:;
abasecoatinghavingoxidationresistance andheat shielding
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pores of which are filled with an anorphous materi al

of glassy Si02. 10 [30] The turbine conponent recited
in claim?29, characterized in that: the base coating
is formed by enploying an el ectrode for the base
coati ng conposed of a nol ded body nol ded from a powder
15 of an oxidation-resistant netal or the nol ded body
processed with a heat treatnengg and generating a

pul sing el ectric discharge between the portion to be

Ph OESESSEH, Qhetﬂh%é@@@@ilﬁjlbeﬂﬁigffo&&@yﬂ oraBgdritd on to be processed
%%ectrode for the ba§§ co%éﬁp 1n _an electrically

EuTATT i i % &t7“4dn el ectrode

mat eri & bar@hpretectlmdecbetlzg bheibgsebceativegess ,a erosion
r £2c1 | o SUb ayf&axg{oﬁ hestls %tn(:%deil:ﬁ@&)q 't@ctﬁ%%s@mg being

out deposition usi on and/or we

;ﬁﬁ¥W%ﬁ#”%%ﬁ5éf%?%éé§§éﬂfB?epﬁéedﬁﬁﬁﬁﬁ§§?yﬁ&@%gﬁdﬂ§aﬁfleCtrlc

e:mﬁfgtya@@e tdred elegiosicel offi sahakges safiéhecqrpiectdva mixture

tﬁétl Pegt e c{esgsré%ggg?/ﬁgngmoxgg%% q?eeloergf 3:d 2rg?sflosrtant metal,

rmld%%l $F othich pawdérlléfedt hetbxmears@mlegus:ezraammlala of glassy

ngggr of cBN, a mxed powder of a powder of the

oxi de series ceramc and a powder- of the

oxi dation-resistant netal or a m xed powder of a

po¥dler Tife toRNiardcampowdet oécihedokh daldion-Z%sictizant-terized
or. the nol ded 30 body processed with a heat

treatnent, and generating a pulsing electric

di schar"gj‘é? Rasgespathagbasefesaed ngy AfPtEng &gt ed@etrode for

fiHe lﬂatb% I%ro%ttﬁﬁbl M@mﬁ@@édnﬂf |anr11r@trld%|deﬁlbﬁy01ﬁ’daid’ed from a powder
ulatl n a n ele
ot o s it e G anEiomiBal e c BPotelied BOSy g gip et wich

ox rmat‘teafa::teaﬁm&tbstmﬁ:e;mfeﬁahar@l ectpuinbanlgateélewalrlc discharge

%{v&@e% %%eogato g.%%sitbi S%Fbééé‘éé&’ ang/ &@oglenﬁ Min body

a surface si coatin ener
AtEne @l&f:§éﬁ§ﬁgf@r ge paip CPﬁélflarlﬁi meéa éhéﬁ%h’ insulating

recit ed drigabys€l3ian Bhoal €4 8t Pl bna tled-iGl1abM Bl electrode for

S RES BT g 8t & £o0F  APCAAEY ARG O T THYE e material

t¢&¥nﬁﬁsﬂ9utsdep951teoan1diﬁEuQMQHwaadgbabweldedg on the portion
Zid Eg'ﬁl%ce%s[e%lz&f éhé%cfnﬁ%ﬁt%éfﬁ?ﬁ%dﬁwggef: of the electric

carrying out a surface ‘treatnent wt espec to a
poriGET 9% B8 %r ocessed of a conponent
the protective ceoating is formed by employing an electrode

for the protective coating composed of a molded body molded from
a powder of the oxide series ceramic, a powder of cBN, a mixed
powder of a powder of the coxide series ceramic and a powder of
the oxidation-resistant metal or a mixed powder of a powder of
cBN and a powder of the oxidation-resistant metal or the molded
body processed with a heat treatment, and generating a pulsing
electric discharge between the base coating and the electrode for
the protective coating in an electrically insulating liquid or
gas sothatanelectrodematerial of theelectrode fortheprotective
ccating or a reaction substance of the electrode material carries
out depocsition, diffusion and/or welding on a surface side of the
base coating by energy of the electric discharge.
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mai n body as a constituent el enment of a turbine

conponent applied to a gas turbine engine, the

surface treatnment nmethod characterized 10 by: form ng

a porous base coating having oxidation resistance and

heat - shi el di ng property by enpl oying an el ectrode for

the base coating conposed of a nol ded body nol ded

froma powder of an oxidation3gesistant netal or the

nol ded body processed with a heat 15 treatnent, and

gesngr atrinkg t@rbﬂh&i Bgmpbeehti cedi sehaigearhetoledm firbe claim 26
ortion_t 1220 ssed f.1 0 n

qﬁ’Clgﬁeéﬁgo&é IEF%t és%nggh%;gHglé%éﬁégﬁéhigg%é%ﬂg%t metal
i res uiret iomg moirquingtade gésMs@rRshVétaram NG taldgy, and the oxide

@l efd Al Qfardike 1@l §etradestaritihechasercepating or a
reacti on substance of the electrode material carries

20 out deposition, diffusion and/ or wel ding on the
pEAi or tmﬂﬁc@roﬁmeainmfméhbodoﬁpmnmmmq oty dysurface

I%Eeeragéfn glf L hgh %lees%t cjtw'ﬁ %589@5 £ tJ B%'Bf@:eas%ed of2a component

erne e coatln ['e 1 nto
meadmgofly A diat gom%tm%t @é@m%b@ & engPhBejconppnent applied

aReE 3hs Ol ridn byn @1 0¥ hBGudiF afleetitd DtheerftOhe t ROd characterized
i.nternedi ate coatl ng conposed of a nol ded body nol ded

Yom a powder of a conposite material consisting
pri mar iflogmihgas ];b@za:sls draseoneadingi aneg MeSidatdront hesistance

Caq{H)flS§§eghP@Mﬂ%% eErtgcrgf ?l&}&/iﬂ ga€Bdctrode for the base

treat nent and S|ng e ectric

cﬁcs-’ttr%a}ggéxﬁé?t%@é’n tihe H&%Jéj%a}?? ¢ tHaw @ powder of an
Qi)@i(‘da[tq(ﬂﬁ-fr@:rsﬂsﬁgnltﬁﬁ@lfafmdkaﬂfé ﬁ@ﬂﬁt—:ﬂg:ddry Biocessed with a heat

ectricall insulating |i h
G narer Pefeap e & Hfs Pl BRSO ¥ s¥large petween
'W@mmt@we' pgooesacdeattion csmmrem@e magh prdy and the

%‘3 ‘Eﬁb@as%%éé@ﬁu@yﬁ a‘iﬁ%ﬂfﬁhll _{Iflé@l@@lng liquid

ding on a surface sid ase coatk 9
tﬁr@ﬁérmtaﬁtt%el%taOél@tfP%em%Jcﬁérb%e eﬁ&ﬁ% gt ot the base
hamtlmgobecat tré&ctﬁzahlsrlgash'c‘&ﬁdwoﬁbﬂ“&seﬂenessde meyiesiiel carries

S8 A AN68 QLU NS RADLOPGLh YRy SAPLAYI BORMon to be

e prote |ve coaf 1 ng”conposed
mﬁcdms@@d@f tbededmpeoana Ip@mé@ocby ksheneaade ofetheselectric

CElAHLged powder of cBN, a mxed powder of a powder
of the OXIde serles ceranm c_and a powd of, th ble into
oxi dat FGRTLESI SPalRtREFSNLOFS o 9 XtP pUtidd 16t changeable
Eamenabing fIBN cing ahpawtes gfs tthebine engine is in operation
%él% ﬁgg Essagtéi% %dﬂ £ EFS ﬂEEQfﬁEdf&%@ coatlng composed
ocesse ea reat nen and generating a

gui§|@@lded body molded from a powder of a composite material
consisting primarily of at least any one of SiC and MoSi, or the
compressed powder body processed with a heat treatment, and
generating a pulsing electric discharge between the base coating
and the electrode for the intermediate coating in an electrically
insulating liguid or gas so that an electrode material of the
electrode for the intermediate coating or a reaction substance
of the electrode material carries out deposition, diffusion and/or
welding on a surface side of the base cecating by energy of the
electric discharge;

forming a hard protective coating having abrasiveness,

erosion resistance or heat-shielding property by employing an
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el ectric discharge between the internediate coating

and the electrode for the protective coating in an
electrically insulating liquid or gas so that an

el ectrode material of the electrode for 10 the

protective coating or a reaction substance of the

el ectrode material carries out deposition, diffusion

and/or welding on a surface sisge of the internedi ate

coating by energy of the electric discharge. 15 [ 33]
Aedactaocéet feat iwntp retdwad WeOlcozariny @gmpdted §8rfagSlded body
tﬁS%Hﬁ%é’fﬁ 'é::grgv?c?%egtf ‘Eﬁ)e 19:1ret I%g?lég cti)eer 5 ocessed efr of cBN,

a conmp onent as a cons uent eI
t arﬂblr%ﬁd BONpeRaTH aafpmdeédoftfdl%ogaget&ﬁ@en?ecengmme and a powder

the 5HE f @l £ B TRIY; JEt-hodhathar act arnZ@8a P¥wadP of 2 powder
or.m a .base coati havi ng oxi dati on resi’stance andzi
O R B i L e A1 b SaP @b S rgE e molded
t hedpaseocesstd ng. lhorp beed ereatﬁehdedabddcyem@i:@‘leﬂng a pulsing
fé@@&@r?@"‘ﬁ%%cﬂgr mgk Oﬂ‘egffﬂ‘?é‘af” dlmié[ étwge and the

ded body proce Fea
g%?ﬂ%%%?% fﬁrpftﬂ%Pﬁ‘@t%ﬂF%@ﬁ ceagisghar ge el@@pﬁéeﬁa%ytlh@ulatlng

POL&h Of d10 gBe Phogessedh i -thec.gomonants MM +hedy; &-ode for
t ctrode for .the base coatlnghln an electric

ally
|E§uléf|ng'ﬁlgﬁﬂc8atépgg%5 B d At O SEPEEEPGReCT the Slectrode
nadeeibdl ofantieeseloadt degesfivionhedbasesionadndporwed ding on &

r terl (g ,
TSI Sl IS I L e crccuic

9% be 30 processed of the conponent main body
by energy of the electric discharge; formng an

which abl t Si
) e LORMASD BB EIERE LR, 52 . rrace
OpeR BN Wbi}heﬁqﬂmmgompelré@tﬁnd:ctebfeqprftct&sed of a component
| i B %@P%@ aceéﬁéf‘gtz%’ﬁ@%%%e%% 8 tﬁ?%hqeb@cqé/ Ment applied
ﬁb froma er 0 or the
iagas %bﬁjvweo%%%%%r RPEIFUE 1968 S T9 R Eo taRd chaTacterized

dgarerating a pul sing electrlc di scharge between the
base C%&‘Iﬁ%ﬁa’}:\d A4l Ao BLGH TRIR {0 kG, LIRS B 8L Sce ana

Coat in
%Wn@rﬁ?m:‘é&abboﬁsp%@y:tIhmtarareleéite:@tdeo@@r the base
rfﬂ;taaﬁlr@ @m chs%cﬁ'ﬁ(?tar Qele R %6@%&%@“@5@”&%%der of an

t he Iectr terial carries odut 05|t|on
FPPRRITGR a6 aétv%ﬁfcﬁ%arda%leamgh??% RS9 mith & heat
ba§@tﬁ@@¢hngnﬁygenergyln@ arpulsﬂngndmamﬁﬁlacHasgﬁargedbetween

the portion to be processed of the component main body and the
electrodeforthebasecoatinginanelectricallyinsulatingliquid
or gas so that an electrode material of the electrode for the base
ceoating or a reaction substance of the electrode material carries
cut deposition, diffusion and/or welding on the portion to be
processed of the component main body by energy of the electric
discharge;

forming an intermediate coating which is changeable into
Si0; having fluidity when the gas turbine engine is in operation
by employing an electrode for the intermediate coating composed
of a solid body of Si, a molded body molded from a powder of Si,
or the molded body processed with a heat treatment, and generating
2 pulsing electric discharge between the base coating and the
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formng a hard protective coating having abrasiveness,

erosi on resi stance or heat-shielding property by

enpl oying an electrode for the protective coating

conposed of a nol ded body 10 nol ded from a powder of

t he oxide series ceramic, a powder of cBN, a m xed

powder of a powder of the oxide series ceramc and a

powder of the oxidation-resistgnt netal or a m xed

powder of a powder of cBN and a powder of the

o>ei1@a:ttir@n1er esd st anfe m‘:‘lh’aérxﬁ)éd:t&@e malodedngbotly an electrically

hea and generatin

%%ﬁ%%%%g‘é" lc: rlinzg %I sc gétk\?élgnq} C?roc rég%rPesdl Spethat an

c@éteucl’@goalﬁdmﬁﬁ@rléﬂ-e@f r@d@ 6chrcttrmiepmt @cureaetcoat fwgstance of

| Rhaneekeetphcald dedinsukat-r-Rg s &ﬁﬂ%%ﬁlﬁ% SQifRakion and/or
| ectrode nmaterial of the el ectr

pﬁgﬁgépgv8ncﬁa?Fﬁ 2OF ALt iWE ?@ﬁ§t&ﬁ€§189 Fﬁeenergy of the

eledectode dimtbargk;candi es out deposition, diffusion

and/ or hqm gnh%l%gﬁ}a;]g%cﬁv% dcﬁjaoél tgh aving abrasiveness,

|nterms I ate atin rc
d|e§€ﬁépgereFlsa?nAesarfa@@ttﬁ 2t hehng r@f@i@@r%rby employing an

C@ﬂ.é}tt@@d@ufoﬁ mfﬁﬁ@tedﬂrlaﬁ Rt iWigt Bohesreat an 8nolded body
a .conponent 25 main

Q 0 be ess
P SHER TR RYETERE Lot e Ut RSt CORFoTEN: AppRGEeE of oaN,
te I&l%ppwdblrr@ erppwiEs T Dﬁetrsamﬁcade deidenrametirodi a powder
CBQr agkesk zed: by, - fosmdng, @ parqu Sﬁlgeat%&?ﬂd@f‘%f‘% powder

oxi_dati on resistance and eat-s n pro ertztﬂ
t RE PO ERBPR P&WG@%%&Q&%M&#H% r:ﬁﬁ BAtahw@mthe molded

bbd@ybprﬁﬁ?i;@yd n@lﬁ‘g aghéiﬁttr Ql(i@afgﬁféntheaﬁasgeﬁ@ﬁétﬂgg a pulsing
0 no e roma
?ge??gn Fé%ls a% ne%ﬁ% éﬁw %ﬁ%@ p?%%%%%%dand the

mﬁﬂﬁCérﬁ@aﬁbrﬂﬂéapnehectaﬁ@cgemenauungnalputsnnglly1nsu1atlng

eh@@hﬂicold'g%%h@69&&@ta\@?%@eckggd9%§ﬁ@f‘159 okfethe electrode for
%gcessed of , t he conponent mai n body 35
e

and
BROUEL T OV} FOaSd SSafl?ﬁqu+9%1S@PéGFPFEaPFythe electrode
|msUéaiahgcirrﬂasiouﬂ dgavsiaithat danfekeshr 8¢/ or welding on a

matephal iyt e £ 8l e&g{%’%‘f é%e{ pg gi‘ﬁ' tbéggggkgg oY e electric

reaction su ance o rries
9169@a€@®03|t|0n, di f fusion and/ or wel ding on the
portion to be processed of the conponent main body by

gy ectric i scha form ng a hard
o SHOL B\ s Eafe e tRAbPRGE aBrabtericds Ca B ae) Gt & surface
r eS¢ Stmemre Wit hoxe siad ¢ ot o  picgttapact hpeeppboys ¥H af a component
er'n§fﬁ§>%q1§r ;Qr EBESEE@ESH‘.' Vleen%qpct b@ga %%%Q%%dc&gp&ent applied

toagas turbine engine, the surface treatment method characterized
by:

forming a porous base coating having oxidation resistance
and heat-shielding property on the portion to be processed of the
component main body by employing an electrode for the base coating
composed of a molded body meoclded from a powder of an
oxidation-resistant metal or the molded body processed with a heat
treatment, and generating a pulsing electric discharge between
the portion to be processed of the component main body and the
electrede for thebasecoatinginanelectrically insulating liquid
Oor gas so that an electrode material of the electrode for the base

coating or a reaction substance of the electrode material carries



10

15

20

25

30

35

nol ded from a powder of the oxide series ceramc, a
powder of cBN, a m xed powder of a powder of the
oxi de series ceramc and a powder of the
oxi dation-resistant nmetal or a m xed powder of a
powder 10 of c¢cBN and a powder of the
oxi dation-resistant netal or the nolded body
processed with a heat treatnents2 and generating a
pul sing electric discharge between the base coating
andtthepebetﬁbndediﬁfusihﬁ @ﬁﬁf@ﬁt&é@ﬂﬁm@léﬂgtﬁélﬁﬂktlon to be
I | latin quid o as_so_that
Fec%%éggh e?ggjélqp entI et %ﬁg% %V ?ﬁ%rﬁyo?gth% glectric
18ieeherag;or a reaction substance of the el ectrode

materl atoﬁlamgeg hevl geRresictior. Hfdiugy A A MY Uprasiveness,
on a.surface side of the base coatln

eﬁEPaiz B T SRR 19 dPECRAFYED deP IRiAMIRS: D¥] GEPAGYIng an
petestobde hfopridiegriote amate R alty nGi aampbyeﬁl bfisgn@lded body

pﬁ&@&éd%oﬁl %gocg«;dé\ibg'fzt @togutdlge %Pf@ aEn (5 %é:»owder of ¢BN,

protective coati ng, ortion
pf GiesbRovReF 1 e&rﬁy@%?frﬂimosedy S@mqﬁ]aﬁgamgc tamel a powder
pOYES e chxﬁié)@ldﬁf—ﬂ@bisa:dd'ﬂ %e&@%ﬁ@r Ehfﬂ9§ed{@ét€<tﬁéﬁl of a powder
C S e surrace rea

ST REA Fadia BaPRRY b TRP At T oI AGhs 28 oSt bl Citaf e molded
modrmmweimum a hattt heeeximdat| oandegesé Bating a pulsing
n@i@c':ti’f'c Qﬁ%c‘ﬁ rﬁﬁ%ﬂwé@ﬁ g lg’gsé\/l'cga@J.Xga&gd M& electrode for

and he oxid series cera
yF??.%r%’i%qﬁJ}‘fezé&aﬁm&oﬁrlaan[ eéeaztx\l@a%ly Uk etk dd quid or
chas aotte;raJtZaedebgcmcmvé m&t@glébefttlHebéI@:tﬁQ:lélﬁ@QH@lﬂirotectJ.ve

OIS AR i one s g S Sam Lo Lo,
[ 374 dﬁpt%tléllo@onqlmﬁémﬁl@hamic’perwqb@lm omomﬂuzsﬁan:g side of the
CONPONEIY t 1R} P r 30 F Balkd ALLEGL &QSEHQE{;QQ and

haV|ng:§+o i on resistance, the rotective coa
bei ng f Tt CA 953G Bﬁ’rteé Bé Fac@?é%*éﬂ%%vet%atlng by Si03

dmynﬁmﬁ]émhgrmpnwdi)@ﬂy)f gD e Melsh, Lt opild petkb¥ & CORE PAGtective

' éﬁ: dBQXtEFg tg'yejf E%ﬁ?gerﬁﬁ_‘lx: é . o%e essng?sg%ggv\ﬁgpp%}ent main
:Pq*ﬁbsf @n%ﬁh@nﬁéﬂﬁeﬁhéfr}@wﬂ@r@f cfbirﬁmogmdMaﬁdz dnfowder amorphous

qﬁa@bgggﬁuadﬁpyge@h%fn@hg%gybngzprocessed wth a heat
treatnment, 5 and generating a pulsing electric

di scharge between the predeterm ned region in the
c¢otfjondite sar fia o dy eandehbenedlent redeted inadny claim from claim

e 2Ll thGalldy i 8§¥f?é%% %]écgy{’l(%h%[t o89qL Dk, aPes:Lstant metal

el ect rode mat eri a e electro or a reacti
JdifH&NENeE BFUEFHe Netader 8HdI-Craly and NiCr alloy, and the oxide

series ceramic is yttria-stabilized zirconia.

[ 36] Agasturbine engine characterizedby comprising the turbine
component recited in any claim of from claim 1 to claim 4, from
claim 15 to claim 19, and from claim 26 to claim 31.

" [37] A metal component characterized by comprising:

a component main body:;

a hard protective coating having erosion resistance, the
pretective coating being formed at a portion to be processed of
the component main body,
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material carries out deposition, diffusion and/or

wel ding on the 10 predeterm ned region of the

conmponent mai n body by energy of the electric

di scharge. [38] The netal conponent recited in claim

37, characterized in that the ceramc is any one of

or a mxed material of two or nore 15 of cBN, TiC

TiN, TiAN TiB2, W, SiC, Si3n4, Cr3C2, A1203,

Zr02-Y, zZrC, VC and B4C. [39] A netal conponent

charactwﬁeﬁéihknhsxynmaamtﬂge caacmﬂpomenfoﬂmeﬂ bpdrpleoying an

291@(:@9599 pé ecstelc%/ %gdgﬁogl Sféig%aﬂ?&n le d powder

nposed S protectrve c |ng ern e

a@f & p@wﬂempﬁ 8 rb%t?plc @c:egs:édvdqﬁ of rﬁem@@ﬁéocr@mom gnd a powder

bedya d@i%ﬁﬁ'cnokh@i@&gl%td MSd?O@‘EééEQsée?d farmed Ibé’at treatment,

engéoy _electrodg id of .a sQ|i boq¥ %ﬁg- th

%Fﬁflti‘cﬁjy “moPY &lnﬁs PLEfBpORdelbIG T ST tiRFreen ©

npt el@eit dacingd aegisnsid thet tompdreait tuadat edy ana@ndhe electrode

gfﬂ%h?%h%%t§189h§ynﬂn§&f§%{ﬂ éqgéﬁGﬁég%%QfEM@%HaEQﬁlelectrode
po processe onent

b%%l?e%h%jl Plfetlé? @éﬁﬁééédelw arF & &6t éﬂb-ﬁ?a@ﬁ% Pfathpglectrode

| ingitlé £li 4 NaltdiiRg @ukﬁfé@:dbid:ﬁ%@r Qﬁ?ﬁﬁus§@nta{3ﬁi/c&nweldlng on the
el ec h e ectrode.or a rea

rode material, of
HESISF R TIoT re 24eBe0T do® RETEPRETECHP 17 SO PY eReray of the
depesition]isaidfgesi on and/ or wel ding on the first
portion to be processed of the conponent nmain body by

energy of the electric discharge. [40] The_npetal
dofponerite FEtiate8OTROBAYT CTRF WG i ELaLR 37, (Jrazpsterized in

ctlaatnt&r&, celaamactﬂ iazgdohs éhalr a Blxéacetdrdalobrtteo or more

pL ot & e wit h,a .pee
trg 451[01[ ’4??A;\ﬁbl a Sﬁ(ﬁ‘pongﬁtsé I\%I’ 8%3 6 Alzoéé 2r0z=Y
t@¥%4ﬁ€3eﬁgiﬁhcor a steam turblne engi ne,

characterized by conprising: a conponent main body; a
ga % protective coatgﬁg havin% er osi on. resi stance, the
% ot TSI lc SAMPRISHET rgaf sFhEdLaEaPPor PTBRL £ 61 B
processectafporidit emipobedty ;mai n body, wherein the
prot eCta{ Mgrﬁ %t ' %tl f oi'%g;e%)_{%g{@ljl 9‘%‘ ggagﬁce composed of 5iC,

el ectrode conpose
N @ i JpdRddd veofo At posdeai nsf fszrmétiaat ar P&’rfﬁé@ﬂe‘ﬁo dfe grocessed
r@fa&hémmrﬁﬁ%a@np%w 10 of a ceramic or the

nol ded hod esse heat . treat
Gener atTRT e FS: 26 CEFELLPEcots bhhar oo Tetiash i FaPloving an

electrode composed of a solid body of Si, a molded body molded
fromapowderof 8i, orthemoldedbodyprocessedwithaheat treatment,
and generating a pulsing electric discharge between the first
portion to beprecessedof the component main body and the electrode
inanelectricallyinsulatingliquidincludingalkane hydrocarbons

so that an electrode material of the electrode or a reaction
substance of the electrode material carries out deposition,

diffusion and/or welding on the first portion to be processed of
the component main body by energy of the electric discharge.

[ 40] The metal component recited in any c¢laim from claim 37 to
claim 39, characterized in that a surface side of the protective

coating is processed with a peening treatment.



predeterm ned region in the conponent main body and

the electrode in an electrically insulating liquid or

gas so that an electrode material of the electrode or

a reaction substance of the electrode 15 materi al

carries out deposition, diffusion and/or wel ding on

the predeterm ned region of the conponent main body

by energy of the electric disalaarge. [42] The bl ade

conponent recited in claim4l, characterized in 20

that] t he bdﬁard&rri:cmp'mn@:w a@pa ield D6 adgaE XedbiRlceeh@indfor a steam

SR s Phan dr s adte RE ptidingic [ 4y A
bl ade c@n%@mﬁﬁneQﬁnﬂakﬂthﬁX3 gas turbrne engi ne or a

steam 254 Qiﬂl&e%‘tﬁ'xﬂéecoﬁbdih%chg{rhﬁgdePé’s9@1'i"pfés§15ﬂ93nce, the
rotectlve havi ng

I ma
P EeTBREr S Skt Bhiphsanrbrla be RarE iaPotope rocessed of
colat i cgnpenagt frexiredba@ty,a portion to be processed of

oot L aURAERy T e dhael gt BE PO 030 I8 oving an

coating i or me Iectro e co

o%l%c%wi%l HERP BT Srf aamﬁéri@%db@@biymﬁbqi%l@dfrm ommixed powder

?@ﬂ@?poﬁ?eﬁlof 3rmé‘i‘tﬂ ey Q%vﬁ&é@yl oBraoﬁ@%SQdcdﬂré&hr@:l heata powder
[ eat nen and gener g ul sin

di ]gcahar CEETEE RBer'S RE iidl :&SPOdgo‘?W%%StedFB’étbr e freatment,

oind hegeonpdrient @mi pubedygandleberitecdisctea 3% | betveen  the

eﬂ)r‘?&ﬁéﬁ%iﬂed %BE@B' ﬂgth'eqr’:'érgpé%ﬂ"ﬂ @r%&}?%?xd the electrode

rocar bons so t hat an | ectrode materi a
e%YIéaIr 8&18Cérlaaiéaﬁnwa%@aﬁ@é%@rtqre% é|0eelt1@‘@d9é1 electrode

nediesipdl edrtliesloutrdepasd biactdrdbhbschinde 3T 0L electrode

' fir orti.on to rocessed
‘é}%%%é%%an]?%ag}?e rﬁ d%péorser gl)r/mdf Q{,g U3 2R 0 g%r weTglng on the
c@%ﬂ%ﬁ@g@lqmremenméc@@@nplpnenntrmmm édinbgngnergy of the

daddnfromid@idpgdl to 5 claim43, characterized in
that a surface si'de of the high-hardness coating is

processed with a peening treatnent. [ 45] A gas
tturddi ne?rmw@ilaeechanzamemt m:h:;ed:@frp&irsmwlhe:rﬁlmdﬁemzed in

Z%[H}?%‘ﬁ[@ ﬁéf&hlgdlé g glc?f @rf Lo e & @t%:}_‘laq. %%atwo or more

téam tur br ne engrne ¢ aracter
COEPNs i el £ FéNp| ﬁﬁ%lNc@n@enéfi’ﬁ: Sa€ir t BthNap chlpdrzm, Zr0;-Y
farm claigndb,t0 claim44. [ 47] A surface treatnent
nmet hod for carrying out a surface 15 treatnent with
respect to a portion to be processed of a conponent
[ 43] A blade component applied to a gas turbine engine or a steam

turbine engine, characterized by comprising:

a component main body;

a hardprotective having erosion resistance composed of SiC,
the protective coating being formed at a portion to be processed
of the component main body,

wherein the high-hardness coating is formed by employing
an electrode composed of a solid body of Si, a molded body molded
fromapowderof Si, orthemoldedbodyprocessedwithaheat treatment,
and generating a pulsing electric discharge between the first
porticn tobe processed of the component main body and the electrode
inanelectricallyinsulatingliquidincluding alkane hydrocarbons
so that an electrode material of the electrode or a reaction
substance of the electrode material carries out deposition,
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mai n body as a constituent el enment of a netal
conponent so as to ensure erosion resistance, the
surface treatnment nmethod characterized by: formng a
hard protective coating having erosion resistance 20
by enpl oyi ng an el ectrode conposed of a nol ded body
nol ded from a m xed powder of a powder of a netal or
a powder of a netal conmpound agd a powder of a
ceram c or the nol ded body processed with a heat

L deafuendn haaﬂﬂ/cgcgﬂe&aﬁ.h@g:az@ Pl skRgrep@et 1€ td 86NSF&Eessed of
the eadet er region i
o RO AR TR 23 GPocts e TN ST SPecELrERrry discharae.

insulating liquid or gas so that an el ectrode

nej gri alhOfhthe ebeebhede Ofcardgaa! 'a?lgsﬁligﬂnafESmoélalm 41 to

t he eIS trode material carries out

dFt3 1R dn AFdasite siecs h@taﬁtt%%uﬁf%a%tsefim Helihpdgighrhardness
ofcdhing apanente sId) Wiady a Reenengyretthbatel ectric

di scharge. 30 [48] The surface treatnent nethod

recited in claim47, characterized in that the

detani ¢ 98 sahyrlohre Gnagmeachiradt emi eed &y cofipriwing the blade

@i e r0BN e chited FirN ’an | AN TiFB2m WEqiml @l §63Ma1m 44,
Cr3C2, Al1203, Zr02-Y rC, VC and B4C. 35

surface treatnent nethod for carrying out a surface
th%@tnﬁhstahmmumbspaﬁngxn&mmmwaitmrize@eypkmqmmﬁﬂﬁqﬁheblade

Z!'ﬁtrgy |1 %&a@mcggéﬁll EESE_]}{L ghe nélglm 44,

&
met al conponent SO as t Suré erosion resis
the surface treatnent nethod characterized by:

f[ocml ng asmlafacb@r@f@@ﬁmé/@t claat:hélsg tﬁ@&th %ﬁy@.@l‘gorbut a surface
e an el ectr e Co ose
SRR on So BBt Ao Bs G55 e BEPTIHRR S phce pomponen:
GﬁaJSE bOd[Y ehea runded thedy pilenessedf w tktad bemponent so as to
tér?ﬁlf@merc%rl%ngeri%rs@s'tﬁglc@ pu'tﬁ'eng sﬁlr%ﬁg'é' Ctgﬁggﬂgﬁge method

bet ween the flrst portion t6 be processe
T iz PY¥50dy and the el ectrode in an

el ectr Ifmlmllylglﬁﬁdkdtpmddtquﬂedcé&iﬁ@hﬁ@llﬂg & KAih resistance

t hat | ectraod
BCEPRIERs 12 LBl B Saads BF SinAlodl priliinoraea rom
faleX¢dpovwdgrré s mdajepﬁﬂ neoml odi 4 pegdem @hd/mrtal compound

welddb bk £ Re 5'6e¥am1%°5f't‘?{é faelQ@ ﬁ%ggeggeahﬁ.th a heat

onponent mai n body g ener gy el"ectric
%I g}ea » and genérating a pu151ng electrlc discharge between

the predetermined region in the component main body and the
electrode in an electrically insulating liquid or gas so that an
electrode material of the electrode or a reaction substance of
the electrode material carries out deposition, diffusion and/or
welding on the predetermined region of the component main body
by energy of the electric discharge.

[ 48] The surface treatment method recited in claim 47,
ctharacterized in that the ceramic is any one of or a mixed material
cf two or more of ¢BN, TiC, TiN, TiAlN, TiB;, WC, SiC, SiiN4, CrsCs,
Al.03, Zr0x-Y, ZrC, VC and B.C.

[49] A surface treatment method for carrying out a surface
treatment with respect to a portion to be processed of a component
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15 [ 50] The surface treatnent nmethod recited in any
claimfromclaim 47 to claim49, characterized in

that a surface side of the protective coating is

processed with a peening treatnment after formng the
protective coating. 20 [ 51] The surface treatnent

method recited in any claimfromclaim 47 to claim

50, characterized in that the negal conponent is.a

bl ade conponent applied to a gas turbine engine or a

stream borpi a2 a engisnétudht element of a metal component so as to

ensure erosion resistance, the surface treatment method
characterized by:

forming a hard protective coating having erosion resistance
by employing an electrode composad of a solid body of Si, a molded
body molded from a powder of Si, or the molded body processed with
a heat treatment, and generating a pulsing electric discharge
between the first portion to be processed of the component main
body and the electrode in an electrically insulating liguid
including alkane hydrocarbons so that an electrode material of
the electrode or a reaction substance of the electrode material
carries out depositicn, diffusion and/or welding on the first
portion to be processed of the compenent main body by energy of
the electric discharge.

[ 501 The surface treatment method recited in any claim fromclaim
47toclaim4d9, characterizedinthatasurfacesideofthe protective
coating is processed with a peening treatment after forming the

protective coating.

[ 511 The surface treatment method recited in any claim fromclaim
47 to claim 50, characterized in that the metal component is a
blade component applied to a gas turbine engine or a steam turbine

engine.



