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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 bl ade applied to a asssdrifgdtgy 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
bE@@BDmEEOMB@wENEnGASAimwaﬂaEuﬂﬂNE(ﬁﬁﬂmwﬂTﬁﬁﬁMﬁmﬁ@@éaTURBINE

OEOMBSEFH{“b' BERFREST Tk l\ﬁE RS #—iE.@EEbtﬂ?e B RBEN @ oMPONENT,

r ot or are processe ace treat ment
so as to | odEIAL €Q¥EP§E§Er§§PV§FE§@ DR BXF oS¢ B

resi stance, where the abrasiveness neans a quality of
cgﬁggﬁééég f easily abrading an opposite

c . specifically, portions except the

porti orfBhe priseenprivessaicr nelheeswrdbineurtng colnpdeent, a gas

"B, P DOL ¥ 8k e MBSKEdaufPfon mBY hH&IdWa turbine component ablade
oxi dation-fesistant netal as a material for spraying,

PRIt | ' HRA P BAERT @ﬁdrésﬁ§F§WC§UF§1F8rﬁﬁalne

on the portions 25 to be processed of the turbine

r QLo ﬁgﬁﬁgaiﬁﬁn body by spraying. Further, by using

a ceramc as a material for spraying, a hard

pr ot ectd raLdEas Ftrs Porde RRrEL tgik Upasededat iy engine for

SRA Y difh i nd b SeLERURFLE &f%r@ﬁ@o@th@%%e and provided

bec use coatings .such, as the base coat
pfotec ﬁPé:O&'og’aaﬁG BR&DT BPTEADyP %#—"ﬁgy of a Comporlent As

prel T eqﬁmﬁtmss ueh bea@racbbasﬁ bf eahaenirbmstraddm@plade main

UL % 'tqﬁ eolgeIH% Sa‘fceh %%%%@%%%yhﬂ%ﬁl a_surface
for tlon o) e coatlngs and pdst &acment s
aL FRHPWRIt t PRafrehP éPC{iﬁaéYnﬁ§ﬁPﬁg ﬁé’é‘ésaﬁén%éhand oxidation

aﬁ@@i@l@dl'yd@,g wherkof RBtdHa QfelhR@ sCRaihH S gBhRity of capability
respectijively necessa Ther.ef ore ess steps

(RRUTIEHY ABEUIE 10h BPEIES GPBPRESPStor bl ade are
|ncrea@ﬁuxsosp®e¢f1¢aﬂxyodportnon$|&EcepttMEGApdﬁumDns to be
o7 oc%]'fegsecﬁllﬁdﬁhéstﬂm%%o@glgﬁg% rh% %y] 8r8 masked. And,

emt I npr ovenent
by using oxidation-resistant metal as a material for spraying,

abasecoatinghavingoxidationresistance 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
suchasaremoval treatment of the masking tape and such accompanying
formation of the coatings are respectively necessary. Therefore,
process steps required to production of the turbine rotor blade
are increased so that the production time of the turbine rotor
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of productivity of the turbine rotor blade is not

easy. Mreover, for the sane reason, there are

probl ens that the coatings are susceptible to peeling

off fromthe rotor blade nmain 5 body and quality of

the turbine rotor blade is unstable. Meanwhile, the

af orenenti oned problens are not limted to the

turbine rotor blade and simlardy occur in cases of

any turbine conponents and further any netal

cmmn@@l end & %bﬁgguaan@nd g%ntdg bh@fﬁe THORPOREDBL Em thKth Heibrovement
to-sol ve the oV r.obl e a first at.ure_o
e P R aohaenenttnar Bet 28

gas tuibreoveshgifne binel segtcatrabbenarttane meaxrwalblems that the

C@(E‘zit_e{n@é atrléesﬁé‘éeﬁ’é‘:[}plé‘%o B081 NSy MY hoh S HY Q¥Lded1ade main
ﬁ%@Eﬁa co onent nmain and a  protective coating

1w r%fs.%ﬁ@éb&ﬁ& ERERS Péﬁé@slisu%%%ﬁe
on a trMEHﬂwﬂﬁleaubhEChfbﬁQMeﬁﬁ16ﬁ§ﬁi§ﬁﬁ@ﬂ@&@taﬂalﬁbt limited to

%tur%ﬁ%efc!ﬁg]pglgggta%%téVlglfdxaf ) n%cu% 1&eégggs %\f any turbine

oyi n a nol
n@%@%ﬂﬂf‘{ﬁrﬁadrﬁu@ﬂl%amweﬁalacmmreent@flna:rludmg the turbine
Higdnai-d esi stant netal and a powder of a ceranmic or
rocesseqd with a eat treatnent, and

t he ded bod
generggﬁHﬁLanbgﬁngl?EFEQ MG PEOR §Fﬁar@e befhelip e of the
pordsant taveetpraces seturlbing empomeoatempp hixkd thodygas turbine

a@ggng; a%e%rt%@%m% aaloshﬁcgﬁl g Uﬂy ér[‘é% a&ff Whe gas turbine

or gas s an electro er
SEDdevlpichh %%a@tfpﬁhd@@bsfﬂﬁhc@ @rorrtn%leéltequdeuebody, and a

I’@ﬁcﬁ{écﬂi 1\@E:bla€§ng01tﬂ&vﬂ@@%34ﬂda@tﬁond kEE U§té?ﬂcé\rkﬁﬂd) Bbrasiveness
on

ed t
ST Auith oo By SLRAPEy RO Hef di B eponent main body,
dilsotrairyehe MIIO@@&:@:nveaccseetcmgj ibeatmmeal of eripd oyriegem electrode

| QD o'fsaamofc%&"ﬂb%ycﬂgﬁagg dr@n?%! hn%%egig%gw@é'ﬁ of a powder

tur bi ne engine, which i $§ provi

(R ﬁnbaagrdaélwr§%Sb%%fctm$@1caa@|w%ﬁlﬁrn@fsg ceramic or the
aﬂﬂ:ﬂaﬁd/&)"mﬁﬁ At eycesl el thesi &b&lﬂCQrE@.tﬂi%ﬁthaﬂdf gefkrating a

t b ect,.bo of the co nent

T e e BB RSk e T PRI B e processed
rce%lt@tem@@pbnﬁrrédn@m dshc and theaehemitro@mmreem bbddytrically
ﬂfeld!@!dlglgt I’l%.q{ulrdstort Haat %%mth§ﬂblaﬁcwf%@eg¥oﬁg f'ﬂé LPial of the

c%&?r firs protectlve coatin ereln |rst i
e ns RSGRRE T HIRRO DY Ml ahiRg SR teTial carries
ejhezctd@ﬁ:e;10:O.rqmsﬂif@hs&o@bﬁddorb@d&kdﬂ’ﬁ@ded thenpértion to be

ﬁ%&?ss%fd Qfpe tﬂgt ?Hgs%%%t a&ngoﬁwkeér’m\fo&i}; \@% m% €he electric

terial’s o ér o

@d@?&ﬂ&eand

Moreover, a second feature of the present invention is a
turbine compeonent applied toagas turbine engine, which isprovided
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



10

15

20

25

30

35

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

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

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

par boedet cwbes melea@rsl&e@xofchbhmoqaaaonéay PBbPeshadlywinh a heat
e er%¥mof the Iectrl .di schar eover, .a third

8t (i e S 8 ProRine RTSE L i Ridrae petuee
cbhpoﬁvelmt @pmtll@dl to ke gavcegsieidnet erlyt tompwimieslt mgin body and

PERY I L MdNi A £LPERGRERE BRI D qp.ﬂﬂatﬁ@ﬁ@&ﬁ:.@@@gas so that

coat i ng havi ng oxi dati on resi stance and
hdBt e 5¢F e et H PP opet Pif 5hee§L6RLACES8r PT of TP Peton substance
pbﬁ(tmseﬂecﬂfrddtemaﬂﬁboﬂk ﬁhrm‘&b@ dundyebys ehbsgy def fasion and/or

gf&{lll(]%p grﬁrr%% a¥tﬁf€.\% I arto%e%%edl 89 %%@(?r%ﬁ(?nent main

0S| const $1 PRF i
I]é@@Y ]éhye@ﬁﬂégbei'Sl t@%rﬁiﬁﬂﬁll’é’l \ﬂms@harl% changeabl e

into S'D@:?rél?«)’élng af |ﬂhﬂ*d Yeahelt-d e Ga% tHddhe eleagae&%mn is a
is in eration; ird pr ot ect ive Coatelé{‘lég]fnce?n'po sed

Eu’c’)]% COWRPPERt é‘é’P e, FEBRAS & UGy HER b5 aﬁ Pro"ldEd
seitles cenarmentamdinthedoxadaitcne base sicadi mehaling cxidation

gir']é(é»#é@aﬁée “ab'é ﬁQQtt QﬁlgE)dPI)%%%Iop%l}téreﬂf')?ﬁlgﬁtor?%t f)l!)rtlon to be

asl veness ance
ORF e § rek i e rRANEBISRtd W e bagh &tk esiedsvof e electric

l cﬂﬁ; SEnBeial gn Qﬁ@bkﬁ@d@ﬁt@%ﬁ@inﬁkc@f@)o@e@%féa %omp031te material
di scharge. Further urth feature Qq

f
LR e TS OfeRnglBrohi 400 Th% FlaStonpRRdigSt: which
ne¢ chbodypabaadiret chaid; baviegtilue di2¥y Wiean hjeegraestorbine engine

resi st %@%%aft%ﬁed %g%ggﬁre il Né RE AR5 RECE86EH000a e an oxide

conpone t main I‘Ot ectrve c atl ng I1s
fRPTERF IRF S o &nméPCEEF?o‘élé 'é%p@éléb“— dferd afplcgag@nic and
by ombidedibhofesispambemetbia det al niilxturdd X688 cBN and the

0 of a r_.of a_netal a_powder of a
R S Toioa™bny. PuLeceanii Tom Tonags  erosion
tw@ﬁﬂﬁﬁﬁﬂceznniqyadamapnngealpuascﬂgf@¢mﬂdrdm:aﬂsyaﬁam@eside of
b@.{é’\eﬁ{bextntﬁil%qfé 'da'éttl%gb% %9%@5?6@ ofnt bee P@@ngfécharge

mai n Lﬁr eectroelnaneecrlca
i nsul atl fﬁr&lﬂr&voﬁ faurly ft@@a&uréqofe%%mwnt invention is
ned Jid alroefi dedewet kot I‘c@d@oﬁén& m&as oy ;subat anta-dbrotective

ks eate P ELLeL bR O, SSR03 00 1 arpgpese of
itthe remponpoheraimirdybodensin 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 so that an
electrode material of the electrode or a reaction substance of
the electrode material carries out deposition, diffusion and/or
welding on a predetermined portion in the component main body by
energy of the electric discharge.
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energy of the electric discharge. 4 BRI EF DESCRI PTI ON
OF DRAWNGS [Fig. 1] A schematic drawi ng of a gas
turbine engine in accordance with enbodi nents. [Fig.
2] A side view of a turbine rotor blade in accordance
5wthafirst enbodinment. [Fig. 3] A side view of an
el ectric spark machine in accordance wth the
enbodi ments. [Fig. 4] Fig. 4(a)gand Fig. 4(b) are
drawi ngs for explaining a production nethod of a
tsnbhnennsmrmmmiasrmmme with the 10 first

Odl OPF g ‘]na®1 eaV| ew ogf a_turbi ne Lotor - iie in
bI aﬁ% acc d ﬁ% th &8P i%d %ng?& e Ot the M9
facsor@mboellwem efiifddmeBit A side view of a turbine
g?@%l by pde '1{‘ &%@fﬂwgf Wi EG§?11)§§CPBQOF®%J%Q{ -accordance

{: g. 7] Fig are draw ngs f
e‘%b B i F}brs%l RS % eat ment method in accordance
W Fhbgt he] Secwdldﬁbﬂ.dalmﬁﬂfan el&tigri Bbphrg. mddta)nd $naccordance

dM\%n?}% ég;)rglgoglllne VITIA-VITITAin Fig. 8(b) and

a Si e view of a turbine rotor blade in
a&Eb@da‘ﬁbe V\/llfliﬁa‘lt (i) r anénbiogi rfelht). aze fFpging$ fuoy.explaining

9é@rcﬁkﬁ£btﬁ'cﬂi m8{Rdaaye ati-@vh NS cbRpoR%BRt & NiakGorBance with the
iL_erface tre trrent met hod i n accordance with the third
e

baF ngheo ”[‘?’th 10] A side view of a turbine rotor
bl[ﬂrlg i B] accoy ddnize viwiwt bfaaf ourbbhne nbogbnntadd Rirg.accordance

|1 9. o dH @) A Fithe L e t2pgs for

exg al ni ng reat nent me
Ect¥danbe wiht 1B idee Viiewr O anbedbipatrotrilade]irFageordance

¢{en anseddbdy dmfdyim¥rg drawi ngs for explaining a

face eat nt hod .in. ac or ance th a ed
o e 1 30t noe "3 Sl or Splaining
s& henﬁace tm‘eamnagtmfetao@tm d:mnrdnnme eiigt ke srcold embodiment .

aflﬁPédafE‘]Ce WighiR, a gf i f)t gsbﬁbg%ﬁﬂg aigﬁ 1fi]nﬁ°‘vs.£'ﬂ‘i -VIIIA in

vi ew of ur bime r cco nce
ff¥%h Pe%omﬁﬁeﬁtls [?c. 52 i%]a migle YBeUanl 3 Hrlies Hed@r blade
vigw&foldghcd Suidh) anthifidd embbBikBhti.s a drawi ng for

et(]pl al né]ng aEsurfgﬁe tgggtﬂ;regnt Sm%t)hare graw:.ngs 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 schematic 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. 1eé] 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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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 treatnent
method in 5 accordance with the fifth enbodi nent.

[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 FOR CARRYI NG QUT THE

| NVENTI ON A description will be hereinafter given to
cettarfanesbwit Heths ﬂifttmeemn:sc&ﬁemnﬂ nvenLi ondf or |

d I bi rese |nv ntion in.furt et ai

Wi EROaphl bpr 1 S1D ot aredcd T8 ThEY AEchnpangiig fovor blade in
dragPngsncebanwhi & enodif gtk Q}raalmlrﬁgsqf e fddndt embediment.
a forward di rection and "FR' denotes a rearward

di.rection. eover. in_the descri t|on i n proper,

" BEEFO’”égDEl F%%t‘FWY*%G AT} e FNVENES X-axi s

d| rect i dn,de'schiqrd izant ahlcﬂl rest Il‘ﬁzl’r"ellrﬁafi'lee‘f egiiednt oc@s certain

edb34L eﬁitée&it' gggs éﬁ:@morggr %Fijﬁ%%]‘rl.b%ng the present

erred to asa |reC|on
ERBWWENT) i furthernieth eritivik |3PRoRidsdry feference to the

h&é@bﬂ?ﬁﬁ?in@ﬂdrﬁw1h%fser eﬂé@hwkl‘i’l fé 9inlené 'cﬁ:aw%ng%' g*¢B7 denotes

Fig ( As _shown in Fi
9 £ TR ot 1 BR aciE e WEFR EbABT Hirect fon.
fMoseO’eerbochlmﬁzﬂlte desomépofioturin ry&oqmrpoﬁantsoséailrectlon" is

eP@JEQ:Yde'tfb %sggﬁ k“%gigf%e}bgiﬁ%r?’ ol floi:?&oﬁ‘ﬁ‘%i '%gjfxaé&ion" is

such and_ is rotatab an axi al center . ' _
t hef gased Urdiafe 2efghnds Birapelqn@siondar vebEipphdbinection” is
Iﬁepé@ﬂécﬂietﬂoméfhazfé}llaﬁ d;ilx@dftldﬁalbr gody 5 ag g

c and the rotor ade mai n body 25

?IS coE%%Wrotor blade 7, a platform9 forned

in a urdtatysbogybadimeatpmaxilndbe sieecoibedehrobonatter with

bl aglernand- & }@'fa/etla' e il ZfOYF'I‘é_;d %t ‘F'ES phath "%H?gfig- 4(b).

Here, the platfgrm9 has a flowp g face 9 _
conbustADFIAE dRdFife ao%«‘fé%aﬁlig u?r. & ERghdBs| eohpy lade 1 in

aadoyedade guthethd rmtrssrzh@madﬂﬁera: h@r@thQfdtﬁi(biﬂﬂ@tcomponents

o) a [ end ort on.of the.ro
b%]“?’ﬂ%i1 g%eéer%sg\ags% guﬁgr o%lglt%e e P ceSseTIHNT, aréds such and
o grd teech b 1t éifouadpﬁﬂ@taemailveeobarl Iy a3 tbe gamouelbine engine
cpnst i tution having abrasiveness and oxi dati on

resi stance i s
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 f£low 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 12 of a novel
constitution having abrasiveness and oxidation resistance is
formed at the tip end portion cof 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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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
abrasiveness is processed wth grespect to the tip end
portion of the blade 7. As shown in Fig. 3, an

et@%ﬂd&ef@ﬂi&aﬂ?@ﬁ|ﬂé%1%@ah?e%§@é@%ﬁ§@veﬂ’ebg %&@r?ﬁessed with
odi ment is_an_apparatus for e ed for the
SEaPPaEote Bt rer i P TRt S BIBgR fon 1o be
pr ocessksl shbwhhm EDgponent ehacnr bodpairR ntatrd itngr b6 e accordance
n D t
SR8 ORE S en e, 1S P 2nBRgaRES EBE BeiddedPidlea for the
Xs'éiifgcglq’@atqwtaf’@ta e apeat ¢ éb?l@@lrtmttﬁ"epe BFrecessed of
b@ﬁe d'&np&dﬂtomlaﬁﬁdbdu}t Hnatlﬁélbhﬁ:bh%eaﬂdmbbﬁeh@@@Jc]l’Qas the tip

FrIBStin St LB etar Stk A v ATRRR Y Egded 17 extending

nmbral -iaxichdiYeakisndindeet ¥ oaxby dua&rcs:lcofn a #nryber, the bed
0f 78 oY 1A% GR8I %P AT @ b(lgoi.’:)ﬁ{lﬁy\”% {he1Ladd E.‘leﬁo{réble in the

provi déd with a processin reserving
| ¥gRicys §16fec§llé’@t by (‘Fﬁlaﬁsn%% I2aflF b¥ie Sifc ﬁn as a5y 68@%@ fRgtor (not

18heivh) agtd mdwdiiee Wm&&&swngxhanﬁlﬁéctﬂoﬁtwp%éarm af a drive
2§fi s grg%/l ded The Ostuoolpn%‘ elxjt e 23 is provided with
: : 2

ajig Shent iI'n body such as the
r ot or leaejetmlﬁ b%dySSPrgva;ép@bWetbf abpirpgessengakgnk 21 for

tP@séiﬁlegé al §1c§ﬁ tsréﬁ@llleﬁt‘E@EQ@Cfrféhlta‘tlQﬂl 8hE€RYd & processing
7. Above the bed 17, a processing

0] sourc
h%ya\ﬁ azgl, g0 & Pﬁ%‘ae%”ﬂ‘g tf—iﬁ%{ejf]p'ogl WW%PE%E (%‘?’o%s provided.
shbes)ippbd tifle fr 28 ¢spugy kAt 26h sj i1pF &kl whidh 8he component

d ,
grn%%(/%son% 3)' %8%50%1 %E@?%?ﬁ’ e rm'a %hgég?ocel%glcﬁaaﬁle aof being
28et qndEBei Hedl 2hi L8 eal@mgmatllrren@eneeveddﬁo an electric power

sEpperd i g, an el ectrode 31. 25 Meanwhil e, the support

menber 37 is electr caIIy connected tqQ t electric

power s%tﬂﬁ"’éee t%e ctﬁ'é:i et/ 1 ife RASETHI 31%5 CorsoPE@Vried with
aimoedecs bhogya nudldech (mptcehpwas(sang thaeskgoywkeingthead 29 is
BRACEEL 015 of Al e shonty L) A SRR 810 e
t FRAYPERRC DY MhsSRAVIY vadlpneorginaddeoprogensing head 29 is
l\@ﬁdﬂm&c@m\rlthnét&%cﬁft ABhEEA G DY o & RS ity ahh€lectrode 31.
eM(—:eé:ﬁm«r}}?l e SJEhe g’upport mem%er 37 igs 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-resigstant metal composing the
electrcde 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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by slurry pouring, MM (Metal Injection Mlding),

spray formng and such. Moreover, the

oxi dation-resi stant netal conposing the 35 electrode

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

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

both Co and Ni,nore specifically, MCrAlY

denot esCoCr ALY, Ni Cr ALY, CoNi CrAly¥ 7 or N CoCrAlY.

Meanwhi | e, because Si nmay have a possibility to form

aoreniestixlwi t Mﬁiazﬁﬂnﬂ.&ﬂpbé&h}i‘ééssﬂvﬁéy 1090 Cteqjcﬁﬁé‘albility to
CoCr ALY o The

B A s R r ST RoaE ST P S oy S SR ST S M-CrALY

Slérpaﬁgrermllorcmlélﬁﬁmmrchwr@ﬂ%BN TiC, TiN,

Ti ALN, TTl'le;B%eﬂéﬁlc §b1§po§i§%ldnhé:%§ggtréagoﬁl 14 Q?xy one material

ZrC, VC and C Vi ckers hardness
%N a%%r'i‘“&é) H}Oﬁled@étﬁﬁaa BxPHeEN Tife rFédm TlAlN TiB;, WC,
tsmperatjme ckiahl alld, 1®n\b.cker Srbar doessd (Bgom

t enper A1203.2r

5500 2obt B a0 Bat i Shs T et Atk ‘?B‘Zr g%trﬁ%%% Gpprdes and
t Pl @eecat oelee FoPhdRESaFE sinilar to the tip end

pgrabp@ of the blade 7. A production nethod of the

rbji ne co nent jn accordance 1 with the first
?f’o (r:ﬁ‘n? {Wftﬁmp@r 30 t he turbine

ot 8BNDI alde 'i[l‘é‘md pr oWCded |wi t$hiQ he f ol4:6ai ng @1:P) ZrQ;

mai 4P dbdy]  3@0fat ijon280ep, |a LEDY coat2d@o f of matIa@n 1300

step, and a (iii) peening step. Here, the (i)

rosen S P o UG AL B A B Pt B simia
at:@otrld@ntzﬂep &0l \wart itdre dfi tdte @ibdei ment. (i) MAIN

BODY F%&Ehgét§gﬁ éghé@%%th% 1511@?1’1% (:?)n]pongngaiﬁ accordance

part. of the rotor

nehis 61 £3rgtngmbBPaEnant ngs aFmEtt%@si fqr @@@mn@ the turbine

ped tor 191 adx anm el G]_dfl:cﬁ)(itcﬁ!d’l&}ltﬁ@rtlﬂeoﬁfdll%lﬁngVQtJ@' hain body
nmeans. of

Bt 0B, 9849105 5 FolSLEED BSR4 peenins
SIE?Af Heref i theHing adwt i[9 formnat bool\stiepr and ittie 61 &), peening
tdef @k8based 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 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.

(1i) COATING FORMATION STEP

After finishing the (i) main body formation step, the rotor
blade main body 5 is set at the jig 25 so as to direct the tip
end portion of the 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 go 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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bl ade 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 nmeans 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 main body 5 so that the tip end
portion of the blade 7 is opposed to the el ectrode
31. Meanwhile, there may be 35 a case where the table
19 is Omhyth@ﬁﬁ‘%gﬁyslﬁghﬂd‘m}md: ﬁmsanarg@flst benxraxés between
d ci4.0 |s di rect
l:Flglénllge e eg‘frl ¢ T grtl IS %retflacgeé)fb Thereby,
eﬂécﬁhcn«mel@flan& tkh)e. bywe@m pbenpsaysft t:ln@ eﬂlead@lw discharge,

Theeabsor r@eShaveri 81 B0 néd iR troBY TEaRss QEa@E!@BQYSubst ance
of _the eieCtrléﬁdISCh ar the el ectrode nmateri,

f
R e T oo Mo R DO ST NGB bt gf . (11 TuSion and/or
elvettiindemetertiial ewdpoiresonwtt tepdadisiieon sodifatf the@rotective

aegégﬁng\’\ﬁﬁdﬂrotrg_gtéﬂ%attii% '}%sg%ggh@:g Qﬁdtgﬁrgéf‘g&gss can be

| ve coat avli ng oxi dat1 on
ré@F@?@ncéﬂ%ﬁw@H@sW@ﬁe%ﬂ%ﬁtb@g toe r@@lsmmqk@rge, the

w@eecg%@éat asgbbmﬁgpuhaeggaml @ehar gae b%ce@'s&ﬁt_:]r adag 29, is
h the rocEPS|n

bR DAL LD DE i 0CeSo g, o207 FhyaD giarance.

di st ancéere Her'depddeposnt i dnffdsfénsand/andkelding” means all
V\g!agh{‘ﬂgs %@ﬁ%d@?ﬁlgl na%uﬂgﬁ a’p’d Ugipﬂusg&?’poshgh.agng" , “mixed

fusion henone
dBBRPEERR S6d %8 iteR  andhj ¢ lﬁm’hren“mbxed phenomena of

deppsiit 0on and waalddngg', , *mikexashatenaiesndof fdsi bahame1ding”
e he Qnena depasi

15 and f p
rRe Lo R0 i O Y R AR SEYEROR b welding”
fini shi gl 1 hePEENING EREIg fornation step, the rotor
bl ade ngéebedyianisgdetached ?69&52%&% r?@@e?ﬁtthe rotor

in_a. predeterm ned p05|t|on 0 nin I ne
shbar§ TaFDr PREY, 200% S LR L SPOCBF URE 25 and set in a
ppo¢@et ¢ vei wedbbBft 18n ok Ppeerssgtavhtihe (MR PESMNY Further,

tl'iﬁ t acéa‘ss %t%nglfeﬁﬁe rdoetsecgcflve %o%%egxbgg%;{,é%goceSSed with

peeni ng treat nent™ usi ng “shot
P§$%Q?enApEWW@@ﬁm@ntLarﬁsGpaﬁrRDEH@@©E<$7©@®aeenlngtreatment

20011260026 2088t 42RP6 Mus f10Y e’é@ﬁﬁl e)saad Jaapanese Patent
| ase beeni ng treatnent usi ng Iaser 5 (see Japane
HEREh ST Cat RO DEFD- oploh Not OGhGS 0852 AL 260027  and

200206 -23%75@2 for eexaphk g hndrel £xenpbedn Bty t fb&tméiteusing laser
P{oduc b e 1R W RLDS 1 EQE QLA PLRAE dods$ Nd NIAEd 236112 ana
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
coatingl3canbelimitedwithina 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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Next, operations of the first enbodinment will be

described. First, because the protective coating 13

is formed by neans 30 of the energy of the electric

di scharge, a range of the protective coating 13 can

be limtedwithin a range where the electric discharge

is generated and hence a pretreatnent acconpanying the
formation of the protective cogating and a

post-treatment acconpanying the formation of the
phabe@tgit\tacft@&bi g WaRe daehectd Me Yaeibtdethdes3and hence the

Mo f , b

B EBr TR g (1S P Eh i b 2Ps PAFREHR by of e Totor blade
emeigyboflyt hecaheoe rf trmlyy suharigeecand t he base

mat eri aby PEnd BE-FO! Ofe bl Bdle v Ns DOy & adase Q:he protective

structure in which a conposition ratio grades and
h@ﬁ@ElPﬂeBprl@t é’éﬂc\?ésééafﬂﬁ& P RETHED JSE AT I o8 1dual

Of:oihbﬁeé@l@:ﬁ shirage caifidig Doshy £b te@ s e ddef 1l Je of the protective
n‘? ﬁ? gurtherrmre because the surface side of the

prote ve "5 coating 13 is processed with the peening

t r eat mefit acceiddnge widnphessingt smbedimenh afedgeeehbed above,

t BetBBsS l&‘l‘xfeaice?ng?é QE t‘Pxfe ﬂf&&fﬁ\%éb%@lﬂ&Q@tdéi‘gbé@lmllﬁed within
accordance w.th etr‘fi’lerl rst enpodiment as describ

abBfe X N8 4lsE TG HT BT RAERS | v8 asaffrﬁaeﬁsand the
cpnebeehtmmtedacmotnbanylﬂzg e f oangei shefe ideretectiive coating

déﬁ&tﬂﬁr %%éts e %B%dﬁcaé%%ﬂa?%l éﬁ}l{ee Pﬁﬂlon of the darotectlve

acconp t he orma 1 on Ive coatl
aﬁ@IaF heg ﬁ‘@élt b@ rr@@m@ﬁtlvaéafo@mvat?mdmg thRerasiyrfticont ohe required

t he tﬁlﬁ@t dd/cftldfp@El egecamr@ﬁqéqw oV @k Qm:alﬁqsie shortened
t.o. t he producti.on_of

h
B TS R E Y COanb e SHO L T OF5 PaARS: hean be easily

pioduevedi t yfmpathecubab; metr by aredhlsadé dl stap df forming a base
easity glﬂwlq}:/?eg)}(lhgtgeht LEW 8L @é)tarm/ a%gﬂgroétép of forming

st ep o base " coati ng aVI ng oxi ati
rw%qtaqﬁel%aoaﬁéﬂﬁeba@% a@ﬁfaﬁé?"ﬁ*ﬁﬁﬁsr alposhed woeds, not by

a@@&m@gam;wmgtapga@f \&ﬁaﬁf‘ng baaethhgé vmm?oy HletanEyof one step
S coarln

T GRE NI 0 “BRCHBP mRl DA Cagt (9505 BTy PBRI Tg 1 daion

cmﬁlﬁ@an@em ra@naoﬂld&nieea caeshstfanmedaad the tip end of the

aPé@éf\@lbe&eS nfs@h ES&KI% 1’}161 hed Bgtgeﬂ E’_fLmé hzeequlred to the

rotor bl ade main e pro uction
r%ﬁ?ﬁhﬂ%ﬂl‘?% ofhehe ;m%am BACOF Rtiedle EtrCEﬁI’hé’er BHEFheF sortencd.
1 can hefastdier kﬂmmts%nedle tdbb@@&@iveb@@awﬁegtm and the base

PHELEELL PO DacL) TGl NG AR 28 TR 310 Rerinea
the protective coatlng 13 comes to hardly peel Off from the tlp
end portion of the rotor blade main body 5 and hence quality of
the turbine rotor blade 1 can be stabilized.

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

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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the protective coating 13 cones to hardly peel off

fromthe tip end portion of the rotor blade main body

5 and hence quality of the turbine rotor blade 1 can

be stabilized. Furthernore, because the residua

conpression stress can 30 be given to the surface

side of the protective coating 13, fatigue strength

of the protective coating 13 can be inproved and the

life of the turbine rotor blade 1 can be el ongated.
g/&a@wmi@q ﬂ&?@ﬁeggebseavsﬂt% Qibrd;ﬁ)dé@%c |mlaHhL Bddyoit e turbine
escripti ir i_ment_.an

e M A A e

tKM@DhEhEDs@XQMPEEﬂensure oxi dati on resi stance and

abr asi vm\%agf@aae&%@ﬁf %\éﬂ;ﬁ& %%%darn@akwm be described

met hod 1 n accor dance I rst enbodl nent
pP%E%%%%Ht?% ﬂ%ﬁheiﬁﬁﬁQQQﬁ?t§9 E@gbrécé§§e§18f é
conponexd dgrgwh badylgn Ea, Ut b Bene caygnn etz det Berut hatordance

the ]%Li:rhbl rl'}l%dl%t 8d l? |Orf(sg9:)n€i%§qﬁemwpdi enbc is, as gsimilar

examnp
d@@ctrmfbédlrkamep:@rcnaf bépdei 1 h aref efehoebine Ftgnpdnertis used in

Fife das Asu:Shun éﬂ’él’ﬂeg 3 BnddrbHEPLPEe r&’f&ﬁn&"@ﬁ@ afial center
in accordance. wth the nodjfied exanple o $ first

etb i ﬁtgaisstuﬁ]glg‘? rﬁrﬁgahne o t“’i?é’etcl}’r% nel¢ SUgPineFREor blade
137amembvtdeﬁ|wne:1rcarm@ttmnmmadaim beidyes gass tucdmpenent main

e?c%yﬂ Q:ri'%u r%tt%tragllgdgrrggw I\%&g % %l %SHFSE%&OOP% blade 7,

rbine en
r@tRilra Hde . d@q@s@m deoeni tfhlré;hlecn érSfmﬁ%Ld-'b 4fafarmed at the

body éeda& acrc@rmcarwtv rrmrne Q@lﬁa%@n@ll tHes raf)t%o“blg@%way face
osed a a

S CO
TR el ST SHEETh Bernd ShBso At T HB &eLFhBE tip seals
t4p. eMipokentihpobt ddes 7of Tee gdaiaudfdtibaseal &l owthe shroud 41

p@élhx‘f@yaaé \?&%ﬁ ot e d ‘He ?;x%%‘g%lé%h' 823%% Bﬂgdésmam body 39.

provid a pair seal's
porti or%llﬁ?rhetlhepﬁfaﬁ—'c‘éﬂ? F9a§é§G§ 4|5nh4‘h3é1%ﬁ?<édatmn resistance

S&ﬁd/%?:zgﬁasgﬂfe:ﬂe@%s ate ?@rtﬁé@cﬁ&ﬂ% @fi tEﬁd%@ﬂ@lé@é f the pair
r root ective coatjings avi

S AT, S R PaRBE S e P ES T Vit SFaars, rerptent method
téh% stiip lemdt p ol pnsteft ive cpakting2B oh the teedlised3tor blade
basgdh ertehe-nayglsfif Séhes?rxfo%%%ttlir%a&ggg n@gtthqg%r%s processed

simlar to the protective coating Int i ne
ret R BradRee i Tigh & REFHEEE -si des of the protective
coat i ngthedefayre praressed oMd hmdder peel eRgmplealgfenthe 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).

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 inaccordance 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. 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



Therefore, also in the nodified 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 ment will be described hereinafter with

reference to Fig. 1, Fig. 3, Fig. 6, Fig. 7(a) and

Fig. 7(b). 30 As shown in Figaiil, a turbine rotor

bl ade 47 in accordance with the first enbodi nent is,

abody 18 1@t he @ uritd nelrdti diebL aden , bicﬁtdﬁ)bseﬂ ohaagicRiedanaglat form
th t 0 ne_of .t ur bine conponent

(8ed® S5ealt B0 et 187 0p La bE R e FTBE e e p1ae 7

aﬁ@ﬂf@ﬁ a'vtsalél giray mmtaxbealpr@@ets@eds@f dfhe etgasblade main

t]elb@yr@ a®A0t RE whol3D ofSh BT 4 'déthﬂclﬁdlﬁ{;‘ecﬂéJﬁ:an&ld portion
rovided with a rotor ade main

OE aﬁe 47 |s
e hiade clmi) SR Faith BERELRPHHE 6t BE Bragessed.
mal n bollye 49pi snd agersiion af the hlwle otatd khadehabd B fldhe blade

b@Qé‘eé A%J;Iehﬁnr'b#%g'sgg {JJQERG% u?&%]c]e’ E%g%ﬁéﬁg z?f 9ollows based

bl ade 7
t PP %n%O‘p%lrtﬁthrﬁ%ﬁe e SIEas Tetiedy esTmothey rvs:trds, coatings

POf th®Re1 Q:&ﬁslﬂtﬁ.]gﬂ%ﬁﬁ%r%; fblﬁﬁeﬂobﬁrtéﬂéagf%r@%@ %ﬁgﬁbn of the
n ol.e o a e in e ti

g%??{igon 25 e ‘ﬂ?‘%uee 52}‘?\133%3%? a&&€ond porltol on to

be prodéssedpedifeiddliyench pontstopraftedred viel adatingndl having

the-yhol &, of s tihe f%lﬂggoﬁﬁa&ﬁé ﬁaiﬁ g%&%%%@&%ﬁd th.ll?? eblad& 7 by

surface treatnent as a nove
PR tet cnet e et AR Ve Wofdschesaei ngs ConcRevelterms, the

chisét tpfdtetdre torieagon the florfe@ndypafhi 1@5 dh@lectrode

10, Yo, Lropdt heaias oL e ML ate Locss MR oo i

ab¥dhs By enexdcorddrurarwd tat thﬂeambqﬁlemht;soandqemfrathmg pulsing
@Péiﬁcﬂlcpﬂlsﬁﬁﬁgée%e%lmfh%f ﬁg eud PBEEEOH'@PQﬂrggﬁlade 7 and

crete terns, fi1rst ve coatin
f ?n? ehv RS %%ulﬁ’gtﬁﬁ Fleeg §d<éf eﬂ@@frsrlg@émnshlﬁgon so that
Hraplandrbhe mdteet1d X oiptallié;( JTRCHRI3GelS3 PIoWrddrt i substance

b1 En@2AUnae gl Lcc IPOck TR el AEhET &1 A on ana/or

electri sc
pftﬁltdrld}g en tthﬁetbpaﬂéi poahdontdfetlabé@tardﬁdé 53Meanthicle, instead

ldgedePatlingl t9ed HuGakngNSLt A d Q0 S8 E}li@tllq%'fld S of electrical

eIecH%ﬁge mat er i of the el ectrode 5 a reaction
SUBSH ™20 P4 SO IRty dﬂre c%‘?r?“?%t%tln a gas of

el rtiicerd, uﬂshﬂasuon and/or welding on the tip end
porti o'ﬂie‘ife tEﬁebéPéj&IYOdév%QnX\Q éo%nposnesé o% 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 composedof a solid body of Si, amolded body molded by compressing
a powder of 81, or the molded body processed with a heat treatment
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of generating the pulsing discharge in the liquid S of

el ectrical insulation, a pulsing discharge may be

generated in a gas of electrical insulation. 25 Here,

the el ectrode 53 is conposed of a nol ded body nol ded

by conpressing m xed powder of powder of an

oxi dati on-resistant and powder of a ceramc or the

nol ded body processed with a hagat treatnent by neans

of a vacuum furnace or such. Meanwhile, instead of
nbydmﬂgnbyof;wwaeﬁﬁjnngurhbeeebecm@ldena@s beayskd .f oam®d in this
g%ériz;ur r¥u§g1£ou“ guc cM.é] aErale %.QJ %gelr%rt]:e!gbirg?ﬁge)lectrlcal1y
eliipgutoteng3 luguuﬁe ineradasot I@elka@@r a*mcbrmnmmmg tMeanwhile,

ehﬁ@&é@é%iggﬂo'lalf’l@% %ﬁ%%e%&ﬂgt hend iehglt r8HROSE MM be formed
Nﬁ |Ie the tip end gortl of the el ectrod

53
WET SR RREE ) Ny M%@HW%%F‘P §i08f «{ fRray forming
bbhadesidch35 On the other hand, instead of the

el ectr Srs?g'\é An t%l et‘lf%fﬁ)ﬂ?e 5%%0%015'?%&%%0/ 18 80 constéltuted that

sol i dbo ed bo nol de
p@mﬂ%\’emg@uof éhet ﬁérmlm%dyfepﬁ@@és%&ww 6Q%hexntmore and

tosat BeNtedd. MYedmASIOf Bhe/aiipddy NACR Y SUEE Mbtective
ulsing electric

RS A0 gL S 8 a8 UL oL 0 Bl O egs.  Here,
| I'qaveraget udeamgs s keatei dydt acardamsy. Meanwhi | e,

i nst eadl?or mn%xg aggﬂaq?ﬁo@rfg&ejs_abngm%ﬂhwlhg&&%pﬁgee %¥ the first

may be urry pouring,
IHF%E?FBWW%W@)@I Sépr%weﬁ—m R showtsuen. eherebierdischarge

themé Usd NBeded Admall 1adpoAE 2% SBeCONpt bhdl Bt Na oﬂ the blade
ctive.coatin

first BL 51 [ 096 or
o GhRe Cusydeeradt BiBkRRhpre 15 Retconraghens vig adopted.
f Vestwipi be eeilitheugb amaiengrsa dis cpaeﬁeﬂahﬂq 19@arrﬁral is about
NI &1 AP 95% %rréa%ﬁént"'%‘o%ut 3C$Vﬁ5ﬂ98m 'E%a’bsrheaf dridi@,

of coveril ng. as a net hod red ucl ng 't
cover age fcﬂrrwilea fﬁorrstcalﬁiﬂétaééPPv@f chaei aesuria dimdhwgge time
t peghDré@ntangelenid i€ diviahafeger toisge iandsl ea.moszaal I

spot s n of _the .bl 15
the of oid PEebt By RESBRALLOT:RE LU0 oA AR AT € R8s coverage
Ve et Jas t rdlcy ﬁ@aghaageetm riegulirsch&oggat hhegi @ 98% coverage

gﬁlefga(h—loS 9%@9‘169 5 ﬁ‘ BB ) Clifearfwi i RAL Eﬁ@tsaeﬁi)%%tve%a%e is deemed
mn/cnZ is ﬁre erab A formul a for calculation o

thd R hei QﬁsﬁﬂﬁﬁEﬂQQA me required to gaining a
cover ageufhe5YafseassdroldmivBhe first protective coating 51, the

surface gide of the first protective coating 51 is processed with
the peening treatment. Meanwhile, as concrete modes 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 ig, 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
meansg of the aluminizing treatment, a chromium coating as a second
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20 Theel ectric discharge tinme required togai ninga 95%
coverage = an electric discharge tinme required to
gaining a 98% coverage x log(1-0.95)/10g (1-0.98).
Meanwhi l e, the 98% coverage is deenmed to be the 100%
coverage. Further, after formng the first protective
coating 51, the 25 surface side of the first
protective coating 51 is procegsed with the peening
treatnment. Meanwhil e, as concrete nodes of the peening

It peat&eaﬁ_veacéilﬂin@eﬁ‘!ﬁlﬂ@ bk@de{EBh Hsd gL Hhed lrr&@dba formed by
aser-pe nln treat nent aser are ex

ATRRRERT h e DBATH AGTS 7 S A S B B Gt € BREEEEFRge coating
haeivagg B0 devtiidut T oFl 3 a3 st nay &) @o:lfrmdmﬁ C(Y@ cmévmholl\éoreover,

OEhEBE h&?dSefQC&a?se Qfhd e tHRd@al $QcBEmERLCONBRatHESY is not
first protective coating 51. Here, the al um num

cb‘ﬁFFinﬁoﬁtF% A LNMIR oI ntlﬁ‘?%tmef(“o) formed by an
al um ni Xexng, bheatwenhshyr ke @@c@nﬁ@ﬁbddﬁﬁmill be described.

furnaceg ??stafﬁeeéa&’é OG3% I%%s%]_%r%% c%%%e QSt%thf is formed

first pro ective coa I nNg eeni
t PEaneen® Oﬁv@@mmnewym%tté@dea;ﬁcmm dﬂgeqhmr%,um wenge of the

CQ@EEB%@t&%l\@@B&tQﬁgt@ cahupd NijziRedt  eak B Mhe Range where
coating .as._a second 13 r

otecti Coat
AP PGE DT A o ELReBEn e i Ty CRBari-reatment

aachomprazynggttrlﬁafnematDontdfethecﬁumbqopbbeettyEe coating 51 and

Q/%Ie' :}Qalg\;h%\gﬁ%g:m%ﬁ daa(éc? a“?%}ﬁ-{gangﬁe n@é@'ﬁlaft EEd %ythe first

reover, case
hBEPLEEBLY AeRPaE iR® azk ca;n ikae rﬁﬁSEE?CIFs'Lé@lﬁ’othlﬁée‘i

al um ni @b Agot&eat fmNtcheNegne Qﬁ%&@h' OQSb@un&Qﬁtfﬁ&&ﬁ‘% between
escri I rs cause e
f FBE&%F&Pe%?ﬁ%tlcvoea??%l%ﬁigﬂsf%ﬁ%{a’ay tg of thR&lectric

edesghanfetdred éllecbrise uasehanpest a:rram@eocrf bt hde main body 49
fhists %‘EQ‘E%EBE)éeJhﬁ: ilcda o tEe_Lchf %E?g #atcmsn ghlaelaence the

range wher e ectric I SC erate
t el pF ¥ et fiehte %dﬁiihﬁ’;ll A tﬁéef BFﬁﬁtm@‘FﬁﬁaH@f the rotor

f bl atie proiRChode LPAFANDS Y iand y td&@'lbﬁ.@l%td t reat ment
the f ormati on the first

coat | et BB ¢ BEReLE Ers SHTTHEE NOFBBVEHTET grotective
t freatang ieeG8bmr wobeurdhaydpass B bbeviderst pbotaetive coating
fSisits Qquf&IéH@lf%qtekrageégFl{cﬁﬁgEgerea{ﬂ%gea rtg'%é Qﬁrblne rotor
the electric | schar ase nmaterl a
 BEBR® H A iAo PHoBy Rt e SFdOPARY PATRRTERCE Such as a
conposné icaisd ati 9 wgnasdes ahtdohanceot hown) can be sufficiently
suppressed. Moreover, because the coverage of the first
protectivecoating 51 is 95%or less, athermal expansiondifference
and adifference 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 canbe limited
within the range where the electric discharge is generated and
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first protective coating 51 and the base material of

the rotor blade nain 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 hence wearing of the turbine rotor blade 47

caused by contact with stationangy conponents such as a
turbi ne case or a turbine shroud (not shown) can be

s uhéipaimtdam%&twnqﬁﬁ@dngl\m{eeﬂvﬁﬁatixﬁt@agi:aetﬂigcést protective
c a i rst otective coatin | 0 Or

8%3& 9 t%erna expgﬁgngrﬁlg %?%Hﬁ%?omléile% %P f/rmatlon of
| ﬁh@x’@mt @ErotRgEeebgopetnprdc ghnshe ersaﬁe@dtemﬁée'nomltted the

E@o&h&ﬁ&oﬁrﬁ’{rﬁ&tﬂé’cﬁu% 'thtﬁégﬁ@ddg\?l&?%% PRECEiAbine rotor

He r ot or mai n when the gas turbine
gRAE 47 FENBF BRRFLEREH ang P heaRT BRUSF L BhEH Of - A Tbine rotor
eklade. 4Wbeanvee, ebethysangevesdlr f ace side of the

first %8{;5&5&}(6‘ be é%\qié Qh§1f£§sgr0§0‘%§ dlvvevaI tc'?)a El and the

peenlng {rea neht eSS|on Stress ca
gbeen rftad;etrhéllgﬁ the e‘O§PGTéDJ@fdet rh@m pedy 4 9pran betfiively combined,

ceatel 0 &l pr3®ekh 1 FECOSLRNEE W Ot HE SBEOATY peel off from the
odi nent as ggf i bed. aboyv because the ran

¢ RESFi PRESp ek EG5E7 L 49 i thFoipeand et auality
thé thageunbine tdweorlletdde @ﬁlc&ﬂhamgestlasblgameﬂat ed

and 14 phbendrei SO ACEAIPANANAL G LALTPELED forective

the first protective
p6§?t%¥1§§t1nbﬁt5%§r%ﬁ§ﬁylﬂfn@l¢wﬁrfbﬁﬁdt: it lbfuppRessing wearing

f@f&thaowﬂsmé voteeaiidi: 2% c%@fée@ebfr %%a@%tmwh the stationary

on1tted n tinme requj.r
Tt et e S ne b dter o8 Wi ey Shre andyhe difference
shor espadsand thespdobwctriecipyoohlt beressbbneeteoten the first

bﬂ)@@@eé‘@1’9@%$’§cﬁ§f'ély an@p ?l\ée as 15& NEY 21 PGE 1%r blade
B T IS

|rst£rotect|ve coatln ase mate
tHRIR %?Yb%%d@erﬁautrh%a@y% &gréaﬁeb@nﬁmfm% o rﬁfactﬁratlon can
t]he aflilbsed®Eeat iewt ce@gt f - thir COFRTe Pi Py Fldét@@@hve coating

base. mat eri.al_ of . the rotor
el MM aal DRGSR 31t (i bRk nra s Cafano rarely
4Haﬁﬁﬁ$1ﬁﬁutﬁiﬂmﬂqaze@n sor therlhiore cfbhébeuserbhee rotor blade 47

hagdnessodmdtheg first protective coating 51 is
sufficiently el evated and, w th suppressing wearing

of the NQRITHRE r RESRUSIEadBeATEBATNRY BYRERTHEQN fitiess can be
tdevert abictieasur frecolpooe nhe, f ity fhefdwd 1 exXPaisionNs1, fatigue

déiﬁ&‘ig?t[}?eo@%%et Efrgjcfﬁfcgi?ggteive 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
component other than the turbine rotor blade 47. Here, the erosion
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i n expansi on caused by reciprocal stresses between the
first protective coating 51 and the base material of
the rotor blade nmin body 49 when the gas turbine
engine 3 is in operation can be allowed to sone
extent, fracture of the first protective coating 20 51
when the gas turbine engine 3 is in operation cones to
rarely happen and el ongation @& the life of the
turbine rotor blade 47 can be pronoted. Moreover,
besausEamdaf mwiedgabr?paﬁt?fsﬁf dmsSigeess ieaAn ibe tgiM@rosion by
surfa i de of, the j rst tective coating
5?01? ?18 E %EﬁP?%Fa%cﬁﬁmifléigi ‘protective
céﬁﬁlﬁ@ EMBQ@&MEﬁEhnproved and the life of the

turbi near ehotabladed het@n \AHQ.lel@@gééggrlﬁ@é‘n%'ﬂegnafter with
theggr esent i nventl on l S not Imt

RS EPT SRTOrE D tehel arBi@mint FoHacE Coborkd Bl mehis - © () and

aRtlga sUnface treatnent based on the novel surface

treat rre& Mog ' bnlgcclor %a9§§b§9e V%c%%rt 'ﬂﬁaﬁ%cgf in accordance

enbodi nent can essed
prféléw@dtléﬁr%e@bﬁéém@nt irfai @S @éd%} liag e thepiydine rotor blade

co ﬂﬂ%ﬁrd&tﬂ&:@ wi ttH8Re £ e st Wlkiod mepcQrord 3 @uﬂ'ﬁlne components
Mor egv.er ano &tlgr otective Coat [ ngyhaVl ero

R Rrma T HERERENT G 2ot ir EP9LbRits B Cr shaotatable
sareun@stlvorestidutdeortas Acheff ithet gasoteebine engﬂhegB .

51 may Je . {gppe Jgn g"iga @Pé)t 08 ﬁ"Pg b% (Br oct.el’?ec‘%%r ﬂotor blade

component main turbin mponent ot
the %%PsPﬁéd%tv@rtbeaﬂa%t%? blﬁéﬁema%rh@oéﬁfoéﬁ P ﬁscomponent main

rl@édﬁtaafdrehﬁeﬁ@@oﬁ }:ﬂra@léeihéYnQiodyﬂ%GSQ@Ptdéf)lshh'ltl)laﬁfoto the rotor
such

|on on_of, alien suhs S
B HERTY KBt Pt B GaT Brt Y 1+ EomE0set of 2 blade
d%s@rpb@t:lffhm éi.nafdosetwiilhll 5 Mekewbnde ,ta pbirgioh, ranging from

Fée gl)ea%hn@ 8ag8(m 't:oFbgpréggHre 191ew%§.§) 78 tgl'eg%]lade 7 serves

hown i n Fig. bi ne rotor
2 G ddres PWFHOFh@OtI?ﬁ rmr@ﬁﬁﬁﬁ%ﬁﬁt thg rekoxikhadg main body
tes tdred tiHeDiwt® VeOlo@r theaBtadd fHc&ECof dﬁmaﬂvadeh # @%rves as a

f i.men e turbin npa O use
S BOLIRL, R0l T8 EUP DRt S 058 Boay 62
r ot at apite par‘éym’! e imgi éromémeelea@lrm etibe tmso the pressure

taH i e Bnd e ghepﬁlécﬁ]@wﬂ alrﬂi Fﬁ'h% wBol®) ofNhd i ad faces are
is provided with a

( e, turhine rotor

e S T BUAJa6S BEcaESRBORROIA? based on a novel
surface treatment method. 1In other words, coatings of novel
constitution are formed on the portion ranging from the leading
edge 7a to the pressure sidewall 7b of the blade 7 and the whole
of the blade faces.

More specifically, a hard first protective coating 65 is
formedat the portionranging fromthe leadingedge 7atothe pressure
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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body and the rotor blade main body 63 is, as simlar
to the rotor 15 blade main body 5 in the turbine rotor
bl ade 1, conposed of a blade 7, a platform9, 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 tige whol e of the bl ade
faces of the blade 7 serves as a 20 second portion to

behpr vegased €dgd h@ et @hebpadestiBe s Y 163.7b Tethe blade 7.

portion._rangi fr he | e ng edge 7a to

pressur g rgfdg%ﬁ © ?E 5Pth bl =te’ %5%“?¥%igﬁoF%e ofame in a
t henbLatutfiagessarlee greypassixd 58 tih acsorflanee with the second
t eRBLABAER RSOk @i’i‘f’ epﬁsﬁcgr@{b@ JIOVEL el%@tfr%gi%novesihowg a shape

treatpent nethoQd. I'n ot her words, coatin
cBHEELRaL FOrP ang?HeoPﬁeﬁhﬁnp?%%l%r’%ai%%ﬁg"Pﬁ‘gtF?o]ﬁadlng edge
t he teadhegpredg@raasi@ewm prkeasﬂmﬂzesmi%\w I7.7b of

t he bl de f ,

sp:m f?‘ggltlzjféggh% ﬁvﬁ,&or sl%s% a(% ggt ge?gg?%ﬁéeé@,{ gn electrode
{ BP rOTDREeding peplidmada Al rnrhddibodatbhgeddyeTmressing
tQ ddiRidH 88 St eor319h§ davald bdBy Yrde sléldaﬂgftlz h@at treatment

ncrete terms, the f irst protective coating 6
FBYrBERDY Sht OFCH™ FETBRERL PF A MAs R REds5 And, in this
shewa, ianpkl ging edpdtat cel iesitnde 65 g&lﬂl@\ﬁateﬂ i gn Alectrically

(ﬂ}lsulg\?{]ﬁ%aﬁ.&ﬁgldpl{ %llﬂgflﬁé %]tlgtla lng eg%c%%b%et WtEﬁ eanwhile,

gort (e %{y rom
pFBELER@ o @@Mnng spmpRespiade tmmae%rpﬁe 69 may be formed

ebeCi 1o8s, §buTAnghakran (et mede Jraier M@h.d@ﬁgf hespray forming
electrode 67 or a reaction substance of the €l ectrode

rPAf*tarries out deposition, diffusion and/or
wel di ngMaredtrer pohei tnrlviangirngokrioindb 6 1t e seash @i tuted that

eggc.%x;@re{ tol%etﬂégisﬁ%g]@ p?o%%%llkle7go f_lﬁges? ll%dgol-%ho% more and

Here, the elec 'S substanti
COTEt PF ukFBM- adladuvhelleot rtdde cszarar@g@c @ér ddnec € iwdstth protective

theatsepBd i epbedtenly and & Fnb@e%’iﬂi t@@% Hrone &4 . t I'l*%rthermcn:e
mi ar 0 a

e 53 s sha hape

e e LR e B EPeRatngeetpat Tl & Bralteads side or
pEles sty estsi pleviet dt idle afodthiedhlédde 7 proetsisedottieh the peening
haweh - it ead of the el ectrode 67, an el ectrode 69
conposedof _a sol i dbodyof Si, a nol ded body nol ded by
conpreé&qﬁfe§¥ﬁﬁﬁmﬁﬁSBPW&lnEﬁgtﬁé%hﬂ%%&lﬁoéwb , an aluminum

precegsed7n bl aa heébohﬂe@tﬂcﬂt@btl@ebkd&al Oﬁaﬁlng oxidation
X%%&@é\é%ﬁ%%&{ ect rl gﬁ% ‘%é%j;? é’% F@ng%]r?ézpeatfgﬁeﬁnogr?he blade
el &1 @iscaPl gover 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 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
used for the aluminizing treatment.

Next, operations of the third embodiment will be described.
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insulating liquid including al kane hydrocarbons.
Meanwhi | e, instead of nolding by conpressing, the

el ectrode 69 may be forned by slurry pouring, MM
(Metal Injection MIlding), spray formng 15 and such.
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. Mganwhile, the coverage
of the first protective coating 65 is preferably 90%

or nor er sk 9VeHudeethe Eurkheppptect20catdLEidPras Nng formed
a.surface side of

the first protective coati.ng. 65,. .
{RE Fhf SEnBry oot VB RN TR QR RHIACS St qr, phe firse
peeatagtive exateintg sBurthebaolianitas] shidhwini hhei yan@e where the

(8le@bfi FildscBaltBl is ?En@&éﬂ%& W4 €92bkBYréddtRSnf accompanying
second protectivé coati ngﬁgaw n% oxidation 25

r BRE stEHER 510 of hred t6n ShhdOtECtINE pFaRe 1%c8S and the
opotthet biattteert aecasphnytny athe hertat sén pEaitectl vet protective

C ' 6 t,her he . .al um num ting 71 is, as
sﬁ%%/v% | % g&%( e) ,r?%jrer?et&%ﬁyli yanrcl"lfhlz}{‘I‘Q'(l%%'ni zi ng
t r eat méMpragresi fpra theasaneeseaenn, f arpewedyyy gfandr B between

f@lﬁt?if&gsi:;tﬁ?cfﬂécﬁiiv&{ﬁéf@ilﬂg@S %ﬂe@%ﬁéh;%@%@i:h@ electric
stead o or m ng e al um num coatin neans,

PR M £hﬁngF@aT%%¥%ag]%fhrt%¥ﬁ g‘%t%a%}ﬁﬁeaf%a%fl body 63
skegordstpnotecei e whdahi agdmpaisrig iox datiomyrekisstaddesnce the
i i’r@@c%]:gé iqye JEE1% fG.SaSBBOEH]aZ}BQQe .trg%ctaél%%m &¥ the rotor

e second protective coating _having OXi

rlakide dren regdie Forared bsy fovmler cPYbingBreover, 35

there reyrtiemndase vebanget bie heptetdRALIEPhe fAHARC S rotective
73 is. not. (?nedfor t he al um ni zi gtrefat nt . Next .
opet atidné ‘g T OFENORT + @ RAPTRERR AL Wit T 158 CRERTF behive coating
195 iEi ssifibeenuke eflkeatiedsandg h@Megt WW‘Immtiang;eaaajr gollision
fOF 'Eﬁ%@tbys%m 2eL G¥n W Q@.s%f%tcri'e‘ﬁt(i'ysgﬁi%% séd. Moreover,

e f g6 an gbe

range of t Irst protective coatin . _ .
| e 3 E%P RGP IF@Iande thifef eTEhePref et Ve naicier §& 1s 95%
ichr gesses at a? talhre&mfta_ne epi;%tﬂsq@hmfm@maraéﬂmga ngEEerence in
0 of__the I.r st rotectiye coatln n t he ,
SRR R oAl RBe . dR aReC G TORa L T oPerEeh e first
Pprontctiee aogdtingg 665acdnthe baspetatiarial e thed rotor blade
VoL B0 dy fe iR $4 a8 QPp1 Re D Y2 Py t -
bet ween yihe first prgggégt ?ggb%@%t%ﬂ% ??%?grreléﬁk?yetrﬁgmn can

iferdyt Jfed He a@ma sxdent.

Moreover, because the surface side of the first protective
coating 65 is 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 can be limited
within the range where the electric discharge is generated and
the pretreatment accompanyingthe formation of 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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10 di scharge and the base material of the rotor bl ade
mai n body 63 has a structure in which a conposition
rati o grades and hence the first protective coating
65 and the base material of the rotor blade main body
63 can be firmy conbined. Furthernore, because the
coverage of the first protective 15 coating is 60% or
nore, a hardness of the first prgotective coating 65
is sufficiently el evated and hence wearing caused by

C Qlalcieheri6f1 Seishe xs:&r&gc BIEHSHE En GaayEs sath bl ﬁmﬂlyycombl ned,
sse ver ecaus the cove

PR ERPEE RS Rl ERN R 685 S S LG Yot Al g Erom the

ekpgarsinohedifl ereride avdoa dilaflermace hady2@3erpdnkénne quality

caysedeby k-8¢hHRT 95@&8&1&&@ eél b@éﬂ"%@é‘ g firata

protective coating base materi al of the
rotor bFagen eﬁﬁ?ﬁekxﬁﬁFQH?QMﬁéﬁ Fﬁéd@%§StQﬁlﬁhﬁeféﬁﬁFd%rOtGCtlve
3cbstungoaze&atsmmrentaq; al &oxedd ttds Bt le si@Rlressing wearing

B VRS WSS I P I e expansion
pedfifagenreadndrithe ﬁe@f@mhcecmm:awsﬂmrstca@ggdchﬂ peciprocal

gyeRskast B@tﬁééﬁaﬁﬁesfgﬁsﬁ?f I‘B@eét{% cE oL dY&nd the base
coatin I n accor dance mn% third enbodi nent _ as

(BSLPF el Shble TotAE AIRGE Thih PRRGeS DIPEREHS §as Turbine engine
pBotecin wpetaationgch loamllewaddtbesom8®Emicdry N firheture of the

r I iSC g is ner at. d
[ RR9SCIDEELL R E ROl CeoGRBROPRL P ILAEL Bdine 3 15 in
fpp§ra]§i©ﬂe@@m% t@cmﬁerﬂg/ Gﬁipaml Band pégng@teann@ﬁtthe life of

acgenpapying +8eof ob B o Qfan tihe ﬁdnfdte'a" otective
coating 65 can be res ectlvel t he

pr oduct YOhSPT e ﬁélgﬁs uEPTBRESFLPReStress can be
tgnben&qﬂhamufﬁb¢éadée&fUhﬂfiﬁsspnoteneﬂvandathﬂg65 fatigue

%99{45&1\{'5.@/ tcﬁ(f tf:'\i]g‘stcuépbeg E?@Qrco%a&}e Gglcgﬁnbgelmproved and

eas| Because
pFBFeX@f@eOEO‘é]tlﬁ? g BB R QR k8- adsadd ﬂ@ﬁerblealel@rlgﬁhéd

rotor bhegewEl s, bery ﬁSegaﬂtb@nfréﬁfridncwbhaedhmtﬂa@d to the
rotecti e coat 65 cones

t tq h
{PBRr T hRe Rt TEE R FETT R TS O i O FPbayend can be
6Brapdr hgneel iduald {ytofudthehbtirdbisnefroeorrdd atmmtbbased on the

cifaavgﬁ $1aRL L2 €G- J3 rEHKL fﬂ%rt'HHde eCALSE é&@e ha{.pﬂeﬁie third

first protectlve coalng 'S SU I Cl en
eFBOAE EBCRRh SR bR RIPHIESRT P e &9t o dis & Wocessed of a
cobhpshent afaidubbdysiand ameh SuebonpbaehbestMdr than the turbine

€XRA0R! Blage 61.
(FOURTH EMBODIMENT)

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

As shown in Fig. 1, a turbine rotor blade 75 in accordance
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 3c of the gas turbine engine
3.

As shown in Fig. 10, the turbine rotor blade 74 is provided
with a rotor blade main body 77 as a component main body and the



10

15

20

25

30

35

difference and the difference in expansion caused by

reci procal stresses between the first protective

coating 65 and the base 10 naterial of the rotor blade

mai n body 63 when the gas turbine engine 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 comesdo rarely happen and

el ongation of the |life of the turbine rotor blade 61

canthe pladetesain Iodyprreovier,, abeshuskat e ntéw dvabr blade main

g%&?f#?@teﬁdﬁﬁeccégt&? b1 B&el” é&néé‘{ec?%f éé 99 aplatform

lve coa
of tﬁedpmegalgrbt ectMapélvd@dta nggl 659c&ﬁdbéorﬁ'p@@v@ﬂ %ml blade 7

t |af,%rkflefseana tRE-thilbnDt Bep & PrHcdy e ofltk@rd¥r blade main body
%Pgated Meanwhi | e, the present invention is not

ted to the 20 description of the aforenentioned
t h| rd eFbotheenta andttay dica mErnedecbdysibidnt i @ hiantiag oxidation

Sye 1%%31%@ acﬁﬁfa@)cﬁ%s&(rg ggr}E bgégﬂe ﬂ?t}]lggg?l foréned at the
surface treatnent I'n ‘accor dance th the th .

efHERTHERP T EAANIRE W%é)é@é@d? t 0 18 ey BATES. fdie tip end portion
PBEECESS &dadk A 1aC il 4 sRed¥cent e d thidtithBased on a novel

(POBRT R EHREIENT) A G4 CSHOEBC R TP (g th embodiment

descrl bﬁdrhapamiﬁtceﬂ.lw tmporeﬁalbemeecctaj:iﬁiggwnav&mg oxidation

reg'lgtailxge gflcﬁ’ héla]t( @hl i éc;lga %e@@? 1.%:'&rn?e]c{ &k 88 tip end

As shown in %ﬂ
aPeEEdIRE tWet %q?e"'f%‘i“?ﬁnﬁrﬁfoﬁﬁl%w Oifsanééeﬁtﬁ]llcdﬁhsmarge

t Cllnt benttiebé e, Ok hebbage doddimeoor danterndd byt B@ploying an
EL%E: nggdéf%nor’ tggf‘b oé? tct%r I1@1% gng gegg tesc’:écurgec sllaarlg machine

|ne englne engl
réﬁaslawre iay Bagd 3 hier axicardesneevi e sofoodimegds and generating

t Bh@bﬂﬁlg%rl@crt%lcsélg’ch éﬁ@%eéﬂ t’l_’l'egtlﬁ-gndtﬂ&?rttllgnbéf‘%he blade
rotor rotor bla

ade IS praovi a
bdd§ 7 ee&rfasi%e L b 'hh% %Frﬁjstﬁé %60%%%@1 insulation

blsad’ehﬂﬂl an ady-thbdes magsrsali cbﬂrtl'té) dike-tvrelder shl afdea reaction

n@gp aggge\é %f' r‘cl{%] eié’élgfcpcge g@%g%rg%f %a}k’/éggw%%ﬁ:e ggosition
t ﬁsféﬁalgar@m@hwufwﬂ@rm e the $dpyesdapoat pont obrthe blade 7

beyPmeagassed ehet BRekg{ObrbtadecMBLArPOUYisShdfge. Meanwhile,

instead of generating the pulsing discharge in the liquid $§ of
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
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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 10 surface treatnent nethod in accordance with

the fourth enbodinent. Mre spacifically, a porous

base coating 79 having oxidation resistance and

heat asbueFdcagspiepef tyhé odsy netitding 1@ biypmeafls of energy of
p%'i’ltlé)fec% th 1scﬁlg§g7 %E‘Eanstgf 98%9% Of Ahg 83 is composed
el eCtTi1e P Conct et'e St Brms S %hase

c @4t arfgcrfrsgvs:stef @ﬁﬁ@élbﬂt epps byt g amlr@rellerc@fo@re lggst any one

for ¢he aﬁ@sﬁo@@ga&hﬂgh ARA-h e LASTL LG oSPRS KnARER B8 uidity when
in accordance with enbodlnents and

g&ﬁ?rﬁ??néurgﬁg§l ROSLPRCHT | T PR bet ween t he tip
end porThonontréte tiane, thandtermediecer odet8hgi 83 is formed

LG, hBYb01 Ry oo GLRELLIR obnEML AN 30h3b Bccar ing ahoun

eria I eact
2015 Hbgt aht &P bfanthdhe @éﬁﬁé@écr@P@ﬂF dlagduimeg d$ ghpwn in Fig. 3

deposkttbeBancédi ‘f:itﬁlélﬁb&ﬁdp{éﬂté/\%'n@' ggne@at:lﬂﬁgt p@l 8y electric
neans o

f ot
b BE PRz S e tyt Shipdan o8 Lt dp T SPeyerer LTk, o5 in the
theqpmﬁsSrQﬁ(hkadumqyal|mnshéatuqulsbfihdt aaletéctreﬂe material

'B%ltll'@é%bt @é§b?%1déa§g}] TPSUBS ?_ﬁ@egftﬂﬁx%%t %%t'r%d materlal
HOAPT e

25 a gas of ectrlc ec ro
8?3F§186@%%&PR5?516F31%1 ded fhuayoRot 1cemsy é‘§sF]ﬁ‘§ surface

Mexed EOWHer boke m@&qrngozsajy aléaelgtcbprth@eéméi-@ptof ane electric
or I

p r.am.c
PabEhathed IRAMIY LG O GFGBREN PRGRERTS] St hischarge
siphthevBaamhidl @ ofi ﬁé&eameﬁl dnavdladiieg by momimesdiagharge may

tB@ 55@@}59% 84 aé’eo Oéf@&lblycasl Ul 1aRQYH . ng, MM

Metal 1 njection M g ay tormng and su
I\/br eovefere hetft%(ieasﬁtaﬁ Fe%$ s’tsaﬁpmﬁéﬁﬁﬁ ebripHsilAgdt pedy molded
ebgcianqie Bl nesphige 8 aiTetlae coh@odXxitdatia i =8S bstta molded body

nﬁ%@{;‘eggggo\?[jbﬂg Ell&%tek%%gk@gﬁ# I ne%al}%gor d%n‘g%&uuﬁl hfurnace or
pBrERon Mganwiy le fel:wi‘%@d ef moicimadyhapersssinar the electrode

Sbé%ﬁﬁetﬂ&rﬂe‘@b RN bOR g ¢ bﬁMb 17In‘ﬁ\§c§98i'wllold1ng
an internedi ate coa |n Orne

oﬁpaagépﬁ‘&‘aeg&n@é%h 1 h¥OP§S¥EE oAt %e%map heraRs tsue electrode
eabrgiyowd a thepel entiliar diosghsitaee afdchber ipleernpdiraieén of the
cRaLjng,83 is conposed of a conposite materi al

conS|st|n primarily of at |east any one
he other hand, instead of the electrode 85, an electrode

87 compesedof 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.

Ag shown in Fig. 10, a hard protective coating 89 having
abrasiveness is formed on the surface side of the intermediate
coating 83 by means of energy of the electric discharge and the
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of SiC and MbSi 2 which is changeable into Si Q2 having
fluidity when 5 the gas turbine engine is in
operation. In concrete ternms, the internmediate 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 with enbodi nents andgjgenerating pul sing
electric 10 di scharge between the base coating 79 and

t beogkett redtod5 idsbhies cbinfttdd & 0hn @xQClel 68 es ceramic, BN,
el ectrode _mat er

[ h
AP0 RRhE e € 8EL LRI Ol B aprresistanc
w@ﬁéﬁﬁapr gamikeyreudt depdsand omhe dbf fdediiom-amd/imtant metal.

wel di ngIﬁncéxﬁ‘@réi‘:’é fragens Sicte choﬁ@@t?@é%é‘é{aﬁﬂ@%ggsbformed by

means of the e of the electric 15 di scharg
wﬁﬁﬁiﬁww.%? L ?503%#& 5PF e PreP et st iy C@ﬁ§éﬁ§r~°d’é3wn in Fig.

i Alt(ke dndqmeéieSecﬁret e;@tal‘rkgraichmiﬁbhﬁmllal HD:Llj SB El@l accordance
dj a erated . in as_of e ect i cal

TWIERSEHE ORYpa el i Hhniclo? 4880 ol TSkt Eftic atscharge
nBrdwaeBodye mmewu@oﬁpaésggng?: powdlerheofelelkgrode 91 in the

composht e d@%@@cﬁ'x‘ﬂé&ﬂ hgsIDhdedn badnat0 5Bl 9£6888854e material
nmeans of a vacuun1furnace or

with.a heat treatnent
e BRI o1 RErERRa SRor Grilir CoApPesetrgode naterial
t hereliestmlddeie;&%myanbedﬁﬁfﬁeﬂohyamdwn‘ wefadthiongn thdMsurface

(%&@l Ifnjtq{é | end%%ﬁt | on ?%ac‘eg{rg%t ggr 0 plggg‘ﬂﬁ igChinStead of

Mor eover, ati rode
SAEPETaF #ig a‘FhEF Pl shgp eligicheget ilp the b@@tli@ng o:vf teHeectrical

25nb{1aéﬂ318n a pﬁﬁsﬁ?hﬁeﬂlbéﬂgrgénﬁb?ageoéehaﬁated in a gas of
87 conposedo

ode 85, an el ectrode
?gé d§%$ n%‘ﬁﬁwaed body nol ded by conpressing a
povvder Bgre& th@r etllaetm:tleleﬁﬂ. hedyopposed sefl ammbbdadhesady molded

twas@gesg% %gfofatne%wa ULnags é’é{eﬁk&%‘ MBY,aR¢ of caN,

used sing ele
d?scﬂé?@@ |§°&@ﬁérafgh |qh%u1@%%ﬁﬁr|%%¥+?s i Asupmifngand the
| quuaiaaltimht@ktmaiﬂmmét@ydwcai bensed MBaWwbt! &f <BN and the

FErORETT N .
NBY ek Fregnt bﬁm&ﬁmﬁangacmmdflsmMe 85 sAstshoWeanwhfig, instead
19¢ n@lh@h@ lﬂf ebﬁﬁt:é¥§18§att'h%9e§$ ﬂﬁ%de?g n@aﬁ{egé'%%%%sby slurry

is formed on the surfaceé si

AT TP 83”1% (Wesrd BRI epletey Mt dimglel epraycforming and such.
di schangeresnk:H, hEh8bx:ﬂi@b@@ﬁé‘é%@ﬁ&%ﬁd‘&o&@obing the electrode

C@fpgéedlﬁftﬁg %éhg%hs% %%1%%5 Yttr%g stabilized zirconia,
however, any oxide series ceramics other then yttria-stabilized
zirconiamay be used. Meanwhile, atipendportionof the electrode
91 shows a shape similar to a shape of the tip end porticn 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 piatform 9 by means of an
aluminizingtreatment. Meanwhile, insteadof forming the 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, operations of the fourth embodiment will be described.
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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 5 enploying an

el ectrode 91 for the protective coating shown in Fig.

11 (c) and the electric spark machine 15 shown in Fig.

3 in accordance wth the enbodizrents and generating

pul sing el ectric discharge between the internedi ate

coat [ ngFSBSan(‘betd&&ls@ eod bade cdhtimdg e, thequitdkriedfiate coating
c tio that an el ctro naterim
of St e FE e B PR e R 1 8B EEHA B OReRRE e the emeray

epécth@d%lmttmcr ailsqif@rrtgeesaomn@@p@%|ttheo@r0@eﬁtd|§Eoﬁoating 89

a&ﬁhobe\’\@irﬁiiiﬂéﬁ %ttl'ﬁ% %%(ef ﬁﬁﬁge Sslrk'ij@ré’ftﬂeh%lectrlc discharge is
i nt er medi nwhi |l e, 1 nstead

at |
g8RBFATFR ? ‘g %Ei fr edPg%Eﬁ?@rem‘?l?ﬂt tq?é:qrqpq?\@lydng ppe formation
ebécthe q:&loteld'a:&urleatoaﬂlng guubadnghe peehatgeanragnbeaccompanying

gengr ?B?lqajcg gqﬁst}?é Qvt C%%ltl Sy % !aéuqnb gpé(gpectively

the electro ose * & nDI
b§mébBressi ng powder of t he OXIde serles ceranic,

powder ﬂ&rﬁ@?\lﬁr o at@sé Q@%efeé?%oﬁ?ea Qi@Lﬁﬂa&g;r b8.§t v1 between
anm ¢_an e i datian-resis met a

S hRch < Sy i T 0 R Ao POE BAHR B A7 o8 boundary

t e rooVe dekthahn phec:erstsendnadntdrtea ckbaa.tl.ngt geatmemhebypase coating

m@néngfa"’b 4Lage }Qé%ﬁé@?ectr g'msf%lv'enéggggng 89 and

of nDI co essin

{ PO I RS AGF CRBEiTAG> KFRPCRBLERLY ARyeLs DRIt ures in which

Mebibogl £ i6pE %les‘wﬁgd@%cﬁhléﬁce miaeepl‘éﬁecthﬁe @dad€ng 89 can
QSs].n el ectrode

ram th 2
RE F PR, e BRI e PaSe T i a3 i o blade main
hboreveT7 iy tbri desserdadsigpi7anags Wihantemerdiate coating 83.

yt tria-stabhdigsee, %é'c%ﬁ@eatﬁgyﬁgrb‘égqh é@%%%'lh% 78 is formed

end €ort|on of " the el ectrod ows a_ sh
i FBF t P LR toion € 18 BAadBorti BY Belaxption of stress
bgadErateaﬁ:yAeStBéﬁml eRpEhg 1oﬂ1Q9.1 faR r@nide Hﬁﬁﬂéﬁiﬁth@ @otor blade

gﬁ gﬁ 1?0(?:2 %r&dﬁ%%ée E‘J;ﬂ}:/ CE:‘?\? él'fsl’}g{f) pg ﬁé‘zllg?{]ltl? a%%s turbine
oengine ﬁelantatcmrmtgomky mrm:aﬁceacnf aaldafisictinguch as fracture

t Eﬁaﬁﬂ@@irotlg%%ﬂ\‘m' J:Sat instendaaf pd Oé\fﬂﬂigaéé?ﬁi QhH%Mer even
tln%d%%% means of the alumnizing trea

chi off POz Ted | 08 CRBBERAoP: SEcERs vASER | iRy the blade
havecogloxbeapreoveritesd st ance may be formed by nmeans of

a ohr o204 SRLIRAL: oNeX. s QPSRN O ulhind WEMRe 3, che

composite material composing the intermediate coating 83 changes
into Si0; having fluidity, Si0;, 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, because thermal conductivity of the porous base
coating 79 is low and the intermediate coating 83 is formed at
the surface side of the base coating 79, heat-shielding property
of the turbine rotor blade 75 can be increased.



10

15

20

25

30

35

22 First, because the base coating 79, the

internmedi ate coating 83 and the protective coating 89

are fornmed 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 5 generated and hence the pretreatnent

acconmpanyi ng the formati on of Ahe protective coating

89 and the post-treatnent acconpanying the fornmation

of the mncatmﬁﬁde&mmaithgh&gfcﬁmrbemb@@m@m& ¥eldescribed above,

om. t . ver ne._re

omeefbe et el Phe MRt A S ad AR B gre Limicea
bltedéheairangedyhere ehdorkridgic p?aﬁch\am@etlﬁeganeheted and the
| prerrRdicake tCRM dipth B3 RN eht e hase cpast LAY I%%eé&qv@ coating

boundar art V3 between the protective coati r%% and
t e iH%ernedi BPEtcbhERreRS F‘Egﬁ‘@E’f‘WéW fAGe formation of the
Storacertesei coathi roh 8 scYpbei #d s triatd 1950gi Gided anthe production
h ' i ng. 89 ir

O EOTuPER R EKE A P BN e BBk Fh¥ox blade 75 can
nﬁJienShBEH?n‘?@ G thee Plé‘é’ﬁiélcééa’flﬁiﬁgO?%%d:Q%HE rotor blade 75

i Riz@r mdbabglgoahpggvga Furt hernore, because the
por ous hase coati 79 is fornmed at .the t

n i p.end
porti on of SPKE* bl %%%ab}’se YRS @%qtdﬁ’eofw?fgrlggsw and the base
geatceatied OF tzilet et el béa@an&am bebidhyf @27 erece Heetfwerhy combined,

tReer 81‘8%3@4: cﬁle: '@3@9*38%&( c??lgrtdﬁg ;?égi &t ¥eom the base

coati ng ne engl ne
OPr&Fr-an, O%éél?r r@ﬁ@§ R¥agmypedef beds SueRddseneaaualdty of the

i Rutthenpr ebeeti MEa@@a?S NgaB & adr 16 1S essed and
further def ect oc urred

0
the det BeF L EOrTaEe b Sa TS SRERR G bR G 506 90 tgin? engine 3,
Mbeeevee, Sty Ilﬁgfa)béﬁétlmﬂp dfhet porgasot wrty meirdiagieneide of the

3baEEeco§9ﬁp§S‘J’§ SRLE Y ﬁ!erﬁ@ 9§iﬁg c%{‘ g%@ﬁ:‘f%@g‘gfde of the

catln% 83, changes into avi
i R28€h ?aw%s”aca@?ﬁ 0P %élmpﬁt:e%%tm &%déééppnaegestance of
| sheutesbiné argoseplefdet he safifive eni@eredbntinBehasequality of

c [ 0 abi l.ity of the surface 30
s?gé Eg %%gbﬁég&éo@ %%ég) TBeE IS S rost | ost .
Meanwhi Meanwhhle, chke phesentravvantiogcdssnbg tflHeited to the

b&%@c@@@thﬁﬂ dP tie %?Eéren@nttll%%e'dnkg'fh?gg't %&So&?ﬁéh@gand can be

83 |ntr dlgfé‘% tgores and
FEFPREF 15 $BEPHEITRIFIEL R SUEEGCEyt BRatint based on the
pnowed baséacas teeatmegt7Bethoiownanrd cof@anate it alt® fourth
C@%Eﬁgm§§ti éaﬁoﬁgegrgéessed to a portion to be processed of a
component main body in a turbine component other than the turbine
rotor blade 75.

(MODIFIED EXAMPLE)

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

More specifically, as shown inFig. 12 (b}, insteadof 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 97 of glassy Si0O,. Inthiscase, after forming
the protective coating 89, the pores 8%h of the protective coating
89 are closed by filling the pores 89h of the protective coating
89 with powder 29 of Si0; or MoSi, and heating the tip end portion
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the surface side of the base coating 79,

heat - shi el ding property of the turbine rotor blade 75

can be increased. 23 |In accordance with the fourth

enbodi nent as descri bed above, because the range of

the protective coating 89 and such are limted to the

range where the electric discharge is generated and

the pretreatnent acconpanyi ng 3she formati on of the
protective coating 5 89 and the post-treatnent

aegonhamliade heo frbraratheopofddrhes o eheat_;iekaem:tn:atthmamorphous
8%’[8.%%‘?1‘1%% 5’?Sp%eta{n\(v uéﬁt omcht fpctb%cieﬁ 9[§r09u§ 02t or 1%? S4pe3TE mixed

requiréd to fhe i'on 6 drbrne
75ncén11§@l§h@ﬂﬂeﬁbﬂnaﬁéllﬁ@ productivity of t he

turbi nemeah@hibbade, 1% mean rPRIRIGNP & Wﬁﬁé%uﬂ:@l embodiment,
eover, because t he $%otect|ve coating 89 a

bACE SAECPPAF SbIOPRCHOIIE (1 SH oty SrecHRepations and
fmmmlﬁffeubsned thehéoprohestbodimeat i axge &-lciomesito

hardhyp m the base material of the rotor
% F%H %ﬁbogg&E§$9and hence quality of the turbine

rotor bﬁaé@fﬂ?(ﬁﬂbQﬁimﬂQRnW1&bdbe1§eﬁﬁﬁﬂbéﬂm&ﬂ¥91nafter with

dukiregeaper abi Py of1 t e gas, tpi?l nes engidne 13, rFRECaVsea), rig.
i.lle the surface side of

%ggbﬂas 90a?§ﬁ§ 7@ nﬁgg:sfig?neablllty of the

surfaceAsi deoef imeFidpask agwhifling 79 ,caenesrbbdnberotor blade 29
allﬁqﬁctcdr%ce%itﬁ?{i%@f1%%%'&&]:%5&1%1(?91% id Bfe Blfréﬂr%%.nfe components

r ot or can rove ence qual | t¥)
26 PheYEdr bt fe 936t Bwrbpaaeewr@aﬁ BE # iV durbine engine 101

g/ﬁaﬂth ketatﬁbl?ﬁmglﬂ AMeNLE1 %dt}?ﬂ% ﬁEldrBOet %Qs r@rihige engine
SCcrli | e._al or our enpnodl ne
gdgcaﬁhbg}u%ﬁo%ﬁ??n%gnfﬁ% %Pesﬁcﬁ?at”hftngénﬁuﬂp&t:e

t r eat nefs Hmyed ionFide l4novbe wurdfiace roteatinbmde B8t hodrovided
i Gl@ﬁcé)rr%&eb%ﬁg ¥ TR 5]0§5as.e%pegﬁ1ﬁ§ﬂénf%lkhebod¥ and the

roces t0 a portjon to Be processe
PHOBgﬁf%mamMYnéO%&ﬁpoﬁ%ﬂlﬂ@tlﬁért@ hag W@lne rotor blade
t ar bhneccondatcdlwideh The (fNﬂQIthEEolalxﬂb/HtE) c&ﬂpﬁ$éd&ﬂf a rotor
e e t e t W SCri
hé?gﬁ%a?fer gf?%P E?é%%gq}@ﬁge gil i?a)qg %P%Eii%’ & portion
M5PBISRECFF o & Ilyﬁadasngs BdaRr Va ga rr2zsehire, sidewedll 7b of the
051&@& M 4K atfhew ﬁﬂﬁ%ﬁfé&@ 9@‘?595 Lng p&%t@%rﬁ@séﬂ}é 8ePortions

o Bt 81 PUBSERae i Seh kP diielsl fgyn body 105"

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 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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an anorphous material 97 of glassy SiQ2. In this case,
after formng 35 the protective coating 89, the pores
89h of the protective coating 89 are closed by
filling the pores 89h of the protective coating 89
with powder 99 of SiO2 or MbSi2 and heating the tip
end portion 24 of the blade 7 so that the powder 99
is changed into the anorphous gmterial 97. Meanwhil e,
the powder 99 of SIQ2 or MoSi2 are mxed in a liquid
amchdt E‘ég.f LEl(ey. aMRatididBzctimid @aﬁ@@imfaicﬁdnexaﬁ'pbhﬁﬂﬁ in Fig.
t he | t.he s peratiqns and the
sand ool TR Bh e bR AR R R e eoeric
f@aﬁphaéﬁﬁédbﬁ’éwelar@%mr@@@ rérp tny BEVBODIVENFRJANg edge 7a

f ikt Bhenpesh aprd widdwahe dgssf idrdphgnei fafderni bhectrode 107

£ NCE ENEM MY - ) S

SpdwllfommFE?gand ainel HertrkRle adurhi nkarobnr ebtadeo®® material
'%facﬁ'ﬁgr gq@%@r}%ﬂéhlbbe f: 1.i:tt peggp.?gﬁngu{)stl.%ng@eogfthe %lectrode

t ur bi ne corrponen S I ne en
ofageyiadny3 K s @%n@em@s Jpion a5¢ flfé;lsrl@ﬂa@la@l @r medmg on the

a@oaxh_ah ﬁ&[ﬁﬁ{g 3¢ onf tﬁ@Qe&@Snthé@gé‘eiaeB@ﬂ’Iﬁa +es3uPk sidewall
e A R el
pPévifdelte phit hoam Bd:t}cmemhadé tiei andoaglyofl @Bead et ric discharge.

cggaﬁmﬁme n%%teg%fag%é 90&19@19%?9%%8?%&9993 14%e 1iquid

as simlar to the tur ne I ot

aéc%? FARGE ndices %H%u?-FFé@ner?oéﬁllﬁéﬁE,dJe@ﬁﬁﬁ)% TGl Be generated
r ahok @asbbadelactm@élatiﬁﬁma&lw a dovetail 11.

Meanwh t Wi |

Yo a orEteRePrinedre B A BE Pa g e B8P e B coat ings
pafhware ffagmedf byfempikboylzy faor mlecsepde B3O phrwnons Fig. 16 (a)
t anBerpgocesped é}{d the reqte%rtéjil aggggﬁ' agﬂgﬂe 1P§ sHWh in Fig.

portion ran romth
?e%guﬁgcoﬁ a%?ﬁe“b?@ ?%eo?m??QﬁmﬁQﬁﬁe%n@uﬁFRQR?WHQSNa pulsing
paﬂ.bmlayleﬁ aties Hamfe td&eweplnatﬁerm& Bhre qikeCesseHe W 1dw pathway

a

T T
ﬂat%€é®ld9ﬁcéh@n?heﬁhEOﬁefﬂﬁ9enbodlaenptlbn stetance of the
V\@]'.é'ét;r@@@t mBgsrigf r&:%\ﬁ:lle%orlﬁlﬂ tHébQé‘l@{&f oﬁﬁgugﬂﬁn and/or

e BELL o1 eralg fLom e g0, Leatl ng <d0e Ja L TS e
pat anbyrh a2 ebPfmednd hef pia feareBgd. of the electric discharge.

Here, theelectrodeg 107and 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 gidewall 7b of the blé.de 7 and a tip end portion
of the electrode 109 shows a shape similar to a shape of the pressure
sidewall 7c of the blade 7.

Moreover, instead of the electrodes 107, 109, electrodes
111, 113 compdsed of molded bodies molded by compressing a solid
body of Si, a powder of 8i, 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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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 35 platform9 by neans of

energy of an electric discharge. In concrete terns,

maj or parts of the protective coatings 105 are forned

by enpl oyi ng an el ectrode 107 shown in Fig. 15 (a) 25

and Fig. 15(b) and the electric spark machi ne 15 shown

| MeBinghi13, i InAee aamﬂ@bpr@@mlﬂ@ntﬁh@m%trmes 111,

g?Lq?rniaa{ | E% n%%m}'%%l?%%ﬂ R ﬁ%&cm?gggaﬁ I'{%Eecttl%n Molding) ,

pﬁ@gﬁuréosmdemabhd7bugh the blade 7 and the el ectrode

107 5 a?‘ﬁr@ﬁ&.\?ﬁ@f‘et her PL £ SEURS i d;@leobrbtﬂgcﬁzllgw coating 105, a
pat hway face 9f of the platform9 and the el ectrode

1@’7‘r§éc?h%’cd%r9felt€§tPB%%Q%%%‘? icHatigg the B &Bacseeed with the

1péearna teasthent subst aneeretetheded e m@@egeanmgl eteatment,
r i dlfoSI an r,_wel din

A P ARE R LR b Mt B PRl €380 Bty creacment

pﬂésﬁaréa§?§eﬂﬂﬁle&@mﬁblﬁie@he bl ade 7 and the

pressur ﬁeﬁtd%ﬁra{tﬁ%ﬁé QW that hyByh fatedifenefwiebe described.
platforn19 y ns of the energ¥vof the electric

di schar §&=® St s PLOESALE VAT 0% e formed by means
poif st lmey e@esgbrangehenélmc&rmjlddscSa@Qeelaecrahgeaiuf the protective

' E%Hk?hgoQOBacgﬂl %' ngi 1%%'21“\«9%%1'1? atbﬁrﬁ% etq% ﬂl{é %lectric

gas o | 6CErical 1 nsulation
r @ﬁﬁ?ﬁ?ﬁ@eph? generatRd ardthendeve RIRRNGRjMeNtD8cgprPanying the

f ebrREt D¥nendt OyHHg éﬁoebeﬁlfrédecé@cglrﬁ_fm\é@dl naFly_Qastlﬁcreatment
ar macni ne

d th
SRbsRTPARELSe T8 )it e i PROCENBOUF nERRSing can be

amgdsgeneivelyngomiptedi ng el ectric di scharge between

the Sucﬁb?@o@ége Pérttj.'}fe fdat 31\@ %&E%y %Obgﬂﬁga?% ;?értt. "8 between

platform9 and l'ectro at an e
wEF@rP%‘Pt%‘Ft%‘ﬁ% @aetcﬂﬂgoa@ﬁégr@?ddw dde essrIvhet aWé% electric

Ofilbbﬁargée&ﬁdm ﬁabérmaﬁeﬁﬂil |o&3tﬁétrt§1@cﬁ)§$dltddénma1n body 103
on the suctlo ,Si de

d/
£ et SRy e Bein S G ot iR 8055 e G hence ene
théOGﬂEtgyeotoattM@llé)ét end dhsdimsgamat@xilddr ef the rotor blade

eh§QBr89§§ 187 @Qﬁ g@9f§g§i t?3ﬁ%¥ﬂ%d-n constitutions

as the el ectrod I n ‘accordance with the second .
enmbodi nERTE em%mm.%qatasq i et gforas oidss athdhe protective
ebeatinge1d97ishpnscassbapeitisi thd apeddimy shogecn@nd, hQ:es:.dual

PEERLE0SE A0R0RCLLI R LFRELI G 12 L0 BB e provective
peéPaEdRg 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 required to the production of the turbine rotor
blade 99 can be shortened and the productivity of the turbine rotor
blade 99 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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30 of the electrode 109 shows a shape simlar to a

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

Moreover, 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 35 a heat treatnent

by nmeans of a vacuum furnace orgwsuch may be used.

And, in this case, a pulsing electric discharge is

geher ptetetbivarcaitaeiy woal tyménud ahh:ﬁgyl p&l bff from the tip

' ?J%l gdllagtge 9{65? 1554 IE%%r 98@5? adeé 8 e & {'\{F oca ]llc%l a.nl?zlS &gnce quality

npressin
meyf Eéef§ﬂﬁbén§yr@tgrr?lﬁﬁ@u$$mpamﬂbﬂ(ﬂ%ﬁhﬂ1ﬂ3ﬂdbct|on

Nb' di Ng¥Furthephéye f %é@ﬂ%@%é%@ldﬁﬁﬁt BEMPPLEEsiBhi S ress can
rn1Q%H{he rotec ive gaoatin 5 surface side

S Ve tdeE P elcbfsg?@ Pp‘%"c?@é%tsié’@ GPEHiRRE 05, fatigue
p66mengthreﬁtnhﬂtprdEEmeuH(Hdaﬂﬂm@e&OGfchhebeeﬁmpﬂ@ved and the

t R eRLMBRt e A §PRL A DEENL HiY Mae@é[ RN 4ShNg eﬁ%?ﬁga?%% a

| aser - peeni ng tr eat nent usi n aser are exe
Next, ofjeravibhe: ofheherepenh énvedthent 1@ Inptbélmlted to the

dasgbrbpdlonl& Ehfesflfbﬁﬁutiﬁhﬁﬂ&%tpéﬁﬁe@éﬂ% ﬁ@@ﬁ)!tef‘gy modified
e ener | ectri

f
atBehareh e DA Ea Paet ot uy Pt g g quas surface
berEahmeBu wethpd anr angemtseree twieclel ehérifcfth embodiment is

db§8@@é§§d't§o%egu%rr% L) @B%Q%@sﬂc?torfegt 05H onent main body

accon‘panyl ng formati on pr otectli ve
ahl & Rlgde Gamament 25hax cohpanyis dudhd neormieroRlafie 99 or a
t ber pt oh eetie/prooas sétgomrb@@poﬂ@fapﬁaih%@w 161% k@€l component

e for e.sane reas a boundary part B
NQFEQX £h? ﬁf ct??ﬂ?cﬂﬁﬂ ng 105 formed by the

eﬁ@@@%FbEDtEKAMWEEmrlc di scharge and the base
mat eri ak m%fiﬂf'i‘@dr&aﬁr[plkg éﬁecﬂ@f{‘fg?%bgbg§m§9t%sl&abe described

structurg whi.ch acon‘p05|t|0n rati o gr aae
heRte i te%r%&%ﬁn??ﬁ??ﬁﬁHQIﬁf 09 -add -t he base
mat eri ais ofhdvhie ihoFay . bl agled miwj .n 1Bgdy &@Bbm@ Beor blade 105

AT M LR St FR RS s 08 B (et Bodient

pé%nlﬁﬁ sreataento ﬁb§|ﬁuabanSrobnprbésden9§tre&s odn turbine
beoriih &@éhi@eﬁ?@o?éﬁﬁ%%é@gg t%frbtﬂll% ﬁfﬂr@ﬁ loye: e steam turbine
coatln accordance wth th_enb

& %Jel’é B.ea ngO%é-otatable around the axial center 3c of the gas
turbine engine 3 or the axial center of 10lc 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 mainbody 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 ¢, 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 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
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because the range of the protective coating 105 can be
limted wthin the range where the electric discharge
is generated and 30 the pretreatnent acconpanyi ng the
formati on of the protective coating 105 and the
post-treatment acconpanying the formation of the
protective coating 105 can be respectively omtted,
the production time required tgg the production of the
turbine rotor blade 99 can be shortened and the

prfaemcsbf wift yh@ b1t E oﬁ:mrdnaﬁabmfg Qlow%ﬁt@im@@%&@e 2anoP@he shroud
ecau ctiv

d Nb
Y D PR o 155 M LAY Viraggoncs i
mixhe 5gdyhle@bedmmbetflrn1y conbi ned, 27 the
pr ot ect M¥§n€&ﬁ§§.én9_nlg§e GRS 1@ Q}@énﬁi%]y %%etl.hé’fffl fftﬁdloéﬁbodlment

g g base naferlal of the rotor e maln
mﬁeﬂE%rﬁE%??§yanQﬁtHQN§ﬁNﬁ'@ﬁﬁ@cﬁét6? Bhﬁd%P@Qatlons and

Cahebefféabsl bzedhe Fﬂtfhﬁrm@dlmm tdh retsdual

conpres n iven.to the surface s

o0 T he Bb e 35 S8Bve? O SRl 8ol s HEi g7k IBea avove

t B¥ Jiﬁfcﬁr@ftqev@o Seyerag pmecmbll@eembqﬂnwctsanuwmer the scope

| bhe e Fhght WHEAR Ao atgi e st 1benst B@gﬁfrﬁ'ﬂed to these

mglle the present inventionis not limted to
dSQE pPEBRS of the fifth embodi ment and can be
properly nodified 10 into such that a surface
treatnent based on the novel surface treatnent nethod
in accordance with the fifth enbodinent is processed
to a portion to be processed of a conponent nai n body
in a blade conponent other than the turbine rotor

bl ade 99 or a portion to be processed of a conponent
mai n body in a netal conponent 15 other than a bl ade
conponent. (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 20 in accordance wth
the nodified exanple of the fifth enbodinent 1is, as
simlar to the turbine rotor blade 99, one of turbine
conmponents 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 steamengine 25 101.



10

Moreover, as shown in Fig. 17, the turbine rotor blade
115 is provided with a rotor blade nmain body 117 as a
conmponent main body and the rotor blade main body 117
is, as simlar to the turbine rotor blade 37 in
accordance with the nodified exanple of the first 30
enbodi nent, conposed of a blade 7, a platform9, a
dovetail 11 and further a shrowd 41. A portion
ranging froma |l eading edge 7a to a pressure sidewal
7b of the blade 7, a flow patdusamsf ace 9f of the
platform9 and a fIOM/pathmay face 41f of the shroud
41 serve as portions to be processed of the blade main

body) 11% 3pnEHr EHEY, rd?ﬁfc‘wi_ IzvngBth %ec%%'a@%ﬁ g&ﬁponent of

havi'ng er03|on resifstance are fof me the portio

rangi ng f rQpdike b%QQhﬁg ees: ?r;%@n@oat8€eﬁr@§sure

sidewal | 7b of the bl ade 7, | ow pat hway 28 face

of ofodnhithgd abhoing Inabddihg sikbewapaiduwypbactodbram untreated
the shroud 41 based on the novel surface treatnent

net hod igvmgereEndabyepwptbssing thed tdommitodiasent workpiece of an
Meanwhile, in the nodified exanple of the fifth

embodi mEHECTIE a sraganachpes witomstepbel petsade of Siinaliquid
effects .as _the o tions and the effects of the

fifth eﬁﬁﬁ&@ﬁéﬁﬁpéﬂ aReh¥dEacaBROoBscri bed above, the

i nventi on has been described above by reference to

several preferable enbodi mrents, however, the scope

and 4 he ar h Cc

o0 21 LOiboknt e APREANEACLAL 5o YUy 2Ene mechod of
net hod faarszigr @ducti on of a surface-treated conmponent

of a turbine engine, conprising a step of: 5 form ng

a coating includingSi Ccoat edonaporti onof anuntreat ed

conponent by processing the portion as a workpi ece of

an electric spark machine with a tool electrode of S
inaliquid including al kane hydrocarbons. 10 2. A

conmponent of a turbine engi ne produced by the nethod

of claim1l.



