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1 DESCRI PTI ON TURBI NE COVPONENT, GAS TURBI NE ENG NE
PRODUCTI ON METHOD OF TURBI NE COVPONENT, SURFACE
TREATMENT METHOD THEREOF, BLADE COVPONENT, 5 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 netal conponent
and a steam turbine engine. BACKGROUND ART A turbine
rotor blade applied to a @ESCRIPIITION engine for a jet
engi ne or such is one of conponents of the turbine and
provided 15 with a rotor blade main body as a main

BORBIE CONRIHBenEAS AFRRENE ENGGNEI, ARORUS TEONM O EESRIGTURBINE
Oé?nﬁﬂstﬁxéﬂlw bi g pats0 rTﬂﬁPﬁ@%N@?ﬂETH@QdTEEREDP? Busbk ntGOMPONENT,
rot or ade, are processed w a surface r

so as to I otarny BREERRREE A fludl e iR

resi stance, where the abrasiveness neans a quality of

CaRaRH dALY F'%Q_‘Dof easily abrading an opposite

conponent. re specifically, portions except the

port i off§iet Bregenpisvesdden Felfees Gt g6y CoNpefeent . a gas
rei#bibedyngd e MasksHuANIGn méyhe$ bt turbine component, ablade
OX|dat|g§ireS|s§%ﬁt netal as a aatertal f@r gfrayln“ -
abASE 3T Ag Wadi nGBRPEEE ot Feli St 3Rt e~ T E 1T n%%gc&olh :

the portions 25 to be processed of the turbine rotor

b ade:dfminD Bedy by spraying. Further, by using a

ceramc as a material for_spraying, a hard protective,

coati ng ﬂ:grbépﬁea%ﬁrtwéclﬁawpﬁ&@%i R ByIaPrayiHge engine for
R %@%@Rﬁe@ﬁr bﬁbﬁﬁ'ﬁl%ﬁ.\é 36 d%)hﬂolﬁl%n\b@)éof bﬁé aug®ine and provided
coati ngs._suc s.the base coating and . the protectijve

Tl Ao TaP et BIRAh Ty otk qg, pFetPeRrRents Sucoient . As

adlllastromtéarise i, ba prockssed tokdthemurdfing maskirnglade main

L3RR, ang t@%rﬁ%@%@ﬂﬂ%l%@%@%&@nPQBCEEEeHOQH:Hgé surface
and post-treatnents _such_as a renoval treatnent of

eGSRt P H Ehdl etrhl ¥cERRpERyRRERSEVERE MRt 7R gFidation
tres icoaindegSwhe ee rgspabravel gnaes assaiy a Jhel LfYrodE, capability

pr.oc r i red .oduct | t he turbine
f%?é%%%ﬂéé§&§g§§%%n€§egggaggggt%é#sgﬂgﬁ%ioduction time
of t heMaxebigregidtisraldy, portions except the portions to be

processed in the turbine rotor blade main body are masked. And,
by using oxidation-resistant metal as a material for spraying,
a base coatinghavingoxidationresistance is 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 coating 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
as a blast treatment, a sticking treatment of a masking tape and
such accompanying formation of the coatings and post-treatments
suchas aremoval treatment of themasking tape and such accompanying
formation of the coatings are respectively necessary. Therefore,
process steps required to production of the turbine roteor blade
are increased so that the production time of the turbine rotor
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bl ade i s el ongated and hence there is a probl emthat
i nprovenent of productivity of the turbine rotor
bl ade is not easy. Mrreover, for the same reason,
there are problens that the coatings are susceptible
to peeling off fromthe rotor blade main 5 body and
quality of the turbine rotor blade is unstable.
Meanwhi | e, the aforenenti oned problens are not limted
to the turbine rotor blade and simlarly occur in
Qﬂ%&fe ok anyndalf &d e1d BEeAPeNEnd Se &@d af pif diesm ama trehpkovement
onenl s sichuding the, LUcRine, component 5, 10 thel,
F VTS Hovs pPSOFEAE NS FPFSE PEartrEs gt it
pr esenthnmmfhoﬁorg:fae sarnpi n@a@@mpmir@ne applpeeblems that the

gash i Bee eﬁf&é};ﬁ:ﬂ‘ﬂ% £t ad bl ey @ff@uf‘xdor@%héxfé‘&or blade main

center of the gas ‘turbine ‘engine, whi IS provided
WA 27ChAyGHeny i ﬁhsoayrbwa EOt%Fo]P%%@? vES R iaRye
havi ng Mexintlatiilen tksisiaraeranichrald peobesrssadd o Meaited to

0&1& t&£§£ﬁg§%ttofsr@i§c% Bgdéllm%fla 3,88&'919”?1”&15‘% %f any turbine

fective <oa
@ﬁmmqm@%ﬁmélf@éttmgnxm@é@pmor@nﬁﬁ @Iédlb@ayg the turbine
1303 éﬁﬁmwa n1xed pomder of a powder of an
oxi n-resi st and a go er of cer&rgc or

t he 8d bBdy° Voot @by, RTaohese 17 akge of the
gne:reafsea:ttl hgvanfOopulss angubiest ronpdhenharme irat ween dalzeturbine

%Qfé;[ n%n 51](& QStBEQBfésggouﬁ% éﬁ%ﬁoaﬁp%%te%'fnthgd¥as turbine

ctrode In an el ectr nsul ati
|STGUINE o ed sbs t BBV Ete@| Btthode C@ﬁ*@@ﬂﬁalt malmhévody, and a

@r@t@c@defeoboétiﬁéq{dﬂﬁlgs @Q&Bﬁﬁ@@nofeéf@téﬁ{@%h@dﬁbras1ver1ess
carril es out OSI ti,on si on and

t
266 o8 &y HESBETET b Tt J0 e Sdey COFEOHEE main body,
cdrpeient hepiroteoty veycmrangyi sff orivedebeetnploying an electrode
cﬁr?&%egieofl\@rn‘?cg%/ur%l ne§eﬁ8f§e(§ e.ﬁth%l ééﬁgpw&éf%tf a powder

invention_Is a conponent app
Afr BRnexbajF Hel - TR i ant peseildand amptowd@rc@ﬁp@ﬁ@mamc or the

ﬁf&il@e@od))bdyapfﬁob&%s@ﬁowehl weheaat tafgalaaéhﬁg 884 generatlng a
orme

S|Ven SS,an rosion r SISt anc
BraAdeRTRg 20g G18ShOPal SRANBS THOTIRTIOR Bglbl brocessea
afd thesecopongnotmein \edyc eatli bige heba aigrazie d@t ponelectrically
rl@ﬁs'u%ta%'i?l% fl‘i(qﬁ?tg e %a%e‘éenghﬁl’:eéhr@ﬂéctﬁé}@éeﬁét@?ﬁéﬂ of the

({eg-\?g Ipﬁ]gqq?glelarst treat nent su ect 0) . so as to

5E6PBAIRAL AT hb RO mIECEE RO Ya gt carries
pruat eepiosd t3bngodt iffigst snf aﬁdﬁdrbyeEﬂDlh@yoﬂgtH@ portion to be
%lr%%ters%%% 89”@83681@%01%1{@ In‘flc‘:leidn body by energy of the electric
discharge.

Moreover, a second feature of the present invention is a
turbine component appliedtoagas turbine engine, whichis provided
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 o 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 of two or

more mixed materials of a powder of a metal, a metal compound and



10

15

20

25

30

35

body nol ded from a powder of one material or a powder
of two or nore mxed materials of a powder of a
netal, a netal conmpound and 3 a powder of a ceramc
or the nol ded body processed with a heat treatnent,
and generating a pulsing electric discharge between
the first portion to be processed of the conponent
mai n body and the electrode in an electrically
insulating liquid or gas so that 5 an el ectrode

retgividdr off ttheeehectkr edetne r@ol@@@tb@y ghsdeamel watth a heat
t.he electrod terial .carries, out it

ent, e T Gsi Ll Ol C e between
dr FIUSTDH afd b S RERRRY BnPThE Y r% Pt o 5526
prive ésged pbrthencmmenbcarasad da’botylebyompengytaﬁairhéody and

elirChieerdbaehar g8 ei@é@?ﬁ’@éll AN d i et M gurd otrhgas so that

present invention I1s a 10 turbi ne conpo ent app | e
{3 £ e i Mee ciginel GRECRIFSTINGYiYed HRAdyign substance

Qﬂﬂ’phé%’ﬂedﬁ&bﬂleﬂﬁ&bﬁrﬁa PosPUScHane creﬁpaislrtngdengfusmn and/or

?Xe']fjcf‘ on trlr(l:“eS If E:%g 1donhggtbe3hl g %i PEEr tcyoméac%nent main
orme a po I ONn proce se he conmponen

necdy kmdyartwcgemafgwh@f eéﬁcétfe@t dn@chdrsghar ge; an

inter "%r%tcﬁre‘%oataﬂ %1%@1”&%%%@&“ o %9@39%%81163&%%@{51@ is a
| east .any one o

15 t I f at nd
C@%S%fhggn‘g‘gtlc ggl%éé@ I%é’ aia%?% tBFé?nﬁ 5\?&%&? I"ﬂ?’d%% S provided

whisth &heongashdntr hahe enyi;ne porsusibape cabitany ashiifloxidation

pr.fégl%@a{ C%B%’?ia;ﬂlé‘& &cflq'ﬁ?fgrggeg)él dP rrﬁ'gcﬁ 'o%s n?ort ion to be

ceram m Xt ure e serl es cera
mcq%?@doﬂfdattheommr@mnman@t &odyr by engtdivecsf apBRllectric

anik dier 0 &%hﬂ@éhﬁ@d.{%é ebant ngebabossd Jfaé/bﬁtgpom.te material
abr asi veness, .eros resistance or OXId i

(SE e PEIREEY Pf afs%?f]a%ae‘s%ua&’é’ Gfe P SlC and MoSi; which
iird ehardeab e doabi S byaeirey yuoflian u&ieex:t]ne gas turbine engine

digsqharge, s FyLhher 'Hredb q;‘otc%lé'i:tlt}ef Sggyiﬁ%oéor{\ﬂ:?sed of an oxide

present i1 nventibn is rovide
r?él”r%%&)@ra&ﬁd: +aChYr dapmmﬂé'em\féf te [paiidey S@nrégsoﬁeramlc and

reef sbﬁn@sti@ﬁnﬁéispétamﬂoométgmht& bg priggessedhOf cBRe and the
C In the

t ect
R Oy Rma By ARCE! ccrioaBRKbNBodRt 2 4 Woederosion

knﬁﬁﬁahﬂnmadO&ronudatpomdsesn$tanmetﬁdrmwdzmnnaxedrface gide of

Q:Qi@%.rnt‘éfrn%dﬁ‘é%e(:ggg Eg”ﬁ&alenéngeé‘f p&‘{\dﬁeﬁérﬂ: doischarge

ceram c_ or proce d wth a
t r eat NENEFRERBCGENER aﬁ%’@tfa Esaitsrrgol| eee mresfirgchavgation is
&ealm@eprovmae@wiﬁm@ E@mﬁ@n@ﬁ@qﬁ.ﬁﬁﬁ%o@.ﬁ/ t §ed coMp@dePtotective

:ﬁﬁa‘sx)l}n%?g\ﬁlagpgawegsnﬁ aggcte ggr{nﬁgt Oalg elp%% 1|onat|:<|3)ioe processed of
the component main body, wherein the protective coating is formed
by employing an electrode composed of a molded 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 discharge between
the portion to be processed of the component main body and the
electrode in an electrically insulating liquid or gas sco 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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el ectrode material of the electrode or a reaction
substance of the electrode material carries out
deposition, diffusion and/or 35 welding on a
predeterm ned portion in the conponent main body by
energy of the electric discharge. 4 BRI EF DESCRI PTI ON
OF DRAWNGS [Fig. 11 A schematic drawi ng of a gas
turbine engine in accordance wth enbodi nents. [Fig.
2] A side view of a turbine rotor blade in accordance

BRIEN PRICRETIONOCH TRWINGS 9. 3] A side view of an
ctrl spark chine in accordan w.th the
Lﬁ hts. anah rgﬁxtz,f: gdrz‘(laslg r_a ggai( k;:)urblne engine in
da@m@n’@@cf%rwmtplemhﬂd@en&%r oduct| on nethod of a
t pf i Nex conmpanentiel BidGCREdancerMdd tdher Ml ddd Sh accordance

enpodi e ] side view of a turbine rotor

pYHide ?rﬁa}’c‘%&)wﬁ%’@ée\ﬂ %h a nodified exanpl e of the

flFsg. erﬂbodl reside Viieg. o Bhnfe lsdcter v spadk macthilhl e accordance
ance wth a second enbodi nent.

fgfﬁ %%#h ;%rk and Fig S‘Pé) are draw ngs for

ekt &i rﬁ]ng a‘f‘l§urf1éé w@zﬁl@nﬁ t Ao drawicee? darcexplaining

mwoun@tagﬁqn@tmw Jeifrbirddt8mp8heft Gn 8cadrisnde with the

avvln | o aline VITITAAVIIITAin Fi b) and
ged'@gch%é?% ‘de view of a turbine rgtor(bl)ade in
aE:E:xgdaEﬂce WA lsidet fiiied efibadiuEmine 2bydrt dgrladie F:Elngaccordance
ﬂ'%h aNGhdd 1% Y s fiedro"i“""tﬂgs fﬁgéteém@é&}q&lgﬁe thir

ace treat nent ne I n accordance wt
Wbt fdnt . A Fitge Y@FWAO§| et yrRiprataruisiase ist épcordance

h;l(ﬂ;de d rseapcgﬁ{ dga{mm@intth a fourt h enbodi rrent. [Fig.

1 11( dr aW| f or .
&’Jpligm ni ng %)% 2 Ci]F(lrEzg taﬁ%t Jrnrgs for explaining
aceor fareeraathent methudtllm saTdgodiamenstwit Hhgsed@hd Bmgodiment.

1 d Fi 12 a r@y\é‘pﬂ%f s i:0j.n _ -
sﬁé@aczﬂtrea?ngnt @%g h%g ?n accordaaglce i:{/(vll%lJ B % g%lI?A grita in
>€é-’rrp|8e YofnghEigouf {1 b Gdistast Vl[fFfl ‘@f 31331117@?1“8 rOtor blade

sivh eraid elaicanwivig hofa ahstrdaembugbmegtengine in 30

a&clod’ dad']ce V"'FEE g f tglncfrlgtmdl g‘?%'ara drawings for explaining
a surface treatment method in accordance with the third embodiment.
[Fig. 10] A side view of a turbine rotor blade in accordance
with a fourth embodiment.

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

[Fig. 13] A aschematic drawing of a steam turbine engine in
accordance with a fifth embodiment.

{(Fig. 14] A side view of a turbine rotor blade in accordance
with a fifth embodiment.

[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. 16] 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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[Fig. 14] A side view of a turbine rotor blade in
accordance wth a fifth enbodinent. [Fig. 15] Fig. 15
(a) is an overhead view of Fig. 15 (b) and Fig. 15(b)
is a draw ng for explaining a surface treatnent nethod
in 35 accordance with the fifth enbodinment. [Fig. 16]
Fig. 16 (a) is an overhead view of Fig. 16 (b) and
Fig. 16(b) is a drawing for explaining a surface
treatnment nethod in 5 accordance with the fifth
eash derde u{ﬁgf; thb?]fllfitgl. eﬂnﬁga:imans.i dﬁ Vi ewdo; a

b|n otor a accordance with a nuodifie
T T L% POn BnBodi AEnL S Hest SBBAEGROor blade in
G¥¢@@md«3aajwrnhEd N@ENfueN Axdepéei pfi bhewfiftiheembodiment .
hereinafter given to certain enbodinents of the
present invention for describing the gresent

iFRENMARE FOR FARRII NG CHTI THE ANYEYNT SN at e reference
to thea adesnpapyiog diolil nge Neasvhakeeri rgix!r‘eaz to certain

S EF Lwar ire and R
g%ﬁ%%eg&%t?earmgﬁgq%g é% an%nﬁngo€%¥ s E%Plng thS present
desEitparonn ifnyhepedetad lcwasd @ppg@prgnte|geference to the

ranchnﬁ_:%Quytlnga&:@ﬁlﬁ%@X' %e%nrw?ﬁ.tl'eonln hQFEGPRER! “FF” denotes
on" is referred to as a_Y-axis direction

d r n
% CRFYRESI SIFPEELPBnancs PRt oFFBALES S5 SEPEVANG firection.
quattwerrn 1h5t hé | RSHoENVBGRIHVENT) pﬁofnéfst“aerttt@ﬁsmiﬂt:ectlon" is

Wéf‘eﬂ%djgécéébﬁg fgﬁ'@g}&%Et%hh “eg q{fq{jj)%%ec&slo !rgctlon" is

rr?fﬁr@fedltanﬂsﬁdf azclsadtlerﬁm:ﬁ@nr@n r“%lWélIJallndlrECtlon" is
&@f@ﬁ:&%@CQoV\ﬂatshat heaki EStieabedbaent is one of turbine
|l oyed in a gas turbine engine 3 of a
Jet gﬁg%@®ogﬁgE§§Eh and is rotatable around an axi al
centerA3¢xﬁsuhQMgmﬁmenmiWélbn@bn@es&riﬂadthﬂﬂﬂjﬁﬁfter with
- Rl-ade p&ovpg d t r ot
T ocon% ﬁ\/l Pl@ 9 o%e rotor r%%'l F:Lg 4 (

body 5_as onent
mai n by 98“51$3F%bﬂﬂb§§§~8ﬁ9a ?ot%rt%ﬂh%ﬂ? TOt@r blade 1 in

plcathraamm:e \ff:Dtﬂlim:dlel fl:L Bt Rinthddy meadYyi Mohl af RH iR components
S0kt U5 ADEE AL g g Soug L D el
B8t hw@tabé@eazg:furfcblanaamabmam gasohnthe lmsdovebané engine
21 is engagable with

The turbine rotor blade 1 is provided with a rotor blade
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 rotor blade 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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a dovetail gutter (not shown) of a turbine disk (not
shown). 30 Meanwhile, a tip end portion of the rotor
bl ade 7 serves as a portion to be processed. And, as
described later, a protective coating 13 of a novel
constitution having abrasi veness and oxi dation
resistance is forned at the tip end portion of the
bl ade 7 and a surface side 35 @gf the protective
coating 13 is processed wth a peening treatnent. 1In
aidensweedssidmsieth 08s s taned asidr flvces i vanddent piidedbed with
'f‘esaqaecc%m 98N5e With e b %ne"‘g Ehgeﬂiade urface

ent- so as 6- to ensure oxi I'dn"Tresi st ance and
abr asi venekewn sngrigces s et adiedt ricesiprck meohihe 15 jn eadordance

REIdH Q:'heoferrﬁb'&ﬁlmeﬁ@elg aASaSHOWI LA Felg. be'i_’ngﬁ%m loyed for the
el ectric spark ma.‘?sjpgkP 15 in accordance
a

Gfeht SRSTERT FEFPECEr LBefhRy P&Fﬁllé%ﬁofl?f‘r prpgessed of
X lsuchapentneatarienbodiyt in rtdspeatbi ne tdengordritgn sthiohbes the tip

FHrR‘F 8?@%8&‘:}}% E'ﬁ? %%Qhe@élgd%%%wlﬁgdtvp%ig 'bl%'dnf? extending

nents SucC
kﬂfhé@ 7- 3RS giloﬁﬁqfé@nmﬂﬁ a Ybakisr déxeehdPig ﬁ“trrtd?er the bed

>iva>us8pﬁlow@éd QR tANE Bad1 &Xi$ a8k €68 Itb1d bt D8MmoddlEle in the
A7 s oVi able 19 and_the.table 19

Bl EePh R ABE X fts S GHHiaE P by - ARSIV notor (ot
dﬁmvenobndnmhvabﬂs $er vbe Nt ax i ¢ nbfrecghimmn byameans of a drive

T 9PN o0 f B aKBodl KBELT glloty oans of a dr i ve

a Y-aX|s servo-notor (not s The table 19 is
pr ovi dEdenitElR1E prsodes SRy idask YELH ¢ DreaRising tank 21 for

Iﬁmzﬁ/ﬁggé 1Q|qQ1:i}i1:1f$ el elé@wﬁapmngu@at@@naswrpgs%spﬁgcessmg
Ol an n € praocessl SUppor

238007 00 508 PSR Rort e & 290Pe” FRIALtt W eovided
ahd gupBorbphhkel? 3t he pcorpdadnti thnm mgb&ﬁd‘yo shdkehashe bemponent
rn%mf beagd@umla% Qﬁgyréﬁls bq%a@blhsmgfb&ﬁ} B80i o S8 AL of being

t he Jlg 515 electric connected 10 an el ectri ¢
ke PRASGhf dd 9275 1@8,1\669@1?%115@@@#0%%12@@3§|lﬁ§trlc power
headc29 2i7s provided with interposing a colum (not

shown) t pragessin head 29.is a
o AP hPYe PROPERECTTLNE BFOHeBPibE BFRY Sb oyp cpfovided wicn
dategpestios eneelvhbwiot Mireovierand Hdeppooeesisngghbadd 29 is

2 vad1epravided a‘A":L"sh d@ redPRBAt bg/gﬂggﬁs 3cgf f ?r ((ierzs.*trj% p%]E ta Z-axis

supporting an el ectrode 31.
r?@ﬁ‘% %FSQEPECFPPHEI Iy %%ﬁ“n%‘é%d tle teocessing head 29 is

provided with a support member 37 for suppeorting an electrode 31.
Meanwhile, the support member 37 is electrically connected to the
electric power source 27.

Here, the electrode 31 is composed of a molded 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. Furthermore, M in M-CrAlY denotes Co, Ni or both Co and
Ni, more specifically, M-CrAlY denotes CoCrAlY, NiCrAlY, CoNiCraly
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el ectric power source 27. Here, the electrode 31 is

conposed of a nol ded body nol ded by conpressing m xed

powder of powder of an oxidation-resistant netal and

powder of a ceram c or the nol ded body processed with

30 a heat treatnent by neans of a vacuum furnace or

such. Meanwhile, instead of nolding by conpressing,

the electrode 31 may be formedz by slurry pouring, MM

(Metal Injection MIlding), spray formng and such.

Mar edM@EsGrAlhe oMedawhOhe| eséShwsd Setraly CRIR0S PYski®ility to

e B T
dieth qrresst e b I QﬂCr@dﬂhCGDC@NdCrNﬂY more specifically,
M QM\T@B@ES&%@%M&%%@&%& \§17150é'.ny one material
N|CoCrAIY Meanwhi | e, because Si _may
(s S 150y OF oMOF Br A BRF k2 & &B\Ntﬂ’lﬁv E%Nf TiAIN, TiB;, WC,
t&itherstNs esCoyRr ADQR ,degoees, Grdt FAINA iKC. _
prefer %Me@%}@wﬁ 95.0198% (Halbx‘ld%es-gh?f Cc?l\ﬁnlrgr98g89§a'r%qdes and
the el ectrode I's any one nateria or
fofielaftadr itdies r@mwﬁmpﬁsrr@tulrm TiAN, TiB2, WC
Stfap1@ 3W, O 3C2, A1203, Zr2-Y, ZrC, VC and B4C

bIe 1 igﬁ_ V'c ers h%rdneis of ¢BN, various

&EQO8, B6HFEénperat ure. [Table
] Q@N\/ e ker'%l‘lhar dnes¥C (r opm Safper jat @re¥: cBN FlePNC ZrQ,

Si @5003C4 AR208 Z1(O222a600| 320002200 24P 22380 1P9@0 1300

1300 Meanwhile, a tip end of the electrode 31 shows a

shape sjmlar. .to t orti f the blade 7. A

ot oduc HEGR adRod bTP R T B R SEarpaneHt Shvs & stape sinilar
derdrtgandg ebdl wortitheofi the bhbddlﬁent is a nethod

for pr %dﬂfbﬁﬁcﬁbgn%ﬁgt?‘lcngofrﬁg &ﬁg@ &o e%t?\ﬁ.' dggcordance

with the oW n on st

Wi &84 ﬁhaswfﬁ%@%ﬁe@t éf aamatéo@.#cpg q;é@mq;@g the turbine

depr Hele tlh%m(d rosadedngitar raki @anbﬁ@ngnﬁ {Dh® main body
on the no sur

d
U RETRod. | b BCosTaRdce oAt 1 ALeRe 19 &1 (111) peening
eiftsedi nHare, (the ML NBEDY NECRMATAIONISEERPP and the (iii) peening

step are based on the novel surface treatment method in accordance
with the first embodiment.

(1) 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 so0 as to direct the tip
end portion of the airfoil 7 upward. Next, by means of driving
the X-axis servo-motor and the Y-axis servo-motor, the table 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 19 is only necessary to be moved in any
0f the X-axis direction and the Y-axis directiocon.
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As shown in Fig. 4 (a) , a major part of the rotor

bl ade main body 5 is forned by neans of forging or

casting. Further, a remining part, for exanple an

external formpart of a dovetail 25 11, of the rotor

blade 5 is fornmed by nmeans of machining such as

grinding. (ii) COATI NG FORVATI ON STEP After finishing

the (i) main body formation step, the rotor bl ade

main body 5 is set at the jig 25 so as to direct the

tip 3(Ff1ﬂgﬂle[10r i il ©fng Be eaiciilel di iy gs @&xérattyd between
Q rivi Xi S S8§7VQ- notor X

RSk rok B b B T RS R ot R ocohgns 7 Tnevevy,

o ¥ S5OWOrL TaREgt Hd bY- axy medns@ﬁ COArYY Oéd‘—shet ebactrhe discharge,

r&ﬁ@%l@'cﬁgf%dg%a&éiopeﬁ 8f ¥hd Bakcthgat | 'Bg Sg% POLLE OO Qfubstance

t osed to the el ectrode
|\§%§ m.q%cqrw%b@ 93T 518U AR Hhon a8t £ @ion and/or
iweldinyg bacaessaty <@l }b@rtmmedfl thebyadef7 I;da&h)étamné protective

décFaeEltféfeq] @1?:11;1@1% gx‘%ﬁ hrggL! Stangeqangc! tatio veness can be

Sin di'sc e 'S enera etvvee
eﬁ@ﬁ!@ deM%na’hellﬁhewtler @ﬁ@enp@tnmg)rtktﬁ pt%lbigadeﬂcharge the

TdEs @b de ,2Sa S NeM N4 nlﬁ&%rél (Pth @Héfeﬁféc@ésﬁﬁ@fﬁé@cﬁ 29, is
the el ectric, di schar ge el ectrqde materj al

of the
& SHRRE L dp &7 LEBSEAPR Y dofmapb travel distance.
eI ect r cii:ée:amt‘eiepﬂsmrdn esdmﬂusj&nosaﬂidﬁm: we IdisgOnmeans all

s%"ﬁhgiﬁglxq “tdté%pto's@ t?[ BH” P Q‘gcﬁhf%l f ont"h €u Jff‘c?f%@' *mixed

rotective- coa avi ng oXi datT1on
ghee @hddgppastienegsde ﬁelsm@r'ned‘mmmm@omena of

M@b@@l@frﬂéﬁ@@e}ﬁ@n?ﬁ' ?hﬂﬂed'pﬁ%ﬁ@h&%a dfhgl fzf_gi@fdr[ £88welding”
el n al wi essin .,
S pr“blg%%d;a’?%w}?&azoéxﬁgpgﬁe SR ondbht aS i) ¢ rasting”
dlstandell HEEENINGepdEPt | on, diffusion and/ or

Wel di ng&ft@a@§n§%%1ngeﬁ{é rﬂg?t Ié}g&hﬁﬂ{%g ﬂgﬁggﬁ' éﬁéﬁ] the rotor

"di f fusion”
RIFES (T dhaci Br s di@tachﬁ@( Pheweprentdof5 and set in a

(tmimtltdr@ir@dibdﬁtﬂld}gof a emdagom@l@ﬁfg@gn@t sHdwr)Si ORurther,
.ng" nonena_po eposi tion

gi%f \ggllr%ﬁ@%n 1§SI%€ td'x.e pr()ltecﬁlﬁﬁEﬁ)Rbl@- A &rocessed with
fihs BeemgY heegthgntoatisgprioreist node s bék ha peenit@treatment ,

ki a@ﬁo@b@eﬁ‘i’ﬂ% 5 i & dedached i ?’lbonbflgg JE&QSJ%%‘QD. %E Patent
In re etermned position o peeni ng machi

ma})(y &% hele aJ. -open No. 2001-17086 2001- 260027 and
2000-225567, forexample) andalaser-peenlngtreatment using laser
(see Japanese Patent Application Laid-open No. 2002-236112 and

SOt

2002-239759, for 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
coatingl3canbe limitedwithina range where theelectricdischarge
is generated and hence a pretreatment accompanying the formation
of the protective coating and a post-treatment accompanying the
formation of the protective coating can be respectively 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
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20 the surface side of the protective coating 13 is
processed with the peening treatnent. As concrete
nodes of the peening treatnment, a shot-peening
treatment using shot (see Japanese Patent Application
Lai d- open No. 2001-170866, 2001-260027 and

2000- 225567, forexanple) and a | aser-peeni ng treatnent
using | aser 25 (see Japanese Pafent Application

Lai d- open No. 2002-236112 and 2002-239759, for

el%a’rlébll& Qirﬂ?@u?éﬁﬁgkﬂhﬁbﬁda Bﬁ@:@sﬁ'&@.oﬁrﬁﬂt&é igadefs 4@ hence the
turbine rotor hl.ade P i ons
BECHESHT S oot doners FhenBSusanttontn Dt dgte Totor blade
bezaudeodhes praot eb&t iMermdgatciomipihddi.s f or msd by maans
30 of tRHE-BNEHINLf HE fe%%T'%uIF%%QZV%?e %fr%%%eRQEtectlve

t he protectlve coatln canbe hin ara
VR el ihel B é%tpr@caﬁgeq%awgéh F@eg@ﬁ@ﬂaﬂadtaﬁétmeﬁée gesidual

PE S 08 SR & BESOFPAN Vet ditt & OhBRUKER ce®fi dNEF the protective
protecti V%t coating and a post-treatnent acconpanying

tHE 6 et on of the protective coating can be

r espectlivefgoodantedi t3ct Mofdawdr emibodindet sandescribed above,

Nsésftke @h@%ﬁ%@ré/f Qﬁé%Jx%tlé%ﬁz%%rboatﬂﬁ%go{9E§ﬁtﬂevf1mlted within

coatin 13 foried ener ectric
R ah’aefﬁet‘essélﬁatéfrllcmdwcwger ckoraffeirRed and the

r@n‘eﬂ:ﬂﬁniynéil@acb&ﬁpmﬁiﬂiglﬂ:hérﬁbmﬁhﬁmjmbf &k&oﬁﬁ@&&tm coating

S hence the _protectiyv n nd .
(9 B BBRER £ PRAFMERE Bk ORpeBl PhEHs TRl ishih CndRforective
b@afﬁrlrnﬁ yandtrﬂolrnegeCFwehrercrmrtéedbemMoﬁn@ts@nf@c@;e required

sucsiewasf ptraauew;%ﬁ%f Vighe 2 20RINGoE3ri B1RAOCESSRA VY thRortened
dual , conpressjon_stress

the eni ng .treat nent, Si
PEROHGETHATE, o e S Fﬁé%r%%%%%.%é?an be easily
aamrcn@dls IThrpadciandancenwt thy tkanki s8th epbpdifneatmasg a base

coatlﬁgf%g@qgﬁeBXl$£€f§é ﬁ%&ﬁﬁﬁl 8g?hég§%§égnﬁﬁégo% forming

th@rerestive evaking faviinggehsrai eenemel tlhieother words, not by
RieRdrl =L BEMERG WYbBﬁlh@ec&%ﬁ?éé O%uQ:f byNReans of one step

gpgectlve atlng g t he” post -t reat me

REBHIT SO SR T LSt Vot G eet i 83 haphiriangi dation
cze® iz arespeatli gbrysbvended, carhdepfoduetii o theip end of the
f%rf g)(iad(eomébﬁ l%%g%ta'n%ntﬁre #Pgdﬁgfg?&}?%ﬁ% Qnre lﬁ‘%% to the

can short ened and t he oduc

tHﬁOSW‘Fetlroélt 8f Wimgerbirardeoradpfy 1 |Cﬁ*1§1r%%efdlrtlh$r shortened.
parti cuodeoveet, B¥cHBA8StRE Fr&iah Bfe fA¥ig a3Das8 the base

material of the rotor blade main body 5 can be firmly combined,
the protective coating 13 comes to hardly peel off from 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
gtrength of the protective coating 13 can be improved and the life
of the turbine rotor blade 1 can be elongated.

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 oxidation
resistance and abrasiveness based on the novel surface treatment
method in accordance with the first embodiment is processed to
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coati ng having oxidation resistance and anot her step

of formng a protective coating having abrasiveness,

in other words, not by neans of two steps of form ng

coatings, but by neans of one step 20 of form ng the

coating, the protective coating 13 having oxidation

resi stance and abrasi veness can be fornmed at the tip

end of the rotor blade main bedy 5 and the production

time required to the production of the turbine rotor

tbél}]mtllt&ﬁ{tob%ef ﬁf?ﬁééség%ﬂ %ﬂ{%‘%mpwﬁa@QVﬁélan@@ﬁS% af turbine
e protective ¢ in e material o

BRGTE (R (T B3t AR bSO F S S08mbt ned,

tfmﬁmﬂEEEEnEXRMEm@tlng 13 cones to hardly peel off

fromt %mbaﬁfléﬁ%x%ﬁ’rrgtfﬂc%‘%%etP:grét%%oéhﬁgﬁ 1'1 BOWscribed

et [

5 and hence quali urbi ne rotor can
b%e%ﬁ%ﬂﬁ#q%ﬁxwlﬁﬂMQQ§9ﬁﬂQQ§ tﬁbé&&se5tﬁ€dr§é9dué

cogpr efsss %lmo&hr EASFLAN 5,30 berigiverdudrt beageriaca accordance
S| tne ctive .coatl at | en

o Bt BBaRE LS el B e e P BanBh Gl e o simitar
I¢¢e§haﬁtuﬂhan5urbtne blﬂ@ﬂ bl e @fcanrbEHQIQﬂMRnnﬂntS used in

Megd v %urtﬂl@leo'é‘?@ﬁ?ﬂe RNYERT 9Pt SHTW s dUHd @Ad @:4iRE center
description of the first enbodi nent and can be

ptopErt5e AESi FERILNRSTRHAS SucHOERAY SR sihq s8gbine rotor blade
t3radnpabvSQe@sviith &@nSitcd BIkdatmim besdlyst areeaadhpornent main

h f
SRS AHEIR, BARE BTh TR Sunbans SERBLIERor o baace
pt saesSed™ 8, 10 doyepaitli bh argl burpheses sdraid 41 formed at the

corpaanto fmaiHe: Padyel /.2 'f‘l‘a:lé béﬁ%u&oﬁpcﬂé%ma (ftlw phRARay face
t he turblne rotor. bl ade 1.

D EXAVPLE) A
n%ld’? fiC8d® SAMPHE- 1" ERE %Wgts E’FFBH&IFiF‘r@n‘t”WIai ppir of tip seals
descer Mieden8 hereload tef tlid paief efentp ¢@atd gin Thandhroud 41

Fi Fi.g. bj t
R s S RTh plpeBablcl 0e5he' Bledh 381 P ony 5.
enbodi femthes, rrEetedsiivg corpinge 4f5drramlrr@ PriGpt bpmyesistance

]andJ%r%fsﬁvléh@s@eaﬁenP@ﬂﬁéﬁ atusel kRp EHE @@LStitcHsbld”fe the pair
ine d ro ataa ound e aX|aI center 3c

SFEERD 35207 droPABCR T RESTONRT doTar SHRESpa HRITent method
ragt gnmblade-o Shelm@mMcmhthng IotinrcHe adebimerotor blade

bl°%¥1d3%1dl§§a eCOIRONENY IR roggﬁ 9@%5@@11{%‘? ?{5 Al %dﬁrocessed

maj n i 5 conpose orm 9’
Fddv &he IPQEﬂ¥§ﬁdtﬁ@ﬁFW§ﬂta shroud 41 forned at the

Therefore, also in the modified example of the first
embodiment, operations and effects similar to the operations and
the effects of the aforementioned first embodiment are achieved.
{(SECOND EMBODIMENT)

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

Ag shown in Fig. 1, a turbine rotor blade 47 in accordance
with the first embodiment is, as similar to the turbine rotor blade
1 inaccordancewith 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 component main body and the
rotor blade main body 49 is, asg similar to the rotor blade main
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tip end of the blade 7. The shroud 41 has a fl ow

pat hway face 15 41f for a conbustion gas and is
provided with a pair of tip seals 43. Tip end
portions of the pair of tip seals in the shroud 41
serve as portions to be processed of the blade main
body 39. Further, protective coatings 45 having

oxi dation resistance and abrasiveness are formed at
the tip end portions of the pair 20 of tip seals 43

Q&S@ﬂ 53 the ta@b@hefﬁdtsstr suddeace cb @b@ﬁrﬂf aetlhad Asa platform

ln Ia ctiv . oatln turb
Pt Uikl NS BRbpuEL T i Rl sl o Ehe blage 7
MVW@M& ﬁx:sstpmces'sadtmhd prbhespeélwmghter eattmerttlade main

TE@&Ffsoéﬁd @S YHN ef He YL g%@;?xfﬁ'@i@dﬁ tt'?l% E!L{;%nd portion

enbodi nment , oper atl ons an ects si m
oG G AaH S8 Ao o S6FOPHoPaFbLERERD] bR cBTocessed

f i rst erfrodipedtid poetachicvete bl(ERECONREVBONINMINTH f Ahe blade
%@Qsd Aen‘[%%d ngnés%meclilﬁdlteh dg?\essclérrlfg%% EE&% 19%1{1% ears V%é)lqows based

erence 't O
F‘:Plg a el sBIIfAs:ESMmtmnnﬁl getl_'qua iy b:td‘@rr etogds, coatings

bbadeil idbhrRGGNA3RGE 2 Wt Bokﬂ@d%ﬁ%h@'&%ﬁ'éﬁﬂpdﬁuon of the
%) smlar to the turbine rotor hlade 1 in accordance

e FG fhee bicdiemertt th@né’léfjet GA6PRe conponents

used |maregag:etdﬂfmdaa1@ng|anefmfstagre>t:eerngwaecoatsugh51 having

turbi nte@éerﬁebg'selsa'rfgggggsg‘?h%%%lﬁ %%t 58§E%§n %} a%lade 7 by
Motars @;fa@@emgy,o; W@Aaﬁ:@d‘lmﬁmclaarm or Inl a@acn@tﬁ terms the

bpph/sé%r@%e@tci%p@asmnwﬁ ﬁo%raeq bpeemﬁ rngbla@ﬂelectrode
sim the rotor

P L0 E G 1 Fiae Pt ke 1 LA T @8&6%3‘8@016%11% 15 Shown in

I iae 37;naaq31cmdarrcm wﬁlthatld@mth@idllmlahtsl\/ha@mﬂea:atang pulging

téllréc.eﬂ'ﬂcp@i Eﬂgr E ﬂé@ddégr?qgﬁetzf% \ée%?gglgnfdf 1?}1 blade 7 and

portion to cesse e maln
@ 1eRE ARSI S 0P Bhadd MEche %cﬁl@mtﬁgwﬂemﬁ@l@huon so that

Eﬂ‘[ ktileatoak Tﬁél‘ﬁeﬂﬂdgf7tl‘3@re\1%?t§'%d§f §?ﬁ>‘in%|ﬁfddl‘3h EQbstance
e proc end portio a

i PR e R o T il 1P S PEE 50T pasi S G 525 b ana/or
g lfdicw pnedtarenp sl pokt dos dfaskd blcmiea’l nowedarsuriflaceinstead
tdeakperL TR hak Uﬂs?é@ éAﬂ{aq_%e Gaat éng.&l 9% @%\éehlectrlcal

constltutlon ar e orrre P en port on of
folgdd on arfd Rqrﬂe%waﬂ%wcff auEe PRt g Heerated in a gas of

electrical insulation.

Here, the electrode 53 is composed of a molded body molded
by compressing mixed powder of powder of an oxidation-resistant
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 53 may be formed by slurry
pouring, MIM (Metal Injection Molding), 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 portion 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 compoged of a solidbody of Si, amolded body molded by compressing
a powder of S8i, or the molded body processed with a heat treatment
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More specifically, a first protective coating 51

havi ng abrasiveness is forned at the tip end portion

of the blade 7 by neans of energy of an electric

di scharge. In concrete ternms, the first protective

coating 51 is fornmed by enploying an el ectrode 15 53

shown in Fig. 7(a) and the electric spark machi ne 15

shown in Fig. 3 in accordanceiwi th the enbodi ments

and generating pulsing electric discharge between the

thp eh Pt lovaohiuhheubhagle or angth ag Beeateade @, in this

th I | ect t t.hat
Fade'y aathes S 56 i ERarbRoli 548 0pe8a iftn edRotrically
sum%mkaﬂxagxﬂEMUiﬁelebéudlngea&haeeu@wdaaparégnsut Meanwhile,
deposddd mglcﬁir&@'@ncéﬁ%e@é51 ! %‘h@e?@cﬁP@dé'S@S £89 be formed

portion of the I nst ead
gkéY] egr]é)trrr}’g PPHE 1Balr s1HY @f%‘c’ﬂarlﬁé eFﬁ 1PﬂeM‘P1-‘3|3cP%I s §pray forming
edettguatal insulation, a puIS|ng dlscharge may be

gener at g el ectr ation._ 25 Here
the el elv? reo 5 SSE‘ﬁ%q:co blélseeléoo§r bla d 15085 Fottetieed that

&y Ctél’)’i@ma@@spﬁgtm @wmmgtthlpgmmtmgéd is 60% or more and

0xd flad i+ ONsd £Si %E‘l‘iﬂhl@@:d ReMIeLRrageCBFaRhe Qﬁrtshleprotectlve
h a heat reat ment by

nDIded bg%ﬁqfroces ng
oFOR VR fir RETESHRP C%O%N@EnmﬁF?eangngﬁéaQr £ss.  Here,
not ki gmy m&npmessmmglotbe ebeetﬁﬁge 53 may be forned

by sl U;ﬁ(’)r < na@:mér hgghﬁM M#:ll\@é&h eé:ﬁé %1}@ ‘2:}[ Qe the first

spray and conposin
@%Q%éfes@ﬁéimﬁe%a@emaéhpﬁeto @élpa”rtﬁe@ @@rﬁicmtr:glq Aéscharge

el ©d r:a0e 13bhvieN sp6e9r 438 Mktihd heid idd pRHeR BBNthe blade

anwhile,, the . tip end_portion of the electrode 53
NE S s%%e%?‘ﬁ’??h‘? A A pt2nd°hoPENBRAbFI Has adopted.
Mesdwvtid le35a Cohohgh ehhetedianid; di asheade afi rehen general is about

o ectiode 53, tea?géngﬁ% ggsutl N d@g@%@# ok gra%lek_»gble

body of Si, conpr es
powder Poffosmulay fPﬁeCﬁ%F%@tb@@yofpr%sesl@@t\mﬂw disgbarge time

tbmmmmi tb2 gakiyum@aas c@ﬁfeaagacaarrpé yr nglcaes Ofolslk&lﬂs may
e use ect.r

i soharge S eoia di depdiis de et o0y ShihiGea s coverage
l5 qui éleatkudi dgschiage thydr cegubors. tdbgminine a 98% coverage

i>ﬁ§5§‘7{‘g ef 9§P/ ﬂb%gl b?f ugé))ﬁ'p MSSIRg 1e}v|h'ﬁ1§ lsil\/%?sg:gggréée is deemed

f or med rry pouring,
&& e ﬂ@l&lﬁ&Yeréﬁﬁay forming and such. Moreover,
the t UFirt@erQt Of t O Edemdfigi tthes 81ie80tdtdad idhabating 51, the

surface side of the first protective coating 51 is processed with
the peening treatment. Meanwhile, asconcretemodes of the peening
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 so as to cover the first protective coating 51.
Here, the aluminum coating 57 is, as shown in Fig. 7(b), formed
by an aluminizing treatment by using a heat treatment furnace 59
after processing the surface side of the first protective coating
51 with the peening treatment.

Meanwhile, instead of forming the aluminum coating 57 by
means of the aluminizing treatment, a chromium coating as a second
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a coverage of the first protective coating 51 is 60%

or nore and 95%or |ess. Meanwhile, the coverage of

the first protective 10 coating 51 is preferably 90%

or nore and 95% or |ess. Here, "coverage" neans a

rati o of covering. Here, as a nethod for reducing the
coverage of the first protective coating 51, a nethod

to shorten an electric discharge tinme and | eave snal

spots at the tip end portion of the blade 15 7 where
theocetecivé calitsichahgeing o0idgenat atead swasicadapt/elfe formed by

| h i ' . .
hambides ShLApLAL AN BLRGLL ol SED LB okt ive coating
Ay SRR OKS dptéﬁér@tﬂl@tamcmamba fogmegidhye GVRIGTORVIDf Moreover,

t fige £d 8Rd ¥ IKe A TG dBeleMBhe! BENET €84 Ondd NFhafe 59 is not
cover age of 950/ is as follows. 20 The electric

dirScharye tc}F‘?réa W ERE & IFRTIERG -a 95% coverage =
an el eatextc, dpechatgmsblfrmzer eqobnéénrboddaientng ld B8Aescribed.

COVer ags X u%eg?n/ gggg&'ﬁrgg%ﬁw@@fﬁ@lng}% is formed

98% cover a e is cOovVer age
FRiY (s gft BRefoneldig athehei ¢ bectpr it éb{ﬁah@r@@atan@ange of the

ﬁiréb@r&%c&d%a@@aﬁit? saf challa%ﬁl‘ umtteae,hetq{lld/ehe range where
W t t he

VWit e PERERRRESRott SEERBtaBentng Lhe - Brecreatment
tzeatmpamyiray shet fqeet i bfetahasrémrsusgmg:adtmtveaudaaing 51 and

ll?f%é%r ngn‘cggatﬁéﬁ@t g?%énﬁﬁhﬁcgaﬁﬁ{rafgrﬁégwﬁ' fedthe first

al um num coat | ng otective coatin
@W?@th SIS F 1 €8s baneesPecEs VR ORLERBIhol e

of t he Mide-drgcesr @het BEME! @é@sanﬁqa %drﬂﬁa@r@ﬂ@’aﬂth@ between

S r tective.coati
LA BSOS U2 SR ey SRR BRI B e crcceric
ahﬁﬁhﬂlzgm@mdr saenbate byatustiml @fheéae roeatneldde main body 49

fl’rﬁé‘%‘@t?@ct@f:é &h %%ﬁsa%%glpb@@t&uhfﬁ&@l& Igcz%d%fs 108 hence the
érst pr Ot eCtI ve coatln eni

ef%&ﬁ’ﬁucloétlpﬁsﬁéaﬂn‘éft]?%rk?ﬁ% “%%rdiaimorfruﬁf“e rotor
cuigtde gnaits o dymaan s aef btehela%nmm Bb@bhgedl eat ment, a

chrom Aratect
havi ng LB AR < oBRE SR e o ey TR TAIPrRE T Lealapgpective
FEriord 2PrigP % peamoresut advaltdree%veoértchq)rfotcectpmectlve coating

@laib%fﬂ%&é?&l@(éﬂ@%ét@@d sl 194 20 GeaRY BE JPEH@C{:LHMJ:Lne rotor
%ﬁé)et . PVD. Moreover, there pmay be a casé where t
f

ga{:ﬁBﬁFdf}ayrﬁfgg:aE@: Iwg.tll;optatlonary components guch as a

turbine case or a turbine shroud (not shown) can be sufficiently
suppressed. Moreover, because the coverage of the first
protectivecoating51 is 95%or less, athermal expansiondifference
andadifference inexpansion caused by reciprocal stresses between
the first protective coating 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 canbe limited
within the range where the electric discharge is generated and
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5 used for the alum nizing treatnent. Next, operations
of the second enbodiment will be described. First,
because the first protective coating 51 is forned by
means of the energy of the electric discharge, a range
of the first protective coating 51 can be limted
within the range where 10 the electric discharge is
generated and the pretreatment jgacconpanying the
formation of the first protective coating 51 and the

pelsd pre Eﬁéﬂﬁﬂénﬁ@.@@gﬁpanyﬂgg}th@ ffdiﬁmtliolcnrbmﬁhé Berkt pSbotective
I‘OteCtIV can re ective

DEPLETS 5T SRR HBY o A ST B tEpyy bt formation of
bfehlavef@rstlﬁrohectwsthaartotrgzﬁnveamdr&t regpéitivehedrtted, the
t 0 S I Ct‘.fln{ehﬁeﬁiﬁféﬁ'@o tq{é%%ﬁgl%t%ﬂ %Pecﬁ@%rblne rotor

material of the rotor
setans Gr éﬁ%bmwt&n@&ﬁ& tb?d?mdétqtowglrtcw%% thgturbine rotor
hehode t41e cdi nsd dﬂ'sﬂ.tl@Ctlim\pQ‘O@'Qatl ng 51 and the base

mat er i e an_be.
firm yq‘JJO O\{]ete}d E%&g urt er rmre g%g}égglv ec%%l\:/le?% pt and the

draggeatersal gidihecriver béadeimag nikoB046 canrs élrraly combmed

f'@{éj&%%%t ré@@ctfix?étco%rtﬁh%cﬁi‘t%nfé%aEb%r@l%/ lbeel off from the
uf fici of t'he turbine

y eI ted and nce wearin
%5 TAHSI0S 14 Lo LG o LY Crtee Toat ROGT 24 Gt Jpence. quality
cofpdre ntuerksineh ratcar Hladei B¢ eaaeber saabul bka&. shroud

(nOt S%\%}b e%%l%e ﬁgégﬁgée{ﬁé )fiaff%tn%lé%prgsl?r?ed first protective

Mor eover e cover age
HRERT fa J(ﬁ)ﬁtlﬁﬁgCEQnF]sY @el%vgrtelde@@d ¥ithesuppressing wearing

@(ﬁ)ﬂﬁélt@fruilr{efﬁds@@ﬁ@laaed;ﬁcgugégwé@nt&@w@ﬁ%wstat1onary
Slresses e

R O A LSene e ety Ui pe aiererence
riot crxpdrisiden neauedsbdyy 4feqbprotdie gosedsrdi beteogh nehe first
%foﬁ:écrtl%erc%ta't‘i?l %9 SRR DR ar’)éégé(\ﬁﬁjaftt isaqT”%fe)ﬁh‘énEotor blade

Mor eover, because t e surface si
Frotre &GdYe 4 9c HEPN NS 1978 W@@e@%eﬁﬁ%rﬁ % 6 peempagation can

thecal DEWEG tb%n@ékteﬁ@ﬂﬁ&%&%h@@ St RS F16@R PEotHMEe coating

f t ect t
S WiBn R s SR BRSRG SasoRt SREGH FRnmes to rarely
desmebeddabborgat ben aus e hiehd ifangé ofie ttherHimestrotor blade 47

Wa@i@ﬁetﬁ m@,(g@(jl ng 51 can be [imted wthin the range
where the electrjc discharge is generated and 14 the

pr et r e YPRERY €L e cBRPANTF nlefie HeeFistutel icOmPBESERenf BESess can be
pristeextad ¥Re surface side of the first protective coating5l, fatigue

strength of the first protective coating 51 can be improved and
the life of 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 composed of the same
constitution as the first protective coating 51 may be formed on
a portion to be processed of a component main body in a turbine
compenent other than the turbine rotor blade 47. Here, the erosion
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coating 51 and the post-treatnent acconpanying the

formation of the first protective coating 51 can be
respectively omtted, the production tine required to

t he production of the turbine rotor 5 blade 47 can be
shortened and the productivity of the turbine rotor

bl ade 47 can be easily inproved. Moreover, because the

first protective coating 51 andsthe base material of

the rotor blade main body 49 can be firnmy conbi ned,
thesisﬁtaﬁc@m@iaenst iavprcpei"ii:*ﬁg:ﬁln&m&ptdbhalidyyt@e:ﬁirrosion by

oééliag 3§%%9LQ§§6 é%stf tQ@ rotor blade nmain

ence )i ne rotor bl ade
4?T%%RDkﬁMEQQﬁNEW§ed FurthernDre because t he
ha;dne&s ?ilfuiraleefnbtt—_;atémeﬁgt %ﬁtl:;l\rq%e cQatéRibed hérelnafter with
sufficien el.evat ed_ an W suppr essi ng
A TR 10t by TS 4T Do B oy couplBl i T ©(2) and
thegstathlonary 15 conponents, the thermal expansion
differ SIC & %%11 S.HeF f fler SnESJI’;']biI?e ?&%Pb@gdga@fe}& lélécordance

reci pr ocal stresses I‘Ot ective
CHhER ﬁ&estﬁl%emhedbraeet it 63§ &llméﬂaﬂr@ EBe dunslizgerotor blade

Bk A ab.@d)}fd‘é.?xc‘éﬁmrtﬂ tlﬂl@e ﬁ@%st: ehBlode meRdi, e f ButkBine components
oper at.i on can owed to_sone . extent fract

CREST 1PER, SioFUEDi 08 THRrITOEoS JBE R E1RF s and rotatable
tanmnﬁa&hgyaxaai|cBnUero@er@ﬁ|mhecgaestUDbuaeeégglne 3.

happen ;@"ghghﬁr&g@%‘hgn Ofa Qﬁdlﬂ‘l er ghetﬁé"‘:g%ﬁ?néqf&for blade

bl ade 47 can Mor eo ecause
res ilFuBY OELRPE é@éahoﬁ %qtr%eleaﬁ Wit GPgenc3 & Accomponent main
sssdacedstHe witdhelbidesha P QYrBt beeigpald BImdlar to the rotor

f u 2 str th of the firs rotective coatin

AR s Al So Tng corlend Fatol Tt oy Bl e o v1ace
bl aé@hﬂtﬁﬁﬂﬂ Be ®dongsbad. l\MeaMehinivbilehe presénh ranging from
'J“i%%k’l'l?l L&4804a |t'o”ét§1d3§é?ut§‘%1dg@§§ﬁ"%'o(fntﬁg b1&e 7 serves

af or enenf’i oned second ‘enbodi nent an surface
1324 reAttoRSEHIBR FRLHAFECeSTRAaeE FRRAMERE Mstdfomain body
IG'B aa(m:brtdmmoa@ witt Bhehplsé@€ ofleshofliventhleale e gserves as a

g:g)rttQ.o% ? }%é %Ee]récoeéased ¢ O%S%Sggt?ﬁaﬁlﬁnﬁn%%rl% Eoody 63.

miI n onent” O
t ur bi né"h%P@?tqu@éF@nglngl\fblf@m@ée leatbingedpedtaetpitle pressure

wialdwrd 1hay bg @ﬁ@%P&He r")e%.rﬁ @ﬂ%ewﬁélge@f 1:3.{1-'.1 %l@ld@g faces are
ro er conp ane 35 constitution as
Sp%fe& e EBSFF‘H@ Bﬁempe%% Frirdd Bie &aﬁeﬂt PBna novel

tanﬂﬁaqmwnmaaymbnﬁ néetdorpondni omhier bashis N @odtdtgdecf novel
congtitution are formed on the portion ranging from the leading
edge 7a to the pressure sidewall 7b of the blade 7 and the whole
of the blade faces.

More specifically, a hard first protective coating 65 is
formedat theportionranging fromthe leadingedge 7a tothepressure
sidewall 7bof theblade 7. Inconcreteterms, the first protective
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
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conmponent other than the turbine rotor blade 47. Here,

the erosion 15 resistance neans a property of

i nsusceptibility to corrosion by collision of alien

subst ances or such. (TH RD EMBODI MENT) A third

enbodi nrent will be described hereinafter with 5

reference to Fig. 1, Fig. 3, Fig. 8(a), Fig. 8(b),

Fig. 9(a) and Fig. 9(b). As shewn in Fig. 1, a

turbine rotor blade 61 in accordance wth the third
evhodiewhing sdges 7ai tol elie tprddmrtaisiideraldt 8b of ades blade 7.

LoD, aSaaLdanag, WL Botbeal | BT SO NG dhhe zave 1o 2

t ur bi ne coﬂpone use as t I he e
aCPePt Hrgh Fren gvs $lenh eéﬁ§tﬁ-’@fi§t 5%l N JPRFRRRTIR V*é%l“althe second

C&ﬂﬁ&ﬂlrﬁ@n@ﬁnghiﬁz tﬁ.@ﬁeh«ﬂrﬂﬁﬂtﬂoﬁﬂgf r’tﬂlﬁelé@tfb@%ﬂ Bhows a shape
and. Fi e turbine rotor

st el By Gofnapliol (48 soiom Thangohy b i dgading edge
pbmpbmemnernmessdnnhsﬂﬁGWHﬂhe7tobﬁrthbaﬁéadaln body 63

I'S, E'hleacgtﬁéq: bpﬁg Q.%fgte]a%. Qk Ef:gx% ??éé‘%?&ﬁjé( 65 'éh electrode

the tur I ne rotor
p‘P' ACPBPAFOD o 3e9bidprpdypt %aﬁ%ﬁ’llldéd L’é’cbd'ﬁftﬂr R bY Compre ssing

;ﬁlﬁﬁ#\n&ﬂ 6081 aok&&i& ﬁh@ladaaaacq; b@o@e@é@&&wftﬂ% sigleyalheatment
Q as a ortion
B ok B AR LR PEradE el B BOlahd, Do, 1n e

whote, efpuliryt atlectateslicihahgebl mden?rabedes: agedez@rically
SP&QH‘ﬁa@ﬂEér Plqtfq b?n@iﬁ&fﬁﬁegg%néh% %%r%ﬁge ”ﬁ'e%nwhl le,

body 63 ortion rangi rom thé_ | eadi ng edge
tbnﬁfrﬁea Pés%% mgubd’eaaqﬂpr%swgt ﬁ@ebﬁéa%tvo%&% hay 56 £ormea

V%]}@|EELLQ‘fryt beubliade NoeMar= Ipreeessadvyiding) swdmse forming
treatoent as foll ows based on a novel surface

t7eatrent” met hod. In ot her wor ds, coatings of novel 25

const i tManesvest,etherimabine rokopdrtadmet arggsngednstntuted that

ti‘ecdvee%@grégofegﬁé fer 410 ph-Be cPEE SR UL S 51 Hle v |1s7@09for more and
the blade 7 and the whol'e _of the bl ade Taces.

0]
speti 97 cHE$S, ﬁ'ler?é’r"‘anlfller'stthﬁr &P@@FP@@ Edatifig f6§Sts protective
f osateicha@ b Stikeppef éralnl y 20gi sxgmbremaridhes t eadi e edgartfaermore,

ta?fgé‘xe f%r‘fn #{sgh??@l]?ééjg?%lt CZQV?fcégi?lag%%%e éssdupface side of

concrete rotec Ive CO

fidrereldl 15t R tRA g e w@aézll@a 6i5c 1§p@rr1©c|¢§@ﬁdn@1$5 the peening
sheawrndhd-i g. 3 and an el ectrode 67 shown in Fig. 9

the portPeaaiting? PoRrers ig: & () SE b3, F0)0 % atuminum

coating 71 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 coating 65. Further, the
aluminum coating 71 is, as shown in Fig. 9(b), formed by an
aluminizing treatment by using a heat 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 resgistance may be formed by
means of a chormizing treatment or the second protective coating
having oxidation resistance may be 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.
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| eadi ng edge 7a to the pressure sidewall 7b of the

bl ade 7 and 35 the electrode 67 so that an el ectrode

material of the electrode 67 or a reaction substance

of the electrode material carries out deposition,

di ffusion and/or welding on the portion ranging from

16 the leading edge 7a to the pressure sidewall 7b of

the blade 7. Here, the electroge 67 is substantially

the sane in a constitution as the electrode 53 in

accor damces iy tHedaises edendiregbpdb oot i v tcdatiny &¥ is formed

orti.on of the e 35ho shae53|mlar .
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eIectr|MQﬁﬂ%Veﬂ:ni@WathﬁgSBmaurﬁa$©@Iuwlbgpnﬂaﬁﬂupart B between

hyig ¢ 25PRS L MRaARMd A ind @§tf%§gle9fb)}@ll1é“eﬂgr of the electric

c%n[‘nﬁpresm n%lﬂdzh e ectrode 69]M9y f or red %/ u bodyv &
SPEBh TR e o M thg) TOLGT 48 Haig body 63

lkﬁaaradssnuhtumrlenwhlichténeotn@blsllneonota)trldnlg&dxﬁe@ﬂamé hence the

Sﬁf&"%ﬁgé&&qx} %:togganéoégr/‘%g& &ﬁetl!;'a?s 'n{ :Lal of the rotor

protective coatin AOF € and b or e
imasin th%i%&@erc@g’eb@f fimalyi esmbpredecti ve

coat | n@tﬁ:&ﬂe&n@i’r@ ebébbﬁsgoefﬁ@rcdw'r%g%tngfgél't% Q{lrls%sﬁrotectlve
firs rotec

Furt.hernore 0 after f

A T 5 ¢ 0 St &l UreSe RS T £ 2R GrERtSae Ve coating
(ﬁﬁatusn@uﬁﬁm:serp:rhceisedtm_ta‘nd henpeemanq.ng reaba@rity collision
R HgENd 8,3 Qﬁdsmaﬁ‘?ix?l 5 Gur® igzia%n@'i‘gt résdd¥ . Moreover,

an aIuwnnuw1 coatin as a secon |ve coatl
H%Rﬁéwg‘seo%%ﬂoaﬁrazﬁ péskheahtest splfca?%\tﬁw th'?élwﬁbls is 95%

air t hesd) agde tha&malofextda@sab@deifff%&e@&et Qirﬁ‘PVaerdlBEerence in
first Aorotectlve C t 65. Fu SS:) the mnu
ex an r‘e

| ngof’l Fgus ﬁPEP‘da Vecaﬁ the first
ailmhﬁmtzJMﬁBg cna@atrlgeﬁﬁ b;ldu’shﬂ@oﬁdneﬁttamedt mfntthe rotor blade

f f ve. cC
UoER) cfen ERELEG LpIC ol il St 0Pk aGicn can
ta}]ﬂg)w)ef. &p some extent,

Moreover, because the surface side of the first protective
coating 65 1is processed with the peening treatment, residual
compression stress can be given to the surface side of the first
protective coating 65,

In accordance with the third embodiment as described above,
because the range of the first protective coating 65 canbe limited
within the range where the electric discharge is generated and
thepretreatment accompanying the formationof the first protective
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
blade 61 can be shortened and the productivity of the turbine rotor
blade 61 can be easily improved.

Moreover, because the first protective coating 65 and the
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means of the alum nizing treatnent, a chrom um coating

as a second protective coating having oxidation

resi stance nay be formed by neans of a chorm zing

treatment or the second protective coating having

oxi dation resistance maybe forned by CVD or PVD

Moreover, 35 there may be a case where the heat

treatment furnace 73 is not uged for the al um nizing
treatment. Next, operations of the third enbodi nent

Whibe Batdesalidfethe TdtoFiblside iigiabsey tslae:a‘ﬂ BSEirmly combined,

tective co ti 65 is forned b the of th
DrBe e e R FERve 2aak gl BF tolled P FRFRMY p8al B £rom the
cloas ¢ mp 85 igen dfe thentoedr wbldde mahie b@dgesﬁh@m@ehdnye quality
ebectird %@f@fﬁ@rﬁ&dé Sener ahed aneot he 4B et Leat ment
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SIBGEL WL OTALLS e WRREOURLg LR 40, S3UE FRSSAN cdpansion
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has_a structyre in W%IC a co itio ratho rades

ATE RetLOt e FRTST PyASEdA I BoRs LS § higrbine engine
basies iat epeabtbbntden bet al lobeddes nminz b&d¢n63 teacthere of the
%{f%é’ 5 lnede CBEEE%?”@%GV{Ih&?%%Sg h@u?BYﬁéa&ggB{e 3 is in

t protective coa /6or
h%l?%llﬁ%%]sorbfcct“}?@ fior FRrgdyt bépp@@ godtehenodsigrs of the life of

St i sy ﬁwm@@mh%@@e peeak-bRgreaused by
such can be sufficientl

COllISE@ of dug@ sand g ey N
suppr eSSEE B e SFER S CH EBGUERS T ARA £ SRS GO ffE ress can be
fdiegn pe shectunfe ceositdengt 85eifs r@ﬁ%rc[tredtes& ceativey 6B} fatigue

gé;tlf}gée}gjtﬂp S Lher Eyfﬁt ?;?Ldo@eé:g if& rc%ré%%nt'gh %p&gsi'm%'}oved and

reci_proca resses be
ﬁevé’fcd'é'%q s ngngotre Bagéewﬁﬂ-eﬁaal b@fe%%gated

rotor hlcagavhiTed,n thedybekaMien thehtdias tid bhde EBNgifed to the
s R M et R 20 LSATEBX S and can be
ot livaod251edatr iy s66hi thalr ecessfacaitireattvent based on the
Qﬁﬁ&&lngs&f§§éémmceaflﬁéhguﬁ\le%:h%ﬁ”ﬂ?ﬁesa%c%}c%tnrc%sSwf@rp PRe third

glven to t he surface sid irst protective
mqqﬁn% can be processed to a portion to be processed of a

compenent main body in a turbine component other than the turbine
rotor blade 61.
(FOURTH EMBODIMENT)

A fourth embodiment will be described hereinafter with
reference to Fig. 1, Fig. 3, Fig. 10, Fig. l1(a), Fig. 11{b) and
Fig. 11{c).

As 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 axial center 3¢ 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
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In accordance with the third enbodi nent as descri bed
above, because the range of the first protective
coating 65 can be Iimted 30 within the range where
the electric discharge is generated and the
pretreatment acconpanying the formation of the first
protective coating 65 and the post-treatnent
acconpanying the formati on of jghe first protective
coating 65 can be respectively omtted, the
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Here, the electrode 81 is composed of a molded body molded
by compressing mixed powder of powder of an oxidation-resistant
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 81 may be formed by slurry
pouring, MIM (Metal Injection Molding), spray forming and such.

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

Ag shown in Fig. 10, an intermediate coating 83 is formed
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25 rotor blade 61. (FOURTH EMBODI MENT) A fourth

enbodi nrent will be described hereinafter with

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

11(b) and Fig. 11(c). 30 As showmn in Fig. 1, a

turbine rotor blade 75 in accordance wth the fourth
enbodinent is, as simlar to the turbine rotor bl ade

1 in accordance with the firstzenbodi nent, one of

turbine conponents used in a gas turbine engine of a

] et ®Nghren o smehofamdler @bababbatﬂn@umm bheneatisdlof energy of
C@Hé %}8%%&}(5 kgaars etgrgl hbel ara éz?rgeledla%:er S\C/J;ég ag%ﬁ%%%omposed
aOf & @pm@paaﬁemac‘mebb@ll/ cpﬁsa§tangonp@m@m lyreih aljollgast any one

apfl ditead® Mot Ahikiade cﬁﬁrﬁée@@ﬂﬁé e d B108%aS1Md Blui@ity when
the rotor bl ade nmain, in the turbine rotor

bF3%eIas %%F%Hé%oertﬁl% bisade® PPeXpi&Form 9, a
dovet ai In Hondvesranmticres ,athepisndrpedisaon ofatiey Made formed

oy BYERA% PATLLORNE B ALOSHESPHl Obnl BPal O1Blac ing shown

a coatin
cHRsT I utlilop) ha@ﬁngh@xﬁs‘h%@tiw &r@g%ﬂ@ﬁ@énﬁn% shown in Fig. 3

ab @dd&ﬁ%&ﬁcé SoitdS eﬂ@‘é@&h@ﬁ@s' &ﬁ@rgeﬁ@fi@ﬁlétpdlf&ng electric
r Wor

f th
D S SR e G hF et SRt inP Y D ADECLES [ gty bde 85 in the
sliqadd g cdakibeatribasbdimmilamiovelsol@hsurdmoeelectrode material
té@@g@%‘i‘éc@tﬁg%é&gg %Eg‘filgﬁ%u\ﬂstt%ntc%eog glgsyfectrode material

I ment ecCl a porous € COa
TR REA U FEROPAR Lo e T ST BREORAPTHER »Shiani oy the surface

Ps D Iify the Hﬁd@daﬂﬁ.n@h@ blyPmé&ass loﬁoitihé %@fg}f}hﬁ the electric
ener el ectric disc
o R L s R o s
eripltdyi hiyrand o€l etamded] ilenlahéohasepudat hggligcharge may
the Sbectdidy %n@rak gagcfafn%le%%gaagwlhgufaemﬁ i n

accor dance W th ments and generatin [sin
el ectr F@"tﬁrséﬁ&r%ée%’ém\%%@ﬁ RE EPPPRIRA (YT i taﬁl@erdt y molded
bb}ﬂdempfealﬁingljﬂav&iacbff&dﬁ B&mpcﬂsitl@ nlait@guiie 1Othe molded body

%P&%%ééé VJ:LQ%.U ééjgg t?eattrperit %ﬁ/ %g%t Lé)ge n\?&fcerun{ I§é1rnace or

e electrode or a reac ance
edeth + oleanihédealinsdecidest nol ddep byi conpressidd,usherlectrode

admal, mekdirRgady Eh8r i, RRRA RO it Mk s hen bl @deo Molding)
spray formingandsuch. Moreover, atipendportionof theelectrode
85 shows a shape similar to a shape of the tip end portion of the
blade 7.

On the other hand, instead of the electrode 85, an electrode
87 composed of a solidbody of Si, amolded body molded by 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 electric discharge is generated in an electrically
insulating liquid 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 89 having
abrasiveness i1s formed on the surface side of the intermediate
coating 83 by means of energy of the electric discharge and the
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by nmeans of the energy of the electric discharge.
Meanwhi | e, instead of generating the pulsing

di scharge in the liquid S of electrical insulation, a
pul sing di scharge may be generated in 25 a gas of

el ectrical insulation. Here, the electrode 81 is
conposed of a nol ded body nol ded by conpressing m xed
powder of powder of an oxidatigf-resistant and powder
of a ceram c or the nol ded body processed with a heat

l\gﬁﬁﬁé‘@@iv@)ﬁo@@ﬁ o i8 d@@wecf élf @ap@xﬂae $eehes ceramlc CBN,
anwhi | e din ressi.n

O f
F JBETHEE %ﬁ%% SRR g e ST OO EOF Ry SH - resistant
(hetal dnjaovizoridelal BN am@ramefoxaﬂaglandreamhtant metal.
Mor eov

efcfl Ry Qtle d%'rfﬂg rest t\ﬁé 62PRAS B9 {d&ormed by
el ectrode

i's the samé as the OX atlon resrstant

n®tRd Olﬁ%ﬁ‘ﬁ)é§| PEFC qlfféi%?écﬁtci’lb*élée Pratecidusr gameengstipwn 1in Fig.

the(d hﬁﬁft@i@@ﬁéh cfl e sg&ﬁ%i@@ﬁ%éh@ shdven lh_lF:Lg:’]dB in accordance
pOfth O e .electro SNOWS a S e Si r to.a

SRR Fiivediy 285 Sondartind By iihe Tadtnio dlscharge
|be¢W@ﬁn:mhe antemtredieticateatbay i &y a8@ thef eteedrode 91 in the

oﬂlcfuf'&”sf %‘fee§ég€r95aihﬁiQMfB}?%'onghzg LY dRANS- e material
ener%ﬁ the el ectric discharge and the |Internedi ate

cdaf §1§§tﬂ-’§d€§ﬂ'®§%éfeasf18n 1CE Giaklap papctrodematerial
&amsrfésluwtpﬁeg&éutyoﬁt ddffﬁgﬁﬁniﬂmﬂ/ﬁﬁewemﬂlﬁ§Cbﬁﬂﬁhe surface

ﬁs S%h%tﬁe q:he?rrr%%glt% ) l%g]%fawrﬁ anwllillfelz,tylnstead of

urblne eng ne 'S n operati on
o@ﬁml@a@n%rw PuRe ingt disetipage mathmglmmda g efmedectrical

bﬂnm&'}’drﬂg ANo€l ertd 08 Soadfy dde hotginedials 1n a gas of
?ﬁ ﬁ own |n Fk%{gll(b) and the eleCtric spark

3 in accordance with
errbodl IHEtes, ahé gbaetmd@galpubsd:@rgp@é@@tdﬂ e hflded body molded

C&F %%ﬂlg)g% sggh}ﬁﬁgﬁéﬁ ok?:'ar?kqe %? g ; % Qrbdexﬁtal?nel c guPaWder of ¢BN,

ect r erectrica
s tRax¥e@n EP@@PFod@fnaﬁéﬁ1ﬂ0xkﬁ€ttﬁ?%ﬂ%&tr@@@a@%Porand the

ok Rod i - e wdcdhecel ectmode) mpbRdéAl of cBN and the
carr es. out depaqsi tion, |ff€E|on [ or. wel din

b ST AT Hal GEse BAL ARG PREBHT HESRaSOMith a heat
tttusaaanmrgybpfmetalme aff ao:tardtmm]ﬁlmaaﬁwar@elclﬂVbaMMMMez,le instead

'%h%gegﬁggﬁﬁﬁéﬁ%wgs#ﬁ Eﬂl Sélrlfg:g}o?ﬂ] QF gr%ﬁf 151—9 ftogﬁwed l:éy slurry

1 qui rical Thsu atlon a pul'sing dis
REML 1 g MY 4Mebal nln) eplsl & Molledng) o aPPEAY Uf it And such.

Here, wha<eal,roHe 36 des seeipesad-aii AcorRbe8in§ahe electrode

ng)idls, in the fourth embodiment, yttria-stabilized zirconia,
however, any oxide series ceramics other then yttria-stabilized
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
aluminizing treatment. Meanwhile, insteadof formingthe aluminum
coating 93 by means of the aluminizing treatment, a chromiumcoating
as the second protective coating having'oxidation resistance may
be formed by means of a chromizing treatment.

Next, operaticns of the fourth embodiment will be described.
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by conpressing powder of the conposite material or the
nol ded body 20 processed with a heat treatnent by
means of a vacuum furnace or such. Meanwhil e, instead
of nolding by conpressing, the electrode 53 may be
formed by slurry pouring, MM (Metal |njection

Mol ding) , spray form ng and such. Moreover,

ati pendportionof theel ectrode ;85 shows a shape
simlar to a shape of the tip end portion of the 25

bl ade 7rifdt ! BecotBeHRAMkLe EDSL eAd 70f, theigteeht@igte coating

o5 b B ORI e B g e enevay
toe tiod céé.@hdtady: diesckasegd, v trharayeh edt theeprmeeld:tl‘bey coating 89
”ﬁéﬂﬁ%égfll%l‘&%‘a“%“cfﬁ'ﬁ”@ﬁ@ Pa[ngfé‘%& 74 HS é‘f&@'trf@qilédharge is

a pul'sing éelect
gePReER ERr ianchAeBFECER? @ﬁqqt;reaitﬁwtaﬁpﬁ@mpmmlag the formation

i @lﬁ g;uﬁ pgoab&aﬂee haeshtoGay bgnasrlad M%n@ngbsié streatﬂﬁézeta@c@ﬁ:mpanylng
[ n e.el ectrode
€1 S o T BECRBEST VEnRRtTon ADIhay, espectively
gpnayt¢®rn1ng and such. 35 As shown in Fig. 10, a
hard Prdd x}é&e sy LR §§mé1a_vé n,a*ar Béugaaﬁspa& V1 between

forned e surface sid e Interne
|W38§°6§1ﬁ€a?1% apd éﬁ@r §9t8¥-’ hlade madyy pedy 77, a boundary

dp@f:tha/rzgeeawéehhtehéJ:.ntwraie@&tart\eecwaim@gﬂ383nt15the base coating
g,?é‘rpoﬁct?d %f §80§;§§r§e\ﬁ %et%%&?}mﬁéé prol\%ecgl'ma Xéé'lartelng 89 and

e OXl ram C
oxthel ant@mmeésagematm 8B maspeariivaldiyehate sBNMugtdresein which

%rﬁﬁééﬂﬁérﬁéﬁ%@ﬁ% &l anhrhé:r%@q:ﬁteepf@tfé@tr\;eh@oatlng 89 can
pr otecti.ve coat i'S

formed b n
iy e b LR bt Ehedrdtro mabsEAA) Shaws PACHF Plade main
MHod¢ )7 7andat tike ddeed coatipgr keentd néel insepwadiatdigpating 83.

3in a;ﬁﬁ{e Sl 1 tanSe E%Q%JEEJH %@% 82%5@%'%9 is formed

pul sin ctric dlsc |n er ne
c@%\tﬁhﬁg gP Hndl mertep@cp oabeghla@etﬁe by izpliakeg ish of stress

Qﬁ?&?éfa\t?éﬂ b¥ '&Sdﬂéﬁrﬁﬂneﬁ]@aﬁgﬁén aﬂfﬁla@EﬁEQ@)%t%%ﬁrﬂk@ rdfor blade

rode 91 or reacti on substance of
et 8PFabhe %‘?“reé%t’o"lﬁ C§8h&ESt Pnvh %ﬁlftf}lF‘sgﬁ‘ﬁ turbine
amti;me delsdimgpenat hens uricaceensede afy e€ect s such as fracture

i M %rHEEEkBESHEQ%'&Qa&%Oq "é%agﬂ? ﬂee sultpﬁ?e?ggdo%n% le!rther, even
gener at al'sin scharge 1n
et ecils @@feqtnwpaltrr@% ﬁrsnagaﬁw@@%wa?@eiqﬁ@;ﬁtbéo the blade

gENes @t hd pre @t eRf. 15 electrical insulation.

Moreover, during operation of the gas turbine engine 3, the
composite material composing the intermediate coating 83 changes
into 8i0C, hawving fluidity, 8i0:;, in other words a part of the
intermediate coating 83, intrudes into pores of the surface sgide
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 coating 79, a part
of the intermediate coating 83 intrudes into the pores and the
fracture.

Furthermore, because thermal conductivity of the porous base
coating 79 is low and the intermediate coating 83 ig formed at
the surface side of the base coating 79, heat-shielding property
cf the turbine rotor blade 75 can be increased.
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Here, the electrode 91 is conposed of a nol ded body

nol ded by conpressi ng powder of the oxide series

ceram c, powder of cBN, a m xed powder of the oxide

series ceramic and the oxidation-resistant netal or a

m xed powder of cBN and the 20 oxi dati on-resistant

nmetal or the nol ded body processed with a heat

treatment by neans of a vacuumpfurnace or such

Meanwhi l e, instead of nolding by conpressing, the

eINEct :r orle aBdo B nBE widhEk Ewuﬁtn;d&ruboda@l@hitg@ ers]Nkibed above,
ta ctlon ay form.n uch. o

VBT 6957 ChEAg HE s LRt SR aE £oR0iRa thgraiwen are inited

et@cttln@d@n% wieries theneflketroar dhsendogd nemtgenerated and the

yﬁ%étﬁeéér@é}h& bé@%%bﬁ?@ﬂ%ﬁhe fakgi‘\ﬁl Y& on 6@%@29&@8{ 1¥8 coating

ceram ¢cs ot her a- st |Zed ZI Irco
%%dan%éﬁﬁhlﬂcégtﬁtrieﬁ@ﬁ@ﬁ&r AP ANE 1S g obier™Yy 1on of the
Sﬁﬁ@&e@tﬂ?@ﬂ@aﬁhﬁgl $9 cha ve ghapeceivébe dmm:t@ad the production

rr‘ﬁé% 1re'31eto ad roduéglo Sp%\ﬁré n bFJ'. & ro Blade 75 can
et

um nu coatln a secon rotec |ve coa
f}@# radbgrertage a@ldau@efm@@u@# ivHey mfa@@eﬁuahdne hreotfcv:o\blade 75

pedAviey dace Pfigfrd gy platform 9 by neans of an
alun1n|2|ng trea;g;nt Meanwhi |l e, insteadof, forn ng

the al Jf4RANE 0 QﬁESQStEﬁn@EﬁEGSFlYﬁec%ﬁEﬁﬁgn%ﬁrﬁ?d the base
tmeed niall ofathbr optoimbdeald mgidSbady t1re caacbadkirmly combined,

%Q%g)g%:e%tﬁ%t Eggtbﬁ‘%hr 4 c%)rgne%a"t %cgfe)ﬁfpt %Elegffga%’rorpeche base

n1Z|ng
dp@’%%ﬂ@%@foth@ heo tayu PR dentmi m {7 | and degescaipbity of the

22uriH i trothec aisRid hes Q%%eb%oéftlaﬁglzgedt he
e coatln 83 and the protective coati

i nter t 89 X
e T o ey ey P ne AP GF (e GaRuptF b engine 3,
hechasgeita tange Idd tineoptbeepdre® acfoahenguBfaceanide of the

2&1 ch}aq:q_ny EB' Qnﬁh§1f3ﬂagzﬁn q_rle_Lt %fel:ﬁgtéﬁxc ace ts:l.de of the

arge I generate pretrea
RIBIFANIRG TRACTHIED b ajeﬂ‘oﬂthéoﬁltot @étqi@fél%aﬁtqswgstance of

&ﬂqélﬂlrﬂﬂl&ao@&toﬁ:rﬁﬂéﬂ@nfs acapmRaAMbREvetiNgnd UdfRid Qfhality of
c%h rotective %ﬁgtln% 89 ca be regg 8t|vel

AT t S O SSEE, 5 §3He Fed¥Bh®Va9boundary
part Vl’lela?emmsém The herdrse c:cmtentgio}g ndnethelimioed to the
R ade- R PR AL a@o?@HEgeiﬁnegaféuJ}/@h Qﬁﬁﬂéﬁﬁ';q gnd can be

i nternmedi ate coatin ase coatiln
BHARET Y Faft f¥gdpathm e chrehal 6t ev¥ faee ﬁaaitﬁ@nggb@ﬁ@d on the

novel surface treatment method in accordance with the fourth
embodiment can be processed to a portion to be processed of a
comporient main body in a turbine component other than the turbine
rotor blade 75,

(MODIFIED EXAMPLE)

Amodified example of the fourth embodiment will be described
hereinafter with reference to Figs. 12(a) and 12(b).

More specifically, as shown inFig. 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 97of glassy 5i0;. Inthiscase, after forming
the protective coating 89, the pores 8%9h of the protective coating
89 are closed by filling the pores 89%h of the protective coating
89 with powder 992 of Si0; or MoSi, and heating the tip end portion
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the internedi ate coating 83 respectively have

structures in which conpositions ratios grade and

hence the protective coating 89 can 15 be firmy

conbined with the base material of the rotor bl ade

main body 77 via the base coating 79 and the

internmedi ate coating 83. Furthernore, because the

porous base coating 79 is forned at the tip end

portion of the blade 7, by relaxation of stress

gehethat piladly A sbhetiamlchexpandeon odi & faianeel hatwednr amorphous

trﬁ]g é)lséaql adﬁe%ﬁbgh{'?é n Llh%b o&ée?‘nQQt Sgbgtoq_‘chio%% are mixed

coa gas tu ne en

oUér%itlmld)cfmﬂf rtévege fdfl lgmly def ects such as fract ure
in the I‘@éﬂuﬁﬁtl‘é/ ell@ Qﬁb'n&ﬂil&%&ﬁé‘}c&@pﬁé’ PRIass eduard embodlment

f rther, even th ef ct occur ation of
i e, DHaTatiions 280 BSconte SEESLS Gt dhe sperdtions and
I\tt:heoa/ﬁaffe ctohra g hep eficatritén eobotiieegasatar bcheeeegL ne
W NBpyat erial conposing the internediate
coatln ang es into Si 32 havin luidity |
in ot her Hbkes ambaiﬂttm@ﬂttWéllu rheer%%wmkée%oh@rﬁgn%%ter with
| 18 f dielrfod IO FRGL e$, OFid hes Sl-!‘flfgac@_35| deg. of4 [ heiPasy (a), Fig.

C ing 79 sa t _ai er ity of the surface 30

f%{éb 9%731% b]a6t I ﬁﬁﬁg nﬁ%ﬁb@s to be al npst |ost.
Meanwhidse showm anc@sg.wheardfFagt ke ccounrditne tteor blade 99
gﬁ‘?gc EQQ&éH&e ngth%l'%aff ftl?gmltjgﬁlﬂﬁé‘ﬁ@?g%e%ﬁtﬁPﬁiﬁé‘ Gomponents

3 intrudes Into pores an racture
FRITR ¥3fS b e ab%%%l}ééfttlﬁ@r REFLESNY R A PE§aBf b Eeine engine 101
mtd)us A able LOAIMADEn AkiiaS &@M\t@ﬁdctchf_ethetg%rsm@rmr@e engine

ing. 83 . for dat |deofthe e
OB T el R B U8 BRLERCSsERSR, Shal e, RAP
rot or Hsadbo¥s Ualﬁ‘llge Mcrtdmédrbiﬁe rotcc bdpdeng® is provided
erlttfh tahﬁof:sf' rSl*thé‘H%@h“E@& apggcs 'J&&cﬁ‘ﬁ%‘&ema@ﬁc}%’cﬁ? and the

t he ranclg pr ot ectlve coati ng 89 and such are
15 el a@s “tar?él Paﬁijel%hé? e anel Bt FPctRR §<‘:1F€§|15‘§ yQtor blade
gener atcetraaticeheitpr ehéeﬂimtemmwl n@prigt®ed of a rotor

i-on ot.ectiyv
e
prafEad e osoat lﬁgdglgg c%iig%éar gopacpreesyromidentallt fd of the
B IRACY 208 a E1OR p%.%%%laﬁfeﬂiictébf Re ﬂ%’—&gy&ﬁf@ﬂn 9fadrlR as portions

e &Fgfpil{ﬂ%te%s@d ﬂ(}r tzlﬁr EPﬁBrr gllaiiebﬁt“gg’gd?%dgc]a& be

eaSI | y Theppovedon ranging £rom the leading edge 7a to the pressure
sidewall 7b of the blade 7 and the flow pathway face 9f of the
platform 9 are processed with a surface treatment so as to ensure
erosion resistance based on a novel surface treatment method in
accordance with the fifth embodiment. In 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 9.

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, major parts of the protective coatings
105 are formed by employing an electrode 107 shown in Fig. 15{a)
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10 Moreover, because the protective coating 89 and the
base naterial of the rotor blade main body 77 can be
firmy conbined, the protective coating 89 cones to
hardly peel off fromthe base material of the rotor

bl ade mai n body 77 and hence quality of the turbine
rotor blade 75 can be stabilized. 15 Furthernore,
during operation of the gas tuphine engine 3, because
S is filled into the pores of the surface side of

taﬁcfi Pase IdZO@B'frsgﬂ.d7Q1ﬁn@léicltr§!@fBpébkhhé&hﬂﬁetm shown in Fig.
rface side o t h ati.n cones,to

o i ar e R T T S T e f 95 RRESE g R sing electric
rdt srhbtgeke S ween bbaei pprovend ey hendeoquahet jeading edge 7a
205 thes FH‘% 's%‘?cer 0 QEwhl 208, 63 €RB BEaddPf Q¥8dthe electrode 107

Meanwhi present invention is not limted to t
dR’e rkfep'ft"fec?ﬁ'l 51het RECEFOF R Eifle Qfebbe ot P@i%@iYnéﬁFe St of the
a;pﬁat:ﬂﬁtrrb@ amcbp;e:rel )elmdmbdedlomt @ostli@dnt tdrate leciddac amaterial

trz_eaé ”él (H: oz% ourIEeena rfac sta creergjtf m':flt h%qectrode

i n accordance MA enbo cdn b
pracested Cta@raeﬁowt GiﬁHC(ﬁlkteO{lﬂr odegic',@@ll@m aarld/mmghéhng on the

f‘tp@:@)&aﬂnﬁglﬁgt Ef b %eCQQEQI‘ﬁ 8k Ech@ﬁet Plessure 31dewall
blne bl ade_ 7

roﬁ gﬁbé EXANPLE% fDdlfl
rﬂ)q &hgr Plades hiatch t H?ﬁ%ﬂfevﬁwe B §8scF1pepadyay face
h@f eif nafet 1eYa tni didm » elyedeaaect Ghélemrgyl(ﬂﬁhaedieﬂzﬂ(:ﬁ)b: discharge.

'\fgé%u&ﬁ’leféfiﬁ%%é( Pg e§1 ?E\gfqé‘hgo %gﬁgb% %%ﬂa&ssci ?ﬁithe liquid

S @flet:ﬁﬁlgaéelre@altatﬂganﬂg ptlh@lrpﬂ)rd@@cg@rxg@f mgyebe generated

p{@t@Cééélg%ﬁcl?ﬁéd&ﬁﬂﬂ”%&ﬁa@l%ﬁed by an armrphous
0

mat er C

form :nga#%tkteifé“ 'é%?l @ac}GéPSr%a%bg ? @%B?%Ee%*'@h"%ffoatlngs

t hes et €otrimed bpa&mpﬂg:y:&ﬁg aneel:émsmjdé))a.o‘a lshowg ihe&ig. 16(a)
t 9,

PGP, A Gel GHECEIKELE0R. bDdic Al PSP in pig.

ot %%@W%@m%dﬂ%%tt%@ rg@ @éldclg@@@éf@t.lﬁa)a pulsing

t@&@mﬁ@m@ha&@teebeat\reeﬁ che i sthe @@Wﬂl@é A%w pathway

PHITRE TeENRRTAS T RO FLe8 BRI BP WG an electrode
fmmn¢ﬂu&&ﬂmﬁht@wﬂeleﬁtrﬂéesh@ﬁ opeaatieensiandstthetsaoge of the
eéi@@éﬁ)(ﬂ% @Q@e??gi aihe @n%a.ltt heeSbd 8 Sh Of ai PEusion and/or
fourth I nent are ac | eve
welding on the suction side of the flow pathway face 9f of the
platform 9 by means of the energy of the electric discharge.

Here, the electrodes 107 and 109 are the same in constitutions
as the electrode 53 in accordance with the second embodiment.
Meanwhile, a tip end portion of the electrode 107 shows a shape
similar to a shape of the portion ranging from the leading edge
7a to the pressure sidewall 7b of the blade 7 and a tip end portion
of the electrode 109 shows a shape gimilar 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 8i, 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.
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(FI FTH EMBODI MENT) A fifth enbodi ment will be

descri bed hereinafter with reference to Fig. 1, Fig.
3, Fig. 13, Fig. 14, Fig. 15(a), Fig. 10 15(b), Fig.
16(a) and Fig. 16(b). As shown in Fig. 1 and Fig. 13,
a turbine rotor blade 99 in accordance with the fifth
enbodi nent is one of turbine conponents enployed in a
gas turbine engine 3 or a steaggturbine engi ne 101

and is rotatable around an axial center 3c of the gas

tm&imwg&ﬁ%eﬂ oF -@ﬁlaﬂngﬁygtoﬁlsﬂ%@éﬁé, l@xbgepéctiflﬁes 111,

steam endl pe snown 1 n. kg ur Dl ne ,

D Peg R S uaed by SutigiRot T v NP 1S fon wotding) ,

beiyayl B masirey corwpaveit. mai n body and the rotor bl ade

main b ' a [y t t ' . ;

e A ke 288D b B, 0 MEHAS, LA poscing 205, o
sdreacf dtltt PrOtECAdFe7CoRt PRAtWY ASdPEREEESed with the

lct%/@{aiaigi tﬁbat?ﬁ@ﬁmiﬁﬁ,ccﬁldl@ﬂé Ql&deéadngitfb&Qe;pfeHI?ialg treatment,

eaadl ng_e e to.a [essure | dewa 0 _t e
i 3ot IrE Rt ad s RS S elGrat 5 {Ro St 05 ipg treatment
ses ey dsagsor tdmenexemp lidipdocessed of the rotor bl ade

mai N bog+103peFh€1 B9 IJroPh s 3NFRled oM ddte: LeadiMYdescribed.
edge 7a to the pressure 25 sidewall 7b of the hlade 7

and t hé 1w PREARS thEdr reTtl heoapiag vt  Targed by means
s edesete it bfatlseellace ricedd sireo, asrdrigyeenfWtee protective

erosiqn. resi stan bas a.novel surface t t -
tRoa 0% A B oEE e R0 TTRI 5 " LhpBS  whRFe' PO eteceric
olirghaggeld s genreraed avd henved constreatinent saecompanying the

foiRa o the Penti Prdanging f ceorrtg 30hdeadi Rgsedgecatment
7a to the pressure_s of the blade 7 and th

i dewal | 7? e .
FAFHRARARE 1Hee §PTBRILRR BFathsr RPtafilge coating can be
spexpddtcialdly; dwdrtd edr.ot ective coatings 105 are forned

at the (] r [ f t di t he

o esou DY ([ BP9 Blel LA DEac @R 0 bR r( b ! Bobetueen
gelth R teaEd VB Copting 1@ fnmneobm Shpyemersis off the electric
Qﬁﬁi’cgiél‘get @ﬂdfettﬁﬁtﬁdéé %a%t%!iﬁbgeof{ﬂhéxi@@:?gtsﬁlﬁﬁé ;Hiﬁin (ljjody 103

or arts o ne [forective cCo I NgsS . ar.e or

DY AT YR TE 5 9 HBEF B CROPOSRORRA 7 1 @ STESepgnggience the
_ambt_l%cg:lvﬁ_@b)atang Loe ahciaq:tlrel baspamkte_ai:hlrreE IHeshower blade
o Sady 103 A e e B ! e fveen t he |
port i orFUfrgW@rﬁ@rﬁrro#iet:ﬁ@sleeéalenguéégéemlde of the protective

coating 105 is processed with the peening treatment, residual
compressionstresscanbegiventothe surfacegide of theprotective
coating 105,

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 coating 105 can be respectively omitted, the
production time reguired to the production of the turbine rotor
blade 99 can be shortened and the productivity of the turbine rotor
blade 992 can be easily improved.

Moreover, because the protective coating 105 and the base
material of the rotor blade main body 103 can be firmly combined,
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to the pressure sidewall 7b of the blade 7 and the

el ectrode 107 5 and between the pressure side of the

fl ow pathway face 9f of the platform9 and the

el ectrode 107 so that an electrode material of the

el ectrode 107 or a reaction substance of the el ectrode
material carries out deposition, diffusion and/or

wel ding on the portion ranging7fromthe |eading edge

7a to the pressure sidewall 10 7b of the blade 7 and

t fige prrestitd val deaolingheos lcomagatbvweyrdbe @eedf off fihem the tip

%%%%ﬁa@grl%gggmﬁn?fré%% ﬁ ggym&[nt %fllﬁgt %111& hence quality

1 NS enera g
puf sty t‘drrslclhm Fetan Hrékaldeq@ﬁd cas bt stebilisaf.

i nsul at;@ishedrnides B cduzehahger88yahel g&ﬂ@ﬁiﬂoﬂ Btdess can
15 Furt hernore,

f el ect | a
S kR bbb St ieh S 2 o e EELRPLIR Bk 05, racigue
farmecytly chpdley prgtactéectoadend 0905 hoam ben iFipgoved and the
1 | ect :
TR e et H1adR 35 Fefl BROELAIRERET, ¢
and gerréeraatvrmglea piiss i gt ect VRN Ui Fe hig gecbel BERed to the

tcﬂ'@s Stidd h Sirdenefr 1t Ehewdpakhvesnd@ahape Hopdriheodified

tform.9 t he el ctrode 09 so.that, an ectro
PR LR L Lt e s e Haber o EhBoPaREd surface
of re dtamerg ernet]mdcé et eucrca:lrdaacm ed thutt ke pOEf th oapbodiment is

d;i}]f‘(f:d’@é or*gfe.gg 9 ]:ggl e%légj' 89 ac'léjc?méfgnél?:e main body

ow pat ma
tHe ekdrgy spmpﬁeeer: ee*rl‘rl% Hraébﬁé\egéurhsnﬂeretor helade 99 or a
ap@et Iates bkraduk Sdifo Ak dnfprditind 1h B6Agtintdihé DA component

a h | ectrode 53 in accordance wth the second
SR e Wi

iOEPOR Prp end portion of the
el QR TIRD HXAMEIS a shape sinilar to a shape of the

portiony ﬁr@ﬁgfﬂgdfe&%mptlléeof %ﬂ@'f‘ﬂftﬁ{jgﬁboaﬁméﬁ’t RAHQI be described

pressure si dewal | the blade 7 and a tip end
Py ES B B oM itHe r@f@é?terné’&eti’oglgho%é a shape sinilar
to a shapehefnt he pigssurand Fidewakl Fctwfbile fJtagdeblade 105

7. f t I 7 .

el eél\‘ﬂ‘(?; rncflg,ﬂ._%a%]g moci(')&gfee de%tx%%sgédég %hé’l'e%%_f h gpbodiment
biys c@ﬁar%%@ih@r ateothe tb@dyﬂ@f reior abbateleP 2of 08k, ofr turbine
ti@nﬁm{é}% @rﬁﬁl@?ecﬂ”iﬁctq%?@&is wyt-hida éﬁgﬂ@l@t?, b?:erﬁ{é@@éam turbine

by nmeans of vacuum t ur nace or s e us
111, 104 %ﬂ%aﬂs?er°5aﬁapéﬁr@r<érf&ttﬂecaﬁ¥%%H%ﬁrgt@ 4 gc of the gas
g:e.nﬂf:a‘tee@nlgﬂneaﬂ @t etta bedhllycemset adfl nQ1ki goitthe steam engine
ing uding al kane hydrocarbons. 26
Moreover, as shown in 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 turbine
rotor 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 shroud 41. A portion ranging from a leading edge
7a to a pressure sidewall 7b of the blade 7, a flow pathway face
9f of the platform 9 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 erosgion
resistance are formed on the portion ranging from the leading edge
7a to the pressure sidewall 7b of the blade 7, the flow pathway
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Meanwhi | e, instead of nolding by conpressing, the

el ectrodes 111, 113 may be forned by slurry pouring,

MM (Metal Injection nolding) , spray form ng and

such. Furthernore, after formng the protective

coating 105, a 5 surface side of the protective

coating 105 is processed with the peening treatnent.

As concrete nodes of the peenipg treatnent, a

shot - peeni ng treatnment using shot and a | aser-peening

tfead IENDE thel pbat Baen Saired exenflldW pethwaglace 41 of the shroud
operatj on t fhf odi L crLi -
TOF ERAe Sp e 48 vEp S SR TEChe el TRck o Qitiapce wich
byherebhisth Fmkebimatdy.gy of the el ectric discharge, a

range QfedriiAret 9ﬁ@ﬂ@mo@9§lé&9&xla@§_l%f kel £ FtR@mbodiment,
£

EhE ey R ARRES 27 EPPoRERBE  SERUpyR BRgations and

fonered f Orctod dheclhp diidath waboddmeng amd achieved.

post - { 1EALIRAL ; haGAELAMPARKEN gy DE. { O TRld BBoATaddiErined above
protective coating can be respectively omtted.

Npir sgfereneeita prvermerrefssabla epbeddarptgariowgver, the scope
betgeer ridier protiechpyenaeatd g mkOShberavdtye th@ited to these
energy. of the electric discharge and the base
ﬁﬁ%ﬁ@%ﬂeQﬁsthe rotor blade main body 103 20 has a

structure in which a conposition ratio grades and

hence the protective coating 105 and the base

material of the rotor blade nmain body 103 can be

firmy conbined. Furthernore, because the surface side

of the protective coating 105 is processed with the

peeni ng treatnment, residual 25 conpression stress can

be given to the surface side of the protective

coating 105. In accordance with the fifth enbodi nent

as descri bed above, because the range of the

protective coating 105 can be limted wthin the

range where the electric discharge is generated and 30

the pretreatnent acconpanying the formati on of the

protective coating 105 and the post-treatnent

acconpanyi ng the formation of the protective coating

105 can be respectively omtted, the production tine
required to the production of the turbine rotor bl ade

99 can be shortened and the productivity of the

turbine rotor 35 blade 99 can be easily inproved.
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Mor eover, because the protective coating 105 and the
base material of the rotor blade main body 103 can be
firmy conbined, 27 the protective coating 105 cones
to hardly peel off fromthe tip base material of the
rotor blade main body 103 and hence quality of the
turbine rotor blade 99 can be stabilized. Furthernore,
because the residual conpressign stress can 5 be
given to the surface side of the protective coating
105, fatigue strength of therLptmgective coating 105

can be inproved and the |ife of the turbine rotor

bl ade 99 can be el ongated. Meanwhile, the present

i nventign_j it SCripti .Qf: t.he

fi f?h e%b%éﬁ?rgeﬁ%ngngk c%gtl%%%?%peer )S/fferrfog%df |Eetjl%flfghi nt o

such thah Boéyrfué{?ﬁn r§3§<ﬂ@@iox@a§&%@%£&%éﬁéﬁ| ,
surface treatiment nethod in accordance with the fifth

enbadbaBat cbstipngoeessed ¢® thdasd#oibd,0 be processed

of a conponent main body in a blade conponent other

t haant hienttermiEdiea treot cvatblagle cB@8terd aon pohei drasteo beating, the
processed of a conmponent main body in a netal
conponehiterBedi e copsang lylclad inenpem entmoyavibDl FeEpaterials
EXAMPLE) A nodified exanple of the fifth enbodi nent ,

will beS8eSEFFBetFomerts (FHABY CRREH Sefgr Bhcelt o2 d1oS1z; and

17. _As in Fig, 1 and Fig. 13, bi
b1 afle PROR ST v SR ERmhP R et aPRFEG i, and the
f the fj ' i P e |
Cotor  brids BETPEEE Ebardrke C2nE BHoBhef fug MRdelil Mcluding

the gaschr b NeoNPre e tQhvel REcateamst sk hifeeg UMM he group
101 and is rotatable around the axial center 3c of the

gas tuebhsesengine 3for bhkedexi akecemies, of &QBecof BN  and
the steam engine 25 101. Moreover, as shown in Fig.

17, theocxiudbthenro¢sisthamdectads, imidpbevndddrmednbyaprocessing
rotor blade main body 117 as a conponent mamin body .
and t hetheler tiloades paverlsvidce 9 drselagt5igisparkiachine with
the turbine _rotor blade 37 in accordance with the

modi fi e® ERGhpPEEFLPHe- first 30 enbodi ment, conposed

of a blade 7, a platform9, a dovetail 11 and further

a shroud 41. A portion ranging froma | eading edge 7a

to .pr?ggcb:gecﬁnﬁér%%v@uf gPaﬂﬁ 1t,h%hgkégﬁ t7he %xfild%\elion—resistant

pat hway
metals are selected from the group consisting of NiCr alloys

and M-CrAlY alloys, wherein M represents one or more metal

elements selected from the group consisting of Co and Ni.

3. The component of claim 1, wherein the portion is selected
from the group consisting of a tip end portion of a turbine
rotor blade, a pressure sidewall of a rotor blade, a suction

sidewall of a rotor blade and a tip seal of a shroud.
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9f of the platform9 and a fl ow pathway face 41f of
the shroud 41 serve as portions to be processed of
the bl ade nmain body 117. 35 Further, hard

hi gh- har dness coatings 119 having erosion resistance
are formed on the portion ranging fromthe | eading
edge 7a to the pressure sidewall 7b of the blade 7,
the flow pathway 28 face 9f ofpothe platform9 and the
fl ow pathway face 41 of the shroud 41 based on the
novel surface treatnmept nmethod in accordance with  t

he
fiffh enBSATEANe2hA e 1i WhEREI RIS PRES SPaing 18 formed

of the fif adi t .t he sane erati qgns and .

Che sanB SRsere e TR a5t 4t e VaRAE L e g Bl oy i spark
the fifth-gohedi ment are achi eved. As described above,

the invention has been described above by reference

to several preferable enbodi nents, however, the scope

and the right of the appended cl ains should not be

| i met. edThe ddmgseeritOoendiodinmentehe29in ChAl M drméfliate coating
conponent of a turbine engine, conprising: a nmain

body ha¥krfprmeasobyiaoy poobespreedessed; f 5om thasgroup consisting
coating coated on the portion; an internmediate coating

coat ed BhPERESEEIBIIR PAFLieRES d HOERRERFQPE atval eakric spark

i ncl udi ng _pne or, re filler materials _.sel ected from ,
the orolicBife fu e spos Sl el fhmts singng Tiquid’Theluding

0071 i eb M S A ERAEE Bl e ST 1 e PRg 60 %s & work

I nt er medi stance,

i ncl udi Bge cONGF Oln MR LR QL %?EEK?IHQ@EEFL& a)f15el e8d E&Iectrode

fromthe group consisting of oxide ceramcs, cubic

and oxbHabh@Nof asbisd afi] e Materdld PANG hRUMEGoRY the group
processing the portion as a workpiece of an electric

spar k nechsihetimdg hof 16 @ drablMcsdigct rode. 2. The

conmponent of claim 1, wherein the oxidation-resistant

netals are selected fromthe group consisting of Ni Cr
alloys. and MCrAl'Y all oys, wherein Mrepresents one
or for? RRTRPNEBt bl idie @nst e o HOMRE 1§dagp

consi sting o 99 and N . .

a maln-body having a portion to be processed;

a base coating coated on the portion;

a protective coating coated on the base coating and the
intermediate substance, the protective coating including
one or more protective materials selected from the group
consisting of oxide ceramics, cubic BN and
oxidation-resistant metals, and being formed by processing
the portion as a workpiece of an electric spark machine with
a tool electrode; and

a filler including amorphous Si0, filled in pores of the

protective coating.
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3. The conponent of claim1, wherein the portion is
selected fromthe group consisting of atip end
portion of a turbine rotor blade, a pressure sidewall
of a rotor blade, a suction 25 sidewall of a rotor
bl ade and a tip seal of a shroud. 30 4. The conponent
of claim1, wherein the base coating is forned by
processing the portion as a wogkpi ece of an electric
spark machine. 5 5. The conponent of claim1, wherein
t he inteLgediate coatin is formed by any process

r

sel éct ed Fr R Hr 8§pg%%hr§i%¢ PRETeOP PhoRESiatd omeesistant
Mih o TEor e e Toiee e SPOPEHE ¢t en BOPRAFRAPRG icE alloys
al kane QM&WP—(@[ Oﬁé’ll?gg RIRGAESS] Elgrnégﬁeggﬂéé %ﬁxeg&fgr(lﬁre metal

work 10 piece of ‘an elecfric spar rne w

el ect r odeemeht &M Y € rbil LBE g&%ﬁf Iahgiseliaet 88 co and Ni.
fromthe group consisting of SiC and MdSIi 2. 6. A

conponent of a turbine engine, conprising: 15 a main

body having a portion to be processed; a base coating

coaBed Bhetdrmmpmaritorf alpint@ctmheredoathegoevai@d ienselected
the base coating and the internediate substance, the

pr ot ect f oM &3 PREUP NI St noné it ippeed posttdeni € a turbine
material s se%gcted fromthe group 2Q consistin

of
oxi de cETERT O 29€uti? PTRREHAE SiglE il ohar B_F_Y gﬂf"de' a suction
met al s, i ng- formed b rocessj ng. .t he rti.on a
S sf@gw:?f Fe rALTa Yy 3f:)lrg)aarek 23 CF?? ﬁ:é.pwsgﬁlg glft 8ofs}$1roud.

a workpiece of ah electric's
el ectrode; and a filler including anorphous Si Q2

filled in pores of the 25 protective coating. 31 7.

Thes camoaenbofibneld B16imeideRetiRethe base coating is formed
oxi dation-resistant netals are selected fromthe group

consi stibhyngrotebisngalhleqysrt odrda MaGrdt kb it d Oy 8 andiBE & 1 ¢ spark
M represents one or nore nmetal elenents selected from
the growrkeorsi sting of Co and Ni. 5 8. The conponent
of claim®6, wherein the portion is selected
10. A method for production of a surface-treated component of
a turbine engine, comprising steps of:
forming a base coating on a portion of an untreated component
by processing the portion as a workpiece of anelectric spark
machine with a tool electrode of an oxidation-resistant
metal;
forming an intermediate coating coated on the base coating,
the intermediate coating including one or more filler
materials selectedfromthegroupconsistingof SiCandMoSi.,,
theintermediatecoatingbeing formedby anyprocess selected
from the group consisting of processing the portion as a
workpiece of an electric spark machine with a tool electrode

of Si in a 1liquid including alkane hydrocarbons, and

processing the portion as a work piece of an electric spark
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fromthe group consisting of a tip end portion of a
turbine rotor blade, a pressure sidewall of a rotor
bl ade, a suction sidewall of a rotor blade and a tip
seal of a shroud. 10 9. The conponent of claim 6,
wherein the base coating is forned by processing the
portion as a workpiece of an electric spark nachine.
15 10. A nethod for productionigf a surface-treated
conponent of a turbine engine, conprising steps of:

formng a pase coatin n_a portion of an untreated ,
conponeﬂ?cgb9e6P5gé§§gﬂge@ﬁ§t68ﬂﬁﬂﬁho%§Oé“WﬁF%EFEE%rHPterlals

| j hi i.th .00l, el ,
B SRR 5 PR 6 60001 O
C0aEbQﬁiﬁQa%egrQBe&vaQaéééééyﬁ:#§%§e&EH%'Hﬂéﬂﬂgﬁé W8ting and

coating I ncludi ng one or nor r material's

sel ect eghé roffdMeaiitR 60858Lsht8 b PlhroicesatdgMISk base coating
the internedi ate coating being f ornmedby anyprocess

sel ect edn@ T Her om ¢ ineedif A eps cbRBASEE BG DvoPkpPLE8SIdTdan electric
the portion as a workpiece of an electric spark

machi nespatrh machdok valtdra todé elefetSiodenofiohequi Wore protective
i ncl udi ng al kane hydrocarbons, and processing the

port i onMASCHI LT kSpleckedf faaMetdet IgIOWppNIBELing of oxide
machi ne with, a tool el ectrode of, one or nore filler

mat er i af STABEFRet BPFT ol R GRS toRsrSEiAg a5F BeEals.

and MbSi 2; and formng a protective coating coated on
the base coating and the internedi ate substance by

Pr O2esSTRE ddthRARE €984k, IR LRI fE UM thics is the
substance as a workpiece of an electric spark machine

W th a ¢0Ddae] @etfadhastointone 1 Iy €= PESt &L dY e from the group
materials selected fromthe group consisting of oxide

cer am ceonEikd B Mt Gxxiaddidyen anels MstTaAl Ymatabgs, 10herein M
11. The method of claim 10, wherein the oxide ceramcs

i S the rexyeRgnohore or e neted e senert sekéetréddffmom the group

the group consisting of NNCr alloys and MCrAl'Y , .
al | oys, CHHEY I M HepFesetrd dHe andnoflee ngrxide ceramic is

el enents_sel ected fromithe group consisting of Co and
N and THE H SR A 2y Tends.

12. A component of a turbine engine produced by the method of

claim 10,

13. A method for production of a surface-treated component of
a turbine engine, comprising a step of:

forming a base coating on a portion of an untreated component
by processing the portion as a workpiece of anelectric spark
machine with a tool electrode of an oxidation-resistant
metal;

forming a protective coating coated on the base coating and
the intermediate substance by processing the base coating

and the intermediate substance as a workpiece of an electric



15 yttria-stabilized zirconia. 12. A conponent of a
tur bi ne engi ne produced by the nethod of claim10. 20
13. A nmethod for production of a surface-treated
conponent of a turbine engine, conprising a step of:
form ng a base coating on a portion of an untreated
conponent by processing the portion as a workpi ece of
an electric spark machine withaa tool electrode of an
oxi dat i on- resistant 25 netal; formng a protective

ot er moaPaTk T sre bkgsetﬁpﬁat' ng%@?@%@ffg%@eowa{ﬁ@gotectwe
lect ' neB5FIAES BETLBRER. %%_fe"hac}etao%’%%? LETatRc B of oxide
one or AREEmMPELL echbye B r?cﬁ'c?;hsdascelo%:tree%lgrﬁ%@tt Ifﬁ%tamlfs, and

group consisting of oxi ceramcs, cubic
oxi dabk@Agr peLeLant RS absot AWl QI MO f11t
protectivg %oating by f?#llng a powder I%Pkgsgﬁéél%% 2 powder
MbSi 2 i of @ithermoses, amco haatgdied ied peathag @opgghtion encugh
to change the powder into anorphous Si Q2. 14. The
met hod 6¢ chanae 18e wewdsn irHe exicdphoerEagiics. i s the
oxi dation-resistant netals are selected fromthe group
10 consisting of NNCr alloys and MCrAl'Y alloys,
Mre re nts one or_nore netal elenents

seligteﬁh?r &r 5uPI M cbhs S LTG o ReoCRhEE \FeraRics is the
107 QRIS AT e d i Wl RSP 408 S fd SOF ProiOthe group

15. A conponen I ne engln

10 nmethod @ngsf£4@iM8 16F Nicr alloys and M-Craly alloys, wherein M

15

represents oneormoremetal elements selected £romthe group
consisting of Co and Ni and the oxide ceramic is

yttria-stabilized zirconia.

15. A component of a turbine engine produced by the method of

claim 13.



