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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 conponeni, a netal conponent
and a steam turbine engine. BACKGROUND ART A turbine
rotor blade applied to a JREBSCRIBTIIGN engine for a jet
engi ne or such is one of conponents of the turbine and

p ided 15 with a rotor blade nmain body as a main
bt@%é bYE GOUBRIBNEN FASATRRINE ENfGNE ,0RRC PUC DECHMBEEGE OF TURBINE

oconheﬁfmg pi HBRFME)YTIEEMN‘@D{]ETPMYI%QE@EUE SR @oMPONENT
rot or ade surface__treatnent !
so as to | ota IAE‘ gﬁ&&?ﬁﬁ@r%bvéﬁ%@@ SIHEE HRE BN G BYE

resi stance, where the abrasiveness neans a quality of
CPRGNIcAY FEMYPf easily abrading an opposite

conponent. More specifically, portions except the

port i 02@16{ Brpgenprigvedddd®n reipkes b nlyirgy chinpdeent, a gas

rei b ibedyngt ge ﬂaszkﬁﬂ:it ucfﬂ’ilcbnambghélé{og?a é‘:llur]fo%?lesc&mgo_nﬁélt, a blade
nﬂﬁ}d -res net a | yi ng,

;ngase eg{dl‘a{t %nglﬂn%?]t%@i r‘f&mEQP&&?i 8Hg?@sF§?3WCEuF]§“F%r%@me-

on the portions 25 to be processed of the turbine

BACKGRouNDe A N body by spraying. Further, by using

a cera?;ig ag.a material_ for spraying, a hard

pr ot ect’ VBTEOELI TRIFPS HliRdfedres itRethad aadtinyngy engine for

3;?&1151 engine rSﬁh.éﬁh‘JRE:rﬁ:of Wﬁgﬁhwtgcﬁf&’hé I%%r%}tﬁﬁ and provided
use | . A e _pase coatl n an e

réﬁegt f?/{é?%oﬂa?%%ec‘l‘frg}él o %gsbﬁ r&?)?’%yt??l : otd a component. As
8’? reBPREAPESstePe darecds st aff daenmentrbiaestbekinglade main

bpeat iANthef tarBREKI PErbAPE1 388, SHENLAS Vi
E?gg@}ﬂggj‘g of the coatin and bst-trl:éat_(rgr%g%)%51 Sue %ssurface

arenovar tre&fmhf & Lfy RIS WrRpeArcknd oxidation
aéééﬁ’saf!wzg«rf&ﬁra‘ ohestlboms Dierides @@ANSNGS Rty of capability
pesesstivelyrD8EESSAL Vorak o) rqQcess steps

requi redyto Ero%ﬁ%t%gno%géﬁtgg.t(‘fﬁﬁor%n%dtor bl ade are

i ncr edS@kL sEPERALLEREL Yr 0BGELiiORSt iaKsepit ttiee t ppbthens to be

potoes2ed himdel suthDRgaiadaBd a08NREL1 & NIE aS ePmasked. And,
wqpé%tgﬂ I.nprovenent . ,
dation-résistant metal as a material for spraying,
abase coatinghavingoxidationresistance is formed on 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 the mas king tape and such accompanying
formatiéon of the coatings are respectively necessary. Therefore,
process steps required to production of the turbine rotor blade
are increased so that the production time of the turbine rotor
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of productivity of the turbine rotor blade is not
easy. Moreover, for the sane reason, there are
probl ens that the coatings are susceptible to peeling.
off fromthe rotor blade nmain 5 body and quality of
the turbine rotor blade is unstable. Meanwhile, the
af orenenti oned problens are not limted to the
turbi ne rotor blade and simlardy occur in cases of

turbine conponents and further any netal

dist 1pnektiddnand hencer bheee iompppeblsm ﬂroatTlie@,rovement

tOr st dthie; a0V P:rh%blt% 1n@ LSk Eﬁgﬁgr?Foltlamt. casy.

present invention is i'ne conponenf app
gas turtinsevegngfRE %ﬁﬁj Staﬁ'leatf%%narfé'tm ameanfelplems that the

o:e:ratte:rngﬁ ai:b&ngﬁeﬂﬂhﬂﬂbdw.o @é@]aﬂﬁ; o‘ﬂf‘ ff‘or?sth@ 9¥tt9§%lade main
n.bo an ctive coatin

haV| ngano%glr%%?‘ﬁ%& Pésit %Ebéﬁa 58 9@?}@%3115‘1?%\‘%‘%&-

on a t Meanwhiilesubheoa f dostyerofi dries pmmpmametaﬂaumt limited to

Q@@’turﬂ\ﬁ% %'o‘Eth:?leFHé’Eﬁ&té 1%31%3?1? QQC\HIS &O%A‘%eds R¥ any turbine

err?r@é%]lef& | ect rode

(T Srit ﬁlu%é'aleﬁo%l&éF“eb'ﬁlac%mntsoﬂnﬁhudlng the turbine
@cmgetnieansr.esi st ant netal and a powder of a ceram c or

t he d pod (85S¢ Wt h eat treatnent, an

gener at P%g a g élo SI ng e?’ecferPfala?g%ﬁar@etai&'esﬁ/\égﬁtilﬁé of the
PECEEBH %%V%tlgﬁr@)(i}éséé?dlrmmet hemponpohepp liEdtbadygas turbine

%ﬂ@lhbeaﬁheﬁéfé’fj%lé‘ o & iLald1y ce'n%%‘ij @%’ Be gas turbine
so that an el ectrode nmateri al ﬁ

g&PFO hgrcia lrseafbrf‘?%]ﬁie’éjub‘é%ghc% SPmPﬁ@e§Fe@PP-§dé’0dyr and a
Empé_répallve agaEisng dnlawlah@posiﬁaﬂﬂon ddSilsHa0teaBH804brasiveness
wBlLALRYoAN, t{?e%ﬂﬁdéﬂig ebc% %%fi@/r g:gegﬁggﬁ?{neénent main body,

conponent mal n ergy o]
ghecrip gde %‘P%%%we §0§§é§§dl&‘ éarmed hof empbopimpentelectrode

camleake@rbf 31 ﬂolﬂéﬁblbﬁéy Qﬁm&ﬁrﬁ:oﬁp@lrﬁﬁgeé %o@rg%gsof a powder

FrJrgl %& qu’xciL ,a 4 Ofll_rr&'s lﬁFS‘Picﬁ?F@i cad%ﬂ Pn@o'ﬂ%%'n‘@f goceramic or the
Bt dsd verdy sporce esad i with e Isd ain cer f atmeatk: oranai fdersrating a

bﬁf@iﬁ@@leé&%@%ls%%g%f b(ahl%e%ﬁ@ﬁ@%&r@& gg/é processed

Ed a second protective hav

St ST PSIreRash laogﬁém tﬂ]reestlﬁéﬁrocigub{llem fedyrrically
msnhladmggtheqdid dr tgaeaatsmerﬁhawtarﬁt‘etlebﬁ%q%oné%etﬁal of the
&Pé/&fr:%&eof: r ot egt ve coatlf %\ﬂ rein the first
prot ective tat 1 Hy F StaPTRa B&‘ee Fo %{ﬁterlal carries
@F‘éc@?%@@ﬂaoeﬁtﬂcﬁfﬁswmrﬂty@r ey 1 iy dmd thEO@Sba.'tlon to be

PeyEked s f @Qh@%%fnb@heﬁ'& ﬁa;ﬁ.)?v‘gg'%‘éoéa)( té’i@elﬁ%% c{p tRe electric

ixed materials of a
ERSE an

Mcreover, a second feature of the present invention is a

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



3 a powder of a ceramc or the nol ded body processed
wWth a heat treatnent, and generating a pulsing

10

15

20

25

30

el ectric discharge between the first portion to be
processed of the conmponent main body and the

el ectrode in an electrically insulating liquid or gas
so that 5 an electrode naterial of the electrode or a
reaction substance of the electrppde material carries
out deposition, diffusion and/or welding on the first

IOOraI umdee. e Br ceegned oF the IE@IHEH‘%E ﬁr%ce%%g\ RYth a heat

R_Te electric djscharg Mor eov
m&‘f‘ h&8ngr geRAFat RS A |Rshlﬁ@ga elpgtricpdigcharge between
com:penénrsagmrwbﬁ CoabgasrddEdE &Le oﬂ_‘nﬁhaecorﬁx%ﬁéhﬂ fain body and

Pr @Kk ctddle 3 C%Hpec.’l%e r#&&@‘é’?ﬂ%%maﬂﬁg 9.% or gas so that

coatl ng avi ng oxi dat i om
She@B- 8 ‘F%FE‘P‘F\@ privpeial) diorbned edecarpdet banat ne&)etlon substance

pf@ﬁ%&%@léﬁté&@eﬁ@ﬁ@?f&fkaﬁkg Qﬂﬁ?dg oSTEL Gy %.f?gs:.on and/or
eI eejLic cha an | nter rreg e ngcofrp
‘i’o‘i‘&u E’ée rét%é'ﬁtl BPritor &%betnnvg:q@a%ef |5hepgomponent main
I émdys dny emsrgy o szmcém\%lradtmicslahalrtaeqhangeabl e
into Si n_the ur bi ne e
ROy ity cliE b S 03hel Rrdsansodtuention is a

isin operatl on;
artugbige C@@W@%nt:epahed toa\qaatnrbﬁ.neeer@‘imeh avtobdiibs provided

S Siit@Sa CRMPBnentHa iﬁ 'E%d ? b O 554 & LAk 4 nlg%vjlq{g 8xidation

of .cBN.and th ation-resi stan

Ao a5 ARy athd HeAR i 1600 BROPPESY SFetad 6P a portion to be
oprdaessadr e€i shencenponsrt AAia B§ﬂ§a5§ éh@?g?fof L8R electric

t
h?é% gé‘ Qﬂfeérﬁnl%roi%t o%:ﬂg?%%§§€a 8ff atrﬁ%ulpos:.te material
p?‘é%%h’l"tphgd?ﬁiwib' Qfelaltglpastl dog enehof SiTamkeNbSi, which

Mbg &hﬁﬂ@)éabé@dlﬁt@ 9&52 RROL RGLEME a5 Qﬁ&h%eeég§?:ﬁf@ﬁme engine
resi.st ance fqrne op_a por tron 1o processe

cOTrpohERE ﬁéﬁﬁ?%oay, G RPN P sEddn g eorpaseagot an oxide
ig:dmmﬂa}ummldnﬂ,ng anxeheet bﬁdﬁ?éoﬁﬁﬂiﬁéﬁs@flé’s ceramic and
e a 0 er o a et a or _a
QXP89¥1HH gggis%ﬁ@ nga% TER% [ 2 &wdxttﬁrepomerc%} and the
Xé@ﬁ&#@@-éﬁesméw deetabdyanst obevind wabhasivemssS80 erosion
ﬁ:éedbﬁ:ﬁﬁbe 3Edoﬁgaﬁfﬂbhnﬂeé‘l.ﬁ’ﬁ‘éﬁéé‘gf@frﬁééréf? 4 s?ﬁlﬁrc%eside of

g ﬁ ggrtl on rocessed
8§m3 & ﬁecoéFéEQr}Bﬁe@Pﬂrﬁlﬁ ef e%FrPEﬁFFJ,ﬂ-C dlscharge.
[ nsul afunghérmore, . orfqgathsfebblreddf €heé Pradint 1nvent10n is

8185 o Aadd S el L8l ST BLAD U0 2058 o Lrovective
RATERE gy sesistascei fiormed a:vrplaepered.nnned heoptrboassed of
ﬁl'fe ot 8t i ATHJANOUNe®¥in 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 generatlng a pulsing electric dlscharge between

the portion to be processed of the component main body and the
electrode in an electrically insulating liquid or gas so that an

- electrode material of the electrode or a reaction substance of

35

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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DESCRI PTI ON OF DRAW NGS [Fig. 1] A schematic draw ng
.of a gas turbine engine in accordance with

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

bl ade in accordance 5 with a first enbodinent. [Fig.
3] A side view of an electric spark machine in
accordance with the enbodinments.y [Fig. 41 Fig. 4 (a)
and Fig. 4 (b) are drawings for explaining a

pr GRIEEF QESGRIPIION OF DRARTRGsCOnponent in accordance
Wi the 1410 fiLrst ,e iment. [Fig. 5] A side view of . .
a lfurrr Fndlt ot o?\ b Ca{l(?cggl%ﬂcac%‘ﬁ%h'%eofwa( h93s mbyrpPieg engine in
ex&FFOEdenceh&ithr embedbnedntent . [Fig. 6) A side view :

of [ @ilgyr by ne rgtg_{dgl,gpé&!& %c;(ﬁ ANGe roiothpg g3gcond
b . 15 [E 0., 71 Fig. 1 7eber hlags “ip accordance
gr3gmghgngnf%6ﬂf55x%!mlﬂgﬂ-lﬁ%nt;gsurfgét% ?Peat Irrg)nt métiod ien

ackBidandk Wi th stiHe wirapsE HNED8LRRIE 5 a[zjfcirﬂacﬁlzné:ﬁﬂ'accordance
i g

8( . S d | along a line VIITA-VITTA In
8(@ giﬁdt%g%fg%?%tsa' side view of a turbine rotor
bl - i 4l accdtidnnddali ahd Fidi radoraedi qEaWingd fdr Gxplaining

9 j i d | of.. expl.ai,nin
23 P bR o p S BIRCEBHRRASR L U BERRRUAREE with the
t Hj Rt [Fig. 10) A side view of a turbine

r btFdrg .blsade | A stdardoageor W tﬁhl@afﬂ&‘rﬂ&c&r@q@d@@ - abcordance

Fidthl Ll o5laQ ¢4 &a and Fig 11§_b%£are raw ngs for
ex [tgl]i % n‘“&dg-fé%_ 5%‘?‘838 PF etfefir At ABROMAHment.
ab€dgdakte wiBhside Yirw tdf enttadibient rotili Bladid] ifii §ecordance
1#itR) aapdcbha- eﬂﬁo&?xﬁeﬁ'{? drawi ngs for explaining a
15 Zﬂ: face_ntreat ment et hod 1 n accordance with a nodified
- tPre’l of thkd s dihd'ha8ApBYY ne(R) [atgy draglings for explaining
sg Ferfaice treawmeg tale th o PR ESFBARBe R19h el dtcond embodiment .
gogpy dagce %a{mt aﬁ fiff th errbgdl rreEt. [ Fi %41 A .
si de” vi éw of ‘a turbie *PofoflTBNARE RACRECR VIIFATWIIIA in
- FEg 4 t%(kgwm ﬁégt.__ 8[(Fi gis kb]sidey vik ©d) ai Suflbine rotor blade
Qerhaask i Yith & tlér(:ibLF\BBﬁi ey, 15(b) is a
20 fIrEaV\/l ng, for explaining a surtace treatnent nethod in
. ig. 9] Fig. 9(a} and Fig. 9(b) are 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
25 asurfacetreatmentmethod inaccordancewiththe fourthembodiment .
[ Fig. 12] Fig. 12(a) and Fig. 12(];)) are drawings for explaining
a sqrface treatment method in accordance with a modified example
of the fourth embodiment.
| [ Fig. 13] A schematic drawing of a steam turbine engine in accordance
30 with a fifth embodiment.
[ Fig. 14] A side view of a turbine rotor blade in accordance
with a fifth embodiment. :
fFig. 15] Fig. 15(a) is an overhead view of Fig. 15(b) and Fig.
;5 (b) is a .drawing for explaining a surface treatment method in
35 gccordance with the fifth embodiment.
[ Fig. 16] Fig. 16(a) is an overhead view of Fig. 16(b) and Fig.

*15-(b) is a drawing for explaining a surfacde treatment method in

o
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35 accordance with the fifth enbodiment. Fig: 16] Fig.
16 (a) is an overhead view of Fig. 16 (b) and Fig.
16(b) is a drawing for explaining a surface treatnent
method in 5 accordance with the fifth enbodi nment.
[Fig. 17] Fig. 17 is a side view of a turbine rotor
bl ade in accordance with a nodified exanple of the
fifth enbodi nent. 5 BEST MODE BOR CARRYI NG QUT THE
| NVENTI ON A description will be hereinafter given to
cxFI it drn@EThyudihmeites foff thhempoedernti.nvention for
[ gt rege t | furth det ai_l
\%leﬂf% aqp—)r]opr:%gtgg ?Zf g%encé%?@ %%‘w cgfcco reﬁf]nr? rotor blade in
oA CovpHiihia @odifieHeedrmnilagsy 'tFF"fdéhbt@Bbd@lment

a forvvard direction and "FR' denotes a rearward

[ h tion, in proper,
%ﬂcross di rect&%&&rg Bpéf gFﬁ gﬁ{rgﬁggogn X-axi s
di rect Pondesgrhpticontwalldi bect hendihsfteef e;:h_ﬁm t @cAaScertain
2mbo mendis’ 8¢t tl‘?@ ﬂecgen \iﬁ(rgh'ﬁfi‘l:n gé%%éﬁos:ﬁ]rlﬂisng the present

referred tqQ as a Z- I rect
EIVB’@BItWENT)lnAerft@?reﬁ‘B%FﬂreHﬁtw EPPBEePdéatei beflerence to the

h@cempahy&hngfé‘wlrﬁﬁ er M@ﬁﬁwh@lgl Gin ]aheFdiSaw;ngf' ®FF3 denotes

Ei a S n_Fig: and Fi
5 gfofu C|In(gg]r:o oro%l 316‘8 1(%;?1 a@%‘&?ﬁ%’ﬁcé‘ vﬁelar?"“faﬁ-”éi direction.
NPF§PVéﬁboelnrf@m des aqgrigtabont ui bi peopenpoertrdss28irection” is

Q@EEQ}.‘EQ 9 & %ﬁ'xt—'d&%”&%‘&fgn?’ of h%ﬂl%togﬁtggicggfgggion” is

% g i s rotatabl e around an ‘axi '
trﬁ CHAECt P AH& dngrhé direghior an ne versicBladéraction” is

refprogdded asth 2-soiordbtedeiodmi n body 5 as a
gg@ﬁg@egm@gmm?@py and the rotor blade main body 25

I's conposed rotor blade 7, a platform9 forned
in a uhi CAEPthEEPosiimens mwichd rioe slederobedhélerr@umafter with

bbadeericanto apdgvet aitigll o farined At gihe Ql (%é %?1@ %1g
Her e, he Iatform9 h?saflow ahvva
conbustT o Y45 Fnd Phel RRSERT - B |ast§ﬁ§é§§blf@t9\ﬂftlhlade 1in

acdmmé hg.Ul:lht the (fiats tSdtémb\@dlltDénﬁ itsubhé l’bfﬁf t@tﬁﬂslxﬁ@ Aomponents
ortion er
&H@M‘}ed 34, “Ab?é lth?blﬁ‘? é@gf}?g % praoagﬁsgagul\%oanrissuch and

serve i on
H%ﬁ?rq%@@ eaﬁ‘é'Puné ?f?@t?@@tll venteat Bagfl3hef gasnoudiine engine

zonstitution having abrasi veness and oxi dati on

resi StAiC& drbine 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 processedwith a peening treatment.
In other words, based on a novel surface treatment method in
accordance with the first embodiment, a surface treatment so as



10

15

20

25

30

35

formed at the tip end portion of the blade 7 and a

surface side 35 of the protective coating 13 is

processed with a peening treatnment. |In other words,

based on a novel surface treatnment nethod in

accordance with the first enbodi nent, a surface

treatnent so as 6 to ensure oxidation resistance and

abr asi veness is processed with 6respect to the tip end
portion of the blade 7. As shown in Fig. 3, an
et@@mrsuaes@aidkamh:ﬁeiﬁsahneaaatcbauaasevembsh itsherocessed with

o I&@%l@@{@tﬁ&tﬁ% %%* ng.cERLAYeq far the

5 surface treatment with respect to the portion to be

pr oces<EUS PV HE Kighpdneém e hef i Woapar kmagdipgrld e accordance
canponegd sridelirastt He bhpappadapest fon ﬁélﬂc_heenrpltc@red for the

ﬁ_p!@ rovided wth a 17, ext endi ng
>§ aX|asJed|%rl}%€f%| %ﬁtaw%jt% NRAS gl Pr BR¢ RS, q: Fﬂe]?e pcrﬁ"&essed of
etk cerpeseptovd e domtivt hnath@buebigeaqzmndfreenmlsachgas the tip

'&d@&ﬁ@i@n o t{erd PoXAER ﬂhh?gfo%%ﬁmﬁ@ﬁﬁg%fd 7 extending

d_rl ve of an X- aXI S Servo not or not
nov AR € AR1E I Bechd R @ndedt Y B diEgRE 18R o ¥ tRer, the bed
af7 asanmvjsde@rmmt Pabl 809 shawthe tdild abl es kbvable in the

iLng-tank. 21 f eservin
B{%‘Q%eg %ng’é‘%?{ ?gl n‘%fu atton &’O%ngfs 45 8%%%& gor (not
Cbm and, mowabhe pﬂo‘ébss)fn@xx%tmmctlaprsmaﬂanpl afea drive
¥ iss Ypra@k\ilsd%@rvzhﬁo%&p%btpgﬁbﬁn?—3 is provided with

ajig t he co onenf main body such as the
r ot or %ﬁ&d%aﬂﬂ ody® P35 Vlcdﬁﬁjaki’fi'ét}bfa s%’f%l??ﬁsl%dt%% 21 for
jrege2ying alldquidcalolfye bortent£ed iheuant tbactudicapaprocessing

h
%gli’ra%%c\iu g% tl%QFﬁ%(&l %tsté.ggotglﬁﬂk %.7L aalseé_ﬁg?ﬁj:{lrhq:h Egc.ils ﬁaovn.ded
The HHRRUSPhgtacddi 2prpyid \W}B?Ihea iAge Sztgmch the component

dmlarlelC}bdn@ﬁ sl@)&hf@éil’t& eof.‘o@oiiI H1QleOha Bn Xl § :L%eé Hﬁabi@"o‘f" setting
proce

t
BT A S e BTBBFbre  RERBBRes PR SagpartFIg gyer source
él’ectrode 31. Meanwhile, 25 the support merrber 37 is

el eCf_éhB@krlaytﬁQnB@Qt ed tQ bPSnggfﬁéelgear?o gb‘f&?lded with

. t he el ectrod IS CO
Bsasrﬁeﬁaea ab‘io%‘é‘h%ré%%‘i n‘ij“?ﬁ%(e@nﬁo\%?»@@r pépcsémeg Bead 29 is
movekildairi arg+asistiafbctivhaly asanpyardofveaoged @n‘a?{ls servo

B 9L arhbocy BLPETSED ML Bedltleatyd 890 P provicea
Wh‘s’hé‘aﬁilm?fomﬁm@r By foormimasyitigig arthel et erodedé . 3Meanwhile,
fBY P& pOFMBhmber 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 c¢f 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-CraAlY and NiCr
alloys. Furthermore, M in M~-CrAlY denotes Co, Ni or both Co and
Ni, more specifically, M-CrAlYdenotes CoCrAlY, NiCrAlY, CoNiCrAlY
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by slurry pouring, MM (Metal Injection Mlding),

spray formng and such. Moreover, the

oxi dation-resistant nmetal conposing the 35 electrode

31 denotes any one or nore netals of MCrAlY and Ni O

all oys. Furthernore, Min MCrAl'Y denotes Co, N or

both Co and Ni,nore specifically, MCrAlY denotes

CoCr ALY, Nl Cr A1Y, CoNi Cr ALY 7 or7 Ni CoCrAl'Y. Meanwhi | e,

because Si nmay have a possibility to forman eutectic

wit W iloCata live mpiie ahwuh e pVIeE c i) SlegBehave M BoAkYbility to
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arfy RERS cerblor €ofaPdli arsCoNi€BMIYTic, Ti N, Ti AN,
Ti B2, W&d c&ém;@'é’d}lﬂ)o %he@%r&i@%} l%ﬁr& ob% material
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Tic 1 ' 4500 2200

7550 1008 E P00 s ¥ haeng 3 o SBY, ERRi iy Pagipides and
S¥idRsndtatsRapeos hERperaburée t | p end portion of the
prraaeeh}A producti on nethod of the turbine conponent

e 15 W|th the first enbodinent is a
vicageer ﬂ?” 83c RO HESHRE T ¥ e ot or bl ade 1 and

nr &BNjed ACt hel f olWSW ng_aSiE) rai arindy | faIimati pn zro,

st €p00a [ii32@bat| n@ A0 nejt | @408t ey, amdoa (i1 LdOO 1300

peeni ng step. Here, the (ii) coatingforrrﬁtlon sltep

and t L i.n tep .are_based_on_the nove

Sur f actetPUBd AEna L Rl O E IR e Geds J3habis: eepe similar
f-brSheehbpdem@npor*(lQnM!ﬂ NHRODY FdeRMATI ON STEP As
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ELFR R lliﬁénﬁrﬂﬁpﬁi@msaﬁt le%)ﬂneéM%If@ranreﬁuexmglthe turbine

totor parddef1 aam@vet&¥ided Wilsh afhd e 1roden &'aad(%ﬁ madn body
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TNt e P g

step. Here, the (ii) coating formation step and the (iii) peening
step are based on the novel surface treatment method in accordance
with the first embodiment.

(i} MAIN BODY FORMATION STEP

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

(ii) COATING FORMATION STEP

After finishing the (i) main body formation step, the rotor
blade main body 5 is set at the jig 25 so as to direct the tip
end porticn of the airfoil 7 upward. Next, by means of driving
the X-axis servo motor and the Y-axis servo motor, the table 19
ismevedintheX~-axisdirectionandthe Y-axisdirection toposition
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
of the X-axis direction and the Y-axis direction.
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After finishing the (i) main body formation step, the

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

direct the tip 30 end portion of the airfoil 7

upward. Next, by means of driving the X-axis servo

notor and the Y-axis servo notor, the table 19 is

noved in the X-axis direction and the Y-axis direction

to position the rotor blade m@n body 5 so that the

tip end portion of the blade 7 is opposed to the
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gormesh ofleamiehbledevliers gartena ting (het puilisieg ddathagge, the
la-a.el&%‘i"o@lﬁ O)é'sdge'ﬁﬁ% [@SHefrANC 6 HY A% YENESH L AULNE 29, is
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I on an
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15 and(imkeﬁmm of deposition, diffusion and

vel di nﬂftf:er(fl'dl)sh@. EN':NQ‘ ﬁ.TlE)Pd%att?L'hgl fgi'rﬁg{f&u tﬁ% ( Lle rotor

coatlng ormat| on st'e
Piadet Befhed adyma hvesjﬁﬂgtgshaﬁdfgem |tﬁlea Jlg 25 and set in a

predetefmm@@ pb@itlibﬁrbiﬂé p@eﬁ@ﬁ@ln’[ﬂ:mﬁhtﬁ@t 6ABln). Further,
e _surface s

2
578 irae ol kg DatEr g EEt e dHod peRrpsgesed witn
theaesping tkeatowotst eAnodesrefteitelgreeithg peeedngenteatment,

t h
e R T
15% ak@id 2999“223%7 2OP12kE0R6e) arQ04-260027 and

2 2BE+ 2 PRR6IT NGot eRAMPEBY WS aﬂgakéﬁ%eaﬁlxﬁéeged@ﬂéﬂﬁﬁglng laser
ST TETRE TR e L S
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 rangewheretheelectricdischarge
is generated and hence a pretreatment accompanying the formation
of the protective coating and a post-treatment accompanying the
formaticn of the protective coating can be respectively omitted.
Moreover, for the same reason, a boundéry 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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Then the production of the turbine rotor blade 1 is

finished. Next, operations of the first enbodi nent

will be described. First, because the protective

coating 13 is fornmed by neans 30 of the energy of the

el ectric discharge, a range of the protective coating

13 can be limted within a range where the electric

di scharge is generated and herce a pretreat nent

acconpanying the formation of the protective coating

dveck a postetusatimenbiakcorpappsigibheratfios gatides afid hence the
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rotective coatln%
he 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
strength of the protective coating 13 can be improved and the life
cf the turbine rotor blade 1 can be elongated.

Meanwhile, the present invention is not limitéd 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




25 material of the rotor blade main body 5 can be
firmy conbined, the protective coating 13 cones to
hardly peel off fromthe tip end portion of the rotor
bl ade mai n body 5 and hence quality of the turbine
rotor blade 1 can be stabilized. Furthernore, because

the residual conpression stress can 30 be given to

the surface side of the protectiyg coating 13, fatigue

strength of the protective coating 13 can be inproved
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ase e nove
Yikh| BRetpeehingr breatment coating 13 in the turbine

rotor ﬂké‘ﬁﬁfoﬂe Andiser fiacec 5L dgn Qi 6he MAY Y8 the first
n%) zzgsnt, o%reensa%rl%%essggg effects similar to the operations and
the effects of the aforementioned first embodiment are achieved.
{SECOND EMBODIMENT)
A second  embodiment will be described héreinafter with
reference to Fig. 1, Fig. 3, Fig. 6, Fig. 7(a) and Fig. 7(b}.
As shown in Fig. 1, a turbine rotor blade 47 in accordance
with the first embodiment is, as similar to the turbine rotor blade
1 inaccordancewiththe first embodiment r 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, as similar to the rotor blade main
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with the peeling treatnent. Therefore, also in the
nodi fi ed exanple of the first 25 enbodi nent,
operations and effects simlar to the operations and
the effects of the aforenentioned first enbodi ment are
achi eved. (SECOND EMBODI MENT) A second enbodi nent.

W Il be described hereinafter with reference to Fig.
1, Fig. 3, Fig. 6, Fig. 7(a) apgd Fig. 7(b). 30 As
shown in Fig. 1, a turbine rotor blade 47 in
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S SRR SR Fh | SRS S IARESH eGP aling udion and/ox
pellding orekiettripe edds;mdmatrg:m béttieeblulie TJ pMeaflwhile, instead
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el ect
épéeﬁ-ﬁéa@nrraﬁepuélslag dhechreger By be arenarnaéadt isna gas of

§mb§tgm§§12ﬂn9ﬁ15{1§o@j ectrode material carries out
deposi II'II ere, tq'i ?oggdél?ris 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 Inljection 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 composedof a solidbody of Si, amoldedbodymoldedby compressing
a powder of Si, or the molded body processed with a heat treatment
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wel ding on the tip end portion of the blade 7.
Meanwhi | e, instead of generating the pulsing

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

el ectrical insulation. 25 Here, the electrode 53 is
conposed of a nol ded body nol ded by conpressing m xed
powder of powder of an oxidatipgp-resistant and powder
of a ceram c or the nol ded body processed with a heat

teatdmiy Jdey a”%@@ﬁuﬁff@rﬂé’&é‘w fs"zhrc‘?laﬁﬁyoﬁesﬁ'ggd And, in this
Meanwhi | e, i nstead of | di ng by conpressing, the
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Cffrera gl wleldsehechtis gESEHREHEd S generated in an
el ectrically |nsu%ﬁ$|ng liquid inc i ng al kane

hydr oc&FB8ns 25 VB aRGh P2, £OF Wﬁ | gPRGrege of the first
@unﬂmesswngcoahengﬁﬂctaa&aﬂﬁﬁjnnyshertennﬁdeaehﬁric discharge

%ﬁﬂ'er ﬁnBOQEégguc%vaé\ﬁS@g ah{” S 'tq. Mﬂl d{pB?)ciong)gythe blade

formn reover, e turbine
47 wfse%eo Wenstlisaheds t%Chaafg@O\ﬂ@r @t ofenewatfed sgas adopted.

Me@haetﬂl\ée Lo duih 54 1880 %rati s"e}{ae:g?e’]em%{p @éné§§§ is about
w? the coverqge of the first otec [ f %%
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29 bettbath@h% emmﬂmaQﬁ8 mn/cn2 is preferable. A
formul gyt ke £ala¢4at # O Bg the £1.AK Pirecdheehar G didiPs1, the
surface side of the first protective coating 51 is processed with
thepeening treatment. Meanwhile, as concretemodes 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 precessing 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



required to gaining a coverage of 95%is as foll ows.

20 The electric discharge tine required to gaining a

95% coverage = an electric discharge tine required to

gaining a 98% coverage x log(1-0.95)/1o0g(1-0.98)

Meanwhi |l e, the 98% coverage is deened to be the 100%
coverage. Further, after formng the first protective

coating 51, the 25 surface sidg3of the first

protective coating 51 is processed with the peening

t r ppbteot i vé/erratiinge ha@ingovei @4 €10 des iGftante Reghé@Formed by

| BT R A A ok h Rt BE s PRl r S ive coating

| aser-peenin
Arh%tvmg pyAdabion mgsiEtance maacbeucfopmedém CVR cxoril) ngMoreover,

¥ iy ¥d dakhen &ﬁéﬁétgp&? gtf@fé%eq& B nQl 89 is not

of t he bl ade faces SO as to cover the

S @éua'éatiuzl%ggstreamﬁé!: the al um num

coat i ngNekti, Sop@sathens on aFisﬁcoﬁﬁbémbofi%él‘R:d wil)l 8@ described.
at t reat nent

 Tur nace 49 9a PRPARPY ol S Th DRSS AY S FRBTgna fib is formed

10

15

20

25

30

35

furnace
f bysmepnst ef tihec ensagynot tiﬁa ®lewtthct ﬁsscpkengmg a range of the

t Yl e
ITQEEE%IEOtWEEE%?BS% e l%r[ft%%t \t}wgglt’xfhl‘gﬂsﬁﬂhge where

coatin um ni zi
chR8ni -H?‘é%’é’c"r‘ ngiif§§ha"lr§§coh§ 198911?3‘?5&%& apd cbhei pretreatment

havcogpany tag ithie £etnst oS @ MENe F8 fsdf PRIty ivB R tdlng 51 and
,ve

eat nt or the .second protec
cHhR ] B SR R B g el B Hhe RSP Re Py the Fizst
v iRCcRITE ddrtEner5l ddeke mwppeetd vedye omtiéttedt he
heat t nedBlr f%&‘aﬁ‘:ﬁégafné PQésénPS§cbéx¥Hdah§‘F(Pard: B between
al um nizing treat ment eratil ons
&%G%ﬁﬁﬁ@rﬂtﬁptege%a%%l formﬁgltby Hee gnexgyRL the electric
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fHIndlRie BRI A RABA M shroud (not shown) can be sufficiently
because the coverage of the first

suppressed. Moreover,
protectivecoating 51 is 95% or less, a thermal expansiondifference
and a difference in expansion 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 can be limited
within the range where the electric discharge is generated and
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has a structure in which a conposition ratio grades
and hence the first protective coating 51 and the
base material of the rotor blade main body 49 can be
firmy conbined. . 20 Furthernore, because the
coverage of the first protective coating is 60% or
nore, a hardness of the first protective coating 51
is sufficiently el evated and hepce wearing of the
turbine rotor blade 47 caused. by contact with
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%f t he surface side of the’first prqtectiveé coating
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b%'i?laE‘éﬂer géa?up#laéjfu?}'b %%s%hﬁétcggggﬁ 89 Elt]% rotor blade

I‘O UCtIVIt% I ne rotor
Basn Hodypt dveen Nbre siAsr tue@e@esengheefﬁrsr in operation can

hé@l@.@ivde‘det@@ainer&(t@bt@”ﬂré@ﬁlr@6$&1{@f§fbﬂ!pr@ftebli‘l@ve coating
% entde rralgub%)%{ 49 can gefl I ned, tt 1
'S Se8RPVENEREET i B onkE Jt‘b OﬁeEPmSPf © rareiy
happen h@olcelbumtrmueofatheflifm attdre bhaﬂenaramt@ndylade 47

égnalgg £06 ality of the turbine rotor blade. 47
can be stab&f%ed Furt hernore, because the hardness

of thdiPTeteTr &eé-‘aq%?etheoaeﬁhgusi FeMBEE$PLPRNTYERSS can be
el eyatedhand;r fd dds SAPPE RS Mg WEHF b Bt Dfe EHELLNE BLNEFatigue

g?f@ﬂg‘prll aodfe tﬁ7 ‘f%%g%dpngt {Eéé:tcovgttlr}ngt Ige[ &l atﬁgnz‘.an{ roved and
the life of the turbine rotor blade 47 can be elongated.

Meanwhile, the present invention is not limited to the
description of the aforementicned 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 ccmponent other
than the turbine rotor blade 47.

Morecover, another protective c¢oating 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
compeonent other than the turbine rotor blade 47 . Here, theerosion



15 conponents, the thermal expansion difference and
the difference in expansion caused by reciproca
stresses between the first protective coating 51 and
the base material of the rotor blade nmain body 49
when the gas turbine engine 3 is in operation can be
all onwed to sone extent, fracture of the first
protective coating 20 51 when thpsgas turbine engine 3

is in operation cones to rarely happen and el ongati on
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ﬁbglagitdfrﬁjﬁﬁbbaﬁr@ il age g??biﬂ@rﬁ%%é‘géﬁﬁgsi ,ogognﬁosed of a blade
15 Zf raogiaﬁgﬁfn oPIq‘g‘fecﬁ% Xgtl'l fﬁmé&%’ﬁ% panging from
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/87 anshithe wioje Df sheubbhfe Foves bEathefilide 7 serves as a
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25 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 7b of theblade 7. In concrete terms, the first protécfive

30 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

35 67 or a reaction substance of the electrode material carries out

deposition, diffusion and/or welding on the portion ranging from

. _the‘lead'ing edge.7a to the pressure sidewall 7b of the blade 7.

20



body and the rotor blade main body 63 is, as similar

to the rotor blade nmain body 5 in the turbine rotor

bl ade 1, conposed of a blade 15- 7, a platform?9, a

dovetail 11. Meanwhile, a portion ranging from a

| eadi ng edge 7a to a pressure sidewall 7b of the bl ade

7 serves as a first portion to be processed of the

rotor blade main body 63 and theswhol e of the bl ade

faces of the blade 7 serves as a second portion to

- be procéieged dmatﬁﬂecﬁxndéﬂéﬂeiaabnbbodytﬁSll?Otﬁbesame in a
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6&nd0stibBt an el ectrode material of the el ectrode 35
ctrode nateri al

67 or reaction substance of the, el
15 Carri eMBEROVEROSLS PuEbiae Hargroniase o 1§eTQiCRGSEA tuted that
t AecPorLaTn dﬁngenglfsbrprdﬁm:ﬁiaaﬂicbgt&ﬁgess Ths 16DY & more and
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lar to a sh

20 BEFIEANE IR a0 HiqrtBend yitl the peening

port i
presdmeatsi dewal | 7b of the bl ade 7. On the other

hg%%ﬁgé‘?‘ape of Rl 59 8P Py ath ] SRl coiting
aofpiaeeed ﬁd‘é?atéﬂg $iav1m Oﬁhéamhdmmbtance is formed °

photies 3atblw oiF ahbemaaé RidE bf Bie Rl Of 58 é@cw@over the
in this 10 case,

P ace.o
25 H{E r%{%%gﬂ’% %%/%%MQg i s%né‘ér’f&e&re& Pna&Hmlnum °°atlng 71
-'e"ﬁeo‘:tﬁ'f |S¢1@IWIny1n 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
30 means of the alumlnlzlng treatment, a chromium coating as a second’
.protective coating having oxidation resistance may be formed by
-means of a chormizing treatment or the second protective coating

having oxidation resistance may be formed by CVD or PVD. Moreover,

"there may be a case where the heat treatment furnace 73 is not

35 used for the aluminizing treatment.
Next, operations of the third embodiment will be described.
First; because the first proteeti—ve coatirig 65 is formed



nsulating liquid including al kane hydrocarbons.

Meanwhi |l e, instead of -nolding by conpressing, the

el ectrode 69 may be forned by slurry pouring, MM
' and such.

(Metal Injection MIlding), spray form ng.
15 Moreover, the turbine rotor blade 61 is so
constituted that a coverage of the first protective
coating 65 is 60% or nore and 95% or |ess. Meanwhil e,
t he ‘coverage of the first protecibve coating 65 is
preferably 90% or nDre and 95% or | ess. FurthernDre
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eI ect INdreover, because the surface side of the first protective
coating 65 ig 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 formation of the firstprotective
coating 65 and the post-treatment accompanying the formation of
the first protective coating 65 can be respectively omitted, the .
Production time required to the production of the turbine rotor
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
‘basematerial of the rotorblademainbody 63 canbe firmly combined, -
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di scharge and the base material of the rotor bl ade
mai n body 63 10 has a structure in which a conposition
rati o grades and hence the first protective coating
65 and the base nmaterial of the rotor blade main body
63 can be firmy conbined. Furthernore, because the
coverage of the first protective coating is 60% or
nore, a hardness of the first pgotective coating 15.
65 is sufficiently elevated and hence wearing caused
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A fourth embodiment will be described hereinafter with
reference to Fig. 1, Fig. 3, Fig. 10, Fig. 11l(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
rotor blade main body 77 is, as similar to the rotor blade main



difference and the difference in expansion caused by
reci procal stresses between the first protective
coating 65 and the base naterial of the rotor blade
mai n body 63 when the gas turbine engine 10 3 is in
operation can be allowed to sone extent, fracture of
the first protective coating 65 when the gas turbine
engine 3 is in operation comeggto rarely happen and
el ongation of the |life of the turbine rotor blade 61
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can be el ongated. Meanwhile, the present invention is
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electrical insulation, a pulsing discharge may be generated in
a gas of electrical insulation.

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

As shown in Fig. 10, an intermediate coating 83 is formed
on a surface side of the base coating 79 by means cf energy of
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5 Further, a coating of a novel constitution having
oxi dation resistance and abrasiveness is, as
described later, fornmed at the tip end portion of the
blade 7. In other words, the tip end portion of the
blade 7 is process with a surface treatnent based on a
novel surf ace treatnent nethod in accordance wth

the fourth enbodi nent. 10 Morepgpecifically, a porous
base coating 79 having oxidation resistance and
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consi stgll n pﬁ:l cr\?a%?g?gg fmgteaga%&g‘ﬁy ﬁ‘?‘] Sdé gg an electrode
87 composed of a solldbody of Si, amoldedbodymoldedby compressing

a powder of Si, or the molded body processed with a heat treatment
by means of a vacuum furnace or such may be used. And, in this
case, apulsing electricdischarge is generated in an electrically
insulating 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 B9 having
abrasiveness is formed on the surface side of the intermediate
ccating 83 by means of energy of the electric discharge and the
protective coating 89 is composed of an oxide series ceramic, cBN,
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of SiC and MbSi 2 which is changeable into Si Q2 having
fluidity when the gas turbine engine is in operation.
5 1n concrete ternms, the internediate coating 83 is
formed by enploying an el ectrode 85 for the

i nternedi ate coating shown in Fig. 11(b) and the

el ectric spark machine 15 shown in Fig. 3 in
accordance wi th enbodi ments angigenerating pul sing
electric discharge between the base coating 79 and

tahau.edtel(ﬁer @ﬂ&h&ﬁokﬂdé keriesl tetiamt Sanld ﬂh@@;}diidﬁ@ion—resistant
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reover on o ect 57sh
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el ectrqode 85,. an el ctrod 87 C osed

sol i dbg‘&%f e gl §6 “@3 go?‘rﬁrl'oelsdﬁ%aociéi molded
pFowderp oés $ing govdes nﬁltdtmdobmdy sparmsedamth Fowteat of cBEN,

o egiEN | DedBans, of ehgaceségaéur@@ §er %ég,iamy B%d  the

used. And, in this case ectrlc charg
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| res in ectrode ma
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@érra@/ldmmbmg:owsmm pri s s&ewhrode Filgmay ®e Botmadiby slurry
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or ned he surface SI e |nterne |ate
coat | nB"S%"B?rné&?soait %rﬁeerrgv%mﬁréla%m%mg the electrode

dilsdlsar gen attk thenr i odmisdd Meercgaty g 88 dtacidnpesedirconia,
ﬂEw@(}eQX'Qr%y%%{ d%ss‘é?!igg] geracnﬁl\}:s %Jcher 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 83 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 93bymeans of the aluminizing treatment, a chromiumcoating
as the second protective coating having oxidation resistance may
be formed by means of a chromizing treatment.

Next, operations of the fourth embodiment will be described.

First, because the base coating 79, the intermediate coating
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a mxture of the oxide series ceramc and the

oxi dation-resistant netal or a m xture of cBN and the

oxi dation-resistant nmetal. In concrete terns, the

protective coating 89 is forned by enploying an

el ectrode 91 for the protective coating shown in Fig.

5 11 (c) and the electric sparkmachine 15 shown in

Fig. 3 in accordance with the zmbodi nents and

generating pulsing electric discharge between the
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by confPESSYRE. porkidicoBamgerexsde, seimmdeavaprct V1 between
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ﬁﬁ@ﬁ%t@rn‘%d‘i@@éugbéf‘{ﬂ‘ @9 Pé c?tlt'i %\ﬁgg‘é\@g setruc Sl}ree%dz.n which

of ress ng,
FSFlﬁﬁalB}/g%$ &rart;}osp@a@@%gmdmgmw@m pm]t@@tim coatlng 89 can

bb| i m)y, csmbaneﬁofﬁmmghénﬁa%@zﬁtéﬂrﬁoﬁfrthé hetex lgfade main

ra osin el ectrode
BT SRBo R St o R R 0l T T F0F SPresnPdlatacroating 83.
homeve?urﬁrﬁyrwedebggalues the gréosuntdeere thahing 79 is formed
ytteha-stphidd %D%Q*t@o'hcg@' Ehgaﬁggdéls?ds %/EPQI %teion of stress

end ort| e electro
sthefared BV Sinpe Levenestondetdepsperar pRenidie rotor blade
I Bnlécdy AS shdwohé rpfdtgecthiGre @i&)a&h@l@ Bgrnm@:@tﬁm g%% turbine
Qn ctive coating.is fornme
é§g§ acég}oﬁgfﬁigéﬁégéc?rrgﬁge Y §555 ﬁ H*%%graCture
Pﬁ@%%ﬂ%r%#lﬁ&g f@apan dfe snppakssedi amahgfurther, even
:tif et&teﬁ&!’étfecpdb@&%hrkéd i Ef&ﬁé‘&a@Ioﬁ OF #1 )0 tc{é%e‘i'yﬂj@gmﬂﬂ‘e blade

oatln 93 b neans of e alum nizing treatnment
chro tegds the second protective coating
havi ngiqmomrav:l. ocmurssg $>pamaelﬁayof 3hebga s aured nkye AEERS 3, the

#%ﬁﬁ%ﬁ?&&ﬁ%%%%ﬁgﬁi 55353% gﬁ%ﬁ1q§%¥ﬁé§1£%%§cggtlng 83 changes
into Si0; having fluldlty, S§i0z, in other words a part of the
intermediate coating 83, intrudes into pores of the surface side
of the base coating 79 so that air permeability of the surface
side of the base coating 79 comes to be almost lost. Meanwhile,
in a case where fracture occurs to the base coating 79, a part
of the intermediate coating 83 intrudes into the pores and the
fracture.
Furthermore,becausethermalconductivityoftheporousbase
coating 79 is low and the intermediate coating 83 is formed at
the surface side of the base coating 79, heat-shielding property
of the turbine rotor blade 75 can be increased.
In accordance with the fourth embodiment as described above,



First, because the base coating 79, the internedi ate
coating 22 83 and the protective coating 89 are

formed by neans of the energy of the electric
di scharge, a range of the protective coating 89 can

be limted within the range where the electric

di scharge is generated and hence the pretreatnent
acconpanying the formation 5 of $fe protective coating
89 and the post-treatnent acconpanying the fornmation
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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 in Fig. 12 (b), instead of forming
the intermediate coating 83 at the surface side of the base coating

79, the pores 89h of the protective coating 89 may be closed by

35

an amorphous material 97 of glassy Si0;. Inthiscase, after forming
the protective coating 89, the pores 89h of the protective coating
89 are closed by filling the pores 88h of the protective coating

. 89 with powder 99 of $i0; or MoSi, and heating the tip end portion

‘of the blade 7 so that the powder 99 is changed into the amorphous



10

15

20

25

30

35

35 the surface side of the base coating 79,

heat - shi el ding property of the turbine rotor blade 75
can be increased. In accordance with the fourth

enbodi nent as descri bed above, 23 because the range
of the protective coating 89 and such are limted to
the range where the electric discharge is generated
and the pretreatment acconpanyjpng the formation of
the protective coating 89 and the post-treatnent
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description o orenenti on our ment

and caft®bBOt dPefFig- Mo thedturtine goorhatade Af fagerovided
tii @At aenit dyabeddermd e by eb3sal faaeempbRah A8 i ATBLAQUand the
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0P 40 0, L0 ST PR L e conor b
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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 cf the protective coatings
105 are formed by employing an electrode 107 shown in Fig. 15{a)
and Fig. 15(b) and the electric spark machine 15 shown in Fig.
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an anorphous material 97 of glassy S102. In this case,
after formng the protective coating 89, the pores
89h of the protective coating 35 89 are cl osed by
filling the pores 89h of the protective coating 89
with powder 99 of.Si02 or MbSi2 and heating the tip
end portion of the blade 7 so that the powder 99 is
changed into the anorphous 24 s;gaterial 97. Meanwhile,
the powder 99 of Si02 or MoSi2 are mxed in a liquid
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pat hweye f@ceh8fe 1@k tt-baeRl 1@t D5dM 89 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 pertion
of the electrode 109 shows a shape similar toa 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 Si, a powder of Si, or the molded bodies processed with
a heat treatment by means of a vacuum furnace or such may be used.
And, in this case, a pulsing electric discharge is generated in
an electrically insulating liquid including alkane hydrocarbons.
Meanwhile, instead of molding by compressing, the electrodes 111,
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More specifically, hard protective coatings 105 are
formed at the portion ranging fromthe | eadi ng edge
7a to the pressure sidewall 7b of the blade 7 and the
fl ow pathway face 9f of the platform9 by neans of
energy of an electric discharge. 35 In concrete terns,
maj or parts of the protective coatings 105 are forned
by enploying an el ectrode 107 ggown in Fig. 15 (a)

and Fig. 15(b) and the electric spark nmachine 15 shown

i 71 Findy b%Sfoﬁnédwcsqcef&@nﬁ@uﬂﬁ& ihe emqdi f@féétf’&gMoldlng),

generat pul sing el ectric di scharges bet ween t

pBrtio hG& S%°Phe | eading edge 7a to the
pressurEelmhée:wmlrle 7hf0értﬂ@r1biragietr7e anb e iflecebrdag 105, a

t i de. e, Iom; at h ,
M E RV EBLNGP LT B LBERNLE Sl ohe, b A I oo cne
tBREN A9 éFfééﬂ:m@a‘é na‘t%rqoallcreaﬁ nhdes| @Et*ﬂtﬁd@eﬂﬂnm taeatment,

r£88bt Ope SHDSE TNeA tRkntNEs BlEshbods,q HBiLfd lalpéé{lrdgeﬁre atment
out, deposi tion, dlffuiﬁg and/or wel di ng on the

B A55TgiPhG FRERP adi ng edge 7a to the
pr essulexsi, depeatd tickHs of ﬂHebeaHeenibcaﬁdletﬂtEWpIBWﬁescribed.

si de OfF:Lt.rg? Ml v Jaw%;f %g:tégeg o1 4 o;? J.ast 58&%3 by means

by neans o e energ I'ectric
Mefaﬁb\ﬁuqr@r%n@féé@ Biegents silisegarne  pr |r§mg Ql é;élﬁap?g@tectlve

id&attfi&g{ 116U d:aé'xsbéf lQi.nﬁ'LGié’d Gﬁitﬂl@ﬁlﬂ 3Eéfrﬁ_ﬂa| vﬂ%e%lal Slltlﬂg electric
e na r |n as of electric
Ch G AT L e & SHAEHITLE grCpRRanying the
Fodradtione Qﬁaﬂﬂngsprbﬁet@SvarecéamingikapdenplqgmsmrEEEatment
%lc%% F)Q‘A?:Lﬁ@g t3 ovfbfn{lh 6"5_5( ﬁ?gtgbglvéﬁk%tﬁﬂg can be
Ine 1 omm

riC spark nmac
é@@BF&&ﬁE@lﬁﬁPﬁlFﬁ% embodi nents and generatlng a
pul si ngorebeéfrlﬁoﬂlﬂﬁhﬁﬁ% ekwean bhboﬁﬂah’rjﬂnp&tﬂaa between

f of .th f 9
Shet QO Pe LI 368 Pheflallly Blaltany sf%e&eemc
éﬂé@hﬁéaé and tdye haseanzienislledt sheerofor idade main body 103
8beCs 1534 cFRIrer | AlwHaH beSorfis 1 g;ﬁgﬁﬁ'r%lc% g%éééjﬁlnﬁnhence the

and/or .welding on _the suction
Bﬁ?ﬁﬁ/ﬁ§lVﬁc‘é°© ing 10veang) B¢ d1a D MR- SRdd@ds O6f thperotor blade
Bagngpody 102 eieche i £irhilschamgenddere, the el ectrodes

107 an h utlons 2 t he ,
el ectr 0%1}912 ﬂﬁcﬁréa’cg%e: nscéencvl\} qﬁ‘{%ea Cseecsolr?1 eo%og)%g‘leneorﬁqtecmve
FRARWAT | £05 als i preeris e twikh ofhe keasniing rodke tignt, residual

Ebﬁp@e@s§6ﬁ@€re§b Fah¥e § Ovéh 8H2R. RfrANe P bBRhe protective
rang @§n1the | eading edge 7a to the pressure

§7% of the blade 7 and a tip end portion
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’
cocating 105 and the post-treatment accompanying the formation of
the protective coating 105 can be respectively omitted, the

production time required to the production of the turbine rotor

blade 99 can be shortened and the productivity of the turbine rotor

blade 9% 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,
the protective coating 105 comes to hardly peel off from the tip’
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of the electrode 109 shows a shape simlar to a shape

of the pressure 30 sidewall 7c of the blade 7.

Mor eover, instead of the el ectrodes 107, 109,

el ectrodes 111, 113 conposed of nol ded bodi es nol ded

by conpressing a solid body of Si, a powder of Si, or

t he nol ded bodi es processed with a heat treatnent by

nmeans of a vacuum furnace or such may be used. 35 And,

in this case, a pulsing electric discharge is

@ersermheérml & t@lecebtbeablidd AelilnabbAg 103Wrd hence quality

di . k d b wh d of
01 G g LBy e SapF BLST g 2P Re g GRP romest i i 28 115"
maybe Forhhermyrslubegammnuung;rdﬂﬂﬂu@Mbtampraﬁeébhoatress can
Mal finen to t':hcg Y rEQLENG ADE tﬁ%‘}&%oﬂ:é{‘fﬂﬂ% L€in g.teo%gffatigue

form ng er otective coatin surrace s
Sh&epe Peeﬁu e RERTIFE A0S GO st dfdeGaRi PR iReroged and the

pe€si B theatOEPine ABoEOACHEA @ NPIlesaoibd iﬁda@ﬁﬂeag
eeni_n atment ,usi Rng shaqt .and

hot - t ,
| aser - BERRTRAET T e BERoRE S a8F ng I BBEHOhr ocRerpll Flidad to the
NegtrippératdDrideofifhl dnlfqdimmriodindecan wid properly modified

deser shed. thgtrgt suP?&éHSEréQﬁn@ﬁQtﬁg};é&' %ﬁoﬁjié NWoddP surface
i's forned means 10 of the energ% EB% lectric
ti

§reeharge, métbaﬁgénofaqw%rtﬁeem g thosmbgrliment is
beotesséadtovid Portd changebaher ecd e d®lSClar bemponent main body

LA %@h?@dtﬂgﬁc & &Iq%fneatrm%%tr blade 99 or a

gcconpanyln n% formaton o e protective coalrng
aﬁataOpésvtbet Pé@@%ﬁ%d CECCOPRRIyS Y ME B Dloghyivn amt@ﬂ component

bhﬁe?r@h%téV@l&r@@t?é}ﬂ:fzﬁéh@e 15 respecti \éel yOI

ver or e sane reason, a boundary
gg¢b£§£%%?€§§ﬁPL$he protective coating 105 fornmed by

t he en@n@yilcfﬁetlmxmm vEchadf $EhAydcalthehitariibdisbe described
HBLEhALOf (i ﬁé@gr&l@edecw f bady, 103 has a

structure 1n a conpositiom rati'o grades and
hence 2hsstyprid: Edgi-vé %@%ﬁﬂr@ 135 an§urhénpgsetor blade 105

mtﬁctc’ﬂﬂrdaﬁfcé ha thotRe ﬁb@ﬂﬁlem:&n@@ o¥08neafi Pen embodiment

b ThE BPBPARE e EhbnErmE  Bhs 20E0s BaalB. FY £R8 faf Turbine
pempoments eapieped ineshelgab turdripreesisgore Storeise sanbs turbine

81'1 Pr?etl‘blt BRgS §fr%%%t§E>q% 9£?&$& n%%%b‘ieceﬁzéef%%t bBO%he gas
~I'n accordance wt I ment
%q%&ﬂl% or the axial center of 101c of the steam engine

101.

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 blade main body 117 is, as similar to the turbine
rotor blade 37 in accordance with the modified example of the first
embodiment, composed cof a blade 7, a platform 9, a dovetail 11
and further a éhroud 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 ccatings 119 having erosion
resistance are formed on the portion ranging from the leading edge
7a to the pressure sidewall 7b of the blade 7, the flow pathway
face 9f of the platform 9 and the flow pathway face 41 of the shroud



because the range of the protective coating 105 can be
limted wthin the range where the electric discharge
is generated and the pretreatnent acconpanying the
formati on of the protective 30 coating 105 and the
post-treatment acconpanying the formation of the
protective coating 105 can be respectively omtted,
the production time required tggthe production of the
turbine rotor blade 99 can be shortened and the

pr Qdﬁ%éé’d ok €’tf1e h'&%e&uét?ff‘a?cé QL@ thh%dxﬁ ook 3R ?@cordance with
oV 35 Nbreover because the protective
g% Pngi ?gg %WRPQWW? material of the rotor blade

nal n body%%mma be tfner:gbammlem flet Bfttﬁléofﬂﬂih ¥fbodiment,
co cQ r ee rom

pache il ofediEichd ABROHs PSime fatretb s o Rpetations and

5hetee efifddtts obfthendiftthbemboddmentbhadeadBiewadbe

st abi | i ze04eEHEIHES W fre b@ﬁ@%%xjiﬁ[cﬁ?ﬂa ut?éen des&ribed above

gg?re§5|on stress can Be_ given e surface

of}t FRE B eReR tr e vesali Rrp b iemenpod iments , bayeresi the scope
t BAd phet ety 6f GORt Aptend&td clalnd Showld AYE healHhith® to these

life of the turbine rotor blade 99 can be el ongated.
Messtostiinksts.t he present invention is not |[imted to the

10 description of the fifth embodi ment and can be

15

properly nodified into such that a surface treatnent

based on the novel surface 10 treatnent nethod in

accordance with the fifth enbodinent is processed to

a portion to be processed of a conponent main body in - - -
a bl ade conponent other than the turbine rotor blade :
99 or a portion-to be processed of a conponent main

body in a nmetal conponent other than a bl ade

conponent. 15 (MODI FI ED EXAMPLE) A nodi fi ed exanpl e of

the fifth enbodiment will be described hereinafter

with reference to Fig. 17. As shown in Fig. 1 and Fig.

13, a turbine rotor, blade 105 in accordance with the
nodi fi ed exanple of the fifth enbodinent 20 is, as

simlar to the turbine rotor blade 99, one of turbine
conponents enployed in the gas turbine engine 3 or the

steam turbine engine 101 and is rotatable around the

axial center 3c of the gas turbine engine 3 or the

axi al center of 10lc of the steam engine 101.
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25 Moreover, as shown in Fig. 17, the turbine rotor
bl ade 115 1is provided with a rotor blade main body
117 as a conponent main body and the rotor blade main

‘body 117 is, as similar to ¢fpe turbine rotor.blade 37

in accordance with the nodified exanple of the first
enbodi nent, conposed of a blade 7, a platform9, a
dovetail 11 30 and further a shroud 41. A portion
ranging froma | eading edge 7a to a pressure sidewal
7b of the blade 7, a flow pathway face. 9f of the
platform9 and a fIOM/pathmay face 41f of the shroud
4l,serve as portions to be processed of the blade main
bq » Further, hard high-hardness coatings 119

;havrﬁﬁ“éT05|on 35 resistance are formedion the .. i i

1
a

a

portion ranging fromthe |eading edge 7a to the
pressure sidewall 7b of the blade 7, the flow pat hway
face 9f of the platform9 and the flow pathway face 41
of the shroud 28 41 based on the novel surface
treatnment nmethod in accordance with the fifth
enbddcamponehtanthal tprbanehengidit i eompxasphg:of the
fifth enmbodi ment, the same operations and the samne
enadot body hhurwgeaapp@nsoanao bet progesseds of the
fifth enbodi nent are achi eved. As descri bed above, the
i PReReCBhY A aGodetRg qeeried cn dwy Porhianef &hen Ee‘?OFGCtJ-VB
several  preferabl.e enbodi nents, however, the sco

andCeReing FMClAdingeonp R BeT e It FAL bRRF Ivtha cmetals

limted to th nmbodi t 10 15 29
'cr%?ésns"mrrﬁef\cleﬁmgﬁ' Rrials, e pRifAL IO Rgigtant

- codterin s dh e B ERB L FEPRNERE Il B BB wper

gal a1 e fHﬁF a‘i’io | %Jr%ﬁhnshag{ap%%@h%s e or

one ornore ceramc na

O L A RS R o

group conS|st|ng oys
wheyteicd Mhaap! 8 $eng PHrmBR Yy Pdles¥i®ERhE portion

selected from?he group “consi sting
as a workpiece of an electric spark machine with a tool
electrode including the oxidation~resistant*metals,and

the ceramic materials.

The component of claim 1, wherein the ceramic materials

are selected from the group consisting of cubic BN, TiC,

VC and B.;C

The component of claim 1, wherein the portion is selected
from the group consisting of a tip end portion of a turbine
rotorblade,apressuresidewallofarotorblade,asuction

sidewall cof a rotor blade and a tip seal of a shroud.



of Co and Ni, and being forned by processing the
portion 15-as a workpiece of an electric spark machine
with a tool electrode including the
oxi dation-resistant netals gmd the ceramic materials.
2. The conponent of claim 1, wherein the ceramc
materials 20 are selected fromthe group consisting
of cubic BN, TiC, TiN TiAN TiB21 W, SiC, 5i 3N,
Cr3C2, A1203, Zr2-Y, ZrC, VC and B4C. 3. The
conmponent of claim11, wherein the portion is selected
25 fromthe group consisting of a tip end portion of a
4t.ur irhee coiriotlertt d4e claiff 45 Wl thede Wirprafs it Otor
bl ade, a suction sidewall of a rotor bI ade an tip
asebasof cdatimudinBérpdsedhdetwderonethe Ofpdtdidh 1and the
further conprising: a base coating interposed between
t heppottacmivarmbaﬂlmg Pthedede/eoabdhyiic it MpSEC formed
coating including Sic forned 5 by processing the

5 por biropraseas ing ke pontfi can asl acvorkpieas kofranhielectric
wth a tool electrode of Si in a liquid including
al képarkymagbansowithsa poabt Bdectooder ofusti an af laquid
surface-treated conponent 10 of a turbine engine,
conpRFLuding: apkane : hydpegarieons conpressed powder of a
m xture including one or nore oxidation-resistant
rretals and one or m)re ceramic materials as a tool

tro d for aprotectlve coating on a
%diﬁb REodcEdon) 5 canﬁaﬁéﬁsebyrﬁaseésgmnaonent |

10 the garbtwlt[}?qu%: I%(é)l ece of, a[1 eI ectrl C ﬁggrgf
@ﬁ‘eiﬂi& RIERLES grguﬁ'd%%ﬁ'sﬁé‘efﬁ%% f"c‘?af 1p8Es31 507 65 o
angh HCHRL §adlilbay es?’ggﬁﬁlrtgpn%%fgraer?c? Wr% ﬁg ?Tt.ﬁrmerng?mlc

netal el errents selec € group co

Comaned rYial 2% e eAr afkeet are sel ect ed from
the group consisting of cubic I1C, Ti N, TiAlN,

fobiBay aWBro¥iet iie3¥bat /él%g%n%’no%f\ﬁ rxzﬁfﬁtﬁé%
and B4C." 25 7. The nmethod of claimb5, furth ¥ ted
15 conpmpenegtabgimbd¥ssing the portion as a workplece of an

electric spark machine with the tool electrode.

6. The method of claim 5, wherein the oxidation-resistant.
metals are selected from the group consisting of NiCr
20 : ‘.alloys and M~CrAlY alloy.s, wherein M represents one or
more metal elements selected from the group consisting .
of Co and Ni, and the ceramic materials are selected from
the group consisting of cubic BN, TiC, TiN, TiAlN, TiB,,

WC, SiC, SizN4, CriC,;, Al,0;, Zro,-Y, ZrC, VC and B4C.

25

7. The method of claim 5, further comprising a step of:

forming a second protective coating on the protective coating




form ng a second protective coating on the protective
coating 31 and a second portion of the conmponent
defining the protective coat#gg by any net hod

sel ected fromthe group consY&ting of an al um ni zi ng
treatnment, a chromzing treatnent, CvVD and PVD. 5 8.
A conponent of a turbine engi ne produced by the nethod
of cl aimb5.

and a second portion of the componént- defining the
protective coating by any method selected from the group

consisting of an aluminizing treatment, a chromizing

treatment, CVD and PVD.

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

of claim 5.



