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1 DESCRI PTI ON METHOD FOR PRODUCTI ON OF SURFACE- TREATED
COVPONENT AND A SURFACE- TREATED COVPONENT OF TURBI NE
ENG NE 5 TECHNI CAL FI ELD The present invention
relates to a turbine conponent, a gas turbine engine,
a production nethod of a turbine conponent, a bl ade
conponent, a netal conponent and a steam turbine

engi ne. 10 BACKGROUND ART Y A turbine rotor blade
applied to a gas turbine gngd@@n @ | et engine or
such is one of conponents of the turbine and provided
wWth a rotor blade main body as a main body of a

co nrg_o NETHODAS'ORS PRIDIUCTRON DENSUR PAOE- PREEESS eCOMFONHNT
turbin 0} 0 i ' j t

bl ade, 5P o praReAe TR rris Yaalea®, Pl R e, eys
| ocal |y ensure abrasiveness and oxi dati on resistance,
where the abrasi veness neans a quality of capability
DECHETCAY BDELDIi ng an opposite conponent. 20More

speci f'fﬁ@ p!rBé’st @r 11’1\9 £XE¢RY aE%?at%g E:T%t?fnﬁlb%%’ )c/:gglpgnent , a gas

I
rocessed i n the turbine rotor .
skég@e epgdnehya REPAYC BPYAETHRA SR SUARL NPt AIPEY , @ blade
BBkpbhaht f 04 B QY| F@pchdiasS rkDal igt@ahatiurgiaxi dagiag.
res i stance is f orned on the port ions to be
processed of the turbine rotor blade main body by
sgraéin .25 Further, by using a ceramic as a materi al
PoFK B?§§Pn@§Ta hard protective coating is formed on
t he basecwdatnengdyyrspiayengpp Dl SCIHOSEREaEFt W NVENT lc@idine for
s ti i .
B e o s B S S o e brovided

piEhr eax el i meds ROBYadt 3 reRthdIcdy 8fsei eRippient. As
weeat npott 0bna RSk (FdaReedndf the turbine rotor blade main

body in the turbine rotor blade, are processed with a surface
treatment so as to locally ensure abrasiveness and oxidation
resistance, where the abrasiveness means a quality of capability
of easily abrading an opposite component.

More specifically, portions except the portions to be
processed in the turbine rotor blade main body are masked. And,
by using oxidation-resistant metal as a material for spraying,
abase coatinghavingoxidationresistance is formedonthe portions
to be processed of the turbine rotor blade main body by spraying.
Further, by using a ceramic as a material for spraying, a hard
protective coating is formed on the base coating by spraying.

DISCLOSURE OF INVENTION

By the way, because coatings such as the base coating and
the protective coating are formed by spraying, pretreatments such
as a blast treatment, a sticking treatment of a masking tape and
such accompanying formation of the coatings and post-treatments
suchas aremoval treatment of themasking tape and such accompanying
formation of the coatings are respectively necessary. Therefore,
process steps required to production of the turbine rotor blade

are increased so that the production time of the turbine rotor
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such acconpanying formation of the coatings and
post-treatnents such as a renoval treatnent of the

maski ng tape and such acconpanying formation of the

coatings are respectively necessary. Therefore, 35

process steps required to production of the turbine

rotor blade are increased so that the production tine

of the turbine rotor 2 blade iz el ongated and hence

there is a problemthat inprovenent of productivity of

t bvé atder be e drefaaedbbadehdrscanaheeasys a problelbtleny emprovement

f ar, s g Ie a
55 FRSSRaPEvLEZoon: cif il RO aHe ks B, spsy-
bl ade nﬁ@ﬁe@f%d;fognéhmmmq ye@ﬁwhetl@w%uaﬁr@ pgpptems that the

bl-adeihgs Wit §QE@e tible tdVBaBMhg& st Beom the rotor blade main
are not limte the turbi

" BeGY Bracs %ﬁ# I e rﬁa:ggegla?i cans POFbrHLe-
conponenésnwndl ¢ urthleen fanymarpt dbnednpeidrin hnelnoli Agmited to
t gﬁettlt'lrr@i%% ]’TC Q&é anjdo ?xﬁf}]a}%{ §8E¥1§ 1%8&19@8\6% any turbine

obl ens |rst

eat ure o esent 1 nventlon

pr ,
aC%P%m%t%éﬁéoﬂéfﬁh%awwe%l ﬁogja@n%%.lﬁl@l@ﬁlgp@ethe turbine
anemporatedbl e around an axial center of the gas

t ur bi ch rovi ded th a c one

i o boHAAG 580V E o N R R el TR Do e of the
resesemndeventdiabriss avEnﬁssnd&oﬁr@ome@toap@lmcéabn@ ridas turbine
é&%fﬂ% M%o%%t%%@ecgggeﬂang n@ﬂcf‘afo@éﬁté@%rfe't@l Fﬁ\g turbine

ectlve coatin IS oyl ng an el ect
1CJ1n%$dEHOBb€?dntYF€ d f mﬁp@n@%e@q@mdy, and a

(ﬁrcﬂ:epmlﬁ@’ cbht @ﬁg%xﬂﬂi(_ﬂj Qﬁﬂﬁ%@l&h&ﬁési@iéﬁcéﬂ%ﬂlcﬁabras1veness

aeraurtel on %ﬁ Enm gr % de(gl %%y ro%es%ed n bod
a ‘heat tregt it ghd g %?%‘f LA SPRYEFE tFlfa& Y
dwl”mmm@h@@r@eentuhe qnﬂummlsdm@qdrmemsédymhgtatreelectrode
o8l rﬁn&%ﬁ %Bglyt Hslééﬁ%f&&i% hgxéﬁag[)owder of a powder

electrlcally insulating”liquid or gas so t
e By T IHat At 1 205 6Tt dTHe METtadt ?B@ea Bovgleregétd gipramic or the

sl stean @odef prbecekeat woda %h@étatréatméﬁﬁ Oshd generating a
U5A93KL) 835 L0131 0, 000 O LS I8 OB ANS 0L B Locease
ef the @¢m@9m¢nﬁ(ma§mh@p@e:aNdrebaealthnpsbon@.ﬁeaehﬁetrically
ohstin8cRPhESeNbui AVEPTLLQ8 58 Bhat an electrode material of the
electrode or a reaction substance of the electrode material carries
out deposition, diffusion and/or welding on the portion to be
processed of the component main body by energy of the electric
discharge.

Moreover, a second feature of the present invention is a
turbine component appliedtoagas turbine engine, whichis provided
with a component main body; a first protective coating having
abrasiveness and erosion resistance formed on a first treatment
subject body of the component main body; and a second protective
coating having oxidation resistance formed on a second treatment
subject body including the first treatment subject body 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
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tur bi ne conponent applied to a gas turbine engine,

which is provided with a conponent nmain body; a first
protective coating having 30 abrasiveness and erosion

resi stance fornmed on a first treatnent subject body of

t he conponent main body; and a second protective

coati ng having oxidation resistance formed on a second
treatment subject body includimg the first treatnent

subj ect body so as to cover the first protective

caapbiger Whereidertdg of brsthpr mbEdédivleOdBﬁ maatdgsgd with a heat

fgggggmg%t,d r(fg e@l%r%l% %l egt {)8951 n%t A 'OJ ﬁs@%\l\%gg between

one
oih@v\blltﬁt @@rfélﬁnxfe@ hﬁapéppars§edf0% tpm/\é@mp@neﬁt e body and

atHEtéle&Q%ﬁ%Uﬂq a@ﬁglegtﬁl@é’!\@ﬁrln%ﬁllétci%@am(ﬁlﬂi okN@as so that
nmol de odcggrocesse Mﬁth at treatnment, an
#5 i

g@het NERSEN] RS 80 AHYE D& reanting substance
f@f$hepﬂmkmamdamdxﬁmmamesseﬂesbuthkxmmmmmuﬂndxﬁﬁms1onand/or

b&?éj]ydfa{% o‘hhrgmglfQQEEg&é{ﬂ)ﬁ"gf):x%:éteﬁgébgggga d@FH %An%%nent main

|7 qui as So e materia
éW%QYrQMk?Qﬁrgy'ﬂ@a@@ﬁoﬁl§GE§ﬂ§n@é36Fa¥ﬁ% el ect r ode

mat er i aloreRkles a0thigdapeskiiues, odi thuspeasand/ ohvention is a
rocessed of

e SRR B0 by S By o T REh SFBRR A whi CIi s provi ded
d/'viqﬂharcgmdemI@in b@diyhi 1 pofreabasotobhéngriesenty oxidation
rgﬂa%e' dnd eﬁ% %%{jpg@g@h?%fn% ba 2 r@%iom to be

tur I ne engl ne conpone
RETBERF 4 ﬁbﬁo@@mea%néo@ﬁpﬁgbﬁam Ry exeEdYieh an electric

IESIcSaRes anththeaiesit el dbagi iy aaﬁpbye{mm&@br%s%@lte material

port focesse the co onen | (0] . .
S R ARAEE T SO h B s R PR P Fat R M5, whicn

@@aczhlmeﬁivﬁm)sedo @ﬁoa heonpasE 17elcﬁratt}ewhah tls gaadivgttiimg engine
Il r Ie a |

RE! TR opdr R idH, (LAY 0OBEoho Rl MUOaHY B an oxice

?@FB?ﬁecéﬁ@WH%rl%an %uﬂﬂ%ﬁ44ﬁ10%1Q@§raxﬁﬁ8t§€¥ﬂﬁé ceramic and

chat i digi CofipeseeQfstantoxhéea Bebires Cﬁﬁﬂﬂhﬁe BN, cBN and the
of the oxide seri.es mc. a

et Ao redraPiNt “ABEaL oFd MRLUIL 6P eBiSREEhe STosion
2esogtdare onr resi&tEmn metsl s tantehdeoirngdabnasi venggse side of

£hOSH AP FRSASL BN CE L 1,1 Wlatd o JesiStancs JerniTed dqréc@large

surface side of the intermedi ate coating by energy of
an el e%lf]fi;l&ela]l%a,aggourth feature of the present invention is
being provided with a component main body; and a hard protective

having erosion resistance formed on a portion to be processed of
the component main body, wherein the protective coating is formed
by employing an electrode composed of a molded body molded from
a powder of a metal or a mixed powder of a powder of a metal and
a powder of a ceramic or the molded body processed with a heat
treatment, and generating a pulsing electric discharge between
the portion to be processed of the component main body and the
electrode in an electrically insulating liquid or gas 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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Furthernore, a fourth feature of the present invention

is being provided with a conponent main body; and a

hard protective 25 having erosion resistance formed on

a portion to be processed of the conponent main body,

wherein the protective coating is fornmed by enpl oyi ng

an el ectrode conposed of a nol ded body nolded from a

powder of a nmetal or a m xed powder of a powder of a

netal and a powder of a ceram c or the nol ded body

pE3EEd’s AFESHRIRTIONeQF BRAWENGS nent, and generating a

pulrsigng 18l ect i GdicnehacgeiRelMReN-E he gﬂié'@ﬁrlg:@n@eengine in
processed of the co nent main body and the el ectrode

i [T a@&FrW&EEI§mEB§bT%??%g liquid or gas so that an
ellécr.odé mat Brsadle ofidhefelaectirbdecorocacrentéd®nin accordance

syhshanceob.t bepsheqtiode material carries out

deposi tion, usron and/or 35 welding on a_ = _
pri&dst eBhi ned® SELEi BT AL e EBRPBRE FP ¥ Pa P by accordance
enecgytat theogimehtsc di scharge. 4 BRI EF DESCRI PTI ON

OF .DRAW [Fig. 1] A schepmatic draw ng .of a gas o
CHFBRne bngi Mot dn B0 POAnEES w P aiGaPRen ade, Frig xplaining
28 A rdiectvicewnethadtafr bi terb iocdripatenitniaeoootdacee5yith the

Wet bea sk gobodiment. [Fig. 3] A side view of an
el ectric_ spark machine in accordance with the

ehbodi neht s. ﬁ;ﬁ%ﬂe JPﬁMng4€a¥U§thﬁi@QtQ{bél%ﬁQain accordance
Gy B NG Smb@1 £ BXP| @kaMpgl®: of thePFAGUC! cabotRkbad  of a
g pine; Fommancild i Sgeardanee WA LI ABHILSL, cocoraance
b bde 4 reecwot darzeliwiert .a nodi fi ed exanpl e of the
fiffﬁ.eﬁpOdiﬁﬁﬁt-7(a) and Fig. 7(b) are drawings for explaining
asurface treatment method inaccordance with the second embodiment .
[Fig. 8] Fig. 8(a) is a drawing along a line VIIIA-VIIIA in
Fig. 8(b) and Fig. 8(b) is a side view of a turbine rotor blade
in accordance with a third embodiment.

[Fig. 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
asurface treatment method inaccordancewiththe fourthembodiment .
[Fig. 12] Fig. 12(a) and Fig. 12 (b) afe<irawings 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. 16] Fig. 16 (a) is an overhead view of Fig. 16 (b) and Fig.

16 (b) is a drawing for explaining a surface treatment method in



10

15

20

25

30

35

[Fig. 6]A side view of a turbine rotor blade in

accordance with a second enbodinent. 15 [Fig. 7]Fig.

7(a) and Fig. 7(b) are draw ngs for explaining a

surface treatnent nethod in accordance with the second
enbodinent. [Fig. 8 Fig. 8a) is a drawing along a

line VITITA-VIIITAin Fig. 8(b) and Fig. 8(b) is a side

view of a turbine rotor blade iA accordance with a

third enmbodinment. 20 [Fig. 9]Fig. 9(a) and Fig. 9(b)
arecdraigmygs Widh ekel diifthgeabsdiface. t r eat ment net hod
'nmvgcordﬂncep th1t7h§st£”§ﬂieem% el tu[rléaae %Q&oﬁ blade in

si de vi ew of bi ne rotor blade in_accordance wt
a %C&ﬂrﬂﬁm&?oé«ﬁutﬁzeﬁt mopif ged 1&1@}1@16 13 ayhand Hity. eifbodiment
11(b) are drawi ngs for explaining 25 a surface

0 0 |
ool gg?‘i?%n?-‘iﬁz?é? éﬂ?“ﬁ?@v‘i@f@&%d Fig. 12(b) |
ar e dr ahi ndssforpexph aiwiildg hesurdaeEnaflest nentvemet hod certain

i %n@%@l@h@%@%eow tt,llib %r@%@h“t‘ edvexaiph er of ée@s%rﬁ%l—ihbhthe present
enbodi nent . A _schematic draw ng a steam

t&Fb’?ﬁ%@ﬁgﬂﬁefPﬁt%raéEBFHénWetW ?leéolf’ﬁ%‘he reference to the
eabadmpeny i ngFithwildA sméenWhem\e pflrathardmrawarrgﬁ OFFF” denotes

blLa h f,,th
V] A iy HPEOE R BAC A0 ) AP oF Ferp)ieay direction.
FMgreover, 15¢ Hhg §16§C@W~a’\mﬁ§ f op @qp%n“,m‘@gcaogardawtlon” is

t reatpral vethodh j- §§1§C&Pfé@i'h%w‘¢éqhbtﬂf@zghf:ém dlrectlon” is
is ap overhead vi

FF‘age’iJé?‘B)t%[ ; %1 Elekéfb‘?l %12 g o SPTEXpRAI %egCtlon" is

arcsfiefacé toeasnent- matmaﬁnerttl@n.
(FIRST EMBODIMENT)

A first embodiment will be described hereinafter with
reference to Fig. 1, Fig. 2, Fig. 3, Fig. 4(a) and Fig. 4 (b).

As shown in Fig. 1 and Fig. 2, a turbine rotor blade 1 in
accordance with the first embodiment is one of turbine components
employed in a gas turbine engine 3 of a jet engine and such and
is rotatable around an axial center 3c of the gas turbine engine
3.

The turbine rotor blade 1 is provided with a rotor blade
main body 5 as a component main body and the rotor blade main body
5 is composed of a rotor blade 7, a platform 9 formed in a unitary
body with a proximal side of the rotor blade 7 and a dovetail 11
formed at the platform 9. Here, the platform 9 has a flow pathway
face 9f for a combustion gas and the dovetail 11 is engagable with
a dovetail gutter (not shown) of a turbine disk (not shown).
Meanwhile, a tip end portion of the rotor blade 7 serves as a portion
to be procesgsed. '

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

accordance with the first embodiment, a surface treatment so as
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accordance with the fifth enbodinment. [Fig. 17]Fig. 17

is a side view of a turbine rotor blade in accordance

with a nodified exanple of the fifth enbodinment. 5

BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON A

description wll be hereinafter given to certain

enbodi nents of the present invention for describing

the present invention in furthee detail with

appropriate reference to the acconpanyi ng draw ngs.

Meemwhisbes diddie adr aes hgsanddBhddemot eisvai®ss f owargssed with

di regtd Qn t%“ctk{é':%lpd%ﬂﬁt Sriibfaspal de dh1 £l I -pN.

Mor eover, in the description, In proper, "a cross
d.rect.éﬁ*SW%WQéFéP£@d3¢6n§§e§ﬁrXCé%w§ﬂam@%%%m%ﬁ5:Hhaccordance

hovitzzomial ethbb@ehban" it Sa ef@fdettdd Ry &)e\_(r@xbﬁlployed for the

m%?. |on %ggt a v%gtlcal dlr Ctl%%i efer{e as 4 of
axis |rec %ﬁ?’ EF@%? qwﬁﬂf§lon © ?Aprocesse ©

fitsy C@ﬂb@den’emam bbdbelrdei;l@r fbeldihe rasimpafiteat swetdh as the tip

r @‘rﬁﬁ%‘ﬁﬁléﬁof't%e ﬂ@tcgf g\%\/ﬁg? r?Férgd p§ovEH@d vﬁgt@i)a EQQ 17 extending

b) I g.

%b?ﬂéxr%ﬁ%ﬁ qﬂ§%$§lfnl%n%ébgkééﬁéed%f?%t%%% fﬁW%Fher the bed
errbodsrmﬁvmc&dmetafatuﬂhﬂjmwcgﬁ@mﬁ:&bza wnlsoy@@anﬂe in the
a u Loe 3 of n e d su i s

*RRIS AOIS A of 4 8 AU R0) fBcor (ot
eﬁ@PW@ 3and movabjmf]elrt uﬂtﬂ rYear?@tSoﬁlb‘leg@eOm bsz peaws d@ﬁ a drive

Wokhaayr 8505 Bbads-MBt S bodye S1asad conponent mai n
body and t he [ ot tor bl ade main body 25 IS conposed of

a rotor  BFabd®7s 4%piat poPiigefortisd .anpgo&mStsaP@ bGdy 21 for
V\kéheavpng)eu ﬂrﬂd;uSdi deodfe ltche righar i bd@te: oraBdch as a processing

thaq{d %1:'[ tfh%rggg?gés{ng tglnﬁtéfr oy %%p I_claerrte ggg 23 sgrovided

atforn1 has ace conbus
gﬁ%e ENEPOHE Rilciiet 3B 11 Smr@sl@@mg‘ab leed i tZﬁ tp dovel 4he component

gruélﬁfbc(diptsu%hoé{\@)tﬁg rdtbi bl H8e s 6BAY ShwehpaBfe of being
i p_end portion aof the rotor bl ade 9

s%?%égxgghg 1ot EPoh® 10 B sSGnnﬁﬁHeddg’&Qs%}?%%ﬂuzpower

| xtergce a2 protective coating 13 of a novel constltutlon

havi ng ghrasimeness; and %?('t%%ébei%d{en 2 ?10299 8 o%%ed with

at the tip en portlon ‘of 4 surf A
Sifee BB HING Ife Gerloract(neé sbarphgand T-lse mm@%%%m@maﬁd 29 is

anpelidgid rLat Bhts dlrkéHtrlen WRF GsarRassd 03 ROVR! & z-axis
Ssuerrfvaoc(?nott:roerat (msoq:t S own . IrI\]/Ioreover, the processing head 29 is
provided with a support member 37 for supporting an electrode 31.
Meanwhile, the support member 37 is electrically connected to the
electric power source 27.

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

Moreover, the oxidation-resistant metal composing the
electrode 31 denotes any one or more metals of M-CrAlY and NiCr
alloys. Furthermore, M in M-CrAlY denotes Co, Ni or both Co and
Ni, more specifically, M-CrAlY denotes CoCrAlY, NiCrAlY, CoNiCrAly
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accordance with the first enbodi nent, a surface

treatment so as 6 to ensure oxidation resistance and

abr asi veness is processed with respect to the tip end

portion of the blade 7. As shown in Fig. 3, an

el ectric spark machine 15 in accordance with the

enbodi nent is an apparatus for being enployed for the

5 surface treatment with respect to the portion to be
processed of the conmponent main body in the turbine
copdCCsAdlch Meanviel ke p bavdiuser Siionapf hehe a gpegsibility to
mﬁ%#%éhéﬁ%%@%ﬂ¥%9€ﬁNW&HEéhﬁE%%EEééQ@&@Ph@@oHEg%B?sC M-Craly

X-axis direction and a Y-axis direction. Further
bed PFELerpPovi ded it ¥ o Tt e and the table 19 is
novabl eTha ddweandi: Xoapbsidgr €t icQrdiy ofeans iof aaydoh&enaterial

%n '@%&S » L %%%%rrl%ﬁ%t of og) 13{19' Y\P‘%%A‘l[\‘r TiB,, WC,
XI'S rec i on reans _of —a dr d Y-axi s
séﬂ@o o 8 0 Gﬁ0€wsﬁﬂmﬁ) .Zr02-Y, Zr¢heV€aBné B is

pr ovi deglapi & h 3nBROGESHIIE hablndds (¥ cBRS &fMiiREhsPcarbides and
%6Id S of _electrical insulation such as a processing

FFSadl, 1% TR prgEeetMF G -ank 21, a support plate
23Tablprby|ded The support plate 23 is provided with

2k o258 ho-ahich the £ommenent i body such as the

he CBNg o5 |’Elgl edtri 8811 y (‘nrﬁﬂg‘t efl 195 %n el edtiele 2xr0,

oviEtOEaur c829P_ 20ABEYE the BARO17] a2pPbcebsihiPhead 1300

29 is provided with interposing a col um (not shown)

and the, rgﬁﬁsi% ng tb@aeqchgf %l d@B?s%b%iass{laPe similar

di rectl on nedns o drive o a -axl s servo-noto

(ot Hiath dwi endvm%\mn afhéher bdagsi Aig head 29 is

provi deﬂp\fdbﬁﬂcﬂléﬂﬂﬁ@iﬂocﬂ%‘fb@ﬁe FfmesSUBREbhEAY BN accordance
el e ile, the sgggort nenb r 37

tr
S E aFH?SEoﬁ‘H%/EgEHe’PB the BPEEPR EOpomErtiphiig dhe turbine
Zﬂotor blade Hersed ttheveldect mddé 3hei Soddopasedaof(id main body

! %e‘?lP)’ R g?&ﬂgaﬂ&ﬁgtgg\mﬁd gf lJfl peening

er O Q%XI dation-resi

cse?ecﬂn cHéret Herend L 8 & F BGdyDf oreasEen WreR aged éhﬁeé&ll peening
tgteat 828 hake dBaheOhode Y IRk PeCEn it 8d€Rod in accordance

nmhlle nst ea .ol di ng by conpressing, the
ng féfsﬁa m%ggﬁQFﬁﬁd by slurry pouring, MM

(N@tal(nmjMAENOBONEIEDRM&TloﬁpSEEPforn1ng and such.
Mor eovRk, o hiey q)ﬂ g@%' O{](é)es'ashg?grr% OCJEOHH %&%}I‘ IE%ade main

35 electrode 31 tes any one-or re neta
ROEYAPY lgnd MTHd ANY gyRanFuPt hEPHBHRT Y| RaREERgl.y Further, a

demati asn§opa Nt , Ofozb@ﬁn@léﬂ%@l Bt c PRRE §@ﬂﬁ|§dﬁﬂ|dﬂ/a dovetail
Ml,cré\lfYtl'geer}oott%Si” g?grdél EY fcrrmed by méegrrlél of machining such as
grinding.

(ii) COATING FORMATION STEP

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

of the X-axis direction and the Y-axis direction.



7 or Ni CoCrAlY. Meanwhil e, because Si may have a
possibility to forman eutectic withNl at tenperatures

over 1000 degrees C, MCrAlY is preferably CoCrAlY or

CoN Cr Al'Y. The ceram c conposing the

el ectrode 31 is anyone material 5 or any two or nore
materials of cBN, TIC, TiN, TiAIN TiB2, WC, SiC

Si 2N4, Cr3C2, Al 203, Zr02-Y, Zr€, VC and 134C.

Table 1 shows Vickers hardness of cBN, various

car bi degvarvdresxi danilatinchel eoom ¢ eifpethatrgeel s [CRalsiretep between

10N ekersrbas %egﬁd(iwv&hgwbéwash SBNRLING We 91.C Thereby,
Cr3C2 Al 203 zr02 4500 3200 2200 240
as shown in Fig. 4 (b), by means of energy of the electric discharge,
the electrode material of the electrode 31 or a reaction substance
of the electrode material carries out deposition, diffusion and/or
welding on the tip end portion of the blade 7 so that the protective
coating 13 having oxidation resistance and abrasiveness can be
formed. Meanwhile, when generating the pulsing discharge, the
electrode, as being integral with the processing head 29, is
reciprocated in the Z-axis direction by a small travel distance.
Here, “deposition, diffusion and/or welding” means all
meanings including “desposition”, “diffusion”, “welding”, “mixed
phenomena of deposition and diffusion”, “mixed phenomena of
depositionandwelding”, “mixedphenomena of diffusionandwelding”
and “mixed phenomena of deposition, diffusion and welding”.
(iii) PEENING STEP
After finishing the (ii) coating formation step, the rotor
blade main body 5 is detached from the jig 25 and set in a
predetermined position of a peeningmachine (not shown). Further,
the surface side of the protective coating 13 is processed with
the peeningtreatment. Asconcretemodes of thepeeningtreatment,
a shot-peening treatment using shot (see Japanese Patent
Application Laid-open No. 2001-170866, 2001-260027 and
2000-225567, forexample) and a laser-peening treatment using laser
(see Japanese Patent Application Laid-open No. 2002-236112 and
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
coating 13 canbe limitedwithinarange 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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2280 1900 1300 Meanwhile, a tip end of the
el ectrode 31 shows a shape simlar to the tip end
portion of the blade 7. A production nethod of the
tur bi ne conponent in accordance 15 with the first
enbodi nent is a nethod for producing the turbine rotor
bl ade 1 and provided with the followng a (i) main
body formation step, a (ii) coabing formation step,
and a (iii) peening step. Here, the (ii) coating
f dfamatai oncstepreand wiecl el cPmpeeint gh stepoagradas ethdonence the
l. .Su r eat t, ' >qr danc
%\f{%%lv% EEQE?T%% df%e %{?&‘ (r{«%E%%%%N&n%&%%Eg%R?/ET%Orotor blade
SFEPD body 5asashb@nfifnmy gcomgi)eda major part of the
rotor bF@@‘thﬁﬂnﬁr@OdMeéaﬁ&a f@ﬁmmad@?md@foﬁ O{kgé Rrotective
or_castin urther, a remaini art or exanpl e
OREEETEP o tEp s S ueth PO PLR T her sy residual
bbamerﬁsssoh®mme@shyuﬂsagsv@mtmmﬁasur@wsmshd@sftheprotectlve
gEng&H 161 1) COATI NG FORMVATI ON STEP After
finishing the (i) main body formation step, the rotor

bl ade mBRRIsEFFDCEsWEEE the FHest pgPodinsnhes dearFeed above,

t Bechiipe IQcenchPOBEiteR @foﬁéa;e;la»er tehtidg mB\/@ﬁ{rdbe n&m&ted within
means of dri vi -axi s servo-notor and

VnETE08gR, ofentohe M1 GRS IR0 0o 288pt8eed and the

Xpagtsedinect cogcapdnyhsg exfsruht et odrtltopostetbhve coating

t B EREYo - %%a%ﬁ{eﬂt%bw%a%g/é gégthé f@rrﬁétﬁ&pgf theé)rotect ive

portion of the blade 7 0 the el ectrode
MESRWHLY €21 Prrespey thels %“Jd%Fseéi WhBE @RI G Rt e required

i So cmley preckessdoy: b8 bee nvash id ratyroblkle X-@xh e shortened
s, di recti.on

di regtion a .
i BB g G B it GRail: seter bandpat apn ve easivy

b@umrﬁd he Iell eertbodel8d, and lvmenetamﬁ eh@d poepiahfofming a base

Qﬂ%ﬁgjﬁg%aziﬁEhS&QQthéﬁ shom 4.0 Fizgrg én&phﬁr Vep of forming

neans ner of the electric discharge,
& GEPESHE et €re a1 S MAHESRBEEF GUETSES or ik OLBEE VBRAS, not by
suhstisaptetwo steps of forming coatings, but by means of one step

of forming the coating, the protective coating 13 having oxidation
resistance and abrasiveness can be formed at the tip end of the
rotor blade main body 5 and the production time required to the
production of the turbine rotor blade 1 can be further shortened.

Moreover, because the protective coating 13 and the base
material of the rotor blade main body 5 can be firmly combined,
the protective coating 13 comes to hardly peel off from the tip
end portion of the rotor blade main body 5 and hence quality of
the turbine rotor blade 1 can be stabilized.

Furthermore, because the residual compression stress can
be given to the surface side of the protective coating 13, fatigue
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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5 of the electrode material carries out deposition,

di ffusion and/or welding on the tip end portion of the

bl ade 7 so that the protective coating 13 having

oxi dation resi stance and abrasi veness can be forned.
Meanwhi | e, when generating the pul sing discharge, the

el ectrode, as being integral with the processing head

29, is 10 reciprocated in the Z-@xis direction by a

smal | travel distance. Here, "deposition

did fagsitgrenand/ oe pwﬁaﬁsgﬁd.wéanscampomm%ﬁﬂmﬁﬁpihm@Wudhng turbine

G,Irito%therdlttqfaHSEH@ turwlllé“ P&t@r ]:ma?%ﬁéj 1.
phenonena osition and diffusion", "m xed

Ebﬁxéggégﬁtlon and we |ding" , "nixed
phenorrerAancﬁrhﬂléd asamplaraﬁ vee lfdireg' erdkﬁ)ﬁmdantmivi(]aﬁ be described

enonen of depgsition, diffusion I g (iii)
a%fﬁﬁ RERRSEL A ERY TR #H$n3?trg§(lﬁ? coatlng
fornatléﬁ Sh@@ﬂlﬂh@lgotbr dﬂQMﬁ@lmﬁanBQHyiEﬂks37 in accordance

d%%@lh@piefrﬁmftl%% Ek@mB2eabd St fwsa arssietid ned as similar
posi t eeni hg_nmachi ne (not shown), . Furt her,

on
b6 ﬁb SEWF]%\JC% sk Top ene br otRe 13l & UEbaengoTBOPghts used in
pm@eegaedtmrbtmérmngmngumgmkreatmeableASroandreme axial center

gegf %fhet QS%E%H? %I{Sié}{%rgnt M& %P% ent@ﬁ blne rotor blade

treatnent panese I cat
Lé’7dl~‘€)|@é’r@vmded2®0t1h B70866T PGoie pednihng o Rt a component main

sgggyz%@t@%e f Rt gxanpke) mand ?odi}asﬁ M%P'm@t@sed of a blade 7,
re usi n aser see ese en
B et 3 ad e o 15563 20006 ariiS0in Hagosged at the

fompeaadpbﬁ)thﬁebkadynm i fred. shihendt he mroduction mithway face
t heetyrbin 105s: fin . , . .

oot attonocofbiphidh i aabis JNEEq DEth o paiin of cip seals
Ft? st , Tife €RGs BOrhéOPP 0Pty raigatding iP3seal ot peheyshroud 41

r@@ﬁﬁeS&Js ot eI P b Ofphdite RJRClUr endi 5GRAEIRaia body 39.
range e protective coatln%g13 can

Wi Beliee RRETECt neS BPabiRet i eriigehgation resistance
qanéﬁﬁunabumamemenaeeafprmédeatrﬁhﬁ tagcenpapyirngotdeof the pair

? QQaPé 4t3hEaQ58t&?tth\éen89@§L|f‘ﬁrsacngu?fa]g:e threatment method
post r

eat nent acconpanyi ng the formation
FFOESBELas tohhrmyearbeve espsdnpvkl yomi¢ teégbigs rotor blade

Mbre@veurthoe theesate dRAFHGL R tAQENEa5YiRgEt4 B are processed

bet the pr.ote t|v ting 13 forned by the energy
gFiﬁﬁﬁﬂ% & Sdi §@ﬁ§?§€%and the base material of the

r ot or Hh@defmaen bddyo 5in9 thes modtfied ueganplehiadh the first
%‘&{Hb‘&'n{e'n@ égéfﬁt%ﬁg%c?%‘%f'%%%e?mﬁlﬂ (EterE%chpderatlons and
er

coatin ase materi al ot or
eneggaytg q:faﬁhgeaf@lfehm?nféb%@@,édgrst embodiment are achieved.

Rercosmmeveopheeruse the surface side of the
t 5 t 13 i
ol reneecaly Bt B £ 5 ettt Db gReaThtBeer wac

rhéeganﬁaceostg ofl, t Regpr 8t e€tipves, 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, 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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coating 13. In accordance with the first

enbodi nent as descri bed above, because the range of

the protective coating 13 can be limted within 10 the

range where the electric discharge is generated and

the pretreatnent acconpanying the formation of the

protective coating and the post-treatnent acconpanyi ng

the formation of the protectiveaicoating can be

respectively omtted, the production time required to

t e Db ehieaurofi deheot o bilAge ﬂQt@fmghis&diBoﬂaCthdaf7 aplatform

shor Ceng 35, and, g BraguoLl VL, of the b BLNG,¢ QL 11 age -

bl'ddé T ¢8nbe easil'y |nprovéd ar
nmsgryesfas asfeprfpdro?mmgoab@mc@@&eldngf K mgtor blade main

Xt § Qthd BRESHMIGE oaNE1 8ROt MRSt 8P1 08 AQTHHNEI R end portion
protectlve coatlng haV|ng abraS|veness I n ot

wtd§enBlady Aedrsvot 2NG SR DPFELFNG c g&t PRgsessed.
but by meanspoéndmerstiem 20 tofe Hoaide Mgatdeheodtdhyof the blade

gcggoﬁ eaqé x)%o%%%‘séﬁgw} hhg‘vé t@%ﬁ@?‘éﬁeﬂeﬁgs ?tﬁgfﬁ)ws based

rasi veness can be
r@ﬂo@ BPeelk $ﬁﬁﬁﬁ4ﬁxﬂra§ﬁmﬁ$qIm@tbpdduc¥¢cﬁﬁhqnnyordsl coatings

I 86UL&REN t&ﬁi&w&%@x@ﬂ efrmbRechUr e nei p i dd@den of the
because the

an be fu rte eoqver,,
p?g?g%tYV%n% {h %ﬁ%?ﬁ%iﬁ? 58CRSterial of the
rotor biade spaanﬂxn@lﬂ@-can ﬁuréurpﬁqﬁammnbene@atuhg 51 having

19£§§$vé’r? 0atd E%rf’né §hé°c ?‘Ekoﬁféffi Dblade 7 by
th D i

e tip ortion o roto mai n° body
HepRes qaiaﬁlwgbpft e ql{ﬁqﬁm@ riéﬁ@haﬁgade n @9ﬁ05@te terms the

st Bt igzRtective coatingF$i t heﬁrfmﬁn%d B?C&hi@ﬁn} an electrode
stres

|
O i P TH ) BbbcERe vale i sUps R pihiE 15 shown in
Sirengt bn afcadrelgpraet e thvehe catthiouy ned teaand eyémpradviedy pulsing

%'l%é%é Hggcﬁgmggqaé%we%rp%hreo{ | nvggr‘a‘lgﬁrbfb%he blade 7 and

rese ntiron is
1504 ?é@cf—éofiﬁé%é%?b%t]iwlﬁ St liacdtrieqBotnfehdt 4ply so that

?aneéb@c@{%@@@ﬁﬂa}te{m@lf bed- 135 e{laéb?r@d@hsi Rat o a-elbitf@6€ substance
I nme 0 S ensure oxidation. resi. ance

S boksL CoRt e <l e e b ey Bl ekt Fusion ana/or
w&ﬂ@d@ghmnatmntﬁ@ﬁfeiMbrhibheﬁfthsﬂﬂenhmﬂtnﬁWﬂanwhlle instead
Brfo§§1§§§agt£ﬁ)g £+ ﬁuPQﬁ{;Q{hé%}%&EHC&%%‘iqﬁﬁdas ofhelectrlcal

onponent ndEl N In a tur ne conponent ot her
ﬁ‘éutléFBPﬁe r’;lolpbzrlsgpgdglfcharge may be generated in a gas of

electrical insulation. _

Here, the electrode 53 is composed of a molded body molded
by compressing mixed powder of powder of an oxidation-resistant
and powder of a ceramic or the molded body processed with a heat
treatment by means of a vacuum furnace or such. Meanwhile, instead
of molding by compressing, the electrode 53 may be formed by slurry
pouring, MIM (Metal Injection Molding), spray forming and such.

The ceramic composing the electrode 53 is the same as the
ceramic composing the electrode 31 in accordance with the first
embodiment. Meanwhile, the tip end portion of the electrode 53
shows a shape similar to the tip end portion of the blade 7.

On the other hand, instead of the electrode 53, an electrode
55 composed of a solidbody of Si, amolded body molded by compressing
a powder of Si, or the molded body processed with a heat treatment
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first enbodinent will be described 5 hereinafter with
reference to Fig. 5 and Fig. 1. As shown in

Fig. 5, a turbine rotor blade 37 in accordance with

the nodified exanple of the first enbodinent is, as

simlar to the turbine rotor blade 1, one of turbine
conmponents used in the gas turhizne engi ne 3 and

rotatabl e around the axial center 10 3c of the gas
tLH}bin'@%n?ngEn& ﬁacﬁ@ﬁ &QM@fa,cefjb@ tsuebibrnﬁyrmé arsdal. adEn<37 in this
i's ovided wit r.ot.o e _nmai.n bo

SR R oo g, ShECTor  BIAdE TRy Dody SkFetTically
i srsonpdsed dfiquilsl adecudiagplatiagram Bydeodovketrs | Meanwhile,

aﬁ.@lsftléra'dhgf fd 1 HRUEy chorrfgﬁfe'@qn@ the etl'th@fQD@eogStrﬁ be formed
bl ade_7. The shroud 41 has a thmg%)face
f&Y § Baﬁ%ung%ﬁp%aéﬂﬁ%éMﬁga~r%ﬂﬂ%ﬁif S1pg) r %?ray forming
t igpdseakd.43. Tip end portions of the pair of tip

seal s | ﬂa}%$v§gg%% g&rﬁgﬁ%%g%gjrp}gggag% 59 .% c?ﬂstltuted that

processe
pROEGEET ¥¥e Wattinegsiyst mwwwwa@nngeglsxsaﬁ@e anonore and

abkasiyeness . arge dQNNELL atc AdhedidrLnd Pordnons: ofc thetective
based on the n first

ti,p seals 4 ove
sﬁPF%&EgtFéaﬂﬁeﬁ?eﬁﬁFﬁgayagoglﬁFIﬁP393QH43%ﬁ%nQﬁn%§ﬁ§' Here,
cdaviagadd” imedhe & urdtine obtaivediade 1 and surface

d ' i
ﬂqees olfll%legetagéeog %Fet’éh\é% %%?t lr@gﬁc ﬁg[;aEEe pégxggféa?eéj ovf tfﬁle first

t BEC %IHY%&%@@ élofa & hody 5@ SZSD@ﬁé’b@Fln@h@Ctrlc dlSCharge
O@ﬁﬁ@tama@nﬂe eefnfaqqt SpYtd barthe the eper j:@fb%l am_d the blade
gffecg of _.th % aforene i oned first enbodi are 3
abrroen. CeEeRBTENS F8C°Ls' ok gagngted was adopted.
dYbouiinelg , Mthobghdﬂrsele@temm&elchaffgertMm hn general is about

r§fﬂr§ﬂﬁ$ % %ngatﬁ\engl gboﬁt E' m?n{g ﬁ)ef%%j:lble

Fig %7 Fbie ot o
bl ade f.%ﬂ&lé@orf@an%l@p@ﬁtwa <-r>f risle e@ﬂeﬁfaﬁmtdn@harge time

aﬁetfntmelca;td %alhﬁ@@blcme&@@@r ol ?@% 1si Bsage0rdance

W 1S of ur ne cCo| nen

ted | b Lo R IR e PG 0Ll e, COMPANENbRe coverage
an@nreﬂacabhe Ai sohargde e alecquemteer tdcgafnthg gas8s coverage
tx”!l@@"@? @ngtpglég(§50A§8)Sh% vﬂu’i‘eg tfe §8h’/ec5jt}é?é§§ is deemed

r ot or rovi ded wt rotor bl ade main
66@Fe4§héslgoéoﬁﬁaﬁéﬁﬂeﬁaln body and the rotor bl ade
mai n b(B‘d)ttﬁ@rl Saft@sr $bﬂ‘ln|1ﬂ§ e En@stqsmté&@ﬂfé &aaelng 51, the

t bl d
52060 10810 Fonh oSG PHOVREART 110 RSl B D e with
&he Wurmtmatﬂnenbl ad@aﬁv\@erlweaasoacfretetno;iestqfotnhe peening
t@chemRheCcessREr Obelheng @if%%tt?lleﬁqeué"ﬁ{@sﬁggﬁn% Qﬂgs%pepeening

whol e of blade faces including t tip end portion
EFeFE@eBFaﬂél?gséP§%§ §§eae§%%BﬁHfb%@tlon to be
procesaecluminum coéﬁﬂﬁn@ 5y 296 potdhdprofchevbl @se ihg having

gggdgp?o% egl altlhe b Oc?ﬁr%%ées A ar eﬁpr Qce l%?le%ﬁgde faces

a surrace rea
@@r¢b@ebla@%tﬁﬁﬂv m%t&uxtOWam‘Gﬂheﬁlmmﬁdswt¢@atﬁngscoéting 51.

M@L €SI LD &8 ifer BBd; an Lheshdp, end ROFthoB) | formed

of the
by an aluminizing treatment by using a heat treatment furnace 59

after processing the surface side of the first protective coating
51 with the peening treatment.
Meanwhile, instead of forming the aluminum coating 57 by

means of the aluminizing treatment, a chromium coating as a second



10

15

20

25

30

35

10 bl ade 7 and the whole of the blade faces.

More specifically, a first protective coating 51

havi ng abrasiveness is forned at the tip end portion

of the blade 7 by neans of energy of an electric

di scharge. In concrete ternms, the first protective

coating 51 is forned by enpl oying an el ectrode 15 53

shown in Fig. 7 (a) and the eleciric spark nachine 15

shown in Fig. 3 in accordance with the enbodi nents and

g@g@t@dtﬁgrepd?étﬁgg&ha&giﬂﬁ @Xdki&tﬁahgﬁe@ﬂtw&ﬂe g bepformed by

end portion t | ade t he. gl ect .

TGS SEGT g oat CTIat o1 SaC (R o PEPserr bUg coating

mitteeriing omdathl@rere@t s oelec SBapgocaf @Jéra%d bwrﬁi\@m@%ﬁce Moreover,

ZQh%fret heyebeckrodee %@fé ahLHSHies redtmdBPOSLEIAPe 59 is not
i ffusi on"and/ or wel d on the tip end portion of the

bP&&Q forNEQﬁmﬁﬂP@lnFﬁg?%aﬁr?ﬁ Be&Her ati ng the pul sing

di schar gextn ddee altiiguistb St hé selcecidrémiadd imesud] at 1 bbe described.

pul sing 9 Ehab L'l@g tq&%%g %rta%)%%tegt"i‘vga ogééng? 51 is formed

electrlca |hsu |on electro
cbiposeds of£ éhﬁoﬁd@dgbcﬁj@ tins! ééqcsyledﬁw@mm @ xepgge of the

pewder ofoavdefe 8badngXd dabhohs Nesdiskanti anch Q@l‘édﬁﬁnge where

of  a ceranmi c. or the_ nol ded, bod rocessed th a heat
t FBSt nentC oy e &isS BRI v atiiu ?&%%%E%foﬁ uch?® Bereatment

N@aumhphﬂyln@SﬂﬁﬁﬂoﬁmannbmKﬂgtby:&mmmwpsetegtlvhem@tlngEﬂ_and

CHESL YR TEMRDE (LRGN Sl e SPRAUE LB, M Mbe firet

I'nj ection orn1ng an
mJéofé@%mf@ eonpod g tdvn éxeem%tayqlgf pﬁ@t§aﬁe as

the cenam&oENPasiNgrHeheakeetradg, 33 b@u@@@@yd@d&ea between
with the first enbodlnent

0 S el BRI VRIS LS AR e e1cctric

tdms¢m¢r@mdumbmmeobaeé théee bl adeo 7.t Heb rOuotrheladderain body 49

COHpggéE?E?@'gr I'I %ﬁégbthJopn%%si% 1%” %fﬁgﬁ%ﬁsgng hence the
kﬁﬂ?ﬁﬁnﬁ?ﬁ%ﬁqR}W¥ §§W§éﬂgoﬁlsandoph@hgaﬁ@|mﬁﬁquﬁg,of the rotor

P IeLRS Seti BN 4|'De%tant RAEARMI v k%mwn@aans of a
vacuum urnace 0 e used

r s this cas
o i R, HRGaEY gd% CUimrath BE FRC drret Plotective
elaedtimiac abl§0% nsuhate ng 1ha1qim©is$ nxfl tde g raltkanetective coating
@idfgwﬁtﬂﬁerﬁ% %\gébgteé %%tdeﬁgng%) \Jé%qu'n@jgop)ﬁhe turbine rotor

conpreSS|ng, t ctrode e forned
Hl@cey 4goarPagd I MONETH] Wikihe §ER6ACRBEY] ﬁ@l)lp%%@%& such as a
ftQLErfﬂSlllﬂ]@ aﬁgescblﬁh} turbine MFEQ¥eMmott RGckun btae H@%@EflClently
| ade 47 SO onstltute%ithat a overa%p of th
r

Pé’treﬁrs& ect i v€ EGEET ng CPUSBOUT foTEIARE o8be Gibe iret
pegsecweaﬁmhuﬂeuxihblsdﬁﬁm@géesﬁ teheh¢imst eppatetonveé fference

égdcé-’éi ’f@@réﬁcé ﬁn@?aﬁ{@l@ﬂcggs/%g %y@é&ﬁf@ca?ﬁ!%?ésses between

| ess. covera nmeans a ratio coveri ng
FE?efl%%t @r@é@ﬁéewo@oweaﬁe&|5Hga¥lﬁetfteob@?§g'@fcﬁrltar¥eof the rotor
blhat paohassdy e L aabhnghdlgad vk kagsher t el dm operation
elec Ligy |sc§a£§e time agd Leave smal|l spots at the

|p 8nd® p PtF f 5Pfie Biadeé~15 7 where the electric
d|schaMgeeosenoﬂxgenEKat@e wasfadoptist: ofbahetiimst protective

@5&@% sanl Jdefss@dsmaﬁgetﬁénseéﬂlﬂgnggégtmént residual

about mn/c a treatnent about 3.8 nin/fcn? is
%?%P%?%%F%n stress 9&f¥Sﬁwﬂ}geFOFOé%F%§P5F?Sﬁ dtdef the first

@i@té&tﬁvdl@@ﬂﬁi@@ time required to gaining a coverage
of 950/??1 %c%%rtig 8 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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20 The electric discharge tinme required togaining a
95% coverage = an electric discharge tine required to
gai ning a 98% coverage x |og(1-0.95)/1o0g(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 procesged with the peening
treatment Meanwhil e, as concrete nodes of the peening

t rt@@@iﬁiﬂre&nﬁﬂﬂ@tacﬁﬂﬁ@di@ﬂg&&ié@@fmmlmgos hot fanditgprotective
| %%ealrt[”r%egi ng,d et pg%c g%'eggmér%? pro eC ';%I 'tEEef.'jormatlon of

num coat’i ng as a secon coat ng
h&Wiengi 8ot cmoct@tqtarver esibinacE icenfloe rﬁ@fp@ﬁltﬂW@lm@%tted the

oivrbﬁﬁcgkéget{rﬁ‘@exsecﬁflrté&? t@l @H@ ﬂro"(ﬁl@l&p o30¥YBE thebine rotor

t tect t
Clgrétgfiﬁgélrﬁgaeg§levg}§§§€ & Iaﬁdlii}be pa?t)gyctf%+%8l%b‘§]1edﬁurblne rotor

abmaﬂelznngahrbat@@@ilﬁylmpmdmpda heat treatnent

i é? (e QE? %% E?P tﬁg&ﬁéa eenln Satiflf 51 and the

first prote {7 Ve Coat
t béaterrr@merlal of th%@ﬁmubleadq mstehgdyi 9f<€#chPﬁ ifrey combined,

aEHQlﬁ%%t?@@b'tﬁ@t&%ebé’oé@ﬁ{t 15 5af cdhes @dJHthZyl’tgeel off from the

eatment, a chrom um coating as a se

p{%?acww%mc%]at%@lﬁamaro&f g iH T %&'&é& 3% ey quality

f of nede bmyum%ﬂmes wht@r dhiraain z hgatr dat R idr zekle

second éértnlﬁvree %%tcja%%\? @M%/Dr}gapdﬂéjsag o%ntﬁgsff‘f@@%ﬁfotectlve
or e

may be reover, there may
caget e hd Be$1§u|féatclterlééf>’n%¥ﬁvamﬁr¢ha@@ 50 G5 SHEP%SE%@E wearing

for thléet@m&kétag leaeﬁi e Rtushexty copetativins ehetdt@itionary
second enbodi nent be descri be

SR TP EBBFBEbOTTVE O (T S5 P BP e pyti Frerence

neansxpén$henenauggdobythecepeotaﬂcSGESSHaEg@etaeeang@e first

\?é C%“ ! t e c&gtq %'lV%fglo@hEnE 2d GaPPealidtt®th rotor blade

ran ere ectrlc di scharge is
gehiet R drid et gest FERPIRECBAPARG| hgl$ higt operation can
fiox gat beadeb shee bikkshproteahineo e eald f_@rﬁipabdebheve coating

st treat ment acconpanying th fornatlon the first
DR GBoCouE (i T R oee! SsHactT vBRy 2ot gareb Yo rarely
Mbn&mvempdfeﬂongetsaneofedgamgiaebﬁunﬁaryuphineBrotor blade 47
Qﬁﬁyqﬁp irst protective coating 51 forned by
t he enegés)of f%e el ectric discharge and the base
mat er i OT6PVERe PEEBESH hHE HEFHIBOHCAPIFRESLOn stress can be
gfifieGt s €hé Buwlibeb i GOSPOEEAiaR thetdtte@fatesoanthg 51, fatigue

cet e fi rotective atln t
s ICer ERE PLOSS S Rl a0 81 D% 8 mgoved ana
¢chebilide. oZOEhet herione, rbeoaubéaﬁhe4éov@naéé @ﬂoﬁﬁéted
first peaheathve ¢oatingds, S0%-Unme, i@ NeFdNesstel to the

the first protettive coating 51 is sufficientl

éieévétl@&laﬁoo%éﬁ@ea%%@m%tb@n%é% FRDP G BFn bR Surface
4tcaaused e aDoh atk VWidl stiaFhosareacarpananiisodtinlkccordance

%étgu%gléglﬁgcﬁ?ﬁ Semgodlmt UEbcI:QS lg’grpf‘locésn&gd S@oovg])pomon 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 porticon 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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25 suppressed. Mreover, because the coverage of the

first protective coating 51 is 95% or |ess, a thernal
expansion dif ference and a difference in expansion

caused by reciprocal 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 30 can be allowsd to some extent.

Mor eover, because the surface side of the first
pmeeeetbmeecmeamﬂgaiitm@rpWOOESsmﬁthQﬂtﬂﬂmﬂ1meenbngorrosion by

%%FEE bn L@S 998%1 %ﬁﬁ@%l i Q%Et&ﬁﬁ? can be given to

the sur ace SI protective coating 51.
35THIRBcBMBAREMENTL h t he second enbodi nent as
descri b@%@ﬂi@\aﬁ&erﬁﬁ&ﬁmﬂh&lmn@e absthepblr $fereinafter with

protective coat.ing_51_can be h|n th e
REFEEERES dractid e Tai Eeharte TH9 gRial AUSIE arfd b 1althe © () and
pFegreatkent acconpanying the fornatlon of the first

pr ot ECtAg%MLe%?g?#Bafd tg?rBEﬁé'fé@@f MBlse 61 in accordance

acconmpanyl n tion o first protective

cBAEY ﬁélesqhea% pROdEEEEieh§ GMiteEdto the prduita rekor blade

t n rm depidedtdwi th ehe rf@.d‘lé;(tténﬂjbdlfmdd't‘% g BE RRIrbOhercdmponent s
A7 can roductivit

§ rzy e hg! e the-tlo Tl T c%faltlg%otatable
tu?% né' Foldr Brade @‘/ %Jalh t? 2akii VUPAbroved.
Moreoverthdevaise tdetdy rst qir dthectiave towdtingg eByinad3 -
the basg pRLERHI B qug t@@af aher e Ry ade yyai eh@ecmb&%ece&or blade

be firmy conbined, first protective coating

cohes PBO%@%W%@P Je?tfmf PeROEHR 1) b&és‘,/e%&%e. %@mﬁaﬁnent main
tihely einar thé atler sminl dordya 4l B, Iaenﬁze ialditmy 1@k tbehe rotor

t.ur bi n rotor blade be st
ﬁ%&¥%eﬁﬁore caus %F%% Igﬁegsogf f?ég ’ C?mposejOféablade
p?oﬁ&@laﬁf@méblmgimtlaslSLﬁfl deeminy 1el, ea/@toed:l@ndranglng from

/| tleaaqaer £8§L NEy WeAL ﬁlge@éuﬂéleleemmem B OkhRl B34 7 serves
caused by contact with the stationary 15 conponents

e & ﬁéFﬁEl P@%Eéﬁ%ﬂ bR kb‘?fﬁ%?@@daﬁé FRe BPEPErRIAGE main body
edansi ehecatisee by caei pracal f@&ée&ses:metwme theerves as a

sjﬁerc%tnd[pgggf%ﬁ IVEOCBat %/ess}f‘ge fxﬁbasgog%f%églmaln body 63.

e mal n as tur
engi ne T8ei ROT i p@cauiioy Tagm béealqz@@m edgsofre to the pressure

%&G%%bllfWﬁcbgrghgfb156%f7'éﬁd Eh@t@ﬁgﬂgeoﬁoﬁﬁérﬁﬂéa% Fhces are
bi ne englne is in operation comes

to
Pgrogleﬁsﬁgpﬁé aﬁdSEFgﬁﬁ t FERR OReRh e | fL ftws fhgsed on a novel
burriene It&‘fe@ltnbzlrﬁdeneﬁthc&’an ey prdret edords, coatings of novel

L 0150 BRG] Q4R pERRCASA 00, 9L 658 090 1cacios

@éﬁ?l hy B1 theapr@@@uze sidevigih & athéhf béﬁde 7 and the whole

protget hyggeoasi-ng .51 can be inproved and the life of
the turbine rotor

fe 47 can_be el on
Meanwhi PES %H%%bee%ﬂ Yi n%e‘i‘ﬂ]?%nf%rs“né%qq%ttlé’& £G3fhBg 65 is
tdesued ptitdre port hen abayengitrdcondct sesdintdy edbedianenthe pressure

Qﬁﬂeﬁaﬂ‘%a&fﬁhé%afa{?e@ bgt%eé?o@&éé‘eetQ%S', SHY FPE& protective
treatnent net accor dance
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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30 with the second enbodi nent can be processed to a

portion to be processed of a conponent nmain body in a
tur bi ne conponent other than the turbine rotor bl ade

47. Moreover, another protective coating having

erosi on resi stance or heat-shielding property conposed

of the sanme 35 constitution as the first protective

coating 51 may be forned on a pgértion to be processed

of a conponent main body in a turbine conponent other

t réve thediugbedee rot 6o bhadprddsukersidavrl lerigsiodnthg¢ Holade 7.

resist apeeMeans %1@&&%@@)’69; @Séléﬁ@@éﬁ@iéiiy tQe same in a
corrosi.on by collision of allen substances or ‘such.

( PAPRD®ENBERIVERTYRE electrode [ dDeREGATABRECWYHF1 e second
desboibhednbherel raan‘.iprenwl pdﬁlrﬁldirebér’elﬁl@esﬂemtac@.e 43 dHogis a shape

Slﬁ%gar%g) z; &tl )ra née%écf%( p?le leading edge

owh Th F t ne ro
acd@okdable EF@ﬁSWﬁ% $i¢¢wﬁkﬂﬂﬁhMQﬁﬂﬂha:§1%ﬂ§ Ji-milar to

the turdh 'ﬂ:@lerQEQér @Ja%@e dndieAteerdance cwbBakhey fhhiectrode
enbodi nent turbi ne_ conmponents. 10_use

t B 5P H@Oéﬁ&. a 8Pf1éd POAYRgP he 281 %%mPg?a{i]&wgempressmg
az qundidrhef axi abrceid aoldiedobodn e rgas stsedbiheh engeéae treatment

S n ( E ( th
Sy geans oo SR Bt A0 Rl p B! Thng, in chis
n%%e bed 63 s edeebipo remchagios b%@?nﬁﬁét?ﬁelﬁ ap@grlectrically
bi :a¢ler1 e 1y bDﬂé{uﬁ@ ifc188i8§Mbh&knko H}J&ﬁdc%tr%nlﬁ Meanwhile,
blad1b qg % P n the turbine rotor

e 96t %Jr%%&wco‘a%?afmm € 8188{%§PQ?|691T5‘Y be formed
Maamﬂhnh@cpaupmngLoMIMahgﬁn@.ﬁmg&balbaaﬁohglﬂgge strayo forming

e sidewall 7b of the blade 7 serves as a

??rst portion to be processed of the rotor blade nain
body 63C4if@Viche Wheltaldfincheobpade Fdsces ¥ sphechtadaited that

& soRvesgason 28 seced %Ebbemvéoc@@tpﬁ@@ﬁa%dsoﬁ dP&ore and
bl ade he port| ran

0r n
e S, h%aélafgél?a £he REVEFESSIPE. SPRevdrPErBrotect ive
@foatthelgbfﬁ@ds Oraferdihe @0dler odre kadhd 2 erf bees. aFferthermore,

%@%%§ng%%htﬁe surfac rEEQQE%Qt xﬁ%l&\’\’sabﬁ@%@@ side of

a _novel surface treatnent met
58§tﬁﬁ§§toprﬁ6#€F12§ @@ﬁ§ﬂpﬂu§ﬁoﬁsapéoﬁéﬁﬁ€§ A thhshe peening
peekitaentangi ng fromthe | eadi ng edge 7a to the

pressupe, sideval | 7h of the blade,7 and the wobs of i

the bl ad

coating 71 as a second protective coating having oxidation
resistance is formed on the whole of the blade faces of the blade
7 s0 as to cover the first protective coating 65. Further, the
aluminum coating 71 is, as shown in Fig. 9(b), formed by an
aluminizing treatment by using a heat treatment furnace 73 after
forming the first protective coating 65.

Meanwhile, instead of forming the aluminum coating 71 by
means of the aluminizing treatment, a chromium coating as a second
protective coating having oxidation 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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More specifically, a hard first protective coating 65

is formed at the portion ranging fromthe | eadi ng edge

7a to the pressure 30 sidewall 7b of the blade 7 . In
concrete terms, the first protective coating 65 is

formed by enploying the electric spark nmachine 15

shown in Fig. 3 and an el ectrode 67 shown in Fig.

9(a), generating pulsing electrit di scharge between

the portion ranging fromthe | eading edge 7a to the

pr essur @igsdewattadbe othd hei ddtage ot eandvdScbheing 65 is formed

S/thr %d%n%;ggo oEN@he2an, ek @95{:) ?&8’1@%9 dal,of r]g%eof the first
ctrode a reaction su ance the e rode
n@tr@rtueézltléfar@@@%1@@t65j@@@sbteu bhni ged fwigihgm &he/ vpnge where the

wehdichgiemitde Y i §dchargiced fHDPhhe %}@etﬁ&%g:tﬁ@ﬂt@:companylng
e

e 7a to the pressure sidewall 7b q
FEPE. Foitai 1t | Bl 67 1 £ aba Sty FEORaNET | ff5% and the
CpDStktMEabmeHBabb©m@aagtngdﬂk5BormaacﬁwtﬁaﬂmefWKBhpmotectlve

' Beapeh ”9 e ﬁ%éﬂ%% qgé%&prﬁqrpdct%rtu on of the

ectro OWs a ar to a shape of the
portl onM@Jé%@Y% fer}”mtth‘r‘e aa@@dmgS@ageamO%dMé part B between

ptlﬁéilirhr% ?Mdld@c@é%%ﬁ@ 6.§|J‘§ﬁ€?at egi by the ener@ﬂzc%f'@he electric
er. han ead o e electr ro

P el il W eRh BatsTor o f ShesPuel BhaURurtay Pody 63
blya@@r}srcegstngemrpmelh @fcc&pomrtudmerabidegjfakﬁﬁ:iyand hence the
prf§§5§pot%5tﬁ@e %tltnrﬁg%%nﬁﬂﬁ %g b%aggatﬁ]a?‘t 16@1 of the rotor

vacuum rnace_or such Int case,

PRI TR IR i d?aébllﬂﬂ gc-émsl}’gé?ﬁ@ibéﬂéé in an

el ect ripatdnednesd, abbﬁgubé%lhél ddiﬁ‘ér%en@fatkénielrst protective
derocargo NSy s Meanwhi | e, in ea %f 0 5 o coatin

i B AREOT R Bt Pt QoS aRy ToET Gred BYPSFERHY o
pdurisng £ M M €ihetale lenpeetli and Meindieng)ay isprayskdriny mgllision
Ir andtSUSdhd and such can be sufficiently suppressed. Moreover,
because the coverage of the first protective coating 65 is 95%
or less, a thermal expansion difference and a difference in
expansion caused by reciprocal stresses between the first
protective coating 65 and the base material of the rotor blade
main body 63 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 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 accompanying the formationof the first protective
coating 65 and the post-treatment accompanying the formation of
the first protective coating 65 can be respectively omitted, the
production time required to the production of the turbine rotor
blade 61 can be shortened and the productivity of the turbine rotor
blade 61 can be easily improved.

Moreover, because the first protective coating 65 and the
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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. Meanwhile, the coverage

of the first protective coating 65 is preferably 90%

or nore and 95% or | ess. Furthernore, 20 after formng

the first protective coating 65, a surface side of the

first protective coating 65 is jgrocessed with the

peeni ng treatnent. Furthernore, as shown in
Fik@.seSna(taérlmdofi:ge ) bladmal y nsbaymx@a&tl bBg ith1gScombined,

a.sec rot ct i ve coat 25
D e R S OO N e X B T3S ah o6 £ From the
ofaiskenbtadeay csﬁ) tde trotogveitaddendin sbtodm 6Besnfvigence quality

Coat i-Rg §§rbEHét DS or HEa@L U NWA ¢RALdNG, 11 Hesy. as
shown in (b) , fornmed by an_al um ni zi ng

treat neﬁ?rwe{f%?% PISST FBSt PRSI ﬁ%—céh‘?sf hfgprotective
f epat mggtdﬁelé Is‘Lﬁif Jﬂ‘fl@irﬂﬂ.ty ¥eecoadd agdﬁfwlt&ONB@prBISﬁEng wearing
! E?&S?g b%}c co?h L gnt h]_g r,n ”“”&C%%t gh”th%ytﬁg gl expansion
t € a umn|2|n f‘rea ts acromumcoatlng asa

sétbhdrpnoe emd \télecdatfﬁﬁgehaeu 1y eoyiadigtiooncpesedtlangeciprocal

NBY r88s£ 9 pEG LWL RSy Pf s @ SR dBZIRY ctcfa%eltrﬂjer@stS Qnd the base

t he second prot ective coati ng haV| n Xi
BSF S SALG T bt POIHEd Uy CVEPtY TV CNB G Fugkine engine
t herse 1ypb6aama5@m}ﬂﬁ elﬂbeehetacb daneakrerhtf, UFnaceure of the

7 I
o B R e PRI B DO b DB ARy phaipe 2 1 in
1greration demest toheeaxedy hhﬁpenr@mdperbcpmtrm cdattihgg Life of

65nd scdrsimRd My drheiener @y ehint be 9&@%&@@ di schar ge,

a range of the first protective 65 can be

limit ed WSHISE- th&cﬁéﬂﬁ&etﬁﬁeﬁs% Fégje “é?gﬂﬁ?ﬁ:s%%%rbt%trrge@s can be
isiwgeTer aheduafidckhe g ef teatfmlt mAeteand aophiides, fatigue
sod’]:r%tcllpogf tflgef:[féé Pgtoécqic o%%@.%ml ng56 al‘?r}ge ll?nﬁjroved and

post - tr eat ment acconp ny| on"of the f
prist éé{fle\/@fcéﬁlel ﬁglr@Bn@aﬁ Oﬁ@rr éépé@t PYetynohet ebangated.

Mor eov eleants@h 1£he t%@”%ﬂe&ﬁﬁﬁn 1rﬁfeti95«ir@ﬂﬁrj}’s Q%ﬁ ﬁlmlted to the
vveentheflr%i? tectlve coatlng a gmé ¥1
ol R T qught' 384 can be
weopeirdly obdified dioo bhabecins B émdﬁ/aceé thestaent based on the
SlhAdgt l&ﬁrﬂa%ev‘héféhtﬂn&%mﬂétﬁb ”1¥1a %og%i%?ﬁ:% "%Pldch the third

hence the first protective coa

REPEFALRPNEf CRRePROPEPCEREEE ﬁﬁlﬁ @@aylee éanb@eprpﬁﬁﬁyed of a
e;ampbﬁeﬁt et BeERDi 8,2 beeause ddepsoumer 388 eef t A€ the turbine
r Est B; éec% ve 15 coating is 60% or nore, a hardness

of “tThe st %rotectlve coating 65 is sufficiently
¢FeVRTE dEMBAD HemEE) wear i ng caused by col i sion of

dust, ﬁaﬁguf‘@ﬁi SHERAGHAnRe (Y i e%gé%/ - SRR 8858 after with

Mor eover, because the coverage o irTst protective
EBEETPRCEE 19590 or Figss3 . aFltEhelllQal Fégpahsidn Fig. 11(b) and
diéfexgn@)e and a difference in 20 expansion caused by

reci przgc Siresses be vveen t

St
coating 65 %Rd e Base’ Mhteri &Ineo?mf‘ﬂg kﬁﬁ‘%? 7br1 dlfedccordance
whin oy B8 tih emnitdebl ngrast tluar,blawe semgllae 8oi shenturbine rotor

19OPsgati qp QQEOPQaﬁcheOW?ght Qhé% ?l’ﬂ)td 1n}ent one of turbine

Mor eover, because the surface si
‘fﬁ”i‘.ﬁ%‘tqri% s ds d &y ?‘n@a%t%bbﬂ%c%%@e%e el tJFFé 6@@%?16901” such

dneavnenbbleestdludd 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
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conpression stress can be given to the surface side of

the first protective coating 65. I n

accordance with the third enbodi nent as descri bed

above, because the range of the first protective

coating 65 can be limted 30 wthin the range where

the electric discharge is generated and the

pretreatment acconpanyi ng the fiermati on of the first
protective coating 65 and the post-treatnent

ageerpapyhag hden fryaratri7onsof a heidi st tor ehectoveér blade main
coat.i ng. 65, can _he respectively . omtted h r-adyc

DR P b e B DL a T O R S B S b § Practorm
35,bkadevétathnlbe $amtwdride, andtiheepdoporctivitgf gfhe blade 7

the LuEbine roter bl ade,b1crR e esside IHRRVEUade main body
Mor eover, beCause the first protective coating 65 and

tHé- 18 base material of the rotor blade main body 63

can be Furtthyr canbbaethg biiea hiovell @sradteictutvierchating oxidation
6 0.h eel off .fromt a | al

ReS PP R SRl e R a4 Lt AR B T e eed ac e
t bibiarel potbiompidesobledn he Inalfilsrzeerds, the tip end portion

559[&@51‘9&@7 bgcaure dhgi bardngssa o8 ttr:%%ttﬁniteﬁl%t based on a novel
pr o el eva

ctive coating 65 is sufficiently d and, ,
W?%E Tppr @é%l“ﬁﬁt%%fé%qﬁigl% agsegdpyce dﬁlitihs"r%%%BFrBS&?bOdlment :
sand amtbmstishect hecthey mal pexpansasa adisftfiementaandg oxidation
t ' e i Xpansk Qe r.eci | .
Eral MR KRR Ao R0 ol R b5 hrif™ © <
tper hieofhmbépiial 7 by nemng of cinmasicdef mal aleedyieglischarge.
WhERJrRe-c@@s tE¥hBI Nenh &MY NE c3ak$nM HPQY FbirRBACBY d¥bloying an

al] owed fo _so extent, fracture of_the first . i
R T B hEhg A0 (s RACEh G femrTl machine
I 6 Ghewat iorFspnes ihoacassdayndappeh andoéinagasiaon generating
t | (o] r . C :

D irlhe PhekbPe MR LR QU ER e Thp0a B cion gt che blade
st p@sks thgnebecroén &b ithédheudfiguédss def gflate fqalsfinsulation
HOtkeckl ¥8 0aki PG1dmatatigue rsthengt BcetolibesfidSta reaction

protective coatjng 65 can be inproved and the life of . .

e ot br g 2eE T toc Ak B o et s oul®d@hosition,
Medfwisiilos, ahbd¢€opr esédtingneenthentis ewod pomiied dfo thleeblade 7
20, desel pid of f td t hi {. | mept, hi

a%d cansbg pg%%%f?§gﬁggf%{§g§$ﬁ?%§§ﬂ%ﬁbt éﬁéggéﬁﬁfapeaéw tle,
tre&erenetbgsearahindethoverlging stesehagereiit thet Hgguid S of
kencaceordaneaswibhibhe & hbeds ead ot S rfamdle be generated in

rocessed to ortion t e processed of a conponent

%agﬁsb8gyeﬁﬁcgrgﬁ? iﬁESBgﬁgbﬂgnt other than the
t ur bi nBe28, rct®ere ldcadedEl 8 1( FOURIH dEVBODIEVENT) L ded 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-registant 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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A fourth enbodi nent will be described hereinafter with
reference to Fig. 1, Fig. 3, Fig. 10, Fig. 11(a), Fig.

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

rotor blade 75 in accordance with the fourth

enbodi nent is, as simlar to the turbine rotor blade 1

in accordance with the first enbodi nent, one of

turbi ne conponents used in a ga&0turbine engine of a

jet engine or such and rotatable around the axia

cent ér Y@ fefcet Redgasit Undilmesenygiatel 8639 by9mepptopf energy of

b'&@eﬂ@bﬂrb@@ﬁs@ﬁak@e A% BhA A AR iRe F U1 Y 898 5 composed
mai the tUrbine rotor blade 1, conposed of

bod
Qnﬁ]&d‘éo‘gpo%ltpﬁ? PGPS, CaANgbT Rt IPHMA NN GRi 3t legst any one
tigf end spor Hosn, ohithd shthdegdalses escasi@ povin@®m1ddity when
b r S t or bl ad dy 577.
%P%hggg %%ggggfngggigé %%v%ﬁ %% %P%g$|on havi ng
oxi dat | 6F FeEFECEACEEEMR dirasinfermesiase aeatiengrbbets formed

| ateemplovieg At dikethiBcend POFtdn 19i‘tetrh1%d@5@gec8atlng shown
In oghermrfhg e t| end rtlon of bl ade 7

prces E§H{F§€e ?EEF n?p%ﬁgéﬁﬂgﬁjﬁfﬁévépoYﬁ in Fig. 3
smnfageorda%WemwﬂthnﬁﬁhmﬁumEnamn@mdageEemathngh@uigumgrelectrlc
eH’E’QQhE?Q& etween th aesec‘ %%%'tlh?abbyancf‘tggreoluesc%(ﬁee 85 in the

coatin avi ng oxl dat1 on resi stance
hta8Y$Ri 21 fdeprspertyinsulather sq thise ahpekeetrode material

p@f there 1efctiritlc PEe a TRy tTRANSI t BN @ £ BE c@Bctrode material

tric dIS har In c ete ter t he
coaf Thet 78 %ﬁEaOBy @h%fwm@ S /ar &P&gfpadanstlhe surface
forde lnd bhsdsaﬂmt:paglaQWSt he ekentrofic thpaskempebifnehd ®lectric

showhd Ry i g Me%n\,vﬂl?ﬂ CQE%%%% 8&% c%gng@tgﬂ{x%gﬂé Eu?gg{l? discharge

generatlng pu S ng e EC rc SC ar ge
e th6r 1 ot &S Pﬁeeltﬁflarerelczalaﬁaspﬁétép@eta @@éssmgucmmarge may

IBeguisheS-anfeliecta ie@l dfneuleattiarR 30 1hla,at1a€moﬁl ectrode

mat er | ectro or a reac

substa%%%e%fEFﬁeet %%??gﬁéghﬁ?e??@Poﬁﬁ Fﬁgé'%%}ded'bOdY'm01ded
depesinpreas Lud focusiegno rdeoromed di hg mart etrie 1tdp terdnolded body

RRIddRf Wilke Blade: 7.y ﬁq\fﬁlﬁﬁf@b mtélag\ egfragyva(g J‘nhefurnace or

el ectric discharge. Mean stea genera
EETpul ¥PagRr %%héPﬁée?ﬁ qﬁw@@i%ﬂﬁa PYS RN BN el ectrode

|5r33nm;,auaeoﬂorrae@ blyS$ Ngr £l poiatiene, nayy hereganeraf & idh #81ding) ,

crr cal l.ati o
epe% o g%éﬁz éﬁ on osi@nﬁ¥“"ﬂﬁb?Eéaeﬁg&§;ﬁﬂ1&%HPB§eeleCtrOde
één@h@@%um@hﬁqpﬁedltpoMertcmfa pbagerobftlantip end portion of the
Bxkdat bon-resi stant and powder of a ceramc or the

nol ded_bao processed with a heat treatnent by neans
of a v%ﬁ(ﬁ% PERRRGES) sneReafdnihe leqtiiadeads 3Gpplectrode

&Tz')lo@hmmskaz)d cbapressingly dheielLeblade b8y deel BPEBRPressing
é) ]_I gfpgyrl I}gthe nhol(dv% %Odyn%$§é%%?%ﬁﬁé g%eat treatment

or m
%Y(lf&%’#m%rpfr easlwmn fetrakceopposinl nhe led ectaddder8s, in this

ESsd Ne SABi RS eﬁ@%t?’ib@é&f‘af@é '1§t§é}{ef€fec[e% 1 RYPOPLOGrical 1y

t he el ectrode in accordance with

%@umaﬁ%ﬁﬂvémsh@Jtliagleenlaycémcf%bprb? t Weanwhile,
elettadde ﬁdléhﬁ@&}a05h@ﬁé881ng, the electrode 87 may be formed

by slurry pouring, MIM (Metal Injection Molding), spray forming
and such.

As shown in Fig. 10, a hard protective coating 89 having
abrasiveness 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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simlar to a shape of the tip end portion of the bl ade

7. As shown in Fig. 10, an internediate coating 83 is

formed 20 on a surface side of the base coating 79

by nmeans of energy of the electric discharge and the
internedi ate coating 83 is conposed of a conposite

material consisting primarily of at |east any one of

Si C and MbSi 2 which is changealddle into Si 02 having

fluidity when 5 the gas turbine engine is in

opercdtdagrive coating BA iconompbeetiermen dchald meetreedieapmic, cBN,
C %aﬁlhggug’g’ dfstfig rdla(jieb¥e?[rﬁ£ %f&gnl@aﬁéi eccHer 89§d§'§1&9rre81stant

he Internedi ate coatin own in Fig, 11W and t
e|”@<,ttar11 OTs paFR<FEERi fAié 48N RNt 7 @dea%lcfrh H5stane metal.

accor damﬁecmm&hete@bt;@hn@nt&eapaogeaewé|@tgatmﬂgslsrygls formed by
electrlc 10 d| r t t he_bas tl 7
mplF@&F?éie rg?ﬁQ$1|qu &mépo?g ?ngglngsﬁﬂ%ﬁllnEig
| rlédlca\tarmhtl% eﬂhatraﬂ S@Iaef@trmaxdemmlésmwndfn i@ 3 inaccordance
el,ectr ede éﬁbgélrﬁeﬁ@@%ﬂ@%é@%ttﬁ%%epﬁﬁsﬁﬂg @i@@@fﬂgedlscharge

material carrjes out_depositian, usi gqn and/ o
WEFEMRENoRNE He K tstie i o261 NEhe3 bR %f‘aﬁlﬁgtﬂf@dsy% in the
neaqaldfstds‘@ cAretgy cofl theuthetdni o hadi sehargetrode material
[ e f ratin u
i ﬁ] %Iféqcutfrgbo% @fog rﬁzcan?%%% cpe !)%ltﬂg ie%ctr}% RBnaterial
dpgéﬁaﬁgecm@@e@@sgén@mat é@lffnsaoga@maﬁm@l“@dtdrlmapn the surface
| Bs8Eabirothe 1ntermé’c|!31ra3:ue theaelgst pode &éahﬁhQQng%%@tead of
of a no] ded hody nD ded b%ﬁ%%F”eSSI ng ? %g
cORPOET t " Freltes iR B /e 8¢ BEdy180 b%b%s%e electrical
mam@ubahe@m ta eptiehg by i sehasgef mayvheeugentuabadeior a gas of
égwﬁpﬁéggég§tead of nol di ng by conpreSS|ng,

ro be formed by slurry pourin
(l\/tet aI H@ﬁ%cttlfl@nel@?blrﬂ@? 91 gsr Q?mpéﬁﬁﬁr@g antosded body molded
by @QWBITe 5@ 1 higPpSIREPRIdr £RB &Eld@%e%ll%@,t&@p&nﬁé $RUW_r of BN,
a shape simlar to a _shape o end portion, of
the 98<pfagRoyder  of {961 Gk hebeRn PREREA] opnd  the
tctveictitemlrmjﬂsﬁﬁgam red et r ode aB?mnmaqi)o,;oeddef: ofsotBN and the

: pomdjer 1c§{-’§e% Q:dmgt? Y gD?lb g%o%ﬁe@%@%fﬁ?be%sgeﬁ with a heat

e ol det ody process
tqﬁﬁﬁqﬁﬁﬁt%W"ﬁ@éﬁéﬁbﬁVﬁﬂﬂﬂﬂﬁwﬁm%ﬁﬁﬁééﬂﬁﬁlsuMﬁaﬁﬁylﬁér1nStead

usedlo 1 Ay HyNcditib Be 391 €S @ hede Pl Sidtgk @'1%3}} b€ formed by slurry
dlschar @F% ﬁner ted in an el ectri a
di

|po at% | {m q:,l s I nsf%rr%irqg and such.
|nsteawomkowekdlm@ebyuahnpeesesr@ﬁradmi:ebmpbsmdgtﬂ%aelectrode

dl. f J% n@ﬁ‘e b¥o§.lryf1r gmggﬁg}n@gth My?gig%ts %ltabrﬂjl%%%bo %irconia ,

, Spray orm ng an hown in
i]@weé(eﬁfar ANpr SEERR SAY IGFa g shabhag FnYiaResStabilized

izS. rﬁ:@hﬁ@dna@ﬂbé heesur f aegnshdee 0k ¢ iCchBiRBGNA BLthe electrode
g %hg&ae & p%ﬁ%gglgargggggéh%%etg% gggggEJgnd.portlon.of the
blade 7.

As shown in Fig. 10, an aluminum coating 93 as a second
protective coating is formed on the blade faces of the blade 7
and the flow pathway face 9f of the platform 9 by means of an
aluminizingtreatment. Meanwhile, insteadof formingthe aluminum
coating 93 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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21 protective coating 89 is conposed of an oxide

series ceramc, cBN, a mxture of the oxide series

ceram c and the oxidation-resistant netal or a mxture

of ¢l 3N and the oxidation-resistant netal. In concrete

ternms, the protective coating 89 is forned by 5

enpl oying an el ectrode 91 for the protective coating

shown in Fig. 11(c) and the el éétric spark nachine 15

shown in Fig. 3 in accordance with the enbodi nents and

gener at FagspuliqRyss Bt PRECHEHAYES béhRegH qumediate coating

| @beéﬁ'@dﬂ}ﬁ; 91”6@@@:@9(3 &%a&"i@hgt be gleebrnde k%lmleﬁnbrtﬁf the energy
?‘ if el ec%il akéad%nsul ation so ttggt an eI Coatln 89
FIEI S19°0F 1 ¢ HE S8t d 008 10er & %tpr&ifec TV El

suziaslt hackinfté¢devigleiot thderanyeriiadredrire @degtitric discharge is

91%%%&:8%(;9& f}{éi?éé) %h@nséggré(@bg%ﬁg %&%rﬁ}i&%aege formation

internedi ate coatin
i @§t elag pofotgertdrat FAgtine 8§Uﬁ§ﬁn"gh%l PSEfralgeaitAenh g ccompany ing

| icgei doomat iehest r gl pidtdtahicORoat iRl Siongadi BEhadgeectively
rra%tgg aener ated in a gas of 15 electrical insulation.
He'&-“tHe el ectrode 91 i s conposed of a nol ded body

nol ded Myreowpr esinghsowdee péasdhe, oxilgeuskrivepart V1 between

Ceham Lae RS, 201‘790% tﬁnénr)é%@rpg\ﬂg@é REid h:ﬁ)d?yque a boundary

series ceramdc oxl dation-resistant netal or a
nPREH YoWedresn EBR BHeP Iz LPakinon8 ¢ eid thf/t base coating
meb ain@ra tﬂaﬁldazadr@eg)ab@dya m@tﬁwecth/@ moa;elaeatre coating 89 and

t

VR T enco S Rt TRy e Bar i e ures inwhich
et enpeoiel Ils mayf ilbs fordedndyhahae roheppupkaghbikeMoating 89 can
(Metal il e6hibOANO| B Ghe BREQYSUHTAT2NGHSYSRor blade main

Nor eover,” the oxide series ceram ¢ conposing the
PR g iosthe hase GoatAadr saramd etrh:s?od%ﬁfﬂedlate coating 83.

yt tri a-miadhd iz Zibeeenisa, thewsyedsus am/séncodxelslgr 7esis formed

er C otherthe yttria- ta Li,ze j
?'He iybé)nvﬁwnq é)or O|npoéfn po??i—igﬁ’ 21’ !P jr def stress
%erﬁmtsecabslaatﬁeelsmﬁ Eapansian sihé;f@r@ﬁceﬁ@etquﬁreme rotor blade

R A eRRBSf 7hgnhl aHe FroB0Asiwhowy dihdis® whln fRe gas turbine
al unmi num coating 93.as a second protective coatin

FIPEE dri St HeOBPEaE 1PRe SO r@ﬁé?ebq’faagyﬁedfrﬁi:tt%%u‘%? g fracture

p1a1 kveyptatecOivefcsdeind atf oamide bgugpa@ﬁsa@f afifl further, even
reat.ment .. Meanwhi I nstea f

ST I ST AL ok ASLeRIOTLOLN 10, e nrace

tr smtudkehtoe @r@ﬂe@m%ﬂn coat i ng 35 as t he second

pr ot eCMo\f%on%I ' HGrBﬁé"dﬂ&r@&h@% b@rt}{eeégla%t@@ﬂ?lﬂ@)éngﬁne 3, the
f or med neans.of a Cchrom zi ng treatme

6&8\?&@9&%%?6?%1%%&%%68 et S KRG 1%’%@ d:é’&?llpge%ﬁ changes
22to Si0, hbeKshg Wecddseyt hesibaseinoathbg ¥Brdehe part of the

1%:%%%@1' %tt% 88&&:@8 i??g,t q?l%rh'&%spiﬁkgcé#)flg %%a‘:hggs@rgface side

@ifs Ehar Qéseacpah‘gégof/ 9t he Phrat e@xr \@embhlglt&g Ccfaﬁh@e surface

%Ilenet 88 vhd hidsd ke tanger7vhesked e eleathbstdisshar gRanwhile,
ener at ed and hence the gretreaﬁ?rrent acconpan |ngg
JH'LQ , a part

tlﬂeaf Phifit 'BRT6f LEAECPFBL 8CETVe tRat FhPBYF drfef

posther eataentdaetenpaaying $31e1rﬁtor1m®et$ omtod the pores and the

protegtive coating 89 can be respectively omtted.
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.
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Moreover, for the same reason, a boundary part V1

bet ween 10 the base coating 79 and the rotor bl ade

mai n body 77, a boundary part V2 between the

i nternedi ate coating 83 and the base coating 79 and a
boundary part V3 between the protective coating 89 and

the internedi ate coating 83 respectively have

structures in which conpositiong rati os grade and

hence the protective coating 89 can 15 be firmy

conbi nednﬂé&ﬁd@c@ﬁ@tﬁ@h@rﬂcﬁﬂrtﬁ ehb8d 1 B0 abl@de ribed above,

body .77 t 79 L
e s T Eaari Tt aa Protett i VR fen i bl Sngaugh gme Limitea
t e pbeousnpesehevat ilmg &®dts ifoodmedhatraehe st gpnengted and the
p?ﬁ‘é’t?@a%tneh'@%%%&%q@un@tﬂ@k@%ﬁgtgpnc&f §f1£3 %St%tectlve coating

generate pansion difference between
rae}dortlbqf aHesPot red Hdddy2 77OBPRILY Hed pFBeedprpation of the

cpabtegt%emﬁtir{geggaﬁd BE bidig eengiviRa ySomBt tdd, the production

eratlon rrence of def ect.s as fract
e S e L RS oy AR oo E R TS PaBR AP &5, P18 75 cam
fbﬁtﬁ@@rteme® arfd tthe debdottbetuy red,thp épaganieonoppr blade 75

t hendgfechst oyt hgobbade. 7 coul d be prevented.
25Mor eover, during operation of the gas turbine eng

3, the CORPO%EY e ?%ﬁ%%ﬁealth@oﬁﬁ%?ﬁ&lf’ﬁeCPﬁFé’rlﬂ”e%I? a%réd the base

CmatdeﬂgaB?oﬁ:haféageStbﬁtlﬁ)laﬁlé)Elah&Vbﬁgyf'V'llllcﬁiri Ye Bilr@iPy combined,
ther rds. a rt. of .the inter te c g

i n}ilrLPCFeOtef 1ovepgroé%§18 %% caes ‘ia:ceﬂg fyoqeeoiﬁ fl% f§§m the base

coat ¢ e 7 Pfsshehaet e rblpeiuene@bmlbq@y af7 ahe Isand@aqeasety of the

S&Qﬁoﬁ{etf@t@ﬁsﬁl%tﬁ‘%a@ HeORS1a kel nost | ost.
Meanwhi | e, |n a case where fracture occurs to the base

coat i ngFu?@: A GHTERE FRRE et QtfetE%fﬁq%ﬁugglne engine 3,
| et raices dirt01 s hel poges nardthbepbrastaf &he surface side of the

Fk%éf!‘%’ wl%%ggcgﬁﬁeaipée%ee}%%q ucCt I VfI E¥1e %ugpgcae sfide of the

por ous Yase coa ow and T he i nter ne
s K§ag3 nigs 7P or preels atto bhee ipdtadessi dexsflat henpbegeistance of

coal itR@oi%e RERLYSBiLghAI 1) (:F?irrp@)%r EMgQEV%BeaﬁH e quality of
e J ncreased

or bl ade 75 can
éggbﬁﬂ§ﬁ€€§mﬁ9¥th€ 'R €ﬁBoHFnéWPr8§eéescrlbed
above, Meecalse e, heheangeseintt hiemyerotient | Ve goat 1hgiBdd to the
I i t
?éscha%%l% € or! @h%egfég %ﬁ%%&rﬂ&? £tt?h Qﬁbc%ﬁ? I{é Gnd can be

ge 1s genera e pre
REopepanynagif hedfigrtmeieh Wit ﬁeswﬁee@tﬁwt@@am hgssed on the

&%v?lld @ﬁ%&‘ﬁsttﬁé%ﬁiﬁ‘tm@ngwpﬁgya@gokhs?é@f\lﬁlﬁhoﬁhe fourth
0 ectiye coatin can be respectiye

BRPDREEEREN S5 G PTG SLE e CPeduPPEG LY. Lhe e brocessed of a
ppmpunEnonn@inﬂhﬁhtmnhamerbmhercﬁmpdmeﬂﬁcnﬂnnbehan.the turbine

herte nd-t he productivity of the turbine rotor
g é gggggnq e easily inproved. 10Moreover, because

tHeDpF SEBCEXDMPESAt i ng 89 and the base material of the
rotor RkadE fRide d ér&aR Ksuttih Bhnpoaerbheed.1 thedescribed

t ect har dl | off_f
B bt Rt BAF D P61 SERAFotor biade Aath Bty 4 hnd
hence Moma¢ ispe coff itdad lyurds skowntiorF i ade (B, darstleed of forming
éﬁéQhkb?%%dfgﬁé%&Q€£H8%%eﬁg%h'Ehf%ﬁ%é%&%%<9§tEE§x£§§coating

t ur bi ne engl ne 3,
79, the pores 89h of the protective coating 89 may be closed by

anamorphousmaterial 97 o0fglassy $8i0O,. Inthiscase, after forming
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 Si0O, or MoSi, and heating the tip end portion
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because 8i02 is filled into the pores of the surface

side of the base coating 79 and air perneability of

the surface side of the base coating 79 conmes to be

al nost | ost, oxidation resistance of the turbine rotor

bl ade 75 can be inproved and hence quality of 20 the

turbine rotor blade 75 can be inproved.

Meanwhi l e, the present inventiamis not limted to the

description of the aforenentioned fourth enbodi nent

antf tan headr opes Ibhamdhéipdvdent 69 sivc khthgtdai sy taeeamorphous

tr t se - 0 t n d

R Cardance. Wt Potr e 2k raec rart can e are mixed

pridtesdeduid anpofteBnfidlee- processed of a conponent

mai B boggahtha1kyriki fige Gl@&ﬁ!@m@ﬁtex@ﬁr@ﬁfe éﬁ’l@ﬁetﬂlﬁlrth embodiment,
rbi ne rotor

|ED di
L BEE S BRt SRe (At S ARE e CBE RECEPPpRhShrions and
héte edffeetswoththef épence @mb@d{mﬁnujdnﬁ aridi evz2d-b)

NQ@%F%ﬂe%MEbE§MENT as shown in Fig. 12 (b) , instead
formn |nterned|ate coating 83 at the surface

s. de of At %éfﬁé’séan&%ﬁ%mr?@t?g”lJt%eb%ofi@§09§9i?e§f hgreinatter with

pﬁ:@tfe@tehue eoatiqg 189 rwy be eigsexk byian ampr phgusis(a), Fig.
97 o | ass ,02. t\his case, af ter

forﬁ%ﬁg Eégth%6g?gt%%?ﬁt tdgglﬂg 89, the pores 89h of

t he probecshown coatiiw 89 aade Fébeséd, by furbing rdeor blade 99

p@ﬁ%%c%%aﬁt:etﬁec}pﬁﬁ’é ?EEH:M%m%%@tﬂn@ﬂt%% C‘Mé Bs %‘%@%e%mponents
of SI2 or, MbSIi 2 and heating the tip end portion

of"PhaY B aldk 37988 ’E%%*Pllﬁ%ee%mﬂ‘eﬁ 979 Eisgtﬁ?éfhﬁélabﬂﬁ?oenglne 101
thﬁdaﬂnf@mwmﬁbh£EEbUﬁﬁeﬂﬁaxh@ﬂﬁ%ﬁtbeZhihﬁtﬂﬁ%@@%tQQbQﬁeenglne

02.0 j 2. are mxe a li [ n h n fil
I\S/% gr gg%al cl;]ented df l 1exa fqll’flzéleo% teﬁl ngltnﬁ ?[61 |
enbodlﬂ%ﬁﬁhO@nth@I@Hnelépetbﬁﬁnn&naﬁﬂrph@r§éhﬁkﬁﬁﬁec$SHOVlded

a&ﬁlﬁl'i‘ea QB%B@EPé@e and A4 B%dgff[@ﬁna% ché RO tihin bodx and the
are, achi_eved | FTH E

NT)
f]rrcPif’(Flr gﬁ‘ﬁé&l% by 1%?&1865‘?:% ?B@alﬂ‘érté? RiPt&rRjRe rotor blade
ref et encertdarkiegwith Elh@ f3rsEi gmbd3imEng, pdr_e‘o@:i of a rotor

W@e FiG AALRCR) o ELg 1008Lcand Fio. d&lhlnige o portion

wnw%éémhﬁcéeamhgtmgcﬁh W%@b@@ﬁﬁéﬂrel gl@ﬁ@abl 7b of the

tiriane aﬁ@@@ﬂ@ﬂb‘ét@m&&%’&% bh & tg?espwﬁbbﬁﬁ 9%@&\?@513 portions
or stean1tur ne en |ne 101 g i s rot able around
HrOCEFTES o ﬁ@t(%sbﬁﬁ‘ Bi Wélé‘ngf’ ¥ 1833 or

an aX|aMqu@teIam&abglmgpfrémeﬁﬁiE@miﬁmgem@elﬂitotjmapressure

’%Sid%h 75 Ek hé4b1£E§a5“£Ra”€h%°%Pévi%aﬁ%§u§9 flate 9f of the

prOV| r ot or de main
@d@ﬁé@éﬁt 9@@1 PEedysard vheh raotsgrfbr:adl‘er@mwerb@@;@ 3@3co ensure

leS0sa9nS kLl 8t ahBet BEs LM RENLQLAN sBl-BHEe It ddhtment method in
%%%%& %%%g &gt égg glgéh é%ggg¥ﬁg%%t %8 qgé%‘&%ré%, 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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20 blade 7, a platform9 and a dovetail 11. Meanwhil e,

a portion ranging froma | eading edge 7a to a pressure
sidewal |l 7b of the blade 7 and a fl ow pathway face 9f

of the platforns serve as portions to be processed of

the rotor blade main body 103. The portion ranging

fromthe | eading edge 7a to the pressure 25 sidewal |

7b of the blade 7 and the flowgmthway face 9f of the
platform9 are processed with a surface treatnment so

asrtd FEEsune (b oshdnthese sd@ncies asett oncaineveéb shown in Fig.

S@Iﬁ&@céf@ﬁ?é@xﬂi%ﬂ%hg% éao'&lﬁl‘éﬁ%%ﬁ P\@ﬁaQﬁ%%epJﬂsfl% electric

enbodi ment coat
c SHEAPEEEE NP aF € o r Rl Ro ke 5@?@%@% freatyithg feaming edge 7a
t he aaelp@@gm@@g@emmomr@f RIRSBUAGe ST doWRlthe781 88t rode 107

the bl a d the fl ow path ace, 9f of .t he

Tt Befieen The BiesquBl BEACIS chEPELOH i dace,8F of the
C@éﬁmﬁg$m1@5amdeimeneﬁﬁtQHOdduioﬁosbiOhataaglﬁge¢¢xwde material
t%e lt%@demecegs&ggevtyo obNg PpL geELLE émg&e@rkée e ofnd N8 ectrode

bl ade 7 and at hway ace
pMaf 6t il By ipsaRyt ewwrbf daﬁféﬁéeflr%d/ or welding on the
dpsebavgeanging frohrtigdnenat agteids ,7an°@d> @;mepgr:éesafe sidewall

t ec at 105 are_ for n

ol BcP QB boyerdutd e 2eRhtny LI g BT Mgy ey sace
ahé Otfrtéieewe@tti?cvm 8 partheareehf hbeEheglyowt the Eilgct3icmiischarge.
aﬁé@ﬁﬂl@f‘ﬁ@ %&@eé@%f?{??@a@ﬁ 1%%@Iséﬁ&ge intheliquid

pul si ng el ectrlc di sCharges bétween the portio

r%rfgﬁ f eFFBﬁFFhe”F%é]o@"rﬁgOIed@eP‘?és%%g ﬂ%@c&%wey be generated
sidenadds HBf &flddeidaade nkanrd ithe el ect rode 107 5 and

bet ween, ressur S|de of .the flow ace. 9f _
of the p"J}[ Or TR an C HRedpdig Rar LS gaﬁ %g%egﬁlve coatings

el Grtargdéonuedrialengfl e bact foderddy 10° ghpwacindtig. 16 (a)

sathstiEnee 18f(hhanel egkr @Q@cﬁﬁiér dﬁerlg%éél%ﬁl@%S shown in Fig.
dep05|t|on d ffusion and ng on portion

rangi r?gccr%r&m% Wiy g é‘df&%é? G5t RESpEsEsEéing a pulsing
sildeviedilc 8@séhaofet hethbadere andttilbe phassdf ecisd @ pathway
tf}?agcef gg\gfpég%]wétff% ‘tah famgf (ﬁ h cht fgi/g]‘)%\,ﬁg tha% an eflectrode

energy o ri'c ar e
intead@ lofofgdier eﬁleng:ltcmbe plﬂ%u% @Il sehat gen | ﬁubheance of the

|e|1‘éléb|t@03e0fma3je%cﬂél C@érkﬂégl O AWHNI i BER G and/or
a of el ectrical insulation.

gener ted in
B TR P or B THEL L Rar ARG Bt ‘Do R s CAte 9F of the
odatifogs $05yameaﬁernedtb¢ enplrgyi of) @ine ebeettode dDS&harge.
shown HQr Qhe]egl(ea%tl%](geghﬁ7 a}‘l%glk%% gpgthre]e errleefrtly Cstltutlons
spark machi ne 1 own accor adance PH
fRet8RbBAPAERPSSaRd genepafprrdgnsepwuéhn‘ghel eeppnd embodiment .

ﬂeaﬁhﬁw@ b@tw%ddﬂ oYHGn0BrStHE Ofedthtodd oW PAHMNAY a shape
ce 9f of platgorn18and the el ectrode 109 _so

Fh‘%}ﬁ%ﬁ S eactslht‘?éj@ et EPFaPObF PR WERT Jde™ (9ot egding edge
7Tedot cor mustanc eidiewbid ebedt rthdé lnmiceriatd @atip esid portion

f 0 0,
ok R 130 4 8 AT B s coe s
Pl @e¥dt o BE ndamsbbade he- energy of the electric
dlScfdeMboé%%**ﬂﬁ%téJHEdﬁ e¢ld @dest1B8deandp309186e EhEctrodes

constituti he el ectr
accoﬂ&ghggmﬁfﬁﬁgtﬂg %%1 Qﬂﬁiﬁ?lﬂ@ﬁg ﬁ@éﬁ%%ﬁﬁﬁ?s%%ng'a solid
koqy erfd Spor i pawdert bé i ectdr dde 101 dsekdowsdaeshppecessed with
éh@altafré&t@eéth%ﬁmggn%hgf ROLLEA0N dtg.{m%eptg%%'foghgﬂ%ay be used.

| eadi ng edge 7a to the pressure si
Mihad 7 tEAT G28Fp R boiRY S0 GIC dRecpEser dGegenerated in

sghelscarsbapey sindd &t 119y a ighapei ed 1 ddiehPuekSHkehydrocarbons .
sidewall 7c of the blade 7. Mreover, instead of the

el ectrodes 107, 109, el ectrodes
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111, 113 conposed of nol ded bodi es nol ded by

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

nol ded bodi es processed with 35 a heat treatnent 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 al kane
hydrocarbons. 26 Meanwhile, irmstead of nol ding by

conpressing, the electrodes 111, 113 may be forned by

S|Mﬂ‘al’y/~ll‘,ddlﬂi tugsteMcMo(fl\ibd;hdiirrg bytdonivEdiing),, tepredyctrodes 111,

for t i i ; ;
?%?%@?¥3% coatin 5%%%H.§£g sufgécgfgl e%%PgFﬁg§tloanldlng)'
pﬁﬂ&?ﬁﬁlﬁﬂ?méﬁatﬁﬁ% 8050 s processed with the peening

treat menturtASrRORE! ek et 8PURSrRing e Ppeditrg LlikeatoROing 105, a

t
A BT R % CRR BRP P R0 el Lo8, nanesged with the
Nexteniogetatavomenof tAwe chinttretenbodieseri tlid pebaing treatment,
d
&S ﬁb@%eﬂ%{%%%gﬁgﬁgﬂéﬁg Qﬁo@rachtdegtla%%rc%e'nﬁglg treatment

105 1s forne energy of the electric
diUsdRgr g8sea Pﬁﬁg@xﬁmp%hél%@otectlve coating 105 can
be |'i m NegdtwWdddrata omange tMerf ef t hemdloddineing Wi BT bardescribed.

(o Jenerat el A N2008, 2 RLRLLERL IR ACEOTBRN FO-AdS by neans

postthe ealenrgmoiishac:@mmtamw rigspherger rmtcra@georff the protective

DE@%@thvﬁogoééhn%eCQQnB%eﬁe%ﬁ%%HhV%!Mnﬁmgétﬁﬁére the electric
Mor eover, for the sane reason, a boundary part

b@%ﬁé@ﬁrgﬁelsp%flé&‘tait@@ %%%ﬁeﬁgemwe&r%"wtt ﬁécompanylng the

eﬂetgyt%nt her eleeet r peodesthas gec@ndiridhe abaiseanat@st alreatment
he rot or bl ade i n. body 3..20 has tructure.

anreniasBetio L REC e300 AR PRERETHE tUE LR can be
pr@@@@@tV@ebDa®nh@ﬁa@5 and the base material of the

rotor tMé%%bJ@¥r]ﬁ&pxjﬁp%aﬁénrggsghrnBYbSQHQéP§dpart B between

Furt hernore, because the surface_side
pHBE ST R IRt IR 16 1195t BERES meh eflﬁégefeeﬁ. Hye electric
tdeathenye aresictieabadd mwmsmntﬁérm:ﬁmdm ghyeanbody 103

tl'?aé hdeS%%l[lgeﬁge d%lh?. Q pos o\ﬁerggﬂ‘) ggk_ga&é)é and hence the
protective coating 105 and the base material of the rotor blade
main body 103 can be firmly combined.

Furthermore, because the surface side of the protective
coating 105 is processed with the peening treatment, residual
compressionstress canbegiventothe surface side of theprotective
coating 105.

In accordance with the fifth embodiment as described above,
because the range of the protective coating 105 can be limited
within the range where the electric discharge is generated and
the pretreatment accompanying the formation of the protective
coating 105 and the post-treatment accompanying the formation of
the protective coating 105 can be respectively omitted, the
production time 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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In accordance with the fifth enbodi nent as descri bed

above, because the range of the protective coating 105

can be limted within the range where the electric

di scharge is generated and 30 the pretreatnent

acconpanying the formati on of the protective coating

105 and the post-treatnent acconpanying the formation

of the protective coating 105 @an be respectively

omtted, the production tinme required to the

prrdduprpbacol ve eodtuiry A65r otes Hlcatderddycpee beff from the tip

S Iﬂﬁrsteeﬂgge angh the tﬁ)l%ogH@&i‘ M fa)ﬁeofnatl Rep L&y bi (ﬂ%e ah@t BEnd® quality
bl ade 99 can be easily rove Nor eover ,

b&lalils EHELPREL E@F%eb%% &i Ny Cﬁ)’B Reh o ke
mat er i aFuﬁf,héh&of@I Ubeddaeke g lﬁeb@d}daloaompﬂe@§lon stress can

fi lbr F%a%/ %OE@I n an%?ce 81?ﬁ2rr{) Ct Ir\é) ec%altvle %l) lt ngHES fatigue

rom ase materl
réﬁéﬁnetbd@f n@m M@dyeqtoafeaw@aﬁeme1qaaf:anyb©f1rt1meoved and the

t uibengrr eLOT t RHaOE: 9 €N ey &t aly Idzede e%h gEemr e,
because the residual conpression stress can

to the LTRTHELSI de®f PFRESPY of REERVECR 04F] H@tléég‘ ted o the
f desguepsicenrgt hhef £ 1 fieh pdiceidneve @odtdarg bE0Sreper be modified

i ﬂ?ﬁgvgﬁi }?%é@e lé&lefé)ée }\%e %{%a%%}soetd)rorplt&f} e n%%el surface

can T ongat e
|ﬁV%®¥m%mt|§ethdlPiht&ﬂ$Qﬁ§aPﬁ@ d@@é?l%h@Oﬁlﬁthtﬁ@bodlment is

fpfé&é@é@@&ﬁnPOQ‘BQoﬁaﬂo e @fr%%@s\édng@ L &gmﬁ&érﬂi Gain body

such t. a surface treatne based on_the nove
St 10l S SOTERERGt HORET 1T htt bt SOE PP En P o ke (hhade 99 or a
erinodi arend bleppraoessedf ho:canppmelntomimbbéypmasseﬁ component
%%KEFQHEQP Qﬂ@@éwég% a bl ade conponent ot her

he tu i ne rotor Ia e 99 or a portion to be
MULFSEP A Fddnponent mai n body in a netal

corrpone\nmodﬁfpé@@&atn@a@ @f bhade ompapeat ned MBIk EDdescribed
exag&le of the fifth

df"ﬁ?&%e Wlthbé‘n%&@ﬂcﬁeﬁoh ginafter with
refereﬁseshowﬁlgn hig. ABEBhbﬁnginlﬁLga duanthd-igptdk3plade 105

@Lnt %{Egbgﬁaﬁeé e O?H%l‘r%?ﬂ ?ﬁthdnn%g@? ?fetﬂg tfllfttl?leembodlment

nodi fied exanp
diSni 124 Stlénltlt‘?é thit b Fething| Hfndblade 89, tgmu fAé turbine

e:@mp@ﬁeﬁts el cayertih ﬁh%@’asgﬁﬁrbﬂﬁ@lelﬂ@lﬁ@% Be theldtddi®turbine
L eam tur Epe engi ne 101 (%g at ab | around the £ th
xraf" cen & BESoFOr e ]a‘g atrl?r”ﬁ’i Sn%fﬂn FO-hac of the gas

ésarréuneeemexn@fB t3lthef axhel steammrendi M@125010he steam engine

Mgreover, as shown in Fig. 17, the turbine rotor blade

115 is provided with a rotor blade main body 117 as a

conpon¥nt SHEP R ot Phad tReF ot or7 bithGetwEP AR oRECr Plade 115

is, pJ&SvﬁdleEﬂl lvairtH @ ¥beot Ub bide r=0trdbolkade7 3ds i) component main
BS&}‘/)ra% e rottor klgfago%lafll eb c%}(?%l 1es ,ofastshiemifZLiarrs%:o the turbine
rotor blade 37 in accordance with the modified example of the first
embodiment, composed of a blade 7, a platform 9, a dovetail 11
and further a shroud 41. A portion ranging from a leading edge
7a to a pressure sidewall 7b of the blade 7, a flow pathway face
9f of the platform 9 and a flow pathway face 41f of the shroud
41 serve as portions to be processed of the blade main body 117.

Further, hard high-hardness coatings 119 having 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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30 enbodi ment, conposed of a blade 7, a platform9, a
dovetail 11 and further a shroud 41. A portion ranging
froma leading edge 7a to a pressure sidewall 7b of
the blade 7, a flow pathway face 9f of the platform9
and a fl ow pathway face 41f of the shroud 41 serve as
portions to be processed of the blade main body 117.
35 Further, hard high-hardness amati ngs 119 havi ng
erosi on resistance are formed on the portion ranging
f ritmd bhe dfeadeé @aﬁd@em?%ahd tﬂhsefp)oemm\ra@i tevaldl Jhthe shroud
of, t e
o1 PP G BRAEHE ] e Ry T ARE 4 5F The Ghrghg=rce ith
4Iﬂﬁa§éét@neﬂﬁédﬁ@@éF surface treatnent met hod in
accor dapegnwht het higy EhEtdbEraedi 82abple of the fifth embodiment,

nwhile, in the nodif exanpl e he fi h .

MLhe: obB:Lneoted L ad exanpl egﬁgcttﬁeagaﬁéee? grggions and
aSﬁKhefépetato@nShanﬂlfhh efbedtinemf ate d¢Hidved.
enbodi ng &%%\5%@ the 1nve'%%1@%sﬁ£é hed ABRYEribed above

t he |nvent|on een déscri bed above by reference to

s@velf%ﬁewé%eemﬁﬁéfeéﬁ%dzﬁqf@maéz er%mt?eq% Beypeeanfhe scope

t badrtghtighttdre cappaiitedice] al aBnskowhd dnedt be limdtetito these
ghgse 19 enbodi nents. 29 CLAIMS 1. A nethod for

pr8GGEt"oR-8f a surface-treated conponent of a turbine

engi ne, conprising a step of: 5fornmng a coating

including Si C coatedon aportion of an untreated

conmponent by processing the portion as a workpi ece of

an electric spark machine with a tool electrode of S

in a liquid including al kane hydrocarbons. 102. A

conmponent of a turbine engine produced by the nethod

of claim 1.
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29

CLAIMS

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

formingacoating includingSiCcoatedonaportionof anuntreated
component by processing the portion as a workpiece of an
electric sparkmachinewithatool electrodeof Siina liquid

including alkane hydrocarbons.

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

claim 1.



