"e3e Fnlj!j!k!|1!"1!mM6m TFn!/1/14 FIG1  2/14 FIG 2 COAT THI CKNESS
(gym) 10000 1000 100 10 VOLUME % OF Co 0 10 20 30 40 50 60 70 80 3/14
uIN- uJ a~I11p QI- Ul- ~ ZOZ OVWC- _ ... -pUQ~J M~0o wJ WO WH
WQdN.... ZHp LJJ J W10~3nt/M W0~3ndM 3J' di | On | N3bbfl~ 4/ 14

FI G 4 COATTHI OKNESS (gyn) 30 20 10 O - ;éc; -20 -30 PROCESSING TIME (mi n/cm
2) 5/14 FIG5 6114 FIG 6 203 ELEETRODE 202 201 206 POAER SOURCEFCR
ELECTRI C DI SCHARGE SURFACE TREATMENT ~-.205 DI ELECTRI C FLU I D 204 207 20$
WORK ARC COLUWN OF ELECTRIC DI SCHARGE 7114 FIG 7

FIG.1

CraC2 POWDER
103 101
~—H. UPPER PUNCH / Co POWDER
/102

s ol X B
%@%@&@%@
%%@@@%%@
%@%%%@%%
@%@%@%%@
%@%«@@a@%@
@%@%@%@%
%@%@@w@%@
SRS r'e

MOLD (DIE)

105




Ww o
8/14 FIG 8 9/14 FIG 9 COAT THI CKNESS (um) 10000 1000 100 10 VOLUVE % OF -
Co 0 10 20 30 40 50 60 70 80  10/14 1005 1007 FI G 10 UPPERPUNCH Mb POWDER
1001 Co POWDER A 004 .1002 Cr POADER ~ 1003 Si POWDER ~- - 1006 11/ 14
FIG 11 1103 UPPER PUNCH 1101 POWDER OF STELLI TE ALLOY ((ALLOY OF Co, Cr,
Ni) OR (ALLOY OF Mb, Cr, Si, Co) ETC.) MOLD (DIE) 1105 1104 12114 FIG 12

1202 ELECTRODE 1206 ARC COLUWN OF ELE@'FRI C D SCHARGE , ,,x'" ~""k' ,',,
ALLOY POADER *',"' , ,." ft , """ ;' """, 1201 1205 A e U T
\ k f 1 1 , n "1 , maun S \ 1 1 f 1 , , 1 , , n , 1 \

FIG.2

COAT THICKNESS
(pum)

10000~

1000

100

l I I I | | | |
0 10 20 30 40 50 60 70 80

VOLUME % OF Co




TR

fF .. POER St o n )t~ SOURCE
FOR, "™, ", """ f "~tELECTRIC x ' . \. \ "\, .\., ~ "\ . "Dl SCHARGE ,
e, " T, U SURFACETMENT TR EA1204DI ELECTRI CFLUI D12031208WORK 13/ 14
FI G 13 14/14 FIG14 UJ QHOwWHQma wHmMQ 1,400 1,200 1,000 800
2,800 ~ 2,600 J Q~ 2,400 ~ 2,200 w ~ 2,000 Qwg 1,800 mH YV 1,600 Q can
1,400 N ON- METAL CERAM CS .~ CARBON PEAT RESI STANT CERAM C COVPCSI TE C OATI
N G AL L OY MATE R | AL | NTERMETALLI C COMPCOUND FI BER RElI NFORCED SUPERALLOY D
| RECTI ONAL CONTRCL ALLOY CASTI NG 1950 1970 ~ RAPIDLY SOLI DFI ED METAL OXI DE
DI SPERSI ON STRENGTHENED ALLOY SI NGLE CRYSTAL ALLOY

UNI DI RECTI ONALLYSOLI DI FI ED ALLOY 1990 2010 YEAR OF APPLI CATI ON TO ENG NE
JAF A AN

w
:
g%
= 2d o
Qu 9F =
oQ Q5 %u.l
a< x O Wy
CI)L_J -> oy
=0 © D
> L O
o~ L
9_Ce_
L
o)
[UN}
p=
El_ 18] L
OZ = =
g i i
™M Ko
LL)

O &

LL 0
=
|,_.
wl
3
<

I~—-0Q.
A
A
9
\/\I
\ =
Qo
2
i}
7]
—
=)
o < o.
NHO43aNVMN WHO43aNvM

JOVLI0A IN3HHEND



A& A@2. AA LAY LA A n-.AS Ah. A A2z: @=<45 <C

(#. #.yh?" ?2?2apx]| | | | | X]| ~?" >X" ?2X]| XX~XX<X>>X?~>??2<>>?| x>| >?2@?<| | ?| | ?~| ~| ?| | <]

| | > ><>?| >| ~| >| >| >| >| >| =| <D >>??| <<?pxx88<<xp2gH??gp p083@

e b b b L b b L b P P L b P P L L P L b P P L b o o b b P L L P P b L b e I Lo o Y bl o X o Tl 2o Xo)

PPV VPVVVVVPVVPVVVVV?VVPPVPPVP??PVPPP??P?PP?P0?P??2?P0?2??2??2??7??7??7?7??7

PR L N L IO N T, T N RO L R SN 2 S L L LIS S L L PO L L LSS L L IS
????>>????>>?>?>>>?>>??>>?>???>>>?legzgqg?>??>>?>>??>>?>????>?>>>>>???????
> :

...... ~P????>?555>5~V>>~27?77555>~7~>>7

P227>??5SSSSSSWLS?SSS?S?????75>5>>S>
>>>>>7~~>>>>>TPPIeP2e .

SS>?55>5>~>>>~7) >~??>>~ﬂ;>>>><><>39>>>>?>>>3Q??>

?>>P97>>?7>7>75:
~??>>P?7>~>>0=5?????>>LS?5P0???5>I5>P?0?5575?7975>7>>7777°
<??>>>>>?>?>§; <S>>?~?>>>>P?2??27>>7KSKLKK?S?SSSSP??27?755>55>7>K?>S>??275>75>>77>

Y. Y. . Y Y T Y . T O Y . V. Y . Y VY Y e Y . V. Y .S



apx{=<qg<|w~ ;,$ qa!CaAOc 8 0q!<|<|y}||}}8ylpysl

y" sqqqcAAAA0c08000aaas>~<| { ?{ x| { 99sq08a8A0 l'a<qcl19g0 }1} 11} =y} xuA|
pA8800008° A ac88cy8<<?8=0x08800 0 @ 8!acagA0" " a98| 8| =<s| q}}88xlaqp

al qC0" 11" <gpx} 9<<{>1>| >! 0s8C0 ! qCaa00@$ 0 <gp<| p=?{}}}~=<w=}qy

yg8a<ccA AaC08000° qOAA@&apq<p7}>|<<c§ggqa<c<808a8A
0aq8Aa898ac}}}7qyy|8cx||@Dppa0ca8CDOa gp@a8988y<==}}{] } c| <x<<1088p °
00gagaaCO0 "& 8Cyq}|>y}~s}}}c<88y gaq a!! AaC0 aq| }Oy>qyy8<s>| |0g

aq! agAaAaB 1 <q|}y}}~}}x qaqy> "~ qOgAAl AAa8081! A

g<q<} <<y=}<{xc1?90p gq0qCB8808Aa0B08 aAA00{80807? }<>{}|y9n6 A000

0" " @x| 898} =|}| <<yy800010 pa 0OgaaaaC0 088C<8yyy|>y}<q|}}> c0018 yaaplO
AcOx " gli ?y==><y<<>al 8@ aqlqqcaAAal8

qqq} }{}]yyl<g>y?!! g?ag<8caAAACOc80pp AA@1p>?{}<cg{1l<ag<<0008C0 BOpaCAa98a
"} 1} =l <<yxc<gyaO' < C08a000! 1paq@98888}}}} s?>?}y0=090<p0 OpaqgB8aas0al

r, #898<yy}| <} <?<s| } A<08x>ylaaqO0qAgqaassO! 8ysal >y>yy} | <<{s<<<}qp 08@
aqqqcCcAx3 gs8}}vy}}}~1a9dg\ pygqggaa8axOA@AAC08 | A@@pls<=<<{}}<8xgk<;}
aaa<08080@ 80 aCB8A088AI ° py} 0| <yy8xxy}0a300 8 a000a

a@\@888x}} ?<}a<syx08880101" @ aaaaaA 08c8y??{}q8w}| C809plaaa! 1ACAaCO
191l° p_y<<qg{<<| cal a00 !aaqB8a0ca8C @qaaxq==}{y}}}p?9g<C qa0880 $@\Aa808

aCA g<?<>y}}>9; >| 0{ 8<800080B @ G aCA08 Cx% ~}}}><yy9{}y98A?s8@a80

a98gaA @ 0y89y=}>8980081sa ( 081% 9=>>y{{ss}}}}Y
@\x081saaqlgAacal! qqgs! }}}9<ss<< 141gaa8C8

g'gsqa{}}| >}}}M=111as88q08c8860CC 0 1CA031{}y{>y{0 0a0<s8800A8 a
AA=x809B6} } } ~xy9yA8900@r) 2 Al00al | 22223 CRICROQS 200 cog @o0qga<0" 3
8 p}}}<<y}s<}|pLl gA08000p
p#aq ={}}}=| ayxay 0
y<pA88080pR ?~w.
08p| } X988x1yp<sq’
" agqg8Y} 9?73<<<<(q4g
3AaqgaCoc0000@ 0
00<™ ?<} <>xyygaCc8
91{ | =}}}9[ =>x8x
aqgsax0oK} 8<<| aA
qqa0A0d@pq  ?<<| }
}}3}yyyyOx8000A88°
plggaal” 8qy} >} <}}
OBAga<q<q< }}}}
x0! c0889 &BP, "}}}

8 Ocy

a@.ga<0
§10

aqq8c00
88890880

\ w@B0

'aA] Ac08" ! L$2&0 I p0gAaaqs
8c90 0 ! <gx}}| 08000 X
aq<<c881x0C0a"

1y<yyyy{y{ @ x8@ p88CBy<y}| ?
>x=}y}D09881 gqga

la<g<s<w{vy}}}Aqa

@a080g003@r} <yy8y8y0 A 88p
9agqAagaly899?= }>g>3CK>8y8y80'aaqq[p98@ansq801D@b889px~~9{}y|9d18
aagqgaaqgApggA80gagaac>/ 098<=<<<<(q_ 11aaaq88088x0( aqqsm/}}}9}p<q<s<saC9008@@
ac088 ylaa@bAOass >} | <<H %Xq3@\9008890 0@ " ax8 800A3 }<{8x @9

"8aaacc " 8881810}}| ~8x 00 !|aaa[a 0 Aascaa0C80sq, C0al yy~|>y{}}| h, N<] "~

I <aaqOgaant ACO8sqgsag#yA?y97?| =<sq<q<q@qqqas<8880
000pg8cs88}}} ol ygg<sa<q<qaaCO08<( &@B8A800q0! aaOb 0 #8a8~| { xg<8_6 A00x1080@
80 aA88(C88x03}8cqy{{889p 0s8 00llagaA a@y89pl}<2~?0881

009! <g@8aH 00aAc0c0C88 a” @KOO=pl}{y{{a{ O 0! <gac<q8Acaag@ aC8

ggqgaa” @yy<<| q| <agAt sAsaa<00890

lg<a<| q8{y}}}yy?_ }cl<<aaqa008803%chb0C088q " aaP888a<p8<?}}=?{" 8

88119>0 3H@ 0O aa00x090| 7i "}}<>y{08 0 00pgaqgaAc@c0! 9031 ?| ?978

Oaa<gaaX g@qaC0c008 qy 0{91{]| <<y}}
a<gaagaaAa@\8qggaa8aaA8qyy<} =} g=qaa0aqa880800 1 : Op! a<a<x(q9} xG?q} p<gaal0

r h8A080qqgqqqgk’ ! <8g9y<}<s } A00000y19 i pqg008000 a8<={ 9p8 y08 psgaaad@®
C8p011p  }}}al ~9p80 aaq AaD Bga! ag800C0 pgi y1lp??y| {A!; 08
aagacq8aaAa@al00 qqcA8op} ?y{yy| <} Ag<CA@|qgaC<y88 0 @qcA8<c98<} >e<<q<CaaAl2
<6 OpA} 880 a0 g@CY<?ss9yy| y<}0$@AC000 p8 i OFa0 q08xpe08=a8x<|{yp80 08
gag<Aal Cx pp<sqq }}}}9p00x8 1 'A (<aaa988C8 @pppqs}|y}|>@ x8

aa a8caA@@98a88gqga8qA8a@ly?<y} Cq<0 @\8saa00880008

" a<xc8a878Cqg<0Aca8ACO0cAAB88088aq @ A| @c8a8y}y| <}2A
<cAa8C8080y>x0i <8C0" pag8000b< {yya08q@qy8 apaa@ O0lasqs<w }y{8yy00y!




Zngq ] {tni d_WRhc"YT] cOaD] cOa] cOa] ca] caV] ca
WV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca]
calcalcOalca | N1O%&' ()- F10%&' ()-101010F Y 10%& ()- @10%&' () - mLO%&' () - 06;
?BQSAE) 9109%& ()--3(10%& ()- " 109%& ()-&8%109%& ()-109%& ()-, 109%& ()-,

10%& () - Stmopuvyz{gCb1Y10%V& ()- YY10%V& ()- YI0%V& () - Y1090V ()- 10 10 10
&10%& ()-{}~}cDgO61Y10%/109%v& ()- Y1084\ ()- YY10%v& ()- Y109%VE ()- YYL10%VE& () -
Xx"DgOb1Y10%r10%VE () - YI0%VE& () - YY10%WK' ()- Y10%V&' ()- Y10%V&' ()- Y} "FgOo1lY10%Y/
Y109V&' () - YI0%V&' () - YYL0%UWE' ()- YIO%WE' ()- YbAFgO51Y10 | 109%8$& () - 1109 () -

| 109&' ()- " 1109& ()- | 109 ()-Y10%v& ()-|_>1g0b1l0Ovv ) k S510%vé& () -

10%&' ()-- P@10% ()-Y @-10%& ()-Y @& 10%& ()-Y '

@$10%& ()-s"(?IVbAgOB10vY ; &10%& ()-- &10%u| u& ()-- 0&10% k& ()-- 910%
& ()-m10% & ()-10vv10ovvVsuvwx} ~] @10vv @ 109%s& ()-- 10%ss& ()-m

Y10%s& ()-(10 10 10 -Y 10% & ()- 3""yl1l0% & ()-vU451 mlO%&' ()- S10%& ()-&
109%&' ()-& 109 ()- 310%& ()-'10ss10ssl10ss|[:vU451 ) s!l(ylo%x C& () -

s (yl09%&' ()- " &10%& ()- " &10%& ()- " &10%& ()- & S109& ()--./05;=vU851
y310%&' ()-S &10% ()- 109 ()-101 Y L+ 109 ()-z Y I+

10% ) & () -z=>?@KWMNOPzm S1 y310% ?I)éz&loa Z10Zr ZY 10%ZrZ& ()-S

10%Zr Z& () - Y10%Zr Z& ()-101010PY ouz~[[:zm S1 F 10%& ()-Z 109& () -

&10%&' ()- 109& ()- 10%& () - FlO%&' () - ~sf Y&S1 100/& -=-101010

8R10%& ()- &10%& ()- (10%& ()- "1p%& ()-|[:398S1  UL@O%& ()

L@o0%& ()- vy 109%& ()- 5100/&() *109% ()~ 9MLO% () - Z| _RE8S1|101010
310% ()-y Lf, 109 ()-3 & LLI10%Ik ). LI 10% ()-

PLI0%+HE' () - $+t zYgRESSEaE Xk o6 el

S10% X" & lfil).' ! ﬁ%g ) CRCDETER D& ()-m YL0% X" & (){v 8

s- > 100& (ELEG PRNT: 11

| +109% X" & (}—c9vU4S )? V&[T STUY&E (7]

& 25 2vuast| | :

) S10% () - SL0 7 10%g ) | 5= DERNEAUAS]

) S10%& () -" PLOGEEEE Ff: ; SHYE Y KL NQUYSDURSE FOR

) SS10%& () - 1Oy ST p TV () - YaeBURCPRIGHS]

) SLO%&' () - S1O%&:: f-lf?ﬁIIES...=.. S SEOYEY) {uy | DISCHARGE

) S10%& () - S]OYE ) STonk b ks L s10%&: ) {_OJUWSURFACE

) S10%&. () - S04 ) 1=~ JVTRBATMENT

) S10%&: () - S10% SqU4s1

) S109& () - S]o¢ =) 1y Yquuast

S109& () - SLOY%& S1

S109& () - SLO% 5 ¥434hH, 45109 () - SL0%& (
) - SL0%& () - $LOTE: SDEFHY Y9, 4S109810%&: () - S10
% ()-)2f g( 1_};@ ,;_@.310", 51008 () - S1
0% ()~ SLO% (3 Aot %& ()-)?fgS10
% () - SLO%&| ( () S10%&
" () - SLO%& ( -yz{| b ST00& ()-510%& 0 )?qum%& d ) - SLO%&!
() - ~bF* SLO% () - SLOY& ()_Slo%&b()_)?fg 0%& () - SI0%& () - Sl -~bF*SlO%&
() - S10%& () - S10%& () - $10%& () - ?fgSlO‘V%lO%&' ()-}] A*S10%& (S10%& ()- (Sl
0%&: () - STO%& () -) 7f gHO%! () -ZIBY! () WRRES10

31098&& () - 1010 E ) 2f gS109&' () - S10% ()-zY8S10 109% & ()-)

109 & ()- F10% ¢ 1088y 109%8&& ()- @ 10%&&& () - [:2Y8S10
f1S109 & ()- f ARGESYflo%&() 10% & ()- 10% & ()- 109 & () -
.8/[:2Y8S10 s 25109 & ()- s109& ()- x10% & ()- z109% & () -

& "10% & ()-8DPzn|[:2zY8S10 MIF310%g g & ()- F310% & ()- SF310%& () -
S10% & ()- s10% & ()- 0s10% & () - B|[:2Y8510 }| @109 & ()-Y )10% & ()-
& 108 & ()- MOY% & ()- MOW& ()- 10%8 & ()-B | ||[:2zY8S10 }| @
108 & ()-Y )10 & ()- 9*S10% & ()- S)YIOR & ()- F10N & ()- @10%W& ()-Y
Normal " "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"
"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph Fontow ?0 "$& S{V=P~5GYu4Hzi y8B 6Ti nes New
RomanAri al Courier New'h Root EntryWrdDocunent Fn!
I"H#B9& ()*+,-./0123456789: ;
<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~
" #$UR' ()*+,-./0123456789: ;
<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kl mopqr st uvwxyz{| } ~
I"#B9& ()*+,-./0123456789: ;
<:>’?@\BCDEFG—II JKLM\ICPQRSTUVW(YZ[ \]~_"abcdef ghi j kl mopqr st uvwxyz{| }~

"HPUR' ()*+,-./0123456789:
< >’>@\BCDEFGHI JKLM\ICPQ?STUVV\XYZ[ \]~_" abcdef ghi j kl mopqr st uvwxyz{| }~

TETY W. V-] PNA NN AN



" #$UR' ()*+,-./0123456789: ;

<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~
" #$UR' ()*+,-./0123456789: ;

<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~
" #$UR' ()*+,-./0123456789: ;

<=>7? @ABCDEFGHI JKLMNOPQRSTUWKYZ[ \ ] ~_"&btdef ghi j kl mopgr st uvwxyz{|} ~
" #$UR' ()*+,-./0123456789: ;

<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~
" #$UR' ()*+,-./0123456789: ;

<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~
F" #3$%&' () *+, -./1 0123456738

FIG.7

Ti POWDER

703 701

~~ UPPER PUNCH // Co POWDER

///702

MOLD (DIE)

705
T™~—704




TN

o 1l

o Vv

D

@

ABCDEFGHI JKLMNOPQRSTUVWXYZ[ \] "
ghij kIl mnopqgr stuvwxyz|{
8/14
CrPOWDER
803 801
~—N~ UPPER PUNCH ] Co POWDER
/802
MOLD (DIE)




9/14

FIG.9

COAT THICKNESS
(um)

10000 I~

1000 —

100 I~

10 F

] | |

50

60 70 80
VOLUME % OF Co



1005

10/14

FIG.10

~. UPPER PUNCH

MOLD (DIE)

1007

Mo POWDER
1001

Co POWDER
/ 1004

1002
Cr POWDER

1003
Si POWDER




| " #SY&' () *+, - ./ 0123456789 ;
<=>? @\BCDEFGH JKLMNOPQRSTUVWMKYZ[ \ ] A
| #$Y&' () *+, - ./ 0123456789 ;
<=>? @\BCDEFGH JKLMNOPQRSTUWKYZ[\ ]~
|

H S &

() >+,

1103

-./012%1/4456789:

FIG.11

~1 UPPER PUNCH

MOLD (DIE)

J

_abcdef ghi j kl mopqr st uvwxyz{| }~
abcdef ghi j kI mopqr st uvwxyz{ | } ~

< =

1101 POWDER OF STELLITE ALLOY
((ALLOY OF Co, Cr, Ni) OR
(ALLOY OF Mo, Cr, Si, Co) ETC.)

\

()
%

g

(LA XXXY
ga0008e
¢@§@§®§@6&§®¢®§ »
QQQQQQOGOQOQQGQ
CONIOOE

)
)

XXX

A

1105

T™—1104




D

-
Q >
>

CDEFGHI JKLMNOPQRSTUVWXYZ[\]~_ “abecd
I j kI mnopqr stuvwxyz{]| } ~
12/14
ELECTRODE 1201 §
POWER
SOURCE FOR
ELECTRIC
DISCHARGE
SURFACE
TREATMENT
-------- \ 1204
, i DIELECTRIC
C FLUID
5 1203
WORK
1206 1208
ARG COLUMN
OF ELECTRIC

DISCHARGE



13/14

FIG.13

Co ALLOY
1303 1301

1302

MOLD (DIE)




" #$UR' ()*+,-./0123456789: ;
<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~
" #$UR' ()*+,-./0123456789: ;
<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~
" #$UR' ()*+,-./0123456789: ;
<=>7?@A\BCDEFGHI JKLMNOPQRSTUWKYZ[\ ] ~_"abcdef ghi j kl mopqgr st uvwxyz{| } ~

SURFACE TEMPERATURE OF MATERIAL (C)

1,400

1,200

1,000

800

14/14

2,800

) 600 NON-METAL
M CERAMICS P
< CARBON
14 =
H 2,400 HEAT RESISTANT CERAMIC COMPOSITE
< COATING ALLOY MATERIAL
L 2,200 INTERMETALLIC
8 < COMPOUND
% 5 000l FIBER REINFORCED
T SUPERALLOY
a D'CRSS%'%@L RAPIDLY SOLIDFIED METAL
L 18000 ~A' oy OXIDE DISPERSION
m STRENGTHENED ALLOY
W . e00 SINGLE CRYSTAL ALLOY
% B UNIDIRECTIONALLY SOLIDIFIED ALLOY
i CASTING
» 1,400 | 1 1 1 1 ] 1

1950 1970 1990 2010

YEAR OF APPLICATION TO ENGINE



